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Resumo

Nesta aula mostraremos como métodos de
aprendizado de maquina supervisionados podem
contribuir para o desenvolvimento de pesquisas com
foco na descoberta de farmacos. A partir das
informacdes sobre a estrutura tridimensional de
proteinas relacionadas a alguma patologia, podemos
usar as informacdes experimentais para treinarmos
modelos de aprendizado de maquinas. Uma vez
treinados e validados, esses modelos sao usados para
busca por moléculas que podem apresentar acao
farmacologica. A partir da analogia chave-fechadura,
podemos pensar que os métodos de aprendizado de
maquina nos auxiliam na busca de novas chaves
(farmacos em potencial) que se encaixam numa dada
fechadura (parte da proteina que interage com o
farmaco). Iremos apresentar o conceito de espaco de
funcdes escores e como usa-lo para construir modelos
de aprendizado de maquina direcionados para
proteinas de interesse.

Mapa de densidade eletrbnica da estrutura da CDK2 em complexo com
Roscovitina. A regido mostrada é do sitio de ligagao (fechadura).
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Sistema Proteina-Ligante

- Abaixo temos a estrutura do complexo da CDK2 com o farmaco Roscovitina. A molécula de Roscovitina é um
inibidor competitivo, que impede que a molécula de ATP se ligue a proteina CDK2. A estrutura abaixo foi obtida
a partir da técnica chamada cristalografia por difracdo de raios X. A principal informagao obtida a partir da
difracao de raios X é a estrutura da molécula. Quando dizemos estrutura, nos referimos as coordenadas
S atdmicas de todos os atomos da proteina e do ligante.
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As coordenadas atdbmicas sao obtidas a partir do mapa de densidade eletrénica, indicado com gradeado azul
abaixo. Esse gradeado é uma informagao experimental derivada dos dados de cristalografia por difracao de
raios X.
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Abaixo temos 0 zoom para a regiao da proteina onde encaixam os inibidores. Especificamente, a figura mostra
a regiao de encaixe da molécula Roscovitina. Estamos vendo um zoom da fechadura (parte da proteina) com a
chave ligada (molécula de Roscovitina). O gradeado azul indica a densidade eletrénica.
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Estruturas no PDB

RCSE PDE: Homepage x o+ - 8 x

A base de dados Protein Data Bank (PDB) S o CEEES TEY X

& @ sz=vedolabnet [ ScholarOne Manusc.. @ azevedolabinet @ Publications @ Welcome to Space...  (C) PubChem  w= MPS @ The New Data Scien.. (@ Pesquisadores da U » [3 Todos os marcadores

(https://www.rcsb.org/) € o maior repositorio de
informacdes sobre a estrutura tridimensional de
macromoléculas biolégicas. Essa informacao esta
armazenada na forma de arquivos de texto, onde cada
linha tem a informacao sobre as coordenadas x, y e z
de cada atomo da proteina. Ao lado temos a pagina de c i o N

entrada do Protein Data Bank (imagem capturada em 2 [

a structural view of biology.

Abril de 2024). Nesta aula iremos olhar como é o e e P
formato de um arquivo PDB. e N SE @ =

AN = 0t Sms

NS ;! i
RCSB Protein Data Bank (RCSB PDB) enables breakthroughs in April Molecule of the Month
science and education by providing access and tools for exploration,

visualization, and analysis of:

u Experimentally-determined 3D structures from the Protein Data
Bank (PDB) archive

Pagina de entrada do Protein Data Bank (https://www.rcsb.org/) como vista em
Abril de 2024. Todo més o PDB muda a molécula do més. Essa parte do PDB
visa fornecer para comunidade interessada uma fonte de informagdo sobre o
papel biolégico das moléculas que foram depositadas no PDB.
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Estruturas no PDB

Na maioria dos artigos cientificos que descrevem as estruturas tridimensionais de proteinas, os autores
indicam que as coordenadas atdbmicas da moléculas estao disponiveis no site do PDB (https://www.rcsb.org/).
Além disso, os autores indicam um codigo alfanumeérico de quatro digitos que traz a identificacido da proteina
depositada. Destacamos a CDK2, veremos como fazer download da CDK2 em complexo com o inibidor

Roscovitina.
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Acesse 0 site do PDB (https://www.rcsb.org/). Vocé tera a pagina abaixo.
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Digite 2A4L no campo indicado e pressione Enter.
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Learn more

RCSB Protein Data Bank (RCSB PDB) enables breakthroughs in April Molecule of the Month
science and education by providing access and tools for exploration,

visualization, and analysis of:

Ly L Access Computed Structure Models (CSMs) of all available model organisms

A Welcome

#» Deposit B Experimentally-determined 3D structures from the Protein Data
Bank (PDB) archive

Q, Search E Computed Structure Models (CSM) from AlphaFold DB and
lModelArchive

Eal visualize These data can be explored in context of external annotations providing

a structural view of biology. 10
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Estruturas no PDB

Veremos a estrutura da CDK2 em complexo com Roscovitina. A partir da pagina abaixo, temos acesso a
diversos dados sobre a estrutura da proteina. Veremos alguns deles, por exemplo a estrutura primaria da

proteina.
@ RCSE PDE - 284L: Human cyclin- X + A — >
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[ 3
O Human cyclin-dependent kinase 2 in complex with roscovitine
PDB DOI: 10.2210/pdb2A4L/pdb

Classification: TRANSFERASE
Organism(s): Homo sapiens
Expression System: Spodoptera frugiperda
Mutation(s): No @
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Estruturas no PDB

Clicamos em Display Files->FASTA Sequence.
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PDB DOI: 10.2210/pdb2A4L/pdb
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Classification: TRANSFERASE
Organism(s): Homo sapiens

Expression System: Spodopiera frugiperda
Mutation(s): No € PDB Format (Header)

PDB Format
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Abaixo temos o arquivo no formato FASTA para a CDK2. Os arquivos no formato FASTA trazem a estrutura
primaria da proteina. A primeira linha do arquivo FASTA mostra a identificagao da proteina. Da segunda linha
em diante, temos a sequencia de aminoacidos com o cédigo de uma letra.

@ RCSE PDE - 284L: Human cyclin- X https:/fwww.rcsb.org/fastafentry X + A -

)
>

& 8 https://www.rcsb.org/fasta/entry/2A4L /display = ¥ » 0O a

»2841 1|Chain A|Homo sapiens cyclin-dependent kinase 2|Homo sapiens (9688)

MENFQKVEKIGEGTYGVVYKARNKLTGEVVALKKIRLDTETEGWPSTAIREISLLKELNHPNIVK LLDVIHTENKLY LVFEFLHQDLKKFMDASALTGIPLPLIKSYLFQLLOGLAFCHSHRY LHRDLKPQMLLINT EGATKLADFGLARAFGVPVRTY THEVVTLWYRAPEILLGCKYYSTAVDIWS
LGCIFAEMVTRRALFPGDSEIDQLFRIFRTLGTPDEVVIWPGN TSMPDYKPSFPKWARQDFSKVVPPLDEDGRSLLSQMLHYDPNKRISAKAAL AHPFFODVTKPVPHLRL
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Estruturas no PDB

Abaixo temos as primeiras linhas do arquivo no PDB para a CDK2 com Roscovitina. Essas linhas trazem
informacdes sobre a identificacido da proteinas, os autores seguidas de detalhes sobre a técnica experimental
usada para a resolucao da estrutura da proteina. As coordenadas atbmicas estao mais abaixo no arquivo.

@ RCSE PDB - 2A4L: Human cyclin- X @ httpsy//files.resb.orgfviews2A4L X + A - x
& @ https://files.rcsbh.orgfview /2441 pdb = ot W O a
e
HEADER TRANSFERASE 289-JUN-a5% 2841
TITLE HUMAM CYCLIN-DEPENDENT KIMASE 2 IN COMPLEX WITH ROSCOWITINE
COMPND MOL_ID: 1;
COMPND 2 MOLECULE: HOMO SAPIENS CYCLIN-DEPENDENT KINASE 2;
COMPHND 3 CHAIN: A;
COMPHND 4 SYNONYM: CDKZ;
COMPHND 5 EC: 2.7.1.37;
COMPHND & ENGINEERED: YES
S0URCE MOL_ID: 1;
S0URCE 2 ORGANISM_SCIENTIFIC: HOMO SAPIENS;
S0URCE 3 ORGANISM_COMMON: HUMAN;
SOURCE 4 ORGANISM _TAXID: 9o06;
SOURCE 5 EXPRESSION_SYSTEM: SPODOPTERA FRUGIPERDA;
@ SOURCE & EXPRESSION_SYSTEM COMMON: FALL ARMYWORM;
SOURCE 7 EXPRESSION_SYSTEM TAXID: 71@a;
SOURCE & EXPRESSION_SYSTEM_CELL_LINE: 5F% CELLS;
S0URCE 9 EXPRESSION_SYSTEM_PLASMID: BACULOVIRUS
KEYWDS TRANSFERASE, SERIME/THREOMNIME PROTEIM KIMNASE, ATP-BINDING, CELL
KEYWDS 2 C¥CLE, CELL DIVISIOM, ROSCOVITIME, PHOSPHORYLATION
EXPOTA X-RAY DIFFRACTICON
AUTHOR W.F.DE AZEVEDO IR.,5.H.KIM
REWDAT 3 11-0CT-17 ZA4L 1 REMARK
o REWDAT 2 24-FEB-29 ZA4L 1 VERSHN
REWDAT 1 @3-0CT-2a 2A4L a
JRNL AUTH W.F.DE AZEVEDO,S.LECLERC,L.MEIJER,L.HAVLICEK,M.STRNAD,
JRNL AUTH 2 S5.H.KIM
JRNL TITL INHIBITION OF CYCLIM-DEPENDENT KINASES BY PURINE AMALOGUES:
JRNL TITL 2 CRYSTAL STRUCTURE OF HUMAM CDK2 COMPLEXED WITH ROSCOVITIME.
JRNL REF EUR.J.BIOCHEM. V. 243 518 1957
JRNL REFN ISSN ee14-2956
JRNL PMID ag3e78e
JRNL DOI 16.1111/7.1432-1633.1997.@5184.X
REMARK 1 15

REMARK 1 REFERENCE 1
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Estruturas no PDB

No PDB as coordenadas atébmicas sao identificadas com a palavra-chave ATOM, como destacado abaixo.

