10. KﬂeT'b‘-IHO-MO.ﬂeKy.ﬂﬂpHVI MeXaHU3MUN Ha
OKUCNUTENHUA MeTaboNnM3bM — cMCTEeMa Ha

Luntoxpom P450: cTpyKTypa, hyHKUUA,
M30EH3NMU

Oou. ao-p M. MuyeBa gm
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| ®asza - LUutoxpom P450

Lintoxpom P450 eHammHa cuctema (CYP450) — cynepdamunua ot nsodopmm

— nonucyb6cTpaTHa MOHOOKCUreHa3Ha cuctema (okcuaasa cbC cMeceHa (hyHKUUA -
FMO)

3a eHOOrNreHH MOJeKynm n KCGHOGMOTVILIM (MM 50 000)

«JlokanusupaH B eHaonnasMaTMYHUA PeTUKynyMm (4epeH Apo6, UHTeCTUHYM, 6b6pek 1 Ap.)
*MeM6paHHO cBbp3aHa

*ENeKTpoHHO TpaHCNOpTHa cMCTeMa - OKUCIieHne, MOHOOKUCIieHue

+*0,, e ot NADPH, peaykrasa

*Xem npoteuH-Fe3*, donasonpoTtenH
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LHutoxpom P450 MFO - xapakTtepucTuka

CyOcTpaTHa CenekTUMBHOCT

UHgyumpyemMmocT/muHxubupaHe oT
Pas3fIyHM areHTH

Jlokannsauusa B pasfnmiuyHu
KNeTKU/TbKaHu

lNop onpepeneH reHeTUYeH KOHTPON

YepeH apob
Xenatouutu

EHponna3matuyeH
MopTanHO ———— peTuKynym XITb4kKa
KPBbBOOGPbLUEHME —

/P m Cbabpxat Liutoxpom
CuctemHo P450 saBucuma OCP

ApTepuanHo
KPpbBOOOpbLEHNE

—
BeHO3HO
KpbBOOOpbLUEHME




PETUKYINTYM

EHOOMNNA3MATUYEH

10.5.

Lintoxpom P450 3aBucuma
oKkcugasa CbC cMeceHa (PyHKUmA

NEKAPCTBO METABOJIUT

/ =NEKAPCTBO+O

0, —

NADPH =¥ =¥ NADP+

/ »
H+ BOOA
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NMonyyaBaHe Ha MUKpPO30OMM

Filter
homogenate
0 remove
clumps of

| unbroken
cells,
connective

Loz | tissue, ete. —_— )
A n o
Centrifuge
| 2 A
e

~ 100.000g = i
60 min

| Mitochondria, i rnu 8 Soluble portion

Hemogenize in 0.25M  Filtered o8 !
sucrose, or break cells homogenate remwcd by chloroplasts, o <.yl.m|>\a5m
with high-frequency pouring) and lysosomes 5 leytosal)
sound (sonication) {to be removed)

Okcupasa cbC cmeceHa (pyHKUUA
(MFO-Mixed Function Oxidase)

KomnoHeHTH Ha MFO:
1. Uutoxpom P-450
2. NADPH-Lutoxpom P-450 peayktasa

3. lunnpgHa o6BMUBKa

OcHoBHa peakuuna:
NADPH + H* + RH —— NADP* + H,0 + ROH

10.8.




9/28/2008

. Untoxpom P450

LlVITOXpOMbT € TepMunHarneH KOMMNOHEHT
Ha eNneKTpOHHO-TPaHCMopTHAaTa BEpUra Ha okcnaasarta
B eHOonnadMaTtndHnAa peTukynym

HaG CH=CH,

[\

COOHCH,CH,

—

COOHCH,CH, CHs

Xem Cytochrome P-450

IndbepeHunarneH crnekrtop Ha Lintoxpom P450-
CO komnniekc npun A 450nm

LUunTtoxpom P450 B
npucbcTBUeTo Ha CO,
o6pa3yBa KOMNJeKc
Cys-Fe-CO, kouto
abcop6upa Ha 450nm (->

CYP450)

Ahsarbance

4509
\hFaveIengLY (im)

S0

10.10.




