.Biotransformace™ = metabolismus
cizorodych latek a regulace hladin
biotransformaénich enzymu




ENZYMY METABOLISMU CIZORODYCH LATEK

@ Enzymy 1. fdze biotransformace xenobiotik, steroidnich
hormont a mastnych kyselin - monooxygendzy (CYP, AKR,
FMO), reduktazy (AKR, NQO), hydroldzy (esterdzy,
epoxidhydroldzy); dalsi reakce: hydratace, isomerace.

9~ 2. fdze biotransformace - transferdzy (6ST, UDPGT, SULF,
acetyldzy aj.); antioxidaéni enzymy (SOD, CAT, GPx, GR).

@ 3. fdze biotransformace (ABC transportéry)




BIOTRANSFORMACE CIZORQDYCH LATEK
A STEROIDU, EIKOSANOIDU AJ. ENDOGENNicH
LATEK

ors
Glucuronides,

Huchnphilu —_— Sulfoconjugates MRP1,3 thamhml}

<4k ..._I

Ellﬂtrﬂphllﬂl — 05H conjugates MRP2 [apmal]
GSTs

DHNA, proteins




1. FAZE BIOTRANSFORMACE:
monooxygendzové reakce

CYP enzymy
v
RH + 0, + NADPH —> R-OH + NADPT + H,0
(substrat) (produkt)

Funkce cytochromi P450 (CYP):

- Nejprve je nutny prenos elektroni z NADPH na CYP enzym (NADPH:P450-
oxidoreduktaza)

- Aktivace molekuly kysliku, ,roztrzeni* vazby
- Oxidace substrdtu (hydr'oxylace N- demethylace epoxidace, dehalogenace...)

RH — R-OH / /

N /\

N-CH; — NH+HCHO -C=C- — -C-—-C-
/ / /7 7,




ROLE CYP1A1/CYP1A2/CYP1B1 A EPOXIDHYDROLAZ V
METABOLICKE AKTIVACI POLYCYKLICKYCH
AROMATICKYCH UHLOVODIKU

(+)- and (-} B(a)P-7,8-diok
9.10-epoxide /



Seznam nejvyznamnéjsich cytochromu P450,
které jsou zodpovédné za biotransformaci
cizorodych latek:

@~ CYP1A1, CYP1A2, CYP1B1 (metabolizuje polycyklické aromatické
uhlovodiky);

¥~ CYP2C9 (metabolizuje nesteroidni antiflogistika a
dalsi 1éCiva), CYP2D6 (beta-blokatory, kodein); CYP2E1
(org. rozpoustédla jako ethanol, benzen, toluen)

¥ CYP3A4 (metabolizuje asi 30% viech xenobiotik,
predevsim |éCiv vCetné antibiotik);

¥~ CYP4A11 a daldi CYPs metabolizujici mastné kyseliny
(CYP4A = PUFA hydroxyldazy; CYP2C a CYP2J = PUFA
epoxygendzy) a nékterd xenobiotika.

Dalsi desitky CYP enzymi jsou zapojeny do biosyntézy a
metabolismu endogennich latek, napr. CYP7A (hydroxylace
cholesterolu), CYP17 (hydroxylace steroidt), CYP19

(aromatdza - pfeména androgenl na estrogeny).



Vlastnosti cytochromu P450

Cytochromy P450 = hemoproteiny; v UV-VIS spektru maximum pri 450
nm (v redukovaném stavu a navazany oxid uhelnaty); vyjimka mezi
enzymy: Sirokda substrdtova specifita, ruzné katalytické aktivity, vyskyt
nejvice v jatrech, GIT, plicich, ledvinach, ale i v dalSich tkanich).
Klasifikace podle podobnosti sekvenci: genové rodiny CYP1, CYP2, CYP3,
CYP4 atd., podrodiny CYP1A, CYP1B atd. (cca 60% sekvence),
jednotlivé isoformy CYP1A1, CYP1A2, CYP1B1; polymorfismus.

