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Expression of Full Length and N Termial Truncated Enhancin from Trochoplusia
ni granulovirus in AcCMNPV and Analysis of Their Activity

L1 Zhi-guang, YIN Jun, ZHONG Jiang **
(Department of Microbiology and Microbial Engineering, School of Life Sciences, Fudan University, Shanghai 200433, China)

Abstract: Enhancin is a group of baculovirus proteins capable of increasing the infectivity of viruses in
insect larvae, as well as the insecticidal effect of other biology control agents. In order to study the
structure and function of enhancin from Trichoplusia ni granulovirus, recombinant baculoviruses
were constrcuted to express truncated forms of enhancin with 150, 186 and 250 amino acids deleted
from N terminal of native enhancin, respectively. The truncated enhancins were expressed successfully
in Tn-5B1-4 cells. In vitro peritrophic membrane assay showed that all three truncated enhancin lost
their mucin degrading ability, while a full length recombinant enhancin was active in the assay. It is
concluded that the N terminal amino acids is essential for the mucin degrading activity of enhancin.
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4 A ZRTE . TGV BB EETE ACMNPV s FAME ST 327
BETEIIHRHEEE 1, R, LWERBEE NPV H EH3F iR 3 (Western blot), Wi iR E AWM EE, &H

FIA ToGV R EQEE G, HHEZ AENEEZ
PR RS (FERER). HPFMIELREE, A
TEHFHMAARERESD, HAEANREE W)
REMIER,

XU ToGV BBRESAHRXNR, WET =
BN SIS BRI IRE A, FFHTRFEE
B RERGHIT 7 EBERIE, MR E=YHIEE
FH, N WX FHEERLTEN.
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1.1 NRSIMBRANEBEORENEBRENG
<

WA TnGV H5& & H 8 J8 L p3FVEF H
Robert Granados # #% ¥ % (Boyce Thompson Insti-
tute for Plant Research, Cornell University)., 34 5&
EEENXBREELE 1, 25055 Kenl 1)
2.6kb B§ V1 BX, BamH 1 8 2. Skb Bg 4] H B, 1
Nsil/EcoR 1 B VIG5 #) 2. 3kb F BX, 3748 Ex 48
A pBacBlucHis2 £ 3| ¥ % i %I (Invitrogen) # #H &Y
L. ZARFERESMNEEERE N T 6 X His F
FLLUMTEAEAN S EH, RN BREASE L
BH Nsil fis, B Nsil/EcoRI F BRI Pse1 5
Nsi ] REAHFE @R HE R S 4% =, SERE B Psel/
EcoR I ABGVIHI R £, A FZATI R RABE
FHERR, TFEERA M RIEEBEW L H,
Kpn 11 B2 K H pBacBlueHis2C B¥L, T BamH I K
Bl Nsi1/EcoR 1 i E2¥9 % ] pBacBlueHis2B JE#7,
BRMEATRZBEY BIKRETEA 7 IEH,
1.2 NmSoRicNEEBEORRAEE MBS

OE. 37

B35 A =R BB 4 sk S 58 B B B M 5% 15 BORE
5% # Bac-N-Blue ZR#£ 6 DNA (Invitrogen) 3£ 5% J¢
Sf21 44, %3 A Lipofectin (Life Technology) i
7, BEEHMNEN TEGLEARE, §ELH
SN, B 23 BALFBIIRTEL Mk
MEE - FAEFHHELENA WS, AHEARS
FRH Tn-5B1-4 400, 72h SR £ R G 4 A, 2 B ER
FERIESS, BB BEH 10% #9 SDS - PAGE
REDHZERGONTARASED, HFE2EER
B R A RS, B Pl R & 5 P (Robert
Granados #{ #7 EW )1E W 8 —Hiik, BB BE IR IC
B F PR 1gG Hifk (Sigma) 1E A ZHi iR AT &

*HEsRxmi, UAR—- 2B kuanE
FE2K TnGV HIREH YW H vAcBBH-TnEn it
B Tn-5B1-4 40 MIE xR,
1.3 HEEEQNS B

