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1.1 #f#y

R R A% 05 0 2Rk B AR A KT ST
P AL (R ) i /9 1 e =, ALy
FEAR A LR G IXCEEF /Y 1 0y 2
A BELLEH 100 R4 R0 2, Horb, i 0
RIS PR TN (30.8 £3.6) g, JLTT RIS F
PRGN (27.8 £1.9) g0
1.2 7%
1.2.1 RA5set

PRI 2 SR A2 00 3 0 KR v K A2 1 7
16 C, 2021 4F 1 H 8 HIFHhil5e , A4 v 75 05 4
SIS BRI AR E S DR E 16
(XFREZ) (20 .24 .28 F1 32 C, ¥l H ZSin
LA S 4L AT TS ARic N 4. S AN 4
PSR S APAT, TAFAT 20 A O5RZ, %t
BES AR BERERE o 5 R F SR iR A 1 5
U5, R FIRE T K 4 T T A 7 S A T A AR
JE IR ZEFERIAE £0.5 C o iXBFFLE 48 h, 715
1£0.3.6.12 24 148 h Bf, A4 BEHLE 3 H 475 ]
Sl FIRAE RAEDT RS W R BERN 738 , B4 3

AN, 7E 12 b IR A SV B . R
AL AETHAE 2 mL [ RNase free BB A
WAL I FERS 5] - 80 CUKA AT o

1.2.2 @ RNA 4250
BURA IR i 10 ~20 mg ] FastPure®

Cell/Tissue Total RNA TIsolation Kit V2 {7 & ( 5
SEVRMERE A )R A BR 22 W) $2H RNA,
H A Y66 BE 1T (NanoDrop 2000) A5l RNA. (1441
JEAE
1.2.3  cDNA [yl

H TransScript® All-in-One First-Strand ¢cDNA
Synthesis SuperMix for qPCR ( One-Step gDNA
Removal , JU 5T 3 0a A W HORA R 7)) 357 &
SEAT 3 S, R R (3520 uL): 5 x
TransScript® All-in-One SuperMix for qPCR 4 L,
eDNA EBg5#] 1 pl, & RNA 200 ng, RNase-free
Water #M 2 20 pL, FE5R S5 7E PCR X E
AT IR SOV, B 25y 42 CHE 15 min,
85 C I 5 s,
1.2.4  5I¥pEseS 4

ARSI A B S P9 (R 1),
T8y BB M AR B FRA R (1) 58

F1 HARISEEEELEE PCRS(HY
Tab.1 Quantitative real-time PCR primer for A. japonicus

LA Gene

519 (5'-3") Forward primer (5'-3")

TUFSIH(5'-3") Reverse primer (5'-3")

B-actin' GGGCCAGCATTCCACTAATA

TGCCACGGGAGGTACTAAAC

hspl0!4) GTGTAGGTGATAGGGTCCTCCTT GTGTAGGTGATAGGGTCCTCCTT
hsp60™) TGTTGCAGGGAGTTGATCTCT CCAACATTCTGCCATCTGTCT
hsp70!4) GTCTCTGGGTCTTGAAACAGC CTATCTTAGGAACGCCTCGTG
hsp90!5) CTGAACAAAACCAAGCCCATCTG CAAGAGTGCACGGAACTCCAACT

1.2.5 sErbsEE & PCR

H ChamQ Universal SYBR qPCR Master Mix
1R & (R A ME RS LE IR B A R A 7D L, 1
LightCycler 96 #4795 5E & PCR, Ui 14 &
(320 pL):2 x ChamQ Universal SYBR qPCR
Master Mix 10 pL, . #5945 0.5 pL,cDNA
Btk 4 pL, F ddH,0 #pJE 20 pL B RAE R,
MR 95 C A 30 ;95 C T84 10 5,56
CF30s,72 C B30 s, AT 45 DMEER 1
fithZ BB 95 C A8 10 5,65 C TR K 1
min,95 C T IEMH 15 s, FAHEM 3 P47
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1.2.6  SpEdgbrill g

