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The present invention relat is Jhect ot ei ns}| -and IHEET HAS BEEN\J
particular to transport prot kEZZ homyl ogueBEPLACED of 22
or fragnrents thereof, to nol 0Si ti ond trct uar ng . t he
transport and to nmethods of delivering _these proteins
and alrcl)y assomé’?e’gﬁ'mecul es to 10 a target popul ati on ofPCI&FE96/01831
typically at high efficiency. Background to the Invention

The product of the herpes si | - gene,
the structural protein VP22 ,Mﬁf% slﬁqﬂs R%ﬁs of the HSV
tegunent, a conpartnent of the virion |ocated out si de the capsid and
i nsi de the envel gpeldndf CEn® oESfbrtion at least 10 or nore additional
virus pol ypeptides (for a review see (6)). VF22 has a nol ecul ar

werght of 32k, is very basic and is nodified by
phosphor yl 5ti on Thadpresent ipwehtion dselatiesntoltransp®rtopréteine, ané in

infected cell. part:x.cula@.e% E&athBQt%ﬁo@éuﬂ'%a{@&)Bn fegat nﬁoﬂéf&&ﬁ@é
w t'hin the v%#g aflg% et her V\dé} e\# haract eri_s

transcription 25°% fiF FEBEVRTRHSF 16t°I‘F‘?]c9%ﬂ1e§ Eﬁ@\/\ﬁmﬂ%ﬁ%t%w
function ehc¥RA2ngur gy ttranspoot rppbteims ye ayicl eo hetheds\otoﬁlet
known if it is a&e@i%‘é'}&h?' tﬁééy?m&:ﬁw artary! as?oc:.ated :R8f§0rm d%B;‘t’

in a manner. simlar to I Ng

i nfectionl® i nPtFa¥gst BRPU gtggn o "fq\ﬁﬁ'ét' S¥eicaldyo et nghuFffﬂIf:'-%‘?}é{

gene expression, and subsequently as a structural conponent of the
virion during ' A regard to the former, sone

evi dence Baek d £9 can bind specifically to HSV-1
DNA (2, 9, 10). A further protein fromHSV-1, known as 35 VP22a, has

al so been report@ﬂelﬁrécm:d Iotfeeaéui@q{e?é)smihzeﬁ virus tybe 1eraedes) byrdde

UL26. 5 UEF and agﬁe cg f e %ES %) L0 VP22 either

struct urafPy or PERS! i %ﬁ ural protein , 18 a major component
of the HSV tegument, a compartment of the virion located
outside the capsid and inside the envelope and composed of
at least 10 or more additional wvirus polypeptides (for a
review see (6)). VP22 has a molecular weight of 32k, is

20 very basic and is wmodified by phosphorylation and

nucleotidylation (1,4,8,9,11) in the infected cell.

Despite being one of the major tegt:tment proteins within the
virion, together with the well characterised transcription

25 regulatory protein VP16, little is known about the function
of VP22 during the virus replicative cycle. It is not yet
known if it is an essential virus protein, but it is
possible that, in a manner similar to VP16, VP22 has two
roles to perform during infection - initially as a

30 functional protein during viral gene expression, and
subsequently as a structural component of the virion during
virus assembly. With regard to the former, some evidence
exists to suggest that VP22 can bind specifically to HSV-1
DNaA (2,8,10).

35

Summary of the Invention

We recently demonstrated that there is a stable and
specific interaction between VP16 and VP22, which has
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2 i nplications f or the nechanisnms of action of VP16 in

assenbly and trgpscriptional activation. During those ' ‘
found that Wnen%&%s in cells by itself it had an uﬁég%ﬁgrgﬁtrn
of behaviour. In the work described 5 here, we extended these studies to
i nvestigate the cellular | ocal i sation ingdetail, and found that VP22
exhibits a hi ghly unusual property in that it is efficiently

tranaﬁorh ed fromdt hﬂxlnﬁﬁidza{t{bﬂmi Fbri ttHes Methanbshy of actddy esgedrpiandn
in iC it i spla C plasly : o] kQn, -t j.ace
cells within the m)%% é‘)ﬁ%]r‘y %sr?a s%nriag’ﬁlfaflalﬁ's%%a i&%{:ﬁgﬂi nt SD Jér?%urc'l'?‘&?se.

Thi.s pattern_of studigfay weufoHad Heat s IR ¥ag iBrcaklp Qhdtaslt, it
range of pr ot RhdSanritavalt aitdn of MeHdviout.t oInuthd ke A driesd

properties and actiyities are _unpr ent ed. . ' ect
D ber ty of VP22 veleBhedre, SFtHfiind YR Bualdy to sppdtldatli TR Slluiar
i ntroduction of eithecaVPgatibon in detwlle amdo foundl |thatnoVE32r exhhbits a

VP16 coul d be det echgghw unusua_.PVﬁ;tS:?&?eféI}' abQut % afe t Re CRlfS fantly

conventional in 20 such exper] nents), V coul d be .detected in .nearl

every cel | oFYRREPABHRA afdPm t%% f et FRAPR pdEi 113 t‘%F’figﬁ'nal)iy
VP22 intercel lul ar exprepsed, anandaveimenoisichat eit t hdisplays i reydopdaeamtic
of a determ gﬁnt at %nglféét?{éﬁ,natl.?(ﬁ@j%eﬂé“ec{ehlls witHig! €h8. mbRiol aGRHES in

fromthe resdl't that a variant 1ac e C—tgrm nal ﬁ%‘f’}' am no aci ds,
whi | e being expressWhirh it is takep Yp dotoc Ghe ucIfuen | APtpaPRFtern ©
expressing cells, waeh&#i®iour has nbt dssginichserved affja@ayt oclrét f a range of

proteins we have tested, eg VP16 and to our knowledge these

properties and activities are unprecedented.

15 )
This unexpected property of VP22 was observed when,
approximately 30 hours after introduction of either VP22 or
VP16 into a cell monolayer, while VP16 could be detected on
average in about 2-5% of the cells (as is conventional in

20 such experiments), VP22 could be detected in nearly every
cell of the monolayer. We further found specificity in
VP22 intercellular transport and have demonstrated the
involvement of a determinant at the C-terminal end of the
protein. This comes from the result that a variant lacking

25 the C-terminal 34 amino acids, while being expressed in a
cytoplasmic location in initially expressing cells, was not
transported to adjacent cells.

Protein secretion or export normally occur via specific
30 pathways requiring well characterised signal sequences for
sorting into the compartments and vesicles involved in
export pathways for a review see (12) . VP22 does not
possess any conventional signal sequences and its route and
mechanism of transport is highly unusual and is previously
35 uncharacterised. Further studies on the determinants
required within VP22 and of the physiological requirements
within the cell should help clarify the pathway involved.
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requiring well characterised signal sequences for sorting into the
conpartnments and vesicles involved in _export pathways for a review
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and its route mechani sm of transport is highly unu '
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the cell should help clarify the pathway invol yed. - WD 97/ 05265
PCT/ GB96/ 01831 3 Thus, VP22, or
more particul arly thmsjeVeRRi nantmsoretertddularly the\ﬁéﬁ’efmmmw tmve»wlad

be transferred (0 obajpps Uldkbort, coh®a°HEPkPahs S| t,%'o Qins

expression or uptake targe cel [ popula |on

uti-lity and 5 agi? i eadbdes t@tanﬁﬁpﬁpra@ﬁer%i;fwr@as@mrwm. @agwtake
_A;:cs)rdi ngl 'yb|th? prvﬁ?ﬂﬁ'(tjn lanvmfgw ¢é11ba£&qﬂ;1t®ttluﬁﬁ abﬁ.\d%spreadt futmmegt bhat
it is possi o intna ar gLog i on
of ‘celsl s nucl gl c acarpt?lé"ﬁlcé%g"’ﬁ% §f BMQ ST ¢ anpre&sé'l'aLX eaﬁﬁw{) nal |y
with nucleic acid encodi ng prote| ns associated with the transport
pf?_t el nl I(egf . Qﬁ:édﬁix% ) %esbate&abeasébﬁelaushgéa 8! €he above
optionally fromtisgue . .spe ronot ers. Q

SFter wni oh {he t r TR E#atef PR Rt 85 SEEPANAE s o aFSE b3t
together with any asfSozi tawdepr popudationt of cellsphauririn spiByencedingda

part of the ggrget %EHHQﬁHf ton E%teln, Sﬁﬁ'soﬁeioﬁﬁi t'&&ﬂH‘“ﬂﬁEl&Qcth§c1d
protein(s). Typlcal y, otelné %@3 éﬁ to be taken by the
second part nﬁoBHP‘a?'} JFSOCLR éfltt‘ﬂ e FFRRFROKY Pr&t’iﬁlpertﬁg.
t]9 20II Iogﬁl i se lhatsthﬁubﬁtsﬁ elpaftrtén)secmd Eatdreais t thepomulcdetion acid,
of cells. us, the .o N i g

subsequent transpor‘t’p YRR rarzt"ssgg%t % ?Hgdg?%rhc?@ers, to %r gogl a{‘eg

proteins to be del mﬂ@qi‘e@-IaES)hl 9€n‘ff@tif "@lléhci}he tran#@?%@#%ﬁjét lﬁoﬁema’tﬂ:éﬁ
of C_etjl S. 2915 ﬁfdﬁDﬁ:dt!{eE@é!lsJ (r:tdyiithéipﬁi:ﬁh &i}ea&eg?eatec? ::p‘ﬁfﬂdlﬁr(s) ' to
ﬂtot//vlhi gf] it is 2XB;282&6%(8.I’IS& S %a%2%$ B nggﬁe‘ép éa st %@p‘i;'igtlgh 3t
cells not directly produc:t.ng the prote:l.n(s) Typically,
the protein(s) are found to be taken up by the second part
of the population of cells at high efficiency, and tend to
20 localise in the nuclei of the second part of the population
of cells. Thus, the combination. of initial introduction
and subsequent transport allows the transport protein and
any assaciated proteins to be delivered at high eff1c1ency
to the target population of cells.
25
Accordingly, in one aspect, the present invention provides
a protein that is capable of being exported from the cells
in which it is expressed and is capable of being taken up
in other cells, for example those not directly producing
30 the protein. Preferably, the transport protein is
associated with one or more other proteins whose delivery
. to the populations of cells is desired.

