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Fig. 1 SOD activity of sea cucumber at different temperatures

Different lowercase letters indicate significant difference at dif-

ferent temperatures in the same group (P<0.05), and different

capital letters indicate significant difference between group C and

F3 at the same temperature (P<0.05). C: wild population; F3: F3
of breeding population.
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Fig. 2 CAT activity of sea cucumber at different temperatures
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
C and F3 at the same temperature(P<0.05). C: wild population;

F3: F; of breeding population.
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Fig.3 T-AOC activity of sea cucumber at different temperatures

Different lowercase letters indicate significant difference at dif-

ferent temperatures in the same group (P<0.05), and different

capital letters indicate significant difference between group

C and F3 at the same temperature (P<0.05). C: wild population;
F3: F5 of breeding population.
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Fig. 5 AKP activity of sea cucumber at different temperatures

Different lowercase letters indicate significant difference at

different temperatures in the same group (P<0.05), and differ-

ent capital letters indicate significant difference between group

C and F3 at the same temperature (P<0.05). C: wild population;
F3: F; of breeding population.
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Fig. 6 LSZ activity of sea cucumber at different temperatures
Different lowercase letters indicate significant difference at
different temperatures in the same group (P<0.05), and differ-
ent capital letters indicate significant difference between group
C and F3 at the same temperature (P<0.05). C: wild population;

F3: F5 of breeding population.

31



348 23
, 231 AcP
(O, -OH H;O, ) AKP
( SOD CAT ) (=13 ,
[24]
, SOD  CAT ,
(1131 (T-AOC) :
[25]
, ACP  AKP
[16-17] [13]
[26]
[18-19]
(16°C 26°C), SOD CAT ACP  AKP ,
, 26°C [201
2 , : , ACP
Cu/Zn-SOD 25~33C ,
, CAT AKP 25~31°C ,
CAT , ,
, SOD [22]
. 25~33C ,
SOD 3.3
, 32°C  SOD
, 27°C  SOD , (LSZ)
SOD ,
CAT T-AOC , (27,
[13] (Scaphiopus ,
couchii)[zz] , ,
[28-29]
, LSZ , [25]
, , (6-10 ), LSZ
301, LSZ
; ( 32°0),
3.2 , LSz
wang P 32°C 6~12 h
(ACP) LSZ

(AKP), ,



349

33C
LSZ

2%

(1]

(2]

(3]

(4]

(3]

(6]

(7]

(8]

> , LSZ

LSZ , 25~

>
LR -
Chen J X. Present status and prospects of sea cucumber in-
dustry in China[J]. FAO Fisheries Technical Paper, 2004, 26:
25-38.
Yuan X T, Yang H S, Chen M Y, et al. Research advances in
aestivation of sea cucumber Apostichopus japonicus (Se-
lenka): a review[J]. Marine Sciences, 2007, 31(8): 88-90.
[ , , . U1
,2007, 31 (8): 88-90.]
Gao F, Yang H S, Xu Q, et al. Effect of water temperature on
digestive enzyme activity and gut mass in sea cucumber
Apostichopus japonicus (Selenka), with special reference to
aestivation[J]. Chin J Oceanol Limnol, 2009, 27(4): 714—
722.
He L, YuH, Yuan L C, et al. Advances in molecular ecology
of biological temperature adaption[J]. Subtropical Agricul-
ture Research, 2014, 10(3): 205-211. [ s S s
[J1.
,2014, 10(3): 205-211.]
Chen Y F, Wang Z X, Wang C X, et al. Preliminary study on
isolation, identification and ethanol fermentation of thermo-
tolerant yeast[J]. Microbiology China, 2003, 30: 24-27. [
[J]1. , 2003, 30: 24-27.]
Li F, Yan X H, Liu C J,

high-temperature tolerant strain of Porphyra haitanensis and

et al. Selection of a
its cultivation in sea area[J]. Journal of Shanghai Ocean
University, 2010, 19(4): 457-462. [ s s s
[J1.

, 2010, 19(4): 457-462.]
Liu B S, Zhang T S, Kong J, et al. Estimation of genetic
parameters for growth and upper thermal tolerance traits in
turbot Scophthalmus maximus[J]. Journal of Fisheries of
China, 2011, 35(11): 1601-1606. [ , , ,

[J1.

, 2011, 35(11): 1601-1606.]

