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9—12
: ( 2 :
, 15—35gq, , ,
( , 2001) ,
: ( ) ( )
7z , 16 ,
(2001) 8 1 9—
: 10 :
(2003) MF ( ), (
, MO , ), 11—12
MF( ) )
MO 1.2
, MO MF 2, A
: ( , ) B
, HUFA)
: (
, 2002) , HUFA  PL , 0.15cm, lcm
, 25 48h, 20
1.3
( , 2008) )
( ), (RIA)
, 0.2—0.5¢g
(RCA) MO MF ) ,
, , 4 1.5—2ml, 3000—
3500r/min 5—10min, 1.5ml
, Eppendorf 1.5—2ml 4
0.2—0.5ml ,
1 , 1.5ml  Eppendorf
11 4 Iml, 3000—3500r/min 5—
(Eriocheir sinensis) 2006 10min, Eppendorf
x1 ERRBEMUERRBENEYFSH(=16)
Tab.1 Biological parameters of normal and precocious female crabs (n = 16)
(cm) (cm) (9) GSI(%) MO
9 1.78+0.17 1.95+0.20 3.29+0.90 — ( )
10 1.82+0.13 2.02+0.15 3.34+0.71 — ( )
11 3.39+0.14 3.68+0.14 21.6£2.70 6.95+1.98 ( )
12 3.28+0.20 3.56+0.22 20.09+3.73 10.04+1.08 ( )
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Tab.2 Ingredients and biochemical composition of two different experimental diets
(% DW) (%) (%)
A B A B
41 41 14:0 5.69 3.88
25.64 25.64 15:0 0.68 0.54
3 3 16:0 21.79 24.19
2 2 17:0 0.56 0.53
3 3 18:0 4.51 14.26
0.5 0.5 SFA 33.48 43.40
0.5 0.5
0.15 0.15 14:1n-7 251 2.38
4 4 16:1n-5 0.54 0.32
8 8 16:1n-7 5.86 2.88
0.6 0.6 17:1 0.34 0.41
c 0.5 0.5 18:1 14.74 34.00
E 0.1 0.1 20:1 2.01 0.83
1 1 MUFA 25.46 40.50
BHT 0.01 0.01
6 — 18:2n-6 16.29 10.00
4 — 18:4n-3 1.69 0.22
— 10 18:3n-3 2.64 0.83
20:2n-6 0.22 0.46
20:5n-3 EPA 6.63 0.65
(%) 8.36 8.90 20:4n-6 AA 0.59 0.38
(% DW) 39.50 40.89 22:5n3 0.90 0.15
(% DW) 10.60 11.64 22:6n-3 DHA 6.11 0.70
(% DW) 7.52 7.41 PUFA 34.53 13.37
(% DW) 4.04 4. 50 n-3PUFA 18.33 2.55
(% DW) 4.53 0.39 n-6PUFA 17.11 10.89
(% DW) 0.36 0.40 n-6/n-3 0.93 4.32
HUFA (% DW) 1.08 0.18 HUFA 14.59 1.92
© ““Dw~”
4 0.5ml,
, 0.03% 0.01% 0.019%,;
Eppendorf
45 ( ), 0.09% 0.7% 0.01% 0.01%;
, 5% 74kBq/
(GPBS)1mlI ,
20 , 100pl , 125
1.4 ( ) (RIA) ( "I ),
, 37 30min,
( ( ),
) , 3500r/min 25—30min,
< 0.05ng/ml < 3pg/ml; , GC-911 \V4 ( )
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F 3 PMEATREARITIESE MF 2RI E(n = 8)

