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1.1 SEIg#st

5= i = 9w F B ( Portunus
trituberculatus ) W 7 7 ) W& 117 37, J A AH T %
( Sesarma dehaani ) F v 4 4§ #& & ( Eriocheir
sinensis) Y12k B 52 W], A% O Bk RURS HE3 | 0 B
4 RKE RIS L &, =R
FHE TC VAR T8 R b AR G T S R BT S )
R (117.49 £7.67) (30.42 £7.26) . (51. 46 =
8.41) g, fESLIEE RIS 10 d, = T8 Tt
AHT B h ARG B B X AL T Wi Se (B 4, =R+
T OV AR T BB SR KA R FE 43501y 22 ~ 24 F
5~ 10, hARGEERT IR TIROK T =R 7y
F2 TG I K A v, 5 At P b 8 2T 5% 7 9K A
(60 cm x40 cm x45 cm) H, 7K 30 cm, 546 L
TR IR B IR . B ARKIR 15 ~20 °C 24
h B4, BAROEIE, pH 7.0 ~8.5,NH, -N <
0.5 mg/L,NO, -N <0.15 mg/L,

W, B A oh Hh A SR B R TG 1A AR T 1 i
VYRt 0 ey Y QIR T et i a1

AR 55 ek =0 JE SRR A SN EE LX)

Jig K] 84 FF o 4L 22 fiff 7o) B AL S FH A=
FEERKHEAT W , b B RS %) T T S 1A
DAV I 5 45 R 520 , 9K I T T JRBEE K
KA =20 CUKFETRAT , BERRSE A E . =9
BRFBEAMEEKR, — RAVE R —AFA7; T A0
MR/ 10 G F 8 — AP AT 5 th AR g2 B S g
HEHR—APA7,3 RIS T 5 P47,

1.2 RWH%E

RMEMB LRI BRI,
BIVPH A B R KO0 SR AT AR AR P, T e R ]
IEETFIUR , 40 A S8R J5 B8 17T A 38 P By
HUEEARER 0.3 em KA LU, e A 2. 5% (0.2
mol/L,pH 7. 4 R 22 vh i i ) ) 7% — 8 (1 T
AMERESCO Com. ) [l %€, T 4 C 8 vk4E PR 7
#HLZJ5H pH 7.4 BERRZE vl b vk 3 IR (IR
[E] B 15 ~ 30 min) ,2% FER [ 5E 1.5 h, B Tk
MisKk , EPONS12 fu 65 FE 4 48 h, 454G J)
VINGEHYI R, S B R A B IR B W ()5
TE M (75 kV) '~ H Hitachi-600 75 5} H1 B WL4¢

CIR VIR S = A NI DR 3 U 2SN
(8 000 x ) VN — T AALIATEE T, & I
LSS 3 DA, IegE T 10 AL,

YR Y A SR T 1. Y o
17 B B AT g 28 AR W7 R A A U gL SE T
JAROSCANTM MK-6s #5 {k 1 J2 6, 1% 49 i 1%
(IATRON LABORATRIES INC. , Tokvo, Japan)
HATHRZE M7, 88 )5 F Chormstar 4K {44k ¥ TLC-
FID i3 )2 2 47 183 . #)li ( phospholipids, PL ) |
fIH [& E ( cholesterol, Cho ). H 0 = Mk
(triacyglycerol , TG) .77 5 ig Il i ( free fatty acids,
FFA) . H il — Bk ( monoacylglycerol , MG ) #1 iH
i fiE ( cholesterolesters, CE ) Y #x #E & 3 I H
Sigma 23w, G805 W B 5 78 AR I S8R T
HEFTJZENT , AR S R 28 R 20 M RO I, TR 3
I3E SR FH AR A 2 Foik o IR DR 8 5 23 A
AT Agilent-6890 “AH (0,35 A1 B 418 AT B
i Omegawax320(30.0 m x 0. 32 mm, USA) , &
A FRUENS ( Cat. No. 47085-U, ) H Supelco 2\ 7] )
VE R NIV IR E P AR A , B 107 R 1) % £ 335k
A E 43t o
1.3 #HESH

ot DLV B = bR 22 (mean = SD) IR,
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FIH SPSS 17.0 ¥4 #4758 1143 #r , & H Levene
AT 7 26 SRR IR, YR AN B SRR T 250
X 43 AR AT SOE SR BCE - O i AR 3, AR S
Ffl One-Way ANOVA X} 52545 R ik 47 77 22 /04T,
& H] Duncan [CJ7 17 2 8 L, BU P <0. 05
h2ES . I Excel 844 #E47H G B R 1Y
221l o