CYP3A4 s navdzanym inhibitorem Aktivni misto CYP1A2 s navdzanym B-naftoflavonem
(modra barva)




CYKLUS CYTOCHROMU P450:
AKTIVACE KYSLIKU A MONOOXYGENACE

interakci se substrdtem vznikad

vysokospinova forma Fe3+-hemu a
HQH Fe* RH® dochdzi k prenosu elektrond

Prenos elektrond: % /A/"’/
NADPH ke = ROH NADPH-P450 reductase"®®

1 ,
NADPH:P450 oxido-
reduktdza

|

cytochrom P450

(substrat RH,
produkt ROH,
produkce ROS)

Aktivace kysliku:
ROS = vedlejsi
produkty

NADPH-P450 reductase™? NADPH-P450 reductase®*




STEROIDY: substratova specifita CYP enzymi

(s vyjimkou aromatdzy monooxygendzové reakce inaktivuji

steroidni hormony)
aromataza

18 H

Estradial

Steroids

(testosterone, R = -OH
androstenedione, R = =O 6B-OH-Testosterone
progesterone, R = -COCH3

(4-Pregnene-3,20-dione))

Hydroxylace steroid 17-oxo0 (2C11, 2B1)

v rliznych pozicich %201 1)
(v zavorkach isoformy
CYP enzym)

H-16B (2B1)

2A2 H-16a
RAY) g, ©A2) (2C11, 2B1)
6B-hydroxylace = (2A1)

specificka reakce CYP3A




METABOLISMUS POLYCHLOROVANYCH
BIFENYLU (PCB) - priklad 1. faze metabolismu
persistentnich organickych sloucenin

0 Mikrobidin
degradace
bt I/“‘ v€etné arom. jadra
c
:j ““ E-m / Metabolismus
bph h""“i u vyssich
NADH + H" v v . o
zivocCichu:

L+

bph

¢ Persistetni arom.
@Qm slougeniny: obsahuji Cl
bph

v sousednich pozicich -
I/"ﬁ bariéra vzniku epoxidu

Oy
L]
HO
monooxygendzovou reakci
D
OOH

Eﬁ;} oxidativni metab.
on (hl. cesty A-D, C)

2



REGULACE CYPs: nukledrni a cytosolove
receptory kontroluji expresi CYP proteind

Foreign Chemical .. ....___.. p Hormones, Cytokines
Inducers \ / Growth Factors
expozice ciz. latkami RECEPTORS and
indukuje hladiny TRANSCRIPTION FACTORS
CYP enzymd
l!nducn‘on
CYP GENE EXPRESSION

’

_(P450 ENZYMES )

'Y P
Foreign Chemical Metabolism of
Mgtabousm Endogenous Steroids,

Fatty Acids, Prostaglandins

expozice a indukce CYP enzymii ovliviiuje metabolismus endogennich latek!
(spole¢né enzymy CYP pro biotransformaci cizorodych i endogennich latek)




XENOBIOTIKA, STEROIDY AJ.

LATKY INDUKUJI VLASTNI Drugs |
METABOLISMUS AKTIVACT Xesobictics |
RECEPTORU/TRANSKRIPENICH
FAKTORU, KTERE KONTROLUJE |
EXPRESI BIOTRANSFORMACNICH ——
ENZYMU A ABC TRANSPORTERU | Recepor medined |
.»\hR,IRR C-\R/IXR PXIRXR PPAR/RXRI

AhR-RE PBREM PXR-RE PPAR-RE

- vazba xenobiotika na receptor
(aktivace receptoru)
- dimerizace receptoru

- vazba receptoru na specifické
responsni elementy v promoterovych
oblastech cilovych gent

Phase | Drug
metabolizing Enzymes

(  metabolizing Enzymes Stress Enzymes

T~
/7 PhasellDng e )
——/




NUKLEARNI A CYTOSOLOVE RECEPTORY

nuklearni receptory cytosolovy receptor
v N .
a) peroxisome proliferators b) phenobarbital c) dioxin
D
P! RA D

PPARa RXR  CAR : [ ARNT

PPRE \ >

/

ligand receptoru specif. responsni element v promoterech

dimerizacni partner




NUKLEARNE A CYTOSOLOVE RECEPTORY
KONTROLUJICE EXPRESI CYP ENZYMU

Cizorodé nebo

endogenni latky,

které indukuji  CYP Induction Mediated by Nuclear Receptors
hladiny CYP

enzymu Prototypic responsive
P450 inducing agents rat liver CYPs Receptor

Polycyclic aromati

hydrocarbons 1Al1, 1A2, 1Bl Ah receptor”
Phenobarbital 2B1, 2B2 CAR
Dexamethasone 3A1, 3A2, 3A23 PXR
Fibrate drugs 4A1, 4A2, 4A3 PPARa
Cholesterol TAIl LXRa
Bile acids” TAl FXR
Thyroid hormo P450 reductase TR

* PAS transcription family member, not a nuclear receptor.
" Inhibiters of CYP7AI1 transcription.




