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The Expression of Hsp70 and GST Genes in Mytilus coruscus
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ABSTRACT

Heat shock proteins (HSPs), one of the most highly conserved groups of proteins characterized to date, play
crucial roles in protecting cells against environmental stresses, such as heat shock, salinity and oxidative stress.
The glutathione S-transferases (GST) have important role in detoxification of oxidative stress, environmental
chemicals and environmental stress. GST mRNA expression have been used as biomarkers on environmental
stress. The purpose of this study was to investigate the death rate and the gene expression of Hsp70 and GST
during air exposure and starvation. Results showed that, the expression of Hsp70 mRNA was significantly
changed in the experiment groups, such as air exposure and starvation. GST mMRNA expression was significantly
increased in the experimental group of starvation. These results suggest that Hsp70 and GST were played roles in

biomarker gene on the air exposure and starvation.
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SEvhe, B, BejEek 2 T 3l kel Aasls A
23] (Mytilus coruscus, Gould) = o|ul|s]}7} (Bivalvia), &
2 (Mytiloida), £ Mytildae) o S5k Aale s
o] A=A Ael+AE et (Yoo, 1988). AH2HAo] 73t chil
Ay A ol 254 S (drifting thread) ¥ 28
ZAL (attachment thread) & 7FA|3 glolA hxol F+3o
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7”‘”"1]/‘1«] 250 H3ks = ]°ﬂ E}E} 7, L, Z]\_
°F ’ﬂ"’ 52 EH/*}ao, bﬂ"]/‘ﬂﬂ 2 A Wil 5

°ﬂ e-& 1t} (Song et al., 2008).
7\‘:]'%7‘]% Ao A] AA3}A] gkon) qkxe] PR
MAshE 5407 qlste] 2AF7]o] o3 AT F7|=
Z\xFel W &, Q¥ 4 Hol¥s 59 el st
7} e 270 xEHe] 2EHAE B3 i) o] A
8 qle] wWstel] o3t sljFo] Aol n]x]= Gkl et TR
= exo] ost upxjete] AAMFol71A (Paillard et al,
2004), =9 ool AEe I3 A wHE 9
(Gagnaire et al., 2006), ==} HolF-Fo u}E WA Yol=
7o T 24 27 24 Wi ¥ (Ashton-Alcox
and Ford, 1998) ¥ 2%¢} -] wzle] o3k Az}t 2 A
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Expression of Hsp70 and GST in Mytilus coruscus

& mx (Newell and Kofoed, 1977; Loomis
et al., 1995; Chapple et al., 1998) %2 H3l+= AE 4
TR AEe] EEe doA A dakeS )
£ dqle] Hvka &l 9t} (Bailey et al., 1996). & o
A 231l FeE A, dFe Aoz ks 2= I
o} o FEE Yehe 3]s 3 o] 2ol A7 wE
A dxE FEA7IE} (Widdows et al., 1979; Widdows
and Shick, 1985). WehA &, 9+ 2 T =E 5] 34
Q1o kb)) At ol Pl 28 alew, ol

S doA gaolle Fo5 s "ok
73 2qle] Hste] w2 A o 2EH X wR-o] ARE A
T FAEERA dPHe B8 A7E AWske
3 < FEHAL gk #2] W] wE AE
Sl Z7Z A (Heat shock protein, Hsp) 2] +#
3l Wol ol FoiAaL §lrh Hspe &%, 9%, 355
74 ale] el wel el AjolE Hole wiEAd F+A4
g e ARE Uedle ARt (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+ #+A15< 7|
0% Hspll0, Hsp100, Hsp90, Hsp70, Hsp60 ¥ A&}
2 Hsp °] 3t} (Georgopoulos and Welch, 1993;
Parsell and Lindquist, 1993; Feder and Hofmann,
1999). o|5llA Hsp902 AlEE3 % el fojgiria o
A glor, tFdt AEolA e kg A] Tz,
A|ZA} (apoptosis) 24 W Ale Al Hojgicin defA 3l
t} Jakob 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.,
2009). Hsp 70 ¥-A}%0] 70 kDa & 9|53t ot &

