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Ao A &0 et Hots AL MASt= d=22 0 o8 EItE = AL EHK|
BRURS EH 242 SO0 HHo| MASl= WE2 HY +=ES E/tg = ALt 2 o7
9| B&-2 heat shock protein 70 (Hsp70), heat shock protein 90 (Hsp90), glutathione S-transferases
(GST) X thioredoxin (TRX)1h 22 WHMX|EFTAE 0830 Mofior 24EHe| ALS HIMoh=
Z0[C}. O|F |EAE AERA, HY Bl ohits} 2Est REXSZAM 05 |REXL Eolg
S 420 HY L& HEY
HtX| 2k (Rudlitapes philippinarum)g +=ERUCE &
A A1t Hsp70, Hsp90, GST U TRX RFAIEQ|
AOZ LIEFGICE 3], Hsp90 X GSTO| & = Hsp70 S TRXS| a2 FALSIQICE OfA
2 2 || E0[Hoz BhEdts 20| EMdte ALz WL WELM ol2etd ZXM

A o

[

Zatof| 2H5k0f 240 Heidt REAE MEfE 5 ATt 2Bttt O ZlbE Hsp70, Hspdo,
GST & TRX RHA= HHO| ALS HIWRPI| 2ot SAXBRTERZA Adge sde2
AlAFSHEL,

The assessment of level of health of the tidal flats can be evaluate by health of organisms
inhabit the tidal flats. It is possible to evaluate the precise health level of organisms inhabit
the tidal flats using analysis of expression of biomarker genes. The purpose of this research
is to evaluate the health of the tidal flats on the west coast using biomarker genes such
as heat shock protein 70 (Hsp70), heat shock protein 90 (Hsp90), glutathione S-transferases
(GST) and thioredoxin (TRX). These genes are stress, immune, and antioxidant related genes
that can be used to look at the health of an organism through gene expression. In this
study, we collected manila clam (Rudiitapes philjppinarum) in 8 analysis areas on the west
coast. Expression of the genes was analyzed by RT-gPCR method. Results showed that,
the expression of Hsp70, Hsp90, GST and TRX genes were differentially expressed in the
8 analysis areas. In particular, the expression of Hsp90 and GST or the expression of Hsp70
and TRX were similar. This means that there is a substance that reacts specifically to each
gene. Therefore, | think suggest that the based on the results of physicochemical analysis,
it can be selected genes suitable for analysis. These results suggest that Hsp70, Hsp90,
GST and TRX were played roles in biomarker for assessment of the health of tidal flats.

Keywords: Ruditapes philippinarum(BEX| 2}, Tidal flat(Zd H), Health(71Z), RT-qgPCR(EH
AHAA| ZHE 2R PCR), Biomarker gene(M K| X| £ X}
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A E 2| A (oxidative stress) S
ZF— StA dEELD ALk
Hspe of e MZE 29| 7|Fg 7t Chidz o
A 91951 EIE A7t O|ROFLCL H 20 = 2k, & T3
Z(heavy metal), Li=H| A &0 & E (endocrine disrupting chemicals,
EDCs) I ASIAE | A(oxidative stress) F&ate| ¢ 52 £
8 O|F QIR Hsp FTIAF odo] ot A7 SO0| HE|UCH
(Parsell and Lindquist, 1993; Feder and Hofmann, 1999; Kregel, 2002;
Fangue et al, 2006; Colinet et al, 2010; Xu and Qin, 2012; You et
al, 2013). Hsp= ©Y HE{Q| X|EE LIEt= HHMAEM 2Xt
ZHZ 7|Z22 Hsp110, Hsp100, Hsp90, Hsp70, Hsp60 3 X £}
& Hsp 522 EXSt QLKL et al, 2009; Colinet et al, 2010;
Xu and Qin, 2012; Teixeira et al, 2013). O] Z0A Hsp702 ZI2tA
o=k F HEL0 lon, deelol Fatof et LHo| Xt
O|& EO|& CHEX QI SHMX}IO|CHChirico et al, 1988; Bukau and
Horwich, 1998). S{ZUZ0iA A R0l AEYAQI T2 uf HIA
A 52 Hsp70 SRS LS FIHAIZICHE £17}F UEKDong
et al, 2008; Lee et al, 2012; Kim et al,, 2015). Hsp902 M|Z&
S U O] BOJSED, ASHA0| B Al EHHTET, MEA
(apoptosis) =& S MZHE0| OISt LK QUCHJakob et
al, 1995; Galea-Lauri et al, 1996; Imai and Yahara, 2000; Richter and
Buchner, 2001; Soetaert et al, 2006; Wu and Chu, 2008; Li et al,,

