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RESUMO

A via PI3K/Akt/mTOR é uma via de sinalizac&o intracelular importante na regulacéo
do ciclo celular que responde a mdultiplas questdes nutricionais e ambientais. A
desregulacdo dessa via esta envolvida em multiplas patologias humanas. A mTOR
(mechanistic target of rapamycin) constitui a principal enzima que exerce o controle
intermediario da via de sinalizacao e a inibicao classica dessa quinase é efetuada pela
rapamicina e seus derivados analogos — rapalogs — por meio do bloqueio alostérico
do sitio catalitico de fosforilacdo. Atualmente, sabe-se que ha limitacdes na eficacia
dos rapalogs devido aos mecanismos de feedback, insensibilidade enzimética, rotas
alternativas e mutacoes na via PI3K/Akt/mTOR. Considerando que os rapalogs ligam-
se a um sitio alostérico ndo competitivo ao ATP e desempenham um papel
fundamental na inibicdo enziméatica da mTOR sem ocasionar efeitos colaterais
comuns aos inibidores competidores ao ATP, neste trabalho empregamos triagem
virtual aplicada em modelos farmacéforicos baseados na estrutura do ligante,
docagem molecular, determinacdo de propriedades ADMETox das moléculas
selecionadas e dindmica molecular a fim de selecionar moléculas que possuem
caracteristicas favoraveis de se tornarem potenciais inibidores ndo competitivos ao
ATP da mTOR.

Palavras-chave
MTOR. Potenciais inibidores ndo competitivos ao ATP. Modelos farmacoféricos
baseados na estrutura do ligante. Simulagcdo de docagem molecular. Determinacao

de propriedades ADMETox. Dinamica molecular.
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ABSTRACT

The PISK/Akt/mTOR pathway is an important intracellular signaling pathway in cell
cycle regulation that responds to multiple nutritional and environmental issues.
Deregulation of this pathway is involved in multiple human pathologies. mTOR
(mechanistic target of rapamycin) is the main enzyme that performs the intermediate
control of the signaling pathway and the classic inhibition of this kinase is effected by
rapamycin and its analogous derivatives - rapalogs — by allosteric locking of the
catalytic phosphorylation site. Currently, there are limitations in the efficacy of rapalogs
due to feedback mechanisms, enzymatic insensitivity, alternative routes and mutations
in the PI3K/Akt/mTOR pathway. Considering that rapalogs bind to a non-ATP
competitive allosteric site and perform a key role in mTOR enzymatic inhibition without
causing side effects common to ATP-competitive inhibitors, in this work we employ
ligand-based drug design, molecular docking, determination of ADMETox properties
of the selected molecules and molecular dynamics in order to select molecules that
have favorable characteristics of becoming potential non ATP-competitive of the
mTOR.

Keywords
MTOR. Non-ATP competitive potential inhibitors. Ligand-based drug design. Molecular
docking simulation. ADMETox properties. Molecular dynamics.
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1 REVISAO BIBLIOGRAFICA
1.1 Avia de sinalizagdo PI3K/Akt/mTOR

A via PI3K/Akt/mTOR (Figura 1) € uma via de sinalizac&o intracelular importante
na regulacdo do ciclo celular que responde a mdultiplas questbes nutricionais e
ambientais, incluindo fatores de crescimento, niveis de energia, estresse celular e
aminoacidos. A traducao destes sinais leva a promoc¢éo do crescimento celular por
fosforilacdo de substratos que desencadeiam processos anabodlicos como a traducao
de &cido ribonucleico mensageiro (ARNm) e a sintese lipidica, ou limitam processos
catabodlicos como a autofagia. Resumidamente, a dindmica da via reside na ativacao
por meio de substratos extra/intracelulares da fosfatidilinositol-3 quinase (PI3K) que
fosforila e ativa a proteina quinase B (AKT) localizada na membrana plasmatica. A
AKT, além de ser capaz de desencadear outros processos fosforilativos celulares,
ativa a mTOR (mechanistic target of rapamycin) (Soliman, 2013; Porta et al., 2014;
Zarogoulidis et al., 2014).

A mTOR, formalmente denominada anteriormente de ser reconhecida como
altamente conservada entre eucariotos como mammalian Target Of Rapamycin ou
FK506-binding protein 12-rapamycin-associated protein 1 (FRAP1), € uma quinase
serina/treonina (EC 2.7.11.1) de 289 kDa pertencente a familia das fosfatidilinositol-3
quinases (PI3K) e constitui a principal enzima que exerce o controle intermediario da
via de sinalizacdo também por meio do processo de fosfotransferéncia, possuindo a
molécula de adenosina trifosfato (ATP) como doador de grupamentos fosfato (Guertin
e Sabatini, 2007; Laplante e Sabatini, 2009; Soliman, 2013).

Estruturalmente, conforme a Figura 2, a quinase é composta de 2549 residuos
de aminoacidos que conta com um numero distinto de dominios funcionais, incluindo
() 32 repetigdes denominados “Huntington, elongation factor 3, PR65/A, TOR” (HEAT)
(do residuo de aminoacido 16 ao 1345), (ii) um dominio “FRAP, ATM, TRRAP” (FAT)
(do residuo de aminoacido 1382 ao 1982); (iii) uma regidao “FKBP12 rapamycin-
binding” (FRB) (do residuo de aminoacido 2012 ao 2144); (iv) um dominio catalitico
“kinase domain” (KD) e regulador “regulatory domain” (RD) (do residuo de aminoacido
2182 ao 2516) e (v) um dominio “FRAP ATM TRRAP carboxy terminus” (FATC) (do
residuo de aminoacido 2517 ao 2549). Os sitios fosforilativos sdo identificados na
serinas 1265, 2448 e 2481, e na treonina 2446 (Watanabe et al., 2011).
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Figura 1. A via de sinalizagéo PI3K/Akt/mTOR.
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Fonte: Adaptada de Laplante e Sabatini (2009).
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Esta quinase atipica estda presente em dois complexos funcional e
estruturalmente distintos, mMTORC1 e mTORC2, localizados em diferentes
compartimentos celulares, cada um contendo subunidades distintas e comuns
necessarias a atividade e regulacdo cataliticas da enzima principal. O complexo
MTORCL1 transmite sinais de disponibilidade de nutrientes para controlar varias
funcdes celulares, enquanto que o complexo mTORC2, regula principalmente a
montagem do citoesqueleto por actina (Laplante e Sabatini, 2009; Watanabe et al.,
2011; Laplante e Sabatini, 2012; Betz e Hall, 2013).

O complexo mMTORCL1 possui cinco componentes: mTOR, que é a subunidade
catalitica do complexo; “regulatory-associated protein of mTOR” (Raptor) e
“mammalian lethal with Sec13 protein 8” (mMLST8 ou GBL) que sé&o as subunidades
regulatorias positivas; “prolinerich AKT substrate 40 kDa” (PRAS40) e “DEP-domain-
containing mTOR-interacting protein” (Deptor), que sédo as subunidades regulatérias
negativas. Ja o mTORC2 é composto por seis diferentes proteinas, muitas comuns a
MTORC1 e mTORC2: mTOR; “rapamycin-insensitive companion of mTOR” (Rictor);
“‘mammalian stress-activated protein kinase interacting protein” (mSIN1) e “protein
observed with Rictor-1” (Protor-1) que desempenham o papel de estabilizar o
complexo formado; mLST8; e Deptor (Laplante e Sabatini, 2009; Watanabe et al.,
2011; Laplante e Sabatini, 2012).

Figura 2. Diagrama estrutural da mTOR.
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Fonte: Elaborada pelo autor.
1.2 Mecanismo de inibicdo da via mTOR

A inibicdo classica da via da mTOR é efetuada pela rapamicina e seus

derivados anélogos, denominados rapalogs, que séo considerados os inibidores de
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primeira geracao (Figura 3) (Sehgal, 2003; Abraham et al., 2010; Santulli e Totary-
Jain, 2013; Zheng e Jiang, 2015).

Figura 3. Estrutura molecular planar dos inibidores de primeira geracdo da mTOR. (A)

rapamicina/sirolimo, (B) everolimo, (C) temsirolimo e (D) deforolimo.

Fonte: Elaborada pelo autor.

A rapamicina ou sirolimo (Rapamune, Wyeth Pharmaceuticals), CAS 53123-88-
9, formula molecular Cs1H79NO13 e massa molecular de 914,17 g/mol, foi descoberta
na llha da Pascoa, Chile, em 1972. Trata-se de um potente antibiético macrolideo
produzido pelo micro-organismo Streptomyces higroscopicus e que, por possuir
propriedades antifingica, imunossupressora e antitumoral, é utilizado amplamente na
terapéutica. Todavia, devido a suas propriedades desfavoraveis, como a sua baixa
solubilidade em &gua e estabilidade em solucdo, foram desenvolvidos analogos
moleculares, os rapalogs, como o everolimo (RADOO1, Afinitor, Novartis
Pharmaceuticals), temsirolimo (CCI-779, Torisel, Wyeth Pharmaceuticals) e
ridaforolimo (AP23573; formalmente deforolimo, ARIAD Pharmaceuticals), os quais

13



melhoraram as propriedades farmacocinéticas sem alterar o mecanismo de agéo
(Santulli e Totary-Jain, 2013).

O mecanismo de inibicdo da mTOR pela rapamicina e seus analogos reside na
ligagéo ao receptor intracelular da FK506-binding protein 12 kDa (FKBP12), formando
o complexo rapamicina-FKBP12 que se liga direta e predominantemente ao dominio
FKBP12-rapamycin binding (FRB), bloqueando de forma alostérica o sitio catalitico de
fosforilacdo conforme demonstrado na Figura 4 (Laplante e Sabatini, 2009; Yang et
al., 2013; Shimobayashi e Hall, 2014).

Figura 4. A) Representacdo da superficie da estrutura do complexo mTOR-mLST8-
ATP; B) Representacdo da superficie da estrutura do modelo mTOR-mLST8-ATP-
rapamicina-FKBP12. Em ciano, dominio FAT; em vermelho, dominio FRB; em
amarelo, dominio quinase; em magenta, dominio FATC; em verde, subunidade

proteica mLST8; em azul, a subunidade proteica FKBP12.

B Rapamicina

Fonte: Elaborada pelo autor utilizando o programa Chimera v.1.9 (Pettersen et al.,
2004), baseando-se em Yang e colaboradores (2013) (Yang et al., 2013) nos modelos
PDBID 1FAP e 4JSP.

Na prética, a partir de experimentos de Banaszynski e colaboradores (2005)
revelou-se a constante de dissociacdo (Kd) moderadamente favoravel entre a
rapamicina e FRB (Kd = 26 = 0,8 uM). No entanto, o complexo rapamicina-FKBP12
associa-se a FRB com uma afinidade 2000 vezes maior (Ka = 12 £ 0,8 nM) do que a

rapamicina por si s6. Além disso, nenhuma interacdo entre FKBP12 e FRB foi
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detectada na auséncia de rapamicina. Assim, sugere-se que a capacidade da
rapamicina em se ligar a fragdo FRB e, por extensdo, a mTOR na auséncia de
FKBP12, é de pouca importancia sob condicdes fisiologicas. Além do mais, as
interacbes proteina-proteina na interface FRB-FKBP12 desempenham um papel
fundamental na estabilidade do complexo ternario (Banaszynski et al., 2005).

A Figura 5 ilustra as interagdes entre os residuos proteicos da por¢do FRB (do
residuo 108 a 201) e da por¢cdo FKBP12 (do residuo 1 a 107) com a molécula de
rapamicina. Adotou-se como parametros para ligacdo de hidrogénio, em angstroms
(A): distancia maxima hidrogénio-aceptor de 3,2 A e doador-aceptor de 4,0 A; distancia
de contato minima e maxima de 3,6 A somente para contatos hidrofobicos. Identifica-
se interacBes hidrofébicas com a porcdo FRB (cadeia B) nos residuos Serl24,
Phel28, Gly129, Thrl87, Trp190 e Tyrl94; interacdes hidrofébicas com a porcéo
FKBP12 (cadeia A) nos residuos Phe36, Phe46, Val55, Trp59, 11e90; interagbes do
tipo ligacdes de hidrogénio apenas com a por¢cdo FKBP12 (cadeia A) em Asp37 (2,76
A): GIn53 (2,62 A); Glus4 (2,88 A); 1le56 (2,78 A) e Tyr82 (2,71 A).
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Figura 5. Residuos proteicos de FKBP12 (do residuo 1 ao 107) e FRB (do residuo 108

ao 202) que realizam intera¢cdes com uma molécula de rapamicina.
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Fonte: Elaborada pelo autor utilizando o programa LigPlot* v.1.4 (Banaszynski et al.,

2005).
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1.3 Desafios dos inibidores de primeira geracao e as inovagdes farmacoldgicas

Os rapalogs revelaram eficacia, seguranca e tolerabilidade de eventos
adversos na inibicdo da via da mTOR em uma série de estudos. Contudo, o0 sucesso
desses inibidores de primeira geracdo tem demonstrado falhas especialmente devido
ao mecanismo de feedback ja que a inibicdo do complexo resulta na hiperativacao da
sinalizacdo PI3K/Akt e incrementa a sobrevivéncia celular; determinada
insensibilidade do MTORCL1 aos rapalogs foi recentemente revelada, desafiando o
dogma de que a rapamicina inibe completamente a atividade do mTORC1; vias
alternativas e cruzamento de vias entre as quinases também poderia limitar a eficacia
dos rapalogs e mutacdes na via PI3K/Akt/mTOR (Carracedo e Pandolfi, 2008; Choo
et al., 2008; Choo e Blenis, 2009; Guertin e Sabatini, 2009; Thoreen et al., 2009; Di
Nicolantonio et al., 2010; Wacheck, 2010; Santulli e Totary-Jain, 2013).

Dessa forma, o esforgo recente tem se baseado na busca por inibidores diretos
do sitio catalitico de quinases, ou seja, ATP-competitivos. Nesse caso, pode-se citar
farmacos com testes clinicos ja iniciados como os inibidores duplos de segunda
geracdo — mTOR/PI3K dual inhibitors (TPdls) como, por exemplo, PF-0469150212,
BEZ23513 e GSK212645814 e seletivos mTORC1/mTORC2 dual inhibitors
(TORCdIs) como, por exemplo, OSI-0279, INK-12810 e CC-22311 (Knight et al., 2010;
Bhagwat et al., 2011; Yuan et al., 2011; Zask et al., 2011; Mukherjee et al., 2012; Guo
e Kwiatkowski, 2013; Santulli e Totary-Jain, 2013; Zheng e Jiang, 2015).

Apesar de demonstrar certa seletividade e grande promessa na terapéutica, a
maioria dos inibidores de quinases ndo sao seletivos a um Unico alvo molecular. Tal
fato aumenta potencialmente o risco de efeitos indesejaveis e toxicidade devido a
interacdo com outras enzimas e a inibicAo de outras quinases essenciais ao
metabolismo. Dessa forma, € importante a busca por inibidores cada vez mais
seletivos a determinados alvos (Luo, 2005; Thaimattam et al., 2007; Smyth e Collins,
2009; Wang et al., 2016).

1.4 Bases metodolégicas para o desenvolvimento de novos farmacos
O desenvolvimento de novos farmacos visa a identificacdo de compostos de
interesse farmacoldgico que atendam tanto o tratamento de doencas quanto a
melhoria da qualidade de vida do paciente. Atualmente, em termos gerais, o perfil de
farmaco ideal a ser desenvolvido reside em trés principais caracteristicas:
propriedades favoraveis de ADMETox (absorcéo, distribuicdo, metabolismo, excrecao
17



e toxicidade); quesitos intrinsecos (seletividade, biodisponibilidade, facilidade de
sintese e baixo custo); cumprimento da Regra de Lipinski dos Cinco (compostos com
menos de 5 grupamentos doadores de pontes de hidrogénio; menos de 10
grupamentos receptores de pontes de hidrogénio; peso molecular menor que 500 Da
e coeficiente de particdo octanol/agua (logP) menor que 5) e as Regras de Veber (um
composto para apresentar biodisponibilidade oral deve satisfazer os critérios de < 10
ligacdes flexiveis e area de superficie polar < 140 (Lipinski et al., 1997; Veber et al.,
2002; Lipinski, 2004, Bielska et al., 2011; Leeson, 2012).

