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Establishment and Application of Toxicogenomics for Assessment and
Prediction of Toxicity in Environmental Aspects
(Detail 4: Technical Development for Aquatic Environmental Risk
Assessment using Javanese Medaka Toxicogenomes)
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I. Title of the study

Technical development for aquatic environmental risk assessment using Javanese

medaka toxicogenomes
II. Objectives and significance of the study

When the hazard chemicals are observed into body, the organisms start
responding against them from cellular level so this study aims to develop it as
the risk assessment biomarkers and analyze it for easy and sensitive risk

assessment.
II. Contents and Scope of the study

Javanese medaka are exposed to persistent organic pollutants and the
chemicals—specific biomarkers are developed. Its functions would be discussed
and HazChem Fish Array 1s constructed. Also the prediction methods are

established for environmental hazard chemicals risks.

IV. Results and Discussion of the study

The primary DNA chip including about 1K biomarkers was obtained and
toxicogenomic indicators were developed. The indicators were classified and the
functions were discussed. HazChem Fish Array was accomplished after analysis
of DNA chip hybridizations and the risk prediction procedures were prepared

for the environmental hazard chemicals assessment.

V. Perspectives of the study

Diagnostic tools based on DNA chip are to be applied for biological toxicity
prediction of newly developed drugs/chemicals and aquatic environmental health
assessment. The results can be associated with establishment of the prolonged

environmental policy and regulations for persistent conservation of ecosystem.
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TAHA (USEPA, 1991b) & AA|, thFst 249 54 9 W3 =4 (Holcombe et al.,
1996; El-Alfy et al.,, 2001; Johnson et al., 2002), A<l X3td H7ME 54 (Geter
et al., 2000) Aol o] &3t om, ARJEZAAT s, ﬁlﬂﬂEEE‘S}lﬂ 2 29 A5
Ao M oFE olgsto] HAES LA EE AAske A AEs NS vp Qluh

Qo] AL oW 77+ et £A8 (Oryzias latipes)E ©]-&35 FE=AH | &3 A7}
A8 Eojgktyt  (Yamamoto, 1975; Ishikawa et al., 1984; Klaunig et al, 1984;
Hyodo—Taguchi and Egami. 1985).

AxAE H SAFYE F7REoklA =, 59 wEYH & U]‘?L?J
olfF CYP1A, @3 d (vitellogenin, VTG) 2 A&S
Abell A= Al ststo] Ly ofFel disto] Al Folth

XA tisr, USEPA &
QI == °1]0M B

=
S RARE £ GEEAbY EE A olRE GO 27] AT, ARE, B
_“I

2 Aol E 2
FHBR A7, & 54, A 3 FUAAT Gromatase) 4, 4 54 Fol ) A7
Zo 9, IFY A5 eds -] Yst HHOR  zebra fishE o] g3
Metallothionein (MT)¢] &AW Fol o] &1 o, B FA ( 15 B <A]ked)

o gleld Bl @A 9

A BFALATY FASHATRANE ol ARE AHEAE Fuste] T4
A AAAA wjeFata Qlom, 71E ABAF steh W ATRAs e Aeeln, H2 o] of
2 olg® DA% Bokel BE AT A9H v ek

AukEAte S ol 3 ABEAF )% AR A% R W J1%, oA BEAA
wpol . wiA W%, R4 2A71E FF AAZHEA HREAYE 5L o)
ool FHow FIE Ak Fustn ok,

o

)

A~
E)
A

ri

Al 3 AR 1= AEA
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= WA P E RAZ A olHE BrolFel % ATAR 4] wE BAY

shdstast s,

|29 SAAFE o] obAA}(sub—lethal) 9] B RN JEFE AEY S
oA A% AR s Yk,

= G O%) N AEGB5%) BAAA AE D A0l Hed AuEAEE o @
ozM, M2 AT Edse] Fota, Y@ Ao o SHrh

- cheret falaetE el U Abed AE W SHARES AANTORM, Uit HE
of 27] thg Fsd PES ANT ol

- QR W AHAY BEe] Y BFLPL 2716l Aol vl t@ lZo] 5@
BAAE W ol WHe ANG ok,

mlo

|
N
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A 27 AT 51 ¥ WS

A 18 A7 HEEE

— 57 87 91914 78 DNA chip 71 (1,000% ©]4¢] npo] 2.v}5)
~ DNA chip& ©| 88 #7 falssgdel A A5 W 44

A 28 A ATopLe BE 9 BrpPd

AL B

o
e
2
Y
=
1
I
e

— PAHs £9°] ¢cDNA library 7%
9 Q719 B4 oy

— 44 DBE §% 71544 o}

. TA e PAHs 91314
A i DNA chip Al | T SR A o

- f8 FAAY M R

— DNA chip Az 2 AH o i

— POPs £9¢] ¢DNA library 7% 4
AN D BA ol

S @A POPs 84
%714 DNA chip 7

3apd = A %‘r%‘ AME Frre T3 9 %% ) s e o il e
DNA chip 70 - FalEdE A TR}
st o7
— &% DNA chip A1, 371 4
HeE o] F-
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Al 34 AR FXAA

AHE L= Mol BNE =
124 & {20074 PN[;III'So];l[?I-I.ip ]I%j*l_ﬂ PéHEM0 Ca 2 0l |-:|::r.|.q library 5

Real-time PCR HE
PiHs E0| R 2 FHEA 2H2Y

FE FEMME
1%} cOMA chip RIS

LN

2% & (20084) PU{';'; ﬂgﬁ iﬁ"ﬁ —{ POPS/EDCs S0| cON& library 75

Real-time PCR EE
FiHs E0| S8 QHE ZF 24

SERHEMNME
1%} cDNA chip BIE

o ZE DNA chip Evaluation
E E
SRS Q0092) Mo ma siars 828 | [mw pusmes =2

E&} DNA chip H'& NEM AT
HEMEY ANE HE

A #8 FAE2 Vs SHR A pEn

DHAchip2 01 2%t 5= 3 Dol 271 00= N22 AM
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A 3% AL 23 9 EEA

A1 AN A3 Bl B

7}. PAHs (Polycyclic Aromatic Hydrocarbons) £9©] Subtractive cDNA library 7%
E W A Ao del, Aup(areh) FAR o] A folle A SR did g2 A4

el

Wb FAEo] QA doerr A fasistEd wEe wddo] My, o] fAA ¥
HE9] @0 A ojof gt dAl olgt 2 HES fdlAl, subtractive ¢cDNA library
(FHatelol B @ie]) o] 3%, differential display polymerase chain reaction (A52d F3&
2 A4¥HS), heterologous microarray hybridization (©]%3Fe] mlo]mZojgo] A3) 1l
52 FAAe e T3 22 wHEe] olg¥a e, £ ATelAE PAHs 5o #f3%
SR was 95, A<  PAHs¢ benzolalpyrene(B[alP, 100 ppb) 4

benzo [klfluoranthene ~(BLkIF, 10 ppb)el AwkEAtelE  wEstal, s A&
7t FEEY 744 sequencings T, $H FH

subtractive cDNA librarys 7+F35t9 1, 2+ F2
As& W=tk 1 WS obdle 1tas] wstar, Aol dis] =9 Rk st

th AgelE Pah ¥ 12-1409 B A5 F3 Aukeate g ol gakg

R

S e Al S JETOR vk

& AbEA 2RE kS AEske], o|R2HE RNAS F5, FESSIU

PAHsel =% 2]
RNAZ2] FZo|& Trizol (Sigma, USA)E o] &390, %% RNA: denatured agarose
gel electrophoresis® ol 9l #2]s}al, UV spectrophotometryel] &3] %5 &<ls}3it}.

@ BlalP ¥ BIkIF S°] cDNA library?] 75
FZ4%9 RNAE 7]¥Fo 2 PCR-select cDNA subtraction kit (BD Sciences) & ©]8-3}¢

POPs E09°| cDNA libraryE T3} ).

=

@ F2=59 A7IME &4
T-Z3% Z} subtractive cDNA libraryollA] #2912 A
= o

7109 B4 AAsH .
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® PAHs Eo°] f
F+d2 DBE

(2) 43

D Subtractive cDNA library 75l 2]$F PAHs So°]

@b BlalP 5o°]
AuEEAE E
cDNAZ ?z‘&s}o&u},
= Adsgit (G D).

22F 9 A=

100 ppb2 BlalPel

FAAEY 75
ol gdtel FAAEY V5 AN HRHHA,

FAA B2 W g
24217k F2k
°F 1,000 & g |7I4ds &+

A Z&3}o] subtractive
, BLAST searchZE %3l

<3 1> Subtractive cDNA libraryZ%E AoJA benzolalpyrene E°] F34 5=

Subject ID Annotation
PREDICTED: Strongylocentrotus purpuratus similar to Ribophorin II
XM_778806.2 (1 0C578649), mRNA
M12530.1 Human transferrin mRNA, complete cds
PREDICTED: Strongylocentrotus purpuratus similar to Ficolin 2
XM 789095.1 precursor (Collagen/fibrinogen domain—containing protein 2)
- : (Ficolin—B) (Ficolin B) (Serum lectin p35) (EBP—37) (Hucolin)
(LOC589457), mRNA
Arachis hypogaea acidic proline—rich protein PRP25 precursor—like
DQ296039.1 mRNA, complete sequence
AY522617.1 Oreochromis mossambicus ribosomal protein L9—like mRNA, partial
sequence
Oncorhynchus mykiss LBP/BPI—2 mRNA for LBP (LPS binding
AB042026.1 protein)/BPI (bactericidal/permeability —increasing protein) like—2,
complete cds
AY156726.1 Egseudopleuronectes americanus 1—Cys peroxiredoxin mRNA, partial
NM _076366.3 Caenorhabditis elegans AdaPtin, Small chain (clathrin associated
- : complex) family member (aps—2) (aps—2) mRNA, complete cds
XM._680269. 1 PREDICTED: Danio rerio similar to Glucose—6—phosphatase
- : (G6Pase) (G—6—Pase), transcript variant 1 (LOC563180), mRNA
XM._792372.1 PREDICTED: Strongylocentrotus purpuratus similar to aldolase a,
- : fructose—bisphosphate (LOC592868), mRNA
BCO45924 1 Danio rerio inter—alpha (globulin) inhibitor H2, mRNA (cDNA clone
' MGC:56119 IMAGE:5411593), complete cds
Paralichthys olivaceus mRNA for complement component C8 beta,
AB020962.1 complete cds
XM 588051 2 PREDICTED: Bos taurus similar to NPC1 (Niemann—Pick disease,
- : type C1, gene)—like 1 (LOC539550), mRNA
NM_001031676. Danio rerio poly A binding protein, cytoplasmic 1 a (pabpcla),
1 mRNA
AF012465.1 Pleuronectes americanus aminopeptidase N (ampN) mRNA,
complete cds
DQ535181.1 Oryzias latipes betaine aldehyde dehydrogenase (Aldh9A1) mRNA,
complete cds
AB025575.1 Oryzias latipes Orla C3—1 mRNA, complete cds
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AY297923.1 Oryzias latipes cytochrome P450 1A (CYP1A) mRNA, complete

cds
AB023582.1 gggrinus carpio mRNA for ATP synthase beta—subunit, complete
NM_214759.1 Danio rerio legumain (Igmn), mRNA
DQ660324.2 Oryzias javanicus heat shock protein mRNA, partial cds

@ BIkIF Eo] §4x &g 2 gr
AukEAre]E 10 ppbel BIk]Fel 24413t &<t e& &, 3k A E5ke] subtractive ¢cDNA

TESATE oF 1,000 E&l tiet 971 9S EA5kaL, BLAST search® §3 43%9

%
FAAES AT (E 2.

<3 2> Subtractive cDNA libraryZ5E “o]Z benzolalpyrene 5°] F82 55

Subject ID Annotation

Zoarces elongatus isolate 309 cytochrome c oxidase subunit I
EF208039.1 gene, partial cds; mitochondrial

AYB47462.2 Acanthopagrus schlegelii antiquitin mRNA, complete cds

Danio rerio aldehyde dehydrogenase 7 family, member Al
NM_212724.1  "(;1dh7a1), mRNA

Medicago sativa clone C43 putative splicing factor Prp8 mRNA,
DQ122784.1 partial cds

Platichthys flesus mRNA for apolipoprotein Al precursor (apoal
AJ844288.1 gene), clone PfIL002d09

Vigna angularis AdGt—3 mRNA for glucosyltransferase—3,
ABQO70746.1 complete cds

AB232923.1 Oryzias latipes hox gene cluster, complete cds, contains hoxDa

Oryzias latipes mRNA for membrane guanylyl cyclase OLGCS,
AB0O00&99.1 complete cds

AB232920.1 Oryzias latipes hox gene cluster, complete cds, contains hoxBa,
evx homologue on hoxBa

AB183488.1 Oryzias latipes DNA, MHC class I region

AY522608.1 Oreochromis mossambicus 14 kDa apolipoprotein—like mRNA,
partial sequence

EF581895.1 Paralichthys olivaceus fibrinogen beta chain precursor, mRNA,
complete cds

PREDICTED: Pan troglodytes similar to F1FO—type ATPase
XM_522461.2 '\ pinit d (LOC467061), mRNA

XM_001341513. PREDICTED: Danio rerio similar to Apoa4 protein
1 (LOC100001579), mRNA

U34341.1 Oncorhynchus mykiss 28S ribosomal RNA gene, partial sequence
AMO086629.1 Spisula solidissima mRNA for nerve hemoglobin (nHb gene)
ABO25575.1 Oryzias latipes Orla C3—1 mRNA, complete cds

PREDICTED: Strongylocentrotus purpuratus similar to
XM_796763.2 Adaptor—related protein complex 2, beta 1 subunit, transcript
variant 3 (LOC577543), mRNA

AY296113.1 Ixodes scapularis beta—adaptin mRNA, partial cds
ABO025576.1 Oryzias latipes Orla C3—2 mRNA, complete cds
AJ310811.2 Ostertagia ostertagi mRNA for heat shock protein 20 (hsp20
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gene)
XM_001331870. PREDICTED: Danio rerio similar to Clg—like adipose specific

1 protein (LOC793037), mRNA
EF546464.1 Oryzias latipes cytochrome P450 2P3 mRNA, complete cds
ABO06593.1 (C)géfzias latipes orla—B2m mRNA for b2—microglobulin, complete
DQ660321.1 Oryzias javanicus transferrin mRNA, partial cds
Oryzias latipes nppc3 and nppb genes for C—type natriuretic
AB207138.1 peptide—3 precursor, B—type natriuretic peptide precursor,
complete cds
AY342000.1 Oreochromis mossambicus receptor for activated protein kinase C

mRNA, complete cds

AY500892.1 Anemonia viridis mitochondrial 60 kDa heat shock protein mRNA,
’ complete cds; nuclear gene for mitochondrial product

D84063.1 Oryzias latipes Bf/C2 mRNA, complete cds
AB111382.1 g)ééfzias latipes mRNA for fructose—bisphosphate aldolase B, partial
AT508061 1 %%o_dﬁgt_eéa frugiperda mRNA for allatotropin (at gene), clone

