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15  Although DNA microarrays alow high throughput analysis of transcriptome (the

complement of MRNAs transcribed from a cell’'s genome at any one time), genes
may be present, they may be mutated, but they are not necessarily transcribed.
Some messengers are transcribed but not translated, and the number of mMRNA
copies does not necessarily reflect the number of functional protein molecules.

20 Proteomics (the complete set of proteins encoded by a cell at any one time)
addresses problems that cannot be approached by DNA analysis, namely,
relative abundance of the protein product, post-transiational modification,
subcellular localisation, turnover, interaction with other proteins as well as
functional aspects.

25 The observable characteristics conferred by a gene in an expression
library allow the discovery of functional open reading frames in new sequenced
genomes (genomic library) as well as the characterisation of function of uhknown
genes (genomic or cDNA library). A library compatible at the same time with
bacterial and eukaryotic cells as weli as with in vitro and in vivo experiments

30 would be a powerful tool in this sense. Although a plésmid vector could allow this
in theory, the inefficiency of transduction of eukaryoctic cells by plasmid DNA, not

to mention the modest gene transfer efficiency of plasmids in vivo, decreases the
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sequences, are features of baculovirus.

Vp39 is a major capsid protein of baculovirus. Baculovirus enters the
cells via receptor-mediated endocytosis. The virus is efficiently internalised by
many mammalian cell lines, but is not able to enter the nucleus in non-

20 permissive cells.

it has been previously suggested that the block of an efficient transduction
of mammalian cells is not the lack of penetration of the baculovirus into the cells
by receptor-mediated endocytosis, but the incapability of the virus to reach the
nucleus (Boyce, PNAS USA 93:2348-2352, 1996; Barsoum, Hum. Gene Ther.

25  8:2011-2018, 1997). There is a general assumption that the block of
transduction is in the virus escape from the endosomes.

It is known to engineer the major surface glycoprotein of AcNPV, for the
presentation of heterologous proteins on the virus surface (Boublik ef &,
Biotechnology (N.Y.) 13: 1079-1084, 1995). Reference may also be made to

30 O'Reilly et al, "Baculovirus éxpression vectors. A iaboratory manual", Oxford

University Press, New York, NY (1994).
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transformng a host cell with the vector; and detectl'ng gene expression
under prad@tre RiNAepurified from a single white colony is used to transfect insect celis.
This system is compatible for simultaneous isolation of multiple recombinant
15 viruses but suffers from the relative low percentage of recombinant colonies
(baculovirus gencmes) obtained upon transformation.
The poor selection features of the original system have been enhanced
by a temperature-sensitive selection procedure, as described by Leusch ef ai,
Gene 160, 191-194, 19985, However, this system has proved to be uncertain in
20 use.

Summary of the Invention

Accordingtoa first aspect of the present invention, a method for selecting
a target gene, comprises the steps of:
(i) generating a library of genes or genomic fragments
25 cloned in baculovirus as a vector;
(i) transforming a host cell with the vector: and
(i)  detecting gene expression under predetermined
conditions.
Baculoviral genomic or cDNA libraries offer a powerful tool for phenomics,
30 by enabling the functional screening of the constfucted libraries in eukaryotic
cells both in vitro and in vivo. Addition of a bacterial promoter into a baculovirus

donor vector will also allow expression screening of cDNA libraries in bacterial



conditions. Baculoviral genomc or cDNA |ibraries offer a powerful too]. for
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and subcel lular targeting of transgenes and as a new peptide display
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't e%i Viv%a%Q%sitoHepr\c/).{éiHss 'onltﬂe %.%ﬂ}ll{lli’\(?%apsid surface. Furthermore, the tagged
virus can be used for gene transfer in vivo. The constructed baculovirus thus
provides a versatile tool for real-time analysis of the transduction route of
AcMNPV in mammalian cells and intact animals as well as infection mechanism
in insect cells. Capsid-modified baculoviruses also hold a great promise for the

20 nuclear and subcellular targeting of transgenes and as a new peptide display
system for eukaryotic cells.

The capsid display system has many advantages compared to a ap64
envelope display system. In vp39, no structural motifs have been recognised
either for association with molecules within the stromal matter or for capsid

25 assembly, nor is it responsible for infectivity of the virus. In addition,
immunoelectron microscopy shows that vp39 is randomly distributed on the
surface of the capsid as opposed to gp64 on the virus envelope, Baculovirus
envelope display system allows only fusions to N-terminal end of the‘, gp64,
whereas vp39 allows tagging to both terminus. Although it remains to be shown

30 how large proteins can be, displayed onthe baculovirus capsid, results suggest
that at least 27 kDa protein can be efficiently expressed. Because the length of

the capsid can extend relatively freely, it is reasonable to expect that vp39 is
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transport of peptides or proteins directly into the nucleus.

In particular, the concept of baculovirus-mediated therapy inciudes the
possibility of using baculovirus capsid as a shuttle for the transport of therapeutic
proteins into cells as an alternative to traditional protein transduction schemes.

20 The benefits of therapy without a need for transgene expression are evident.

The baculovirus capsid display system offers a facile tool to study
baculovirus transduction mechanisms in the mammalian cells as weli as infection
mechanisms in the insect cells. In addition, this system provides a novel tool
both to the expansion of the baculovirus targeting possibilities at intracellular

25 level and to enhance the display of complex peptides and proteins.
Furthermore, the EGFP baculovirus construct provides a valuable tool to study
real time entry and intracellular movement of the virus in mammalian ceils as
well as tracking biodistribution and transduction in vivo.

A further aspect of the invention is a novel tefra-promoter vector

30 (pBVboostFG) that enables screening of large insert-containing libraries in
bacterial, insect and mammalian cells. Cloning of the desired DNA fragments

is based on the efficient site-specific recombination system of bacteriophage



both to the expansion of the baculovirus targeting possibilities at .
intracellular 25 level and to enhance the display of conplex peptides and
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vivo. A further aspect of the inventién is a novel tetra-pronoter vector
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Feconbi nIPIIRSy S T sB R VRIS BRbSE Ra e male eBYREESTT el B can be
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baculovirus-mediated transduction. In contrast to adenovirus and retrovirus-
based systems, a benefit obtained by using baculovirus as a library-containing
vector is that there is no known upper limit df the insertional DNA that can be
incorporated in its genome.

20 Brief Description of the Drawings

Fig. 1 is a map of the capsid display plasmid pBACcap-1. The plasmid
is designed for baculovirus capsid display by N-terminal or C-terminal fusion of
peptides or proteins with the ACMNPV capsid protein vp39.

Fig. 2 is a plasmid map of pBVbaoost donor vector. The insect cell

25 expression cassette is composed of a multiple cloning site (MCS, unique
restriction enzymes shown) flanked by the polyhedrin promoter (pPoih) and
simian virus 40 polyadenylation site (SV40 pA). Tn7L and Tn7R, left and right
ends of the Tn7 cassette; SacB#3, mutated levansucrase gene; ori, the ColE1
origin of replication; GENT, gentamycin gene.

30 Fig. 3 is a map of the pBVBoostFG vector. The vector is designed for
efficient construction of baculovirus expression libraries by RC system of

bacteriophage lambda but includes also an option for traditional restriction



pepti des or proteins with the AcCMNPV capsid protein vp39. Fig. 2 is a
pl asm d map of pBVboost donor vector. The insect cell 25 expression
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15 r adond?! - bacmi ds. 4. Transfer col onies and grow overnight. 5. Extract
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target cells and t&sandformi VOE. cofi DH10BacATn7 cells with recombinant
'pBVboostFG iibrary.
3. Gentamycin, tetracycline and sucrose selection results in 100%
15 recombinant bacmids. '

Transfer colonies and grow overnight.

5. Extract recombinant bacmids by alkaline lysis and transfect insect
cells.
6. Primary virus screening. Titer ~10° pfu/ml.
20 7. Transduce in desired target cells and test in vivo.

Fig. 5 is a schematic of the SES-PCR sirategy to construct avidin (A) and
EGFP (B) cassettes for cloning into pBVboostFG. The undermost dashed lines
show the atfl. sites compatibie with LR reaction of the used RC system and
bacteria[ ompA signal (in avidin) in oligonucleotides. (C) Oligonucleotides to
25 synthesize avidin and EGFP constructs compatible with LR reaction. attL-
sequences are shown in italics and a sequence encoding omp A signal peptide

is underlined.

