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#Y SpIUMNPV (1) C3 #k J& — Bl B 58 3 Al 5 7 W 5 1)
BRI SRR o 2Bk IR BT T X
AR 19k 41 42 )7 41 ( GenBank % 5t 5 NC _
011616) . 3 & 5 H Al JLAPAC R M AR R 5 SE IR 4]
M, kB E S BT A A 3k IR 0 b Rk
SpItMNPV G2 ( SpitMNPV 1) 17 7 25 I % &8 2% (1 22
S, H)V 5 SR A% A £ ff R 5 (SeMNPV) H A
PRI o R — OB 1Y B A E IO AN 0 AR
B, 44 SpMNPV ITH2 0 i 4y Hr & 0, 16
SpItMNPV 11 f#j 149 4~ ORF |1 ,ORF146 & [al B} 77 7F
T ODV 1 BV v (¥ Ty BE A 1 09 JE B . A BF 58 M %
SRR R A h v e T ORF146 JE[H, 4T T )% 51 4%
BT B S AR 3 A7 RS ) 7 36 P 23 BT 5 9T X ORF146
SR HEAT T R F B Rl A 23k dlih T 2R3E =9
# T 2R . BB BUR A o — 2 0 50 i S A
AR 53 5 4 ) 2E R R B 06 R AR YL ML L BIF ST R
R B R R MR TR AR 24T R A

1 MopAu ik

L1 ##
L1.1 J§RERE Spli 40 & | UKL F B Bk : SptMNPV
B C3 fk Bi SpUtMNPV 1T J& 4 40 B 46 1k 2 ¥k
Kamiya K 19 £ 53 6, A 5286 % R 770 B S0 I
TUAT-Spli221 4 fifd th H A< 44 iy J& 2 B B 5
%% Michihiro Kobayashi # % $& fL , 4% 52 46 = 1% 7+,
R 1K JFi ki pMD-18T Vector S TaKaRa 7\ &) ; ik 7,
{ pET-28a" 32K E. coli TOP10 #1 BL21( DE3)
HI AR 5256 28 IR AF
1.1.2  FEFH AL £ : PCR {4 Thermolyne 2%
w70 5 U-3010 48 41T UL 43 58 6 B i1 2 HITACHI
O E il s R Y VR B0 HL A Hereaus 23 A 77 i ; B
I AH & 48 & Gene Genius 23 &) 72§, Lucifrase
analysis kit S4 Promega 7\ @ yZ iy ; Lipfect 2000 &
Invitrogen 2\ &) ;= . TC-100 1% 3% %2 GIBCO BRL
YN IDET
1.2 Akl

B o Wk 2m Mg Spli & 10% FBS f) TC-100 %
FehE 2T CHE 7 . RSB 4l LS 1 40 39 s 4 Uk
20 M 2 Ak 3 0k (BV) |, 1k 2 78 JUKR N B9 4 .
17 HC 5 Ji Wi B JR o 1 P R A IE O L P 25 1
KRS U, A 22 R 0 19 T 12 Al Ak 2 R s

== [13,14]
BE o

1.3 SpItMNPV Il £ [E 28 DNA f32
RS Wu. F 807 sk it . (1) BUE

AL a2 AR, A 750 pl 2R
(0.1 mol/L Na,C0,;0.17 mol/L NaCl;0.01 mol/L
EDTA;pH 10.5) ,iIRA)JG 37C FZf# 1 h; (2) H
0. 1 mol/L HCI 18 &4 ¥ i iy pH 4 % 8.0 5 (3) Jil
Sarcosyl ZZEE H 0. 5% ,Proteinase K E Lk F
0.25 /L, JR4)JE 37TCHE 2 h J5,65C i 2 h;
(4) A5 B i - S8 0 AT Al 35 (5) 0 2 A 1R R
UK TE /K L BEULYE DNA (= 20°C,30 min); (6) H]
70% LFEBE 1, AR A st 5 (7) HIAE & 0. 1 x TE i
fit DNA ULHE 4 C A% H o
1.4 ORF146 EFFF 5 5 #r