3 o] o el wet el AbelE Rel: HEAal
ot} (Kim et al., 2006; Nam et al., 2013). 3, =&
gl i F 7P g oz A ¥EEo] 9lo

and Horwich, 1998), Z1&AE-2] F2 AX ] 7|Zof )
slo] ~Eg 2o o3t EACRRE AEE B33 V)5S
£338lt} (Chirico et al., 1988). Hsp707} 37383l ~AE#
2o oJgt Q2] A Hatel whg AL W] glojA 24t
S dakellA Hsp70 A4 & 57441713 (Dong et
al., 2008: Kim et al., 2015), E3+ Qlakae] =23 A
Al Hsp70 47| wale] F7Rghvtr RuEglcl (Lee et

al., 2012).

o}f W SiFelA <EiAlEasA Phase IE &
glutathione-S-transferase (GST) < t}oFgt 7155 714 &
A7 A v APAEZ (xenobiotic), T35 (heavy metal),
A (pathogen), €% (temperature), G+ (salinity) ¥ A3}
2E#H 2 (oxidative stress) 5 £HolA 4% SAERY
Aol A S45 AR A wiEEA Y 2
ukgAdo] A SAz o] FE F3l AlASs sE2gol o
3lo] A|EE BE3= 75 7MY (Clark, 1989: Hayes et
al., 2005: Hayes and Pulford, 1995). 5% 2 ojFeA+= =
g AgIAE o]§=T  9lem  polychlorinated
biphenyls (PCBs), dichlorodiphenyltrichloroethane (DDT),
polycyclic aromatic hydrocarbons (PAHs) ¢} 7+-& Ul&-a]7]
FofgAel| :F A] GSTe| o] S8t A7A2) itk
(Looise et al., 1996: Hansson et al., 2006; Hamed et al.,
2003).

2 AFeAE 37xE Y A2 5o gqlel w39
AE Y 2EY2 A E ke A7 3o R 3UxE
9 Ao whg ehA| A
AFel Hsp707 GST wh¥ae] mRNA
32 g & A7E 58 2 3Ll
< 9 A4 o] Adeade whEln e A AEd
o] wleto] Hsp70 ¥ GST FAAE AAAEHAAL
(Biomarker gene) °| 2§ 7FsAlol disl olriA} ok

e & o2

M L wy

1. 295 E

HoqFto| AMEE A (Mytilus coruscus, Gould) =
2715225 (1.0 £ 0.2 mm W9]) & FHI=gpAbestn
REARANA AR ARolr Alas A% s HaEl
+5 ARSIt AER7|2E 2 L fEl&A] vjelAE AR
stgom, A¥AE]] Fdale 27k AdTel 10072
83} el Adnfelr] (multi room incubator) oA AR&3}
it

2. 49529 3712 2 24 AY
7)=E AR 272 17C, 20T % 23TelA 39 (72
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o QoA 25T £x9] ARFE AN ol T/ |eE A
ge] AdFe} v AR o APTF 2591 15T 2 20T
off m|gte] A|7ke] ool W AT ES] A 343 |
e P B 25C 2% AdTE Al =AY
T 3ukE Fesgich

4. Total RNA &

Total RNA F&& $18 A& 0l Ad7 3749 4
FE71HE 27 1070A8 Ads=o] 245 Fvsisith 7t
ARgE-710 w10 ZHH1e] 242 A E3Fste] total RNA
9 255 93] Agslgth Total RNAY 55 93t 27
- 7k AL A 9 U 35 24 AAE SRSk A
S3leh A 242 AQFE s AF B AdeE
AAZ v, HAR L AAAZ . AT 24L who]2
E FHo 9 Fof Al Ag-sly] A7kA] - 80T A2
Ewo] R#spgt). Total RNAS %2 RNAiso Plus
(TaKaRa Co. Shiga, Japan) A%} §o& o]g3}e] A|lxA}
7} Fvlska A el wel Algsigich F&3t total
RNAE 23%4% 7 (NanoVue, GE Healthcare) & ©]-&3}
o] Ak 31591, RNA quality= 260/280 ratio 1.8 oA
ol on, AAAES- (Reverse Transcription: RT) A
742 - 80T ZAXYE Lol Basfsict

5. 4AA-FH AL A TS (RT-PCR)

