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Fig.1 Effects of temperature (a) and oxygen amount (b) on the survival rate of P. trituberculatus
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Tab.1 NMR data of the metabolites in crab anterior gills extracts

S'H( ) sBc
1 BCH, yCH,, y’CHs, 8CH; 1.98(m), 1'24(3‘)9’41(5‘5(“‘)’ 1.01(d), 38.9,27.2,17.7, 14.1
2 oCH, BCH,, yCH, 8CHj3, 8°CH; 371, 1.71(m3j916.(6d6)(m), 0.98(d), 62.4,42.7,27.0,24.7,23.8
3 oCH, BCH, yCH;, COOH 3.62(d), 2.27(m), 0.99(d), 1.04(d) 63.2,31.9,19.7,20.9
4 aCH, BCH;, COOH 4.13(q), 1.33(d) 71.2,23.1, 185.3
5 aCH, BCH, yCH; 3.60(d), 4.29(m), 1.33(d) 68.7, 63.3,23.0
6 oCH, pCH;, COOH 3.79(q), 1.49(d) 53.3,19.3, 178.7
7 CH;, COOH 1.92(s) 26.3, 184.3
8 aCH, BCH,, yCH,, S-CH; 3.86(dd), 2.17(m), 2.65(t), 2.14(s) 56.8,32.7,31.5, 16.9
9 BCH,, yCH,, 3COOH 2.02(m), 2.08(m), 2.36(dt) 57.8,29.8, 36.5, 184.3
10 CH, 2.41(s) 37.1
11 aCH, BCH,, yCH, 3.77(t), 2.14 (m), 2.46(m) 29.7,33.8
12 CH, 2.79(s) 41.9
13 BCH,, yCH,, 8CH,, eCH, 1.91(m), 1.48(d), 1.73(m), 3.03(t) 29.5,42.2
14 N(CH;);, N-CH,, O-CH, 4.07(d), 3.53 (d), 3.21(s) 70.4, 56.7
15 eC, aCH, BCH,, yCH,, 6CH, 3.78(t), 1.92(m), 1.70(m), 3.25(t) 160.0, 57.3, 31.6, 28.6, 43.4




(Portunus trituberculatus)

1201

O'H( ) o°cC
16 CH,, CH,, COO™ 3.27(s), 3.91(s) 56.2,69.1, 172.1
17 CH,S0O;, CH,NH, 3.27(1), 3.43(1) 50.7, 38.5
18 oCH,, COOH 3.57(s) 44.6,175.4
19 8CH,, yCH,, BCH,, aCH, COOH 3.35,3.43,2.01,2.07,2.35,4.15(dd)  48.9,26.4,31.3,63.8,177.3
20 B- CH, C;H, C;H 4.67(d), 3.25(dd), 3.48(m) 98.9,77.2,78.9
21 a- C\H, C,H, C;H 5.24(d), 3.54(dd), 3.72(m) 95.1,74.9, 75.6
22 C.H, C;H, CsH 3.64, 5.42(d), 3.59(d) 79.6, 102.6, 75.7
23 CH, COOH 6.53(s) 138.2,178.0
24 oCH, BCHZ., RingC,¢H, RingC; sH, 3.95(dd), 3.20(dd), 3.06(dd), 7.20(d), 59.4, 38.5, 133.6, 118.8, 157.5,
RingC,, COOH 6.90(d) 177.1
25 BCH,, Ring CMH_, Ring C;sH, Ring Ci, 3.13(dd), 3.29(dd), 7.33(q), 7.43(t), 39.3,132.6, 132.4, 131.3,
Ring C, 7.38(m) 137.9
2% 3. >, C5H, C4H, CsH, CeH, CoH 8.72(dd), 7.98(21.)3,88(.55)5(td), 8.04(dd), 154.7, 1;‘53432,1282’ 149.3,
27 C,H, C;, C,H 7.75(d), 7.04(d) 141.1, 136.1, 122.6
28 CiH, C;H, C; 7.88(d), 7.10(d) 139.1, 120.1, 134.1
2 Ring C:H, Ring Cs, Ring C4H, Ring CsH, ~ 7.34(s), 7.55(d), 7.28(m), 7.20 (m), ~ 128.3,110.0, 115.1, 125.1,
Ring C¢H, Ring C;H, Ring Cs, Ring Co 7.74(d) 122.3,121.6, 129.5, 139.5
30 C,H, CeH 8.21(s), 8.19(s) 144.6, 144.8
:
1 C,H, Ca, CsH. CH, C3H, CoH. CsH, C.H 8.24(s), 85;3(35;,(21)154(((1))2,(411117)8 4.51(m), 142.6, 1753137, 81;‘?106?929 77.4,
33 C,H, Ca, CsH. CyH, C5H, CoH. CsH, C.H 8.26(s), 86;(35%,(31)1’42(((1))2,(137, 4.51(m), 155.5, 17531..57’, é;l%%g%@ 77.3,
34 AL €y, CoH, CoH, CoH 9.13(s), 8.84(?‘)‘,4525(m), 8.85(m), 148.2, 113255’1;117..23, 130.3,
35 CH; 3.37(s) 52.0
36 oCH resonances 3.25~4.00
37 CH, C;H, C;H 5.2(d), 3.67, 3.86 96.1
38 C,H, CsH, Cy, C, 7.54(d), 5.81(d) 144.6,103.4,170.2, 156.1
39 -O- aCH,, BCH,, N-CH; 4.33,3.68, 3.14(s) 68.9, 55.7
s s d. St 5 Q- ;m. ; dd. ; dt. s td.
OPLS-DA OPLS-DA , ,
0h : 24 h 2- ( 4d);
0h  ( 5a)
( 4a); 24 h , 108 h
( ) 0h ;
36 h , Oh
-0-
( 4b); 36 h 2- ( 5b)
( ) 48h 2
0 h ,
> >
(  4c%); ( 6) 54 h
0h 2 729.07%, R 54 h
( ) 54h , 108 h 244.42%