Candidatos a farmacos sdo moléculas organicas que geralmente compartilham
caracteristicas fisico-quimicas semelhantes. No intuito de avaliar experimentalmente
esses compostos frente a um determinado alvo molecular, por exemplo, uma proteina-
chave de determinada via metabdlica de uma patologia, testes denominados de high-
throughput screening ou triagem de alto desempenho sdo desenvolvidos. Dessa
forma, os compostos séo confrontados em relacédo ao alvo terapéutico em ensaios in
vitro que empregam métodos analiticos de avaliacdo da atividade farmacologica
desses compostos. Todavia a dimenséo das bibliotecas torna esse método inviavel
financeiramente (Liu et al., 2004; Bielska et al., 2011; Ferreira et al., 2011).

Uma alternativa a triagem de alto desempenho é a triagem virtual, cuja
utilizacao de tecnologia computacional possibilita avaliar uma grande quantidade de
compostos in silico em reduzidos tempo e custo em relacdo a triagem de alto
desempenho. Além disso, possibilita ndo apenas testar as imensas bibliotecas, mas
também adquirir ou sintetizar novas moléculas de acordo com a afinidade com o
receptor e complementar a triagem de alto desempenho, identificando possiveis falso-
negativos produzidos por testes experimentais a fim de aumentar a taxa de sucesso
(Klebe, 2000; Bielska et al., 2011).

De mesmo modo, a triagem virtual trata-se de uma metodologia baseada
puramente em conhecimento prévio, sendo que a qualidade e a quantidade de
informacéo exigida pelo sistema computacional se tornam fatores criticos quando se
emprega essa tecnologia no desenvolvimento de novos candidatos a farmacos por
computacgdo assistida. De fato, o conhecimento sobre compostos quimicos torna-se
base para a procura por similaridade estrutural em relagéo ao ligante/substrato ou a
pesquisa por farmacoéforos. Se houver a disponibilidade da estrutura-alvo resolvida por
cristalografia de raios X, ressonancia magnética nuclear (RMN) ou microscopia
eletrbnica (EM), pode-se empregar o método de simulacédo por docagem molecular,
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cujos compostos sdo atracados no sitio catalitico de determinado alvo-molecular e
suas respectivas afinidades séo avaliadas. Caso ndo haja estrutura-alvo resolvida,
opta-se por realizar modelagem molecular por homologia também utilizando recursos
computacionais (Bielska et al., 2011; Cole et al., 2011; Koeppen et al., 2011; Rognan,
2011).

A analise dos resultados obtidos através da simulagédo da interacdo receptor-
ligante é realizada de forma a obter a configuracdo dos possiveis ligantes dentro do
sitio catalitico do receptor. Assim, emprega-se modelos computacionais baseados em
algoritmos especificos que buscam predizer as interagfes intermoleculares entre a
proteina e o ligante e, com isso, a afinidade entre estes. Além disso, a utilizagdo de
funcdes de avaliacdo permite estimar a energia livre de ligacdo do complexo formado
com maior acuracia. Atualmente, essas funcbes sdo divididas em quatro grupos
distintos: funcdes baseadas no campo de for¢a; fungdes empiricas; funcdes baseadas
em conhecimento e funcées consenso (De Magalhaes et al., 2007; Sotriffer e Matter,
2011).

1.5 Modelos farmacofdricos como triagem virtual

Farmacoforos descrevem a disposicdo estrutural das caracteristicas
moleculares essenciais de uma interacéo entre um ligante e o seu receptor em que 0s
principais desafios destes modelos sdo a identificacdo de uma disposicdo espacial
representativa para a interacéo ligante-receptor e a identificacdo dos compostos em
uma biblioteca quimica que satisfacam este modelo (Langer e Krovat, 2003; Leach et
al., 2010; Mannhold et al., 2011; Markt et al., 2011).

Neste sentido, um exemplo trata-se do webserver ZINCPharmer, um
mecanismo de pesquisa que emprega ligantes ativos que sejam conformacionalmente
acessiveis a determinado espaco conformacional gerado. Dessa forma, o
ZINCPharmer fornece um mecanismo para derivar uma hipétese de farmacaoforo inicial
diretamente a partir de estruturas dentro do PDB (Protein Data Bank), e também
suporta a importacdo de definicbes de farmacoforos desenvolvidas usando
abordagens computacionalmente mais exigentes implementadas em ferramentas de
terceiros (Koes e Camacho, 2012).

1.6 Compreendendo o comportamento do alvo em relagdo ao ligante

Visto que proteinas sdo biomoléculas complexas que, em geral, demonstram

uma ampla dindmica envolvida na atividade e controle de vias metabdlicas e que ha
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necessidade de entender tais processos dindmicos, no desenvolvimento de farmacos
por computacdo assistida emprega-se uma ferramenta importante denominada
simulacdo computacional por dinamica molecular (DM). Tal técnica permite determinar
0s movimentos das particulas de qualquer sistema do qual se conhecam o potencial
de interacdo entre essas particulas e as equacdes que regem seu movimento. Dessa
forma, possibilita a evolugéo temporal das configuragdes dos constituintes do sistema
e, por intermédio das sequéncias de posicoes geradas, determinam-se as
propriedades macroscopicas do sistema de acordo com os principios de Mecéanica
Estatistica (Martinez et al., 2007; Namba et al., 2008).

Nessa metodologia, particulas interagentes, inicialmente dispostas em uma
configuracdo, movimentam-se sob a influéncia de potenciais intermoleculares. De
posse dos dados relativos as posicoes e velocidades de todas as particulas envolvidas
em um dado instante (to), pode-se computar as forcas resultantes em cada particula
devido a interacdo com as demais e determinar posicoes e velocidades em um tempo
posterior (to + 6t) por meio de equagbes de movimento Newtonianas. As novas
posicoes sao utilizadas para a computacéo de novas forcas e posteriores posi¢coes e
velocidades em (to + 2.6t). Tal procedimento é realizado recursivo e intermitentemente
gerando trajetorias moleculares para todo o sistema (Martinez et al., 2007; Namba et
al., 2008).

Existem mudltiplos fatores envolvidos na técnica de simulacdo por DM de
macromoléculas, entre os quais a complexidade do sistema a ser compreendido torna-
se o principal fator que influencia no tempo total da simulacdo. Esses fatores, como o
calculo das forcas exercidas sobre cada particula do sistema devido as interacfes
intermoleculares; a movimentacédo das particulas; o estabelecimento dos protocolos e
dos controles de simulagéo, a analise ou armazenamento das configuracdes devem
ser cuidadosamente planejados e previamente avaliados para se obter resultados
satisfatorios (Martinez et al., 2007; Namba et al., 2008).

1.7 Aplicabilidade de métodos in silico no caso da mTOR

Cada vez mais, a adocdo de métodos computacionais vem auxiliando na
concepcao de novos candidatos a farmacos com maior agilidade e com menores
custos. Conforme descrito previamente, o desenvolvimento in silico de moléculas
consiste em uma colecdo de ferramentas que colaboram na tomada de decisbGes

racionais para as diferentes etapas do processo de descoberta de farmacos, tais como
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a identificacdo de um alvo biomolecular de interesse terapéutico, a construcao da
estrutura do alvo, a identificagdo dos sitios de ligacdo a ligantes, a obtencdo de uma
biblioteca de compostos similares ao substrato ou de um inibidor ja conhecido ou o
desenvolvimento de novos compostos lideres e sua otimizacdo para obtencédo de
melhor afinidade com o alvo, bem como as propriedades farmacocinéticas e
farmacodinamicas intrinsecas a cada molécula.

Nesse contexto, considerando a ligacdo de moléculas, por exemplo, a
rapamicina com a subunidade FKBP12 e o dominio FRB da mTOR como acéo central
na inibicdo da rota metabdlica, a busca e desenvolvimento de novas moléculas que
sejam capazes de efetuar tal ligagdo e que possuam propriedades farmacoldgicas
mais favoraveis torna-se essencial para o controle mais efetivo dessa importante via
responsavel por inimeros mecanismos fisioldgicos e que se encontra desregulada em
determinadas patologias como, por exemplo, o cancer. Dessa forma, evidenciam-se
estudos recentes com este intuito como Chen, Lee, Chen, & Chen (2014); Park, Choe,
& Hong (2014); Nasr e colaboradores (2015); Wang e colaboradores (2016); e Kist &
Caceres (2016) (Chen et al., 2014; Park et al., 2014; Nasr et al., 2015; Kist e Caceres,
2016; Wang et al., 2016). Entretanto, sabe-se que o complexo mTOR exibe uma
dindmica molecular que ndo deve ser desconsiderada, devendo-se aplicar métodos
computacionais avangados para melhor avaliar o comportamento desse complexo e a

mecanistica de sua inibicao.
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2 OBJETIVOS
2.1 Objetivo Principal
Selecionar possiveis novos inibidores, ndo competitivos ao ATP, do complexo

enzimatico mTOR.

2.2 Objetivos Especificos

o Construir modelos farmacoforicos da mTOR baseados na estrutura do ligante
(LBDD);

o Obter um banco de dados de moléculas para ser usado na triagem virtual;

o Efetuar estudos de docagem molecular para avaliar questbes energéticas da

interacdo alvo-ligante;

o Executar a valida¢ao do protocolo de docagem,;
o Selecionar moléculas triadas a partir das melhores propriedades ADMETox;
o Realizar a simulacao por dinamica molecular para evidenciar o comportamento

das moléculas selecionadas.

27



3 ARTIGO

Journal

Journal of Molecular Graphics and Modelling

Title
Searching for potential mTOR inhibitors: Ligand-based drug design, docking and molecular dynamics studies of

rapamycin binding site

Authors

Roger Kist?, Luis Fernando Saraiva Macedo Timmers®<¢, Rafael Andrade Caceres*®*

8Graduate Program in Health Sciences of Federal University of Health Sciences of Porto Alegre — UFCSPA,
Porto Alegre City, Brazil.

®L_aboratory for Bioinformatics, Modelling and Simulation of Biosystems — LABIO, Pontifical Catholic
University of Rio Grande do Sul - PUCRS, Porto Alegre City, Brazil.

‘Graduate Program in Cellular and Molecular Biology (PPGBCM), PUCRS, Porto Alegre, RS, Brazil
dPharmacosciences Department of Federal University of Health Sciences of Porto Alegre — UFCSPA, Porto
Alegre City, Brazil.

*Corresponding author. Email: rafaelca@ufcspa.edu.br. Phone number: +55 51 3303 8889.

Abstract

The PI3K/Akt/mTOR pathway is an important intracellular signaling pathway in cell cycle regulation and its
dysregulation is associated with various types of diseases. mTOR (mechanistic or mammalian target of rapamycin)
is the main enzyme that performs intermediate control of the signaling pathway through a phosphotransfer process.
The classical inhibition of the mTOR pathway is effected by rapamycin and its analogous blocking allosterically
the catalytic phosphorylation site, avoiding the deleterious side effects induced by ATP-competitive inhibitors.
We employed ligand-based drug design strategies such as pharmacophore searching and analysis, molecular
docking, absorption, distribution, metabolism, excretion and toxicity (ADMETox) properties filtering, and
molecular dynamics to select potential molecules to become non-ATP competitive inhibitors of the mTOR
complex. According to our findings, we propose eight novel potential mTOR inhibitors with similar or better

properties than the classic inhibitor complex, rapamycin.
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Highlights

e Through the virtual screening all selected molecules showed lower toxicity risk indicating drug-conform
behavior.

e The presence of a ligand is central to the maintenance and stability of the ternary complex (FKBP12-ligand-
FRB).

¢ Thermodynamically the exclusive interaction between FKBP12 and FRB fractions is not possible. However,
the presence of a ligand, acting as a bridge, results in a favorable interaction.

e Evaluation of rapamycin binding pocket described the residues that were the major contributors to the

binding.
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Mechanistic or mammalian target of rapamycin; ligand-based drug design; non-ATP competitive inhibitors;
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Introduction

The PI3K/Akt/mTOR pathway is an important intracellular signaling pathway in cell cycle responsible for
regulating multiple nutritional and environmental factors, including growth factors, energy levels, cell stress and
amino acids. However, its dysregulation has been implicated in major diseases such as cancer, metabolic disorders,
neurological diseases and inflammation. The translation of these signals leads to the promotion of cell growth by
substrates’ phosphorylation triggering anabolic processes such as translation of messenger ribonucleic acid
(mRNA) and lipid synthesis or by limiting the catabolic processes such as autophagy. Briefly, the dynamic of this
pathway resides in the activation of phosphatidylinositol-3 kinase (PI13K) by extra/intracellular substrates that
phosphorylates and activates protein kinase B (Akt), which is located on the plasma membrane. In addition, Akt
is also able to activate the mTOR (mechanistic target of rapamycin) [1-5].

The mTOR - formerly called before being recognized as highly conserved among eukaryotes as a mammalian

target of rapamycin or FK506-binding protein 12-rapamycin-associated protein 1 (FRAP1) - is a 289 kDa
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serine/threonine kinase (EC 2.7.11.1) belonging to the phosphatidylinositol-3 kinase (PI3K) family. It is the main
enzyme responsible for performing an intermediate control of the signaling pathway through a phosphotransfer
process using adenosine triphosphate (ATP) as a phosphate donor [1,6,7].

Structurally, mTOR kinase is composed of 2549 amino acid residues (289 kDa) and organized into five distinct
functional domains, (i) 32 replicates called “Huntington, elongation factor 3, PR65/A, TOR” (HEAT) (from amino
acid residue 16 to 1345); (ii) domain “FRAP, ATM, TRRAP” (FAT) (from amino acid residue 1382 to 1982);
(iii) region “FKBP12 rapamycin-binding” (FRB) (from amino acid residue 2012 to 2144); (iv) catalytic domain
“kinase domain” (KD) and regulator “regulatory domain” (RD) (from amino acid residue 2182 to 2516); and (v)
domain “FRAP ATM TRRAP carboxy terminus” (FATC) (from amino acid residue 2517 to 2549) [8].

This atypical kinase is present in two functional and structurally distinct complexes, mTORC1 and mTORC?2,
located in different cell compartments, each containing distinct and common subunits necessary for the catalytic
activity and regulation of the main enzyme. The mTORC1 complex transmits signals of nutrient availability to
control various cellular functions, while the mTORC2 complex regulates mainly the assembly of the cytoskeleton
by actin [4,7-9].

The classical inhibition of the mTOR pathway is effected by rapamycin and its analogous, called rapalogs, which
are considered the first-generation inhibitors [10-13]. The rapamycin, or sirolimus (Rapamune, Wyeth
Pharmaceuticals), is a potent macrolide antibiotic produced by the microorganism Streptomyces hygroscopicus
and it is widely used in therapy due to its immunosuppressive and antitumor properties [14]. However, because
of their unfavorable properties, such as its low solubility in water and stability in solution, molecular analogues
have been developed - the rapalogs - such as everolimo (RADO00L, Afinitor, Novartis Pharmaceuticals),
temsirolimus (CCI-779, Torisel, Wyeth Pharmaceuticals) and ridaforolimus (AP23573; formally called
deforolimus, ARIAD Pharmaceuticals), which improved pharmacokinetic properties without altering the
mechanism of action [12].

The inhibition mechanism of mTOR by rapamycin and its analogues occurs through the binding of the intracellular
receptor of the FK506-binding protein 12 kDa (FKBP12), forming the rapamycin-FKBP12 complex. This
association binds directly to the FKBP12-rapamycin binding (FRB) domain, blocking allosterically the catalytic
phosphorylation site [7,15,16].

The rapalogs revealed efficacy, safety and tolerability of adverse events in inhibition of the mTOR pathway on
treatment of many diseases [17,18]. However, the success of these first-generation inhibitors has shown flaws
especially due to the feedback mechanism once that inhibition of the complex results in over activation of
PI3K/Akt signaling and increases cell survival; a probable insensitivity of mTORCL to rapalogs has recently been
revealed, challenging the dogma that rapamycin completely inhibits the activity of mTORC1,; alternative pathways
and cross-pathways between the kinases could also limit the efficacy of rapalogs and mutations in the
PI3K/Akt/mTOR pathway [12,19-25].

Recent effort has been based on the search for direct inhibitors of the catalytic kinases site — ATP competitive. In
this case, it is possible to find drugs which are in clinical trials such as second-generation dual inhibitors -
mTOR/PI3K dual inhibitors (TPdIs) for example, PF-0469150212, BEZ23513 and GSK212645814 and selective
MTORC1/mTORC2 dual inhibitors (TORCdIs) as OSI-0279, INK-12810 and CC-22311 [12,13,26-30]. Although
most kinase inhibitors present some selectivity and great potential in therapy, they are not selective to a single

molecular target, since their unspecificity can potentially increase the risk of side effects and toxicity due to
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interaction with other ATP-dependent enzymes. Therefore, it is important to search for inhibitors that are more
selective for a single molecular target [31-34].

