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Lecture - 44
Demo on Homology Modeling

Demo on Homology Modeling. So, here we will demonstrate how to build a model for a

protein structure from any specific amino acid sequence.
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As 1 discussed earlier the homology model requires several steps, such as target

sequence. This sequence which one you like to get the structure and one scenario get that

completes, then alignment backbone generation, loop modeling, side chain modeling,

model optimization and validation.



(Refer Slide Time: 00:54)

Workflow

Target protein : Human c-Yes tyrosige kinase (Uniprot id: P07947)

Search template using BLAST V)

Build Kinase domain of c-Yes kinase 43 Conen Y’
p1
Generate maximum of 10 models

Calculate DOPE Score (lowest denotes the best model)

|
S
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Evaluate the model using Ramachandran plot and report

the statistics y

Report Structure similarity and visualize the structures

Prerequisites
* |nstallation and registration of Modeller (Recent version 9.19)
* |nternet for template search and model validation

* Tool for visualization, RMSD calculation, etc.,
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For example if you have a protein called human c-Yes kinase tyrosine kinase that the
Uniprot id, uniprot is the database for protein sequences P07947. So, in our sequence
now the task is to get the structure. So, there are various steps involved to get the
structure, first you have to get the template right using the blast, then build kinase
domain of the c-Yes kinase and we generate a maximum 10 models and calculate (Refer
Time: 01:26) score, which these lowest denotes the best model. Then evaluate the model

using Ramachandran plot and report the structure similarity and visualize the structures.

So, to get the structures their prerequisites are first install and register modeller this
software used for modeling the structure cc homology modeling and we had internet for
the template search as well as validating the model, and we meet the tools suggest primal
for visualization and RMSD calculation and so on. Now, we will see how to build a

model from the sequence of the human c-Yes tyrosine kinase.

Now, I will give demonstration on prediction of protein structure using modeller
software. Using modeller software we can do a homology modeling and here the task is
predicting the structure of human c-Yes tyrosine kinase and its uniprot sequence id is

P07947.

So, it includes few steps like retrieving protein sequence from uniprot, and searching

template using blast and building the structure based on the template.



So, these are all the 3 essential steps which I am going to give demo and to dos these we
have to understand how the structure structural organization of the protein tyrosine
kinase. Here the protein c-Yes kinase which is belongs to the SRC kinase family has 3
domains, one is the kinase domain and then SH 2 and SH 3 domain. But the task given is
building the kinase in domain alone. So, accordingly we have to retrieve the sequence

and start doing modeling.

So, if the prerequisites are the model software installed and then the internet facility for
template search and model validation and the tools visualization tools for visualizing the
target and templates and to make a comparative statements on it using matrix likes

RMSD.
So, first I will explain how to start searching the template for given protein sequence.
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So, to retrieve the sequence go to uniprot and type the id and it will show the full

annotation.
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And you search for the sequence belong to the kinase domain.
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So, for that if you search kinase domain or SH 2 or SH 3 whatever it is.
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So, here you can see the region the sequence belongs to protein kinase that starts from
277 to 530.
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Run BLAST ina separate window.

If you click on this link, you will get the sequence exactly that is belongs to the kinase
domain of the protein kinase. You can copy this and save it as the fasta file save as. So,
use the same id as a file name dot f a s t a fasta and save it in your preferred working

directory, just make homology or modeler.



So, now we have retrieve the kinase domain of the sequence of kinase domain and now
as per the need for the modeller software, this fasta file should be converted into the PIR

format.
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Modeller example, step 1

+ Example: build a model of one chain of the GroEL

+ Step 1: put the sequence in PIR format:
e I

/

sequence:loel: 1 ::522 ::undefin®e™

>P1;1cel

AKDVKFGNT RGVNVLADAVKVTL LDKSFGAPTITKDGVSVAREI ELEDKFENMGAQMVKEV
ASKANDAAGDGTTTATVLAQAI ITEGLKAVAAGMNPMDLKRGIDKAVIVAVEELKALSVPCSDSKAIAQVGTISA
NSDETVGKLIAEAMDKVGKEGVITVEDGTGLQDELDVVEGMOFDRGYLS PYFINKPETGAVELESPFILLADKKI
SNIREMLPVLEAVAKAGKPLLI IAEDVEGEALATAVVNT IRGIVKVAAVKAPGFGDRRKAMLODIATLTGGTVIS
EEIGMELEKATLEDLGQAKRVVINKDTTTIIDGVGEEAAIQGRVAQIRQQIEEATSDYDREKLOERVAKLAGGVA
VIKVGAATEVEMKEKKARVEDALHATRAAVEEG IRVASKLADL QNVGIKVALRAMEAPLR

QIVLNCGEEPSVVANT EYGNMIDMGILDPTKV LQYAASVAGLMI TTECMVIDL*

+  Look up ‘alignment file format” in the Modeller manual index for more information

So, you know. So, this is the typical PIR file format shown in blue color, it starts with the
comment line followed by the sequence description and the actual sequence and it ends
with the star. Actually the first belongs to the line gives the detail about the align code,

which is very essential for modeller to read the sequence.