Description_of Preferred Embodiments

In order to direct a high level expression of baculovirus library genes in
30 invertebrate, E. coli, and insect cells, an expression cassette rﬁay be
constructed, based on a hybrid or other suitable promoterwhich allows high level

expression of target genes both in prokaryotic and eukaryotic cells. A target site



Fig. 5is a schematic of the SES-PCR strategy to construct avidin (A and
EGFP (B) cassettes for cloning into pBvboost FG The undernost dashed |ires
show the aft sites conpatible with LR reaction of the used RC system and
bact er Ve 08#i8®1si gnal (in avidin) in oligonucleotides. (PCI/ERIBHHRACI eoti des
to 25 synthesize avidin and EGFP constructs conpatible with LR reaction.
attL- sequences are shown in italics &8nd a sequence encoding ornp A signal
peptide is underlined. Description of Preferred Enbodinments In order to

di rect afdv ghy| eneelecexpriesss (oxBf mhabe! invluded ihtoltharexpoession cassalfe,

I nvertebrate, E. coli, and insect_cells, an expression cassette nay be
const r uct@dalleWs &RSYn RNElEElIeN oPf obaRHCEIHS alibrarigeomsing §ig-6ReEMows hi gh
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may be i ffd ooieshs it coristeicedy Iesciiovin @Al atie e, atiR andlccaB sirsYandnsdy, uct i on
of baculovirus libraries using site-specific reconbination in vitro

(Saue?, EEhiaspReBedl-rgsBtarceod)othaomatier ke seiestios suecessiv! ligatiopred t o

chl or ampishEasreids Pt Hocliil k5 <liaol s-s8Ple: s <babbs.eRle ° °

l'i gati oncghyersitth epsiBRiricR) ABid MFINIERY LIEOT oS §icRNGRRDSBRL . This
enabl es facile _conversion of libraries, conpatible wth, say, Life

Technol offateway Bt &®BRog rhechaelegyafl-ife" Tethmolegjesk dbribe apve( batelovirus

Technol ogi ot h b ' | i brary. .| ddi ti t |1
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vector MCS after nodificati ons such as thos escri bed above.

const r ucteaiiableireyetion MGS sfier enadificdttonsl suvbdas titcseaysariiedadidavebacul ovi r us
plasmd or b | ovi rus tem which can act as a donor.vector. . pFastBac-1
e o ef er r B AAIE S SSHETOIm Ea-TaS D i e P arveataRig 1 o

Bac TM bagub a{irus pRISHRSS! BACIISEEsl SRt W kil gifor ARy and easy

preparation of re-bacul oviruses by te-specific transposition in
Escher i chFastBakch1 is 4 pradersed backbbre phessdd sincedhisatsopaiblewitgBac-da-t o any

baccitovi Bae CesH G 6 St SHE JaeP R o RICB U AP A AG0 PPt
const r uchian-HoPatel I YART s dsiRH S s Scifit transposition in Escherichia colfi
If desired, the cassette can also be integrated to any desired plasmid/expression
system, e.g. into a version of Bac-TO-Bac™ baculovirus expression system that
permits more efficient and direct construction of baculoviruses (Leusch ef al,
20 Gene 160:191-184, 1995).

The expression cassette can also be cloned as part of the baculovirus
genome and library construction then performed directly to it by cre/lox, Gateway
or direct cloning methods.

All cioning work can be performed using standard molecular biology

25 methods. Constructed baculovirus libraries will be screened for
expression/phenotype effect(s) in suitable E. cofi strain(s) (library in donor
plasmid format), insect cells and vertebrate cells. Selected viruses or whole
libraries can also be used direcily for in vivo studies. This alleviates the great
and unique potential of the new baculovirus libraries; the same library can be

30 used for prokaryotic and eukaryotic cells and in cell (in vitro) and animal (in vivo)

studies.



.20 CGeng  160: 191-194, 1995). The expression cassette can also be cloned as
part of the baculovirus genone and library construction then perforned
directlﬁrto i%.?y crellox, Gateway or direct cloning nethods. Al cloning
wor k caf e %5¥* or ned using standard nol ecul ar bi ol ogy FSEGRICAHYEE.
Constructed baculovirus libraries will_be screened for

expr essi on/ phenotype effect(s) in suit@ble E. col i strain(s) (library in
donor plasmd format), insect cells and vertebrate cells. Selected viruses
or whole |ibr&Y d@Yc8h exespiecanddn aidesciol gllawriniraceliuier targetiag. ofThi s

|l evi : . Loy
i br o eo PV 2, EBapu B0l Badlif B sBim Ros bEFa B9 B8R Bl Srmy vor
cel I's andid isaged bn Giveryatile ebneneddt WRlch(@Bwsietidieniredigifon MRIQHL78641
PCT/ GB03/ 01029 By way of exanB(I e, and in order to allow intracellular

t ar get i ngPrERNIDAES N- B deaninalissoadeitie Breyprigusygioseansis pretsin,de3® oped,
Th t i ' i | | ows efficjent
o oducs i o pTanTEn ¥ e o 52008 218, T0p8E cARFmAIVS BePuaWis Ghes ©"
Wbl aest . . A :

05 5008 PBA o B Bl DR e s R PRI baToteilts oRlde P4 I 30 v e

potenti al tar gét&orisdiuchephighdireore-AciN Vi sain didplaleaiigh aoncerdfationfof

t t of high titre.re-AcM\P di,spl hi gh ti f
forei g pPOEGITPIPPnAndsFaPed. Tie aggEYTYS A a8 lodie FiehitBerovs st udy
the routegf Bécmﬁl@@lﬂb@‘(ﬂaﬁﬂ@uéﬁ&f‘ﬁ\dh‘i‘é?ﬂrﬁé‘ltiér? cERETR 8k 8l 's?rf%&é’ Thichece! |

surface into the 10 nucleus and transfection capacity o aculovirus in

vi vo. 10rhenggleve mngricanslesticat capeeity afibaculeiras powsof UThe systemoprelvidds t he
bottl enecks ,of AcM\PV transduction of non-perm ssible cell l|ines and a
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targeting by vp32 modification.
To maximise the chance to achieve a functional fusion and capsid
assembly, a transfer plasmid was consiructed which enables fusion of desired
entities either into N- or C-terminus of the vp39 (Fig. 1). Fusion protein
20 production is driven by a strong polyhedrin promoter, e.g. as disclosed by
O'Reilly et a/, supra. Since computer prediction showed that vp39 had low
complexity at C-terminus but was constrained at N-terminus, a linker sequence
(e.9. GGGEGS) may be added to the N-terminus, to give distance and flexibility
for N-terminal fusion proteins to fold correctly. An option to tag the vp39 fusion
25 proteins with a His-tag may also be preferred. For example, the pBACcap-1
plasmid produces vp39 with His-tag at the N-terminus. However, the same
transfer plasmid can be used for N- or C-terminal fusions with or without His-tag.
The system is compatible with transporon-mediated virus preparation. However,
the expression cassette in the pBACcap-1 can be easily moved to any desired
30 baculovirus vector. |
The present invention includes the possibility of double-targeting, as an

extension of the conventional targeting working primarily at tissue or cell surface



20 production is driven by a strong polyhedrin pronoter, e.g. as .disclosed
by OReilly et al, supra. Since conputer prediction showed that vp39 had
|l ow conplexity at Cterm nus but was constrained at N-term nus, a linker
sequenc¥O 0887831 GGGGS) nay be added to the N-term nus, tRETEHFRENZE: ance and
flexibility for N-termnal fusion proteins to fold correctly. An option to
tag the vp39 fusion 25 proteins with a 0Hi s-tag may al so be preferred. For
exanpl e, the pBACcap-1 plasm d produces vp39 with His-tag at the
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combined selection pressure as a result of the successful transposition of the
expression cassette from the donor plasmid into the bacmid may effectively
rescue only recombinant-bacmids. In a particular embodiment, a donor vector
pBVboost carries the SacB gene from Baciflus amyloliquefaciens; see Tang et
20 al, Gene 96, 89-93, 1990. SacB encodes levansucrase which catalyses the
hydrolysis of smjcrose to generate the lethal product levan. Levan wili kil celis in
the presence of sucrose. It may be effective to use a mutated gene, in order to
balance the lethal effect of levan in the presence of sucrose with the additional
antibiotic pressure.
25 It appears that cloning of a transgene into pBVboost does not affect the
improved selection scheme. The yields and expression characteristics of these
viruses are generally similar or identical to viruses generated by other systems.
High-titer viruses (~10° pfu/ml) are generated, capable of expressing large
quantities of desired gene products in insect cells or, with a suitable promoter,
30 in mammalian cells; see Airenne ef a/ (2000), supra. However, a striking
difference as compared to the original method is that bacmid recombinants can

be generated at a frequency of >10° per ng of donor vector with a negligible



rescue, only reconbi nant-bacmds. In a particul ar enbodi nent, a donor vector
pBVboost carries the SacB gene from Bacil | us anyl ol i quef aci ens; see Tang et
20 al,‘ggng%Q4189-93, 1990. SacB encodes |evansucrase which catal yses the
hydr ol ysi's of sucrose to generate the |ethal product |eVSHCRGIHR W 11 kil
cells in the presence of sucrose. It1 y be effective to use a nutated
gene, in order to balance the lethal 'effect of |levan in the presence of
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As indicated above, one aspect of the invention is a particular vector. In
order to construct a vector that allow the expression of the cloned gene or cDNA
library in different host systems by using only single vector without any further
subcloning, four different promoters were combined in the same vector. This

20 tetra-promoter cassette is composed of pPolh, CAG (CMVie enhancer + chicken
B-actin promoter), T7/ac and p10 which direct the high level expression of target
genes in vertebrate cells, E. coli, and baculovirus-infected insect cells; this is
described in more detail below, and shown in Fig. 3. A multiple cloning site
following the pPolh promoter allows an option to modify the properties of

25 baculoviruses or to express a marker gene to detect the synthesis of
recombinant baculoviruses as described here. To allow an efficient
recombinational cloning of the desired libraries (or genes/cDNAs) into the vector,
the site-specific RC cassette of bacteriophage lambda containing attR1/2 sites,
that makes the vector a destination vector for this recombinational cloning

30 system, was inciuded into plasmid. To further enable the fast and high-
throughput production of recombinant baculoviruses, using the tetra-promoter-

