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ABSTRACT Heat shock protein 90 (HSP90) is a highly conserved molecular chaperone con-

tributing to the folding, maintenance of structural integrity and proper regulation of a subset of
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cytosolic proteins. HSP90 is identified in some crustaceans, however, few studies on the tran-
script of HSP90 gene in Chinese shrimp Fenneropenaeus chinensis in response to environmental
pH and ammonia-N stresses have been reported. In the pH stress experiment, F. chinesis were
exposed to marine water with the pH value of 7.0 and 9.0 for 148h. During the ammonia-N
stress experiment, F. chinensis were exposed to marine water with different concentration of
ammonin-N for 96h. The gene expression profiling of HSP90 in different tissues (gill, hepato-
pancreas, muscle and haemocytes) after pH and ammonia-N stresses were analyzed by quantita-
tive RT-PCR. The HSP90 gene expression in gill, muscle and haemocytes of Chinese shrimp
increased when exposed to pH 7.0 and 9. 0, but the time of the highest gene expression level
was different. Obvious different expression of HSP90 gene in hepatopancreas exposed to pH
7.0 and 9. 0 stress was observed. HSP90 transcripts increased to its highest level post-stress at
3h and then decreased in the pH 7. 0 treatment, while in the pH 9. 0 treatment the HSP90 gene
expression was always higher than that in the control, which indicated the hepatopancreas of
Chinese shrimp was the responsive organ to the high pH stress. When the concentration of am-
monia-N in marine water was 6 mg/L, the gene HSP90 expression in gill and muscle reached
its highest level about 5. 46-fold and 1. 55-fold respectively post-stress at 24h. HSP90 expres-
sion in hepatopancreas and heamocytes in all treatments increased to the maximum value in the
range of 1.33~2.08 times and 2. 20~5. 45 times post-stress at 6h and 48h respectively. The
results indicated that the hepatopancreas of Chinese shrimp is more sensitive to ammonia-N
stress than other tissues, in which HSP90 expression was up regulated drastically at 6h. It is
also illustrated that gill needs higher expression of HSP90 gene than other tissues for cell pro-
tection based on the results of the large fluctuation range of HSP90 gene expression in gill.
When the concentration of ammonia-N was continuously higher than 2~6 mg/L, the HSP90
expression in all tested tissues was significantly decreased.
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XoF B ) T () AL 42 5 Wi Xof W 5 B M 9% P R 8 1 e e s HL ey o BT DR 22— R o R R AR 2 A SR B R
) 35 58 0 55 1 ) B0 Ak L B T 6 IR A58 3 M (Capy ez al. 2000) . FR5E 7K R85 14 J8) 50725 16 %F 33 58 % 0F 38 %
T IREE B 3E AR T 6 R (4 % S B RE (Le Moullac et al. 2000, HRETHIBFIESE 52, pH fIE A Wb
S XTUR B e R G DR RS IF M A R A0 R 2 FE S AT (RERAE 2011 £ 5%
2011; Wang et al. 2011), #W%& 1 (Heat shock protein, HSP)J& [ 4K FL 3% i £7 76 19 155 B A5 SF P 5t i e
B EIE AR5 AR A2 VB 1 AR 3 32 400000 28 1 J5 9 52 P 8 K A S e S P 1) A2 4 493 2 1 BT (Hartl
1996)., HATEZFHSES Y hE Ll T HSPI0 RN (Li et al.  2012), H.i% 3 P XF T 3R 5 [ 300 40 35 2 A
St A U BT LA 9 38 A Ay v G R AR R X6 PR TR aE o AR b HSPOO PR & 452 25 w2 AR FH (Li et al.
2009, HRZFITCEHESI Y HSPOO WF5E R W], 25 Fh BR 53 1038 PR Qb iy 80 50 42 T 8 358 T 0 40 TR JEk e 4
FRfets i S HSPIO L 1 #2634 (Gao et al.  2007.,2008;Pan et al.  2000), H itk HSPI0 Vg Sk 3555 k38 1 A=
YitrEY Z—(Venn et al.  2009),

pH J& FRFH AR ik 2= MR R A 06 S 255 RO . BFSE R W, pH (B T i 53 BE AR 25 B 52 i K A= 2h )
LR ARG P UM 2009) . RS K™ s W 0y 2R ™ W B G 5 58 K M 2 A0k B2 i 7 s
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K 7 9 0L 36 B A 440 B SV T 5 (Cavalli er al. 20000, 4> T4 AEHE LI 1 th - B b 0 2% i 3 40 e
FAE 5 2 LA 5 % G 95 14 6 % S B A FE T (Kaminsky e al.  2007). SR T 4756 pH A S
30 6F PR IF FTSPOO HE [A 26 175 K Y 1 76 K LRI . ACBF5¢ B 763 o 40 HF pH A28 Wit U5 o 0 5 45
YL HSPOO 317 10 32 1 15 B0  F /R LR 1B P FTSPOO 3 [ 3 3 15 et pEL 1220 0 Ik S o 40 S 6 ML
Sy e S B85535 I 8 L 4 0 5 0 M B B ARG

