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Molecular Cloning and Sequence Analysis of the VP! Gene of Porcine kobuvirus
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Abstract ;: The aim of the study to investigate the main structural protein of the Kobuvirus VPI gene. According
to the sequences of PKV deposited in GenBank ,a pair of special primers was designed for amplifying the VPI gene
of swKoV CH441 strain by RT-PCR. The results of sequence analysis showed that the whole VPI gene of swKoV
CH441 strain consisted of 762 bp. Compared with 15 PKV strains which were deposited in GenBank ,the homology
of nucleotide sequences was 81.5%~90.2% ,and the homology of deduced amino acids was 86.6%~96.9% . Evo-
lution analysis indicated that the swKoV CH441 strain was closely related to GS-1 strains. The bioinformatics analy-
sis demonstrated that the isoelectric point and molecular weight of non-structural protein VP1 were 4. 40 and
26.978 2 kDa. The protein had no signal peptide and transmembrane domain. There were 18 phosphorylation sites
including 7 Sers,6 Thrs and 5 Tyrs. Protein phosphorylation was concerned with signal transduction,so this protein
may be a signaling molecule. The results provided a theoretical foundation for further research on the study of VPI
gene (protein) in the genetic variation.
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gion,5'-UTR ) |1 /> H—JF i i) S HE ( Open reading
frame , ORF) .3’ 3F 2 % [X (3’ untranslated region, 3'-
UTR) A & Poly (A) R ELAH AL . ORF %A% K /)
2 A8 MR IEIR N Z B 1, 2 2L fifk Ity 4 A iy S 4
M L 4581 PL( VPO VP3 VP1) DL M AR 458
P2(2A 2B 2C) .P3(3A 3B .3C 3D)"*

[ PR 2570 8 22 51 2% (ICTV ) 2013 4 2 A ol
(R 75 3 4 & % Kobu 9 B J& T 1Y s #5047 1
44 ,ﬂ%k%%ﬂﬁﬁ( Aichi virus, AiV) 44 R 2%
SR EE A (Aichi virus A) , 2855 ( Bovine kobuvirus,
BKV) ¥ 44 5% 5195 2 B ( Aichi virus B) ,%mﬁfﬁﬁ
(Porcine kobuvirus, PKV ) #% 1F 2 5 b — A~ #r Fir,
I M BHIEEE C(Aichi virus C) 77,

BRI R — AT AR R R e, TE A IR
TERERAETE v B ARG s 58 W S L TC RIS AR 1 R
e, (EIE E R A B 58 E S8 56 U 25 5 0 18 5 s o
A, B 1 05 U 9 2 2 Hh 4 28 R RL 24 5 2007
AETERE I M R B AR B 2 R e ED B
AL e R 22l E ot E R
RS Sy ER RS JE'S S TEE A P S ol kT
WRE,  H AT T IO 1 I W S AR X A U s 2
55 NS )25 TP i) O R WA Rtk — BT . AR
WFFEING T HE W25 1) £ BE 43 B 1 A8 U 9 1 CH441

B VP B D —20 T AR I 7 (4 0 1 A R
ML RIRABGEBEE T H6dl
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1.1 fREHK

SwKoV CH441 ¥ i H [ £l Bl 2% Bie 2= N 8- 22
WE9E i sh A% g 2= T H i sal i A R AR 1Y
FEAERE S B AR 8], B e e, B g4t
LR GenBank,,ﬂ\:r?ﬁlJ%f*jrgl H GenBank
1.2 SF|;HAKFH

PCR 1% ( Eppendorf, 2 ) HLIKAX (JLHHT S —
ﬁ(%%F) RIS AR AN Biorad,,%aj(*”) .RNeasy Mini
Kit i 7 & " H QIAGEN 7 #]; PrimeScript™ One
Step RT-PCR Kit Ver. 2 i 5 & . T-vector pMD"™ 19
(simple) \E. coli JM109 Competent Cell , B2 il 14 P4 £
fif Kpn 15 EcoR 1 .DL2000 DNA Marker )04 H &
HEW) TR (K% ) A PR/ Fl (TaKaRa) ; AxyPrep DNA
BEIE PTG £ . AxyPrep UKL DNA /N 613
W 22 AR Y EOR (BUM) A BRA
1.3 RIWAH=*
1.3.1 5WiEit 5460 MR GenBank & FR M
KI¥51) S-1-HUN (%5 5% 5 EU787450 ) Beit 514 (%
1), FR M R A R AT BN J A

