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ABSTRACT

Octachlorostyrene (OCS) is a primarily concerning chemical in many countries because of its persistent and
bioaccumulative properties in the environment. OCS is not commercially manufactured or used but it may be
produced during incineration or chemical synthetic processes involving chlorinated compounds. There are
several reports that OCS was found in the waters, sediments, fish, mussels, and also in human tissues.
However, systematic studies on the OCS toxicities are scarce in literature. In this study, we tried to get the gene
expression data using medaka DNA chip to identify biomarkers of OCS exposure. Medaka (Oryzias latipes)
was exposed to OCS 1 ppm for 2 days and 10 days, respectively. Total RNA was extracted and purified by
guanidine thiocyanate method and the Cy3~ and Cy5-labelled cDNAs produced by reverse trancription of the
RNA were hybridized to medaka microarray. As results, eighty five genes were found to be down-or up-
regulated by OCS. Some of the genes were listed and confirmed by real—time PCR.
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= gAY oy H (Fig. 1). OCSE dioxinA ¥
£7tapA oA ek gtEa) 4] dubgel 23]
AAEE Aoz FAHHAT glom =3 viavg
AAEA, f7194A4 4o A, A A
de dFuEA" (FF) A, F5LFTA
hexachloroethaneoi] )3t aluminum degassing, tita-
nium® chlorination, chlor—alkali QJAF ZA S0
0CS7h AR #8 W2dd Aoz 243
3 )} (Chu et al., 2003) OCS+= 38FZFA} hexa-
chlorobenzene (HCB) &} -§-A}sle] 1 54 =3l
HCB} §A1E Aoz FAHT o 53], Bl
At gafdol wig ol Edol AFIE AX
= #J4 (sediment) o]} B-H-22 (water suspended
particles)ell #-2== o] glom wepr 4
BEF AA MAsh= AE Foll AF f3) =
£-o] ZslA vepd 7oz FA8 YUt Bjerk et
al., 1980; Vogelgesang et al., 1986; Luckas, 1987).

u|Fol| M volelrtet , Habaalel B edls
of] AA3l o Foll A OCS7F AEHNU T ¥
7 slem 19 4 o8 yebe] 54 7 B
ZoA ZHAEd AFAEo] Ba H3 9Jv}hKuehl er
al., 1976; Ofstad et al., 1978; Kuehl et al., 1981; Sol-
bakken et al.,1986; Muncaster et al., 1990; Metcalfe
et al., 1990) OCS 9] FAAFAY ZAEFAS A
2ol Jvel el e Fe] Az el A QM=
A 2 RE wjE® Zlez FASE OCS7t
AZA G A AAH F o Ffell $5H A
2 z2AH 37} glv} (Carey et al., 1986). v]=-2]
Z2AHHAME AFAFAMY HE FEeEE
1.7ng/g $Foletx Bugl wl glom Ao izt
oluT} WA TEE(49.6~138ng/e)2 =R A
g5 d8F (L eral., 2003).

AAe] e HEAlH 2 HCBE AMgshe &
FulE 340 Z=2x oA OCS HEAREZF
By HQT A TR ARe] EfelA A
23 A= B3 5o Mes et al., 1986; Selden
et al., 1997). 542 =Apel ¢]3pH Schlleswig-
Hostein 752 Fu13 135212 JHoaRE 73
250t oy HFSE ldngl T2 o9d
B AAEe Eav)E AHT Al Ao
2 A9E g} LCommel et al., 1992). 7juietai A =
A wlol] oJshw Abste] AwbzAeAM A& AL
= AA 2AF A7 8% A=l DIk At
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Be) Az 3T Ingle FEST A2HY
ohm Geh 4t 5N A2E ARl o
4 B3 Hged 2AREY 7% Axrt 299
Aoz BT Yok Mes ef al., 1993). OCS2] <lA
o o ejzFe PBTY Yubdd =47 $AR
Aoz At FAA Are A gAY
o|c}. the]2-4l, PCB, HCBS} vhit7iA| 2 E<dw of
A& 2 Ike £33 promoter2A] 2}
43h= o] gz on FHZole WEa|AHd] njA]
= ohgol e ek e A7HT slek At
o wA¥E AFezrEls] OCse W% MRI
(Minimum Risk Intake)Z 0.31 pug/kge 2 AAs1
515+ OCS7} <lAlel 7428 A WY w29
A% F2 4B A% ZUd ol 0Cse
AEA] oS Fob 2oldslel Y ol
Aol 523} BEel Aoz B e o))
A= AP BAsteire Bl AANA
Azl B ARe +AT A PR
R gdor} bisphenol A, nonylphenol, genistein, zera-
lenone 5ol WM Ajdow weky Aow
veld o™ (Yamasaki K et al., 2002) OCSe]] =%
B Ay FEFY =54 dddlA 0Csrt
Z1&5E o olw %% porphyrin wjAdke] F7}
3= A o] sl A o} (Selden er al., 1997).
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Algel] ARg-3leiek Lee e al., 2002). A|lFEA =2 A}
23t Octachlorostyrene (Wako chemical, Japan)-2-
DMSO¢9]] %3] stock solution (40 mg/mL)-& * o}k
AGsol Y] A% APHEE lppmoz 2
Aslgict olul DMS0OY FHEEEE 0.0025%=
F3HA] g=F vk AIPREA =Z27|7Hest
37155 (aeration)> AX|3}A] ¢kgrow Ho|=
A2 FEEta 3 3 AS FA Al
AlFER x&7]705t $AEE Ry 5
WIS HolA] ¢gkow foditel Heldt yFH
= vehdbA] iy AR IA =

