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Abstract : Autographa californica nucleopolyhedrovirus (AcMNPV) is the typical member of
nucleopolyhedrovirus of Baculoviradae, a circled and double stranded large DNA virus. It’s also one of
the most widely studied baculoviruses that turns out to be environment sound pesticide and a powerful
vector of foreign protein expression as well as a promising vector of gene therapy. Revealing the
molecular mechanism of the interaction plays a key role in the better understanding of viral replication,
package, transportation and application of baculovirus as a gene therapy vector. Sequence analysis
found that the P78/83 product of AcMNPV ORF9 shares the common motifs with WASP proteins
indicating that P78/83 might involve in baculovirus transportation. Trying to understand P78/83
function, we constructed a recombinant virus vAc-orf9-gfp with the Bac-to-Bac system, within which
AcMNPV ORF9 was fused with enhanced green fluorescence protein (EGFP). Sf21 cells were infected
with the recombinant virus and Laser Confocal Microscopy was used to determine the subcellular
location of P78/83. Green fluorescences showed major distribution in cell plasm a after 12h infection,
and transfered into nucleus at 24 hpi. This means that P78/83 is located in the nucleus. Infection assay in
vitro showed that overexpression of P78/83 had no effect on virus growth and viral assembly.
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#¥E: AcMNPV ORF9 %l a4 KR E H P78/83, 1% 4678 T 40 Mt LIBSRRAL R0 : BE L BB AR, fie
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RHAETEEF S M THRE S . BPERREH, BRIE P78/83 WR#ENEKTHEMZW.
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BT REFERR R S AR EXR, B
RREHRKHA.

EAEFERERIRESEEARNNES R
REAFVINHEEREMNMRE. #x. ZHLU
EafzmdBBEENNEZANS S, WEH
FHIV. S E 5T AFRIE S R RSV (Human
respiration syncytial virus). NEEIfiBRpHE 3 B
(Human parainfluenza virus 3, HPV 3)% (2-4] EH4g
%XF AcMNPV MIBFRIESCA REEME TR
mEMBUEANS 500, BAFARBIIE
A& S £ £ AET RN —MMmE R, T8 Taro
Ohkawa Z7F AcMNPV F R 6 1~ 4+F G-actin 7]
AT e EER ®. LIRS RE
H, USEASSHRFIEHOAR. Bl 8%

ACMNPV ORF9 4K 55 0 P78/83, %X
BHEMRNFEN T N SE#HRM LR
R, BAREERTIIMTRE, P78/83 AF
5 WASP KIKEAXAEREEL (NFHks 2 A
B ActA) EEHCE AL 1Y, #RiZERE
RS 5E X MRS EANHEEER, fFEREN
AEEMP RIEEH. WEMAEYAERETDE
E5NshEASAEBLEANEFHEEH, &
MERAREFER. ERKE (Shigella) My
[TECEE (Salmonella), fbA1EEBFIH B BRHREE
¥ E A HEEBEBE ] WASP ( Wiskott-Alfrich
syndrom protein) FKKEHEH, #Eid Arp2/3 B &4
g, FIEARIESIEARSEENEEARK
HAb S AEYE ARSI R G54, SEORMT7E
A IS ER A AR A AR 3B 12, 2 A
BREEA ActA. SHKERHEA IscA UK
HRE A36R, EfIMAR S WASP KKEAREK
MUAEAERF: WH2 X, cofilin R¥EX 5 acidic
X, BdX=AEFSNHEARKRIZIEAR
SREERTHEEN, REARNSEALIREAN]
FEZ1 R P R 40 B (s 3 5 A6 411

AXHIET EGFP-P78/83 BIARKAMEH
AcMNPV %5 8, XHZEE K5 4537 T 204558
H, AFRBH —PHRSEHESNEEREARREET
FHRl.

1 #H5F*®

11 RARE. ARAREK
B4R ACMNPV. E4 AcMNPV-gfp & Sf21
A B PR RIS TREZRE. 4R

F 28°CH:FE, HiFRHN Grace, & 10%BR41L¥E.

