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BIOTRANSFORMACE LIPIDU:

Fosfolipazy A, (PLA,)

Fosfolipazy C (Pl- PLC, PC-PLC)

DAG lipazy

Cytochromy P450 (CYP4A, CYP2E1, CYP1A, ..)
Lipoxygenazy (LOX-5, LOX-12, ...)

Cyklooxygenazy (COX-2)
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|”H||| BIOTRANSFORMACE LIPIDU:

fosfolipidy - substraty pro PLA2 a PLC

fosfolipasa A,
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PL-PLC (SMsyntaza)

I|”H||| BIOTRANSFORMACE LIPIDU:
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II”H| BIOTRANSFORMACE LIPIDU:
role syntézy ceramidu a DAG v signalni transdukc

PC-PLC a
SMsyntaza

versus

phosphatidylcholine diacylglycerol
i, -

—— e —

SMaza

ceramide * sphingomyelin

-.|1hrr1tw myelinase

Anti-mitogenic signal
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BIOTRANSFORMACE LIPIDU:
ceramid aktivuje enzymy signalni transdukce
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Il“” BIOTRANSFORMACE LIPIDU:
kys. arachidonova - substrat CYP, LOX a COX

11 12

Arachidonic acid
Lipoxygenases Cyclooxygenase

P450s

Y

LT EETs
HPETEs HETEs
HETEs  alcohols
Lipoxins w-1 alcohols
Hepoxilins




ENZYMY 2. FAZE BIOTRANSFORMACE:

Epoxidhydrolazy

Glutathion-S-transferazy (GST)
Uridindifosfoglukuronyltransferazy (UDPGT)
Sulfotransferazy (SULF)

N-, O-acetyltransferazy (NAT, OAT)
Methyltransferazy

Enzymy syntézy kyseliny merkapturoveé

Antioxidacni enzymy - NQO, GST, GSPx, GR, CAT, SOD

.Luboruiorv




.I|”H| GLUTATHION-S-TRANSFERAZY

Konjugacni agens je nukleofil (GSH);
typické substraty GST: elektrofilni xenobiotika / intermediaty
(alifatické a aromatické epoxidy a halidy, organické nitraty

! |
| |
NH, | CH-SH|
HOOC-CH-CH,—CH,~CO + NH-CH-CO -+ NH—CH,—COOH

i

I
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y —glutamyli—
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]
cysteinyl- l glycine

i

I
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Il“” GST - TYPICKE SCHEMA KONJUGACNI
REAKCE

Glutathione-S-transferase

Reaktivni intermediat BaPDE Konjugat
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Funkéni GST enzymy
jsou dimery

membranoveé vazany
GST

Lotoraior

ISOENZYMY GST

Isoenzyme

1-1
1-2
2-2
3-3
3-4
3-6
4-4
4-6
5-5
6-6°
7-7
8-8
Microsomal

Apparent
subunit M,
(kdalton)*

25
25 + 28
28
26.5
26.5
26.5 + 26
26.5
26.5 + 26
26.5
26
24
24.5
17

Subunit
M>®

25 434

25 209
25 806




||”“||| REGULACE GENOV

GST-1 gene regulatory elements

GST

E EXPRESE ISOENZYMU

Lotoraior
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II”H||| UDP-GLUKURONYLTRANSFERAZY

onj. agens elektrofil
ys. UDP-glukuronova);

bstraty jsou nukleofilni
2nobiotika / intermediaty
enoly, alkoholy, aminy,
arboxylové kyseliny)

COOH
0
H H ©
i
ouoP  HO\PH H/H +UDP
H OH

Glucuronyl transferase
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II”H||| UDP-GLUKURONYLTRANSFERAZY

ypicka
onjugacni

eakce
fenolem




UDP-GLUKURONYLTRANSFERAZY

1-Naphthol

+

UDP-glucuronic acid 1-Naphthol glucuronide
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UGT1ASh"

UGT1A3N

UGT1A4h

UGT1ATh

UGT1AGhH

UGT1ATH

UGT1ABh

UGT1A10R

UGT1A%h

UGTZB10h
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elektrofilni konjugac€ni agens 3’-fosfoadenosin-5’-
fosfosulfat (PAPS) reaguje s fenolem aj. nukleofily

| ,
I”H||| SULFOTRANSFERAZY

Adenine
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‘ ||| SULFOTRANSFERAZY

sumarni rovnice

—

+ PAPS +ADP
Sulphotransferase
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||”H||| REAKTIVNi FORMY KYSLIKU (ROS)

peroxid

C I'OXId MABTFH-cytochrome ¢ reductass) —————jm= Cytochrome P-450

\ d roxylovy LEnﬁnﬁmh reticulum
dikal o s )
e o . / L H, & 2¢
RNO, = RNO; +—* RNO ——— [ku] ————— RNHOH ————— RNH,
2H H H 2H

Aromatie nitro Mitro anion Nitroso Hydronitraxide Hydroxylamine Aromatic

compound radical compound racical primary aming
edukce 0, 0,
trosloucenin ok

Flavoproteins {aldehyde oxidasa, xanthine oxidass, DT diaphorase [NADH or NAD(PIH dehydrogenase|{quinona)] )
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ANTIOXIDACNi OBRANNE SYSTEMY (ENZYMY):
katalyzuji dismutaci O, " na H,0, -
Cu/Zn SOD (cytosol, jadro), Mn SOD (mitochondrie),

