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(Yao et al,
2014) , (Palaemon 1
elegans) (Hippocampus guttulatus) 1.1
(Heliocidaris erythrogramma) [ (41.2+5.3)mm,
(Aurélio er  (2.2+0.5)g] .
al, 2013; Madeira et al, 2016; Harianto et al, 2018), 18°C, pH 8.0 ,
(Brothers et al, , 10
2015) , , , (18.0+0.2)°C, pH 8.10+0.03;
, 2x2 , pH
(pH 8.1 pH 7.6) (20.0
23.0°C), 4 , pH
(Walther et al, 2010; Johnson et al, pH (Zhang et
2012; Little et al, 2013; Rivest et al, 2014; Pistevos et al, 2018),
al, 2015), (Intergovernmental Panel on Climate Change,
(Hendriks et al, 2010; IPCC) 2100 pH (IPCC,
Kroeker et al, 2010) , 2014) ,
(Tripneustes gratilla) 0.5°C , -CO,
(Brennand et al, 2010), pH ;
(Crassostrea gigas) 5, 14
(Parker et al, 2010) ,
) 20 ,
Ui , 5%
(Hurt et , PB-10  pH (Sartorius
al, 2013) , (Alpheus japonicus Miers) , ) pH,
; pH ; (DO)
; ) ; YSI® 85 ; ,
s 798 MPT Titrino
( ,2019) , (Metrohm , ) (TA)
, 14 pH TA CO,SYS
, , 1
x1 REHEMBEXEBKUESY
Tab.1 Relevant seawater chemical parameters during the exposure experiment
pH (°0) (umol/kg) PCOs(patm) DIC (umol/kg)
pH 8.1 +20°C 8.17+0.02 20.0 +£0.2 31.1+£0.3 2357.03 + 14.41 43321 £23.71 2125.67+7.14
pH 7.6 + 20°C 7.61 £0.03 20.0 +£0.2 31.2+0.2 2353.39 +25.14 1802.60 + 35.12 233533 +£7.27
pH 8.1 +23°C 8.16 £ 0.01 23.0+0.2 31.1+£0.3 2367.53 +15.82 454,12 £21.23 2120.28 +£ 6.62
pH 7.6 +23°C 7.60 + 0.02 23.0+0.2 31.3+04 2377.29 +25.21 1917.43 £ 19.11 2352.26 £5.31
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1.2
-80°C ,
, 6
1.3
) (D
(0.01mol/L K,HPO,, 0.01mol/L KH,PO,, 0.5mol/L KClI,
Immol/L EDTA-Na,) , 10% m/v
; 10000g, 4°C 15min 2)
: (Superoxide dismutase,
SOD) (CAT)
(Glutathione S-transferase, GST)
(GSH) (GSSQG)

(Lipid Peroxidation, LPO)

B

SOD CAT GST U/mg prot, GSH

GSSG mg/g prot , GSH/GSSG GSH
GSSG # ;LPO (MDA)
, nmol/mg prot;
BCA ,
, mg/L
14
[ (Pyruvate Kinase, PK)
(HK)] [ (Trypsin, Tryp)
(Alkaline Phosphatase, AKP)],
0.86% )
10% m/v ; 4°C  10000g
15min, ;
(PK) (HK) (Tryp)
(AKP) (PK) (HK)
(AKP) Ul/g prot,
(Tryp) U/mg prot,
1.5

(Glycogen, GLY) (Protein, PROT) ,

B

(0.1mol/L. Tris-HCI, 15% PVP, 153umol/L MgSO,

0.2% Triton X-100) , 10% m/v

; 4°C 10000g 15min,
: (GLY)
Dubois  (1956) - s
; (PROT)
, Biuret
PROT (Robinson et al, 1940) GLY
PROT mg/g FW( )
1.6
+ s
SPSS 22.0
, Tukey ,
P<0.05
, P<0.05
2
2.1
1 )
SOD ( 1la); ,
(pH 7.6 + 23.0°C) SOD
(pH 7.6) 14 ,
(23.0°C) CAT

1.12  (P<0.05, 1b), (pH

7.6) (pH 7.6 +23.0°C)
CAT GST ,

( lo) . (H
7.6) (23°C) (pH
7.6 +23°C) GSH GSH/GSSG

(P<0.05, 1d, le); ,
GSH

66.0%, GSH/GSSG 20.8%

, (23.0°C) (pH 7.6 +
23°C) LPO 47.2%
51.4%(P<0.05, 1f) ANOVA ,

CAT GSH
GSH/GSSG (2
2.2
2 14 ,
(pH 7.6) PK ,
(pH 7.6 + 23.0°C) PK
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(P<0.05)