ofd P

2. RNAEH| 2 microarray hybridizationz}
Be

0CsE A2l F 7429 F 20 102 Fol 4412
Yz 9 Helze A¥sted e A2HT gua
nidine thiocyanate -8-§-& x| @]3}e] 7+ A& <A
3] 23] A)ZH 2 A7 Aol sodium acetate S 2
I phenol:chloroform:isoamylalcohol &3t} & 4
o] 2 AL F AL’ A5Yel A3l isopropa-
nol A o= total RNAS £2]5lgc} (Ryu et al.,
2004). H-2] 5 RNA2] A260/A2802 1.7 o|A}o]gic}h.

Microarray analysist medaka cDNA library 2%
E] PCR ZFA)# od-& A}E-& MicroSpotting solu-
tion plus (TeleChem, USA)el| 39l & Micro Grid 11
TAS Microarrayer (Biorobotics, USA), SMP3 pin
(TeleChem, USA)© 2 SperAldehyde slide (Tele-
Chem, USA)e]| spotting 3}ed kA A]7] 3K medaka
chip (Repdl et @A AlZHE Algsted A
A8} e}, Fluorescence-labeled (Cy5, Cy3) cDNA
probet= £AlE] WH2E W AHEToe= RE de
total RNA®]| oligo dT primer A}-£-3}] amino-allyl
cDNAEHA kit= 4stdnh. Z7ke) Cy3- 2 Cy5
-labelled cDNAX 3l}2] RFHol 314 speed-vac
of AxAIZ F AR aavt SAHA] g A
AF B2 Fo|aL 95°CellM 287 7R2stal 2%
o] A& & hybridization buffere]] o 3,0007)2
£Alg] $-3A7} printing¥l medaka DNA chipe]]
loading &}<d hybridization A% v}. Hybridization-2
GeneTAG automatic hybridizer (Genomic solution)
2 52°Ceol|lA 8AIZHERE Al o] F 0.2%
SDS#- SSC Aoz A} HAA o Bl A
3027k ¥}x]s}led v} Fluorescence image: GMS418
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array scanner (Affimetrix) 2 scand}glc}. Image &
A9 raw datax ImaGene 4.2 (Biodiscovery) 2 ¢
vt w8E $AAES Gene Ontology H-77]1%
of uhe} 2-F3h o} (Park, 2004).

3. Microarray analysis2 &¢l=l RXxle

=3
[

microarray analysis23%-E] OCSe|| s = whg
o) 2L Aow Ul B 39 A U
A= PCR % real time PCRE AHg8-38)e] &9l3)
Ae}t. AR (reverse transcription)2 RNA &
& 1 pgol oligo dT primer, reverse transcriptase 3
7} nucleotide”} &-6-¥1 ¥k-2o? 20 ULl &) 42°C
2 60E7F AAEE F 94°CollA] 587 rldgon
A uk2-& F8319 o) Microarray analysis 723}
OCSel ofa) 3 Wil Z7b wx ams
Roez A" FAAt d PCR 53-8 934
+ 7o) AR §A4 meolnae FNT F
o] & zeho]w43} RT-PCRoA 22 WA E
2 puL, Taq polimerase 3 7} nucleotide”} 4%
Bioneer™ KitE A}-4-8}e] & 20uL9] Hl-2-Bg =}
B 95°Cell A 18, 55°Coll A 18, 72°Cell A 15
H 2AE T so] 253 WA Zich vpAl Tt 25
HhS-o] Foll = FHEH o= 72°Cel|A] 1587 o
Z_, AlZdek Z47ke primer & o] -§3fe] FFE
Ao A= 1.5% agarose gel AbollA] TAE
Fgole ALgstel A7 GBS Lee e al,
2002; Ryu et al., 2004).
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4. Real time PCR

