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Importin o/p 5 importin B WEIRIZ 9T 5 FE IR SRR
R BEER VP1 N#xihiE
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1 s PITVESERE A S AL BB, ¥t X
2 UMM RS RIS A A LS B st =, Wit X

. LHBY 2 B B R dok 8 94 4% % 7% (Junonia coenia densovirus, JcDV) 45 #4K 1 VP1 7E#R 44
(Helicoverpa armigera)3& i 41 il /% HaEpi W I AN IE 874 R 2 i& 4%, N JcDV 3SR 5 3 5 g
FRIRGEFEE 3. (73] WS GFP BlvA kM VPL BFAER . SRRk ki, % Y% HaEpi 408K, 7
M VPL (V40 8 A B ASHFAE . % 5E 4% %€ 715 5 (nuclear localization signal, NLS) & e s L Re vk 3, 7o
B HaEpi g0 Rk I NI 2 R FL N, F-H S DsRed2 &3 IARI R, AT LW 4N e fr; @it
AL s PITE (co-immunoprecipitation, Co-IP) AR 73 #r VPL 5 A #5iE 2R HAEH . [4553 1

HYeJs 6 h, VPL EMTAMEN, ZJFHE 48 h Biifkis 2 MBEZEN; VPL B NLS {7 T
325-EGTKRKADTPVEEGPSKKGAH-345, A1 K328. R329. K341 /& 540k & A (1) % i S L IR ik 5

M% %18 %2 4% Haimpal. Haimpo4. Haimpa7 @A T4HMIA% P9, 1 HaimpB1 =5 EEA7 T4 M A% 5 fa] [ . 3t
ENLE Co-IP 25 K] VP1 5 Haimpal . Haimpa4. Haimppl F7EAH EAEH, {H5 Haimpo7 JoAH HAE H
[4518]) JcDV 45 VPL A # T importin o/f A1 importin p X H IR Iz AN .
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Abstract: [Objective] We explored the nuclear translocation dynamics and pathways of the structural
protein VP1 of Junonia coenia densovirus (JcDV) in the epidermal cell line HaEpi derived from the larvae of
Helicoverpa armigera, aiming to provide theoretical support for clarifying the assembly and proliferation
processes of JcDV. [Methods] The wild-type and mutant plasmids of VP1 protein fused with GFP were
constructed and transfected into HaEpi cells. Subsequently, the subcellular localization dynamics of the VP1
protein were analyzed, and the nuclear localization signal (NLS) and key amino acid residues of the protein
were identified. The importin genes expressed by HaEpi cells were cloned. Subsequently, the plasmids of
importins fused with DsRed2 were constructed to analyze their subcellular localization. The co-localization
and co-immunoprecipitation (Co-IP) assays were employed to analyze the interactions between VP1 protein
and importins. [Results] The VP1 protein was located in the cytoplasm at 6 h post transfection, and then
gradually translocated to the nucleus until 48 h. The NLS of VP1 protein was located at
325-EGTKRKADTPVEEGPSKKGAH-345, among which K328, R329, K341 were the key amino acid
residues affecting the nuclear localization. The importins Haimpoal, Haimpo4, and Haimpa7 were located in
the nucleus, while Haimpp1 was mainly located around the nuclear membrane. The co-localization and
Co-IP results indicated that the VP1 protein interacted with Haimpal, Haimpo4, and Haimpf1 but not with
Haimpa7. [Conclusion] The structural protein VP1 of JcDV can be translocated into the nucleus through the
dual pathways of importin o/} and importin f.

