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Il“” REGULACE BUNECNYCH PROCESU

Regulace tvorby aktivhiho enzymu: indukce/suprese
biosyntézy (negat., pozitivni kontrola transkripce,
mutace, specifické receptory), regulace enzymoveé
aktivity (allostericka regulace, de/fosforylace, zpétno-
vazebna regulace produktem metabolismu),
stabilizace a degradace proteint, nespecifické
mechanismy (ztrata energie - NAD(P)H, ATP).

Typy signalizace mezi burnkami (endokrinni,
parakrinni, autokrinni, primé komunikace - GJIC,
,»tight junctions®, integriny aj.).

Intracelularni signalni transdukce (bun. povrchoveé
receptory, aktivace enzymu - MAPK, lipazy,
sekundarni ,messengery®, transkripcni faktory).

Extracelularni chemické stimuly: hormony, rastové
faktory, cytokiny, xenobiotika, dietarni PUFA atd.
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ENZYMY METABOLISMU CHEMICKYCH
REGULATORU SIGNALNi TRANSDUKCE:

Enzymy 1. faze biotransformace xenobiotik,
steroidnich hormonu a mastnych kyselin (CYP, AKR,
FMO, COX, LOX, reduktazy, hydrolazy).

2. faze biotransformace (GST, UDPGT, SULF aj.).
Mitogen-aktivované proteinkinazy (,,moduly“ ERK,
p38, JNK), fosfatazy; dalsi enzymy biotransformace

lipidu (fosfolipazy).

DalsSi enzymy signalni transdukce...
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RECEPTORY REGULUJICI EXPRESI CYP ENZYMU /
JADERNE RECEPTORY STEROIDU A LIPIDU
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||”H||| NUKLEARNi A CYTOSOLOVE RECEPTORY

Foreign Chemical p Hormones, Cytokines
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”H||| NUKLEARNI A CYTOSOLOVE RECEPTORY

nuklearni receptory cytosolovy receptor

' N '

a) peroxisome proliferators b) phenobarbital c) dioxin
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CYP Induction Mediated by Nuclear Receptors

||”H||| NUKLEARNI A CYTOSOLOVE RECEPTORY

Prototypic responsive
P450 inducing agents rat liver CYPs Receptor

Polycyclic aromatic

hvdrocarbons 1A1, 1A2, 1B1 Ah receptor”
Phenobarbital ZB1. 2B2 CAR
Dexamethasone 3A1, 3A2, 3A23 PXR
Fibrate drugs 4A1, 4A2. 4A3 PPARa
Cholesterol TAl LXRa
Bile acids” TAl FXR
Thyroid hormone P450 reductase TR

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

Nuclear Receptors: Endogenous Ligands and DNA
Response Elements in Target CYP Genes

Nuclear Representative endogenous AGGTCA-based DNA
receptor ligands” response element”

CAR Androstanol, androstenol DRA4
PXR Pregnenolone, corticosterone DR3, ER6

PPARa Linoleic acid, arachidonic acid DR1
LXR 24(S)-hydroxycholesterol DR4
FXR Chenodeoxycholic acid IR1
Luboruior TR Thyroid hormone DR4 y .




BIOSYNTEZU / METABOLISMUS STEROIDU A

'||”H| SEZNAM (CYP) ZODPOVEDNYCH ZA
METABOLISMUS XENOBIOTIK

CYP1A1, CYP1A2, CYP1B1: genova exprese regulovana AhR (indukce
jloxiny, PAH; endogenni ligandy?) monooxygenace PAH, estradiolu;

CYP2B: exprese regulovana GR/CAR, indukce steroidy, fenobarbitalem,
ionooxygenace velké rady xenobiotik, testosteronu a;j.

CYP2A, CYP2C, CYP2D

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

CYP3A: exprese regulovana GR/PXR; indukce dexametazonem aj. steroidy,
3-hydroxylace testosteronu

CYPA4A: exprese regulovana PPARa, indukce peroxisomalnimi proliferatory
lofibrate, dialkylestery kyseliny ftalové), o-hydroxylace mastnych kyselin
CYP7A, CYP11A, CYP17, CYP19 (aromataza): enzymy steroidogeneze

dalsSi dulezité CYP metabolismu vitaminu D3 a kyseliny retinové
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'”‘H CYKLUS CYTOCHROMU P450:
MONOOXYGENACE A AKTIVACE KYSLIKU

Fe®* HH®
\

fenos elektronti: N %
ADPH Fe™ RH \ADPH-P450 reductase™®

' (%)
, ie
eduktaza / \

L NADPH-P450 reductase®®

ytochrom P450
Fe?* RH
ubstrat RH,
rodukt ROH,
rodukce ROS)

Aktivace kysliku:
ROS = vedlejsi

produkty NADPH-P450 reductase™ NADPH-P450 reductase®®
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Priklad monooxygenazové reakce:
ucast CYP1A1/1A2/1B1, EH a AKR
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‘ ” SPECIFICKE SUBSTRATY CYP1 ENZYMU

