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Field of the Invention This invention relates to engi neered bacul oviruses
and t hei rwoge/o7ssatd especially to |libraries and peptide dipspiGBo3prayi ded in
bacul ovirus. 5 Background of the Invention Over the past few years, many
organi snms have had their genones conplétely sequenced. A draft sequence of
the entire human genone has been published. However, sequence information

as such does not expEAGINMEREB BACUEOVIRUSESIONDVSWEIRIWSEWor k, how cel |'s
form organi sns, what goes wong in 10 disease, how we age or how to devel op
a drug. Thilgeldsofdherlaventian i onal genomics, an area of the post-genonmic era

that deals with gthe .functio | ysi: f : t hel C cCones
into play. Among rf'ﬁémfeéﬁ‘_r?rqi %E%t?%gé %@ﬁ??@ﬁa@g@%&%@g ’g}@ogm&?{[ﬁg&, bild
lr)r!cr oar r ay sspiial§rt8liePaReSah® bepdae aisphdyopicvyRidddn Batelslindy of conpl ex

Il ol ogi cal systems. 15 Although DNA m croarrays allow high throughput

anal ysi § ofBackangand pf thednyentioronpl ement of nRNAs transcribed froma
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but they a6 notORBL S Beet RSy Fracl Sreisih T ek hed el edertingy, hed
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reflect the nunber” of functional protein nolecules. 20 Proteomnics gt he
conpl et e sqiutdishpdoHeiveyer seqdedcdinfermation asssugh doea aot explzin viirteldae s

bl h b hed b | ysi. | | ati
bundance dIeeRoaRr PU: RO Batr noWoRels rorfio Pradtisiar. B gass: Redhd
subcel lyy argib iﬁé\kis\ﬁé‘éasdél{bﬁw to! dEVRIGStd BrugM ThisOlsh@heRs FhRttithaRrs vel |

as functional aspect he observabl e characteristics conferred by a
gene in an gerumeiss; avarehiobthergositdenomit eratinatdeals witbthe funsticoakanalysis

readi ng franes in new sequenced enones enomc library) as well as the

characteri sooftg%}?scﬁn%ﬁgt rgaugtp, E%Wﬁﬁ}?\ﬁo Fg%ﬁes (genonic or cDNA library). A

l'ibrary conpatibh\g ebiofRuntibhal gé\ﬁhﬁ%s,@otlfgmemh@baﬁéygaﬁ@l I's as
wou

A tﬁé‘% A
well as with in Vltol‘% an Cﬁn Ivo experinments 3 be a powerful tool
in this sermweteokichdwith greal pamigeviecttbe stody of somplex biglogical systems, t he

et N X g BRATHSrda ey al B Ak hicughigl SndlYsi8'of SEhdeBlomd Rhe
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-translational 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 celis as well as with in vitro and in vivo experiments

30 would be apowerful 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 nention the nodest gene transfer efficiency of plasmds in vivo,
decreases the WD 03/078641 PCT/ GB03/01029 2 useful ness of plasmd

| i brari eswad3forsgint t hr oughput tools of phenom cs (aut onat @di/dBogio1029

t hr oughput anal ysis of proteins). Bacul oviruses have | ong been used as

bi opesticides and as tools for efficief reconbinant protein production in
I nsect cells. They are generally 5 regarded as safe, due to their

natural |y higbfusmess asf- preaiidi ibrayieandsbhighusieroughpyt aoelsnaf phemomics
propagate in any non-invertebrate host. The Autographa californica nmultiple
nucl ear pol {atamsied/ Nigh Hrougbruirayyalysis ShPERIBINGy an appropri ate eukaryotic

Cevoral mammali alds g yEa EEVR oho HEErhedt Sy bRRSTERIGSBATIARAS o

several manmali a es i n Vi repor

WO- A- 01/ 903 8fficiditcréoowibinertt Spratein girbduttiormirdiraieet colls/i Vitheyeare generalfyer
conparabl e to adenoviruses; see also Airenne et al, Gene Ther. 7:1499-1504

(2000) . Fheregarslest asraaiep duattpdhei naturally digh seeciassPerifisity anddeaausent

bacul ovi ruses, the fo C | City j ' l.ks, even at a high
mul tiplici t@‘%’f arien@{gﬁﬂ%g\& toa%%ﬁ%ﬁé@e'hté/qyn&rgmﬁj )P/éf?iw%rs lgpl icate in

nmammal i an 15 cel the MR8gRaphacasiopABafiUItipIé ROclkBRYdlyhethesis virusIAIMNBW) t he

I nsertion of foreign sequences, are features of baculovirus. Vp39 is a
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efficient transduction of nmammalian cells is not the |ack of penetration

of the bacutransferscomparablee te @idenovisyses:cegr elsondireane celeakio SaNSS iTHerbut
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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 et ai,
Biotechnology (N.Y.) 13: 1079-1084, 1995). Reference may also be made to

30 O'Reilly et al, "Baculovirus expression vectors. A laboratory manual”, Oxford
University Press, New York, NY (1994).



University Press, New York, NY (1994). WD 03/078641 PCT/ GB03/01029 3 In
order to avoid | aborious and time-consum ng plaque purification processes,
geneti c mMaDaesiozdé4can be i ntroduced into the bacul ovirus gecemaBoBg1029

honol ogous reconbi nation in the yeast Saccharonyces cerevi sae ; see Patel
et al. Nucleic Acids Res. 20, 97-104, 1%92. This nethod is rapid (pure 5
reconbi nant virus within 10-12 days) and it ensures that there is no

parental virus Inackgsotndvoid Istbdicus ahdotimehsorizeftng qslagi® esuriitationn
yeast culturing and the inconpatibility of traditional transfer vectors

with the s)ROSRFSeSGahRtistmateriajcanpe itrodicedssiethedrruladns genssie bes a

of 1 econ, afologbPBabEEERGEIN g VeHS Sheeloditis ER s s @ BBIdT on
Wi th Tn7 togfi BEeNuclis Hdids FRes20,nOP-10ac Mah2DNATHY | hethode RO FaidP{padat ed

in E coli cells. The E. coli clones containing reconbinant bacnmds are
sel ect ed byresompimant virusawitbinotd-d2sigys) aaddt ensuresAhpuihere ésl nbrpareatali ngl e

white colo I.S..u ransfect insect |ls, This.systemis.co tible
for sinulta %ng%aq%g@grﬁq %lrﬂt sﬁe ﬁf?ﬁ“gﬁs n@ggg%qwgﬁpngg.Iq,?//?qéggltgrd@g gﬁaf ers
from the rehatihdEmbaubiNe! SRPARESHA ftrdrR eIk twiffPIHRNEyR%em( bacul ovi rus
genones) obtai ned upon transfornmation. The poor selection features of the

ori gi nal syst em lhiskovbekal, &nlitolcRl 4366-4572MA83deserikama fasterapprbachi on

rocedur e, descri bed Leusch .et_al, ne 160, 191-194, 1995, . However,
Ito hi s s;st er@fsfé% r%pgb@mqrﬁywéu%u%ﬂwa?-ﬁq ﬂa@?wsgﬁhg{ﬁiﬁ‘?ﬁ'r Q?J?C‘PWQ'WWent i on
Accor difpg thcuidifudes2ORRH uss 5if@sﬁéaﬁ@nbnsw§gém ?\{i%h P78 PRBrtireFei

selecting a target gene, conprises the steps of: generating a ri‘brary
of genes orger@sontacbécraghBNAs(virds geinome) propagatetdnia. welizells. Viesorcpli(ii)

e e S8 e A a5 e e S o5 Tl oo
e oy IPESDAREL G 90 SoRITRRIGY o 0 (SR kot
This system is compatible for simultaneous isolation of multiple recombinant
15  viruses but suffers from the relative low percentage of recombinant 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 Leusch 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
(iii)  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



cells both in vitro and in vivo. Addition of a bacterial pronoter into a
bacul ovirus donor vector will also allow expression screening of cDNA

| i brari eswonspzssteri al WO 03/ 078641 PCT/ GB03/ 01029 4 cel IpeT/@Bmwslayi r us

| i braries maybe constructed fromsuitable validated full-length clones and
sequences from human and ot her vertebra#e sources. This will allow

i ntegration of the efficient infection (insect cells) and transduction
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aspect of tdefis) oveRyeLellsicbacllavitises| and applicdtorude phenomiemsduce
manmal i an and other cells. In particular, 10 it ha%aggw been shown that the
|
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boen shown TaTeAdd SisBi GERF ridr@lRagiclodtus pRieiht b peifeR fine fatisfs, & o0

of vp39 wi tiBaHts GEuDEORIIPBctdin, twimalidé ptoteinapdBaculovirusedri¢spontingie 15
vp39 fusion proteins on the AcCMNPV capsid surface. Furthernore, e tagged

virus can bwodifed inoits ganeme seresenisnaiurtber a8Rect, AL tha, éﬁv@(ﬂ‘t'ﬁacb den 299
th id : til | .y | ySi £
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prom se for the 20 nucl ear and subcel lular targeting of transgenes and as a

new pept i demdinspalian callgds Bot inendesrmepseape, it snuatiar FapsRart &fiteg VaYsS sy st em
has many advant ages conpared to a gp64 envel ope display system |n vp39,
no struct urdPSHbtifs have been recogni sed either for association with

mol ecul es wi t hi nt h4& aRdd B sHBWN Biat Aew P6tehtpsiitesCartise fudddito theN-os i t
responsi ble for infectivity of the virus. In addition i mmunoel ectron

m croscopy GHemsinuaaf W8vithout sampieRising the ialdireand Renctionphiy <l tae ¢ he
o, SR TRt s bR BINED P oL S, eislene
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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 subcelliular targeting of transgenes and as a new peptide display

system for eukaryotic cells.