FI AT P 5t g AR B R B 5 P i) )
AL B AL (SOD) |3 A Ak AU (CAT) &
PreEfbiE J1 (T-AOC) | FRPE B4 R i ( ACP) i 1k
MR ( AKP) 19 i il (LSZ) o
1.2.7 $dmabs

A B-actin NS HLN R 271 )5 it
A 25 e 3 X A AH O R 35 1, FH Excel 3K {4F48
RIS R RER (S 41) ML Jr #FiA (N 4) £
AJRIE BE R () SOD , CAT, T-AOC , ACP , AKP #I
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LSZ [ J1 0P 2 EFIPREDE (Mean = SD) |, {3
L5 SPSS 20. 0 #AFBEAT ST 0 A, AEHL R
ANOVA J5 2270 Brik 2] . % K F ( P <0.05) i,
K Duncan [RIEHAT 2 AL

2 4

2.1 FRBMETHASHRESE

FEIR TG A R B B E 28 CC LU B, N 41
S A= To A 25 5, i AE 32 °C i e iR Al
N 2SI T G B 0 ) 2 3% R TG R 1
RS, S AWM TR 3 h T 58 B ; I )
812 h J5,N I ST hiE 24 h J5 N 41
D52 4 FBFE T3 10 S 41405 41 24 H Bk Jik 2R
208 48 h J5, S AANA 3 HAENE: W 1, 45
R, RO S 35 R AR ALy SR B R
A SR IR BE T 32 R

22 SEMETEBHNSHAAKRZEAERN
2.2.1 @ik ME TR RIS hspl0 KL B R
KA

FIH qRT-PCR 4% A £ W 15 fill = hspl0 11y
mRNA 7EJlf 4120 i ik i 45 R R (A
2) ,BEEIREE T hsplO (1) mRNA Rk 1E
TE A RIFREE (42 &, RO BRZEAR L, 32 C4
(A FAIR T B 1 B PR ek B W B M R (P <
0.05) , 1 75 Ho At 75 BE 41 o $K 58 2R 6 R G 3R
A N R) B, 7632 CA&MTR, bl
& W aa s ] i G, 0 0 2 g 8 L8 1) hspl O
mRNA Fik 2 F T3, Horp 6 h /i Jc i % 2
(P >0.05), M7 12 h 2B FH & (P <
0.05),

(a) B#4ijlZ Southern A. japonicus

1 32 CHHERHTEBFAEMRSHILAFRERRSHITAZN
Fig.1 Behavior changes at 32 °C of A. japonicus cultured in south and north of China

2.2.2
iK1k
iR Z W iE HZ H hsp60 JHeH 1) FRIKNE DL S
hspl0 FEAZE{L, W 3 BN, hsp60 1) mRNA 1E
i T R FIR A ORI B, b, 32 Ci
JEZH hsp60 BEPRIY) mRNA 75 gy 18 v 1) 23k 1l s
[) P HE R R 2 7 A0 b Fh e, X BRZH H hsp60 Ji
K1) mRNA ik i flk. Hrf,3 h f16 h 41,12
h 124 h 40 Z 6], hsp60 W3RK T TN &2 F
(P>0.05) ,TM7E 24 h F148 h 202 [a] , hsp60 ()32
REESDE(P<0.05),

il I8 R F AR RIS hsp60 FEIN 1R

(b) Jb 512 Northern A. japonicus

2.2.3
24k
WA 4 JroR, 5 Hi 2 hsp70 JePRUX IR 2 R
TR, AE 32 CHIBLCT , (i S m B 20 i
hsp70 1) mRNA Rk i & & T XTI (P <
0.05) , HH7E 3 h B hsp70 mRNA (1) 3255 & 2%}
HEZH Y 6 908. 82 1%, £ 24 h [N, Bl ZE It [A] AU 4E K,
HF R H ST IR G, HAE 48 h
i, hsp70 mRNA [ 3R3k 7 2R B, B3 T
flIsF T ZH (P <0.05) , 5% BREZH 1) 8 969. 81 f%,

5 38 R R AR 0 R 2 hsp70 1 3R GA
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A AR TR 25 235 (P <0.05) A Ml T HRR 27 A B (P >0.05) .