@ RCSE PDB - 2A4L: Human cyclin- X @ httpsy//files.resb.orgfviews2A4L X + A - x
« > C @ https://files.rcsbh.orgfview /2441 pdb = ot W O a :
ORIGX3 @.200088 O.088000 1.800008 a.00aaa -
SCALEL @.813538 O.088@00 8.000008 a.00aaa
SCALEZ 2.200088 0.91388&6 &.000008 @.00aa2
SCALES @.200088 O.08200 8.013422 2.00aa2
T 1 N MET A 1 121.716 112.33@ 93.759 1.98 48.54 N
ATOM 2 CA MET A 1 1lez.732 113.148 94.479 1.8 47.79 C
ATOM 3 C MET A 1 183.199% 114.428 93.762 1.98 47.28 C
ATOM 4 0 MET A 1 182.995 114.577 92.561 1.8 51.5% 0
ATOM 5 CB HMET A 1 183.933 112.272 94.785 1.8 50.37 C
ATOM 6 CG HMET A 1 124,548 112.54@ 96.126 1.8 55.72 C
ATOM 7 50 MET A 1 186.336 112.571 95.934 1.88 62.79 5
ATOM 8 CE MET A 1 1a86.542 114.25@ 95.159 1.@8 54.71 C
ATOM 9 N aLu A 2 1@3.%66 115.275 94.583 1.88 44.44 N
ATOM 1a CA aGLU A 2 1a4.835 116.6%5 94.178 1.88 46.4% C
@ ATOM 11 C aLu A 2 1@5.865 117.915 93.846 1.88 35.47 C
ATOM 1z O aLu A 2 124.%158 115.93@ 92.386 1.8 35.53 0
ATOM 13 CB aGLU A 2 124.531 117.459 95,428 1.8 43.49 C
ATOM 14 Co aGLU A 2 1la3.464 117.5%7 96.515 1.8 52.62 C
ATOM 13 D aGLU A 2 1@3.286 116.347 97.374 1.98 53.98 C
ATOM 16 OE1 GLU A 2 182.216 115.783 97.286 1l.9@ 57.29 0
ATOM 17 OE2 GLU A 2 184.183 116.942 98.197 1l.=2@ 54.12 0
ATOM 18 N ASN A 3 126.112 116.283 92.926 1.28 34.83 N
ATOM 19 CA  ASN A 3 187.148 116.3%6 91.921 1.8 34.19 C
O ATOM 28 C ASN A 3 186.85%7 116.865 9@.584 1.8 31.81 C
ATOM 21 0 ASN A 3 187.411 116.1%8 89.53% 1.88 31.5%5 0
ATOM 22 CB ASN A 3 1@8.367 115.5@8 92.233 1.88 36.44 C
ATOM 23 0O ASN A 3 1@9.866 115.8%@ 93.527 1.8 36.39 C
ATOM 24 OD1 ASN A 3 1@9.863 115.176 94.514 1.08 34,23 0
ATOM 25 ND2 ASN A 3 189,242 116.999 93.449 1.8 37.86 N
ATOM 26 N PHE A 4 1@5.487 115.512 9S0.481 1l.98 29.45 M
ATOM 27 CA PHE A 4 la4.867 115.143 89.15¢ 1.8 27.72 C
ATOM 28 C PHE A 4 183.45%4 115.819 88.841 1l.2@ 31.96 C
ATOM 29 0 PHE A 4 182.491 115.724 89.628 1.8 31.86 0
ATOM 3@ CB PHE A 4 184,593 113.5812 89.178 1.88 26.3@ C 16
Larom 8 31 CG PHE A 4 185.85%5 112.882 §9.435 1.88 27.14 iC
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Estruturas no PDB

A seguir temos a descricado de cada campo de uma linha de coordenadas atbmicas de um arquivo PDB.

Identificador de linha com coordenadas atdmicas
Numero do atomo

Tipo do atomo

Cadigo de trés letras do residuo de aminoacido
|ldentificador de cadeia

Numero do residuo de aminoacido

<

<
<
<

ATOM 1 N MET A 1 101.710 112.330 93.759 1.00 48.54 N
ﬂ) ATOM 2 CA MET A 1 102.732 113.140 94.479 1.00 47.79 C
ATOM 3 C MET A 1 103.199 114.420 93.762 1.00 47.20 C
ATOM 4 O MET A 1 102.995 114.577 92.561 1.00 51.55 0
ATOM 5 CB MET A 1 103.933 112.272 94.785 1.00 50.37 C
ATOM 6 CG MET A 1 104.548 112.540 96.126 1.00 55.72 C
C) ATOM 7 SD MET A 1 106.336 112.671 95.934 1.00 62.79 S
ATOM 8 CE MET A 1 106.542 114.250 95.159 1.00 54.71 C
ATOM 9 N GLU A 2 103.906 115.275 94.503 1.00 44.44 N
ATOM 10 CA GLU A 2 104.085 116.695 94.178 1.00 40.49 C
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Coordenadas atémicas (x,y,z) em A (1 A =10-1m)

ore) Fator de ocupagao
B-factor (A2?)

Tipo do atomo

X ly z
ATOM 1 N MET A 1 101.710 112.330 93.759] 1.00 48.54 N

qD ATOM 2 CA MET A 1 102.732 113.140 94.479] 1.00 47.79 C
ATOM 3 C MET A 1 103.199 114.420 93.762] 1.00 47.20 C
ATOM 4 O MET A 1 102.995 114.577 92.561] 1.00 51.55 0
ATOM 5 CB MET A 1 103.933 112.272 94.785] 1.00 50.37 C
ATOM 6 CG MET A 1 104.548 112.540 96.126] 1.00 55.72 C

C) ATOM 7 SD MET A 1 106.336 112.671 95.934] 1.00 62.79 S
ATOM 8 CE MET A 1 106.542 114.250 95.159] 1.00 54.71 C
ATOM 9 N GLU A 2 103.906 115.275 94.503) 1.00 44.44 N
ATOM 10 CA GLU A 2 104.085 116.695 94.178)| 1.00 40.49 C
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Os programas de docagem como o Molegro Virtual Docker usam estas coordenadas atémicas para calcular a
distancia geométrica entre atomos. Os programas de docagem consideram os atomos como esferas centradas
nestas coordenadas. Todos os calculos realizados para o calculo dos termos energéticos da interagao entre um
ligante e a proteina comegam com as coordenadas atémicas.

ATOM 1 N MET A 1 101.710 112.330 93.759 1.00 48.54 N
q’ ATOM 2 CA MET A 1 102.732 113.140 94.479 1.00 47.79 C
ATOM 3 C MET A 1 103.199 114.420 93.762 1.00 47.20 C
ATOM 4 O MET A 1 102.995 114.577 92.561 1.00 51.55 O
ATOM 5 CB MET A 1 103.933 112.272 94.785 1.00 50.37 C
ATOM 6 CG MET A 1 104.548 112.540 96.126 1.00 55.72 C
C) ATOM 7 SD MET A 1 106.336 112.671 95.934 1.00 62.79 S
ATOM 8 CE MET A 1 106.542 114.250 95.159 1.00 54.71 C
ATOM 9 N GLU A 2 103.906 115.275 94.503 1.00 44.44 N
ATOM 10 CA GLU A 2 104.085 116.695 94.178 1.00 40.49 C
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Fonte: Bohacek RS, McMartin C, Guida WC. The art and practice of structure-based drug design: a molecular modeling perspective. Med Res Rev. 1996;
16(1):3-50.
20