FEHJIHI
_.-_E

2009). 4=CHAIZAA phaseIE Y24 %l glutathione S-transferase
GST)= 2= S=Ho| ZEMstH Chdst 7|HE 7+ CH Aol
2 = (temperature), S 2 (salinity) 52| SAR01S HIZESI0] 2014

1z

oy
s
oy
o
Ho

=AM

M=3letE(xenobiotic compound), &3 %(heavy metal), E& |
(pathogen) SO 2l WEE At AE|A(oxidative stress) &2
S5 HQIZ HEAZ|AL, 2380 H2 S22 =dfsto] of
EA7|E 80| O BHCHClark, 1989: Hayes and Pulford, 1995;
Kampranis et al,, 2000; Mueller et al., 2000; Agrawal et al.,, 2002;
Smith et al, 2004; Hayes et al, 2005). GST2| O|2{st X&7|H 2
SMAEO| X|EE2 ZEE|0 polychlorinated biphenyls (PCB),
dichloro-diphenyl-trichloroethane (DDT), polycyclic aromatic hydro-
carbons (PAHs), LH&=H| 4| &0 & & (endocrine disrupting chemicals;
EDCs) X Sa% S3t GSTRIO| MtatA o tist A7t B0l T
| ACHLooise et al, 1996: Hansson et al, 2006; Hamed et al.,
2003; Koutsogiannaki et al, 2014; Luchmann et al, 2014; Zhang et
al, 2014). FOIAMQ| A7 Znt2= H|EZI2|H|(Chlamys farrer,
2Y2|Y|(Chlamys islandica), = Z T} Perna viridis), =(Crassostrea
brasiliana), XIS X (Mytilus galloprovincialis) SHIAM AL
2l 3l EDCs®f GSTO| narpdof 2ot e7t7t 2 E|RACKLau and
Wong, 2003; Luca-Abbott et al, 2005; Myrnes and Nilsen, 2007; Hu
et al, 2015; Boukadida et al, 2017; Lima et al, 2018). Thioredoxin
RO YSHME gl RS D Coj|A Y= CHM R 2 A &

M2 F(reactive oxygen species, ROS)2| EHZH AR HAL
HO=Z Ij? FQsICt L™ QUCkLiyanage et al, 2018). 24t
2 Mol FUHQ AR Qi RHALEA E7(0, Al
oot a0l 5% 922 St=0 SEH AEY A0
CELH 01 WEA 5750 MZE 24A|7|=0 o|A0f &
3t AE 3| A(oxidative stress)OIEf(Devasagayam et al, 2004). TRX

MBSl AEBAR ME £AH0| SHESIH 50| S745L0 2 M

r

>'J_>'|.

A& SENOIA MA Ho S HE S S Sh=H| A
8¢t UstEE Mot St SHALE et

£44S WO CHTO| ThY 9 A2l B2 S SO NF-kB

=

o o=
3 o
ot MES

2 e = orr
o ot
[
r

(nuclear factor kappa B), AP-1 (activator protein-1) 7 AF2IX} %“S
, interleukin, tumor necrosis factor@t 22 cytokine2| ‘4
M|91 MZZ4] 8l M EAKapoptosis)S BX|sH= & 0l A
& Yeto 2N Aol-2hpl HHZ0]| ofot MK Q| ’.‘.'275_*
SHAM SHHQl Agtg St HHEEO|CHSpector et al, 1988;
Fernado et al, 1992; Mitsui et al, 1992; Yodoi and Uhyama, 1992;
Schenk et al, 1994).
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1. dESE L ME