. Further experiments have confirmed that VP22 is imported
35 into cells when it is added as an extract to the
extracellular medium. This confirms that it is not

necessary for the VP22 to be expressed in at least a part



in other cells, for exanple those not directly producing 30 t he

protein. Preferably, the transport protein is associated with
~one or nore other proteins whose delivery . to the popul ati ons of
cells is desired. Further experinments have confirned that VP22 is

I mported 35 WhPnsks! /S when it is added as an extrael e
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extracel | ul ar nmedium This confirnms that it is not
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popul ati on of ceIIs for the observed intercelltilar transport to

occur. SRCRL SERRLd o HOEL115NFo WA (SAMBRAIE SRIALELR1 AR

5 be coupl ed to the associ at ed | ecul es, eg coval ent
i ncorporated with a%’é‘?fbﬁpﬁ"é:dtﬁoPé’GHFes and used in that form as
opposed to the use of an expression vector to produce the protein

and/ or the associ at qgﬁ! p could allow
non- pept i dyl nolecdﬁgs Suc %%Faéf%e aSBeF%f2£%%?%#i%kﬁféhs %aPE@?gl? fan
addition to of as be coupledtmitheeassechrtedi na) eqt@-ﬂ?e @gsmvatleutln.tm
traESporth g prm&b@oz@t@dbwﬂaigakmlﬁaéa ﬁloDQ@ulié’éJ Oéhd)fu§@<h|§n that
wi t hout the need to.expre n ssQci at ed

at |east a part of f zeﬂppo%%I ?§8¥)§f tge?' %'% §%C & e’é%r?jsefl%r e%trort- h#eo
VP22 and/ or the asspeoducal e cpupkein and/cm ke aggociated molerr:uaie In

preferred enbodi rre art iU SUHid R6ANH aN16WONbEGSeptidyl . mdlleban&Bor such
protein whi 22 or an a t|ve ortléglthereof

c V
(ii) a fragngﬂt or %%nBV%iﬁ&F 4 %ﬁ? THR% Ut in "addition Q9
determ nants provi daligema@weanscpmompkrtq ;be assocz.@;ed to the transport)

a fragnment from thepfst&{m n%d?"bémhaﬁeﬁc'\ﬂﬁ ﬂ{t025a pofitdétion of cells,
the transport proteln el ng. opti onglhé associ a

ot her nol ecul es who&et ?%ESBB e ) Fﬁ?ﬁﬁ?s € em%£g%pﬁF3tFBﬁ BFSEEF?Ee?s

desi red. molecule in at least a part of the population of cells to
15 which delivery of the VP22 and/or the associated molecule
is desired. '

In a preferred embodiment, the present invention provides
a transport protein which is:
20 (i) VP22 or an active portion thereof;

(ii) a fragment or homologue -of VP22 including one or
more of the determinants providing the transport property:;
or, . |

(iii) a fragment from the C-terminal 34 amino acids of

25 VP22;

the transport protein being optionally associated with
one or more other molecules whose tranéport to the target
population of cells is desired.

30 In this invention, “an active portion” means a peptide
which is less than full length VP22, but which retains the
property of being secreted by the cells producing it and of
being taken up other cells. .

35 In a further aspect, the present invention provides a
composition comprising one or more of the above transport
proteins, the proteins being optionally associated with one



30 In this invention, "an active portion" neans a peptide whi ch
Is less than full |ength VP22, but which retains the property of
bei ng secreted by the cells producing it and of bei ng taken up ot her
cells. 35 .In a further aspect, the present invention provides a
conposi tion co one or nore of the above transport

the proteins be haaggglonally associ ated with one P 5E$6§?8@§%g
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nol ecul es whose delivery to a popul ation of ce§ls S deS|red.

In a further aspect, the present invention provides a 5 met hod of
transporting a desigwdior emllesulesowhopepdebiveary to a populetlienbpf cells

exposing the cells té)ééyif%ﬁ§lred nol ecul e and the transport protein
as set out above. in this aspect, the invention provides a
met.hod which 10 avoids the need initially to transfect the popul ation

of cell's wi tih naclﬂletm da@pl&ﬂd} nghéherigsamepainveptdion) prsides a
opt ionally t desi o%o?cgza'ans-u ng % %eé:%\ﬂ:ungﬁegﬁiéwlnto aI a)o ﬁ?.a%::.on

transport of Tol ecdt e m
expressed in a ceIquenﬁlﬂbebMeQXPQﬁlnsﬂQhﬁnqslig to thaddesixred medesule and

protein can be addethd G Adikddi® PRELEIh as set Y @wddeny the cells.

In some enbodi ments, the deSired nol ecul e can be coupl ed covalently
to the transport protein and these entities 20 exposed to the target
popul ati on of cel | sThusyl tiar this\aspect, the inventien providescumethod whdch

transport prpgein Cafofifs 'O need infMAIRA Y @&&Me%te@hee@op&uaglbhpbﬁ
based vehi cl es I ncqQr orating%a de |red e¢ | e_such as nucl ei.c aC|d
and the trarRphd “Bth: BRRlese acl en?ﬁdﬂ%ﬁd ﬁ§|§ra9§p sﬁtﬁﬁﬂﬁﬁl nd
aspect, the presentoptimpililynthe desmnmdomoﬂesubeneﬂmmd othis ey ialgoa allow
conposi tion incl Ud't%’e % ransp ortiSSt T E&h ntﬁ/fa{ L ANSHR £te ttqig,lt aL88ch

j

popul ation of SONpT i 31 Ng cova or non- cov
associ ating 30 Qfmal@é@ﬁélﬁ RNREEFSEe aﬁ& Br R por 88 piln Sgpire

15 and the transport protein can be added to the the medium

molecule

surrounding the cells.

In some embodiments, the desired molecule can be coupled
covalently to the transport protein and these entities

20 exposed to the target population of cells. Altermatively,
the desired molecule and the transport protein can be non-
covalently associated, eg using 1lipid based wvehicles
incorporating a desired molecule such as nucleic acid and
the transport protein.

25
Accordingly, in a further aspect, the present invention
provides a method of preparing a composition including a
desired molecule for transport to a target population of
cells comprising covalently or non-covalently associating
30 the desired molecule and transport protein.

In a further aspect, the present invention provides nucleic
acid encoding the transport protein and (optionally) the
associated molecules. For example, in embodiments in which

35 the transport protein is expressed as a fusion construct,
the nucleic acid can be provided which encodes the
transport protein and its fusion partner(s).



In a further aspect, the present invention provides nucleic acid

encodi ng the transport protein and (optionally) the associ at ed

nol ecul es. For exanple, in enbodinents in which 35 the transport
protein is expressed as a fusion construct, the nucleic acid can be
provi ded whi ch t he trans ort rotein and its f

bartner (s). \%B%%fz%sv\o 97/ 05265 port p HEt/8Bosrn1ss1
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aspect, the present invention provides gxpression vectors

I ncor porating nucleic acid encoding the transport protein or an

active portion or f:nrrﬁgrmntfuh:hheeofaspect, ahd optréesent | \inveakéon asiokides

encodi ng the associg 3%%"%0‘%{%% 9.§1r:o|'r:Porat1né rh@cféélrcl I&%%daﬁﬂgtgﬁu\%h&e

present invention pr s transfecte
expressi on vectors tranfport Preteimyprnan aphive: Portien e fEAsment cHeereet,

provi des a neirtd dﬁtltdn&uapor hidlefc desdi®d gideiding oth@ephssSciftal
t ar get populatlon of cell » t he net hod conpri si ng: . (1)
transfectlng, infe 9%ﬁf?%e ot herw se introducing into a first part of
a target population of cells with 15 nucl eic acid encoding a transport

protein, and optiong|ly furthe ddpdttS| @ne eyaaééeﬁ&cq%eatpwtﬁaﬁdes host
associated with the tra expressi ng

the nucleic acid th?%%ﬁhEﬁ?nﬁgégtEQ &aéh(ﬁhﬁ Fesye SFPE?SﬁiﬁQquﬁ%?rFransport

protein is exported 20 fromthe cells, together with any other proteins
associ at ed 10 df\.rn.q' 1 tUP Pie apreEeRE Fﬁfvtenﬁf'.oﬁh%rwlﬁ%ts 2
popul ation o ceIIs not |

rectly pro UCIH% the g tein(s) 15w
be appreci at ed thatm¢¢h94)o‘ﬂ%t§'-’cﬁ+‘§9ﬂr(§li‘9a sPESirs §§° Ibfm’é PRt epatrcf “’bf
a target popul ati onefgeteidopulattionbsef cells, adlel eeetoBycomprictingg with a

recombi nant virus. (1) waﬁséé&{l*}.g 3nREEE: %h&péﬁfér%sbn!ﬁﬂrcb&ﬂca.ng
provi des a met hod "of transpor g a desired nolec aa
popul ati on into a first part of” a target populatn.on of cells with

15 nucleic acid encoding a tramnsport protein, and optionally
with nucleic acid encoding proteins associated with the
transport protein;

{ii) expressing the nucleic acid to produce the
protein(s), after which the transport protein is exported

20 from the cells, together with any other proteins associated
with it, to be taken up by a second part of the target
population of cells not directly producing the protein(s).

It will be appreciated that introduction into transfection
25 of a first part of.-a target population of cells could be
achieved by infecting with a recombinant virus.

In a further aspect, the present invention provides a
method of transporting a desired molecule into a population
30 of cells comprising: _
(I) coupling the desired molecule to a transport
protein to form a complex; and, '
(ii) exposing the cells to the complex so that the
cells can take up the complex.
35
In this method, the desired molecule, which may be non-
peptidyl, can be coupled to, e.g. covalently or



30 of cells conprising: (I') coupling the desired nolecule to
a transport protein to forma conpl ex; and, (i)
exposing the cells to the conplex so that the cells can take up the
conpl ex. 35 In this nmethod, the desired nol ecule, which may be non-
peptidyl, can upled to, e.g. covalently or
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7 i ncorporated with, the transport protein. In a further
aspect, the present invention provides the » above transport proteins
and vectors for use in nethods of 5 transporting nol ecules, both in
research nethods aEiﬂcbfc‘porated”Ei’:h’f?t?dSlzl'ﬁéc thAAEREY¥L ghstdaesent invention is
particularly applicable in net hods of targeting agents to popul ations
of cells where targeting at high efficiency is required, eg in

gene therapy technigues,furtthex esspastt, ofhe gprosssntegiiventhion (providss Vighe

of tunmour suppr esshggvél cﬂrtc%rlo%elns and vé¥tdds 2R3Chisat h.ﬁnmef:h$@§ of

EXamnngs gure 1 ows t uor escence of . COS-
expressing V22, tGEB5E°EEFPg ge u fiSc g@FEIF Bs Wfsegrch met%P%ﬁ §?§%ﬁ€ﬂ
wi th the VP22 expr eeshods wef tthierapyr.t yTheupsesent inwrtdont ianpheticebatle

cells vere flxed | RohdPeaud Al Yethods of ft%frg%é:.ﬂ%négéﬂtsr $RTEOBUREE Rkl Co

and i ncubated with no antlqu [ owed
oy an e 00" " coniaguere CHIGSHIRT- AL THAP, SALLCLandy 38 zaEirege, 8 in

t hen anal yseg ngstmra:mnfmhlmaes ptepyreatmentlyqfi caincewcl egrby the
| ocal i sati on, exhi bi VP22 S g Oytoplasmc
pattern of 2 ex&tgg'%gf%x %eggngﬁlfn&zf%&et%%ha agenEQ E)%A) o? expressi ng
cells. (c) Pattern of VP22 Iocallsatlon 25 observed when the |l evels of

expression are i ncrﬁﬁgdnesé:ﬁiptlon of el Iﬁ’éWiﬁ%&' on resulting in the
protein being localtsed In every ce w thin the nonol ayer.
Figure 1 shows the immunofluorescence of COS-1 cells
15 expressing VP22. COS-1 cells grown on coverslips were
transfected with the VP22 expression vector. Forty hours
after transfection the cells were fixed in 100% methanol
for 15 mins at room temperature and incubated with the
anti-vP22 monoclonal antibody P43, followed by an FITC-
20 conjugated secondary antibody. The cells were then
analysed using confocal microscopy. (a) Typical nuclear
localisation exhibited by VP22 expressing cells. (b)
Cytoplasmic pattern of VP22 expression present in about 5-
10% of expréssing cells. (c) Pattern of VP22 localisation
25 6bserved when the levels of expression are increased. (d)
VP22 expression resulting in the protein being localised in
every cell within the monolayer.

