ICT PRAGUE

ENZYMY
A

MEDICINA



Vyvoj léciv

Cile lé¢iv (targets):

receptory vazané na
enzymy (47 %) G-proteiny (GPCR)

N

~__ iontové

o \ '\ kanaly

ostatnf | , transportéry o
: : jaderné receptory hormonu
integriny

DNA
A. L. Hopkins and C. R. Groom, Nature Rev. Drug Discov. 1, 727-730 (2002)



Vyvoj léciv
Cile Ié€iv (targets):

Target finding, target validation:
- biologicke studie
- genomika
- proteomika, transkriptomika ...

Léciva:
- nizkomolekularni latky
syntetické nebo pfirodni slouceniny
- biopolymery (biotechnologicka IéCiva)
protilatky, enzymy atd.
a dalsi



Vyvoj léciv

knihovny slouéenin
kombinatoricka chemie
prirodni latky
virtualni knihovny

miliony sloucenin

high throughput screening

,lead compounds*
slabé ligandy/inhibitory

stovky sloucenin

virtualni screening




Vyvoj léciv

,lead compounds*
slabé ligandy/inhibitory

stovky sloucenin

g 7 =y
oo oo TRy Thto
/VJVLN NJN'LEVQ S o
o LN
D,SD i DNJT-{ USj D@
FHo To Ty G0

DNLH L ;
Oty D @*Y?JQ 0N 0

lead optimization

chemicka synthesa
kombinatorickad chemie

R:

-H

-CH,

-CH,CH,
-CH,CH,CH,
=ChHSCLIICES
-CH,OCH,
-CH,CH=CH,
=ChSCLECHECHS
-CH,CH(CH,),
-CH(CH,)CH,CH,

-CH(CH,CH,CH,),

Cyclopentyl
Cyclohexyl
Phenyl
-CH(CH,CH,),

,drug candidate”
silné ligandy/inhibitory

desitky sloucenin

Ki (nM)
6 300
3 700
2 000

180
225
2 000
2 200
300
200
10
16
22
60
530



Vyvoj léciv

,drug candidate” drug
silné ligandy/inhibitory

v

jedna sloucenina

desitky sloucenin preklinické studie

testy na tkanovych kulturach
isolovanych organech
laboratornich zvifatech




Vyvoj léciv

klinické studie
1. faze
podavani zdravym dobrovolnikim (20 — 100)
studium uc¢inkd na télesné funkce, vedlejSich ucinku,
farmakokinetiky, ur€eni davkovani

2. faze
podavani vybranym pacientim (stovky)
,blind“/,,double blind*
bezpecnost, u€innost, davka, farmakokinetika

3. faze
podavani vétsi skupiné pacientl (stovky az tisice)
srovnani se standardni terapii

povolovaci Fizeni

4. faze
zkousSeni v praxi, dlouhodobé vyhodnocovani
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obchodni
nazev

’

LIPITOR
ZOCOR
PREVACID
NEXIUM
PROCRIT
ZOLOFT

PLAVIX

ADVAIR DISKUS

ZYPREXA
CELEBREX

TOP 10 DRUGS (USA, 2004)

terapie

atorvastatin tuky

simvastatin tuky

lansoprazol
esomeprazol
erythropoetin
sertralin

clopidogrel

fluticason astma

olanzapin hlava

celecoxib

zaludek
Zaludek
krvetvorba
deprese,obezita

obéhovy systém

zanéty

HMG-CoA reductase
HMG-CoA reductase
H*/K*-ATPasa
H*/K+-ATPasa
EPOR

serotonin transporter
ADP receptor

glucocorticoid receptor

serotonin-dopamine-
receptor

COX-2

t

cil

vyrobce

4

MERCK & CO.,INC

PFIZER, INC

TAP PHARMA

ASTRAZENECA PHARM. LP
JOHNSON & JOHNSON

PFIZER, INC

BRISTOL-MYERS SQUIBB CORP

GLAXOSMITHKLINE

ELI LILLY

PFIZER, INC

7 100 000 000 USD
5 500 000 000 USD
4 000 000 000 USD
3 600 000 000 USD
3 300 000 000 USD
3 000 000 000 USD
2 900 000 000 USD
2 800 000 000 USD

2 700 000 000 USD
2 700 000 000 USD

t

rocni
trzby
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OH
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LIPITOR atorvastatin tuky
ZOCOR — simvastatin ~ tuky
PREVACID = lansoprazol  Zaludek
NEXIUM esomeprazol Zaludek
PROCRIT erythropoetin  krvetvorba
ZOLOFT sertralin deprese,obezita
PLAVIX clopidogrel obéhovy systém
ADVAIR DISKUS fluticason \astma
ZYPREXA olanzapin hlava
CELEBREX celecoxib zanéty
~
WP
Q)
N;N\ CF,