&1 S|MBRAGAERFT

Tab.1 The name,position and sequence of primers

519 i '8/bp JFP3(5'-3")
Primer Position Sequence
KVPI-1 2930 ~2 952 GGGGTACCGCTGCTGACGACGACAACGCACC
KVPI-2 3669 ~3 691 GGAATTCTTGACGCACAATGGGAGAGCGGC

1.3.2 G0 RNA PY4RHER [ A0 ZE AR 5l 1 250
Broin AE R PBS(pH {H7.3) , Hl5 30% &, &
WS PRER 4 ¥R ,10 000 v/ min 250> 8 min, 2818 W B
35 400 WL, B = HATC RNA BRG0P, 218
RNeasy Mini Kit 32 7 £ {7 1] 150 W] £ 3O U5 6
CH441 &5 RNA,

1.3.3 HEEY B RS0 pL RBAKRY 1 vPl
e B .25 pL 2 x 1 step Buffer,2 wL PrimeScript 1
step Enzyme Mix, RNA 7 wL, B39 1 pL, F 5l
Y1 wL,DEPC 7K 14 pL. PCR S 2% H:50 C
50 min;94 °C 2 min;94 C 30 5,52 C 40 5,72 C
1.5 min, ¥ 35 ¥X;72 °C 10 min, PCR =¥ 1%
BB WEEE I i VAR I, K 55 B A R PR R/ — 2 H
S PE BRI A B IR AxyPrep DNA B85 11 i 32 7]
Bl FH U BH T AT R IR

1.3.4 FEREwESMT  HEW=Y5 T-vector
pMD ™19 (simple ) ki i% 42, & T840 16 C it

W WGP IM109 B2 2540, A X-gal
PTG, %A LB 4R (% 100 we/mlL HIR .5 5
), E 37 CHRATREIR 12 h, P s, %5
TLBHART(SATNYERR), 8 THRIRD,
37 °C 220 v/min A FE, B2 mL HW, ]
AxyPrep Bt DNA /)N iG] & 42 BUSURE DNA, 7547
PCR %52 AU 2 | 0 PH M J3 b7 26 b 5T 4 e A=
WIRH A BRA FT

1.3.5 JFH045r8r  FIH DNASTAR K A1E X 5 U 9k
B CH441 tk vPI B[P F1 5 GenBank & KM 15 B
W EE VPT SEP P AT LB Hr . H MEGA 5.0
P RGUEETE CHA41 ¥k VPI JEH 5 GenBank 8%
(IR EE VP SER HEA TG sE AL o Hr , 22 il st A%
HEAEAR

1.3.6 AEYEES8 FIH ProParam 7E£ {4
(http://web. expasy. org/protparam/ ) Xf ¥ W& Ji§ B¢
CH441 ®k vPI FEPH it =) i) BRAGAE BTk 7 P
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i SignalP 4. 1 72k 544 (http ://www. cbs. dtu.
dk/services/SignalP/ ) XJ & 115 5 IKZEAT B, L
H TMHMM Server v. 2. 0 7EZ3F (http://www.
cbs. dtu. dk/service-s/TMHMM/) i 25 14 #5 I IX
i 3 NetPhos #X 4 ( http://www. cbs. dtu. dk/serv-
ices/NetPhos/ ) Wi & B AR fL A7 55, FIH SOPMA
BRPFITNEE S kK, R SWISS-MODEL %k
PFFICI R 75 CHA41 Bk VPL 2 = 20458

2 HERE AT

2.1 swKoV CH441 %k VPI ¥ RT-PCR ¥ &

AR S VES 1 , AR B B RNA AR, Xt
swKoV CH441 #k3EFT RT-PCR 4" 14 | 2 B IR Bk Jie
HL KR 88 RN A 762 bp B4R SR B B S50
(F1), 5N,

