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bacul oviruses and their use, and especially to libraries and peptide

di spl a0 @rogsddded i n bacul ovirus. 5 Background of the PETERBEH2®ver the

“past few years, many organi sns have. had their genones conpletely

sequenced. A draft sequence of the é&ntire human genome has been publi shed.
However, sequence information as such does not explain what all the genes
do, how cell's WoIBNGINFERED BACULDVRWUBES AND ThiitiRJdEE wrong in 10

di sease, how we age or how to develop a drug. This is where functional
genoni cEieldhaf thedlavetiome post - genonic era that deals with the functional
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Al t houg croarrays allow high throughput anal ysis of transcriptone
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functionarp rotel ecules. 20 Proteomics (the conplete set of proteins

_encodedpilishede Howaverspquence infeymatisidisssicbdogs ook explathubaiaiiet be

approached by DNA anal ysi s anel relative un C otein
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| i br ar ygeHdrius} drearéiasf theepystejeriamic erathat depewithdbe funptiongheralysis new

sequenced geno enom ¢ |ibrar, s well as the characterisation of
functi &fgﬁn%ﬂ'ﬁ%grg@é’ﬁlégts( S@W@ﬁi‘%t)ocfﬁa%DNA library)- A library conpatible
at the same Ahﬁ'ﬁg‘fﬁéi'%chﬁ%%%@fﬁﬁnc@iBﬁaW@é,ibbtﬁﬂNﬁn’ﬁéro\miab/saﬁdvm th in

vitro and in vivd experi ts 30 woul a powerful tool in this sense.
Al t hougfroteqrhias rtiakd \gzeabpramisiedfal thevetudy ©f dompiens diglogiaat SYEMS.ci ency of

t ra1nf>sOIUACI%rgooung'ho Nﬁuni%%F E?I‘F‘Eilfs glFol\nlf ﬁig??’thpoluag%gug a%is%ttranscriptome (the
complement of NRNAs 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 MRNA
copies does not necessarily refiect the number of functional protein molecules.

20 Proteomics (the complete set of proteins encoded by a cell at any one time)
addresses problems that clannot be approached by DNA analysis, namely,
relative abundance of the protein product, post-ranslational 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 seqqenced
genomes (genomic library) as well as the characterisation of function of unknown
genes (genomic or cDNA library). A library compatible at the same time with
bacterial and eukaryotic cells as well 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 eukaryotic cells by plasmid DNA, not

to mention the modest gene transfer efficiency of plasmids in vivo, decreases the



to mention the nodest gene transfer efficiency of plasmids in vivo,
decreases the 3 NOV 2004 WO 03/078641 PCT/ GB03/01029 2 useful-n3$ﬁ8yf %Uﬂlr
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bi opesticides and as tools for efficient reconbinant protein production in
I nsect cells. They are generally 5 rZgarded as safe, due to their
natural Iy high species-specificity and because they are not known to
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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 transductlon )
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 8:201 1;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 et &/,
Biotechnology (N.Y.) 13: 1079-1084, 1995). Reference may also be made to

30 O'Reilly et al, "Baculovirus éxpression vectors. A laboratory manual”, Oxford
University Press, New York, NY (1294).



University Press, New York, NY (1994). -P 3 NOV 2004 WO 03/07
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purification processes, genetic material can be introduced into the

bacul oW 34978eéhonme by honol ogous reconbi nation in t he PEddHRIBBHEEhar onyces
cerevisae ; see Patel et al. Nucleic Acids Res. 20, 97-104, 1992. This
method is rapid (pure 5 reconbinant Wrus within 10-12 days) and it ensures
that there is no parental virus background but suffers fromthe need for
experience inlryeadér ¢oldvaid rgbamous tamel t:memmmu’rrbmgimlaqué guriftbationnal
transfer vectors with the system Luckow at al . Viragl. 67, 4566-4579,
1993, deREOCEBERS, agarﬁpéna@ﬁaf%&he tmtmm@eﬂée@rﬁbﬁmﬂulwm%qw RY7-10
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This system is compatible for simuiltaneous isolation of multiple recombinant
15  viruses but suffers from the relative low percentage of recombinaht colonies
(baculovirus genomes) obtained upon transformation. '
The poor selection features of the original system have been enhanced
by a temperature-sensitive selection procedure, as described by Leuséh et al,
Gene 160, 191-194, 1995. 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 functiona! screening of the constfucted fibraries 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 iibraries in bacterial



cells both in vitro and in vivo. Addition of a bacterial pronoter into a
bacul ovirus donor vector will also allow expression screeni rg3ofj(j¢DMd4
libraries in bacterial 3 NO V 2004 WO 03/078641 PCT/ GB03/ 01029 4 cells.
Bacul qyh bslgrskiibrari es maybe constructed from suitabl e paricsased2$ul | -1 ength
cl ones and sequences from human and ot her vertebrate sources. This wll
allow integration of the efficient 4nfection (insect cells) and
transduction (vertebrate <cells) of target cells by bacul oviruses. and
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al so"been shown that new protein entities can, be fused,. r -
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bacul oviddisndd! 43 it bRRbHRS raprusente!a fertherbspest oibtio investianal §uets of the
transduction route 0f AcMNPV in mamralian cells and i[;stelct anci&{%@rls as well
as i nf epatolovires canikerusacHoitrangeice marsmatian &g otbes $515y IBREIFHT uses al so
hold a great promise for the 20 n %?5 G&tidr @f of
tra‘h@geﬂe@?%ﬁ@‘“&?egnnﬁwvﬁ%6$?td%edihs%§)cﬁgéloegagt em oﬁ'%ﬂ?&%t ic cells. THg
capsi d i shhaKaPLeiisn fstin ERAYscH 85EaES but immacledr ranspagpaidhe ¥vel ope

di splay system 1In vp39, no structural notifs have been recogni sed either
for assegpsiti on with nolecules within the stronmal matter or for capsid 25

Fomence ot e BboRERRITRNH el by EEGH Bt Sbongttsmete gt
sur f ace of, 15,5 8P5HI0 WitheRPESEPrémistptheoviralttitresand Sursrtivebbifyeof tBacul ovi rus
envel op€ di splay systemal lows only fusions to.l\kal%%en?rﬁ]oarle rédta%fgeﬁhe _
gp645  vp39 fusion proteins on the ASMNPV capsid surface . ‘
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 gp&4
'envelope display system. In vp39, no struéturai motifs have been recognised
eithef 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. Bacujovirus
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 on the 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



whereas vp, 39 allows tagging to both term nus. Although it remains to be

. 'shown ‘30 how | arge proteins can be, displayed on the bacul pvirsy THpsid,
results suggest that at |east 27 kDa protein can be efficiently expressed.
Becaugg) §fiesdsgnat h of the capsid can extend rel ativelRCHEB&NWP2% t is
reasonabl e to expect that vp39 is 3 N W 2101 WO 03/078641 PCT/ GB03/ 01029 5
al so conpatible with. larger proteigs, e.g. up to 100 kDa or higher. Random
di spl ay of peptides or proteins on the capsid may allow the di scovery of
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i's Invention al so provides an_inproved nmet hod
f or thedigﬁfégroqbbﬁﬁdég or pregsinb bnaing chpsid mayiallowd emeﬁéﬁfi piEYes
transposition. The nethod is based .on {h mdi]fiedgf%nﬁér YrEFéC%'" péﬁd an
i Mpr ovecaeblecofi tanspoiting die 1agesishantPotier DUCIEHS R $¢h "EEEEH ™ wi th sacs
gene. Reconbjnant bacm ds can be generated at a frequency of >_105 per p.g
of dono®T9RBEt%r with a negl i gi bl e background. This 10 easy-to-use and

effi%ent -syﬁgrfrpéﬁtyardgﬁ,otmm@% an fraprogetiingthoti fouthegenewdiearelt i on of

[
reconbi nant bacul oviruses as well as a nore caopvenigent oduce
si ngl e pgonssiaant Baculoniruses ke tnEaledigiegirashe Oﬂa?ﬁﬁﬁéegﬁé‘élsg’saé EI for the
construction of other vectors, by. t n | dbadoltiifugr uses for
modi f i e@n BaRQAIESH HOR0R ?I@beaﬁlgnérﬁgéﬁqg\%%m%%é%c Sgg{ 5 any form of

" capsi dpé@-@fo%%"ﬁ cHisth §59I3 e, ReRohbinEtbaamids sgn hengenaratdseat t r ansport
of pept or proteins directly into-the nucleys, In gétlckil ﬂ" the
gonc?apt aqifedm@@]@y@gtzn%paeﬁgﬂffﬂbfhaefaw Vilt’ﬂb@ mﬁgthh%bag 'ABE i B of ;.IS! ng
acul ovirus capsid as_a shuttle for the g t proteins
) i nt t0 cebasy-tasusa and &ffigent sysiem PéﬂY'E?%&é%%ﬁ% tefPﬁ % ﬁjg%s gﬁgy ?gﬁuschemss.

20 The beneflt A é;gfrgé&ﬁﬁﬁ%t%EU@ULruéeéla@dvélms b haoTegEDTe/amientaEay th ar e

evi dent genqrﬁélo urovirus capsil I spl ay systemoffers a, .facil el'tool to

study Basilcewingle viruses.ditu inodoeed aalesten seheme MarasPRE e a5 wel |
as infection mechanisms in the i nﬁ,ect Celicg-f'rn gddi tion, this system
n

pr ovi detheacomstaiction&if Oties YEGars e a0 e oit_'-'n?ﬁe bacul ovi rus targeting
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p

conpl ex pept s and proteins. Furthernore, the EGFP bacyl ovi s, construct
pr oyk deging foth baldapsidtierapy’st Ttys, proteins can be used as a system )
transport of peptides or proteins directly into the nucleus.

In particular, the concept of baculovirus-mediated therapy includes the
possibility of using baculovirus capsid as a shuttle for the tran;port of therapeutic
proteins into cells as an alternative to traditional protejn transduction schemes.

