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Current application status of baculovirus expression vector system

TANG Qi QIU Li-Peng LI Dong WU Peng LI Guo-Hui’
(Institute of Life Sciences, Jiangsu University, Zhenjiang, Jiangsu 212013, China)

Abstract: Baculoviruses are enveloped viruses with double stranded DNA, and specifically infect
invertebrates. It produces two types of virions during the life cycle: budded viruses (BVs) and
occlusion-derived viruses (ODV's). Baculouvirus has been used as an efficient eukaryotic expression
vector to produce recombinant viruses for the expression of heterologous proteins in insect cells.
Furthermore, heterologous proteins displayed on the surface of BVs have been widely used to screen
specific targets in the fields of medicine, clinical treatment, biology and so on. Moreover,
Baculovirus is unable to proliferate in mammalian cells, so it won't trigger strong immune response
in mammals and won’t cause function and tissue damage. Due to these unique advantages,
Baculovirus has been developed as a gene therapy vector with a bright prospect in the concerned
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fields of oncotherapy, tissue regeneration and targeting drugs delivery. This review summarizes the
developments of genetically modified baculoviruses in the fields of protein expression, surface
display and gene therapy, which will provide theoretical basis for the improvement and wide

application of genetically modified baculoviruses.

Keywords: Baculovirus, Protein expression, Surface display, Gene therapy
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Figure2 Schematic diagram of baculovirus expressing foreign gene
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Recombinant proteins Expression vector Expression level References
IFN-B ACMNPV 10 pg/10° Sf9 cells [9]
IFN-a BmNPV 50 mg in hemolymph [20]
Firefly luciferase BmNPV 13 mg/larva [21]
Human growth factor BmNPV 160 pg/mL hemolymph [20]
Lipoprotein lipase AcCMNPV 2-3 g LPL/10° cells [22]
HLA-DRA4 tetramers AcCMNPV 50-70 mg/L culture [23]
Human LKB1 AcCMNPV 5 mg/L culture [24]
Human GM-CSF BmNPV 100 pg/pupa [11]
Human IL-7 AcCMNPV 1.765 mg/mL crude extract [25]
Protein phosphatase 2A AcCMNPV 250 pg/g infected larvae [26]
BmBDV NS1 ACMNPV 12.6 pg/10 pl loading sample [27]
Mouse IFN-3 AcCMNPV 40 mg/200 mL culture [28]
VEGF121 ACMNPV 500 pg/L Sf9 cells [29]
Human a-fetoprotein AcCMNPV 1.5 mg/L medium [30]

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



446 TEY I8

Microbiol. China

1.3 RBEFRIERFEHT BINCHEHE

FIRAFPIRIS R R IA R R AR R, HAY
TGS EP AR R TR AR Y . R R, A —
BB HIL) T BEVS FESL i A9 KRN o T an
i E ARSI A AR B, ik
A E R R 1 R A RS AR R A, i 33K
FOEE U A = AR 5 B IR R R A
7 rE o4 Caspase G2 IFRE, MGk
M, FEANIEAAER R, SRR
Tk B AR S LS At ) N-BEE L
B B 225, FEUR Rl R ARk
W (454 SR R RS, SR A S i R A
T ) P A A

RGO AR R 2R, H e AR R R A A i
RIS e R L RS B AR, PP
BRI B EAR 15 AN AR R T T — R
S BRI R AL , 2 DA AT RS 27 2608 RGN #5
T Mk . 2009 4F: Fath-Goodin 2EP¥%f B iy 40 i i1 7
i, AT RRZE R Vankyrin H 1, % FRE
S E A T, SEGE T A 2 S 1) B A
S, NI AE K T 5 2 FPAR 1578 B HL 4 i v )
LR IRIAITR], 4RE THUE PSR . 2014 4F
Gomez-Sebastian 2% BEVS #E il , H5—Fl
BB A Sl A B BRI, IRAS A AT
SRR IR TR L, UL RERS (R 4 5 e bk
I BRG] e i 2 A 1y s B P A A AR
(7= 4R E o S bR A e S ARG B 2 A
YL R IR AN PR A T AR RE, TR
JEIR FE A AR S O A I AR, 2015 AREE
e IR LR R, IR S R LR (Cm) 3k
ik & AR O L K (egfp) 21X &K% Chitinase
UL T FiligSELE)FI Cystein Protease (&R E
PR DR A R 3, DT R A5k R R % A e
FAEFPRR R . FIAIZIAL R A RA R
% P #E(BmBDV) NSL, 455 & 8. H NS1
Rk AR BRI Chitinase F1 Cystein Protease %

INERRER:, BERS THEENRE"®, R
HOEE A5 F S T REDF Y 25 T k. Wang 251
i shRNA #1iii] BmN Ziififi Py Caspase (bt R4l
FENFIE, R s N i RE K.