%Z3F total RNAYIA 1 rg & 33+ oligo(dT)15(0.5
©g) primers} AccuPower RT premix (Bioneer Co.
Daejeon, Korea) & ]3] 2% vh3-84 20 1l = 42C
oAl 142t A3Yste] cDNAZS 348ttt sdasdnts
(Polymerase Chain Reaction: PCR) & RTE %3] 92
20 #1 9 ¢DNA Fol4 ¢DNA 1 1 ¢ 279 44k

Korean J. Malacol. 32(2): 73-81 2016

primerS]  Hsp70 (Accession No: KF322135) F
(5-TGGAATACCTCCAGCACCAA-3), R (5-AGCATCATT
GACCATGCGTT-3), GST (Accession No: KC525103) F
(5-GAAATTGTCTTAGTAGGTGGATC-3), R (5-CAGG
CTGGTTGTCGGAGTAAGT-3), WAZZ=HAAZ A-&3
B-actin (Liu et al. 2014) primer F (5-ATGAAACCA
CCTACAACAGT-3), R (5-TAGACCCACCAATCCAGA
CG-3) ¥ AccuPower HotStart PCR premix (Bioneer
Co. Daejeon, Korea) & ©| 83} #F uks-8o 20 ¢l =
Al3sksde}. ZF 54 4ke] RT-PCR =742 Hsp70 & GST ¢
73$-  pre-denaturation 95C, 5%; denaturation,
annealing, extension 27} 95T 30%, 50C 30%, 72C 30
%, 283]; extension 72T, 10% 3h3} ). YA ZF=HF-A A
B-actin® PCR X7 pre-denaturation 95C, 5%
denaturation, annealing, extension Z}Z} 95C 30%, 55C
30%, 72°C 30%, 243); extension 72T, 10% 433}3ich
PCR 3% $]3t annealing €% A4-2 gradient PCR
+ st Ao 2xE A"slglion, PCR 439 v
541 717} 18534 328 +9F PCR AE-E 47955
o] PCR AHE9] Zapyesh o] o147 4] 348 Aistol
ZA7siek. RT-PCRE A3 72 3719 total RNAE ©]-&-3}
o 77 33 by stk S55 PCRAE
ethidiumbromide (100 ng/ml) 7} £3r5l 2% o7tz =4 A
719%5 E8l #2l3lg 2™ band intensity= Gel DocTM
XR+ System (Bio-Rad, California, USA) < ¢]&3}o &
A 3}giet.

6. $A¥3 ¥4

g 2 A we HAE A SAAEE
Statistical Analysis System (SASInc., 1999) program=
©]8-3F ANOVA % Duncan's Multiple Range Test %32
2 o (P < 0.05) & £ASHIc Ak ol djd dix
Tk AgTeke] fod A4S 130 Student's t-testS
akgl o, pite] 0.05¢]8kal 7ol 23k o2 #A3|SIT

2 o

1. 3] 27| 343299 F7) gl & A&

Az 27|13 e 2 E3A ] we A B
A7} A 28 A 7] 23TCol|A 49.5%% 714 =2 HA}
5 2om 7] 17CA 29.6%F 7P S vtk
283 20T E 33.9%% Yok i) ke = 24
A7kl B2 7] AgFel| A Hxkge] F43] oAl Zew
LRI 24 A1 7HE-E] 7241 7704] 17T 9F 20T Aol 4] 5|
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Expression of Hsp70 and GST in Mytilus coruscus

Table 1. Death rate (%) of Mytilus coruscus spat during air exposure

A7t ()
71 (C)
3 6 12 24 48 72
17 1.3 + 0.6a 1.3 + 0.5a 3.5 £ 1.0a 7.0 = 3.0a 19.3 £ 6.5a  23.0 + 8.0a 29.6 + 8.1a
20 1.6 + 0.5a 2.0 + 1.3ab 3.6 £ 1.3a 6.2 £ 29a 256+ 85b5ab 31.6+ 9.6ab 33.9 + 11.9a
23 1.6 = 0.9a 2.3 +09ab 53+ 2.6ab 99 + 3.1ab 31.0+ 7.3b 41.3 £ 12.5b 49.5 + 12.5b
Table 2. Death rate (%) of Mytilus coruscus spat during starvation
A(day)
(1)
1 2 3 4 5
15 0.3 = 0.1a 2.0 = 0.6a 55 + 1.5a 17.1 + 8.0a 39.3 + 7.6a
20 0.6 + 0.2a 1.3 £ 0.3a 9.6 + 3.5ab 19.4 + 7.7a 419 + 11.1a
25 2.1 £ 0.3a 3.3 + 1.16a 15.1 + 5.3b 25.5 + 11.3b 54.0 = 10.5b

