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The Impacts of Temperature Stress on Some Physidogical Processes and

Response of Hsp27 in Mytilus galloprovincialis and Perna viridis
WANG Jing, YAO Cuiluan
( Fisheries College, Jimei University, Xiamen 361021, China)

Abstract: In the present study, the impacts of cold and heat stress on physiological responses of two mus-
sel species, blue mussel Mytilus galloprovincialis and green mussel Perna viridis, were investigated. The stimu-
lating temperatures of blue mussels were 4 “C,8 C,25 C and 35 °C, and the green mussels were cultured at
8 °C, 15 °C,35 C and 42 °C, respectively. The oxygen consumption and ammonia excretion rate of mussels
were analyzed, and the changes of gill tissue structure were observed by paraffin section. The expression of
Hsp27 in gills was further studied by Western — blot. The results showed that oxygen consumption rate and am-
monia excretion rate of mussels enhanced with the increasing of temperature. However, when the temperature
reached at 35 °C in M. galloprovincialis and 42 °C in P. viridis, the oxygen consumption and ammonia excretion
rate showed a sharp decline. Gill tissue in both species was damaged after acute cold and heat stresses, and the
damaged gill tissue could not return to the control structure within 24 h recovery. A significant increased ex-

pression of Hsp27 was detected in the gill tissue of both species after acute cold and heat exposures. These re-
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sults indicated that metabolisms of two species mussels accelerated within a certain temperature range. Howev-
er, when the temperature exceeded the mussels’ tolerance limits, the metabolic rate might be inhibited. The gill
tissue structure of mussels was destroyed by acute cold and heat stresses, and the damage could not be recov-
ered within 24 h. Hsp27 might be more active in response to cold stress in the gill tissue of M. galloprovincia-
lis, and response to moderate cold and heat stress in P. viridis.

Keywords: temperature stress; mussel; metabolism; gill structure; Hsp27
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VR S S R VA ) oA | A B B SR TR AT O I BRI T Y RBRIREE YE T AR
YIRS TR DS B B, SRR IR S s Ho | ae 1 Y, R T
SR KR SR L R R B 1 R B 2 S R DR T 10 e 2 R i DL S M RE AR AR ECR, Bl
WAL SR AL DL ( Chlamys nobilis) ™ | REZEEIL (Preria penguin)'® 535G ( Perna viridis) "
MHEZCRIE— B IRV N, S MR i T it n,; S 05 0 ( Dreissena polymorpha)wJ B 2L TH FE
SRR A AR A, VKR BE B Y T e AT AP DU P 0 8 A A Ak S iy 38, {45 I i 4G
P, BIETE IR EY), W RREE T A D, TR R SR A8 X DL SIS A R ARG 35 R i 14 AH
KMWTFE AT HIA

BIREE T, EYIRMHN R EARARER TS, B9 KERRITESREMERE, EYhT
M R Bl OO 3 e KR A L A 8 A A8 495 T B ) B 1R T A5 R T B A0 AR A TR
Hsp27 VE N PR (I GY, w7 LA 2R BSR4, Bk g & A s, 2R i A OG0 3
B, Hsp27 BYRIXSHIE . IR AE T LLSOKTIS BB UG, G4 A A b, BAE S ZH 0
B EE R MG SR OCT Hsp27 760G DI BT il B2 2 58 ihhia iy pF o b

LU (Mytilus galloprovincialis) WHRHHMEIGR U] | FEFRE ARG LA S mg AL &R iz 0/, %
s, BAEREE, BaEntit R ERARYRZ — " LA T, S0a0HA R
WENRE ST o HEHIE LR SE E A AR JE AR A R, SR TR DL 2 2 B IR AR i DUREE TS IR DL (M.
trossulus) , - EHAH T AR IR DL, 280 D1 S il iy vE s S5 20 0 DUIs BE/K Mk DL, 4l
ARG, B R A, FEFRE A T RS . AR A I e T T R
Tt PRBE a6 (e 32 1k, A5 5R G DU I RE B 28 WA 185 B AR R R A W75 Yy Rp O ARG Sl 5 4R
Tt D155 35 28 Tt DL A0 I B2 5 B8 08 2, X LG A P RIS TRl g e DURE A% | HE | BRZ
SR ) AR A K BRZH Y Hsp27 YRR IR A K, DU PR IR 2 Joip 380 XoF 3 79 v 0163 DX %) 52 e S HEt By 3
JBE, FF RS BASARASASR A T WA U R R 2 AR

