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DRrRUG DISCOVERY

the past decade as substarce P antgooists, a
large percentage of which likely eaxchibited ad~
nancmolar potency at the ME-1 mecephor, but
onby ome has made it to market. This example
highlights the difficulty of and resounces needed
to optimize the ancillary properties of potent
inhibiors antagoniss so that they can beconwe
safe, vishle medicines.

In the drug discoveny process, we st alsc
be cogrizant of the intemelatedness of academic.
govermment, and mdustrial research in the devel
opment of new drug entities, Despile large
search budgets, the biomedical research camied
cut by phamaceutical compames sill represents
cnby asnall percentage of the overall worldwide
research effort on diseases and approaches to
their treatment. Academic and govemment b~
oratories, finded with public nemies, often pro—
vide much hasic research and fundonsental o
sxght mio diseases that can divect researchers
tomeamd meoevel ways of attackirg diseases, Hewe
ever, they are meely organized (nor is it their
mission] o embrace the drug disoovery process
in the multidisciplnary fashion culined above
that i the modem paradigrn by which new hits
or keads are first identified and then get trns-
formed inte mew wishle medicines. All of the
ahowve disoussion speaks to o of the most

The Many Roles of Computation in

inportant issues facing discovery medicinal
chemisry today: the contimurg need for axcel
lent synd:enc— chenuista, In L!rgepl:ummuma.l
vomipanies, the dnag discovery process is driven
by rnulti disciplinary teams made up of the very
best experts in each discipline, and chenvsmy 1=
ore key element in this. These teams have ready
aocess to experts i other araz of bionedical
soienge, and although chemists ofien end up as
grovp leaders of discovery effors, that usually
oocurs afier much experience has been gained in
thee drug discovery process, The recent achances
discussed abave heave put more tooks i the chenr
1's mokit, but m order o use these ook effec-
taly, it frvansbly comes down to the sbality w
wake the absobiely “comect™ moleule in o timely
and cost-effective nanner. This process tequires
Ihcwry best cmganin chensistry skalls, and we mus
vontinus to provide fnding in the university sy
tem fior e, o these core shall sets 1o chermists
n thewr grachate and postdocioml shdies 1 we are
to comtinue o provide the very best in nedicines
for what is becoming an agirg population.
References and Motes
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Drug Discovery

William L Jorgensen

An overdisy is given on the diverse uses of computational chemistry in drug discovery,
Particular emphasis & placed on virbusl scresning, de novo design, evaluation of drug-
likeness, and advanced methods for determining protein-ligand binding.

“Is there really o case where a drug that's
an the market was designed by & compu-
wr'T" When asked this, 1 iwvcke the profes-
sorial montra (MAll questions are good
questions.”), while sensing that the desired
answer is "o’ Then. the inguisitor could
2o back to the lab with the reassurance that
his or her choice to avoid learning about
mpuhtion.ﬂ chemistry remains wise. The
weality iz that the use of computers and
computtional meth permeates all as-
pects of drug discovery today. Those who
are most proficient with the computational
tols buvve the advantage for delivering new
drug candidates more quickly and at lewer
wost than their competitors.

However, the phrasing of the question
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suggests misunderstanding and oversimpli-
fication of the drug discovery process.
First, it is the rare case today when an
urmiedified natural product like taxol be-
oomes a drug. Tt is alsa inocnceivable thata
human with or without computational tools
could propase a single chemical stracture
that ends up as a dmg: thers are far too
many hurdles and subtleties along the way.
Moat drugs new arise through discovery
programs that begin with identification of
a biomolecular target of potential thera-
peutic value through biclogical studies in-
chiding, for emample, analysis of mice
with gene kneckouts. A multdisoiplinary
project team is then assembled with the
goal of Finding clinical candidates, ie..
druglike compeunds that are ready for bu-
man climical trials, which typically selec-
tively bind to the malecular target and in-
terfere either with ite sctivity as a recep-