B A EERTIE R 0P TR e e T
2012 4 Palmberger ZE6t N- 2 Bt S 2 W7
g ITRUING B-1,4- P 2B FE I 1 BE SRR S
AFIFFRIE R IR AL, W SweetBac FA17E
PRAE B A 20 g EL A 20 e 2L 30 40 At 1) 0 S Ak 1B
WRRE ST, AR R 1 HAA IR R RS B A )
e AU AN AN RE A Bl I e M R e BT
I F—ERIR , UL, FRERIERERR ki H s
AR EE, ik, 2015 4F Viswanathan
S5t B R ANt SF-O A0 R A s AL i, (LR
B Xl B B A P Rk OB B A T R VR R I .
UERT L, 38 BE PR T AR 5 X IR B R 8 R Gtk
Trivtflvlods, iHA I RETS 2Ry, RERSI
SEAFIA R IR 7K

LA R B R IR R G RIRMRE IR, &
HAEREE 1 F IR R EERIR B, =BG
TR YA, WA T IZ RS —
St BEVS Fris iAMNEE AT, seikak
WD FE IBE SRR TE L, BF5E & A R AT U B 3L
3k Hsp70. Hsdj Al Hspd0 & (1149, AJ G 242
SO IR, MO ER IR B ) T iR SR
REAMNEE IR T — AN RE T %6 MR Zn
ks FE A, Chan Fl Reid 7 T JC i 15 1 75 3
TSR R AN R, %40 2R 0T ok R AR
o Htbal 0L, R4S BEVS 1ESLER R A E— S0 R e
{H sl b 4 it B 2040 T BEVS (1 RE, fii
e R SR EOUEEEOMEAR S YREMN
ok, T A BT B 25 44 AN T REAF 7% B4 IR S 1
LA

2 R ERE RS AEEH
EEEREYN & SRy EE 4N S TR
BEDA 7 91) 5 W A Wk T R 11 58 2 11 45 ) 6 FRT sl AR

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



PR AR R IR B A DT BUIR

447

5 BE R AR, 1A R DR 38 MV, FEANTE M) ) TR HE G
T IER R B A GO R , RS 1 SRS T
Gk, MAEARME TR T IR
RE R TEWE P R e T s AR R e e T 79
JE 7R ) 22 RR 2 1A AT LA PR 47 AR 6 ST 1 2 i) 45
MAEYEYE, VA TSR3 masG, i8R
EN T EASEAMAEAER . PR
W58 . AEYMERER T SEm 2P . AOKE
F MR B T & S g SR 14959

FIHATM I, ATETFR BFPRGRETERL . A
TR, WERRRIRERER RS R, EIURRIb
TR BRI, (A — LB 2 Rk a8 |
o R ABEER 1 3T B B 1 RH R I 8 A )
AR R E AR R R G0, MIMTFR TR EE
KR ARG, %750 5Bl X 7 2 I 8
GP64 ELH M Tk, #AMEREIN S GPe4 & N
NP AN TR G FRIE, MG RIS MAMEE I RETE
S BRI 2 A5 RS R (K 3), T BT
JF G SR s, 7E SR B AR T AR
JERERT . BIHATNIE, GFP, B-FRLBiirmE. 7%
JEEMEA HIV-1 gp120 2541 8 1 B i
INTEFEARIG S 261w, NI T2 0L FH 2 14 ol
B BB VE AR S R R A A FL SN AR Y
BRI

p<— Heterologous protein

B3 #RmEHEREARTIMNREARETER
Figure 3  Schematic representations of heterologous
protein displayed on the baculovirus surface