Keywords: densovirus; structural protein; nuclear localization signal; importin; nuclear translocation
pathway

JiE HR ol d88 v¢ 4% 955 75 (Junonia coenia densovirus, JcDV) A& —Fi I ZERE . 1F — - TH 4% FR (1) B 55 DNA
Wi, JE T4/ RN AZ N B W RHR X SR A% 75 )& (Protoambidensovirus)3l, JcDV 112 4L H
TR B 4% B (Helicoverpa armigera) . #2070 i (Spodoptera litura). 51 57 77 ik (S. frugiperda) s 2
U8l G iR k. S RS GURY,, AT i A R A S5 AR B R R SE T T, JeDV A SR A
HAK N 6032 MEAZEZ TR, A 4 NI EHE (open reading frame, ORF). ORF1 i i Jis 14
(leaky scanning) 5 204 4 4> 45 445 (I (viral structural protein, VP)VP1. VP2, VP3 Fl VP4, EAIHH
MR R R IE AR G, RAE R IR 7 5047 1E 22 5 8, IR 1:9:9:41 Ll 4125 i 60 AN 36 1 A 721,
ORF2. ORF3. ORF4 %l 3 4~ JE 45 #4) 5 [ (non-structural protein, NS)NS1. NS2 1 NS3[l,

WAL TR I A AU S S WML A E A0 A% N AT R DR 2 S ) S R 0L MR AR BRI 4
TR AR TE A RS2 AR 0 B0 I UeE . W TR A 44 (endosome) ik ik g BRI R ALk L KT
HETCAE J5 A R AR, (A SR 1 BRIE T JeDV B BE Y 52 404N il R HaEpi (epidermis of H.
armigera), JFIESE VP1-VP4 # e A T4 itz e8], 78 JcDV & HIE WIrR, 357 & R 45 1 8 3 26 20
Y B J5 7 32 B 4E AL N 2R . SRT, VPL /E R JcDV S KIS 1, {618 2 40 k% N i ANIE 28 .

AL a8 WO T 40 A% I | i A% FL & & 4 (nuclear pore complexes, NPCs), /N H# T 309
i zE it NPCs A#%, K E H (550 kDa)ifid £z 7 AN, B E A 5% 1% € 6715 5 (nuclear
localization signal, NLS)¥# Bhte-171, NLS i i — Bt el 2 B & S A S B IR ik 25 (KL R) I 7 F1 A4 A
NG NLS FIAEZ M NLS. £t NLS X4 55 & (monopartite) NLS. X4 %! (bipartite) NLS, i
F P AN K(KIR)X(K/R), X RFEAFE SRR EE, Wik = % & 40(simian vacuolating virus 40,
SV40) K T HLJE I NLS, L7418 PKKKRKVEE,  f5 35 15 51 85250 (K/R) (K/R) X 10-12(K/R)3.5, - @I #H U
i (Xenopus laevis)# i & 1 NLS, HJF 5N KRPAATKKAGQAKKKKIOY, [H #r, &L 784l /N R4



INHRBFER ZABREMS W E GO N R I AEME NLSPO2, (H Kk % % 5 T R H IR &
Blattambidensovirus J& % [& /|~ W ¥ #% )% 7% (Blattella germanica densovirus 1, BgDV1)VP1 &F 1 X451
NLSH,

EHELH NLS W E AR AZEIZE B importin o/ IEENT, B AZEIZZ/K importin o
WAL A RWE AR NLS, 5 importin B K — 0 B &Y N4, Hil, EWIALshPan it
£ 42 H importin al+ a3+ o4, oS, a6, a7 Al o872, Edudn R . Fh Sr ik SO 4 R b %K e
H o4 FhFRVEE AP, BFRLRB, AF importin o Z5 A MITRWIE AR RS EM A FEZEFHRT, B F
BB LR MR (1 NLS 7] BN 8418 24K importin B IR A4 4, @il importin p &2 #iE NP8, H
AT, 4N B RN 25 0 250 B AR IR I& A A% 1 4o g 22 1290, T A% 0 5 R HR 1Y 45 0 B
MNZ S IR IR D, JeDV 1 VPL i il fp g 42 i i N A R Ji e A8 7E 504 7 JeDV VPL A #
B BASRHIE. NLS KOG Z JERIREE, 10T T VPL 5 AN 18 R MAH EAEH ,, B N1z
®AE, NEW DV MR S5 R R AL 1 SR i Ak HE, DU v R JeDV 11 & i L (pathogenesis)
AT B vE B 9T B9 Bl