2 4

2.1 FBHBMEHHMEILE

MMM ey 3 FPEERT S R 2L
TREERE o3 AL, AN N BB 223 2, B
YA A e il L A . BRI AR 2 TE 3 2
BORNTRD, = PEh8 7 A 40 i s L A 9 o 88 A 240 g
B, FR RS f R R A SE A
Y, HEFTRLI, A /0, HEFAS KL (-1 ~
16) . B A2 2 R EE 1, A sk A i
LR DA B R GeoRi A . ORLIRTE AR 2 2 HE
AT M , i A 5 [FLG EDE (ERR-T) o

308 2 X i M A R B AR ke B, T b B A
P4 I 0 R 20 2, )2 5 B 4 ) )
PRAS I B8 /N R B B, L, HES TR, X
o753 BIRURE (99 J5E P A i R . — AR B N ol o
BB, ARG AT BRSNS, T A A
TR R B R T R SR, HIE W IS

SR PROR BT S o TG AR A T AR 28
MRl A 240 ) R B Y = DEAR T T 2L/, RIVEE
ARy B R TR B R A e e
GRUECE ) R P OULEE B S AT A S B A
PR (FETR-16) o

BARAHAPITIEE FIEP TN
LT AL R i € A RS T -3 NS & TRE SO
2 TN T B P LR AR B 22, i =8
BT B R 2R A N R E T E P

®1 RELAEEEEL

Tab.1 Statistics of gill mitochondria density in crabs
mean = SD,n =10

WRIKHE SRR GRATE s
mitochondria P. S. E.
density trituberculatus dehaani sinensis
A anterior gills 25.88 £5.14  20.88 +4.97 34.2£8.3*

JE i posterior gills 11.75+5.15* 34.1£13.56 31.67 £18.36
T« " FoR B AU A B2 57 (P <0.05) , LRIk
o B A AN/ ET

Notes: the symbol “ # ”

was regarded as statistically significant
differences. statistics of mitochondria density are based on the number

of mitochondria per visual scope.

2.2 IMEWMERPLSESENLLER
PR TR G A TR A R A R
RIYZE B R L 2,

®2 IMENRBAAFELISSE

Tab.2 Contents of lipid class in the gills of the three kinds of crabs

% TL ,mean +SD,n =5

IEES Wiy ST JoviAH T8 rp g

lipid class P. trituberculatus S. dehaani E. sinensis
Hr ol = s Fiff anterior gills 1.67 £0.97° 0.43 +0.18" 0.49 £0.17°
triglyceride J5 i posterior gills 0.50 +£0.42 0.35 +0.09 0.37 £0.08
B e Wime Hifl anterior gills 0.60 +0.08° 0.22 £0.06° 1.65 +0.56%
free fatty acid J5 8 posterior gills 0.44 +0.18° 0.13 £0.06° 2.61 £0.69*
i Tijff# anterior gills 3.61 +1.21° 5.07 =1.15° 2.77£0.32°
cholesterol JE8 posterior gills 3.80 £1.14° 5.15 +1.06° 2.94 +0. 69"
Wl Hiifil anterior gills 94.12 £0.91 94.27 +1.28 94.73 +1.34
phospholipids JE 8 posterior gills 05.04 +1. 44 04.37 +1.14 94.08 +1.25

T TL MR, P <0.05 Jy22 5 03, [RAT R B AR A & A AR Il 5= BE A AU [ 41 9 22 53 i 35 (P <0..05) .

Notes: TL represent the tatal lipid content. P <0. 05 was regarded as statistically significant Differences. Values in the same line without the same

letter on the superscript are significantly different( P <0.05).