Sim 250508 4o 1K TR M 58 26 R AR AE AT IR
FEWLFRIAT,  XFAS R 7 8 ) 378 s 2 #4004 00 I AR 1%
PR Raty SO A & SR EAZ
V61 14 1 2 TRV, K P W 3R R 1 R RTEATIR
JEEERIA, XAt fL el 5 1 Baavi FFARMEEE LE
B 2R FRUFT DR 75 LA B A 5 kR Lu
9 92 P 1 I 98 95 85 W5 28 11 (Vesicular stomatitis
virus glycoprotein, VSV G)JE /R 7EFTRp 25y T2
FIT, BB S AR B/ T (R B LR AR A2
J b R S Ak IR A2 AR S b e TR T R A
e einn, R R 5 HAZARVE R RE R, XHFPIR
I R T e e G, KR W(PEG)-IT
W2 S /RTENR A T35 110, PEG RIHGsREE S0k, it
PR TR S MR A TR ) AR, DT )
SEBFTPRAG T X0 20 A A e 4 P8 BT
45 i X3 B (Fe) /R TE B R 1R 1T, AT AR Pk
W5 EA Fo RN AALER, WA T4
XTI AR, HCRRE R PR ORI,

FEMR s P ERE G kA Z 2 iz ki, |
AALREBL K A F AR S RNz BN, A 1t
FAE RN BT AU A R P I B SV o
bR 2 2 1T R /R 38 TR B i 5 s 5t 3o 4 400
b, SRS A R IR R R AL, FPRIRSG
T 0 R 1 G R A R R AR 1 EL A A
RUESAH [F] 9 A 3G M, o fofT 0 208 S 5 T B L S
RMEAR M EAERR, RS, RinRRE
R — P 24 B AR TE LA Hp th A7 A — 2 )
{EC S5 IR R 26 L R A R Y 77

3 ERRITRIAREE

SR YT R A5 IR W B N s B IR AR TR
B PR RN A T A W AR, 2 IERE DAtk
FaEE RO PR B AR IR R TR . W R
I A WL SRINTE  EIATE . IR A IRAH S 7
A, B — SR A A R i 0™ U
G, AR | AR R A HE AR
PR ASRZICAINL . FFARME LR . ehRa 2

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



448 TEY I8

Microbiol. China

PIRZ ML TR, DT (40 RE R AT DL ARAS R
SR TR R IR, IR BT A B AT RCR .
1990 432 [ i YA L BRIG YT s D A @ 7 —1
ADA LR GREF Y 4 % L%, i AR T 45 e 3
DAY IWFTE I, ks J 3 EE S A ke A
RO BRI, X SR RE B AACTE R [ A4 i A A7
FEHESEHRIG , Qe SRR RN & . BRI
FORTHES . SR L S TR I T 04 7 A 4
oA SRR P RS PRI A2 O PR e T e — el 22
IHFLE Y AL RE AL

1995 AF 1 U A BEAFHR 08 25 BE i 1 % S A
e, AR LA P PR, ik
A7 A B ) A R BEAKNE I AR EE A B
HZH K, mTHRAErESr, WIS 24 MNE DNA K
B # K DNA Fr B, IR T LAFPIR
BRI IR R, TR R Gl
HFFIRI TR AT ZL S A A, DT AR 2L,
WA B F 4 IR T B R Rk eIz A i b &
VEVERT, AP s 8L SLRR YT h AR E A2 3]
R, BARIE, DRI AR AR E A
HOAEARFIIRT . AR ) Z2 R At 2R hathg 7 0
DR Feik®, 2015 4 Torres-Vega 2511 FAFIR
R B AT I B R RE TR, R Bz L R
L MA104 I R4t . L6 slLAn i AL 4 -h R
PAFRIK, ARSI AR I R A 2
A BRSPS . R B AL B 5
FERRGHAT T RS, SRR 2 AT 7L
S AR BRI NG, B AR
o B A 1ok A P A 1 SORSEBIY T AEIR S B
KRG VSVG, figll E 8L INE DNA
fryfi 171

4 BE5REE

H5, FWRINEE D T A5 B R WA,
AMURAIGE Tt 25 MEN IRE | e
g AP THLE . AR HIMASE . TS T
18] A9 19 2 R G N 2L 2 9 A4 i e 114 5 DR A 336 45

ZHNEIETT, A T e oE T AR R 4
(1951 A RS FH o A2 0708 o R B AT AR
Bme5 il BmOl LN LI REDEATIRAMIFY, /R T
BmB5 JE i BE b ) — LR, R
SENEANNRE, 5957 DNA s HH54; Bmol
SRR EEAAS  — DR 1, RR AR
— RN, SRR B IIEXS
ISR T, AR RS IR, BRI
AR R | S E 1 AR mie BT
FE, TG s AR 27 A= BT 6 5 T B

