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Abstract MODELLER is command line argument based
software which requires tedious formatting of inputs and
writing of Python scripts which most people are not
comfortable with. Also the visualization of output becomes
cumbersome due to verbose files. This makes the whole
software protocol very complex and requires extensive study
of MODELLER manuals and tutorials. Here we describe
SWIFT MODELLER, a GUI that automates formatting,
scripting and data extraction processes and present it in an
interactive way making MODELLER much easier to use
than before. The screens in SWIFT MODELLER are
designed keeping homology modeling in mind and their
flow is a depiction of its steps. It eliminates the formatting of
inputs, scripting processes and analysis of verbose output
files through automation and makes pasting of the target
sequence as the only prerequisite. Jmol (3D structure
visualization tool) has been integrated into the GUI which
opens and demonstrates the protein data bank files created
by the MODELLER software. All files required and created
by the software are saved in a folder named after the work
instance’s date and time of execution. SWIFT MODELLER
lowers the skill level required for the software through
automation of many of the steps in the original software
protocol, thus saving an enormous amount of time per
instance and making MODELLER very easy to work with.
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Introduction

MODELLER is a computer program for comparative
protein structure modeling developed by Andrej Sali [,
2] at the University of California, San Francisco. The input
to the program is an alignment of a sequence to be modeled
with the template structure(s), the atomic coordinates of the
template(s), and a simple script file. MODELLER then
calculates a model containing all non-hydrogen atoms.
Apart from model building, MODELLER can perform
auxiliary tasks such as fold-assignment [3] alignment of
two protein sequences or their profiles [4, 5], multiple-
alignment of protein sequences and/or structures [6],
clustering of sequences and/or structures, and ab initio
modeling of loops in protein structures [2].

MODELLER works on Command Line arguments, and
lacks a Graphic User Interface (GUI). It presents a complex
software protocol requiring an extensive study of manuals
and tutorials. Knowledge of Python scripting becomes a
must for advanced usage. Furthermore, the output is stored
in verbose files which make data analysis cumbersome.
Altogether a lot of time is wasted in writing scripts,
formatting the inputs and data analysis.

There have been few attempts earlier to ease out use of
MODELLER by providing or developing a GUI base.
These were MINT and EasyModeller [7]. The former was
developed on MODELLER 8 and is since a dormant
product. EasyModeller was developed later to MINT and it
maintains a single screen approach where all functionalities
of MODELLER have been placed on activity buttons and
arranged on a single screen. Sequential flow of information
in MODELLER has not been given due importance in
arrangement of the buttons.

Here we present SWIFT MODELLER, a GUI that
encompasses the limitations of MODELLER and provides
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homology modeling. First time users of the GUI are greeted
with a login screen where they would be required to enter
WELCOME TO SWIFT MODELLER the installation path of MODELLER (Fig. 1). This screen
will appear only once on a terminal until and unless the file
containing the path is deleted.
BEIDEL CR natls @ The protein sequence input is taken along with a suitable
Lot | five letter title to the project in the first screen of the GUI
(Fig. 2). The PIR database containing PDB sequences
clustered at 95% identity has been downloaded and
‘ embedded in this software as an offline database. The first
screen gives an option to the user to search templates for
the target sequence in this offline database, alternatively
user can upload previously downloaded sequences (after
doing BLAST search of the target sequence) also.
a much easier way to use the same. It automates the On selecting the database search option the software
tiresome steps such as formatting of inputs, writing and  edits a python file named “build profile.py”, in the
execution of python scripts and meaningful data extraction  background and executes the same via MODELLER which
from output files, thus saving an enormous amount of time  results in creation of an output file named “build_profile.
and human effort for performing homology modeling with ~ prf”, which contains search results. Our software extracts
MODELLER. In addition it makes pasting of the protein  data from this file and presents it in a tabular and well
sequence as the only prerequisite, thereby lowering the skill ~ readable form (Fig. 3). The table contains template
level required for using MODELLER. sequence codes, sequence identity percentage and E-value,
the first column being a checkbox for selection of suitable
templates. On selection of the relevant templates the system
Implementation downloads these from the PDB website at the background
and extracts these in the working directory. By default a
The screens of SWIFT MODELLER are designed in sucha  single template is considered however, an option of using
way that they depict the MODELLER protocol and steps of ~ multiple templates is also available.