FIA Invitrogen A M REAL AT &, 2 H
TR T T, BN R0 M R
W (6mol/L EFHERAK, 20mmol/L. NaH,PO,/Na,HPO,,
500mmol/L NaCl, pH7.8) MMM )5, HBA k&
AT, LUK DNA K88, BITA FX AR B T
F-##) ProBond ™#E:, #KIK A pH7.8,6.0 1 5.3 (1
% W (8 mol/L £ B K, 20 mmol/I. NaH,PO,/
Na,HPO,, 500mmol/L NaCl) 4 5l %k %% 80Kk, A
SmL ¥ B ¥ ( 8mmol/L £ B2 AK, 20mmol/L
NaH,PO,/Na,HPO;, 500 mmol/L NaCl, pH4. 0) ¥t
Jit, 4 BRWC AR VR B M, M ODugo B2 3K, & 3F 1R M 1%,
ZENMKETEIELNESR, EQH DS
PAGE 4 #f,
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(357) (561) (816)
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N AN Emnh >

N Enh >

A1 InGVHBERENREZMH NHEMRAVEBEGERY
HEREE

ATnGVHEBREOERREXNBH NI AT MLE ;B FE
6xHis iR EFFIM KR NSRBSRANEAMBEOER, &8
WMAEAEBEORDE, BEFTEN 6xHs RERET, FSFH
BT AEHEHM LB (UMBEOERERF ATGHA N 1),

Fig.1 - -am of native TnGV enhancin gene and its truncated forms
A, TnGV enhancin gene with restriction endonuclease recognition sites;
B, Recombinant full length and N-terminally truncated enhacin genes
with 6xHis tag. The blank arrowed boxes represent enhancin coding se-
quences, and boxes with slashes represent 6xHis tag sequences. The
numbers in bracket represent the relative position of the sites ( The A in

enhancin gene initiation codon ATG is designated as position 1).
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pH9.5, Immol/L. MgCl,) 8%, T vk A B A ik
AbF8 1min, B LA 8 000 r/min B0 3min, T L ER
. FETERBMUEE ARG ENBERE %, BEF
— Eppendorf B % 9, 10 000r/min, & L+ 3min, B
FHE AW, i i 4 B B S0l
27CIRE 30min, BE S MAZEEERZE b E,
SDS-PAGE 4 # i E B W 7 1E

2 &

2.1 =W NEPIBREAHEBZZOEREBES
REHRSHAE

55 Kpnl.BamHI, & Nsi1/EcoRI %R #l
R VI YA TGV HBmE S ERN MR
p3FVEF, 88| =Fh N 88t kMR E L E
EH(E 1), REBRX=A R B4 5 5EEF pBacBlue-
His2 5% 8 B0k (Invitrogen) B A . A7 5 (R F
W), 2BURREBIIEHTFEAN=ZIHE
Bh, EM¥ B L AGREREHFH W =4 N
WA ER AR KGR E B, A LIRIE =FE N § 4
BER KT 150,186,250 M REMMWEANBREL,
EFAREANMEESER N BLBME T 6 x His
MR EFY, UFESH B Mat,

=AMEB R B 5 %L AcCMNPV DNA 3t
HRLMR)E, 22 R 3RTHRSE, REWI, 55
BE =M MK, FEE5F Xgal EFEP>4E
WE SR EARE, 75 4% N vAcBBH-TnEn-5
AK.vAcBBH-TnEn-5AB #1 vAcBBH-TnEn-5AN,
AEUTEHENREZK TnGV BBEAWE
BRE, N vAcBBH-TnEn,
2.2 EAHIBREBEONREAIHR

4 5 =P B A5 B S Tn-5B1-4 48H, SDS-
PAGE 4+ 72h p. i AEEA S EH, WE 2, 7T RER
T vAcBBH-TnEn-SAK BRI AR P EAHAWIRE
BHERSEN, ERZHEEHEMFIAT 2 KEA
WRE R WARIH MRS, WEZHERREES, KA
RS FR(EEMEREN 6 X His 57
&, £ KR E N 108.9kD, T4 &M = Fig g
BEEMIKE/MRIK A 91.7,86.1 F182.3kD) E A A
L, TnGV FHALHEMEBRESFW, HAE
BETHEAREGEKERED, L5BHA%E R