The development of new drugs aims at the identification of compounds with pharmacological interest, attending
both treatment of diseases and improvement of patient’s quality of life. Currently, the ideal drug profile resides in
favorable ADMETox properties (absorption, distribution, metabolism, excretion and toxicity) and intrinsic
requirements such as selectivity, bioavailability, ease of synthesis and low cost. Drug candidates are organic
molecules that generally share similar physicochemical properties and that are grouped into large libraries. To
experimentally evaluate these compounds against a particular molecular target, specific tests called high-
throughput screening (HTS) are developed. Accordingly, compounds are compared to therapeutic targets in in
vitro assays employing analytical methods for evaluating the pharmacological activity. The size, of the libraries,
however, makes this method financially unfeasible to some laboratories [35-37].

An alternative to HTS is the virtual screening (VS), a computational approach (in silico) that allows the evaluation
of a large number of compounds while reducing time and costs in relation to HTS. In silico technigques enable not
only to test large libraries but also acquire and/or propose new molecules according to receptor affinity. In
addition, VS method can also be used to identify false negatives in order to increase success [36,38].
Considering the binding of rapamycin to the FKBP12 subunit and the FRB domain as a central action to inhibit
the metabolic pathway, the search and development of new molecules that are able to affect this mechanism while
having more favorable pharmacological properties becomes essential for the more effective control of this
important path, responsible for uncountable physiological mechanisms and deregulated in certain pathologies,
such as cancer.

The aim of this work was to propose new potential inhibitors — non-ATP competitive — against the mTOR
complex, employing ligand-based drug design, molecular docking, determination of ADMETox properties and
molecular dynamics simulations in order to select molecules that present favorable features so as to become a
potential non-ATP-competitive inhibitor of mTOR.

Material and methods

Protein structure selection

The crystallographic structure was retrieved from the Protein Data Bank [39,40] (PDBID: 1FAP). This is a
structure of the ternary complex of human FKBP12 (from residue 1 to 107), rapamycin and the FKBP12-
rapamycin-binding (FRB) domain of human mTOR (from residue 108 to 202) at a resolution of 2.7 A [41].

Pharmacophore model

A pharmacophore describes the structural arrangement of essential molecular features of an interaction between
a ligand and a receptor. The main challenge of this model is to identify a representative spatial arrangement for
the ligand-receptor interaction and how this information can be used to search for new molecules in a chemical
library that satisfies the model [42-45]. Since the majority of the contacts between FKBP12-rapamycin-FRB are
hydrophobic [41], we employed a model composed of six hydrophobic contacts (C5, C19, C21, C43, C45, C49)
of rapamycin (Fig. 1) as a template to construct the pharmacophore model in the ZincPharmer platform [46]. All

pharmacophore points are shown in Table 1.
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Pharmacophore/class X coordinates Y coordinates Z coordinates Radius (A)

C5 — Hydrophobic -8.20 23.65 41.43 1.00
C19 — Hydrophobic -12.38 26.13 34.19 1.00
C21 — Hydrophobic -11.65 26.22 31.88 1.00
C43 — Hydrophobic -10.86 29.29 43.53 1.00
C45 — Hydrophobic -11.17 26.30 28.46 1.00
C49 — Hydrophobic -8.74 29.35 38.66 1.00

Table 1 Pharmacophore features employed as query search on ZincPharmer.
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Elaborated using PyMol v.1.7.5.0 and ACD/ChemSketch Freeware.

FKBP12

Fig. 1 Pharmacophore model employed for ZincPharmer search. (A) FKBP12-rapamycin-FRB complex. FKBP12
and FRB are drawn as cartoon and color in blue and red, respectively. The rapamycin molecule is shown as sticks
and color by CPK. (B) The six hydrophobic pharmacophore points are colored in color in green and represented

as sphere.

Molecular docking protocol and validation

Molecular docking experiments were carried out using AutoDock Vina [47] and MTiOpenScreen [48], which is
based on AutoDock Vina. AutoDock Vina employs a gradient-based conformational search approach and defines
the search space by a grid box defined by the box center coordinates and its dimensions of x, y and z in grid
resolution internally assigned to 1A [47]. We set the number of binding modes to 100 and exhaustiveness set to
200 in order to control how many times the calculations are repeated. The grid dimensions were 50 x 30 x 50 (X,
Yy, Z) points center on the rapamycin binding site -8.123 x 26.991 x 36.301 (X, Y, z). The scoring of the generated
docking poses and ranking of the ligands were based on the Vina empirical scoring function.

In addition to the ligands retrieved from ZincPharmer we used two more molecules as docking energy controls:
crystal structure of rapamycin (PDBID 1FAP) and rapamycin. All water molecules were removed from the
structure file as well as all ligands and ions.

To validate AutoDock Vina and MTiOpenScreen protocols we also used the AutoDock v.4.2 [49] in PyRx v.0.8
[50] program. We performed a redocking of the crystallographic structure 1FAP using a grid resolution of 0.375
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A and all others parameters follow the protocol applied to AutoDock Vina and MTiOpenScreen. Each simulation
on AutoDock v.4.2 consisted of 10 independent runs of Lamarckian Genetic Algorithm (LGA) -number of
generations set to 150; maximum number of energy assessments fixed at 25, elitism set to 1, mutation rate at 0.02
and crossover rate at 0.80.

Furthermore, a predictiveness’ curve was created to evaluate the AutoDock Vina protocol ability to discriminate
binders from nonbinding compounds employing protein target FKBP12 retrieved from the Database of Useful
Decoys: Enhanced (DUD-E) [51]. The predictiveness’ curve employs logistic regression models to calculate
activity probabilities related to the scores obtained by each compound during VS experiments, providing an

intuitive and graphical tool to compare the predictive power of VS methods [52].

ADMETox properties

All the molecules retrieved from ZincPharmer were submitted to DataWarrior webserver [53] based on DrugBank
[54], FAF-Drugs [55]. The best scored molecules — lower docking energy and none mutagenic, tumorigenic,
irritant and reproductive effect — were submitted to pkCSM webserver [56] to analyze the ADMETox properties.
All those tools, when used together, generate a powerful mechanism, at least helpful, for selecting new mTOR

inhibitors as well as the ability to select ligands.

MD simulations

Although extremely powerful, X-ray crystallography of biological macromolecules does not allow the
investigation of a protein’s flexibility. For this reason, molecular dynamics (MD) simulations is widely used to
investigate structure and function of biomolecules, regarding its’ motions. In addition, it is also applied to better
understand protein-ligand interactions assisting in the computer assisted drug design (CADD) process [57].

MD simulations were performed using GROMACS v.4.6.7 package [58,59]. The top scored ligands — with no
Lipinski  Rules violation, lowest Autodock Vina/MTiOpenScreen docking energy and no
mutagenic/tumorigenic/reproductive and irritant effects — were selected from VS and had hydrogen atoms added
through PRODRG webserver [60] and were parameterized employing Automated Topology Builder server [61].
In addition, the systems FKBP12:FRB and FKBP12:rapamycin:FRB (PDBID: 1FAP) were also simulated as
controls.

Each complex was immersed in a cubic-shaped box (X, y, and z) with volume 238.58 nm?® and the minimum
distance of 1 nm between the protein surface and the box edges. SPC/E water molecules were used to solvate the
system. Periodic boundary conditions were assigned in all directions. The system net charge was neutralized by
adding both Na* and CI- ions to mimic a physiological buffer (0.150 mM NaCl). These ions randomly substituted
water molecules in suitable electrostatic potential positions. Two steps of energy minimization were used,
employing a steepest descent algorithm with a tolerance of 1000 kJ mol™ nm? followed by a conjugate gradient
algorithm with a tolerance of 500 kJ mol™* nm™. To relax strong solvent-solvent and solvent-protein non-bonded
interactions, 1 ns (from 0 to 1 ns at 50 K) of MD simulation was performed restraining the protein structure. Initial
velocities were assigned according to Maxwell distribution. All simulations were performed for 100 ns using an
integration time step of 2 fs. Each system was heated with gradual increments in the following temperatures: 50
K (from 1 to 2 ns), 75 K (from 2 to 3 ns), 100 K (from 3 to 4 ns), 150 K (from 4 to 5 ns), 200 (from 5 to 6 ns),
250 K (from 6 to 7 ns), 300 K (from 7 to 8 ns) and after that (from 8 to 100 ns) the temperatures of the systems
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were adjusted to 310.15 K. All simulations were performed using GROMOS96 53a6 force field [62]. Berendsen
barostat and thermostat were applied to keep the pressure and temperature constant with a coupling time of tp =
0.5 ps, and =T = 1.0 ps, respectively. Long-range electrostatic interactions were calculated with the Ewald particle
mesh method. The bond lengths were restrained employing Linear Constraint Solver algorithm (LINCS) [63],
allowing an integration step of 2 fs. The principal components analysis (PCA) of FKBP12:FRB trajectory through
100 ns revealed 91.0 % of structure variance at the first ten principal components (1.7 % of 606 eigenvectors) thus

showing that the parameter calculation of the simulation was well sampled [64].

Presentation software, data and statistical analysis

The structures generated by MD simulations were analyzed by visual inspection through PyMOL v.1.7.5.0 [65].

Trajectories of the MD simulations were analyzed using the analysis modules of the GROMACS program as root
mean square deviation (RMSD), RMS fluctuations (RMSF), radius of gyration (Rg), free energy landscape (FEL)
reported as the Gibbs Free Energy and porcupine plots.

The protein and protein-binding complexes stabilities were compared using RMSD measures, analyzing the
difference between atom positions between two structures. The smaller the deviation, the more spatially equivalent
the two structures are [66]. Besides, in biological terms, protein loops and disordered fragments are enriched with
highly fluctuating residues, and this suggests that protein unfolding originates from highly fluctuating residues
and their structural neighbors. So, structures with lower fluctuation (lower RMSF values) means a lower trend to
be destabilized [67]. Otherwise, radius of gyration (Rg) is a parameter that defines the equilibrium of
conformations in a total system in terms of compaction of protein structure with protein folding and unfolding
[68]. Gibbs free energy calculation were performed employing RMSD versus Rg and plotted as free-energy
landscape (FEL) that provides valuable information about proteins or complexes on its roughness and on how
atomic trajectories evolve with time [69].

Molecular Mechanics Poisson—-Boltzmann surface area (MM—PBSA) through the tool g_mmpbsa, which
implements the MM—PBSA approach using subroutines written in-house or sourced from the GROMACS and
APBS packages, was employed to estimate the binding energy contribution of each residue that performed bind
with the ligands [70].

Statistical analysis was performed by IBM SPSS Statistics v. 22.0 (IBM Corp. Released, 2013) with normal
distribution considered through the Kolmogorov-Smirnov Test of Normality (p value > 0.05) and statistical tests

with p < 0.05 (CI 95 %) were considered significant.

Results

Binding pocket and pharmacophore model

From the searching of 215,407,096 conformations of 22,723,923 compounds from Zinc database, we retrieved
381 ligands that satisfied the query.

Fig. 2A shows the binding pocket analyzed through CASTp PyMOL plugin [71], which revealed 43 residues
(THR21, TYR26, PHE36, ASP37, ARG42, LYS44, PRO45, PHE46, LYS47, PHE48, MET49, LYS52, GLNS53,
GLU54, VALDS5S5, ILE56, TRP59, TYR82, HIS87, ILEQO, ILE91, PHE99, GLU107, LEU121, GLU122, SER125,
ARG126, PHE129, GLY130, ARG132, LYS185, THR188, GLN189, TRP191, ASP192, LEU193, TYR194,
TYR195, HIS196, PHE198, ARG199, ARG200 and SER202) between the FKBP12:FRB interface. Furthermore,
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the pharmacophore model’s analysis (Fig. 2B) revealed that FKBP12 portion make contacts between PHE46 —
C5 (7.3 A) and ILE90 — C43 (6.2 A), and FRB portion participate in contacts between GLU122 — C45 (4.1 A),

PHE129 — C49 (5.2 A), ASP192 — C19 (6.2 A), TYR195 — C19 (4.8 A) and C21 (4.1 A) and PHE198 — C45
(5.6 A).
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Elaborated using PyMol v.1.7.5.0.

Fig. 2 (A) Binding pocket and (B) pharmacophore model analysis. FKBP12 and FRB are drawn as cartoon and
color in blue and red, respectively. The rapamycin molecule is shown as sticks and color by CPK and binding

pocket is shown as green surface.

Docking simulation and validation

According to statistical analysis, AutoDock Vina and MTiOpenScreen data distributions does not show difference
(p = 0.597) through related-samples Wilcoxon test. Considering n = 382 (ligands and rapamycin), Spearman’s
correlation test coefficient was 0.904 (p < 0.001) and R square from linear regression was 0.818 (p < 0.001).
Consequently, statistical analysis shows no difference between protocols, highlighting that docking energy results
are strongly related.

The docking validation (assuming rapamycin crystallographic structure as reference) obtained the lowest energy
of -18.10 (RMSD 7.808 A), -18.10 kcal/mol (RMSD 7.572 A), -19.76 kcal/mol (RMSD 6.724 A) using the
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AutoDock Vina, MTiOpenScreen and AutoDock programs, respectively. Fig. 3 presents the best pose of each

protocol.

Elaborated using PyMol v.1.7.5.0.
A g B g C

Fig. 3 Docking validation structures. Rapamycin crystallographic structure is shown in red, (A) AutoDock Vina

in blue, (B) MTiOpenScreen in magenta and (C) AutoDock in yellow.

Considering the first step of mTOR inhibition is through the association of FKBP12-rapamycin, the ability of the
AutoDock Vina protocol to discriminate binders from nonbinding compounds was evaluated in protein target
FKBP12 [72] retrieved from DUD-E [73]. The screening was performed with 273 active molecules of FKBP12
binding and 2000 molecule decoys employing the same protocol used for the previous molecular docking
experiments. Predictiveness curve reported area under the curve (AUC) equal to 0.879 (SE 0.0156; CI 95% from
0.865 to 0.893; p < 0.0001) with sensitivity as 75.5 %, specificity as 100.0 % and associated criterion (cut-off)
equal to -10.10 kcal/mol. These results present good accuracy (AUC between 0.8 — 0.9) with a true positive rate
of 75.5 %, a false positive rate of 0.0 % and a cut-off -10.10 kcal/mol from the protocol to discriminate binders
from nonbinding compounds [74-76].

All the molecules were submitted to DataWarrior webserver and FAF-Drugs (Supplemental Material 1 and 2).
The specific ADMETox properties, lower docking energy and none mutagenic, tumorigenic, irritant and
reproductive effect properties of the eight top scored, including rapamycin crystallographic and docking structures

are shown in Table 2.
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MtiOpen

VINA
Screen Molecular o
Dock . tPSA . Lipinski
Molecule Dock Weight cLogP  cLogS HBA HBD RotB RigB o VEBER EGAN
energy A Violation
energy (g/mol)
(kcal/mol)
(kcal/mol)
0] -18.1 -18.1 922.2 6.7 -7.7 14 3 195.4 6 49 3 Good Low
(i) -10.1 -9.9 914.2 6.5 -6.7 14 3 195.4 6 49 3 Good Low
A -11.6 -11.4 485.3 5% -6.8 6 0 64.2 4 27 0 Good Good
B -10.5 -10.6 419.5 24 -5.2 8 2 97.9 5 19 0 Good Good
C -10.5 -10.2 4785 34 -4.6 9 1 106.1 8 25 0 Good Good
D -10.5 -9.8 3915 24 -3.9 7 2 88.7 5 22 0 Good Good
E -11.3 -11.1 419.4 3.6 -5.7 9 2 117.4 5 24 0 Good Good
F -11.3 -11.0 4215 3.7 -5.6 9 2 117.4 5 23 0 Good Good
G -10.5 -10.6 4215 21 -3.4 8 2 94.1 5 20 0 Good Good
H -10.6 -10.6 491.7 5.9 -7.9 7 2 106.4 9 25 0 Good Good

Notes: (i) Rapamycin crystallographic structure; (ii) Rapamycin docking structure; cLogP: logarithm of the partition coefficient between
n-octanol and water 10g (Coctanol/Cwater); LOQS: logarithm of the solubility measured in mol/L; HBD: Hydrogen Bound Donor; HBA:
Hydrogen Bound Acceptor; tPSA: Topological Polar Surface Area in A% RotB: Rotable Bounds; RigB: Rigid Bounds.

Table 2 ADMETox properties from selected ligands obtained from DataWarrior webserver and FAF-Drugs.