Tab.2 Two-way ANOVA: Effects of seawater acidification and warming on physiological parameters of 4. japonicus

/

pH pH x

SoD F(1,20)=0 F (1, 20) = 11.995 F(1,20)=2.187
P=0.988 P=10.002 P=0.155

CAT F(1,16) = 7.785 F(1,16)=1.910 F(1,16) = 13.841
P=0.013 P=0.186 P =0.002

GST F(1,20)=2.773 F(1,20) = 0.245 F(1,20)=3.243
P=0.111 P=0.626 P =0.087

GSH F (1, 16) = 45.517 F(1,16) = 18.107 F (1, 16) = 20.948
P < 0.0001 P =0.001 P < 0.0001

F(1,12) = 62.912 F(1,12) = 35.693 F(1,12) = 21.846
GSH/GSSG P <0.0001 P < 0.0001 P =0.001

MDA F(1,17)=4.319 F(1,17) =13.110 F (1, 17) = 2.600
P =0.053 P=10.002 P=0.125

PK F(1,20)=3.246 F (1, 20) = 42.499 F(1,20) = 12.488
P=0.087 P <0.0001 P =10.002

HK F(1,16)=17.370 F(1,16) = 14.874 F(1,16)=2.991
P=10.015 P=10.001 P=0.103

T F(1,20)=3.681 F (1, 20) = 5.169 F(1,20)=1.966
R4y P =0.069 P=0.034 P=0.176

AKP F(1,16)=0.017 F (1,16) = 29.815 F(1,16) = 3.500
P=0.899 P < 0.0001 P =0.080

PROT F (1, 20) = 15.282 F (1, 20) = 37.496 F (1, 20) = 20.348
P =0.001 P < 0.0001 P < 0.0001

GLY F(1,24)=2311 F(1,24)=0.134 F(1,24)=1.683
P=0.141 P=0.717 P=0.207
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Fig.3 Digestive enzyme activities in A. japonicus exposed to increased seawater acidification and thermal stress
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’ al, 2019) , (pH 7.6)
’ SOD CAT ,
> (23.0°C) CAT , SOD CAT
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LPO )
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LPO GSH
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(Hassoun et al, 1996; Almazan et al,
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s SOD CAT GST GPx ,
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, (Benedetti et al, 2016),
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GST R GSH/GSSG LPO (Freitas et

(Matozzo et al, al, 2016)
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EFFECTS OF SEAWATER ACIDIFICATION AND THERMAL STERSS ON THE
ANTIOXIDANT RESPONSES AND ENERGY METABOLISM OF ALPHEUS JAPONICUS
MIERS

LI Xiao"*? QUYi"*? ZHANG Qian-Qian"?, ZHANG Tian-Yu"?*?, ~CAO Rui-Wen"?*?,
ZHAO Jian-Min"**

(1. Muping Coastal Environmental Research Station, Yantai Institute of Coastal Zone Research, Chinese Academy of Sciences, Yantai
264117, China; 2. Research and Development Center for Efficient Utilization of Coastal Bioresources, Yantai Institute of Coastal Zone
Research, Chinese Academy of Sciences, Yantai 264003, China; 3. University of Chinese Academy of Sciences, Beijing 100049, China,

4. Center for Ocean Mega-science, Chinese Academy of Sciences, Qingdao 266071, China)

Abstract As a consequence of global climate change in the last two centuries, ocean acidification resulted in warming
waters. In this study, we explored the physiological responses of snapping shrimp Alpheus japonicus Miers, an abundant
and broadly distributed species of marine crustacean, to modern (400ppm) and future ambient CO, (2000ppm) seawater
acidic levels at two temperatures (20, 23°C) in experiment. Results show that the elevated acidic and thermal stresses led to
oxidative stress, and acidic and thermal stresses had interactive effects on the catalase (CAT) activity, glutathione (GSH)
content and the ratio of glutathione (GSH) to oxidized glutathione (GSSG), GSH content and the GSH/GSSG ratio of the
shrimp were significantly inhibited by 66.0% and 20.8%, respectively, while the LPO level increased by 51.4% in contrast
to the control’s. Moreover, the HK activity was increased and PROT content reduced, showing disturbance in glycolysis
and energy reserves. In other words, the energy metabolism strategy adopted by A. japonicus would be not sustainable in
the long term. In addition, the short-term seawater acidification and elevated thermal stress in the experiment triggered
oxidative stress and disturbance in energy metabolism of A. japonicus. Therefore, global warming and ocean acidification
would affect the population replenishment of the species, as well as other ocean creatures in the future.

Key words Alpheus japonicus Miers; seawater acidification; thermal stress; antioxidant response; energy
metabolism