Lintoxpom P 450

héme
O- zone hydrophobe
stéréospeécifique
d'un substrat

10.11.

AKTUBHO MSICTO Ha
LinToxpom P450

CBbp3BaLYo MsCTO 3a cy6eTpara

[BycrnoiHa nunuaHa mem6paHa

— lpoTenH

Katanutu4yeH ueHTbp
(msicToTO, KbOETO
npoTuv4ya XMMMU4HaTa
peakuus)
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CtpykTypa Ha Fe3* MpoTtonopdupuH IX

CH; CH= CH,

CHs

COOHCH, CHj,

COOHCH,CH, CHj,

Fe3 obpasyBa 6 koopauHATHM BPb3KU
4 c a30THUTE aToMu Ha NopdUpUHOBUTE SApa
1 ¢ uMctenHa Ha npoTenHa Ha cyp450
1 cbe cybeTpara

2. NADPH-uutoxpom P-450 peaykrasa e:

dnaBuH-cbabpKaLl eH3UM, cbeTaBeH oT 1 mole ot flavin adenine
dinucleotide (FAD) n 1 mole ot flavin mononucleotide (FMN) Ha mole npoteunH

Flavin Flavin mononucleotide (FMN)

Ha \|
X R = T
_CH2 CHZ_O_PO?,Z_
(0]

2

'L NH OH \
/ N
e
_

R = —cH; T CHy—0—PO;—PO;—

OH
3
H

Flavin adenine dinucleotide (FAD) ©H ©H

MM 78000; cBbp3aH e ¢ umtoxpom P-450 B eHaonnasMaTtuyH1s peTUKynym
10.14.
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®dyHKkunsa Ha NADPH penykrasaTa

HeiicTBa KaTo MeXAWHEH areHT 3a TpaHcdep Ha eNeKTPOHM

NADPH + H* (noHop Ha 2 enekTpoHa) kbM Liutoxpom P-450 (akuentop Ha 1
€JIeKTPOH)

T.€. NADPH-LuTOXpOM

NADPH + H+ — (FAD FMN)
P-450 peaykrasa l

Lintoxpom P-450
TpaHcdep Ha enekTpPoHN Ype3 MONeEKyNUTe Ha drnaBnHa

poess iIZJ\fNL% iiwb\f«“io

e

P-450 P-450
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Liutoxpom P 450

02 H20
sH SOH
NADPH/H~+ NADP+

réaction de mono-oxygénation

10.17.

NADP* E Reduced ﬂ Oxidized
0,

J Reductase 1"., P450 \
NADPH Oxidized ~ Reduced T T Drug-OH
H,O
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. FLAVOPROTEIN

OXIDIZED
DRUG

»

CYTOCHROME
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P |

KaTtanutnyeH umksn Ha Llutoxpom P-450

1 HuBo — JlekapcTBOTO ce CBbP3Ba ¢ okucneHata dgopma (Fe3*) Ha untoxpom P450

NADH
? |NADH -cytochrome 2
e .+—— NADPH-cytochrome = NADPH

b, reductase
£ —450 reductase

cyrochroma by

NADPH- c.yrochrome
P-450 reductase
A

NADPH

CBbp3BaHe cbe cybcTpaTta
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KaTtanutnyeH umksn Ha Llutoxpom P-450

2 HuBo - MbpBUAT enekTpoH peayumnpa Fed* ot komnnekca cy6cTpar- Fe3+-
umutoxpom P450 BLB Fe?*

NADH

? |NADH-cytochrome
b, reducfase

cytachrome b,

\e__’/’ (5)
el

Fe'-RH

NADPH -cytachrome
P-450 reductase

NADPH

o;

9,

Fe' '~ RH
LY

{2 /

Fe' — RH

e .«—— NADPH-cytochrome = NADPH

P—450 reductase

13) "0

EnektoHbT ce poctaBa ot NADPH ype3 NADPH-uutoxpom P450-peaykrasa
v peayumpa Fe®* no Fe?*

