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(57) ABSTRACT 

The subject invention pertains to recombinant entomopoX 
vectors Which are useful for the delivery and stable expres 
sion of heterologous DNA in vertebrate cells. Speci?cally 
exempli?ed is a recombinant EPV from amsacta moorei 
(AmEPV). Because of the capacity of the EPV to incorpo 
rate foreign or heterologous DNA sequences, the vectors of 
the subject invention can be used to deliver DNA inserts that 
are larger than 10 kb in siZe. Accordingly, one aspect of the 
present invention concerns use of the recombinant vectors 
for delivery and expression of biological useful proteins in 
gene therapy protocols. In addition, the subject invention 
concerns novel AmEVP polypeptides and the polynucleotide 
sequences Which encode these polypeptides. 
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MATERIALS AND METHODS FOR DELIVERY 
AND EXPRESSION OF HETEROLOGOUS DNA IN 

VERTEBRATE CELLS 

CROSS-REFERENCE TO A RELATED 
APPLICATION 

[0001] This application is a continuation of US. applica 
tion Ser. No. 09/662,254, ?led Sep. 14, 2000, Which claims 
the bene?t of US. provisional patent application Ser. No. 
60/224,479, ?led Aug. 10, 2000; and Which is a continua 
tion-in-part of US. application Ser. No. 09/086,651, ?led 
May 29, 1998, now US. Pat. No. 6,127,172. 

[0002] The subject invention Was made With government 
support under a research project supported by US. Depart 
ment of Agriculture Grant No. 97-35302-4431 and National 
Institute of Health Grant No. P50-HL59412-01. The gov 
ernment has certain rights in this invention. 

BACKGROUND OF THE INVENTION 

[0003] Gene therapy is a poWerful concept just noW begin 
ning to see applications designed to treat human diseases 
such as genetic disorders and cancer. The introduction of 
genes into an organism can be achieved in a variety of Ways, 
including virus-based vectors. Viral gene therapy vectors 
can either be designed to deliver and express genes perma 
nently (stable integration of a foreign gene into host chro 
mosome) or transiently (for a ?nite period of time). 

[0004] Current virus-based gene transfer vectors are typi 
cally derived from animal viruses, such as retroviruses, 
herpesviruses, adenoviruses, or adeno-associated viruses. 
Generally, these viruses are engineered to remove one or 
more genes of the virus. These genes may be removed 
because they are involved in viral replication and/or to 
provide the capacity for insertion and packaging of foreign 
genes. Each of these knoWn vectors has some unique advan 
tages as Well as disadvantages. One primary disadvantage is 
an inability to readily package and deliver large DNA inserts 
that are greater than 10 kb in siZe. 

[0005] To illustrate the problem of capacity of most gene 
therapy vectors, one need only consider adeno-associated 
virus (AAV), one of the most promising of the gene therapy 
vectors. Adeno-associated virus (AAV) is a parvovirus 
Which consists of a 4.7 kb single stranded DNA genome 
(Nienhuis, A. W., C. E. Walsh, J. M. Liu [1993]“Viruses as 
therapeutic gene transfer vectors” In: N. S. Young (ed.) 
Wruses and Bone Marrow, Marcel Decker, NeW York, pp. 
353-414). The viral genome consists of the family of rep 
genes responsible for regulatory function and DNA replica 
tion and the cap genes that encode the capsid proteins. The 
AAV coding region is ?anked by 145 nucleotide inverted 
terminal repeat (ITR) sequences Which are the minimum 
cis-acting elements essential for replication and encapsida 
tion of the genome. In the absence of a helper virus such as 
adenovirus, AAV causes a latent infection characteriZed by 
the integration of viral DNA into the cellular genome. The 
major advantages of recombinant AAV (rAAV) vectors 
include a lack of pathogenicity in humans (Berns, K. I. and 
R. A. BohenZky [1987]“Adeno-associated viruses: an 
update”Aa'v. Virus Res. 32:243-306), the ability of Wild-type 
AAV to integrate stably into the long arm of chromosome 19 
(Kotin, R. M., R. M. Linden, K. I. Berns [1992]“Character 
iZation of a preferred site on human chromosome 10 q for 
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integration of adeno-associated virus DNA by nonhomolo 
gous recombination”EMBO J 11:5071-5078), the potential 
ability to infect nondividing cells (Kaplitt et al. [1994]“Long 
term gene expression and phenotypic correction using 
adeno-associated virus vectors in the mammalian brain”Nat. 
Genet. 8:148-154), and broad range of infectivity. HoWever, 
the packaging capacity of AAV limits the siZe of the inserted 
heterologous DNA to about 4.7 kb. Gene therapy vector 
systems are also needed that combine a large carrying 
capacity With high transduction ef?ciency in vivo. 

[0006] Until recently, complex insect viruses (entomovi 
ruses) had not been considered for use as possible viral gene 
therapy vectors. In the past, studies of entomoviruses have 
mainly concentrated on their use as biopesticides, expres 
sion systems or taxonomic novelties to compare to their 
mammalian virus counterparts. 

