Tutorial — Modelagem Comparativa com o Modeller
Gentilmente cedido por Deborah Antunes

Sobre o Modeller

O programa MODELLER é usado para a modelagem por homologia ou comparativa de
estruturas tridimensionais de proteinas. O usuario fornece um alinhamento de uma
sequéncia a ser modelada com estruturas relacionadas conhecidas e o programa calcula
automaticamente um modelo contendo todos os &tomos ndo-hidrogénio. O MODELLER
implementa modelagem comparativa de estrutura proteica por meio da satisfacdo de
restricOes espaciais e pode realizar muitas tarefas adicionais, incluindo modelagem de
novo de loops em estruturas de proteinas, otimizacdo de varios modelos de estrutura
proteica em relacdo a uma funcdo objetiva, alinhamento multiplo de sequéncias de
proteinas e/ou estruturas, agrupamento, pesquisa em bases de dados de sequéncias,
comparacao de estruturas de proteinas, etc. O programa esta disponivel para download na
maioria dos sistemas Unix / Linux, Windows e Mac.

Download do Modeller

https://salilab.org/modeller/

MODELLER esta disponivel gratuitamente para instituicdes académicas sem fins
lucrativos. No entanto, é necessario registrar-se para obter uma licenca para usar 0
software.


https://salilab.org/modeller/

Este tutorial esta orientado para usuarios do sistema operacional Linux e tem por
objetivo exemplificar a aplicacdo do software Modeller para predicdo de estruturas de
proteinas via modelagem comparativa utilizando a técnica de restri¢des espaciais.

Sequéncia de interesse: NS5B protease Hepacivirus C

>P1;MODEL

sequence:MODEL:::::::0.00: 0.00
SLSYSWTGALVTATRREERRHPIGPLSNTLITKHNLVYQTTTASASARMTKVTIDREQILDKHY
FDTVTAVKKKASEVTADLLTWDEVARLTPKNTARSKSGLSGSDVRQLTRAARRELNSMWQDLLS
DSEELIPTTVMAKNEVFVSSPTARKPARLIVYPDLPVRACEKRAMYDLFQKLPYAVMGKAYGFQ
YTPRQRVNRLLDMWRHFKNPMGFSYDTKCFDSTVTPHDIDTERDIFLSATLPDEAKTVIKNLTS
RLYRGSPMYNSRGDLVGKRECRASGVFPTSMGNTLTNFIKATAAAKAAGLSDPQFLICGDDLVC
ITSSKGVEEDEQALREFTSAMTKYSAIPGDLPKPYYDLEQITSCSSNVTVAQDRNGRPYYFLTR
DPTTPLARASWETISHSPVNSWLGNITAFAPTVWVRLVFLTHFFGLLLQQDAVDRNYEFEMYGS
TYSVNPLDLPAIIYKLHGPEAFDLTNYSPYEVQRVAAALQKLGSPPLRAWKRRAKLDRSKLKVR
GGRYAVVADYLFGFASAYRPKRPAPPGVNSIDVSGWFSIGDDSIGDIYRQ*

I. IDENTIFICACAO DOS MOLDES

Submeter a sequéncia ao servidor BLAST para selecionar o(s) melhor(es) moldes
(templates) baseados na identidade, cobertura e e-value.

1) Acessar o site do NCBI: https://blast.ncbi.nlm.nih.gov/Blast.cgi

2) Selecionar a ferramenta “Protein BLAST”.
Web BLAST

3) No campo “Enter Query Sequence”, colar a sequéncia que se deseja modelar (no
formato FASTA).

4) Buscar pela sequéncia usando o parametro: “Database”: Protein Data Bank
proteins (pdb).
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Enter a descriptive title for your BLAST search i@

Align two or more sequences &

Click here if you would like to see your results in the new format. You can always switch back to the Traditional Results

We are beta testing a New Results page m_
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Choose Search Set

Database |6| Protein Data Bank proteins(pdb) Y@ I
Organism
Optional exclude .+

Enter organism common name, binomial, or tax id. Only 20 fop taxa will be shown. (g)
Exclude Models (XM/XP) || Non-redundant RefSeq proteins (WP) || Uncultured/environmental sample sequences
Optional

Program Selection

Algorithm % hlastp (protein-protein BLAST)

PSI-BLAST (Position-Specific lterated BLAST)

PHI-BLAST (Pattern Hit Initiated BLAST)