KT8 DH10B A RIUAEFS TIRE¥EE
RERRS.
1.2 iR

Grace ¥E5FE:. Jh4MiEN GIBCO/BRL AH]
PE . BEREGRN &N Omega 7= 5. BT DNA
FR&IME 1) 85, Rnase. DNA marker %144 Tarkara
AR, NLERS YR LIEEY AR &/
1.3 Bacmid DNA {2HU A%

7t Eppendorf EHFMA 1.5mL SEBEFME
vAc-orf9-gfp bacmid ff] DH10B KGATEE¥EF*RY,
14,000r/m B.» 30s FEELE, EE K WA
300uL ¥ I, 7ERG S LITHEETTE; MAEHR
300uL A I, BAIEEVK L#RE Smin: SN 300uL
B I RAE, K LEERE Smin, 14,0000/m B
15min, /O EiEHB Z 55— Eppendorf B9, i
A—RBERKRERE, BYE-20CHE 15min,
14,000/m B.C> 15min, F-% EiE, H 70% LRGN
—IK, EBRTHE, SZEIIA 30uL THEK, 4CHFF.
1.4 EHAFRHFHEE
1.4.1 p78/83 Fif&: LA ACMNPV K SCFES Bglll C
FBRENIER, FIAATLSRS Y Primerl

( GAATTCATGACGAATCGTAGATATGAATC) Al
Primer2 (GGTACCGCAGCGCTAGA TTCTGTGCG
TT) PCR % 3% P78/83. 5|%) Primerl. Primer2 435
A P78/83 B L5 | A REEFK I FEF
M5, K BARRARREGEFEEF, 5
AFIEEYIAL 5 EcoRI Fl Kpn 1 ARMARTR. PCR R
MR : 94 CTEM Smin, FEME 94°C45s, 57°C
40s, 72°C1.5min ¥ 5E 25 MEH, BJG 72 CKREMH
10min. PCR Fi8 /=¥ [El i /5 # N pGEM-Teasy
(Promega), MV EIFNF. MFERKERELL

EcoR 11 Kpn 1 B Y1 [E J548 A\ pEGFP-N1(Clontech),
83)% p78/83 5 EGFP EHERA KR pEGFP-
P78/83 . 8R G LA EcoR 1 Ml Kpn 1 BV F p78/83-EGFP
5 R F A F pFastbac 1 ik b IMNAL S, B
B T E 45 3 A R I 1L 4K BURL pFast-EP78/83 .
142 FEZH Bacmid K% : I AcMNPV Bac-to-Bac
ARG, WREFHUAPEES Bacmid (Invitrigen)
BiaIEE AWM T: FA pFast-EP78/ 83 ¥R &
helper 55 AcMNPV bacmid ) KT B2 A
M, HEFYESFRER. KXERSIURE
REMPUAERME, MU ARmE, it=
PFR EKHRIaGRER, 534 p78/83-EGFP &
EEEAREZA AcMNPV bacmid DNA, REEHA
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bacmid DNA PCR 5[ il p9 LA 43 4 %52 . PCR
YIEFTHSI ¥4 Primerd (CCCAGTCACGACGTT
GTAAAACG) fl Primer4 ( CTCAAGTATGGGCATC
ATTC).
1.4.3 EHMERNTER: FIR BRI S21 415
PR EARE, RO R SRR B BT
(Invitrigen ). 10uL H5J5 4 H] 250 B 7 Grace #8
% 50uL, #& Smin /5, ¥ S0uL #FEM 4 bacmid
DNA £ lpg MAIRRES, MRS RETW
Smin 342350, 45min BLE , 55200 A 900uL Grace,
PR B gl MR b ep K255 6h S, MRS
W BE BT HIAERRES 838, L Grace BN 109 /i 4 i 7%
MIERE RIS, CTHFL BHE, %R
B T F 488nm Sz ik KW, HEE I IR,
* U] EGFP-P78/83 & %k, HMEIL LS %
HEZH AcCMNPV k&4,
1.5 mHHES5HENE

FE QLTI R A1 4 vAc-orf9-gfp I HE SF21 41 i
CICE MG, BOEmE, e aifdile
TR E"Y, B0 CIHREEH.
1.6 P78/83 TF4ABEEL

AP Sf21 4 2X 10° B E A & 5 H g5 )
MR, HHaNsEE 2h 5, FHMELL 10 gk
HE (MOD B, 4RSS 12h. 16h. 24h.
48h 1 72h UM SRR B TRBN L, Ll al/PBS
(9/1) Hhr, $RIEH Leica 58800 B b 5
SR P IEAE AN M rp (40 A
L7 BEHRFEFE T

a1 5 vAc-orf9-gfp &5 AcMNPV-gfp L MOI10
SRR F N FLAR T SE21 40 ML, 70883 5 24h. 48h.
72h. 96h. LA 1200 HUEEHE b5, W@ 2o HuRE
LR, amd A i AT T,
1.8 ERBmHERFNTREESE