Fig. 1 Login screen of SWIFT MODELLER

Fig. 2 Input sequence and title ’D SWIFT MODELLER =B8] &

Title of Project TvlDH

Paste the Sequence  |ysEARHVLITGAAGOIGYILSHWIASGELYGDROVYLHLLDIPEAMN
RLTALTMELEDCAFPHLAGFVATTDPKAAFKDIDCAFLVASMPLKEG
QVRADLISSNSVIFKNTGEYLSKWAKPSVKVLVIGNPDNTNCEIAML
HAKNLKPENFSSLSMLDONRAYYEVASKLGVDVKDVHDI IVWGNHGE
SMVADLTQATFTKEGKTQKVVDVLDHDYVFDI FFKKIGHRAWDILEH
RGFTSAASPTRAAIQHMRAWLFGTAPGEVLSMGIPVPEGNEYGIKEG
VVFSFPCNVDKEGKIHVVEGFKVNDWLREKLDFTEKDLFHEKETALN
HLAQGG

Clear

@ Search for Templates in Database
~ Upload the Template

o
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Fig. 3 Database search results r ase Search
File Edit Help |
I |
# Number of sequences: 30
# Length of profile 335
# N_PROF_ITERATIONS 1
# GAP_PENALTIES 1D -500.0 =50.0
# MATRIX_OFFSET 1 -450.0
# RR_FILE : ${LIB}/blosumé2.sim.mat
SELECT TEMPLATE SEQUENCE CODE THPE SEQUENCE IDENTITY % E-VALUE
B [rioH s lo. o0 ||
; B 1a5z X 8. lo.85e-08
IFi 168pA % 42, joo 3
= IbdmA X 4. 0.0
B 1t2da i 2s. io.az—:m
= 1eva X 3s. lo.o
B 2amd M |27. 0. 17605
10624 25 jo.27-05
1rsA i 31, o.25202
1guzA X |2s. 0.20€-08 =
Select Al | Reset | Do\'ﬂlbﬁ_l
¥l Use Multiple Templates
Next

These templates become input to another python file
named “compare.py” which is executed and data (dendro-
gram) is extracted from a log file named “compare.log” and
displayed (Fig. 4). Radio buttons against each template is
provided for easy selection on which the target sequence is
to be modeled. The selection of the template is made on the
basis of crystallographic resolution factor and phylogeny

Fig. 4 Dendrogram showing
crystallographic R-factor and
phylogenic score

WEIGHTED PAIR-GROUP AVERAGE CLUSTERING BASED ON A DISTANCE MATRIX

score. The target sequence is then aligned to the selected
template via “align2d.py” and the alignment is then
displayed (Fig. 5). The user is asked to provide the number
of models to be constructed on the basis of the target-
template alignment.

The models are then constructed by the “model-single.
py” (or “model mult.py” depending upon the mode

. 1b8pA €1.9  39.0000 -
I. 1
lbdmaA @1.8  50.5000
S SmdhA 2.4  55.3750
I
I .--- lcivA @2.8  13.0000 |
I | 173
ImdhA @2.4  83.2500
1smka 82.5
86.0600 73.4150 60.7700 48.1250 35.4800 22.8350 10.1900
79.7375  €7.0925 54.4475 41.8025 29.1575 16.5125
Sequence Code Select Template
b"
a
SmahA
1dvA
mdhA
1smicA,
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Fig. 5 Target-template [ Template - Targ
alignment File Edit Help
Template-Target Alignment
_aln.po=s 10 20 30 L] 50 &0 .
lbdmR MERPVRVAVIGARGOIGYSLLFRIAARGEMLGKDOPVILOLLEI PORMEALEGVVMELEDCAFPLLAGL
TvLDH MSERRHVLITGARGOIGYILSHWIASGELYG-DROVYLHLLDIPPAMNRLTALTMELEDCAFPHLAGF
Coﬂ’rvd - - AR L LR L o - - o e me e - AR R R L L
_aln.p 70 80 20 100 110 120 130
1bdmi EATDDPDVAFEDADYARLLVGARPRL--(QV=======] NGKIFTEQGRALAEVARKDVEVLVVGNEANTH
TvLDH VATIDPRAAFEDIDCAFLVASMPLEPGOVRADLISSNSVIFENTGEYLSEWAKPSVEVLVIGNPDNTH
R e e w ik E oW e AR e
_aln.pos 140 150 180 170 180 190 200
1bdmi ALIAYENAPGLNPRNFTAMTIRLDENRAKAQLAKKTGTGVDRIREMTVRGNHSSIMFPDLFHAEV--DG
TvLDH CEIAMLHARNLEFPENFSSLSMLDONRAYYEVASKLGVDVEDVHDI IVNGHNEGE SMVADLTCATFTEEG =
con’:"d - - - o e . - o« - - - - - -
_aln.pos 210 220 230 240 250 260 270
lbdmA R--PRLELVDMEWYEEVFIPTVACRGAAIICQARGASSARSARNARIEHIRDWALGTPEGDWVSMAVES
TvLDH KIQRVVDVLDHDYVFDTFFEKIGHRAWDILEHRGFT SARSPTEARIOHMEAWLFGTAPGEVLSMGIPV
con’:"d - - - - - - LR L - - - - -
_aln.po=s 280 230 300 310 320 330
lbdmA -QGE-YGIPEGIVYSFPVIAR-DGAYRVVEGLEINEFARKRMEITAQELLDEME-QVERLGLI-
TvLDH PEGHPYGIRKPGVVFSFPCNVDREGKIHVVEGFEVNDWLRERKLDFTERDLFHERKEIALNHLAOGG
consrvd w mEmm R R mes - e = - - = = o= = }
Edit
]
Number of Models to be Made : ¢
Next

selected — single template or multiple templates). The
DOPE assessment score of the built models is displayed
along with GA341 and molpdf scores (Fig. 6). Evaluation
graphs are now plotted for each model which gives the
comparison in the pseudo energy level of every amino acid
of the built model and the template used. A series of python
scripts are edited and executed for this purpose (“evalua-
te_model.py”, “evaluate template.py” and “plot profiles.
py”). This plotted result is then framed and displayed with
an option for loop modeling (Fig. 7).

