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EHm7, kFEY, 2w, -

(L ARERAIZ DT S B R W PR AR Y ORI, R AN 3500025 2. AR MR 24 R 2 B
fad At 3500025 3. fRHRMOCEREE BT S Y R E SR E, fAE I 350002)

M OE: [Bf] BERRREAEREAMNMMEZERREATOREZES, THRERRAZUNEE SR E
HAHRIB BN R, #F— PRI HRIR 08 B0 SR A R T 28 A i S D BE, O fa 2 S Ab i i ) 33 3 2
MU M 2 R 2L R RS YR, [53K) XF 24 h LR WL (34 ) 5L MR BULIT (X4 )
B2 Al £0 BT 40 4 B 2EAT 00 1. 2.5h BY Hy0, B3, IFXF T4 5 Fh s o0 F R e A &£ W (HSP70, HSP90a.,
HSP90B. HSP60. HSP75) F1 5 F/Noy T HAKTEE A5 (HSP30, HSPBI. HSPB7. HSPBS. HSPBII) (335K
AT QPCR KGN, [HR]1 582 H,0, 4 ¥ (0h) AL, HO, fEH 1 h fE B 3F 2 TF HSPBI # ki, R HSP30 %
ki HO,fEH 2.5h BB 1 3 $& F+ HSP90a, HSPBI W3R ik & . 228 R WAL 24 h 68 B 3 & F+ HSP70. HSP90a.
HSP30, HSPBI Wik Hr; H W ZWALF 24 h J5 F#E1T H0, B 1 h i, HSP70, HSP90a. HSP30 Wik b #5
F 1,0, Sk i ik (XFRRA] ); REE WA 24 h J5 4T H,0, W 2.5 h B, HSP90a. HSP30. HSPBI Y31k & i,
Fm T 0, BN . HAMKEEAFERBSBT TR EES . [4i0] H0, Fa iy T 5| &2 3k @ 7 41 i
HSP90a. HSP30. HSPBI 3L MRk mANb, 25 R WAL AR M 2R VK E i SR R, #2m T D dEfmiF
MR IIPTEALRE Sy, A Hy0, T 19 AL RO 4R R A A TS 1 .
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Effect of Curcumin on HSP Expression in Tilapia Hepatocytes under Hydrogen
Peroxide Stress
LI Linmingl'z, ZHANG Zipingl’2 *, WANG Ruoxuanl’z, HUANG Yifan®
(1. Key Laboratory of Marine Biotechnology of Fujian Province, Institute of Oceanology, Fujian Agriculture and Forestry
University, Fuzhou, Fujian 350002, China; 2. College of Marine Science, Fujian Agriculture and Forestry University, Fuzhou,
Fujian 350002, China; 3. Fujian Key Laboratory of Traditional Chinese Veterinary Medicine and Animal Health, Fujian
Agriculture and Forestry University, Fuzhou, Fujian 350002, China)

Abstract: [Objective]l Expression of heat shock protein (HSP) gene under oxidative stress in the presence of curcumin was
studied to understand the toxicological function of the protein and the pharmacological mechanism of curcumin in hepatocytes
of Oreochromis nilotica. [ Methods] Tilapia hepatocytes and those pretreated with curcumin for 24 h were subjected to
H,0, stress for 0, 1, or 2.5 h. The expressions of HSP70, HSP90a, HSP90p, HSP60, and HSP75, as well as 5 small molecule
HSP genes, i.e., HSP30, HSPBI, HSPB7, HSPBS, and HSPBI1, in the cells were determined by qPCR. [Results] The H,0,
treatment for 1 h significantly increased the expression of HSPBI and decreased that of HSP30 in the tilapia hepatocytes, while

the treatment that lasted for 2.5 h significantly increased the expressions of HSP90a and HSPBI. A pretreatment of curcumin
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for 24 h on the cells not only significantly elevated the expressions of HSP70, HSP90a, HSP30, and HSPB1 over control but
also on those of HSP70, HSP90a, and HSP30 under 1 h H,0, stress, as well as those on HSP90a, HSP30, and HSPB1 under 2.5

h H,0, stress. However, no significant differences in other HSPs were observed. [Conclusion] As a spontaneous response

of tilapia hepatocytes to oxidative stress, H,O, affected significantly the expressions of HSP90a, HSP30, and HSPBI in the

cells. By pretreating the hepatocytes with curcumin, expressions of these genes could be uplifted boosting the cellular

antioxidant capacity to better resist the stress and maintain viability.