“lead” & defined @ a struchune that hes besn derved
from an early "hiE and, athough sl not fuky opti-
mizied, b been shown to have some appropriates char-
aderetics b bea precumar of a dngg entity. Often &
Liied Wil Dt Sheow I S0 T prof-of- A P -
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not have been PUky optimized for phanmacokinetic
propetes r LN desifable ol1-arget activities.
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REVIEW

tor or enzyme. Molecular libraries are
sereened, and the resulting leads ave opti-
mized in a aycle that featares design, sym-
thesis and assaying of numerous analogs,
and animal studies. Crystal stacture deter-
mination for gompleses of some analogs
with the biomalecular target is often posmi-
ble, which enables “smucture-based drnag
design™ (SEDIN) and the efficient optimi-
zation of leads. The success of SEDD is well
decummented (2, 2% it bos conmibuted to the
intreduction of ~ 30 compounds into clinical
mals and to numercus dmug approvals. Min-
irnally, the rale o\f‘compumlon hers iz in the
structure refinement using sivoulabed anneal-
ing (3], development of the underlying molec-
ular meshanics (MM) foroe fioks, stucture
display, and building and MM evahiation of
anakogs. All top pharmaceutical companies
have substantal stucharal biology and com-
putational chemistry groups that are inter-
twrined and parficipate on the project teams.

There is usaally much “rweaking™ v
ward the end of the preclinical periad of

drug disgovery when a series of compounds

wera ScienCemag.org  SCIENCE VOL 202

19 MARCH 2004 Jads

“Is there really a case where a drug that's
on the market was designed by a
computer? When asked this, | invoke the
professorial mantra (“All questions are
good questions.”), while sensing that the
desired answer is “no”. Then, the
inquisitor could go back to the lab with the
reassurance that his or her choice to
avoid learning about computational
chemistry remains wise.”

‘...the phrasing of the question suggests
misunderstanding and oversimplification
of the drug discovery process.”

Al

“There is not going to be a “voila™ moment
at the computer terminal. Instead, there is
systematic use of wide ranging
computational tools to facilitate and
enhance the drug discovery process.”

www.sciencemag.org SCIENCE 303
19 MARCH 2004
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Estratégias Gerais para Obtencao
de Compostos Bioativos

&
“Screening” cego: avaliagéo da atividade Planejamento racional:
de produtos naturais (plantas, animais planejamento a partir do
marinhos, processos fermentativos) ou estudo direto ou indireto do
compostos sintéticos (bibliotecas de mecanismo de interacao
estruturas ou novas estruturas obtidas entre 0 composto li_)lO{itl_VO
com 0 uso de quimica combinatéria) (ligante) e o alvo biologico
' 1 1 !
“Lead” “Lead”
Otimizacao estrutural Otimizacao estrutural

C.M.R. Sant'Anna, 2007 3




Estrategias no Planejamento Racional

Ligantes conhecidos

Quantidade
crescente de (estrutura e ﬁ Qe
informacéo dados biologicos) (CoMFA, etc)
disponivel Métodos Independentes do Receptor/Enzima
+
Sequéncia do Modelo do
receptor conhecida Receptor
Modelagem por
+ homologia
Interacdes
Estrutura 3D do - ligante- receptor Novos
receptor conhecida (docking, etc) ligantes
+ Métodos Dependentes do

Receptor/Enzima
P Dlnamlca das

Mecanismo de Interacoes, reacoes

acao conhecido Métodos Baseados no Mecanismo
C.M.R. Sant'Anna, 2007 4




Modelagem Molecular no
Planejamento de Bioligantes

N
“Docking”

Relacoes
Qual'tff‘t'V?S € Modelagem Molecular: Planejamento
Quantitativas Geracdo de estruturas e e

entre a moleculares para...

Estrutura e a

Atividade

Estudos de mecanismos
de reacéao, etc...
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Modelagem Molecular:

 ——

Quanto a Dinamica do Método de
Calculo da Energia

eMétodos de otimizacao
estrutural direta (busca do ponto
estacionario mais proximo)
eMétodos de otimizacdo multipla
(métodos estatisticos, analise
sistematica...)

eMétodos dinamicos: geracao de
trajetorias (dinamica
molecular...)