71 AIH vAc-orf9-gfp 5 AcMNPV-gfp L\ MOI10
BT TN SE21 40M0, {ESYLTS 24h. 36h.
48h HURZLRIM M, BlEt) b, L7 SiE s
o R )

2 #X

2.1 EGFP-P78/83 B RiAERIHmHHHE

Ll ACMNPV JE[R SCIE S Belll C F BRI RN
&4, PCR #"#§ AcMNPV P78/83 7% #I| pGEM-T
ARG T pT-P78/83, B LA U)A0NI R 26
HETREEFIELTERH. H EcoRl 1 Kpnl X&)
pT-P78/83 [l 1.6kb )1y B, MR LLAH R 1) 77

{7 pEGFP-N1 Jii 713 1] pEGFP-P78/83, pEGFP-P78/
83 &5 p78/83 @& 3 EGFP C i) EGFP-P78/83
MR BB (B 1), Ll EcoRI 5 Nod 8§17 pEGFP-
P78/83 J& pFastbacl, [0St A4k 5l €4 4 2.3kb it &
K5 47kb Bk R E T8 R R R
pFast-EP78/83 ([&] 2). RI&HEFH (T £ fiAE M o
¥R, KA EGFP R 1% 19 7Y pFastbacl
JECRE L/ PolyA #81H {5528 g & BN Fik .

kb | 2

1 pEGFP-P78/83 [zl bt
Fig. I Identification of pEGFP-P78/83
I, & DNA digested with BamH +Hind +EcoR 1: 2, EGFP-PTR/E3 digested
with Kpr [+EcoR 1.

] 2

kh
16.27 kb
8.95

5.54

368 47
279
1.98

2 pFast-EPTB/83 MM 1) 4 o
Fig. 2 Identification of pFast-EP78/83
1. & DNA digested with BamH I+Hindlll+EcoR |- 2, pFust-EP78/83
digested with EcoR 1+¥or 1.

L H pFast-EP78/83 Ji i £l & AcMNPV
bacmid A KBEFFH, I QIBLASEIEL4 AcMNPY
bacmid: vAc-orf9-gfp.

22 EB AcMNPV bacmid B 4£%E
PEME L AcCMNPV bacmid %41, F) 1 M13F
SRR ERTEEE FEs4 Pam T PCR %
B, IR KANET 1kb M=, ST L B4
R F 25 R RATLEIE T HindII 43 47 L 4
E ] vAc-orf9-gfp A1 AcMNPV Bacmid K[54 , %
RE7R, Bty vAc-orf9-gfp 5% 4§ AcMNPV
Bacmid fiLtk, £} 8.7kb, 1.5kb A4 H 1kb At
f1 2547 . 1 ACMNPV Bacmid [543 (%] 8kb 53 %,
T BB IE# ( 3).
2.3 EH bacmid $53 Sf21 ZHAR

FEEMTEAL bacmid DNA #4954 Kl
SL21 A, YIS 7 KH 9 B W e, M
SR (980 . U LI IRGL SI21 40 M LU A2
AR,  HLBEAT I R E L3R
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B3 vAc-oriD-gfp KL R4 HindII B3l
Fig. 3  Genome digestion of bacmid with Hind 111
I, & DNA digested with BamH 1+Hind IT+EcoRL 2. wi. AcMNPV bacmid:

3, vAc-orf9-gfp.

24 AcMNPV P78/83 7£ Sf21 4HA A &I EfL

HA AR vAc-orM-gfp AL LR Ao e A
17 E4H fi 85 AcMNPV-gfp LA 10 MOI B3 B fp | 35
Wh ) Sf21 #0 i, e 4R 12h. 16h. 24h. 48h
B T2h ALEE A B N S (55O ) A i o . 25 R B R,
vAc-orf9-gfp fEREHE IS 12h £ {5 9 1B 40 A /£ 40
Mk, HREMAISR: BYE 16h, A%
G M, B H A DR P s A OE T E
SRAT LR B, R A TR S BT A O AR e
(P 4B); FURRHE IS 24h 45 K04 40 M ) 41 B #
BT 55 () 6 15 9 i 20 M b O R ek (1
4C); b REGL RS (A) S4B 48h K 72h, SR8
HAr A T A0 (B 4D), B I e 1t
P78/83 T4 Mt b . T AcMNPV-gfp #3141
i, BEARAKELIS 12h SR {09 A vAc-orf9-
ofp #i[A, {BAFEHSLT 16h. 24h. 48h & 72h W3,
SETOE - H AR AR A A B
4A), AT AR B ] vAc-orf9-gfp BRELH iy
Rk S il o
2.5 vAc-orf9-gfp 5§ AcMNPV-gfp Himd 451