1 #Rl57F*®

1.1 SRIe##

f B v [ X R B 1 S QLR S B R RK R Z BARAED . pH Wrf sC5 M 2010 42 7 A 30 H ~8
H 11 H 528 HIXFUR AT 17. 6+ 1. 9g &K 11. 240 dem; A B S H M 2010 45 8 H 28 H~9 H 7 H, ¢
B XTI RE 5. 05 1.2 g KK 7.840. 6 cm, ¥ FE T PVC Al (ZF 200L) . 55 /K (A £k B8 18 131 B
30. 0 1. 1°C, # 2L 7, B H MR AL A 1Dk, 7d J5 IR IR IE U5 5

1.2 SR H*

1.2.1 Skt

pH Wria S2 g5 4L 3 40, 43 5 o X R4 (pH 8. 2) AR pH BB ZH (pH 7. 0) & pH a4 (pH 9. 0) B4 8
AT BASEAT 1A PYC AR AR SR o B XTIE 10 2. 43 318 AT 1. 0mol/L HCL Al 1. Omol/L NaOH
#pHHZE 7.0 fi1 9. 0OMETTLER TOLEDO SG2 % pH 1l 72) . I 458 3h 8% — k& Wrf 40 i pH {8, 1d
PEAE 4 07 2 00 F] 19 : 00), pH WpiflJF 0.3.12.24,48.72.,96.120 F11 148 h 43 5] A 454~ 52 56 21 B ALk
6 JF& X R IRCRE

A SR IR 4 A 6 A PAT . BAFEAT 1A PYC AR (2000) ANl SR o [ XTIER 20 ]2 L 4300 R
Xf B4 (Omg/ L) ARV FE 2 AWM 8 2 (2mg/ L) Ak B 20 /UM 38 21 (4mg /L) | o sy vk B2 20 AU 38 21 (6mg /L), 31
FUM 38 2H Y 2 R B 10g/L 9 NH, CL #7788, &AM 38 5 19 0.6.24.48.72.96h 43 51 A B4~ 52 50 4
BEMLPREL 8 &% MR HURE CREASTATHC 1 R AT HE 6 23 9 )8 B A7 BEALAE O o IF: [F) B B4 PVC Al A (9 K FE
FH T 7K M U R B A D
1.2.2 R KRR RGRE A 2

S0 6h A5 A SR B AR 1) B2 20U B D e P 2 ECO Rk (RS 1996) , R A8 I ele itk o K 4R A5 1 7K
FEAE T 0. 45pm YEBELE U85 A7 T SR B RE AT I E 3 W BB K FE T 25ml b &5, 43 31
T A7 B A0 B W (50 260 Tmls #8475 A 0. 75ml 85 47 B2 4 414 (50 26) , #8575 Jim A 0. 5ml NaOH (50%) , $%
A1 A 0. 25ml 5 A7 BREEM (50 %0) s e i LA 0. 75ml %8 Rk 3] #5840 )5 25 IR E 10min 64, FI 20 e o6
TT 420nm PR AR TEAT H A, 320 vR A A 2 0 F8 AU B A I & (NH) fgg 38 (NHOO JE X EE AL id
TAN, SRR 1, & 202 Fal 50 e B 5 Fie E A — 20, Hd 2me/ L 38 20 (4 52 Br il i 220 ZU B2 g 5 T
PRI (E , 4mg/L 1 6mg/L B8 2H (Y 52 B il 2 22 00k B2 A I AR T B2 . X BRAH i) 2 Ak 2 0 0. 3mg/ L, fF &
IR T 0. 6mg/L M FRFARMECE AT 1997,

®1 S&EMIE 6h FHKEHEEKE (meg/L)

Table 1 Ammonia-N concentration in each treatment after ammonia-N stress for 6h (mg/L)

it A AUk E Theoretical Ammonia-N concentration 0 2 4 6

BRI AE R AU Actual Ammonia-N concentration 0.304+0.02 2.99+0. 39 3.50+0.99 5.86+1.44
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1.2.3 Haa#