And the same ID should be used throughout the process and so, accordingly the user can
specify any id in 4 letter alpha numeric 4 letter to identify the sequence. And followed by
the second line the first term sequence are denotes this is belongs to the target sequence
and in case of the template, it will be structure x that is explained here. And followed by
this it has 10 fields hills related to the structural detail of the protein, but for sequence it

will be null.
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And so, accordingly we have to modify the fasta file to make the PIR. So, you just
modify this P 1 comma you can give this CYES as a keyword or 1YES followed by this

is the sequence target sequence.

So, it has to be specified with sequence, sequence followed by 10 fields 12345699
10 fields separated by 9 colons. So, we can leave these fields blank because for which
the structure is not known and it has to be ended up with the asterisks then you can save

it as PIR.

So, this is the first essential step to get ready with the target sequence. So, now, we can

start with the typical workflow involved in homology modeling.
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Now, in order to do the first step, we have to search template using the blast do protein
blast against the bpdb database. So, that the homology will be searched in the pdb
database use the fasta formatted sequence, and here you have to select the database the
structure database pdb and do a blast. And you play around this parameters also in order

to get some more number of hits, and do blast.
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So, as a result you will get the number of homology the homologues proteins, with

protein structure existing the pdb.
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481 481 100% de-174 89% 4

481481 100% de-174 %0°
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481 481 100% Se174 89% 280F A
100% Je-174 89%

So, in this list you can see the first hit that comes from the Src family even the c-Yes
kinases also belongs to the same family and it has the score and query overage good

score query coverage of 100 percent and identities about 90 percent.

So, you can note down this pdb id and see how the structure exist. Go to the pdb and give

it. The template search is a very important task because the modeller will build based on



template only. If template is not chosen properly the result will also be ended up with

€I1or.

So, it is very important to choose the template appropriately. So, even though the score

and query coverages are good for the first hit the ranked one based on the A value.
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This is belongs to Gallus gallus, but the task given for us is building structure for the

human protein kinase human c-Yes kinase.

So, in this case we have to see carefully whether any of the other hits the blast belongs to
human are exist. If you see the second hit which is also equivalently good, but only the

identity percentage identity is less, but still the 89 percentage is good.

So, if you go to MXO and search go to PDB and see how this structure exists. See here it
has two chains A and B belongs to the protein kinase domain and it has the ligand

bounder conformation and this is also equivalently good.
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So, in this case which one we will take whether the template has the good identity the

ranked first as per the blast result or the second one which is belongs to the human.
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So, both are equivalently good not for model building, but still if you visualize using

some visualizer tool for example, chimera if you take.

The visual inspection is very very important and in addition to the blast search results.
Because this sequence this is blast search is based on the sequence alignment, while even

the PDB the chances for having missing residual PDB structure is high. So, in that case if



you visualize the structure, you can see whether the structure structural information for

the given template is complete or not.
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So, here for a for example, if you see MXO that is belongs to the human, you can

retrieve you can retrieve the structure 4 MXO 4 MXO the fetch.
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This is the simplest way to see whether the structure is having any missing residues. See
in the chimera will easily which will tell you through the dotted lines see here you can

see the dotted lines that is that is belongs to the missing segments.



So, this 4 MXO is not the complete one. So, we do not choose it. If you go if you check
for 3 u 4 w even though that is belongs to the Gallus gallus, fetch.
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See you can compare now, see here for in Gallus gallus you do not see any missing
residues, there is no dotted lines. Here you can now compare and see both the structures
how identity both are using the chimera tool matchmaker. This is the reference structure

and one another one can be the structure to match you just click ok.
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See here the both the structures are identical and you can see here the segment, which is

missing in human protein is present in the chicken protein.

So, in this case we do not mind the one percent difference in the identity, here the
structural information is very important for model building. So, we will take the c-Yes
kinase of Gallus gallus instead of human for this task, and start doing the homology

modeling.

So, now we have collected retrieved sequence from uniprot and we have retrieved the
appropriate template from PDB. Now target and template both are ready to do the

homology modeling.

So, if you go to your working directory, you will be having three files first one is
corresponding to the structure in PDB file format and the two files fasta and PIR for
formats belongs to the sequence. Now, you can start working with the modular software,
which we have already installed in our computer using the procedure given in the

modular website.