https://www.scopus.com/authid/detail.uri?authorId=7006435557
https://www.ncbi.nlm.nih.gov/pubmed/?term=de+Azevedo+WF+Jr+or+azevedo+wf+OR+de+azevedo+wf+OR+de+azevedo+wf+OR+filgueira+de+azevedo+w+OR+azevedo+junior+wf+or+vivan+AL+NOT+Cavalcanti+AL+NOT+de+Godoy+JM+not+Medeiros+CC+not+Azevedo+LM+NOT+Abreu+Junior+GF+NOT+Mathias+LADST+or+azevedo+w+not+%22azevedo+ws%22+not+%22azevedo+wta%22+not+%22Mathias+LADST%22+not+%22de+Azevedo+WM%22+not+%22azevedo+wt%22+not+%22Silva-Filho+A%22+not+%22Medeiros+CC%22+not+%22Azevedo+LM%22+not+%22+Matsouka+P%22+not+%22Almeida+J%C3%BAnior+HJ%22+not+%22de+Godoy+JM%22+not+%22+Abreu+MH%22+not+%22Azevedo+WM%22+not+%22Azevedo+WR%22++not+%22Azev%C3%AAdo+ES%22
http://orcid.org/0000-0001-8640-357X
https://github.com/azevedolab/
https://www.webofscience.com/wos/author/record/581112
https://azevedolab.net/
https://pubmed.ncbi.nlm.nih.gov/?term=de+Azevedo+WF+Jr+or+azevedo+wf+OR+de+azevedo+wf+OR+de+azevedo+wf+OR+filgueira+de+azevedo+w+OR+azevedo+junior+wf+or+ivan+al+NOT+Cavalcanti+AL+NOT+de+Godoy+JM+not+Medeiros+CC+not+Azevedo+LM+NOT+Abreu+Junior+GF+NOT+Mathias+LADST+or+azevedo+w+not+%22azevedo+ws%22+not+%22azevedo+wta%22+not+%22Mathias+LADST%22+not+%22de+Azevedo+WM%22+not+%22azevedo+wt%22+not+%22Silva-Filho+A%22+not+%22Medeiros+CC%22+not+%22Azevedo+LM%22+not+%22+Matsouka+P%22+not+%22Almeida+Junior+HJ%22+not+%22de+Godoy+JM%22+not+%22+Abreu+MH%22+not+%22Azevedo+WM%22+not+%22Azevedo+WR%22+not+%22Azevedo+ES%22+not+%22pereira+PEA%22+not+%22Feitoza+CC%22+not+%22Campanini+MZ%22&sort=pubdate&size=50
https://www.rcsb.org/structure/2A4L
https://www.scopus.com/authid/detail.uri?authorId=7006435557
https://github.com/azevedolab/
https://github.com/azevedolab/
https://www.webofscience.com/wos/author/record/581112

PublMed  GitHub PDEB

PROTEIN DATA BANK

Espaco Quimico - Vantagens

Abordagem de sistemas

Fonte: Bohacek RS, McMartin C, Guida WC. The art and practice of structure-based drug design: a molecular modeling perspective. Med Res Rev. 1996;
16(1):3-50.
21


https://www.scopus.com/authid/detail.uri?authorId=7006435557
https://www.ncbi.nlm.nih.gov/pubmed/?term=de+Azevedo+WF+Jr+or+azevedo+wf+OR+de+azevedo+wf+OR+de+azevedo+wf+OR+filgueira+de+azevedo+w+OR+azevedo+junior+wf+or+vivan+AL+NOT+Cavalcanti+AL+NOT+de+Godoy+JM+not+Medeiros+CC+not+Azevedo+LM+NOT+Abreu+Junior+GF+NOT+Mathias+LADST+or+azevedo+w+not+%22azevedo+ws%22+not+%22azevedo+wta%22+not+%22Mathias+LADST%22+not+%22de+Azevedo+WM%22+not+%22azevedo+wt%22+not+%22Silva-Filho+A%22+not+%22Medeiros+CC%22+not+%22Azevedo+LM%22+not+%22+Matsouka+P%22+not+%22Almeida+J%C3%BAnior+HJ%22+not+%22de+Godoy+JM%22+not+%22+Abreu+MH%22+not+%22Azevedo+WM%22+not+%22Azevedo+WR%22++not+%22Azev%C3%AAdo+ES%22
http://orcid.org/0000-0001-8640-357X
https://github.com/azevedolab/
https://www.webofscience.com/wos/author/record/581112
https://azevedolab.net/
https://pubmed.ncbi.nlm.nih.gov/?term=de+Azevedo+WF+Jr+or+azevedo+wf+OR+de+azevedo+wf+OR+de+azevedo+wf+OR+filgueira+de+azevedo+w+OR+azevedo+junior+wf+or+ivan+al+NOT+Cavalcanti+AL+NOT+de+Godoy+JM+not+Medeiros+CC+not+Azevedo+LM+NOT+Abreu+Junior+GF+NOT+Mathias+LADST+or+azevedo+w+not+%22azevedo+ws%22+not+%22azevedo+wta%22+not+%22Mathias+LADST%22+not+%22de+Azevedo+WM%22+not+%22azevedo+wt%22+not+%22Silva-Filho+A%22+not+%22Medeiros+CC%22+not+%22Azevedo+LM%22+not+%22+Matsouka+P%22+not+%22Almeida+Junior+HJ%22+not+%22de+Godoy+JM%22+not+%22+Abreu+MH%22+not+%22Azevedo+WM%22+not+%22Azevedo+WR%22+not+%22Azevedo+ES%22+not+%22pereira+PEA%22+not+%22Feitoza+CC%22+not+%22Campanini+MZ%22&sort=pubdate&size=50
https://www.rcsb.org/structure/2A4L
https://www.scopus.com/authid/detail.uri?authorId=7006435557
https://github.com/azevedolab/
https://github.com/azevedolab/
https://www.webofscience.com/wos/author/record/581112

PublMed  GitHub PDEB

PROTEIN DATA BANK

Espaco Quimico - Vantagens

Definicao de sub-espacos

Fonte: Bohacek RS, McMartin C, Guida WC. The art and practice of structure-based drug design: a molecular modeling perspective. Med Res Rev. 1996;
16(1):3-50.
22


https://www.scopus.com/authid/detail.uri?authorId=7006435557
https://www.ncbi.nlm.nih.gov/pubmed/?term=de+Azevedo+WF+Jr+or+azevedo+wf+OR+de+azevedo+wf+OR+de+azevedo+wf+OR+filgueira+de+azevedo+w+OR+azevedo+junior+wf+or+vivan+AL+NOT+Cavalcanti+AL+NOT+de+Godoy+JM+not+Medeiros+CC+not+Azevedo+LM+NOT+Abreu+Junior+GF+NOT+Mathias+LADST+or+azevedo+w+not+%22azevedo+ws%22+not+%22azevedo+wta%22+not+%22Mathias+LADST%22+not+%22de+Azevedo+WM%22+not+%22azevedo+wt%22+not+%22Silva-Filho+A%22+not+%22Medeiros+CC%22+not+%22Azevedo+LM%22+not+%22+Matsouka+P%22+not+%22Almeida+J%C3%BAnior+HJ%22+not+%22de+Godoy+JM%22+not+%22+Abreu+MH%22+not+%22Azevedo+WM%22+not+%22Azevedo+WR%22++not+%22Azev%C3%AAdo+ES%22
http://orcid.org/0000-0001-8640-357X
https://github.com/azevedolab/
https://www.webofscience.com/wos/author/record/581112
https://azevedolab.net/
https://pubmed.ncbi.nlm.nih.gov/?term=de+Azevedo+WF+Jr+or+azevedo+wf+OR+de+azevedo+wf+OR+de+azevedo+wf+OR+filgueira+de+azevedo+w+OR+azevedo+junior+wf+or+ivan+al+NOT+Cavalcanti+AL+NOT+de+Godoy+JM+not+Medeiros+CC+not+Azevedo+LM+NOT+Abreu+Junior+GF+NOT+Mathias+LADST+or+azevedo+w+not+%22azevedo+ws%22+not+%22azevedo+wta%22+not+%22Mathias+LADST%22+not+%22de+Azevedo+WM%22+not+%22azevedo+wt%22+not+%22Silva-Filho+A%22+not+%22Medeiros+CC%22+not+%22Azevedo+LM%22+not+%22+Matsouka+P%22+not+%22Almeida+Junior+HJ%22+not+%22de+Godoy+JM%22+not+%22+Abreu+MH%22+not+%22Azevedo+WM%22+not+%22Azevedo+WR%22+not+%22Azevedo+ES%22+not+%22pereira+PEA%22+not+%22Feitoza+CC%22+not+%22Campanini+MZ%22&sort=pubdate&size=50
https://www.rcsb.org/structure/2A4L
https://www.scopus.com/authid/detail.uri?authorId=7006435557
https://github.com/azevedolab/
https://github.com/azevedolab/
https://www.webofscience.com/wos/author/record/581112

PublMed  GitHub PDEB

PROTEIN DATA BANK

Espaco Quimico - Vantagens

Espaco de produtos naturais

Fonte: Bohacek RS, McMartin C, Guida WC. The art and practice of structure-based drug design: a molecular modeling perspective. Med Res Rev. 1996;
16(1):3-50.
23