Classificacoes dos Métodos

Quanto ao Tipo do Método de
Calculo da Energia

eMétodos de Campo de Forca:
mecanica molecular

eMeétodos Quanticos: Semi-
empiricos, ab /nitio HF, MP,
DFT

eMétodos de Simulacao:
metodos de energia livre,
meétodos de perturbacao
termodinamica, métodos de
Integracao termodinamica

C.M.R. Sant'Anna, 2007 6




Busca Direta de Minimos de Energia

iable 2

V:

e)

(e.g. torsional angl

Variable 1

rsional angle) hﬁﬁ;;;.

(e.g. to

{(e.g. torsional

Variable 2

(e.g. torsional angle)

Variable 1
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Analise Conformacional
Sistematica: Pesquisa de Grade

N

O numero de conférmeros equivale
a (360°/6)", onde 6 é o incremento
usado no processo de varredura e

n € o numero de ligacbes avaliadas.

O ndamero de conformacdes necessarias
para varrer adequadamente todo o

espaco conformacional de uma molécula

ja se torna muito grande quando o
namero de ligacdes com rotacéo livre

excede 5.
Torsion 1
0 300
60 240
Torsion 2 120
0 300
Torsion 8 120
0
o 00 240 300
240 120
120
1]
300
6 240
120

C.M.R. Sant'Anna, 2007 8



Estrutura e Energia: Méetodos Empiricos

Realidade

2

E=2 kb (r - I‘D_)

ligacOes




Estrutura e Energia: Méetodos Empiricos

A [1 + cos(nt - ¢)]

E =23 AI[l+ cos(nt — ¢)]
diedros
C.M.R. Sant'Anna, 2007 10




Estrutura e Energia: Méetodos Empiricos

regime de atracdo de van der Waals

I..
1]
energia 6tima

termo de van der Waals termo eletrostatico




Métodos Empiricos: Campos
de Forca

Campo de Forca ~ Sistemas Moleculares

EFF Alcanos

MM3 Geral

CVFF Geral

Tripos Geral

MMFF Geral

Dreiding Geral

Amber Proteinas, acidos nucleicos, carboidratos
CHARMM Proteinas

GROMOS Proteinas, acidos nucleicos, carboidratos
MOMEC Compostos de coordenacao

C.M.R. Sant'Anna, 2007 12



Dinamica Molecular:
Energia Potencial e Energia Cinética

Termodinamica = Quais estados sao possiveis?

Cinetica & Como (e com que velocidade) os estados se interconvertem?

Termodinamica: estado 1 estado 2 estado n

Cinética: estado 1 estado 2 estado n

—» 1 Resolver para a, em t usando:

2 Atualizar v; em t + At/2 usando: vi(t + A2) = vi(t - At/2) + At

—— 3 Atualizar r, em t + At usando: It + A = r,(t) + v, (T + At/2) At

C.M.R. Sant'Anna, 2007



Dinamica Molecular

Estudo por
dinamica
molecular da
formacéo de

: micelas em agua:
% o [ 15 moléculas de
- s i ey NS W octanoato de
31.1 #n S AP AT O S A sodio + 792
Sy SN S ey & W T moléculas de
< . i v { ,
VORT * e D SR R X T agua
¢ : - \2( & * 2
L ol 1 . o
Ol g y ‘:. L AV d _
- 1 i 5 Q’J
[ ', £ ¢ e
S Nl S 3
LMY MV o ¥ AR
31.1 Angsftrom
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Estrutura e Energia: Métodos Quanticos

-Nos métodos

. d
nergia da ;’m
estrutura molecular é ) ‘.>
eﬂ ni d d CO I ocan d O-Se o+ antibonding molecular orbital

s nucleos em regides
as quais os elétrons
estao associados a

rbitais, regides do \) Q

espaco definidas pela 15 atomic 15 atomic
orbital orbital

resolucao da equacao N
de Schrédinger: Y

EY — H | o

¢ bonding molecular orbital

Energy
—_—

onde ¥ é a chamada

funcao de onda e E é i o
a energia eletrénica. Representacdo de orbitais moleculares

para a molécula de H,

C.M.R. Sant'Anna, 2007 15




Métodos Quanticos: Diferencas

—] *A descricdo de moléculas é feita pela
resolucao da equacgéao de Schrodinger
na qual a funcéo de onda ¥ € uma
funcéo das coordenadas dos nucleos
(R) e dos elétrons (r):

HY(R,n = EY (R, (1.2)
Como os nucleos sdo milhares de
vezes mais pesados do que o0s
elétrons, os movimentos nuclear e

eletrénico podem ser considerados
separadamente:

HD(R) = E ©(R) (1.2)
Hy(rR) = Ew(rR)  (1.3)

C.M.R. Sant'Anna, 2007 16




Métodos Quanticos: Diferencas

N

L

Métodos ab initio
1.Confuntos de Bases
Minimo: STO-3G

De valéncia dividida: 3-21G, 6-31G, 6-
311G, ...

