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(O R QO BRI FURT, 8 TR IR R A =, UL 430071 24 il oR 2 AR dn Rk Bt B SRS, U 430079)

WE AP RNS)E A FEFFIR B e 4 . R Bac-to-Bac RGEMHE T RIA L MAAKER, Mgl
M5 40056 & (A B & 5L 1 34 9% 5F vAc-ph/70GA,  [7) INF #y 2 56 IR 7% vAc-ph. SZ86 & 8L, 41 9% B
VAC-ph/7T0GAJE Y SO Al il 5 REFrEeRIANA B 1, HAREIE N Z M1k, vAc-ph WRETE %% f k. SDS- 5 N Hs k
[l Bt vk (SDS-PAGE) 27, vAc-ph/70GA JE YL, 40l Py B0 2 M AR dR (4 0%; RT-PCR (45 51—
B 22 AR PRI DR (1) 3 S e . UL B 1 I SRR IR 5 M vAC-ph/TOGA X 40 i (R Ik ). 25 3R B, ek 1)
ANIENLEN R 3] T 2 M ARTE DR (e s Rk, NI 5 B2 AR RE 1B 3 7 4

KR HRERAORZ AT Z A R, SRS, ZMmk, 2R

FROES Q7

LBl 1 AL 1 2R B2y, B 5 A
N VF 2 S E DD RENE ). ISR IORT SR, TF
ZINTEAE LG I, B A A LBl B AT
A IS, 32 7 42 o A0 R T 2 4 B L i O
FS IS5 SR s B F B2 5 TR
TATEAE B HLAR I P AR S AT RIS 75 K 75
RLFREANAN IR, %A e AE 17 41 Mo A% 3 i 1 L R
L BESDEN RN s E ARG, TBELEhE
FIER S 0 B IRE D arif-1 13RS B 2
FL R IR AN N R T L3l 2 L R AT Jak e
W3yl 52 G20 o i P B B F-actin 25 55 55 55 5L DX 41
E=R N RS s R TR R S PSP S 48
A NLNLB L R DR RIA K 5% AL 5993 55 22 A7 A4 AL
p10 FED R BERIAAT R0, 3l /N i S
R, AEFPIRIA R G AR Y], WLshE 47 Al
N k% 24 M B RS I LS. IX T s 2 5 5 2 Sl 4K
M RATIG, SR SN PR NLRE AT fp it —
ST A, BATHEE T ARS8 70 LA S
B HIHIE eGFP-actin & 1 RN XA £ A
W E R E AL ACMNPV 55, 0 B4% I 3R 4 1
VAL SRINT R = A RN Y A0 ASY ki A PALI PN i
BB SEIR KB, WLEh & A T Ris
T FPIRI BE 2 A ARTE D (R SOMIERIE - AT 52
Z RN B

1 #MR577%

1.1

By £ ACMNPV Ji 2 F1 SO 4 i, K AT i
DHI10B. DHS5« )i ki pHSP70PLVI+CAT 4 i 1
FEIR 7 e G o e s TE I 50 P s 7 22 1] oK o s S
FELRAF; JIORL pFast BAC HTa-eGFP-actin JK i 1 1¢
Hm e K 2% B ST SO 4 fii FH Grace+10%lif
B, T 28°CHEFE; Grace BiFede. JRZACILIG A
GIBCO/BRL A w77 fih s DNA Ji Jie [0 71 &5
Omega A ] 7= s DNA BRGIE AN DIEE . Prik 2.
RNase. DNA marker %54y Tarkara 23 @) 7= i #2
I 40 Mo & mRNA Bt H Trizol i 71 4 Invitrogen
oy ) PO s OB 5k BT 6 RNase ) DNase-
Oligo(dT),s» M-MLV J % 3¢ ifi &4 Promega /3 7] ;=
mti; RNase 11l 54 Biostar 22w 7™ fih; dNTP Il [
R EVEAR A 51 HIER BRI A A &
B PP AE AR W] SE Rk

o [] 5% o 5 LRI R M RI T H (973)(2003CB1140), [ 5% [ 4L
2L LRI H (30325002, 39870039).
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1.2 EHFFHEE