The capsid display system has many advantages compared to a gp64
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 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



30 how | arge proteins can be, displayed on the baculovirus capsid, results
suggest that at |east 27 kDa protein can be efficiently expressed. Because
t he | engtwoaB/0786e capsi d can extend relatively freely, itPCrsgBgasunable to
expect that vp39 is WO 03/078641 PCT/ GB03/01029 5 also conpatible wth.
| arger proteins, e.g. up to 100 kDa or #i gher. Random display of peptides
or proteins on the capsid may allow the discovery of noieties capable of

transpor ti nged BenfRARBlcwitRsrdeR protems s oup e HEO kidarardeighet. aRandoganel s.
5 This invention also provides an inproved nethod for the %en ration of

r econbi nantdigay bbpeptidesoripyateinseuinecepsid may piaw the Aisconar VR MRIRITS based

on a nodi fied donor vector, and,an i npr,oyv I | C -
bacul ovi r usareRIgrdistransrerting) the, cen 'gapggégﬁeﬁ%@%r%i ﬁfg{:}é{? @ggﬁgﬁga%an be
gener at ed %Qﬁﬁelgr equency of > 105 per g of donor vector with a negligible

backgr ound. I'S 10 easy-to-use and efficient system &rjovi des the bazi s for
a hi gh- hr oughpUrhis geventiani aiso provides aniim@revashdethnd fardhe geneafalion gt 5

Cehome. may TapaBORENL GRS byle i e B Rdspobierl MR gBa5ed ' O
transposition, H?;oﬁieqcél}pd{eor v%fotr bat AhSRProdvid selsttionathearibfde basulevicas di ng

to the invention inc any formof "capsid therapy". Thus, proteins
can be usedasnids sy eol ivith $4uB genarRecombiopnbeatmigis<casy bposneraied @t rect | y

into the nucleus. In partdcular, _ the concept.of bacul.ovirus- | at

t her apy i nc@ fTe@Heneeol FHERESi G Pixdefrlo"u‘éf?crcﬁap Witk @ B%@P%E'ec%%%gg&g@ﬁ%uttle
for the trans t eLa i ot &y | I hahfctighpiut ve to
tradit ﬁgnaleﬁ'gttroélﬁérzé tatrngné@@mo%sé%}hem%zsomﬁgggtnar?? smgf t herapy

wi thout a f?é?ﬁbréﬁ@nbf Fptinaniipaeicvinsesras well der@ morgisenyeienbway e
capsid display systemoffers_a facile tool to st %I bacu

QVi I
t ransduct i Progiued siNceiruses: foeipirpducesselestan s maﬁé‘qq\ﬁ%@%f%for
nmechani snms jin t ' b4 wt i iem provi des a novel
tool  both 1§ %“E‘%t’ggﬁ‘g'ﬁs’féﬁ’leﬁ’e?@sgggﬁdggp?'ﬂght'g%gﬂ"ng D0SSi bilities at
intracel | ul ar 25r{@ivéd usgisdfot mosiiffethioaculbeirul apioagingfto doeniventipspnélude and

proteins. Furthernore, the EG-P bhacul ovirus construct provides A \{ﬁéuabl e
t ool td5st ualy farewef \crRsiddherapYand hus: PERIEMSFE PRuSERET 2 SYSERLTRNPESs i n

\r/r}a \r,ng? lian Ct?'a%éspoa}?of I8t aedor! Srafeihe dirBEMAirtd HPHbEIBNs and transduction in
In particular, the concept of baculovirus-mediated therapy includes 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 well 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 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



A further aspect of the invention is a novel tetra-pronoter vector 30
(pBVboost FG that enables screening of large insert-containing libraries in
bact eri alwoimasesstt and nmanmmal i an cells. O oning of the desiPCatHEBWIERe agnent s
i's based on the efficient site-specific reconbination system of

bact eri ophage WD 03/ 078641 PCT/ GB03/01029 6 |anbda. In addition, the
vector is conpatible with the inproved mni Tn7-based transpositional
cloning sysfeapdaBMbeREton, &m@ve@aﬁl@dﬁnmﬁa\re ite tﬁ@ﬁh RIvedYihl PA7-bRised
reconbi nant bacul ovi ruses w t hout an background. Th e vector contains the
fol | owi ng ptranepwtgc)n@lmlme@sysxemch boast gta,tepabieaeaspandfastmdmtloan be

torls. by CHbdhinanbAtaes WipLl oat PackarBund i Bty pamaing IRE "
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effectively into Yhe newector and expressed in st ¢ S. By using this
vector, 5t toseppssisbihe tlonedripgartd im geaminidieny basteriah ahdeinsect! eellst Biol e
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| i braries can be easi | rred to any ste ase
reconbi nat i alndlexprenaedgnshdsenejjs IBy asidgttmlen/ectoramw;)owbie tofsaréen tdrgeed

genes 15 cap also be done directly in vivo w thout any further subcloning
Treps, vi o MhEERod 1A el CNEiPIY GSROAS ke MAKGREVEEOSV G AIRLET us
and retg®vi ens, a benefit obtained by using baculovirus as a
I|braryﬂgon{dgll%m)ﬁ§p§%1e@%r% is that there is no known upper limt of the

i nsertional DNA Thatcloaimgbef theniiftrapies atbetthei develspert vestor i8 bdseidedn the
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capsid prot E‘?rﬁﬁvg%én Eigge.éégﬁl t?éhs‘?érlrgcg%Bdé r%ﬁth%gr ééilggboos%s%ﬁo%grﬁ@ec The
i nsect cel IrecbmmwamMiomningssrmma Irsacdnbmmstmscduc&omf thqotlened@enag site

(pPol hy ndean s ey pae GERclsI ) Ademia s any: (e AboRING ReRs. afa 7R
left and rightylovirus-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 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 isvdesigned for
efficient construction of baculovirus expression libraries by RC system of

bacteriophage lambda but includes also an option for traditional restriction



ends of the Tn7 cassette; SacB#3, nutated | evansucrase gene; on, the Col El
origin of replication; GENT, gentanycin gene. 30 Fig. 3 is a map of the
pBVBoost MEOwawtssHt The vector is designed for efficient ®cmgiBogotazen of
bacul ovirus expression libraries by RC system of bacteriophage | anbda but
I ncl udes also an option for traditional #westriction WO 03/078641

PCT/ G(B03/ 01029 7 enzyne-based library construction. The system al | ows

expressi on ehzgreibaedd lipranscomstrictisnuThe &ysm allywsiakpredsion of eeired)
system whi ch enabl es sinultaneous characterization of the activity of the
cl oned opendfRe Wder ansmiversak (hyliqd igtrapragater)| systary whichsepaklgsovi r al

library in [; L. 2L ' oni ‘ nar ker
gene under BEATEnsBRS sBPARelAton Gihs 2efy8 e Ridhed ol GcBiafiel
bacul ovi r usgsEagoli as iphesmiasitbrafy oP&Ypeesiovisa! Mbrary inirbety ahBensrheduasd
bacul oviral library by other neans. Fig. 4 is an overview of the use of

pBVboostFG eeltfeand gaiaais: &lenivgeof thadngkeegane underaiRalh pramoetencarmbe

[ brary.; pt SR ToEP o UerBEfod 9 Prdlifest® bl Blisdioas oy Topatitl sty | <
celI's with pBYBEBSIFGR orI&Bh‘h@tzttﬁ@dréwo@rdmaoﬁloﬁ%ﬂiﬁf&9itﬂ/,othélt maems! i ne and

sucrose selection results in 100% 15 reconbi nant bacm ds. 4. Transfer
col oni es and gr ohigeveisrayaverview pktheidse pbpBYbpastiiG-based system tl dahene

| ysi d f ' |1s. .6, Pri ' ing. Ti -108
of ul i 20 90 pe eyt LNGrsalaclontal il el THe BBl B R erery 5 i s
a schemad i cigmbwkhe SES-PCR strategy to construct avidin (A) and EGFP (B)

cassettes for cloning into pBVboost FG The undernost dashed |ines show the
attL sites conpal.i bl eR ¢laneResiradtliboary iftotRE casette REpBYMhoostF(Bd bact eri al

onpA signal (in avidi I B oligaqnucl o%ﬂg. d i gonuc) eoti des. to, 25
synt hesi ze avi di% and?@gprgbns uEP@ b %&%Mﬁeﬂﬂw%a@?@aﬁ!na&h L-
sequences are shown iﬁB"/babgﬂ:@ Fﬁﬂ‘érﬁ sequence encodi ng onp A signal peptide
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 strategy to construct avidin (A) and
EGFP (B) cassettes for cloning into pBVboostFG. The undermost dashed lines
show the atfl. sites compatible with LR reaction of the used RC system and
bacterial 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 n{ay be
constructed, based on a hybrid or other suitable promoter which allows higﬁ level

