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How to Use This Book
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This book provides an introduction to the use of QUANTA’s X-Ray crys-
tallography applications. Thefirst chapter contains an overview of the crys-
tallographic process and the components of Accelrys’ crystallographic
software applications that facilitate each activity in the process. The
remaining chapters describe the applications in detail.
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How to find information

If you want to know about... Read...

Managing maps and using the Maps Manage- Managing Maps (page 25)
ment table

Genera information about fitting coordinatesto Introduction to X-AUTOFIT/X-BUILD/X-POWERFIT (X-FIT)
maps (page 37)

Background and tips for skeletonizing and fit- Using X-AUTOFIT (page 49)
ting coordinates to electron density maps

Model building Using X-BUILD (page 77)
Generate Ca. traces from electron density maps Using X-POWERFIT (page 103)

Using the commands on the X-AUTOFIT or ~ X-AUTOFIT:X-BUILD Tools (page 121)
X-BUILD palettes

Fitting ligand coordinates automatically into  Using X-LIGAND (page 229)
electron density maps

Searching electron density maps for water peaks Using X-SOLVATE (page 245)
Controlling the 3D pointer Using the 3D Pointer (page 265)

Creating databases to be used by Search Frag- Creating a Fragment Database (page 331)
ment Database.

Using the cnx.bat file The cnx.bat File (page 333)

Searching aspecialized database to locate a suit- Searching for Fragments (page 335)
able set of fragments for modeling undefined
regions of aprotein
Using RTF and PSF modes Using RTF and PSF Modes (page 345)
An extension of the mbkall program Extend (page 355)

Typographical conventions

Unless otherwise noted in the text, this manual uses the typographical con-
ventions described below:

* Wordsinitalic represent variables. For example:
The application saves the file to filename.msf

In this example, the name of the M SF that you want to use replaces the
value filename.

« Sample syntax and the examplesillustrating the contents of filesare
presentedinafixed-width font. For example, the following illus-
tratesalinein aninput file:
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Typographical conventions
ACAM_HAMMH . CRD

« Namesof itemsintheinterface or presented on the screen are presented
in bold. For example:

D
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S
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5
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Select X-AUTOFIT on the Applications menu.
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1. Introduction to X-Ray Structure
Analysis and Refinement

Thecrystallographic family of productsin QUANTA allowsthe automated
addition of solvent (X-SOLVATE), the automatic fitting of ligands
(X-LIGAND), de novo density fitting (X-AUTOFIT and X-POWERFIT),
general model building (X-BUILD) and Refinement (CNX interface).

These applications provide a complete set of tools, from the tracing of the
first map to final refinement and analysis.

The implementation of X-Ray applications within QUANTA provides an
integrated environment in which many additional tools from other
QUANTA applications, including Protein Design, Protein Health, and
Conformational Search, can be used to enhance the model building and
refinement processes for proteins and other structures. This chapter
describes

« QUANTA’s X-Ray crystallography applications (Accelrys X-Ray
crystallography applications (page 6)).

This section describes the various X-Ray applications that are inte-
grated within QUANTA. Together, these components provide tools for
you to process X-Ray crystallography information from raw datato a
refined molecular model of your structure.

Cross references to other chaptersin this book and to material in other
documentation direct you to detailed information on software applica-
tions and functions used to complete the crystallographic process
described in the next section.

» The crystallographic process (page 8).
This section describes the basic activities of the crystallographic pro-
cess and the software that facilitates each activity.

Usethis chapter to determine which components of the Crystall ography
Workbench Applications you need in your work, as well as when and
how to apply them. The remaining chapters of this book describe the
crystallographic applications and the CNX interface.
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1. Introduction to X-Ray Structure Analysis and Refinement

Accelrys’ X-Ray crystallography applications

Accelrys' crystallographic software library consists of the following appli-
cationsthat together facilitate the compl ete structure determination process
from crystallographic data:

X-POWERFIT

X-POWERFIT provides atracing methods for data at resolutions from 1A
to 4 A. With higher resolution data it is possible to calculate asingle Ca.
trace from a simultaneous analysis of all the bones. At lower resolutions
automated interpretation tools streamline the process using secondary
structure analysis of the map followed by sequential interpretation using Co
batons. Thealgorithmsavailable can provide a500-fold speed up over con-
ventional tracing methods and result in superior quality models.

X-AUTOFIT

X-AUTOFIT speeds and enhances the process of fitting coordinatesto a
SIR, MIR, or MAD map. It skeletonizes electron density maps of proteins,
intelligently places alpha carbons to create carbon traces, aligns segments
to known molecular sequences, and automatically builds atomic coordi-
nates to fit an electron density map. It can aso be powerfully applied in
automatically fitting a molecular replacement map.

X-BUILD

The X-BUILD application contains many automated model building tools.
The application includes interactive regularization, Mote Carlo/grid/gradi-
ent real space torsion angle refinement algorithms, and automated water
refinement. These and many other tools streamline the process of model
building, resulting in a several-fold improvement in productivity.

3D notebook and other tools

Theintegrated X-AUTOFIT and X-BUILD toolsinclude various support
applications: a3D notebook that allows annotation of amolecule, a pointer
pal ette that allows rapid movement around a protein molecule, and valida-
tion tools. A Ramachandran plot is always visible while X-BUILD is
active, and a Ca plot is always active for the X-AUTOFIT application.
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CNX

Accelrys X-Ray crystallography applications

Automated and advanced validation is provided specific for crystallo-
graphic structure determination aswell asfull dataloggingin X-BUILD for
datarecovery.

CNX isthe standard for 3D structure determination of macromolecules
using crystallographic or NMR data. The QUANTA interfaceto CNX
export an entire molecular system from QUANTA, including acoordinates |
file and a script, aprincipal structure file (PSF), and a parameter file. The
interface also launches CNX calculations to perform map generation, sim-
ulated annealing, and positional refinement.

You can submit datato CNX interactively or in standalone mode. Results
arereturned to QUANTA for further manipulation and analysis.

For detailed information about CNX, see Brunger (1992) and the CNX
2006 User Guide (published separately by Accelrys). For moreinformation
about the CNX interface, see Setting Up Molecular Systemsfor CNX (page
261).

X-SOLVATE

X-SOLVATE isarapid method for searching an electron density map for
water molecules. The application searches the map for electron density not
already filled by atoms and assesses the contacts made with the protein, at
all times dealing with symmetry equivalents. Peaks can be assessed inter-
actively and saved as water coordinates. For more information on X-SOL -
VATE, see Using X-SOLVATE (page 245).

X-LIGAND

The X-LIGAND application allows the rapid searching of regions of sig-
nificant connected density that may be due to aligand molecule and not
aready filled by protein atoms. Different ligands can befitted to the sorted
list of sites, internal degrees of freedom of the ligand can be searched at the
rate of thousands per second, and the solution refined using real space tor-
sion angle refinement. For more information on X-LIGAND, see Using X-
LIGAND (page 229).
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1. Introduction to X-Ray Structure Analysis and Refinement

The crystallographic structure determination

process

The following figure provides an overview of the tasks that the crystallog-

rapher can perform to determine and refine a macromolecular structure;

Collect data

'

Process data

The crystallographic

structure-determination

process

De novo tracing
MIE, SIR, kMAD - #-POVMYERFITY Agsess model
(G H-AUTOFIT) (#-BUILD)
|
v 4
Molecular replacement | g Refine model Add solvent
(CIX) d (CH) ""_‘ (- SOLVATE)
4 !
l[samorphous Y
replacernent Build model Ligand placement
{automatic) ({-BUILDY - (-LIGAND

Determination
phazes

Thefollowing paragraphs describe the process outlined in the figure above:

Before you begin

Regardless of where you start in the crystallographic process, you must
have a set of structure factors available from. Store these datain astructure
factor file (.fob). If no experimental data are available, you can generate a
dummy structurefactor file. However, inthis case, the electron density map

that is generated is not physically relevant. For information on how to gen-
erate adummy file.
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The crystallographic structure determination process

Collect and process data

Experiments performed on an in-house area detector or at a synchrotron
facility result in X-Ray data frames that must be processed to extract the
intensity of each diffraction peak. X-GEN provides facilities to process
these data to the point where a set of merged, corrected intensity measure-
ments are computed and output.

Determine phases

For anew protein structure, phases must be calculated for each diffraction
peak, using one or a combination of techniques. Three basic strategies are
available for phase determination:

» Multiple isomorphous replacement (MIR)

Multiple isomorphous replacement is used when diffraction data are
collected for several crystals with various bound heavy metal atoms.
You can use the combination of resulting heavy-atom positions to com-
pute phases. Alternatively, you can collect data with multiple wave-
length or anomal ous dispersion techniques on a single isomorphous
derivative to obtain the phase information.

* Molecular replacement

For aprotein that is similar to one with a known structure or where a
reliable model structure can be generated, you can use the technique of
molecular replacement to obtain phases for the new structure. With this
technique, a search model of the protein is rotated and translated
through the diffraction data to locate orientations that maximize agree-
ment between calculated and experimental data.

» Isomorphous replacement

Useisomorphousreplacement when your protein structureisessentially
identical to aknown structure. Existing phase data can be used to deter-
mine phases from the data for crystals of amutant or ligand complexed
protein.

CNX providestoolsfor all types of phase determination, including heavy-
atom positioning, density modification, and all the methods described
above. Molecular replacement is also available within CNX.

When you have obtained phases, you can compute an electron density map
and begin the process of building and refining amodel for the protein struc-
ture. The proceduresto be followed for generating a model are somewhat
different for each phase determination strategy. However, inspection of the
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1. Introduction to X-Ray Structure Analysis and Refinement

Generate initial model

model in the electron density map, manual model building, and refinement
are common for all approaches.

If astructure has been solved by MIR, SIR, or MAD, then an initial model
for the protein must be constructed from aninitial map. X-POWERFIT can
automatically trace the Ca. atoms form high resol ution phased data. For low
resolution data, X-POWERFIT allows the identification of secondary
structure el ements (vectors) and automatic conversion of the vectorsto Ca
traces. For low resol ution structures, aswell asthe moredisordered regions
of high resolution structures, X-AUTOFIT can be used to continue the Ca
trace construction from skel etonized electron density maps, with built-in
intelligence about features of protein structure. Thisinitial Ca traceis con-
verted to an all-atom model using automated toolswithin the X-AUTOFIT
functionality.

Build and refine model

The all-atom models generated from X-AUTOFIT or through the process
of molecular replacement can be re-built using the X-BUILD application.
This alows manual and automated editing of the atom positions and real -
space refinement into electron density maps calculated with CNX.

Refinement

Adding ligands

The refinement of model coordinates can be carried out with simulated
annealing or traditional |east-squares methodswithin CNX. The QUANTA
interface to this program allows automated setup of the required protocols.

It is possible to add ligand molecules automatically to electron densities
using the X-LIGAND application. This application includes conformation
searching of ligand flexibility and refinement of the ligand to the electron
density.

Add solvent and refine final model

You can use an iterative process for adding solvent and doing small manual
rebuilding and careful refinement to produce afinal model of the molecule.

10 QUANTA 2006 X-Ray Sructure and Analysis



The crystallographic structure determination process

Assess model

You can assess the quality of the final model and also analyze it using the
extensive validation facilities designed for detection of crystallographic
building error in the X-BUILD application. More general structureanaysis
toolsarefound in the Protein Health applicationin QUANTA and in Insight
Il.
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2. Using the X-applications

Introduction

This section is designed to guide you through the large number of tools
availablein X-AUTOFIT, X-POWERFIT, X-BUILD, X-LIGAND and X-
SOLVATE.

The aim of this section is to provide a starting point for understanding the
X-RAY applications, where the functionality is found, and how the func-
tionality should be used to give the best resullts.

Application subdivision

The X-applications are provided so that X-AUTOFIT, X-BUILD, and X-
POWERFIT form an integrated system through a single main palette
accessed from the Applications menu on the main menu bar of the
QUANTA window. X-LIGAND and X-SOLVATE are separate applica-
tions run from the Applications menu.

Table 1. Application subdivision

Application
X-AUTOFIT

X-BUILD

Function Access

Co-tracing (CA-build). X-AUTOFIT:X-BUILD palette
Automated segquence assignment Applications| XAUTOFIT
(Sequence).

All atom auto-generation (CA-build).
Model building in a semi-automated fashion. X-AUTOFIT:X-BUILD palette

Applications| XBUILD

X-POWERFIT Automated map interpretation, used in con-  X-POWERFIT palette

junction with X-AUTOFIT. X-POWERFIT button on the
X-AUTOFIT:X-BUILD palette
X-LIGAND  Automatically adds ligands. Applications| X-LIGAND
X-SOLVATE Automatically adds solvents. Applications | X-SOLVATE
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2. Using the X-applications

Table 2. Subpaletteslaunched from the X-AUTOFIT: X-BUILD palette

Button Palette Description

Symmetry... Symmetry Symmetry annotations and control
Pointer... Pointer View placement control

Bones... Bones Map skeleton cal culation and manipulation
Map Mask... Map Mask Map mask creation and editing

CA Build... CA Build Semi-automated map tracing and manipul ation
X-POWERFIT X-POWERFIT  Automated map tracing

Text... 3D Text Notebook annotation for structure
Sequence... Sequence Sequence assignment to Co. trace

Build atoms... Build atoms Model rebuilding tools

Sructure... Structure Advanced model rebuilding tools

Tablesand Graphs... Tables and Graphs Advanced validation and Analysis

Electron density Bones

Electron density bones are integral to the X-Ray applications and provide
near automated map analysis and analysis. They are generated from the
map only in regions of interest and so are controlled by the map radius.
They can be used to generate map masks as well asin the process of Ca-
tracing and can be automatically interpreted in X-POWERFIT or semi-
automatically in X-AUTOFIT.

Bones are not converted into atoms but represent a background annotation
view on which Ca trace atoms are added. Thereforeit is not necessary to
edit the bonesin detail, since the only represent a backdrop guide; let the
program auto-edit these with the parameters provided (Bones | Change
start value, Bones| Changetrim value).

Any editing of the bonesis lost by recal culating the bones.

If amap mask isto be calculated from the bones, use alarge map radius,
and use the bones editing tools to trim the bones to amolecular shaped vol-
ume. Use the Map mask | Solvent content tool and the Bones | Bones
symmetry tool to check the extent of the mask and bones.

Once amap mask has been generated, it is not necessary to manualy trim
the bones for any further protocols.

If bones areto be used in X-POWERFIT for automated tracing, use alarge
map radius, a map mask to delimit the molecular volume (bones/mask
bones by mask) and the Auto-trace High (high resolution data) or Find
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Ca tracing

sec. struct. | Auto-trace L ow (low resolution data) tools under the X-
POWERFIT palette.

If bonesareto beusedin X-AUTOFIT (and X-POWERFIT) for semi-auto-
mated map tracing then use a small map radius (about 9A is suitable), and
work along the trace using the Bones | Next bones box tool to update the
view when the trace nears the edge of the calculated volume of bones.

Mask generation

Masks can be generated from coordinate and map information as well as
from O format files (old, new and compressed). This functionality is avail-
able on the Map Mask palette.

Mask editing is possible by either editing electron density bones before a
mask is generated or by directly editing the mask with a spherical pointer.

Masksareused in X-AUTOFIT and X-POWERFIT asbounding masksfor
all tracing and calculations (Bones | Mask bones by mask) and provide a
mask for external solvent flattening functionality in CNX.

using

Ca tracing

Atoms are placed into electron density by the process of Ca tracing using
the bones as a background object.

Adding Ca trace atoms.

Ca tracing is only possible when the bones are active because bones anal -
ysisisintegral to creating a Co trace:

* Asanew segment of two Ca trace atoms (CA-build | New segment).
* Asasingle Ca trace atom (CA-build | Next CA).

* Asmultiple Ca trace atoms automatically (X-POWERFIT | Auto
extend CA).

* A asingle Ca trace atom of a helix/strand (X-POWERFIT | Next CA
as helix-strand).

* Asahdix/strand manually (CA-build | Add helix or strand).

« Automatically, asahelix/strand from avector (X-POWERFIT | Vector
to CA trace).

e From an MSF coordinate set (CA-build | Load CA coordinates).
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Ca-tracing may be done automatically using X-POWERFIT or in X-
AUTOFHIT in a semi-automated fashion.

There are three types of Ca-trace atoms: (1) an active Ca. atomin (2) an
active Co trace segment, and (3) other Ca-trace segments placed previ-
oudly.

Theactive Ca trace atom (and active segment) is set using the Current res/
seg tool on the X-POWERFIT, Co build and Sequence palettes.

Moving Co trace atoms

If the active Ca trace atom is at a segment terminus, then it can only be
moved on the surface of asphere of radius 3.8A from the previous Ca trace
atom by changing an opening angle and torsion.

If the active Ca trace atom is not at aterminus, then it can be moved in x/
y/z screen ordinate. The Ca-Ca. distances affected by this are shown on the
QUANTA message line.

Only the active Ca trace atom can be moved in one of the following ways:
« By picking abones point (active Co will “move” towards this).
» By picking the Ca-plot graphs (Ca. will move to this conformation).

» By moving the dialsto changetorsion/angle or x/y/z (note that a virtual
track ball motion is by far the most efficient method).

« By making an aternative auto-placement (CA-Build | Guess next CA).

Moving Ca-trace segments

Only the active segment can be moved or changed by:

» Rigid body refinement (CA build | Refine current seg).

* Manud rigid body movement (CA build | Move current seg).
* Flexiblerefinement (X-POWERFIT | CA refinement).

The Ca traceisautomatically saved between sessions and can be explicitly
saved using the CA build | Save changestool. Thelast edit of the Ca trace
can be undone/redone using the CA-build | Undo last change tool.
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Sequence assignment

Ca trace polarity

A Ca trace is always built from the C-terminal end. Therefore setting the
current Co trace atom as aterminal atom sets the Ca. segment polarity so
that this atom is the C-terminal atom of a segment.

Selecting a non-terminus Co. trace atom does not affect the polarity of the
Ca-trace. The polarity of the Ca traceis shown as an arrow at the current
Ca trace atom pointing to the C-terminal (provided that the current Co trace
atom is not aterminus).

Beawarethat you must definethepolarity of the Ca trace before converting
aCa trace to an al atom model.

If the current Ca. atom is at aterminal, the polarity of the Ca trace may be
reversed using the CA-build | Rever sechain tool; thenthecurrent Co trace B
atom is set at the other end of the chain. If the current Ca-trace atom was
not at aterminus, the current Co trace atom is not changed.

Thepolarity of the Ca trace can be checked with the CA-build | Check CA
direction tool, which essentially testsfor the C=0 position in el ectron den-
sity. Thismakes no change to the segment direction, only noteswhether the
current direction is right or wrong.

Sequence assignment

Seguence assignment is carried out on Ca. trace atoms. The residue typeis
assigned to the Ca trace atom, and, when a sequence isloaded and dis-
played, the current residue type is shown at each traced Ca. atom. Theaim
isto assign to the Ca trace atom residue types, so the Co. trace is assigned
aunique sequence which is part of or al of the loaded template sequence.
The loaded sequence represents a guide to this process for the tools pro-
vided; once sequence assignment to the Ca trace is complete the loaded
sequence template has no further function.

Loading sequences

A sequenceisloaded (from a number of different formats) using the
Sequence | L oad sequencetool. If the protein isto beinterpreted asa
dimer (or higher repeat), it isrecommended you load only the sequence for
one monomer unit. This way, the application can identify a unique
sequence as only one occurrence of the repeat in the sequence.
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Sequence assignment

A Ca trace atom can be assigned one of the 20 amino acids or a number of
fuzzy residue types. There are 10 pre-defined fuzzy residue types, and you
can add afurther 10 fuzzy residue descriptions of your own.

Multiple propensity values can be assigned to asingle residue — for exam-
ple alysine residue can be classed both as big and small since density for
thisresidue could be either. You are directed to the documentation in Using
X-AUTOFIT (page 49) on specifying new or changing existing fuzzy pro-
pensity values.

Picking aresidue type sets the residue type of the current active Co trace
atom. Once any Ca. trace atom in a Ca-trace segment is set, a sequence
alignment is performed.

Sequence aignment is done in aforward and backward direction, and the
results are shown against the sequence trace: blue arrows are forward fits,
and red arrows are backward fits.

Unique sequence

The Ca trace atoms are marked with a unique assignment if a unique
sequenceisfound. The sequencetable isupdated so that the unique section
is shown in upper-case. Any subsequence addition of Ca. trace atoms will
be added as the correct residue type defined by the sequence.

Itis not possible to extend an assigned Ca.-trace segment if this resultsin
an overlap of the Sequence assignment or in the sequence alignment falling
off the end of the sequence table.

Dimer (or higher order) structurescan never be uniquely sequence assigned
if the sequenceisfor the whole protein. Please read in only one monomer
seguence unit.

Sequence assignment of asecond (or higher order) monomer unitiscarried
out by first making the sequence assignment in the first monomer “not
unique” (Sequence | Unique sequence). This releases the assigned
sequence for further assignment.

Sequence assignment is stored with the Ca-trace and does not require the
presence of the loaded sequence or a unique setting. On completion of
sequence assignment, the loaded sequence can be removed.
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Co-trace -> all atom model

Ca-trace -> all atom model

Ca-trace atoms are converted to al atom models automatically by one of
four tools on the CA build palette. The quality of the results depends on the
quality of the placement of the Ca trace atoms as well asthe quality of the
electron density. It is highly recommended that the actual position of each
Ca-trace atom be checked and adjusted in afinal refinement (CA build |
Refine Current Seg) before trying to build an all atom model.

Chain polarity

The all atom model is built with a polarity defined by the current polarity
of the Ca trace. The Ca. trace polarity should be defined by making the C- §
terminus atom the current atom (CA build | Current resand seg). Thiscan
be checked against the sequence by examining the arrows and by using the
CA build | Check CA direction tool to check against the map.

The electron density map must cover all the Ca-trace atoms if fitting isto
be carried out to el ectron density. Change the map resolution so that all Ca
traceatomsare covered. Turn off the map during the building process, since
the repeated re-display of this during the building slows the calculation
down.

Knowing which of the four tools to use depends on the quality of the elec-
tron density. You are strongly advised not to use the CA build | Fit seg by
database tool, since it produces poor results.

e CA build | Fit seg by RSR — For good density and a map resolution
of < 1.5A.

e CA build | Fit seg by CA corr — For poor density or amap resolution
of > 1.5A.

e CA build | Fit seg by D.E.E — For little or no data.
e CA build | Fit seg by database

Where do the coordinates go?

The new coordinates produced by the building processwill either be put in
anew MSF fileor placed in acurrent MSF file:

If aMSF fileis open/active and visible, then the new coordinates are
added to thefirst active and visible M SF file.
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If thereisno open/active and visible, M SF molecule then anew MSFis
generated.

Therefore, if you do not want to add new coordinates to a currently open
molecule, then ensure that the molecule is not active.

Model building

Model building is carried out using the following pal ettes from the X-
BUILD application: Build atoms, Structure, Pointer, and 3D text. Addition-
aly, validation tools are used: data logging with the Last commands tool
and advanced validation using the Table/graphs pal ette.

Atom selection for building is carried out using:
¢ Thetools on the Pointer palette.

¢ Picking the Ramachandran plot.

» Picking avalidation graph plot.

« Using a 3D text object.

To edit asingle residue, use the tools on the Build atoms palette, and use
the Structure palette to refine of aregion/volume of residues.

The Pointer palette (generaly visible al the time) and the 3D text palette
should be used to center the view.

Refinement

X-BUILD hasthreetypes of real spacetorsion angle refinement protocols:
gradient, grid and Monte Carlo. In all casesyou should be aware that if the
electron density does not cover the atoms of interest, then the functionality
does not produce correct results.

All the refinement toolsimprovefit to density by modifying torsion angles.
Thegrid refinement tools also vary angles dightly to improve the radius of
convergence, and this can be corrected subsequently using geometry
refinement tools. The gradient refinement tools allow small variation in
bonds and angles, although these are generally small and do not need to be
corrected by amodel building tool.

20 QUANTA 2006 X-Ray Sructure and Analysis



Model building

Grid refinement

Grid refinement tests all possible conformations by changing asmall num-
ber of torsion anglesto find the best fit to electron density. It is therefore
limited to side chain and main chain protein and nucleic acid fitting.

Grid refinement is used to place side chain atoms or main chain peptide
planesinto an el ectron density during the residue by residuefitting process.
The tools Build-atoms | Fit side chain by RSR, Build-atoms | Move
atoms + RSR and Build-atoms | Fit main chain by RSR carry out Grid
refinement.

Grid refinement can only be used on proteins and nucleic acids.

Grid refinement placesthe sidechain atomsinto an el ectron density at some
detriment to angles and improper angles. Hence, it will produce aslightly §
distorted sidechain, especially wherethe el ectron density ispoor. It isthere-

fore necessary to regularize residues after grid refinement.

Gradient refinement

Gradient refinement is used to refine any residue or group of residues into
an electron density by following the electron density gradient. A singleres-
idue can be fitted to an electron density using the Build atoms | Refine 1
residue tool, and multiple residues are fitted using the Sructure | Refine
zonetool. Thesetools use torsion angle refinement, so any defined torsion
isalowed to change.

Gradient refinement can be used on any residue or group of residues (pro-
tein, nucleic acid, water, ligands).

Therefine 1 residue tool does not improve the geometry but only refines
toward a better electron density. If the bonds/angles and improper angles
wereinitially bad before the use of thistool, they will be bad after using the
tool aswell.

The Refine zone tool improves the fit to electron density and improves
geometry termsusing mixed parameter refinement. Henceit ispossiblethat
thefit to electron density may be worse after using thistool if the geometry
wasinitialy poor.

The Structure| Rigid body fit tool allowsrigid body refinement of regions
of residues. Thisis generally useful to improve thefit of an entire domain
after MR.
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Monte Carlo refinement

Monte Carlo refinement is used in X-BUILD to place main chain confor-
mations of loops and termini where there are too many degrees of freedom

and the atoms are too distant or the density too poor to use gradient refine-
ment.

Sructure| Loop fit and Sructure| Terminal fit are used to fit loops and
termini respectively. In both cases they should be considered a“try it and
see” protocol where the results take a number of minutes to calculate but

reguire no user input.

Geometry refinement

Geometry refinement is used to improve the bonds/angles and improper
geometric terms of atoms. It takes no account of the electron density. This
is known as regularization and should be used after side chain fitting and
single residue refinement, or after amanual modeling session.

The following tools all carry out geometry refinement:
Build atoms | Regularize
Build atoms | Move atom + reg. res.
Build atoms | Move atom + reg. zone
Sructure | Regularize volume
Build atoms | Regularize
Sructure | Regularizerange

Sructure| RefineZonealso carries out geometry refinement aspart of the
electron density refinement protocol.

Model building protein/NA

We suggest that proteins and nucleic acids be fitted by traversing the
polypeptide chain one residue at atime using the Pointer | Next residue
tool. If the residue does not fit the experimental data, then use the Build-
atoms| Fit sidechain by RSR or Build atoms| Moveatom + RSR tools.
The residue should be tidied up with the Build-atoms | Regularize tool.

If anumber of consecutiveresidueshave problems, usether efine zonetool
on the Structure palette or the Build-atoms | Move atom + reg. res. tool.

Manually editing residuesis, in most cases, unnecessary.

22 QUANTA 2006 X-Ray Sructure and Analysis



Model building

Model build ligands and waters

Ligands can be added in the application X-LIGAND, and waters are added
en masse in X-SOLVATE. A single or asmall number of waters can be
added using the Build-atoms | Add-delete | Add water at pointer tool fol-
lowed by gradient refinement with Build-atoms | Refine 1 residue.

Ligands are automatically parameterized for both real space torsion angle
refinement and geometry refinement. Henceit is possibleto edit these with-
out generating complex molecular descriptions. Generally, ligands should
be fitted to electron density (if not already placed in X-LIGAND) with the
Build-atoms | Refine 1 residuetool.

All waters can be refined in a single step with the Sructure | Refine all
water tool; itisalso possibleto inspect individual water refinements when
thereisaproblemin the Sructure| Do all... water refinement option. '

General comments

Usethe Ramachandran plot to identify regions of backbone chain that need
rebuilding. The Ramachandran plot can be picked to placetheview at ares-
idue in an unlikely conformation.

Alternate conformations can be automatically searched and added from the
Sructure| Do all... tool, but this does require that the structureis near the
end point of refinement.

Only the first active and visible molecule can be edited. Any molecule
edited will be automatically saved on exit.

Usethe 3D text editor to mark problemsin model building. These can then
be checked in subsegquent model building using further refined coordinates.

Validation

Use the Validate tool on the main X-BUILD palette to identify problems
remaining in the structure at the end of amodel building session. Any prob-
lem (except aRamachandran error) can be automatically fixed with the 3D
text | Fix validate error tool.

When the structureis near the end point of refinement use the advanced val-
idation tools on the Table/graphs pal ette to identify more subtle problems
with the structure.
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3. Managing Maps

You can generate maps in QUANTA using two new tools on the X-
AUTOFIT XBUILD main palette:

M ap Optionssets up thetype of map to be calculated and the reflection
file to be used. Thisisidentical to the map calculation dialog from the
CNX interface; note that the bottom three options should be ignored:
always ask for the calculation to be immediate.

Calculate M ap launches a series of calculations that result in a map
being generated and displayed on screen.

Map management tools for defining the display of electron density maps
are provided through the Maps Management table, making them available
throughout all thefunctionality within QUANTA.. Thismeansthat the maps
functionality can be used at any time while using QUANTA, not just when
carrying out crystallographic map fitting in X-AUTOFIT and X-BUILD.

The map management tools convert map formatsto QUANTA-compatible
brick maps and define active maps, contour levelsand display styles. Addi-
tional tools save and retrieve the contents of brick map display lists and
purge the brick map database of undisplayed bricks to reduce memory
reguirements.
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This chapter describes

» Interactive Map generation (page 25)
* Maps Management table (page 27)

e Set Contour Levels (page 30)

» Cautionsabout Managing mapsin variousQUANTA applications (page
34)

Interactive Map generation

The map calculation takes into account any changes in topology or confor-
mation of the molecular system under study. The following checks are
made:

If amap calculation is requested before any reflection data has been
specified, you are prompted with the map options dial ogue.
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Typical Use

If only a conformation change has been made and a PSF of the same
name exists, then no new PSF is generated.

If aconfiguration change (add / remove atoms) has occurred, or the
molecular system has been re-selected from disk, a new PSF is gener-
ated.

To determine whether a PSF can be generated from the molecular system,
itisagood ideato click Generate CNX PSF in the CNX interface first.

For example, the default atom typing in QUANTA is CHARMmM atom
types - when working with non-hydrogen proteins, the Engh and Huber are
preferable. This can be changed within the CNX interface, or you can use
the command: CHAR SET CHAR/ENGH.

The sequence of calculationsis as follows:

~
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Check whether areflection file loaded; if not, ask for map options
Generate a PSF and parameter file, if needed

Create CNX input files (PDB, command file)

Run of CNX

Convert the map to QUANTA bricked map format

If the map generated is not already loaded into QUANTA, aprompt for
the contouring details appears.

The map is re-contoured according to the current Xfit settings

All files generated use the rootname of the first msf selected.

Open an M SF of a protein with no hydrogens.

Check that it is acceptable for CNX by testing whether a PSF can be
generated. You can aso change the host on which CNX runs.

Select Applications | X-AUTOFIT and click Calculate map.
Select the type of map and define the map extent.

Enter the grid size (0.25).

Click OK.

In the Identify reflection file and parameters dialog box, select the
reflection file and specify the resolution range.

You are then prompted for the contouring optionsfor the map beforethe
map is generated.
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Maps Management table

9. Do somemodelling. Then click Calculate map again to recal culate the
map.

Maps Management table

The Maps Management table provides an interface to the general-purpose
volume visualization capabilities of the QUANTA program. 3D volume
information is stored in brick mapsin QUANTA. These brick maps are
used for storing electron density, molecular probe maps, volumes, electro-
static potential, and molecular surface information generated within
QUANTA. In addition, the maps can be generated by external programsfor
display within QUANTA. The molecular or volume properties that these
maps contain are displayed within QUANTA as either chicken-wire con-
tours or solid molecular surfaces.

The Maps Management table is available from within any application in
QUANTA and provides a spreadsheet-like interface to the tools that man-
age and display the 3D information held in QUANTA brick map files. The
display of the table is controlled by the function Map Table on the Draw
menu.
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Thesetools convert map formats to QUANTA-compatible brick maps and
define active maps, contour levelsand display styles. Additional tools save
and retrieve the contents of brick map display lists and purge the brick map
database of undisplayed bricks to reduce memory requirements.

o
=
o)
©
c
@
S

Thefollowing figure shows the Maps Management table. The table hasthe
following components:

* Itsown menu bar of commands (marked A on the figure).

« Anedit line in which the contents of the currently selected cell isdis-
played (marked B on the figure).

¢ A column heading line (marked C on the figure).

* Rows containing the information for each map in use in the program
(marked D on the figure).
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A
B
C
D

Menu bar

The menu bar functions analogous to the menu bar of the main QUANTA

molecule window. The menu items perform the following functions:
Maps menu
Import

Imports external map formats and creates a QUANTA-compatible brick
map file. Formats available from thisinterface are:

CNX ASCII — The ASCII format output by the CNX program.

Xsight —A binary map format created and used by programsin Accel-
rys Xsight package and the Xtal View package.

CCP4 — Standard format of the CCPA4 suite of programs distributed by
the CCP4 group at Daresbury Laboratory in England.

GRID — Map format of the GRID program developed by Dr. Peter
Goodford.

Ten-Eyck map format.
DSN6 — A dsn6 standard Frodo file generated on a UNIX system.

VSN6 — A dsn6 standard Frodo file generated on aVAX/VMS system
and copied to the UNIX system. The difference between DSN6 and
V SN6 is the swapping of bytes.

After you select amap type, aFile Librarian is displayed from which you
select the file you want to import.
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Selecting |mport M ap spawns aprocessto runtheprogram $HYD_MAP/
mbkall inthe QUANTA software. The source for thisprogram isavailable
for user modification in the $HY D_MAP directory.

Add a Map

DisplaysaFile Librarian listing all available files with an.mbk extension.
A QUANTA brick map file can be sel ected and displayed even if it was pre-
viously selected. This option is useful for displaying the map with more
than one display style.

When afileis selected, the file header is displayed in the textport and the
Define Contour Levelsand Characteristics dial og box appears. In thisbox,
you can specify oneto six contour levels, line style and thickness, and the
value and color of each contour level. For information on this dialog box
see the Set Contour Levels section.

Delete a Map

Deletesamap from the activelist and deletes all bricks generated from this
map both from the display list and the brick map database. If only one map
isin use, that map isautomatically deleted. If more than onemapisin use,
ascrolling list appears permitting you to select the map to be deleted.
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Replace a Map

If morethan onemapisinuse, aFileLibrarianisdisplayed from which you
select amap to replace the deleted one.

List Maps

In the textport, lists the active brick map files. The listing includes the fol-
lowing information:

* Name of the brick map file.

* Header information in thefile.

» Assigned line style and width.

» Specified contour levels and colorsin which they are displayed.

Hide Table

Hides the table. The table can be redisplayed by selecting the Show Map
Table from the top-level View menu.
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Contour menu

Contour Maps
On Displayed Atoms

Contoursthe map at the currently specified contour levelsfor the currently
displayed atoms in the viewing area.

All theMap

Contours the entire brick map at the currently specified contour levels.
Contouring can be interrupted at any time by clicking the mouse button.
Thisisuseful if you select this option by mistake for alarge map.

In aVolume

Displays the following dialog box for entering the dimension of a cube as
illustrated. After you specify thisvalue and click OK, the brick map isdis-
played as a cube with the specified dimensions.

Contour Mode

Controls preservation of currently displayed bricks when a new set of
bricksiscalculated. You can choose whether the current selection of bricks
iscleared and replaced when anew selection is specified or whether subse-
quent bricks are added to the current selection.

Set Contour Levels

The Define Contour Levels and Characteristics dialog box is used to
change map specifications for currently defined maps. If more than one
map isin use, ascrolling list of current mapsis displayed from which to
select one.

The number of currently defined contour levels can be changed in this dia-

log box. If the contour level sare changed for currently displayed bricks, the

displayed bricks are deleted from memory and the brick map database.
Characteristics of Display Lines

LineWidth (Oto 4)

Setsthethickness of the contour linesin pixels. The default is zero. System
limitations prohibit setting line thickness greater than 1 for anti-aliased
lines for some graphics boards.

Drawing Stylefor Lines
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Setstheline typeto solid, dotted, dashed, or dot-dash. The default is solid.
When anti-aliasing is on in QUANTA, al non-solid line styles are dis-
played as solid lines.

Display Map after Contouring

Toggles the display of the entire map. If this option is off, contours for
newly selected bricks are not displayed.

Characteristics of Density in Map

Displaysthe current minimum and maximum densities and the sigmavalue
for each map. These values are not editable. The sigmavalues aidsin
assigning contour levels.

Define Contour Levels

Include

Determines whether a contour is calculated. As many as six contours can
be cal culated per map regardliess of itsdisplay status. By default, two levels
are calculated.

Display

Specifies whether the individual contour level isto be displayed initially.
Each contour can be displayed in a different color.

Level
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Displays the value for a calculated contour.
Color

Defines the color to be used for the contour level. Any of display colors 1
through 14 can be entered.

OK
Accepts changes and exits the dialog box.
Range of Levels

Automatically setsthe level of included contours to values distributed
between the minimum and maximum val ues of the map. Thisselection only
affects contours that are included. Several contours should be marked as
included before you choose this selection.

Levelsfrom Sigma

Automatically setsthelevel of included contoursto values starting at zero
and incrementing in steps of sigma. If the sigma value of the map has not

been cal culated or is set to zero, this option does not work. Several contours
should be marked as included before you select this option.
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Utils menu

Purge Contours

Reset Drawing

Edit line

Cancd
Exits the dialog box with no changes.
Options

Displays adialog box in which the parameters used to select the bricks of
density to be displayed are set.

Extra Map Radius

Is an additional radius added to the coordinates of atoms when selecting
bricks on the basis of the currently displayed display.

Mask map to only cover atoms

Toggle can be used to control the option to del ete portions of the datawithin
abrick of density that are beyond a certain distance from any atom. This
can be used to remove extraneous density that is more than the Cover
Radiusfrom an atom. This mask map option should be used with great cau-
tion, since it may remove the display of pieces of density that indicate that
the model may need further refinement or rebuilding.

Suppress contouring message

Controls whether progress-monitoring messages are displayed in the text-
port when maps are being contoured for display.

Deletes al undisplayed contoured bricks in system memory. Thistool is
useful if many large maps are contoured, and the system’s resources for
graphical object management are depl eted. Other objectsthat may compete
for these system resources are dynamicstrajectories and dot surfaces. Tools
to remove these objects from memory are found in the associated applica-
tions.

Resets the map contour line width and style for all mapsto 0.

Shows the coordinates and contents of the currently selected cell in the
Maps Management table. The contour level values can be edited here—
thisisashortcut that removesthe need to enter the Set Contour Levelsdia
log box. Once changed, the contours corresponding to the previous contour
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level are deleted. The map can then be recontoured using other QUANTA
commands, such as Contour Maps (page 30).

Column headings
This row of the table contains the headings for each column of the table.

The following table explains what each column contains and what action
follows selection of the heading:

Column  Contents Column header pick
Map The name of the map truncated to thefinal 11  Lists al details of all mapsin the tablesin the textport.
characters.
Display A yes/no toggle controlling the display of the  Thefirst pick switchesall mapsto their consensus state
individual maps. (the display state of the majority of the maps). Subse-
quent picks toggle between displaying or hiding all
maps.
Level 1 ... Themap valueat whichthe6 contour levelsare No effect. o>
Level 6 made. < .,
Width The line width used to draw the vectors repre-  Selecting this cell switches the line width for all maps % o
senting the contours of the map. to that of the first map + 1. Subsequent picksincre- e g
ment the line width of all maps up to the limiting ©
value (set with the SET LINE MAX command). S
Syle The line style used to draw the vectorsrepre-  Selecting this cell switchestheline stylefor all mapsto
senting the contours of the map. that of the first map + 1. Subsequent picksincrement
the style in the sequence 0,1,2....
Map A repeat of the name of the map (same asfirst (Same as first-column Map.)

column). Itisincludedinthetablesothat  |jstsall details of all mapsin the tablesin the textport.
when the Maps Management Table is quite

narrow, the line width and style can be
changed with the name of the map till visible.

Rows

Each map selected for display in QUANTA isrepresented with a different
line. A maximum of six maps can be selected.
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Each cell in arow contains information about the map or contour level dis-
played. Picking each cell performs a particular task, as described in the
table below:

Column Cell pick

Row Number Picking thislistsall available information about that
map to the textport.

Map Name Displays the Define Contour Levels and Character-
istics dialog box (see Set Contour Levels)

Display Toggles the display of the contours for that map on
(yes) or off (no).

Level 1-6 Picking alevel togglesits display on and off and
selectsthat cell for possible editing in the edit line
of the table.

Width Increments this map’s contour line width by 1, up to

the maximum (set with the SET LINE MAX com-
mand), and then back to 1.

Style Incrementstheline stylefor the contours of thismap
in the sequence 0, 1, 2, 0. etc.

Managing maps in various QUANTA applications

The control of mapsin QUANTA isavailablein al parts of QUANTA.

Some tools available in the Map palette and the Maps Management table
are not relevant within X-LIGAND, X-SOLVATE, X-AUTOFIT, X-POW-
ERFIT, and X-BUILD. These applications automatically control the map
display; so changesto some general map optionscaninterferedirectly with
the tools' use of the maps, with serious detriment to speed and results pro-
duced. Theseinclude:

X-LIGAND, X-SOLVATE:

Do not use Map palette or Maps Management table commands.

No commands from the Map pal ette or Maps Management table should be
used while within these applications. These applications are entirely auto-
mated and control al map functionality directly. Open all maps before
entering these applications.
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X-POWERFIT, X-AUTOFIT: X-BUILD:

Do not use the commands found under Map | Contouring options or
M aps M anagement table | Contour | Optionswhilein X-AUTOFIT: X-
BUILD.

These applications check the status of the open maps before every com-
mand, so all the Map palette or Maps Management table commands can be
used with these applications. In particular, opening, closing, and changing
contour levelsisimportant for use of X-AUTOFIT and X-BUILD.

The map options that should not be used whilein X-AUTOFIT and X-
BUILD are those that affect how the map is actually contoured. Thisis
because X-AUTOFIT and X-BUILD use astreamlined process of map con-
touring where abox of density isautomatically generated around the work-
ing position, and the only change allowed isto the radial size of this box.
Thisiscontrolled under X-AUTOFIT: X-BUILD | Options|Map radius.

The use of the following commands is strongly discouraged. In particular
the identical commands found under M ap | Contouring options or M aps
Management table | Contour | Options must not be used whilein X-
AUTOFIT:X-BUILD because:
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1. Small values of Cover radius produce false contours (especialy for
difference density) and result in incorrect bones and incorrect solutions
to real-space refinements.

2. These commands significantly slow down the contouring process,
because contouring by algorithm is more complex than simple contour-

ing.
3. These commands do not work if no coordinates are present.
4. These commands may produce other unwanted side effects.

The following table shows which contouring options can or cannot safely
be used in X-AUTOFIT:X-BUILD:

Map...

Contouring mode Ignored by X-AUTOFIT:X-BUILD
Contouringoptions ~ MUST NOT BE USED (see reasons above)
Maps Management table | Contour

Contour maps On displayed atoms Can be used, but any subsequent repositioning of the display
center (i.e., Pointer | Go-to-pointer) will reset the map
display to the defined sphere.

All the map Can be used, but any subsequent repositioning of the display
center (i.e., Pointer | Go-to-pointer) will reset the map
display to the defined sphere.
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In avolume Can be used, but any subsequent repositioning of the display
center (i.e., Pointer | Go-to-pointer) will reset the map
display to the defined sphere.

Contour mode Replace density Ignored
Add density Ignored
Options Extra map radius Thisisthe same valueas X-BUILD | Options | Map

radius. Changing this value is the same as changing the
map radiusin the Options menu.

Map mask to only cover MUST NOT BE USED (see reasons above thistable).
atoms/cover radius
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4. Introduction to X-AUTOFIT/X-BUILD/X-
POWERFIT (X-FIT)

Fitting coordinatesto an SIR, MIR, or MAD map can be difficult. X-POW-
ERFIT, X- AUTOFIT and X-BUILD (together called X-FIT) are
QUANTA applications that speed up and enhance the process of de novo
map interpretation, as well as the general model building in later stages of
macromolecular refinement.

X-POWERFIT, X-AUTOFIT and X- BUILD capahilities include:

* Fully automated CA tracing.

» Determine secondary structure from map.

« Intelligently place alpha carbons into the density.

 Carry out sequence assignment.

« Automatically build residue coordinatesto fit the electron density map.
» Powerful molecular coordinate modeling and editing.

* Refinement using grid, gradient, and Monte Carlo agorithms.

« Validation and protein structure assessment.

» Calculate bones.

* Generate solvent masks.

Map generation

X-AUTOFIT permits generation of maps on the fly from within the X-
AUTOFIT X-BUILD main palette. After selecting the reflection datafile
and generating the first map, you can add atoms/residues or rebuild the
existing molecule (psf file). You can then generate a new map using CNX
with asingle click.

Map contouring

X-AUTOFIT permits up to six maps and, for each map, seven contour lev-
elsto be active at onetime. It uses one of the currently open maps as the
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basis for the bones and real-space calculations. Bones are calculated from
electron density maps.

Density skeletonization

The skeletonization algorithm used in X-AUTOFIT isbased onthe original
rulesdescribed by Greer (1974). Thefour ruleswere modified and the algo-
rithm reimplemented to incorporate improvements in the speed of calcula-
tion and the quality of the resulting bones. Mainchain and sidechain bones
are determined by analysis, and a spline function smooths the bones seg-
ments to improve interpretability.

Solvent masks

X-AUTOFIT generates solvent masksfrom coordinate and bones data. The
solvent mask facility uses fast algorithms to determine solvent boundaries
from coordinate information or bones (and, hence, map) information. The
solvent mask can be interactively edited with aspherical pointer, and voids
within the mask can be automatically deleted with asingle tool.

3D text editor

The 3D text editor can be used to place annotations throughout the macro-
molecular structure. After notations are created, you can select a notation
from alist and the display re-centers on the associated point in the macro-
molecular structure. You can also load information about the macromolec-
ular structureinto the note text utility, thereby allowing you to rapidly find
problem areas during crystallographic model building.

Automated Ca tracing

X-POWERFIT provides an algorithm to determine the Co. trace directly
from the electron density for high resolution data. For lower resolution (4.0
A -2.0A) data, thereis an algorithm to determine the secondary structure
from the el ectron density, to automatically place Ca atomsinto these parts
of the density, and then to extend the Ca. trace until the model is close to
complete. There are also algorithms for Co. refinement.
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Ca tracing

X-AUTOFIT also provides semi-automated Ca tracing and manipulation.
The apha-carbon (Ca) building facility in X-AUTOFIT intelligently
places Ca coordinates into the el ectron density map using a rule-based pro-
cess. It also alows cut-and-paste of fragments and manual editing of Ca.
atoms. X-POWERFIT can take the current Ca trace and search a set of pdb
files for matching geometry.

Automated sequence assignment and fuzzy logic

assignment

Once the Ca tracing is complete, you can automatically assign the
sequence to the Ca trace in cases where there is high resolution data and
there are aromatic residues in the structure. In cases where the automated
assignment does not work, or there are no aromatic residues in the struc-
ture, you can also carry out afuzzy sequence assignment (such as: big, aro-
matic) for each residue of the Ca. fragment(s). There is also an option to
explicitly assign one of the 20 amino acidsto a Ca. atom. QUANTA uses
thisto show aweighted forward and backward alignment to the sequence.
A secondary structure prediction from sequence tool returns the secondary
structure prediction of a sequence and colors the sequence view on screen
using red for helices and blue for strands.

Ca trace --> all-atom model

X-AUTOFIT can create an all-atom representation using refinement tech-
niques, database fragment fitting, and direct correlation of the Ca. confor-
mations to all-atom models. These three techniques can be used within X-
AUTOFIT to fit the atoms of aresidue to the map from just the Co. posi-
tionsof the Ca trace fragment. The quality of fitisreported by color coding
atoms in the fitted segment.

Model building

Model building is carried out with the aid of real-space refinement, regu-
larization, and rigid-body refinement algorithms, as well as by traditional
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manual editing. An automated tool (Structure | Auto build) that runs
through all build residues and fitsthem using anew mixed grid and gradient
protocol. The automated tools of X-BUILD generally give a 200-to-500-
fold decrease in time for amodel building session and often result in
improvement in the subsequent refinement of coordinates compared to tra-
ditional manua model building.

Refinement techniques

X-AUTOFIT supports three refinement techniques. Single residues can be
fitted by grid searching about torsions, torsion angle real-space gradient
refinement, and Monte Carlo fitting. X-AUTOFIT is designed to support
thefollowing specia casesassociated with electron density proteinsfitting:

« Alternative conformations (disorder).

« B-value and occupancy editing.

« Polypeptide chain editing, allowing changesin connectivity.
e C-termina oxygen atoms.

¢ Rebuilding incomplete amino acids.

« Non-hydrogen, polar hydrogen, and al-hydrogen representations.

Validation techniques

X-BUILD supports two kinds of validation tools designed for the crystal-
lographic process.

Thefirst isan entirely automated system where common errors associated
with model building are detected and can be automatically fixed.

The second method of validation provides aset of functionsthat can derive
datafrom molecular coordinates, apply further functionsto them, and then
plot them in agraph window. The molecule display, graph display, and
tablesareintegrated, so that the table and graph can be picked to update the
molecular display.
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Data logging

All X-BUILD tools are logged automatically in atable of previous com-
mands, which can be used to create alog book, undo/redo any edit, assess
the use of the application, and even recover and analyze changes from pre-
vious model-building sessions.

Data integrity

An automatic save of the current stateis made every 5 minuteswhen inthe
X-POWERFIT, X-AUTOFIT or X-BUILD modules. Thisisin addition to
the facility for user-directed saves.

X-AUTOFIT in QUANTA

Implementation of the X-AUTOFIT toolsin QUANTA provides an inte-
grated environment in which many associated toolsin Protein Design, Pro-
tein Health, and Conformational Search can be combined with features of
the X-AUTOFI T application to enhance the model -building and refinement
process.

Therest of this chapter and the four that follow describe X-AUTOFIT, X-
BUILD, and X-POWERFIT and their operation within QUANTA. These
sections explain:

» Accessing X-AUTOFIT (page 43).
e General X-AUTOFIT and X-BUILD behavior (page 44)

Memory requirements for X-AUTOFIT

QUANTA has been designed to handle maps of up to 500 grid pointsin the
X, Y, or zdimensions. Thissizerepresentsamaximum brick map size of 125
MB or, when amap is stored as real numbers (asin a CCP4 map), 500 MB,
which isavery large map. The size of map that can be handled in
X-AUTOFIT isdefined by the virtual swap space of the system running
QUANTA, since all map information and derivatives of these are dynami-
cally allocated as required. A virtual swap space of at least 300 MB (pref-
erably 400 MB) isbest for the use of X-AUTOFIT/X-BUILD. Thisamount
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of virtual swap space allows the use of maps of up to 20 million grid points
and any bones and mask information derived from this map. Of this space,
QUANTA will use about 55 MB and the operating system approximately
30 MB. Theremaining space can be allocated by the X-AUTOFIT applica-
tion or used by other programs. If this happens, then you should leave
QUANTA after saving any changes and restart the program. This returns
al the swap space alocated for map manipulation to the system. It is not
enough to just restart QUANTA from the File menu, you must exit the pro-
gram.

You can display a pie chart of memory usage. Thereis no interface option
for this, so you need to edit the xfit.pack file. The line containing “MemS
0" should be changed to “MemS 1” while the X-AUTOFIT:X-BUILD is
closed. Upon entering the X-RAY application, a pie chart shows current
memory usage on the computer. When available memory drops below
50M bytes the pie chart turns from green to orange, and when available
memory drops below 20Mbytes the pie chart turns red.

A real memory size of at least 48 MB is recommended for using
X-AUTOFIT. If large structures are to be studied, 64 MB provides a more
responsive program.

Note: All requests for allocated memory for maps are checked to seeif
they can be satisfied, and if not, the requested functionality or calcula-
tion is aborted and a message printed to the textport.

Example message:

MEM_Alloc: Allocation error [-27316]

A request for memory was made:-

memory = 27 Mbytes
But the system refused this request
Either : Increase system swap space

Use a small map
Finish other programs running

Graphical objects generated under SGI GL and Open GL cannot havetheir
memory returned to the system after use. This meansthat continued re-dis-
play of different areas of the map gradually uses the available swap space
when very large maps are used. X-AUTOFIT therefore continually moni-

torsthe available swap space and prints warning messagesto the textport if

the available space drops below 10 MB.

Example message:
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You are strongly advised

to save and exit QUANTA as
swap memory is low

The current 0S does not allow
this to be fixed

Sinceitisimpossibleto prevent a program from being killed by the system
when all the available swap space is used, you should take one of the fol-
lowing actions if this message appears:

a. Close other programs on the system to release memory.

b. Delete bones and/or delete amap mask in X-AUTOFIT.

c. Closethe current map and use a smaller map.

d. Finishediting, saveall changesin X-AUTOFIT, and exit QUANTA.

The memory testsin X-AUTOFIT help prevent crashing due to memory
depletion.

Accessing X-AUTOFIT

This section describes how to access and get started with X-AUTOFIT.
Before you begin
Prior to starting X-AUTOFIT, do the following:

e Inthe QUANTA moleculewindow, if you can, display any known coor-
dinates or previously built coordinates of the protein molecule you are
studying.

« Have an electron density map of your molecule available in brick map
format.

» Haveastandard QUANTA sequencefileavailable. Thisfile containsa
one-letter code for each protein residue.

For learning purposes, start with a 2fo-fc electron density map with a cor-
responding set of coordinates. You may have to convert an existing map
using the map conversion facility on the Maps Management table and pal-
ette. For more information, see Managing Maps (page 25).

Tostart X-AUTOFIT

X-AUTOFIT is accessed from the Applications menu in the QUANTA
main menu, as follows:
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1. Createanew directory inwhichtorun X-AUTOFIT. Moveto that direc-
tory and start QUANTA.

2. Select X-AUTOFIT from the Applications menu. The main
X-AUTOFIT:X-BUILD palette and the Pointer palette appear, as well
as agraph window containing the allowed regions for aRamachandran
map and any points representing the phi-psi anglesfor any known coor-
dinates. If the map table is not open, then open it using the M ap show
table (select M ap table | Show map table from the Draw menu) tool.

An Object Management table also opens. Asobjectsare generated, they
are added to the table: bones, mask, symmetry atoms, Ca trace, and 3D
text.

The Object Management table can be used to toggle the relevant infor-
mation on and off. Objects can be deleted from thistable, but
X-AUTOFIT generates them again if required.

Note: If you exit X-AUTOFIT without using X-AUTOFIT | Finish, the
next timeyou start X-AUTOFIT, aprompt appearsasking if you want to
recover fromthelast building session. If you select Yes, thisrecoversthe
changes made to the coordinates from the last building session.

General X-AUTOFIT and X-BUILD behavior

Thefollowing description indicatesthe aims behind X-AUTOFIT and gen-
eralizations about its use.

Using multiple structures and maps in X-AUTOFIT

X-AUTOFIT allows only one structure to be edited at any time, to prevent
possible confusion and ambiguity. The current editable moleculeisthefirst
active and displayed molecule in the object management table. To change
the molecule that you are editing, use the Molecule Management table to
change the activity of the molecule.

QUANTA can usesix active and contoured maps at the sametime. Because
X-AUTOFIT uses crystallographic information for real -space refinement
and bones, you must identify which map to use if more than onemap is
open. To change the current map, use the tool X-AUTOFIT | Change
RSR-bones map.

By default, if any mapsare open when you first enter X-AUTOFIT, thefirst
map that you open is the map used for RSR and bones cal culations.
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Palettes and tool activity in X-AUTOFIT

X-AUTOFIT differs dightly in the use and behavior of palettes from the
rest of QUANTA. Twelve palettes can be openin X-AUTOFIT, and all can
be open and used simultaneously. This alows almost any type of manipu-
lation and cal cul ation necessary for macromolecular crystall ography, while
simplifying the number of commands visible at onetime.

All toolsin the X-AUTOFIT application are active and can be used from
any of the palettes at any time, with these restrictions:

1. When an editing processis active, (when the Accept or Quit dialog box
is present), Accept or Quit are the only options you can choose.

2. X-SOLVATE and X-LIGAND are separate applications and do not
allow other X-AUTOFIT toolsto beused whilethey are active. Because
they are automated procedures, they take control of screen placement

and map display.

Themain X-AUTOFIT:X-BUILD palette has ten sub-palettes, the
X-AUTOFIT | Sequence pal ette has two sub-pal ettes, and the X-AUTOFI T
| Build palette has two sub-pal ettes. The Accept or Quit dialog box appears
when the application requires you to choose whether to accept or abort the
current editing or picking process.

The general use of X-AUTOFIT can be divided by activity. The following
table indicates the pal ettes required for a given operation. You can have
more pal ettes open at atime.

Activity Palettes

Defining solvent boundaries  X-AUTOFIT | Map mask
X-AUTOFIT | Bones
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Activity Palettes
Ca tracing to density ... X-AUTOFIT | CA Build
X-AUTOFIT | Bones
X-POWERFIT
Sequence assignment of Ca. X-AUTOFIT | Sequence
trace... X-AUTOFIT | Sequence | Show Hide amino-acids

X-AUTOFIT | Sequence | Show Hide fuzzy

Building all-atom representas X-AUTOFIT | CA Build
tion from Ca. trace...

Model building X-AUTOFIT | Build atoms
X-AUTOFIT | Build atoms | Color atoms
X-AUTOFIT | Build atoms | Addidel ete
X-AUTOFIT | Structure

Validation X-AUTOFIT
X-AUTOFIT | 3D-text
X-AUTOFIT | Tables and Graphs

A user-defined paletteis also provided that allows various tools from dif-
ferent palettes to be put in one place. This aso allows you to use macros.

The Text and Pointer palettes can be used at any time, and normally the
Pointer palette should be open at all times. Each palette is made active by
selecting the tool on the parent pal ette and made inactive by selecting Hide
thismenu at the bottom of each palette. If apaletteisactivethen the parent
tool ishighlighted. If the parent tool is highlighted but the associated pal-
ette is covered by another window, selecting the highlighted tool for that
pal ette brings the pal ette to the front.

The X-AUTOFIT:X-BUILD main palette contains three other tools, for
saving the results of the Ca-tracing, saving the results of the model build-
ing, and restoring the old M SF from disk. When you exit X-AUTOFIT, it
writes a Ca. trace session file to disk. It also writes this file when the
X-AUTOFIT | CA Build | Save changes tool is used. Thisfile also con-
tains the sequence for the alignment and any sequence assignment made to
Co atoms. The dataiis read back into X-AUTOFIT the next time the pro-
gramisused. X-AUTOFIT also checksto seeif any changes have been
made to any molecular coordinates, and a dialog box asks you to save each
changed molecule before leaving X-AUTOFIT.

When you exit X-AUTOFIT, it stores the current status of parameters and
settings and the current open pal ettes, so that a new session starts from
where you left off.
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Dial box

There are four default sets of dialsin X-AUTOFIT. While using the edit
functions, the dial set appropriate to the requested function is displayed.
Because some functions can use more than one dial set, there are options
on the Pointer, Mask, and CA Build palettes to set the type of dial in use.

Two of thedefault dial setsare used to adjust the position of Ca atomswhile
fitting Ca. atomsto MIR/SIR or MAD density. These control the position of
the current active Co atom.

Thethird dial set controlsthe placement of a cursor on the screen. This cur-
sor isnormally used for all other building procedures not involving Cao.-
atom tracing into density. The selection of the dial set also controlsthetype
of plot displayed in the graphs window, as described in the next section.

Thefourth dial set controlsthe mask pointer. Thisset allowsyouto position
aspherical pointer and the adjust its radius. It becomes active after the cal-
culation or reading of amask. The X-AUTOFIT | Mask | Mask dialstool

changes the dialsto the mask dial set, if amask is currently active.

The X-AUTOFIT | Pointer | Pointer-dialstool changesthe dial set to the
pointer dials, and the X-AUTOFIT | CA Build | CA dialstool changesthe
dialsto one of the Co-building dial setsrelevant to the current active Ca
atom.

The default X-AUTOFIT dial set fillsthe U dials and by default is always
displayed while using X-AUTOFIT, X-POWERFIT, or X-BUILD. A tog-
gleon the X-AUTOFIT:X-BUILD | Options... dialog box can be used to
reset the default dials to that of themain “1” dial set of QUANTA if pre-
ferred.

Graph windows

Two graph windows are generated in X-AUTOFIT. Thefirst isalways
present in thelower right corner of the screen. This graph window displays
three sets of information.

» If the CA Build dials are active, a contoured plot of Ca torsion and
angles observed in the protein databank is shown. A pointer indicates
the torsion and angle of the currently active Co atom.

« If thepointer dials are active and nucleotide structures are being edited,
then aDNA concentric circle plot isdisplayed. This showsall the back-
bone torsion angles and the base torsion for all the nucleotides. If any
nucleotide is edited, then just the information for the residues edited is
shown.
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Tables

« If the pointer dials are active and protein structures are being edited,
then a Ramachandran allowed region plot is displayed with all the phi-
psi angles of the current active and displayed molecule. During any edit-
ing procedure that changes specific phi and psi angles, only theseangles
are displayed, and they move as the residues are edited.

The second graph window is generated as part of the advanced validation
tools and can display many different types of data from the validation
tables. Details on the use of thisgraph, generation, annotation, and plotting
can be found in Advanced validation techniques (page 85). Thetools are
described in more detail in Tables and Graphs (page 190).

Four tables can be created from X-AUTOFIT | X-BUILD. Thefirst isthe
last-command table. The last-command table is opened from the main X-
AUTOFIT | X-BUILD palette and provides a catalogue of tools used, time
and date, undo/redo option, and user-defined remarks. The menu items at
thetop of thistable allow various actionsto be carried out based on the last-
command table

The remaining three tables are generated while using the advanced valida-
tion tools. One table is generated for any property or function based on
atom data, the second is generated for residue data, and the third when data
is produced that has no direct relation with coordinate information. The
atom and residue tables can be picked to place the molecular view and
selected (by row or column) for the vari ous manipulationsand plotting. Use
of thetables can be found in the section on Advanced validation techniques
(page 85). Thetools are described in more detail in the section on Tables
and Graphs (page 190).
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This chapter describesthe use of X-AUTOFIT to generate map masks and
bones and their use in de novo Ca tracing. Thisisfollowed by sections on
automated or semi-automated sequence assignment and building all-atom
representations from a Co. trace.

Solvent boundaries or map masks

X-AUTOFIT alows you to define solvent boundaries using either coordi-
nate information or bones (that is, map), information. The mask can also be
imported from an external file, and it is possible to read all forms of O for-
mat masksinto X-AUTOFIT and X-POWERFIT. A program$HYD_MAP
| mbkall allows the conversion from other formats (i.e., Xsight, CCP4) to
an O compressed format filefor reading into the X-applications. The masks
generated and edited within X-AUTOFIT can be saved asan O compressed
format file.

Not only does X-AUTOFIT allow the calculation of map masks, it can use
the map mask as an integral part of the de-novo Ca tracing process. The
map mask can be used both as a visual boundary, and as a calculation
boundary in X-AUTOFIT and X-POWERFIT, removing the problem of
building structure in symmetry related molecules.