[0007] The family Poxviridae comprises tWo subfamilies, 
the Chordopoxviridae (vertebrate) and the Entomopoxviri 
dae (insect) viruses (EPVs). EPVs Were ?rst discovered in 
the early 1960’s, and have subsequently been shoWn to have 
a WorldWide distribution. The subfamily contains three 
genera; A, B and C, Which infect beetles, moths (lepi 
doptera) and grasshoppers, and midge ?ies respectively 
(Moyer, R. W. [1994] Entomopoxviruses, p. 392-397, Ency 
clopedia of Virology, R. G. Webster and A. Granoff (eds.), 
Academic Press Ltd, London). It should be recogniZed that 
classi?cation Within the three EPV genera is based solely on 
morphological and host range criteria and not molecular 
properties. Indeed, it is noW clear that the group B viruses of 
butter?ies and moths (lepidoptera) and grasshoppers (ortho 
ptera) are quite distinct from one another (Afonso, C. L., E. 
R. Tulman, Z. Lu, E. Oma, G. F. Kutish, and D. L. Rock 
[1999]“The genome of Melanoplus sanguinipes Ento 
mopoxvirus”J. Viral. 73:533-552). AmEPV Was originally 
isolated in India from the red hairy caterpillar, and it is the 
prototype virus of this group. This is primarily because of its 
ability to be easily groWn in cultured insect cells, although 
certain Choristoneura and Heliothis EPVs have also been 
shoWn to replicate in cell cultures at loW levels (Fernon, C. 
A., A. P. Vera, R. Crnov, J. Lai-Fook, R. J. Osborne, and D. 
J. Dall [1995]“Replication of Heliothis armigera ento 
mopoxvirus in vitro”J. Invertebn Pathol. 66:216-223; 
Lytvyn, V., Y. Fortin, M. Banville, B. Arif, and C. Richard 
son [1992]“Comparison of the thymidine kinase genes from 
three entomopoxviruses”J. Gen. Virol. 73:3235-3240). 

[0008] EPVs are the most distant relatives of mammalian 
poxviruses and exhibit both similarities and differences to 
the more commonly studied chordopoxviruses, such as 
vaccinia virus (VV). Similarities include morphology, a 
large linear double stranded genome (previously estimated 
at 225 kb for AmEPV, 190 kb for VV), common transcrip 
tional regulation sequence motifs, non-spliced transcripts 
and a cytoplasmic site of replication. Differences include the 
G+C content of the viral DNA (a loW 18% for AmEPV, 37% 
for VV), optimal groWth temperatures (28° C. for AmEPV, 
37° C. for VV), and host range. AmEPV does not replicate 
in vertebrate cells, and VV does not replicate in insect cells, 
although both viruses enter their respective non-permissive 
cells and initiate a replicative cycle (Langridge, W. H. 
[1983]“Detection of Amsacta moorei entomopoxvirus and 
vaccinia virus proteins in cell cultures restrictive for poxvi 
rus multiplication”J. Invertebn Pathol. 42:77-82). 
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[0009] Generally, growth of AmEPV in insect cell cultures 
is similar to that of vertebrate poxviruses in mammalian 
cells. Receptors mediating poxvirus attachment and entry 
appear to be Widespread and common, as EPVs infect 
vertebrate cells and VV infects insect cells (Li, Y., R. L. Hall, 
and R. W. Moyer [1997]“Transient, nonlethal expression of 
genes in vertebrate cells by recombinant entomopoxvirus 
es”J. Viral. 71:9557-9562; Li, Y., S. Yuan, and R. W. Moyer 
[1998]“The non-permissive infection of insect (gypsy moth) 
LD-652 cells by vaccinia virus”Wr0l0gy 248:74-82). It is 
assumed by analogy With the vertebrate poxviruses that 
AmEPV gene expression patterns can be classi?ed as early, 
intermediate and late, but experimental data is minimal 
(Winter, 1., R. L. Hall, and R. W. Moyer [1995]“The effect 
of inhibitors on the groWth of the entomopoxvirus from 
Amsacta m00rei in Lymantria dispar (gypsy moth) cells” i 
rology 211:462-473). EPVs have been shoWn to contain 
vertebrate poxvirus promoter elements and early transcrip 
tion termination motifs (Afonso, C. L., E. R. Tulman, Z. Lu, 
E. Oma, G. F. Kutish, and D. L. Rock [1999]“The genome 
of Melanoplus sanguinipes Entomopoxvirus”J. Viral. 
73:533-552; Hall, R. L. and R. W. Moyer [1991]“Identi? 
cation, cloning, and sequencing of a fragment of Amsacta 
m00rei entomopoxvirus DNA containing the spheroidin 
gene and three vaccinia virus-related open reading frames”J. 
Viral. 65:6516-6527). The most unique feature of poxvirus 
replication is development mostly, if not exclusively, Within 
the cytoplasm. As a consequence of cytoplasmic develop 
ment, EPV promoters (like those of vertebrate poxviruses) 
are recogniZed only by the virally encoded transcription 
system. The general availability of poxvirus speci?c pro 
moters, coupled With exclusion of the nuclear transcription 
apparatus are major advantages for engineering and control 
of foreign gene expression related to gene therapy applica 
tions. 