SEZNAM CYTOCHROMU P450 (CYP) ZODPOVEDNYCH
ZA BIOSYNTEZU / METABOLISMUS STEROIDU A
METABOLISMUS XENOBIOTIK

0 CYP1A1, CYP1A2, CYP1BI1: genova exprese regulovana AhR (indukce
dioxiny, PAH; endogenni ligandy?); monooxygenace PAH, estradiolu;

O CYP2B: exprese regulovdna GR/CAR, indukce steroidy,
fenobarbitalem, monooxygenace velké rady xenobiotik, testosteronu aj.
0 CYP2A, CYP2C, CYP2D

O CYP2E: indukce predevsim stabilizaci proteinu (indukuji etanol, pyrazol
aj.), monooxygenace etanolu, (w-1)-hydroxylace mastnych kyselin

a CYP3A exprese r'egulovcma GR/PXR mdukce dexame’razonem aj.
blo‘rmnformace) 6B-hydroxylace testosteronu

O CYP4A: exprese regulovdana PPARa, indukce peroxisomalnimi
proliferdtory (clofibrate, dialkylestery kyseliny ftalové), w-hydroxylace
mastnych kyselin

O CYP7A, CYP11A, CYP17, CYP19 (aromatdza): enzymy steroidogeneze
3 dalsi dilezité CYP metabolismu vitaminu D3 a kyseliny retinové



REGULACE EXPRESE BIOTRANSFORMACNICH
ENZYMU:

CYTOSOLOVY Ah (aryl hydrocarbon) RECEPTOR




AhR (Aryl hydrocarbon receptor)

AhR kontroluje genovou expresi

a

biotransformacnich enzymli  reguldtori bun. cyklu / pfimé interakce (ER?,..)
CYP1A1/1A2/1B1, UGT, ST, C@POPTozy (p27, Bax,...)

dalSi funkce AhR-dependentni genové exprese




AKTIVACE Ah RECEPTORU A INDUKCE
CYP1A1 SUBSTRATEM CYP1A

substrdt S je ligandem AhR monooxygendzova reakce

>-° \ ¢/‘
= CP1A1 -
| ARNT \

AhR/ARNT nasedad na XRE = DRE = xenobiotic (dioxin) response element




LIGANDY / INDUKTORY AhR

Strukturni podobnost (Sirka, vyska, molekuldrni objem, planarita molekuly)

Cl O Cl

e Razes
{ -

TCDD = nejsilnéjSi agonista AhR Koplanéarni PCB
= modelovy dioxinovy toxikant (podobny dioxinim, agonista AhR)
Cl I
Nekoplandrni latky ‘
(napr. PCB se dvéma cl

c
chléry v pozici ortho) . ‘
nevykazuji plandrni Cl

pozici aromatickych jader
a nejsou agonisty AhR




ENDOGENNT AGONISTE AhR

dosud nejsou presné urceny (derivaty tryptofanu ?)

Fyziologické ; T

nezbytny v radé g :: { ii_/f:
procestl o,

vyvoje tkdn, g 1&3{1@ *" W
differenciace

bunék aj. m

- I0igo (81}
P ]:H 3"{“‘\.
AW

(viz mysi AhR-
deficientni

modely)

§00Y 00Y 0O | 10 100 1060 16000
Concentration {(nM)

ﬂ - SPUPE R - . SR T A e T D




AKTIVACE Ah RECEPTORU / AhR-
DEPENDENTNI GENOVA EXPRESE

oo ligand (TCDD ete.)

Produkty genové

ex rese. / \
et et eraypy Gl e

- LAHRY

- bun. cyklus; AR y

-?

Primé interakce AhR
(.cross-talk" s ER, ...)

