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(5-HT) (DA)
[16-17]

b

RACE ,
cyclin G2 cDNA ,
; , PCR(qPCR)
, cyclin G2(Pmcyclin G2)
mRNA
, 5-HT DA
Pmcyclin G2 mRNA ,

Pmcyclin G2 ,

1
1.1
, 100~200 g,
3
i
-V (
), 5- (5-HT) (DA)
, PBS , 1
(22.42 g+2.15 g) 50 pg/g s

Oh 6h 12h 24h 48h 72h 96h 3
RNAlater (Invitrogen,
USA) , —-80
1.2 RNA
, Trizol(Invitrogen,
USA) RNA,
DEPC , 1% RNA
: RNA(2 pg)

) SMART™ RACE ¢cDNA
(Clontech, USA) ,
cDNA
1.3
PmCyclin G2 EST ,
Cyclin G2-3GSP1(5'-AGGTAGT

Primer 5.0

GCGGCACACAAAAGATAC-3") Cyclin G2-3
GSP2(5-GTAATCGATGCGACAGAACCTCGT-3")

SMART™ RACE ¢cDNA (Clontech,
USA) cyclin G2 3
, [18]
PCR 1.2% ,
(OMEGA) ,
pMD18-T(TaKaRa, Japan) , DH5a,

1.4
ORF Finder (http: //www.ncbi.
nlm.nih.gov/gorf/gorf.html) ;

NCBI BLAST (http: //www.ncbi.
nlm.nih.gov/) ;
Bioedit ; SingalP 4.1

(http://www.cbs.dtu.dk/services/SignalP/)
; NetPhos 2.0(http: //
www.cbs.dtu.dk/services/NetPhos/) ;
NetNGlyc 1.0(http: //www.cbs.dtu.
dk/services/NetNGlyc/) ;

MEGAS5.0
1.5 PCR(Real-time Quantitative
PCR)
5-
RNA, SYBR PremixExTaq'™ Kit (TaKaRa,

Japan) cDNA
qG2-F(5'-CCTCACATCCTCCTATCATT-3") qG2-
R (5'-GAACTCTTCGTCGTAATCG-3'), EF-F(5'-

AAGCCAGGTATGGTTGTCAACTTT-3') EF-R
(5'-CGTGGTGCATCTCCACAGACT-3")
EF-la , 3
, LC480 , PmCy-
clin G2 P
1.6 Pmcyclin G2
Pmcyclin G2 ,

bG2-F(5'-CCGGAATTC ATGGCGTG
CGCTCCGTCTCCT-3") bG2-R(5'-CCCAAGCT
TTGCAAGGCGGTTATGTTTTCGGT-3), 5’
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EcoR1  Hind 111 HRP/DAB ( )
cyclin G2 pET21a, T4 , 1.8
DH5a , SPSS 22
pET21a-Pmcyclin G2 (one-way ANOVA), “ + ”
BL21 , 1:100 (x£SD) , P<0.05
LB ,
37°C 2h , OD 0.4~0.6, 2
(IPTG) 37°C 2.1 Pmcyclin G2
, 27h 4h 6h 8h 10h SMART RACE , Pmcyclin
12% (SDS- G2 (GenBank : KP676145) cDNA
PAGE), 4075 bp, 189 bp 5 (5'UTR)
1.7 (Western blot) 2725 bp  3'UTR, 1161 bp (ORF),
SDS-PAGE 386 (aa),
(NC, Millipore, USA) , Maker 434 kD 8.25 BLAST
, SMART , Pmcyclin G2
(Western blot) 1 cyclin box( 1);
5% 4°C 12 h; PBST 3 NetNGlyc 1.0  NetPhos 2.0
, 10 min; HRP 6xHis , Pmcyclin G2 2
(122000, VIV, ) 29 ; SignalP 3.0
60 min; PBST 3, 10 min, , Pmcyclin G2
Wik
am%iiid 1 50 150 386
JARIE AHE
cuclin box
1 Pmcyclin G2 cDNA
Fig. 1 A schematic diagram of full-length ¢cDNA of Pmcyclin G2
2.2 Jjacchus) (Pan troglodytes) (Homo
NCBI sapiens)  cyclin G2 48% 47% 31%
cyclin G2 , 30% 31% 29% 33% 33% 31% 30% 31%
cyclin G2 31% 31% 31%, cyclin G2
( 2), Pmcyclin G2 (Lepeo- NJ (  3), Pmcyclin G2
phtheirus salmonis) W (Daphnia magna) bt ,

fill(Ictalurus punctatus)
(Salmo salar) Ui

(Xenopus laevis)