[0010] EPVs, like VV, contain a number of genes Which 
are nonessential for groWth in cell culture. TWo examples are 
the thymidine kinase and spheroidin genes. The sphe 
roidin gene can be vieWed as a counterpart to the polyhedrin 
and A-type (ATI) occlusion genes of baculoviruses and 
coWpox viruses respectively. VV also contains an ATI gene, 
but it is defective. Spheroia'in is the most abundantly 
expressed AmEPV gene, and serves to “occlude” infectious 
virions Within an environmentally resistant occlusion body. 
Both the AmEPV TK and spheroidin gene can readily serve 
as sites for insertion and expression of foreign genes by 
utiliZing standard plasmid-mediated recombination. 
[0011] Entomopoxvirus (EPVs) productively infect and 
kill only insects (Granados, R. R. [1981]“Entomopoxvirus 
infections in insects,” in Pathogenesis of Invertebrate 
Microbial Disease, p. 102-126, Davidson, E. W. (ed.) NeW 
Jersey, Allanheld TotoWa) and can be isolated fromAmsacta 
m00rei (AmEPV), the red hairy caterpillar. Entomopox 
viruses and vectors have been described (See, for example, 
US. Pat. Nos. 5,721,352 and 5,753,258, the disclosure of 
Which is incorporated herein by reference). Like other EPVs, 
AmEPV cannot productively infect vertebrate cells. Indeed, 
folloWing addition of AmEPV to vertebrate (mouse L-929) 
cells at multiplicities up to 10 particles/cell, no changes in 
cellular morphology (as judged by phase contrast micros 
copy) are detected (Langridge, W. H. [1983]“Detection of 
Amsacta m00rei entomopoxvirus and vaccinia virus proteins 
in cell cultures restrictive for poxvirus multiplication”J. 
Invertebr Pathol 42:77-82). 
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[0012] AmEPV infects vertebrate cells in a non-cytocidal 
manner and the infection is abortive. Like all poxviruses, the 
virus is cytoplasmic and does not normally enter the nucleus. 
A consequence of this unusual biology, is that all poxvirus 
mediated gene expression takes place in the cytoplasm in the 
infected cell. AmEPV promoters and those of the eucaryotic 
cell are completely different and cellular promoters are not 
recogniZed by the AmEPV transcription machinery nor are 
AmEPV viral promoters recogniZed by RNA polymerase II 
of the host cell. 

BRIEF SUMMARY OF THE INVENTION 

[0013] The subject invention concerns a novel viral vector 
system for gene therapy based on an insect poxvirus 
designed to deliver genes for integration and stable, perma 
nent expression in vertebrate cells. In an exempli?ed 
embodiment, a recombinant AmEPV vector Was constructed 
that contains heterologous genes under the control of pro 
moters that the drive the expression of the heterologous 
genes in vertebrate cells. The gfp gene and the gene encod 
ing G418 resistance Were used in an exempli?ed construct. 
The recombinant AmEPV Was used to infect vertebrate cells 
and folloWing infection the cells Were transferred to media 
containing G418. Cells expressing both GFP and G418 
resistance Were obtained. Thus, the vectors of the subject 
invention can be used to deliver large DNA segments for the 
engineering of vertebrate cells. 

[0014] The subject invention also concerns cells that have 
been infected With or transformed With a recombinant vector 
of the present invention. The subject invention also concerns 
methods for providing gene therapy for conditions or dis 
orders of an animal requiring therapy, such as genetic 
de?ciency disorders. 

[0015] In addition, the subject invention concerns novel 
AmEVP polypeptides and the polynucleotide sequences 
Which encode these polypeptides. The AmEPV polynucle 
otide sequences of the subject invention encode a triacylg 
lyceride lipase (SEQ ID NO: 1), a Cu""/Zn++ superoxide 
dismutase (SOD) (SEQ ID NO: 2), a CPD photolyase (SEQ 
ID NO: 3), a baculovirus-like inhibitor of apoptosis (IAP) 
(SEQ ID NO: 4), tWo poly(A) polymerase small subunits 
(SEQ ID NOS: 5 and 6), tWo DNA polymerases (SEQ ID 
NOS: 7 and 8), an ABC transporter-like protein (SEQ ID 
NO: 9), a KunitZ-motif protease inhibitor (KPI) (SEQ ID 
NO: 10), and a poly(A) polymerase large subunit (SEQ ID 
NO: 11). 

[0016] In addition, the subject invention concerns isolated 
AmEPV polypeptides encoded by the polynucleotide 
sequences of the subject invention, including a triacylglyc 
eride lipase (SEQ ID NO: 12), a Cu""/Zn++ superoxide 
dismutase (SOD) (SEQ ID NO: 13), a CPD photolyase (SEQ 
ID NO: 14), a baculovirus-like inhibitor of apoptosis (IAP) 
(SEQ ID NO: 15), tWo poly(A) polymerase small subunits 
(SEQ ID NOS: 16 and 17), tWo DNApolymerases (SEQ ID 
NOS: 18 and 19), an ABC transporter-like protein (SEQ ID 
NO: 20), a KunitZ-motif protease inhibitor (KPI) (SEQ ID 
NO: 21), a poly(A) polymerase large subunit (SEQ ID NO: 
22) and other AmEPV polypeptides. 

[0017] The subject invention further pertains to other 
entomopoxvirus sequences. Polynucleotides of the subject 
invention include, for example, sequences identi?ed in the 
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attached sequence listing, as Well as the tables and ?gures 
and described by open reading frame position Within the 
genome. 