M 1

762 bp

M. DI2000 DNA Marker;1. VPI 3£H RT-PCR 74
M. DI2000 DNA Marker;1. The product of VPI gene by RT-PCR.

1 swKoV CH441 ¥k VPI EE BRI F EHY g
Fig.1 Amplification of VPI gene of swKoV CH441 strain
2.2 EBYIETE

PCR 2L 415 pMD19-T ( simple ) %% 1A % % |
Hedb P35 51 B E 4 1 pMD19-T (simple ) -
vPI,H Kpn 1l EcoR 1 #EATWEFY) IS , 155 2 A4~
K/NHK 2.7 kb 5 762 bp B F Bt XTI T pMDI19-T
(simple) 1 VP1 8K/ (18 2) , 2 B 5 40 J5kE N
FHE

2 000 bp

R

2560 bp
100 bp

762 bp

M. D1.2000 DNA Marker;1. VPI T 41 AL
B Kpn 1 Fl EcoR 1 XUEGYI™ ),
M. DI2000 DNA Marker;1. The double emzyme digestion product
of VPI recombinant plasmid with Kpn | and EcoR 1.

B2 pMDI19-T(simple)-VPI EHFIWNETLEE
Fig.2 Identification of pMD19-T ( simple) -VPI
by Kpn 1 and EcoR 1

2.3 BIEmE CH441 tk vPI ERZEERF 55
i AT- A Ei A i)

i DNASTAR 1) MegAlign %% 14¥ CH441
¥k VPl BN P55 GenBank B FEMNSEZ Y (F
2) JEATHORS S5 s SRR B CHA41 #k VPI B
[R5 H At 25 vk VP 3 DR A TR T 40 A L R
81.5%~ 90. 2% , B F 1R J¥ 5 A ALV H 86. 6% ~
96.9% (1¥13,4) , Hrh JEIRE7E CHA41 Bk VPI LK
55 GS-1 BRARIME e, B AT R P SN AR LI R 90. 2%
FIEFR P INAINE N 96.9% , ARG
R JEIERN B CH441 #85 GS-1 ARALAE IRl — A543
S, U Z A BOE RGO R (E5) .

#2 GenBank FERKEIEKS VPI EENSEFT
Tab.2 The reference sequences of VPI
gene of PKV loged in GenBank

B R R
52 A 7 VN
5 e - X
Accession Contry
Number Sequence name :
number of orgin

1 CH-DX-2012 KJ452348 [
2 CH/HNXX4 JX401523 v [
3 CH-HZ-2011 JX827598 v [
4 ch-kobu/2008/China KF695124  rhfH
5 GS-1/2012/CH KC424639  HH
6 GS-2/2012/CH KC424640  hH
7 K-4,2012/CH KC424638 [
8 K-30-HUN GQ249161 ) FH)
9 S-1-HUN EU787450 &) F #
10 SH-W-CHN JN630514 ]
11 swKoV CH441 KF539763 W E
12 THA/2007 AB624493  ZE[H
13 WB-1-HUN IX177612  RIFF
14  WUHI 70692069 ]
15 XX KC204684
16  Y-1-CHI GU292559

2.4 VPl EEHEFHRBLERSH

FEUSHREE CHA41 Bk VPI R4 K 762 bp , Ztis
254 AR, Hoh B 5 O 2 0 B BE TR 2 I A TR
(Pro) (32 1~,12.6% ) , A7 Pyl (0) . Sec (U) | Asx
(B) (Aspartic acid or asparagine ) ,Glx(Z) ( Glutamic
acid or glutamine) ,Xaa( X) ( Unknown or 'other’ ami-
no acid) . SRERTEZ LR B 5L (Asp + Clu,20 ) £
?giﬁﬁ‘f&"/ﬁ%@fi%ﬂﬁ(Arg + Lys, 11 ™o pLibeEc)
A(pD) Ky 4,40, T AR X LS 4 F 5l 26. 978 2
kDa, JEFZH BN €6 H s Nagy Os7, S0 TR S
BN 4.4 h (WFL YR R A ) o SR OK
(GRAVY) %04 0. 005, i 2502 68. 82, A&
SERBUE 42,79, B ARBEEA
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FA{LLEE Percent identity