F A 7F 28 T. A MotifScan online ( http://
www. expasy. org/tools) (Falquet et al. ,2002) /3 #7&
H 7 51 {5 & , Simple Modular Architecture Research
Tool (SMART) ( http://smart. emblheidelberg. de/)
(Schultz et al. ,1998; Letunic et al. ,2004 ) il 44
P B, T he motif |, B S5 1 07 805515 B o
1.5 ORF146 F3) FiEMED T

# it 8] ¥ ( pGL-146PF: 5'-GACTCGAGAGCC
AACCCAAGTATCAGT-3', pGL-146PR: 5'-TCAAGC
TTAATTTTGAA TCTTACTAAAGTTCTACGC- 3’, T
T 28 F R WE Y1 40 SEFE ORF146 JE P 11 300 bp
M) 81 7 X, 5 pGL-3 Basic % # #5 2| FU kL pGL3-
146p. Kt 1 pg pGL3-146p FIMR Bt 1A 6 22 )5 % e 24
FUAR ,BFLIAT 1 x 107 Spli 41T, 3 b — 53 #F
SpItMNPV II 45 & , — > A, LA %% 4% pGL-3 Basic
VEXTIR AT H 5 3 1R, 28°C 557 48 h J5 M Lucifrase
analysis kit( Promega 2\ &) ) #EAT4E I .
1.6 ORF146 EF % REESH

SpltMNPV 11 J5 2 A MOI = 10 & 4 Spli 41 g,
SR G H UK e J5 A [) I (8] 51 (0,24 .8 12,18 .24
36.48 h) Y& RNA, HAKRR45AE 2D 382 % Trizol il
= SRR ERA R AT o S A I 1E] B A9 Spli
YA, A 1 mL Trizol , B ZUHR 3% 78 43 1R 51 )5 % LK
B 5 min 3 fIA 0.2 mL B &5 724507235 20 s, B i
JiE 2 min;4°C ;12000 x g B0 15 min; B 5 i A
0.5 mL (1 5 N EE, IR A5 % i & 15 min; 4°C,
12000 x g &5.0> 10 min; PLIELL 70% L BEPE 1 IR, =
B J5 % T i DEPC K p, - 80°C fifr, L%
A8 535606 B 1 (260 nm ) WSR2 Fir it &4 RNA fY
WHE . LA Oligo dT 5| Wy R AT S i 5, 2 i s) S g
%44+ .30C 10 min; 42°C 1 h, 70C 15 min; 4°C
5 min, 13 2] 1) cDNA DL%F & 51 ¥ (P146-5:5" -
GCTACAACGAGATCGTCATAGATCG-3', P146-6. 5'-
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CGGTATGAGGCGATAGTGAAAGTAC-3") 1 10 ng i
RNA By 5% 7= 9 1 cDNA Ry #8545k, DUAE 4 & /Y 8
RNA 5 %} B& 3# 4T7 Real time PCR, 2 i &1}/ 95°C
3 min;95%C 20 s,58°C 20 s,72°C 30 s,40 MEH ;14
fi# 28 A 55°C 1] 95°C , 45 0. 5°C 2 HL 10 s,

P il 2 /. Realtime-PCR ™ ¥ 25 1, 3K [1]
W, W H 0D, H1 1 0D, #0245 F 50 mg/L XL %
DNA, H DNASTAR #4158 A0 N 1 4> F &, iF &
H10% AN FE DA 5 DU B0RT 75 [0 g A A B, O 5
wL 10" =107 N4 UL R A7 B B i B A b s v K 08 47
9SG B PCR. LLETAS Ci {8 X AH Nz (14 #5 D1 EK 9 XoF
BAEE BIAS A AN JE DR 48 0 b o il 26 S FL 2R 1 T
By =av +b, XN E R PCR 45 R4 4% E &
A3 AT, MR A v it R 07 AR oo, DU) A 00 S PR g 4
Y =10,