Key words: Tilapia; curcumin; heat shock proteins; oxidative stress
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(533 XY #AKTEFE 1 (Heat shock proteins,
HSP) J& KB NRSFMEABEEE. WA
I b T2 (A5 200 PN A 3 R B T A R Ak
THiEn, TRKRHARKER", HSP # LIS TR
KRS S5 HEARNITE . Hismpgm®Y, HSP &
WL B2, AR i R /NAT LA S P2
Bl 75 2> 75 HSP (1 HSP90, HSP70. HSP60 % ) Al
/NGyF-i HSP (sHSP) P, sHSP X1 & 75 240 4V 4% 5
PE 5K (9 HSPB2, HSPB3., HSPB4. HSPB7 % il G
HZURE #3519 HSPB1. HSPB5. HSPB6. HSPBS
SO g A g — R B K A S, KBRS
MR B L R L AR IR R T o A . TR
KRBT, RS ER R IE X fa JGE N A A
FRER B R X MR 22 (9 BIF 5T 3 T BV 52 2R (1 BE
S0 2K 20 0 IR S 4% FHERBE R T E , dnesiR . R
AW EEY . e RENY . mR kR g
PHIL, 98 VIR T B 1 A £ 2T BE 1 38 ol ) VB
BLHI T2 F B 2= S M2 R A B
Mo [ET ABFFR R Y AN AT AR R &5
g e 2 g Al UYL SRR R A O T 4R
( Reactive oxygen species, ROS) fEfH THEHBR SR
FOE SRR FE W2 . R EEIE B LA R A 1 AR
N T e S TR &k (I &2 3 5 & A R Wit
Kifi. MK EAE S 5EARNITSE SR
e B 11T B i S AR W e B TR I A AR N T
B MERENEORREHAREEARE TS
B 9 e A 5 0 A I 6 B S 2 — 1, B gk
W 4R 4K 0 T R ek 7 S AR s B T R R R GA
w, #AEYER T8 ( Cyprinus carpio ) ki 5 K HE
HSP60 . HSP70 1 HSP9OW) Fk PR & 15 A2 [ 5 7% 2
AARRBER TS, B—Jrm, ERSKES
) BE [N 3k A 25 F 40 MU BT AL R . Franco 251
AN IR BE AR RE PR N R R A0 i A T
H,0, 51 FIET . i %3k HSP70 fe$2 &0 LA L
AR AL 5 AL T B3 2, AR ROS B M4