M2 SDS-PAGE MrEAMEHETE Tn-5B1-4 MK &
MEBSTRIBHE; 14, WERRH TnsSIB4 WM. HP 1,
vAcBBH-TnEn; 2, vAcBBH-TnEn-5 AK; 3, vAcBBH-TnEn-5 AB; 4,
vAcBBH-TnEn-5AN;S, REH ) Tn-5B1-4 4BM; 6, TnGV (= ffr
HAMBEERH),

Fig.2 SDS-PAGE analysis of recombinant enhancin expression in Tn-
5B1-4 cells

M, Protein molecular weight marker; 1-4, recombinant virus infected

cell; 1, vAcBBH-TnEn; 2, vAcBBH-TnEn-5 &K; 3, vAcBBH-TnEn-5

AB; 4, vAcBBH-TnEn-5AN; 5, uninfected cells; 6, TnGV ( Triangles

point to the enhancin bands) .

1 2 3 4 5 6

[ S —

M3 EAREBRRMAMEA Western Blot 747

1, TnGV;2-5, S E R4 Tn-51B4 HM . H P 2, vAcBBH-TnEn-5
AK; 3, vAcBBH-TnEn-5 &B; 4, vAcBBH-TnEn-5 AN; 5, vAcBBH-
TnEn;6, A MM,

Fig.3 Western blot analysis of recombinant virus infected cells with

anti enhancin anitbody

1, TnGV; 2-4, recombinant virus infected Tn-5B1-4 cell: 2, vAcBBH-
TnEnS5 AK; 3, vAcBBH-TnEn-5 &B; 4, vAcBBH-TnEn-5 AN; 5,
vAcBBH-TnEn;6, uninfected cell.

R38R E O MR ILE T £ REE AR &R
B, RIBR AR FRFE SHRER B FN, TaGV
B xR MRS AR EOWEARERX
SRy 40 I ) B 1 2R 5 BB T ML FE LAY, R
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WREHHSBIIEHRMRE(E3), BRT EWH,
Hi I 7% i B 5 vAcBBH-TnEn-5AB X 3¢ i 40 g
— A FRE/IFFTERERN, BTHRNLES R
B A, B B AR ACMNPY BRI AR A
(A, H i, X0 FRE /MM RN 2 ERE

H %A M EEBEREEN =Y.
H 2 3 4

M4 fpyEAMRIEEH SDS-PAGE
14 BHRERRARPAELASKMToRAGHEED. 1,
vAcBBH-TnEn; 2, vAcBBH-TnEn-5 AK; 3, vAcBBH-TnEn-5 AB; 4,
vAcBBH-TnEn-5AN,
Fig.4 SDS-PAGE of purified recombinant enhancin

1-4, Full length and truncated enhancin purified from recombinant virus
infected cells: 1, vAcBBH-TnEn; 2, vAcBBH-TnEn-5AK; 3, vAcBBH-
TnEn-5AB;4, vAcBBH-TnEn-5SAN.

y

e s

Ms M3EEEEN GRS RAR
BB s EARERRARNE YL E G #1T SDS-PAGE 4
#r, HH: 1. ACMNPV; 2, vAcBBH-TnEn-5 AK: 3, vAcBBH-TnEn-5
AB;4, vAcBBH-TnEn-5AN: S, vAcBBH-TnEn,

Fig.5 In vitro peritrophic membrane assay of enhancin activity
Trichoplusia ni peritrophic membrane treated with infected cell lysate
and analyzed with SDS-PAGE: 1, AcMNPV; 2, vAcBBH-TnEn-5 AK;
3, vAcBBH-TnEn-5AB;4, vAcBBH-TnEn-5AN;: S, vAcBBH-TnEn.