Figure 2 shows VP22 transport in Vero cells. Transfection
30 and detection were performed as for Figure 1 except that
the experiment was performed in Vero cells. The field
shows a foci of VP22 in a central cell where it is
cytoplasmic and in a gradient of intemsity in surrounding
. cells where it is localised to the nucleus.
35 '
Figure 3 shows a transfection time-course of VP22
expression demonstrates that VP22 is transported between



Figure 2 shows VP22 transport in Vero cells. Transfection 30 and

detection were perfornmed as for Figure 1 except that t he experi nent
was performed in Vero.cells. The field ) shows a foci of VP22 in a
central cell where it is cytoplasmc and in a gradient of intensity
i n surroundi ng ells where it is localised to the nucl .
Figure 3 shows WOVBH T ection time-course of VP22 exprggiilsg 1831
denonstrates that VP22 is transported between WO 97/ 05265

PCT/ GB96/ 01831 cells. COS-1 cells werg transfected and fixed at
14, 20, 26, and 38 hrs post-transfection. The confocal i mages

shown are for the 2&l¥s.ti OSAEi celds wexenexpndiesisidoand fixedpanel4 a)2Gnd
38 hr at 100x magnifd cahh@n@Panel Pdst xtransfecEiH! € Arid10¥SnESG T Shiddl
codi ng sequence of \{_LF‘22, t he g\rzodu% of the HSV-1 UL49 gene, show nhg
the truncation poi fiiown are gfox ,theodq Ry hime poipt at gpﬁu%@%&i}"%’iﬁm
(b) show the resultgafel myuaall B8r kscancH00x magnifidcatioh o(garsdlt &) .f ul |

| ength VP22 agd [err]267 VP22 contai ni ng extracts were added to the
extracel | ul ar “nmedi uny and, Figure 5(c) shows a Western blot of the
full |ength VP22 1Figurmdt | ehpypekhepproteln urading pe@yence of VP22 rithge

6 shows the inport gpedidR208r th®didi-aatiensgdrdeshowing the ti@Ra8Rphi BELA®

medi um 20 Figure.7a pical picture of a field with one
m croi njected cell %%i r?eed A\?m%?ﬁgﬁaé%ti body to [err]-gal. Figure 7b
shows the sanme field of cells where VP22 is seen not only in the

21: croi njéec-t ﬁﬂoca | SEiinli‘éf !.smlamuaﬁ?ow) Zhow ltlh%UE-é§ul1déé: N§E _(I‘:_i@dlrltﬁxbfluoresgence
igure 8a shows typical, fields i e ed_by, I- aptigen
poSi 11 ve 08 vel | et PRy Bk ichrrech, VBas ndadkr vea2 cofhldflly
. extracts were added to the extracellular medium; and,

Figure 5(c) shows a Western blot of the full length VP22
15 and A267 VP22 cellular extracts;

Figure 6 shows the import of VP22 or modifications thereof
when applied to medium.

20 Figure 7a shows a typical picture of a field with one
microinjected cell stained with an antibody to g-gal.

Figure 7b shows the same field of cells where VP22 is seen
not only in the microinjected cells, but in numerous
25 surrounding cells;

Figure 8a shows typical fields of mixed cells marked by T-
antigen positive COS cell. The surrounding BHK cells are
not detected by the T-antigen antibody;

30
Figure 8b shows the VP22 positive cells, i.e. the central
COS cell plug the surrounding non-transfected BHK cells are
seen;

35 Figure 9%9a shows Cos-1 cells expressing full-length VP22

were stained for both VP22 and DNA, and cells at different
stages of mitosis analysed. To stain DNA propidium iodide



not detected by the T-antigen antibody; 30 Figure 8b shows the VP22

positive cells, i.e. the central COs cell plus the surrounding
non-transfected BHK cells are seen; 35 Fi gure 9a shows Cos-1
cells expressing full-length VP22 were stained for both VP22 and
DNA, and cells er ent stages of mtosis anal ysed DNA
propi di um i odi 8@6 M WO 97/ 05265 PCE&B&Mhﬂ
PCT/ GB96/ 01831 9 was added to
the glycerol nountant at a final concentratiors of 3[err]g/mM. Cells
representing prophase, pronetaphase and anaphase are shown; 5

Figure 9b shows i nomeasfded i Hesgbycasyl meyntert \g2a final pgspgntpam@mn

vere incubated witlgany gl att@l'l%d zfé%asentmg%h:agnasé £0préfetAiHse aged
resul ting conpl exes angl )ésed gel -shift assay. The VP22-specific
conpl exes are | abeP@phase arg ?16°"§" and 10 Fi gure 10 shows vero

cells !nfected wth HSV-1 [ gHvel. a shows a field 24 hour after
i nfection st “ed fg‘lrgu*?c%t % shows ?ﬁb?&ég§h§a§ﬁ‘\ouﬁt§h9‘£’5d§1€ Sdreghrelsa:

stai ned for our after infect n
for beta- 15 galfé’cﬁ%%’i c&*écé:e’d* ﬁﬁﬁﬁs %‘T‘ﬁé‘%?éi fYEHY R afR di%?lsleézzigbp
Det ai | ed Descri pti @ligodlicleotideer(T2i43 , aaddwbehuﬁslng complex€el hnaldyded by

Vi ruses. HeLa -cell.s.(
(rmonkey ki dney fi brgoer}l a%jt s%tt Ir%% or rre%ihgﬂ%\fél% ant | gédrif(%!‘éL aggsérgggﬂga
cell's (nonkey ki dreyd |3br§BIdasts) and BHK ( baby hanst er cells)

were grown igp Dul becco's nodified m nimal essential nedium

cont ai ni ng 10@6nem@9rn Ca&% 3hows' vero cells infected with HSV-1 [gH-vel.

a shows a field 24 hour after infection stained for beta-

galactosidase. b shows the same field stained for VP22. c

shows a field 66 hour after infection stained for beta-
15 galactosidase. d shows the same field stained for VP22.

Detailed Description

20 Materials and Methods

Cells and Viruses.

HeLa cells {(human epithelial carcinoma cells), COS-1 cells

{monkey kidney fibroblasts transformed by SV40 T-antigen),
25 Vero cells (monkey kidney f£fibroblasts) and BHK (baby

hamster cells) were grown in Dulbecco’s modified minimal

essential medium containing 10% newborn calf serum.

Plasmids.

30 The eukaryotic expression vector pGE109 contains the VP22
open reading frames, under the control of the hCMV IE
promoter, and has been described previously (4). Briefly,
the expression construct was made by using the polymerase
chain reaction to amplify the VP22 open reading frame with

35 linkers containing BgIII or BamHI restriction enzyme sites,
to facilitate subsequent introduction into a vector under
the control of the hCMV enhancer/promoter region.



Plasm ds. 30 The eukaryotic expression vector pGEL09 contains the VP22

open reading frames, under the control of the hCw I E pronoter, and
has been described previously (4). Briefly, t he expression construct
was nmade by using the pol ynerase chain reaction to anplify the VP22
open reading fr 35 | i nkers containing Bglll or B
rgstrlctlongenigﬁg'@%%es to facilitate sgbsgquent |n$$%#cn B8 nt o
a vector under the control of the hCW enhancer/ pronoter region.
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10 Ant i bodi es. These experinments used anti-VP16 nonocl onal

anti body LP1 aptdbeddesyP22 npnocl onal anti body p43. The p43 anti body

resul ted from i mmunisaid Qiicdriiet® swiuseda antapaPati mbnoéldinal a'llhtilmdy LP1
proteins from herpes |.e y an

reactive agai nst VI V\%g' @?uc%%dﬁoagh %QE&I) %a?“on 0 g I'ts f’? dy
fusion protein consu@ﬁulrt@doffrom mngm;tsat:hpanefsmwanyi‘éhaéeprenﬁ@tm tCPfe

VP22 open reaging WBteins! Fronf l!fé'z%@sp'éﬂin wxwaﬁr@é eat gdpBYycldnal
frane 10 ?%sertl%lnnooﬁa Bgl |1 -BanH ‘Egrrent ? 109 |ntg K

BarH site of the HHRIal (HERG |I§SP'§t’( a?ﬁﬁt’l‘%ﬁ YEECctRY9 ged by
expressi on vector pidm@ishoioneof erabétsewith a fusiopEoteR20 coBsigbing of

strain HB101 cont a'ﬂ‘%\% C%-#evgzﬁgﬁﬁéferase 1iddiced Rheaddbbi Bﬁeﬁf rbEd g

(0.1 mMV to a |l ogar ase culture, and the cegé arv ete 3
hours later.  Afteframe. p?bﬁet#‘iﬁf‘“’c h@rOERLR A% Frsh d iR fréne
phosphat e buibered insertisal |cnse aC @oflaiTli-BgmBl Seragmert, m peEadousnhg Bhe

Branson utr ! OERL S & orfiad fi mlg_eent r(iphdefhs o8
at 12000 rpmfor 20" m nlflt'%g at %ggeg,g%egéo C. ﬁg'h%ﬁs# % ( )

S|
protein was then puPaetesialy %’Fﬁlﬁﬁ%ﬁpnch‘f“%ﬁ%rogﬁ% i cre%ﬁ? g%?a’f’ﬁ?'b%
Sephar ose beads (thsm)g WBShtoli adtrain HBlobhboomihinioie ipGSTVPBS Webéo

NP40 and el ution in, 10 nmy h gdd:.t:.or} ofHerbuid &r m"lpH.:t? Q)lé‘g(yyﬁm‘lf.egpﬁagg/l

gl ut at hi one. The eLn was I njected err g
per injecti oA 25 cultuxslj uddkt thae &%éklhfr"ﬁﬁé?éal:"s 5 SRRt ¢ AFERT
rabbits and sera ha@aﬁﬁétqehgaf tRé el weref rdsuspemded in phosphaSBSbRAGEredd

\é\ggf ern Blotting. _.yine c8}x€£mn¥§r6 SEPRPALEI D¥nfliGd APLNSFSh S pRRYEN

Ultrasonic cell homogeniser and clarified by centrifugation
at 12000 rpm for 20 minutes at 4 degrees C. The GST-VP22
20 fusion protein was then purified by affinity chromatography
on glutathione Sepharose beads .(Pharmacia), washing of
unbound protein in PBS 0.5% NP40 and elution in 10 mM Tris-
HC1 buffer (pH 8.0) containing 5 mM glutathione. The
"fusion protein was injected (approx. 50 ug per injection)
25 in adjuvant at 4-weekly intervals into each of three
rabbits and sera harvested after a total of 17 weeks.