o

i 223K HSP70 Ge 38 i 0 il 40 M 08 T {5 5 g, b
K U4 MLIA H,0, 3R A A AR, e i an
il (Saos-2) AYBFZE LB, ik HSP75 4 B T4l
il HyO, 3 A9 DNA #4057 e M BFge v, 34
Ry EE I (HSP70 F1 HSP90 ) %3k 9 b T} iz e
T2 i o SR R R R 7 A R
Hh, BT H 4 B AR 5R T IE N I HSP70 F HSP90
Fk R BT RRCY ) 328 (Curcumin ) 2R
ZH P AR, & BABUEA . BURIE .
P e i Z ool , et NF-«xB. Nrf2 855 5% A
TR OGRS R AR, EFR T T A
KBTI, [EHPLRE R [ARBIRY)
A i1 B AR JE AT oY o e 30 2% 1 3R AL B AE AR
P H,0, B 3R B ARt F AR A TGy, JF B
Nrf2 {5 538 #% $2 = i 200 B IS g A 210 5 Al
1 (Heme Oxygenase-1, HO-1) (¥ 3L [ 19 % 6 & %,
I HO-1 th & # ik 72 2 A — A (HSP32), BAbH:
LIRSt 3 9 25 5 20 AR s 4 P oA 1 o e,
AR SCHE AT BRI 5T 0 e b b i — 2B 5T A AR B AR
FFF 22 8 R 0 B At R 5 AR 1 R R IR Y e
AT IR Eiak S N €8PS !
R AE % A AR SN 0 I A A B ORER , SR 22
WRPEATHAL R, BF5E 2 08 R WAL BOR I 0 B AR £
JHT- 248 e A £ 1oz 985 i BAOR e 2 1 R R TR 3R A 1Y
SO, 2 AN I T B AL R R A 2
AL AL TR
1 #HH57%
1.1 XA

BAE B A £ AR 4 TR K OK P2 BF 5 AR AT A
A, P AEMEFET 100 L BEESFRBE G N 2 A,
VLI 0 536 58 SR 0H A5 o 0 TA) DR R 55 R K AR e 5 g
SIEERRKIET 28 °C, 4 H MR 2 K

LW F W T Sigma-Aldrich 24w . ¥ 22 ¥ R Tl
fit T H LA (DMSO) H', 5 H DMEM/F12 4
TS5 R W 32 9 R B TARWRIE (40 pmol-L ™), [A]
I P& DMSO 754 Mo 35 32 W b 29 2 /N T 0.1%.
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1.2 DIt [RRRT4RARLE 7

% JE o JE AR 4 R 5% O 1k DL SR T R R s
SCP D HAR R s PR AR AR R I e
JEfn, 2 MS-222 (100 mg'L ") BREEJE FH 1 58846 A
O MERICIL o 75% 15 P9 A 1 35 4K 3% U 1 3 3 I £ i
TRCHE JF I O 8 T JC W BE 5 ML v o e S U 20 2R DR
291 mm® LGB, FHLBRIEN . AT 45 TE 4 4l
21, Hank’s 2% MR S 527 VU 4 2L & il 65 DR .
0.25% s 2 11 B I VRS AL IR 20 (28 ¢ ), B9l
B3, AR 15 min, FEFE A TH A 205 I 4 T 4N
Ji o 40 MR R 28 75 pm S5 A O 2 A9 2 B 4 i
B I MUEIRAE 50X g B0 1 PR S0 3 min,
WA M DTvE, HE 2K, DMEM/FI12 8557 (%
100 ITUmL ' 8% . 100 mgmL ' #5 Z A 10% a4
195 ) FHEIFAML, FEREHEE N 1X10°4mL ",
AT 6 fLM, A CO, BEFRMIRE IR . B RAHIR
FERE N 28 °C, CO, HFEH 5%,
1.3 IR

TR o R X R AR 2 o % BE A A i A ik g
Rl 24 h IE B B % FR 0, (R340 A 55 40 pmol-L
LW BN WAL TE 24 h, 24 hid )5 2 440 9%
R IR N — R (O h), B 430
5 mmol'L ™' H,0, kb¥H 1 h 1 2.5 h, FF7EAEF ] 28 45
KBk, ARAEER 2 2X 10° N4
14 RNA ZBIRHRAKRTEARKEEEE qPCR &7

A A A 25 B s, R R . B
UMM 1 mL 8RR 28 WRE Ve JIT L BRI AE s . #5m
A 1 mL Trizol i3] (Invitrogen, USA) Jf 2 & W ¥T
T AR VE o F BT AR D BRI BUEL RNA,
RNA £ B3 3K £ ) 5, R ] NanoDrop #5 I £ ity
OD H 5 &M . R A 35 & (Yeasen,
[ F ) il 2525 FE il cDNA B

