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Protein Design

preface

Protein Designisaversatile application for modeling and analyzing protein
structures. There are two major palettes associated with this application,
Protein Design and Protein Utilities. The Protein Design pal ette contains 18
options that can be classified into three types of utilities. The Protein Util-
ities paletteisalso displayed and contains visual toolsand structure checks,
using the Protein Health option.

e Modeling
Align and Superpose
Create Homology M odel
Edit Protein
M odel Backbone
Model Side Chains
Predict Secondary Structure
Super pose Folding M otif

e Anaysis
Analyze Domain Sructure
Analyze Secondary Sructure
Calculate Accessibility
Display Contact Maps
Profile Analysis

o Databases
Motif Database
Protein Information
Sequence Database
Structure Database

Thisreference book isdesigned to give ageneral description of each of the
utility interfaces listed above including the scientific methods, and options
and tools. The information is arranged in a phabetical order by palettes.
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Overviewing the Protein Design palette

Align and Superpose

Analyze Domain Sructure
Analyze Secondary Sruc-

ture

Calculate Accessihility

Create Homology Model

Display Contact Maps

Edit Protein

Model Backbone

Model Sde Chains

A variety of options are available for aligning sequences, identifying
homologous regions, and superpositioning structures.

Protein Design uses geometric relations between secondary structural ele-
mentsto automatically identify domains, and providestoolsthat allow you
to define and edit the domains.

This utility providestools that assign secondary structures to proteins. By
defining the secondary structure of a molecule, the shape of the molecule
can be visualized. Thisis atwo-step procedure, wherein hydrogen bonds
are calculated, then secondary structures are assigned based on those
hydrogen bond patterns and phi/psi angles.

Thetoolsin thisutility determine the solvent accessibility of amolecule or
the contact area between molecules or regions of molecules.

This utility enables you to copy coordinates from a known structure or
structures to a sequence whose structure is unknown.

The most common use of contact mapsisto show theinter-residue Ca.-Ca
distances. Similar properties which are afunction of two residues could
aso be plotted in similar fashion, such asinter-residue VDW energy or
number of inter-residue hydrogen bonds. The properties currently dis-
played as contact mapsin thisutility are: Co-Ca. distances; CB-Cp and side
chain contact distances; van der Waals interaction energy; electrostatic
interaction energy; total interaction energy; hydrogen bonds; and residue
type interactions.

The protein editor provides tools to modify the sequence of a protein by
mutating, inserting or deleting residues. There are also toolsto enter anew
sequence, generate an M SF, or change the hydrogen representation of the
molecule.

The protein modeling tools are divided into two utilities: Model Backbone
for defining main chain conformations, and Model Side Chainsfor defining
sidechain conformations. They are closely interdependent. This utility
includestoolsto search the structure database for fragmentsto use in model
building and a regularization and energy minimization tool.

This utility contains tools for modeling the protein side chain conforma-
tions. It is assumed that the protein main chain has been determined using
the Model Backbone utility. This utility includes rotamer libraries and reg-
ularization and energy minimization.
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Protein MODELER

Motif Database This module provides tools that search a database for structures with simi-

lar folds to one active molecule. The search motif can be entire proteins or 8

selected substructures. ug
Predict Secondary Struc- This utility is concerned with sequence analysis. It can be used for s
ture sequences for which the structure coordinates are not defined. There are

five different types of analysisthat can be displayed, three of which are pre-
diction methods. The results of the analysis are usually presented as plots
of property vs. sequence position.

Profile Analysis Thisutility followsthe method of Bowie, Luthy, and Eisenberg. 3D protein
structures are analyzed into 1D profile sequences. This method is used to
generate aplot of the quality of amodel.

Protein Information This utility retrieves textual information on PDB files from the protein
structure database by accessing the QUANTA file $HYD_LIB/data-
base.dat. This database file contains information on al the PDB files cur-
rently inthe Brookhaven Protein Databank. It isal so the same datafile used
by the structural database utility.

Sequence Database This utility provides agroup of optionsto search the Protein Data Bank for
sequences that closely match a specific sequence. QUANTA uses the
FASTA sequence search agorithm.

Sructural Database Searching the structural database aidsin molecular modeling. Using this
utility, a search can be performed on a specified sequence or conformation
againgt all of the known protein structures from the Brookhaven Protein
Databank. Thisinformation isfound in the file $HY D_L|B/database.dat.

Superpose Folding Motif Thisutility superposes structures on the basis of their overall folding rather
than requiring identifying homologous residues. Using this utility, protein
structures with similar folding motifs, but possibly little other obvious
homology, can be superposed.

Protein MODELER

The Protein MODEL ER application provides an interface to the automated
homology modelling program MODELER. The application includes the
Align and Super pose utility identical to that in Protein Design and toolsto
run and read MODEL ER results. Therearetoolsfor display and analysis of
MODELER results.

QUANTA 2006 Protein Design 3
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1. The Sequence Viewer

Overview

—
(D)
S

=
>

The Seguence Viewer window comes up automatically upon entering Pro-
tein Design, Protein MODEL ER, Protein Health or Protein Profile Analy-
sisand closeswhen exiting these applications. Thewindow can beiconized
or expanded by clicking the appropriate iconsin the top right of the frame
of the window.

(<)
(&)
c
(D)
>
o
O
(2]

This chapter describes: * The Sequence Viewer
» Display of Graphs

» The Sequence Viewer icons

Sequence Data

Sequences, for which the only information is the amino acid sequence, are
supported and can beread in using the utilitiesin the Sequence Data option
under the Files pulldown. Sequences can be converted to M SFs using the
tool in the Protein Editor utility.

Saving Sequences And Alignment Between Sessions

Whilethe programisrunning, afile called protein_default.an (whichisin
an extension of Clustal format) iskept up to date with the current sequence
selection and alignment. On exiting QUANTA, thisfileiswritten to the
constantsfile, .cst, to be saved until the next session.

Changing Maximum Number of Sequences

By default, Protein Design handles up to 30 sequences and 50,000 residues
in all the sequences. Thereisalso alimit of 2000 columns in the sequence
viewer. These values can be reset by typing the command SEQM into the
command line. You will get adialog box in which you can enter the
required maximum dimensions. These values will be saved and used in
future QUANTA sessions.
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1.. The Sequence Viewer

The Sequence Viewer

Using the mouse

Display

I dentifying residues

Selecting the viewing area

Sequence names

Residue IDs

In general, clicking any item on the Sequence Viewer is done with the left
mouse button except for those operations which drag either a sequence or
slider and these use the middle mouse button.

The main area of the Sequence Viewer displays the sequences of al the
selected M SFs which are recognized as proteins and the selected
seguences. Sequences can be read into QUANTA using the Read
Sequence/Alignment File option on the Sequences pull-right under the
Filespulldown (asdescribed in Chapter 2.). By default, the M SF sequences
are displayed above the non-M SF sequences. The residues from MSFsare
colored the same as the Co. atom of that residue in the molecule window
and the sequence residues are col ored according to one of the sequence col-
oring schemes, by default according to an hydrophilicity classification.

When you pick any residue, its ID is reported to the textport, and, if High-
lighting ison (See section below onicon functions) and theresidueisin an
M SF, then the sequence residue will be highlighted by ayellow box and the
Ca. atom on the molecule will be highlighted with ayellow star.

Picking the residuein the sequence can be used for selection in many other
situations. For example, to focus on a particular area of the molecule,
choose the Set Origin tool from the Protein Utilities pal ette and then pick
aresidue on the Sequence Viewer. The Ca atom of the picked residue will
be set in the middle of the molecule viewing area.

The viewing area can be adjusted using the red slider bars below and to the
|eft of the main viewing area. To move the dider, hold down the middle
mouse button with the pointer over the slider and then drag in the required
direction. To change the scale of the viewing area, hold down the shift key
and the MIDDLE mouse button with the pointer over the slider bar. The
dragging up/down or left/right will expand or contract the slider bar and the
scale of the main viewing area.

The names of the M SFs or sequences appear to the left of the main viewing
area. Clicking a sequence name toggles sequence activity off and on. The
names of inactive sequences are colored grey. If the sequence corresponds
to an M SF, the M SF activity, as shown inthe Molecule Management Table,
will aso be updated. The sequence activity can also be updated using the
Activity button to the lower left (labeled A).

The residue IDs for every tenth residue are shown beneath the main view-
ing area. By default, these arethe IDsfor thefirst sequenceinthetable. The
name of the sequence whose IDs are displayed isto theleft of the IDs. Pick-
ing this sequence name will bring up adiaog box to enable selection of an
aternative sequence to be labeled. The residue interval of the labels and
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Display of Graphs

whether to include segment names in the I1Ds can be changed from the
Options button to the lower left (labeled O).

Display of Graphs

Legend

Alignment

Several applications automatically draw graphs to the Sequence Viewer.
The Protein Design Secondary Structure Prediction modul e has options to
plot Hydrophabicity, Conservation and Composition. Theseanalysesare
applied only to the currently active sequences and multiple plots may
appear overlaid (e.g., the hydrophobicity of al active sequences will be
generated by the Hydrophabicity tool).

Each plot isadifferent color and the legend to the left of the graph gives
the name of the sequence or the parameter plotted in the appropriate color.
Picking the plot namein the legend will toggle off and on the display of the
plot. The legend for plots not currently displayed are colored grey. For
some types of plots, the legend also includes a Difference option. When
thisispicked, thedifference of two currently displayed plotswill be shown.
If there are more than two currently displayed plots, the difference will be
between the first two.

The plots are drawn with the parameter corresponding to a particular resi-
due or column in the sequence alignment above the appropriate residue or
column. If the sequence alignment includes gaps then there will be gapsin
the graph plots for that sequence. When the tools in the Align and Super-
pose module are used to change the sequence alignment, then the graph
plotswill be automatically updated to keep in register with the sequences.
If adifference plot is displayed then it will be updated with the alignment.

The Sequence Viewer icons

* Highlighting

O Options

Toggles on/off the cross highlighting of the residuesin the Sequence
Viewer and molecule window. If the tool is off, then the icon is colored
grey. When the cross highlighting is on then picking either aresidue of an
M SF sequence in the Sequence Viewer or any atom of aresiduein the mol-
ecule window will highlight the Sequence Viewer residue with ayellow
box and the Ca atom of the molecule with ayellow star.

Picking thisicon brings up adialog box with optionsto control the appear-
ance of the Sequence Viewer. The heights of sequence and graph viewing
area can be set — the size of the sequence viewing areais proportional to
the number of sequences currently displayed up to some maximum number
of sequences above which the height of the viewing areais constant. The

QUANTA 2006 Protein Design 7
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1.. The Sequence Viewer

G Toggle Graph Display

>< Focus

<> Expand
A Activity Selection

D Display Selection

?Find It

interval of the sequence residue ID labeling can be changed from the
default of ten residues and the inclusion of the segment ID in the label can
betoggled off. Thematch symbol, avertical yellow bar, isusedinthe Align
and Superpose modul e to denote the homol ogous regions of sequence. The
thickness and color of this annotation can be changed. The highlight anno-
tation is apale yellow box around a residue in the sequence viewer which
indicates aresidue selected whilethe Highlight option ison. Thethickness
and color of this annotation can be changed.

Theresidueinterval of the sequence labeling can be changed and the inclu-
sion of segment IDsin the label can be toggled on or off.

Thisicon only becomes available after a graph has been drawn in the

Sequence Viewer. Picking thisicon will toggle off or on the display of the
graphsand will contract the size of the Sequence Viewer window when the
graph istoggled off. The same graph will be restored when it istoggled on.

After picking thistool, you should pick aresidue on the Sequence Viewer
or amolecule and the focus of the Sequence Viewer will be changed to
place that residue at the center.

Expand the Sequence Viewer display to show the full sequences.

Theactivity of any individual sequence can betoggled by picking the name
of that sequence on the viewer. To change the activity of several sequences
you may find it more efficient to use the sel ection dialog box brought up by
thisicon.

Thisicon brings up a dialog box in which you can select which sequences
are displayed on the viewer and the order in which they are displayed. Any
currently undisplayed sequences are listed in the left hand box entitled
Hide in the order that they were read into QUANTA.. The right-hand box
entitled Display in Order listsall currently displayed sequencesin the
order in which they are displayed.

If asequenceis selected from the Hide list, it will be moved to the bottom
of the Display list. If asequenceis selected from the Display list, itis
moved to its appropriate place in the Hide list. The Hide All and Display
All buttonswill move all sequencesto the appropriatelist. It ispossibleto
insert a sequenceinto the display list at a specified position by clicking the
I nsert Above button and then clicking the sequence above which theinser-
tions should take place. The symbol —>—>—>...? will appear inthe Dis-
play list and any sequence picked from either the Hide or Display list will
movetothat position. Thelnsert Abovetool isswitched off by clicking the
Hide button.

The user is prompted to enter a short amino acid sequence and the first
occurrence of this short sequencein an active sequencewill be highlighted
by ared box in the Sequence Viewer. Theicon is changed to ... and when
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The Sequence Viewer icons

picked again will find the next occurrence of the sequence unlessthere are
no more occurrences, in which case it will revert to ? and remove display
of the highlight box.

®
QO -
5 2
=)
3>
(7]
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2. Reading and Writing Sequence Data

Files

Overview

This chapter describes tools for importing and exporting sequence data.
This chapter describes:

» Reading and writing sequence datafiles

¢ Demo of user data

Reading and Writing Sequence Data Files

The following options are accessed from the Sequence item on the File
pulldown menu. These tools import and export sequence-only data which
does not have associated atomic data. To generate an M SF with afull
atomic representation of a sequence, use the Create M SF from Sequence
tool inthe Protein Editor utility. Thereisalso an option to import sequence-
related data which has been generated external to QUANTA for display in
the sequence viewer and to output the sequence viewer as a Postscript file
for printing.

Read Sequence/Alignment File

Thistool readsin individual sequencesin FASTA, EMBL/Swissprot or
GCG (Wisconsin) format. These are described in appendix F. It will also
read in sequences from the alignment filesin QUANTA aignment, GCG
Pileup, GCG Pairs, or Clustal format.

If the Restore Alignment option is selected, then only the sequence align-
ment, and not the sequencesthemselves, will be read from the file and used
to reset the alignment sequences within the viewer. If the For Active
Sequences Only option is also picked, the alignment will be restored only
for sequences which are currently active within QUANTA.

Notethat the usual file extension for aPileup fileismsf (multiple sequence
file), but to try to avoid confusion with the QUANTA MSFfile, thefile

QUANTA 2006 Protein Design 11
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2.. Reading and Writing Sequence Data Files

librarian will use a default Pileup file extension of pup. You will need to
change the names of your Pileup files to use this extension or enter the
required extension in thefile librarian.

Read Sequence Data File

Thistool reads data created outside of QUANTA and displaysitin the
Sequence Viewer graphs or usesit for coloring sequences. The data must
bein either binary or ascii QUANTA sequence data format. These formats
and how to generate them are described in detail in appendix A of thisman-
ual.

Thefile can contain multiple sets of data. Each data set has alabel and the
name of the sequence which the data applies to. The data sets associated
with a sequence can either be used to color the sequence or can be plotted
as agraph which is kept in synchronization with the associated sequence
alignment.

The sequence data normally maps one datum per residue of a sequence,
however it is possible to have data sets which are not associated with a
sequence which map one datum for each column in the Sequence Viewer,
but such data sets can only be displayed as graphs.

If either the Plot Graph or Color Sequence options is checked, then the
data selection tools are presented. Two points to note:

« Within theinput sequence datafileit is possible to indicate which data
sets should be plotted by default so, as a user, you might be presented
with the best default selection.

» To color sequences using the sequence datafilesit is also necessary to
have aseq _user_color.dat file which defines the color mapping for the
sequence data. Thisfile is described in more detail in appendix A..

Demo of User Data

To see how Sequence Data | mport works you might like to try it with
some demonstration files. This demonstration will read data output from
the PHD package, which is a secondary structure prediction server at
EMBL, into QUANTA and display the data within the Sequence Viewer.

Demo filesarein $QNT_ROOT/user_group_files/sequence_data are for
the sequence of a dihydrofolate reductase (dfr) whose structure is know
from crystallography, though this server would normally be used to make
predictions for sequences for which the structure is not known.

12 QUANTA 2006 Protein Design



To run the demo:

Demo of User Data
The output from PHD isin the file dfr.phd and includes:

* Theresult of asequence database search for homologous sequences.
These sequences are aligned and written in the GCG Pileup format as
part of the dfr.phd file. This alignment has been edited out from dfr.phd
into the file dfr.pup.

» Performs an analysis of secondary structure prediction which reports a
three state (helix, extended or loop) propensity. That isfor each residue
there is a probability value in the range 0-10 of it adopting each of the
three states. This datawill be plotted on a graph within QUANTA.

» For eachresiduein the sequence gives a prediction of the most probable
secondary structure type which may be: helix, extended, loop or none
of these. Within QUANTA the sequence will be colored to show the
prediction.

» For each residue in the sequence gives a prediction of the most likely
structural environment: exposed or buried. These predictions can be
displayed in QUANTA by coloring the sequence.

In order to read this datainto QUANTA, it must first be converted to
QUANTA sequence dataformat by aquick program described in appendix
A.. Thefile dfr.sgdat which is generated contains data sets which are
labeled HELIX, EXTED, LOOP (the secondary structure propensities),
SECSTR (the secondary structure prediction) and ACCESS (the predicted
solvent accessibility). All five sets of dataare associated with the sequence
predict_h274 which isthe original input dfr sequence.

Thereisaso aseq user_color.dat file which defines a suitable color map-
ping for the SECSTR and HPDACC data which can be used to color the
sequence according to its predicted secondary structure or accessibility.

1. copy thesefilesfrom$QNT_ROOT/user_group_files/sequence_datato
your working directory:

seq_user_color.dat
dfr.pup
dfr.sqdat

2. Usethe Read Sequence/Alignment File option to read the Pileup for-
mat file dfr.pup.

3. Read Sequence Data option to read the ascii datafile dfr.sgdat. Select
both the Plot Graph and Color Sequences options.
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2.. Reading and Writing Sequence Data Files

Reference

Write Sequence File

Plot Sequence Viewer

4. Inthe Color Residues According to Data dialog box, select the
SECSTR data set to color the sequence according to its final predicted
secondary structure.

5. Finaly, to see the accessibility prediction, use Read Sequence Data
File. The origina file name should still be selected by default. Make
sure the Color Residues button is active and when presented with the
Color ResiduesAccordingto Datadialog box, select HPDACC asthe
data set.

Thanks to Burkhard Rost” at the EMBL for allowing us to use the PHD
server output for this demonstration.

The PHD server is at:
http://www.embl -heidel berg.de/predi ctprotei n/predictprotein.html

Thistool writes each currently active sequenceto aseparatefilein EMBL,
FASTA, PIR or GCG format. By default the filenames are derived automat-
ically from the sequence name and the default file extension for that format.
If afile of that name already exists then you will be warned and given the
option to overwrite it or give an aternative name.

Thisproducesafilein QUANTA plot format or Idraw Postscript format for
printing the Sequence Viewer. The latter format can be used directly for
printing or can be read into Idraw for editing. There is a check box to
choose acolor plot (currently only implemented for the Postscript format)
and the output color should closely match the current QUANTA color.
Adjusting the QUANTA colors using the Color dialswill therefore adjust
the postscript colors.

*Rost, Burkhard; Sander, Chris: “Prediction of protein structure at better
than 70% accuracy” J. Moal. Biol., 232, 584-599 (1993)

Rost, Burkhard; Sander, Chris; Schneider, Reinhard: “PHD — an auto-
matic mail server for protein secondary structure prediction” CABIOS 10,
53-60 (1994).

Rost, Burkhard; Sander, Chris: “Combining evolutionary information and
neural networksto predict protein secondary structure” Proteins, 19, 55-72
(1994).

14 QUANTA 2006 Protein Design



Demo of User Data

By default, al currently displayed sequences will be plotted and any cur-
rently displayed graphs. By default, the entire range of the sequenceis
drawn. However, if the active rangeis currently selected then only that
rangeisdrawn. Since only short sequenceswill fit acrossapagethe display
of the viewer must usually be wrapped round. If the plot will extend over
more than one page then each page will be written to aseparate fileand the
files given the names name_0On.ps or name_On.gpt where nameisthefile-
name that you entered and n is the page number. If there are existing files
with these names you will be warned.

Remove Sequence

Select sequencesto close from the dial og box. Note that thiswill only close
sequences and not M SFs.
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3. Protein Utilities

Overview

This chapter describes:

References

The Protein Utilities pal ette consists of the common tools and optionsthat
are used with all of the Protein applications and utilities. When Protein
Design, Protein MODELER, Protein Health or Profile Analysis are acti-
vated from the QUANTA Applications menu, the Protein Utilities palette
isdisplayed.

« Simple representations of proteins
« Toolsand options
D. Eisenberg, R.M. Weiss, T.C. Terwilliger, Nature 299, 371-374 (1982)

D. Eisenberg, R.M. Weiss, T.C. Terwilliger, Faraday Symp Chem Soc. 17,

109-120 (1982)

Simple Representations of Proteins

Secondary Sructure Vec-
tors

Hydrophobic Moments

The Smoothed Ca Trace, Secondary Structure and Hydrophobic
M oment tools on the Protein Utility palette are simplified representation
of proteins which should help you to visualize the overall protein structure.

Thevectorswhich are displayed by the Secondary Sructuretool and used
in several of the Protein Design utilities show the direction of a secondary
structure element. The vectors are derived from the positions of the Ca
atoms of all the residues in that secondary structure elment.The vector
directionisthe principle moment of the Co. atom coordinates and the vector
is positioned so that it goes through the average position of the Co. atoms.
The ends of the vector are the projection of theterminal Co. atoms onto the
vector.

It isusually observed that the side chains of hydrophobic residues are ori-
ented towards the interior of a protein. The hydrophobic moment of aresi-
due is avector whose length is proportional to the hydrophobicity of the
residue and whose direction is dependent on the side chain orientation. The
hydrophobic moment will generally point to theinterior of the protein. The
hydrophobic moments of several side chains can be summed to give some
indication of the preferred orientation of the region of protein.
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3.. Protein Utilities

The hydrophobic moment vector of aresidueisdefined ashavingitsorigin
at the position of the Ca. atom. The vector length is proportional to the
hydrophobicity of the residue (as taken from standard amino acid hydro-
phabicity scales). The direction of the hydrophobic vector isfound by aver-
aging the vectors from the Ca atom to all the non-hydrogen atomsin the
side chain. If the residue hydrophaobicity is negative (i.e., theresidueis
hydrophilic) the vector will point inthe opposite direction to the side chain.
Some hydrophobicity scaleshaveall positive values, to use one of thesefor
plotting hydrophobic momentsthe scaleis adjusted by subtracting the aver-
age hydrophobicity value from the value for each individual amino acid.

The hydrophobic moment of asecondary structure element isdefined asthe
sum of the hydrophobic moments for all residues in the element and the
vector origin is the center of the secondary structure vector (i.e., the line
you see drawn by the Secondary Sructuretool).

Tools and Options

Select Active Range

Clear ID

Atom Information
Set Origin

Center

Reset View
Distance

Bond Angle

The Protein Utilities palette contains tools that are used during various
functions in Protein Design, Protein MODELER, Protein Health, and Pro-
file Analysis.

Thistool displaysthe Pick Range palette, you should pick thefirst and last
residue of the required range on either the molecul e or the sequence viewer.
The selected range remains active, and the tool highlighted, until you pick
the tool again.

Thistool removes al atom identification labels that are displayed after
picking atomsin the viewing area.

Thistool printsinformation about a selected atom in the textport, such as
atom name, atom number, and residue number.

Thistool placesthe next picked atom at the center of the viewing area. The
atom becomes the center of rotation for subsequent operations.

Thistool calculates and changes the geometric center of displayed atoms
and places the molecule in the center of the viewing area.

Thistool resetsthe display so that all active and visible structures are com-
pletely viewable.

Thistool displays the distance between two atoms picked in the viewing
area

Thistool displays the angle between three atoms picked in the viewing
area.
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Dihedral

Show Monitors

Delete Monitors

Legend

Smoothed CA Trace

Secondary Sructure

Hydrophobic Moments

Torsion Table

Options

Molecule Colors

Tools and Options

Thistool displays the dihedral angle of four atoms picked in the viewing
area.

Thistool displaysthe labels from the geometry tools.

Thistool removes the labels resulting from the distance, bond angle, and
dihedral tools.

Thistool togglesthe display of the color legend in the viewing areathat is
located in the lower right corner of the viewing area.

Thistool displays asmooth Ca trace through averaged coordinates from
whichthegeneral fold of aproteiniseasily discerned. Thecolor of thetrace
is taken from the current color of the Co atoms.

Thistool displaysthe general protein structure and vectors for only active
molecules. Color 4 (yellow) isused for strands; color 8 (purple) isused for
helixes.

Thistool displays hydrophobic moment vectors for active molecules. Res-
idue vectors for hydrophobic residues are color 14 (pink); hydrophilic res-
idues are color 12 (pale blue); secondary structures are color 3 (red).

Thistool displaysthe Torsion Table which list the torsion angles of all the §

active structures.

Thisoption displaysthe Protein Utilities Optionsdialog box for changing
variables for smooth Ca trace, secondary structure vectors, and hydropho-
bic moment and scales options.

Thisdialog box offers some protein-specific coloring and display schemes.
The color schemes apply one color to each residue and have the same col or
for that residue in the structure and in the Sequence Viewer. The coloring
on the molecule structure can be applied to every atom in the residue or to
just the carbon atomswith the other atoms having their usual element color.
This option can be toggled by checking the Color non-carbon atoms by
element color type button.

If the current coloring or display was not set up viathis utility then the
Color Fileor Display File buttons are checked.

Color by Structure Properties

Therearetwo different setsof coloring optionsfor structures and sequences
since most of the coloring schemes for structure are not applicable to
sequences. Molecules can be colored by structural properties. the second-
ary structure, structural domain, solvent accessibility and residue environ-
ment and there is an option to color protein structures by the Sequence
Classification. These structure property coloring schemesare explainedin
the chapters describing the analysis of the properties (the residue environ-
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ment coloring scheme is explained in the Profile Analysis chapter). If the
secondary structure coloring mode is selected for a protein whose second-
ary structureis not known, then it will be derived. However, the other prop-
erties take significantly longer to calculate and the appropriate utility
should be used to calculate the property before using the coloring mode. If
information is not available for a particular coloring scheme, the structure
will be given a neutral color.

Color By Sequence Properties

The sequence coloring modes of Hydrophobicity and Size color aresidue
according to a classification of amino acids types. The classification
schemeis stored in the file $HY D_LIB/protein_param.dat under the key-
word CLASS. Users can amend the classification or add new schemes by
editing this file — see the Protein Parameter File Appendix for further
information.

Color by Homology

The homology coloring scheme is useful to show on the molecule struc-
tures and sequence viewer the regions of high and low homology. This
complements the Match Residue tool in Align and Superpose, which high-
lights the homol ogous residues on the Sequence Viewer with vertical yel-
low bands. The criteriafor homology isthe sameasiscurrently setin Align
and Superpose by the Match Residues tool. The color scheme and the min-
imal score required for aresidue to be colored as homologous can be
changed in the Align and Superpose utility by selecting Homology Color
from the Options dialog box.
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4. Protein Editor

Overview

This chapter describes:

For more information see:

The Protein Editor provides tools to modify the sequence of a protein by
mutating, inserting, or deleting residues. There are also toolsto enter anew
sequence, generate an M SF from a sequence, or change the hydrogen rep-
resentation of the molecule.

« Editing proteins

« Toolsand options
Protein User’'s Reference

* Create Homology Model
* Model Backbone

* Model Side Chain

Editing Proteins

The Protein Design Edit Protein utility has tools for mutating, inserting,
and deleting residues. The same functions can be applied to MSFs or
sequences.

Ideal Residue Definitions

The definitions of the composition and structure of amino acids asused in
mutation, insertion, and regul arization istaken from the structure definition
file $HYD_LIB/protein_structure.gsd. It is possible for usersto add new

residue definitions to the file or change existing ones — see Appendix D..

Regularization

After a structure has been modified, the conformation initially generated
may be energetically unfavorable. For example, inserting an extraresidue
into a good structure is certain to be energetically unfavorable. In order to
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Residues

Mutating residues

Inserting residues

Deleting residues

Modeling side chains

accommodate the change, neighboring residuesto the one edited may need
to be moved. A regularization tool is provided which will attempt to find
an energetically reasonable conformation, but note that it usually starts
from avery poor conformation and can only find the local minima. For
changes which involve inserting and del eting residues the tools in the
Model Backbone utility probably need to be used.

M utated residues are given geometrically sensible structures and, asfar as
possible, the side chain torsions are copied from the old side chain. A local
conformation optimawill be found if the Regularization tool is active.

Inserted residues are generated in alinear conformation appended to the
residue before or after theinsertion. Each new residueis given adefault ID
based on the preceding existing residue. For example, aresidue inserted
after residue 10 will get an ID of 10.1. If several amino acids are inserted,
the fractional number isincremented by onefor each: 10.2, 10.3, and so on.

Deleted residues are simply removed from the structure. No other changes
are made automatically. The sequence can be renumbered by the Renum-
ber Residuestool.

After inserting new residuesit is advisable to model the side chains. The
Auto M odel tool onthe Model Side Chains palette will do this (see Chap-
ter 9) and, to simplify the procedure, the Protein Editor utility automatically
writes aselection file, edit_side sel.rsd which lists the inserted residues.

Editing Segments

Segments can be created or merged using the Atom Property Editor on
the Edit pulldown. Theresiduetablein thisutility hasacolumn containing
the segment name. If a segment name is changed then the edited residue,
and al residues before it in the same segment, will be assigned to a new
segment with the new name. To merge two segments, double click the seg-
ment column header to bring up adialog box which has tools for merging
segments.

Hydrogen Addition

Hydrogen atoms are added to those atoms with atom types which indicate
that they are extended atoms. Extended atoms types are used to denote
atoms which should have hydrogen atoms attached. For hydrogen addition
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Tools and Options

towork correctly theatoms must be correctly typed. The Apply Dictionary
utility on the Edit pull-down retypes atoms if necessary.

Hydrogen atom coordinates are taken from templatesin the file $SHYD _
LIB/hydtpl.dat. There are templates for al the extended atom types com-
monly found in proteins. To derive the hydrogen coordinates, the guide
atoms in the template are superposed over the extended atom and two
neighborsin the protein and the hydrogen coordinates copied from the tem-
plate hydrogen atom coordinates. The atom type of the extended atom is
changed to the appropriator non-extended form.

Tools and Options

The Protein Editor interface consists of a conventional palette of editing
tools and an amino acid selection pal ette.

Amino Acid Selection

This palette consistsof alist of the standard amino acid types (non-standard
types are listed in ascrolling list accessed viathe Non-standard tool). As
you enter a sequence of amino acids, they are displayed in the Sequence
Viewer colored red.

Non-standard Presentsascrolling list of all amino acidsin the protein structure definition
file which are not one of the twenty standard amino acids. '

Keyboard Thistool displaysadialog box to enter the sequence asastring of oneletter
amino acid codes from the keyboard.

Undo Last Thistool removesthe last amino acid entered. The tool can be used repeat-
edly.

Quit Thistool exits from the pal ette without saving any sequence entered, so no

insert or mutate action is applied.

Finish Thistool exits from the palette and applies the insert or mutate action.

The Editing Tools

Regularize If thistool is active, then after each mutate, insert or delete function the
structure will be regularized. The regularization tool is described more
fully in chapter 8. By default, only the changed residue is regularized after
mutation but after insertion or deletion two residues on either side of those
changed will aso be regularized. The number of residues regularized can
be changed by the Regularization Optionstool.
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Regularization Options

Use No Hydrogens/Use
Polar Hydrogens/Use All
Hydrogens

Insert Before/lnsert After

Mutate

Mutate Range

Delete

Delete Range

Change Terminal

Disulfide

Renumber Residues

The regularization method and options are described in the Model Back-
bone chapter.

When one of these tools is selected then al active structures will be con-
verted to the designated hydrogen representation.

These tools insert residues before or after aresidue. Once picked, these
tools remain active and highlighted until they are toggled off or another
editing tool istoggled on. After choosing thisoption, you pick aresidue on
the molecule or Sequence Viewer, and then choose one or more residues
to insert before or after the specified residue.

While thistool is active you to can pick aresidue on the molecule or
Sequence Viewer and then select a new residue type from the amino acid
selection palette. Once picked, thistool remains active and highlighted
until it istoggled off or another editing tool istoggled on.

Thistool mutates a specified range of the sequence. The Pick Range pal-
ette enables you to select the range of residuesto mutate. The Amino Acid
Selection paletteisdisplayed and the changed residues are showninredin
the Sequence Viewer.

While thistool is on you may pick aresidue on the molecule or Sequence
Viewer and it will be deleted. Once picked, this tool remains active and
highlighted until it istoggled off or another editing tool is toggled on.

Thistool activates the Pick Range palette from which a range of residues
can be selected for deletion.

Select one terminal residue on either the molecul e or the Sequence Viewer
and a palette like the amino acid selection pal ette (but with the appropriate
terminal groups) will be displayed, allowing you to select a new group. It

is not appropriate to change the terminal of a sequence.

You should select a cystine residue by picking from either the Sequence
Viewer or by picking one atom in the residue on the molecule. If that cys-
tineisaready part of adisulfide bond, then that bond will be broken. If it
isnot disulfide bonded, then it will make abond to any neighboring cystine
residue. It is not appropriate to make or break disulfidesin sequence only
data

All residues in arange are numbered consecutively from the first residue
ID. Thistool activates the Pick Range palette to pick arange of residues.
You are then prompted for the I D of thefirst residuein therange, which, by
default, isthe current ID. If an insertion code is entered, all residuesin the
range are given the same ID asthefirst residue and they are given incre-
mental insertion codes which follow from the entered insertion code.
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Create Sequence Theamino acid selection palette is presented and you can enter a sequence
which will be displayed in the Sequence Viewer below any existing
seguences. On exiting the amino acid sel ection pal ette you are prompted for
aname for the new segquence.

Create MSF from By default, MSFswill be created for al currently active sequences and by
Sequence default the new file is given the same name as the sequence. The sequence
is removed from the selection and replaced by the MSF.

Finish Thistool exits from the palette. If any structures have been edited but not
saved to M SF you will be prompted to save them. If they are not saved then
the structures will revert to those currently saved in the M SF.
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4. Predict Secondary Structure

Overview

This chapter describes:

References

This utility is concerned with sequence analysis. It can be used for
sequencesfor which the structure coordinates are not defined. Thereare six
different types of analysisthat can be displayed, three of which are predic-
tion methods. The results of the analyses are usually presented as plots of
property versus sequence position above the sequences in the Sequence
Viewer. When there are gapsin the sequence alignment, then there will nor-
mally be gapsin the plots.

» Predicting secondary structures
« Toolsand options

L.H. Holley and M. Karplus, Proc. Natl. Acad. Sci., USA, 86, 152- 156 and
G L. LaRosaet al, Science 249, 932-935.

J. Garnier, D. J. Osguthorpe and B. Robson, J. Mol. Biol. 120, 97-120
(1978).

GD. Rose &, al. Science 229, 834-838 (1985).
J.L. Fauchére and V. Pliska Eur. J. Med. Chem - Chim.18, 369-375 (1930).
D. Eisenberg et. al. Faraday Symp. Chem. Soc. 17, 109-120 (1982).

Predicting Secondary Structures

Several methods are available to predict the secondary structure of a
sequence. The three predictions that are used in Protein Design are the
Momany, GOR, and Holley/Karplus methods of prediction. In addition to
these methods, this module also provides tools to plot the hydrophobicity
profile and conservation profiles on the active molecules.

Secondary structure prediction methods usually consider three classes of
secondary structure: a-helix, f-stand and ‘ neither of these'. Some methods
may haveaturn classification. Most methods derive, for each residueinthe
sequence, a probability, or propensity, of the residue occurring in each of
the secondary structure types. The calcul ated propensities are plotted in the
Sequence Viewer. The predicted secondary structure type for each residue

QUANTA 2006 Protein Design 27

O
>
-
-
1753
>
©
C
(QV/

c
2
)
=
©

()

—

o




4.. Predict Secondary Structure

Momany Prediction

is the type with the highest propensity with some allowance made for the
fact that secondary structure elements are of some minimal length.

This prediction modifies the Zimm/Bragg method. The Zimm/Bragg
method, which is based on the classica Chou-Fasman technique, was
developed by Dr. Harold Scheraga and co-workers Momany, Lewis, and
Zimmerman.”

The Zimm/Bragg method has two coefficients, aonefor helices and azero
for non-helices. Momany modified this method by enhancing these param-
eterswith additional values, so when specific characteristicswerefound in
sequence, such asturns and anti and parallel B-sheet regions, the value of
the coefficient increased.

This method makes an initial pass through the primary segquence to deter-
mine the Zimm/Bragg coefficients. Subsequent passes are then made to
enhance the coefficients by identifying certain patterns found in the pri-
mary sequence.”

For example, in the initial pass on a sequence there are regions found and
categorized as being helical. On the subsequent passit is noted that several
of those regions have polar residues separated by two residues, indicating
aclassical 1-4 helical arrangement. Therefore, the coefficients for those
polar residues would be enhanced for their 1-4 helical character.

After multiple passes, the resulting prediction coefficients are normalized
and used for the final prediction of helical, B-strand, and turns.

Holley/Karplus Prediction*

Thisprediction isbased on aneural network that identifies three secondary
types:. helix, strand, and coil. Thisneural network istrained on 48 unrelated
proteins. Its method for assigning a secondary structure uses a window of
17 residuesto determinethe central residue, recognizing that aresidue may
be affected by another residue eight places away in the sequence. Thisis
implemented within QUANTA as atranslated neural net.

Once the assignments have been made they are smoothed such that:

*This was developed in the late 60's and early 70's. Momany, Lewis, and Scher-
aga devel oped work for bends and Momany, Scheraga, and Zimmerman devel oped
work for helix work.

TThisis based on work of Fred Cohen et al. at UCSF.

LoH. Holley and M. Karplus, Proc. Natl. Acad. Sci., USA 86, 152- 156 and G. L. LaRosaet al, Science 249, 932-935.
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Predicting Secondary Structures
» Sheet regions are a minimum of two residues.
¢ Helix regions are aminimum of four resideslong.

« Shorter regions revert to coil.

GOR Prediction”

This method identifies four secondary structure types: helix, extended,
reverse turn, and coil. It uses an analysis of a 17-residue window to deter-
mine the secondary structure of the central residue; the residues at the cen-
ter of the window have greatest influence.

The parameters used in this method are derived from a statistical analysis
of protein structures to determine the probability of each amino acid type
occurring at each positionin a 17 residue window around a residue of each
of the four secondary structure types.

The prediction can beweighted for aparticular type by varying thedecision
constant. This constant is subtracted from the score for a weighted second-
ary structure type.

