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5 R W] HBoV1 JE UL % 5e B 7E 293 4t ffd v Al
PASE 7 A e v 2k 1 RSB HBoV
RSG5 P NP1 o [ 2 B A% R 35 34K peDNA3. 1
(+ ) Hp R HAE 293 T 40 A5, /04T NP1 2
TV 0B P 5 S R F 40 STAT3 \ NF-kB, AP-1 &
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GU139423 ) Fl K )i ¥F T B A% DHS o B A 52 55 %8
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pBIND-Id FH A H ARl 27 Al f A ) e 5 o i 52
B g A5 K v T B, 203 4 I 1 A R B 40 i
I
1.1.2 EZERKHBREIPEN VIR  Tag DNA KRG
T4 DNA JE3EEF H TaKaRa 23w ; DNA F B Al
W & B A R i BB W R 2\ F] DNA
Marker W [ 7R A ) 28 ) 5 oo 205 00K/ N2 v ik
MG A XA D RN A, Yt A
Lipofectamine Reagent W4 H Invitrogen /A A ; ¢ G &
i X A% Kz I 3k 57 5 Luciferase Assay System 4
Promega 23 ) ; ELISA 807 & W B U 15 R WA
FRZ\ ] ; UltraSYBR Mixture ( with ROX) ) [ Jb 50
AR E . DMEM FUIG 4 L7516 B Multicell
] BIEST NP1 —HU A 288 % [ il ; B-actin $T
{AFN Dylight 800-f5 1 Y -4t B —Ht Iy B 3 S HER}
HARAFA,
1.2 EAREFRHHEE

HRAE R 05 8277 51 ( Accession No: GU139423)
BT IS NPL B BRGS0 S YA s ANk
1 iR, LA pWHL-1 R AR #E1T PCR 97314,
S5 94°C T 3 min; 94°C 30 s,55%C 30 s,
72°C 1 min, 3t 30 ~9E#F;72 °C #E{# 10 min, PCR
P2 1% SN WEE IS F DK ARSI, ) FH B Bl i o PG
DNA [ 7] & [ PCR 724, B4 %4 pcDNA-
NP1 FIAE 3« 40 51 FH B 1k P DT NP1 [l R Bt
1 peDNA3. 1( + ) 2% AR Fokr 2547 SUBE B, i B [ i
P 16°C A 1, e AL KW AT T DHS o 3832 25 4
JHL, P PH 1 SRR O, B ) %5 R Y, TREL S
AL R G0 B A EAR R e AR PE GU139423 )7
FIBETHY S NP1 N110.C110 & RE514, 514 5
YL Ji 38 1, Bh peDNA-NP1 J5i Ry B Al i 47
PCR 43, SO0 25 ] b o 4 51l P IR ot 4 1 U0 g
NP1 N110 #1 C110 [R5 Fv Bt F1 pACT , pBIND #5414
JoRE AT XU, B U0 WS M 16°C 3% 5% 4k, $k
BRI B Wl D) 6 S D 0 T A |l A T
WA EI B
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Table 1. Primers used for construction of clones

Recombinant Insert DNA Encoding
PCR primer pair (5= -39)* Restriction Site
Plasmid Protein Region
F1.CGGAATTCGCCATGGTGATGAGCTCAGGGAATATGAAAG EcoR1
pcDNA-NP1 NP1 1 -220aa
R1:GCTCTAGATTAATTGGAGGCATCTGCTTC Xbal
F3.CCGGATCCGTGGAGGAGGTGGTAGCTCAGGGAATATGAAAG BamHI
pACT-NP1 NP1 1 —220aa
R3: Rl Xbal
NP1 1 —220aa F4. F3 BamHI
pBIND-NP1
R4 . R1 Xbal
NP1 1 —110aa F5. F3 BamHI
pACT-N110
(NI110) RS5:GCTCTAGATTAGAACCCACACCACCC Xbal
ACT-CL10 NP1 110 -220aa F6 . CGGGATCCGTGGAGGAGGTGGTTACTGGCACTCTACTCGC BamHI
P (C110) R6. R1 Xbal
NP1 1 —110aa F7. F3 BamHI
pBIND-N110
(N110) R7. R5 Xbal
NP1 110 —220aa F8. F6 BamH1
pBIND-C110
(C110) RS R1 Xbal

