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Fig. 1. Electron micrographs of Bombyx mori nuclear polyhedrosis virus. A, Scanning electron microscophy; B,
Transmission electron microscopy, V. Virus particle; P. Polyhedrin.
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Fig. 3. Schematic representation of baculovirus expression vector system.
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Table 1. List of genes expressed in the baculovirus expression system

Origin Gene Product
VIRUSES

Adenoviruses

Human Adenovirus 2 DNA polymerase

E1A pprotein (13s message)

E3 protein (19K)

Preterminal protein (pTP)
Arenaviruses
Lymphocytic Glycoprotein precursor (GPC)
choriomeningitis virus

Nucleoprotein (N)

Lassa fever virus Nucleocapsid protein

Bunyaviruses

Maguari bunyavirus Nucleocapsid protein (N)

Snovshoe hare bunyavirus Nonstructural protein (NSs)
Nucleoprotein (N)

Punta Toro phlebovirus Neutralization antigen (N)
Nucleoprotein (NSs)

Rift Valley fever virus Envelope glycoprotein (G1)
Envelopeglycoprotein (G1-G2)

Hantaan virus Envelope glycoproteins G1 and G2
Nucleocapsid protein (N)

Caulimoviruses

Cauliflower mosaic virus Gene I protein

Comoviruses

Cowpea mosaic virus RNA polymerase

B-RNA encoded proteins
Coronaviurses
Bovine coronavirus Hemagglutinin-esterase (HE)
Spike glycoprotein (S)
Spike glycoprotein subunit (S1)
Spike glycoprotein subunit (S2)
Spike glycoprotein (S1)
Spike glycoprotein (S2)

Flaviviruses

Dengue virus type 1 Envelope glycoprotein (E)
2 Envelope glycoprotein (E)
4 Capsid protein (C)

Core protein
Envelope glycoprotein (E)
Nonstructural protein (NS1)
Nonstructural protein (NS2a)
Premembrane protein (PreM)
Japanese encephalitis virus Envelope glycoprotein (E)
Capsid protein (C)
Nonstructural protein (NS1)
Premembrane protein (PreM)
Yellow fever virus Envelope glycoprotein (E)
Nonstructural protein (NS1)
Hepadnavirus
Hepatitis B virus Core antigen
Surface antigen
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Table 1. Continued.

Origin

Gene Product

Herpesviruses
Bovine Herpes virus-1
Epstein-Barr virus

Herpes simplex virus type 1

Human cytomegalovirus

Marek’s disease virus
Pseudorabies virus
Varicella zoster virus
Nepoviruses

Arabis mosaic virus
Orthomyxoviruses
Influenza virus A
Ann Arbor strain
Fowl plaque virus
PR strain

Shearwater strain
Udorn strain
Influenza virus B
(Ann Arbor strain)
Papovaviruses

Bovine papilloma virus

Human papilloma virus type 6b
E5 oncoprotein

Human palilloma virus type 6b
Human papilloma virus type 11

Human papilloma virus type 18
Polyoma virus

Simian virus40

Paramyxoviruses
Human parainfluenza3

Newcastle disease virus

Chimeric antibody
X protein

Glycoprotein gIV

Alkaline DNase
Deoxyribonuclease (BGLF5)
Nuclear antigen (EBNA1)
Phosphoprotein pp58 (BMRF1)
Terminal protein (TP-1)
DNA polymerase
Glycoprotein D
Glycoprotein G (gG-1)
Glycoprotein G (gG-2)
DNA polymerase
gp55-116(gB)

A antigen

Glycoprotein gpb0

DNA polymerase

Coat protein

Nucleoprotein (NP)
Hemagglutinin (HA)
hemagglutinin (HA)
Polymerase subunits PA,PB1
and PB2

Nucleoprotein (NP)
Neuraminidase (NA)
Nucleoprotein (NP)

E1 protein(BPV1)
E2 protein
E2 protein

E2 protein

L2 ORF

L2 ORF

E6 protein

Large T antigen
Middle T antigen

VP1 capsid protein
Large T antigen

Large T antigen, tsA58
temperature-sensitivemutant
Small tantigen

Fusion glycoprotein(F)
Hemagglutinin-neuraminidase

Hemagglutinin-neuraminidase(NDV)
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Origin

