biotransformation

(detoxication)
(toxication)
450



, 1 (Phasel)

2 (Phase )
1
2
(mixed function oxidase = MFO ) ( polysubstrate
monooxygenase ) 450 1
(' mixed
function amine - oxidase ) (flavin monooxygenase )
1
2
( , 2537 )
P 450
2 450
! 450
450 superfamily isoform
isoform
450
450 2
450 (SER)

(differential centrifugation )



450

450 450 450
450
450 non heme iron protein (adrenodoxin )
450
448
450 448 448
450
448
PAH ( polycyclic aromatic hydrocarbon )
450 PB ( phénobarbital )
(loannides and Parke,1990 )
450 (endogenous

compounds ) fatty acid, prostaglandins, steriods cholesterol

450 ( xenobiotics )

( Guengerich, 1983 )

450 carbon monoxide complex 450
420 450 420
inactive form 450 ( Debethizy and Hayes,1994)
450 20 10
2 1 1 6
450 2



450

7, 17,19, 24 29 i
2 CYP11A  CYP1IB
(
2540)
450
450
450
450
2 (Miura and Nagai,1988)
5
5
catalyte
2 5
5
450 plasmalogen
5 (soluble form )
(‘erythrocyte )
N- glyconeurominic acid (Guzov et al.,1996 ) 450
5 2 450
450
(Waskell,Vigne and Vergeres,1991 ) Lu

(1974) 5 benphetamine



HOTijjflfirm Tl m i
f tu

3,4- benzpyrene 450,
: benphetamine 3 4
benzpyrene 5 5
450 5
benphetamine N- déméthylation
450 5
5 benphetamine
N- déméthylation 5
benphetamine N- déméthylation 5
benphetamine NADH-hydroxylation
5 5
450
1 (FMN ) o
(FAD) 1
catalyte
( 2529 : Ponnamperuma,1996 )
1 5 (Fan and Master,1974 ; Buege and Aust,1975 )
Jerusalem artichok tuber
3 ' 80,000, 82,000 84,000 ( Benveniste et
al-,1991 )
FMN
Pseudomonas  putida

450
(lyanagi,1974)



FAD

2 FMN
1 450
hydroquinone semiquinone FMN
1 1 450 BM-4 FMN
FMN
oxidize semiquinone
( Sevrioukova and Peterson,1995 )
( D2)
thyroid peroxidase oxidation jodide ( Yamamoto and Degroot, 1974 )
(Widnell.1975)
450
L
450 1A
450
1
2 PB
! PAH
450
450 2 2
2
3
PAH Ah

recepter



transcription gene 448 RNA
443 PB
recepter 450 PB
448 transcription gene RNA
(Anderson and Forlin,1992;Goksoyr and Forlin,1992)

450
Fe3t 450 Fe3t
450 3- amino-1,2,3 triazole
450
450
450
hepatic necrosis
450 7.8 benzoflavone
448 SKF 525-A
methylrapone 450
PB
450 4 (Sipes and Gandolfi, 1986)
450
(Reversible inhibition)
1
450 active site
450 450

450



. Metabolite intermediate complexation

450
450
450
benzodioxoles, hydrazines
. Autocatalylic inactivation
450 radical intermediates
450
(suicide inhibitor) ' 1
1-aminobenzotriazole,parathion arathion (Murray and Reidy,1990)
450
hamster 450
( parent compound )
450

450
peroxidation
450

450



Birt, Hruza ~ Baker (1983) hamster
450
Aryl hydrocarbon hydroxylase (AHH )~ Aniline hydroxylase (ANH )

3,
hexobarbital
parathion 2
parathion
parathion
chloroform phosgene
450
450
450 450
450 ,
450
(Sipes and Gandolfi,1986) Hiratsuka

(1996)
lauric acid hydroxylase



10

(Degawa et al.,1985)
1 450
rainbow trout
aminopyrine demethylase, benzo(a)pyrene hydroxylase para-nitroanisole-o-

demethylase (stegeman and Chevion,1980) rainbow
trout 450
450
( Forlin and Haux,1990) 5
/ 1 1 < ! !
4,
450
30
600 450
60
1 3 3
1 450
(Sipes and Gandolfi,1986) 25 L

ethylmorphine demethylase

100 50
ethylmorphine demethylase, benzo(a)pyrene hydroxylase



1

3 75
(Pitrolo, Rumbaugh and Colby,1979)