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



I's underlined. Description of Preferred Enbodinments In order to direct a

hi gh | evel expression of baculovirus library genes in 30 invertebrate, E
col i, andwpngeticscel | s, an expression cassette nay be comsrraRIBOUR2based

on a hybrid or other suitable pronoterwhich allows high | evel expression

of target genes both in prokaryotic andg8eukaryotic cells. Atarget site WO
03/ 078641 PCT/ GB03/01029 8 for, say, cre-reconbinase (|l oxP) nmay be
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bacul ovirus libraries using site-specific reconbination in vitro (Sauer,
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enabl es facile conversion o | braries, conpatible with, say, Li
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T et oo Pk asetar cARSE iedSded b Smressiod s ele” i SRS Ba anal
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vector MCS after nodifications such as thos escri bed above.

const r uct edSateways¥i Gonitgskechrwlogy (lite Techralogins) tartihe swiviehbaeulbaicus ovi r us
| i d | ' t whi t a... tor. Fast Bac- 1

o b ef edEa b Rt T 48fIbY S0 heiovel PomBanBubl Heeieropacatsstia e

BacTM Bacul i &iksiw faaitRP8] Ritapy & Fthiceoh @e}aw&mg@e PedtA¥Eor éﬁirﬁnéé‘d easy

preparation of re-bacul oviruses by site-specific transposition |
Escheri chi awidbble inlYecttrMCERftarmodifisatitnsesusdmastrosehdedonibedraitord. t 0 any

desired plasm d/.egxpressio system. e.qg. ipto a version of Bac-TOQ BacTM
bacul ovi rus exprﬁ%g%ﬂsgﬂ)g?%r%f)r‘%?s'orbggﬁﬁt W&yeb%F?QQﬁdemtom H!
construct ! aaciotREUIAKHIY 8EHackRIAES Shtdth whid) oot D aldbtic ctdr9°)
The expression cassette can also be cloned as part of the bacul ovirus
genone and phHastBag-1ds asrefeceiddrackbene ptasmidrsitbedi isemnyatibie mtithiBasTef | ox,
Gat ewa

Standaid mELPaFIBH BroBIPr oY oA AR (SRR CL VB TP RANT PBREr | o5
w11 be screepettibAlof re-baculoviruses by site-specific transposition in Escherichia coli.
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 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 directly to it by cre/lox, Gateway
or direct cloning methods.

All cloning work can be performed using standard molecular biology

25 methods. Constructed baculovirus libraries will be screened for
expression/phenotype effect(s) in suitable E. coli strain(s) (library in donor
plasmid 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 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.



expressi on/ phenotype effect(s) in suitable E. co/i strain(s) (library in
donor plasmd format), insect cells and vertebrate cells. Selected viruses
or whol e whiobtzssies can al so be used directly for in vivoPsTGBB®S102Thi s
alleviates the great and uni que potential of the new bacul ovirus
libraries; the same |library can be 30 usged for prokaryotic and eukaryotic
cells and in cell (in vitro) and animal (in vivo) studies. WO 03/078641
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| i gands or antibodies to the envel ope, followed by intracellular targetl ng
by vp39 nodaf itbat same tl‘merralxpmn@efw tmObHansmdyotrm:PboéﬂmwkSuuﬁ:tAoMNPVf usi on
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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, e.g. as disclosed by

O'Reilly et al, supra. Since computer prediction showed that vp39 had low

complexity 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 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



pl asm d produces vp39 wth His-tag at the N-term nus. However, the sane
transfer plasmd can be used for N or Ctermnal fusions wth or wthout
Hi s-tag. wOha/osssst em i s conpati ble with transporon-nedi at @dTxiB0351029
preparation. However, the expression cassette in the pBACcap-1 can be
easily nmoved to any desired 30 bacul oviiQus vector. The present invention
I ncl udes the possibility of double-targeting, as an extension of the
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03/078641 PCT/ GB03/01029 10 level. The basic idea of the tissue targeting

is to add aSWfREA fi e gepmiraBsier Nectos i@ ﬁQB@V@fSP@ﬁ@Cgf@ﬁ@lngrtQIﬁS@ﬁd\ﬁ@Hﬁor to

That a spoct 1 ebydbls Pell §pBaRhaF a5Rebc. Bankadtidr iibradiotBose iR oy

transducti 0@uél'fantétﬁeﬁl@f@ﬁ‘traﬁ@ﬂhctldmb\eﬂh@&érg%@hbﬂnJnt@ﬁ%ﬂ%@tlﬁh OB CapRITASIRONES
and transport of the genetic material into nucleus are also required.
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i ncor por ati ng a ["et hal gene | nto the donor | asm d gene
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| ect t th f t f th
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rescue only recométﬁaa i ifiventldh, JoPet inrbesd g@hepdtmﬁ reBoRRifint oot Or

pBVboost carries the SacB gene from'Bacillus amy uefacl ens; see Tang et
20 a/, Genebmuoxawsss, mygl;@s Imomtmlﬁtm@\gﬁnwntcath@ dﬂnaﬂplammdl Vkes the
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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 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 cells 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 ug of donor vector with a negligible



25 It appears that cloning of a transgene into pBVboost does not affect the
| nproved sel ection schene. The yields and expression characteristics of
these viwolem7ssie generally simlar or identical to viru®ez/Gpmorared by
ot her systens. High-titer viruses (.10% pfu/m ) are generated, capable of
expressing large quantities of desiredigene products in insect cells or,
with a suitable pronmoter, 30 in mamralian cells; see Airenne et al (2000),

supra. Howaysikgraursd.r Thiswdreq@ichtyr magefurthes obeaigatoved tie aptingsimg tiet hod
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while retaining the sinple, rapid and 10 conveni ent virus production.
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sel ection gt PREVIPYEURHITINNESH AR nFdLh WRIIE  EFIaIRING: 8¢  Milein EFPIA” 34

i nproveg PEBRRRIerftXFUS Prédudti AlddRlch oFith8 18thahgéhe R116 R HoABPpIagATid ONs
| i ke expression library screening but enhances also the construction of
singl e 15 alengrwitimaam Evicolisstain A mhitihc thee ¢hedmoasomainati hispds toostipieide

invention is a.parti.cul ar vectqr. In rder,,to _cpnstruc vector that
allow the GEPUSSTHGSRTSHeRICAG Hirrarombioant bARAICY I eRsyeltaciaPaRRs host
systens by Hsd | ' HAHAls v ; : ' f our
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t et r a- pr ondtker exqrsssivn dibrarycsanpesiad taft gphanhes aisG thevdnstreistiamoé singlehi cken

13-actin pronot r.g tT7/ ac _and pl0 which direct the high |Ievel expression of
t ar get 1%gerr@§° INANVIHSESe cells, E. coil, and bacul ovirus-infected insect

cell's; this is Aendicdied abBvEDERe B8bdktlof Sé MenBBA iSAPMMtidilaridbtos In A
multiple cloning site
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 pPoih 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 aftR1/2 sites,
that makes the vector a destination 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



follow ng the pPol h pronoter allows an option to nodify the properties of
25 bacul oviruses or to express a marker gene to detect the synthesis of
reconbi nawo obatsskovi ruses as descri bed here. To all ow an etCiGBoa01029
reconbi nati onal cloning of the desired |libraries (or genes/cDNAs) into the
vector, the site-specific RC cassette df bacteri ophage | anbda contai ni ng
attRl/2 sites, that nakes the vector a destination vector for this

r econbi nat i lmacdgrouiod igegesiticyaitreapmbvrmnt batuldeituses, whittasvakes iffsuifalbié her

enable the fa and high- thro t production of reconbi nant .
aaul ovi 1 odBe by Seraatuing.« FauRaHs BN G eowdE shneand goraiae JesbRtd as a
part of pB\@%ﬁﬁéViYﬁ%?éwtiﬁﬁra&%ﬁ%%ﬁo%‘?gﬁ%%V\D 03/ 078641 PCT/ GB03/ 01029

12 background generatio reconbi nant 1 oviruses, which makes it
suitable for |iPherey eserssmeraigpoiats ltimt nfaket pBYboLSIF GHvaistd systeras aad
generate a desired baculoviral library in &fctice I's shown in Fi g 4.
There are sévi¥eral 6BPIEsas AAPrRIESTHHVBS YEEIE. Paseafl kS Biaimbenefits isinger sal

choi ce as 4 ' t f ol i i '

ui tabi |1 15e SRR Yo AERY HEmARRl Rt ofREn td fodfy fordhigie dene/nifg
gene/ cDNA) carabelsxpeagsers Fel. coli tnsex!dells] megorhalian kells Bpdmsvenan iagldts and
even in intact aninmals in vivo by using the produced bacul oviruses. The

| ast opt i orARIAHE ¥R by usingdhe Rradugsddagsioviruses olheiast aptiaipisdhe masti ti on

fromin vit, ' | - ani nal 1:0Q: WM furt her
subcl oni ng léﬁ) éﬁis%ﬁddél Ct%%rée OPQQ’F%Q%B@% ﬁﬁ'?@@?h'@ %{f@slfq}ﬁgssci%%@hgﬁ of
di seaset(y el @iirrdl gestiery witholitharsy fuptihiee subcloning sepssandthertitee hamiakiadly uses
is one of the broadest of the viral gene transfer vectors studied. A

second st r dagtitates the\screesingnidisaase-related geaes dotthiscopteni thg tepismefto 15
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reconbi nat igndiet. bact eri ophage | anbda and an i nproved m ni Tn7
transposition system The use of the RC strategy in the library
construction pro¥saeandsiyength abthecsystemgelies or Higelifestiyeslonieg seheme tm

o e o888 Rl R bk HurblEbASYd BBl K4LoD |
library bedsas] bhéweonsecutblcoRESstaps Indwding@ sltedepédific fessumbiRatibmer nal |y
occurring restriction sites. Secondly, the used RC system of the
bact er i ophd¥cteriophage lambda and an improved mini Tn7 transposition system. The use
of the RC strategy in the library construction provides several benefits over
conventional 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 Dbacteriophage 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.