Conservation Profiles

The calculation of conservation profiles uses the table identified with the
label CONSERV inthefile$HYD_LIB/protein_seq param.dat. Thistable
defines 10 classes of amino acid (e.g. small, aromatic, acidic) and specifies
which amino acids belong in which class. The degree of conservation
between two amino acid typesis the number of classes to which they both
belong divided by 10 so the maximum conservation scoreis one. The con-
servation value of acolumn of aligned residuesin the sequencetableisthe
sum of all the pairwise conservation comparisons divided by the number of
comparisons. The maximum value is one. The conservation profile can be
smoothed by averaging over arange of residues. The window length is set
by the Profile Optionstool.
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Hydrophobicity Scales

Hydrophobicity is a measure, for each of the amino acids, of itsimmisci-
bility with water. Generally apolar amino acids have higher hydrophobicity
parameters and are more likely to occur on the interior of proteins rather
than exposed to solvent.

*J. Garnier, D. J. Osguthorpe and B. Robson, J. Mol. Biol. 120, 97-120 (1978).
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There are three hydrophobicity scales used: the Rose’; Fauchére and V.
Pliska’; and Eisenberg* scales. The parameters are stored in the file
$HYD_LIB/protein_seq param.dat and alternative parameter sets can be
added to that file.

The Rose scale is based on the statistical analysis of the environment of
protein crystal structures. The Fauchére and V. Pliska scale determinesthe
free energy of transfer of amino acid analogs between octanol and water.
The Eisenberg consensus scale is an average of several other scales.

Hydrophobicity isusually analyzed by averaging over afairly long window
(e.g. inrange 7 to 21 residues) and regions of low hydrophobicity are gen-
erally found to be loop regions of the protein which are exposed to solvent.

Sequence Viewer Plots

All of the parameters analyzed in this utility are plotted in the sequence
viewer above the sequences. The parameters are usually calculated for all
active sequences and the plot is aligned to the sequence so there may be
gapsin the plot where there are gapsin the sequence alignment. If you exit
the Prediction Utility, enter the Align and Superpose utility, and uses any
of the tools there to change the sequence alignment then, where appropri-
ate, the plot will be updated to keep in sync with the sequence. The hydro-
phobicity plot might be a useful in alignment as, generally, the
hydrophobicity plots of two homol ogous structures are strongly correlated.

Theplot legendsare colored the same asthe pl ot that they identify. By pick-
ing aplot legend you can toggle on or off the display of the plot. Thelegend
for an undisplayed plot is colored gray. To change the display status of sev-
era plotsit may be quicker to pick the plot title (at the top of the legend)
and a selection dialog box is presented. To toggle on or off the display of
all plots pick the G icon on the bottom |eft of the sequence viewer.

The secondary structure prediction tools are applied to all active sequences
and the sequences recolored according to their predicted secondary struc-
ture. The secondary structure propensities for one sequence will be plotted
in the Sequence Viewer. If thereis more than one sequence active, then you
are prompted to select one sequence for which propensities are plotted.

"GD. Rose et, al. Science 229, 834-8388 (1985).

T3L. Fauchere and V. Pliska, Eur. J. Med. Chem. -Chim. Ther. 18, 369-375
(1930).

*D. Eisenberg et. al. Faraday Symp. Chem. Soc. 17, 109-120 (1982).
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Saving Predictions

Predictions are automatically saved to afile which is given aname of the
form sequence_method_predict.out where sequence is the sequence name
and method is the prediction method. For MSFs there is an option to save
the predicted secondary structure to an M SF as extra information.

Tools

Plot Hydrophobic Pro-
file...

Profile Options...

Plot Conservation Profile

Plot Composition

Plot Momany Prediction

Thistool plots the hydrophobic profile for the active molecules.

This opens the Hydrophobic Profile Options dialog box

You can change the hydrophobicity scaleand thewindow length usedinthe
hydrophobicity plot. The window length for the conservation plot is also
changeable.

The optionsin this dialog allow you to select different scales, residue win-
dow lengths, molecules, drawing averages, and difference profiles

Thistool plots the conservation profile for two or more active molecules.
The conservation profile is a measure of the extent of sequence conserva-
tion along two or more aligned sequences. Sequences must first be aligned.
A high conservation number is given when similar chemical typesof amino
acid occur at aposition, and alower number is given when chemical types
differ. Conservation profiles can be averaged over awindow - the length
can be changed viathe Profile Options tool.

This plots agraph in the sequence viewer showing, for each column of res-
iduesin the sequence viewer, the number of residueswhich fit into agiven
chemical classification such as acidic or aromatic. The classes are defined
in$HYD_LIB/protein_seq param.dat under the keyword CONSERV.

I nactive sequences are excluded from this analysis. The plot shows ten dif-
ferent classifications and may be difficult to interpret when all classifica-
tions are displayed simultaneously. You can toggle off or on the display of
agiven classification by picking its name on the plot legend. To change the
display status of multiple classifications pick the legend title Composition
and you will be presented with a dialog box.

Thistool performs aMomany secondary structure prediction for each
active sequences and recol ors the sequences according to the predicted sec-
ondary structure. Each prediction iswritten to afile of the form sequence
momany_predict.out. The prediction propensities for one sequences are
plotted in the sequence viewer.
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4.. Predict Secondary Structure
Plot GOR Prediction

GOR Options

Plot Holley/Karplus Pre-
diction

Edit Secondary Sructure

Pick Residue

Pick Residue Range

Save to MSF

Read from MSF
Finish

Thistool performs a GOR prediction based on all the currently active
sequences. To get meaningful results the sequences must be aligned. The
prediction is written to afile of the form sequence GOR_predict.out. The
prediction propensities are plotted to the sequence viewer.

Thistool opens adiaog box that allows you to reset the ranges and vari-
ables for the GOR prediction.

Thistool performs a Holley/Karplus Prediction for each active sequence
and recol ors the sequence according to predicted secondary structure. The
predictions is written to afile of the form sequence_holley-karplus_pre-
dict.out and the prediction propensities plotted to the sequence viewer.

Thistool allowsyou to change the secondary structure assignment for asin-
gle residue or range of residues. The mode of residue selection is deter-
mined by the Pick Residue and Pick Residue Range tool. Once the
residue or residue range has been chosen, the Secondary Structure dialog
box opens. Secondary structures can then be reassigned to the specified
areas.

This alowsyou to select single residues in order to edit their secondary
structures.

Thisallowsyouto select arange of residuesin order to edit their secondary
structures.

Predictions for sequences which are from M SF files can be saved as sec-
ondary structure extrainformation in the MSF. You will be prompted to
givethe dataalabel. Be careful not to confuse predicted secondary struc-
ture with that derived from analysis of the structure.

Saved secondary structure predictions can be restored from the MSF file.

Thistool exits the palette. You will be prompted to save any unsaved sec-
ondary structure predictions to the M SFs.
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5. Align and Superpose

Overview

The Protein Design Alignment palette provides options and tools for
aligning, matching, and superposing proteins. Sequence alignment can be
doneautomatically or thealignment can be edited manually. Therearetools
to aid alignment: dot plots, alignment constraints and graphical indications
of homology. The alignment and matching of homologous sequences can
be based on avariety of sequence and structural criteria.

This chapter describes: « Aligning and superposing
e Superposing structures
« Toolsand options

References S. B. Needleman and C. D. Wunch, “ A General Method Applicable to the
Search for Similarities in the Amino Acid Sequence of Two Proteins,”
Journal of Molecular Biology, 48, 443 (1970).

M. O. Dayhoff, Atlas of Protein Sequence and Structure (National Biomed-
ical Research Foundation, Silver Spring, Md., 1978), 5, supplement 3.

D. F. Feng, R.F. Doolittle, “ Progressive Sequence Alignment as a Prereg-
uisiteto Correct Phylogenetic Trees,” Journal of Molecular Evolution, 25,
351-360 (1987).

Aligning and Superposing Sequences

A variety of options are available for aligning sequences, matching resi-
dues, and superposing structures. A general discussion describing the dif-
ferent algorithms and options used for these tools follows.

Using Active Sequences and Active Ranges
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All thetoolsonthispal ette are only applied to active sequences. Soto align,
match or superpose alimited set of the sequences or molecules you should
change the sequence activity. Sequence activity isindicated on the
Sequence Viewer by graying out the names of inactive sequences. The
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activity can be changed by either picking the sequence name on the
sequence viewer or picking the A icon on the bottom left of the Sequence
Viewer to bring up adialog box which will allow you to change the activity
of multiple sequencesmoreefficiently. If the sequenceisalso an MSFthen
its activity can be changed in the Molecule Management Table.

Automatic alignment, manual editing of the alignment and application of
Undo All and Undo L ast can be applied only to residues within the active
range. Thiscan be particularly useful when manually editing small regions
of the alignment: the Active Range tool can be used to ensure that the rest
of thealignment isunchanged by insertion and deletion of gapsintheactive
range. In order to maintain alignment of residues to the right of the active
range, gaps may beinserted or deleted at the right hand end of the active
range.

The match tools are also applied only to residues within the active range.
The active range can be set by picking the Set Active Rangetool on the
Protein Utilities palette and isindicated on the Sequence Viewer by triple
red lines showing its limits. The thicker, innermost line is the actual limit.

Criteria for Aligning and Matching Sequences

Sequence alignment algorithms attempt to align pairs of residueswhich are
similar. The algorithms require some quantitative measure of similarity.
Conventional sequence alignment uses an amino acid substitution matrix
which has been derived from analysis of amino acid substitutions observed
in families of proteins through the course of evolution. It is possible to use
other criteria; particularly if the structure of the protein is known, there are
criteriafor aligning the residues in the equivalent positions and environ-
ments in the structure.

The same criteriawhich are used to optimize the alignment can also be used
to indicate the degree of homology between proteins. The match toolsin
this utility identify the homologous residues or ranges of residues.

In this utility there are five possible scoring schemes for alignment and
matching and you can use weighted combinations of these schemes. The
default scoring is aconventional sequence homology scoring system.” Itis
al so possible to use some combination of these criteria— acombination of
50% sequence similarity, 30% secondary structure similarity and 20% Co.-
Ca distance criteriais useful for recognizing homologous structures.

Sequence homol ogy The sequence homology scoring system uses the conventional Dayhoff
amino acid substitution matrix which is based on the probability of replac-

"M. O. Dayhoff, Atlas of Protein Sequence and Sructure (National Biomedical
Research Foundation, Silver Spring, Md., 1978), 5, supplement 3.

34 QUANTA 2006 Protein Design



Secondary structure
homology

Residue accessihility
homology

Residue Environment

Ca-Ca distance homol ogy

Alignment

Aligning and Superposing Sequences

ing one amino acid type by another as observed in the evolution of families
of proteins.”

The secondary structure homology scoring system scores favorably for
aigning residues of similar secondary structure and penalizesaligning non-
similar secondary structure.

The accessibility scoring uses the residue fractional solvent accessibility.
The scoreis linearly dependent on the difference in the fractional accessi-
bility. Thereisamaximum score of 10.0 for no differencein accessibility.
The score decreases linearly to zero for acutoff difference of 0.3. The max-
imum score and cutoff can be changed using the Alignment Scorestool.

The environment class of aresidueisthat defined by the method of Luthy,
Bowieand Eiszenberg:c asused in Profile Analysis and is based on the sol-
vent accessibility, polarity of environment and secondary structure of the
residue. Before using the environment class as a criteria for alignment it
should be calculated for all the relevant structures using the Plot Sructure
Profile tool in the Profile Analysis application””.

The Co—Ca. distance homology scoring system is based on the interatomic
distances between the Ca. atoms of aligned residuesin different sequences.
Thisscoring system isonly applicable after structures are superposed. The
scorefor aligning apair of residuesislinearly dependent onthe Ca-Ca dis-
tance, there is a maximum score of 10.0 for a distance of zero. The score
decreaseslinearly to zero for acutoff distance of 5.0A.The maximum score
and cutoff can be changed using the Alignment Scorestool.

The conventional pair-wise sequence alignment method described by
Needleman and Wunch'™ aligns two sequences to maximize the alignment
score. The alignment score is the sum of the scores for all pairs of aligned
residues, minus an optional penalty for the introduction of gaps (automatic
insertions and del etions) into the alignment. If there are more than two
sequences to be aligned then they are aligned chronologically in pairwise
fashion. 3

"These scores are stored in the file $HY D_LIB/protein_align_score.dat.

TThese scores are stored in the file $HYD_LIB/protein_align_score.dat.

*R. Luthy, JU. Bowie & D. Eisenberg “ Assessment of protein models with 3D
profiles’” Nature 356, 83-8 5 (1992)

“"The scoring schemes stored in the file $HYD_LIB/protein_align_score.dat.

S, B. Needleman and C. D. Wunch, “A General Method Applicableto the
Search for Similarities in the Amino Acid Sequence of Two Proteins’, Journal of
Molecular Biology, 48, 443 (1970
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5.. Align and Superpose

To align more than two sequences an alignment is performed for al pair-
wise combinations of active sequences and the alignment score which indi-
cates the degree of homology of the two sequencesis calculated. The
normalized alignment score is also calculated by multiplying the score by
100 and divided by the number of residues in the shorter of the two
sequences.

The normalized alignment score for each pair of sequencesisreportedin
the textport and plotted as adendogram.* This dendogram indicates the
relationships and order in which pairwise alignment is used to align multi-
ple sequences. Sequences that join at the leftmost node in the dendogram
correspond to the highest normalized alignment score, and therefore arethe
most similar sequences so they are aligned first. After apair of sequences
are aligned with each other they are kept fixed with respect to each other
and aligned against more dissimilar sequences.

Astheiterative alignment procedure is performed the alignment scores are
reported in the textport. The Sequence Viewer isupdated, showing the new
aignment.

Gap Penalties Gap penalties weight against the alignment a gorithm introducing inser-
tions and deletions into the alignment. Alignment can be significantly
affected by the size of the gap penalties used, particularly in cases of low
homology.

There are three forms of gap penalty used in QUANTA
« pendlty for initialy opening agap

» penalty for every extraresidue added to the gap

» penalty for mismatching the ends of the sequence

The effect of the first two formsisthat alarge penalty weighs against open-
ing agap and thereisasmaller additional penalty applied for extending the
gap. The penalty for mismatching endsis, by default, lower.

The default opening penalty isafixed value but there is an alternative pen-
alty scheme which is dependent on secondary structure. Opening agap in
the middle of a secondary structure element, helix or strand, is heavily
penalized which openings at the end of the element are less heavily penal-

A dendogramisaplot showing thefamily tree of three or more sequencesand
isbased on scoresfrom pairwise comparisons of sequences doneeither by the Align
Sequences or the Match Residues tools. A dendogram plot will be produced auto-
matically if three or more sequences are aligned or if the Dendogram option is
checked in the Match Residuestool. A dendogram islike afamily tree diagram
showing the family relationship between sequences with most similar sequences
connected by the shortest branches.

36 QUANTA 2006 Protein Design



Aligning and Superposing Sequences

ized. Thistends to force insertions and deletions to loop regions which is
where they are observed most commonly in practice.

If aninitial alignment does not produce the expected resultsthen it may be
worthwhile to experiment with the gap penalties whose values can be
changed using the Optionstool.

Manual Alignment Editing

There are several toolsto alow manual adjustment of the alignment. These
are particularly useful when used in conjunction with the Match Residues
option to Update match when alignment changed so that asthe align-
ment i schanged the match barsin the sequence tabl e and/or the match score
plotted in the Sequence Viewer give feedback on the quality of the align-
ment.

Thetwo basic manual alignment editing methods are addition and removal
of gapswhich allow shifting of sequences by oneresidue position at atime.
To make bigger shifts to a sequence the Align Two Residues tool can be
used. Moving entire sequences can be done with the click and drag facility
in the Sequence Viewer.

By default, adding and removing gaps will cause a readjustment of the
alignment for all the positions to the right of the edited position. The
changes can be limited by setting an active range using the Set Active
Range tool on the Protein Utilities palette. Changes to the alignment will
not be propagated outside of the active range. Gaps may be inserted or
deleted at the right hand end of the active rangein order to maintain align-
ment of residues to the right of the active range.

Saving and Restoring Alignments

TheUndo Last and Undo All toolswill allow backtracking after automatic
or manual alignment. Alignments can aso be saved to file and restored
later by using the Sequence Data utility on the Files pulldown. Use the
Write Alignment File option to save the alignment and the Read Align-
ment/Sequence File option to restore the alignment. The Restore Align-
ment Only option should be selected so the sequences are not read into
QUANTA again. Any file format can be used but the Clustal format issim-
ilar to that used by QUANTA to save alignments between sessions. Note
that if you do not want to restore the alignment for all of the sequencesthen
some sequences can be made inactive and the For Active SequencesOnly
option should be checked.
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Dot Plots

Path of alignment

Attempting dot plots of
various window lengths

Dot plots show a comparison between two sequences and can provide use-
ful feedback on the quality of an alignment and suggest alternative align-
mentswhich might be tested. The x axis of adot plot isthe residue position
of the first sequence and the y axis s the residue position of the second
sequence. The value shown at the position X,y in the plot is a comparison
scorefor residue x of sequence 1 to residuey of sequence 2. Various param-
eters can be scored and plotted: the default is the amino acid similarity
score as given by the Dayhoff comparison matrix. It is convention to show
normalized rather than absol ute scores on dot plots. To do this, the mean
and standard deviation of the scoresfor all the pointson the dot plot are cal-
culated and then only the relatively high scores are shown in terms of their
number of standard deviations above the average score.

Also shown on the dot plot isthe path of the current alignment. Thisisthe
bluelinewith small blue dots showing whereresidue x isaligned to residue
y. For two similar sequencesthe alignment path will run roughly diagonally
across the plot from bottom left to top right. Where there are gapsin the
alignment, the alignment path will not run parallel to thisleading diagonal
and there will be arelatively long gap between the small dotsindicating
aligned residues.

Dot plots are usually drawn to show the comparison of arange of residues
rather than single residues. If you are unfamiliar with dot plots then try
drawing adot plot for two short similar sequences. Before doing so, how-
ever, set the dot plot window to one and switch off the normalization of dot
plot scores (use the Options tool to access the Dot Plot Options dialog
box). This shows, for the purposes of comparison, the score of every indi-
vidual residuein sequence one against every individual residuein sequence
two —the checker board effect is very difficult to interpret.

Now try dot plots with window lengths of three, five and eleven. Using
longer window lengths, you will see diagonal lines appear on the plot and
astrong band along the leading diagonal if the two sequences are signifi-
cantly similar. If the two sequences are aligned automatically, then the
alignment path shown on the plot would be expected to overlay the strong
diagonal lines.

In calculating a dot plot with window length eleven, the sum of the scores
for comparison of eleven consecutive residues in both sequences one and
two isassigned to the position on the plot corresponding to the sixth residue
in the comparison window of each sequence. The average and standard
deviation of the scoresfor al points on the plot are then calculated. Where
the comparison score is above the cutoff adot is drawn on the dot plot for
each pair of residuesin the comparison windows. This gives the diagonal
lines which you see on the dot plot. Since each residue contributes to mul-
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tiple comparison windowsiit is possible that it will contribute to more than
one comparison scores which is above the display cutoff; when this hap-
pensthe position on the dot plot is colored to indicate the larger of the com-
parison scores. Overlap of comparison windows with good scoresmay also
give diagona lines on the plot which are longer than the window length.

Dot plotsfor similar sequences show astrong diagonal trace roughly along
the leading diagonal and after automatic alignment the blue line showing
the alignment path will follow this trace.lf there are other strong traces
close to the leading diagonal then they indicate possible aternative align-
ment paths which can be explored using constraints.

Dot plots can be drawn for alimited region of two sequences by using the
Select Active Rangetool onthe Protein Utilities palette. Thiscan be useful
in analyzing aregion of low homology. Using ashorter window length will
also be useful in this situation.

Alignment Constraints

Alignment constraints enable you to bias the automatic alignment algo-
rithmto align the constrained residues. Constraints might be needed if there
isexperimental evidence for alignment of certain residuesor if you want to
explore non-optimal alignments as suggested by the dot plot. When con-
straints are used in an alignment, alarge favorable score is assigned to
aligning the constrained residues. This does not absolutely guarantee that
the algorithm will align the constrained residues — the penalties incurred
by aligning inappropriate residues and the gap penalties may outweigh the
constraint weighting. To enforce the constraints, it is possible to increase
the constraint weighting, but it is probably better to also assign constraints
to neighboring residues.

Matching Residues

Matched residues are aligned residues (i.e., residues in the same column of
the sequence viewer) which are homologous. The degree of homology may
be determined by avariety of criteria:

« Theamino acid typeisidentical or similar.

» Theresidue environments, accessibility or secondary structure are sim-
ilar
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» Theresidues are close in space (thisis the Ca-Ca distance criterion).

Matched residues Matched residues are usually indicated on the sequence viewer by avertical
yellow line. The appearance of thisline can be controlled in the Sequence
Viewer Optionstool (accessed through the O icon at the bottom I eft of the
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RMS Deviation tool

Color by Homology

Sequence Viewer). An alternative means of display isto plot the match
score as agraph in the Sequence Viewer. An option to update the matched
residues whenever the sequence alignment is changed is on by default.

The match scores can be analyzed to give pairwise comparison scores
between all the active sequences and these scores can be analyzed to gen-
erate a dendogram of the family relationship between all of the sequences
based on whatever criteriais currently being used for the match analysis.

You may also select the matches manually, an option which is useful when
the matched residues are to be used asthe sel ection criteriain another func-
tion such asin the Copy Matched Residuestool in the Create Homol ogy
Modél tool.

The match scoreis calculated on a column-by-column basis, using the cur-
rent alignment of the active sequences. Alternatively, the score can be aver-
aged over severa columns around the column under consideration. This
averaging of match scoresis useful for identifying homologous regions
rather than just similar individual residues. The match window length is
controlled by the M atch Optionstool.

Another tool which provides information to help assess aignmentsis the
RM S Deviation tool. Thereis an option to plot agraph in the sequence
viewer of the distance between equivalent atomsin aligned residues.

The homol ogy between sequencesisindicated on the Sequence Viewer by
vertical yellow bands and can be shown on two molecule structures by
dashed lines between matched residues but this latter presentation is not
easily interpretable for more than two structures. Coloring the structureres-
idues according to their homology isuseful inthis case and can be activated
by the Color by Homology option in the M olecule Color on the Protein
Utility palette. The coloring ranges used by thistool can be changed using
the Color by Homology option accessed via the Optionstool.

Superposing Structures

Structure superposition overlays atoms within the matched residues of the
active structures, using aleast squares algorithm. By default only the Ca
atoms are superposed but alternative selections are available using the
Super position Options under the Optionstool.

To superpose multiple molecules, there are several cycles of superposi-
tion. Intheinitialization cycle, each of the other molecules are superposed
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onto atarget molecule (by default thisisthe first selected molecule). For
subsequent cycles, atemplate, which is an average of all molecules, iscal-
culated, and each moleculeis superposed onto thetemplate. For each cycle,
the root mean square (rms) difference in atomic coordinates between each
molecule and the target template is reported. After each cycle, a new aver-
age template is calculated, and the rms difference in coordinates between
this template and the template from the previous cycle is reported. If only
two molecules are being superimposed, the rms difference reported is one
half the rms difference between the two molecules.

If the RM S difference in template coordinates between cyclesis less than
0.1A, then the refinement is terminated; otherwise, it is terminated after 10
cycles. If you have opted to output the transformation matrix (see under the
Optionstool), then thetrandlation vector and rotation matrix that have been
applied to the coordinates of the molecule in order to bring it to the final
superposed position are reported.

After the structures are superposed the interatomic distances between the
Coa. can be used as acriteriain alignment and this can be a useful means of
refining the alignment to reflect structural homology.

Tools and Options

Align Sequences... Thistool aignsall the currently active sequences. If the Select Active
Range tool has been used then the alignment will only be applied to the
activerange. Thedefault alignment criteriaisto align similar residuestypes
but the Alignment Weights tool can be used to change the criteria. When
there are only two active molecules, the sequences are immediately
aigned.

To align more than two sequences the usual protocol isto align all possible
pairwise combinations of sequences and calculate an alignment score.
Cluster analysis of these scores determinesthe family relationship between
the sequences which is represented by a dendogram. The default protocol
then aligns all the sequences in an order determined from the dendogram.
Alternative to this default protocol you may stop after generating the den-
dogram or you may select two sets of sequencesto align. A dialog box pre-
sents you with these options when you align more than two sequences:

The options for alignment are;
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« Do automatic aignment of active molecule. This doesthe default align-
ment.

*This follows the method of Sutcliffe et al (M.J. Sutcliffe, I. Haneef, D. Carney
and T.L. Blundell, Protein Engineering 1, 377-384 [1987]).
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Alignment Weights...

Alignment Scores...

Weight to fix constrained
residues in alignment

Maxi mum distance score

Distance cutoff

Maximum accessibility
score

Cutoff for differenceinres-
idue accessibility

Protein Align Score File

Undo Last
Undo All

Add Gap

Delete Gap

* Do pair-wise aignment and cluster analysis. This calculates the pair-
wise alignment scores, does a cluster analysis and generates a den-
dogram.The actual sequence alignment is not performed.

» User selection of molecule setsto align. A dialog box is displayed for
you to select two sets of sequences. An alignment is performed which
keepsall of the sequencesin one set in the same alignment to each other
and aligns them to all of the sequences of the other set.

Thistool displaysthe Alignment Weights dialog box which allows you to
choose aweighting scheme for using a combination of the different homol-
ogy criteria. All weights should be in therange 0.0 to 1.0

Thisoption displaysthe Score Parametersdialog. Thisdialog allowsyouto
specify score parameters, cutoffs and change the align scorefile.

(default 100) The Constraint tool is used to select residues which will be
pulled into alignment by the automatic alignment. The weighting of the
constraint can be changed through this option.

(default 10.0) and

(default 5.0). These parameters affect the Ca-Ca distance homology scor-
ing. The maximum score is given for a distance of zero and the score
decreases linearly to zero for the cutoff distance.

(default 10.0) and

(default 5.0) These parameters affect the accessibility homology scoring.
The maximum scoreis given for an accessibility difference of zero and the
score decreases linearly to zero for the cutoff differencein residue accessi-
bility.

By default the residue type scoring scheme is taken from the file $SHYD _
LIB/protein_align_score.dat which contains the Dayhoff substitution scor-
ing matrix. An aternative file name can be entered here. Note that the file
should have the same format as the default file.

Thistool undoes the last sequence alignment or alignment edit.

Thistool remove all gaps from the active sequences. This only applies
within the Active Range if it ison.

When thistool is active, you can pick residues (on the Sequence Viewer or
active molecules) and add a gap before that residue. The tool remains high-
lighted and active until it is deselected.

When thistool is active, you can pick a gap on the Sequence Viewer to
deleteit. The tool remains highlighted and active until it is desel ected.
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Align Two Residues...

Dot Plot...

Match Residues

Undo All Matches:
Select matches:
Update matches when
alignment changed:

Plot graph of match
SCores:

Plot dendogram:

Change Match

Match Options
Superpose Matched Resi-
dues...

Save MSF...

Reread MSF-...

Options...

Superposition Options:

Tools and Options

Thistool aignstwo residues from the sequences of two different active
molecules. You are prompted with the Pick Residue palette and should

then select two residues on the Sequence Viewer or molecules. The | eft-
most of the two residues will be moved into line with the rightmost.

Thistool calculates and displays adot plot for two sequences. If more than
two sequences are currently selected then you are prompted to select just
two. If the Active Rangeison, thenthedot plot isdrawn for only the active
range.

Thistools brings up adialog box with the option to choose the match crite-
riaand also with options to control the mode of action. These are:

Undo al display of matches.
aresidue selection pal ette allows you to manually select matched residues.

Whilethis optionisonthe Match Residuestool on the palette will remain
highlighted and the matched residues will be recal culated every time the
aignment is changed.

The match scores are plotted in the Sequence Viewer. This option can be
used in conjunction with the previous one to give updates of the plot asthe
aignment is changed.

Plot a dendogram based on the pairwise inter-sequence match scores.

Thistool togglesasingle match on or off by picking the residue position on
the sequence table or the molecule.

Thistool displaysthe Match Option dialog box. You can change the differ-
ent match variables and cutoffs.

Thistool superposes the matched residues of the active molecules. If atar-
get molecule has not been selected, then the first active molecule is used.

Thistool saves the superposed molecule coordinates to their respective
MSFs. It activates the standard M SF saving options.

Thistool rereadsthelast saved version of the active molecules (M SFs) and
restores the coordinates. Thisrejects any superposed coordinates that were
not saved.

Thistool activatesthe Align and Superpose Optionsdialog box from which
five additional options can be selected.

Atomsto Super pose: By default only the Co atoms are superposed but
alternatives are to superpose all main chain atoms or for you to enter a
selection.

Choose tar get molecule: During the superposition one molecule will
remain stationary. By default the first selected molecule is this target
molecule.

QUANTA 2006 Protein Design 43

o 3
c o
© o
CL

(¢}
=2
CGU)




5.. Align and Superpose

Gap Penalties

Dot Plot Options

Dot Plot Color Ranges

Color by Homology

RMSDeviations...

Calculate for matched res-
idue only

Output transformation matrix: If this option is checked then after
each superposition the rotation matrix and translation vector applied to
each moleculeislisted to the textport.

Move all atomsin molecule: By default thisoption is checked on. If it
isswitched off then you will be given the atom selection palettein order
to select the atoms which will move during the superposition.

Thisoption presents adia og box which allows you to change the penalties
assigned to creating a gap in automatic alignment. The different forms of
penalty function are discussed above. The dialog box has options for you
to select which forms are active and to change the penalty value for each
form. There is also an option to change the maximum gap length. By
default the alignment a gorithm will not test alignment which involve
inserting gaps greater than 40% of the sequence length (this limitation
reduces calculation time) but if you are working with some exceptional
seguences you may wish to change this.

Number of residuesin window: By default dot plots are drawn for a
single window length of 11 residues - you can change this value to any-
thing between 1 and large values such as 31. Analysisfor morethan one
window length can be presented on the same plot. Multiple window
length can be entered in the text input line; the values should be sepa-
rated by spaces.

Show constraints on dot plot: By default any constraint between resi-
dues of the two plotted sequences are shown on the dot plot.

Normalizedot plot scores: By default the coloring of dot plots usesthe
normalized scores where the normalization has been done over the
entire dot plot. If this option is not checked then the dot plot will be col-
ored according to the absolute scores.

This displays the Color Range dialog box from which you can edit the dot
plot colors and cutoffs

The coloring of molecules and sequencesis controlled by the M olecule
Color tool on the Protein Utilities palette. One option isto color by the
homology between sequences. The colors and cutoff values used in this
coloring scheme can be changed in this dialog box.

The RM S deviation between the currently active structures are calculated
and listed to textport.By default a single figure of RM S per pair of mole-
culesislisted. If the active rangeis on then thistool is applied to only the
residues in the active range. There are several options:

To calculate an rms deviation for only alimited set of residues you should
ensure those residues are matched using either the Match Residues or
Change Match tool and then check this option.
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The Constraints Pal ette

List RMS per residue Anrms deviation per residue is listed to the textport.
Plot RMS per residue The rms per residue is plotted to the sequence viewer.
Atom selection By default the reported rmsis for just the Co. atoms but alternative selec-

tions are available.

Plot Dendogram Thistool isavailableif there isadendogram plot currently displayed. The
dendogram will be written to a PostScript format file which can be used to
create a hardcopy plot.

Finish Thistool exitsthe palette If structures have been superposed but not the
coordinates have not being saved then you will be prompted to save them.

The Constraints Palette

The constraints palette is activated when the Constraint tool on the Align
and Superpose palette is picked. The palette is closed by repacking the
Constraint tool or picking the Exit Constraintstool from the Constraint
palette. The palette has tools to enable selection of constraints, to save and
restore constraints in external files and to toggle on or off the use of con-
straints in alignment.

To define a constraint you must select one residue per sequence for two or
more sequences. Constraints are shown on the sequence viewer asathin
blue line between the residues. Beware that this line might be obscured by
the Match indicator if it isactive. If the Add Constraint tool is active then
the last picked residue is indicated on the sequence viewer by ablue trian-
gle under the residue. Constraints are also shown on dot plots by abluecir-
cle about the position corresponding to two constrained residues.

By default once aconstraint is selected or read in it will be used in any sub-
sequent automatic alignment but the constraints can be excluded from the
alignment by deactivating the Usein Auto Align tool. If not all sequences
are active when an automatic alignment is performed then only the con-
straints with residues in two or more active sequences will be used. Con-
straints are not saved automatically between QUANTA sessions so any
constraints required in future should be saved to file.

Constraint Palette Tools
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Add Constraint If thistool is active then constraints can be selected by picking the appro-
priate residues in the sequence viewer or on the molecules. The selected
residues are indicated by pal e blue boxes. Only one residue per sequence
should be selected; if asecond residue is selected from the same sequence
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5.. Align and Superpose

Restart

Next

Delete Constraint

Delete All
Usein Auto Align

List to Textport

Saveto File

Restore from File

Exit Constraints

then there is awarning message and the option to use either the previous or
the new residue. Once aresidue has been selected from all the currently
active sequences then the constraint is considered to be completely defined
and is saved and the next residue pick is considered as the start of a new
constraint. It is also possible to define a constraint between two sequences
by picking apoint on adot plot for those two sequences. It may be helpful
to increase the scale of the dot plot by using the full screen icon at the top
right of the dot plot window or by using the Zoom Window tool on the dot
plot pull down menu under Display.

If amistake is made in selecting residues for constraints then this tool
should be used to restart the selection for the last constraint.

Thistool should be used after all the required residues have been selected
for the current constraint. The constraint does not need to have aresidue
selected for every sequence but should have aresidue for at |east two
sequences. The next residue you pick will start the definition of the next
constraint.

If thistool isactive then picking any oneresiduein aconstraint will delete
that constraint. Constraints can aso be selected by picking the dot plot.

Deletes all constraints.

The constraints will only be used if thistool is active. If the Constraint pal-
ette is closed the status of thistool isretained for al subsequence align-
ments.

List all current constraints to the textport. The information is organized
with each constraint on one line and all the constrained residues in each
sequencein acolumn under the sequence name. A * character indicatesthat
the constraint does not apply to that sequence.

Save the data to afile with the default extension .con. The information is
organized with each constraint on one line and all the constrained residues
in each sequence in a column. The sequence names are given at the top of
thefile.

A constraint file with default extension .con is opened and the constraints
read. If the name of a sequence in the file does not correspond to any cur-
rently selected sequence then the information for that sequence will be
ignored but so long as the constraint still has two or more residuesin cur-
rently selected sequencesitisread in. If sequence or MSF names have
been changed since the constraint file was written it is possible to edit the
file to update the names.

Close the Constraint palette. Note that if constraints are selected and the
Usein Auto Align tool is active then the constraints will be used in any
future alignment.
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6. Create Homology Model

Overview

This chapter describes:

For more information see:

This utility enables you to copy coordinates from a known structure or
structures to a sequence whose structure is unknown. This process creates
ahomology model for the sequence that can be further refined using other
modeling toolsin Protein Design and other QUANTA applications, such as
Conformational Search’s Loop Modeling.

» Copying homology

« Toolsand options
Protein User’s Reference
e Align and superpose
« Edit protein

* Model backbone

* Model sidechain

Copying Homology

This utility generates the framework of a homology model by copying
structure from homol ogues. The mainchain atom coordinates are copied
directly from aknown structure. Sidechain atom coordinates are copied as
far as possible and any unresolved sidechain atom coordinates are built by
regularization. You must decide the most appropriate homol ogues to copy
coordinatesfrom and the regions of the structure for which copyingisvalid
(see the Protein tutorial).

Themost efficient meansto generate amodel isto usethe Auto Match tool
in Align and Superpose to identify regions of sequence homology between
the sequence of unknown structure and the known structure. Using a
Match Window of say three or five residues (see under Match Options)
will better identify homologous regions and exclude individual good
matches. The Copy M atched Residuestool can then be used to copy coor-
dinates for all the matched residues at once.
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6.. Create Homology Model

It isimportant to observe regions where two consecutive residues are mod-
eled on different proteins. Thetwo residues may not join well or may betoo
far away to form abond. When thisis observed, other tools should then be
used to further refine the structure.

After remodeling the protein backbone by copying coordinates from a
homologue, it is advisable to reemodel the sidechains. The Auto M odel
tool on the Model Side Chains palette does this (see Chapter 9) and, to
simplify the procedure, the Create Homology utility automatically writesa
selection file, copy_side_sel.rsd, which lists the remodel ed residues.

Tools

Change Unknown Sruc-
ture...

Select Copy Range...

Copy Options...

Copy Range

Copy Matched Residues

When the Create Homology Model utility is selected from the Protein
Design palette the Choose an Unknown Structure dialog box openswith a
scrolling list of al the active molecules. You need to select one of the mol-
ecules as the unknown structure. This sets that molecule as the structure
being modelled. When the palette is displayed, all active molecules are
listed under the COPY FROM tool, with the unknown structure grayed
out. The unknown structure should be an M SF and not a sequence. MSFs
can be created from sequences using the tool in the Protein Editor utility.

This option displays the Choose Unknown Structure dialog box with a
scrolling list of all active molecules. The active molecul e sel ected becomes
the new unknown structure. This option allows you to change the selection
of the unknown structure from theinitia structure.

Thistool activates the Pick Range palette. You can then pick the residue
range over which the copying will be performed. Thisis done by picking
thefirst and last residues of the range from either the sequence table or the
molecule. Within this utility, the Active Rangetool on the Utilities palette
a so has the same function as Select Copy Range.

This option displays the Copy Options dialog box, from which you select
options for the visual display and mode of the copied coordinates.

Thistool remains grayed out until a copy range has been selected on the
unknown structure. Once thistool is active, selecting it copies the coordi-
nates of the chosen known molecule to the unknown structure.

Copy the coordinates for al the residues currently matched. Matching res-
idues are determined in the Align and Superpose utility by either an auto-

mated procedure to find homol ogous regions or by user selection. Matched
residues are highlighted on the Sequence Viewer by avertical yellow band.
This highlighting is usually switched off outside the Align and Superpose
module, but it is switched on again upon entering the Create Homol ogy
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Tools

Model utility. If the Select Copy Rangetool isactive, then coordinateswill
only be copied for the matched residues within the selected range.

Save MSF... Thistool savesthe changesto the M SF of the unknown structure. The stan-
dard MSF saving dialogs are displayed.

Reread MSF... Thistool reads the last saved version of the MSF into QUANTA. Any
changes not saved to the MSF are | ost.

>
[@) R
23
go
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<

Finish Thistool exitsthe Create Homology M odeling palette and any changes
remain active in memory. If the changes have not been saved, the standard
save dialog boxes are displayed for saving the structural changes.
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7. Superpose Folding Motif

Overview

This chapter describes:

For more information see:

References

Thisutility superposes structures on the basis of their overall folding rather
than requiring identifying homologous residues. Using this utility, protein
structures with similar folding motifs, but possibly little other obvious
homology, can be superposed.

