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, PCNA
(12131 peNA

(Rattus norvegicus)m] (Bos taurus)[1 2

(Papio hamadrayas)"'®

>

, PCNA

(Penaeus monodon)

., PmPCNA

PCNA ,
PmPCNA
(5-hydroxy tryptamine, 5-HT)

b

[20] , 5-HT
, PCNA
1 MR5RFE
1.1 SCIG AR
(
83 ), 100~180 g,
50 3 d,
24~25C, 3d
[21]
~ -80°C
1.2 5-HT jE5f216
5-HT PCNA
, 5-HT  1xPBS 25 pg/ul

(  26~28C, 20

), 7 2,
18 5-TH,
50 pg ,
I1XPBS, Oh 12h
24h 48h 72h 96h , -80°C
1.3 /2 RNA BI#RELS cDNA B & B
Trizol (Invitrogen, USA)
RNA, DEPC
, 1.2% RNA ,
RNA (2 pg) :
Oligo-dT/adaptor [5'-GGCCACGCGACTAGTAC
(T)16-3'] , M-MLV
(Promega, USA) cDNA ,

:42°C 60 min, 70°C 15 min
1.4 BEFHXHER PmPCNA EE MW EESE

PmPCNA EST ,
3'RACE 3’'PCNAF(5'-GGAGGA-
AGCAGTCGTTATTG-3')  3'PCNAR(5'-CCAAG-
ATTGAGGACGAAGACT-3') cDNA
SMARTTM RACE (Clontech,

PCR (touchdown PCR)

PCR (semi-nest PCR) PmPCNA
3/ [22]

USA),

1.5% )
pMD18-T (TaKaRa, Japan)
, 16T 4 h E. coli DH5aq,
1.5 FISHh
Clustal W (http://www.ebi.ac.uk/
; NCBI
(http://blast.

clustalw/)
OREF Finder BLAST
ncbi.nlm.nih.gov/Blast.cgi)
(open reading frame, ORF)
; NCBI BLAST
(http://www.ncbi.nlm.nih.gov/);
SMART (http://smart.embl-heidelberg.

de/)  Scan Prosite(http://www.expasy.ch/tools/
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scanprosite/) ; SignalP
(http://www.cbs.dtu.dk/services/SignalP/);

NetNGlyc 2.0 (http://www. cbs.dtu.dk/

services/NetNGlyc/); NetPhos
2.0 (http://www.cbs.dtu.dk/services/ NetPhos/);
Clustalx 2.0 BioEdit ;
Mega 5.0

1.6 PmMPCNA TE58 57K F W 2 RIEHFHE

5-HT
RNA, SYBR Premix Ex Taq™

Kit (TaKaRa, Japan) cDNA
PmPCNA QPCNAF(5'-TGTGCC-

GCTAACGATGAC-3')
AATGCCAAGATG-3')
1 (EF-1a),

QPCNAR(5-GTTTCTGG

EF-F (5'-AAGCC-

AGGTATGGTTGTCAACTTT-3") EF-R (5'-CGT-
GGTGCATCTCCACAGACT-3')
cDNA , 3 ,  LC480

(ROCHE Light Cycler 480/4801II, Swit-
zerland) )
,94°C 30s; PCR
30s,72°C 30s, 40
PR PmPCNA
1.7 BT TR PCNA M SpEARIES T
PmPCNA

PEPCNAF (5'-GGATCCATGTTCGAAGCCCGCCT-
GGTGCAAGGG-3") PEPCNAR (5'-GAATTCTG-

AGTCTTCGTCCTCAATCTTGGGGGCC-3),
5’ BamH1 EcoR 1
, BamH 1 EcoR 1
PCNA pGEX-4T-1 ;
, T, DNA 16C
E. coli DH5a ,
, PCR ;
pGEX-4T-1 , E. coli BL21
> , PCR
2 mL , 200 mL
LB , 37°C, 220 r/min

,94°C 55,60C
; 72°C 10 min

PCNA-

3h, OD 0.6~0.8, 2 mL
(IPTG) 0.6 mmol/L, 30°C
, 2h 2mL, 2h 4h 6h 8h
4 : 200 uL
PBS . 1:4 50 pL
s 10 min, 10 uL
(SDS-PAGE),