(Danio rerio)
(Chelonia mydas)
(Mus musculus)
(Bos mutus) (Heterocephalus gla-

ber) (Callithrix

(Macaca mulatta)

2.3 Pmcyclin G2 mRNA

qPCR , Pmecyclin G2 mRNA

b

mRNA
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BETXFUF Penaeus monodon
N Homo sapiens

IR Pan troglodytes

Wik Macaca mulatta

HSEIK Callithrix jacchus
WYHEL: Bos mutus

¥R B\ Heterocephalus glaber
/N Mus musculus

FEUNITE Xenopus laevis A LBSKY Lisump
LU0, Chelonia mydas LA!SLTQF
PEE 4 Danio rerio

B XA Ictalurus punctatus
LRMEEE Salmo salar A2
eIt T\ Lepeophtheirus salmonis Al YRG-- -8 IQPSCSSNCSG-EITCGMADGS SHVIRY
KIEVE Daphnia magna
Clustal Consensus

BETXIUF Penaeus monodon prore

A Homo sapiens NeTE TFVLAVNILDRFLALMKVKPKHLSCIGVCE

ﬁZFEZE Pan troglodytes e TE TFVLAVNI LDRFLALMKVKPKHLSCIGVCE
a}g‘% gAJE[[JC‘,‘a]‘}‘? ;Ilzqutta " e TE TFVLAVNI LDRFLALMKVKPKHLSCIGVCE
!E‘?*EJ— B’Zs ::”;l;gfacc us e TE TFVLAVNI LDRFLALMKVKPKHLSCIGVCE
ey, e TETFVLAVNI LDRFLALMKVKPKHLSCIGVC]

BRI B Heterocephalus glaber e TE TFVLAVNI LDRFLALMKVKPKHLSCIGVC]S

i
/IT?M‘ Mus muSCllluS . e TETFVLAVNILDRFLALMKVKPKHLSCIGVC|
EPNITYE Xenopus laevis
LU0, Chelonia mydas

B4 Danio rerio ) ¥ B .
B XA Ictalurus punctatus :ETWMW LDRFLA‘M;&JE;
% KWEE Salmo salar S e TFVLAVNMLDRFLA AR
)i t4 T\ Lepeophtheirus salmonis pLEERT I
KIEVE Daphnia magna .
Clustal Consensus PLESAVLMDG
150 160 170 180 190 200 210
E e R I I o O o I T B e
FENTXIUR Penaeus monodon ; AR 194
N Homo sapiens IRISQCKCTSDIKRMEKIISEKL AT FLHLYHTIMLCHTSERKEILSLDKLEARSEINRY)
BRI Pan troglodytes IRISQCKCT!SDIKRMEKIISEKL ATTIE » A-—- 187
WAk Macaca mulatta IRISQCKCTHSDIKRMEKI ISEKL AT, A-—- 187
AWK Callithrix jacchus IRISQCKCTASDIKRMEKI ISEKL AT FLHLYHTIMLCHTSERKEILSLDKLEASSEINRY)
WFAEL- Bos mutus IRISQCKCTSDIKRMEKIISEKL AT FLHLYHTIJ/LCHTSERKEILSLDKLEARSEIN R
0 B Heterocephalus glaber IRISQCKC’l‘iSDIKRMEKIISEKL ATTREREES FLHLYHTI\3CHTSERKE ILSLDKLEASESES R
/N Mus musculus IRISQCKCTSDIKRMEKIISEKL AT FLHLYH I 4jCHTSERKE I LSLDKLEASSSES Y]
JEPNTYE Xenopus laevis IRISQCKC1‘=SD\'KRMEKIISI'KL ----- FLHLYHTI~LCHESERKEELELDKLE 187
23U G, Chelonia mydas IRISQCKCT‘SD KRMEKI ISEKLHJEIIATTEEEEE WFLHLYHTINL.CHTSERKEILALDKLEASEEES WA
B f4 Danio rerio 1*~sn RMEKI ISEKL\ge)3 A :ﬁHTs‘ KWLNLDKLE - 176
B ri XM Ictalurus punctatus 2 A !ixzur.smxm - 175
LRMEEE Salmo salar » A - 184
B4 T Lepeophtheirus salmonis 190
KIEVE Daphnia magna 148
Clustal Consensus 46
280
BETT KR Penaeus monodon e ‘;{' : K“, 259
N Homo sapiens DSYSKCO 517
IR Pan troglodytes 4
WA Macaca mulatta 247
HSEIK Callithrix jacchus 247
UFAE: Bos mutus 247
¥R B\ Heterocephalus glaber 547
/J\ft?k Mus musculus i A R B | : 247
EPNITYE Xenopus laevis . e
LU0, Chelonia mydas X 238
KL Danio rerio ‘ |, = SSDL - 236
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T Salmo salar CRUVFSKAKPSVLALE QEEiLKS‘ D A Lorgdcd 235
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290 300 310 320 330 340 350

