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AW B LA 2 SRR T SRR B OB BT B (Epinephelus coioides) IfI¥REEFRARLUR T
BRI — VA SE R RN (hsp60 ~ 70 ~ 90) RBIRIFZEE » 12 min HYZE R B FEEHE RO BT FAUMEE
g P RRERNEIS M R - ELRIEKd 24 he BREDHRIKIE - W B IAEA R 2R - 2R B
UHE hsp60 FENZEHE LFF - {HEEZKS 24 hr 1% - FEEFBESSUERIRGR - 2SR SRR -
AR ERR T > Jer 29°C HERRRE] 20°C > HEFEERRE 14°C - 784G ~ 20°C ~ 14°C J[Al
I —RIRER - BRI > 14 °C AORIRESHE S AR - T - (RIRESHFHEIEE R hsp60
BINES - HFEE—H LT s EEEHIRAEERE — K& - Kt #AseEs HSP60 wIfE

Fo BLECBGHBE T A di AR -
REiEET | ERRE  BER 6l AR RES

i

NE BACFIH SRR T > S JENRE ~ 2
BEACH A B S G B (stress) © BR T A T i
TELION ORI EERET (AIEERE ~ IR - FRR(ES)
yzesRiE(t » EEIE - (LB BT R
Qb a R RSHEREE T - B el
FETT Ry B E B E A AR SORE - DUMERF IR
SHEGIREE - 1S AR AUSRSRR R R - 8]
BBl & E L (Jobling, 1994) - FHNEEHK
J& - AT UG Rorc MR BG M - fEAPHER | > S
IZHES 53 oo — M B8 — RS TR RS (I R e
i M BT - B el P SR I B B B R
By 5 RIS RE TR R AEE LS SR iy
SERUBCT - s A A 25 TR I B LG -y sdiags - 401
BT ~ RLIMEREOM N ~ FEfRE oS - Sk
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JRESH S A ) B SN EE AR 18T S - TR
=R B RARSAE R R Z RE B T
A TH R S AR R F R REIRRE (Wedemeyer er
al., 1990; Jobling, 1994; Wendelaar Bonga, 1997) -
ROH S A BRI A R B s B g A - R
BAAEARR R A b Fh i 2R R B FE AR Y
EHRTEH (heat shock proteins, LT fEfE
HSP) (Basu et al., 2002; Iwama ef al., 2004; FEZE,
2008; Deane and Woo, 2011) - HSP 7E 1F & ByHTHE
BUE BT - (G~ 2~ BUXER - R
SCERFE A OE  DURER B H B EHE
Fit AR By 25 B A4 (protein chaperone) ;5 [f
Gh - WtzEth B HSP Ry 1F F S il e 2% AR e
IEEENAM (Basu et al, 2002; EZ:, 2008;
Pockley et al., 2008; Tsan and Gao, 2009; Sung et
al., 2011; Deane and Woo, 2011) - {E&HEEIY)
HSP kH 7 FE= AN » #8435 HSP110 ~ HSP9O ~
HSP70 ~ HSP60 ~ sHSPs (53 T-5/[\i: 40 kDa) » 7
- HiE A6iE HSP & A] 288 - {5 L HSP9O-
HSP70 - HSP60 FIF5EHL 2 (Roberts et al., 2010;
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Deane and Woo, 2011; Sung et al., 2011) -

AR GEEENRK R A AN
SN R IREIRF MR I SME A » BRI IA
BN BEARENESR - KL GO
AR R AT EB R A R R E > &R
B~ BRUAHETEIRE - FIamE - B
(Woo and Wu, 1982; Ho et al., 2002; Frisch and
Anderson, 2005; BRZE, 2012; Tsui et al., 2012; fE
. 2015) ~ {KESE. (Wu and Woo, 1984) ~ Hi#5
(Frisch and Anderson, 2005) %5 » JEEbE B3
A3 AT TE B A A DR P 53 U B I B L
R Ol —SE A AR HSPOO~HSP70~
HSP60 HFHBAE R TR ERDEE - € - HE?
AR Y534 I 2~ 82 E H T 055 R s
FHZE (Chen et al., 2010; 1%, 2011; Cui et
al., 2011; Lai et al., 2014; #k, 2015) » @&/ H7H
(S EEYNEE N7 NN AR N =3 Ve g
FYEfE (Epinephelus coioides) FstAEl » 2381 ARy
ERAEERE A Sl 22 R B DL ik (R
BRI ECE T o B f I R MUK S FE AR S A
Jeg 5 HSPs FEKZRBINSE