A folding motif can be either awhole protein or aspecific areaof aprotein.
It is defined in terms of the a-helix and B-strand secondary structure ele-
ments, and the inter-element geometry, such as distances and angles.

» Superposing folding motifs

« Protein geometry

« Secondary structure representation

e Sequence alignment

» Toolsand options

» Demonstration of using Superpose Motif
Protein User’'s Reference

« Align and Superpose

e Doman Analysis

» Superpose Motif Database

E. M. Mitchell, P. J. Artymiuk, D. W. Rice; P. Willett, “Use of techniques
derived from graph theory to compare secondary structure motifsin pro-
teins,” J. Mol. Biol. 212 151-166 (1989).

A. T. Brint; P. Willett, “ Pharmacocophoric pattern matching in files of 3D
chemical structures: comparison of geometric searching agorithms,” J.
Mol. Graph 5 49-560 (1987).

G D. Mulligan; D. G. Corneil, “ Correction to Bierstone's Algorithm for
Generating Cliques,” J. ACM 19 244-247 (1972).

C. A. Orengo, N. P. Brown; W.R. Taylor, “Fast Structure Alignment for
Protein Databank Searching,” Proteins 14 139-167 (1992).
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7.. Superpose Folding Motif

Superposing Folding Motifs

A simple example of the problem of superposing two similar, but not iden-
tical, structure motifsis shownin Figure 1.

The reference motif has a set of parallel  strands with an a-helix lying
across the strands. The test motif includes a 3-sheet of four strands, with
the two central strands parallel and two helices, one on either side of the
sheet. No consideration is made of the connectivity between the secondary
structure elements.

The secondary structures are represented simply as vectors. They are
labelled R1to R4 for the reference structure and T1 to T6 for the test struc-
ture. In this example, there is no combination of elementsin the test motif
that reasonably matches all the elementsin the reference motif. There are
four possible ways in which three of the four elementsin the reference
motif could be matched to elementsin the test motif.

For thisexample, it is possible to determine al possible matches by eye.
However, for more complex examples, an efficient algorithm to test all pos-
sible combinations is needed.

In the automated matching algorithm each structure is analyzed separately.
The geometric relationship (i.e., distances and angles) between all pairs of
secondary structure elements are calculated. These geometric relationships
arethen used to determine whether apair of elementsin one structure might
be equivalent to apair of elementsin the other structure. If the differences
in distances and angles are not to great then the two pairs of elements might
be equivalent.

Releremce moff Testmotf
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Figure 1

52 QUANTA 2006 Protein Design




Superposing Folding Motifs

Table 1. Reference structures and matches

Reference

structure Match 1 Match 2 Match 3 Match 4
R1 T2 — T3 —
R2 T3 T2 T2 T3
R3 — T3 — T2
R4 T5 T5 T6 T6

For the example in the figure the distance and angle between the two ele-
ments of the reference structure, R2 and R4, are similar to the distance and
angle between the elements of the test structure, T2 and T5. However, they
are dissimilar to the distance and angle between elements T1 and T5, since
the strand T1 isrunning in the opposite direction.

The result of comparing all possible pairwise combinations of elementsis
recorded in a correspondence matrix which records either true or false for
whether pairs of elements might be equivalent. A graph theory algorithmis
used to analyze the correspondence matrix to find combinations of ele-
mentsin the reference structure which will match the maximum number of
elementsin the test structure. Frequently there are several possible combi-
nations of elements which give the same number of matches overall.

Given a set of possible matches between secondary structure elements the
two structures can be superposed. Thisis done by applying astandard least
sguares superposition algorithm to the endpoints of the axial vectors of the
matching elements. Combinations of matches which lead to poorly super-
posed elements (i.e., with a poor rms difference in the endpoint coordi-
nates) can be removed from the list of matches.

Protein Geometry

Theaxial vector of asecondary structure element isdefined asthe principle
moment of the Co. atom co-ordinates. The endpoints of avector arethe pro-
jection of theterminal Co atoms onto the vector. The relationships between
pairs of axial vectors are defined as:

Minimum distance Thisis the minimum distance between the two axial vectors. When the
closest point on one vector from another, is the vector endpoint, then the
minimum distance is to that endpoint, rather than to any point on theline
extended beyond the vector.

Average distance Thisisthe average of the distance between all the Co. atomsin one second-
ary structure element and al the Ca. atoms in the other element.
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7.. Superpose Folding Motif
Scalar Angle

Tilt Angle/Interaxial Angle

Same Domain

Same Connectivity

Thisangleis derived from the inverse cosine of the scalar product of nor-
malized vectors.

This angle uses the definition given by Orengo* for representing the rela-
tive orientation of two axial vectors as two angles.

If the protein structures have been analyzed into domains then to satisfy
“same domain” criteria pairs of secondary structure elements should have
the same relationship “in same domain” or “not in same domain”.

The fold matching a gorithm does not inherently require that matched sec-
ondary structure elements are in the same order along the protein chain but
this requirement can be set.

Secondary Structure Representation

Secondary structure elements are represented by axial vectors. The Sec-
ondary Sructuretool from the Protein Utilities palette will toggle the
display of secondary structure vectors.In thisutility it isrecommended that
the secondary structure vectors are displayed, but the moleculevisibility be
switched off.

To superpose only alimited fragment of aprotein some secondary structure
elements can be made inactive. The activity istoggled using the Change
Activity toolson the palette. Secondary structure vectorsthat are active are
represented by vectors with fat lines; and those that are inactive are repre-
sented by vectors with thin lines.

Sequence Alignment

If structures have been matched with the criterion that elements have the

same connectivity, it is reasonabl e to attempt to find an optimal alignment
of the protein sequence. The structures are superposed, and an alignment is
performed to minimize the distance between Co atomsin aligned residues.

Tools and Options

Thistoolson this palette can be grouped interfere main functions: selecting
the active secondary structure elements, matching the secondary structure,

" Fast Structure Alignment for Protein Databank Searching”, C.A. Orengo, N.P.
Brown & W.R. Taylor (1992), Proteins 14 139-167.

54 QUANTA 2006 Protein Design



Tools and Options

reviewing the matches and superposing and aligning structures based on
one selected match.

Select Active Secondary Structure

Change Active

Pick Element

Pick Element Range

Pick Domain

All secondary structure elementsin a molecule are used by default. How-
ever, elements can be madeinactive or unsel ected using one of the selection
tools.

When Change Activeis picked the Pick Element, Pick Element Range,
and Pick Domain tools are ungrayed. Only one of these tools can be used
a atime.

This option is used to toggle on and off the activity of a single secondary
structure. The activity istoggled by picking an atom or residue. Thisisdone
either on the structure or sequence table, of a secondary structure element.

Thisoption isused to select the activity of any two secondary structure ele-
ments. Either two atoms in the molecule or two residuesin the sequence
table. All elements within the selected range of the two elements are tog-
gled on or off.

If domain analysis has been performed on the molecul e, this option selects
one of the assigned domains. The activity istoggled by picking an atom or
residue from the sequence table of a selected domain. If domains are unas-
signed, any pick selects a complete segment.

Match Secondary Structure

Overlay Motifs

When thistool is selected, all possible overlays for the two active mole-
cules are calculated and the resulting vectors displayed. In thelegend area,
each overlay is numbered and listed, along with RM S difference after
superposing the secondary structure vectors. Two tables are also displayed
that show information about the motif overlays and secondary structures.
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7.. Superpose Folding Motif

Motif Tables

=.i Overlay Motifs i a ; 0
1. Molecule |2.# |3.RMS 4.1 |5.2 |6.3 7.4 |8.5 [9.6 |10.7|11.8

1. 2pey 5 29 1 2 3 4 7
2. 2pey 5 3.4 2 1 7 ] 3
3. 2pey 51 4a4] 2 7 3 ] 1
4. 2pey 5 4.7 2 3 7 5 1
3. 2pey 5 4.8 3 2 1 4 7
6. 2pey 5 49 2 7 3 5 4
7. 2pey 4 4.6 1 3 4 3

-=.i Secondary Struciture Elements [ a i |

1. Molecule (2. El (3. type 4. First res (5. Last res

1. Tazu 1 |B-strand |15:4 157

2. Tazu 2 |B-strand |15:20 15:22

3. Tazu 3 |B-strand |15:29 15:35

4. Tazu 4 |B-strand |15:49 15:51

5. Tazu 5 |A-helix 1857 15:65

6. Tazu & |[B-strand |15:90 1597

7. lazu 7 |B-strand |15:109 15:111

8. lazu 8 [B-strand |15:123 15127

a. 2pcy 1 |B-strand |APCY:1 APCY:S

10. 2pcy 2 |B-strand |APCY:18 |APCY:21

' n

Thesetablesdisplay information about the cal culated motifs and secondary
structures for each molecule.

The Overlay Motifs table displays numerical information on each of the
possible overlays. Columns are, from left to right: the overlay number, the
second molecule name, the number of elements matched, the RM S differ-
ence of the superposition. All subsequent columns identify elements that
are matched. For example, column 6.3, row three has the number seven.
Thisindicates that the third element in 2pcy was matched with the seventh
element in lazu.

The secondary structure elements table displays information on each sec-
ondary type in both active molecule. Columns are, from left to right: mol-
ecule name, el ement number, secondary structure type, the ID of the first
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Motif Superposition
Options

Number of matched ele-
ments

Superposition RMS differ-
ence

Individual Secondary
Sructure

Geometric Criteria of Sec-
ondary Sructures

Tools and Options

residue in the secondary structure, and the ID of the last residue in the sec-
ondary structure.

Thistool displaysthe Motif Superposition dialog box that contains vari-
ables used in matching secondary structure elements and the match cut-
offs. These variables set the minimum criteria for structures to be consid-
ered matched.

Only overlayswhich match aminimum number of secondary structure ele-
ments will be reported in the Motif Table and displayed. There are two
alternative means to define the minimum.

¢ Minimum number of elements that are matched. Thisis an absolute
integer value.

* Fraction of number of search elements. Thisis the fraction of the total
number of elementsin the first or search structure. Thisisavaue
between 0.0 and 1.0.

Thisisthe root mean square (rms) differencein the coordinates of the ends
of theaxial vectorsafter superposition. This can be used asatest for the
similarity of the position, orientation, and length of the vectors and if
amatch resultsin a poor overlay then it will be removed from the list
of matches.

.Theindividual matched elements should satisfy the following criteria:

« Same Secondary Structure Type: The matched elements should
be the same secondary structure type. By default this criteriain on.

- Similar Element Length: The matched secondary structure ele-
ments should be of similar residue length. The maximum number of res-
idues difference isindicated, the default is 4.

These are criteriaforapair of secondary structure elementsin one structure
to be considered similar to a pair of secondary structure elementsin the
other structure. Most of these criteriarelate to the distances and angles
between the pairs of elements.

* Same sequence order: By default elements do not need to have the
same seguence relation, or connectivity, but this criteriawill be applied
if this options checked.

e Minimum separation The minimum distance between the axial vec-
tors, and the average of al the Ca atomsin both elements. The differ-
ence between matched pairs of elements should, by default, belessthan

5A.

» Average separation: the average distance between all the Co. atomsin
oneelement and al of the Co. atomsin the other element. Thedifference
between matched pairs of elements should, by default, belessthan 5 A.
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7.. Superpose Folding Motif

* Inter-vector angle, Interacial angle, and Interacial tilt: These are
three possible means of measuring the angle between elements. A max-
imum accepted difference between matched pairs of elementsis, by
default, 40°.

« Similar loop length: For two consecutive, connected elements matches
can belimited to elements connected by loops of similar residue length.
Thisisuseful in searching for amotif of just 2 or 3 consecutive ele-
ments.

* Segment relationship: For apairsof elementsto be matched they must
have the same relationship were there are two possibl e relationships:
both in the same segment or in different segments.

Reviewing the Matches

All Overlays

Next Overlay

Previous Overlay

Select Overlay

Clear Display

Thistool isinactive until the Overlay Motif option is selected and calcu-
lated. It displaysall of the calculated overlaysin the viewing areaand lists
them with their rms valuesin the legend and in the textport.

Thistoolsisinactive until the Overlay M otifstool isused and thereismore
than one match. This tool steps forward displaying each overlay.

Thistool isinactive until Overlay Matifstool is used and there is more
than one match. This tool steps backward displaying each overlay.

Thistool isinactive until Overlay Motif tool isused. It presents you with
alist from which to select one or more overlays to be displayed.

Thistool isinactive unless Overlay Motifstool isused. It removesthe dis-
play of overlays and masks the browse toals.

Superpose and Align Molecules

Superpose Molecule

Reread MSF
Saveto MSF
Align Sequence

Undo Alignment

Thisisinactiveunless one matchissel ected by the browsetools. Superpose
the molecule co-ordinates on the basis of the displayed match. If the mole-
cules areinvisible then make them visible.

Thistool rereads the M SF and restores the atomic co-ordinates.
Thistool saves the current atomic co-ordinates to the M SF.

When one overlay is selected thistool aligns the sequence based on mini-
mizing the distance between Ca, atoms. The result of this alignment prob-
ably isonly meaningful if structures are matched with elementsin the same
order.

This discards the current alignment.
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Match Close Residues

Finish

Demonstration of Using Superpose Motif

When sequences are aligned, this tool indicates which pairs of aligned res-
idues are close by placing yellow bars on the sequence viewer. Thisissim-
ilar to the M atch Residues option on the Align and Superpose palette. The
cutoff criterion for closeresidues s, by default, 2.5 A.

Exit the Super pose Folding M otif palette. If molecules have been super-
posed but not saved, you are prompted to save coordinates to the M SF.

Demonstration of Using Superpose Motif

The following exercise demonstrates how to us the Superpose Motif pal-
ette. The active structures used in this example are 1azu and 2pcy.

1. FromtheMoleculetable, togglethe activity on and visibility off for
structures lazu and 2pcy.

2. From the Protein Utilities M enu, toggle on the tools Secondary
Sructureand Legend. Next, select the option Molecule Colors, and
from the M olecule Colors dialog box.

Select the options:

Color Mode
Secondary Structure

Color non-carbon atoms by element type color

Select Atomsto Display
Alpha Carbon atom trace

Click OK and the display and legend are updated, reflecting the selected
changes.

3. FromtheProtein Design Menu, select theutility Super pose Folding
M otif.

4. From the Superpose Folding palette, select the tool:

Overlay Motifs

Theoverlaysare calculated, using the default M otif options, and displayed
in theviewing area. The motif tables, Overlay Motifsand Secondary Struc-
tures Elements, are displayed and the browse tools are unmasked and acti-
vated. Thelegend list al the overlays along with their RMS value.

5. Select the browsetool:
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7.. Superpose Folding Motif

Next Overlay

Thefirst overlay isdisplayed in the viewing area and legend. Click on the
tool to step forward through the overlays, or, to step backwards, use the
tool;

Previous Overlay

6. View theOverlay Motif Table. The calculations resulted in seven
possible overlays, and these arelisted in order of increasing rms
value.

7. Select thetool Select Overlay(s)...

The Display Selected Fragments dialog box is displayed. Pick from the
scrolling list overlay 1.

8. Select the option:

Match Close Residues

and the tools Super pose M olecule and Align Sequence are automatically
selected.

The structure 2pcy is superposed on the 1azu molecule; the 2pcy sequence
isaligned to 1azu to minimize Co-Ca distances, and matches between the
two molecules are calculated and reported in the textport.

9. Select the option

Reread M SF

The molecule 2pcy is reread into the work area, and the coordinates are
restored to the saved version of the M SF.

10. Select the option;
Finish
The Superpose Folding Motif utility closes.
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8. Model Backbone

. ()
Overview 35
T 9
O X
The protein modeling tools are divided into two utilities: Model Backbone S %
for defining mainchain conformations, and Model Side Chainsfor defining Q
sidechain conformations. They are closely interdependent. Therefore,
when modeling, first examine possible mainchain conformations, and then
review the sidechain conformation.
This chapter describes: * Modeling the protein backbone
» Tools and options definitions
For more information see: Protein User’'s Reference

* Model Side Chains

* Analyze Secondary Structure)
» Copy Coordinates

» Predict Secondary Structure
 Edit Protein

Modeling the Protein Backbone

Homology modeling is building amodel of aprotein of unknown structure
based on ahomologous known structure or structures. Aninitial model can
be generated by:

» Using the Protein Editor to perform the necessary insert, delete, and
mutate operations

» Copying coordinatesto copy the conformation of aknown protein onto
the sequence of a protein being studied

Using either procedure usually resultsin a structure with some regions of
uncertain conformation. The protein modeling toolsin Protein Design are
divided into two groups: one defines the main chain conformation, and the
other defines sidechain conformations. While these two groups are closely
interdependent, the dependency is not well understood. The best approach
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8.. Model Backbone

Regularizing Regions

to take in actual modeling, therefore, isto first consider all possible main
chain conformations and then consider the side chain conformations.

The Model Backbone utility has several different tools for refining a struc-
ture: regularizing, building coordinates, folding residue ranges and frag-
ment building using the fragment database. All of these tools work
specifically on the protein backbone.

All regularization in the Protein Design modul e uses an internal minimizer
and the idealized geometry which is stored in the files
$HYD_LIB/protein_structure.gsd or the binary version of the samefile
$HYD_LIB/protein_structure.bgsg (see Appendix B). The regularizer tool
isavailablein several utilities where it might to most useful: for example
in the Fragment Database utility, the join between the modeled region and
the rest of the structure often has poor geometry but this can be improved
by regularization.

Regularization is ameans of cleaning up bad geometry inamodel. Itisan
energy minimization procedure that takes into account geometry energy
terms, such as bond length, angles, and torsion. By default, in regulariza-
tion van der Waals energy terms are not considered, so this method will not
remove bad interatomic contacts. It is possible to set regularization to con-
sider van der Waals interactions. While thistool will improve the appear-
ance of the model, it should be used sparingly.

Although judgement should be used, regularization is generally chosen to
model undetermined regionsin the following situations:

* The undefined residues are terminal residues.

» Theregion of undefined atoms is relatively short, for instance one to
three residues in length.

« The undefined region does not have residues that can be used asan
anchor.

Folding Residues

The protein conformation can be altered by changing the main chain dihe-
dral angles. This option provides a quick means of aternating the confor-
mation of range of residues to a user-specified pattern.

When the backbone dihedrals are changed one end of the protein chain can
remain in the same position but the moving end of the protein chain could
potentially move a significant distance thorough space. There are three
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Fragment Searching

Modeling the Protein Backbone

aternatives for determining which residues move: keeping the N-terminus
fixed, keeping the C-terminusfixed, and retaining the overall average posi-
tion.The large movement of one terminal is often not desired and can be
avoided by using the option to break the protein chain. By default the break
is made at the non-fixed end of the folded fragment but it can, optionally,
be made at any point between the folding fragment and the chain terminal.

The alternative approach, to maintain the average position of the folded
fragment, is done by doing aleast squares superposition of the folded frag-
ment onto the original Ca coordinates.

The Fragment database searching finds fragments with appropriate geom-
etries for modeling a small region. Once a fragment is selected, its confor-
mation is copied to the model structure.

You must select a search template of three or more residues. These
should be residues of reasonably known position either side of the
uncertain region of the model structure. For example when searching for a
fragment to model aloop region between two secondary

structure elements you would pick the two terminal residues from

each of the two secondary structure elements.

The database search protocol analyzes the inter-Co. distances of the resi-
dues in the search template and searches the database for the same pattern
of residues with similar inter-Ca distances.The fragments with lowest dif-
ferencesin inter-Ca. distances are retrieved from the database and are dis-
played superposed over the search template. The RM S deviation for the
least squares fit of the fragment over the search template is one of the
parameterslisted to thetextport. The other listed parameter isthedifference
of theinter-Co distances cal cul ated in the database search. You can review
these fragments and can select one fragment to use to model the undefined
region.

Useful criteriafor choosing afragment are:

« Thefragment forms a good fit with the residues on either side of the

undetermined region. The rms difference after the least squaresfit is
low.

e Thereare minimal close contacts to neighboring regions of the protein.

e Theresiduesin the fragment are similar to those in the sequence of the
model structure.lf the modeled region includes glycine or prolineresi-
dues, which have unusual main chain conformations, ensure they are
given sensible conformations.
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Thefragment searching can also usethe Bumpsoption. Thistakesretrieved
fragments and fits them over the search template. The inter-atomic dis-
tances between the main chain, and Cj3 atoms of the fragment and the
neighboring residues are calculated. Those fragments with bad close con-
tacts are then rejected. Since this procedure reduces the number of frag-
ments finally selected, the initial database search will retrieve extra
fragments.

The fragments retrieved and displayed within QUANTA come from a
library of MSFfiles. If thislibrary contains compressed filesthen thefiles
need to be uncompressed before reading. To do this QUANTA will create
adirectory TMP_MSFLIB below your current working directory and copy
the uncompressed M SFfilesto that directory. Thisdirectory can be deleted
after you have completed this work.

-----
- 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.

Tools and Options

In the Model Backbone application, only one molecule can be active. If
there is more than one active molecule when the application is entered, the
first moleculeisleft active and therest are set inactive. The active molecule
can be changed by selecting a different molecule from the Molecule Man-
agement table.

Many of thetoolsinthisutility are applied to arange of residues. The Pick
Range tool on the Protein Utilities palette can be used to select and dese-
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Regularize Region...

Regularization Options...

Build Coordinates...

Apply Conformation...

Copy fold from another
residue range

Fold to assigned second-
ary structure type

User specified phi, psi and
omega
Fold in regular structure

Tools and Options

lect ranges. If you pick atool with no range selected then the Pick Range
palette will be made available for you to select arange. Note that the range
remains selected until you deselect it.

Thisoption prompts you to make a selection by displaying the Pick Range
paletteif an active range is not selected. The Select Active Range tool on
the Utilities palette can also activate the Pick Range palette. If some of the
atoms within the active range are undefined, the structure is built with ide-
alized geometry. The regularization can include interatomic interactions
(soitisreally an energy minimization) which can be restricted to those
between atomsin the selected region or it can include interactions with the
neighboring atoms. The mode of action can be changed in the Regulariza-
tion Options dialog box.

Offers options on whether the interatomic interactions are taken into
account in regularization.

Thistool generates a structure for any undefined atoms in the structure
according to the idealized geometry in the $HYD_LIB/protein_struc-
ture.gsd file but does not perform any optimization of conformation.The
Pick Range palette is displayed to select arange of residues.

This option alters the protein conformation by changing the main chain
dihedral angles. This option presents the Fold Protein Main Chain dialog
box, from which anew fold type can be selected, and which determinesthe
extent the structure is moved when folded.

Displays the Pick Range palette from which a range of residues can be
selected. These residues need not be in the current active molecule. If the
number of residues within the selected range is not equal to the number of
residues in the folding fragment, then the appropriate number of residues
after the first residue in the selected range will be used.

Analyze Secondary Structure and Predict Secondary Structure applications
are used to assign a secondary structure type to aresidue. If theresidue is
assigned alpha helix or strand, then it is folded to the idealized conforma-
tion for that secondary structure type. The dihedral values are taken from

the main chain fold datain the file $HY D_L IB/protein_param.dat.

A dialog box with the ¢, v and o of all the residuesin the active rangeis
displayed. You can change the values.

Displaysascrolling list from which to make a choice from alibrary of ide-
alized secondary structure types.

Thislibrary contains both repeating conformations, such ashelix or strand,
and structures of afinite number of residues, such as —turn. These confor-
mations will be applied to al residues in the active range, except for struc-
tures such as 3-turnsthat are applied to the appropriate number of residues
inthe activerange. Thedatafor thislibrary isstored inthefile$HYD_LIB/
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Position folded fragment

Carry connected residues

Spin search side chain con-
formations

Search Fragment Data-
base...

List Proteins

Pick Alpha Carbon Range

Pick Alpha Carbon
Undo Last
Undo All

protein_param.dat after the keyword FOL D. Thisfile can be appended by
the user.

Select either the Fix N-terminusend of fragment, Fix C-terminusend of
fragment, or Retain average position of the fragment.

By default when the backbone torsions are changed the whole of the non-
fixed terminal of the segment beyond the rotated bonds will move with the
rotation. If you do not want this to happen you can opt not to carry the ter-
minal or to carry only alimited range of residues which you will then be
prompted to select.

Toggles the option to spin search the side chains to find their optimal con-
formation.

Thisoption displays apalette with aset of searching and browsing toolsfor
modeling fragments.

The inter-Ca. distance matrices for arepresentative set of proteinsis saved
inthefile S3QNT_ROOT/dmatrix/dmfile. You can create your own versions
of the file or access an aternative file by changing the file name from the
Optionstool. The MSF files are read from alibrary directory that you can
set with Optionstool.

The currently selected residues areindicated by ared cross onthe Co atom
position and red boxes around residues on the Sequence Viewer.

Initially, all fragments are displayed superposed on the template residues.
They are color coded on the structure and on the legend displayed on the
right side of the screen. The legend gives the name of the protein from
which the fragment istaken, its distancefit, and the RM S differencein Ca
atom position when the fragment is superposed on the template.

After remodelling the protein backbone by copying coordinates from a
database fragment it is advisable to remodel the side chains. The Auto

M odel tool onthe Model Side Chains palette will do this (see Chapter 9)
and, to simplify the procedure the Fragment Database utility, automatically
writes a selection file, fragment_side_sel.rsd, which lists the remodelled
residues.

This option list to the textport the proteinsin the currently active Co dis-
tance matrix file.

This option selectstemplate residues by picking thefirst and last residuein
arange.

This option templates residues by picking each individual residue.
This option deletes the last selection.
This option deletes all selections.
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Search Database

with Bumps

Display All Fragments
Display Next

Display Previous

Select Display...

List Residues

Accept Fragment

Reject Fragment

Regularize Joins

Options...

Undo Last

Finish

Tools and Options

This option searches the fragment database by Ca distance for matches to
the currently selected residues.

If thisoption isactive, any database search isfollowed by Bumps checking
before the optimal retrieved fragments are displayed.

This option displays al the fragments.

This option displays the next fragment on the list and removes &l others |l “C’
. D
from the viewing area. _8 §
This option displays the previous fragment on the list and removes all oth- F<is
ers from the viewing area. 8

This option opens the Display Selected Fragments dialog box with al the
fragments listed, allowing you to select one or more for display.

When only one fragment is displayed thislists the residue name and ID of
each residue in the fragment, and the corresponding residue in the active
molecule.

This optionis grayed unless only one fragment is displayed. It then copies
the coordinates of the fragment onto the corresponding residues of the
active molecule.

This option clears al fragments from the display

A short range of residues, by default two residues, either side of the joins
between the inserted fragment and the rest of the structure are regularized
to correct any poor bond lengths and angles. The range of residues which
can move in the regularization can be changed under the Optionstool.

Thistool opens the Fragment Modeling Options dialog box which alows
you to change the number of fragments displayed after a search, how frag-
ments are displayed and the dmfile used.

Thistool restores the atom coordinates to the previous state, undoing the
last modeling operation.

Thistool exits from the M odel Backbone palette with any changes made
retained in memory.
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9. Model Side Chains

Overview

This chapter describes:

For more information see:

This utility contains tools for modeling the protein side chain conforma-
tions. It is assumed that the protein main chain has been determined using
the Model Backbone utility.

When side chains are altered by either the Mutate tools in the Protein Edi- |
tor or the Copy toolsin Create Homology Model the conformation of the
side chain is retained as much as possible from the origina structure and
generaly in homology modeling it is best to retain as much as possible
from the homol og but for residuesfor which thereisno homology evidence
on which to base the side chain conformation this utility provides rotamer
library and energetics toolsto best fit the side chain.

e Modeling Sidechains

* Toolsand Options
Protein User’'s Reference

* Create Homology Model
 Edit Protein

* Model Backbone

Modeling Sidechains

Automatic Sde Chain
Modeling

Sidechains should not overlap with neighboring residues so this utility
incudestoolsto indicate close contacts and to perform energy minimization
which will attempt to eliminate close contacts. But minimization will only
find local minima and the rotamer and spin tools should be used to search
through conformational space. Side chain modeling can be performedin a
manual mode, analyzing each side chain individually. Alternatively, an
automatic mode will allow you to select multiple residueswhich will all be
fitted using rotamer libraries and minimization.

Thereisatool to perform modeling of any number of selected side chains
using one selected rotamer library and optionally using regularization. For
each side chain, all rotamer conformations will be tested and the one with
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Close Contacts

least close contacts selected. The energy minimization will then find the
best local conformation. The minimization does take account of van der
Wadls interactions.

Thistool can be used after the protein backbone has been significantly
remodel ed; for example in the Create Homology Model utility, in Model
Backbone, Fragment Database and in the Protein Editor. In all of these util-
ities, when a section of backbone is remodeled the affected residues are
listed to aQUANTA selection file and thisfile can be used to select the res-
idues for automatic side chain modelling. The selection files generated
automatically by the Create Homology Model, Fragment Database and
Protein Editor utilitiesare called copy_side sel.rsd, fragment_side_sel.rsd
and edit_side_sel.rsd, respectively. A new fileis created on entering the
utility and any existing fileisoverwritten so if you wish to save one of these
selection files you must move it to anew file name.

The selection of residuesfor automatic side chain modeling isdone through
astandard sel ection pal ette which has the option to read a selection from a
file, Read Selection-Commands on the Selection Utilities palette.

Close contacts can be displayed using the Display Contactstool. The cri-
teriafor determining close contacts is basically the same as used in the
Bumpstool infragment searchinginthe Model Backbone utility. All atoms
closer than the specified bump cut-off distance are flagged. The default is
setat 3.0 A. If the structureincludes hydrogens, then the bump cutoff isfur-
ther reduced.

Rotamers

There are several analyses of the protein database that classify commonly
occurring conformations for each residue type. These classifications are
called rotamers. The Protein Design application uses three of these analy-
sesin modeling sidechains. The three rotamer libraries are Ponder and
Richards; Sutcliffe; and Dunbrack and Karplus. These three rotamer librar-
ies are based on different analyses of the side chain dependence on the
backbone conformation. See the Protein Health chapter for more informa-
tion.

The Ponders and Richards analysisignoresthe main chain conformation of
aresidue. The Sutcliffe analysis specifies whether each rotamer isfor a
helix, strand, or any main chain conformation.

Dunbrack and Karplus base their analysis on the side chain conformation
asafunction of themain chain ¢ and y angle. A statistical analysisfor each
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Spinning Side Chains

Tools and Options

residue type groups together residues with ¢/y valueswithin agiven range
of positions on atwo-dimensional grid. For each group of residues of sim-
ilar main chain conformation, the number of occurrences of each possible
side chain rotamer is counted.

The possible sidechain rotamer conformations for chi x1 and y2 dihedrals
are defined as:

gauche +torsion range centered on + 60°

gauche -torsion range centered on - 60°

transtorsion range centered on 180°

The subsequent dihedrals for longer sidechains are ignored.

When the current residueis modeled, thelibrary is searched for the datafor §
the ¢/ grid point closest to the ¢/y of the current residue. All rotamers
with one or more occurrences for that grid point are considered. The y val-
ues of the current residue are set to the ideal values for each rotamer.

The Spin tool scans the conformation space for the side chain by incre-
menting the dihedral by some fixed amount. The conformation is then
tested for close contacts with neighboring residues. When a conformation
without close contactsis found, it is displayed. For the longer side chains
with two or more variabletorsions, the search works by rapidly rotating the
most remote bond from the main chain.

The default spin increment is 30°. When the initial conformation has no
close contacts, the spin algorithm assumes a minimum energy well and
ignores all acceptable conformations until a conformation with close con-
tactsisfound. After the spin search has covered the whole conformational
space, the side chain isreturned to itsinitial conformation. If none of the
conformations are without close contacts, the spin search is repeated with
the bump cutoff distance decreased, allowing marginally closer contacts.

Tools and Options

There are two modes for using this utility — the automated mode allows
you to select all the residues of interest and then goes through them all auto-
matically finding the rotamer which fitswith fewest bad contacts and then,
optionally, minimizing the residue.
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Auto Model

Current Residue

Next Residue

Previous Residue

Display All
Display Sphere

Display Current

In the manual mode, the residue whose sidechain is currently being mod-
eled is designated the current residue There are tools which can either pick
the current residue or step forward or backward through the sequence.

There are a series of tools for modeling the current residue. Only one tool
can be active at atime, while the remaining tools are grayed out. When
more than one conformation is possible, as with the rotamer libraries, the
Spin and Copy Homologous toals, then the Next Conformation tool can
be used to step through the possible models.

At the bottom I eft of the display, theinitial and current torsions for the cur-
rent residue side chain are displayed. At the bottom of the display, atext
line reports the identity of the current residue and which modeling method
was used to generate the current model. The text line also gives a confor-
mation number for those methods, such asrotamer libraries, and spin which
generate multiple models. For the rotamer libraries, the percentage of the
side chains observed in this conformation is reported, and for the Karplus
rotamers, the main chain conformation is also reported.

Asyou step through the display of multiple conformations for the rotamer
libraries or for spinning, the number of close contacts and possible hydro-
gen bonds is reported in the textport.

The Residue Selection palette is presented so you can select any number
of residues. You then have the option of which rotamer library to use and
whether or not to minimize. The procedure runsthrough all the selected res-
idues, finding the rotamer with the fewest bad contacts and then optionally
refining that conformation.

Thistool allows you to pick the next residue, either in the molecule or in
the sequence viewer, that will become the current residue.

Thistool selectsthe next residue in the sequence that becomes the current
residue.

Thistool selectsthe previous residue in the sequence that becomes the cur-
rent residue.

Thistool toggles on the display of al atoms.

When modeling side chains, it is often useful to limit the display to a
sphere around the current residue. If multiple molecules are displayed,
then for each non-active molecule the display sphere is taken around
the residue equivalent to the current residue. It is helpful to have any
homol ogous proteins correctly superposed over the active molecule.
By default, the display sphereis 6 angstrom, but this can be altered with the
Optionstool.

Thistool displaysonly the current residue and any equivalent residuesin
non-active molecules.
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Display Contacts

Build Sde Chains

Reset

Spin Residue

Manually Rotate

Copy Homologous

Ponders Rotamer

Sutcliffe Rotamer

Karplus Rotamer

User Defined...

Minimize

Options...

Bump cutoff

Tools and Options

Thistool displays close contacts between the current residue and neighbor-
ing residues in the active molecule. Asthe side chain conformation is
changed, the contacts are updated.

Thistool activates the Selection palettes that allow you to select residues.
If any atom in these selected residues has undefined coordinates, then tem-
plates for idealized side chain geometry found in $HYD_LIB/protein_
structure.gsd are used to generate the atom coordinates.

Thistool restores the current residueto itsinitial conformation. If severa
residues have been modeled, they al are restored to their initial conforma-
tion by the ReRead M SF tool. It is advisable to save the modeling results
frequently using the Save to M SF tool.

Thistool increments the side chain torsions by 30° or by the value set by
Optionstool, until it finds a conformation with no close contacts or amin- §
imum number of close contacts. The Next tool steps to the next conforma-
tion with no contacts.

Thistool activates a pseudo-dial set for rotating bonds.

Thistool copiesthe side chain conformation from the equivalent residue—
the aligned residue in the sequence viewer— to the current residue. If there
is more than one equivalent residues, the Next Confor mation tool can be
used to step through displaying each of them. The actual number of torsions
copied for all possible residue type pairsis defined in the Equivalent Tor -
sion Lookup Tableinthefile$HYD_LIB/protein_param.dat. Any remain-
ing torsionsin the current residue side chain retain their previous value.

Thistool setsthe current residue to the optimal rotamer of the Ponders and
Richards rotamer library. If there is more than one rotamer, the Next Con-
formation tool can be used to step through them.

Thistool setsthe current residue to the optimal rotamer of the Sutcliffe rot-
amer library. If there is more than one rotamer, the Next Conformation
tool can be used to step through them.

Thistool setsthe current residue to the optimal rotamer of the Dunbrack
and Karplus rotamer library. If there is more than one rotamer, the Next
Conformation tool can be used to step through them.

Thistool provides a dialog box to changes the required torsions.
Energy minimization is performed for the individual residue.

Thistool displaysthe Side Chain Modeling Options dial og box from which
you can change default variables.

The options are described in the following section.

This specifies, in angstroms, the minimum allowed di stance between atoms
below which Close Contact is displayed.
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Hydrogen Bond Cutoff

Spin Increment

Radius of display sphere

Protein parameter datafile

Harvard rotamer data file

Next Conformation

Saveto MSF
ReRead MSF
Finish

Thisspecifies, in angstrom, the maximum distance between hydrogen bond
donor/acceptor pairs used in analyzing the number of possible hydrogen
bonds when comparing rotamer conformations.

This specifies the increment of the side chain torsion (in degrees) used in
the Spin Residue.

This specifies in angstroms the radius when Display Spheretool is used.

This specifies the file containing side chain modeling and other protein
modeling parameters.

This specifies the file containing data for the Karplus rotamer library.

When there are multiple possible conformations for the rotamer libraries,
thistool enables you to step through them.

Save the current atomic coordinates to M SF
Restore the atomic coordinates from the M SF file.

Exit the Model Side Chain utility.
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10. Analyze Secondary Structure

Overview

This utility provides tools that assign secondary structures to proteins. By
defining the secondary structure of a molecule, the shape of the molecule
can be visualized. Thisis atwo-step procedure; hydrogens bonds are cal-
culated and then secondary structures are assigned based on the hydrogen
bond patterns.

This chapter describes: e Analyzing Secondary Structures
« Hydrogen Bond Calculations
* Secondary Structure Assignment
» Tools and Options Definitions

References W. Kabsch and C. Sander, Dictionary of Protein Secondary Structure: Pat-
tern Recognition of Hydrogen-Bonded and Geometrical Features, Biopoly-
mers, 22, 2577 (1983)
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Jane S. Richardson, The Anatomy and Taxonomy of Protein Structure,
Advancesin Protein Chemistry, 34, 167-218 (1981).

Richardson, J.S., Getzoff, D.C., and Richardson, D.C., Proceedings of the
National Academy of Science, USA 75, 2574-2578 (1978).

Analyzing Secondary Structures

Hydrogen Bond Calculations

In the method of Kabsch and Sanders hydrogen bonds are determined by
an energy calculation. Minimum or maximum energy values for electro-
static interactions among the amide NH and CO are used to assign hydro-
gen bonds. This calculation requiresthe coordinates of the amide hydrogen
atoms. If these coordinates are missing from the M SF, hydrogen bonds are
calculated according to amide N-O cutoff distances and C-O-N angles.

The calculation uses the formulain Kabsch and Sander:”
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E = qux qz(r(ON) ¥ r(éH)_r(éH)_r(éN)) xt Eal
Where the coefficient values are:
ql=0.42e g2=020e =332 Eq. 2
and

E<-05 Eq. 3

for ahydrogen bond.