1 MRS 7k
1.1 408, w5k

MRS AR B AN R HaEpi b Ll 7R K 2 2R Bl o 2 B X/ FLBO J 8, 52 A S5 B0 1 JeDV (1 /%
JePE ST R FURL pJcDV ARSI ZI- 7. 5% Gai ZBUJ VA M@ 1) pie2-EGFP-N1. pie2-DsRed2-N1 =%
BRTORE R A S5 = A4 SRR AE

1.2 F RGN 5408

Grace’s ARG 72 55 . YR 9 Marker F1 TRIzol, ZEER K /RBHE(PENAR AT B84 17
(fetal bovine serum, FBS), ¥ 5t (Invigentech) & ] s RNA $EHU 57 &  PrimeScript FAST RT reagent Kit with
gDNA Eraser s iXF & . T4 DNA R BRI A V% B2 5 BamH 1. EcoR I. Kpn I, E4A¥ T
FECRE) AR A A I EBGRFI & FR R BORF & P~ aifhikii &, Omega Bio-tek f R AH; 15™
2>High-Fidelity Master Mix. X 4T (Escherichia coli) DH5a B2 4000, b nt R AR AR A
F];  FuGene HD transfection i 7], %2 # (AL s) EWHE ARG IR A A5 Anti-Flag 84T+ Anti-GFP f7t,
YIRS R 2R (L) A RA ] ; Hoechst33258 Yethii. & yiid ik 77 & (Protein A+G WiERIE). B
Mk 4k P 8 (horseradish peroxidase, HRP)ARC I £ Hi b 19G ifk, FEE R REMHEARGIRA A B
PR h 27 i 5 Y 4K 2% R O (enhanced chemiluminescence, ECL) A & (Fr B &), BB & A F}
HARAA .

M R4, RN MR B R AR s PCRAL, kLR ()R AR B E
RS, R R (R AR AR EEBRCSERAG A 2R SRS R AR 4%
fili XAl 2 RO RARAL, G A ar B (R A R A F

1.3 M s g5 BAou 2

¥4 HaEpi 4 4% 5 FL 2>10° /M Fh 2 7806 o B /N B3 (19 48 LA, IEHE 0.5 pg kLS 1 pL
FuGene HD transfection X705 25 pL K IMLiE Grace’s ¥ ek iR 4], & & 30 min, FAbN 100 pL
IfiLiE Grace’s J5FREIR 5] WA FRAFL N IR RE 720, FIJETE PBS /MOt 3 i, SRS NIRRT E 4
h; # 52 10% FBS 1) Grace’s 35 77 ZE 55 7% 48 h, H 4% % % FEE[E & 15 min, I 150 uL Hoechst33258



Qe gt 10 ming HJ PBS ¥k 34k, #ilfy, (M ABOEIE R B R IR

1.4 VP1 NLS ) 7l

%2 Yu 24973, SR Bl NLS Mapper (http://nls-mapper.iab.keio.ac.jp/cgi-bin/NLS_Mapper_form.cgi)
R 35 0 40 /)9 75 Rk AZ 09 2 LR} Protoambidensovirus & BT i 53 7 BR U K% %5 75 (Diatraea saccharalis
densovirus, DsDV). ki 5 ¥k #% /% £ (Galleria mellonella densovirus, GmDV) . # £ ik #% 75 &
(Helicoverpa armigera densovirus, HaDV) . J& Hi ik i ¥ 4% J5 £ (Junonia coenia densovirus, JcDV). 57 K&
H K ¥ B (Mythimna loreyi densovirus, MIDV) . k & R & ik i 1% 5% 2% (Pseudoplusia includens densovirus,
PiDV) VP1 ) NLS. [FIf R4 Pan 20275 3%, i B DNAMAN 9.0 (Lynnon corporation) %4 %f VP1 )%
B 7 AT Z 7 HI XS, 8 VPL NLS H R 57 & R R ik 5 .