Regulace AhR: Cyp1at, p27, Bax, Ahr, etc.
- degradace AhR po T /
havazani ligandu
- AHRR = AhR represor L, “ - D



REGULACE CYTOCHROMU P4501B1 (CYP1B1)

(je velmi komplexni - nékolik responsnich elementt)

‘ Ligand Estrogen
|‘ﬁ§§i" (EBHEZ’
nap - Estrogen
o« (or estrogen
Activaled PRA metabolite)

enters nucleus

CYP1B1

DRE AP=-1 site ERE

(<853 to «524) (=149 10 <129] (<84 10 «19)

(«5208 1o S110)

DRE =
dioxin
response
element

(other SFe1 ard CREB binding occurs upstream)




REGULACE EXPRESE BIOTRANSFORMACNICH
ENZYMU:

NUKLEARNI RECEPTORY




NUKLEARNI RECEPTORY (NR)

Histone acetyl-
transferases

Gene Gene
Repression Activation

Histone

deacetylases Ligand binding
Protein kinases

; Dimearnization
Translocation

B

No ligand
Antagonist

Model for gene activation and gene repression by NRs



NUKLEARNL RECEPTORY:
struktura domén receptoru

A/B 2 C D E F 595
. v e
hERa| : | -
530

hERB | 28 96 |l 58 [i8-coon

transcriptional
activation AF-1
N aktivace MAPK N

nuclear
translocation afareie - T vazba ligandu

dimerization HESE s
DNA binding i
hsp90 binding

Coactivator binding - s

Corepressor binding




NUKLEARNI RECEPTORY MOHOU BYT
AKTIVOVANY TAKE PROTEINKINAZAMI

Hydrophilic

Lipophilic Xenobiotic

I %\
7] _1.".‘

Cellular Events
Cell cycle regulation
Enzyme induction

Ligand-independentni
modulace
transkripcniho
faktoru (MAPK, PKA,.))

Target Gene(s)




Nucleor Hormonre Receprors

NUKLEARNI RECEPTORY - KLASIFIKACE

focntsonini-NENeeauN NN LR B DNA [ Ligand COOH

Adopted
1?" SAANEN o g 7 =P Endocrine Orphan

Orphan
Receptors

e S P P, ol
f e " Receptors Receptors

Ligands: High-affinity,
hormonal lipids

Low-affinity,
dietary lipids

T iy v A CDOH | e S Y i'"..,:.'-\-\._..'..,_l

RXR a,p.y
PPAR a.B.,y
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Unknown

SF-1

LRH-1
DAX-1

SHP

TLX

PNR

NGFI-B a,B,y

ROR a,B,y
ERR o,B.y
RVRa.p.y
GCNF

TR 2,4

HNF-4
COUP-TFa,B,y

Ligandy (agonisté) jadernych receptord



NUKLEARNI RECEPTORY

= ,xenosensory" a lipidni sensory"
(aktivace transkripce po expozici xenobiotiky resp. lipidy)

PPAR

Acetyl CoA Fatty Acids
RAR
% s
[ €  Retinoic Acids G Isoprenoids
) Diet
Lanosterol
Diet v
7-Dehydro- 1,25-Dih .
Chnla:turnl vz\?-ﬁam n E“
Cholesterol mxcan 22 Hydroxy-
Xenobiotics m
$CYPIA
P2B CAR
Oxysterols
o e
Steroids Bile Acids CYPaB1
s




NUKLEARNI RECEPTORY:
vazba antagonistického a agonistického ligandu

b

Antagonisté:
vazba bez
transaktivace
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REGULACE GR / PXR / CAR

J.M. Pascussi et al. / Biochimica et Biophysica Acta 1619 (2003) 243-253

sl
NUCLEUS
GR
[ A CAR,PXR,
' RXR
Xenobiotics I

1 GRE 1 XRE —I_.—- CYP2CY9

—I+—~ CYP3A4

—— | XRE XRE
Vice urovni
regulace: v i
———] XRE CYP2B6
aktivace nizkou
vs. vysokou
koncentraci

ligandu




FENOBARBITAL (PB) - agonista CAR
(a induktor biotransformaénich enzymi), ale
také indukce metabolismu endogennich latek

Biotransformace:

enzymy 1. faze

enzymy 2. faze

PB —»

Modulace endogenniho
metabolismu

Cell Growth
Cell Communication
Tumor Promotion

Induction of Genes

« Glucose Metabolism (NADPHT, UDP-GA') ]
* Intracellular Redox Potential

Maotabohsm

f

« Hepatic ER Proliferation

* Heme Synthesis and Metabolism

Concerted Reactions



PP A Ra Peroxisome - proliferator

(PerOXisomal CI-@—D—EELDDC ”
. ) n P AR .
Proliferator EHy Induktory:

Activated mastné
Receptor alpha j kyseliny,
hypo-
lipidemika
(fibraty),
environ.,
latky
(ftalaty)

kontroluje expresi
- CYP4A11 a enzymd
metabolismu lipidi




LIGANDY PPAR«

Farmaka Q
(hypolimidemika)