K H LightCycler 480 Roche 5% fiif # 1§ 25 1% /Y
384 LA He Xt 45 41 40 il cDNA B4 £ 4T qPCR A&,
RBAERZR A 10 uL, & ETEESIY (5197512 01
1) (10 pmol'L™") % 0.25 uL, 5 uL SYBR Green
Master Mix ( Promega, USA) #l 4.5 pL cDNA &4 .
JHT PCR M Z&AF R . 7E 95°C F 1 min, 95°C
15s (40 KAGH ), 60 °C #E 1 min. K45 HR A
2 M 7 S AR X ek R
1.5 BUELIE

fdi Jf] IBM SPSS Statistics 19 4 {1 %t ¥ £ 4740 31
ST, KRG S A — B RS TR b B A 2 REAR
B EBAIEREZER (P<005), RAMAKNE)N %
53 BT F Tukey” s HSD J7 ¥ 43 #7 [ — &b 3 20 A [7] isf [

Fz1 PCRIEMFTAMREESYY
Table 1 Primers used for gPCR

FEF KA
Gene Length/bp

SIS (537
Sequence (5'-3")

HSP70F: CATCGCCTACGGTCTGGACAA

HSP70 107
HSP70R: TGCCGTCTTCAATGGTCAGGAT
HSP900F: ATTGCTCAGCTGATGTCCCT
HSP90o. 128
HSP900R: GTGGGATCCGTCAAGCTTTC
HSP90BF: AGAACCTCAAGCTGGGTGTG
HSP90B 117
HSP90BR: TCACGTACTCCGAGAGGGAG
HSP60F: GCGGCTAGCAGTAAGCCTTT
HSP60 115
HSP60R: CGTAGGCTCGTGTGAGGTG
HSP75F: GTTGGGCCCACCATTCATCC
HSP75 103
HSP75R: TTCTCAACCATCCACGCCAT
HSP30F: GACTCTGGACCTCCTCCACT
HSP30 111
HSP30R: TGAAACACTCTTCAGGTGTCTGT
HSPBIF: CTTTGACCAGACCTTCGGCA
HSPBI 106
HSPBIR: TAGTTCTGGGGCCAGGATGG
HSPB7F: ACTTTCACCCACAAGTGCCA
HSPB7 119
HSPB7R: AGCTCATGCTTGGCTGGATT
HSPB8F: TGGAAAGTCTGCGTGAACGTC
HSPBS 104
HSPB8R: TCCTGTTTCTCTTCGTGCTTTC
HSPBI11F: CAGCTTGTTTGGCGATGACC
HSPBI1 100
HSPBI11R: CCGGTTGAAGAAGTCTCGCT
B-Actin-F: TGCGGGATATCATTTGCCTGA
p-Actin 129

B-Actin-R: GAATCCGGCCTTGCACATAC

MZEMEEES (P<005),

2 ZRE5oH

21 ZEREVLETENTFEHSP NERREER

AR P 5 43 F- R L 1 HSP70. HSP90w
HSP90B. HSP60. HSP75 14 Jk PRl AH Xif 3¢ 1k 1 19 5% Wil
W 1R . 4 4B HSP90B. HSP75. HSP60 %:H
FR A AN BVE N AR H A B, B
HEXAMIF TR FEE2ZR (P>0.05). R{FAH
HSP70 1E H,O, 403 T 2B T FEfEa s, X4 2
W T R A R4 HSP70 7E H,0, Zh B 0
1 h i RIR & TR (P<0.05), MighHE2.5h
XA TLEEES (P>0.05) (K 1-A). il
W RS T U AE AT HSP70 Rk H, IEAE
H,0, W4 1 h N4EEE HSP70 fvE 2635, 184l H,0,
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mm X HEZH Control group  mm {R474H Protection group
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jo}
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_ AE PRI (8] Treatment time/h
B £ 10, HSP90a.
1 8
K 2
®E
75
oo
=2
S %
~ g
ok
% 0 1 2.5
_ MBFRES E] Treatment time/h
C 215, HSP90B
1 8
172]
ol
=
E;I 5]
=2
S8
~ 2
g «
z
= 0 1 25
— KEFRESF[E] Treatment time
(5]
D %20, HSP60
g 8
&
Eﬁ
= (5]
52
2o
E <
Z
% 0 1 2.5
= Kb FEI[E] Treatment time/h
E E, 1.5¢ HSP75
g 8
K 2
K&
=&
o
Eo
< ~Z
Z 8
~ &
g <
Z
% 0 1 2.5