The mask size is defined by the current volume of map present as defined
by X-AUTOFIT | Options | Map-radius. This allows a smaller mask to
be defined from a map that may cover awhole unit cell. If the mask must
fill the same volume as the map, set the map radiusto some very large
value. The mask will be generated with the same unit cell parameters as
those of the map.

using

If the mask isto be generated from bones, these must be calculated first
(X-AUTOFIT | Bones| Calculate-bones), but bones are not required for
the calculation from atoms. (See the following section for an overview on
the use of bones.) In both cases, the mask covers all selected bones/atoms,
so use the atom sel ection tool s to delete atoms not required for the mask. If
the mask isto be generated from the bones, then use the X-AUTOFIT |
Bones | Symmetry tool to indicate where overlap of bones will produce
clash by symmetry, and edit the bones accordingly.
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Parameterization

The initial bones parameterization is optimized for Ca-tracing. These
parameters are sensible for the global editing of the bones for masks, but it
may be helpful to increase the bonestrim level to alarger value asthis will
remove the smaller unwanted fragments automatically. Thisis set with the
Bones | Changetrim value tool which will open adialog box. Set the
bones trim value to 5-10 depending on the map. Turn on the bones with
Bones | Bones on-off.

Editing bones

The boneswill now need to be edited to generate a single volume of bones
that represents a single connected asymmetry unit. Thisis usually easier
with the map turned off using the map management table. Initialy, the
quickest method of editing the bonesisto remove the largest fragments of
bonesusing Bones| Deletefragments. Thistool allowsyou to pick abones
point resulting in the deletion of the entire fragment connected to the bones
point picked. At any stage during the editing, deletion of the required vol-
ume can be undone using Bones | Undo last delete. Only the large frag-
ments should be deleted initially as the smaller fragments can be removed
with another tool more efficiently.

If any large fragment of unwanted bones is connected to the main volume
required for the mask, then it is possibleto cut this off using Bones| delete
1 section. The unwanted fragment can then be removed.

The display should now consist of the main volume of bones, plus many
smaller fragments of bones. Bones | delete all fragments alowsyou to
delete smaller fragmentsin asingle go. Thiswill remove al the fragments
of bones that contain less than 2% of the total number of bones points
remaining on the display. If asignificant number of fragmentsremain, then
asecond use of thistool will move fragmentslessthan 4% of thetotal num-
ber of bones point. Each use of thistool will double the deletion threshold
and thus remove progressively larger regions of bones. Bones | ...Reset
deleteall resetsthethreshold. Bones| delete all fragmentswill misssmall
fragments of bones containing no main chain points, so these will need to
be delete with the Bones | delete fragmentstool.

Bones| Calc bonessymmetry allowsyou to calculate the bones symmetry
and study the bones overlap. Where symmetry bones overlaps with real
bones (and later with the mask), the bones will need further editing.
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Generating a mask

After editing the bones, use the tool Mask | Calc mask from bonesto gen-
erate amap mask. The progress of the calculation isindicated on the mes-
sageline of themolecular display. Theal gorithm usesaradial value, which,
by default, hasavalueof 4 A, that extends the mask beyond the bones. The
radial value can be changed with the tool Mask | Mask delete radius. On
completion of the calculation the mask will appear as awhite dot surface.

Itisalso possibleto generate amask from coordinates. First, openthe M SF
file (or multiplefiles) for the coordinates, and then use the mask tool M ask
| Calc. mask from coor d to generate the mask around these coordinates.

Editing masks

The voidsin the mask can be removed with the Mask | check for voids
option and the mask extent adjusted using Mask | Add mask at pointer
and Mask | Del mask at pointer. Save the mask, when complete, with
Mask | Save mask to file.

Summary

At this point the mask represents a bound region that can be used in subse-
guent calculations. Thetool Bones | Mask bones by mask, when active,
will delete all bones pointers outside the mask, and hence any calculation
based on these bones will be bounded to the molecular mask. The display
will reflect this, and any subsequent changing of the view, map radius and
parameterization will result in anew set of bones that lie only inside the
mask. Adjustment of the mask using the mask editing toolswill changethe
bounding mask in subsequence calculations.

The solvent mask is displayed as a dot surface rather than a net, to reduce
the graphics processing. Thisalso hasthe advantagethat generating thisdot
surface is 10-100 times faster than net contouring, it allows almost interac-
tive recalculation of the surface as you make changes. The number of dots
in the surface can be changed; by default, al points on the surface are
shown. If the graphics on your system are not fast, or if the surfaceis par-
ticularly large, then the surface dot density can be reduced (X-AUTOFIT
| Mask | reduce-resolution) inten steps. The reduction in number of points
follows the numerical progression 1/2, 1/3, 1/4, ... 1/10. Reducing the dot
density of the surfaces increases the refresh rate of the surface during
manipulation of the image. The number of dots can be increased again
using the X-AUTOFIT | Mask | increase-resolution tool.

using
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Bones

The Bones paletteis used to set up the skeletonization process. The skele-
ton can be used with the map mask calculations and Ca-tracing. There are
very few tools accessible under the CA Build and X-POWERFIT palettes
when the bones are inactive, as the building process requires the presence
of the bones. The bones are necessary for the map masking if the mask is
to be generated from the bones, and hence from the map information.

The default values for the bones parameterization are reasonabl e for 2fo-fc
maps (start = 1.2 o), but you may need to change the start value to increase
or decrease the connectivity of the bones. The following values should be
used as aguide for different maps.

* For 3fo-2fc maps: start = 1.6t0 1.8 .
e For 2fo-fcmaps. start =1.1t0 1.2 ©.
* For Sigma A weighted maps: start =0.8t0 1.2 .

The connectivity of the bones and the quality of the map can be judged
quantitatively using the X-AUTOFIT | Bones| Map quality from bones
option.

Displaying and skeletonizing an electron density map

The skeletonization process used in X-AUTOFIT is athree-dimensional
data reduction algorithm that removes points from the electron density
map. Thisprocessfollowsfour basic steps, repeating steps 2 through 4 until
no more points can be removed from the map:

1. All points below athreshold are removed.

2. Only edge points are removed from the density.
3. Electron density connectivity is not broken.

4. Electron density chain length is maintained.

Mathematically this processis simple to implement, but it is difficult to
make fast enough for an interactive display. The original four rules of J.
Greer! were modified slightly, and the algorithm implemented from scratch
to incorporate improvements in the cal culation and memory usage.
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Determining map quality

The quality of any electron density map changes with location. Generally,
good density can be found in the core, and marginal density in external
loops. The perfect map of one molecule contains only one bones tree with
only one pathway from the C-terminus to the N-terminus (except for disul-
fides).

Information about the quality of a map can be determined by the level of
over-connectivity measured as false links and the extent of under-connec-
tivity measured as broken density.

To get information about map quality

Improving map quality

Select Map quality on the X-AUTOFIT: X-BUILD/bones palette. When
you make this selection, X-AUTOFIT calcul ates the number of connected
bonestrees, the size of each tree as a percent of total bones points, and the
number of falselinks. A treeisa set of branching bones segments.

The information generated when you select Map quality islisted in the
QUANTA Textport. Thelist of treesis sorted by size. Generally, agood
map hasafew large trees and the remaining trees are small (containing less
than one percent of the total bones points). A poor quality map has many
moderately sized trees.

A good map also has fewer than 50 fal se links (a2fo-fc map has fewer than
100 false links because aromatic rings appear as false links). A poor map
may have hundreds or thousands of false links.

Usetheinformation about the quality of your map to make decisions about
how to optimizeit.

Generally, if the bones appear disconnected, decrease the bones start value,
and if the bones appear as“ spaghetti”, increase the start values. The bones
start value of 1.8 ¢ is recommended for 3fo-2fc maps. It is recommended
that the bones display be set to smooth bones as this makes the bones easier
to interpret.

Itispossibleto usethetool X-POWERFIT | Find sec struct to determine
the quality of several maps. This acts as an interpretive methods of map
quality assessment. Refer to the Determining the secondary structurein the
molecule.

Toimprove map quality, optimizethe skeleton for your current map section
by adjusting skeletonization parameters, by adjusting branch trimming
parameters, by manually removing bones points from the skeleton, or by
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changing the type of bones point from main to side change or the reverse.
You can make changesinteractively, using map quality datato fine-tunethe
agorithm for a particular section of your map.

Modifying the skeletonization initial cut-off parameter

The Start parameter is a cutoff parameter that you can adjust. All density
below thedefined Start valueisremoved from an el ectron density map and
ignored when a bones skeleton is generated.

Examine your map to determine how to adjust the Sart parameter. If no
connected bonesarevisible, or if they appear assingledots, the Sart value
needs to be decreased. If the bones appear as spaghetti, the Sart value
needs to be increased until individual segments become evident.

To adjust the Start parameter

This parameter can be modified in two ways: by using either the
X-AUTOFIT dialsor thetool X-AUTOFIT | Bones| Bones start value.

* To adjust the Sart parameter using the X-AUTOFIT dials:

Note: The X-AUTOFIT dials can be variously used for the pointer,
masks, or Co building. To activate the dias that allow the start value to
be changed, use the tool X-AUTOFIT | CA Build | CA dials. You can
then set up the required values as described here.

1. Click once on either side of the center line on the Sart Valuedia. The
start value is automatically modified.

Each click fully recal culatesthebones. Multipleclicksresultinmultiple
recalculations. The Start Valueisincreased by clicking to the right and
decreased by clicking to the left. The further to the left or right you
click, the more the value changes.

* To adjust the Sart parameter using the X-AUTOFIT | Bones | Bones
start value tool:

2. Select X-AUTOFIT | Bones| Bones start value.

3. Select Change start value on the Bones palette. The Set up bones
parameters dialog box is displayed.

4. Enter avaluein the starting value data entry box. The minimum value
is-10,000 and the maximum is 10,000.

5. Click OK. Thedialog box isremoved and the bones are recalculated. A
new skeleton is displayed when the calculation is compl ete.
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Adjusting branch trimming parameters

Branch trimming provides away to clear short branches from the bones
skeleton. Any branch of density less than or equal to the length of the trim
parameter is deleted from the bones skeleton and takes no part in any cal-
culation or display. Any single piece of bones longer than twice the length
of thetrim value isalso deleted. The delete value can be varied from amin-
imum of 0to amaximum of 50. Thedefault valueis 3. The higher thevalue,
the more deletion will occur.

The sidechain detect level affects the number of bonesthat are assigned to
sidechain status. Any branch of the bones skeleton with avalue less than
the sidechain detect value is assigned a sidechain type. Any trunk of bones
that is part of asidechain subtree structureis aso assigned to the sidechain
typeif itslength isless than the sidechain detect value and if the subtree
depth isless than one half the sidechain detect value. This parameter can
vary between aminimum of three and a maximum of fifty. The default
value is eighteen. The higher the value, the more bones points assigned to
the sidechain type.

To adjust branch parameters

1. Select Changetrim parameters on the Bones setup palette. The Trim
parameters dialog box is displayed.

2. Enter thevaluesyouwant to usefor the deletelevel and sidechain detect
parameters.

3. Click OK. Thediaog box is removed and bones are recal culated using
the new values for the trim parameters.

Using bones with masks

If the bones are to be used with the mask calculations then it isusual to set
amap radius (X-AUTOFIT | Options| M ap-radius) that givesyou aclear
view of the entire molecular packing. If the map radiusisset to avery large
number (for example, 1000) then the entire map will be used to calculate
the bones.

using
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If amask has been calculated, it can be used to automatically delimit any
part of the map within all the map interpretation calculations. In general, it
would be used to delimit a molecul e that represents a single asymmetric
unit.
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Deleting bones points

To delete bones points

Bones points are del eted as multiple points. Thetool X-AUTOFIT | Bones
| Delete-1-section deletes points that lie in asingle chain extending either
from abranch point or from aterminusto another branch point or terminus.
The X-AUTOFIT | Bones | Delete-fragment tool deletes all pointsin a
tree fragment that are connected to the point picked. The tool remains
active until clicked again. When you delete a branch, the smoothing func-
tion changes so some branch points will move.

Thetool X-AUTOFIT | Bones| Delete-all-fragments allowsthe deletion
of al small fragments, where the threshold isincremented on every subse-
guent use of the tool.

Although you may delete a section from the bones skeleton, the electron
density map is not altered. Any recal culation of bones (for example,
through addition of anew contour level or moving to anew bonesbox) will
override the deletion modifications you have made.

1. Select one of the delete tools on the X-AUTOFIT:X-BUILD palette.
When you make this selection, the message prompt at the bottom of the
molecule window instructs you to select abones point using the mouse.

2. Click apoint in the section of skeleton that you want to delete. The sec-
tion, fragment or multiple fragmentsare del eted. You can undo your last
selection by selecting Undo last onthe X-AUTOFIT:X-BUILD palette.

To change the strand type

You can change the type of abones strand from sidechain to main chain or
the reverse. A status change in abones section isindicated by a color
change for the strand. If you have sidechains hidden, when you change a
main chain to a sidechain, the section seems to disappear.

Select the Main <> side selection on the X-AUTOFIT:X-BUILD palette.
The current strand of bones changes type and color. To undo this change,
reapply the Main <> side selection or use Undo last on the Bones palette.

Bones and symmetry

The bones should be edited with the X-AUTOFIT | Bones | Delete-frag-
ment option to leave only a single molecule/structure. If the bones symme-
try isturned on (X-AUTOFIT | Bones| Symmetry-on), areduced
representation of the bonesis generated by symmetry. Where symmetry-
related bones overlap with the bones required for the mask, you must deter-
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mine which real bones fragment that, when deleted, will remove the sym-
metry-related section. Note the symmetry-related bones are not updated
during the bones editing, but can be refreshed by clicking on the
X-AUTOFIT | Bones| Symmetry-on tool again. The symmetry-related
bones can be removed with the X-AUTOFIT | Bones| Symmetry-off
tool. If the fragment of bone to deleteisjoined to some bones that must be
saved, usethetool X-AUTOFIT | Bones | Delete-1- section to cut alink
between the two parts of the bones. Once the bones have been edited so as
to give no symmetry overlaps, a mask can be calculated.

Using bones with Ca-tracing

The recommended map radius (X-AUTOFIT | Options | Map-radius) is
approximately 9-12 A for use with Ca-building. This radius allows quick
changes in the bones start value and allows the display to be manipulated
on less powerful graphical workstations. Also, you can changethe start val-
ues for the bones calculation and get an almost immediate change in the
bones when using this radius of data. The bones display is often updated
when carrying out Ca-tracing (X-AUTOFIT | CA Build | Next bones
box), recal culating the bones again from the map. Therefore, any editing of
the bonesis lost when the bones are recalculated. It is therefore recom-
mended that rather than edit the bones when using them from Ca-tracing,
the parametersfor the auto generation and analysis of the bones be adjusted
to give the most interpretable results. Use X-AUTOFIT | Bones | Chang-
eSart value to change the bones generation parameter; increasing this
value will reduce the connectivity of the bones and vice versa.

Ca-tracing

To carry out Ca-tracing of density, bones must be active. Pleaseread Using
bones with Ca-tracing, in the preceding section. This overview assumes
that the bones have been turned on with X-AUTOFIT | Bones| Calculate-
bones and that required adjustments to the bones and trimming parameters
have already been made. If thereis no obvious starting placein the map for
Ca-tracing, it is possible to use the tool X-AUTOFIT | Bones| Find nice
area of map to search the entire electron density map for aregion of elec-
tron density that may have meaningful electron density. Thisis performed
by an algorithm that scans cubes of electron density to determine which
volume of the map contains the most density above 1 sigma. The map then
is centered at this location, and X-AUTOFIT calculates the bones for this
region.
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Generating Ca segments using assisted carbon building

Alpha-carbon coordinates for a segment of a protein are built from a skel-
etonized electron density map using assisted (or smart) al pha-carbon build-
ing. X-AUTOFIT evaluates the skeleton and projects the most likely

placement of each alpha carbon, determining the open (beta) angle and the
torsion (gamma) angle of the al pha carbon with respect to the previousfour
alphacarbons. Central to this evaluation is the use of a pseudo-Ramachan-
dran plot that defines the probabilities of specific alpha-carbon geometries.

To generate a new segment

1. Start an apha-carbon segment by selecting New segment on the

X-AUTOFIT:X-BUILD palette. The Pick Density palette is displayed.

. Find abranch point on the bones skeleton that |ooks like apiece of main

chain with along sidechain. Remember that C=0 looks like a short
sidechain, but you want a Ca-R point. Click on this branch point.

A red cross appears on the picked location. Thisisthe starting a phacar-
bon. If you are not satisfied with this point, ssimply click on another
location on the bones skeleton.

. Whenyou are satisfied with the starting al pha carbon placement, choose

Accept Point on the Pick Density palette. The palette is removed.

X-AUTOHFIT recalculates a new box around this coordinate. The first
alpha carbon position isfixed. The moving end of the segment (marked
by ayellow line) represents the next alpha carbon, 3.8 A from the first
alpha carbon.

4. Position the next atom by one of several mechanisms:

Pick a point on the skeleton by clicking the bones (see “ Positioning
the next Co. atom” on page 62)

or

Ask the program to auto-fit the atom by selecting Next CA on the
X-AUTOFIT | CA Build palette

or

Pick a point on the pseudo-Ramachandran plot (see “Using the
pseudo-Ramachandran plot” on page 60)

or
Use the dials to set the angle (beta) and torsion (gamma)

or
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Click X-AUTOFIT | CA Build | Guessnext CA to seethedifferent
fitted Ca positions from the auto-fit routine.

5. Continue adding a pha carbons until you arein an un-interpretabl e part
of the map or until you reach the edge of the bones box.

When you have more than four apha carbons, the utility of the pseudo-
Ramachandran plot becomes obvious. The current conformation of the
last four apha carbons is reported. Thetorsion angle (y) isaong the y-
axis, and the open angle (B) is aong the x-axis. Double clicking on the
plot setsy + 3 to the mouse position. These changes are reflected in the
apha-carbon chain displayed in the molecule window.

Guess next CA on the X-AUTOFIT:X-BUILD palette uses the plot to
score different positions on the bones skeleton.

6. Whenthetrace reachesthe edge of the currently drawn map, select Next
bones box on the X-AUTOFIT: X-BUILD palette to load a new bones
box. The box centers on the current alpha carbon and draws a new skel-
eton and map.

7. 1f the current apha carbon is misplaced, select Delete current CA on
the X-AUTOFIT:X-BUILD palette. This deletes the current alpha car-
bon and makes the previous one active. This selection should also be
used if the current Ca. cannot be placed on the map.

Watch the plot and use it to try different solutions, especially when you
reach patchy density with poor connectivity. If you have a good map, the
program does most of the work.

With difficult maps, fitting the first few atomsisthe most difficult. It
requires trying Co placements, then deleting them. You can aso use the
interactive propertiesof X-AUTOFIT to adjust and modify trim parameters
as you work.

At any stage, you can reverse the growing chain and build in the opposite
direction until both ends reach regions that cannot be interpreted.

using

Also, multiple segments of chain can befitted to each piece of interpretable
map and then joined into a single trace.

To add afurther segment of Ca-trace usethetool X-AUTOFIT | CA Build
| New segment again and anew segment of two Ca. atomswill appear. The
previous segment will be displayedin color 1 (pale green), and the new seg-
ment will be color 3 (red), and the current Co. atom will be color 4 (yellow).
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Editing segment and Ca atoms

Thetool X-AUTOFIT | CA Build | Current res seg can be used to select
the current Co. atom as the current atom. After you select this tool,
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X-AUTOHFIT promptsyou to pick aCo atom. Picking aCe. atom causesthe
following color changes:

* The segment containing this Ca. atom will become color 3 (red).
« All other segmentsturn to color 1 (pale green).
¢ The picked Ca atom turnsto color 4 (yellow).

If the new current Ca. atom is at aterminus of a Ca-trace segment, the dial
box will contain dialsto alow the adjustment of the opening angle and tor-
sion relative to the previous Co. atom, and this end of the chain will now
becomethe C-terminus. Any sequence alignment is adjusted appropriately.

If the Ca atom selected isnot aterminal atom, the dial changesto allow the
movement of this Co. atom in the xXyz screen coordinates. The Co. atom has
an arrow next to it to indicate the direction of the C-terminus. The chain
direction is not changed.

Using the pseudo-Ramachandran plot

A pseudo-Ramachandran plot is generated for a pha-carbon geometry
using well-resolved protein structures. This plot definesthe probabilities of
specific alpha-carbon geometries and is central to the evaluation process
for generating an apha-carbon trace.

The torsion angle of four consecutive alpha carbonsis plotted against the
open anglethat isdefined by three consecutive alpha carbon atomsasillus-
trated in the following figure:
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A probability map of apha-carbon geometry can then be generated. The
resulting plot shows the probability of the alpha-carbon geometry being
restricted to certain regions. Different areas on the plot correspond to spe-
cific conformations of the protein backbone, including alpha helices, beta
sheets, and turn structures. This empirically derived probability surfaceis
used to direct fitting of apha carbonsto the displayed electron density pat-
tern.

The pseudo-Ramachandran plot is displayed in an independent window
labeled CA angle|torsion. A typical plotisillustrated in thefollowing fig-
ure. Thisplot is generated using QUANTA graph facilities. For more infor-
mation on QUANTA graph facilities, see Chapter 9 of QUANTA
Smulation, Search, and Analysis.
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A colored pointer (by default, alight-blue oval) indicates the current value
of the open angle (B) and torsion angle (y). As the contoured surface repre-
sents observed structure in the protein databank, the position of the pointer
on the plot indicates the probability of thisgeometry occurring in aprotein.
Its position also designates whether the atoms are being fitted to ahelix or
B-strand conformation.
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The plot provides an interactive tool for monitoring and manipulating the
conformation of the alpha-carbon trace. The plot reportsthe current values
of gamma and betafor the current alphacarbon. Alternatively, when aspe-
cific B and y are chosen from the plot by clicking on the selected location,
the current al pha carbon is positioned in the appropriate conformation. For
example, an apha helix can be generated by clicking in the alpha-helix
zone of the pseudo-Ramachandran plot after adding each new alpha car-
bon.

Positioning the next Ca atom

Markersare provided to indicate all pointson the skeleton that are 3.8+ 0.3
A from the current alpha carbon, regardiess of the connectivity.

The program has simple logic that positions the next apha carbon in the
best location with regard to the skeleton and a pha-carbon geometry. This
positioning is based on the following rules:

+ Points 3.8 A from the previous Ca are linked by continuous skeleton.

* Alpha-carbon geometry is weighted as a function of the alpha-carbon
conformation map with respect to the previous Ca atoms.

+ A 3.8-A point has ahigher weight if it lies at abranch point on the skel-
eton. It has alower weight if it is near a branch point, and a yet lower
weight if there is no branch point nearby in the skeleton.

« A main-chain skeleton has a higher weight than a side- chain skeleton.

e Thebest density path, defined as having the largest mean map valueand
the highest minimum map value for the path.

The proportion of correct solutions for al pha-carbon placement that the
program findsis dependent on the quality of the map. The algorithm places
the next atom correctly about forty percent of the time using amap of aver-
age quality. The function can significantly accelerate Ca. trace building.

Automatic fitting of the next alpha carbon is always carried out when you
select Next CA on the X-AUTOFIT:X-BUILD palette. The new atom
placed by this mechanism isin the best possible position as evaluated by
X-AUTOFIT. However, you can override this positioning by moving the
current alpha carbon using one of three mechanisms:

« Clicking on any point on the skeleton.
« Using the dialsto set the angle (beta) and torsion (gamma).
« Clicking on any position within the pseudo-Ramachandran plot.

You can return to the original best-guess position again by cycling through
the auto-fit positions by repeated use of X-AUTOFIT | CA Build | Guess
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next CA. You also can request automatic fitting whenever you modify skel-
etonization parameters.

Evaluating and changing segment polarity

When you save abones skeleton asaset of a pha-carbon traces or when you
build a polypeptide, polarity of the segment is determined by the direction
of the construction of the trace from the origin to the current a pha carbon
(N-terminus to C-terminus).

X-AUTOFIT assesses the probability of the polarity being correct and
reports that information in the text port. If you have defined any residue
typesfor any segmentsin the molecule, sequence alignmentsare marked in
the molecular sequence table at the top of the molecule window. Blue
arrows indicate forward alignment and red arrows indicate reverse align-
ment.

To evaluate segment polarity

To get polarity information for the current segment, select Check CA
direction on the X-AUTOFIT:X-BUILD | CA Build palette. X-AUTOFIT
attemptsto fit polyglycine to the trace in both directions, checking geome-
tries. The following information is then reported in the textport:

e The percent fit.
» A statement that the chain is the correct/wrong way around.

« A fitratio that gives a probability on the correctness of orientation.

Note: The percentage likelihood values for the forward and reverse
directions are independent values. The sum will not necessarily equal
100%.

using

The polarity of the active alpha-carbon trace can be reversed so that build-
ing can be carried out at either end of the chain. Evaluate the polarity of the
alpha-carbon trace before you generate a peptide backbone.
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To change segment polarity

Select Rever sechain onthe X-AUTOFIT | CA Build palette. Any further
additions to the segment will occur at the opposite end of the chain. The
colors of any arrows indicating sequence alignments for the segment are
reversed (that is, red becomes blue and blue becomes red).
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Cut/paste Ca segments

To join two segments

Cutting segments

You can join two or more a pha carbon segments to build bigger segments
and, eventually, to generate asingle Ca chain. To use this X-AUTOFIT
capability, you must have at |east two segments that are within 5 A of one
another but at least 2 A apart. The newly joined segment becomes the cur-
rent segment and the current atom is the new last atom in the chain.

The apha carbons that you pick to define the segments to join must bein
two different segments because X-AUTOFIT does not allow cyclic pep-
tides. Also, the alpha carbons must be terminal atoms since branched pep-
tides are not allowed.

If both segments have sequence data assigned to them, the sequences must
bein the same direction as defined by the alignment. Also, sequences must
be consecutive: no deletions or insertions allowed.

1. Select Join 2 segments on the X-AUTOFIT:X-BUILD palette. The
message line prompts you to select two alpha carbons from two built
traces.

2. Select two close segments by clicking the terminal alphacarbonin each
segment. If X-AUTOFIT considers your selection to be reasonable, the
two segments are joined.

3. If any sequence information is present in either joined segment, a
sequence alignment occurs.

A segment of Ca-trace can also be cut using the tool X-AUTOFIT | CA
Build | Unjoin 2 CA. Usethistool to insert a Ca atom and then rejoin the
trace with the X-AUTOFIT | CA Build | Join 2 segmentstool or just to
edit some incorrect connectivity. The two new sections of trace are both
checked for sequence alignment if some alignment has taken place, (asone
may now be too short to be unique), and the C-terminal section becomes
the current segment. The sequence alignment table is updated accordingly.

Templates and rigid body editing of Ca traces

Thetool X-AUTOFIT | CA Build | Add helix strand allows the addition
of idealized helix or strands or Co trace. When thistool is selected, adialog
box appears that allows you to select a secondary structural element of a
user-defined length. This secondary structural element can be moved so
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that it fits the density. Once placed, this new template of secondary struc-
ture becomesthe current segment. It can therefore be used just asatemplate
toaid in building a Ca trace accurately to the density, or can extend, by the
normal building methods, any user-defined element as part of the structure.
Thetool X-AUTOFIT | CA Build | Move current segment allows the
positioning of an aready-built Ca trace, regardless of whether it is a sec-
ondary structure element or a Ca trace built with the auto build commands.

Sequence assignment

The sequence alignment palette, X-AUTOFIT/Sequence, contains the tool
to move around the Ca-trace segment (X-AUTOFIT | Sequence | Cur -
rent-res-seg) and the tools to assign segment information to the Ca atoms.

Reading in sequence information

Thetool X-AUTOFIT | Sequence | L oad-sequence alows you to load
sequence information from various format sequence files, including from
an MSF or PDB file. If asequenceissuccessfully loaded into X-AUTOFIT,
it will be displayed at the top of the main molecule window in lowercase.
Once the sequence table has been loaded, you can assign sequence infor-
mation to the Ca trace and observe the alignment in relation to this
sequence. The Ca trace will be marked with the current sequence assign-
ment of each residue. If the Ca trace is built de novo, using the tracing
tools, then al the residues are labeled unknown. If the sequenceisread in
from an M SF, the sequence information from the MSF is retained and dis-
played on the Ca trace.

Fitting a sequence to a segment

using

X-AUTOFIT has an agorithm that automatically searches the electron
density map for patterns of aromatic residues and matches these patternsto
the aromatic patterns in the sequence that has been read in. The method
does not work for sequences that do not contain aromatic residues asit is
based on the analysis of these residue positions. If a unique sequenceis
found, X-AUTOFIT labelseach Co with the name of the amino acid. When
no solution is found, QUANTA returns the message: no unique solution
found. In this case, the semi-automated protocol described below can be
used.
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X-AUTOFIT has a sequence alignment algorithm that allows you to gener-
ate alignment information that matches molecular sequence information of
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the structure you are studying with al pha-carbon segments you have gener-
ated. The agorithm can be applied after you have labeled at least one resi-
due either specifically or using afuzzy residue type.

Generating sequence alignment information

With the map turned on, select X-AUTOFIT | Sequence | Current res.
and seq. You are prompted to pick a Ca. atom. When you make the selec-
tion, the atom you have selected is colored yellow to indicate that it isthe
current Co..

To use the assignment, open the two pal ettes that allow assignment to Ca
atoms. These are accessed as X-AUTOFI T | Sequence | Show-Hide
Amino acidsand X-AUTOFIT | Sequence | Show-Hide fuzzy. These pal-
ettes provide selections for choosing the residue type of the current alpha
carbon. The Fuzzy Residues pal etteis used to assign fuzzy residues and the
Specific Residues pal ette s used to assign one of thetwenty standard amino
acid residues. You can make a selection from these pal ettes at any time.

After selecting an amino acid or afuzzy descriptor, X-AUTOFIT showsall
forward and backward sequence aignments from that residue for the Ca
trace. The aignments are displayed as arrows (blue for forward alignment
and red for reverse alignment) underneath the aligned residuesin the resi-
due sequence table at the top of the molecule window.

The current residue is marked by blue boxes for forward fitting and red
boxes for reversed fitting. The current residue box is shown for al align-
ment arrows when morethan fiveresidues have been fitted. The boxes may
not be clear at first where there are multiple possible solutions which often
overlap.

The sequence alignment algorithm assigns sequences using a weighting
system where fuzzy residues are weighted as follows:;

Specific residue

Fuzzy

Residue G AV L I M P FWNIOQT S CDE K R H'Y
Big 1 2 4 5 5 5 4 8 10 4 6 4 2 3 4 6 6 8 7 9
Medium 11 7 9 9 9 7 3 1 7 7 7 3 5 7 7 7 3 5 1
Small 0 9 6 5 5 5 6 2 1 6 4 6 8 7 6 4 4 2 3 1
Aromatic 1 1 2 3 3 3 1 10 10 2 3 2 1 2 2 3 3 5 8 10
Aliphatic 1 1 5 6 6 6 2 10 10 5 7 5 3 4 5 7 7 10 10 10

66 QUANTA 2006 X-Ray Sructure and Analysis



Sequence assignment

Specific residue

Fuzzy

Residue G AV L I M P FWNIOQT S CDE K R H'Y
Polar 11 1 1 1 4 1 1 3 7 8 6 6 4 10 10 10 10 8 8
Nonpolar 9 9 9 9 9 6 9 9 7 3 2 4 4 6 1 1 1 1 2 2
Charged 0o 0o o o 0o 00O OO O O O O O 101010 10 5 O
Acid 0o o o o 0o 00 0OOO O O O O0 10100 0 0 0 O
Basic o 0 o o o 0O 0o 0O OO0 0 0 0 0 0 0 10100 5 O

Where:

* Oindicatesthat aresidueis not amember of the set.

e lisabad aignment.

e 10isaperfect alignment.

e 5isneutra.

All other numbers fall between these in a continuum.

The algorithm uses weighting for the fuzzy residue types where:

» Big, medium, and small form three ranges and
(big + small = 10).

« Aromatic and aliphatic types form a mutually exclusive list. The aro-
matic group is judged true or false and the aliphatic group is weighted
by the length of sidechain.

» Polar plus non-polar types equal unity.

» Charged, acid, and basic types are judged true or false.
« Unknown residues take no part in the weighting.
These conditions apply to the alignment as awhole;

 If sequence alignment returns aweight of zero, then the alignment is
rejected regardless of any other any other residue fit.

o If

using
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Zl=

Z F. <5,

i=1N

* whereF isthefit and N is the number of residues, then the alignment
alsoisregected.

o If

z F>5,

i=1LN

Zl=

QUANTA 2006 X-Ray Sructure and Analysis 67



5. Using X-AUTOFIT

Redefining the weights

e then X-AUTOHFIT displays an arrow under the alignment sequence.

* Thethickness of the arrow is calcul ated as
1
5 ZFi -5.

Thickness, therefore, varies between 0 and 5 units.

It should be noted that “0” mean complete exclusion

You can change the weights table by providing afilein thelocal directory
segquence.weights. Thisfile can contain any number of lines starting with

thelabels: BIG MEDIUM, SMALL, POLAR, NONPOLAR, ALIPHATIC,
AROMATIC, CHARGED, ACID, BASIC. It isalso possibleto create new
definitions as shown in the next section if anew label is used.

On the sameline asthe labels, supply twenty valuesto replace thosein the
table on page 66. List the values in the same order as the amino acids are
listed in the table. For example, to change definition for small residues so
that arginine and lysine are also classed as small residues with ahigh
weight (because there is often no density for these amino acids) but till
retains the high weight:

Create the file sequence.weights, containing this single line:

SMALL 1096 55562164618 7¢649931

v

If you placethisfilein the current working directory, it will beread on entry
to X-AUTOFIT. X-AUTOFIT will then write:

Cha

Reading user sequence weights
Sequence weights table : 1 re-definitions found

to indicate the successful reading of the sequence.weightsfile.

If you provide avalid keyword, but not enough values, or values less than
0 or greater than 10, the following message will be printed to the Textport:

Reading user sequence weights

Sequence weights table : 1 new definitions found
Number of values invalid or incomplete = 1

Set to default values
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Creating new definitions

You can create ayour own tables with anew label if required. For exam-
ple, adefinition for aCB branched residues would allow the specification
of valine and threonine, and to aless extent, isoleucine as the same type of
residue. To add anew specification, in thefile“ sequence.weights’ create a
new line with a different keyword from one of the pre-defined specifica-
tions, For example:

CB-BRANCH 1 110381133311011311133

This specificationindicatesthat all residuesbranched at CB haveweight 10
(for valine and threonine), or 8 (in the case of isoleucine). All residues
branched at CG are give aweight of 3, and all other residues are given a
weight of 1. You may want to completely exclude glycine from any align-
ment, in which the first number on the line should be a zero.

To use this new specification, close the X-AUTOFIT | Sequence | Fuzzy
residues palette if open, then open this palette. The text port will indicate
that the new specification has been read:-

Number of new definitions = 1

A new tool will appear on the fuzzy residue palette called CB-branched.
Thistool can now be used in the sameway asany other definition of residue
type, and the sequence weightswill reflect the definitions provided. The Ca
atom will be labelled with the name CB-b (i.e. the first 4 characters of the
new definition), and saved in the normal way with the Co trace.

* You can create up to 10 new definitions.
* The new definitions are invoked on opening the fuzzy residue palette.

* Removal of the new definition from the sequence.weights file when a
Ca trace containsthese new definitionswill resultsin the Ca trace being
labelled with USRn (n=1..9,0).

using

Finding unigue sequences

=
LL
O
|_
=
T
=

When you have assigned several residues, X-AUTOFIT may identify a
unique sequencefor asegment. If aunique sequenceisfound, X-AUTOFIT
showsthat sequencein uppercaselettersin the sequencetable. If you select
or start another segment, the unique sequence remains in uppercase letters
and the residues are not used in any subsequent alignment.

Three selections on the X-AUTOFIT:X-BUILD palette become active
when aunique sequenceisidentified: Unique sequence, Clear sequence,
and Return fuzzy alignment. The Unique sequence selection is high-
lighted. If you click Unique sequence when you move to another segment,
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X-AUTOFIT changes the unique sequence code to lowercase |etters and
makes these residues available for additional sequence matching.

Any action that changes the alpha carbonsin the segment with a unique
sequence forces a new sequence alignment. For example, if you have an
identified unique sequence, del ete an a phacarbon--X-AUTOFIT checksto
seeif there are any other sequence alignment solutions.

Clear sequence removes any sequence assignment and Return fuzzy
sequence reverses the last unique alignment so as to return the last non-
unique fuzzy aignment.

Predicting secondary structure

X-AUTOFIT has atool that allows you to predict the secondary structure
from sequence (X-AUTOFIT | Sequence | Guess sec. struct). Thistool
can be used to check the correctness of the assigned sequence, which will
return the secondary structure prediction of a sequence and color the
sequence table on screen using red for helices and blue for strands.

Building all-atom representation from Ca trace

Which builder to use

Once aCa trace has been generated, or a Ca trace has been loaded from an
MSFfile (X-AUTOFIT | CA Build | Load CA coor dinates) then the pro-
duction of an all-atom model isatrivial process. There are four methods of
generating al atom models from Ca-traces

1. Just using real space refinement (RSR)

2. Fitting the main chain with database fragment fitting (and the
sidechains with RSR)

3. Fitting the main chain atoms by direct correlation of the Co. conforma-
tion with main chain Ramachandran geometry and fitting the side chain
atoms by RSR, and

4. Fitting main chain atoms by direct correlation of Co. conformation with
main chain Ramachandran geometry and the side chain atoms using the
modeling technique of dead-end elimination.

Which builder you use to build the all atom model depends on the quality
and resolution of the electron density map. If the map quality is good and
the resolution is 2.0 A or better, then fitting entirely with RSR is recom-

mended, otherwise use the Co.-Ramachandran correlation fitting. Building
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Building all-atom representation from Ca trace
with database fragments is also available but fitting by RSR or Co-Ram-
achandran correlation should yield better results.

How to build

1. Select the segment that you want to use for the procedure, and be sure
the chain direction is as required.

2. Select Fit seg by RSR, Fit seg by database, Fit seg by CA corr. or Fit
seg by D.E.E onthe X-AUTOFIT | CA Build palette. The fitting pro-
cess begins. When the process is complete, the polypeptide structureis
displayed over the Ca trace.

3. If youwant to eliminate thefitted segment, select Delete fitted segment
on the X-AUTOFIT | CA Build palette.

On compl etion, the coordinates are colored by fit to the electron density.
The goodness of the fit is color-coded as follows

* Green atoms fit density well
* Yellow atoms fit density moderately well
* Red atomsfit badly

* Blue atoms have negative density or no density

Building main chain coordinates by RSR

X-AUTOFIT hasareal space refinement procedure (X-AUTOFIT | Fit
seg by RSR) that builds coordinates using the a pha-carbon positions of the
current segment as a starting point. Built atoms of other segments are
retained. The process involves the following steps:

1. X-AUTOHIT fits polyglycine to the al pha-carbon traces using the real
space alignment algorithm.

2. Theresulting geometry is checked. Good and bad sections of the struc-
ture are flagged. Where the geometry is poor, the program writes a
warning to the text port, but continues the fitting process.

using
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3. Good sections of the chain are used as seed points to adjust residuesin
poor regions for a better fit.

4. Betacarbons are added.
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Building mainchain coordinates by database fragment

fitting

Thetool X-AUTOFIT | fit seg by database builds mainchain coordinates
based on fragment fitting five residue segmentsto the Ca trace. The process
involves the following steps:

1

For each fragment of five Ca atomsin the Ca trace built, the tool
searches the Ca distance matrix for equivalent Co. conformations
observed in the protein databank.

The best three conformations are then fitted by least squares refinement
to check for mirrored solutions, and the best solution selected.

The overlapping five residue segments are merged to improve the main
chain connectivity, and the polyalanine model coordinates are built
directly from the merged fragments of database coordinates.

Refer to Creating a Fragment Database (page 331) to set up the Ca distance
matrix for the first use, since thisis not supplied by Accelrys.

Building the mainchain coordinates by Ca direct

correlation

Thetools X-AUTOFIT | Fit seg by corr. and X-AUTOFIT | Fit seg by
DEE build the mainchain atoms by direct correlation of the Co conforma-
tionsfound inthe entire protein databank and the equivalent Ramachandran
values.

1

The program reads in the Ca-Ramachandran correlation matrix if not
aready read into memory.

For each four-residue fragment of the Ca. trace, thetool determinesthree
parameters that describes the Ca. trace of four Ca, atoms.

The three parameters are used to look up the equivalent values of four
Ramachandran angles from the correlation matrix.

The four-residue fragment is built with the Ramachandran angles from
the matrix

The four-residue fragments are merged.

Building the sidechain coordinates by RSR

The polyalanine coordinates are used as a basis of adding the sidechain
atoms by adding the atoms by RSR to the map.
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Building all-atom representation from Ca trace

1. If theresulting chain has a reasonable geometry, sidechain atoms are
added progressively, changing y angles and adjusting open angles.

2. If the main chain geometry is still poor, sidechain atoms are added but
flagged as unfit.

3. Atthe completion of the process, atomsare colored by fit using agreen-
yellow-red scale (green is good, yellow isintermediate, red is poor).
Any residue sidechains which are in areas of zero density (no map) or
not refined are colored blue.

The refinement process refines al pha-carbon coordinates to full atom rep-
resentation. It refines atoms, but does not affect the electron density map.

The building algorithm builds one segment at atime (X-AUTOFIT | CA-
Build | Fit seg by RSR) where a segment is defined as the currently active
Ca trace segment. Thiswill be colored as color 2 (usualy red). For asuc-
cessful build, the map must cover the entire current Co. segment, since the
atoms are built into electron density. Once the “first” segment is selected
(X-AUTOFIT | CA Build | Current res seg), and the map is extended to
cover the entire volume of the Co atoms, you should turn the map off. Dur-
ing the building process, the progress is displayed. So turning off the map
will eliminate the need for the continual redisplay of the map.

To begin building, select thetool X-AUTOFIT | CA Build | Fit seg by
RSR. Thealgorithm first generates abackbone trace using electron density
fitting, and then correlated geometry analysis of areas where the density is
too poor to give correct conformation from the map fitting. Thisis almost
instantaneous. Next, each residue isfitted to density by progressive torsion
angle searching to the map, and the progress of this calculation is displayed
as each residue is fitted. On completion the coordinates are colored by fit
to density. The goodness of the fit is color-coded:

» Green atomsfit density well
* Yellow atomsfit density OK
* Red atomsfit badly

using

* Blue atoms had negative density or no density

Since each new set of coordinates is added to the QUANTA data structure
in the order generated, build the segments of Ca trace in order of connec-
tivity. If amoleculeisdisplayed and active, the coordinates are added to the
end of the current molecul€e's coordinates in the data structure. If no coor-
dinates are displayed and active, the coordinates are placed into a new
molecular structure at the end of the QUANTA data structure.
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Building sidechains by modeling.

Itis possibleto fit the side chain coordinates using modeling techniques
only where the experimental information isvery poor or non-existent. The
tool CA-build | Fit seg by D.E.E. places main chain atoms using the Co.-
Ramachandran correlation matrix and then places the sidechain atoms
using rotamer searching. Each sidechain isadjusted to match the sidechain
anglesfrom arotamer library and the energy of interactions determined for
the build molecule. The process carries out several cycles of singleresidue
analysis followed my multiple residue simultaneous analysis. The energy
iscomputed for each possible conformation and the lowest conformationis
retained at each residue. It is recommended that the rotamer library X-
AUTOFIT X-BUILD | Options...Rotamer: Old. (Oldfield, unpublished
results) should be used since these represent amultidimensional analysis of
possible observed conformations of sidechain atoms and contain more vari-
ants than other libraries.

Automated rebuilding in X-BUILD

X-BUILD contains two new automated rebuilding tools.
1. X-AUTOFIT X-BUILD | Sructure...| Auto build

Thistool runsthrough the entire fitted residues and fits them using a
mixed grid and gradient protocol. It take three residues, fits the side
chain of the center residue by Grid refinement. Refine Zoneisthen
used onthemain chain atomsonly of al threeresidues, followed by side
chain fitting of the two edge residues by Grid refinement. Thisis
repeated for five cycles. The final stageis around of regularization.

2. X-AUTOFIT X-BUILD | Sructure...| Refine Volume

Thistool carries out areal space torsion angle refinement for all resi-

dues (including ligands, but not water) within avolume about a sel ected
atom. Thetool requests a single atom pick, or uses the last picked atom
when using “ active residue mode.” The radius of the refined volumeis
set using Regularise param. on the same pal ette, and the default is6 A.

All sections of the molecular structure that are covalently bound to non-
refine regions are automatically restrained with fixed atoms.

3. X-AUTOFIT X-BUILD | Sructure...| Doall...

Thistool allowsarefinement protocol to be used on arange of residues.
For example, the side chains of the protein could be real space refined
using GRID refinement which searches all possible combinations of

torsion anglesto aprecision of 1°. If any changes occur that are outside
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user-defined limits, Do all stops and centers on thisresidue so that this
residue can be edited.

One of the following protocols can be run with Do all: refinement, fit-
ting side chains, fitting main chain, finding alternate conformations, and
regularization. The protocol can be applied to waters, the entire protein,
or azone selection.
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The model building functionality in X-AUTOFIT contains many features
that accelerate the modeling of crystallographic coordinates. Model build-
ing allows real-space refinement in torsion angle space, rigid-body refine-
ment, regularization, and general manual editing of macromolecular
coordinates. Auto Build allows you to walk through the structure and
rebuild the main chain and side chain of each residue in an automated man-
ner. The Add/Delete pal ette all ows the addition of amino acids, waters, and
ions, deletion of residues and ranges of residues, and addition of alternative
conformations to amino acids.

To avoid confusion about thetarget of issued commands, only one structure
can be edited at atime. To define the structure to be edited in X-AUTOFIT,
use the “active” property on the molecule management palette. The first
active and displayed molecule in the molecule management table is taken
as the molecule to edit.

Protein or nucleic acids

X-BUILD supports the editing of polypeptide and polynucleotide struc-
tures. Since the basic structure of these macromoleculesis different, the
tools described in this section behave differently depending on the residue
selected. The program determines from the residue sel ected which func-
tionality to use and which information to show in the plot window.

Proteins

Protein atom naming isvery strictly observed, and the conventionsused are
thosefor al the mgjor crystallographic programs. The 20 basic amino acids
and some modified amino acids (that is, HISH) are recognized by the pro-
gram.

DNA/RNA

X-BUILD automatically supports both ribose and deoxyribose units when
editing nucleic acids, and any addition of residuesis carried out using a
sugar of the same type as the proceeding residue in the chain. Currently,
only the five standard bases, adenine, cytosine, guanine, thymine, and
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Nomenclature

uracil, are supported for full editing, and no restriction is made on the
uracil/thymine pair for RNA and DNA. The 5’ -phosphate group is optional
and is not required for editing the terminal residue in achain, but dummy
atoms are added during regularization and refinement and then removed on
completion of these functions. Also supported are the 5’ -terminal patches
of no-phosphate, phosphate + no terminating oxygen, and phosphate + ter-
minating oxygen.

The atom- and residue-naming convention for DNA and RNA tendsto be
less strict than for proteins. The PDB standardization has been used for X-
BUILD: 3-letter residue names, and the use of the quote and not * for sugar
atom naming. To make the program more general, entry into X-BUILD
automatically changes the residue names and atoms namesiif these conven-
tions are not used in the original file. The phosphate atoms are called “P”,
“O1P", “O2P", and the terminating 5 -oxygen “O5T". The terminating
hydrogen atoms are “H3T” and “H5PT” where applicable. Some of the
editing facilitiesin X-BUILD arenot availableif these naming conventions
arenot used. (The same conventionsare used within CNX, CHARMm, and
CCP4).

Hydrogen modes

Both protein and nucleic acids can be edited in nonhydrogen, polar-hydro-
gen, and all-hydrogen modes. Aswith proteins, the program automatically
detects the hydrogen mode on entry to X-BUILD, athough you may over-
ride the choice at any time.

Disorder, nonbonds, energies, and other general functionality with X-
BUILD is supported for both polymer types.

Controlling the display

Extent of display

The number of atoms displayed around the specified center is defined by
thetool X-AUTOFIT | Options... | Coordinate radius. The volume of
map displayed is defined by X-AUTOFIT | Options... | Map-radius,
while the number of symmetry atomsis defined by the tool X-AUTOFIT
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| Options... | Symmetry-radius. The size of the calculated bonesregionis
defined by the map radius.

The current residue value

X-BUILD has the notion of a current residue. The initial value of the cur-
rent residueis“1”, but thisis changed by several commands. Itsvalueis
restricted to between 1 and the total number of residuesin the QUANTA
data structure. It can be set but not used if it lies outside this range. The
actual value therefore refers to the sequential position of theresidue in the
entire QUANTA data structure. The value of the current residue is saved
between sessions. Thevalueis set by the placement of view commands and
used to color the current residue point within the Ramachandran and DNA
circle plots red, which provides feedback information between these plots
and the molecule display.

Modal and amodal/active residue mode

You can switch the program to amodal/active residue mode, in which the
current residueishighlighted and any tool actsimmediately on thisresidue.
(A residue range cannot be handled in thisway.) This mode of action can
be used to make single residue editing quicker, sincelessmouse-clickingis
required.

« Modal: Each tool requests that you pick aresidue to edit.
* Amodal: Each tool assumes a current residue and acts on it.

When building all-atom models, X-BUILD can act in both modal and
amodal fashion. Thisis controlled by the Active residue on tool in the
Pointer palette.

When in amodal mode, the current residueis labeled with pink rhomboids.
The current residue can be changed by picking another visible atom. Tools
are provided to regularize arange of residues from asingle residue, and a
tool to regularize avolume of residuesfrom asingleresidue— these permit
the use of the modal action on multiple residues.

Placement of the view

using
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The center of the display can be updated using several methods. The appli-
cation moves the screen center, updates the map contouring around the
region required, recalculates the symmetry atoms, and, if bones are active,
recal culates them for the current map region.
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By coordinates

By bones

By atom

Along sequence

Placement by atom coor dinate: Thetool X-AUTOFIT | Pointer... | Place
using coor dinates prompts you to select a single atom position from the
main screen display. Selecting an atom (including asymmetry atom) results
in the display center moving to this coordinate. Selecting a non-atom posi-
tion on the screen or selecting any palette tool aborts this operation. This
tool sets the current residue pointer to the residue number of the picked
atom, and the Ramachandran plot or DNA plot is updated.

Placement by bones: If the bones are active, the tool X-AUTOFIT |
Pointer | Place-by-bones prompts you to select a bones point from the
main display. Selecting anon-bones position on the screen or selecting any
palette tool aborts this operation.

Placement by atom name: Thetool X-AUTOFIT | Pointer | Place-by-
atom opens a dialog box that allows specification of an atom name, a
sequence 1D, and a segment name. If this atom is present in the currently
activeand displayed molecule, it becomesthe new display origin. If itisnot
found, no change occurs. Thistool setsthe current residue to that of theres-
idue number of the named atom, and the Ramachandran plot or DNA plot
is updated.

Place at next residue: Thetool X-AUTOFIT | Pointer | Place-at-next-
residue moves the display center to the next residue. If the next residueis
an amino acid, the display is centered on the Co atom. If the next residueis
awater or an ion, then that residue becomes the display center. If the next
residue is neither an amino acid nor a single-atom residue, the display cen-
ter isset to thefirst atom in theresidue. Thisincrementsthe current residue
number by one. (You can change the next-residue step to values greater
than 1 in the Options... dialog box

Place at previousresidue: Thetool X-AUTOFIT | Pointer | Place-at-
previous-residue moves the display center to the previous residue. If the
previous residue is an amino acid, the display is centered on the Co. atom.
If the previousresidueisawater or anion, that residue becomesthe display
center. If the previous residue is neither an amino acid nor asingle-atom
residue, the display center is set to thefirst atom in the residue. This decre-
ments the current residue number by one. (You can change the previous-
residue step to values greater than 1 on the Options... dialog box
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Graph plots

Controlling the display

Placement by Ramachandran plot: The graph window is always active
in X-AUTOFIT and shows a Ramachandran plot of the current active and
displayed moleculewhilethe Co. placement dialsareinactive. Green points
on this plot indicate non-glycine residues, and blue pointsindicate glycine
residues. The red point indicates the current residue. To place the screen
origin, click any point in this Ramachandran plot; the residue that has the
phi/psi valuesfor this point becomesthe screen origin, and the information
for thisresidueiswritten to the textport. The point picked turnsred to show
that it isthe current residue. Thereisan X-AUTOFIT Options| Center at
Ramachandran point toggle that allows a Ramachandran point to be
selected without the display center being updated, to allow the Ramachan-
dran plot to be interrogated without waiting for the screen center to be
updated. ThisX-AUTOFIT | Options option must be turned on for the dis-
play centering function to be effective.

Placement by DNA circle plot. Thisplot isavailable when DNA or
RNA coordinates are edited. Centering using this plot isidentical to
that for Ramachandran plots.

Placement by Validation graph.

Thevalidation graph isgenerated from the Tables and Graphs functionality
in X-BUILD. If any point in the graph is picked, then the residue/atom that
was used to generate this point becomes the center of the display. If the
graph plot was generated from general data (i.e., does not relate to a atom
or residue), then no update is made. All maps and bones and additional
properties are updated by this pick.

Placement by Validation Table.

If the atom or residue table is open from the Validation functionality, then
this can be used to update the display. If atable row is picked, the atom/
residue within the current molecule that relates to the row of datain the
table becomesthe center of the display. The map and bones are not updated
by this pick. To update thisinformation: after picking the validation table,
use the Goto pointer tool from the Pointer palette.

Placement by Last Command table.

The Last Command table can be used to center the display at the residue
defined in the residue field for the command card. If aresidue rangeis
shown in the residue card of this table entry, the display is centered at the
first residue of the range.
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6. Using X-BUILD
By text markers

Placement by text marker: The screen origin can be updated using 3D
text marks defined with the Text palette. To go to the next text in the list of
text marks, usethetool X-AUTOFIT | Text | Next-text; go back to the pre-
vious text with X-AUTOFIT | Text | Previous-text. The current loaded
text marks (that is, user defined or loaded property) can be used with the
next and previous tools; the most obvious text mark for this processis
“loaded property =water molecules’. To go to a particular text mark, use
X-AUTOFIT | Text | Defined-text. A scrolling list of the current text
marks appears, from which you can select asingle text. Thistool does not
change the current residue number.

Graph plots

Ramachandran plots

A Ramachandran plot appears after any edit of an amino acid and remains
until any subsequent edit of a nucleic acid or Co trace atom. The Ram-
achandran plot drawn in X-AUTOFHFIT is a hard-sphere contact and 10%
overlap surface of the angles ¢ (Ci.1—Nj—Ca;—C;) and v (Nj—Coj—Cj—Nj+1)
(Ramachandran 1968). The contour lines shown are taken from Dickerson
and Guis. The definition of the Ramachandran angles are described in
Ramachandran and Sasi setharam (1968).

When you are not editing any part of the structure under X-AUTOFIT |
Build atoms, the Ramachandran plot shows the current values of ¢ and v
for al the residuesin the active and displayed protein as colored points on
the Ramachandran plot. All non-glycine residues are green and al glycine
residues are blue. The current residue is drawn with ared circle.

The number of points drawn on the Ramachandran plot can be changed
using the X-AUTOFIT:X-BUILD | Options... dialog setting:

[X] Center at Ramachandran point...
Segid:[*]start:[1] End:[9999]

This option allows the specification of arange of residues to be drawn on
the Ramachandran plot, enabling you to limit the amount of information
presented in this plot window when editing small regions of the molecule.
The specification is defined for the first active and visible molecule. The
wildcard specification (*) indicates that any segment nameisallowed, and
the start/end values are those of the sequence ID of the residues. Thistool
isaso valid for DNA and RNA models.

Toidentify apoint onthe plot, click the point. The residue that corresponds
to that point picked is shown in the textport. If the option X-AUTOFIT |
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Picking screen information

Options| Goto-Ramaresidueis active, the display isalso centered on this
residue.

When editing some property under X-AUTOFIT | Build atoms, such as
the backbone peptide plane (X-AUTOFIT | Build atoms | Change back-
bone), the current Ramachandran angles of only the affected residues are
shown. In this case, when the angle Coi—N;—C;+1—Cua+1 iSrotated, the /vy
anglesfor residuesi and i+1 are shown. For adetailed description of which
point corresponds to which residue while editing the coordinates, refer to
X-AUTOFIT:X-BUILD Tools for descriptions of the relevant tools.

DNA/RNA circle plot

The DNA/RNA plot window appears automatically after any edit of a
DNA/RNA residue and remains until any subsequent edit of an amino acid
or Ca trace atom. The plot window style is retained between editing ses-
sions.

The DNA/RNA plot consists of seven fields, a——y—6——(-<€, in decreas-
ing concentric circles. The coordinate frame is polar, where the radial val-
ues have discrete valuesfor each torsion in DNA residues. The polar angle
isthevaluein degreesfor each of the seven allowed torsions. Seven green
circlesare drawn for each residue in the polynucleotide, onein each of the
seven fields of the plot. (Terminal residues may have incomplete fields
where atoms are not present in the residue.) The current residue (see The
current residue value on page 79) isindicated by red circles. If the plot is
picked using the cross-hair cursor, then the nearest point on the plot
becomesthe current residue (asindicated by ared circle), the graphical dis-
play changesto place thisresidue at the origin (when Center at Ram-
achandran point ison), and information on this residue is shown in the
textport.

When you are editing some property that will affect atorsion value, the
fields arefilled only with those values relevant for the edit.

Picking screen information

Various kinds of information displayed in the molecular view and plot win-
dows can be picked, although there are restrictions.

using

1. Theatom information can be picked at any time to return an atom label
for the atom picked.
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If X-BUILD isin active-residue mode (amodal), then picking any atom
changes the current residue. This changes all graphical objects associ-
ated with the current residue.
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2. The Ca trace can be picked only when bones are not turned on. This
restriction results from the use of bone-picking to define the Co. posi-
tion. The Ca trace atom islabelled with the current segment number and
Ca atom position in the segment. The segment number and Ca position
aretransient and depend on the current segment and atom (CA build |
current seg-res) when the label is generated.

3. The bones can be picked, when the Ca dials are active, to define the
position of atermina Co trace atom. Only the termina Ca trace atom
can be placed by thisaction. The Ca trace atom is moved so that the cur-
rent position points at the bones point picked, and the pseudobond to
thisisretained at 3.8 A.

4. The Ramachandran and DNA plots can be picked at any time to reset
the molecular view origin, map display, and bonesdisplay to theresidue
picked. Information on the Ramachandran/DNA mainchain torsion
angles are written to the textport with the residue information.

5. The Ca plot can be picked when active, and the current Co. atom termi-
natesthe current segment. The current Ca. atom is placed in aconforma:
tion defined by the point picked.

6. Pick the pointer at any time to return the real-space coordinate of the
pointer.

7. Picking an entry in the Last Command table will position the molecular
view, provide details on an edit, undo/redo an edit, or provide a com-
ment card, depending on the table cell picked.

8. Picking the validation tables for atom and residue information updates
the molecular view so that the center is defined by the atom/residue row
in the table. Map and bones information is not redrawn.

9. Picking the general graph updatesthe molecular view so that the center
is defined by the atom/residue information that generated the plot. Map
and bonesinformation is also redraw.

Symmetry

Symmetry cards for each molecule used are written to files with the same
name as the M SF file, but with a.sym suffix. This alows symmetry to be
accessed quickly. The symmetry of the Ca trace and bonesis stored in the
Xfit.sym file, since thereis no saved M SF information for this data. If the
symmetry isthe same for all molecules, the program uses the single set of
symmetry information stored within the program. This allows the symme-
try to be drawn very quickly for simple cases but also allows more complex
cases of multiple symmetry to be handled.
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Interface to run external programs

X-BUILD now alows symmetry atomsto be picked and the information of
the picked atoms is displayed.

Non-crystallographic symmetry (NCS) is handled by X-AUTOFIT, X-
BUILD, X-LIGAND, and X-SOLVATE. Up to 60 NCS matrices can be
entered for each open molecule and the Ca trace. The NCS symmetry is
displayed in adifferent color from the normal symmetry information and
can be picked.

Interface to run external programs

A facility is provided in X-AUTOFIT-X-BUILD to run an external pro-
gram. Up to 20 external programs can be associated and, when set up,
appear on the Run External Program palette.

The external program facility is set up by writing scripts that define:

« Thelayout and contents of adialog box that provides parametersfor the
external program.

« Thehandling of 1/0 between QUANTA and the external program.
* The content of acommand file to run the external program.

The scripting language supports hidden dialog boxes, variables, and vari-
ous language constructs that provide arich variety of possibilitiesto set up
support programs.

You should provide a script as a file named script.# where # is a number
between 1 and 20. When present, thisfile is checked and added to the Run
External Program palette when this palette is opened. When this new tool
is selected, the script is read and the dialog opened as defined by the script.
When the dialog is completed, the command file defined by this script is
written and run.

A debugger is provided that indicates problems with the script.

Advanced validation techniques

using

The tables and graphs palette is used for advanced analysis of proteins (in
particular) and other macromolecules. The advanced validation techniques
are carried out by generating tables of data based on atomistic and residue
properties and applying functionsto them. The data can then be plotted and
the graphs used to identify features of the molecule that are interesting or
in error.
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This palette’s tools are used to generate tables containing information on
atoms, residues, and other general data. The data tables can be operated on
by severa functionsand plottedin variousstyles. The graphsand tablescan
be picked to center the molecule view, and the graphs can be annotated and
plotted to a PostScript file.

Table data

Tables of atom and residue information can be generated:
» From the current visible and active molecule.
« From an external file of data (into ageneral table of data).

« By caculating property information from the first current active mole-
cule.

By applying functions to columns of table information.

« By applying difference functions between two molecules or two seg-
ments of one molecule.

The four tables consist of:

« Atom data - attached to molecule (natom data items).

» Residue data - attached to molecule (nresidue data items).
« General data - can be any length.

e Scratch data - (used by the auto validation tool).

The length of the tablesis defined by the number of visible active mole-
culesin the molecule table and the atom selection defined by the atom
selection tool. If two molecules are both active and visible, then the table
contains the basic information for both molecules. Once created, the table
length of the atom and residue tables cannot be changed; it is necessary to
delete the tables to change the table length. The General table isthe length
of the longest set of data.

The protein property functions produce data only from the first active and
visible molecule in the molecule table, all remaining values not associated
with this molecule that are in the table are given avalue of NoData. These
values are not plotted. If you want to plot data of the same property from
two molecules, then change the activity of moleculesin the moleculetable
and re-apply the same property for the second molecule. Both datacolumns
can then be plotted.

Differencedatais generated with respect to thefirst current active molecule
in the molecule table.
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Column functions and calculations apply directly to the data columns
selected and are independent of molecule visibility and activity.

Picking data

Data can be picked from the tables using the following procedures:
« A single column can be selected by clicking the column header.

« Morethan one column can be selected by <Ctrl>-clicking subsequent
columns.

» Multiple consecutive columns can be selected from one column to a sec-
ond column using the following events: Select one column by clicking
the header, and select the second column by <Shift>-clicking the
header.

» Deselect a column by <Ctrl>-clicking any currently selected column
« All the above applies also to rows in the table.

Additionally:

* The datavalues cannot be edited.

« Clicking acell updates the molecule view so that the viewing originis
set to the atom/residue that generated the data for that cell.

Table contents

Table 1 (atom table)

Table 1 isthe atom table and contains rows of datathat correspond to the
atomsin the current visible and active molecul es that are sel ected based on
the selection criteriadefined by the tool X-BUILD | Tablesand Graphs|
Atom Selection.

» Thecurrent active and visible molecul e’ sinformationisplaced in Table
1with the Read molecule tool.

» Table1lisaways overwritten when dataisread in from a molecule.

» Thetable created from Read molecule consists of columnsfor: atom
name/ residue name/ sequence number/ x / y / z /occupancy / B-value.

using
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¢ Column 1 isahidden column used to reference the molecul ar atom data
from the table. Column 2 is a hidden column to reference the mol ecul ar
residue data.
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Table 2 (residue table)

It isinadvisable to delete the Atom (3), Residue (4), SegNo (5), or Seg-
ment (6) columns of data from the atom table. These columns are used
to generate information for the residue properties and difference data.
These functions abort if data columns were del eted.