1 MB5F*
1.1 EHHRREREMEFR

LRI TAL T8 FGET (39°51'N, 121°50'E), 55K (7 £1) em, RAFERTE A 2016 4E 10 A,
FEAE R 200 A~ ; 354N DI F AR AL BT (24°26'N, 118°04'E) |, 76K (6 £ 1) em, RAEMIE N
2016 48 J1, FEAR N 200 1>, FEAE BRI 8 7%, AR B 2 72606 D152 s it
WG —RB, SRR UIERPIE IS 1) A SR K, $hEEZ R 26, BFMIN 3 8, LR IIE I
KIREEHIAE (15 £ 1) C, FERIGIEFIRE N (25 £ 1) C, RIFHFSERER, BRIk =4r2—, B
WA AR PR P IR E R (1 g¢/m’) .

WP SR G @ REAG L, 288 Lockwood %5 MR FT T SC IR, W IG DL & T FERA, 43531
PEATAR IR R i e . TR DU IR 9 4, 8, 25, 35 °C, XFMEIRE 15 °C; 357804 U1 pin i
S35 8, 15, 35, 42 °C, XHGREE 25 €, FHEHERE R 3 C/h (REIL, CSi8D, USA) ., iR
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IRENBUE O IR T, 4ERE 1 h, DRG0 E T IR A K, UEAT 24 WA, RN RIE A
BH3IANEL,

HURERS 0] SE B0 20 A T2 RS TG 1 b, XFRE4L A IR B K R & 24 b, Al FE A0 00K 0 DU A
FEMRNTFIG, VKR Tl g, B4 FArdiie Bus0l, Sl MESA L2048 1 AFE
A, WEIANEEM (N =3) , SWAEKE, A -80 CHRAF,

1.2 REXRS5HIENNE

K Winkler i 5 052 5 i 4R, IR RN AR AL LI 52 NH - N & &7 BAREEW TR,
2.5 L REUBE R, ARBEHLA 6 H 2t il B T @ Mhn LUK Z IS R DU, A B2 R 1
W uBIE K G B DR B, DLDLSesk o it 0, 522 h, DU SEI0 R I O Hh /K RE 1 7 A 4
DO fHAI NH, - N &, SIR)E, MRBGH AR T 60 CHA Mt T 2 HE, Fratifidstit
THE (g),

IRA A S 50 H S OB Fll A5 0 1 DO {5 NH, - N & &, TRIFERE (R) WITEA
XN

Ry, =1(0,-0,) xV]/(Wxt),
Ho, Ry NPNAEFREER (mg - ¢7' - h™'), 0,5 0,50 514 5250 TF 4 A4l s it i /K 9 DO (B
(mg/L), VAREIPHIRAKAATL (L), W RERILSIERMIBIRALTE (g), ¢ [URITIREL
Al (h)

TG ILAHEECR (Ry) WA

Ry = [(N, =Ny) xV]/(Wxt),
Hrpry Ry AMRVUAAAATEHFE R (mg - g7' - h™'), NJRI N RSB AG FIZE K NH, - N9 5T ik
B (mg/L), WARIEIATTE (g), ¢ HERFFLAE (h),
1.3 AWALRYR

WA, BAFATAE 6 R, rRICZAE MBI EY, LRfRh o8 IRV G A 4% (1R
SPE0 HEREERERD, BE 24 h 5, KSR CREERNOK . B, R S5EE, DA B
HE R fEHE" ) BT RS T (DM3000LED, Leica, fE[E) WIELHIZH LU SLEHAEL.,
1.4 SEENIESH