4 |56l 78|91 [12[13[14]15]16
1 81.5[84.0[81.081.2[82.0[82.5 [82.8[86.0[79.7 [ 80.7 [82.0[83.3[81.4] 1 CH-DX-2012
2 |17.9] 87.181.6|84.5 82.4 |82.0[86.1(86.6[80.3[81.582.3 [86.1[83.2] 2 CH/HNXX-4
3 |19.0]20. 80.6|81.683.4 |82.782.3[82.5[80.2 [80.1|81.3(82.3[81.0] 3 = CH-HZ-2011
4 |21.8]20.8 .8(81.9(83.583.381.7[83.682.3(81.8(82.9(81.6(82.7] 4 = ch-kobu/2008/China
o |5 |18.3]14,5[22.0  82.3[82.7 |82.482.2(85.9[90.2|83.2[81.0(82.4|84.1|81.8| 5 = GS-1/2012/CH
£ | 6 [22.4]21.4[23.0]21.2]20.5 | 84.9]85.6 | 85.3[81.281.8/84.3[82.7[86.0[81.4[85.6 | 6 = GS—2/2012/CH
= [ 7 [22.1]17.7|21.6]21.1{20.1 M s6.4 | 86.582.9(82.986.186.086.0(83.686.7| 7 K-4/2012/CH
2 |8 [20.9]20.4]19.0[18.8]20.4 15.4 | 98.7|82.7 |82.5 |84.9(87.1|87.1|83.6|85.2| 8 K-30-HUN
=19 |20.2]|21.0]19.9[19.0{20.8|16.7|15.3| 1.  82.3 | 87.1/86.9(83.685.4| 9 S-1-HUN
B [T10 [20.0[15.9 |20.5 [21.2[16.1 |22.1 [ 19.8]20.1 | 20.7 |II 87.3 | 79.5 | 82.082.4 [85.7[82.8 | 10 SH-W-CHN
W 111 [15.715.1 [20.4 [ 18.7 ] 10.8]21.3 ] 19.7 20.3 [ ] 83.5(84.4(83.5| 11 swKoV CH441
12 |24.4|23.5|23.5[20.6[19.3 [ 18.1|15.7 | 17.4 | 17.4|24.7 _ 81.0(83.7] 12 THA/2007
13 |22.8(21.8 |23.6 [21.2[22.4[20.2]| 15.9|14.4 | 14.4[21.0[21.7 WB-1-HUN
14 |20.9(20.6 |21.9[19.620.4|15.9]16.0 | 14.4 | 14.8]20.4 [19.0 WUH1
15 |19.315.8 |20.5 [21.5[18.3[22.0]| 18.9]18.9|18.9]16.3 [18.0 XX
16 |21.8(19.4 |22.3[20.0(21.3 | 16.4|14.9|16.8|16.5]19.9[18.9 Y-1-CHI
1 |2 |3]4a|5]|6l7|8l9 0|1 ;
B3 #HBiEmS vPl EEZEREFI—HESTER
Fig.3 The nucleotide sequence distance of PKV VPI gene
FA{LLRE Percent identity
2 134|567 |89 |1w0junf12]13[1a]15]16]|]
1 90.9 | 94.5 [ 90.6 | 88.2 | 88.6 | 88.6 |90.6 [ 94.5 | 86.6 | 87.0 | 87.8|90.2[88.6| 1 |  CH-DX-2012
2 |74 96.9[90.2 [90.2 [89.4 |89.4 |92.5 | 96.5 |86.2 | 87.8[88.6 [92.9[89.4| 2 |  CH/HNXX-4
3 [7.0 90.6 [89.0 [89.0 [89.0[88.9[92.1]87.487.4[88.2[89.4[80.8] 3 |  cunz—20m1
4 |97 110 91.3 [91.7 [91.7 [87.4 | 90.6 | 89.4 | 89.4 |90.6 | 88.6 [89.8| 4 |  ch-kobu/2008/China
o |5 15732 89.0 [89.0 [93.7|96.985.8|88.2|88.2|92.5[90.2| 5 |  GS-1/2012/CH
¢l 6 [10.1]10.6[10.1] 9.2 96.1|87.7[90.6|93.3[01.7|94.1]88.2[94.5] 6 |  GS-2/2012/CH
2| 7 [12.9]10.6]12.0] 9.2 [10.1 96.5 |86.2 [89.4|93.3[93.7|94.9]89.0[93.3| 7 |  K-4/2012/CH
28 [124]115[12.0]8.8 [12.0] 4.0 100.0{85.4 | 89.0]94.5|93.7]96.1[88.2|94.5] 8 |  K-30-HN
=19 [12.4]11.5]12.0] 8.8 |12.0] 4.0 | 3.6 85.4/89.0(94.5[93.7[96.1(88.2({94.5] 9 |  S-1-HWN
ﬁ 10 |10.1{ 7.9 [12.0]13.9] 6.6 |13.4|15.3]16.3[16.3 93.7 84.6[85.0]90.1[86.2] 10 |  SH-W-CIN
11 |57 [3.6]83[101]3.2]101/11.5]12.0[12.0] 6.6 88.6|93.3(88.6| 11 | swKoV CH441
12 |14.8[15.3]13.8]11.5[15.8] 7.0 [ 7.0 | 5.7 [ 5.7 |18.3[14.8 94.985.8[90.2] 12 |  THA/2007
13 |14.3[13.413.8[11.5/12.9]| 8.8 | 6.6 | 6.6 | 6.6 |17.3[13.8 88.6)90.9| 13 | WB-1-HUN
14 |13.4[12.4]12.9]10.1[12.9] 6.2 [ 5.3 | 4.0 [ 4.0 |16.8]12.4] 5.3 | 6.2 88.6[92.5| 14 :  WUHI
15 |10.6] 7.5 [11.5]12.4| 7.9 |12.9[12.0]12.9[12.9|10.6 | 7.0 [15.8 | 12.4[12.4 15 | XX
16 |12.4[11.5]11.0]11.0[106] 5.7 [ 7.0 | 5.7 [ 5.7 |15.3[12.4|10.6] 9.7 | 7.9 | 13.8 i Y-1-CHI
1 |23 ]4a|s5 |67 |8l jwo]junfiz|mlia]1s