CuSOD (primarne plasma)
katalyzuje dismutaci H202, redukuje methyl- a

ethylhydroperoxidy; tetramerni hemoprotein (peroxisomy

katalyzuje redukci H202 a dalsich
hydroperoxidu (véetné lipidperoxidu); selenoprotein
(vyskyt primarné v cytosolu, také v mitochondriich)

redukuji hydroperoxidy, vyskyt v

cytosolu, existuje také ,,mikrosomalni“ GST v bun.
membranach
katalyzuje redukci

nizkomolekularnich disulfidi, hlavné oxidovany glutathior

(,,GSH cyklus®)

(NQO) redukuje chinony n:

katecholy

.Luboruiorv




/
ipidni _

louceniny —

—
louceniny
ozpustné
e vodeé —~

ANTIOXIDACNI OBRANNE SYSTEMY
(NIZKOMOLEKULARNI LATKY):

konvertuje O, °, "OH a lipidové peroxyradikaly n
meéneé reaktivni formy; zastavuje retézové reakce lipidni
peroxidace; lipidové membrany, extracelularni tekutiny

reaguje s ROO-, produkt hemoproteinu, vyskyt v
krvi i tkanich

zhasi O," , reakce s peroxyly; metabolicky
prekursor vitaminu A, vyskyt v membranach

primo zhasi O, a "OH, prispiva k regeneraci
vitaminu E, distribuce v extra- i intracelularnich tekutinacl

(oxidovana purinova baze); zhasi
peroxylové radikaly, O," a "OH, zabranuje oxidaci vit. C,
vaze transitni kovy; siroka distribuce

substrat v reakcich GST a GSHPXx, také

primo reaguje s organickymi volnymi radikaly, O," a "OH

.Luboruiorv

dalsi antioxidanty: cystein, glukéza a;j.




ANTIOXIDACNI ENZYMY VS. ROS

Cytosol Reduclonis
(NADPH)

5 NADP™ (Fe®*) %
Endoplasmic
& raticulum
NADPH +H

Mitechondria

ZHIG 278 =
—

-~ -— ¥,
6556 2GSH :: 2H,0  GSH-Px

+* +
+NA N
H +NADPH NADP 6556 2GSH

\

0 DH, ROOH GSSG Reductose

+ +
GSH-Px NADPH+H  MNADF

‘

H;0 + ROH
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O H,C O
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CH,—CH;— C—N—C—C —NH—CH,—CO0O0

|||”H| GLUTATHION JAKO ANTIOXIDANT

(I{M)

Funkce GSH: S . SH

- redukce disulfidickych mustku Protein”~ | Protein”~

- pfima reakce s ROS a kyslik. xS ~ SH
metabolity (lipid. peroxidy...)

- kofaktor glutathionperoxidaz
(Se-dependentnich GPx, GST)

Dalsi funkce:

- kofaktor konjugaénich reakci
katalyzovanych GST,
napr. s fenoly

- UCast v biosyntéze leukotrient

NADP™ NADPH

Redukce GSSG na GSH

pomoci GR leukotrieny
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GLUTATHIONREDUKTAZA

| I I

glutathiondisulfid (GSSG)

NADPH + H'™—

HS~_

O O

+ .
H,N— CH—CH,— CH,— C—NH— CH—C—NH—CH,—COO0
|

COO" CH,
I
b
S
- |
CO0 0 CH, O

” " )
H4N—CH—CH,— CHy— C—NH—CH—C—NH— CH,— COO

glutathion-

| E + NADPH E + NADP' NADP" =—"| reduktasa
8~ HS”
O 0
" I [ B
HS~ S 2 H,N-CH—-CH;—CH,— C—NH—-CH-C—NH-CH,-CO0O
E+ G—S—S—G—| E + 2GSH Lo |
HS~ é/ 2G CO0O t'.‘H-J
SH

glutathion (GSH)
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(y-L-glutamyl-L~cysteinylglycin)
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(DT-DIAFORAZY)

II”H||| NQO: NADPH/CHINONOXIDOREDUKTAZY

OH
Cl Cl
Cl Cl
KOfaktOry Ci + NADH
NADPH Pentachlorophenol NAD

nebo NADH \}<
(o) O
Cl Cl Cl
(of ' Cl Cl
OH % 0
Tetrachlorobenzoquinone
(TCBQ)

OH
ci cl o
Ci cl ' * ci
OH e O

Tetrachlorohydroquinone
(TCHQ)
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3. FAZE BIOTRANSFORMACE

.Luboruiorv



II|H ABC TRANSPORTERY: MULTIDRUG
RESISTANCE (MDR) SYSTEM

ransport

pida,

enobiotik

j. latek

)fes bunécéné
embrany
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|”H| 3. FAZE BIOTRANSFORMACE
(ABC TRANSPORTERY)

-

Secretion of conjugotes
“Phase III”

: Phase Il metabolism
(detoxification by UGT, SULT)

MNuclear
receptors

Phase | metobolism .
E— A Direct transport
(octivetion by CYP) bock Inda Ko

“Phase 0"




KOMPLEXNI REGULACE GENOVE EXPRESE

| ,
|”H||| 3. FAZE BIOTRANSFORMACE:

RV C
X | A
R AR
RVF
X | x
RAR
MRP2
RYRYRYP e
Xfajxlx HNF1 Spl | Spi YB-1
RARARAR
DR5 | | ER8 HNFI spl || Sp YRE-]

-1100 -422 -401/-398 =376 -320 -315 -269 -260-242 -237 -186 -157 0
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