Aol A7 10.3%9} 8.3% 53t Aew vEton 23T
AP TN 18.4% Aot Ao Vel e 2713
2| o] eF ATl W AR 2E A djE] 7o) =
S5 drkEe] gokle AeR dEpten A A5
SHYA ] AEo] FAE = 7] 9]l M= 24417 o] F v A
ok} Ble Ao ® Yehton 23TA3 =& 7]L dolxe
AGH e 7 drkEe] BopAlE AR et (Table 1).

2. Fex] 27| 8F]9 9] A4 7|7} o2 s A&

A 27| A7) e dabgs BEd
A7 AY FEA $ 25CelA 54.0%% 7 =2 sAE
2 Bgom 2 15CoA 39.3%% 71 v Yepgeh 1
21 20C AT 41.9% % Yelyitt 7170 i) ofd 2
25CellAE A 3U4E sAPIAIZ}; wo] s R
vepron da 39RE A 547049 AAES 38.9%%
o =7 vebgth 22y 48 18T 20Tl = A4 4
ARE] FAANAZL welA] 7] AlEEgl o A4 5 27t

22.2%%} 22.5%% EolAE A7 Yttt (Table 2).

3.23C 7] 204 3718 A FSA] 27133209 )

Aol A 2] Hsp70 X GST HA A 2

Bl W ARl A f 2B $EE doln ]
fste] 23T 710l 24417 371 A7 A 27543
el Al Hsp70 % GST frAlAke] wds A% R glr}. Hsp70
Ak et} vlwste] 1417 W 347 At A
FrelAs fralAel Aol7h vepdA] dgiet. 22y 6413F
77ke] AgTolAte FelAal ae] S depr] A
Asto] 24417t A3 AZTONA TP 22t ol vt

et (Fig. 1). Hz&T-) vlaste] Aol A 9] Hsp70 W3
& 1AL, 3A17L, 6417, 12417 H 244178914 ) 1,10,
1.30, 3.83, 5.4 2 6.179]% Yehyith

GST fraAte] w2 dizgat vlaste] AJ7ke] Azt uf
< AT A<l Aol7} vehtA] skt (Fig. 2).
273} vaste] AFFelA o] GST Hd> 147, 3417, 6
AZE, 12217 B 24217k 4 Z47) 1,03, 1.23, 1.17, 1.2 B
1.13¥] 2 Yepgtc}

C 1h 3h 6h 12h 24h

HSP 70
B-actin
7 -
6 |
s |
T4t
2
3 |
2 |
qinNuNN

Con 1h 3h 6h 12h 24h

Time

Fig. 1. Expression of Hsp70 mRNA in cultured at 23°C during
1 day exposure to air. Con: control, 1h: 1 hour, 3h: 3
hours, 6h: 6 hours, 12h: 12 hours, 24h: 24 hours (** P <
0.01).
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C 1h 3h 6h 12h 24h

GST

3h 6h 12h

Fold

Con 1h 24h

Time

Fig. 2. Expression of GST mRNA in cultured at 23°C during 1
day exposure to air. Con: control, 1h: 1 hour, 3h: 3 hours,
6h: 6 hours, 12h: 12 hours, 24h: 24 hours.