SDS-PAGE and Western Blotting.
Proteins were separated by electrophoresis through SDS-
30 polyacrylamide gels crosslinked with bis-acrylamide. Gels
containing radiolabelled samples were dried and exposed to
X-ray film. Gels for Western blotting were transferred to
nitrocellulose filters and reacted with the appropriate
antibody. A horseradish peroxidase linked secondary
35 conjugate was used, with reactive bands being visualised by
development with 3, 3° diaminobenzidine tetrahydrochloride
dihydrate (DAB)or with enhanced chemiluminescence.



30 pol yacryl am de gels crosslinked with bis-acrylam de. Cels

contai ning radi ol abell ed sanples were dried and exposed to X-ray
film Gels for Western blotting were transferred to nitrocel | ul ose
filters and react ed with the appropriate ant i body. A horseradi sh
per oxi dase condary 35 conj ugate was used, wth | ‘hands
bei ng vi sual i sgg&g@m% devel opnent with 3, 3' di am nobenz é&é’/ﬁ&

t et rahydrochl ori de di hydrate (DAB) or with enhanced

chem | um nescence. WD 97/ 05265 11

PCT/ GB96/ 01831 Transfecti ons and | nmunof | uor escence. The day

bef ore transfecti ofrgaefechions @nd domunofleowestence. trays (6 x 35m) -

iodiw ”guﬂetfgx?FSLFﬁ yPEEEUR: loraisfbotion cR208 h¥rf pated Mlid I6 GRIP
P it iade up. §OE5eRE, 1Box" Shfn, confalies e ‘En%‘f?ﬁfﬁ? ey deld at a

phosphat e preci pi tdEnsnty of 2tednii qedleopef vzl t DNBESransfections were

[ N, N- bi s( 2- hv,_-,droxeagme%u ut wi ha§b60§ h@ﬂ?ﬁfé%é %%h&h @ug%e{gdcéw

i n-place of PES- ered sal |ne eV| ous escrl
10 were fixed 4¥ikRsPHFLar DVA o fERY | ﬂ?()"%b RECRRABFef BYecipitahipn

m ns at RT, then wasbhtigoephushifdted buithr eBlE'.SaI im&-bis (2-hPB@Spxetkyl ) -2-

W PBS 100 ool - SEFDRPAnGAIIAUT"uBER, mycceadd BRI, 0 DRRLE" of

added in the sane EEPBSrbuffiered salime jprevipushy c#Pﬁﬁrl¥’efOO(% Sdnd "Cel1s
i ncubat ed farp 20 mMyageaFixed 40 Fﬁ'rs afiod arargsfeetionsinel 00 hmethandéh for

PBS, secondary ant i badi 1C at ed L= U d/or.
Texas Red- colPuditit Shit BTY FLyeherd BAReRPARY Bhuy A0AL fpfline
serum and i ncubat edPB8? .10 angr@amlms\mmmg:aﬂdg m covrpslipsarwers

out in PBS before Eﬁ%ei‘c@&%?' | RSuNE¥ For R PRS /105 chif Jb¥£6h OboANMS mins
exam ned i n dual annel s using a Bior

confocal mcrosco
Phase contrast pic®lr & -werrimary a"tﬂ%ﬁ?@ anﬂ?ecF'\@s%%ng‘%t FYS i @ﬂfutlgn
m croscope. 15 25 (pRasaltta dilution YE22:1004a) i amd dincubagedi $0rn2¢ mins at
patterns. el | lﬂ‘@ildvﬂ%@' ' éﬁééﬁ’é‘lﬂé VPa%% \“1%5 drﬂ:\&?STPb@at eEe@élndary

I mmunof | uor escence of VP22 pressi

n
nonocl onal P43, foPF‘&&EGébﬁscdﬁgggaFgﬂ?‘ﬁ%%% pﬁm Cf%“se &gM @éﬂ/?"i/\ezf%xas
transfected as des®eidbednjiyated amditmebbét| §gG) were added in PBS/10% calf

serum and incubated for 10 mins. Extensive washing was
20 again carried out in PBS before the coverslips were mounted
in glycerol and examined in dual channels using a Biorad
MRC600 confocal microscope. Phase contrast pictures were
photographed using standard light microscope.

25 Results

VP22 localises in two distinct patterns.
The cellular localisation of VP22 was investigated by
immunofluorescence of VP22 expressing cells using the anti-
30 VP22 monoclonal P43, followed by confocal microscopy. COS
cells were transfected as described above, and the cells
fixed 30 to 40 hours later in methanol and processed for
detection of VP22. 1Initial results demonstrated that, in
the majority of VP22 containing cells, the protein was
35 present in a distinctive nuclear pattern, £frequently
showing enrichment around the nuclear rim. Figure 1la
illustrates typical examples of the nuclear patterns of



fixed 30 to 40 hours later in nethanol and processed for detection
of VP22. Initial results denonstrated that, in the mpjority of VP22
containing cells, the protein was 35 present in a distinctive nuclear
pattern, frequently showi ng enrichnent around the nuclear rim

Figure la ' rates typical exanples of the nucl ear Bleii f
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12 VP22. However in a nunber of cells VP22 was present in a

very different cytoplasmc filanmentous patterpz(Figure ib). In this
case, the protein was detected in a nmeshwork or cage like pattern
wi thin the cytopl a¥yh2and Hoyveyesl dted Bumbex rofingeld sn¥EReuwas pmegent in a

het erogeneity in diyatdl 88fE&Fent cytog/fééntw&hlaﬂénébhé patkbrinUBiGhre VBS) .
not observed with the

, ot her_HSV tequynent protein under stu VP16
whi ch exhi bi 0 45 F38% Jhe &%ﬂ%%lﬁ sk qersated i @ 6‘5%"’33% o
consi sted mai nl y ofcagedilfifkes epatitteom asirchinpatheereytonlasio and wasorexsioudeds
present in the nuclgl her @XM Rt dASLdiMey edh t ARkt MSur
cytoplasm c \r/%r sus £zom tlﬁ%crnelglrfug%stri%ion %%22 \?ﬁs not rapdom V\ﬂnh'
respect to e #dfrhomgdy note byndteeliyliusuR loe MaSa POt e PPSREYRS Wity the
cytoplasmc VP22 waherSUHBUUNERfimedy prdicdin ahdeeel ssudy (VPROh aiwhih
nucl ear VP22, where_the. tei cl . . [ Lhqt i f
These I atter col | s ABsERE §patblia oiikblng p1eOff ok clL £6, £E0H b
cytopl asnic VP22 (Fopsisted maimdy of pgdiffusge %fré’%la&f“lf’hé’aﬂﬁ‘}ﬁél“ay’éﬁ’t}} n
which VP22 29p  cedimdrbamdahest pesente\ier ¥heehlicagaiin di spl ayed this
distribution with the cytoplasm c pattern bei ng observed in a
mnority of cells, with a nuclear pattern in the surrounding cells
(Figure 1d). 25 Funthex sxapinagdsn sgperledntbatietleperreplasnic, wexsus
Cﬁl s - whi ch %c}lba&uaigérimﬁi&%ﬂ’ l—\mnz' 988 Abt ovriddnl wiehi pEspéct to
t he VP22 expression asn d use ere. At ' t .
this type of distr ierf{)ﬁbr ohq:&ﬁ‘h g‘?he?nepr]ol% epﬁggﬁe%.génq:ﬁq \fﬁllbl scexgg%%%\&/le g
whi ch were expressaytfopimsmiont VEaR 3¢rs syearpndedycbyii sheypade rofe erfls
the possibility thalodtdifining nieidf Wwed2 VPdRefé SthebPricteinaswadsL| 61 &kl
the use of CO5 . s i3 T reFiBR IPRHR 018 LU ELPIS REJ{QUIP Lo
the central cell containing the cytoplasmic VP22 (Figure
lc). Finally, the areas of the monolayer in which VP22
20 could be detected in every cell again displayed this
distribution with the cytoplasmic pattern being observed in
a minority of cells, with a nuclear pattern in the

surrounding cells (Figure 1d).

25 Initially, these experiments were performed in COS cells
which by virtue of the SV40T-antigen allow replication of
the VP22 expression plasmid used here. Although we did not
detect this type of distribution with other proteins (e.g.
VP16 see above) which were expressed from identical

30 vectors, we wished to rule out the possibility that the
pattern of VP22 distribution was related to the use of COS
cells. Similar experiments were therefore performed with
Vero cells and HeLa cells and identical results were
obtained. Figure 2 shows expression of VP22 in Vero cells

38 in the pattern described above in which a central cell
containing cytoplasmic VP22 is surrounded by cells
containing nuclear VP22. 1In this case, VP22 is seen in a



Vero cells and HeLa cells and identical results were obt ai ned.