0h ,
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Fig.4 Plots of the OPLS-DA scores (a~d) and corresponding color-coded correlation coefficient loadings
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Tab.2 OPLS-DA correlation coefficients for significantly altered metabolites in aqueous extracts of the anterior gills of P. trituberculatus kept

in the air or supplemented oxygen

1

(r)
C24/Co Cs6/Co Cus/Co Cs4/Co 024/Co 036/Co 045/Co 054/Cy 0105/Co
— 0.70 — 0.89 — — — — 0.69
0.78 0.82 0.84 0.80 — — — — 0.75
— — — ~0.92 — — — — —
— — — — — — — — 0.85
— — — — — — — — 0.73
0.82 0.79 0.72 ~0.68 — — 0.81 — 0.77
0.76 0.72 0.72 — — — — — 0.76
0.66 0.67 0.70 — — 0.70 — 0.66 —
— — 0.67 — — — 0.71 — 0.69
2- — — — -0.70 — — — — 0.64
— 0.81 — — — — — — 0.79
0.71 — 0.69 — — — 0.68 — —
— — — 0.77 — — — — —
— — — — — — — 0.71 0.79
— 0.71 0.64 — — — — — —
— — — — 0.73 — — — 0.74
-0- — — — — — — — — 0.84
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THE OPTIMAL TEMPERATURE AND SUPPLEMENTED OXYGEN AMOUNT FOR
LIVE PORTUNUS TRITUBERCULATUS AND THE METABOLIC RESPONSE OF ITS
ANTERIOR GILL

ZENG Ting-Lan', CHEN Yan', MU Chang-Kao"? ~WANG Chun-Lin"? SHI Ce"? YE Yang-Fang'

(1. School of Marine Sciences, Ningbo University, Ningbo 315832, China; 2. Key Laboratory of Applied Marine Biotechnology, Ningbo
University, Chinese Ministry of Education, Ningbo 315832, China)

Abstract To extend the post-capture survival time of swimming crab Portunus trituberculatus, the temperature and
oxygen amount to keep swimming crab alive in a transport bag were optimized. The metabolic changes of anterior gills of
the crabs kept in transport bag with or without oxygen supply were investigated using a nuclear magnetic resonance
(NMR)-based metabolomics technique. Results showed that the highest survival rate of the crab occurred in 12 °C, under
which 80% of them could survive up to 3.5 days. The survival rate of swimming crab increased with the supplemented
oxygen amount; 3.6 L oxygen was enough to keep an adult swimming crab alive for more than three days. Therefore, the
optimal conditions to keep a swimming crab alive are 12 °C and 3.6 L oxygen supply, respectively. Moreover, metabolites
such as lactate, alanine, and glucose were rapidly accumulated in the anterior gill of the crab exposed to air. However,
oxygen could inhibit the changes of these metabolites, indicating that oxygen can extend the survival time of swimming
crab by mitigating the oxygen deficit and osmotic imbalance in the anterior gill. This study provides a potential method and
theoretical reference for keeping swimming crab alive during shipping.

Key words Portunus trituberculatus; keeping alive; oxygen; nuclear magnetic resonance; metabolomics