Environmentalni

Wy 14,643

Clofibrate

cl

Ll oot

Arachidonic Acid

kontaminanty

o
R .
C—O—CH,—CH—CH,—CH,—CH,—CH,

©iﬁ—O—CHZ—(|:H—CH2—CHZ—CHZ—CH3
o) CH,

CH,

Di(2-ethylhexyl)ftalat (DEHP)

—

¢is9 trans11 conjugated linoleic acid

(Endogenni) lipidy



DUSLEDKY AKTIVACE PPARq

Nerovnomérna -
indukce CYP4A AN
(ved|. produkt: H,0,)
a dal$ich enzymu
(napr. CAT)

dependentnich
na PPARalfa

PPAR o

Target tissues

Fatty acid transport
=Fatty acid activation
Fatty acid oxidation
=Cell proliferation

*Other pathways

|
v

Regulation
*Lipid homeostasis
~Cancer (Rodents only?)
=Atherosclerosis
Unidentified functions




DALSI ENZYMY 1.FAZE
BIOTRASFORMACE A JEJICH
REGULACE




DALSI ENZYMY 1.FAZE BIOTRASFORMACE A
JEJICH REGULACE

flavinmonooxygendzy (FAD enzymy, NADPH primo reaguje s

enzymem);

peroxidazy (hemoproteiny oxidujici 2-aminofluoren, PAH, fenoly:

radikdlové jednoelektronové reakce);

- alkoholdehydrogenazy (koenzym NADH, oxidace prim. a sek.
alkoholld);

- aldehyddehydrogendzy (oxidace= detoxikace aldehydi a ketoni);

- aldoketoreduktazy (AKR, oxidacni reakce alkoholi - NAD+; redukce

aldehydu a ketond na alkoholy za Gcasti NADPH);

- reduktdzy xenobiotik (aldoketoreduktdzy AKR, dehydrogendzy s
kratkym retézcem SDR, dehydrogendzy se stredné dlouhym
retézcem, NADPH/chinonoxidoreduktdza - dvouelektronova redukce
chinont);

- hydrolazy (Stépeni substrdtu za GCasti vody: acetylcholinesterazy,
karboxyesterazy, epoxidhydrolazy)




ALKOHOLDEHYDROGENAZY

NAD* NADH
ADH
(low km)
NAD* NADH
ALDH
CH,CO,0H CH,COH el CH.CO0"
Ethanol Acethaldehyde o
HIGI HgD
Catalase
bolismus etanolu tremi NAD*  NADH
ADH
Jmi A Ethanol —==<» Acetaldehyde =" Acetate
enzymovymi systemy - y ALDH

CYP2E1

O,+ NADFH  NADP* + H,O




ALDOKETOREDUKTAZY

-vétsinou monomerické NAD(P)(H)-dependentni oxido-

reduktazy: konvertuji

- dosud 115 enzymi ve 14 ,genovych rodindch®;

- substrdtova specifita: cukerné aldehydy; steroidni
hormony; prostaglandiny a lipidové aldehydy:
metabolizuji také nékteré chemické karcinogeny

(NNK, PAH-trans-dihydrodioly, aflatoxindialdehyd)

Priklady lidskych AKR:

AKR1A1 (aldehydreduktdza)

AKR1B1 (aldosareduktaza)

B AKR1C1-1C4 (20a-, 30, 30/170-, 30-HSD)

lA KR1D1 (5B-reduktadza)




AKR (reduktaza)

CYP-Peroxidase
_—_— - —ee . Depurinating
DNA Adduct.

Yy CYP1A1/CYP1B1 Radical Cation
1 Epoxide Hydrolase katecholy =

- metabolity PAHSs,

__ - podobne
HO™ ~—" 0 metabolity

OH OH

(-) BP-7,8-Diol Catechol steroidu (EZ)
O3~
l CYPIAI 1K H,04 Oxidative DNA
Damage
Q‘. ;
HOY O*
OH o-gemiquinone anion radical