Data can also be added into the atom table using the Column function
tools, Protein property tools, calculations, and Differencetools. If the
atom table is not open when atom data is generated by one of these
tools, then the atom table is generated from the current active and visi-
ble molecules.

Theresiduetable containsrowsof datafor each residueinthe current active
and visible molecules. The selection of residuesis based on the selection
criteria defined by the X-BUILD | Tables and Graphs | Atom Selection
tool.

General table

Table 2 can only be created by use of aresidue function on the atom
table 1 or by applying a property or difference on the current molecule
that generates residue data

New columns can be created using functions on columns of the residue
table or calculations based on the residue table.

Thetable is aways created with columns of Residue name/ Sequence
number / Segment ID.

Column 1 is a hidden column that is used to reference the table row to
the molecule.

It isinadvisable to delete the Residue, SegqNo, or Segment columns
from the table as this prevents further residue functions from working.

If the residue table is not open when afunction is applied, then residue
datais generated when the table is opened.

The general tableis used for datathat has no direct relationship with either
the atom or residue data of the current selected and visible molecules.

The general tableis generated by reading an ASCI| file. The ASCII file
should be a space/tab/comma delimited columnar file. The table can
contain data of undefined length, and data can be appended to columns
and rows when anew fileis read.

Some functions also place datain the general table, for example, the
user bond function and probability function.
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» Thegeneral table hasno reference back to the molecul e data, and graphs
generated from this table cannot be used to update the molecule center

of display.
Scratch table

You cannot add data directly to the scratch table, which is used by the pro-
gram to store information for automated validation.

Fixed size of atom and residue tables

Once data has been created in atable, no other rows of data can be added
to the table via the properties, difference, calculated, or function tools. If
any of thesetoolsare used, only datathat already existsintheoriginal atom
tableisupdated in the residuetable; all other datais set to NoData (if inthe
residue table but not in origin data) or ignored (if in origin dataand not in
the residue table).

Inconsistent data

Inconsistent data may be generated if:

* Theactive and displayed molecules are changed. If this happens, then
any datain tables are only updated based on the current displayed and
active molecule. Thus, most of the datawill probably be changed to
NoData for molecules that are no longer visible and active. This does
not produceincorrect databut does result in NoData datafor molecules
that have been changed. To generate new data for the new active and
visible molecules, delete the table and generate a table.

« Deleting or adding atoms or residues in the displayed molecule. This
resultsin incorrect data being generated in the tables. If residues are
added to or deleted from the molecule, you must del ete the tables and
regenerate the data.

« A different moleculeisread into the atom table without refilling the res-
idue table with the required residue data. The residue datais now incon-
sistent with the atom data and the molecul e data. The residue table must

be deleted before any residue data can be created from the new atom  [fe)) 3

table. )

S m

« Changing the atom selection deletes all tables, to prevent inconsisten- <
cies.
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Graphs and plotting

Table names

X data

Legends/annotation

General graph drawing facilities are found on the Tables and Graphs pal-
ette. Graphing works in conjunction with the tables facilities described
aboveto produce publication-quality plotsand for general analysisof prop-
erties.

Three tools on the Tables and Graphs pal ette affect data plotting. Selected
columnsof any of the atom/residue/general datatablescan beplotted onthe
same graph in different colors and styles. The number of graphsto be
drawn is defined by the number of selected table columns. If no table col-
umns are selected, three blank plotting definitions are provided for you to
fill in. The plot datatool opens adiaog that provides optionsto define the
look of aplot. Thisincludes the color, line width, style, legends, and axis
labelling.

The allowed table names requested in this dialog are Atom, Residue, and
Data and specify the origin table of the data. If acolumn is selected, this
information along with the column number is filled in by the program.

Only one x column is provided by thisfunctionality, and al datais plotted
against this one set of x data. By default, the column header for the x data
is zero. A zero column number specifies that the datais incremental data,
starting at 1 and incremented by 1 for each data value. Any plotted data
from the residue or atom table is automatically linked to the molecule data,
regardless of the x ordinate.

L egends can be added from the pl otting setup pal ette and can a so be added
using the annotation facility. Thefont size used for thelegendsand the axis
labelsisdefined by the Axisfont optionlist, and the Axis style changesthe
border around the graph.

General annotation is added with the Label graph... palette, which allows

you to place text, boxes, lines, and circlesin various colors and styles. The
text styleisdefined using the L abel string, Size option, Orientation value,
and Color value. The box, circle, and line styles are defined by the Color

value.

The Attachment defines whether the annotation is to be added to the
Graph data or isjust an annotation in the Figure window. Most annota-
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Last commands

tions, such as legends, are added as Figur e annotations. If the annotation
relates directly to a data point(s) (such as a data point desciption) then it
should be added as agraph annotation. Graph annotations cannot be placed
outside the bounding box of the graph.

Add/deleting annotations

Hardcopy plotting

To delete an annotation, select the Delete button. The application waits for
you to select an annotation on the graph. Selecting the Add button requests
asingle point pick for atext string (the bottom left end of thetext is placed
at the point picked), while line, circle, and box annotations are placed by
picking two points in the graph window.

The PostScript settings... dialog affects only a plot produced in a publica-
tion-quality plot styleand only direct plotting of the graph window contents
asaPostScript fileis possible from this dialog.

The scaled font toggle is provided so that the whole plot plus any annota-
tion can be scaled to the size of the page. When thisis not checked, the font
sizeis set as defined when the plot was generated and labelled.

Thecolor optionsallow you to generate plotsin black and white, color with
the black and white objects (including background) reversed, and inverted
color. These options are provided because the graph plot on the screen has
ablack background, while a hardcopy plot has a white background. Color
invert often produces better looking plots than Color B<->W because of

the inverting of the background.

The middle nine buttons are used to place the plot on the page. The large
rectangle defines the page and the smaller rectangle within thisisthe graph
border and does not include the axislabels. Theseinclude setting the aspect
ratio, translation, and scaling. The Sep definesthe increment of movement
of the plot and isin inches.

The set button sets the current values of the options for future use, the plot
button plotsthe current validation graph in the current position and with the
current settings, and cancel aborts all actions.

Last commands

TheLast Command tool opensthe Last Command table, where the record
of all edits donein X-BUILD is stored. The table can be used to check the
progress of the model-building process, undo and redo each command, ana-
lyze the work done, and create log files of X-BUILD functionality
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6. Using X-BUILD

The table contents

To hidethetable, click the Last Command tool again. The presence of the
table does not affect the saving of commandsto thefile. As each command
isissued (and if you accept the changes made by that tool) it isadded to the
top of the table.

The application records the tools used in X-BUILD, and on normal exit
(finish), the current session information file is moved to a new file named
command#.stack (# = 1-999). When there is a premature exit, the current
session information file remains as command000.stack. Thus, the program
ismade aware of anincorrect exit and previoustools can berecovered. If a
new session is started after the previous session was exited correctly, the
Last Command table is empty (except for a save changes always made on
entry). If the previous session ended incorrectly, then the Last Command
table contains the previous session entries.

For eachtool usedin X-BUILD, anew entry isadded to the Last Command
table.

» Tool name used, some with marks to indicate the type of command:
(+) Information only.

(*) Nonreversible command, normally insertion/deletion of residue
data.

e Residues edited.
* Timeand date.
« Undo/redo columnsto indicate:

a. N/A - Thecommand cannot be repeated/undone (various reasons—
usually due to residue deletion/insertion).

b. No - The command has not been undone/redone.
c. Yes- The command has been redone/undone.
* Index isthe sorting order.

e A comment card isprovided for user commentsfor aparticular edit and
can be used as a notebook. (these can be labeled on the molecule and
written in the logbook). The current comment is placed here with hot
code.

Picking title entries in the table

The headers at the top of the tool entries can be picked to sort the data and
analyze the content of the table.
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Picking cell entries

Last commands

If the Command title is picked, the entries are sorted by command
name.

If the Residuettitle is picked, the entries are sorted by residue.
If the Timetitleis picked, the entries are sorted by time.

If the Undo | Redo titleis picked, the current Last Command list isana-
lyzed to determine the number of tools used, the percent of time each
tool was used, the rank in order of use, and any suggestions.

If theindex titleis picked, then the data is sorted by order i.e., placed
in order that the command was issued.

If the comment title is picked, the datais sorted by comment.

The cellsin the table can be picked to place the molecule view, determine
the changes made by the tool, undo changes, and redo changes.

If the command cell is picked in the table, then the changes made to that
residue are written to the textport as the min change/max change, rmsd
change. Results may not be meaningful if the number of atoms has
changed in the residue edited.

If the residue range field is picked, the molecule view is placed at this
residue (If the edit is for arange of residues then the view is placed at
thefirst residue). Only theview is placed here— the map and bones are
not recalculated. (But the pointer position is updated, so you are
reminded to use the Goto pointer to update the display).

If thetimeis selected, nothing is done.

Undo undoes the edit to before that edit for that residue
Redo redoes the edit to just after that tool edit.

Index picking does nothing

Picking Comment opensadialog to allow you to add alog entry for the
edit made. A hot codeisalso provided to definethe color of annotations.
The annotations can be displayed on the molecule at the residue cen-
troid using a pulldown menu on the last command table (view). The
annotations are also added to the log file.
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X-BUILD features

RSR vs. gradient body refinement

For amino acids, X-AUTOFIT provides two forms of real-space refine-
ment. Thefirst (X-AUTOFIT | Build atoms | Refine 1 residue) isatrue
refinement procedure that carries out a gradient minimization of aresidue
tothe current electron density. This can take afew secondsto complete and
can beaborted by clicking the screen. Thisalgorithm can refinethe position
and orientation of any residue type, and if torsion angle information is
present in the .GSD file or a user editablefile (lig.rot), then afull torsion
angle minimization can be accomplished. Refinement of multiple residues
by real-space refinement torsion angle refinement is carried out with the
tool X-AUTOFIT | Sructure | Refine zone.

Specific to amino acids and nucleic acids are X-AUTOFIT | Build atoms
| RSR sidechain and X-AUTOFIT | Build atoms| RSR main chain,
which use an optimized grid-search agorithm to refine to completion
amino acid coordinatesin 0.1 sec. The specific amino acid refinement rou-
tine also searches all possible conformations available to the amino acid
and so does not get into the nearest false minima. These specific routines
are recommended for amino acid fitting to density, since they are far more
powerful than the traditional gradient-refinement protocol. The specific
amino acid routines are also fast enough to allow editing of atom positions
in an amino acid while the refinement is active. This means that the effect
of placing an atom at a position can be observed as a function of electron
density fit.

RSR vs. Move atom and RSR

Wherethemainchain is not yet well fitted or aresidue has a poor Co chiral
volume, the simple RSR sidechain tool sometimes seems to produce spu-
riousresults. Often, the geometry of the backboneinterfereswith fitting the
sidechain. If this happens, you may want to pick up the Ca atom with the
Moveatom and RSR tool and movethe atom until the sidechain snapsinto
the density. It is usually obvious when the sidechain has found the right
density. Sometimes you only need to move the Co. atom avery small dis-
tance.
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Defining torsion angles for unknown residues

A tool X-BUILD | Build atoms | Add-delete | Add 1 torsion alowsthe
definition or removal of atorsion anglein aresiduethat isnot an amino acid
or nucleic acid. This can then be rotated manually (Build atoms| Edit chi
angles, Flip torsion 180 degrees) and a so refined with any of the real-
spacetorsion anglerefinement algorithms (Build atoms| Refine 1 residue,
Structure | refine zone).

Missing or incorrect atoms

Missing and incorrect atoms found in residues described in the .GSD file
(for example, amino acids) can be built or removed automatically using the
X-AUTOFIT | Build atoms | RSR sidechain and X-AUTOFIT | Build
atoms | Geometric confor mation tools. Both these routines replace a
sidechain of an amino acid with atemplate structure that has a reasonable
conformation, regardless of the starting coordinates. Thisincludesthe add-
ing or removing of hydrogen atoms when the current X-AUTOFIT non-
hydrogen/polar-hydrogen/all-hydrogen building modeisdifferent from the
M SF model. When missing or incorrect atoms are found in these template
residues, X-AUTOFIT initializes the temperature factors, retypes all the
atoms, and resetsthe chargesto templatevalues. You can use X-AUTOFIT
| Build atoms | Edit residueinfo to access the full editable table, which
allowsyou to change B values and occupancies for all residues of amacro-
molecule.

Regularization

The regularization protocol corrects bond, angle, and improper-torsion
parameters for al templated residues in the .GSD file. If the residue to be
regularized is not found in the .GSD file, the program generates the
required parameters from a PSF that is generated using the type definitions
of the atoms of the residue. This allows the regularization of any set of
atomsin QUANTA or X-AUTOFIT. Before regularization, you must have
assigned the proper atom types to the atoms.

The regularization implementation allows atom position editing while the
refinement is active. This allows regions of atoms (for example, aloop in
proteins) to be manually edited, with the program retaining the correct
geometry during the editing process. This powerful facility for loop editing
is an improvement over the usual practice of placing the Co. atomsin spe-
cific positions while the program movesthe rest of the structure to compen-
sate for the loop changes.
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Regularization compared to RSR

Regularization changesthe bonds, angles, planes, and chirality of residues.
It does not explicitly change the rotatable bonds (that is, chi, phi, and psi).
Thetorsionsare affected if thisisthe only way the algorithm can satisfy the
restraints.

RSR changes the y angles and adjusts some bond angles to help find den-
sity for sidechains. The agorithm rebuilds the residue first from the tem-
plate, so after using the RSR sidechain tool, all bonds havethe correct value
regardless of the starting positions of the atoms. The bond angles and
improper torsions may have adeviation of up to 12° from the parameter
valuesto enable the algorithm to search density when the mainchain atoms
are not in the correct positions (as judged from the density). Hence,
although the regularization and RSR algorithms are complementary and
change different parameters, you should use real-space refinement on ares-
idue first and regularize it afterwards.

ThetoolsRefine 1residue, Fit sidechain by RSR, and M oveatom +RSR
onthe Build atoms pal ette do not carry out geometry minimization and thus
do not correct the geometry of aresidue. Thistool is specifically designed
to place atomsinto electron density with some detriment to angles and
improper torsions, the latter being easy to correct with the Regularize tool
or with general reciprocal-space refinement.

The Refine Zonetool on the structure pal ette uses mixed parameterization
and therefore fits atoms to electron density and optimizes all geometric
terms.

Regularization and disulfides

X-AUTOFIT hastwo ways of treating disulfidelinksduring regul arization.
It canignorethem or treat them by including thelink and the connected res-
idue. You control thisbehavior by setting the parameter Regularize acr oss
disulfides on the X-AUTOFIT | Options dialog box.

When the Regularize across disulfides parameter is on, if the zone you
want to regularize contains a cystine as part of adisulfide, X-AUTOFIT
checks whether the other cystine of the pair is aready in the regularize
zone. If it is, then it just setsthe restraints for the bond. If the other cystine
of the pair is not in the regularize zone, then the cystine isincluded, the N
and C atoms are fixed for this residue, and disulfide bond restraints are
added. Thus, if you want to regularize a disulfide bridge, select just one of
the cystineresiduesto give asingleresiduerange; the other residueisadded
automatically.
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Hydrogen representations

X-AUTOFIT supports no-hydrogen, polar-hydrogen, and all-hydrogen
representations of residues. Themode isautomatically determined on entry
to X-AUTOFIT. The X-AUTOFIT Options dialog box has an option to set
the hydrogen representation mode. If theloaded M SF structure has a differ-
ent hydrogen representation from that defined in X-AUTOFIT | Options,
then only RSR sidechain and geometric confor mation tools can be used.
These tools then build or remove hydrogens from the residues. Once ares-
idue has the correct hydrogen representation, it can be edited by al the
X-AUTOFIT | Build tools. Any residue not in the .GSD template file can
be edited regardless of the hydrogen representation, since no atom editing
on these residues can take place in X-AUTOFIT.

Disorder

X-AUTOFIT supports disorder for all residues, up to four alternative posi-
tions of atoms. For adisordered residue, most commands first split the res-
idue into multiple complete residues, depending on which conformation
was selected.

If the atom selected for any tool isin adisordered residue, then:

« If the atom is disordered, the alternative conformation defined by that
atomis used in that tool.

« If theatom itself isnot disordered and isamainchain protein or nucleic
acid atom, the tool defaults to the A conformation.

« If theatom itself is not disordered and is not a mainchain protein or
nucleic acid atom, the application asks whether to edit an A or B con-
formation. C and D conformations cannot be selected by this process.

Since most tools act on aresidue (and not on single atoms), it would be nor-
mal to explicitly select the conformation to edit by selecting the required
conformation from sidechain-disordered atoms. After editing a disordered
residue, the separation of the atoms from the multiple conformations is
checked. If the separationislessthan 0.01 A, then this atom group becomes
asingle atom. Otherwise, the multiple atom positions are retained as sepa-
rate conformers.

Clamping of alternate conformations

The clamping option is found on the X-AUTOFIT | Options dialog box.
When clamping is turned on, X-AUTOFIT movesthe B (C and D if rele-
vant) conformer so that the mainchain atoms are aligned with the A confor-
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6. Using X-BUILD

mation mainchain atoms.This means that when aresidue A conformation
is edited (for example, regularized), then on completion of the edit, the B
(C and D) conformers move to the equivalent before-edit position, relative
to the mainchain atoms of the A chain. You should use clamping of the B
(Cand D) conformer tothe A conformer for all single-residue disorder, and
only turn off this option when a disordered loop is being added.

It is possible to convert amultiple conformation back to asingle conforma
tion by fitting the disordered atomsin the same place. When the edit iscom-
plete, aroutine removes all the excess atoms from the aternative
conformation, and it is possible to remove al of them if they are very sim-
ilar in conformation. The residue is therefore no longer classed as an alter-
native conformation. The most likely scenario iswhen multiple disordered
conformers are both fitted with RSR sidechains: this causes the same solu-
tion to be found. B conformations are fitted when added with the Add
alternate confor mation tool, so aB conformation can be refitted by delet-
ing it and adding it again.

C and D conformations cannot befitted automatically to density, though the
Refine 1 residuetool may fit theseif close enough to asolution. Be aware
that if the mainchain atoms move for a clamped residue, then this edit may
affect other disorder of thisresidue. (You should fix the mainchain atoms

for a clamped residue before using thistool.)

C-terminal oxygen atoms in proteins

X-AUTOFIT supports various naming conventions for C-terminal COO
groups. X-AUTOFIT does not explicitly use or show the second oxygen
position during editing, but addsit back to the residue on completion of the
edit.

57 Terminal residues in nucleic acids

Thetool torepatchthe5' -terminal in DNA supportsthree conventions. The
list of optionsisfound in Using X-AUTOFIT. X-AUTOFIT tools handle
all forms of the patch, but when thereis no 5’ -phosphate present, these are
added as dummy atoms during regularization and refinement and then
removed afterwards.
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Summary of using X-BUILD

Editing each residue

For most residues, it is often only necessary to RSR the sidechain coordi-
nates, followed by some regularization. This makes model building avery
easy process. When you need to more extensively edit sections of achain
trace, use the tool M ove zone and regularize. During this process, the Ca.
atoms of the zone being regularized and edited should be moved to the
region of density that represents the Ca density. This should drag the rest
of theresidue atomsin the zoneto anew location. Oncethis Co. atom move-
ment has been compl eted, use thetoolsonthe X-AUTOFIT | Build atoms
palette, RSR sidechain and RSR main chain, to automatically place the
other atoms.

Where the sidechain positions are indeterminate, the tool X-AUTOFIT |
Build atoms | Geometrical confor mation can generate a theoretical con-
formation based on the conformation observed from the protein databank.
Each conformation is shown with the nonbond contacts to other displayed
atoms.

Waters

Gradient body refinement can be used on watersto place them into the den-
sity after refinement. The process of refinement often shifts waters out of
the center of the density. Thistool simply returnsthem to arefined position.
Used in conjunction with Goto next residue, this allows a ssimple way to
traverse al the waters. This procedureis fully automated under
X-AUTOFIT | Sructure| Do all.

Color

The X-AUTOHRIT | Build atoms | Color atoms pal ette allows easy checking
of apoor structure visually. After refinement, Color by B-value allows
visualization of the badly fitted regions, and Color by fit showsthe current
quality of fit to the map. Color by progress alowsthe visualization of the
modeling session, so that it is easy to find how much has been fitted. Also
it can be used to see when the last save to disk occurred and whether afail-
ureto fit aregion would be worth undoing from disk or editing again.
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Manual editing

The manual editing facilities provide all the necessary facilities for fitting,
but for most model building it may only be necessary to use the auto-fitting
facilities. You may need to fit the B conformation of a sidechain manually,
since fitting with real-space refinement produces the same solution asthe
A conformation. This can be done using X-AUTOFIT | Build atoms|
Refine 1 residue by gradient refinement, sincethiswill moveto the nearest
density.

Loops

There are several waysto rebuild loopsin X-AUTOFIT. If it is necessary
to delete residuesin aloop, use either Delete residue or Delete range on
the X-AUTOFIT | Build atoms | Add del ete pal ette to remove one or more
residues. The new termini created by this process can be manually adjusted
using X-AUTOFIT | Build atoms | Model first last 4 res. tool to bring
them together or forced together using the X-AUTOFIT | Build atoms|
regularize option. It will be necessary for the regularize option to work to
insert a peptide bond between the two cut ends of the loop. Use the tool
X-AUTOFIT |Build atoms| Add delete| Create peptidelink to add this
new bond; and sincethereisno length restriction on this new peptide bond,
you can temporarily create avery long peptide bond, which will be regular-
ized to the correct length.

To insert residues into aloop, you must first cut a peptide bond to create
two new termini, using X-AUTOFIT | Build atoms | Add delete.

Delete peptide link. You can now usethe X-AUTOFIT | Build atoms |
Model first 4 res. tool to manually move the two ends to make room for
the new residue(s) and then usethetool X-AUTOFIT | Build atoms| Add
delete | Add resat termini to add the residues from either of the new cut
ends. Aswell as deleting residues, a new peptide link can be created, and
the new loop regularized to remove the strain. The new loop can be fitted
as two cut ends before joining these together, refined with X-AUTOFIT |
Sructure| Refine zone, or searched with the tool X-AUTOFIT | Struc-
ture| Loop fit. Large changes can be searched with loop fitting algorithm,
but there is alimit of around six residues on the size of loop that can be fit-
ted in areasonable period of time.

The Savechangesand Undo last optionsunder X-AUTOFIT | Build write
and read asession fileto and from disk. Thisismuch quicker than restoring
the datafrom an M SFfile or writing anew file and allows you to save your
editing in process and to undo a mistake very easily.
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Structure refinement

Rigid-body refinement (on the Structure palette) of azoneallowsthefitting
of sections of structure and very quickly finds the nearest minimafor all
atomsinthezone. Theradiusof convergenceisnot asgreat asin rigid-body
refinement in reciprocal space, so it may not be able to improve rotation/
tranglation function solutions for awhole protein. It may be possible to
refine each domain or even secondary structure element.

The structure-building section includes rigid-body refinement and full tor-
sion-angle refinement for a specified region of the structure. Thusit is pos-
sible to rigid-body refine adomain, segments, or even just local foldsto
improvetheinitial fit to amap. The refinement protocol usestorsion-angle
refinement and rigid-body refinement on aresidue basis while retaining
geometry with constraints on bonds, angle, impropers, and nonbonds. This
resultsin arefinement method with avery high radius of convergence (1.5
A). This refinement protocol should not be used to replace normal xyz
refinement, sinceitisonly applied in real space and does not affect themap.
It does provide arapid method of refining regions using avery powerful
algorithm. Loop fitting and terminal fitting are accomplished using a
Monte Carlo sampling method that can screen thousands of conformations
per second against the electron density while retaining the ten best current
solutions during the search. The progress of the search is displayed, and
you can interrupt it when the ten solutions have converged to a single solu-
tion or when an obvious fit can be observed.
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7. Using X-POWERFIT

This chapter describes the use of X-POWERFIT to generate Co traces
directly from electron density maps. X-POWERFIT is designed to analyze
experimental electron density maps and then provide automated methods
of generating and adding Ca.-trace atoms into electron density. There are
three automated protocols available: one optimized for maps with high res-
olution (better than 2.0 A), and the other two for low resolution (2to 4 A).

X-POWERFIT has been designed as atool for crystallographersto help
speed up de novo Ca. tracing and model building. Asin all model building,
the crystallographer should carefully review the automated resultsfor accu-

racy.

Introduction

X-POWERFIT can be accessed from the X-AUTOFIT: X-BUILD palette
asthetool X-POWERFIT. Thisapplication isdesigned to analyze an exper-
imental map and trace the Ca chain in an automated or semi-automated
manner. It has three different tools for automated de novo Ca tracing:

 X-POWERFIT | Auto-trace High for automatic tracing of high reso-
lution maps (better than 2 A). The algorithm uses a simultaneous mul-
tiple path analysis to give asingle Ca trace of the structure.

 X-POWERFIT | Auto-trace L ow designed for lower resolution maps
(between 4 and 2.0 A). Thistool can be used after the manual placement
of one or more Co. atoms or the automatic placement of secondary
structure elements with X-POWERFIT | Find sec. struct. The tool
attempts to automatically trace the entire Co chain based on the placed
Cao atoms or the secondary structure elements.

* X-POWERFIT | Consensustracing carries out nine rounds of the
Auto-trace L ow protocol with different sigma values of the skeleton-
ized representation of electron density.

Also available are algorithms to check for internal knotsin the Ca trace,
refine the Co traces, and edit the positions of the vectors (helices and
strands) identified by X-POWERFIT | Find sec. struct.

The application requires an extended map that covers the entire region to
be traced. The knowledge of the space group of the moleculeto be built is
highly recommended but not absolutely necessary.
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7. Using X-POWERFIT

Data

X-POWERFIT is optimized for the use of real datathat is better than 4 A
in resolution, and works best on the original MIR/SIR/MAD map.
Although it ispossibleto use afinal map to try out the application, the best
results are with real, unrefined data. You can also try the X-POWERFIT
tools on MIR/SIR/MAD maps that have been through density-modifica-
tion. Be awarethat if noinformation is present in the electron density map,
then no information will be found by this application. The main advantage
of X-POWERFIT iswith large structures where the large amount of infor-
mation in the map can make initial tracing difficult for a person to com-
plete. X-POWERFI T has been used successfully to identify most of the Cau
atoms in structures with 200-500 residue in 1-5 minutes.

Who can use this application?

X-POWERFIT issimple to use, asit is mostly automated, but it must be
noted that itisstill an expert system. It iseasy to build anincorrect structure
very quickly when used by anon-crystallographer. At each stage, the appli-
cation should be used as a guide to modeling a crystal structure and not as
ablack box building application.

Map quality

As an extension to the model building aim of the application, the tool for
determining the secondary structure (X-POWERFIT | Find sec. struct.)
isuseful in determining the quality of lower resolution electron density
maps. Thisrepresents an interpretative method of classifying the over- and
under- connectivity of electron density maps. Hence, the quality of the map
can be defined asthe quantity of secondary structurethat can be determined
successfully by the application. Of course this may not indicate the quality
of the loop regions, which are always the most difficult sections of the
model to build.
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Reduced representation (low resolution tracing

only)

For the low resolution tracing protocols (Auto-trace L ow and Consensus
Tracing), the starting point is not the el ectron density bones but either one
or more manually placed Ca. atoms or the secondary structure elements
(helices and strands) of the molecule. The latter can be identified using the
tool X-POWERFIT | Find sec. struct. Thistool identifies secondary
structure in the map.

Find sec. struct. is based on the calculation and placement of vectors that
represent the principle components of the secondary structural elements.

e e

Vector = principle component of helix/strand
L ength = magnitude of vector

This palette can be used to generate an initial Ca trace, which can be then
extended if needed in a semi-automated manner using the CA Build palette
for aCa -tracing session.

Before starting

Maps

Before you use X-POWERFIT, you must calculate and extend an electron
density map so that at |east one protein molecule is covered by electron
density. This map should be converted into brick map format and then
opened using the map handling tools. Because the automated routines
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Masks

determine structurein all the currently visible maps, it isrecommended that
thefirst stage in analysis be to delimit the molecule with a map mask.

To generate amap mask from an experimental map, the map must be open
and the Map Management tabledisplayed (Draw | M apstable| Show map
table). The following description presents the generation of a map mask
from bones, but if you have ahomol ogous set of coordinates, these can also
be used to generate the mask. The X-AUTOFIT application should be
started (Applications | X-AUTOFIT), and the palettes for Bones... and
M ap masks... should be opened from the X-AUTOFIT control palette.
Using the Options... | Map radius dialog option, set the map radiusto a
large value, such as 100 A. This results in the entire map being displayed
and read for analysis, but be aware that systems with less than 64 MB of
real memory will be slow due to memory swapping.

Bones

All of the tracing protocolsin X-POWERFIT work with the skeletonized
representation (bones) of the electron density map. The bones can be
edited, and turned on and off, using X-AUTOFIT | Bones.... For more
details on how to generate and edit the bones, refer to Bones (page 52).

The bones parameterization

Since the algorithm is based on the analysis of the bones network it isto be
expected that thereis some correl ation of the bones parameterization to the
number of elements found in the electron density. Because the algorithm
setsthe Trim level and Side /main chain detect level to optimal values,
theinitial values of these parametershave no effect on theresults. The algo-
rithm also modifiesthe bones dightly, so asto create a particular density of
network start points, so the presence of side chain density is not necessary.
Thisisimportant for lower resolution densities where the bones can end up
particularly featureless. The only parameter that can therefore affect the
algorithm isthe Sart value of the bones. Generally, if the boneslook inter-
pretable then the algorithm will work. Thereis actualy little detriment to
the quality of the results for bones levels that are slightly small (that is,
over-connected) except that the search takes longer as there are more pos-
sible connections to explore. There is major detriment to the results where
the bones are significantly fragmented.
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Start parameter

The type of map used affects the bones start value. The following numbers
for the bones start value are provided as a guide only, and you should opti-
mize the connectivity of the bonesusing Bones| M ap quality from bones.
Theaimisto reduce the number of fal se connectionswithout increasing the
fragmentation of the map within the bounding mask. You should note that
the values suggested are slightly lower that would normally be used for
manual model building. Thisisto reduce the fragmentation of the bones
which seriously affects the quality of the results produced.

e For 3fo-2fc maps: start =1.6t0 1.8 c.
e For 2fo-fcmaps. start =1.1t0 1.2 &.
» For SigmaA weighted maps: start =0.8t0 1.2 c.

Applying a map mask

Once the mask has been generated (Introduction to X-AUTOFIT/
X-BUILD/X-POWERFIT (X-FIT) (page 37)), it should be used as a
boundary for the cal culation by turning on the toggle option X-AUTOFIT
| Bones| Mask bones by mask. Thisincreases the speed of the calculation
and preventsfinding structure outside the volume of interest. The X-POW-
ERFIT palette can now be used to auto trace the Co. atoms.

Tracing high resolution structures

If the resolution of your data is between 2.0 A and 1.2A, you can use the
new high resolution tracing protocol in X-POWERFIT. This protocol is
dependent on the quality of the map. Since the tracing algorithm is
extremely fast (normally within 1 second), we recommend that you try
Auto-trace High with several different Bonesstart values (sigmalevels).

Open the X-POWERFIT palette from the main control palette X-
AUTOFIT: X-BUILD and select Auto-trace High.

Thisisapathway analysis method and is designed to work on connected
electron density-this generally occurs in maps with resolution worse than
1.2 A. 1t al'so requires some peaks in reasonable Co. atomic positions. This
generally occursin maps with resol ution better than 2.2A. This method dif-
fers from the low resolution density tracing method in that it correlates all
the possible paths at one time rather than sequentialy follows a path.
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7. Using X-POWERFIT

The tracing method looks for all the possible 3.8 A batons within the map,
then does a correlated analysis to work out the ideal path from all the pos-
sible batons found from the bones.

Pathway analysis

Thebones path isgenerated from the masked out region of electron density.
Branched points are identified (In the figure below, points |abeled aare
probably Ca. atoms; points labeled b are possibly Co. atoms).

The presence of Glycines or poor density can result in featurel ess regions
in the bones representation. For such regions, the depth analysis of the
bones looks for sections longer than 5 A, and divides these up into the best
integer number of 3.8 lengths (point ¢ in the figure above).

At this stage, multiple Ca—Ca batons are created using adepth search from
each branched bones point to find neighboring branches. The variance
alowed in the baton length is3.0 A - 4.8 A.

The resulting batons are clustered to remove degeneracy (multiple inter-
connected branch-points). Adjacent batons are merged to generate frag-
ment chains, with alength restraint of 3.0A - 5.0 A, and an angle restraint
(opening angle) of > 75°. Fragmentswith asingle gap of between 3.0 A and
4.8 A are closed to form a single continuous fragment.

Fragment analysis

Thefragment analysisis based on the assumption that the most likely trace
in the electron density isthe longest trace. The agorithm starts with the
longest trace and deletes all fragments that overlap with the trace. The
result is a unique set of non-overlapping fragments.
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Tracing low resolution structures

Generation of Ca trace

Thefina step is conversion of the best set of fragment chainsinto a Ca
trace. Ca refinement (page 118) should be run on the resultant Ca. trace
because of the errorsthat can result within the pseudo bond lengths.

Tracing low resolution structures

Before using the automated low resolution tracing tools (Auto-trace L ow
or Consensus tracing), one of the following steps must be performed:

« Determine the secondary structure of in the molecule

» Manualy place one or more Co atoms in the molecule

Determining the secondary structure in the

molecule

One way of starting alow resolution tracing experiment is by determining
the secondary structure from the map. The cal culation uses the bonesinfor-
mation so the bones should be turned on. Specify amap radiuslarge enough
to completely fill the bounding mask, with bones trimmed beyond the
mask. Turn off the mask display, asit isnot necessary to view the mask, and
it reduces the performance of the graphics.

Introduction

Open the X-POWERFIT palette from the main control palette X-
AUTOFIT: X-BUILD and select X-POWERFIT | Find sec struct.
Depending on the volume of the asymmetric unit this will take some min-
utes to calculate, normally about two minutes for a protein < 200 residue,
and maybe up to 30 minutesfor an 800-residue protein. The progress of the
calculation can be observed on the message line and the molecular display.
Upon completion of the calculation the display should have a number of
vectorsin color 5 and color 14 (normally white and pink, respectively). The
color 5 vectorsrepresent possible helices and the col or 14 vectors represent
possible strands.

The process of determining the secondary structureiscarried out in several
stages. On picking the Find sec struct tool, the bones display is hidden to
improve the speed of redrawing of the screen. Maps and masks are not
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7. Using X-POWERFIT

Pattern recognition

automatically hidden by the tool and you are recommended to make them
invisible before using this tool. To abort the search during the pattern rec-
ognition, click theleft mouse button. All the following steps are carried out
with no intervention by you, unless aborted by a mouse click.

Thefirst part is a 13-stage pattern recognition step where every part of the
bones network isanalyzed for partsthat look like ahelix or strand. The pro-
gram attempts to determine the longest piece of secondary structure that
will fit before the pattern of the secondary structure breaks down. The
smallest piece of secondary structure that can be found by the algorithmis
2.5 turns of helix, and afour residue strand. The longest section of second-
ary structure that can be determined is50 A long. Thisphase of the analysis
isobserved asaseriesof color 5 and color 14 lines appearing on the screen.
Thelines adapt and merge asthe algorithm continually modifiesthe results
during the analysis.

The progression of this part of the calculation is indicated on the message
line at bottom of the molecular view. The program indicates that it is
searching the map and shows the progress as the proportion of the total
number of bones networks to be searched

Pattern recognition Done/To do 256/433

In this example there are 433 networks to search for this map, 256 have
been searched. As aguide, this example took 70 secondsto carry out the
433-network search.

Cluster analysis

The next stage of the search isto cluster the resulting solutions.

Themultiple solutionsfound are combined by cluster analysisto reducethe
timetaken in the next steps. For smaller structures (lessthan 300 residues),
the time taken for the clustering is not very long, normally on the order of
seconds, but for large structures of more than 500 residues, the clustering

can take minutes. The prompt will change during the clustering process:

Clustering 244

The number reducesin size, initially very quickly, and more slowly asthe
problem becomes more difficult to solve. For the example here, the cluster-
ing took two seconds. For a much larger protein of 750 residues the clus-
tering took about five minutes.
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Sheet structure

The next stage of the analysis is the determination of sheet structure from
the strands found by the search. Thisisinstantaneous and weightsthe prob-
ability of the strands towards the generation of supersecondary structure
within the map.

Refinement

Overlap analysis

The next stage of the analysisisto carry out directed refinement of frag-
ments of Cai-trace into the electron density at each of the proposed sites.
The detail of the directed refinement is described under the tool heading
Vector -> Ca trace. The application attemptsto refine asecondary structure
element into the electron density, and then determine aweighted fit of the
element at the final site of refinement. The weighted fit is then used to
screen out elements unlikely to be real structure, which are therefore
deleted from further analysis. The refinement takes approximately 0.2 sec-
onds/element. The progress of thispart of the calculationisindicated onthe
message line by the comment:

Refining Error : 45/70 = 0.210

This prompt indicates that the 45th structural element of 70 to refine has a
residual from refinement of 0.210. If the residual isbelow 2.0, the element
is accepted as a possible secondary structural element. The units for the
residuals are undefined, as they are aweighted fit of modified atomsto
electron density as afunction of their position in the secondary structural
element.

The application also writes out to the textport when it has found alikely
helix/strand when the residual is below 2.0 so that you can at least observe
if some successislikely during the calculation. For the example with 70
elementsto refine, the time taken was 12 seconds.

Thenext stageisan overlap analysis. The secondary structural elementsare
weighted by the directed refinement algorithm asthe likelihood of fitting at
asearch position. The tool checksto seeif the remaining elements overlap
since secondary structure cannot physically overlap within a protein.
(Some overlap is alowed at the ends of elements so that bent helices can
jointogether.) Thisanalysisisvery rapid and isnormally lessthan 1 second
as the number of remaining elementsis very small. The message line
shows:
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7. Using X-POWERFIT
Deleting overlaps 15

The number indicates the number of remaining secondary structure ele-
ments during the analysis of overlaps. In this example the time taken was
less than one second to carry out the overlap analysis, and the final number
of secondary structural elementswas 10.

Number of vectors = 10

X-POWERFIT describes the results as vectors, since the secondary struc-
ture at this stage isonly presented as single lines representing the principle
components of the secondary structure. This reduced representation isto
prevent too much information being displayed on the screen asthe result of
the analysis.

On completion of the calculation the vectors that represent the principle
components of secondary structure are shown using linesin color 5 (heli-
ces) and color 14 (strand) with aline thickness of 5 units. These default val-
ues can be changed using the Color table... dialog box.

The bones display reappearsif initially visible before the calculation. By
default, the bones are not permanently modified by the calculation (the
extra points are removed). However, you may want the bones to be modi-
fied by the calculation to improve the search analysis. If so, a subsequent
use of Find sec. struct. gives dightly different results as further modifica
tionis made. Thisfeature isincluded as an option because it allows subse-
guent searches to give different results, which can be advantageous with
difficult problems.

Placing the initial Co. atoms

The second way of starting alow resolution tracing experiment is by plac-
ing one or afew Co atoms manually using the bones atoms as aguide. For
this, use the tools X-AUTOFIT:X-BUILD | CA-build | Next CA or X-
AUTOFIT:X-BUILD | CA-build | Add helix or strand.

Automatic generation of the Ca trace

Once the secondary structure elements have been identified, or afew Ca
atoms have been placed manually, you can automatically generateafull Co.
trace for the molecule using X-POWERFIT | Auto-trace L ow. This pro-
tocol isuniquely suited for low resolution structures (between 4 and 2.0 A).
The number of Ca atoms placed by thistool and the precision of the atom
placement depends on the quality of the map, but even with poor maps
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Automatic generation of the Ca trace

(FOM = 0.5), the algorithm can provide a significant saving in time over
conventional methods of interpretation. The protocol is also strongly
dependent on the bones sigmaand trim values (as given by the Bones Sart
values).

Thealgorithm uses a sequential trace method; that is, it placesone Co atom
at atime based on the position of previously placed Co atoms.

Start point for tracing

The starting point for automated |ow resolution tracing is either the placed
vectors or the Co. atoms. If vectors are used, these are converted to a Ca
trace by rigid body refinement.

« A good map traces from the best secondary structure element.
» A bad map traces from each secondary structure element in turn.

The vectors have an associated weight defined by the fit to density for this
vector trace, so the multiple secondary structure vectors are ordered by fit
to density. The tracing therefore starts at the best secondary structure vec-
tor.

On failure of fitting a chain, the Auto-trace L ow button tries the next sec-
ondary structure element (unless it has aready been fitted by a previous
tracing attempt).

Pathway analysis

The pathways within the electron-density map are defined by analysis of
bonesridgelines starting from the bones seed point (Figure 1., blue circle).
The bones are analyzed to determine all pointsthat lie 3.8 A away on the
bonespath (Figure 1., red circles). Thegreen pointsin Figure 1. arederived
form the red points and are determined by taking the unweighted mean
position of the bones path to the red point extended to 3.8A from the blue
circle. Thisis done because sometimes the Ca atom is on the bones path,
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7. Using X-POWERFIT

but sometimesit is best found as fitting the average path of the bones but
does no lie exactly on the bones.

Figure 1.

The Ca trace is extended based on the following rules:

Tria pointsare given moreweight if they fall on thelongest continuous
bones main chain.

The opening angle (angle made by a new Co. atom with respect to the
previous two Co atoms isideally between 70° and 160°.

The density minimum and mean are high throughout the trace, and the
fit at each Cow atom position is appropriate for atetrahedral atom.

If the secondary structure vectors have been calculated, the Ca trace
should come from a point within 4 A of the end point of the element,
and isweighted depending on the angle of entry (rulefor entering a sec-
ondary structure element).

If the secondary structure vectors have been calculated, the Ca trace
should remain within 4 A of the element and form an angle with the ele-
ment within the specified limits (rule for continuing along a secondary
structure element).

The Ca trace cannot overlap with already traced sections (thisis
enforced by a simple weighting function for non-bond overlaps with
aready traced map, so that close clashes are heavily penalized and there
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isa“shift” function between 2.5 and 2.8, and no weight at greater dis-
tances.

* A mapping between Ramachandran space and Ca. geometry is used to
define and rank the probability weightsfor each Ca trace angle and tor-
sion.

« Each peptide plane in independently fitted to electron density (free-
Geometry fit: without any restraints on the N-C-C angle)

« Exit conditions: no density, clash, bad free-Geometry fits.

» For abad exit condition (no density or bad free-Geometry fit), the last
Coa. atom isremoved and the next best position of the last Ca atom is
used as the start point (tracing through side chainsis avoided by allow-
ing failure back-tracking for two Ca atoms).

Consensus tracing

The quality of thetool X-POWERFIT | Auto-trace L ow depends on get-
ting theright bonesvalues (Bones Start and Bones Trim). If thevaluesare
too low, there will be too many branch points which can lead to the wrong
trace. If the values are too high, there are too many break points and there-
fore an incomplete or fragmented trace. The method of consensus tracing
involvesinterpreting the electron density map nine times with a different
bones start parameter, then attempting to automatically identify the ideal
trace. Each of the ninetraces is analyzed in turn and the quality indeed
(TQ,) isdefined for each trace as the variance along the trace atoms com-
pared with al other traces. The best trace is defined asthat with the lowest
quality index and represents the trace with the lowest variance from all
other traces,

i 1
TQ:'=—( y: y:yi,j,j)

2
NI' J=1.9(i# ) n=1, N,

Where TQ; isthetrace quality for tracei andy,,; ; isthe separation between
atom ninthetracei and the nearest atomintracej . Theindex isnormalized
by 1/N? to decrease the value of TQ; for long trace lengths, asthese are
more desirable. The variance of each atom Ca.,, is defined asthe sum of the
distancesto the nearest atoms within the eight other traces.
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7. Using X-POWERFIT

Adding secondary structure elements

If the automated tracing protocols described above fails to give a satisfac-
tory trace, you can extend the trace in a semi-automated manner using the
tool X-POWERFIT | Vector -> CA trace. Thistool uses directed refine-
ment to place Ca atomsinto the electron density using the vector as a start-
ing point. You should note:

* Helices are added with great precision.

e Strands are fitted with less precision due to the large variation in the
number of possible conformational possibilities, so you should be
aware that some editing may be necessary for strands added with this
tool.

« Atomsthat terminate the helix/strand may have significant error if they
lie outside the actual extent of the secondary structure element.

Thelikelihood of the element being identified correctly, and hencefitted to
the electron density, can be inferred from the “error level” printed to the
textport upon completion of the refinement of the Ca. trace fitting.

« Valueslessthan 1.0 can be considered very likely correct.

» Values between and 1 and 2 may be correct and should be checked.
e Vaues> 2 arenot likely.

* Vaues> 3 are certainly not correctly fitted.

Any structure fitted, but obviously not correct can be deleted with the tool
CA Build | Delete current segment.

On fitting the secondary structure elements, Ca. atoms should be deleted
from the endsiif they are beyond the extent of the secondary structure. Use
thetool CA build | Delete current CA and append the Co. atomsto the seg-
ment with thetool X-POWERFIT | Next CA ashelix-strand. Upon com-
pletion of fitting all the required observed secondary structure elements, the
procedure described in the next section can be carried out to place more
secondary structure. Since most proteins contain secondary structure
throughout most of the molecule, any volumesin the mask not containing
secondary structure should be analyzed again.

Adding more secondary structure

Missing strands of beta sheets can be observed sometimes after one round
of automated Ca tracing. These can be added manually with the tool X-
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Searching the PDB for similar motif patterns

POWERFIT | Place edit strand by picking two points from the bones.
Sincethedirected refinement has ahigh radius of convergence, the original
placement need only be approximate, but the length may have to be
extended due to a size limitation imposed by the refinement algorithm.

Structurein local regions can be fitted by moving the pointer to the center
of the regions to be searched (with either the mask pointer, or rhomboid
pointer), setting the map mask radiusto a smaller value to cover just this
region completely (from the Options... dialog), and reducing the bones start
value. Use Pointer | Goto pointer to reset the display with the desire posi-
tion. The search can now be carried out again to seeif any more structure
can be observed in this region automatically, and if so, added as Ca trace
with X-POWERFIT | Vector -> CA trace.

Searching the PDB for similar motif patterns

Once the secondary structure has been found as vectors, it is possible to
search the protein databank using a maximal sub structure alignment of
secondary structure. The tool X-POWERFIT | Search and Browse DB
alows you to run a structure motif alignment program that can, in about
fiveto ten minutes, carry out the alignment of eight secondary structure ele-
ments against a selection of 7,000 proteins in the protein databank.

At this stage of the de-novo building process the structure direction is not
known; the alignment is carried with the vector elementsin both directions.

The results can be browsed as a Ca trace superimposed on the map/bones,
and the Ca. trace can be loaded into the tracing application and edited if it
isfound to be close enough to use.

It issensible to caclulate a new set of proteins for this alignment program.

The aignment program has a mode "-generate” that creates the secondary

structure motig library. | also suggest that a SCOP library of non-degeener-
ate proteins is used thisis about 6000 proteins. Thiswill lim

Building general structure

Once the secondary structure has been placed, it is now possible to extend
thiswith the tool X-POWERFIT | Auto extend CA. The extensionis car-
ried out from the current Co atom in the current Ca trace. This can be set
with thetool CA build | Current res seg. You should note:

* Thestarting Co. atom from which the building isto be continued should
be well fitted.
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7. Using X-POWERFIT

« Thehbuilding processisvery critical of its progress and often stopswith
errors — these should be checked.

* Theresults from automated building should be carefully reviewed.

» Itispossibletointerrupt the auto building process by a click with the
left mouse button.

The user should experiment with using the tool from each end of the sec-
ondary structure placed, using the pie chart in the bottom left hand corner
of the display to view the progress. If some structure has been correctly
built, while the end iswrong, it is possible to cut up the Ca. trace with the
tool CA build | Unjoin 2 CA, and rejoin them with CA build | Join 2 seg-
ments. Thetool CA build | Check CA direction can also be used to indi-
cate the quality of the build if the pie chart is not visible long enough to
determine the quality graphically.

Checking the trace for knots

You can check for knotsin the Ca. trace you have generated by using the
tool X-POWERFIT | Knot finder. Thiswill take the current segment of
Ca trace (select using X-POWERFIT | Current res. and seg.) and indi-
cate in the text port whether a knot was found.

Ca refinement

Segments of placed Ca trace can be refined with X-POWERFIT | CA
refinement, particularly where secondary structure elements have been
added in places where the density indicates deformation within the second-
ary structure. Thereisalimit of 250 Ca atomsin the refinement because of
alimitation in the algorithm to remove the correlation along the Co. chain
which is unable to handle large fragments.

Geometric restraints on Ca—Co bond lengths and on some angles are used
to maintain better geometry during the refinement.

Generation of all atom models

We recommend that where reasonably high-quality maps are available, the
tool that places the atomsin an “all-atom™ model by real space refinement
should be used (CA build | Fit seg. by RSR). Wherethe map quality isless
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Generation of al atom models

good, or the resolution low, then it isrecommended that you use the tool to
fit the main chain by theoretical modeling and the side chains by real space
refinement is used (CA build | Fit seg. by CA correlation). You should
add al the sequence information to the Ca trace before building an “all-
atom” model, using the sequence assignment tools provided (Sequence...
palette). The building tools use the sequenceinformation assigned to the Ca.
trace to automatically place the side chain atoms.
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7. Using X-POWERFIT
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8. X-AUTOFIT:X-BUILD Tools
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Introduction

This chapter provides a quick look-up reference for selection on the
X-AUTOFIT:X-BUILD palette. This palette provides the toolsto generate
and modify bones, skeletons and sequences.

To start X-AUTOFIT

X-AUTOFHIT is accessed from the Applications menu in the QUANTA
main menu:

1. Createanew directory inwhichtorun X-AUTOFIT. Moveto that direc-
tory, and start QUANTA.

2. Select X-AUTOFIT from the Applications menu. The main
X-AUTOFIT:X-BUILD palette and the Pointer pal ette appear, as well
as agraph window containing the allowed regions for aRamachandran
map, and any points representing the phi-psi anglesfor any known coor-
dinates. If the map table is not open, then open it using the M ap show
table (select M ap table | Show map table from the Draw menu) tool.

An Object Management tablewill also open and will fill with objectsas
they are generated for the following: bones, mask, symmetry atoms,
Ca-trace, and 3D text.

The Object Management table can be used to toggle the relevant infor-
mation on and off. Objects can be deleted from thistable, but
X-AUTOFIT will generate these again if required.

Note: If you exit X-AUTOFIT without using X-AUTOFIT | Finish, the
next timeyou start X-AUTOFIT, aprompt appears asking if youwant to
recover from thelast building session. If you select Yes, thisrecoversthe
changes made to the coordinates from the last building session automat-
icaly.

When you start X-AUTOFIT, the X-AUTOFIT:X-BUILD paletteisdis-
played asillustrated, along with the Geometry palette and X-AUTOFIT
dialsemulator. The Ramachandran map openedisdescribedinfull inUsing
X-BUILD (page 77), and the Ca plot is described in Using X-AUTOFIT
(page 49). The presence of these plots and how to control their use, such as
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8. X-AUTOFIT:X-BUILD Tools

switching between the different displays, is described in Graph windows
(page 47).

On first use of X-AUTOFIT, if amap is currently open, then a map con-
toured with aradius of 9 A will be displayed at the center of the screen dis-
play. On subsequent entry to X-AUTOFIT, you will find that any other
palettes that were open on the last exit from X-AUTOFIT are al so opened.
Also, any other addition information such as bones, Ca. trace, sequence
information, etc., are displayed on the screen if they were present on exit
from the last X-AUTOFIT session.

Thefollowing information is saved between X-AUTOFIT sessionsand is
effective on subsequent use:

* The current working position

* The current open palettes.

e Themap display radius.

* The coordinate display radius.

e The symmetry display radius.

* |If bonesare active.

¢ Thebones start parameter.

* Thebones delete and trim values.

*  Whether bones are smoothed, and side chains are visible.
» The current map used for real space refinement and bones.
* Non-bond parameters and optional restraintsin use.

* Regularization parameters.

» Thetype of aternate conformations being handled.

e Therotamer library used.

» The action on picking the Ramachandran plot.

* Therange of residues to draw on the Ramachandran plot.
*  Whether to draw the Ramachandran/DNA circle plot.

* Thenext step value.

* The Ca packing radius.

» The current residue number.

* Theatom picking radius.

e The memory pie chart display/hide.
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Map options
« Diaog box field vaues.

The mgjority of the parameters described here are set up on the
X-AUTOFIT | Options dialog box. For a description of these parameters
refer to X-AUTOFIT Options dial og box (page 204). The memory pie chart
flag and the picking radius can only be changed by editing the file xfit.pack.

Map options

Thistool setsup thetype of map to be calculated and also thereflection file
to be used. Thisis based on the map calculation dialogue from the CNX
interface. Note that the bottom three options should be ignored. Map calcu-
lation should always be “immediate”.

Calculate map

Thistool launches a series of calculations which result in amap being gen-
erated and displayed on screen.

The map calculation will be performed taking into account any changesin
topology or conformation of the molecular system under study. See Man-
aging Maps (page 25) for more information.

Symmetry palette

The Symmetry palette allows the definition of symmetry and NCS (non-
crystall ographic symmetry). Several symmetry objects can be created with
tools on this pal ette.

A separate graphical object is generated for each symmetry element,
|abeled with the symmetry operator. Individual symmetry objects can be
toggled on or off (using the Displayed column in the Object Management
table) or deleted with the Object Management table.

Each symmetry object has a different name, formed from the translation
and symmetry transformation used to generate it. For example, the mole-
cule generated by applying aunit-cell translation of 0,1,-1in a, b, and c for
symmetry operator number 3 is named S+0+1-1:3. If any noncrystallo-
graphic symmetry operator is applied, the name also includes thisinforma
tion in the true symmetry operator.
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8. X-AUTOFIT:X-BUILD Tools

Define symmetry

Symmetry atoms can be picked and theinformation about parent real atoms
is returned along with the symmetry detail for the symmetry atom picked.

You can delete all symmetry objects by using the Delete Sym.Ob tool in
the Object Management table, which deletes all graphical objects whose
name startswith Sand containsacolon (:). If you want to retain aparticular
symmetry object, change its name (using the Name cell in the Object Man-
agement table) before using Delete Sym.Ob.

Define Symmetry allows definition of the symmetry of the current mole-
cule or can be used to change the symmetry of the current molecule. This
information is not written to the MSF until X-AUTOFIT | Finish and then
the new M SF files contain the new symmetry information.

1. A dialog box that prompts for either the space group number or space
group name. For example, r3is 146.

2. A dialog box for the cell dimensions. The number of linesto enter on
this dialog box will depend on the point group, as some entries on cell
dimensions and cell angles are degenerate. If amap is currently open,
the default cell dimensionswill beread from the map header, so may not
need changing.

3. A dialog box for the ncode. This definesthe axis order for the cell. Nor-
mally the ncodeis one.

The symmetry atoms will be updated based on the new symmetry specifi-
cation.

Define NCS symmetry

The Non Crystallographic Symmetry dialog allows the specification of the
real-space rotation matrix and tranglation that defines the position of NCS
related atoms. A dialog box appears:

Next allows the specification of further matrices.

Exit exitsthe NCSdefinition. If the current matrix isaunit matrix then this
is not added.

Quit makes no change to the current NCS symmetry.

The matrix provided by the application is for the identity matrix. The val-
uesthat specify the NCS should be typed into the matrix. If you do not pro-
videamatrix with aunit value determinant you will not be allowed to enter
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Symmetry palette

further matrices with the Next option or to Exit. A warning appearsin the
textport to indicate the presence of a undefined matrix.

The NCS information is written to the key worded free format symmetry
file molecule-name.sym on exit from the NCStool editing tool. The NCS
symmetry matrix iswritten out with aNSYM keyword and the 12 matrix
valueson 4 lines of thefile (thefirst 3 onthe sameline asthe NSY M card).
It can be easier to add NCS symmetry information directly to thisfile as
multiple NSYM cards. Some programs define the NCS information as the
transpose or rotation part of the matrix depending on the internal represen-
tation. The transpose of the NCS matrix can be added to the symmetry file
with the keyword NTSY.

Onexit, the NCSatomswill be calculated and drawn asred (col or 3) atoms.
You can define up to 60 NCS matrices. To delete all the NCS, exit with unit
matrix as the first matrix.
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Unit cell

Clicking histool generates a unit cell box. The box can be removed again
by deleting the object from the object management table.

CA Packing Diagram

The CA-Packing Diagram tool generatesanumber of symmetry copies of
the current visible and active moleculesin the mol ecule management table,
where the copies are shown as Ca traces. Thisis irrespective of the cur-
rently displayed atoms within the molecules. Each moleculeisdrawn adif-
ferent color, using colors 1 to 14 in cycles of 14. The number of copies
generated is defined as the number of generated molecules that have acen-
troid position within the Packing radius distance from the centroid of the
active displayed molecules. A separate graphical object is created for each
symmetry related molecule.

Packing Diagram

The Packing Diagram tool generates a number of symmetry copies of the
current visible and active molecules in the molecule management table,
wherethe copies are shown as all-atom representations. Thisisirrespective
of the currently displayed atoms within the molecules. Each moleculeis
drawn adifferent color, using colors 1 to 14 in cycles of 14. The number of
copies generated isdefined asthe number of generated molecul esthat have
acentroid position within the Packing radiusdistance from the centroid of
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...Packing radius

the active displayed molecules. A separate graphical object is created for
each symmetry related molecule.

The ...Packing Radiusis used for generation of the Ca-packing and pack-
ing diagrams and defines the number of copies to make. The number of
copies generated isdefined asthe number of generated molecul esthat have
acentroid position within the Packing r adiusdistance from the centroid of
the active displayed molecules.

CA Filled Cell

The CA Filled Cell tool generates objects that constitute all the symmetry
copiesthat fill theunit cell, regardless of whether the original moleculewas
within the unit cell (0-1,0-1,0-1). Hence for the space group r3, nine copies
of Ca-traces are produced.

Filled Cell

Delete Sym. Ob.

TheFilled Cell tool generates objects that constitute all the symmetry cop-
iesthat fill the unit cell, regardless of whether the original molecule was
within the unit cell (0-1,0-1,0-1). Hence for the space group r3, nine copies
of all-atom models are produced.

Thistool deletes all symmetry objects that have been previously drawn.

Write Sym. to PDB

Thistool writes out a PDB file containing al the displayed symmetry cop-
ies.

Re-arrange atoms

Thistool re-arranges waters, ligands, and heavy atoms based on the best
non-bonded interactions, center-of-mass placement, or within amap mask.
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Hide this menu

Exits the Symmetry palette.
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Pointer palette

This controls the display and positioning of the pointer. The pointer pro-
vides avisua cue for marking the location where certain commands will
occur and allows you to step through a series of atoms or residues.

Show pointer

Thisturns on and off the display of the pointer, whose default appearance
isawhite tetrahedron in the molecule window.

Show Ruler
The Show Ruler tool displaysaruler at the bottom of the molecule display.
Theruler provides a helpful scale for experimental maps containing scant
molecular data, and allows you to determine the size of structures seenin
the electron density maps. The tool is atoggle, and picking the tool again
will remove the ruler from the display.

Map table

The Map table tool toggles the map display. Display of the map table can
also be controlled from the main menu bar or by entering MAP TABLE [
ON | OFF ] on the command line.

Interactive contour

Thelnteractive contour tool opensthe Interactive Contour palette, which
allowsyou to interactively changethe level at which an electron density is
contoured (Interactive Contour palette).
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Active residue on and Active residue off

These two tools change the modality of X-BUILD by defining whether a
tool promptsyou for the residues/atoms to act on, or whether atool actson
adefined current residue. The current residue is the same as the definition
for the Ramachandran highlighted value and is set by picking a displayed
atom, or any place by tool defining an atom/residue.

If activeresidueis on, the current residueis highlighted (aswell asthe cur-
rent atom indicated), and any subsequent tool acts on this single residue
without prompting. You can change the current residue by picking any
atom within a desired residue. This allows you to more easily select resi-
dues, without the prompt/select step. The aim isto make model building
more efficient, but this option does generally allow only one residue to be
edited at atime.

It is not possible to define selections of multiple residues (i.e., more than
one activeresidue), because thisleadsto ambiguity when using sometools.
To work around this, two new tools are supplied on the Structure palette
allowing range and volume minimization from a single pick.

Pointer dials

This changesthe dial palette to show an xyz move dia set. Because differ-
ent parts of the program assume the default mode of the dials (for example,
placing Ca. atoms, normal dial set, cursor mode), it is sometimes necessary
totell X-AUTOFIT which dials you wish to use. This palette option pro-
videsthedia set for the pointer movement. Selecting the pointer dialsalso
results in the Ramachandran plot being drawn, if it is not already present.

Go to pointer

Place at next residue

Thiscausesthe display to center at the current pointer position. The pointer
becomesthe center of the display and isthe center of the rotation of the dis-
play. If the map isactive then the map ismoved to this position. If the bones
are active then these are calculated around the same point.

Thistool moves the display to the next residue in the molecule. If the resi-
due is an amino acid then the display will be centered on the Ca. atom of

this residue, otherwise the display will be at the first atom of the next resi-
due. This point becomes the center of the display, and resultsin moving the
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map and recal cul ating the bones here. Specify the increment value for the
next residue in the Options... | Next residue step value field.

Place at previous residue

ThePlaceat previousresiduetool behaveslikethe Place at next residue
tool except it movesthe center of display one (or more) residues backwards
along the polypeptide chain. All components of the display, the map, bones,
and symmetry where applicable, are regenerated centered on this point.
Specify the increment value for the next step along the polypeptide chain
in the Options... | Next residue step valuefield.

Place by atom

A dialog box prompts for an atom name, segment name, and residue num-
ber. Thedefault valuesarefor thefirst atom in the data structure. When you
press OK, the center of display movesto thisatom. If you press Cancel,
then nothing happens.

Place using bones

Thisisonly activeif bonesare on and displayed. When you select thistool
the program asks you to select a bones point. The selected point becomes
the center of display, and results in moving the map and recal culating the
bones. To abort the bones pick, select the tool again, and no movement
occurs.

Place using coordinates

Promptsfor an atom at which to center the display. This point becomesthe
center of display, and results in the moving the map and recal culating the
bones. To abort the pick, select the Place using coord tool again, and no
movement occurs.

Place by 3D position

A dialog box appearsthat allowsyou to enter specific X, y and z coordinates
to place the pointer.
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8. X-AUTOFIT:X-BUILD Tools

Suggestions

This item launches a help browser dialog which allows you to search the
online HTML help documents using multiple keyword searches. The
default help book is the Xfit how to, such as how to edit masks (Thesau-
rus.html). You can search the help page titles using a multiple keyword
search which shows a subset of the available pages that include the key-
words selected. This book also contains answers to frequently asked ques-
tions associated with the Ca-tracing functionality and model building
features.

Type aword or multiple words separated by spacesin the search string line
and press<Enter>. Thelargescroll list at the bottom of thedialog will show
all the target hits for all the search words.

To view ahelp option, click the scrolling-list line that is of interest to you
— the html browser opens with the help information on this topic.

The sametool can be used to browse any of the help books by picking these
from the top scrolling list, so thistool can be used for general help book
reading.

Hide this menu

Puts away the Pointer palette.

Interactive Contour palette

Next Map

The Interactive Contour palette allowsyou to interactively changethelevel
at which the electron density is contoured. Only one contour level of one
map is displayed while using this tool, regardless of the display status
before you open this palette. By default, the first contour level is shown
when the palette opens. The palette allows different contours and mapsto
be selected so that they can be manipulated interactively one at atimeusing
a<SHIFT><CTRL> mouse action.