| anbda provides a nmuch better cloning efficiency than restriction-ligation
based strategies. Furthernore, the site-specific reconbination system of

t he 25 bawoasioogshage | anbda is reversible, in contrast toPcarGBoewes
corresponding site-specific reconbinase systens. This feature neans that
any fragnment cloned into the novel veci®r can be easily transferred to any
ot her vector utilising the sanme systemand vice versa. The high cloning

ef ficiency (fnpiere s nb hed ftrcarapbet pkaglaariwationsitd isekate 8épaataitiones.us
generation yields representative libraries nore facile than has been

possi bl e bﬁ%ﬁtﬂﬂ@@ﬁ%ﬁteéé"@mﬁﬁm pod asnemtionf\anmotalgd | libeafs. ng net hods.
D . . AN - . 0
V0 03] 078641 PCT T oY a0E D BT BERH oML Pl Br e E e InAIBN TR | 0 o

purificati Qg pesteRNBHEARRDHARE Stepesed il telileasp constrlidtiont sipvstheeeni ng
and generation of annotated libraries. A further advantage of usin

bacul ovBr udrarisferafiang insert$dn contiastDrcentatanoyiratand igdroydakganairansien, t he

din the lib ' | . f
Crsor oS | einre cadrinthBhBi 1ESL AN kb B fteld DAt ARSH e (e
vectors Cafbdn@,fre&@&]ﬁ %E ®akarvirlBabrdiddwith SBVISdEIF BNadadt %yétéfni taBtRigpTES.

The construction of baculovirus libraries with pBvboost FG based system
starting ffraomesiactedtipaly-AdRNACRNe aeconielishedovithin oneavasi (figy Wndfterek
(Fig. 4). After . screening.and identification of.candi date,. nes,. .Virus
anpl i fi cat i%?ﬁe%‘ﬂgiaﬁ‘d\)g% '%“’f‘e‘gﬁ%ﬁ‘&'d@g Cli’é‘ee?cé’HHglﬁ’%Dﬂg'&gngﬁﬁ?rd Y19 weeks.
The pr gpendgsiiy fat peeREoRAShey Wiin RIORBERS. such as pPolh in the vector,
separ at ed from% e RC scherma of the bacteri thage | anbda, enabl es the

cl oni ng of addi tThenpresencperft & eéscond dachiovijahprameler isschl as pPalh in theary.
This feature is exenpljfie the cloning of the fluorescen rker under
pPloI h for %@qé{es?é(?ég{)q fr(!(‘fﬂﬂ?eg%cépﬁ?ﬁ@ t 3‘"9%&9?3%@9% %é%ﬂ?%th uges.
Q her, Corél&ﬁﬁg%hé iﬁBHéPéF&Eél‘ﬁiéé SntBSBied gbNerated Paclltwvirgl NiBparyi Mhag y or

nodi fication of the baculoviral coat or capsid by cloning GP64 or VP39
f usi on pr otfeatuse imexemplified bpthenclonngefdhe fluerescembmaikepundermitadhdpreci fi c
and nore effici nt.Iaggeti

g, of th roduced,viruses into aor ingjde
speci file cdhg ¢ gl_c.a TR {37 | BRI CFHEEOgRYIAN Vi?@pgpcgnragga inélhtqﬁi s
study. Vel pfesPBagingRidd?Baches 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



25 pBVboost Base vector for other constructs, allows high-throughput
production of reconbi nant bacul oviruses (Airenne et. al) pBVboostFG A

deri vat i wowmB/opi8vboost, conpatible with reconbi nati onal Pcr@BmgiEnd

uni versal expression WO 03/078641 PCT/ GB03/01029 14 pBVboost FGR A
derivative of pBVboostFG contains addi 14onal marker gene DsRed that is
functional in insect «cells pBVboost FGtAVI A derivative of pBVboostFG for

t he expression of onpA-avidin pBVboost FGFEG-P A derivative of pBVboost FG
for the exprepBMpoosfFGIRFP 30 pB\durhetiv&ist EBvBodstes,i vative of pBVboost FGR
for the expression of EGFP The follow ng Exanples illustrate the :

i nvention. Exanple 1 35 Capsid epRiginsaddiiena marker geneto construct a
general bacul ovirus vector for c i Lsplay,.the. region corresponding to
nucl eoti des (nt) 469-1506 of vp @3%&ﬁ%§l§qu9§;§y@?§5n "\?ggt amplified fromthe
purified bacm d DNA (Luckow et akgjig). Virol. 67, 4566-4579, 1993) by

pol yneri se chain reaction (PCR). The forward prinmer was 40 5 -TT GAA AGA
TCT GAATTC ATG CAC CAC CAT CAC CAT CAC GGATCC (GEC GGC GGC GGC TCG GCG cCT
AGI GCC CGT GQeBVbeosStFGAMdci fi cA desiyative ef pBWbobstF&fo#86 of vp39 gene in
bold; Bglll, EcoRI, BanHl, sites, underlined, 6 x H stidine tag with start
codon in italics); the reverse pfierRPrassion of ompA-aieinaGr ACC GOt tta ATG
GIG ATG ATG GIG GIG TCT AGA Gt tta 45 ACT AGI GAC G&C TAT TCC TCC ACC - 3

(opect I} ¢ SeaugBpBabaraiEdnBY. AU Bhvd BPSRUBBSSHHE fip! & Ken!. Xbal and

Spel sites underline
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 ef al/, J. Virol. 67,
4566-4579, 1993) by polymerase chain reaction (PCR). The forward primer was
40 5 -TTGAAAGATCTGAATTCATG CACCACCATCACCATCACGGATCC
GGC GGC GGC GGC TCG GCG GCT AGT GCC CGT GGG T - 3' (specific

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

underlined; 6 x Histidine tag with start codon in italics); the reverse primer was
5'-TTCTGGGTACC GCttta ATG GTGATGATG GTG GTGTCT 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 et al, Gene 144:75-80, 1994, except annealing was set to

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



tag in italics; stop codon in small caps). PCR was perforned essentially as
descri bed by Airenne at al, Gene 144:75-80, 1994, except annealing was set
to 58C wopBifdced fragnment was digested with Bglll and Kpel/Gauzgpnes and WO
03/078641 PCT/ GB03/01029 15 purified as described in Airenne et al, supra.
The purified PCR product was cloned inti® BanHl +Kpnl - di gested pFast BAC1
vector (Invitrogen, Carlsbad, USA). The resulted plasm d was naned as

pBACcap- 1. ﬂ'bﬁfléw@bedésloﬂibedﬂlﬁ?%im @lsl, sopfd.r Tad FEbe@dCfBl@RCpnwuétﬂ«WEs
Amer sham Phar maci a Bi ot ech, Uppsal a, Sweden). Preparation of

EGFP- Di spl aglongdvntmﬁwﬂldh%oldrdﬂgesheg! El@ﬂB@@ﬂhaacted (inviteogen, UCarstuasht
protein) was anplified fromthe pEG-P-N1 plasm d éGenbank Us5762,
C ont ech, PHSAAI tThe reggipdppla YYRF OpEIesdap RRACeRP BACT(E‘@pnmCle‘Pmesets

of 21T Y85 e Rd R e SRR AUACE. Ahylah bt iR
CGG GATKEAAUEEﬁ‘aI@TSV\%n)ACC ATG GIG AGC AAG GEC GAG GAG - 3 (SpeCI f | c

sequence for nt 670- 699 of pEG-P-N1 in bold; EcoRl site initalics), and
the rever sePﬁenaréltloy of EGFE-Disptaying YitusesT GTA CAG CTC GIC CAT GCC - 3

tal o) The anpN erespte, BEieP etlosh dhost dulptesSort pRSIoReT |
PEGFP- N1 vvaémphmvronntm pE@BPLN Baedmidi (Genbankhss382, Crbritbcd P stbexlto,
pBACcap-1. The resulting plasm was namned FEGFPV p39. For the C-terninal

version, thd MM@Rpﬁn%‘%pn%mtg the pBRAC ATWO sals Af primeGT®ere0se@dG GGC

GAG GA | 0 0

Spol st 7 FTANPRESHP R RHARIE Bl telfiind endial R took PRt 114
CTT GTA CANGEfminELCrsetdn @h‘@forv@rd(;frw Wh§ 5' SeBE TAT IGHA rﬁrdéﬁ%é;% of
PEG-P-N1 in bold; Spel siteinitalics; stop codon in small caps). The
anplified fA@@nAﬂ'G GG AGR AASS ﬁﬁGeGAG(ﬁAG 632Aspacific seqRBNEE Mt IEr Oaas
cloned into site of the The resulting plasmd was naned

PVP39EGFP. Ofrm'-éGEBrNa@ %@Qu@ﬁgéé site initaliss.ianedhe 59ver§@®mﬁ;nﬁng@@ F).
Reconbi nant &'C,r CEATYT ETQGCQ'FA%IEg lox { é 'E,Qré E:%‘P&%J 03 B(gfgegl csztsgquence for

16 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/BamHI site of the Spel/Xbal-deleted pBACcap-1. The resulting plasmid
was named pEGFPvp39.