*Cloning Sites are highlighted in bold. F, forward; R, reverse.
1.3 Western blot 44T

WCEEHE Y 48 h I AN AL, 15 25 3R AR e Xl iR E
17 12% SDS-PAGE HLIK ¥4 53 25 1 35 6 76 B i IR
LR R L A TBS-T H, YERE 5 min, HASTH
5% MG W5 4 B PR W S Rk A8 e, EIREE 2 h,
TBS-T YEAE 15 min x4, FikE—4HTT TBS-T 1, 4 i
B ATIE MR P RS h 4 CiH R, A BE
JEE 15 min, B HU(FEPLR) T TBS-T b, Hefsidf
ATIE YRR pu i RS h =R E 2 h, VR
15 min x4, = il BE G EL 3 3 21 40 36 0%
BAGE Odyssey #ATHI AT I RIL,
1.4 TOEREBIREERFENE

B 293T 4RI+ 1 x 10* 20 Mg/ L B & 32 i 7
96 L i Hr, Jou ki 2 5% Y 20 i % B] Lipofectamine
Reagent Ui W] F#AE T k64T, 5557 48 h JG W40
MudEFRE FH PBS ¥k 1 IR, A Z4f# i 100 wL/AL,
FIRFESN LM 15 min, Z4# 10000 x g,1 min L
LBRananE A, B W, #2688 Dual luciferase Report
Assay TR 6 0 FVE U0 B 15, B L 20 i 28 8 m A
25 pL LAR RN, IR AT G A 96 LA I Al , 155
LA RS & B ( Centro LB 960) ZER 2 s, K EAY
ML 10 s, W23 Kk R 2B ER 1 & GME , SR 5 FAE ]
—ARES A 25 pL Stop & Glo® 8, 2 1| ik
SNE [ s 00 7 5 O Rl A B Y il
2203 W, B Origin6. 0 #4247 583143
Bro

1.5 ELISA #XB %X E & PCR W IL6 #n
TNF-a B335

K peDNA-NP1 FE2H Ok AL I8 R 3 293 T
U0, F5 Y 24 h R 48 b 5 U A (L 3 e IR
ELISA i85 @1 W 432617 ELISA A6, TR hfiy e
A1 24 b A48 b I, Trizol PTG 9 B RNA,
S 5k eDNA, 2T IL-6 Al TNF-o 15 7
PCR 5141, Lk GAPDH H NS 3 (£ 2) #4752 Bt
FENGE Bk PCR G, A~ BE i 3 AL, mRNA
X FER KR e Cuikd 48 AR XS mRNA ik =

— AAC
2 'y

F 2. XM EE PCR 5|4

Table 2. Primers used in the quantitative real-time PCR

Primer names Sequences (5~ -3")

F1: AGAGGCACTGGCAGAAAAC
R1: TGCAGGAACTGGATCAGGAC
F2: CTGCCCCAATCCCTTTATT
F2. CCCAATTCTCTTTTTTGAGCC
F3. CGGGGCTCTCCAGAACATC

R3: CTTCGACGCCTGCTTCAC

IL-6

TNFa

GAPDH

1.6 MHELNMWARRZ L

e M4 70T 96 LA, i HBE 55 R G5 3
60% K, Fl Lipofectamine Reagent i 7 17 %% 4t |
pBIND-X, pACT-Y FIHR&E I (pGSluc) % 1: 1: 11
I FEEE Y 293T 4iiffd, pACT-MyoD F pBIND-Id 1 K
BEMEXT IR, pACT 1 pBIND 2R FF Ay BI04 005 i 4
48 h JE W, F Dual luciferase Report Assay i
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TR B 1 ) 2R ik 240 B O P Ak FL A X & DA
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660 bp 5 U K/N— iP5 A Be, R4 R BLA
OIS 5 peDNA3. 1( + ) 24 % 2, 22 i)
SR AR A BUN A5 R R/ — 2 DNA &4 (1] 1-