CPM Tab.3 Effects of two different experimental diets on MF secre-
( ), tion in female crabs (n = 8)
1.5 ( ) MF [pmol/(h - ind)]
(RCA) A ( ) B ( )
(2003) 9 11.5245.57% 14.92+7.97%
\ Tobe (1989) JH 10 9.87+3.85" 13.5746.59%
11 24.15+6.33" 28.55+8.84"
: SH-Met 12 16.73+7.64% 18.35+6.21%
( TC 199 , (P<0.05),
100u) 1 MO, 30 3h (P>0.05); :
(P<0.05), (P>0.05)
, MO
300ul , 3000r/min 10min, .
(9.87£3.85) (13.57+£6.59)pmol/(h-ind); 11
200ul 1.5ml Eppendorf
(P<0.05), (24.1516.33) (28.55%8.84)
Eppendorf Iml , )
pmol/(h-ind); 12 (P>0.05)
, LS 6500 ”5 oG
(Beckman) ' ( ' )
(DPM ),
16 9—10 , AB PG
t ANOVA ' '
( 4 9
1 PG 1
2 ( )
2.1 ( . MF) PG; 10
PG, PG , A
9—12 ME (0.04+0.01)ng/g (0.02+0.02)ng/ml ,
( 3),9—10 11 , B (0.04£0.02)ng/g (0.02+£0.01)ng/ml
12 , 11—12 ,AB ( )
MF 9—10 , MO (P>0.05)
( 1) 11 PG ,12
MF , ( 49 1 PG,
B MF A ( 3 9 PG (P<0.05), A (2.01+
(P>0.05); 10 (P<0.05), 0.33)ng/g , B (2.53+0.66)ng/g ,
Fz 4 WEAREIENITTE PG THRIZM(n = 8)
Tab.4 Effects of two different experimental diets on PG secretion in female crabs (n = 8)
A ( ) B ( )
(ng/g) (ng/g) (ng/ml) (ng/g) (ng/g) (ng/ml)
9 — ) —( ) —( ) —( ) —( ) —( )
10 0.04+0.01" —( ) 0.02+0.02° 0.0420.02* —( ) 0.02+0.01°
11 0.52+0.18% 2.53+0.66" 1.11+0.34° 0.35+0.09* 2.01£0.33" 1.65+0.21°
12 —( ) 0.25+0.06’ 0.68+0.52° —( ) 0.100.05° 0.32+0.18%
(P<0.05), (P>0.05); (ng/g ng/ml),
: (P<0.05),
(P>0.05); (P<0.05), (P>0.05)
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PG (P>0.05) 12 11 , E.
PG , PG, (P<0.05), B (0.65+
, 0.22)ng/g , A (0.52+0.18)ng/g ,
(P<0.05) E, 25 E,
2.3 ( , E2) ;12 , E,
, B (0.67+0.20)ng/ml , A (0.55+
9—10 , E, , 0.15)ng/ml , 11 , 11
E,, 11— 2 E,
12 E.( 5)
%5 MERRIARLEXAEE E, TaRIFN(n = 8)
Tab.5 Effects of two different experimental diets on E; secretion in female crabs (n = 8)
A ( ) B ( )
(ng/g) (ng/g) (ng/ml) (ng/g) (ng/g) (ng/ml)
9 —( ) —( ) —( ) —( ) —( ) —( )
10 —( ) —( ) —( ) —( ) —( ) —( )
11 0.21+0.06% 0.52+0.18" 0.30+0.09° 0.250.08% 0.65+0.22" 0.35:0.16°
12 0.08+0.01* 0.20%0.05" 0.55+0.15° 0.060.04* 0.15+0.06" 0.67+0.20°
3 10
PG( 0.04ng/g 0.02
' ( ng/mh( 4) , E> PG
, 2001), ( 9—10
) PG E MO ( 5) Couch (1987) PG
MF (
, 2003) | PG E,
3.1 (MF PG Ej E, PG
MO MF
JH I , JH, ( 1 2003), ME
MF (Homola et al, , ME
1997): (1) , ,
; (2) ) C(PKC) PG E,,
: ; (3) , , ,
(20- , 20-HE) ,
(4 ! MF PG,
DNA RNA : PG , E.
: 3.2
MF (Laufer et al,
1998; , 2001) 3 4 5 MF B ( )
, MO MF A ( )
MF, PG, Eo, 3), 10 ( ) 1 ( )
9 ; 4 , B
MO MF 10pmol/(h-ind), PG , (12 )
PG E; ; (0.32+£0.18)ng/ml, A [(0.68+0.52)ng/ml]
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(P<0.05), B PG ( 3 4 B ( ) A |
A 5 ) ;

, B E, [(0.67+ B ,
0.20)ng/ml], A [(0.55£0.15)ng/ml] (2002)" (
(P<0.05) ) , EPA DHA