1.7 ORF146 EEMEZKIL

DL SpItMNPV 1T 5t A 241 S B4, DL ( ORF146-1 ;
5'-CGAATTCTTGAAAGACGACGGTGTGT-3", fifg ¥1] {3
&N EcoRI, T ¥ 2| % ORF146-2: 5'-GAAG
CTTCTATTCGACATGAGCAACAATCTG-3" , B 1) {5
Sy Hind 1) Ky 519 7 f& ORF 146 5 H 332 HE 5B 43 24
600 bp 1) 4 5% )57 51, 47 3% & F: 94°C 5 min; 94°C
40 s,58°C 40 s,72°C 40 s,31 NG ;72°C 10 min,
PCR W) 48 1% S5 WEBE RS AL UK, FH 38 % Il e i
¥ PCR =4 DNA v Be i, 48 )5 % 4% &= pMD-18T,
F 3 i F 41 5 B. pMD18T- ORF146, 3f: 3 17 I ¥ %
Eo 2% E G EcoR 1 1 Hind I XL EEF ), [8]
W H B 26507, 5 A% Rk UK pET-28a " % 4%, ¥ 4k
2R WA TOP10 337 25 40 i b, 15 2] 3% 38 24k
pET-28a-ORF146 , Jf fE OBl U] %5 5 . DNA % 45 4%
b BORL ] 25 5 Al Ak | BR P A% R YD D) 34 4
Sambrook % 75 ¥ #E 47" . T 40 (Y A% 3K R R
pET-28a " -ORF146 22 %52 I i , ¥ H 5% 4k K #F
W OBL21, kB A TR 3K 4 b 4 mL LB OBy 3R
(Kan™) 1 37°C kLR35 5 5% 2 h 5 (0D, fH K2
H0.6 ££47) ,H IPTG &3 H 1.0 mmol/L i S
FHEHMEN ,FRE R 1.2.3.4.5h, Y
AR HEAT SDS-PAGE 43 #7 , 43 £5 J5¢ 1 4 Jig T il 2
ROy B T 0 58 =W, Wk B2 43 S o 15% R 5%
HL Pk SE 5 5 2% D 2 5 R-250 e (a2 h 4R )5 il
5 8 0T A% T MRS LA Ok o
1.8 pET-28a-ORF146 fi & E ML FILE

KN ¥ T 2 38 7 W) il & 28 (3 2 Ni-NTAHis-
tag ([ (A fb 4 FAE I RHECA BRI W) SR R AE 2k

T35 WLHE Ni-NTA B4 Jig 45 FH U680 45 4l Ak )™ ¥ 3d i
SDS-PAGE, JJ )i 1 mm® (/N e B A7 B3 40 A7 o o
T o3 BT AE v [ B2 B 3h ) B 5 T A R S R AR W) T
T ] 0 o S 0 2 58 I, O 1 O R I Y R
18R % F 1 (MS/MS Database Searching)
1.9 ZmEERENGE

JoT 3i 43 A % 28 TE A I Y Sl AR Rl A 2 Bk b R
FBE e 5 R B I, e K U A 2 SR BT
B P I DU Y, B U B I B) Sy R, B I A A RS
Wi i B B A R 2 SR SUIR . ZHUR i 45
73 5 2E SR B 1gG-HRP 1 HRP-BAD Jc4) 2 (34
A& (AL B AR A ) o
1.10 ZREREINERESENEN

2 SLREHUAA I RN 1] ELISA ] 425 125 7€ 5 Hit
14 R R F Western blot 1,

2 X

2.1 SpItMNPV II ORF146 £ [E FF 5 4> 47

JEAN AT R B, % R 55 T 1383 bp Y26
HE, 4 i 460 A~ JE R, FEIC WO & (14> F iR
50.4 kDa, GenBank %55 NC_011703, 2 If %5
i ATG ¥ % LA — 4> TATA box, fii T-151 nt
AbsHE - 59 nt kb, R BA — AW R B 7 &R E
ATAAG, SMART ( Simple Modular
Research, Tool, http://smart. embl-heidelberg. de/)
ST a R WoR IZE B AE 5-71 i Z A 25 HTH_XRE
SEFRIR 48 — 120 {37 Z [8] Sk PA2c 45 Ky, 54 - 187
Sz IE 2 FBG Z5 448,60 — 91 Z 8] 2 ZnF_A20 %5
Fy 3%, 173 =232 2 [8] Sk LIM %5 #43% , 188 — 409 2 [a]
i PIPKe S5t 55, 45 Tige 2%k 1,