Figure 2 shows expression of VP22 in Vero cells 35 in the pattern

descri bed above in which a central cell _containing cytoplasmc VP22
I's surrounded by cells cont ai ni ng nuclear VP22. In this case, VP22 is
seen in a 97/ 05265

PCT/ GB96/ 018310 smsaes 13 FELGBRH83Y;
decreasing intensity, fromthe central cell to t he adj acent cells
with intense nuclear VP22, to cells fueBher away with | ess intense
nucl ear VP22. 5 These surprising results indicate that VP22 was being

transported from tgraddent sof rdedwegping iasenaityal fyomdihey central cell to
synt hesi sed and W%eorsaﬁléew éeﬁé onheﬁmﬁtaﬁfséerzmclregr V22, aljcedils
r

cells and also to cells t her ve again, V\/rﬁf "ocal i sed to
the nucleus. To JRFSHEEr 3VEY Vﬂ?'ih ’ﬁ%\ﬁ"ﬁ& BUEHERRH ¥ef4s, a tine course
of transfection was carried out. By 14 hours after transfect I on,

it was .5 possi Sﬁffélaéy%esm Ss.i.'nQﬁcb.Ee' ndiat dysbacelds- bdin
S COI’I

20- hrs, foci of ce ni ng P22 e se en erein a centtal
cel | - cont ai ni ng i %aREROTHSS cﬁfﬁﬁ-@dlﬁywﬁiﬁc 15 A é1n1&élaFl§Y being
contai ning | ess i yandesisad a(da gtasep?:&,sent in laomyrtopigamiccp&t’oerﬁp to

facilitate point), eﬂ%éétbycesﬁrg sgl 5%”@Ei%‘se¥ﬁ£¥la%f ngL&o ?gél again

cont ai ned the prot t1ona i e€e” of
evi dence that VP2MWh@we bif n§°callse‘ir5‘?lsbBFtEch%‘t‘%veenTEeFileg‘mF‘v'xBa‘é%pX?%?e
di shes of CO&p-1 mov:.rfgem;a:vyéﬁrﬁ cEdEHI[’éSf Gﬁ:t eimaVi tbuesé hef then¥Pa8@tion was
expressi on vect or, . and pry o] r ntay- f
hours |ater, each ot Shs PprS| Eyse guf% ?Eé&- g{:fﬁ%tf%aﬁéﬁgonl)s{: m8§£ed
and pl at ed ont o c pamsibilpsto crmtywaarexpressmonomnsm@t lugl; ogdds. At
possible to detectyg/igl e¥pLesst elis cont&fﬂln?; Whﬁhc&hﬁ H@'He%hn%ﬁeyggﬁ

wi t hin the .nucl eus, denpnstratin a,t cel | gg never (geg
exposed to 3 heenpesl Gol Jes%?‘bq'f" i) Fay 2y a?h?“ﬁﬁ?'in 3¢9t B n.
30 | mSer cel senraral raaspertconeqmnmg de€st amtiemsle AER2Z niRdgure 3a,

within VP22. Jé(}— Begidy SNAATE o ¥d BN 18kt ENBoi AEY] rarmméSbw BBhPs
we test

VP22, virtua J.Sy? re'x?esryOfs:.\élagrllearclzteilcgg;[n%{]ﬁeg %:peorl;[ro(ten.n qglgure
3b)
20 As an additional piece of evidence that VP22 was being

transported between cells, two separate dishes of COS-1
cells were transfected with either the VP22 expression
vector, and pRG50, a VP16 expression vector. Twenty-four
hours 1later, each dish was trypsinised and the two
25 populations mixed and plated onto coverslips. Twenty-four
houré later, it was possible to detect VP16 expressing
cells which also contained VP22 within the nucleus,
demonstrating that cells which had never been exposed to
the VP22 expression vector had taken up the VP22 protein.
30
Intercellular transport reguires a C-terminal determinant
within VP22.
To begin characterisation of the requirements within VP22,
we tested a series of variants containing short (3-4 amino
35 acids) in frame insertions and a deletion mutant lacking
residues 267 to the end (residue 301) of the protein. The
insertion mutants contained insertion at position 60, 159,



35 acids) in franme insertions and a deletion nutant |acking

resi dues 267 to the end (residue 301) of the protein. The I nsertion
mut ants contai ned insertion at position 60, .159, WO 97/ 05265
PCT/ GB96/ 01831 14 192 and 267.
None of the insgplghgiesut ants Ins 60, Ins 159 or Ins Zgﬁpaggmﬁ@%
effect on the. pattern of |ocalisation of VP22 or its a

undergo intercellular transport (data not shown, all the sane as
wild type). The insertion at position 182 did however have a

significant effect tan hibited,a pattern of distribution
simlar to 478 gfl‘fioﬁgg °&i S rﬁﬁjtﬁrﬁ?%égﬁ Freantendngi 69, t Jpe; 159
t hus, nucl e®@r Jnsi aﬁﬁgﬁladn aay effentt @al thevwpsttedn ofisebralisd€idh of

positive cells merazmseafeqtgvegml { oLa nﬁgﬁ’%&ma&w&:ﬁlﬁ OOt atapd

pattern was excl usiyel asm C
phenot ype was obser\f&F ?nﬁa&\?t as wild tIY&@Ikl-ngThhelnsertlon

C-termnal 345resi (ktespdﬁftﬂﬁ}i 152 gdﬁ.& htever haveNai esidipiridimitl NseFddon
nmutant at position 36 Wa faﬁ‘\?réﬁhbﬁgd ep'grggtg%gtgf y of r#gﬁié%f%mpsﬁlar to

‘'showi ng excl usi vel y cyto asm c E e
surroundi ng cells oplagmice fighrikutden seen3with tei widdt type mithan,

192 vvasdngt rﬂmetan steidirg ant a&jébéﬁﬁlé?lwh%st abal osymd | SEhfEY
conpared by Wester n 0 t muif ant
proteins were obse:b\?@d'%ye %P'ﬁbnlfég%e hie II-‘} adly ﬁﬁdpb%sYﬁlq e
this propert}yf of cells,| hb%rnaéqtpmawaq r%ﬂéﬂ!’ebﬂmmaamwl $Ritde Idie
transport of additional peptides or proteins, we tested whether a 25

vari ant of VP22 2 ained a,12 re ext ensi on on
its C-terninal - endxg F Jr"né,\%gp eﬁggﬁ%lvﬁs ﬁbser"eg %rt Ehe ofe letdon, anan
anti body), would aI1§G=kB@9t tdhes forteauninal 34 YReiduesul26y- Gotror(ﬂgared 3d).

efficient transporiogk th&t the msaxetﬁaﬂeﬂu@é:% ealtﬂ pdsfiti tzﬁ v@%r
whi ch dermnsfsrates r.0 ce s, utilise 'S term nal

1‘2\ {ranspor.t {_fn
ext ended var iant PAEST, fE 418 5 ?‘5%,’119 cﬁxcéléf"?"ge%}brﬁléﬁ%]r?@mlc
central cytopl asmi (YPs?Pzzepdmd@Oémroﬁummslapntel ke surroundihgi néelfl shudoear

VP22ep and, as for qéletReat ﬂ\hﬂant 267- wprmn%&h\éﬁ%&%kdﬁs ‘Jﬁ&e%to%d

in vir II ever cel nnnola reover,
whi ch ;[I\;.g y yd%.é to ?.neff:.c:.enei: synth S:LS en total synghes:Ls was
compared by Western blotting, similar amounts of the w/t
20 and mutant proteins were observed.

To begin to address the possibility that this property of
intercellular transport could be utilised for the transport
of additional peptides or proteins, we tested whether a
25 variant of VP22 (VP22ep) which contained a 12 residue
extension on its C-terminal end (containing a recognition
site for a monoclonal antibody), would also be transported.
The results demonstrated efficient transport of the
extended protein. In fact, figure 3b, which demonstrates
30 transport in Vero cells, utilised this C-terminal extended
variant. As indicated above, a foci of cells containing
central cytoplasmic VP22ep was surrounded by cells
containing nuclear VP22ep and, as for w/t protein,
expression of VP22 could be detected in virtually every
35 cell in the monolayer. Moreover, the protein which was
being detected was indeed the fusion protein, and not some
fortuitous deletion product, since it could be detected



bei ng detected was indeed the fusion protein, and not sone fortuitous
del etion product, since it could be detected WO 97/ 05265

PCT/ GB96/ 01831 _ 15 usi ng either
the anti-VP22 anti body p43 or the antibody to the C-term nal peptide
ext ensi on. M’ﬁ rtant resul t denonstrates that it_is indeed
feasible to pr delivery of peptides or protei "ECHGBIOIEL 1y
linking them 5 to a suitabl e transport protein such as VP22.

Those skilled in the art could routinely errphgy t hese or ot her
site-directed nutagenesis nethodol ogies to nmap or refine the

determ nants in VRgdn %héﬁ.tﬁéf Ehé térﬁﬂ V'i"i@l ghtiflogy :{?cﬁf e gﬁgflbbgg to

transport property, ereby all OWI use o ragnment
rather than the fiihe |Ehfypinal p ,,extens:.on Vﬁ'ﬁ‘ésuﬁfﬂaféé'tﬁﬂ‘érrrﬁﬁb}ﬁ-ﬁm

15- . Al t hough VP&nmumtsl ytlst ett edlsoriﬂdleedceiéassiﬂulfeaaﬁ: p@omote thave

as yet been unabl g t f ted | ]s.
However to exam ne t prh’egf ¥P§? 5%3289 HP&%'{H% to cel 5" f romﬁf'ﬁg then
extracel | ul & nedltﬁ’ma Fudspi PetranSP"’é@(tR’%:tﬂﬁaGé‘chr 6ﬁ1 VB22. expr essi ng

cells was added to the 20 medi a of untransfected cells. VP22 was

i mported and was I u C|e and
rapidly (see sgeuréejg jqﬁ} Qﬁﬁ{ga%cc%l?slﬁ%n\govt‘ﬁ}%t Elegg} %Ir#’ Pﬁé?e or
addi tion to nedi a Qthessi pige %ﬂtrﬁdﬂg}mﬁiﬁgein@@l;ﬁl m}thqslologleSdaOeduaptorn

t he medi um. Tha:éﬂtﬂe;mcamm&sneh ¥p22 takteahedcrik¥cal and/or

I ncubat.i on suggest in at t ernali_sation
not via norJh%I en 5‘%’ %éflg f?ll;l %’glr?t tgﬁ.nspor pr@?ﬁﬁ?he# t?jg'o F'B%\N?ﬁ%
medi um was not obsma/edff diragmegnts of WPy pabhern thanhate t fsikdlengbh

Sol ubl e extract sm?yyt@ B ng either full-length (W), or truncated
([err]267) VP22 re ad'ded to the nmedi a covering COS- 1 cells grown
on coverslips, and the cells fixed 1 hr |.at er. Equal anmounts of

the extracts wer e VE220 uptalkes €ttom mediumy SDS- PAGE and Western blotting. 35
To meke the;sol ublg e lERCY P29 Pad Ldd B vORBELcEEE! Sn VEEE cell surface, we -
have as yet been unable to detect VP22 in the medium of
transfected cells. However to examine the ability of VP22
to be imported from the extracellular medium, a soluble
extract made from VP22-expressing cells was added to the
20 media of untransfected cells. VP22 was imported and was
localised to the nucleus with high efficiency and rapidly
(see Figure 5{a)), uptake occurring within 5 mins after
addition to_nedia (possibly explaining our inability to
detect it in the medium). The uptake mechanism was not
25 affected by incubation at 4°C suggesting that
internalisation was not via normal endocytosis. In control
experiments uptake from the medium was not observed for any
other protein we have tested.

30 Soluble extracts containing either full-length (WT), or
truncated (A267) VP22 were added to the media covering COS-
1 cells grown on coverslips, and the cells fixed 1 hr
later. Equal amounts of the extracts were also analysed
by SDS-PAGE and Western blotting.