RC cassette, it may be cloned as a part of pBVboost vector that enabies the zero



As indi cated above, one aspect of the invention is a particular vector. In
order to construct a vector that allow the expression of the cloned gene’ or
CDNA library in different host systenms by using only single vector wthout
any fuw@eso7ssdbcl oni ng, four different pronoters were ®6XGERBA12A t he sanme
vector. This 20 tetra-pronoter cassette is conposed of pPolh, CAG (CWwi e
enhancer + chicken |[|'3-actin prom)ter";q, T7/ac and pl0 which direct the
hi gh | evel expression of target enes in vertebrate cells, E coli, and
bacul ovi raackorpwid ganeralignt ofgerebinanit batyoviseses, iviieh mekesribsditablel bel ow,

a1 owe. anobflesf setperhd v hoRsFaft sl Bokfo slePe. ] a%herai 8 BsPel’ oy ces
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library in"practice 1s s re are several’ porn at make

pPBVbaost Erihabkbtisgsiinsuteanybiudiney gubalonitiipsiepsasnditherefere)it serkediyng
vector. One of its main benefits is the suitability for many alternative
host sysfagititatehe s@eapingddisgasgrelajed sepemdn thisgsipntextetherteeriem ofn E.

coli, ingect nal I e i n:d Laml s 0. .vivo by
si ng g e RsEiosHR REUNE B e GieBBHsC P the il BRHET VReldls | 0,
because istudiedvi des a rapid transition fromin vitro library screening to

10 animal testing wthout ag{ further subcloning steps and therefore it
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based on two consecutive RC steps including a site-specific recombination of
bacteriophage lambda and an improved mini Tn7 transposition system. The use
of the RC strategy in the library construction provides several benefits over
conventional restriction enzymef/ligase based cloning methods. Firstly, the lack

20 of restriction enzyme digestions during cloning improves the fidelity of the full-
length library because the aspired clones will not be digested from the internally
occurring restriction sites. Secondly, the used RC system of the bacteriophage
lambda provides a much better cloning efficiency than restriction-ligation based
strategies. Furthermore, the site-specific recombination system of the

25 bacieriophage lambda is reversible, in contrast to many other corresponding
site-specific recombinase systems. This feature means that any fragment cloned
into the novel vector can be easily transferred to any other vector utilising the
same system and vice versa.

The high cloning efficiency combined with the rapid and background-free

30 baculovirus generation yields representative libraries more facile than has been
possible by homologous recombination or by conventional cloning methods.

Because recombinant baculovirus genomes in this system are generated in E.



A second strength of the systemrelies on the effective cloning schene to
15 generate |ibraries containing bacul oviruses wthout wld-type

backgr is based on two consecutive RC steps ing uggn_ a
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there is no need to carry out plaque purifications to isolate separate
cl ontd. teBhing carsiee Racempishaskwitbineediwegksnd generati on of annot at ed

libraries. A further advantage of, usi bacul ovi,rus libraries is, that |ong
DN (nseris . CHR BEoeRre ohersenneh bEbridvel bieBiet Suth B bbEM oy
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testing can be acconplished within 1-2 weeks. . _

corresponding approaches are pseudotyping of the virus library or modification

of the baculoviral coat or capsid by cloning GP64 or VP39 fusion proteins under

the pPolh promoter, which may allow a more specific and more efficient targeting

of the produced viruses into or inside specific cell types.

20 The following Table gives vectors used in this study.
Vector Description
25 pBVboost Base vector for other constructs,

allows high-throughput
production of recombinant

baculoviruses (Airenne et. al}

pBVboostFG A derivative of pBVboost,
compatible with recombinational

cloning and universal expression



The presence of a second bacul oviral pronoter such as pPolh in the vector,
separated fromthe RC schema of the bacteriophage | anbda, enables the
cloning of additional properties into the generated baculoviral library.
This MEAPIT864ts exenplified by the cloning of the fluoPES&EPOHEY ker under
pPol h for 15 the identification of the produced reconbi nant bacul oviruses.
O her, correspondi ng approaches are pseudotyping of ‘the virus library or
nodi fication of the baculoviral coat or capsid by cloning GP64 or VP39
fusion proteins under the pPolh pronoter, which may allow a nore specific
and nore ef fRRVewestE&Ryeti ng Aflerivatiye obipBooestFses into or inside
specific cell types. --)o The follow ng.Table gives vectors used in this
study. Vector Description Basecqmﬁpéra(%étfor@g H@?k%%%@? ucts, 25 pBVboost

al l ows hi gh-t hroughput producti 1€ SGHHR i | oviruses (Airenne
et. @) pBVboostFG A derivati %é%?d%%%ost , bﬂggﬁrr]ﬂgtgiégﬁue W th

reconbi nati onal cloning and wmeliger sal expressi on W) 03/078641 14
pBVboost FGR A derivative of pBVboostFG contains additional marker gene
DsRed that is functignal in insect «cells g\l?Vboost FG+AVI A derivative of

pBVboost FG REVbaasF edpMdssi or Servative alpBpPoeseoest FGFEGFEP A derivati ve
of pBVboost FG for the expr es%g%x%?%gagmBﬁ\_/gﬁaﬁ]t FGR+EGFP A derivative

of pBVboost FGR for the expression
pBVboostFG+EGFP A derivative of pBVboostFG for
the expression of EGFP

30 pBVboostFGR+EGFP A derivative of pBVboostFGR for
the expression of EGFP

The following Examples illustrate the invention.
Example 1
35 Capsid Display Vector
In order to construct a general baculovirus vector for capsid display, the
region corresponding to nucleotides (nt) 469-1506 of vp 39 (Genbank:M22978)
was amplified from the purified bacmid DNA (Luckow et a/, J. Virol. 67,
4566-4579, 1993) by polymerase chain reaction (PCR). The forward primer was
40 5 -TTGAAAGATCTGAATTCATG CAC CACCATCACCAT CACGGATCC
GGC GGC GGC GGC TCG GCG GCT AGT GCC CGT GGG T - 23' (specific

sequence for nt 469-486 of vp39 gene in bold; Bglll, EcoRI, BamH]I, sites

underlined; 6 x Histidine tag with start codon in italics); the reverse primer was
5-TTCTGGGTACC GCtttaATG GTGATGATG GTG GTGICT AGA GCttta
45 ACT AGT GAC GGC TAT TCC TCC ACC - 3 (specific segquence for nt 1489-
1506 of vp3Q gene in bold; Kpnl, Xbal and Spel sites underlined; 6 X Histidine

tag in italics; stop codon in small caps). PCR was performed essentially as
described by Airenne et al, Gene 144:75-80, 19294, except annealing was set to

58°C. Amplified fragment was digested with Bg/ll and Kpnl enzymes and



PC I /8303/01 )29 The follow ng Exanples illustrate the invention.

'Exarrpl e-1 35 Capsid Display Vector In order to construct a general
bacul ovi rus vector for capsid display, the region correspondln%

nucl edYP4&8780#t ) 469- 1506 of vp 39 (Genbank: M2978) WERSTAHMBIM?8d from t he
purified bacm d DNA (Luckow et al, J. Viral. 67, 4566- 4579 1993) by

pol ynerase chain reaction (PCR). The1\50rward pri mer was 40 5'-TT GAA AGA
TCT GAA TTC ATG CAC CAC CAT CAC CAT CAC GGA TCC (GGC GCGC GGBC GGC TCG GCG
GCT AGT raediedcrs ggscribed 3n Aigpee ¢f @, sepguehbe Husifieat PGBopHBiEcHVagp39 gene

Start corgRes it E&%ﬁa@;ﬁ?e"&iedigé'@%ﬁiwﬁﬁé% estor dinviiidens Cababe 6o t1a
ATG GTG T 45 ACT TAT T TCC ACC -
3 (spectPT sdielicurre PIREch st hEmse AR G- | ol UERIAF, bal
and 5pe|sé:£de¢@e'~tﬂéi§bbhﬂ%d @ygebbérﬁmﬁg '('ﬁLFtABweréhérhqué?ﬁwaoﬁé BRt&glon in

smal | caps PCR was perforned essentially as described by Airenne et al,
Gene 5144UpBsae, Swegien except anneal ing was set to 58C. Anplified fragnent

was dig ﬁt ed }F§ &,aﬁ 25 nes and WO 03/078641 PCT/ GB03/ 01029
15 puri f1gP4E ’85’5% EG-PRR ?eﬁl supra The purified PCR product

was cloned i B I e s g
Car | sbad, USéA];))SAT%?dF gs tEe(gFg géém Egs narre as p%ArgCEYéﬁlemTﬁ;eés

nucl eot iafeplifsefrenciberisGEBAR mmwmmmwmmonmhwammyhar maci a
Bi ot ech d P t EG-P- Di Vi DNA
encodi nd 8RBV IR SEEHo rbliio 1 BPACSERE | pTYEE Sy LA SRR PHSY r om t he
PEChE- NQO%%@G@?@%’&K Bﬁﬁﬁéaﬂ Q\Qr@ ?&%mﬁ%r‘?dsa‘b? the HH%) FYf {RER and

cloned into the pBACcap-1. Two sets of prinmers were use to enabl e EGFP

f usi on HétdrmioaNusiomy thbif@wardqirmeldsaes‘ ¢ %@@@T GAA THE GTEGLEAi nal

f usi on, theforvvar%BG‘ére T GAA TTC GIC GCC ACC ATG GIG
AGC AAGREE ARE @A A@s%&ﬁ@u@@efaﬁ&cé (sBeCHit smapience for nt 670~

699 of pEGFP-N1 in bold; EcoRl site in italics), and the reverse primer 5' - GCG
GCC GGATCCCTTGTACAG CTC GTC CAT GCC - 3' (specific sequence for

15 nt 1375-1395 of pEGFP-N1 in bold; BamHI site in italics). The amplified
fragment which corresponded to nt 670-1395 of pEGFP-N1 was cloned into
EcoRI/BamHLI site of the Spel/Xbal-deleted pBACcap-1. The resuiting plasmid
was named pEGFPvp38S.