Sotaniemi (1997) 450
20 29 450 7.242.6
40 149
450 16 69
32 10
B,
(Andersson and Forlin.1992) rainbow

trout benzo(a)pyrene hydroxylation EROD
( ethoxyresorufin - O- deethylase ) rainbow trout
(affinity)

(Andersson and oivusaari,1986)

Sleiderink (1995) dab (Limanda limanda)
North Sea
CYP1A dab
16 4 CYPIA
CYP 1Al EROD 8

dab 16 3
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450

( Sipes and Gandolfi,1986)
Dubois (1996 ) EROD
ECOD ( ethoxycoumarin - 0 - deethylase )
3,3',4,4' - tetrachlorobiphenyl (TCB) Aroclor

1254 3 Aroclor
1254 ECOD 55
2-3 EROD
55 5 TCB 50
EROD  ECOD
3

Widnell (1975 )
Sprague Dawley rats Fisher rats

450

( methylparathion )

0,0 - dimethyl O-4-nitrophenyl ester 0,0 - dimethyl
- O - P nitrophenyl phosphorothioate
IUPAC systematic name : 0,0 - dimethyl O -4 - nitrophenyl
phosphorothioate
paratox,paridol,folidol ect.



F|
(CHD)2— P ~0~7Q> no2

13

CgH00 SNSP
f
(hydrolysis) (pH)
) pH
7 pH 8 7
pH 3.8-4.2 5
Bacillus subtilis
p- nitro group
269
(10,000 ) 24 11 .5 10
0.05, 0.12, 0.024 0.0015
(
2528 )
(active) mixed function

oxidase; MFO



NADPH +02
methylparathion  ----------------- ) methylparaoxon

binding to Acetylcholinesterase

| active metabolite
acetylcholine
acetylcholine cholinoceptive site
cholinergic fiber

3
3 » 1

1 NADPH

cofactor
2

diethylphosphorothioic acid P- nitrophenol NADPH
cofactor
3

dimethylphosphate P- nitrophenol

14

02

02
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4 GSH
( glutathion ) :

5 GSH
(Poore and Neal,1972 ; Benke etal, 1974)

L muscarinic cholinergic recepter

2. nicotinic cholinergic recepter

moter end plate

3 central M- cholinergic



16

(delayed  neurotoxic effects)

Dying Back 2-3 2
Benke (1974 ) sunfish ( Lepomis gibbosus )
2500 24
! 62
85
; Ceron,
Panizou  Montes (1995)
alkaline phosphatase (ALP )
ALP (Bellamya
dissmllls Muller)  Jonnalagadda  Rao (1996 )
inter- lobular
9
( Tiapia mossambica ) Rao.Sahip

Rao (1985)

12

coagulation film
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succinate dehydrogenase, malate dehydrogenase cytochrome ¢ oxidase

oxidative metabolism ATP
Reddy 1Bhagyalakshmi Ramamurthi (1985)
succinate dehydrogenase lactate dehydrogenase
lactate
phosphorylase “ "
phosphorylase “ " : ' aldolase
Reddy  Rao (1991) (Metapenaeus monoceros )
hyperglycemia
glycogen phosphorylase neuroendocrine  sinus gland
complex acetylcholine  sypnaptic
junction sinus gland
phosphorylase
erine
serine
Reddy
Rao (1989 )

Raddy Rao ( 1986 )

Heath (1993) (striped bass )



Casalderrey,Fernando

(Solecki et al,1996)

450
5
2538)

420
Plesnicu (1973)

rhombic
271

Moliner (1995)

Daphnia magna

18

RND /DNA

(Oziotel phusa Senex Senex)
(Reddy,Bhagylakshmi and Ramamurth,,1985)

450
420 (
(2539 )
450
5 Neskovic.Vitorovic
2.17



10.

