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Vg , Vg ( ) ; Trizol Reagent
; 44 , Invitrogen ; ToplO
VgR (o] VgR ( ) Tryptone Yeast extract
VgR , Vg Sigma ;
«C )
(Exopalaemon carinicauda) (ELISA) ;
(Palaemonidae) ,
[11-12] ’ 1.2
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1.1.2 SMART™ RACE cDNA Amplifi- (ELISA)
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SMARTer™ RACE ¢DNA (Clontech) EL B
RACE £, B2 Rlgs o
1.2.6 VgR cDNA UPM B3 r”R T UM
(GenBank 1 GU454802.1) (GenBank UPM S1eng Gspi
: EU024890.1) (Nilaparvata lugens) &m
(GenBank : GU723297.1) (Blattella
germanica) (GenBank : AMO050637.1)VgR Filg. | Clone Stifi;??; carinicauda VeR
VgR-
F1/R1 1, VgR-F2 1.5% 200 V ,
VgR-R2 2, GSP1 2000 bp DNA Ladder
UPM 3, GSP3 SanPrep DNA
UPM 3, GSP2 , pMD-18T ,
UPM 5 1 , Top10, PCR
1
, 2 uL , , cDNA
F1 XWHFRASY
Tab.1 Oligonucleotide primers used in the experiment
(5'-3') primer sequence (5'~3') application

primer name

VgR-F1 CMAARGAGMGRGTMTACTGGAC 1 fragment 1 amplification
VgR-R1 TGCASWGGTGRGWGCAKTTCTT 1 fragment 1 amplification
VgR-F2 AGGTGTGYGCYTGCRGWYTCGG 2 fragment 2 amplification
VgR-R2 GCAATCAACGCTCTGCCTTCAA 2 fragment 2 amplification
GSP1 CCTGCTGCTTTCTTCAACGCAAACTGG 3 fragment 3 amplification
GSP2 CTCCTCCTCATCGGAATGGTCCAAGCA 5'RACE amplification
GSP3 TAATCCTGTTGCCTTGATGCTCCTGGG 3'RACE amplification
RTVgR-F ATAATCCTGTTGCCTTGATGCT RT-PCR
RTVgR-R TCTCCTTTGTCTTTTACGCACA RT-PCR
RTVg-F TGCCATCTAACTTCACCAAGG RT-PCR
RTVg-R CAAATCGTGCTCCAATCTCTC RT-PCR
18S-F CCGAGACATCAAGGAGAAGC RT-PCR
18S-R ATACCGCAAGATTCCATACCC RT-PCR
UPM CTAATACGACTCACTATAGGGCAAGCAGTGGTATCAACGCAGAGT RACE amplification
1.2.7 DNAMAN expasy.org/tools/protparam.html)
; DNAStar EdiSeq ; NetNGlycl.0
(ORF) ; (http://www.cbs.dtu.dk/services/NetNGlyc/)
SignalP (http://www.cbs.dtu.dk/services/SignalP/) ; TMHMM (http:/
; GOR4 (http: www.cbs.dtu.dk/services/TMHMM)/)

//www.expasy.org/) ;
SMART (Simple Modular Architecture Research
Tool) (http://smart.embl-heidelberg.de/)

; ProtParam (http://www.

; NCBI
nih.gov/Blast.cgi)
VgR )
5.0 NJ

BLAST (http: //blast. ncbi.nlm.