Movesto the next map (if any) inthelist. Thefirst contour level of that map
is shown.
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Interactive Contour palette

Previous Map

Returns to the previous map (if any) in thelist. The first contour level of
that map is shown.
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Next Contour

Moves to the next contour level (if any) for the displayed map.

Previous Contour

Moves to the previous contour level (if any) for the displayed map.

Accept
Stores your contouring changes, updates the display, and closes the pal ette.
Quit
Discards any changes, closes the palette, and returns to the display shown
before the pal ette was opened.
Notes

For faster interaction, the map radius (in the X-AUTOFIT Options dialog
box) should be set to a value appropriate to the computational power of
your local machine. Also, since the bricked map file is read continuously
during the interaction, it is better that these files be on your machine rather
than accessed over a network.

You should have the map table visible when using the interactive tool, so
that you can see the contour levels for al maps and levels. The map table
retains the previous values until the map or contour level is actually
changed when you are using the interactive tool.

The current map, contour level, and actual map contour value are displayed
on the message line of the main molecule window.
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Bones palette

The Bones palette is used for setting up the bones calculation. If the bones
are turned on then al positioning of the screen origin results in the bones
being calculated around this point at the current map radius.

Bones on/off

When on, the bones are cal culated about the current position. Because
bonestake asignificant timeto cal cul ate, turning on this option slowsdown

the display.

Mask bones by mask

The M ask bones by mask toggle option automatically trimsthe bonesthat
lie outside an open mask. On subsequent displays the bones outside the
boundary are excluded from the display and from all calculations. This
means that the mask becomes integral to the use of X-AUTOFIT and pre-
vents the building of any structure in aregion of the map that is symmetry
related. Thisis particularly a problem when the crystallographer isfirst
tracing amap and no symmetry atom can be generated since they have not
yet been built.

When the toggle is on the bones are immediately trimmed to the boundary
of the open mask, and any subsequent cal culations are of trimmed bones. If
the tool is then toggled off, trimmed bones are not automatically regener-

ated. Use one of the centering options to regenerate them if desired. If no
mask is active when thistool istoggled on, trimming does not take place

and an error message is written to the textport.

When the tool is off, no change is made to the bones.

Set bones/RSR map

This option displays alist of the currently open maps and allows you to
choose the map for the bones and RSR calculations. If there is only one
map, thistool does nothing. If you select quit, the map selection does not
change. If you select OK, the new map is used for subsequent bones calcu-
|ations and real -space refinement cal culations. The newly calculated bones
appear immediately.
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Bones palette

Find nice area of map

This tool searches the entire map for the region that contains the largest
amount of significantly high density. Once found, this region becomes the
center of the display, and the map and bones are contoured here. Use this
option when you are first looking at a new map and no coordinate informa-
tionisavailable.

Map quality from bones

This selection sends to the textport information about the number of con-
nected bones trees and their sizes, in percent of total bones. This dataindi-
catesthe level of under-connectivity of the map. The textport also liststhe
number of false links, which indicates the level of over-connectivity.

Smooth bones

Thisoption isoff by default, and bones appear partially smoothed. Usethis
selection to display bones as cubic spline curves that pass through map
points. Each curve is one segment of the bones tree, so branch points and
termini are exactly as found on the map. Intermediate points are approxi-
mated. You are only able to select those points that are actual points of the

map.

Side chains on/off

You can show or hide the sidechainsin the skeleton by toggling this tool.
Sidechains are displayed in color 6 (default value is white). Combine this
selection with scaling to observe alarger portion of the skeleton. Thisselec-
tion can be reversed by selecting Undo last delete.

Main <-> side

With this selection, you can change the type of bones strand between
sidechain and mainchain. When a bones section has a status change, its
color changes from yellow for mainchain to white for sidechain. Use the
Undolast selectionto undo your last selection. If sidechainsare hidden and
you change a mainchain to a sidechain, the section disappears from the dis-

play.
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8. X-AUTOFIT:X-BUILD Tools

Delete 1 section

This selection alows you to remove bones points from the bones skel eton.
When you make this selection, the message prompt at the bottom of the
molecule window instructs you to select abones point by clicking with the
mouse. The bones pointsthat are deleted are multiple pointsthat lieinasin-
glechain extending from abranch point or terminusto another branch point
or terminus. Any point selected from a section results in the entire bones
section being deleted. You can undo your last selection by selecting Undo
last delete.

Any recalculation of bones (for example, through changing the bones
parameters or moving to a new bones box) overrides the delete modifica-
tions. Also, deleting a branch changes the smoothing function so some
branch points move when a section is deleted.

Delete fragments

This del etes one fragment of bones, where all the bonesin the fragment are
joined to give a single tree from the point selected. The tool activates the
delete fragment action which remains active until another palette optionis
selected (such as Delete fragment again). To delete multiple fragments
from the display, continue to pick points. The bones display is redrawn to
show the deletion. The Undo last delete undoesthe entire del etion process,
and selecting the Undo last delete tool again removes the deleted points

again.

Delete all fragments

Thistool allows automatic del etion of bones by removing bones fragments
by size. Thetool removes the bones points on the basis of fragment size as
an aid to map mask generation. All the bones fragmentsin the current map
are calculated, and the total number of bones pointsis determined. Thetool
then removes the fragments of bones (that is, connected sections of bones
points), that are smaller than the current fragment del ete threshold. Theini-
tial threshold of deletion is set to 1% of the total number of bones points.
Each subsequent use of the tool first doubles the threshold value and then
deletes the bones based on this new threshold value. You should therefore
use thistool repeatedly until a section of the map you actually wanted to
keep isdeleted. Then usethe Undo last delete tool to reverse only the last
deletion. Thisis probably the quickest method of deleting most of the
small, unwanted parts of the bones for mask generation. The tool Reset
delete all resets the threshold value to 1%.
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Bones palette

The tool does not remove small sections of map that have no mainchain
component. Use the Delete fragment tool to delete these.
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Reset delete all

The Reset delete all tool resets the threshold value for deletion to 1% for
the Delete all fragmentstooal.

Undo last delete

This returns the most recently deleted fragment or section of bones. Click-
ing this tool a second time reverses the undo operation, thereby repeating
the deletion of the bones.

Create bones atoms

Thistool creates a PDB file called bones.pdb containing single atoms
defined by bones points and displays bones pseudo atoms from points sep-
arated by 1.2A. These points are generated from the full bones point list by
progressively deleting pointsuntil only the highest pointsin the bonestrace
are left. The output is an object in the object table and can therefore be
deleted from the object table.

The bones.pdb fileisastandard PDB-format file and can be used as part of
arefinement procedure without restraints. Thistype of atom generation has
been found to be a very good starting point for maximum likelihood
unstrained refinement, since the atoms are already well placed.

Change start value

Thistool opens the Set up bones parameters dialog box. This dialog box
allows you to manually set the start value for the bones calculation. When
you click OK, the bones are recal culated. Recommended values are:

e ForaMIR/SIR/IMAD mapl.2

e For a2fo-fc mapl.2

« For a3fo-2fc mapl.8

« ForasigmaA weighted map 1.0t0 1.2
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Change trim/analysis

This opens adialog box to change the delete value for bones trimming and
the sidechain detect value. A value of 1-4 is good for the trim, and 10-30
for the sidechain detect value.

Pieces of bones smaller than the trim value are deleted. Increasing this
value makes a cleaner display, but you lose detail.

The Side chain detect value is the maximum length of abranch that is
classed asasidechain. The program executes (Side chain detect)/4 callsto
the detect function, which causes branchesto be continually trimmed back.
Increasing the Side chain detect value increases the number of sidechains
detected, but resultsin some mainchains being classed as sidechains.
Smaller values detect fewer sidechains. Recommended values are 18-20
for proteins that have more than 50 residues and a moderately connected
map. You need smaller values for small peptides or where the density is
badly broken. Sidechains smaller than the sidechain detect level are dis-
played in color 5 (default value is white).

Calc bones symmetry

When the Calc bonessymmetry option is sel ected, the bones generated by
symmetry are displayed. The symmetry-related bones are drawn in color 2
(default value is blue) and also are generated in areduced representational
form. Although the reduced representation of the bonesis not as elegant as
the real bones, this prevents overloading of the graphics with avery large
symmetry-related object. The symmetry bones are provided to show mask
overlaps when creating a solvent mask. For Ca tracing, the symmetry is
shown more effectively by the symmetry-related Co trace. The symmetry
of the bones is not updated on a bones calculation, they are only regener-
ated by clicking thistool. Thisis because there is a significant delay (1-2
seconds for alarge bones region) for the symmetry generation. Therefore,
to update the symmetry-related bones, select thistool again.

Symmetry off

Hide this menu

Turns off symmetry bones.

Puts away the Bones pal ette.
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Map mask palette

Map mask palette

The Map mask palette controls the generation of a map mask for solvent
flattening. If generating the mask from bones, then use the Map mask pal-
ette options in conjunction with the Bones palette. The Map mask palette
alows the generation of masks from bones and coordinates in the current
map unit cell. It also alowsinteractive mask editing and has a progressive
reduced representation form that allows the study of large masks even on
low-powered systems. X-AUTOFIT currently reads all forms of O masks,
(New, Old and Compressed) and writes O compressed format masks.

Calc. mask from bones

This cal culates a mask from the current bones using a masking radius
(default value is 4.0R), defined by the option X-AUTOFIT [ Map Mask |
Mask delete radius. The maximum extent of the mask is defined by the
displayed volume of the currently active map as set by theMap radiuson
the X-AUTOFIT | Options dialog box. You can edit the bones from the
Bones palette, and see the symmetry overlap when the bones symmetry is
on. After the mask calculation has completed, a spherical mask pointer
appears that you can use to edit the mask surface.

Calc. mask from coord

Thiswill calculate a solvent mask that covers all currently active and dis-
played coordinates using amasking radius (default value is 4.0A), defined
by theoption X-AUTOFIT | Map Mask | Mask deleteradius. The extent
of the mask is defined by the displayed volume of the currently active map
asset by theMap radiuson the X-AUTOFIT:X-BUILD | Options... dialog
box. If you want the mask to cover the entire map, set alarge map radius

before using the Calc. mask from coord option.

After the mask calculation has completed, a spherical pointer appears that
you use to edit the mask surface.

Mask off

This removes the mask and del etes any reference to the mask from the
object table.
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8. X-AUTOFIT:X-BUILD Tools

Mask dials

Thistool forcesthe dia set to switch to mask editing mode only if a mask
is present. Thistool will aso change the pointer to the spherical mask
pointer.

Mask delete radius

This provides a pop-up box to change the value of the mask delete radius,
which defines the volume about each atom coordinate or bones point for
which the asymmetric unit is masked as protein. The default valueis 4A.

Solvent content

Thistool provides an estimate of the solvent content based on the volume
of the current mask, the number of symmetry and NCS operators, and the
volume of the unit cell.

Add mask at pointer

This changes the mask extent. If the mask pointer is moved to aregion that
is covered by the map (and so by the mask grid), but the mask does not
cover thisregion, then thistool will increase the mask to cover thisvolume.
If you use this option at the surface of an already-present mask, the mask
volumewill increasein size. The mask surfaceisrecalculated as part of the
process and may take between 0.1-5 seconds, depending on the extent of
the mask and the system running X-AUTOFIT.

Del mask at pointer

This changes the mask extent. If the pointer ismoved to aregion that is cov-
ered by the map (and so by the mask grid), but the mask coversthisregion,
then this tool will decrease the mask extent so that this volume is solvent.

Therefore, if you use this option at the surface of an aready-present mask,
the volume will decrease in size. The mask surface is recalculated as part

of this process, which may take between 0.1-5 seconds, depending on the
extent of the mask and the system running X-AUTOFIT.
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Map mask palette

Check for voids

Thistool providesan automatic method to remove small regionswithin the
masK (that is, protein) that have been flagged as solvent. Such small regions
represent high resolution detail that should not be present in the mask. This
tool doesavoid cal cul ation on the mask grid and determinesif thereare any
regions within the mask that are not accessible from the surface of the
mask. These buried solvent regions are removed so that the pointsin the
grid that form this void are changed to be not solvent points. The display
changesto reflect the results. Depending on the size of the mask, the calcu-
lation will take between 1-20 seconds.
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Increase resolution/ Decrease resolution

If amask isvery big, or the machine being used has only moderate graphics
facilities, you may wish to use these two toolsto adjust the number of
points used to describe the surface. When the mask isfirst cal cul ated, every
point on the surface of the mask is shown by a point. If the resolution is
decreased or increased, then 1/n of the points are randomly left in the sur-
face, where n has avalue between 1 and 10. Therefore, initially thereare 1/
1 pointsin the mask (all of them). If you decrease the resolution five times,
then 1/5 of the pointswill remain in the surface. Thisreducesthe interpret-
ability of the surface, but allows the mask to be more easily manipulated,
sincethe abject is five times smaller. These commandswill only affect the
number of displayed points on the surface, and will have no effect on the
stored mask or any calcul ation on the mask. You should a so note that when
using a reduced resolution mask surface, any re-display of the mask (such
aswhen removing voids, add or del eting mask with the pointer), causesthe
distribution of points on the surface to change. This is because the points
are randomly selected, and this selection will change on each calculation.

Save mask to file

Read mask from file

The mask currently displayed is written to disk as a compressed O format
file. If the mask was read from afile, the cell and extent are determined by
the original mask file. If the mask was generated in X-AUTOFIT then the
cell and extent are determined by the current map and its extent.

A mask in an old or new or compressed O format file can be read into
X-AUTOFIT. If no mask is present, anew object is created and displayed.

QUANTA 2006 X-Ray Sructure and Analysis 139



8. X-AUTOFIT:X-BUILD Tools

Hide this menu

If amask exists, the mask that has been read from the file replaces the old
mask. This allows existing masks to be edited.

Puts away the Map mask pal ette.

Text palette

The Text palette controls the creation and use of annotations associated
with pointsin the macromolecular structure. You can create and place text,
delete text, and go to atext position. You can add up to 500 text notations.

New text at pointer

When you select thistool you will be prompted for atext string (up to 80
characterslong). Thistext appears at the current pointer position. To place
text at adifferent position, move the pointer to that spot before creating the
text.

Delete text

Goto next text

This deletes the current text. You select the text to delete from a scrolling
list of al the current text strings. Pick one string and select OK. If you pick
Cancel, nothing is deleted.

This moves the current display center to the next text in the list. If the last
text isthe current text, you are not advanced to another string and amessage
printsto the text port. The display center, map, and bones are updated.

Goto previous text

This moves the current display center to the previoustext in thelist. If the
current text isthe first text, you are not advanced to another string and a
message prints to the text port. The display center, map, and bones are
updated.
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Text paette

Goto defined text

This creates a palette that contains a scrolling list of all the current text
strings. You can sort the list by using the Sort button, and unsort the list by
clicking on this button again. The default order of theitemsisthe order in
which they were created. You can pick atext entry from thelist and the pro-
gram will center on thistext position. The map and boneswill be displayed
at this position if they are active.
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...Fix Validate error

This tool works in conjunction with the Validate tool on the main X-
BUILD palette. Once validation is complete, the text markers created are
linked to the error correction technique required to fix the errors (that is,
bond errors are fixed by regularization). Any other text strings added by
any other functionality are ignored by thistool. The current text error is
fixed with thistool, and the text marker is changed to show that the error/
warning has been fixed. Other validation errors may also be fixed, and
these will also be updated to show the fix.

Load Property

Hide this menu

This brings up a scrolling dialog box of property information that can be
loaded into the text editor. Currently these are:

e User text labels: text strings that you entered.

e Termini.

« Ligandg/iongetc.: whatever is not water or protein.
* Water molecules.

You can pick an entry from thislist, and the program will load in the rele-
vant information. For example, if you load the water molecules, you can
then use Goto next text and Goto previoustext in the text editor to look
at each water molecule in turn. The program does not write any of the prop-
erty liststo the session file. When you exit the program, the list of user text
labelsissaved. You cannot add to or delete from the property list. You must
usethisoptiontoload in the user text labelslist of text items before you can
add or delete text markers.

This puts away the Text palette.
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CA Build palette

Load CA coordinates

Thistool reads only the Co. atom coordinates from MSF information into
X-AUTOFIT | CA Build. Thisallows homologousinformation to be read
into X-AUTOFIT | CA Build to form the basis of the new structure while
using the auto build algorithm to build new all-atom information only from
the map. You might need to do this when amolecular replacement solution
isto be generated. The new Ca trace is added to the current Ca. trace infor-
mation, so if you are loading an entirely new structure from an MSF, you
shouldfirst delete all the old Ca. traceinformation. Thetool loadsin the Ca
coordinates for al visible and active molecules.

Next bones box

This selection generates a new skeletonization cal culation centered on the
current alpha carbon. You can select any alpha carbon atom as the active
oneto specify wherethe next bonesbox will appear. The origin of thebones
box is shifted to this a pha carbon, and a new skeleton and map contours
are displayed. Use this selection when your alpha carbon trace reaches the
edge of the current bones box.

Next CA

This selection accepts the position of the currently built apha carbon and
providesyou with another alphacarbon to position. Next, Ca automatically
executes a Guess next CA calculation and attempts to position the newly
added alpha carbon. When you select Save changes, the currently active
carbon isincluded in the saved set. If you cannot position the current alpha
carbon, use Delete current CA to removeit before you save. You can aso
use the Undo last build selection to remove the current alpha carbon.

Repeatedly using Next CA does not have the same effect asusing the Auto
Extend tool in the X-POWERFIT palette, because auto-extension can
build on information from previous Co. placementsto improvethefit of the
next Ca, while manual extension cannot.
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CA Build palette

Delete current CA

This selection deletes the current alpha carbon and makes the previous
alphacarbon currently active. If only two atoms are left in the segment, no
more can be deleted.
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New segment

This selection starts anew segment of al pha carbons at anew starting point
on the skeleton. The Accept or Quit popup is displayed with selections that
you can use for choosing the new point (see Pointer palette (page 127) for
adescription of palette selections). Selecting Undo last build will delete
the last new segment.

If you want to start at a point in the electron density map that is not

currently skeletonized, you must recenter the skeleton using either the
bones to pick a new point on the map, or the pointer to place the map
center and then use X-AUTOFIT | Pointer | Goto pointer. If thereis
already at |east one segment present, the new segment becomes active
(default color red) and the previous segment becomes inactive (default
color blue). You can return to the previous segment by selecting Current

res| seg.

Delete current segment

This selection deletes the currently active segment and makes the previ-
ously built segment the currently active segment. If only one segment has
been built, it isdeleted. Selecting Undo last build replaces the del eted seg-
ment.

Reverse chain

This selection reversesthe order (polarity) of the current segment. The cur-
rent alpha carbon becomes the origin of the chain. The chain can be
reversed at any time. This alows the current segment to be built in either
direction. Selecting Undo last build will reverse the chain again.

Current res/seg

Use this selection to change the a pha carbon and segment you currently
have selected. The current alpha carbon is yellow and the rest of the seg-
ment is displayed in red. All other segments are displayed in blue. When
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Join 2 segments

you make this selection, the message line instructs you to select an apha
carbon. The nearest apha carbon to your screen selection becomes the
active carbon and the segment containing this carbon becomes the active
segment.

If you pick aterminal alphacarbon, all selections on the palette and the
diasremain active. If you pick an alphacarbon that is not aterminal apha
carbon, then the dials change so that the xyz position of the alpha carbon
can be changed. The Ca plot changes to indicate the conformation of the
apha carbon you have selected.

Use this selection to join two segments of a Ca chain. The selection is
grayed until at least two Ca traces have been generated for the bones skel-
eton. When the segments are joined, the single segment that is formed
becomes the current segment.

Unjoin 2 CA

Thistool allows you to break up a segment. Thisis necessary if you have
read your Co. atoms in from afile generated by O. O treats all fitted Ca
atoms as a single segment regardless of the connectivity, but X-AUTOFIT
treats the different fitted sections of Ca atoms as different segments. This
incompatibility causes X-AUTOFIT to

joinup al the fitted segmentswith very long bonds. The Unjoin 2 CA tool
prompts you to pick a Ca-Ca bond. The bond nearest to the pick will be
deleted. This splitsthe single segment into two segments; one becomesthe
active segment. If any sequences had been assigned, a sequence alignment
is carried out for the two new segments, and any changes are updated.

Add helix/strand

This selection displays a pop-up to define the addition of a helical or beta
strand Ca-trace whose length is defined by the number you type.

Select the secondary structure element to fit, and its length. The default is
a 10-residue helix. The dial box will change to allow you to adjust the ori-
entation and position of the element, the Accept/Pick dialog box will
appear, and an idealized helix/strand object will appear at the current
pointer position. You can use the dials to move the object until it isin the
correct position in the density. The position can then be accepted from the
Accept or Quit dialog box. No other tool is available while this positioning
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Move current seg

CA Build palette

isin process. If you select Quit, no changesare made; if you select Accept,
thisidealized secondary structure element will becomethe current Co-trace
and the last Ca. atom will become the current Co. atom. This trace can then
be edited as any other trace of Ca. atoms, or can be used asatemplateto aid
in the building process, and then deleted at alater time with X-AUTOFIT
| CA Build | Delete segment.
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Thistool alowsthe movement of the current segment asarigid body. The
dial box changesto allow the movement in x/y/z and rotation about the x/
y/z screen axes. The Accept or Quit dialog box will appear. If you select
Quit, no change is made to the coordinates. Otherwise the current segment
is moved to the new position.

Refine current seg

Thistool carries out real space rigid body refinement of the current seg-
ment. Thisis most useful to improve the fit of a secondary structure ele-
ment that was fitted with X-AUTOFIT | CA Build | Add helix/strand.

During refinement, awhite line model of the segment is shown, and on
completion, the Accept or Quit dialog box appearsto alow you to either
accept the new position or reject the changes.

Check CA direction

Thistool assesses the probability of the polarity being correct and reports
that information in the text port. If you have defined any residues for any
segments in the molecule, sequence alignments are marked in the molecu-
lar sequence table at the top of the molecule window. Blue arrows indicate
forward alignment and red arrows indicate reverse alignment.

When you select thistool, X-AUTOFIT attempts to fit polyglycine to the
tracein both directions, checking geometries. Thefollowing informationis
then reported in the text port:

e The percent fit.

» A statement that the chain is the correct/wrong way around.
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S

« Afitratio that gives a probability on the correctness of orientation.

Note: The percentage likelihood values for the forward and reverse
directions are independent values. The sum will not necessarily equal
100%.

The polarity of the active alpha-carbon trace can be reversed (Rever se
chain option) so that building can be carried out at either end of the chain.
You should evaluate the polarity of the alpha-carbon trace before you gen-
erate a peptide backbone.

Show points ~ 3.8A

This selection toggles a set of markers on and off. They highlight all the
points that are 3.8 + 0.3A from the current alpha carbon. Use these as pos-
sible positions for placing the next alpha carbon.

Guess next CA

Number of OK points =

Point 1 main chain : impossi
Point 2 main chain : OK angl
Point 3 main chain : impossi
Point 4 main chain : unlikel

Point 2 of 2 : order no. =

This selection callsan assisted Co. building routine that sel ects the best con-
formation for the next apha carbon. This selection is based on connected

density, branch points near the test position, areasonable Co-Ca-Ca angle,
and main chain/side chain bones.

Repeated picking of thistool will move the current Ca. atom to a new
guessed position. The Textport will print out the point number fitted and the
rank order of likelihood. For example:

4
ble angle No branch

e near a branch
ble angle near a branch
y angle near a branch

2
Note, as seen from this example, that “impossible” conformations (where

the Ca. trace would fold back on itself), are not counted in the number of
valid points, and are not displayed by the Guess next CA tool. Soin the
above example, there are four theoretical points for the current Co, only
two are valid; the second is the currently shown on the display, and thisis
the most likely point.

Fit seg by RSR

Using the real space refinement procedure, this selection generates a
polypeptide chain based on a pha-carbon coordinates that fits the electron
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density map. Color indicatesthe quality of thefit of the atoms. A green (by
default) atom has been fitted well, a blue atom indicates that the atom has
not been fitted because therewas no density in theregion. Other fit qualities
scale between blue and green. If there is a sequence fitted to the Ca trace,
then the all atom model for these residues will be build. If no unique
seguence assignment has been made, then only a polyal anine model will be
built.

If the sequence hasbeen aligned, the sequence number for the built segment
istaken from the sequential position of the Ca. atomsin the sequence. If no
seguence alignment has been set, the sequence is numbered beginning with
1

Thetool Fit segment by database allowsthe generation of all atom models
based on database fragment building The fragment building algorithm uses
the Ca. distance matrix to determine five matches/fragment within the data-
base of protein structures. For each five residue fragments, the five Co-
trace fragments are tested from the database to find the most likely confor-
mation of backbone atoms. The backbone atoms are then merged together
to form a contiguous polypeptide chain of polyalanine. If sequenceinfor-
mation is known then the side chain atoms are added using grid real space
torsion angle refinement into electron density.

Notethat Fit seg by RSR ispreferabletothismethod sinceitisstatistically
valid over awiderange of conformations and should always be used where
the density isgood enough to fit the side chain atoms. It isrecommend that,
although this type of building method is well known, you should use the
tool Fit seg by CA correlation as this produces very precise results with
very few errors.

If the sequence has been aligned, the sequence number for the built segment
istaken from the sequentia position of the Ca atoms in the sequence. If no
sequence alignment has been set, the sequence is numbered beginning with
1.

Fit seg by CA correlation

Thistool uses a superior algorithm to the Fit seg by database tool as a
method of theoretical building of polyalanine polypeptide chains from Ca
traces where thereislittle density. The tool uses a matrix of values that
directly correlate values of Co. conformation found in the protein databank
and the Ramachandran angl es associated with these Ca conformations. The
first use of thistool readsin the matrix of correlation values. Subsequent
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Fit seg by D.E.E.

uses of the tool access the matrix from memory and are almost instanta-
neous. The agorithm determines the local Ca. conformation, and then
directly builds in polyalanine using the Ramachandran values within the
correlation matrix. The a gorithm reproduces polyal anine coordinates from
Ca traceswith RM SD values of 0.3A to 0.5A intest calculations. The very
low residuals result because the entire information within the protein data-
bank is used, but statistically removing the outlying results from the lower
resolution crystal structures. Hence loops are generated correctly.

After fitting apolyalanine chain into the Ca trace, thetool fitsthe sidechain
atomsiif the sequence information is known using real space torsion angle
grid refinement.

If the sequence hasbeen aligned, the sequence number for the built segment
istaken from the sequential position of the Ca. atomsin the sequence. If no
sequence alignment has been set, the sequence is numbered beginning with
1

It is not possible to fit main chain and side chain coordinates when the
experimental information is very poor or non-existent. No map fitting
occurs. The CA-build | Fit seg by D.E.E. tool fits main chain atoms using
the Ca-Ramachandran correlation table and models the side chains by
adjusting the conformation of the side chain chi angles and of multiple
neighboring residues. The energy is computed for each possible conforma-
tion and the lowest conformation isretained at each residue. The conforma-
tionusedintheanalysisare rotamerstaken from the current rotamer library.
We recommend that you use the old library available on the Options... pal-
ette since it is extensive and contains values for chi 3 and chi 4 variations.

If the sequence has been aligned, the sequence number for the built segment
istaken from the sequentia position of the Ca atoms in the sequence. If no
sequence alignment has been set, the sequence is numbered beginning with
1.

Delete fitted seg

Thistool deletes acurrently selected fitted segment.

Undo last build

This selection will undo your last selection with the exception of Guess
Next CA and Save changes.
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Save changes

This selection writes the current Ca. trace to asession file, saving all the fit-
ting done up to that time. This session file will be read in the next time
X-POWERFIT isused, and therefore can be used as a backup file if neces-
sary. Note that a save to the session fileis made automatically on exit from
X-AUTOFIT.
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X-POWERFIT

This application provides smart tools for Ca tracing based on secondary
structure searching and assisted tracing tools. X-POWERFIT is based on
the calculation and placement of vectors that represent the principal com-
ponents of the secondary structural elements.

Find sec. struct.

Delete vectors

Thistool isdesigned to determine the secondary structure from an electron
density map. Beforethetool isused, the bones must be active, and the start
value for the bones set to alevel that indicates useful information. The
default value for the bones “ start” isindicated in the table below for exper-
imentally phased maps, but the use of the tool Bones | Map quality from
bones may indicate more suitable values.

» For 3fo-2fc maps: start = 1.6 t0 1.8 &.
* For 2fo-fc maps: start =1.1t0 1.2 &.
» For SigmaA weighted maps: start = 0.8t0 1.2 &.

Thetool can take several minutesto run. Generally, expect it to take
approximately one minute for every 30 residuesin the structure. Using
highly over-connected maps (bones start value too small) significantly
increasesthe calculation time! It should reliably find stretches of secondary
structure, especially at lower resolutions (~3—4 A).

Thistool initializes the vectors, removing any previously calculated vec-
tors. Thetool isnot available if amap or bones are not present.

Allows you to delete vectors placed using the Find sec. Struct. tool or
placed manually or read from an externa file. On selection of thetool, the
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Place-edit strand

application prompts you select a vector to delete. Pick the vector to be
deleted. The tool continues to prompt for vectors to delete until there are
noneleft, no vector was close to the screen position picked, or apal ette tool
was picked. Selecting the palette tool again aborts the command.

The Place-edit strand tool has three applications.

1. Reclassifying ahelix as astrand.

2. Editing the position and length of a strand already present.
3. Adding a strand by picking two bones points.

When you select thistool the application prompts you to Pick bones or
vector and the Accept or Quit dialog appears. While this Accept or Quit
dialog is open, you can exit the tool only by picking Quit to reject any
changes or Accept to accept the changes made.

If ahelix vector (color 5) is picked, it isreclassified as a strand vector. If a
strand or helix vector is selected, the dials change to allow the trandation,
rotation, and changing of the length of the vector.

If abones point is selected, the application prompts you to pick a second
bones point on the screen. Thetool isaborted by any other pick. On picking
asecond bones point, astrand vector is placed so that the line joins the two
bones points.

The new vector placed by this command is added to the list if Accept is
clicked.

Place-edit helix

The Place-edit helix tool has three applications.

1. Reclassifying astrand as ahelix.

2. Editing the position and length of a helix already present.
3. Adding ahelix by picking two bones points.

On selecting thistool, the application promptsyou to Pick bonesor vector
and then the Accept or Quit dialog appears. While this Accept or Quit dia-
logisopen, you can exit thetool only by picking Quit to reject any changes
or Accept to accept the changes made.

If astrand vector (color 5) ispicked, it isreclassified asahelix vector. If a
strand or helix vector is picked, the dials change to allow the trandlation,
rotation, and changing of the length of the vector.
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If abones point is selected, the application prompts you to pick a second
bones point on the screen. Thetool isaborted by any other pick. On picking
a second bones point astrand vector is placed so that the line joins the two
bones points.
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The new vector placed by this command is added to the list if Accept is
clicked.

Save vectors

Thistools allows you to save the current set of vectorsto afile. Thefile-
nameis secondary_structure.vec. Thisfileisread using the tool Read vec-
tors, described next. The vectors are stored in the following ASCII format,
as 4x4 matrices.

Title card (format = a)

Number of vectors to follow (format = i6)

loop i = 1 ; number of vectors {

loop j =1 ; 4 records {
matrix[i] [J ., k =1 ; 4 fields] (format=4f12.5)

endloop (J)
3} endloop(i)

Read vectors

Thistool allows you to read in a saved set of vectors from the file
secondary_structure.vec. After reading the vectors, the display is changed
to show the vectors read from thefile.

CA Search/Browse

Thistool allows you to take the current Ca trace and search a set of pdb
files for matching geometry. You must specify the number of Ca atomsin
the trace, the cutoff for the RM SD between your trace and a candidate pdb
file, and the directory path for the set of pdb filesto be searched.

Vector Search/Browse

The Vector Search/Browsetool opensadialog to allow you to search the
protein databank by structure motif. The search uses vectors from the auto
search of the secondary structure in X-POWERFIT or vectors placed man-
ually.

If you have done a previous search, you are shown alist of previous hits
and given the option to show the current hit. The hits are sorted by a
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weighted combination of rmsd and the number of motif equivalentsin the
scroll list.

You may start to browse the solutions before the run completes, since each
timethe dialog is opened, the current list of hitsisread into the results box
and sorted by quality of hit.

You can specify both the number elementsto align and the allowed rmsd
deviation over all the motif elements. The database filename can be
changed if youwant to search aprivatelist. The PDB file path must bevalid
if you want to view the results.

$HYD_LIB/vector.base isthe default list of vectors used during a search
and contains all the proteins in the Protein Databank as of 1 November
1998.

Generating a new database for searching

...Next solution

You may recalculate the predefined vector list used in the alignment by
using the motif searching program in generate mode. The program isfound
as$HYD_EXE/motif_align and should be run in the following way:

> $HYD_EXE/motif_align -generate -list (user-file-
list) -database (user-vector-file)

The -gener ate option causes a database file to be created.

The -list option specifies that the next argument is afile that contains a
list of protein filenames. Normally thisisthe current Protein Databank,
which should contain the explicit path and filename of each protein on
aseparate line.

The-database option specifiesthat the next argument isthefilename of
the new database vector file. This cannot be overwritten by the pro-
gram.

Generating a new database can take several hours.

If valid solutions have been read in using the Sear ch | Browse DB todl, it
is possible to view the next solution using the ...Next solution tool. This
immediately readsin the next solution in the list and displaystheresults as
aCa trace.
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...Previous solution

If valid solutions have been read in using the Sear ch | Browse DB todl, it
ispossibleto view the previous solution using the....Previous solution tool.
Thisimmediately readsin the previous solution in the list and displays the
results as a Ca trace.

...Solution to CA

Thistool converts the current solution displayed on the screen into an X-
AUTOFIT Co-trace segment(s). This Ca trace can then be modeled using
the CA-build and X-POWERFIT tools.

Current res. and seg.

Use the Current res. and seg. tool to change the apha carbon and cur-
rently selected segment. The current apha carbon is yellow, the rest of the
segment isred, and all other segments are blue. When you make this selec-
tion, the message line instructs you to select an apha carbon. The nearest
apha carbon to your screen selection becomes the active carbon, and the
segment containing this carbon becomes the active segment. If you pick a
terminal apha carbon, al selections on the palette and the dials remain
active. When you pick an alpha carbon that is not aterminal apha carbon,
the dia s change so that the xyz position of the al phacarbon can be changed.
The Ca plot changes to indicate the conformation of the alpha carbon you
selected.

Vector to CA-trace

Thetool Vector to CA-trace converts the reduced representation vector
into a Ca-trace and hence increases the amount of information determined
in the building process. The tool prompts you to pick avector from thedis-
play. If no vector is picked or apalette tool is picked, then the tool does
nothing. The tool uses a directed refinement algorithm to fit a*“ standard”
helix or strand into the electron density. Since each vector is classified as
either strand or helix (color 5 = helix, color 14 = strand), the tool can auto-
matically determine the secondary structure type to fit. The length of the
vector defines the length of the secondary structure element to fit, and
hence the number of residues that will be fitted to the electron density.

Electron density must be present in the region of refinement for this com-
mand to produce a correct, refined solution. Thiscommand isnot available
if nomap is present.
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Cycles of gradient refinement are carried out along the principal compo-
nents of the strand/helix. When fitting helices, the tool also carries out a
directed helical refinement, in which the Ca traceis rotated and translated
simultaneously so asto find Ca positions along the helix. Asthe orthogonal
components of refinement gradient are separated for at least part of the

refinement process, the radius of convergence isvery high, on the order of
3A.

Thetool returns aresidual value to indicate whether the Ca trace fitted
really does fit the electron density. The fit value is returned to the textport
and shows the following information.

e Aresidua lessthan 1 indicates avery likely fit.
e Aresidua between 1 and 2 is OK.

« Aresidua greater than 2isnot alikely fit and indicatesthat the Ca-trace
fitted is not present in the electron density map.

The refinement is very sensitive to the quality of fit and diverges rapidly
when anincorrect structureisfitted to the map. Hencetheresidual isavery
reliableindicator of fit. Alphahelicesin proteinstend have avery restricted
range of conformations, and therefore helices are placed with a great deal
of precision by thiscommand. Strand structurein proteinsisvery variable,
and therefore this tool has less success in fitting this type of structural ele-
ment. When fitting strands, make sure that the refined coordinates actually
fit the map. In some cases it is more useful to place strands with the Auto
extend CA command.

On picking a vector to place, anew Ca trace appears. After a short period
of refinement, the Co. trace jJumps to a new position and the residual is dis-
played inthetextport. The new section of Ca trace becomesthe current seg-
ment, and any previous Ca. iscolored so asto reflect the changes. If the new
Ca traceisthefirst Ca trace, then all the masking of the pal ettesis changed
to reflect the presence of the Co trace atom, and the Co. plot appearsif itis
not aready displayed. The new Ca-trace atoms can be edited, appended,
and deleted by any of the commands on the CA Build palette. If asequence
table is open, then the new Co atoms will have residue type “ UNK”.

Next CA as helix/strand

Thistool adds another Ca. atom to the current segment if the current Ca.
atom isaterminal atom and only if the previous 4 Coa. atoms liein either a
helix or strand structure. The tool placesthe new Ca atom in ahelical con-
formation if the previous four atoms arein ahelix and in a strand confor-
mation if the previous four atoms are in a strand. Hence the tool is used to
extend the secondary structure elements placed by the tool Vector -> CA
trace but can be used on any general segment of structureif it isarecog-
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nized conformation (see the Ca plot). If the previous four atomsare not in
arecognized conformation, then the tool stops and prints an error message
to the textport.

The Auto extend CA tool isdesigned to add Ca. atomsto the end of the cur-
rent segment using continuous calls of the routine to add Ca atoms based
on the bones and map. Hence thistool requires the presence of the map and
bones before it can be used. The presence of vectors created with the Find
sec. struct. tool providesthe algorithm with additional information, which
can improve the results (the vectors do not need to be displayed). The rou-
tineisvery conservative and stops adding atomsif any of several condi-
tionsisnot fulfilled.

Thetool checks all the possible pathways for the next Ca, based on the
bones, using two methods. For each pathway the Ca. atom isrefined into the
density. Thetool checksthe Co conformation for each pathway, whether
the bones network is main or side chain in each direction, and for the pres-
ence of branch points at or near the test positions. The current secondary
structureisalso used to weight the pathways. Thetool then checksthelocal
and global build of the Ca trace by refining polyalanine into the Ca trace
and checksthe unrestrained geometries generated in the polyal anine chain.
Since this building processis highly correlated, the local and global build
are different. The routine stopsiif the build quality significantly falsinthe
local region or for the whole Ca trace, whenever a clash occurs, or if no
pathway can befound inthemap. If al conditions are satisfied, the new Ca
atom is added and the process is repeated. The build can also backtrack to
try alternative paths.

Ca building proceeds at about 2 residues/sec on an R4000 computer but
doesdepend on the current size of the segment, since the global polyalanine
test depends on the size of the segment. During building, feedback is pro-
vided on the quality of the build as a pie chart in the bottom left corner of
the molecule view window. Thefilled portion of the pie chart representsthe
probability of the global fit of polyalaninein the best of the forwards and
backwards directions. The pie chart remains displayed while building is
occurring and is removed when the process ends.

Auto-building can be aborted by clicking the left mouse button at any time.

A large amount of output is written to the textport to allow analysis of the
building progress, including the current quality of fit, whether thefit is
improving or getting worse, and the reason for abortion of the building pro-
cess. The coordinates of the automatically extended chain should be care-
fully reviewed.
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CA refinement

The CA refinement tool allows a method of improving the fit of the Ca
coordinates into amap based on refinement of the pseudobond lengths,
angles, and torsions of the Ca trace. The refinement is highly restrained to
retain reasonable Ca geometry. Bond length and bond angle restraints are
included in the calculation. Thetool also carries out rigid-body refinement
of the segment. Significant improvements in the fit of the Ca trace to the
electron density can occur.

Therefinement is successful with large stretches of Ca trace, but dueto the
inherent correlation within along segment of Ca atoms, the refinement can
take tens of secondsto complete. Therefore some time can el apse between
refinement cycles (and screen refreshes) as the algorithm removes this cor-
relation. Thistool islimited to 250 Ca. atoms since correlation along the
chain makes refinement very slow for large chains. Longer Ca chains must
be cut with the CA build | Unjoin 2 CA tool.

Auto-trace Low

Thistool performs Ca. tracing for lower resolution or poorly phased data. It
isnecessary that secondary structure vectorsexist (Find sec.struct.) before
thistool can be used. Thetool then checksthe helical vectorsto determine
thebest quality helix withinthe map. A Ca-helix isplaced using thisvector,
and the Ca trace is automatically extended from both ends of the helix. The
tracing continues until an exit condition occurs. Exit conditionsinclude No
Path, Join point for CA trace, User defined abort or low quality fit.

Thetool repeats this operation with each helix vector in the sorted order of
quality until no more helix vectors are left or the map is traced. If thereis
till amap to trace, the same sorted order placement and extension occurs
for the strands.

The build rate is approximately 1-2 residue/second and the number of res-
idues fitted depends on the resolution and quality of phases.

It should be noted that the tracing method is a pathway analysis algorithm.
This means that the method cannot jump agap in the bones trace. The vec-
tor search algorithm works for a much greater range of bones start values,
and generally asigmavalue of 1.2 or 1.3 should be used with 2Fo-Fc and
SigmaA weighted maps. The tracing algorithm, asit requires connected
bones, should still be used on bones slightly over connected, for example,
about 1.1 sigmafor the start value.

It should also be noted that density modification sharpensamap, i.e., good
bits get better, and bad bits get worse. Hence, DM maps are often more
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fragmented and with highly DM maps, asigmalevel of 1.0 may berequired
if you want to trace the map in one go.
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Thistool performs Ca tracing for high resolution, well phased data. The
tracing method is designed to determine a single solution from a simulta-
neous analysis of al the bones. Thistendsto be an al or nothing routine.

Thistool uses an entirely different algorithm than previously availablein
QUANTA, dthough itis till a pathway analysis method. It is designed to
be used on maps 2.0A or better. Thereisno necessity for vector search, only
that the bones be turned on and trimmed to the required molecular bound-
ary. Theroutineisfast and generates a Ca trace that can be manipulated
with al the toolsin X-POWERFIT and X-AUTOFIT.

Turn on the bones, trim these and click thistool. Tracing occurs at about
50-100 residue/second.

The routine tends to fail to produce results rather than entirely wrong
results. For data of the prerequisite quality it issensibleto usethistool first
to check for reasonable results, and then use the Auto-trace L ow tool if the
data are not suitable. Of course the Auto Extend CA tool can be used on
the resultsto continue tracing. It should be noted that at modest resol utions
the routine can produce helices with not enough residues/turn. Be aware of
this.

Consensus tracing

Thistool carries out amultiple trace analysis of a protein to determine the
optimal interpretation of a map. You must first calculate the secondary
structure vectors using Find sec. struct. from the X-POWER-FIT palette
before using thistool. Thetool traces amap nine times and returns the best
trace as the highest sum of atomic occurrence with variance 0.7A.

Warning: Do not abort thistool.

Knot finder

Thistool checksthe current active segment of the Ca. tracefor knots. It indi-
cates in the text port whether a knot was found. Click the tool to draw a

graphic of the analysis progress and final knot path; click the tool again to
close the graphic. Use the tool: X-Autofit | CA Build | Load CA Coordi-
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Hide this menu

natesto import a Ca trace from an aready built protein to check this. For
example, the protein 1yve.pdb contains a knot.

The literature indicates that the process of creating folded protein from the
DNA code means that any protein containing a deeply embedded knot is
extremely unlikely. In the context of map interpretation, thistool is there-
fore used to identify bad connectivity.

This closes the X-POWERFIT palette.

Sequence palette

This palette isonly for use with the CA Build palette.

Load sequence

When you select thistool a dialog box opensto alow the selection of a
sequence format and filename from which to read the sequence informa-
tion. These formats are described in detail in the QUANTA Protein Design
User Guide, Appendix F.

The Dialog box contains afile browser, atext field for afile name, and a
multiple optionlist for different formats. The default format isPDB, and all
the PDB files will be listed in the file browser.

1. From PDB: This option will read the sequence from the ATOM card
information of a PDB file. The file browser will show all fileswith a
.pdb extension.

2. From M SF: This option allows you to fill the sequence table from a
MSFfile. The file browser will show all the files with a.msf extension.

3. Freeformat: Thisisthe original sequence reader and allows you to
read the sequence from afile that has no particular formatting. Thefile
should contain a single |etter code of the sequence in either upper- or
lower-case, with any number of sequence entries per line, up to 100.
Spacesareread in as part of the sequence and can be used to delimit seg-
ment structure in the sequence because no alignment can be made
across these spaces. Do not add spaces that are not segment delimiters.
The file browser will show all files with the extensions .aa and .seq.

4. FastA: Thefirst lineof thefileisthetitleand beginswitha“>", and the
rest of thisrecord isthetitle. The sequenceisread until a“*” or “eof”
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marker is encountered. Spaces and punctuation are ignored. Thefile
browser shows all files with the extensions .aa and .seq.

5. GCG: The GCG file may contain an arbitrary number of lines of com-
ment at the start of the file. These are followed by ablank line and then
atitleline. The sequence is written with 50 residues per line, each line
beginning with the sequence number. These sequences are obtained
from the GCG package. Thefile browser will show al the fileswith the
extension .gcg.
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6. NBRF: Thefirst line containsa“>" in the 1st character position, and a
“:” in the 4th character position, followed by the sequence ID. The sec-
ond lineisthetitle. Subsequent lines represent the sequence, terminated
witha“*” character. Spacesareignored. The file browser showsall the
files with the extension .nbrf.

7. EMBL | Swissprot: Thefile begins with lines of comment which have
two-letter keywords at the start of theline. The sequenceis preceded by
aline beginning with the keyword “ SQ” . The sequenceisterminated by
aline keyworded with “//”. Spaces are ignored. The file browser shows
all the files with the .embl extension.

8. Quanta sequence builder: The sequence builder option reads the
sequence from the QUANTA sequence builder format file. Thefile
browser will show all the files with the extension .qua.

If asequenceis successfully loaded into X-AUTOFIT, it will be displayed
at the top of the main molecule window in lowercase |etters. After loading
the sequence table you can assign sequence information to Co-trace atoms
and any weighted fit will be displayed next to the sequence.

If aCo trace is already present with sequence information (for example,
after using X-AUTOFIT | CA Build | Load coordinates), then an align-
ment will automatically be carried out with the new sequence loaded. The
alignment will be shown on the new sequence that isread in. If there are
multipleidentical domainsin aprotein (i.e., the ab+ab structure of theinsu-
lin dimer), then it isrecommended that the sequence read in consist only of
one dimer unit. Then use X-AUTOFIT | Sequence | Unique sequence to
mask out already assigned sections during the sequence assignment.

Delete sequence

Thistool removes the displayed sequence and the alignment arrows, but
has no effect on the Ca. trace assignment.
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Show/Hide sequence

Thistool allows you to toggle on/off the display of the sequence.

Current res/seg

Use this selection to change the a pha carbon and segment you currently
have selected. The current alpha carbon is displayed in color 4 (default
color yellow) and the rest of the segment is displayed in color 3 (default
color red). All other segments are displayed in color 2 (default color blug).
When you make this selection, the message line instructs you to select an
alpha carbon. The nearest alpha carbon to your screen selection becomes
the active carbon and the segment this carbon isin becomes the active seg-
ment.

If you pick aterminal alpha carbon, all selections on the palette and the
dialsremain active. If you pick an alpha carbon that is not aterminal alpha-
carbon, then the dials change so that the xyz position of the alpha carbon
can be changed. The Ca plot changes to indicate the conformation of the
alpha carbon you have selected.

Unique sequence

This selectionis grayed until X-AUTOFIT assigns a unique sequenceto a
segment. When this happens, the selection is unmasked and highlighted.
The sequence is written in upper-case letters in the sequence table and in
not used in any further sequence alignment. If you toggle the selection, the
sequenceisreturned to lower case and can be used in subsequent sequence
alignments for other segments.

Clear sequence

Thistool returns all Ca assignments to unknown (UNK).

Return fuzzy sequence

Use this selection if you decide at any point that the fit is wrong after a
unique alignment is made by X-AUTOFIT. When you make the selection,
X-AUTOFIT returnsto the last fuzzy sequence that you defined. This
selection is grayed until X-AUTOFIT assigns a unique sequence to a seg-
ment.
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Guess Sequence

The Guess Sequencetool providesastarting point for assigning sequences
for the current Ca. segment. The quality of theresultsisvery sensitiveto the
quality of the electron density, so thistool should only be used when the
electron density is reasonable and at least 50% of the protein is traced.
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Thetool searches for matching patterns of aromatic residuesin the density
and the sequence (the aromatic residuesin the sequence are colored white).
A protein with no aromatic residues thus cannot have a sequence assigned
with thistool.

Guess sec. struct.

The Guess sec. struct. tool will predict the secondary structure from the
loaded sequence data. Thetool will color the sequence table on screen
using red for helices and blue for strands. Thistool can be used to assist/
verify the tracing of helices or strandsin the structure.

Show/Hide Amino acids

This selection opens a palette listing the 20 common amino acids and the
residue type “unknown”. This palette is used to assign a specific residue
type to the current Ca,, which is color 4 (yellow)]. Selecting any residue
from this palette will cause a sequence alignment to be carried out against
the loaded sequence (if oneis present), and the results of the alignment
shown against the sequence.

Show/Hide fuzzy

This selection opens a palette listing the 10 fuzzy descriptions of density.
This palette is used to assign a fuzzy residue type to the current Ca which
iscolor 4 (yellow). Selecting any description from this palette will cause a
sequence alignment to be carried out against the loaded sequence (if oneis
present), and the results of the alignment shown against the sequence.

Undo last change

Thistool will undo the last assignment of sequence information.
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Hide this menu

Exits the Sequence pal ette.

Build atoms palette

Refine 1 residue

This carries out areal space refinement on the specified residue. Thisisa
particularly good method of placing waters back into density. If you have
specified a RTD file (see Defining torsion angles for unknown residues
(page 95)), then this tool will actually do atorsion angle real space refine-
ment of the picked residue; if the picked residue is an amino acid, the
refinement will refine the side chain torsion and the N-Ca.-C-O torsion. If
aribonucleotide is picked, the backbone torsions are refined and the single
base torsion.

Restrictions

« A disordered residueis split up for gradient refinement and clamping is
effective after editing if active.

« Any residue can be refined, but only known (.GSD) residues and RTD
residues are torsion refined. Others are only rigid body refined.

« Incomplete/incorrect residues cannot be refined until built.

Geometric conformation

Thistool provides abox of options from which you can select a Ponders &
Richardson rotamer library conformation, or atrans conformation. (It is
also possible to use the Sutcliff rotamer library or anew list of rotamers
designed for the dead end elimination side chain fitting tool). Thelist of
conformations is ordered by percentage of occurrence. You can also place
as atrans conformation. For each conformation, the residue isdrawn in
white, with all the non-bond contacts from the residue. If you click on
accept, you will get the new conformation, while quit will return the old
conformation. This tool will aso rebuild templated structuresif incorrect
or missing atoms are found.

Thistool isnot valid for DNA/RNA.
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Restrictions

Build atoms palette

» A disordered residueis split up for geometric conformations and clamp-
ing is effective after editing if active.

e Only amino acids can be set to geometric conformations.
e Amino acids are rebuilt if they have incorrect atoms.

* Bumps are shown during the edit.

Fit side chain by RSR

Thiswill fit aside chain to electron density by searching the chi angles, and
alowing some tweaking of the anglesin the side chain. Bonds are not
refined, and impropers remain correct. Thismay result in adlightly dis-
torted residue, especialy if there is not enough density for the residue. If
there is no density the result will be undefined. If you pick a Ca atom then
al atomsinthe side chain are fitted, even the CB position will be moved to
giveacorrect chiral center and approximately correct chiral volume. If you
pick the CG atom of alysine, then only chi 3 and chi 4 will berefined, there
will be no changeto the N, Ca, C, O, CB, CG atoms. If you pick an atom
in the side chain beyond all rotatable chi angles you will get an error and
thetool will abort. Theroutinealso abortsfor glycineand alanineresidues.

Proline istreated dightly differently. The residue is fitted by rotating the
imino ring about the N-Co bond, and checking that there are no clashes
with the oxygen atom on the main chain. The single allowed ring pucker is
also refined between £30° from planar.

If the residue has missing atoms, or extraundefined atoms, the residue will
be completely rebuilt from the template. Thisisthe best way to build
incomplete residues, even from just a Co. atom.

Thistool will fit the single base torsion in DNA/RNA.

Note: If using thistool seemsto produce an obviously incorrect result,
thisis usually because the main chain is so far from the “correct” posi-
tionthat it preventsthe side chain’s proper fitting to the density. In other
words, the Co chiral center defines the direction of the amino acid side
chain. Thisis particularly common in regions of the map where the den-
sity is poor and the main chain trace is far from correct. To produce a
better fit, select the tool Build atoms | M ove atom + RSR and then
move the Ca atom to the desired position. Often, asthe Ca atom moves,
the side chain flips into the correct conformation.
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Restrictions

* A disordered residueis split up for side chain fitting and clamping, if
active, is effective after editing.

» Only amino acids can be fitted by this tool.

¢ Theresidueisrebuilt if it hasincorrect atoms.

Fit main chain by RSR

This prompts you to select a peptide bond. The tool will refine the torsion
Ca[i]—Ca[i+1] if you pick the C[i]—N[i+1] peptide bond. The omegaangle
isalso refined to valuesin the range 168° to -168°. This option is not avail-
able for residues other than amino acids.

Restrictions

* A disordered residueis split up for side chain fitting and clamping, if
active, is effective after editing.

* Only amino acids and nucleic acids can be refined by thistool.

* Theresidueisrebuilt if it hasincorrect atoms.

Move atom + RSR

This option continuously refines al the side chain chi angles that follow a
side chain atom that you are moving. For example, if you select this tool
and move the Co. atom of a phenylalanine residue, the side chain will be
continuously refined: the chi 1 and chi 2 angles change and the bond angles
in the side chain are tweaked in response to the movements of the Co. atom.
The moving side chain is drawn in white. The side chain will tend to stick
in density until is suddenly fitsinto anew place. An Accept or Quit pop-
up box prompts you to either accept or reject the changes you have made.
You cannot pick any other palette option whilein this mode of refinement.
The same restrictions apply as with the Fit side chain by RSR (page 163)
tool for the last fixed atom, which is the one you are moving. Proline can
also be fitted with this tool.

If you wish to move the N-Ca-C=0 backbone group using thistool, then
pick either the N, C, or O atom of the residue, and the backbone atoms will
moveasarigid body. Pick the Ca atom to refine thewhole side chain while
retaining the position of the main chain N,C, and O atoms.

This tool will fit the single base torsion in DNA/RNA asthe C1” atomis
moved.
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Build atoms palette
Restrictions

* A disordered residueis split up for side chain fitting and clamping, if
active, is effective after editing.

a
=
>
@
=

* Only amino acids and nucleic acids can be refined by thistool.

e Amino acids are rebuilt if they have incorrect atoms.

* Bumps, if active, are shown during the edit.

Edit backbone tor

For polypeptides...

Thistool alowsthe peptide plane and omegato be changed with the dials.
The peptide plane is rotated about the Ca[i] Ca[i+1] pseudo bond. Omega
cannot berotated by |arge valueswithout creating bad geometry. Therefore,
do not use thistool to create cis peptide bonds; instead, set (X-AUTOFIT
| Options| Omegarestraint) and regularize (X-AUTOFIT | Build atoms
| Regularize) the cis restraints.

War ning: The resulting positions of the side chains for residues|[i] and
[i+1] are not checked after this edit. It is possible to produce impossible
chirality, etc., with thisoperation. You should correct the CB chirality by
selecting Fit main chain by RSR and picking the Co. atom of both res-
idues, or regularize the resulting residues.

For DNA/RNA...

Thistools allows you to edit a set of eight torsion angles along the nucleic
acid chain. Two (deoxy)-ribonucleic acid monomer units are edited at a
time with thistool, with aresult that atotal of eight torsion angles can be
changed during one edit. These torsion angles are f—y—6—e—{—a—p—y for
the two residues concerned. If the residuesi and i+1 are edited, then the
phospho-ester bond i-1/i remains connected and residue i+1 is alwaysthe
moving residue with the results that the phospho-ester bond i+1/i+2
becomes detached. You must complete the edit with closure of thei+1/i+2
phospho-ester bond. It is possible to refine the length of this bond subse-
quently using the regularize tool.

Thetool requiresthat abond be picked to indicate the two residuesto edit,
thisbond isaways part of thei residue to edit, hence picking the bond P(i)-
O5'(i) apparently editsthewrong set of bonds asthis particular bond is not
itself editable.
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Restrictions

Thetorsion 5 is part of afive membered ring of the sugar, and hence deter-
minesin part the type of pucker of the sugar ring. Thistorsion istherefore
highly restricted in the values allowed and large changes may produce
inconsistent ring geometry. Changing the value of 6 does not move the
base.

The values of the torsions edited are shown in the DNA plot window as
moving circular markers, whereresidue“i” aregreen andthe“i+1” residue
torsions are blue. There are two moving symbols for the torsion angles 8
andy. All torsions are | abelled on the model window using the two central
atoms of the edited torsions.

* A disordered residueis split up for side chain fitting and clamping, if
active, is effective after editing.

» Only amino acids and nucleic acids can be edited.
* Residuesare rebuilt if they have incorrect atoms.

* Bumps, if active, are shown during the edit.

Edit chi angles

Restrictions

Thistool allows you to manually edit the side chain chi angles. You are
prompted for aresidue to edit. The current chi angles are written on the
message line as you change them. The tool will abort if there are no chi
anglesintheresidue, or if the backbone isincomplete for thisresidue. The
dials are changed during this option; use the dialsto change chi torsions. If
you have an RTD file, aligand can be edited or up to 100 rotatable bonds
can be edited. If there are more than eight rotatable bonds then the top dial
becomes atoggle for the current active dial set. The changed atoms in the
sidechainaredrawninwhite. The Accept or Quit pop-up box promptsyou
to either accept or reject your changes. You cannot use any other palette
items when editing the side chain chi angles.

« A disordered residueis split up for side chain fitting and clamping, if
active, is effective after editing.

* Amino acids, nucleic acids and residueswith torsion defined inthe RTD
file can be edited.

«  Bumps, if active, are shown during the edit.
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Build atoms palette

Move atom

Restrictions

Move zone

Restrictions

Thisalowsyou to moveasingle atom in x/y/z. Thetool will prompt for an
atom to move, which you pick from the main window. The dials are
changed for this option to allow the movement of the atom. The atom is
marked by awhite cross. You are prompted to Accept pick box for thisedit,
and no other palette item can be picked during this edit.
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If the bumps are turned on you will get all the bumpsto all atoms.

¢ Any atom can be moved.

* Bumps, if active, are shown.

This allows you to move a zone of residuesin x/y/z and about x=0, y=0,
and z=0. Thetool promptsyou to pick two residues, thefirst residue in the
zone and thelast residuein the zone. If the same atom is picked (and hence
only one residue), then the atom picked becomes the center of rotation. If
different atoms are picked (either in the same residue when editing asingle
residue, or in different residues), the initial center of rotation is the center
of mass of the atoms picked. At any time during the move zone edit you can
pick an atom and this becomes the center of rotation during subsequent
editing of the zone. Note that if the atom picked as the center of rotationis
translated, then the original position of the atom remains as the center of
rotation, and not the translated coordinate.

Thedialsarechanged for thisoptionto allow the movement of theresidues.
The residues are shown in white during the edit. You get the Accept pick
box. No other palette item can be picked during this edit. If bumps are
turned on, you will get al bumps from the moving zone to the rest of the
structure. Do not try to move a zone through the middle of the protein with
bumps turned on as everything will grind to a halt!

» Disordered residues are kept together if clamping is turned on, other-
wisethe disordered residues move depending on which residue (A/B) is
picked asthefirst residuein the zone. If thefirst residue in the zone has
no alternate conformation, al the A conformersin the disordered resi-
dues are moved.

e Bumps, if active, are shown.
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Model terminal res.

For polypeptides...

For DNA/RNA...

« Incomplete/incorrect residues can be edited if clamping is on, and but
cannot be edited if clamping is off.

Thistool prompts you to select aterminal residue. You can use the dialsto
edit the last three phi and psi angles. The current phi psi values are shown
on the Ramachandran plot. The moving molecule is shown in white, and
bumps are displayed, if active.

Thistool only editsthe first two and last two residues within DNA/RNA
due to the large number of torsionsin the nucleic acid chain. The order of
the torsions depends on whether a5 or 3" end picked to be edited, asthe
moving residueis”“i” for a5 edit and “i+1” for a3 edit.

When editing a5” end the changeabl e torsions are y—p—a—{—e—8—y, and 3
where applicable, for theresidues“i+1” and “i” respectively wheretheres-
idue“i” isthe terminal residue. When editing a3" end the torsions p—y—5—
e—C—o—P—y are editable for the residues“i” and “i+1" where the residue
“i+1” isthe terminal residue.

The values of the torsions edited are shown in the DNA plot window as
moving circular markers, whereresidue “i” are drawn as green circles and
the“i+1” residue torsions are drawn as blue circles. There are two moving
symbols for the torsion angles 3 and y. All torsions are labelled on the
model window using the 2 central atoms of the edited torsion.

Flip torsion 180 degrees

The Flip torsion 180 degrees tool alows the flipping of recognized rotat-
ablebondsin proteins, DNA/RNA and ligands. Theroutinewill prompt for
abond from the currently displayed and active molecules. If apeptide bond
is selected from a protein molecule then the peptide plane (N-C=0) is
rotated 180 degrees about the Ca-Ca. pseudo bond. Thisis commonly
known as a pep-flip. If an amino acid or nucleic acid side chain bond is
picked, and if this bond is rotatable, the atoms along the side chain will be
rotated 180 degrees about the bond picked. Thisis useful when the valida-
tion procedure indicates that an HNQ error is present, and therefore the last
chi angle of the respective residue should be rotated 180 degrees. It isalso
possible to rotate torsions within aligand if thistorsion is rotatable (as
determined by the algorithm for cal culating these), or the torsion is defined
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Mutate residue

For polypeptides...

For DNA/RNA...

Restrictions

Build atoms palette

inthe“lig.rot” file. A rotatable bond can be added or removed fromaligand
using the tool X-AUTOFIT: X-BUILD | Build atom | add delete |
define torsion by bond.
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It isnot possible to flip the phi, psi or omegatorsion in proteins, or any
backbone torsion in nucleic acids. Thistype of flip would result in connec-
tivity problems within the polymer chain.

You can mutate any residue to any other, except for itself. The new residue
is added regardless of any missing atomsin the residue to be changed. The
tool prompts for aresidue to change (pick any atom in the residue), then a
pal ette containing the 20 amino acids appears, from which you pick the
new residue. The new residue atoms are added so that the value of a chi
anglethat is equivalent in the residue before and after mutation is main-
tained. Any non-equivalent chi angleis set to the most likely rotamer.

Thetool allows the mutation of aresidue to one of the five allowed bases:
cytosine, adenine, guanine, thymine, and uracil. The base torsion is set to
the same value as found in the residue before mutations. No restriction is
made on the Thymine/uracil pair for the DNA and RNA models.

e Only amino acids and nucleic acids can be mutated.
« Disordered residues are replaced with no disorder.

« Incomplete/incorrect residues are replaced complete.

Add/delete...

Opens the Add/del ete pal ette described in the next section.

Hydrogen bonds

Thistool callsthe QUANTA hydrogen bonding routine. The hydrogen

bonds between the real, symmetry and NCS atoms are also calculated and
added to the symmetry atom object. Thisis so that the hydrogen bonds are
hidden when the symmetry atoms are hidden using the object management
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Move atom + reg. res.

Restrictions...

table. The tool does not calculate the hydrogen bonds between symmetry
atoms and symmetry atoms. Thisisto reduce the amount of visual informa-
tion onthe molecular display so that you can concentrate on theinteractions
only between the real atoms and symmetry.