Ti5h, BEE PRI REA RGBT TR 58
A, WL T S H RS RERT oY, U HE
ANBIERBFIVAZ )G, T B KE B E N
N AT 2B VR A AR T E S, AR B
Tk R G RIBIX L W Ik sE, il
7R 8 115 NS (R] 0 S 35 Bt . BRILZ
A, FFIFE R B 8 ) 1 32 R S L IR T E
HERE, NI AR B AR . B Ay FZH 22k
FRA G AR A T TR AN TR, U
FFPR S5 52 PV R 2L 300 20 M 1 8 DR e RS 2 A
RN — B R A ARG T HR AL T AT RE,
N RIA R B OB OR TR . JRE R B
A R FE NI AEAE L A VERR R | JT A )
B IRIT R B SR RS B S T A (R, AT FR
il 7T HAENRIR B, BRATRGHPIR S —2
SIEREARNE R b i 1 FHBAS E R . Bl X AFAR
95 B o T A2 IR A 98 LA R Ay F-HE 4 R
)RR TR, PRI B 18 el N FH A Stk AR A5
BIMRAS 1z, MRS TR E S
(458

REFERENCES

[1] Ferrelli ML, Salvador R, Biedma ME, et al. Genome of Epinotia
aporema granulovirus (EpapGV), a polyorganotropic fast killing
betabaculovirus with a novel thymidylate kinase gene[J]. BMC
Genomics, 2012, 13(1): 548

[2] Jo YH, Patnaik BB, Kang SW, et al. Analysis of the genome of a
Korean isolate of the Pieris rapae granulovirus enabled by its
separation from total host genomic DNA by pulsefield
electrophoresis[J]. PLoS One, 2013, 8(12): 84183

[3] Herniou EA, Arif BM, Becnd JJ, e a. Family

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



PR AR R IR B A DT BUIR

449

(4
(9]

(6]

(8l

(9

[10]

(11

[12]

[13]

(14]

[15]

(16]

(17]

(18]

[19]

baculoviridag[A]//King AMQ, Adams MJ, Carstens EB. Virus
Taxonomy: Classification and Nomenclature of Viruses: Ninth
Report of the International Committee on Taxonomy of
VirusesiM]. San Diego, CA, USA: Elsevier Academic Press,
2012: 163-173

Blissae]d GW.  Baculovirus-insect
Cytotechnology, 1996, 20(1/3): 73-93
Kelly BJ, King LA, Possee RD. Introduction to baculovirus
molecular biology[A]//Murhammer DW. Baculovirus and Insect
Cell Expression Protocols[M]. New York: Springer, 2016: 25-50
Martinez-Solis M, Gomez-Sebastidn S, Escribano JM, et a. A
novel baculovirus-derived promoter with high activity in the
baculovirus expression system[J]. PeerJ, 2016, 4(11): e2183
Luckow VA, Lee SC, Barry GF, et a. Efficient generation of
infectious  recombinant  baculoviruses by  site-specific
transposon-mediated insertion of foreign genes into a baculovirus
genome propagated in Escherichia coli[J]. Journa of Virology,
1993, 67(8): 4566-4579

Motohashi T, Shimojima T, Fukagawa T, et a. Efficient
large-scale protein production of larvae and pupae of silkworm by
Bombyx mori nuclear polyhedrosis virus bacmid system[J].
Biochemical and Biophysical Research Communications, 2005,
326(3): 564-569

Smith GE, Summers MD, Fraser MJ. Production of human beta
interferon in insect cells infected with a baculovirus expression
vector[J]. Molecular and Cellular Biology, 1983, 3(12):
2156-2165

Kadonookuda K, Yamamoto M, Higashino Y, et a.
Baculovirus-mediated production of the human growth hormone
in larvae of the silkworm, Bombyx mori[J]. Biochemical and
Biophysical Research Communications, 1995, 213(2): 389-396
Chen J, Wu XF, Zhang YZ. Expression, purification and
characterization of human GM-CSF using silkworm pupae
(Bombyx mori) as a bioreactor[J]. Journal of Biotechnology, 2006,
123(2): 236-247