1201 HBEAARMME. LI ACMNPV Bgl 1-C J
BOTORN AR, RIS 149 PIF F PIR (P4 W% 1).
PCR T 270 bp JH 8 M e # gm s X (1 2 £
R L (ph, 1008 bp), DA ity 43 1 51 N
Sph 1 F1 Xho 1 BgYIL7 25, PCR N4 Hy: 58°CIiE
K 45, T2°CHEAF 1 min, 20 MEIR. Y0 S
1% 3] pGEM-T easy (Promega 2~ 7)) A& bl P %

SE, R LL Sph 1 Al Xho 1 B VIR ph FE IR 3%
$%51 pFast BAC DUAL (Invitrigen 2> w]) FRIAH AT 55
= 4 3| pFBD-ph. LA Xba I #l Bgl T M Jit i
pHSP70PLVI+CAT |- 1) 43 £ hsp70 3 81, LA
BamH 1 fl Pst I )\ JFki pFast BAC HTa-eGFP-actin
V1S B A L R eGFP-actin, 2R J5 44 hsp70 )i
)7 F il & FE K] eGFP-actin [7] 15} 3¢ [ 31 pFBD-ph
1) Xba 1« Pst I 755 12732 pFBD-ph/70GA.

Table 1 The primers used in this paper

Name Sequence

Definition

AF CCCAAGCTTATGTGTGACGAAGAAGTT
AR AACTGCAGTTAGAAGCACTTGCGGT

GF GGGGTACCATGGTGAGCAAGGGCGAGGA
GR GCTCTAGATTACTTGTACAGCTCGTCCA

MI3F CAGGAAACAGCTATGAC
MI3R  GTAAAACGACGGCCAGT

PIF GGCTCGAGCCGGATTAACAT
PIR GGGCATGCTTAATACGCCGG

P2F GGGGTCGACATGCCGGATTATTCATACCGT
P2R GGGGCATGCTTAATACGCCGGACCAGTGAA

To synthesize and detect actin gene. The initiation and
termination codons are in bold. The PCR product will be
1131 bp

To detect eGFP gene. The initiation and termination codons are
in bold. The PCR product will be 717 bp

To detect the recombinant virus, provided by Invitrogen

For amplification of ph gene with the 270 bp promoter
(1 008 bp). Two restriction sites Sph | and Xho I (in italic) were

introduced for cloning. The termination codon of ph is in bold

For amplification and detection of ph gene without promoter

(738 bp). The initiation and termination codons are in bold.

122 T 41 Bacmid 1 # & . F| H AcMNPV
Bac-to-Bac & 4t , M 5 57 A Ul B P Ry g 4L
Bacmid (Invitrogen 2 @ ): 43 %] | pFBD-ph i
pFBD- ph/70GA Jii Fi #% Ji 5 41 helper 5 AcMNPV
Bacmid (1 K HT i DHI10B A2 A4, 55 4)
DIRIBE R IRKERRRER =Mt zs, Jif
LAWE ABER L, BRIE =Pk B E R, 4
P& ph L E A ph A1 hsp70-eGFP-actin [ P4 F
# 4 AcMNPV Bacmid: Ac-ph 15 Ac-ph/70GA. 2
I # 2 Bacmid DNA #4T PCR %€, FrH5IMN
MI13 RS 14 (M13F fI M13R, J¥41 1L 1).
1.2.3 FEAHEEZRAFH PCR %€

Ac-ph 5 Ac-ph/70GA Bacmind DNA # H fig it
Py e e SO 4, FL AR I AR B = b 3 e
PREAT (Invitrigen A 7). ARG IEFN 2 MAARTTH
I ) Wy AL B 0 P AL EE 4L & vAc-ph Al
vAc-ph/70GA (MOI=0.1) Z 4% SO 41 Jfd 4 4% 95 55
T T 28 RURR BRI s H R 1Y, —80°CIRAF 75 .

PEHU #E LK 20 DNA, 2 5IF H 514 AF/AR.
GF/GR. P1F/PIR Fl P2F/P2R (51# &4 W3 1) 3
17 PCR % AR o 75 21 995 25 A4 A2 75 1R A.