Thetool acts as atoggle button. When toggled on, the hydrogen bonds are
recal culated whenever there is a change in the coordinates. This can slow
down the display of the screen after any edit. When thistool istoggled off,
no hydrogen bonds are calculated or displayed. To reduce the time of cal-
culation of the hydrogen bonds after editing a residue, you are recom-
mended to reduce the Coor dinate display radiuson the Options... palette.
A value of 20 A is suggested.

Thisallowsaresidueto bedragged around using oneatominthesidechain.
When you pick thistool, you will be prompted for an atom. Pick an atom
in the molecule. Thisresidueisregularized to completion, after which you
can move the picked atom. The dials change to allow the movement of the
atomsin x/y/z directions. The moved residue is drawn as anew set of coor-
dinatesin colors ranging through green-yellow-orange-red, depending on
the error in the geometry.

TheAccept pick box appears so you can either accept or reject the changes.
No other palette is available while thistool is active. A new atom in the
moving residue can be selected at any time. Picking thisatom will result in
this atom being the moving atom.

» Residues (for example, amino acids) in the .GSD file are regularized to
template coordinates. Residues not in the .GSD file cannot be used with
thistool. (Use X-AUTOFIT | Build atoms | Move atom + reg. zone
for these))

» A disordered residueis split up for side chain fitting and clamping, if
active, is effective after editing.

» Disulfide bridge detection is not active for this option.

» Fixed atoms are in effect (see page 173).

» Theoptional parameter of dipeptide restraint is not applicable.
» Theoptional parameter of phi/psi restraint is not applicable.

* Theoptional parameter of non-bond interactions can be used.
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Build atoms palette

Move atom + reg. zone

Restrictions...

Thistool promptsfor two residuesthat define the ends of the zoneto bereg-
ularized, and then an atom to be the first moving atom. After making these
three selections, the zone will be regularized to completion, which may
involve waiting one or two seconds. The dials are changed so that the mov-
ing atom you picked can be moved in x/y/z directions. The third atom
selected can then be moved and all the atoms are regularized about this
moved atom. The moving atoms are drawn as a new set of coordinatesin
colorsranging through green-yellow-orange-red, depending on the error in
the geometry. At any stage anew atom can be picked and the previous mov-
ing atom isfreed. All fixed atoms previously defined remain fixed unless
picked as a moving atom. Note that the first residue N atom is fixed, and
thelast residue C atom is fixed unless either isaterminal residue. You can
move the atoms at any speed, but give the program a chance to catch up
occasionally. This can be determined when the moving atoms become
green again.
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The changes can be accepted or rejected using the Accept or Quit dialog
box. All other palette options are ignored while thistool is active. You can
pick any atom in the moving zone at any time.

* Residues (for example, amino acids) in the.GSD file are regularized to
template coordinates. Parameters of all other residue types are deter-
mined using type definitions and a PSF table of parameters. This can
result in arather slow start to the regularization process for non-tem-
plated residues.

» A disordered residueis split up for side chain fitting and clamping, if
active, is effective after editing.

« Disulfide bridge detection is active for this option.
» Fixed atoms are in effect (see page 173).

» Dipeptide restraints apply as prescribed on the dialog box
X-AUTOFIT | Options.

» Phi/psi restraints apply as prescribed onthedialogbox X-AUTOFIT
| Options.

* Non-bond restraints apply if active (X-AUTOFIT | Options), but are
not recommended with thistool unless using avery powerful machine.
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Regularize

For polypeptides...

This allows you to regularize a zone of atomsto completion. The tool will
prompt you to pick two residuesthat define the zoneto beregularized, after
which the atoms are regularized and updated. You will see the progress of
the regularization as a set of coordinates that range in color through green-
yellow-orange-red, depending on the quality of the geometry. The N atom
of the first residue and the C atom of the last residue in the zone will be
fixed. If thefirst or last residue in the range isaterminal residue, theniitis
left free to move.

For DNA/RNA (for all regularization tools)...

Notethat there are no explicit chiral centers set up for the sugar ring, which
meansthat all forms of sugar pucker can be regularized, and that final coor-
dinates will be that of theinitia pucker. If you wish to change the pucker
of thering, use either:

« theMove atom tool before regularization, then use the Refine 1 resi-
duetool, which may redefine the pucker based on the electron density
(if the density gradient is large enough),

or

« theMoveatom + regrestool to quickly pull asingle atom in thering,
which redefinesthe pucker. Then regularization occursfor the new ring
definition.

Fixed atoms and non-bonding are supported for nucleic acids, while the
options of dipeptiderestraint, phi/ps restraint and disulfiderestraints
are not applicable and are ignored.

Restrictions

» Residues (for example, amino acids) in the.GSD file are regularized to
template coordinates. Parameters of all other residue types are deter-
mined using type definitions and a PSF table of parameters. This can
result in arather slow start to the regularization process for non-tem-
plated residues.

* A disordered residueis split up for side chain fitting and clamping, if
active, is effective after editing.

» Disulfide bridge detection is active for this option.

» Fixed atoms are in effect (see below).
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Build atoms palette

» Dipeptide restraints apply as prescribed on the dialog box
X-AUTOFIT | Options.

» Phi/psi restraints apply asprescribed onthedialogbox X-AUTOFIT
| Options.
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* Non-bond restraints apply if active (X-AUTOFIT | Options).

...fix atoms

Thiswill open adialog offering the following four options:

Fix all CA atoms

Fixes al the Co atomsin a protein.

Fix all CA, N, C, O atoms

Fixes al the main chain atomsin a protein

Fix atoms by picking

Allowsyou to add to thelist of fixed atoms by picking atomsfrom the mol-
ecule. If, however, afixed atom (marked by awhite cross) is picked, this
atom is removed from the fixed atom list. For example, it is possible to fix
all the Co. atoms and then re-edit thislist to free some of the Ca atoms.

Clear fix atoms

Deletes the list of fixed atoms.

Color atoms...

This displays a palette that allows you to color atoms by property. The
Color atoms palette is described starting on page 179.

Edit atom info

This prompts for aresidue to edit, and then displays a pal ette containing

information about that residue. The sequence ID and insertion code can be
changed for the residue, while the occupancy and temperature factor for

each atom of theresidue can be changed in the dialog box. Two fieldsallow
you to set all atomic valuesin theresidueto the same value. If thetoggleis
set to TRUE, then on exit the application will set al atomic B-values and
occupancies to the values specified in the fields next to the toggle, regard-

QUANTA 2006 X-Ray Sructure and Analysis 173



8. X-AUTOFIT:X-BUILD Tools

Show residue bumps

Save changes

Undo last fit

Hide this menu

less of the atomic values. If thetoggleisset to FAL SE, then the atomic val-
ues of the two parameters are taken from the values in the atom list.

If you pick Cancel, any changes entered are ignored; if you pick OK, all
the changes you entered are updated in the data. If you pick aresidue with
more than 15 atoms (such as aligand), then there will also be Next and
Prev boxes to allow you to scroll up and down the list of atoms.

This prompts you for aresidue. All the nonbond contacts to this residue
(not including 1-2, 1-3, and 1-4 bonding) are displayed as lines with dis-
tance markers. The markers do not go away until:

1. You pick another residue to show bumps.
2. You turn off the bumps from the Options palette

3. You move a zone, chi angles, terminal, atom, or atom + RSR.

Thiswrites al changed coordinates to disk.

Thischangesall editsback to what they were at the last save. You can check
the edit status of the atom using Color by progress (see page 179).

Puts away the Build atoms palette.

Add-delete palette

Delete bond

The Add/del ete palette allows the addition and deletion of residue data
from the datamodel. It also allows the reorganization of the peptide chain
by applying the Create bond tool when a peptide or phospho ester boneis
selected.

This breaks the bond selected. If a peptide bond or phospho-ester bond is
picked, then the residues become (temporarily) termini, which you can edit
usingthe X-AUTOFIT | Build atoms| M odel first last 4 restool. You can
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Add-delete palette

also insert residues using the X-AUTOFIT | build atoms| Add delete |
Add res. to termini tool, or change the connectivity.

If adisulfide bond is picked, it is deleted.
If any other bond is picked, it is deleted temporarily.
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Create bond

This creates a bond between atoms. The tool prompts for two atomsto be
picked which are then joined by abond. If the bond is a peptide bond, you
can usethe Regularize option to join distant residues. You can only join an
N-terminus to a C-terminus (or vice versa).

If adisulfide bond or any other bond is created, they are temporary bonds.
There is no distance check for these newly created bonds.

Note: If you join two residues that are not consecutive, the order of the
residues is changed, but the sequence number of each residueis not
changed. Because this change moves residues within the data structure,
you may need to use the option X-AUTOFIT | Build atoms | Add
delete| Renumber sequencel D to allow theregeneration of the correct
seguence numbers after you have used this tool.

The Create peptidelink tool along with Delete peptide link alow you
to change loop connectivity by cutting peptide bonds and then creating
new ones (which may be very distant). You can then usethe Regularize
option to drag the residues to a new position.

Add torsion by bond

Thistool alowsthe definition or removal of atorsion anglein aresiduethat
is not an amino acid or nucleic acid. The residue can then be rotated man-
ually (Build atoms | Edit chi angles, Flip torsion 180 degrees), and also
refined within any the real space torsion angle refinement algorithms.
(Build atoms | Refine 1 residue, Sructure | refine zone)

Thetool first promptsyou to pick an atom, which identifies the residue that
should gain/lose atorsion definition. (If you pick an amino acid or nucleic
acid, the routine aborts.) After the residue is specified, the tool then [abels
the residue with any currently defined torsions. These defined torsions are
read from the filelig.rot. If thisfile is not present, it will automatically be
generated using the rotatable bond analysis algorithm. If abond is selected
that is not currently defined as rotatable (and is a valid torsion: non-ring,

QUANTA 2006 X-Ray Sructure and Analysis 175



8. X-AUTOFIT:X-BUILD Tools

non-terminating), then the application will add thisto the list of rotatable
bonds. If the bond selected is currently defined as rotatable, then this tor-
sionisremoved from the list.

The tool remains active until the tool bar is picked again.

On completion of the editing of the rotatable bonds in aresidue, the file
lig.rot is generated if not already present, or modified if aready present.
Thedefinitionsinthisfilewill beused in any subsequent calculations. Note
that the definitions for other residues are retained in the lig.rot file.

Add alternative conformation

Thistool allowsyou to assign aresidue up to four alternate conformations.
The second conformation is fitted to the second most distinct density pat-

tern in the residue side chain, while the third and fourth conformations are
slightly different from atrans conformation (to keep them distinct for addi-
tion).

Occupancies are reset so that the sum of occupanciesfor each atomisone,
and B-vaues are reset to 20. The main chain and CB coordinates are iden-
tical — that is, they have no disorder if the clamp flag is set to true, and the
main chain atoms will have slightly different positionsif the clamp flag is
false. For more about handling disorder, see the notes on clamping (B-conf
clamped to A backbone (page 205)).

Delete residue

This prompts for aresidue to delete, and then removes that residue. If you
select a disordered residue, only one of the disorder pair will be deleted,
depending on the atom selected.

Delete range

Add res. at termini

For polypeptides...

This prompts for the first and last residues, which define the range to be
deleted. The residues within this range will be deleted from the data struc-
ture. You cannot delete an entire molecule with this tool.

The program prompts you to pick aterminal residue. If you do not pick a
terminal residue, thistool aborts. The program will then display a pop-up
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Add-delete palette

palette of amino acids. When you pick aresidue from thislist, it is added
to the terminus by real space refinement. The algorithm used to fit the ter-
minal residue will go back to the previous residue and fit the phi and psi
angles from this residue, and a so the phi/psi (depending on whether an N
or Cterminal was added) of the new residue. Therefore you must have elec-
tron density contoured about the old terminal residue. Then, the side chain
of the new residueisfitted. The addition of residues by this method isvery
accurate for well-defined density, there is normally no limit to the number
of residuesthat can be added in achain. You should not usethistool to carry
out de novo density fitting; the Ca-trace method is far more powerful in
cases where density is ambiguous.

The Add Residue tool will allow the addition of anucleic acid to the ter-
minus of aDNA/RNA structure. Thetool will first prompt for the selection
of aterminusto which to add aresidue, and if anucleic acid terminal resi-
dueis picked, a palette appears so you can select one of adenine, cytosine,
guanine, thymine, or uracil. If this pal etteis not picked, thetool aborts. The
residue picked from thislist isthen added to the terminus of the polynucle-
otide in the conformation defined on the Options dialog box (beta/al pha/
Z1/72). No restriction is made to the addition of uracil and thymine to
DNA/RNA. If DNA is being extended, a deoxyribose sugar is added, oth-
erwise aribose sugar isadded. Theresidueis not fitted to the experimental
data, but set to a predefined conformation set in the Options dial og.

Add water at pointer

Thisplacesawater at the current pointer position. Then you can refinewith
therigid body refine routine. If there are already waters in your data, the
new water is placed at the end of the current list of watersin the coordi-
nates, and is given the same segment ID and a residue number 1 greater
than the previous water in the list. If you have no watersin your data, then
anew segment, W, is created, and the new water is given the residue num-
ber 1.

Add atom at pointer

This opens adialog box with alist of cations and anions, from which you
can select oneto place at the current pointer position. Once added, the new
atom(s) can be refined with the tool X-AUTOFIT | Build atoms| Refine
1residue. If there are other metals/ligands in your coordinates, each new

ligand/metal is added at the end of the coordinate list and given the same

segment name and a residue number 1 greater than the previous metal/
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Re-patch terminal

For polypeptides...

For DNA/RNA...

Show B or U

ligand inthelist. If thisisthefirst ligand in your coordinates, the new one
isadded to theend of your data, and anew segment is created with the name
Z.

X-AUTOFIT supports various standards for C-terminal oxygen atom nam-
ing. Thistool allowsyou to change the C-terminal COO group from/to any
of the following conventions: O only, O/OXT, OCT1/OCT2, OT1/0T2, O/
OE, O/OT. On picking the tool, the application will prompt for aterminal

residue. If an N-terminal residueis picked, then, for polar hydrogen and all-
hydrogen modes, three hydrogen atomswill be added. For aC-terminal res-
idue, adialog box will open that allows selection of one of the terminating

types.

Thetool to repatch aterminal in DNA will changethe 3" end of DNA/RNA
so that an H3T will be added to all hydrogen or polar hydrogen DNA/RNA
structures. If a5” end of aDNA/RNA fragment is selected to repatch, adia
log box with these options opens:

1. No phosphate: If present, the phosphate group is removed from the 5°
end of the polynucleotide chain.

2. Phosphate- O5T: If not already present, a phosphate group is added to
the selected 5° end, and no terminating oxygen (or hydrogen where rel-
evant) is added. Thiswill leave an unsatisfied phosphate group.

3. Phosphate+ O5T: If not already present, a phosphate group isadded to
the selected 5” end, and an O5T oxygen is added to the phosphate to
complete the terminating phosphate. If hydrogen modes of All Hydro-
gen or Polar Hydrogen are used, an H5PT atom is also added.

Thistool isused to show B-values or U-matrix values for an atom, aresi-
due, or for al the displayed atoms. The display consists of three orthogonal
circleg/ellipses that define a one sigma deviation about the centre of an
atom for isotropi c/anisotropic motion. For the anisotropic display the prin-
ciple axes of the ellipse are along the principle directions of motion of the
atom as defined by the U-matrix.

A dialog box gives you the choice of B-values or U-matrix display, and
whether the display shows an atom, aresidue or all displayed atoms.
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Color atoms... paette

TheB-vauesaretaken from the atom B-values stored inthe M SFfilewhile
U-matrix values are only read from a PDB file of the same name as that
shown in the molecular table MSF file. If thereis no PDB file of the same
name as the edited molecule, then no display is added.
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A scale value scales the spheres and ellipses drawn. The default valueis 1.

Renumber sequence ID

This allows the simple consecutive renumbering of sequence | Dsfor each
segment after insertions and deletions. You can interactively specify a
range of residues to renumber or specify the starting sequence ID.

Hide this menu

Puts away the Add/delete palette.

Color atoms... palette

Color by atom

Colorsthe atoms by element type. The default schemefor view coordinates
is:

e Carbon = Color 1 (pale green).

« Nitrogen = Color 2 (blue).

« Oxygen = Color 3 (red).

e Sulphur = Color 4 (yellow).

» Hydrogen = Color 5 (white).

» Everything else = Color 6 (cyan).

Color by progress

* Blue =residues not edited.
* Yellow = residues edited but not saved.
¢ Red =residues edited and saved.
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Color by (p) fit

Colors the atoms by fit to the map. The color rangeis a scale of:
* Green-Yellow-Orange-Red/Blue.

The green atomsfit well and the red atomsfit badly. The blue atomsare
those outside the currently loaded map extent.

Color by B-value

Colors the atoms by the value stored in the B-values, where an absolute
scale of A2 is used. For example:

*  Green=0-15.

* Green/yellow = 15-30.
* Yellow = 30-45.

¢ Orange = 45-60.

» Red =60-75.

* Blue>75.

Color by occupancy

Colorsthe atoms by the occupancy value, where the occupancy datais nor-
malized to lie between 0 and 1, and the following colors are used for 4 dif-
ferent relative ranges:

* Green=0.75-1.00.
* Yellow =0.50-0.75.
* Red=0.25-0.50.

* Blue=0.00-0.25.

Color B-alt different

Colorsthe B conformer of an alternative conformation pair asingle color
(Color 14, pink).
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Hide this menu

Puts away the Color atoms palette.
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Structure palette

Fragment fitting

On picking thetool for fragment fitting, all currently open X-AUTOFIT'¢/
X-BUILD palettes will be hidden and the Fragment fitting pal ette appears.
Note that the molecule that is edited in the fragment fitting application is
the first visible and active molecule.

The Fragment fitting palette is described in Creating a Fragment Database
(page 331).

On completion of the search for fragments, the previously open
X-AUTOFIT | X-BUILD palettes are re-displayed. If any changes have
been made to the structure using the fragment fitting application, then the
molecule changed will be marked as edited, and you will need to save it
when you exit from the X-AUTOFIT | X-BUILD application. Changes
madein the fragment fitting can be undone using Undo last fit on either the
Build atoms palette or Structure pal ette.

Rigid body fit

This allowstherigid body refinement (in real space) of entire sections of
structure. If acomplete domain is selected then the whole domain will be
refined. Theradius of convergenceisnot aslarge asin reciprocal space, but
it may be able to improve somefitted regions. The algorithm uses gradient
refinement on the six degrees of freedom defined by the rotations and trans-
lations of the zone to be refined. Occupancy information isused asin all
refinement techniques. The refinement resol ution factor defined on the
Options palette is described on page 211. Thetool promptsfor thefirst and
last residuesin the refinement zone to be refined and, on completion of the
refinement, asks whether to accept changes or quit.

Restrictions

« Atoms present in the zone are refined; missing atoms and disorder are
not explicitly treated.
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Refine zone

The refinement algorithm uses torsion angle and rigid body refinement on
aresidue basis for each residue in the refinement zone, with cycles of reg-
ularization including non-bonding. The radius of convergence of this type
of refinement has been found to be very high (on the order of 1.5/2.0 A),
and allows rapid refinement of regions of the protein. Although the algo-
rithm can be used for refinement of an entire protein, you should not do the
fina refinement of proteins with this protocol.

The refinement is carried out in real space to the current map. The map
must cover the entire region of refinement, since atoms with no experimen-
tal data contribution will move only as afunction of geometrical restraints
to other atoms. The algorithm will move atoms about torsion angles. The
geometric restraints always include bonds, angles, impropers, and non-
bond overlaps. If the phi psi restraints are active then these are used &l so.
The non-bonds will only be defined for atoms displayed, so if there are
symmetry overlaps, then the symmetry atoms must be visible for these con-
tacts to be used in the refinement. (See the options palette, and the tool to
change the symmetry radius). The refinement factor on the Options pal ette
can be used where the density is poor due to lack of high resolution data,
and this protocol has been shown to be useful on data of up to 4.0 A. Occu-
pancy information isused as in all refinement techniques. The refinement
resolution factor defined on the Options palette is described on page 211.
Thetool promptsfor thefirst and last residues in the refinement zoneto be
refined and, on completion of the refinement, asks whether to accept
changes or quit.

Restrictions

e Only the A conformer of disordered residuesis refined.

* Residuesnot inthe .GSD file arerigid body refined only.
« Incomplete residues will abort the refinement.

« Nonbonds always apply regardless of the X-AUTOFIT | Optionsdia
log parameter for nonbonds.

« Dipeptide restraints apply as prescribed on the dialog box
X-AUTOFIT | Options.

» Phi/psi restraints apply as prescribed on the dialog box X-AUTOFIT |
Options.

« Disulfide bond detection is active.

* Fixed atoms are effective.
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Loop fit & Terminal fit

Theloop fit and terminal fit algorithms both use aMonte Carlo protocol to
determine loop conformations that match electron density. The tool
prompts for a start and end point for the search; all the residuesin the
selected zone must be covered by the electron density. The density for all
atoms not part of the selected zone is masked to act as a precal culated non-
bond list. The agorithm then generates random conformations defined by
the phi and psi anglesin the selected zone, and, if running aloop fit, checks
that the end-to-end distance of this conformation will approximately fit in
thisregion, and then carries out a density fit.
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The conformations are generated at a rate of approximately 2000 per sec-
ond, and the best ten fits are retained. Initially the search isslow, asthedis-
play of thefirst few new hitswill berelatively slow compared to the search
speed. Because of this, these algorithms accel erate over the first few sec-
onds. Thisisparticularly apparent with theterminal fitting. Theten best fits
are displayed during the search and colored by fit to density. Greenisa
good fit; red isabad fit. The calculation continues until you interrupt it by
clicking in any QUANTA window with the left mouse button.

After interrupting the search, if there are some solutions to the search, the
tools on the Fitting palette will become active, and al other X-AUTOFIT
toolswill be inactive. The solutions found to this point are sorted by fit to
density, so the best solution found so far (by density fitting), becomes the
active loop.

Fitting/Continue search

The continue search tool alows the search to be resumed, with the solu-
tions found up to this point still active.

Fitting | Show next confor mation Draws the next best conformation
inthelist of solutions, as defined by fit to density. If the current confor-
mation isthelast conformation in thelist, then show next conformation
shows the first conformation.

Fitting | Show previous conformation Draws the previous best con-
formation in the list of solutions, as defined by fit to density. If the cur-
rent conformation isthe first onein the list, then show previous
conformation will show the last conformation in the list.

Fitting | Show all confor mations Displaysall the conformationsfound
so far. This allows a check to seeif there is a cluster of possible solu-
tions.
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Fitting | Accept If the Accept tool is selected, the current active loop
becomes the actual coordinates for the main chain atoms, and the side
chain atoms are added by real space refinement from the Ca positions
found by the search.

Fitting | Quit aborts the loop fit option and does nothing.

The loop search will aways fit a poly-alanine backbone trace to the elec-
tron density regardless of the sequence, but, for glycine, the CB atom will
have zero occupancy.

The loop searching will only allow searching for complete residues, so if
the loop has not been built, build arandom conformation to complete the
loop (see XFIT | Build atoms | add-delete | add-residue-at-ter mini on
page 176) and then do loop fitting.

Do all...

Thistool allows arefinement protocol to be used on arange of residues.
Thistool is most useful for automatically refining the position of all the
waters in a macromolecular structure, while X-AUTOFIT checksthe
changes made to each water by refinement. If any changes occur that are
outside user-defined limits, the Do all tool stopsand centerson thisresidue
so that this water can be edited.

The Do all tool opensthe Do all... dialog box.

Doall | Changeall Thisallowsthe selection of the residuetype or zone
of residuesto berefined. If Changeall Water isselected, X-AUTOFIT
checksall MSFfiles currently open; if any residueisawater molecule,
then thisisrefined. If the Protein option is selected, the range of resi-
duesis defined by the amino acidsin thefirst displayed and active mol-
ecule. The Sart from Sequence I D Segment I D option is set at the
current residue by any of the following:

X-AUTOFIT | Pointer | Place at next residue.

X-AUTOFIT | Pointer | Place using coord.

Picking a point on the Ramachandran plot.

If the last Do all tool aborted because changes were too large.

The Select zone by atom nametool allows a specific range of residues
to be refined. Two pop-up boxes appear. The first asks for the segment
name, atom name, and sequence | D for thefirst residueintherange. The
second pop-up prompts for the last atom specification in the range. If
any one of the segment name, atom name, or sequence ID is not found
in the MSF, then Do all aborts.
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Therefore, your first use of Do all would normally beto apply one of its
first two options. When thisfails because the residue has become badly
built by refinement, the current residue will be set to the next residue
after this. The next use of Do all requires only that the Sart from
Sequence | D Segment I D option be selected. Note that if abadly
refined residue (for example, if awater had no density) is deleted, then
theresiduethat followsthe del eted residue becomesthe current residue.
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Doall | By Protocal... The By protocol parameter allows the use of:
* Refine—asingle residue/atom is refined by gradient refinement.
* Fit side chain — an amino acid side chain isfitted to density.
¢ Fit main chain — an amino acid peptide bond is fitted.

* Find Alt.Conf. — Search all residues for alternate conformations as
defined by fit to electron density. Each amino acid (not GLY/ALA), is
searched for asignificant second side chain conformation. Variationsin
main chain conformations are not found with this tool. The pucker of
the CG atom in the proline residueis also searched for alternate confor-
mations.

* Regularize - Each residue is geometrically refined so that the bond,
angles and other geometrical terms are optimized.

Some combinations of Change all and By protocol are not valid (for
example, sidechain fitting of waters). For these conditions, Do all aborts.

The abort conditions are:

* Sop if max deviation > 1.00
TheDoall tool will abort if any atomin aresidue (or water) movesmore
than the distance specified.

e Sop if bump energy > 0.00
The Do dl tool will abort if any non-bond contact distance with any
other atom of an M SF isless than the specified distance from any atom
in the residue (or water) after refinement.

e Sopif sigma<0.50
The Do all tool will abort if any atom of the residue (or water) movesto
electron density where the sigma level islower than the sigmalevel
specified.

e Min accept RM SD:
You can specify alower limit for how far the refinement has moved -
for rigid body refinement, side chain fitting and main chain fitting. The
default isset to 0.01 A. Specifying alarger number (such as0.1 A) will
mean that if the refinement results in changes that are lessthan 0.1 A
RMSD, the changes are not kept.
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« Alt. angle diff.
This defines how different the conformation hasto be for aB alternate
conformation to be generated for aresidue. When an alternate confor-
mation isgenerated, the sum of differencesin the chi anglesbetween the
A and B conformations is computed. If any of the angles exceeds the
minimum angle defined with this command, then the aternate confor-
mation is added. (Only valid for finding alternate conformations).

o Alt. fit fract
Thisisthe minimum density value required for a B aternate conforma-
tion isto be added. For example, avalue of 0.9 specifiesthat, for the B
conformation to be added, the electron density value for the B confor-
mation must be more than 90% of that for the A conformation. (Only
valid for alternate conformation finding).

« TheDo all tool will also abort if the amount of swap space available to
the program is less than 10 Mbytes. Repeated display of different areas
of the map (for large maps where many residues/waters are present),
will result in this abort condition.

You can aso abort the Do all tool by clicking the left mouse button in
any QUANTA window.

For each residue of the required zone, X-AUTOFIT will move the dis-
play to theresidue (or water) that isto be refined, refine thisresidue (or
water) by the protocol defined, and then check the abort conditions. If
no abort condition isregistered, X-AUTOFIT will moveto the next res-
idue and repeat the operation. If an abort condition occurs, then the Do
all tool will write awarning to the text port and return control to you.

Refine all water

TheRefineall water tool automatically placesall the water moleculesinto
available el ectron density for thefirst visible and active molecule. Thetool
carries out ten cycles of unrestrained real-space refinement of all the water
molecules, with nonbond energy refinement to all other atoms that are vis-
ible and to the symmetry-generated atoms. This tool supersedesthe Do
all... | water fit sinceit simultaneously fits al the waters, checks water
error correlated to other water positions, and is much quicker.

Thetool returns 3D text notes on each water molecule where aproblem is
encountered. Several errors can occur:

Clash distance (non-bond clash)— Any water molecule under refine-
ment will stop shifting along a gradient if anonbond clash occurs with
any other atom in avisible molecule or its symmetry-generated atoms.
The water will be labelled with atext string to indicate that a nonbond
clash has occurred and hence refinement has not converged. No account
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istaken of partial occupancy waters since water pairs (or higher orders)
with 0.5 occupancy often converge to the same point. The tool will
therefore warn of nonbond clashes even for partial occupancy waters so
that you can handle these water molecules separately.
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M ove distance (Shiftstoo large) — Any water molecule that moves
morethan 0.2 A during the final refinement cycle will be marked as
having shiftstoo large. This generally occurs for water molecules that
begin the cycles of refinement along way from any minimum position.
It highlights water molecules that may not have been fully refined.

Low density — A water molecule is marked if it remainsin poor den-
sity.

Ref. steps— Any water molecule that has not converged during cycle
10 because the number of internal stepsis exceeded will havethiserror
label. This occurs when the gradient of the map is very small or com-
plex, and hence convergence is not complete

Repeatedly using thistool will progressively remove the shiftstoo large
and refinement stepserrors without any change to the converged waters or
the waters with Non-bond clash. The user should check errors on the un-
converged atoms.

Thetool will indicate the number of waterstorefine, and, if nonearefound,
awarning is printed. The most likely occurrence of thiswarning isthat the
first active and visible molecul e contains no waters. Non-bond interactions
are calculated to al active molecules regardless of their visibility.

A new tool ...Delete bad water isavailable. Thistool can only be used
after the Refine all water tool and acts on the error messages generated by
that tool. To delete less waters, use less stringent restraints in Refine all
water.

...Delete bad water

Thistool can ONLY be used after Refine all water and acts on the error
messages generated by thistool. The Delete bad water tool deletesall
waters with error messages generated by the water refinement. To delete
fewer waters, use less stringent restraintsin Refine all water.

Fit by D.E.E.

Itis possibleto fit the side chain coordinates of aresidue using modeling
techniques where the experimental information is very poor or non-exis-
tent. The Fit by D.E.E. tool will prompt for start and finish residues and
carry out the placement of the side chain atoms by adjusting the conforma
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Undo last fit

tion of the side chain chi angles of multiple neighboring residues. Note that
the neighboring residues are al so changed while cal cul ating the zone of res-
idues.

The energy is computed for each possible conformation of aresidues and
its closest neighbors and the lowest energy conformation is retained for
each residue during the search process.

The Undo last fit tool re-reads the session file from the last save of
changes. This has exactly the same action as XFIT | Build atoms | Undo
last, asthey both act on the same set of tools and changes. Any changes
made since the last save will be undone and the previous coordinates and
residues restored. This can be used when a modeling session has gone
wrong, and all changes need to be deleted. You can check the changes that
will be restored using the XFIT | Build atoms_color by progresstool.

Regularise range

Thistool regularises arange of residues based on asingle residue selection
picked by the user. The default for the residue range is +/- 1 residue. The
default values can be changed with the tool Regularise param. Thistool
is suitable for use when activeresidue isturned on.

Regularise volume

Regularise param

Thistool regularises avolume of residues based on asingle atom selection
picked by the user. The default for the volume is 6 A. The default values
can be changed with the tool Regularise param. Thistool is suitable for
use when active residue isturned on.

Thistool can be used to change the valuesfor the residue range and volume
used by the Regularise range and Regularise volume commands.

Refine volume

Thistool carries out areal space torsion angle refinement for all residues
(including ligands, but not water) within a volume about a selected atom.
The tool requests a single atom pick, or uses the last picked atom when
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using active residue mode. Theradius of therefined volumeisset using the
tool Regularise parameter on the same palette, and the default is 6A.

Note: All sections of molecular structure that are covalently bound to
non-refine regions are automatically restrained with fixed atoms.

Auto build

Thistool automatically runsthrough the entire fitted residues and fitsthem
using amixed grid and gradient protocol. It take three residues, fitsthe side
chain of the center residue by Grid refinement. Refine Zoneisthen used on
the main chain atoms only of all three residues, followed by side chain fit-
ting of the two edge residues by Grid refinement. Thisis repeated for five
cycles. Thefinal stageisaround of regularization. Thistool can work
through gaps/missing regions of the structure.

Change all B/O

Mutate all

Thistool providesasimpleinterfaceto change the value of the temperature
factor or occupancy of thefirst current activeand visible molecule. Thetool
allows the setting of all atoms--just the main chain atoms or just the side
chain atoms--to a user defined value.

Note: The temperature factor is bounded to lie between 1 and 99, and
the occupancy is bounded to lie between O and 1

Thistool allowsyou to automatically redefine the sequence of the first cur-
rent visible and active molecule. There are four options:

e ToALA: changesall the residues to alanines.
e To GLY: changes all the residues to glycines.

« To Seg. tab.: allow the sequence to be changed to that of aloaded
sequence table (read in by X-AUTOFIT X-POEWRFIT| Sequence |
L oad sequence). Thetool mutateseach residueand triesto maintain the
current conformation by retaining the current side chain torsion angles
where valid.

e To Seg. tab. & RS: same asto Seq. tab. But also carries out a post-
mutate real space torsion angle refinement.
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Hide this menu

Puts away the Structure palette.

Tables and Graphs

This paletteis used for the advanced analysis of proteins (in particular) and
other macromolecules. The tools available in this palette are used to gener-
ate tables containing information on atoms, residues, and undefined data.
The datatables can be operated on by anumber of functions, and plottedin
anumber of styles. The graphs and tables can be picked to centre the molec-
ular view, while the graphs can be annotated and plotted to a postscript for-
mat file. Henceit ispossibleto use the table and graph information to zoom
in on possible problemswithin a crystal structure solution, and use thisfor
advanced validation.

For more on table usage, see the X-AUTOFIT: X-BUILD Tools (page 121)
chapter.

Read file

The Read file tool opens a directory browser dialog with two sets of
options.

1. The Text handle option controls how thetext information read from the
file is placed/not-placed into the new General table.

« Ignoreall text: will read numerical datainto the table ignoring all text
strings. Thisincludes all the titles and any textual information on each
dataline.

« Ignorelineswith text only: will ignore any line of datathat contains
no numerical information. Thiswould normally include titles (aslong
asthey contain no numerical data delimited by spaces). Any data lines
containing numerical datawill be read and the text information added
to the respective data columns. The aim of thisisto ignoretitle lines
while reading text cards into the table.

* Includeall text in table: will read all text information into the table
with the numeric data.

2. The data placement option controls where the datawill be put into an
already existing General table.
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« Create| replacetable: will place the information into a new table
regardless of whether a general datatable exists or not. All previous
datain thistableislost.
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« Append columns: will append the dataread in asadditional columns of
data. Thelength of the columns need not be the same length asthat orig-
inaly inthetable

* Append rows: will append the dataread in as additional rows of data.
The length of the rows need not be the same length asthat originally in
the table.

Read molecule

Thistool will read the currently displayed and active moleculesinto the
atom table generating the columns. atom name/ residue name / Sequence
number/ x /'y / z/ occupancy / B-value.

Atom and residue ID columns are also generated but hidden. Thisis used
for table and plot picking. The current contents of the Atom tableisaways
overwritten by this action, and any reference by picking graphs or the resi-
due table may beincorrect if the atom tableis updated with a different mol-
ecule.

Del. Current col.

Thiswill delete the currently selected columns of data. If no columns are
selected, nothing is done.

Del. Current row

Thiswill delete the currently selected rows of data. If no rows of dataare
selected, nothing is done.

If rows of data are del eted from the residue table or atom table, dataincon-
sistency can occur. Thisisaminor problem since, because the remaining
rows of datawill be correctly marked, there will be no referencing errors
between the tables and molecule view.

Del. Table

Thiswill open adiaog box to alow the deletion of atable. Thisis neces-
sary when the displayed and active molecul es have been changed, or when
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1 or more residues have been del eted from amolecule. In both cases, a seri-
ous data inconsistency can occur.

Atom Selection

Thistool opens adialog box to alow data selection in any of the tools for
generating the tables: Read molecule, Column function, Protein Property,
and Differences. The toggle boxes alow you to select protein, nucleic
acids, water and ligands where the ligand option is defined as any residue
typethat is not an amino acid, nucleotide, or water. By default, datais gen-
erated only for amino acids and nucleic acids.

All currently open tables are deleted if the atom selection is changed since
inconsistent data would be produced.

Column function

Thistool will open adialog box to select afunction to apply to the current
selected column(s). If no tables are open then the tool will abort. If no col-
umns of data are selected then the dialog box contains a table and column
selection boxes. All datain the column selected is operated on regardless
of the activity of the molecules.

The dialog consists of three scrolling lists of functions:

« Basicfunctions. Thisprovidesalist of simplefunctionsthat all, except
probability, return data to the same table as a new column of data. The
probability function returns data to the general data table along with a
“bin” column to indicate the bin centre value for plotting. Datain the
input column that is not anumber (NoData, SegErr or Zero Q) is
returned as a“No data” entry in the output column. Most functions are
self explanatory, but see the list for more information.

Sin, Cos, Tan, ArcSin, ArcCos, ArcTan, SinH, Cosh, TanH :Trig functions, probably not very useful.
Square, Root : Takes the square and root of the data respectively

Abs, -Abs : Takes the absolute value of the data, + negative of.

Negate : Calculates “zero - datum”

Ln, Log : Natural log and Log(10) of data

Exp : E~datum

Prob : Determines distribution of data by finite size bins.

Copy : Makes a data copy.-

NoDat->0: Changes all occurences of NoData to a zero.

0->NoDat : Changes all occurences of zero to a “NoData” flag.

Zero-Tor, Pos.-Tor, Neg.Tor : These functions apply to torsion data which are calculated to lie
between -180 to 180 degrees. The zero function changes the data to -180 to 180, the Pos. function
changes data to the range 0 to 360 degrees and the Neg. function changes the data to lie between -
360 and O degrees.

» Residuefunctions: Thislist of functions can only be applied to the
atom tableinformation and is used to take the mean/ median / min/ max
/ SD / skew / curtosis of aresidue or main chain or side chain. If theres-
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idue table is not open, thisis filled with the basic residue information
plus the new values. Datain the atom table input column that is not
numeric isreturned asa“No data’ entry in the residue table.
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¢ Columnvalue: Thisreturnsavaueto thetext port asthe application of
the function to the column, and does not create atable entry.

Calculations

This opens adialog that alows the four basic operators of (+/-/x//) to be
applied between two table columns. Both columns of data must bein the
same table. Theresult is placed into the same table as the original data.

Protein property

This allows the generation of data as derived from the molecule. Most of
thefunctionsapply to amino acids, though some can be applied to any other
type of residue. Two scrolling list of functions are opened from which a
function can be chosen. The last function used will already be entered into
the text box.

Property values

This allows the calculation of derived values from the current visible and
active molecules.

Mean bond length to each atom : atom information

Mean bond angle to each atom : atom information

User bond : atom, residue, or Undefined data produced
User angle : atom, residue, or Undefined data produced
User torsion : atom, residue, or Undefined data produced
Omega : residue information

Phi : residue information

Psi : residue information

Chi 1/2/3/4 : residue information

CA-CA distance : residue information

CA-CA-CA angle : residue information

CA-CA-CA-CA torsion : residue information

Property errors

These functions return the difference between a value calcul ated from the
molecule, and a standard value.
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Bond Error to each atom : atom information

Angle Error to each atom : atom information

User bond error : atom, residue, or Undefined data produced

User angle error : atom, residue, or Undefined data produced

Omega error : residue information

Rama.Energy : Residue information - energy from a pre-computed energy surface for Ramachandran
angles of (ala-ala-ala)

Rama.OUB.Dist : Residue information - Distance from the hard sphere 90% surface if not-allowed, or
zero if inside the 90% hard sphere surface.

Non-bond clash : Atom information - Sum over all non-bonds to each atom of the distance to close
compared to allowed value. Zero if OK.

Chi 1/2/3/4 Error : Residue information - Torsion angle difference from value determined and the
nearest rotamer library value for that residue

CA-CA Error : Residue information

CA Improper Error : Residue information

Side Chain Improper error : Residue information - sum over all of chiral and prochiral errors in
side chain. No-data if none.

Nomenclature Error : residue information - Torsion value if not valid, Zero if valid, No-data if no
data

HNQ Hbond Error : residue information - Numerical difference in Hbonds between alternate conforma-
tions if wrong, zero if OK, No Data if not valid residue type.

HNQ Bvalue Error : residue information - Numerical difference in B-value if incorrect, zero if OK,
NoData if residue type is wrong.

User defined propertiesin the property list.

The user properties are found in thelist of properties and property errors.
Thesealow the user to return datathat is bond, angle and torsion based and
defined by an atom name/sequence offset list. Thisisinput from adialog
box that will appear. For example consider the calculation of the chi 1 tor-
sion angles as shown in the following dialog box.

The atoms offsetsare 0,0,0,0 as all atoms come from the sameresidue. The
atom names are n, ca, ?b*, ?g*. The ? specifier means that any single char-
acter can occur at this position. The * specifier means that any number of
characters can occur at the end of the string.

For the calculation of the omegatorsion, the atom offsets are 0,0,1,1 and
the atom names are: cac n ca

The two option lists Aver age over and For... determine how the datais
averaged for placement into the tables.

Average over
This defines whether the dataisto be returned as atom/residue or asis data.

* None: Thedatawill be placed as cal culated into the general table and
will not link back to the molecular data.

» Atom: The datareturned is atom based, and for torsion data the 2nd
atom definesthelink back to the atom data. Only those rows of the atom
table with the link will have the data value, al other values are set to
“NoData’. For the chi 1example, only the Ca. atomsin the atom table
will have datareturned, all other atomsin each residue will have a
NoData value. You should generally use the atom data averaging for
“any” bond and angledata (c* *), and residue averaging for al torsions,
and where atom names are exclusively specified.
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* Res: Thedataisreturned asresidue based, and for the torsion data the
second atom defines the residue and is placed in the residue table. For
thischi 1 example, all residues except glycineand alaninewill have data
values. For the omega example, the last residue in a segment will have
no data.

For...

This specifies how the datais placed into the datatable where thereis more
than one value per data table row.

¢ One: Only thelast value for amultiple results for residue/atom is used.
« Each: Average al datafor the multiple results for aresidue/atom

For example, consider the user bond [¢* *], i.e. al bonds to carbon atoms.
Thiswill return multiple values to each carbon in the structure. If oneis
selected, the last value found for an atom/residue is taken as the returned
data, and placed into the respective table. Thisis OK where the datais
unique for an atom/residue. The each option will average all the values
found to an atom/residue, and put the mean value into the table. The latter
option is more sensible for the [c* *] example.

Thistool opens adiaog box that allows the determination of differences
between two molecul es or two segmentsin the same molecul e (for example
NCS with restraints).

Thefirst active and visible molecule is used as the reference molecule for
all calculations. The Match moleculeis selected from the top scrolling list
of molecule names. If the same molecule name is selected as the reference
molecule, segment comparisons are made and the Seg. align input strings
arerelevant. If the molecule selected is different from the reference mole-
cule, differences are calcul ated between the molecules, and the Seg. align
input boxes are ignored.

The XYZ option list isrelevant for XY Z differencesin position calcula-
tions only. The options allow deviation plots between the molecul es/seg-
mentswithout aL SQ alignment, with L SQ alignment based on all matched
atoms, and L SQ alignment based on Co. atoms.

The Differencetype scroll box allowsthe selection of thetype of difference
calculation:

e XYZ:“standard” deviation in atom position of matched atoms.

« Bvalue: difference between Bvalues of match atoms.
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Plot data

« Chi 1/2/3/4: difference between the respective chi angles for those res-
idues with the particular chi angle under analysis.

* Omega: Differences in the omega angle.
e Phi/ Psi: Differencesin the phi and psi angles

* Ramachandran: Differences between the Ramachandran angles as
defined as the SQRT ((phi[a]-phi[b])"2 + (psi[a]-psi[b])*2)

The Seg.align entry fields alows the definition of the segment names for
the alignment of segments where the match moleculeisthe same asthe ref-
erence molecule.

XYZ and B value data are returned to the atom table and the torsion values
are returned to the residue table. The table entriesfilled are defined as the
matched atomsin the reference molecule, for the segment deviations, only
the first segment information isfilled.

Opens a dialog box to allow multiple graphs lines to be generated from a
set of table columns. If the table columns are selected, then the dialog will
be filled in with the details of these columns; thisis by far the easiest
method of setting the plotting dialog. If no data columns are selected 3
default plot information dialogs are generated, the second and third have a
zero Y datavalue to indicate that nothing is to be plotted.

Only one X ordinateisallowed; thetableentry for thisisdefined by thefirst
selected column, or the atom table if thereis no selected column data. The
default X datacolumnis®“0” to indicatethat anumerical count isto be used
for the X data.

For each graph to plot:

e Thetable nameis used to specify the table data to use for the Y data, if
the columns have been selected then thisfield isfilled from thisinfor-
mation, otherwise the default table is the atom table if present.

e TheY datacolumn indicatesthe columnto be plotted asthe Y ordinate.
If columns have been selected then thisfield will befilled correctly, oth-
erwise the default columns are the last column for Y data 1 and zero for
Ydata2 and 3.

» The Graph color indicates the color to use for the graph.
e Thewidthistheline width used for the graph line

« Line/Sym/Hist/Dash optionsindicate the style of the graph to be used.
If multiple stylesarewanted (symbol and line), then copy the datausing
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the“copy” Column function, and plot both of these in the two different
styles.

« X-Legend: A string of charactersto be placed for the X-axis. (Note that
the graph can be annotated in general).
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* Y-Legend: A string of charactersto be placed for the Y-axis. (Note that
the graph can be annotated in general).

* Axisstyle: Color and line width for the axes.
« Axisfont: Font sizein “point” used for the axis annotation.

The graph will be plotted if OK is picked -- nothing is doneif Cancel is
picked. Note that only one graph window is produced, and previous graphs
are overwritten.

This opens adialog box to allow the postscript file output to be changed.
This effects the plot generated directly from the table and graphs plots, and
also for the current session any plot generated from any Graph plot (not
molecular view).

» Settings: Allows the use of an absolute font size, as defined when the
plot was generated (unchecked box), or ascaled font asafunction of the
size of the output image (checked box).

« Color: Allowsthe generation of Black and white postscript, Color post-
script where black and white is inverted (so the background is white),
and Color postscript where all the colors are inverted.

e Picture manipulation:

Step [0.5] - step size for any manipulation (inches)
XIY [=] - makethesizeof plotso X =Y

X/Y [-] - Decrease the X size of the plot

X/IY [+] - Increase the Y size of the plot

[U] - Move plot up

[>] - Make plot smaller

[L] - Move plot left

[R] - Move plot right

[<] - Make plot bigger

[D] - Move plot down

» Set: Make the changes to the postscript setting and save
« Plot: Plot the current Graph generated in X-BUILD

* Cancel: cancdl
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Label graph...

Thisbrings up adialog to alow the annotation of an X-BUILD graph plot.
e Text/Box/Line/ Circle: Annotation type

e Label[ ]:Stringif type=text

» Size(pnt): String point size if type = text

e Orientation: String orientation

e Color: Color of al annotation types

* Syle Linestyleif type <> text

« Attachment: Figure/ Graph - For general use, annotation should be
attached to the figure which allows the annotation to be placed any-
where on the plot, but only approximately at adata point. If the annota
tion is directly associated with a data point then the annotation should
be placed asa“graph” type attachment; but it cannot be outside the
graph plot area.

* Add: Click thisto add the current annotation.

Note: For atext, asingle pick of the plot is required, and for lines,
boxes, arrows, and circles, two mouse picks are required.

« Delete: will prompt to delete of an annotation on the graph regardless
of any other setting.

e Cancdl: Do nothing.

Hide this menu

Puts away this palette.

User Defined tools

This palette is designed to allow you to create a custom palette of tools
using any of thetools from the rest of X-BUILD, X-AUTOFIT and X-
POWERFIT. It is aso possible to set up macro tools that carry out more
than on operation when picked.
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Define new tools

When active, this allows the user to select any tool off the palettes of X-
AUTOFIT/X-POWERFIT/X-BUILD (licensing dependent), and these
tools are added to this pal ette.
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When picked, the user is prompted to pick tools from any of the palettes.
None of the tools (except those that open other pal ettes) perform their nor-
mal action, but rather place the tool picked as the next tool on the User
defined palette. If atool is picked for a second time, or picked on the User
defined palette then this tool is deleted from the user defined palette. This
may & so used to delete a macro from the User defined pal ette.

When tool picking is active the ...add menu space and ...Clear all tools
become un-masked.

The define new tools mode is exited by picking Define new tools again.

Define-Edit group

Thistool isused for generating macros. Macros are tools that carry out
morethan onefunction. When active, and the user picksatool, the program
first prompts for a macro group name (viaa pop up dialog), and then the
tool picked isadded to the macro group. The user continuesto add toolsand
finishes the macro group by picking the Define-edit group tool again. The
macro group folds up and is shown as a <>group-name

For example - pick aresidue, fit side chain to density and regularize.
Pick > Define/Edit group

Pick > Place using coord: The application prompts for a macro-group
name [Pick atom & fit/reg]

<> Pick atom & fit/reg : appears on the user defined pal ette
-> Place using coord: appears also

Pick > Active residue on

-> Active residue on: appears on palette

Pick > Fit side chain by RSR

-> Fit side chain by RSR: appears on palette

Pick > Regularize

-> Regularize: appears on the palette

Pick > Active residue off
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...Add menu space

-> Active residue off: appears on the palette
Pick > Define/Edit group
The pal ette folds to show only the tool <> Pick atom & fit/reg

If thistool is subsequently picked then all the operationsin the macro are
carried out sequentially. In this case the program prompts for an atom pick,
fits the side chain to density, then regularizes the residue.

Do not provide a blank macro name (no string).
Do not provide a macro name already used.

In both cases the first occurrence of the name will be the tool used.

Adds amenu space after the current tool entry during define new tool entry

...Clear all tools

Clearsall thetoolsfrom the palette. If immediately pressed again, the clear
is un-done.

X-AUTOFIT:X-BUILD main palette tools

Validate

The Protein validate tool provides some simple validation procedures to
check that the current active visible molecul e conformsto the requirements
of the protein data bank, aswell aswarning of deviationsfrom expectation.

If atoggle box is checked, the validation indicated will be carried out on
the first current active and visible molecule. The validation will generate
text marks at each error residue which can be automatically fixed with the
3Dtext tool fix validate error.

It ispossible to validate a structure at three levels of stringency. Thereisa
options button at the bottom of the validate dialog to choose the required
preference for deviation allowance.

* Bond errors. Thischecksfor deviationsin bond errors, and marks devi-
ations at the centre of the bond that deviates.
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« Angleerrors. Thischecksfor deviationsin angle error, and marks devi-
ation at the middle atom of the bond angle in error.

* Peptide deviation. This checks the peptide bond Ca-C-N-Co and
marks any torsionsthat deviate more than 12 degrees from either planar
trans or cis conformation.
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« Ramachandran errors. Thischecksthe Ramachandran angles phi and
psi and detects any phi-psi pair value that lies more then 20 degrees
from a hard sphere allowed region.

e Chi 1Rotamer Error. Thischecksfor chi 1 rotamer valuesthat deviate
more than the 30 degrees from any of the rotamer valuesin the current
rotamer database (see Options dialog)

e Chi 2rotamer Error. Thischeck for chi 2 rotamer valuesthat deviate
more than the 30 degrees from any of the rotamer valuesin the current
rotamer database (see Options dialog)

* CA-CAdistanceerror. Thischecksfor deviationsin the Ca-Co pseudo
bond. Although thisis auto fixed by regularization, thistype of error is
indicative of some other problem.

¢ CA-Chiral error. This checks for deviation of the chiral volume of a
Co. atom.

* Sidechain chiral error. Thischecksfor deviation in the chiral volume
of aside chain chiral and pro-chiral atom set.

* Non-bond clash. This calculated the non-bond energy of the molecule
as afunction of atoms (including symmetry), and returns non-bond
overlapsthat have high energy. The non-bond error is marked at the cen-
tre point between the two offending atoms. If the non-bond error isto a
symmetry atom, then the non-bond error is labelled at the real atom
position.

¢ HNQ H-bond check. This calculates whether a better hydrogen bond
network can be formed if His, Asn, and Gln residue side chains are
reversed. A full combination isanalyzed to check for correlated errors.

* Nomenclatureerror. This checks for the non-standard torsion defini-
tion for chi 2 of asp, phe, tyr; the chi3 of glu and the chi5 of arg.

« Voids. Thiscarriesout asearch for geometrical voidsin the protein and
marks an error at the centre of each void found. It up to the user to
decideif thereis electron density at this site, or whether thisvoid is
present for some other reason. The auto fix isto add a water molecule.

At the bottom of the dialog is a check box to determine whether alog file
of errorsiswritten. The errorsare collated as afunction of each residue, and
alist of each residueis made, and all errors associated with aresidue are
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Find Negative density

listed for each residue entry. Hence an error can occur in more than oneres-
idue -- for instance, for a non-bond error.

Thistool can be used to find al the placesin amap where atoms of thefirst
displayed and active mol ecul e overlap with negative density in the electron
density map. Hencethistool isavalidation method. You define which map
to use with the tool Set bones | RSR map.The usual map to use would be
difference density.

On selecting thistool adialog box appearsthat promptsyou for athreshold
value to use in searching the electron density.

Thethreshold value is defined in map sigma, and the default valueis -3.0.
If you select Cancel, no action is taken. If you select OK, the application
will read in the entire map and search for all peaksin the map that have a
minimum below the threshold value. The peaks are clustered to remove
errors closer than 1.0A apart. The application will search all the current
open MSFfiles for the closest coordinate to each peak and create a text
label based on the peak depth and the nearest atom to this peak:

Neg P -> B Leu 11 CD1 : -3.14

The text labels can then be used in the 3D text editor X-AUTOFIT: X-
Ligand | Text.... Oneusefor thisvalidation tool would bein the placement
of water moleculesinto electron density. After placement of water, some of
the water sites can devel op negative difference density after refinement if
the siteis of low occupancy, or if it actually is not awater site. These prob-
lem waters can easily be found with the validation tool and then deleted.

Set bones/RSR map

Thistool displays adialog box of the currently open maps and allows you
to choose the map for the bones and RSR calculations. If thereis only one
map, this tool does nothing. If you select Quit, the map selection does not
change. If you select OK, the new map is used for subsequent bones and
RSR refinement calculations. The newly cal culated bones will appear
immediately.

Options...

This option displays the X-AUTOFIT Options dialog box, which is
described on page 204, after the Finish option of the
X-AUTOFIT:X-BUILD palette.
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Color table

The Color table is described on page 211.
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Save built CA to MSF

Thistool allowsyou to save the Ca. trace builtin X-AUTOFI T/CA Build to
aMSFfile. It does not save information about the X-AUTOFIT all-atom
model. Thisisnot normally required, as all Ca traceinformation is saved
in asession file. All residue names are saved as assigned in X-AUTOFIT
| Sequence, soif Ca atoms have fuzzy descriptions, these will be saved as
described. These residue names will not be recognized by most other
graphics programs. To load the coordinate information from the MSF file
created by thistool, usethetool X-AUTOFIT | CA Build | Load CA coor -
dinates.

Save built atoms to MSF

Thistool alowsan explicit save of the model builtin X-AUTOHFIT | Build
atoms and X-AUTOFIT | Structure, and any coordinates generated by the
tool X-AUTOFIT | CA Build | Fit seg by RSR. Thisis explicit save of
dataisnot normally necessary as X-AUTOFIT will record any changes to
astructurein the molecular management table, and force a save of the coor-
dinates on exiting X-AUTOFIT.

Thetool will bring up adialog box that allows the generation of anew ver-
sion of thefile, saveto anew filename, overwrite thefile, or abort the save
(seeFinish, below). The moleculethat issaved by thistool isthefirst active
displayed molecule in the molecule management table.

Save built atoms to PDB

The Savebuilt atomsto PDB tool will saveall the currently activeand dis-
played moleculesin the molecular management table to asingle PDB file.
Thetool can be used to merge datainto aPDB filefor analysis and editing.
If there are no active and displayed molecules, then only the symmetry
cards are written to thefile.
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Run external program

This provides a script-based interface to run external programs. The docu-
mentation on thisisfound later in this chapter (see External program pal-
ette (page 217)).

Last commands...

The last command documentation is found at the end of this chapter (see
Last commands (page 214)).

Finish

The Finish tool will exit X-AUTOFIT and return you to main QUANTA
and the modelling palette. On exit from X-AUTOFIT, the application will
ask if youwant to save any coordinates that have been changed in any way.
If multiple M SF files have been changed whilein X-AUTOFIT, thisdialog
box will appear for each MSF changed whilein X-AUTOFIT. All mole-
cules not edited are not saved on finishing. A dialog box is opened that
alows various saving options:

Choose the MSF Saving Option

The fourth option, to abort, has the same effect as Cancel, and returns you
to X-AUTOFIT. Thefirst three options, followed by OK, will result in the
reguested action on the M SF, and then aquery about the next changed M SF.
X-AUTOFIT exits after the last M SF save action.

If you do not wish to exit X-AUTOFIT, use Cancel.

X-AUTOFIT Options dialog box

The parameters in this dialog box control the general behavior of various
toolsin X-AUTOFIT.

Rotamer library

This allows the choice of the Ponder & Richardslibrary of geometries,
the use of the Sutcliff library of geometries or the use of the Ol dfield library
of rotamers. This option effectsthe XAUTOFIT | Build atoms | Geomet-
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X-AUTOFIT Options dialog box

ric conformation tool and the tools for placing side chains by dead end
elimination (X-AUTOFIT | CA-build | Fit seg. by D.E.E and X-
AUTOFIT | Sructure| Fit by D.E.E). If the Ponder & Richards or Old-
field library is active, then thetool X-AUTOFIT | Build atoms | Geomet-
ric conformation will create a pop-up palette that contains each of the
rotamers allowed for the selected residues, and sort these in order of likeli-
hood. If the Sutcliff library isactive, then only alist of the allowed rotamers
is shown on the palette.

Thisalowsyou to choose the build mode for protein residues at aterminus
((X-AUTOFIT:X-BUILD | Build atoms | Add-delete | Add res at ter-
mini). Pfitisused tofit the terminal residue by fit to electron density, while
the other choices define a geometric conformation.

DNA build mode

This allows the choice of the build conformation when using the add resi-
due at terminal for nucleic acids.(X-AUTOFIT:X-BUILD | Build atoms|
Add-delete | Add resat termini). Theinitial conformation of the added
residue is defined by the set of backbone torsion angles that define the
option type.

Return main dials after edit

This toggle changes the return set of dials after any edit in the X-
AUTOFIT:X-BUILD tools. The default isto return the pointer dials after
using a X-BUILD tooal, for example: edit chi angles. If thistoggleis set
then the main dials are returned after an edit that changes the dial set.

B-conf clamped to A backbone

This option affects the treatment of disordered residues. When it is turned
on, it resultsin al conformations being superimposed onto the main chain
atoms of the edited conformation on completion of editing by atool. This
means that when aresidue A conformation is edited (for example, regular-
ized), then on completion of the edit, the B conformation moves to the

equivalent edited position, relative to the main chain atoms of the A chain.
You should use clamping of the B conformer to the A conformer for al sin-
gleresiduedisorder, and only turn off this option when adisordered loopis
being added. The aim of thistool isto retain the main chain atomsassingle
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atomsin a disordered residue, while allowing editing of the residue side
chain of both A and B conformers.

Center at Ramachandran point for residues...

Thistool changes the effect of picking the Ramachandran plot window.
When the toggleis on, you can pick a Ramachandran point in the plot win-
dow and the residue information is written to the Textport, and the center
of the display will move to this residue. If this option is not set, then only
the information is printed in the Textport and no centering of the screenis
made.

Ramachandran range

The Ramachandran range option alows you to specify the number of Ram-
achandran points to be displayed in the Ramachandran plot window. This
option isalso defined for nucleic acids and the data values relevant for this
type of polymer.

The default segment typeis* and isall segmentsin the first displayed and
active molecule. The start and end fields represent the limiting values of
sequence number (resID) that are displayed in the Ramachandran plot.
Notethat the Ramachandran anglesfor the start and end residue are not dis-
played because of incomplete data for these residues.

Show bumps less than 3.00

The optional value (default 3.00 A) sets the distance under which bumps
between atoms are displayed. This option affects many of the build tools.
When toggled on, X-AUTOFIT will show all the bumps (shorter than the
specified distance) as white lines with the bump distance labeled at the cen-
ter of the line between the bumping atoms. You may need to turn off the
bumpsif you are making large changesto the structure and the bump mark-
ers obscure the molecule.

Show bumps to inactive molecules

This toggle option allows you to determine whether the bumps will be
shown from edited coordinatesto coordinates of M SFfilesthat areinactive
in the mol ecule management table. For example, if one open MSF file con-
tains the coordinates that are being edited in X-AUTOFIT | Build atoms
and asecond molecule is open that contains coordinates from thelast build
as acomparison, then you will want to turn thistoggle Off, because bumps
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to thelast built coordinates are not rel evant—they are only used as compar-
ison coordinates. If other moleculesin the management table are other parts
of the same structure, such asligands and water molecul es, then this option
should be turned On, so that bumps are always observed even when these
are inactive. Note that bumps are not drawn to atoms not displayed.

Symmetry picking mode

Goesto the real atom when you pick a symmetry atom.

Thistoggle changes the behavior of the application when symmetry atoms
are picked for the purpose of placing the center of the view with the tool
Pointer | Place using coord. When thistoggle is set to FAL SE, the appli-
cation places the center of the display (plus the bones and the map) at the
symmetry atom picked. When thistool isset to TRUE, any symmetry atom
picked when using the Place using coor d tool will not place the display at
the symmetry atom coordinate but at the real parent atom of this symmetry
atom. This can be useful when a symmetry-related residue has been found
to beintheincorrect position: the actual residue canimmediately be found
with thistool and then edited. The Symmetry picking mode tool can also
be used with NCS, so that when both molecules related by NCS are dis-
played asrea atoms, the NCS atomswill overlay thesereal atoms. Any dif-
ferences (where the NCS has broken during the refinement if only partial
constraints or restraints have been used) can immediately be observed. You
can then jump back and forth between the two copies of the NCSwhen this
optionisset TRUE.

Next residue step

The next residue step allows you to set the increment/decrement for the
tools Pointer | Place at next residue and Pointer | Place at previousres-
idue. If the stepisset to 2, the placement toolswill jump aong the polypep-
tide chain, missing alternate residues.

Number of DP

Thistool allows the specification of the number of decimal points (DP)
used on the non-bond contacts markers.

Hydrogen representation

This has three possible options: None, Polar, and All. When you first start
X-AUTOFIT, it checksthefirst few residues and sets the default hydrogen
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Search time limit

representation so that it matches them. If there are no protein residues yet
built, or you wish to change the hydrogen representation, use this parameter
to specify the mode you want.

Many tools on the Build pal ette cannot be used on residues that have
incomplete or incorrect atoms, and this includes hydrogen atoms. If you
changethe hydrogen mode, then only the XFI T | Build atoms| Geometric
conformation and XFIT | Build atoms| Fit side chain by RSR are
alowed. These tools will build the residue from scratch, adding all the
atoms and their correct names. You should use Edit | Split & Clean to
change the hydrogen representation if there are many residues to change.

This option sets a default maximum search time for any of the “open
ended” search algorithmswithin X-BUILD and X-LIGAND. These arethe
loop search in X-BUILD, terminal fitting in X-BUILD and the conforma-
tion search in X-LIGAND. The default time limit is 10 minutes, and, on
reaching this time, the search will abort and provide a prompt box to con-
tinue, or finish the search.

Number of steps for regularize

This option setsthe number of steps (cycles of refinement) used for thereg-
ularize tool under X-BUILD | Build-atoms| regularize. For asmall num-
ber of residues the number of cycles of regularization is usually limited by
the tolerance of minimization.