DELTA-BLAST {Domain Enhanced Lookup Time Accelerated BLAST)
Choose a BLAST algorithm &)

Search database pdb using Blastp (protein-protein BLAST)

Show results in a new window

5) Analisar os resultados.
(©Graphic Summary

(=) Show Conserved Domains

Putative conserved domains have been detected, click on the image below for detailed results.
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(=)Descriptions

Sequences producing significant alignments:
Select: All None Selected:0

I Alignments

od

Description SRR A2 e Accession
Score Score Cover value Ident

(| Chain A, Structure Of The Genotype 2b Hov Polymerase [Hepatitis C virus isolate HC-J8] 690 690 99% 0.0 59.79% 3GSZ A
(]} 684 684 99% 0.0 59.43% 2XWH A
(]} 683 683 99% 0.0 59.25% 4ADP A
(] 682 682 99% 0.0 59.25% 1YUY A
(] 681 681 99% 00 5872% 4AEP A
(] 681 681 §9% 00 5872% 315K A
(] 681 681 99% 00 58.72% ZCD A
(]} 679 679 99% 0.0 58.54% 2OYM A
[]  Chain A, RNA-dependent RNA polymerase [Hepacivirus C] 678 678 99% 0.0 5854% 5QJ0 A
[] Chain A, RNA-directed RNA polymerase [Hepatitis C virus JFH-1] 672 672 99% 0.0 5819% 40BC A
[l Chain A _NS5B RNA-dependent RNA polymerase [Hepatitis C virus subtype 1] 655 B85 99% 0.0 57.30% 3HKW A
[l Chain A _Rna-directed Rna Polymerase [Hepacivirus C] 653 653 99% 0.0 57.30% 2xi2 A
[l Chain A, _Rna-directed Rna Polymerase [Hepatitis C virus JFH-1] 653 653 §99% 0.0 57.12% 4ET6 A
[l Chain A, _Rna-directed Rna Polymerase [Hepatitis C virus subtype 1a] 652 652 §99% 0.0 57.30% 30GH A
[l Chain A, _Genome Polyprotein [Hepacivirus C] 650 650 99% 00 5694% 3042 A
[l Chain A _Hcv Polymerase [Hepatitis C virus subtype 1a] 645 645 59% 00 5694% 4KHM A
[] Chain A _Rna-directed Rna Polymerase [Hepatitis C virus JFH-1] 647 G647  99% 0.0 56.76% 4WT9 A
| Chain A, _NS5E RNA-dependent RNA polymerase [Hepatitis C virus subfype 1a] 643 643 99% 0.0 56.76% 4KHR A
[] Chain A, Rna-directed Rna Polymerase [Hepatitis C virus isolate HC-J4] 639 639 99% 0.0 55.34% 400W A
[l Chain A _Genome polyprotein [Hepatitis C virus isolate HC-J4] 63% 639 99% 0.0 5534% MWV A
[l Chain A _Rna-directed Rna Polymerase [Hepatitis C virus isolate HC-J4] 63% 639 99% 00 5534% 4DRU A
[l Chain A _Hc-J4 Rna Polymerase Apo-Form [Hepacivirus C) 63% 639
1 Mhain A BMeREh TUanatitic M winee cobbonn 1kl (=1} [=e1e}
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Chain A, Structure Of The Genotype 2b Hcv Polymerase
Sequence ID: 3GSZ_A Length: 563 Number of Matches: 1
See 3 more title(s) v
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1 SLSYSWTGALVTATRREERRHPIGPLSNTLITRHNLVYQTTTASASARMTEVTIDREQIL &0
S+SY+WIGAL+T EE + PI PLSN+L+ HN VY TT+ SAS R KVT DR Q+L
1 SMSYTWIGALITPCGPEEERLPINPLSNSLMRFHENEVYST! LRARRVTFDRVQVL &0

61  DRHEYFDTVTAVRRRASEVTADLLTWDEVARLTPRNTARSRSGLSGSDVROLTRAARRELN 120
D BY + VK+ RS+V+A LLT +E  LTP ++A+S+ G +VR L+R A  +
61  DAHYDSVLODVERAASKVSARLLTVEEACALTER RYGFGAREVRSLSRRAVNHIR 120

