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Chapter 1

Introduction

1.1 What is MODELLER?

MODELLER is a computer program that models three-dimensional structures of proteins and their assemblies by
satisfaction of spatial restraints.

MODELLER is most frequently used for homology or comparative protein structure modeling: The user provides
an alignment of a sequence to be modeled with known related structures and MODELLER will automatically calculate
a model with all non-hydrogen atoms.

More generally, the input to the program are restraints on the spatial structure of the amino acid sequence(s) and
ligands to be modeled. The output is a 3D structure that satisfies these restraints as well as possible. Restraints can
in principle be derived from a number of different sources. These include related protein structures (comparative
modeling), NMR experiments (NMR refinement), rules of secondary structure packing (combinatorial modeling),
cross-linking experiments, fluorescence spectroscopy, image reconstruction in electron microscopy, site-directed
mutagenesis, intuition, residue-residue and atom—atom potentials of mean force, etc. The restraints can operate
on distances, angles, dihedral angles, pairs of dihedral angles and some other spatial features defined by atoms or
pseudo atoms. Presently, MODELLER automatically derives the restraints only from the known related structures
and their alignment with the target sequence.

A 3D model is obtained by optimization of a molecular probability density function (pdf). The molecular pdf
for comparative modeling is optimized with the variable target function procedure in Cartesian space that employs
methods of conjugate gradients and molecular dynamics with simulated annealing.

MODELLER can also perform multiple comparison of protein sequences and/or structures, clustering of proteins,
and searching of sequence databases. The program is used with a scripting language and does not include any
graphics. It is written in standard FORTRAN 90 and will run on UNIiX, Windows, or Mac computers.
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1.2 MODELLER bibliography

In your publications using MODELLER, please quote

A. Sali and T. L. Blundell. Comparative protein modelling by satisfaction of spatial restraints. J. Mol. Biol. 234,
779-815, 1993.

More information about the methods implemented in MODELLER, their use, applications, and limitations can be
found in the papers listed on our web site at http://salilab.org/publications/. Here is a subset of these
publications:

1.

10.

A. Sali and T. L. Blundell. Comparative protein modelling by satisfaction of spatial restraints. J. Mol. Biol.
234, 779-815, 1993.

. A. Sali, A. and J. P. Overington. Derivation of rules for comparative protein modeling from a database of

protein structure alignments. Protein Science 3, 1582-1596, 1994.

R. Sénchez and A. Sali. Comparative protein structure modeling: Introduction and practical examples with
MODELLER. In Protein Structure Prediction: Methods and Protocols, D.M. Webster, editor, 97-129. Humana
Press, 2000.

M. A. Marti-Renom, A. Stuart, A. Fiser, R. Sanchez, F. Melo and A. Sali. Comparative protein structure
modeling of genes and genomes. Ann. Rev. Biophys. Biomolec. Struct. 29, 291-325, 2000.

A. Fiser, R. K. G. Do and A. Sali. Modeling of loops in protein structures. Protein Science 9, 17531773,
2000.

F. Melo, R. Sanchez, A. Sali. Statistical potentials for fold assessment. Protein Science 11, 430448, 2002.

M. A. Marti-Renom, B. Yerkovich, and A. Sali. Comparative protein structure prediction. John Wiley &
Sons, Inc. Current Protocols in Protein Science 1, 2.9.1 — 2.9.22, 2002.

U. Pieper, N. Eswar, A. C. Stuart, V. A. Ilyin and A. Sali. MODBASE, a database of annotated comparative
protein structure models. Nucleic Acids Research 30, 255-259, 2002.

A. Fiser and A. Sali. MODELLER: generation and refinement of homology-based protein structure models.
In Methods in Enzymology, C.W. Carter and R.M. Sweet, eds. Academic Press, San Diego, 374, 463-493,
2003.

N. Eswar, B. John, N. Mirkovic, A. Fiser, V. A. Ilyin, U. Pieper, A. C. Stuart, M. A. Marti-Renom, M.
S. Madhusudhan, B. Yerkovich and A. Sali. Tools for comparative protein structure modeling and analysis.
Nucleic Acids Research 31, 3375-3380, 2003.
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1.3 Obtaining and installing the program

This manual assumes that you already have MODELLER installed on your computer. Please refer to the release notes
on the MODELLER web site for information on obtaining and installing the program.
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1.4 Bug reports

Please report MODELLER bugs by e-mail to the MODELLER developers (for contact information, see
http://salilab.org/modeller/contact.html), or, if you suspect your inputs may be faulty (and the files are
not confidential) to the users’ mailing list (see the same web page).

In order to be able to reproduce the bug, we will need all of your original input files (e.g., script file, alignment,
PDBs). In most cases, the full output demonstrating the error(s) you receive is useful too.

Please do not paste your input files directly into your email, but instead put them in a .zip or .tar.gz file.
That way, we can see the exact same files you're using.


http://salilab.org/modeller/contact.html
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1.5 Method for comparative protein structure modeling by MODELLER

MODELLER implements an automated approach to comparative protein structure modeling by satisfaction of spatial
restraints (Figure[1.1) [Sali & Blundell, 1993]. The method and its applications to biological problems are described
in detail in references listed in Section [1.2. Briefly, the core modeling procedure begins with an alignment of the
sequence to be modeled (target) with related known 3D structures (templates). This alignment is usually the input
to the program. The output is a 3D model for the target sequence containing all mainchain and sidechain non-
hydrogen atoms. Given an alignment, the model is obtained without any user intervention. First, many distance
and dihedral angle restraints on the target sequence are calculated from its alignment with template 3D structures
(Figure [1.2). The form of these restraints was obtained from a statistical analysis of the relationships between
many pairs of homologous structures. This analysis relied on a database of 105 family alignments that included
416 proteins with known 3D structure |:Sali & Overington, 1994]. By scanning the database, tables quantifying
various correlations were obtained, such as the correlations between two equivalent C, — C,, distances, or between
equivalent mainchain dihedral angles from two related proteins. These relationships were expressed as conditional
probability density functions (pdf’s) and can be used directly as spatial restraints. For example, probabilities
for different values of the mainchain dihedral angles are calculated from the type of a residue considered, from
mainchain conformation of an equivalent residue, and from sequence similarity between the two proteins. Another
example is the pdf for a certain C,—C, distance given equivalent distances in two related protein structures
(Figure 1.2). An important feature of the method is that the spatial restraints are obtained empirically, from a
database of protein structure alignments. Next, the spatial restraints and CHARMM energy terms enforcing proper
stereochemistry [MacKerell et al., 1998] are combined into an objective function. Finally, the model is obtained
by optimizing the objective function in Cartesian space. The optimization is carried out by the use of the variable
target function method [Braun & Go, 1985] employing methods of conjugate gradients and molecular dynamics
with simulated annealing (Figure [1.3). Several slightly different models can be calculated by varying the initial
structure. The variability among these models can be used to estimate the errors in the corresponding regions of
the fold.

There are additional specialized modeling protocols, such as that for the modeling of loops (Section 2.3).
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Figure 1.1: Comparative protein modeling by satisfaction of spatial restraints. First, the known, template 3D structures
are aligned with the target sequence to be modeled. Second, spatial features, such as Co—C, distances, hydrogen bonds,
and mainchain and sidechain dihedral angles, are transferred from the templates to the target. Thus, a number of spatial
restraints on its structure are obtained. Third, the 3D model is obtained by satisfying all the restraints as well as possible.
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Figure 1.2: Sample spatial restraint. A restraint on a given C,—C, distance, d, is expressed as a conditional probability
density function that depends on two other equivalent distances (d' = 17.0 and d” = 23.5): p(d/d’,d"). The restraint
(continuous line) is obtained by least-squares fitting a sum of two Gaussian functions to the histogram, which in turn is
derived from the database of alignments of protein structures. In practice, more complicated restraints are used that depend
on additional information, such as similarity between the proteins, solvent accessibility, and distance from a gap in the
alignment [Sali & Blundell, 1993].
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Figure 1.3: Optimization of the objective function. Optimization of the objective function (curve) starts with a distorted
average of template structures. In this run, the first ~ 2,000 iterations correspond to the variable target function method
relying on the conjugate gradients technique. This approach first satisfies sequentially local restraints and slowly introduces
longer range restraints until the complete objective function is optimized. In the last 4,750 iterations for this model, molecular
dynamics with simulated annealing is used to refine the model. Typically, a model is calculated in the order of minutes on
a PC workstation.
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1.6 Using MODELLER for comparative modeling

Simple demonstrations of MODELLER in all steps of comparative protein structure modeling, including fold as-
signment, sequence-structure alignment, model building, and model assessment, can be found in references listed
at http://salilab.org/modeller/documentation.html. A number of additional tools useful in comparative
modeling are listed at http://salilab.org/bioinformatics_resources.shtml. Specifically, users have access to
MoDBASE, a comprehensive database of comparative models for all known protein sequences detectably related
to at least one known protein structure; MODWEB, a web server for automated comparative protein structure
modeling; and MoODLOOP, a web server for automated modeling of loops in protein structures. For “frequently-
asked-questions” (FAQ), see Section[3.1.

The rest of this section is a ‘hands on’ description of the most basic use of MODELLER in comparative modeling,
in which the input are Protein Data Bank (PDB) atom files of known protein structures, and their alignment with
the target sequence to be modeled, and the output is a model for the target that includes all non-hydrogen atoms.
Although MODELLER can find template structures as well as calculate sequence and structure alignments, it is
better in the difficult cases to identify the templates and prepare the alignment carefully by other means. The
alignment can also contain very short segments such as loops, secondary structure motifs, etc.

1.6.1 Preparing input files

The sample input files in this tutorial can be found in the examples/automodel directory of the MODELLER
distribution.

There are three kinds of input files: Protein Data Bank atom files with coordinates for the template structures,
the alignment file with the alignment of the template structures with the target sequence, and MODELLER commands
in a script file that instruct MODELLER what to do.

Atom files

Each atom file is named code.atm where code is a short protein code, preferably the PDB code; for example,
Peptococcus aerogenes ferredoxin would be in a file 1fdx.atm. If you wish, you can also use file extensions .pdb
and .ent instead of .atm. The code must be used as that protein’s identifier throughout the modeling.

Alignment file

One of the formats for the alignment file is related to the PIR database format; this is the preferred format for
comparative modeling;:

C; A sample alignment in the PIR format; used in tutorial

>P1;5fd1

structureX:5fd1:1 :A:106 :A:ferredoxin:Azotobacter vinelandii: 1.90: 0.19
AFVVTDNCIKCKYTDCVEVCPVDCFYEGPNFLVIHPDECIDCALCEPECPAQAIFSEDEVPEDMQEFIQLNAELA
EVWPNITEKKDPLPDAEDWDGVKGKLQHLER*

>P1;1fdx
sequence:1fdx:1 : :54 : :ferredoxin:Peptococcus aerogenes: 2.00:-1.00
AYVINDSC--IACGACKPECPVNIIQGS--IYAIDADSCIDCGSCASVCPVGAPNPED----—--———=—-———--

See Section B.1]for a detailed description of the alignment file format. Influence of the alignment on the quality
of the model cannot be overemphasized. To obtain the best possible model, it is important to understand how
the alignment is used by MODELLER [Sali & Blundell, 1993]. In outline, for the aligned regions, MODELLER tries
to derive a 3D model for the target sequence that is as close to one or the other of the template structures as
possible while also satisfying stereochemical restraints (e.g., bond lengths, angles, non-bonded atom contacts, ... );
the inserted regions, which do not have any equivalent segments in any of the templates, are modeled in the context
of the whole molecule, but using their sequence alone. This way of deriving a model means that whenever a user
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aligns a target residue with a template residue, he tells MODELLER to treat the aligned residues as structurally
equivalent. Command jalignment.check() can be used to find some trivial alignment mistakes.

Script file

MODELLER is a command-line only tool, and has no graphical user interface; instead, you must provide it with a
script file containing MODELLER commands. This is an ordinary Python script.

If you are not familiar with Python, you can simply adapt one of the many examples in the examples directory, or
look at the code for the classes used by MODELLER itself, in the modlib/modeller directory. Finally, there are many
resources for learning Python itself, such as a comprehensive tutorial at http://www.python.org/doc/2.3.5/tut/.

A sample script file model-default.py to produce one model of sequence 1fdx from the known structure of
5fd1 and from the alignment between the two sequences is

# Homology modeling by the automodel class

from modeller import * # Load standard Modeller classes
from modeller.automodel import * # Load the automodel class
log.verbose() # request verbose output

env = environ() # create a new MODELLER environment to build this model in

# directories for input atom files
env.io.atom_files_directory = [’.’, ’../atom_files’]

a = automodel (env,

alnfile = ’alignment.ali’, # alignment filename
knowns = ’bfdl’, # codes of the templates
sequence = ’1fdx’) # code of the target
a.starting_model= 1 # index of the first model
a.ending model =1 # index of the last model
# (determines how many models to calculate)
a.make () # do the actual homology modeling

See Chapter[2 for more information about the automodel class, and a more detailed explanation of what this
script does.

1.6.2 Running MODELLER

To run MODELLER with the script file model-default.py above, do the following:

1. Open a command line prompt:

e On Linux/Unix: ssh to the machine, or open an xterm or GNOME Terminal.

e On Windows: Click on the ‘Modeller’ link on your Start Menu. This will give you a Windows Command
Prompt, set up for you to run MODELLER.

e On Mac OS X: ssh to the machine, or open the Terminal application.
2. Change to the directory containing the script and alignment files you created earlier, using the ’cd’ command.

3. Run MODELLER itself by typing the following at the command prompt:
mod9v4 model-default.py

A number of intermediary files are created as the program proceeds. After about 10 seconds on a modern PC,
the final 1fdx model is written to file 1£fdx.B99990001.pdb. Examine the model-default.log file for information
about the run. In particular, one should always check the output of the\alignment.check()\ command, which you
can find by searching for ‘check_a’. Also, check for warning and error messages by searching for ‘W>’ and ‘E>’,
respectively. There should be no error messages; most often, there are some warning messages that can usually be
ignored.



http://www.python.org/
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(Note: if you have Python installed on your system, you may be able to use MODELLER as an ordinary Python
module. This works automatically on Mac OS X, Windows with Python 2.3, 2.4 or 2.5, or using the RPM install on
Linux with Python 2.3, 2.4 or 2.5. On other systems, you may need to set the PYTHONPATH and LD_LIBRARY PATH
variables, or create symlinks to the relevant directories, so that your system can find the MODELLER Python

modules and dynamic libraries, respectively.)


http://www.python.org/
http://www.python.org/
http://www.python.org/

Chapter 2

Automated comparative modeling with
automodel

The simplest way to build comparative models with MODELLER is to use the automodel class. This automates
many of the steps required for simple modeling, and can be customized for more complex tasks. It also allows
refinement of loop regions.

