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Changes of fatty acid composition in muscle and muscle cell
membrane of Scylla serrata under low temperature adaptation

KONG Xiang-hui' > WANG Gui-zhong' LI Shao-jing'
1. College of Oceanography and Environmental Science ~ Xiamen University ~Xiamen 361005 China
2. College of Life Science Henan Normal University Xinxiang 453007 China

Abstract Mud crab Scylla serrata  is an important commercial crustacean living in estuarine waters. Studies on fatty acids
composition changes in muscle and cell membrane of S. serrata under low temperature adaptation play an important role in
understanding physiological adaptation at low temperature. In this study S. serrata were forced to experience 3-week adaptation at
different low temperatures. Biochemistry methods were used to determine the content of various fatty acids in muscle as well as cell
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membrane. For muscle compared with 27 C  C16 0 decreased gradually with the decrease of temperature and decreased
significantly at 5 C P <0.05  while CI8 0 increased significantly at 5 C P <0.05 C20 5 increased gradually with the
decrease of temperature and was significantly higher at 5 C and 10 C P <0.05 . > Cl16 decreased gradually with the decrease of
temperature and decreased significantly at 5 C P < 0.01 > C20 increased gradually with the decrease of temperature and
increased significantly at 5 C and 10 C P <0.05 . EPA + DHA increased gradually with the increase of temperature and increased
significantly at 5 C and 10 C P <0.05 while EPA/DHA increased significantly only at 5 C P <0.01 . For cell membrane of
muscle compared with 27 C C18 2 increased significantly under low temperature adaptation P <0.01 P <0.05 and decreased
gradually with the decrease of temperature. C18 1 decreased at low temperature and decreased significantly at 5 C P <0.05 .
C18 0 decreased significantly under low temperature adaptation P <0.01  C20 5 increased under low temperature adaptation and
increased significantly only at 15 C P <0.05 . C22 6 decreased at low temperature and decreased significantly at 5 C and 10 C
P<0.05 . C20 1 C20 4 and C20 3 increased under low temperature adaptation and significantly increased at 5 C P < 0.01 or
P<0.05 . X CI8 decreased at low temperature while > C20 increased significantly at 5 C P < 0.01 . However > C22
decreased at low temperature and only decreased significantly at 10 C P < 0.05 . Under low temperature adaptation > SFA
decreased significantly P <0.05 P<0.01  while > UFA increased significantly P <0.05 P <0.01 thus > SFA/> UFA
decreased significantly P < 0.05 P < 0.01 . Increase of > UFA was due to increase of > PUFA-w6. EPA + DHA had no
significant change P >0.05 but EPA/DHA increased significantly only at 5 °C P <0.05 . In conclusion changes of fatty acid
composition in muscle and muscle cell membrane of S. serrata are dynamic during low temperature adaptation in which desaturation
lengthening and transformation happened continuously in short chain fatty acids. Compared with muscle tissue fatty acids changes in
cell membrane are much more and its saturated index decreased significantly at low temperature. Changes of fatty acids in cell
membrane indicated that cell membrane played an important role in maintaining the physiological homostasis under low temperature
condition.
Key words Scylla serrata muscle cell membrane fatty acids low temperature adaptation
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Tab.1 The size of juvenile crabs of S. serrata for low temperature adaptation
A 5T B 10 C C 15 C D 27 C
cm carapace width 3.06+£0.27 2.83+0.24 2.95+0.24 2.86+0.18
cm  carapace length 2.16+0.21 2.09+0.18 2.13+0.18 2.08+0.17

g body weight 5.04+1.18 4.60+1.13 4.69+1.07 4.53+0.49




605

1.2
2 L
12L:12D
24 h 25
3d 1
1 12
h 1T
5x1.5 10 =
1.5 15+1.5 C 27
+2.5 C
1.3
Fluka Cl4 0 myristic

acid Cl16 lw7 palmitoleic acid C16 0 palmitic
acid Cl8 2wb6 Cl8 1w9 oleic
acid Cl18 3w3 Cl18 0
acid Cl9 0 C20 4wb6
arachidonic acid ArA C20 5w3 eicosapentaenoic
acid EPA C20 109 eicosenoic acid C20 3w3
eicosatrienoic acid C20 O arachidic acid C22
6w3 docosahexaenoic acid DHA C22 1w9 erucic
acid C22 0 behenic acid
acid C24 0 lignoceric acid C26 0 cerotic acid
C19 0 s

linoleic acid
linolenic acid stearic

nonadecanoic acid

C24 1w9 nervonic

3
0.9%
60 C 16 ~20 h
12
60 C 12 h
-20 C
10 mL Cl90 0.15¢
L™ 0.4 mL
5 mg
1 mot L' 8.7mL HCl+ CH;OH—~
100 mL. 2 mL 5 min
100 C 40 min 4 mL