T A H i =R S R A 3 P R A7 A
PEZE5 (P <0.05)  Hrh =R r B & ER T
FCAb P AP =5 DL L (5 AR SR B 5 Tt A T

B2 (O V2R 5 U S IR R Hh e B T
R R 2 e d iy, JC A T P A o i A A Gk
T P LT 55 2 T =R T A rp A
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YR (P < 0. 05), 4% B 55 40. 44% Al
83.03% ;1M 3 FEE Z [], A 8 LB AR 19 & i 0B
R

JE A R i S AT EAH AR R
Je 8 I R RS O A A PR (R B
FVE2E S, MR R PR M RRAE 3 FAS W) v Y B i
H BRI AR S B (2. 61% ) > = Wi
FHE(0.44% ) > ToikH T4 (0. 13% ) ; L A F
B HEEREES THEWNMENS &, N
5.15% (P <0.05) .

G B8 T B AE 1 & L AE 94% L) b, T A
TR AL AR S 3 IR AR

3 A e AV ) TR, A
2R H SRR AT AR LU A AE 25 7 78 =9
W JE RS Y 5 2 L AT A 0. 98%
T G VA3 A T8 R v 48 0 8 i R A 110 5 6 02
WA 225
2.3 3 HEREEREE FEEMBEENLE

3 R B RS M 12 b R IR, 45
BRI 2L RN B i D3R 3 ORISR 4, AR
LU i AR D5 R (SFA) #5A 2 # (Cl6: 0 Al
C18:0), H A {jaE K Clo: 0 & H -k 12.39% ~
15.15% ,C18:0 &t 8.95% ~10.68% , J& il
C16:0 F1 C18:0 I HIZE R AL E . 163
B, ARG EEE 1Y) C16: 0 iR, C18: 0 7
TV AT o i 3 i T H WA . TSR
U A FIIR I R ( X SFA) &1 0 i k24
S (A TE S R rp, JC UG AT R A g p
BERT IR TFEDNEE,

X T ERNEL R AR 7 R (MUFA) |, T i i il ik
S G R, ARG B rh C18: 1n-9 [RF- 1 & R B
T T B C18: 1n-9 4b, Ht B i FRG 1
PR = et 78 vh & e de ;s S B P CL8: 1n-T 4
WA AN TG E TR . BRI RIS
iR ( X MUFA) 75 3 B8 8 5] /776 2 3 1 22 57
ot R B0 =R T > rh ARl B g
> TR AT, BRI 6 R B 2 A
J 2 , TG 14 FE T8 A 5 22 AS A0 B T R R ( X
PUFA ) Fl s A g D5 R 2 ( X HUFA) 475 F
Hop g o C20: 4n-6 (ARA) 1 C20: 5n-3
(EPA) & R 7E P AR S B B S A U IR T H B W
& [H C18:2n-6 I AL ARG A I P 1) B
. C18:3n-3 (LNA) ,C20:3n-6 fll C20: 4n-6

(ARA) FE TG AHF 8 b & B i . 5t ARA
TRAE PR T 5 rh ARG X (R A
LSt RE S TIRE. E=PER T8 % C20:50-3
(EPA) .C22:6n-3(DHA) il ¥, n-3PUFA & H: &% Y
n-3PUFA/ ¥ n-6PUFA Fl DHA/EPA [ -0 5 55 .
Y n-6PUFA (ARA/EPA ¥ J& 7F JC 15 A T 8 i
B AL = PER P ik, X SFA/ Y UFA LL{H
16 3 FPEE RS b G i 2 25 s SR R, TE iR AT
TR ARG R LU 2 T =R T
f A

®3 3 MERERAEAERILE
Tab.3 Fatty acids composition in the anterior
gills of the three kinds of crabs
% TFA ,mean + SD,n =5