For the C-terminal version, the forward primer was 5 - GTC GCC ACT
20 AGTGTG AGC AAG GGC GAG GAG CTG -3' {specific sequence for nt 682-

702 of pEGFP-N1 in bold; Spel site in italics), and the reverse primer 5' - AGA
GTC ACT AGT GCt tta CTT GTA CAG CTC GTC CAT GCC - 3' (specific
sequence for nt 1375-1398 of pEGFP-N1 in bold; Spel site in italics; stop codon
in small caps). The amplified fragment which corresponded to nt 682-1398 of
25 pEGFP-N1 was cloned into Spel site of the pBACcap-1. The resulting plasmid

was named pvp3SEGFP. The nucleotide sequences were confirmed by
sequencing (ALF).

Recombinant viruses were generated using the Bac-To-Bac system™

according to manufacturer's instructions (Invitrogen). Viruses were concentrated

30 and gradient-purified, as described by Airenne ef a/, Gene Ther. 7:1499-1504,



699 of pEGFP-N1 in bold; EcoRl site initalics), and the reverse .priner, 5
- GCG GCC GGA TCC CTT GTA CAG CTC GIC CAT GCC - 3' (specific sequence for
15 nt 1335- 1395 of pEGFP-NL in bold; BanmHl site in italics). The anplified
fragment O/ P &AR*corresponded to nt 670-1395 of pEGFP- N1 'CREAE nt o
EcoRI/BanH site of the Spel/ Xbal -del eted pBACcap-1. The resulting plasmd
was naned pEGFPvp39. For the C-term ndP versi on, the forward prinmer was 5'
- GIC GCC ACT 20 AGIGIG AGC AAG GGC GAG GAG CIG -3' (specific sequence for
nt 682- POPlef ViRusFbirRIwas delgranineghey endPaint dilufiancapsanml Siecebser se

Pt 11 Ul eVt Patihuittor B odttioR Bra eyl ahalBed ol | |
italics; bﬁ@@e%ﬁ@?@ggi}{@aédﬂérld@m}ngcﬁ Riseitodtapindtigggment which

corresponded to n 1398 of 25 pEGFP-N1 was cloned into SpeT site of the
pBACcap- Imimuugobdetiing ng pl asnid was naned pvp39EGFP. The nucl eoti de

Gener 2 od Ui ATHE AR ToRPRIR Y SRR A betag Ce0s penlp R A ©
I nst r uct ighBSIt(IEMEHRREGRYe I0¥HEY BAfO 16%BOSIABE  HRS redRifd€onditions.

gradi ent-purified, as described by Airenne et al, Gene Ther. 7:1499-1504,
WO 03/ 07 3bwigel 6verGTiotEed snhtizoceliose fitenand immenosisindet asrddsceibedpy

o Dy s S BRI ook S0t i BB Phobt [ arenar e
bout 60 U i oo b S al 1 5% AT aan; dhlibe (P 4BH0F R, (e RPRREC. 1 ©
| cadéd oserurh@ SOScEMdRTy Emiibody ¢URODOY (BioAdad | desculesT iSR! Mok uldrot t ed
(104 st Steosed ke SEBHACEHPS HarTBlarBReCUl ar Probed [nc. . Eugene,
L) oS BlaEpoPIR R S0l by, (1 2000) nd goat gt fanty L 19 serum
wei ght st andaFeriimmuressESrd?AGicraasopy,; omp3BEGRAdaculovirus particies were
bound o formwar-coated metal grids treated with 5% foetal calf serum in PBS,
15 allowed to react with anti-GFP antibody (1:600 dilution, 30 min), and washed
with PBS. Grids were then treated with gold-conjugated protein A for 25 min (5
nm in diameter, G. Posthuma and J. Siot, Utrecht, The Netherlands) and washed
with PBS for 25 min. The grid was fixed with 2.5% glutaraldehyde and
contrasted and embedded using 0.3% uranyl acetate in 1.5% methyl cellulose.
20 The human hepatoma cell line HepG2 and human endothelial aortic hybridoma
cells (EAHy926, Dr. Edgell, Univ. N. Carolina, USA) transduced with the virus
were fixed with 2.5% glutaraldehyde for 1 h at room temperature and then with
1% osmium tetroxide for 1 h at +4°C. After dehydration, celis were stained with
2% uranyl acetate for 30 min at room temperature, embedded in Epon and
25 sectioned for electron microscopy. Sections were stained with lead citrate and
uranyl acetate. Samples were examined using a JEM-1200 EX electron
microscope (Jeol Ltd., Tokyo, Japan).
Immunofluorescence and Confocal Microscopy
Subconfluent EAHY, HepG2, MG63 (human osteosarcoma) and NHO
30 (normal human osteoblast) cell cultures were infected by vp39EGFP baculovirus
as follows: cells were first washed with PBS on ice, the virus was added in

DMEM containing 1% foetal calf serum using a multiplicity of transductions of



.El ectron M croscopy For inmunoel ectron m croscopy, VpP39EGFP bacul ovi rus
particles were bound to formnar-coated netal grids treated wth 5% f oet al
cal f s%g@hﬁﬁﬁBs, 15 allowed to react with anti-G-P anti body (1:600

di l ution; n), and washed with PBS. Gids were thenPtFERI&AIR t h

gol d-conj ugated protein A for 25 mn Eﬁ nmin dianeter, G Posthurna and
J. Slot, Urecht, The Netherl ands) an washed wth PBS for 25 mn. The
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M croscopl% Subconf | yent, EAHY, (human ost eosarcoma) ‘and NHO 30
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|ncu ted for % h on (rocki nq)11 The effect of |ysosomal pH
bacul vi MRUEEH i %\glog é‘@fjéﬁi(aﬂi}n@ withaan ﬁglqvaét t@@%SPneplﬁeoreﬁedmen
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parafornald hyde in PBS for 20 nin. Cells were |ab
endosonme°48t %%rn'*r@s ¥BS visgdda gederda avativ false coderalisstiongtlive cipivcatky) .

b1 ccul ar TpeagRl ot HeHER R B BN P e B VR apdla wag: The
cel | $5vvepl@ted on chambered coverglasses (Nalge NUNC, Naperville, lllinois). After
virus binding on ice, cells were transferred to the confocal microscope with a
heated working stage and objective controlled by Tempcontrol 37-2 (Carl Zeiss,
" Jena, Germany). Cells that were positive for EGFP were scanned with various
time intervals using the programme in LSM 510 software (program version 2.3;
20  Carl Zeiss, Jena, Germany).
In vivo Injection into Rat Brain
Male Wistar rats (320-350 g) were anaesthetised intraperitoneally with a
solution (0.150 ml/100 g) containing fentanyl-fluanisone {(Janssen-Ciiag,
Hypnorm®, Buckinghamshire, UK) and midazolame (Roche, Dormicum®, Espoo,
25  Finland) and placed into a stereotaxic apparatus (Kopf Instruments). A burr hole
was done into the following stereotaxic coordinates: 1mm to the satua sagittalis
and +1 mm to bregma. 100 pl of the EGFPvp39 or vp39EGDP baculoviruses
(0.9 x 10" pfu/ml) in 0.9 N NaCl was injected during 4 x 5 min periods using a
Hamilton syringe with a 27-gauge needle to a depth of 3.5 mm. Animals were
30 sacrificed with CO,, 7 h after the gene transfer. Rats were perfused with PBS
by the transcardiac route for 10 min, followed by fixation with 4%
paraformaldehyde/0.15 M sodium-phosphate buffer (pH 7.4) for 10 min. Brains



10 nounted in now ol and exam ned with an Axiovert 100 M SP epi fl.uorescence
m croscope (Carl Zeiss, Jena, CGermany) and a confocal microscope (Zeiss
LSMb10). For visualising EG-P and Al exa red 546, mnultitracking for 488 and
546 | aswo WBiopesd1 was used in order to avoid fal se co-| ocdG(EGBYHHIZL ve
confocal mcroscopy on Hep& and EAHY cells was performed as foll ows:

cells were 15 plated on chanbered cové|89| asses (Nal ge NUNC, Naperville,
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I nfected with %GFPvaQ or Vp39EGFP-encodi ng viruses roduced t he expected
67 kDa bamgvetopadneepsids werghbeawlye goks|a ederéntac virions were not

15 labelled. Thus, a large quantity of EGFP was evenly distributed around the
recombinant baculovirus capsid.

In order to estimate the amount of the incorporated EGFP per virus
particle, serial dilutions of the purified virus particles were immunoblotted and
compared to the known amount of the purified EGFP. Analysis indicated that

20 about 860 EGFP molecules were incorporated per virus particle. 590 EGFP
molecules per capsid were measured by comparing the detected fluorescence
of the vp39EGFP virus preparation to EGFP control. The high incorporationrate
was also supported by Coomassie-stained SDS-PAGE, according to which a
high proportion of the capsid was made of the vp3SEGFP. Assembly of the

25  viruses was not affected by the fusion protein, since the titres of the gradient-
purified and concentrated (200x) EGFPvp39 and vp3SEGFP viruses were 9.5 x
10° and 8.8 x 10° pfu/mi, respectively.