ZT

=S,

N=

\ 7/

CF,

HMG-CoA reductase

HMG-CoA reductase

H*/K*-ATPasa

H*/K+-ATPasa

EPOR

serotonin transporter

ADP receptor

glucocorticoid receptor

serotonin-dopamine-

PFIZER, INC

MERCK & CO.,INC

TAP PHARMA

ASTRAZENECA PHARM. LP

JOHNSON & JOHNSON

PFIZER, INC

BRISTOL-MYERS SQUIBB CORP

GLAXOSMITHKLINE

receptor ELI LILLY
COX-2 PFIZER, INC
H
N p
JONEUC
"o N \ /

7 100 000 000 USD
5 500 000 000 USD
4 000 000 000 USD
3 600 000 000 USD
3 300 000 000 USD
3 000 000 000 USD
2 900 000 000 USD
2 800 000 000 USD

2 700 000 000 USD
2 700 000 000 USD



vegetativni nervovy system

parasympaticky sympaticky
o noradrenalin
acetylcholin acetylcholin acetylcholin "\
7\ 7\ /N srdce
(a /cf
srdce ( L
bronchy C C cévy
trévic.l' (o  hladkeé
ustroji N N svay
r r = s
(o ¢ jatra
adrenalin
(./> nadledviny
(a . potni
\ P

zlazy



synapse

monoaminoxidasa

transporter

noradrenalin O / :
o
° o .\. ® o
®o o
_._
receptor

cilova bunka



synapse

inhibice monoaminoxidasy
(amfetaminy, tranylcypromin,
moklobemid, selegilin)

+«—_ blokovani receptoru
-~ @ (kokain, amfetaminy)

agonista receptoru ——» .

posilovani sinalu (sympatomimetika)
|leCba depresi, IéCba parkinsonovy chroby,
nosni kapky, lééba hypotenze cilova bunka



synapse ‘

®

®

. o O ° o O
antagonista receptoru ® eed @

(a-blokatory, B-blokatory) mg_ .. ®

zeslabovani sinalu (sympatolytika)
le€ba hypertenze a arytmie, leky na uklidnéni
cilova burika



Monoaminoxidasa (MAO) OH OH Si‘!i;ce
EC 1.4.3.4 HO HO e

léCba depresi +H,0+0, — + NH; + H,0,

HO HO
NH, 0

noradrenalin
a dalSi monoaminy

g f
N N N )W
H \
_ N-O
Isocarboxazid

@NANHZ ©\/H\NH

Phenelzine

2

Tranylcypromine



Synapse

@ cholinacetyl-

@
® ® \transferasa
o

transporter
acetylcholin O N
- ®
O ® o
() o ©
o © ., ® acetylcholinesterasa
receptor

cilova bunka



synapse

cholinacetyl-

@ o ¢ ¢ \transferasa

agonisty receptoru o o ® inhibitory

—_a _ © o acetylcholinesterasy

— —>

receptor

posilovani sinalu (parasympatomimetika)
Alzheimerova nemoc
cilova burika



synapse ‘

@ cholinacetyl-

o ¢ ¢ \transferasa
®

antagonisty o o © ® 9

o
receptoru o o ® 3 -~ ° '. ~

acetylcholinesterasa

zeslabovani sinalu (parasympatolytika)

zaludecni viedy, vySetfeni oci,

le€ba bronchitidy, proti zvraceni, cilova bunka
leky na uklidnéni



Donepezil AHE*’!PI‘

Acetylchollnesterasa 5 mg
EC 3.1.1.7

Anccpt

mmq

Exelun 1 )

g

Rlvastlgmlne

Galantamine



K. Barry Sharpless |

Acetylcholinesterasa
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Ki=77-410fm
(77 - 410 .10 ) o



Angiotensin converting enzyme (ACE)

EC 3.4.15.1
angiotensinogen bradykininogen
Renin
l Kallikrein
Asp-Arg-Val-Tyr-lle-His-Pro-Phe-His-Leu v
angiotensin | bradykinin

) ACE (
inakt. pept.