MEGA
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1.2.8 VgR Vg 10.76%  « , 59.76%
VgR , SMART , 3 22
RTVgR-F/R, 11 (ligand binding domain, LBD), 2
(epidermal growth
VgR factor precursor domain, EGFP) 1
; GenBank Vg (transmembrane domain, TMD)( 2, 3) ,
(GenBank : 1Q319034) : LDBI 5 LDLa ,LDBII 8
RTVg-F/R, , 6
Vg , 6 ,
3 , 3 Ci-Cii Cy-Cy Cw-Cy;; EGFP T 4
P VgR Vg mRNA  EGF 8 YWTD ,EGFPII
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1.2.9 SPSS16.0 EGF 6 )
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cDNA , , VgR ,
559bp 5 1104 bp 3’ ; VgR LDLR
5892 bp  VgR cDNA, (very low- den-
GenBank, : KC506601 sity lipoprotein receptor, vLDLR) ,
VgR 5661 bp, (lipophorin receptor, LpR)
1886 ( 2 37 bp LpR vLDLR )
5' 194bp 3 , poly(A) ( 4
AATAAA VgR 2.4
209613.3 D, Co019H14023N2525028825 177,
5.13 SignalP4.1 Server )
N 19 I 0.93% v ( ) 9.27%
NetNGlycl.0 41 302 331 (P<0.05), v )
762 879 910 930 991 1037 1111 1363 0.76%; ,
N- I 5.01% (P<0.05),
2.2 VgR 2.71%,
GOR4 , VgR 4.01%, I (4.00%) (P>0.05)( 95)
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MSFLVVSFVFSLYFGDAWATTYSAAGSHIRHNRSPYSIPTNLTTVHPEGASSKSISSVPC 60
TSGEWKCSGDGMCIDKSLRCDRIPHCPDMSDELGCEDCDKLRFYRCRNGECIPKFFQCDG 120
TIDCSDKSDELDCIDKESSCPLKQFRCKLNNLCIPKLWLCDGAPDCLDHSDEEECPTKPA 180
CREDQFRCKNGVCVSLGYVCDGEFDCKEGEDESDCEISRCKENPNHYQCKDGTCLQPEKV 240
CDGRRDCSDGSDEGGLCSRQCKVGDCSHLCYSTPGGPHCMCSQGYRPLSDKDCADIDECQ 300
RNVSICDHFCENLPGSYKCVCGEKYNLESDNKTCVNEGFGYGFIIVAMNREIREIYLNAT 360
SYN|SVFSGQDLIQCVAYDPVEDKVYWSNSIAILRKGRMTSEQPEAIVNKGIRRVESLAVD| 420
[WYGRNLYVADSGIQKIIVCALSGLNCQVLLDNVNPRTLRLDIKNRLLFWTDTKRQV IMKA| 480
[GMDGSKPVSLISDGIKIPNGLALDPPARRVYWMDAGHSRIEHVLYDGTDRKNLPYGAVSH| 540
[PFSMDVWESRLYWSDLDHEHVRSCLKTNGKSV|QMVLKGTSRNDFYGLTLYHTTMFDQGNN 600
PCRERLCSHLCLLSPGSTAGYKCACPAEMEISTDMHSCKAKAHVAFPFVSDGDKFYMLFN 660
PEMGTMRIERELSHLRVERVGDFVYDPRQRSVIVSDVFKKNLLRVPLESGRVHHIMDNVY]| 720
[AVGVSFDWLRNNVYWVDGEKKVVEVISGAGYHRNVLASGYHNPTDITVAPLQGFFFVTDA| 780
[GLVPFIQRCGLEGMNCKNVVTENLYRPSSIVMDKDPEMQRIYWCDTEMGVIETAATDGTR| 840
RALLQSRLHSPISIMVSKDYLMWTLEARDNLYIASKKTNDTRAFSLKLDTADYGVRVLKL 900
ADVGWEVPVNVSLAFCQQGNGGCSHLCLGNNTHTQVCSCGLGYQLMPDGKLCSTLDCPKN 960
FFSCHTTGECVLSSWKCDGTPDCSDRSDELNCTQQQKPCSSDQFRCSSGNCISKAWVCDG 1020
NNDCFDGSDEKLPDCQNKTCRANYYACKSGQCVPGMWRCDGFKECEDGSDEDDCPENCGE 1080
HKFTCNDGSCIPDVWHCDNGEDCRDGSDEWNCTGKVTTTTVSGLTDSSKKWTCDDDEITC 1140

