Biotransformace I: metabolismus
cizorodych latek a regulace hladin
biotransformacnich enzymu




Enzymy metabolismu cizorodych latek

» Enzymy 1. faze biotransformace xenobiotik, steroidnich
hormonu a mastnych kyselin — monooxygenazy (CYP,
AKR, FMO), reduktazy (AKR, NQO), hydrolazy (esterazy,
epoxidhydrolazy); dalSi reakce: hydratace, izomerace;

» 2. faze biotransformace — transferazy (GST, UDPGT, SULF,
acetylazy aj.); antioxidac¢ni enzymy (SOD, CAT, GPx, GR);

» 3. faze biotransformace (ABC transportery)



Biotransformace cizorodych latek, steroidu, eikosanoidu a

jinych endogennich latek
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1. FAZE BIOTRANSFORMACE:
monooxygenazoveé reakce

CYP enzymy
A +
-~ R-H + O, + NADPH =—» R-OH + NADP" + H,O
AL (substrat) (produkt)
'l
T Funkce cytochromu P450 (CYP):

E‘ - Nejprve je nutny pfenos elektrontd z NADPH na CYP enzym (NADPH:P450-

\¢ oxidoreduktaza)
- Aktivace molekuly kysliku, ,roztrzeni“ vazby
- Oxidace substratu (hydroxylace, N-demethylace, epoxidace, dehalogenace...)

X N
N-CH; — N-H + HCHO -C=C- =— -C-— C-
/ 7/ / /




Role CYP1A1/CYP1A2/CYP1B1 aepoxid hydrolaz v metabolické

aktivaci polycyklickych aromatickych uhlovodikii
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Seznam nejvyznamnéjsSich cytochromu P450, které jsou
zodpovédné za biotransformaci cizorodych latek:

® CYP1A1, CYP1A2, CYP1B1 (metabolizuji polycyklické
aromatické uhlovodiky);

® CYP2C9 (metabolizuje nesteroidni antiflogistika a dalSi 1€Civa),
CYP2D6 (beta-blokatory, kodein); CYP2E1 (org. rozpoustédla jako
ethanol, benzen, toluen)

® CYP3A4 (metabolizuje asi 30% vSech xenobiotik, predevsim
|éCiv vCetné antibiotik);
® CYPA4A1l a dalSi CYPs metabolizujici mastné kyseliny (CYP4A =

PUFA hydroxylazy; CYP2C a CYP2J = PUFA epoxygenazy) a
néktera xenobiotika.

® DalSi desitky CYP enzymu jsou zapojeny do biosyntézy a
metabolismu endogennich latek, napf. CYP7A (hydroxylace
cholesterolu), CYP17 (hydroxylace steroidu), CYP19 (aromataza
— pfeména androgenu na estrogeny).



Vlastnosti cytochromu P450

Cytochromy P450 = hemoproteiny; v UV-VIS spektru maximum
pfi 450 nm (v redukovaném stavu a navazany oxid uhelnaty);
vyjimka mezi enzymy: Siroka substratova specifita, rizné
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% shoda sekvence), jednotlivé isoformy CYP1A1l, CYP1A2,
CYP1B1,; polymorfismus.
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Conformational Plasticity and Structure/Function Relationships in
Cytochromes P450, Pochapsky 2010




Cyklus cytochromu p450:
aktivace kysliku a monooxygenace

interakci se substratem vznika
vysokospinova forma Fe3+-hemu

Pfenos elektronu: ®) @ @ dochazi k pfenosu elektron(i
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STEROIDY: substratova specifita CYP enzymi

»/ monooxygenazové reakce inaktivuji steroidni hormony
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METABOLISMUS POLYCHLOROVANYCH BIFENYLU
(PCB) — priklad 1. faze metabolismu persistentnich
organickych sloucenin
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REGULACE EXPRESE: jaderné a cytosolové
receptory kontroluji expresi CYP proteinu
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NUKLEARNI A CYTOSOLOVE RECEPTORY

» Xenobiotika, steroidy a jiné latky steroidy a jiné latky indukuji
vlastni metabolismus aktivaci receptord/ transkripénich faktoru,
- které kontroluji expresi biotransformacnich enzymu a abc

transportéru

1. vazba xenobiotika na receptor
(aktivace receptoru)