(Wade et al, 1991), (AA)
( ) (PGE)
, (Van Der Kraak et al, 1990), AA
: EPA DHA ,EPA DHA
, PGE (Wade et al, 1994)
: ( JAA
, (PUFA) (Lopez-Ruiz et al, 1992)
: 3.3
: (Vn),
( , 1999)
: : ( )
) ( , 2004)
HUFA (Vo), Vn :
, HUFA
(Kanazawa et al, 1985; Thompson et al, 2003) HUFA (1999)
Vg , Vg
, DHA % , ,

EPA (Takeuchi et al, 1999; Su- Vg; Li  (2006) Vg mRNA

prayudi et al, 2004) EPA DHA ,
: ( . Vg, Vg Vg,
2003) : ( Vg,
) 0.40% 0.36%, , ()
(P>0.05), A ( , 1995) (PG
( ) PUFA, EPA DHA E,) ,
6.63% 6.11%, B ( ) EPA Vg, Vg,
DHA 0.65 0.70%, A ( ) ;Vn Vg , Vn
4% , PUFA : Vn
, MO MF Vg
, (Warrier et al, 2001) Vg
A : , Vg
PUFA : EPA DHA .
, A ( ) Vg
, B EPA , E,
DHA( ) o ( ) ( 9),
, A =) Vg ,
1) , 2002. ,1—35
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PG Vg,
PG ,
EZ ] E2
Vg , Vg
(accumulative effect),
( EPA DHA AA
) 1

Bigt R BMBEKFHET - FHEFEEAH EE %
K F )8 K B B & (PG A= Ey)An X bk &
(MF)#g#m) T4E, B8,

: , , 1999.
. , 6(1): 79—81
, , 2001. 17B3-
, 25(2): 112—115

, , 2002. :
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, , 2001.
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, , 2001.

. ,10(2): 166—169
, , 1998.
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, , 2003
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, : , 1995
, 41(3): 229—234

: : , 2008

, 39(3): 276—283
, , 2003

, 7(4): 289—292
, , , 2001.

25(4): 304—310
, 2004

, 28(6): 66—70

Couch E F, Hagino N, Lee J W et al, 1987. Changes in estrodiol
and progeterone immunocreactivity in tissues of the lobster,
Homarus americanus, with developing and immature ova-
ries. Comp Biochem Physiol, 87(3): 765—770

Homola E, Chang E S, 1997. Methyl farnesoate: Crustacean
juvenile hormone in search of function. Comp Biochem
Physiol, 117(3): 347—356

Kanazawa A, Teshima S, Sakamoto M et al, 1985. Effects of
dietary lipids, fatty acids and phospholipids on the growth
and survival of prawn (Penaeus japonicus) larvae. Aquacul-
ture, 50: 39—49

Laufer H, Biggers W J, Ahl J S B, 1998. Stimulation of ovarian
maturation in the crayfish Procambarus clarkii by methyl
farnesoate. Gen Comp Endocrinol, 111: 113—118

Laufer H, Borst D W, Baker F C et al, 1987. Identification of a
juvenile hormone-like compound in a crustacean. Science,
235: 202—205

Li K, Chen L Q, Zhou Z L et al, 2006. The site of vitellogenin
synthesis in Chinese mitten-handed crab Eriocheir sinensis.
Com Biochem Physiol Part B, 143: 453—458

Lopez-Ruiz M P, Choi M S K, Rose M P et al, 1992. Direct effect
of arachidonic acid on protein kinase C and LH-stimulated
steroidogenesis in rat Leydig cells: Evidence for tonic in-
hibitory control of steroidogenesis by protein kinase C. En-
docrinology, 130: 1122—1130

Nagaraju G P C, 2007. Is methyl farnesoate a crustacean hormone?
Aquaculture, 272(1—4): 39—54

Suprayudi M A, Takeuchi T, Hamasaki K et al, 2004. Essential
fatty acids for larval mud crab Scylla serrata: implication of
lack of the ability to bioconvert C18 unsaturated fatty acids
to highly unsaturated fatty acids. Aquaculture, 231: 403—
416

Takeuchi T, Satoh N, Sekiya S et al, 1999. The effect of EPA and
DHA on the molting rate of larval swimming crab Portunus
trituberculatus. Nippon Suisan Gakkaishi, 65(6): 998—1004