For the C-terminal version, the forward primer was 5' - GTC GCC ACT
20 AGT GTG 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 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,



according to manufacturer's instructions (lnvitrogen). Viruses were
concentrated 30 and gradient-purified, as described by Airenne et al, Cene
Ther. 7:M0%30%841 WO 03/078641 PCT/ GB03/01029 16 2000. YCTIGBOBO1022 was
determ ned by end-point dilution assay on Sf9 cells. Sterility tests were
performed for virus preparations and thdg were anal ysed to be free of

| i popol ysacchari de and mycopl asma contam nation. |munoblotting 5 Sanples
cor r espondiZ@n0.o \Ahge!titreOwas Qisterheiae@ bycehd-point dilutioh bssuy dnrdfo edliscul ture
medi um were_| oaded onto 10% SDS- PAGE under reducing conditions. The gel
was bl ot t edSigniity t@sts weee parfegeed fqrtvgusmaparmﬁfem@nd.theuwgge asalysedéa by

e Engareond B Rect Tl AT EBbRim oMo “ana goat

anti -rabbi tinjfusRiBIBttAsg @ secondary antibody (1:2000) (Bio-Rad, Hercules,
USA). Mol ecular wei ht standard in the SDS- PAGE was from Bi o- Rad El ectron
M cr osc@py For ewresponding osaapit 50D RfETed gells ovvirusireard mil es

o Pas e f&a%f%a%ﬁw‘%%burﬁ@%&%%%%'gﬁ?ﬁ6%@%3’%@%&@%%%% B oo
mn), and W%l Wb bloﬁséon@ hlﬂ@cé\lﬁﬂésé Fireer éﬁcﬁmrﬁ&]dstémea@s@e@@ﬁbéway ed

protein A for mn nmin dianeter, Post huna and J. Slot, Utrecht,

The Net her |Air@me afal ( supra PolyeR®a babmsanﬂ EGFﬂw@ﬂ@jecdav\lambasded with

2.5% gl ut | d t t ed d 0., 3% tat

ST Do ot sRY Sas S B8 iRy SPRENE (1 4Ph 0P ple b B HARBR e
endot helg alsewmwa@é@bhea%nﬂb@bw £B6bY B36-RE&N - HERARS, us\A()I \Molb'cular

Carolina, USA) transduceo th the virus’ were fixed wth

gl ut ar al dehweight etanﬁahdmtheoﬁﬁﬁt-%%ﬁér\aaslfrermb -Ragn with 1 % osmi um

t et r oxi de fgf % E& +4C. After dehydration, cells were stained with 2%
uranyl acet GOS8 M4SN GPPH roomtenperature, enbedded in Epon and 25

sectioned for e'ﬁ@ﬁlhﬂﬁuﬁbélé@%ﬁﬁﬁcm%éwQib%%ﬂ’%faéuwu hidiéadepetrate
and uranyl acetate. Sanples were examned using a JEM 1200 EX el ectron

m cr oscope halal to foamwarckated matﬂ@)rldsnmajm@wmncﬁ%éoemeatﬁaelrumm BBS,
Mrer OSC%py a o%vce0 {o reac wEf?i ahﬂ-'éleP?Jthltlav%y (1( QHHH di IUP(S);['I 985 %lﬁ?mr?d %gghcle\lclj_b

with PBS. Grids were then treated with gold-conjugated protein A for 25 min (5

nmin 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, cells 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 cuitures 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



30 (normal human osteoblast) cell cultures were infected by vp39EG-P

bacul ovirus as follows: cells were first washed with PBS on ice, the virus

was addedawODr3/0DIEM containing 1 % foetal calf serum usi ngrPeTrmaBoBiopi2ocity of

transducti ons of WD 03/078641 PCT/ GB03/01029 17 80-100 pfu per cell, and

i ncubated for 1 h on ice (rocking). The ¥ffect of |ysosonal pH on

bacul ovirus entry was tested by incubating the cells in the nedium

suppl enent e80vEQChpfoopengiell, andOinspibateGeior s heore ice $tomiking )t h TABS:effexingfai ni ng
and 5 cells were

0. 5% BSA. Then, M (cont ai ni ng 10% ser umn) s adde .
noubat ed 1 BROSAMFLBE ONRAGHI QSO SR hsiGcr P Iapafngdae gl iastpe
par af or mal d i it I I I | rliy
endosonme anti gen 1SIDJ p@??%@%?ﬁ@'& [ orll1 eﬁﬁ@o@aﬁ?@és@@eyﬁﬁ%pﬁﬁheﬁgﬁ% ué:g%) .
CGoat  secondanfpirang iGoS% BSAagEnerstDMENS comtainbmll 0% $edueniavasddidd anan
Mol ecul ar Probes Inc. ene, Oregon) were used in the |abellin he

cel | we? e GOIISWERR KIS LPATSRLRT or BHo BepRriRas 9l I aAndtingl fiked wat ngp
o oscope. (26 2T EEARIRTI RS Tor S, SETRwe ARt 1P, BpRIeRRD

mul titracki egdésomd ahtigen1; BB Grarasattion Datsoratstisss EExihGtow, K@htu‘cRY)@\G&ai fal se
co-localisation. Live confocal A m croscopy on Hep& and EAHY cell s was

performed age¢didapyantibaries against raoysearibasties ipke red 5¢6vwnMalesalar( Nal ge

NUNC, Naper pj | iRl S)a ' i ndi ice, I r
transferr edﬁt@ﬁéﬁ%br’#@ggk r@%&;@éég&p@é&\,ﬁe}@ Q‘nd'trf{%é%&hr\ﬁ;’%r kﬁﬁégcép%gvee?gnd

obj ecti1® cmwountad Edmowidleant examled3wit? ahGtibvefei166.M SFeepiflucRsIBRAYS -
Cells that were positive for EGFP were scanned with various tinme intervals

usi ng the phégPssRRe (Garl SKriss.olend t@aineampran ancardpsalomicroscope (Zeiss|

Zei ss, J o . : Dt : I : ‘
(320: 350 gy -SlEICEnL0r vistilisltd FRFPalsP il e, Mottt it 436 ot s

m /100 g) co46 pdserNigetandsnydd irl oriar 36 BOolRRESEs1ddd)i8gtion. HLRBUOHEGIal

Bucki nghanshire, UK) and m dazol ane (Roche, Dorm cun(r), Espoo, 25 Finl and)

and pl aced MifFresePryt ep diRrx? @nsbbAHYt e8lls(wapfrariesmednasfallowsacalis wetiel e

Sagi (1 af o D' Go' henfibead hEraRLEE INGRRNURE HandTh, ifndekAber®
bacul ovi r gsﬁﬁus_ bhdthgoh(ds), dily wde tfrandfeftell tbakk cvpfodaiintiefcddopeWithdad4 X 5
mn perto sheuéstleg %vo?king 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-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. Animails 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



Ham | ton syringe with a 27-gauge needle to a depth of 3.5 mm Aninmals were
30 sacrificed with C02, 7 h after the gene transfer. Rats were perfused
wi t h PBS wby3wbss4t r anscardi ac route for 10 min, followed PgTiGBOAMIRA W t h
4% par af or mal dehyde/ 0. 15 M sodi um phosphate buffer (pH 7.4) for 10 mn.
Brai ns WO 03/078641 PCT/ GB03/ 01029 18 WBre renoved, and snap-frozen with

| sopent hane, and 40 pmthick frozen sections were prepared. Slides were

i mredi at el werneateraededy ahd fdnapresaamedth isopenthanpy ahdl 40mum AKKK frozeroscope,
A ynpus Optical, Japan) and data were collected with I mage-Pro Pl us

sof tware. SecHEPaWRigPasd. oé“‘ﬁ@:wefﬂ TyNesia ?ﬂ?{}@@g"é flu@iassenss ect ed

bands i n | ATTAOEP IRk RS rldolodd BRmBLEDUER, Selfarf RfiefEware 122

gr adi ent - pwollecist with magedrarRils gbfiwaddle results suggested that both vp39
variants were efficiently produced in insect cells and incorporated 10 into
virus pértiGhagacterigatien ohEGEBRIisPRXIRGViIr#Ees usi on proteins were part of

the virus capsig culie MRAREERE | £ER|Baa0kAUBBEais L Ladian g geubat o

with anti- EGFP, T"abe protern anal yse ctron

M croscopy.préf@ced tHeabxsedisd 63 kKihopaddsir ivrheadbiotd-Fhapatieresalfowesy, and
the surfaces of the unenvel oped capsids were heaviI¥BgoId-IabeIIed. I nt act
\d

vi ri ons werabtainediomdbe gradientrrudfied viras geepaiiatiens. y Toe resilts siggested| y

est i mate. t oA NPoRFar RN sRaFrp oRHbed Ry AEPR s pluRichoreled o
di lutiqps ghtd ikuspkrtitiesd However B icbhfitng thateiefusionneidias Wette paet of gaarpar ed
to the known amount of the Eurlfled EGFP. Anal ysis indicated that 20 about

860 EGFP nulireis@apsidaeine Vips§5GIdT vrusivaegragientpysiiedianddnciugedwith anti-

of the vpadmeER beledShE BRI A SuE R A a e s Far T ety B on
rate was 3aligPcapsinechewelila (pRARFSd-Ehated MofoIdMSgY AP thaCaffabe8 ®f tife Whi ch
a high proportion of the capsid was nmade of the Vp39EGFP. Assenbly of the