EVLDGDDPVCVEESSRCDGMEQCPYGDDEKDCGCADDQFKCLYTDRCIPRRWVCNQIKDC 1200

KDGSDEDCSLNATTTIVPDSEKTTTSGWLCQPGEHPCKNGQCIKSSMLCDGSSDCNDGSD 1260
EWDHCFTNCQKYNGGCQHECHSTVDAVYCSCHRGYHLDSDGKSCLDDEECDVEETCAHLC 1320
IEMKGSYMCSCMEGYTLEPDRRTCKLTKDKEWALVAGSEGILNMTTQLQVMSRIPLEDDV 1380
SLNSFDFDPSSDSFIYADDKGFIVQOMAAKADPFPGAIETVWRSSNPQGIAVDAVASNLYF 1440
SEYFVNPPSIETKAKAEDKSKRSMVETEDVYSIINMCSLKNRRCTRVYEAFNVKVPSTKV 1500
APVEENFFFCINHQSGENQGQIMASKLDGTSPRVLHQEKVVRCGALALDLPKKRIYWTDT] 1560
[VLNSIQSVSWNGDGYRLVIEEGVHNPVALMLLGEKLTWSNKGGKLGQCHKYYGSYKGKLL 1620
DSGDKNKKFEGRALIAVGPPLNVKDPCLDKNCSHLCVKDKGEGKCLCENGFKVSQQDPTA 1680
CIRADTCPGNPCAVGTCEMISSKREVCRCPSGFSGMLCEVSQDPLKQSSNVGTAVAVVLI 1740
VVILVALVAGVLWYRRQPFLFWMSKRRMSNQTYRFSNPAFGVMADTRIVSSKSPVPSSCA 1800
SQGTNPPFHLITGPQDGDGSGCENPFSVVEVSQINTSLDSAVVSGTDSTSYNAAFNKVDL 1860

ESPIPPPNYLQEERKEWVLSPYNPLK 1886

2 VgR
, N- , A )
YWTD , , (NPXF)

Fig. 2 Deduced amino acid sequence of E. carinicauda VgR
Signal peptide is in bold. Predicted N-glycosylation sites are bold-italicized. The single underlines indicate low-density lipoprotein
receptor class A domains. Shaded areas indicate the EGF-like domains. The outlined rectangles indicate low-density lipoprotein-receptor
YWTD domains. The double underline indicates the transmembrane domain. The dotted underlines indicate internalization signal (NPXF).
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, , 111
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Fig. 3 Domain organization of five low-density lipoprotein receptors
© . Low-density lipoprotein-receptor class A domain; 9: Low-density lipoprotein-receptor YWTD domain;
f: Epidermal growth factor domain; [|: Transmembrane region.
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F1ifi Morone americana (VgR)
85 Dicentrarchus labrax (VgR)
94 A B 4 Oreochromis aureus (VER)
1 Oryzias latipes (VER)
H A& Anguilla japonica (VER)
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_ 94 H A{HUF Macrobrachium nipponense (VgR)
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95

61

MR Tl Drosophila melanogaster (VER)

1091— VE® Antheraea pernyi (VgR)
K& Bombyx mori (VgR)

0.1

100 RIS Wk Spodoptera litura (VgR)
99 Hi%% B Helicoverpa armigera (VgR)

4 VgR NJ

HHEZY)
Vertebrate

[FES
Crustaceant

Bk

Insect

> Mok

Crustaceant

Bk

Insect

Fig. 4 Phylogenetic analysis (Neighbor Joining) of E. carinicauda and other deduced VgR amino acid sequences
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121 _a— PEpR48%L gonadosomatic index
10 | —=— JiFI#RAR$5 %L hepatosomatic index
n=9; x£SD

KEHEE%
development index

O 1 1 1 ]
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P4 & B ] ovarian developmental stage