Different lowercase letters indicate significant difference (P <0.05) , while the same lowercase letter means no significant difference (P >

0.05).

B2 FEIRE(a)fRE—RE(32 °C) REEE (b)BME &4 T AR SIE hspl0 BEREBEXRIEE

Fig.2 Relative expression of kspl0 gene in intestinal tract of sea cucumber A. japonicus at

different temperature (a) and the same temperature (32 °C) and under different time (b) stress conditions
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Relative gene expression of hsp60
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OoONBR O

0 3 6 12 24 48
Ff 8] Time/h
(b)

WA AR TFRFRZFRE (P <0.05) SR THERZRARE (P >0.05),

Different lowercase letters indicate significant difference (P <0.05), while the same lowercase letter means no significant difference (P >

0.05).

3 AREIEE(a) AR—IRE (32 C) NERE(b) B &G THRISHE hspe0 ZBENEXNREE

Fig.3 Relative expression of ksp60 gene in intestinal tract of sea cucumber A. japonicus at

different temperature (a) and the same temperature (32 °C) and under different time (b) stress conditions

2.2.4  mRME TR OTHIZ hp90 BN
KA

HIE S AT LA, Bl LB /Y T s, ik e
HHZER hsp90 mRNA [y 35 7 12 2 i T
F AR IR R 32 CJa , FA B A LT 16,2024
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28 ClREHRE L. 7632 CHHE T, 75 48
he B (%) 6 3k F 8 B W AR, T 7E B8 6 .12 F1 24 h
i, hsp90 mRNA [ RiEwE IR EMEER (P >
0.05) .
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Different lowercase letters indicate significant difference (P <0.05) , while the same lowercase letter means no significant difference (P >

0.05).

B4 FEIRE(a)fRE—RE(32 °C) REEE (b) BB &4 T AR SIE hsp70 ER BB RIZE

Fig.4 Relative expression of isp70 gene in intestinal tract of sea cucumber A. japonicus at

different temperature (a) and the same temperature (32 °C) and under different time (b)stress conditions

140y
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100+

hsp90MASTRIE &
Relative gene expression of hsp90
(2]
(=]

16 20 24 28 32
{EfF Temperature/C
(a)

hsp90FIRT Tk R

Relative gene expression of hsp90
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[ w > (S
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[
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> 0

b b b
= 1 0B
|

M
0 3 6 12 24 48
Ff 8] Time/h
(b)

WAARIFEFRREFEE (P <0.05) A FEFRRZRABE (P >0.05), Different lowercase letters indicate significant

difference (P <0.05), while the same lowercase letter means no significant difference (P >0.05).
B5 RERE (a) M —RE (32 °C) RERE (b) BN KA T ARISIE hsp90 KE M FLE

Fig.5 Relative expression of hsp90 gene in intestinal tract of sea cucumber A. japonicus at

different temperature (a) and the same temperature (32 °C) and under different time (b) stress conditions

2.2.5  Fg AU FRAE 5 R S AR AE R E T
PR e B L R i Rk AR Ak

HI1& 6 FiF/R,7E 28 CHy s PEA R, N 45
PRI AR o B 1 ik R 9 35 4 22 300 3 o R AR 1)
LS N BT AR, R
FI3L B hsplO  hsp60 F hsp90 [ mRNA ik & 7E

JiE v S B AR L A A O, N SR e R
JEPI) mRNA ki 725 NI ] GRS 4
TEMMME 3 b e N AL AR vg 8 2 Y A 2 ik 3]
WAL, B 7 IF [ SE A< T 32 25 WA, T S 2 3 [
W 3 B IR AT G T N 41
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ANENG AR [ — TR N AN ) Aok FHLS (8] PR 5 2 P R PR A AR X e ik it 22 S B3 (P < 0. 05 ), AN R 5 B3 75 AT ) Ak B (1]

N2 S AR TR D A ek i 22 5 3 (P <0.05) .