See section |A.4 for a flowchart of the comparative modeling procedure, and section [A.5 for an overview of the
loop modeling algorithm.

This chapter gives an overview of simple applications of the automodel class. For more detailed informa-
tion, see the comparative modeling class reference, in Chapter [4] or the comments in the Python file itself,
modlib/modeller/automodel/automodel.py.

2.1 Simple usage

The simple example below constructs a single comparative model for the 1fdx sequence from the known 5fd1
structure, using alignment.ali, a PIR format alignment of 5£fd1 and 1fdx. The final model is written into the
PDB file 1£dx.B99990001.pdb. See Section [1.6.2|for instructions on how to run this script.

Example: examples/automodel/model-default.py

# Homology modeling by the automodel class

from modeller import * # Load standard Modeller classes
from modeller.automodel import * # Load the automodel class
log.verbose() # request verbose output

env = environ() # create a new MODELLER environment to build this model in

# directories for input atom files
env.io.atom_files_directory = [’.’, ’../atom_files’]

a = automodel (env,

alnfile = ’alignment.ali’, # alignment filename

knowns = ’5fd1’, # codes of the templates

sequence = ’1fdx’) # code of the target
a.starting_model= 1 # index of the first model
a.ending_model =1 # index of the last model

# (determines how many models to calculate)
a.make () # do the actual homology modeling


http://www.python.org/
file:../examples/automodel/model-default.py
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Example: examples/automodel/alignment.ali

C; A sample alignment in the PIR format; used in tutorial

>P1;5fd1

structureX:5fd1:1 :A:106 :A:ferredoxin:Azotobacter vinelandii: 1.90: 0.19
AFVVTDNCIKCKYTDCVEVCPVDCFYEGPNFLVIHPDECIDCALCEPECPAQAIFSEDEVPEDMQEFIQLNAELA
EVWPNITEKKDPLPDAEDWDGVKGKLQHLER*

>P1;1fdx
sequence:1fdx:1 : :54 : :ferredoxin:Peptococcus aerogenes: 2.00:-1.00
AYVINDSC--IACGACKPECPVNIIQGS--IYAIDADSCIDCGSCASVCPVGAPNPED---—-—-—-—————————-

Stepping through the script, first we load the automodel class, using standard Python syntax to load a module.
Next, we request verbose output (see Section [6.28) so that we can more easily spot errors. We then create
an environ() object (see Section 6.2) and call it env. This object holds the MODELLER ‘environment’, which
comprises default values for many parameters, as well as the libraries used for comparative modeling (topology,
parameters, dihedral classes, etc). An environ object is needed to create most other MODELLER objects, but you
can call it whatever you like (it doesn’t have to be called env).

Once we have the environ object, we can set some global parameters. In this case, we set
lio_data.atom_files_directory| to set the directories to look for PDB files in.

Next, we create an automodel object, tell it which PIR alignment file to use, and which sequences are templates
and which one we want to build a model for, and call it a. This doesn’t actually build any models, but creates
the object, ready to be tweaked for our purposes. In this case, we simply tell it to build a single model, by setting
both [automodel.starting_model and |automodel.ending-model to 1. Finally, we actually build the model by running
automodel.make()|

2.2 More advanced usage

2.2.1 Including water molecules, HETATM residues, and hydrogen atoms

If your template contains a ligand (or other HETATM residue) then MODELLERcan transfer this into your generated
model. This is done first by setting to True, which instructs MODELLER to read HETATM records
from your template PDB files, and then by using the BLK (’.") residue type in your alignment (both in the
template(s) and the model sequence) to copy the ligand(s) as a rigid body into the model.

Example: examples/automodel/model-ligand.py

# Homology modeling with ligand transfer from the template

from modeller import * # Load standard Modeller classes
from modeller.automodel import * # Load the automodel class
log.verbose() # request verbose output

env = environ() # create a new MODELLER environment to build this model in

# directories for input atom files
env.io.atom_files_directory = [’.’, ’../atom_files’]

# Read in HETATM records from template PDBs
env.io.hetatm = True

a = automodel (env,


file:../examples/automodel/alignment.ali
http://www.python.org/
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alnfile = ’align-ligand.ali’, # alignment filename
knowns = ’b5fdl’, # codes of the templates
sequence = ’1fdx’) # code of the target
a.starting_model= 4 # index of the first model
a.ending_model = 4 # index of the last model
# (determines how many models to calculate)
a.make () # do the actual homology modeling

Note that by turning on |env.io.hetatm, all HETATM records are read from your templates, so all of these must
be listed in your alignment. Use a single ’.” character for each HETATM residue in the template sequence in your
alignmentm MODELLER always reads PDB residues in the order they’re written in the PDB file, so if you have a
ligand at the end of PDB file, put the ’.” residue at the end of the sequence in the alignment too. You will often see
a chain break (’/’) immediately preceding ’.” residues in example alignments. That’s only necessary if you want to
force the ligands to have a different chain ID to the amino acids. (If you want them in the same chain, leave out
the chain break.)

To get the ligand into your model, you must align a residue in the model with the desired HETATM residue
in the template. Use a single ’.” residue in your model sequence in your alignment for each ligand you want in the
model. This must be aligned with a suitable ligand in the template sequence. If you have extra HETATM ligands
in the template which you don’t want in the model, simply align them with a gap (’-’) in the model sequence. If

b

you have multiple templates, you can copy ligands from any suitable template — just align the ’.” residue in the
model with the desired template sequence ligand.

automodel builds restraints on these ligands to keep their geometry and environment reasonably similar to the
template, by restraining some intra-HETATM, inter-HETATM, and HETATM-protein distances to their template
values. See automodel.nonstd_restraints() for more information.

You can also treat ligands flexibly by defining topology and parameter information. See
section [5.2.1 for more information, and the example in the advanced modeling tutorial, at
http://salilab.org/modeller /tutorial /advanced.html.

If you want to add ligands to your model which are not present in your template, you will need to do some
docking studies, which are beyond the scope of the MODELLER program.

To read in water residues, set lenv.io.water/to True and use the 'w’ residue type in your alignment.

To read in hydrogen atoms, set|env.io.hydrogen to True. This is not generally necessary, as if you want to build
an all hydrogen model, it is easiest just to use the allhmodel class, which turns this on for you automatically; see
section[2.2.5!

2.2.2 Changing the default optimization and refinement protocol

See Section [A.4 for a detailed description of the optimization and refinement protocol used by automodel. To
summarize, each model is first optimized with the variable target function method (VTFM) with conjugate gradients
(CG), and is then refined using molecular dynamics (MD) with simulated annealing (SA) [Sali & Blundell, 1993].
Most of the time (70%) is spent on the MD&SA part. Our experience is that when MD&SA are used, if there are
violations in the best of the 10 models, they probably come from an alignment error, not an optimizer failure (if
there are no insertions longer than approximately 15 residues).

The VTFM step can be tuned by adjusting [automodel.library_schedule] [automodel.max_var_iterations, and
lautomodel.max_molpdf,

The MD&SA step can be tuned by adjusting automodel.md_level.

The whole optimization can be repeated multiple times if desired (by default it is run only once) by adjusting
lautomodel.repeat_optimization|

The energy function used in both VIFM and MD&SA can be scaled by setting lenviron.schedule_scale. (Note
that for VIFM, the function is additionally scaled by the factors set in [automodel.library_schedule})

I

HIf the residue type is defined in ’modlib/restyp.lib’ you can use the 1-letter code that is specified there, but if in doubt use ’.’,
since that matches everything.
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Example: examples/automodel/model-changeopt.py

# Example of changing
from modeller import *
from modeller.automode

log.verbose()
env = environ()

# Give less weight to

the default optmization schedule

1 import *

all soft-sphere restraints:

env.schedule_scale = physical.values(default=1.0, soft_sphere=0.7)

env.io.atom_files_dire

[V
I

a.starting_model = a.e

# Very thorough VTFM o

ctory = [’.’, ’../atom_files’]

automodel(env, alnfile=’alignment.ali’, knowns=’5fdl’, sequence=’1fdx’)

nding_model = 1

ptimization:

a.library_schedule = autosched.slow

a.max_var_iterations =

300

# Thorough MD optimization:

a.md_level = refine.sl
# Repeat the whole cyc
a.repeat_optimization

a.max_molpdf = 1le6

a.make ()

ow

le 2 times and do not stop unless obj.func. > 1E6
=2

2.2.3 Getting a very fast and approximate model

To get an approximate model very quickly (to get a rough idea of what it looks like, or to confirm that the alignment

is reasonable) call the automodel.very_fast() method before automodel.make() This uses only a very limited
amount of variable target function optimization with conjugate gradients, and thus is roughly 3 times faster than

the default procedure.

Note that no randomization of the starting structure is done in this case, so only a single model can be produced.

This example also demonstrates the use of the assess_methods keyword, to request model assessment. In this
case the GA341 method is requested. See section [4.1.1]

Example: examples/automodel/model-fast.py

# Very fast homology modeling by the automodel class

from modeller import *

from modeller.automodel import * # Load the automodel class

log.verbose()
env = environ()

# directories for input atom files
env.io.atom_files_directory = [’.’, ’../atom_files’]

a = automodel (env,

alnfile=

knowns="’

’alignment.ali’, # alignment filename
5fd1’, # codes of the templates
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sequence=’"1fdx’, # code of the target
assess_methods=assess.GA341) # request GA341 model assessment

a.very_fast() # prepare for extremely fast optimization
a.starting_model = 2

a.ending_model = 2

a.final_malign3d = True

a.make () # make the homology model

2.2.4 Building a model from multiple templates

It is straightforward a to build a model using information from multiple templates — simply provide an alignment
between all of the templates and your target sequence, and list all of the templates in the knowns argument, as
demonstrated below. MODELLER will automatically combine the templates; there is no need to superpose the
structures (although you can request that this is done by setting lautomodel.initial_malign3d).

Example: examples/automodel/model-multiple.py

# Homology modeling with multiple templates

from modeller import * # Load standard Modeller classes
from modeller.automodel import * # Load the automodel class
log.verbose() # request verbose output

env = environ() # create a new MODELLER environment to build this model in

# directories for input atom files
env.io.atom_files_directory = [’.’, ’../atom_files’]

a = automodel (env,

alnfile = ’align-multiple.ali’, # alignment filename
knowns = (’bfd1’, ’1qu’), # codes of the templates
sequence = ’1fdx’) # code of the target
a.starting_model= 1 # index of the first model
a.ending_model =1 # index of the last model
# (determines how many models to calculate)
a.make () # do the actual homology modeling

2.2.5 Building an all hydrogen model

This is done by using the allhmodel class rather than automodel. Otherwise, operation is identical. Note that the
allhmodel class automatically turns on env.io.hydrogen| for you and selects the all-atom topology and radii files.

Example: examples/automodel/model-default-allh.py

from modeller import *
from modeller.automodel import *

log.verbose()
env = environ()


file:../examples/automodel/model-multiple.py
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env.io.atom_files_directory = [’.’, ’../atom_files’]

a = allhmodel(env, alnfile=’alignment.ali’, knowns=’5fdl’, sequence=’1fdx’)
a.starting_model = a.ending _model = 4

a.make()

2.2.6 Refining only part of the model

The automodel class contains a automodel.select_atoms()|function which selects the atoms to be moved during
optimization. By default, the routine selects all atoms, but you can redefine it to select any subset of atoms, and
then only those atoms will be refined. (To redefine the routine, it is necessary to create a ‘subclass’ of automodel,
here called MyModel, which has the modified routine within it. We then use MyModel in place of automodel. The
select_atoms routine should return a selection object; see Section[6.9 for further information.)

In this particular case, we use the ‘model.residue,range() function to select residues 1 and 2 from a chain
with no ID. See Section [6.16.9 for ways to specify residues, and selection()|for other examples of selecting atoms
or residues. Please note that the residue numbers and chain IDs refer to the built model, not to the template(s).
This is because template PDB residue numbering can be inconsistent, and in the case where you have two or
more templates, residues from different parts of the sequence coming from different templates could have the same
number. MODELLER always names the model residues consistently, counting up from 1. No chain ID is assigned
when building a single chain model, but if you build a multi-chain model, chain IDs A, B, C, etc are assigned. If
in doubt about residue numbering, first build a model using the simple script in section 2.1, and then look at the
final model (or the initial unoptimized .ini model) for the residue numbering.

By default, the selected atoms will “feel” the presence of other atoms via all the static and possibly dynamic
restraints that include both selected and un-selected atoms. However, you can turn off dynamic interactions between
the selected and unselected regions by setting lenergy_data.nonbonded_sel_atoms to 2 (by default it is 1).

The difference between this script and the one for loop modeling is that here the selected regions are opti-
mized with the default optimization protocol and the default restraints, which generally include template-derived
restraints. In contrast, the loop modeling routine does not use template-dependent restraints, but does a much
more thorough optimization.

Example: examples/automodel/model-segment.py

# Homology modeling by the automodel class

#

# Demonstrates how to refine only a part of the model.

#

# You may want to use the more exhaustive "loop" modeling routines instead.
#

from modeller import *

from modeller.automodel import * # Load the automodel class

log.verbose()

# Override the ’select_atoms’ routine in the ’automodel’ class:
# (To build an all-hydrogen model, derive from allhmodel rather than automodel
# here.)
class MyModel (automodel) :
def select_atoms(self):
# Select residues 1 and 2 (PDB numbering)
return selection(self.residue_range(’1:’, ’2:’))
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# The same thing from chain A (required for multi-chain models):
# return selection(self.residue_range(’1:A’, ’2:A°))

# Residues 4, 6, 10:
# return selection(self.residues[’4’], self.residues[’6’],
# self.residues([’10°])

# All residues except 1-5:
# return selection(self) - selection(self.residue_range(’1’, ’5°))

env = environ()

# directories for input atom files
env.io.atom_files_directory = [’.’, ’../atom_files’]
# selected atoms do not feel the neighborhood
env.edat.nonbonded_sel_atoms = 2

# Be sure to use ’MyModel’ rather than ’automodel’ here!

a = MyModel (env,

alnfile = ’alignment.ali’, # alignment filename

knowns = ’5fd1’, # codes of the templates

sequence = ’1fdx’) # code of the target
a.starting_model= 3 # index of the first model
a.ending_model = 3 # index of the last model

# (determines how many models to calculate)

a.make () # do homology modeling

2.2.7 Including disulfide bridges

If there is an equivalent disulfide bridge in any of the templates aligned with the target, automodel will automatically
generate appropriate disulfide bond restraints? for you (by using the model.patch_ss_templates() command).

Explicit manual restraints can be added by the‘model.patch() command using the CHARMM topology file DISU
patching residue. You must redefine the ‘automodel.special,patches() routine to add these or other patches.

It is better to use/model.patch_ss_templates() rather than model.patch()|where possible because the dihe-
dral angles are restrained more precisely by using the templates than by using the general rules of stereochemistry.