B4 BiEHES VPl ERSEBRFI—BESHER
Fig.4 The amino acids sequence distance of PKV VPI gene

99 — K-30-HLN 2.6 BERSSH
86 L— s-1-HON {fi i TMHMM Server v. 2. 0 TEZREA: 0¥, 25 5
20 i _
F1-HN BIREERIFEE I VP1 TS HRIX
29 K-4/2012/CH .
gg|| THA/2007 2.7 &EMH{.{—L,H\E,J%ﬁ )ﬂlj
92 WUHI FIH NetPhos 2. 0 #f4E47 min , 45258 o= (E
5|ﬁ o w 6) , EIAFAI L 18 /\{*Eraw&@mmm,
ch-kobu/2008/China Ho 6 M T IR R (Thr) 7 M T 2222 (Ser) ,
68 CH/DX/2012 NetPhos 2. 1:predicted phosphorylation sites in Sequence
CH/HZ/2011 ' * THE® Serine  —
= FH B Threonine—
95 X pr] 1 BSEAL Tyrosine — |
CH-HNXX-4 E BB Threshold —
65 g
= SH-W-CHN % 5 I| | ‘
1 swKoV CH441 e
99 6S-1/2012/CHI i
e L I L
' 2 AR A1 Y
5 SRS VP EEEER S RGN = 0% T " " m—

FFFIRIE Sequence position
- o 6 3EiIBHE CH441 #k VPI EEHD
2.5 RSHIH FERSEL A AT R
{ﬁﬁﬁ SignalP 4.1 ?’f?ﬂ%ﬁi’ ﬁ:%*ﬁ ’ %% %%Hﬂééﬂ@ Fig.6 Phosphorlation analysis for PKV CH441

HH VP 55K , JEAE WA strain structural protein VPI

Fig.5 Phylogenetic tree based on PKV VPI gene
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5 ML TR IR (Tyr) o
2.8 VPI EERE=YH ZREFTRN