Thompson K, Muzinic L, Christian T et al, 2003. Lecithin re-
quirements of juvenile American red claw crayfish Cherax
quadricarinatus. Aquaculture Nutr, 9: 223—230

Tobe S S, Yong D A, Khoo H W, 1989. Production of methyl
farnesoate by the mandibular organ of the mud crab, Scylla
serrata: validation of a radiochemical assay. Gen Comp
Endocrinol, 73(3): 342—353

Van Der Kraak G, Chang J P, 1990. Arachidonic acid stimulates
steroidogenesis in goldfish preovulatory follicles. Gen Comp
Endocrinol, 77: 221—228

Wade M G, Van Der Kraak G J, 1991. The control of testicular
androgen production in the goldfish: effects of activators of
different intracellular signaling pathways. Gen Comp Endo-
crinol, 83: 337—344

Wade M G, Van Der Kraak G, Gerrits M et al, 1994. The release
and steroidogenic action of polyunsaturated fatty acids in the



512 41

goldfish testis. Biol Reprod, 51: 131—139 reproducing females of the mud crab Scylla serrata. Comp
Wallace C M, Selman K, 1981. Cellular and dynamic aspects of Biochem Physiol Part A, 130: 283—294

oocyte growth in teleost. Am Zool, 21: 335—343 Wyatt G R, Davey K D, 1996. Cellular and molecular actions of
Warrier S R, Tirumalai R, Subramoniam T, 2001. Occurrence of juvenile hormone . Roles of juvenile hormone in adult

vertebrate steroids, estradiol 178 and progesterone in the insects. Adv Insect Physiol, 26: 1—156

HORMONAL REGULATIONS OF OVARIAN DEVELOPMENT AND VITELLOGENESIS
IN CHINESE MITTEN CRAB ERIOCHEIR SINENSIS FED ON TWO DIFFERENT DIETS

LU Jian-Feng“?, CHANG Guo-Liang®®, WU Xu-Gan?, YANG Xiao-Zhen?,
ZHAO Wei-Xin?, CHENG Yong-Xu?

(1. School of Biotechnology and Food Engineering, Hefei University of Technology, Hefei, 230009; 2. Key Laboratory of Exploration
and Utilization of Aquatic Genetic Resources, Shanghai, 201306; 3. School of Life Sciences, Huaiyin Normal University, Huaiyin,
223300)

Abstract In crustaceans, ovarian development and vitellogenesis are known to be regulated by circulating hormones.
This study examined the hormonal regulations of ovarian development and vitellogenesis in Chinese mitten crab Eriocheir
sinensis fed on two different diets (group A, lipid nutrition balance; group B, lipid nutrition unbalance). The concentrations
of progesterone (PG) and estradiol (E,) in the hepatopancreas, ovary, and hemolymph of E. sinensis were measured at dif-
ferent vitellogenic stages by radioimmunoassay. Methyl farnesoate (MF), biosynthesized and secreted by mandibular organ
(MO), were analyzed by radiochemical method. The main results were as follows: 1) Occurrence of PG and E, in the
hepatopancreas, ovary and hemolymph, and PG might be the precursor of E,; 2) MF biosynthesis rates of precocious crabs
were markedly higher than those of normal juvenile crabs, and large amounts of MF biosynthesized and secreted by MO
were the endocrine basis for precocity; 3) MF biosynthesis rates of group B (diets containing pork lard ) were higher than
those of group A (diets containing fish oil and soy lecithin), and conversion rates of PG to E, of group B were also higher
than those of group B; 4) PG and E, possibly bound to Exogenous vitellogenin (Vg) at their lipid binding sites, and were
then transported via haemolymph to follicle cells via receptor-mediated endocytosis, and finally integrated with endoge-
nous Vg of oocytes, resulting in their incorporation into the yolk; 5) PUFA such as EPA and DHA might inhibit the pro-
duction of steroid hormone. Results of this study indicated that MF might act as a gonadotropin which stimulated PG syn-
thesis and E, conversion, and these three hormones together induced ovarian development and vitellogenesis.

Key words Eriocheir sinensis, Ovarian development, Vitellogenesis, Precocity, Progesterone, Estradiol,
Methyl farnesoate



