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Farmakogenetika a genomika

— Vyvoj celé rady léCiv byl fizen omylem (penicilin, paralen, viagra, atd.)

— Velky problém pfi vyvoiji IéCiv je ADR (adverse drug reaction) — pfiblizne u 7% lidi

— Farmakogenetika — studium dédiénych rozdilt v metabolismu Iéku

— Farmakogenomika — studium vSech genu ovliviiujicich odpovéd na |éCivo

— Interindividualni variabilita metabolismu I€Civ je hlavni pfi¢inou nedostatecné ucinnosti a
nezadoucich ucéinku IéCiv.

— Cela fada léCiv metabolizovanych v jatrech je metabolizovana enzymy cytochromu P450
(CYP) =CYP1, CYP2 a CYP3

— Geny kodujici tyto enzymy jsou vysoce variabilni a v ramci populaci vykazuji znacné rozdily
v jednotlivych alelach.
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Xenobiotikum (lécivo)

Silné lipofilni

l

Akumulace v
tukoveé tkani

Lipofilni Polarni Hydrofilni

v

1. Faze biotransformace

>

aktivace/inaktivace
oxidace, redukce, hydrolyza
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l 2. Faze biotransformace

Polarni—— aktivace/inaktivace
konjugacni reakce

l

Hydrofilni

v l v

Extracelularni tekutiny — exkrece jatry, ledvinami
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1. faze biotransformace S

— zavedeni polarni funkcni skupiny do molekuly lipofilni latky /—sFea- 0, _sﬁey_\z'

- OH, -NH2, -SH, = CO, - COOH Cel. e
— reakce 1. faze biotransformace: oxidace, redukce, hydrolyza s Xv””OH__ y o/:}/ ’
— b&hem 1. faze biotransformace muze dochazet jak ke LR | R"_S'e»_

snizeni tak ke zvyseni ucinku (toxicity) lécCiva
— NejCastéjsi reakce je oxidace katalyzovana:
-cytochrom P — 450
- alkoholdehydrogenaza

- monoaminoxidazy a diaminoxidazy
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2. faze biotransformace

— Xenobiotikum (lé€ivo) se pfes polarni funkéni skupinu navazanou v prvni fazi vaze na
vysokomolekularni endogenni konjugacni Cinidlo

— Konjugat ma obvykle mensi biologickou aktivitu, vySsi rozpustnost ve vodé a vysSi
molekulovou hmotnost nez puvodni latka (metabolit z 1. faze)

— Obvyklé konjugacni reakce:
konjugace s k. glukuronovou, sulfatova konjugace, glycinova konjugace, acetylace (N-

acetyltransferaza), metylace, glutathionova konjugace (glutathion-S-transferaza)

SH
5 OH 0 ’
O HO CM N CO,H
HO 2 2
H&OH : H ~
OH NH, @) |\
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‘O D Pokles aktivity nese vyssi
CC riziko

B(o)P D Pokles aktivity ma
protektivni tcinek

CYP1A1
CYP1A2
CYP1B1
CYP3A4 CYP1A1
2,3-epoxid CYP2C | 1-OH [cypia2

‘ 4,5-epoxid 3-OH | cyp1B1
OO‘ 9,10-epoxid — " Fenoly 6-OH 3 » 9-OH-4,5-oxid

o 7,8-epoxid 7-OH
9-OH EH
EH /\EH

‘O _ DNA adukty 9-OH-4,5-diol
OO‘ 4,5-diol o . _
o 9,10-diol /10 1
CYP1A1 -

CYP1A2
CYP1B1

. . N _— .
DNA adukty <— 7,8-diol- 9 10- epoxm GSTAL Glutathion-konjugaty

GSTM1
GSTP1
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Oxidace alkoholu

H,C——CH,——OH

4 +
Katalaza NAD ADH
+ H,0, NADH 4 H (Alkohol dehydrogenaza)
- H,0 +

NADH + H*
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ethanol
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acetaldehyd

H,C—C

NAD*
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(Aldehyd dehydrogenaza)

=0

\OH

k. octova

CYP2E1

=

QDI e

—_ =



8

Dulezité CYP450 pro metabolismus lIécCiv

CYP2C19 a CYP2C9

— Jejich geneticka variabilita
vysvetluje velkou Cast variability v
enzymaticke aktivité

— Podle enzymaticke aktivity delime

jedince na ultrarychlé, normalni,
stfedni a pomalé metabolizery
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Dulezité CYP450 pro metabolismus lIécCiv