TM—OOW%%O' Xenopus laevis MGC81149 protein (MGC81149), mRNA

AB046829.2 Homo sapiens mRNA for KIAA1609 protein, partial cds

AY461597.1 Synthetic construct arsenic—like protein gene, complete cds
U34341.1 Oncorhynchus mykiss 28S ribosomal RNA gene, partial sequence
M36717.1 ?éjsman ribonuclease/angiogenin inhibitor (RAI) mRNA, complete
AF501322.1 Acanthopagrus schlegelii liver—basic fatty acid binding protein

mRNA, partial cds
ABO84472.1 Triakis scyllium mRNA for beta actin, complete cds

EF581895.1 Paralichthys olivaceus fibrinogen beta chain precursor, mRNA,
complete cds
AB110698.1 Oryzias latipes OIGC—R2 gene for guanylyl cyclase, exon 1—25,

complete cds

PREDICTED: Apis mellifera similar to Chloride intracellular
XM_392027.3  pannel CG10997—PA (LOC408481), mRNA

AB022280.1 Oryzias latipes gene for soluble guanylyl cyclase alpha subunit,
complete cds
AB092690.1 Oryzias latipes GnRH—R1 gene for gonadotropin—releasing

hormone receptor 1, complete cds

L. o]F3ke] mpoja o o] Hds & BlalP
L cDNA % &3 wlolmZojg ] 7 g
sl Hglth rlolazoldel 14 W FHF mrw 2
ot W =4ty ge gEsle] thopel oko] AgH T k. ®ak okl o] V&S &
A Absdd, ngES A=, SNP genotypyingd Bl A A FokollA &&=
T2} mpolazoldol] AR QS EHT 250 mdl A 49l
W AR FAE0] Qe YRANT sk vud 4R Aol fHA FE 3

A dd Ashrh FH50] A @] W] vlo|azelge] V%e] A go] stsatA gt ol
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= £319] vholzofefo] o] geld WS Furst
A A e E‘%H%Oﬂ Ag9 vk 9th (Eddy et al., 2008). o|E7te] njo]=a =
olgo] EA e A& Ba aAWsle] e FAASY I gL AP5gso

of (=
z
2
o
o
H
8
_OL
)
0
=
s
N
l-‘\l
X b
s
PN

AE&2 v Fogd, I olfe Adel AAeta Qv A== o] HEE A&l
ol olE F& wEdeR 3 wlo]arojgo]e] o] E7Fs3dty] wiEoltt (Buckley,
2007)

etk =eksl= 4 (Polycyclic aromatic hydrocarbons, PAHs) &= A 7oA A &4
o] ml- A3t frledEdeln, o]z st 2L, sAAR} FUIEe Ed A&,
FoAEI 22 A &Eed g As] Fol s, wid STFFAC Aok o548 AewSs
o] A AE (Warshawsky et al., 1995), ©x5F Nesto et al., 2007), UEF

(Morales—Caselles et al., 2008) ¥ o]&F (Cheikyula et al., 2008)°]4 H1¥ wv} it}
PAH®F %, Wlzdoldl (Benzolalpyrene, BlalP)& thiEd AHSAHELZHA, 5ol &
olgy W W 7% A Fo] TZHOoE HuEH I rt BlalPE AES nAls G
AARS BEE Adlele T8 A ZHE HolH, o= FAMHOA Y AAZA A &
e A e Hol wahe] le] dnt weta FH A FF ot FRolA A=l i
BlalPo AESHA] axE fdEste 2ol sttty Az

AL A ATl ofF Edl %ﬁﬁ% olw] &4#xl vk gloyt (Cossins et al.,
2005), A= A& A ofFrto] =AT]Fel oE =4 AlY oFE FH Ut
(OECD, 1992). weha AEE afit Algdolwel sidto] Zrelo]l Q751 Ql=dl, AvpsAte
7b v L SRV F ¢ ua AZEn 54 Aol iR AL o2 Al halA =
olm] B y¥ u} Itk (Yu et al., 2006; Imai et al., 2007; Woo et al., 2009). £ A4
= B5%5A] cDNA mlolaZo]# o] (Medaka 7503 Medaka Early—stage Embryo 2200
o] o], Ecogenomics Inc, Fukuoka, Japan)& ©|&3sto], Bla]lPol| =3t vt 9] 7t
oNA 2e FAA B AT o7 o A FAAES BlalP =2 A
A3, Bla PJ =371 W BlalPell 9Ja] Fiss #A7Id A9 72 As5E 484

b

L=
=
T 9e Aow grEh

DA

(1) ]HE.’ UJ Hol-lﬁ

@D /\]64/\@5’ §}6¥ A = HJ RNA Z—]xﬂ

B3t 2 12-1470€E | Ass 3 A AMAE s A &Skt ABksAg E BlalP
(Supelco, USA) 100 ppbell 24A13F &<t =Eata, AP 2T o2 R E S A Fsto],
RNeasy Mini Kit (Qiagen, Germany)ZE ©]£3F9] RNAE —ir%, A8+ Th. First strand
cDNAZQ A Aol&= HA RNA 1 pgd cDNA Ao F oz AME39ow, T7-oligo
dT primerE ©]€39 . Amino—allyl UTPE ©|&€3t in vitro transcription®7gdo] <]3j
double strand cDNAE 43t aRNA A8+ Cyb FF9s= XA, HAS
medaka cDNA wlo]mzojgo] Age] o] &alArt. AL Hgol Cy5—aRNA 49 3
Aol== Amino Allyl MessageAMP aRNA kit (Ambion Inc., Austin, TX, USA)E o]&3}

ol
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e

@ cDNA wmlo]aZojejo] & o] §3t faxt d 24
2 AFA o] &¥ cDNA wlo]A =R o]i= EcogenomicsAl (Fukuoka, Japan)ell ¢

ol

f

MaE RAow Gty A 719 83371 2 ow 71 22227 TR B E ©HAlstal Stk 3%
AE 7} A8 5 cDNA mlolmaZo]go]o| hybridizedt$ith. Hybridize €949 24 50%

formamide/5x SSC/0.5% SDS¢} #Zom, HEZS 42ToA 16A13F &<F HdsTh. 1x
SSC/0.2% SDS &qox 537 1583 23|e] AA FAIth Al&ste] 0.1x SSC/0.2%
SDS gelor 53F 23] FAEAT. FAZE B mlolarolgo] &eto]=+= GenePix
4000B scanner (Molecular Devices, Sunnyvale, CA, USA)® 10 gm =2 ~71d3sk
ek,

@ & A4
GenePix 400B scanner ol mlo]m Rl o] HlolHE FHHORE dF3tste], 7 vt
olax ol oloA el Hu LAFS ATk Dozl AF= ArrayStat z—testoll &8 A8}
Rom, P<0.01 FFdA FA8S A8kt

=
o

FARES 457 A8, F5EAke cDNA u}OELiOM%
- Torﬁ ]_ tﬂ-tﬂ _z_i_q_olala To ]_oﬂq_ H/H
7 38F9] FRA wERFo] IS W Aoz ylotHEtt (P < 0.01). ol FHA T 23%—
FAAe] o] FrEon, 1552 Fdo] AU (£ 9). wEd 38F ] FHAA
E F7] (2, 5.3%), T (4, 10.5%), WEH/AHA (9, 23.7%), HA
23.7%), i/ dwmz A3t (7, 18.4%), ANadE (2, 5.3%) 502
v‘i—ﬂ‘iisui, Uruixl 1%% Wl LEEA = Aol (B 3).
AT B3 olFte wlolarol o] AEE Tl AMEE G APAF] AuEEAL
= FA4sk= Aotk %7 Aﬂwﬂ” A, 7)Ao E
71, HEn A e, =8A Fell, A9nkg, dl52E, EAAEE, HlAkA
A %}oﬂ ol 71E} *ﬁ%é}@ WS Sl &ae 38F9 AsEd %ZJXPE s4selth. ol
ar o

S a4 ollol A malw At s,

u *
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<3 3> Heterologous hybridization¥ el ¢J3] X BlalP =F° Y3 #3o] & T&
AARE FAA BF BAH 2AE dEdel vel $7h £t gaE waFe nEs e
W (P <0.01)
Category Gene FD= Accession No.
Up—regulated
Cell cycle Cyclin D2 2.90 AU241108
Receptor of activated protein 2.29 AF025331.1
kinase C1 (RACK1)
Development HOXC5HA 3.86 AB026960
Growth differentiation factor 11 2.90 AF411599.2
(Gdf11)
Otx2 2.74 AJO00939
Endocrine/ Gonadotrophin—releasing hormone 2.37 AB092690.1
Reproduction receptor 1 (GnRHR1)
Immune Complement factor (Bf/C2) 2.03 D84063
Orla C3—1 2.47 AB0O25575
Orla C4 2.23 ABO25577
Metabolism Cytochrome P450 1A 11.73 AY297923
Transferrin 2.76 D64033
Angiotensin converting enzyme 2.23 L40175.1
(ACE)
Proteasome activator 28 alpha 2.06 AF527990.1
subunit (PA28)
Procollagen lysine 2—oxoglutarate 2.05 AF054274.1
5—dioxygenase precursor (PLOD)
Nuc./Prot. Translocon—associated protein 2.96 AV669630
binding y —chain (Trap 7 —chain)
Muscle—specific beta 1 integrin 2.57 BC0O66586.1
binding protein 2 (MIBP2)
Warm—temperature —acclimation— 2.38 ABO75199
related—65kDa—protein—like—protein
(Wap65)
Heat shock protein 70 cognate 2.11 D13669.1
Eukaryotic translation initiation 2.07 BC029625.1
factor 3, subunit 2 (beta)
Chaperonin containing TCP1, 1.97 AY398321.1
subunit 5
Signal— Annexin max 4 2.50 Y11255
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transduction  Receptor protein tyrosine 2.23 AY369838.1
phosphatase ¢ (RPTPo)

Non— Equilibrative nucleoside transporter 3.06 AV670713

categorized 2 (ENT2)
Down-—regulated

Development Wnt 10A —-2.56 AF359593

Endocrine/ Estrogen receptor « —-2.17 AB033491

Reproduction Vitellogenin precursor —2.22 AU179717
Vitellogenin 1 —-2.78 AB064320
Vitellogenin II —4.34 ABO74891
Vitellogenin III precursor —-2.38 BM309828
Choriogenin H —-3.12 D89609
Choriogenin H minor —4.17 AB025967
Choriogenin L -3.70 AF500194

Immune MHC Class I —-1.92 BA0O00027.2

Metabolism Chymotrypsin precursor —5.26 AU179002
Histone deacetylase 1 —-1.85 BC085375.1
RNA (guanine—9-) -1.92 BC090650.1
methyltransferase
Angiotensin II receptor, type 1 —-1.96 BC097125.1
(Agtrl)

Nuc./Prot. Nuclear receptor related 1 —-2.44 AJ278700

binding (NURR1)

*FD: Fold difference

© A

D—type cyclins (Cyclin D1, D2 ¥ D3)+ AXE F7]9] %7] &Aooy, D2 FdAF9]
ke o GOOA S7|9 MRS EFA wiEi= Ao oA 93 (Quelle et al., 1993), o]
osf QIxb hAMEe HSlsol F7EE Aol &l¥ vk ok (Liu et al, 2002). & 479
mo] A2 ojgo] A M = BlalP el 98 cyclin D29] #&o] of 290 F7tE = Zlo
2 FIE At

Receptor of activated protein kinase Cl1 (RACK1) protein tyrosine phosphatase
(PTP) o] dFo= o] AsHe A Ax 44, A2, 28, HARdd 294 o Ax
g 2AsHE Aoz dyA gtk T RACKL 2@ F7bF 54 4% 23 oF

AxZE AtE vtk (Wang et al., 2009). BlalP =& AukdAbg] e A% RACK1
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A el 220035 S 28 S

Growth differentiation factor 11 (Gdfl
HA QlaL, FH Agd A A4 Gdfl
Atk (Yokoe et al., 2007). ¥ wjlo]A 2]
wFo e 2.90M F7tH = o] FlEgle

of 574 stol f=d & A+ AAkEH.

f‘l

Annexin< Zr% 3 phospholipid A% @A A AMiEF FA, Axu §3, AXd =5
42l phospholipidase A29 FAZHAE3 728 t}okst 7152 2 Atk FHo Ao st
o}

A annexin FAAE] AsEdo] 54 Fe Wy #AGNH
2008). & AT eA%E <Azt annexin 119 & 421 annexin max4 %2 o]
BlalP w=Zell o3& 2.597+% S7ke= o] &gl

AAANES]  Fdx @2 histone acetylatione] &8 F4& W&tk Histone
deacetylase (HDAC) %#-3rA|+= retinoblastoma tumor suppressor protein®} Z-g3fo] A3
SAH 23k - Wi T AdS s, o] AAIAR dHA At (Zupkovitz et

. 2006). & ATl HDACL F378] +&2 BlalP =&l o8 rellA 1.85W) 7HAat
= &401 A= o= BlalPell 9Jal frEHE o2 obnbk, HDACLY d ojAlol o]

— 1.
S 2 S gtk 2 epAlE

OﬂﬂEiXﬂ T+€7] (estrogen receptor, ER) &= AH|Zo|E/Alo]|2o]E 2RO Al 87|
1559 ehuEA, ZgTlel e @A 3tE = dAMrEAelnt (Evans, 1988). ERa, ERB,
ERy & Al Jei7F ¢&AA low, 4 A4 4 WHslr|e) o9 o o] Wy o=
adyA Qa, Ao ZE YEB| A #HojEZA (endocrine disrupting chemicals, EDCs) ol
oldl A WHHo] 4 W=t} (Hawkins et al., 2000; Orlando et al., 2006). & A9
M ERed o] 2178 gAE= Aoz yehutth of2] 714 EDCEL JAEzA 84
S X QolA, ER¥} ZAdste] EDC—-ER &3S AEt1, o]=  estrogen—
responsive element (ERE)$} ZAgsto] vitellogenin +8 22| 23
Vitellogenin (Vtg) & Wshewiz o] A=A 24, o7 Za7]oArt dd vy, Gz
oA e §, dRAFE F4, AFEo], TARGE oA der o] §Ht Vig
EDCell 9la] ¢t WelA dojub= 7072 A4S A sk 4H YA 8RR
I 3t (Sumpter et al, 1995). & AFoA = BlalP =Zel -46H Vitellogenin gt
A (2.22¥]) 9 Vitellogenin T (2.78%l), 11 (4.34#8)), III A5+ @32 (2.384]) 59 Vg
d @i §FARES 2 FUPF JAEE Aol FIEH.