1.3 FHFEFEKIFHELR

45 9 H 9 % AcMNPV. vAc-ph/70GA DL
MOI'= 5 J&%3 SO 40 1, HUKBGE 12, 24, 36,
48, 72 M1 96 h 1) i, W ILwEE, 2 0 B
G NS
14 BHFRSNFESLZEHINE

43 51 F 9% #% vAc-ph A1 vAc-ph/70GA (MOI=10)
Sy gy SO 4 i, HURHLS 72 h K40 [ e )
Fr, LLE ST WA (H-7000FA, H L2 ) M
S it 8 7] e,

1.5 RS

TR YL SO 410 (35 mm 53R L) 5, 4l
T 12, 24, 48 A1 72 h W2 4L 4 fie, A Trizol
WA HCE 1) RNA, HiES RSt 5. &
RNA 784; % T 8 wl & RNase B [1) % 85 1K+,
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DNA W1k 4b ¥ (2 I8 & RNase ] DNase 1 [ i3 B
). ARJE A Oligo(dT),s Al M-MLV s % 55 Jig 55 1F
1Tk, BARDR AR RS MUl 5. RO
s ph RS9 P2F R P2R #EAT PCR
SV

2 & R

21 EHREHETEMBREIE

PCRA I T AT I 81 (270 bp) 102 1 1k iR
FIEEDS ph, % BEDR & 5 70 B 31 pGEM-T easy # /4
b, FRAFEAFRL pT-ph, FEA)I & 58 4 1E 4. LA
Sph 1 1 Xho 1 B4 pT-ph, [A] 1.0 kb (1)} Bt v
F# 21| pFast BAC DUAL ¥ 41 [ 37 55 75 2] fit 44 7 Rz
pFBD-ph, i ph K52 A G183 786, [H
I _EYFIS A p10 J3 8 1. 75 pFBD-ph JEfih bRy gk
T A FURL pFBD-ph/70GA, hsp70 Ji 51455 4 1)
eGFP-actin # [K A7 T ph JA 3 T F. B VI % &
pFBD-ph 1 pFBD-ph/70GA #:J# TF .

43 5 L pFBD-ph 1 pFBD-ph/70GA Jii i % Ji
% 4 helper 5 AcMNPV Bacmid 1) K i ¥
DHI0B, f3 3 W £ ik ph 5 [F B R & ph Al
eGFP-actin fili & & K 1) P Ff B2 2 AcMNPV Bacmid:
Ac-ph 15 Ac-ph/70GA, MI3F fil MI3R 5| #) 3t 47
PCR % 3¢, Ac-ph Bacmid * 7 3.3 kb 4% 47 ,
Ac-ph/70GA Bacmid 7=k 5.6 kb 457, R HM A
BOm N AT & A

Bacmid DNA 43 7 5 4% SO 41 i 15 21) 55 21 93 7%
vAc-ph Fll vAc-ph/70GA. & HY T 21 i 5F & K 41
DNA, 75l AR 51 it 4T PCR %€ (B 1):
vAc-ph/70GA ] AF/AR I GF/GR # 47 PCR 4y
BIF=4E 1.13 kb A10.72 kb (1747, B vAc-ph/70GA
H1oactin Ml eGFP ] 7 /& ; F] HI P1F/PIR #I
P2F/P2R #4T PCR, vAc-ph/70GA Fl1 vAc-ph #B 4>
5774 1.0 kb 1 0.74 kb (977, %W vAc-ph/70GA
1 vAc-ph AL A7 56445 3l 119 ph &K, PCR
&b Ut I T4 B A A LA

kb M 7 8 9 10 M

9 10 11 12

BRER

Fig.1 Identification of actin, eGFP and polyhedrin in the recombinant viral genomes
The exist of actin, eGFP and polyhedrin genes were detected by PCR with different pair of primers (Table 1). For actin with AF
and AR primers: positive control (/), Ac- ph/70GA (3) and AcMNPV (5). For eGFP with GF and GR primers: positive control
(2), Ac- ph/70GA (4) and AcMNPV (6). For polyhedrin with P2F and P2R: vAc-ph/70GA (7), AcMNPV (9) and vAc-ph (/7).
For polyhedrin PCR with P1F and P1R: vAc-ph/70GA (8) ,AcMNPYV (10) and vAc-ph (12); M: DL2000 marker.