The ideal drug profile resides in three main characteristics: (i) favorable ADME/Tox properties, (ii) intrinsic
requirements (for example, selectivity), and (iii) compliance with the Lipinski Rule-of-5 Violations (molecular
weight < 500; H-Bonds Donors < 5 ; H-Bonds Acceptors < 10 ; logP < 5; where if two properties are out of range,
a poor absorption or permeability is possible, one is acceptable); the Veber Rules (a compound to present oral
bioavailability must meet the criteria of rotatable bonds < 10 and tPSA < 140 A or H-Bonds Donors + H-Bonds
Acceptors < 12) and Egan Rules (0 > tPSA < 132 and -1 > logP < 6) [77-79]. All these considerations highlight
the ideal drug profile of the top eight selected molecules, as shown in Table 2.

Furthermore, the specific ADMETox properties for ligands retrieved from pkCSM webserver revealed to be better
than or similar to the rapamycin profile , for example, (i) intestinal absorption was higher for all ligands (up to
72.9 %) while rapamycin showed 62.0 %; (ii) volumes of distribution at steady-state (\VDss) are lower than
rapamycin (0.24 log L/Kg); (iii) specific hepatic metabolism showed a similar profile for all selected ligands as
well as for rapamycin: non CYP2D6 substrates and CYP3A4 substrates; (iv) lower total clearance (log
mL/min/Kg). These findings suggest that the compounds can have long plasma half-lives due to higher intestinal
absorption, low VVDss and low renal clearance meaning a lower dose to achieve the effect. Moreover, the specific
hepatic metabolism can be helpful in improving the drug interaction with other medicines that are substrate for
CYP2D6, for example.

MD simulations
The eight top scored ligands (Fig. 4) were selected from VS to perform MD simulations aiming to investigate the
flexibility and stability of these complexes. In addition, FKBP12:FRB crystallographic structure and

FKBP12:rapamycin:FRB docking pose were also simulated as control.

39



Elaborated using ACD/ChemSketch Freeware.
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Fig. 4 The eight best scored ligands.
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Elaborated using XMGRACE v.5.1.19.
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Elaborated using XMGRACE v.5.1.19.
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Fig. 6 RMSD plots of Ca protein portions of complexes FKBP12:X:FRB systems. Ligand (X) complex (black

line); crystallographic rapamycin complex (green line) and docking rapamycin complex (red line).
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Elaborated using XMGRACE v.5.1.19.
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Fig. 7 RMSF plots of Ca protein portions of complexes FKBP12:X:FRB systems. Ligand (X) complex (black

line); crystallographic rapamycin complex (green line) and docking rapamycin complex (red line).

Although a previous study employed a crystallographic structure other than FKBP12:FRB [80] (as shown on
RMSD and RMSF plots), current results present higher evidence that the presence of a ligand is essential for the
maintenance and stability of the ternary complex, reinforcing the results described by Banaszynski et al. (2005),
which state the importance of the FKBP12-rapamycin in the stabilization of protein binding [81] and Choi et al.
(1996), who report extensive interactions between rapamycin and FKBP12-FRB - but no interaction is observed,
in absence of a ligand, between FKBP12 and the FRB domain of mTOR [41].

The analysis of the RMSF values of each residue revealed that the most part of the residues (> 93.0 %) of binding
pocket showed low fluctuation (< 0.5 A) during the simulation, meaning high stabilization in the presence of a
ligand. Residues with fluctuation > 0.5 A were shown on VALS55 (FKBP12:rapamycin:FRB); ARGA42
(FKBP12:A:FRB); ARG42, LYS44, PRO45 and ARG199 (FKBP12:B:FRB); MET49 and ARG132
(FKBP12:C:FRB); SER125 and ARG126 (FKBP12:D:FRB); ARG42, HIS87 and ARG200 (FKBP12:G:FRB);
ARG132 (FKBP12:H:FRB). The systems FKBP12:D:FRB and FKBP12:E:FRB didn’t show fluctuations > 0.5

A. Further information about residues RMSF can be found in Supplemental Material 3.
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Elaborated using XMGRACE v.5.1.19.
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Fig. 8 RMSD plots of ligands. As a black line, ligand; as a green line, crystallographic rapamycin and, as a red

line, docking rapamycin.

We used the RMSD to evaluate the ligand stability during simulation (Fig. 8). All selected molecules have better
RMSD profile than docking rapamycin, which suggests a similar molecular stability of the ligand through the
simulation. Although the compound D showed bigger fluctuation in the last 30 ns of MD compared to the others,
this event seems insignificant (from 1.0 to 1.5 A) since it didn't cause the exiting of the ligand from the binding
site (Fig. 9).
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Elaborated using PyMol v.1.7.5.0.

Fig. 9 Ligand D snapshots from 50; 60; 70; 80; 90 and 100 ns.

The binding energy profile, considering a binding energy cut-off of < -1.0 kcal/mol, revealed that the complexes
obtained using docking approach have more binding contacts with the FRB portion, mainly with the residues
PHE129 and TYR195. However, the crystallographic system presents an equilibrium between residues of
FKBP12 (TYR26, PHE36, PHE46, GLN53, GLU54, VALS55, ILE56, ILE90, PHE99) and FRB (LEU121,
GLU122, PHE129, TRP191, ASP192, TYR195, PHE198). Fig. 10 presents the decomposition of binding energy

per residue.
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Elaborated using XMGRACE v.5.1.19.
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Fig. 10 Binding energy contribution of each residue. As a black line, ligand complex; as a green line,

crystallographic rapamycin complex and, as red, docking rapamycin complex.

When analyzing the residues retrieved from the pharmacophore model (PHE46, ILE9Q0, GLU122, PHE129,
ASP192, TYR195, and PHE198), we can observe that the residues PHE46, GLU122, PHE129, ASP192 and
TYR195 are the major contributors for the association between FKBP12:FRB domain and its ligands.
Furthermore, considering the binding pocket analyzed through CASTp, the residues with lower binding energy
belong to the pocket. Thus, these results confirm that all ligands are stable into the cavity delimited by the
pharmacophore model and the lowest binding energy values belong to the binding pocket. For more information
about the binding energy contribution of each residue, see Supplemental Material 4.

In Fig. 11, the Gibbs free energy based on RMSD and Rg (Supplemental Material 5 and 6) is plotted as FEL,
providing valuable information about the protein structure flexibility. When FKBP12:FRB is not associated with
a ligand, the system can better explore the conformational space. However, the presence of a ligand induces a
protein stiffening, stabilizing the complexes in a similar conformation. In addition, all docking complexes exhibit

a similar profile to rapamycin structure.
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Elaborated using Gnuplot.
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Fig. 11 Free energy landscapes from molecular dynamics.

The first prominent characteristic motions (PC1) during the simulation were analyzed through principal
component analysis (PCA). The first eigenvectors corresponding to the PC1 accounted 64.2 % for FKBP12:FRB
system; 65.5 % for FKBP12:A:FRB, 61.9 % for FKBP12:B:FRB, 57.7 % for FKBP12:C:FRB, 59.4 % for
FKBP12:D:FRB, 66.0 % for FKBP12:E:FRB, 66.8 % for FKBP12:F:FRB, 58.3 % for FKBP12:G:FRB and 61.0
% for FKBP12:H:FRB system. We focused our analyses on the rapamycin pocket, especially on the mobility of
the loops. We found that the motions were more pronounced in the FKBP12:FRB system, whereas in the presence

of a ligand these motions were drastically reduced. Fig. 12 shows the tendency of eigenvectors for all complexes.

Elaborated using PyMol v.1.7.5.0.

FKBP12:FRB FKBP12:rapamycin:FRB FKBP12:ligand:FRB

Fig. 12 Porcupine plots of FKBP12:FRB and ligands complexes during the simulation.

Conclusion

Computational techniques are widely used by the pharmaceutical industry to reduce time and financial resources
in the process of drug discovery and development. Here we present an initial step to find new molecules to act as
potential non-ATP competitive inhibitors to mTOR pathway. We were able to propose eight molecules presenting
better energetic and pharmacokinetics profiles than rapamycin. In addition, MD simulations showed that all
ligands induce a protein structure stiffening and its feature is also observed on the FKBP12:FRB associated with
rapamycin. These conformational changes were confirmed by PCA and FEL analysis, allowing us to understand
important features of the rapamycin's association with FKBP12:FRB. Furthermore, we were able to describe the
residues PHE46, GLU122, PHE129, ASP192, and TYR195 as the major contributors to the binding. Then, the

next step is to carry out experimental (in vitro) studies to confirm the inhibition profile of these ligands.
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Supplemental Material 1

Descriptive results obtained from DataWarrior webserver and FAF-Drugs.
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Supplemental Material 2

ADMETox properties from all compounds obtained from DataWarrior webserver and FAF-Drugs.

VINA MtiOpen Screen Molepular tPSA . Lipinski Mutagenic ~ Tumorigenic Reprodu_ctive Irritant
Molecule Dock energy Dock energy Weight cLogP cLogS HBA HBD A) RotB  RigB Violation VEBER EGAN Profile Profile Effect_lve Profile
(kcal/mol) (kcal/mol) (g/mol) Profile
(i) -18.1 -18.1 922.2 6.7 -1.7 14 3 1954 6 49 8 Good Good None None None None
(i) -10.1 -9.9 914.2 6.5 -6.7 14 3 195.4 6 49 3 Good Good None None None None
A -11.6 -11.4 485.3 5.8 -6.8 6 0 64.2 4 26 1 Good Good None None None None
B -10.5 -10.6 419.5 24 -5.2 8 2 97.9 5 24 0 Good Good None None None None
C -10.5 -10.2 478.5 3.4 -4.6 9 1 106.2 8 20 0 Good Good None None None None
D -10.5 -9.8 3915 24 -4.0 7 2 88.7 5 22 0 Good Good None None None None
B -11.3 -11.1 419.4 3.6 -5.7 9 2 117.4 5 28 0 Good Good None None None None
F -11.3 -11.0 4215 3.7 -5.7 9 2 117.4 5 25 0 Good Good None None None None
G -10.5 -10.6 4215 2.1 -3.4 8 2 94.1 5 23 0 Good Good None None None None
H -10.6 -10.6 4917 6.0 -7.9 7 2 106.4 9 24 1 Good Good None None None None
9 -8.1 -8.2 316.4 21 -3.9 5 3 56.5 8 12 0 Good Good None None None High
10 -8.5 -8.2 330.5 25 -4.2 5 3 56.5 9 12 0 Good Good None None None High
11 -9.4 -9.4 330.5 5.4 -7.6 2 0 17.3 3] 18 1 Good Good None High None Low
12 -7.9 -7.6 3325 0.9 -2.7 5 1 52.9 8 11 0 Good Good None None None None
13 -7.8 -7.6 346.4 1.7 -3.1 7 2 7.4 8 14 0 Good Good None None None None
14 -8.2 -8.1 346.4 2.0 -2.2 4 0 345 8 12 0 Good Good None None None None
15 -8.2 -8.0 348.8 2.0 -34 6 1 69.0 5 14 0 Good Good None None None None
16 -8.4 -8.3 359.5 2.1 -3.2 6 3 101.5 8 16 0 Good Good None None None High
17 -8.8 -8.4 361.4 2.7 -5.0 5 3 94.5 7 15 0 Good Good None None High Low
18 -8.8 -8.8 361.9 52 -55 4 1 47.6 6 14 1 Good Good None None None None
19 -8.5 -8.3 362.9 35 -4.7 5 0 534 7 13 0 Good Good High None Low High
20 -8.4 -8.5 367.3 24 -4.4 5 1 50.2 4 17 0 Good Good None None None None
21 -8.8 -9.2 368.4 23 -1.5 7 0 78.6 7 17 0 Good Good None None Low None
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358 -1.5 -7.5 609.4 13.6 -9.0 4 0 52.6 33 5 2 Good Good High High High High

359 -10.2 -10.0 620.7 54 -6.1 9 1 119.6 11 29 2 Good Good None None Low None
360 -11.4 -11.4 628.8 7.4 -9.2 7 1 150.7 9 37 2 Good Good None None None None
361 -10.2 -10.2 643.6 515 -8.2 4 0 47.9 6 19 2 Good Good None None None High
362 -10.2 -10.3 644.8 2.3 -5.6 11 1 143.9 9 36 2 Good Good None None None None
363 -10.2 -10.3 644.8 2.3 -5.6 11 1 143.9 9 36 2 Good Good None None None None
364 -8.9 9.1 648.8 55 5.3 11 2 162.7 17 21 2 Low Low None None None High
365 -8.8 -8.8 656.0 13.3 -11.2 4 3 69.6 27 20 2 Good Good High High None High
366 -104 -10.7 690.1 6.4 -9.1 4 0 47.9 5 25 2 Good Good None High High None
367 -11.6 -11.4 690.1 7.3 -10.4 8 2 118.7 12 32 2 Good Good High High Low Low
368 -8.6 -9.4 708.6 111 -10.7 7 1 82.1 18 26 2 Good Good High None Low High
369 -8.6 -9.0 728.9 52 -6.1 12 2 216.4 27 17 3 Low Low None None None None
370 -8.6 -9.0 728.9 5.2 -6.1 12 2 216.4 27 17 3 Low Low None None None None
371 -8.6 -9.0 728.9 5.2 -6.1 12 2 216.4 27 17 B Low Low None None None None
372 -8.6 -9.0 728.9 52 -6.1 12 2 216.4 27 17 3 Low Low None None None None
373 -8.6 -9.0 728.9 52 -6.1 12 2 216.4 27 17 3 Low Low None None None None
374 -8.2 -8.2 739.2 12.7 -1.6 7 7 141.6 31 3 3 Low Low None None None High
375 -7.9 -8.0 739.2 12.7 -7.6 7 7 141.6 31 3 3 Low Low None None None High
376 -12.4 -13.7 775.0 54 -10.4 10 8 160.9 5 44 3 Good Good None High High None
377 -12.4 -13.7 775.0 5.4 -10.4 10 8 160.9 5 44 3 Good Good None High High None
378 -8.7 -8.3 799.3 55 -9.6 13 1 169.7 10 48 3 Low Low None None High None
379 -10.6 -9.9 863.4 22.1 -11.7 4 1 47.9 29 20 2 Good Good None None High None
380 -10.6 -9.9 863.4 221 -11.7 4 1 47.9 29 20 2 Good Good None None High None
381 -9.9 -10.0 863.4 22.1 -10.9 4 0 52.6 31 18 2 Good Good None None None None

Notes: (i) Rapamycin crystallographic structure; (ii) Rapamycin docking structure; cLogP: logarithm of the partition coefficient between n-octanol and water log (coctanol/cwater); LogsS: logarithm of the solubility measured in mol/L; HBD:
Hydrogen Bound Donor; HBA: Hydrogen Bound Acceptor; tPSA: Topological Polar Surface Area in A% RotB: Rotable Bounds; RigB: Rigid Bounds.
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Supplemental Material 3

RMSF values from each residue of the simulated systems.