1.5 20 5K R

R4E JcDV vpl 2K 7 51 (GenBank &% 5 : KC883978), 4 A4 5 GFP. Flag [FIHE i3 (1 fil & %
LR VP1-GFP. Flag-VP1; F45& 1.4 fliilgs R, @ik e in) PCR. mRABEH AR, HE NLS ik
HHENBAENAEROAEZXRSE R, HikFE Liu &, ) NCBI BioProject database
(https://www.ncbi.nlm.nih.gov/bioproject/) 3575 HaEpi 4l % & ¢ H 585 (8 5 N PRINA1242702),
e %5 A N R IE I T ANAZ B 1B 5216 FE ] . 218 RNA FRHUAN S 36 SR 75 & it Wl 45, $2 8 HaEpi 41 i
RNA J£& . cDNA, PCR ¥ ¥ N#% #5128 21K N importin ol a4 a7 BI (GenBank %543 7N
XM_064042603.1. XM _021341117.3. XM_064037122.1. XM_021328329.3)4 K, 4 ## & 5 DsRed2.
GFP fili&3Rik p H A ks, 26 BRI RHE A PR A J P 3, ABF sk 1 Fr
Ao

R 1AW SO 514

Table 1 Primers used in this study

Constructs Primer sequences (5'—3")

VP1-GFP Forward: CGGAATTCGCCACCATGTCTTTCTACACGGCCGGGTTAATAC
Reverse:
CGGGATCCCGTCCACCTCCACCTCCAACGTTACCAAGAGTAGCTCCATTAC

Flag-VP1 Forward:
GGGGTACCGCCACCATGGATTACAAGGACGACGATGACAAGATGTCTTTCTACA
CGGCCGGGTTAATAC
Reverse: CGGGATCCTTAAACGTTACCAAGAGTAGCTCCATTAC