20 The benefits of therapy without a need for fransgene expression are evident.
) The baculovirus capsid display system offers a facile tool to study
| baculovirus transduction mechanisms inthe 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 fevel and to enhance the display of complex peptides and proteins.
Furthermore, the EGFP baculovirus construct provides a valuable too} to study
real time entry and intraceliular movement of the virus in mammalian cells as
well as tracking biodistribution and transduction in vivo.
A further aspect of the invention is a novel tetra-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



real tinme entry and intracellular novenent of the virus in manmmalian cells-
as well as tracking biodistribution and transduction in viyoNOA 200%t her
aspect of the invention is a novel tetra-pronoter vector 30 (p.BVboostFG
t hat en@abi/eseacreening of |large insert-containing |ibrBETE&B0MR2bacteri al,
I nsect and manmalian cells. Cloning of the desired DNA fragnents is based
on the efficient site-specific recongination system of bacteriophage 3 NOV
' 2004 WD 03/078641 PCT/ GB03/01029 6 | anbda. In addition, the vector is
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fl uor eségﬂwwrg’%dtg%@beﬁeﬁ ?eé%ﬁ)ﬁ?ccggl Iy aaydbl h?tﬁﬁcﬁgépﬁfgg t he new
vect gr  anskREss a6 bredl Rettsciel namyliars | gctbhalsangé dhesct dellsi sBpossi bl e
to screen large libraries, in the scale of whol e genones., thus making
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F econbi ALbTeRraTy el E GIRRET B b i B HeElv el YO R VEEIOL . can be
easi |y gNiReE8Ed ir?haélb/cémbhsy ;ﬁ%f?@u g1 vhasedt ppsduibleasecré®t rge nat i onal

cl oning scherma, In addition, ction of the cloned genes 15 can al so
be done litrarées, |ip the sdale ommtmgeawesmhtﬁemakmgcpwbﬁgstgﬁepstoomoa

bacuyl ovi_r 06‘53' ated.transduction. In contrast to adenovirus and

ret By f‘ﬂﬁé 9&”?%?%% a benefit obtained by using bacul ovirus as a~

li brary-cont ar'HH B nu’@‘bﬁ’%e'h‘bréﬂ'@é t6 9& RIdvaldpack Derdr UpRRised om tthef t he
I nsertional can I ncorporated in'its genone. 20 Brief

Descr i peﬁmnemrsrtemenfm\mmbmagon systemeofibggtesiophegedapbra. thegragdpl asni d

pBACcap The for cul ov IS by

ReCernyfijaris® o8 derersiy FraORE o piy AL i cp Rt ofl 1 B ke
capsi d Péchrﬁblﬁa‘l’Bﬁg} cibhhg sthea IR zagifich, tRmsalichiYbpoRi cldnedgenest or . The
i nsect ce expressi on cassette is conposed of a multiple cloning site
(MCE5 upagualso be done directly in vivo without any further subcloning steps, via

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 of the msemonal DNA that can be

incorporated in its genome.

20 Brief Description of the Drawings
Fig. 1isa mép 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 vp33.
Fig. 2 is a plasmid map of pBVboost 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



restriction enzymes shown) flanked by the pol yhedrin pronoter (pPolh) and

"siman virus 40 pol yadenylation site (Sv40 pA). Tn7L and Tr;?lg, | eft _and

~library 1
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right ends of the Tn7 cassette; Sace#3, nutated | evansucrase %“éh’e;zﬂ%, t he
Col E1 WQ@s/fisatlof replication; GENT, gentanycin gene. 3BCHGHOIBIRY 5 map of
t he pBVBoost FG vector. The vector is designed for efficient construction
of bacul ovirus expression libraries By RC system of bacteriophage |anmbda
but includes also an option for traditional restriction WD 03/078641 7 2004
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gene undarg,pfodl 45 prasmid ¢ibrarqorks basgdviral likrasyindasect and nefmmalianiced
bacul oviruses as 1 n the case of pBVboostFGR or to nodify the produced
baculbovigells anchaaingalsyClanieg ofnthe sarkeggene LBdghPEeHT PremotsT GaRebeise of
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cells with reconmbi nant pBVboostFG library. 3. Gentanycin, tetracycline and
sucrose sel edtipofl ig @puvesview afdbeousesofrpdansibatd Yiem4io clengisf er

| oni d ight b5 . £ ' bacni _al kali
st 5. atilgerer b iR et Pecyiyiral i®Fise; TERAPE HarBEibntirfetor ' os
pf u4pl . féfbws: Transduce in desired target cells and test in vivo. Fig. Sis

a schematic of the SES-PCR strategy to construct avidin (A) and EG-P (B)
cassettes forl.cl olRGglane degiddbdyenrito Riecaseits abpBVBasslE®.| i nes show t he

aft sites conpatig uwfth LRor eagHi G Bh b eSSk 1 EBABRant

'pBVboostFG library. :
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.
8. Primary virus screening. Titer ~10% pfu/mi.
20 7. Transduce in desired target cells and test in vivo.

Fig. 5 is a schematic of the SES-PCR strategy to construct avidin (A) and |
EGFP (B) cassettes for cloning into pBVboostFG. The undermost dashed lines
Show the atiL sites compatible with LR reaction of the used RC system and
bacterial ompA signal (in avidin) in oligonucleotides. (C) Oligonuclectides to
25 synthesiie 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 celis, an expression cassette nfay be
constructed, based on a hybrid or other suitable promoter which allows high level

expression of target genes both in prokaryotic and eukaryotic cells. A target site
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expression cassette. This enables facil conver si on of braries,
conpat i ke cassétte)segn bei inclutsshindd @gP@S@m@‘@SBﬂmrThlS{;&ﬂehﬁﬁﬁﬁpdﬁ oni ng

naai 11 oRORWEIa ph B PseRoRIa ity S8V [T5 | SRE oGRS BBt et re 10
can all @%éﬁ:&f‘m Co3hg Hddhabo %V'PédHr%'lbg?és)S%’Qﬁ@nd’b@z! BHEulbQRLS | Ction

enzymes —avallable in vector after modiTi cations such as those
descr i blibrappduedditintocredox acd Sdteaxay mpatrblhas e e:aormylon@asseth@d into

orth"\ear aflow sl dbrin Lo elion Birerali SISHSIibS tnsaRedct 2 2
conpati %ﬁsmlém of gacéféﬂ%md\é;ﬁ@&wnevwcﬂsasem @%Fés%?.bwsame(e bco BRL]

whi ch al'l'ows rapi easy preparation of ul ovi ruses by-
site-specifi Ehermpustad expiiassiEnctassettei maydé cloneld thdeianydsuitaide cassette

S AT TR L e e e L
1 e s o s o sy 5
t hef $acBaIY baesloviraisaxpressioh ispsteny(@ibos BRIt wiich tatilewsapicdandéady rect |y to
't by Cér%éaggeﬁloneagrevﬁgcuIowruses by site-specific transposition in Escherichia coli.
If desired, the cassette can alsobe integrated to any desired plasmid/expression
system, e.g. into a version of Bac-TO-Bac™ baculovirus expréssion _system that
permits more efficient and direct construction of baculoviruses (Leusch et 4,
20 Gene 160:191-194, 1995). |
The expression cassette can also be cloned as part of the baculovirus )
genome and library construction then performed direcﬂy to it by creflox, Gateway /
or direct cloning methods. o
All cloning work can be performed using standard molecular biclogy
25 methods. Constructed baculovirus libraries will be screened for
expression/phenctype effeci(s) in suitable E. coli strain(s) (library in donor
plésmid format), insect cells and vertebrate cells. Selected viruses or whole
libraries can also be used directly for in vivo studies. This alleviates the great
and unigue potential of the new baculovirus libraries; the same library can be
30 used for prokaryotic and eukaryotic cells and in cell (in vifro) and animal (in vivo)

studies.
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by vp39 nodification. To nmaxi m se the chance. hi eve a functional
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targeting by vp39 modification.

To maximise the chance to achieve a functional fusion 'and- capsid
assembly, a transfer plasmid was constructed 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, €.g. as disclosed by
O'Reilly ef al, supra. Since computer prediction showed that vp39 had low
complexily at C-terminus but was constrained at N-terminus, a linker sequence
(e.9. GGGGS) 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 systém 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



(e.g. GEGGES) may be added to the N-terminus, to give distance and
flexibility for N-termnal fusion proteins to fold correct!y JANOYpRItN to
tag the vp39 fusion 25 proteins with a H s-tag may al so be preferred. For
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bacul ovi ruses, invol ves incorporati n a let ene into.the donor plasmd.
The 15 targeting Vgﬂhépwlﬁﬁﬁfﬁmﬁ&is K1y @ %Pﬁsa@cﬁ?q ?0 RESENTHY St he donor vect or
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transpositio EXp essi on cassett onor asmd Iinto the

bacm d mRuRMIresEs Vislylves dsrporating arleti'mﬁgemenntdjliuerdmjmr plasmldp'ci'hE| cul ar
enmbodi nent, a donor vect or IﬁBVboost_ arries the SacB g&ge frgm ﬁaci [l us
any N6t i detbehapaarosiet maygkidicells atil g thg glaer WaliEdNEncodes
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expression cassette from the donor plasmid into the bacmid may effectively
rescue only recombinant-bacmids. In a particuiar embodiment, a donor vector
pBVboost carries the SacB gene from Bacillus amyloliquefaciens; see Tang et
20 al, Gene 96, 89-93, 1990. SacB encodes levansucrase which catalyses the
hydrolysis of sUcrose to generate the lethal product levan. Levan will kill ceils in )
the presence of sucrose. It may be effective to use a mutated gene, in order to
balance the lethal effect of levan in thé 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.
Migh-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 al (2000), supra. However, a striking
difference as compared to the original method is that bacmid recombinants can

be generated at a frequency of >1 0° per pg of donor vector with a negligible
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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 celis; 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 destinatioh vector for this recombinational cloning

30 system, was included 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 enables the zero