J

= o rle

ry
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Choriogenin< 7+ o] w2 A, WzF Wuke] 4] @ Ao|t}. Choriogenin L3} HOJ
T FGH7E ST AR A, 7oA A A o AEZ A whE-Ehe] 1H
A Aol FRET. I2u Exol g8l FACAME BRle] fRgo] FlE Y (Murata et
al., 1997). & wlo]A 2o o] FA A= Choriogenin H (3.134}), H minor (4.17#}) %
L (3.70m0) 8] & =7k gl Sl

Gonadotrophin—releasing hormone (GnRH)+ # 35 E4 gonadotrophic hormone-&
#4 2 ZHlE Asdke dmEE deld v (Moncaut et al., 2005). & A2 A3}, o
S 2ol $287]2e gonadotrophin—releasing hormone receptor (GnRHR) 2] A=} &=

o] BlalP =% 93 2.37v) Z7}go] #=E g},

Angiotensin converting enzyme (ACE)+ %% i= exopeptidase®A4], angiotensin 1°
ZEE g ol =9 EZ 9l angiotensin 112 A3HS =ufdtt} (Imig, 2004). ¥ 59
M ACE #A} 52 BlalP wmZel 98] 2.324] F7FHE 2o stk ACE a2
angiotensin 119 & S7RAFORMA, doe] Ao A7 olde A Zow 7|gd
t}. 3FH angiotensin II receptor type 1 (Agtrl)Q &&=k 74 (1.964W) & #zE A=,

ol angiotensin IIe] o3 BeF45e BAgslelt WO a4

0z

il

—

@ W wkE
Complement system==> W7 2] dR2H Asers ALtgoln A dvhe ol wf
oleIAE AATE=H Eee FU. Complementst= T2 3FhoA FAEHT, oF 20FF2
complement”Z} €& A It} bf/C2+ C39 AS FEste] AESTHOZ IS 2= C3a
2 C3b7F B HES weth C4+= C38 C5 convertase®] 7T E 43 A 3t (Reid
et al.,, 1981). Complement system< W& A3} FHAH ookt Ay Adw 7|5 2

Aow FHEW, d=stojm el 2 HAYNFAY Ao dAdel Aol

d

o]

=

= 5

UTH ¥ AFolA = bf/C2, C3—1 9 C42] wa o] Z42y 2,034, 2.47H), 2.239 F7F¥ =
Zlo] gly =t o] BlalP7F 994y 2 AAGAY HAS FEste 2l A

Warm temperature acclimation—related protein 65—kDa (Wap65)+ rat®] henopexin
o] A AR, FA A= mWaP65-13 mWap65—-2% + T77F w2, 8E 1t 9l
t} (Hirayama et al., 2004). A2 9 F& A& &t & FAA] Folsh ddZd Hsh=
HuA) ekdthar g Wb, WaP65/d A= hypoxiah &2 AEH XA dis] dd
7FE A Thal gkt (Gracey et al., 2001). # A7l = 28t mWap65s 2 2
7} (2.389) 7F BlalP =&l 93] ==tk Wap6ss WNES 7lex 2ha Q=
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aH A e vF (Kikuchi et al., 1995), BlalP x=Feol &8 AnpEAte] el AAAVE 4=
U Aoz AZbHAL,

Major histocompatibility complexes (MHC)+&= 5 W A2z W] whgof olg %ﬁ
X}EO]E} (Sambrook et al., 2005). BlalP =% MHC class 1 F#x}2] & A3l (1,9
) E f st Zlo] #EES Y wWEkA BlalPe A& WAl Y¢S X o=
3“*—1%‘:}.

© =28

Cytochrome P450 (CYP1A)> tfakdt Q177198 &4, A5A 9 sAds 54 Al
FuU thatel #ojta vk fr1EA e dE A 93 CYP1IA mRNA 28 f5= thaks o
FolA BuE el (Schlezinger et al., 2001). BRI Z AFS}AED Xof 93 CYPIAS Wl
AA = FAEN Fod ul 3t} (Barker et al., 1994). ¥ wulolmzojgo] EX o=
BlalP =% &3 CYP1AS] wrdo] 11.738] S7ks & 3lo] gRlx itk

Transferrin (Tf)+= FEWMAZA, FhoA F2 FAEo] dNor EujEE=d, o8 4
o] 9] thate] & deS ) HL Cd ==° o3 Tf mRNAS &d F%7} croakeri ©f
FolA HauEfa, Cd el o3 4 o A o|9 F7F A48T AAE TUHAIH L, ©f

of oa] T Fdx wdo] fFu¥ ZoE 5383t (Chen et al., 2008). & AT %
BlalP9 wZeol o8& Tfo Fdx w3lo] 2.76M2 F7lE= AS &9 & it nios:
At A S croakerol Ao} & AlutE] 27F o At

® AR =
Heat shock protein 70 (Hsp70)< @A o] mAdNAHS w dWA=ZA, ME 473

=]
ol WA o)%, Ao Bz wwdel wa, BePdE wuAe) Ra 5o 7%e 2u
=)

Qom tjokdt AE AE# A o wWio] FEEHE Ao] d4yA ATt (Bukau et al
1998). ¥ AT o)A %= Hsp mRNAS FF& BlalP =% 23] 2.11W =718}, ubebA
BlalP == 245E dwWAL e WHAS AA87] 9 Hsp mRNAS o] Fx% Zow o

LR
32 FZRE olFE F AESE 5 wWARA MIXY FA Foroly, AAHAGEH Wk
S FEstE 249 tubulin® actin®] A =83 AeS st Yrt (Yaffe et al.,

= BlalPel 98] TCP1, subunit 52 @&o] 1.978 F715+= Zo] #&

—
©
©
&
i
[-‘O
é
—l—l
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@ Wik 231 Rk
Procollagen lysine 2—oxoglutarate 5—dioxygenase precursor (PLOD)< collagen &
deoll 8% aaolth. PLOD mRNA #d& A4F 2] hepatoma cell lines Aoz 3 A¢
of Al wb& Ak kel dlE] wEEo] SUkE = Aol #EHSY (Hofbauer et al., 2003).
2 AFox= BlalP =E3 APaelA PLODS o] 2.050) F7ksts Zo® #AH3)
.

A7 A el
Receptor protein tyrosine phosphatases (RPTPs)2 Al

Z4A2] growth cone 7]%,
axon A4 9 AlYA AAe| HFHolty, RPTP o+ axon A4S 283t 7leg Ze Ao

2 ¥ Hth (Sapieha et al., 2005). ¥ A4 RPTPo¢ 2 mRNA 2 BlalP =%
ol 2.23H] Z71E= Zo] BAHIC

Nuclear receptor related 1 (NURR1)< 53 2] mesencephalic dopaminergic neuron®]
A F2 B3Ey 9 dopaminergic system® SAo] =03 Ad&S st} (Zetterstrom
et al., 1996). 2 AFo|A Bla]lP =] 93] NURR1S wW3dlo] 2.44u A= Ao &
Q1= At

© 718t =8t whg
Proteasome activator 28 (PA28)> 20 S proteasome©®] ZAgslo] FA3A|Z o2 H,
non—ubiquitinated peptide®] 7}FE3lE A SA 7| = G FP= AoE dHA o
(Song et al.,, 1996). & AFlx PA28 ¢ == BlalP =& ol A 2.06W =7}
He As gelskit
Translocon—associated proteins (TRAPs)+ AX29 aqueous protein—conduction
channel& 43t= 7= 3tal Sl ZAo® o5 (Fons et al, 2003) =4y, 7 43t 7|5
& oA 4 A AA ¢tk BlalP ZFol 2¥ TRAP y —chain® Fd2 2d S7F (2.96
v 7F 2 Aol FRlE Sl
Muscle—specific 81 integrin binding protein (MIBP)+ #3}=

%)
>,
o

o

I 223
Ezﬂl% Ui] A&]?@: S

SAZM HAHY, 259 WS xHEE )5S 21 gl wwdolty, MIBP7E 3l

™, myogenic fusion¥} F3}°] A7} e = Aoz dHA vy (Li et al,, 1999). &
nfo] 2ol g o] FA A= BlalP =l 93] MIBP29 F3xF @&o] 2570 S7tE = A

o] &olx it}
Members of equilibriative nucleoside transporter (ENT)+ AEZu-S %3t nucleoside

)
9] o)k =% A'S It} (Griffith et al.,, 1996). X3 ENTs= HIANA ZAoA &4
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ZF o] AA|E = Aol gle vk gtk (Eltzschig et al, 2005). & AT-ol|A ENT2¢] &

»

#Fo Bla]P =204 3.06W Z7tHE= Aol #AEQ =Y, 1 o8t ofd =4 7153
s
AEA o w2 o]F3he vrelaeigo] #4& F3 BlalPe] w=Fol oJs) o] Wiy
SAAES Fasd}. o] GAANEL Bla]lP ol e HEAER & 7}g% sow
Aztar ol% $AAES WETH 75 nRFORMA, BlalP nFel A fRHE AE
;

ot 524 fFARe] g
(1) AStA~Eg A 3 fFHAA=9 &
s 9

st Ed A9} B#9l= Catalase, CYP1A, G6PD, GPx, GR, GST SODs 7% 4
ZF gl A /\Eﬁﬂj\ﬂ HHQ = Ubiquitin 3RS F 8% FAAE 7] alA
GenBankell 555 = oFY FA4A ARE vYOE primers $ASHY (X 4), ol &
o]g&3t AL PCRY <l JGH g FAAE Lot (te 2R AEE A4 RNA 2 p
gS F8 9=, oligo—d(T)5 primer ¥ Reverse Transcription System(Promega, USA) &
o]-g3to] first—strand cDNAS ettt 52 A @9 S35 9% PCR W2
95C/30%, 56T/30%, 72T/30%%E 303] AAlstglomn, & whge Eo7H7] A, 95°c/5!‘%94
WA, 28 v ghgelA 72C/73e AR S FEktt. 5% AR A,
29 3 2D FHA d7IAE B4 dRbEQl e wet dskA AAlsEAT

o)

W

—

@ 4% 9 uF

CATSY =& AEAS Hol= 171 bp9 cDNA w#HE o] QjaCATE HHeta,
DDBJ/EMBL/GenBankel 533ttt (DQ660330). CYP1AS A5AS YelE= 252 bpo)
cDNA @& 0jaCYP1AZF WAt (DQ660328). G6PDO 2 A5AdS Hol: 136
bp] ©@HL Ao oJaG6pDa} \Elgdth (DQE60331). GPxSF AEAS Hol= 205 bpo
gAL 0jaGPxet SE3tE (DQ660323). 170 bp 0jaGRS <ltt (DQ660329). GST
9} AEAdS Kol 209 bpo ©@HE 0jaGSTEF 5533t (DQ660325). SOD9F =& A
EAS  Hol:= 304 bpY wHE  0jaSOD Uﬂuﬂa}ﬁ F+4dx DBell S=3tt
(DQ660322). UbiquitinG-A=Fet AEAS Hol: 328 bpl %‘1£ dRom, o]F 0jaUB
2 =33 (DQ660326). °l5 FxAe] AXY 7es obR ™ ThH5 I Zrh.

Catalase (CAT)¥ hydrogen peroxide? &l%=3}74 Oﬂ Sl 22X, hydrogen
peroxide® =3 AAE A8l A Fujsto], a5 A3 EHOZTH HIsh= o
g5 sl TS wEol Ui o7 CAT whso diaixe H7HA a4g4d Wt s
we A7 HMeE vl Qlar (Atli et al., 2006; Gravato et al.,, 2006; Liu et al.,, 2006),
Hansen et al. (2006) $o]F5 o2 CAT &4 H3Ie} mRNA 52 HIE FA

r:iﬁ
ﬂ
T
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B W&}t Cytochrome p450 (CYP1A)+ polycyclic aromatic hydrocarbons (PAHs),
polychlorinated biphenyls (PCBs), 254l W A4 =4 59 <1 &5 Fd 549 E
Ao girte] tf-gst= &aolth fFrledE4ded 23 CYPIA mRNAS fFXo diaiAe i
L & od# A 9t}  (Schlezinger et al., 2001; Dong et al., 2002; Williams et al., 2003;
Fisher et al.,, 2006). Z1e¢j4 ASIAEH AE o]F9 WS AT = A7 A¥E Bud
Hb Qlo] (Barker et al., 1994), AWt=s Aol gk o] Aoty A€t

<E 4> A AEYA #3E F242 2 Ubiqutin 222 Z2Z2 9|3t primer &%

-
Gene Primer Sequence Reference
. CATUP 5'—gttcaaggtgtctccagatgtgge—3' Danio rerio (BCO‘S 1626)
OjaCAT CATDN 5'—gtctgaaccctgtttccatagtct—3' Oplegnathus fasciatus
(AY734528)
OjaCYP1CYPUP b'—gaagctagatgagaacgcgaa—3' Dicentrarchus labrax
A CYPDN b'—gatgtgcaatgagggatagtga—3' (U78316)
. G6PDUP 5'—gttatctcgatgatcccacc—3' Thunnus alalunga
0jaGoPD G6PDDN 5'—gtcccccggeacgtetgtga—3' (AB159515)
Fugu rubripes (X83611)
. GPxUP 5'—ggaaccaggagccaggcact—3' Danio rerio (.AY2.1 65.9 D
OjaGPx GPxDN 5'—gaccetcteggtogatcana—3' Tetraodon nigroviridis
(CR642966)
, GRUP 5'—ggcaagaaggactccaagtt—3' Spar'us aurata (AI937873)
OjaGR GRDN 5'—gcccacacacaccagcettca—3' Platichthys flesus
(AJ578037)
GSTUP-1 b'—gaagaacctgcagggctaca—3'
0jaGST GSTDN-1 b'—gtcaggccctcaaacatgeg—3' Pleuronectes platessa
GSTUP—1NE 5'—gaacctgcagggctacaacc—3' (X95200)
GSTDN—-1NE 5'—ggccctcaaacatgegttgg—3'
0jaSOD SODUP-1 5'—gaagctcacaggagaaatca—3' Acanthopagrus schlegelil
SODDN-1 b'—gccagacgtccaccagegtt—3' (AJ000249)
UBUP 5'—gcagatcttcgtgaaaac—3'
0jaUB UBDN 5'—gcgcaggttgttggtgtg—3' Pagrus major
UBUP—-NE  5'—accatcaccctcgaggt—3' (AY190746)

UBDN—NE 5'—ttcttcttgecgacagtt—3'

Glucose—6—phosphate dehydrogenase (G6PD)E EAAA9 =S FE= EA2EA,
nicotinamide ademine dinucleotide phosphate (NADPH) 9] A& F7HAIZ1 o224 349
= Fwote 9¥s v AerE de#AH Utk (Pandey et al, 2003). Glutathione
S—transferase (GST)& aE5HGol T3 A& stv, AHs AEHAE Fdste v
47 edE=de e MxEe WAEE AAYstes o9 eadtny dEA ok (Hayes et
al., 1995). Glutathione peroxidase (GPx)+ #AFst54 Aol ot Woj7]del 7]ofsto],
n]-g- g ARl FAksE HE s Fasitt. o w=Fol dist GPx 249 WSkl il
e B o]FolA Huw vk 2131 (Ahmad et al.,, 2005, 2006; Gravato et al., 2006;
Liu et al, 2006), 53] FoFelxs 2484 wstel 7 d Wt Aroleo] FaaA7}

o[\



ZHE 7% 8Tt (Hansen et al., 2006). Glutathione reductase (GR)& 523 &Alk3lA

gluthatione® S Fmjgto =z HMXE HI3E= JTdS vl Glutathione
—transferase (GST)+& d5HAo T3 AdstS sh, A3} AEHAE {43 tpokst
37 S dEAe st Mo WuHREE @@‘3}-‘5 T3t 94dtay dEA Utk (Hayes et
g 1995) Superoxide dismutase (SOD)+= 4tst @4 =4, superoxide anion radical?]
G sE Fosts AoE ks AEHA EHH Aees BIste 9 o, Cd ==l
olall fFHxre] Wde] fFEEH= dAol fHA A Haud vb Qltd (Williams et al.,
2003; Sheader et al., 2006). Ubiquitin (UB)¥& AEolA AAE ol Hallxl oo
fFrdgtele 22 @ ol o] s ¥fA %S ubiqutinationo] 2kshH,