VP1ANSS_GFP Forward: GATTCACCGATGTCAAACGCTCCACATAACTCGCAAGGTAC
Reverse: TGACATCGGTGAATCTGAAAGAGTTTGTTCTTC

VP1K328A_GFP Forward: CACCGATGTCAGAGGGAACAGCACGTAAAGCTG
Reverse: GCTGTTCCCTCTGACATCGGTGAATCTGAAAG

VP1R32A_GFP Forward: CGATGTCAGAGGGAACAAAAGCTAAAGCTGATAC
Reverse: GCTTTTGTTCCCTCTGACATCGGTGAATCTG

VP1K3B0A.GFP Forward: TGTCAGAGGGAACAAAACGTGCAGCTGATACTC
Reverse: GCACGTTTTGTTCCCTCTGACATCGGTGAATC

VP1KHAGFP Forward: CTGTTGAAGAAGGTCCTTCTGCAAAAGGTGCTC

Reverse: GCAGAAGGACCTTCTTCAACAGGAGTATCAGC



VP1K42A-GFP

Haimpa1-DsRed2

Haimpo4-DsRed2

Haimpa7-DsRed2

Haimpp1-DsRed2

Haimpal-GFP

Haimpa4-GFP

Haimpa7-GFP

HaimpB1-GFP

Forward: AAGCAGGTGCTCATAACGCTCCACATAAC

Reverse: CCTGCTTTAGAAGGACCTTCTTCAACAGGAG

Forward: CGGAATTCGCCACCATGTCTGAAAAAACTCATTCTTCACG

Reverse:
GGGGTACCGTTCCACCTCCACCTCCAAAGTTAATATTTTGATTGCCTGTAGTTCC
Forward: CGGAATTCGCCACCATGGCGACTGATCAAGTGAAGAACCGC

Reverse:
GGGGTACCGTTCCACCTCCACCTCCGAAGCGGAAGCCCTCGTGCGGGLLGGLGE
Forward: GGGGTACCGCCACCATGTCTGGTGGACACAAACATCGTTAC

Reverse:
CGGGATCCCGTCCACCTCCACCTCCGAATTGGAAGCCACCCATTGGAACAGATT
G

Forward: GGGGTACCGCCACCATGCATACGGAAACGACATTAACAC

Reverse:
CGGGATCCCGTCCACCTCCACCTCCGCTAGTGAGAGGCGTCTGATGCTTGAGC
Forward: GGGGTACCGCCACCATGTCTGAAAAAACTCATTCTTCACG

Reverse:
CGGGATCCCGTCCACCTCCACCTCCAAAGTTAATATTTTGATTGCCTGTAGTTC
Forward: CGGAATTCGCCACCATGGCGACTGATCAAGTGAAGAACCGC

Reverse:
GGGGTACCGTTCCACCTCCACCTCCGAAGCGGAAGCCCTCGTGCGGGLLGGLGE
Forward: GGGGTACCGCCACCATGTCTGGTGGACACAAACATCGTTAC

Reverse:
CGGGATCCCGTCCACCTCCACCTCCGAATTGGAAGCCACCCATTGGAACAGATT
G

Forward: GGGGTACCGCCACCATGCATACGGAAACGACATTAACACTTATAC
Reverse:
CGGGATCCCGTCCACCTCCACCTCCGCTAGTGAGAGGCGTCTGATGCTTGAGCTT
G

FE 0T R 2k 1 - BE R s BR A 42 AU g ) D)7

Note: the underlined letters indicate the restriction endonuclease sites.

1.6 S ILPUIE S Western blot £l
¥ HaEpi 40 LA 8x10° N/FLEFI 22 6 LIk B 7%, X B Flag-VP1 %3 %5 Haimpal-GFP.

Haimpo4-GFP. Haimpo7-GFP. HaimpBl-GFP Fikiit: 4y; 48 h 5 F v 1) PBS ¥t 3 i, 4°CTH & 1
mmol/L 7% 1 F i 5 % (ohenylmethylsulfonyl fluorid, PMSF) ] %% T i€ (immunol precipitation, 1P) %4 fi# ik
Z4f% 30 min, 12000 g &-0» 15 min; 4 B35S 0.3 pg 19 Anti-Flag SRPTExHE 5 196G T 4°C R E
%, F5 Protein A+G WA ER =R E 2hy 1P RMRRPEEER 5 O, AR, #h/K& 10 min; 12%
SDS-PAGE Hijk, fEUK/K#t 135 mA T PVDF i 1.5 h, S5%MtAE @9 # & P #%; 4% 1:4 000 #ike Lk
Anti-Flag. Anti-GFP ¥t 4°CiF 14, HRP fric M HiE 1gG LA 1:5 000 #ke, =iRiEE 1 hs JOA
& & ECL A2 RO 5 1 min, 8 FH 43 A =04 2% R O6 BUB A 5 B



2 BER50H
2.1 VP [PV 41 B i A s s 5 R I8 4 A

¥ vpl FERE B F] pie2-EGFP-NL 23k ik [, $EHUSURLIZI 7, I3 285 S 5 7 3 20 o b i) 2 J 2
48 VPL-GFP. 4 H.4% Yk HaEpi 4ifd, TS [FIH A ff g2, 45 R EoR VPL TH# )5 6 h £ T-41
M P s 18 h & = EAL T A0 AL P, HLTE R IR I TSR A s 24-48 h 4H i % N 3R 1k BLE T8 In (B 1A),
W] VPL KA B 40 A B A M AZ I N AZ B8 . WS Flag FRe8mil e Rk i kL Flag-VPL, L4
HaEpi 212 48 h J5 HilFE, Western blot £ 5t & 7 B S £ 75 A K /1N 89.9 kDa 4&i5 4, 1 46l 31 43 1 F s
M K 55— 45 (B 1B).