1.5
mL -20 C
SP-3420
FID SE-54
30 mx 0.22 mm
0.42
MPa 30
30 300 mL+ min~!
FID 300 C 1:16.5
0.5 L
SP-3420
4
1 100 C 50 C min~!
100C 120TC 2 30 C min~!
120 C 210 C 210 C 5
min 3 3 C min~! 210 T 250
T 250 C 10 min 4 5 C min~!
250 C 280 C 280 C
12 min 49 .7 min
1
Cl19 0
1.4
EXCEL2000
One-Way ANOVA t
Student ¢
2
2.1
2 Cl6e 0 Cl6 1
Cl80Cl181Cl82 C204 C205C226 Cl6 0
5T 27 C
P<0.05 Cl18 0 5T 27 C
P<0.05 C20 5 5T



606 30

10 C 27 C P<0.05 Cl6 1 P>0.05
Cl181Cl182C204 C(C226 >ISFA > UFA > SFA/> UFA > MUFA >
P>0.05 PUFA-w3 > PUFA-w6 w6/ w3
>.Cl16 5T 27 C P>0.05
27 C  P<0.01 >C20 EPA + DHA 5C 10T
5C 10T 21 C P<0.05 27 C  P<0.05 EPA/DHA 5
>)C18 >, C22 27 C T 27 C P<0.01
]
- =
_ % 3
= “n
- ~y o
E 2 Y
= = bl B o
E ; -]
g Tz 3e
o T
= 500
§

1
Fig.1 Chromatography of fatty acid standards
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Tab.2 Changes of the fatty acid composition in muscle of S. serrata under low temperature adaptation
relative proportion % M==SD n=3
. adaptation temperature 27 C
fatty acid
5C 10 C 15 C
Cl4 0 1.71+£0.67 0.65+0.24 1.21+0.70 0.72x0.30
Cl6 107 8.03+£1.15 7.95+1.70 7.01+£0.89 6.99+1.02
Cl6 0 11.22+1.91" 18.26 £1.85 20.13£2.00 21.78+2.86
C18 2w6 2.08+0.87 2.40£0.55 2.22+0.38 2.70x0.81
Cl18 1w9 20.57+2.70 21.98+2.28 25.60£2.52 25.95+3.44
C18 3w3 1.60+0.71 1.21+0.61 1.99+0.46 1.32+0.56
Cl8 0 18.49+2.00" 11.90 £2.60 10.09+0.87 10.95+2.20
C20 4w6 6.61+0.71 5.51+0.43 4.16 £0.57 4.51x1.19
C20 5w3 16.04+3.00" 14.01+£1.78" 12.69+2.49 8.85+1.30
C20 1w9 1.35+0.69 1.61+0.59 1.24+0.55 1.37+0.63
C20 3w3 1.07+£0.64 2.18x0.73 0.40+0.21" 2.10x£0.69
C20 0 0.00+£0.00 1.70£0.64 2.82+0.74 2.52+0.70
C22 6w3 8.69+1.12 8.56+1.32 7.63+1.41 7.68+1.41
C22 lw3 - - - 0.79+0.34
C22 0 1.75+£0.67 tr 0.37+£0.10 tr
C24 1 tr tr 0.55+£0.10 0.68+0.38
C24 0 - - - -
C26 0 0.79+0.34 2.08+£0.89 1.89+0.59 1.08+0.51
> Cl4 1.71+0.67 0.65+0.24 1.21+0.70 0.72+£0.30
> Cl6 19.25+1.98" 26.21+3.55 27.14+£2.89 28.77+1.85
>C18 42.74+1.90 37.49+3.84 39.90x1.84 40.93 £4.25
> C20 25.07+2.55" 25.01+0.66" 21.30+£1.83 19.35+3.24
>C22 10.44+£0.75 8.56+1.32 8.00+1.51 8.47+1.71
> C24 tr r 0.55+0.10 0.68+0.38
> C26 0.79+0.34 2.08+0.89 1.89+0.59 1.08+0.51
>)SFA 33.95+£4.06 34.60+0.98 36.51 £3.97 37.05+£3.69
>'MUFA 29.95+1.70 31.54+£0.39 34.40+1.86 35.78+2.30
> PUFA-w6 8.69+0.46 7.91+£0.91 6.38+0.48 7.21x1.98
> PUFA-w3 27.40+2.83 25.95+£2.00 22.71+£3.27 19.95+3.92
> UFA 66.05+4.05 65.40+£0.98 63.49+3.96 62.95+3.69
>ISFA/ > UFA 0.52+0.09 0.53+0.02 0.58+0.10 0.59+0.09
w6/ w3 0.32+0.04 0.31+0.06 0.28+0.03 0.36+0.03
EPA + DHA 24.73+4.11" 22.57+2.99" 20.32+£3.90 16.53 £2.68
EPA/DHA 1.84+£0.12" " 1.64+0.13 1.66+£0.06 1.16£0.06
Cn, nywn n ny w ny 1 . >Cn
n > SFA >MUFA > PUFA >
UFA “o ‘o 0.1% 27 C “ox o
P<0.01 “ x” P<0.05