Different lowercase letters indicated that the relative expression level of heat shock protein gene in the same population was significantly
different at different treatment times (P <0.05), and different capital letters indicated that the relative expression level of heat shock protein
gene in the same group was significantly different between the N group and the S group at the same treatment time (P <0.05).

B 6 28 CT{ARISEER hspl0 (a) Jhsp60 (b) hsp70 (c)F0 hsp90 (d) EEHEIFRIEE
Fig. 6 Relative expression of hspl10 (a), hsp60 (b), hsp70 (c) and hsp90 (d)genes

in intestinal tract of A. japonicus at 28 °C

2.3 BEMETHRSEZREESENE
2.3.1 A AYEALEF(SOD)

Hi [l 7 WAL, £ 5 2R BE SOD BTG 7 32 i B2
(RN B35 (P <0.05) 76 N 41/ S 44 Bt
ThEfE B3, 78 16 .20 28 F132 CHIFL T,
S ZH 1% SOD [l /1 ¥ 8 & T N 41, 1M 75 24 C
A 2% AN B3 (P >0.05), N 40:20 °C i}
SOD i Jy f sy, % w5 T 16 .28 1 32 “CHHY
SOD [if§i% /1. S 41:20 CH} SOD Ff§if 1 fe ey, H
B3 EFHAREA (P <0.05),
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2.3.2 dHEALANE(CAT)

| SR BE CAT B % 7142 AL LI 8, Bl 4 it
FER T, N LA S 4L CAT B 5 32 i A1 o
BRAE 28 CHb, A AL S 2105 il S 1A BE 1y
CAT i h B ZE s T N4 (P <0.05), N 4. [
HIE TS RIS URBE R CAT S 1 2 N %
HOEMNRIEA Z R 22 57 W2 (P <0.05), S4l:
TE 28 132 C i 25108 F B905 312 CAT il ig 77
ZRAEE(P>0.05),
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{5 & Temperature/C

AN INE BRI F) — RO P AS (R Ak B, B2 11 G 2 G ) 2
FEF (P <0.05) , RFAKE FELRFE —BET N AR S
USRS 125 5 2% (P <0.05)

Different lowercase letters indicate significant difference at
different temperatures in the same group (P < 0. 05), and
different capital letters indicate significant difference between
group N and S at the same temperature (P <0.05).

7 AREIREMME T A RIS 4E SOD Biif HEH
Fig.7 SOD activity of A. japonicus

at different temperature

20+ aA
bA
14 cB

dA
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6 " dB
4
2 "ol I
0 [
16 20 24 28 32
{5 Temperature/C

CAT/ (U/mg prot)

ARG T EER R 7] — AR P AR [ Ak B 0 5 1) 5 G ) 22
S (P <0.05) , AR KREFRFRIFE—IRET N 4170 S
USRS 1 22 5 3% (P <0.05)

Different lowercase letters indicate significant difference at
different temperatures in the same group (P < 0. 05), and
different capital letters indicate significant difference between
group N and S at the same temperature (P <0.05).

8 TFREIREHNE TR SHE CAT BE T
Fig.8 CAT activity of A. japonicus

at different temperature

2.3.3  RPLAELLRES(T-AOC)

H11E 9 fr7m , Bl IR EE A T, N 410 S 4475
TS BE 4 211 T-AOC i i% )y 5 FREtash, N
H.7E 16 CHF T-AOC B & e, HER & & T

20 .24 28 132 CREL (P <0.05) , i £ 24 .28
132 CREEHZ mEAT B 2R (P >0.05),
S4]:16 CF T-AOC i Jy i 2 v T H AR 4
(P<0.05),28 f132 CZH LB EMELER(P>
0.05), NZHF1S 47E16.24 F128 °CF iy T-AOC
figG ) BA R EMEZER (P <0.05), HER 24 C
4h,S 41 T-AOC BEE Ty #F e T N 4.