https://www.scopus.com/authid/detail.uri?authorId=7006435557
https://www.ncbi.nlm.nih.gov/pubmed/?term=de+Azevedo+WF+Jr+or+azevedo+wf+OR+de+azevedo+wf+OR+de+azevedo+wf+OR+filgueira+de+azevedo+w+OR+azevedo+junior+wf+or+vivan+AL+NOT+Cavalcanti+AL+NOT+de+Godoy+JM+not+Medeiros+CC+not+Azevedo+LM+NOT+Abreu+Junior+GF+NOT+Mathias+LADST+or+azevedo+w+not+%22azevedo+ws%22+not+%22azevedo+wta%22+not+%22Mathias+LADST%22+not+%22de+Azevedo+WM%22+not+%22azevedo+wt%22+not+%22Silva-Filho+A%22+not+%22Medeiros+CC%22+not+%22Azevedo+LM%22+not+%22+Matsouka+P%22+not+%22Almeida+J%C3%BAnior+HJ%22+not+%22de+Godoy+JM%22+not+%22+Abreu+MH%22+not+%22Azevedo+WM%22+not+%22Azevedo+WR%22++not+%22Azev%C3%AAdo+ES%22
http://orcid.org/0000-0001-8640-357X
https://github.com/azevedolab/
https://www.webofscience.com/wos/author/record/581112
https://azevedolab.net/
https://pubmed.ncbi.nlm.nih.gov/?term=de+Azevedo+WF+Jr+or+azevedo+wf+OR+de+azevedo+wf+OR+de+azevedo+wf+OR+filgueira+de+azevedo+w+OR+azevedo+junior+wf+or+ivan+al+NOT+Cavalcanti+AL+NOT+de+Godoy+JM+not+Medeiros+CC+not+Azevedo+LM+NOT+Abreu+Junior+GF+NOT+Mathias+LADST+or+azevedo+w+not+%22azevedo+ws%22+not+%22azevedo+wta%22+not+%22Mathias+LADST%22+not+%22de+Azevedo+WM%22+not+%22azevedo+wt%22+not+%22Silva-Filho+A%22+not+%22Medeiros+CC%22+not+%22Azevedo+LM%22+not+%22+Matsouka+P%22+not+%22Almeida+Junior+HJ%22+not+%22de+Godoy+JM%22+not+%22+Abreu+MH%22+not+%22Azevedo+WM%22+not+%22Azevedo+WR%22+not+%22Azevedo+ES%22+not+%22pereira+PEA%22+not+%22Feitoza+CC%22+not+%22Campanini+MZ%22&sort=pubdate&size=50
https://www.rcsb.org/structure/2A4L
https://www.scopus.com/authid/detail.uri?authorId=7006435557
https://github.com/azevedolab/
https://github.com/azevedolab/
https://www.webofscience.com/wos/author/record/581112

PublMed  GitHub PDEB

PROTEIN DATA BANK

Espaco Quimico - Vantagens

Fonte: Bohacek RS, McMartin C, Guida WC. The art and practice of structure-based drug design: a molecular modeling perspective. Med Res Rev. 1996;
16(1):3-50.
24


https://www.scopus.com/authid/detail.uri?authorId=7006435557
https://www.ncbi.nlm.nih.gov/pubmed/?term=de+Azevedo+WF+Jr+or+azevedo+wf+OR+de+azevedo+wf+OR+de+azevedo+wf+OR+filgueira+de+azevedo+w+OR+azevedo+junior+wf+or+vivan+AL+NOT+Cavalcanti+AL+NOT+de+Godoy+JM+not+Medeiros+CC+not+Azevedo+LM+NOT+Abreu+Junior+GF+NOT+Mathias+LADST+or+azevedo+w+not+%22azevedo+ws%22+not+%22azevedo+wta%22+not+%22Mathias+LADST%22+not+%22de+Azevedo+WM%22+not+%22azevedo+wt%22+not+%22Silva-Filho+A%22+not+%22Medeiros+CC%22+not+%22Azevedo+LM%22+not+%22+Matsouka+P%22+not+%22Almeida+J%C3%BAnior+HJ%22+not+%22de+Godoy+JM%22+not+%22+Abreu+MH%22+not+%22Azevedo+WM%22+not+%22Azevedo+WR%22++not+%22Azev%C3%AAdo+ES%22
http://orcid.org/0000-0001-8640-357X
https://github.com/azevedolab/
https://www.webofscience.com/wos/author/record/581112
https://azevedolab.net/
https://pubmed.ncbi.nlm.nih.gov/?term=de+Azevedo+WF+Jr+or+azevedo+wf+OR+de+azevedo+wf+OR+de+azevedo+wf+OR+filgueira+de+azevedo+w+OR+azevedo+junior+wf+or+ivan+al+NOT+Cavalcanti+AL+NOT+de+Godoy+JM+not+Medeiros+CC+not+Azevedo+LM+NOT+Abreu+Junior+GF+NOT+Mathias+LADST+or+azevedo+w+not+%22azevedo+ws%22+not+%22azevedo+wta%22+not+%22Mathias+LADST%22+not+%22de+Azevedo+WM%22+not+%22azevedo+wt%22+not+%22Silva-Filho+A%22+not+%22Medeiros+CC%22+not+%22Azevedo+LM%22+not+%22+Matsouka+P%22+not+%22Almeida+Junior+HJ%22+not+%22de+Godoy+JM%22+not+%22+Abreu+MH%22+not+%22Azevedo+WM%22+not+%22Azevedo+WR%22+not+%22Azevedo+ES%22+not+%22pereira+PEA%22+not+%22Feitoza+CC%22+not+%22Campanini+MZ%22&sort=pubdate&size=50
https://www.rcsb.org/structure/2A4L
https://www.scopus.com/authid/detail.uri?authorId=7006435557
https://github.com/azevedolab/
https://github.com/azevedolab/
https://www.webofscience.com/wos/author/record/581112

PublMed  GitHub PDEB

PROTEIN DATA BANK

Espaco Quimico - Vantagens

Espaco dos inibidores de CDK2

Fonte: Bohacek RS, McMartin C, Guida WC. The art and practice of structure-based drug design: a molecular modeling perspective. Med Res Rev. 1996;
16(1):3-50.
25


https://www.scopus.com/authid/detail.uri?authorId=7006435557
https://www.ncbi.nlm.nih.gov/pubmed/?term=de+Azevedo+WF+Jr+or+azevedo+wf+OR+de+azevedo+wf+OR+de+azevedo+wf+OR+filgueira+de+azevedo+w+OR+azevedo+junior+wf+or+vivan+AL+NOT+Cavalcanti+AL+NOT+de+Godoy+JM+not+Medeiros+CC+not+Azevedo+LM+NOT+Abreu+Junior+GF+NOT+Mathias+LADST+or+azevedo+w+not+%22azevedo+ws%22+not+%22azevedo+wta%22+not+%22Mathias+LADST%22+not+%22de+Azevedo+WM%22+not+%22azevedo+wt%22+not+%22Silva-Filho+A%22+not+%22Medeiros+CC%22+not+%22Azevedo+LM%22+not+%22+Matsouka+P%22+not+%22Almeida+J%C3%BAnior+HJ%22+not+%22de+Godoy+JM%22+not+%22+Abreu+MH%22+not+%22Azevedo+WM%22+not+%22Azevedo+WR%22++not+%22Azev%C3%AAdo+ES%22
http://orcid.org/0000-0001-8640-357X
https://github.com/azevedolab/
https://www.webofscience.com/wos/author/record/581112
https://azevedolab.net/
https://pubmed.ncbi.nlm.nih.gov/?term=de+Azevedo+WF+Jr+or+azevedo+wf+OR+de+azevedo+wf+OR+de+azevedo+wf+OR+filgueira+de+azevedo+w+OR+azevedo+junior+wf+or+ivan+al+NOT+Cavalcanti+AL+NOT+de+Godoy+JM+not+Medeiros+CC+not+Azevedo+LM+NOT+Abreu+Junior+GF+NOT+Mathias+LADST+or+azevedo+w+not+%22azevedo+ws%22+not+%22azevedo+wta%22+not+%22Mathias+LADST%22+not+%22de+Azevedo+WM%22+not+%22azevedo+wt%22+not+%22Silva-Filho+A%22+not+%22Medeiros+CC%22+not+%22Azevedo+LM%22+not+%22+Matsouka+P%22+not+%22Almeida+Junior+HJ%22+not+%22de+Godoy+JM%22+not+%22+Abreu+MH%22+not+%22Azevedo+WM%22+not+%22Azevedo+WR%22+not+%22Azevedo+ES%22+not+%22pereira+PEA%22+not+%22Feitoza+CC%22+not+%22Campanini+MZ%22&sort=pubdate&size=50
https://www.rcsb.org/structure/2A4L
https://www.scopus.com/authid/detail.uri?authorId=7006435557
https://github.com/azevedolab/
https://github.com/azevedolab/
https://www.webofscience.com/wos/author/record/581112

PublMed  GitHub PDEB

PROTEIN DATA BANK

Espaco de Proteinas

o/B o
6. ‘i t
@ Q’

< s
< D Aty }“v‘.i A Ba >
3 * ey ey j,‘f‘.% »> i
TSRV Ae L G RIS
RS O S e
L] O s G o 0
b L L R i SN i Q (%
* 4 \ © % LIS > © . [3
C o ® < @ s ° ¥ e e @e ©
o &8 s ® < LY é ¢ ¢
; (%}