(3-actin promoter), T71.ac and pl0 which direct the high | evel expre55|on-
of target genes in vertebrate cells, E coil, and. bacuIOV|ru§&hﬂﬁF?p$
insect cells; this is described in nore detail below, and sh

A mul tyHhgorkAning site follow ng the pPol h pronoter BCT/GRE3/@N2%pti on to-
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context, the. tropismof the baculoviruses is o of the _broadest of the

viral gthe beeuievireses dstene of dhedireadest %fe@@nﬁ"'@{]gﬁﬁﬁtt@'lﬁfe'i N@c@ﬁt em
relies OW%@ effective cloning scheme to 15 generate libraries containing
bacul ovFf wi thout wild-type background. It is. based on two
consecutive RGetiopRisstiongtivof ihg systerh eeligzami fhecffentiveicioring scherhe to

bact eri ophage | anbda and an i nproved mini _Tn7 transposition system The use
of the g@w@rtat%d!b@neawcwf@mm%bafiyloatm@& WSFP%WBéM?%B C'lé%r éi htﬁ%nef its

g,vre;t | SBBYER oY cbidutiil'rE SR RIIdi 8 %iRgSGC RRbRbiRBHGISF
bacteriophage lambda and an improved mini Tn7 transposmon system. The use
of the RC strategy in the library construction provides several benefits over
conventiona! restriction enzyme/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 bacteriophage 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.
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of the baculoviral coat or cap31d by cloning GP64 or VP39 fusnon protems 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



of the produced viruses into or inside specific cell types. 20 The .
follow ng Table gives vectors used in this study. Vector Desc.l;|30m[pgn 2@51,
pBVboost Base vector for other constructs, allows high- thrg@g}é’g

pr odygd hoirsedr reconbi nant  bacul ovi ruses (A| renne et. stFG A
derivative of pBVboost, conpatible with reconbinati onal cI oni ng and

uni versal expression WO 03/ 078641 1414BVboost FGR A-deri vative of

pBVboost FG  contai ns additional nmarker gene DsRed that is functional in

i nsect cells pBVboost FGtAVI A derivative of pBVboostFG for the expression
of onpA- a\#{,gy %@E@;}@St FG+EGERjefivaalé vRpBVBoostFEBVboost FG for  the
expressio E 30 pBVboost FGR+EG-P A derivative of pBVboostFGR for the
~expression of EGFP (r) 3 NOvQues REilicRdEker g99e The fol | owi ng Exanpl es
il lustrate the invention. y Vector In order to
construct a general bacul ovi gggglff?% §'f"3)C$ géfPﬁ‘%gcgm ay, the region
correspondi ng to nucl eotides,{pt) 469-1506 of vp 39 (Genbank: M22978) was
anplified from the purified acmd DNA (Luckow et a!, J. Virol. 67,

4566- 4579, 1993) by pol ynerase chain reaction (PCR). The forward primer was
40 5' - T&;ﬁ@ﬁﬂﬁ&ﬁ@%lw TA QNG GAGF FBULGASIFGMDICAT CAC GGA TCC GGC GGC
GEC GEC T GCT AGI GCC CGT GGG T - 3' (specific sequence for nt

469- 486 of vp39 gene in bol dtheB@mTBSS'Eﬁ@ﬁpm%ﬁﬂfjmm tes

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 dispiay, the
region corresponding to nucleotides (nt) 469-1506 of vp 39 (Genbank:M22978)
was amplified -from the purified bacmid DNA (Luckow ef af, J. Virol. 67,
4566-4579, 1993) by polymerase chain reaction (PCR). The forward primer was
40 5 -TTGAAAGATCT GAA TTC ATG CAC CAC CAT CAC CAT CAC GGATCC
GGC GGC GGC GGC TCG GCG GCT AGT GCC CGT GGG T - 3' (specific

se'quence for nt 469-486 of vp39 gene in bold; Bglll, EcoRI, BamH]l, sites

o

underlined; 6 x Histidine tag with start codon in italics); the reverse primer was
5 . TTCTG GGTACC GCttta ATG GTGATGATG GTG GTG ICT AGA GCtita
45 ACT AGT GAC GGC TAT TCC TCC ACC - 3 (specific sequence for nt 1489-
1506 of vp39 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 ef al, Gene 144:75-80, 1994 except annealing was set to

5g8°C. Amplified fragment was digested with Bg/Il and Kpnl enzymes and



underlined; 6 x Histidine tag with start codon in italics); the reverse

. priner was 5'-TT CTG GGI ACC GCt tta ATG GIG ATG ATG GIG GTQQTW%HF
r &

tta 45 ACT AGT_ GAC GGC TAT TCC TCC ACC - 3' (specific sequence

1489w3 596sefi vp39 gene in bold; Kpnl, Xbal and Spel BCHEBIHHEZL|ined; 6 X
Histidine tag initalics; stop codon in small caps). PCR was perforned
essentially as described by Airenngseta!, Gene 144:75-80, 1994, except
annealing was set to 58C Anmplified fragnent was digested with Bglll and

Kpnl s 38 GNEHOS fY BRéhns SNy S8, TS pGRISE PCR Praductpuas fied as

descri in Alrenne et a!, supra. The purified PCR product was cloned

i nto Bajibd kit Adndebiah]nigetBAQFastBACH Yeotol (Invimgencrarisbad, USA) .
The resulted plasm d was naned as pBACcap-1. The nucl eotide sequence was
confi r iggAby Fheuwssclted flasmid wasrsamaed RaauPRAGeRmB! ot 4BA, NUAERHRR 5] 4,

Sweden). Preparation of P- Di spl ayi /i [ P
ConhaniSesusrEeas GoREEaRy pronaido ar ARERHARDY RefBaeR Bl s

pl agm ank. 62, Clontech, Palo Alto, USA) by PCR and cloned into
the%pBCAl&é%@’. g#’#égts of primers.were used 10 to enable EGFP fusion both

to N apbparationm obEGERDispilaying Wip@Ses For the N-terminal fusion, the
forward priner was 5' - T GAA TTC GIC ACC ATG G AAG GCC
GAG GAG - 3'cf@'&ﬁe&r\cpélf@gﬁé’%e(wﬂﬁ?gegfﬁ% 06?5%.9’-9%%? ﬁg’%ﬁl d: EcoRl
site in ital 5[ | UB5768, CRFeGPAERAIGIT GTA CAG
cTC GT@’@@@E’W @ﬁdg%%i@i&rﬁfa?ggﬁgﬁ(%@bﬁ §¥ U 1375- 1395 of PEGFP-NI in
bol d; b§IRGR iand diahed o tHehpBAMEhp#1.eTwofsedy pbptimals wigre usedsponded to

nt 670-1395 of pEGFP-N1 was. cl oned into EcoRUB Sit f

Spdly xpalenasle ElaF BEueionoth tq‘*ﬁ‘é— aRd "Eﬁfﬁa”%l %&qawlﬁmé"l ‘Wﬁa%ﬁ%n@t&pgﬁ&w p39.

For the,Cternjnalk ' els ' PR LA TTEEETEEEeACT 20

AGTGTG%&“W@ @ﬁ@%ﬂ%ﬁ@é} spgci Fﬁzﬁgeﬂéﬁence' for nt 682- 702 of

PEGFP- NlctaPe GTCSAGIC ARG GGCIGAGIGAD - an@pttificseqeenee forintd7(' - AGA

GIC ACT AGT Gt tta CTT GIA CAG CTC GIC CAT GCC - 3' (specific  sequence

for nt eERVECEOBPA1 rEEsE; FtoRhsibelindtalisshiansi the reverseariney: 5’ st8codon
GCC GGA TCCCTTGTACAG CTC GTC CAT GCC - 3' (specific sequence for

15 nt 1375-1395 of pEGFP-N1 in bold; BamH]I site in italics). The amplified

fragment which corresponded to nt 670-1395 of pEGFP-N1 was cloned into
EcoRl/BamHI site of the Spel/xbal-deleted pBACcap-1. The resuiting plasmid

was named pEGFPvp39. _ |
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 df pEGFP-N1 in bold; Spel site in italics), and the reverse primer &' - 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 682-1 398 of
25 pEGFP-N1 was cloned i‘nto Spel site of the pBACcap-1. The resulting plasmid
| was named pvp39EGFP. 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 et al, Gene Ther. 7:1499-1504,



in small caps). The anplified fragment which corresponded to nt,K 682-1398 of
25 pEGFP-N1 was cloned into Spel site of the pBACcap-1. The déeS?ﬂltl Q@j
plasm d was named pvp39EG-P. The nucl eoti de sequences were confirmed by
sequenod ogoBMIF) . Reconbi nant viruses were generat ed uBEREBIHRIOBAC- To- Bac -
systenlfM according to manufacturer's instructions (lnvitrogen).
Viruseswere concentrated 30 and gratbent-purified, as described by Airenne
et al, Gene Ther. 7:1499-1504, NOV 2004 WO 03/078641 PCT/ GB03/01029 16

2000. Vbpps. twirie m?é\mt@et@rmmécbyy@m-mnnﬁudtmntamym@fgmnsf9 cells.

Sterility tests were perforned for virus preparatlons and %g %/%drv{e
anal yse8tenility estsrwareqierfar E\@ﬁdﬂﬁlﬁi&%ﬁ@ﬂ%@t'%ﬁa WEHHARYH Ghat i on.