1 VP {3 240 0 5 57 W % 5 8 2 i Ao

Figure 1 Observation of subcellular localization of VP1 and detection of overexpressed VP1. A: The
subcellular localization of VP1 in HaEpi cells at 0—48 h. B: The detection of overexpressed VP1 in HaEpi
cells (Marker: PageRuler prestained protein ladder; Mock: The blank control; Flag-VP1: transfected with
Flag-VP1 plasmid).

2.2 VP1 NLS I %7€ 5 8 s B R ik 5 73 M

ik NLS Mapper 731t Protoambidensovirus J& T &% 51 VPL ) NLS, &5 RERBEH — X3
NLS #£ 5 EXTKRKA(D/G)(S/T)(S/P)(A/V)XE(T/G)P(AIS)KKG(A/T)(T/H), Hirh X A EAT E R FE MR %,
FRILF R AL (R 2), £WiZE VPLNLS (055150 BAE#R5F. #—H % JcDV VPL
NLS B2k, AR o ARG BRI 1 9B R TR, #J% HaBpi 40/5 48 h il rWisg, 4R R



VPIANES R 5 50 3 A s VPLKSZA [ PIRSZA | \/P1KSHIA ZE i A4 43 AT, AH S BEAL T A0 M A% 19 «
VP1K330A [ \/p1K3a2A 5z s i T A% N, R W 325-EGTKRKADTPVEEGPSKKGAH-345 £ JcDV VP1
17 NLS, JLH K328, R329. K341 /&M% i 1o 1) R B LR ik (K 2) .
& 2 Protoambidensovirus J& T B 2 VPL NLS (1 Tl
Table 2 NLS prediction of VVP1 proteins for all members of Protoambidensovirus
Species Virus NLS Sequence of VP1 Position
Diatraea DsDV (NC_001899) ESTKRKADTPAEETPSKKGAH  325-345
saccharalis
densovirus
Galleria GmDV (NC_004286) EATKRKADSPAVETPAKKGTT  326-346
mellonella
densovirus
Helicoverpa HaDV (JQ894784) EATKRKADTPAEEGPSKKGAH  325-345
armigera
densovirus
Junonia coenia JcDV (KC883978) EGTKRKADTPVEEGPSKKGAH 325-345
densovirus
Mythimna loreyi MIDV (NC_005341) EPTKRKAGSSAAETPAKKGAT  326-346
densovirus
Pseudoplusia PiDV (NC_019492) EGTKRKADSPVEEGPSKKGAH 325-345
includens
densovirus
7E: DsDV. GmDV. HaDV. JcDV. MIDV 5 PiDV 1] VP1 &35 4355 NP_046815.1. NP_694830.1.
AFK91983.1. AG032183.1. NP _958101.1. YP_007003825.1; T X%/~ NLS ARG LR kIt
Note: the VP1 protein accession numbers of DsDV, GmDV, HaDV, JcDV, MIDV and PiDV are NP_046815.1,
NP_694830.1, AFK91983.1, AG032183.1, NP_958101.1 and YP_007003825.1, respectively. The basic
amino acid residues within NLS are underlined.




2 NLS BiR 5 T 2R B 4 VPL SRAZ A& 1) 7.4 Jfd 5 fir

Figure 2 Subcellular localization of VP1 mutant with NLS deletion and alanine replacement.



2.3 AKX IS SZAR 1 020 52 A1 73 At

¥ HaEpi 48N Rk M N IS ZARIE importin ol a4 a7+ BI 53 H#EHEF] pie2-DsRed2-N1
AR, PFREUTCRLE I, P g SR R OR E A ORI M & T, 4 il i 4 N Haimpal-DsRed2 .
Haimpa4-DsRed2. Haimpa7-DsRed2. Haimppl-DsRed2, T4 54 H#4 4% HaEpi 401, 48 h Jg il W
%2, 5L BIR Haimpal. Haimpad. Haimpa7 &40 T ZHMIA% N s HaimpBl 32247 T 40 Bk B B, HL 248
LT 5 4 A% 38 G D 2 I SO SR AR (B 3).