Gene Product

Measles virus

Respiratory syncytial
virus

Parvoviruses
Adeno-associated viurs

Human parvovirus B19

Minute virus of mice
Picornaviruses
Foot-and-mouth disease
Avirus

Hepatitis A virus
Poliomyelitis virus

Polydnaviruses

Campoletis sonorensis

virus

Reoviruses

African horsesickness
disease virus serotyped
Bluetongue virus serotype 1
Bluetongue virus serotype 2

Bluetongue virus serotype 10

serotype 11
serotypel3

serotypel?

Epoxootic hemorrhagic
disease virus serotype 2
Boviner rotavirus type 1

Bovine rotavirus strain RF
Porcine rotavirus
Rhesus rotavirus

Hemagglutinin(H)
Membrane fusion protein(F)
F glycoprotein

Chimeric FG glycoprotein

Rep68 protein(AAV)

Rep78 protein

Coat protein VP1

Coat protein VP2
Nonstructural protein(NS-1)

Capsid precursor protein P1-2

RNA polymerase

Capsid protein(VP1)

3B protein(VPG)

3Cpor protein (protease)

3D pol protein(RNA polymerase)
Capsid protein

Structural proteins VPO, VP1 and VP2

1.6 kb ORF (segment WHvl)
1.0 kb ORF (segment WHv2)

Outer capsid protein VP7

Outer capsid protein VP2
Quter capsid protein VP2
QOuter capsid protein VP5
Coreprotein VP6

E glycoprotein

Inner coreprotein VP3
Nonstructural protein NS1
Nonstructural proteins NS3, NS3A
QOuter capsid protein VP2
Outer capsid protein VP5
Outer core protein VP7
Phosphoprotein NS2

RNA polymerase VP1
VP4

QOuter capsid protein VP2
QOuter capsid protein VP2
Quter capsid protein VP5
Inner core protein VP3
Outer capsid protein VP2
Nonstructural protein NS1

Nucleocapsid protein VP6
Structural protein VP1
Structural protein VP1
Outer capsid protein VP4
hemagglutinin VP8
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Table 1. Continued.

Origin

Gene Product

Simian rotavirus SAll

Retroviruses

Avian leukemia virus

Bovine leukemia virus

Bovine

immunodeficiencylike virus
Feline immunodeficiency virus
Feline sarcoma virus

Human immunodeficiency virus type 1

Human immunodeficiency virus type 2

Human T-cell lymphotrophic
virus type 1 (HTLV-I)

Human T-cell leukemia virus
type 1l (HTLV-II)

Rous sarcoma virus

Simian immunodeficiency
Simian sarcoma virus

Rhabdoviruses
Rabies virus
Rabies virus

Vesicular stomatitis virus
Infectious hematopoietic
necrosis virus
Togaviruses

Rubella virus

Sindbis virus

Unclassified viruses
Hepatitis delta virus

Outer capsid protein VP4
Capsid antigen VP6

Nonstructural phosphoprotein NS26

Nonstructural glycoprotein NS28
nonstructural protein NS53
Outer capsid protein VP4
Outer capsid protein VP7
Structural protein VP1

env-gp85
p34tax
Gag protein

Gag protein

v-fms

Envelope protein gpl20
Envelope protein gpl60
Gag protein

Gag-pol fusion protein
Integration protein
Major core p24

Nef protein

Pol protein

Protease

Fev protein

Tat protein

Gag precursor protein
p20E protein

gp46 protein
p40 protein
Rex protein

v-src tyrosine kinase

Gag proteinvirus gpl40
v-sis/platelet-dervied

growth factor (PDGF- )homolog

Glycoprotein (G)
Nucleoprotein (N)
Glycoprotein (G)
Glycoprotein

Envelope protein (E1)
Envelope protein (E2)

Capsid protein (C)

Envelope proteins E1 and E2

Delta antigen (HDAg)
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Origin

Gene Product

Non-A, non-B (Hepatitis C virus)