1.8 HIZENIT
SDS-PAGE

GST Tag HRP (
), 2000, PBST (1xPBS
3%o ) , 10 uL 20 mL PBST
; PBST, 3,
HRP-DAB (
)

15 min;

1.9 HiESHh
SPSS 22.0
) + (x+SD)
Sigma Plot12.5

, P<0.05

2 HREHMH

2.1 PmPCNA E X cDNA FF 55347
, SMART RACE
PmPCNA cDNA
( 1) PmPCNA cDNA 978 bp,
135bp S'UTR 60bp 3'UTR 783 bp ORF
(GenBank : KU380336) ORF 260
, PCNA
4.59  28.83 kD BLAST
SMART , PCNA
PCNA/RFC (replication factor C) ,
208 aa 254 aa , PCNA
SignalP 4.0 , PmPCNA
NetNGlyc 2.0 NetPhos 2.0
PmPCNA , PmPCNA
1 N- 12 ( 8



1055

—_

CTTCCGAAGCGGGCGTCAGCACAGGACGTGTTTTTTAAAAAAAACCGAACGTCACACAAA
61 ACCCACCCTCCACCCTCCATCCTCCTCCCGATTCTAGTCTCCAGTAAAAACCAACCAAAA
121 GCCACCACCACCACCatdttcgaagcccgectggtgcaagggagectectgaagaaggty
1 M FEARLVQGSLLTZEKTZE KV
181 ctggaagccatcaaggacctgetgaacgaggegtegtgggactgegeegactegggeate
6 L EAIKDVLILNEASUWDOCADSGTI
241 cagctgcaggcgatggacaactegeacgtgtegetggtgtecetgaacctecgegeegag
36QLQAMDNSHVSLVSL®LRAE
301 ggcttcgacaagtaccgetgegacaggaaccteatcatgggeatgaatetcacgageatg
5% G FDKYRCDI RNLTIMGMNTLTSM
361 tccaaaatcctcaagtgtgecgetaacgatgacatcatcacaatgaaggeccaggataac
7S K I L KCAANDDTITITMEKAGQTDN
421 gcagacaccgtcacattcatgttcgaatctcccaaccaggaaaaggtctecgattatgaa
%A DTV TFMFESPNG QETZ KV SDYE
481 atgaagctgatgaacctcgatcaggaacatcttggeattccagaaacagattatgeatgt
116M K L M NLDGQEHLGTIU®PETTDYATC
541 gttatcaaattgccatctggtgaatttgeccgtatetgeagagatcttagtcagtttgga
36V I KL PSGETFARTICRTDILSZ QFG
601 gagagcattgtcattgcctgtacaaaggaaggagtcaaattetetgecagecaggagacatt
6E S I VI ACTI KEG GV KFSAAGTDTI
661 ggtactgcaaacatcaagctggcacagacctccagtgtggacaaagaggaggaageagtc
766 T A NI KL AQTSSVDKETETEAY
721 gttattgagatgcaggageetgtcacattaacctttgectgeagatacctgaacatgtte
9%v I EMQE PV TLTTFACRYTULNMTFE
781 acaaaagcaacaccactttccccacaggtctecctttecatgtecectgatgtacceetg
26T K ATPLSPQVSLSMSZPDVPL
841 gtcgttgaatattcaattggegagattggecacatecgttacttettggeeccccaagatt
26V VEY S I GETIGHTITRYTFLATPIKTI
901 gaggacgaagactcaCTTGAAGAATAGGCTTTCTTAGGGGGGAACMGGATGT
26 E D E D S *
961 ACAAAAAAAAAAAAAAAG 978s

1 PmPCNA cDNA

60

120
180
15

240
35

300
55

360
75

420
95

480
115
540
135
600
155
660
175
720
195
780
215
840
235
900
255
960
260

; (ATG)

PCNA/RFC ; ;
Fig. 1 Nucleotide and deduced amino acid sequence of PmPCNA

(AATAA).