B b3

W e AR SI21 A M AN (A R] b3 v 25 B
A W, EEAH A S B 00 B M A A
FE R WYL 24h, vAc-orf9-gfp IR ik L)
R 1.3X10°% AcMNPV-gfp JH i 1.1x
10°; %Y ST 48h, SR EIRELE IR A 33X
107, AT 29X 107, @Y 72h, 96h, 120h M

% Lt AL fk el I, PT8/S3
{F SI21 AN BRI, T4 A5 A A
Yt IR 55

B4 P78/83 { Sf21 &b p e
Fig. 4 Sub-celluar location of PT8/%3

A, AcMNPV-gfp 16 hpi; B,vAc-orf9-gfp 16 hpi; C, vAc-orf-gip 24 hpi;
D, vAc-orfY-gfp 48 hpi,

26 vAc-orf9-gfp 5 AcMNPV-gfp AY%H&EHFH

BERE LS

G AS[Al B (n] Sf21 A MU f BRI 24
PR, EHFEE S AcMNPV-gfp 7597 & 81091
AR BEAHEKE], B P78/83 Y H ik I AR
Wy 5 E L T T AR S e . LR HE 24h 5 S21 4
i, FHEHE vAc-orf-gfp WULFIANM, 7EH Mk
toa] o 2R A AR ER T, BB IEER
PR EERL T, g o] o TSR R AR
HEH T UL ACMNPV-gfp YL [RFER ) SF21 4
EHEH B D) F, SR (45 0 B AR S T 4 R A [
(ZURREREN 2 (R ORLNINETTETS A A iy R A
IEFE L e B, 3w W, F % (R B A
Bi. (B 5)

3 itk

Frkm En kg 5 5. R FE e 4
MAlsrE A FE . HARmEE AT TG,
MA A R AR R E =R EEHE. P
BV it N FRAERH AN M, WM EERSENS
A F RS, REEAA NN EF R DB 5
A BT AN R . DhET, AR IR Eh &
RGN, CRESEERKRAT L, M8 TH
£ 7 AT L IR 1 4 A s ™ L B S sh R 7T
MR arif-1 fOER] R RS ktaga!,


http://www.cqvip.com

502 M 5

D000 http://www.cqvip.com|

& % 19 %

B 5 fmapaLi S20 A MuE ) 1 o g

Fig. 5 Electron picture of infected Sf21 cell

A, vAc-orfi-gfp 24 hpi; B, vAc-orf9-gip 24 hpi; C. AcMNPV-gpf 24 hpi.

F-actin 7E4H Ho R b SR 8, IX A8 40 0 B A Thg A
TIHA T W (RS0 5 B4 Mo B 3003 B 1 R
B=WE A, F-actin A4 B T4 7% 2 40 MOk i
RfREERERERM 80, NS 5mEnEss
Fehc.

FE3I5r AT 420 P78/83 55 WASP %k i 1 454y
S R AR L . B 5 WASP-Arp2/3 1451
HEARSERMUFELEHX VCA X, Jgs
FIEA RN WH2 K. 2580 N &R 74

HAEAIE cofilin RRIX, FIL5E Amp23 &4k,

R TE LTI . BEATHED P78/83 S4B (o 2 Ji)
MILER, AIREER & R A S TR 454,
B39 45 7E 40 fl P9 #6240 i (1) (088 i 4

AT W9 P78/83 ML SahEe, Al T/
ik P78/83 5 EGFP IR A & (1 1) B3, WT%E
TR RN R A9 B B B R . aE
S MEREATHACMMN A, RIFERLS 12h
1 16h P78/83 B4 A Tl BT, BHJS o) 40 i
Fetp, PIRGLRE 24h LUSNIE R T, X5
CIER AcMNPV FHlidFAHY &, ey s,
P78/83 1T 24 BE FiL T [ 41 40 i N\ 40 4% 1 %8 A
FAIREERLT, JFBE A I ) O HERS 40 MO P 5 6
FICIRE B B FAT L LOMOI 1) vAc-orf9-gfp
TR ST21 40 M LIS B2 25 B0k N IS el F2, (H 70
BRI, fEWOCIER A B F R RS EEF) GEP
W, TRER AR AR T HT A ) P7S-EGFP &
AfR, CHMIEFEY P78 ks & 00w 454
B BEETHIHE )T R B R A
T, EERNEWAEEL,

FAERIEE S EARE vAc-ort9-gfp & K ik

LB S RN, WF 2 (a0 o Sal 2%,
P78/83 )i 8 FI& H% A7 S S0 A e, )
AE 0 L R BT A i AR S IR T L
(g P78/83 FE[H, 11 HLBT HI M9 50 T 4 % f 128 1
WAz, M EARE, REELSES
G 30 R 54 LS9 A 7 AN ML 16 440 A o
SE IR U

AT RER R OB E RIE AR
HIREAEST . HAVEHE— LW P78/83 Y5 actin )
5% 2R LR 7 5 5 1 40 M VLB 3 1 2 4
BAER B THLE, WA A0 B A6 S S 1 St
Fe ASCR TR BT 208 T BAF i St

S 30k

1] Miller L. K. The Baculoviruses [M], New York: Plenum, 1997,

[2]  Ploubidou A, Way M. Viral transport and the cyloskeleton [J]. Curr
Opin Cell Biol. 2001, 13{1); 97-105.