(P<0.05).
Fig. 5 Gonadosomatic index and heaptosomatic index of E.
carinicauda
Different lowercase letters indicate significant difference of
development index during ovarian development (P<0.05).
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Fig. 6 Relative expression levels of VgR mRNA in tissues of
E. carinicauda
Different lowercase letters indicate significant difference of
VgR mRNA expressions in different tissues (P<0.05).
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Fig. 7 Relative expression levels of VgR mRNA in ovary and
hepatopancreas of E. carinicauda

Different lowercase letters indicate significant difference of
VgR mRNA expressions during ovarian development (P<0.05).
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Fig. 8 Relative expression levels of Vg mRNA in ovary and
hepatopancreas of E. carinicauda
Different lowercase letters indicate significant difference of Vg
mRNA expressions during ovarian development (P<0.05).
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Fig. 9 Vitellogenin concentration in hemolymph of female E. (311 , LDLR OLSD R
carinicauda LDLR
Different lowercase letters indicate significant difference of Vg >
concentration in hemolymph during ovarian development OLSD LDLR,
(P<0.05). 1321
VgR LBD: LDB I LDB II, VgR OLSD,
13 LDLa , LDLa
6 , OLSD"! VgR OLSD,
(1] , OLSD
Ca™, Ca* VgR
(23] LDLa LDLR , VgR
VgR , TMD TMD  VgR
VgR (208~215 kD) VgR (180~ ) NPXF
215 kD)% 2423 [18, 33]
VgR (92~97 kD) 2 721722 20] 33 VgR
[17] [21] [22]
, (Gallus gallus) VgR 7] VgR
1 LBD, 8 LDLa , , )
] [4. 271, LRP VgR
507 kD, 31 LDLa , )
, 4 LBD( 3), 20 VgR ; )
[4, 28] [3, 24-25, 34],
(Scylla serrata) VgR (Nilaparvata lugens) VgR
LDL  vLDLP’ : , .
VeR Ve, 1l : VgR
) VgR
LBD EGFP, EGF YWTD mRNA ,
B- , EGFP (6-81, VgR mRNA



VeR 809
) VeR Ve
, (9] , , Vg
VgR mRNA , Vg ,
, ; (Proca- ,
mbarus clarkii) VeR VgR (7
mRNA , B3, , VgR Vg
, VgR R VgR
[6]
, VgR mRNA VgR ,
OLSD , OLSD  VgR
, OLSD , VgR
VeR [36] ’ ’
VgR VgR
OLSD VgR
34 VgR Vg ,
RNAI VeR
, VgR Vg 22%,
: VgR Vg ]
[7, 10] , Ve ’
; VeR Ve ; Ve Vg
VgR
, I , Vg > ,
s Vg VgR VgR
; Vg ;
VgR , VgR LDLR
(v ), VgR , , LDLR ,
) Vg VgR VeR
; vV ) ,
11 ; Vg , VgR Vg
; Vg
’ B% 30k
’ , [1] LiZ]J, Yang L J, Wang J, et al. The progress in studies on
[16] v Ve I vitellogenin[J]. Chinese Bulletin of Life Sciences, 2010,
22(3): 284-290. [ , , ,
I , Ve , 0. ,2010, 22(3): 284-290.]
VeR 111 , [2] Subramoniam T. Mechanisms and control of vitellogenesis
Vg I in crustaceans[J]. Fish Sci, 2011, 77(1): 1-21.