Baculovirus-Mediated Transduction

The intracellular route of vp39EGFP virus was followed by monitoring

30 EGFP-tagged capsids and fluorescently labelled cellular compartments by
confocal microscopy. EAHY, HepG2, MG63 and NHO cells were transduced for

various time periods and the co-localisation of the virus with an early endosome



.obtained fromthe gradient-purified virus preparations. The results
suggested that both vp39 variants were efficiently produced in insect

cells and | porated 10 into virus particles. However, to confirmthat

t he fugY(gPr;/@%‘{'ei ns were part of the virus capsids, thBCUGBOEE®® virus was
gradient-purified and i ncubated with |- EGFP, |abelled with protein A
gol d, and anal ysed by el ectron m croscopy. The viral capsids showed a
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af fected rhhe fusion protein, since the titres of the gradient- purified
and concentrated (200x) EG-Pvp39 and vp39EGFP viruses were 9.5 x 1 D9 and

8.8 x 109 pf u/BﬁquleisﬂdnmaIrytoelamndetnywalme%db@}/mﬂpéﬂwmd‘a"e‘fér%ﬁh%he
EG-P virus was foll owed by nonitoring 0

intracel lul ar, route of vp3
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15 thatit had already escaped from the early endosomes. However, in these cells,

the capsids did not enter the nuclei, whereas in HepG2 cells the capsids were

seen in the nuclei as bright spots 4 h p.t. In EAHY celis the number of capsid

(EGFP) positive nuclei was very low (0.1%) whereas almost all nuclei were

positive in HepGZ cells 4 hp.t. (91%). At24 hp.t, EGFP was no longer clearly

20 distinguished in HepG2 cell nuclei, suggesting that the capsids had
disassembied, whereas they were still present in the cytoplasm in EAHY cells.
Fluorescent labelling of recycling early endosomes with rab11 and late
endosomes and lysosomes with anti-CD63 showed no colocaiisation with EGFP

at 24 h p.t. in EARY cells, suggesting that the virus capsid was not in the

25 endocytic pathway. Electron microscopy of EARY celis at4 h p.t. confirmed that

the virus capsids were free in the cytoplasm, further suggesting that they had

escaped from the early endosomes. In HepG2 cells, the capsids were present

in the nuclei at 4 h p.t., showing that intact capsids were transported into the

nucleus after release from the early endosomes. Live imaging of vp39EGFP

30 virus supported the results of colocalisation studies. Electron microscopy of
EAHY cells confirmed that no virus capsids were present in the nuclei at 4 h p.t.

In order to find out whether the block in the nuciear entry of baculovirus in the



5 gene expression) by X-gal staining with a very high multiplicity of
transduction (1000) while the anount of blue-stained rabbit aortic snooth
nmuscl e cells SRAASI\/C) were in agreenent with results presented by Airenne
et al (MWBO8Y7364supra. Baculovirus is known to enter cel FENFBP N endocytic
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virus was still clearly seen at 7 h after injections into the right corpus callosum
of rat brain near the injection site. Thus, the vp39EGFP baculovirus can be used
for more detailed biodistribution studies in vivo.
Example 2
20 Bacterial strains, plasmids, cell lines and viral DNA
E. coli strain DH5a. (Invitrogen, USA) was used for propagation of
plasmids. DH10Bac cells and pFastbact were obtained from Invitrogen. pDNR-
LIB vector containing SacB gene was purchased from BD Biosciences Clontech,
USA.
25  Construction of modified donor vector
' The modified donor vector was constructed by replacing the Ampicillin
resistance gene in pFastbac1 vector with Bacillus subtilis levansucrase gene
(SacB) from pDNR-LIB vector. In practice, pFastbac vector was cut by BspHI
restriction enzyme, and the linear vector backbone was purified by gel
30 electrophoresis. The SacB expression cassette was obtained from pDNR-LIB by
polymerase chain reaction (PCR) with the primers DNR5: & -
GTTATTCATGAGATCTGTCAATGCCAATAGGATATC - 3’ (sequence for nt




sthe nuclear entry of baculovirus capsid in the non-permssive cells.
Transduction of the cells in the presence of nonensin led to a block in the
5 virug c 'g entrance into the cytoplasm Monensin in i?'%s early

endoso O(’i}'g'zt%‘;?fication and causes accunul ation of the & 'Bﬂﬂ&?he early
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15 resistance cassette (ARC) from pFastbac1. The ARC was obtained by PCR with
the primers DH10Bacinttn7destroybyamp5’: 5'-
AAATATGAGGAGTTACAATTGCTAATTAATTAATTCGGGGAAATGTGCGC |
GGAA — 3 (sequence for nt 471-480 of pFastbac1 in bold, BseRl site
underlined), DH10Bacinttn7destroybyamp3’': 5’ -
20 CTTGGTCCTAGGATTACCAATGCTTAATCAGTG — 3’ (sequence for nt 1430-

1449 of pFastbac1 in bold; Avrll site underiined). The PCR was performed as

described above. The amplified fragment was digested with BseRIl/Avrll and

purified as above. The purified PCR product was cloned into a BseRI/Avrll-

digested pBVboost. The resulting plasmid was named pBVboostAamp. The

25 nucleotide sequence of Ampicillin cassette was confirmed by DNA sequencing
(ALF; Amersham Pharmacia Biotech, Uppsala, Sweden).

DH10Bac cells were transformed by pBVboostAamp. Single blue colonies

were picked from LB-plates containing 50 ug/ml kanamycin sulphate (Kan), 10

ug/ml tetracycline (Tet), 50 pg/ml ampicillin (Amp), 50 pg/mi X-gal, 1 mM IPTG

30 and 10% sucrose in & ml LB-medium. Next day colonies were screened for the

presence of intact Bacmids by PCR as described by Donahue, Focus 17, 101-



TTAGGTCATGAACATATACCTGCCGTITCACT- 3" (sequence for nt 3149-3179 of ,pDNR-LI B
in bold; BspH site underlined), PCR was perforned essentially as

descri | renne et al (11994), supra, except that [ S
carri eg&gl’lﬁ%gﬁd ?EE&aés{}lgﬂ%zg\’a

t 58" C and EXT DNA pol ynmerase (Fi nnzynes, Fi nl and)
was used for anplification. The arrpi;’j‘ied fragment was digested with BspH
and purified as described in Airennéet al, (1994), supra. The purified

PCR d loned i . - di . : o - ,
Car 1 Sbadi GsheSs oFOThee ARSI TS pAGhP! TE RIS E o IRt BEEAHA! kLB, (| ogen
has ”a”eglﬁﬁﬁ}!g%?ésisWEgef}ﬁ@f@%&@%ﬁ@é&mwmmlammnm conf

I rmed by equencin Anmer sham Phar maci a Bi ot ech, Uppsal a,

Sweden) . s&APRS topirfledblasinic DdEo(Bizad minprepsidemeama. badiset L¥MA) 1 n or der
to block the cryptic attTn7 site in DHL 3ac, Vb ) by

BseRl | AMn gmhae@wmrme@og@ﬁm&?mﬁwgm%hi %\%EB ga@@ﬁﬁﬁ‘a&d\w- anpicillin
15 resi stance cassett Al F bacl. The ARC was obtai ned by PCR
with? hkée;baqatoqrp eeétrcg%gréﬁgmgqg%zigi inttn7destroybyamp
5 ' @ 51- AAARALGRERASTERARNSIEEGETANTTASHTAAET SRHIeaEAINTEBIBL B- - 3
(sequence for nt 471-490 of pFastbacl in bold; BseR _Fi_}e u {1 der | in
e d) ., (KahIT& fBrDH10Bac or KanyTet and AmpiordyHi0BacATA? cellgat abeye

OO AL A CCTTASIGACTC o PR SRS i [oo B Tt
oo el S s g sepelLiog sty heten IR |
di gesd edwitB\GmwspriaEhantitmstits. iSuspphaoms svergscuidvaied sroBURL al/drl, OThe 25
o iR o ot Gl 87706 ol et Rl i S o
L L BPRAYICRILRL R sl keneel 48 o ot makegvo
e e o 101
pr esenc(:acgmtriflh@%ﬁt Baefoder Bge rpj@g@q]élg HS@EHF%%%%%@MW@@@%@@S , 201 V\%
03/ 07 g ( 4%05%nd 100 mi of ice-cold water/10 % glycerol and centrifuged as above. Finally
cells were suspended in a total volume of 3-4 ml of 10% glycerol and preserved
in 40 pl aliquots at -70°C.
Transposition into bacmids and production of recombinant baculoviruses
Transposition was performed by electro-transforming 40 wl of DH10Bac
20 or DH10BacATn7 with pFastbact! or pBVboost donor vector. Electro-
transformation was performed as described by Gibco BRL, using BIO-RAD Gene
Pulser I system (Hercules, USA). The cells were allowed to recover 4h post
transformation at 37°C with vigorous shaking. The cuitures were plated on LB-
plates supplemented with 7 ug/ml gentamycin (Gent) and Tet (10 pg/ml) with and
25  without 10% sucrose. Colonies were studied for the presence of recombinant
baculovirus genomes by PCR as described above. The recombinant viruses
were generated according to the protocol provided by the Bac-To-Bac system
(Invitrogen).
Results
30 The transposition efficacy inthe DH10Bac or DH10BacATn7 (in which the_
chromosomal atfTn7 site is occupied) cells was studied using the original

pFastbac1 or pBVboost donor vectors and the results were compared. As



PCT/ GB03/ 01029 102, 1995. Colonies resulting in 325bp bands (sign of intact
Bacm d) in gel electrophoresis were further studied for the absence of

donor Ri@ef@sfy running sanples of purified plasmd DyA,
m ni preps; Prérrega Madi son, USA) in gel. Resulting cl one[scwv?é/?feoq%r eserved

in -70C as E. soli DHlOBacATn7. 5 Pr ratlon of electro-conpetent cells In
order to prepare el ectro-conpetent ce single colonies fromLB-pl ates