FORLEEL /5 ik

— ~ Bk RERRO bR

AEEZ2FHIESE (1996) kIE (2003) FEE,
OB AT O - BRI - SRR
PR — BRI EA iR el Tl - FER
TRAPRAE 2 B - L RTEEERR - LL 600 pL/L 8%
=B E Y 2-PE SRIEIEF RS - B iy S50 SR -
FHES ERART & 200 B 400 pL/L 5K15/]N (Hseu et
al., 1996) - FHEIREFIFE - T LA BRI
P&k 600 pL/L - B etk 18 B2 > 73 3 > #eEE
82.8 +3.6 g (Mean + SEM) » 7kifi 30 °C » B 32
psu ° 73 =HHEUER © BIHH (A) @ KREEER 600
uL/L 2-phenoxyethanol (2-PE) [ 58 Z 2 F=5F
frHA (total loss of equilibrium) %E¢EE (Hseu er
al., 2005) ; JiifEpE R (M) © 40 Bt - LU
RATRR - E(EEEAD - BREEETT A Rtmbainty -
FFFEGE 225 12 min ZREREE 5 RAERH R)
12 BREE - FEERZERH 12 min #2.Z FalE 0 i

JR7KkH  PRAE 1 RE% » PRI ERAR - 2R RS
Fy 6 o TRERHHIMATEI DAY TEEMA (heparin)
BHE o FRIMER - SERFRMIIMARELL (hematocrit)
(12,000 x g » 5min) » ERIMAECs (5000 x g > 15 min) »
IMAEHL -80 °C » £FHB&IHTHEEE T ~ IMUBHEL R
ET%FENS (alkaline phosphatase, ALP) - 534} » 7554
HUBEIT B2 BEE - B RNA fR1EHK (RNAlater) 1 »
FFHBSETT hsp60 ~ hsp70 ~ hsp90 FEIRFIR . TE
GIAT

= R ELaE R

AEEE2ESE (2014) (LR A FATHE
1T AR B B AR B H R R 29 °C 5] 20 °C
R 14 °C - e AL IED - HEA
FH 20 > 100.4+6.7 g {E/KEEE 31 psu - B
VURHEAS - /66 5 B2 - F A (N) © e E R EIR
29 °C ; 20 °C {Eifk#H (T20) : FEEREE 20 °C (Y
2.5 hr) #&—RERER 5 14°C {KIRAH (T14) : HEH
20 °C [EE] 14 °C (9 4 hr) £—KEREE 5 [EREAL
(R) : Befsifeibiasfi - BrAAGIENE - 24 hr RHUEE - &%
FHERERSCRy 5 - RlE ~ PRERRBIM 7340 £ -

=~ MMERFEES T

IM&ERE HE 2 DE BT i & B ZEHE

LA B i P T I g2 LA i P S REH G - IR )
R E MR & W S F & B A LB (glucose
B @ b B (peroxiase) K 4-
aminophenazone » BEANEIE SR AE 37 °C TS 10
min $2 & 42 quinoneimine » R /EEEET IR
500 nm NHI%E (Randox, U.K.) - fig {4k EEREEHIH]
FH p-nitrophenylphosphate &352'8 - fEJ¢E 405 nm
THIZE p-nitrophenol HYAERK » BESETE M BN [FIAR
B U/L (Randox, UK.) °

oxidase)

P9 ~ RIIRE X5 B B SH S HE  (real-time
polymerase chain reaction ° real-time
PCR)