AT S s . = DXPO P =49
BO O 2 CBBbP3Ba e 0 0 P45( 0 DA
ROH RH
et
NADH (6] a
Fe'RH Fe’"~RH
? |NADH -cytochrome 1
-
b, reducfase 0; (2) ¢ +—— NADPH-cytuchrome == NADPH
cyrochrome b, / P-450 reductase
A _’/’ (s)
-
A S\ Fe'™— RH
NADPH -cytachrome Fe'—RH 0
£-450 reductase 62‘ w B o
2t
NADPH p Fe —RH
0:
O 2 OXPOo O D e e a e
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KaTtanutnyeH umksn Ha Llutoxpom P-450

6 HnBo — BKNOUYUBaHe Ha Kucnopoga
5 HuBo — BbBeXxaaHe

B cy6cTpaTta u ocBo60oXAaBaHe
Ha BTOPU eNeKTPOH
Ha meTabonuTt

NADH

R Fe*'~RH
NADH ~cytochrome

b, reductase 022

(2] e «—— NADPH-cytochrome ~-NADPH
cyfachrome b /

P—450 reductase
o J (51
o
/

3+
NADPH -cylochrome Fe'—RH 0
£-450 reductase o 13) forr 2
A ]

NADPH

Fe' = RH

4 HuBo — eneKTpPOHHO NpepasnpegensiHe

Chemical

(benzense, vinyl
chlaride, etc.)

2

NADPH

>1CYP raduclase
NADP ,__|

T
@ | [Fes

-
Oxyoen .. 'ﬁ‘l
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Lntoxpom P450-HomeHKnaTypa

cybcTpaTuy,
-> MHOXeCTBO usocopmu,
Knacudwmkaums:
damununa 1, 2, 3, ...
Cy6-cbamunusa A, B, ....
UuamnBupgyanHa dopma 1,
héme 2,3, ...

zone hydrophobe Hanp.: CYP 2D6
stéréospécifique CYP 3A4
d'un substrat

Lntoxpom P450-HomeHKnaTypa

FeHeTnuHa cpamunusa — CYP ¢ghamunuume cbabpxkaT reHU, KOUTO UMaT
Han-manko 40% vaeHTUYHOCT (NnocnefoBaTeriHa XomMmosoxHocT). Te ca
Han-manko 74, Ho okorso 17 ca onucaHe npu YoBeka. OTbensisBa ce c
apabcka uudpa. Hanpumep: CYP2

FeHeTuyHa cybdamunusa — UneHoBeTe Ha cyb6ghamunusima TpsibBa Aa
umart Han-manko 55% vaeHTn4HocT. Okono 30 cy6damunum ca
oxapakTepusupaHu npu YoBeka. OTbenAsBa ce ¢ NaTMHcKa GykBa.
Hanpumep: CYP2D

MupmnBnpyanHa coopma (cneumdunyeH reH) — otéenssBa ce ¢ apabcka
undpa. Hanpumep: CYP2D6

C Italics ce oTbensizBa reHa, perynupaty CMHTe3a Ha CbOTBeTHaTa
nsocopma. Hanpumep: CYP2D6

9/28/2008
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Cytochrome P450 enzyme system terminology

“CYP2C9 *1*2”

“CYP” -P450 for all mammalian
species
“2” - family (17 - 14 human)
- subfamily (42 in humans)

- enzyme/gene (55 genes, 29
pseudogenes in humans

*1*2:  -Allele pattern

CYP ®amunuu

NoBe4yeTo OT NekapcTBO-MeTabonuanpawmTe eH3aMMHU
cuctemu npuHagnexart kbMm CYP 1, 2, n 3 damunuure.

CYPs ca c Mm 45-60 kDa.

YecTo ABe nnu noseye nsocgopmu morat ga
KaTanuaumpar equH TUN OKUCTNIUTESNHA peakuums,
nokasBaWku ronsima cy6crparHa cneu4ndmyHoOCT.

CYP3A4 usocdopmara yyactea B MmeTtabonumsma Ha
MHOrO fieKapcTBa; TA € Hann4yHa n B N'AT.