BEI XU Penaeus monodon
N Homo sapiens

AN Pan troglodytes
W% Macaca mulatta

( 2 Fig. 2 continued)
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( 2 continued Fig. 2)

I‘%ﬁﬁ Callithrix jacchus - iSYYSVPELPTIPE GCFDESESEDSCEDMSCGEE[RINY
;L'Tf(ﬂ: Bos mutus B PECCKPDIKKLVWIVSRRTAQNLHYSYYSVPELPTIPEEGCFDESESED SCEDMSCGEEJRIY
7‘%5@ 5l Heter ocephalus glaber BPECCKPDIKKLVWIVSRRTAQNLHESYYSVPELPTIPEEGCFDESESEDSCEDMSCGEEJRILY
/ J\{ﬁ‘ Mus musculus SKCLAEYSSPQCCKPDHKKLVWIVSRRTAQNLH SYYSVPELPTIPEEGCFDSESEDSGEDMSCCEERIIY
ji‘- i{gmi‘g Xenopus laevis SKCLANY S SPECCKPDRKLVWEVSRRTAQNLH) qESESEDSCEEMSEGEII 316
%i’?z ghe{onla mydas B P ECCKPDEIKKLVWIVSRRTAQNL NS YESVPELPTI PEYGCFAESESEDSCEDMSCGEE RIS
Lol Lanio rerio - M pESESEDSEEDNsEcEE !
B3 XA Ictalurus punctatus
o - A -DGW--FSaswsELSsien 301
BRMEEE: Salmo salar

ey - . . - Si A —Esw SESEDSCEDMSCRENNIVA
A T Lepeophtheirus salmonis =

TR ; ¥4 - -~ GIAGTVTHRQRIA REVWR R
KT Daphnia magna
Clustal Consensus A aFuP GYAQSNPSHRORET|

360
. B PO A [PU AR (SR PSR IO (PR AT I
E}ng‘}% P enaeus monodon PER EEEMDYDYDEEFPPLPTPAT SMKSPRKLPSQSPHKKVPPFLPYPQVNRKHNRLA 386
omo sapiens N .

HURAR Pan troglodytes

W% Macaca mulatta

H@AK Callithrix jacchus
WAL Bos mutus

0 Bl Heterocephalus glaber
/N Mus musculus

A TUE Xenopus laevis

LR UG, Chelonia mydas

NCKPRLKRLTRHLY}

Bt Danio rerio ~LKPKSTWKAL

B 5 SRR Ictalurus punctatus : PS--- -NBLSRARRL

U KM Salmo salar A S
I FA T Lepeophtheirus salmonis  [GCEzcE PV~ - - -EJHNQGRK-~~ -~~~

KT Daphnia magna ~ FBEPYS—=-DSD---=--==-===-mmmmmmmmooe
Clustal Consensus R KT — = — = = e

2 Pmcyclin G2 cyclin G2

Fig. 2 Multiple alignment of the deduced amino acid sequences of cyclinG2 from penaeus monodon and other species
Identical and similar sites are shown with sparks( * ) and dots( . or : ), respectively.

GenBank cyclin G2 . (Homo sapiens): NP_004345.1; (Pan troglodytes): JAA07024.1,
(Macaca mulatta): EHH25900.1; (Callithrix jacchus): JAB51783.1; (Bos mutus): ELR53962.1;
(Heterocephalus glaber): EHB09510.1; (Mus musculus): NP_031661.3; (Xenopus laevis): NP_001084883.1; ik
(Chelonia mydas): EMP29469.1; (Danio rerio): NP_998337.1; fill (Ictalurus punctatus): AHH42919.1;
(Salmo salar): NP_001133438.1; (Lepeophtheirus salmonis): ADD38909.1; & (Daphnia magna): JAN05083.1.