HLO.5 ¢ SEAIZURE S A 500 pl RIPA Z24# ¥ (50 mmol/L Tris — HCI, pH =8.0, 0.1% SDS,
0.5% WREAERREN, 1% NP —40, 150 mmol « L' NaCl, 1 mmol - L™" PMSF, {ii FH i in A &5 4 Bt 0 i
I PMSF) , HAIRAGHATAHS0ERE, & T oK 30 min J5, 4 °C, 12 000 t/min &> 15 min, Y2 I
1, F Bradford ¥ AW . EEAFESTIIA S x B LREZEvh, 100 CAEME S min, SFEHUH
50 pg MAEH, F12% SDS - PAGE BE oy B & (AT, IR K& A2 2 PVDF i (Milli-
pore, M) |, FTRYLE ARG ESCER, PBST Ml PBS it T4 5 1% i BSA IREH 1 h, —
PU (Hsp27, ab2790, Abcam; B — actin, 4970, fEZ/EH)) #if#8 1: 1000 LLBIH B 4 CE LK,
PRI E P DUBR A A bR e i —ht (b 4sX4) (1:5000) Z=REE 1 h, VRS ECL
SRH (Advansta, EE) W%, HMAEDTHAGIL (ImageQuant Las4000 mini BU4Y, GE, 3
E) BEECHRE, i Image) 38T Hsp27 M B - actin 5 HZRIEA L, Hsp27 fHHFRIBAKFEHITTELLB -
actin fEN NS,

1.5 HEFKITHH

R FT-H5950 + FRifEDR (x = SE) FRRSCIZER, FIAH SPSS (13.0) Guitiibxt sc Bl ki 1481t
SEOYMT . R R I 22087 (One-way ANOVA) | #8122 330t 4T 1SD Z E/KE, BEKFEERHN
P <0.05,
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2 FBRE55H
2.1 BEX

WE 1a FiR ., RIERGJEE06 AR R B EIRTXHRA (P <0.01) , 4 CHHORRARET K
IR, AXTHRRALM 0.6 fi5, 24l 24 h KRB )5, ARIRAIBA AR A %A i LT, B0 B K F X IRl
(P <0.05) ; 7EM25 CHHa T, FEAREE S, IABIRAE, AXRAN 1445 (P <0.01) ,
{BLE35 CHMA T, FEARBEMTAIRA (P <0.01) , £24 hIREJG, & iRANLH#K 5 2 0] 1R
K. B b AT, A5G ARG S, FEER B E I TXRA (P <0.01) , 8 CHHAJHEH

BAR(E, XTI 0.6 5, WA 24 h )5 8 CHHMAL) BEMR T X IR (P < 0.01) 5 &35 CH
e, FRARLREAN, (H42 CHab)ERETHE, AR IRAR 1.3 45, SR 4IRE 24 h )5
Y mEIPS RUEAEY) S O
£ 401 . = L .
= 3.6 1 &~ /B3 Stress o 1.67 -&- Jifiifl Stress
é 3.2 -8 5 Recovery %%k é 1.41 = ¥ Recovery
E E 4 * %
2.8 1.2
£ 54 5 o
= 201 . = ¥ 08
H HyI
O~ 1.21 o=
o 0.84 #x ok ok Mo 041 S %
8 0.4 ﬂﬁi 0.2-
yﬂg 0 T T T T T rﬂi 0 T T T T T
4 8 15 25 35 8 15 25 35 42
0/°C 0/°C
a) 5 D M. galloprovincialis b) A5G UL P. viridis

Ui B« 2P P30 20 15 0] B2 22 (8] 9 22 5 3 MR L+ 0R MR A 5 00 B2 22 T 1) 22 e 0 3R DL # SROR
Notes: Significant differences (P<0.05) between acute stress and the control were represented by asterisk (*), and differences
between 24 h recovery (in control seawater after stress) and their corresponding control were considered statistically significant
(#) at P<0.05
1 AREBETERNESHFEBRNPEAER
Fig.1 The oxygen consumption rate in M. galloprovincialis and P. viridis after temperature stress

2.2 HEEZ
WE 2a s . AREMEESS, SR HFE R B E MR TXEA (P < 0.01) , 4 CHHl 5B 3 5L,

XA 0.5 %, K 24 h e, AREWA AR EI0 BRAUKS-; =il 35 CHba g, HFR R R E S
?Nﬁﬁ(F<0m> REXF IR 1.6 1%, Z24 WIKE )G, V&R TX A (P <0.01) ,
Bl 2b AT, 3R VIEMGIR 8 CHMas, HEERWERL (P < 0.01) , HAEAXTIRLLH 0.6 7,
I 24 h Gl BEMR T R4 (P < 0.01) ; KR 15 CHHaxHHEERIC B E 0, & 35 C kg
Ja, HERRBETE (P <0.05) , H42 CHht)s, HEERERM (P <0.01) , E24h )5, &
Y SER RSP N K =2
2.3 HRALRLEH