Asp-Arg-Val-Tyr-lle-His-Pro-Phe
angiotensin |l

vazba na angiotensinovy
receptor

'

zuzovani cév, rust krevniho tlaku



ACE inhibitory

IC,,
5.6 nM (serovy ACE)
70 uM (jedvinovy ACE)
@/\C)i
Lisinopril
OH I‘ ..
5 o O%_/OH
H :
N :
z H -
Quinapril % .
o "J *"; *‘ Trandolapril

o



ACE inhibitory

Enalapril

Enalapril-Hidroclorotiazida BEXAL

20/12.5 mg Comprimidos EFG




HMG-CoA reduktasa EC 1.1.1.34
- HSCoA -

O @) OH O
P
Ac-CoA
c-%0 HMG-CoA 2 NADH 2 NAD* melvalonat \
\
\

)k/\o// O// O

l |sopentenyI-PP

_ _ farnesyl-PP
Simvastatin

1 N\
/ \ cholesterol
/

I

£y
steroly 00’

HO



HMG-CoA reduktasa
- HSCoA -

O O OH O O OH
)k — —
SCoA OWSCOA OWOH
Ac-CoA ,
¢-Co HMG-CoA 2 NADH 2 NAD+ Melvalonat \
\ _
@ 9
)k/\ P. _P_ -
0100

O @
l isopentenyl-PP




HMG-CoA reduktasa

Lovastatin

" OH
Pravastatin

\'ﬁg\
5
3

%

Simvastatin



HMG-CoA reduktasa

Atrovastatin

|
_S: _
@) Rosuvastatin



HMG-CoA reduktasa

Lipobay™ (Bayer)

zpusoboval poskozeni svalt a ledvin
(52 umrti, 385 pacientl prezilo)

Cerivastatin v roce 2001 stazen z prodeje



Enzymy traviciho traktu

i.
E_ Xenical
Eapiuban | Kapiiei o Lpald

Glykosidasy — diabetes Il. typu

OH
Ha& 5 HNYO Orlistat
HO
Acarbosa Hﬁ% Lipasy - obezita

| e OH
e TR -
= e

|| B e

1 —



Cykloxygenasa (COX) EC 1.14.99.1 ')

Prostaglandin-

O : , :
endoperoxidsynthasa Arachidonova kyselina

dioxygenasa a peroxidasa
zaroven l

O \““E/WO_

| S
| O .
O\/\/\/\/ Prostaglandin G2

O ZZN
Isoenzymy -
- COX-1 — aludek, ledviny OOH
- COX-2 — tkdné se zanétem l

O \\““E/WO_
| O\/\/\/\;O Prostaglandin H2
<« O Z

/ Cé)Hx \

prostaglandiny



Cykloxygenasa

| 0
neselektivni (COX-1 & COX-2) Diclofenac .,

0 s 300 nM (COX-1)

18 nM (COX-2)
oH NH
cl Cl
O =
/go

Voltaren

::_ - Emﬂ!gﬁfh _

kyselina
acetylsalicylova

ICqp
2.6 uM (COX-1)

15 .M (Cox-2)  louprofen



Cykloxygenasa

neselektivni (COX-1 & COX-2)

1EQG '\
COX-

Hem

R \
I2C§O M (COX-1)
. u - O
1.5 uM (COX-2) Ibuprofen



Cykloxygenasa

selektivni (pouze COX-2)

IC,,
15 uM (COX-1)
40 nM (COX-2)

Od podzimu 2004 stazeno Rofecoxib
Z prodeje (dobrovolné)

MO D035 1580- 11

& BEXTRA®
aldecarib tables

20mg

190 tables

R sely Valdecoxib

prisnéjsi regulace . = na jare 2005 dobrovolne
stazeno z prodeje



Cykloxygenasa

selektivni (pouze COX-2)

Hem

Br




Xanthinoxidasa oxidasa - EC 1.1.17.32 (d¥ive EC 1.1.3.22)
dehydrogenasa - EC 1.17.1.4 (dfive EC 1.1.1.204)

dna
@) @) O y
N XO N XO N
HN HN HN
A Zt\>ﬁ ftﬁo
N H O H H O H H k. moCova
hypoxanthin xanthin \
H
@)
H,N N
A L0
O H H allantoin
allopurinol l

170 H,N IO NH,
vioprim -
et OIO O%\H H*o
i 2 N
28 Tabdetas [ Tabdets )\

GlaxoWellcome @) NH H.N @)




Xanthinoxidasa oxidasa - EC 1.1.17.32 (d¥ive EC 1.1.3.22)
dehydrogenasa - EC 1.17.1.4 (dfive EC 1.1.1.204)

savCi enzym — dehydrogenasa — pusobenim thiol, Cu?*, proteolysou nebo zmraZzenim se stava oxidasou

