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i E: AXWFRHE (Human bocavirus, HBoV) R4 %/ # & B19 X5, H 2 MM A AT RALBE R @ R,
@it PCR ¥ 3 7 iz A EA Trbk il B 69 ELF R T 5 Z HBoV, WAA R FMAERA AR, FIRA>TAWFEF kM
g A R A5 AT A S 94T, 2007 SF 10 A —2009 £ 3 A AH AL B a4 AR TR ISR 941 ) T ook A 4 ELY
FORATA, ARMEB] 33 4 HBoV A4S, [EMEAH 3.51% (33/941); HF 1 F A TFTRYILES LA 727%; MET
4AH HBoV ¥ KK BAREFE WHL-1, ARE A7kt h HBoVI &, F7l4AK 5299 bp (GenBank Acession No.
GU139423); PCRY ¥ FmFL#BE—RBH TR, 2AMERE R THFRLE R AE G (EGFP)/R AL BERE
AR F4 84K pGL3-pBoV-EGFP/pGL3-Basic-pBoV, # #viiflahdrmfe, @I MEE R LEO L X R A FHEE
HEBRFZERRALE FRERD T AR mIC T HERL, SRR T, BHFTARR@EFPALAEN, 8L
Wik B3 F EmitRE BT (Cytomegalovirus, CMV) /&M £ &, £ 293T 48/ HBoV1 B3 -F &2 CMV #) 4~5
1&; CMBEOERALERRERTERILAMH@MICT LRNGSHEFRA T —FREk. 8Fo TR GHTR
B®“TFE.

X AL FmE (HBoVL), A%, Ao, BHTEMR

Genome cloning of human bocavirus (HBoV1) and analysis of
viral promoter activity
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Abstract: Human bocavirus (HBoV) is a recently discovered parvovirus, which is suspected to be an etiologic agent of
respiratory disease and gastrointestinal disease in human. In the present study, we screened 941 nasopharyngeal aspirates
collected from hospitalized children with lower respiratory tract infections from October 9, 2007 to March 20, 2009 in the
Children’s Hospital of Hubei Province. Our results showed that 33 of 941 samples (3.51%) were detected positive for HBoV. To
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obtain a full-length HBoV clone, three segments which covered the nearly full-length genome were amplified by PCR from
HBoV positive samples separately and cloned into pBluescript SK I vector, and the resulting plasmid was designated as pWHL-1
(GenBank Acession No. GU139423). We constructed the both EGFP and luciferase reporter gene vectors under the control of the
HBoV unique promoter, respectively. Our data demonstrated that the HBoV promoter exhibited very high activity in all
mammalian cells tested by fluorescent microscopy observation of the EGFP and luciferase activity assay and its strength was 4—5
fold higher compared to that of the CMV promoter. This work provided an excellent tool for further study of the mechanism of

transcription and expression of the viral genome.

Keywords: human bocavirus (HBoV1), cloning, sequence analysis, promoter activity
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Allander ZEM RAIBEHL PCR 414 K LB W15 B 25
B, DR P G R e fB LR A s 0 38— Ff o 1) 55
F, WA A RN (Human bocavirus, HBoV),
WIS, VFZE AR IE & B HBoV &gy, HAER
A M B A B /N LFEAE A e 0 i i TR R
HBoV FEEEY 2 & LIF BN, IRk 22 3%
PR NZI . S P R DT P bl At P
IR NGRS, kS
AU/ EE (BPV) KRBUNMERE (MVC) TERSE
EH LG, K HIEE T AN R RS R R .
R, 7EE BB R F R E D R T 3 AR
] % P AY ) A K 8 HBoV2 . HBoV3 Al
HBoV4" 1, JIE WY R 2 AU /N LI I E R (1
WA, 2T R AR RN BT B R