(Refer Slide Time: 18:49)

wunprotorghbist X ¥ ACE BaspPOTSATRY X | RCSBOR-30AWSk . XV ACSBPDB-AMIChum X ¥+ AvoutWODELLER xmg

€  C | @ Secure | httpsy/salia.org # ]
i apps [ SufurSAD || Mypages || facutysobs || NM-Postdocs (+) INSA:Indo-lapane: ] hemst || teaching-eperience [} HPCE login forms
Structure Modelling by Satisfaction " ‘

of Spatial Restraints

N

About MODELLER |

MODELLER News

About MODELLER

Download & Installtion |
* MODELLER 1s used for homology or comparative modeling of protein three-dimensional structures (1,2). The user provides an alignment of a sequence to be
loads  Modeled with known related structures and MODELLER automatically calculates a model containing all non-hydrogen atoms. MODELLER implements
, comparative protein structure modeiing by satisfaction of spatial restraints (3 4), and can perform many additional tasks, including de novo modeling of loops in
protein structures, optimization of various models of protein structure with respect to a flexibly defined objective function, multiple alignment of protein
ng  Sequences andior structures, clustering, searching of sequence databases, comparison of protein structures, efc. MODELLER is avalable for download for
‘most Unix/Linux systems, Windows, and Mac

Several graphical interfaces to MODELLER are commercially available. There are also many other resources and people using Modeller in graphical or web
interfaces or other frameworks

1.8, Webb, A S omparative Proten Srcturs Modsing Using Modeler. Curent Protocos in Bianformasc, ot Wiy & Sons, I, 56.1.66 32, 2014

2 MA Mart-Renom, A Stuart. A Fiser,R Sdnchaz. F. Melo, A Sall Comparatie prtein structure modeling of genas and genomes Amu.Rev Biophys. Biomol Stuct. 2, 291.325, 2000
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-~ | Thecurrent release of Modeller is 9.19, which was released on Jul 25th, 2017. Modeller is currently maintained by Ben Webb
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If you go to the modular website you can see the documentation for downloading and
installing the software, and to do registration also. Here in the documentation download
and installation instruction is given here you can download the software which is so,

compatible for your computer and install it
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And the current version of the modular is 9.19 and this is command mode. And in the

documentation you can see the help manual to perform the modeling.
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You can follow this simple instruction to perform the homology modeling as we are

going to discuss now.
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So, in model building there are two essential steps, which is which is very important to

discuss here is first the alignment of protein sequence with the template structure.
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We will call it as target template alignment, to do this we can get the script modular

script from their website here.
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3, Aligning TVLDF with the template

Agood way of aligning the sequence of TVLDH with the structure of 1bdm:A is the align2d() command in MODELLER Although align2d() is based on a
dynamic programming aigorithm, it s different from standard sequence-sequence alignment methods because it takes into account structural information from
the template when constructing an alignment. This task is achieved through a variable gap penalty function that tends to place gaps in solvent exposed and
curved regions, outside secondary structure segments, and between two positions that are close in space. As a resulf, the alignment errors are reduced by
approximately one third relative to those that occur with standard sequence alignment techniques. This improvement becomes more important as the similarity
between the sequences decreases and the number of gaps increases. In the current example, the template-target similarity is o high that almost any
alignment method with reasonable parameters will result in the same alignment. The following MODELLER script aligns the TvLDH sequence in file
“TvLDH.ali" with the 1bdm:A structure in the PDB file "1bdn. pdb” (file “align2d.py’).

ro sodeller import ¢

s - sodel env, file='lbda’, model segmants('FIRST:A','LASTiA'))
15 append mode] (sdl, align codes='IbdmA’, atos files='ibde.pdb')
@10 append(£ilo='TvLDA.ali ', align codes='TYLDH')

| aln.write (file= TviDE-lbdeA.pap' , aligument_forsate'PAP') &

P vrlery
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inlo which we read the chain A segment of the 1bam PDB strcture fie. Th
alignment and assigns i the name of*7bdmA” (align_codes). Th TULDH seq T7L0H. sq” 0 the algnment using e
The align2d() ted to alion the Finaly. the PIR (TvLD-
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This is the script we have to use to perform the target template alignment; so, that the

sequence of our target sequence will be aligned to those sequence of the template

structure.

So, you can save it save this script as the model dot py because this is the python step the
first step is more alignment dot py. So, if you look at this script, the first 3 4 lines
corresponds to setting up the environment variable and improve importing the necessary

modules from modular and action to perform the alignment.

So, here in the next line if you see the value to the variable file, that is belongs to the
template. So, here what template we have chosen is 3 u 4 w that has to be given here
carefully 3 u 4 w and this has only chain a if you go to the pdb side there you can see you

can confirm how many chains the protein this protein has.
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It has only one chain A so, you have to specify the starting and ending chain names so,
here only one. So, in both first and last will have the same value A and in the in the
alignment. This the next line corresponds to the sequence where you have to specify the
align code for the sequence of the template structure. So, here we will give the same id 3
u 4 w followed by A. In order to identify the sequence that is belongs to the chain A of
the protein tyrosine kinase structure, and followed by the atom file name is 3 u 4 w dot
pdb.