BE A H HE f hsp60 (KMS89816) Bl hsp70
(F1600726) [ real-time PCR 5| (primer) > 4357
HE cDNA JPAIERET 5 hsp90 517FHIERA Chen et
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Table 1 The sequence of synthetic oligonucleotide primers used in this study

Primer Sequence

P175_qEcHsp60_F
P176_qgEcHsp60_R
P180_qEcHsp70_F
P181_qgEcHsp70_R
P186_HSP90-QRT-F*
P187_HSP90-QRT-R*
EF-To_F*

EF-1a_R*

5’- CAG GCT CAC GAC TTC GGT AAG -3’
5’- AGC AGC GTG TCG TCT TTG GT -3/
5’- CGT CCC TGA TTA AAC GCA ACA -3’
5’- GGA CCC CAG GCT GGT TGT -3/

5’- TGT CCA ACA GAC TGG TTT CC -3’
5’- ATT CTG TAG ATG CGG TTG GA -3’
5-GATGGGCAAGGGCTCCTT-3’
5'-CGCTCGGCCTTCAGTTTGT-3’

The primer pairs follow *(Chen et al., 2010) and *(Yeh et al., 2012)

al. (2010) FrixatZ hsp90AB 515~ = Firfi FIRTE
HIEERI By elongation factor-la (EF-1a) » $%F3 Yeh
etal. (2012) Fragat L5+~ (Table1) - HHANTFEHE
PR R AU R Ry B R 2 B - i B Rl B A e o
PR TR B KA B SR Asp BRI
AR A E Ry AT -

Rt RNA S22 2] DNA W 7T
G » 2% real-time PCR W FH(H - #ETT mRNA
IS i3k < 5T DNase REE - FREESEIR. OB
ARBIGEST SISk - [SOEERATS cDNA Fjit real-
time PCR E&R/MTHEZE (ABI Step one)itEf TR
SERIIAT o FTEBEARAEVK B3R - 0BT A RS FT
I FEFZ PCR 96 1%+ » 2X SYBR Green 10
pl ~ dd H,O 7 pl ~ primer F (10 um) 1 pl ~ primer R
(10 um) 1 pl~ cDNA 1 pl » EFLAZ F25 B
HEARERSL A o« DUN Ky real-time PCR SZJfEFTEY
TEZH 95 °C 10 min—95 °C 15 sec—60 °C 1 min
(3t 40 {ETEER) -

2 I 5 R A5 i 15 o BV 2 1 B R 3 [ B 8
LA StepOne™RAf(AB)IKEE AT « FriFEdElL 2
A4Cr Method 7 =X i #H ¥ 5E & 43 #7 (Livak and
Schmittgen, 2001) °

H~ #Et

il 72 F g DU AE S T AT il 2 2
G5 FHERFE/KEE (P<0.05) - AT
/N 1F BH 3 72 B 3 (Tukey’s honestly significant
difference test, HSD) L€ (Zar, 1999) -

R S

— ~ Bk REERSOHER

RS 58 AL IR 1394 + 5.1
sec » A% 12 min AYZZRRTE - RNERAHEAY
RIET > Bkt » RBEEERE - 28R (M) 1Y
M AR LB I AR g E R B I (A) B PRE
FH (R AL 718 FIl2 2 BE AH B PR A R AT -
TR IR (BT AGE RIS 22 5 - il BRI 2
HH o s » FRERAH BRI R WK - PRI RH B
HRHESGERE/KUE (P <0.05) (Fig. 1) «

AWzEd - AR EREECaR: - R
HR o SRR Asp60 BRRIEREIMGER SIS —H
FIMRAE RGBS - e BT (B A AR E R /K
(P =0.14) 5 fEHHE R > hsp60 EERIERB RIRAE
2R TR T ABAE IR ARG R R 2=
FUERE K (P<0.05) » = hsp70 B hsp90
HYBEEIRIZRE I AR /K R BRSSP - 12
FEARR R —(E PR BB R G R =R (Fig. 2) »