Fonte: Han X, Sit A, Christoffer C, Chen S, Kihara D. A global map of the protein shape universe. PLoS Comput Biol. 2019; 15(4):e10069609.
26


https://www.scopus.com/authid/detail.uri?authorId=7006435557
https://www.ncbi.nlm.nih.gov/pubmed/?term=de+Azevedo+WF+Jr+or+azevedo+wf+OR+de+azevedo+wf+OR+de+azevedo+wf+OR+filgueira+de+azevedo+w+OR+azevedo+junior+wf+or+vivan+AL+NOT+Cavalcanti+AL+NOT+de+Godoy+JM+not+Medeiros+CC+not+Azevedo+LM+NOT+Abreu+Junior+GF+NOT+Mathias+LADST+or+azevedo+w+not+%22azevedo+ws%22+not+%22azevedo+wta%22+not+%22Mathias+LADST%22+not+%22de+Azevedo+WM%22+not+%22azevedo+wt%22+not+%22Silva-Filho+A%22+not+%22Medeiros+CC%22+not+%22Azevedo+LM%22+not+%22+Matsouka+P%22+not+%22Almeida+J%C3%BAnior+HJ%22+not+%22de+Godoy+JM%22+not+%22+Abreu+MH%22+not+%22Azevedo+WM%22+not+%22Azevedo+WR%22++not+%22Azev%C3%AAdo+ES%22
http://orcid.org/0000-0001-8640-357X
https://github.com/azevedolab/
https://www.webofscience.com/wos/author/record/581112
https://azevedolab.net/
https://pubmed.ncbi.nlm.nih.gov/?term=de+Azevedo+WF+Jr+or+azevedo+wf+OR+de+azevedo+wf+OR+de+azevedo+wf+OR+filgueira+de+azevedo+w+OR+azevedo+junior+wf+or+ivan+al+NOT+Cavalcanti+AL+NOT+de+Godoy+JM+not+Medeiros+CC+not+Azevedo+LM+NOT+Abreu+Junior+GF+NOT+Mathias+LADST+or+azevedo+w+not+%22azevedo+ws%22+not+%22azevedo+wta%22+not+%22Mathias+LADST%22+not+%22de+Azevedo+WM%22+not+%22azevedo+wt%22+not+%22Silva-Filho+A%22+not+%22Medeiros+CC%22+not+%22Azevedo+LM%22+not+%22+Matsouka+P%22+not+%22Almeida+Junior+HJ%22+not+%22de+Godoy+JM%22+not+%22+Abreu+MH%22+not+%22Azevedo+WM%22+not+%22Azevedo+WR%22+not+%22Azevedo+ES%22+not+%22pereira+PEA%22+not+%22Feitoza+CC%22+not+%22Campanini+MZ%22&sort=pubdate&size=50
https://www.rcsb.org/structure/2A4L
https://www.scopus.com/authid/detail.uri?authorId=7006435557
https://github.com/azevedolab/
https://github.com/azevedolab/
https://www.webofscience.com/wos/author/record/581112

A o Y 2 B e

1
|
z

] T — iy A


https://www.scopus.com/authid/detail.uri?authorId=7006435557
https://www.ncbi.nlm.nih.gov/pubmed/?term=de+Azevedo+WF+Jr+or+azevedo+wf+OR+de+azevedo+wf+OR+de+azevedo+wf+OR+filgueira+de+azevedo+w+OR+azevedo+junior+wf+or+vivan+AL+NOT+Cavalcanti+AL+NOT+de+Godoy+JM+not+Medeiros+CC+not+Azevedo+LM+NOT+Abreu+Junior+GF+NOT+Mathias+LADST+or+azevedo+w+not+%22azevedo+ws%22+not+%22azevedo+wta%22+not+%22Mathias+LADST%22+not+%22de+Azevedo+WM%22+not+%22azevedo+wt%22+not+%22Silva-Filho+A%22+not+%22Medeiros+CC%22+not+%22Azevedo+LM%22+not+%22+Matsouka+P%22+not+%22Almeida+J%C3%BAnior+HJ%22+not+%22de+Godoy+JM%22+not+%22+Abreu+MH%22+not+%22Azevedo+WM%22+not+%22Azevedo+WR%22++not+%22Azev%C3%AAdo+ES%22
http://orcid.org/0000-0001-8640-357X
https://github.com/azevedolab/
https://www.webofscience.com/wos/author/record/581112
https://azevedolab.net/
https://pubmed.ncbi.nlm.nih.gov/?term=de+Azevedo+WF+Jr+or+azevedo+wf+OR+de+azevedo+wf+OR+de+azevedo+wf+OR+filgueira+de+azevedo+w+OR+azevedo+junior+wf+or+ivan+al+NOT+Cavalcanti+AL+NOT+de+Godoy+JM+not+Medeiros+CC+not+Azevedo+LM+NOT+Abreu+Junior+GF+NOT+Mathias+LADST+or+azevedo+w+not+%22azevedo+ws%22+not+%22azevedo+wta%22+not+%22Mathias+LADST%22+not+%22de+Azevedo+WM%22+not+%22azevedo+wt%22+not+%22Silva-Filho+A%22+not+%22Medeiros+CC%22+not+%22Azevedo+LM%22+not+%22+Matsouka+P%22+not+%22Almeida+Junior+HJ%22+not+%22de+Godoy+JM%22+not+%22+Abreu+MH%22+not+%22Azevedo+WM%22+not+%22Azevedo+WR%22+not+%22Azevedo+ES%22+not+%22pereira+PEA%22+not+%22Feitoza+CC%22+not+%22Campanini+MZ%22&sort=pubdate&size=50
https://www.rcsb.org/structure/2A4L
https://www.scopus.com/authid/detail.uri?authorId=7006435557
https://github.com/azevedolab/
https://github.com/azevedolab/
https://www.webofscience.com/wos/author/record/581112

PublMed  GitHub PDEB

PROTEIN DATA BANK

Espaco de Funcoes Escores

Fonte: Heck GS, Pintro VO, Pereira RR, de Avila MB, Levin NMB, de Azevedo WF. Supervised Machine Learning Methods Applied to Predict Ligand- Binding
Affinity. Curr Med Chem. 2017; 24(23):2459-2470.

28


https://www.scopus.com/authid/detail.uri?authorId=7006435557
https://www.ncbi.nlm.nih.gov/pubmed/?term=de+Azevedo+WF+Jr+or+azevedo+wf+OR+de+azevedo+wf+OR+de+azevedo+wf+OR+filgueira+de+azevedo+w+OR+azevedo+junior+wf+or+vivan+AL+NOT+Cavalcanti+AL+NOT+de+Godoy+JM+not+Medeiros+CC+not+Azevedo+LM+NOT+Abreu+Junior+GF+NOT+Mathias+LADST+or+azevedo+w+not+%22azevedo+ws%22+not+%22azevedo+wta%22+not+%22Mathias+LADST%22+not+%22de+Azevedo+WM%22+not+%22azevedo+wt%22+not+%22Silva-Filho+A%22+not+%22Medeiros+CC%22+not+%22Azevedo+LM%22+not+%22+Matsouka+P%22+not+%22Almeida+J%C3%BAnior+HJ%22+not+%22de+Godoy+JM%22+not+%22+Abreu+MH%22+not+%22Azevedo+WM%22+not+%22Azevedo+WR%22++not+%22Azev%C3%AAdo+ES%22
http://orcid.org/0000-0001-8640-357X
https://github.com/azevedolab/
https://www.webofscience.com/wos/author/record/581112
https://azevedolab.net/
https://pubmed.ncbi.nlm.nih.gov/?term=de+Azevedo+WF+Jr+or+azevedo+wf+OR+de+azevedo+wf+OR+de+azevedo+wf+OR+filgueira+de+azevedo+w+OR+azevedo+junior+wf+or+ivan+al+NOT+Cavalcanti+AL+NOT+de+Godoy+JM+not+Medeiros+CC+not+Azevedo+LM+NOT+Abreu+Junior+GF+NOT+Mathias+LADST+or+azevedo+w+not+%22azevedo+ws%22+not+%22azevedo+wta%22+not+%22Mathias+LADST%22+not+%22de+Azevedo+WM%22+not+%22azevedo+wt%22+not+%22Silva-Filho+A%22+not+%22Medeiros+CC%22+not+%22Azevedo+LM%22+not+%22+Matsouka+P%22+not+%22Almeida+Junior+HJ%22+not+%22de+Godoy+JM%22+not+%22+Abreu+MH%22+not+%22Azevedo+WM%22+not+%22Azevedo+WR%22+not+%22Azevedo+ES%22+not+%22pereira+PEA%22+not+%22Feitoza+CC%22+not+%22Campanini+MZ%22&sort=pubdate&size=50
https://www.rcsb.org/structure/2A4L
https://www.scopus.com/authid/detail.uri?authorId=7006435557
https://github.com/azevedolab/
https://github.com/azevedolab/
https://www.webofscience.com/wos/author/record/581112

PublMed  GitHub PDEB

PROTEIN DATA BANK

Espaco de Funcoes Escores

Fonte: Heck GS, Pintro VO, Pereira RR, de Avila MB, Levin NMB, de Azevedo WF. Supervised Machine Learning Methods Applied to Predict Ligand- Binding
Affinity. Curr Med Chem. 2017; 24(23):2459-2470.