Phi/Psi restraint

This sets the optional restraint towards certain conformations normally
found in proteins. The actual value of the restraint is very low. Regulariza-
tion will take much longer to converge with this option set to any value
other than None. All residues being regularized will have their Ramachan-
dran angles set to the conformation requested by this option, so large
changes in the atom positions can occur if the starting conformation isa
long way from the requested value.

The None option turns off phi psi restraints, so these torsions are free to
take any valuethat quenchesthe deviationsfrom ideality for bonds, angles,
impropers, and active non-bond interactions.

TheHélix option refinesphi and psi valuestowardsideal helical values, the
Srand optionwill refine phi and psi valuestowardsthosefound in anideal
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beta sheet, and the Nearest option will refine the phi psi values to the phi
psi value nearest to the starting conformation, as defined from the Ram-
achandran allowed regions.
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Note: Restraints to phi and psi may change the coordinate positions of
atoms to a better expected geometry, to the detriment of the quality of
the experimentally determined structure.

When you have awell defined electron map, you should not impose a
phi/psi restraint. Therestraint will reduce the fit to density in such cases.

Omega restraint

This option alows you to specify the required omegatorsion that defines
the peptide bond. The Auto option will first check to seeif the peptide bond
isinatransor cisconformation, and then set arestraint towards the nearest
ideal conformation. If acis peptide bond isfound by the regularization tool
when in “auto” mode, X-AUTOFIT prints awarning to the textport.

The Trans and Cis options force peptide bonds to the specified conforma-
tion. Note that all peptide bonds in the regularized zone will be set to the
requested conformation. Therefore, if asingle peptidelink isrequired to be
in a cis conformation, then only regularize the two residues that make up
that bond. During this process, some distortion occurs, dueto large changes
of atom positions. To correct for this, change the restraint to auto and reg-
ularize theregion again. The auto detect will flag thisasacisbond and reg-
ularize towards it, while retaining all other peptide links as trans.

Nonbonding in regularization

The default for thisoption is None. Normally regularization should be con-
sidered amethod to improve the geometry of a section of the structure asa
function of the bonds, angles, and impropers. Thisoption alowsafull non-
bond description to be used, including atoms not involved in the regulariza-
tion (such as symmetry). You can turn on full nonbonding for the
regularization protocol, but this slows down the calculation, will make
interactive modeling difficult due to the decreasing refresh rate. Also, the
inclusion of nonbond interactions makes the interactive regul arization less
responsive because refinement will not go to completion during each step
of the interactive editing. The recommended procedure is that you should
not use nonbonding for interactive modeling of structures, but only for
X-AUTOFIT | Build atoms | Regularize.
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There are three nonbond modes, for al crystallographic protocolsthe push
function is the suggested mode. The VDW and VDW | E modes use afull
energy function terms for the nonbond interactions, resulting in slower
minimization. For crystal structure modeling no advantage is obtained
using the full functions, and in fact they do not minimize well as the poten-
tial surface is complex for these terms.

Regularize across disulfide bonds

If thisoptionisactive, regularization (including X-AUTOFIT | Sructure
| Refine zone) will check to seeif there are any cystine residuesin the
sequence beforeit proceeds. If thereisacystine then acheck is made of the
presence of adisulfide bridgeto another cystineresidue. If the other cystine
residue is already contained in the regularize zone, then the parametersfor
this bridge are added to the parameters to be regul arized. If the second cys-
tine of the pair is not in the zone to be regularized, it is added to the list of
residues for regularization and the bridge parameters are added to the list.
If thisoptionis not active, cystine residues do not receive any special treat-
ment.

Coordinate radius

The coordinate radius setsthe display radius about the current screen center
for all the MSF files currently open. Thisisto allow very large structures
to be manipulated on machineswith poor graphics. We recommend that the
coordinate radius should be at least 20 A and larger than the map radius. If
the coordinate radiusis set to avalue larger than 999 A (the default is 1000
A), then no checking of the atomsis carried out. Thisslightly improvesthe
performance of the program when re-displaying a new screen center for
structures where al atoms are required to be displayed.

Map radius

Symmetry radius

Thisradius valueisin effect for any subsequent map cal culations or bones
calculations. The display immediately changesto the new map radius after
anew valueisinput. The default value is 6A, which is recommended for
less powerful computers. Thisvalueis saved in the session file.

The display will immediately change to the new symmetry calculation
radius after you input a new vaue for this parameter. All symmetry atoms
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Color table

within the defined radius will be displayed. The default valueis 10 A. This
option’svalue is saved in the session file.

Theresolution factor isused in thereal space refinement protocol, and will
result in automatic adjustment of occupanciesasafunction of how far away
aside chain amino acid atom isfrom the Ca. atom. The further the distance
from the Ca. atom, the lower the occupancy. For al resolution factors less
than or equal to 2.0 A, thereis no change in the occupancies of any atoms.
For resolution values greater in value than 2.0 A, thereis an increasingly
steep dliding scale of occupancies as afunction of distance from the Ca.. A
valueof 3.0 A will affect medium and large residues to some degree, while
avalue of 4.0 A will have asizable effect on the occupancy at the end of a
side chain. The purpose of the parameter isto lower the weighting during
refinement of those atoms further from the main chain, in areas where the
density is probably of poor quality. This prevents those atoms away from
the main chain from pushing the main chain atoms out of density, or wrap-
ping around towards the main chain during refinement. This option has no
effect on the actual M SF. The values of occupancies are only changed dur-
ing the refinement procedure.

Color table

The Color table tool opens a palette that allows the colors and line thick-
ness of al the objects generated within X-AUTOFIT and X-BUILD to be
changed. The changes made in this table are saved between sessions. The
values here can be used to make an object stand out if you are working with
aparticular piece of functionality. For example, the default “moving
object” color and width is often insufficiently distinctive during editing of
amolecule. You can change this option using the Color table.

Map (n)

Therewill be between 0 and 6 lines of “map” object labels. Each map |abel
will have 1 Width field and between 1 —7 Color fields, depending on the
number of contour levels defined for this map. This Color table makes
changing the color and line width of maps very easy, but can only be used
on open maps. The default values are zero line width and color 14, then 13,
and so on.
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Bones main

The Bones main fields allow you to change the line width and color of the
bones object that X-AUTOFIT considersto be part of the main chain. The
default values are: line width = 3 and color = 6.

Bones side fields

The Bones side fields allow you to change the line width and color of the
bones object that X-AUTOFIT considersto be part of the side chain. The
default values are: line width =3 and color = 5.

Symmetry

The Symmetry fields allow you to set the color and line width of the sym-
metry atoms. The symmetry atoms include the “all atom” symmetry, the
Ca-trace symmetry, and bones symmetry. The default valuesare: width=3
and color = 2.

NCS

TheNCSfieldsallow you to set the color and line width of the NCS atoms.
The NCS atomsinclude the“al atom” NCS, the Ca-trace NCS, and bones
NCS. The default values are: width = 3 and color = 3.

CA trace

The CA trace fields alow you to set the color and line width for the Ca
trace display generated inthe CA Build palette. Thereisasinglelinewidth
value that sets the line width for all parts of the Ca. trace, and three color
values for different parts of the Ca trace.

Atom isthe color used for the Ca-trace atom that is defined as the cur-
rent atom. The current atom is the editable atom within the application.
You can set it using thetool CA build | current res-seg.

seg isthe color used for the current segment in the application, and is
used for all the atoms in the current segment, not including the current
atom. The current segment is set using the tool CA build | current res-

Seg.
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Color table

rest isused for al Ca trace atomsin the application that are not the cur-
rent atom or current segment. The default values are: width of 4, colors
=4 (red), 3 (yellow), 1 (red).

Only the color of the text |abels can be changed, as the text |abels have no
line width. The text labels are the character strings generated using the
Text... palette, and by the validation routines within the X-AUTOFIT:
X-BUILD application. The default color = 4.

Mask

The Mask fields correspond the map mask dot surface generated in the
Map Mask... palette of the X-AUTOFIT: X-BUILD application. The
default values are: width = 2, color = 5.

Vectors

Moving atoms

The Vector sfields correspond to the objects generated as part of the appli-
cation X-POWERFIT. These vectorsindicate the major axes of the helices
and strand elements found in the electron density map. The default widthis
5, and colors 5 for helices and 10 for strands.

The Moving atoms field sets the color and line width of any temporary
object generated during an edit function in the X-BUILD application. For
example, the objects generated by Build atoms | M ove zone. The default
values are: width = 3, color = 5.

Pointer

The Pointer fields determine the color and line width of the rhombohedral
pointer used throughout X-BUILD and X-AUTOFIT. These Pointer set-
tings also control the appearance of the spherical mask pointer. The default
values are: width = 3, color = 5.
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Last commands

This opens the last command table where al the X-BUILD editing history
isstored. Thetable can be used to check the progress of the model building
process, undo and redo each command, analyze the work carried out, and
create log files of the use of the X-BUILD functionality

To hidethetable, pick the L ast command tool again. Whether the tableis
present or absent does not effect whether commands are saved to thefile.

As each command isissued (and as the user accepts the changes made by
that tool), datais added to the top of the table.

Menu bar at the top of the table.

The last command table has a menu bar that contains tools for processing
current and previous sessions of commands.

FILE: Write log file

Thiswrites alog file to disk, although this is automatically done on exit
from X-BUILD unless command saving is completely turned off.

An exampleis:

Command log file - written by Quanta: X-BUILD
Written at : 16:09:47 on Fri May 29 1998

Index Command Residue-range time : date

1 Save changes(*) A:1-E :6 15:25:09 on Fri May 29 1998
2 Save changes(*) A:1-E :6 15:31:33 on Fri May 29 1998
Comment -> (1) bad fit to density

3 Save changes(*) A:1-E :6 15:43:44 on Fri May 29 1998
4 Regularize A4 15:54:28 on Fri May 29 1998
5 Goto pointer(+) B : 26 16:01:32 on Fri May 29 1998

FILE: Command saving off

Thiswill turn off al saving. To turn the saving back on again the user
should pick the last command tool again on the main X-AUTOFIT X-
BUILD palette and the application will prompt whether command saving
is to be turned back on.
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FILE: Browse old command files

Thistool will openascrollinglist of previous sessionfiles. Thelist contains
multiple entries as:
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(n) commands: (time written on date)

The list is sorted by date/time written, where the current open file is read/
write and isfirst. All previous files are READONLY.

You can open the previousfile and look at the contentsin thetable, You can
also do analysis, undo/redo etc. to see what you did in previous session.
However, you cannot write atool entry to any READONLY previous com-
mand session file. If you use anew tool, the previousfileis closed, the cur-
rent file is reopened and the tool entry added to the current session file.

FILE: Delete old files

Thistool lets you delete old files or just delete all the old session files. A
scrolling list is shown, and each entry can be kept or deleted. This com-
mand moves all session files down one to fill any gaps.

VIEW: Info (+) lines: Show/Hide

Thistool controlswhether info lineswith (+) at the end of thetool name are
hidden.

VIEW: User comment: Show/Hide

Thistool controls whether the molecule display islabeled with the user
comment cards added.

ANALYSIS: Check command file

Thiswill return the percentage of each tool usage in atable to the text port.

ANALYSIS: Make suggestion

Thiswill make simple suggestions as to the usage of X-BUILD as afunc-
tion of the tool usage.
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The last command table

Cell picking

The last command table contains seven columns of datathat summarizes
the changes that have been made to the coordinate model by editing coor-
dinates with an X-BUILD function:

e Command. The command used.

* Residue(s). The residue(s) that were edited by the command.

* Time. The date and time of the edit.

* Undo. A yes/no column to indicate whether the action has been undone.

* Redo. A yes/no column to indicate whether the action has been
repeated.

* |ndex. An order to the commands.
e Comment. A user defined comment attached to the edit.

By default, the tableis sorted by Index so that the last command is at the
top of the table, but the tables can be resorted by picking the column head-
ersCommand, Residues, Time, Comment, so that it is possible to collate
thetool usage differently. Notethat clicking the Residue column sorts the
table using the first residue within the edit range. If either the Undo or the
Redo headers are clicked, then the program prints out an analysis of the
commands used within the X-BUIL D functionality and makes suggestions
to the tool usage.

Itispossibleto pick cellswithin thelast command table, and picking acell
resultsin an action defined by the column the cell belongsto. If acell in
the Command column is picked, then details of the changes made during
the edit are printed to the text port. Thisinformation includesthe RMSD,
max and min atomic deviation per residue. If aresidue cell is picked, then
the program centres the display at edited residues for the particular com-
mand and moves the pointer to this position. If aTime cell is picked, then
afull time/daterecord iswritten to thetext port, where thetable only shows
the time information due to space limitations.

If the Redo or Undo cells are picked, you can redo and undo each tool edit
asrequired. Note that the data stored for each edit consists of the coordi-
nates (and temperature factors/occupancy) for each atom before and after
the edit. Therefore an Undo modifies the coordinates so that the change
madeisundone. TheRedo cell modifiesthe coordinates so that aparticular
edit isredone. Note that if multiple edits have been made to a particular
residue then the last edit can only be redone from the last edit of that resi-
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due, and all editsto aresidue can only be recovered from the first Undo of
the first command containing thisresidue. Additionally the changesto a
residue can be studied at all the intermediated edits.
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The command cell, when picked, allows you to add a comment that isrel-
evant to the edit made. Thiscomment iswritten to the log file of the build
session, and can also be displayed on the structure view using the menu
option (see below).

Themenusallow you to open apreviouslast command tablefrom an earlier
model building session. When thisisthe case, al the cell picking isactive
and can be used to recover changes made at an earlier date. New editsto
the structure are not added to a previous command table, but the current
version is reloaded and change added to this.

Thelast command table therefore storesall the edits and details about these
for an entire build session. This command table allows point in time data
recovery, dataanaysisand anote book facility. Itisaso possibleto usethe
last command table asateaching aid asit can be set up to show best practice
for map fitting.

External program palette

This palette, when no script files have been written, contains only the hide
thismenu tool. Toolswill only appear on the paletteif correctly formatted
scripts have been written.

Scripts must have names script.# where # is a number between 1 and 20.

A script fileis an ascii file of key worded instructions that defines the lay-
out of adiaog box and the generation of acommand fileto run aparticular
external program. The script files also contain control key words to export
coordinatesfrom X-BUILD, and also to import coordinates and maps back
into X-BUILD. Theaim of script files accessed from the External program
paletteisto set up an interface to external programs allow you to run them
directly from QUANTA.. The script defines the layout of a dialog box,

including hidden preference boxes and, using the data entered in the dialog
box, runs an external program with the parameters defined by the user.

The scripts can be changed when the dialog is not visible as each script is
only read when the dialog box is opened. A debugger is provided when the
script isinterpreted to provide some feedback on the generation of the
script.
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Definitions

Script: file containing the described information in this help that defines
the look of a dialog and the contents of a command file.

Command file: file produced by a script that is submitted to be run by the
computer, and is normally (but not necessarily) an external program com-
mand file.

General form of a script

Program (program name) (Text string description of program)
< assignments of variables >

< control statements >

< QUANTA data export statements >

< script definitions for dialog and command file >

< QUANTA dataimport statements >

Only the program name and description is required, although other state-
ments are necessary for a meaningful script.

Variables

General formatting

Variables within scripts can be defined and can either be text or number val-
ues, no distinctionisrequired. A variable can beinitialized using the assign
keyword, or are taken from a dialog entry box.

« Aninitiaized variable (assigned) can be used as an initial value param-
eter for adialog entry box or acommand file definition.

« A variable defined from the a dialog entry box can be used in a com-
mand file definition, or a hidden dialog (preference box) state box.

« A variable defined from the dialog entry box cannot be used to define
aninitial value parameter for adialog entry box becauseitsinitial value
is undefined.

A text string without spaces can be added to a script asis, but text strings
containing spaces or commas much be enclosed by double quotesto delimit
the string.

All fields are required — an empty text field can be placed with
note that a space is required.

quotes,
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A text string delimited by { } curly braces defines avariablein the script
that will be replaced by the value of the variable when used.

All short fields are, by default, un-initialized variable names for the entry
field they specify.
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Program definition line

Thislineisthe only required line and must bethefirst line of the script. The
keyword is program, and the first parameter is atext string that iswritten
at the top of the dialog box while the description text is not used.

Assignment of variables

Initialized variables are set using the line:
assign data “input_data”

The name of thevariableis (data) and itsinitial valueisatext string (input_
data). This variable can then be used with a command file line as:

write “FILIN {data}”
(The write keyword writes the line asis to the command file).
The variable can also be used to define theinitial state of adialog input:

string 1 “Input” “File” “{data}.pdb” “Input PDB Ffile” for-
mat 40

(The string defines a dialog string input).

Un-initialized variables

Uninitialized variables can be used when their value is defined from adia-
log entry field when the OK button is clicked. Generally they can only be
used in acommand file line:

write “calc u(100) = {Bond}”

The quoted string here is written to a command file when the dialog OK
button is clicked, and the value of the variable bond istaken from adialog
entry value. Make sure the variable is defined or nothing will be written.

An example dialog entry field to define this variable:
dreal 1 “n7” “Bond” 0.10000 “Warning limit (A)”

Thedreal keyword defines adialog only entry field (does not provide out-
put to acommand file - hence can only be used to set a variable), and the
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variable “Bond” is defined by the short string label for the real entry field
whoseinitia valueis0.1.

Variables can also be used for hidden dial ogs such a preference dial og box:

dbutton 1 “nl1” “Preferences” “ “

dif {Preferences} then

dreal 1 “n7” “Bond” 0.10000 “Warning limit (A)”
dreal 1 “n8” “Angle” 5.0 “Warning limit (o) “
dendif

This example shows adbutton keyword defining adialog only field button
with the short name of Preferences. The dif keyword definesadialog only
condition statement that will display the contents of the dif - dendif state-
ments as adialog if the dbutton Preferencesis pressed. (The contents of
the preference box would contain two dialog-only real entry fieldsto define
the value of the variables{Bond} and {Angle}).

Control statement

The control statements define the genera behavior of the dialog and com-
mand file submission.

saveall
saveOK
savecancel
nosave

Thesefour control statements are used to define whether the contents of the
dialog entry fields are remembered when the dialog is exited. The normal
default would be to saveOK, where the contents of the dialog fields are
written back to the script filewhen the dialog OK button is pressed. Hence,
the value of the dialog entry fields are remembered when the user wantsto
carry out the action (to run the command file). “ Saveall” will always save
theentry fields; “savecancel” will only savethefieldsif the“ cancel” button
is pressed, and “nosave’ will not save the value of the entry fields back to
the script.

notify

The notify control statement will write a<Crtl> G to the end of the com-
mand file, so that the completion of the command file will result in abeep.

nowait
wait

The nowait control statement resultsin a submission of the command file
and immediately returning control to QUANTA. This option is sensible
when the calculation performed by the external file takes sometime. The
default wait statement pauses any action in QUANTA until the command
file action has compl eted.
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#

The# character asthe first character on alineis used to define a comment
line, and any subsequent text on the same line isignored.
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QUANTA data export statements

Thereiscurrently only one dataexport statement output, though theformat
alowsfuture additions. If the dialog OK isaccepted, all output statements
are carried out before the script is run regardless of their placement in the
script file. It can therefore be assumed that the filename produced will exist
when the command file is submitted to be run.

output pdb (filename).

The output statement is followed by aformat (in this case pdb - afile of
coordinatesin PDB format for active and visible moleculesin QUANTA/
X-BUILD). No other formats are currently allowed.

The filename is the file name of the output coordinates.

QUANTA data import statements

There are currently only two dataimport statements, though the format
alows future additions. If the dialog OK is accepted and await control
statement is provided, al import statements are carried out after the script
isrun regardless of their placement in the script file. If anowait control
statement is placed in ascript with animport statement, theimported infor-
mation will be undefined.

import pdb (Ffilename)

The import statement is followed by aformat (in this case pdb). The
imported coordinates will replace the currently active and visible coordi-
natesin QUANTA/X-BUILD. Itisnecessary that the number of atoms, the
atom names and size of residues exactly matchesthat of the QUANTA data
structure.

import map (Filename)

Theimport statement will open a QUANTA brick map of name (filename).

Script definitions key words

The order of the script definitions defines the order they appear on the dia-
log and also the order of thelines of text inthe command file. It isgenerally
most efficient to use definition keywords that define both the dialog and
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command file, though this sometimes is not possible -- hence the use of
variables.

Script definitions can be divided into three categories:

1. Thosethat control only the structure of the written command file.
2. Those that control only the structure of the dialog.

3. Those that control both the dialog and command file.

Command file control statement

Thereisonly one keyword that controls the command file; thisis used to
write astring of text (including numbers) when the command fileis gener-
ated. Itispossibleto usevariablesinthewritten text to enter variablevalues
defined from the dialog entry fields or assignment statements.

write “a string of text {including} variables”

Thetext string in quotesis written asis (except for the variables) to the
command file.

Dialog only control statements

Dialog only statements define the layout and field entry within the dialog
and have no effect on the generation of the command file. They can be used
to set the value of variables or to generate hidden dialog boxes. Thereisno
reason to create adialog only field entry that does not define avariable. All
dialog entry fieldsimplicitly define variablesfor each entry field. The vari-
able name isthe “ short string” of the field. All statements are free format.

» gpace (No fields)

e dstring (variable field = “string”)

« dinteger (variablefield = integer)

e dreal (variable field = real)

» dtoggle (variablefield = logical T/F)

» dbutton (No variable field)

o dif

* dendif

Except for the space keyword, the general format of adialog entry fieldis...

(keyword) (Nfields) (Command string) [ (short string) (field
default) ] (long string) (format fields)
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* (keyword) - Thisisone of the dialog keywords that defines the entry
field type

¢ (Nfields) - The number of entry fields to follow (shownin[]).
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e (command string) - Not used in this context (would be written to the
command file for adialog/command file entry line).

e [ ]the2 datastatementsinclosed are repeated (Nfields) times.

* (short string) - short string label associated with each field and written
next to the entry field, and the implicit name of avariable of value
defined by the value in the entry field.

 (field default) - the initial value of the entry field.

* (long string) - a string that |abels the entry line of multiple fields.

» (format fields) - see definitions, used to change the look of the dialog.
The following are the allowed keywords.

* gpace: creates aone line space in the dialog box.

e dstring: creates string field entries.

« dinteger: createsinteger field entries.

* dreal: createsreal field entries.

» dtoggle: creates true/false toggle button entries.

» dbutton: creates abutton(s) - would normally be used for hidden boxes.

« dif-dendif: delimits a hidden box whose initial state is hidden, but
appears when a button linked to the if { variable} is pressed.

For example:

dreal 2 “bond-angle” “Bond” 1.0 “Angle” 2.0 “Parameters:”
format 8.3

A two field real number entry dialog string where the initial value of the
bond entry is 1.0, the initial value of the angle entry is 2.0, and the format
of theentry field isf8.3. Thelook of the dialog would be aline.

Parameters: Bond [ 1.000 ] Angle [ 2.000 ]
For example: A hidden box (note that there is no default value field here):

dbutton 1 “hidden-box” *» * *

dif {Preferences} then

dreal 2 “bond-angle” “Bond” 1.0 “Angle” 2.0 “Parameters:”
format 8.3

dendif

The dbutton entry line defines one button labeled Preferences and no pre-
ceding long string name as indicated by the empty quotes.
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[Preferences]

The hidden box containsthelinein the previous example. When the button
ispressed, the current dialog isreplaced by the hidden dialog box (asingle
linewithtworeal entry fieldshere), and asingle[return] button to exit back
to the parent dialog box.

Note: Nested dialog boxes are not supported.

Dialog and command file statements

These statements are the most useful to create scripts as they control both
the dialog and command file. They have exactly the same format as dialog
only lines. Not only can these statements control thelook of the dialog and
the command file, the fields can be used a variables, but this may result in
multiple use of afield. All statements are free format.

o string (variable field = “string”).

* integer (variablefield = integer).

* real (variablefield = real).

« toggle (variablefield = logica T/F).
* button (No variablefield).

» option (variable fields = logical T/F).

(keyword) (Nfields) (Command string) [ (short string) (field
default) ] (long string) (format fields)

» (keyword) - Thisisone of the dialog keywords that defines the entry
field type.

« (Nfields) - The number of entry fieldsto follow (i.e. inclosed as[]).

e (command string) - Thisstring iswritten asisto the command filewhen
the command file iswritten. Normally this would be a keyword for the
external program.

e [ ] the2 datastatementsinclosed are repeated (Nfields) times.

 (short string) - short string label associated with each field and written
next to the entry field, and the implicit name of avariable of value
defined by the valuein the entry field.

 (field default) - theinitial value of the entry field.

e (long string) - a string that labels the entry line of multiple fields.

« (format fields) - see definitions, used to change the look of the dialog.
The following keywords are valid:
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e string: creates string field entries.
e integer: creates integer field entries.

* red: createsreal field entries.
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» toggle: creates true/false toggle button entries.
¢ button: creates a button(s) - would normally be used for hidden boxes.
e option: createsaoption list - where only one valueistrue.

Example:

option 3 “REFI METHOD” “CGMAT” T “CDIR” F “CGRADD” F “Refine-
ment method” xstart 2500 xsep 1500

Format additions

Format additions are added to adial og definition that change thelook of the
dialog box for a statement. They have no effect on the command file.

Format (n):(n) depends on string/integer/real fields
xstart (n): Start point of the fields in 1/1000 inch
xsep (n): Separation of the fields in 1/1000 inch

append: Place current statement fields at the end of the pre-
vious statement fields

vertical: Place each field entry on a new line - vertical
arrangement

For integer field, format 4 would alow afour character integer number
entry from -999 to 9999.

For areal field, format 8.3 would allow a eight character number entry
with up to three decimal places.

For atext string, format 20 would allow atwenty character string entry/

Continuation marker

It ispossibleto add acontinuation mark to the end of alinein the command
fileby addinga“/” at the end of any statement line. This does not affect the
dialog box.

Examples:

1. Thefollowing example creates a single text entry using adialog only
statement and avariable {file} to pick up the user defined name for the
export statement. (Notethat the{file} variableisthe short text namefor
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the text entry field. By default the file name is updated in the script
when [OK] is pressed. (i.e., default “ saveOK”)

program “Write PDB” “Write of displayed/active molecules”

dstring 1 “nl1” “file” “script.pdb” “PDB name” xstart 2500
xsep 2500 format 40.00

output pdb {file}

2. Thefollowing script was used to run the program SQUID for the vali-
dation of proteins. This external program functionality has now been
replaced by the Tables and Graphs functionality within QUANTA and
istherefor no longer provided.

program squid “Squid Validation”

wait

assign strdir “$HYD_LIB/squid/”

output pdb script.pdb

write “#!/bin/csh -~

write “setenv SQUIDIO /y/programs/squid/squidio”
write “$HYD_EXE/squid -none -file script.pdb -put 300 300 700 700 << “END””’
write “echo”

write “check”

write “xfit open”

write “sel resi protein”

write “excl atom h* d*”

write “calc u(100) = {Bond}”
write “calc u(101) = {Angle}”
write “calc u(102) = {Plane}”
write “calc u(103) = {Clash}”
write “calc u(104) = {Probe}”

write “calc u(105) = {water}”
label “Refinement parameter check”

toggle 1 “stream {strdir}check_restraints.str” “ “ TRUE “Check bonds etc.” xstart 2500 xsep
toggle 1 “stream {strdir}check HNQ.str” *“ *“ TRUE “Check HNQ” xstart 2500 xsep 2500

toggle 1 “stream {strdir}check_cis.str” “ “ TRUE “Check for cis peptides” xstart 2500 xsep 2500
toggle 1 “stream {strdir}find_holes.str” “ “ TRUE “Check for possible voids”

toggle 1 “stream {strdir}check_clash.str” “ *“ TRUE “Check for clash” xstart 2500 xsep 2500

dbutton 1 “n1” “Preferences” “ “

dbutton 1 “n2” “Don’t press this 1”7 “«

dif {Preferences} then

dreal 1 “n7” “Bond” 0.10000 “Warning limit (A)”

dreal 1 “n8” “Angle” 5.0 “Warning limit (o) “

dreal 1 “n9” “Plane” 10.00000 “Warning limit (0)”

dreal 1 “n3” “Clash” 1000.00000 “Warning limit (Kcal)” xstart 2500 xsep 2500

dreal 1 “n5” “Probe” 1.2 “Voids Size (A) “

dtoggle 1 “n6” “Water” FALSE “Use water” xstart 2500 xsep 2500

dendif

dif {Don’t press this !} then
space
space
label
space
space
space

dendif

write

write “xfit close”

write “end”

write “yes”

write ““END””

Boo !~

T
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9. Using X-LIGAND

The X-LIGAND application automates the process of fitting ligand coordi-
nates to electron density maps with little or no user intervention.

using

Overview
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X-LIGAND wasdesigned for the crystallographic protocol inwhich ligand
binding experiments have successfully produced protein/ligand complexes
that form isomorphous crystals with respect to the apo form of the protein.
These ligand binding experiments result in isomorphous crystallographic
datawherethe protein part of the model structure can be solved directly, or
by molecular replacement, using the apo protein model. Theligand binding
sites should be apparent within omit density maps from these experiments
as connected density that correspondsin approximate size to that of the
ligand. There will also be other electron density due to data and model
errors.

This experimental protocol can berelatively rapid with many ligandsbeing
successfully bound and data collected in a short period of time. The result
isthat the model building process becomes the rate limiting step for the
structure determination.

X-LIGAND istherefore designed to search for unsatisfied el ectron density
(density containing no molecular coordinates), sort thesein order of vol-
ume, and fit aligand to these sites automatically. The application is also
ableto search conformation flexibility of aligand by varying any rotatable
bonds and fit these rotamersto density at arate of more than athousand per
second. This entire process, including refinement, can be carried out
quickly with X-LIGAND.

Because of the successrate of producing apparently correctly fitted molec-
ular coordinatesto electron density, X-LIGAND has been found useful for
any general fitting of coordinates to omit/2Fo-Fc/fo-fc data, including
small inorganic molecules (such as sulfate ions), polysaccharides, and

polypeptides.
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Requirements

X-LIGAND requiresaset of protein coordinates, one or more setsof ligand
coordinates, a map, and symmetry of the crystal system. The map may
either be of difference density or (n+1)fo-(n)fc asthe program excludes all
regionswith model coordinates already present in density. If the ligand has
rotatable bonds, the initial conformation of the ligand is not important.

Ligands

Because X-LIGAND is designed to use multiple ligands that do not “see”
each other (nonbond interactions), then all parts of the molecule for which
you want to calculate nonbond interactions must be part of the first MSF.
Thisisnot normally a problem with molecules whose waters are not
includedin thefile, becausethe solutionsfrom the search are sorted by size,
and hence the best solution isfirst.

Rotatable bonds

The application uses a routine to determine the rotatable bonds within
ligands, since thisis necessary for all the refinement methods used in
X-LIGAND. Thisroutineis not based on atom typing and does not require
the presence of hydrogens. This meansthat X-LIGAND is able to deter-
mine the correct number of rotatable degrees of freedom for any ligand
regardless of the hydrogen mode of the molecule. Since the algorithm is
based on bonding of the ligand and geometrical analysis of the structure,
theligand used in X-LIGAND must be closeto its energy minimum. Since
thisisrequired for the application (as only torsional conformational space
is explored), this does not represent alimitation in the application.

Rotatable bonds are rejected in a structure if:
1. Thetwo central atoms are part of aring.
2. The2nd or 3rd atom is a terminating atom.

3. Thetwo central atomsareableto form apartial double bond such astwo
sp2 carbon atoms.

4. Thefirst or fourth atom is a hydrogen.

Since hydrogen atoms (in polar or al-atom models), have little electron
density associated with their position, fitting hydrogen atomsincreasesthe
complexity of the search problem while adding little to the quality of the
final structure. If you must place hydrogen atomsin the search, aswith high
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resol ution structures, then you can add torsions that define their position
using the tool Define 1 torsion.

Edited rotatable bonds

If the rotatable bonds are changed to include more, or remove some, then
the application creates afile of the new definitions. It is not necessary to
know the contents of thisfile, or edit the file, as there are tools within
X-LIGAND and X-BUILD to edit thisfile using agraphical user interface.
Thisfileis of the format:

using
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Title line

Residue_name atoml atom2 atom3 atom4
Residue_name atoml atom2 atom3 atom4
etc.

For example, for alysine and phenylalanineresidue, thefile could contain:

Rotatable bonds for the two amino acids lys and phe
LYS NCACO

LYS N CA CB CG

LYS CA CB CG CD

LYS CB CG CD CE

LYS CG CD CE Nz

PHE N CAC O

PHE N CA CB CG

PHE CA CB CG CD1

Thetitle line can be anything and isignored, but must be present. The res-
idue/atom definitions are free format and delimited by spaces.

Each line defines arotatable bond for aresidue. There can be as many as
100 rotatable bonds for asingle residue, and as many residue definitions as
required. The ligand must only have a single residue name. The residue
name isastring of up to four letters and must be the same asthisligand’s
name in the MSF. The series of four atom names on each line defines the
torsion angle; the rotatable bond lies between the second and third atom.
Any linesin thisfilethat lack either the residue namefor the current ligand
or atom names are ignored.

MSF file requirements

The protein molecule must be the first molecule in the Molecule Manage-
ment table. If thisis not so, close al the preceding M SF files and reopen
them, using the append mode before you enter X-LIGAND. X-LIGAND
abortsif the first molecule is not a protein.

A ligand to be fitted must be provided to X-LIGAND as a separate M SF

file. Multipleligands can be provided to X-LIGAND so that each different
ligandisstoredin different MSFfiles. Henceit isnecessary that at least two
M SF files must be open, displayed, and active to use the X-LIGAND, but
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Symmetry

more than two M SF files can be provided if different ligands need to befit-
ted to aprotein. The protein coordinates must be in the first MSF file.

The X-LIGAND application generates a sphere of symmetry atomsaround
the working molecule so that symmetry ligand sites are not found as mul-
tiple sites. The symmetry atoms display as blue and the NCS atoms as red.

General use

Active site searching

X-LIGAND first findsall sitesaround the molecule where the el ectron den-
sity is above a user-defined threshold value, but in which no model atoms
occur. These sites are then sorted by size, with the largest region of density
first. Theligand is placed at this largest site by the application, and if the
ligand has ho internal degrees of freedom, then it isnecessary only to refine
the results.

Conformation searching

Precision

Once dl the sites have been determined by the application, if there are sev-
eral internal degrees of freedom in the ligand, possible conformations can
befitted to the density at the rate of about 2000/second. The conformations
are searched by changing the rotatable bonds, where therotatable bondsare
determined automatically if the molecule has been built in the 2D builder,
or provided explicitly as an external file. X-LIGAND automatically deter-
mines the precision at which rotatable bonds need to be searched to effi-
ciently give good results. The largest ligand so far tested had 16 rotatable
bonds; it took about 10 minutes to solve (about 1,000,000 conformations
searched).

X-LIGAND weights the search precision of each torsion depending on the
effect each torsion has on the overall shape of the molecule. Torsionsin the
middle of the molecule will be searched to the maximum precision of 1°,

whilethosetorsionsthat only affect the placement of 1 or 2 atomsmay only
be searched at aprecision of 180°. Thisweighting scheme allows the appli-
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cation to be computationally efficient, and prevents many solutions with
almost identical coordinates.

Once the application has searched the conformations and found a good
solution to the fitting problem, it is possible to carry out manual changesto
improvethefit. These can be carried out at any time, and may be necessary
if the ligand is particularly flexible (more than 10 internal degrees of free-
dom).

using

Refinement
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Theligand can now be refined using torsion angle real space refinement to
the electron density. This has avery high radius of convergence (about 2
A), and will refine the ligand regardiess of errors remaining from the
search. Therefined ligand can be saved to anew MSF at any time.

For arigid molecule, the program will immediately fit the ligand to a site.
You need only refine the position.

The conformation search tries to simultaneously fit the position, orienta-
tion, and rotatable bonds of the ligand, and keepsthe resultsthat fit the den-
sity the best. If you have a particularly flexible ligand (more than ten
torsions), then the program will probably require an omit map so that you
do not get fitsto other density. For morerigid molecules, you can use a 2fo-
fc map, since X-LIGAND checks each sitefor nonbonds. Therefine option
isvery powerful, and will often fit something along way from it minima.

Masked tools

Initially, only the first three tools are unmasked, (plus Exit), asnothing can
be calculated until the sites have been searched for. Once the ligand sites
arefound, other toolsbecome active. If thereare no internal degrees of free-
dom, the conformation search and the sub-tools under it will not be
unmasked, since they are not relevant for thistype of ligand. If you wish to
changethetorsion list, thetool to add/del 1 torsion can be used to edit the
list of torsions at any time, and the Select new ligand tool used to re-read
the contents of thisfile and reset all the necessary options. If you have only
one ligand, this process occurs without a prompt, otherwise a dialog box
prompts you to select the ligand again.
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X-LIGAND palette

Search for ligands

Thissearchesfor regions of density that have no atomsand returnsthessites,
sorted by size. The biggest region of density isthefirst site. Theligand site
sizeis defined by volume of density that is connected, above the defined
threshold (default=1.5 sigma), and not overlapped with the atomsin the
first MSF. Thiswill take about 5-10 sec. The program placestheligand, in
its current conformation, in approximately the best orientation at the first
site.

Adjust site volume

Thistool adjuststhe volume of the electron density to be searched to be the
same as the volume of the ligand. Thisworks by adjusting the sigmavalue
used in flood fill until the density volume found matches the volume of the
ligand. Theinitial value for the sigmalevel is defined within the X-
LIGAND | Change sear ch setting...| Search threshold tool. In general,
it appearsthat setting thisto quite ahigh value (3.0) isbest. The Adjust site
volume tool then searches down to find the correct extent of electron den-
sity for the ligand to fit into. Occasionally, thereis a problem with the tool
not finding the correct volume if theinitial valueisleft too low.

Change search setting...

Search threshold

This opens adialog of optionsthat allows basic search parameters to be
modified.

This sets the map level (in sigma) at which the search for possible ligand
sitesis made in the map. A lower threshold will result in more sites being
found, and will also increase the extent of the volume of each site that does
not overlap the protein. A lower threshold will often result in the overlap of
sites, giving fewer, larger sites. Thisisthe only parameter that needsto be
set by you. The default is appropriate for searching 2fo-fc maps.
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Conf search mode

Thisisautomatically set by the program. If the number of internal degrees
of freedom resultsin thetotal number of searched conformations exceeding
50,000, then a Random search is set, otherwise a Grid search is set. You
can override these defaults by selecting the mode you want.

Distance and positional restraints are supported to increase the successrate
of the conformational search during ligand fitting.

using
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Symmetry atoms can be picked and the information displayed.

Electron density truncation

This option alows you to eliminate electron density in the ligand binding
site that overlaps with the protein atoms or their symmetry equivalents.

Non-bonding

Defines the type of non-bonding interactions between the receptor mole-
cule and ligand. The following interactions are supported:

Self
Full
None

Partial bond torsion search

Thisallowsyou to turn on or off the option of having flexible partial bonds
in the ligand conformational search. For example, the peptide bond.

Use 3rd moments

To place the ligand in the density initially, X-LIGAND compares gyration
radii and moments of inertiafor the density and theligand to determine the
initial position and orientation of the ligand in the density. Thereis anew
option to use third moments of inertia for the shape-matching. If No 3rd
moment is chosen, the second moments of inertial are chosen, asin the ear-
lier release of QUANTA.
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Z-weights

Option to apply Z-weighting restraints to the ligand atoms based on their
atomic number. This option is helpful if the ligand contains heavier atoms
such as Hg or S. The ligand-placement algorithm will weight both the
heavier atomsin the ligand, as well as the regionsin the ligand electron
density volume.

Regularize

This option allows you to perform or skip regularization on the ligand
geometry before and after conformational searches.

Grid search parameters / Max conf to search

Inagrid search, this parameter forces an upper bound to the number of grid
valuesto search. The program automatically determines a grid search res-
olution for each torsion, so if the product of all torsions to search exceeds
this number, the grid step sizes will be increased until the total number of
search conformations is less than this value.

Max time for search

This parameter defines the length of the Monte Carlo search.

Intra-ligand Non-bonding

This option defines whether nonbond interactions between ligand atoms
areto beincluded (none or self) and allows you to turn on or off the calcu-
lation of nonbond interactions with the protein (full). For most ligands and
electron densities, this energy term is not needed for a reasonable fit, par-
ticularly when the el ectron density volumeis close to that of theligand vol-
ume.

When the electron density volume is smaller than the ligand, or the ligand
isto befitted into asmall void of the protein, then nonbond terms are
needed between the ligand atomsto aid the fitting process. The ligand will
fold up onto itself if these terms are not cal cul ated.

This energy term can be turned on and off, because there is atime penalty
for this energy term, the calculation usually being about 3 times slower.
Nonbond terms between the ligand and any other visible molecule are
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aways calculated, since they are pre-calculated before the search and thus
provide no time penalty within the calculation.

Grid search parameters / Max tors to search
The default maximum number of torsionsto search for agrid search is 12.

If there are more than 12 torsionsto search, X-LIGAND will not search the
least important torsions.

using
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Radii / Map display radius

This parameter sets the radius of displayed map about the ligand.

Radii / Calculation radius

X-LIGAND setsthisparameter to cover the entire molecul e of interest plus
5 A beyond the most distant atom. Use this option to change the scope of
the search algorithm.

Position search centre

Thetool to position search center allows a particular region of the map to
be focused on by setting the center of the map search to a particular point
in space, and then using asmaller calculation radius (X-L | GAND | Chang-
esear ch setting... | Radii / Calculation radius). Thisallows faster use of
the application on very large molecules, but is probably not necessary for
most problems. On selecting this tool, a pointer will appear at the screen
center (the current search center), and can be moved with the dials. A new
menu will open, allowing you to accept or reject the new position. See
Using the 3D Pointer (page 265), for detailed information on the Pointer
palette.

If Accept position is selected from the Pointer palette, the search center
will moveto this position, and symmetry recal culated based on this center
and the calculation radius. If Quit is selected, then no change is made.

Map on/off

Thistool provides an easy method to turn the map display on and off from
the X-LIGAND menu. When the mapsare not displayed, theligand site can
be observed more easily, and on machineswith slower graphics, refinement

QUANTA 2006 X-Ray Sructure and Analysis 237



9. Using X-LIGAND

Reset Ligand

and ligand editing will proceed more quickly because the display will be
redrawn more quickly.

Thistool resets the position of the ligand to that of the original ligand on
entry into the X-LIGAND module. Thisis needed when scoring thefit of a
particular ligand conformation to the density.

Next site

This moves the display to the next potential ligand site and places the
ligand, in its current conformation, in the sitein its best orientation.

Previous site

Goto site

This moves the display to the previous potential ligand site and places the
ligand, in its current conformation, in the site in its best orientation.

Thisallowsyoutogotoaparticular site directly rather than navigating with
the Next site/Previous site options.

Search conformations

If the ligand contains internal degrees of freedom such as rotatable bonds,
then it is possible to search conformations of the ligand as a function of
these torsion angles. The program can search up to 100 rotatable bonds
simultaneously.

During the search, the program automatically weights each rotatable bond
according to the effect rotating the bond would have on the structure. For
bonds that will significantly affect the structure, the search step will be 1°.
For arotatable bond that has very little effect on the structure, the search
angle will be 180°.

If thetotal number of search conformations exceeds 50,000, the application
selects the monte carlo search method, which is stopped only by an abort-
ing mouse click or when the search time limit expires after 10 minutes. If
the number of conformations to search isless than 50,000, the application
carries out an exhaustive search, normally in less than one minute. In this
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caseit would be normal to allow the application to compl ete the search, but
you can abort it with amouse click if you need to. During the search pro-
cess, the current best solution is displayed, so if you see a good solution,
you can stop the search and this best solution becomes thefirst of the best
20 displayed.

...Refine all

using

Thistool refines al the 20 conformations found by the Search conforma-
tionstool and then orders the conformations on the basis of the scoring
function.
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...next conformation

The program, on completing the search, lists the 20 best solutionsin order
of density fit. You will often find alternative conformersinthislist. You can
look through the list using the tools next conformation and previous con-
formation. Next conformation will show the next best fit, unlessthe current
fit isthe last one, in which case the next fit is the first one.

...previous conformation

The program, on completing the search, lists the 20 best solutionsin order
of density fit. You will often find alternative conformersinthislist. You can
look through the list using the tools next conformation and previous con-
formation. Previous conformation will show the previous best fit, unless
the current fit isthe first one, in which case the previousfit is the last one.

...all 20 conformations

This tool will show the best 20 conformations found by the conformation
search. This can show how the conformations cluster and may indicate a
single well-fitted conformation when all 20 are very similar, or aweakly
restrained conformation when al 20 conformations are similar but show
significant variation, or that there are multiple conformations.

Note that when this mode is highlighted then it is not possible to refine or
save the coordinates as the applications does not know to which structure
the operation refers. Selecting this tool again will turn of the display of all
the best solutions and return to the previous displayed solution.

If the search for conformation results in less than 20 solutions, then only
those found will be displayed.
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...Fix search origin

Thistool allowsyou to turn off the positional fitting of aligand. Thisisuse-
ful when amonomer of a polymer is being fitted to density for each mono-
meric site. To usethis option, movethe ligand manually to the center of the
required site, then fix the origin. When a conformation search is subse-
quently carried out, only the orientation and internal degreesof freedom are
searched for that ligand, thereby fitting the ligand only to the position
required. Thistool does not make the search proceed any faster.

...Fix ligand atoms

Thistool allowsyouto fix one or more atomsin the ligand molecule during
the conformational search.

...Clear fixed atoms

Thistool resets the atoms fixed by the previous tool.

...fit in stages

Thistool fitsthe portions of the ligand with better density (based on shape-
matching) beforefitting therest of theligand molecule. This option reduces
computation time.

After aligand isfit with this command, one or more previously uncon-
strained atoms may end up being fixed and several torsions may also be
inactivated. Repeated ...fit in stages sessions can proceed from that state,
but you may sometimes prefer to reactivate some or all torsions. In that
case, the constraints from atoms and torsions should be manually removed
beforerepeating ...fit in stages. The commands ...Clear fixed atomsand
Set active torsions should then both be used.

Flip tor 180

Thistool, whichisacopy of the one onthe X-BUILD | build atoms palette,
flips a selected torsion within aligand by 180 degrees. The selected torsion
within the ligand must be rotatable or nothing will be done.

240 QUANTA 2006 X-Ray Sructure and Analysis



X-LIGAND palette

Set active torsions

This gives amenu with al the active torsions highlighted. The torsions
present in the molecul e are shown on the ligand molecule for reference. Ini-
tialy, al the torsions are set as active (denoted by acheck mark before the
torsion), and can be inactivated by selecting the tool for atorsion. Aninac-
tive torsion is not searched or refined.

When aflexible ligand molecule is fitted to electron density using the X-
LIGAND | Search conformationstool, it will be found that the central
coreof theligand will befitted to the density first. Asthe search continues,
torsions will be refined so that larger parts of the structure will be fitted
around the central core of the ligand molecule with peripheral parts of the
ligand poorly fitted. It is therefore possible with thistool to inactivate the
torsions that no longer need to be refined by the search procedure because
this part of the ligand isalready fitted. Thiswill improve the radius of con-
vergence for fitting regions of the ligand not yet fitted.
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Add/del 1 torsion

Allows you to specify and remove torsions manually by picking asingle
bond. When selected, the tool will 1abel all the current rotatable bonds
(either calculated, or from thefilelig.rot), with thetorsion number. It ispos-
sibleto pick abond that is either already defined asatorsion, which will be
subsequently deleted, or a new bond that will be added to the list of tor-
sions, if valid. Aninvalid torsion isone that is part of aring or is atermi-
nating bond. It is possible to add a torsion between atoms not normally
recognized asrotatable, such asapeptide bond or where the 1st/4th atomis
ahydrogen atom. After picking abond, the tool exits. If you want to con-
tinue adding torsions, you should use the same tool again.

Once thistool has been used to modify the rotatable bondsin aligand, the
application creates or modifies the lig.rot file, lig.rot, which contains the
definitions for rotatable bonds. Thisfileisthen used in any subsequent
analysis of the ligand. Note, other definitions for different residues are
retained in thelig.rot file.

Edit torsions

This alowsyou to manually edit the torsion angles of the ligand, up to a
maximum of 100 torsions. If there are more than seven rotatable bonds,
then the eighth dia allows you to toggle up and down the list of rotatable
bonds. If you have no torsions, this option does nothing.
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Edit position

This allows you manually move the ligand position and orientation. The
dialswill changeto allow movement of the ligand in xyz and rotated about
the xyz axes.

Refine

This does real space refinement of the current ligand conformation’s tor-
sion anglesin the current site. When you select the refine tool, the position,
orientation, and all defined torsion anglesarerefined to the el ectron density
by least squares.

Score fit

Thisligand scoring tool takesthe current ligand conformation and assesses
how well the ligand fits the density. The larger the score, the better the fit.

Save ligand to MSF

This creates a new M SF of the current coordinates. The application will
open afile browser and prompts for afilename for the new ligand position
and conformation. The option SAVE saves the current ligand coordinates,
while CANCEL aborts the save and does nothing.

Select new ligand

Thistool allows a different ligand to be selected from the currently open
MSF files. If more than one ligand was open on entry to X-LIGAND then
adialog box will appear, allowing a new ligand to be selected. If Select is
chosen, thiswill become the new active ligand and will be fitted, and
sourced in subsequent parts of X-LIGAND. If Cancel is picked, no action
istaken. Thisoption resetsall torsions and recal cul ates the step size for the
search, and checks the search method to use.

Database/list

Thistool isused to carry out multipleligand fitsto asingle site. For the cur-
rent siteit is possible to:
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X-LIGAND palette

« Providealist of ligands (such asmoleculesin thecrystallization media),
which are then fitted in turn to the site, and the best fit is returned.

* Provide adatabase of ligands that will be searched to find the best
twenty ligands in the database that fit the site, and aview of all twenty
results.

A dialog box is opened that has afile browser and 2 sets of options. A list
of skeleton data base files are shown (*.ind) as default. A skeleton file can
be chosen to carry out a database search.

Thefirst optionlistisfor thefiletype. The default isthelist of skeletonfiles
(*.ind). If the second option ischosen then all the M SFfilesin the directory
are listed with the file name * 001.msf. This option allows a small number
of ligandsto be placed into multiple M SF fileswith names* nnn.msf where
nnn is a number from 001 to 999. Thisis designed for simple accessto a
small number of ligands. Each MSF file must only have 1 ligand in.

The second option defines what datais to be returned. The default isto
return the best fit ligand, all ligands currently open (molecules 2 and
higher) will be closed, and on compl etion the best fit ligand is opened. The
“Best 20” option will return the best 20 ligands, and on completion of the
search the best 20 (or the number of ligandsin the databank) will be opened
and displayed with the best fit ligand as molecule 2 and the worst of the 20
ligands as molecule 21.

If cancel is picked from the dialog box nothing is done. If OK is picked
from the dialog box then the search is carried out.

The Exit tool will exit from the X-LIGAND application and restore all the
previous atom selections. If any new ligand positions have been saved
whilein X-LIGAND (X-LIGAND | Saveligand to M SF), then these will
be opened and be referenced in the mol ecular management table. The posi-
tion of the search ligand will be that on entry to the X-LIGAND unlessa
new ligand was selected whilein X-LIGAND (X-LIGAND | Select new
ligand) when it will appear at the site on changing the active ligand.

TheExit tool in X-LIGAND will not save the current ligand position; these
new fitted sitesare saved using thetool X-L1 GAND | Saveligand to M SF.
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10. Using X-SOLVATE

X-SOLVATE is afunction within QUANTA X-BUILD or X-AUTOFIT

which allows you to search an electron density map (fo-fc, 2fo-fc, or 3fo-
fc) for water peaks, to adjust the peak positions, and to save them as water
coordinates. If you have alicense for X-BUILD or X-AUTOFIT, X-SOL-
VATE is automatically available from the QUANTA Applications menu.

This chapter describes the functions and steps that you take to use X-SOL -
VATE. It covers the following areas:

* Molecular coordinates used by X-SOLVATE.

» Saving water molecules on exit from X-SOLVATE.
» Accessing X-SOLVATE.

» Search for peaks palette.
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X-SOLVATE

» Peak search parameters dialog box.

Molecular coordinates used by X-SOLVATE

X-SOLVATE requires at least one M SFfile and allows you to supply other
M SF files containing coordinate data. When doing non-bonding calcula-
tions, X-SOLVATE will use the coordinates from all MSF files that were
open at X-SOLVATE's start-up. New water positions will only be deter-
mined if there are no atomic coordinates from any of the M SF files within
the minimum cutoff distance from an electron density peak. This means
that waters that X-SOLVATE previously placed will be used in the non-
bonding cal culations and new waterswill not be placed at these previously
determined sites.

Saving water molecules on exit from X-SOLVATE

When you exit X-SOLVATE, the waters will be saved in one of severa
places, depending on the currently open M SF files.

1. If any MSF currently open and active has any water molecules (includ-
ing those placed previously by X-SOLVATE), then the new water mol-
ecule will beinserted in this M SF after the last water already here. The
sequence ID of the new water molecules appended to this dataset will
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be started at the last sequence ID + 1 to give consecutive numbering of
al thewaters. The segment 1D will bethe same asthe segment ID of the
current watersin this MSF.

. If none of the currently open and active M SF files have any water mol-

ecules, then anew MSF file, called searchwaters.msf, will be added to
the molecular table and all the new water positionswill be added to this
file. The first sequence ID will be 1 and the new segment name will be
W.

Accessing X-SOLVATE

Before you begin

L oad the coordinate set of amoleculeinto QUANTA. Also supply an elec-
tron density map (fo-fc, 2fo-fc, or 3fo-fc) and the current symmetry for the
crystal system of the original data.

You can use the routine without symmetry but, if you do, no peak checking
is carried out for symmetry equivalents. This produces water molecules
related by symmetry overlapping.

Note that symmetry atoms can be picked and the information displayed.

To begin X-SOLVATE

1. Select X-Solvate from the Applications menu. QUANTA savesthe

current selection, color, and display masks. It then generates a selection
mask that contains all atoms plus their symmetry equivalents for the
map currently |oaded.

The color mask is set so that the working moleculeis colored by ele-
ment, and the symmetry-equivalent atom positions are colored blue and
the NCS atoms red.

A three-dia set isdisplayed containing dials for xyz positioning of cur-
rent water molecules. Additionally, the Search for peaks palette
appears.
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Using X-SOLVATE

This section describes the steps for searching, adjusting, and saving water
molecules.

Searching for water molecules

A search for water molecules identifies the water peaksin the electron den-
sity map and sorts them by size. X-SOLVATE is designed to run searches
in shells. The first search finds water around the protein as defined by the
max-bond parameter. If al water molecules from this search are saved, a
subsequent search finds the next level of water molecules further from the
protein.
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X-SOLVATE

To run a search

1. Select Search for water sfrom the Search for peaks palette. A searchis
initiated for peaks that:

* Are more than the min-bond from the protein.
» Arelessthan the max-bond from the protein.
» Are separated by more than min-sep apart.

« Do not overlap symmetry equivalents.

Peaksarereturned in size-sorted order, where thefirst peak isthelargest
in the map. The molecule window changes so that the view is centered
on the first peak and a 6.0-A sphere of the map displayed. Atom con-
tactsto the peak are shown by white dotted linesand numbersindicating
distances (up to 3.5A). The program maintains non-bond information of
6.0 A for each water, soif you move the water morethan 2.5 A, the non-
bond datawill be incorrect.

2. Select Next peak from the Search for peaks pal ette to move to the next
peak. The M olecule window display adjusts accordingly.

3. Select Previous peak from the Search for peaks palette to return to the
peak you have just finished examining.

You can adjust the parametersfor asearch by selecting Change sear ch set-

ting... inthe Search for pesks palette. A dialog box is displayed.

For an explanation of each of the parameters, see Peak search parameters
dialog box.
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Adjusting water molecule position

After examining the water molecules identified by the search, you can
mani pulate each of them individually to position them as you want.

1. Zoom in on the water so that you can see its position relative to the
atoms around it.

2. Adjust the position of the water using the dial set that is displayed.

The non-bonds and hydrogen bonds to each water appear as white and yel-
low lines (color 5 and 6). The white lines represent hydrogen bonds to
atomsand theyellow linesare non-bond interactions. The non-bonding and
hydrogen bonds up to 3.5A are shown.

Saving the water to MSF

On completion of checking the water site for nonbonds and fit to density,
thiswater position can be saved. Thetool Save aswater on the Search for
peaks palette will place awater molecule at the peak site. If this water mol-
ecule on subsequent analysisis required to be deleted, then the Delete
water tool will remove the water molecul e associated with this peak in the
electron density.

X-SOLVATE savesthe water inits current position in acurrently open and
active MSF file only if thisfile already contains water molecules. If not,
then a new file searchwaters.msf is created.

You can save all water peaksthat are identified in a search by selecting
Save all peaks from the Search for peaks palette.

Search for peaks palette

Search for waters

This section provides quick-reference to information on the Search for
peaks palette selection. This palette provides tools for searching for water
peaks, examining the peaks, and saving them.

Accessthe Search for peaks pal ette by selecting X-Solvate from the Appli-
cations menu in the QUANTA menu bar.

Use his selection to initiate a search of the current molecule for the peaks
that:
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Search for peaks palette
« Aremore than the min-bond from the protein.
¢ Arelessthan the max-bond from the protein.
» Are separated by more than min-sep apart.
« Do not overlap symmetry equivalents.

Change search setting...

Use this selection to change the parameters used in the calculation. For
information on parameter settings, see Peak search parameters dialog box.

Position search center

(o)
=

n

>

Use this selection to move the search center in the display. Place the new
center of the calculations using the 3D cursor that is provided. The default
center isthe geometric center of the molecule.

X-SOLVATE

Map on/off

Use this selection to toggle the current map display on and off.

Previous peak

Usethis selection to move the display so that it is centered on the previous
peak from the peakslist. This peak can then be manipulated and saved asa
water molecule.

Next peak
Usethis selection to movethedisplay sothat it is centered on the next peak
in the peaks list. This peak can then be manipulated and saved as a water
molecule.

Goto peak

Use this selection to move the display so that it is centered on a specific
peak in the peakslist.

This peak can then be manipulated and saved as a water molecule.
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Save as water

Use this selection to mark a peak to be saved on exit from X-SOLVATE to
the .msf file at the current water position.

Delete water

Usethis selection to mark apeak not to be saved on exit from X-SOLVATE
to the .msf file at the current water position.

Save all peaks

Use this selection to mark all waters so that they are saved on exit from X-
SOLVATE.

Exit

Use this selection to exit from X-SOLVATE and to save the water mole-
culesin the .msf file.

Quit

Use this selection to exit from X-SOLVATE when you do not want to save
the peaks. Previous selection, color, and display masks are restored.

Peak search parameters dialog box

Min density level

This section provides quick-reference information on the Peak search
parameters dial og box options. Thisdialog box provides parameter options
peak searches.

Accessthe Peak search parameters dial og box by selecting Change search
setting... on the Search for peaks palette. This dialog box allows you to
change the parameters that are set for awater search.

Thisisthe minimum value of electron density in sigmawhere awater can
be placed. The default valueis 2.
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Min distance to protein

Thisisthe minimum distance possible for a peak to be from the protein.
The default valueis 2.0 A. This resolution is less than the reasonable min-
imum expected in high resolution maps so that error inherent in the maps
at this stage does not prevent determination of the water positions.

Max distance to protein

Thisis the maximum distance from the protein that a water peak is found.
The default valueis 5.0 A. The setting prevents X-SOLVATE from finding
peaksin adensity region where no other datajustifies placing one. Theaim
of the routine isto find the first solvation shell, then to repeat the peak
search with the first solvent shell present, thus allowing the determination
of further solvent shells by iteration.

Min sep between peaks

Thisisthe minimum distance allowed between peaks. Peaksthat are closer
together than the min-sep value are replaced by asingle peak inthe average
position. The default valueis 1 A. The value used here depends on your
working practice; either multiple waters are placed close to each other with
low occupancy, or single unit occupancy sites can be placed with minimum
separation of 2.5 A.

Calculation radius

Thisistheradiusthat describes the region to be searched by X-SOLVATE.
The default value is calculated from the current loaded macromolecule so
as to cover the entire molecule.

Display radius of map

This changes the map display radius about each peak. The default valueis
6.0A.

Temperature factor

Thisisthe BVALUE of the temperature factor saved with the water posi-
tion coordinates. The default valueis 20.
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11. Using the CNX Interface

QUANTA 2006 includes an interface to features of the CNX program for
crystallographic calculations. The main features are:

* Production of a CNX-compatible PSF and parameter file. The PSF
includes structural information used by CNX in addition to that avail-
able in the coordinate file.

» Rapid computation of avariety of el ectron density maps, including omit
maps.

* Refinement: simulated annealing; constant-temperature dynamics,
rigid body, positional, and B value refinement

To accessthe CNX interface, go to the Applications menu (or enter cnx on
the command line prompt).

In addition, two utility programs are accessible from the CNX interface or
from the command line by typing cnx util:

» The chtoxprtf program converts an RTF file generated by QUANTA
into a CNX-format RTF file.

» The psfgen program takes a parameter file and PSF file and, for the set
of residuesthat are not named in the $SQNT_XRAY /known.resfile, gen-
erates unique atom types for each atom and updates the PSF and param-
eter files accordingly. The purpose of thisisto allow expert usersto
change the parameterization.

For additional information on CNX, please see the CNX documentation
and tutorials, which are published separately by Accelrys.

The CNX Interface palette

Using tools on the CNX Interface pal ette, you can set up protocols from
QUANTA for CNX, generate CNX scripts, and run CNX calculations.
Multiple protocols can be set up, but usually only one can berun at atime
on asingle host. By using different hosts, you can process multiple CNX
jobs simultaneously.

QUANTA manages the files needed to execute a CNX job: an input script
containing CNX commands; areflection file (.cv); and the coordinate file
(PDB), PSF file, and parameter file necessary to define the molecular sys-
tem. The input script is constructed by QUANTA from template files
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(maps.cnx or refine.cnx) taken from the following directoriesin order of
priority:

« The current working directory.
¢ Thedirectory pointed to by the QNT_USR environment variable.
« The QNT_XRAY environment variable.

Thisallowsthe user or group to maintain their own refinement and map cal-
culation protocols. Thetemplate files contain all the instructions necessary
for running a particular type of calculation. Lines that need to be replaced
by QUANTA parametersarelabeled with {Q??> } inthefirst 6 columns.

Theinitial part of the CNX script defines all the parameters and filesto be
used in the calculations. The interface can produce afile describing the
topology of the molecule (named filename.xpsf) and a parameter file
(named filename.xprm), where filename is taken from the name of thefirst
msf in use in the program.

Palette tools

Set Symmetry

Space group and unit cell dimensions may be obtained by QUANTA while
importing a PDB-format coordinate file containing the CRY ST1 card, or
may be defined by using thistool. Thisinformation is necessary for any
crystallographic calculations. In using thistool, you are prompted for space
group, unit cell information and orthogonalization code. The orthogonal-
ization code defines how the crystall ographic coordinate frameisrelated to
the orthogonal coordinate frame used for atomic coordinates. The appropri-
ate valueisusually 1.

Set-up Structure Factors

A file of observed structure factors (F o) is required for all CNX calcula-
tions. Thisfilemust bein CNX format (.cv) and include a compl ete header
and the definition of atest set.

The Set-up Structure Factor stool displaysaFile Librarian from whichto
select areflection file. You also need to define the resolution limits of the
datato be used in the CNX calculations.
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Parameter Set

TheParameter Set tool opensadia og box for specifying which parameter
set to use with CNX. The choices are the standard set of parameters, the
Engh and Huber parameter set, or acombined set.

Engh and Huber developed a set of parameters for use in crystal structure
refinement following an analysis of the geometry of a series of molecules
in the Cambridge Data Base (Engh and Huber 1991). A set of parameters
and topology filesbased on their work has been anintegral part of CNX for
some time (the parhcsdx.pro and tophcsdx.pro files). The standard param-
eter set is based on the CHARMmM forcefield. Engh and Huber parameters
are the more frequently used of the two for refinement.