Secondary Structure Assignment

As defined by Kabsch and
Sanders using hydrogen
bonding patterns

The following conventions are used below in the secondary structure defi-
nitions:

Ca torsion for the ith residue is defined by Cal(i-1), Ca(i), Ca(i+1), and
Cal(i+2)

hbond(i, j) is a hydrogen bond between the amide O of residuei and the
amide N-H of residuej

The following types of secondary structures are recognized:

« o helix: Two or more consecutive 4-turns.

B strand: Two consecutive residuesin one strand must have hydro-
gen bond bridgesto two consecutive residuesin another strand. A
hydrogen bond bridge existsfor apair of residues, i andj, if thereare
two hydrogen bonds near residuesi and j in one of the following com-
binations: hbond(i-1, j) and hbond(j, i+1), hbond(j-1, i) and hbond(i,

j+1), hbond(i, j) and hbond(j, i), or hbond(i-1, j+1) and hbond(j-1, i+1).

e 3-turn: Residuesi+1 and i+2 are a 3-turn if hbond(i, i+3) exists.

e 4-turn: Residuesi+1, i+2, and i+3 are a4-turn if the hydrogen bond
hbond(i, i+4) exists.

e 5-turn: Residuesi+1, i+2, i+3, and i+4 are a 5-turn if hbond(i, i+5)
exists.

*W. Kabsch and C. Sander, Dictionary of Protein Secondary Structure: Pattern
Recognition of Hydrogen-Bonded and Geometrical Features, Biopolymers, 22,
2577 (1983)
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B-bulgesdescribed by Jane
Richardson”

Defined by Co. pseudo-tor-
sion angles

Tools and Options

* B bulges: In adjacent B-strands, between two p-strand type hydrogen
bonds, two residues (called position 1 and 2) on one strand are opposite
one residue (called position X) on the other strand.

+ Extended Conformation: Co torsion between -180° and -130°; or Ca
torsion between -130°and -100° (the latter occurs when ¢ <100° and v
>100° . This conformation isindicative of p strands

* Folded Conformation: Thisisdefined astwo or more consecutive res-
idues have Co. torsions between 30° and 70-°. For Ca-only structures
this classification is a strong indication of a-helix.

Tools and Options

Calculate Hydrogen Bonds

Display Hydrogen Bonds

Add Hydrogen Bonds

Delete Hydrogen Bonds

Calculate Secondary
Sructure

Use Alpha Carbons Only

Assign Secondary Struc-
ture

This utility calculates the secondary structures for the active MSFs. The
tools and optionsin this palette are primarily designed to recalculate the
assigned secondary structure using user-specified variables.

Thistool calculates the hydrogen bonds between mainchain atoms for
active molecules.

Thistool togglesthe display of hydrogen bonds. It can only be used after
the hydrogen bonds have been calculated using Calculate Hydrogen
Bonds, or hydrogen bonds have been added using Add Hydrogen Bond.

Thistool adds a hydrogen bond between main chain donor or acceptor
pairs. It will not add a hydrogen bond where one has already been calcu-
lated and is currently displayed, or between wrongly matched pairs of
atoms. Two atoms must be picked. The tool remains active until it is dese-
lected.

Thistool deletes a hydrogen bond that has been cal culated and displayed.
Two atoms must be picked. The tool remains active until it is deselected.

Thistool recalculates the secondary structures based on changes you may
have made. Otherwise the default values are reread.

Sets the mode of action using only the Ca torsion angles in the analysis of
the secondary structure.

Thistool changes the secondary structure assignments for single residues
or range of residues. The mode of the residue sel ection isdetermined by the
next two tools.

*Jane S. Richardson, The Anatomy and Taxonomy of Protein Structure, Advancesin Protein Chemistry, 34 167-218

(1981).

TRichardson, J.S., Getzoff, D.C., and Richardson, D.C., Proceedings of the
National Academy of Science, USA 75, 2574-2578 (1978).
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10.. Analyze Secondary Structure

Pick Residue

Pick Residue Range

Calculation Options...

Color Options...

Writeto File

List to Textport

Save to MSF

Read from MSF

Finish

Thedefault for editing secondary structuresisto edit singleresidues. These
residues can be picked either from the sequence table or from the display.

This option selects single residues for editing secondary structures. Thisis
the default mode for Assign Secondary Structure.

This option activates the Pick Range palette, which enables arange of res-
idues to be selected for editing.

Thistool displaysthe Secondary Structure Analysis Parameters dial og box
for redefining the different cutoff parameters.

The dialog box shows the default options.

Thistool displaysthe Color Secondary Structure dialog box from which
you can change the default color designation for secondary structures.

Thistool lists the secondary structure information to a file with the name
MSFname_secstr.out. The column headings for the output are:

* Residue: Segment ID, residue number and residue name

e Cators: Ca torsion angle

« Phi: ¢ angle

e Psiiyangle

» Hbond acceptor: Segment ID and residue number of hydrogen bond
acceptors

» Sectype: Type of secondary structure assigned

Thistool liststheinformation about the secondary structure assignmentsto
the textport. Thisinformation is the same as described in the previous tool.

Thistool displays Secondary Structure Title dialog box for saving the sec-
ondary structure information to the M SF as extra information.

Thedialog promptsfor atitle and usesthetitle default for thefirst analysis.
Each change that is saved can be given atitle. If you choose to overwrite
existing data, the standard M SF Save Option dialog box is displayed.

Thistool displaysthe Secondary Structure Title dialog box from which
previously saved secondary structure information can be read. All saved
titles are listed.

Thistool exitsthe Analyze Secondary Sructure palette.
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11. Calculate Accessibility

Overview

This chapter describes

For more information see:

Thisutility containstoolsto calculate solvent accessibility and to calculate
contact areas between two molecules or two regions of the same molecule.
Thereare several different coloring schemesto indicate the accessibility, or
contact area, of atoms, whole residues or residue side chains.

» Calculating Accessibility
* Toolsand Options
Protein User’'s Reference

« Align and Superpose

e Doman Analysis

* Motif Database

Reference

B. Leeand F. M. Richards, “ The Interpretation of Protein Structures: Esti-
mation of Static Accessibility” J. Mol. Biol. 55, 379-400 (1971).
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Calculating Accessibility

The solvent-accessible surface area, or accessibility, of an atom is the sur-
face area of the atom that is exposed to solvent. Theresidue accessibility is
the sum of the accessibilities of the atomsin that residue. In studying pro-
teins, the residue accessibility isauseful indicator to the residue’slocation,
on the surface or in the core. One factor which should be taken into consid-
eration in interpreting the data derived by this utility is that, because pro-
teins are dynamic, even residues which are calculated to have very low
solvent accessibility will be intermittently exposed to solvent.
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11.. Calculate Accessibility

Accessibility Calculations

Inthe conventional model for the accessibility cal culation the solvent water
moleculeisrepresented by asphereof radius 1.4 A. A simple model for the
calculation is of the solvent sphere being rolled over the surface of the mol-
ecule.

Fath af the center of the solvent sphere

Ralling solvent suface
[center indicated)

’/.’/.’)'V /

o

PR :

s

Pty
,41'

Sy Protein surface atoms with wan der Waals
radii corresponding ko atom type

The path of the center of the solvent sphere is considered to be the accessi-
ble surface of the molecule. The distance from a protein atom center to the
accessible surfaceis, a minimum, the van der Waal sradius of theatom plus
the solvent sphere radius. Because of the finite size of the solvent sphere, it
cannot penetrate small interstitial spaces between atoms of the molecule
surface. Hence the solvent surface appears smoother than the van der Waals
surface.

Assigning anumerical value for accessibility requires amethod of integra-
tion over the surface area. QUANTA uses the L ee and Richards method. It
takes z-sections through the molecule, tracing a solvent accessible path
around the molecule in each section. The length of the arc lineis then cal-
culated about each atom. This length is multiplied by the value of the z-
spacing to give arough estimate of area.

The z-spacing used is proportional to the sum of the solvent sphere radius
and the minimum van der Waal satomic radius of the atomsin the molecule.
The default proportionality constant, or z-spacing factor is 0.05.

When calculating accessibility for aprotein it is necessary to exclude any
associated solvent molecules and hydrogen atoms. Since accessibility cal-
culationsfor alarge protein can be slow, it is sometimes useful to perform
the calculation for aselected set of atoms. However, ashell of neighboring
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Contact Area

Calculating Accessibility

atoms must be included for the context of the calculation. These neighbor-
ing atoms are responsible for occluding some surfaces of the selected atom
set. When setting up acalculation for aselected set of atoms, it is probably
safest and simplest to do the calculation in the context of the whole mole-
cule.

The contact area between two sets of atomsis a measure of their surface
areas in contact. The two sets of atoms might be two molecules or two
regionsin one protein (e.g., two neighboring a- helices).

Thedefinition of the contact areafor the first set of atomsistheareathatis
accessible in the absence of the second set of atoms, but occluded in the
presence of the second set of atoms. A similar definition applies for the
contact area of the second set of atoms. The contact area of the two sets
does not have to be the same, but normally it is similar.

To find these contact areas three accessibility calculations are done;
* Atomset 1aone

* Atomset 2 aone

e Atom sets 1 and 2 together

The contact areafor each atom isthe difference between its accessibility in
its own set and in both sets together.

Displaying Accessibility and Contact Areas

>
5=
e
17}
173
()]
(8]
Q
©

To display the accessibility or contact area on the molecule there are three
aternative color coding schemes: atom, residue, or residue side chain
accessibility.

The maximum possible accessibility of aresidue side chain obviously
dependson theresidue type — bigger side chainshave greater surface area.
The fraction of the side chain accessible can be more meaningful than the
absolute value. To calculate the fraction of the side chain which is accessi-
ble you aso need to know the maximum possible side chain accessibility
for each amino acid type.

Estimates for the maximum possible accessibility of each amino acid side
chain arelisted in thefile, $HYD_LIB/protein_param.dat, after the key-
word ACCESS. These values were cal culated for afragment GLY-X-GLY.
The backbone and the side chain of X were in extended conformation.
There were no other atoms nearby to occlude the side chain, so the acces-
sibilities of the side chain atoms were maximized.
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11.. Calculate Accessibility

Since the maximum accessibility of aside chain depends on the side chain
conformation, this fraction is just a rough guide and can even take values

greater then 1. When cal culating the accessibility, thereisthe option to cal-
culate the maximum possible accessibility for each side chain inits current
conformation. Thisisdone by calculating the accessibility of theside chain
in the absence of any neighboring residues. This value isthen used in cal-

culating the fractional accessibility of the residue.

Tools and Options

Accessible Area...

Contact Area...

Color by Atom
Color by Sde Chain

Color by Fraction Accessi-
ble

Color by Exception

Color Options...

List to Textport

Writeto File

Atom Accessibility

Thisoption cal culates the solvent accessihility of the active molecules. The
Calculate Accessible Areadialog is used to specify calculation variables.

This option cal culates the contact area between two sets of atoms. The Cal-
culate Contact Areadialog is used to specify the variables for calculating
the contact area. The SelectSets palette is also activated to enable you to
select two sets of atoms. When you enter this palette the Select Set 1 tool
isactive onthe Selection Utilities palette and you should select thefirst set
of atoms using the tools on the Select Sets palette. Then pick Select Set 2
and select the second set of atoms. Pick the Finish or Quit tools from the
Select Sets palette to return to the Accessibility pal ette.

Thistool toggles coloring atoms according to their calcul ated accessibility.

Thistool toggles coloring side chains according to their calculated accessi-
bility.

Thistool toggles coloring residues according to their cal cul ated accessibil-
ity as afraction of their maximum possible accessible area.

Thistool toggles coloring residues that are in an unsuitable environment
that is hydrophobic residues that have a high accessibility or hydrophilic
residues that have alow accessibility. All other residues are colored gray.

This option displays Change Coloring Ranges dialog box. For a selected
coloring mode you can change the colors used or the minimum accessibil-
ity cutoffs which define the color ranges.

Thistool lists to the textport numerical information for either all atoms or
al residues; those atoms or residues with zero accessibility are excluded
fromthelist.

Thistool writes the accessibility numerical information to afile with the
filename MSFname_atom_access.out or MSFname_res_access.out.

This selects atom data for output. The format of the atom accessibility
resultsis: atom number, atom name, segment ID and residue code, and
accessibility of atom in sguare angstroms.
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Residue Accessibility

Excluded Zero Accessibil-
ity
Saveto MSF

Reread MSF

Finish

Tools and Options
This selects residue accessibility for output. The format for these resultsis:
* Residue number
e Segment ID and residue number
» Three-letter residue code
» Accessibility of the whole residue in angstroms squared
» Accessibility of the side chain in angstroms sgquared
» Fractional accessihility of the whole residue/side chain

* Indicator to show if the residue isin an exceptional
environment

This excludes from the output atoms and residues with zero accessibility.

Thistool savesall modificationsand cal cul ationsto the active M SF asextra
information with thelabel ACCESS and atitle which you will be prompted
to provide. Note that it is possible to same multiple sets of ACCESS data.
The data saved with thetitle ' Default cal culated accessibility’ will be used
to color the molecule whenever you use the Solvent Accessibility coloring
mode. It will also be used, if it exists, in some Protein Health and Profile
Analysiscalculations so you should only save accessibility data, calculated
for the whole molecule, with thistitle.

Thistool readsin extrainformation datalabelled ACCESS from the M S
If there is more than one set of data then you can select the set from the list
of titles.

If you have done a cal culation without saving the datato the M SF then you
will be prompted to save it.
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12. Display Contact Maps

Overview

This chapter describes:

For more information see:

The most common use of contact mapsisto show theinter-residue Co.-Co
distances. Similar properties that are afunction of two residues, such as
inter-residue van der Waals energy or number of inter-residue hydrogen
bonds, can also be plotted in similar fashion. The properties currently dis-
played as contact mapsin thisutility are: Ca-Ca. distances; CB-Cp and side
chain contact distances; van der Waals interaction energy; electrostatic
interaction energy; total interaction energy; hydrogen bonds; and residue
typeinteractions.

» Calculating Contact Maps

e ThePlotting Method

» Distance Mapping

» Difference Mapping

» Energy Mapping

e Qualitative Mapping

* Toolsand Options

Protein User’'s Reference

» Calculate Secondary Structure
* Protein Health

Calculating Contact Maps

contact

Contact Mapsin the Protein Design application uses basic x, y plots to
analyze the relationship between pairs of residues. Three major categories
of contact maps can be calculated: inter-residue distance, inter-residue
energy, and residue—residueinteraction type. In Protein Design, the contact
maps for two proteins can be displayed side by side for easy comparison.
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12.. Display Contact Maps

Plotting Method

The basic form of the plot for one protein of n residues consists of the x
axis, representing residues 1 to n, and they axis, representing residuesn to
1. Therefore, the position (i, j) is color coded according to the value of the
property between residuesi andj. Sincethe propertiesare commutative, the
valuefor (i, ) isthesameasfor (j, i), then half of theplot isredundant. This
allowsthetop-right of the plot to be used to display similar datafor another
protein.

Molecule 1 Lo [EETPRTPERRTY Joreon n

Molecule 2 s I Kommsmmen | vememmem m

Sequence Table

The relationship between the sequence alignment and the contact map is
shown in the Figures. In the sequence alignment two residuesin molecule
1,iandj, are aligned with two residuesin molecule 2, k and |. On the con-
tact map, molecule 1 is plotted on the bottom left of the plot and molecule
2 onthetop right. The position (i,j) on the bottom | eft of the plot showsthe
interaction between residuesi and j in molecule 1 and, similarly, the posi-
tion (k,) onthetop right of the plot showsthe interaction between residues
k and I. The two positions could be transformed one onto the other by a
reflection in the bottom-right to top-left diagonal.

If the Ca-Co distances of two homologous proteins are displayed side by
side, the plot would have arough mirror symmetry down the diagonal.
However, if insertions or del etions are not taken into account in drawing the
plot, thetwo halves of the plot would go out of step resulting in loss of sym-
metry. Therefore, to make comparison of two side by side plots easier, the
axes of each plot incorporate any gaps in the sequence alignment. This
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Calculating Contact Maps
means that the plot may have black bands where there are gaps in the pro-

tein alignment.
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Contact Map Diagram
Thiz diagram shows the relationzship between the contacts bebween residues i

and | of molecule 1 and the residues k and | of molecule 2. The residues |
and k are alligned and |, and i are similarly alligned.

A point on the plot can be picked by double clicking it. The actual residues
and contact from that point are reported in thetextport. If there are two con-
tact maps on the plot, the same information is reported for the equivalent
position on the other map.

contact

Secondary Structure Elements

These are represented on the contact maps by rectangular boxes that
enclosetheinter-residue contacts between residuesin an a phahelix or beta
strand. The sides of the boxes are colored according to the type of second-
ary structure. Any contacts between residues within the same secondary
structure element are close to the diagonal and enclosed in a three-sided
box.
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Molecule Display

The contactsthat are shown on amap can also be displayed on the molecule
as dashed lines of the same color as the point on the plot. They are located
between either the Ca or the CP atoms of the pair of residues. The amount
of information can be undecipherable when displayed on amolecule. It is
recommended that the option to select alimited set of residues be used for
displaying contact information. The display can aso be simplified by hav-
ing areduced representation of the protein, such asa Ca trace, and toggling
off the visibility of any irrelevant molecules.

Difference Contact Maps

Protein sequences should be correctly aligned before using the Difference
Contact Map option.

Thedifference map is calculated by subtracting the contact map for the sec-
ond molecule (upper right) from the contact map for the first molecule
(lower left) with the result being displayed in the bottom left of the plot.
The contact map for one of the moleculesis shown in the top right of the
plot. The exact interpretation of the difference plot depends on which prop-
erty isbeing plotted.

The differences maps are colored for increasing magnitude of positive dif-
ference using pink (color 14) or red (color 3) and for increasing magnitude
of negative difference using pale blue (color 12) and deep blue (color 2).

Distance Contact Maps

Threetypesof distancesare mapped: Ca.-Ca. distance, Cp-Cp distance, and
side chain contact distance. These mapsare, by default, colored for increas-
ingly close contacts, using white (color 5), pale yellow (color 6), deep yel-
low (color 4), and red (color 3).

The first two types of maps, Ca-Co and CB-Cp, are, by default, scaled to
show fairly long range contacts, with all inter-residue contacts lessthan 16
A shown. The maps show the overall folding of the structure, and usually
have strong diagonal bands that correspond to two close strandsin the
structure. In this context, a strand might be secondary structure or extended
coil. A bandinthedirection of theleading diagonal, bottom left to top right,
correspond to anti-paralléel strands, and bands in the direction of the other
diagonal correspond to paralléel strands.

A difference Ca-Coa. distance map can show where there have been gross
relative displacement of two strands. Where the contact distances are large
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Energy Contact Maps

Calculating Contact Maps

(theresiduesarefar apart), are of lessinterest and can confusethe plot, they
can be excluded from the display.

The side chain contact distance map shows the distance between the two
closest atomsin thetwo residues side chains. Thismap hasthe same default
colors as the Ca-Ca and CB-Cp plot, but the default scaling is to show
short range contacts lessthan 5 A. This plot is useful for identifying inter-
acting side chains.

By default, distance difference maps use the absol ute difference coloring
regime. It isalso meaningful to color by thefractional difference, for exam-
ple, the difference as afraction of the smaller magnitude of the contact dis-
tance for the two molecules. This color scheme is accessed using the
Contact Map Options dialog box from the Display Contact M ap palette.

Threetypes of energy mapsare availablein thisutility: van der Waalsinter-
action; electrostatic interaction; total interaction energy. These energy con-
tact mapswill identify which residues interact and are colored for
increasingly favorable, negative, interaction energies, pale blue (color 12)
and deep blue (color 2). For increasingly unfavorable, positive, interaction
energies, these maps use pink (color 14) and red (color 3).

Thealgorithm for the van der Waals energy isasimple 6-12 potential. The
atomic radii are taken from the $HY D_L IB/param.par file and depend on
the selected atoms being correctly typed. The electrostatic calculation isa
simple q(i)* q(j)/r2, with the atomic charges being those assigned to the
atom and listed with the atomic information. Thetotal interaction energy is
the sum of the van der Waals and the electrostatic interaction energy. The
energy calculations can optionally be restricted to the interaction between
side chains and, by default, no energy is calculated for residues with the
closest atom pair greater than 6A apart.

The energy difference maps are colored pink or red for increasing positive
difference and pale blue and deep blue for increasing negative difference.
By default, energy difference maps use the absolute difference coloring
regime. Aswith distance maps (see “ Distance Contact Maps®’ on page 88),
the fractional difference coloring scheme can be used.

Interaction-Type Contact Maps

These two types of maps hydrogen bonds and residue types, are not of
guantitative parameters but indicate types of interaction.
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Hydrogen Bonds

Residue Type

Hydrogen bond interactions mapsindicate whether H-bond interactionsare
between mainchain atoms, sidechain atoms, or (if multiple H-bonds exist)
within a single atom. The classes of H-bonds and their default colors are:

e Mainchain—mainchain 10 (salmon)
e Sidechain—sidechain 12 (pae blue)
e Mainchain—sidechain 13 (rust)

* Multiple H bonds 14 (pale pink)

Residue type interaction indicates where residues have sidechains with
atomslessthan 6 A apart. The indication of the type of the pair of residues
is:

« Hydrophobic—hydrophaobic 6 (pale yellow)
» Hydrophobic—hydrophilic 3 (red)

e Acidic-basic 12 (pale blue)

« Hydrophilic-hydrophilic 9 (light gray)

Tools and Options

Calculate Contacts...

Show Contacts
Molecule 1

Thefollowing section lists the tool s and options found on the Display Con-
tact Maps utility. It is possible to define arange in the sequence table using
the Select Active Range tool from the Protein Utilities menu. When this
tool isused thecalculationislimited totheresiduesinthe activerange. This
makes the axes range of the contact map limited to those residues.

If you want to compare two structures in side-by-side plots then their
sequences must be aligned using the Align and Superpose utility.

This option displaysthe Contact Map dialog box, that enables you to select
the type of contact map. This dialog box contains radio buttons for the dif-
ferent options, plus atoggle for calculating difference contacts.

Thisoption togglesthe display of contacts on thefirst moleculein the view-
ing area. This corresponds to the contact information in the bottom left of
the contact map. By default, thisisthefirst molecule active onthe Molecule
Management Table. If more than one contact map has been calculated, the
most recent oneis displayed.

90 QUANTA 2006 Protein Design



Show Contacts
Molecule 2

Change Displayed
Contacts

Select one set of residues

Only with themselves
With non-selected residues

With all of protein

Select two sets of residues

Map Colors

Tools and Options

This option toggles the display of contacts on the second molecule in the
viewing area. Thiscorrespondsto the contact information in the upper right
of the contact map. By default, this is the second molecule active on the
Molecule Management Table. If more than one contact map has been cal-
culated, the most recent oneis displayed.

This option displays the Change Displayed Map dialog box. When two or
more contact maps have been cal cul ated, the contacts displayed on the mol-
ecule are taken from the most recently calculated map. This dialog box
enables you to select an earlier contact map.

Thistool limitstheinteractions between aselected set of residues shown on
the contact map or on the molecule display. The residue set must be
selected before drawing and calculating a contact map. If the selection is
changed while the contacts are displayed on the molecule, then the display
is updated to reflect the new selection.

On the Select Atoms palette, one set of residues can be specified for calcu-
lating a contact map. Only contacts between the selected residues are dis-
played, but the axes of the contact map still have all the residues.

This calculates and displays contacts

between only the selected residues.

Thiscalculates and displays contacts between the sel ected residues and the
non-selected residues in the same molecule.

This calculates and displays contacts between the sel ected residues and the
rest of the protein including the selected residues.

Thistool limitsthe interactions between selected sets of residues shown on
the contact map and on the molecule display. The residue sets must be
selected before drawing and calculating a contact map. If the selection is
changed while the contacts are displayed on the molecul e, then the display
is updated to reflect the new selection.

On the Select Atoms palette, two sets of residues can be specified for cal-

culating a contact map. Only contacts

between the selected residues are dis-

played, but the axes of the contact map will still have all the residues.

This option displaysthe Contact Map Color Ranges dial og box from which
the coloring schemes can be changed for the seven coloring regi mes.” Each
regime contains a set of ranges that can be edited from Define Coloring
Ranges dialog box. For the first five coloring regimes, al distance or
energy contacts with values within agiven range are colored appropriately

for that range.

"The seven types are: inter-Co. and inter-Cp distances; side chain closest contact
distances; inter-residue energies; absolute differences; fractional differences; resi-

due type difference; and hydrogen bonds.
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12.. Display Contact Maps

Options

Distance and Energy Dif-
ference Maps

Show Absolute Values for
which molecule

Use Distance cutoff in dis-
tance difference map

Distance cutoff in energy
calculation

Show contacts for coreres-
idues only

List contacts to file

Show secondary structure
on contact map

Finish

The Define Coloring Range dia og box shows the maximum for each range
and color.” The user can change the ranges or colors and the number of
color bins.

This option displays the Contact Map dialog box from which the default
setting can be changed for various contact maps.

This determinesif distance or energy difference maps can be colored
according to either the absolute value of the difference or the difference as
afraction of whichever isthe smaller in magnitude of the valuesfor thetwo
molecules. The default is Absolute Differences.

This determinesif the first or second moleculeis used to plot the differ-
ences between the two molecul es on the bottom | eft of the contact map, and
the absolute values for one of the molecules (by default the second mole-
cule) are plotted top right. The default is First Molecule.

The default distance difference cut-off is6.0 A. When you look at distance
difference maps, the difference in contact distance between residues that
are far part is often not of interest and confuses the plot. With this option
you can exclude distance differences where the separation distance on both
molecules are greater than a given value.

This option sets the energy calculation for side chain only. In addition its
use will speeds up the energy contact map cal culation.” The default is 6.0
A.

This option displays energy or distance contacts for core residues only,
such as afractional solvent accessibility from the default value of 0.5. The
default is off.

This option lists the calculated contacts to afile with name MOLECULE _
contact_(CA/CB/energy/Hbond).out. Thisis done as the contact map is
calculated. The default is off.

This option highlights in rectangular boxes the areas of the contact map
showing interactions between residues in a secondary structure element,
such asaalphahelix or beta strand. The default is on.

Thistool returns you to the Protein Design palette.

“The range minimum either minus infinity for the first range or the maximum of
the proceeding range. For those regimes that require the coloring of points with
large positive values, the range maximum is specified as 9999.0, but interpreted as
positive infinity.

™The calculation for pairs of residuesis not done and atoms closer than the cutoff
value are not used.
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13. Analyze Domain Structure

Overview

Protein domains can be characterized, theoretically and experimentally, in
several ways:. by protein coordinates, by relative motions between
domains, by the stability and folding of independent domains, or by differ-
ent genetic origins and functions.

There have been severa definitions of domains based on atomic coordi-
nates. Domains can be defined in terms of ;

e Usinginter-Co. distances

» Deriving asingle cutting plane

» Minimizing the surface area of each domain
» Grouping of structural elements

The Protein Design application uses geometric rel ations between second-
ary structure elements to automatically identify domains, and provides
toolsthat allow you to define and edit the domains.

This chapter describes: e Analyzing Domain Structures
» Toolsand Options
References G. M. Crippen, J.Mol. Biol. 126 315-332 (1978).
G D. Rose, J. Mol. Biol. 134 447-470 (1979).
S. J. Wodak & J. Janin, Proc. Natl. Acad. Sci USA 77 1736-1740 (1980).

Analyzing Domain Structures

QUANTA describesadomain in terms of the secondary structure elements,
rather than individual residues. A domain isdefined asagroup of close sec-
ondary structure elements and the loop regions are considered to be in the
same domain as the secondary structure elements that they connect. The
distance between two secondary structure elements is defined as the aver-
age distance between all pairwise combinations of Ca. atomsin thetwo ele-
ments. If this average distanceis less than a given cutoff distance the
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13.. Analyze Domain Structure

elements are considered to be in the same domain. The number of domains
that the structure will subdivide into is dependent on the cutoff distance.
For example, if the cutoff distanceisdecreased then fewer pairsof elements
will qualify as being in the same domain and the protein will divide into
more, smaller domains.

A simple clustering algorithm is used to analyze the distances between sec-
ondary structure elements and this generates adendogram. A dendogramis
a“family tree” of the secondary structure elements in which the pairs of
elementswhich are closest in space are shown asmost closely related in the
tree.

Oftenthedifficult step in domain analysisis deciding the appropriate cutoff
distance for the inter-element average distance. The automatic algorithm
will use afixed value and report the number of domains which thiswill
generate when you use the Number of Domainstool. You can alter the
number of domains that are generated.

The Clustering Algorithm

This clustering algorithm finds the pair of closest secondary structure ele-
ments and joins them into one cluster. Then it repeatedly finds the closest
pair of either individual secondary structure elements or clusters, which
represent two or more elements. This continues until all the elements have
been drawn together into one single cluster.

Clustering algorithmsdiffer in how the distancefrom acluster iscal culated
and how it is scaled compared with a distance from a single element.
QUANTA's algorithm uses the distance from a cluster as an average of the
distances from al the elementsin the cluster. Therefore, the distance
between two clustersis the average of al the distances between all the ele-
mentsin one cluster and al the elementsin the other cluster.

Associated with each cluster is a score that is the average of the distances
between al the pairs of elementsin the cluster. The result of the clustering
is displayed as a dendrogram with the secondary structure elements listed
down the screen. Elements or clusters that have been paired into a cluster

are connected by avertical linewhose x-axis position is proportional to the
cluster score.

Loop Regions

Residues in loop regions between secondary structure elements are
assigned to domains using the following criteria:
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Tools and Options

1. Residuesin loop regions between two secondary structure elementsin
the same domain are assigned to that domain.

2. For loop regions between secondary structure elementsin different
domains, adomain boundary is defined between two consecutive resi-
duesin theloop. The boundary is determined so asto minimize the sum
of the distances from loop Ca atoms to the nearest secondary structure
element in the same domain. All residuesin the sequence before that
boundary are assigned to the proceeding domain and residuesin the
sequence after the boundary are assigned to the following domain.

3. N-terminal residues that are not in secondary structure elements are
assigned to the next domain along the protein sequence. C- terminal res-
idues that are not in secondary structure elements are assigned to the
previous domain along the protein sequence.

Tools and Options

Theoverall structure of aprotein can be better seenif you have only the Ca
atom trace displayed and colored according to secondary structure. The
secondary structure elements can be highlighted by the Secondary Sruc-
turetool on the Protein Utilities palette. This shows a single vector for
each element.

When this utility isused, only onemoleculeisactive at atime. If morethan
one molecule is active when entering the utility, only the first remains
active. If thereis adomain definition saved to an MSF of amolecule, it is
retrieved and used, otherwise amoleculeisinitially colored asasingle
domain.

All displayed molecules are colored to show their domain structure. For
example, thefirst domainiscolor 1 (green) and the second domain is color
2 (blue). A legend on the bottom-right of the screen gives the molecule
name and domain number in the appropriate color.

Three of the tools on the palette — Number of Domains, One More
Domain and One L ess Domain — automatically analyze the protein into
some given number of domains. When these tools are selected, the mole-
cule and sequence viewer are recolored to show the domain assignment of
each residue.

Thereisaset of tools for manual assignment of secondary structure ele-
mentsor individual residuesto domains. If these are used, the molecule and
sequence viewer coloring are updated appropriately, but the dendogram
coloring is not changed. If any of the automatic assignment tools are used
after the manual tools, then the manual changes are overwritten.
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13.. Analyze Domain Structure

Display Cluster

Number of Domains

One More Domain

One Less Domain

Reassign Residue Range

Reassign Element

Create Domain

Merge Domains

Undo Domain Edit

List Domains

Write Domainsto File

Write Geometry to File

Options

Saveto MSF-...

This tool toggles the display of a dendogram.

Thistool displaysthe Enter Number of Domainsdialog box from which to
select the number of domains to be assigned to the protein. The maximum
number of domainsisequal to the number of secondary structure elements.
Theinitial valueinthedia og box isthe automatic algorithm’s best estimate
of the number of domains using afixed inter-element cutoff distance.

This option increases the number of domains by one. Itisgrayed out when
the Number of Domains option has not been previously selected. When
the maximum value has been reached no more domains are added.

This option decreases the number of domains by one. It isgrayed out when
the Number of Domains option has not been previously selected. When
one has been reached, no more domains are subtracted.

This tool displaysthe Pick Range palette from which to select arange of
residues either off the sequence table or active structure. Oncetherangeis
selected, you are prompted to select a domain from a multiple choice list.

The selected residue range will be assigned to the selected domain.

This tool prompts you to select adomain from a multiple choice list, and
to select an atom in the element that is reassigned to the selected domain.

This tool displaysthe Pick Range palette from which to select aresidue
range. Once the range has been selected, it is assigned to anew domain and
given the next unused number.

Thistool displaysthe Pick Range palette from which to pick two residues,
one in each of two domains that are to be merged.

This tool revertsthe latest edit done on the domains.

Thistool liststo the textport the identity and residue range of the domains
in the active molecule. The format is:

Domain identifier — first residue in range — last residue in range
This tool writes domainsto the file with filename MOLECULE _
domain.out. The format of thefileis:

Domain identifier — first residue in range — last residue in range

This tool writesinter-secondary structure geometry to the file with file-
name MOLECULE_geometry.out. Listed for each pair of secondary struc-
ture elements is the structure type (such as B= beta strand or H= alpha
helix), the ID of the first and last residue, the minimum and average dis-
tances between them, and the angle between them.

This tool displaysadialog box to change the setting of the Cutoff Differ-
ence in Average Distance. The default isset to 2.5 A.

This tool saves domains as extra information to the MSF.
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Reread MSF...

Finish

Tools and Options

Thistool displaysadialog box that has extrainformation titlesfrom which
to read the domain structure.

This tool removes the Domain Analysis palette and returns the Protein
Design palette. If the domain structure has been changed, a dialog box for
each structure is displayed offering the option of saving domain structure
information to the MSF.
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14. Profile Analysis

Overview

This chapter describes:

References

Profile Analysis can either be activated from the Protein Design pal ette or
the QUANTA Applications menu. When activated from the Application
menu the Protein Utilitiesmenu isalso displayed. Profile Analysisfollows
the method of Bowie, Luthy and Eisenberg in analyzing protein structures
into 1D profiles which can be assessed against protein sequences to quan-
tify the quality of a structural model.

* Analyzing Protein Profiles
* Toolsand Options

U. Bowie, R. Luthy & D. Eisenberg “A method to identify protein
sequences that fold into aknown three dimensional structure” Science 253
164-170 (1991).

R. Luthy, J. U. Bowie & D. Eisenberg“ Assessment of protein modelswith
3D profiles” Nature 356, 83-8 5 (1992).

Analyzing Protein Profiles

Generating a 1D Profile
froma 3D Sructure

Using this method, the environment of each residuein the protein structure
isanalyzed in terms of its secondary structure and environment, then apro-
file sequence is generated in which each residue is assigned to one of 18
environment classes.

The definition of residue environment is a function of two parameters: its
side chain buried areaand the polar environment of the side chain. The bur-
ied area of the side chain is defined as the difference between the solvent
accessible area of the side chain and the maximum possible solvent acces-
sible area. The maximum solvent accessible area is defined as the solvent
accessible areafor the side chain in the tripeptide of GLY-X-GLY when it
isinafully extended conformation; in this situation there are no other res-
idues to occlude the central X residue.

The polar environment of a side chain is the proportion of the side chain
areawhich is covered by polar atoms which can be either solvent or polar
atoms abutting onto the side chain surface.
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14.. Profile Analysis

Three categories of solvent accessibility are defined as. E (exposed), P
(partialy buried), and B (buried). Dependent on the fraction of the environ-
ment which is polar atoms the partialy buried category is further sub-
divided into two categories and the buried category is sub-divided into
three categories. These are designated Py, P,, B1,B5,B3 where the higher
subscript denotes a greater polar environment. Combining the three recog-
nized secondary structure types and these six side chain environment cate-
gories gives 18 possible residue environment classes.

Comparing a Profile to a Sequence

A profile sequenceis similar to aconventional sequence except that it lists
residue environments rather than amino acids. From analysis of known
structuresit is possible to determine a quantitative score for the preference
of each of the 20 amino acids for any of the 18 residue environments. With
this means of scoring the suitability of an amino acid to a given residue
environment, it is possible to do a conventional sequence alignment of an
amino acid sequenceto aprofile sequence. An alignment score can then be
calculated to give some measure of the suitability of that amino acid
sequence to the profile sequence.

Plotting Profiles

Calculating a structure profile requires several fairly time consuming cal-
culations of residue buried area and polar environment and once these are
calculated they are usually saved to the M SF file as extrainformation and
retrieved whenever the profile of that structure is required in future. The
Plot Sructure Profile tool will calculate the profile for a structure (or
restoreit from the M SF, if possible) and generate agraph for the structure’s
own sequence assessed against its own profile. Thisplot isan indication of
the quality of the model with a score for each residue in the structure. It is
conventional to integrate the residue scores using awindow of the order of
nine residues as this produces a plot which is easier to interpret.

Comparing Profiles to Other Sequences

To compare profiles with other sequences, you should use the Select
Sequence tool to select one sequence. It isthen possible to use Plot
Sequence Profile to generate a graph showing the score of the sequence
againgt all currently active structures with profiles. This tool will assume
the current alignment between sequence and structure(s). It is possible to
attempt to optimize the sequence—structure alignment using the Align and
Dot Plot tools.
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Tools and Options

Plot Sructure Profile

Select Sequence

Plot Sequence Profile

Dot Plot

Align

Within Profile Analysis are tools to calculate the 3D profile for a selected
structure. The calculation of buried areas and polar environmentsis slow.
Therefore, once a profile analysis has been calculated, it is automatically

saved to the M SF as extra information with the titles:

» Default residue buried area;
» Default residue polar environment;
« Default 3D profile environment.

Once aprofile has been cal culated the moleculeis colored according to the
residue environment class. The Protein Utilities L egend tool can be used
to toggle the display of the color legend.

For al currently active structures the residue buried area, residue polar
environment and secondary structure are calculated and the 1D profileis
derived from these data. This information is saved as extrainformation in
the MSF. If theinformation is already present in the M SF then thisis used
anditisnot recalculated. The assessment of the structure against profilefor
each active moleculeis plotted to the sequence viewer. The window param-
eter used for the plot is controlled by the Profile Optionstool.

You are prompted to select one sequence which may be an MSF or a
sequence without an M SF. The selected sequence will be assessed against
active molecules with profiles by the Plot Sequence Profile and Dot Plot
tools.

For the current selected sequence and all active M SF structures the assess-
ment of the sequence vs. the structure profile is plotted to the Sequence
Viewer. If thereis more than one active structure, then there will be more
than one plot and these have the names of the structure in the graph legend
area. The legend title includes the name of the sequence.