Felberbaum RS. The baculovirus expression vector system: a
commercial manufacturing platform for vira vaccines and gene
therapy vectors]J]. Biotechnology Journal, 2015, 10(5): 702-714
MurguiaMeca F, PlataMufioz JJ, Hitchman RB, et a.
Baculovirus as delivery system for gene transfer during
hypothermic organ preservation[J]. Transplant International,
2011, 24(8): 820-828

Airenne KJ, Makkonen KE, M&htnen AJ, et al. Baculoviruses
mediate efficient gene expression in a wide range of vertebrate
cellsA]//Merten OW, Al-Rubeai M. Vira Vectors for Gene
Therapy[M]. New York: Humana Press, 2011: 279-301
Bac-to-Bac Baculoviorus Expression Systems Manua[M].
Invitrogen: Life Technologies Inc., 2000

Airenne KJ, Hu YC, Kost TA, et a. Baculovirus: an
insect-derived vector for diverse gene transfer applications[J].
Molecular Therapy, 2013, 21(4): 739-749

Xie QL, Michel PO, Baldi L, et a. TubeSpin bioreactor 50 for the
high-density cultivation of Sf-9 insect cells in suspension[J].
Biotechnology Letters, 2011, 33(5): 897-902

Maertens B, Spriestersbach A, Kubicek J, et a. Strep-tagged
protein purification[J]. Methods in Enzymology, 2015, 559: 53-69
Hu YC. Baculovirus as a highly efficient expression vector in
insect and mammalian cellg[J]. Acta Pharmacologica Sinica,
2005, 26(4): 405-416

cell  interactions]J].

(20]

[21]

[22]

(23]

[24]

[29]

[26]

[27]

(28]

[29]

[30]

[31]

[32

(33]

[34]

=

(39]

(36]

(37

Tel: 010-64807511; E-mail

Maeda S, Kawai T, Obinata M, et al. Production of human
aphainterferon in silkworm using a baculovirus vector[J].
Nature, 1985, 315(6020): 592-594

Palhan VB, Sumathy S, Gopinathan KP. Baculovirus mediated
high-level expression of luciferase in silkworm cells and
larvae[J]. BioTechniques, 1995, 19(1): 97-98,100,102-104

Zhang LY, Wu GS, Tate CG, et a. Careticulin promotes
folding/dimerization of human lipoprotein lipase expressed in
insect cells (sf21)[J]. Journal of Biologica Chemistry, 2003,
278(31): 29344-29351

Fourneau JM, Cohen H, van Endert PM. A chaperone-assisted
high yield system for the production of HLA-DR4 tetramers in
insect cellg[J]. Journal of Immunological Methods, 2004, 285(2):
253-264

Martinez-Torrecuadrada JL, Romero S, Nufiez A, et a. An
efficient expression system for the production of functionally
active human LKB1[J]. Journal of Biotechnology, 2005, 115(1):
23-34

Mirzaei M, Jardin B, Elias CB, et al. Expression and production
of human interleukin-7 in insect cells using baculovirus
expression vector system (BEVS)[J]. Applied Biochemistry and
Biotechnology, 2008, 151(1): 93-103

Rubiolo JA, Lépez-Alonso H, Alfonso A, et al. Characterization
and activity determination of the human protein phosphatase 2A
catalytic subunit o expressed in insect larvagJ]. Applied
Biochemistry and Biotechnology, 2012, 167(4): 918-928

Li GH, Li MM, Wang P, et a. Characterization of recombinant
expression of Bombyx mori bidensovirus nsl using a modified
vector[J]. Acta Biochimica Polonica, 2014, 61(4): 787-794

Stifter SA, Gould JA, Mangan NE, et a. Purification and
biological characterization of soluble, recombinant mouse IFNf
expressed in insect cellg[J]. Protein Expression and Purification,
2014, 94: 7-14

Mohseni N, Jahanian-Ngjafabadi A, Kazemi-Lomedasht F, et al.
Recombinant expression and purification of functional vascular
endothelial growth factor-121 in the baculovirus expression
system[J]. Asian Pacific Journa of Tropical Medicine, 2016,
9(12): 1195-1199

Lin B, Liu K, Wang WY, et a. Expression and bioactivity of
human o-fetoprotein in a Bac-to-Bac system[J]. Bioscience
Reports, 2017, 37(1): 1-9