Some CHARMM parameter files have a multiple dihedral entry for the disulfide dihedral angle xs that consists
of three individual entries with periodicities of 1, 2 and 3. This is why you see three feature restraints for a single
disulfide in the output of the selection.energy() command.

Note that the residue numbers that you patch refer to the model, not the templates. See Section|2.2.6|for more
discussion.
Example: examples/automodel/model-disulfide.py

# Homology modeling by the automodel class
from modeller import * # Load standard Modeller classes
from modeller.automodel import * # Load the automodel class

# Redefine the special_patches routine to include the additional disulfides

2The restraints include bond, angle and dihedral angle restraints. The SG — SG atom pair also becomes an excluded atom pair that
is not checked for an atom-atom overlap. The x; dihedral angle restraints will depend on the conformation of the equivalent disulfides
in the template structure, as described in [Sali & Overington, 1994].


file:../examples/automodel/model-disulfide.py
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# (this routine is empty by default):
class MyModel (automodel) :
def special_patches(self, aln):
# A disulfide between residues 8 and 45:
self.patch(residue_type=’DISU’, residues=(self.residues[’8’],
self.residues[’45°]))

log.verbose () # request verbose output
env = environ() # create a new MODELLER environment to build this model in

# directories for input atom files
env.io.atom_files_directory = [’.’, ’../atom_files’]

a = MyModel (env,

alnfile = ’alignment.ali’, # alignment filename
knowns = ’5fd1’, # codes of the templates
sequence = ’1fdx’) # code of the target
a.starting_model= 1 # index of the first model
a.ending_model =1 # index of the last model
# (determines how many models to calculate)
a.make () # do the actual homology modeling

2.2.8 Providing your own restraints file
To force automodel not to construct restraints at all, but to instead use your own restraints file, simply use the

csrfile keyword when creating the automodel class, as in the example below. Note that MODELLER does only
rudimentary checking on your restraints file, so you must be careful that it applies correctly to the generated model.

Example: examples/automodel/model-myrsr.py
# Modeling using a provided restraints file (csrfile)
from modeller import *

from modeller.automodel import * # Load the automodel class

log.verbose()
env = environ()

# directories for input atom files
env.io.atom_files_directory = [’.’, ’../atom_files’]

a = automodel (env,

alnfile = ’alignment.ali’, # alignment filename
knowns = ’bfdl’, # codes of the templates
sequence = ’1fdx’, # code of the target
csrfile = ’my.rsr’) # use ’my’ restraints file
a.starting_model= 1 # index of the first model
a.ending_model =1 # index of the last model

# (determines how many models to calculate)
a.make () # do homology modeling


file:../examples/automodel/model-myrsr.py
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2.2.9 Using your own initial model

Normally, automodel generates an initial model by transferring coordinates from the templates. However, if you
have a prepared PDB file containing an initial model, you can have automodel use this instead with the inifile
keyword, as in the example below. (This automatically sets[automodel.generate_method to generate.read xyz for
you, which is necessary for this to work.)

Example: examples/automodel/model-myini.py

# Modeling using a provided initial structure file (inifile)
from modeller import *
from modeller.automodel import * # Load the automodel class

log.verbose()
env = environ()

# directories for input atom files
env.io.atom_files_directory = [’.’, ’../atom_files’]

a = automodel (env,

alnfile = ’alignment.ali’, # alignment filename

knowns = ’5fd1’, # codes of the templates

sequence = ’1fdx’, # code of the target

inifile = ’my-initial.pdb’) # use ’my’ initial structure
a.starting_model= 1 # index of the first model
a.ending_model =1 # index of the last model

# (determines how many models to calculate)

a.make () # do homology modeling

2.2.10 Adding additional restraints to the defaults

You can add your own restraints to the restraints file, with the homology-derived restraints, by redefining the
automodel.special_restraints() routine (by default it does nothing). This can be used, for example, to add
information from NMR experiments or to add regions of known secondary structure. Symmetry restraints, excluded
pairs, or rigid body definitions can also be added in this routine (see Section[2.2.11 for a symmetry example). The
example below enforces an additional restraint on a single CA-CA distance, adds some known secondary structure,
and shows how to add restraints from a file. (See Section [5.3]for further information on how to specify restraints,
and Section for details on secondary structure restraints.)

Note that the residue numbers for any restraints refer to the model, not the templates. See Section [2.2.6 for
more discussion.
Example: examples/automodel/model-addrsr.py

# Addition of restraints to the default ones
from modeller import *
from modeller.automodel import * # Load the automodel class

log.verbose()
env = environ()

# directories for input atom files
env.io.atom_files_directory = [’.’, ’../atom_files’]

class MyModel (automodel) :


file:../examples/automodel/model-myini.py
file:../examples/automodel/model-addrsr.py
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def special_restraints(self, aln):
rsr = self.restraints
at = self.atoms

# Add some restraints from a file:

# rsr.append(file=’my_rsrsl.rsr’)

# Residues 20 through 30 should be an alpha helix:
rsr.add(secondary_structure.alpha(self.residue_range(’20:°, ’30:°)))

# Two beta-strands:
rsr.add(secondary_structure.strand(self.residue_range(’1:’, ’6:’)))
rsr.add(secondary_structure.strand(self.residue_range(’9:’, ’14:°)))

# An anti-parallel sheet composed of the two strands:
rsr.add(secondary_structure.sheet(at[’N:1°], at[’0:14°],

sheet_h_bonds=-5))

# Use the following instead for a *parallel* sheet:

# rsr.add(secondary_structure.sheet(at[’N:1’], at[’0:9°],

# sheet_h_bonds=5))

# Restrain the specified CA-CA distance to 10 angstroms (st. dev.=0.1)

# Use a harmonic potential and X-Y distance group.

rsr.add(forms.gaussian(group=physical.xy_distance,
feature=features.distance(at[’CA:35°],

at[’CA:40°1),
mean=10.0, stdev=0.1))

a = MyModel(env,

alnfile = ’alignment.ali’, # alignment filename

knowns = ’5fdl’, # codes of the templates

sequence = ’1fdx’) # code of the target
a.starting_model= 1 # index of the first model
a.ending_model =1 # index of the last model

# (determines how many models to calculate)

a.make() # do homology modeling

2.2.11 Building multi-chain models with symmetry

MODELLER can build models of multi-chain proteins in exactly the same way as single-chain models; simply add
one or more chain break (’/’) characters to your alignment file in the appropriate locations.

(You can also build multimeric models from monomeric templates (just use gaps in your alignment for the
missing chains in your templates). However, note that since MODELLER will have no information about the
interfaces between your monomers in this case, your models will probably be poor, so you will have to add additional
distance restraints, or find a multimeric template.)

(Note that when building models containing multiple chains, you will need to specify the chain ID whenever
you refer to a residue. See Section [6.16.9. By default, your chains will be labeled A, B, etcbut you can change this
by relabeling the chains by calling model.rename,segments()‘ from within the ‘automodel.special,patches()‘
method.)

In the example below, the two chains are also constrained to have similar conformations by use of symmetry
restraints. Just as for the example in Section 2.2.10, this involves redefining the|automodel.special_restraints()|
routine. In this case we also redefine the automodel.user_after_single_model() routine, to print some informa-
tion about the symmetry restraints after building each model.

Example: examples/automodel/model-multichain.py


file:../examples/automodel/model-multichain.py
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# Homology modeling by the automodel class

#

# Demonstrates how to build multi-chain models, and symmetry restraints
#

from modeller import *

from modeller.automodel import * # Load the automodel class

log.verbose ()

# Override the ’special_restraints’ and ’user_after_single_model’ methods:
class MyModel (automodel) :
def special_restraints(self, aln):
# Constrain the A and B chains to be identical (but only restrain
# the C-alpha atoms, to reduce the number of interatomic distances
# that need to be calculated):
sl = selection(self.chains[’A’]) .only_atom_types(’CA’)
s2 = selection(self.chains[’B’]).only_atom_types(’CA’)
self .restraints.symmetry.append(symmetry(sl, s2, 1.0))
def user_after_single_model(self):
# Report on symmetry violations greater than 1A after building
# each model:
self.restraints.symmetry.report(1.0)

env = environ()
# directories for input atom files
env.io.atom_files_directory = [’.’, ’../atom_files’]

# Be sure to use ’MyModel’ rather than ’automodel’ here!
a = MyModel (env,

alnfile = ’twochain.ali’ , # alignment filename
knowns = ’2abx’, # codes of the templates
sequence = ’1hc9’) # code of the target
a.starting_model= 1 # index of the first model
a.ending_model =1 # index of the last model
# (determines how many models to calculate)
a.make () # do homology modeling

2.2.12 Accessing output data after modeling is complete

After jautomodel.make() finishes building your model(s), the output data is accessible to your script as
lautomodel.outputs. This variable is an ordinary Python list, one element for each model (so a.outputs[0] refers
to the first model, and so on). Each list element is a Python dictionary of key:value pairs, the most important of
which are:

>failure’: the Python value None if no failure occurred (i.e., the model was built successfully). Otherwise,
it is the exception that was raised.

’name’: the name of the output PDB file, if no error occurred.

’molpdf’: the value of the MODELLER objective function, if no error occurred.

’pdfterms’: the contributions to the objective function from all physical restraint types (see Section[6.10.1),
if no error occurred.


http://www.python.org/
http://www.python.org/
http://www.python.org/
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e ’xxx score’: the value of the assessment score *xxx’ (e.g., ’GA341 score’, ’DOPE score’).

If you are also building loop models, information for these is made available in loopmodel.loop.outputs|

Example: examples/automodel/model-outputs.py
from modeller import *

from modeller.automodel import *

log.verbose()
env = environ()

env.io.atom_files_directory = [’.’, ’../atom_files’]
# Build 3 models, and assess with both DOPE and GA341
a = automodel(env, alnfile = ’alignment.ali’, knowns = ’5fdl’,
sequence = ’1fdx’, assess_methods=(assess.DOPE, assess.GA341))
a.starting_model= 1

)

.ending_model = 3
.make ()

V)

# Get a list of all successfully built models from a.outputs
ok_models = filter(lambda x: x[’failure’] is None, a.outputs)

# Rank the models by DOPE score
key = ’DOPE score’
ok_models.sort(lambda a,b: cmp(alkeyl, blkeyl))

# Get top model
m = ok_models[0]
print "Top model: %s (DOPE score %.3f)" % (m[’name’], m[keyl)

2.2.13 Fully automated alignment and modeling

If you do not have an initial alignment between your templates and target sequence, MODELLER can derive one for
you, fully automatically. All MODELLER requires is a a PIR file containing the target sequence and the template
PDB codes (their sequences are not required — just use a single *’ character — as MODELLER will read these
from the PDBs). Use the automodel class as per usual, but call the ‘automodel.auto,align() method before
\automodel.make()t see the example below. (MODELLER has a variety of other alignment methods which you can
use instead for this purpose; see Section[6.15 for more details.)

Please be aware that the single most important factor that determines the quality of a model is the quality
of the alignment. If the alignment is incorrect, the model will also be incorrect. For this reason, automated
alignment for comparative modeling should not be used unless the sequences are so similar that the
calculated alignment is likely to be correct, which usually requires more than 50% sequence identity.
Instead, the alignment should be carefully inspected, optimized by hand, and checked by the\alignment.check()\
command before used in modeling. Moreover, several iterations of alignment and modeling may be necessary in
general.

Example: examples/automodel/model-full.py

# A sample script for fully automated comparative modeling
from modeller import *
from modeller.automodel import * # Load the automodel class


file:../examples/automodel/model-outputs.py
file:../examples/automodel/model-full.py
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log.verbose()
env = environ()

# directories for input atom files
env.io.atom_files_directory = [’.’, ’../atom_files’]

a = automodel (env,
# file with template codes and target sequence

alnfile = ’alignment.seg’,

# PDB codes of the templates

knowns = (’bfd1’, ’1fdn’, ’1fxd’, ’1liqz’),

# code of the target

sequence = ’1fdx’)
a.auto_align() # get an automatic alignment
a.make () # do homology modeling

Example: examples/automodel/alignment.seg

>P1;1fdx

sequence::::::ferredoxin:Peptococcus aerogenes:-1.00:-1.00
AYVINDSCIACGACKPECPVNIIQGSIYAIDADSCIDCGSCASVCPVGAPNPED*
>P1;1fdn

structureX:1fdn:FIRST:@:55:Q@:ferredoxin:Clostrodium acidiurici: 1.84:-1.0
*

>P1;5fd1

structureX:5fd1:FIRST:@:60:0:ferredoxin:Azotobacter vinelandii: 1.90:0.192
*

>P1;1fxd

structureX:1fxd:FIRST:@:58:0:ferredoxin:Desolfovibrio gigas: 1.70:-1.0

X

>P1;1iqz

structureX:1iqz:FIRST:@:60:0:ferredoxin:Bacillus thermoproteolyticus: 2.30:-1.0
*

2.3 Loop optimization

MODELLER has several loop optimization methods, which all rely on scoring functions and optimization protocols
adapted for loop modeling [Fiser et al., 2000]. They are used to refine loop regions, either automatically after
standard model building, or manually on an existing PDB file.

2.3.1 Automatic loop refinement after model building

To automatically refine loop regions after building standard automodel models, simply use the loopmodel class
rather than automodel; see the example below.

In many cases, you can obtain better quality loops (at the expense of more computer time) by using the newer
DOPE-based loop modeling protocol. In this case, just use the dope_loopmodel or dopehr_loopmodel classes in
place of loopmodel in each of the examples below. See Section[4.4 or Section [4.5] for more details.

Example: examples/automodel/model-loop.py


file:../examples/automodel/alignment.seg
file:../examples/automodel/model-loop.py
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# Homology modeling by the automodel class
from modeller import *
from modeller.automodel import * # Load the automodel class

log.verbose()
env = environ()

# directories for input atom files
env.io.atom_files_directory = [’.’, ’../atom_files’]

a = loopmodel (env,

alnfile = ’alignment.ali’, # alignment filename
knowns = ’bfdl’, # codes of the templates
sequence = ’1fdx’) # code of the target
a.starting_model= 1 # index of the first model
a.ending_model =1 # index of the last model
# (determines how many models to calculate)
a.md_level = None # No refinement of model

+H+

a.loop.starting_model
a.loop.ending_model
a.loop.md_level

1 First loop model
4 Last loop model
refine.fast # Loop model refinement level

+H+

a.make () # do homology modeling

After generating the standard model(s), a number of loop models are generated for each model, from
loopmodel.loop.starting-model to loopmodel.loop.ending_-model. Each loop model is written out with the .BL ex-
tension. See section |A.5 for more information.