21

2.2

2.3

19



20

24

Clostridium  botulinus

1
biological
oxidation ( nitrification ) 2
2NH& + 20H + 302 1 £+ 2N02 + 2H + 4HD (1)
2N02 + 02 < T 2no3 )
1 nitrosomonas
2 nitrobacter
denitrification
( 2537 )
hamters ( Opisthorchis  viverini ) NO synthase
(NO) N02,

N2 3 N2 4



mmdd»| ) o5

21

( Ohsima et al,1994 )

Propionibacterium acnés lipopolysaccharide
( etal,1993)
( Srivatanakul et
al, 1991 ) dengue virus
cytotoxic factor ( Misra,Mukerjee and
Chaturvedi,1996)
(N02)
combustion
(Saul and Archer,1983)
03 —)» NO0Z —) NX4 )} NO
(body fluid )
65 - 70 |
3

25



22

( Walker,1996)
crayfish (Astacus astacus)

(Jensen,19% )
0.005
2
Nitrobacter spp.
unionized ammonia Nitrosomonas  spp.
Nitrobacter spp.
(Lewis and Morris, 1986 )
pH Huey.Beitinge Wooten
(11984 ) (Channel catfish ) pH
0.76 : 24 I
(pHO1)
(pH5.3)

Crawford Allen (1977) Chinook salmon



50
59.8 174

23

50 100
16
Channel catfish o 1.0, 25
24 20.7,
25, 50 100

( Tomasso et al,1980)

Macrobrachium recentergii

80
salmon

9.8
152

(1983)
(Channel catfish )

60

( Chen and Lee,1997)

Eddy, Kunzlik Bath (1983 )
32

Bath Eddy (1980)
rainbow trout 90
rainbow trout 40

Borser
15

(LCjo)
flatfish (paralichthys orbignyanus )
50
96 (Biachini et al,1996 )



3 24
1.88,2.18 342 10,20 30
(Huey et al,1984)

Williams (1974) rainbow trout
Russo,Smith  Thurston (1974 )
trout
Russo Thurston ( 1977) rainbow  trout

salmonids, (logperch ) Brook stickleback
cyprinids, catostomids Black bullhead
(Lewis,JR. and Morris, 1986 )

2
( Kaneene,1993)

Eddy.Kunzlk  Bath (1983 )
10
(HNO2)

24

Smith

rainbow

(non polar )
non polar

epithelial cell



25

(Hunn and Allen,1974 )

70-80
(Lewis et al,1986 )
Wedemeyer Yassutake
(1978) Stead head 6
Stead head Bowse (11983)
1 5
96 (LCm 96 )
(Vorhees et al,1984 )
Til, Kupe Falke (1997 )
2,432
3,000
adrenal zonaglomerulosa
Chen Cheng (1995) (Penaeus japonicus )
0xyhemocyanin 25, 50
100 72 10,20 30
( Alcaraz, Carrara and
Vaneus,1997 ) ' (Ictalurus punctalus )

( Watenpaugh, Beitinge and Huey,1985)
Wedemyer Yasutake (1987)  Rainbow trout
3
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("hyaline draped) (‘Arillo et al,1984 )

(retina )
(Gatumu,1994 )
Margioccoc (1983)  Rainbow trout
(NH2)
(Thiol, SH)
Rainbow trout 450
12 protease
lysosome
lysosome lysosome osmotic chock
(Mensi et al, 1982 )
(DMN)

(1979) hamters

Pauson (1987)

desaminosulfadiazine
desaminosulfadiazine
desaminosulfadiazine
guinea pig



desaminosulfadiazine

(1989)
cytochrome paso
Choun, Suyama

450

450

N- diethylamine

27

desaminosulfadiazine

450
(Fusarium oxysporum )

450

Shoun.Suyama  Yasui

soluble

soluble cytochrome paso

Kim (1991 )

450

Vlaskina (1996)

N - nitrosodiethylamine

450

lipid peroxidation Shertzer
aminopyrine  démethylation
450 ( Kudriavtsev, Dmitrieva and Kuropteva, 1996 )

2537)

Duthu (1979 )



OH 3842 (
12528 )

3,000 (

( Sylvester , 1961 )

28

12531 )

! 500 200
3,460 288 ( ,
2531 )
450 ( Dubois
and Kinoshita 11968)
( 12531 )
450 ( Kokkinakis et. al, 1985)
déméthylation aminopyrine
(Shertzer and Duthu ,1979) N-déméthylation
monooxygenase 450

450



(

450,

- 2538))

450

420,

450,

450

420,

450

450,

(

420,

2540 )

450

29



0g

P—450
[Fe-?)
OI
-1
S 0o, S
e
—450 P—450
Plivorsisin [Fe-?) lped]_' Cytochrome b, Flavoprotein
NADPH [oxid) [ | [red) [oxid) / NADH
o~
Cytochrome P—a450 --————-—-————----- Cytochrome b
reductase T reductase
Flavoprotein Cytochrome b Flavoprotein
NADP- [red) -2 [oxid] [red) NAD:
o, s
N
P—450
[Fe=)
P—450
[Fe=)
s H,0
(Substrate)
S—OH
(Proc‘uc!)