83| A\ Homo sapiens
46 IALSE Pan troglodytes
OSLWSTIR Callithrix jacchus

620 L it Macaca mulatta
72

PR B, Heterocephalus glaber
WFHEA: Bos mutus

INER Mus musculus

| FEINTUE Xenopus laevis
00 91 LR} UEFG, Chelonia mydas
LRMEEE Salmo salar
100 PSR Ictalurus punctatus
KEVE Daphnia magna
BEATXTUF Penaeus monodon
72 Gt T Lepeophtheirus salmonis
0.1
3 MEGAS.0 cyclin G2 NJ

1000

Fig. 3 Building NJ phylogenetic tree based on amino acid sequence encoded by cyclin G2 via MEGA 5.0 software
The values at the forks indicate the percentage of trees in which this grouping occurred after bootstrapping the data (1000 replicates).
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Fig. 4 Relative expressions of Pmcyclin G2 transcripts in
different tissues 5  Pmcyclin G2

Each Bar represent the mean+SD (n=3). Different lowercase L 1L s 1L STV,
letters indicate statistically significant differences (P<0.05). v . n (n=3)

. Fig. 5 Relative expression level of Pmcyclin G2 at different
24 Pmcyclin G2 mRNA developmental stages of ovarian development
qPCR , 1. ovogonium stage; II. chromatin nucleolus stage; III. Perinu-
. cleolus Stage; IV. yolky stage; V. cortical rods tage; Each Bar
Pmeyclin G2 > represent the mean £+ SD (n=3).

Iy stage
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< 2
=
e : B
0 6 24 48 72 96
HFE)/h time
6 5-HT DA  Pmcyclin G2
+ (n=3); * (P<0.05), ** (P<0.01).

Fig. 6 Relative expression levels of Pmcyclin G2 in ovary while shrimp were injected with 5-HT and DA
Each Bar represent the mean£SD (n=3). One asterisk indicates statistically significant differences (P<0.05), and double asterisks
indicate statistically extremely significant differences (P<0.01).
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2.6 Pmcyclin G2 , Cyclin G2
IPTG >
SDS-PAGE , Pmcyclin
, G2 cDNA 4075 bp, 1161 bp,
434 kD Western blot R 386 (aa),
His , 43.4kD
SDS-PAGE (7 >
(cyclin box),
G2 M C 50~150 aa, Pmcyclin
e b —3
— G2
5§ ’
- 40 , Cyclin CDK Cyclin
CDK R
[20]
cyclin G2
qPCR Pmcyclin G2 mRNA
10
A B
cyclin G2
7  PmCyclin G2
A: SDS-PAGE , G2 M ,
o1 ,2 . B: Western Blot [11] cyclin G2
, G2 , M 10~ .
( ) cyclin A
170 kD), C . ) ) )
Fig. 7 Expression of PmCyclin G2 in E.coli cyclin B cyclin E cyclin Y
A: SDS- PAGE analysis of expression of the recombinant PmCy- [21'24], cyclin
clin G2 protein. G2 is experimental, M is prodein Maker )
(10-170kDa), 1 is the control group that without induction, 2 is cyclin
another control that pET21a vector was used.B: Western blot [25]
analysis of the recombinant PmCyclin G2 protein. G2 is experi- ’
mental, M is prodein Maker (10-170 kD), C is the control that , 1 II
without induction. Arrows in figure show objective straps. I
11 BT pieyelin G2 mRNA
3 11 ,
, cyclin G2 ,
cyclins-CDKs-CKlIs I , ,
Cyclin G2 ,
[1] [19] X-
(Marsupenaeus ja- , 5-HT
ponicus) , DA X-
[28-31]



830

23

, . Richardson P2

(Uca pugilator) 5-HT

; Sarojini (33) (Proca-

DA
. Tinikul ,

mbarus clarkii)

5-HT (Macrobrachium rosen-

bergii) , DA ;