29


https://www.scopus.com/authid/detail.uri?authorId=7006435557
https://www.ncbi.nlm.nih.gov/pubmed/?term=de+Azevedo+WF+Jr+or+azevedo+wf+OR+de+azevedo+wf+OR+de+azevedo+wf+OR+filgueira+de+azevedo+w+OR+azevedo+junior+wf+or+vivan+AL+NOT+Cavalcanti+AL+NOT+de+Godoy+JM+not+Medeiros+CC+not+Azevedo+LM+NOT+Abreu+Junior+GF+NOT+Mathias+LADST+or+azevedo+w+not+%22azevedo+ws%22+not+%22azevedo+wta%22+not+%22Mathias+LADST%22+not+%22de+Azevedo+WM%22+not+%22azevedo+wt%22+not+%22Silva-Filho+A%22+not+%22Medeiros+CC%22+not+%22Azevedo+LM%22+not+%22+Matsouka+P%22+not+%22Almeida+J%C3%BAnior+HJ%22+not+%22de+Godoy+JM%22+not+%22+Abreu+MH%22+not+%22Azevedo+WM%22+not+%22Azevedo+WR%22++not+%22Azev%C3%AAdo+ES%22
http://orcid.org/0000-0001-8640-357X
https://github.com/azevedolab/
https://www.webofscience.com/wos/author/record/581112
https://azevedolab.net/
https://pubmed.ncbi.nlm.nih.gov/?term=de+Azevedo+WF+Jr+or+azevedo+wf+OR+de+azevedo+wf+OR+de+azevedo+wf+OR+filgueira+de+azevedo+w+OR+azevedo+junior+wf+or+ivan+al+NOT+Cavalcanti+AL+NOT+de+Godoy+JM+not+Medeiros+CC+not+Azevedo+LM+NOT+Abreu+Junior+GF+NOT+Mathias+LADST+or+azevedo+w+not+%22azevedo+ws%22+not+%22azevedo+wta%22+not+%22Mathias+LADST%22+not+%22de+Azevedo+WM%22+not+%22azevedo+wt%22+not+%22Silva-Filho+A%22+not+%22Medeiros+CC%22+not+%22Azevedo+LM%22+not+%22+Matsouka+P%22+not+%22Almeida+Junior+HJ%22+not+%22de+Godoy+JM%22+not+%22+Abreu+MH%22+not+%22Azevedo+WM%22+not+%22Azevedo+WR%22+not+%22Azevedo+ES%22+not+%22pereira+PEA%22+not+%22Feitoza+CC%22+not+%22Campanini+MZ%22&sort=pubdate&size=50
https://www.rcsb.org/structure/2A4L
https://www.scopus.com/authid/detail.uri?authorId=7006435557
https://github.com/azevedolab/
https://github.com/azevedolab/
https://www.webofscience.com/wos/author/record/581112

PublMed  GitHub PDE

PROTEIN DATA BANK

Espaco de Funcoes Escores

Binding
MOAD

Mother of All Databases

G PDB 6ind

Fonte: Heck GS, Pintro VO, Pereira RR, de Avila MB, Levin NMB, de Azevedo WF. Supervised Machine Learning Methods Applied to Predict Ligand- Binding
Affinity. Curr Med Chem. 2017; 24(23):2459-2470.

30


https://www.scopus.com/authid/detail.uri?authorId=7006435557
https://www.ncbi.nlm.nih.gov/pubmed/?term=de+Azevedo+WF+Jr+or+azevedo+wf+OR+de+azevedo+wf+OR+de+azevedo+wf+OR+filgueira+de+azevedo+w+OR+azevedo+junior+wf+or+vivan+AL+NOT+Cavalcanti+AL+NOT+de+Godoy+JM+not+Medeiros+CC+not+Azevedo+LM+NOT+Abreu+Junior+GF+NOT+Mathias+LADST+or+azevedo+w+not+%22azevedo+ws%22+not+%22azevedo+wta%22+not+%22Mathias+LADST%22+not+%22de+Azevedo+WM%22+not+%22azevedo+wt%22+not+%22Silva-Filho+A%22+not+%22Medeiros+CC%22+not+%22Azevedo+LM%22+not+%22+Matsouka+P%22+not+%22Almeida+J%C3%BAnior+HJ%22+not+%22de+Godoy+JM%22+not+%22+Abreu+MH%22+not+%22Azevedo+WM%22+not+%22Azevedo+WR%22++not+%22Azev%C3%AAdo+ES%22
http://orcid.org/0000-0001-8640-357X
https://github.com/azevedolab/
https://www.webofscience.com/wos/author/record/581112
https://azevedolab.net/
https://pubmed.ncbi.nlm.nih.gov/?term=de+Azevedo+WF+Jr+or+azevedo+wf+OR+de+azevedo+wf+OR+de+azevedo+wf+OR+filgueira+de+azevedo+w+OR+azevedo+junior+wf+or+ivan+al+NOT+Cavalcanti+AL+NOT+de+Godoy+JM+not+Medeiros+CC+not+Azevedo+LM+NOT+Abreu+Junior+GF+NOT+Mathias+LADST+or+azevedo+w+not+%22azevedo+ws%22+not+%22azevedo+wta%22+not+%22Mathias+LADST%22+not+%22de+Azevedo+WM%22+not+%22azevedo+wt%22+not+%22Silva-Filho+A%22+not+%22Medeiros+CC%22+not+%22Azevedo+LM%22+not+%22+Matsouka+P%22+not+%22Almeida+Junior+HJ%22+not+%22de+Godoy+JM%22+not+%22+Abreu+MH%22+not+%22Azevedo+WM%22+not+%22Azevedo+WR%22+not+%22Azevedo+ES%22+not+%22pereira+PEA%22+not+%22Feitoza+CC%22+not+%22Campanini+MZ%22&sort=pubdate&size=50
https://www.rcsb.org/structure/2A4L
https://www.scopus.com/authid/detail.uri?authorId=7006435557
https://github.com/azevedolab/
https://github.com/azevedolab/
https://www.webofscience.com/wos/author/record/581112

PublMed  GitHub PDE

PROTEIN DATA BANK

Espaco de Funcoes Escores

Binding
MOAD

Mother of All Databases

Fonte: Heck GS, Pintro VO, Pereira RR, de Avila MB, Levin NMB, de Azevedo WF. Supervised Machine Learning Methods Applied to Predict Ligand- Binding
Affinity. Curr Med Chem. 2017; 24(23):2459-2470.

31


https://www.scopus.com/authid/detail.uri?authorId=7006435557
https://www.ncbi.nlm.nih.gov/pubmed/?term=de+Azevedo+WF+Jr+or+azevedo+wf+OR+de+azevedo+wf+OR+de+azevedo+wf+OR+filgueira+de+azevedo+w+OR+azevedo+junior+wf+or+vivan+AL+NOT+Cavalcanti+AL+NOT+de+Godoy+JM+not+Medeiros+CC+not+Azevedo+LM+NOT+Abreu+Junior+GF+NOT+Mathias+LADST+or+azevedo+w+not+%22azevedo+ws%22+not+%22azevedo+wta%22+not+%22Mathias+LADST%22+not+%22de+Azevedo+WM%22+not+%22azevedo+wt%22+not+%22Silva-Filho+A%22+not+%22Medeiros+CC%22+not+%22Azevedo+LM%22+not+%22+Matsouka+P%22+not+%22Almeida+J%C3%BAnior+HJ%22+not+%22de+Godoy+JM%22+not+%22+Abreu+MH%22+not+%22Azevedo+WM%22+not+%22Azevedo+WR%22++not+%22Azev%C3%AAdo+ES%22
http://orcid.org/0000-0001-8640-357X
https://github.com/azevedolab/
https://www.webofscience.com/wos/author/record/581112
https://azevedolab.net/
https://pubmed.ncbi.nlm.nih.gov/?term=de+Azevedo+WF+Jr+or+azevedo+wf+OR+de+azevedo+wf+OR+de+azevedo+wf+OR+filgueira+de+azevedo+w+OR+azevedo+junior+wf+or+ivan+al+NOT+Cavalcanti+AL+NOT+de+Godoy+JM+not+Medeiros+CC+not+Azevedo+LM+NOT+Abreu+Junior+GF+NOT+Mathias+LADST+or+azevedo+w+not+%22azevedo+ws%22+not+%22azevedo+wta%22+not+%22Mathias+LADST%22+not+%22de+Azevedo+WM%22+not+%22azevedo+wt%22+not+%22Silva-Filho+A%22+not+%22Medeiros+CC%22+not+%22Azevedo+LM%22+not+%22+Matsouka+P%22+not+%22Almeida+Junior+HJ%22+not+%22de+Godoy+JM%22+not+%22+Abreu+MH%22+not+%22Azevedo+WM%22+not+%22Azevedo+WR%22+not+%22Azevedo+ES%22+not+%22pereira+PEA%22+not+%22Feitoza+CC%22+not+%22Campanini+MZ%22&sort=pubdate&size=50
https://www.rcsb.org/structure/2A4L
https://www.scopus.com/authid/detail.uri?authorId=7006435557
https://github.com/azevedolab/
https://github.com/azevedolab/
https://www.webofscience.com/wos/author/record/581112

PublMed  GitHub PDE

PROTEIN DATA BANK

Espaco de Funcoes Escores

Binding
MOAD

Mother of All Databases

Fonte: Heck GS, Pintro VO, Pereira RR, de Avila MB, Levin NMB, de Azevedo WF. Supervised Machine Learning Methods Applied to Predict Ligand- Binding
Affinity. Curr Med Chem. 2017; 24(23):2459-2470.