oy S Z S AR E IR K, FSE R AT 2 MR B

A RE vAc-ph/70GA JKGe SO 45, ME
(12 h) MG (96 h) 4 B Py 3] WA Sk 580
L, W hsp70 JH 31 JH B 1 fl A LA eGFP-actin
B AL (K 2¢), (H 32 G4 AN G 2E 2 4 44
(K 2d). 1M B 41995 B vAc-ph #5441 g P e~
ik, HEEAER ACMNPV YL S19 41 i
T A IR 2 A R TR R R T IR AR AL 22 F b)),
X I AT SR K ph JE DR N Z AR IE R IA.

2.3 BREHSHh

IR e e 1] SO 4 Hu fiicka D)y re B g%, T
93 BF vAc-ph/TOGA 71 M BEWS TE BCIE & 1 H
PN AL FE Y ODV (occlusion derived virus), P10 45

JR W 1) 2 A AR A BB (] 3).

Fig.2 Sf9 cells infected with AcMNPV (a) , vAc-ph (b)
and vAc-ph/70GA (¢, d) (72h.p.i.)



. 832 . EMLFESEYYERHRE

Prog. Biochem. Biophys. 2005; 32 (9)

(a) (b)

Fig.3 Electron picture of infected Sf9 cell by vAc-ph/
70GA (96h.p.i.)
PM: membrane of polyhedra; CM: cell membrane; NM: nuclear
membrane; ODV :occlusion derived virus; P10: plO protein; (a)
15 000x, (b) 12 000x.

24 ELHFS vAc-ph F1 vAc-ph/70GA % Fik &
HFZERI ST

M3 WSR2 MAARITE R B LAERATTAS )
T2 MR EAMRIEEDL. MRS 72 h 1 SO 41
Jf s 3E AT SDS- KO M B e & R R K
(SDS-PAGE) 7+ #r , 45 ® &K U = 4 5 %
vAc-ph/70GA I G IR 40 I N AT 2 fi AR 1 IR AR
(4. TRBAMNE—L 0 T vAc-ph/TOGA 2 G

23 4

i 97 4

w662

Fig4 SDS-PAGE analysis of infected Sf9 cells (72h.p.i.)

1: Sf9 cells infected with vAc-ph/70GA; 2: Sf9 cells infected with

AcMNPV; 3: S cells infected with vAc-ph; 4:protein molecular mass
marker; PP : polyhedra protein.

Fig.5 RT-PCR for polyhedin
M: DL2000 marker; 7: S cells; 2~5: 12, 24, 48 and 72 h of sf9 cells
infected with ACMNPV; 6~9: 12, 24, 48 and 72 h of sf9 cells infected
with vAc-ph/70GA.

(1) ST9 4 M i 2 ff A4 L DA I i sk . AL RT-PCR
ZERATTLLE R, vAc-ph/70GA JE UL SO 4 fity
o 2 A AARSE R AT R AR s (K 5). BB
DT PR A R S SRR T 22 f A a1 R DR IR e o
25 EHRFRBHEKFY

h T T LEN R IE R 15 255 i 2 5 5
H O F AR, R AT & T vAc-ph/70GA Al
AcMNPV (MOI=5) J&Gx SO 411 g (1) 25 K #h £k (K 6).
M6 AT LLE Y, H 419 B vAc-ph/70GA
EWFAE R ACMNPYV (1) AR K Re 1 V8 A7 BH J 1) 22 031
R WA 3L R eGFP-actin (1) 513018 BEAT 5 H 2F
TR TR0 40 R 1) B G i

1.E+08
1.E+06

1.E+04 -

TCID50

1.E+02 -

il
1.E+00 _,;?..M@’ 1 1 1 1
12 24 36 48 72 96

t(post infection)/h

Fig.6 The growth curve of vAc-ph/70GA and AcMNPV
(MOI=0.5)
€ —@: ACMNPV; : VAc-ph/70GA.