So, that these two lines until modular to consider the chain A of the template structure
and for the alignment, and in the next line we will give the target sequence information
that is P07497 dot PIR and the align code corresponding to the target protein is 1YES
that is what we have mentioned here the same thing should be given here 1YES, and here

also you specify the same.

So, that modeller will read these two codes and identify which is the template and which
is the target. So, the output alignments file will be like target template target template dot

ali is the output file in PIR format we can save this.

So, now, the script for target template alignment is ready and we can perform it using
modeller. So, start modeller command mode and change the working directory using the
cd command in windows. Now here you can use the command mod 9.18 this is the

command here for this version followed by one dot alignment the python script file.



So, it will start doing the alignment.
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£from modeller import ¢
I}m modeller.automodel import ¢
#from sodeller import sosp protein od

env = environ()

4 = automodel (env, alnfile='TvLDE-1bdmh.ali’,
Xnownse'Lbdma', sequences'TvLDA',
assess_methods= (assess.DOPE,

#30ap_protein_od.Scorer (),
asses3.0A341))

a.starting_model = 1
a.ending_sodel = 5
a.make()

So, once the alignment is completed we can start doing with the model building. In the
same help page you can find the second script that is belongs to model building and you

can copy the script and save it similarly.

So, in this script if you see similarly the first 4 line corresponding to the modular
libraries and the next line belongs to the specification of the target template alignment
file, and then the corresponding the align codes. So, from the result file of step 1 we can

note down the align codes and then specify here to perform model building.

So, the target template alignment is the output file we go it now.
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And if you open and see here in the alignment file you can see the alignment in the PIR
format, and the align codes that is corresponding to the structure and the alignment align
codes that is corresponding to the sequence and both the codes you can note down or

even for say if you can copy and paste it to the new script the next script.

Here the knowns is corresponding to the structure id. So, here what we usedis 3u4 w a
and for sequence that is target that is 1YES. And the next line tells the what method is
going to be used for model building and scoring. Here the dope scoring scheme is used to
evaluate the models and here this line corresponds to the number of models to be

generated.

So, this is the file called the second step model building, dot py yeah and we have to
specify the correct alignment file also, that is target template dot ali. This is the file
actually we have we have got from the previous run target template dot ali that is
specified now and now you can perform model building, using the same command two

underscore.

So, these are the two important scripts to be edited carefully in order to perform target
template alignment and model building. Once this is done and you will be getting the 10
kinase structures for the given target sequence and you can evaluate the correctness of
the model in the next step. So, we will wait for a while until this generates the 10

structures.



So, now, you can see the progress, it generated the two structures so far, that has the file
name starts with the align code of the target sequence followed by some alphanumeric
numbers. So, once all these 10 structures are built, we can start evaluating the models
based on dope score, that will be written in the log file of the present running presently

running script.

So, so far we have completed the model building, in the workflow we have retrieved the
target sequence and retrieved the template structure and perform the alignment, and
perform the model building also that includes backbone generation, loop modeling
everything will be taken care by model build step that is called auto model next we have

to evaluate the model.

So, to perform this we need a software to generate the Ramachandran plot, we can use

some online tools called rampage for example.
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So, here we have to upload the selected model based on dope score and see how many
residues are in allowed and disallowed regions in order to finalize the model for further

work.

So, the model building is almost done now we will see the log file of the model building

and choose the model based on the dope score.
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That is written at the end of this log file, here you if you see for the given for the 10
structures generated the least dope score is the best one, that is somehow 3 5 7 yeah the
7th model is the best as per the dope score. If you take the 7th structure now to visualize
using primal or chimera whatever you have, you can see the model built using primal
here and you can compare it with the template already we have the template loaded in

the chimera.
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You just visualize our template alone and load the selected build structure based on the

dope score.
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The seventh one is the best one open it and align using a chimera the reference structure

is your template and the structure to match must be your the build structure.
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Now, you can see the alignment how perfectly the order built, the structure of your target
based on the template with the RMSD of 0.1, which is very low and means the both the

structures are not deviating much.
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So, once this is confirmed the structure the model building is confirmed, you can

evaluate the same using the Ramachandran plot also.
The modeller demo you can load the 7th model and submit.
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Here you can see the Ramachandran plot with the phi and psi angles specified for each

and every amino acids and the statistics.
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So, here the model was built with 98 percent 0.4 percent of the residues are in favored
region and 4 percent are in 4 residues are in; that means, 1.6 percent are in allowed
region and there is no even single residue in the disallowed region means, the model
built the 10 confirmations and we have selected the correct one and evaluate and

evaluated the correctness using the Ramachandran plot.

So, it means the model what we built is very perfect and we can take it for further

structure based web designing.