4.25C FZoA HA A7 FEx] 27| ¢-F3]s] 7)Ao
#]¢] Hsp70 2 GST #-3 A 23
A7)kl w2 A ] A AEH A £35S dolry]
3le] 25T g0l 5U7F A A7) Abgha] 27]5-2FA] oo
A Hsp70 9 GST 472 whalS AR gkel. Hsp70 +4

C 1d 2d 3d 4d 5d

5 ~-
* %
4 |
)k XXk
=3[
o
[* 5 2 |
O 1T
0 L L L
Con 1d 2d 3d 4d 5d
Time

Fig. 3. Expression of Hsp70 mRNA in cultured at 25C during
5 days in starvation. Con: control, 1d: 1 day, 2d: 2 days,
3d: 3 days, 4d: 4 days, 5d: 5 days (** P < 0.01).
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C 1d 2d 3d 4d 5d
GST

*

*

Fold
~N

l -
o s | s L n s
Con 1d 2d 3d ad 5d

Time

Fig. 4. Expression of GST mRNA in cultured at 25°C during 5
days in starvation. Con: control, 1d: 1 day, 2d: 2 days,
3d: 3 days, 4d: 4 days, 5d: 5 days (** P < 0.01).

Ape] Wb dixd} vlwste] 19 9 29 A7 AT A
+ oAl Apol7k vehbA] ekoteh. 2y 39 Awte] Al
ToAAFE ARl wEe St velhgr] AlAsle] 5
72 AdFFelA 7Y =2 e o] eyttt (Fig. 3). d
273} naste] AgFeAe] Hep70 WL 19, 29, 3,
49 9 504 7+ 1.20, 1.16, 3.07, 3.23 ¥ 3.979)% Y}
Bt}

GST Azt e dixgz vjwsle] 1904 49 7
H7pA] o] Aol A F-o] Al zbe] 7} YehA] skt (Fig.
4). zx7-2} vwste] AgFoae] GST w3 14, 24, 3
o 49 9 594 22 1.07, 1.07, 1.10, 1.17 2 2.938]|=
vl

kI
g

Ao} e olujsli o] B} A, AEe] FIE WA
< 42 (Wilson and Elkaim, 1991; Shin et

al., 2000), 9% (Deaton et al., 1989; Maslin, 1989,
Navarro and Gonzalez, 1998), £=4t4 (Shin et al.,
2002), &7]%% (Davenport and Wong, 1986) 5°] 3t}
olgigt A g qle] 1 AEo] 83 5 & AxR P
ZHPE o] 2EHAE W HiL o]l e ® Qlste] g0l
o] Fasnk 538 3] Tl =E2HE A5 el

o
o
TRol 93] TREA 2 A5 Adisl QR So=
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Expression of Hsp70 and GST in Mytilus coruscus

alste] Aol 27
7ol A Jﬂ-re-rt 25717k 5ot siE Eolr] ks &
gk AP A sF Ao iz 3
A e Zolle A
= HasteldA AEd) 2y o
AIZE AGE QS 7 dlF A= "4%}—‘?*751 2] #do] v
e el slab So] Ak =k

B dFolAE A 271725 (1.0 + 0.2 mm He])
S AFAEE o] &ste] F7]eE WA wE AEES =
FE Az 3] 27102298 37 mE AT e wE At
& EE3AZE Ob] 7120 E25E gl solbReH =
= 24A7HE SN A8 wolAle AR Yepyith
(Table 1). 22|32 17°C2} 20T AFFE 2447k 0] F v]w.4
Aol A A 3] Sk e 2o A3t e lew o
Eyton), 23T A@TFoAE srlEo] AEH R EolA=
A2 7 yepyitt (Table 1). o]#gt A= sokAE2] diaks
o] ol AFAl JFE wron Aol wEhA= v
Hgrl= Rl dx)3k} (Fry, 1971; Dabrowski, 1986).
22} Shin and Wi, (2004) & 2] 2|s§<] Al wkg=%]
Ao 27CERT M3 At Aol wolw sic. olefat
Aol A2 2717k Tk B ohfeh 2& o]s]e] F7]xol
G % e e aole] A4Eg] BEoR FAu

B ol el AFERAL Aale] BAs}sIRA A5)
A7 e AlEHolAE (Hur et al., 2008, Hur et ol.,
2010) o1 F240] 252 ek el AelA G
AANE A BN FER S0 4ET a0l AT
o8k A7F wiishA] s I glok & Aol Ak
o whe A 213N AEE A st A
2 o] Sgo] H24E s} A ol AAEE =
oAl AL Velste} (Table 2). el AAle] 491~5
et A&HH F23 WAl AAEo] FA3] EokAl=
© 2 et} (Table 2). ©]28k A3 o|vish i QlE5E
A3 Foll HolEge] AFsHA] = A5 oldA] -
7} kAl 2B AR gapEEe] awo] datz AR
o= ®Bue) dA)3k) (Hur et al., 2010).