Vaca 4

5-HT

(Litopenaeus vannamei)
, DA

: Kanokpan 5-HT

B B

Shirley %
5-HT

DA
(Metapenaeus ensis) ,

5- (5HT1) , SHT1

5-HT 12h Pmcyclin
, 96h

DA

G2 mRNA
5.5  (P<0.01);
, Pmcyclin G2 mRNA
12 h , 96 h ey
5-HT DA

cyclin G2 )
5-HT DA Pmcyclin G2
mRNA

>

, cyclin G2

EEBEE

[1] TianY L, Liu J, Zhang X. Eukaryotic expression vector and
its function of cyclin G2 in human[J]. China Biotechnology,
2006, 26(6): 30-35. [ , ,

G2 [J1.
, 2006, 26(6): 30-35.]
[2] Lin ST, Yang Y Z. The mechanism of cyclin G involved in

cell cycle regulation[J]. Chinese Journal of Gastroenterology

(3]

(4]

(3]

(6]

(7]

(8]

(9]

(10]

(1]

[12]

[13]

and Hepatology, 2006, 15(3): 320-322. [ R
G [J.
. 2006, 15(3): 320-322.]
Jensen M R, Audolfsson T, Keck C L, et al. Gene structure
and chromosomal localization of mouse cyclin G2 (Cceng2)[J].
Gene, 1999, 230(2): 171-180.
Jia J S, Xu S R. Research Status of cyclin G[J]. International
Journal of Blood Transfusion and Hematology, 2004, 27(2):
129-133. [ , . G 1.
,2004, 27(2): 129-133.]
Song Y L, Hu G H. Cyclin G2 and head and neck cancer[J].
Journal of Otolaryngology Head and Neck Surgery, 2006,
30(1): 8-11. [ , . G2
[J]. , 2006, 30(1): 8-11.]
Kimura SH, Nojima H. Cyclin G1 associates with MDM2
and regulates accumulation and degradation of p53 protein[J].
Gen Cells, 2002, 7(8): 869-880.
Endo Y, Fujita T, Tamura K, et al. Structure and chromoso-
mal assignment of the human cyclin G gene[J]. Genomics,
1996, 38(1): 92-95.
Nakamura T, Sanokawa R, Sasaki Y F, et al. Cyclin I: a new
cyclin encoded by a gene isolated from human brain[J]. Ex-
per Cell Res, 1995, 221(2): 534-542.
Fu H, Ma H, Zheng C, et al. Molecular cloning and differen-
tial expression patterns of the regulatory subunit B’ gene of
PP2A in goldfish, Carassius auratus[J]. Science in China
Series C: Life Sciences, 2009, 52(8): 724-732.
Wang S, Zeng Y. The Significance and the Expression of
CCNG2 and CDK2 in colon cancer[J]. Journal of Hunan
Normal University: Medical Sciences, 2015(5): 2.[ S
. CCNG2 CDK2 [
,2015(5):2.]

Bennin D A, Don A S A, Brake T, et al. Cyclin G2 associ-
ates with protein phosphatase 2A catalytic and regulatory B’
subunits in active complexes and induces nuclear aberrations
and a G1/S phase cell cycle arrest[J]. J Biolog Chem, 2002,
277(30): 27449-27467.
Horne M C, Goolsby G L, Donaldson K L, et al. Cyclin G1
and cyclin G2 comprise a new family of cyclins with con-
trasting tissue-specific and cell cycle-regulated expression[J].
J Biolog Chem, 1996, 271(11): 6050-6061.
Cui X, Liu A, Xu Z, et al. Expression of Cyclin G2 and its
clinical significance in laryngeal squamous cell carcinomal[J].
Chinese Journal of Otorhinolaryngology-Skull Base Surgery,
2009, 23(6): 277-279. [
clinG2

[J1. , 2009, 23(6):

, , , - Cy-



cyclin G2

831

[14]

[15]

[16]

[17]

(18]

[19]

[20]

(21]

(22]

(23]

[24]