Dot plots are explained in Chapter 5. The dot plot parameters of window
length and color range can be changed by the Optionstool. The dot plot
shows the current sequence against one structure profile and indicates pos-
sible alignment of sequence and structure by the stronger diagonal lines. A
dot plot of astructure profile against its own sequence for a“good” struc-
turewill show the quality of datathat can reasonably be expected with this
method.

The current sequence is aligned against one active structure profile. The
gap penalty used in this context should probably be small to correspond to
the low scores that usually result from the scoring. The gap penalties can
be changed by the Optionstool.
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14.. Profile Analysis
Undo Alignment
Recalculate Profile

Options

Save to MSF

Read from MSF

Remove any gapsin the alignment of all active sequences.

By default, once aprofile has been cal cul ated and saved to M SF by the Plot
Sructure Profiletool it will be used in al future assessments and plots.
Thistool will enable recalculation of the structure profile which may be
required if the structure has been changed.

The adjustable parameters are:

« The profile plot window which determines the number of residues over
which sequence versus profile plots are integrated.

¢ Thealignment gap penalties.
« Thewindow length and color range cutoffs used in dot plots.

Thistool savesthe current calcul ated profileto the M SF. The standard M SF
saving options are displayed.

Thistool rereads the last saved version of an M SF and makes it current.
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15. Protein Information

Overview

This chapter describes:

References

This utility retrieves textual information on PDB files from the protein
structure database by accessing the QUANTA file $HY D_L I1B/data-
base.dat. This database file contains information on all the PDB files cur-
rently in the Brookhaven Protein Databank. It isthe same datafile used by
the structural database utility.

An example of how this utility might be used would be to query for infor-
mation on al the hemoglobins in the database. The query would return a
list of al the hemoglobin PDB files, ashort textual description of each, and
data, such as the number of residuesin the PDB file.

» Retrieving Protein Information

* Toolsand Options

¢ Running aProtein Information Query

IUPAC-IUB Commission on Biochemical Nomenclature.
Biochemistry 9 3471-3479 (1970).

C.M. Wilmott and J.M. Thornton J. Mol. Biol. 203 222-223 (1988).
W. Kabsch and C. Sanders Biopolymers 22 2577-2647 (1983).

Retrieving Protein Information

This utility retrievestextual information for each protein structure without
reading in the protein structure. It is activated from the Protein Design
menu and displaysthe Specify Proteinsdialog box. The dialog box contains
five options, severa with preset defaults.

Once the PDB textual information has been retrieved, it islisted to the tex-
tport. Thisinformation includes:

* Full protein name
e Structural family
e Ligands
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¢ Number of segments
* Residues

* Solvent molecules

Tools

Search for keyword or
PDB

Maximum crystal resolu-
tion

Position in database
between structure number

Output log file name

This option displays the Specify Protein dialog box. Using different vari-
ableswithin the option fields, it ispossible to retrieve either general or spe-
cific information.

Each of these options is described below.

Thistool alowsyou to enter either akeyword or the PDB filename for the
protein structure of interest. More than one keyword or PDB name can be
entered by clicking the OK button. The text aready entered is saved, and
the entry field cleared so additional text can be entered.

If more than one keyword or PDB name is entered, these are considered to
be connected by alogical OR. If two keywords are entered, then informa-
tion will beretrieved for any protein that has either keyword 1 or
keyword 2.

Thistool enables you to limit the search to structures whose crystal struc-
ture determination had a resolution less than a given value. The lower the
resolution, the better the structure. For example, aresolution less than 2.0
A isgood. However, lessthan 3.0 A may be acceptable for determining the
main chain conformation and side chain position, but some parts of the
structure may not be resolved as well as others.

The search normally looks through every protein in the database, but this

tool enablesyou to limit the range of proteins searched. Thisoptionisonly
useful if the your database is set up with aknown selection of proteinsin a
particular position in the database.

Thistool enablesyou to specify an output log filename or the default name,
info.log. Once the Sear ch button is clicked, acommand file for the search
program is written and the search runs automatically. The results are writ-
tentothe selected log file and also displayed in the textport. The default the
log file is automatically overwritten each timeit is used.
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Running a Protein Information Query

Running a Protein Information Query

The following exercise demonstrates how to use the Protein Information
utility and shows an example of typical information results.

1. From the Protein Design menu select the Protein Information...
option.

The Specify Proteins dialog box is displayed.
2. Enter the following variables:

Search for keyword: pepsin

Maximum crystal resolution: 5

Output log file name: pepsin.log

3. Click the Search button. The search isrun and the results are displayed
in the textport. Press <Enter> to continue scrolling through theinforma-
tion in the textport. To quit, press <g>, and then <Enter>. The informa-
tion is automatically stored in the file pepsin.log for use | ater.

—=| WhHer E“ ED

NE:

I | # PDB file name: ZER7

#

# Protein name: ENDOTHIA ASPARTIC PROTEINASE (EMDOTHIAPEPSIN) (E.C.3.4.23.6)
COMPLEX WITH H-261

#

# Protein family: HYDROLASE (ACID PROTEINASE)

*

# Crystallographic resolution: 1.6A

# Mumber of molecules in assymetnc unit: 0

# Total number of segments: 2  Total number of residues: 336

#

#

# 3egment id HNo res First res Lastres
# E 330 E-2 E326

# 1 [ 12 15

#

# Llgands:

# id name description

# BOCI1 7 TERT-BUTYLOXYCARBONYL AMION
# LOVIE 15 LEU-PSI{CHOH-CHZ)-LEU

# S04 900 5 SULFATE

# 304910 5 SULFATE

# 304920 5 SULFATE

#

MSF does not exist for protein: 2ZER7

[ [T
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16. Sequence Database

Overview

This chapter describes:

For more Information see:

References

Thisutility provides agroup of optionsto search the Protein Data Bank for
sequences that closely match a specific sequence. QUANTA uses the
FASTA seguence search algorithm.

* Reading a Protein Sequence

Protein User’'s Reference

« Align and Superpose

* Appendices: Reading Sequence Formats
» Read Sequence/Alignment File

D. J. Lipman and W. R. Pearson, “Rapid and Sensitive Protein Similarity
Searches’, Science, 227, 1435 (1985).

M. O. Dayhoff, Atlas of Protein Sequence and Structure, (National Bio-
medical Research Foundation, Silver Spring, Md., 1978), volume 5, sup-
plement 3

FASTA Sequence Searching

The Seguence Database application in QUANTA provides a sequence
search option, searching the Protein Data Bank for sequences that closely
match a specified sequence. The FASTA sequence search algorithm’ is
used to search protein sequences stored in the file $SHYD_LIB:pdbse-
gencellib.

When FASTA initially scans the protein sequence library, the target
sequence is compared to each library sequence. The best region of homol-
ogy without gapsis found and an initial scoreis calculated. If the initial
score isgreater than the cutoff score, thelibrary sequenceis stored for later
consideration.

"D.J. Lipman and W. R. Pearson, Rapid and Sensitive Protein Smilarity
Searches, Science, 227, 1435 (1985).

QUANTA 2006 Protein Design 107

o
& o
c ©
o O
=S
S
L5




16.. Sequence Database

The cutoff score used in the FASTA search is automatically calculated and
is dependent on the query sequence. If the reference sequence is short, say
less than 28 residues, then it may be necessary to specify a cutoff score
since the cutoff generated automatically is usualy too severe. When
searching for short sequences, use afairly high cutoff scoreinitialy and if
thisfailsto find any matches, use alower cutoff score.

Database search results are automatically listed to the QUANTA textport
and written to the output file .log. The resultsinclude:

« A histogram indicating the number of database sequencesfound against
their initial score

« The names of protein sequences that have the highest scores

« Protein sequences showing the alignment between the query sequence
and the retrieved sequence

Tools

Enter search sequence

Run sequence search

Read sequence search log
file

Changesegquencedatabase
file

Thisutility displaysthe Sequence Database dial og box. All the options acti-
vate the File Librarian.

You are prompted to give afile namefor a sequencefile and then prompted
to enter the sequence as single letter or three letter amino acid code.

Enter ablank lineto terminate sequence input. The sequenceiswrittento a
FASTA sequencefilewithfile extension .fta. Alternative meansto generate
the samefile are using the Create Sequence option in the Protein Editor or
using the Write Sequence File option of the Sequence utility on the Files
pulldown. The latter option will write out any currently selected sequence,
be it sequence-only data or from an MSF, to a FASTA format file.

You are prompted to select a sequence file and the search job isrun. The
results are displayed in the textport and also saved to alog file.

Thisoption displaysthe File Librarian to select a.log file to read. Once the
log fileis selected, the results are displayed to the textport. To browse the
file, use the <Enter> key to display the information to the textport and the
slidebar to move up and down.

This option displaysthe File Librarian to select an aternate sequence data
base file to use. The default database file used is pdbsegence.lib.
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17. Structural Database

Overview

This chapter describes:

For more information see:

References

This utility isagraphical interface to a protein database search program.
The database query is specified by entering the datain dialog boxes.The
protein fragments which satisfy the search query are read into QUANTA
and displayed.

The database information is derived for all the known protein structures
from the Brookhaven Protein Databank and stored in the file SHYD_LIB/
database.dat. The stored structural information is primary residue-based
and includes someinformation on atoms and secondary structure. Searches
to this database can address many common modeling problems. However,
facilitiesfor statistical analysis are not provided at thistime.

Searching the Structural Database
Defining a Structure Database Query

Tools and Options Definitions

Protein User’s Reference

Customizing the Databases

Database Troubleshooting

Running the Search Program Stand Alone
Side Chain Torsion Angles and Centers

Wildcard Residue Type File

IUPAC-IUB Commission on Biochemical Nomenclature.
Biochemistry, 9, 3471-3479 (1970).

C.M. Wilmott and J.M. Thornton J. Mal. Bial., 203, 222-223 (1988).
W. Kabsch and C. Sanders Biopolymers, 22, 2577-2647 (1983).
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17.. Structural Database

Searching the Structure Database

The protein structural information has been extracted from the current
Brookhaven Protein Databank and stored in asingle file usually called
$HYD_LIB/database.dat.

For each protein the stored information consists of:
* Name of the Brookhaven PDB file

» Text description of protein name, family, crystallographic form, and
refinement method

* Number of segments, residues, atoms, and solvent atoms

« Ligands residue name, description and number of atoms
For each residue the stored information consists of:

e Segment name

¢ Residue name and type

«  Secondary structure type”

* Co atom coordinates

* Sidechain “center” coordinate

» Pseudotorsion between four successive Ca. atomsin achain
e Mainchain phi and psi angles

» Sidechain torsion angles

Sidechain torsion angles and centers are described further in Appendix H.

You can append additional proteinsto thisfile or create your own separate
database file as described in Appendix C.

A program external to QUANTA, called SEARCH, is used to search the

structural database file. This program can be run stand-alone using a con-
trol file created r within QUANTA or edited manually. The format of the
control fileisdescribed in Appendix G.

Defining A Structure Database Query

Four types of information can be used to define a structure database query:

* Kabsch and Sanders method is used to determine secondary structure type.
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Defining A Structure Database Query

Proteinsto search The search can be limited to those proteins with a resolution better than
some specified value or using a keyword such as“‘hemoglobin” in their
description. However, by default all proteins are searched.

Templates A template is a fragment of consecutive residues. Each residue may be
defined by residue type (or some wildcard group of residue types such as
“hydrophobic”, by secondary structure type, by main chain or side chain
torsions or by intra-template Ca-Ca distance. Each residuein thetemplate
may be defined as much or aslittle as required.

Constraints A constraint is alimiting relationship between two templates. It specifies
that the two templates must be a certain distance apart or a certain number
of residues apart in the sequence. For example:

¢ Alimit of maximum and minimum allowed distance between Ca. atoms
and/or sidechain “center”

¢ A limit on the maximum and minimum number of residuesin sequence
between residues in different templates

T O
_
£ e
O ©
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If two or more templates are defined, they must be linked by constraints,
otherwise they are completely independent and should be treated as sepa-
rate database queries.

For example, to find al instances of the two residues asp and gly where the
aspresidueisnear aser residuethat is between 10 and 20 residues ahead of
the asp residue in the sequence, then the form of the query is:

Template 1: A two residue fragment with sequence asp-gly
Template 2: A ser residue

Constraint 1: The side chain of the first residue in template 1 (asp) is
between 3 A and 6 A away from the sidechain of the first residue in tem-
plate 2 (ser).

Constraint 2: Thefirst residue in template 2 (ser) is between 10 and 20 res-
idues ahead of the first residue in template 1 (asp) in the protein sequence.
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A database search usually finds a number of hit fragments that satisfy the
query, Thesefragments, from different proteins, are usually superposed for
easy comparison and then displayed within QUANTA.

Search parameters The user can specify how tightly the search criteriamust be adhered to by
changing the search tolerance. For example, if you specify arequired main
chain or side chain torsion, then, by default, all structures within 30° of the
required value will be retrieved. After you enter the required information
using the Define Sear ch tool, the control file for the search program isgen-
erated, and the search runs automatically.

The search program produces two output files: alog file that lists al hits,
and aselectionfile. The selectionfileisin standard selection format, and is
used by QUANTA to read in the required fragmentstaken from alibrary of
MSFfiles. Thislibrary isadirectory containing M SFs, and is pointed to by
the environment variable $MSF_LIB. Each file should correspond to an
equivalently named Brookhaven PDB file.

Whilereading in thefragments, it isoptional to read in additional neighbor-
ing residuesin order to display the environment of the fragment of interest.
Fragments from different molecules are usually superposed so they can be
compared more readily. The fragments taken from multiple M SFs are writ-
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Browsing Database Search
Results

Tools and Options

ten to one MSF (along with some additional information on the database
search).

The database browse tools allow rapid display and comparison of the hit
fragments from one database M SF (i.e. an M SF containing fragments of
multiple proteins which were found in the database search). They are the
same as the browse tools found in the Fragment Database pal ette from the
Model Backbone utility.

If more than one database MSF is selected, you are prompted to
choose one to browse. When the search results are read in the MSF
created automatically becomes the browse MSF. The jobname of the
database search of the current browse MSF is printed at the bottom
right of the screen. Each group of residues that constitute one hit are
in asingle segment, and the segment names that identify the fragments
are displayed on the right of the screen. The segments are named with
athree-letter code for the PDB file that they came from, and a single-
letter code to differentiate the hits from the same PDB file.

Tools and Options

Define Query...

Define template

Define template name_
search

Thistool opens a series of dialog boxes for conducting a search. The first
dialog is the Define Protein Structure Database Query.

A query must have at least one fragment template defined. Each additional
template should be related to the existing template by a constraint. Other-
wise, the templates are effectively independent and should be searched for
in separatejobs. Errorsin defining atemplate or constraint can be corrected
using the List/delete option.The proteins to search and search parameters
need not be entered, asthe defaults are usually satisfactory. After finishing
the definition of the query pick the Search button to initiate the search.

This option open the Define Template dialog box.

Enter the number of residues being searched for and a name for the tem-
plate. The template nameis used later for reference. If side chain torsions
or intra-template distance constraints are required, toggle on the appropri-
ate buttons. Thiswill activate the appropriate dial og boxesthat define these
parameters.

This dialog box enables you to define the template residues.

It has the appropriate number of lines for the number of residues, and col-
umns for residue type, secondary structure type, and phi, psi, and Ca
pseudo-torsion angles. Theresiduetype can be set tothewildcard ANY and
boxes left blank are considered undefined.
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17.. Structural Database

Sde Chain Torsions

Define INTRA-template
constraint

Valid residue types are the 1 or 3 letter code for the amino acid or awild-
card. Thedefault wildcardsaredefined inthefile$SHYD_LIB/wildcard.dat,
and can be listed to the textport by toggling the option in the Define Query
dialog box. To specify the wildcard type, enter the wildcard code (a maxi-
mum of six-letters) in the residuetype field. The allowed wildcards can be
extended or changed by editing the wildcard.dat file.

Valid secondary structure types are:

» E— Extended chain

¢ H— Folded conformation (including the next 4 types)
e 3—3tun

e 4—4tun

e 5—5tun

¢ A— a-hdlix

¢ T— Turn (includes 3,4, and 5)

Each of these can be prefaced by NOT. The secondary structuretypesinthe
database are designated using an algorithm based on Kabsch and Sanders
that isidentical to the one used in QUANTA.

Thevalid torsion angles are in the range -180° to 180°. The torsion param-
etersare target values; ahit will be any residue that has torsions within the
tolerance angle of that target value. The tolerance angles can be set within
the Search Par ameter s options; the default toleranceis 30°.

If the sidechain torsions option has been selected this dialog box opensto
define sidechain torsions.

Aswith the mainchain torsions, you enter a required target value, and all
structures within the specified tolerance (default 30°) of that target value
areretrieved.

If the Intra-residue distance constraint option has been selected, this dia-
log box opensto define intra-template Co-Co distance constraints.

This option is for constraints between residues in the same template.
Choose the type of constraint, atarget distance, and two residues are from
the two scrolling lists. Note: This option is very different from the Define
constraint between two templates option, which is available from the
Define Protein Structure Database query dialog box.

The database contains only limited atom coordinate information: the Co
atom coordinate for each residue, and acoordinate for the side chain center.
The definition of the side chain center for each amino acid typeislisted in
Appendix, Side Chains and Torsion Angles. This limitation meansthat a
distance constraint between two residues can be only one of three types: a
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Define constraint between
two templates

Using Distance Con-
straints

Using Residue Separation
Constraints

Tools and Options

distance between two Co atoms, a distance between a Co. atom and a side
chain center, or a distance between two side chain centers. An appropriate
constraint type is selected, then enter the required target distance, the
default tolerance is 1.0 A, which can be changed with the Search parame-
ters option. Particularly when searching for distances between two side
chain centersit may be necessary to search with generoustoleranceson the
distance criteriain order to find all required structures; structures that are
not required can be rejected later after inspection.

If you click the OK button, the currently displayed definition is saved and
the dialog box options are reset to the initial default values so that you can
enter further constraints. Clicking the Quit and Finish buttonsremovesthe
dialog box. However, the current definition is saved only if you click the
Finish button.

This option opens the Define Constraints Between Two Templates dialog
box.

A constraint is arelationship between two templates. If you define more
than one template, each additional template must be related to at least one
of the existing templates by a constraint. Otherwise, the templates are inde-
pendent and could be treated as separate queries. More than one constraint
can be defined between a pair of templates. A constraint can be either adis-
tance constraint, (e.g. the distance between a Ca atom in one template and
a Co atom in the other template), or aresidue separation constraint which
specifies that two templates are separated in the sequence by a given num-
ber of residues.

The database contains only limited atom coordinate information: the Co
atom coordinate for each residue, and acoordinate for the side chain center.
The definition of the sidechain center for each amino acid typeislisted in
Appendix H. Thislimitation means that a distance constraint between two
residues can be only one of three types: a distance between two Co. atoms,
adistance between aCa atom and aside chain center, or adistance between
two side chain centers. An appropriate constraint type is selected, then
enter the required target distance, the default toleranceis 1.0 A, which can
be changed with the Search parameters option. Particularly when searching
for distances between two side chain centersit may be necessary to search
with generoustolerances on thedistance criteriain order tofind all required
structures; structuresthat are not required can be rejected later after inspec-
tion.

The obvious form of residue separation constraint isto specify avariable
number of residues between two fixed patterns of residues. For example, to
find a sequence pattern G-G-(2,5)X-G— two consecutive gly residues fol-
lowed by between two and five residues before another gly residue— the
first templateistwo gly residues and the second templateisonegly residue.
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17.. Structural Database

Foecify proteins to search

The constraint is that the first residue of the first template and the residue
of the second template are between four and seven residues apart.

It also isoften necessary to set an exclusion range of residues. For example,
in studying side chain-side chain interactions you may require that the
interactions be between residues remote in sequence. Two templates can be
defined each containing one residue of the amino acid type of interest, and
set an exclusion range between the two templates. If thisrange is set
between -5 and +5 residues, then the two residues must be at least five res-
idues apart in the sequence.

Aninstance whereit is necessary, but not obvious, to set a constraint isif
two identical templates are defined. For example, in searching for two
interacting histidineresidues, youwould define two templates; onefor each
histidine residue. In this case you also must specify an exclusion range
between the two templates of at least -1 to 1 to ensure that any single histi-
dine residue does not satisfy both templates.

In other instances, it may be desirable that oneresiduein aprotein issimul-
taneously in two templates. Take, for example, search for a structure with
two a-helices which are connected by aloop of between 6 and 12 non-heli-
cal residues. To do this you would define two templates and set aresidue
separation constraint between them. The first template is 12 residues long
with the first six residues specified to be helix, and the second six specified
as not helix. The second templateis 12 residueslong, with the first six res-
idues not helix and the second six helix. The constraint is that the fist resi-
due of the first template, and the first residue of the second template are
between 6 and 12 residues apart.

Thiscould beillustrated by the two extreme solutions: whereH = helix, and
N = not-helix.

First residues in the two templates separated by 6 residues:

Templatel  H-H-H-H-H-H-N-N-N-N-N-N
Template 2: N-N-N-N-N-N-H-H-H-H-H-H

Fragment found: #-#-H-H-H-H-N-N-N-N-N-N-H-H-H-H-H-H
First residues in the two templates separated by 12 residues:

Template 1:  H-H-H-H-H-H-N-N-N-N-N-N
Template 2: N-N-N-N-N-N-H-H-H-H-H-H

Fragment found: 5-5-5-#-#-H-N-N-N-N-N-N-N-N-N-N-N-N-H-H-H-H-H-H

In the case which the first residues area separated by 6 residues, some res-
iduesin the hit structure are in both templates.

This option opensthe Specify Proteinsto Search dial og box used to specify
proteins for searching. It isthe same dialog used for Protein Information.
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Search Parameters

List secondary structure
and amino acid wildcards

List/delete existing tem-
plate(s) and constraint(s)

Run Search...

Tools and Options

By default, any query will search the entire database until it has found the
required number of hits. It is possible to limit the search to particular pro-
teinsand it is often desirable to limit the search to structures of higher res-
olution.

This options opens the Database Search Parameters dialog box.

In defining a search template, you enter target valuesfor torsion anglesand
distances. Structures with geometry within some given tolerance of the tar-
get parameters are retrieved. The database search will end after finding
some specified number of hits; the default is50. The tolerance on the target
parameters and maximum number of hits retrieved can be changed. The
name of the protein database and wildcard files can a so be changed. If you
change these parameters, the new values remain operative through the cur-
rent QUANTA session, and are saved in the protein constantsfile for usein
subsequent sessions.

This option liststo the textport the one letter codes for secondary structure
types and the amino acid wildcards currently defined in the wildcard.dat
file

This options opens the Delete Template or Constraint dialog box, which
lists the current names of templates and constraints.

Click the Quit button to exit without any changes to delete atemplate,
make a selection and click the Delete button. If atemplate is deleted the
default isthat any constraint involving that template is also deleted. This
can be switched off by clicking the Delete Constraintstoggle at the bottom
of the dialog box.

The database search program, $HY D_EXE/search, isaseparate executable
which isrun from within QUANTA with this option. The results are read
automatically back into QUANTA. Each database search is given ajob
name. This nameis used as aroot name for the files used to transfer data
between the two programs. Thefilesare of theformat: job_name.ddb. This
isthe query file generated by QUANTA and read by the search program.
Theinternal format of thisfile is described in the Appendix, Running the
Search Program. Thefile can be edited, and the search program run outside
QUANTA.

The search program outputs two files: job_name.logisalog file that lists
all the hits and reports any problems; job_name.sel, which isin the format
of aQUANTA selectionfile, specifieswhich fragments of selected proteins
should be read into QUANTA for display. Thelog file can be reviewed
from within QUANTA using the Read log file option.

If you havejust entered adatabase query and clicked the Sear ch action but-
ton, you are prompted for ajobname. The query iswritten to the filejob
name.ddb and the database search initiated. If the Run Search optionis
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17.. Structural Database

Read Search Log...

Read in database search
results

Read Hit Fragments

Select hitsto display

picked without entering a query, you are prompted to select an existing
query file (.ddb). QUANTA waitswhile the searchisrun. It normally takes
a couple of minutes to search the entire database with a simple structural
query. Oncethejob isfinished the results are read and displayed in the tex-
tport.

Thistool opensthe File Librarian to select alog file. Thislog file from the
database searchislisted to thetextport. Thefileliststhe proteinswith struc-
tures that satisfy the query and the residues that correspond to the query
templates. Thelog filea so reportsif the M SFfile containing ahit fragment
cannot be found. If you run a database query then the log file from that
query is automatically listed; otherwise you are prompted to select alog
file

In order to display the results of the database query, the fragments of pro-
teinsthat satisfy the query are read into QUANTA. They are then written
out to asingle M SF with some additional information relating to the data-
base search in the title records of the M SF. M SFs that have been created
using this utility can be displayed, and can be reviewed using the database
browse facility. They are handled appropriately in other applications of the
Protein Design application where the coordinates or conformations of the
fragments can be copied to modeled structures.

The selection file, job_name.sel, specifies which residues of selected pro-
teins satisfy the database query. The structural information for these frag-
mentsisread from an M SF for the protein. If the database search has found
hits in protein structure for which there is no M SF file, either in the direc-
tory $SMSF_LIB or in your working directory, then these hits are not
includedinthe selection filebut arereported in thelog file. To display these
hits an M SF will need to be created by reading in an appropriate PDB file.
The MSF can be put in either the MSF library directory or in your own
working directory. The database search can then be rerun so the selection
fileincludes the relevant M SF.

If the Read Hit Fragmentstool is selected without having just run a data-
base query, you are prompted for the name of a selection, .sel, fileto read.
To run successfully the query file, job_name.ddb, must also be present.

Thistool displays the Select Fragment to Display dialog box. It readsin
and, by default, displays all the hit fragments referenced in the selection. It
also enables alimited selection to be specified and read. The default setting
only reads those residues corresponding to the residues of the query tem-
plates, but you can choose to read in neighboring residues.

This option, by default, reads into the initial M SF all the hit fragments.
Alternatively, arange can be selected with this option. For example, select-
ing the range 1 to 20 would read in the first 20 hitsin the selection file. In
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Select extra neighboring
residues to be displayed:

Select zone

Select sphere

Superpose hits

Write to default MSF name

Superpose Fragments...

Tools and Options

addition, specific hits can be selected from the scrolling list of all the pro-
tein MSF files in which hit fragments have been found.

This option displays two choices. They are either to select, a zone of resi-
dues, such as selecting residues contiguous with a query template, or a
sphere, such as all residues close to aresidue in aquery template. If either
of these optionsis picked, the appropriate dialog box to enter the selection
isdisplayed.

Thisselectsan extrazone of residuesfor each template. In selecting azone,
choose the number of residues before the first template residue, then num-
ber of residues after the last template residue. The default is zero residues,
that selects no additional residues.

This selects a sphere of residues. In selecting a sphere, choose one of the
template residues from the scrolling list as the center of the sphere, then
enter aradius for the selection sphere. The selection uses the same criteria
asNAYBR BYRES, so that all residuesthat have an atom within the cutoff
distance of the center residue are selected. The selection is applied if you
click OK or the Quit button. If you click OK the dialog box remains and
another selection can be made. Click OK, for example, if you have two
templates and want to select an extra sphere of residues about both tem-
plates.
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Thissuperposes hitsand makesit easier to compare the hit fragments. Once
the hit fragments are read in and a new M SF created by default you are
automatically prompted to select the atoms to superpose. However, this
option can be toggled off.

The fragments read in are all written out to one M SF. Each group of resi-
dues that congtitute one hit are in a single segment. The segments are
named with athree-letter code for the PDB file that they came from, and a
single-letter code to differentiate hits from the same PDB file.

Thistool opensthe File Librarian after a search has been completed for
writing the hit fragmentsto file. The hit fragments, by default, are written
to an MSF called job_name.msf, but an alternative filename can be used.

Thistool superposes fragments after you have read in hit fragments and
created a new M SF. By default you are prompted to superpose the frag-
ments. It is also possible to superpose the fragments later on using the
Super pose Fragmentstool.

The superposition is a conventional least squares superposition of equiva-
lent atoms, as described in the Align and Superpose module. It depends on
the context in which atoms are most appropriate to superpose. However, it
isusually easier to interpret the display if you have agood superposition of
one residue, by selecting just three or four atoms from that residue, rather
than having arough fit over several residues.
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17.. Structural Database

Save to MSF

Restore from MSF

Display All Fragments
Display Next

Display Previous

Select Display

Display Option

The dialog box to select atomsto superpose has ascrolling list of template
residues. Select aresidue and atext input into which you should enter the
names of the atomsto superpose. If you wish to select atoms from more
than one residue, click the OK button to enter the current selection, and
then enter your additional selection. Click the Super pose button to initiate
the superposition.

Thisis grayed until the fragments have been superposed. Thistool saves
the superpositioned fragment to the MSF. The standard saving dialog
options are displayed.

Thisisgrayed until the fragments have been superposed. This restores the
previous coordinates of the fragments and the superposition is discarded.

Thistool displaysall hits superposed over the structure.

Thistool selectsthe next availablefragment until it has reached the last one
and then it is grayed out.

Thistool selectsthelast fragment until it has reached thefirst one and then
it isgrayed out.

Thistool opensthe Display Selected Fragments dialog box from which to
select fragments to display.

Thistool opens the Fragment Display Mode dialog box from which to
select the Display options.
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18. Motif Database

Overview
This module provides tools that search a database for structures with simi-
lar folds to one active molecule. The reference motif, by default, isall the
secondary structure elements of the active molecule. However, it is possi-
blethat elements can be set inactive and excluded from the reference motif.
This chapter describes: » Searching the Motif Database
» Tools and Options Definitions
* Motif Database Log File
For more information see: Protein User’s Reference )
(%]
*  Superpose Motif _‘g
©
» Domain Analysis =
g}
References “Use of techniques derived from graph theory to compare secondary struc-

ture motifsin proteins,” E. M. Mitchell, P. J. Artymiuk, D. W. Rice & P.
Willett, J. Mol. Biol. 212 151-166 (1989).

“Pharmacocophoric pattern matching in files of 3D chemical structures:
comparison of geometric searching algorithms,” A. T. Brint & P. Willett, J.
Mol. Graph 5 49-560 (1987).

“Correction to Bierstone's Algorithm for Generating Cliques,” G. D. Mul-
ligan & D. G. Corneil, J. ACM 19 244-247 (1972).

“Fast Structure Alignment for Protein Databank Searching,” C. A. Orengo,
N. P. Brown & W. R. Taylor, Proteins 14 139-167 (1992).

Searching the Motif Database

TheMotif Database utility isbased on the same principles asthe Superpose
Motif utility and the theory is explained in that chapter. The motif data for
proteins from the Brookhaven Protein Databank are stored in the file
$HYD_LIB/motif.geo. The reference template which is used to search the
database is taken from a currently selected M SF. The template can be the
entire M SF structure or afragment specified by deselecting secondary
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Tools and Options

Change Active

Pick Element

Pick Element Range

Pick Domain

structure elements using the Change Active tool. The time taken for a
motif search job to run is dependent on the size of the search fragment and
it isworthwhile to ensure you have defined the minimal reference motif.
The search job can be left to run and the results from the log file reviewed
later.

Using this utility, a search can be done to match secondary structuresin a
test structure to known references. The reference database used is$HYD_
LIB/motif.geo. The Auto Database Sear ch can also be used in non-graph-
ical QUANTA in abatch file.

There can be only one molecul e active when using thismodule. If thereis
more than one active molecule when the module is entered then all but the
first are made inactive. Additional structures can be appended to the data-
base.

The motif database can be used in two ways:
» Finding a match with a specific structure
* Running an automatic search against all the entries

An automatic database search generates alog file that can be browsed for
the results of the database scan.

Initially all secondary structure elements are active and the vectors are dis-
played with fat lines. Selecting elements switches them off and on. When
thisoption is selected, the Pick Element tool is selected by default and the
other toolsare ungrayed. When thisoption is selected again all thetoolsare
switched off and grayed.

Thisoptionisgrayed until the Change Activity optionisselected. It allows
you to desel ect any secondary structure element of the active structure. The
tool is switched off when either the Pick Element Range, Pick Domain,
or Change Activeis selected.

Thisoptionisgrayed until the Change Activity optionisselected. It allows
you to pick arange between two secondary structure elements and desel ect
all the elements within the range. If thereis some conflict, for exampleif
not all elementsin the range are the same state, you are prompted with a
dialog box to further specify conditions. Thetool is switched off when
either the Pick Element, Pick Domain or Change Activeis selected.

Thisoptionisgrayed until the Change Activity optionisselected. It allows
you to deselect any defined domain. The tool is switched off when either
the Pick Element, Pick Element Range or Change Activeis selected.
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Overlay Database

Auto Database Search

Table Database Results

Show Overlay

Options...

Searching the Motif Database

If no database file has been selected, this option opensthe File Librarian,
from which a database file may be chosen. Once a database has been
selected, you are presented with ascrolling list of all structuresin the data-
base from which to choose. The selected structure isthen tested against the
reference motif defined by the secondary structure elements in the active
molecule. Vectorsare drawn representing the secondary structuresof all the
matches superposed on the reference motif. The browsing tools are
ungrayed.

If no databasefileisopen, thistool prompts you to select one and enter the
name of alog file. Every structure in the database is searched for the refer-
ence motif defined by the currently active secondary structure elements.
Depending on the size of the database, this computation may take consid-
erabletime. Aseach structureis searched in the database, its nameislisted
below the command line. The final results are listed to the textport and a
log file in the same format as the tables.

This option reads the logfile created by the Auto Database Sear ch toal. It
displays the information about the motif searches for the reference mole-
cule, and displays the possible avail able overlays after a search is done.
There are two tables displayed, Overlay Motif and Secondary Structure
Elementstables.

The Overlay Motif table displays information for each matched overlay.
The columns from left to right are: the overlay number, the overlay name
from the database, the number of elements matched, and the RM S differ-
ence of the superposition. The subsequent columns identify elements that
are matched

The Secondary Structure Elements table displays information on each sec-
ondary typein the active molecule. The columnsfrom left to right are: mol-
ecule name, element number, secondary structure type, the ID of the first
residue in the secondary structure, and the ID of the last residue in the sec-
ondary structure.

Thistool displays the matched overlays and unmasks the browse tools.
After asearch is completed and the Table Database Resultstool has read
the search results, you can display the results.

The Display Overlay From Database Search dialog box opens. One data-
base structure must selected. Since the atomic coordinates of the database
structure are not known at this stage, only the secondary structure vectors
can be displayed.

Thistool opensthe Motif Superposition dialog box, with options for differ-
ent parameters. These criteriaare used in matching secondary structure ele-
ments, in specifying cut-off values and in choosing the number of matches
to display. For the matching secondary structure options, toggles are set for
each option determining which is used and the respective cut-off values.
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18.. Motif Database
All Overlays

Next Overlay

Previous Overlay

Select Overlay(s)...

Clear Display

Select Database...

Save Sructure to Database

Finish

Thistool ismasked until asearch isperformed and the Show Overlaystool
has been picked. Thisisthe default browse option that displaysall resultant
overlays.

Thistool ismasked until asearch isperformed and the Show Overlaystool
has been picked. Thistool displayseach motif in ascending order. Oncethe
last motif is displayed, the tool sequences back to the first.

Thistool ismasked until asearch isperformed and the Show Overlaystool
has been selected. This tool sequentially displays each motif in descending
order. Once the first motif is displayed it sequences back to the last.

Thistool ismasked until asearch isperformed and the Show Overlaystool
has been selected. From atoggle list you select one or more overlays can
be selected for display.

Thistool ismasked until asearch isperformed and the Show Overlaystool
has been selected. It removes from the display any overlays and masks the
browse tools.

Thistool opens aFile Librarian from which you can select or change the
database file used.

Thistool saves the active molecule to database. If no database fileis open
you are prompted to select one. Thistool enables usersto generate their
own database or extend existing databases.

If molecules have been superposed but not saved this tool prompts the to
save coordinates to an MSFfile.

Motif Database Log File

*MOLECULE msf_name

*LIBRARY library file

*TEST molecule_name

*NMATCH number_of _
matches

This section describes the contents of aMotif Database log file, which can
be browsed using the Sys Window option from the QUANTA File menu.
The file uses the following keywords:

The name of the molecule M SF from which the reference motif was gener-
ated in msf_name.

The name of thelibrary fileislibrary file.

Thetest structureismolecule_name, which, by default, isafour-letter PDB
code.

The number of matches for molecule_name is number_of _matches. This
lineisfollowed by number_of matcheslines, one for each match, and uses
the format:

N number_of_elements score list_of matches
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Motif Database Log File

where:

N

I's the match number for that test molecule;

NUMBER_OF_ELEMENTS

Isthe number of elements which are matched;

SCORE

Is the score from RM S superposition of matched element endpoints;
LIST_OF_MATCHES

Isalist containing the number of fields equal to the number of elementsin
the reference structure. The nth field contains the number of the element in
the test structure that matches the nth element in the reference structure. If
there is no match to the nth element of the reference structure, the field is
blank.
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19. Protein Health

Overview

This chapter describes:

For more information see:

References

The Protein Health utility can be accessed as a separate application under
the Application pulldown or it can be accessed from within the Protein
Design application via the tool in the Protein Utilities palette. Protein
Health will identify featuresin a protein structure which are wrong, for
example the wrong chirality of Co. atoms, or uncommon, and therefore
worthy of closer examination, for example main chain conformations that
fall outside accepted regions on the Ramacandran map, or side chain con-
formations that do not correspond to regularly observed rotamers. This
application can be used as an aid to model building and provide criteriato
judge the quality of imported data such as PDB files.

Multiple conformations of the same structure can beread fromacsr fileand
theresults for all conformations tabulated for easy comparison.

e Using Protein Health

* Anaysis of Multiple Conformations

* Toolsand Options

e Using the Health tools

Protein User’s Reference:

» Accessibility

* Model Side Chains

C. M. Wilmott & J. M. Thornton, Prot. Eng. 3 479-493 (1990).
Ponders & Richards, J.Mol. Biol. 194 775-791 (1987).
Sutcliffe et.al., Prot. Eng. 1 385-392 (1987).

R. L. Dunbrack & M. Karplus, J. Mol. Bial. (in press).

Using Protein Health

This palette is activated from the Protein Utilities or the QUANTA Appli-
cations menu. These tools are intended to provide a guide when model
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building or to enable judgements to be made on the quality of imported
data, such as PDB files. Thetoolsin this palette will identify:

* Atomswith undefined coordinates

« Main chain conformation outside accepted regions on the Ramachan-
dran map

* Non-planar peptide bonds

« Side chain conformation not corresponding to commonly observed rot-
amers

¢ Buried polar atoms which are not hydrogen bonded

» Hydrophobic and hydrophilic residues in inappropriate environments
* Atomswhich aretoo close

* Holesinside the structure

There are three means of presenting the results of the health check: listing
to afile, listing to the textport, or by highlighting the bad features on the
molecule display. If multiple conformations are read in from csr files then
acomparison of their health propertiesis presented in atable.