SR il PEN -

R O B AR A S IR BSE N MRS
SN Fig. 3 « ERRRUR - BIGGHH BfRRE 2 20 °C
Ko 14 °C Km0 Lo e I e B
RREE AR - AEIMBE J51H > 20° C RIS ELE A
FESIT - AEAERREIRAY 14 °C — K% - MUBERAE - =
PRAERA = P TR - B 14°C RH B S IRGH A
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FF2F (P<0.05) - fig ! BEFREE AE 25 H < P RIR HY FEIAEREZ PR BRI SR N - LEIRIE I

BIRRE R - FERE - BRI AR EEEZRKE (P <
EAERET » % hsps TR HHRIRAIEREL 0.05) » ZJA hsp70 ~ hsp90 WK FEE AEFRAH A%

ZFESAERAE 72 5 o (HAEHEE T hsp60 HEIK AR ESEFTaE S (Fig. 4) -
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Fig. 1 Hematocrit (Hct), concentration of total plasma protein (TPP) and glucose, and enzyme activity of alkaline
phosphatase (ALP) in the plasma of grouper, n = 5-6. A: sampling after anesthesia; M: sampling after anesthesia and
exposure on air for 12 minutes; R: sampling after 1 day of recovery from treatment M. Different superscripts indicate
significant difference (One-way ANOVA followed by Tukey’s honestly significant difference test (HSD) test, P < 0.05).
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Fig. 2 Relative gene expression of HSP60, HSP70, and HSP90 to EF-la in liver (upper) and head kidney (below) of the
grouper under the above treatment (A: control, M: air exposure, R: recovery). Different superscripts indicate significant
difference (One-way ANOVA followed by Tukey’s honestly significant difference test (HSD) test, P < 0.05).
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Fig. 3 Hematocrit (Hct), concentration of total plasma protein (TPP) and glucose, and enzyme activity of ALP in
the plasma of grouper in different temperatures of sea water, n = 4-5. N: sampling at room temperature; T20:
sampling at 20°C; T14: sampling at 14°C; R: sampling at 24 hours after recovery in room temperature. Different
superscripts indicate significant difference (One-way ANOVA followed by Tukey’s honestly significant difference

test (HSD) test, P < 0.05).

N Rl HEAE - BIANGEe ~ T ~ PEAREA AR
St E i e R AC R - R R R - BEft
NiB EERIETE - T2 e i i 2
HEERREA BAIGEEYE (Hseu et al., 2005; Karlsson ef
al., 2012; Moosavi et al., 2015) - TE& (1996) K
A B FER T 0 4.3 em AYELEABEALL 400
uL/L 2-PE Jiil# 2 min $2 BTSN I - BRI
%P 15 min $2BF4G9EL 5 BE (2003) HIE iR
LA 400 ~ 800 pL/L 2-PE Jiifil# 4 58 2 2k 25 V- riies -
HiE7K 25 min B2 ATAAE © HRAEER AT/ I
AR E B < [ > Fit AR BRI Ry 12 min - Jifil

| ] Bl R s D M1 R 5 A B B o 0 D LT
T fE3E (2003) BB - BORIYREALL 800
WL/L 2-PE itk » FRaRERit 22 15 min - [UAE
BT AR EE I AR e MR v Y S IR %5 2L 600 pL/L
2-PE Jiilf#1% - ZEEHZERH 15 min - A MEE
M F e S I - BB AR PR
fesle — MRS » oA LIMERE & & e D
AR Mg BT DIEREERE K (Hseueral,
2005; Karlsson et al., 2012; Moosavi et al., 2015) -
BfEAREER Y SEFRBERE AR - ARAE
AR (IMAMEL) HEEEERH (EOEEM
B 1 A A BB SO SR - A E R BERHE
TR 1 A B 1 e = > LB B R 2
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Fig. 4 Relative gene expression of HSP60, HSP70, and HSP90 to EF-la in liver (upper) and head kidney (below) of
the grouper under temperature treatment (N: normal, T20: 20 °C, T14: 14°C, and R: Recovery). Different superscripts
indicate significant difference (One-way ANOVA followed by Tukey’s honestly significant difference test (HSD) test,

P < 0.05).