OCSA e Y z=Z 2= 2E total RNAS 2]
3}2 total RNA 1 g RT-Kit(Pharmacogenechips,
Korea)& AHg-8fe] 42°CellA 1A 7h5<t HH3-A171
& 27452 7)sle] 100uLE 3 ¥ template & A}
£33t} 2uL 2] templates]] Cybergreen Mix (Phar-
macogenechips, Korea)Z 7}t &, primer2] F7]¢]
wz} ABI Prism 7000 (Applied Biosystems) o 2 2
EEr e

an o oy

PBTs (Persistent, Bioaccumulative and Toxic Sub-
stances)¥ Aol A 2] AFA] (Persistent)o] =-o}
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Fig. 1. Chemical Structure of Octachlorostyrene.
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e AEAY gefdE 983l U PBTs:=
7], 938, Bofoz A o)F3H AAY o]%e
EA w el #dx) Adx=E v R3te OECD,
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(Council of Great lakes Industries, 1999; EPA, 2000,
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Fig. 2. A scanned microarray image contains 2,941 medaka genes. Among the genes, 1,351 medaka genes are unknown.
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Table 1. Gene numbers of induction or repression by OCS NBHE=AL AFduAt d ¢ AAteke]s)e]

exposure Sz A vehe ek w3l g A&
2 day exposure 10 day exposure A 32} OCSE 1ppm 0|3} $Fojr] xEA]7] &

Induction 58 genes 58 genes veh= $-AA w3 d skt

Repression 25 genes 27 genes 1 A3 0CS:E 24129 theksl $R=be] why

Table 2. Partial list of up—~ or down-regulated genes by 2-day exposure of OCS to medaka, oryzias latipes

Up-regulation Down-regulation

Genes Fold Genes name Fold
Tripartite motif protein 16 7.0 Similar to hypothetical protein 0.2
Lactoylglutathione lyase (Methylglyoxalase) 6.2 Beta tubulin 03
Clq-like adipose specific protein 52 10 kDa heat shock protein mitochondrial (Hsp10) 0.4
TBT-binding protein 5.1 Squalene epoxidase 04
Similar to heat shock protein, 74 kDa, A 5.0 Vitellogenin 1 04
Putative senescence—associated protein 5.0 Proteasome endopeptidase complex 0.5
Complement component C7 38 Annexin max3 0.5
ZPC domain containing protein 5 32 Selenoprotein M 0.5
Pellino 2 32 Choriogenin H 0.5
Apolipoprotein B 3.1 " Metallothionein (MT) 0.5
Orla C3-1 2.8 Reverse transcriptase —like protein 0.5
15 kDa selenoprotein 2.8 Choriogenin L 0.5
NADH dehydrogenase subunit 5 2.8 Similar to profilin 2 0.5
Tropomyoshinl -1 2.6 Family-2 cystatin 0.7
Orla C3-2 2.5 Hepcidin precursor 0.7

* unknown gene are not listed.

Table 3. Partial list of up— or down—regulated genes by 10—day exposure of OCS to medaka, oryzias latipes

Up-regulation Down-regulation

Genes Fold Genes Name Fold
TBT-binding protein 18.5 Trypsinogen 2 precursor 0.2
Tissue inhibitor of metalloproteinase—2 17.4 Similar to hypothetical protein 0.2
Clq-like adipose specific protein 5.2 Choriogenin H 0.2
Complement component C7 43 Metallothionein (MT) 0.3
Early growth response 1 4.1 Trypsin IH precursor 0.3
Apolipoprotein A-1V 39 Alpha amylase 0.3
Ependymin 3.6 Elastase 1 precursor 0.30
Similar to chromosome 20 open reading frame 149 3.6 Alpha-amylase 0.3
TARS protein 34 Exosomal core protein CSL4 0.4
Stearoyl-CoA desaturase 3.0 Cytidine deaminase 0.4
Ependymin 29 Family-2 cystatin 0.40
“iaéglk_];rr_lg?;?g;iﬁfgyggtgg_related 2.9 Glycerol-3-phosphate dehydrogenase 1 0.4
Orla C3~-1 . 29 Putative nuclear movement protein 0.5
Orla C3-2 2.8 Alpha-2-HS-glycoprotein 0.5
Selenoprotein M 2.2 Type I keratin S8 0.6

* unknown gene are not listed.
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Table 4. Primer sequences of medaka gene for PCR