System (FKBP12:X:FRB)

RESIDUE POCKET FKBP12:FRB i ii A B C D E F G H
GLY1 No 2.62 035 0.19 0.22 0.19 034 0.28 0.20 0.40 0.46 0.21
VAL?2 No 2.28 0.20 0.21 020 0.21 0.35 0.26 0.24 0.31 0.28 0.20
GLN3 No 2.62 0.21 0.18 0.21 0.29 0.20 0.34 0.19 0.25 0.21 0.27
VAL4 No 1.96 0.20 0.18 0.18 0.26 0.20 0.25 0.22 0.28 0.20 0.40
GLU5S No 2.21 0.26 0.24 0.26 0.25 0.35 0.21 0.22 0.40 0.33 0.34
THRG6 No 1.92 022 0.21 0.20 0.30 0.24 0.23 0.25 0.33 0.22 0.39
ILE7 No 2.02 0.24 0.20 0.24 0.30 0.29 0.37 0.30 0.32 0.33 0.29
SERS No 3.07 025 0.21 0.20 0.29 0.18 0.21 0.24 0.26 0.23 0.19
PRO9 No 3.82 029 025 0.20 0.20 0.25 0.32 0.27 0.21 0.27 0.22
GLY10 No 4.85 0.24 0.27 028 0.26 0.17 057 023 0.20 0.21 0.19
ASP11 No 6.41 0.23 0.21 034 038 0.19 0.20 0.17 0.26 0.24 0.26
GLY12 No 5.39 0.26 0.24 036 046 021 021 019 0.30 0.20 0.17
ARG13 No 6.30 0.38 0.31 042 0.29 0.21 0.37 0.27 0.26 0.23 0.22
THR14 No 4.33 028 0.21 0.87 0.20 0.19 0.17 0.18 0.27 0.27 0.18
PHE15 No 4.24 029 0.29 038 0.21 0.22 025 0.25 0.28 0.30 0.23
PRO16 No 4.39 0.27 0.23 0.27 0.21 021 0.17 0.23 0.30 0.20 0.24
LYS17 No 4.99 035 0.23 046 0.28 0.22 0.27 0.35 0.25 0.28 0.26
ARG18 No 5.89 0.26 0.19 0.27 0.25 0.29 0.34 025 0.39 0.28 0.35
GLY19 No 4.78 0.19 0.26 0.23 0.23 0.29 0.25 0.23 0.21 0.15 0.16
GLN20 No 4.25 0.20 0.21 0.21 0.28 0.23 0.32 0.29 0.23 0.23 0.21
THR21 Yes 3.71 0.19 0.21 022 0.22 0.23 0.25 0.28 0.34 0.20 0.19
CYS22 No 3.07 021 0.19 0.23 0.25 0.23 0.25 0.25 0.30 0.22 0.26
VAL23 No 2.24 0.16 0.19 0.17 0.20 0.17 0.18 0.23 0.19 0.21 0.18
VAL24 No 1.83 0.15 0.18 0.17 0.22 0.21 0.20 0.16 0.19 0.20 0.18
HIS25 No 1.76 0.16 0.31 0.23 043 031 059 023 0.34 0.25 0.18
TYR26 Yes 2.34 0.21 019 026 0.21 031 0.26 025 0.24 0.19 0.15
THR27 No 1.54 0.23 0.23 0.26 0.20 0.26 0.33 0.21 0.20 0.24 0.20
GLY28 No 1.83 0.14 0.15 0.26 0.17 0.19 0.23 0.21 0.22 0.23 0.16
MET29 No 2.03 0.21 046 037 033 0.26 031 030 0.61 0.32 0.51
LEU30 No 2.59 0.18 0.21 0.25 0.19 020 0.21 0.25 0.26 0.21 0.23
GLU31 No 3.15 022 0.26 0.28 0.20 0.25 0.36 0.44 0.38 0.26 0.26
ASP32 No 3.26 0.19 0.20 0.32 0.19 0.16 0.20 0.23 041 0.24 0.18
GLY33 No 3.24 0.15 0.24 036 0.19 021 0.18 0.35 045 0.22 0.22
LYS34 No 3.36 0.17 032 035 0.19 033 025 0.32 0.34 0.21 0.46
LYS35 No 2.88 0.19 031 035 0.25 0.32 0.23 026 0.20 0.25 0.21
PHE36 Yes 2.79 0.19 0.30 031 0.28 0.26 0.18 0.25 0.20 0.25 0.21
ASP37 Yes 2.77 0.21 0.34 0.28 0.28 0.37 0.29 0.33 0.23 0.28 0.18
SER38 No 2.31 0.19 035 031 0.33 0.22 0.27 0.20 0.22 0.20 0.17
SER39 No 2.30 022 0.28 0.23 0.20 0.36 0.34 0.32 0.34 0.19 0.13
ARG40 No 3.64 0.18 0.29 0.28 0.20 0.31 0.26 0.24 0.27 0.21 0.17
ASP41 No 3.52 021 0.30 0.32 0.35 0.28 0.23 0.21 0.20 0.25 0.27
ARG42 Yes 4.40 0.31 0.33 0.64 061 0.28 031 049 0.30 0.51 043
ASN43 No 5.36 0.23 0.31 036 0.33 0.30 0.23 0.34 0.25 0.39 0.23
LYS44 Yes 4.71 0.23 0.31 0.20 055 0.28 0.18 0.26 0.18 0.42 0.27
PRO45 Yes 3.27 0.20 0.20 0.27 050 0.28 0.19 0.26 0.26 0.45 0.16
PHE46 Yes 2.64 0.18 0.19 0.34 0.25 0.27 0.23 0.36 0.34 0.45 0.22
LYS47 Yes 3.30 034 029 047 031 028 0.23 029 025 041 0.24
PHEA48 Yes 3.55 021 0.20 0.24 037 021 0.22 0.26 0.31 0.26 0.23
MET49 Yes 4.49 022 021 025 0.25 0.64 0.43 0.37 0.18 0.21 0.27

67



LEUS0
GLY51
LYS52
GLN53
GLU54
VALS55
ILES6
ARG57
GLYS58
TRP59
GLUGO
GLU6G1
GLY62
VALG3
ALAG4
GLN65
MET66
SERG7
VALG8
GLY69
GLN70
ARG71
ALAT2
LYS73
LEU74
THR75
ILE76
SER77
PRO78
ASP79
TYRS0
ALA81
TYRS82
GLY83
ALA84
THR85
GLY86
HIS87
PRO88
GLY89
ILE9SO
ILE91
PRO92
PRO93
HIS94
ALA95
THR96
LEU97
VAL98
PHE99
ASP100
VAL101
GLU102
LEU103

No
No
Yes
Yes
Yes
Yes
Yes
No
No
Yes
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
Yes
No
No
No
No
Yes
No
No
Yes
Yes
No
No
No
No
No
No
No
Yes
No
No
No
No

4.65
5.59
6.59
5.79
5.73
3.70
3.79
3.36
2.19
2.57
3.92
3.27
2.52
2.83
2.78
4.13
2.77
2.76
2.71
2.18
2.22
2.25
1.00
1.78
1.29
1.45
1.35
1.76
1.83
2.69
2.70
2.20
2.62
243
3.15
3.60
4.20
5.17
4.57
5.07
3.74
2.83
2.86
2.63
2.49
1.79
1.73
151
1.39
1.37
1.21
1.12
1.57
2.08

0.23
0.22
0.33
0.19
0.19
0.18
0.25
0.28
0.16
0.21
0.34
0.31
0.18
0.21
0.23
0.28
0.21
0.19
0.21
0.40
0.19
0.32
0.19
0.18
0.18
0.17
0.17
0.19
0.15
0.17
0.19
0.15
0.20
0.19
0.19
0.25
0.28
0.23
0.35
0.39
0.24
0.23
0.23
0.18
0.21
0.18
0.15
0.17
0.16
0.17
0.21
0.17
0.25
0.21

0.20
0.29
0.30
0.26
0.30
0.57
0.39
0.30
0.16
0.21
0.33
0.28
0.16
0.17
0.18
0.34
0.20
0.18
0.21
0.21
0.23
0.26
0.18
0.27
0.19
0.18
0.17
0.19
0.35
0.37
0.22
0.29
0.46
0.31
0.29
0.24
0.29
0.36
0.26
0.22
0.26
0.24
0.23
0.20
0.27
0.22
0.20
0.17
0.18
0.24
0.21
0.18
0.23
0.20

0.20
0.27
0.25
0.28
0.37
0.20
0.19
0.25
0.18
0.29
0.43
0.29
0.29
0.31
0.41
0.33
0.28
0.27
0.29
0.25
0.24
0.34
0.19
0.18
0.21
0.22
0.20
0.27
0.28
0.29
0.23
0.24
0.36
0.27
0.25
0.23
0.23
0.23
0.42
0.59
0.49
0.23
0.20
0.22
0.25
0.24
0.20
0.19
0.20
0.20
0.29
0.22
0.19
0.23

0.23
0.21
0.38
0.22
0.25
0.26
0.21
0.21
0.14
0.17
0.39
0.22
0.16
0.21
0.23
0.29
0.22
0.20
0.19
0.19
0.20
0.28
0.19
0.23
0.23
0.18
0.15
0.19
0.25
0.50
0.17
0.17
0.21
0.19
0.27
0.29
0.28
0.28
0.38
0.37
0.37
0.26
0.27
0.24
0.35
0.22
0.22
0.17
0.18
0.18
0.19
0.21
0.24
0.18

0.27
0.28
0.19
0.20
0.39
0.31
0.18
0.26
0.15
0.26
0.44
0.20
0.18
0.22
0.24
0.33
0.19
0.15
0.17
0.18
0.16
0.21
0.19
0.27
0.26
0.23
0.47
0.23
0.28
0.27
0.29
0.27
0.29
0.22
0.18
0.18
0.16
0.36
0.25
0.24
0.37
0.21
0.18
0.17
0.25
0.21
0.17
0.18
0.19
0.21
0.35
0.22
0.20
0.18

0.20
0.32
0.22
0.21
0.33
0.29
0.31
0.29
0.17
0.34
0.47
0.33
0.21
0.26
0.27
0.32
0.22
0.22
0.25
0.23
0.34
0.19
0.22
0.37
0.29
0.18
0.18
0.19
0.30
0.48
0.23
0.18
0.36
0.20
0.28
0.34
0.32
0.33
0.46
0.18
0.18
0.20
0.27
0.26
0.33
0.23
0.19
0.18
0.28
0.36
0.30
0.26
0.24
0.18

0.21
0.57
0.36
0.43
0.26
0.20
0.20
0.25
0.17
0.25
0.38
0.38
0.28
0.21
0.19
0.28
0.20
0.22
0.25
0.22
0.23
0.25
0.23
0.22
0.27
0.17
0.17
0.16
0.16
0.23
0.28
0.27
0.26
0.20
0.26
0.31
0.29
0.22
0.28
0.25
0.31
0.27
0.27
0.26
0.30
0.26
0.30
0.20
0.20
0.26
0.26
0.50
0.20
0.20

0.20
0.48
0.27
0.30
0.25
0.29
0.27
0.29
0.19
0.36
0.38
0.25
0.20
0.29
0.22
0.19
0.23
0.23
0.19
0.21
0.25
0.29
0.28
0.32
0.32
0.18
0.21
0.25
0.31
0.33
0.30
0.27
0.37
0.51
0.45
0.33
0.25
0.44
0.36
0.20
0.18
0.24
0.21
0.25
0.38
0.24
0.29
0.22
0.30
0.34
0.39
0.49
0.28
0.18

0.18
0.19
0.17
0.25
0.45
0.27
0.19
0.22
0.16
0.23
0.17
0.26
0.23
0.20
0.23
0.54
0.20
0.17
0.25
0.29
0.18
0.22
0.20
0.24
0.24
0.19
0.19
0.20
0.21
0.44
0.26
0.22
0.27
0.21
0.27
0.25
0.32
0.69
0.41
0.32
0.39
0.28
0.25
0.29
0.28
0.27
0.18
0.17
0.20
0.21
0.21
0.23
0.19
0.19

0.27
0.48
0.37
0.28
0.38
0.39
0.20
0.24
0.14
0.19
0.29
0.22
0.18
0.24
0.25
0.38
0.24
0.30
0.48
0.37
0.30
0.46
0.15
0.24
0.19
0.16
0.17
0.20
0.26
0.82
0.21
0.22
0.22
0.23
0.26
0.24
0.26
0.37
0.46
0.42
0.48
0.33
0.34
0.33
0.46
0.35
0.32
0.21
0.18
0.21
0.24
0.16
0.15
0.20
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LEU104
LYS105
LEU106
GLU107
ARG108
VAL109
ALA110
ILE111
LEU112
TRP113
HIS114
GLU115
MET116
TRP117
HIS118
GLU119
GLY120
LEU121
GLU122
GLU123
ALA124
SER125
ARG126
LEU127
TYR128
PHE129
GLY130
GLU131
ARG132
ASN133
VAL134
LYS135
GLY136
MET137
PHE138
GLU139
VAL140
LEU141
GLU142
PRO143
LEU144
HIS145
ALA146
MET147
MET148
GLU149
ARG150
GLY151
PRO152
GLN153
THR154
LEU155
LYS156
GLU157

No
No
No
Yes
No
No
No
No
No
No
No
No
No
No
No
No
No
Yes
Yes
No
No
Yes
Yes
No
No
Yes
Yes
No
Yes
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No

2.21
3.01
3.49
4.02
5.69
4.03
3.95
4.23
3.71
2.76
3.29
3.62
3.08
2.15
3.26
3.82
2.66
2.26
3.65
3.29
2.30
2.70
3.93
3.00
2.39
2.96
3.46
4.19
4.09
3.10
2.61
3.86
2.84
1.98
2.55
3.54
2.84
2.07
2.90
2.96
2.47
1.94
2.84
3.39
2.25
3.26
4.18
3.37
3.01
4.17
3.62
3.31
3.67
3.11

0.20
0.27
0.20
0.35
0.41
0.26
0.42
0.35
0.43
0.24
0.27
0.24
0.46
0.20
0.20
0.16
0.13
0.15
0.29
0.16
0.14
0.19
0.23
0.23
0.21
0.26
0.20
0.23
0.22
0.17
0.23
0.33
0.20
0.24
0.27
0.20
0.25
0.36
0.19
0.17
0.36
0.20
0.19
0.26
0.42
0.27
0.26
0.21
0.19
0.24
0.22
0.46
0.33
0.17

0.23
0.36
0.20
0.30
0.33
0.37
0.40
0.38
0.26
0.25
0.34
0.20
0.51
0.22
0.15
0.16
0.14
0.18
0.20
0.16
0.16
0.25
0.43
0.23
0.18
0.27
0.21
0.21
0.29
0.18
0.19
0.28
0.19
0.25
0.38
0.22
0.44
0.25
0.24
0.19
0.25
0.17
0.17
0.24
0.31
0.27
0.36
0.35
0.25
0.22
0.17
0.35
0.20
0.19

0.21
0.25
0.22
0.44
0.47
0.36
0.31
0.21
0.20
0.29
0.17
0.18
0.37
0.24
0.27
0.32
0.17
0.20
0.27
0.27
0.16
0.23
0.24
0.24
0.23
0.25
0.22
0.20
0.34
0.36
0.25
0.21
0.17
0.27
0.30
0.17
0.56
0.30
0.18
0.17
0.21
0.18
0.23
0.30
0.39
0.38
0.38
0.21
0.25
0.41
0.26
0.53
0.20
0.22

0.21
0.31
0.21
0.28
0.57
0.34
0.34
0.32
0.28
0.26
0.20
0.30
0.54
0.17
0.24
0.29
0.19
0.26
0.43
0.30
0.14
0.25
0.43
0.19
0.25
0.33
0.30
0.39
0.44
0.19
0.19
0.17
0.16
0.18
0.52
0.23
0.32
0.28
0.25
0.17
0.22
0.22
0.18
0.19
0.30
0.34
0.23
0.20
0.26
0.18
0.20
0.25
0.27
0.25

0.20
0.29
0.20
0.23
0.37
0.50
0.37
0.37
0.38
0.27
0.76
0.29
0.38
0.20
0.19
0.18
0.16
0.21
0.34
0.18
0.14
0.20
0.31
0.19
0.21
0.27
0.41
0.32
0.52
0.32
0.37
0.30
0.28
0.38
0.50
0.43
0.37
0.26
0.23
0.21
0.25
0.18
0.19
0.20
0.32
0.26
0.41
0.25
0.28
0.27
0.27
0.24
0.79
0.26

0.21
0.33
0.23
0.29
0.58
0.41
0.33
0.23
0.28
0.22
0.52
0.22
0.43
0.19
0.17
0.18
0.20
0.22
0.34
0.17
0.15
0.19
0.21
0.21
0.32
0.40
0.20
0.26
0.27
0.15
0.22
0.16
0.14
0.18
0.34
0.19
0.30
0.23
0.16
0.15
0.22
0.16
0.17
0.57
0.33
0.19
0.22
0.18
0.20
0.18
0.15
0.18
0.19
0.15

0.23
0.33
0.28
0.34
0.36
0.30
0.38
0.23
0.29
0.25
0.36
0.36
0.40
0.19
0.19
0.45
0.13
0.21
0.41
0.22
0.15
0.23
0.23
0.22
0.36
0.29
0.27
0.44
0.25
0.26
0.24
0.40
0.23
0.45
0.42
0.31
0.33
0.32
0.25
0.22
0.23
0.18
0.16
0.18
0.27
0.29
0.29
0.28
0.21
0.24
0.29
0.48
0.24
0.20

0.25
0.28
0.26
0.35
0.40
0.46
0.40
0.35
0.31
0.34
0.33
0.23
0.33
0.34
0.16
0.20
0.16
0.24
0.33
0.28
0.26
0.58
0.58
0.24
0.27
0.38
0.27
0.33
0.31
0.29
0.21
0.27
0.20
0.30
0.30
0.24
0.44
0.56
0.26
0.28
0.40
0.19
0.23
0.45
0.55
0.31
0.36
0.35
0.42
0.38
0.23
0.28
0.24
0.26