2.3.2 Defining loop regions for refinement

By default, the loopmodel class selects all ‘loop’ regions in your model for refinement, defined as any insertion in
the alignment (i.e., a region of the target where template information is not available). You can override this and
select any set of atoms of your choosing by redefining the ‘loopmodel.select,loop,atoms()‘routine. (This routine
should return a selection object; see Section [2.2.6 or Section [6.9 for further information.)

This example also demonstrates how to automatically assess each generated loop model.

Example: examples/automodel/model-loop-define.py

from modeller import *
from modeller.automodel import *

log.verbose()
env = environ()

env.io.atom_files_directory = [’.’, ’../atom_files’]

# Create a new class based on ’loopmodel’ so that we can redefine
# select_loop_atoms
class MyLoop(loopmodel):
# This routine picks the residues to be refined by loop modeling
def select_loop_atoms(self):
# Two residue ranges (both will be refined simultaneously)
return selection(self.residue_range(’19:’, ’28:°),


file:../examples/automodel/model-loop-define.py
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self.residue_range(’45:’, ’50:°))

a = MyLoop(env,

alnfile = ’alignment.ali’, # alignment filename
knowns = ’5fd1’, # codes of the templates
sequence = ’1fdx’, # code of the target
loop_assess_methods=assess.DOPE) # assess each loop with DOPE
a.starting_model= 1 # index of the first model
a.ending_model =1 # index of the last model
a.loop.starting_model = 1 # First loop model
a.loop.ending_model = 2 # Last loop model
a.make () # do modeling and loop refinement

2.3.3 Refining an existing PDB file

All of the loop modeling classes can also be used to refine a region of an existing PDB file, without
comparative modeling, as in the example below. Note that it is necessary in this case to redefine the
\loopmodel.select,loop,atoms()‘ routine, as no alignment is available for automatic loop detection.

Example: examples/automodel/loop.py

# Loop refinement of an existing model
from modeller import *
from modeller.automodel import *

log.verbose()
env = environ()

# directories for input atom files
env.io.atom_files_directory = [’.’, ’../atom_files’]

# Create a new class based on ’loopmodel’ so that we can redefine
# select_loop_atoms (necessary)
class MyLoop(loopmodel) :
# This routine picks the residues to be refined by loop modeling
def select_loop_atoms(self):
# One loop from residue 19 to 28 inclusive

return selection(self.residue_range(’19:’, ’28:’))

m = MyLoop(env,

inimodel=’1£fdx.B99990001.pdb’, # initial model of the target

sequence=’1fdx’) # code of the target
m.loop.starting_model= 20 # index of the first loop model
m.loop.ending_model = 23 # index of the last loop model
m.loop.md_level = refine.very_fast # loop refinement method
m.make ()


file:../examples/automodel/loop.py
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Chapter 3

Frequently asked questions and history

3.1 Frequently asked questions (FAQ) and examples
Please also check the archive of the Users Mail List at http://salilab.org/archives/modeller_usage/.

1. T want to build a model of a chimeric protein based on two known structures. Alternatively,
I want to build a multi-domain protein model using templates corresponding only to the indi-
vidual domains.

This can be accomplished using the standard modeling routine. The alignment should be as follows when the
chimera is a combination of proteins A and B:

proteinA aaaaaaaaaaaaaaaaaaaaaaaaaaaa———-- - -ooooooooo——o oo ————————
proteinB ---------——mmmm oo bbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbb
chimera aaaaaaaaaaaaaaaaaaaaaaaaaaaabbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbb

In the PIR format the alignment file is:

>P1;proteinA

structureX:proteinA

aaaaaaaaaaaaaaaaaaaaaaaraqaad———-——— - - - - - ——————————————————— *
>P1;proteinB

structureX:proteinB

———————————————————————————— bbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbb*
>P1;chimera

sequence:chimera
aaaaaaaaaaaaaaaaaaaaaaaaaaaabbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbx*

If no additional information is available about the relative orientation of the two domains the resulting model
will probably have an incorrect relative orientation of the two domains when the overlap between A and B
is non-existing or short. To obtain satisfactory relative orientation of modeled domains in such cases, orient
the two template structures appropriately before the modeling.

2. I don’t want to use one region of a template for construction of my model.

The easiest way to achieve this is to not align that region of the template with the target sequence. If region
’bbbbbbbb’ of the template should not be used as a template for region ’eeeee’ of the target sequence the
alignment should be like this:

template aaaaaaaaaaaaaaaaaaaaaaaa-———-— bbbbbbbbccccccecccececececcececccececcccececccee
target ddddddddddddddddddddddddeeeee———————-— i i e i 0 0 0 i i i i


http://salilab.org/archives/modeller_usage/
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The effect of this alignment is that no homology-derived restraints will be produced for region ’eeeee’.

. I want to explicitly force certain Pro residues to the cis w conformation.

MODELLER should usually be allowed to handle this automatically via the omega dihedral angle restraints,
which are calculated by default.

from modeller import *
from modeller.automodel import *
from modeller.scripts import cispeptide

# Redefine the special_restraints routine to force Pro to cis conformation:
# (this routine is empty by default):
class MyModel (automodel) :
def special_restraints(self, aln):
a = self.atoms
cispeptide(self.restraints,
atom_idsi=(al[’0:4’], a[’C:4’], al[’N:5°], a[’CA:5°]),
atom_ids2=(al[’CA:4’], a[’C:4’], a[’N:5’], al[’CA:5°]))

# This is as usual:
log.verbose()
env = environ()

a = MyModel(env, alnfile=’alignl.ali’, knowns=’templl’, sequence=’targl’)
a.make ()

. How can I select/remove/add a set of restraints?

Restraints can be read from a file by ‘Restraints.append()7 calculated by ‘Restraints.make()
or Restraints.make_distance(), or added “manually” by Restraints.add()l |Restraints.pick()
picks those restraints for objective function calculation that restrain the selected atoms only. The
>automodel .homcsr()’ routine contains examples of selecting atoms when generating restraints by

Restraints.make,distance()L There are also commands for adding and unselecting single restraints,

Restraints.add() and Restraints.unpick(), respectively. If you do Restraints.condense(), the unse-
lected restraints will be deleted. This is useful for getting rid of the unwanted restraints completely.

. I want to change the default optimization or refinement protocol.

See Section 2.2.2.

. I want to build an all hydrogen atom model with water molecules and other non-protein atoms

(atoms in the HETATM records in the PDB file).
See Sections|2.2.1 and [2.2.5 for some examples.

from modeller import *
from modeller.automodel import *

log.verbose()
env = environ()
env.io.hydrogen = env.io.hetatm = env.io.water = True

a = allhmodel(env, alnfile=’alignl.ali’, knowns=’templl’, sequence=’targl’)
a.make ()

. How do I build a model with water molecules or residues that do not have an entry in the

topology and/or parameter files?
See Section [2.2.1 for an example.
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. How do I define my own residue types, such as D-amino acids, special ligands, and unnatural

amino-acids?

This is a painful area in all molecular modeling programs. However, CHARMM and X-PLOR provide a rea-
sonably straightforward solution wvia the residue topology and parameter libraries. MODELLER uses CHARMM
topology and parameter library format and also extends the options by allowing for a generic “BLK” residue
type (Section [5.2.1). This BLK residue type circumvents the need for editing any library files, but it is not
always possible to use it. Due to its conformational rigidity, it is also not as accurate as a normal residue
type. In order to define a new residue type in the MODELLER libraries, you have to follow the series of steps
described below. As an example, we will define the ALA residue without any hydrogen atoms. You can add
an entry to the MODELLER topology or parameter file; you can also use your own topology or parameter files.
For more information, please see the CHARMM manual.

(a) Define the new residue entry in the residue topology file (RTF), say ’top_heav.lib’.

RESI ALA 0.00000

ATOM N NH1 -0.29792

ATOM CA CT1 0.09563

ATOM CB  CT3 -0.17115

ATOM C C 0.69672

ATOM O 0 -0.32328

BOND CB CA N CA 0C C CA C +N

IMPR C CA +N O CANC CB

IC -C N CA C 1.35561 126.4900 180.0000 114.4400 1.5390
IC N CA C +N 1.4592 114.4400 180.0000 116.8400 1.3558
IC +N CA *C 0 1.35568 116.8400 180.0000 122.5200 1.2297
IC CA C +N +CA 1.5390 116.8400 180.0000 126.7700 1.4613
IC N C *CA CB 1.4592 114.4400 123.2300 111.0900 1.5461
IC N CA C 0 1.4300 107.0000 0.0000 122.5200 1.2297

PATC FIRS NTER LAST CTER

You can obtain an initial approximation to this entry by defining the new residue type using the residue
type editor in QUANTA and then writing it to a file.

The RESI record specifies the CHARMM residue name, which can be up to four characters long and
is usually the same as the PDB residue name (exceptions are the potentially charged residues where
the different charge states correspond to different CHARMM residue types). The number gives the total
residue charge.

The ATOM records specify the IUPAC (i.e., PDB) atom names and the CHARMM atom types for all
the atoms in the residue. The number at the end of each ATOM record gives the partial atomic charge.

The BOND records specify all the covalent bonds between the atoms in the residue (e.g., there are bonds
CB-CA, N-CA, O-C, etc.). In addition, symbol ’+? is used to indicate the bonds to the subsequent
residue in the chain (e.g., C — +N). The covalent angles and dihedral angles are calculated automatically
from the list of chemical bonds.

The IMPR records specify the improper dihedral angles, generally used to restrain the planarity of
various groups (e.g., peptide bonds and sidechain rings). See also below.

The IC (internal coordinate) records are used for constructing the initial Cartesian coordinates of a
residue. An entry

IC a b ¢ d dab Agbe Gabcd Aped dcd

specifies distances d, angles «, and either dihedral angles or improper dihedral angles © between atoms
a, b, ¢ and d, given by their IUPAC names. The improper dihedral angle is specified when the third
atom, c, is preceded by a star, >*’. As before, the >-’ and ’+’ prefixes for the atom names select
the corresponding atom from the preceding and subsequent residues, respectively. The distances are
in angstroms, angles in degrees. The distinction between the dihedral angles and improper dihedral
angles is unfortunate since they are the same mathematically, except that by convention when using the
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equations, the order of the atoms for a dihedral angle is abcd and for an improper dihedral angle it is
achd.

The PATC record specifies the default patching residue type when the current residue type is the first
or the last residue in a chain.

You have to make sure that all the CHARMM atom types of the new residue type occur in the MASS
records at the beginning of the topology library: Add your entry at the end of the MASS list if nec-
essary. If you added any new CHARMM atom types, you also have to add them to the radii libraries,
’modlib/radii.lib’ and ’modlib/radiil4.lib’. These libraries list the atomic radii for the different
topology models, for the long range and 1-4 non-bonded soft-sphere terms, respectively. The full names
of the files that are used during calculation are given by the environment variables $RADII_LIB and
$RADII14 LIB.

Optionally, you can add the residue entry to the library of MODELLER topology models,
’modlib/models.1lib’. The runtime version of this library is specified by the environment variable
$MODELS_LIB. This library specifies which subsets of atoms in the residue are used for each of the possi-
ble topologies. Currently, there are 10 topologies selected by [Topology.submodel| (3 is default):

1 ALLH all atoms

2 POL polar hydrogens only

3  HEAV non-hydrogen atoms only

4  MCCB non-hydrogen mainchain (N, C, CA, O) and CB atoms

5 MNCH non-hydrogen mainchain atoms only

6 MCWO non-hydrogen mainchain atoms without carbonyl O

7 CA CA atoms only

8  MNSS non-hydrogen mainchain atoms and disulfide bonds

9 CA3H reduced model with a small number of sidechain interaction centers

10 CACB  CA and CB atoms only
The Ala entry is:

#

ALLH POLH HEAV MCCB MNCH MCWO CA  MNSS CA3H CACB
*
REST ALA
ATOM NH1 NH1 NH1 ©NH1 NH1 NH1 #### NH1 #### ####
ATOM H HN  #3H## #3338 #HH88 #384 #388 #HE84 #48 #8is
ATOM CT1 CT1 CTi1 CT1 CT1 CT1 CT1 CT1 CAH CT1
ATOM HB  ##H #### #3384 ### #8848 HHE #### CH3E ####
ATOM CT3 CT3 CT3 CT3 #### #### #### #### #### CT2
ATOM HA  #HHHE #HEE #8880 #88E HHEEE BHEE e
ATOM HA  #HHHE #H88 #8808 88 #88E HHEEE BREE s
ATOM HA  #3HHE ###8 8 S8 B #HEE HEE #EEE
ATOM C C C C C C #i###t C #H#H HHHH
ATOM 0 0 0 0 0 #### ###4 O HEHE #H#HHH

The residue entries in this library are separated by stars. The ’####° string indicates a missing atom.
The atom names for the present atoms are arbitrary. The order of the atoms must be the same as in
the CHARMM residue topology library. If a residue type does not have an entry in this library, all atoms
are used for all topologies.

You have to add the new residue type to the residue type library, ’modlib/restyp.1lib’. The execution
version of this file is specified by the environment variable $RESTYP_LIB. See the comments in the file
for further information.

Every residue in the CHARMM topology file has to have an entry in the $RESTYP_LIB library, but not
every residue entry in the $RESTYP_LIB library needs an entry in the residue topology file. If you need
to edit the $RESTYP_LIB file, it is recommended that you change a copy of it, and provide that file to

the environ() constructor.

In general, when you add a new residue type, you also add new chemical bonds, angles, dihedral angles,
improper dihedral angles, and non-bonded interactions, new in the sense that a unique combination of
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CHARMM atoms types is involved whose interaction parameters are not yet specified in the parameter
library (see also Section[5.2.1)). In such a case, you will get a number of warning and/or error messages
when you generate the stereochemical restraints by the Restraints.make()‘ command. These messages
can sometimes be ignored because MODELLER will guess the values for the missing parameters from
the current Cartesian coordinates of the model. When this is not accurate enough or if the necessary
coordinates are undefined you have to specify the parameters explicitly in the parameter library. Search
for BOND, ANGL, DIHE, and IMPR sections in the parameters library file and use the existing entries to
guess your new entries. Note that you can use dummy atom types *X’ to create general dihedral (i.e., X
A A X) and improper dihedral angle (i.e., A X X A) entries, where A stands for any of the real CHARMM
atom types. For the dihedral angle cosine terms, the CHARMM convention for the phase is different for
180° from MODELLER’s (Eq.[A.83). If you use non-bonded Lennard-Jones terms, you also have to add a
NONB entry for each new atom type. If you use the default soft-sphere non-bonded restraints, you have
already taken care of it by adding the new atom types to the $RADII_LIB and $RADII_LIB libraries.

9. How do I define my own patching residue types?

10.

11.

12.

This is even messier than defining a new residue type. As an example, we will define the patching residue for
establishing a disulfide bond between two CYS residues.

PRES DISU -0.36 ! Patch for disulfides. Patch must be 1-CYS and 2-CYS.
ATOM 1:CB CT2 -0.10 !