Specify the desired parameter set with the Parameter Set tool onthe CNX
Interface palette. You can use QUANTA to construct PSF and parameter
filesthat conform to either the standard or the Engh and Huber parameter
set with the Generate CNX PSF command. If the Engh and Huber param-
eter set is selected, then when PSF generation is requested the following
ocCurs:

1. Thecurrent CHARMm parameter fileand QUANTA dictionary file set-
tings are saved.

2. Thecurrent QUANTA dictionary fileis changed to $HYD_LIB/ ehx-
plor.dic. This maps from the standard protein atom and residue names
to the Engh and Huber atom types as defined in the tophcsdx.pro file.

3. The current parameter file, to be used in generating a parameter file
from QUANTA, is set to the file SQNT_XRAY/EHXPL.PRM. This
contains the Engh and Huber parameter set from parhcsdx.pro con-
verted into aformat acceptable to QUANTA.

4. Thecurrent set of active atomsis passed to the PSF and parameter gen-
erator. The BQONT_XRAY/eh_defs.list fileis used to describe the tor-
sions for the named residues. This overrides the generation of all
possibletorsions, which isthe normal output of the PSF generator when
generating CHARMmM psf files. The parameter chooser asks you to sup-
ply any missing parameters.

5. The QUANTA dictionary file and CHARMm parameter file revert to
those saved in Step 1.

Inthisway, the limited set of Engh and Huber parametersisused asabasis
for the parameter chooser.
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Map Generation

Through the CNX interface, you can specify the essential variablesto be
used in map generation. The program uses those values to fill in the appro-
priatefieldsinthemaps.cnx fileinthe $QNT_XRAY directory. You can set
your own protocol for these calculations by changing these files. The pro-
gram first looksin the working directory for the named files, then in the
$ONT_USR area, and finaly in the $QNT_XRAY directory.

Clicking M ap Generation opens adialog box in which you can choose:
« Thetype of map to be calculated (2fo-fc, fo-fc, fo, or fc).

e Whether it isan omit map, that is, whether certain residues or a partic-
ular segment are to be excluded from the phase cal cul ation for map gen-
eration. The symbols” and * areinterpreted asthe beginning and end of
a segment.

» Thegrid size at which to compute the map. For some maps, CNX fails
with the default value (0.33 A) and afiner grid (e.g., 0.25 A) should be
tried.

«  Whether the calculation runsin the background or interactively, or
whether the interface produces a script to be run later using the Run
CNX... command.

Toolsin the dialog box, and their functions, include:

Omit Residuesfrom Map Calculation Modify the segments and resi-
duesused in calculating amap. By default, all atomsin the moleculeare
selected for map calculations. This can be modified by omitting certain
segments or residues.

Segment Enter a segment type.
Residues Enter aresidue or residue range.

Define Extent of Map Determine map boundaries, which can be spec-
ified infour different ways, following standard CNX usage. Themap is
calculated to cover the specified volume.

Cover Entire Molecule Calculate amap to cover all atomsin the mol-
ecule, with an extra extension (cushion) of 2 A.

Cover Selected Atoms Calculate amap to cover all displayed atoms,
with an extra extension (cushion) of 2 A.

Fill Unit Cell Calculate amap to fill the entire unit cell.

Fill Defined Box Calculate amap to fill arectangular volume. The cen-
ter of the box is defined as the center of rotation of the screen. The box
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dimensions are arranged around that center. The x, y, and z values of
each edge of the box arein Angstroms.

Rigid Body Refinement

You provide the essential parametersto be used in rigid body refinement.
The program uses them to fill in the appropriate fieldsin therigid.cnx file
inthe SQNT_XRAY directory. You can set your own protocol for these cal-
culations by changing these files. The program first looksin the working
directory for the named files, then in the SQONT_USR area, and finally in
the SQNT_XRAY directory.

Clicking the Rigid Body Refinement tool opensadial og box allowing you
to set up the refinement protocol. The options are:

« Toperform rigid body refinement. Specify the number of steps of rigid
body minimization.

e Torun positional refinement. Specify the number of steps of coordinate
minimization.

« Torun B-valuerefinement. Specify the number of steps of B-value opti-
mization.

e Thetypeof initial B-factor correction (scaling) to be used. The choices
are none, isotropic and anisotropic.

« Thetype of bulk solvent correction. The choices are none, Babinet or
atom mask.

« To generate maps at the end of the refinement (the file mentioned in the '
first paragraph contains the specification of the maps to be generated).

« Therootname for the input file. Thisnameis used for all the files gen-
erated in the CNX calculation (input command file, log file, coordinate
file, and map output file).

«  Whether to run the calculation in the background or interactively, or
whether the interface produces a script to be run later using the Run
CNX... command.

Refine Structure

You providethe essential parametersto be used inrefinement. The program
usesthemtofill in the appropriatefieldsin therefine.cnx filein the SONT _
XRAY directory. You can set your own protocol for these cal culations by
changing these files. The program first looks in the working directory for
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the named files, then in the SQNT_USR area, and finally in the SONT _
XRAY directory.

Clicking the Refine Structure tool opens adiaog box alowing you to set
up the refinement protocol. The options are:

To run dynamics refinement, either simulated annealing or constant-
temperature dynamics. For either choice, you may specify theinitial
temperature and the number of refinement steps. For simulated anneal -
ing, the decrease in temperature per step is calculated from these two
values. You also have the choice of torsion angle dynamicsor Cartesian
dynamics.

To run positional refinement. Specify the number of steps of coordinate
minimization.

To run B value refinement. Specify the number of steps of B-value opti-
mization.

Thetype of initial B-factor correction (scaling) to be used. The choices
are none, isotropic and anisotropic.

The type of bulk solvent correction. The choices are none, Babinet or
atom mask.

To generate maps at the end of the refinement (the file mentioned in the
first paragraph contains the specification of the maps to be generated).

The rootname for the input file. Thisnameis used for all the files gen-
erated in the CNX calculation (input command file, log file, coordinate
file, and map output file).

Whether to run the calculation in the background or interactively, or
whether the interface produces a script to be run later using the Run
CNX... command.

Other CNX Interface tools

Generate CNX PSF. Generate a PSF and parameter file for the cur-
rently selected molecular system.

Set CNX Host... Open adialog box for selecting an external host on
which CNX has been installed and which has been referenced in thefile
$HYD_LIB/applcomm.db. The $HY D_EXE/cnx.bat file contains the
commandsto run CNX on an external host. Thisfile must be located on
the selected host.

Run CNX... Open adialog box for selecting an already-existing CNX
script to run.
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Palette tools

Check Log File Open the Choose CNX log file File Librarian. The
selected log file is scanned for errors that may have halted or affected
the CNX run and reports any errorsto the textport.

Update Coor dinates Open the Choose the PDB file File Librarian.
After an CNX job iscomplete, anew set of coordinatesissaved in CNX
PDB file format. Thistool reads those coordinates and updates the cur-
rent molecular system.

CNX Utilities. Accessthe CNX utilities described at the beginning of
this chapter.

Exit CNX Interface. Close the CNX Interface palette and return to
QUANTA core functions.

Handling disorder in QUANTA and the CNX interface

The alternative location indicator is held for each atom in QUANTA asa
(mostly) hidden part of the atom name. It isblank if thereisno disorder. Up
to six alternative positions are handled by most of the electron density fit-
ting functionality. When a CNX-format PSF or PDB fileis saved, this
information is queried so that the correct information isincluded. In addi-
tion, PSF generation includes a valence-checking function that ignores
atoms that are not disordered but are connected to disordered atoms. PSF
generation correctly replicates the bonding as it appears on the screen.
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12. Setting Up Molecular Systems for CNX

This chapter briefly describes how to set up some common types of molec-
ular systemsin QUANTA for usein CNX calculations. These examplescan
serve as templates for setting up your own work.

This chapter describes

Setting up aCNX system for asimple protein

Setting up an CNX system for aprotein, solvent, ion, and nucleic acid (see
Setting up asystem for anucleic acid, solvent, ion, and ligand).

Before you begin

To complete these exercises, copy these files from the directory $QNT _
ROOT/tutoria/files into your working directory:

« Barnase protein system: 1a2p.pdb and 1a2p.cv
* DNA, solvent, and ligands: 102d.pdb and 102d.cv

Setting up a CNX system for a simple protein

This section describes how to set up asimple protein system and perform
CNX calculations on it.

Setting up the structure for CNX

o
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1. Fromthe File menu, select Import. The Import File Librarian isdis-
played
2. Select the Protein Data Bank PDB file 1a2p.pdb to import.

3. Thisprotein has some residues with multiple conformations (disorder).
You will be asked if you wish to “Handle Alternate L ocation as Disor-
der?’ Click Yes. Unless you have turned on the preference that causes
the CRY ST card to be read automatically, you are prompted whether
you want to set up symmetry. Click Yes.
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4. You are then asked to confirm that the spacegroup P32 is correct. Click
Yes. (The reason for these promptsis that some third-party programs
that output PDB filesdo not write the CRY ST line correctly, so it ishot
aways safe to read it blindly.)

5. Thefile 1a2p.msf is created and opened.

6. If youimport a PDB or other format file that does not contain correct
cell and spacegroup information, this can be added to the M SF using the
menu function Edit | Symmetry->Define.

7. From the Edit menu, select Split and Clean. You should see the mole-
cule colored according to whether it is protein, solvent, nucleic acid, or
other. Note the three red atoms. These are zinc ions. Click Save to sep-
arate M SFs. You are warned that “Bonding exists between different
classes.” Thiswarning istriggered because the zinc ions were assumed
to be covaently bonded to adjacent protein residues. Click Continueto
break these bonds. You now have three M SF files each containing one
sort of molecule, enabling the most appropriate tools to be easily
applied to each for correcting the structure.

8. Click Clean Options. Thisallows control of the hydrogen model to be
used. Choose None and click OK.

9. Click Clean Protein. This adds hydrogens when that option is chosen,
sets up standard names and atom types, and rebuilds any sidechainsthat
have missing atoms. You are asked about the disorder in the protein.
Chooseto Keep all Disorder and click OK.

10.Click Clean Solvent. This command serves asimilar function for sol-
vent as Clean Protein doesfor protein.

11. Ligand molecules would normally fall within the class “ Other”. The
Molecular Editor is available from the Split and Clean palette to fix
bond order or any other details of ligand molecular structure. In this
case, the zinc ions are the only member of the “ Other” class, and do not
reguire additional attention.

12.Click Finish to exit the Split and Clean function.

Running a CNX job to minimize the system

This section describes the steps for minimizing the protein using CNX:

1. From the Applications menu select CNX Interface. The CNX Inter-
face palette is displayed.

2. Fromthispalette, select Parameter Set.... Select Use Engh and Huber
parametersand click OK.
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3. From this palette, select Set-up Structure Factors.... The Select Inten-
sitiesfilelibrarian is displayed listing the structure factor files.

4, Select theintensity file 1a2p.cv. Set the High Resolution Limit to 1.5.
Click Open.

5. Select theintensity file dummy.fob; make sure the weight factor WA is
set to 0. Leave the other fields at their default values and click Open.

6. Select the Set CNX Host... tool. Select alocal host from the scrolling
list and click OK. The CNX Job Characteristics dialog is displayed;
accept the default values and click OK.

7. Select the Refine Structure... tool. The Positional Refinement Settings
dialog box is displayed. In this dialog box, of the three types of refine-
ment that you can perform, select only Perform Minimization Refine-
ment, with Number of Steps set to 20. Select I nitial B-factor
Correction: Anisotropic and Bulk Solvent Correction: Atom Mask.
Select the action at the bottom of the page; Wait for Calculation to
complete. Leave al other fields at their default values and click OK .

8. The CNX job runs on the selected host from the file cnx.bat. You will
be notified in the Textport when cnx.bat is started and when it is fin-
ished.

9. Select Update Coordinates.... Select the refined coordinate file, 1a2p_
Protein_refine.pdb. Click Open. Thethree zinc ions need new segment
names. Choose 'D' when prompted regarding thisissue for thefirst ion.
Use 'E' and 'F for the second and third ion, respectively, when
prompted. In the 'Save datainto msf files' dialog box, all three mole-
cules should be checked (default). Chooseto Create a new generation
of thefileand click OK. The coordinates on the screen and inthe active
M SFs are updated. If you watch the screen carefully you can see the
atomic positions shift as the coordinates are updated.

Several files should be generated from this example:
e 1a2p Protein_refineinp - the script that is sent to X-PLORCNX.

o
35 X
o O
c
.EDI—
o X<
)

e 1a2p Protein_input.pdb - theinitial coordinates of the system.

e 1a2p Protein_refine.out - the CNX logfile.

e 1a2p Protein_refine.pdb - the final coordinates.
e 1a2p Protein.xprm - the CNX parametersfile.

e 1a2p Protein.xpsf - the CNX PSF file.

QUANTA 2006 X-Ray Sructure and Analysis 263



12. Setting Up Molecular Systems for CNX

Running standalone CNX

The PSF (.xpsf) and parameters files (* .xprm) from Quanta, can be used
with other CNX scripts, when combined with the input pdb file that iswrit-
ten by the CNX interface (*_input.pdb). Frequently, atopology fileand a
parameter file are needed to define aligand for standalone CNX. Quanta
can be very useful in this case. The Molecular Editor will write a
CHARMmM-style RTF fileif requested in the dialog that occurs upon exit.
That RTF can be converted to a CNX-style topology file (*.top) by using
the appropriate command in the CNX Interface/CNX Utilities.. That topol-
ogy file, combined with the parameter file (*.xprm) that the CNX Interface
writes, supply the ligand information needed for refinement in standalone
CNX.

Dealing with possible problems

You could encounter several problems when running this sort of calcula-
tion. This section discusses three common ones.

If CNX does not run or cannot be found

QUANTA probably cannot find where the executable for CNX is located.
Check with your systems administrator or check your installation guide for
the locations of cnx.bat and cnx.exe. cnx.bat should beinthe $SHYD _EXE
directory, and it should be referenced in the $HY D_L I1B/applcomm.db file
for any machines on which you want to run CNX. Thecnx.bat fileisasim-
ple C-shell script that executes cnx.exe.

Seeing the attached-atoms error message

Thismessage box isdisplayed during PSF generation if any atoms havetoo
many attached atoms. This could happen if the geometry is poor and the
distance-search bonding algorithm is used.

This problem should not occur for aprotein-only system, since the Special
Protein algorithm should be used automatically.

Using the Edit | Bond Options function, you can also disable bonding
between different segments. Thisis useful if you have solvent in close
proximity to other structures within the same MSF.

Bad bonding can occur if connectivity has been incorrectly specifiedin an
externa file. In such cases, switch to an algorithm other than Sored Con-
nectivity plus Distance Sear ch. If bad bonds persist, manual editing is
straightforward: the message box allows you to color the problematic
bonds red and the rest of the molecule white. Choose this and focusin on
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thetrouble spots. Usethe Break Bond tool onthe Modeling paletteto elim-
inate the problem bonds. Then you can use File | Save Asto make sure the
corrected connectivity is saved for future use.

Unable to generate a PSF because of unknown atom types

“Unknown atom types’ refers to the situation where one or more atoms
have not been assigned avalid CHARMmMm atom type. This should never
happen for a protein that has been typed on import using the correct dictio-
nary file or cleaned with the Split and Clean application. It can occur for
non-standard groups. Methods for correcting the problem include:

« UseApply Dictionary to retype using a different dictionary file. You
can use your own customized dictionary files.

» |If RTF descriptions exist for all the residues in your system, perform a
CHARMM energy calculation in RTF mode.

 Isolate the problem by placing the parts that work into a separate M SF.
This can conveniently be done with the Split and Clean application.
Then use the Molecular Editor to correct any problems.

Setting up a system for a nucleic acid, solvent, ion, and
ligand
This section presents an example of how to:
« Set up asystem containing nucleic acid, solvent, ion, and ligand.

e Set up CNX to perform aminimization and generate an electron density
map for this system.

Doing initial setup

Import the pdb coordinate file 102d.pdb, and proceed with Setting up the
structure for CNX (page 261) asfor the previous example up to and includ-
ing Step 6.
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Preparing the other molecules

1. From the Edit menu, select Split and Clean. You should see the mole-
cule colored according to whether each molecule is solvent, nucleic
acid, or other. Click Saveto Separate M SFs.

2. Click Clean Options. Thisalows control of the hydrogen model to be
used. Choose Polar and click OK.
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3.

Within the Split and Clean application, click Clean Solvent. This adds
hydrogens to the solvent and corrects the atom types if necessary. For
the purposes of crystallographic refinement, ideally the X-SOLVATE
application should be used to place water moleculesin the electron den-
sity. The CHARMm HBUILD function is also useful, since it checks
for hydrogen-bonding partners as it places the hydrogens.

Click Clean Nucleics. This adds hydrogens and corrects atom typesin
the DNA.

Setting up aligand generally requires manual intervention to obtain the
best chemical representation. If theinitial structure has very good
geometry, then the Auto Edit tool on the Split and Clean pal ette may be
able to perform the tasks automatically. In this case, click M olecular
Editor and choose 102d_Other.msf. Select the Change Bond tool. A
total of 16 bonds should be changed from single bonds. At both ends of
the molecule, click each bond in the two ringsthree timesto make these
systems aromatic. Each bond should have bond order of 1.5 asindicated
by doublelines, one of which is solid and one of which is dashed. Also,
set the bond between each of the four nitrogen atoms and its adjacent
carbon atom to have bond order 1.5 (dashed and solid bonds). Click
Add Polar Hydrogens.

Click Save and Exit. In the Save Options palette that appears, choose
Reassign atom types and Reassign atom charge. Click OK. The
Adjust Total Charge palette now opens. Enter the desired total charge as
2.04 and select Do not smooth. Click OK.

Click Finish to exit the Split and Clean application. To check that the
structures are correctly set up, perform a PSF mode CHARMm calcula-
tion. The missing parameter box that opens indicates those parameters
that were estimated within QUANTA.. Quit thistool to finish the energy
calculation.

Setting up the CNX calculation

This section describes the steps for minimizing the protein using CNX.

1

From the Applications menu select CNX Interface. The CNX inter-
face palette is displayed.

From this palette, select Parameter Set.... Select Sandard Parame-
tersand click OK.

From this palette, select Set-up Sructure Factors. The Select Intensi-
tiesfilelibrarian is displayed listing the structure factor files.

Select thereflection file 102d.cv. Set the High Resolution Limit to 2.2.
Click Open.
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Setting up a CNX system for asimple protein

Select Generate CNX PSF to write the necessary structure and param-
eter files for your molecular system.

Select the Set CNX Host... tool. Select alocal host from the scrolling
list and click OK. The CNX Job Characteristics dialog is displayed;
accept the default values and click OK.

Select the Refine Sructure... tool. The Positional Refinement Settings
dialog box is displayed. In this dialog box, of the three types of refine-
ment that you can perform, select only Perform Minimization Refine-
ment, with Number of Steps set to 20. Select I nitial B-factor
Correction: Anisotropic and Bulk Solvent Correction: Atom Mask.
Select Generate maps post-refinement. Select the action at the bottom
of the page; Wait for Calculation to complete. Leave al other fields
at their default values and click OK.

The CNX job runs on the selected host from the file cnx.bat. You will
be notified in the Textport when cnx.bat is started and when it is fin-
ished.

Select Update Coor dinates... Select the refined coordinate file, 102d_
Nucleic_refine.pdb. Click Open. In the Save datainto msf files dialog
box, al three molecules should be checked (default). Chooseto Create
a new generation of thefile and click OK. The coordinates on the
screen and in the active M SFs are updated. If you watch the screen care-
fully you can see the atomic positions shift as the coordinates are
updated.

Several files should be generated from this example:

102d_Solvent_refine.inp - Contains the script that is sent to CNX.

102d_Solvent _input.pdb - Contains the initial coordinates of the sys-
tem.

102d_Solvent _refine.out - the CNX lodfile.
102d_Solvent _refine.pdb - the final coordinates.
102d_Solvent.xprm - CNX parametersfile.
102d_Solvent.xpsf - the CNX PSF file.

102d_Solvent_refine_2fofc.map - the 2fofc map calcul ated after refine-
ment

102d_Solvent_refine_fofc.map - the difference map calculated after
refinement.
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13. Tutorial

Lesson 1: Getting Started with QUANTA (page 269)

Lesson 2: Getting Started with the X-Ray Modules (page 276)

Lesson 3: Manual CA-tracing (page 284)

Lesson 4: Automated CA-tracing (page 294)

Lesson 5: Sequence assignment (page 303)

Lesson 6: Model Building and Real Space Refinement using X-BUILD
(page 307)

Lesson 7: Ligand Fitting using X-LIGAND (page 318)

Lesson 8: Water Fitting Using X-SOLVATE (page 323)

Setup for the tutorial

Before beginning, unpack the QUANTA tutorias tar file.

Extract the files needed for the QUANTA tutorialsto an appropriate
location with the command:

> tar -xvf QUANTA_ tutorials.tar

Lesson 1: Getting Started with QUANTA

The following material is covered in this lesson:

Starting QUANTA,

Loading in amolecule,

Manipulation of a molecule on the screen,
Exporting files, and

Exiting QUANTA.

Set up for thetutorial
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If you have not extracted the tutorial files from the QUANTA tutorials tar
file, see Setup for the tutorial (page 269).

Move into the directory lesson3/.

It is best to start QUANTA in a proper termina window or winterm. Itis
not recommended to start the program from the Console window.

At the UNIX prompt, type:
> quanta

followed by <Enter>.

Asthe program starts up you are asked for permission to copy some
startup filesto the directory that QUANTA isrunning in. Click Yes or
press enter.

After afew moments you will now see a number of QUANTA windows
appear (Figure 2.).

QUANTA Viewing Window: The molecular structure under study is
displayed in the viewing area. It is empty at present because no mole-
cules have been read in.

Menu Bar: The menu bar contains nine menus from which various
QUANTA functionsand external programs can be accessed. Each entry
picked and dragged with the mouse gives a commands menu from
which various operations can be selected. In general, asyou move from
|eft to right on the menu bar, you will move from housekeeping func-
tionsthrough structure creation and editing functions, to simulation and
analysis functions.

Command Prompt: You can enter specific QUANTA commands on
the Command Line located directly under the viewing area.

M essage Area: The Message Lineis located directly under the Com-
mand Line. During QUANTA operations, thisareadisplaysinstructions
and error messages.
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Textport: A scrollable, resizable window that displays QUANTA oper-
ational messages and information about displayed structures. M essages
can betheresult of aselected function. For example, amessage may list
the atoms contained in the displayed structure, confirm picking of an
atom in the viewing area, or transmit an error message.

» Palettes. Commands can be picked from the Geometry and Modeling
palettes.

¢ Molecule Management Table: The various cells display statistics of
the molecule(s) under observation and turn the display on and off.

« Dial Emulator: It isan electronic mouse equivaent of mechanically
operated buttons or dials.

QUANTA viewing window y CHARMm Energy
CHARKm Minimizstion
Mm Dynamics

Geometry palette

Modeling palette

Dials Emulator

Command Prompt Molecule management
window

Textport

Message area

Figure 2. The layout of QUANTA

2. Importing a molecule

Go to the File pulldown menu located on the menu bar and drag down
to the Import Single Structure command and then rel ease the button
to select it. Click on thefile you want to import (kringle4.pdb), (it will
become highlighted) and then click Import.

You should now have an image of the protein with the atoms colored by ele-
ment. The atoms arejoined together by linesthat represent covalent bonds.
Regardless of how a structureis created, information about it is stored in
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QUANTA asamolecular structure file or MSF. File names are written as
filename.msf. An M SF contains at least this basic information:

3.

All atomsin the structure.
Location of atomsin 3D coordinate space.
Atom types, names, and charges.

Residue and segment information.

M anipulation of the molecule

Dia emulatorsthat control vector quantities like translation, rotation, and
scaling are affected by the position of the cursor over the emulator dials.

For example, if you click on the right side of the Z-rotation emulator
dial using any mouse button, the structure in the viewing area rotates
clockwise. Pressing and holding the button while dragging the mouse
to the right results in continuous clockwise rotation that increases in
speed as the cursor moves farther right. If the molecule gets lost then
pick the dial bar called Reset View.

A much more natural method for manipulating the moleculeisto use a
combination of keyboard keys and mouse buttons as a virtual track ball
(summarized in Figure 3.).

Move the mouse so the cursor isin the viewing area. Pressand hold the
middle mouse button and move the mouse so the cursor moves around
the viewing area.

The structure rotates at the same speed and in the same direction as the
mouse. The axes, displayed in the upper-left corner of theviewing area,
rotate with the structure. Release the mouse button. The structure and

axes stop rotating.
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Now we will rotate about the screen Z-axis. Thisaxisis perpendicular to
the plane of the screen.

Press and hold the right mouse button. Move the mouse so the cursor
movesto theleft side of theviewing area. While continuing to pressand
hold the right mouse button, move the mouse so the cursor movesto the

right side of the viewing area.

We can move the structure through a clipping zone.

Press the shift key and hold the left mouse button. Move the mouse so
the cursor moves towards the top of the viewing area. You have nar-
rowed the depth of the zone along the Z axis where parts of your struc
ture are visible. Move the mouse so the cursor moves towards the
bottom of the viewing area. You have increased the depth of the zone
aong the Z axis where parts of your structure are visible.

We can aso trandate the displayed structure on the XY axes.

Press the <Shift> key and hold the middle mouse button simulta-
neously.

A trandlation along the Z axisis also possible.

Press the <Shift> key and hold the right mouse button simultaneously.

You can scale the structure as well.

Press the <Shift> key and don't press any mouse buttons. Move the

mouse so the cursor movestowardsthe bottom of theviewing area. The
molecule enlarges asthe viewer appearsto comecloser to the molecule.
Move the cursor to the top of window and watch the structure become

smaller.
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You can easily display information about atoms.

Many QUANTA operations require that an atom or set of atoms be

picked before processing. When an atom is picked, an identification tag
(ID) isdisplayed on the screen adjacent to the picked atom. Place the
point of the cursor over an atom. Click the left mouse button. The atom
ID isdisplayed next to the atom, and information about the atom is dis-
played in the Textport.

Now, we will return the structure to its original orientation.

Select the Reset View dial onthe Dial Emulator. The structurereturns
toitsorigina orientation. Reset View in the Geometry pallet and the
Reset View dia perform the same function.

Pick atom Rotate Rotate Clip Translate | Translate Zoom

about about onthexy | onthez InOut
Xy axes z axis axes axis

i

AEEe

Shift Shift Shift Shift

Figure 3.

4, Settingtheorigin of rotation

To change the origin of rotation click the Set Origin tool on the Geom-
etry palette (you may need to bring this palette to the front by clicking
on the side on the border). The command will be highlighted and
ticked, and amessage will appear prompting you to pick an atom. Click
on an atom in the protein. The protein will then be re-centered about
thisatom and the atoms coded name (ID) will appear in green. Click on
Clear |1 D on the Geometry palette to remove the atom name from the

display.
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5. Exporting files

To export filesfrom QUANTA go to the File pulldown menu located
on the menu bar and drag down to the Export. You can select the for-
mat required in the Data For mat box (e.g. CHARMm CRD - you may
have to scroll down using the blue/black scroll bar) and enter afile
nameto be saved in the Filename box before clicking on Export or hit-
ting enter.

With the CRD format, you are prompted to enter atitle or comment for the
file. Enter ablank line to complete thetitle.

6. Accessing Help

The QUANTA manuals and various tutorials are accessible from the menu
function Information/Help.... In addition, there is interactive help for
some pal ette tools and top-menu bar items that can be turned on with the
command SET HELP. This can be optionally accessed by clicking the pal-
ette or menu with the right mouse button.

By default, online help will launch a copy of the Netscape browser. It is
therefore necessary for the command “ netscape” to exist in your path.

You can verify that you can use Netscape by using the UNIX command:

> which netscape

Alternatively, help text can be displayed in the textport. This can be speci-
fied using the command SET HELP, but it happens automatically if
Netscape cannot be started. Only text is printed to the textport - HTML for-
matting, graphics, tables etc. will of course belost.

7. Exiting QUANTA

To exit from QUANTA go to the File pulldown menu located on the
menu bar and drag down to Exit QUANTA or by typing end in the
command line.
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Lesson 2: Getting Started with the X-Ray Modules

In thistutorial, you will learn to manipulate the display and positioning of
the main view in QUANTA. The context will be using X-Ray crystal data,
astructure with an electron density map.

1. Set up for thetutorial

For thistutorial, the best molecular replacement solution (rigid_k4.pdb)
has been used to cal culate a 2Fo-Fc electron density map at 1.9 A (2Fo-Fc_
k4.mbk). You will be viewing this map along with the kringle structure that
was used to calculate the phase information.

Move into the directory lessond/which contains the necessary filesfor
this tutorial.

Start QUANTA.
Select Applications/X-AUTOFIT. This starts the application.

The main QUANTA graphics window will contain amolecule kringle and
acontoured section of map at 1.0 and 2.0.

The following pal ettes and tables appear:

« X-AUTOFIT:X-BUILD,

+ 3D Text,

* Pointer,

¢ Ramachandran plot, and

¢ Object Management Window.

While the following pallets or tables remain visible;
e Main QUANTA window,

¢ Molecule Management Table, and

e Geometry.
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2. Symmetry

Click on Symmetry... on the X-AUTOFIT:X-BUILD palette. The
Symmetry palette appears as the front window.

This palette allows the definition of symmetry and NCS. A number of sym-
metry objects can be created using tools on this palette. In this case, the
symmetry has aready been defined.

Click on Unit cell on the Symmetry palette.

Thistool will generate a unit cell box as an object (UNIT CELL). The box
can be removed again by deleting the object from the Object Management
Table.

Click on CA Packing Diagram on the Symmetry palette.

Thistool generates anumber of symmetry copies (shown as Ca. traces) of
the current visible and active moleculesin the Main QUANTA window.
Each molecule is drawn adifferent color, using colors 1 to 14, in cycles of
14. Each symmetry copy is created as a separate object that can be turned
on/off using the Object Management Table.

The symmetry objects can be deleted simultaneously by selecting the
Delete Sym. Ob. tool on the Symmetry palette.

Thereareanumber of related toolswithin the Symmetry palette. Try tofind
out what each tool does. Before moving on, make surethat all the symmetry
objects have been deleted.

To close the Symmetry palette click on Hide this menu.

3. Moving the pointer
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The default appearance of the pointer isawhite tetrahedron in the molecule
window. The pointer can be moved in several ways.

« TheDial Emulators: the pointer can be trandlated by controlling the
position of the cursor over the dials (if necessary, refer back to lesson 3

here).

Note: Thedialscan bevariously used for the pointer, masks, building or
the interactive contouring option. An understanding of theseisintegral
to using the software efficiently and important aspects shall be covered
during subseguent tutorials. On accessing the X-AUTOFIT:XBUILD
palette the default dials pal ette allows the pointer to be moved.

e TheVirtual Track Ball Option: the pointer can be moved by using a
combination of keyboard keys and mouse buttons (summarized in Fig-

ure l).

Move the mouse so the cursor movesinside the viewing area. Pressthe
<Ctrl> and <Shift> keys and don't press any mouse buttons. Move the
mouseto translate the pointer inthe X and Y axes. Pressthe <Ctrl> and
<Shift> key and press the |eft mouse button. Move the mouse | eft and
right to trandate the pointer in the Z axis.
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Show Pointer
Map table
Select Pointer dials Show Ruler

[ Interactive contour
Active residue on
Active residue off
Pointer dials
- Go to pointer

Place at next residue
Place at previous residue
Place by atom

Place using bones

Dials palette

Place using coord
Suggestions

Hide this menu

Move Move
[pointer pointer
Xy axes | zaxis

Pointer

m:

Ctrl + Shift | Ctrl + Shift

Figure 4.
4. Selecting an atom

To pick an atom move the mouse to an atom position and click the left
mouse button. This identifies the atom. If you click a symmetry atom (col-
ored blue for real symmetry or colored red for NCS symmetry), the label
appears green and be preceded by a“#’ symboal.

5. Thepointer palette
There are several methods of changing the view center in the X-Ray appli-

cations. In all cases, you will find that the symmetry atoms and map (and
bones, if on) are recalculated for the region of interest.

Make sure you can see the Pointer palette. If you cannot see the palette
then click on thetop bar of the X-AUTOFIT:X-BUILD paletteto move
thisto the front, and click on the Pointer... tool: the palette will appear.
Select Go to pointer.
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This moves the screen center to the current pointer position.

Click Place at next residue.

Thiscommand variesaccording to the current residue. It movestheview to
the next residue in the sequence (except where the step value has been
changed). You can also change the current residue if you click on the Ram-
achandran plot or use Place by coord or Place by atom.

Click Place by atom.

This prompts for an atom name.

Enter the following:

Segment name: A
Sequence ID: 35
Atom name: CA

Then click on the OK button.

Click Place using coord.

Thiswaits for an atom pick using the left mouse button while pointing at
an atom. Look at the bottom of the graphics window at the message line.
Pick atom isdisplayed, and the Place using coor d tool remains highlighted
until you make a pick.

Note: If you miss an atom when you click, nothing happens.

6. Theinteractive contouring palette
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The interactive contour tool allows you to change the level at which an
electron density is contoured.

Click Interactive contour on the Pointer palette. The Interactive con-
tour palette appears as the front window.

As soon as theroutine is entered only one contour level of one map isdis-
played regardless of the display state before entering the routine. The
default isto show the first contour of the first map initially. In this case, the
Next Map and Previous Map tools are grayed out since only one map has
been loaded.

The contour level is controlled using the Dials pal ette or a combination of
keyboard keys and mouse buttons: the virtual track ball option (Figure 2).

Move the mouse so the cursor moves into the viewing area. Press the
control and shift keys and don't press any mouse buttons. Move the
mouse to left and right to change the current contour level of the map.
Click Next Contour and the display will change to the next contour in
thelist for the current map. The Accept tool will make the changesto
the stored values for contouring and exit. The Quit tool will reject any
changes and return to the original display.
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File Edit Draw View Preferences Calculate CHARMm Applications Information

—

Select Interactive contour Show Pointer
Map table
Show Ruler

Active residue on
Active residue off
Paointer dials
Go to pointer

Place at next residue
i Place at previous residue
Dials palette e s
Place using bones
Place using coord
Sugqestions

Hide this me:

Change
level

Ctrl + Shift

Figure 5.

7. The Ramachandran plot

You can also change the center of view using the Ramachandran plot pal-
ette which islocated at the bottom right of the screen. It is currently quite
small, so make it bigger by picking up a corner with the mouse and drag-
ging. (The non-glycine residues are shown green, and glycine residues are
shown blue, and the current residue (if defined) is shown red.)

Pick a blue circle with the mouse. The blue circle turnsred, asthisis
now the current residue, and the molecular display has changed to cen-
ter the glycine you picked.

8. Thetext palette

The Text palette controls the creation and use of annotations associated
with pointsin the structure. These text marksallow you to label parts of the
model for future reference and a so change the center of view to a specific
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text position. You will become very familiar with these during the subse-
quent tutorials.

If the 3D Text paletteisnot visibleclick Text... onthe X-AUTOFIT: X -
BUILD palette. Text strings have already added in thistutorial. You can
get to the first text string by picking the tool Goto defined text. A
sorted list is provided. Since the first text string { TEXT STRING 1} is
already highlighted click Goto. Thistakes you to ayellow text mark
{TEXT STRING 1}. Now pick Goto next text, and you will move to
another text mark { TEXT STRING 2}.

You can add your own text mark.

Move the pointer using the virtual track ball option somewhere elsein
the structure, or use one of the other placement options described above
(the pointer will be reset to the new screen center). Now select the tool
on the 3D Text palette New text at pointer. You will be prompted for
atext string. Typein astring of characters, and hit OK. The new text

string will appear. You can go to the various text string in the structure
using either of the tools Goto next text, Goto previoustext or Goto

defined text.

Try using the L oad property tool on the 3D Text palette.

9. Controlling the behavior of the program

Select the Options... tool on the X-AUTOFIT:X-BUILD palette.

You will find various options that control the functionality of the X-Ray
applications.

Change the symmetry radius to 50 and click OK. A large selection of
symmetry atomsis displayed after about 10 seconds. Now change the

value back to 6.
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For all the subsequent tutorials, all these parameters will be set to sensible
values for the particular tutorial.

10.End Session

To end your session click on Finish onthe X-AUTOFIT:X-BUILD pal-
ette and go to the File pulldown menu. Select Exit QUANTA from the
menu.

Lesson 3: Manual CA-tracing

Ca-tracing may be done manually using X-AUTOFIT. Thistutorial
involves the use of the electron density map (2.4 A) of the protein RNase
Sa (1, 2) solved in 1987. This map represents the exact data used to solve
the protein structure and forms the basis of the original publication
(rnase.mbk). During this session, you will be tracing the a-carbons of a
monomer unit in the homodimer RNase.

In thistutorial the following material will be covered:
» Skeletonization of an electron density map, and

« Fitting a Ca trace to amap.

1. Sart X-Autofit

Move into the directory lesson5/ and start QUANTA.

Select Applications/X-AUTOFIT. The program opens the main X-
AUTOFIT:X-BUILD palette, the Object Management pal ette, the Mol -
ecule Management palette and awindow labeled CA angle/torsion. A
skeletonized view of the electron density map is displayed and two
items of text are present.
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2. Set up for thetutorial

From the File pulldown menu, select the Replay Session pullright
menu. Then select the Sart command. Highlight rnase.rec and click
Open. This runs a script that sets up a map mask and opens the Maps
Management table. The map rnase.mbk is already loaded and has been
contoured at 0.30 e A-3 (which is 1.5). To toggle the map on and off,
click onthelevel box inthe Map Management table that currently reads
0.30.

3. Bonesgeneration

The bones have already been calculated and are displayed. To toggle
the bones on and off, you can click the tool X-AUTOFIT: X-BUILD/
Bones.../Bones on-off. Turn off the map with the Map Management
table. Currently, just the main chain bones are displayed (colored yel-
low). To turn on the side chain bones (colored white) by picking Side
chains on-off.

Examine the bones to determine how to adjust the Start value. The Start
value isa cutoff parameter (in) that you can adjust. All density below the
defined value is removed from an electron density map and ignored when
abones skeleton is generated. If the bones appear as spaghetti (Figure 1A),
the Start value needs to beincreased until individual segments become evi-
dent (Figure 1B). If no connected bones are visible, or if they appear assin-
gle dots, the Start value needs to be decreased (Figure 1C).

To change the valug, click Change start value on the Bones palette.
Experiment with different values.
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13. Tutorial

Figure 6.

Before proceeding make sure that the Start valueis set to 1.3c.

4, Adding ahelix

Open the CA Build palette by clicking X-AUTOFIT:X-BUILD/CA
Build....

There are 2 methods of adding carbon atomsin X-AUTOFIT, you can
either add predefined secondary structure elements such asahelix or sheet,
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or add carbon atoms one at a time using the semi-automated fitting algo-
rithm.

You should turn off the map so that only the bones are visible. Rotate
theimage until you can identify the section of bones that can be recog-
nized asahelix - thisis also labeled as an item of text Helix (11 resi-
dues).

Usethetool Add helix or strand onthe CA Build paletteto add ahelix.
A small dialog box will appear that allows you to add a helix/sheet of

defined length. You should change the value to 11. A whiteimage of a
helix will appear, aswell asanother small pal ette Accept/Quit. You will
not be ableto use any other tool in X-AUTOFIT whilethis Accept/Quit
palette is open.

The Accept tool from thiswill take the current coordinates defined by
the white movable helix and create a new segment from this. The Quit
tool will return everything as it was before. Now use the virtual track-
ball to move the white helix. You will finditinitially easier to havethe
map turned off, and just fit the helix to the bones.

You need not get a perfect fit the first time as moving the helix in 3D can
bedifficult. It is often easiest to just adjust the Z-rotation, when the picture
has been orientated so that the helix isin the plane of the screen. (You will
not need to change the x/y/z position). Make sure that the Ca. positions of
the helix align with the branches of the bones as these represent the side
chain positions. You will find that moving the structure while the map is
displayed can be rather slow. So when making large changes, for example
when adding a helix, turn off the map, and at the final stages turn the map
back on. Look at the map for the final adjustment of the Ca. trace.

When you are satisfied with the position of the helix select Accept from
the Accept/Quit menu.

After you have accepted the helix your main QUANTA window should
look something like Figure 2. The white helix is now colored red (indicat-
ing that it is the current segment) and has been created as an object (Ca.
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TRACE), which can be turned on/off from within the Object Management
table.

To improve the position of the helix you can use the tool Refine cur -
rent seg on the CA Build palette. You can abort the refinement by click-
ing anywhere in the graphics window if things are obviously going
wrong. You can also manually adjust the position by clicking on the
tool CA build/Move current seg and use the virtua track ball.

Figure 7.

5. Thecurrent Ca segment and atom

There are three types of CA-trace atoms: (1) an active Ca. atom (colored
yellow) in (2) an active Ca trace segment (colored red), and (3) other CA-
trace segments (colored green) placed previously.

Theactive Ca. trace atom (and active segment) is set using the Current
res. and seg. tool on the CA Build palette. After selecting this menu
item you are prompted to pick aCo. atom. Select different atomson the
helix you have just built to get afeel for thistool.
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6. Adding and Moving Co. atoms

Ca atoms are added to existing segments by clicking on the tool Next
CA on the CA Build palette. After checking that either of the terminal
atoms of the helix you havejust built isthe active atom try to add anew
atom. You should re-display the map for this.

The new atom is placed in the best possible position as evaluated by X-
AUTOFIT. You can, however override this positioning by moving the
active Ca trace atom (colored yellow) using one of the mechanisms listed
below. Try each method in turn.

Note: Before trying these different mechanisms ensure that the CA
Dials are active by clicking on the tool CA build/Show CA dials.

« By picking apoint on the skeleton (active Ca will “move” towardsthis).

» Usingthedialsto set the angle (beta) and torsion (gamma) or the virtual
track ball (The virtua track ball motion is by far the most efficient
method) (Figure 3).

* By making an aternative auto-placement (CA Build/Guess next CA).

Clicking on any position within the pseudo-Ramachandran plot. This tool
cannot be properly used until the 4th Cao. has been placed (see following
section of thistutorial).
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Figure 8.

Note: Because different parts of the program assume the default mode
of the dials, it is sometimes necessary to tell X-AUTOFIT which dials
you wish to use. From the X-BUILD:X-AUTOFIT palette you can
select the following sets of dials:

» Pointer/Pointer Dials - The x/y/x pointer

» Pointer/Interactive contour - Change the map contouring

» CA Build/CA Dids- Changethe angle and torsion when CA-tracing

» Mask/Mask Dials - Interactively edit the mask (see following tuto-
rial)

Currently, you should be using the CA Dials mode.

7. Using the pseudo-Ramachandran plot

A pseudo-Ramachandran plot is generated for a pha-carbon geometry
using well-resolved protein structures - this plot definesthe probabilities of
specific Co. geometries. The torsion angle of four consecutive alpha car-
bonsis plotted against the open angle that is defined by three consecutive
alphacarbon atoms (Figure 9.A). A probability map of alpha-carbon geom-
etry can then be generated. The resulting plot shows the probability of the
alpha-carbon geometry being restricted to certain regions (Figure 9.B). Dif-
ferent areas on the plot correspond to specific conformations of the protein
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backbone, including alpha helices and beta sheets. This surface is used to
direct fitting of apha carbonsto the displayed electron density pattern. A
pointer indicates the current value of the open angle and torsion angle. The
plot provides an interactive tool for monitoring and manipulating the con-
formation of the al pha-carbon trace. The pseudo-Ramachandran plot isdis-
played in an independent window labeled CA angle/torsion.

Clicking on any position within the pseudo-Ramachandran plot
changes the position of the active Ca trace atom (colored yellow).
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Figure 9.

8. Re-centering the bones and map

The bones are only calculated inside the volume of electron density that is
displayed. When you reach the edge of thisyou will need to re-contour the
map by centering on the current Ca to continue tracing.

Thetool Next bones box recal cul ates the bones around the current Co
atom.
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. Reversing the chain

You can change the direction that the chain isbeing built by clicking on
the tool CA Build/Rever se chain tool. After this, you often need to re-
center the view by clicking on the tool Next bones box.

10.Extending the helix

Extend the helix asfar asyou can either way until you reach aregion
of electron density that is uninterpretable. Use the tool Check CA

direction (tool 14) to test the direction of the trace and how well the
building has been carried out. Make sure that the maps/bonesis cover-
ing this Ca trace.

If you get two zero va ues, the build was not good (or you have not moved
the map to this position). If you get at least one non zero value, then you
have certainly made a reasonabl e attempt at the tracing of the chain.

11. Building a beta sheet
When building the beta sheet, it iseasier to use the semi-automated map fit-

ting routines rather than adding a strand of defined length. Thisis because
the strands within protein structure are not typical in shape.

First, re-display the map centering on the item of text beta sheet (6
strands). To dothisgoto Text.../Goto defined text and click betasheet
(6 strands).

Use the tool New segment on the CA Build palette. The Accept: Quit
palette will open and the message line will prompt you to pick abones
point from the graphics window. Find a branch point on the bones skel -
eton that looks like a piece of main chain with along side chain. A red
cross appears on the picked location. Thisisthe starting alpha carbon.

If you are not satisfied with this point, simply click on another location
on the bones skeleton. When the required point has been picked, then
click on the Accept tool from the Accept:Quit palette.
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The bones will be recalculated to be centered on this point, and atwo Ca
atom line segment will appear. The current Co. atom isyellow, and all other
Co. atomsin the current segment are red. All other segments are green.
Make sure the map is turned on.

Use the next CA tool to extend the trace by one Ca atom. When you
havebuilt asfar as possiblein onedirection, usethe Rever se chain tool
to start building in the oppositedirection. When you can no longer build
this segment, repeat the operation using the new segment tool to add a
new segment of Ca trace, and thenext CA tool and rever sechain tools
to extend the trace in the each direction. If you wish to remove a Ca
atom, use CA build/Delete current CA.

12. Refinement

To improve the fit of the current segment of Ca. trace you can use the
tool Refine current seg on the CA Build palette. You can abort the
refinement by clicking anywhere in the graphics window if things are
obviously going wrong. You can also manually adjust the position by
clicking on the tool CA build/Move current seg and use the virtual
track ball.

13.Joining two segments

If you have made sufficient progressduring thetime allowed it islikely that
you will need to join two segments of Ca. trace.

To join two segments select Join 2 segments on the X-AUTOFIT: X-
BUILD palette. The message line prompts you to select two alpha car-
bons from two built traces.

14.0pening a molecular structurefile
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You may want to compare your build Ca trace with the final refined coor-
dinates for the RNase.

Click on Finish onthe X-AUTOFIT:X-BUILD palette. To open the
coordinatesrnase.msf use File/Open. Click onthefilernase.msf (it will
become highlighted) and then click on Open. The RNase appearsin the
main model window. If you go back into X-AUTOFIT you will be able
to compare the positions. To make the comparison easier you will need
to turn off the bones and map.

15.End session

To end your session click on Finish onthe X-AUTOFIT:X-BUILD pal-
ette and go to the File pulldown menu. Select Exit QUANTA from the
menu.
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Lesson 4: Automated CA-tracing

The X-POWERFIT application is designed to analyze and interpret elec-
tron density maps of proteinsand to detect the presence of alphahelicesand
beta sheets (1). The application gives the best results for large maps where
the amount of information presented to the user by either the electron den-
sity or bones can make the Ca. tracing task daunting. The X-POWERFIT
application also provides methods to refine secondary structure into elec-
tron density and an extension to the semi-automated fitting to automatically
trace multiple residues into density.

In thistutorial, the following material will be covered.
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Skeletonization of an electron density map,
The calculation of amask boundary from the map,
Determination of the secondary structure, and

Fitting a Ca trace into this map

Thetutorial involves the use of electron density map (2.4 A) of the protein
RNase Sa (2, 3) that you used in the previous |esson.

1. Opening a molecular structurefile

Move to the directory lesson6/ and start QUANTA.

When QUANTA has finished loading, open the coordinates rnase.msf
(for reference) using File/Open. Click on the file rnase.msf (it will
become highlighted) and then click on Open. The RNase appearsin the
main model window.

The map management table

Select Map Tablefrom the Draw pulldown menu; pull acrossto Show
M ap Table. The Map Management table appears as the front window.
Select Maps/Add a M ap in the Map Management table. Choose the
map called rnase.mbk by highlighting it and clicking Open. It isrecoms-
mended that the map be contoured at 1.5 (whichis0.30 e A-3). Enter
0.30inthefirst L evel box and click the OK button.

Sart X-Powerfit

Select Applications/X-AUTOFIT. The program opens two pal ettes -
themain X-AUTOFIT:X-BUILD palette and a Pointer palette. A Ram-
achandran plot appearsfor the structurein awindow labeled CA angle/
torsion. The map is contoured about the center of the molecule. To
open the X-Powerfit palette, pick thetool X-AUTOFIT:X-BUILD /X+
POWERFIT. Hide the molecule by clicking on the visible box on the
Molecule Management table.

Bones generation and editing
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Since we do not know where the molecule is in the map, you first need to
identify the molecule in the map. Thisis most easily carried out using the
bones display, asit is possible to remove excess information from the dis-
play very easily. First it is necessary to display the entire map.

Pick the tool X-AUTOFIT:X-BUILD/Options.... Set the map radius
to 35 A. Click on the OK button.

After completion of the contouring, the map should cover most of the
unit cell (Figure 1). If you turn on the Rnase molecules using the Mol-
ecule Management table, these should lie near the center of the dis-
played map. Turn off the coordinate display again.

Note: You should NOT cause a recalculation of the bones during this
editing session (use any pointer tool or bones on-off), asthiswill negate
al the editing, and recal cul ate the bonesin the volume of the map. After
the mask has been calculated it is much easier to mask the bones not

required.

To generate the mask, we will assume there is no coordinate information
(otherwiseit is possible to generate a mask directly from the coordinates).
It is necessary for the bones to be turned on:

Using the tool X-AUTOFIT:X-BUILD/Bones.../Bones on-off, turn on
the bones, and turn off the map with the Map Management table. Now
make the bones easier to visualize. Turn off the side chain bonesto
reduce the information on display by picking X-AUTOFIT:X-BUILD
Bones.../Side chain on-off.

Note: Before proceeding, make sure that the Start valueis set to 1.3, by
using the command Bones/Change start value.

To edit the bones, you will use atool to automatically delete bones by vol-
ume. Thistool deletes fragments that are smaller than a cutoff threshold
defined by their size divided by the total bones volume. The working tool
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takes afew seconds. The message line indicates the progress of the calcu-
lation.

Initially, to get an idea of the automated deletion of the bones, you
should pick thetool X-AUTOFIT:X-BUILD Bones... /Deleteall frag-
ments five times. You should seein the textport the report of a delete
percentage. This indicates the percentage of the total bones deleted.
After five deletions, any fragment less than 32% of the initial size will
have been deleted.

At this point, you should see one large volume of bones with atail leading
off. You may need to rotate the image to see the tail. It is necessary to
remove this side fragment.

Pick thetool X-AUTOFIT:X-BUILD Bones... /Delete 1 section and
pick abones point on the link. The link will disappear from the screen,

To delete the offending tail we will use the tool that deletes whole frag-
ments.

Pick thetool X-AUTOFIT:X-BUILD Bones... /Deletefragmentsand
pick a bones point on the fragment. The fragment disappears from the
screen. Notethat thistool remainsactive until picked again. You should
watch the message line and wait for the pick abones point prompt after
each pick.

If you delete arequired part of the bones, you can use the tool X-
AUTOFIT:X-BUILD Bones... /lUndo last delete to restore it. Now
turn on the side chains again using X-AUTOFI T: X-BUIL D Bones...
Side chains on-off. You will see some small sections of bones that
remain, and need to be deleted before continuing. IF you do not seethe
small bones, click on the Side chains on-off command again. Use the
tool X-AUTOFIT:X-BUILD Bones.../Delete fragments to move
around and pick/delete each small section. (Remember to pick the tool
again to abort this mode).
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On completion of this process, you should have just the bonesthat definea
monomer.

Note: To check thebonesin areal caseyou can usethistool to show the
bones symmetry: X-AUTOFIT:X-BUIL D Bones.../Calc bones sym-
metry.

This calcul ates the symmetry bones and will display these as areduced rep-
resentation net of bones. These should NOT overlap thereal bones after the
completion of the editing.

Pick thetool X-AUTOFIT:X-BUILD Map Mask.../Calc. mask from
bones. The progress of the calculation is shown on the message line.
Upon completion a net of white points indicate the mask.

You may wish to edit the mask with the mask sphere pointer. You can
mani pulate the mask sphere pointer by using the Dials emulator or a com-
bination of keyboard keys and mouse buttons as shown (Figure 2).
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e

Mask p’oinler

If the graphics on your machine are not very powerful, it is recom-
mended that you hide the bones using the Object Management tableand
reduce the dot density of the mask by picking X-AUTOFIT: X-
BUILD/Map Mask.../Decreaseresolution. Thiswill makeit easier to
manipul ate the pointer and display.

To remove the deep cavitiesinto the mask, move the mask pointer over
these and use the tool X-AUTOFIT:X-BUILD Map Mask.../Add
Mask at pointer. Thisincreases the number of inside pointsin the
mask.

To delete sections from the mask use thetool X-AUTOFIT:X-BUILD
Map Mask.../Del Mask at pointer. To remove voids from within the
mask select X-AUTOFIT:X-BUILD/Map Mask.../Check for voids.
On completion of editing the mask, you should have amask that forms
the monomer molecular outline. You should save the mask by picking
X-AUTOFIT:X-BUILD/Map Mask.../Save Mask to file and giving
thefileaname.

. Using the mask as a bounding region
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This mask can now be used in subsegquent sessions as a bounding volume
for all calculations.

Thetool X-AUTOFIT:X-BUILD/ Bones.../Mask bonesby mask will
set up the bonesto always be truncated so that they lieinside the mask.

If thistool isused now, then the textport message indicates that there are no
points outside the mask. Thisis because this mask has been generated by
the bones, and so surrounds the bones anyway.

To seethe action, turn off the bonesusing the X-AUTOFIT: X-BUILD
Bones.../Bones on-off tool, then pick the tool again to turn the bones
back on.

The program indicatesthat some pointslie outside the mask, and have been
deleted. Thereforein any subsequent session, read in amask, then turn on
the bones, then mask these using the mask.

You should turn off the visibility of the mask (using the Object Man-
agement table) in the subsequent analysis.

6. ldentifying secondary structure

For the identification of the secondary structure, you should have:

«  Themap open, and displayed and centered in the middle of the mono-
mer/mask and covering the molecule/mask. A map radius of 18 A
should be suitable if centered at the monomer.

e The bonesturned on and the start level setto 1.3 using the tool X-
AUTOFIT:X-BUILD Bones.../Change start value.

* You should have amap mask read in and the bones masked by the mask
(i.e. the bones should fill only the mask volume).

Now turn off the display of the mask using the Object Management
table.
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Itisnot necessary to view the mask when the M ask bones by mask tool is
active, asthe program takes care to prevent the user building outside the
mask. The hiding of the mask increases the speed of the next part of the cal-
culation, as the image display will update during the analysis.

To calculate the secondary structure of the molecule, pick the tool X-
AUTOFIT-X-BUIL D/X-POWERFIT/Find sec. struct.

You should see the pattern recognition algorithm marking possible strand

and helix positions. Then the next stage of the calculation carriesout aclus-
ter analysis, followed by directed refinement and finally an overlap analy-
sis. You should end up with six or seven structure elements, depending on
the mask quality.

7. Conversion of the secondary structureto Co atoms

You should check that the vectors are correct by looking at the bones (and
map) closely when converting the vectors to Co trace.

To do this, pick thetool X-AUTOFIT-X-BUIL D/X-POWERFIT/
Vector to CA Trace, then select a vector.

The algorithm tendsto work better for larger maps where solvent flattening
does not affect the ends of the strands.

8. Extending the Ca Trace

Once the secondary structure has been placed, it is now possible to extend
thiswith the tool X-POWERFIT/Auto extend CA. The extension is car-
ried out from the current Ca. atom in the current Co. trace. You should note:

» Thestarting Ca. atom from which the building isto be continued should
be well fitted.

« Thebuilding processisvery critical of its progress and often stops with
errors - these should be checked.

« Itispossibleto interrupt the auto building process by aclick with the
left mouse button.
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You should experiment with using the tool from each end of the secondary
structure placed, using the pie chart in the bottom left hand corner of the
display to view the progress.

Note: You can aso use any of the manual Ca. tracing toolsthat were uti-
lized in the previous lesson.

9. Cao refinement

Segments of placed Co trace can be refined with the tool X-POWERFIT/
CA refinement, particularly where secondary structure elements have
been added in places where the density indicates deformation within the
secondary structure. When using this tool make sure that the map com-
pletely coversthe current segment you wish to refine. Thisis avery pow-
erful tool that can improve the Co trace significantly.

10.Comparing your resultsto the known structure

You may want to compare your build Ca trace with the final refined coor-
dinates for the RNase.

Display the molecule by setting the Visible column to yesin the Maps
Management table. Compare the complete structure to the segments
produced by X-AUTOFIT.

11. End session

To end your session click on Finish onthe X-AUTOFIT:X-BUILD pal-
ette and go to the File pulldown menu. Select Exit QUANTA from the
menu
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Lesson 5: Sequence assignment

In thistutorial, the following material will be covered:

Sequence assignment, and

Converting a Ca trace to an al atom representation.

The tutorial involves the use of the electron density map of the protein
RNase Sa (1,2) that you have used in the previous two lessons. During this
session, you will be converting the Ca trace into an all atom representation.

1. Sart X-Autofit

Move into the directory lesson7/ and start QUANTA.
Select Applications/X-AUTOFIT.

The program opens the following pal ettes:

X-AUTOFIT has a sequence alignment algorithm that allows you to gener-
ate alignment information that matches mol ecular sequence information of

The main X-AUTOFIT:X-BUILD palette

The Object Management palette

The Molecule Management pal ette

The Pointer palette

The Sequence palette

A palette containing all of the standard amino acids labeled Specific.

The Ca angle/torsion window
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the structure you are studying with al pha-carbon segments you have gener-
ated. The agorithm can be applied after you have labeled at least one resi-
due either specifically or using afuzzy residue type. When you start the
application a section of Ca. trace will appear as ared object and the
sequence for the monomer is displayed at the top of the molecule window.
Each Ca hasthe text string UNK to indicate that no sequence information
is known at the moment.

2. Map management table

From the Draw pullright menu, pull acrossto Show Map Table. Then,
select Map Table. The Map Management table appears as the front
window. The map rnase.mbk is already |oaded and has been contoured
at 0.23 e A-3. To toggle the map on and off click on thelevel box in the
Map Management table that currently reads 0.23.

3. Assignment of thefirst residue

Click Text... on the X-AUTOFIT:X-BUILD palette to open the 3D
Text palette. Text strings have aready been added in thistutorial. You
can get to the first text string by picking the tool Goto defined text.
Since the first text string (Tyrosine) is already highlighted click the
Goto button. Thistakes you to ayellow text mark.

Make surethat the map is now turned on. On the Sequence pal ette, click
Current res. and seg. You are prompted to pick a Ca atom. Select the
Ca closest to the text item labeled Tyrosine.

The atom you have just selected is now colored yellow to indicate that it is
the current CA.

Now select Tyrosine from the Specific palette.

Now that you have assigned a sequence definition to an alpha carbon, X-
AUTOFIT showsall forward and backward sequence alignments from that
residue for the Ca trace. The aignments are displayed as arrows (blue for
forward alignment and red for reverse alignment) underneath the aligned
residues in the residue sequence table at the top of the molecule window.
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The current residue is marked as blue boxes for forward fitting and red
boxes for reversed fitting.

4. Assignment of the second residue

Go to the second text string by picking the tool Goto defined text.
Highlight the second text string (Arginine) and highlight click Goto.
Thistakes you to the second yellow text mark. Make sure that the map
isnow turned on. On the Sequence palette, click Current res. and seq.
You are prompted to pick a Ca. atom. Select the Ca closest to the text
item labeled Arginine. Select Arginine from the Specific pal ette.

At thispoint, X-AUTOFIT hasidentified a unique sequence for a segment
and that sequence is shown in uppercase letters in the sequence table to
indicate this.

5. Checking the polarity of the chain

To determine the correct direction of the chain X-AUTOFIT attemptsto fit
polyglycine to the trace in both directions.

The map must cover the entire current Co. segment since the atoms are
built into the electron density. If it does not, then you should move the
pointer into the center of the Ca. trace and recal culate the map. To do
this, first of al activate the pointer dials by clicking Pointer dials on
the Pointer palette. You can then move the pointer around using the vir-
tual track ball option. When you are satisfied with the pointer position
click Goto pointer on the Pointer palette to re-cal culate the map. The
volume of map displayed can be changed using the Options... palette
selected from the main X-AUTOFIT:X-BUILD palette. To get polarity
information for the current segment, select Check CA direction onthe
CA Build palette.

The following information is then reported in the text port:

e The percent fit.

« A statement that the chain is the correct/wrong way around.

« A fitratio that gives a probability on the correctness of orientation.

Theratio comparesthefit for the current chain direction (left number) with
the reversed chain direction (right number).
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To change segment polarity select Rever se chain onthe CA Build palette.
The colors of any arrows indicating sequence alignments for the segment
are reversed (that is, red becomes blue and blue becomes red).

6. Building all-atom representation from Ca trace

Once a Ca trace has been generated and the sequence has been assigned
then the production of an al-atom model isatrivial process. Therearethree
methods of generating all atom models from CA-traces: just using real
space refinement (RSR), fitting the main chain with database fragment fit-
ting (and the side chains with RSR), and fitting the main chain atoms by
direct correlation of the Ca conformation with all atom geometry (and the
side chains with RSR).

Make sure the chain is the correct way round and then build the entire
chain using Fit seg by CA corr tool. If you have contoured the map
over the entire chain you should find that the forward direction (blue
arrows) is significantly better fit.

On compl etion, the coordinates are colored by fit to the electron density.
The goodness of the fit is color coded as follows:

» Green atomsfit density well.
« Yellow atomsfit density moderately well.
* Red atomsfit badly.

« Blue atoms had negative density or no density.
7. Opening amolecular structurefile

You may want to compare your build section with the fina refined coordi-
nates for the RNase.

Click on Finish on the X-AUTOFIT:X-BUILD palette. When
prompted save the coordinates to a new file name. To open the coordi-
nates rnase.msf use File/Open. Click on the file rnase.msf (it will
become highlighted) and then click on Open. The RNase appearsin the
main model window. If you go back into X-AUTOFIT you will be able
to comparethe positions. To do thiseffectively, you may wish to reduce
the volume of map displayed to 10-12 A3 and turn off the Ca. trace by
toggling the display to No in the Object Management window.
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8. End session

To end your session click on Finish onthe X-AUTOFIT:X-BUILD pal-
ette and go to the File pulldown menu. Select Exit QUANTA from the
menu
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Lesson 6: Model Building and Real Space
Refinement using X-BUILD

The model building functionality in X-BUILD allows real space refine-
ment in torsion angle space, rigid body refinement, regularization and gen-
eral manual editing of macromolecular coordinates.

For thistutorial, you will be carrying out some model building on the pro-
tein apolipoprotein KIV-10 from lesson 2. In lesson 2, the coordinates of
human plasminogen kringle (1) were used as an initial model for a Molec-
ular Replacement calculation using X-Ray reflection data collected from
apolipoprotein aKI1V-10 (2). For thistutorial, the best molecular replace-
ment solution (rigid_k4.pdb) has been used to cal culate a 2Fo-Fc electron
density map (1.9 A) (2Fo-Fc_k4.mbk). Recall that the sequence identity
between the two proteins is approximately 80%.

You will work through thelist of tools on the main model building pal ettes
to demonstrate the building functionality within X-BUILD. Thetext editor
text markers are used to indicate aresidue for the action, but after working
through the tutorial any part of the apolipoprotein structure can be model ed.

