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Tat transduction peptide displayed on the nucleocapsid
improved the baculovirus transduction of mammalian cells

Li Li, Xin Wang, Juan Yin, and Jiang Zhong
Department of Microbiology and Microbial Engineering, School of Life Sciences, Fudan University, Shanghai 200433, China

Abstract: In order to improve the transduction efficiency of insect baculovirus in mammalian cells, we constructed two recombinant
baculoviruses, AcRed-tat and AcRed. Both viruses expressed red fluorescence protein gene (dsRed) as a reporter in mammalian cell
lines. AcRed-tat also contained the coding sequence of HIV-1 Tat transduction peptide fused with viral major capsid protein gene
vp39 and enhanced green fluorescence gene (egfp) driven by virus polyhedrin promoter. It expressed the Tat fusion protein in infected
insect cells, which was incorporated into the nucleocapsids of progeny virus. As a control, AcRed had the fusion gene of vp39 and
egfp driven by polyhedrin promoter. Flow cytometry analysis demonstrated that although similar level of red fluorescence was
produced in HEK23 cells transduced by the two recombinant viruses, significantly higher red fluorescence level was seen in CHO
and Vero cells transduced by AcRed-tat than that by AcRed. These results suggested that Tat transduction peptide might improve the
baculovirus-mediated gene expression in some mammalian cells. Our work provided a new approach to improve baculovirus as a

gene delivery vector for mammalian cells.
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(Baculoviridae) Ru Rd( 1) CMV dsRed
DNA t , , Sal I/xho 1
, pFastBacl(Invitrogen ) ,
, (21 CMV IE pFB-Red Gu Gd( 1) egfp
, , Xho I/Kpn I pFastBacl
[3-4] , , pFB-EGFP,
, Gu Pad( 1) egfp SvV40
polyA R T (TaKaRa ),
pT-GA

’ %1 PCRIIMIRAILAHN Tat SHKMZEEFT
> Table 1 Sequences of PCR primers and oligonucleotides
for Tat transduction peptide

Primer
name

Gu CTCGAGGTGAGCAAGGG
GP6 4[5-7]’ Gd GGTACCTTTATCTAGACTTGTACAGCTCGTCCATG
Vu GTCGACATGGAGCTCGCGCTAGTGCCCGTGGGTATGG
Vd CCACTAGGACGGCTATTCCTCCACCTGCT
’ Ru CCCTGATTCTGTGGATAACCGTA
> ’ Rd  GAGCTCGAGATCTCAGGAACAGGTG
, 5 Pad TTGGAACTAGATTTCACTT

Primer sequence (5'-3")

>

B

, [8-9] Tat TTATGGCAGGAAGAAGCGGAGACAG
, TatF iéi"ggrccléﬂ"gGCAGGAAGAAGCGGAGACAGCGACGA
Tat 1 (HIV_ 1 ) TatR gﬁg[gz?ggTTCGTCGCTGTCTCCGCTTCTTCCTGCCA
Tat , 11
(47aa~57aa), Bacmid(Invitrogen ) , Vu
, vd( 1) vp39,
(o-11] Tat Sal 1/Spe T pFastBacl ,
Tat pFB-vp39 Tat
Hl-loop , TatF  TatR( 1) ,
, CAR (21 , EcoRI/Sall , pFB-vp39
Tat Tat , Tat vp39 ,
pFB-Tat/vp39
, Tat VP39 pT-GA Sac 1/Sal 1 egfp-polyA
, , Tat , EcoR I/Sac 1 pFB-vp39  pFB-Tat/
vp39 vp39 Tat/vp39 ,
" . EcoR I/Sal I pFB-Red egfp-polyA
1 ﬁﬂ'—"ﬁ A ]i vp39, egfp-polyA Tat/vp39 3 ,
1.1 ZFHFESWEE vp39 Tat/vp39 egfp ,
pCMV-DsRed(Clontech ) , vp39/egfp  Tat/vp39/egfp pFB-Red-tat
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Polyhedrin SV40 CMV
promoter polyA promoter
AcRed-tat I> tat | vp39 egfp Q D DsRed
Polyhedrin SV40 CMV
promoter polyA promoter
AcRed D vp39 egfp OD DsRed

polyhedrin
locus

AcMNPV

genome

1 ERRSENTEE
Fig. 1 Diagram of recombinant baculoviruses. egfp: enhanced green fluorescence protein gene; vp39: baculovirus major capsid
protein gene; tat: Tat transduction peptide sequence; dsRed: red fluorescence protein gene.

pFB-Red 2 dsRed IgG ( Sigma-Aldrich ,
, 1 1:20 000) BCIP/NBT ,
PCR DNA : Bac-to-Bac 1.4 HHBEIEFR IR P IHRE BRI
(Invitrogen ), AcRed-tat AcRed AcRed-tat Sf9 72 h
AcRed( 1) , PCR , 5000 r/min 15 min
s 30 mL
12 SBEIES. BE T EMMANE 25% (W/W) , 4°C 100 000<g,
(Spodoptera frugiperda) S19 2 h , 100 pL TE(10 mmol/L Tris-HCI,
27°C 10% TNM-FH 1.0 mmol/L EDTA, pH 7.5) R Western
(Sigma-Aldrich) HEK293 CHO 37°C blotting
10% RPMI-1640 1.5 #RmEEEAMI A
(Gibco ) Vero 37°C 10% 24 5x10* HEK293 CHO
DMEM (Gibco ) Vero ,37°C , AcRed-tat
Sf9 , AcRed , MOI=200 ,
Sf9 , (PBS, pH 7.4) ,
2000 r/min 5 min, , PBS ,27°C 6h
4°C TCIDs, ,  PBS 400 pL ,
1.3  Western blotting #& M pa & & A B RIX 37°C, 5% CO,
AcRed-tat  AcRed (MOI)
5 Sf9 ,72h ,  SDS-PAGE( 1.6 a4 Am A
10%) , Western blotting AcRed  AcRed-tat 48h
EGPF  ( ,
, 1:5000), Tat 3000 r/min 5 min
(Santa Cruz , 1:1000) , PBS 1 , (Becton
IgG, Dickinson )
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Fig. 2 PCR products confirmed the success of recombinant
baculovirus construction. 1: DNA size marker, ADNA
EcoR I/Hind III; 2,3: PCR results using the primer pairs of
Tat/Rd, and the template of AcRed-tat (2) or AcRed (3) DNA,
respectively; 4, 5: PCR results using the primer pairs of Vu/Rd,
and the template of AcRed-tat (4) or AcRed (5) DNA,
respectively.
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AcRed AcRed-tat Sf9
(MOI=5), 72 h SDS-PAGE
Western blotting , EGFP Tat
VP39-EGFP
TAT-VP39- EGFP , 3A ,

A
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Fig. 3 Western blotting analysis of fusion proteins in infected
S19 cells and in the virions. The total cellular protein of Sf9
cells infected with AcRed or AcRed-tat(A), or in the virions
pelleted from the infected culture medium (B) were analyzed
with Western blotting using antibody against EGFP and Tat
peptide, as indicated.
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Fig. 3 Flow cytometry analysis of red fluorescence protein (DsRed) expression in mammalian cells infected by AcRed-tat and
AcRed. (A) HEK293 cells. (B) CHO cells. (C) Vero cells.
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