Concent r SEVGHEN. B aos RoRarEhe FPadBp T fiegy BIEPEASK h (ot 20V

Trypt Oneof th%%éhe\‘éﬁérﬁ ofpdcbabinart BaomdiniRe p@emm%gmuldmrténam d 11
wat er, 10 with appropriate antibiotics. Suspensions were cultivated

over ni ghfoidtnc‘oFé@S@m the tsanspesitiogeiiicaaydwhite @ioniEsWas ﬁeteﬁfeQHWWMcose was

t hen i noc overni ulture til ical densit

of the n@ E%ﬂpé r%cﬁk—bﬂgz@ Oc@ln ggbl&?prrﬁogg hgﬁ?s)tr %rﬁgﬂ Pture %as
t hen ghi n at 4C.
ol 15 e P ORI 8%'5"5%%%""@%85@8%@ 93 FohoAing fidd o

wat er / 10c&mgby@@lt@IoWﬁ?%emtthefrlF@%baﬂ platece Thiel prekepce cbrécomisinans uspended
in a total volume of 3-4 of 10% gl ycerol and presefap@% in 40 | aliquots
at -70C. baemiigypdhe nmphfaipslqg&mhagca g% waserevee BY PCSt Miatahiynthe

bacul ovi es o] S Eﬁ)%[f y or 40 pi of
DH10Bac ['5% or %ﬁa}%acﬁ%e% h™p aQ&%l B S%%é%@tmonore \}'gqc or.

El ectro fdconshinanbbagnideasittPpFastbaet. as descrl bed by G bco BRL, using
11310- RAD Gene Pulser Il system (Hercules, USA). The cells were allowed to

r ecolér E!Q_ﬂﬂﬂtransfornat ion at 37C with vigorous shaking. The cultures

wer e pla B— Iat S ment /M gentanycin (Gent) and

Tet (10. #@ﬁ%ﬁ?‘g@/&\nﬂ gg%ﬂ Col oni es were studied for

t he presence RToﬂd%?fUﬁHoﬂﬂ‘@bo%ﬁiéh@Mbrélén%riﬁ!fégﬁaMedD\%téﬁt@@éféw above.

The reconbi nant viruses were generated according to the ot ocol “provi ded

by the Balonir@ Bsaesﬁgaslﬂ\e(rkmvmrogem)twegian)seria@bmm snodified pTaispbdi veader ef fi cacy
OBac DH10BacAlIn

occup! eiNDAdETHaE PTRT 4o crntel ES offerfts e PBUBLOAVGLlEr fat © ' °
15 enables rapid generation of baculoviruses (Example 2) and the resultant vector
was designated as pBVboostFG (Fig. 3). To construct a marker gene-containing
version of pBVboostFG, the DsRed encoding sequence (from pDsRed2-N1
vector, Clonetech) was subcloned into MCS of the pBVboostFG under a
polyhedron promoter (pPolh). This vector was named pBVboostFGR.
20 Cloning of avidin and EGFP into pBVboostFG and pBVboostFGR vectors
The DNA-construct containing bacterial ompA secretion signai fused to
avidin cDNA flanked with attL1 (5) and attL2 (3') sites required for
recombinational cloning was obtained using SES-PCR in three steps (Fig. 5).
This product was LR-cloned (Invitrogen) into pBVboostFG and the resultant
25 plasmid was named pBVboostFG+avi. The EGFP-construct (pEGFP-N1,
Clontech, Palo Alto, USA) was prepared with an identical SES-PCR procedure
in two steps, after which it was cloned into pBVboostFG and pBVboostFGR. The
resultant plasmids were designed as pBVboostFG+EGFP and
pBVboostF GR+EGFP, respectively.
30 Expression of genes and characterisation of proteins
Bacterial expressions of ompA-avidin and EGFP were carried out in E. coli

BL21 strain expressing T7 polymerase, For the expression of ompA-avidin, the



pFast bacl or pBVboost donor vectors and the results were conpared. As
\W''(J 03/078641 23 PCT/ G 603101 f 129 expected, the use of pBVboost
resulted in a significant increase in the efficacy of the generation of
reconbWaMY07Bedni ds in the presence of sucrose. Over teRCTHIHETHerease in
the transposition efficacy (white colgj“ni es) was detected in favor of
pBVboost in DH OBac cells. Furthernore, the transfornmation of 5

DH10Bac, , Tn7 with pBVboost resulted tﬁl i.cal | Y in 100% white col gni es as
conpar edcelts were fipsialitiracha JFadeHgs %‘i“’ﬁ gdltureongitionsitil e ¢ i nant
bacm ds i,n_the [ icakl he ' : ] t ably,

t he used8’ﬂs'gfﬁr§%g§%$é%dﬁséﬁb’r%F%Iﬁ'g%?@% Qﬂ%}gﬁ‘ ﬁﬁ@“&ﬂ??@g&an IF(%C%}degge i nyt he

reconbi ngotaRARE! BEr QNith Ane Rl kisebentatidx 0.6 BMCoRsitirueyithesisi was
Vboost FG and pB Vboost FGR In order to allow reconbinational clgni ng into
n

pl anned wbowed totduntiGacawey night@iiragmdasperatera Thegells vigen fragiPeetinsert ed
into podifi TriEx-1..1 vector vagen)... .the c L Uct e was
ol oncl | 110 1AL RSBRZSEE AP0 e b FIRCa el ess RFHoHENER AR}

bacul ovi p‘??:ﬂ:@%@AGEzén&ﬂgnéﬁﬁeﬁQﬁﬂbtr@IHn ME&d @ltersVahedsrotaingineste as
pBVboost FG (Fig. 3). To construct a nmarkér gene-containing version of
pBVboost B&ectde bRpBhdiane cabbitardegyidinantipody fi 500 endGoatfwdt-Babbit

Cl onet ech)_was subcl oned intq MCS of the pBVhoostF er a__pol dron
ot oot e QG 1] 20A0 Ve E5H 98 SHenbH-pBIBSSIECR 20 S BRelie Yhsavi di n
and EGFP_j ytbgp inifdeo BNGg

cont ai ni ﬁég'q&agjctggri Iaéﬁpﬁg%@%ﬁﬁgiﬁéﬁg}/&?t&gg??@b g‘vi di anEF\IyAH?IBanked .
wi t hi@t t han{amyciangnattid @rodBiced SGER wasqldteetdfdirectiydommisuitiaresamudercl oni ng
was obtal ned using SES-PCR in three steps (Fig. 5). This product was
LR- cl one®V-light t r ogen) into pBVboost FG and the resultant 25 plasnid was

naired pBVDOOSKEGHaL Al (EEERS RSS! Uferk PEGHReRloteqT QRkeNvekEl Al to,

USA) was prepare an 1dentical SES-PCR procedure in two steps, after
whi ch i t pBeDoektFEEIEGRRP and\iistdst GRa-HlESN Esode setihedTasover goumplat
plasm dS23,.\6{32cgﬁ)%iirgpﬁl?ecﬁfbn%%vvgrgopset ocr}mrelczicl;riPSfS%%]ls (1 x 10% cells in each well

15  of 6-well plates) for 3 days.

To test the constructed expression cassette in mamrmalian cells, HepG2
and CHO were used as a test cell lines for expressing EGFP through CAG
promoter. The functionality of the cassette was tested both by the baculoviral
transduction and by transfection (FUGENE™ 6, Roche) using

20 pBVboostFG+EGFP. Inboth tests, 150,000 cells were plated into wells of 6-well
plates and, aﬁér 24 h, the cells were either transfected by 1-2 pg of ptasmid DNA
or transducted by virus with the MOI 300. Cells were incubated for another 24
h and imaged by fluorescence microscope.
Cloning test genes into pBVboostFG and pBVboostFGR

25 The bacterial ompA secretion signal was fused to avidin gene in order to
transport the synthesised the avidin to periplasmic space of E. coli. In order to
RC clone ompA-avidin and EGFP into pBVboostFG(R) in one step (Fig. 5), the
long atfl sites required for the cloning system were included by using SES-PCR;
see Majumer et al, Gene 110, 89-94, 1992,