121 SMWQDLLSDSEELIPTTVMARNEVFVSSPT--ARKPARLIVYPDLEVRACERRAMYDLFQ 178
S+W+DLL D I TT+MARNEVF PT  +KPARLIVYPDL VR CER R+YD+ Q
121 SVWEDLLEDQHTPIDTTIMAKNEVFCIDPTEGGEKPARLIVYPDLGVRVCEEMALYDIAQ 180

179 KLPYAVMGRAYGFQYTPRORVNRLLDMWRHEFRNFMGFSYDTRCEFDSTVTPHDIDTERDIF 238
ELP 2+MG +YGFQY+P +RV+ LL W  E+PMGFSYDT+CFDSTVT DI TE I+
181 ELPRATIMGPSYGFQYSPAERVDFLLRAWGSKRDPMGFSYDTRCFDSTVTERDIRTEESIY 240

239 LSATLFDEARTVIENLTSRLYRGSPMYNSRGDLVGKRECRASGVEPT LTNFIRAT 298
+ +LP EA+TVI +LT RLY G BM NS+G G R CRASGVF TSMGNT+T +IRA
241 QACSLPQEARTVIHSLTERL GYRRCRASGVETT YIKAL 300

253 AARRARGLSDPQFLICGDDLVCITSSKGVEEDEQALREFTSAMTRYSAIPGDLPRPYYDL 358
AR KRAG+ DP L+CGDDLV I+ S+G EEDE+ LR FT AMT+YSA PGDLE+P YDL
301 AACRAAGIVDPVMLVCGDDLVVI LE. PPGDLPRPEYDL 360

359 EQITSCSSNVTVAQDRNGRPYYFLTRDPTTPLARASWETISHSEVNSWLGNITAFARTVW 418
E ITSCSSNV+VA D GR YFLTRDPTTP+ RA+WET+ ESPVNSWLGNII +APT+W
361 ELITSCSSNVSVALDSRGRRRYFLTRDPTTPITRAAWETVRHSFVNSWLGNIIQYAPTIW 420

419 VRLVFLTHFFGLLLOQODAVDRNYEFEMYGSTYSVNPLDLPAIIYRLHGPEAFDLTNYSPY 478
VR+V +THFF +LL QD +++N FEMYG+ YSVNPLDLPAII +LHG EAF L YSP+
421 VRMVIMTHFFSILLAQDTLNQNLNFEMYGAVYSVNPLDLPAIIERLHGLEAFSLHTYSPH 480

473 EVOQRVI TOELGSP RRARLDRSELEVRGGRYAVVADYLFGFA RPERPAPP 538
E+ RVAA L+ELG+PPLRAWK RA+ R+ L +G R A+ YLF +4 + K B
481 ELSRVAATLRELGAPPLRAWRSRARAVRASLIRQGARAATCGRYLFNWAVETRLELTPLE 540

539 GVNSIDVSGWFSIGDDSIGDIY 560
+ +D+SGWE++G GDIY
541 EASRLDLSGWFTIVGAGG-GDIY 561

<aDescriptions

Related Information
Structure- 3D structure

displays

Identical Proteins - Identical

proteins to 3GSZ_A




Buscar o template escolhido no Protein Data Bank.

6) Acessar o site do PDB: https://www.rcsb.org/. Buscar o template através do
cédigo PDB encontrado na etapa anterior: 3GSZ.
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Para realizar o Alinhamento temos que ACESSAR O SERVIDOR no terminal de vocés:



$ ssh bioufmg@bioinfo.icb.ufmg.br

DIGITE A SENHA.

Encontre a sua pasta (com seu nome):
$ ssh bioufmg@bioinfo.ich.ufmg.br

bioufmggbioinfo.ic s password:

gin: Wed Oct 14 17:89:15 2626 from 2061.17.148.165
Fmgi@bicinfo ~]% 1s

[bioufmg@bioinfo ~]%

*se ndo possuir pasta. Crie uma com o comando mkdir <seunome>

Acesse sua pasta com

$ cd minhapasta

Confira se vocé esta realmente na pasta com o seu home:

$ pwd

Dentro da sua pasta, crie uma nova pasta chamada modeller_pratica:

$ mkdir modeller_pratica
Acesse a pasta

$ cd modeller_pratica

Copie o conteudo da pasta /home/treinamento/modeller_pratica para cé:

$ cp /home/treinamento/modeller_pratica/* .

Pronto. Temos um diretorio para rodar o modeller:



[bicufmg@bioinfo modeller pratical$ ls

[bioufmg@bioinfo modeller pratical$

1. ALINHAMENTO ENTRE O ALVO E O MOLDE

Realizar o alinhamento da sequéncia alvo com o molde correspondente utilizando o
Modeller.