SR T R 1 I DL BE AL S A N 3 i, B 3a ATOL ., IRIRMNE S, 2806 LSS 22 [A] R ik,
HRLF BT, YK 24 h JGE 2R/, SR BIOIEIRE ; S 25 CHIEUS, BEAZ 5% IRAIA
IRl AR 35 CHMAJE, SRZ22F BRI AW 6l 223240 . AiMuA%AMG, YK 24 h IR CHA
fk, B 3b IO, SRR NG DR AR A fE, B2 IRR IR, SN2 B AR KR, miR
35 CHIBLHBFEREING:, 424 W IKE G/ 2247 B ; H42 CRiRMba)E, ML BhE, i
Wil HAKIE 24 h J5 4205 m]
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%1 FHE, A TG X 58 TR D15 35 2R I DL AR 35S S 09 52 R0 Hsp27 A4 i ©5-
o 147 - Jh3E Stress i 231 Jih it Stress
oo Q S
g 1.2 & "R Recovery g - RE Recovery &
£ g 2.01
5 _ 107 g
17, 087 R
- 2 0
£ 2067 2¥ 107 £
E = g = * %k
% 0.47 g;—
A - 0.5 7
¥ 021 K
= =
0 T T T T T 0 T T T T T
4 8 15 25 35 8 15 25 35 42
0/°C 0/°C
a) %5 0 M. galloprovincialis b) 350G I P. viridis

a0 A5 Ok BR 2 2 ) F 22 S S R DA ORI AT A5 0 R 2 ) Y 2 S R DL # ROR

Notes: Significant differences (P<0.05) between acute stress and the control were represented by asterisk (*) ,and differences
between 24 h recovery (in control seawater after stress) and their corresponding control were considered statistically significant

(#) at P<0.05
2 AEERETEWRNEFZERNMHEEEER
Fig.2 The ammonia excretion rate in M. galloprovincialis and P. viridis after temperature stress

15C

;.v -
& Recovery "/ T L
k-(//' 1

’ "’ Fooy
Lo
v o .

38 Stress

A Recovery

b)IFEFRIG UL P. viridis

LWL 1] 467 B 22 IR 1 R BT B s of R BB smu 2728 40 I
Notes: ij represents inter—filamentary junction; arrow represents cilium;gf represents gill-filaments ; nu represents nucleus
B3 EERMBX NS 352 0 W68 8 R 45 M E #08 (x200)
Fig.3 Effect of temperature exposure on the gill structure of M. galloprovincialis and P. viridis(x200)
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2.4 #RZHL Hsp27 EARIETHL

WE 4a fizs . AREMAJE, 206 DUEZH4 Hep27 EHMFE AR B ETE (P <0.01) , £8 CH
R IREIRKME, AR 2.5 f%, 224 h KK )5 Hsp27 FiB/K 5 IRATC 0 2tk 2 5%, nEl
4b iR RIR 8 CHMAJT, F55RIA U EHZHL Hep27 MIFAK T BESIL, HIKE 24 h J5 B ERKT
XTHAZH (P <0.05) ; 15 CHMAJS, Hsp27 AIFEAKFEREFE (P <0.01) , ABIXTIEAM 2 £5, &
224 h e S5X IR R E S, HiE 35 CHHAJG, Hsp27 FREKF B m T4 (P <0.01) ,
WA 24 h J MIBRIRA K, 42 CHMAJE, Hsp27 BIZAK LB EE, HIKE 24 h )5 B ERKT
%HR4H (P < 0.01) .

4C 8C ISC25C35C 4C 8C 15C25C35%C 8C 15C25C35C42C 8C 15C 25C35C42C
Bractin | “=— c— - — — | — =" w— w— — — — — — ——— — v \() ||
Hep27 [T WS = s > =i el T ¥ et

J#38 Stress 1 h 5 Recovery 24 h Jrif Stress 1 h % Recovery 24 h

~ 31 : w130 Stress 25 . i} 30 Stress

£ 5 Recovery z ‘ YK Recovery

E =

= ” = 2.0 4

-

52111 Z

£ : £ 1.5

2 g ’