ViTue t %&?éé‘%fupwﬁ@%c?cﬁaﬁ”e 9@%%%5%@%&?@0 830 SDS” PAGE under

‘reducin ) gﬁ The gel was blotted onto nitrocellulose filter and
| mmunost al ned as gCI’I bed by Airenne et al (1994), supra. Polyclonal
r abbft antu-BaFﬁpi(eMmbaeapamdfﬁgm@abouhao,poom@em celisagr vieus fid mb a

Pht § bougt qall gt ditis werlesden im0 SHEPAYR pater BB aReRE ey o i »
the SDSTR@S%!%%%@; GugritaskelElR!IRR b HRRFRBCINEA a6 a&ya%édaw ron
m Ccroscopy, acu OVI rus partl cFes wer e bound to for mar-coat ed

met al gAiréﬁnér@al(a@%é tshp%ﬁmipd:lahababb;tsatit&ﬁ;Fﬁ(Mculaﬂ%ﬂbles\m@ to react
wi th anti-GFP antibody (1:600 di] ution,

shed BS. Gid
vver e t hHgeneallShhwash Uges AScd RimalY (ﬂf‘tﬁ?logﬂ/ 2(11 ,{IQQCS %Oﬁﬁeﬁn%%hﬁl o

te L T e d pas hed_
1B peserh 2B St Re L fntthord 2000 R e et )
Contraswg@m@bmmﬂdd@de SSISPAGEB Was feomp|BiadRadite in 1. 5% et hyl cel | ul ose.
20 The hunman hepatoma cell |ine Hep& and human endot helial aortic

hybri doféectren Micres¢9Pp6, Dr. Edgel |, Univ. N Carolina, USA) transduced
wih the Vs ﬁo&d@&ﬁ%n‘fﬁ%%rg@fm% EGRAISEYABVIAE phriitied wepom

tenperature a troxi de +4C. After
dehydr ahdamd te fdrhravavetoated mmalogmds treatzth with b featat ealésérmlm BOPBSh at room
te 5er aélrc;v?ed ?ﬁgg&eﬂtﬁ gng-é)PP antibody (1:600 dilution, 30 min), and washed
with PBS. Grids were then treated with goid-conjugated protein A for 25 min (5
nm in diameter, G. Posthuma and J. Slot, 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% urany! acetate in 1.5% methyl ceilulose.
20 The human hepatoma cell line HepG2 and human endothelial aortic hybridoma
cells (EAHy926, Dr. Edgell, Univ. N. Carolina, USA) fransduced with the virus )
were fixed with 2.5% glutaraidehyde for 1 h at room temperature and then with
1% osmium tetroxide for 1 h at +4°C. After dehydration, cells were stained with
2% urany! 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
Subconfiuent EAHY, HepG2, MG63 (human osteosarcomay) and NHO
30 (normal human osteoblast) cell cultures were infected by vp39EGF P 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



‘citrate and uranyl acetate. Sanples were exam ned using a J

25 sectioned for electron mcroscopy. Sections were stained | ead

£ Nad0 e
el ectron mcroscope (Jeoi Ltd., Tokyo, Japan). | nmunofl uorescence and
Conf oead o3d78s4@Sscopy Subconf | uent EAHY, Hep&X, M363 ( huramcpesieedar comn) and
NHO 30 (norrmal human osteoblast) cell cultures were infected byvp39EGFP
bacul ovirus as follows: cells were f7rst washed with PBS on ice, the virus
was added in DMEM containing 1% foetal calf serumusing a nultiplicity of
transdug@o-on6 piti SerNEM|, 24Hit incdBafddl bf 86 hloRGEe GROUIAGP29THel effiBetlOD pfu per
cell, and incubated for 1 h on ice (rockin qgia The effect of |ysosomal pH
on bacullysasemalad in hasulpwisisanisy Waﬁciﬁ%& Y inpebating the el theedi um

0. 55 s odfmr SO BRI Puf ot e B okl els SRRt dv iR Ly & ™

| ncubat e@nidiin gam 59 BIA. MFhER! DNEM dort&faingd (b Rakint) ek edideltahdt %
par af or mal dehyde in PBS for 20 mn. Cells were |abelled with EEAL (early

endoéomeﬂﬂwege naybased Toravesusttimmpetibds at 87 F 6 and iallydixed, wikeAYucky) .
Goat t i podi t tib Al 546

Voi ecul GRrtErGHEEyE R BRSAHE 20ni o b Tsap i e Ten Wi EEAL s "The
cells "‘%h@o&@m@%‘#ﬂfg%ﬂﬂ BD'®: ﬁ?éﬁucﬁﬁﬁLéBé@t&% \Mes(mg%h% e g &84 M SP

epi fl uorescence m-croscope Zer'ss, Jena, Germany) conf ocal

m cros cepeor@@ywtlhmagamﬁhnouw aatibadiag (Elemﬁed@n&mex Malexlil&46,

mul titr for 488 and. 546.1aser |i sed rder to avoid fal se

co- Ioca? %ﬁgdﬁC'L YRene, iPERaan) Wﬁrérﬁﬁﬂ}ﬂaﬁslﬁé I?‘;'égan IheQqYs WPISs was

per es (Nal ge
NS REBLREed LRIl B b BB S I G e e

t ransf enmadscupe HEarbiéissallend,cGesnapy) and ka aonfm:ai emicmcbpag(Zsﬁssge and

it vk GNEIO) s o R G P crat A o £4P vAPIBREkT R APRABRU Al < usi ng

the progiay umés%é &Qeé(ﬂfl bY#rSo @%Rﬂfa%@ E@flébéﬂ ’b ioR; LivedcOrtobal el Ss;

Jena, Germay . I'nmvivo I'njection into Brain Male Wstar rats (320-350
g) wer eminrassae onsidepGAtarahEAHYonelig Wswerh‘omeckaslfollms (ell$50ene 1100 g)

con*gx I npla?eJ SR S fll'eléiaccln?eorggasg ?ﬁgfegneﬁdf@(g, Naperville, lllinois). After

virus binding on ice, cells were transferred to the confocal microscope with a

heated working stage and objeciive controlied 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 mi100 g) containing fentanyl-fluanisone (Janssen-Cilag,
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/mi) 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



Hypnorn(r), Bucki nghanshire, UK) and m dazol ame (Roche, Dorm cun(r), Espoo,
25 Finland) and placed into a stereotaxic apparatus (Kopf | fisd r LA
burr hole was done into the follow ng stereotaxic coordinates: 1 nmto the
sat uas5agshisdli s and +1 mmto bregma. 100 pl of the EEEPGEISomRY VP39EGDP -
bacul oviruses (0.9 x 1010 pfu/m) in 0.9 N NaC was injected during 4 x 5
mn periods using a Hamlton syringggwith a 27-gauge needle to a depth of
3.5 mm. Aninmals were 30 sacrificed with C2, 7 h after the gene transfer.

Rats were perf | . t; GPSRRA b agnd A0 erh AhickOfraozen f ol | owed
by fixaf"fed'% (rﬁl A)V\érﬁ)d;rsﬁ rﬁ%%éoﬁ'te%gélgo. 15ﬁMH§'ogPum p%jos hlate buffer (pH
7.4) fokelfiond WerBprépared. Bl @@Mmmm@oaaﬁme@@mﬁwmm 18 were
renoved, and snap-frozen with isopent &?ne, aﬁd _4%)!“?m t r}[?ghééifgzen sections
ver e pr egarastopslOhEspuseer G mirsaseans, (O MRRYS/ SBHCR: YaPan WEE

m croscop a ympus AX7 Meyg A ynpus Optical, Japan) and datawere
col | ect Seﬁﬁﬁgtleﬁl "Wﬁhf{@gﬁ%rg}ﬁ%g%@\%e. 5 Characterisation of

EGFPe Di IcPsrishfiohn ©F ESPPDisplayingalfiesbsm t h EGFPvp39 or
vp39 G:@Le%?ggi&ng viruses pr oduce%l téhe expected 67 kDa bands.in

b
i munobl ot s. SfAecelisraniestad twittdrGFPYP8Ri fle Y PERERRTENGPEMIe NUBRS i fi e

i tjons, Th | . i
o 1 oi oATbgubIsematred RLARE bIMET TR moIPlsor Do sty ekfts BRlE, " ©
par ti ¢l 8piiHONRA thé Brafhipiifidlinidprdpsmaiems)r Pheiresuitesaggested of t he

virus capsids, the vp39EG-P virus was gradient-purified and.incubated with
anti - EGRbdtiabedd edriants ware effetiently protucedindnaerstiopds angynearaerat

het@ur hitbairUsparies HoRpUbR BOREL it il Rtnatie DOThFd PR 07 X,
viT i ons WAL EalGks Yie L BESELTP yiflbifas drddifiputiRaldridinalib i Ritantisvenl y

distrib ar oun reconni nant bacul ovirus capsid. In order to ,
esti mat €@, labelled with protein Acgoldoand soalFerm by alectonBicToseeRt| Ehe ser i al

dilutions of th urified virus rticle i . conpar ed
to the NM@W%@%E‘PO‘WC‘ ?ﬂ@plﬁﬁrchﬁg@@ﬂgr%@g%f%ih ﬂ%%‘iﬁ eg stacﬁgrt]e 20 about
860 EGFD apl 8L cuptits| WeRs RSN dadiariaNeiat: pitddiclisionSOefoiet

nol ecul €s per ctapsid were neasured li%ﬁconparl ng the detected fl uorescence

of {he RNEGFPTS,us lanepguantityroftGEBRRas eivendl distirruted ATOMRE dRBor at i on
rate |

recombinant baculovirus capsid. _
In order to estimate the amount of the incorporated EGFP per virus
particle, serial dilutions of the purified virus particies 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 vp39EGFP. Assembly of the
25 vyiruses was not affected by the fusion protein, since the titres of the gradient-
purified and concentrated (200x) EGFPvp39 and vp39EGFP viruses were 9.5 X
10° and 8.8 x 10° pfu/ml, 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, MGE3 and NHO cells were transduced for