3 ANAZHE 1B 32 AR ) 0 40 € A 2
Figure 3 Observation of subcellular localization of the importins.

2.4 VP1 5 NHZ ¥ 18 2 AR 0 3L 58 A oy #r

¥ VP1-GFP 455 Haimpal-DsRed2. Haimpo4-DsRed2. Haimpa7-DsRed2. Haimpp1-DsRed2 Ji
Fi 33 gL HaEpi i, 48 h il Wgg. 45 B8 VP15 Haimpal. Haimpoad. HaimpBl f77E 5URAL
4, HE Haimpo7 J6 B2 32 47 (K 4).



4 VP1 5 NIz =2 AR i) 3t 8 Ar
Figure 4 Colocalization of VVP1 protein and the importins.

2.5 VP1 5 N %128 24 1) Co-IP 734

# Flag-VP1 5 Haimpol-GFP. Haimpo4-GFP. Haimpa7-GFP. Haimpf1-GFP Jii i 43 7| L 4% 4 HaEpi
ZMf, 48 h j5HE41T Co-IP, Western blot 25 R 27~: VP1 fJ i F Haimpal. Haimpa4. HaimpBl & H, {H
ANBERL N Haimpa7 2, £ Haimpa7 4, VPL Al 54 3 Fh A3z 22 (A0 H./E F (- 5).



5 VP1 5 N1z 2 /1) Co-IP il

Figure 5 Co-IP detection of VP1 protein and the importins. HaEpi cells were co-transfected with Flag-VP1
plasmid and a plasmid expressing GFP-tagged importin Haimpal (A), Haimpa4 (B), Haimpa7 (C), or
Haimppl (D). After transfection for 48 h, the cell lysates were subjected to immunoprecipitation with
anti-Flag antibody, followed by Western blot with anti-Flag antibody and anti-GFP antibody, respectively.

3 Wit E&R

FLBE DNA 55518 7018 32 40 M k% P 56 BO3E DR A B2 I DA e 25 e, T 9 75 4 1 A% 8 A6 A2 3 75 3
BA IR R AR EE T T 4, Vendeville Z5BURIE JeDV i #0L 1l i WK% 8 [ (clathrin) A~ S 1 P 7538
3t N 5 35k (Lymantria dispar) 5 41 il & Ld652 14 . Za&dori Z5M2HIE 52 VP 2 3 R v KA 14116 i B A2
(phospholipase A2, PLA2) 3 [y 5% -5 75 KL 1 A IS I A A B it 22 OC i 22 . B )5 JcDV Nl % iz 2 40 i #%
WIEANIERE, HED JcDV AN HFia i 18 5 KRR H AR M AEEK NLS FX. 7o, 18 FHmmHoHma
B VP1-VP4 TEELEEANMZ NG, AR5 5 RS0, #EW 51 NLS UM%,
ARWFTER I VPL KA R NZ L IE, IESEH 5 1A AL NLS, Ho K328, R329. K341 RA: 7
B VPL E 4 M E A ] AR, HEINIX 3 MIREE T RE R NLS 5 A% ia 2 ik HAR R G H kB . VPL R
REEREORPAE 1 AT MR R4, 1X 5 BgDV 4548 (A Rk 45 2 pIlel, e 5 5
B A % AN 5014 K B Protoambidensovirus J& BT A B A 1 VPL NLS 7 51 547 B JE & (R 57, $n ]
REEAMHRIMAZEIZRGE. BAr, REWFREVA (U BgDVL VP &R % 1 4 NLSIB, A
[F] ¥ A% 993 B J8 1] VPL NLS /& 55 1 57 I8 75 IR AWF 7T« Croizier 255 IE JcDV () VP1-VP4 2 a] S it
B B3 RE URL (virus-like particles, VLPs), H VLPs f3EAL 5iX 4 O A ELBITE % . ASHEF 50 % 58 1)
NLS X AE4EF VPI-VP3 RN, & NLS (11 VP4 Wi A% 2 5 AR F A AIE 2 . Valle ZEE0HfE i
T NLS BB mE @ 55 A RetE NLS S EAERE 64, hEEHEN AR
2. VP4 8 H 25 K BUX A RNALIE 75 33— SRS .