ATOM 1:SG SM -0.08 ! 2:3G--2:CB--

ATOM 2:SG SM -0.08 ! /

ATOM 2:CB CT2 -0.10 ! -1:CB--1:SG

DELETE ATOM 1:HG

DELETE ATOM 2:HG

BOND 1:SG 2:SG

IC 1:CA 1:CB 1:SG 2:SG 0.0000 0.0000 180.0000 0.0000 0.0000
IC 1:CB 1:SG 2:SG 2:CB 0.0000 0.0000 90.0000 0.0000 0.0000
IC 1:8G 2:SG 2:CB 2:CA 0.0000 0.0000 180.0000 0.0000 0.0000

The PRES record specifies the CHARMM patching residue name (up to four characters).

The ATOM records have the same meaning as for the RESI residue types described above. The extension
is that the IUPAC atom names (listed first) must be prefixed by the index of the residue that is patched, if
the patch affects multiple residues. In this example, there are two CYS residues that are patched, thus the
prefixes 1 and 2. When using the \model.patch() command, the order of the patched residues specified by
residues must correspond to these indices (this is only important when the patch is not symmetric, unlike the
’DISU’ patch in this example).

DELETE records specify the atoms to be deleted, the two hydrogens bonded to the two sulfurs in this case.
The BOND and IC (internal coordinate) records are the same as those for the RESI residues, except that the
atom names are prefixed with the patched residue indices.

Is it possible to restrain secondary structure in the target sequence?

Yes — see Section [2.2.10/for an example.

I want to patch the N-terminal or (C-terminal) residue (e.g., to model acetylation properly),
but the model.patch()| command does not work.

This is probably because the N-terminus is patched by default with the NTER patching residue (corresponding
to -NH37T) and a patched residue must not be patched again. The solution is to turn the default patching
off by env.patch_default = False before the ‘model.generate,topology()‘ command is called.

Is it possible to use templates with the coordinates for C, atoms only?

Yes. You do not have to do anything special.
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13. How do I analyze the output log file?

First, check for the error messages by searching for string ’>_E>’’. These messages can only rarely be ig-
nored. Next, check for the warning messages by searching for string > _W>’’. These messages can almost
always be ignored. If everything is OK so far, the most important part of the log file is the output of the
selection.energy() command for each model. This is where the violations of restraints are listed. When
there are too many too violated restraints, more optimization or a different alignment is needed. What is too
many and too much? It depends on the restraint type and is best learned by doing selection.energy() on
an X-ray structure or a good model to get a feel for it. You may also want to look at the output of command
‘alignment.check()L which should be self-explanatory. I usually ignore the other parts of the log file.

14. How do I prevent “knots” in the final models?

The best way to prevent knots is to start with a starting structure that is as close to the desired final model
as possible. Other than that, the only solution at this point is to calculate independently many models
and hope that in some runs there won’t be knots. Knots usually occur when one or more neighboring long
insertions (i.e., longer than 15 residues) are modeled from scratch. The reason is that an insertion is build
from a randomized distorted structure that is located approximately between the two anchoring regions.
Under such conditions, it is easy for the optimizer to “fall” into a knot and then not be able to recover from
it. Sometimes knots result from an incorrect alignment, especially when more than one template is used.
When the alignment is correct, knots are a result of optimization not being good enough. However, making
optimization more thorough by increasing the CPU time would not be worth it on the average as knots occur
relatively infrequently. The excluded volume restraints are already included in the standard comparative
modeling routine.

15. What is considered to be the minimum length of a sequence motif necessary to derive mean-
ingful constraints from the alignment to use in modeling.. one, two, three, or more?

Usually more than that (dozens if you want just to detect reliable similarity, and even more if you want a
real model). It is good to have at least 35-40% sequence identity to build a model. Sometimes even 30% is

OK.

16. Does Modeller have a graphical interface (GUI) 7
No; Modeller is run from the command line, and wuses a Python script to di-
rect it. Graphical interfaces to Modeller are commercially available from Accelrys, at

http://www.accelrys.com/products/modeler/index.html.

17. What do the ‘Alignment sequence not found in PDB file’ or ‘Number of residues in the align-
ment and pdb files are different’ errors mean?

When you give MODELLER an alignment, it also needs to read the structure of the known proteins (templates)
from PDB files. In order to correctly match coordinates to the residues specified in the alignment, the
sequences in the PDB file and the alignment file must be the same (although obviously you can add gap or
chain break characters to your alignment). If they are not, you see this error. (Note that MODELLER takes
the PDB sequence from the ATOM and HETATM PDB records, not the SEQRES records.) You should
also check the header of your alignment file, to make sure that you are reading the correct chain and residue
numbers from your PDB.

To see the sequence that MODELLER reads from the PDB file > 1BY8.pdb’, use this short script to produce a
’1BY8.seq’ sequence file:

from modeller import *

env = environ()

code = ’1BY8’

mdl = model(env, file=code)

aln = alignment (env)
aln.append_model (mdl, align_codes=code)
aln.write(file=code+’.seq’)

18. Can I make a web interface or GUI for Modeller?


http://www.python.org/
http://www.accelrys.com/products/modeler/index.html
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Certainly, although you should bear in mind that the Modeller license is non-transferable, and permits free
usage only for academic purposes.
For web interfaces, users must obtain their own Modeller license key directly from us; your web interface

should provide a text box into which users should put their license key, and then use that input to set the
KEY_MODELLER9v4 environment variable, as is done by our own MODWEB and MODLOOP interfaces.

For GUIs or other interfaces (e.g. frameworks), users should obtain and license Modeller directly from us,
rather than it being bundled with your software.

In all cases, please update the links page in the Modeller wiki, to advertise your software to Modeller users.


http://salilab.org/modweb/
http://salilab.org/modloop/
http://salilab.org/modeller/wiki/Links

34 CHAPTER 3. FREQUENTLY ASKED QUESTIONS AND HISTORY
3.2 MODELLER updates

3.2.1 Changes since release 9v3

e The speed of GB/SA calculations has been dramatically increased; the cutoff distance used in the GB/SA
calculation can also now be adjusted to balance speed against accuracy (the default cutoff has been decreased
from 15.0A to 8.0A).

. ‘alignment.append() no longer takes rewind_file and close_file arguments; they did not work correctly anyway.
New method ‘alignment.read,one()‘ added to read sequences one by one from a PIR or FASTA file.

e alignment.write(), model.write()| selection.write(), Chain.write() and|Structure.write() now take

either a file name or a file handle (modfile.File()).

e Split alignment.check() into alignment.check_structure_structure() and
‘alignment.check,sequence,structure()L Both functions now return the number of pairs which
exceeded the cutoffs, which are also adjustable.

° \alignment.compare,with()\now returns the percentage of equivalent residue-residue pairs in the two align-
ments.

lio_data.atom_files_directory|is now a Python list of directories, rather than a colon-separated string. (This is
so that everything works on Windows, where ’:’ is a valid character in directory names.) Old scripts that use
colon-separated strings should still work, but will trigger a warning.

When reading or writing compressed files, the uncompressed versions of these files are now written into write-
able local storage (${MODELLER_TMPDIR} if set, otherwise the system temporary directory if possible,
otherwise the current working directory). Previously, these files were written into the same directory as the
compressed versions, which is problematic when that directory is read-only or is on network storage.

Files compressed with p7zip can now be read, provided that the 7za binary is available on your system. Such
files should contain only a single member (e.g., a file foo.pdb could be compressed into the archive foo.pdb.7z).

Update PDB files used in the examples (remediated PDBs are now used).

Added [selection.only_water_residues() method, which selects only atoms in water residues.

User-defined energy terms now take a cutoff parameter to use the non-bonded list.

Bugfix: use the basename, not the full path name, to generate output file names in\density.grid,search()L

Bugfix: ‘model.transferxyz() with cluster_cut § 0.0 incorrectly calculated the number of atoms in each
residue, which in some circumstances could cause a crash.

Bugfix: miscellaneous|alignment.salign() fixes.

Bugfix: ‘alignment.append,model() now copies the model’s resolution, R-factor, name and source to the
alignment.

e Bugfix: if two or more different types for a single residue are listed in a PDB with alternate location codes
(e.g. 80:A in len2), only the first is read by MODELLER.

3.2.2 Changes since release 9v2

e Mac OS X 10.5 (Leopard) is now supported (with Python 2.5).

e Added ‘Structure.write()‘ method, to write out current template structures as PDB files.

e Added|/Chain.write()| Chain.filter(), and Chain.atom_file_and_code() methods, to write out sequences
of individual chains. These obsolete the ‘model.make,chains() method.

e Added ‘selection.only,deﬁned()‘ method, which selects only atoms with defined coordinates.
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The GB/SA scorer is now implemented as a user-defined energy term; energy_data.dynamic_gbsa has thus been
removed.

User-defined energy terms in C now get passed additional libraries and energy_data parameters.

Invalid headers in PIR alignment files now result in an error, to avoid potential problems with these headers
going unnoticed.

e File format errors now have their own Python exception - FileFormatError - which is a subclass of the generic
ModellerError.

‘alignment.align()‘ and ‘alignment.consensus()‘ no longer take a max_gap_length parameter, as it is not
used in any case.

Profile objects now have a positions member, which is a list of all aligned positions, similar to the same
member for alignment objects.

selection.debug_function() now returns the number of derivatives which exceeded the cutoffs.

Bundled version of HDF5 updated to 1.6.6.

Bugfix: always read the first PDB alternate location encountered for each residue, not only A or 1, which
resulted in skipping of residues which used neither of these codes.

Bugfix: no longer limit atom file names in PIR comment lines to 80 characters.

Bugfix: user-defined mathematical forms no longer cause an error in Restraints.pick()| when restraints_filter
is not -999.

Bugfix: the scoring function will return an error if a coordinate has become infinite or not-a-number (e.g.
due to a bad optimization).

Bugfix: the INITIAL_LMALIGN3D option works again with TOP scripts.

Bugfix: ‘selection.superpose() now returns correct values for num_equiv_pos and num_equiv_dist (previously
these were erroneously the same as the cutoff values).

Bugfix: calling ‘selection.energy()‘ from within an optimizer periodic action no longer causes the optimiza-
tion to cycle endlessly.

Bugfix: ‘alignment.append,model() now puts the current model coordinates into the alignment, not the
PDB in its original orientation.
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Chapter 4

Comparative modeling class reference

4.1 automodel reference

All of the functions and data members of the automodel class are listed for reference below. Please note that
the automodel class is derived from the model class, so all properties and commands of the model class are also
available. Please see section[6.6 for more information.

4.1.1 automodel() — prepare to build one or more comparative models

automodel(env, alnfile, knowns, sequence, deviation=None, library_schedule=None, csrfile=None,
inifile=None, assess_methods=None)

alnfile is required, and specifies the PIR file which contains an alignment between knowns (the templates)
and sequence (the target sequence).

deviation controls the amount of randomization done by randomize.xyz or randomize.dihedrals. (This
can also be set after the object is created, by assigning to ’automodel.deviation’.)

library_schedule, if given, sets an initial value for automodel.library_schedule.

If csrfile is set, restraints are not constructed, but are instead read from the user-supplied file of the same
name. See section for an example.

If inifile is set, an initial model is read from the user-supplied file of the same name. See section 2.2.9 for an
example.

assess_methods allows you to request assessment of the generated models (by default, none is done). You can
provide a function, or list of functions, for this purpose, or use one or more of the standard functions pro-
vided in the assess module — assess.GA341, which uses the GA341 method (see model.assess_ga341()),
assess.DOPE, which uses the DOPE method (see selection.assess_dope()), or assess.DOPEHR, which uses
the DOPE-HR method (see selection.assess_dopehr()). (This can also be set after the object is created,
by assigning to ’automodel.assess_methods’.) See section for an example. Note that only standard
models are assessed in this way; if you are also building loop models, see|loopmodel.loop.assess_methods.

By default, models are built using heavy atom-only parameters and topology. If you want to use
different parameters, read them in before creating the automodel object with ‘Topology.read() and
Parameters.read()|

See section [2.1 for a general example of using this class.

4.1.2 automodel.library _schedule — select optimization schedule

This allows the degree of VIFM optimization to be adjusted. This is usually one of the schedules from
the autosched module (autosched.slow, autosched.normal, autosched.fast, autosched.very_fast,
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or autosched.fastest) or you can provide your own schedule object (see Section [6.12). See the
modlib/modeller/automodel/autosched.py file for more information.

See Section [2.2.2 for an example.

4.1.3 automodel.md_level — control the model refinement level

This allows the degree of MD refinement of the models to be adjusted. You can define your own function for
this purpose, set it to the special Python value None (in which case no additional refinement is done) or use
one of the predefined functions in the refine module — refine.very_fast, refine.fast, refine.slow,
refine.very_slow or refine.slow_large — which perform different amounts of MD annealing. See the
modlib/modeller/automodel/refine.py file for more information.

See Section [2.2.2 for an example.

4.1.4 automodel.outputs — all output data for generated models

This is produced after ‘automodel.make() is finished. It contains filenames and model scores for every
generated model. This information is provided for your own post-processing (e.g., ranking and further
refinement of the models) although a summary of it is printed at the end of the model run. See Section 2.2.12]
for an example.

4.1.5 automodel.rand_method — control initial model randomization

This is used to randomize the initial model before producing each final model. (If set to None then no
randomization is done, and every model will be the same.) You can provide your own function for this
purpose, or use one of the functions in the randomize module — randomize. xyz to randomize all coordinates
of standard residues, or randomize.dihedrals to randomize dihedral angles.

4.1.6 automodel.generate_method — control initial model generation

This is used to build the initial model. It is usually set to generate.transfer_xyz, which builds the model
based on the templates, but you can also set it to generate.generate xyz to build it purely from the
internal coordinates, or to generate.read_xyz to read it from a file (see section[2.2.9]for the easiest way to
do this).

4.1.7 automodel.max var_iterations — select length of optimizations

This is used to set max_iterations for every call to \conjugate,gradients(). Smaller numbers may lead to
more rapid (but less accurate) model building.

4.1.8 automodel.repeat_optimization — number of times to repeat optimization

The entire optimization cycle is repeated this many times; increase the value from 1 (the default) to request
more thorough optimization.

4.1.9 automodel.max molpdf — objective function cutoff

VTFM optimization of each model is automatically aborted (continuing with the next model, if any) if the
objective function becomes larger than this value.

4.1.10 automodel.initial malign3d — initial template alignment

If set to True, then an initial structural alignment of all templates is done.


http://www.python.org/
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4.1.11 automodel.starting_model — first model to build

This determines the number of the first model to build; models are built from [automodel.starting_model
through to|automodel.ending_model.

