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= AR T (Portunus trituberculatus) & T
H 7244 (Crustacea) . #2 ¥ B F}(Portunidae), 1+
)& (Portunus), | Zr A T . H AR
Wi X, P IC A, RiEs S, EIRE
W, CHChRE SRR Rz -1
WAMNE JC =0tk 7 B ) L8 3% 3% J7 T BF T
FE AP e E A " EREL™ . IR
IR IRR TR B R K, MR R
A AU AN R A 1 R TR AR AR s R I =
e T BE DN BL R T 2 1A~ FH B . H5E2Es)
W SE AR )8 MRS W R M 5 P A e .
PERE . BRI R BT R, WESREDEL
EEE SIS L R NTE Y A=l A = e <]
R o ARSI LUK G IR BE AR 0%F14%270 A
THE AR M S BE IR A8 BE 240 — JE iR + 18 i
1208, WFFE K T O AR X & 38 HE A AR A2 e =9
BT BEVERRTE B . 2H 22 25 1 RN O 3 2 1 it
R IR 52, DL = et + 8 2 IR I & 1)
B A R EHE S, IR S TR IRABEE =i
A B AR B T SR B AR SR R ROk

1 MRS TTE

1.1 Sz

20154F9 7 75 W LT P R 1Lk 5 B IR 4l B
FUARAH T . R A HC 1Y = P08 1 e 8 1 o o
B, B ASARE P T R RS, B
D7k UL D SRR SRS BEAL PR (e . AR —
W E 22 BE MEPE =P MR T (mated crabs) fll A& 28
Fic P = PEA2 T (unmated crabs)4% 120 2 F# T
240/ H1RHE 57 £ 14 (40 cmx40 cmx40 cm), TF/5
LTS

1.2 SEIGEN

AR S DL R . R RN B R R N R R
o030 AL A IR VR, TR AR A S AR
42% . KPR 7 2 24 R 13% A0 270 45 0 S5 B8 e k),
51 0 AL (S i1 0% K 2 DI85 B ) FIBAH (8 fin 4% K
DIEAR ). SC I ARDRHE Jy BB IR A AR 4 WL RN
22, BAMAERMT YR LR E AfTHE,
At A B RS W BT R B e A R A F
A DR 8 J5 s 8O H i, 4% e BTN iR 21 )5
PLSUBRFT 5 25 AL 87 IF 28 1 R J0kE AL 2E 47
#i, WREAA0.4 em, KELS em, il iEE

o

=1 ZHARBERERRE TR (FERD
Tab. 1 Ingredients and nutritional ingredient of

experimental diets (dry matter) %

TRk R G BER K

dietary soy lecithin levels

A (0%) B (4%)
JFHl  ingredients

fak}  fish meal 32.00 32.00
EJ¥l  soybean meal 25.00 25.00
M4 wheat flour 22.20 22.20
WRAFAS  krill meal 5.00 5.00
fayl  fish oil 1.00 1.00
il soybean oil 8.00 4.00
KEHIME  soy lecithin' 0.00 4.00
EAU YR mineral mix® 1.00 1.00
HAEMAER  vitamin mix® 1.50 1.50
SALBHBR  choline chloride 0.30 0.30
RS  Ca (HPO,), 1.50 1.50
JHE®E  cholesterol 0.50 0.50
TFEERREY  sodium alginate 2.00 2.00
EFERS nutritional ingredient

HEE  crude protein 42.29 42.34
FLIEWG  crude lipid 13.33 13.26
K4y ash 9.96 9.86
THIf  dry matter 90.21 90.12

e RIS, 54 EARGB/T 23878-2009, 1T 3+ KA Mo
HIRAF, WEAEDAN63.3%; 2. EEHW VR AL & 4A Rl 74
5 IR Jin%!

Notes: 1.liquid soy lecithin (63.3% acetone insoluble), supplied by
Ningbo Tech-Bank Corp., Ningbo, China; 2.Vitamin premix and mineral

premix were based on Jin et al'"”!