(A) ML 1 2 M2 B Ml 1 2 3 4 5

bp

2000—

A) IERA IR £ T peDNA-NP1 2 24k, DIAY
HRIIAY pcDNA-NP1 AR M54, PCR 3744 H 19
BE NP1 N110 K C110, 38 523 o Pk A A A5 21 5 i)k
IN—ER I B, 43 511249 660 330 F1330 bp, ¥ H Y
B TR 5 5 20A pACT  pBIND 3442, 3k
A5 T4 R 22 Tl D) S R DY E S R T A A T
pACT-NP1 | pBIND-NP1, pACT-N110. pACT-C110,
pBIND-N110 }% pBIND-C110 B4 (K 1-B) . ¥
TR TE A A4 T 4 24K peDNA-NP1 %% % 293 T 4 il
23 BRAREE YA E X B L UL 48 b JE AR AN AR
JH 20 0 24 A S0 A M S5 S 4R 7, Western blot £
S H P AY NP1 FI B-actin, NP1 —$i N 32865 H
il ) BRIE BT NP1 Hiik, aniE 1-C s, H 24 AR5
YL A A I E] NP1 [ 27, 28 A b R A 45
i F A NP1 2K 7 293 T A ph Rk

- NP1

1. BAHAEHEYILE (AB) X EHIEBHR Western blot #il ( C)
Figure 1. Verification of recombinant plasmid by enzyme digestion (A and B) and western blotting detection of NP1 expression (C). (A) Ml:
DIL2000 DNA marker; M2 1kb DNA marker; 1: PCR product of NP1; 2. pcDNA-NPI digested with EcoRI and Xbal. (B) M1: DL2000 DNA
marker; M2: 1kb DNA marker; 1-3: PCR products of N110, C110 and NP1; 4 —=5. pACT-NP1 and pBIND-NPI digested with BamHI and Xbal,
respectively; 6 =7 pACT-N110 and pACT-C110 digested with BamHI and Xbal, respectively; 8 —=9: pBIND-N110 and pBIND-C110 digested with

BamH]1 and Xbal, respectively. (C) 293T cells were transfected with recombinant vectors and control plasmid. Anti-NP1 mouse serum and B-actin

antibody were used in western blotting analysis.

2.2 HBoV1 NP1 tif# R EF AP-1,STAT3 &
STAT1 ByiE M, X NF-«B &1 T 00

JHiE HBoVI R4S #8511 NP1 & H A B19
A2 A B 1A AT KT 20 B 57 Rl DA 5 | A SR I
N7 FRRR AL T RE , TR AT K HE 41 2% 38 UKL pcDNA-NPL
(0.6 pg) 5359l 5 5% S P 2¢ G 2 B Bk (0. 2
wg) M N2 FkL pRL-TK (0. 05 pg) Fh4E 3 293T 4
Ji,48 h JEEEREAR . 38 I AU R W R G4
S AP-1  STAT3  GAS K NF-kB 1 45 244 (1) ¢
TR BHEME , B peDNA3Z. 1 5L Y 56 41 it ] 15 2%
JER S VR 1, 54T S50 40 20 il b 5 '

REEEEAXTE, Wi 2 FrR, 5% R4 A H, NP1
A3 AP-1 STAT3 Fll GAS 245 A 1 9 ' K ity
T 3.69 1% (Bl 2-A),2.45 f% (& 2-B) .3.03 1§
(Kl 2-C), M5 %F R4 A e, NP1 ANGE LI NF-«B
WEPE(P>0.05) (K 2-D),
2.3 NP1 X RIEREF IL-6 1 TNF-o %k BIS50E
RATABTFE % L HBoV1 NP1 A RE I NF-kB
TG, #E—2 i ELISA J7 il NP1 25 ] DL
Wi IL-6 S TNF-o 153 MIA . 45 R AN 3-A F13-B
Jrs, SXTRRAAH L 5 G4 24 h F148 h J5 NP1 % H
5172 293T 4 it 1L-6 1 TNF-o 5 433 7K - 4 B it
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Figure 2. Regulation of transcription factor activity by NP1 in 293T cells. A: AP-1 activity, B: the STAT3

activity, C: the GAS activity, D: NF-kB activity. * P <0.05 as compared with vector control. * * P <

0. 01 as compared with vector control. All experiments were performed in triplicates and were repeated at

least three times and the results were expressed as the mean + SD.
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(FE 4-A) 1 45 Fh 1 21 323K AR 5 9 2 bt A e
203T 2L, 4G 2 K RN B 98 Y R BTG 1, 45
S, G YL S 21 55 B X BR 4 (&1 4-B NCI-

NC3) ZCRE G MR A B 225 (P >0.05) , 17 FH
PEXTREAH A W 22 57 (K1 4-B PC) , JE4EYL NP1 |
C110 545 ki (& 4-B S4,S5) 5 FH:} 18 %
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3 i