Lm{ﬂ:‘irﬂmrzrﬂ

o] *@011 o] af
F AL proteasomel] 23] 3 EF T+ (Hochstrasser, 1996). 74 AE@ XA oA, tf
ot aAEE E4S YA 1/ VS A Hed, okl MAE w ”@%—3— A3
Yol A Fajxloj Aol &, o]gst Z713}o|A], ubiquitin FH A Wao] FrlE o] HA R okl
Ao AAE FH8HA Aot

FO% TheFEt §

rie

73 FrafstetE el g AENHS

gAY FAAke] AukEAbE] homologues ] ¢
3 FrefsteEAe SolAQl FAXAZE FRES Wt AukFAbel gl 1shA Fd
A7 2 FEsAEE e ® s EcogenomicAle] medaka ¢cDNA chipell B4
o]l 833 probeof W3t Au}EALE] homologues genes2] #dl & A &3

O A= 2 By

of F5%o S ols A AVIEE &Rlstal, primerE TARRISY] oA

A PCRe T35t doxl fAdx G2 o722 AE o] &3t dr|gsrel g3 &
g sto], #1353 2, DNA Gel Extraction Kit (Qiagen, Germany) & ©]&3Fo] &2, A A
shTh JAE ©HES T-vector 48], B/W colony selection, plasmid A 5] (?'E']_Il—;’(:}?_]_
Ao G AA 72 FE= AVIALEE I

@ A

945 A cDNA chip@! EcogenomicsAl(Fukuoka, Japan) @ Medaka ED 833 chipell
A Sl FHAAES AukEARE] homologues gene% B staal, 833F 9 H-2A2 97
Madg 7122 sto] AZE primerg= ©l&ste] A PCR& Fdaitt. 3 A3 oF
11099F9 FAA=Es GHeeH, 1 555 1% 5°ﬂ LR LT
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<E 5> AR PCRell 9&f gtre AnkEAibe] 44 55

Subject ID Annotation

Oreochromis mossambicus 14—3—3 protein beta/alpha—like mRNA, partial

AY522629.1
sequence
Siniperca chuatsi clone C45—3 40S ribosomal protein S7 mRNA, partial
AY909419.1 d
cds
NM_213219.1 Danio rerio A kinase (PRKA) anchor protein 8—like (akap81), mRNA
DQR897366.1 Oryzias latipes aldehyde dehydrogenase (ALDH1A2) mRNA, complete cds
NM_199690.1 Danio rerio ancient ubiquitous protein 1 (aupl), mRNA
L40175.1 Gallus gallus angiotensin converting enzyme (ACE) mRNA, 3' end of cds
D84063.1 Oryzias latipes Bf/C2 mRNA, complete cds
AB025576.1 Oryzias latipes Orla C3—2 mRNA, complete cds
ABO25577.1 Oryzias latipes Orla C4 mRNA, complete cds
AY554372.1 Takifugu rubripes claudin 29a (cldn29a) gene, complete cds
AJ617734.1 Caiman crocodilus partial cryaA gene for alphaA-—crystallin, exons 1—2
Danio rerio cyclin—dependent kinase 9 (CDC2-related kinase) (cdk9),
NM_212591.1
mRNA
Oryzias latipes CYP 11B mRNA for cytochrome P450 11lbeta, complete
AB105880.1 d
cds
AF251272.1 Oryzias latipes cytochrom P450 3A40 (CYP3A40) mRNA, complete cds
AF257957 1 Oryzia§ javanicu's country Singapore cy'tochrome b (cytb) gene, partial
cds; mitochondrial gene for mitochondrial product
AY297923.1 Oryzias latipes cytochrome P450 1A (CYP1A) mRNA, complete cds
Chaetodon mertensii cytochrome P450 CYP2N (CYP) mRNA, complete
EF427655.1
cds
Oryzias latipes developmental transcription factor (Gsh—1)
AF035573.1
mRNA,complete cds
Rat dihydropyridine—sensitive L—type calcium channel alpha—2 subunit
M86621.1

(CCHL2A) gene, complete cds
NM_194380.1 Danio rerio dual specificity phosphatase 6 (dusp6), mRNA
PREDICTED: Canis familiaris similar to Elongation factor 1—gamma
XM_862488.1 (EF—1-gamma) (eEF—1B gamma), transcript variant 2 (LOC611396),
mRNA
Danio rerio eukaryotic translation initiation factor 4A, isoform
1A (eif4ala), mRNA
NM_200458.2 Danio rerio eukaryotic translation elongation factor 2, like (eef2l) mRNA
AY518736.1 Oryzias latipes clone OLa20.03b Fas mRNA, complete cds
NM_131430.1 Danio rerio fibroblast growth factor receptor 4 (fgfr4), mRNA
PREDICTED: Canis familiaris similar to G1 to S phase transition protein 1
XM_536971.2 homolog (GTP-binding protein GST1—-HS), transcript variant 1

(LOC479846), mRNA
Callorhinchus callorynchus G6PD mRNA for glucose—6—phosphate

NM_198366.1

AB111433.1 )
1—dehydrogenase, partial cds

AB029474.1 Oryzias latipes gene for E1 olfactory receptor, complete cds

Oryzias latipes gene for G protein—coupled seven—transmembrane
D43633.1
receptor, complete cds
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AB207984.1
AB021490.2
AB251575.1
AB010101.1
AB0O06573.1
AB029480.1

NM_001097086.1

AJ421522.1

NM_212994.1

AB252855.1
AB232921.1
AB232922.1
AB232923.1
AB232924.1

NM_001030417.1

AY842407.1

NM_212804.1

AB091387.1

XM_001371039.1

XM_001336729.1

ABO71189.1
DQ512334.1

AY326404.1
BA0O00027.2

AF040760.1

AJ496411.1

AJ508061.1
Y11253.1

AJ844288.1

AJ843113.1
AB025967.1

D82968.1

D89627.1

AB029756.1
AB026052.1
AB095907.1
AJ310811.2
AB026974.1

Oryzias latipes gene for hoxAl3a, complete cds

Oryzias latipes gene for membrane guanylyl cyclase OIGC1, complete cds
Oryzias latipes gene for mesp, complete cds

Oryzias latipes gene for tyrosinase precursor, complete cds

Oryzias latipes gene for WNT 4, partial cds

Oryzias latipes gene for Y3 olfactory receptor, complete cds

Xenopus laevis growth arrest specific 7 (gas7), mRNA

FRU421522 Fugu rubripes gucalb gene for guanylate cyclase activating

protein2, exons 1—4

Danio rerio heterogeneous nuclear ribonucleoprotein K (hnrpk), mRNA
Pagrus major HL mRNA for hepatic lipase, partial cds

Oryzias latipes hox gene cluster, complete cds, contains hoxBb
Oryzias latipes hox gene cluster, complete cds, contains hoxCa
Oryzias latipes hox gene cluster, complete cds, contains hoxDa
Oryzias latipes hox gene cluster, complete cds, contains hoxDb
Xenopus tropicalis hpd protein (hpd), mRNA

Oncorhynchus mykiss inhibitor of DNA binding/differentiation 2B gene,

complete cds

Danio rerio insulin induced gene 2 (insig2), mRNA

Oryzias latipes Iro3 mRNA for iroquois homeobox protein iro3,partial cds
PREDICTED: Monodelphis domestica similar to ketohexokinase, transcript

variant 2 (LOC100025922), mRNA
PREDICTED: Danio rerio similar to lactase—phlorizin hydrolase

(LOC796436), mRNA
Oryzias latipes liml mRNA for LIM—homeodomain protein, partial cds
Triticum aestivum MADS—box transcription factor TaAGL16 (AGL16)

mRNA, complete cds

Danio rerio map kinase phosphatase 3 (mkp3) mRNA, complete cds
Oryzias latipes DNA, MHC Class I Region

Xiphophorus maculatus MHC class II beta chain Xima—DAB

(Xima—DAB=*01 allele) mRNA, partial cds
Antrodia camphorata partial mnsod gene for manganese superoxide

dismutase, exons 1—3, strain B85
Spodoptera frugiperda mRNA for allatotropin (at gene), clone T7—R9—2
O.latipes mRNA for annexin max2
Platichthys flesus mRNA for apolipoprotein Al precursor (apoal gene),

clone PfIL002d09

Quercus petraea mRNA for calmodulin (caM—3 gene)

Oryzias latipes mRNA for choriogenin Hminor, complete cds

Oryzias latipes Ovarian Follicles mRNA for cytochrome P—450 aromatase,
complete cds

Oryzias latipes mRNA for cytoplasmic actin OICA1, complete cds
Paralichthys olivaceus mRNA for elastase 2 precursor, partial cds
Oryzias latipes mRNA for embryonic alpha—type globin, complete cds
Oryzias latipes mRNA for GBX1, partial cds

Ostertagia ostertagi mRNA for heat shock protein 20 (hsp20 gene)
Oryzias latipes mRNA for HOXA10A, partial cds

_37_



AB026961.1
AB026975.1
AB035889.1
D89724.1
D89725.1
ABO01573.2

AJ973596.1

AB240047.1

NM_001104903.1
AJ715983.1
AJ245396.1
Y12590.1
283328.1
AJ250401.1
NM_212779.1

DQ357202.1

AB091388.1
AB207138.1

NM_001008206.1
AB111386.1
NM_199681.1

NM_131392.2

NM_001039603.1

NM_204376.2

NM_033096.1

BC001416.2

L18960.1
NM_001090363.1

AY342000.1

NM_212743.1
AB291578.1
AJ250405.1

XM_853903.1

Oryzias latipes mRNA for HOXASA, partial cds

Oryzias latipes mRNA for HOXD10A, partial cds

Mus musculus mRNA for IRKZ2 channel, partial cds

Oryzias latipes mRNA for LMP2, partial cds

Oryzias latipes mRNA for LMP7, partial cds

Oryzias latipes mRNA for Me—FKHI1, complete cds

Homo sapiens mRNA for polyglutamine binding protein variant 4 (PQBP1
gene)

Oryzias latipes OIPGRMC1 mRNA for progestin receptor membrane
component 1, partial cds

Oryzias latipes Rx2 transcription factor (rx2), mRNAemb

Equus caballus mRNA for solute carrier family 2 (slc2A2 gene)

Oryzias latipes mRNA for SOX3 protein

X.laevis mRNA for translation initiation factor elF4A I

S.salar mRNA for transport—associated protein Tap2A

OLA250401 Oryzias latipes partial mRNA for Vax1 transcription factor
Danio rerio myeloid—specific peroxidase (mpx), mRNA

Pogonias cromis NADH dehydrogenase subunit 4L and NADH
dehydrogenase subunit 4 genes, complete cds; tRNA—His gene, complete

sequence; and tRNA—Ser gene, partial sequence; mitochondrial

Oryzias latipes nk2.2 mRNA for nk2.2 protein, partial cds

Oryzias latipes nppc3 and nppb genes for C—type natriuretic peptide—3
precursor, B—type natriuretic peptide precursor, complete cds

Xenopus tropicalis oprsl protein (oprsl), mRNA

Oryzias latipes PGK mRNA for phosphoglycerate kinase, partial cds
Danio rerio prohibitin 2 (phb2), mRNA

Danio rerio proteasome (prosome, macropain) subunit, beta type, 8
(psmb8), mRNA

Gallus gallus protein kinase, AMP—activated, alpha 1 catalytic subunit
(PRKAA1), mRNA

Gallus gallus protein phosphatase 3 (formerly 2B), regulatory subunit B,
alpha isoform (PPP3R1), mRNA

Rattus norvegicus protein phosphatase 1B, magnesium dependent, beta
isoform (Ppmlb), mRNA

Homo sapiens protein phosphatase 4 (formerly X), catalytic subunit,
mRNA (cDNA clone MGC:1882 IMAGE:3140324), complete cds

Human protein synthesis factor (eIF—4C) mRNA, complete cds

Xenopus laevis protein/lipid phosphatase Pten (Pten), mRNA
Oreochromis mossambicus receptor for activated protein kinase C mRNA,
complete cds

Danio rerio ribosomal protein, large P2 (rplp2), mRNA

Solea senegalensis rpS25 mRNA for ribosomal protein S25, complete cds
Oryzias latipes mRNA for Rx2 transcription factor

PREDICTED: Canis familiaris similar to Serine/threonine protein
phosphatase 4 catalytic subunit (PP4C) (Pp4) (Protein phosphatase X)

(PP—X), transcript variant 5 (LOC489947), mRNA
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NM_026943.1
BC065730.1
AB033382.1
BC097054.1

AY538266.1
AB234024.1

NM_001025458.1

ABO10101.1
AB181837.1

BC042329.1

NM_001024579.1

NM_212617.1
U51640.1
NM_001104750.1
AF331674.1

NM_212591.1

Mus musculus small nuclear ribonucleoprotein D2 (Snrpd2), mRNA
Homo sapiens S—phase kinase—associated protein 1A (p19A), mRNA
(cDNA clone MGC:72058 IMAGE:6672613), complete cds

Oryzias latipes TAP2 mRNA, partial cds

Danio rerio tetraspanin 7, mRNA (cDNA clone MGC:113978
IMAGE:2351948), complete cds

Danio rerio TGF—beta—activated kinase TAK1 mRNA, complete cds
Paralichthys olivaceus TLR9 gene for Toll—like receptor 9, complete cds
Danio rerio transmembrane phosphatase with tensin homology

(tpte) ,mRNA

Oryzias latipes gene for tyrosinase precursor, complete cds

Gambusia affinis VgC mRNA for phosvitinless vitellogenin, complete cds
Danio rerio voltage—dependent anion channel 2, mRNA (cDNA clone
MGC:55795 IMAGE:3817427), complete cds

Gallus gallus WNT1 inducible signaling pathway protein 1 (WISP1),
mRNA

Danio rerio YY1 transcription factor (yyl), mRNA

Gallus gallus zinc finger 5 protein (ZF5) gene, complete cds

Oryzias latipes ZPC domain containing protein 4 (LOC100049336),mRNA
Oryzias latipes ZPC4 gene, complete cds

Danio rerio cyclin—dependent kinase 9 (CDC2-related kinase) (cdk9),
mRNA
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o aabs 9 AEds B §AASe) waws

Real—time quantitative PCRﬂ‘ﬂE o] &-3}o], Bla
U Abst 9 AEA 3 fAxE] ddd HEE %
87 faserEd AESAe AR e dAs

(D A= 2 B

ARpEAbE] = o bE A s, 2 25TolA wFsiiTh 671E o] ® Adsd MAE
ez v 714 w29 BlalP (1, 10, 100, 1000 ppb)ol thal =&& AASAT =&
24A17F o]& 7S A =E3}9] Trizol Reagent (Invitogen, Carlsbad, CA, USA)E 5}
A RNAE &2, dAskdh BlalP =Fel oF tid 32k (Skelld &2, #4849 343t
2 AEYA fE AR olgde SR Ry, 4" 55 ﬁﬂ J& %?ﬂ Al
Metallothionein) 8] &= W3} real—time quantitative PCR 4
Real—time quantitative PCR (qRT—-PCR)< 384-well plates %5‘}:] Applied
Biosystems Prism 7900 Sequence Detection System (Allpied Biosysems, Foster City,
CA, UsA) & 3= glon, 33 wtE AAEJY dxzfidazM s Alxd =4 f349 o
&<l B —acting o] &stglom, FAe o]& xetoln o] AV AL & 60 YERSITEH