"J« 1 « 1 10 450
| (Bethizy and Hayes.1994 )



Cytochrome P450

Reductase

NADPH

Cytochrome b

Cytochrome P450

450



R=CH . ethylparathion
R= CHXH2 parathion (RO)2 p
0 =reaction products derived + OH

from the oxygen @
NADPH A-Esterase
0,

RO b
NADPH. O,
Fé
5GSH inhibts
HQ //S(O cholinesterase
/P\O
RO

32
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1 450

450 isoform
CYP1 1 2 xenobiotic metabolism
CYP2 8 57 xenobiotic and steroid metabolism
CYP3 2 10 xenobiotic and steroid metabolism
CYP4 2 10 fatty acid and 00-1 hydroxylation
CYP7 1 1 cholesterol 7 a-hydroxylase
CYP 1 2 3 steroid 11 (3 hydroxylase
CYP 17 1 1 steroid 11a-hydroxylase
CYP 19 1 1 aromatase
CYP21 1 1 steroid21 -hydroxylase

CYP 29 1 1 cholesterol 27 hydroxylase



A2

UAL
[IA2
lIB1
[IB2
B4
fic5
nee
IC12
Ed
Eei

Elai
EIA2
EIA4
D3AG
IVAL
VIAL

BNF,(3-naphthoflavone;3-MC,3-methylcholanthrene;ACLR,aroclor 1254;TCDD,2,3,7,8,-

450

450

BNF,3-MC,ACLR, TCDD

dioxins,dibenzofurans,methylated xanthines

isosafrole,3-MC,BNF, TCDD,ACLR
dioxins,dibenzofurans,methylated
xanthines

BNF, PB

non inducible

PBACLR

PB

PB

PB

PB

non inducible

non inducible
ethanol,etheer,acetone, dimethyl
sulfoxide,pyrazole,4-methylpyrazole
TCA pregnenolone, 160C-carbonitrile
PB

PB,TAO,dexamethasone

rifampicin

clofibrate thypolipidermic agent

PB

references

ECORCD

P B rrwe B we e e e

—_ N N TN N/
K== Je = Daé <> I <t I
=
(=)
=

tetrachlorodibenzo-p-dioxin;PB,phenobarbital; TAO,triacetyloleandomycin.
(a),(Murray and Reidy,1990);(b),(Juchau,1990);(c),

and Cederbaum,1993

34



35

3 (Sipes and Gandolfi,1986 )

PB PAH
812 36
(onset)
35 24-48
57 512
(duration)
phospholipid
' I
450
443

N- déméthylation

Aliphatic hydroxylation

Polycyclic hydrocarbon hydroxylation
Reduction dehalogenation
glucuronication

glutathion conjugation

Epoxide hydrolase

1~ 3



450

1Al

IA2
11B1

1B4
IIC5/1IC6
11D
IE1
1AL
I11A4
IV a
XA

XVIIAL
XIXA1

450 (Murray and Reidy,1990)

a-Naphthoflavone,ellipticine,9-ydroxyellipticine,
2-Bromo-4 -nitro-acetophenone
a-naphthoflavone,9-hydroxyellipticine
Secobarbital,orphenadrine,diphenhydramine,
a-a-dichlorotoluene

1-(N-Benzylamino)-andl -benzotriazole
17(3-vinyl-and 17P-ethynylandrost-4-ene-3-one
Ajamalicine

Diallyl sulfide

Triacetyloleandomycin and er6thromycin
17a-Ethynylestradiol

terminal acetylenic faffy acids
(20S)-20-(2-trimethylsilylethyl)-pregn-5-en-3p,
20-diol(22R)-22- Aminocholesterol
17P-(cyclopropylamino)-androst-5-ene-3P-ol
4-Acetoxy-,4-hydroxyandrost-4-ene-3,
17-dione and 1,4,6-androstatriene-3,17dione

36



analysis
cytochrome P450
NADPH-cytochrome P450 reductase
Benzphetamine N- déméthylation
Aniline hydroxylation

ratio of male/female
1.4
1.3
56
55
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