LbFRIR [A] Treatment time/h

FROR ] AL B A R AP S X IR E R R E (P < 0.05),
AN - B /N5 S RE R R () — Ak 35 4 v S [ () 2 ) A BE 22 57 S
Z (P<005. E2.
* indicates significant difference from control at relevant time point at
P< 0.05; data with different lowercase letters indicate significant
differences at different time points in same group at P<<0.05. Same for
Fig. 2.

Bl ZR2ETLEN HO,METFTEEFARS S F

HSP B E Rk K F
Fig. 1 Effect of curcumin pretreatment on HSP expressions of
tilapia hepatocytes under H,0O, stress

NS5 P HE M40 HSP70 135k B & A8k .

AALDLBAER T, 974l HSP90a ik i 2t
B JG TH i a3, X HEZH ) S B 2208 1 Tt
25 h I RB T E S T 0h; &0 E AR H
HSP90a ¥4 0. 3 = T X B4 (P<<0.05) (& 1-B). ¥t
MR TR IRTE T M HSP 900 YR8 E . Bk
X HE2H H,0, B85 2.5 h 1Y HSP90a #E 31k 7K i & 7
T AT (0h) (P<0.05), B H,0, )% I 2.5 h
1 BE B35 4R THIF AN HSP90a 12357k, kK
SEAIK F 22 8 R WAL PRS PEIEAT HLO, I3 2.5 h i i
4if (& 1-B)s
22 ZEREVMLET NS TFHSP WEERKER

AN TRk B 8 3 - AR se R ) HSP30. HSPBI |
HSPB7. HSPBS, HSPBII {3 KA X 22 35 1 () 52 )
WK 2 fis . 45 4b 3 HSPB7. HSPBS. HSPBII 7t
TR S T AR OB B, H AR 4l 5 ) HR 4]
BB EME2ES (K 2-C. D, E). f-Y4 HSP30 1)
TR BEAANENIEN T A EE, HEER
FxHEL4 (K 2-A) (P<0.05), ¥R Z A LN
PRI B B 22 4 R AT R B TH A i HSP30 1) K3k &
X REAL HSP30 () FE N ik B4 T e LI %,
H,0, N5 1 h HSP30 B K T IHET (0h) (P<
0.05), i 2.5 h J5 HSP30 (1) 33k & XK 4 2 )
WHiACE (E12-A).

Xf B4 HSPBI BEH 3Rk i 7E Hy0, NG B3 1
Jb, 1hH12.5h ) HSPBI k5 0 h ML B E T+
(P<<0.05), HP HyOp IV ¥ 5B 1 40 it HSPBI 33k
B BT, 4 HSPBI 3 R 3635 e S A0 1 4%
AW 2R AN EE (P>0.05), R4l HSPBI 1
I ST AR O 2.5 h B 2 S TR IRAE (P<<0.05),
Ui W] 22 5 R AR P AH A AE H,O, W I /Y HSPBI 1Y
ik (K 2-B),