Bacillus anthracis
Bacillus thuringiensis
subspecies kurstaki
Bacillus thuringiensis
subspecies aizawai 7.21
Clostridium tetani
Excherichia coli

Pseudomonas diminuta
FUNGI

Neurospora crassa
Phanerochaete chrysosporium

Phaseolus vulgaris Phaseolin (French bean)
Ricinus communis

(Castor bean)

Solanum tuberosum (Potato)

Carica papaya (Papaya)

Zeamays(Corn)

Eimeria acervulina
Plasmodium falciparum(Malaria)

Androctonus australis Hector(Scorpion)
Bombyx mori (Silkworm)

Buthus eupeus (Scorpion)

Drosophila melanogaster

Haementaria officianalis(Mexican leach)
Heliothis virescens(Tobacco budworm)
Hyalaphora cecropia(Giant sikmoth)
Hirudo medicinalis(Leach)

Manduca sexta(Tobacco hornworm)

Photinus luciferin(Firefly)
Pyemotes tritici(Mite)
Sarcophaga pergrina(Fleshfly)
Shistosoma mansoni
(Shistosomiasis parasite)
Spisula solidissima (Clam)

Amphibians
Xenopus laevis

Core protein (p22)
BACTERIA

Protective antigen (PA)

HD-73 delta endotoxin

Crystal protein

Tetanus toxin fragment-C
Chloramphenicol acetyl
transferase
B-Galactosidase
B-Glucuronidase
Phosphotriesterase

qa-1f activator protein
Manganese peroxidase
PLANTS

Ricin and Ricin B-chain

patatin

Papain

Ac transposase

PROTOZOA

Merozoite antigen

Circumsporosoite protein

Major merozoite surface antigen

Precursor(PMMSA)
INVERTEBRATES

Insect neurotoxin(AalT)

Chorion proteins

BelT insectotoxin-1

Kruppel gene product(Fruitfly)

Shaker “A-type”K+ channel

Antistasin(ATS)

Juvenile hormone esterase

Basic preproattacin

Hirudin

Diuretic hormone

Eclosion hormone

Luciferase

Neurotoxin(TxP-I)

Sarcotoxin [A

Sm32 antigen

Cyclins A and B
VERTEBRATES

Peptidylglycine -hydroxylating

monooxygenase(amidating enzyme)

pp90 protein kinase
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Table 1. Continued.

Origin Gene Product
xlcaax-1 protein
Birds.
Chicken Nicotinic acetylcholine receptor
(a-subunit) pp60
S-cyclophilin
Turkey -adrenergic receptor
Fish
Carp Gonadotropin 1 and 2
MammalsBaboon Estradiol-dependentoviduct-specific
glycoprotein
Bovine Calmodulin-sensitive(typel)
adenylcyclase
Opsin
Protein kinase C-y
Hamster B-adrenergic receptor
Scrapie prion(PrP)
Human Acid [-glucosidase

Adenosine deaminase
[32-adrenergic receptor
Aldose reductase
2-adrenergic receptor
Aldose reductase
-amyloid precursor
Antithrombin HI (ATIID)
Apolipoprotein-E

Human CD2(TII) erythrocyte receptor
CD4 HIV receptor
CD23 IgE receptor
Choriogonadotropin,
a-subunitthCG )
Choriogonadotropin,
B-subunit (hCG )
Complement component Clr
Corticosteroid binding globulin
(hCBG)
CR2 Epstein-Barr virus/
complement-3d receptor
(extracellular domain)
crk oncogene product(P47gag-crk)
Cystic fibrosis gene product(CFTR)
Epidermal growth factor receptor
Epidermal growth factor
receptor(ectodomain)
epidermal growth factor
receptor(intracellular domain)
Epidermal growth factor
receptor(tyrosine kinase domain)
Erythropoietin (EPO)
Estrogen receptor
c-fms protooncoprotein
c-fos protooncoprotein
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Origin

Gene Product

Platelet-derived growth factor

G25K protein

B-galactosidase
Gastrin-releasing peptide
precursor

Glucocerebrosidase
Glucocorticoid receptor
Granulocyte-macrophage colony
stimulating factor(GM-CSF)
Haptoglobin

ha-ras trans forming protein
hst-1 transforming protein
immune activation gene Act-2
a-interferon