30 Expression of test genes avidin and EGFP

The expression of avidin (pBVboostF G+AVI) was efficient in BL21 E. coff

and a remarkable proportion of total cellular protein was composed of avidin



‘pBVboost FGR+EG-P, respectively. 30 Expression of genes and characterisation
of proteins Bacterial expressions of onpA-avidin and EGFP were carried out
in E oQlgsBad Strain expressing T7 pol ynerase. For ”}%TM% j,on of
onpA-avi din, the \\0013/0786.11 PCT/ GB03/ 01029 24 cells were tirst cultured
at 37"Cin the shaking culture conditizmns until the optical density
reached 0.2 (A595), after which the protein production was switched on by
addi ng | Paigat svdriight in@lctRRn PERID #id SdRfwis 6rdﬂﬂce&‘ésqh§blﬁ%{!%tiﬁaﬁb% phas
allowed to continue over night at roomtenperature. The

fracti onel@D@eBnifbetIG@iaBlondmdi@ﬂs as rwe:ll asuthe total cail sarhplEctordaimedaalso tthese

f PA f d | on bead
filt é??”sﬁ?“f’ir%iéj Rl of Pecbale Bl s Peeley it aipEea e HORh n
ant i body 0)|n aaﬁtrgﬂatthé\ném @gfai WEG el %Qp%rﬁ(‘@ﬁrtbélﬁg g

secondar ant ody EGFP express carried out by gro

LB pl & espenplaaimd rayidng 'ﬁhﬁalfl?fﬁéitmmm;l@fgmﬂpamimav@w steswm(&@d EG-P
was det ect.ed. di rf E é from cul t(ﬂres under UV-1light. Reconbi nant
bacul ovi rRiSENGFRPOYRSSAIRIEANT heyheledrastion b&BVEé@@QIE(Qﬂ?GTPeaE@FP

oo por 425 2i7a PRl EAEHELESARPAEa iR forfr i Sl FdBimed Wiy | °"
pl ates) fthe [3ladayd pB‘dbd)ﬁFGHE@Iél@rsiMd:@ldt QB SCEREIBS Settté@ HRIH9 ﬂr@m
manmal i an cel l s, CHO were used as a test cell lines for

an
expr essi ARSI Qq{ﬂgﬁﬁﬁr%ﬁl@g PHS kBtRIptesThe functionality of the cassette

sted bot ion
(FuctfEmm o, reandpVi et ciind Bore WAREAE P ERBio Yald BRI cor 1
ver e pl atieféctionptheetd|s eéretetuict in pludksstent thicralstepe At draclidte ARdIE Wer e
either transfected by 1-2 g of plasmid DNA or transducted by virus wth

the NCI Y0V tipeec s areseensioal, Fiovsemhataontained bait therddRedhpnd
fl uoresc%gp%féﬁégﬁp@m@ gml%g] test genes into pBVbopsjt FG and _pBVboost FGR
ac

25 The b eria secrefion |gnal was fused to avidin gene in order to

transport the Ham@ﬁeamse@HOﬂe:eﬁm Were Weepetd Bheentisats s tetPd-pFomedrl - I N
order to
16 construct works also in mammalian cells. In this case, the same EGFP construct

was used as with ST9 cells. The construct was both transducted as baculoviruses
into HepG2 and CHO cells and transfected as a plasmid (pBVboostFG+EGFP)
into CHO cells.



RC cl one onmpA-avidin and EGFP into pBVboostFG R) in one step (Fig., 5, the
long attL sites required for the cloning systemwere included by using
SES- PCR;, see Majuner et al, Gene 110, 89-94, 1992, 30 Expression of test
genes WA WWHBHAd EGFP The expression of avidin (pBVboostEEEANR 10
efficient in BL21 E. cols and a rengg#able proportion of total cellular
protein was conposed of avidin IN70 07864] PCT/' @B03,/010'-") 25 after
over nigEt igguction, Part of the avidin was produced as i nsol uble
inclusio es. The inclusion bodies as well as the total cell sanple

contai neq al S%&%{Jh&ﬁﬁh‘sﬂfﬂﬁﬁ%% depys 18 s idth mbaffiedno dispgay pnebemore hat

still containe e signal peptide). In contrast, the onpA signal was

cl eaved @kterblogousi péptmlesy al |l 5 periplasm c avidins. The functionality of
periplasnm c avidin was studied by, binding it to.biofin : t he
whol e fr&ct i oBaASSIMErUSAGEPAAIELO OB Edt'ﬁgr %¥p§?’s‘?f‘tP58§§§jR‘§§&f@gsf ully
as a functiongl, form | itoldi@RSS ARBGIE9 id FRdmas d

pBVbo%st G+E Cgﬁjérl\{:nedsln?&v%gm atgi({yﬁf%t ected d?re_ct ly from bacteri al

cul t ur es 49r owBEELORiug A qardingso clAmE cvterein vsdS issnoddiesyviierfusieRe used
toinfect Sf9 cells. After 3 days infection, the cells were studied in

f 1 uor esc@neteint at tecipandiah (rtINER, all cells were infected.

Cor r espondi ng! |\ HRe, i &g e molfecBtibAf ect ed
Sf9 cell $si mﬁ%’H@Y'@%@Q%&q@Wﬂ??g%re Ius’e to show that the

t et ra- pr ¢yuBHB nucldarcamsiiboetitiiarangetiabso i n manmal i an cells. In this case,
the sane EGFP construct was used as with Sf9 cel Ig@l The construct was both

trandbucted aBdsatoNiny efwbich theiasnaechas RecoHRPEleCSIOPTEFS AP &t ed as a
pl asnid (pBVhoost FGFEGFP) _.j | PCTIEB03/ 01029
CLAI M5 _orggﬁ?w?gggs B%F)Wu%cﬁ ﬁ%@%’s%&%dﬁﬁgﬁi@%ﬁm?@éﬁ&% di spl ay one
or nore ‘het el RUSHRISERRIONEIBS to claim 6, wherein the baculovirus vector contains

at least 3 genes.

8. Baculovirus according to claim 6 or claim 7, wherein one or more

15 heterologous genes are at least 10 kb tong.
8. Baculovirus according to any of claims 6 to 8, wherein the genes are

human genes.
10. Use of baculovirus according to any preceding claim, for the delivery of
a peptide into the nucleus of another cell.
20 11. Use according to claim 10, wherein the another cell is an insect cell.
12.  Use according to claim 10, wherein the another cell is a mammalian cell.
13. Use according to claim 10, wherein the another cell is E. coli.
14. A method for selecting a target gene, which comprises the steps of:
(N generating a library of genes or genomic fragments
25 cloned in baculovirus according to any of claims 1 to 9;
(i) transforming a host cell with the vector; and
(i)  detecting gene expression under predetermined
conditions. 7
15. A method according to claim 14, wherein the predetermined conditions
30 comprise a set of different conditions under which expression of the target gene

may or may not be detected.



2. Bacul ovirus according to claim1, wherein vp39, p24 or p80 is nodified.
Bacul ovirus according to claim2, wherein vp39 is nodified. 4. Bacul ovirus
accor diwg bR $hpl m 3, wherein vp39 is nodified with a fuygi ein at
the N~ and/or Ctermnus. 5. Baculovirus according to alrfl)?Tg‘T?BeOg;e?’Ei@%g claim
wherein the nodification allows nuclear or subcellular targeting. 10 6.
Bacul ovirus of which the genone has been nodified to express one or nore
het er ol ogus p ' Fhrt el Hée(g b R : ' igdaim 7.
Bacul ovi ?ﬁsl acggﬁé(;ﬁﬁga?%b ?@@??"‘ﬂﬁé%?ﬁgﬂe gcftﬁr@v?‘?ﬁﬁleﬁggatj@?”cont ai ns
at | east Ignigiegediluti8n. Bacul ovirus according to claim6 or claim7, wherein
one or nore 15 heterol ogous genes are at | east 10 kb | on 9. Bacul ovirus

accor di ng' %0 a{?\WQﬁhoéﬁQWF_ﬁ“r@tP@rB’,OfW&"ﬁ_t@ﬁ@ ﬂ@ﬁ&”ﬁ@(ﬁhﬁﬁﬁ\ﬁ’”_@@%es. 10.
gzgt ?;ebﬁﬁghﬁqﬁg@u@%ﬁég@@gg@o any preceding claim for the delivery of a

( ( not her cell. 20 11. Use according to claim 10,
wher egn t4@e angtiethaeebtcdrdirgn té ReGCH eRlihs 14320 115 ewhermn ditag (ip i€l ai m 10,
wherein the another cell is a mammalian cell. 13. Use according to claim

10, wher gepeatas fghowingsaiestionaf ope asgpme of iNe progeicksodf the pregateiineg a
target gene,.which conprises the steps of: 25 (i) generating a library of
genes or Cé’é%tfﬁ@'fragnents cloned in bacul ovirus according to any of
claims | 19 9;A(melhdd 2B6H@IiMG N6 anPast clafhd W tH 18ewrrst idditRomailyi i)
detecting gene expression under predetermned conditions. 15. A nethod
accor di ngcanaprises mhegactarisingi the hgens eexressechedndandhei pregdetgmioedpri se a
set nab diffr%itent condi ti ons under which expression of the target gene may
or ndtPHE U ect ed. NV O 03/1-175641 27 PCT/ GB03/ 01029