25 vi ruses upgsvalapesk capsisls were Heavilyi geldgabeliad, kiam eviriges tweleeHObf t he
et e RIS TANE SOBEEOb AN, S GER BT BIRTY BRoLREE i a'>es
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
ofthe vp39EGFP virus preparation to EGFP control. The high incorporation rate
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 viruses 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, MG63 and NHO cells were transduced for

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



Bacul ovi rus- Medi at ed Transducti on The intracellular route of vp39EG-P virus
was followed by nonitoring 30 EGFP-tagged capsids and fluorescently

| abel | ed woloBabssn1 conpartments by confocal m croscopy. ERAY/GBE3pE29 MG63
and NHO cells were transduced for various tine periods and the
co-localisation of the virus with an earfl§ endosome WD 03/ 078641

PCT/ GB03/ 01029 19 antiggn 1 (EEAl) was studied. EAHY, M33 and NHO cells
wer e chosen asttigea 1 (REAR:swae shidies idAHNaMG88gndNE G oslfs werd ghosen since

non- perm ssi.ve _for | ovi transduction with LacZ-bacul ovirus. No

bl ue- st ai nedt 58?&8%?@@%5@%%” A ﬁQmpﬂé%ﬁkyeEO'&'Péﬁnlﬁﬁ?"{%ﬁor phacdawrisf 10
mM sodi um s @elirseuBHbY WitheL doMb&ELIBRAA % SIS ‘% X

staining with a very high multiplicity o b?‘regﬁgg]l?ct [ (%%%%r%%% é’t\%ﬁiu'?@e[ he
amount of blplrieseyenddthepissenedof 1@ miirodinnmsciilie betyriate (WHRAASNRANO®Y € i n
agreenent. With results RLﬁSX]t@d b.r\é. Al r?nne et al (2000), supra.

Bacul ovi Pus SeDCGRIRST8NERY &rddlSiRing with gvesy Aighy ullindistty wé fransdedion t he
10 capsi d i $1060) WHiRMHE ahfdint U BUS-stdi Il | ape fuses with
the nmenbr a?ne of,the early endosone %ns 6'589,3?9%%ﬁlﬁ%ﬁ@%ﬁﬁﬁ?gﬁﬁ%ﬁfﬁh t he

hel p of t héRNASMCYpeate infageserdonimvith pesmiltstprasentedttiyoAirémns e} af {Zooppu! d be
seen that the virus was still present in early endosones in both Hep& and
EAHY cells. S4P%hd 24 h p.t. the virus did not colocalise with the EEAL in

t he EAHY cell s, ' ' fr t.he early
endosones. mmvg@ﬂﬁ@%g@@@ﬁ?m&{ Eg%c\g%){s%dﬁﬁggﬁ%ﬁygg?fﬁ%e tﬁ]&d ei,
wher eas10n bepsid isedé¢lyerée to dpei nixlews, ethe semuldvirdshenvslep§ifusss Withde spot s

4 h p.t. In EAHY cells the nunher of capsid (EG-P) positive nuclei was
very | ow (oﬁﬁ%’%ﬁﬁ@r"éi&eﬁ?%égg%ﬁqmﬁueﬂéﬁmiAié'V@Clqj@gomdm@nswnthélp@bekpemﬂ s 4 h

b 9 i : | . | Sti ' di
Fepco cel 1 oy 5 o Aer SO lers&Rin, 6 EH (o dd oL ShpRHECRE! cat

they were svirli$ wasetkptesemt inreartydrajysas®siin bENNep8blahd EAHYERSC48hd
ndosonmes with rabl1 and | ate endosones and

| ysosorme. whéh Eah e B EGHEROR3 N e 1S BEAT GhirA EAHICTRHS, Suamstingp (.
pat vy B Gt SRR bocaPto i e i eSS iShevdt nifese etk "V he.
virus capsi ithe capsids didenatrertérstheytuméinamerday inhiespGaaeas thegapsiat wdigy had
seen in the nuclei as bright spots 4 h p.t. In EAHY cells the number of capsid
(EGFP) positive nuclei was very low (0.1%) whereas almost all nuclei were
positive in HepG2 cells 4 h p.t. (91%). At24 hp.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 EGEP
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 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 nuclear entry of baculovirus in the



escaped fromthe early endosones. In Hep& cells, the capsids were present
in the nuclei at 4 h p.t., showing that intact capsids were transported

i nto the wouwsloesss1 after rel ease fromthe early endosones. PCDGBMWBMARPNg of
VvP39EGFP 30 virus supported the results of colocalisation studies. Electron
m croscopy of EAHY cells confirnmed thag0no virus capsids were present in
the nuclei at 4 h p.t. In order to find out whether the block in the

nucl ear entgAHYfcdlizds bipoivalis fomothee N H&Bmissdmidel BOVIGED (Fig 14)2and RHIQEAHY

I'ls i I lid f th -perm ssj l1's, 3 (Fig. 4 1d NHO
ol 1S wer o caladvess BB RGBT Balivnd Nedeshts SuaRt & SenatahBlosk T ock
' th h QN |l i N LSSi I'ls.
T ansduct | oG- ] & P ERebRPR! e fort B RSB ERIs S P ook i n e

5 virus capsid emigragaetiamefihe bellsiithplprssendeuiencriemsimietltio ableak inghe
endosone aci-dification and causes accunulation of the cargo in the early
endosomBs. Vifus cepgid eatr@nealitoctBel @/topiasahs Menersteih s SAMLeNEPSURE ¢ he

virus in EEAl1.... |1 4 u
suggest t hACPAEE0D a8 cBbed RETHRREER S g petld ihiing el SitiotSmes

non- per i sgieGoeAE EAHY 88lld) nishdnshd chypes abeurnliiation ws the virisen EBADY
adsor ptive endocytosis, followed bgrggﬁl—l- dependent fusion of the envel ope

with endosqnsitiee BaFy Bneesemes Atk ovie ressiltsdbus suggenithet the yirus

manmal i an cel,l.s. ,Visualisation. i el [, )0 to
i nvesti gat é‘ollﬂ\g{sdlﬁ W& pﬁﬁvﬁggﬁ&g&hﬁsgﬁle@lﬁ%@%&ﬁggsh% ‘)E[)é"c%dilétrbrq%@g? |ﬂon
studi esg a ST ' ddyopstivedehadeytbsie, fallowsdaby.a pHe

Vi rus a/gs g |§4IEIs cl eéﬁrybggetﬁkiﬁ% hyqfter i nj gcti%/ns into the r]iﬁgah'éis cor pus
cal | osum adependant fsiomeffhe envelopeadth endasome ashaspravirus)yyBessown

bacul ovi rus_can be us for . il ed biodistribution studies in vivo.
Exanple 2 é@%&&'(é?f’k%ﬁg‘s??‘im?ﬁﬁ‘§|‘§§%gﬁ%, cell lines and viral DNA E. coli
strain %a(@davisb&mv%)inmmﬁiﬁ@vv@rOpagation of plasmids.
DH10Bac cells and pFastbacl were obtained fromlInvitrogen. pDNR- LIB vector

contai ni ng SacB Iertdemstopuneesiigate f em Wititsi @fs ipsh it dagulovigga, 25
Constr u1%t ! Otg}oafstrﬁ?tﬂign's?uddigg,né)ﬁ ach?ucét%?the virus was injected into the rat brain. The

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, pFastbac1 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 DNRS: 5 -
GTTATTCATGAGATCTGTCAATGCCAATAGGATATC — 3’ (sequence for nt




The nodified donor vector was constructed by replacing the Ampicillin

resi stance gene in pFastbacl vector with Bacillus subtilis | evansucrase
gene (SawB)o3forssm pDNR- LI B vector. I n practice, pFastbacl peeaiRs/owes cut by
BspH restriction enzyne, and the Iine?r vector backbone was purified by
gel 30 el ectrophoresis. The SacB expres on cassette was obtai ned from

PDNR- LI B by ol ynerase chain reaction with the priners -
GTTATTCATGA éﬁé@(ﬁ@@#ﬂ@w&r@sp Gn(is@ﬁluéﬁ%ufl6¢r“ﬁ1ﬁd)/\@'&83058641

PCT/ GB03/ 0
underl i ned)?%Miéqémx%@&é%ﬁ%bgwgﬁﬁs%gu&g: for
nt 3149- 3178f pDNRRDERNIO; IBspbistle uREBHINeS!).t BCRWISS erﬂ'@ﬂﬁed E§Rrivatly as

per f or med essentlal ly as 'descri bed by Airenne et al (1994), supra except

that anneal descriked byAireare 6t/ (4984), seoramxcentthehanpralingvas earecty nes,

i gest o wi eroaSpr i BN pellmefRR (uERnt; Helf T ERieniag LESHER,, e
supra. The gmpiifitatbr?GRePandlfdd ﬁ@gn@ht)%@ d@é&t@dwﬁssb)bHﬂawEUﬁﬂe@Eest bac!

vector (Invitrogen, Carlsbad, USA) for orientation shown in ure 2. The
resul ting pdascnhewmsmrmwdewwﬂ%b supna. WmmdmﬁBPGEe@r@duetmclenedde