(TAA);

Numbers on the right and left of each row represent amino acid or nucleotide position. The boxed sequences represent the initiation
code (ATG) and termination code (TAA), respectively. The PCNA/RFCL domain is shown in grey. The predicted

N-glycosylation site is shown in the circle. The underlined sequence (AATAA) was polyadenylation signal.

1 2 ) (Marsupenaeus japonicus)
NCBI #%&(Daphnia pulex) 3)
PCNA : 2.2 PmPCNAMRNA ZEHARWRIEER
PCNA , PCR PmPCNA
PmPCNA (Litopenaeus vannamei) ,
(99%), 4) PCR
(Zootermopsis nevadensis) (86%) (Drosophila PmPCNA mRNA
melanogaster) (81%)  (Bos taurus) (715%)  (Homo , PCNA
sapiens) (74%) (Xenopus laevis) (74%) , ,
( 2 , ,
(Fenneropenaeus chinensis) , 4.8 4 ,

(Litopenaeus vannamer) 0.15 PmPCNA mRNA
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10 20 30 50 0 70 80
- N PYYYS FYTeY FRPTE PYeTy FRYRY PYTrs FTees N P | . | |....] | .|
BETXTER Penaeus monodon FEARLVQGSWLKKVLEATKDLLNE JADSGIQLOAMDNSHVSLVS LNLRJEGFDKYRCDRNLMMGMNLTSMSKI LR
el S LA e R YA e L b A= R YOS T LKKVLEA T KDL LNEASDC S DS GIQLOAMDNS HVSLVSENLRSBGF DKYRCDR MGMNL':’sza
SRU8 Drosophila melanogaster hrEARLEOMN T LKKHLBA TKDLLNEAWIDCS DSGIQLOAMDNSHVSLVS LR SIBGEF DK[§RCDRNLEMGMNLESMAK I LK
eSO L N T T Y LTl Y o Ry Rl =2 R 1.V OGS . KKV LEA TK DL LNEAGWDCIDS GTQLOAMDNS HVSLVS LNLREE GF DKYRCDRNLUMGMNL TSMSKT LK
JUHREEXTHF Litopenaeus vannamei FEARLVQGSWLKKVLEATKDLLNE WDC‘DSGIQLQAMDNSHVSLVSLNL%EGFDKYRCDRNL GMNLTSMSKILKEJ)
HZSBEXTHF Marsupenaeus japonicas — GanSsRSeEIRe SRt Ss SN AR WDC*DSGIQLQAMDNSHVSLVSLNL%EGFDKYRCDRNL GMNLTSMSKILKE)
MR Daphnia pulex prEARLIOGSHLKKVEEARKDLLNEA] DCSDEGIQLQAMDNSHVSLVSLNLEEEGFDKYRCDRNLMGMNLESMSKILK 80
N Homo sapiens FEARLVQGSILKKVLEARKDLENEASWDESES L ofMDEsHVS LVELELRSEGF DY RCDRNLIMGIEMNL TSMSK T LR
4 Bos taurus E AucgNLTsMskT LKEY
¥4 Danio rerio
AEMITEE Xenopus laevis A
Clustal Consensus .o HER : O LA S P I S S R L 11 kkpkkkx 65
90 100 110 120 130 140 150 160
o B D P U Ol D P D PO D PO PP POPU PP PP
BETXTER Penaeus monodon CAA WFESPNQEKVSDYEMKLMNLDQEHLGI PETDYACVIKLPSGEFARICRDLSQFGE SHV IRy
PIAJR ity A Zootermopsis nevadensis CAANEDWTMKAQDNADTVTFVFESPNQEKVSDYEMKLMNLDQEHLGIPETEYACV L PRGEFARICRDLSQFGESVVIREY
SRU8 Drosophila melanogaster CAENEDwTMKAQDNADTVTﬁFESENQEKVSDYEMKLMNLDQEHLGIPETD@CV R \P&EFARICRDLEQFESVVI 160