2
VA
Cys—S S S—Cys o) s-Mo=0

Fe.o-Fe
Cys—S S—Cys

FAD

T 2T
8/
;%
O
-0
O |
|

HN |
H N)\\N N

molybdopterin

substrat

allopurinol
Lyloprim
Aloparinol
300 mg

78 Tabdetas | Tablets
GlaxoWellcome




prodrug
Thrombin EC 3.4.21.5 \N,OH

| Ki =2 nM
O " @) O
N

[

prodrug Ximelagatran

2

O_ .0
O .
MN
oc—)\\s/NH
B H o
100mg/mL
ARGATROBAN

Agatroban R e o |




Karbonathydrolyasa
EC4.2.1.1 H* + HCO; — CO, + H,0

Role
udrzovani acidobasické rovnovahy
spolutcast na transportu iontd pres membrany

regulace osmotického tlaku atd. \
1AZM /

Terapie

_zeleny o&ni zakal ’2 /
-epilepsie (urcité formy) D\—)

-vysokohorska nemoc =
a dalsi \'V‘ -y

| :l i : F & | . i | /

¥

oW
NN

o
_—

Acetazolamid




Dihydrofolat reduktasa EC 1.5.1.3

H
HZN\(/N | " HN_ NN
H
NﬁIN]ﬁ 2 - ‘
H N ~
OH HN N

OH HN
(0]
(0] > o
H _ /\ ~ O

E)L
o
3 NADP* NADPH + H*

O O

H,N___N__Ng
K
N —
Y\[N O folat
OH

k |
N s)i ]\/
Q( methotrexét

ucinky: protinadoroveé (acute lymphoblastic leukemia a dalsi)
Imunosupresivni (revmatismus a jina autoimunni onemocnéni)

-

__—

---—

e 2 5 migiml pa
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Dihydrofolat reduktasa

methotrexat
H,N.__N__N
g I
N ~ = N
N H
NH, N
@)



Chronicka myeloidni leukémie (CML)

Philadelphia chromosom

9 22 Ph

—»

Ph = den(22) (2x)

LY -
%

-




Chronicka myeloidni leukémie (CML)
Abelsonova kinasa

c-Abl BCR

P
O

N

¢

malo aktivni

C
vysoce aktivni




Chronicka myeloidni leukémie (CML)

Abelsonova kinasa
(protein-tyrosin kinasa)

Imatinib (STl 571, Gleevec, Glivec)

B -

ET IT] -|-|.|-.q-|

Gleevec
MIIIIM‘I wranepl far |




High throughput
screening

/

HN STI-571, Imatinib
H ICs = 25 NM
N N
N
R T g
NINZ
,lead compound*, inhibitor neinhibuje PKC
proteinkinasy C selektivni inh. c-Abl

H
N
N
\g Gleevec
silny inhibitor PKC :".:'_'. rurs ks
O 104 =g

inhibitor PKC N
| proteintyrosinkinas |
vcetné Abl

Ha i



m |

IRESA S

Cl
Gefitinib ('lressa’, ZD1839)

epidermal growth factor receptor-tyrosine kinase
rakovina plic



Tarceva, OSI-774, Erlotinib, CP 358 77 ‘ ‘
epidermal growth factor receptor-tyrosine kinase
rakovina plic



Neuraminidasa
EC 3.2.1.18

Relenza

Zanamivir




OH Neuraminidasa

v

Relenza

Zanamivir




Neuraminidasa GRID (www.moldiscovery.com)

HO OH
OH |
\ O O_
ST o
o HO \
HO OH
_OH

N O~
TR

Ki=1 000 nM

Relenza

Mark von ltzstein et al. (1993)
Nature 363, 418 — 423.

Zanamivir

Ki=0.1-0.2nM




Neuraminaidasa

Tamiflu® 75 mg
O rrrrrrrr . Faral
/j | -
LA
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Neuraminidasa

R ~ OH

Oseltamivir

R:

-H

-CH,

-CH,CH,
-CH,CH,CH,
-CH,CH,CF,
-CH,OCH,
-CH,CH=CH,
-CH,CH,CH,CH,
-CH,CH(CH,),
-CH(CH,)CH,CH,
-CH(CH,CH,CH
Cyclopentyl

3)2

Cyclohexyl
Phenyl

-CH(CH,CH,),

Ki (nM)
6 300
3700
2 000

180
225

2 000
2 200
300
200
10

16

22

60
530



D-alanyl-D-alanin karboxypeptidasy
EC 3.4.16.4, transpeptidasa

H H
Yy
O Oj;I\D< peniciliny
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Human immunodeficiency virus (HIV)

genom
LA 3 LTR
M | CA| NG | P8
__gag | ] 1+ e B
[ po fat | [nef ]
Pro | RT | Int ) SL | TH
mEy
HIV_I vor  vpu
Im‘ 3 LTR
MA | CA| NG | PS
__gag | Lvf] |- rov -l
L pol | H- tat “| [nef
Pra | RT [ 5L | ™
HIV-2 N,
VEX  VEP
proteasa

reverzni transkriptasa
integrasa —




Human immunodefficiency virus (HIV)