2.3 WREONSBAL

FAEEAESE N W LR 6 x His 551, X
FOEW =R N S ER o ROk Y 0 IR AT T Ak,
HTHREOREBAE EARTERERERE, 5

F— R 4B SR A T 3Bk, M A
BEHTNER, 5HE N2 HERES, AKX pHBY
R, SR EMAYENEAEE (WA 4),
2.4 WREOBRFBERERELEONEMHEELE

Mo g E 8 B A vAcBBH-TnEn,
vAcBBH-TnEn-5AK.vAcBBH-TnEn-5AB,vAcBBH
-SAN BRW A W5 H H 2 H 5 A4 & ACMNPV &
Je B 40 2R MR AL 38, #E 4T SDS-PAGE 411, &5 3%
RESs, TRERREFE -S4 FEMNEL, &%
SR EHEAD, (LEELK TnGV HRE
HEA SRR AN AR AR XEC
(H5), =FKRENRTIREYERELAWES
WEBLARMABRAITEERTE, A
AcMNPV 3 3 (g 40 0 i) 408 Wt RRERE IR T
3 g

FEH ACMNPV BIhHLERA T =F N ## 4
B TaGV R EH ., BR T vAcBBH-TnEn-5AK
Tk K Fug RSN, B Z F E AW E, vAcBBH-
TnEn-5AB #l vAcBBH-TnEn-5AN FrRiAH EA
BHEYKF-HE &, 7 SDS - PAGE #1H B R
WM KN, ZFEARBEHRE YR GEETR
4% (Western blot) IERA I fE S MM B E LA K
L, RUBARFUHWBRMREAWERE, AIAE
ARBREBEEFRT AN 6 X His" TR &7 JFF 5 & 4
BETHRHRE Ao Eat T O EHARE
H, BAMBEOTEARNERREEN R,
Ll vAcBBH-TnEn-SAM B HE ., XS5 N S
W TRAMRERERX, EREWSEARSE
Bt A 6 B SR BT ) 40 R B Y R

F RS R R R, ST T N SRR 4k 5
WEANBREHMIIGE, KR E =ZF N %505
KR EHHITREREERORKERRE MR R
Pk E E, 2K A E AR R E A N A% R E X
MEH., XREWBEEAH N BT TFEEANER
HRER VAN, —FF NI BREMEBREEE
EI1M N K E —BRRARMBREOFNRENF
51, 3 B F pBacBlueHis2 £FIB kL, G T ik 6 x
His F5 . EE BRI &, L R FRLE £ 50/ 7 &
B SR A EERRIF S, A B 5 S A9 X B R &,
REEK SR HEREED vAcBBH-TnEn, #2
AR —ZSWEN, 78 R#EIMNE N R, X
HEARAMAREHBERBEEENES. B
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B, X — MR N 35K % T 1 58 & E 878 1 1 32 ma
AR

ST EFHENMEESEERFY, KAE
{18 A HXXEH 8 5 NMEERZLFH, X— L&
REBREOBIIEANHEAFES AL, BHENS
WBREANDEEFVMNXARP, 7 TGV A
EQ, ZMEMTF Kpnl # BamHI fEZE,
Nsil L8 2R (E 1), HLE=FrEaRrEH A
EB ™, TnEn-5AK f TnEn-5AB ¥ ZF5, M
TnEnSAN 1 TnEn-SAN R# F % F 3. BR
HXXEH F73% T E S EHEAER NMFERIE
BIAE, A REZW, BRT X—FH5N N R
HEFFIMTFHEBREONERE SBEMEQIEHE
WA RH

X4 03] 5 97 B 4 104] ) R e 20050 43 51 A K
AT EKFRET ToGV MBEEA (WHEF)
FH 3'%5 2.2kb, 2. 5kb, M1 HaGV B EH 5'52. 1
kb B, fiTHEMBENESERIEKS AcMN-
PV 5 HaNPV — &R B QR R R & R 83k
BOMEIGREES AR RENESRERRE
HMERGRE, AXNERUFEZAR -, HPH
FHAEFREART. ELARRTREBENcEAR
B A PR 0 R L, T A CE E T iR ik A
B R EAR IS FF R AT IR E O RERERE
MEAX—FFETRNEN, BABERIER,
BTmpHSN BHEKENELE. LT A, MH
F i A T £ % 1, 5 0 T T BE XA N AR S £ R i
REH, XHEHBERANRIT, X FIRG 675553
EEOMERIE, B f X —#HEBAREAR
FEEEX.
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