3 itk

3.1 H,0, FEME WX T IEE 4R HSP £ F
FIEHIF M

HSP90 K [ S — 2 ik Ak I JE AR SF 1 4 1
R, 2 5FLMMAEY B, Bk, 7
SAALRI AT, s gu i HSPOO i 2 H R 3k &
AT AR AT, H0, U5 10 SN B
35 U TR AR ) A R o R S A, O
W3 T HSPOO (9335 KPR Hy0, B2 5% {0
AR A U i R R il . R PEWR R . VA TR Y
T PR HSPOO LA 1 e ik 7 AR i 22 5P ACHIFSY
W2 Hy0, B (2.5 h) A] 42 &5 HSP90a 1Y 323k
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g

Oh 1h 2.5h
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B2 E=HESH0, BT IF&RFMAE sHSP B E AR

Fig. 2 Effect of curcumin pretreatment on sHSP expressions of
tilapia hepatocytes under H,0O, stress

{EXF HSP9OB TGtk 2 5% o 3K W] BB T4 48 i 52 3]
B, HSP9Oo AELEAR 1] T+ 52 o 34075 5 T 2 B2 A
FIBWAZEAL, T HSPOB RILNHMMLKL, A5
I AR AT S — TR AR B T S AR DS A
SUEZE S = S TR R (A R LR T g
( Monopterus cuchia ) HSP90a mRNA & K K H & %%
B AT T HSP90R 1325k F-JE ] @ As 4k
HSP75 J& HSPOO KR — 51, i TR AL h™,
HSP75 "] LAZEfF2e Rk i S8 8, Bs 1kid 2 ROS 5
RE AL T, AT, HSPTS 7E 45 411 X
B2 SRE . KT HETX 02 HSP75 BB 58 AH T
B, RFRNLHE— L WEFE 1028 HSPT5 f4T A A0 3
FH AL -

HSPB1 #IA N BERE AR 40 AL 9 ROS 7KF- . 4EHE4F
B H K (GSH) 7K P I 75 Fa i ok M i i o7 v ke 42
FEAERY, KRR (Rattus norvegicus ) U LA il
o, HSPBI REXCEAL4G 45 bt H kiA R # ( Glutathione
reductase, GR). Mt H KT E LW ( Glutathion
peroxidase, GPx) fl #f & & & H ( Thioredoxin,
Trx) WHAL RS, BRl, EHEGZ Y
Pl 28 %58t HSPB1, A7 2% & W58 31| 0 25 7F i B
IR PR D HSPBI [R5 A i fa
2% HSPB1 By it 8 AL HL 6 i A5 2 . TEAR W
H,0, W E W T HSPBI W31k, i HSPBI W75 3
XA BT A0 TS AR AL R Ge . P ] DUHE
HSPBI 3k 1) 5. 35 14 hinJ2& 2 A 0 FF 40 i s Bt 484k niy
W B
32 EREXNTIEEFMENFRIFIER

LA BRI 2 1 o 248 L AR s B Y A B
FHI i e ae 1 Wi, 22
R A AR 25 A B4R, P R R &
XFRIR T R RIS A IR, 2B AE B AR
LU (Y R B A 2 () HSP70 FF O 47 e 5 21 21
SERAELT Y — T W % 8 R B TR TR AN
T LU HSP70 1132 15 ACE DY, e % 8 & A 3
FATE (resveratrol ) BEASEREKREEALLY HSP60 . HSP70
5 HSP9O K ik, JFIEAARE IR — L O
( Diethylhexyl phthalate, DEHP ) 5|2 () 5 £k 7 i 5
AL K BT 5T I 2 1 N — e UK
HERIAARIFEN, XA REE R ZE 8.
A3 5 v 22 R T Ab B RE $2 T+ HSP70. HSP90a.
HSP30. HSPBI Wikt , X FiE FH7E A H,0, B
PG DL T AT SR G 45 38 s KO 9 8 3 5 T HLO, Al
YR, 2R W1 22 35 22 AT BRH o £ T AH G HUIR 7 28 F1 1Y
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V-, AR N B A L HSPT70 K-, DA 5
o b R se sl FEE R T, RE BN
J2& HSF1 A1 Nrf2 f9 00 0 71 3 ge e # &
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