4.1.12 automodel.ending_model — last model to build

This determines the number of the last model to build; see automodel.starting_modell

4.1.13 automodel.final malign3d — final template-model alignment

If set to True, then all of the generated models (and loop models, if using loopmodel) are fit to the templates,
and written out with the _fit.pdb extension.

4.1.14 automodel.write_intermediates — write intermediate files during optimiza-
tion

If set to True, then PDB files are written out during the optimization (containing intermediate, partially
optimized coordinates) in addition to the final model file(s).

4.1.15 automodel.trace_output — control optimization output

For every .B model file produced during modeling, a corresponding .D optimization trace file is produced,
using the‘actions.trace() periodic action. These files contain information about the progress of optimization,
such as the iteration step, atomic shifts in space, energies and gradients. By default, this is written out every
10 steps, but you can change the frequency by assigning to this variable, or turn it off completely by setting
it to zero.

See also automodel.get_optimize_actions() and Jautomodel.get_refine_actions().

4.1.16 automodel.get_optimize_actions() — get actions to carry out during the initial
optimization

get_optimize actions()

This returns a list of optimizer actions which are carried out during the initial optimization. (By de-
fault, only the trace file is written (see[automodel.trace_output,) You can override this method to perform
other actions (see Section [6.11) during the optimization — e.g. writing a CHARMM trajectory file using
actions.charmm_trajectory()|

4.1.17 automodel.get _refine_actions() — get actions to carry out during the refine-
ment

get_refine_actions()

This returns a set of optimizer actions which are carried out during the molecular dynamics refinement part
of the optimization. By default, it does the same thing as/automodel.get_optimize_actions()!

4.1.18 automodel.select_atoms() — select region for optimization

select_atoms ()
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By default, this selects all atoms in the system. Only the selected atoms are optimized in model building, so
you can redefine this routine to select the region of interest, if so desired. See section|2.2.6 for an example.
4.1.19 automodel.auto_align() — generate an automatic initial alignment

auto_align(matrix file=’family.mat’, overhang=0, write fit=False)

This generates an initial alignment between the templates and the target sequence. See section|2.2.13 for an
example.
4.1.20 automodel.very_fast() — request rapid optimization

very_fast ()

This sets parameters to request very fast optimization of the model(s). See section[2.2.3]for an example.

4.1.21 automodel.make() — build all models

make (exit_stage=0)

You should call this command after creating an automodel object and setting any desired parameters, to
then go ahead and build all models.

If exit_stage is 2, then this routine exits after generating the initial model; no optimized models are built. If
it is 1, then it also creates the restraints file before exiting. If it is 0 (the default) then the full comparative
modeling procedure is followed.

4.1.22 automodel.cluster() — cluster all built models

cluster(cluster_cut=1.5)

This can be called after model building is complete. It clusters all of the output models, and outputs an
averaged cluster structure, both optimized (in the file cluster.opt) and unoptimized (in cluster.ini).
cluster_cut gives the cluster cutoff distance, as used in model.transfer_xyz()|

4.1.23 automodel.special restraints() — add additional restraints

special_restraints(aln)

By default, this routine does nothing. However, you can redefine it to add additional user-defined restraints
to those calculated by automodel. Symmetry restraints, excluded atom pairs, and rigid body definitions can
also be set up in this routine. The routine is passed aln, which is the alignment between the templates and
the target sequence. See section|2.2.10/for an example.

4.1.24 automodel.nonstd restraints() — add restraints on ligands

nonstd_restraints(aln)
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This routine adds restraints to keep residues that have no defined topology (generally BLK residues, used
to transfer ligands directly from templates, as described in Section [2.2.1)) in a reasonable conformation. You
can override this method if you need to change these restraints.

By default, three sets of restraints are built:
e Intra-residue distances are all constrained to their template values. This causes each residue to behave
as a rigid body.

e Inter-residue distances are constrained to template values if these are 7A or less. This has the effect of
preserving multiple-HETATM structures such as DNA chains.

e Residue-protein C,, distances are constrained to template values if these are 10A or less. This preserves
ligand coordination.
4.1.25 automodel.special patches() — add additional patches to the topology

special_patches(aln)

This routine, which is usually empty, can be redefined by the user to make additional changes to the model
topology (for example, to add user-defined disulfides, to renumber the residues, or to rename the chains).
See Section [2.2.7 for an example.

4.1.26 automodel.user_after_single model() — analyze or refine each model

user_after_single model()

This routine is called after building each model, before the output PDB file is written. It usually does
nothing, but can be redefined by the user to perform analysis or additional refinement on each model. See
Section [2.2.11 for an example.

4.1.27 automodel.get_model filename() — get the model PDB name

get_model filename(sequence, idl, id2, file_ext)

This routine returns the PDB file name of each generated model, usually of the form ’>foo.B000X000Y.pdb’.
You can redefine this routine if you don’t like the standard naming scheme. See also
loopmodel.get_loop_model_filename().

4.1.28 automodel.use_parallel_job() — parallelize model building

use_parallel_job(job)

This uses a parallel job object (see Section[6.31)) to speed up model building. When building multiple models,
the optimization process is spread over all nodes in the parallel job (for example, if building 10 models, and
you are running on 2 nodes, each node will build 5 models). This feature is still experimental.

4.2 allhmodel reference

The allhmodel class is derived from automodel, so all properties and commands of both the automodel and model
classes are available in addition to those listed below.
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4.2.1 allhmodel() — prepare to build all-hydrogen models

allhmodel(env, alnfile, knowns, sequence, deviation=None, library_schedule=None, csrfile=None,
inifile=None, assess_methods=None)

This creates a new object for building all-hydrogen models. All of the arguments are the same as those for
automodel()

See section for an example.

4.3 loopmodel reference

The loopmodel class is derived from automodel, so all properties and commands of both the automodel and model
classes are available in addition to those listed below.

4.3.1 loopmodel() — prepare to build models with loop refinement

loopmodel (env, sequence, alnfile=None, knowns=[], inimodel=None, deviation=None,
library_schedule=None, csrfile=None, inifile=None, assess_methods=None,
loop_assess_methods=None)

This creates a new object for loop modeling. It can either build standard comparative models (in identical
fashion to the automodel class) and then refine each of them, in which case you should set the alnfile and
knowns arguments appropriately (see the automodel() documentation) or it can refine a given region of a
PDB file, in which case you should set inimodel to the name of the PDB file instead. In both cases, sequence
identifies the code of the target sequence.

All other arguments are the same as those for automodel()L with the exception of those below:

loop_assess_methods is the analog of [automodel.assess_methods for loop modeling, and allows you to request
assessment of the generated loop models. (This can also be set after the object is created, by assigning to
’loopmodel . loop.assess methods’.)

See section [2.3 for examples.

4.3.2 loopmodel.loop.md _level — control the loop model refinement level

This is the analog of lautomodel.md_levell for loop modeling, and allows the loop model refinement to be
customized.

4.3.3 loopmodel.loop.max_var_iterations — select length of optimizations

This is the analog of lautomodel.max_var_iterations| for loop modeling.

4.3.4 loopmodel.loop.library schedule — select optimization schedule

This is the analog of[automodel.library_schedule for loop modeling.

4.3.5 loopmodel.loop.starting model — first loop model to build

This is the analog of [automodel.starting_model| and determines the number of the first loop model to build
for each regular model.
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4.3.6 loopmodel.loop.ending model — last loop model to build

This is the analog of automodel.ending_model and determines the number of the last loop model to build for
each regular model.

4.3.7 loopmodel.loop.outputs — all output data for generated loop models

This is the analog of [automodel.outputs for loop modeling; it contains filenames and model scores for every
generated loop model.

4.3.8 loopmodel.select_loop_atoms() — select region for loop optimization

select_loop-atoms ()

By default, this selects all atoms near gaps in the alignment for loop optimization. You should redefine this
routine if you do not have an alignment, or you wish to set a different region for loop optimization. See
section [2.3]for an example.

4.3.9 loopmodel.get_loop_model filename() — get the model PDB name

get_loop_model filename(sequence, idl, id2, file_ext)

This routine returns the PDB file name of each generated loop model, usually of the form
’f£00.BLO00X000Y.pdb’. You can redefine this routine if you don’t like the standard naming scheme. See
also lautomodel.get_model filename()|

4.3.10 loopmodel.user_after_single loop_model() — analyze or refine each loop
model

user_after_single_loop_model ()

This is the analog of ‘automodel.user,after,single,model()L and is called after building each loop model,
before the output PDB file is written. It can be redefined by the user to perform analysis or additional
refinement on each loop model.

4.3.11 loopmodel.read_potential() — read in the loop modeling potential

read_potential ()

This reads in the [<group_restraints> object which defines the statistical potential for loop modeling.
Redefine this routine if you want to use a different potential.

4.3.12 loopmodel.build_ini loop() — create the initial conformation of the loop

build_ini loop(atmsel)

This creates the initial conformation of the loop. By default all atoms are placed on a line between the loop
termini, but you may want to use a different conformation, in which case you should redefine this routine.
For example, if you want to leave the initial PDB file untouched, use a one-line 'pass’ routine.
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4.4 dope_loopmodel reference

The dope_loopmodel class is derived from loopmodel, and is very similar in operation, except that a newer DOPE-
based loop modeling protocol is used (see selection.assess_dope()). The main differences are:

e DOPE (seeselection.assess_dope()) potential used in combination with GB/SA implicit solvent interaction
(see Section [6.14).

e Lennard-Jones potential used rather than soft-sphere.

e Improved handling of ligand-loop interactions.
To use, simply use 'dope_loopmodel’ rather than ’loopmodel’ in your Python scripts (see Section [2.3] for

examples). Note that it will be significantly slower than the regular loop modeling procedure, primarily due to the
GB/SA interaction.

4.4.1 dope_loopmodel() — prepare to build models with DOPE loop refinement

dope_loopmodel(env, sequence, alnfile=None, knowns=None, inimodel=None,
deviation=None, library_schedule=None, csrfile=None, inifile=None, assess_methods=None,
loop_assess_methods=None)

See loopmodel() for all arguments.

4.5 dopehr _loopmodel reference

This class is identical to dope_loopmodel, except that the higher precision DOPE-HR method (see
selection.assess_dopehr()) is used.
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Chapter 5

MODELLER general reference

Sections in this Chapter describe technical aspects of MODELLER.

5.1 Miscellaneous rules and features of MODELLER

This Section describes several features of the program, including file naming conventions, various file types, and
the control of the amount of output.

5.1.1 MODELLER system

One of the main aims of MODELLER is to allow for flexible exploration of various modeling protocols to facilitate
the development of better modeling methods. MODELLER can be seen as an interpreted language that is specialized
for modeling of protein 3D structure.

See section for basic information on writing and running scripts.

5.1.2 Controlling breakpoints and the amount of output

Some errors are recoverable. For those errors, a Python exception exception is raised. It is then up to your script
to deal sensibly with the failure of the preceding command using a standard ’except’ clause. For example, this
flexibility allows derivation of multiple models and searching for many sequences, even if some cases abort due
to convergence problems. This exception could be a generic ModellerError exception, a more specific subclass
(FileFormatError), or a standard Python exception.

There are five kinds of messages that MODELLER writes to the log file: long output from the MODELLER
commands, short notes to do with the execution of the program (files opened, etc.), warnings identified by _W>?,
errors identified by ¢ _E>’, and the messages about the status of dynamic memory allocation. To control how much
of this output is displayed, use the log object; for more information, see Section[6.28]

5.1.3 File naming

There are several filename generating mechanisms that facilitate file handling. Not all of them apply to all file
types.

Environment variables

There can be UNIX shell environment variables in any input or output filename. The environment variables have
to be in the format ${VARNAME} or $(VARNAME). Also, two predefined macros are available for string variables:

IMODELLER can raise the following Python exceptions: ZeroDivisionError, IOError, MemoryError, EOFError, TypeError,
NotImplementedError, IndexError, and ValueError.
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e ${LIB} is expanded into the $LIB.MODELLER variable defined in modlib/libs.lib (equal to
$MODINSTALL9v4/modlib);

e ${JOB} is expanded into the root of the script filename, or ’ (stdin)’ if instructions are being read from
standard input;

Reading or writing files

Any input file for MODELLER (alignments, PDB files, etc) can be compressed. If the name of an input file ends
with a >.Z7, ?.gz’, >.bz2’, or ’.7z’ extension, or the specified input file cannot be found but a compressed
version (with extension) does, then MODELLER automatically uncompresses the file before reading it. (Note that
it uses the gzip, bzip2 and 7za programs to do this, so they must be installed on your system in order for this
to work. Also, any ’.7z’ archives must contain only a single member, which is the file to be uncompressed, just
as with > .gz’ or ’.bz2’ files.) The uncompressed copy of the file is created in the system temporary directory
(deduced by checking the *MODELLER_TMPDIR’, *TMPDIR’, *TMP’ and ’TEMP’ environment variables in that order,
falling back to /tmp on Unix and C:

on Windows), or the current working directory if the the temporary directory is read-only.

Any files written out by MODELLER can also be compressed. If the output file name ends in ’.gz’ or ’.bz2’
extension, a temporary uncompressed copy is created in the same way as above, and when the file is closed, the
file is compressed with gzip or bzip2 and placed in the final location. (Writing out files in ’.Z? or ’.7z’ format
is not currently supported.)

Coordinate files and derivative data

When accessing an atom file, if MODELLER cannot find the specified filename or a compressed version of it (see
above) it tries adding the extensions ’.atm’, >.pdb’, ’.ent’, and ’.crd’ in this order, then also with the ’pdb’
prefix. This search for the atom file is repeated through all the directories in|io_data.atom_files_directory (directories
are separated by ’:?), unless the input atom filename starts with >/, in which case [io_data.atom_files_directory| is
neglected.

Any derivative data that MODELLER may need, including residue solvent accessibilities, hydrogen bonding
information, dihedral angles, residue neighbors, etc., are calculated on demand from the atomic coordinates. The
most time consuming operation is calculating solvent accessibility, but even this calculation takes less than 1 sec
for a 200 residue protein on a Pentium IIT workstation.

MODELLER stores the filenames of coordinate sets in the alignment arrays. These arrays are used by
alignment.compare_structures(), Restraints.make(), alignment.malign3d(), |alignment.align2d(), and
several other commands. If these filenames do not change when the structures are needed for the second time, the
coordinate files are not re-read because they should already be in memory. This creates a problem only when the
contents of a structure file changes since it was last read during the current job.

5.1.4 File types

MODELLER uses a number of standard filename extensions to indicate the type of data stored in a file (Table[5.1).
The extensions are generally not mandatory, only very helpful.