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



was al so supported by Coonmassi e-stai ned SDS- PAGE, according to which a

~hi gh-proportion of the capsid was nmade of the vp39EG-P. Assen"ﬁl%/ iV 2084 25
viruses was not affected by the fusion protein, since the titres of the

gr adi @t o3/0pssui f 1 ed and concentrated (200x) EGFPvp39 ardT(EBBEGRP viruses
were 9.5 x 109 and 8.8 x 109 pfu/m, respectively. Bacul ovirus-Mdi at ed
Transduction The intracellular route18f vp39EG-P virus was foll owed by
nonitoring 30 EGFP-tagged capsids and fluorescently |abelled cellular

conpar t rertigenoly (EEAN} wealstudied. oSABIYY MGES-bhHid Nellz2ellMiBdk chubdishes! | s were
transduced for varigas time periods and the co-logcalisation of the virus
with an lb&EsybeeRIdQERE that hayoare sompigtelysnonesamisstys fpoBaodlovieus o anti gen

been 1 ol kel Ui hf Lo YachbRrus o bR SB R 0 wi Blbeplife | ™
tr ansduqijates evehtin ttae:ﬁrdmﬁué oF 1 0 WiVl sBigiuR] stiSiabipeté phvhishwRhaneed ected in
the plates even in the presence of 10 mM sodi um sodi um butyrate (which

enhafic e gepegRxpessipni by Yogdl Bairagwith stvemihigh wiutipligityef yramsghction ti plicity
of tran i on .. (400Q) whjl h nount . bl ue-stained rabpit aortic
aroot ' WOEPL Whte! 1 BmdlingF G0 A0REY jrBbircanr T soPEC mLBeR Pelent ed by
Al renne B i s i ' e‘él"‘l\%}’"ﬁ \S Vvia the
endocyt i@%%vﬁ?@%’?o@g tﬁgnﬂﬁﬁggﬂg%sﬁﬁgéﬂteli erlersﬁ{]gr%t%ré(fr@cq)’eus, t he
bacul ovistpg.envel ope fuses with the nenbrane of the early endosone under

i1 dl i di condi.ti ith the. hel f th i I 64 ft 30 m
Tost 1 ansduBataivinisiSkndivh ta iR oBl Belie endecnliratpiBrebaketia |1
preggnt chpsigays! &elﬁﬂ@ﬁ'@é%‘lﬂtﬁei RudBL HePSac AdinE AhVel® b'f@g f‘ S\:ﬂfhdthe24 hpt.

the virus did not colocalise with the EEAL in the EA suggesting 15
t hat it nieadbranesddye egdy padosorneunier mildlyyacitid cenditionsMathetherhelp of t hese

Col L L PSR e e e O ShS e BebhRRR 121 1%, e
Tl 388 S pUETFI 599 $pB M lofffabt i . g 2o, =
EGFP wa24 hpl. theyerusdidaat gokealise with the EBAd in the-EAEY celld, suggésting
S unge st fhré? it%g%ta{rteg%yceas%%bieg?ro?naﬂw 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 hp.t. In EAHY cells the number of capsid
(EGFP) positive nuclei was very low (0.1%) whereas almbst all nuclei were
positive in HepGZ2 cells 4 h p.t. (91%). At 24 t p.t., EGFP was no longer clearly
20 distinguished in HepG2 cell nuclei, suggesting that the capsids had
disassembled, 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 colocalisation with EGFP
at 24 h p.t. in EAHY cells, suggesting that the virus capsid was not in the
25 endocytic pathway. Electron microscopy of EAHY cells at 4 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 celis, 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 s{udies. Electron microscopy of
EAHMY cells confirmed that no virus capsids were present in the nuciei at 4 h p.i
In order to find out whether the biock in the nuclear entry of baculovirus in the




di sassenbl ed, whereas they were still present in the cytoplasm.ln Y
cells. Fluorescent |abelling of recycling early endosones \?tf\"ﬁv aﬁﬁw and

| ate endosones and | ysosones with anti-CD63 showed. no col ocalisation with
EGFP watosddsdiip.t. in EAHY cells, suggesting that the RETYeRIEAFSi d was not
in the 25 endocytic pathway. Electron m croscopy of EAHY cells at 4 h p.t.
confirnmed that the virus capsids w@Pe free in the cytoplasm further
suggesting that they had escaped fromthe earl endospnai. IWpGZ cells,
the capsify Y8[SsBIRSRN fof otheheonymraiissve aelhs,ﬁl.l@@ (kigoth AR i nt act
capsids were transported into the nu@{ eus gfter retlégaﬁ HI‘B'P& g early
endosongsils weneestudiegi movrOReRB s, 308 F55HES SHEPBY BIE" Fesil t's of

col ocalisation studies. Electro ) EARE | s confirnmed that
no Vi ragedaﬁféea%ewefs%ﬁ%%‘ﬁﬂﬁ %@%frﬁﬁ‘cﬁo@n gtgrrgf h tpaﬂ f?:ltlaln I(zr_dtz]re to find
~ out whet her ke | thedire sdtde/ofahonhertain pgkIm@e3 Nov
2004' PCT/ CBEM%@B“E%@S“%E? Ih%q:f

s is also valid for ot Ber@E%pn-&%r m ssi ve
cel s, \yRRBcApSid ertaneednidHbDe cytopiasier Manansin ity FITEGFSGPITs. The
results suggest a general Dblock in drHES VIry Us capsi d
in the aﬁdglﬁéiiﬁﬂs@%\ﬁ'@‘@@? ﬁggu’?%ﬂ%‘?@uéﬂﬁgn%%gé&ﬂtg%%ﬁ&&%% thei%éﬁsence of
nonensin_| ed, ' iR CHLsEE Furnfiulation obtheeviras @ cyt opl asm
l\/bnensi'HePﬁ%i @ﬁ??A@*&fﬁé“%%%@%’%ﬁ C\aélclzjirsdi fication and causes accunul ati on of

‘the cargesifive eaplyestidosonmesosodiisp.ti nThewpeatsRseneeest 1! MrohERsi n caused
accunul'ation of ty

he virus in EEAl .positiV Vo i p.t. The
~ resul t sfollbws thegges Pathwayt IR PSITITRVE F‘BPP(S’\?‘éF?%gSs'g%%ggt vvgsihl ﬁzger m ssi ve
and non-permni ssi,ve._cel | h 0 dndeeyidsis; follwwed by & plaken up By
adsiét pttwgssiﬁﬂ;%? f%'gslés %?(SHLO&V\B%H %ﬁ%’b}}&? depezdent _fusi.ot;l of .the envel"oge
Wi th endgseiferifudion optheirvetdpe it endhsome asthasRreuiously ReRILOWh

‘manmmal i an cells. Visualisation of Virus in Rat Brain in vivo In order to
i nvest i tpapecurhie inggot eng RMUIEBEAYSt or bacul ovirus 15 bi odi stribution

L R e B e LT e e
cal | osum of i agrder atd meestigdte ithg ectilityn ofj y§39EﬁE§° flo!ﬁeb@B%@E. | |
D D ehstiinotion stidias, an 2liquot of the Vius Whs hitdied htdtd rfiordincTRe 11 vivo.
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 canbe 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 celis and pFastbac1 were obtained from Invitrogen. pDNR-

LIB vector containing SacB gene was purchased from BD Biosciences Clontech,
USA.

| o5 Construction of modified donor vector
' The modified donor vector was constructed by replacing the Ampicillin

resistance gene in pFastbac vector with Bacillus subtilis levansucrase gene
(SacB) from pDNR-LIB vector. In practice, pFastbac vector was cut by BspHlI
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




20 Bacterial strains, plasmds, cell lines and viral DNA E. coil strain
DH5d (I nvi trogen, USA) was used for propagation of plasm ds.3 PO Bas ?cel | s
and pFastbacl were obtained fromlnvitrogen. pDNR- LIB vect'or contaih ng
SacB \geusowes purchased from BD Bi osci ences C ont ech, PAISBBI3/E829Const r uct i on
of nodified donor vector The nodifi ? donor vector was constructed by

replacing the Anpicillin resistancé'gene in pFastbacl vector with Bacillus
subtilis | evansucrase ﬂene (SacB) from pDNR-LIB vector.. Mhﬁr ctice,
pFast bat263+42830f pRNR-UiB bybfﬁgpﬁﬁPHP@@i Botksitgs WH@ed)&P e’ |7 near

casset tﬁaf&éiawmﬁ%%%ﬁ?ﬁ&fﬁ %‘n@Q@éﬁ e (b

- with the gy AT AT EAGINTATC - 3
 (sequerd R D i N o Ty A oo

PDNR- LI ddopibeal Auamrtd emm m;ﬂ)L bupid, excepidhat annegllingmraescarried out TTAG
GTCATGAACATATA uenc 149- 3179 af pDNR-LI B
o ol ot B G ENGEXS DNAGAHEEss (BERZIRGS SR ot e as

descri bed re aas carried
out 5 &M 3@%035 Eﬁ%%&&ﬁ {#ﬁ%ﬁ%@eﬁ%gaﬁngﬁyegahééﬁlnazﬁﬁ%ﬁﬁ%gﬁd) was used
for arﬂéé&.b@atm menﬁéaetaam obitp dubragineniurifies RCBesoddctwascl@sed  and

purified as described in Airenne et al 1994 fied PCR
pr oductintes cBepidcdigesied RFBSiBACI dvgesr e@!’“ﬁﬁfﬁgé'&aﬁgﬁﬁz’@pomgiﬁ\fpf rogen,

Car | sbad f.or | pl asm d
s naritprEin 50w B0 2L B pSiiiAs ForfRFpn Btod o

confy r nes-Aw3 Ehete pueRGtkig seflince wﬂecehmmédwiay DA sedRieniceg{ALBppsal a,
Sweden) . Construction of chronpsomal affTn7 bl ocked E. coli strain In order

to bl ookmetsham Phermasie:Biateok Uppsalapwedsad, pBvboost was cut by

BseRI /Ayrll, The ex stituted by

anpi ci | ¥PAStryEtiopy ﬁ%’i’%iggggé%g% ?{ﬂ,(;f A@@) %Fr om p‘?@{'%z% The ARC was

obt ai ned by |RGRi¥ thibiddietherdryticsatfT T diteiRdai tOBad, BV bansb wasebt by 5' - A;
AATAT GAGGAGT TA C AA G C TAATTAATTAATT H%?%B@Pg bVBQTQTG I GCGC