2.5 -
aB
2.0
- 1
S aA
2 1.5
o
=
s becAbA
> Lo bA
% bcB ”
= o A
0.5 cA ﬂ CAﬁ
16 20 24 28 32

{5 F Temperature/C

AN /INE BRI ) — A P A [ ALk 5 15 1) 6 s ) 2
S (P <0.05) , ARG FREFRIR W —IREE T N 417 S
YLPEMEE 1 225 3 (P <0.05) .

Different lowercase letters indicate significant difference at
different temperatures in the same group (P < 0. 05), and
different capital letters indicate significant difference between
group N and S at the same temperature (P <0.05).

B9 AREIREME TARISHE T-AOC EgiF HETL
Fig.9 T-AOC activity of A. japonicus

at different temperature

2.3.4  [RMEHERRNE(ACP)

H & 10 AT LU Bl A Il 0 s, N
S 411 ACP i1 77 1 52 N B a4, FLIRLEE X Py 4
PRI ZRRE ACP 1% J) 52 8 3 (P <0.05) , S
HAESAIREE T ACP JiiE S ¥ F N 41,S 41 A
N47E 16 CF ) ACP iffi& IS A BE (P>
0.05) , 7 AR E F WA HA BEEER(P<
0.05) ., NZ:7F 16 ~32 CARE T ACP BiG
JIA WEME2E R (P <0.05) ,16 CHf) ACP 5
T iF o S 41:7E 16 “CH120 CZ[H] ACP % /)
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Fig. 10 ACP activity of A. japonicus
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Fig. 11 AKRP activity of A. japonicus

at different temperature
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2.3.6  ViHEF(LSZ)
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Different lowercase letters indicate significant difference at
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different capital letters indicate significant difference between
group N and S at the same temperature (P <0.05).
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Fig.12 LSZ activity of A. japonicus

at different temperature
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Effects of high temperature stress on heat shock protein gene and immune
enzyme activity of Apostichopus japonicus moved southward

YANG Fuyuan"?, YANG Qiuhua®, XIAO Yiqun®, WANG Lili**, WU Jianshao’, ZHOU Chen®, LIN Qi"’
(1. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, China; 2. Key Laboratory of
Cultivation and High-value Utilization of Marine Organisms in Fujian Province, Fisheries Research Institute of Fujian, Xiamen

361021, Fujian, China; 3. Fisheries College of Jimei University, Xiamen 361023, Fujian, China)

Abstract; In order to explore the response characteristics of Apostichopus japonicus transplanted to the south
under high temperature stress, and to determine the expression changes of heat shock protein genes hsplO,
hsp60, hsp70 and hsp90 at different temperatures, we studied the activity changes of superoxide dismutase
(SOD), total antioxidant capacity ( T-AOC ), catalase ( CAT), acid phosphatase ( ACP), alkaline
phosphatase (AKP) and lysozyme (LSZ) at different temperature. The results showed that the expressions of
heat shock protein genes in the experimental group (20, 24, 28, 32 °C) were different from those in the
control group (16 °C ), especially in the high temperature groups of 28 and 32 “C. The expression of each
gene increased significantly. Hsp70 is more sensitive to heat stress than other genes. Under 28 °C stress, in
the comparison of intestinal tissues of southern population ( group S) and northern population ( group N) , the
expression of group N decreased gradually with the increase of time, while that of group S increased at first
and then decreased. Except for hsp70, the expression of other genes in group S was lower than that in group
N at each time point. The activities of SOD and LSZ in S and N groups increased at first and then decreased
with the increase of temperature, while the activities of T-AOC, CAT, ACP and AKP decreased with the
increase of temperature. Except that the activities of T-AOC and CAT in group S were lower than those in
group N at 28 °C, the activities of all enzymes in group S were higher than those in group N at other
temperature. The results showed that the A. japonicus population that moved south showed higher temperature
tolerance after a long period of annual culture in Fujian.

Key words: Apostichopus japonicus; high temperature stress; heat shock protein; immune enzyme activity
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