32


https://www.scopus.com/authid/detail.uri?authorId=7006435557
https://www.ncbi.nlm.nih.gov/pubmed/?term=de+Azevedo+WF+Jr+or+azevedo+wf+OR+de+azevedo+wf+OR+de+azevedo+wf+OR+filgueira+de+azevedo+w+OR+azevedo+junior+wf+or+vivan+AL+NOT+Cavalcanti+AL+NOT+de+Godoy+JM+not+Medeiros+CC+not+Azevedo+LM+NOT+Abreu+Junior+GF+NOT+Mathias+LADST+or+azevedo+w+not+%22azevedo+ws%22+not+%22azevedo+wta%22+not+%22Mathias+LADST%22+not+%22de+Azevedo+WM%22+not+%22azevedo+wt%22+not+%22Silva-Filho+A%22+not+%22Medeiros+CC%22+not+%22Azevedo+LM%22+not+%22+Matsouka+P%22+not+%22Almeida+J%C3%BAnior+HJ%22+not+%22de+Godoy+JM%22+not+%22+Abreu+MH%22+not+%22Azevedo+WM%22+not+%22Azevedo+WR%22++not+%22Azev%C3%AAdo+ES%22
http://orcid.org/0000-0001-8640-357X
https://github.com/azevedolab/
https://www.webofscience.com/wos/author/record/581112
https://azevedolab.net/
https://pubmed.ncbi.nlm.nih.gov/?term=de+Azevedo+WF+Jr+or+azevedo+wf+OR+de+azevedo+wf+OR+de+azevedo+wf+OR+filgueira+de+azevedo+w+OR+azevedo+junior+wf+or+ivan+al+NOT+Cavalcanti+AL+NOT+de+Godoy+JM+not+Medeiros+CC+not+Azevedo+LM+NOT+Abreu+Junior+GF+NOT+Mathias+LADST+or+azevedo+w+not+%22azevedo+ws%22+not+%22azevedo+wta%22+not+%22Mathias+LADST%22+not+%22de+Azevedo+WM%22+not+%22azevedo+wt%22+not+%22Silva-Filho+A%22+not+%22Medeiros+CC%22+not+%22Azevedo+LM%22+not+%22+Matsouka+P%22+not+%22Almeida+Junior+HJ%22+not+%22de+Godoy+JM%22+not+%22+Abreu+MH%22+not+%22Azevedo+WM%22+not+%22Azevedo+WR%22+not+%22Azevedo+ES%22+not+%22pereira+PEA%22+not+%22Feitoza+CC%22+not+%22Campanini+MZ%22&sort=pubdate&size=50
https://www.rcsb.org/structure/2A4L
https://www.scopus.com/authid/detail.uri?authorId=7006435557
https://github.com/azevedolab/
https://github.com/azevedolab/
https://www.webofscience.com/wos/author/record/581112

PublMed  GitHub PDEB

PROTEIN DATA BANK

Espaco de Fungées Escores Binding

MOAD

Mother of All Databases

Fonte: Heck GS, Pintro VO, Pereira RR, de Avila MB, Levin NMB, de Azevedo WF. Supervised Machine Learning Methods Applied to Predict Ligand- Binding
Affinity. Curr Med Chem. 2017; 24(23):2459-2470.

33


https://www.scopus.com/authid/detail.uri?authorId=7006435557
https://www.ncbi.nlm.nih.gov/pubmed/?term=de+Azevedo+WF+Jr+or+azevedo+wf+OR+de+azevedo+wf+OR+de+azevedo+wf+OR+filgueira+de+azevedo+w+OR+azevedo+junior+wf+or+vivan+AL+NOT+Cavalcanti+AL+NOT+de+Godoy+JM+not+Medeiros+CC+not+Azevedo+LM+NOT+Abreu+Junior+GF+NOT+Mathias+LADST+or+azevedo+w+not+%22azevedo+ws%22+not+%22azevedo+wta%22+not+%22Mathias+LADST%22+not+%22de+Azevedo+WM%22+not+%22azevedo+wt%22+not+%22Silva-Filho+A%22+not+%22Medeiros+CC%22+not+%22Azevedo+LM%22+not+%22+Matsouka+P%22+not+%22Almeida+J%C3%BAnior+HJ%22+not+%22de+Godoy+JM%22+not+%22+Abreu+MH%22+not+%22Azevedo+WM%22+not+%22Azevedo+WR%22++not+%22Azev%C3%AAdo+ES%22
http://orcid.org/0000-0001-8640-357X
https://github.com/azevedolab/
https://www.webofscience.com/wos/author/record/581112
https://azevedolab.net/
https://pubmed.ncbi.nlm.nih.gov/?term=de+Azevedo+WF+Jr+or+azevedo+wf+OR+de+azevedo+wf+OR+de+azevedo+wf+OR+filgueira+de+azevedo+w+OR+azevedo+junior+wf+or+ivan+al+NOT+Cavalcanti+AL+NOT+de+Godoy+JM+not+Medeiros+CC+not+Azevedo+LM+NOT+Abreu+Junior+GF+NOT+Mathias+LADST+or+azevedo+w+not+%22azevedo+ws%22+not+%22azevedo+wta%22+not+%22Mathias+LADST%22+not+%22de+Azevedo+WM%22+not+%22azevedo+wt%22+not+%22Silva-Filho+A%22+not+%22Medeiros+CC%22+not+%22Azevedo+LM%22+not+%22+Matsouka+P%22+not+%22Almeida+Junior+HJ%22+not+%22de+Godoy+JM%22+not+%22+Abreu+MH%22+not+%22Azevedo+WM%22+not+%22Azevedo+WR%22+not+%22Azevedo+ES%22+not+%22pereira+PEA%22+not+%22Feitoza+CC%22+not+%22Campanini+MZ%22&sort=pubdate&size=50
https://www.rcsb.org/structure/2A4L
https://www.scopus.com/authid/detail.uri?authorId=7006435557
https://github.com/azevedolab/
https://github.com/azevedolab/
https://www.webofscience.com/wos/author/record/581112

PublMed  GitHub PDEB

PROTEIN DATA BANK

Espaco de Funcoes Escores

Binding

09 @) MOAD
~ .~ r - Mother of All Databases

AG=Zwixi fzzocixi_ j_

N N
log(ICsg) = Z w;X; + 2 a; x}
ic0 =0
N N

Fonte: Heck GS, Pintro VO, Pereira RR, de Avila MB, Levin NMB, de Azevedo WF. Supervised Machine Learning Methods Applied to Predict Ligand- Binding
Affinity. Curr Med Chem. 2017; 24(23):2459-2470.
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Available at: https://github.com/azevedolab

Fonte: da Silva AD, Bitencourt-Ferreira G, de Azevedo WF Jr. Taba: A Tool to Analyze the Binding Affinity. J Comput Chem. 2020; 41(1):69-73.
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Fonte: da Silva AD, Bitencourt-Ferreira G, de Azevedo WF Jr. Taba: A Tool to Analyze the Binding Affinity. J Comput Chem. 2020; 41(1):69-73.

36


https://www.scopus.com/authid/detail.uri?authorId=7006435557
https://www.ncbi.nlm.nih.gov/pubmed/?term=de+Azevedo+WF+Jr+or+azevedo+wf+OR+de+azevedo+wf+OR+de+azevedo+wf+OR+filgueira+de+azevedo+w+OR+azevedo+junior+wf+or+vivan+AL+NOT+Cavalcanti+AL+NOT+de+Godoy+JM+not+Medeiros+CC+not+Azevedo+LM+NOT+Abreu+Junior+GF+NOT+Mathias+LADST+or+azevedo+w+not+%22azevedo+ws%22+not+%22azevedo+wta%22+not+%22Mathias+LADST%22+not+%22de+Azevedo+WM%22+not+%22azevedo+wt%22+not+%22Silva-Filho+A%22+not+%22Medeiros+CC%22+not+%22Azevedo+LM%22+not+%22+Matsouka+P%22+not+%22Almeida+J%C3%BAnior+HJ%22+not+%22de+Godoy+JM%22+not+%22+Abreu+MH%22+not+%22Azevedo+WM%22+not+%22Azevedo+WR%22++not+%22Azev%C3%AAdo+ES%22
http://orcid.org/0000-0001-8640-357X
https://github.com/azevedolab/
https://www.webofscience.com/wos/author/record/581112
https://azevedolab.net/
https://pubmed.ncbi.nlm.nih.gov/?term=de+Azevedo+WF+Jr+or+azevedo+wf+OR+de+azevedo+wf+OR+de+azevedo+wf+OR+filgueira+de+azevedo+w+OR+azevedo+junior+wf+or+ivan+al+NOT+Cavalcanti+AL+NOT+de+Godoy+JM+not+Medeiros+CC+not+Azevedo+LM+NOT+Abreu+Junior+GF+NOT+Mathias+LADST+or+azevedo+w+not+%22azevedo+ws%22+not+%22azevedo+wta%22+not+%22Mathias+LADST%22+not+%22de+Azevedo+WM%22+not+%22azevedo+wt%22+not+%22Silva-Filho+A%22+not+%22Medeiros+CC%22+not+%22Azevedo+LM%22+not+%22+Matsouka+P%22+not+%22Almeida+Junior+HJ%22+not+%22de+Godoy+JM%22+not+%22+Abreu+MH%22+not+%22Azevedo+WM%22+not+%22Azevedo+WR%22+not+%22Azevedo+ES%22+not+%22pereira+PEA%22+not+%22Feitoza+CC%22+not+%22Campanini+MZ%22&sort=pubdate&size=50
https://www.rcsb.org/structure/2A4L
https://www.scopus.com/authid/detail.uri?authorId=7006435557
https://github.com/azevedolab/
https://github.com/azevedolab/
https://www.webofscience.com/wos/author/record/581112

PublMed  GitHub FPDE

PROTEIN DATA BANK

Taba-Tool to Analyze the Binding Affinity

2
PBA = ay + 2 z a; j (di,j - do,i,i)
i

Pesos do modelo de regressao:
0y = -6,581356;
Ocn = -0,111232;
Oco = -0,406456; Ligand
GN,F = '0,353717

Distancias de equilibrio:
do cn =3,99463;

do c.0 =3,88190;

done =4,21672 A,

Iy
S

Protein

45 combinacgdes

Fonte: da Silva AD, Bitencourt-Ferreira G, de Azevedo WF Jr. Taba: A Tool to Analyze the Binding Affinity. J Comput Chem. 2020; 41(1):69-73.

