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Cloning and Functional Analysis of Cyclin A Gene in Pig

FAN Li, TANG Qing-hai, ZHANG Yan-ming* , LIU Wei, TONG Gang
(College of Veterinary Medicine . Northwest A&F University sYangling 712100, China)

Abstract;: The study was aimed at cloning porcine Cyclin A gene and expressing it in swine umbili-
cus veins endothelial cell (SUVEC) to verify its functionality. The human Cyclin A gene was uti-
lized as the informational probe to e-clone the pigs Cyclin A gene. Reverse transcription polymer-
ase chain reaction (RT-PCR) was used to identify the products in silico cloned, and the bioinfor-
matics methods was used to analyze structure characteristics of the gene, RT-PCR, Western blot
were employed for investigating its expression in SUVEC. Subcellular localization of Cyclin A
was analyzed by confocal microscope, and the flow cytometry was used to analyze the cell cycle,
and MTS was used to detect the proliferation of the cells. The results proved that the product of
RT-PCR was consistent with that of silico cloning. This ¢cDNA contains the complete open read-
ing frame (ORF) of 1 299 bp coding 432 amino acid residues,and NCBI BLLAST analysis indicated
that the gene is located in swine on chromosome 8. Western blot manifested that molecular size of
Cyclin A protein was about 40 kDa, and subcellular localization showed that this protein was lo-
calized in nuclear. The flow cytometry analysis showed that cell lines SUVEC-CycAGFP of G,
phase cells increased by 15% to 20% , while those in S phase decreased about 18 % compared with
that of the control cells. MTS assay showed that the proliferative activity of cell lines SUVEC-
CycAGFP was significantly higher than that of the control groups. Our results indicate that Cyc-
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lin A gene of pig was successfully cloned and its biological function was also confirmed, which

will provide a foundation for further research on the impact of virus infection on the Cyclin A.

Key words: Cyclin A gene of pig; cloning; swine umbilicus veins endothelial cell; eukaryotic ex-

pression; cell cycle; MTS
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w5 R P N YD i BamH 1. Sac TF1 Hind MWW A
TaKaRa 23w 5 i 830 A% 5 Gl R g B b 50 glors S 4
HEWIHARAT IR A58 3 R (GA18) W A 78 [ Merk 24
A5 BB GFP Hsg BT A BN o 4801k ) il b 10 1 o
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cn/Subloc/) . Al I}, Al DNAStar.Mega (4. 0) %K
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TR W WU R Bl 1622 bp,
Cyclin A FE[H 58 3 1 g 15 X 38, 5149 b ot =1
AW ARAF AR B9 F 51 PL: 5 -AG-
CAGTGATGTTGGGCAGC-3"; P2: 5-TGTA-
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37 C.5% CO, B 6 h 5. 7 40 il 1 7%
WA 2 mL % 10 % i5 4 16 1 DMEM B 55 i 4%
ZiEE3R .48 hE A G418 i e, g ks 9% . 4 2
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PBS ¥k 3 K, BIK 5 min, K5 FBHUR o A4k
BEFRICHIEHUR —H (1 2 4 000) FIRAEFT 1 h, [ -
VRV AT IO B B
1.10 Z BRI A E

Jiiki pEGFP-CycA 1 pCycA-GFP # 4t 24 h
Joi FH 4 A% Y oBE Hoechst33342 347 1 240 L 4 €5,
It 1 Nikon 9G] & W50 17 WL 4E , [m] I 35 a7 =5
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1. EC 4 & RNA fJ) RT-PCR j=4¥j; M. DL2000 DNA #H
X 43 5 s 1

1. The RT-PCR product from the total RNA of EC cell; M.
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Fig. 1 Electrophoresis of RT-PCR product of pig Cyclin A gene
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A1 TR NS S S 20 o VR R TN S S L |
745 A2 A GenBank, #4510 % 5% 5 5 GQ265874,

1. Hind || BAEGEISE 5 52.3. BamH | / Hind [l BUEGE ) 25 5 5
M. DL2000 DNA A% 43 F 5 4 s vf

1. The products of pMD-CycA digested by Hind[l[; 2, 3.
The products of pMD-CycA digested by BamH [ / Hind]l ;
M. DL2000 DNA marker
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Fig. 2 Enzyme digestion of recombinant plasmid pMD-CycA
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H DNAMAN 8 {46 vd B 3Rk 45 09 5% (Sus scro-
fa)Cyclin A 3£H 5 GenBank H 8 4~ A [F] ) Fh 1Y)
Cyclin A FEIFEAT A RIME BLEC. 45 Rk 1 Fros,
BRIKV- 4% Cyclin A JE R 5 HE 8 A1y AH
WAPEAE 85. 300 ~94. 106 MAEE KT 1A% Cyclin
A B 5 H© 8 AR iy AH LM 7E 85, 7 ~
95. 8%, HAZ R T 41 F1 8 17 51 5 A Cyclin A AH AL
e