Ma A J, Huang Z H, Wang X A, et al. The selective breeding

(9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

of thermal tolerance family and appraisal of performance in
turbot Scophthalmus maximus[J]. Oceanologia et Limnologia
Sinica, 2012, 43(4): 797-804. [ , ,
(Scophthalmus maximus)
. ,2012,43(4): 797-804.]
Xu D X, Sun L N, Liu S L, et al. Polymorphisms of heat
shock protein 90 (Hsp90) in the sea cucumber Apostichopus

>

Jjaponicus and their association with heat-resistance[J]. Fish

Shellfish Immunol, 2014, 41(2): 428-436.
Zhao H, Liu S L, Yang H S, et al. The study on thermo tol-
erance of juvenile offspring Apostichopus japoniucs (Selenka)
with directive breeding[J]. Marine Sciences, 2014, 38(9):
1-6. [ , , ,

1. ,2014, 38(9): 1-6.]
Hermes-Lima M, Storey J M, Storey K B. Antioxidant de-
fenses and metabolic depression. The hypothesis of prepara-
tion for oxidative stress in land snails[J]. Comp Biochem
Physiol B-Biochem Mol Biol, 1998, 120(3): 437—448.
Sies H. Oxidative stress: oxidants and antioxidants[J]. Exp
Physiol, 1997, 82 (2): 291-295.
Tian X L, He R P, Qian Y, et al. Effects of desiccation on

non-specific immune indices in sea cucumber Apostichopus

Jjaponicus under different temperatures[J]. Hebei Fisheries,

2014(7): 21-26, 35. [ , , ,
[J1. , 2014(7):

21-26, 35.]
Kong X H, Wang G Z, Al C X, et al. Comparative study on
total antioxidative capability and SOD activity in different
organs and tissues of mud crab Scylla serrata[J]. Journal of
Oceanography in Taiwan Strait, 2003, 22(4): 469-474. [

SOD 3.
22(4): 469-474.]
Zhao B L. Oxygen Free Radicals and Natural Antioxi-
dants[M]. Beijing: Science Press, 1999. [

[M]. , 1999.]

de Oliveira U O, da Rosa Aratijo A S, Bello-Klein A, et al.

, 2003,

Effects of environmental anoxia and different periods of re-
oxygenation on oxidative balance in gills of the estuarine
crab Chasmagnathus granulata[J]. Comp Biochem Physiol
Part B: Biochem Mol Biol, 2005, 140(1): 51-57.
Zenteno-Savin T, Saldierna R, Ahuejote-Sandoval M. Su-
peroxide radical production in response to environmental
hypoxia in cultured shrimp[J]. Comp Biochem Physiol Part
C: Toxicol Pharmacol, 2006, 142(3): 301-308.

Li J Y. The immunological characters and pathogenic study

of cultured Apostichopus japonicus[D]. Qingdao: Ocean



350

23

[19]

[20]

[21]

[22]

(23]

[24]

[25]

University of China, 2007. [
[D]. : ,2007.]
Nie Z L, Li X, Xin T. Histological and histochemical ex-
amination of body wall of sea cucumber Apostichopus ja-
ponicus[J]. Journal of Dalian Fisheries University, 2007, 22(3):
184-187. [ s , .
[J1. ,2007,22(3): 184-187.]
Ji TT, Dong Y W, Dong S L. Growth and physiological
responses in the sea cucumber, Apostichopus japonicus Se-
lenka: Aestivation and temperature[J]. Aquaculture, 2008,
283(1-4): 180-187.
Wang T M, Yang H S, Su L. Transcriptional regulation of
antioxidant enzymes in respiratory tree of sea cucumber
Apostichopus japonicus (Selenka) during aestivation[J].
Journal of Fisheries of China, 2011, 35 (8): 1172-1181. [
RIB ,2011,35(8): 1172-1181.]
Grundy J E, Storey K B. Antioxidant defenses and lipid
peroxidation damage in estivating toads, Scaphiopus
couchii[J]]. J Comp Physiol B-Biochem System Environ
Physiol, 1998, 168(2): 132-142.
Bull H, Murray P G, Thomas D, et al. Acid phosphatases[J].
Mol Pathol, 2002, 55(2): 65-72.
Zhang R Q, Chen Q X, Zheng W Z, et al. Inhibition kinetics
of green crab Scylla serrata alkaline phosphatase activity by
dithiothreitol or 2-mercaptoethanol[J]. Int J Biochem Cell
Biol, 2000, 32(8): 865-872.
Liu Y, Kong W L, Jiang G L, et al. Effects of two kinds of

[26]

[27]

(28]

[29]

[30]

(31]

immunopolysaccharide in the activities of immunoenzymes
in sea cucumber, Apostichopus japonicus[J]. Journal of
Fishery Sciences of China, 2008, 15(5): 787-793. [ s
, , .2
1. , 2008, 15(5): 787-793.]
DuR B, Zang Y Q, Tian X L, et al. Growth, metabolism and

physiological response of the sea cucumber, Apostichopus

Jjaponicus Selenka during periods of inactivity[J]. J Ocean

Univ, 2013, 12(1): 146-154.