8) Trés arquivos Sao necessarios:
a. Sequéncia alvo em formato PIR (model.ali).

pP1;MODEL

b. Arquivo PDB da estrutura molde (3gsz.pdb).
c. Script em linguagem phyton para alinhamento (align2d.py).
HH

from modeller import *

env = environ()

aln = alignment(env)

mdl = model(env, file="3gsz', model_segment=FIRST:A"LAST:A"))
aln.append_model(mdl, align_codes='3gsz’, atom_files="3gsz.pdb")
aln.append(file="model.ali', align_codes="MODEL")

aln.align2d()

aln.write(file="model-3gsz.ali', alignment_format="PIR")
aln.write(file="model-3gsz.pap’, alignment_format="PAP’)

HH R A
*Caso escolhéssemos outro PDB teriamos que mudar os valores em negrito
com o PDB escolhido.

9) Através do Terminal rodar o script align2d.py no Modeller:

$ python align2d.py

*0O comando normalmente é mod e a versao do modeller. Ex.: mod9.25 align2d.py

10) Dois arquivos séo gerados:



a. model-3gsz.ali — arquivo com o alinhamento para proxima etapa.
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b. model-3gsz.pap — arquivo com alinhamento em que mostra os residuos
conservados.
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I11. CONSTRUCAO DO MODELO

Construcdo do modelo utilizando o resultado do alinhamento (model-3gsz.ali).

11) Trés arquivos Sao necessarios:

a.

b.

C.

Alinhamento entre sequéncia de interesse e estrutura molde (model-
3gsz.ali).

Arquivo PDB da estrutura molde (3gsz.pdb).

Script em linguagem phyton para construcdo do modelo (genmodel.py).

HEHHH R R R R R

from modeller import *
from modeller.automodel import * # Load the automodel class

log.verbose()

env = environ()



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

a = automodel(env,
alnfile ='model-3gsz.ali', # alignment filename
knowns = ('3gsz’), # codes of the templates
sequence = 'MODEL",
assess_methods = (assess.DOPE, assess.GA341)) # code of the target

a.starting_model= 1 # index of the first model
a.ending_model =10 # index of the last model
# (determines how many models to calculate)

a.make() # do homology modeling

HHHHHH R
*Como estamos apenas fazendo um tutorial, colocamos apenas 10 modelos. Em
uma modelagem normalmente se pede 100 modelos ou mais.

12) Através do Terminal rodar o script genmodel.py no Modeller:

$ python genmodel.py >&1 | tee genmodel.log

13) Dez modelos foram gerados.

> Summary of successfully produced
Filename

MODEL.B99S ] 4.98608
MODEL. 99 . .88892
MODEL. 3. 43.51221

MODEL. 999 4. . 74146
MODEL. .pc 30 .27954
MODEL. 3990006. 14.04736
MODEL. :
MODEL.

3219 MODEL.

3220 MODEL.B9

e e e e

Deve-se escolher aguele com menor DOPE score. Ou seja, o valor mais negativo.
Este resultado encontra-se ao final do arquivo genmodel.log. No terminal
escrever:

$ sed -e '1,/Summary of successfully produced models/d' *.1og | grep

pdb| sort -nk 3




]
pl

MODEL. 0009. .26758 99219

MODEL.
MODEL.
MODEL.
MODEL.B
MODEL.
MODEL.
MODEL.
MODEL.
MODEL.

e el

14) Apos determinar qual o modelo de menor energia, vamos transferir para 0 nosso
computador atraves do site
bioinfo.icb.ufmg.br/bioufmg
Digite usuério e senha.

@ Index of /bioufmg/clhe X +
< C A N3o seguro | bicinfo.ich.ufmg.br/bioufmg/olhe/ b ¢
f Apps @ 2CulturaComlegen.. E Beautiful plotting in.. R Axes (ggplot2) R Impresséo do Com..
Index of /bioufmg/olhe
Name Last modified Size Description
3 Parent Directory,
(3 INTRO 2020-09-17 14:27
(C3ace222 2020-08-27 10:15
f} amandacpa/ 2020-10-05 14:39
(03 anna_menezes 2020-10-11 19:17
(03 arthurtref 2020-10-13 13:10
abmba.ramas 2020-10-12 12:37
beatrizapgaua’ 2020-10-13 15:30
@
(0] caizin 2020-10-09 14:15
(03 camilabd 2020-09-28 16:25
camilacllc 2020-08-13 10:49
@
E} cecilighorta 2020-10-12 16:54
Ea clecio_alonso 2020-10-13 11:43
(03 danikayali/ 2020-10-13 12:532
Eaglg soUsa 2020-10-07 17:533
elisaamancio 2020-10-12 16:56
@
E} gusoujacu’ 2020-10-14 14:15
e W P NN 10 14 12-11
Baixe os arquivos 3gsz_a.pdb e MODEL.B99990009.pdb de sua pasta para seu
computador.