Com funcoOes de polarizacao: 6-31G*,
6-311G**, ...

Com funcgoes difusas: 6-31+G*, 6-
311++G**, ...

2.Programas
Gaussian, GAMESS, Spartan

Métodos semi-empiricos

1.Hamiltonianos
PM6, RM1, AM1, PM3,
MNDO, ...

2.Programas

Mopac 6.0, Mopac 2003,
Mopac 2007, Ampac,
Spartan, Sybyl

C.M.R. Sant'Anna, 2007 17




AplicacOes: Propriedades Eletronicas

Cation £butil:
mapas de

potencial
eletrostatico

C.M.R. Sant'Anna, 2007 18



Aplicacoes:
Estudo da Reatividade Quimica

Representacao do LUMO dos
substratos acetaldeido e
trifllor-acetaldeido (método
guantico semi-empirico AM1)

Representacéo superficie de
potencial eletrostatico dos
substratos acetaldeido e
trifllor-acetaldeido (método
guantico semi-empirico AM1)

C.M.R. Sant'Anna, 2007 19



iIcacoes

Apl
dade Qu
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/7

VI

Estudo da Reat

V

20
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Os principais parametros para a
escolha de um modelo teorico sédo o
eo

O sucesso de qualquer modelo depende primeiro da sua capacidade
de

Mas um modelo precisa também ser , 0 que depende do
tamanho do sistema em estudo e das facilidades computacionais
disponiveis.

Um provavelmente ndo vai ser o melhor tratamento
possivel para um determinado problema, mas

C.M.R. Sant'Anna, 2007

Qual o Melhor Modelo?
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N

Desempenho Relativo dos Metodos
de Calculo de Modelagem Molecular

Mecanica Semi-empirico Ab Initio
Objetivo Molecular HF MP2
Geometria aceit.—bom Bom Bom Bom
(grupo principal)
Geometria - Bom Pobre ?
(metais de transicao)
Geometria - Bom Bom Bom
(ests. de transicao)
Conformacao Bom Pobre aceit.—bom Bom
Termoquimica - Pobre aceit.—bom Bom
(n&o isodésmica)
Termoquimica - aceitavel Bom Bom
(isodésmica)
Custo muito baixo baixo alto muito alto

C.M.R. Sant'Anna, 2007
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Aplicacoes no Estudo de
Compostos Bioativos

C.M.R. Sant'Anna, 2007 23




Interacao Ligante-Receptor:
Aspectos Tedricos

[I(aq)] K — - [E(aq)] [I(aq)]
S =T TR
AG,. s =—-RT InK_, =RT In K|, (aq)

AGbind :AHbind _TASbind

l : ~_— -_~
Trocas de energias envolvidas no Formas de distribuicio das

processo de _“blndlng”, COIMSEES energias, classificadas como

energias de interacao ligante-sitio e entropia translacional,

ligante-solvente. rotacional, conformacional e
vibracional.

C.M.R. Sant'Anna, 2007 24



Atividade Biologica: Construcao de
Modelos Tedricos

N

2,0+

Objetivo. proposicao de
um modelo teodrico capaz
de determinar a atividade

0,5

5
g
biologica. £ o]
8
2 05+
£
AG =RTInK, EN
2 15 .
-18I-1I6I-1I4’-1I2'-1]0'-I8I-Tﬁ‘ulrl
Energia Livre de Solvatagdo (kcal/mol)
/
RTInK, =¢,(AG,, +¢,)* + C,AH,;, +C,N 5 +C;
/ N r: termo entropico associado a
AH g = AH o — [AH Sa+AH“9J perda_ de rota(;éo em Iigag?es apc’)s
associacao do ligante ao sitio ativo

C.M.R. Sant'Anna, 2007 25
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