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Abstract ~ The CYPIA gene is one of Cytochrome P450 drug-metabolizing enzymes
with dose-dependant manner of gene expression and is useful to get the information of
alterations on gene expression upon environmental contaminants as well as the
biomarker of environmental contamination at the specific places. In this report, we
further discuss the usefulness of CYPIA gene in relation to aquatic environmental
contamination at several aspects.
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Ao oz Z AAE £ 7 fdd=h oo A
S gEAe] HgE aHF oz 47| 98] biomarkerE
0] 43 =AluA ulo] sRubE )3 (Dickerson et al.
1994), biomarkerS 3] 7 GEA ] 7} YEFo
e AdA A SAGgE FrHE 4 A HAdd
HT AAT AFEAE 24 o)Al 53 A
D74 gEAL 2259 x| e AAgle]l YL &
M HEEA FH A =y 7)Er FENA 2 o
s FQdeh 22 AT, ool $4ld 22 FstEA el
A7k vX e FAGEE TS AdE AR A
Bldle dAdet wetA, APEE 2 °F*§5%~ o]
43l Ao P AEE biomarkerE& o] L3}
monitoringd}3l ho]-§4le] AEA el ]2 ]% J3& =
o dert gleh aeue, $ e HEA ] Al T
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ZleAels mAH o} wgolet & 4 e oy Moz Hrse Aotk m=a 54 E] A =
A9l A7), £ B me YA A2E A ol™al 44 (susceptibility) = YA 2a0]n}. o

o 3% H5del pEo 34 Axg s B4
Adel DAY AR Frbore wpgolch o 24
el A $Ame Holgel Holush el
el e wgel =t A% AEAL B o
T BHeE %+ ke el AUk FHAz 4N
immunocassay =+ biosensorE o]|-£-3F uphg.2 HAI3]
8719 detez AAF7|= &) Immunoassay?)
Ae Ao n Bol4g /M FAE o) 43tz
(Szurdoki et al. 1996), biosensor:= 3+A] =+ 3}&l2al
& JAE 4 9)E moleculed A7|FEHAE A wADA
o ZFATIE Woz BARELL 27, Frleh
H v} (Bender and Sadik 1998). v}A|to 2 470 bio-
assay2} biomarker: AJEEH &l 7 7| oHY
Foll 71bE F3 dow EAIYE AT 4 3l

g 54T Aol o5 AL =48
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g o gfel] sl AHE 4 glomz od AB
A F)ke) BAPRE o3 Fesn ¥ 4 o
Bioassay+ in vivo$} in vitro assay® v}ro] A in
vivo assays AFA oz Fu wi APAdA AFPS
oA FFedE Foste] Aoy Heltes 5
Asts B2, Friels uholtt o] Ayuhy-e w3}

Moz ofd WA PGB FAGeke] tjsl H7bste]
PA AR JFe 22 5 dx BAel sl DA
o2 we n4&3 Azte] £9¥E Aot} In vitro

bicassays M Zulje} == MxE 2B o|L3le] I}
7A2g B Wk ube-g FaAsE wbgelt)h £44)
A3 A, aAAA = W E WMo fAax 2
d W3 Fo] ele] %3t} o] WML in vivo assayrt
spsta AP wlsE Az AR 5& AAAA 5
U WETH BolH= ¥ AHo| 9t sx|qt 33t
EAe] 23t oJ3ks 5ﬁ7]—§;} W in vitro A3-Z
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d AR o) BALAEAN A AA Helx Wy
E AEE Y 4 AU $A JdFT in vivo assay 2}
o} A& biomarker?] Aol A AEAL QY

Al Aol Tzt Aol ohdel AABA
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ool dg AL wkgd #7e] g E A

A, #7104 £& carbamateA] 2] gokol) 3 9
cholinesterase2] A, Fo]} 7)e} Lo 238 5-
aminolevulinic acid synthetase?] $%¢ <34 (Scott
1977) 53 B =2A 23 9l tho]|2AlFo 9
8} cytochrome P450 1A9] $x o] 9ld}. o|gst
biomarkery AEA 2] 7 9 FEAl it vk} A
Alg7e] 2 9ARE FA EUEHIZ S 3lE w8
Fugon ywEEw Yok