90 °C#A{L30 min, FAHUEXT, T-20 °CTF &
TRAFE .
1.3 LWgIT RIEAFER

SCI SR 2} 2UH F ALK 2 i =R
TE(C MM ASI), HARER(0%M4%K T
BRI ) o 2 £ RIS AH 3T 19 2 52 B RN A 22 B A e
PE=PeR FREA 120, S3 AL S5 40 24 b R
4, ea b, BRI ERE, BAE
2205 g, 3240 HAR TR R 3R T 240 SR 7
£ N (40 cmx40 cmx40 cm), S8 R}A 32 FE LR
F344 mx8 miy KIS I 4R AT G —
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Tab. 2 Fatty acid compositions (total fatty acids) of

the experimental diets %

e (L PNER Y S

dietary soy lecithin levels

fatty acids

A (0%) B (4%)
C12:0 0.03 0.37
C14:0 2.37 2.59
C16:0 13.31 15.50
C18:0 5.63 5.54
€20:0 0.55 0.47
€22:0 0.59 0.48
C24:0 0.20 0.12
YSFA 22.69 25.07
Cl4:1n-3 0.10 0.11
Cl16:1n-7 2.34 2.37
Cl18:1n-7 2.58 2.44
Cl18:1n-9 19.03 18.16
€20:1n-7 0.56 0.55
€20:1n-9 2.96 2.99
C22:1n-9 4.92 5.03
YMUFA 32.49 31.65
C16:2n-6 0.02 0.03
C18:2n-6 28.66 2821
C18:3n-6 0.10 0.08
€20:2n-6 0.16 0.15
€20:3n-6 0.03 0.03
€20:4n-6 0.30 0.28
C22:5n-6 0.12 0.09
n-6 29.39 28.87
C18:3n-3 471 3.88
Cl18:4n-3 0.89 0.74
€20:3n-3 0.07 0.08
C20:4n-3 0.26 0.25
€20:5n-3 3.27 3.04
C22:5n-3 0.58 0.71
C22:6n-3 5.64 572
n-3 15.42 14.42
YPUFA 44.81 43.29
YHUFA 10.27 10.20
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0% K &2 5P W B 2 ) RE 9L — &, SE38 TF 4R S 1
RAAMR1K, H BN AR A3%~5%, 5%
B 1) 6] 7K R 20~26 °C, IR E6.5~7.0 mg/L. H A
W ¥ <0.5mg/L. pH 7.8~8.2, #hE#26~28, 2~3d
oK 1R, BIRIIKE L HR30%, SEH T2,
14 HERRXESSH

43 HL R 5 Fe JIg Joy BR AR ) Z M
iy NG N 1| B 1L DA (2 S N RO € N R =
FRE 7 . MK 73 FIBR TR 5 o o

LR S P F SHOEET IR S RN
FKAKAr, HIHF KRR R 58 09 8 R 3
0.01 g), HREE 5 37 BIHEAT G A A &), B D S
T MR AR B RS 50 290 0.01 g) . 2 DA R A 354
LR ORI g i 45 2

B[ 5145 £ (gonadosomatic index, GSI, %)=100x
B LA o /0 T AR T i

BT 5 i +5 X (hepatopancreas index, HSI, %)=
1005 [ i 145 57 et /42 8 4% Jo i

o f KB B E AP k&G RIKE 6
Z FAEE R4 R, EE3D il
W, A LS mLES LA, 4 °CHrE—1K,
3000 r/min# .08 min, M EIEW, T 22
(PG) . M W (By) F1 8P 25 £ F J5L(V Gk B 1
JE o PG, E,fIVGE MR T B ELIS AR i 7 &
U B A5 (TR R A2 R A RS /AT I E

g LR F LM R Bouin G
U B UIEAT [ 248 h, ALK, —H
EW, EAAWAE, YR ERS5.0~7.0 um, H.
EQen, PR E A, fEOLYMPUS CX-22
AR T A

97 % & & /& (VG)mRNA K & o 47 i
Trizoli5fl (X4, o E)ULH BRI =P 1 &
bP L ERNA, 70 ) A% 2 i A I A ND-2000
(NanoDrop, 3 [E))F1E5 5 4 858 2 H Tk K I RN A
e BE AT . $% B8 One-Step gDNA Removal and
cDNA Synthesis SuperMix (2304, 1 E)F &
YL B HEATRNAR e 5%, & T cDNAS — %