ﬁP @EﬁXﬂﬂ‘P V2R T T TR e 117 Yo XU MM 2 ANJB DT T TMKAQDNADTVT FYFES PNQEKV SDYEMKLMNLDQEHLGI PETDYACVIKLPSGEFARICRDLSQFGESHvVIREY
JUERIESTIF Litopenaeus vannamei CAA IDIITMKAQDNADTVTB‘\FESPNQEKVSDYEMKLMNLDQEHLGIPETDYACVIKLPSGEFARICRDLSQFGES 8 160
HZSZEXTHF Marsupenaeus japonicas &N DDIITMK.AQDNADTVTE\!FESPNQEKVSDYEMKLMNLDQEHLGIPETD‘{ACVIKLPSGEFARICRDLSQFGES 8 160
F{R¥& Daphnia pulex CABNEDI I THKAQDNADTVTFVFESPEOBKVSDYEMKLMNLDQEHLGI PETDYACHIRL PSPEFARTCRDLSQFGESIVI B
N Homo sapiens VFERPNQEKVSDYEMKLMELDY Vi 160
4 Bos taurus FERPNQEKVSDYEMKLMPLDUFLGTPES KYPSGEFARICRDLSMGINAVY IR
PS4 Danio rerio FEMINOEKVSDYEMKL ILD'EOLGIPE YCV!K!PSGEFARICRDLSQG‘ 160
JEM T Xenopus laevis 160
Clustal Consensus . T FEEE
170 180 190 200 210 220 230 240
|....| | |....| | .. | | | | | | | | |
BEFTXTUR Penaeus monodon SVELSMS PDVPLVVE Y]
WIAIR T 1B Zootermopsis nevadensis [t SuesSass a\caie s A aa RN a ot 1N LSMSPDVPLVVEY 240
KU Drosophila melanogaster B CTKEGVKFSASGDGTANIKLAQTEEY DKEEEAVI EMOE PVTLTFACRY LNFTKAT PLSINOVSLSMEADVPLVVE yINPE
" EBAXTHR Fenneropenaeus chinensis DKEEEAV] IEMQEPVTLTFACRYLN!E‘TKATPLSPLSMSPDVPLVVEY 240
JUEREEXTHF Litopenaeus vannamei DKEEEAV) IEMQEPVTLTFACRYLN*FTKATPLSPLSMSPDVPLVVEY 240
H ZASZEXTUF Marsupenaeus japonicus N DKEEEAV~ LSMSPDVPLWEY 240
FMR¥%& Daphnia pulex V‘IEMQEPVE LSMS BEVPLVVE YL
N\ Homo sapiens TEMYEPVSLTE LSMSHDVPLWEY 240
& Bos taurus 8 ool FTKATPLSPLSMS ANUIRRGRTK 240
B4 Danio rerio NIKLEOTSNVDKEBEAVHTEM, EPV!LF FTKATPLS] LSMSRDPLWEY 240
JEMITIE Xenopus laevis A NIKLEOTS FTI\ATPLSPLSMS!DPLWEY 240
Clustal Consensus Kk akkakkgaksak Kakkyky  _kkkks Xk skkskkk 3 Kk _kkk kkkkk_*kk X Xkk__sixkkkkx ]07
BETXTER Penaeus monodon
WIA/R i HI Zootermopsis nevadensis
RU8 Drosophila melanogaster
A EﬂXﬂﬂg) Fenneropenaeus chinensis
JLEAEESXTHP Litopenaeus vannamei
HZBEXTUF Marsupenaeus japonicus
FR¥%& Daphnia pulex
N Homo sapiens
4 Bos taurus
B4 Danio rerio
JEM)TEE Xenopus laevis
Clustal Consensus
2 PmPCNA PCNA
)
GenBank : (AEJ89927.1), (ACA09718.1), (ABM66815.1),
(KDR11193.1), (NP_002583.1), (NP_001029666.1), (NP_476905.1), (NP_001081011.1), %
(EFX70582.1), (NP_571479.2).

Fig. 2 Multiple alignment of the deduced amino acid sequences of PCNA from Penaeus monodon and other species
Residues in black and grey background indicate identical and similar sites, respectively.