3 it it

AWF5EF) ] AcCMNPV Bac-to-Bac KRG & T
F 35 eGFP Ml actin @l FE M, [R] I 3R IA 2 ff A4 0
) 21 9 75 vAc-ph/70GA. T 7E 5 241 9 7
VAC-ph/70GA (1 GL ik Fit o 4f 46 WL 52 31 ¢ (1, 9% 6
XUEW] hsp70 JH 31 SEBEL T WLBN A AR .
M AE AL # ACMNPV A E 2419 5 vAc-ph/70GA
AR e s R (K 6) T LLE B #2190
W22 5, RN 1 308 B 58 21 15 2 1)
(1 S50 <A A s 2 4 0 L 1 B G R ) . [] B FL
M) g K, EAL B vAc-ph/70GA & G
(1) SO 4 M 7E W HH BE 88 T2 B LE 15 1) FH A 465 1)
ODV. iX$esii g5 B B, Wigh ik A e fE ik JF
VA R 2 PR 0T A0 TR T R ke 1 Skt IR
L4155 B vAc-ph JE YL SO 41 i J5 7 A 10 £ A AR T
BOE AR 5 B AE R ACMNPV #AHALL, 158 W P
AP0 ) ph FE RN 202 IE R 10, 0 S AL
vAc-ph/70GA & 44 SO 41 il J5 I AN Re K 1L 2 f 1k,
DAL 1T e LB A 1 TR M R A T80 T 2 A
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RIE R, X5 HT AR HRIE 207 SDS-PAGE 75 #f
F W] vAc-ph/TOGA JEHL SO 41 il J5 AT % F AR 1
{2k, HE—2 1 RT-PCR )T R W %A £ 114
R DN ) S TR e 8 LA R W SRR IR LB B
P RO 22 A AR TR 5% 0 A 0] B R AR 7 2 DR e sk
k.

TEFFARI B A e 8, DB s 8 T
e (R EA. APl R 2 27 7 1 3, 2001,
5), I NG RZ h AN, T H 40 B ULE)
AL 5 99 75 2 A ARSE R p 10 FEDRT i)k 36
A KU AR 45 KR, M2 IE 1K A s L
BNEE FHNE T 2 A ARE DR R e s ik, T3
ZAEABRIE R . 2B b, AEFHIRAE B
W, LB a1 NGl AR b A, LB EE R i sk
SCHT,  HAT R8I 1L B n A 11 V-cath 2 1 /KA IDL
B A A LB B R R, XA AR AL AT e
H ph WRIE TN 2 fAR ) e (AR 58 4 1, LUIdE
I 22 ff AR (R 3R I8 5 22 A0 R 1) T8 ORDRE T80 — b
MU0 AE LN & 1 54 22 A PR B 1 3 DR SR 1)
Ban o VI e e i 2 1 s | ) S S e B 7 W SR N
BIX IR, AT ] DUARE 52 G B g du i v i |
Fe g rp K A D BB AR 2 AR ISR R, A
ol bR Al S AT R R LB E .

2 % 3 Wk

1 Ploubidou A, Way M. Viral transport and the cytoskeleton. Curr
Opin Cell Biol, 2001, 13 (1): 97~105

2 Burke E, Dupuy L, Wall C, et al. Role of cellular actin in the gene
expression and morphogenesis of human respiratory syncytial virus.
Virology, 1998, 252 (1): 137~148

3 Gupta S, Bishnu P D, Drazba J A, et al. Involvement of actin
microfilaments in the replication of human parainfluenaz virus type
3.J Virol, 1998, 72 (4): 2655~2662

4  Charlton A, Volkman L E. Sequential rearrangement and nuclear
polymerization of actin in baculovirus-infected Spodoptera
Sfrugiperda cells. J Virol, 1991, 65 (3): 1219~1227

5 Charlton C A, Volkman L E. Penetration of Autographa californica
nuclear polyhedrosis virus nucleocapsids into IPLB sf21 cells
induces actin cable formation. Virology, 1993, 197 (1): 245~254

6 Roncarati R, Knebel-Morsdorf D. Identification of the early actin

rearrangement inducing factor gene, arif-1, from Autographa

californica multicapsed nuclear polyhedrosis virus. J Virol, 1997, 71
(70): 7933~7941

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

8 Volkman L E, Salma N T. Nuclear F-actin: a functional component of
baculovirus-infected Lepidopteran cells?. J Cell Sci,1992, 103 (1):
15~22