HBoV N Mg | &k DNAWE, 2K Y
5200 nt, TR 4L A2 uh A ME— 5 ) s 3
S P ) RRIE S LT AN R REIE . 3R TR H R R
MVFZ e AA R, G ANH/INERE B19 J R 41 H i —
JBEhF P6 s 12 ML A, 2 A EEIF
JHCREEHE (ORF) Al g AE 4 8 NS1 FIK 5%
H 1 VP1/VP2, —NIKE ORF 4y NP1, HIjGER
Ao BT EE R A 2 S DR L PR 4 P i R L
A ITR J75, 245X DNA S5 B2 AE
FWY, AR R LA TTR 741, HATE A
HEN P51 . Dijkman 25 5 R E, 7 HBoV1 &
P o R NE E AR R E] 6 AN
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Yy, Hif T real-time PCR ¥ 295555 & HI°) . BEJS ,
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(Transcripts) ¥4 17 FFE 4 223 0 P3 Ja 8+ 3
Wk, sk EINERRIE 5 M 1 R e 2 i Sk
LU A /NG 35 1 R A S 20 M R G e,
B19 HABLEMN DBy LA & b &2 i, HACARIK
ER:P7 EEWN U NSk LY & W YN N 1)
F A, R X 12 T R AL B 5T B R, A
1% 6 DI I 9 A LR VAR T S S N TR R

IR Te R A TERE (BR/D ITR), ¥ 314>
Hra W2 HBoV 1 B4, #4317 35 7 3 TG PR AR I
HEM, FgZ R FL A, SCEUER] HBoV
J 275 P i v FL 0 W i i b B AR = s, i
— W5 HBoVI BY%E 5% . BHIESE 4> FHLkI $E it &

YA,
1 #HE7#®

1.1 B, B AR

KIGFF# 7w Pk DH10B ., Jiufi pBluescript SKII |
pGL3-Basic. pEGFP-N1 A = 47 ; AMRE I
B2 20 293T/293GP2P6 A Jili 4T 4 41 i WI-38AV
NIREANHE A-549 , B4 RK13 . % & F 45 B i
BCETHEAN I PT . HeLa 400 i AN 5286 2 4417 o
1.2 EFERKFH

BRI N YIS (EcoR T . Sall . Xbal |
HindIl |, Bgl1l . Nco 1), Tag DNA R4 ilf . T4 DNA
AW . DNA EHEHII A TaKaRa 24 H]; DNA
Jr BOge nICR ) & [ KR 7028 7 s DNA marker
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o 23 R /MR AR & 1 KRR (Tiangen) ZE
Yy RN H); TA Cloning & #) & . 5% 44 ik 57
Lipofectamine Reagent Il H Invitrogen A F]; 2 GE
RS 77) & Luciferase Assay System Ji [ Promega
/3 7] ;QIAmp DNA Mini Kit I [ Qiagen 2\ 7] .DMEM
I H Gibico A ; M4 1K H Hyclone 23 Al .
1.3 #HmALE R %3 DNA 12H

ASEES 941 BRI AE A 4R A WAL AR I G R i
b LA I W B e e R 1 BB L . FERFETROMA S
B A 3R K, KRR, AR5 A SRR FUL
A (% 0.1% DTT) A, 37 C/KUE 30 min 5
1 500 r/min #§.0> 10 min, B3 B 200 pL 42 HU%
7 DNA, 43 [ -70 ‘CH-AF . QIAmp DNA Mini Kit
PEURTEHE N 4] DNA, AR UL kAT,
1.4 PCR #&)

PG GenBank B I AR5 26 R 41
J¥ %1 DQ000496!M % i1 514 (Forward: 5'-TATCGT
CTTGCACTGCTTCG-3'; Reverse: 5'-AGAGTAGGC
GTGATCATGTAA-3"), VEHUWHEEENGEE DNA N
Bid, P HORSFIX NP1 JEH, 51404 prh b st
FHEY AR SEM . OV 55 AF: 94 CHUAZ M 3 min;
94 °C 30s, 55°C30s, 72 °C 1 min, 3t 35 EH;
72 CIEAf 10 min, PCR J“¥I4: 0.8 % LENEWEEER
TRASI
1.5 HBoV1 ERFETEHHEE