Uppsal o, Swblferf . BEBHECIREEIS PSR oNBGishal M4 EFRY: 1 DU, EOSADI o7ct £ 2

| n order tOoﬁéﬁféhoh@ﬂo%mﬁ)Fi rait Thd résdifing B|d§m1d§9%@,%arﬁé’afbevsbo§!a$héut by

BseRI/Avrl 1. The excised gentamycin resistance was substituted by

anpi ci 110 n SaGB#ésass%tmwmwSQQUEAR@)Na‘smmﬂmdbh&NA sahuen R (Add;

obt ai ned by PCR Wi t t h e m r 1,0Baci nttn7destroybyanp5': 5'-
AAATATGAGGAOTE GGAA - 3" (sequence for
nt 471-490 ebn&Eﬁﬁthﬂfbfbnr&ﬁbgonﬁawﬂrﬂ bﬁackaaderébﬁ%)amDH l0Bacint
t n7destroybyamp GGICCTAGGATTACCAATGCCTTAATCAGTG

- 3' (sequence f bronaer toddock Mypiﬁc @IIL‘-‘E!&I bk’aeln DiH16B&g; pBMDd)cistwasesut by
under | i ned) e rmed as. descri bed above. Lifi.
fragment - waBsaRIATL A1 oR et Tirrhitin Ermetangs MaSceh Cat RS B Bl i 11 e
PCR progyict ré@@sﬁagwe%étt@t(ﬂm)wwéwdm TheareHab B¥RARSY by POR WiAUl ti ng
plasm d was named pBVboost Ca
the primers DH 10Bacinttn7destroybyamp5’: 5'-
AAATATGAGGAGTTACAATTGCTAATTAATTAATTCGGGGAAATGTGCGC
GGAA - 3’ (sequence for nt 471-490 of pFastbac1 in bold; BseRI site
underlined), DH10Bacinttn7destroybyamp3’': 5’ -
20 CTTGGTCCTAGGATTACCAATGCTTAATCAGTG -3’ (sequence for nt 1430-

1449 of pFastbac1 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 BseRI/Avril-

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 pg/ml kanamycin sulphate (Kan), 10

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

30 and 1Q% sucrose in 5 ml LB-medium. Next day colonies were screened for the

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



25 nucl eotide sequence of Anpicillin cassette was confirnmed by DNA

sequenci ng (ALF; Amersham Pharnaci a Bi ot ech, Uppsal a, Sweden). DH10Bac

cel | s werwotsarnsior mred by pBVboost Aanp. Singl e bl ue col oniP€3/GBea0&02pi cked
from LB-plates containing 50 g/m kanamycin sul phate (Kan), 10 g/m
tetracycline (Tet), 50 g/m anpicillin 2Anp), 50.tg/mM X-gal, 1 nMIPTG 30
and 10% sucrose in 5 nl LB-medium Next day col onies were screened for the
presence ofopntaYs. Bulohids reyulBAR inB2ipchamds ($ign Dfrintack Baceydsingel 101 WO

03/ 078641 PCT/ GB03/ 01029 22 102, 1995.  Col oni Lting in 3 band
(sign of i mlegffopharasigwara fgther s@‘&%&%ﬁmﬁﬁ@%@%\ﬁ&ﬁé%lﬁlg%@i@@EIBEW 1? gr )
(W zara m arrees OF by ] eyl COUA C g T 8B Praliegl M I or o
preserved ip ge?fr&ﬁmiﬁg clolels Wi PRessad in 57(PCaa Eatol DHAOBacATNT.

el ectro-conpétent cells In order to prepare el ectro-conpetent cells, single
col oni e5 f iRmepaBatibatafele¢ttarcompetanfcalisioBac or Kan, Tet and Anp for

DH1OBact Tn7 cel | b trat] | i f
S0t 107 021 hehR kBN ol BrpSybedoninpided’ o
3- N- mor phogkagpfrepm}@m B8k 6r KehdTefl AndVaings forHT0BAcADN Icehs apaboye i at e

antibiotic uspensi ons were cul ti vated overnight at 37C on _a shaker. One
liter of SBoncthiratiohs)oier ikbgulatasintadd rhefrSupridurkt €2B\wd 8 Byponeet

0.5.0. 5" (btfeasiEaaris Ear bR Bk el R R NG RFPED o 1o
min ang 9 c;g@{ bbHRfH A ahROBIEs. SispkasiBrid iéredlultirbd oveRTightatird ont

800, 5 ice-cold water/ 10 % gl {acerol, and
centrif ugeds gsaledroOne IFenal $§ withed insofi Meglsigepe wasdhemingculated With umé  of

3-4 m of 10% gl I d d, in 40 | -

Tr ans pogi t ierPWgeﬁ%/i%ﬁgg‘ém&gswg{l} Segﬁgé@@!deg‘ﬁﬁ%ﬂf F@c%%&%kﬁ?‘\fet %afgﬁ%g\g%l?s%s

Transposi t | goAs. PRGlA T GUNE EENRS WedHeR! cifled 68 ibe Gor BMARRENd 20 of
W pFastbdc

DH10Baci Tn or pBVboost donor vector. Electro transfaormation

wast per f &ra r@ﬁtﬁﬁ;@ﬁgﬁ?iﬂm{ﬂ_? foy 1|ei hiccatBRC., ﬁﬂl‘sr\rgerw«amg it 800,760G 300, |
system rcul es, . _.Ine 4 0 0 recovear S

Y anet GBrat 0 1600 af o csiguriR Chay e Sl GEE s A& gl o
LB- plates sunpl &nenedntbhh 4 totaPalLimRestaayaidt 109 gl e end predskled o/ M )

wi th and
in 40 pl aliquots at -70°C.

Transposition into bacmids and production of recombinant baculoviruses
Transposition was performed by electro-transforming 40 pl of DH10Bac
20 or DH10BacATn7 with pFastbac1 or pBVboost donor vector. Electro-
transformation was 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 ug/ml) withand
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 in the DH10Bac or DH10BacATn7 (in which thg
chromosomal affTn7 site is occupied) cells was studied using the original

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



25 wi thout 10% sucrose. Col onies were studied for the presence of

reconbi nant bacul ovi rus genones by PCR as descri bed above. The reconbi nant
vi ruses wiorog/oggsmer at ed according to the protocol provi de@CipyGROB©1029

Bac- To-Bac system (Invitrogen). Results 30 The transposition efficacy in
t he DH10Bac or DH10BacATn7 (in which th@3 chronosomal attTn7 site is

occupi ed) cells was studied using the original pFastbacl or pBVboost donor

vectors ang EB@téoe,fﬁhé LiSe WEpBVBBOSEReditedin AEIPHi R GdcreBST INdBRBMdags 23
expect ed, tﬁ( use of pBVboost resulted in a significant increase in the

efficacy of thengeperatioans secasibinarih@sMidsin the PRPeRNGa LiHeroste YRR

' ten: fold i - e : .
col oni 5) f8e ingeasedn et gaRTid e ERRL AR AP Es dofttee (A
the transfrmap\podt GnDHIIBIRET NEel. t IFurdimose, ribmul transfopwation | pf i n
100% white colonies as conpared to only 27% i n the pFastbacl plates. The

presencé ofDH¢0BabATiantwitth pBvbdesi resuttedntypistadlyoigi 48PV Whiteteoledieses was
proved by PCR Notably, t .use 10BacATN7Z. st rai '

Cl Gni 1 cantoomRATEAaS Satyia g i BRomtaTb | Bt du P (3resEad T ERENE e
3 Constructi onqt ;PRYIREHNof me({m&ﬁ@av&a% sroded by ®CR| 1utably, the
reconbi national "cl'oning i'nto anned vector, the Gateway cloning cassette
A (Invitrogge) ofeDH10BacAEW isitain naldd f yiettqeTra Bignificante dnaseasg Nov &igen) .
The constructed cassette was, clqne qicﬂto t he pBvboost vector that 15

enabl es r agpacyOiRgHiasmids WHAnas ses (Exanple 2) and the resultant
vector ,wa 'gepgt ed as pBVboostFG (Fig. 3). To construct a marker
gene-c&er ai rsion of pBVboostFG the DsRed encodi ng sequence (from

pDsRed2- N1 cygstraiction 6NeBYDobsEG asidhpBYhedstAGR MCS of the pBVboost FG
under a polyhedron pronoter (pPalh). This vector was naned EB ost FGR. 20
d oni ng of avi dilnCh‘id@“E@lWW@ﬁQB“QiB%%M@ﬁPlﬂ@'%@t%ﬁﬁﬂﬂﬁgt"?@ﬁr'\; ¢ tewayhe

cDNA 11 ankionirBreaepE% I B SEFES BB LARR pIfipEe £ Gecttr! €11
r econbi nat i fRjageh gcomsr s asdttesvamciohSd RER the pBMbeessegier theFi g.
> 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 signal 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 outin E. coli

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



Thi s product was LR-cloned (Invitrogen) into pBVboostFG and the resultant
25 plasm d was nanmed pBVboost FGtavi. The EGFP-construct (pEG-P- N1,