5.2 Stereochemical parameters and molecular topology

All molecular modeling programs generally need to know what are the atoms in all residue types, what are the
atom pairs that are covalently bonded to each other (i.e., molecular topology), and what are the ideal bond lengths,
angles, dihedral angles, and improper dihedral angles (i.e., internal coordinates and stereochemical restraints). This
information is stored in the residue topology and parameter libraries, which are manipulated by MODELLER scripts
using the Libraries class (see Section

For commands dealing with generating, patching, and mutating molecular topology, see the model class refer-

ence, in section [6.6]
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5.2.1 Modeling residues with non-existing or incomplete entries in the topology and
parameter libraries

Defining new residue types is generally one of the more painful areas in developing and using a molecular modeling
program. MODELLER has two quick-and-dirty solutions described in the next two sections that are often sufficient
for comparative modeling involving new residue types. On the other hand, if you are willing to spend some time
and define a new entry or complete an incomplete entry in the residue topology or parameter libraries, see the FAQ

Section [3.1, Question

Residues with defined topology, but with missing parameters

The parameter library is used by the |[Restraints.make() command to construct bond, angle, dihedral angle,
improper dihedral angle, and non-bonded Lennard-Jones restraints. If some parameters for these restraints are
missing, they are guessed on the fly from the current Cartesian coordinates of the MODEL. Thus, when there
are missing parameters, the MODEL coordinates must be defined before calling \Restraints.make()L The co-
ordinates can be defined by the jmodel.build() command (from the IC entries in the residue topology library),
by the model.read()| command (from an existing coordinate file for MODEL), or by the model.transfer_xyz()
command (from template coordinate files aligned with MODEL). The bonds, angles, and improper dihedral angles
are restrained by a harmonic potential with the mean equal to the value in the current structure and a force
constant typical for chemical bonds, angles, and improper dihedral angles, respectively. The dihedral angles are
restrained by a tri-modal cosine term with the mean equal to the angle in the current structure. A message detailing
MODELLER’s improvisation is written to the log file.

Block (BLK) residues with undefined topology and parameters

The second relatively easy way of dealing with missing entries in the residue topology and/or parameters libraries
is to use a “block” residue. These residues are restrained more or less as rigid bodies to the conformation of the
equivalent residue(s) in the template(s). No chemical information is used. The template residues can themselves
be defined as block residues. The symbol for the block residues is ‘BLK’ in the four- and three-letter codes and
‘. in the single-letter code. The atoms in a BLK residue include all uniquely named atoms from the equivalent
residues in all the templates. The atom type of all BLK atoms is the CHARMM type ‘undf’. The IUPAC atom
names (as opposed to the atom types) are the same as in the templates.

The ‘undf’ atoms are treated differently from the other atoms during preparation of dynamic restraints: No
pairs of intra-BLK atoms are put on the dynamic non-bonded list. Only the “inter-BLK” atom pairs and “BLK-
other” atom pairs are considered for the dynamic non-bonded restraints. The radius of all block atoms is obtained
from the $RADII_LIB library using the block atom names (as written out to a PDB file), not the ‘undf’ atom
type. All intra-BLK and inter-residue BLK restraints other than the non-bonded restraints have to be derived
separately and explicitly by the Restraints.make_distance()| command. See automodel.nonstd_restraints()|
for the routine that makes block restraints for comparative modeling with the automodel class. Lennard-Jones,
Coulomb, and general non-bonded spline terms involving ‘undf’ atoms are ignored by MODELLER.

Please note that if you use ‘BLK’ residues, you must set lio_data.hetatm to True, as ‘BLK’ residues are treated
as HETATMs.

For an example of how to use block residues, see Section [2.2.1.

5.3 Spatial restraints

The objective function used by MODELLER is a sum over all of the restraints. See Section A.3 for equations defining
the restraints and their derivatives with respect to atomic positions. See Section 6.6/ for commands for calculating
the objective function and Section A.2 for optimization methods. See the original papers for the most detailed
definition and description of the restraints [Sali & Blundell, 1993, Sali & Overington, 1994].
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5.3.1 Specification of restraints
Static and dynamic restraints

Dynamic restraints are created on the fly, and currently include:

e Soft-sphere overlap restraints (see|energy_data.dynamic_sphere).

Lennard-Jones restraints (see energy_data.dynamic_lennard).

Coulomb restraints (see|energy_data.dynamic_coulomb).

Non-bond spline restraints (see lenergy_data.dynamic_modeller).

GBSA solvent restraints (see Section [6.14).

e EM density restraints (see lenergy_data.density).

e SAXS restraints (see|energy_data.saxsdata).

e User-defined energy terms (see Section .

Dynamic restraints are not written into the restraints file by Restraints.write()| (only static restraints are).

Static restraints can be added with the ‘Restraints.add()‘ command, or can be read from a restraints file
(see Section [B.2). Collections of static restraints useful for various purposes (e.g. for restraining all bond lengths
or angles, or for using template information) can also be automatically generated with the \Restraints.make()\
command.

Each static restraint is formulated as a mathematical form (e.g. a Gaussian function) which acts on one or
more ‘features’ of the model (e.g. a bond length). Any feature can be used with any mathematical form, with the
exception of forms.multi binormal, which generally only works properly with features.dihedral. Both feature
types and mathematical forms are described below.

Feature types
Each feature is a Python class, which takes a defined number of atom ids as input. Each of these atom ids can be:

e An Atom object, from the current model (e.g., m.atoms [’CA:1°]; see|model.atoms).

e A Residue object, from the current model (e.g., m.residues[?3]; see Sequence.residues), in which case all
atoms from the residue are used.

e A list of atoms or residues returned by|model.atom_range()| or model.residue_range(), in which case all
atoms from the list are used.

e A model object, in which case all atoms in the model are used.

e A selection object, in which case all atoms in the selection are used.

Features can be any of the classes in the features module (see below) or you can create your own classes; see
Section [7.1.

features.distance (*atom_ids)
Distance in angstroms between the given two atoms.

features.angle(*atom_ids)
Angle in radians between the given three atoms.

features.dihedral (*atom_ids)
Dihedral angle in radians between the given four atoms.

features.minimal _distance (*atom_ids)
Given an even number of atoms, this calculates the distance between the first two atoms, the third and fourth, and
so on, and returns the shortest such pair distance, in angstroms.
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features.solvent_access(*atom_ids)
Area (in A?) exposed to solvent of the given atom. Note that this feature cannot be used in optimization, as first
derivatives are always returned as zero.

features.density(*atom_ids)
Atomic density (number of atoms within contact_shell of the given atom). Note that this feature cannot be used in
optimization, as first derivatives are always returned as zero.

features.x_coordinate (*atom_ids)
Value of the x coordinate (in angstroms) of the given atom.

features.y_coordinate (*atom_ids)
Value of the y coordinate (in angstroms) of the given atom.

features.z_coordinate(*atom_ids)
Value of the z coordinate (in angstroms) of the given atom.

features.dihedral diff (*xatom_ids)
Difference in radians between two dihedral angles (defined by the first four and last four atoms).

Mathematical forms of restraints

Each mathematical form is a Python class, which takes one or features (above) as arguments to act on. group
is used to group restraints into “physical feature types” for reporting purposes in \selection.energy(), ete, and
should be a Python object from the physical module (see Table[6.1 and Section . You can also create your
own mathematical forms by creating new Python classes; see Section 7.1!

Each of the mathematical forms is depicted in Figure|5.1.

forms.lower_bound(group, feature, mean, stdev)
Harmonic lower bound (left Gaussian). The given feature is harmonically restrained to be greater than mean with
standard deviation stdev. See Eq.|A.81.

forms.upper_bound(group, feature, mean, stdev)
Harmonic upper bound (right Gaussian). The given feature is harmonically restrained to be less than mean with
standard deviation stdev. See Eq.

forms.gaussian(group, feature, mean, stdev)
Single Gaussian (harmonic potential). The given feature is harmonically restrained to be around mean with standard
deviation stdev. See Eq.|A.62.

forms.multi_gaussian(group, feature, weights, means, stdevs)
Multiple Gaussian. The given feature is restrained by a linear combination of Gaussians. weights, means and stdevs
should all be lists (of the same size) specifying the weights of each Gaussian in the linear combination, their means,
and their standard deviations, respectively. See Eq.

forms.factor(group, feature, factor)
Simple scaling. The given feature value is simply multiplied by factor to yield the objective function contribution.

forms.lennard_jones(group, feature, A, B)
Lennard-Jones potential. The given feature is restrained by means of a Lennard-Jones potential, with control
parameters A and B. See Eq.[A.89]

forms.coulomb(group, feature, ql, q2)
Coulomb point-to-point potential. The given feature is restrained by means of an inverse square Coulomb potential
created by charges ql and q2. See Eq.|A.86.

forms.cosine(group, feature, phase, force, period)
Cosine potential. The given feature is restrained by a CHARMM-style cosine function, with the given phase shift,
force constant and periodicity. See Eq. A.83.

forms.multi_binormal(group, features, weights, means, stdevs, correls)
The given two features (generally both features.dihedral) are simultaneously restrained by a multiple binormal
restraint. weights, means, stdevs and correls should all be lists (of the same size). weights specifies the weights of
each term in the function. means and stdevs give the mean and standard deviation of each feature for each term,
and each element should thus be a 2-element list. correls gives the correlation between the two features for each
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term. See Eq.[A.75]

forms.spline(group, feature, open, low, high, delta, lowderiv, highderiv, values)

Cubic spline potential. The given feature is restrained by an interpolating cubic spline, fitted to values, which
should be a list of objective function values. The first element in this list corresponds to feature value low, the last
to feature value high, and points in the list are taken to be equally spaced by delta in feature space. The spline can
either be open (open = True) in which case the first derivatives of the function at the first and last point in values
are given by lowderiv and highderiv respectively, or closed (open = False) in which case lowderiv and highderiv are
ignored. A closed spline 'wraps around’ in such a way that feature values low and high are taken to refer to the
same point, and is useful for periodic features such as angles. See Eq.[A.96.

forms.nd_spline(group, values)
Multi-dimensional cubic spline potential. The given feature is restrained by an interpolating multi-dimensional
cubic spline, fitted to values, which should be an N-dimensional list of objective function values. (For example,
for a 2D spline, it should be a list of lists. The outer list goes over the second feature, and contains one or more
rows, each of which is a list which goes over the first feature.) After creating the object, you should then call the
’add_dimension’ function N times:

nd_spline.add dimension(feature, open, low, high, delta, lowderiv, highderiv)
This initializes the next dimension of the multi-dimensional cubic spline. Parameters are as for >forms.spline()’,
above. Note that lowderiv and highderiv are used for every spline, for efficiency. (For example, in an x-by-y 2D
spline, there will be ’x’ splines in the second dimension, each of which could have its own lowderiv and highderiv,
but one pair of values is actually used for all x” of these splines.)

Restraint violations

When MODELLER optimizes the objective function, the aim is to fulfill all of the restraints as well as possible. In
complex cases, this will be difficult or impossible to do, and some of the restraints will not be optimal. In this
case, MODELLER reports the deviation of each restraint from the optimum as a ‘violation’. There are four kinds of
restraint violation used by MODELLER:

e The heavy violation is defined as the difference between the current value of the feature, and the global
minimum of the same feature according to the restraint’s mathematical form.

e The relative heavy violation is the heavy violation normalized by dividing by the standard deviation of the
global minimum.

e The minimal violation is defined as the difference between the current value of the feature, and the nearest
minimum of the same feature according to the mathematical form. Where this minimum corresponds to the
global minimum (or for forms which have no well-defined local minimum, such as cubic splines), the minimal
violation is the same as the heavy violation.

e The relative minimal violation is the minimal violation normalized by dividing by the standard deviation of
the local minimum.

Equations for relative heavy violations for most mathematical forms are given in Section

5.3.2 Specification of pseudo atoms

There are virtual and pseudo atoms. A virtual atom is an atom that occurs in the actual molecule, but whose
position is not represented explicitly in the MODEL and topology file. A pseudo atom is a position that does not
correspond to an actual atom in a molecule, but is some sort of an average of positions of real atoms. Pseudo atoms
can be added to the list of restraints by adding the objects below to the Restraints.pseudo_atoms list. Atom ids are
as for features, above. The MODELLER pseudo and virtual atom types follow closely the GROMOS definitions.

pseudo_atom.gravity_center (xatom_ids)
Gravity center of all of the supplied atoms.

pseudo_atom.ch2(*atom_ids)
Pseudo aliphatic proton on a tetrahedral carbon (>CH2). Not assigned stereospecifically; its position is between
the two real protons; defined by the central C and the other two substituents (specified by atom_ids).
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pseudo_atom.ch31 (*atom_ids)
Pseudo aliphatic proton on a tetrahedral carbon (-CH3), defined by the central C and the heavy atom X in X-CH3
(specified by atom_ids); its position is the average of the three real protons.

pseudo_atom.ch32(*atom_ids)
Pseudo aliphatic proton between two unassigned -CH3 groups; defined by X in CH3 - X - CH3 and the two C
atoms from the two CH3 groups (specified by atom_ids). Its position is the average of the six real protons.

virtual_atom.chl (*atom_ids)
Virtual aliphatic proton on a tetrahedral carbon (->CH), defined by the central C and the three other substituents
(specified by atom_ids).

virtual atom.chla(*atom_ids)
Virtual aromatic proton on a trigonal carbon (=CH), defined by the central C and the two C atoms bonded to the
central C (specified by atom_ids).

virtual_atom.ch2(*atom_ids)
Virtual aliphatic proton on a tetrahedral carbon (>CH2) assigned stereospecifically; defined by the central tetra-
hedral atom and the other two substituents on it (specified by atom_ids).

Example: examples/python/pseudo_atoms.py

from modeller import *
from modeller.scripts import complete_pdb
from modeller.optimizers import conjugate_gradients

env = environ()

env.io.atom_files_directory = [’../atom_files’]
log.verbose()
env.libs.topology.read(file="$(LIB)/top_heav.lib’)
env.libs.parameters.read(file=’$(LIB)/par.lib’)

# Read in the model
mdl = complete_pdb(env, "1fdn")
rsr = mdl.restraints

# Select all C-alpha atoms
allat = selection(mdl)
allca = allat.only_atom_types(’CA’)

# Create a pseudo atom that is the center of all C-alphas, and activate it
center = pseudo_atom.gravity_center(allca)
rsr.pseudo_atoms.append(center)

# Constrain every C-alpha to be no more than 10 angstroms from the center
for at in allca:

r = forms.upper_bound(group=physical.xy_distance,
feature=features.distance(at, center),
mean=10.0, stdev=0.1)

rsr.add(r)

# Constrain the gravity center to the x=0 plane

r = forms.gaussian(group=physical.xy_distance,
feature=features.x_coordinate(center),
mean=0.0, stdev=0.1)

rsr.add(r)

# Keep sensible stereochemistry
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rsr.make(allat, restraint_type=’stereo’, spline_on_site=False)

# Optimize with CG

cg = conjugate_gradients()

cg.optimize(allat, max_iterations=100, output=’REPORT’)
mdl.write(file=’1fas.ini’)

5.3.3 Excluded pairs

You can also exclude certain pairs of atoms from the nonbonded list. These Python objects are added to the
Restraints.excluded_pairs list.

excluded_atom(atom_idl, atom_id2)
Excludes the given two atoms from the nonbonded list.