>
s}
T
=

<o 1
2|, mtz2l, nHe)ofM 20181 68 HIXIS x|
A0 ExEa MAS 2 o2 €
29|12 22| SWsIQICE e HiX|2 SH 29

8510 MAst =, E7 HHD0|HE
HMAHsAUCE +==20] MAHE & £2= RNAlater (Life techno-
logies, Carlsbad, CA, USA) 20| HII=l 27|0] B &, X0
M 280 4C 2ot 2 deof

(==}
HEX|2te HEEY 10706 E MESH

Sioh HHOIY &l BEEY, Fiu, ¥E, WS, HrE
o

oo oA
ro rot

4> oz H
i)

AL
mo 1>

HESIRICE Az Z=HIE I

A
Oof AMHESHSILE.
2. Total RNA =

Total RNA FZ2 RNAiso Plus (TaKaRa Co. Shiga, Japan) Al
BHS ALESIRICL M2 EEE HiX[Z X WK A0 HK|

Azl =2, URALRS 0|83 OpfA|ZICE O E 2212 RNAiso
plus A1 ml/100 mg)0| SOUE tubed] D1 =Fst = A2
oA 527+ BEX|SL ALY Chloroform 02 mIE E0{FD 2%
H20|M 227t UX|SHRICE M EE|E Aol d5AE ME
2 tubed| £7{ B isopropyl alcohol 1.0 miE EO{ 1027+ &2
OlM LXBIAUCE HFMZEE ARSI pelletE ST 2, &

SHS FAHSID 75% EtOHE MATt £ DEPC-DWZ =0 =&
SAULE FESH total RNAE 2ZZ A (NanoVue, GE Healthcare,
Boston, MA, USA)E 0|83t0] g ! EEBIRAL, RNA quality
£ 260/280 ratio 1.8 O|&4S QIS HA BHS (Reverse
Transcription: RT) 7HX| -80°C £X& & 25t ¥H
g AT 1074H0|M =E3 total R 2 g2 2, gX
M HEof AFSSHALE

ok 4

3. 38 Z AU (RT-qPCR)

DNA g2 It ITA}L BHS(Reverse Transcription, RT)2
iScript cDNA synthesis kit (Bio-Rad, Hercules, CA, USA)S 0|83}
RALE Total RNA 1 g, iScript 5><Master mix 4 yl, iScript reverse
transcriptase 1 yl ® DEPC-DWE 20 X5 Ht8 8% 20 2 &
= Z, 42°CoM 1AIZE BES 5L (DNAE BHISHILE Betead
AEHS(gPCR)2 iQ SYBR Green Supermix kit (Bio-Rad, Hercules, CA,
USA)S 0|83t0] s=&BIUCt cDNA 1 i, primer Z+2Zt 1 ul, iQ
SYBR Green Supermix (2x) 10 yl ¥ DEPC-DWE &Of %|F HH-S
2H 20 pl T/H HE ZF, real-time PCR machine (CFX96, Bio-Rad,
Hercules, CA, USA)E 0[&3l0] SE3IICt YHX|ERHALE M
el HIX|2H £E0|H Ol Xl Hsp70 (Genbank Accession No:

HEX| 2t WX ERTAL 0|8 A HLE E7F 61

Table 1. Primer sequence for RT-qPCR

Tm

G Pri S 0
ene  Primer equence Q)