5 (P<0.05) - MR HBERTG N2 AR FEIEE
10 e o W e R R 2 — R B /KRR - MEE
2 BLRAR T IERS Bl 95 ~ Q- B (e %2
R KA R (FEF, 2009
Ruttanapornvareesakul et al., 2010; fi5E, 2015) » £
HE/REAEYF e KM% (innate immunity) FERE
IRF > AH ARSI ARE A i e el e e P 2 ARl
MJ#51% .2 — (Subramanian et al., 2007; Hooper et
al.,2007) - LA 0 12 min P22 @ B E G A
U85 ~ U B R AT RE SIS G s 2 » vk kPR
BE 2 TS FrE N 7 M ZRBEAH e I R BRI
PETNREEEEE R hsp60 FERIFREL b THELfA RS 5 2e
TE B RE R 7 G AR E— DI -
A RIEIA B ABEAINS » 10~ 14 °C
AR R el Y E B REEEE (5,
2014) - AREEEF - [E 20 °C KRS - AEEHA

MR IR A ML 5 (EAEMIEIRAY 14 °C
—Rt& o B ILBERE (P <0.05) - B [EI7E A
— R E I - FCEURETY AR R
RRASIRIRE - B E o - AR IR - DA e
HIFH LA B AER 8558 - 7E- B A B S (Epinephelus
septemfasciatus) > FHMEKRESE (10 K) el
3 faReryIeE 7 (B, 2012)  ERAREIMRE Bt
TSI A EAE SR RIRESE N E R fESeds
E(38 °C) BsH M & E L (Ho et al, 2002) - 22
BCEDEF(E. moara)i 17°C Z28RE 9°C K 1%
357 K i R EG T M e R LT (hESE, 2015);
°C/h R ERERE 8.5 °C —R 1% o fif I B FR IR TS
PEANFFAE MR (355, 2009) - AR
MEBERRRGTE MR A B8 E) - BT BRSO R
FrgRr AR -
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TEFR ~ ST A R B R s R R[]
YRR hsp BRRIE A% - DUEIRFERS ARV N
B (Basu et al., 2002; Sung et al., 2011)  ZRTaE
F i A o3 Be AR R B (constitutive) Bl 35 35
(inducible) » FijF HLRIZFREAE R H MR AT -
EESH MGERERRIEEEE R/ BEER
ER o WREEERBE W (Deane and Woo,
2011) « AWFFEHR - Rl HAYES S GBI hsp70 &
FHEAAIFFE (Cui et al,, 2011) 5 hsp90 RIZHA
IR (hsp90AB) (Chen et al., 2010) - hsp60 HHij
WM ARAME B S A KRB Y (Sung et al.,
2011; Deane and Woo, 2011) » BFRSAEGHE A Ba N2
B hspo0 WHREG—AY (Hh55, 20115 #4,2015) -
AWFFEREUR - ANE AL 242 R B B R TR S
I EREIRE » U hsp60 BRRERBIA #GEAE Bt
Horr X DASHE i Fo 3 - ALK | - HSP60 7R ELEZH)
Vit - AR R A - E AR %
HE#S ~ fEA (Roberts ef al., 2010) - HSP60 [
T2 EUERRY HSP YERISL - EH AT B Bl e e
A ZYINIE{E (Roberts etal., 2010; Sung et al.,
2011; Xueral,,2011; g2, 2011) « g5 (2011) 3
R B ARECGHE (Epinephelus akaara) #EEHEECHN
(Vibrio harveri) IE:t% » hsp60 FERIFIRh &
MR Hrh R R T - Xu et al. (2011)
IR B Ffa (Ctenopharyngodon idella) #5R7K
MERENE (deromonas hydrophila) WFE4 AL
T BOHE SRR BN hsp60 FERIERBIEGHER
%% o B A DI BHE RN R0 - SHE R Asp60 Bk
RIFRBR AT e AT N REHERR H AR R A e
I RTRER TR A -