# 1 SMART Fiill B (5 4 # 1 Bt 33

Architecture

Table 1  Predict the structural and functional
domains using SMART

Domain Amino acid sites  Domain function
HTH_XRE 5-71 Involved in transcription regulation
PA2¢ 48 - 120 Phosphatase binding
FBG 54 - 187 Involved in signal transduction
ZnF_A20 60 -91 DNA binding, zinc ion binding
LIM 173 -232 Zinc ion binding
PIPKce 188 - 409 Kinase binding

2.2 ORF146 EEFEFsh FidtE S

Spli 40 fu%E e pGL3-146p ki 48 h 5, G
T3t g3 kI 24 L AR B AR L Ot & 7 A
CPM,7E A fin SptMNPV 11 955 75 19 #F 4 rp O i 1
B A Y 7T 2 A, U 1E J A T DL 4
PUNZ RN G s+, %A 8+ A R R s 71
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Rtk eI SpItMNPV T ik 2 19 4 i 20 b, HOl &
THCA AR KRB BE I, 253k 15 54247, vl W]ixke
DKL I 30— 0 B 53 37 M BB s 2 g 15 1) s X IR
E(E 1), L, ORF146 3 [H 7R 1] §E & — A~ 75 9 7%
JRR S (1% 1 R G S0 S AT AR IR B R T

3500 -

3000

%3 83

(=3 wn

(=3 (=3

(=] (=]
T

1500

1 2
Samples

The quantity of light quantum

—

wn (=3

(=3 (=3

(=] (=]
T

(=)

T

B 1 ORF146 EREE FEEN
Fig. 1  Promoter analysis of ORF146 gene. 1. Mock; 2. Transfecting

pGL3-146p DNA without infection of SpltMNPV II; 3. Transfecting
pGL3-146p DNA with infection of SpItMNPV II.

2.3 ORF146 E R R EHESHF

H & 2 AT UL, ORF146 7E 52 B YL J5 2 h BV A 5%
5K, 7E 8h Fl 18h A PN st v 0,24 h LG #E sk
EWEA T R A AR E . ORF146 15 9% 55 B 4L 11
LR G 0T A e i

120
100
80

60

Multiple copies

40

20

0

2 RERRFEMIE ORFI46 FRELEEE
Fig.2 The transcriptional changes trends of the ORF146 gene.

2.4 E4HRK pET-28a-ORF146 (1915 5 &K%

FIKF R pET-28a-0RF146 25 PCR 4 3 J% fifi 1]
Jo, 2 1% BN B GE e L vk ks, B B 1 k2
600 bp YHE S 25 (& 3) ,F & 4 (K0 e 45 51 5
T o BEARAS B R R 7 9 EAT L g, 45 SR SR o8
A3, IIEW , BT 5RE T SpItMNPV 1T ORF146
B3B3 7 511 ORF146

i 4 Ji ki pET-28a-ORF146 7F K 7 #F B BL21
Hid i IPTG (1. 0 mmol/L) 75 3 fill 5 35 , 175 3 I [H]

M 1 M 2 M 3

<600 bp

3 ORFl46 FHFIIHRESHEMELTE

Fig. 3 PCR and Restriction analysis of pET28a- ORF146. M.
DL2000 DNA Marker; 1. PCR products of ORF146; 2. Restriction
identification of pMDI8T-ORF146; 3. Restriction identification of
pET-28a-ORF146.

H1.2.3.4.5h, 250 ERWHE 30 kDa T A HI&E
FaA #£5 (KE 4), t Tk ORF146 #8457
51 ,ORF146 ) N %ijfilh & 1 His-Tag J¥ 51, Al & 8 M
(1535 W R 27. 6 kDa 2247, T LASRIK 1Y il 45
oy 5 B WO AR A i 5% A 2 X Al
(& 1A 2) T A 1, SDS-PAGE Z5 R K,
16 IPTG ¥ FE 7 1.0 mmol/L, H W &E I7EE S 1 h B}
CIFhERA, 4 h I ERBEC K fm. WME 4 57
LT H M E AR RS, LA IR M XA
THA, s A ETARETTE S, Bih
JLFEA .