g2 =P LN PR
fatty P. s. E.
acids trituberculatus dehaani sinensis

C16:0 13.67 £0.50° 12.39 +0.54° 15.15 0. 842
C18:0 9.31+0.37° 10.68 +0.81*  8.95 +0.42"
Cl16:1n-7 2.23+0.66* 0.78+0.07° 1.17 £0.59"
Cl6: 1n-5 9.61 +1.64* 2.01+1.24® 2,12 0.35"
Cl8:1n-9 17.70 £0.61° 15.64 +0.77¢ 21.59 0. 35°
Cl18:1n-7 6.14£0.91° 4,50 £0.28"  3.15+0.16°
C18:2n-6 2.40 £0.65° 10.77 £1.02° 17.94 +1.71°
C18:3n-3 0.72£0.11°  2.40+0.28" 1.23£0.19°
C20:3n-6 0.72£0.08° 2.72+0.25" 2.36+0.27°
C20: 4n-6 13.33 £0.87" 20.60 £0.95" 12.83 +0.64°
C20:5n-3 14.27 £0.30° 11.76 £0.53%  9.79 +1.84¢
C22:6n-3 9.90 £1.32" 5.74£0.25" 3.710.51°
DHA/EPA 0.69 £0.10*  0.49%0.01°  0.39 +0.68°
ARA/EPA 0.94+0.07° 1.75+0.05" 1.34+0.23°
Y SFA 22.98+0.38 23.07=1.21 24.10£1.20
> MUFA 35.68£2.10° 22.94 £1.55° 28.03 +0.19°
Y PUFA 41.34 +2.04° 53.99 £2.04* 47.87 x1.28°
Y HUFA 38.22 +1.80% 40.82 +1.85* 28.69 +2.02°
Y n-3HUFA 24,17 +1.34* 17.50 £0.78° 13.51 £2.01°
¥ n-6HUFA 14.05£0.90° 23.32£1.16* 15.19 £0.52°
> n-3HUFA/ . . N
S 6HUFA 1.72+0.12°  0.750.02° 0.89 =0. 14
> n-3HUFA/SFA  1.05+0.07°  0.76 £0.07° 0.56 £0.10°
Y SFA/ Y UFA 0.30£0.01  0.30£0.02  0.32%0.02

I TFA N GIRNIRR . P <0.05 N2 5 B3, AT BE R bR p A
B AR F R AR A RIA LR 257 B F (P <0.05) . N,

Notes: TFA represent the total fatty acids. P <0. 05 was regarded as
statistically significant differences. Values in the same line without
the same letter on the superscript are significantly different ( P <

0.05). The same as the following.
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Tab.4 Fatty acids composition in the posterior
gills of the three kinds of crabs
% TFA ,mean +SD,n =5

vy =R TR CIGHTE heRgia g
fatty P. S. E.
acids trituberculatus dehaani sinensis
C16:0 12.49 £0.93° 11.08 £0.46¢ 13.91 £0.40°
C18:0 8.83£0.41° 11.17 +£0.32% 8.63 £0.41°
Cl16:1n-7 0.71+0.20  0.65+0.12  0.91+0.30
C16:1n-5 10.46 £1.12*  1.75+0.45° 1.87 £0.14°
C18:11n-9 17.31 +1.03" 12.96 £0.82° 21.26 +0.47°
Cl18:1n-7 6.67+0.95"  4.36+0.26° 3.38 +0.13°
C18:2n-6 1.47 £0.31° 10.58 £0.65° 19.51 +1.92°
C18:3n-3 0.70 £0.08° 2.25+0.22° 1.41 0.16"
C20: 3n-6 0.85+0.05° 2.87+0.11* 2.55+0.08"
C20: 4n-6 13.98 +£0.84° 20.44 +0.53" 11.49 +1.01°
C20:5n-3 16.75+0.51° 14.39 +£0.31° 11.67 +0.47°
C22:6n-3 9.79 £0.96° 7.51+0.57° 3.42 +0.28°
DHA/EPA 0.59 +£0.07*  0.52+0.03* 0.29 +0.02"
ARA/EPA 0.84+0.06° 1.42+0.05* 0.99 £0.09"
Y SFA 21.32 £0.57% 22.25£0.40° 22.55 0.67"
Y MUFA 35.14 +1.49% 19.71 £1.13° 27.41 +0.77°
Y PUFA 43.54 +1.10° 58.04 £1.46* 50.04 =1.37°
Y HUFA 41.37 £1.00° 45.21 £0.95* 29.12 +1.40°¢
Y n-3HUFA 26.54 £0.56° 21.91 £0.78° 15.09 £0.61°¢
3 n-6HUFA 14.83 £0.83° 23.30 £0.62* 14.03 +1.04°
3 n-3HUFA/ . . N
S n-6HUFA 1.79 £0.11°  0.94 £0.04° 1.08 +0.07
Y n-3HUFA/SFA  1.25+0.05" 0.98+0.04° 0.67 £0.04°
Y SFA/ Y UFA 0.27 £0.009° 0.29 +0.007* 0.29 +0.01°
3 g
3.1 SRALNEHITEREIRINEERI M