0.29
0.43
0.23
0.27
0.46
0.31
0.31
0.40
0.26
0.27
0.55
0.27
0.59
0.25
0.22
0.29
0.25
0.28
0.35
0.27
0.17
0.24
0.27
0.27
0.38
0.31
0.22
0.25
0.30
0.37
0.33
0.29
0.28
0.32
0.54
0.28
0.49
0.47
0.44
0.33
0.29
0.26
0.24
0.34
0.23
0.58
0.47
0.22
0.22
0.28
0.26
0.61
0.27
0.25

0.17
0.18
0.36
0.19
0.29
0.29
0.48
0.24
0.27
0.18
0.17
0.36
0.43
0.26
0.20
0.50
0.21
0.21
0.26
0.19
0.17
0.18
0.27
0.17
0.22
0.27
0.24
0.23
0.56
0.15
0.16
0.22
0.18
0.21
0.26
0.51
0.36
0.39
0.18
0.19
0.21
0.20
0.13
0.17
0.50
0.22
0.21
0.21
0.21
0.21
0.21
0.44
0.27
0.17
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THR158
SER159
PHE160
ASN161
GLN162
ALA163
TYR164
GLY165
ARG166
ASP167
LEU168
MET169
GLU170
ALA171
GLN172
GLU173
TRP174
CYS175
ARG176
LYS177
TYR178
MET179
LYS180
SER181
GLY182
ASN183
VAL184
LYS185
ASP186
LEU187
THR188
GLN189
ALA190
TRP191
ASP192
LEU193
TYR194
TYR195
HIS196
VAL197
PHE198
ARG199
ARG200
ILE201
SER202

No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
Yes
No
No
Yes
Yes
No
Yes
Yes
Yes
Yes
Yes
Yes
No
Yes
Yes
Yes
No
Yes

2.53
2.58
2.25
2.01
2.58
2.24
2.33
1.57
3.23
1.81
1.17
1.85
1.98
1.02
1.65
2.32
1.98
1.33
2.27
2.22
1.90
2.48
2.80
2.75
2.67
3.10
3.07
2.67
2.25
1.66
2.04
217
1.25
1.61
2.43
1.87
1.37
3.41
2.96
2.33
3.13
4.27
3.66
3.10
5.04

0.28
0.24
0.24
0.20
0.22
0.19
0.22
0.22
0.44
0.18
0.20
0.21
0.18
0.16
0.24
0.25
0.17
0.17
0.39
0.17
0.23
0.26
0.22
0.29
0.31
0.19
0.39
0.30
0.21
0.19
0.19
0.24
0.14
0.17
0.16
0.16
0.15
0.21
0.21
0.16
0.17
0.23
0.39
0.23
0.23

0.19
0.25
0.22
0.17
0.25
0.18
0.25
0.24
0.28
0.16
0.16
0.37
0.20
0.14
0.18
0.17
0.25
0.21
0.25
0.24
0.28
0.45
0.32
0.47
0.42
0.53
0.44
0.37
0.45
0.27
0.23
0.29
0.13
0.21
0.22
0.22
0.16
0.17
0.22
0.19
0.19
0.35
0.25
0.19
0.21

0.20
0.22
0.17
0.17
0.19
0.16
0.23
0.36
0.38
0.23
0.22
0.26
0.23
0.23
0.25
0.19
0.21
0.26
0.35
0.17
0.28
0.26
0.35
0.17
0.25
0.36
0.54
0.22
0.21
0.26
0.20
0.29
0.17
0.19
0.28
0.24
0.17
0.26
0.26
0.19
0.22
0.52
0.32
0.30
0.41

0.22
0.21
0.19
0.26
0.27
0.36
0.23
0.26
0.27
0.20
0.18
0.39
0.22
0.19
0.23
0.30
0.29
0.21
0.35
0.22
0.36
0.47
0.40
0.27
0.25
0.43
0.46
0.38
0.56
0.25
0.23
0.30
0.19
0.16
0.21
0.21
0.16
0.25
0.29
0.18
0.19
0.46
0.48
0.28
0.29

0.17
0.20
0.16
0.16
0.18
0.22
0.25
0.35
0.37
0.30
0.22
0.23
0.55
0.17
0.18
0.27
0.20
0.21
0.29
0.23
0.23
0.31
0.40
0.23
0.30
0.36
0.48
0.30
0.44
0.31
0.27
0.24
0.23
0.38
0.22
0.18
0.17
0.15
0.22
0.17
0.17
0.20
0.22
0.20
0.28

0.15
0.30
0.17
0.18
0.17
0.23
0.26
0.28
0.26
0.18
0.17
0.20
0.15
0.15
0.20
0.16
0.18
0.24
0.29
0.17
0.23
0.24
0.20
0.19
0.27
0.74
0.45
0.26
0.23
0.24
0.22
0.29
0.15
0.16
0.17
0.19
0.14
0.25
0.18
0.16
0.31
0.24
0.22
0.24
0.21

0.17
0.17
0.15
0.17
0.16
0.17
0.18
0.22
0.43
0.21
0.15
0.31
0.15
0.12
0.27
0.20
0.16
0.28
0.27
0.19
0.27
0.40
0.32
0.29
0.48
0.50
0.24
0.49
0.27
0.33
0.33
0.31
0.17
0.29
0.29
0.23
0.21
0.30
0.32
0.23
0.25
0.29
0.24
0.18
0.18

0.23
0.18
0.27
0.19
0.21
0.19
0.23
0.19
0.25
0.20
0.18
0.26
0.23
0.14
0.16
0.32
0.34
0.21
0.28
0.20
0.19
0.25
0.34
0.21
0.25
0.62
0.32
0.24
0.31
0.20
0.17
0.24
0.12
0.21
0.13
0.23
0.14
0.13
0.22
0.16
0.18
0.28
0.34
0.19
0.28

0.18
0.31
0.20
0.22
0.19
0.15
0.29
0.20
0.38
0.18
0.19
0.31
0.37
0.20
0.19
0.21
0.32
0.25
0.54
0.23
0.41
0.31
0.40
0.67
0.25
0.22
0.22
0.30
0.25
0.23
0.22
0.45
0.23
0.31
0.42
0.22
0.23
0.33
0.25
0.21
0.22
0.37
0.57
0.22
0.23

0.19
0.34
0.23
0.24
0.19
0.19
0.25
0.29
0.28
0.19
0.20
0.24
0.22
0.18
0.23
0.29
0.25
0.25
0.25
0.28
0.38
0.37
0.64
0.53
0.61
0.49
0.56
0.39
0.29
0.26
0.26
0.34
0.18
0.20
0.27
0.25
0.19
0.47
0.24
0.18
0.24
0.33
0.21
0.23
0.15

Notes: FKBP12:X:FRB systems: (FKBP12:FRB) only protein fractions; (i) Rapamycin crystallographic structure;
(ii) Rapamycin docking structure; (A/B/C/D/E/FIG/H) ligands; Pocket: residue belongs or not to the binding
pocket in FKBP12:FRB interface; RMSF plotted as A.
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The binding energy contribution values of the simulated systems.

System (FKBP12:X:FRB)

RESIDUE Pocket i ii A B C D E F G H

GLY1 No 0.18 0.23 0.16 0.19 0.08 0.02 0.08 0.08 0.08 0.09
VAL2 No 0.00 -0.01 0.00 0.00 0.00 0.00 0.00 0.00 -0.01 0.00
GLN3 No -0.02 -0.01 -0.01 -0.01 -0.01 -0.02 -0.01 0.00 -0.01 -0.01
VAL4 No 0.02 0.01 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00
GLUS No -0.06 -0.06 -0.01 -0.14 -0.09 -0.02 -0.05 -0.03 -0.07 -0.08
THRG6 No -0.01 0.00 -0.01 0.00 -0.01 0.00 0.00 0.00 0.00 0.00
ILE7 No 0.02 0.03 0.01 0.01 0.02 0.01 0.01 0.01 0.01 0.01
SERS No 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
PRO9 No 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
GLY10 No 0.01 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.01 0.00
ASP11 No -0.02 -0.06 0.02 -0.05 -0.04 -0.07 -0.06 -0.07 -0.18 -0.02
GLY12 No 0.01 0.02 0.01 0.01 0.01 0.01 0.00 0.01 0.00 0.01
ARG13 No -0.02 -0.03 -0.05 0.02 0.02 0.04 0.03 0.04 0.13 -0.02
THR14 No 0.00 -0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
PHE15 No 0.00 0.00 0.01 0.00 0.00 -0.01 0.00 0.00 -0.01 0.00
PRO16 No 0.01 0.01 0.00 0.00 0.00 0.01 0.00 0.01 0.00 -0.01
LYS17 No 0.04 0.00 -0.02 0.03 -0.01 0.10 0.08 0.08 0.24 -0.07
ARG18 No 0.08 0.23 0.11 0.09 -0.03 0.10 0.19 0.23 0.21 0.03
GLY19 No 0.03 0.03 0.02 0.02 0.00 -0.01 0.01 0.02 -0.01 0.02
GLN20 No -0.03 -0.07 -0.03 -0.02 -0.01 0.00 -0.02 -0.03 0.01 -0.01
THR21 Yes -0.03 -0.05 -0.01 0.00 0.00 -0.04 -0.02 -0.01 -0.03 0.00
CYS22 No -0.05 -0.03 -0.02 -0.04 -0.02 -0.03 -0.03 -0.02 -0.05 -0.07
VAL23 No 0.00 0.01 0.01 0.00 0.00 0.00 0.01 0.00 0.00 0.01
VAL24 No -0.14 -0.09 -0.04 -0.06 -0.05 -0.04 -0.16 -0.14 -0.08 -0.14
HIS25 No 0.10 0.08 0.04 -0.02 0.05 -0.02 0.09 0.06 0.04 0.11
TYR26 Yes -2.86 -1.13 -0.01 0.56 -0.37 -0.21 -0.92 -0.95 -0.99 -1.57
THR27 No -0.10 -0.06 -0.02 -0.02 -0.01 -0.03 -0.04 -0.08 -0.02 -0.08
GLY28 No -0.12 -0.06 0.00 -0.01 0.02 0.01 0.00 -0.02 0.00 -0.04
MET?29 No -0.12 -0.10 -0.05 -0.04 -0.11 -0.07 -0.01 -0.04 -0.01 -0.09
LEU30 No -0.03 -0.01 0.01 0.00 -0.01 -0.01 -0.01 -0.01 -0.01 0.00
GLU31 No -0.06 -0.04 -0.04 -0.13 -0.10 0.03 0.00 0.03 0.02 -0.07
ASP32 No -0.12 -0.14 -0.08 -0.19 -0.18 0.01 0.01 0.04 0.04 -0.13
GLY33 No 0.01 0.02 0.01 0.01 0.01 0.01 0.00 0.01 0.00 0.00
LYS34 No 0.04 0.02 0.04 0.16 0.12 -0.07 -0.07 -0.10 -0.11 0.08
LYS35 No 0.17 0.26 0.08 0.27 0.25 0.01 0.01 -0.01 0.07 0.18
PHE36 Yes -1.32 -0.20 -0.03 0.00 0.00 -0.08 -0.03 -0.04 -0.05 -0.06
ASP37 Yes 2.45 -0.36 -1.08 -0.95 -0.59 -0.26 -0.42 -0.18 0.74 2.04
SER38 No -0.26 -0.03 -0.01 -0.04 0.00 -0.02 -0.01 -0.01 -0.01 -0.09
SER39 No -0.05 0.02 0.02 0.00 0.07 0.00 0.06 0.04 0.02 0.06
ARG40 No 0.30 0.39 0.14 0.24 0.28 0.13 0.18 0.15 0.25 0.28
ASP41 No -0.28 -0.38 -0.13 -0.33 -0.28 -0.01 0.01 0.02 -0.09 -0.22
ARG42 Yes 2.28 1.31 1.14 1.27 1.06 0.34 0.52 0.39 1.08 2.65
ASN43 No -0.02 0.00 -0.01 0.00 0.00 -0.01 0.00 -0.01 0.00 0.00
LYS44 Yes 0.48 0.69 0.51 0.47 0.43 0.36 0.33 0.28 0.54 0.31
PRO45 Yes -0.04 -0.04 -0.06 -0.02 -0.03 -0.03 0.00 0.01 -0.02 -0.03
PHE46 Yes -1.77 -0.70 -0.64 -1.14 -1.10 -0.57 -0.98 -0.92 -1.23 -1.35
LYS47 Yes 0.36 0.51 0.23 -0.01 0.14 0.38 0.14 0.18 0.32 0.44
PHEA48 Yes -0.43 -0.18 -0.14 -0.42 -0.17 -0.26 -0.19 -0.23 -0.57 -0.32
MET49 Yes -0.11 -0.14 -0.05 -0.11 -0.02 -0.13 -0.04 -0.06 -0.14 -0.12
LEUS50 No -0.02 -0.03 -0.01 0.00 0.00 -0.02 -0.02 -0.02 -0.02 -0.01
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GLY51
LYS52
GLN53
GLU54
VALS55
ILES6
ARG57
GLYS58
TRP59
GLUGO
GLU61
GLY62
VALG3
ALAG4
GLNG65
MET66
SERG67
VALG8
GLY69
GLN70
ARG71
ALAT2
LYS73
LEU74
THR75
ILE76
SERT77
PRO78
ASP79
TYRS0
ALA81
TYRS82
GLY83
ALA84
THR85
GLY86
HIS87
PRO88
GLY89
ILE9SO
ILE91
PRO92
PRO93
HIS94
ALA95
THR96
LEU97
VAL98
PHE99
ASP100
VAL101
GLU102
LEU103
LEU104

No
Yes
Yes
Yes
Yes
Yes

No

No
Yes

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No
Yes

No

No

No

No
Yes

No

No
Yes
Yes

No

No

No

No

No

No

No
Yes

No

No

No

No

No

0.04
-0.04
-1.18
-2.31
-1.58
-1.41
0.84
0.23
-1.00
-0.93
-0.40
0.09
0.03
0.04
0.10
-0.03
-0.01
0.01
0.02
-0.03
0.13
-0.03
0.13
-0.09
0.01
-0.09
-0.20
-0.08
-0.29
-0.50
-0.07
0.06
-0.03
-0.01
-0.07
-0.07
1.03
-0.23
0.01
-1.25
-0.65
-0.06
0.01
0.00
-0.07
-0.02
-0.28
-0.03
-1.59
-0.30
-0.04
-0.26
0.01
0.04

0.01
0.22
-0.38
-1.54
-2.24
-1.40
0.60
0.06
-0.60
-1.27
-0.58
0.07
0.04
0.05
0.13
-0.03
-0.01
0.01
0.02
-0.03
0.21
-0.02
0.21
-0.07
0.00
-0.07
-0.10
-0.06
-0.36
-0.36
0.16
0.44
-0.06
0.00
-0.08
-0.14
0.10
-0.16
0.03
-0.25
-0.29
-0.05
0.01
0.00
-0.06
-0.03
-0.15
-0.04
-0.43
-0.38
-0.03
-0.29
0.01
0.04

0.04
0.17
-0.20
-1.18
-0.64
-0.43
0.18
0.11
0.35
-0.60
-0.14
0.05
0.03
0.03
0.03
-0.01
0.00
0.00
0.01
0.00
0.03
-0.01
0.03
-0.05
0.00
-0.04
-0.06
-0.06
-0.31
-0.13
-0.10
-0.36
-0.03
0.00
-0.06
-0.12
-0.30
-0.12
0.01
-0.02
-0.09
-0.05
0.03
0.03
-0.04
-0.01
-0.05
-0.01
-0.06
-0.14
0.00
-0.08
0.00
0.02

0.02
0.01
-0.11
-0.82
-0.80
-0.17
0.15
0.07
0.34
-0.36
-0.18
0.03
0.01
0.02
0.03
-0.01
0.00
0.00
0.00
0.00
0.17
-0.01
0.16
-0.04
0.01
-0.02
-0.06
-0.04
-0.22
-0.07
-0.05
0.37
-0.01
-0.01
-0.02
-0.02
-0.22
-0.07
0.00
-0.01
-0.04
-0.04
0.01
0.00
-0.03
-0.01
-0.02
-0.01
-0.03
-0.25
-0.01
-0.17
0.00
0.02

0.03
-0.03
0.03
-0.16
-0.06
-0.22
-0.09
0.09
-0.42
-0.15
0.00
0.05
0.01
0.02
0.02
-0.03
-0.01
0.00
0.01
-0.02
0.18
-0.02
0.17
-0.09
0.01
-0.06
-0.08
-0.03
-0.10
-0.08
-0.04
0.69
-0.04
-0.01
-0.06
0.02
1.09
-0.12
0.00
-0.17
-0.15
-0.06
0.01
0.02
-0.05
0.00
-0.08
-0.04
-0.35
-0.31
-0.02
-0.18
0.01
0.03