[0018] In addition, the subject invention includes poly 
nucleotides Which hybridiZe With other polynucleotides of 
the subject invention. 

[0019] Polynucleotide sequences of this invention have 
numerous applications in techniques knoWn to those skilled 
in the art of molecular biology having the bene?t of the 
instant disclosure. These techniques include their use as 
insertion sites for foreign genes of interest, hybridiZation 
probes, for chromosome and gene mapping, in PCR tech 
nologies, and in the production of sense or antisense nucleic 
acids. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] The ?le of this patent contains at least one draWing 
executed in color. Copies of this patent With color draW 
ings(s) Will be provided by the Patent and Trademark Office 
upon request and payment of the necessary fee. 

[0021] FIG. 1 shoWs a physical map of an exempli?ed 
recombinant vector of the subject invention (pAmEPV 
TKUFS) in Which a portion of the plasmid pTKUFS has 
been cloned Within the AmEPV TK gene ?anking regions. 
TR is the AAV terminal repeat; pA is a polyadenylation site; 
SD/SA is the SV40 late splice donor, splice acceptor 
sequence. GFP, the green ?uorescent protein gene, is under 
the control of a CMV promoter. Neo, the neomycin resis 
tance gene, is under the control of a herpes TK gene 
promoter. 

[0022] FIG. 2 shoWs an electrophoretic analysis of trans 
formed mammalian cell lines. Each lane contains HindIII 
digested genomic DNA. Lane P contains genomic DNA 
from 293 cells and pTR-UFS plasmid, as a positive control. 
Lanes A1 through A5 contain DNA extracted from trans 
formed cell lines made by recombinant AmEPV (AmE 
PVpTKUFS) infection. Lanes B1 through B6 contain DNA 
obtained from cell lines transfected With plasmid pTR-UFS. 

[0023] FIG. 3 shoWs expression of lacZ in recombinant 
AmEPV-infected mammalian cells. CV-1 cells Were mock 
infected (A) or infected With various AmEPV lacZ recom 
binants, Where lacZ Was under the control of the coWpox 
virus late ATI gene promoter (B), the late AmEPV spheroi 
din promoter (C), the M. melonontha early fus promoter (D) 
or the AmEPV early esp promoter Infection of human 
Huh-7 liver cells With the AmEPV TKesp-lacZ recombinant 
is also shoWn as an additional control The infected cell 
monolayers Were stained With X-gal 24 h postinfection. 

[0024] FIG. 4 shoWs the survival of mammalian cells 
folloWing infection by recombinant AmEPV TKesp-gfp. 
Subcon?uent CV-1 cells Were infected With AmEPV TKesp 
gfp at an moi. of 1 PFU/cell. The individual ?uorescent 
cells Were located and folloWed over a period of tWo to three 
days and periodically photographed With a ?uorescent 
microscope. One ?uorescent cell, identi?ed 18 hours post 
infection (A), had divided into tWo cells by 24 (B) to 26 (C) 
h postinfection and by 50 h had become a small cluster of 
dividing cells 

[0025] FIG. 5 shoWs AmEPV-mediated [3-galactosidase 
expression in the muscle of mouse. 2><106 PFU (100 pl) of 
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recombinant AmEPV-esplacZ Was injected into the muscle 
of the hind leg of a mouse. As a control, mice Were injected 
With the same amount of recombinant AmEPV-SPHlacZ or 
100 pl of PBS. TWo days later, the mice Were sacri?ced, the 
muscle Was excised from the injected area and cut into small 
pieces, and ?xed With 3% formaldehyde for 30 min, then 
stained With X-gal. The muscle injected With recombinant 
AmEPV pTK-esplacZ shoWed [3-galactosidase expression. 
No [3-galactosidase expression Was observed in control 
mice. 

[0026] FIG. 6 shoWs transformed 293 cells (A) derived 
from the colony infected With recombinant AmEPV-TKUFS 
Which are G418 resistant shoWing that cells are GFP posi 
tive, as Well as non-?uorescent, non-transformed 293 cells 

(B) 
[0027] FIG. 7 shoWs a linear map of the AmEPV genome, 
0-139440(A) and 139441-232392(B). Predicted ORFs are 
numbered consecutively from left to right based upon the 
position of the initiating methionine codon. ORFs tran 
scribed in a rightWard direction are shoWn above the hori 
Zontal line designating the viral genome; ORFs transcribed 
to the left are beloW. ITRs are indicated by heavy black 
arroWs. Adistance of 1 kb is as shoWn. ChPV homologs are 
indicated With red numbers, additional MsEPV homologs 
are indicated With purple numbers. Some ORFs have been 
assigned function based upon BLAST data. 