Fig. 6 List of models with [ﬂ Model
DOPE and GA341 scores it

Loop Modelling is performed if the evaluation graph
shows irregularities between the model and template’s plots
in some pockets of amino acid residues. The user is
required to enter the amino acid residue range and the
number of loop models to be made, on selection of the loop
modeling option. “loop_refine.py” performs loop modeling
on the selected model in the denoted amino acid residue
range. The assessment scores of the constructed loop
models are displayed. The evaluation graphs for the newly
constructed models can be plotted through this screen

File Edit Help
SUMMARY OF SUCCESSFULLY PRODUCED MODELS
Select File Filename molpdf DOPE score GA341 score I
i ® TWLDH.B99990001.pdb  |1867.38232 |-37333.15625 1.00000
TVLDH.B99990002.pdb  |1888.93384 -37736.56250 |1.00000
TVLDH.B99990003.pdb  [2341.91162 -37307.09375 |1.00000
TVLDH.B99990004.pdb  [1987.65332 -37733.64063 |1.00000

1910.31580 -37849.87500

Plot Evaluation Graph / Draw Structure
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Fig. 7 DOPE score plot with
loop modeling enabled

Fig. 8 DOPE score plot after
loop refining

EVALUATION GRAPH FOR THE SELECTED MODEL
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SELECT TEMPLATE(S) AND CHAIN(S)

Select Template(s)  Seguence Code Select Chain
1bsp A
7 |1bdm B ‘
v 1smk E
[Smdh A
J [7mdh C |

. OK |

—

Fig. 9 Table for selection of chains extracted from the uploaded
templates

which contains plots for the template, original model and
the loop model in different shades for better visualization
(Fig. 8). Finally Jmol: an open-source Java viewer for
chemical structures in 3D. http://www.jmol.org/ [8] is run
through the GUI which displays the 3D animated view of
the model thus constructed.

Results

All the python scripts utilized by the MODELLER for
performing homology modeling are edited and executed
at the backend by SWIFT MODELLER along with
processes such as formatting of protein sequence input
into MODELLER recognizable ALI format, and data
extraction from verbose output files which is presented
in meaningful graphs and tables.

Furthermore, SWIFT MODELLER extracts the PDB
chains from the templates selected by the user and displays
them for easy selection (Fig. 9). Also, the constructed
models are automatically opened with Jmol for immediate
viewing and analysis of the selected model (Fig. 10).
SWIFT MODELLER has adopted a sequential approach

Fig. 10 Jmol showing the ani-
mated 3D structure of the con-

G2 TvLDH.B99990001.pdb - TvLD

structed model

File Edit Display View Tools Macros

2 ne @

o ([P P =

Help |

o || sl oy Il ey
|\1F. | | .

13.0/17.6 Mb; 32/34 ms

579 x 532
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Table 1 Time saving benefits of SWIFT MODELLER

Activity Time taken by the Time taken by the SWIFT
MODELLER procedure * MODELLER procedure °

Save target sequence in MODELLER recognized format 1 min -

Selection and download of suitable template(s) from Protein Data Bank website 5 min 3 min ¢

Edit the required python files 30 min ¢ -

Execution of the python files using MODELLER 15 min 15 min

Open the model.pdb file with a visualizing software like Jmol 1 min -

Total time taken 52 min 18 min

?Time considered varies with user’s capability and system’s configuration

®<_¢ indicates automated process for which time taken can be rendered negligible

° Time saved due to automated downloading function present in SWIFT MODELLER

9 Time calculated as an approximate estimate to modify 15 python scripts

where individual operations are described and defined on Acknowledgments The authors are thankful to the Sub-Distributed

separate screens. These have primarily been done to offer
ease of operation and provide a definite flow path to the
software. These enhancements make SWIFT MODELLER a
silver-edged solution over other available products like
EasyModeller.

The automation of the afore mentioned steps leads to a
lot of saved time (see Table 1) and lowering of the skill
level required for using the MODELLER software making
pasting of the protein sequence as the only prerequisite.

Availability and requirements
SWIFT MODELLER

http://www.bitmesra.ac.in/swift-
modeller/swift.htm

Windows XP, Windows VISTA and
Windows 7

The system must have MODELLER
(any version) and Python (2.3.5) along
with matplotlib (0.90.1) and numpy
(1.0.4) preinstalled. Microsoft
Windows Vista or 7 users must install
MODELLER in a partitioned drive
other than C:/ to avoid administrator
rights related hassles.

Project name:
Project homepage:

Operating system:

Other requirements:

License: Free to use

Any restriction to use None
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