B-interferon

Interleukin-2

Interleukin-5

Interleukin-6

Insulinlike growth factor 2
Insulin receptor

(cytoplasmic domain)

Insulin receptor

(extracellular domain)
B2-micoglobulin

Lymphocyte activation gene lag-1
Lymphocyte-specific
protein-tyrosine kinase (p561ck)
MHC class I HLA-B27 antigen
Multidrug-resistant gene
Kirsten-ras (4B) p21 protein
Ku autoantigen

5-lipoxygenase
Mineralocorticoid receptor
Multidrug transporter
product(MDRI P-glycoprotein)
Muscarinic cholingeric receptor
(MAChR) ml and m2 forms
myelin-associated glycoprotein
(soluble extracellular domain)
c-myc gene product

Myogenic determination factor
B-nerve growth factor

Nerve growth-factor receptor
(extracellular domain) (NGF-R)
P53 cellular phosphoprotein
P210 BCR-ABL oncogene product

(PDGF)-receptor

Plasminogen

Protein kinase C

Protein kinase C, a, B/l and y
Raf-1 protein

raplA/Krev-1 gene product
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Table 1. Continued.

SR

Origin Gene Product
Retinoblastoma gene product (ppl110%%)
Na'/H' antiporter protein
c-src tyrosine kinase
Tau microtuble-associated protein
T-cell growth factor
T-cell protein-tyrosine phosphate
Terminal transferase
Thyroid hormone receptor (1
Tissue plasminogen activator
Transferrin receptor
Tumor necrosis factor receptor
Tyrosine hydroxylase
Urokinase-type plasminogen activator
Vitamine -D receptor

Mouse Adipsin
Basement membrane
glycoprotein(entactin)
Ca’*/calmodulin dependent kinase II
Egr-1 transcription factor
c-ets-1 protooncogene
Immunoglobulins
Interferon gamma receptor
Interleukin (IL-3, IL-4, IL-5)
p53
Protein kinase C-e
Transcription factor S-1I

Rabbit Cytochrome P450
Protein phoshotase 1

Rat Atrial natriuretic peptide receptor

guanylyl cyclase (GC-A)
Cytochrome P450 IIA1
Ornithine transcabamylase

Muscarinic acetylcholine receptor

Tyrosine hydroxylase
Protein kinase C-BII, C-y
subtype M3

Table 2. Post-translational processing and yields of proteins produced in various expression Systems

Expression system

Processing
E. coli Yeast Insect cells Mammalian cells

Proteolytic cleavage +/= +/- + +
Glycosylation - + + +
Secretion + /- + + +
Folding +/- +/- + +
Phosphorylation - + + +
Acylation - + + +
Amidation - - + +

Yield (%) 1-5 1 30 <1

"On the basis of dry

weight.



ol B % N vlele

g, E#RER vlolel s B@Ele) 4358 S
Al baculovirus & E] A]28)g o)&sle] Juve-
nile hormone esterase, insect neurotoxin %2
AAE =3 Nz vlolel g FEMS Folx
HIEEES =)ok Bonet o] baculovirus
e WE] A AEL GEQl wholela Bk B
o= HEMET 9ltHHammock ef al., 1990; Stewart
et al., 1991; Tomalski and Miller, 1991).

olak WrkA] Sl E ofof ¢ W EMTES £W
©. 2 baculovirus W& HE] A 2w HFHYH 4 ES
%13 biotechnologyd] %2 AMEEA zZt4g Wiy

Qe gtewe A% Ayt Hzhech
=T ]