[0028] FIG. 8 shoWs a comparison of the genomic orga 
niZation of AmEPV, MsEPV and VV. AmEPV ITRs are 
positioned at the termini of the viral genome as indicated. 
AmEPV genes Which have homology to VV genes are 
depicted in AmEPV genes Which have homology to 
MsEPV are depicted in Genes in the AmEPV genome 
common to both MsEPV and VV are in Unique genes 
encoded by AmEPV are shoWn in 

[0029] FIG. 9 shoWs a comparison of the spatial distri 
bution of homologous genes betWeen AmEPV, MsEPV and 
VV. A random sampling of genes conserved Within the 
genomes of all three indicated viruses Were plotted on the 
119 kb genome of VV, the 232 kb AmEPV genome, and the 
236 kb MsEPV genome. From left to right on the AmEPV 
genome, the genes shoWn and their BLAST-assigned func 
tion are: AMV016, thymidine kinase; AMV035, membrane 
protein; AMV038, PAP large subunit; AMVOSO, DNA poly 
merase; AMV051, RP035; AMV066, RP0132; AMV105, 
VETF-L; AMV122, rifampicin resistance; AMV138, no 
BLAST-assigned function; AMV150, ATP/GTP binding 
protein; AMV166, RPO19; AMV181, core protein; 
AMV186, no BLAST-assigned function; AMV205, VLTF 
3; AMV221, RPO147; AMV232, membrane protein; 
AMV243, membrane protein; AMV249, no BLAST-as 
signed function. Plots compare both orientations of the 
AmEPV genome. (A) left to right, (B) right to left. 

[0030] FIG. 10 shoWs residues shared betWeen poxvirus 
poly(a) polymerase subunit homologs. Consensus shoWs the 
conservation betWeen all ?ve sequences. Insect consensus 
shoWs identity among the four EPV ORFs. AmEPV con 
sensus displays identities betWeen the tWo AmEPV subunits. 

[0031] FIG. 11 shoWs the transmembrane domains pos 
sessed by the AmEPVABC transporter protein. This graphic 
Was produced by the THAMM program (Sonnhammer, E. L. 
L., Hejne, G., and Krogh, A. [1998]“A hidden Markov 
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model for predicting transmembrane helices inprotein 
sequences” Proc. of Sixth Int. Conf on Intelligent Systems 
for Molecular Biology (J. Glasgow, T. Littlejohn, F. Major, 
R. Lathrop, D. Sankoff, and C. Sensen, Eds.), pp.175-182. 
AAAI press, Menlo Park, Calif). The regions of the protein 
indicated by the thirteen bars can be seen to have a prob 
ability of 1 as transmembrane domains. Although not shoWn 
in this ?gure, the areas betWeen these domains (residues 
432-601 and 1097-1285) contain ABC transporter (ATP 
binding) motifs (Prosite PS00211). 
[0032] FIG. 12 shoWs the amino acid sequence of the 
AmEPV serine protease inhibitor. Amino acid abbreviations 
are standard. The KunitZ family signature (Prostite 
PS00280) is shoWn underlined and italiciZed from residues 
55 to 73. 

BRIEF DESCRIPTION OF THE SEQUENCES 

[0033] SEQ ID NO: 1 is the nucleotide sequence of the 
gene encoding AmEPV triacylglyceride lipase. 

[0034] SEQ ID NO: 2 is the nucleotide sequence of the 
gene encoding AmEPV Cu""/Zn++ superoxide dismutase 
(SOD). 
[0035] SEQ ID NO: 3 is the nucleotide sequence of the 
gene encoding AmEPV CPD photolyase. 

[0036] SEQ ID NO: 4 is the nucleotide sequence of the 
gene encoding AmEPV baculovirus-like inhibitor of apop 
tosis 

[0037] SEQ ID NO: 5 is the nucleotide sequence of the 
gene encoding a ?rst AmEPV poly(A) polymerase small 
subunit. 

[0038] SEQ ID NO: 6 is the nucleotide sequence of the 
gene encoding a second AmEPV poly(A) polymerase small 
subunit. 

[0039] SEQ ID NO: 7 is the nucleotide sequence of the 
gene encoding a ?rst AmEPV DNA polymerase. 

[0040] SEQ ID NO: 8 is the nucleotide sequence of the 
gene encoding a second AmEPV DNA polymerase. 

[0041] SEQ ID NO: 9 is the nucleotide sequence of the 
gene encoding AmEPV ABC transporter-like protein. 

[0042] SEQ ID NO: 10 is the nucleotide sequence of the 
gene encoding AmEPV KunitZ-motif inhibitor 

[0043] SEQ ID NO: 11 is the nucleotide sequence of the 
gene encoding AmEPV poly(A) polymerase large subunit. 

[0044] SEQ ID NO: 12 is the amino acid sequence for the 
AmEPV triacylglyceride lipase. 

[0045] SEQ ID NO: 13 is the amino acid sequence for the 
AmEPV Cu""/Zn++ superoxide dismutase (SOD). 

[0046] SEQ ID NO: 14 is the amino acid sequence for the 
AmEPV CPD photolyase. 

[0047] SEQ ID NO: 15 is the amino acid sequence for the 
AmEPV baculovirus-like inhibitor of apoptosis 

[0048] SEQ ID NO: 16 is the amino acid sequence for the 
?rst AmEPV poly(A) polymerase small subunit. 

[0049] SEQ ID NO: 17 is the amino acid sequence for the 
second AmEPV poly(A) polymerase small subunit. 
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[0050] SEQ ID NO: 18 is the amino acid sequence for the 
?rst AmEPV DNA polymerase. 

[0051] SEQ ID NO: 19 is the amino acid sequence for the 
second AmEPV DNA polymerase. 

[0052] SEQ ID NO: 20 is the amino acid sequence for the 
AmEPV ABC transporter-like protein. 