80 r
O control

I OBaP 1 ppb
S 60 F mBaP 10 ppb
S 50 F ®@BaP 100 ppb
2 mBaP 1000 ppb
£ 407
o] -
E 30

20 F

10

0

<71% 1> Bla]P xZF°l ti3t Autsaty] AEH A #Ad f-A252 d3sF He)

(2) 243 9 n%

AhbEAR S oY %= (1, 10, 100, 1000 ppb) 2] BlalPel 24413t &t =&35 F, 3t
S AEstY] 8FY AEHA B FdAE (0jaCAT, OJaGPX, OjaGR, OjaMT, 0jaGST,
0jaSOD, OjaUB, 0jaCYP1A)% &= WH3}E Real-time PCR7|H & o] &35t AFH o=
A A3 e A= Ed%ES BlalP sRoE4 s s (2% D. &
A= PAHs, 53] B[ 1P 2ol A8 7Fed FAEARE ‘%%f% A0 F ALEHT
2 A7E B3 BlalP =Eel g3l 8F 79 A=AE A wdFo] HslEE As g4l
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s L wERA B AGAA SR @ fRAES PAHs w3 e 429 ot
@RS BT 4 9k FAA AELAG 5ol A5, RT-PCR /1419 450
o & 5
T =

u

¥ 6> Real—time quantitative PCRel o] &3 ~E#A #d {42 9 2 —actin 539

primer &%=

" —CTCCTGATCAGCAGCGTCTGATTT-3
" —ATCATCTTGTCGCAGTTGTATTTC-3’
" —GATCTGGCATCACACCTTCTACAA-3’
" —TACATGGCAGGGGTGTTGAAGGTC-3’

OjaUB Forward
Reverse
4 —actin Forward

Gene Nucleotide sequence
OjaCAT Forward 5 —GCGGTACAACAGCGCCGATGAA-3’
Reverse 5 —GGATGGACGGCCTTCAAGTTCT-3’
OjaCYPIA Forward 5 —CGTCCAGATGTCCGATGAGA-3’
Reverse 5 —TCCTTCAGTTCTTGATAAAG-3’
OjaMT Forward 5 —GCGAGTGCTCTAAGACTGGA-3’
Reverse 5 —GTGTCGCACGTCTTCCCTTT-3"
OjaGPx Forward 5 —CATCATCACCAACGTTGCCTC-3’
Reverse 5 —CTTACTGAACAGATCAAAATG-3’
OjaGR Forward 5 —GGACTACCCGTGCATTCCCACAGT-3’
Reverse 5 —CACTGACTCTTCMTGCGTGTGATG—-3’
0jaGST Forward 5 —TCGACAAGATGGAGCACAAATCCC-3’
Reverse 5 —TTCAAGTCTCAGGGGAACAAACTG-3’
0jaSOD Forward 5 —GAGCATGGTTTCCATGTCCATGCT-3’
Reverse 5 —GGGTGATTACTTTGTCCGTGAAGT-3
5
5
5
5

Reverse

v}, Toxaphene E°] 2d {72} v

Toxaphene<> polychlorinated monoterpene® 3+ &3tz 24, FHS AFa3E
Ehdith 1982 1 AR&o] SAHVZHAl A AAIA o2 TPE Wol ARgH A AlE vletd
m =i Ayl = o] 7] A A ARdelA BE o olFl AAE Sl AHEHVE S
Ak 2 Lee et al. (1977) % Webb (1980)el 938 #AA &) = 0] <
olF, TFoMYg AFgo]l AAHZIE  sFATE FHZE 94 toxaphenes DDTE}
polychlorinated biphenyls (PCB) 1l organochlorines®} &7 wj-¢- Az}st §‘r7§ el g ek &
AZ A2 Qo B AFoA= A4 3HH 2 toxaphenel 29 % ZHF ols =

+ 3
-1 =
oFe ABAE WES AL,

—

A,a

(1) Differential display polymerase chain reaction (DD—PCR)¥Hol| 23t A}u}iAlg]
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So] fA%te] 2

A= 9 gy
Toxaphene =% % RNA %

AeA 2 AlBE= Toxaphene (ChemService) 300 ppbell HubEAl] S 244171
st wEFElth A8 wEF FE (300 ppb)E B AFelx #l¥ Toxaphene 24 h
LCso # (2F 1.5 ppm) 9 1/50°] sid¥ th. Toxapheneol| xE3+ AulEAlg| 2 HE FHE
ek, & AEdke], o]E2HE RNAE 5%, RIStk RNAS FZFe= Trizol
(Sigma, USA) & o] 831%¥ o FZ=% RNA+ denatured agarose gel electrophoresis™ el
olaf #e]&tar, UV spectrophotometryel] &3] s=x= elstSi}.

<X 7> Real—time quantitative PCRo| o] &3t ~Ed A Ad FH1A U 2 —actin

FAAS] primer 5

Gene Nucleotide sequence

Liver

biotinidase fragment 1  Forward —cag gct tge gca gtt cg—3’

RPS13 Forward
Reverse

5

Reverse 5 —tct ccc atc ctc agt ttt ctc—3’
5" —gcc tgt gga tcc tge tct caa tg—3’
5

—ttc gct tcg tca ctg gca ac—3’

fatty acid binding ) ,
. ) . Forward 5 —gcc tgt gga tcc tge tct caa tg—3
protein—like protein

Reverse 5 —cca gtt ttg cag acc agt tta ¢c—3
Head
betaine—homocysteine

Forward 5 —tcg ggg aca gac agg gaa gg—3’
methyltransferase
Reverse 5 —cac atc agg gcg gta gca gag g—3’
myosin IXb Forward 5 —tcg cag gga aag tca agt atc—3’
Reverse 5 —ccc ggc ctc gtt aaa agc ag—3’
gamma M3—crystallin Forward 5 —cag atc ttt gac tgc cag tc—3’
Reverse 5 —tca gca gga atc cat gat tc—3’
(Internal control)
B —actin Forward 5 —gat ctg gca tca cac ctt cta caa—3’

Reverse 5 —tac atg gca ggg gtc ttg aag gtc—3’

© DD-PCR
Toxaphene =F°l o3 W&ol Wsly = Fd2 $HE FE& ] 7% 2 1to=w
HE FZ, AAS RNAES t o2 Seegenerl (Seoul, Korea)?] DEG kitg ©]&3}%]

differential display PCR (DD—PCR)& S8t 5% A RNAB.O )& T332
dT—-ACP1S =Z#lo]wZ, MMLV RT-aseE WS FAE AMEsle] dxiy AdL9
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cDNAE AT FAE first strand c¢cDNAE 303 dT-ACP2 Y arbitrary
ACPs(120%) 5 2ZefolH = o]g3tof PCRe HAISHT. A7) PCR 231 94TellA 18
50ColA 3% 72ColM 18-S AASEaL, 94TColA 40%; 65TolA 40%; 72TColM 405
403] AAgE &, 72Tl 537F AAlsith. PCR A= 2% ob7t=A AE o] §3aho] #&
3F9lal, o] & Tl Eeld Holxow FEHFE PCR AHE2 AA &, T-HE A|AHSE o] &3}
o Z2Y(cloning)dtal, ZeAu|= (plasmid)E FEF3FY] JU7IMEET S AA AL
DD-PCRE &3l @ojxl 5ol fxx FH F Add FHdAze] il qRT—PCR wHe 5
s dE R wstE gelstlnh. AEE a2 9 1 primer?] G714 DS X 8o YERASIT
TEgk ApupkgAabe] o] Akl WolA A= Toxaphene 9&FS H7|9la, 1abd el &, &
Ae dakstas Fax 2 AEHA #dd {20 #HH WSS real-time quantitative
PCRHC %2 AZFspatdtt. AHEE primer?] @714 E £ 73 Zom, 1 W2 SkellA 7]
=9 A 2o

J

@ 23 4 nz
@ DD—-PCR
AhkEAR] S 300 ppbel toxaphenee] 24A17F FQF =& F, FH W (te2HE RNAE
e, A8k, Zrztel tial differential display PCR& ettt (18 2).

A. Head B. Liver

<19 2> Toxaphenen %
EH_L_‘ELJ E

FREE 2070, o5l W3t AVIMEEA = A, e 22 7FY S d3

— Aryl hydrocarbon receptor 1b

— GammaM3—crystallin

— Adenylosuccinate synthase

— Myosin—IXb

— Coiled—coil domain—containing protein 98
— RPL36a
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— Betaine—homocysteine methyltransferase

o mHE 17709 5o ¥d DNA wHs o, dVIMEdR-AS Arsida, 1 2% v
w9 22 9% FAAE Ak

— Hsp70—binding protein

— Liver hepcindin propeptide mRNA

— RPL P2, RPS13

— NFKkB activating protein—like mRNA

— Kalliklectin

— Biotinidase fragment 1

— Fatty acid binding protein—like protein

— Aldo—keto reductase family 1

— Hox Db

@ qRT-PCRY el &3+ 2 23wz}t 3 &4

DD-PCRZHE U2 toxaphene £9] F3A FHE =, 7+ biotinidase fragment 1,
RPS13 Y fatty acid binding protein—like protein; F4%2 betaine—homocysteine
methyltransferase, myosin IXb, gammaM3—crystallin 5] thd] qRT—-PCRS A A]&}¢d,
e Wsks Agelstelon, toxapheneo] #4atsl EAA W AEHA #H fHxe] Td
of A= Y5 real-time PCRZ Ittt (17 2, 3). 1 A oA FRIgH Al F/Fe
AR BAWS= DD-PCRE| 3 Aol 2 dAs3lvh. &, CAT, G6PD, GR % UB +
Azxpe] wrd o]l fFoetA SUEy= AoE yEwew, ol F UBS GRE ML &
a9 2). FHeA 1" 7Fe fAx T AEE 3R AR uwd

1 T
2 W3S gRT-PCREZ &3t A3, DD-PCRO Al dxdt= AL sty (19
3)

N

o

i
LT
o

i

3@
o

vk 7190 ok mEel @ AvkgAbele] FAA FEeIAY W

9 ALl AT A9 w oGS WAAH BAo 53] 4712 wope] EAA
Hed, we 84 AR gl el Abgse) go, AT AT Jshd oF f712
}é; A

oko] 7}, with, 18lal HAHEA HAEFH L Atk (Zulin et al., 2002; Comoretto et al.,
2007; Hirano et al.,, 2007; Kumari et al., 2008). tfgtql=reA4 2000—2005% Afo]e] A}
28 H s A k2 13 kg/haol @b ti2F 25000 £o] vjd AFE-E Zlo
2 FJA NG ATk Tl A 200214 2003 Atolel BF dlGE wAsH A3 {71
Al &2l Iprobenfos (IBP)7F 7 aFellAl 2 v o2 AEHAH (Li et al., 2005).
719074 sk =l & &3] Wizl olFo] FARE olFHE AL wig e Aow <l
AEo] mebA o]lFo] ¥, 4, I8a F3 Fol e s A= FAE vk Ao
(Hernandez—Romero et al.,, 2004; Sanchez et al., 2004; Konstantinou et al., 2006).
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= AT = AuksAEE e ®E {77 ek wEef o3 2 kst &
CAT, GPx, GR, GST % SOD$} G6PD, CYPIA % ubiquitin §dAFe] AAF S04 9
A5 HslE JFF oz B39, ol T ol FAAES ¢ L9 sEEH o4

He degEe agdel =% 4 deAE Fastust sk

2 nZ o

biotinidase fragment 1
ribosomal protein S13

fatty acid binding protein

2
<71% 3> Toxaphene x=o°l 23t 7txz A3l a4 9 AEHA #d FHAE9
kel =F W s}

methyltransferase

gammaM3-crystallin F

0 05 1.5 2 2.

1 5
<71¥ 4>Toxaphene kol o3t Fy-olA 2], 4% A Fd72] FAAEe] 2

ik
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(1) A5 % U

O A=, stet=4d =F % RNA A

F3b % 12-14E @ Asst A A AR 7 wE:del A &SIt IBP
(ChemService, West Chester, PA, USA)° % ®H=E o 7}x Ad+(1, 10, 100, 1000
ppb) ¥ w=E3dA & e xRS FHet vE FrE gl g dgkelA
A= 55(298-1840 ng/L) ¢k o} 7ol e 96 h LCs #k (Yol: 5.
%16}93\1‘/}. AkEAbe] & IBPoll 24A17F &8 &, P W SS5E
E] Trizol Reagent (Invitrogen, Carlsbad, CA, USA)E o] &3}o] RNAS F=, A5kt

D -
e
ol
=
)
PN
»
|o
Ll
4

@ Real—time quantitative PCR (qRT—PCR)® el 2]3F mRNAS] g3}
Y 559 IBPo w=Z3t 3 8F9 AEAE FAA=9 = HIE qRT-PCR 7|l
o3 A=}t stk SEHHESo ol &% Z} fFdAF So] Zefol = 3% 83 Tt

O;

rlr

<3 8> Real—time quantitative PCRo]| o] &3 &Akst AEHA A {14 4l
S —actin F+AA2] primer? 97144

Gene Mucleotide sequence
OjaCAT Forward 5 -GOCCTACAACAGCCCCCATGAA-F
Reverse 5 -GOATGCACCGCCTTCAAGTTCT-3¢
OjaCYPIA Forward 5 -CGTOCAGATGTCCCATCAGA-31
Reverse S -TCCTTCACTICTTGATAAAG-3"
OfaGEFD Forward S -GTTTCAAAAAGCTCCTGCACAC-3
Reverse 5 -ACTCAACACCAACTTCTGCTTT-31
OfaGPx Forward S -CATCATCACCAACCTTGCCTC-3r
Reverse S =-CTTACTGAACAGATCAAAATG-3'
OjaGR Forward 5 -GCACTACCCGTGCATTCCCACACT-37
Reverse 5 -CACTCACTCTTCMTGCGTGTGATG-3¢
OjaGST Forward 5 -TCCACAAGATCCAGCACAAATCCC-3°
Reverse S -CACTITGTTCCCCTGACACTTCAA-3'
Ofas0D Forward 5 -CAGCATGGTTTCCATGTCCATGCT-3
Reverse 5 -GGGTCATTACTTTCTCCGTCAAGT-31
Ofallg Forward 5 -CTCCTCATCAGCAGCGTCTGATTT-3
Reverse 5 -ATCATCTTGTCGCAGTTGTATITC-3"
Ofai-actin Forward 5 -CATCTCCCATCACACCTTCTACAA-3
Reverse 5 -TACATCCCAGCCGTGTTGAAGGTC-3

g FAFEaTsdEA (SD)=E BASHAT. 1% H#S one—way ANOVA 42
Duncan's multiple range testg& 33l oH, 414 Fo4d2 p < 0.05 oA ASH
St
A .