Thistutorial coversthe following material:
»  Opening amolecular structure file (MSF),

« Opening an electron density map,
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e Torsion anglerea space refinement,
* Regularization,
» Alternate amino acid conformations,
» Addition/deletion of terminal residues,
» Mutation of residues,
« Loopfitting, and
e Validation.

1. Opening a molecular structurefile

Move into the directory lesson8/which contains the necessary files for
thistutorial. Start QUANTA.

When QUANTA has finished |oading open the coordinates rigid
k4.msf using File/Open. Click onthefilerigid_k4.msf (it will become
highlighted) and then click on Open. The molecule appearsinthemain
model window.

2. Setting up the map display

Select Map Table from the Draw pulldown menu, while keeping the
mouse button depressed pull across to Show Map Table. The Map
Management table appears as the front window. Select Maps/Add a
Map in the Map Management table. Choose the map called 2Fo-Fc_
k4.mbk by highlighting it and click Open.

The Define Contour Levels and Characteristics dialog box appears. It
is recommended that the maps be contoured at 1.0 and 2.0c (whichis
0.95and 1.9 e A3). Todotthis, enter thevalues0.95 and 1.9inthe Level
boxes. Click OK.
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3. Sarting the application

Select Applications/X-AUTOFIT. Themain X-BUILD:X-AUTOFIT
pal ette opens, along with the Pointer palette, an Object Management

table, a Ramachandran Plot, and the display of some of the map. You
will also need the Text pal ette and Building pal ette. Open these by pick-
ing thetools X-BUILD/Text... and X-BUIL D/Build atoms....

For each tool, you will be asked to use the 3D text editor tool Goto defined
text to goto aspecific part of the structure (labeled with atext string) to try
the tool. To complete the tutorial as designed, please follow the instruc-
tions.

4. Refinelresiduetool
The Refine 1 residue tool fits single residues or atoms using gradient

refinement. You will use thistool to refine aligand into some density asit
is approximately 0.5 A from the center of the density.

Go to the { Refine 1 residue} text string using the 3D text tool/Goto
defined text. Pick thetool Refine 1 residue from the Build atoms pal -
ette. The message line at the bottom of the graphics window asks you
to Pick aresidue/water. Move the mouse arrow to the ligand and select
an atom with aclick with the left mouse button. An Accept:Quit pal ette
appears and the ligand begins to refine.

The refinement is graphics-limited and will proceed much faster without
the map turned on. The message line indicates the progress of the refine-
ment and indicates when the refinement has completed. (If we wanted to
stop the refinement, clicking with the left mouse button would do so.)

When the message line says Finished, you can either Accept or Quit the
solution using the Accept:Quit palette.

Note: Note: The X-Ray applications do not allow the use of any other
tool while the Accept:Quit palette is active.
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5. Geometric conformation tool

Thistool isused to place side chains of amino acids in conformations nor-
mally found in proteins when there is no experimental information to
define the conformation experimentally. In this case, aglutamic acid resi-
due requires attention.

Go to the { Geometric conformation} text string using the 3D text tool
Goto defined text.

Pick the tool Build atoms/Geometric conformation. The message
line at the bottom of the graphics window asks you to Pick atom to set
geometry. Pick any atom in the glutamate residue. A Geometry palette
appears on the right-hand side of the screen, containing seven rotamer
options, al trans conformation, and an Accept: Quit pair. You cannot
pick any other tool while this paletteis active. Thefirst option (Rota 1
-> 27.2%) ishighlighted, and this conformation appearsin white onthe
graphicsview of the molecule. Pick different rotamers from the Geom-
etry palette and look at the different conformations, their energy and
bumps.

You can either Accept or Quit the solution using the Accept: Quit pair.

6. Side chain fitting using grid real space refinement

Go to the { Fit side chain by RSR} text string using the 3D text tool
Goto defined text.

There you will find an arginine residue on the surface of the protein that
does not fit the density. In fact, it isavery long way from the correct posi-
tion and too far for gradient-type refinement to work.

To fit this residue automatically into the density, pick the tool Fit side
chain by RSR. The message line at the bottom of the graphics window
indicatesthat you should pick an atom at which to begin therefinement.
This means that the program will ONLY REFINE OUTWARD
FROM THE ATOM SELECTED, so you MUST pick the Ca. atom
of thisresidueto fit the whole side chain.

310 QUANTA 2006 X-Ray Sructure and Analysis



Lesson 6: Model Building and Real Space Refinement using X-BUILD
The arginine immediately jumps into the electron density.

TheMoveatom + RSR option (thefifth tool down the Build atoms pal ette)
continuously refines all the side chain chi anglesthat follow aside chain
atom that you are moving. Make sure you remember how to use the virtual
track ball option (you can practice moving the pointer first) before doing
the following:

Pick thetool M ove atom + RSR in the Build atoms palette. The pro-
gram promptsyou pick an atom to move, and RSR simultaneously. Pick
the Ca of thisarginine again. The Accept: Quit palette and awhite cur-
rent solution appears. The message line at the bottom of the graphics
window indicates the current fit to density.

Movethe Ca atom using thevirtual trackball XY motion and watch the
side chain trying to stick in the density. Eventualy, if you movethe Ca.
atom far enough, the side chain will flip to some other density.

The application only applieslocal non-bonding, so you should also watch
the energy value and the non-bond indicators during the refinement.

When you have finished moving the atom, pick either the Accept or
Quit option from the Accept: Quit palette, and the white solution dis-
appears. If you choose Accept, the side chain is updated.

7. Editing the peptide plane

Go to the { Edit peptide plane} text string using the 3D text tool Goto
defined text.

There are three ways to edit peptide planes. At the labeled peptide bond,
you will use all three methods.
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First, we will use the Flip torsion by 180 deg toal.

Pick thetool Flip torsion 180 deg. on the Build atoms paette. You are
prompted to pick arotatable bond, in this case the peptide bond marked.
(Notethat thisis not strictly arotatable bond because this selection

resultsin the rotation of the peptide plane, and not the bond). The pep-
tide plane flips 180°.

Now, we will use the Fit main chain by RSR tool, which is the second
method.

To change this back again, use thetool Fit main chain by RSR. You
are prompted to pick apeptide bond. (If you do not pick apeptide bond,
the program ignores the tool.) The application fits the atomsinto the
density by refining the peptide plane AND the omega angle (within
limits). The atoms should fit the density again.

Finally, the third approach uses the Edit backbone torsion tool.

To edit the peptide plane and omegamanually, you can usethe tool Edit
backbone tor. After selecting a peptide bond, this tool allows you to
change the peptide plane with the virtual trackball, but the omegaangle
can ONLY be changed with the dial box.

Adjusting the omega angle only with the dial box helps ensure that the
omega angle is not moved by mistake. If you look at the Ramachandran
plot, you find the two phi-psi pairs of torsion that are changed by thistool
displayed, and as you more the peptide plane, the dots move. The message
line also shows the actual values of phi and psi plus omega.

8. Regularization of coordinates

Go tothe {Regularize} text string using the 3D text tool Goto defined
text.
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You find a glutamine residue at this position in the structure with poor
geometry.

To correct the geometry of thisresidue, select thetool Regularizefrom
the Build atoms palette. The program promptsfor thefirst residueinthe
regularize zone and the last residue in the regularize zone. Pick any

atom in the glutamine residue twice to indicate that thisis the only res-
idue to be regularized.

The residue regularizes to the expected geometry. The regularization pro-
ceeds much faster when the map isturned off, asthe display refreshismuch
faster. You can now try the interactive editing while the regularizer is
active.

Thistime pick thetool Build atoms/M oveatoms+ reg. res. and select
one of the atoms, Ol or Ne2, from this residue. The Accept:Quit pal-
ette appears and the message line at the bottom of the QUANTA graph-
ics window shows the residual. A green atom representation of the
residue appearsin the graphics window. Now use the virtua track ball
option to move this picked atom. When moving a single residue with
the regularizer active, the refresh of the coordinatesis limited by the
graphics of the machine. You can now drag the side chain around by
this atom, where the N and C atoms of the residue are anchored at their
initial positions as shown by the crosses.

The bonds of the residue change color, depending on the deviation of the
geometry at each atom at the ends of thisbond. To change the moving atom,
pick a new atom with the left mouse button. The moving atom is marked

with across. You can free the fixed ends of the residue (O and N) atoms by
picking these as moving atoms.

On completion of the editing, select the Quit option from the
Accept:Quit palette.
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To try out Move atom + reg. zone, you heed to be able to view THR 37,
GLN 34 (theresiduewith thetext |abel { Regularize}, and residue ARG 32.

Use the left mouse button to pick and identify the residues. (Although
it does not matter on which residue you actually try this, these residues
are used for the tutorial.) Select the tool Move atom + reg. zone. You

are prompted for:

* First residue in zone ----------- ARG 32

* Last residuein zone ----------- THR 37

* Pick moving atom ------------ pick the Co. atom of GLN 34

You need not pick thefirst/last residuesin order, and you can pick any atom
of aresidue to specify the range to regularized.

Initially the zone regularizes to compl etion. The message line notes that a
new moving atom can be picked at any time (with the left mouse button),
and avalue for the current residual. A green display of the regularized
atoms al so appears.

If aresidue in the zone of regularization contains a cystine residue as part
of adisulfide bond, atext port comment, Disulfide link added, appears.
Thisisbecausethelast residuein the zonewasacystineresidue, so thelink
+ the other cystine residue is added as part of the regularized residues.

You can how move the current moving atom with the virtual trackball
(or dials), and change the moving atom. Experiment with changing the
Ca positions, and then either Accept or Quit the editing.

9. Alternate conformations

Go to the { Alternate conformation} text string using the 3D text tool
Goto defined text.
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An arginineresidueis at this text marker with two side chain conforma-
tions. You can view which conformation is the B-conformer using a color-
ing option:

From the Build atoms pal ette select the Color atoms.... tool. Thisopens
anew palette, Atom color. There are 6 tools on this palette. Pick Color
B-alt different. The B-conformer of this residue turns pink.

Find the tool X-BUIL D-X-AUTOFIT/Build atoms/Add-delete/

Delete residue. When you pick this tool the application prompts you
for aresidueto delete. Pick the pink B-conformation. The B-conforma-
tion disappears.

Now, to place the B-conformation back again, use the tool Add alter-
nate conformation on the same palette.

The B-conformation appears, with Co. and CB atoms in the same position
and the side chain different from the CG atom. This is because the default
mode of action for alternate conformation isto place the main chain atoms
in the same place, and alow only side chain atoms to have different posi-
tions, where CB is the branch point.

To change this action you should change the toggle option on the X-
BUILD/X-AUTOFIT/Options... dialog box B-conf clamped to A
backbone so that it is turned off. Now you can move B-conformation
atoms so that the whole can be an alternate conformation, and therefore
separate the CB atoms.

10.Adding residuesto termini

Gotothe{Add LEU then THR} text string using the 3D text tool Goto
defined text.
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You should find that the display has centered on aregion of the map where
the density continues without any atoms. You will place aleucine residue
and athreonine residue in this density.

You should till havethe Add-del ete pal ette open,; if not, open thisfrom
the Build atoms palette using the Add/delete... tool. Select thetool Add
resat termini and select the carbonyl carbon atom at the 3D text
marker. (If you do not pick the terminal residue, the addition aborts.) A
pal ette appears so you can select aresidue. Select leucine, which then
appears within the density. Select this tool again and place athreonine
residue.

Both residues have been placed into the electron density closeto asensible
conformation. Thisis because the application fits the terminal residues
using atree search algorithm for density fitting to the last/previous residue,
so that any new atoms are fitted to the electron density in the best possible
conformation. Hence, adding a residue to the termini is extremely easy.

You may want to try to improve thefit to the density using other tools after
completing the rest of this set of tutorials.

11.Mutateresidue

Go to the {Mutate residue Ser to Tyr} text string using the 3D text tool
Goto defined text.

You find serinein this position of human plasminogen kringle 4 that should
in fact be atyrosine in apolipoprotein (a) KIV-10

To correct this residue, select the tool M utate residue from the Build
atoms palette. The program promptsfor the residue to mutate. Pick any
atom in the serine residue. You are then prompted to select a new resi-
due type, select Tyrosine from the Specific palette. You may want to
try to improve the fit to the density using other tools.
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12.Using the Structure palette

Gotothe{Loop fit 1} text string using the 3D text tool Goto defined

text. You can experiment with the Structure pal ette for modeling zones
of residues. Usethetool L oop fit to fit the loop Co 67 to Ca 72 of seg-
ment ARIG. Then use the Refine zone tool to improve the loop fitting

solution.

You should use the tool X-BUILD:X-AUTOFIT/Sructure.../L oop
fit and pick the two labeled atoms ({ Loop fit 1} to {Loop fit 2}). The
program searches for loop conformations until you click with the left
mouse button to abort the search, or the time limit expires (See the
Options... dialog bog for thetimelimit. The default is 10 minutes.). You
can then view the best 10 solutions (defined by the fit to electron den-
sity), Accept/Quit asolution, or continue the search. If the loop search
finds a better solution, use the Refine zone tool to improve the fit by
gradient refinement.

13.Validation

To validate the structure, select the Protein validation tool on the X-
Autofit: X-Build pal ette, and then work through the 3D text list of errors
using the Goto next text tool to look at each one.

14.14. End Session

To end your session click on Finish on the X-AUTOFIT:X-BUILD
palette and goto the File pulldown menu. Select Exit QUANTA from
the menu.
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Lesson 7: Ligand Fitting using X-LIGAND

X-LIGAND (1) isdesigned to search for unsatisfied electron density (den-
sity containing no molecular coordinates), sort these in order of volume,
and fit aligand to these sites automatically. The application is also able to
search conformation flexibility of aligand by varying any rotatable bonds
and fit these rotamers to density at a rate of more than a thousand per sec-
ond. This entire process, including refinement, can be carried out rapidly.

In thistutorial, the following material will be covered:

 Searching for possible ligand sites in an electron density map (1.9 A)
¢ Conformational searching of ligand

* Refining the ligand.

For thistutorial, you will be fitting aligand to the protein apolipoprotein
KIV-10, which has already been used in several earlier lessons.

1. Set up for thetutorial

Move to the directory lesson9/ that contains necessary filesfor this
tutorial. Start QUANTA.

When QUANTA hasfinished loading, open the coordinates kiv-10.msf
and e-aminocaproic.msf in that order using File/Open. Click on Open.

The small moleculeisaminocaprioc acid (EACA), acompetitive inhibitor
for the interaction of kringles with other proteins. The binding mode for
thisligand was amajor objective in the original crystallographic study for
this data (2).

2. Setting up the map display
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Lesson 7: Ligand Fitting using X-LIGAND

For thistutorial, you will be displayed two electron density maps. An Fo-
Fc map will be used to actualy fit the ligand while a 2Fo-Fc map will be
displayed for reference.

Select Map Table from the Draw menu and pull acrossto Show Map
table. The Map Management Table appears as the front window. From
that table, select Maps/Add a Map. Choose the map called 2Fo-
Fc.mbk by highlighting it and click Open. The Define Contour Levels
and Characteristics dialog box appears. It is recommended that the
maps be contoured at 1.0 and 2.0, to do this make sure that two include
levels are selected (indicated by black crosses) and click L evelsfrom
Sigma. Click OK.

Again, from the Map Management Table, choose the Maps/Add aMap
command. Thistime select the file Fo-Fc.mbk. The recommended val-
ues for the level and color boxes for this map are shown in Figure 1.
Click OK.
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13. Tutorial

Characteristics of Density in Map:
Maximum= 6.677; Minimum= -4.461; Sigma= 0.988

Define Contour Levels:

Include Level Color
X 25 7
@ -25 3
D 0 12
EI 0 11
D 0 10
O [0 | [

Figure 10. Suitable contour levels and colors for the Fo-Fc map

Select Applications/X-L1GAND. First of al, you will be prompted to
choose which map you wish to use for the ligand fitting procedure.
Select Fo-Fc.mbk and click OK.

When you start X-LIGAND, there will be afew seconds delay. Thisis
because the program must generate a sphere of symmetry atoms, and then
make sure the map coversthese atoms. The X-LIGAND application gener-
ates asphere of symmetry atoms around the working molecule so that sym-
metry ligand sites are not found as multiple sites. The message line at the
bottom of the graphics screen will indicate the progress of the setting up.
The X-LIGAND palette will appear with only 4 tools that can be selected.

If you zoom out alittle you will seethat the graphics display showsthe mol-
ecule of apolipoprotein KIV-10, theligand, and a blue sphere of symmetry
atoms. The Object Management Window has also popped up to show that
symmetry has been created as an object (SYMMETRY).

3. Finding possible ligand sites

Click the palette tool Change search setting....
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Lesson 7: Ligand Fitting using X-LIGAND

This setsthe map level (in o) at which the search for possible ligand sites
ismadein the map. A lower threshold will result in more sites being found,
and will also increase the extent of the volume of each site that does not
overlap the protein. A lower threshold will often result in the overlap of
sites, giving fewer, larger sites. Thisisthe only parameter that needs to be
set by you. The rest are automatically determined by X-LIGAND.

Enter 3.0c asthe Search Threshold. Click OK ontheLigand Search
Parameters box and click on the palette tool Search for ligands.

This searches the map within the displayed sphere for possible sitesfor the
ligand, and sorts these in order of volume. The display centers at the first

(largest) possibleligand site, the Fo-Fc map isdisplayed at 2.5¢ along with
asearch volumethat isindicated by yellow crosses. In addition, the 2Fo-Fc
map isdisplayed at 1.0 and 2.0 athough itisnot being used in the ligand
fitting procedure.

At this point, the application has already fitted the ligand at thissiteasa
rigid body, so you will find that it will bein the correct position already, but
in an incorrect conformation and orientation.

Note: You can turn the map on and off with the Map on/off tool on the
X-LIGAND palette, the display manipulation is much easier when the
map is off. You can also toggle the maps on/off from the Maps Manage-
ment table.

4. A conformational search of the ligand

Click the X-LIGAND tool Search conformations.

Astheligandiscurrently along way from the best solution, thereisadelay
of afew seconds. Each improved solution isdisplayed asit isfound. The
actual computation runs at about 1000 conformations/second.

Thisexample hasfiveinternal degreesof freedom and the program usesthe
Monte Carlo search algorithm. The maximum time that the search will run
is by default one minute although you can interrupt it at any time by click-
ing with the left mouse button. Leave it running for at least 30 seconds.
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13. Tutorial

After afew minutes, the program returns the best 20 conformations.

Usethetool ...all 20 confor mationsto view all 20. You will seefor this
ligand that they are very similar. You can toggle through the different
conformations using the tools ...previous conformation and ...next
conformation tools.

5. Refinement

You can now refine the ligand conformation, orientation, and position
using the Refinetool onthe X-LIGAND palette. Youwill need to select
just one conformation before using this tool.

The refinement method is torsion angle real space refinement using both
linear and quadratic interpolation of the electron density. The final coordi-
nates will be within 0.01 A of the refinement carried out with standard
refinement procedures, but the radius of convergence is much higher with
thisroutine.

6. Savingtheresult

Inthe X-LIGAND palette, use the tool Save ligand to M SF. Enter e-
aminocaproic-fitted and click Save. This creates anew coordinate file
containing the refined coordinates.

7. Exit the X-Ligand application

To end your session click on Exit on the X-LIGAND palette

At this stage, you should have three molecules displayed in the main
QUANTA window and listed in the Molecule Management window (see
Figure 11.).
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Molecule

Lesson 8: Water Fitting Using X-SOLVATE

kiv-10

e-aminocaproic

..proic-fitted

Figure 11. The Molecule Management window

You should retain the protein (kiv-10) and thefitted conformation of the
ligand (e-aminocaproic-fitted). To close the coordinates e-aminocap-
roic usethe File/Close command. Click on thefile e-aminocaproic.msf
(it will become highlighted and appear in the Close panel) and then
click on OK.

You will now save the protein and fitted ligand to asingle msf file.
Click File/Save As... and accept the default writing options. Click OK.
Call this new filename kiv-10-ligand and click Save.

Leave QUANTA running in preparation for the next lesson.
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Lesson 8: Water Fitting Using X-SOLVATE

X-SOLVATE (1) isatool that allows you to search an electron density map
for water peaks, to adjust the peak positions, and to save them as water
coordinates. In thistutorial, we will fit water moleculesto the electron den-
sity map of apolipoprotein KI1V-10 used in the previous lesson.
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13. Tutorial
1. Set up for thetutorial
You should have completed lesson 9 before working through this tutorial.

If QUANTA isnot running then moveinto the directory lesson9/ and at
the UNIX prompt, type:

> quanta

followed by enter.

Before proceeding, ensure that kiv-10-ligand isthe only moleculelisted in
the Molecule Management table.

Select Applications/X-SOLVATE. Asintheprevioustutorial, you will
be prompted to choose which map you wish to usefor the ligand fitting
procedure. Select Fo-Fc.mbk and click OK.

QUANTA savesthe current selection, color, and display masks. It then gen-
erates a sel ection mask that contains all atoms plustheir symmetry equiva
lents for the map currently loaded. The message line at the bottom of the
graphics screen will indicate the progress of the setting up. The graphics
display will show the molecule of apolipoprotein KIV-10 with aligand (fit-
ted in the previous lesson) and a blue sphere of symmetry atoms. You may
wish to zoom out alittle to see this properly. A three-dial set is displayed
containing dialsfor x/y/z positioning of current water molecules. Addition-
ally, the Search for peaks palette appears with only 4 tools that can be
selected.

8. Finding water sites

Click the palette tool Change search setting....
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Lesson 8: Water Fitting Using X-SOLVATE

This setsthe map level (in o) at which the search for possible ligand sites
is made in the map.

Since we are using an Fo-Fc map enter 2.5¢ asthe Min density level.
Click OK onthe Peak Search Parametersbox and click on the pal ette
tool Search for waters.

This searches the map within the displayed sphere for possible sitesfor the
ligand, and sorts these in order of volume. The display centers at the first
(largest) possible water site, the Fo-Fc map isdisplayed at 2.5c, and a puta-
tive water siteisindicated by arhombohedral cursor, including non-bonds
(yellow) and hydrogen bonds (white). In addition, the 2Fo-Fc map isdis-
played at 1.0 and 2.0c athough it is not being used in the water fitting pro-
cedure.

You can move the water site using the dials.

Note: The water would move more quickly with the map off, but this
would prevent you from finding the best position for the water.

For asingle spherical water site, the program will normally find the best
position (by quadratic interpolation) without any need to move the site
position.

You cantell the program that thisisawater site using the Save aswater
tool. A red cross then appears at the pointer position. To go to the next
siteusethe Next peak tool. You can continuefor all thewater sites, sav-
ing each probable site as you go.

After you have saved several sites, you may continue with the exercise.

9. Savingtheresults

Clicking the Exit tool savesthe new water positionsasanew file, while
the Quit option leaves and make no changes. Click the Exit tool.

©
=
O
+—
>
fra

QUANTA 2006 X-Ray Sructure and Analysis 325




13. Tutorial

At this stage, you should have two molecules displayed in the main
QUANTA window and listed in the M ol ecule Management window. These
are the protein itself (kiv-10-ligand) and any saved water molecules
(searchwaters).

Youwill now savethe protein and fitted water moleculesto asingle msf
file. Click File/Save Asand select all the writing options except Apply
rotational transformations. Click on the OK button.

Enter as the new filename kiv-10-lig-wat and click Save.

Leave QUANTA running in preparation for the next lesson.
10.Other variationsto try

You might like to investigate the effects of changing various parametersiif
you have extratime.

You can adjust the parametersfor a search by selecting Change search
setting... in the Search for peaks palette.

A dialog box is displayed and contains the following parameters with
defaults shown on the screen. You can investigate changing various param-
eters as you wish.

e Min density level: Thisisthe minimum value of electron density in
sigmawhere awater can be placed.

e Mindistanceto protein: Thisisthe minimum distance possible for a
peak to be from the protein.

* Max distanceto protein: Thisisthe maximum distance from the pro-
tein that awater peak isfound. The setting prevents X-SOLVATE from
finding peaksin a density region where no other data justifies placing
one. The aim of the routine isto find the first solvation shell, then to
repeat the peak search with the first solvent shell present, thus allowing
the determination of further solvent shells by iteration.

e Min sep between peaks: Thisis the minimum distance allowed
between peaks. Peaksthat are closer together than the min-sep value are
replaced by a single peak in the average position. The value used here
depends on your working practice.
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Lesson 8: Water Fitting Using X-SOLVATE
e Calculation radius. Thisisthe radius that describes the region to be
searched by X-SOLVATE.

« Display radiusof map: Thischangesthe map display radiusabout each
peak.

« Temperaturefactor: Thisisthe BVALUE of the temperature factor
saved with the water position coordinates.
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B. Creating a

Fragment Database

Use the following procedure to create a database to be used by the Search
Fragment Database utility.

1

cp

From the Brookhaven database, select a set of protein coordinatesfiles
that have good resolution and include different structure types.

Construct afile (dmlist) that contains alist of these protein coordinate
files. Use the following format in constructing the file:

Number of proteinsto be used.
Name of coordinate file 1.

Name of coordinate file 2.

Name of coordinate file n.

Run the program $HY D_M SF/dmprep. The program prompts for the
name of the file (dmlist) containing the list of proteins and asksfor a
name for the distance matrix file (dmfile.new) to be created. The pro-
gram then reads each protein coordinate file and constructs a distance
matrix file. It also creates a QUANTA input command file. The com-
mand fileisused from within QUANTA to generate an M SF for each of
the protein coordinate files. You are prompted to name thisfile.

The dmprep executable distributed with QUANTA can handle up to
2,000 proteins with limits of 2,000 residues and 100,000 Co. distances
per protein. The FORTRAN sources for dmprep (dmprep.f and
dmsubs.f) are also distributed. This givesyou flexibility to increase the
dimensions as you need them.

Move the distance matrix file to the $QNT_ROOT/dmatrix directory
and rename it to dmfile. Because the variable $HYD_DMF is already
defined in the QUANTA environment as $QNT_ROOT/dmatrix/
dmfile, you can do this easily by typing:

dmfile.new $HYD_DMF

where dmfile.new is the filename of the distance matrix file created in
step 3.

To createrequired MSFs, start QUANTA and type @command _file,
where command_fileisthe name given to the QUANTA command file.
Respond appropriately to the dialog boxes. Treat the sixth character in
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the atom field as a disorder using the no-hydrogen dictionary file, and
exclude symmetry in the molecular structure file.

6. Move the newly created MSFsto the directory $MSF_LIB.
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C. The cnx.bat File

Thecnx.bat fileisused by QUANTA to execute CNX jobs using the Accel-
rysversion of CNX. The main function of thisfileisto passthe input and
output filenamesto CNX and allow CNX to be started from QUANTA. The
last line of the file locates the CNX executable. If appropriate, replace the
executable with alocal location of CNX on your system. The location of
cnx.bat isspecified inthefile $HY _L1B/applcomm.db under the classifica
tion CNX.

The cnx.bat file

#1/bin/csh

echo “cnx.bat started...”

#

# Change the following line if CNX is
# installed elsewhere

setenv XROOT $QNT_ROOT/cnx

$XRO0T/exec/cnx.exe < $1.inv $1l.out
echo “cnx.bat Ffinished”

Academic sitesmay point to an executablefor CNX created from aseparate
Yaledistribution of CNX.
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D. Searching for Fragments
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QUANTA's X-Ray crystallography applications include a function for
searching a specialized database to locate a suitable set of fragments for
modeling undefined regions of a protein.

This chapter describes:
» Searching for fragments.
e Search Fragment Database palette.

« Example: Using fragment searching to complete a model of renin.

Searching for fragments

Fragment database

Coordinates for undefined residues can be defined using the fragment
search process. To search for fragments, you use adatabase for a set of pro-
teins that matches certain specifications. Matched fragments are retrieved,
displayed in the viewing area, and listed in the textport. When you accept
afragment, its conformation is copied to the undefined region of your
structure.

The fragment database consists of two parts: a distance matrix file and a
library directory of complete structures. The distance matrix file contains
al theinter-Ca distances for arepresentative set of protein structures. The
library directory contains M SFs with compl ete sets of atomic coordinates
for the structures used in the distance matrix file.

The standard QUANTA installation contains a database of twenty struc-
tures derived from the Brookhaven PDB. By default., $HY D _DMF points
to the file $QNT_ROOT/dmatrix/dmfile containing the inter-Co dis-
tancesfor the protein structures. $HY D_L B pointsto thelibrary directory
$QONT_ROOT/msflib.

If you use the fragment searching facility frequently, you can create amore
complete set of structuresto be searched. For information on this process,
see Creating a Fragment Database (page 331)
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Fragment selection criteria

A fragment is chosen using the following criteria:

» Thefragment forms a good fit with residues on either side of the unde-
termined region

e Theresults of total distance and least squaresfit are low compared to
other retrieved fragments

« Minimal close contacts of the fragments exist with neighboring regions
of the protein

» Theresiduesinthefragment are similar to those in the known structure
sequence

Running a search

To run afragment search, you first must specify the anchor residues on
either side of the region to befilled by the fragment. Anchor residues are
specified by using one of the tools for picking residues on the Search Frag-
ment Database pal ette to choose the anchor residues in the modeling win-
dow or the Sequence table. When you have compl eted residue picking, you
initiate the search by selecting Sear ch Database from the Search Fragment
Database palette.

Fragment searching also can use the bump checking tool, Bump. Thistool
takesretrieved fragments and fits them over the search template. Theinter-
atomic distances between the main chain, and the beta carbon atoms of the
fragment and neighboring residues are calculated. The fragments with
close contacts are rejected. Because this procedure reduces the number of
fragments finally selected, the initial database search retrieves extra frag-
ments by relaxing search criteria.

When a search is complete, the structures of matched fragments are read
from M SFs and displayed superposed over the template residues. Each
fragment is color coded and a color-coded legend is displayed in the lower-
right corner of the screen. The legend gives the name of the protein from
which each fragment istaken, itsdistancefit, and the RM S differencein Co
atom position when the fragment is superposed on the template.

Accepting afragment defines coordinates for unknown residues and rede-
fines coordinates of residuesin the anchor regions. In some cases, it is
advisable to select adjacent residues having structural homology. These
residues act as an anchor, holding the fragment in place.

The following figureillustrates the setup and results of afragment search:
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Search Fragment Database palette

-----
- Y

Cao trace of model structure with search tem-  Covtrace of two possible hit fragments from the

plate residue Coe atotns marked with * and database. The Co atotns marked * are
residues of unknown confortnation marked roughly equivalent to the search ternplate
with 7. The calculated Coi- Co distances are Cous with similar Cor-Co distances. The res-
showt as a dashed line. idues marked with - are equivalent to the res-

idues of unknown confortmation, and
represent two possible confortnations for the
unknown region.

Search Fragment Database palette

This section describes the tools on the Search Fragment Database pal ette.

To access the Search Fragment Database palette, select Fragment Data-
base ... from the X-Structure pal ette.

Note: Many of the tools on this palette are not activated until you have
selected the residue range to be searched. Additional tools are activated
when asearch isinitiated.

List Proteins

Lists the proteins in the currently active Ca. distance matrix file in the tex-
tport.

Pick Alpha Carbon Range

Selects template residues by picking the first and last residue in arange.
This picking processis additive. Previously selected ranges are not cleared

QUANTA 2006 X-Ray Sructure and Analysis 337

—_
@]
—
()]
=
<
(&S]
sl
©
Q
(7]

fragments




even if asearch has been performed. Use either Undo L ast or Undo All to
clear selections.

Pick Alpha Carbon

Selects template residues by picking each individual residue. This picking
processis additive. Previously selected atoms are not cleared even if a
search has been performed. Use either Undo Last or Undo All to clear
selections:

Undo Last

Deletes the last Ca anchor selection.

Undo All

Deletes all Ca anchor selections.

Search Database

Searches the fragment database by Ca—Ca distance for matches to the cur-
rently selected anchor residues.

With Bumps

When thistool is active, any database search is followed by bumps check-
ing before the optimal retrieved fragments are displayed. This selection is
active by default when Search Databaseis active.

Display All Fragments

Displays al the retrieved fragments.

Display Next

Displaysthe next fragment on the fragment list and removes all othersfrom
theviewing area. Theinitial fragment to be displayed isthefirst on thefrag-
ment list.
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Search Fragment Database palette

Display Previous

Displaysthe previous fragment on the list and removes al othersfrom the
viewing area.
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Select Display...

Opens the Display selected fragments dialog box with all fragments
listed. Use the dialog box to select one or more fragments for display.

List Residues

When only one fragment is displayed, thistool lists names and IDs for the
residues in the fragment, and for corresponding residues in the active mol-
ecule.

Accept Fragment

Copiesthe coordinates of afragment onto the corresponding residues of the
active moleculeincluding the original anchor residues. Thistool is grayed
unless only one fragment is displayed

Note: If the structure being built includes N- or C-terminus atoms, polar
hydrogens, or al hydrogens, certain atoms will remain undefined even
after accepting a fragment. Undefined atoms occur when no equivalent
atoms are present in theincoming fragment. This happens because PDB
files do not include hydrogen positions, and C-terminus oxygens have a
different naming convention. Correct this situation by regularizing the

terminal region.

Anneal Fragment

Reject Fragment

Averages the coordinates of the fragment with the corresponding residues
of the active molecule. Thistool isinactive unless only onefragment isdis-
played. Thetool should not be used if the target sequence has undefined
atoms.

Clears all fragments from the display
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Options...

Opens the Fragment Modeling Options dialog box asillustrated:

From this dialog box, you can specify the number of fragmentsto be dis-
played after a search, indicate how fragments are displayed and labeled,
change the fragment file specifying the database matrix, and specify the
number of residues for annealing.

Finish

Exits the Search Fragment Database pal ette and returns to the X-Structure
palette.

Example: Using fragment searching to complete a
model of renin

This section is an exercise taken from part of the tutorial in the Protein
Homology Modeling Tutorial. If you have this book, use it to complete the
full exercise.

Before you begin

To do this exercise, you must have the file renin_regularize.msf in your
current working directory. This file contains a partially built model of
human renin with undefined loops. If you do not have the file, check with
your system administrator. Thefileis also available from the Accelrys Sci-
entific Support group.

The distance matrices (dmfile) for this example are located in the file
$HYD_DMF.

To begin this exercise, you make selections from the QUANTA Draw
menu to display and focus on only those residues of interest in the renin
file (renin_regularize.msf). The undefined regionsthat are appropriatefor
fragment searching are residues 49 through 62, residues 103 through 112,
and residues 117 through 127. Each of these regions spansareasonable dis-
tance and has residues that can be used as anchors.

Complete the following steps:

1. Openrenin_regularize.msf to display the renin structure.
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Example: Using fragment searching to complete a model of renin

2. From the QUANTA Draw menu, select Display Atoms to open the
pull-right menu. From the pull-right menu, choose Selection Tools. The
Display Atoms and Display Utilities palettes are displayed.
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3. Fromthe Display Atoms palette, choose Type in aselection. The Enter
Display Selection Commands dialog box appears.

—_
@]
—
()]
=
<
(&S]
sl
©
Q
(7]

4. Inthetext entry fields, enter the text strings.

zone 49to 62
zone 103 to 112
zone 117 to 127

5. Click Done. Each of the areas of interest are displayed in color 2 (red)
in the structure.

6. Fromthe Display Utilities palette, choose Save Selection-Commands.
A FileLibrarianisdisplayed. Inthetext entry field enter: Display frag
area_renin, then click Save.

7. Select Finish from the Display Atoms palette to exit and save the
changes.

8. From the Draw menu, select Color Atomsto display the pull-right
menu. From the pull-right menu, choose Selection Tools. The Color
Atoms and Color Schemes and Utilities pal ettes are displayed.

9. Fromthe Color Atomspalette, select All Atomsand typeinaSelection.
The Color Selection Commands dialog box appears.

10.In the text entry fields, enter the text strings

zone49to 62 =col 2
zone 103to 112 = col 3
zone 117 to 127 = col 4

11.Click Done. Each of the areas of interest is colored and displayed
uniquely on the structure.

12. From the Color Schemes and Utilities pal ette, select Save Selection-
Commands. A FileLibrarianisdisplayed. Inthetext entry field, enter
Col_frag_area renin. Click Save.

13.Choose Finish from the Color Atoms palette to exit and save the
changes.

14. Display the Draw menu. Choose L abel Atomsto display the pull-right
menu.

15.From the L abel Atoms pull-right menu, choose Residue | D and Selec-
tion Tools. All labelsfor the structure are visible, and the Label Atoms
palette is displayed.
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16.From the Label Atoms palette, select Include, Alpha-Carbon Atoms,
and Finish. The Ca atoms of the residuesin the structure are labeled by
their residue IDs. The changes are saved and the utility is exited.

17.From the Edit menu, choose Bond options. The Specify Bonding
Mode dialog box is displayed:

18. Set the options to the following:

Bonding Algorithm: Intra-residue + Named Link Atoms
First link atom: C

Second link atom: N

Local Search

Disable Inter-Segment Bonding

Minimum Distance Criterion: 0.05

Apply towhat? Both

19.Click OK. These options result in adisplay of side chains asthey are
constructed and prevents spurious bonds from being drawn.

20.From the Applications menu, select X-Structure. The X-Structure pal-
etteis displayed.

21.From the Structure palette, select Fragment database... The Search
Fragment Database palette is opened.

22.From the Search Fragment Database palette, select Options... The
Fragment Modeling Options dialog box is displayed.

23.Set the options in the dialog box to the following values:

Number of Fragments: 5
Fragment Drawing: Main Chain
Fragment Labelling: CA Labels
Anneal over Residues: 1

24.Click OK. The dialog box is removed from the display.

25.From the Search Fragment Database palette, choose Pick Alpha Car -
bon Range.

26.Rotate the molecule so that the first group of atomsin residues 49
through 62 is visible. Select residues 50 (K) and 51 (C), to mark the
beginning of the fragment placement area.

27.Select residues 61 (H) and 62 (K) to mark the end of the fragment place-
ment area. The selected residues are indicated by red crosses on the Ca.
atoms.

28.From the Search Fragment Database palette, select with Bumps, then
choose Search Database.
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Example: Using fragment searching to complete a model of renin

29.When the search is completed, several best-fit fragments are displayed
asillustrated:

Scha .64 .19

Scha .63 .85

THcp .91 .04

Japp .68 .55

Jest

- M L Lo
o o o o o
- = NN L

.90 ]

Protein
Jest
Japp
Incp
Bcha
Bcha

30.Rmsvalues for the fragments are listed both in the textport and in the
modeling window legend. Thefit (dist) column showsthe least squares
fit between the Ca. atoms picked in the current model and the matching
Co atoms for each superposed fragment. The rms (Isq) column shows
the least squaresfit of the whol e peptide backbone of the same selected
residues.

Residue  rmsilsgd fiti{dist) Mo bumps Sequence

79
194
290

23
259

1,75269 0, 90024 0 YHFY WHT DDYAAG
1,55386 0,67538 0 HVDSY TAGSLSGED
2,04288 0,90797 0 FIVSROTSLISTILY
2,84700 0,62772 1 HLYSLODKT GFHF
4,18792 0,64162 0 PRUYSLADETGFH

31.From the Search Fragment Database pal ette, choose Display Next and
Select Display... to begin the process of studying fragments. The Dis-
play selected fragmentsdialog box isdisplayed asillustrated, listing all
the fragments found in the search:

32. Select fragments 2 and 4 for viewing. Both fragments appear to fit well,
but 2 (3app) appearsto join better.

33.Thisfragment is a good candidate for filling the sequence gap because
it has one of the lowest valuesfor the least squaresfit, it joinswell with
the surrounding residues, and it hasfewer close contactsthan other frag-
ments.

34.Again choose Select Display. Select fragment 2, 3app. Only this frag-
ment is displayed superposed on the structure.
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35. From the Search Fragment Database palette, choose List Residues.
Residuesarelisted in the textport for both the fragment and the selected
Coa range.

36. From the Search Fragment Database pal ette, choose Accept Fragment.
The Copy Fragment dialog box is displayed.

Thisdialog box liststhe fragment and range of coordinatesto be copied
to renin_regularize.msf.

37.Click Yes. The coordinates from fragment 3app, starting at residue 194,
replace thisregion in renin_regularize.msf.

38. From the Search Fragment Database pal ette, select Pick Alpha Carbon
Range. Select residues 103 (T) and 104 (V), to mark the beginning of
the fragment placement area. Then select residues 110 (E) and 111 (V)
to mark the end of the fragment placement. The four selected residues
are indicated by red crosses on the Ca atoms.

39. Repeat steps 27 through 34 for this residue area.
40. Repeat the searching process for residues 117 through 127.

41.From the Search Fragment Database palette, select Finish. The palette
isreplaced with the Edit Protein pal ette, Protein Utilities pal ette, and the
Protein dials emulator.

42.To regularize the fragment regions, choose Select Active Range from
the Protein Utilities palette. The Pick Range palette is displayed. Select
the residue 50 (K) to mark the beginning and residue 60 (Y) to mark the
end. Red bars indicate the selected range.

43.From the Edit Protein palette, select Regularize.... The specified
region isregularized using previously selected parameters for
CHARMmM.

44. Accept the regularization and repeat the process for the other two resi-
due regions (106 through 108 and 117 through 127). Observe energy
levels and relaxing of the regions.

45. From the Edit Protein palette, choose Saveto M SF.... The Save
Options dialog box is displayed.

46.Choose the option Saveto a new filenamethen click OK. A File
Librarian is displayed.

47.Enter the filename renin_fragment and then click Save. A new MSF is
created and the structure is displayed. The name renin_fragment.msf
replaces renin_regularizemsf in the Sequence table.

You have completed this example.
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E. Using RTF and PSF Modes

To minimize operational problems, it isuseful to have a structure that
includes polar hydrogens and appropriate bonding before you do CNX cal-
culations or perform regularization. Accelrys recommends that you assure
that the structure is suitably prepared by calculating CHARMmM energy
using the toolsin the QUANTA CHARMmM menu. If you are using a struc-
ture that is prepared using X-AUTOFIT, this procedure is not necessary.

Thisappendix describesthe two different modesfor calculating CHARMmM
energy: PSF and RTF. While these modes can be used interchangeably,
each has certain strengths that make it best for specific circumstances.

RTF mode uses a set of dictionaries in which each residue is defined.
CHARMmM uses RTFsto define the connectivity of asequence of residues.
Thismodeworkswell for common biological systemswherethere are mul-
tiple repeating residues. RTF mode is less flexible for ligands and general
organic molecules.

In PSF mode, connectivity is defined by amodel on the screen. Thisworks
well for proteins containing nonstandard amino acids or ligands. QUANTA
communicates with CNX in PSF mode only.

This chapter describes
* RTF and PSF files and modes
e Setting up aprotein in PSF mode

RTF and PSF files and modes

Several fundamental differences exist between RTF mode and PSF mode
in QUANTA.

RTF mode

In RTF mode, QUANTA uses adictionary of residues to assign connectiv-
ity, charges, and atom types. The RTF provides atemplate for each residue,
but has no coordinates directly associated with it.

CHARMM can use RTFsto create a PSF which is then associated with
coordinates. But RTFs alone do not provide sufficient information to create
aPSF. A sequenceisalso required. In RTF mode, QUANTA sends the
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sequence, RTFs, and coordinates to CHARMmM. The program reads each
residue, then looks up the residue in an RTF file. If an RTF exists for that
residue, the residue is built into the PSF based on the RTF and regardless
of the connectivity displayed in QUANTA. The processis repeated for all
residues in the sequence.

RTF mode works especially well when you import files from the
Brookhaven PDB or other sources, use structures that have many bad con-
tacts, or add polar hydrogens.

A major disadvantage of RTF modeisthat definitions are needed for al res-
idues. No calculations can be performed if an RTF is missing or does not
exist. If aprotein contains nonstandard amino acids, you must construct an
RTF. This problem appears most often with ligands. QUANTA provides
tools for building an RTF in the Molecular Editor.

sln PSF mode, QUANTA uses stored and displayed connectivity of the
molecule structure. Additionally, information on bond angles, torsion and
improper torsion angles, and atomic specifications such as atom name,
atom type and charge, stored charges, and bond order are included.
QUANTA generates a PSF directly, then sends the PSF coordinates and
parameters to CHARMmM or CNX for further calculations. QUANTA also
provides a parameter chooser that finds all the parameters needed and pro-
vides estimates for any missing parameters.

The PSFisthe central datamodel in CHARMm and CNX. In either RTF or
PSF mode, a PSF is created, but the source of the connectivity and other
atomic information differs. A PSF defines the relationship between atoms
but does not contain coordinates. When avalid PSF is generated, coordi-
nates can be provided for the atoms in the PSF. The PSF coordinates and
parameters are used by the energy equation to calcul ate the energy of the
structure and all other derivative data such as velocity and forces.

A single PSF can be used with many sets of coordinates asit isused in a
minimization or molecular dynamics run. Cartesian coordinates change,
but connectivity and molecular specifications do not.

PSF modeworkswell for unusual ligandsfor which no RTF exists. The dif-
ficulty of PSF mode is that with large numbers of atoms, such asin pro-
teins, it can be difficult to locate and identify a problem in the PSF.

When you use CNX in QUANTA, QUANTA generates a PSF for CNX.
You do not need to communicate RTF information to CNX. If you want to
do this, you can use CNX in standal one mode.

PSF files for CNX include additional information that is supported by
CNX: alternate location indicator, chain name, and element name.
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Setting up a protein in PSF mode

Setting up a protein in PSF mode

Thissection describes how to set up aprotein filein PSF modeusing aPDB
file as the source of the starting coordinates. Although importing a PDB
into QUANTA is straightforward, successfully completing the import task
does not ensure that afile can be used immediately in PSF mode. This
exampleis based on asimple case of asingle polypeptide chain of 20 stan-
dard amino acids and water as the solvent.
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The process includes these steps:

1. Organizing and separating segments.
2. Adding polar hydrogens.

3. Calculatinga CHARMM energy.

4, Saving changes.

Organizing and separating segments

A segment name s not particularly important in the PDB file, but in
QUANTA, CHARMmM, and CNX the segment is afundamental part of the
data structure. Thismakesit critical that the different parts of the system be
partitioned appropriately into segments.

QUANTA contains an Atom Property Editor that you can useto easily
mani pul ate various aspects of the molecular structure file including seg-
ments.

For this example, use the Atom Property Editor to assign one segment
(PROT) to contain the polypeptide and a second segment to contain all the
water molecules (SOLV). Segment names can be any four-letter combina-
tion, but all segments must be uniquely named.

For more information on the Atom Property Editor, see QUANTA Basic
Operations.

Adding polar hydrogens

You can add polar hydrogens to a structure in QUANTA in several ways:
using CHARMmMm functionsin RTF mode, using the tools on the Protein
Editor, or using the QUANTA Molecular Editor.
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Using CHARMm functions in RTF mode

Use thismode when RTFs are availablefor all theresiduesin your system.
For alist of RTFsthat come with QUANTA, see “Appendix D, Residue
Topology Files’” in QUANTA Basic Operations. The files are located in
the SCHM_DATA directory.

After you set CHARMm to RTF mode, you can add polar hydrogens by
selecting Hbuild from the CHARM m menu or by requestingaCHARM m
Energy from the Modeling palette. One advantage of adding polar hydro-
gensin RTF modeisthat optimization of water hydrogensis done automat-
ically.

Using the Protein Editor

The Protein Editor provides tools for atom typing, bond assignments, and
adding and deleting atoms and other tools to modify a molecule. The tool
Use Polar Hydrogens adds polar hydrogens to a molecule based on the
assigned atom types. After you add polar hydrogens, exit the Protein Editor,
saving the changes. You may noticethat all water hydrogens have the same
orientation. This is because orientation has not been optimized.

Calculating a CHARMm energy

If you are not already working in RTF mode, set the CHARMm mode to
RTF, request a CHARMmM energy, and note the reported energy value. Set
the CHARM m modeto PSF, set Bonding to Special Protein Algorithm,
and pick Disallow Bonding Between Segments. Request a CHARMmM
energy in PSF mode. The energy should be identical to RTF mode.

Saving changes

After an energy isreturned, use Save Asfrom the QUANTA Filemenu to
update the stored connectivity and bond order. Thisisthe only way to get
QUANTA to update without going into the Molecular Editor.

Problems

QUANTA detects a problem if some atoms have too many bonds. You can
deal with this situation in several ways:

» Make sure you are using the special protein bonding algorithm.
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Setting up a protein in PSF mode

« Delete offending bonds using Delete Bond from the QUANTA Molec-
ular Editor palette.

¢ Optimize hydrogen positionsin RTF mode.
¢ Minimizethe protein in RTF mode.

Experiment to find the simplest solution that solves your problem. Then
save the MSF and perform a calculation in PSF mode.
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F. X-Ray - X-BUILD Command Conversions

This appendix correlates equivalent commands in the newer X-BUILD
applications and the old X-Ray tools palette.

The style of the X-BUILD interface ismore advanced than the X-Ray inter-
face, so many of the tools do not map directly to an equivalent tool.

Map management

All map management is now global to QUANTA, so that general changes
such as contouring can be made directly from the Maps Management tabl e,
and the complete list of optionsis available from the Map dialog box.

command
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The Maps Management tableis accessed using the M ap table command on
the DRAW menu. The Maps Management table can also be opened using
the keyboard command map table show.

The Map dialog box is opened with the keyboard command maps.
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Specific command conversions

X-Ray

X-BUILD

Options... dialog box

Display map on atoms
Display map in Volume
Display map at pointer

Neighbor cutoff [value]
Bump Cutoff [valueg]
VDW Cutoff [value]
Electrostatic Cutoff [value]
Spin Increment [value]
Extra map radius

Sphere radius

These three commands are replaced by the display of the map (of radius
defined by the user) at the current display position. The position can be
defined by any of atom name, atom coordinate, bones pointer position,
or text label. It is possible to set the map to be displayed only on the
atoms, using the map management table tool Contour/options,
athough thisis not recommended within the X-BUILD functionality,
asit can result in false bones and related problems.

You should refer to Chapter Managing Maps (page 25) for information
on the limitations on the use of map display options and the X-
AUTOFIT:X-BUILD functionality.

X-BUILD/Options.../Show bumps less than [valug]
X-BUILD/Options.../Show bumps less than [valug]
Cannot be manually altered

Cannot be manually altered

Cannot be manually altered
X-BUILD/Options.../Map radius [value]

Defined by above

[X] Mask map to cover only atoms

Map management table/Contour/Options

Cover radius [value]

[X] Display torsion values

[X] Pick residues for regularization
[X] Prompt for Regularization Protocol
[X] Edit Torsion definitions

Map management table/Contour/Options
Automatically displayed— Cannot be manually altered
BUILD/Build atoms.../Regularize
X-BUILD/Options.../<regularization options>
X-BUILD/Build atoms/Add-del ete/Define torsions

[X] Hydrogen bond display

X-BUILD/Build atoms/Hydrogen bonds

Symmetry coloring
Rotamer Library

X-BUILD/Coalor table...
X-BUILD/Options....

Display Sphere

Automatically display map

Display symmetry atoms

X-BUILD isbased on the use of adisplay sphere of map, (plus atom dis-
play and bones) at a point in space. The use of adisplay sphereis
implicit within the X-AUTOFIT:X-BUILD functionality

X-BUILD always automatically displays the map. For general map con-
trol, you should use the map management table, where the individual
map levels can be turned on and off.

X-BUILD aways displays the symmetry atoms. For general control,

refer to the object management table, where the visibility of the sym-
metry atoms can be turned on and off.

352 QUANTA 2006 X-Ray Sructure and Analysis



Specific command conversions

X-Ray X-BUILD
Display all Control the number of atoms displayed with the option X-BUIL D/
Options.../Atom radius. If the radius of atom display is 1000 or
greater, then all atoms are displayed, that is, no test is made on their
position. Any radius less than 1000 results in atest on the radius of
atoms to display about the current center point.
Display Options...
Label atoms X-BUILD/Text... (thetext editor)
Label Residues X-BUILD/Text... (thetext editor)
Co packing diagram X-BUILD/Symmetry/CA packing diagram
Pack current display X-BUILD/Symmetry/packing diagram
Display cell symmetry X-BUILD/Symmetry/Filled unit cell _8 E
Cell bounds X-BUILD/Symmetry/Unit cell g g
Display map table EDIT/Map table/Show = E
Manage Maps... Use the maps pal ette, accessible using the keyboard command maps 8 8
Move atom X-BUILD/Build atoms/Move atom
Move fragment X-BUILD/Build atoms/Move zone
X-BUILD/Build atoms/Model first-last 4 res
X-BUILD/Build atoms/Move atom + reg zone
Torsions X-BUILD/Build atoms/Edit chi angles
X-BUILD/Build atomg/Edit backbone tor
X-BUUID/Build atoms/Model first-last 4 res.
X-BUILD/Build atomg/Flip torsion 180 deg.
Bumps X-BUILD/Build atoms/Show residue bumps
Cut residue X-BUILD automatically cuts the chain on any edit. Thistool therefore

Model residue Side chain Rotamer
Break bond

Make bond

Recalculate bonds

Regularize

Constrain atoms

has no equivalent.
X-BUILD/Build atoms/Geometric conformation
X-BUILD/Build atoms/add-del ete/Del ete bond
X-BUILD/Build atoms/add-del ete/Create bond

X-BUILD has no equivalent: the bonds are always calculated, as neces-
sary, after any editing. Otherwiseit is possible to usethe EDIT menu
option Bond options

X-BUILD/Build atoms/Regularize
X-BUILD/Build atoms/Move atom + reg res.
X-BUILD/Build atoms/Move atom + reg zone
X-BUILD/Build atomg/...Fix atoms
X-BUILD/Build atomg/...Clear fixed atoms
X-BUILD/Build atomd/...Fit in stages
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X-Ray

X-BUILD

Fragment database
Set up CNX
Undo changes

Save changes

Reject changes

X-BUILD/structure/Fragment fitting

Main Applications menu, CNX Interface

X-BUILD/Undo last fit

The undo in X-BUILD is dlightly different from the Undo under X-
RAY. The undo in X-BUILD re-reads the packed data file and checks
for changes from the most recently saved changes. Hence, the X-
BUILD equivalent will undo multiple changes up to the last saved
change.

X-BUILD/Save changes

Saves to the local packed datafile that is used for the undo option and a
recover option.

X-BUILD/Save build atoms to MSF

Writes the data to file asa M SF file and can therefore be re-read at any
time, outside of the X-BUILD application.

X-BUILD/undo last fit
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G. Extend

Where to find the program

The extend program can be found in the directory $HYD_MAP.

Introduction

-extend

The extend program is anew program based on the existing mbkall pro-
gram but with the addition of a set of command line arguments. It is
designed for the conversion of maps in various formats to map brick for-
mat, but it also allows for the extension of maps to a different volume and
the generation of compressed O format files for map masks.

The original functionality of mbkall required the following command line
arguments:

Extend

mbkall ccp4 filein.map fileout.mbk b
Where:

1. ccpdistheorigina map format.
2. filein.map isthe input file name.

3. fileout.mbk isthe output file name, i.e., mbk file (the output file type
binary/integer/real — binary is the most usual).

The additional functionality uses additional command line arguments
(beginning with a*“-"), some with parameters. Only the first letter is
required for the arguments, since there are no conflictsin the naming con-
vention. If no default is show in square brackets ([ ]), then noneis provided.

Extend the map to the limits defined using the -1,-r,-p,-m arguments. No
extension of the map occurs unlessthisargument isprovided, and if nolim-
its are defined by other parameters, then the limitsare afull cell. If this
argument is used, then the -g argument must be specified as well.
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-group (space group)

Used to define the space group. You should provide avalid space group
defined in the symmetry file.

-symops (file) [$HYD_LIB/symlib.sym]

Used to define the full filename for the symops file. The default should be
correct if QUANTA has been set up to run.

-limits (xmin xmax ymin ymax zmin zmax)

Defines the limits of extension using areal space box from “xmin” to
“xmax”, “ymin” to “ymax”, and “zmin” to “zmax”. Six numbers must be
given in the order defined above.

-radial (xy zr)

Defines the limits of extension using areal space sphere, from a point and
radius. Four numbers must be given.

-pdb (pdb-file)

Thelimits of extension are defined by the minimum and maximum bounds
of al atomsin the given PDB file.

-msf (msf-file)

The limits of extension are defined by minimum and maximum bounds of
al atomsin the given MSF file.

-input

“Extend” to the same limits as input map

-boundary (value [0.0])

This defines aboundary beyond the limits generated from aPDB/M SFfile.
It would be normal to use aboundary of 4 A about amoleculefor extension.
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Examples

-oformat (filename)

Generate an O compressed output file type. This action isindependent of
the extend functionality and can be used in conjunction with any other
argument. Thisargument should be used wheretheinput fileisamap mask
and allows the conversion of mask from various formatsinto the O com-
pressed format which will alow it to be read into QUANTA/X-
AUTOFIT/map masks/.

-cutoff (cutoff [0.5])

Valid only with the -o option, this defines the cutoff that definesthe inside/
outside of amask. Default = 0.5

Examples

extend ccp4 mapin.map mapout.mbk b -e -m myfile.msf -b 5 -g r3

To extend amap round a set of M SF coordinates.

Extend

To generate a map mask from a CCP4 map file

extend ccp4 mask.map mask.msk b -o

General comments on the program

The program when carrying out map extension dynamically allocates
memory on run time. The memory required is defined by the volume of the
input map and the volume of the output map. If more memory is regquested
than is available, the program aborts with a memory error.

The program actually runsfaster in extend mode (to small volumes—i.e.,
about asingle molecule) than the standard map conversion. Thisisbecause
in extend mode, the input and output maps are in memory.

Thereis no requirement about the starting map asymmetric unit and the
final position of the extended map; the former and latter need not overlap
and need not be in the principle unit cell.
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Index

A
Accept Fragment tool 339
Accept Point 58
Add aternative conformation, Add/delete... 176
Add atom at pointer, Add/delete... 177
Add helix/strand tool 144
Add mask at pointer tool 138
Add menu space tool 200
Add res. at termini, Add/delete... 176
Add water at pointer, Add/delete... 177
Add/delete... palette 169
...all 20 conformations tool 239
al atom model
CA trace 39
all-atom representation 70
alphacarbon
next 62
alpha-carbon building 58
alpha-carbon geometry
probability map 61
amino acid
refining coordinates 94
Anneal Fragment tool 339
Applications menu
X-SOLVATE 246
arrows
indicating polarity 63
Atom Selection tool 192
atoms
missing or incorrect in .GSD file 95

B
B- conf clamped to A backbone option 205
bones
overview 52
symmetry 56
Bones on/off tool 132

Bones palette 52, 132
Bones on/off 132
Calc bones symmetry 136
Change start value 135
Change trim/analysis 136
Create bones atoms 135
Delete 1 section 134
Delete fragments 134
Find nice area of map 133
Main side 133
Map quality from bones 133
Set bones/RSR map 132
Side chains on/off 133
Smooth bones 133
Symmetry off 136
Undo last delete 135
bones points
deleting 56
Bones setup palette
Change bones start value 54
Change trim parameters 55
bones strand
changing type 56
bones trees 53
branch trimming parameters 55
brick map
maximum size 41
Build atoms palette 162
...fix atoms 173
Add/delete... 169
Color atoms... 173
Edit atom info 173
Edit backbone tor 165
Edit chi angles 166
Fit main chain by RSR 164
Fit side chain by RSR 163
Geometric conformation 162
Modd first/last 4 res. 168
Move atom 167
Move atom + reg. res. 170
Move atom + reg. zone 171
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Move atom + RSR 164 Calc. mask from coord tool 137

Move zone 167 Calculation radius tool 251
Mutate residue 169 Calculationstool 193
Refine 1 residue 162 carbon building
Regularize 172 assisted 58
Save changes 174 Co-tracing
Show residue bumps 174 overview 57
Undo last fit 174 CCP4file

By Protocol..., Do all 185 importing 28

Center at Ramachandran point option 206
Changeadl, Do all 184

C Change bones start value 54
Co angle/torsion graph 61 Change search parameters... , X-LIGAND 234
CA BUILD palette Change search setting tool 247, 249
Reverse chain 143 Change start value tool 135
CA Build palette 142 Change trim parameters 55
Add helix/strand 144 Change trim/analysistool 136
Check CA direction 145 CHARMmM energy
Current res/seg 143 calculating 348
Delete current CA 143 calculation modes 345
Deletefitted seg 148 Check CA direction 63
Fit seg by CA correlation 147 Check CA direction tool 145
Fit seg by D.E.E. 148 Check for voids tool 139
Fit seg by database 147 clamping 97
Fit seg by RSR 146 Clear al toolstool 200
Join 2 segments 144 Clear sequence tool 160
Load CA coordinates 142 CNX 253
Move current seg 145 Color atoms... paette 179
Next bones box 142 Color B-alt difference 180
Next CA 142 Color by (p) 180
Refine current seg 145 Color by atom 179
Save changes 149 Color by B-value 180
Show points ~3.8 A 146 Color by occupancy 180
Undo last build 148 Color by progress 179
Unjoin 2 CA 144 Color atoms... tool 173
CA Build, X-AUTOFIT Color B-alt different tool 180
X-BUILD palette 63 Color by (p) 180
Co trace Color by atom tool 179
al atom model 39 Color by B-valuetool 180
building an all-atom representation 70 Color by occupancy tool 180
Ca tracing Color by progresstool 179
alpha-carbon Color table tool 203, 211
building 39 Column function tool 192
Calc bones symmetry tool 136 Conf search mode, Ligand serach parameters
Calc. mask from bonestool 137 dialog box 235
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Conformation search tool 238
conformations
clamping 97
Coordinate radius option 210
Create bones atoms tool 135
Create peptide link, Add/delete palette 175
C-terminal oxygen 98
Current res/seg 143
Current res/seg tool 160

D
Define NCS symmetry tool 124
Define new tools tool 199
Define symmetry tool 124
Define-Edit group tool 199
Del mask at pointer tool 138
Del. Current col. tool 191
Del. Current row tool 191
Del. Tabletools 191
Delete 1 section tool 134
Delete current CA 59
Delete current CA tool 143
Delete current segment tool 143
Delete fitted seg 148
Delete fragments tool 134
Delete Map from List tool 29
Delete peptide link, Add/delete... 174
Delete range, Add/delete... 176
Deleteresidue, Add/delete... 176
Delete sequence tool 159
Delete text tool 140
Delete water tool 250
density skeletonization 38
dial box 47
Differencestool 195
Dipeptide restraint option 209
disorder 97
display

updating center 79
Display All Fragmentstool 338
Display Next tool (Search Fragment Database) 338
Display Previoustool (Search Fragment Database)
339
Display radius of map tool 251

dmprep program 331
Do all dialog box 184
DSNE6 file

importing 28

E

Edit atom info tool 173

Edit backbone tor tool 165

Edit chi anglestool 166

Edit position tool 242

Edit torsions tool 241

electron density maps
determining quality 53
displaying 52

Exit
from X-LIGAND 243

External program palette 217
keywords and other details 217

external programs 85, 217

F
Find Negative density tool 202
Find nice area of map tool 133
Finish tool, X-AUTOFIT 204
Fit by D.E.E. tool 187
Fit main chain by RSR tool 164
fit ratio 63, 146
Fit seg by CA correlation 147
Fit seg by D.E.E. 148
Fit seg by database tool 147
Fit seg by RSR 146
Fit side chain by RSR tool 163
Fitting/Continue search tool 183
...fix atoms tool 173
Fix Validate error tool 141
fragment
database 335
search process 336
searching example 340
selection criteria 336
fragment database
creating 331
fragments
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searching 2, 335
Frodo map file

importing 28
fuzzy residue types 18

G
Geometric conformation tool 162
Go to pointer tool 128
Goto defined text tool 141
Goto next text tool 140
Goto previous text tool 140
gradient body refinement 94
Graph window 47
GRID file

importing 28
Grid search parameters/ Max conf to search,
Ligand search parameters 236
.GSD file

incorrect atoms 95
Guess next CA 59
Guess next CA tool 146

H
Hide this menu tool 190
hydrogen
representations 97
Hydrogen representation option 207

[
importing
map files 28
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