AT ml — RS AR 0. 5 ml Bivd (4 °C) By HLEE ] (Bachere er al.  1988) o XU () Bl .o i i R 0. 5
ml Y Ik E IR A5 5 A 1T ml JE RNA B9 1.5 ml g0 % i, B0 (4°C,800g, 15 min) , B E %5 Wi (B
TR T T I ) B — 80 °C UKAH PR AT s M40 L (A RNA $2HO A 0.5 ml ) TRIzol(Invitrogen) , & —80 “C K
FEORAE . B IBERR UL PR i U 5 1k K B 50 mig B il i % %2 1. 5 ml B0 (N 1 ml TRIzol ), &
—80 CUKAIRAF T 8 RNA 424,
1.2.4 HSP90 3 B 8 & & 547
1.2.4.1 5ly&it

AR B ¥R HSP90 ¢DNA £ %1 (GenBank accession No. EF032650) , A Primer premier 5. 0 #% 1} Real-
time PCR # ¥4 5 SR 519 . WS B EE ) 18S rRNALSIWFFITEILZR 1, 5194 U cDNA 3734 77 ) 17 51 )
FETAE B A T AW TR A PR A 58 1

& 2 Real-time PCR ¥ &4 2454

Table 2 Primers used for real-time PCR amplification

B PN nALEIEY LKLY TR
cDNA Forward primer (5'-3") Reverse primer (5'-3") Size of product(bp)
HSP90 GACCGCACGCTCACCATCAT AGAAGCCCACGCCGAACTGA 125

18S rRNA AGTAGCCGCCCTGGTTGTAGAC TTCTCCATGTCGTCCCAGT 218

1.2.4.2 RNA WU cDNA 55— 15 il

W ORAE T — 80 “CUKHE M AL S B J5 T K b Ak, I 4% I8 TRIzol (Invitrogen) i 1 %6 B 45 $2 BLE RNA,
RNA 3713 ] DEPC 7K %, FHAZ R 5 i {0 ( Thermo Scientific) il 5 260 nm 1 280 nm &b (4 W% U {8 , & RNA
(7= s RN R IR 1 0 S5 IR AH R A AT RNA JEAS P s kR I RNA 9 58 8Pk . B i (2 pg) [ RNA L%
R M-MLV (Promega) i B 45 [ 85 st 4 H U 00 B RNA, & i cDNA 85 —4#% ,
1.2.4.3 Real-time PCR 33

%M Real-time PCR(SYBR Green)2 22 AT & & 971, #% B SYBR® Premix Ex Tag¢™ Il (TaKaRa) it
F UL B UEAT AR R VAR R AT R SRR AL 20 41, SYBR® Premix Ex Tag™ [ (2X) 10. 0 pl,Rox ref-
erence Dye [| (50X) 0.4 pl,Forward primer (10 ymol/L) 0.8 ul,Reverse primer (10 pmol/L) 0.8 ul,cD-
NA 1.0 pl.dd H,O 7 pl, ¥k S E PCR A NIRSIJG 733 A 96 FL PCR #t (Axygen) H . B B3 .0 5 i A ABI
7500 B it PCR AU 4T PCR 4738, e W AP0 95 C A 30 s sfEH & F R 95 °C 5 5,60 C 34 s,3E
10 NMGIR TR 2 &k 95 °C 15 s,60 °C 1 min,95 °C 15 5,60 °C 15 s, R 5EMJS » H ABI 7500 system
I3 A A AT A R

1.3 %itawm

T AR BCHE 15 LUOSE Y9 (8 + AR fE 22 (£ SD) 715, i SPSS 16. 0 4240 M4k {4 Duncan’s ¥ 647 £ & L5,
P<0.05 BnEFBE.

2 HBRE5SMH

2.1 pH BB E X ER HSPI0 H F Rk &

pH 7.0 36 28 rp % R UL PR RN I 20 . HSPOO 3 [P 36 36 52 B 58 MR I 5 T 105 F: IR A1 1 28 4k 32, 43 1)
T 72.72 F1 12h ik B R{E (P<<0.05), Xt RELAY 2. 1. 1. 2 1 1. 7 4%, PG N R X T . A B X T B4
(P<<0.05) (& 1-A. & 1-C fE 1-D) ; JFE R HSP90 H A 38 ik /K W) 45 A 5 J5 KR AI% . 3h ik 16 B & 2 & T %t