The GenBank access numbers are as follows: Litopenaeus vannamei(AEJ89927.1), Marsupenaeus japonicas(ACA09718.1), Fenner-
openaeus chinensis(ABM66815.1), Zootermopsis nevadensis(KDR11193.1), Homo sapiens(NP_002583.1), Bos tau-
rus(NP_001029666.1), Drosophila melanogaster(NP_476905.1), Xenopus laevis(NP_001081011.1), Daphnia pulex(EFX70582.1),
Danio rerio(NP_571479.2).

mRNA s
( 9 , PmPCNA mRNA
23 HTHXEIELE ZBE PmMPCNA mRNA , 111 (P>0.05),
FOEEPO RS (P>0.05), III
PCR PmPCNA 2 ( 6
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FMR¥E Daphnia pulex
53 7 FLGREERTUF Litopenaeus vannamei
{ H ZABEXTHF Marsupenaeus japonicus
100 BETXTHF Penaeus monodon
{ HEBAXTHEF Fenneropenaeus chinensis
 — RIE/R i B Zootermopsis nevadensis
3] S 48 Drosophila melanogaster

80 4 Bos taurus

100 BED 48 Danio rerio
AEM)IE Xenopus laevis
3 MEG A5.0 PCNA NJ

1000

Fig. 3 NJ phylogenetic tree based on amino acid sequence encoded by PCNA 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).

Hea Int Hep Sto Ova Gil Mus Bra

bp

200 PmPCNA

150 EF-la

4 PCR

EF-la ; Marker, DNA ; Hea: ;Int:  ; Hep: ; Sto: ; Ova: ;Gil: ; Mus: ; Bra:
Fig. 4 Electrophoresis results of PmPCNA and EF-1a expression in different tissues of Penaeus monodon
Using EF-1a as the internal control gene. Marker, molecular weight. Hea: heart; Ins: intestines; Hep: hepatopancreas; Sto: stomach;
Ova: ovary; Gil: gill; Mus: muscle; Bra: brain.

24 E5 5HT EHTAHEIEE R PmPCNA ( 8A)
mMRNA B R iX 6h 8h , GST
PCR Western Blot ,
5-HT  PmPCNA PCNA , (  8B),
, , 5-HT 12 h ’
PmPCNA
(P>0.05); 12h PmPCNA L
, 48 h (P<0.05), 3 Wi
5 ;72h PCNA ,  DNA
, , , T,
3 (P<0.05, 7) gened5 DNA I B s
25 MHTHITEN PCNA EEHEMEARIELER DNA ,
, PCNA-pGEX-4T-1 DNA (8. 2] , PCNA
55kD, IPTG , ,
SDS-PAGE , PCNA DNA

2 h , [2¢] pCNA 2
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5r d 5r

N 1. % d *k

= n=3; x+SD ‘2:: C—PBS
mm%;) 4 O 4 =mS-HT —‘
i § e
H&m« 'H%Q‘
AN [
x g 4 ©
Z2 3 28
g % 3
é I < 3

o =
E S o %&
<2 a2t V::C)
5% =
22 :

o
k- 1 b £

° | ab =

= ab ab e

a
Hea Int Hep Sto Ova Gil Mus Bra

ZH4H tissue 0 12 24 48 72 96
I [A/h
5 PmPCNA mRNA time
(P<0.05). 7 5-HT PmPCNA mRNA
Hea: ;Int:  ; Hep: ;Sto: ; Ova: ;Gil:
Mus: ;Bra: . PBS , 5-HT | E

Fig. 5 Relative mRNA expression of PmPCNA in different
tissues of Penaeus monodon
Significant differences between various tissues were indicated
with different letters above vertical bars (P<0.05). Hea: heart;
Ins: intestines; Hep: hepatopancreas; Sto: stomach; Ova: ovary;
Gil: gill; Mus: muscle; Bra: brain.

(P<0.01).

Fig. 7 Mean relative expression levels of PmPCNA in ovaries
of Peraeus monodon at different times after injection of 5-HT
PBS was used in the control group. Extremely significant
differences between trial and control were indicated
with ** (P<0.01).