AF7HA] AEHe] gl biomarkerEE 7% FAQ
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1= M2 oYl B} 938} (molecular epidemiology)
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biomarker?] |2 2471 & e A2 =7
24 ot A&t ¥AQ ARzlo]l E¢le)H(Costa
1998). =3}, #ZEo] transgenic 7]|&& ¢]£3} bio-
marker7} &74F o] 1 843 FAAle] el a ik
(Amanuma 2000). 7]&e] 7| ity vf$AS o] L3
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1} (Campbell et al. 1996), o] Fol| Al = A) Z.¢] transgenic
EHSES Azl Aol Aok ofFelA trans-
genicEW-& MR e olft LS £FRA
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xicology)¥ el #H} Aot Fe7} Loldt A F9
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Cytochrome P450

Cytochrome P450 (P450 =+ CYPs)> hemeS &-§&
Al Qe BAEAM FEUANESS] Al1AF ubSelA
WA B (2dzel=, X4l e, 2 2el g3
o, dElxels F)3 A A A 29EA, o
E, UEA 59 diAte] FHedsic) (Coon et al. 1996;
Guengerich 1990; Lewis 1997). P450.0. 2 28] jA}sl o
AR A4S wA e dubd oz diapincg o
g 545 oA "o 22 ofd ddEd o 3etE
% (Benzo[alpyrene 5)-2 P4500] &}8] hA}Ee] © 7}
8t =418 2= 797} ¢lv}(Guengerich 1992).

P4502 X338, FHEZE, AE, %50, &%, A
TolA ARG THFoIME ojn] Fuleir e P450
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Table 1. Receptors mediating the induction of P450

enzymes
P450 .
enzyme Receptor Receptor ligand Coreceptor
CYPIA AhR TCDD, PAH, -NF Arnt
CYP2B CARB  Androstanol, Phenobarbital RXR
CYP3A PXR PCN, Rifampin RXR
CYP4A PPARo Peroxisome roliferators RXR

Abbreviations: TCDD, 2, 3, 7, 8-tetrachlorodibenzo-p-dioxin;
PAH, polycyclic aromatic hydrocarbons; B-NF, B-naphtoflavone;
PCN, pregnenolone-16a-carbonitrile (modified from Casarett &
Doull’s Toxicology, 6th ed. 2001).

o] MAEglem AARY gL A7 APH T Y. A
A& superfamily® A8l o] &EZAFE 7] g
substrate$} metabolic product& zt1 ¢l A=z o=
subfamilyell 48] 9l& isozymeE2 1 1§ Eo]zql
+=4) 2} nuclear receptorE 7}A I 9= Fe] £ o]
©} (Table 1). Polyhalogenated aromatic hydrocarbon
(PAH)el oJs)] f=5+ CYPIAE H3Ee 352
A w7 o] 3 g) o1}, phenobarbital =3+ non-planar
polychlorinated biphenyl (PCB)d] 93] $=5H+=
CYP2B2] 79t olF, M7 I5F SolME= 2o
=2} ok=r} (Nebert et al. 1989; Stegeman and Hahn
1994). CYPIA: USHEAE AP A3} A)A ur-&
Aol ¥& #4 SAHEAE XA P} Joannides
1990). o] <felaty, 54t B4 W&ol CYPIA
9] 7)9-= cytochrome P450 isozyme Fo)|A] 7}7} wie

A77} o)l A gt

AhRoj| 2|8t CYPIAS| MAI=H

1976d¢) A= FA aryl hydrocarbon receptor
(AhR)®] Ay 3t3tA, Ae)ssts AJAe] 377 (Poland et
al. 1976)8 o) ¥, Z = FAH AR w3
AhR-Z DNA binding regionell 3]+ helix-loop-helix &
&E z+31 9] Per-Arnt-Sim family?] membero)t)
(Swanson and Bradfield 1993). ¢] $-44]¢] ligandz =
7429 249 to]$A, PCBE Z3 PAHS o] §)
o WA ligande o3 HAHA ¢x Yo
(Birnbaum 1994). Ligand 9} ZA&3}#] 942 Abe]2] AhR
2 5 E2}9] heat shock protein 90 (HSP 90)2} 2 3l3)
= ez &A% Ligands) AgsiA 54 o=
Sl P52 R E Xl ARNT (AhR Nuclear
Translocator)®} Z&3sle] 52 DNA7|o| 23t 4
N Pz Wgsoeizlc H3 ¥ AhR complex:

OO 7cDD

TN
3

Fig. 1. The CYP1A induction via AhR response with dio-
xin ligand. Abbreviations: TCDD, 2, 3, 7, 8-tetra-
chlorodibenzo-p-dioxin; AhR, Aryl hydrocarbon
receptor; hsp90, heat shock protein 90; ARNT, Ah
-receptor nuclear translocator; DRE, dioxin res-
ponse element; CYPIA, cytochrome P450 1A.