[0053] SEQ ID NO: 21 is the amino acid sequence for the 
AmEPV KunitZ-motif inhibitor 

[0054] SEQ ID NO: 22 is the amino acid sequence for the 
AmEPV poly(A) polymerase large subunit. 

[0055] SEQ ID NOS: 23-27 is the nucleotide sequence of 
the AmEPV genome. 

DETAILED DISCLOSURE OF THE INVENTION 

[0056] The subject invention concerns three aspects of 
entomopoxviruses (EPVs) as novel recombinant vectors: (1) 
As a system for the expression of high levels of foreign 
proteins, (2) for the transient expression of foreign genes in 
mammalian cells and (3) for the stable transformation of 
vertebrate cells for the long term expression of foreign 
proteins. In addition, the subject invention provides the 
nucleotide sequence of the entire genome of genus B ento 
mopoxvirus from Amsacta moorei (AmEPV). Accordingly, 
the subject invention also concerns isolated polynucleotides 
encoding AmEPV proteins. 

[0057] The subject invention concerns novel recombinant 
vectors and methods for delivery and expression of heter 
ologous polynucleotides in vertebrate cells. The recombi 
nant vectors of the subject invention provide for stable 
integration and expression of heterologous DNA in the host 
cell. Advantageously, the vectors of the invention are 
adapted for accepting large heterologous polynucleotide 
inserts Which can be delivered in an infected or transformed 
cell and expressed in a stable fashion. The subject invention 
can be used to provide gene therapy for conditions or 
disorders of vertebrate animals, such as a mammal or 
human, that is in need of such therapy. 

[0058] One aspect of the subject invention concerns a 
recombinant EPV vector Which can optionally include het 
erologous DNA Which can be expressed in a cell infected or 
transformed With the subject vector. Preferably, the EPV 
vector is derived from AmEPV. The recombinant EPV 
vectors of the present invention can optionally include 
inverted terminal repeat (ITR) sequences of a virus, such as, 
for example, adeno-associated virus, that ?ank the heterolo 
gous DNA insertion site on the vector. Thus, When the 
heterologous DNA is cloned into the recombinant EPV 
vector, the heterologous DNA is ?anked upstream and 
doWnstream by the ITR sequences. 

[0059] In an exempli?ed embodiment, the subject vectors 
comprise heterologous DNA inserted Within the vector. The 
heterologous DNA contained Within the recombinant vec 
tors of the invention can include polynucleotide sequences 
Which encode a biologically functional protein. Preferably, 
the polynucleotides encode proteins Which can provide 
therapeutic replacement or supplement in animals afflicted 
With disorders Which result in the animal expressing abnor 
mal or de?cient levels of the protein that are required for 
normal biological function. Proteins encoded by the heter 
ologous DNA can include, but are not limited to interleu 
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kins, cytokines, growth factors, interferons, enzymes, and 
structural proteins. Proteins encoded by the heterologous 
DNA can also include proteins that provide a selectable 
marker for expression, such as antibiotic resistance in 
eukaryotes. 
[0060] In a preferred embodiment, heterologous DNA 
Within the subject vectors is operably linked With and under 
the control of regulatory sequences, such as promoters. The 
recombinant vectors of the invention preferably comprises a 
constitutive or regulatable promoter capable of promoting 
sufficient levels of expression of the heterologous DNA 
contained in the viral vector in a vertebrate cell. Promoters 
useful With the subject vectors include, for example, the 
cytomegalovirus (CMV) promoters and the herpes TK gene 
promoter. The vectors can also include other regulatory 
elements such as introns inserted into the polynucleotide 
sequence of the vector. 

[0061] The strategy for generation of recombinant viruses 
is identical to that used for VV virus and takes advantage of 
the high levels of recombination With transfected plasmids 
mediated by these viruses. The basic procedure utiliZes 
transfection of AmEPV-infected cells With an appropriately 
designed shuttle vector. Insertion of foreign genes occurs 

Within a non-essential gene (e.g., spheroidin or Because of the cytoplasmic nature ofAmEPV, it is necessary 

to place all foreign genes under control of an AmEPV (early 
or late) poxvirus promoter. Recombinants are selected and 
subjected to three rounds of plaque puri?cation before use. 

[0062] The subject invention also concerns cells contain 
ing recombinant vectors of the present invention. The cells 
can be, for example, vertebrate cells such as mammalian 
cells. Preferably, the cells are human cells. Cell lines 
infected or transformed With the recombinant vectors of the 
present invention are also Within the scope of the invention. 

[0063] The recombinant vectors of the present invention 
can be introduced into suitable cells or cell lines by methods 
knoWn in the art. If the recombinant vectors are packaged in 
viral particles then cells or cell lines can be infected With the 
virus containing the recombinant vector. Methods contem 
plated for introducing recombinant vector into cells or cell 
lines also include transfection, transduction and injection. 
For example, vectors can be introduced into cells using 
liposomes containing the subject recombinant vectors. 
Recombinant viral particles and vectors of the present 
invention can be introduced into cells by in vitro or in vivo 
means. 