B = 104

S T TET = 1. B I

> Qos{ W

2 L

( - T T T 0 L., r T T
4 8 15 25 35 8 15 25 35
0/°C 6/°C
a) %5 0 M. galloprovincialis b)) FR G UL P. viridis

YOI - S 38 20 5 0 BR2H 2 ) 1 22 S A DL ROR  WR A 0 BRZH 2 ) 1 2 S S SR DL #F ROR
Notes: Significant (P<0.05) differences between acute stress and the control were represented by asterisk(*), differences between 24 h

recovery (in control seawater after stress) and their corresponding control were considered statistically significant (#) at P<0.05
4 AEBETERNSHERNEBALR Hsp27 EERIEEWL
Fig.4 The expression of Hsp27 in the gill tissue of M. galloprovincialis and P. viridis after temperature stress

3 it

IS 1R R S e T TO R HESH R R AR K Y S 3R TR A Bk 2 R EUE Y 4 M B4k
P, RERICE . S HLBEERIECAE , DRSSO 5 R A2 B RE R SRR R TR U
KA B YITEEREE 0 14 B R R ISR P AR A SR R, RTR B 8 S R s DURE SRR
BERIK (P <0.01) . CAMEEY, MRIE 2 35005 DR TE 5 WA A A 306G 3, 1 aniFse
53 UL ( Patinopecten yessoensis) "' KA4Wi ( Crassostrea gigas) ' . B§ARM ( Haliotis midae) "' LA
AFRIGILT . ARBFSEAE3S CLAT, A VARG IR Ry EIH RN, (HAE35 ChnJq w8 TR
(P <0.01) (W 1a), SCHR [23] fH5ERM, JRE5eG DL AYFE SR S Bl B 0y FHm i g m, HIA 5
V(A S R RE . DA LS5 RM, 35 CrlfeC SoMad 7 506 D el M BRR, 2 i i F: 3
TIRDUE R PEM Az 06 R 24 h J5, 2506 DUIGIR e ZH AR SR BRI &, U BAE S RmT LU
TR B G A BT B, (HUEMKAE 24 b JCVE MBI E R OKOF o 35 AR R DL RE AR R A ZE AR 8
JE LT RRLL (P < 0.01) , FFBEERE AR LA (WE 1b) . MONEET i IT AR B R 35
IR DAE 16 ~31 CHRETLEN, FEARSHEREN T mTm, [HR2 A E R BoRTE 42 CHha
J, FERMG AR AR R s, RN T RE R 35 R M DAYt 52 1 BRI EE

IR T 22 W30 255 e G DL HEECR W5 FRAR (P < 0.01) , BB facib 2 R | (RS
KA AR YR SN N8, MM AR R, PR AS ISR 5 SR B AR 8 ] e 2 X Tt DL Y
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LRl T, A IO 5 D5 35 R0 DL A BRI S AR AT Hep27 FME 13 <7

AP A REH . B 206 DI7E 35 C R P HFE A RIRRME (WK 2a), K 24 h J5, 35 CHITK
PR AT 3 = T X IRAL (P < 0.05) , X FHIRLEE (TR 2 st DS A P &5 b A Ak B iy s 3, 35 ql
PUARRFTRACE I IF FLELRE Akt 5 DS E AR S A ™), iR S CTHEMins S
HEERRNG D HEZCR AL, ERERE TSz Lo, (H42 Chmhi)s, HEECREE TR (WK 2b),
MIRBEIR T 2RI, AR LA B AR R AR ) (R S ik E A W A2 b BRA
RUPRATRE S I AIPEAS , ARDFIR SRR, SRR D535 2R 06 DU A F W A 13 25 32 2] 9 B 2 5% 1 52
ey, LA AR i ek B2 iR 5 TC iR A2 TR 8 7K, AT RESE F THRBE S 1 DU OE B (B M, ATk As 1
DURR A ARG B, R DU Z B iR 5, FEECR IR HEE RN, R S T e
SIMBOLHUA RAEE, Si4h, (RIEMME S HAK S fE T8, SRR DU Z B i ia f5 , AR
M, (R HEE SRR, $E N6 S R P REAN [ R DL, S4h, 320 R M JE K R E K
ST RE T EE AR, DA 25 SRR B EEG DL AT R At s D RE A, I o A A N X R, i35
i DL DU] 258 2o 38 AR A, AR A A R R I X