R4 E ) =R T8 VG (GenBank/)¥ ¥
Z . DQO000638)FlB-actin (GenBank/)¥ %15 .
JZ721736) cDNAJ¥ %1 >k F Primer premier 5.0%K {4
BT SEAS 28 6 B PCRT W, Rl 5| 4 e 2 vk %
PR, e T A N A 1S B — X
5191, 51PN W3, 519 R K I K R
FABRA A
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*3 ZFRAEEEPCRIIYFIIER
Tab.3 Primers used in the real-time quantitative
RT-PCR analyses

EF 5 R

primers sequences (5'—3")

VG-F CGGTCCTGAGACGCTATT
VG-R CTTCCTCGCAAACCAACA
B-actin-F CCTGACTGCCTACCTCACCAA
B-actin-R ATGCCGACAGATTCCATACCC

JE A Sy S5 I 5O € # PCRAY (Light-
Cycler*96, Roche, Ltd, Swit), SZH%E & PCRJZ
W& H20 uL, b FHFBMA 1.0 uL, 10 pLfY
2xconc SYBR Green I Master (¥ [%, i -1-), 1 uL of
cDNAIAR F17 L DEPC/K o W 451F: 95 °C 2 min,
EE#H95°C 15s, 58°C 10s, 72°C 10 sH454-F
W, B-actinfE NS I, LIBE0%ME R 1R kY
KA =R TRAFH R EE NN, RH
27T s AT B R A R U AE .

1.5 BEGiT S50

S K LS 24 (647 1 2% R (mean + SD),
K HISPSS17.04 1) 22 R A% 15t 22 PR 25 5 25 43 B A 7
(GLM)XH B 24T U T 7 2250 Wt o A AU A 35 —
PEWR 1 A Tl Ab B (E A P A A 5 i) . H R 2R AR
(0% 4% K FZINBEIR) X — H W EAE, LIP<0.058
25 5 10 25 N BT bR o

2 HEiH

2.1 ARMEEX EREMARRE Z KR FE
B .45 R0 BT AR BR 48 B89 S M

22 i A F G 35 5 W) = e MR T Y D B EE K
(GSI)(P<0.05), X JH- g B 48 ZL(HST) TG . 25 P52 i)
(P>0.05); CACH =it TR HIEE =5 T
RAZH = PR T (P<0.05)(F4), Tl ki g K F

35 R B SS TE =P M T T 1) D B8 BRI R
%48 $0 (P<0.05), XF oK 22 i % TG @ 3 1 5 )
(P>0.05); 1rIME4% K & B i 1R RHY T 28 i 2 (1) B
HIRHU 2 1 T 0% K EHE IR 41 £ A L (P<0.05),
JHF T i i 50 S A S A A T Ak BRI AR R R B
W i 7K ST Xt D19 55 5 50 JHF I B 35 B0 I A B AR
KR

2.2 EARBENEREMAREZ KR FE
MEMNEZERR. ZEFMEZEEKFRR

T ek K O W i /KT 3 R ) T I Y O B AR
FIR L R RN R R, 4% K W s 4R
- ALY O AR T L R R ME Y ok
F T 0% K G W5 4 (P<0.05); A2 BC AL F I oK
R AR T IV O AR 1 DR R T ) v
(P>0.05), AHXF Il M — % 5= A= 5 25 M ),
4% K LB R T 22 e B 10 2% = T oK 22 i 8 (P<0.05)
(R5)0 A& HC AL B A ERDIE A i B 7K 7 X IfiL i B
B R VR B A BAECFR, FOG A i e
Pt e B ) A ARG R o