H—45 B % E 8 HBoV FHIEBIBEEE DNA Syt
B, R DQO00496 I [H 41 M F¢ 45 K, 45 A
pBluescript SK T # A& Bl U] 67 45, XF3E 45 3
Bty ih. a Bt (1408bp). bEr (2893bp) Flc Bt
(997 bp), I 1. ISR DNA 71
PR & Ml 3 Be PCR 2. ekt a Ml e Bel5 T #idk
e, %4k DH10B IRz 40/, PREUTRE %,
b Bt PCR ¥ "#47= Wil i Hind L Fl EcoR 1 BEHIA7 45,
1 A pBluescript SK IT #kf&, #9K a Fl ¢ Bt 3l i
Sal 1 /Hindl . EcoR 1 /Xba 1 BEVIN 536 A R BOkE
H, F HBoV1 FEPRI4T so b, il D) % o = 20 Jok .

R 1 MEHBoV1 EFEZERASIY

Table 1 Primers used for construction of a full-length
genome clone of HBoV1

Primer name Primer sequence (5'-3")

al(Forward) ACGCGTCGACGCCGGCAGACATATTGGA
a2(Reverse) CCCAAGCTTTATTGTCTGAGTCAAGCGA
bl(Forward) CCCAAGCTTTACAGCTTTTGTTG
b2(Reverse) CGGAATTCTGCCTGTGCTGGCTG
cl(Forward) CGGAATTCAGCCATACTCAAAACCA
c2(Reverse) GCTCTAGATGTACAACAACAACACA

1.6 HBoV1 ERFANFEFHIHH

O IE T 8RM a.c B A A pBluescript SK 1T
HAREY b By, MY TAE Rt mAHEY A
A SEA, RH] Phrap DFEILH4LT A B . RH
Sequin ¢ AT F1) T BE AT $2 28 SCE R AR R, I
Je PEBE B L N 414y 4 4 WHL-1, ) F DNAStar %
PEXTE HBoV1 K 20 )3 51 Rl 5 1) 2 JE R ) 51
HEAT 3T o
1.7 HBoV1 BzhFEHEHIARME

WA GU139423 [¥53 1A sh T L s 4,
sl A Bglll . Hind M B VIA7 45 . US4 -
5'-GAAGATCTGCCGGCAGACATATTC-3', Fiif5|
¥ : 5'-CCCAAGCTTAGTAGACTCACCACAAGCG
T-3'c LA WHL-1 BukL B MR #E4T PCR 9715, &
N2 94 CHUAETE 3 min; 94 C 30s, 55°C 305,
72 °C 1 min, 3£ 30 MEFF; 72 ‘CHEfH 10 min, PCR
FHEE 0.8 % BRARWEEE S L UK AG I o ) T SRR W B e
DNA [ 53R %) & 71 e PCR 7= %) . & 41 41k
pGL3-Basic-pBoV Y EE . 43 51 FH R il 1 o4 V) i
Bgl Il #1 Hind 1% [B14 5 BRI pGL3-Basic 4 JBukE
PEAT RG], BEDI IO 16 CHEHGS R, Fefbk
kT % DH10B B2 A5 40 M, PRICBH MR s PR 1, g
Y1 %52 5 I o T4 2 14 pGL3-pBoV-EGFP AU «
Ll pEGFP-N1 JFK AR Y 1 EGFP LK B, i@
W) 2 EGFP JE [ & pGL3-Basic-pBoV %
K F DRI (luct), BEVI%EEFMT .
PE % 8 T 4 34K pGL3-Basic-pCMV [ & . LU
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pEGFP-N1 JFUkABURY 1 CMV JH3FIX, fiA
pGL3-Basic #AA -4 Bgl 11 Fl Hind Il B A7 5 22 7]
ity D) 46 5 Je )
1.8 HBoV1 A ahFiE
1.8.1 KL RN GFP [) 74