Notes in Cn; npwn; n; represents the number of carbon atom ny represents the number of alkene bond « represents the position of alkene
bond n represents the position of the first alkene bone from methyl carbon. > Cn represents the sum of fatty acids comprised n carbon atoms > SFA
represents the sum of the saturated fatty acids > MUFA represents the sum of the mon-unsaturated fatty acids >, PUFA represents the sum of poly-
unsaturated fatty acids > UFA represents the sum of the unsaturated fatty acids * —" represents no detection’ tr " represents trace <0.1%

Compared with 27 C group “ * *” represents the highly significant difference P <0.01 * " represents the significant difference P <0.05
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Tab.3 Changes of fatty acid composition in muscle cell membrane of
S. serrata under low temperature adaptation relative proportion % M==SD n=3
. adaptation temperature 27 C
fatty acid
5C 10 C 15 C
Cl4 0 1.09+£0.59 1.26+£0.67 1.17+0.59 2.20x0.79
Cl6 107 2.78+0.80 2.59+£0.85 2.59+£0.75 2.68+0.68
Cl6 0 12.83+1.48 14.19+£0.91 14.18 £ 1.60 11.09+1.71
C18 2w6 8.69+1.30" 9.83+1.53" 10.58+0.56" " 5.99+£0.95
Cl18 1w9 13.40+1.89" 16.64+1.94 16.33+0.76 17.82+1.15
C18 3w3 5.58+0.94 7.77+£1.09 6.80+0.90 7.44x1.21
Cl8 0 12.08+1.53" " 12.50+2.00" " 11.91+£2.05" " 20.54+£1.70
C20 4w6 4.23+0.68" 3.20£0.91 3.16+x1.21 2.56+0.59
C20 5w3 14.49+1.37 15.48+2.09 17.28+1.52" 13.88+1.21
C20 1w9 3.78+0.79" 2.64+0.59 2.20+0.74 2.06+0.67
C20 3w3 6.71+£1.18" " 3.33+£1.06" 1.58+0.56 1.27+£0.66
C20 0 3.82+0.85 2.59+1.00 2.92+0.76 3.20+£0.84
C22 6w3 4.37+1.37" 5.08+1.01" 7.63+1.10 8.12+0.95
C22 lw3 2.03+0.94" 0.29+0.11 0.12+0.08 0.17+0.13
C22 0 1.43+£0.56 0.57+£0.26 1.24+0.49 0.98+0.25
C24 1 - - 0.21+0.09 tr
C24 0 2.68+0.71 2.03+0.86 0.13+0.09 -
C26 0 - - - -
> Cl4 1.09+£0.59 1.26+0.67 1.17+0.59 2.20x0.79
> Cl6 15.61 £1.62 16.78 £0.24 16.76 £1.02 13.77+£2.37
>C18 39.75+3.06" " 46.74 £4.32 45.61 +2.44" 51.79+2.50
> C20 33.03+1.27"" 27.25x1.79 27.13x1.02 22.97+£2.75
>C22 7.83+0.27 5.94+1.37" 8.99+1.65 9.27+1.32
> C24 2.68+0.71 2.03+0.86 0.34+0.18 0.00+0.00
> C26 - - - -
>)SFA 33.94+1.57" 33.15+0.62" " 31.54+1.70" " 38.02+x1.54
>MUFA 21.99+£0.65 22.16+0.48 21.44+£0.88 22.72+1.03
> PUFA-w6 12.92+0.76" 13.03+0.95" 13.74£1.75" 8.55+1.52
> PUFA-w3 31.15+£2.52 31.66+1.60 33.28+0.92 30.71+£3.96
>JUFA 66.06+1.57" 66.85+0.62" " 68.46+1.70" " 61.98+1.53
>ISFA/ > UFA 0.51+£0.04" 0.50+0.01" " 0.46x0.04" " 0.61+0.04
w6/ w3 0.42+0.05 0.41+0.05 0.41+0.05 0.29+0.08
EPA + DHA 18.85+2.73 20.56+1.23 24.91+£0.93 22.00x2.16
EPA/DHA 3.47+0.777 3.18x1.00 2.31+0.53 1.71+0.05
2
Notes the meaning of the symbols in this table is the same as the table 2
21C  P<0.05
3
3.1
Cl6 0
5T 271 C P<0.05 Cl6 0
Cl6 0 10 C
Cl18 0 5T 27 C P< 5C
0.05 C20 5 5C 10T
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