2.3 EARBEXNEREMARE =R TE
FriRBR B R & B IR FRIAHI S

22 T Ak B G R ) T AR T T O
B H (VG AR X 238 & (P<0.05), £L2¢HL —
PEAR 18 JF I IR VG mRNAM A 0 25 TR
LML =P T (P<0.05); 4% K 5L A5 4L AT e AR
VG mRNA Y 3% 35 5 A X T 0% K 7 i Jig 4147 14
ey, [H2E5 AR 52 P>0.05)(F 1), 3L B
AR S8 AR K 7 X BT AR VG mRNAR) %35
A EELR,

2.4 EARBEXNEREMARRZE =K TE
DR B R FEMRIF

T Aok T i R A T Ak B35 A AN [ R R ) A
R BN A H A A5, RS 0% K BLwE IR

R4 FAREX S REMAINZEMME KR T EINER BT RRIERHZE
Tab.4 Effect of dietary soy lecithin on the GSI and HSI of mated and unmated female P. trituberculatus for 12 weeks

CACHC % KA Poval
iH mated crab unmated crab -value
items AR e HAE
0, 0, 0, 0,
A (0%) B (4%) A (0%) B (%) dietary mating interaction
FrERRFE %L HSI 7.54+0.18 7.08+0.15 7.52+0.07 7.42+0.31 0.037 0.190 0.160
SRELFESL  GSI 1.85+0.37° 2.64+0.60° 0.8620.06° 1.05£0.15° 0.048 0.000 0.188

e R AT AN TR ROR A L E E 7(P<0.05), R IF]

Notes: Values in the same line with different lowercase superscripts mean significant difference (P<0.05), the same below
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Tab.S Effect of dietary soy lecithin on the VG, PG and E, levels in serum of mated and unmated female
P. trituberculatus for 12 weeks
CA R RACHCE Poval
iH mated crab unmated crab “value
items ) . . ) PR 2 HAE
A (0%) B (4%) A (0%) B (4%) dietary mating interaction

GRHE )5 /(ng/mL)  vitellogenin  87.38+30.17°  132.83+8.88°  63.08429.77°  91.35+24.66" 0.034 0.052 0.567
Z5fl/(pg/mL)  progesterone 355.07422.03"  461.07+17.24°  405.07+19.22°  440.40+20.88" 0.000 0.238 0.015

I —F%/(pg/mL) estradiol 35.2842.29" 50.04+3.48" 36.55+1.85" 40.17+2.47° 0.000 0.021 0.006

£ 25 : 3 i

i 2 bc

g :‘5« 20 { T B Rk e s E 2R
K8 A5 R FH 0% 1 4% 114 X S8 i 1] W 2 28 e
= = e . N o
S5y l FIR S = T8 12 RO I A 5 A 5
N O

= ‘ XF S T 1 59 L 7 LA A A 0 £
=y b FERT AEASE R R, GRDRE R VR B A B AR
=5 L hi < Lb ok < Y
=25 . : T T A T SLHE RO, T 50 ST A B4
= o NS S . Y NN ey —

=% 9 — Hoesh Pk ik JARBLIL 4 B AT g6 4R, 3R

2 0% &2l 4% Sl 0% RAH 4% RACH

0% mated 4% mated 0% unmated 4% unmated

Kb HE treatment

1 fRAREAE Y B R EC AR 2 AL U1 = AR AR T B2 AT
BRARIPRERRFRIEHFIT
Fig. 1 Effect of dietary soy lecithin on the VG mRNA
in hepatopancreas of mated and unmated female