Rackova E, Miller P Vojtések B. Protein expression and
purification[J]. Klinicka Onkologie, 2014, 27(Suppl 1): S92-S97
Saccardo P, Corchero JL, Ferrer-Mirales N. Tools to cope with
difficult-to-express proteins[J]. Applied Microbiology and
Biotechnology, 2016, 100(10): 4347-4355

Geider C, Mabashi-Asazuma H, Jarvis DL. An overview and
history  of  glyco-engineering in  insect  expression
systemg[A]//Castilho  A. Glyco-Engineering[M]. New York:
Springer, 2015, 1321: 131-152

Treanor J. Recombinant proteins produced in insect
cellg/A]//Compans RW, Orenstein WA. Vaccines for Pandemic
Influenza]M]. Berlin: Springer, 2009, 333; 211-225

Cox MMJ. Recombinant protein vaccines produced in insect
cellg[J]. Vaccine, 2012, 30(10): 1759-1766

Tiwari B, Saini S, Upmanyu S, et al. Enhanced expression of
recombinant proteins utilizing a modified baculovirus expression
vector[J]. Molecular Biotechnology, 2010, 46(1): 80-89

van Oers MM. Opportunities and challenges for the baculovirus

: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



450

TEY I8

Microbiol. China

(38]

(39]

[40]

[41]

[42]

(43

[44]

[45]

[46]

[47]

(48]

[49]

(50]

(51]

(52

expression system[J]. Journal of Invertebrate Pathology, 2011,
107(S1): S3-S15

Jarvis DL, Finn EE. Biochemical analysis of the N-glycosylation
pathway in baculovirus-infected lepidopteran insect cellg[J).
Virology, 1995, 212(2): 500-511

Fath-Goodin A, Kroemer JA, Webb BA. The Campoletis
sonorensis ichnovirus vankyrin protein  P-vank-1 inhibits
apoptosis in insect Sf9 cellgJ]. Insect Molecular Biology, 2009,
18(4): 497-506

Gbmez-Sebastian S, Lépez-Vidal J, Escribano JM. Significant
productivity improvement of the baculovirus expression vector
system by engineering a novel expression cassette[J]. PLoS One,
2014, 9(5): €96562

Li GH, Li MM, Zhou Q, et a. Modified baculovirus system for
high expression of Bombyx mori bidensovirus NS1 in
silkworm[J]. Chinese Journal of Biotechnology, 2015, 31(4):
591-602 (in Chinese)

AR, s, R, & MRS R PR RIS R
Gidtes NSL 3k R[] AW TR, 2015, 31(4): 591-602
Wang Q, Zhou Y, Chen KP, et a. Suppression of Bm-caspase-1

expression in BmN cells enhances recombinant protein
production in a baculovirus expression vector system[J].

Molecular Biotechnology, 2016, 58(5): 319-327

Palmberger D, Wilson 1B, Berger |, et a. SweetBac: a new
approach for the production of mammalianised glycoproteins in
insect cellg[J]. PLoS One, 2012, 7(4): €34226

Viswanathan K, Narang S, Betenbaugh MJ. Engineering sialic
acid synthesis ability in insect cellgA]//Castilho A. Glyco-
Engineering[M]. New York: Springer, 2015, 1321: 171-178
Yokoyama N, Hirata M, Ohtsuka K, et al. Co-expression of
human chaperone Hsp70 and Hsdj or Hsp40 co-factor increases
solubility of overexpressed target proteins in insect cellg[J].
Biochimica et Biophysica Acta (BBA)-Gene Structure and
Expression, 2000, 1493(1/2): 119-124

Chan LC, Reid S. Development of serum-free media for
lepidopteran insect cell lines{A]//Murhammer DW. Baculovirus
and Insect Cell Expression ProtocolsiM]. New York: Springer,
2016, 1350: 161-196

Xu XG, Wang ZS, Zhang Q, et a. Baculovirus surface display of
E envelope glycoprotein of Japanese encephalitis virus and its
immunogenicity of the displayed proteins in mouse and swine
models]J]. Vaccine, 2011, 29(4): 636-643

Aghebati-Maleki L, Bakhshingjad B, Baradaran B, et a. Phage
display as a promising approach for vaccine development[J].
Journal of Biomedical Science, 2016, 23(1): 66

Sundell GN, lvarsson Y. Interaction analysis through proteomic
phage display[J]. BioMed Research International, 2014, 2014:
176172