GGAA - BeeRlbdvilembe exsisest oamamygn (Fsistnce Was s RiCin, o
15 resistance cassette (ARC) from pFastbac1. The ARC was obtained by PCR with

the primers DH10Bacinttn7destroybyampd’: 5'- '
AAATATGAGGAGTTACAATTGCTAATTAATTAATTCGGGGAAATGTGCGC
GGAA — 3 (sequence for nt 471-490 of pFastbac1 in bold; BseRI site

underlined), DH10Bacinttn7destroybyamp8': 6 -

20 CTTGGTCCTAGGATTACCAATGCTTAATCAGTG — 3’ (sequence for nt 1430-

1449 of pFastbact in bold; Avrll site underlined). The PCR was performed as

described above. The amplified fragment was digested with BseRI/Avril and

purified as above. The purified PCR product was cloned into a BseRIAvrl-

digested pBVboost. The resulting plasmid was named pBVboostAamp. The

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

DH10Bac cells were transformed by pBVboostAamp. Single blue colonies

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

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

30 and 10% sucrose in 5 mi LB-medium. Next day colonies were screened for the

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



underlined), “Hl OBacinttn7destroybyanp3': 5 20 . .
CTTGGTCCTAGGATTACCAATGCTTAATCAGTG -- 3' (sequence for nt 1430-1 {14480 0f
pFastbacl in bold; Avrll site underlined). The PCR was perfornmed as
descrwbegoadsove. The anplified fragnent was di gested RF%‘G%%’@W?AVHI and-
purified as above. The purified PCR product was cloned into a BseRI| Avrl | --
di gested pBVboost. The resulting plaesm d was naned pBVboost Aanp. The 25

nucl eoti de sequence of Ampicillin cassette was confirmed by, DNA sequenci ng
(ALF; 4\09@@@5! RlasBs irasBting do 18250pptands (m@@énﬁlt_at:bﬁ%%é)ci%g? s were

transfornkd b BVboost Aanp. Sj ng] e, bl ue col oni + D wf4 om

LB P! At nmphmesmerebrnegea e A e S e dbdorsiER R Afrg o
tetracycline (Tet), 50 alf Rl B - . Médisdn, US | PTG 30
and 10%5@@%&&?#%‘?%&[@ Pi\gal? L@n‘iﬁﬁlh%bg’oﬁgmﬁ wer e sr(]:r eeﬁ’;ﬂd for the

presence ' : L GeerB)prEsatvad inleanaC be&. bpli DEHRAcATRdeus 17, 101 3
NOV 20&9%%%%%ﬁ%kﬁl CrEB 3/01029 22 102, 1995. Colonies resulting in

3258p hmpgaréfibanfeetroanmpatentdelisn gel el ectrophoresis were further

studi ed for the absence of donor_ pl | ' ; urified

pl asmi d DNA Ipergeiita pm%fﬁﬁl@ﬁi@"ﬁ?’ﬁﬂ%‘%@ 9?\% F@ginéfaogg}&?§ﬁ?? %F?%ﬁsul ting

cl ones were S L0z ' HPBBeAXTA7 cBli®abphowdi on of
&&gﬁ HEE{ @ﬁ%iﬁ@é@g K3G, §8t &nd ahp fdiHD

el ectr n ortler to prepare el ectro-conpetent, cells, single

col oni %§ E%H{Fé{}&wé)'@ér%sinoédﬂated iAo 10an! ci-Bupsaeroth ($8in30 eetTYRIAMCanp £ or
DHLOBaCRTR? cel I's ‘at above concentrations @r?} ifﬂ“ﬂh@ét@ﬂdl‘W@)lo m  of
Super IQD(IJ]Hee%xmtmGQﬁJNdﬁ@[Phoi'Goar%ﬁsu tEESS 0Ty °|c‘

3- N- nor phol i hopr opanesul f.qni aF i oveMighDav8TIC appr opri-ate
anflPbi U\tlﬂbﬁpp'ﬁxﬁg ?1?Pﬁwg{'%r%u%ngfovréstygﬁl\%%lgp\rﬁtgﬁt _:19) tg?C on g pﬁakgr ~~One
liter %‘;ﬁyﬁ#\" BheTitd of B Witk Sinliob2 M glcostavasithed ineauialeg Wi of

cu

0. 5 0. f cyshight aulBINtE e oPERB Ao e U B RS B8O e or 15
bo, “Siapoabad I ALl ety il el 1
cont 11 -4fich@bdataeo Fiorabin st 0: Gallowsiesyashiiiily 0, §§§1 Cure of
15 200 and 100 ml of ice-cold water/10 % gﬂyceropang centAhifiPisSaibve. Fitally
cells were suspended in a total volume of 3-4 ml of 10% glycerol and preserv.ed, '
in 40 W aliquots at -70°C. _ | |
Transposition into bacmids and production of rec.ombinantbaculow‘ruses
Transposition was performed by electro-transforming 40 ul of DH1OBac
20 or DH10BacATn7 with pFastbact! or pBVboost donor vector. | Electro- N
transformationwas performed as described by Gibco BRL, using BIO-RAD Gene )
Pulser Il system (Hercules, USA). The cells were allowed to recover 4h post
transformation at 37°C with vigorous shaking. The cultures 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 DH1 OBac or DH10BacATn7 (inwhich thg
chromosomal affTn7 site is occupied) cells was studied using the original

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



,Transposition into bacm ds and production of reconbinant bacul oviruses

" Transposition was perfornmed by electro transformng 40 | 01‘"3]11@18 0,20 or
DH10BacCTn7 with pFastbacl or pBVboost donor vector. Electro trans of mati on
was p¥d &kl as described by G bco BRL, using Bl O RABEROMMIser ||
system (Hercul es, USA). The cells were allowed to recover 4h post
transformation at 37C with vi gorous28haki ng. The cultures were plated on
LB- plates supplenented with 7 glm gentamycin (Gent) and Tet (10 gglnl)
Wi th angkpebted, tthe use tf EBMboostresulied enBessgrifcanidne@REs i §ie eeagy esence’ of

T usesl thpgengutional sCaaran tasHigs b S Eane Saust e oKy e o "
BaC. To. Bac _ . , _ d! ¢ .

the_ DrBRIECIEE s RahshOFREN citapy | e lodles) WiaButaned ipfavel T cacy 11
occupi &) sEVbsosrsinstDEi bBatsicalis.t Heurthérgiare) theFalabaiermatiomB@hoost donor

vectors and the results were conpared. As WO 03/ OVG 1 23 3 NOV_2004
PCT/SCBI3HO0BacATRE evite pBVhaest sesuitedh el i dO0M dite CAOBIESN i cant

increase in the effi . of ratl.i i gs in the
presenc@r@?ar%Wogﬁiycgyéﬂn ﬂ&ﬁ-q?%tﬁﬁgfgi%’%ggﬁ% Fﬁ ﬁe trégﬁg%%@lﬁﬁ@ orﬁ ef fi cacy
(white ' Vit 8yBhiesAladB\dvedsly PORDNOERBAY, thel | s.
Furt her%@,ﬂbﬁieh%gl;@ﬁ)%n%?ﬁ/oﬁméf 5 D‘I-eLSlOéIaBaC_AT.n]s%/yvi t h pBvboost, resulted
typi calyge iof DIYBBACAENE cdteain eglsasyietdethaa ctignicant ynereese nint B pFast bacl

pl ates. The presence qQf rec I.hant bacmds in the norphologically white
col oni é@cﬂﬁ@"iﬁ'ﬁ&?@"ﬂgs P@E.p BAFY . the use of DHLOBaci Tn7 strain al so

yi e@e%g rﬁi ﬂ%hf icant increase in the reconbinant bacmids with pFast bacl .
10 a nstruction of pBVboost FG and pBVboost FGR I n orderto all ow

] D e red Lo ot 1160 P11 | Bt b agt ot o Novagen)
The const rgdﬂétﬂd@%@@ﬂ@‘lyée%g iBPB‘P@"?q%FQH”BQ {rﬁgp 6’6’?9@;:@%8%3?%? 1%
\e/gg{o loresclér?iﬂigdc&%%%%i(mit%gé_?ﬁ%r@’ihﬁéﬁéé iﬁ@‘ﬁfmﬂﬁfﬁeo%TﬁEﬂ-‘iW%ebﬁﬁul t ant
(Novagen). The constructed cassette was cloned into the pBVboost vector that
15 enables rapid generation of baculoviruses (Example 2) and the resultant vector
was designated as pBVboostFG (Fig. 3). To construct amarker gen'e—containing ‘
version of pBVboostFG, the DsRed encoding sequence (from pDsRed2-N1
vector, Clonetech) was subcloned into MCS of the pBVboostFG under a
polyhedron promoter (pPoth). This vector was named pBVboostFGR. -
20 Cloning of avidin and EGFP into pBVboostFG and pB VboostFGR vectors
The DNA-construct containing bacterial ompA secretion signal fused to
avidin cDNA flanked with aitl1 (5") and attl2 (3') sites required for
recombinational cloning was obtained using SES-PCR in three steps (Fig. 5).
~l"his product was LR-cloned (Invitrogen) into pBVboostFG and the resultant
25 plasmid was named pBVboostFG+avi. The EGFP-consfruct (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
pBVboostFGR+EGFP, respectively. _
30 Expression of genes and characterisation of proteins
Bacterial expressions of ompA-avidin and EGFP were carried outin E. coli

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



was designated as pBVboostFG (Fig. 3). To construct a marker - S
gene-contai ning version of pBVboostFG the DsRed encodi r‘TQBSHaMeﬁﬂ’E‘é (from
pDsRed2- N1 vector, C onetech) was subcloned into MCS of the pBVboost FG
underwa o3pmsyhedr on pronoter (pPolh). This vector wasPﬁEfﬁﬁP?’ﬁﬁg\?Boost FGR 20
Cloning of avidin and EGFP i nto pBVboost FG and pBVboost FGR vectors The
DNA- construct containi ng bacteri al BﬂpA secretion signal fused to avidin
cDNA flanked with attLl (5) and attlL2 (3'? sites required for,.

r econbigagk wasral firel @niuned ab37 ‘Ghindhastizking agltgESaPRions Wi Be Qs (Fi g.

sl { aiensiy 1pRaSeN & Wheradid BSOS FROFI PIOUHRIORY: S

resul t siy rpae . ssla . - ruct
EGFP-N1. , .. C h, .Palo. i I ' i cal

ks roryprdringl 2T 6T st e B O B A e e boost FG

and pBVhRQRIL @?cothli‘rﬁze bRsUlibANGt robastenferakre. Theicgtiewvere freRYDD88! FGHEGFP
and p oost FGR+EGHFP, respectively. 30 Expression, of genes an ’

chasactigtoitetz!] peripiasmicang insolBhalefeadtigns beseiactigps F’rfﬁl\s%?%ﬁ and EGFP
i ed t] i, | L2 ' | . F th
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fﬁe 3p%@%?tgbgg}r%ﬁw&ﬁéelzgﬁggaﬁ?g"l(ld%éém?) a t_etrsl%/\?hﬂi)ch thga rotein fogsclt i on
was SWIHGhRE EIN2000) wddiusgd &858 ses:qmzery entibogynE&RR Sxpwmssin b}’.a§ M

~Avi di t hesi al | d .t ' Ni t .