P. trituberculatus for 12 weeks

Ab B ZH DL PN IR PR B B 5 R % B BE 4 B (EN)
F, DERATEN RN AE E 4 K T BN AR B B A
WIEX), 38040 i (FO)% /b, 1E 1) BB} 20 i i
R (1812-a); AR AC L 4% K 525 i b 3 20 X 35 PN 1Y
PR P B G A A B 40 R AR R v O v
B A 0 ) 240 M B A 34 R R AE T 0% K 2 W A
AbIEZE ] UL S B ORE (YY), 76 A A HE
A1 I 05 3 7 OFBE A0 R L (112-b) s 2 2 BL0% K
I B g Ak LA LA ST R B4 B B A (NOY Ry 32 HL
A R OPEBURL A BE AT D/ S i PN IR B
B BT O RE 20 M, D v 20 AR R (K1 2-¢) 5
B A At 4% K S Wk IR AL BRAL UR BE AN A2 KT E
THE0% K T W AE AL B, X 3 P A P IR B B
B Y ) B RE 20 i /D 2 3 HE 0% K 5 i A B2
(Kl2-d). ZEGaHrin, sCROAL2E (2 oF T8
- R 20 I B, TS N R A T AR
U8 Y6020 6 ) B RE A0 R GE B, BEOR O B A0 i
2, R AR 1 R 200 B R e
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ponicus)m]g‘&fqa%%ﬁ]%‘@ﬂ%%ﬁ%ﬁ%%%*
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SEHC Y S i UP L BN IR 2%, T ELOP A
ARSI GRS R, RS 1Y SRR 1 O
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PR AT BE A M M = Pe AR 1 — A o ae il — ik Y,
SEHC I, e B 4 RS D€ A% 128 ) MEBE 10 g RS e
A3 5 00 8 B R REUPY, EAF21 )]
AYITIRL A, BEN W) BT AT BE AT IR, gAKE 28 i 5
14 223 (] 58 4k B SRR 0 25220 DT AR 4 B R 7Y
KA. IMEEPELFNE, HEETERY
Jo T] ) R 4 S B a1 A5 I JBR i 50 O L4 4K
BHRMG, AR ER, O ESD, 4%K
L i A R R S AR R T 0% K S Bk IR
M, TR AR BOE R SN, RO 2K
U 25 SR A h AL G g 21 2O 7 BRI ML
YA WP A iR

U NSy g cd S RO 1N NS N 97
A3 R 2 ZUE LY — B K 4 B 1Y W IR IR
W B, 5 HESh Y BU1R 8 B SOk (A H i
=M EaRE T EMElFizEaBR
JEEEA, R A, m mA IR A G 2
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B2 ANSENERESKRREEE =R FENEANFEHNEZN
a RACHO0% K TR EEA ; b, RACAELA% K E BRI AH; o OTO% K THEAEAFIA;; d DX EA% K E B A; FC. JEmgl
s EN. P9 O B S S 0 B REAN L s EX AR P BR EE S YT O RE AN B s Y. PR BURL s NO. 3T S B 1) B RE AN L

Fig. 2 Effect of dietary soy lecithin on the ovary histological structure of mated and

unmated female P. trituberculatus for 12 weeks

a, b and c, d represent treatment of diets 0% and 4% soy lecithin fed to unmated crabs (a, b) and mated crabs (c, d) respectively; FC, follicle cells; EN,

endogenous vitellogenic oocytes; EX, exogenous vitellogenic oocytes; Y, yolk globules; NO, nearly-mature oocytes

Y BP B AR s, DA T B B ) 5 A B B 4
[{ORS RN ORI N 0 LI DR oy 7 i L A
Bl, 4%KZBEARA PO 8 & ORIk ES & T
0% KGR . AR —5, RFEFESL M,
Jifi 65 (A cipenser schrenckii)Ji £ 75 fa ML 1 H UP #5
A R R T ORI Wl A 00 S 0K - R [R] 4
I T o B e gh A Rl L E G v AR A o R
R O E DY R ek (A DO N o e S 3 ]
HRE TR, DAk, 2R R RS
HOPE LA EENKERMER, EINEETFS
R rpoRl D)5 20 B b MESOR OB T R 2 S R
5 IR i 1 B B b O B 2R 1 I mRNARY £ 35, A
1T 52 Wi O 2 49 JoT ) LR 1O 5 B e 1 D v
RIAHF, AT, 278 1l 7F b 22 6 A
TRETEA% R U R A BA T K. R
Wl N T 38 Ao 52 e AR B v IS T R 1Ok
o, TR ER B R AE MO EE L T . 7ERZHL
S op R AENLRIE s R R B, ANEBEIR S S
GEBE AR P A SZ AR EE B S, KR D BN ) T
FRAE BN S, 2k 38 o 6 P o3 W U 3R A R )
WA TR, S B LAY kR ARG