NI AR HBoV1 258 & BRI T RES | A A
W R B T s e DR, SR BN L S R
BB A K, BTz AESIRINE IR R G D)
YRR HBoV1 (54 W2 sx ik A B, 3
KL HBoV1 YL 4 s b 78 HEK293 41 it P4 ml A% 2y
56 R 52 ) R R R GA O 7 AR B e Y
S RERL T, A R B R T ] LR SN E YL B AL 1 A
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Figure 3. ELISA analysis of 1L6 (A) and TNF-a (B) levels in culture supernatants of NP1 expressing 293T
cells. Fold changes of IL6 and TNF-a mRNA level at 24h (C) and 48h (D) post-transfection. * P <0. 05 as
compared with vector control. ** P <0. 01 as compared with vector control. The data expressed as the mean of
duplicate experiments + SD.
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TR B ek ¥ A B A R AR | FEAE 293 T 4l
NP1 AHEXT IL6 AYZRIXHEATIH T, NP1 £ mRNA 7K
ST LL B TNF-a (9335, X F B NP1 7] g L 14
TNF-a 19%% 5%, 1H ELISA 48 & B 40 il 7% TNF-a
G A A AR AL, T BEJE T TNF-a Rk FFE
FE SR 5 I TR B IS i T A0 el e T
NP1 7£ 293T 4 g 15[ 1) TNF-a 8 0 W22k L
BN ELISA Kl Jo ik Je i, NP1 78 JRAR AR 43
JEIFWE T R 20 i ol A T B A U A i R TR
2 [IRE R IR T DIRE , S 5 5 i L Ath 2 E IR T 19 % 58
KT RE A A5 i — 25 ST

I BRI AT DA | S R A e S P AR N ) —
FINVRIEAE S A, DI R 48 4 41 g IR 1 il 3 3
1746 (R4 . NF-kB  AP-1 STATs j& JLFP 5 & &
i SN ) R SR, B A B9 R B A /N B
B19 AYZ5 ) 2 11 NS1 A] DAL DL i 36 % 5% I 7 NF-
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Figure 4. The measurement of NP1 protein self- interaction by
mammalian two-hybrid system. (A) Schematic diagrams of NP1 and
deletion mutants. ( B) Mammalian two hybrid assay was performed
with 293T cells in which pGSluc were co-transfected with the
indicated plasmids. The luciferase assays were performed at 48h
post-transfection. All experiments were performed in triplicates and
were repeated at least three times and the results were expressed as

the mean + SD.
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20 DR A 3, O U s R U A M IR T A s
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BEAR 1 ELHEVE T 40 i N (5 538 0, sl sd i 1A
TNF-o SR F-RIHEAE . F T 7 R 05 21
T P 5 B AR I U5 R A0 IR ) ek B 1 2
I 2 R g S e i L B BRI 2R P A S
B2 B NP1 2 15 R s 7 ak g IR 45 1 4 i
7 e R 05 S A e 15 B — SR i
Iz A BIESE
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Modulation of cellular transcriptional factors by human
bocavirus 1 nonstructural protein NP1
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Abstract ; [ Objective ] We studied the regulating effect of human bocavirus 1 ( HBoV1) nonstructural protein NP1 on the
activity of cellular transcription factors and the expression of inflammatory cytokine TNF-a and T1-6. [ Methods ] The
modulation of NP1 was measured by the Dual Luciferase Reporter Assay System and the expression of cytokines TNF-a and
IL-6 was detected by ELISA and Real-time PCR. The luciferase based mammalian two-hybrid system was used to analyze
whether the function of NP1 protein aroused from oligomerization. [ Results] The transcription factors AP-1, STAT3 and
STATI but not NF-kB were up-regulated by NP1, which was evidenced by approximately 2-3-fold increase of the luciferase
activity compared to the control vector. Moreover, NP1 increased the TNF-oo mRNA expression, but not contributed to
cytokine IL-6 secretion. We also found that the self-interaction did not exist when NP1 was solely expressed in 293T cells.
[ Conclusion ] This study demonstrates for the first time that NP1 may play important roles in activation of transcription
factors and up-regulation of inflammatory cytokines expression, suggesting that NP1 be involved in HBoV1 pathogenesis.
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