The' colaaaRral PaarPBIbac AR SEkPEtSe Al 0 A IB T BERF Y St ons.
ang { heee 1106k GRS EHRANRAECEH wididiBotéd iRy Rommlitiremmian od onfy
rs.

nyl (9n proteins were detected by pol yclonal rabbit

anti - ayingijigh@nt i body (1:5000), and Goat Anti-Rabbit [gG AP (1:2000) was
used as a secondary antipody. ECGFEP expressi ar [ gr ow ng
bacteria on E@WHF@“COE? IRYVIRESS. 4 TRYE P‘FéPlgﬁ@&féFgen %ﬁt&)aénd t he
produce p«eﬁag@# %‘%d‘& /bB6HFGRFEBFPUAS dBsEribed abovéEXxarble_
Reconbi \ﬁ?%cg%cu ovi rﬁses gYe constructed using vectors pBVboos IFG+EGFP
and pByhogRidtfEviFHieatonewers pedoratrsiin $iBeatisi(d x 10° cells in each we

15  of 6-well plates) for 3 days.
To test the constructed expression cassette in m.ammalian 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. Inbothtests, 150,000 cells were plated info wells of 6-well
| plates and, aftér 24 h, the cells were either transfected by 1-2 pg of plasmid 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 inorderto
transport the synthesised the avidin to periplaSmic space of E. cofi. In order to
RC clone ompA-avidin and EGFP into pBVboostFG(R) in one step (Fjg. 5), the
long atiL sites required for the cloning system were included by using SE.S—PCR;
see Majumer et al, Gene 110, 89-94, 1992.
30 Expression of test genes avidin and EGFP _
The expression of avidin (pBVboostFG+AVI) was efficient in BL21 E. coli
and a remarkable proportion of total cellular protein was composed of avidin



.2). Baculoviral infections were performed in Sf9 cells (1 x,106 cells in

each 'well 15 of 6-well plates) for 3 days. To test the cons"liﬂumqugﬂg)f
expressi on cassette in manmalian cells, Hep& -and CHO were used as a test
cel | IWRA8¥0EH expressing EGFP through CAG pronoter. HREGBEH{MOFnality of
the cassette was tested both by the 2 culoviral transduction and by
transfection (FUGENETM 6, Roche) usi g 20 pBVboost FGtEGFP. I n both tests,

, [ 1 | di Ils. of 6-well d, . h, th
ool i o wetier avergion efishin ikt otje o3 v Hipdurl A RioRBlk it ot on by
virus widdytherhln400on 965‘% FehRIIicmbabad cbﬂ_rsaﬁgﬂé Rehtaided Bisengl | maged

by fl uorescerice m croscope. oning test genes into pBVboost FG and
pBVboostrideRptirebised famt af ithe pooiein $eer pratein thayatill coatained te sigrebi di n gene
in order to transport the synthesised the avidin t ﬁeri ] asm ¢ lipace of
E. col | .peptide)ddp Gtrast HeomeRMpAdeali was SW@VE%F@{Q i 5o ¥sBEGR) in

ver o5 nBRERY AubiS. S udtiohally G pERBlHefe qitig A FaBeRdoRy® 15y,
30 Expr e¢ssdiag ifo Biet a?@fm@é amiditbe whansreEidh BbendipagassenTloé ESHRI n :

(pBVboost FG+tAVI ) was erficient in BL21 E. coli . and a remarkabl e proportion
of t ot aiwasetisglpipdyeest suerasailly aspoisgtionabipraiin &3 crblrapstamedyviys/ 078641

PCT/ GB03/ 01029 2 : [ -1 nd i - . avi.di

pr oduced S PIANEE GEMEHosH GEFBE® SilRCl WoR dasi?) deBbie GBS,
the t ot glackiidl ceiRdsegrowm@bRR Blptdted. non-processed formof the protein
(i.e. protein that still contained the signal In contrast, the

. 4 __peptide).
ompAdsi gnal \Raculvwrised escedingdelPiweargluspddp infschid grilssifter 3daMS ns. The

et eyl B AT P ke
pr oduceq,EGpRsREY] |Corasspbndity, WAdess RIcbAtdmed dbth theaDsRed@ed wi th  the
pl asm d pBVboost FGFEGFP since 1t was easily detected directly from

bact er i &IGicR linfectas SiConelisgigHady.LB pl ates. 10 Bacul ovi ruses encodi ng EGFP
were used to,jnfect I fier S i f ian, 2, LS were
studied in f If{ﬁﬂ(ggcﬂﬁ{ %ﬁ@r %é’l%ﬁ“é‘%"% Hg%éjg%st Fré%\ﬂ gﬁtt t@‘% fetst'téeae%d)tlﬁhf ect ed.
Cor 1S pepsthattivorks BIRAR ridiaanian tailad thiechsé ke R EGF®P construct

was used as with Sf9 cells. The construct was both transducted as baculoviruses

into HepG2 and CHO cells and transfected as a plasmid r(pBVboostFG'-l-_EGFP)
into CHO cells. ' '




EGFP infected Sf9 cells simlarly. HepG and CHO cells were used tQ show .
that the tetra-pronoter 15 construct works al so i n mamual saficell M]s‘

this case, the sane EGFP construct was used as with Sf9 cells. The
constwy®swas both transducted as bacul oviruses i nt oPEESEIEHE? CHO cel | s -
and transfected as a plasm d (pBVbﬁéét FGtEGFP) into CHO cells. 7Q WO
031078641 26 PCT/ GB03/01029 ~~CLAI Bacul ovirus of which the capsid
has been nodified to display one or nore heterol ogous peptides. 2.

Bacul oytramagccording to cI aim1, wherein vp39, p24 or p80is nodified, 5

3. Baculovirus accordi n cl ai m. |

Bacul ovi.r us-Bamdeyigisel W C th ?ﬁ@'d?-%%\ﬁ%'ﬁ d}’;&@o W?P@g%\?\moﬁea f usi on

. protei C-term nus. 5. Bacul ovi rus according to any |
heerions pRBfs

preced ' the nodification allows nuclear o fub(gel I ul.ar
targetifg. IfadiloRags hevdrdirg tof claim &h%hﬁﬁlgefﬁaﬁep%é?rﬁggrlsﬁm §%d to

express one or nore heterol ogous ptides _in as defined in any
35 pﬁﬁac@ﬁé@’m |

precedidg clBacnlovitus Bagendiid %Qa'&‘ggoWbPF@ntVB erein the

bacul ovirus yector. con Lwie@pR ¢ 39&3 nidRIEREWith afusionor di ng to

clai m 6%or dPaGHIPYIrY %\ﬂé&%r%ﬁl%ned%@@?rbvﬁe Eet erol ogous genes are at | east

10 kb !ﬁ% ]n%tt@wlép]\ﬂlém.t@ﬁ-ﬁmudj ng to any of clains 6 to 8 wherein the
genes are 1

human genes. 10. Use of bacul ovirus agccor.din recedi ng
claim $or tBaculeirveagcordingtaap PEESAGCIRHE Wﬁ%feéﬂéh%f‘%"gdﬁw'é’?' cel Il .
11. Use according to cl alm[ garﬁg{el n the another cell is an insect ceII
12. Useallpwsonisiagr posidpeh! gl %in the another cell is a mammalian -
cellg, @3 BEaBRIdonutich febendie hasdsasm ddifiathte hspreselonsi &f E. cot.
A 't ho

or selecting a target gene, which conprise teps of:
-(' ) geﬁﬂbﬁ he@ralolgobsa:qptldesg@ﬁ§§a§$ldg@ﬁgﬁf@eﬂrlg@wrﬂrgceamg%?alﬁl

7 Baculovirus according 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 long.
Q. Baculovirus according to any of claims 6 to 8, wherein the genes are

human genes.
10.  Use of baculovirus according to any precedmg claim, for the delivery of
a peptide into the nucleus of ancther 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. Uée according to ciaim 10, wherein the another cell is E. colli.
14, A method for selecting a target gene, which comprises the steps of:
(i) 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. _
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.