R1 ¥ Cyclin A MEEYHA Cyclin A B F I 5FARF KB R
Table 1 Pairwise comparison of the nucleic acid and protein sequences of Cyclin A of pig with other species %
BRE i FIEE Identity

Accession Number Species

R Nucleotide F & Protein

NM-20029951
XM-20011346388

Homo sapiens
Pan troglodytes

XM-5409657 Canis familiaris
NM-2008510 Mus musculus
NM-2134361 Rattus norvegicus
NM-2175716 Bos Taurus

NM-2001032947
NM-2001009427

Macaca mulatta
Ovis aries

94.1 95.8
93 93.4
92.9 93.1
86. 8 87.1
85.3 85.7
93.5 94. 4
93.7 95
93 93.6

2.5 Cycin A RFEEHRUXRED

F DNAMAN 4 5%F 5% (Sus scro fa) Wy Cyclin
A RS 8N ZHEYF I Cyclin A Fe R H#EE &
BEMR AT R G R AR R R 0. NIEL 3 Al it
AR I AT B R 3 25, 0% (Sus scrofa) 54+ (Bos

Taurus) . N\ (Homo sapiens) Uk R FitE (Macaca mu-
latta) B AL IR B 53 - B AT AT 3R Oy — 285 M) (Canis
familiaris) JEIE (Pantroglod ytes) Fl ¢ (Ovis ari-
es) WA —2 N (Mus musculus) F1# Bl (Rattus
norvegicus) R H—35,
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Fig. 3 Phylogenetic tree of the protein of Cyclin A protein in different species
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W 30 hy ARUVETR BN 44. 9. B AREE A
H a5l ge LUBTE A F (8 4) . 4% Cyclin A 1y
LR P 5 i A 1 R AR W) A5 BT BT ) il Che-
tp://www. bioinfo. tsinghua. edu. cn/Subloc/) FJ
TR 1 R i B T BE X 23 B R 2R A7 000 L 45

B A B M 4% N 4 1 (Predicted location: nuclear) ,
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eeeccceceeec
h. o B8 se. BT & e TORLNE il
h. ahelix;e. B-strand;c. Random coil

B4 ¥ Cycdin AZBZREHTN

Fig. 4 The second structure analysis of pig Cyclin A protein

2.7 ¥ CyclinA EENBFHH

FIF NCBI BLAST ¥ Cyclin A f#§ cDNA 571
Y5 Sus scrofa (pig) M HEAT X, B ILAESS 8 T Y
A (CU861488,CU570952) A [ ¥ ¥ 51, -6 cD-
NA > HI 8 iy, Bn AT BEN 8 MO T, TN
T EIE TSR GT-AG . #iE N 8 4
HhE . RIS EFERNET FIRNETRIT. S
il HB 32 35 Ry e e A 11 (B 5D
2.8 ¥ CyclinA B #% & 1% & £ pEGFP-CycA 0
pCycA-GFP £ E

241 1) pEGFP-CycA Hil pCycA-GFP 4L %

734 bp 1547 bp 196 bp 621 bp 446bp  393bp 364 bp

‘Zl3bp ’ 244 bp ’I13bp’ ZZ4bp‘2()Xbp ’II4bp‘l34bp5lbp‘

B 5 ¥ CyclinA EELBHE
Fig. 5 Chromosome map of pig Cyclin A gene
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AR BRI S HEI S8 AR AT (T 6,18 7). RIS
P e Zhfi A pEGFP-CL #l pEGFP-N1 ik # ik
I P 2 W R RS DR/ N R R AE 247 TE A

1. HindIl/BamH 1 X E§YI4E R ;2. Hind [l H.EGY) 25 5 s M.
DNA A%} 43 51 5 by 1

1. The products of pEGFP-CycA digested by Hind]ll /BamH
1 ;2. The products of pEGFP-CycA digested by Hind|ll ; M.
DNA marker