15) Verificar o modelo gerado com menor DOPE score e visualizar a estrutura pelo
PyMOL. Podemos verificar o distanciamento entre os dois objetos por RMSD.
d. Abrir o pymol (apés instalagéo): 3gsz_a.pdb e MODEL.B99990009.pdb




& pymoL - o x & pymoL
i Edit Euild

Vizard  Plugin  Help

Mew PyMOL Window ¥

Open..
Open Recent.. 3
Get PDB..

Save Session

Save Session As...

Export Molecule...
Export Map...

= File - For Evalus c Export Alignment...
Export Image As »
Export Movic As

Log File 3
Run Script..
Working Directory ~ *
Edit pymolre

Reinitialize 4
Quit

No Linux (apoés instalagdo):

$ pymol 3gsz_a.pdb MODEL.B99990009.pdb

The PyMOL Molecular Graphics System

Eile Edit Build Movie Display Setting Scene Mouse Wizard Plugin ﬂelp[
COMPND 5 ENGINEERED: YES | Reset | Zoom | Orient | Draw | Ray |
ObjectMolecule: Read secondary structure assignments. Unpick | Deselect | Rock | Get View
ObjectMolecule: Read crystal symmetry information. == iSton: TP, ‘ “[’>] | MClear
Symmetry: Found 4 symmetry operators. 1= | < |Stop | Play | > | >| | MClear [}
CmdLoad: "/home/lucianna/Downloads/modelagem comparativa/3gsz_a.pdb" loaded as "3gsz Command | Builder B |
_a". . ) \ Rebuild|Abort|
| CmdLoad: "/home/lucianna/Downloads/modelagem comparativa/MODEL.B99990009.pdb" loaded | | e = |

|as "MODEL.B99990009". 7

PyMOL>

jall

3gsz_a |

1 EIE
MODEL,B99930009 [[E] |5

e 7 e o e o B R

Utilize o comando de alinhamento do pymol:

align MODEL.B99990009, 3gsz_a



) The PyMOL Molecular Graphics System

File Edit Build Movie Display Setting Scene Mouse Wizard Plugin ﬂelp‘
MatchAlign: aligning residues (562 vs 558)... | Reset | Zoom | Orient | Draw | R"amym
ExecutiveAlign: 2733 atoms aligned. Unpick | Deselect | Rock | Get View
ExecutiveRMS: 221 atoms rejected during cycle 1 (RMS=0.80). [ <] Stop | Play| > | I Mal
ExecutiveRMS: 150 atoms rejected during cycle 2 (RMS=0.38). I<] <|Stop | Play | > | >| 2
ExecutiveRMS: 154 atoms rejected during cycle 3 (RMS=0.28). Command | Builder |
ExecutiveRMS: 113 atoms rejected during cycle 4 (RMS=0.23). ‘ Rebuild| Abort
| =t +GMG j+:JA'Jl1 :lwn’n\ 1 g

I Executive: RMS = 0.190 (2009 to 2009 atoms) f

PYMOL>

lall f
3gsz_a L f

IV. VALIDACAO DO MODELO

16) Avaliar a qualidade do modelo gerado utilizando o servidor SWISS-MODEL -
Structure Assessment.
a) Acessar o servidor: https://swissmodel.expasy.org/assess

b) No campo “Structure File” adicionar o arquivo PDF com menor DOPE score.

Structure Assessment Help  Examples -

Start a new Structure Assessment Project

Fupiag Coordnte e

Structure Assessment of MODEL.B99990009.pdb

Structure File:

Project Title (Optional):

Email (Optional):




c) Analisar Resultados.
Structure Assessment

Structure Assessment of MODEL.B99990009.pdb; & E %
Created: Sun 28 Apr 2019, 01:24;
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