45 pH L E AW 00 o E X SR HSPOO J K 35 1Y 52 Wi 47

ol

553 +

HE 41 (P<<0.05),24 ~148h g 2% F X 4L (P<<0.05) (& 1-B), pH 9.0 e 2 v & % dF BL g A o 9k B
HSPY0 J [F 35 K7 52 B SE BRI S T 8 PR AR A A8 Ak 34, 1 F 48h SR UEAE , 43 5l X BRZL 1 1.6 A1 2.4 %
(P<<0.05) (| 1-C. & 1-D) s JF AR HSP90 & K ik /K F & i - 7+, 3~ 148h I 3 i T X B 41 (P <C0.05)
(E 1-B) s 41 240 HSPI0 B K ik /KRBT = 5 T R AR fb B 3, 3h ik (A (P<C0. 05) , g X IRAL /) 2. 2
.96 ~148h K FXF 2 (] 1-A) .,
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Fig.1 Relative expression of HSP90 gene in different tissues of F. chinensis after exposure to pH stress

2.2 SEMEX R EXTEF HSPI0 £ F R A K0

SR X R4 2 40 HSPOO Kk PR 2 35 7K P Fif il 30 EeF 18] 52 B2 TH 80 I AR i A8 Ak i #2 . 6mg/ L & Rk
JE2H B 2H 20 HSPOO P 33k /K F i 3 55 T % HR2H (P<C0. 05) . HL7E 24h 3K fe i {1 (P<C0. 05) , Sy Xf B 20 (1%
5. 46 % H M G B MK B 1 22 48~ T2h HERFAE 2 ~dmg/L B, B4 41 HSP90 K A 3% ik /K 7 b 25 (K T X Hi 21
(P<C0.05) (¥l 2-A), 2mg/L & Z Wit p |5 X &F 6 ~ 24h, JJF AR HSP9O0 Jk PR 3% 1k 7K F 5 % IR 2 T 1o 3 1k 22
S (P>0.05) ;4mg/L Fl 6mg/L % % W B 20 I B it HSP90 KR ik K 6 ~24h i 2w T X B4 (P<
0.05), H 6h ik i B, Ry % BRAL A 1. 33~2. 08 4% 5 S AU W38 vy [E X HF 48 ~96h, 45 ZH PR HSPIO S A %3k
K2 0 G L 2 I AR TR IR 4 (P<<0. 05) (8] 2-B) . 6mg/L @AM 4L LA HSP90 JE [H % ik /K F
6h & 2 = TR RZH (P<<0. 05) , A BRZH Y 1. 55 %, 48h J5 £ i A LA HSPOO A 3Rk K- W i ik, 4%
SR B A P E R I 40 i HSPO0 HE R 3k /K S80S T S BRI A AR Ak i A2 (& 2-C) . 2mg/L fl 4mg/L
360 ZH XM I 4 B HS P90 K&K A K7 6h WA [t (H 5% BZH T 1 2 22 55 (P=>0. 05) 5 & &b e o (= )
HF 24~72h, & W0 4L 40 HSPIO0 K& K 335 /K V-3 b 3 5 % 4L (P<C0. 05) , H T 48h ik & 1A » X R
HI 2. 20~5. 45 f5 (& 2-D) ,
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Fig. 2 Relative expression of HSP90 gene in different tissues of F. chinensis after exposure to ammonia stress
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3.1 pH fhE3f g E 3t ER HSP90 £ & =% /22