(+)anti-BPDE NAD(P 02

O3
Stable DNA Adducts

Oxidative DN
Damage

NAD(PH O

BP-7.8-Dione ———————s=ff Stuble and
Depurinating




ALDOKETOREDUKTAZY

PUFA's (e.g. linoleic acid and arachidonic acid)

| ROS
Lipid ROOH (e.g. 13-HPODE and 15-HPETE) . .
ipt = Biotransformace aldehydu
I Bifunctional electrophile |Ip|dnl perOXIdace
OH
/\/\)\?\fﬂ* G5T
\ H
. 0
4-Hydroxy-2-nonenal
5 H
AKR1B1 AKRIBI
AKICI-AKRIC3
: : (Y M
- OH OH Nj .Ele (tobacco smoke)
3
H H GS
1,4-Dihydroxy-2-nonene
(8] ]"liiiﬂ Carbonyl Reduction OH N=0
“\/“-j)l\/v ”“cﬂl 11B-HSD Type | (W/IIJREH]
= AKRICI
N~ NHR AKRIC2 N’J NNAL
| AKRICH
| UDPGT
'
CYPIAGIAS .
. : MNMAL-glucuronide
-h
Detoxikace NNK (a-hydrpxytation) 1
Excretion

DMA-adducts




REGULACE ALDOKETOREDUKTAZ

Osmotic Stress

Reactive Oxygen

>

u—-——’-

NF1? 9

>

AKRIBI

o jun

APl

—

AKRIBI
AKRICI

Nr2
maf

—

AKRIC!

AKR7Al




KLASICKY POHLED NA INDUKCI GENOVE EXPRESE
KONTROLOVANOU XRE A ARE: transkr. faktor Nrf2 je
indukovan reaktivnimi metabolity a ox. stresem

Bifunctional inducer Monofunctional inducer

N EQ 5
TCDD p-N SFP
DADS /
D3T

Blfunk(\f ni indUkTOPY CYP metabolism

= xenobiotika ~
akti VUJ icl electrophilic metabolites
AhR a Nrf2 A
Sensor
NQO:; GST a dalsi Keapl
enzymy 2. faze Nif2
biotransformace  ____1
nuclear | translocaton M
nuclear | translocation
| AhR s.m.\"r ) — > %
CYPIA Nrf2 | Maf »
—{ XRE ] ) GST/NQO |
ARE

XRE = xenobiotic (dioxin) respons element;

ARE = antioxidant response element , ,
Miao et al., Biochem. Pharmacol., 2004




TRANSKRIPCNI FAKTOR Nrf2 JE
REGULOVAN OXIDATIVNIM STRESEM /
ELEKTROFILNIMI METABOLITY A TAKE

AKTIVACI AhR

Cytoplasm

> Nrf2 Phase Il detoxification and
Anti-oxidant enzymes:

ARE Hemoxygenase-1 (HO-1) Keum. Biomol

Cellular stress NADI[P]H: quinone oxidoreductase (NQO1)
Superoxide dismutase (SOD) Ther, 2012
1. Halts Nrf2 protein ubiquitination y-Glutamylcysteine ligase (y=-GCL)

2. Promotes Nrf2 nuclear translocation etc.

1. Keap1/Nrf2 regulatory kinases and the effect on ARE-dependent gene expression
A. MAPK: ERK (activation), JNK (activation) and p38 MAPK (activation or suppression)
B. PI3K/Akt (activation)
C. PERK (activation)
D. PKC (activation, directly phosphorylates Nrf2 at Ser40)
E. Fyn (suppression, directly phosphorylates Nrf2 at Tyr568)

2. Keap1/Nrf2 regulatory proteins:
A. ATF4: forms a heterodimer with Nrf2 and activates ARE.
B. DJ-1/PARK?T: stabilizes Nrf2 by preventing association with Keap1.
C. Bach1: occupies enhancer region of HO-1 and suppresses Nrf2 binding to ARE.
D. p62: interacts with Nrf2 and stabilize Nrf2.




EPOXIDHYDROLAZY

Funkce:
- metabolismus lipidu (epoxidl) v Zivocidnych a rostlinnych burikach
- metabolismus intermediatt xenobiotik s epoxidovou skupinou

celkem 7 forem EH:

- savCi solubilni (cytosolovad) EH - inaktivace epoxy-mastnych kyselin
- mikrosomadlni EH - inaktivace BaP-dihydrodiolepoxidu

- leukotrien A4 hydrolaza

etc.

Regulace napr. aktivaci Nrf-2



ROLE CYP1A1/CYP1A2/CYP1BL A
, V METABOLICKE AKTIVACI
POLYCYKLICKYCH AROMATICKYCH UHLOVODIKU