2. dimerizace receptoru

3. vazba receptoru na specificke
responzivni elementy v
promotorovych
oblastech cilovych genu
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A novel panel of mouse models to evaluate the role of human pregnane X receptor and constitutive
androstane receptor in drug response, Scheer 2008




NUKLEARNI A CYTOSOLOVE RECEPTORY

f nuklearni cytosolovy
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Seznam CYP enzymti zodpovédnych za biosyntézu /
metabolismus steroidu a metabolismus xenobiotik

CYP1Al, CYP1A2, CYP1B1: genova exprese regulovana AhR
(indukce dioxiny, PAH; endogenni ligandy?); monooxygenace PAH,
estradiolu;

CYP2B: exprese regulovana GR/CAR, indukce steroidy,
fenobarbitalem, monooxygenace velké rady xenobiotik, testosteronu
aj.

CYP2A, CYP2C, CYP2D

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

CYP3A: exprese regulovana GR/PXR; indukce dexametazonem aj.
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biotranformace), 6b-hydroxylace testosteronu

CYP4A: exprese regulovana PPARa, indukce peroxisomalnimi
proliferatory (clofibrate, dialkylestery kyseliny ftalové), w-hydroxylace
mastnych kyselin

CYP7A, CYP11A, CYP17, CYP19 (aromataza): enzymy
steroidogeneze

dalSi dulezité CYP metabolismu vitaminu D3 a kyseliny retinové
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AKTIVACE Ah RECEPTORU A INDUKCE
CYP1A1 SUBSTRATEM CYP1A

@ Ligand

------------------------------------------------------------------------------------------------

AHR changes conformation
upon ligand binding

Cytoplasmic AHR
complex

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

Ligand

metabolism ‘ __}F Proteasome-mediated

degradation

The Aryl Hydrocarbon Receptor: A Mediator and Potential Therapeutic Target for
Ocular and Non-Ocular Neurodegenerative Diseases, Choudhary & Malek 2020




LIGANDY / INDUKTORY AhR
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Endogenni agoniste AhR

« fyziologické funkce AhR — regulovany endogennimi agonisty;
prevazné metabolity tryptofanu;

substraty pro CYP1A enzymy — regulace aktivity AhR zpétnou

°
o
(M .
N vazbou;
S ____,Neuroblologlc functions
l. o g B A\ Brain physiclogy
- S L% spr
= Kyn T
.%’(
3 % (b0t 5.HTP
- Inflammation & %, Tp_’FQ/ A
= Neurotransmission . ek arie"
Gfl)b + \)Oé\b(a{\ PN
] arrif bl " “
< - *-‘ 5-HT “\I
/ - receptory
ity Gut motility

IL-22
praoduction

Gut-brain signaling
Secretion-Absorption
Platelet functions

Immune homeostasis
Epithelial function
Resistance to pathogens
Xenobiotics metabolism

"'-f-—s,;
W75 .
Ai 7 Kidney excretion

I

4 .
Agus et al., Cell Host & Microbe 23, 2018




(© REGULACE EXPRESE
- BIOTRANSFORMACNICH ENZYMU:
1

E« NUKLEARNI RECEPTORY




Nuklearni receptory (NR)
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NUKLEARN|I RECEPTORY

= ,Xenosensory“ a ,lipidni sensory”
(aktivace transkripce po expozici xenobiotiky resp. lipidy)
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REGULACE GR /PXR / CAR

J.M. Pascussi et al. / Biochimica et Biophysica Acta 1619 (2003) 243-253
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FENOBARBITAL (PB) — agonista CAR

Biotransformace:

, » Cell Growth

enzymy 1. faze + Cell Communication
) e Tumor Promotion

enzymy 2. faze « Induction of Genes
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LIGANDY PPARa
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DUSLEDKY AKTIVACE PPARa
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DALSI ENZYMY 1.FAZE BIOTRASFORMACE A
JEJICH REGULACE




DalSi enzymy 1.faze biotrasformace a jejich regulace

flavinmonooxygenazy (FAD enzymy, NADPH pfimo reaguje s
enzymem);

» peroxidazy (hemoproteiny oxidujici 2-aminofluoren, PAH, fenoly;
radikaloveé jednoelektronové reakce);

» alkoholdehydrogenazy (koenzym NADH, oxidace prim. a sek.
alkohol();

» aldehyddehydrogenazy (oxidace= detoxikace aldehydu a ketonu);