CYP2C9 10g23.33 ++ Acenocoumarol, diclotenac, fluvastatin, glimepiride, glipizide, ibuprofen, losartan,

phenytoin, S-warfarin

CYP2C19  10g23.33 ++
(es)citalopram, omeprazole, pantoprazole, sertraline, voriconazole

Amitriptyline (and other tertiary amine tricyclic antidepressants), clopidogrel,

CYP2D6 22q13.2 ++ Amitriptyline (and other tricyclic antidepressants), aripiprazole, atomoxetine,
codeine, dextromethorphan, fluvoxamine, metoprolol, mianserine, MDMA,
ondansetron, paroxetine, propatenone, risperidone, tamoxifen, thioridazine,
rimolol, tramadol, tropisetron, venlafaxine

O
- %
Codeine mH

N

CYP2CS cYP2ce
- CYP2C19 SYP2C19
Morphine CYPa2Cs
CYP3s4

1
2 ; 0)</©)Y0 HO )
[ Morphine-3-glucuronide ] - < H
OH

v 1-hydroxylbuproten 2-hydroxyibuprofen S-hydroxyibuprofen
[ Codeine-6-glucuronide ]
;»[ Morphine-6-glucuronide ]

OH o]
\ g 0.
COREO022 — Farmakogenomika Hophorne j\m

carboxyibuprofen

[ CYP2CY

=

QDI e

—_ =



Dulezité CYP450 pro metabolismus lIécCiv

R NR’
N—I/P\ CYP450 N—P
/_/ o0 — /_/
Cl Cl
Oxazaphosphorine

Chemoterapeutikum
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Cl Cl
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HO dopa decarboxylase

t

HO
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Prekurzor dopaminu
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4-Hydroxycyclophosphamide

H

Aldophosphamide

NH,

HO

HO

Dopamine

6'-p-Hydroxysimvastatin ~ 6'-Exomethylenesimvastatin  6'-B-Hydroxymethylsimvastatin ~ 3'-Hydroxysimvastatin

o}

Lovastatin

CYP3A4 CYP3A4
\J

6'-p-Hydroxylovastatin

6'-Exomethylenelovastatin 3"-p-Hydroxylovastatin

Statiny

Simvastatin

CYP3A4 CYP3A4 \CYP3A4

HO...
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Metabolismus tamoxifenu

Modulator estrogenovych receptoru pouzivany k prevenci rakoviny prsu u zen

Tamoxifen-N-
glucuronide

OH
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Typy mutaci

Tranzice GAACGT > GAGCGT NH
Transverze GAACGT - GATCGT - GLD
Missense mutace GAACGT - GAICGT °N o
Glu Arg Asp Arg Y
Konzervativni substituce ACTCGT -> TCTCGT \fcmsm
Thr Arg Ser Arg
Radikalni nahrazeni GATCGT - GCTCGT ﬂH;
Asp Arg  Ala Arg — S
Nonsense mutace GAACGT = TAACGT N o
Asp Arg STOP Y
Inzerce GAACGT - GAAACGT :( -
=Meiny asine
Delece GAACGT -2 GACGT

SNPs — jednobodové polymorfismy v ramci genomové DNA
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AmpliChip P450

— Roche Diagnostics' 2D6/2C19 —
prvni diagnosticka analyza SNPs
spojenych s metabolismem IéCiv

pomoci DNA Cipu

— FDA schvaleno, 2004
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Sekvenace lidskeho genomu

— v dobé pocatku (rok 1990) monumentalni ukol Clone #1_ T Clone #3

— zapocat v roce 1990 za ucasti DOE and NIH

Clone #2

— sekvenace provadéna pomoci kontigovych map a BACs

— prvotni plan pocital s dobou trvani 15 let Conig

— nakonec sekvenace pomoci Sangerovy metody témér dokoncena jiz v roce 2000

— vysledna sekvencni mapa publikovana 14. dubna 2003, 99.99% presnost (National Human Genome
Research Institute)

— celkové naklady projektu 3 miliardy dolarut

— v roce 2000 prezident Bill Clinton ujistil o nepatentovatelnosti lidské DNA

https://https://www.genome.gov/25019885/online-education-kit-how-to-sequence-a-human-genome//
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https://unlockinglifescode.org/timeline?tid=4

Sekvenace dle Sangera —|. generace

» Syntéza DNA in-vitro za pouziti “terminatort” — dideoxynukleotid( zabranujicich po
svém zaclenéni do DNA jeji dalSi elongaci.