FRS T I 88 B b Rz 40 M B,
32 55 b B2 240 I T /N , 3K 26 45 4 k-5 i
F1% P 8 S AT 17, RV BE M) T B 3 T A7
SR BRI sc i T AR Ak
LRI AT A DS IESE T s SR

PR T Ak A B3 BOR E TR BB AE K FR A2 S
TR RA A RO Y BB RS I T e
TG A7 R T R v AR A S R, AT P ek
HBRE = PR T B G 1) AR v o (TR AL ~
16) o HI T B REHE K L B2 A i AR, Jir LA
RS T = ERR 18, TG T A T R v e 202 e B
b R AR T AR [ R T AR 1 32

37 Fir B TR AR, 3K S B 50 J30 I I R 285 - 1 D e
P SER AR B
3.2 FEREEXERMAL[LEMRINEER M

Hl=E Rl R R R —, 2N Y
REVRY oL . A W58 3R W] h AR B e A i AR ER
IR, AR AR 2 2 BT, AR B
Tt ABRER K, R B 25 FE 2 R A3 R X idd
2 b A i o 3G K, A HE B, T A8 TG A 1 1
%, ARG Sy LR PR AT, B HC Al o
AH L, i P 2 b (A I v T A B R T
H TG W& mIFA R ERZ , Xk W] 48 5 5 i
SEAERER, T IF IR Fr i RE i . IR TR S
BRI FERE LD, UL W] B 1 g NS 3% s R 9 T
55, e RO HA IS A R . AH |, TG
P RE T8 A 15 A R B AR AR R T KR, Hos
BEXTIE 7 F R 9 15 SR, et IHFE I R,

O [ e LA 3 A P R i RSERS R 1 1Y
TR TG I A T e I [
WESTHEWHE X —4 1R T I 0 A T8 6
FEE B B AR5 B T, A Bl T A B () A i L 3
3.3 PERAEAXTERAEIEINBERIR M

7S Hh R 2K T R I R 2 A AR TR Rk
FFEes B —30, FE AU Cl6:0,.C18:0.,Cl16: 1n-
5.C18:1-n .C20: 4n-6 .C20: 5n-3 fil C22:6n-3., 4
5T 20, HUFA v XK 38 8 A T 1R,
X B BB YRR T AT BB 32 30 2 I AR 1D
TR RZ IR 2020 DR g 18 T R B 1 2 MG
BT MEE THB AT e o
HUFA % 58T =R F B s iy & 5,
S A IR TEHE K B UK th B S A T8, AR TS TE
oK S KB B EAR ™, AT L R
KBEWALT G, X5 Z Rt 545 ] —3%.
rh ARG B AL TS T IROK, AR KB & %A F
THAFFHUA N AR R E . T A T8 i 5
H HUFA & 3 iy, XR T B XK B 5 g .
JC A Tt MR ()98 0 R R 3, AR s AR
TR DX ekl it b, 8 T B 5 1) X6 K I Y
RETT , X FEA BEOR AP HAE flidth, b S8 A P PR 5%, 3
BRI A A — 3

B4 i n-3HUFA BEJJ A3 BR , 75 2 AR 5L 3R
BT 3 Rl n-3HUFA & fy 25 H it
BT EL A [ A R4 R DG 1 (B 7K v, 2F e
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IKBEAR, IRAKERAR) o BEAN, 32 5 1Rk n-3HUFA
i, e 1O K A 3 W ML AR T A Bl
ﬁﬁjj:32_40] .

C20:4n-6 (ARA) &M 1 n-6HUFA [1) 3= %2
AL IN—RE A FAR 4 #r, C20: 4n-6 J2& 5 AR
RUF R 25 BRI, 10 A1 40 iR R ZE LA & — 4K
AR B P R, e AR A T AL R R 4
A — AT, HLAR G B - 0 5 2 5 11 38 535 P
FANHING B 25 L X SR AT I8 T B R S 4%
AL, C20: 4n-6 /)T AT REA B0 AL A F I
RGN AT U HIE T T rT A B T8
AP (10 3 3 1 T A AR A I, 0 o] S8 2H 2 R
o3 e ) itk — 25 58 35 , T SR A ] T4
SERAE P98 o TR T R A7 AT A
POKHEE . KEEREAA ARA FTRES 5T R
2H 14 £EL RN LR SR st iy it sh A M e e
L SRR T 1 58 e X T T
ARA JE 7 58 B8 07 W 235 35 D) e 1) 25 2L A5
iz, [ ARA B tin] DU7E— @ R b et AL
PRXT A0 53R 55 38 N7 BE T (SR 55 . FE AR SEE
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Ultrastructure and lipid profile of gills in three
crabs living in different habitats