» aldoketoreduktazy (AKR, oxidacni reakce alkoholu — NAD+; redukce
aldehydu a ketonu na alkoholy za ucasti NADPH);

» reduktazy xenobiotik (aldoketoreduktazy AKR, dehydrogenazy s
kratkym fetézcem SDR, dehydrogenazy se stfedné dlouhym
fetézcem, NADPH/chinonoxidoreduktaza - dvouelektronova redukce
chinonu);

» hydrolazy ($tépeni substratu za ucasti vody; acetylcholinesterazy,
karboxyesterazy, epoxidhydrolazy)




Alkoholdehydrogenazy

» Metabolismus etanolu tfemi enzymovymi systémy
(alkoholdehydrogenazy + aldehyddehydrogenazy, CYP2E1 a

. katalazou)
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Aldoketoreduktazy

A 4

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

reduktazy; konvertuji karbonyl;
dosud 115 enzymu ve 14 ,genovych rodinach*;

substratova specifita: cukerné aldehydy; steroidni hormony;
prostaglandiny a lipidové aldehydy; metabolizuji také nékteré
chemické karcinogeny (NNK, PAH-trans-dihydrodioly,
aflatoxindialdehyd)

v @

Priklady lidskych AKR:

AKR1A1 (aldehydreduktaza)

AKR1B1 (aldosareduktaza)

AKR1C1-1C4 (20a-, 3a-, 3a/17a-, 3a-HSD)
AKR1D1 (5b-reduktaza)

v 9 9 @



1. faze biotransformace PAH:

» ucCast CYP1A1/1A2/1B1 (monooxygenace), EH (hydrolaza) a AKR

(reduktaza)
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Aldoketoreduktazy

PUFA’s (e.g. linoleic acid and arachidonic acid)
| ros
Lipid ROOH (e.g. 13-HPODE and |5-HPETE)

1.4-Dihydroxy-2-nonene

Detoxikace NNK
(4-(methylnitrosamino)-1-(3-
pyridyl)-1-butanon)

Bifunctional electrophile

AKRIBI
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Regulace aldoketoreduktaz
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Transkrip€ni faktor Nrf2 je regulovan oxidativnim
stresem / elektrofilnimi metabolity a také aktivaci AhR

Cytoplasm

- Nucleus
o
()
AL
'. > Nrf2 Phase Il detoxification and
- Anti-oxidant enzymes:
1 ARE Hemoxygenase-1 (HO-1)
~ Cellular stress NADI[P]H: quinone oxidoreductase (NQO1)
:’ Superoxide dismutase (SOD)

vy-Glutamylcysteine ligase (y=-GCL)
etc.

1. Halts Nrf2 protein ubiguitination
2. Promotes Nrf2 nuclear translocation

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/PARKY: 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,

Keum, Biomol Ther, 2012




Bifunk¢ni a monofunkéni induktory

Bifunctional inducer Monofunctional inducer
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BHUQ CYP metabolism

Bifunk¢ni induktory

= xenobiotika :;;:;ahili: metaholites

aktivujici A

AhR a Nrf2 Sensar
Keapl

NQO; GST a dalsi Nrf2

enzymy 2. faze

biotransformace nuclear| vansiocation
nuclear | franslocation

@@ CYPIA [ T Ner2 | Maf )
XRE
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GSTH"J{:ID[ >

XRE = xenobiotic (dioxin) respons element;
ARE = antioxidant response element Miao et al., Biochem. Pharmacol., 2004




Esterazy

» Esterazy = hydrolazy, enzymy katalyzujici hydrolyzu ester; mezi
nejvyznamngéjsi patfi napf. acetylcholinesterazy, fosfatazy aj.

AL » Acetylcholinesteraza - degradace neurotransmiteru acetylcholinu
ju za vzniku cholinu a acetéatu; hydrolyzuje také fadu insekticidd,
1 herbicidd a bojovych chemickych latek, zaroven je jimi

~ inhibovana).
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Epoxidhydrolazy

Funkce:
» - metabolismus lipidu (epoxidu) v zivo€iSnych a rostlinnych
burikach

» metabolismus intermediatd xenobiotik s epoxidovou skupinou

Celkem 7 forem EH:

» savci solubilni (cytosolova) EH — inaktivace epoxy-mastnych
kyselin

mikrosomalni EH — inaktivace BaP-dihydrodiolepoxidu
leukotrien A4 hydrolaza etc.

regulace napf. aktivaci Nrf-2
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