E 4 pET-28a-ORF146 7= BL21 fh R iA fJ SDS-PAGE
S

Fig.4  Analysis of ORF146 protien expressed in BL21 cell by SDS-
PAGE. M. Protein Marker; 1. BL21 with pET-28a; 2-7. Induced

by IPTG after 0.1.2.3.4.5 h; 8. Supernatant after cell lysis; 9.

sedimentation after cell lysis.

2.5 HLREFYRIRE ST
RAT 1 38 )™ W) il & 8 i NiNTA His-
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tag & FFEAIAL )G | i3 SDS-PAGE HJ A% 1 mm® f/)
e, AT BT A3 AT o 20 O A B R A R
X B (MS/MS Database Searching) 73 #r (& 5) , 4%
AR 78 XC A mik 3. 738 W, & — Br & R A
DA ES 15 MEIMEMREEBE 2SS H R B

100
90+
80
70
60+
50
404 KL
30+
201 fai2

10 v 18 L 683 519 gy goyp B9 0267
0.

Retatue

3633

10 20 30 40 50 60 70 80

JEFNIL AL, Ho T {5 fe K br v 6 N EIERR £ H 9 4
QIR M HA 5 BIKBCRERS VU EC AT b AR 0SS
ok w & LR Y A S T A IC R A
55.36% ,Jir UL fE % ff & 201k 2 1 8t 2 B b &R A
ORF146 #5317 5 ) K3k 72 W) o

15537 hL:
186E10
TICF: M3
Mind_07

Hede

53.05

130.21
16333 11627

. 032 10733 M4 124.26
LI e

i
90 100 110 120 130 140 150 160 170 180
t/min

5 MAEEHRESWERE
Fig.5 MS/MS Database Searching results.

2.6 ELISA #%&ill & BB KB

R 4 WIKRUE L BUb R IE T ELISA &
MR . I 6 7T LLFE H, i & 59 2 5 B P ik
B AT 35 1:3200 LA E

3.001

2.501

—+ pl46

2.00F
—a— control

o 1.50}
3
100}

0.50| ™ ——te—g——t—

00 L . . L . . . L . |
100 200 400 800 1600 3200 6400128002560051200
Mutiple dilution

Bl 6 ELISA E & REREIM

Fig.6 Titre determine of anti-ORF146 antibody by ELISA.
2.7 BRH ORF146 E =EREHSENE

¥ IPTG 5 S 1% pET-28a-ORF146 ik =4y, L)
WK Bt ORF146 £ wi B ik Jy — i, #E 17 Western
blot 3 A7, 25 A&l 7, B a5 B — i LK /N5 Fii
SR A R Z PR R RE R R I
3 3tit

XF R SR M % B 2 ff K B B SptMNPV T
ORF146 % A (1 ) B8 BF 5% 38 K UL iR i, A 30 %
ORF146 JLHHEAT T )% 51 43 87 L 3 36 1 4 B %
SRR AH A3 AT JEAZ 22 38 R £ v BEBUIR 1l 45 o 7 B
Iy AT FE W, % B R 35 T 1383 bp YR 5 HE , g Y
460 2R, FLIE W 2R (4 1 &~ 50.4 kDa,

M
kDa
81.0— o
47.7—
40— 3 1kDa

28.3—

19.2—

& 7 western blot Jl FE & i 4F F %

Fig. 7 Western blotting analysis of anti-ORF146 antibody.

ZHE R G %S F ATG BUiF &R A4 — 4~ TATA
box, fii T - 151 nt &b, — /> W W] 5 3h + 2 7
ATAAG ,fi T - 59 nt &b, SMART #4745 B BR T
AR W] BEAATE A 2 A B IR A A7 A, 81 1 B B R b
Z: 57 Y A 2 Bl A A I Sl AR B 4 40 A A B 5
KB RGAL 20 R A AR T b s 3 L
PO B AR A, i Jeg 2B 45 02 20 B A= w1 3l Y
P LT Yk e AL S R L —
OBV R PR a0l SR 7 L R A B
KR DL SR A BB RR AL D RE S I, 2yl K — &R
G o HE B IR Ak T 1 AR B BT K B O AL B Y 1R
H BT 5 BS54 09 D0 R JF B X8R 1 O B
rEEEEREEN" .