.25 claned in baculovirus according to any of claims I to 9, (i)
“transforming a host cell with the vector; and (iii) detecttnl MHhe004
expressi on under predeterm ned conditions. 15. A nethod according to claim
14, wW¥PPAT86ke predet erm ned conditions 30 conprise BCHEBIHPIE fferent
condi tions under which expression of_the target gene my or may not be
detected. 3 NOV 2004 WD 03/ 078641 PCRHf GB03/ 01029 27 16. A nethod accor di ng
to claim 15, wherein the different conditions. or’rR ise.. limting dilution.
©17. A nelthod &w@h@ma@cqr@naﬁ@clafmdﬁawlh%remh%“fi%? {;&%}dé'lwss,qoé‘bor i)

conpri ses ..l d%@t l.fi cation of a phenotype. 18. A nethod according to any of
clai ms 1ANBI PHUYQRer ein step (iii) is repeated foll owing sel ection of one
or some of thenRRsHsicorahgidenpoedaigs M fets, witardint stepiii) d@mprseret hod
-according to any of clains 14 to 18, which addi ti onal | y conprises

char act ddestifigticheofgepleratypessed under the predeterm ned 10 conditions. 1)

m ~, Nov 2004 WO 03/078641 S ENCE_ 1| STl N 1 ITh L Lt d.
21205 ENE NEE‘REI?@R@LE@W%USE’%JQM k@?l@%gé §°<%%;¥%5&§%Hﬁ%> Lot
37/gt k NOWALe St rBNGRNS <BRsclién THBAG of dormé BPthelttbaDE bf YRS predefermiridtr 1 <211>

conditions.
19. A method according to any of claims 14 to 18, which additionally

comprises characterising the gene expressed under the predetermined

10 conditions.



 <212> DNA -<213> Artificial Sequence <220> <223> Description of ificial
sequence: digonucl eotide PCT/ G03/01029 <400> 1 ttgaaagafb3tﬁa$tﬁ@;tg

c.accaccatc accatcaCgg at CCggCggc ggcggctcgg 60 cggctagtge ccqt t 78
<210>W0 037344 71 <212> DNA <213> Artifici al Sequg%cep %693"’13 8,8

Description of Artificial Sequence: O igonucleotide <400> 2 ttctgggtac

cgctttaatg gtgatgat gg SESGPGECHad 8fct tt aact agt gacgg,ct 60 attcr-tccac ¢
71 <210> 3 <211> 42 <212> DNA <213> Artificial Sequence '28 WD 03/078641

<2203 0> <R3 nbesenkpdd aaaof Artificial Sequence: Qigonucl eotide <400> 3
cgggat gaat tcgtcgccac catggtgagc aagggcgagg ag <210> 4 <211> 33 <212> DNA

<120> ENGINEERED BACULOVIRUSES AND THEIR USE
<130> REP06542WO

<140> not yet known
<141> 2003-03-12

<160> 17
<170> PatentIn Ver. 2.1

- <210> 1
<211> 178
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Seguence:

Oligonucleotide

<400> 1
ttgaaagatc tgaattcatg caccaccatc accatcacgy atccggegge ggcgactegg 60

cggctagtge cegtgggt 78

<210> 2

<211> 71

<212> DNA

<213> Artificial Sequence

<220>

<223> Description of Artificial Segquence:

Oligonucleotide

«400> 2

ttetgggtac cgotttaatg gtgatgatgg tggtgtctayg agctttaact agtgacgget 60
71

attcctccac ¢

<210> 3

<211> 42

<212> DNA

<213> Artificial Sequence

18



<213> Artificial Sequence <220> <223> Description of Artrfbcmghiﬁﬁquence

A i gonucl eoti de <400> 4 gcggccggat ccctt
gtaca gctcgtccat gcc <
i? _5212> DNA <213> Artificial Sequence <220> g<22%> EESC?lSt|§%OZf 2
rtifiney @7gaquence: 01L1i gonucl eoti de <400> 5 gt cgccact BCHGHIYIGEha :
gggcgaggag ctg <210> 6 <211> 39 <212> DNA <213> Artificial Sequence <220>
23z.Description of Artificial Sequence: Oigonucleotide <400> 6

a CaCta t 98“&%%&&@&@9@& gtecat gcc <210>

Ollgonucleo id

<400> 3
cgggatgaat tcgtcgccac catggtgagc aagggcgagy ag 42

<210> 4

<211> 33

<212> DNA

<213> Artificial Sequence

<220> _
<223> Description of Artificial Sequence:
oligonucleotide «’)
<400> 4
gcggecggat cccttgtaca gectegtecat gec 33
<210> 5
<211> 33
<212> DNA
<213> Artificial Seguence
<220>
<223> Description of Artificial Sequence:
oligonucleotide
<400> 5
gtcgccacta gtgtgagcaa gggcgaggag ctg - 33 _‘)
<210> ©
<211> 39
<212> DNA
<213> Artificial Sequence
<220>
<223> Description of Artificial Sequence:
oligonucleotide
<400> ©
agagtcacta gtgctttact tgtacagcte gtecatgee 39
<210> 7

9



<212> DNA <213> Artificial Sequence <22 0> <223> Description of Artificial

"Sequehce: O igonucl eotide PCT/ GB03/ 01029 <400> 7 gttatteas aégﬁggtca
atgccaatag gatatc 36 <210> 8 <211> 31 <212> DNA <213> Art Ci Sequence

<220> WOXB@3sddescri ption of Artificial Sequence: Aigo e <400> 8
ttaggtcatg aacatatacc tgccgttcac t 31 <210> 9 <211> SE%EE%Q AERA <213>
Art kkilxi @k Sequence <220> <223> Description of Artificial Sequence:

A i genuchept i de <400> 9 aaatatgagg agttacaatt gctaattaat taattcgggg
294 S210> 10 <211> 33 <212> DNA <213> Artificial Sequence

aaa c
<22tég$59, %S%gﬁ%gscrl tron of Artificial Sequence: Oigonucleotide <400> 10

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

<400> 7
gttattcatg agatctgtca atgccaatag gatatc 36

210> 8

<21l> 31

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:

Oligonucleotide

<400> 8
ttaggtcatyg aacatatace tgeccgttcac t 31

<210> 9

<211> 54

<212> DNA

<213» Artificial Sequence

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

Oligonucleotide

<400> 9
‘aaatatgagg agttacaatt gctaattaat taattcgggg aaatgtgege ggaa 54

<210> 10

<211> 33

<212> DNA

<213> Artificial Sequence

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

<400> 10

20



30 3 NOV 2004 WD 03/078641 cttggtccta ggattaccaa tgcttaatca gtg <210> 11
<211> 85 <212> DNA <213> Artificial Sequence <220> <223E=EEﬁq&L tion of
Artificial Sequence: oligonucleotide PCT/GB03101029 33 <400 Aat aat ga

ttttattttg actgatagtg acctgttcgt tgcaacaaat tgataagcaa

hittta
t aat gop@amIBELgt <210> 12 <211> 80 <212> DNA <213> A‘r"??’ﬁ“@?gﬁto Sequence

<22 0> <223> Description of Artificial Sequence: digonuckeotide <400> 12
caaak@augaBIUG$HFFFﬁg‘é@?ﬁﬁF&@ﬁ&gacctgttcgt t gcaacaaat tgataagcaa 600
tgctttctta taatgccaac <210> 13 <211> 81 <212> DNA <213> Artifici al
Sequence <220> <223> Description of Artificial Sequence: O igonucleotide
" <400> 13

<210> 1%

<211> 85

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:

oligonucleotide

<400> 11 ‘ | -
caaataatga ttttattittg actgatagtyg acctgttegt tgeaacaaat tgataagcaa

85
tgectttttta taatgccaac tttgt

<210> 12

<211> 80

<212> DNA

<213> Artificial Sequence

<2202 ‘
<223> Description of Artificial Sequence:

pligonucleotide

<400> 12 .
caaataatga tfttattttg actgatagtg acctgttcgt tgcaacaaat tgataagcaa ig
tgctttctta taatgccaac 7

<210> 13 | | W)
<211> 81

<212> DNA

<213> Artificial Seguence

<220>
<223> Description of Artificial Sequence:

Oligonucleotide

<400> 13 3
cgectctggeg cttgcctteyg ccgeegttac ggcctetggt gttgectegg ctcagaccgt

81
ggccagaaag tgctcgectga ©

<210> 14
<211> 79
<212> DNA

31



cgctctggecg cttgecttcg ccgecgttac ggcctctggt gttgectcgg ctcagaccgt 60
ggccagaaag tgctcgctga ¢ <210> 14 <211> 79 <212> DNA 31 3 NQV 4. N
3> Artificial Sequence <22 0> <223> Description o rtit ci al

03/ 078641 osﬁé%

equence:. onucl eoti de <400> gct tpc gccaact
S 4 | eoti de PCT/ GB03/ 01029 <400> 14 &B3/AR
tt gt acaaaa aagcaggcta tgaacaaacc ctccaaattc 60 gctctggcge ttgeccttcg 79

<210%13% Arepiiciag3sequenoe. DNA <213> Artificial sequence <220> <223>
Description of Artificial Sequence: O igonucleotide <400> 15 tgctttctta
taatsggecaac tttgtacaag aaagctgggt attactcctt ctgtgtgcgc 60 agg 63 <210> 16
<21%k225] pesddidr i DNA <RL133: A4 EL ;ﬂteﬁequence <220> <223> Description of
Artifici%hiégg%gg&gﬁed i gonucl eot 1 de <400> 16

<400> 14
gettttttat aatgecaact ttgtacaaaa aagcaggcta tgaacaaacc ctccaaattc 60

gctetggege ttgectteg 78

<210> 15

<211i> 63

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:

Oligonucleotide

<400> 15
tgctttctta taatgccaac tttgtacaag aaagctggygt attactcctt ctgtgtgege 60

agg 63

<210> 16

<21il> 51

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:

Cligonucleotide

<400> 16 :
ttataatgcc aactttgtac aaaaaagcag gctatggtga gcaagggcga g 51

<210> 17

<211> 58

<z12> DNA

<213> Artifiecial Sequence

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

<400> 17

52



ttataatgcc aactttgtac aaaaaagcag gctatggtga gcaagggcga g 51 <210> 17 <211>
58 <212> DNA <213> Artificial Sequence <220> <223> Descg.d tN[W"Z?]U*r
Artificial Sequence: digonucleotide <400> 17 3 z - 3 NOV 2004 , WO

03/ 078641 PCT/ GB03/01029 tgctttctta taatgccaac tttgtacpag cpeagobggat
tt act V¥ @078 dt cgt c 58 3?

58
tgctttetta taatgceaac tttgtacaag aaagetggyt ttacttgtac agctegte

32