AT 22 B NLS [ 58 W0 2K [ W] o AN K% #4535 %2 4K importins 1R 945 &, H 323 5d importin o/p & 125
BRI AT, W2 BERAEYRN importin o FE K R A4 e, WA 7 A importin a B
T, I BT R A RENE, eI B 3 MK BERHMU4RAS 1 4 importin o; FWE S 4 4 importin



alt7:38-401 ikt H R A A IR GE B TR S 4 S importin ol a2+ ad. o728, AHF I M HaEpi 41 i
Rt AP % 5w 34 importin al. a4, a7, 1 M5 ANKEEFRVED importin B1. 4l % 745 R B
A importin B1 A7 TAZBEJE [, R 3 NN TN, FEoRTTRETESE AN i 7 A EE T
At . Cao £33 5% 411 /)N 9 2% (porcine parvovirus, PPV) ) NS1 7] 5% & PK-15 41 s & N importin o5+ a7
44y, Chen 25128145, 38 1 15 4R 40 i A% 71U % £ 7409% B (Autographa californica multiple nucleopolyhedrovirus,
ACMNPV)Zm 5 i) DNA 4 T 5 5 07 % ik STO 41 il R N importin al. a4, o7 56, RHEZ A
¥ i1a ARV 5 A — A e i B EAE D AR Fe 35 g A 45 R R VP15 Haimpal .Haimpa4 . Haimpp1
FAE RN, WG E R VPL A LIE 2k,

HAT, A A/ 5 R A LS I8 R4/ 5 R A BUR AR 7L MY, PPV ) NS1
B3 importin o/p AL, R 4H/NF # (canine parvovirus, CPV) 45 #9& A 1l 4% i1 importin B i&4%
AP N 2618 K99 5 (human bocavirus)dE 4544 & 1 NP1 (non-structural protein 1) 7] i@ i importin
o/B1 5 importin B1 BUg 5 NAZIA T A% 0% 55 W0 R o 55 8 B I AL BL 18 IR R HF FR 00 ok WARE, AR
FH Co-IP 45 & ) VPL 73 5l importin a1 a4 B1 EAE, R HH W@ T importin o/f1 5 importin B1
BOIEHENN . LIRATFIRE AT VPL AL 2k, T —HIEH M VPL 5 N 18 A4 1) 58
MAT58E5 . N2 2R R IE B2 IR AW 7. 7 4h, Labadie 5431418 VP1-VP4 il i & il -5 i
BB NE#S 5 DV B, VPL ANZF 12Xt JcDV 35 If 82 i A 15 IR AW 5% .

i LT, ABFFANTEE T JeDV VPL ANEHIZM NLS 5O Z M kA, JHFscILRf A
importin o/B1 55 importin Bl XUEAANZIIE, XN JcDV I3 AL 5 38 58 i 72 4 (i B B0 00 30 H,
JNWEFE IcDV [ . R ML R B v B 21 5 FR Al

ot
T LU 2R R SR/ ML S 1) HaEpi 4 7S 58 A0 S 46 e 33

3 DUk H

EAE: SKIRME. BEELE S WIUES 5B8d; W SERERE. B IR s
e, BEdcsE; BRIRTh. PhBhsiGERAf . MEECEEL M. PRBISEIRE. Ro0Ehes W
RALTIR . WM E S B0T BRE 5.
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