If the Display Exception tool is active, then the molecule will be colored
to indicate health exceptions. The atoms involved in the exception will be
colored — for example, the side chain atoms are colored when the side
chain is not close to arotamer optimal conformation. It may simplify the
display if you use the Display Ca and Side Chain option from the Mole-
cule Colorstool onthe Protein Utilities palette. The one health exception
which may be overlooked with this simplified display isaburied, not
hydrogen bonded, backbone N or O atom.

Analysis of Multiple Conformations

Several model building methodswill generate multiple alternative models;
particularly NMR experiment or automated model building using MOD-
EL ER will generate multiple models. Analysis of the protein health criteria
for each model can indicate which regions of the model may be poor and
comparison of health exceptions between the model s can suggest which are
the better models.

In the QUANTA environment, multiple models are usually stored in a csr
file and the Tabulate M ultiConfor mations tool will read the confronta-
tions from acsr file and apply selected health checksto all conformations.
Csr files can be generated from PDB files (such as are output by XPLOR
NMR refinement) using thetool in Protein Health or they can be generated
in the Protein MODEL ER application. Csr files contain multiple sets of
coordinates but they must be associated with an M SF which contains other
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Change display by picking
conformation table
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data such as atom names and residue types. The Tabulate M ultiConfor -
mationstool requires that the M SF associated with the csr file isthe only
selected molecule. If thisis not the case, then the required M SF will be
selected automatically. The health checks which are currently active and
highlighted on the palette are applied to each conformation in the csr file.
As the checks are performed, the molecule window is updated to display
the current conformation and, if the Display Exception tool is active, col-
orsthem to indicate health check exceptions. The L egend tool on the Pro-
tein Utilities palette should be activated to provide a key to the color
coding.

When the analysisis complete the full results are presented in atable. The
molecul e conformation reverts to that from the M SF file but the Display
Confor mation tool becomes availablefor you to display any of the confor-
mations.

The multi-conformation table has one column per conformation and one
row per health exception. The rows are labelled with the name of the resi-
due and a short mnemonic for the exception:

« MAIN themainchain phi/psi angles are not in a good region of the
Ramachandran plot

« SIDEthesidechainisnot within atoleration limit of an optimal rotamer
* BURPOL thereisaburied polar atom which is not hydrogen bonded.

* ENVIR theresidue side chain isin an inappropriate environment -
either an hydrophabic residue exposed to solvent or an hydrophilic res-
idue buried in the protein interior. '

If aparticular conformation has a health exception then the appropriate cell
in the table is marked with an “ X”. At the top of the table the number of
exceptions for each conformation is given. The left-most column in the
table has the number of conformations which have the exception.

If either the Close Contacts or Holes option are active then the number of
close contacts or holes in each conformation are listed at the top of the
table. You will need to use the Display Confor mation tool to display the
close contacts or holes for each individual conformation.

To see the exceptions reported in the table you can pick the table to reset
the display. You can change the displayed conformation by picking the
name of the required conformation from the top row of the conformation
table. If you pick aresidue ID from the left hand column of the table, then
the display will be centered on that residue in the currently displayed con-
formation. Picking acell inthe body of the table will display the conforma-
tion given by the table column and center the display on the residue given
by the table row.
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Undefined coordinates

Mainchain conformation

Sdechain conformation

TheDunbrackand Karplus
Rotamer Library

Thistool identifies two classes of undefined coordinates:
¢ Main chains: colored inred

* Side chains where the main chain is defined but one or more atomsin
the side chain are undefined: colored in blue

Boxes are drawn and | abelled with the residue I D for each residue that has
undefined coordinates. Thisinformation is also listed to the textport.

The peptide bond is normally expected to be planar, such that the omega
angle, Ca-C-N-Ca, isabout 180°. By default omegaangleslessthan -170°
or greater than 170° are flagged.

The datafile $HYD_LIB/protein_param.dat contains a Ramachandran
map. Thismap isderived from analysis of observed conformationsin well-
resolved crystal structures”. The Ramachandran map isdivided into agrid
of 10° by 10° blocks. The commonly observed conformationsliein six dif-
ferent regions on this map. The health check flags any residue with a con-
formation which lies outside these regions.

Several analyses of the protein databank show that most sidechains occur
in alimited range of conformations. These observed conformations are
usually called rotamers.

Several libraries of the commonly occurring rotamers are described in the
literature and three of them are used within QUANTA.The libraries differ

in the form of the analysis which was applied, particularly in the handling

of the dependence of the side chain conformation on the backbone confor-
mation.

These rotamer libraries are available to use with either protein health
checking or in side chain model building. They arelisted inthefile $HYD _
LIB/protein_param.dat. except for the Dunbrack and Karplus rotamers
which are listed in $HY D_LIB/harvard_torsion.dat.

Thislibrary was generated by compiling statisticson the side chaintorsions
observed for a given range of main chain torsions. The side chain torsion

space was divided into chemically sensible rotamers. For example, the tor-
sion about abond connecting two sp3 carbon atomsis split into 3 rotamers:

gauche + 0° < chi <120°
trans 120° < chi < 240 °

gauche -(minus) -120° < chi < 0°

*C.M. Wilmott & J.M. Thornton (1990). Prot. Eng. 3 479-493.
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Table 2. Rotamer Library Types

Rotamer Libraries Description

Ponder and Richards No analysis on main chain conformation dependency. The percent-

age of observed occurrenceis given for each rotamer.

Sutcliffe et.al. Rotamers are designated as specific for helix or strand or indepen-

dent of main chain conformation. No percentage of observed
occurrencesis listed.

Dunbrack and In analyzing dependency on main chain conformation, thetorsion

Karplus

space for phi and psi was divided into agrid of 20° by 20°
blocks.

If the observed torsion fall swithin the appropriate range, it iscounted in the
statistics evenif it isalong way from the presumed optimal center of the
range.

Dunbrack and Karplus

Chirality

Buried Polar Atoms

rotamer definitions

Table 3. Recognized rotamersfor chil (all residuetypes)

rotamer chil definition

1 g+ 0° < chil <120°
2 t 120° < chil <240°
3 O- -120°  <chil <0Q°

For the Karplus rotamer, any sidechain not within any accepted rotamer
rangefor itsmain chain conformation isassigned color 7 (green). If theside
chain iswithin an acceptable rotamer conformation, but hasatorsion angle
more than the cutoff (default of 30°) from the center of the rotamer range,
it isassigned color 1 (light green).

Thechiral atomswithin the standard amino acidswhich aretested arelisted
in Table 8. For the valine and leucine sidechains, bad chirality resultsfrom
inappropriate atom naming.

Thistool indicates buried polar atomsfor all oxygen or nitrogen atoms that
have asolvent accessihility lessthan agiven cutoff (default of 0.01) and are
not hydrogen bonded.

The hydrogen bonds used in this analysis are derived using generous crite-
riawhich includesthe“near” hydrogen bonds as defined by the parameters
in the Hydrogen Bond utility.
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Table 4. Recognized rotamersfor chi2
Residuetypes: Leu, lle, GIn, Glu. Met, Arg, Lys, and Pro?

rotamer chil chi2
1 g+ g+
2 g+ t

3 g+ g-

4 t g+

5 t t

6 t o-

7 g- g+
8 o- t

9 g- g-

8The values for g+, t, and g- remain constant.

Table 5. His, Phe, and Tyr (NB by definition all chi2 > 0)

rotamer chil chi2

1 g+ 0° <chi2 <60°
2 g+ 60° <chi2 <120°
3 g+ 120° <chi2 <180°
4 t 0° <chi2 <60°
5 t 60° <chi2 <120°
6 t 120° <chi2 <180°
7 o- 0° <chi2 <60°
8 g- 60° <chi2 <120°
9 g- 120° <chi2 <180°

Table 6. Residuetype Trp

rotamer chil chi2

1 g+ 0° <chi2 <180° (+90° rotamer)
3 g+ -180°  <chi2 <0° (-90° rotamer)
4 t 0° <chi2 <180° (+90° rotamer)
6 t -180° <chiz <0Q° (-90° rotamer)
7 g- 0° <chi2 <180° (+90° rotamer)
9 g- -180°  <chi2 <0° (-90° rotamer)
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Table 7. Residuetype: Asp, and Asn

rotamer chil chi2

1 g+ -90° <chi2 <-30° (g-rotamer)
2 g+ -30° <chi2 <30° (trotamer)

3 g+ 30° <chi2 <90° (g+ rotamer)
4 t -90° <chi2 <-30° (g-rotamer)
5 t -30° <chi2 <30° (trotamer)

6 t 30° <chi2 <90° (g+ rotamer)
7 o -90° <chi2 <-30° (g-rotamer)
8 o- -30° <chi2 <30° (trotamer)

9 g- 30° <chi2 <90° (g+ rotamer)

Table 8. Atomstested for Chirality

atom name residuetype
CA All amino acids
CB lle

CB val

CG Leu

Hydrophilic residues normally occur on the protein surface and hydropho-
bic residues occur in the protein core. Residues often occur ininappropriate
environments for several reasons: '

« Buried hydrophilic groups usually have their polar atomsinvolvedin
salt bridges or hydrogen bonds

» The polar atoms can be exposed even if the rest of the side chainisbur-
ied.

» Areas of exposed hydrophobic residues occur on the protein surfaces
that normally form part of the interface to other proteins or ligands.

The parameter used for residue accessihility is the side chain fractional
accessibility. Thisisthe sum of the accessibilities for the side chain atoms,
relative to the maximum possible accessibility for the side chain. This
assumes an extended conformation and minimal occlusion of theside chain
by the neighboring main chain. Hydrophobic residues with greater than 0.9
accessibility and hydrophilic residues with less than 0.1 accessibility are
flagged.

Thistool indicates close contacts when the distance between atoms areless
than some proportion of the sum of their van der Waals radii (default of
0.80). Close contacts within one residue, usually dueto bad side chain con-
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Holes

Options

Select Active Residues...

Display Exceptions

List Exceptions to textport

Write Exceptionsto File

Phi/Psi Plots

Phi/psi Options

formation, and contacts between CB atoms and neighboring residues, are
not flagged.

Thistool checksfor holeswithin protein structuresthat are large enough to
accommodates a solvent molecule.The tool identifies probable solvent
sites, and ispotentially useful to crystallographerstrying to identify solvent
moleculesin electron density refinement. The minimum radius of the hole
used can be set by the Options tool.

The solvent is modeled as a simple sphere of radius about 1.3 angstrom.
This method considers the protein on a 3D grid and marks each grid point
as either protein or solvent, depending on its proximity to a protein atom.
A point isconsidered as ‘protein’ if it iswithin the atomic radius plus the
solvent radius of the center of aprotein atom. A flood-fill techniqueisthen
used to identify all the connected solvent pointsthat constitute the bulk sol-
vent around the protein. The remaining solvent grid points, not connected
to the bulk solvent, are putative holes within the protein. A second pass
analysis at a higher resolution identifiesif there istruly enough space for
the solvent sphere to fit. The centroid and volume of each holeislisted to
textport. The volume given is the space within which the centroid of a sol-
vent sphere could move without the solvent sphere contacting the neighbor-
ing atoms. The reported volume will be greater than 0.0 but may be avery
small value.

Thistool opensthe Protein Health Options dial og box from which you can
change default variables for the Protein Health tools.

Thistool activatesthe Residue Selection palettes. Whilst thistool isactive
the health checks will be applied to only the selected residues.

Thistool, which is active by default, displays the exceptions to the cur-
rently active health checks on the molecule. The moleculeis colored gray,
color 11, and areas of bad structure are highlighted in bright colors. The
legend on the bottom | eft of the screen describeswhat each color indicates.
When the Close Contactstool is selected, close atoms are indicated by
dashed lines.

Whenthistool is picked the exceptionsto the currently active health checks
are listed to the textport.

Whenthistool is picked the exceptionsto the currently active health checks
are written to afile with the name molecul _health.out. If close contacts are
active then they are written in the file molecule_bumps.out.

Thistool generates aphi/psi plot with the allowed regions drawn in the col-
orslisted in Table 9. The selected residues are marked on the plot.

This opens the Define phi/psi Dihedrals dialog box that enables you to
change the default torsions angles.
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Table 9. Allowed Main Chain Conformations®

Conformation Code L etter Color on Plot
ogRight hand o helix A 8 purple
BeExtended B strand B 4 yellow
BpPoly proline B strand P 13brown

oy Left hand o helix L 12pale blue
yGly left handed o helix G 10salmon pink
£Gly assessable region A 5white

aVilmot & Thornton, 1990, Protein Engineering, 3, 479-493.

Highlights

List Phi/psi to Textport
Write Phi/psi to File

Convert PDB filesto CSR

Tabulate MultiConforma-
tions

Display Conformation

Thistool enables cross-highlighting of picked residues on the phi/psi plot,
the sequence viewer or structure.

Thistool writes the Phi/psi angles and the side chain angles to the textport.

Thistool writes the Phi/psi angles and the side chain anglesto afile
molecule_torsions.out.

You are prompted by thefilelibrarian to select an XPLOR PDB fileand to
give aname for the csr filewhich is created.

You are prompted to select acsr file. If the M SF associated with the csr file
isnot the only currently selected M SF then areselection is performed auto-
matically. The currently selected, highlighted health tools are applied to
every conformation in the csr file and the results tabulated. The Display
Conformation tool becomes available. If the Tabulate M ultiConfor ma-
tionstool is picked again the current table will be overwritten.

You can select aconformation number to display or opt to return to the con-
formation of the MSF. The conformation is displayed with the health
exceptionsthat arelisted inthetable. Other health checks can be performed
on this conformation by picking the appropriate tool.
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20. Using MODELER

Overview

MODELER is an automated protein homology modeling package that
builds a 3D model of a protein sequence using data from the alignment of
the sequence with one or more homologous structures.

This chapter describes: ¢ MODELER
+ Accessing MODELER
» Displaying MODELER results
» Evauating MODELER results
« Dédleting files after aMODELER run
* MODELER files and file modifications
¢ The MODELER control file
* Modifying files to modify models

References
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modeling from a database of protein structure alignments,” Protein
Sci., 31 582-1596 (1994).

QUANTA 2006 Protein Design 137



20.. Using MODELER

MODELER

MODELER derives spatial restraints such asinter-Co distances and dihe-
dral angles from each homologous structure. The weight assigned to the
derived restraints reflect the degree of local sequence similarity between
the homolog and the model sequence. The restraints are expressed as prob-
ability density functions (pdfs) that describe amodel structure. The model
isderived by minimizing violations of the restraints. The optimization pro-
cessto generate the model consists of applying the variable target function
aswell as conjugate gradients and running molecular dynamics.

The MODELER program was developed by Dr. Andrej S&li at Birkbeck
College (London), Imperial Cancer Research Fund (London) and Harvard
University. It is described in detail in papers listed in the references sec-
tion.1

QUANTA provides asimple interface that you can use to set up and run a
MODELER job. Thejobstypically take between five minutes and several

hoursto run so they are generally run in the background. Model structures
generated from aM ODEL ER run can be read back into QUANTA for dis-
play.

This chapter describes the QUANTA/M ODELER interface, steps to take
to use MODEL ER from within QUANTA, and functionality that you can
access. It coversthe following areas:

e Accessing MODELER (page 139)

» Displaying MODELER results (page 141)

« Deéleting files after aM ODELER run (page 143)

« MODELER files and file modifications (page 143)

You can access MODEL ER functionality that is not currently interfaced
with QUANTA by editing the control file generated within QUANTA and
then running aM ODEL ER job. The full MODEL ER functionality and
interfaceis described in the MODEL ER User’s Guide and Programmer’s
Manual. This book is available on-line as a postscript file in the following
location:

$MODELLER_ROOT/doc/manual .ps.Z

138 QUANTA 2006 Protein Design



Accessing MODELER

Accessing MODELER

Thetoolsto Run MODELER and Read MODEL ER Results are avail-
able in the Protein Design application. These tools and additional toolsto
analyze the MODELER results are available in the Protein MODELER
application.

Before you begin Beforerunning MODEL ER, you should align and superpose the sequence
and homol ogous structures using the Align and Superpose utility which is
available in either the Protein Design or Protein MODELER application
within QUANTA. For more information, see Chapter 5. Alternatively
alignments generated outside QUANTA can be read in using the Sequence
utility on the Files pulldown and selecting Read Sequence/Alignment
File. Youwill have the option to read alignment filesin several commonly
used formats.

M ODEL ER does not require multiple homologous structures to be super-
posed. However, superposition may help you in studying the structures. In
contrast, the alignment of the structures is the most significant input to
MODELER. If thereis any uncertainty in the alignment of the sequences
you arestudying, itisworth your timetotry al alignment possibilities. You
can improve alignment decisions by checking the final pdf value of each
M ODEL ER run to determine the residues that have poor restraint satisfac-
tion, then adjusting the alignment accordingly.

You can use fragments to model limited segments of structures by aligning
the fragment to the appropriate part of the model sequence. This process
can be useful if amotif from a non-homologous structure is a good ana-
logue for part of the model.

You can build models in the presence of ligands or prosthetic groups but
this requires manual generation of restraints to position the ligand.

To start MODELER 1. Select Applications from the main menu, then select Protein M OD-
EL ER fromthe Applications pulldown. The Protein MODEL ER and
Protein Utilities palettes are displayed.
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2. Select Run Modeler inthe Protein Design palette. A dialog box isdis-
played.

3. Specify run parameters as described in the following paragraphs:
» Select the sequence for atarget model.

Currently active sequences are listed near the top of the dialog box.
Choose one of these as the sequence for which amodel will be built.

This sequence can come from either an MSF file or a sequencefile. If
there are already coordinates for the sequence, they will be completely
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ignored by the interface. All other active molecules will be used as
homologues for the model.

Inthe Root name for generated models data entry field, enter aname
for the model to be built.

The name should be unique because it will be used asthe root name for
filesand adirectory created in running the M ODEL ER job. If the name
isnot unique, you will be prompted to enter an aternative.

Inthe Number of models data entry field, enter the number of models
you want built.

By default, MODEL ER will build one model, but multiple models can
be generated.

Enter avaluefor rms deviation among initial models. The default value
is4.0 A between Co. of the models.

Aninitial model is generated by copying and averaging the homologs.
Multiple model s are generated by perturbing thisinitial templateto gen-
eratemodelswith agiven RM Sdeviationin coordinates. All modelsare
then refined independently. Their structures may converge or diverge.

Select the optimization level during refinement.

Most of thetimerequired for aMODELER runisused in optimizing the
structure. The optimization protocol involves multiple cycles of refin-
ing the model coordinates as the scaling of the restraint parametersis
gradually varied to bring in tighter restraints. Available optimization
protocols are:

Full — Optimization using copying and averaging of template coordi-
nates, variable target function with conjugate gradients, and molecular
dynamics with simulated annealing. Full is the default and recom-
mended selection.

Partial — Optimization using copying and averaging the template
coordinates plus variable target function with conjugate gradients.

None — No optimization. Copying and averaging the template coordi-
nates only.

Choose a run option.

By default,aM ODEL ER job startsautomatically in background mode
onyour local host You can change this by checking the appropriate box:

Prepare control file only; do not run MODEL ER.

The M ODELER control file, input alignment file, and PDB coordinate
files are always written. If you want to modify the control file before
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running thejob, choose this option, edit the control file, then run thejob
outside QUANTA by entering the command:

modeler model_name
Run MODEL ER on remote host.

When you check this box, a Select Host dialog box is displayed. For
moreinformation, see “Using External Applications’” in QUANTA Gen-
erating and Displaying Molecules.

M ODEL ER jobstake between five minutesand several hours. Job time
increases with the size of the protein and the number of homologs.

To check if aMODELER job is complete, select Show Statusin the
Calculate pulldown.

Displaying MODELER results

After aMODELER job isrun, you can display the models within
QUANTA.

To display models 1. Select Display MODELER Results... inthe Protein MODEL ER pal-
ette. A FileLibrarian listingtheM ODEL ER control (.top) filesisthen

displayed.

2. Select aMODELER control file (model_name.top). QUANTA reads
thelog file associated with thisjob to check that the job has run success-
fully and then reads in the output model files for this job from model _
name_dir/model_name.B9999nn.pdb. and creates M SF files with the
file names model_name_nn.msf. The nn designation is an incremental
number for each model. This number isO1 if there is only one model.

3. Click open. Themodel structuresare displayed in the moleculewindow.
The sequence of the model structuresis automatically aligned to the
input homologsfor themodel if they are still selected within QUANTA.
Models in MSF files can be manipulated in QUANTA like any other
MSF files. The final pdf for the model is listed in the textport.
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Evaluating MODELER Results

MODELER generatesalarge number of restraintsto forceamodel towards
the structure of the homol og(s) and to maintain good structure geometry. At
the end of aMODELER refinement not al restraints will have been satis-
fied and the violations associated with each residue can be summed to give
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Using Protein Health

Using Profile Analysis

an indication of the quality of the model in and around that residue. There
isnot asimpleinterpretation of the absolute value of the restraint violation
parameter since parts of amodel, for exampl e residues adjacent to an inser-
tion or deletion, are almost certain to have higher restraint violations. The
violations are useful in making comparisons between different models.
Modelswith lower violationsin aregion are probably better in that region.
If these model s have been generated from different initial alignments of the
model sequence and the homologs, then lower restraint violations are a
strong indication of better alignment.

Inthe PDB files output by MODELER theresiduerestraint violation is
listed in the place of the temperature factor parameter. In an MSFfile, this
information is stored as the fourth parameter (that is, BVALUE).

When the Display M ODEL ER Resultstool isused therestraint violations
are shown asagraph in the sequence viewer. To redisplay the graph use the
Plot Violationstool.

You can use the Color Violationstool to color the molecule and sequence
by the violation parameters. The violation values are split into four ranges
between the maximum and the minimum values observed for all the resi-
dues in the active molecules. The residues are colored white, pale yellow,
yellow and red for increasing violations. The L egend tool on the Protein
Utilities palette can be used to display alegend with the key to the color
coding.

You can list the restraint violations for each residue by selecting the Ca
atoms, then typing:

LIST ATOM

inthecommand line. Therestraint violationsarelisted in the textport in the
column labeled 4th.

Thetoolsin Protein Health can be used to indicate improbable featuresin
amodel. Protein health exceptions, such as aresidue main chain notina
regularly observed conformation or buried polar atom which are not hydro-
gen bonded, may beindicative of apoor model which, inturn, may indicate
apoor choice of homologies or poor alignment. The Protein Health tools
can be applied to the M SF files generated by the Read MODELER
Resultstool. If you have several MODEL ER models it may be easier to
writethem all toone CSR fileusing theWrite CSR Filetool and then using
the Tabulate M ultiConfor mations tool within Protein Health to produce
atable which summarizes health exceptionsfor all of the models (see chap-
ter 19.).

Profile analysis can be applied to the model s generated by MODEL ER and
will plot graphs of scores per residue in the sequence viewer which aid
comparison of the quality of models (see Chapter 1.).
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Deleting files after a MODELER run

When you beginaM ODELER job, adirectory is created below your cur-
rent working directory and all filesrelated to thejob are placed there except
the control and log files.

The name of this directory the same as the name of the control file except
for extensions. Models generated by MODEL ER are placed in this direc-
tory. Generally, you will read these files through the QUANTA interface.

When you have finishedaM ODEL ER run, after thefinal model .pdb files
have been read and M SF files have been generated in QUANTA, you can
delete the job directory.

Todeletea MODELERjob Type the following on the command line:

director
y sys rm -rt directory_name

Thiswill remove the directory and the MODELER filesinit.

MODELER files and file modifications

Thissection providesinformation on thefilesused by QUANTA in running
MODELER. None of thisinformation is necessary for you to use M OD-
EL ER from the QUANTA interface.

When aMODELER job is started, the following files and directory are
created by QUANTA:

« model_name.top — A control filein the current working directory.

« model_name dir — A directory below the current working directory
that contains input, output, and intermediate files.

« model_name dir/model_name.aln — An alignment filein the usual
QUANTA alignment file format.
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« model_name_dir/molecule_name.pdb — A PDB- format file of a
homol ogous structure coordinates.

MODELER creates the following files:

* model_name.log — A log file of the MODELER job in the working
directory.

* model_name_dir/model_name.ini — An initial model from copying
and averaging homolog coordinates in PDB format.
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e model_name_dir/molecule_name .dih.Z, model_name_dir/molecule
name_.psa.Z, and model_name_dir/molecule_name_.ngh.Z — Three
scratch files containing dihedral, accessibility, and residue neighbor
analysis for each input homologous structure.

« model_name_dir/model _name.rsr — A constraint file derived for the
model structure. The format is described in Part 11 of the MODEL ER
User’s Guide and Programmer’s Manual.

* model_name_dir/model_name.sch — A schedule file that defines the
cycles of optimization to be applied. The format of thefileis:

Column 1 — Anindex to the schedule step.

Column 2 — Optimization method (1=CG, 2=Newton Raphson
3=MD).

Column 3 — For the variable target function method restraints, the
maximum number of residues and the span of the restraints.

Column 4 and beyond — Scaling factors for the standard deviations of
restraints, one column per physical restraint type. Thetypesarelistedin
$MODELER_ROOT/modlib/feats.lib (currently, 1-24 types).

* model_name_dir/model _name.D0000NN — A file containing the opti-
mization trace, showing the value of the objective function, gradient,
temperature (MD only), and kinetic energy for each cyclein the optimi-
zation.

* model_name_dir/model_name.B9999nn.pdb — PDB format coordi-
nate files for final models. If there is only one model built, nn will be
01. If more than one model is built, nn will be 01, 02, 03...

The MODELER control file

M ODEL ER works as a command interpreter for acommand language
called TOPS. The TOPS language is similar to FORTRAN and includes
commands to define variables, open and close files, call subroutines, and
do some flow control.

The language is described in Chapter 3 of the MODEL ER User’s Guide
and Programmer’s Manual. A MODEL ER command fileiswritten in the
TOPS language and only when avalid MODEL ER command is recog-
nized by TOPS is the appropriate M ODEL ER function run. The TOPS
language provides the framework for flow control for running M OD-
ELER.
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MODEL ER commands are described fully in Chapter 2 of the M OD-
EL ER User’s Guide and Programmer’s Manual aong with the keywords
that allow you to change the parameters for the commands. A full list of
commands and keywordsisin the file SMODELER_ROOT/modlib/
topl.ini. Thisfileisread every time MODELER isrun.

A complete MODEL ER run requires alengthy command script. Scriptsto
perform common functions are provided in the SMODELER_ROOT/exec
directory.

A simple MODEL ER control filefor homology modeling consists of com-
mands to specify theinput files and set any non-default parameters, and to
then call the homol subroutine that controls the model building procedure.
For example, the control file written by QUANTA to build amodel named
dfr_model from two structures, 3dfr and 4dfr is set up in the following
form:

Set up theinitial defaults:
INCLUDE

Set the MODEL ER working directory for input, coordinate and output
files:

SET DIRECTORY = “dfr_model_dir”

SET ATOM_FILES_DIRECTORY = “dfr_model_dir”

SET OUTPUT_DIRECTORY = “dfr_model_dir”

Set an extension PDB for the output coordinate files:

SET PDB_EXT = “.pdb”

Set the format for the input alignment fileto QUANTA format and specify
the alignment file;

SET ALIGNMENT_FORMAT = “QUANTA’
SET ALNFILE = “dfr_model.aln”

Declare the sequence for which to build models. The sequenceistaken
from the alignment file and no further information is needed:

SET SEQUENCE = “dfr_model”

Declare what moleculesin the alignment file are homol ogues of a known
structure. The molecule names must correspond to those in the alignment
file. There should be .pdb coordinate files with the corresponding
molecule_name.pdb:

SET KNOWNS = “3dfr” “4dfr”

Next isacomment line which is not interpreted by MODELER. It isread
by QUANTA and used to put the model in the correct sequence alignment
to the homologous structures:

# QUANTA input sequence = dfr.msf
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Set the optimization protocol:
SET MD_LEVEL = “refine3”

Call the main MODEL ER script from $MODELER_ROOT/exec to con-
trol the program flow:

CALL ROUTINE = “model”

Modifying files to modify models

To add a disulfide bond

To represent hydrogens

This section describes severa file modifications, including adding a disul-
fide bond and representing hydrogens, that you can make if you want to
modify the modelsthat M ODEL ER generates These modifications are not
required to completeaM ODEL ER run.

If thetarget sequence hasapair of cysteineresiduesaligned to apair of cys-
teine residues that form a disulfide bridge in any of the homologous struc-
tures, then adisulfide bond will be expected in the model structure and the
necessary constraints will be defined automatically. Anticipated disulfide
bonds are reported in the log file.

However, if you expect a disulfide bond in the model structure without an
analogous bond in the homologous structures, then you must specify this
bond in the control file for the necessary constraints to be set up.

MODELER control scriptsinclude adummy routine called specia_
patchesthat contains nothing. You redefine thisroutineto contain theinfor-
mation needed by M ODEL ER to generate a disulfide bond.

To redefine the routine, edit the control file to include the following lines
after the first INCLUDE statement:

SUBROUTINE ROUTINE
PATCH RESIDUE_TYPE
RETURN
END_SUBROUTINE

“special_patches”
“DISU”, RESIDUE_IDS = nl1 n2

where n1 and n2 are the index number of the disulfide bonded residues.
Note that the index number is not necessarily the same as the residue ID
unless the residues are numbered consecutively from 1 for thefirst residue.

By default, MODEL ER generates models without hydrogen atoms. By
using alternative topology library models, you can generate models with
polar hydrogens or al hydrogens.

The default topology is set in the file SMODELLER_ROOT/exec/
defs.top. Thisfile can be edited to change the default.
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Alternatively the following lines can be edited into the control fileto setup
the addition of polar hydrogens

SET HYDROGEN_IO = “ON’
SET TOPLIB = “${L1B}/top_polh.lib”
SET TOPOLOGY_MODEL = 2

SET PARLIB = “${LIB}/par.lib~

Or, to use an al-hydrogen representation, edit the control file:

SET HYDROGEN_I0 = <ON’
SET TOPLIB = “${LIB}/top_allh._lib”
SET TOPOLOGY_MODEL = 1

SET PARLIB = “${LIB}/par_lib’

Multiple segment models MODELER will generate models for multi-segment (i.e., multi-chain) pro-
teins without any user intervention if the input alignment file has the seg-
ment delimiters, “/”. The alignment files generated by QUANTA will have
the segment delimiters for sequences taken from M SF files but since the
QUANTA sequence-only data has no segment information therewill be no
segment delimitersin the alignment file. If your model structureisamuilti-
ple segment protein and its sequenceis sin the form of sequence-only data
then you should do one of two things:

« Generate the MODELER input files and then manually edit the align-
ment filetoinsert “/” segment delimiters and then run MODELER out-
side QUANTA.

« Generate an M SF for the sequence using thetool inthe Protein  Editor
and then use the Atom Property Editor to enter the segment information
(as described in Chapter 4).

Defining MODELER Restraints

The Constraints Editor The CHARMmM Constraints Editor within QUANTA can be used to define
MODELER restraints and write out an appropriately formatted file or to
convert NOE information to MODELER restraint file format.
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The appropriate tools can be accessed using Constraints Options and
Dihedral/Distance in the CHARM m pulldown. The module includes
options to import various constraint formats and to enter constraints by
selection and editing the constraint table.

The MODELER restraint file format is described in the MODEL ER User
Guide. Note that the MODELER restraint file references atoms by their
number rather than by an atom and residue name and it is therefore very
important to generate the restraint file for the correct molecular structure.
Thesimplest way to ensurethat the structureis correct istorun MODEL ER
with the Optimization level set to None so that an initial model is gener-
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Using Additional
Restraintsin MODELER

ated but afull refinement is not performed. The initial model will beinthe
MODELER work directory with the name model_name_dir/model_
name.ini and isin PDB format. Thisfile should be read into QUANTA and
used in the Constraint Editor.

Inthe MODELER restraint file the magnitude of arestraint is specified by
the standard deviation in angstroms or radians (SD). Thisis different from
the Charmm convention of specifying aforce constant k. The relation
between theseis:

k=05 -R-T/SD2

When exporting MODELER restraint files from the Constraint Editor, the
necessary conversion is made from the force constant k to the standard
deviation assuming atemperature of 297.15 K.

Dihedral constraints are defined in the MODELER restraint file as single
Gaussian harmonic potentials and the target parameter in the Constraint
Editor istaken astheidea value. NOE distance constraints are interpreted
inthe MODELER restraint format as two restraints. one for upper and one
for lower distance bound. The upper and lower bound distances reported in
the Constraints Editor table, and not the target value, are used in defining
the MODELER restraints.

Once afile containing user defined restraintsis created and named, for
example, user_defined.rsr can be read by MODELER by inserting the fol -
lowing lines in the control file generated by Quanta after the first line:

SUBROUTINE ROUTINE = ‘special_restraints’
READ RESTRAINTS FILE = ‘user defined.rsr’ , ADD RESTRAINTS = ON

RETURN
END_SUBROUTINE

Including Ligands

special_restraintsisasubroutine whichis called at those placesin the mod-
eler protocol whererestraints are set up. By default, the subroutine contains
no functionality but you can redefine the subroutine to incorporate such
functionality as reading an additional restraintsfile.

If MODELER isused to build aprotein model containing aligand, then the
ligand is treated as arigid body. Its conformation is fixed but the position

relativeto the protein may ater. To anchor theligand in the correct position
distance restraints between ligand and protein atoms can be defined using
the protocol outlined above.

MODELER Theory

Protein and nucleic acid sequence determination is now routine in mol ecu-
lar biology laboratories. As aresult, the rate of publication of sequence
information has increased dramatically. Several organizations have com-
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piled databases to centralize the published information and to facilitate its
useinresearch (EMBL database, PIR/NBRF database, GenBank database).
On the other hand, structural information from X-ray crystallographic or
NMR results is obtained much more slowly. For instance, if the proteinis
not asimple mutation of one whose structure is already known, it can take
monthsor yearsto perform acomplete structural determination. Because of
the disparate rates of sequence and structure determination, there are many
proteins for which sequence information is known but the 3D structure is
not.

It is advantageous to have a method whereby the conformation of a newly
characterized protein can be predicted from itsamino acid sequence.* The
importance of homology modeling is drastically increased with the explo-
sive multiplication of completely sequenced genomes and parallel struc-
tural databases of models based on these genomes.

Early work dealing with building a protein by homology used only one
known structure (Browne et a. 1969, Shotton and Watson 1970). Amino
acid similarities between the known and unknown proteins were used to
determine where one protein would resemble the other. Sequence align-
ment was done, and the coordinates of the reference protein were used to
predict those of the unknown protein.

More structural approaches have been suggested by Greer and Blundell
(Greer 1980, 1981, 1985; Blundell 1987, 1988). In their methods, more
than one reference protein is used, and a greater emphasisis placed on the
conformational similarities between them. Less emphasisis placed on
sequence alignment alone as a basis for the model. By determining which
portions of the molecules do not vary from one member of aprotein family
to another, there is greater confidence that extrapolation to a new member
will be accurate.

While several reference structures are used in the traditional homology
model building process, only one set of coordinates can be used in any one
peptide segment. MODELER is able to simultaneously incorporate struc-
tural data from one or more reference proteins. Structural featuresin the
reference proteinsare used to derive spatial restraintswhichinturn are used
to generate model protein structures using conjugate gradient and simu-
lated annealing optimization procedures.

Sequence-structure alignment (Align2D) (page 150)
Structure alignment (Align3D) (page 152)

Building the structure (page 153)

Atom-atom repulsions (page 157)

*Comparaf[ive or homology modeling is currently the only such method. It is
based on the assumption that the structure of the unknown protein is similar to
known structures of some reference proteins.
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Distance between two Ca atoms (page 157)

Distance between main-chain N and O atoms (page 160)

Distances between sidechai n-sidechain and sidechain-mainchain atoms
(page 160)

Main-chain conformation (page 160)

Side-chain conformation restraints (page 162)

Restraining Chil side-chain dihedral angles (page 163)

Restraining Chi2 dihedral angles (page 163)

Restraining Chi3 dihedral angles (page 163)

Restraining Chi4 dihedral angles (page 164)

Basis and feature probability density functions (page 165)

Feature PDFs used for restraining model protein features (page 166)
Structure generation using MODELER (page 169)

Modeling loops (page 170)

References (page 172)

Sequence-structure alignment (Align2D)

One of the main problems in comparative modeling is the accuracy of the
sequence alignment. MODEL ER extendsthe global alignment algorithmto
align two blocks of sequences (the structure bl ock and the sequence bl ock).
The command uses a variable gap-opening penalty which depends on the
3D structure of the sequencesin the structure block and tendsto place gaps
in a better structural context. The variable gap penalty favors gapsin
exposed regions, avoids gaps within secondary structure elements, favors
gaps after curved parts of the main-chain, and minimizes the distance
between the two positions spanning a gap.

The sequences within the two blocks, structure block (first block) and
sequence block (second block) should be prealigned and the first block is
required to have at least one sequence with known 3D structure. The two
blocksof sequencesaredefined inthe MODEL ER control file as sequences
1to ALIGN_BLOCK and ALIGN_BLOCK+1 to the last sequence.

Thelinear gap penalty function for inserting agap in block 1 of astructure
is:

g=/f(H 5B, Cu+lv
Eq. 4

where u and v are the usual gap opening and extension penalties (defined
by GAP_PENALTIES 1D) and | isthe gap length.

f1 in the above equation isafunction that is at least 1 but can be larger to
make gap opening more difficult, asin the following circumstances.
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Between two consecutive (i.e., i, i+1):
* helical positions
e B-strand positions
* buried positions
* positions where the main-chainislocally straight
The function represented by f; is:

fp= 1 +lwgHH +rwSS

+ w . B.ER +U.JC.CJ.C

BTiT i+l i+ l]

where;

The weights, , are the first four numbersin variable GAP_
PENALTIES 2D.

H; isthefraction of helical residues at positioni in block 1.
S isthe fraction of B-strand residues at position i in block 1.

B; isthe averagerelative side-chain “buriedness’ of residuesat position
i inblock 1.

C; isthe average straightness of residues at positioni in block 1.

The original straightnessis modified here by assigning a maximal straight-
ness of 1 to all residuesin ahelix or B-strand.

The linear gap penalty function for opening agap in block 2 (sequence
block) is:

g=/fH 5B .C.Diu+lv
Eq. 6
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f,in the above equation is afunction that is at least 1 but can be larger to
make the gap opening in block 2 more difficult, asin the following circum-
stances:

1. When the first gap position is aigned with:
» ahelical residue
e ap-strand residue
* aburied residue

* extended mainchain

QUANTA 2006 Protein Design 151



20.. Using MODELER

2. When thewhole gap in block 2 is spanned by two residuesin block 1
that are far apart in space.

The function represented by f, in the above equation is:

,T': =1+ [U.JHHJ.+U.JS.S'J.