@2} baculovirus WEWE] Alxwle] B K
R&g 98 92 Are v Fohx EHES
FAll WEA Qe SE S A s
WIS AREE T A E Az vlele s
2] Bolgk M-S I3 HIEHET o4 waEle
A 5 ohekd WEAME RaEm iy, 4ELR
Algs]a gloh b fkol ZHar ol A8 By E B
WH 59 e AE 4% BWE £F BETE
FHHoe BRY 5 e F3A 23} vlEe] #
43 YA Q)] Foll & B FIE TFo A vt
FHS BR EETE FEREZ ok

s e} (gl A rell & v 2 2508 HE
2% {8 5o] §IUAE K3 &% E DNA
Hlo)2] 2~ ¥ E{(eucaryotic DNA viral vector)?] bacu-
lovirus & |2 Wd A7l= HRHE TE 8
Fv Mg B REEAH A& AR
AE o I AL F453) W] " gl
wteba] 24l e o] BEN: #EE T JF
R Qo] AE|E o] &3te] EEX FFe] 7t
R OGRETE A8 WA F e AAE
gigogx, B8 9 BE Foldi is]jHeR
FEEAS AArste] Foll BAAER eleldss
o] 43t FHWHE 4E BRe AFE S 1 &%
EE AE B/AE Zlo® wo] 9AlA okerh

50 B X W

Craford, S. E., Labbe, M., Cohen, J., Burroughs, M.

2% o148 sHwH B 219

H., Zhou, Y. J. and Estes, M. K. (1994) ]J. Virol.
68: 5945-5952.

Fargnoli, J. (1990) Anal. Biochem. 187: 364-373.

Gretch, D. G., Sturley, S. L., Frisen, P. D., Beckage,
N. E. and Attie, A. D. (1991) Proc. Natl. Acad. Sci.
USA. 88: 8530-8533.

Gupta, (1991) Immunology of insect and other arthro-
pods, CRC Press. Inc. Boca Raton, Florida.

Hammock, B. D., Bonning, B. C., Posse, R. D., Hanz-
lik, T. N. and Maeda, S. (1990) Nature 344: 458-
461.

Harrap, K. A. and Payne, C. C. (1979) Adv. Virus Res.
34: 110-117.

Jin, B. R., Park, B. S., Ryu, K. S., Je, Y. H. and
Kang, S. K. (1991) Korean ]. Seric. Sci. 33: 21-26.

Jin, B. R., Ryu, C. J., Kang, S. K., Han, M. H. and
Hong, H. J. (1995) Virus Res. 38: 269-277.

Jin, B. R, Ryu, C. J., Park, S. S. Namgung, U., Hong,
H. J. and Han, M. H. (1993) Molec. Immunol. 30:
1647-1654.

Kang, C. Y., Bishop, D. H. L., Seo, J. S., Matsuura,
Y. and Choe, M. (1987) ]J. Gen. Virol. 68: 2607-2614.

Luckow, V. A. and Summers, M. D. (1988) Bio/Tech-
nology 6: 47-55.

Maeda, S. (1994) In: Insect cell biotechnology. Mara-
morosch, K. and McIntosh, A. H. (eds.) 1-31. CRC
Press Inc. Boca Raton, Florida.

Maeda, S., Kawai, T., Obinata, M., Fujiwara, H., Ho-
riuchi, T., Saeki, Y., Sato, Y. and Furusawa, M.
(1985) Nature 315: 592-594.

Matthew, R. E. F. (1982) Intervirology 17: 1-13.

O’Reilly, D. R., Miller, L. K. and Luckow, V. A, (1992)
Baculovirus expression vectors. W. H. Freeman and
Company, New York.

Peng Liang et al., (1992) Science 257: 967-971.

Reis, U., Blum, B., von Specht, B. U., Domdey, H.
and Collins, J. (1992) Bio/Technology 10: 910-912.

Smith, G. E., Summers, M. D. and Fraser, M. J.
(1983) Mol. Cell Biol. 3: 183-192.

Stewart, L. M., Hirst, M. Lopez Ferber, M., Merry-
weather, A. T., Laylet, P. J. and Posse, R. D. (1991)
Nature 352: 85-88.

Summers, M. D. and Smith, G. (1987) Texas Agric.
Exp. Station Bull. 1555: 1-56.

Tomalski, M. D. and Miller, L. K. (1991) Nature 352:
82-85.

Tweeten, K. A., Bullo, L. A. and Consigli, R. A. (1981)
Microbiol. Rev. 45: 379-408.