14
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R ~ Human Cytochromes P450 (CYP)

|
| L | | I | | | ] | 1 | | )
Families e e R e TR R W | e T Y ) 0 e i
| |
3A3 - . 21A2 ; £ i
Subfamilles 1A1 1B1 3Ad - 409 4B 4F2 11A1 11B1
1A2 3AS' a1 4P ‘ 1182

3A7 i
I I I | e | 1

i 2A6 286 2C8 2D6 2E1 2F1
27 209,

: 218
ac19

Il
FIGURE 1. The human cytochromes P450. P450s that share at least 40% homology are

grouped into families denoted by an Arabic number following the CYP root. Subtamilies,

deslignated by a letter, appear to represent clusters of highly related genes. Individual

P450s In a subfamily are numbered sequentially. Hepatic P450s commonly involved In

drug metabolls_m are found In families 1, 2, and 3.

"P450

Relative Importance of Relative Quantities
P450s in Drug Metabolism

CYPZE1 _ ~ CYP1AZ

of P450s in Liver

1004 270( 1214
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Nutrition

1A1;1A2;2E1; 3A3; 3A4,5

Smoking

1A1;1A2

Alcohol

2E1

Drugs

1A1,1A2; 2A6; 2B6; 2C;
2D6; 3A3, 3A4,5

Environment

1A1,1A2; 2A6; 1B; 2E1;

3A3, 3A4,5

Genetic
Polymorphism

1A; 2A6; 2C9,19; 2D6;

2E1

10.31.

SUBSTRATES -1

1A2 2B6 2C19 2C9 2D6 2E1 3A4,5,7
amitriptyline bupropion Proton Pump NSAIDs: Beta Blockers: Anesthetics: Macrolide
caffeine cyclophosphami Inhibitors: diclofenac carvedilol enflurane antibiotics:
clomipramine de lansoprazole ibuprofen S-metoprolol halothane clarithromycin
clozapine ifosfamide omeprazole meloxicam propafenone isoflurane erythromycin (not
cyclobenzaprine pantoprazole S-naproxen=>Nor | timolol methoxyfluran | 3A5)

(Flexeril®) E-3810 piroxicam Antidepressant | e NOT azithromycin
estradiol Anti-epileptics: suprofen s: sevoflurane Anti-arrhythmics:
fluvoxamine diazepam=>Nor Oral amitriptyline acetaminophe | quinidine=>3-OH
haloperidol phenytoin(O) Hypoglycemic clomipramine n (not 3A5)
imipramine N- S-mephenytoin Agents: desipramine =>NAPQI Benzodiazepines:
DeMe phenobarbitone tolbutamide imipramine aniline alprazolam
mexiletine amitriptyline glipizide paroxetine benzene diazepam=>30H
naproxen citalopram Angiotensin Il Antipsychotics: | chlorzoxazone | midazolam
ondansetron clomipramine Blockers: haloperidol ethanol triazolam
phenacetin=> cyclophosphamide losartan perphenazine N,N-dimethyl Immune
acetaminophen hexobarbital irbesartan risperidone=>90 | formamide Modulators:
=>NAPQI imipramine N-DeME | amitriptyline H theophylline cyclosporine
propranolol indomethacin celecoxib thioridazine =>8-OH tacrolimus (FK506)
riluzole R-mephobarbital fluoxetine alprenolol