BRI AIM (293T/293GP2P6 ., WI-38AV | A-549
RK13. PT. HeLa) ##M7E 24 LR, 37°C. 5%
CO, HiFRMirh b i 3% . TEAMIK = 80%HF, HI
PBS ¥k 2 BN, A TG B FR AL, FIRfE 12
(ug © uL)AJ LB R pGL3-pBoV-EGFP 545 L ik
7 Lipofectamine {5 (BFfLIMA 1 pg BRI AT 2 pL
By A SIS 30 min FEIRAS YN v
W, 78 37 °C. 5% CO,RiFM bR 4 h,
& 10% /M- 1% ) DMEM B 3% 37 ik 4k 5
7%, LL pEGFP-N1 JFuAif Yy 25 F 248 i by BH: X R
24 h J5 5Ot WA M AR
1.8.2  FELF IR A5 HE A 1 G

BB 40 (293T. WI-38AV ., A-549 . HeLa)
i 1x10* A4 /fL I R FAE 96 FLAR R, kL
pGL3-Basic-pBoV f% YL 4 il ## i LR /E vk ib 47,
LA pGL3-Basic-pCMV 5Kz % Gt 25l 240 Jifd Ay B 4 %oF
M, K555 24 h E W sednfads 5= 5, A PBS ¥k 11K,
INAZYig W 20 pL/AL, =L 15 min, #ZIRTOG
E KI5 & (Luciferase Assay System) AY#E/E
VLI, EfLINA 100 uL LAR R, IRAJE A
96 LA , 15 E AL & B (Centro LB 960)
FEIR 25, RCALMTE 10s, M K R FOEEE R
Ml FAEE R 3 K, iR Origin6.0 3K 4
BTG E T
2 HRE5H
2.1 HBoV1 [B$4#£Z#) PCR #

PCR ¥ /R F P —Fe 5 55000, T EY
9 600 bp, 5L RART (B 1), PCR ™yl

J5 % T # M, I NCBI M3 9 Blast T H X
JF S5 RAEAT IO ST 2 W HBoV NP1 JEIH , %
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RITE TR 2w P AR RS, O TR 2 e
FHEAREE . 941 BIPBAE AR 2] 33 4] HBoV [H
PP =Yy, BHMER A 3.51% (33/941), 33 i fHM:
BHEIER WO NI RBCCEM%, HRZH 1 %
DINEBIL 24 By, A BEREREN 72.7% ;5 H
NIRRT 1 5 N

bp 1 2 3 4 5

600
500
400

300
200
100

1 HBoV1 NP £FEH PCR =¥ EE
Fig. 1 PCR products of HBoV1. 1: DNA marker I; 2,3,5:
positive samples; 4: negative sample.

2.2 HBoV1 EFEH e ERHE

Ll HBoV BHIEREA DNA H#itk, FH PCR
Tk 3 By dE LR AL, W o BB B O i el
VKA B 5 WY B — 300 3 57 a B
(1408 bp). b Bt (2893 bp) Hl c Bt (997 bp) (Kl 2A).
HROTE 1.5 MR AL SO, OB 4
2B Jii7n: Sal 1 +Xba 1 fEYI FHEF 2K (atbrc);
Sal I +Hind M Y] T a B.; Hindl+EcoR 1 FYI T b
Bt; EcoR 1 +Xba 1 BEVIT ¢ Bt. #125% R AL 4
TAMRRRE N, w4 WHL-1,
2.3 HBoV1 EREENFK&FFI5Hh

it 8 R 110 5 1 3 R A 454 e B ks
RO, W5 25 R PH 25 e 24k 1% HBoV N4 h
KRR BPH, P H4eK 5 299 bp, 4t 3 4~JF
B BEEHE . NS1, NP1 A1 VP1/VP2, GenBank % 5¢'5
b GU139423, H:[NAIN HBoV1 M., %75 5E 4R
)75 DQ000496 24 FE R [ J5 i85 99% , 12 16 1>
AR A, KREN T 5 5278 A FE R A i
X, I NP1 R 58 ARy, HAb A/ MEEE T IR &
W5 NP1 [FIREYE . NP1 7E MVC Hi# DNA &
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2 HBoV1 R4 PCR B8 (A) REEBIKH
BB £ E (B)

Fig. 2 PCR products of three segments (A) and recombinant
plasmid identified by enzyme digestion (B). (A) 1: 1 kb DNA
marker; 2—4: PCR product of fragments from a to c. (B) 1: 1 kb
DNA marker; 2: pSK-a-b-c digested with Sa/ I and Xba I; 3:
pSK-a-b-c digested with Sa/ 1 and Hind 1II; 4: pSK-a-b-c
digested with Hind III and EcoR 1; 5: pSK-a-b-c digested with
EcoR 1 and Xba I; 6: pSK-a-b-c digested with EcoR 1.