37


https://www.scopus.com/authid/detail.uri?authorId=7006435557
https://www.ncbi.nlm.nih.gov/pubmed/?term=de+Azevedo+WF+Jr+or+azevedo+wf+OR+de+azevedo+wf+OR+de+azevedo+wf+OR+filgueira+de+azevedo+w+OR+azevedo+junior+wf+or+vivan+AL+NOT+Cavalcanti+AL+NOT+de+Godoy+JM+not+Medeiros+CC+not+Azevedo+LM+NOT+Abreu+Junior+GF+NOT+Mathias+LADST+or+azevedo+w+not+%22azevedo+ws%22+not+%22azevedo+wta%22+not+%22Mathias+LADST%22+not+%22de+Azevedo+WM%22+not+%22azevedo+wt%22+not+%22Silva-Filho+A%22+not+%22Medeiros+CC%22+not+%22Azevedo+LM%22+not+%22+Matsouka+P%22+not+%22Almeida+J%C3%BAnior+HJ%22+not+%22de+Godoy+JM%22+not+%22+Abreu+MH%22+not+%22Azevedo+WM%22+not+%22Azevedo+WR%22++not+%22Azev%C3%AAdo+ES%22
http://orcid.org/0000-0001-8640-357X
https://github.com/azevedolab/
https://www.webofscience.com/wos/author/record/581112
https://azevedolab.net/
https://pubmed.ncbi.nlm.nih.gov/?term=de+Azevedo+WF+Jr+or+azevedo+wf+OR+de+azevedo+wf+OR+de+azevedo+wf+OR+filgueira+de+azevedo+w+OR+azevedo+junior+wf+or+ivan+al+NOT+Cavalcanti+AL+NOT+de+Godoy+JM+not+Medeiros+CC+not+Azevedo+LM+NOT+Abreu+Junior+GF+NOT+Mathias+LADST+or+azevedo+w+not+%22azevedo+ws%22+not+%22azevedo+wta%22+not+%22Mathias+LADST%22+not+%22de+Azevedo+WM%22+not+%22azevedo+wt%22+not+%22Silva-Filho+A%22+not+%22Medeiros+CC%22+not+%22Azevedo+LM%22+not+%22+Matsouka+P%22+not+%22Almeida+Junior+HJ%22+not+%22de+Godoy+JM%22+not+%22+Abreu+MH%22+not+%22Azevedo+WM%22+not+%22Azevedo+WR%22+not+%22Azevedo+ES%22+not+%22pereira+PEA%22+not+%22Feitoza+CC%22+not+%22Campanini+MZ%22&sort=pubdate&size=50
https://www.rcsb.org/structure/2A4L
https://www.scopus.com/authid/detail.uri?authorId=7006435557
https://github.com/azevedolab/
https://github.com/azevedolab/
https://www.webofscience.com/wos/author/record/581112

PublMed  GitHub 3

PROTEIN DATA BANK

Taba-Tool to Analyze the Binding Affinity

Scoring Functions p p-valuel R? p-value2
Free Energy? -0.133 0.7324 0.204 0.2227
Final Intermolecular Energy? 0.133 0.7324 0.204 0.2228
vdW+Hbond+desolv Energy? 0.133 0.7324 0.204 0.2228
Electrostatic Energy? 0.533 0.1392 0.376 0.0789
Final Total Internal Energy? -0.133 0.7324 0.089 0.4365
@ Torsional Free Energy? 0.068 0.8630 0.000 0.9792
Plants ScoreP 0.183 0.6368 0.001 0.9348
MolDock Scoreb 0.217 0.5755 0.010 0.7950
Rerank Scoreb 0.333 0.3807 0.007 0.8336
Interaction ScoreP 0.367 0.3317 0.013 0.7698
Protein Scoreb 0.367 0.3317 0.025 0.6839
. Water Score®b -0.569 0.1098 0.395 0.0699
@ Internal Scoreb 0.033 0.9322 0.001 0.9369
Electrostatic Scoreb 0.548 0.1269 0.204 0.2218
i Scoreb -0 548 01269 0204 02218
H-Bond ScoreP 0.650 0.0581 0.512 0.0301
—tigang efffittency T Score? 0150 0.700T 0027 06935
Ligand Efficiency 3 ScoreP 0.283 0.4600 0.023 0.6968
Affinity Scorec -0.067 0.8647 0.117 0.3669
Gaussl Scorec -0.367 0.3317 0.120 0.3603
Gauss2 Score¢ -0.283 0.4600 0.018 0.7297
Repulsion Score¢ -0.700 0.0358 0.240 0.1804
Hydrophobic Scorec 0.100 0.7980 0.002 0.9157
Hydrogen Score¢ -0.583 0.0992 0.340 0.0993
o Taba (3 variables, d< 4.5 A) 0.783 0.01252 0.794 0.0107

Predictive performance of scoring functions (test set). @2AutoDock 4, PMolegro Virtual Docker (MVD), cAutoDock Vina. p-value1 and p-value2 are related to p and R,
respectively.

Fonte: da Silva AD, Bitencourt-Ferreira G, de Azevedo WF Jr. Taba: A Tool to Analyze the Binding Affinity. J Comput Chem. 2020; 41(1):69-73.
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PROTEIN DATA BANK

Exemplos de Projetos Propostos (Center: X: -8.66 A, Y: 9.96 A, Z: 13.37 A) (RANDOM 1123581321)

¥: (Ttle | Parameter Settings | Docking Results ML Method

01 Differential Evolution and Gradient Boosting Score: MolDock Score RMSD: 0.557591 A Gradient Boosting
Regression t(? Predict Inhibition of Cyclin- Radius: 10 A MolDock Score: -164.555 Regression
Dependent Kinase 2 au

e Search algorithm:

Differential Evolution
Number of runs: 1
Population size: 40
@ Max iterations: 200
Scaling factor: 0.5
Crossover rate: 0.8
Offspring: Scheme 1

Termination: Variance-
based
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Exemplos de Projetos Propostos (Center: X: -8.66 A, Y: 9.96 A, Z: 13.37 A) (RANDOM 1123581321)

----- m Parameter Settings Docking Results ML Method

Combining Ant Colony Optimization and AdaBoost Score: Plants Score RMSD: 0.553042 A AdaBoost Regression
Regression to Address Protein-Ligand Interactions

Radius: 15 A Plants S : -94.0287
for Cyclin-Dependent Kinase 2 adits ants Score au
= Search algorithm: Ant MolDock Score: -159.108
Colony Optimization au

Number of runs: 1
Max iterations: 50

@ Population size: 20
Simplex local search
Maximum steps: 2000
Tolerance: 0.01

Tolerance (iteration best
solution): 0.0001

Adaptative Sampling
O (ACO)

Evaporation rate: 0.15

Probability of best ant
(pBest): 0.50
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PROTEIN DATA BANK

Exemplos de Projetos Propostos (Center: X: -8.66 A, Y: 9.96 A, Z: 13.37 A) (RANDOM 1123581321)

8+ [tte = [Parameter Settings Docking Results ML Method

03 Voting Regression Meets Differential Score: MolDock Score  RMSD: 0.557591 A Voting Regression
F‘;‘_’L‘ftt_'oni ?‘gor}?p“[t)at'onz' Mfi‘?‘ i P;ed'Ct Radius: 10 & MolDock Score: -
nhibition of Cyclin-Dependent Kinase
o Search algorithm: s

Differential Evolution
Number of runs: 1
@ Population size: 40
Max iterations: 200
Scaling factor: 0.5
Crossover rate: 0.8
Offspring: Scheme 1

Termination: Variance-
based
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OTEIN DATA BANK

Exemplos de Projetos Propostos (Center: X: -8.66 A, Y: 9.96 A, Z: 13.37 A) (RANDOM 1123581321)

m Parameter Settings | Docking Results ML Method

Shaking the Trees: A Machine-Learning Approach Score: Plants Score RMSD: 0.553042 A Extra-Trees Regression
E;f:';t Sl lIag) S el GBI L e il Radius: 15 A Plants Score: -94.0287 au
= Search algc.)rit.hmi Ant MolDock Score: -159.108
Colony Optimization au
Number of runs: 1
Max iterations: 50
@; Population size: 20

Simplex local search
Maximum steps: 2000
Tolerance: 0.01

Tolerance (iteration best
solution): 0.0001

Adaptative Sampling
O (ACO)

Evaporation rate: 0.15

Probability of best ant
(pBest): 0.50
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PROTEIN DATA BANK

Exemplos de Projetos Propostos (Center: X: -8.66 A, Y: 9.96 A, Z: 13.37 A) (RANDOM 1123581321)

----- m Parameter Settings Docking Results ML Method

Combining Bagging Regressor and Ant Colony Score: Plants Score RMSD: 0.553042 A Bagging Regression
Optlmlzatlon to Predllct Binding Affinity for the Radius: 15 A Plants Score: -94.0287 au
Cyclin-Dependent Kinase 2
= Search algorithm: Ant MolDock Score: -159.108
Colony Optimization au

Number of runs: 1
Max iterations: 50

@ Population size: 20
Simplex local search
Maximum steps: 2000
Tolerance: 0.01

Tolerance (iteration best
solution): 0.0001

Adaptative Sampling
O (ACO)

Evaporation rate: 0.15

Probability of best ant
(pBest): 0.50
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