Bt O o AR Asps AE3E M BOHEREE
T BRRERER RA#E ML - B o fE ¥
o9 BRI R AL B L IR L T e o B S R R A 1Y
hsp70 B9 B K € # 55 H (Cui et al, 2011) ;
Yokoyama et al. (2006) H253R > FE{EIE T » BV G
PEfa by HSP70 R T ERBR =& H it fake
T - TAMBE AV EAE A hsp90 FRIEERZEAR
FIAH (hsp90AB) » (HEESHT » ERYELRIZRIL AT
DI#sE: (Chen et al., 2010) B EOR{LEIREHZ L
(FF5F,2016) - (HAEFFSE (2016) Ay {REIESHE
Egirh hsp60 B2 hsp70 BYFSRIZIA AN B2 -
JEEGHTHUR » ANAIFEEHNY HSPs fEHE A FRYESE

K5 AIREE AN EIRYREL » BEE ML S 1 - DARGE
M A B 2R B RYIIAE (Basu et al., 2002;
Iwama et al., 2004; EEZE, 2008; Roberts et al., 2010;
Sung et al., 2011) -

ARWFFEHUR » 2258 2 5 B R A LiE W
TERCEAR A RE S A BE T A SRR hsps FRIKIZRB
{LERIM AR FRATAE A s %8 - THiaE L0 A B S HERY BB L,
HAVE R ECEIRERII DI « 38 L6 BB 4 1 FE AR
1 L R BR PR B A — 2P IR SE i AN -
Basu et al. (2002) F: Sungetal. (2011) #8015
SeE SRR Ry AN Ean 238 - 3538 HSPs 1
A R B S RS T A B e s B Yy
ECHIF - RIS - HE L saliifset
HWUR HSPs 2B [ BE AR ¥R BRI e 1
A (Chenetal,2014;Laietal.,2014) » [KLEFEGE
il 7 A EET 2 T DB R I 5% - DI R
RIS 5 B0 B T A B R R T RS -

25 Rk
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HSP60 kK] Ta B SN B FE B AT R AU AH AR R R 14
ST, YETEERER, 33(1): 111-120.

THEN, WEE, BiE, TE =18 BEE 2014
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HHER SR S 5E R, 30(8): 42-46.
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70 pp.
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Effects of Air Exposure and Low Temperature on Hematological
Parameters and Gene Expressions of Three Heat Shock Proteins
in Orange-spotted Grouper, Epinephelus coioides

Jinn-Rong Hseu!, Guan-Horog Lin? and Jyh-Ming Tsai?*®

! Aquaculture Division, Fisheries Research Institute

2 Department of Marine Biotechnology, National Kaohsiung Marine University

ABSTRACT

We investigated the effects of air exposure and low temperature on the hematological parameters and gene
expressions of heat shock proteins (HSP60, HSP70, and HSP90) in the liver and head kidney of orange-spotted
grouper, Epinephelus coioides. Air exposure for 12 minutes resulted in a decrease of alkaline phosphatase activity
in plasma, which was not recovered after 24 hours after putting back into water and was significantly different
from that in the control group. Air exposure induced an increase in Asp60 gene expression in the head kidney.
However, this induction effect stopped after 24 hours back into water and the level of expression was lower than
the initial value. In the low temperature experiment, the temperature was reduced from 29°C to 20°C and then to
14°C. The fish were sampled at the initial temperature, 20°C, 14°C, and one day after the temperature returned to
normal. The results showed that low temperature (14°C) increased plasma glucose concentration. The gene
expression of 4sp60 in the head kidney was induced by low temperature and continuously increased, reaching a
peak after one day of normal temperature. It is suggested that gene expression of 4sp60 could be an indicator for

stress.

Key words: air exposure, low temperature, grouper, heat shock protein
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