9 Oppenheimer D I, Volkman L E. Proteolysis of p6.9 induced by
Cytochalasin D in Autographa californica M nuclear polyhedrosis
virus-infected cells. Virology, 1995, 207 (1): 1 ~11

10 Ohkawa T, Volkman L E. Nuclear F-actin is required for AcMNPV
nuclear nucleocapsid morphogenesis. Virology, 1999, 264 (1): 1 ~4

11 Kasman L M, Volkman L E. Filamentous actin is required for
lepidopteran nucleopolyhedrovirus progeny production. J Gen Virol,
2000, 81 (7): 1881~1888

12 Wei N, Volkman L E. Hyperexpression of baculovirus polyhedrin
and p10 is inversely correlated with actin synthesis. Virology, 1992,
191 (1): 42~48

13 Talhouk S N, Volkman L E. Autographa californica M nuclear
ployhedrosis virus and Cytochalasin D: antagonists in the regulation
of protein synthesis. Virology, 1991, 182 (2): 626~634

14 AN, S, UL A5 LB E A /E ACMNPYV [nl 41 g 4k is i
RERERAE IS WETT. R 552, 2004, 19 (6): 632636
Li X Q, ZhouR, Jia Y L, et al. Virologica Sinica, 2004, 6: 632~636

15 O'Reilly D R, Miller L K, Luckow V A. Baculovirus expression
vectors: A Laboratory Manul. New York: W H Freeman and
Company, 1992: 132~135

16 King L A, Possee R D. The baculovirus expression system: A
Laboratory Guide. Lodon: Chapman & Hall, 1992

17 Volkman L E,Kathleen S, Vissarion A, et al. Overexpression of actin
in AcMNPV-infected cells interferes with polyhedrin synthesis and
polyhedra formation. Virology, 1996, 225 (2): 369~376

18 Lanier L M, Jeffrey M S, Volkman L E. Actin binding and
proteolysis by the baculovirus AcMNPV: the role of virion
associated V-CATH. Virology, 1996, 216 (4): 380~388

19 Hom L G, Ohkawa T, Ttudeau D, et al. Autographa californica M
nucleopolyhedrovirus proV-CATH is activated during infected cell
death. Virology, 2002, 296 (2): 212~218

20 Flipsen J T M, van Lent J W M, Goldbach R W, et al. Expression of
polyhedrin and p10 in the midgut of AcMNPV-infected Spodoptera
extgua larvae: an immunoelectron microscopic investigation. J

Invertebr Pathol, 1993, 61 (1): 17~23



. 834 . EMLFESEYYERHRE Prog. Biochem. Biophys. 2005; 32 (9)

Actin and Production of AcMNPYV Polyhedra*

JIA Yun-Li*?, YU Ze-Hua?”, CHEN Xin-Wen""
("State Key Laboratory of Virology, Wuhan Institute of Virology, The Chinese Academy of Sciences, Wuhan 430071, China,
2Entomology Institute, College of Life Science, Central China Normal University, Wuhan 430079, China)

Abstract Studies have shown that host actin is essential for baculovirus replication and assemblage. In order to
further elucidate the function of actin in the late and very late infection stages, a recombinant virus vAc-ph/70GA
were constructed using Bac-to-Bac system, in which eGFP-actin fusion gene under control of hsp70 promoter and
polyhedrin gene (ph) with its’ own promoter were inserted. vAc-ph, which only contains ph, was also constructed
as control. After vAc-ph/70GA infected Sf9 cells, actin was expressed persistently. However, there were no
polyhedra, while the control virus vAc-ph did produce polyhedra. Further analysis such as SDS-PAGE and
RT-PCR did not detect the transcription and expression of polyhedrin after vAc-ph/70GA infected Sf9 cells,
indicating that the late expression of actin inhibit polyhedra formation. Expression of actin, however, did not
change the viral infectivity. It can be concluded that the persistently expression of actin during late stage of
baculovirus infection inhibit the polyhedrin expression, and then the formation of polyhedra. Here, some results
were shown by electro microscopy, SDS-PAGE and RT-PCR with vAc-ph/70GA.

Key words AcMNPV, actin, polyhedra, polyhedrin
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