:T:

S

)

i

o2

o0-
& ezl
o o O

i

i

ok

2

=

>

ey

[}

>

B o2 Y

e A 2R A 0 o1 o1
3} 490 o)A A4S A AHA B wlA7] W] o
B A5 A ool Aol YA FEF 5

sfofof & ol
] 2] oleAdel AdAl R A &, 9,
e g wo] S9 BHeele 2EAR 2

A A 59 AEd AEHAE 8 .
f3719] Hsp70 W GST #FAAR= 374 agle] wpE AA] o]
2EH 2] S dokE 5 gl

or_|>; ol

FPseleh. F71%gel B2 HpT0 % GST 272 4%}
A4S AR AT HepT0& 23T 712914 6417 A7 &
o)AQ) walopgo] eskon], GST 4449 A$-% 2447
AT A7 149l o) spolrh ehtA skt (Fig.
1, 2). 5ol Azel gloin ARG Avlid A%
pinto abalone (Haliotis kamtschatkana) = 26.5C 2 &
3t Mytilus edulis= 28.5C=E 424 3t} (Chapple et al.,
1998). &3} (M. edulis) ©] 28T ©)4e] 1L xZ=d
Hsp708) 7<% 6417t A7HE] 2142 whele] 271} e}
W] AlRsle] 48417 71 2 o] S Holn A4
3] wdo] FFa3}r] AlAgeh= 237} it} (Chapple et al.,
1998). F332™ Hsp702 120l =
Al = AlEe] 25 s fs) HEE sk A —i :
AFeldes 23T 2= AA Aol Azke] Azpel wE

;:0

Hep709] #8% 412 23} Azke] Zsfel wpe} wae]
7o) Uehhs A3k shf7h 27lol wddRA Ak ¥

-

£S5 A A 2EHAE v HEE e d4e R vl
Abkol =25 s FAE Ao A Hsp70 22 ko]
7hetths Bael Aol TS & 4 Uk (Lee et al.,
2012). E3F A|58FA] Mytilus galloprovincialis®] 7] x
<ol W WAk o o gl gk A2 7} 18T 4841 77HAl=
WAL sl A B A] kgkont, 32T elA = 2041 7HHH )
AP S71E ] AR AL, £l A= Hsp70 % Hsp90
Zof| wpe} o] FUhgthe Bl Aol e
o 4= 9lt} (Anestis et al., 2010). Teixeira & (2013) 2] &
o) o3l e E At} Fr)o] 2EEH heat shock
cognate 70 (Hsc70), Hsp70 % GST<] #rdo] f-=3tly
Rusgie & 04:rL°ﬂ*‘] 2447t Z#7HA] GST w3 79
A9l F77F Aol olEdt A= Ao} ks e Fof o
& d]le] ﬂtﬁ F7)xZel &3 GST 182 Hsp70X

| = AAE 5 olvh FF 3=

= 717k AAE T3 A7 Z8Ae] gtk

o\

o] 5’..7] A

Aol i3 Hsp70 2 GST 27k il Awi
A7} HspT0& 25T SgellA 32 A70e] fo4e 2o
/B]' ] "]’ ‘/]'—9—111 GST -n—x‘]Z]—/] _,_._ 501 73]31]_ }‘]‘]?‘Ei ‘IOT

o)A 9] whslo] YElykt) (Fig. 3, 4). skAZol] glojA] o]
F-E53h A A W EARE2 Hsp70 2 Hsp90 5
I AksbA 2B A dfAAEe] fojdtial A
%'t} (Antonopoulou et al., 2013). Luta oz ookitel=
AEve] kA ol de] FLw o ge ek, Ao o
3 odokAFe] wWE Alg chlAAAA A E AlslA AE
G 29} lipid peroxidation®] F7}e] w2 7+ £4F 92 ozl
chAfagtel] o3 s

gk 3HHE dijatell Hofels diatasAe] HItE f

BL

F

AEkA AEHAS ZUAFIE E
frsto] of

(e}
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FrE3EtE] gt Beo)A

GSTE Ao w2 A E2 vepyd
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