Johanson P T. The coelomic elements of sea urchins
(Strongy locentrotus) Ill. In vitro reaction to bacteria[J]. J
Invertebr Pathol, 1969, 13(1): 42-62.

Cheng C F, Ji G L. Bacteriolytic substances in serum, skin
and intestine mucus of grass carp[J]. Journal of Huazhong
Agricultural University, 1992, 11(3): 276-279. [ s

3. , 1992, 11(3): 276-279.]

Langston A L, Hoare R, Stefansson M, et al. The effect of
temperature on non-specific defence parameters of three
strains of juvenile Atlantic halibut (Hippoglossus hippoglos-
sus L.)[J]. Fish Shellfish Immunol, 2002, 12(1): 61-76.
Wang F Y, Yang H S, Gabr H R, et al. Immune condition
of Apostichopus japonicus during aestivation[J]. Aquacul-
ture, 2008, 285: 238-243.
Wang F Y, Yang H S, Gao F, et al. Effects of acute tem-
perature or salinity stress on the immune response in sea cu-
cumber, Apostichopus japonicus[J]. Comp Biochem Physiol
A-Mol Integr Physiol, 2008, 151(4): 491-498.



2 : 351

Effects of high-temperature stress on several immune enzyme activi-
ties of Apostichopus japonicus thermotolerant and normal species
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Abstract: Temperature has a significant effect on the growth, reproduction, distribution and abundance of sea cu-
cumbers (Apostichopus japonicus). The suitable temperature range for this species is 5-20°C, and the optimum
growth range is 10-16C, which fluctuates depending on size. When the water temperature exceeds the optimal
range, A. japonicus stops feeding and goes into aestivation. In recent years, as global warming has intensified,
slow growth, malformation and high mortality of marine animals have been observed frequently because of high
temperatures. High seawater temperatures during summer 2013 resulted in significant economic losses in the 4.
Jjaponicus aquaculture industry in China. Therefore, breeding A. japonicus resistant to high temperatures is re-
quired urgently. In this study, we used 1-year-old juveniles (13.6 g+1.8 g) from a directed breeding population (F3
group) and a wild population (C group) as the experimental animals. High temperatures as in ponds in summer were
imitated (25°C, 27°C, 29°C, 31°C, 32°C and 33°C, increasing by 0.5°C every 12 h). The activities of superoxide
dismutase (SOD), catalase (CAT), acid phosphatase (ACP), alkaline phosphatase (AKP), lysozyme (LSZ) and total
antioxidant capacity (T-AOC) of 4. japonicus in F3 and C groups were determined and compared after 12 h ther-
mal stimulus at different temperatures. The results showed that temperature had a significant influence on the SOD,
CAT, ACP, AKP and LSZ activities, and T-AOC. The SOD activities ofthe F3 and C groups initially showed an
upward trend, but declined as the temperature increased from 25°C to 33°C. The activity of SOD in the F3 group
was significantly higher than in group C (P<0.05) at 31°C and 32°C.The CAT activity and T-AOC declined in both
groups as temperature increased from 25°C to 33°C. The CAT activity in the F3 group was higher than in group C
at every temperature level, and the difference was significant when the temperature was 27°C, 29°C, 31°C and 33°C
(P<0.05). The T-AOC in group F3 was significantly higher than in group C (P<0.05) at temperature ranges from 25°C
to 33°C. The ACP and AKP activities in both groups declined as temperature increased; the ACP activity in group
F3 was significantly higher than in group C (P<0.05), except at 31°C; and the AKP activity in group F3 was sig-
nificantly higher than in group C (P<0.05) when the temperature was 25°C, 27°C and 31°C. The LSZ activity
showed an initial upward trend and then declined as the temperature increased in both groups; the activity in the
F3 group was significantly higher than in group C at 27°C, 29°C and 31°C. The results indicated that the immune
capacity of thermotolerant A. japonicus to high-temperature stress has improved after three generations of directed
breeding. This study provides useful information for further research on selective breeding of A. japonicus. The
rate of global warming is increasing, and the average temperature of the earth’s surface is predicted to rise by
1.5-6.0°C by the end of the present century, according to the 2007 report by the Intergovernmental Panel on Cli-
mate Change (IPCC). Therefore, biological studies of organisms, including A. japonicus, under high-temperature
stress are urgently required.
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