CYPI1AS} ©}& 2,3, 7, 8-tetrachloro-dibenzo-p-dioxin
(TCDD) ¥Hg F3 A+ promoterel] A sk
responsive element (DRE)$} A} 32H83}e) §x1x} A A}
& A3 AZI5 (Fig. 1). TCDD$} PCB: AhRe| 2%
8le] CYPIAE =317 = v anti-estrogen #Ajo] It
A= i} (Safe 1994; Hahn 1998; Navas and Segner
1998, 2000). o] PAH % 3}3}E32 =4 {7|33hE
Az $RHD 2N £ SEAs EA
% 471 AhRY ligand2 2443810} o] stEalse
Ardon 273y, FlEas Bt A4RTEE o8
& FAAFANAN ALz FR EojeA Huh

dioxin-

]C ==

5 CYPIA

oJFolMe) CYPIAE 3724 BA2 B 40
< IEA o3 fF=HE 1Az Qs 258
73299 biomarker24] L& %7} &=t} (Buhler and
Wang-Buhler 1998; Fent 2001). CYPIAs| #al®l =3
ul-2 Table 2014 3¢l& 4= glv).

=z go]e] &)k EER}I2] Dr. Anders Goksoyr7} A

AZE o] 72 CYPIAS) e & F= 242 AH
n A<, ek S0 Q1A Qo1 4o A"e) Wz}
52 By my TAEA 2UdEE AAEG
o|&]8t Q4E-2 CYPIAY} biomarker23 Al8o] ¥
735 WhEA] 18 Fejol & 24 Fo|r)

77t MAEe £ 2xx IR (HH
—Lox)olt drixute] AR (AN 35~40%) 53 7
o) % Yo Eslolth ALY JFEES FAY L
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Table 2. CYP 1A detection methods in fish
Detection level Probe Assay
CYPIA enzyme Catalytic assay EROD, AHH

CYPIA protein Antibody Western blooting,
ELISA
Immunohistochemistry

CYPIA mRNA c¢DNA, Northern blotting,

oligonucleotide RT-PCR
In situ hybridization

Abbreviations: EROD, 7-ethoxyresorfin O-deethylase; AHH,
aryl hydrocarbon hydroxylase; ELISA, enzyme-linked immuno-
sorbent assay; RT-PCR, reverse transcriptase-polymerase chain
reaction (from Goksoyr 1995).

ol 2 zplEe] xEHE AL I3 Hgtd F=2
AMA S ol A ARk Al F, T4 Bl F Sl
os) BrlstEHor A% &% #HIlE I £ G
At o3t 2= Wzle) 8] AsHe) W ne
2 ofF9 CYPIA: Z7+8 ¥ oluE}l (Anderson and
Forlin 1992) Al ¢] wisle)| wle} CYPIAS] 3e] Wiz}
3t Axgx B 3590t} (George ef al. 1990; Larsen et
al. 1992). o] 9] A7ke] zpolz k) ASal Aler|o)
CYPIAS) W3} Astmz 43¢ o83k Aol 9%
Hojzlel ZR-FolM e dFdeiel A o] (diet)ol] #HH3}
o e @R HoIRA, ol FelA) Aol st o
£ d) A} (xenobiotic metabolism)el] 3t dF= AbA
o2 A Zo] FAeln I = E733 AAHe
2 oA AEHE @ A%l AR AGe Aol
7} Aol e vl & A M2 G2 oF (B
o Sl = CYPIAS] ¥H-5-Adell zlel7} S)7] wliel A
et ojF g Adate A Fa3 24 F9f dhtoH,
4l (FF7)), 48, 9= (352} handling, crowding, 4~
<, Ak §o AEdAy 2dER S 7|3
4> ¢lt} (Collier et al. 1992, 1993; Goksoyr et al. 1987).
ol A4 wiie] D= AT MEE2HE o
2 CYPIA QFZAFH A3dt d+& & 5 sl o=
A e dFAFAE A e ARG BF A
g AR F AFAGY B, o33y 54, 2=, Fol,
A= 5& FHde Ao] g Faslt