Cl ont ech,wBaBo7s8ltit o, USA) was prepared with an identical BE$«BIRoprecedure
in two steps, after which it was cloned into pBVboost FG and pBVboost FGR
The resultant plasnids were designed ag4pBVboost FGFEGFP and

pBVboost FGR+EG-P, respectively. 30 Expression of genes and characterisation
of pr ot ei ncclamenei fikt exjured at 3NC iofthe apaking cditureanmhdi@FR wail thecoptidadd out

in E. coli BL21 strain e essi T7. nerase. For the expr, i on of
oA, avt di SO TREPDSA 670 Bhean PSS BEOISTEPIEICHONGNES THIGELT  ur e
at 37Cin t ' t : [ ] LAt h I; et eached
0. 2 ( Asos) DarRaMe 6 o) teCrifatioentaut r 0 WMBNEDAYER syfifiesis Wat Sac?

| PTG t o t halfows te oostimig averanighf atodmtémplratiire. Thetblswerevdactiahédwed t o

continue over night at roomtenperature. The cells were fractioned 5 into
total, f[eriiplodetalcrenrlasmicAansinsokibledtacings, andthese factiongversubigsted

bj ect ed 1 : il Th
or ot o1 e wdPal8 TP DS EACE End Hor Il G ST bead B, PR bIGhENRe S50,
and Goat AntdetBetelitly pdlpsioAd rabbi2ftd avidirsantibedyd$: 50008 amudGoat Ami-Rabdly .  EGFP

expression was carried out by grow ng bacteria on LB plates containing 0.4
MM | PTG and9@aABetil: 339@) was 4f@d #% apsesandary enjtpodiy sEGEReXIgsaionevasy from

cul tures under - o i [ T Wer e ,C t usi ng
vectors pﬁ%@%@%@%\gﬁg %%%Q%gé%@ié@%% acgﬁ%z%@@i ‘Z’édﬁlg@gf?/té( %%rrpl e
2) . Bacigl o\Yeradmiydire ahdans prédused GPP et deteicd diﬁdtlﬁ fio sull@esagides | n
each well 15 of 6-well plates) for 3 days. To test the constructed

expressi on Wédightte in namualian cells, Hep&  and CHO were used as a test

K f i ng. E , he functiaqpality of
The cassette wad CeaTBIERL Das BAES  Mrel . RORy Flsted ki, EBER Y °
transf ect i YRVEBESENEHEGF P BpeisBVbsosiBGR-BEIVP epsddderibedribdve (Examplest s,

150, 000 cells were plated into wells of 6-well lates and, after 24 h, the

cel I s were 2i Basulevieal irfestiens worelrerfoymed ipi{8ieells Ohix 105 cells iranivvel by
Vi rus V)(ist h c;[f%gwgﬁ)plgt%g) fo% Jﬁyé’.\m e incubated for another 24
To test the constructed expression cassette in mammalian 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 into wells of 6-well
plates and, after 24 h, the cells were either transfected by 1-2 ug 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 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 attL 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. coli

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



h and i maged by fl uorescence m croscope. Coning test genes into pBVboost FG
and pBVboost FGR 25 The bacterial onpA secretion signal was fused to avidin
gene in owOes/0tss41transport the synthesised the avidin toPp@rGpBasizbc space
of E. cofi. In order to RC clone onmpA-avidin and EG-P i nto pBVboost F R)
in one step (Fig. 5), the long attL sitZ29s required for the cloning system
were included by using SES-PCR;, see Majuner et al, CGene 110, 89-94, 1992.
30 Expr essi afterafvergughtjedestiony Partef HIQE\EGFPV%IQFO&UQ%%HWIUMGMIWIW

o torar coheph: TR dfelbRiaieh aSail 8 il HGPapEaktgied AsBOr ! o
PCT/ GB03/ 01§29 préGe Sddcefor@VEr tha ﬁmemn@i@c FGtBin ﬂ‘?d’ttstlﬂfcdrﬂﬁlnééi'tﬁérsldﬁé

produced as |nsoluble i nclusi on bodies. The inclusion bodies as well as
the total ceéptidenphneconinasti ibe ampa algnabrwwcnmmcnﬁoﬁmmmwﬁlypeﬂt ein

. e. h L d.th d I h
S ! dha PaiRIBSS widing ¢ ThE RGOy Il Barip B8 is, Sukin was SIS LY The
functi onal 'd;s.pﬁgi‘%g&? bRty afosy bk fhé’Wﬁolétﬁé@tl@ﬁ b@and% (ra}glartgsel frhteoed@rcpt in

agarose an e fraction bound to agarose. was al so
produced suwasstfaproduredsutoessfulynas affenctianal E)rrn:tmIE:' a:a/strmStﬁommd withh the

bact ori al ciiet e g oY A SR S D) 906k ¥ vsSaleaiioskierel dincli Tamecep
were used tl??dtéﬁé%ulﬁr@s"g%\hﬁlg Mib€B Fatirys i nfecti on the cells were

studied in uorescent mcroscope. | n practice, all ceI s were infected.
Cor r espighdi ngl y, Baculmmesemamcaﬂ)m@ EQFRIwbr hsed o iDie Sanells. Ett‘ﬁP&ddyect ed
Sf9 cells S|mlarl¥ GZan%HEES E‘ELUS were ysed to showthat
t et r a- pr omoEgCtions *?Foﬁ%' Fyee g fuigreseem AEOsSAPS el l%raCtl'q? |%e|éase
the sane E t T s both
t ransduct ecgﬁgs&gg%hfégfll PS};%EpHﬁ&ﬂgﬁsv%& ﬁﬁ(%té'ﬁe s%gn tran ec}tqu as a
pl asm d ( pBYGEPSINFEBLERISTY cellssimiGEHY. ceI ls. WD 03/078641 PCT/ GB03/ 01029 26
Al
CLAI VB HepG2 and CHO cells were used to show that the tetra-promoter
15 construct works also in mammalian cells. In this case, the same EGFP construct
was used as with Sf9 cells. The construct was both transducted as baculoviruses
into HepG2 and CHO cells and transfected as a plasmid (pBVboostFG+EGFP)

into CHO cells.



1. Bacul ovirus of which the capsid has been nodified to display one or nore
het er ol ogous peptides. 2. Bacul ovirus according to claim1l, wherein vp39,
p24 or p8¥Ooig/omedi fied. 5 3. Bacul ovirus according to cl CEGR3M0NEReei N
vp39 is nodified. 4. Bacul ovirus according to claim3, wherein vp39 is
nodified with a fusion protein at the K6 and/or C-terninus. 5. Bacul ovirus
according to any preceding claim wherein the nodification allows nuclear
or subcel | LCBAIMSrgeting. 10 6. Bacul ovirus of which the genone has been

ot i nea i n iy poacuaviye BT wfTR e hEighABGHn RREACR digpibh SofEFplche °°

wher ei n t heyba ¥iLE bepy8ss or contains at |east 3 genes. 8. Bacul ovirus
according to cr(g%)ﬁ] 6 g’r%pcl aim?7, wherein one or nore 15 heterol ogous genes

are at |eas2. 10 Bbcllonigus acc@sing to/¢laim 1awberain vg30op2ther §80ds Bodiesl.t o 8,
wherein the_genes are . human nes. ,10. . Us f. b l.ovirus according to any
pr ecedi r% cPaj mEFBH"OVHES@8??'%@?%?00@3'%2&9@??%@ V%?f?d%?ﬁﬁ%@ eus of anot her
cell. 20 114 USGBQEGl%K/ﬁlu@ac&&dM%ﬁthéléma 3WIBERIIM vHBE ismRITRId with b fusioAn
insect cell. 12. Use according to claim 10, wherein the another cell is a

mammal i an cptdtein gt3he BbaaratfonCeterninus. cl ai m 10, wherein the another cell is
E. co/i. 14, A nethod for selegti a taraget ne ich conpri .1 he
steps of: i) géﬁ%'r'lgf’erﬁ a&C‘PE@?%P‘ga%\f p'?é%é@qgﬁa%n\&gﬁ@'@ ﬁ}gﬁ‘é’ﬁ{%ﬁéﬂé“d oned
i n bacul OVi%I‘r&N@H?BI%Qi'BQ LBc& arotfargétﬁ‘fgfm 1to9; (ii) transformng a host
cell with the vector; ana ?I I R’ det'ect ing gene expression under

predet efgri ned cBadilbvivas of WhichAtheegémame hesraangmodificidaioneXpressvage @rn t he

predeterm ned conditjons 30,conprise _a set ifferent conditi RS under

f_.d
whi ch expr eBSr@Retarolqgous Aeptides dm is capsidops ﬁﬁ{)nﬁ‘c‘lﬂn BRY REPETaY SR
03/078641 PLT/ GBB%&QIBQ#QS aédorbfhg 0 BB dnRe&iAtNE Baclievipliébtdbsonitinsei n

the different conditions conprise
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.
9. 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:
(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
(iii)  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.



limting dilution. 17. A nethod according to any of clains 14 to 16,
wherein step (iii) conprises identification of a phenotype. 5 18. A nethod
accor di ngwoe3arme4nf clains 14 to 17, wherein step (iii) i ®CTrGHvealed

foll owi ng sel ection of one or sone of the products of the predeterm ned
conditions. 19. A nethod according to aBy of clainms 14 to 18, which
additionally conprises characterising the gene expressed under the
predeterm ngl  1Qmeihdd according to claim 15, wherein the different conditions comprise

limiting dilution.
17. A method according to any of claims 14 to 16, wherein step (iii) comprises
identification of a phenotype.

5 18. A method according to any of claims 14 to 17, wherein step (iii) is

repeated following selection of one or some of the products of the predetermined

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

comprises characterising the gene expressed under the predetermined

10 conditions.