277-279.]
Shan G, Shan S, Zhang X. Expression and clinical signifi-
cance of cyclin G1 and cyclin G2 in transitional cell carci-
noma of bladder[J]. Chinese Journal of Histochemistry and
Cytochemistry, 2009, 18: 268-272. [ s s s
. Gl G2
RIB ,2009, 18: 268-272.]
Choi M-G, Noh J H, AnJ Y, et al. Expression levels of cy-
clin G2, but not cyclin E, correlate with gastric cancer pro-
gression[J]. J Surg Res, 2009, 157(2): 168—174.
Tinikul Y, Poljaroen J, Tinikul R, et al. Effects of gonad-
otropin-releasing hormones and dopamine on ovarian matu-
ration in the Pacific white shrimp, Litopenaeus vannamei,
and their presence in the ovary during ovarian develop-
ment[J]. Aquaculture, 2014, 420: 79-88.
Wen W G, Huang J H, Yang Q B, et al. The role of serotonin
in the ripening process from black tiger shrimps (Penaeus
monodon)[J]. South China Fisheries Science, 2009, 5(1):
59-63. [ , , )
1. , 2009, 5(1): 59-63.]
Dai W T, Fu M J, Zhao C, et al. Molecular cloning and ex-
pression analysis of CDK2 gene from black tiger shrimps
(Penaeus monodon)[J]. South China Fisheries Science, 2015,
11(2): 1-11. [ s , ,
CDK2 cDNA 3.
,2015, 11(2): 1-11.]
Qiu G F, Yamano K. Three forms of cyclin B transcripts in
the ovary of the kuruma prawn Marsupenaeus japonicus:
their molecular characterizations and expression profiles
during oogenesis[J]. Compar Biochem Physiol Part B: Bio-
chem Molec Biol, 2005, 141(2): 186-195.
Malumbres M, Barbacid M. Mammalian cyclin-dependent
kinases[J]. Trends Biochem Scie, 2005, 30(11): 630-641.
Visudtiphole V, Klinbunga S, Kirtikara K. Molecular char-
acterization and expression profiles of cyclin A and cyclin B
during ovarian development of the giant tiger shrimp
Penaeus monodon[J]. Compar Biochem Physiol Part A:
Molec Integr Physiol, 2009, 152(4): 535-543.
Zhao C, Fu M, Zhou F, et al. Characterization and expression
analysis of a cyclin B gene from black tiger shrimp (Penaeus
monodon)[J]. Genet Molec Res: GMR, 2014, 14(4): 13380—
13390.
Zhao C, Fu M ], Jiang S G, et al. Characterization and ex-
pression analysis of a cyclin E gene from black tiger shrimp
(Penaeus monodon)[J]. Journal of Fishery Sciences of China.
2014, 21(3): 464-473. [ , s )
E [J].
,2014,21(3): 464-473.]
LI W J, FU M J, ZHAO C, et al. Characterization and ex-

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

pression analysis of a cyclin Y gene from black tiger shrimp
(Penaeus monodon)[J]. Journal of Fishery Sciences of China,
2015, 22(5): 896-907. [ s , s
Y 1.
, 2015, 22(5): 896-907.]
Huang J H, Zhou F L, Ma Z M, et al. Morphological and

histological observation on ovary development of Penaeus

monodon from northern South China Sea[J]. Journal of
Tropical Ocean Ography, 2006, 25(3): 47-52. [ s
3. , 2006, 25(3): 47-52.]

Huang J H, Zhou F L, Ma Z M, et al. Morphological and
histological observation on ovary development of Penaeus
monodon from northern South China Sea[J].
Oceanogr, 2005, 25(3): 47-52.

Tan-Fermin J D. Effects of unilateral eyestalk ablation on

J Trop

ovarian histology and oocyte size frequency of wild and
pond-reared Penaeus monodon (Fabricius) broodstock[J].
Aquaculture, 1991, 93(1): 77-86.
Chen Y, Fan H, Hsieh S, et al. Physiological involvement of
DA in ovarian development of the freshwater giant prawn,
Macrobrachium rosenbergii[J]. Aquaculture, 2003, 228(1):
383-395.
Tinikul Y, Soonthornsumrith B, Phoungpetchara I, et al.
Effects of serotonin, dopamine, octopamine, and spiperone
on ovarian maturation and embryonic development in the
giant freshwater prawn, Macrobrachium rosenbergii (De
Man, 1879)[J]. Crustaceana, 2009, 82(8): 1007-1022.
Tinikul Y, Mercier A J, Sobhon P. Distribution of dopamine
and octopamine in the central nervous system and ovary
during the ovarian maturation cycle of the giant freshwater
prawn, Macrobrachium rosenbergii[J]. Tiss Cell, 2009,
41(6): 430-442.
Han P, Yang L S, Wu S, et al. Effects of gonadotropin-releasing
hormone and dopamine antagonistic on ovarian tissue de-
velopment in black tiger shrimp (Penaeus monodon)[J].
South China Fisheries Science, 2015, 11(2): 50-56. [ s
1.