5.3.4 Rigid bodies

You can mark groups of atoms as belonging to a rigid body. They will be moved together during optimization,
such that their relative orientations do not change. These are created by making a rigid_body object and adding
it to the Restraints.rigid_bodies list.

Note that all intra-body atom pairs are removed from the nonbonded list, since those distances cannot change.
Thus these atom pairs will no longer contribute to any nonbonded interactions, such as Coulomb or Lennard-Jones
interactions. See also ‘selection.assess,dope()L

rigid_body(*atom_ids)
Creates a new rigid body which contains all of the specified atoms. You can also tune the scale_factor member
of the resulting object, which is used to scale the system state vector (used by ‘conjugate,gradients()‘ and
quasi_newton() optimizations) to rigid body orientation Euler angles (in radians). (Note that no scaling is
done for the position of the rigid body; thus the units of this factor are effectively radians/A.) This can improve
optimization convergence in some cases. By default the scaling factor is 1.0; values larger than 1 increase the
rotational sampling, while values less than 1 will decrease it.

Example: examples/python/rigid_body.py
from modeller import *

env = environ()
env.io.atom_files_directory = [’../atom_files’]
mdl = model(env, file=’1fas’)

# Keep residues 1-10 in chain A rigid:
r = rigid_body(mdl.residue_range(’1:4’, ’10:A’))
mdl.restraints.rigid_bodies.append(r)

# Randomize the coordinates of the whole model; the rigid body remains rigid
sel = selection(mdl)

sel.randomize_xyz(deviation=4.0)

mdl.write(file=’1fas.ini’)
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5.3.5 Symmetry restraints

You can restrain two groups of atoms to be the same during optimization of the objective function. This is achieved
by adding the sum of squares of the differences between the equivalent distances (similar to distance RMs deviation)
to the objective function being optimized. See Equation

After creating a symmetry object, you can call its append function to add additional pairs of groups. This
allows some equivalent atoms to be weighted more strongly than others. Finally, add the symmetry object to the
Restraints.symmetry| list.

symmetry(setl, set2, weight)
Creates a new symmetry restraint which will constrain the interatomic distances in setl1 to be the same as in set2.
(The append function takes the same parameters.) Both sets are just lists of atoms or objects which contain atoms,
such as Residue or selection objects. Note that each set must contain the same number of atoms. Note also that

the order is important. (If using selection objects, the atoms are always sorted in the same order as seen in the
PDB file.)

See Section 2.2.11 for an example of using symmetry restraints with the automodel class.

Example: examples/commands/define_symmetry.py

# Example for: model.symmetry.define()

# This will force two copies of 1fas to have similar mainchain
# conformation.

from modeller import *
from modeller.scripts import complete_pdb
from modeller.optimizers import conjugate_gradients, molecular_dynamics

log.level(1l, 1, 1, 1, 0)

env = environ()

env.io.atom_files_directory = [’../atom_files’]
env.libs.topology.read(file="$(LIB) /top_heav.1lib’)
env.libs.parameters.read(file=’$(LIB) /par.1lib’)

def defsym(mdl, segl, seg2):
sell = selection(mdl.residue_range(*segl)).only_mainchain()
sel2 = selection(mdl.residue_range(*seg2)).only_mainchain()
mdl.restraints.symmetry.append(symmetry(sell, sel2, 1.0))

# Generate two copies of a segment:
mdl = complete_pdb(env, ’2abx’, model_segment=(’1:A’, ’74:B’))
mdl.rename_segments (segment_ids=(’A’, ’B’), renumber_residues=(1, 1))

myedat = energy_data(dynamic_sphere = False)

atmsel = selection(mdl)

atmsel.energy (edat=myedat)

atmsel.randomize_xyz(deviation=6.0)

# Define the two segments (chains in this case) to be identical:
defsym(mdl, segl=(’1:4’, ’74:A’), seg2=("1:B’, ’74:B’))

# Create optimizer objects
cg = conjugate_gradients()
md = molecular_dynamics(md_return=’FINAL’)

# Make them identical by optimizing the initial randomized structure
# without any other restraints:
atmsel.energy (edat=myedat)


file:../examples/commands/define_symmetry.py
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mdl.write(file=’define_symmetry-1.atm’)
cg.optimize(atmsel, max_iterations=300, edat=myedat)
mdl.write(file=’define_symmetry-2.atm’)
atmsel.energy (edat=myedat)

# Now optimize with stereochemical restraints so that the
# result is not so distorted a structure (still distorted
# because optimization is not thorough):
myedat.dynamic_sphere = True
mdl.restraints.make(atmsel, restraint_type=’stereo’, spline_on_site=False,
edat=myedat)
atmsel.randomize_xyz(deviation=3.0)
for method in (cg, md, cg):
method.optimize (atmsel, max_iterations=300, edat=myedat, output=’REPORT’)
mdl.write(file="define_symmetry-3.atm’)
atmsel.energy (edat=myedat)

# Report on symmetry violations
mdl.restraints.symmetry.report(0.3)

# Create a blank alignment so that superpose uses its 1:1 default
aln = alignment (env)

mdl = model(env, file=’define_symmetry-3.atm’, model_segment=(’1:A’, ’74:A°))
mdl2 = model(env, file=’define_symmetry-3.atm’, model_segment=(’1:B’, ’74:B’))
atmsel = selection(mdl).only_mainchain()

atmsel.superpose(mdl2, aln)



5.3. SPATIAL RESTRAINTS

Extension Description

.top TOP script with instructions for a MODELLER job

.log log output produced by a MODELLER run

.ali alignment or sequences in the PIR format

.pap alignment or sequences in the PAP format

.aln alignment or sequences in the QUANTA| format

.aln alignment or sequences in the INSIGHTII format

.seq, .chn sequence(s) in the PIR alignment format

.cod list of sequence codes

.gIp list of families in PDB

.atm, .pdb, .ent atom coordinates in the PDB or GRASP format

.crd atom coordinates in the CHARMM format

_fit.pdb fitted protein structures in the PDB format

.ini initial MODELLER model

.Bx* MODELLER model in the PDB format

.Dx the progress of optimization

.BLx* MODELLER model in the PDB format, in loop modeling
.DLx* the progress of optimization, in loop modeling

CILx initial MODELLER model, in loop modeling

LV violations profile

.Ex energy profile

.rsr restraints in MODELLER or USER format

.sch schedule file for the variable target function optimization
.mat matrix of pairwise protein distances from an alignment
.mat matrix of pairwise residue type-residue type distance scores
.sim.mat matrix of pairwise residue type-residue type similarity scores
.1lib various MODELLER libraries

.psa residue solvent accessibilities

.sol atomic solvent accessibilities

.ngh residue neighbors

.dih mainchain and sidechain dihedral angles

.Ssm secondary structure assignment

.var sequence variability profile from multiple alignment
.asgl data for plotting by ASGL

Table 5.1: List of file types.



http://www.accelrys.com/quanta/
http://www.accelrys.com/insight/
http://salilab.org/asgl/asgl.html
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Figure 5.1: Mathematical forms of restraints. Each mathematical form generates a contribution to the objective function
as a function of one or more features. Note that this contribution is the negative log of the probability density.




Chapter 6

MODELLER command reference

6.1 Key for command descriptions

Most commands in MODELLER take one or more arguments, usually as Pythonkeywords. For convenience, many
of these arguments take a default value if you do not specify them.

Each argument must be of a specific type, either a MODELLER class object (e.g., a model or alignment) or one
of the standard Python types (integers, strings, floating point numbers, or lists of these types).

Many commands take optional io and/or edat arguments. io should always be an [io_data() object, and is
used by commands that need to read coordinate files, while edat should be an lenergy_datal object, and is used
by commands that need to use the energy function. For convenience, if these arguments are not specified, default
values are taken from the MODELLER environment (environ.io and lenviron.edat respectively).

6.2 The environ class: MODELLER environment

The environ class contains most information about the MODELLER environment, such as the energy function and
parameter and topology libraries (see section [6.1] for more information). Usually it is the first class to be used
in a MODELLER script, as it provides methods to create the other main classes. In addition, some miscellaneous
commands are also provided as methods of the environ class.

6.2.1 environ() — create a new MODELLER environment

environ(rand_seed=-8123, restyp-lib_file=’$(LIB)/restyp.lib’, copy=None)

This creates a new environ object. rand_seed is used to seed the random number generator used throughout
MODELLER, and should be set to a negative integer between —2 and —50000 if you do not want to use the
default value. restyp_lib_file specifies the file to read the residue type library from; if unspecified, the default
(*restyp.1lib?) file is used. This file contains the mapping between one-letter residue types and CHARMM
and PDB names; see the FAQ Section [3.1, Question [8] for the format of this file.

You can assign the new environ object to the Python variable ’env’ with the following:
env = environ()

You can release the object from memory when you no longer need it in standard Python fashion, either by
an explicit del(env) or by reassigning env to some other object.

When you create new MODELLER objects (such as model or alignment objects) they require an environ
object, which they use for their own default values. Note that each object gets a copy of the environment, so
it is not affected by any changes you make to the global environment after its creation. You can, however,
modify the object’s own environment directly, by assigning to its .env member:


http://www.python.org/
http://www.python.org/
http://www.python.org/
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env = environ()

env.io.hetatm = True # New objects will read HETATM records from PDB by default
mdl = model(env) # Create new model object (with hetatm=True)

mdl.env.io.hetatm = False # hetatm is now False, but only for ’mdl’

If in doubt, set anything you need to set within environ before you create any objects.

6.2.2 environ.io — default input parameters

This is an io_data object, which is used as the default by all routines which take an io argument (used for
reading coordinate files). See Section[6.4]

6.2.3 environ.edat — default objective function parameters

This is an energy_data object, which is used as the default by all routines which take an edat argument
(used to configure the energy function). See Section 6.3

6.2.4 environ.libs — MODELLER libraries

This is a Libraries object, which contains all of the MODELLER topology and parameter libraries. See
Section [6.5.

6.2.5 environ.schedule _scale — energy function scaling factors

This is used to scale the various contributions to the energy function (if not specified explicitly when calling
the energy function or an optimizer). It is a‘physical.values()\ object. See Section|2.2.2|for an example.

6.2.6 environ.dendrogram() — clustering

dendrogram(matrix_file, cluster_cut)

This command calculates a clustering tree from the input matrix of pairwise distances. This matrix must be in
the PHYLIP format and can be produced by the|alignment.id_table()}|alignment.compare_sequences(),
or \alignment.compare,structures()\ commands. The weighted pair-group average clustering method (as
described at|/model.transfer_xyz()) is used.

The tree is written to the log file.

This command is useful for deciding about which known 3D structures are to be used as templates for
comparative modeling.

Example: See|alignment.id_table()| command.

6.2.7 environ.principal_ components() — clustering
principal _components(matrix file, file)
This command calculates principal components clustering for the input matrix of pairwise distances.

This matrix must be in the PHYLIP format and can be produced by the ‘alignment.id,table(),
‘alignment.compare,sequences(), or \alignment.compare,structures()\ commands.

The projected coordinates p and ¢ are written to file file. The output file can be used with ASGL to produce
a principal components plot.

This command is useful for deciding about which known 3D structures are to be used as templates for
comparative modeling.


http://salilab.org/asgl/asgl.html
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Example: See|alignment.id_table()| command.

6.2.8 environ.system() — execute system command

system(command)

This command executes the specified operating system command, for example ‘rm’ or ‘ls’ on a Unix system,
or ‘dir’ on a Windows machine. This should be avoided in portable scripts, precisely because the available
commands differ between operating systems.

6.2.9 environ.make pssmdb() — Create a database of PSSMs given a list of profiles

make _pssmdb(profile list file, pssmdb_name, profile format=’TEXT’, rr _file=’$(LIB)/asl.sim.mat’,
matrix_offset=0.0, matrix_scaling factor=0.0069, pssm_weights_type=’HH1’)

This command takes a list of profiles, specified in profile_list_file, to calculate their Position Specific Scoring
Matrices (PSSM) and create a database of these PSSMs for use in profile.scan().

The profiles listed in profile_list_file should be in a format that is understood by |profile.read(). For instance,
like those created by [profile.build() or lalignment.to_profile. See documentation under profile.read()|
for help on profile_format.

rr_file is the residue-residue substitution matrix to use when calculating the position-specific scoring matrix
(PSSM). The current implementation is optimized only for the BLOSUMG62 matrix.

matrix_offset is the value by which the scoring matrix is offset during dynamic programing. For the BLO-
SUMG62 matrix use a value of -450.

pssmdb_name is the name for the output PSSM database.

Example: examples/commands/ppscan.py

# Example for: profile.scan()
from modeller import *
env = environ()

# First create a database of PSSMs
env.make_pssmdb(profile_list_file = ’profiles.list’,

matrix_offset = -450,

rr_file = ’${LIB}/blosum62.sim.mat’,
pssmdb_name = ’profiles.pssm’,
profile_format = ’TEXT’,

pssm_weights_type = ’HH1’)

# Read in the target profile
prf = profile(env, file=’T3lzt-uniprot90.prf’, profile_format=’TEXT’)

# Read the PSSM database
psm = pssmdb(env, pssmdb_name = ’profiles.pssm’, pssmdb_format = ’text’)

# Scan against all profiles in the ’profiles.list’ file

# The score_statistics flag is set to false since there are not
# enough database profiles to calculate statistics.
prf.scan(profile_list_file = ’profiles.list’,


file:../examples/commands/ppscan.py
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psm
matrix_offset
ccmatrix_offset
rr_file
gap_penalties_1d
score_statistics
output_alignments
output_score_file
profile_format
max_aln_evalue
aln_base_filename
pssm_weights_type
summary_£file
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psm,

-450,

-100,
’${LIB}/blosum62.sim.mat’,
(=700, -70),

False,

True,

None,

’TEXT’,

1,

’T3lzt-ppscan’,
’HH1’,
’T31lzt-ppscan.sum’)
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6.3 The energy data class: objective function parameters

The energy_data class is used to configure the objective function, selecting which types of dynamic restraints (see
Section 5.3.1)) to calculate (e.g., soft-sphere, Coulomb), and how to calculate them (e.g., distance cutoffs).

6.3.1 energy data() — create a new set of objective function parameters

energy_data(copy=None, **kwargs)

This creates a new energy_data object. The object will have the default parameters. You can, however,
specify any of these parameters when you create the object:

edat = energy_data(contact_shell=7.0)
Alternatively, you can set parameters in an existing object:
edat.contact_shell = 7.0

Many commands use energy_data objects. However, for convenience, the environ class also contains an
energy_data object, aslenviron.edat. This is used as the default if you do not give an energy_data pa