VG mRNAZ ik =F B2 A it 52 2l Py O 31 &
BREN —DHUEIEPR . YangSF " WF5E R, =
PERR T 18 B o 26 11 I 5 B 0 o AR 00 0 e
JHF 1 i v 223k, i LA BIF 5 R IR AR T VG
mRNAZR K KD ) Ak B 2 B Ak 33X = e #R
TR E R AN, AL, Sl =
BRI VG mRNARY FR ki B F 5 TR
Bl =Pt 78, % B 22 L Ak X = P AR 7 8 O
HRERWEE, R AW BN, Lt
Ferb, 2y o) i PR 9 R 2 B AR B
NPT, AAERE . BRI E R, N
T2 i 32 TC e o A MR B R & RO R AR, =k
M2 8 58 TE B RS 3 EL A I 0 MR ) T 6 AN T R
AreiE— PRI . W0, W52 3h W i A
WA RN B R R, AR R kL, B o
REANAWC ™, ARBFSE T, T AR I e AR
VG mRNAZK A KV 1 35 5 T ARSI , i i v
TV G B A T 32 e 8 RN AR 28 e B 2 ) oK 7 A B
EER, PEX ML RN HmRNAFEIEN 1
iz | R BIRRR RS A BRI S m T
it 75 35 PR 3 3k K P X DAV ff S e B R Y
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i, BRFE VYBT3 3T S K R (Rattus
norvegicus)iki 16 45 % 2 3 ANR2A R 1% HE Fl
B FRR AL, R IINR2AZE [ & B AL
Tk AR EEAR -5, INREHRENEA
Jo B 1 R 4 T RE HLA IR . R HE I ST B AL
& WAL 7 1T R B VG mRNAFI MLk B VG
FERY AL, & BV I VG mRNAZK A K
S G 3w T 2300, T gk B VG BE AR IV 1R
M 289 2 [ G . E e 22 5

£ TS TR = X R O NI 0 e vl L
BIRefe o ek =R TN R L F . HEl¥
WA B, 2SO AL B 2 R E T AR T 8 O B A
NSRRI TR | N 7 ] o -0 A
N RE A M GE RS, MK UM REAE I B AR, ARG R
E B RE 20 A A ) R B

SE R
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Effects of dietary soy lecithin on the ovary development, histology and
vitellogenin gene expression in mated and unmated female swimming
crab (Portunus trituberculatus)

DING Liyun *,  FU Huiyun?, HOU Yingmei', HUO Yawen ',
SUNPeng', JINMin', ZHOU Qicun"
(1. Laboratory of Fish Nutrition, School of Marine Sciences, Ningbo University, Ningbo 315211, China,
2. Jiangxi Fisheries Research Institute, Nanchang 330039, China)

Abstract: A 12-week experiment was conducted to evaluate the effects of dietary soy lecithin on ovary develop-
ment, gonadal histology and vitellogenin mRNA expression of swimming crab. 2x2 double-factor random block
design was used to arrange 0% or 4% soy lecithin for mated or unmated female swimming crab, respectively. The
results indicated that crabs fed the diets containing 4% soy lecithin had significantly higher gonadosomatic index
(GSI), oocyte diameter, the levels of serum vitellogenin and sex steroids than those fed the unsupplemented with
soy lecithin diets. Hepatopancreatic vitellogenin mRNA expression increasesed with dietary soy lecithin increas-
ing from 0% to 4%. The results of hepatosomatic index (HSI) showed a reverse trend with GSI. Mated female
crabs exhibited higher hepatopancreatic vitellogenin mRNA expression than unmated female crabs. Furthermore,
the mated female crabs had higher ovarian yolk granules in number and size than those unmated female crabs.
Mating treatment did not affect HSI, serum vitellogenin (VG) and progesterone (PG) contents. The interaction of
dietary soy lecithin and mating on serum progesterone (PG) and estradiol (E,) contents was identified. In conclu-
sion, the dietary soy lecithin and mating stimulated had a positive effect on ovarian development in swimming crab

broodstock, and mating stimulated had a more beneficial effect on promoting oocyte maturation.
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