[0064] Infection of vertebrate cells is non-permissive, in 
that early but not late AmEPV gene expression occurs (Li, 
Y., R. L. Hall, R. W. Moyer [1997]“Transient, nonlethal 
expression of genes in vertebrate cells by recombinant 
entomopoxviruses”J. Viral. 71:9557-9562). Speci?cally, if a 
reporter gene, such as lacZ, is driven by a late poxvirus 
promoter, such as either the AmEPV spheroidin or coWpox 
virus ATI (A-type Inclusion) promoter, no expression of 
galactosidase is observed. If, hoWever, the lacZ is driven 
instead by either of tWo early EPV promoters (the 
Melolontha melolontha EPV fusolin gene promoter 
(Gauthier, L., F. Coussrans, J. C. Veyrunes, M. Bergoin 
[1995]“The Melolontha melolontha entomopoxvirus 
(MmEPV) fusolin is related to the fusolins of lepidoptera 
EPVs and to the 37 K baculovirus glycoprotein”Vir0l0gy 
208:427-436) or the 42 kDa early AmEPV protein (Li et al. 
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[1997] supra), high levels of galactosidase in the recombi 
nant AmEPV infected vertebrate cells are observed. These 
results provide clear evidence of AmEPV entry into verte 
brate cells folloWed by early, but not late, viral gene expres 
s1on. 

[0065] It has also been found that vertebrate cells survive 
infection by AmEPV. If CV-l cells are infected With an 
AmEPV recombinant Which contains the green ?uorescent 
protein (GFP) gene regulated by the 42 kDa AmEPV early 
promoter (also called the esp promoter), single, ?uorescent 
cells are initially observed Which then proceed to groW and 
divide, ultimately forming small clusters of ?uorescent cells. 
Therefore, AmEPV enters vertebrate cells, to produce a 
non-permissive, abortive infection, early viral genes are 
expressed and infected cells appear to survive and continue 
to divide. These properties plus a very large capacity of the 
virus for foreign genes make AmEPV an excellent vector for 
delivery of genes for expression in a transient fashion. 

[0066] HoWever, in addition to the ability to express 
foreign genes in a transient fashion, it has been found that 
AmEPV vectors of the subject invention have the ability to 
stably transform cells and express genes in a long term 
fashion as Well. The data presented Within the Examples 
(e.g., Example 2) and accompanying Figures (e.g., FIG. 2) 
con?rm that the AmEPV vectors of the subject invention can 
be used to deliver DNA Which subsequently integrates into 
DNA of the mammalian cell nucleus. The ability of AmEPV 
to deliver DNA to mammalian cells creates endless oppor 
tunity for use of the vector in the stable transformation and 
engineering of vertebrate cells. 

[0067] The Examples describe methodology for groWth, 
titration and preparation of recombinant AmEPV, as Well as 
transient expression of AmEPV in vertebrate cells, the use of 
AmEPV to stably transform mammalian cells, and potential 
uses of AmEPV vectors. 

[0068] In addition to entomopoxviruses (EPVs) as novel 
recombinant vectors, and methods of their use, the subject 
invention provides the nucleotide sequence of the entire 
genome of the genus B entomopoxvirus from Amsacta 
moorei (AmEPV). This enhances the value of AmEPV as a 
vector, and particularly as a gene therapy vector, in a number 
of Ways. For example, speci?c knoWledge of the AmEPV 
genome facilitates the identi?cation of additional sites Which 
maybe used as insertion sites for foreign genes of interest. 

[0069] In addition, the subject invention concerns novel 
AmEVP polypeptides and the polynucleotide sequences 
Which encode these polypeptides. The AmEPV polynucle 
otide sequences of the subject invention include polynucle 
otides encoding a triacylglyceride lipase (SEQ ID NO: 1), a 
Cu""/Zn++ superoxide dismutase (SOD) (SEQ ID NO: 2), a 
CPD photolyase (SEQ ID NO: 3), a baculovirus-like inhibi 
tor of apoptosis (IAP) (SEQ ID NO: 4), tWo poly(A) 
polymerase small subunits (SEQ ID NOS: 5 and 6), tWo 
DNA polymerases (SEQ ID NOS: 7 and 8), an ABC 
transporter-like protein (SEQ ID NO: 9), a KunitZ-motif 
protease inhibitor (KPI) (SEQ ID NO: 10), and a poly(A) 
polymerase large subunit (SEQ ID NO: 11) and other 
polynucleotides. 

[0070] In addition, the subject invention concerns isolated 
AmEPV polypeptides encoded by the polynucleotide 
sequences of the subject invention, including a triacylglyc 



US 2005/0014263 A1 

eride lipase (SEQ ID NO: 12), a Cu""/Zn++ superoXide 
dismutase (SOD) (SEQ ID NO: 13), a CPD photolyase (SEQ 
ID NO: 14), a baculovirus-like inhibitor of apoptosis (IAP) 
(SEQ ID NO: 15), tWo poly(A) polymerase small subunits 
(SEQ ID NOS: 16 and 17), tWo DNA polymerases (SEQ ID 
NOS: 18 and 19), an ABC transporter-like protein (SEQ ID 
NO: 20), a KunitZ-motif protease inhibitor (KPI) (SEQ ID 
NO: 21), and a poly(A) polymerase large subunit (SEQ ID 
NO: 22) and other AmEPV polypeptides. 

[0071] The subject invention includes other AmEPV 
sequences, as described in Table 1, for eXample. In addition, 
the subject invention includes polynucleotides Which 
hybridiZe With other polynucleotides of the subject inven 
tion. 