+wgh + w-C + wp Illd_dg]

Eq. 7

where:
H; isthefraction of helical residues at positioni in block 1.
S isthefraction of B-strand residues at position i in block 1.

B; isthe averagerelative side-chain “ buriedness” of residues at position
i inblock 1.

C; isthe average straightness of residues at positioni in block 1.

d isthe distance between the two Co atoms spanning the gap, averaged
over al structuresin block 1.

d, isadistance small enough to correspond to noincreasein the opening
gap penalty (e.g., 6 A).

Parameters oy, og g, ©c, ®p, and d, are specified by GAP_
PENALTIES 2D.

For an example, see the standalone Modeler manual at:
http://salilab.org/modeller/manual/

Structure alignment (Align3D)

Multiple templates are often used together to model a sequence. The
Align_Structure command aligns two or more template structures based
on their structural similarity. The command first generates a multiple
sequence alignment using the progressive pairwise sequence alignment
method. Based on theinitial sequence alignment, MODEL ER performs an
iterative | east-sguares superposition of 3D structures. Thisresultsin anew
multiple structure alignment.

Starting from the initial sequence alignment, the structure alignment
involves several cycles, each consisting of an update of the framework and
calculation of the new alignment. The new alignment is based on superpo-
sition of the structures onto the latest framework. The framework in each
cycleisobtained as follows.
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1. Theinitial framework consists of Ca atomsin structure 1, but only at
the alignment positions where all the structures have aresidue. If there
isamissing Ca atom in any of the residues at a given position, the coor-
dinates for this framework position are approximated by the neighbor-
ing coordinates.

2. All other structures are fit to this framework. The final framework for
the current cycleis then obtained as an average of all the structures, in
their fitted orientations, but only for residue positions that are common
to al of them, given the current alignment.

Another result isthat al the structures are now superimposed on this
framework. Note that the alignment has not been changed yet.

3. Themultiple alignment itself is re-derived in N-1 dynamic program-
ming runs, where N isthe number of structures. Thisisdoneasfollows.

a. Structure 2 is aligned with structure 1, using the intermolecul ar
atom-atom distance matrix, for all Ca atoms, as the weight matrix
for the dynamic programming run. The dynamic programming isthe
same as pai rwise sequence alignment, where the sequence similarity
matrix is replaced by the Ca distance matrix.

b. Structure 3isaigned with an average of structures 1 and 2, using the
same dynamic programming technigue.

¢. Structure 4 isthen aligned with an average of structures 1-3, and so
on.

Averagesof structures 1-i (i=2,3,...n) arecalculated for all alignment
positions where there is at least one residue in any of the structures
1-i (i=2,3,...n). (Thisis different from a framework which requires
that residues from all structures be present.)

Note that in this step, residues out of the current framework may
become aligned and the current framework residues may become
unaligned. Thus, after the series of N-1 dynamic programming runs,
anew multiple alignment is obtained. Thisisthen used in the next
cycle to obtain the next framework and the next alignment.
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The cycles are repeated until there is no change in the number of
equivalent positions. This procedure is best viewed as away to
determine the framework regions, not the whole alignment.

Building the structure

Probability density functions (page 154)
“Probability density functions observed in known protein structures

(page 154)
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Probability density functions for bond lengths, bond angles, and dihe-
drals (page 155)

Probability density functions

In many areas of molecular modeling, geometric features such as distances
and dihedral angles may be restrained by setting lower and upper bounds
on their allowed values. A pseudo-energy term and arestraining force are
then applied if the geometric featurein amodel moleculeisfound to be out-
side of these bounds. MODELER describes restraints on such geometric
featuresin terms of a probability density function (or PDF) p(y), for afea
turey that isto berestrained. The areaunder the curve p(y) between y 4 and

X2

K2

Pl Sx=x-) = j plyidy

X
Eq. 8

isthe probability of an event in which y is observed within thisrange. This
must integrate to one over the range of all possible valuesfor the feature y.
Thisdescriptionis more compl ete than the use of mean valuesand/or lower
and upper bounds as a description for restraints.

In addition, the concept of a conditional probability density functionis
important in comparative modeling. The PDF used to restrain a geometric
feature y can be written as

plysa b c..)
Eq. 9

This describes the probability density for x when the other featuresa,b,c....
are specified. As an example, p(y4/ residue_type,¢,y) could be used to
describe the side-chain dihedral angle y4 for aknown residue type and
main-chain dihedral angles ¢ and .

Probability density functions observed in known protein

structures

The probability density functions used by MODELER are derived analyti-
cally using statistical mechanicsand empirically using adatabase of known
protein structures. Stereochemical restraints such as bond lengths, bond
angles, dihedral angles, van der Waals repulsions, and disulfide bonds are
derived from published parameters for a molecular mechanics forcefield
(Brooks et al. 1983). The disulfide bond isrestrained by distances, angles,
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and the C-S-S-C dihedral angle. Restraints such as those applied to Ca-Ca
distances, N-O distances for main-chain atoms, main-chain dihedral, and
side-chain dihedral angle classes are derived empirically from a database
of known homologous proteins and their structural alignments.

The method of deriving PDFsfrom the database of known proteins may be
found in Sali and Overington 1994. The database and PDFs depending on
it are regularly updated (the last update was July, 1998).

Thedatabaseis considered arepresentative sample of globular proteinsand
is suitable for deriving the relationships between features of protein struc-
tures. These relationships are expressed as PDFs. Features are derived at
severa levels. There are residue-residue rel ationships such as Ca-Ca dis-
tances, protein-protein relationships such as percentage sequence identity,
residue properties such as solvent accessibility, and protein properties such
asresolution in X-ray diffraction.

Given the database of proteins, an analysis programisused to deriveatable

W, ap,.c that approximates  piy/a, b,c...)

W, an =P a.b c.)
Eq. 10

This table contains the observed relative frequencies for afeature y given
a,b...c. Non-linear |least squaresregression isthen used to derive an analytic
function that fits the table W.

Wx. ahb,.c =flx.a.b.c.q)
Eqg. 11

where g represents a vector of non-linear fitting parameters. The forms of
the probability density function derived for various geometric featuresused
by MODELER are described below.

Probability density functions for bond lengths, bond angles, and

dihedrals

A classical harmonic oscillator model for abond of equilibrium length

b leadsto an energy expression of the form (Sali and Blundell 1993a):

E(b) = Le(b-bY
Eq. 12

where c is a constant for a given bond type. The probability density func-
tion for the bond length is then a Gaussian function:
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b 1 1b—by" -
pib) = e:&p[——( .I‘:| = N(b,gy)
op -/ 2m 2\ oy / °

Eq. 13

where o, = SJkt/ e isastandard deviation and only two parameters,
b anu o, ,areneeded to describe this distribution. This functional
form ismonomodal having asingle maximumatb= &

The probability density function used to describe a bond angle o is analo-
gous to that described above. The restraint is again a single Gaussian func-
tion:

pufm =N f&, o)
Eq. 14
The monomodal PDF for atorsion or an improper dihedral vy is
pi(y) = Ny, o)
Eqg. 15

Thisform isused in MODELER to restrain peptide and ring planarities as
well asthechiralities of Ca. atomsand Thr and |le side-chains. To allow for
the cis-peptide conformation, the main-chain dihedral o isrestrained to a
sum of two Gaussian functions, one centered at 0° and the other at 180°.

L4h]

po= w NP o )+ w NP o )
Eq. 16
where ®; and , arefractional weightsand their sum equalsone. In general

terms, a PDF for abond length, angle, or dihedral f would be described by
afunctional form (Sali and Blundell 1993a):

Eq. 17

The mean values and standard deviations used for bond lengths, bond
angles, and dihedral angles were obtained from the CHARMM 22 parame-
ter set (Brooks et a. 1983, Nilsson and Karplus 1986).
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Atom-atom repulsions

The atom-atom repulsion is not described by a harmonic model but uses a
PDF of the form:

[ Nid,, o, )d=d,

¥ 1
pldy=a 1, cded

lﬁh-ﬁ f] tHmar

Eq. 18

where d is the distance between the two atoms, d,, is the sum of their van
der Waalsradii, 6, isthe standard deviation part of the PDF (typically 0.05
A), and d, 5y is the maximum possible linear dimension for a protein. The
constant ¢ is chosen so that this function integratesto 1. Thisform isflat
for distances greater than d, but presents a soft sphere repulsion for atoms
closer than distance d.

Distance between two Co atoms

The unknown feature used by MODELER is the difference between two
equivalent Ca-Ca. distances, or d’-d where d’ isa Co.-Ca. distance in the
reference protein and d is that in the model structure. The database of
known protein structuresisused to find thedistribution of d'-d asafunction
of four variables.

1. The corresponding Ca.-Co. distance (d') in the known structure.
2. Thefractional sequenceidentity (i) of the two aligned sequences.

3. The average of the fractional solvent accessibilities( a” ) of the two
residues spanning d’ in the known protein structure.

4. The average distance from agap ( g ) of the residues spanning the
distance d.

The database and the associated software were used to show that the C*-
C%distance difference (d' -d) can be approximately modeled as a Gaussian
function with amean of zero and astandard deviation (g, i.a’, d")
that depends upon the values of the four independent variables.
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Theform of the expression describing alg. i.a’,d’) isacubic polyno-
mial inthefour variables g, i, a’,d"
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1
alg, i.a’,d"2n

oo Aot

pds g i.a’d)) =

Eg. 19

Using the protein databaseto extract valuesfor g, i, a",d" inthediscrete
ranges shown in Table 10 allowed the derivation of distribution histograms
describing the variation of d'-d for various values of each of the four vari-
ables. The coefficients of the polynomial used to describe

olg. i,a’,d’) wereobtained by least squares fitting to the distribution
histograms. The final form obtained is:

olg, i a',d’) = 0849 - 2033 g - L2270+ 0.970a’ + L4674 + 1.382g + 15398/ — 0.504 ga’ — 0.259p4"
£ 24120 149605’ — 3094id’ —04254" + 06708 &' — 0.1594" — n.m.‘-f - U.Zl?rézi
+ n.msf&’ + 002082 — 0960 2 +0453gia" + 01T Tpid - 0058 pa” — 0042 g’ &'
+0020g4 2 — 08477 + 00557 a + 1 5460 +052Tia' 02 Mia’d + 0.066 "7

+0.153a%d" = 0.153a'd"? - 0.0019g"7
Eq. 20

Table 10. Derivation of basis PDF relating model protein to onereference protein
derived using single homologous structure model

No. of
Feature Symbol Sart End Interval  intervals
Average distance from a gap g 0 20 a 6
Fractional sequence identity i 0 1 0.2 5
Average residue accessibility (%) a’ 0 100 20 5
Distance (A) d,h 5 3 5 5
Distance difference (A) dd,h-h" -70 70 05 28

aTheintervals for g ae0to2,3,41t05,6t09, 10t0 16, 17 to 24.
Ranges used for the tabulation of the distributions T{-’f.:i_.:z"_/é, i,a'.dy and
ﬁ"ffz—fz’.fé, E,.::_’, W) are shown.

Examples of these Ca-Ca. distance difference histograms and PDFs are
shownin Figure 1.
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Figure 1. Distribution of the differences between 2 equivalent distances

The histograms show the frequency of the difference between 2 equivalent dis-
tancesas observed in the alignments database. The curves areleast-squaresfits
obtained as described in the text.
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Distance between main-chain N and O atoms

Another main-chain distance constraint is set for N-O atom pairs. The N-N
and O-O distances are not constrained. The N-O distance (h) in the model
protein is again described by a Gaussian distribution describing the differ-
ence between h and the corresponding distance h' in aknown structure.

! ai f g w2
Fliksg i & ') = 1 :xp[—ll fi— i |-|

olg fa. &2 Toig ha kY

Eqg. 21
Theexpressionfor aig,i,a’, ') isagainacubic polynomial in these
four variables. The coefficientswere derived inamanner similar to that just
described for the Co-Co distances. The final form obtained for
olg.i,a’, i’y IS

Sl g i, a'\ k') = 0.957 - 20Hg - LOTSi +09954" + LATTh' + 15727 + 11481 - 0.53554" - 0.48354°
+ LS0Si" - 0.655ia" - 28400k’ — 06255 + 04994 i — 01264 — n.;mf -0 .:435331
+ 0.1:@2&’ + 00675 - 0,592 +0.H65ia" + 027650 - 0032587 - 0061 ga’ i’
F003 T+ 03295 0 3E& 22+ L AT +0.28 a2 - 0203z’ i + 0,382 7

+0.110a%% - 0079a 'Y - 0.009543
Eq. 22

Distances between sidechain-sidechain and sidechain-
mainchain atoms

If the model protein contains sidechain-sidechain or sidechain-mainchain
atom-atom distances for which an equivalent distance can be found in at
least one of the reference proteins, MODEL ER applies arestraint to that
distance in the model. Once again, these are described by a Gaussian distri-
bution of the distance difference, similar to that used above for the main-
chain Ca-Co. and N-O atom-atom distances.

Main-chain conformation

The main-chain conformation classes for aresidue can be described by the
main-chain dihedral angles (¢,y). As previously discussed, the third main-
chain dihedral angle o is separately described by abimodal Gaussian PDF
for Pro residues and amonomodal Gaussian PDF for al others. The distri-
bution of ¢,y pairsin the Brookhaven PDB is approximated by six distinct
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Gaussian peaks (Sali and Blundell 1993a) whose positions and widths are
given in the table below.

Table 11. Parameter s of the main-chain confor mation classes

mean standard deviation

i i Gi(9) Gi(y)
A -65 -41 15 15
B -130 135 15 20
P -65 140 15 15
G 60 40 10 10
L 20 -10 15 10
E 130 180 25 25

These peaks correspond to six main-chain conformation classes: alpha
helix (A), idealized beta strand (B), polyproline conformation (P), the pos-
itive ¢ region accessible to Gly residues (G), left-handed alpha helix (L)
and an extended conformation (E). If the probability w; that arestrained
residue in the model is found in the main-chain conformation classi
(i=A,B,RPGL,E) is known, then the PDF restraining the dihedral angles ¢
and vy is given by abinomial function of the form:

R

m J.
.P |fq:'?"""'-:I = ijpf =

1

31r5¢l Ty, J.J“ — pj.:J

i=1

L1—ph)

|

l—cnsfd;l—&,-} 51.11{(1]—?1!;}5111@—@,-} l—cusftp—q_.-lj-}]‘
—p. +
; , . ||

& %3 . .
54“. [ Wy, 54"-1'

Eq. 23

wherep < 1. pisthe correlation coefficient between ¢ and . Derivation of
the probabilities ; used in the above expression depends upon which other
featuresof the protein structurewerefoundto correlatewith themain-chain
conformation classM. A careful study (Sali and Blundell 1993a) using the
local protein database revealed that PDFs of theform — pi M/ R, M’ s}
were best suited for predicting ;. The variables involved are

R Residue type of the restrained residue.
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M’ Main-chain conformation class for equivalent residuein
reference protein with known structure.

s Residue neighborhood difference.

The residue neighborhood difference sisavalue (typical range 0 to 2) that
describes the dissimilarity between the residue-residue neighborhoods of
two equivalent residues in an alignment. It is computed by the following
scheme.

1. Find all neighborsof residuein structure A (cutoff distance 6.0 A used).

2. Find equivalent residues in model (structure B) using the given
sequence alignment.

3. Find sum of dissimilarity scores using a published matrix (Sali and
Blundell 1990).

4, Addagap pendty if thereisadeletion in structure B.

The residue neighborhood difference(s) is then the total score divided by
the number of neighbors found in structure A. If no neighbors were found
inA, thenthisimpliesascore of zero. MODEL ER then usesthe conditional
PDF piM/R, M' sy tocomputetheprobabilitiesw; needed torestrain
the main-chain conformation class M via Eg. 23. Tests using known struc-
tures not involved in thefitting found this schemeto predict the main-chain
conformation classwith asuccessrate of approximately 73%. Allowing for
swapping between the structurally similar B,P classes as well as between
the L, G classes a predi ction success of >87% was found (Sali and Blundell
1993a).

Side-chain conformation restraints

In amanner similar to that described above, the side-chain dihedral angles
y;i arerestrained using a PDF that is a sum of Gaussians.

Psfh) ) Z ml'j'"";[ii.l" o]
| Eq. 24

where oj; is the probability that the restrained side-chain angle y; isin the
classj and N[a,c] isaGaussian PDF with mean o and standard deviation
o. Thedihedral angle ranges defining each class along with the class name,
mean, and standard deviations are described in Table 12.

As the table shows, the side-chain conformation classes c; are dependent
upon the residue typer. Thus, the simplest available PDF would be one of
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the form p(c;/r), which is equivalent to using a side-chain rotamer library
(Ponder and Richards 1987).

Restraining Chi, side-chain dihedral angles

All residue types except Val and Ser have y 4 dihedral angles that most fre-
quently fall into the “-” class. Val predominantly occupiesthe “t” class,
while Ser isdightly morefrequently foundinthe“+” class. A careful study
of the effects of including various protein descriptors on the accuracy of
predicting the y 1 side-chain dihedral conformation class ¢, has been per-
formed (Sali and Blundell 1993a). Using the alignments database the opti-
mum PDF for the prediction of the y 4 class probability w4;, was found to
be of theform p(y4./r, ¢4, 1", S). Wherer and ¢, aretheresiduetypeand y 4
class of the restrained residue in the model protein, r’ and ¢’ are the resi-
duetypeand y 4 classof an equivalent residuein aknown reference protein,
and sisthe residue neighborhood difference described previoudly. This
scheme was found to be most accurate in predicting the y 1 conformation
class of large buried residues such as Trp, Cys, Leu, Val, and Tyr where a
prediction success of approximately 80% wasfound. It wasleast successful
in predicting the 1 conformation class of smaller exposed residues such as
Asn, Met, Arg, Glu, and Ser (approximately 50% successful).

Restraining Chi, dihedral angles

Residues having atrimodal y, distribution (Asp, lle, Lys, Leu, Met, GIn,
and Arg) prefer the“t” class. Trp is most frequently found in class 1 while
His and Asn are most frequently found in class 2. In attempting to predict
the y, dihedral angle class ¢, for a given residue in the protein model, the
simplest PDF type p(c,/r) was found to have a 70.7% success rate. Taking
into account theresiduetyper’ and they 4 and y, dihedral angle classesc’ ¢
and ¢’, found in an equivalent PDF leads to a PDF of the form p(c,/r, r’,
C'1, C'») with aslightly improved prediction success rate of 72.3%. Thelat-
ter has been used for computing the probabilities my; required to restrain y
dihedral angles.
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Restraining Chiz dihedral angles

Glu residues occupy two y 3 classes, of which class 2 is predominant. The
residuesMet, Cys, Arg, and GIn occupy threey 3 classes; Met and GIn have
near equal populationsfor thethree classes: Arg occupiesthet classin 47%
of cases, while Lys does soin 71% of cases. The simplest PDF form p(C3/
r) has ay 5 class prediction (c3) success rate of 58.5%. A dlight improve-
ment was found when using a PDF of the form p(c3/r,c3'r’ ,t) wherec3’ is
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the y 5 class of an equivalent residue and t is the main-chain secondary
structure class of the model protein. Thelatter PDF formisused in comput-
ing 3 class probabilities ws, for usein restraining these dihedral anglesvia
Eq. 24. The prediction success rates based on these PDFs a one are shown
bel ow.

Table 12. Definition of y4, y2, 3, @and x4 Side-chain dihedral angle classes

. Mean 7, -
xtype Residuetypes Class Range(®) ®) Sandard deviation (c)(°)
X1 C,D,E,FH, LK, + [0, 120] 63 10
L,M,N,Q,R,
ST,VWY

t [120, 240] 180 10

- [-120,0] -63 10

%2 EI,K,L,M,QR + [0,120] 65 10
t [120, 240] 180 10

- [-120,0] -65 10

D 1 [0,180) O 25

N 1 [-180,0] -50 10

2 [0, 80] 10 10

3 [80,180] 140 10

H, W 1 [-180,0] -75 10

2 [0, 180] 75 10

FY 1 [0,180] 75 10

X3 K,M,R,Q + [0,120] 65 10
t [120, 240] 180 10

- [-120,0] -65 10

E 1 [35,85 60 15

2 [85,395] 180 35

Ya K + [0,120] 65 15
t [120, 240] 180 15

- [-120,0] -65 15

R + [0, 70] 45 10

t [70,255] 170 35

- [-105,0] -80 10

Restraining Chi, dihedral angles

The only standard residues having ay, side-chain are Arg and Lys. These
werefound to occupy thet classin 64% and 74% of casesrespectively. The
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prediction success rate of the simplest PDF p(c,/r) is 75.3%. Thisform is
used for computing probabilities o, for restraining x4 dihedral angles
using Eq. 24.

Basis and feature probability density functions

A featuref of aprotein structureisany geometric descriptor associated with
aset of atomsi,j kl...; examples of protein features are adistance between
two atomsi,j and abond angle formed by three atomsi,j,k. The probability
density functions (PDFs) described in previous sections are basis PDFs
pf(f) and are derived from a single homologous structure. In general, asin-
gle feature in amodel protein structure can be restrained by several basis
PDFs gi(f) k=1,2,3..., where kistheindex of the homologous structures. A
feature PDF p™(f) then combines together all appropriate basis PDFs that
are needed to describe the feature f. The lower- and uppercase superscripts
thus relate to the basis and feature PDFs respectively.

As an example when a certain Co-Ca distance d in amodel protein
sequenceisto be restrained using two homol ogous reference proteins then
there are two basis PDFs. If the equivalent Ca-Ca distances in the refer-
enceproteinsared’ and d” , then the basis PDFs are of theform p(d/d’) and
p(d/d’). These can be combined as aweighted sum to form a PDF that is
conditional on both of the reference distancesd’ and d”.

pldsd . d”, s, 5" = wis pld/d )+ w(s™) pidsd”)
Eq. 25

Theweighting factors  w(s"y and w(s™) arefunctions of the aver-
age residue neighborhood differences z* and s" between the model
protein and each of the reference proteins. The functional form of the
weighting factors o(9) is:
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where:

wis) = a+exp(bs ) meSJ-J =1
Eq. 26

The sumj runsover al reference proteins and a,b,c are constants found by
aleast squaresanalysisusing all possible alignments of threeproteinsinthe
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alignments database. The effect of these weighting functionsis that the
contribution that arelated structure makes to a 3D model falls faster than
linearly with respect to the average residue neighborhood difference
between the modeled and reference protein. This provides the mechanism
by which thelocal sequence similarity between the reference and the model
proteins may be applied differently in different regions of the model fold.
Sincetheatomsinvolved in the Ca-Ca distance must al so obey the van der
Waals restraints, the Co-Ca conditional PDF is multiplied by avan der
Waals basis PDF to yield the final feature PDF.

pPid) = [wplid)+ w.ptid)lp 1d)
Eq. 27

Thismethod of taking awei ghted sum isthen used for combining any num-
ber of basis PDFs of the same type. When generating feature PDFsfor fea-
tures such as main-chain and side-chain conformation, the average residue
neighborhood difference s  isreplaced by the residue neighborhood dif-
ferences.

A description of the form of the feature PDFsisnow given, wheretheright
hand side of each expression contains the basis PDFs that have already
been discussed. Thevariablesa,b,c... arethefeatures of the reference struc-
turesthat are used in deriving the appropriate basis PDFs; the subscript i
refers to each reference protein contained in the alignment with the
sequence of the model protein, and the weights w; are derived from Eg. 26.

Feature PDFs used for restraining model protein
features

Ca-Cadistance feature PDF (page 166)

Main-chain N-O distance feature PDF (page 167)
Stereochemical feature PDF (page 167)

Main-chain conformation feature PDFs (page 167)
Side-chain dihedral angle feature PDFs (page 168)
Molecular PDF used for structure generation (page 168)

Ca-Co distance feature PDF

The feature PDF used to restrain Ca-Co. distances (d) in the model protein
is of the form:
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P‘D (di= prd,‘z mj-pff.:i.fcz,b, ol
-

Eq. 28
This PDF is computed for all Ca-Co atom pairsin the model protein that
have at |east one equivalent distance in the known reference proteins less
than a cutoff distance (20 A) and where the two residuesin the model are
not adjacent in the sequence. Thesummationisover al reference structures
having an equivalent Ca-Ca. distance.

Main-chain N-O distance feature PDF

A distance (h) between main-chain N and O atomsisrestrained by afeature
PDF of the form:

prfzJ =ppffuz mj.pﬁ"m;ﬂ,b, )
' Eq. 29
Thisisevaluated for all N-O distancesin the protein model that have at
least one equivalent distancein the reference proteins less than a cutoff (10
A) and where there are at | east two intervening residues. As above the sum
runs over all known structures having an equivalent N-O pair present.

Stereochemical feature PDF

The PDF form used to restrain a stereochemical feature (€) such as abond
length, bond angle, dihedral angle, or van der Waal s contact issimply equal
to the basis PDF:

pffc')=p£fn=3
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Eq. 30
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The feature PDF pY(v) restrains only those pairs of atoms not already
restrained by abond length, bond angle, or dihedral feature PDF.

Main-chain conformation feature PDFs

Themain-chain conformationinthe model proteinisrestrained by afeature
PDF of the form:
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R

[ Hl K .
N ij.p]. ((g.yifa. b} n=0
Py =

i=1
1" ((dh, w)/R Y n=10
Eqg. 31

If thereis no equivalent residue in any of the known structures (n = 0) then
the PDF depends only on the residue type. If there are equivalent residues
(n > 0) then the feature PDF is a weighted sum of basis PDFs.

Side-chain dihedral angle feature PDFs

The side-chain dihedral angles y 1, %2, x3, ad x4 are restrained by feature
PDFs of the form:

L

ij.p;fc'/.:z, b, A n=0

i=1

[

plie) =4

1 (c/R) n=0
Eq. 32

where ¢ stands for either x4, %2, %3, OF 34 In the case of no equivalent res-
iduesin the known structures (n=0), arotamer library based on the residue
type is used; when equivalent residues are present (n > 0), then the feature
PDF is again aweighted sum of basis PDFs.

Molecular PDF used for structure generation

The objective function used for structure generation in MODELER is
referred to asamolecular PDF. Thisis acombination of all the feature
PDFs p':(fi) used to restrain particular geometric features (f;) of the protein
model. We seek the 3D protein model that is consistent with the most prob-
able values of the individua features. The feature PDFs measure the prob-
ability of occurrence for the values of asingle feature. The molecular PDF
then measures the probability of occurrence for values adopted by severa
features simultaneoudly.

If thefeature PDFs are assumed to be independent, then the molecular PDF
issimply a product of feature PDFs described above:
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P = HP‘F (t:)

Eq. 33

Finding a maximum for P leads to the most probable 3D model given the
alignment of the sequence of the model with those of the known proteins.
The assumption of the independence of the feature PDFsis equivalent to
describing the system by amol ecular energy function that isasum of terms
due to each feature PDF.

Structure generation using MODELER

The previous sections describe the procedures used to derive basis PDFs
from alocal protein database and to compute the feature PDFs and molec-
ular PDF for amodel protein structure. The objective function (F) that is
optimized by MODELER is the natural logarithm of the molecular PDF.

F=_In(P)
Eq. 34

Minimizing F corresponds to maximizing P but has advantagesin terms of
avoiding floating-point overflow issues. The optimization takes place in
two distinct stages. Thefirst is a Cartesian space variable target function
(VTF) conjugate gradient optimization. The optimum of the MODELER
PDF is sought by a series of target functionsthat eventually equals the full
molecular PDF. The series starts only with sequentially local restraints,
adding longer range restraints as the calculation proceeds, until all
restraints are being used and the full molecular PDF is calculated. The
optional second optimization stage consists of arestrained molecular
dynamics (MD) simulated annealing scheme. See Figure 2 below.
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Figure 2. Optimization of the objective function for alinear starting model

Optimization of the objective function (curve) startswith arandom or distorted
template structure. The iteration number isindicated below each sample struc-
ture. The first ~2,000 iterations correspond to the variable target function
method relying on the conjugate gradients technique. This approach first sat-
isfiessequentially local restraintsand slowly introduces|onger rangerestraints
until the complete objective function is optimized. In the last 4,750 iterations,
molecular dynamics with simulated annealing is used to refine the model.

The starting conformations used by MODELER are generated by the fol-
lowing scheme.

1

First superpose all templates on the first template using the Ca. atoms
and the given alignment. Each atom in the modeled protein having an
equivalent atomin at least one of the templates has coordinates that are
the mean of the coordinates for the template atoms. The remaining
undefined atomshavetheir coordinates set by usinginternal coordinates
derived from a CHARMmM residue topology library.

Next, arandom coordinate shift (default between + 4 A) isadded to each
atomic position. This scheme generates starting models similar to the
templates for faster convergence.

Modeling loops

For the parts of the model sequence which are not aligned to any template
structures, no homology restraints, such as Ca-Ca. distance restraints, can
be applied. During model generation, those parts of the model structure are
optimized according to CHARMm-derived stereochemical and non-

bonded restraints, as well as statistical preferences of the different residue
types for the different regions of the Ramachandran plot and for the differ-

ent sidechain rotamers. Those parts of the structure generally have larger
errors compared to the regions which are modeled based on a template
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structure. Sometimes, it is desirable to refine the loop conformation after
model generation using astatistical pair potential by a more extensive
molecular dynamics/simulated annealing procedure. This section discusses
the energy function used by loop optimization.

L oops can be defined automatically from the model to template sequence
aignment. Any part of the model sequence not aligned with atemplate
structureis defined in MODELER as aloop. You can also specify loops as
any sequence segment. During loop optimization, al the atoms are fixed
except those defined in the loop region.

The energy of the loop:

aya,
E= Z Er 1gnlld
L1eq

atoms q and'or o
in loops
Eq. 35

isasum of the pairwise interactions between loop atoms and the rest of the
protein. Those interactions are calculated using the statistical energy
derived from pairwise atomic interactions in known protein structures
using the Boltzmann approximation (Melo and Feytmans 1997). The
energy term is dependent on the stereochemical type of atoms. a; and a;
represent the number of peptide bonds (sequence separation), ks(q,r), and
class| of the distance between them.

Each pairwise potential Ekij(l) is derived from the statistics of atom type
pairsin known protein structures:

j _.’rif'”f'
E{(1) = RT In(1 + M)~ RT In| 1 + M0

fo (1
Eq. 36
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where M;; is the number of observations for the atom-type pair ij at the
sequence separation k corresponding to:

Eq. 37
o (=1/50) represents the weight given to each observation.

fkij(l) isthe relative frequency of occurrence for the atomic pair ij at
sequence separation k in the class of distancel:
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ik

I 0
Eq. 38

fi’*(1) isthe relative frequency of occurrence for al the atomic pairs at
sequence separation k in the class of distancel:

Zz.rrf,j, k, 1)

T;L[T'I: f_lJ—l

ZZZ”’ jkD)

;=1

Eq. 39

The same method and energy function are used to optimize a mutant struc-
ture. One or more residues can be selected for mutations from aknown pro-
tein structure and the structure of the mutant is optimized using the loop
optimization protocol. All atoms within a defined distance to the mutated
residue are optimized.

References

Bernstein, F.C.; T.F.Koetzle, GJ.B.Williams, E.~Meyer Jr, M.D.Brice,
J.R.Rodgers, O.Kennard, T.Schimanouchi, M.Tasumi, “The protein
data bank: A computer based archival file for macromolecular struc-
tures,” J.Mol. Biol. 112 535-542 (1977).

Blundell, T. L.; B. L. Sibanda; M. J. E. Sternberg; J. M. Thornton “ Knowl-
edge-based prediction of protein structures and the design of novel
molecules’ Nature (London) 326 347-352 (1987).

Blundell, T. L.; D. Carney; S. Gardner; F. Hayes, B. Howlin: T. Hubbard;
J. Overinton; D. A. Singh; B. L. Sibanda; M. Sutcliff “Knowledge-
based protein modeling and design” Eur. J. Biochem. 172 513 (1988).

Browne, W. J.; A.C.T. North; D.C. Phillips; K. Brew; T. C. Vanaman; R.C.
Hill “A possible three-dimensional structure of bovine -lactalbumin
based on that of hen’s egg-white lysozyme” J. Mol. Biol. 42 65-86
(1969).

Braun, W. and N. Go “Calculation of protein conformations by proton-pro-
ton distance constraints: A new efficient algorithm” J. Mol. Biol. 186
611-626 (1985).

172 QUANTA 2006 Protein Design



MODELER Theory

Brooks, B.R.; R.E. Bruccoleri, B.D. Olafson, D.J. States, S. Swaminathan,
M.Karplus, J.Comp.Chem. 4 187 (1983)

Greer, J. “Model for haptoglobin heavy chain based upon structural homol -
ogy” Proc. Nat. Acad. Sc. U.SA. 77 3393 (1980).

Greer, J. “ Comparative model-building of the mammalian serine pro-
teases’ J. Mol. Biol. 153 1027-1042 (1981).

Greer, J. “Model structure for the Inflammatory Protein C5a” Science 228
1055 (1985).

Matsumoto, R., A. Sali, N. Ghildyal, M. Karplus, R. L. Stevens* Packaging
of proteases and proteoglycansin the granules of mast cells and other
hematopoietic cells’ J. Biol. Chem. 270 19524- 19531 (1995).

Melo, F. & Feytmans, E. “Novel knowledge-based mean force potential at
the atomic level” J. Mol. Biol. 267 207-222 (1997).

Nilsson, L.; M. Karplus, J. Comp. Chem. 7 591 (1986).
Ponder, Richards, J.Mol. Biol. 194 775-791 (1987).

Sdli, A. “Modeling mutations and homologous proteins,” Curr. Opin. Bio-
tech. 6 437-451 (1995a).

Sdli, A. “Protein modeling by satisfaction of spatial restraints’ Molecular
Medicine Today 1 270-277 (1995b).

Sali, AL T.L. Blundéll, “Definition of general topological equivalencein
protein structures: A procedure involving comparison of properties
and relationships through simulated annealing and dynamic program-
ming,” J. Mol. Biol. 212 403-428 (1990).

Sali, AL T.L. Blundéll, “Comparative protein modeling by satisfaction of
spatia restraints,” Mol. Biol. 234 779-815 (1993a).

Sali, AL R Matsumoto, H.P. McNeil, M. Karplus, R.L. Stevens, “ Three-
dimensional models of four mouse mast cell chymases. Identification
of proteoglycan-binding regions and protease-specific antigenic
epitopes,” J. Biol. Chem. 268 9023-9034 (1993b).

Sali, A.; J.P. Overington, “ Derivation of rulesfor comparative protein mod-
eling from adatabase of protein structure alignments,” Protein Sci. 31
582-1596 (1994).

Sali, A L. Pottertone, F. Yuan, H. van Vlijmen and M. Karplus “Evalua-
tion of comparative protein modeling by MODELLER” Proteins 23
318-326 (1995).

Shotton, D. M.; H. C. Watson “Three-dimensional Structure of Tosyl-
elastase" Nature 225 811 (1970).

QUANTA 2006 Protein Design 173

using

S
<@
3
g
o
S




20.. Using MODELER

174 QUANTA 2006 Protein Design



A. Conversion of External Sequence Data
Files to QUANTA Format

Datagenerated outside QUANTA can beread into QUANTA and displayed
inthe Sequence Viewer asgraphsor by coloring sequences according to the
input data. Theimport utility Read Sequence Data Fileisapullright from
Sequences on the Files pulldown. This utility will currently only read data
whichisina QUANTA sequence data format which is described below. A
demonstration of reading and displaying data from PHD, the EMBL sec-
ondary structure prediction server, is described in Chapter 2..

A demo jiffy program which converts data from the PHD format to
QUANTA format can be built from two source files:

$ONT_ROOT/user_group_files/sequence_data/phd_quanta.f
$ONT_ROOT/user_group_files/sequence_data/sequparam.inc

To build the program, copy these filesto your area and enter the following
command:

> f77 -o phd_quanta phd_quanta.f

The resultant executable program, phd_quanta, should read the demonstra-
tion PHD output file:
$QNT_ROOT/user_group_Ffiles/sequence_data/dfr.phd

and generate a QUANTA datafile identical to:
$ONT_ROOT/user_group_files/sequence_data/dfr.sqdat.

Two subroutines in the demo program may be useful for anyone writing
their own conversion jiffy: writetitle which writes the title line for thefile
writerealdata, which writes out one dataset in the appropriate format

Sequence Data File Format

QUANTA readsthe ascii filein free format so the exact formatting of each
lineisflexible. The binary fileis defined the same asthe ascii file but with-
out the formatting.

The file has two header lines which are defined in FORTRAN:

c
=
(2]
1S
o
>
c
o
O
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character*30 title 1 title for data file

integer n_data_sets I number of datasets in file
integer max_data_length ! maximum number of elements in a
dataset

write(*,fmt="(a30))title
write(*,fmt="(i7,1x,i7)”)n_data_sets,max_data_length

and then for each of the n_data_sets data sets:

character*6 type 1 data type (current only
“REAL” supported)

character*30 label I a label for the dataset

character*30 seq_name I the name of the sequence
to which data should
c be attached (can be left
blank)

integer color I the color for graph dis-
play

integer visibility 1 if >0 then graph should be
visible by default

integer data_length I number of elements in data
list

real data(max_data_length)! the data
c
type="*REAL”
c
write(™,fmt="(a6,a30) ) type, label
write(™,fmt="(a30,1x,2(i4,1x),i7)”)seq_
name,color,appear,data_length
write(*, fmt="(10f8.3) ) (data(i), i=1,data_length)

Sequence User Color File Format

When auser datafileisread into QUANTA and you opt to color sequences
according to the datain that file then the file seq_user_color.dat is read.
QUANTA searches for thisfilein the standard search path (the current
user’sworking directory, your library directory (defined by environment
variable SQNT_USR), or the QUANTA library directory (defined by envi-
ronment variable $HY D_L IB)).

Where the data from the sequence datafileis used to color asequenceitis
necessary to define the relationship between the data value and the color
that theresiduesaredrawn. A simpleexample might bethat all residuewith
datavalueslessthan zero are colored blue and all residues with data values
above zero are colored red. Each color scheme in the user color file has a
label which should match the label (s) of dataset(s) in the user datafile.

The demonstration user color file (SQNT_ROOT/user_group_files/
sequence_data/seq_user_color.dat) defines two coloring schemes for SEC-
STR, the secondary structure, and ACCESS, the predicted residue solvent
accessibility.
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Sequence User Color File Format

For each coloring schemethereisalabel linewhich beginswith an asterisk
(*) and can be defined as follows:
character*30 label I color scheme label

character*2 operation ! the operation to apply in
coloring

integer n_colors I number of colors in scheme
real data_

Limit(*) I the data cutoff value for color
integer color(*) 1 the color

write(™,fmt="(a30,1x,a2) ) label ,operation
do 10 n=1,n_colors
write(™,fmt="(¥8.3,1x,13)*)data_limit(n),color(n)
10 continue
The parameter operation can be either LT or GT, that is “less than” or
“greater than”. If, for example the operation is LT, then the color scheme
will be interpreted as.