810

23

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

(1]

[12]

[13]

Liu Q N, Zhu B J, Liu C L, et al. Characterization of vitel-
logenin receptor (VgR) from the Chinese oak silkworm, An-
theraea pernyilJ]. Bull Insectol, 2011, 64(2): 167-174.
Sappington T W, Raikhel A S. Molecular characteristics of
insect vitellogenins and vitellogenin receptors[J]. Insect
Biochem Mol Biol, 1998, 28(5): 277-300.
Avarre J C, Michelis R, Tietz A, et al. Relationship between
vitellogenin and vitellin in a marine shrimp (Penaeus
semisulcatus) and molecular characterization of vitellogenin
complementary DNAs[J]. Biol Reprod, 2003, 69(1):
355-364.
Roth Z, Khalaila 1. Identification and characterization of the
vitellogenin receptor in Macrobrachium rosenbergii and its
expression during vitellogenesis[J]. Mol Reprod Develop,
2012, 79(7): 478-487.
Tiu S H K, Benzie J, Chan S M. From hepatopancreas to
ovary: molecular characterization of a shrimp vitellogenin
receptor involved in the processing of vitellogenin[J]. Biol
Reprod, 2008, 79(1): 66-74.
Klinbunga S, Sittikankaew K, Jantee N, et al. Expression
levels of vitellogenin receptor (Vtgr) during ovarian devel-
opment and association between its single nucleotide poly-
morphisms (SNPs) and reproduction-related parameters of
the giant tiger shrimp Penaeus monodon[J]. Aquaculture,
2015, 435: 18-27.
Lee J H, Kim B K, Seo Y, et al. Four cDNAs encoding lipo-
protein receptors from shrimp (Pandalopsis japonica):
Structural characterization and expression analysis during
maturation[J]. Comp Biochem Physiol B: Biochem Mol Biol,
2014, 169: 51-62.
Bai H, Qiao H, Li F, et al. Molecular characterization and
developmental expression of vitellogenin in the oriental river
prawn Macrobrachium nipponense and the effects of RNA
interference and eyestalk ablation on ovarian maturation [J].
Gene, 2015, 562(1): 22-31.
Liang J P, Li J, Li J T, et al. Effects of water temperature on
the embryonic development, survival and development pe-
riod of larvae of ridgetail white prawn (Exopalaemon carini-
cauda) reared in the laboratory[J]. Acta Ecologica Sinica,
2013, 33(4): 1142-1152. [ s , ,
[J1.

, 2013, 33(4): 1142-1152.]
Oh C W, Kim J N. Reproductive biology of Exopalaemon
carinicauda (Decapoda, Palaemonidae) in the Hampyong
Bay of Korea[J]. Crustaceana, 2008, 81(8): 949-962.
YuTIJ, LiJ, Li J T, et al. The growth and reproduction

characteristics of ridgetail white prawn (Exopalaemon

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

carinicauda) cultured in ponds[J]. Chinese Fishery Quality
and Standards, 2014, 4(2): 16-25. [ ) R )
[J1.
,2014, 4(2): 16-25.]
Liang J P, Wang Y, Duan Y F, et al. Molecular cloning of
ecdysteroid receptor and its expression during the ovarian
development and embryogenesis of Exopalaemon carini-
cauda[J]. Journal of Fisheries of China, 2015, 39(7):
942-952. [ , , , EcR
(1.
, 2015, 39(7): 942-952.]
Wang X E. Study on the breeding biology of Exopalaemon
carinicaudalJ]. Chinese Journal of Zoology, 1987, 22(1):
7-10. [
, 1987, 22(1): 7-10.]

Li Z G, Zhang C S, Li F H, et al. Histological study on the
gonadal development of Exopalaemon carinicauda (Holthuis,
1950)[J]. Journal of Fisheries of China, 2014, 38(3):
362-370. [ , ; > -