R R R TR, B NP1 A MVC AT
HBoV1 5% BPVI1 () NP1 JERH %k, 1E #1717
DNA & 1", XHi dg 3 R 4UR sh F X Hr s, 1%
Ja BT RO X AL T 146~196 nt, PHES NS1 R4 %
TFAL 91 MEATIR . %7 Bt & AL LE W SR ) 30
FIRATOM TATA & . CAAT HELL J ik S i 3
Jr (B 3), XKoo 2 & B U Re b i ik — L Bk

1 GCCGGCAGACATATTGGATTCCAAGATGGCGCATGTGCAACCACGTCACA

51 TATAAAATAATAAATATTCACAAGGAGGAGTGGTTATATGATGTAATCCA
CAAT box

101 TAACCACTCTCAGGAAATGACGTATGATAGECAATCAGAATTGAGTATTA
TATA box Ins

151 AACCFATATAAIGCTGCTGCACTTCCTGATTCAATCAGAETGCATCCGGTC
201 TCCGGCGAGTGAACATCTCTGGAAAAAGCTCCACGCTTGTGGTGAGTCTA
251 CTNATG

3 HBoV1 BEIFF7I
Fig. 3 Nucleotide sequence of the HBoV1 promoter.

2.4 HBoV1 Basi FEHEFIKHE

LA WHL-1 Fi ki h B4R, PCR 973 HBoV1 Jg
3 F A (1~252 nt), AL TR I K /N I B
(E 4A2), PCR [HlI Bt Y5 pGL3-Basic #iikiE %,
1%, VIR 250 bp K/hA&ir (&1 4A3), 5
R, M T pGL3-Basic-pBoV HZH # 44
Pl pEGFP-N1 Jf ki WA b1 EGFP B8 5 BL, K
/IR 719 bp (B 4B2), i i XY EGFP KB
P 2 Ay #H##4K pGL3-Basic-pBoV Y luc 45 3L A,
fifb) % 2 i 3B3. L pEGFP-N1 JEk A A1
CMV B 3hFIX, K/ 589 bp (K 4C2), B4 A
PR I H 2H 254K pGL3-Basic-pCMV, B 1) % 72 Gl [#]
4C3 iy AR I PP AR H e 4 307 3 A A R
Al S
2.5 HBoV1 BaIFiE

4 fFiki pGL3-pBoV-EGFP # YL i G 41 it 24 h
JG, POt BB AT EGFP AR E (K
5), LA pEGFP-NT #4447 Je 25 12 56 40 i Ay BH A4 X6 R
JIT A 0 A A A I B e (98, B HBoVL Ji
) FAEMFLA P A R 3 iR SRR EGFP (1
sk . Fik. pEGFP-N1 &% A EGFP fr%
FRIBEIAR, 76 CMV WE 3T, SMEREH S EGFP
G Ris, EPOLRMEE Tl R E A RE,
A AN LR B 21 5 X B AN M AR B, 9 O A 2
ZHR, W8 HBoVI Jadh FAEMIFL sl B A 1R
SRIGTE. 293T. 293G F1 PT 4 ik 46 40 o k9
EHRYE B2 T WI-38AV., A-549, RKI3 Al
HeLa 4 i34, J5F7ET Lipofectamine Reagent
I 2 Rh 20 M Qe RBOR AR, R, FRATR D
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WHEMEMREN G FimtEE &80, U CMV J33iFik GOCEMMXTISHEERT D, &
pGL3-Basic-pCMV 5% Ye 4% i 56 40 B i 15 % 6 293T. Hela. A-549 I WI-38AV 4ifig+, HBoVI
29 1, HBoV1 JH 3 F1E 4 F A b ZOCR B A JBah FidtEanlE CMV 1 4.5 %5, 2.2 1%, 1.4 1%
XEWLE 6, VWS 30 F7EA R 41 i i HEER L Fn 1.1 £