[0072] The genome of the genus B entomopoXvirus from 
Amsacta moorei (AmEPV) (SEQ ID NOS: 23-27) Was 
sequenced and found to contain 232,392 bases With 279 
unique open reading frames (ORFs) of greater than 60 
amino acids. The central core of the viral chromosome is 
?anked by 9.4 kbp inverted terminal repeats (ITRs), each of 
Which contain 13 ORFs, raising the total number of ORFs 
Within the viral chromosome to 292. Default E (EXPECT) 
values of <0.01 Were used to de?ne homology to sequences 
in current databases. ORFs lacking homology to other 
poXvirus genes Were shoWn to comprise 33.6% of the viral 
genome. Approximately 28.6% of the AmEPV genome (52 
AmEPV ORFs) encodes homologues of the mammalian 
poXvirus co-linear core genes, Which are found dispersed 
throughout the AmEPV chromosome. There is also no 
signi?cant gene order conservation betWeen AmEPV and the 
orthopteran genus B poXvirus of Melanoplus sanguinipes 
(MsEPV). Novel AmEPV genes include those encoding an 
ABC transporter and a KunitZ motif protease inhibitor. The 
most unusual feature of the AmEPV genome relates to the 
viral encoded poly(A) polymerase. In all other poXviruses 
this heterodimeric enZyme consists of a single large and 
small subunit. HoWever, AmEPV appears to encode one 
large and tWo distinct small poly (A) polymerase subunits. 
AmEPV is one of the feW entomopoXviruses Which can be 
groWn and manipulated in cell culture. 

[0073] It is commonly observed in poXvirus genomes that 
the ORFs situated near the ends of the genome are prefer 
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entially transcribed toWards the closest termini (Upton, C., 
Macen, J. L., Maranchuk, R. A., Delange, A. M., and 
McFadden, G. [1988]“Tumorigenic poXviruses: ?ne analy 
sis of the recombination junctions in malignant rabbit 
?broma virus, a recombinant betWeen Shope ?broma virus 
and myXoma virus”Vir0l0gy 166, 229-239; Upton, C. and 
McFadden, G. [1986]“DNA sequence homology betWeen 
the terminal inverted repeats of Shope ?broma virus and an 
endogenous cellular plasmid species”M0l. Cell Biol. 6, 
265-276). HoWever, as can been seen in FIG. 8, this is not 
the case With the ORFs of AmEPV, Where no discernable 
pattern of transcription of genes near the termini can be 
observed. 

[0074] Previous estimates placed the A+T content of the 
AmEPV genome at 81.5% (Langridge, W. H. R. [1983] 
“Partial CharacteriZation of DNA from Five EntomopoXvi 
ruses”J. InvertebnPath 42, 369-375). A recalculation based 
upon the knoWn sequence has raised this to 82.2%, making 
AmEPV the most A+T rich poXvirus sequenced to date. In 
this regard, it is interesting to note that 62% of all encoded 
amino acids are either Ile, Leu, Phe, Asn or Lys, in descend 
ing order of frequency, Which are comprised mainly of A+T 
rich codons. The unusually high A+T content may also be 
re?ected in the large number of translational stop codons 
(8.9% of coding capacity) and relatively feW methionine 
encoding triplets (1.6%). 

[0075] Table 1 lists all the ORFs encoded by the AmEPV 
genome, and functions assigned to the encoded proteins. 
Default E (EXPECT) values of <0.01 Were used to de?ne 
homology to sequences in current databases. 52 AmEPV 
ORFs (28.6% of the genome) shoW homology to ChPV 
genes, and 91 ORFs (31.3% of the genome) have homologs 
in EPVs or other insect viruses. The terminal regions of 
AmEPV contain feW genes homologous to any other gene. 
FIG. 8 illustrates this phenomenon, as Well as the observa 
tion that AmEPV homologs of both vaccinia and MsEPV 
genes (Which We have used as available examples for the 
ChPV and EPV) are positioned more toWards the centre of 
the AmEPV genome. In contrast, novel AmEPV genes are 
easily identi?ed as occurring more often toWards the 
genomic termini. 

TABLE 1 

Predicted ORFs of the AmEPV genome. 

ORF position aaa Highest blast hitb EXpect(E)C aa Domainsd U E C8 Promoterf 

AMVITRl 500-1879 460 AF063866 MSV010 9.00E-35 611 multiple LRR X E 
Leu rich gene family protein 

AMVITR2 2108-1929 60 TM X E? 

AMVITR3 2273-2542 90 X L 

AMVITR4 2934-2545 130 SP X E 

AMVITR5 3786-2974 271 TM X E 

AMVITR6 3871-4413 181 X E 

AMVITR7 4872-4600 91 X E 

AMVITR8 6939-5386 518 TM X E'l, L'l 
AMVITR9 7018-7221 68 Zinc ?nger X E 
AMVITR10 7248-7745 166 P29998 TnGV Enhancin 0.002 901 TM X L 

AMVITRl 1 7783-81 60 126 TM X L? 

AMVITR12 8737-8180 186 Z98547 Pf HeXEXOn 4.00E-04 1711 TM X E 

X62089 C. botulinum BONT/E 0.001 1251 
AMVITR13 8992-8801 64 TM X L? 

AMV001 9826-10065 80 X E 
























