[J. , 2014, 38(3): 362-370.]
Mizuta H, Luo W, Ito Y, et al. Ovarian expression and local-
ization of a vitellogenin receptor with eight ligand binding
repeats in the cutthroat trout (Oncorhynchus clarki)[J]. Comp
Biochem Physiol B: Biochem Mol Biol, 2013, 166(1): 81-90.
Tufail M, Takeda M. Insect vitellogenin/lipophorin receptors:
molecular structures, role in oogenesis, and regulatory
mechanisms[J]. J Insect Physiol, 2009, 55(2): 88-104.
Lu K, Shu Y, Zhou J, et al. Molecular characterization and
RNA interference analysis of vitellogenin receptor from
Nilaparvata lugens (Stal)[J]. J Insect Physiol, 2015, 73:
20-29.
Davail B, Pakdel F, Bujo H, et al. Evolution of oogenesis:
the receptor for vitellogenin from the rainbow trout[J]. J
Lipid Res, 1998, 39(10): 1929-1937.
Hiramatsu N, Chapman R W, Lindzey J K, et al. Molecular
characterization and expression of vitellogenin receptor from
white perch (Morone americana)[J]. Biol Reprod, 2004,
70(6): 1720-1730.
Li A K, Sadasivam M, Ding J L. Receptor-ligand interaction
between vitellogenin receptor (VtgR) and vitellogenin (Vtg),
implications on low density lipoprotein receptor and apoli-
poprotein B/E[J]. J Biol Chem, 2003, 278(5): 2799-2806.
Rudenko G, Henry L, Henderson K, et al. Structure of the
LDL receptor extracellular domain at endosomal pH[J]. Sci-
ence, 2002, 298(5602): 2353-2358.
Shu Y H, Wang J W, Lu K, et al. The first vitellogenin re-

ceptor from a Lepidopteran insect: molecular characteriza-



VgR

811

[25]

[26]

[27]

(28]

[29]

[30]

tion, expression patterns and RNA interference analysis[J].
Insect Mol Biol, 2011, 20(1): 61-73.

Smith A D, Kaufman W R. Molecular characterization of the
vitellogenin receptor from the tick, Amblyomma hebraeum
(Acari: Ixodidae)[J]. Insect Biochem Mol Biol, 2013, 43(12):
1133-1141.

Pousis C, Santamaria N, Zupa R, et al. Expression of vitel-
logenin receptor gene in the ovary of wild and captive Atlan-
tic bluefin tuna (Thunnus thynnus)[J]. Anim Reprod Sci,
2012, 132(1): 101-110.

Bujo H, Hermann M, Kaderli M O, et al. Chicken oocyte
growth is mediated by an eight ligand binding repeat member
of the LDL receptor family[J]. EMBO J, 1994, 13(21): 5165.
Nimpf J, Stifani S, Bilous P T, et al. The somatic
cell-specific low density lipoprotein receptor-related protein
of the chicken. Close kinship to mammalian low density
lipoprotein receptor gene family members[J]. J Biol Chem,
1994, 269(1): 212-219.

Warrier S, Subramoniam T. Receptor mediated yolk protein
uptake in the crab Scylla serrata: crustacean vitellogenin re-
ceptor recognizes related mammalian serum lipoproteins[J].
Mol Reprod Develop, 2002, 61(4): 536-548.

Van Hoof D, Rodenburg K W, Van der Horst D J. Intracel-
lular fate of LDL receptor family members depends on the
cooperation between their ligand-binding and EGF do-
mains[J]. J Cell Sci, 2005, 118(6): 1309-1320.

(31]

[32]

(33]

[34]

[35]

[36]

Davis C G, Elhammer A, Russell D W, et al. Deletion of
clustered O-linked carbohydrates does not impair function of
low density lipoprotein receptor in transfected fibroblasts[J].
J Biol Chem, 1986, 261(6): 2828-2838.
Koivisto P V, Koivisto U M, Kovanen P T, et al. Deletion of
exon 15 of the LDL receptor gene is associated with a mild
form of familial hypercholesterolemia FH-Espoo[J]. Arte-
rioscler Thromb Vasc Biol, 1993, 13(11): 1680—1688.
Willnow T E. The low-density lipoprotein receptor gene
family: multiple roles in lipid metabolism[J]. J Mol Med,
1999, 77(3): 306-315.
Qian C, Fu W W, Wei G Q, et al. Identification and expres-
sion analysis of vitellogenin receptor from the Wild Silk-
worm, Bombyx mandarina[J]. Arch Insect Biochem Physiol,
2015, 89(4): 181-192.
Liu H, Cui J, Yan J, et al. Cloning and relative quantification
analysis of expression of the partial vitellogenin receptor
cDNA/mRNA of the Crayfish Procambarus clarkii[J]. Pro-
gress in Fishery Sciences, 2014, 35(6): 83—-89. [ s R
, . cDNA