(2) 43 9 u&
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@O IBP w==°l 9%k 0jaCATO] wd w3}
Fah ZHeA 2 0jaCATS e FFS IBP =&l o8 s A o 2oz vehs
Wby 7kl A= 1 ppbellA 5.58, 10 ppbellA] 8.58), 100 ppbellA] 10.5819] w3k =77}
gl (28 4A).

@ IBP %ol 93 OjaCYP1AS] ¥ w3}

IBP 5% 100 ppb (1.6¥}) 2} 1000 ppb (2.3l w=&A], FelA g OJaCYPlA e 2
S7H7F fFr=E ATk 1HE] A9, 100 ppbellAl 1.68], 1000 ppbellA 2.99¢] 8= @& S7}
7F FRE AT 252 A5-oli= 1000 ppbel =S wivk 1.3u19] Fo41 Wishrt &Rl
ATt (¥ 4B).

@ IBP »=Z9 ﬂfﬂ 0jaG6PDe] 4 W3}
AhkEAbel o] GEPD #7312 2Ee el 1
7}7F BRI 3 2ol M= 1 ppbS A9 E
717F RIS 5o = 1 ppb &AW
M oF 3.507HF raE AT (29 40).

¥} 1000 ppbell =FA] 1.4¥ 2 2.0812 =
St U A FEolA oF F u 7} A S
HeFo] Z=71E o, 10, 100 2 1000 ppbel

@ IBP %o 9% 0jaGPx9 3 w3}

oA 0jaGPx2 F3#F wa &2 100 ppb =%+ 4.08f, 1000 ppb =%A] 6.0812 =

ZFE a1, kA= 10 ppbell A 8.48), 100 ppbellA 8.641, 1000 ppbellA 21wje] 717t
HAE AT Z5 F$ 1000 ppboll AT 3.0 Z7FE A (28 4D).

® IBP %ol 93t 0jaGRe] 23 W3}

Ao A Folsk walE Wl 100 ppb(34.081) 2 1000 ppb(38.08)) oA &elw) 9, 7F
o] A 10 ppbelA 9.08}, 100 ppbellAl 32.08], 1000 ppbellA 34.081¢] Z7}7F #2e] <)
o 28+ IBP &0 93 OjaGR F2AF Hd & (24 Hapr #zwx] kett) (1
= 4E)

® IBP m=Zol &% 0jaGSTe] ' W3}
ol 0jaGSTe wa &S 1 ppbollAl 1.48, 100 ppbollA 2.18], 1000 ppbellA 2.64)
S7FE A, oM BEe XA fost #dgd S gEdivth. 259 Agele
1000 ppb =ZFAlelwt 1.6We] 5717 &Y (27 4F).

@ IBP x=Z°] 2]3F 0jaSODS] w& W3}
ol A= 10 ppbe A& ALe A =% XA FAFCE {2k 0jaSOD &
ZF S/ R FelAE e 2E A % HEH S EAH9T, 2
o] A%, 1 ppbollA 1.49, 10 ppbellA 1.38, 1000 ppbolA 1.3w] W& zo] =713k
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(19 4G).

IBP

e A ¢ 0jaUB &
ppbelA 2.38], 10 ppbellAl 2.181, 100 ppbelA 38, 1000 ppbolA 4.58] <=7}3F3

) A
5

ot

1 ppbellAl 4.4¥, 10 ppbelA 11.69], 100 ppbellAl 14.99], 1000 ppbellA 61.84)

s

T—
T

bolot (2

7}s

=
o

7V By, ZSoA % 1 ppbst 10 ppbela] Z+zF 2.24 2 2.9u)

=
o

4H).

| =AY 2

"o

il

E—E‘}yﬂ ’

TH

o1 7HA
= AWz

=
=

&

5
=

A=

fol 9y ~EAAE Q

S

2=
T

5
=]

fuj

a Bk 1A Fek2

=
[¢}

=7}

& e

o FA olgH 1 Qlty. ey Aol 4" %, AFslEo] oxonium

Fer d%F
34

sol, o}

g, °l

A H=

3 o]

=
=

compound

A %S

A4
| v sEe A o] ol 4

Ak w2

L
o

ool A8 7F

5
o}

71U Fe©

o
T

Age

]

5

2 A=Y IBP =&

wjr
Bn
ﬁo
B
J)

B/

A

o,

T
RN

T

o

olo
T

mh

%)

o

|

&5

=
-

A e A o]
Aol A7, 1 ppbe IBPE 3t

T
T

AM e 544 SHRG

fo13
=

A 39

=
=

Aol i EAHY

o)
=

At &

o]

otr7] £

o)
=

EeX
=

B N
el
CINT

=]
B RE

Sk weha 9]

3

g o
ABSA Wae 7122 ATToRM, A7

AAe] el 782 Aol
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-
=

Fold change
]

Fold change
T -
=
=
b't'.".—!

M=

Intestine Liver Muscle
C D
3
= BE
g 2 5 H
= b — b =
k- a — fa
= A 4~ a 2
o 1 » — e
[+ --u_, ¢ d
- <
ﬂ .
Intestine Muscle
E F
50
40 2B ¢
&
= ]
L — =
R — >3
= 0 — -
= — =
= 10 — =
—
o —
Intestine Liver Muscle Intestine Liver Muscle
G ” H
3 B
b
Bt c J c ¥ b 2 60 ",
E 2r e s bp E
: .| H JItE Jgeere 2
;E :. - -.= E 20 t ¢ C
) 5 =1 = PR TR R YT 5 = IR ARE.

Intestine Liver Muscle Intestine Liver Muscle

<1 5> AupEAbe o] &, 3 9 ZEeA 24 E IBP =F o159 1A HE e W
s}, A, 0jaCAT; B, 0jaCYP1A; C, 0jaG6PD; D, OjaGPx; E, 0jaGR; F, 0jaGST; G,
0jaSOD; H, 0OjaUB. Black, O ppb; white, 1 ppb; gray, 10 ppb; dotted, 100 ppb;
lined, 1000 ppb

Ab ZubsALE] AR i EE=S 9% ¢cDNA library 8] 7%
(1) xHE UJ tﬂ-lﬂ
FE& A2 g 2=2S Y3] AuksAte]e] FeEHE RNAE FE311
SMART cDNA Library Construction kit (BD Sciences)& ©]&3}o], 5 cDNA library

Foldlth. 5% ZF cDNA libraryelA #2912 Ael® oF 5500 &&° ds&l 9714
q

4 AAsI, 174 DBE olgdtel FAAEY 715 MGy B2 gyasict.
(2) A3t

Toxaphene (300 ppb)ell AHFFAIEE 24A13F B¢ =& §F, 1Ho
RNAE ©o]g3ate] cDNA libraryE 7533, °F 5500 2] g A7 dEA &
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|

e

9

3}, toxaphene 5°] W& {12 FHEZ XA 664719 unigenes ¥%oH, ol
=
=

s ohgst gk

METABOLISM

194

Energy production and conversion
Carbohydrate transport and metabolism
Amino acid transport and metabolism
Coenzyme transport and metabolism
Lipid transport and metabolism

Inorganic ion transport and metabolism

48
36
42

3
32
14

Secondary metabolites biosynthesis, transport and catabolism 19

INFORMATION STORAGE AND PROCESSING 88
Translation, ribosomal structure and biogenesis 66
RNA processing and modification 16
Replication, recombination and repair 3
Chromatin structure and dynamics 2
Transcription 1
CELLULAR PROCESSES AND SIGNALING 188
Posttranslational modification, protein turnover, chaperones 58
Cytoskeleton 21
Cell cycle control, cell division, chromosome partitioning 13
Signal transduction mechanisms 58
Defense mechanisms 9
Intracellular trafficking, secretion, and vesicular transport 21
Cell wall/membrane/envelope biogenesis 8
POORLY CHARACTERIZED 193
General function predicted only 57
Function unknown 136
Total 664
o}. Polychlorinated biphenyl, Arochlor 1260 =%¢] &3t /-
Polychlorinated biphenyls (PCBs)& AHA f71ed=dE ERuH, 7]
AAA, HAE, HHA D AFA Fo7 o] gy o} o]&=9 R
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A MEHRe W, FAHA &1 BEEsFHEE AEFS Holn, AACRE dAdRA &
TAE de7lal Qlth. PCB k&2 Axre] WAl 9FE wA™ (Nakanishi et al,
1985), Z_jﬂr T8A9 e fFEdts Fo® delA gtk (Kuratusne et al., 1987). ©§F9]

A 2o 7)= Zlo] #FEHTE (Khan et al., 2001; Mortensen et al.,
2006; Mortensen and Arukwe, 2008). 18y PCB w=Z°l st - & o] ®slef tf
|- = CYP1A, vitellogenin ¥ estrogen receptor =2 Aol tfafjAul delx Qtt. o]
2 Ao = PCBY 9%l Arochlor 1260 =Z° o3t A4 AEAEE Wt=slr] §
3 FEAF 9] cDNA microarrayE ©]-§3ste] 54744 Wl g3 ~2z38dE 3
o} Sk A @ ZEudo] Wty A 1258 AHEEe] real-time quantitative
PCRE& 3l Arochlor 1260 =%l o @& ®igtE gl it

(D Ax 2 Uy
D Nz‘ﬂxg%, ﬁ’_g—% 2 += 2l RNA Z%xﬂ
3t = 670€E ol dd HEEAtY, Ast FA A AAE mE:Tel A &sdn grEEAE
FJ% Arochlor 1260 (ChemService, West Chester, PA, USA) 100 ppbeol 24A]7F &<t
=39t wE T ‘TX]7H’€‘O']91 24 h LCso (200 ppb) ¥ 96 h LCso (232 ppb)
(Mayer and Ellersieck, 1986) & ilefste] A4ttt RNAS] & 9 cDNA9 4 &
& U o1 U}O]ﬂioi?ﬂol Ads 5% BlalP =& ApubsAte] 32 B 2294
B oolA Zlest A e o s skl

@ cDNA wpolA ol olE o] &3k fFxiA a4
U}, o]F7te] mlo]g Zolgo] AL 3 BlalP w&F AulEAbg] 54 v 22 whel
B oA Vs Aa ZE URle R sl

@ gqRT—-PCR
nfol Az ol o] S T o] FAE FHAAE T 12F9 FHAE AWt o
Eoll tal qRT-PCR 715 o] &3te] LaAnists YZstatqlvt. S3ukgol ol &% 2t §4
2t 5ol xefolm= & 98
@ FAEA
‘. o] F 7S] mfolaEojHlo] AFE B BlalP =F AubAbY] AR Td 204

=
[e)

2 oA 7)edt Ay e wpHow £t qRT-PCR ZAde] tls 18 Hite

one—way ANOVA % Duncan's multiple range test® F3dgon, EAA FJAL p<

0.05 FFollA A3

(2) A= 9 1z
D Arochlor 1260 =% EF5AME S f-AA Solwd
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= & WEEArA S5
e An 2659 FAA wHol

9t} Medaka cDNA w#fo] F 2o o] 01%0}0%
g 2 Zlow FAHEQoH, o]F 12F° *X}E% W o] F7hekelal, UM Al 145
o] GAAEL W Fo] 7HAhaEE Hoz oyt (E 10, P < 0.01)

<E 9> AEE 12F9 G4 2 gRT-PCR #41& 23 Eo| primer @744

Gene Nucleotide sequence
Vitellogenin 1 Forward 5'—-AATGGACGCTTGGCCAGAAA-3'
(ol—vitl) Reverse 5'-GCAACTGCAGGCAAGGTGAG-3'
Choriogenin H minor Forward 5'—-GATGCTGACTACCCTGTCAC—-3'
Reverse 5'-GCTAGGGTCAGATGGAGAAG-3'
Choriogenin L Forward 5'—-AAGGAGGTCAGTGGAGCAGA-3'
Reverse 5'-CCTTCCCATTCCAGAACTGA-3'
Estrogen receptor « Forward 5'— GAGGCAAGATCAAACCTGAG—3'
Reverse 5'— AGGTGCAGTCAGTCAACTTG-3'
Cytokeratin 17 Forward 5'— TGGTCTTGGTTCTGGTGGTT—-3'
Reverse 5'— CATTGAGGTTCTGCATGGTG-3'
Annexin max3 Forward b5'-CTGGATGACACTAAAGGAGAC-3'
(anxal) Reverse 5'-TGCACGTGATCTGAATGCAC-3'
Wapb65 Forward 5'—-CGATGCTGCATTTGTCTGCC—-3'
Reverse 5'-CCGTGCATTCAGTCCTGTCA-3'
Hepatic lipase Forward 5'—-CCACATGTTCCTCCACACAG—3'
(lipc) Reverse 5'-ATCAAGAAGGTTCGCACAGG—3'
TRAP r—chain Forward 5'—-GAAACGCTCTCATCGTCTCC-3'
(ssrg) Reverse 5'-TAGCCTCGTAGTCCGCTACC-3'
Kallikrein precursor Forward 5'—-TCAGACAGCCTGTCAGAACA-3'

Reverse 5'-CTGACACTGGTCTGCATTATC-3'
Complement component C4 Forward 5'—-GAAGGAGAACTCTGTCCGAG—3'

(c4) Reverse 5'-CTGGCATGTTAGCTGATTGG-3'
Cytochrome P450 2D Forward b5'-CGCTGCTTCTTCCATTTCTC-3'

Reverse 5'—-CCACAGTTGGCTGAAACGTA-3'
@ —tubulin Forward 5'—-AAGGCATACCACGAGCAGTT-3'

Reverse 5'-TTGCTAAGCATGCAGACAGC—-3'

@ gRT—-PCRell 93t F42 L& W3t A%
nfoj A g o o] A¥E FRlstr] fJsiA AEE 12709 FEFHe] tis] gRT-PCR&
@AH“D} Aol FHx Aedde] AFA Ax= % 11 YeERSlTE Arochlor 1260
Zo] 9] dam Al vitellogenien 1S 586.18) W eko] =718y, & F7F9o W7zt
‘ITL‘].X]'OJ. choriogenin H minor % choriogenin L2 Z}Z} 18.708] 2! 13.88%] wr&lgfo] =
7}sklth. Estrogen receptor e Fdz @dE 6.394] FSUEE Flo] I UTH
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Cytokeratin 17¢] 7% 36.964], 12|31 annexin max3i 1.70u] w&=o] F7F= it} vk
)= putative rat hemopexin homologue?l Wap65< 5Hl, hepatic lipasei= 3.7H], TRAP
7 —chain< 54l|, kallikrein precursort 7.14%l], complement component C4+ 5.264)], &
O 2 cytochrome P450 2D+ 5u) Wl ako] 7HAa s = Zlo] elx Qi)

o] 79 fAA 2L vz o] mXE= PCBse 93-S CYPLA, aryhl hydrocarbon
receptors (AhRs) @ vitellogenin 53 22 £49 @At diaiqet dejx Q1S Bo|t},
=, oJFolM PCBsol 93 x4 @& W3l Z2ude FH5o] 3le Zo] Bx oy, &
AtoM Ao PCB-HHS FAAES A EA L= PCBell o3t 24 713-& o]4)3t

(e}
Ze AT ofgiel A= T

N

L EAREARE U fEeirhe Aol WE FAAEo]
%< mestel PCB =% oF Uehd 4 9 A% oAb Ask] U@ A4S Asduug
gt

® o4

p

T~

-]