Alkylresorufins

(alkoxyphenoxazones) Caffeine

Benzo[a)pyrene (1,3,7-trimethylxanthi

EROD / MROD BaP-hydroxylaza Kofeindemethylaz)
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'||”H| SPECIFICKE SUBSTRATY CYP ENZYMU

Testosterone

CH,

P4503A7 Estradiol
GHy

CHy Steroids

(testosterone, R = -OH
6B-OH-Testosterone androstenedione, R = =0
progesterone, R = -COCH3
(4-Pregnene-3,20-dione))

17-oxo (2C11, 2B1)

H-164 (2B1)

H-160
(2C11, 2B1)
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CYTOSOLOVE RECEPTORY: AhR
(Aryl hydrocarbon receptor)

P TN

CYP1A1/1A2/1B1, p27, Bax, ... primé interakce (ER?,..)
UGT, GST, NQO1
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'”‘H AKTIVACE Ah RECEPTORU / AhR-
DEPENDENTNi GENOVA EXPRESE

( o ligand (TCDD etc.)

odukty genové
degradation pleiotropic effects

prese: L T
etox./bioaktiv. = LAHFD 2

nzymy; (Ba%)
: poptéza; phospholyration? @

oun. cyklus;

imé interakce
R:

un. cyklus;
poptéza; Cyplal, p27, Bax, Ahrr, etc.
evelop. procesy

;%4
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'”‘H AKTIVACE Ah RECEPTORU A INDUKCE CYP1A1
SUBSTRATEM CYP1A

CYP1A1
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"I|H AKTIVACE Ah RECEPTORU
(transgenni model - luciferazovy reportérovy gen)

TCDD and Related

Compounds f LT T
O m 1+ | AhF

- Gy
@ ,,' Nuclear

)
/ Factors

(p) Increased Protein,  Modulation of Gene
:- .-~ Phosphorylation ™. Expression

Membrane :
Proteins ‘\
®
\. Cytosolic /
Proteins

\ Luciferase

Adapted from Blankenship (1994)
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Cyklus“ AhR:
AhR represor,
degradace
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[
”H” LIGANDY AhR

Strukturni podobnost (Sirka, vyska, molekularni objem, planarita molekul

o0 [Soor] o6

3.7.8-tetra-chlorodibenzodioxin | 2.3,7,8-tetra-chlorodibenzofuran 34,53 4, -pentachlorbifenyl
(TCDD) (TCDF) (PCB)

Nekoplanarni latky ]

(napr. PCB se dvéma

chléry v pozici ortho) —_ Cl @ O Cl

se nevyskytuji v planarni

pozici aromatickych jader Cl Cl

a nejsou agonisty AhR 2,2'4,4'6,6'-Hexachlorobipheny
(Not coplanar)
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||”H||| ENDOGENNI AGONISTE AhR

et nan. 1.5, ot o A M‘h‘i;ﬂﬁi‘ SNSRI IR I P, - - A o

0001 Q01 0O* 1 10 100 1060 10000
Concantration {nM)
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-vetSinou monomerické NAD(P)(H)-dependentni oxidoreduktaz

- konvertuji karbonyl = > alkohol

- dosud 115 enzymu ve 14 ,genovych rodinach”

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

Priklady lidskych AKR:

AKR1A1 (aldehydreduktaza)

AKR1B1 (aldosareduktaza)

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




II'”H Priklad monooxygenazove reakce:
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PUFA's (e.g. linoleic acid and arachidonic acid)
| ROS
Lipid ROOH (e.g. 13-HPODE and 15-HPETE)

Biotransformace aldehydli
- Bifunctional electrophile |Ipldni perOXidace

AKRIBI

Micotine
(tobacco smoke)

1,4-Dihydroxy-2-nonene

MN=0 Carbonyl Reduction

-..__________..-1“*4-.__'I:HEr 11p-HSD Type 1 -
|

CYP2AG/IA4 .
Detoxikace NNK (a-hydrpxylation) T”-”--E'“"m"’dc

DM A-adducts Excretion
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| AKRIBI
Osmotic Stress

AKRIBI

Reactive O»
eactive Uxygen AKRICI

Species

Electrophilic Stress) =————————fp- jiﬁi‘fj
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||| ‘
‘ ”” NUKLEARNI RECEPTORY

Histone ac@
transferases

Histone
deacetylases

Ligand binding
Protein kinases
Dimerization
Translocation

e 4
_

No ligand
Antagonist

D-integrators
Co-activators

Gene Gene
Repression Activation

Model for gene activation and gene repression by NRs
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NUKLEARNI RECEPTORY

DNA
Adopted
Endocrine Orphan
Receptors Receptors

Ligand

High-affinity,
hormonal lipids

ER q,
PR :

Low-affinity,
dietary lipids

RXR a.p.y
PPAR ao,B,y
LXR o,p
FXR
PXR/SXR
CAR

COO

Orphan
Receptors

Unknown

SF-1

LRH-1
DAX-1

SHP

TLX

PNR
NGFI-B o, B,y
ROR a,B,y
ERR a,p,y
RVRa,B,y
GCNF

TR 2,4
HNF-4
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NUKLEARNI RECEPTORY