L SOPMA #AFT A4 U % 8 CH441 tk VPI
BRIV B g G5 R R WY VP R S5 B
o-BRTHE B A AL AHRE A G RN 35 il BT 5 E ]
Wk 4.33% ,1.97% ,16. 54% ,77. 17% 5 H A=
WEIBIR R CHA41 KR VP J& R BT 4 it (%) 26 1 5 b fie
Z W T A5 R 2 TO RN A i, b -
B-%% FA AT B BCLE A TR R R
2.9 VP] EERBF=YH = RETN

FI ] SWISS-MODEL 7 £8 &5 47 [a) 5 5
SR E IS5 CH441 BR VP1 2E A A0 =45 kA Rl
(E7) .

E7 BBERSLEHED VP1 ZREMTNER
Fig.7 The tertiary structure of
PKYV structural protein VP1

3 Wik

¥ U595 T 2 Reuter M e e R WY, H T
AR AT Iz . AR, B U e R AE TR E A%
b A 2 A T+ A i LA I B R R T R
AT, 5 0 5 75 76 BE TS 0 B S M@ B BE rh A 3R
R RS 23R RS N B A 2006 B 5 | 2 4 TR RS
IR EEIA 3 PRSI 1, B VPO VPL F1 VP3,
Hrh&5H 8 1 VPO 5 VP3 1907 & 454 K 3 g 1%
R, G5 81 VP 288 TN 8 kL SRS, 2
FEMRE R EA, WERE S R EZRN
SEMEE A TSI G TR VPT S R X 5T A
U 9 BF 114 35 1% 78 S HL A T B0 R S, T EL X B O
T U595 T 0 3 &5 A8 B 2 1412 W K B i 44 L
AT EENE XL,

MG Geadt % e 5 510 8 1 il 3 RT-PCR
I TERE T M IS EE CHA41 bk VPI JEH, vPl 3t
PRIAZ R AR U 0BT SR B S B 7 CH441 B
VPI FEPR 5 HA 15 #RAE IS5 BE VPT B R H R A
RIPEA 81.5%~90. 2% , F B VPI FERFEAER N
WA S SRR R UE o M 25 S o, E LR )7
HIFRITE A 86. 6% ~ 96. 9% , %45 W &k i TR
FRA LT, FBH VPT JEH A ER 028 S5 o 0 LR AR,

3 35 A% A A T 45 T HUB I R CH441 BR S
PRUERE S-1-HUN R4 6 R, 5 GS-1 #R7E R —
A0S VP E SR G R B, mL itk br
SR AN R A5 U 96 7 1T AE RICTE
HOAFAE SR ST HEAR AL S AR

WA E B F RTINS E A VP {5
Jik, 25 9 WoR, S5 B VPL MR Sk, XRETT L
GG B CHA41 BRZSHIE A VP £k G155
JBE BT 45, DTG AT LA A B S K A 45 R R 1 VP,
FEUE SR TE CHA41 PRESHE E VP Y BERR T AL 5 1
MEE T HG 18 MEAEM B AL i AF e, M
KAFE M, | A MBEIR L/ LR fb Xt 2 T MY
RIFRFENE, XI55 AN, A0 E o
AL PTKE A5 5 H A0 M R A 5 28 200 R A, 3 v 42 il
AN SR SRR, F9HFBRMEZMES 0T
S SRR S B S R, F D 2
I VPL AT R S 4IMfE 5 s A —E e &R,
TGRS AR TN 45 R R, TG R B R A O A
CH441 ¥k vP1 FEH Frdm s i & A i FE W E A
Jo AR TERLNE VR R (2R A R
(RS, ¥ AR 1 5 ) e A T RE A, ot
R T VP R e FE 2 M, BRI, JE R 4 it )2
i 2 M85t A B 58 58 B I 43 B 5 0 o
CH441 ¥R VPI FEHTH , Ry it — 20 I R S i i 7
CH441 Bk vPI LR TR 8 A% AR S5 I 235 70 45 T T A BF
FEBEE T B IR, A5 B ST IZ R FE 2 W TR
FARATFEERAE T HIRARAE

SEH .
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