Keratin® AJ A E cytoskeleton®] F @924, 229 44 +x9 7o 2
FAolt}. Cytokeratin (CK) 2 D@ AT AME 3t 7|43 212 dadA7 Aok CKe o
FA ¢ T3 A EZE o]§H T (Chu and Weiss, 2002; Chu et al., 2009). 3<olA
cytokeratin 179 @do] F7bd T Zlo] Az A g o] o&f Wzl vf Qth (van de
Rijn et al., 2002). ¥ oA cytokeratin 17 22} 23lo] Z7ix= Zlo] &eld nf
Arochlor 1260 o FolAE & fFishs o= o et

Annexin< Z 2 A AddM AR A, channel ¥4, = %, Axd olF, ¥
phospholipase A2 &4 A5 &2 v
annexin {+32ke] W7} 54 oFF
Murray, 2008). ¥ <594 += Arochlor 1
= AT

Kallikreins (KLKs) < serine protease®A], w9~ ThaFst U FAfS Ho|w, opekst 7]
= 23 vk KLK 3z 94 o] ddo] obF P43 e 33 #dEo] 3l
FTHY AEAEE FEsittar ¢eA Stk (Borgono and Diamandis, 2004). KLKs®] A}
7} steroid sex hormone°l| & FAHET= AL ¢ ZulEth 2 AFolA kallikrein

precursor 2212 W& o] Arochlor 1260 =0 &) ZAEe 7o) gy}

d

B

1

5t AT AL 74
|
60 =

-

¢

=
rJ
o R
o}

® W ug

52 F72 7hoA A ETE Complement systems ©]F+= 20%F2]

=
ol C4+ C3%} C5 convertaseES 743t} (Reid and Porter, 1981). o] &FoAl+= C47
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o] (Dodds et al., 1998) % H&Fo]&HF (Nakao and Yano, 1998; Kuroda et al., 2004)
A EY AT B Ao FAME Y C4 AR O BEE] Ay Aol FelE gl
2ot d¥= PCB wZo] $AMY WY whgo FAZAQ Ays xYsivt= A& AAFSH

0 o 2 Y

Warm temperature acclimation—related protein 65—kDa (Wap65)°l] tHa|lA+= o}
—(2) =@l 713 vF gtk B Ao A PCB =& FAMg oA Wap65 8o wao
AE = Ao] &¢lEglon o= Arochlor 1260 x=%0] Aztst WA &AS 3o}

& qrAlET,

_—

rlr
PO/

<3% 10> Arochlor 1260 =% %9 @5%Ag] Fd2 &d wst A3

Category Gene FD* Accession
no.
Cytoskeleton Cytokeratin 17 3.84 Z19574.1
Type 1 cytokeratin, enveloping layer 2.74 BC0B65653.1
Beta actin (ACT1) 2.48 AF043384
Development immune HOXC5A —1.89 ABO026960
MHC Class I A —1.96 AB026977

T-cell acute lymphoblastic leukemia —2.17 AU178455
associated antigen 1

Metabolism Complement component C4 —2.78 AB025577
Paraoxonase 1 2.01 BC091403.1
Malate dehydrogenase A (MdhA) —1.89 AY161292
Cytochorome P450 2N2 —2.04 AU179480
Cytochrome P450 2N1 —2.22 BM280439
Cytochrome P450 2]5 —2.27 AV669103
Cytochrome P450 2D —2.78 AU1B0871

Nuc./prot. Hepatic lipase —2.13 BM187526

binding Heat shock protein 70 —2.00 D13669.1

Warm-temperature-acclimation- —2.04 AB075198

related-65 kDA protein
Translocon-associated protein y-chain —2.17 AV669630

Endocrine/ Vitellogenin 1 377.62 AB064320
reproduction Vitellogenin A2 precursor 109.82 AU180054.1
Choriogenin H minor 17.93 AB025967
Estrogen receptor o 7.21 AB033491
Choriogenin L 5.20 AF500194
Choriogenin H 2.70 D89609
Signal transduction Annexin max3 2.29 Y11254
Membrane guanylyl cyclase 4 1.95 ABO00900
Non-categorized Plasma kallikrein precursor —2.70 AU179805
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Gene Fold difference
gRT-PCR Microarray

Estrogen receptor o 6.39 721
Vitellogenin 1 (ol-vit1) 586.10 37762
Choriogenin H minor 18.70 17.93
Choriogenin L 13.88 5.20
Cytokeratin 17 36.89 384
Annexin max3 (anxal) 1.70 2.29
Kallikrein precursor —7.14 —270
Complement component (4 (c4) —526 —278
Wap65 —5.00 —204
Cytochrome P450 2D —5.00 —278
Hepatic lipase (lipc) —3.70 =213
TRAP y-chain (ssrg) —5.00 —217

©® 7|eF A&=sh4 k3
Cytochrome P450+= heme—thiolate enzyme® 24, thAlgy 9 &5
(Lewis et al.,, 1998). Cytochrome P450 2D (cyp2D) & oFAl|, 2% % 34
xenobiotics®] monooxygenation®l| ¥oistth (Hiroi et al., 2002). & A
=ol thell cyp2De] wdo] AAH = Aoz yetsd, dA oo g sjAls
bssbA] ke Ao w k),
Hepatic lipase (HL)+= lipolytic enzyme 2 2 t}akdt e 9] lipoprotein®] 7I-E3E =
mjetel, FHe AT st E2& HL F34%e AAFE AT st (Jones et al,
2002). Arochlor 1260°] &% FAFgelx HL fd7ke] ddo] oAH= Zo] geld nf
Arochlor 1260 Wv Al Zoll 35 7HA 1 Q= Aox g7hdr,
Translocon< AL w@wizo] LA s Fsto] olgsts FEo2 U T/
(a, B, 7, 0)Y subunit®® FAE I ©o]E52 translocon—associated proteins H+
TRAPs 2t E2o] 2t} (Hartmann et al, 1993). & AoA] TRAP y —chain %}

o

:‘_J’

de S
y)r
PC

i

A

éu&“

=
1=

_"

Errmﬁ

r]o borlo

=
=

Wwao] PCB =% ol%, 7HAE = Ao] &y gt} o]+ Arochlor 12609 $Atg] 7HA|E o
A Gl e A IS vF 74013}5 qE At

ArA o7 B AFo|= AFAH R Arochlor 1260 =Fo] 93 Eo] Wy FHAE ¥
ettt olg FAAES inA Asdd, et 71d, | vg 9 Ve A=A whg
o7 Ui F Utk 5A4E RE fdx W dwA S Q2R Fol B edd dF S
z7lel EA% ¢ e BAAAES AR wg F8F Zojth g o]52 PCBO &
THE AsdYE W AEYA RS AR 7Y oldlE E& sow A7tdrt
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Ak, HazChem Fish Array ver. 19 A Z
otz ¢} o] 982 clones X35t PAHs, POPs t-2 HazChem Fish Array ver. 1&
A2k ar, gAlE FARES] 7Y of el Ert

e 13X R ¥ PAHs Eo] 42 1 199 clone
« RT-PCRY el 9l #ald 524 /a2t 119 clone
e Standard cDNA library clones 664 clone

% 982 clone

nfo] Az ool o] AlFF RS ol g} Tk

Adl= FRE Fd 8, 8€ clone DNAE 10 pmole/¢19] T7 9 SP6 =& T3 4
T7 universal primer X3S AFg3slo] PCR Z=ZL 335ttt =Z % PCR product:
QIAQuick 96 PCR purification kitE AF&3Fo] A% protocolel whal A#|sta, dA¥ PCR
product® 5 pul& AFESte] 1.5% agarose gel electrophoresis® #2153ttt PCR
productE 16A17F Bt Ao AFXA Y. Adx¥ PCR productel] 10 pl9 FHFE #
7}et & 65TCE 10%3F 7F4E3ste] DNAE €+%13] 59§ probe solutione WE3Ath. 384 well
of 100% DMSO 7 pls ¥ %, Y3 %9 probe solutions FH7Fsta oz ®
pipettingslo] Z 4 o]A spotting mixtureE TFH=Rth. EE probe solutions 384 wellol
7 %, 384 well& spin downslal, A A 7FA] —20Ce] H AT 8] ¥ spotting
mixture®, Microarrayer® OmniGrid™ Microarrayer (GeneMachines, SanCarlos, CA) &
0] 83} silane—coated glass—slide (GAPS—II"™, Corning, Charlotte, NC) £]¢|| spotting
aFolth Spottingo] ¢HE¥ wholAZ ool A&olA 16 AlZF FF AEAI71aL, 300 mJ9
UV irradiation (Stratalinker, Stratagene, LaJolla, CA)3}9] crosslinkingA|Zl §& X 3
Zsto], AFEAIZMA] F717F Ao dlo] ApdE = Aol RSkt Al &E mpo] Az ol o] 9
ZYAZR ol A& 27 5ol AT

ot

(1) As 2
O AP8E, getEd == 3 RNA A
3t & 12-1470€2 A Assk A A JNAE =E:Tol A&t AkEAE & BlalP
(Supelco, USA) 100 ppb, Arochlor 1260 (ChemService, West Chester, PA, USA) 100
ppb, IBP (ChemService, West Chester, PA, USA) 100 ppb % Toxaphene
(ChemService) 300 ppbell 24413t &9t &3k th FallsterEde] =E3HA &2 Anks:

A E gxFoz ALt Ady dERFoERE HE AES}Y], Trizol Reagent
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(Invitrogen, Carlsbad, CA, USA)E o] &3}o], RNAS FZE39 . RNAS A U =5 =
A BHFGEAE o]83le] 260 nmolA Y SHEE S5t AT

<% 6> HazChem Fish Array ver.12] g A7 ojn]X] (Spotd += 116571Y)

@ cDNA synthesis
AA RNA 1pg A& Agilent's Low RNA Input Linear Amplification Kit PLUS
(Agilent Technologies) & AFE3le] &F3EA 51t =, RNA(1pg)E dT-—promoter
primer ¥ MMLV-RT®} g3k & 5 40 TColA 243 &k JAAMe= F3skaL, T7
polymerases 37}sto] 40TCeA 2 AIZF &<t linear amplifications 33kt S%H 24
S B3 R 42 AYFTFY A8 72+ Cy3—-CTPS Cy5—-CTP=Z %A #t},

@ Hybridization %! scanning

HPEZo] gpHllEE cRNA A EE Qiagen PCR purification kitS AME3te] FAsta, =
Fr= =59t gAY dF3EA-cRNA A|5E hybridization buffer (3x SSC, 0.3%
SDS, 50% formamide, 20 ug Cot—1 DNA, 20 ug yeast tRNA)°| H7}8 & microcon
YM—-300.% &%3}o] hybridization mixtureE YH=21t}. Hybridization mixtureE 95C=E
3% FQE skl M7 12,000 golld 30&3F 4AREse 228 A3k AxE A
vtEAtg] cDNA wmlo]a =z ojd|oleo] coverslips Y3, WAAIZ]l hybridization mixtures
pipettinga}lth. wo] Az o] efo]E GT—Hyb Chamberel ¥ 65CeA 16417t 53t vE&-A|
ATt

Hybridization®] &% %, chamberol]A] wlo]aZo]go]S ZAo] olale] =AthE A&}
e Tk, vlo]aE ol ol & spinste] 11x%k ¥ scanning® W7bA] A ®HstS]
o} Aol &dg¥E FAM vwio]ARolgo]lE Axon GenePix 4000B scanner (Axon
Instrument, USA)E A}£3}o] scandl9th GenePix Pro 6.0 programellA], scan image®
HE 2} spote gridding fileg ©]&3Fo] griddingdtal, quantitationste]d ZF spotY
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Cy5/Cy3 intensity % ratios 9 &4 gto] E3+d GPR files ¥t

@ wiolg =z ol o] A5 FA

GenePix Pro Programol4 4olZ GPR fileZ45¥, 4] ~ 27321 GeneSpring 7.3.1
(Agilent Technologies, USA)E o] &3}o] olgfjo} o] ¥AS 43313},

Normalization: LOWESS (locally weighted regression scatterplot smoothing) & ©]&
ato] 35kl

Reliable gene: sum of medians #t°] background #REth StAY, 7} pixel ko] “F¥
A7F 88kl ¢k spot= flag—outF o EM {3 FHAAE AU

Significant genes : normalized ratio Zte] 2u] o]} x}o]E Ho|E= spotS AHES T

(2) 4% 4 1%
@ BlalP =& F9 #xd4 2y W3t =
BlalP AEFAde st Fdx 2d ®
HazChem Fish Array ver.l S o|&3te] ~3

e )R §ARE g 2

& AukgAteeld Fas
g g A, 1 ogdgel 29 ol W (3

sl 2u) o] F7HEE A
Cytochrome P450 1A

C3—1 mRNA

C3—2 mRNA

Choriogenin H minor

Fatty acid binding protein (liver—basic)
Cytochrome c oxidase subunit III
NADH dehydrogenase subunit 4
Mitochondrial DNA

Sphaerichthys osphromenoides 12S ribosomal RNA gene, partial sequence;
Ribosomal protein L15

Ribosomal protein SA

Ribosomal protein large PO—like protein
Rpll3a—prov protein

C43 putative splicing factor Prp8
Cytochrome C oxidase proteins

14 kDa apolipoprotein—like mRNA
Glucose—6—phosphatase (G6Pase)
Tumor necrosis factor receptor—1

Eukaryotic translation initiation factor 4A
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W wro] 2uf o]} HAEE #FAA

Retinoic acid receptor responder protein 3

Phospholipase B

Clqg—like factor

NADH dehydrogenase (ubiquinone) 1 alpha subcomplex, 4
Selenoprotein W2a

Meningioma expressed antigen 5

Synovial sarcoma translocation

Solute carrier family 13 (sodium—dependent dicarboxylate transporter), member 2

Solute carrier family 16 (monocarboxylic acid transporters), member 9a
Acyl—CoA synthetase short—chain family member 2
Sp3 transcription factor

Alcohol dehydrogenase Class VI (ADH8) mRNA
Mosin heavy chain

Autophagy protein 5

Angiotensin I converting enzyme

Mitogen—activated protein kinase 6 (mapk6)
Arylamine N—acetyl transferase

Glutathione S—transferase

Villin 2 (ezrin) like

Cystathionine—beta—synthase

Krt4 protein

Glucose—6—phosphate dehydrogenase

Sodium potassium ATPase beta subunit

Warm—temperature—acclimation—related—65 kDa—protein

@ PCB (Arochlor 1260) =% %9 4 23 W3} Eiv}%%

Arochlor 12609 &5 o FH A

%t HazChem Fish Array ver.l& ©o]&3slo] A
(T7F v ) E A= v 2ok

_>,i
(22

s el 20 o) S faA
Choriogenin H minor

Insulin—like growth factor 2
Ubiquitin—Conjugating Enzyme Ubchbb

Progesterone receptor membrane component 1
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Clg-—like adipose specific protein
Tubulin, beta 5

o] 2uf o]} HAEE #FAA
Warm—temperature—acclimation—related—65 kDa—protein
Embryonic alpha—type globin

Mitochondrial DNA, complete genome
Glucose—6—phosphate dehydrogenase

Synovial sarcoma translocation

@ IBP =% %9 4
IBPS] A& st 2atd S AupFAbE oA skl
HazChem Fish Array ver.1S o] &3] A3gyd 3 Ay}, wglgfo] 26 o)A W3l (57