HSP90 & A IEH ABRE T A BIHS B EAM 1% ~2% (Pratt 1997) , & — N BERSF B9 4 F 1A
FE PRI W30 45 1 AT 4k 5 40 I A9 2R 1 S TRDA G L OR A A0 B AN X R U B T AZ M (Kregel  2002) . T LA
HSPY0 R 35 /K 0 T 5 & WLAR DU HEIA BE b ae (4 5 2R ML) . 4 b B X UF 288 T pH 9. 0 IR T,
LY HSPOO H K 3R 3k K F 5 25 i 3xX 5 i il 480 M 3 4 8 V5 e 3R L9 28 AL A W) & (Schill et al.
2003), Hoip pH 9.0 4HEEZHZ HSPIO HE PR 383k K fie S ik 16 (3h) o It LAAE 35 I\ 8 21 214 SRy X R i) 0 i
0 E S IR K R R b R p HL A0 0 SRR RS B R AR 4120 HSPOO S Rk 7E pH 9. 0 i i #2
¥ 80 2 5 X 2 (P<C0. 05) , JHF I R A SRy X HR 28 11 5 i 28 45 8 32 0 I i AR s v BBl b 75 5 HSPYO ik
PR ¢ 38 1 T v T AR N HSPIO 28 18 & B> MATTT S B0 PR BT ISR AL 2L AE T . 4 R X R R 88 T pH 7.0
KA & 1 40 HSPOO PR 3 3k 7K - i 25 B AIK . HL v JIF TR R 4020 HS P90 ik P 3 3K 19 28 £k 0 H B &8, 3h g
BT 2 R A B S 00 4 R A R T X B AL, s 45 A S R B W aa R = R S R 4 4
ptHSP90-1 3£ (1) 2575 (b Al — 30 (Zhang et al.  2009) , A GEJEAK pH H 8 H T 3% 2 21 21 8 % 7K % 1 4% BE A
eSS T 4 A R T8 F IR 48 . A pH (7. 0) il pH (9. 0) [l 41 %R I 40 i HSP90 3 X 26 35 28 fL A L, Y
pH ZEARBALIT . L4l HSP9O KPR FRik & FFE(3h) . Lin 58 (2010) (R4 SR R, K 5 pH 8. 2 %
SRIEARE pH 6. 8 Ao FLAN I XoF M A I 200 J0 e 5504 Xk R 4 4 35 R AR o BT LA 385 i 00 6 R afi 40 A 500 20 1T i
‘?rﬁz HSPY0 3 R ik s AR A R 2 — . Ik pH (7. 0) Al pH (9. 0) 38 41 X% iR EL 40 i HSPI0 %& R 1k M
24~48h I 2 1) =y TXF REAL, 136 B b B XTI SRy 1Al N PR EE pH A AR T 3G 0 i 40 i HSP OO K& A i) 2% 3k 7K P IR
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AR X BT pH B L 55 A0 DAY 18 52 D BE T B A0 X RO T 32 B (R AR AE 2008) X H Al Cyp-
rinus carpio X =R TEERE T HKEESE Cd Ml Cu A MT HSPI0 JEH £ K ZE A —3 (Hermesz et
al.  2001;Zhang etal. 2009) . B Wi i E] Y SE KX HF HSPOO Kk X 335 K- T B o #E00 AT i 2 4 I 1] frY
30 X5 T X R 4% 2H AR S R AR . HSPOO S RERE £, ff LA HSP9O0 JE R ik i R %,

3.2 S&iraxdEIEE HSPI0 HEFREZHN SN

SRR A B FE b L7 Y R M SR K AR R A N 2 R A R B T T
KA S B AT B B A R AR B U A R s AL B REE T Kk R ST Bh W B Atk b B (M A
1999) . ASHIFSE h 4 A 30 vh = X HF S . 4 240 HSPI0 JE P 2635 K 83 TH i X 2 W iR 32 B A 38 5 1y
o7 4R 3 3t 3 LR HSPOO 3 [H ) ik /K - 1 18 B4R B A L i /R . M R R 4~6mg/L B, HL7E
S BT[] 38 C6 ) B S IR HSPOO K& IR 38 7k 7K S K i v A o AT L vl 5% T gk i 2 2% 220 20 3 3 0 e oy B
JE BE A 20 HSPIO S IR B 28 38 7K 7 249 i T LA 2 20, Lk Ay ot 48 i 356 158 B X R AN ) 4 0 20 20 0 360 i) iy
V18 B JRR R B A7 TE 22 57, TR A AR B 1 %o R %o 0 R 38 7 A s PR AL . TR 52 s 40 20 ~90 20 ) B A4
Yy DL RO 20 3 B8 HE S (Weihrauch ez al. 1998) , 24258 /K A 2 UMk B TH s o (2 il NTHL 1) 2 1 5 3 ) NH,
B Ak NH, o] B2 10 A8 L R 400, o8 T AR 43 1 2 0 B8 41 20 B 457, 5 B R A Y HSPOO {3 41 i
X T BB 2 H [ TR AR 40 HSP9O JE PR Rk K e m W R 2 — . WF 58 36 B, v [ X iR FHS P90 35 PR 78 i 3
BRE M E SRS TiE SR B AR RN EJF HSPI0 JEP kM T (Li ez al.  2009),iX 54
TFFE L5 A — B0 YRR AR E 4~6mg/L 522 48h J5 . £ 441 HSPI0 JE R 3R 3K /K - i 35 B A%, 3 i B op
] X R T 52 U 3 4 9 Y5 RE 0 A PR 2 S U 3 R — s B T 6k e DG R B T R A A N A 4L
P TR IR T 40 ML 9 D e, 80 HSPOO JE KRB AR, — SR UE 52, H 52 30 ) 76 o vk 2 2 AU 38
Z AT LR B S BE S GEAZ BN, A0 H AR 38 X UF Marsupenaeus japonicus F1FLEH I XTHF (Chen et al.  1992;
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