BEARAUR DIZSIPIR 25 E, W a s, Wil if 224 3T Dt gk gy, Iz
BRI F SR ARSI RN RIEMGAE, K0 DR R, i 35 C b
BJE, SR BEWR, MZW ST KA A NG IS (LK 3), HRE 24 h 5, SR
SEATC R E L, R MAICRF S A AR e, IRE Y WA R KRR ¥y n] DL St (1 BB A 41
S AR AR 3 A 2R ) 22 T AR/, T LA AR A IR e AR, DA R B AR L
FUERT UL, TR DUAEGIR B MEE T, AT e A fin A A 24 [a] R ek 7 8 3% 1 AR LA R, 6 A8 R 3 1 A8 1k, Xt
M 15 CT Ak, ShMIELFEhil by, EIFARE, DRI ] rY T 6% P ia xf 6524 2
SiRRE e, XATREE B S, (BRI REAR, IR Al fE—E M R INIREE . 7E DRI BE9E rh
KB, BREMNATR, SRLF TR EMTE, HERZL BRI AR LE 25 C N HR 1L H g
Wi, FRUTE A DU AT BRXHE FE ) s iiA — e 52 v, IRBEMME IS, S53R0G DUERZH A 25 M i 2 fk
PEEMIIZERL, BAE8 Clhn s tezafmt K, Jf HERLr Bk M 222 B3, M8 CF
MG DSOS BB A s 22 (A1 BF , SRUTZIR BT 353 0 DB g FE B2 vl e sl ™o, milihiafs, 35
AN DL B2 2R [ 1 IR SR B i v SR 22 M I I 4 . DA B4R BonTetlom IR 2288 T, T DUERZH
ZUZER AT BESS AN AT (405, TSR LA FRBE IR F R AL . 5 4RIR DUAR L, 352803 D1
BRZHZUAEARIR 8 °C S5 mniid2 C Ry, BE S TR0, Xl e HOR B Az M A G

U R 2 5 R AR M R A B 2R DL b R 455, iR e B AT DUEITTRRR R H T &,
MAEREAI MR A ) WSS R, Hsp27 AYI ik il DU A Jd T, R4 an e /e A Y
ARSI AE R PR | AR IR 2 a2 G DB 20 Hsp27 RXKFH B ETHE (P <0.01) (WLE 4a),
ARSI s, IR0 £ B 2 3 i K . Hsp27 AOHG SR LA e AR IR AT LA S 56
SEIG DL Hsp27 AYZRIAAKE LA a8 A5 AF 7 2 W IR 302 th 25 8 1o S 5 DL Hisp27 A sk ™ |
IRMAS SZEGAE R R | IR A X 22015 DL B8 2H 21 Hsp27 SR H FA L B &, XAl e T4
TEm R WAt B b Hsp27 §4 ok 5 H U RIAFAE— 8 25 5 o 18 P85 ARG T R v ek 1 34 25 3 i 305 2 i DL
U ZH 2R Hsp27 HHRIAH B E TR (P <0.01) (WL 4b), XRB] Hsp27 Al BELE S A MG DB IR A
0 T R PR AR R 38 AT DA R B A G DL R4 40 Hsp27 i iRk, $87R Hsp27 Al
FEAE T DU 285 T Jolp 10 Ao e v b 38l 2 4 00 407 3 o 5 B A A T IE R i g, il aa e, 55
D556 D1 Hsp27 FIAAR[E], $E7 3K WAt DL e et i LT W] REAEAE 25 57

R TR, FE— SR, TR DA SR S HE R SRR B 0 S 0, AR AR i aa
T, PURAEIKT- & WA okAr . IRIR AN s a8 80 DL EE 2 2N 25 b oAy | AL I A 8 2 ] B in
K, SREFEBEIE, 0 R R AR 22 W2 AN A AN, AIRTR T L S5 0 DL BB ZH 2 Hsp27 1193 &
Fik, MAFARMG DL Hsp27 MR AE TS BEAR IR S W30 5 bl 25 Rk, 3R B i DL HKHe i B 36 1) 7

http : /xuebaobangong. jmu. edu. cn/zkb



8- FFRR A (HARBERRD 524 %

B BONAFAEZE S, S DL AR e JO7 SRR, , 171 538 24 Iy o A% i R T 5 v i ) = 30 S IO R 0 B 55
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