EE )R fARE e 2.

wgpe] 20 o FrhH: FA4
Cytochrome P450 2K5

Cytochrome P450 3A
Ubiquitin—Conjugating Enzyme Ubchbb

Complement component C8 beta

g o] 2uf o]} FHAEE FAAk

40S ribosomal protein S24-—like protein
Claudin

Cytochrome P450 1A (CYP1A)
Glucose—6—phosphate dehydrogenase
Myosin heavy chain

Sp3 transcription factor

Krt4 protein

Fatty acid binding protein (liver—basic)

Warm—temperature—acclimation—related—65 kDa—protein

@ Toxaphene =% %9 fFd# d WHst 223 F
Toxaphene?] A&Z5Adel o3t {F-dA #
t}. HazChem Fish Array ver.1S ©]&3}o]
7

7} EE ) d fARE e 2ok
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w@go] 2w ol S A
Choriogenin H minor

C3—1 mRNA

AZ2M—-2 mRNA for alpha—2—macroglobulin—2
Ceruloplasmin

Cytochrome P450 2K5 (CYP2K5)
Glucose—6—phosphatase (G6Pase)
Phosphoenolpyruvate carboxykinase

Carboxylesterase 2

W gFo] 2n) o] FAHe FAA

Retinoic acid receptor responder protein 3

Sorcin (22 kDa protein)

Trypsinogen

Ribosomal protein S3

Acyl—CoA synthetase short—chain family member 2

40S ribosomal protein S24-—like protein

Transmembrane 4 L6 family member 4

Angiotensin I converting enzyme

Phospholipase B

MHC Class I Region

Solute carrier family 13 (sodium—dependent dicarboxylate transporter),
member 2 (slc13a2)

Sorcin isoform a

Embryonic alpha—type globin

Apolipoprotein E1

Glucose—6—phosphate dehydrogenase

Sp3 transcription factor

Proteasome (prosome, macropain) subunit, beta type, 8 (psmb8&)

Autophagy protein 5

Solute carrier family 16 (monocarboxylic acid transporters), member 9a

B2 —microglobulin

Cystathionine—beta—synthase

Warm—temperature—acclimation—related—65 kDa—protein

Krt4 protein

Tubulin, beta 5

Sodium potassium ATPase beta subunit
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Na/K/2Cl cotransporter (nkcc2beta/BSClbeta gene), isoform SLC12al

o

FAEEA (Principal Component Analysis)©l 2s] d] =72 3t
el
=

TR A3, 7 FejgeEdES AR FEol AR OE e A

Y:PCAcomponent 2 ¢37.02% variance)
1

. Toxaphene

Benzo[a]pyrene

Iprobenfos

Polychlorinated biphenyls

s PCA component 1 (50 34 % variance)

P CAcomponent 3 {1 2.63% varignce)

<" 7> FAAE A gt vl FFY &4 falststEd 3k ¥ 7F plotting
Zh W2 H Al ol Ed o] §Ax HO dg
TA AN 5] FAIA 2

chemicals, EDCs)ell st 5o {3z A

(E2)°l =%3 5, x24s o

29 d71AYE #4E 5

UEu) A4l AolE2  (endocrine disrupting
=5 $18l, A¥EAME]E 17 8 —estradiol

Bl
1o,
22

O 2 cDNA libraryE AZ3ATE ¢k 6,000 E&] o3t
3l °F 120099 @ FAA=E L3t

(1) A= g
B & o12-1470€ B A%e A4 o
100 ppbeoll 24A17F Eot w==35t1, AT

ok Aukgate &

A = o
W 2T Oo2RE HS AESFe], RNAS 1:11:.4_0_]_

_62_



a1, o]F 7|WFe® SMART cDNA Library Construction kit (BD Sciences)& ©|-&3}¢,
E2 ¥% cDNA librarys 7539t +5% ZF cDNA libraryollAd F29= Aee oF
6,000 &9 s 97144 +4S AAleta, F34 DBE olg3ste] FdAE9] 7S A
sty Z25 ZAd sl

(2) 43

A2 cDNA library® F#2H8] 971449 4S8 E35) 1268719 ¢d FHAE5S 543
At} o]&S Eukaryotic Orthologous Groups (KOG)el s 7|s¥H=ZE 73 d3+= o3
¥ e,

Information storage and processing

o

J] Translation, ribosomal structure and biogenesis 90
A] RNA processing and modification 17

[

[

[K] Transcription 38

[L] Replication, recombination and repair 2
[

B] Chromatin structure and dynamics 8

Cellular processes and signaling

[D] Cell cycle control, cell division, chromosome partitioning 7
[Y] Nuclear structure 2

[V] Defense mechanisms 10

[T] Signal transduction mechanisms 62

[M] Cell wall/membrane/envelope biogenesis 6

[N] Cell motility 3

[Z] Cytoskeleton 30

[W] Extracellular structures 9

[U] Intracellular trafficking, secretion, and vesicular transport 52
[O] Posttranslational modification, protein turnover, chaperones 90
Metabolism

[C] Energy production and conversion 60

[G] Carbohydrate transport and metabolism 24

[E] Amino acid transport and metabolism 41

[F] Nucleotide transport and metabolism 13

[H] Coenzyme transport and metabolism 8

[I] Lipid transport and metabolism 52

[P] Inorganic ion transport and metabolism 9

[Q] Secondary metabolites biosynthesis, transport and catabolism 12
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Poorly characterized

[R] General function prediction only 90

[S] Function unknown 55

Non categorized 390 o]4 1180 &

Al 8, JO 1, DKT 1, AK 1, BK 2, OK 2, KT 1, TR 3, TV 3, IT 3, UT 1, PT 1,
T™W 6, TU 10, DT 2, TZ 4, RT 3, TR 1, BT 1, OR 2, OW 2, IO 1, UO 1, OU 1, IR
3, 1U 2,QI'1, FQ 1, HC 2, EH 1, DV 1, DZ 1, UD 1 10, LA 1, AR 1, GC 1, YU 1,
EI 1, MU 1, MW 1, CE 2, ZR 1, DZU 1, ZUD 1, CIQ 1 13 (°]%} 88 %)

E}. HazChem Fish Array ver. 29 #| &k
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(1) 17 B —estradiol (E2)
kol (12)&3} o] AZ® HazChem Fish Array ver.22 ©]£3}9], 17 8 —estradiol
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9] hierarchical cluster ©]u]#]

Zzol oal Fda B3 WAL dEE FAAE T, 24430
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12¢] YeERS+=d], vitellogenin % choriogenin 3 #2 U&EH]A
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i
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£ O

<X 12> E2xZ9 o& wdgo] S7He 542 55 (24413 =& 7]9)

Gene Fold Change
E2 24h E2 48h
Vitellogenin 1 53.16 59.13
Iduronate 2—sulfatase precursor 36.83 49.14
Exosome complex exonuclease RRP4
] 35.26 21.76
putative mRNA
Choriogenin H minor 34.29 25.44
408 ribosomal protein S24—like protein
26.84 14.65
mRNA
Tax1binding protein 1b 25.09 23.46
RAB3 GTPase activating protein subunit 2 23.79 17.29
Bromodomain containing 2 (RING3) gene 22.41 25.62
Mannose—P—dolichol utilization defect 1b 21.65 23.60
Adenylosuccinate synthetase isozyme 2
. 21.59 27.81
putative mRNA
Vitellogenin II (vit—6) 20.88 14.91
rRNA 2—0O—methyltransferase fibrillarin 20.57 31.75
NADH—cytochrome b5 reductase 3 putative
19.74 16.41
mRNA
Amino—terminal enhancer of split 18.11 4.70
Microsomal triglyceride transfer protein 18.01 37.05
Tetraspanin—3 putative mRNA 17.90 17.46
Acyl—CoA thet 1 —chain famil
cy oA synthetase long—chain family 17 31 £0.03
member 1
Inositol oxygenase putative mRNA 17.18 11.51
TPA 17.10 16.31
Longevity assurance 2 17.09 19.34
Protein involved in sexual development 15.42 17.54
Selenoprotein 15 13.35 9.86
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Cysteine—rich with EGF—like domains 2 13.03 9.61

Exs—related protein 13.02 16.78
Pyrroline—5—carboxylate reductase 1 12.89 11.82
Ribosomal protein L13a 11.74 8.38
ATP citrate lyase 11.27 13.75
Cytochrome oxidase subunit I 10.68 10.54
Mitochondrial 60 kDa heat shock protein
10.60 0.56

mRNA
ATPase, H+ transporting, V1 subunit F 10.48 1.61
Selenoprotein M 10.12 7.70
Cytochrome c—1(cycl) 10.09 8.66
C—C chemokine receptor 9 9.98 0.95
Choriogenin L 9.78 12.12
Synaptogyrin 2b 9.60 0.410
Pyrroline—5—carboxylate reductase 1 9.24 6.88
Transmembrane emp24 protein transport

. 9.01 4.33
domainmRNA
Apolipoprotein Al precursor 9.00 0.35
Glutathione reductase 8.82 11.78

¥ 129+ v =
ok A=l =9
sl

A=, AHA

e gro] FA) (oF 20 — 3w T4 FAAES ® 13 YERI
| AES = Ao® A A 2+ Cytochrome P450 Al¥e]
Aol FQ3 dersS st 9E  complements, Ak @il
glutathione S—transferase, catalase, UFst 783 a4 %, protein kinase C &
T

<3 13> E2xZ°f 98 w3 Fo] A4E FdA 55 (2443 =& 7]5)

Gene Fold Difference
E2 24h(L) E2 48h(L)

Dimethylglycine dehydrogenase 0.05 0.21
Fructose—bisphosphate aldolase B 0.07 0.11
Fatty acid binding protein 10, liver basic 0.08 0.10
Claudin 0.09 0.12
Cytochrome P450 2P3 0.10 0.21
Aldolase B mRNA 0.11 0.15
Glycerol—3—phosphate dehydrogenase 0.13 0.20
Kelch—like 18 0.13 0.15
Leukocyte elastase inhibitor 0.13 0.16
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Vitronectin

Glutamate dehydrogenase 1b

hpd protein (hpd), mRNA

Progestin receptor membrane component 1
Tryptophan 2,3—dioxygenase

Cytochrome P450 3A

Fetuin—B precursor

Complement C5 precursor

Complement C3 precursor alpha chain
Isocitrate dehydrogenase 1 (NADP+)
Calcium/calmodulin—dependent protein kinase
(CaM kinase) II delta 1

Glyceraldehyde 3—phosphate dehydrogenase
Deoxyribonuclease II, lysosomal

Insulin

Solute carrier family 31 (copper transporters)
Ficolin 2 precursor

Glutathione S—transferase

Glutamate oxaloacetate transaminase 2
Voltage—dependent anion channel

Villin 2 (ezrin) like

fibrinogen beta chain precursor

Serum response factor (SRF)

Complement C3—2 mRNA
Alpha—2—macroglobulin mRNA

Choriogenin H mRNA

Transferrin mRNA

HSP-90

Protein kinase C, delta

Apobec—1 complementation factor isoform 1
Phenylalanine hydroxylase

Peripheral—type benzodiazepine receptor
Tumor suppressor

Cytochrome P450 CYP2N

Alpha—tectorin

Pyridoxal phosphate phosphatase
Progesterone receptor membrane component 1
MHC Class I Region

Ceruloplasmin
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0.14
0.15
0.15
0.16
0.17
0.17
0.18
0.18
0.18
0.19

0.19

0.20
0.21
0.21
0.2
0.21
0.22
0.22
0.23
0.23
0.23
0.23
0.23
0.23
0.23
0.24
0.24
0.244
0.24
0.25
0.25
0.25
0.26
0.26
0.26
0.26
0.26
0.27

0.28
0.19
0.27
0.28
0.38
0.25
0.38
0.37
0.21
0.47

0.30

0.38
0.62
0.53
0.29
0.63
0.23
0.37
0.44
0.49
0.56
0.39
0.21
0.43
0.62
0.27
0.23
0.52
0.37
0.27
0.42
0.51
0.47
0.60
0.25
0.30
0.48
0.47



S—adenosylhomocysteine hydrolase—like

} 0.27 0.41
protein
Annexin A2 0.27 0.50
Ceruloplasmin 0.27 0.51
Complement component C8 beta 0.27 0.49
Alpha—2—macroglobulin—2 0.28 0.91
Ependymin precursor 0.28 0.33
Catalase 0.28 0.32
Cyclin I 0.28 0.28
Apcs protein 0.29 0.43
Cytochrome P450 1A 0.29 0.37
Acetylserotonin O—methyltransferase 0.30 0.33
Betaine aldehyde dehydrogenase (Aldh9A1) 0.30 0.32

Al 2A AN A3 Qof

o MER At A FalsTEA Al AFRJ] AwbEARe] (Oryzias javanicus) @] A
7| W FAA =S A5 7|6 F

e Standard % subtractive cDNA library A%} DD—-PCRWY; ©]&ZFe] nlo] a2 0ofgo]
A& RT-PCRYl 9% 52 FAx9] #e8 5= &3 AupdAtg] 719 PAHs, POPs,
EDCS AE=54 A5 SAFAA A% 2=

o §AA AZAH) A2 B

o zpukFAtE] A FalgEEd AE A HUbE % wpo
Fish Array ver.2) 7
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AR ATHL ZE 9=
PAHs 59| cDNA library? % 100%
PAHs 5o°] +4d%} g5 100%
PAHs 3 7}4 DNA chip 7§ 100%
POPs £©°] c¢DNA library? 7% 100%
} _
_ |POPs 5o] #xA 2w 100%
POPs H7}¢ DNA chip 7% 100%
fraf3tet &4 (PAHs, POPs W EDCs) 5o] @&¥3} x4 100%
TE A fu5 B ‘
frall3tetE 4 (PAHs, POPs W EDCs) wFof W& 72 & 100%
‘?iﬁ} A 3} 0
%3k DNA chip A&, H7F 9 B¢
DNA chip& o] &3 374 falsteEde] fsd o5 4y 2 100%
g
A 34 &l H7HE DNA chip 71 100%
A 73 9elA H7FE DNA chipS o] &3 falststEza 9
} . 100%
g S A" AA
Al 44 AEH AT (=58 5
=
Bl 3L
(SCI
& A% SeAy  REAR o/
impact
factor)
Molecular Parameters for Assessing
Mar Biotoxicity: G B . fMolecular &
rin iotoxicity: n xXpression
=l a ,e oroxicity ene PTESSIONS -0 Cellular %(2)0370 SCI/0.3
Rockfish (Sebastes schlegeli) exposed to ] .
. . Toxicology
Polycyclic Aromatic Hydrocarbons
Gene Expression Profile in IprobenfosMolecular &
=72 Exposed Medaka Fish by Microarray/Cellular 260%)8. SCI/0.3
Analysis Toxicology
Differentially Expressed Genes in MarineMolecular &
=3 medaka fish (Oryzias javanicus) ExposedCellular %(2)0380 SCI/0.3
to Cadmium Toxicology
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Effects of heavy metals on antioxidants
and stress—responsive gene expression in

Javanese medaka (Oryzias javanicus)

Comparative
Biochemistry and
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Transcripts level responses in a marine
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EcoArray for our Earth: with regard

to environmental changes
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Analysis
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