E-R
=

8

5

k)
gl

Biomarker2A{ CYP1A2S] 744t gl 28

dnbH o 2 biomarkerd] Wil A] 7} o Fol Fof
of 3= A& QB o3 AEA ] W) o
d AETE M e] st o Re|dt F, CYPIAY
AhR F2%pe) Lao] A e 2ot A
2elel] ofm 2ulg 23 Yerte AWT 5 Sleder

e Aoloh AEA WM CYPIAS f=2: o|FH
o Jgg gl 1 F g &9He $Uld CYPIA £4%¢
Z1"he] Hx B3RP EAE 2, HAA T A UgE
g A o2 BAFAIA DAl Fd31A o
g2 29 yWund, AnAddd ous dg94e] o
g} o 3Fo| ) (Zelikoff et al. 2000). CYPIAS] §-%ol ]3]
WEn A, AR, QAo FPzA7)5e] A 9

& & 4 g} (Nebert 1991). $Jell A A&t Az} ol
CYPIAS] A WMo f=& st FEUALEA
28] 2Ju]9} &7 biomarker2A9] & F3f A
2%99) monitoring? Aol UlAE e AHehe
Zew ol 22 Ak

Biomarker®] 7|utA] o]&7ke] W)@ ¥-Mo] F o3l
oW £dol ¥ TAAE Avhe SUAE §EAD &
03 e ETAAE BE 242 4 Ak 429,
TCDD>7} 3 (Rattus rattus)| A= CYPIAS §=3}xqt
deer mouse (Peromyscus maniculatus)o| A= CYP1A13}
CYP2BE $x3}7|= &} (Nims et al. 1998; Dickerson
et al. 1999). o[H & o|F7H2 ol AFFTE, 2F, o
o, FAFARelo A dold 4 Qi M & Fomy
B g2 Aol o& 2o a0 94} (extrapolation)S 7z}
) Qg A ARE =2 dopt
o},

In vitro reporter gene assayS ©|4-3F s % U 2u]
A A EAE HEF 2 e L Woloh A A
%3t A3 Zo] tho|fAlF2 HEe] AhRHY A3}
I AhRS & Wj2] ARNT AA)#}e} ZA3Hsle] hetero-
dimerZ 3 A sl CYPIA 44 A 2] upstreamd]] £ 3}
£ DREe| #g3te] fAa e F=AZS 5, 9
014418 S4 2] 7o) wel CYPIA $37 promoter
ol 3l DREe| 23] CYPIAS] *de] fxdn. oy
3 12]9) luciferase?] &A1& o]43}e in vitro repor-
ter gened TEo| tho]SX79] EAE& &S (Murk
et al. 1996; Williams et al. 2000).

2oz Nz /s biomarker:s thE3 22 7]
WA sesle] s il et AR BAHLAE
A 54 Ay FAE A4 22 monitoringdl of
g} FHA 2 s)2dt biomarker?] 7l whz g
=2 Mt A AW oo AHEE 5 UYEF
#oF &t} AM 2. biomarker’} FHeFo=w Q7 A
W3 501 AE A5T 4 A= +8D =72 A
£57] GAME DI 7159 B Be} ohet F
71 A Z g AP Afdo] iy A7

.



6 Seokjoo Yoon, lI-Chan Kim, Yong-Dal Yoon and Jae-Seong Lee

= L+

CYPIA $A A= cytochrome P450 SFET| Al & Aol &
3l che]84l F2 WERA A EAe o8 F=
EHoz FEHY FAHLFEA & F=HE= EA
< o83l FHdEA e whEse AEA
A B3 W Bk elye) o] F EdlE B9
3}

D325 B ARE Ae 4 ok B EeINE
SABA QS BAS CYPIA HAR] H84€

AL AL

2 A7 20029 % EFAEATAT FHATA A
{4 =2 73 (KRF-2002-005-C00019)o| s 3=
T4
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