35
To make the soluble extract, one million COS-1 cells were
transfected with either full-length or A267 VP22 expression
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16 vectors, harvested 36 hrs later, and the extract nade in 10
mM HEPES (pH 7.9), 400 MM Nad, 0.1 nmM EDTA, 0.5 nM DTT and 5%
glycerol. Half @ngtracts were then added to t he I ng
5 x 10[err] COS? s grown on coverslips, 5 the cells |xe8&%¥§i

| at er, and i munof| uorescence carried out using the polycl onal
anti-VP22 anti body (see figures 5(a) ande5(b). One tenth of the
extract described was anal ysed by el ectrophoresis on a 10%

acryl am de gel Ve°F@F-’F@V\E§rB9S€E‘3t%5 s okatiery 8ddngthenestoact madd Hady

P43 10  (see fime(m?Bs (pH 7.9) Fuobhmmwel, ther W2 EDER! e | O aMnpment
T 1 B esenie Ty bbb oA et g vl ol
intercellularly 15 the mﬁﬂm ceavexing Eelqmqseﬁ@-ﬁtlfmlltaw@rcwneom cavedslips,

residues for g tHY TdINRCEIxedFhlir 559& and mmunmm&és&&éﬂ@é ec%ﬂlg%d

further, we have rrade a eptl cor Ctermn

resi dues and added 13 q"reeﬁ‘?}ﬂé:lf’ga ?‘ﬁf‘rge\g? nﬂﬁ'ﬁbﬁ’?@}f cEfesy o sineasn.
Thi s pepti de, 5(\d1erax@[:ﬂﬁl'éd t oOme| temtddi af e nextrdaty desdridedel lwaznd

I's transport egfy %stehe Bgd ﬂ@ct(:%;ﬁigrpesqg) onhese 1@@6&&%&% e gel

shows that these C_flq?l g resid %ﬁ. required Cg

sufficient to give foldRYH rI?Y Waptern ?Fﬁﬁggo‘ﬁn&ﬁ ERACIRTRL oRBF HROY P43
Al t hough, asl6 ndi caflse@ Lhguee Skchhve denonstrated that pepti des can
be transported by fusion to VP22 it was unknown how big a protein
could be fused to VP22 to 30 facilitate transport COS-1 cells

in 6nm di shes wer e Burihergored fhenhVBrasfelrtion mutgar) 8367 cvhile prasent
VP22- GFP whi ch had ilbeehecesBibleciertrayt in equirakéht eincintisheo UEYDl apaigth

frame reading f ra”E(de%t %‘fg}{!&eg’g (c? ,BagEY, Siw&&%{oé rb%ﬁ:%l %_ﬁg' gnpggei\gularlg

(d ontech), result % Gsion’ of term nus
fl uor escent 18 icating a requirement for the C-terminal 34 res:.dues for

this process (Fig. 5(b)).

To investigate this further, we have made a peptide
corresponding to the C-terminal 34 residues and added a 12

20 residue tag to allow immunological detection. This peptide,
when applied to cell media, gains entry to the cell and is
transported to the nucleus (Figure 6b). These experiment
shows that these C-terminal 34 residues are a) required and
b) sufficient to give transport.

25
Transport of Fusion proteins
Although, as indicated above, we have demonstrated that
peptides can be transported by fusion to VP22 it was
unknown how big a protein could be fused to VP22 to
30 facilitate transport.

COS-1 cells in émm dishes were transfected with plasmids
PGE109, A267 or VP22-GFP which had been constructed by
insertion of the Ul49 open frame reading frame into the
35 BamHl site of the plasmid pGFP-N1 (Clontech), resulting in
a fusion of VP22 to the N-terminus of green fluorescent
protein (GFP). 40hrs after transfection the cells were
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17 harvest ed and high salt extracts were prepared. Western

blotting of these extracts denonstrated that while there wer e

equi val ent ano of the full length and [err] 267 vari ants _of VP22
present in the%gég , the level of 22- 5 GFP protein wa 8@W“§¥fo|d
| ess. Equal vol unes of each extract was added to the nedia covering
the COS-1 cells on coverslips, left for hour, then fixed in 100%
met hanol . | mrunof | uor escence was carri&d  out usi ng AGV30. The

resul ts showed (Fi g a,8R)stldt ﬂ&lg?ﬁe%afﬁ kti2a0tls PLeLE! Brdfareq Ol

detected in the reC|p|ent ceI S

nucl ei . | n RighrEng e §ﬁ$ﬁﬁ°Fﬁa@eW@n§5ﬁaﬁﬁﬁetb&¥er%%eothere
cel | s.expressing awesd oeguiohkent \Mmroann:be eft ated £131  ldMgHlel RndAS 4387

Kda, and after appl%ﬁgn;:? ofxﬁ’ﬁ:rpzt%ﬁﬁ Lm the edEd é%pﬁ‘ecin dit efg_ éhe

fusion protein in the nuc njectlon

transport by 5ransﬁ¥ﬁﬁ|E#PFQ#Q&HﬁﬁﬂihQUFoﬁ‘¢9§§uée§§ Eq@éltﬁ@b“@%%SOflgaﬂhy

R/IOt be a reall y(a \ea&tjrdctlowhe a@de% to thedﬁlladiﬁr&ov'ériﬂ@&uﬁi oS- aabb@;mbson
croinjection (an 0s ver utilise

it is addltlonallthse ]pr'dgggﬁs?%%tg %éﬁg' en‘ % 68r%°8§ ge¥hﬁP8f

del i very which coul@ﬂmlu@r\ﬁsﬁence wast pan:gced OUt uehng- AGEQs pl ihed

O&EOSOVGQS%BS )’\'Fr&s'ﬂl‘%ogﬁbﬁéae@ﬂt%a) thatatHéXVP'if @Fﬂ%&?ﬁeblﬁzﬂ;ems

p an ng/ [ er in ed ce

84: 156- 160) % usi nd %\J]&arl?p %tsesct d"in %égmregﬁéﬁﬁ{"l Eeﬁ}%r%‘?‘i] Ebebrd Fnﬁa

manual node. The caeldamBiaxed in the nmddatied for 24hrs, fixed in 100%

met hanol , . and doubl e- I mmunof | uor escence using the polyclonal
antl-VP22 ant i body AGV30 (1:500) and nonocl onal anti-[err]

gal act osi dase (1: 505 3summary pr¥eefaye fFhgHRe thatsinCcan (it aeXpracts eobf
afield W t eelilles MeskpeBstide@ CElbioRt prwrkily @hér®0dhd Oattached
[err]-gal. 15 protein was 32 Kda, and after applying the extract to cell

medium, we can detect the fusion protein in the nuclei.

Microinjection of Vp22 .

Although transport by transfection is valuable for tissue
20 culture uses, it may not be a really a valid route for

delivery in tissues or patients.

Microinjection (and also liposome delivery) are utilised in
vive and it is additionally useful to demonstrate VP22

25 transport by a route of delivery which could have in wvivo
utility.

Cos -1 cells plated onto coverslips were microinjected with
a mixture of 100ng/ul pGE109 and 100ng/ul pPBAG as a marker
30 for the injected cell(PNAS 84: 156-160), using a Carl Zeiss
semi-automatic microinjector in manual mode. The cells were
incubated for 24hrs, fixed in 100% methanol, and double-
immunofluorescence using the polyclonal anti-VP22 antibody
AGV30 (1:500) and monoclonal anti-f galactosidase (1:50)
35 (Promega) . Figure 7a shows a typical picture of a field
with one microinjected cell, stained by antibody to B-gal.
In the same field of cells, VP22 (Figure 7b) is seen not
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18 only in the mcroinjected cells, but in numerous non-

injected cells. Thus, this route of delivery could be used in vivo by
m croi nj ection |nt the centre of tunours, to deli r a
variant thereof"W @@W@ﬂgroutes of 5 delivery woul d, of courgéﬁcﬁéﬁéﬁﬁally
viable, this just denonstrates one route directly. Currently two nain
rout es of delivery of genes are utilise nanely |i posone-nedi at ed
and virus infection. Therefore, the gene for 22 or vari ous

modi fi cations incl eshigg iﬁlSlt%@ nﬁi&zeumgeceeal @e19s10 but | BEOTRAeRbAY IHY¥M

|'i posone vesicles f.or e sone i ver

is also utilised i ﬁnpﬁggﬁ ¥ c'%ﬁutsurghﬁsf%‘h%& ‘% t%rlﬁ' 1‘§Jﬁ%e dﬁ%i
for VP22 or | v wawmo sby ouierdigjiectdonetntate. ghé:hyenensseocbf etupours,
adenovi rus or ret ”%\6 ra'éf:‘?vé:?rvﬂﬁb' WYa Ofrai-m:?@t t8Bredf. 15ther t@;tﬁésﬁ

expressmn woul d be .n he |n| (?gpu ation O tran ecte .
| 8 gust

infected cel I3, butdea‘PZ?%éﬂ i SPHEER - equrldy; %
This is parti cul ar Idpmbaetné.teme:rre route diétreoely. |(s.ntx;eml:|lyabWedmafm usoutes

vectors whi ch are dgohdiffery of difks!frd GiNaALE; idIC1Yp bgo@@lﬁe&féﬁd

woul d be enhanced. 20 1 Cr.oi njection o génes” or
appl i cation of and t'ﬁér%%kédlfsﬂﬁxla}“e éq'@&'elf%?es R r BRPPY fR%K nYP22 or
explored in igltd cuise mddifications Tinisding EusYBA2proteins f fandrt be

|ntoad|fferent rom
expr essed. leS@SU-Feoel liposeome odhAvRTAt elBepdsPr ét‘i"ré-f'-éé?‘éd iR t”n‘-ssue

1[err]g 30 PCELQRulthRde spstéms| emilternat bv&lil9 theA geed Box alP22 or

t f ect th || b d th
anst e on che oq L3 chere TAIBIET by LML ST gercnes THEC
The mixture of cel |asdiepeyipngt oF gityoviruses c@‘?’ér §F1’p‘§e% of wirfeghignes Hhd

i ncubated foisa fUurgdi®l cdses e%s%aoﬁ%ém Be WA eﬂiletlhﬁmwrpoﬁumd,rn of
100% net hanol .

(1:500) and the mrﬁ?@PgﬁﬁFLﬁﬂt?’rf cl%r esci@% ‘é‘f{f w818 be UBLT L L0

to surrounding cells. Th:.s is particularly useful where

cell types 2p Xﬂq@%\i—% te@teEPESWE@eSé&ﬁee%é%}%tle\éP%%rcﬁﬂ Ofv& rcfé‘f:ﬁfgztfd

delivery is by disabled virus vectors which are designed
not to replicate. Delivery in this case would be enhanced.

20 Direct microinjection of the genes or direct application of
the naked DNA are also routes currently being explored in
the field.

Transport of VP22 into different cell types

25 We have further demonstrated that VP22 can be transported
into a different cell type from the one in which it is
initially expressed.