[3]1  Burke E, Dupuy L, Wall C, er al. Role of cellular actin in the gene
expression and morphogenesis of human respiratory syncyltial virus
[J]. Wirology, 1998, 252: 137-148,

[4]  Gupta S, Bishnu P De. Drazba J A. ef ol Involvement of uctin
microfilaments in the replication of human parainfluenza Virus type
3. L Virol, 1998, 72(4): 2655-2662.

[5]  Volkman L E. Goldsmith P A, Hess R T. Evidence for microfilament
in budded Awtographa  ealifornica nuclear polyhedrosis  virus
production [T]. Virology, 1987, 156:32-39,

[6]  Volkman L E. Aweographa califorica MNPV nucleocapsid assembly:

[7T]  Nolkman L E, Storm K, Aivazachvili V. e ail. Overexpression of actin

in AcMNPY infected cells interferes with polyhedrin synthesis and



http://www.cqvip.com

XM, % BRSNS RAREEAS A ARE AMNPY P78/83 EEYISH R

0000 http://www.cqvip.c

503

(8]

9

(10]

(1

(12]

(131

polyhedra formation [J]. Virology, 1996, 225: 369-376.

Taro Ohkawa, Annette R R, Volkman L E. Igepﬁﬁcation of Six
Autographa califomica‘ Multicapsid Nucleopolyhedrovirus Early
Genes That Mediate Nuclear Localization of G-actin [J]. J Virol,
2002, 76: 12281-12289.

Machesky L M, Insall R H, Volkman L E. WASP homology
sequences in baculoviruses. Trends Cell Biol [J]. Trends Cell Biology,
2001, 11{9): 286-287" :

Vialard J E, Richardson C D. The 1,629-nucleotide open reading

frame located downstream of the Autographa californica nuclear-

polyhedrosis virus polyhedrin gene encodes a nucleocapsid-associated
phosphoprotein [J]. J Virol, 1993, 67(10): 5859-5866.

Fu Y, Galan J E. The Salmonella typhimurium tyrosine phosphatase
SptP is mr‘nslocated into host cells and disrupts the actin cytoskeleton
[J]. Mol Microbiol, 1998, 27(2): 359-368.

FuY, Gglan J E. A Salmonella protein antagonizes Rac-1 and Cdc42
to mediate host-cell recovery after bacterial invasion [J]. Nature,
1999,401: 293-297. ,
Camem;l L A, Footer M J, Oudenaarden V A, et al. Motility of ActA

protein-coated microspheres driven by actin polymerization [J]. Proc

(14

[15]

[16]

(7

(18]

(19]

[20]

Natl Acad Sci USA, 1999, 96: 4908-4913.

Frischknecht F, Way M. Surfing pathogens and the lessons learned for
actin polymerization [J]. Trends Cell Biol, 2001, 11: 30-38.

Moreau V, Frischnecht F, Reckmann I, ef al. A complex of N-WASP
and WIP integrates signalling cascades that lead to actin polymerization
[J]- Nat Cell Biol, 2000, 2: 441-448.

O’Reilly D R, Miller L K, Luckow V A. Baculovirus expression
vectors: A ‘Laboratory Manul [M]. New York City: W. H. Freeman
and company, 1992. 132-135.

King L A, Possee R D. The Baculovirus Expression System: A
Laboratory Guide [M]. London: Chapman & Hall, 1992.

Chaqt‘?l\l C A, Volkman L E. Sequential rearrangement and nuclear
polymerization of actin in baculovirus-infected Spodopotera
fmgipcrda cells[J1,J Vil"ol? 1991, 65(3); 1219-1227.

Dreschers S, Roncarati R, Knebel-Morsdorf D. Actin rearrangement-
inducing factor of baculoviruses is tryrosine phorsphorylated and
colocalizes to F-actin at the plasma membrane [J]. J Virol, 2001, 75
(8): 3771-3778.

Lanier L M, Volkman L E. Actin binding and nucleation by Autographa
californica M Nucleopolyhedrovirus [J]. Virology, 1998, 243(1): 167-77.



http://www.cqvip.com