F 5'-TGGCAGCAAAGAAACATCTG
Hsp90 53
R 5'-GGGATGTGTTGTTGGCTCTT

mnl

5'-TGAAAGACAATAAACGTGCTG
Hsp70 60
R 5'-AATTTCAATGCTGGCTTGTGT

F 5'-CTGTGGTTGACTTCCCAATGT
GST 60
R 5'-CTGCGTAGCAATGTCTTTCTTG

F 5'-GGACGTTGATGATGTTTCGGAGGT
TRX 58
R 5'-TTTCCAGTTCATCAGCATCAGC

F 5'-ATCCAGGCTGTCCTGTCACT
B-actin 53
R 5'-GAGGAAGTGCGTAACCTTCAT

KM 280636), Hsp90 (Genbank Accession No: KJ 569080), GST
(Genbank Accession No: JN 593116) & TRX (Genbank Accession
No: JF 499393)2| E7| MBS HIECZ Primer3Plus Z21Z 0
8510 ZEL0|ME MZSHAUCE PCR EFHES {10 MHMX| X
=Zato|iel H7|IME S annealing temperature= Table 10 7|
SIACL |EAL SBE fIe IS U2 95°COlM 5& 12, 95°C
OlA 30, 2t F7X} annealing temperatureOfl A 302, 72°COf| A
30=E 353 HHEotRCn, IR 72°CoM 1022t 13 g
SBIALE Melting curve?| 42 05°C 2t 22 50°CO| M2 E
95°CTIHK| MEAIZICLZY, O|F 30°COIA 527t FRISHAULCE Ah
MOl QHA}l gsigko] AM2 -4 HhE (comparative Ct method)
= 0|8310] FEXte| goigis Aot UMEZEREAZ=
house keeping B ARl B-actin (ACTB)S AMHES}0] Loids

malizationA|ZiCE. HA|ZH SR AHMEtE2 53] dh= Hast

ALt

MHTZHO| Ro1M AER Student's ttestZ H|WSIHOH, pIt
005 OJ5tQ! Bt Fost Ho 2 SHUCE

= L=

oIzte| 250 ofsto] YelE QYSH2 SHHS St o
oh ez RYL|=H Of2eh Y222 oM XiX[Sts 2
S E2 B2 72 SY7I-02 FHX|L AUCL 53], RYE 2
=2 oM 552 EH=S02 £H20| 520, UHE 29
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71 BHUT1E JHR| D QLo SYE=0l|AH
7+5SHEHDeForest et al, 2007; Atici et al, 2008).
E FUls 2LESHO| oot SiUME A HEEo =

il =8

g0 AMEBM EF RS O|

el

fot rEl
O 1o 1 00 Id uA
B oo |o

— ==

e EX[QF Hlwot= ZAF GYO| HA|L0f
i ‘R,lEf(Zhang et al, 2017; Lv and Wang, 2018). O|2}&+A
SO ot 7E FEO| HSoM= e 783t

—
L}, Foli=2E J=X80 o & 7tsst =8X|e dS(syn-

>

254

2.0 *x o

1.5

1.0 4 *

0.54

Hsp90 mRNA level (arbitrary unit)

Collection site

Fig. 1. Expression of Hsp90 mRNA in manila clam (R philjppinarum)
by RT-qPCR. 1. Pado-ri, 2. Seonyudo, 3. Gonam-ri, 4. Maengmi-ri,
5. Jungang, 6. Jugyo, 7. Woncheong, 8. Manpung. *Significant dif-
ferent from control by Student's #test (*p<0.05, **p<0.01).

3.04
254 *
2.0 4
1.5 4
1.0 4

0.5

GST mRNA level (arbitrary unit)

Collection site

Fig. 2. Expression of GST mRNA in manila clam (R philippinarum)
by RT-gPCR. 1. Pado-ri, 2. Seonyudo, 3. Gonam-ri, 4. Maengmi-fi,
5. Jungang, 6. Jugyo, 7. Woncheong, 8. Manpung. *Significant dif-
ferent from control by Student's #test (*p<0.05).

1x

do+s - 0l

ergism), £ 7t(addition) 2 Z%Hantagonism) ZH20i| CHsiM = Het
5| & & QICh= EFAO| RUCHANI et al, 2002; Chu and Chow,
2002). O|2{zt OfzlatA 2AM HHo| oiA|dS Hetsty| s A
=2 YR ot ME UIE2 8% M= Me| «HE 0|8
ot SEAQ =SS Hoste SHYMES A7 gestA T
S| QIO M(Beiras et al. 2003; Han et al. 2008) O] &2 BH 9|
SILIE MNX|EFHAE 0|88 It ZIME|L UCHLN et al,

2018; Sivula et al, 2018).