COS-1 cells in a 60mm plate were transfected with 1lug
30 PGE109 made up to 4ug with PUC19 DNA. 24 hrs after
transfection the cells were removed by trypsinization and
mixed with previously trypsinized BHK-21 cells (hamster) at
a ratio of 1:20. The mixture of cells was plated onto
coverslips in 6 well plates and incubated for a further
35 20hrs, following which they were fixed in 100% methanol.
Double immunofluorescence was carried out using AGV30
(1:500) and the monoclonal anti-T antigen pAB419 (neat) to
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19 identify the COS-1 cells (J.Virol. 39:861-869). Figure 8
shows a typical field of m xed cells where the T- antigen positive
CCS cells are seen (Fig. 6a, left hand 5 panel ), (the surroundi ng BHK
cells of cours detected by the T-antigen ant| b

Fig. 8b, right %v‘%ﬁuspﬁand panel the VP22 positive cells, i 'Q‘?ﬁy‘émcﬁ@ﬂ%rl
Cos cell plus the surroundi ng non-transfected BHK ceI I s are

seen. 10 DNA bi ndi ng properties of VP22q W have shown that in
cells where VP22 is nuclear, it binds to the condensing chronosones
during mtosis. ThiGestify tthel ©0S-1stelly 3Svirsl. @ -@isihakbg. chronpsones
during mtosis and denonstrates that once VP22, or variants is taken
up into the cell, they will also be passed onto the daughter cells
after. di vi si on. ThFigwreSe ShpvaaR cSYRITPL Jtd @famiged cellsgsdiere fulre T-
delivery. NbreOVeraMEJ.@éﬂep&Bi?Mvé hebsi Bellél Qre2@een (F2g. BaS 1eft hand

non-speci fic DNA bi ndi properties babl explalnin at least in
part)- the in>vivo RAPRHAt i (%% su%%%%t‘? ﬁHKTﬁfg‘ St wh ol’fé’é‘\g"\? i B mot
conbi ned add to thdetected wsheu'ai-anngmzanmmdyd Dall\daml Figdab,veright
DNA/ genes to h&H4! Bhne?Sthe vszu bifeife LBl SIS e RS YeHdalihdos?
proportion of the ells.wth nuclear VP22 contained the protein in a
pattern Si mF%}ltB——Pﬁatthﬁ'f slﬂ‘i’(?t“l“glﬁ‘ﬁr mt an, BERnrcRd 18t are
cells for both VP22eemd DNA reveal ed that cells at all 30 st ages of
mtosis couhg be detected with VP22 |ocalised around the condensed
chronosones (Fig. 9a). Toddeterm ne i f VP22 could interact directly

] £8o9L VB2 \P22 fusion protein to bind
a 40 bp ol i gonucl eoti de probe by gel retardati on assay. Dose- 35

dependent increase_in the ce, of g | ex Fi, %

present in the GST'R oAt T Ig’%e%agg%rbslglrfg lisor @'%2(2 14 n%%ar' é’ln%ts

conpl exes of increbSitke Qoz@enayngephégmomes during mitosis. This shows a
is strong association with the chromosomes during mitosis and

demonstrates that once VP22, or variants is taken up into
the cell, they will also be passed onto the daughter cells
after division. This property makes VP22 additionaliy
useful for delivery. Moreover we have shown that in wvitro,
20 VP22 has non-specific DNA binding properties probably
explaining (at 1least in part) .the in vivo chromatin
association. These two observations combined add to the
potential of VP22 to bind DNA and to deliver DNA/genes to
nuclei.
25
During the analysis we observed that a proportion of the
cells with nuclear VP22 contained the protein in a pattern
similar to that of mitotic chromatin. Double staining of
cells for both VP22 and DNA revealed that cells at all
30 stages of mitosis could be detected with VP22 localised
around the condensed chromosomes (Fig. 9a). To determine
if VP22 could interact directly with DNA, we tested the
ability of a GST-VP22 fusion protein to bind a 40 bp
. oligonucleotide probe, by gel retardation assay. Dose-
35 dependent increase in the appearance of 3 complexes (Fig.
9b), not present in the GST controls, was observed for GST-
vP22. The complexes of increasing size may represent
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20 mul timerization of the protein, since the | argest one

fornmed | ess efficiently on shorter probes (not shown). Mor eover VP22
was capabl e of binding to a range of DNA probes suggesting that the
protelnlnteracts with DNAin a 5 non-speci fi ¢ manner.

Transport in ViW@&M5%§ected Cells Ong of the main rout e@réqn%@ﬁél
delivery for gene therapy is via the use of viruses. Typical ly
such viruses are 10 disabled in some wap so that they wll
replicate inefficiently or not at all. The desire is that limting

replication will preledterizgtiiorat odnshauepratqiat,hogénesi she largestf ebpeof
virus vectors is afg%gér '1%%%9 %ﬁl%?@ﬁt&gerd?pyshorter apdopaich (ﬁ&? Olhok) .

goi ng into devel oprng s i sabl ed viruses. But the

di sadvant age of usM@RgeQW%%b 332 vas cgpabiesofs kipdingh & °geﬁ'1e§aréﬁe|ﬂfep§§t
are then deliveredprobes Sﬂ@gﬁstﬂnghﬂﬁitlﬁhéIpﬂdﬂﬁlhnﬁﬁchﬁdctsﬂwfth DNA in aVé-
wi shed to denonstrate diregc %’0% t hat VP22 coul d be 20 transported froma

virally infeCted cBPF-PREE ich- Y SEt ed cell. To this end we infected
cells with a disabl ed herpes simplex virus mutant HSV-1 [gHve]. This
virus lacks the ypa208REndt r@r]_rgws_gﬁgl gﬁfé{d:tﬁé& cgMeoprotein, gH, and

nmust be pr opagat e a_s eC| | Nl I

T e g gt CPOELSE i, ReREbAlAS B SPAP SVNLR0EE! dedd Wrtipy 1o
conpl enenti ng cel | gidi etlmyusgl IOE yp'ernéeseont Fypiaglivie such viryses giaxe
t he vi rust can p((aneag_ggglgg | phti Bbm@ol%ﬁ}ﬂt | 4 oéhat thésjctel 'V\lﬁhllsy'?%iﬂ;?-'ﬁ%te
virus proteins (exce asse ru artic es
are non-infecti ous’-ngﬂfgl%_%%ﬁaiﬂéd’r nqubﬁﬁda&} i r#é?ft asglﬁ%c’(ﬁ gtsha':\/‘z" %
'to denonstrate t hat'epl:.catid?ﬂ widdupreveatt camphiratignisodueate @athqgeme@ns)ﬁ

i nf d
IS o LR e e e e & e o

341-8 (1992) U~ GoRpEl sTREM ShERESn W r Godg9 | ato Jilevelsping; E(%éi%e)ntli’
Vero cells v e i nitetblledi trhridSas ]l [Ryf e sisadvantageudt iysing tdissbled

approximtely 0.2 g E#ﬁ%ggl1s thBer €he’ Genes of ' PHESLYst AFk :red] |de1iseredoe
initially infected.
only to those initially infected cells.

We wished to demonstrate directly that VP22 could be
20 transported from a virally infected cell to a non-infected
cell. To this end we infected cells with a disabled herpes
simplex virus mutant HSV-1 [gH-ve]. This virus lacks the
gene for an essential virus glycoprotein, gH, and must be
propagated on a specialised complementing cell line
25 containing gH. But when this wvirus infects non-
complementing cells (ie any cell type not containing the
virus gH), the virus can penetrate an initial population of
cells, synthesis virus proteins (except gH), and assemble
virus particles, but these are non-infectious. No second
30 round of infection occurs. We wished to demonstrate that
VP22 could be transported form a cell initially infected

with the HSV-1 [gH-ve] virus mutant (Desai, P.J.et al. J Gen

Virol 69 ( Pt 6): 1147-56 (1988); Forrester,A. et al. J

Virol 66: 341-8 (1992) U. Gompels & A. Minson Virology 153:
35 230-47 (1986)). :

Vero cells were infected with HSV-1 ([gH-ve]l at a

multiplicity of approximately 0.2 pfu/cell. ‘Therefore

roughly 1 in 5 cells would be initially infected. Twenty
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21 f our or sixty six hours after infection the cells were

fixed in nmethanol and assessed for the presence of VP22, or bet a

gal act osi dase. Note that this virus contains the gene for

bet a- gal act osi dase and the presence of beta-. gal act rves
as a narker forWQ¥®SS nary infected cel | . The resul ts g‘?’ég&f&ﬁﬁ

Fi gure 10. Fig 10a shows a field 24 hour after infection stained
for bet a- gal act osi dase. 10 Fig | ogyshows the sane field stained
for VP22. Fig 10c shows a field 66 hour after infection stained for

|bet§ gallgct?SI danfolé or slﬁtg Q¢ &ia,lewgt tdft eranfdidnStiidnesh Iy W2

n g a WO Cce Pr.essi al aCl OS

Moo Shel surr e ndixed’ i) Rt 3n8°a SRl E 328 B¢ nresandh 08 W22, e
sane field stained hfedua yB2actésidase. Notd)thathéddst vbresldantariasakbe §eae

positive (large  for aheeuDsafduoditiaden i 1 BReSCficlontd! | YHCI Blta-

cells are detec alnlgg ésnall 62 whi ch
bet a- gal act os? dase Gf@RtQARLdaps serves ag, m?ﬁ#??gﬁﬂﬁdSFB HHIGEY P8 FCted
i nfection) three celdld.ar @he resulshoare shuwh imaFdgulret 20gal act osi dase

positive (large arrowheads). In the sane field stained for VP22
(Fig 10d), t hese sane three cells are positive but in addition_30
surrounding cel | Fig Ifa £hpusad fdpddsed bABYRfLer infprtion staipgdefsfe
non-i nfected, nonetzbefaletionida¥®22 whi ch has accunul ated in the
nucl ei (snall arromheads) Not e t hese latter cells conpletely |ack
det ect abl e btPa- gal act osi dase, despite the intense staining in the

three central positRige 13 showsl khe same fieldrrataised €ord¥RRAstrate that
VP22 can be transported from
Fig 10c shows a field 66 hour after infection stained for
beta-galactosidase. '
15
Fig 10d shows the same field stained for VP22.

In Fig 10a two cells expressing beta-galactosidase are
arrowed. Note the surrounding cells lacking beta-
20 galactosidase. In the same field stained for VP22 (Fig
10), these two cells are also VP22 positive (large
arrowheads), but in addition several surrounding cells are
detected containing VP22 (small arrowheads), which were
beta—galéctosidase negative.
25
Again in Fig 10c (66 hours post infection) three cells are
ghown which are beta-galactosidase positive (large
arrowheads). In the same field stained for VP22 (Fig 104),
these same three cells are positive but in addition
30 surrounding cells, beta-galactosidase negative and
therefore non-infected, nonetheless contain VP22 which has
accumulated in the nuclei (small arrowheads). Note these
latter cells completely lack detectable beta-galactosidase,
. despite the intense staining in the three central positive
35 ~ cells.