0.01
0.20
-0.40
0.80
-0.94
-0.86
-0.06
0.03
-0.42
-0.50
-0.10
0.02
-0.01
0.01
0.03
-0.01
0.00
0.01
0.01
-0.01
0.07
-0.01
0.04
-0.05
0.02
-0.06
-0.06
-0.04
-0.01
-0.06
-0.03
0.38
-0.02
-0.01
-0.02
-0.03
-0.13
-0.02
0.02
-0.03
-0.09
-0.04
0.01
0.01
-0.05
0.00
-0.11
-0.02
-0.07
-0.12
-0.02
-0.12
0.00
0.02

0.03
0.26
-0.21
-2.42
-0.98
-0.25
0.09
0.02
-0.37
-0.67
-0.17
0.01
-0.03
0.01
0.03
-0.02
0.00
0.01
0.01
-0.02
0.09
-0.01
0.04
-0.06
0.01
-0.04
-0.05
-0.03
-0.07
-0.05
-0.02
0.44
-0.02
0.00
-0.03
-0.03
0.00
-0.04
0.01
0.00
-0.07
-0.03
0.01
0.01
-0.02
0.00
-0.05
-0.03
-0.51
-0.19
-0.03
-0.13
0.00
0.03

0.02
0.21
-0.28
-1.57
-0.96
-0.18
0.11
0.04
-0.23
-0.61
-0.18
0.02
-0.01
0.02
0.04
-0.02
0.00
0.01
0.01
-0.03
0.08
-0.01
0.04
-0.06
0.01
-0.04
-0.05
-0.03
-0.06
-0.07
-0.08
0.25
-0.02
-0.01
-0.02
-0.03
-0.06
-0.03
0.02
0.00
-0.06
-0.03
0.01
0.00
-0.02
0.00
-0.06
-0.02
-0.59
-0.18
-0.03
-0.12
0.00
0.03

-0.01
0.29
-0.12
1.17
-1.09
-0.16
0.05
0.03
-0.38
-0.27
-0.16
0.01
-0.02
0.00
0.02
-0.01
0.00
0.01
0.01
-0.02
0.16
-0.01
0.08
-0.04
0.01
-0.04
-0.04
-0.02
-0.03
-0.05
-0.01
0.30
-0.01
0.00
-0.02
-0.01
0.37
-0.07
0.01
-0.03
-0.06
-0.03
0.00
-0.01
-0.02
0.01
-0.06
-0.01
-0.50
-0.23
-0.03
-0.25
0.00
0.02

72

0.02
-0.08
-0.17
-0.04
-1.58
0.13
0.04
0.04
-0.11
-0.31
-0.06
0.02
0.00
0.01
0.02
-0.01
0.00
0.00
0.01
-0.01
0.16
-0.02
0.11
-0.04
0.01
-0.03
-0.04
-0.03
-0.11
-0.05
-0.03
1.35
-0.02
0.00
-0.03
-0.04
-0.12
-0.06
0.01
-0.01
-0.08
-0.03
0.01
0.02
-0.02
-0.01
-0.03
-0.03
-0.42
-0.28
-0.03
-0.23
0.00
0.03



LYS105
LEU106
GLU107
ARG108
VAL109
ALA110
ILE111
LEU112
TRP113
HIS114
GLU115
MET116
TRP117
HIS118
GLU119
GLY120
LEU121
GLU122
GLU123
ALA124
SER125
ARG126
LEU127
TYR128
PHE129
GLY130
GLU131
ARG132
ASN133
VAL134
LYS135
GLY136
MET137
PHE138
GLU139
VAL140
LEU141
GLU142
PRO143
LEU144
HIS145
ALA146
MET147
MET148
GLU149
ARG150
GLY151
PRO152
GLN153
THR154
LEU155
LYS156
GLU157
THR158

No
No
Yes
No
No
No
No
No
No
No
No
No
No
No
No
No
Yes
Yes
No
No
Yes
Yes
No
No
Yes
Yes
No
Yes
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No

0.13
0.01
-0.45
0.19
0.00
0.00
-0.01
-0.01
-0.05
-0.08
-0.14
-0.03
-0.16
-0.18
-0.33
-0.12
-1.16
-1.59
-0.76
-0.16
0.17
-0.06
-0.04
0.77
-2.65
0.19
-0.52
0.77
-0.04
-0.08
0.17
0.02
-0.18
0.00
-0.28
0.03
0.00
-0.30
0.01
0.02
0.11
0.02
0.01
0.03
-0.15
0.13
0.00
0.01
0.01
-0.01
-0.01
0.07
-0.16
-0.02

0.31
0.01
-0.77
0.35
-0.01
0.00
0.00
-0.02
-0.08
-0.13
-0.37
-0.06
-0.21
-0.23
-0.74
-0.17
-1.30
-3.71
-1.39
-0.13
0.23
1.02
0.02
0.09
-2.43
-0.20
-1.26
1.33
-0.02
-0.08
0.17
0.00
-0.13
-0.01
-0.37
0.06
0.01
-0.27
0.02
0.04
0.14
0.02
0.04
0.04
-0.13
0.13
0.00
0.01
0.01
-0.01
-0.01
0.14
-0.22
-0.01

0.04
0.00
-0.26
0.17
0.00
0.00
0.00
-0.01
-0.02
-0.03
-0.12
-0.01
-0.07
-0.09
-0.22
-0.09
-0.70
-0.95
-0.44
-0.15
-0.55
0.14
0.00
0.00
-2.98
-0.28
-0.42
1.82
-0.07
-0.05
0.14
0.02
-0.10
0.00
-0.19
0.02
0.00
-0.15
0.01
0.01
0.08
0.01
0.02
0.02
-0.08
0.08
0.00
0.00
0.01
0.00
0.00
0.04
-0.09
-0.01

0.03
0.00
-0.20
-0.04
0.00
0.00
0.00
-0.01
-0.03
-0.05
-0.02
-0.02
-0.13
-0.16
-0.10
-0.08
-1.13
-0.80
-0.33
-0.06
0.00
0.19
0.01
-0.04
-1.75
0.06
-0.20
0.88
-0.01
-0.04
0.02
0.01
-0.08
0.00
-0.07
0.03
0.00
-0.04
0.01
0.02
0.08
0.01
0.02
0.01
0.02
-0.01
0.00
0.00
0.00
0.00
0.00
-0.05
-0.02
-0.01

0.08
0.00
-0.22
0.02
0.00
0.00
0.00
0.00
-0.02
-0.03
-0.03
0.00
-0.10
-0.14
-0.01
-0.04
-0.98
-0.09
-0.12
-0.11
-0.20
-0.13
-0.04
-0.05
-2.71
-0.36
-0.01
0.86
-0.09
-0.05
-0.04
0.01
-0.06
-0.01
0.00
0.02
-0.01
-0.07
0.01
0.01
0.08
0.01
0.01
0.02
-0.04
0.04
0.00
0.00
0.00
0.00
0.00
0.04
-0.05
0.00

0.15
0.00
-0.73
0.19
-0.01
0.00
0.00
-0.01
-0.05
-0.06
-0.30
-0.02
-0.16
-0.09
-0.45
-0.10
-0.89
1.23
-0.79
-0.13
-0.31
0.13
0.02
0.05
-2.11
0.26
-0.31
0.71
-0.03
-0.05
-0.06
0.00
-0.09
-0.01
-0.08
0.03
0.01
-0.06
0.01
0.02
0.08
0.01
0.03
0.02
-0.03
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residue belongs or not to the binding pocket in FKBP12:FRB interface; Energy plotted

74



Supplemental Material 5

Radius of gyration of Cat protein portions FKBP12:FRB system.
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Supplemental Material 6

Radius of gyration plots of Ca protein portions of complexes FKBP12:X:FRB systems. In black line,
ligand (X) complex; in green line, crystallographic rapamycin complex and, in red, docking rapamycin
complex.

]

A Rg (A) Rg (A)

Rg (A)

[

Rg (A)

13.5
13.4
13.3
13.2
13.1

13

13.5
134
133

13.2 ey

13.1
13

13.5
13.4
13.3
13.2
13.1

13

13.5
13.4
13.3
13.2
13.1

13

|
40
Time (ns)

1 !
60 40

Time (ns)

1
60

76



4 CONCLUSAO

As técnicas computacionais sdo amplamente utilizadas na industria
farmacéutica para reduzir o tempo e 0s recursos financeiros no processo de
descoberta e desenvolvimento de farmacos. No presente trabalho apresentamos um
passo inicial para encontrar novas moléculas para atuar como potenciais inibidores
nao competitivos ao ATP para controle da via da mTOR. Ao final, conseguimos propor
oito moléculas apresentando melhores perfis energéticos e farmacocinéticos do que
o inibidor natural, a rapamicina. Além disso, as simulacbes de DM demonstraram que
todos os ligantes induzem uma rigidez da estrutura protéica (FKBP12:FRB) e que essa
caracteristica também é observada para a rapamicina. De mesma forma, mudancas
conformacionais foram confirmadas pela analise PCA e FEL, o que nos permite
compreender caracteristicas importantes da associacdo da rapamicina com
FKBP12:FRB. Além disso, conseguimos descrever os residuos PHE46, GLU122,
PHE129, ASP192 e TYR195 como os principais contribuintes para a ligagao. Todavia,
0 préximo passo € realizar estudos experimentais (in vitro) para confirmar o perfil de

inibicdo desses ligantes.
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o Articles are made available to subscribers as well as developing countries and patient groups through
our universal access programs.

e No open access publication fee payable by authors.

Open access

¢ Articles are freely available to both subscribers and the wider public with permitted reuse.
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e An open access publication fee is payable by authors or on their behalf, e.g. by their research funder
or institution.

Regardless of how you choose to publish your article, the journal will apply the same peer review
criteria and acceptance standards.

For open access articles, permitted third party (re)use is defined by the following Creative Commons
user licenses:

Creative Commons Attribution (CC BY)

Lets others distribute and copy the article, create extracts, abstracts, and other revised versions,
adaptations or derivative works of or from an article (such as a translation), include in a collective
work (such as an anthology), text or data mine the article, even for commercial purposes, as long as
they credit the author(s), do not represent the author as endorsing their adaptation of the article, and
do not modify the article in such a way as to damage the author's honor or reputation.

Creative Commons Attribution-NonCommercial-NoDerivs (CC BY-NC-ND)

For non-commercial purposes, lets others distribute and copy the article, and to include in a collective
work (such as an anthology), as long as they credit the author(s) and provided they do not alter or
modify the article.

The open access publication fee for this journal is USD 2600, excluding taxes. Learn more about
Elsevier's pricing policy: http://www.elsevier.com/openaccesspricing.

Green open access

Authors can share their research in a variety of different ways and Elsevier has a number of  green
open access options available. We recommend authors see our green open access page for further
information. Authors can also self-archive their manuscripts immediately and enable public access
from their institution's repository after an embargo period. This is the version that has been accepted
for publication and which typically includes author-incorporated changes suggested during
submission, peer review and in editor-author communications. Embargo period: For subscription
articles, an appropriate amount of time is needed for journals to deliver value to subscribing customers
before an article becomes freely available to the public. This is the embargo period and it begins from
the date the article is formally published online in its final and fully citable form. Find out more.

This journal has an embargo period of 24 months.

Elsevier Publishing Campus

The Elsevier Publishing Campus (www.publishingcampus.com) is an online platform offering free
lectures, interactive training and professional advice to support you in publishing your research. The
College of Skills training offers modules on how to prepare, write and structure your article and
explains how editors will look at your paper when it is submitted for publication. Use these resources,
and more, to ensure that your submission will be the best that you can make it.

Language (usage and editing services)

Please write your text in good English (American or British usage is accepted, but not a mixture of
these). Authors who feel their English language manuscript may require editing to eliminate possible
grammatical or spelling errors and to conform to correct scientific English may wish to use the English
Language Editing service available from Elsevier's WebShop.

Our online submission system guides you stepwise through the process of entering your article details
and uploading your files. The system converts your article files to a single PDF file used in the peer-
review process. Editable files (e.g., Word, LaTeX) are required to typeset your article for final
publication. All correspondence, including notification of the Editor's decision and requests for
revision, is sent by e-mail.

For submitting your manuscripts to the Journal of Molecular Graphics and Modelling please go toour
Elsevier Editorial System (EES) Website at: http://ees.elsevier.com/jmgm .
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The names, affiliation and email addresses of five potential Referees are required (no generic mail
addresses such as gmail or hotmail are allowed). Appropriate Referees should be knowledgeable about
the subject and have potential interest in the work. Referees should have no close connection with
any of the authors and be from institutions other than (and preferably countries other than) those of
any of the Authors. Articles will not be considered for publication if this requirement is not met.

PREPARATION

Submission to this journal proceeds totally online and you will be guided stepwise through the creation
and uploading of your files. The system automatically converts your files to a single PDF file, which is
used in the peer-review process.

As part of the Your Paper Your Way service, you may choose to submit your manuscript as a single file
to be used in the refereeing process. This can be a PDF file or a Word document, in any format or lay-
out that can be used by referees to evaluate your manuscript. It should contain high enough quality
figures for refereeing. If you prefer to do so, you may still provide all or some of the source files at
the initial submission. Please note that individual figure files larger than 10 MB must be uploaded
separately.

References

There are no strict requirements on reference formatting at submission. References can be in any style
or format as long as the style is consistent. Where applicable, author(s) name(s), journal title/book
title, chapter title/article title, year of publication, volume number/book chapter and the pagination
must be present. Use of DOI is highly encouraged. The reference style used by the journal will be
applied to the accepted article by Elsevier at the proof stage. Note that missing data will be highlighted
at proof stage for the author to correct.

Formatting requirements

There are no strict formatting requirements but all manuscripts must contain the essential elements
needed to convey your manuscript, for example Abstract, Keywords, Introduction, Materials and
Methods, Results, Conclusions, Artwork and Tables with Captions.

If your article includes any Videos and/or other Supplementary material, this should be included in
your initial submission for peer review purposes.

Divide the article into clearly defined sections.

Figures and tables embedded in text

Please ensure the figures and the tables included in the single file are placed next to the relevant text
in the manuscript, rather than at the bottom or the top of the file. The corresponding caption should
be placed directly below the figure or table.

This journal operates a single blind review process. All contributions will be initially assessed by the
editor for suitability for the journal. Papers deemed suitable are then typically sent to a minimum of
two independent expert reviewers to assess the scientific quality of the paper. The Editor is responsible
for the final decision regarding acceptance or rejection of articles. The Editor's decision is final. More
information on types of peer review.

Use of word processing software

Regardless of the file format of the original submission, at revision you must provide us with an
editable file of the entire article. Keep the layout of the text as simple as possible. Most formatting
codes will be removed and replaced on processing the article. The electronic text should be prepared
in @ way very similar to that of conventional manuscripts (see also the Guide to Publishing with
Elsevier). See also the section on Electronic artwork.

To avoid unnecessary errors you are strongly advised to use the 'spell-check' and 'grammar-check’
functions of your word processor.

LaTeX

You are recommended to use the Elsevier article class elsarticle.cls to prepare your manuscript and
BibTeX to generate your bibliography.

Our LaTeX site has detailed submission instructions, templates and other information.
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e Title. Concise and informative. Titles are often used in information-retrieval systems. Avoid
abbreviations and formulae where possible.

e Author names and affiliations. Please clearly indicate the given name(s) and family name(s)
of each author and check that all names are accurately spelled. Present the authors' affiliation
addresses (where the actual work was done) below the names. Indicate all affiliations with a lower-
case superscript letter immediately after the author's name and in front of the appropriate address.
Provide the full postal address of each affiliation, including the country name and, if available, the e-
mail address of each author.

e Corresponding author. Clearly indicate who will handle correspondence at all stages of refereeing
and publication, also post-publication. Ensure that the e-mail address is given and that contact
details are kept up to date by the corresponding author.

e Present/permanent address. If an author has moved since the work described in the article was
done, or was visiting at the time, a 'Present address' (or 'Permanent address') may be indicated as a
footnote to that author's name. The address at which the author actually did the work must be
retained as the main, affiliation address. Superscript Arabic numerals are used for such footnotes.