,2015, 11(2): 50-56.]
Richardson H G, Deecaraman M, Fingerman M. The effect
of biogenic amines on ovarian development in the fiddler
crab, Uca pugilator{J]. Comparative Biochemistry and Physiology
Part C: Comparative Pharmacology, 1991, 99(1): 53-56.
Sarojini R, Nagabhushanam R, Fingerman M. In vitro inhibi-
tion by dopamine of 5-hydroxytryptamine stimulated ovarian
maturation in the red swamp crayfish, Procambarus
clarkii[J]. Experientia, 1996, 52(7): 707-709.

Vaca A A, Alfaro J. Ovarian maturation and spawning in the



832 23

white shrimp, Penaeus vannamei, by serotonin injection[J]. 261(4): 1447-1454.

Aquaculture, 2000, 182(3): 373-385. [36] Shirley H K, He J G, Chan S M. Organization and expression
[35] Kanokpan W, Asuvapongpatana S, Poltana P, et al. Sero- study of the shrimp (Metapenaeus ensis) putative 5-HT re-

tonin stimulates ovarian maturation and spawning in the ceptor: up-regulation in the brain by 5-HT[J]. Gene, 2005,

black tiger shrimp Penaeus monodon[J]. Aquaculture, 2006, 353(1): 41-52.

Molecular cloning and expression analysis of cyclin G2 gene from
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Abstract: Penaeus monodon is the largest species of shrimp, with its high economic and natural nutritional value.
However, during its breeding process, broodstock breeding technology has been a very important limiting factor.
With the development of molecular biology techniques, there are growing concerns about the function of cell cycle
genes of crustaceans, especially shrimp. Recently, molecular mechanisms of cell cycle regulatory proteins have
been researched. In the study, cell cycle-related protein family genes relating to ovarian development also become
a hot topic. Cyclin G2 is a newly discovered cell cycle-related protein that plays an important role during embry-
onic development, cell cycle progression and development, and disease. Cyclin G2 in some species have been
cloned out, but the study of the gene has not been reported in the black tiger shrimp (Penaeus monodon). Gonads
of the black tiger shrimp, Penaeus monodon, mature if the eye stalk is removed. Thus, the full-length cyclin G2
cDNA sequence from Penaeus monodon (denoted as Pmcyclin G2) was cloned by means of rapid amplification of
cDNA ends (RACE) approaches to better understand the potential function of cyclin G2 in the regulation of
shrimp reproduction. The full-length cDNA sequence was 4075 bp and contained 189 bp 5'untranslated region
(UTR) and a 2725 bp 3'UTR. The open reading frame was 1161 bp and coded 386 amino acids (aa) which was
highly homology to other species cyclin G2. Bioinformatics analysis showed that the amino acid coding sequence
had a conserved cyclin box and the homologous protein box structure domain was 50-150 aa. The predicted molecular
weight was about 43.4 kD, and the theoretical isoelectric point was 8.25. The deduced amino acid of cyclin G2 con-
tained 29 phosphorylation sites including 17 Ser, 7 Thr, and 5 Tyr residues. SignalP 4.0 analysis revealed that cyclin G2
did not contain a typical signal peptide sequence. The temporal expression of Pmcyclin G2 in different tissues (ovary,
heart, intestine, hepatopancreas, brain, muscles, stomach and gills) and different developmental stages of ovary was
investigated by Real-time quantitative polymerase chain reaction (QRT-PCR). The lowest expression level of Pmcyclin
G2 was observed in the hepatopancreas, and the highest in the muscle. During the ovary development stages, Pmcyclin
G2 was significantly high expressed in stage III ovaries than the other stages. The relative expression of Pmcyclin G2 in
the ovary was up-regulation after 5-hydroxytryptamine (5-HT) injection, while down-regulation after dopamine (DA)
challenge. The study obtained recombinant expression Pmcyclin G2 in prokaryotes and offered theoretical basis for
further research on Pmcyclin G2 protein function. Those results offered additional information to understand the devel-
opment mechanisms of P. monodon ovaries.

Key words: Penaeus monodon; cyclin G2; ovarian development; 5-hydroxytryptamine; dopamine
Corresponding author: QIU Lihua. E-mail: qiu902@126.com