ropivacaine moclobemide fluvastatin amphetamine

tacrine glyburide bufuralol

theophylline phenytoin=>4-OH | chlorpheniramin

verapamil e

(R)warfarin chlorpromazine

zileuton

zolmitriptan

9/28/2008
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SUBSTRATES - 2

1A2 2B6 2C19 2C9 2D6 2E1 | 3A4,5,7
nelfinavir rosiglitazone codeine (=>0- HIV Antivirals:
nilutamide tamoxifen desMe) indinavir
primidone torsemide debrisoquine nelfinavir
progesterone S-warfarin dexfenfluramine ritonavir
proguanil dextromethorphan saquinavir
propranolol encainide Prokinetic:
teniposide flecainide cisapride
R-warfarin=>8- fluoxetine Antihistamines:
OH fluvoxamine astemizole
lidocaine chlorpheniramine
metoclopramide terfenidine
methoxyamphetamine Calcium Channel
mexiletine Blockers:
nortriptyline amlodipine
minaprine diltiazem
ondansetron felodipine
perhexiline lercanidipine
phenacetin nifedipine
phenformin nisoldipine
propranolol (=>40H) nitrendipine
quanoxan verapamil
sparteine
tamoxifen
tramadol
venlafaxine
SUBSTRATES -3
1A2 2B6 2C19 2C9 2D6 2E1 3A4,5,7
HMG CoA
Reductase
Inhibitors:
atorvastatin
cerivastatin
lovastatin
NOT pravastatin
simvastatin
Steroid 6beta-
OH:
estradiol
hydrocortisone
progesterone
testosterone
Miscellaneous:
alfentanyl
buspirone
caffeine=>TMU
cocaine
dapsone=>N-OH
codeine- N-
demethylation
dextromethorphan
fentanyl
finasteride
haloperidol
irinotecan
LAAM
lidocaine

9/28/2008
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Cytochrome P450 3A

CYP3A damunus e 30% oT uutoxpomute
Ha YepHusi Apo6 u 70% ot Te3mn
B UHTECTUHYMa.

MeTaGonusupa MHOro noseye eK30reHH!
M eHOOoreHHU cybcTpaTn (XOPMOHHM) oT

- octaHanute CYPs.
st non-sedating antihistamines
pride

= Present in GI tract and hiver

cy6damunuu

gzzgzz > 97% ca uaeHTUYHN
CYP3A5

“ Ap. CbAbLpXKa ce B cTOMaxa

10.35.

Cytochrome P450 2D6
= Absent in 7% of Caucasians,

1-2% non-Caucasians
= Hyperactive in up to 30% of East Africans

: primary metabolism of:

\ > antidepressants
= Inhibited by:
Fluoxetine )
Clr,ld°1 Cytochrome P450 2C9
Xeunce

—Quinidine . [ .

b s ” e = Absent in 1% Caucasians and
African-Ame
netabolism of:
NSAIDs (including COX-2)
e active form)
— Phenytoin
= [nhibited by:
— Fluconazole
10.36.

9/28/2008
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Cytochrome P450 2C19

= Absent in 20-30% of Asians,
3-5% Caucasians
= Primary metabolism of:
Diazepam
Phenytoin

— Omeprazole
= Inhibited by:

— Omeprazole
— Isoniazid
Ketoconazole

Cytochrome P450 1A2

smoking tobacco
= Catalyzes primary metabolism of:
— Theophylline also caffeine
— Imipramine
— Propranolol
— Clozapine
= Inhibited by:
— Many fluoroquinolone antibiotics
— Fluvoxamine
— Cimetidine

http://medicine.iupui.edu/flockhart/clinlist.html

10.37.

eankunupasde, karanusupaHo ot MF0: N-,

eankKununpaHe ¢ y4actueTo Ha pasuiinydHu

VI3OOMV|

Diazepam : CYP3A4
CYP2C19

©

CH3

CYP2E1

CH3
C@ S U
=N —'C(7N —7\2\7'\‘
=

+ HCHO

HO—CH, |

oty |
N N Theophylline
)

Paraxanthine

9/28/2008
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XuapokcunupaHe Ha TeCTOCTEPOH C y4aCTUETO Ha pasfiMyHM N30hopMU LUTOXPOM
P450

2C11 (a)
3A (R)
\«

MeTaGonuTtHM NbTULLIA HA NapaueTamMona

4n-COCH s

tfgzg/// ~35%
uN-COCH s OH \\\\

CYP2E1* HN
CYP1A2
CYP3A4

Oo.__CO,H CYP2D6?

_COCH,

_COCH,

N o

~SO,H

OH
OH
/ * MHAYUMPaH OT eTaHon,
n3oHuasug,
(o)
lNMpoTtenHOBU aayKTn NAPQI

OkcnpgaTmBeH cTpec
N-aueTun-p-6€H30XMHOHO UMWUH
Tokcu4yHoCT 10.40.

HO
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