Tawil N, Sacher E, Mandeville R, et al. Bacteriophages:
biosensing tools for multi-drug resistant pathogens[J]. Analyst,
2014, 139(6): 1224-1236

Bakhshingjad B, Karimi M, Khalgj-Kondori M. Phage display:
development of nanocarriers for targeted drug delivery to the
brain[J]. Neural Regeneration Research, 2015, 10(6): 862-865
Ebrahimizadeh W, Rajabibazl M. Bacteriophage vehicles for
phage display: biology, mechanism, and application[J]. Current
Microbiology, 2014, 69(2): 109-120

(53]

[54

=

(59]

(56]

(57]

(58]

(59]

(60]

(61]

[62]

[63]

[64]

[69]

[66]

[67]

(68]

Mékela AR, Ernst W, Grabherr R, et a. Baculovirus-based
display and gene delivery systemgJ]. Cold Spring Harbor
Protocols, 2010, 2010(3): pdb. top72

Oker-Blom C, Airenne KJ, Grabherr R. Baculovirus display
strategies: emerging tools for eukaryotic libraries and gene
delivery[J]. Briefings in Functional Genomics and Proteomics,
2003, 2(3): 244-253

Sim SH, Kim JY, Seong BL, et al. Baculovirus displaying
hemagglutinin elicits broad cross-protection against influenza in
mice[J]. PLoS One, 2016, 11(3): e0152485

Réaty JK, Airenne KJ, Marttila AT, et a. Enhanced gene delivery
by avidin-displaying baculovirug[J]. Molecular Therapy, 2003,
9(2): 282-291

Lu LQ, Ho Y, Kwang J. Suppression of porcine arterivirus
replication by  baculovirus-delivered shRNA  targeting

nucleoprotein[J]. Biochemical and Biophysica Research
Communications, 2006, 340(4): 1178-1183

Kim YK, Choi JY, Yoo MK, et a. Receptor-mediated gene
delivery by folate-PEG-baculovirus in vitro[J. Journal of
Biotechnology, 2007, 131(3): 353-361

Martyn JC, Cardin AJ, Wines BD, et al. Surface display of 1gG Fc
on baculovirus vectors enhances binding to antigen-presenting
cells and cell lines expressing Fc receptorgJ). Archives of
Virology, 2009, 154(7): 1129-1138

Min JJ, Nguyen VH, Gambhir SS. Molecular imaging of
biological gene delivery vehicles for targeted cancer therapy:
beyond viral vectorgJ]. Nuclear Medicine and Molecular
Imaging, 2010, 44(1): 15-24

Aiuti A. Advances in gene therapy for ADA-deficient SCID[J].
Current Opinion in Molecular Therapeutics, 2002, 4(5): 515-522
Nienhuis AW, Dunbar CE, Sorrentino BP. Genotoxicity of
retroviral integration in hematopoietic cellg[J. Molecular
Therapy, 2006, 13(6): 1031-1049

Hacein-Bey-Abina S, von Kalle C, Schmidt M, et a. A serious
adverse event after successful gene therapy for X-linked severe
combined immunodeficiency[J]. New England Journal of
Medicine, 2003, 348(3): 255-256

Hofmann C. Generation of envelope-modified baculoviruses for
gene delivery into mammalian cellsA]/Murhammer DW.
Baculovirus and Insect Cell Expression ProtocolsiM]. New York:
Springer 2016, 1350: 491-504

Torres-Vega MA, Vargas-Jeronimo RY, Montiel-Martinez AG, et
al. Delivery of glutamine synthetase gene by baculovirus vectors:
aproof of concept for the treatment of acute hyperammonemia[J].
Gene Therapy, 2015, 22(1): 58-64

Tavarone E, Molina GN, Amalfi S, et al. The locdization of a
heterologous displayed antigen in the baculovirus-budded virion
determines the type and strength of induced adaptive immune
response[J]. Applied Microbiology and Biotechnology, 2017,
101(10): 4175-4184

Tang Q, Li GH, Yao Q, et al. Bm91 is an envelope component of
ODV but is dispensable for the propagation of Bombyx mori
nucleopolyhedrovirug[J]. Journal of Invertebrate Pathology, 2013,
113(1): 70-77

Tang Q, Hu ZY, Yang YH, et a. Overexpression of Bm65
correlates with reduced susceptibility to inactivation by UV
light[J]. Journal of Invertebrate Pathology, 2015, 127: 87-92

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