mRNA [J1. ,
2014, 35(6): 83-89.]
Pousis C, Santamaria N, Zupa R, et al. Expression of vitel-
logenin receptor gene in the ovary of wild and captive Atlan-
tic bluefin tuna (Thunnus thynnus)[J]. Anim Reprod Sci,
2012, 132(1): 101-110.



812 23

Molecular cloning of the vitellogenin receptor and its expression during
ovarian development of Exopalaemon carinicauda

LIANG Junping"?, LI Jian>*, LI Jitao’, LIU Ping*?, LIU Deyue’

1. College of Fisheries, Henan Normal University; Engineering Technology Research Center of Henan Province for
Aquatic Animal Cultivation, Xinxiang 453007, China;

2. Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences; Key Laboratory of Sustainable De-
velopment of Marine Fisheries, Ministry of Agriculture, Qingdao 266071, China;

3. Functional Laboratory of Marine Fisheries Science and Food Production Processes, Qingdao National Laboratory for
Marine Science and Technology, Qingdao 266071, China

Abstract: The vitellogenin receptor (VgR) plays an important role in oocyte maturation. VgRs have been studied
extensively in various animals from vertebrates to invertebrates, including the chicken, Gallus gallus, fish, On-
corhynchus mykiss and Oreochromis aureus, insects, Bombyx mori and Blattella germanica, and crustaceans,
Macrobrachium rosenbergii and Pandalopsis japonica. The aims of this study were to identify and characterize the
VgR from Exopalaemon carinicauda, to investigate its expression level during ovarian development, and to de-
scribe its interactions with Vg. The full-length E. carinicauda VgR cDNA was cloned using degenerated oligonu-
cleotide primers and rapid amplification of cDNA ends technology. Quantitative real-time polymerase chain reac-
tion analysis was used to quantify relative V'gR expression levels in different tissues during E. carinicauda ovarian
development. The results showed that the full-length E. carinicauda VgR was 5892 bp, containing an open reading
frame of 5661 bp, encoding a 1886 amino acid polypeptide. The shrimp VgR contained several conserved domains,
such as a ligand-binding domain, an epidermal growth factor-precursor domain, a transmembrane domain, and a
cytoplasmic domain; thus, it belongs to the low-density lipoprotein receptor (LDLR) gene family. A phylogenetic
analysis revealed that the shrimp VgR was more closely related to VgRs from other crustaceans and insects, rather
than to vertebrate VgRs, and was distant from other LDLR members. The E. carinicauda VgR was expressed in
various tissues, and the highest expression was detected in the ovary. Ovarian VgR mRNA expression level
reached the maximum at stage III of ovarian development and was significantly positively correlated with Vg
content in hemolymph and Vg expression level in the hepatopancreas before ovarian maturation was completed.
The relative VgR expression level in the ovary reached the minimum at maturation when Vg expression level in the
hepatopancreas reached the maximum. Post-spawning Vg concentration remained high when ovarian Vg expres-
sion level reached the maximum. These results indicate that all VgRs from crustaceans were orthologs of insect
VgRs. Vg is synthesized rapidly in the hepatopancreas during maturation to supply a nutrient source for the de-
veloping ovary. The E. carinicauda VgR sequesters Vg in the hemolymph into developing oocytes during ovarian
development. Vg was synthesized within and outside the ovary and was transported into the ovary by VgR during
the ovarian recovery stage for subsequent ovarian development.
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