“If the datavalueislessthan data_limit(n) then color the residue color(n).”
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B. Creating a Fragment dmfile

Thefollowing procedure creates the database used by the Search Fragment
Database utility.

1. Select from the Brookhaven database a set of protein coordinates
files, that have good resolution and include different structure

types.

2. Construct afile, dmlist, containing alist of these protein coor dinate
files.

The following format is used in the file construction:
Number of proteins to be used (NPROT)
Name of coordinate file 1

Name of coordinate file 2

Name of coordinate file NPROT
3. Runtheprogram $HYD_M SF/dmprep.

The program prompts for the name of the file, dmlist, which contains
thelist of proteins, and asksfor aname for the distance matrix fileto be
created, dmfile.new. The program then reads each protein coordinate
file and constructs the distance matrix file. The program also creates a
QUANTA input command file. Thisfileislater used from within
QUANTA to generate an M SF for each of the protein coordinate files.
You are prompted for a name for thisfile.

The dmprop executable distributed with QUANTA is dimensioned for
2000 proteins with limits of 2000 residues and 100,000 a pha carbon
distances per protein. The FORTRAN sources for dmprep, dmprep.f
and dmsubs.f, are also distributed. This allows you the flexibility to
increase the dimensions as needed. To create amodified dmprep execut-
able, type:

> cp dmfile.new $HYD_DMF
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4. Movethedistance matrix fileto the SQNT_ROOT/dmatrix
directory, renaming it to dmfile.

Because the variable $HYD_DMF is already defined in the QUANTA
environment as SONT_ROOT/dmatrix/dmfile, thisis easily accom-
plished by typing:

> cp dmfile.new $HYD DMF

where:

dmfile.new = the filename of the distance matrix file
created in step 3.

5. Tocreatethe MSFs, which arealso required, start QUANTA and
type @command_file, wherecommand_fileisthenamegiventothe
QUANTA command file.

Respond appropriately to the dialog boxes. Treat the sixth character in
the atom field as a disorder using the no-hydrogen dictionary file, and
exclude symmetry in the molecular structurefile.

6. Movethenewly created M SFsto thedirectory $SMSF_LIB.
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C. Customizing the Databases
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Overview

To use the QUANTA databases requires two datafiles, that by default are
in the database directory, $QNT_ROOT/library. These files are data-
base.dat, which contains structure information, and pdbsequence.lib, that
contains sequence information. Versions of these files containing the data
extracted from all of the current structuresin the Brookhaven Protein Data
bank are included in the PDB/Database rel ease tape. To display fragments
corresponding to database search hits, QUANTA reads the coordinates
from the appropriate M SF file.

Users may wish to customize the databasesto include additional structures.
Facilities areincluded to recreate or append to the database files. The data-
base creation program is$QNT_ROOT/db/crebase. This program requires
acontrol file, the PDB master file. The standard distribution version of this
fileis$QNT_ROOT/db/crebase/crebase.inp. Thisfile contains alist of
PDB files that go into a database. For each PDB file, the PDB master file
specifieswhat structural analysis should be performed and which database
files should be included.

The PDB Master File

The PDB master file, pdb_master.list, containsalist of every file, available
from Accelrys, in the Brookhaven Protein Databank. Additionally some
basic information is found, such as molecule type, crystallographic refine-
ment method, commands for the amount of analysis to perform by the
CREBA SE program, and which information to stored.

The structure and sequence database files are created by extracting the
required data from PDB files. The residue IDs and atom coordinates are
taken from the PDB file, and the residue geometry, such as torsion angles
and side-chain centers, is calculated. The protein resolution and the infor-
mation in the PDB cards HEADER, COMPND, and SOURCE are incorpo-
rated into the database. Some additional textual information is taken from
the CREBASE input file; much of thisdataispresent inthe PDB file header
but not in aform easily extracted automatically. If you wish to incorporate
extratext information into the database, this can be included in the CRE-
BASE input file.
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FILEfilename

TYPEtype

FAMLfamily
XTAL space group
REFI RefFAML
NMOLnmol

LIGD residue id residue
name full_name

ANAL
WRIT
MSF

CREBA SE readsthe PDB master file, pdb_master.list, in freeformat. Each
line should begin with afour letter keyword command:

Name of PDB file. Thismust have a path name appropriate for the directory
from which the CREBASE job isrun.

The type of structure may be:

protein

Ca. only (protein with only Ca. coordinates)
nucleic acid

carbohydrate

The default is protein. Structure analysis for database structure search is
only possible on protein.

The name(s) of protein families to which protein belongs.
Crystal space group

Family intement method.

Number of independent molecules in the PDB file.

Theresidue_id and residue_name as found in the PDB file and afuller
name.

Structural analysis of this protein is required.
Write al the information on this protein to the database file.

This CREBASE command file is also the command file for the M SFGEN
program. Thisis a keyword for the MSFGEN program and is ignored by
CREBASE; it indicates that this protein should be included in the MSF
library.

Running CREBASE to create the Database Files

It iseasiest to run the CREBASE program in the directory containing the
PDB files. The CREBASE program starts by entering the command:

> $HYD_EXE/crebase

The user is prompted for the name of the input file, the structure database
file, the sequencefile, and alog file.

If the name of an existing database file is given, there is the option to
append the file or overwrite it. Whileit is possible to append an existing
databasefile, it isnot possible to edit existing files. In the case where alog
filenameisn’t provided, then the output is sent to the screen.The use of log
files are recommended, so any problemsin creating the database can be
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Overview

identified afterwards. This program may take considerable time to run,
depending on the platform configuration.

For each protein, the log file lists: the filename, resolution, and keyword
text. If any residue contains an unexpected number of atoms, it isreported
asis quite common for side chains to be undefined or have aternate posi-
tions. If the structureis found to contain a high proportion of non-amino
residues or the residues contain only Ca. atoms, then the structure is not
included in the database. Once the new versions of the database files are
created they should be moved to $HY D_L IB/database.dat and $HYD_L 1B/
pdbsequence.lib.
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Creating the MSF Library

In running a standard database search, the SEARCH program writes out a
selection file which lists the hit fragments in standard QUANTA selection
format. For QUANTA to usethe selection fileit is necessary to have MSF
filesfor the proteins.

The easiest meansto generate MSFsisto run QUANTA with astream file
which controls reading PDB files and creating new M SFs. An appropriate
stream file can be generated from the PDB master file by running the jiffy
program $HY D_EXE/msfgen. The keyword M SF following a PDB file
name in the PDB master file indicates that PDB file should be included in
the stream file.

The MSF files are created in the directory from which the QUANTA jobis
run. The stream file must have appropriate pathnames for the PDB filesto
be accessed from that directory.
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D. The Geometric Structure Definition

File

Thisfile provides the definitions of the common amino acids in terms of
their atomic composition, intra-residue bonds and structural geometry. The
dataisused in:

» the Protein Special bonding agorithm, which finds the bonds on the
basis of atom name irrespective of geometry;

» the Protein Editor to generate geometrically ideal (though not necessar-
ily energetically good) structuresfor mutation and insertion and also for
editing terminal groups;

» regularization used in several placesin Protein Design and the X- ray
module.

« Split and Clean to provide the definition of correct protein structure

Note that whether an amino acid is recognized as such and displayed in the
Sequence Viewer depends on the datain $HYD_LIB/protein_param.dat
after the keyword AMINO. The protein_structure.gsd supersedes the data
in the template files $HY D_L IB/tmplatnoh/*.pdb, $HY D_L IB/tmplatpol/
*.pdb and $HY D_L IB/tmplatall/*.pdb which was used in the Protein Edi-
tor utility for mutation and insertion and thelist of bonded atomsin$HYD_
LIB/protein_torsion.dat used in the Protein Special bonding algorithm.

The default versions of thisfileare $HY D_LIB/protein_structure.gsd and
its binary version $HY D_L IB/protein_structure.bgsd. The binary version
of thefileis normally read by QUANTA as this speeds up the access con-
siderably.

If you need to edit the geometric structure file, copy the ascii file to your
own directory, edit it and then run QUANTA and type in the command line
TMPL. You will be asked for the name of the ASCII file, which is con-
verted to binary. QUANTA then reads your local copy of protein_struc-
ture.bgsd (in either the current working directory or your datadirectory) in
preference to the versionin $HYD_LIB.
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The file format

Thefileusesfour-letter keywordsto identify data. The dataisread freefor-
mat, so exact formatting is not necessary but the spaces between are essen-
tial.

NAME code full_name
code : ashort name of four or fewer characters
full_name: name of maximum 40 characters
TYPE type
type: the functional type of the group.

The recognized types are: PROTEIN_N_TERMINAL, PROTEIN_C
TERMINAL, PROTEIN_MAIN, PROTEIN_SIDE

GROUp n_atoms

n_atoms: number of atomsin the group as defined after the following
n_atomslines.

name X y z type_allH charge_allH type_polarH charge_polarH
type_noH charge_noH

name: maximum four character atom name
X,y,Z. coordinates for this atom in a group of ideal geometry.

type allH, charge allH: the atom type and charge for an all atom rep-
resentation of the group

type polarH, charge polarH: the atom type and charge for a polar
hydrogen only representation of the group

type _noH, charge noH: the atom type and charge for a no hydrogen
representation of the group

Here the atom types use the QUANTA number scheme which corre-
sponds to CHARMm atom types. The atom types are listed in the file
$HYD_LIB/param.par Where a hydrogen atom is excluded from arep-
resentation it is given an atom type of zero.

TEMPlate
isfollowed by threelines of:

name Xy z

name atom name of maximum four characters x y z coordinates
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Thefile format

Thetemplateisthe three neighboring atomsto a group which are used, for
example in mutating a protein side chain, as aguide for positioning the
group.

BOND name_1 name_2 .... name_10

name_1 name_2...: alist of maximum five pairs of atom names which
indicate the bonded atoms

IMPRoper representation name_1 name_2 name_3 name_4

defines any improper dihedrals
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representation: the minimal hydrogen representation for which the
improper isvalid. For example, animproper involving apolar hydrogen
would not be valid in a no-hydrogen representation so the appropriate
representation termis“POLAR_H". Therecognized termsare: NO_H,
POLAR H,ALL_H.

name_1... name_4: names of four atom which should be constrained by
an improper dihedral.

DIHEdral representation name_1 name_2 name_3 name_4 angle

Identify dihedral torsionsin the group representation: minimal hydro-
gen representation for which dihedral is appropriate - see explanation
after the IMPRoper keyword.

name_1 ... name_4: names of four atom which define the dihedral
angle: the optimal value of the dihedral

RETYpe old_name new_name type_allH charge_allH type_polarH
charge_polarH type_noH charge_noH

Where the addition of a group to aresidue causes a change in the atom
name, type or charge of another atomin theresiduethiskeywordisused
to define the new name, type and charge.

old_name: old atom name
new_name: new atom name

type_allH, charge_allH: the new type and chargefor the atom assuming
an al atom representation

type _polarH, charge polarH: the new type and charge for the atom
assuming an polar hydrogen representation

type_noH, charge_noH: the new type and charge for the atom assuming
a no-hydrogen representation

ALTName name alt_name:

where atoms in a residue have alternative names in common use name
isthe atom name used here and alt_name is the alternative name.
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E. The Protein Parameter File

AMINo acid names

SOL Vent

CLASS

EQUlvalent torsions
lookup

Thisfile contains a variety of parameters used in protein modeling. Each
parameter isidentified by afour-letter keyword and the datafor that param-
eter isterminated with the keyword END. Several data types involve two-
dimensional matrices of values for one amino acid type against another
amino acid type. The order in which the amino acids appear in the matrix
is defined by the keyword ORDEr followed by alist of the 4-letter codes
for the amino acids in the appropriate order. The list is terminated with an
asterisk (*).

Thisisalist of the residue names which would be recognized as amino
acids and displayed in the Sequence Viewer. Any other residue namesin a
mainly-protein M SF would be regard as solvent or ligand.

The format of thelist is:
name code substitute
name: four letter residue name
code: single character code used in the Sequence Viewer

substitute: for none standard amino acids many parameters have not
being derived but parameters for a similar standard amino acid will be
substituted if the four-letter name of the similar standard amino acid is
entered.

This keyword isfollowed by alist of four-letter residue names which will
be recognized aswater. Thisinformation is used in the protein specific dis-
play utility Molecule Colorson the Protein Utilities pal ette.

Thisisfollowed by definitions of the classifications used in coloring
sequences:

NAME classification
group_type color name_1 name_2 ... name_n

classification: the name of the classification (e.g. Hydrophobicity) This
name will appear in the Molecule Colors dialog box for you to select
coloring by that classification.

group_type: the name for the type of a group of amino acids color: the
color that will be applied to athe group of amino acids

name_1, name_2, ...name_n: the four-letter names for the amino acids
which belong to this group

In modeling side chain conformations may be copied between equivalent
residuesin homologous structures. If theresidues are not of identical amino
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PARAM name

ROTAmer rotamer_type

FOLD

acid typethen copying side chaintorsionsisonly reasonable wherethe side
chains have some structural similarity. The following table gives the max-
imum number of torsionsthat are copied between pairwise combinations of
amino acid types.

Parameters which have one value for each amino acid type are defined.
Currently only the ACCESS parameter, the maximum solvent accessible
area, isdefined here.

name n_rotamer
sec_str frequency tor_1 tor_2 ... tor_n

rotamer_type: the name of the author of the rotamer library name: four
character residue name n_rotamer: the number of rotamers for that res-
idue type - the rotamers are list on the following lines

sec_str: if the rotamer is specific for one secondary structure type then
H (helix) or E (extended) are indicated

frequency: the observed percentage frequency of that rotamer tor_1,
tor 2 ...

tor_n: theideal torsion values for the rotamer. These are not necessary
for all the torsions in the sidechain.

n_res sec_str_code name

phi_1 psi_1

phi_2 psi_2

[-)Hi_n psi_n

The standard backbone folds are defined here and are used to fold a chain
in a standard structure in the Apply Confor mation utility in the Model
Backbone application.

n_res. number of residuesin thefold. A negative value impliesthat the
fold can be extended indefinitely.

sec_str_code: A numerical code for the secondary structure type used
within QUANTA. The values are:

-3,-4 betabulge
-2 beta strand

-1 possible beta strand with appropriate con-
formation but without correct hydrogen
bonding

0 undefined
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1 possible alphahelix with appropriate con-
formation but without correct hydrogen
bonding

3-turn
4-turn
5-turn
apha helix

[e2 T &) B~ V)

name: the name of the fold which will be used in the interface dialog
box

phi_n, psi_n: The main chain phi and psi angles, in degrees, for n_res
residues. A value of -999.9 impliesthat thereisno defined valuefor this
torsion.
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F. Read Sequence File Formats

Overview

The file formats recognized are:
» FASTA (.aaextension)

» GCG (.gcg extension)

* NBRF-PIR (.pir extension)
« Swissprot (.sws extension)

Thefirst three formats are the easiest to use. When necessary, the names
and extensions can be changed to something more appropriate. Sequences
can bein either uppercase or lowercase. All formats recognize the one-let-
ter code for the 20 standard amino acids plus:

B = ASX (asp or asn)
Z=GLX (gluorgln)
X =UNK (unknown)
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Many file formats contain additional comment lines, which are ignored
when the files are read.

Pearson (FASTA) format (extension .aa)

Thefirst line of thefileisthetitle and beginswith a“>". Therest of the
record onthelineisthetitle. The sequenceisread until a“*” or end of file
is encountered. Spaces and punctuation characters are ignored.

>P1REIAL BENCE-*JONES IMMUNOGLOBUL: 1 A 107 A L=107 NRES= 214
DIQMTQSPSSLSASVGDRVTITCQASQDIIKYLN
WYQQTPGKAPKLLIYEASNLQAGVPSRFSGSGSG
TDYTFTISSLQPEDIATYYCQQYQSLPYTFGQGT
KLQIT=*

GCG (extension .gcg)

The GCG file may contain an arbitrary number of lines of comment at the
start of thefile. These are followed by ablank line and then atitleline. The
sequence is given with 50 residues per line, and each line beginning with
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HAHU

the sequence number. These sequences can be obtained from the GCG
package by entering command:

> FETCH -DOCL= x

and then entering the appropriate code for the sequence.

Thevaluefor x represents the number of documentation lines. For example
to obtain a haemoglobin sequence the following command and code is
used;

> fetch -docl = 5

This gives the sequence with five lines of documentation. There are two
blank lines. One occurs after the documentation and the other before the
sequence.

P1;HAHU - Hemoglobin alpha chain - Human, chimpanzee, and pygmy
chimpanzee

C;Species: Homo sapiens (man); Pan troglodytes (chimpanzee); Pan
paniscus (pygmy chimpanzee, bonobo)

C;Accession: A02248

R;Michelson, A.M., and Orkin, S.H. . . .

HAHU Length: 141 January 26, 1993 11:37 Type: P Check: 9231 ..

1 VLSPADKTNVKAAWGKVGAHAGEYGAEALERMFLSFPTTKTYFPHFDLSH
51 GSAQVKGHGKKVADALTNAVAHVDDMPNALSALSDLHAHKLRVDPVNFKL
101 LSHCLLVTLAAHLPAEFTPAVHASLDKFLASVSTVLTSKYR

Using zero lines of documentation the retrieved sequence would appear as:
HAHU Length: 141 January 25, 1993 15:21 Type: P Check: 9231 ..

1 VLSPADKTNVKAAWGKVGAHAGEYGAEALERMFLSFPTTKTYFPHFDLSH
51 GSAQVKGHGKKVADALTNAVAHVDDMPNALSALSDLHAHKLRVDPVNFKL
101 LSHCLLVTLAAHLPAEFTPAVHASLDKFLASVSTVLTSKYR

The Read Sequence facility reads any gcg sequence, provided the records
with the sequence information are as shown above. The placement of the
integer field showing the sequence numbersisimportant.

NBRF-PIR

Thefirst line containsa > at position 1 and a; at position 4, followed by he
sequence ID. The second line is atitle which is followed by the sequence
that endswith a*. Spacesareignored. Several different examplesfollow of
this type of sequence format.
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>P1;HAHU Hemoglobin alpha chain - Human, chimpanzee, and pygmy
chimpanzee
VLSPADKTNVKAAWGKVGAHAGEYGAEALERMEFL
SFPTTKTYFPHFDLSHGSAQVKGHGKKVADALTN
AVAHVDDMPNALSALSDLHAHKLRVDPVNFKLLS
HCLLVTLAAHLPAEFTPAVHASLDKFLASVSTVL
TSKYR™

>P1;CHOA$STRSQ NRES 546 (T= 74 ) DE CHOLESTEROL OXIDASE PRECURSOR
(EC 1.1.3.6) (C

MTAQQHLSRRRMLGMAAFGAAALAGGTT IAAPRAAAAAKSAADNGGYVPA
VVIGTGYGAAVSALRLGEAGVQTLMLEMGQLWNQPGPDGN I FCGMLNPDK
RSSWFKNRTEAPLGSFLWLDVVNRNIDPYAGVLDRVNYDQMSVYVGRGVG
GGSLVNGGMAVEPKRSYFEEILPRVDSSEMYDRYFPRANSMLRVNHIDTK
WFEDTEWYKFARVSREQAGKAGLGTVFVPNVYDFGYMQREAAGEVPKSAL
ATEV1YGNNHGKQSLDKTYLAAALGTGKVT IQTLHQVKT IRQTKDGGYAL
TVEQKDTDGKLLATKEISCRYLFLGAGSLGSTELLVRARDTGTLPNLNSE
VGAWGPNGN IMTARANHMWNPTGAHQSS I PALG IDAWDNSDSSVFAEIA

PMPAGLETWVSLYLAITKNPQRGTFVYDAATDRAKLNWTRDQNAPAVNAA
KALFDRINKANGT I'YRYDLFGTQLKAFADDFCYHPLGGCVLGKATDDYGR
VAGYKNLYVTDGSL IPGSVGVNPFVT ITALAERNVER I IKQDVTAS™

Thefollowing is an example of agcg sequence converted to PIR using the
utility TOPIR in the GCG package:

>P1;HAHU hahu.gcg => HAHU
VLSPADKTNVKAAWGKVGAHAGEYGAEALERMFLSFPTTKTYFPHFDLSH
GSAQVKGHGKKVADALTNAVAHVDDMPNALSALSDLHAHKLRVDPVNFKL
LSHCLLVTLAAHLPAEFTPAVHASLDKFLASVSTVLTSKYR*

C;P1;HAHU - Hemoglobin alpha chain - Human and chimpanzees

SWISSPROT (extension .sws)

The file begins with lines of comment which have two-letter keywords at
the start of theline. The sequenceis proceeded by aline beginning with the
keyword SQ and is followed by aline beginning //. Spaces are ignored.

ID 104K$THEPA STANDARD; PRT; 924 AA.

AC P15711;

DT 01-APR-1990 (REL. 14, CREATED)

DT 01-APR-1990 (REL. 14, LAST SEQUENCE UPDATE)

DT 01-AUG-1990 (REL. 15, LAST ANNOTATION UPDATE)

DE 104 KD MICRONEME-RHOPTRY ANTIGEN.

0OS THEILERIA PARVA.

OC EUKARYOTA; PROTOZOA; APICOMPLEXA; SPOROZOA; COCCIDIA; PIROPLASMI

[1]
RP SEQUENCE FROM N.A.
RC STRAIN=MUGUGA;
RC MEDLINE=90158697;
RA IAMS K.P., YOUNG J.R., NENE V., DESAl J., WEBSTER P.,
RA OLE-MOIYOl O.K., MUSOKE A.J.;
RL MOL. BIOCHEM. PARASITOL. 39:47-60(1990).
CC -!- DEVELOPMENTAL STAGE: SPOROZOIT ANTIGEN.
CC -!- SUBCELLULAR LOCATION: IN MICRONEME/RHOPTRY COMPLEXES.
DR EMBL; M29954; TP104MRA.
KW ANTIGEN; PROLINE-RICH; REPEAT.
FT DOMAIN 1 19 HYDROPHOBIC STRETCH.
FT DOMAIN 905 924 HYDROPHOBIC STRETCH.
SQ SEQUENCE 924 AA; 103625 MW; 4746107 CN;
MKFLILLFNILCLFPVLAADNHGVGPQGASGVDP ITFDINSNQTGPAFLT
AVEMAGVKYL
QVQHGSNVNITHRLVEGNVV IWENASTPLYTGAIVTNNDGPYMAYVEVLGD
PNLQFFIKSG
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DAWVTLSEHEYLAKLQE IRQAVH IESVFSLNMAFQLENNKYEVETHAKNG

ANMVTFIPRN
GHICKMVYHKNVRIYKATGNDTVTSVVGFFRGLRLLL INVFSIDDNGMMS
NRYFQHVDDK

YVPISQKNYETG IVKLKDYKHAYHPVDLD IKD IDYTMFHLADATYHEPCF
KITIPNTGFCI

TKLFDGDQVLYESFNPL IHCINEVHI'YDRNNGS I ICLHLNYSPPSYKAYL
VLKDTGWEAT

THPLLEEKIEELQDQRACELDVNF ISDKDLYVAALTNADLNYTMVTPRPH
RDVIRVSDGS
EVLWYYEGLDNFLVCAWIYVSDGVASLVHLRIKDRIPANNDI'YVLKGDLY
WTRITKIQFT

QE IKRLVKKSKKKLAP I TEEDSDKHDEPPEGPGASGLPPKAPGDKEGSEG
HKGPSKGSDS
SKEGKKPGSGKKPGPAREHKPSK I PTLSKKPSGPKDPKHPRDPKEPRKSK
SPRTASPTRR
PSPKLPQLSKLPKSTSPRSPPPPTRPSSPERPEGTK I IKTSKPPSPKPPF
DPSFKEKFYD
DYSKAASRSKETKTTVVLDESFESILKETLPETPGTPFTTPRPVPPKRPR
PESPFEPPK
DPDSPSTSPSEFFTPPESKRTRFHETPADTPLPDVTAELFKEPDVTAETK
SPDEAMKRPR
SPSEYEDTSPGDYPSLPMKRHRLERLRLTTTEMETDPGRMAKDASGKPVK
LKRSKSFDDL
TTVELAPEPKASR I VVDDEGTEADDEETHPPEERQKTEVRRRRPPKKPSK
SPRPSKPKKP

KKPDSAYIPSILAILVVSLIVGIL

//
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G. Running the Search Standalone

Overview

The Protein Design application includes an interface to the search program,
but input files can be created and/or edited and the search run independent
of QUANTA.. The format of the input file is described below.

Search Commands

DBASdatabase file

WILD wildcard_file

MRNG nl1 n2

MNAM namel [ name2]
[name3] .......

MKEY keyword

Each line of a search command file consists of afour-letter command key-
word that isfollowed by alist of parametersthat are free format, separated
by spaces. Many of the parameters need not be specified, but if subsequent
parametersin the command linewill be specified, then a* character should
be entered in the command line to signify a missing parameter. Missing
parameters are given default values. In the following documentation, the
keywords and their arguments are listed. Arguments for which there are
default values and which can be given as* are enclosed in square brackets,

(.

The name of the database file. By default the nameis$HYD_LIB/data
base.dat.

The name of the wildcard file. By default the nameis $HYD_LIB/wild-
card.dat.

Defines arange of proteinsto be searched. The numbersnl and n2 refer to
the position of the proteinin the databasefile. By default, all proteinsinthe
database are searched.

Enter alist of proteinsto be searched. The names should correspond to the
original PDB file names. The names will be converted to uppercase. The
PDB file names stored in the database are in uppercase. For along list of
file names, this command can be invoked more than once.

Search only those proteinswith atext string matching the keyword in their
description. Note that the text in the description is all uppercase and the
keyword text will be converted to uppercase.

Only one keyword should be entered on each command line. This com-
mand can be multiply invoked; any protein that matches any of the given
keywords will be searched.
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RSN resol
INFO

NHIT nhit
DTOL distance

ATOL anglel angle2

CTOL angle

STOL angle

TMPL nrestemplate_name

RESD [restyp] [secstr]
[phi] [psi] [cators]

Search only the molecules with resolution less than or equal to resol.

For each hit protein, extract the header information for that protein fromthe
database file and write it to the log file. This can be used in conjunction
with the commands that specify a protein (MRNG MNAM, MKEY and
RSLN) without any structural template being defined.

Stop search once nhit hits have been found. The default is 50.

Thedistancetolerance on all inter-fragment inter-atomic distance searches.
The default is 1.0 A.

Theangletolerance on torsion angle searchesfor phi and psi torsion angles.
The defaults are 30.0°and 30.0°.

The angle tolerance on torsion angle searches for C alpha pseudo torsion
angles. The default is 50.0°.

The angletolerance on torsion angle searches for side chain torsion angles.
The default is 30.0°.

Signifies the start of defining atemplate for afragment of nres residues.
This card must be followed by nres RESD cards. The templateis given a
name that is used for reference by the CONS command.

Specify each residue in a fragment template.

Restyp isthe single character code for the residue type or anumber for the
wildcard template. The default iswildcard. Thisresiduein thetemplate can
be any residue type.

Secstr isacharacter code to denote the secondary structure type:
* H— folded conformation

 A—aphahelix

e T—aturn

* 3—ad3residueturn

* 4—a4residueturn

* 5—abresidueturn

* E— extended chain

*  N— N terminal residue

If any of these codes are prefaced by aNOT then the search isfor residues
not of that secondary structure type. The default iswildcard.

Phi, psi specifies main chain torsion angle in degrees.

Cator sfor residuei isthe pseudo torsion between the four consecutive C
alpha atoms Ca.(i-1) - Ca(i) - Cou(i+1) - Cal(i+2).
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Overview

SDE [sidtorl sidtor2 Sidtor isthe side chain torsions as defined by IUPAC-1UB and listed in

sidtor3 sidtor4 sidtor5] Appendix H. Thisline should follow the RESD card for the residue to
which it applies.

DIST typetarrestardis The DIST card must follow the RESD card for one of the two residuesto

which it applies. This card is optiona to specify interatomic distances
between two residues in the same template. The actual distance will be
between the Ca. atom or the sidechain center dependent on the type param-
eter which may be:

CACACua—Ca distance
CASACa—sidechain distance
SICAsidechain—Co. distance

Sl SIsidechain—sidechain distance

The distance from this residue to residue tares residues on in the template
should be within the tolerance distance DTOL of tardis.

CONS contype Defines a constraint between two residues in different templates. The con-
tmpnaml.:resl strained parameter is defined by contype:
:;“a‘;?ﬁ'n“[zcﬁz;?' nlim CACACa—Ca: distance

CASICa—sidechain distance

SICAsidechain—Cao distance

S| Slsidechain—sidechain distance

IRNGhumber of residuesin sequence between
template residues
XRNGexclude range of number of residues in sequence

The residues between which the constraint holds are given in the format:

template_name:residue_number
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Minlim and maxlim are the minimum and maximum allowed values of the
parameter specified by contype.

Chntest flagsto test if the fragments arein the same protein chain. The seg-
ment 1Ds given in the Protein Data Bank file are taken to indicate the dif-
ferent chains. If chntest is zero, no check is performed; if chntest is 1, the
fragments must be in the same chain.

DBUG Output some diagnostic information to log file.

Running a Search

The standard command line to run the database search is:
$HYD_EXE/search job_name
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If thejobnameis omitted, you are prompted for it. Theinput command file,
job_name.ddb, has been described above. The search program creates two
output files. The log file (job_name.log) contains the following:

A listing of the input command file

A list of the tests (such as sequence and secondary structure) that have
been performed

Information on the database file used
For each hit, the name of the protein (the PDB filename).

For each residue, the residue 1D, residue type, and secondary structure
code

If aMSF doesn’t exist for this protein structure in the MSF library or your
working directory, then there is a warning message to that effect.

Thesdlectionfile (job_name.sel) isin standard QUANTA selection format.
This enables the selection of all the hitsthat occur in structures for which
there isan MSF either in the MSF library or you working directory. If the
MSF isn’t found, then the selection file does not include that structure.
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H. Torsion Angles and Centers

Overview

Table 13. Side Chain Torsion Angles and Centers

The database file contains the sidechain torsion angles and one coordinate
for the center of the sidechain. Thiscenter isthe center of mass or the center
of the reactive group of the sidechain. The actual specification for each
amino acid residue islisted in the following table.

ami-

no center of

acid mass chil chi2 chi3 chi4 chi5

PRO Cy N-Ca.-CB-Cy Co-CB-Cy-Cd

GLY CA

ALA CB

VAL Cyl/Cy2  N-Ca-CB-Cyl

LEU C381/C82  N-Ca-CB-Cd Coa-CB-Cy-Cd1

ILE Cb N-Ca-CB-Cyl  Ca-CB-Cy1-Cd

MET Ce N-Ca.-CB-Cy Co-CB-Cy-S CB-Cy-S3-Ce

PHE CH N-Ca-CB-Cy  Ca-CB-Cy-Cs1

TRP  Nel N-Co-CB-Cy  Ca-CB-Cy-Cd1 )
SER Oy N-Ca.-CB-Oy g .
THR Oyl N-Ca-CB-Oy1 =)
ASN OBUN32 N-Ca-CB-Cy  Ca-Cp-Cy-081 S
GLN Oel/Ne2  N-Ca-CB-Cy Coa-CB-Cy-Cd CpB-Cy-Cs-Oel g
cYS S N-Ca-CB-Sy

TYR O N-Co-CB-Cy  Ca-CB-Cy-Cd1

ASP 081/052 N-Ca-CB-Cy  Co-Cp-Cy-O81

GLU 0:l/Og2 N-Ca-Cp-Cy  Ca-CB-Cy-C5  CB-Cy-C5-Oel

LYS N¢ N-Ca-CB-Cy  Co-Cp-Cy-C8  CP-Cy-C5-Ce Cy-C8-Ce-N¢,

ARG NHUNH2 N-Co-CB-Cy  Coa-CP-Cy-C8  CB-Cy-C8-Ne  Cy-C5-Ne-Cf  C3-Ne-CC-NH1

HIS N3UCs2 N-Ca-CB-Cy  Co-CB-Cy-NS1
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Database file format

Thisformat can be defined by the following FORTRAN specification:

parameter ( nzres=2000, nzseg=20)
parameter ( nzlig=200, nzfam=100, nznam=100, nzkey=320)
character*8 protnm ! protein name
integer nlig! number of ligand records
integer nrec! number of analysis records for
! protein
integer nxImol! number of protein molecules
1 defined in PDB file
integer nseg! number of segments
integer nres! number of residues
integer natom! number of protein atoms
integer nhetat! number of non-protein atoms
integer nhoh! number of water atoms
real resol! resolution of crystal structure
character*(nzfam)! protein family
character*(nznam)! name of protein
character*(nzkey) descrip! keyword description
character*(nzlig) ligand! description of ligand
character*1l segid (nzseg)! segment name
integer prsseg (nzseg)! first residue in segment
integer nrsseg (nzseg)! number of residues in segment
character*5 idres (nzres)! residue ids
integer rescode (nzres)! residue type code
integer secstr (nzres)! secondary structure type code
real x (3,nzres)! Ca atom coordinates
real xside (3,nzres)! “average’ side chain coordinate
real cators (nzres)! Ca pseudo-torsions
real phipsi (2,nzres)! phi/psi torsion angles
real sidtor (5,nzres)! side chain torsion angles
c write out the header records describing the protein
write (Ffile) protnm, nlig, nrec, nxImol, nseg, nres, natom,
1 nhetat,nhoh
write(file) resol, family, name, descrip
c write the description of ligands - NB variable number of records
do 10 n=1, nlig
10 write (Ffile) ligand(n)
c write the structural description NB not necessarily present for
c all entries in the database - see the nrec parameter
write (File) (segid(k), k=1,nseg), (prsseg(k), k=1,nseg),(nrs-
seg(k), k=1,nseg)
write (File) (idres(k), k=1,nres)
write (Ffile) (rescode(k), k=1,nres)
write (Ffile) (secstr(k), k=1,nres)
write (File) (x(,k), j=1,3), k=1,nres)
write (Ffile) ((xside(,k), j=1,3), k=1,nres)
write (Ffile) (cators(k), k=1,nres)
write (File) ((phipsi(.k), j=1,2), k=1,nres)
write (file) ((sidtor(j.k), j=1,5), k=1,nres)
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|. Wildcard Residue Type File

Thefile $HYD_LIB/wildcard.dat contains the definitions of amino acid
wildcard types. Theinformationisintheform of amatrix with each column
representing one amino acid type and each row representing one wildcard
type. A matrix elementisalif theamino acid typeisincluded in awildcard
type, or a0 if the amino acid typeis not included in awildcard type.

Thefirst line of the file contains a number that isthe total of the wildcard
type definitions found in the file. These definitions include the number of
rowsminusthefirst row inthefile, and alist of oneletter amino acid codes
that define the order of the amino acids in the matrix. The subsequent lines
contain the number of the row followed by aseries of Osand 1s. Thisisthe
definition matrix. Finally the wildcard type code name, a maximum of six
characters, and a short definition of the wildcard type.

By default, QUANTA will take wildcard definitions from any file named
wildcard.dat in your current working directory. If such afile doesnot exist,
then QUANTA readsthefilein $HYD_LIB. If you wish to customize this
file then copy aversion of thefilefrom $HY D_LIB to your working direc-
tory, and make the appropriate changes and/or additions. Ensure that you
have the correct number of rows defined at the beginning of the first line.
The maximum number of allowed wildcard typesis 20.

)
—
]
3]

=)
=

res type file
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J. MolScript

Root name for files

Output format

Maximum bond distance

Draw thin ribbons as turn
or coil

Thin ribbon all one color

Change to solid color
scheme

Retain input molscript and
pdb files

Mol Script isaprogram for creating molecular graphicsin the form of Post-
Script plot files. Possible representations are simple wire models, CPK
spheres, ball-and-stick models, text labels and Jane Richardson-type sche-
matic drawings of proteins, based on atomic coordinatesin variousformats.
Color, grayscale, shading and depth cueing can be applied to the various
graphical objects.

The QUANTA interface to Mol Script generates the input script and coor-
dinate files to reproduce as nearly as possible the current representation.
Objects rendered include bonds, solid models, hydrogen bonds, distance
monitors, labels and atom IDs.

The interface is accessed by using the function Plot M olecules — Gener -
ate on the File menu. Thisdisplaysthe usual Setup Hard Copy Plot of Mol-
ecules dialog, which now includes an extraradio button, Mol Script Plot.

When thisis used, anew dialog box is displayed containing the Mol Script
interface options.

Thefollowing is a brief description of the various options:

Theinterfacewill producetwo files, filename.pdb containing the mol ecul ar
coordinates, and filename.in contai ning the Mol Script commands. Running
the program will produce the PostScript file filename.ps or filename.eps.

Allows the choice of normal (.ps) or Encapsulated PostScript (.eps).

Thisisused to control the maximum bond distance alowed in ball-and-
stick plots. The default, 2.1 A is suitable for proteins containing disulfide
bridges but no hydrogen atoms; if hydrogen atoms are present a smaller
valuewill be needed to prevent the hydrogen atoms being bonded together.
Vector bonds are generated using the L INE command so that the exact
bonding generated by QUANTA can be replicated regardless of thissetting.

Mol Script allowsfor optional smoothing of thin ribbons. This can makefor
aclearer diagram, but should be avoided if sidechains are also displayed.

This can sometimes make for a clearer diagram.

Changesthe color settingsto be optimized for the drawing of solid models.
Note — the plot will always have a white background regardless of the
QUANTA background color.

Allowsthe input files to be retained — expert users may wish to manually
adjust the input and rerun molscript. If this option is unchecked, then the
input fileswill be deleted if Mol Script isrun successfully.
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Preview plot This option causes the resulting PostScript plot to be displayed using the
Xpsview viewing program. This requires that xpsview can be found in the
user’s path or that there is an alias pointing to it.

If both solid models and vector bonds are displayed on screen, then both
will beincluded in the Mol Script plot. Remember that vector bonds can be
rapidly toggled using function key <F10>, if the default key bindings are
set up. Otherwise enter the commands HIDE BOND and SHOW BOND.

When the OK button is hit, the input files are created and mol script will be
run if it can be found in the user’s path or if there is an alias pointing to it.

To obtain Mol Script The Mol Script program must be obtained from its author, Dr. Per Kraulis.

Per Kraulis, Ph.D
Pharmacia & Upjohn, Inc.
PPC Sweden Research, N62:5
S-112 87 Stockholm
SWEDEN

phone; +46 (8) 695 78 34

fax: +46 (8) 695 40 82

e-mail: krpx@sgikrpe.sto.se.pnu.com
or p..kraulis@bioc.cam.ac.uk

or molscript@hbioc.cam.ac.uk

The software is provided under license — details from Per Kraulis.
In publications, you must refer to:

Per J. Kraulis“MOL SCRIPT: aprogram to produce both detailed and sche-
matic plots of protein structures’ Journal of Applied Crystallography
24 946-950 (1991).
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