1.4
1.2 4
1.0
0.8 **
0.6 4
0.4 4

0.2 4

Hsp70 mRNA level (arbitrary unit)

1 2 3 4 5 6 7 8
Collection site

Fig. 3. Expression of Hsp70 mRNA in manila clam (R philjppinarum)
by RT-qPCR. 1. Pado-ri, 2. Seonyudo, 3. Gonam-ri, 4. Maengmi-ri,
5. Jungang, 6. Jugyo, 7. Woncheong, 8. Manpung. *Significant dif-
ferent from control by Student's #test (**p<0.01).

g w Py o o
=} =} (=) o o
L L L L s

TRX mRNA level (arbitrary unit)
o

o
I

Collection site

Fig. 4. Expression of TRX mRNA in manila clam (R. philippinarum)
by RT-gPCR. 1. Pado-ri, 2. Seonyudo, 3. Gonam-ri, 4. Maengmi-ri,
5. Jungang, 6. Jugyo, 7. Woncheong, 8. Manpung. *Significant dif-
ferent from control by Student's #test (*p<0.05).
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2 70| BX2 MEo| st MAMEne AHHA S
of MY otdo| AZEE HIPsteh &g £1 Ut 22
2t AMolior Ho| £ AAMEQ! HIX|EE A4S 2 HEX|E
AL MEfE metstol 159| MAX|QN ZHEo| HZE MEHE
7tStRICE HER|2HO] 712 MEf B AERA U HY A
HXFQl Hsp70, Hsp90, GST & TRXC| sl YAMS Eff 2Mo}

2 , HE, MR, #ojg|,

ro oY E & pf E oz Ho of 1o I om

£z, Alsh HEX|2E ZHA[0) M2 A

He2 X 9o et XA UH da2 EOFACKFg. 1, 2, 3,
SHRte| elo] = LtEH XY MTiXoz FHHEY M4l
X|2o| stARQl0f M2 AERAE ISR FO| HotA

2 HETH EX| Y2 MEf2h HZECE maEt HEXEE MALKY
A AZET FX| Y0t wE JHssict of2{sh e Che
MESOM A7t £l Qe 220le X (Zostera japonica)
£ Mo E B340 0| ME YHXERTALS U A4t
2 &3l 0|F sh=7t MASte o 534 2F FEE oY
St= 7o A7t B E|AUCHLN et al, 2018). 22{Lt EF &
5 SHX ERTXIRLe| AEEtA o theiMe EOEX| 4Rk
Ch s S0l Jl2(H|et = 52 HaeE Fa51 HHX|ER
HAto| Yol oot APOME Sk OJEXQl Yol FIIE &
It 29 HEot MHXIRRTRC| AH &S HAISHACHMeng

et al, 2014; Meng et al, 2015; Taylor et al, 2015).
= AF0M= SHXEREXL XHEH 2o Yot O

YHRERERZ M7t GHAQ] S0|HQl Eol Lo &

QUCH FH Y2 Hspo0xt GSTO| &3 40|

(Fig. 1, 2), Hsp701f TRXQ| el 40| HAE| Uiz} O0f<

A 30| LIEFRICHFig. 3, 4). 0|2t 22 Zits MHX|
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O] 4NXo|n RESICHT HHEHEICH MY X|ERHER 24 i
2 Mo M4 "It U SHEME A Hoto HE JtsEe
B 24 20| ChH[st MHE M ol =7 X|9E M4
stgnt ¥E kol A of oot 2LEE X Ho|EH oA 75
= o Ml WAL OEFZ 2ot 7|8t HEEE FREIA AL
& JtSototl W2HEICE
Ab A

0| =22 Soff HRto{Y X SHAMENZALR2018028)2| X|H2

E YR A70|H, ¢ X[ ol ZALEZIL L
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