Graphical abstract

A graphical abstract is mandatory for this journal. It should summarize the contents of the article in
a concise, pictorial form designed to capture the attention of a wide readership online. Authors must
provide images that clearly represent the work described in the article. Graphical abstracts should be
submitted as a separate file in the online submission system. Image size: please provide an image
with @ minimum of 531 x 1328 pixels (h x w) or proportionally more. The image should be readable
at a size of 5 x 13 cm using a regular screen resolution of 96 dpi. Preferred file types: TIFF, EPS, PDF
or MS Office files. You can view Example Graphical Abstracts on our information site.

Authors can make use of Elsevier's Illustration Services to ensure the best presentation of their images
also in accordance with all technical requirements.

Highlights

Highlights are mandatory for this journal. They consist of a short collection of bullet points that convey
the core findings of the article and should be submitted in a separate editable file in the online
submission system. Please use 'Highlights' in the file name and include 3 to 5 bullet points (maximum
85 characters, including spaces, per bullet point). You can view example Highlights on our information
site.

Immediately after the abstract provide a minimum of 5 keywords. These keywords will be used for
indexing purposes.

Formatting of funding sources
List funding sources in this standard way to facilitate compliance to funder's requirements:

Funding: This work was supported by the National Institutes of Health [grant numbers xxxx, yyyyl;
the Bill & Melinda Gates Foundation, Seattle, WA [grant nhumber zzzz]; and the United States Institutes
of Peace [grant number aaaa].

It is not necessary to include detailed descriptions on the program or type of grants and awards. When
funding is from a block grant or other resources available to a university, college, or other research
institution, submit the name of the institute or organization that provided the funding.

If no funding has been provided for the research, please include the following sentence:

This research did not receive any specific grant from funding agencies in the public, commercial, or
not-for-profit sectors.

Use of Systeme Internationale (SI) units is encouraged; provide a conversion factor in parentheses
at the first mention of non-SI units. Biochemical nomenclature should conform to that recommended
by the IUPAC-IUB Commission, and enzymes should be referred to by their recommended names and
numbers.
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Write mathematical, Greek and other symbols carefully using, for instance, a Symbol font. Explain
the meaning of all symbols and acronyms in the text where they first occur. Identify Greek lettersat
their first mention by writing their names in English words in the margin. If you use several symboils,
a list of definitions -- not necessarily for publication -- will be useful to and ensure the accuracy of
the production editors. Identify all vectors, tensors, and matrices in bold. The journal is read by an
international audience; therefore authors should attempt to make their work clear to diverse readers.
Note the following points:

e Use a zero before decimal quantities less than one, e.g., 0.376, not .376.

e Group numbers consisting of more than three numerals in threes separated by spaces, rather than
commas.

e Use fractional exponents instead of root signs, e.g., (3x + 9y)**1/2, not the square root symbol.
(Here ** indicates that 1/2 is an exponent).

e Specify whether logarithms are to base 10 or base e.

o Write simple mathematical fractions in the text on one line, e.g., L(N - I)/L(l), not as a stacked
fraction. If the fraction is complicated with superscripts and subscripts, then present it in a manner
consistent with maximum clarity.

Footnotes

Footnotes should be used sparingly. Number them consecutively throughout the article. Many word
processors build footnotes into the text, and this feature may be used. Should this not be the case,
indicate the position of footnotes in the text and present the footnotes themselves separately at the
end of the article.

Electronic artwork General points
Make sure you use uniform lettering and sizing of your original artwork.
Preferred fonts: Arial (or Helvetica), Times New Roman (or Times), Symbol, Courier.
Number the illustrations according to their sequence in the text.
Use a logical naming convention for your artwork files.
Indicate per figure if it is a single, 1.5 or 2-column fitting image.
For Word submissions only, you may still provide figures and their captions, and tables within a
single file at the revision stage.
e Please note that individual figure files larger than 10 MB must be provided in separate source files.
A detailed guide on electronic artwork is available.
You are urged to visit this site; some excerpts from the detailed information are given here.
Formats
Regardless of the application used, when your electronic artwork is finalized, please 'save as' or
convert the images to one of the following formats (note the resolution requirements for line drawings,
halftones, and line/halftone combinations given below):
EPS (or PDF): Vector drawings. Embed the font or save the text as 'graphics'.
TIFF (or JPG): Color or grayscale photographs (halftones): always use a minimum of 300 dpi. TIFF
(or JPG): Bitmapped line drawings: use a minimum of 1000 dpi.
TIFF (or JPG): Combinations bitmapped line/half-tone (color or grayscale): a minimum of 500 dpi is
required.
Please do not:
e Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); the resolution is too low.
e Supply files that are too low in resolution.
e Submit graphics that are disproportionately large for the content.

Color artwork

Please make sure that artwork files are in an acceptable format (TIFF (or JPEG), EPS (or PDF) or MS
Office files) and with the correct resolution. If, together with your accepted article, you submit usable
color figures then Elsevier will ensure, at no additional charge, that these figures will appear in color
online (e.g., ScienceDirect and other sites) in addition to color reproduction in print. Further
information on the preparation of electronic artwork.
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Figure captions

Ensure that each illustration has a caption. A caption should comprise a brief title (not on the figure
itself) and a description of the illustration. Keep text in the illustrations themselves to a minimum but
explain all symbols and abbreviations used.

Please submit tables as editable text and not as images. Tables can be placed either next to the
relevant text in the article, or on separate page(s) at the end. Number tables consecutively in
accordance with their appearance in the text and place any table notes below the table body. Be
sparing in the use of tables and ensure that the data presented in them do not duplicate results
described elsewhere in the article. Please avoid using vertical rules and shading in table cells.

Citation in text

Please ensure that every reference cited in the text is also present in the reference list (and vice
versa). Any references cited in the abstract must be given in full. Unpublished results and personal
communications are not recommended in the reference list, but may be mentioned in the text. If these
references are included in the reference list they should follow the standard reference style of the
journal and should include a substitution of the publication date with either 'Unpublished results' or
'Personal communication'. Citation of a reference as 'in press' implies that the item has been accepted
for publication.

Reference links

Increased discoverability of research and high quality peer review are ensured by online links to the
sources cited. In order to allow us to create links to abstracting and indexing services, such as Scopus,
CrossRef and PubMed, please ensure that data provided in the references are correct. Please note that
incorrect surnames, journal/book titles, publication year and pagination may prevent link creation.
When copying references, please be careful as they may already contain errors. Use of the DOI is
encouraged.

A DOI can be used to cite and link to electronic articles where an article is in-press and full citation
details are not yet known, but the article is available online. A DOI is guaranteed never to change, so
you can use it as a permanent link to any electronic article. An example of a citation using DOI for an
article not yet in an issue is: VanDecar J.C., Russo R.M., James D.E., Ambeh W.B., Franke M. (2003).
Aseismic continuation of the Lesser Antilles slab beneath northeastern Venezuela. Journal of
Geophysical Research, https://doi.org/10.1029/2001JB000884. Please note the format of such
citations should be in the same style as all other references in the paper.

Data references

This journal encourages you to cite underlying or relevant datasets in your manuscript by citing them
in your text and including a data reference in your Reference List. Data references should include the
following elements: author name(s), dataset title, data repository, version (where available), year,
and global persistent identifier. Add [dataset] immediately before the reference so we can properly
identify it as a data reference. The [dataset] identifier will not appear in your published article.

[dataset] M. Oguro, S. Imahiro, S. Saito, T. Nakashizuka, Mortality data for Japanese oak wilt disease
and surrounding forest compositions, Mendeley Data, v1, 2015. http://dx.doi.org/10.17632/
xwj98nb39r.1.

Reference management software

Most Elsevier journals have their reference template available in many of the most popular reference
management software products. These include all products that support Citation Style Language
styles, such as Mendeley and Zotero, as well as EndNote. Using the word processor plug-ins from
these products, authors only need to select the appropriate journal template when preparing their
article, after which citations and bibliographies will be automatically formatted in the journal's style.
If no template is yet available for this journal, please follow the format of the sample references and
citations as shown in this Guide.

Users of Mendeley Desktop can easily install the reference style for this journal by clicking the following
link:

http://open.mendeley.com/use-citation-style/journal-of-molecular-graphics-and-modelling

When preparing your manuscript, you will then be able to select this style using the Mendeley plug-
ins for Microsoft Word or LibreOffice.
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Reference formatting

There are no strict requirements on reference formatting at submission. References can be in any style
or format as long as the style is consistent. Where applicable, author(s) name(s), journal title/book
title, chapter title/article title, year of publication, volume number/book chapter and the pagination
must be present. Use of DOI is highly encouraged. The reference style used by the journal will be
applied to the accepted article by Elsevier at the proof stage. Note that missing data will be highlighted
at proof stage for the author to correct. If you do wish to format the references yourself they should
be arranged according to the following examples:

1. D.C. Spellmeyer, A.K. Wong, M.].. Bower, and ]J.M. Blaney, Conformational analysis using distance
geometry methods. J. Mol. Graphics Modell. 15 (1997) 18-36.

2. S.A. Best, K.M. Merz, Jr.,, and C.H. Reynolds, Free energy perturbation study of octanol/water
partition coefficients: Comparison with continuum GB/SA calculations. J. Phys. Chem. B 103 (199)
714-726.

3. J. Gao, Methods and applications of combined quantum mechanical and molecular mechanical
potentials. In: Reviews in computational chemistry, K.B. Lipkowitz and D.B. Boyd, Eds., VCH
Publishers, New York, 1995, Vol. 7, pp. 119-185.

4. M.P. Allen and D.]. Tildesley, Computer simulation of liquids. Clarendon, Oxford, 1987.
5. Spartan, version 4.1.1, 1993, Wavefunction, Inc., Irvine, Calif.

Commercial products, including computer programs, are to be mentioned in the text of the manuscript
and not normally referenced. If required the reference should list the first author et al. only.

Elsevier accepts video material and animation sequences to support and enhance your scientific
research. Authors who have video or animation files that they wish to submit with their article are
strongly encouraged to include links to these within the body of the article. This can be done in the
same way as a figure or table by referring to the video or animation content and noting in the body
text where it should be placed. All submitted files should be properly labeled so that they directly
relate to the video file's content. In order to ensure that your video or animation material is directly
usable, please provide the files in one of our recommended file formats with a preferred maximum
size of 150 MB in total. Any single file should not exceed 50 MB. Video and animation files supplied
will be published online in the electronic version of your article in Elsevier Web products, including
ScienceDirect. Please supply 'stills' with your files: you can choose any frame from the video or
animation or make a separate image. These will be used instead of standard icons and will personalize
the link to your video data. For more detailed instructions please visit our video instruction pages.
Note: since video and animation cannot be embedded in the print version of the journal, please
provide text for both the electronic and the print version for the portions of the article that refer to
this content.

Supplementary data

Elsevier accepts electronic supplementary material to support and enhance your scientific research.
Supplementary files offer the author additional possibilities to publish supporting applications, high-
resolution images, machine-readable files of datasets (especially compounds) sound clips and more.
Supplementary files supplied will be published online alongside the electronic version of your article
in Elsevier Web products, including ScienceDirect: http://www.sciencedirect.com. In order to ensure
that your submitted material is directly usable, please provide the data in one of our recommended
file formats. Authors should submit the material in electronic format together with the article and
supply a concise and descriptive caption for each file. For more detailed instructions please visit our
artwork instruction pages athttp://www.elsevier.com/artworkinstructions.

This journal encourages and enables you to share data that supports your research publication where
appropriate, and enables you to interlink the data with your published articles. Research data refers
to the results of observations or experimentation that validate research findings. To facilitate
reproducibility and data reuse, this journal also encourages you to share your software, code, models,
algorithms, protocols, methods and other useful materials related to the project.
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Below are a number of ways in which you can associate data with your article or make a statement
about the availability of your data when submitting your manuscript. If you are sharing data in one of
these ways, you are encouraged to cite the data in your manuscript and reference list. Please refer to
the "References" section for more information about data citation. For more information on depositing,
sharing and using research data and other relevant research materials, visit the research data page.

Data linking

If you have made your research data available in a data repository, you can link your article directly to
the dataset. Elsevier collaborates with a number of repositories to link articles on ScienceDirect with
relevant repositories, giving readers access to underlying data that gives them a better understanding
of the research described.

There are different ways to link your datasets to your article. When available, you can directly link
your dataset to your article by providing the relevant information in the submission system. For more
information, visit the database linking page.

For supported data repositories a repository banner will automatically appear next to your published
article on ScienceDirect.

In addition, you can link to relevant data or entities through identifiers within the text of your
manuscript, using the following format: Database: xxxx (e.g., TAIR: AT1G01020; CCDC: 734053;
PDB: 1XFN).

Mendeley Data

This journal supports Mendeley Data, enabling you to deposit any research data (including raw and
processed data, video, code, software, algorithms, protocols, and methods) associated with your
manuscript in a free-to-use, open access repository. During the submission process, after uploading
your manuscript, you will have the opportunity to upload your relevant datasets directly to Mendeley
Data. The datasets will be listed and directly accessible to readers next to your published article online.

For more information, visit the Mendeley Data for journals page.

Data in Brief

You have the option of converting any or all parts of your supplementary or additional raw data into
one or multiple data articles, a new kind of article that houses and describes your data. Data articles
ensure that your data is actively reviewed, curated, formatted, indexed, given a DOI and publicly
available to all upon publication. You are encouraged to submit your article for Data in Brief as an
additional item directly alongside the revised version of your manuscript. If your research article is
accepted, your data article will automatically be transferred over to Data in Brief where it will be
editorially reviewed and published in the open access data journal, Data in Brief. Please note an open
access fee of 500 USD is payable for publication in Data in Brief. Full details can be found on the Data
in Brief website. Please use this template to write your Data in Brief.

MethodsX

You have the option of converting relevant protocols and methods into one or multiple MethodsX
articles, a new kind of article that describes the details of customized research methods. Many
researchers spend a significant amount of time on developing methods to fit their specific needs or
setting, but often without getting credit for this part of their work. MethodsX, an open access journal,
now publishes this information in order to make it searchable, peer reviewed, citable and reproducible.
Authors are encouraged to submit their MethodsX article as an additional item directly alongside the
revised version of their manuscript. If your research article is accepted, your methods article will
automatically be transferred over to MethodsX where it will be editorially reviewed. Please note an
open access fee is payable for publication in MethodsX. Full details can be found on the MethodsX
website. Please use this template to prepare your MethodsX article.

Data statement

To foster transparency, we encourage you to state the availability of your data in your submission.
This may be a requirement of your funding body or institution. If your data is unavailable to access
or unsuitable to post, you will have the opportunity to indicate why during the submission process,
for example by stating that the research data is confidential. The statement will appear with your
published article on ScienceDirect. For more information, visit the Data Statement page.
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The journal encourages authors to create an AudioSlides presentation with their published article.
AudioSlides are brief, webinar-style presentations that are shown next to the online article on
ScienceDirect. This gives authors the opportunity to summarize their research in their own words and
to help readers understand what the paper is about. More information and examples are available.
Authors of this journal will automatically receive an invitation e-mail to create an AudioSlides presentation
after acceptance of their paper.

You can enrich your article with visual representations, links and details for those chemical structures
that you define as the main chemical compounds described. Please follow the instructions to learn how
to do this.

You can enrich your online articles by providing 3D molecular models (optional) in PDB, PSE or
MOL/MOL2 format, which will be visualized using the interactive viewer embedded within the article.
Using the viewer, it will be possible to zoom into the model, rotate and pan the model, and change
display settings. Submitted models will also be available for downloading from your online article on
ScienceDirect. Each molecular model will have to be uploaded to the online submission system
separately, via the '3D molecular models' submission category. More information.

This journal enables you to show an Interactive Plot with your article by simply submitting a data file.
Full instructions.

This journal enables you to enrich your online article by including interactive network diagrams created
with the latest version of Cytoscape. Each network should be exported from Cytoscape as a ZIP file
containing a pair of network (.cyjs) and visual style (.json) files, which is most easily done usingthe
green "SD" button. The recommended maximum file size of a dataset is 150 MB or less.

Once the article is accepted, your ZIP datasets will appear as supplementary material on ScienceDirect
and will be visualized inside the Cytoscape application which is displayed alongside your article. Readers
will then be able to interactively explore your networks while reading the article. Please note that you
must use the latest available version of Cytoscape. More information.

AFTER ACCEPTANCE

Corresponding authors will receive an e-mail with a link to our online proofing system, allowing
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5.4 Fluxograma metodolégico empregado no trabalho

AutoDock Vina v.1.7.1

(Trott & Olson, 2010)

MTiOpenScreen

(Labbé et al., 2015)

GROMACSv.4.6.7

(Lindahl, Hess, & Van der Spoel,
2001; Van Der Spoel et al., 2005)
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