Muclear receptor

Retinoid X RXRo, B,y

receptors®
[ PPARa

Peroxisome PPARD
proliferator-
activated

receptors PPAR~y

L

Liver X LXRa B
receptors

Farmesoid X FXR
receptor

SXR/PXR

Xenobiotic
receptors
CAR

Ecdysone EcR
receptor

Retinoic acid RARa,B.y

receptors

Vitamin D VDR
receptor

Ligand

9-cis Retinoic
acid

Fatty acids
Fibrates

Fatty acids
Carboprostacyclin

Fatty acids

Eicosanoids
Thiazolidinediones

Oxysterols

Bile acids

Xenobiotics
Steroids

Xenobiotics
Phenobarbital

20{0OH)-ecdysone

Ketinoic acids

1,25(OH),-vitamin D,

Cytosolic
binding
protein

ABC
transporter

T CYP4AT 1 ABCD2, ABCD3
T CYP4A3 * ABCB4

(?) ? (2)

t CYP4B1 1 ALBP/aP2 (?)
I H-FABP

T CYP7AT O5BPs? 1 ABCA1,
T ABCG1, ABCG4
[ ABCGS, ABCGS

| CYP7AT { ABCB11
| CYPBB1

1 CYP3A ¢ ABCB1, ABCC2
I CYP2C

1 CYP2B (?)
t CYP2C

1 26-(OH)ase Hexamerins

T CYP26A1 { CRABPII
1 CRBPI

r CYP24 (?)
| Cyp2781




| o
I”H||| NUKLEARNi RECEPTORY
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||”“||| NUKLEARNi RECEPTORY
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struktura domén receptort

||”“||| NUKLEARNi RECEPTORY:
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'”‘“ NUKLEARNI RECEPTORY:
vazba antagonistického a agonistického ligandu
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II”H||| KOMPLEXNI INTERAKCE RECEPTORU

Gluconeogenesis

PCK1

Tumorgenesis

v /ANG

AR

l

vyseni

xidativniho Oxidized metabolites
etabolismu

enobiotik

Xenobiotics / \dehyde detoxification

Heme ALDH1

* Bilirubin

UGT |

Detoxification & Excretion
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I|| ‘
‘ ”” FENOBARBITAL (PB) — AGONISTA

otransformace:

zymy 1. faze

e ——

PB —»

zymy 2. faze
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| ‘
‘ ”” REGULACE STEROIDNiMI HORMONY

4 .

Steroid Hormone
Progesterone

Testn;leronu _J__| CAH g— PB

Estradiol

vyCYP

Inactive Steroid Hormone

VUGT

\_ Excretion or Recycling
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REGULACE GR/PXR/CAR

CAR/RXR
PXR/RXR GR/GR PXR/RXR

| ﬂ

GOOTCAggaaAGTACA TGAACTgaaTGTTTT TGAAAT: :lpcﬁﬁ'l'l'(‘h

DR4 /_[_';”“ \mz | DRs _E:’Ym DR3 m .r'm"“

CAAACTcucTGACCT TGAACTIgcTGACCC

TGAACTL‘I-I-!::&GGTC A

S




||”H||| REGULACE GR / PXR / CAR

aktivace nizkou vs. vysokou koncentraci ligandu

Dex (“low™ dose) Dex (“high” dose), PCN, RU486

|

GR COUP-TF

— e ___J—m
(~ 1& \ 7“(~-0.2 kb)
GGCACAD3TGTTAT / \ / \ / \

(GRE) TTAACTn6AGGTCA TGAACTm3TGAACT GTACCAAAGTCCACGTG
(imperfect ER6) (DR-3)




|
I”H||| REGULACE GR / PXR/ CAR

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

NUCLEUS

a®
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RXR
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@ l
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CYP2C9

’—’ CYP2B6




I|| ‘
‘ ‘||| REGULACE GR/PXR/CAR

Enhanceosome

Complex
Dalsi faktory Histone
moduluji Histone Acetyl Transferase
aktivaci Deacetylase .
transkripce ST CAR/RxRa. & Accessory

>

HDAC f o ol
= 3 f.{Tuarﬁvatnrs

Corepressors

m — Transcriptional

Reoney . 1994944 Activation
A Chromatin

Remodeling

Complexes
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Peroxisome - proliferator
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||”“||| LIGANDY PPARa

Qﬂ

Wy 14,643

O

Clofibrate

i H %
C—O—CH,—CH—CH,—CH,—CH,—CH, , ; ; : .
©: cis9 trans11 conjugated linoleic acid
I(.II—O—CHZ—CltH—CHZ—CHZ—CHZ—CI-L
(0] ?Hz
CH,

Di(2-ethylhexyl)ftalat (DEHP)
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Nerovhomeérna
indukce CYP4A
(produkce H,0,)
a dalSich enzymu
(napf. CAT)
dependentnich
na PPARalfa

DUSLEDKY AKTIVACE PPARo

Ligand

Target tissues

=Fatty acid transport
~Fatty acid activation
*Fatty acid oxidation
=Cell proliferation
*Other pathways

Regulation

*Lipid homeostasis
~Cancer (Rodents onlv?)
s Atherosclerosis
*Unidentified functions