JoT 3 43 A7 45 SR R %8R E R BEAEAE T ODV Al
BV b iy HLAR AR FEAR 0 A o 5 1 2 R A
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SEREE o e B M A BT R B SR I 0 ) 2h ]
LA R RN e 0 s AR . R THIESE R 3h T
WPE AT EE R, AT TR S A BT, S5 R &
PRS2 h BV RS AR YIS 8 h Al 18 h 4y
B PG SR W o S E A ) B 10 A AT S
g SIS A 2 B 0 28 SRS R — B0 3% 3 TR A g B JR g
T 25 240 R 1 LS R G R A ek L T FLIER L S
ST RE , R 18 h WE{EH 1) 60% —70% ,iX 3 ifF —
HE B R — R B AL B A5 A
B Sk AR A3 AT 7 SpItMNPV T 95 32 86 e 15 F 40 18 h
A18 h A A B Y e 0 X — IR 5 AT RO B
SRR A A0 B ) DNA S ] ) R AE S — B0 4
ORF146 L [H A fig 5 SpMNPV 11 %% 3 B UL 15 £ 40
fitl )5 5 88 DNA il 4 ¢, 2 551 BV 1 & 4L flig
1 ODV 1y 28 g A af 7

AR R4l fk T ORF146 & (137 & T £ w ik
Pk ZEAEWEBSMN  XELE T/EKRA R
TXZE AR U — BT . AAE e A0 R
E, 76955 T 0 F HR G 52 L, A 4 HR % R TR R DL B
e U R AR e i 45 5 O R itk — 2B T R R
BLE , BHF i 0 5 A A A A 24 25 5 Sl

% ik
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Cloning and expression of ORF146 gene of Spodoptera
litura multicapsid nucleopolyhedrovirus II ( SpitMNPVII)

Ye Sheng] , Dan Min', Yini Li*, Zhifang Zhang2 , Yuexiong Zhu', Jiang Zhu'*
(! College of Life Sciences, Soochow University, Suzhou 215123, China)

’

(* Biotechnology Research Institute, Chinese Academy of Agricultural Sciences, Beijing 100081, China)

Abstract: [ Objective ] To study the structure and function of a newly found virus strain Spodoptera litura multicapsid
nucleopolyhedrovirus II (SpitMNPVII) ORF146 gene. [ Methods] The primers were designed according to the sequence
of SpltMNPVII genome. The promoter of ORF146 was amplified by PCR. The promoter activities and the time course of
mRNA transcription were analyzed. The fragment of the ORF146 gene was then cloned into the vector of pET28a( + ) and
expressed. The polyclonal antibody was prepared by using the purified fusion protein. Titration determination of anti-
ORF146 antibody was evaluated by ELISA. [ Result] Nucleotide sequence analysis demonstrated that this gene has a
1383 bp ORF, encoding 460 amino acids with a predicted molecular weight of 50.4 kDa. Analysis of both promoter
activities and the time course of mRNA transcription of the ORF146 gene showed that ORF146 was transcripted in early
stage as well as in late stage. The transcription began at 2 h post infection (hpi) and reached two peaks at 8 and 18 hpi
and then the transcription level was slightly decreased from 24 hpi. pET-28a-ORF146 fusion protein expressed in
prokaryotic and purified polyclonal antibody was with good specificity, with the titer above 1:3200. [ Conclusion ]
SpltMNPV II ORF146 gene is a composition structure protein, which was expressed at both early and late stage. ORF146
might be involved in viral DNA replication. The polyclonal antibody can be used to further study the biological
characteristics and functions of proteins.

Keywords: Virus; Spodoptera litura; nucleopolyhedrovirus; ORF146 gene; expression; polyclonal antibody
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