| T‘ A»'«TTC »'«Tc’
9 >
CH, , OH "'ﬂ:":’;:. o™ P g
H Ho s T Laser ¥
H H | e ] Bufter
H - +
Deoxyribosa Dideoxyribosa
» VyZaduje pouziti inicialniho primeru, DNA polymerazy a smési dNTPs PR O T | h biss.
se znaCenymi ddNTPs AV g FVV T T VW YA VAV T DT AW TV
« Nasyntetizované fetézce jsou poté separovany pomoci A b |
: A 4 Z 1A r A A A | n I il f A \"
polyakrylamidové gelové elektroforézy nebo kapilarni elektroforézy o LY ATV VA L YW
* Moznost plné automatizované separace za pouziti fluorescencné \ ‘J'*, A x M s
v , ¥ (| ;"" ‘ W | | '{ W | ‘ \ [ "E ‘\", I ( \ |
znacenych ddNTPs WAV TN WA DALY VYA IVECYAY EEAY AARE XY DOVAL IV el XYy
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Sekvenace dle Sangera —|. generace
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Throughput/Performance by Run Module
XLRseq: 768 samples per day (690 Kbases)
LongSeq: 1152 samples/day (980 Kbases)
StdSeq: 2304 samples/day (1550 Kbases)
FastSeq: 2304 samples/day (1600 Kbases)
RapidSeq: 3840 samples per day (2100 Kbases)
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https://products.appliedbiosystems.com/ab/en/US/adirect/ab?cmd=catNavigate2&catID=600527&tab=Literature
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Celera Genomics Project JceLera

— zalozena védcem Craig Venterem a v roce 1998 zapocCala sekvenacni projekt

— celkové naklady 300 mil. dolart byly hrazeny pIné s privatnich zdroju

— poprvé pouzita metoda ,whole genome shotgun sequencing”

— k analyze sekvenacnich dat pouzit pfistup vyvinuty Gene Myersem

— tento pristup vsSak vyzadoval extrémni vypoctové pozadavky

— finalni vypocCet provadén na 7000 procesorech k ziskani 1000-nasobné rychlosti
oproti Pentium poditaciim

— tento inovativni pfistup dovolil dokoncit sekvenaci jiz za 9 mésicu

COREO022 — Farmakogenomika

Original
genome

BREAK UP DNA

Many small
fragments

CLONE AND SEQUENCE MANY SMALL FRAGMENTS

LINE UP SEQUENCES AND
FIND OVERLAP BY COMPUTER

(S
Contig #1 Gap Contig #2
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SC1



Silna role diplomacie

It is hard to imagine today’s politicians reminding
scientists that cooperation has as much value as
competition.

In 26 June 2000, US President Bill Clinton and UK Prime
Minister Tony Blair presided over a carefully choreographed
piece of scientific theatre. Through a video link connecting
Washington DC and London, they announced to the world that

scientists had completed a rough first draft of the human

genome sequence. Craig Venter (vlevo), Francis Collins (uprostied), Bill Clinton (vpravo)

=
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Sekvenatory |l generace

@ Vzorek DNA - fragmentace (Covaris, fragmentdza)
S S Zacisténi konct (DNA polymerdza)

=3 3= Ligace adapteri (ligdza)

- = | Vybér fragmenti dle velkosti (SPRI)

----------- Amplifikace fragmentd

Sekvenace (Illumina, IonTorrent)
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Sekvenatory Il generace (lllumina)

=

Miniseq i

MiniSeq System

25 millo Novaseq - .

SEQUENCING LIKE NO OTHER

NextSeq System

oooooooooooooooooo verful, and cost-effective
‘ >0 > option for high-throughput applications
AX READ NUMBE SP 0.8s ‘ 80 ‘ 250 e ‘ 400 e
P e s Flow cell type Single reads’ x50 output 2 x 150 outpu x 250 output
| S1 16s ‘ 167 e ‘ 333 ‘ 500
. ! Flowcsltype  Single reads 2.x 50 output 2100 cutput 2 150 output

enabling cost-effective sequencing across a range
oooooooooooooooooooooooooooooooooo

32 &le | 417 [Co0 S N
4 10: | 2000 e

SC1
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Sekvenatory lll generace

— Zakladem technologie jsou nanopory .6»

_ Na zadéatku sekvenace je NK navazana na nanopor tvofeny proteinem {JNANOPORE m

— Poté je rozpletena a prochazi pfes nanopor, coz generuje zménu proudu i
— Na zakladé pozorované zmény jsou odecitani v realnim Case jednotlivé baze
— Umoznuje sekvenaci velmi dlouhych useku (desitky az stovky kilobazi)

— Nevyhodou je vysSi chybovost, spravnost >95%

E
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