Vol. 20, No. 2

Gene name

Primer sequence

Stearyl CoA desaturase

Tissue inhibitor of Metalloproteinase-2
Early growth response 1

TBT-binding protein

Clq-like adipose specific protein
Lactoylglutathione lyase

Estrogen response B —box

Squalene oxidase

Annexin

Selenoprotein M

Heat shock protein 10

F: 5'~AGACGTGTTTGATAACGCTT-3
R: 5~-GAAGCCTTGTAGGTTCTGTG-3’
F: 5'~AGATGAGCTGGATGAATAACA-3’
R: 5~GTCCTACCAATTTTGCTCTG-3
F: 5'~GTTGCTACCACATACCCTTC-3'
R: 5'~-GTGAGCTGTAGATGGTGGAT-3’
F: 5'~CATTAGCTACCTGCCATACC-3’
R: 5~-CTTCGAGGGAGATGTT-GTAG-3’
F: 5 ~-GAGTAAAGCACCAACCAGAG-3'
R: 5~CGTAAATTCCCACAATGAAT-3
F: 5'~-GGTCAGAAAATGAAGAGCAG-3
R: 5~-TCACAAATGTGACTCCTTGA -3
F: 5'~-CAATAACCAGGAAAAGATGC-3
R: 5’-TGTTTGAGATGCTGTGAAAG-3'
F: 5'~-CACCTGATTTACTGAGGAGC-3'
R: 5’~-GGTCCACTTTAAAACACCAA-3’
F: 5’-TCTGAAGCCTCTTGACTGAT-3'
R: 5'-ATTTGCTGTCTCTGTTCGTT-3

F: 5’~GGTCAAAGCTTTTGTGACTC-3’
R: 5'~-CATAATAGTGGCTGAGGAGG-3'
F: 5'-GGAAGTTCCTCCCTCTGTT-3

R: 5'~CACCTTCCCCTGAGACTT-3’

Gene name

TI-Metalloproteinase

Early growth response 1

Selenoprotein

Squalene oxidase

TBT—binding protein

Annexin

Heat shock protein 10

C2 C2 T2 T2

C10 C10 T10 T10

Fig. 3. Expression of genes identified to be up— or down-
regulated by OCS in medaka by RT-PCR. Control;
lane 1 and 2, Treated; lane 3 and 4 in each 2 day— or
4 day-exposure column. C2: 2 day control, T2: 2
day treat, C10: 10 day control, T10: 10 day treat.

& A= Aoz w3z ¥ $Ale] DNA chip
off printing¥l ¢F 3,000709] A7 F Aol ¥l
s 24 o)Al Wbk bRt AL o 803712
Yebgteh Fig. 2, Table 1). &7 7kl whe} W=
FARRE M2 2R dston) ¥EE 1l §Az
o) 4ol 2 Aol P Aoz vehton 29
23 100 229 3% 495 Be| 2ol
AL 72} 58%, 404 R FaFE RS 7
7} 2583} 278 0)90c} 29 Bl Sfa) Wao] W
3= 790 ¥ §4A EFE Table 20 AlA]
slolom 109 xZel s 1 W] MsHE
499 A% A 538 Table 36 22} vheh)
ek OCS 2 xZel| o8 Wstd f4x% 2
W o] Z7l%l &A= Tripartite motif protein 16
£ H]E3}od lactoylglutathione lyase, Clq-like adi-
pose specific protein @ TBT-binding protein o]
Z35e] Uitk 1 wde] g FAAR: squa-
lene oxidase, vitellogenin, annexin 5 &2 Z)
2HE AR, el AR, Al i
7 FHhE 71%E 7B REoH OCS 109 x=F
o ols] 1 3o =715l §-A A= tissue inhibitor
of metalloproteinase—2 5% H|53}ed early growth
response 1, apolipoprotein A-1V 5ol o ZAg)
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Fig. 4. Quantitative analysis of gene expression by real-
time PCR.

S-% A} trypsinogen 2 precusorg B]E3}le] cho-
riogenin H, metallothionein S0} Z}AEHE ZHoz
e

OCSel 2J&) 1 4alo] Wity §Ax 5 £ o
FollA= Stearyl CoA desaturase, squalene oxidase
X Cholesterol &4 #A3H FAHAS X35}
11709] Azl gt B} ARAIs whasls o
78 BHos oF 444 YU Felsu =e
oM & AL Aol =Zelelw] friMdEE
Table 40 vheh} Sleh 7t7ke) webolwl g o] 43}
of AHAE ZEAZ A= Fig 30 ekt 9l
o micaroarray A3} % A= AE @ 4
ql%l.e™ real time PCRZ A4l BA4-& AA|3
Z 3} Tissue inhibitor of metalloproteinase, early

2ol wlal o 16w A== 1
£ o 4 Ui (Fig. 4).

2 Q7oA AT $4ke] DNA chipe of
30009 447 ARE A HepE 4 e )
% 2849 Stoleh T2t obd $ake) fAA
of N7 IMNLIHRA A AARe e %
A oA kel el wAWe) ebdn @
ARE 2 A7} ol AR 2 A5

FoldlA 283 o} A 4 Ak AL ek o

W o] F7kshe A
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