TONG Rui'®, CHENG Yong-xu'** |, WU Xu-gan'*, QIU Ren-jie'*,
YANG Xiao-zhen'”, WANG Chun'?, YANG Zhi-gang'”
(1. Key Laboratory of Exploration and Utilization of Aquatic Genetic Resources ,Ministry of Education ,
Shanghai Ocean University ,Shanghai 201306, China ;
2. Aquaculiure Division , E-Institute of Shanghai Universities ,Shanghai Ocean University ,Shanghai 201306 , China )

Abstract; In order to study the relationship between the ultrastructure , lipid profile of gills and their different
habitats , the gills of three typical crabs living in different habitats were chosen as experimental materials.
They are Portunus trituberculatus ,Sesarma dehaani and Eriocheir sinensis ,living in the seawater , estuary ( or
near freshwater) and freshwater respectively. The ultrastructure and lipid profile were also compared by using
electron microscope and biochemistry, aimed to provide the basic data for comparative physiology and
biochemistry in crustacean,and promote the understanding of the physiological functions of the ultrastructure
and lipid profile in gills. The results indicated that the ultrastructure of gill filaments in the different crabs
were similar, with cuticle, epithelial cell and a central haemolymph space, but the amount of mitochondrion
and the microvilli in the three kinds of crabs had significant difference:the density of mitochondria in the
anterior gills of the Chinese mitten crab was significantly higher than the other two crabs( P <0.05) ,and in
posterior gills of P. trituberculatus was significantly lower( P <0. 05). Besides, P. trituberculatus has lower
density of microvilli,compared to the other two crabs. The content of triglyceride (TG ) in the anterior of P.
trituberculatus was higher than that in the others ( more than 3 times, P < 0. 05), also the content of
cholesterol (Cho)in the gills of S. dehaani was significantly higher than the other two crabs (P <0.05),
while the contents of the phospholipids showed no significant differences between the three kinds of crabs
(P>0.05). The gills of S. dehaani have a significantly higher arachidonic acid ( ARA) and total highly
unsaturated fatty acids( HUFA ) content than that of E. sinensis and P. trituberculatus( P <0.05). The result
shows that the significant differences in the ultrastructure ,contents of total lipids and fatty acids contributed
to their normal physiological function and their adaptation to their habitats.

Key words: Portunus trituberculatus; Eriocheir sinensis; Sesarma dehaani; gills; ultrastructure; total
lipids; fatty acids; physiological function
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Plate
1 —3. anterior gills of Portunus trituberculatus ( show C,pc,N,bm,1. x1 500,2. x15 000,3. x3 500) ,4 —5. anterior gills of Sesarma
dehaani( show C,mv,M,bm,N,4. x15000,5. x5 000) ,6. anterior gills of the Chinese mitten crab(show C,M,mv, x10 000) ,7. posterior
gills of Portunus trituberculatus( show the circular mitochondrion x 10 000) ,8 —9. posterior gills of Portunus trituberculatus ( show C, mv,
M,N,8. x3,500,9. x15 000) ,10. posterior gills of Portunus triuberbuculatus( show the circular dense structure x 15 000) ,11 —13. posterior
gills of Sesarma dehaani( show C,mv,M,pc,bm,11. x1 500,12. x3 000,13. x15 000) ,14 —15. posterior gills in the Chinese mitten crab
(show C,mv,M,N,bm,Hc,14. x1 500,15. x8 000) ,16. posterior gills in the Chinese mitten crab( show rer, x6 000).

C:cuticle, pc: pillar cell,N:nucleus,M: mitochondrion , Hc ; hemocyte ,bm : basal lamina, mv : microvilli,rer:rough endoplasmic reticulum.
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