5000

1 000

500

4 BIFEAIBIKNEE

Fig. 4 Construction of HBoV1 promoter vectors. (A) 1: DNA marker I; 2: PCR product of HBoV1 promoter; 3: pGL3-Basic-pBoV
digested with Bg/ 11/Hind III. (B) 1: 1 kb DNA marker; 2: PCR product of EGFP; 3: pGL3-pBoV-EGFP digested with Nco 1/Xba 1. (C)
1: 1 kb DNA marker; 2: PCR product of CMV promoter. 3: pGL3-Basic-pCMV digested with Bg/ 1I/Hind III.

pGL3-basic-pBoV-GFP  pEGFP-N (Control) pGL3-basic-pBoV-GFP ~ pEGFP-N (Control)

RK13

Hela

50 um

A-549

50 pm

WI-38AV

5 WRBHEWN HBoV1 B 1F T8I EGFP 7E 7[5 i £ zh ¥ 40 B B 3k ik

Fig. 5 Detection the EGFP expression by HBoV1 promoter function in different cell lines with fluorescence microscope (bar=50 pm).
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Relative luciferase activity
w
T

293T WI-38AV A-549 Hela

6 HBoV1 BT 4 AP BIFIELLE

Fig. 6 Comparison of the strengths of HBoV1 promoter in
different cell lines. The values were calculated by dividing the
amount of relative luciferase activity driven by HBoV1
promoter. The activity of the CMV promoter was set at 1 in all
cell types. The error bars indicate standard deviations of 3
experiments and each performed in triplicate.

3 9tk

UNL BN TE SRS S e iU NS S ENN
WREE, o) TE R R B 16 /N L B I il 4
8 2O TR, HLE SR YRR A A iz
SR o IR AR SR A T T8 R T
SEHARFIZER B HBoV 78 B A IR 35 4310 49
HR A R A REAG I S AT 150 ARG R A 1
AR H BT PEUGE B R L, 941 B AS K
W) 33 ] HBoV FHM:Y 3™ 4, Hoh 1 ZLIFE
HLEF b PHYERE 72.7% , I ATERIR R 2 BN
B, A IRGE 5 % LI 90% DL #REA ARG
/RN

ARSI R AT AR B R R A e, X
POt S EMRE NS o kB, I Rw R T
HBoV1 Al 5 A/ MR BRI, Pl 7 K 20
P EA ITR 2544, (A2 428 1R iE R 5815 220751,
R WA A G HGE o FRATT 4 105 B 5 4 4014
WHL-1 1 B G 18] 5299 nt (R H B, Tz
ITR %544 , 2% FH Southern blotting /5715 , 78 7% 4 WHL-1
(4 293T 4 - R AT E % 7 DNA B il (&5 R4
BR), HE—2BER TTR 2546 %5 85 4 il 2 75 1 o

TR 25193 HBoV Wikl 1, Btk By 4
HNAZI T ITR 454, XA RN R 2 )5
PR T IA T Ao o ARAHIER e 1 e R S A 5 2 SR
YL o F-HL A 20 1, FRATTIE#E4 73X T 1H 9 TAE
NEE R EEME— 3 3 700 TR A 2o,
THt= ITR 454, Ji3 2l DX A5 23 52 25 ) 11 T 1
P, BEARTEM AL W A rh AT S RE . FRATHE LA
2 Ze v 252 AT IR s F] pGL3-Basic I+, 433l
P M RICGRAM R, SRER, EXILE
WELSh A, HBoV1 Jash F# A I, A1E
293T ZHAfLrb il PRk . H UGIER] HBoVI J5 3 F7E
REZBOHFL YA h BB S, HIRASR
TR B A sk R R PRAL R L T AR AT IF 6
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