Nucleoside Analogs

Z - Combivir Eplvir Hivid Ristrawvir Videx Zorit Zlagen
|€C|Va {ATT phm 3TC) mmeeuding {enietabeng slrvucing

Adjunctive
Non-Nucleosides Anti- ] Nucleotide
mr Sustiva Viramung :-_Lyﬁw Droxia Preveon
. ol GLV) *m : of Hﬁ d um" o m: m

Prockacid iry pain] iy
SLEpadT Beve e
Protease Inhibitars \ Masdachusecs Dot ¥
Agenerase Fortovase Crixivan invirase Norvir Viracopt D 80 Dugont

Prarmaceoicals Pis
shcmy OB S2e
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Human immunodefficiency virus (HIV)

proteasa

(O]
Cae)

o

| amprenavir
saquinavir

O ¢ )
\FO OH it </ >\<



Lekarstvi:
inhibitory
Human immunodefficiency virus (HIV)

e

‘ LY,
reverzni transkriptasa >3 \“e/
(il ‘k F.C 4
P L ' o
/ B ' y N/l%o
A | | .H
VIR efavirenz

HO @NH
\. (o N r<| C
LT
o)

lamivudine

: ®
]

abacavir o N
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HO 0) .

o tenofovir o A
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Lekarstvi:
ornitindekarboxylasa (EC 4.1.1.17)
Spava nemoc

NDC D085-0651-35 .
Ornidyl’
eflornithine
hydrochloride
chlorhydrate
deflornithine

for Injection Concentrate
pour Injection Concentré

ZOOmwrnL

ornidyl” 20q
eflornithine hydrod,r:“
{hmrh_wfrm-_:‘ d*dlr;rm;::'

Moty g

a-difluoromethylornithin — eflornithine
produkce zastavena 1995




Deficience enzymi

Fenylketonurie fenylalaninhydroxylasa
poskozeni mozku, mentalni retardace

Lysosomové nemoci:
Gaucherova nemoc B-glukosidasa
defektni vyvoj sleziny, kosti, jater, poruchy krvetvorby

Fabryho nemoc a-galaktosidasa
defektni vyvoj srdce a ledvin

Pompeho nemoc a-glukosidasa
defektni vyvoj svalu a srdce

Morguiova nemoc B-galaktosidasy (ruzné isoenzymy)
defektni vyvoj kosti



Deficience enzymii

Fenylketonurie fenylalaninhydroxylasa
Phenoptin —tetrahydrobiopterin — ukoné€ena lll. faze

Lysosomové nemoci:

Gaucherova nemoc B-glukosidasa %
Cerazyme — rekomb. B-glukosidasa e
Genz 112638 — ,,chemicky chaperon” — Il. faze ;m_

Fabryho nemoc a-galaktosidasa T

Fabrazyme — rekomb. a-galaktosidasa

Pompeho nemoc a-glukosidasa
Myozyme — rekomb. a-glukosidasa — schvaleno 2006

Morquiova nemoc B-galaktosidasy (ruzné isoenzymy)
,chemicky chaperon“ — in vitro ain vivo




Deficience enzymu

,chemické chaperony* deficience enzymu/proteinu v dusledku mutace

enzym/protein se netvofi | | enzym/protein se tvori inaktivni

\

mutace v aktivnim/
destabilizujici mutace vazebném misté

inaktivni enz. aktivni enz.

chemicky
— — chaperon

H + substrat
el
produkt



4O — OH
%H
HO N~~~

Deficience enzymu HO

chemicky chaperon

,chemické chaperony*

GM1-gangliosidosis a

Morquio B disease

(deficience lysozomalni
B-galaktosidasy) WT

R201C

Matsuda et al. (2003)
PNAS 100(26), 15912-15917. ) _
detekce fluorescencné znaCenym cholera toxinem



Deficience enzymu Trigeminal

Fronto-temporal nucleus of
_chemické chaperony cerebral cortex brainstem iver
A B C
HO NN o Sy
HO - R
s chem. ® ot : ;
chaperonem
GMl-ganinqsidosis a D c r
Morquio B disease
(deficience lysozomalni
-galaktosidas
b9 y) bez chem.
chaperonu

Matsuda et al. (2003)
PNAS 100(26), 15912-15917.

detekce X-Gal