16. A nethod according to claim15, wherein the different conditians
conprise limting dilution. 17. A nethod according to any of clains 14 to
16, wherein step (iii) conprises identification of a phenotype. 5 18. A
met hod according to any of clains 14 to 17, wherein step (iii) Is repeated
foll ow ng sel ection of one or sone of the products of the predeterm ned
conditions. 19. A nethod according to any of clains 14 to 18, which
additionally conprises characterising the gene expressed under the
predeterm ned 10 conditions. WO 03/ 78641 SEQUENCE LI STING <110> Ark.
Therapeutics Ltd. <120> ENG NEERED BACULOVI RUSES AND THEI R USE <130>
REPO6542W0 <140> not yet known <141> 2003-03-12 <160> 17 <170> Patentln
Ver. 2.1 <210> 1 <211> 78 <212> DNA <213> krtificial Sequence <220>
Description of Artificial Sequence: digonucleotide PCT/GB03/01029 <400> 1
ttcaaaaatc t.gaattcetg caccaccatc accatcacq.q atccggcggc ggcggctcgg 60
cggctagtgc ccgtggglL 78 <210> 2 <211> 71



<212> DNA <213> Artificial Sequence <220> <223> Description of Artificial
Sequence: digonuclecti.de <400> 2 ttctgogt.ac cgctttaatq gtgatgatgg

t gct gt eRes/@RGkt t aact agtcacgget 60 attcctccac ¢ 71 <2;§§G% 0%} > 42
<212> DNA <213> Art. |f| Al equencc \VC) 03/078641 20> BELEF ption of

Artificial Sequence: %%%ggglﬁg&&gg <400> 3 cgggat gaat tcgtcgccac
cat ggt gagc aagggcgagg < <211> 33 <212> DNA <213> Artificial

Sequence <220> <223> Description of Artificial Sequence: D igonucleotfde
<4003 198> JefgEreggarticecttdt aca getcgtccat gec <210> 5 <211> 33 <212> DNA

<120> ENGINEERED BACULOVIRUSES AND THEIR USE
<130> REP0E542WO

<140> not yet known
<141> 2003-03-1z2

<1la0> 17
<170> pPatentIn vVer. 2.1

<210> 1

<211> 78

<212> DNA

<213> Artificial Sequence

<Z2Z20>
<223> Description of Artificial Sequence:
Oligonucleotide

<400> 1
ttgaaagatc tgaaticatg caccaccatc accatcacgg atcecggegge ggcecggctegg 60
cggctagtge cegtgggt 78

<21i0> 2

<211> 71

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:
Oligonucleotide

<400> 2
ttetgggtac cgetttaaty gtgatgatgg tggtgtctag agetttaact agtgacgget €0
attectecac ¢ 71

<210> 3

<Z11> 42

<212> DNA

<213> Artificial Segquence



<213> Artificial Sequence <220> <223> Description of Artificial .Sequence:

ol i gcnucl eoti de <400> 5 gtcgccacta gtgtgagcaa gggcgaggag ¢ <210> 6 <211>
39 <212> DIN. <213> Artificial Sequence a <220> > Description cf
ArtifiWO303dence: ol i gonucl eotide <400> 6 aQ=gt cac4BCHILHIF P02
tgtacagctc gtccatgcc PC "I C BLi3!A 029 42 1'| () ()3/071,8 i41 <211> 36 |
DNA=2233> Artificial. Sequence <220> <400> d i QonuC ecLide cripticn of

Ar uidqizel gdscoeptiemces Agtifatigdabgaeyaect gt ca at gccaatag gatatc <210> 8

<211. > 34;; oléz-ONAArtificial Sequence

<400> 3
cgggatgaat tegtcgecac catggtgagc aagggcgagg ag 42

<210> 4

<211> 23

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:
Oligonucleotide

<400> 4 |
gcggccggat cccttgtaca gctegtecat gec 33

<210> 5

<211> 33

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:
oligeonucleotide

<400> 5 ;
gtcgeccacta gtgtgagcaa gggcgadgadg ctyg -3

<210> &

<21i> 39

<212> DNA

<213» Artificial Sequence

<220>
<223> Description of Artificial Sequence:
Oligonucleotide
<400> ©
agagtcacta gtgctttact tgtacagcte gteccatgece 35
<210> 7



220> <223> Description of Artificial Sequence: digonuclectide
PC F/ GR113/ 01029 <400> 8 ttaggtcatg aacatatacc tcccgttcac t 31 <210> <211>
<212> Artificial Secuenc. <220> <223> Descri pt.i tificia
Sequensgéoéé%ﬁg%nucleotide <400> 9 aaat at gagg agttacaat?E C gd@#@%t
taatgggggg6aaatgtgcgc ggaa 54 10> 10 <211> 33 212 ° DN1 :113> Artificial
<2 ' ‘0> auencc Description of Artificial Sequence: digonucleotide <400>
WO 0°B¥F P"B64 1 cttcTgtccta ggattac caa tgcttoatca gog <210> 11 <211> 85
<2122 IRAPEDHTSLAF 9P eG8]  Sequence <220> <223> Description of Artificial
Sequence:

<220>

<223> Descripticn of Artificial Sequence:

Oligonucleotide

<400> 7
gttattecatg agatctgtca atgeccaatag gatatce 36

<210> 8

<211> 31

<212> DNA

<213>» Artificial Seguence

<220>
<223>» Description of Artificial Sequence:

Oligonuclectide

<400> 8
ttaggtcatyg aacatatacc tgccgttcac t 31

<210> 9

<211> 54

<212> DNA

<213> Artificial Seguence

<220>
<223> Description of Artificial Sequence:
Oligonucleotide

<400> 9
aaatatgagyg agttacaatt gcotaattaat taattecgggg zaatgtgoge ggaa 54

<210> 10

<213i> 33

<212> DNA

<213> Artificizl Sequence

<220>
<223> Description of Artificial Sequence:

Oligonucleotide

<400> 10



Cli conucl eotide PCT/CB03/0J 029 <400> 11 caaataatga ttttattttg actgatagtg
acctg4tc' gt tgcaacaaat tgataagcaa 60 tgctttttta taatgccaac tttgt 85 <210>
12 <211> 30 <212> DNA <213> Artificial Sequence <220> <223> Description
of ArtM®ey¥yBsBequence: A i gonucl.eotide <400> 12 caaaPSatBPM ¥ attttg

actgatagtg acctgttcgt tgcaacaaatttgataagcaa 60 tgctttctta tgataccaac 80
210°tE39 TSI EAE5IDIIENAESA 5 9Ar ti ficial Sequence <220> <223>

Description of Artificial Sequence: Diigonucleotidc <400> 13 cgctctgucg
cttgccttcg ccgeccgttac ggecctctggt gttgecctcgg ctcagaccgt 60 31 aaccagaa. ag
tgcteget.ga ¢ <210> 14 <211> 79 <212> DNA W/() 0311786-11 <213>
Artificials Sequenc <220>

<212> DNB

<213> Artificial Seguence

<220>
223> Description of Artificial Sequence:
Oligonucleotide

<400> 11
caaataatga ttttattttg actgatagtg acctgttcoygt tgcaacaaat tgataagceaa 60
tgcttttita taatgecaac tttgt 85

<210> 12

<211> 80

<212> DNA

<213>» Artificial Sequence

<220>
<223> Description of Artificial Sequence:
Oligonucleotide

<400> 12 |
caaataatga ttttattttg actgatagtg acctgttcegt tgcaacaaat tgataagcaa ©0
tgctttetta taatgecaac 80

<210> 13

<211> 81

<212> DNA

<213> Artificial Segquence

<220
<223> Description of Artificial Sequence:
Oligonucleotide

<400> 13
cgctetggeg cttgeetteg cogecgttac ggectetggt gttgectegg ctcagaccgt 60
ggecagaaag tgctegetga ¢ gl

<210> 14
<211>» 79
<212> DNA



<223> bescription of Artificial Sequence: Oigonuc_eotide PC |7GB03101029
<400> 141 gctttrttat aatgccaact ttgtacaaaa aagcacgcta tgaacaaacc ctccaaattc

60 gctwbageassitgccttcg 79 <210> 15 <211> 63 <2" 2. /§<Eg):k rtificial
Sequence <220> <223> Description of Artificial SequenceQ:M‘ I gg’m}é\l eoti de

<400z:i5 hgeiditetl adhaatqgccaac tttotacaag aaagctgggt attactcctt ctgtatgcegce
60 agg 63 <210> 16 <211> 51 <212> DNA <213> Artificial Sequence <220>

<223> Description of Artificial Sequence: Aigonucleotido <400> 16

ttat é?ﬁojcc aactttgtac aaaaaagcag gctatggtga ccaagggcga g <210> 17 <211> 56
<2122 TNAPLIR AP i°f| BT 1 SEquer@E 220> <223> Description of Artificial
Sequence: °Odeongoherticeot | de

<400> 14
gcettttttat aatgecaact ttgtacaaaa aagcaggcecta tgaacaaace ctecaaattc 60

gctetyggege ttgcettcog 79

<210> 15

<211> 63

<212> DNA

<213>» Artificial Sequence

<220>
<223>» Description of Artificial Sequence:

Oligonucleotide

<400> 15
tgctttctta taatgecaac tttgtacaag zaagctggyt attacteoett ctgtgtgege 60

agg 63

<210> 1la

<211> 51

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:
Oligonucleotide

<400> 16
ttataatgcc aactttgtac aaaaasagcag getatggtga gcaagggega g 31

<210> 17

<211> 58

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:

Cligenucleotide

<400> 17



51 00> 17 WD 0310;86-11 YC 1 /G 303/0102) t 5 t4ctttctta taaLquCuaC
tttgtac~ag aaagc _qc;t- t-acttctac agct-c:c7tc d

WO 03/078041 PCT/GB03/01029

tgctttctta taatgccaac tttgtacaag saagctggot ttacttgtac agetegtce 58