25
s M e o e

‘ : — — b2

% 20 b
g % T 55kD = M W 6h 8h
e |
ey 55kD _, ~
£5 st - 4
< 8 . a
2t s a1 - ==
X< lor e A B
2%
E ° 8 PCNA-pGEX-4T-1

>

B 05F A. PCNA-pGEX-4T-1 SDS-PAGE ;

o

= B. PCNA-pGEX-4T-1 . M: ;

0.0 . . . ) Ww: ;2h,4h,6h,8h .
’ I II m v v Fig. 8 Recombinant expression of PCNA-pGEX-4T-1 in vitro
H 5 stage A. SDS-PAGE analysis of recombinant expression of PCNA-

pGEX-4T-1; B. Western blot of PCNA-pGEX-4T-1.

6 PmPCNA mRNA M: protein marker; W: non-induced; 2 h, 4 h, 6 h, 8 h repre-

(P<0.05).1 sent the induced time.
N0 | B o 1 ; IV
Vo . (cyclin-dependent kinases 2, CDK?2)
Fig. 6 Relative expression levels of PmPCNA mRNA in dif- [27-28] PCNA

ferent development stages of ovary of Penaeus monodon
Different letters above vertical bars indicate significant differ-
ence between different stages (£<0.05). I: ovogonium stage; 11:
chromatin nucleolus stage; I11: perinucleolus stage; IV: yolky
stage; V: cortical rod stage. 5 > PCNA
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PmPCNA cDNA
( D, 783 bp  ORF, 135 bp
S'UTR  60bp 3'UTR, 978 bp
, PCNA 260
4.59 kD  28.83 kD, 1 N-
12
PCNA/RFC (replication factor C)
, PCNA DNA ,
DNA [29] Thompson (30)
, RFC PCNA
, RFC PCNA
PCNA , PCNA
DNA
[31] [32]
, PmPCNA PCNA
) PCNA
PmPCNA mRNA
( 5), PmPCNA
, de-la-Re-Vega ! PCNA
; Xie  PY
, PCNA
, PCNA
, PCNA
PmPCNA
, PmPCNA
, I PmPCNA
4 4 , 1T
2 ()
[21] I

II

, s 101 v
Y
111 PmPCNA
( 5), PmPCNA
, PmPCNA
PmPCNA
, PCNA
5-HT ,
[33]
5-HT
,  Tinikul B4 ,5-HT

(Macrobrachium rosenbergii)
; Wongprasert (3] ,
5-HT . [36]
(Procambrus clarkii) 5-HT
, 5-HT
PmPCNA
, 5-HT
PmPCNA >
, 5-HT 48 h

(P<0.01),

5-HT

5 ,72h
, 3
PCNA

PCNA-pGEX-4T-1
, PCNA-pGEX-4T-1 2h
55 kD ,
Western Blot

, GST
( 8B),
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Abstract: Proliferating cell nuclear antigen (PCNA) is a member of the sliding clamp protein family that plays
important roles in DNA replication, and is strongly expressed in proliferating tissues. Several studies have discov-
ered other biological roles of PCNA, for example, in DNA repair, cell cycle regulation, and chromosome recom-
bination. When culturing shrimp, the first problem is how to induce maturation of the ovary; therefore, it is im-
portant to understand ovarian development. We focused on PCNA because it plays an important role in cell prolif-
eration. The PCNA gene (PmPCNA) was cloned from Penaeus monodon using the rapid amplification of cDNA
ends technique. The sequence encoded a protein of 260 amino acids that showed high homology to PCNA proteins
from other species. The full-length PmPCNA cDNA was 978 bp long and contained a 5'-untranslated region (UTR)
of 135 bp, a 3’-UTR of 60 bp, and an open reading frame of 783 bp. The protein was predicted to have a molecular
weight of 28.83 kDa and an isoelectric point of 4.59. Analyses of PmPCNA transcript levels by quantitative
real-time PCR indicated that it was transcribed in all tissues, with high transcript levels in the ovary and brain.
During ovarian maturation, there were higher transcript levels of PmPCNA in the stage 111 ovary than in ovaries at
other stages (P<0.05). Previous research has shown that 5-hydroxytryptamine (5-HT) can stimulate ovary growth
and development. Injection of 5-HT resulted in increased transcript levels of PmPCNA in the ovaries, with the
peak transcript levels at 48 h post-injection. The PmPCNA protein was successfully expressed in a prokaryote,
providing a platform for further research. These results provide important information on the role of PmPCNA in
the development of the shrimp ovary.
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