6 EHJRHK pEGFP-CycA HINETI R BB L E LR
Fig. 6 Enzyme digestion of pEGFP-CycA

2.9 CyclinA 9 20 ff1 7 {iL

P ki 9% 24 h S 7EHOC LR B BB T

GFP

o

pCycA-GFP
pEGFP-C1

pEGFP-N1

B 8 Cyclin ARIEZHMBENM 400X
Fig. 8 The subcell location of Cyclin A 400X

WML B EGFP 8 1 905 5 43 A 78 8 A 4 g
o pEGFP-CycA it & 8 H 43 16 76 % > 40 M b, i
HRER /8 B e R 1 & & & B pCycA-
GFP {53 A 7E 4 Az v (1 8)

bp

2 000—»,

1 000 —»|
750 =
500,

250 —»f
100 —»|

<
—
\S]
w

1.2. Hind [l SREY)45 55 3. Hind [l / Sac 11 SUEE VI 45 5 5 M.
DL2000 DNA X 43 J5 8 b7

1, 2. The products of pCycA-GFP digested by Hind [l ; 2.
The products of pCycA-GFP digested by Hind|ll /Sac Il ; M.
DL2000 DNA marker

7 EHTH pCycA-GFP W NEI R RN L ELER
Fig. 7 Enzyme digestion of pCycA-GFP

Hoechst3342 Merged
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2.10 PHMEAAERY RT-PCR £ E

WSO B 1 ) B M 4 o B F 4T RT-PCR 4%
A K B e A kL pEGFP-CycA Fl pCycA-
GFP R4 M58t 1 299 bp 247 9 4670, I % e =8
AR R pEGFP-C1 Al pEGFP-N1 1 41 g ¥ K& 9~
1 H 4548 (0 9) . Western blot #  £% 5 32 1
Cyclin A BYAHXT 43 F B & 2924 40 ku(&l 10)

M 3 4

bp ol 2

2000

1 000
750
500

250
100

Cyclin A

1.2. 43 50 Ry % Y 23 444 ik pEGFP-C1 Al pEGFP-N1 41 iy
B RT-PCR 455 ;3.4 4351 Rk ¥5 4 pEGFP-CycA I pCycA-
GFP 4 Jfi {1y RT-PCR 2555 M. DL2000 AR5 4% - i e b fie
1,2. The products of RT-PCR of cells which were transfect-
ed with pEGFP-C1 and pEGFP-N1; 3.4. The products of
RT-PCR of cells which were transfected with pEGFP-CycA
and pCycA-GFP; M. DL2000 DNA marker

9 HIUMEHK RT-PCR ¥7E

Fig. 9 Identification of transfer cells by RT-PCR

ku
85 -

o0 S < SUVEC-CycAGFP

40 -

Y

CycA-GFP & 8 B 4> ¥ Biit 24920 67 ku, GFP {4 4r ¥
Fiit Ay 27 ku, M CyclinA (#5324 40 ku

The molecular weight of CycA-GFP about 67 kDa, GFP is
27 kDa, speculated that the molecular weight of Cyclin A is
about 40 kDa

10 Cyclin A B Western blot & il

Fig. 10 Identification of Cyclin A protein by Western blot

SUVEC-GFP

2.11 Cyclin A TgEI L E

2 G418 i ik J5 19 B Fa 2 35 Cyclin A {9 241 Jfd
e SUVEC-CycAGFP #l SUVEC-GFP, i = 41 g
K I 240 L R B . S5 AR BN LR # ik Cyclin A 19
90 By ¥k SUVEC-CycAGFP ) S ] 40 M %% &
(6.59 %0) B AL F 6 AL 40 1 S 9 4t s 25 = (O
Wk 24, 1% A 25, 5%) (E 11,12) 5 40 g ¥k SU-
VEC-CycAGFEP 1y Gy I AH XJ Xf B2 20 it 3% fm 1
1500~20% . MTS 3K I 20 Jitd 384 0 7 - 25 S ¢
MRk SUVEC-CycAGFP () 14 58 3 ¥ ] & 7 F *f
WL 21 fifg (P<<0. 05) (] 13)

SUVEC SUVEC-GFP SUVEC-CycAGFP
720 360 480
A 10 000/10 000=100.00% 10 000/10 0¢l0=100.00% 10 000/10 OPHO=100.00%
DATA DATA DATA

600 300 400
5]
-g 480 240 320
E . %G1=69.5 %G1=618 %G1=84.9
8 360 %G2=6.35 180 %G2=12.7 240 %G2=8.47
X
E@ 240 us=41 120 us=ss 160 %8=6.59
5
= o o o
= 120 ChiSa=167  ¢() ChiSq=094 () Chi Sq.=147

0 Cell No.=10 000. 0 Cell No.=10 000. Cell No.=10 000,
0 64 128 192 256 0 64 128 192 256 0 64 128 192 256
>

DNA & DNA Content

s 4l B 4 4> 47 SUVEC.SUVEC-GFP #1 SUVEC-CycAGFP {4 ff1 B #A 4> %
Analyses of the cycle of SUVEC,SUVEC-GFP and SUVEC-CycAGFP by Flow Cytometry

A 11
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