The results demonstrate that VP22 can be transported from
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22 virally infected cells. This is not property of only

her pes virus infection since VP22 can be transported from transfected
or mcroinjected cells. Thus transport does not require any other
herpes virus e rotein and wll 5 al nost certainly o r

uti Ioi si ng any W‘?g’z&ﬁctm such as adenovirus or ret rg\ﬁé&g‘g&olﬁl
Therefore we have directly denonstrated proof of principle for VP22
transport fromvirus infected cells. It is ea2ly 10 envi si oned t hat
fusion proteins containing a gene of interest could be constructed

linked to the gene"%’éﬁllhbzznfec“-ed eelife acThime p®r MPSn RUeRExsy, efhdonly
inserted into virugerpes vi&.&ﬁ drfedtdoh bifceombiDlchi we Q&*&%Tspb%éaeﬂ‘om
efficient or tlgs ﬁ%ecflc roormt g TheESOﬁE e|n wi || &

be .15 del i ver ed™1¥ % S P BNGCER o fSthan « ABEE ERPPPRPFY oes

i nf ect ed. WS eRiLyn any othembem@muansommme andawilp22

exhibits a higghly almostLﬁé%ﬁ&inIQrQQ%EEYutEliQﬁﬂg'ényf%fgug e@BbkYsuch a
transported from he cells’in it isoriginally expresseg

an
in which ﬂ‘?%’b?‘ﬁﬁ‘scﬂfoﬁﬁﬁmi’ﬁr‘l‘%%% i sation, to adjacent cells
within a cell the nonol ayer, where it is taken up |ntothe 25 nucl eus.

This pattern of bepayiiiireNgs RQbe b@ffhé%l%ﬁ@é‘ﬁm@n-trateci PrHY o Belinipfe

range of proteins we have tested and %QE no revi oys
demonstration of tFP% V24 $FP’;’/SP%§I'°‘“ virug Gin Sﬁ?)l%e 16 Gits 1g| egsily
expressed inothe cyﬁ@mfamd)f that fwsidrs, poteihs panteadining exprgene odvfi S

conpletely 30 t Rk Ng ]'R%-lé! ; f ' I nd
it is not transpor eo| %o agﬁag%nit;éce%‘f& | giggggeﬁgéa{ee%%n%g%%t 1?1’_225'
unexpect ed pr oper t9F ot POPALHIVes IRRFF G0 rFieReCE, ang cipggrigdhtinto virus
approxi mately 30 heedtorsf wadernthodtsritrsl @ff a conseitineivelRR2fdicYehé ohnt o

a cell, monol ayer, BOLLS YBL81530 Bronorde. d4ECERN10 AMEAGE iT120RMY £ 5%

of the cell 81’5 VP22 i n ever

dellvered to a much greater populat:.on than those 1n1t1ally
infected.
Di .

20 The above results demonstrate that VP22 exhibits a highly

unusual property in that it is efficiently transported from
the cells in which it is originally expressed, and in which
it displays cytoplasmic localisation, to adjacent cells
within a cell the monolayer, where it is taken up into the

25 nucleus. This pattern of behaviour has not been observed
for any other of a range of proteins we have tested and we
can f£ind no previous demonstration of this activity. Thus,
for example, VP16 is also expressed in the cytoplasm of
cells, but its pattern of expression is completely

30 homogeneous within the population of expressing cells and
it is not transported to adjacent cells. This difference
and the unexpected property of VP22 is shown from the
result that approximately 30 hours after introduction of
either VP22 or VP16 into a cell monolayer, while VP16 can

35 be detected on average in about 2-5% of the cells, VP22 can
be detected in every cell of the monolayer.
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23 This work al so denonstrates the specificity in VP22
intercellular transport and denonstrates the invol venent of a
determ nant at .the C-termnal end of the protein since a vari ant

| acki ng the C ] 34 amino acids, while being 5 expr ssed in a
cytoplasm c | ocatl ninitially expressing cells, CT{{396/01831
transported to adjacent cells. The experiments show
intercellular transport of VP22 in a n er of different cell types
including COS-1 cells, Vero cells, and La cells, ie the phenonenon

does not appear toniﬂs wcmc sangflae&@néé&eat@s t4lel Sep chﬂfﬂ:% ' b Svpzz

initially otelncge retion or  expor

occur via specifi clnetercel&&}ﬁﬁ/afﬁar’rs PG AR an&ﬁanﬁt%bq s’éﬁ’@n‘@r‘ﬂﬁnﬁ of
sequences for 15 a ctanelmuganhtatttl:tm chifeamtimait endndf velse @radiny @iveeé N

export_ pat hvays. rﬁ%toflakﬂgng%ﬁb r@‘%’éﬂ:‘?ﬂﬁ%‘i qh an%g'él-flds wh%elcr?} 108
si gnal sequences usu res i n the exiréne of %
protein, are’r ecog?ffpf&%ﬁ? Ancd lgpmic locatipy RNA&WE@QM @@tre@smg
pol ypept i des whi cheéXiet hets camy | $xan8portéde Bognadjatcﬁéﬁtgnldellql% part irglee

SRP Recogni ti o d nsf er. of
( ) - g d.tr&né:s shov?‘ nEgrtzgfll]iﬂi\gﬁ g@gf’wg i V%%?

t he signal asm<¢ the

ener gi ng pol ypept |’&}§“he§ E’I“reﬁ%ﬁﬁ%ﬁh‘? el ladvess FﬁélEﬂzlng COS e mnldimo é?ied‘o
subsequent |y procesesks,t BhaUGSLE =lTgl, eXe 25he pheeionehin Cdodd it

vesicl e ass |y t VP22 does, not posses

conventi ona 6Tbl gnalFe Qpegkg%u'éﬁcgh g‘logosce;}e%tst eth ‘('ﬁ %PSH‘ @ﬁﬁ ’\ﬁ’@ﬁﬂlﬁf

t he cyt opl aseksiysedhot resenbl e ER or CGol gi distributions.

There have been a small nunber of previous exanpl es of nannallan
protein secretion by non-classical pathwa % i ncl udi ng for exanple
the cytokines int Fikhdh FEFFHELOM P exPoE ePQrmahly t RECHEsVéas MPpesdifdrc
fibrobl ast grow h gatdiways requiring .wdlie giassichielibpdf sighidle smqueniceal £ouch

conponents §§ 35 soyﬁﬁzagABQn%amoré&%pa%e%ﬁ% an@%@sﬂﬂéﬁﬂﬁv&ﬂ'?@&' ik

ATP- dependent an gbrane roterns whi ch contail
menbr ane spanni ng SR P2ERHBYS ar eh?rﬂﬁﬂ Py thg E‘FEJPe'F?Fhams“‘s of protein

secretion, signal sequences usually residing in the extreme

N-terminus of a protein, are recognised by a complex of a
78 RNA and at least 6 polypeptides which together comprise
20 the signal recognition particle (SRP). Recognition by the
SRP is followed by docking and- transfer of the signal
peptide to a receptor within the endoplasmic membrane. The
emerging polypeptide is then discharged across the ER
membrane and subseguently processed through a complex
25 network of interactions and vesicle assembly in the Golgi
network. VP22 does not possess any conventional signal
sequence and its pattern of distribution within the
cytoplasm does not resemble ER or Golgi distributions.

30 There have been a small number of previous examples of
mammalian protein secretion by non-classical pathway(s),
including for example the cytokines interleukin lalpha and
lbeta, and the basic and acidic fibroblast growth factors
(7). One possibility for the export of such components is

35 via ABC-transporter systems. These proteins comprise ATP-
dependent and membrane bound proteins which contain
membrane spanning helices. They are involved in protein
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24 specific binding and transport across nenbranes and are

best characterised in bacterial systens. However, to date there is no
direct evidence.for a role of any mammalian ABC-transporters in
protei ns secrety ,052% Further, while certain proteins ecreted
by a nonc 22’& cal pathway, the pattern of VP22 secretioﬁ':'{e'gE 96/01631
extrenely unusual. Wiile not wishing to be bound by any parti cul ar

t heory, the sinplest interpretation of our 1®4 results is that VP22 is
secreted, but then taken up concentrates in the nucl eus of target
cell's. Again, ther@Pecitic aPénﬂbn%b9P6u§rﬂB§P%‘F peEass suembrargg nand awe

VP22 al t hougbegthecharaiceieribad in (Batiertiad s¥seeibar W&war,Oko date

S anal . Hurther ChEsfOBbOHS, MiRAL. BRERATROEL LR1et ol sy, iiRRoRsEn
and of the physi olwt@anwtﬁ@@eﬁpsprotequeqneqm cell should help
clarify the gat hway invol ved, and under st andi ng how VP22 is secreted

may contribute to gn standi,ng _of how qther proteins are
transported in non: ’foher' cl‘gi%’g%alceeﬁ?g'l"[ FXOTRADE. are secygRed rl¥ul &s
open up the possi bhdnclassieslt ngatheay, thedpasternamits VPRODI Beclrétmdl‘PZQS
transport to enab'ékéféhely un&é@ﬂﬁpOWﬂnﬂﬁdn%EfM&bﬁ&hgeEQrSQS Bﬂn@rPg
within a 25 Lget pel]lfe{) %eatlon ot her rotel ns or ot her
associated with t RE¥es.* %Sﬁ‘él?% ¥ r dRFerrretation, ok hat-‘r
short peptidé (12 resulhemsiscthabeVPRRkéd tecreted, \B2R thent bakénisupnand
protein still be tgzansh@s r%%@stgnegﬁéyhucle(f %Elkaggeﬁhgéiﬁguﬂ %éﬁﬁﬁ Thhgre
f easl é

result denonstrates that it 1s 30 | ndee e to pronot
del i very-of pepti d®EepbyR® ©bViqugy RYCLeRM Jpopsigation SlngaJrs( hdp, ¥B22
have shown that a é.htlgmgh otlee Np¥ @Gt \hds rkegkedicted molB2dlaanwbeght of

the nuerei o o¢ 1 E2k] e iy dren T B8 0SSy ik SELl BEHDLFBECa ! N
enV|saged.-15 spec1 1 s?gnai %urther studies on the determlnants

required within VP22 and of the physiological requirements

within the cell should help clarify the pathway involved,

and understanding how VP22 is secreted may contribute to an

understanding of how other proteins are transported in non-
20 classical export pathways.

These results open up the possibility of using the
determinants involved in VP22 transport to enable the
transport and efficient expression or uptake within a

25 target cell population of other proteins or other molecules
associated with the VP22 determinants. We have already
shown that a short peptide (12 residues) can be linked to
VP22 and the fusion protein still be transported to every
cell in the monolayer. This result demonstrates that it is

30 indeed feasible to promote the delivery of peptides by
linking them to VP22.

Further, we have shown that a large protein (32Kd), linked
to VP22 can be imported into cells from the cell medium and

35 is seen to accumulate in the nuclei.

Widespread utility of such ability can easily be envisaged.
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25 For exanple it nay be possible to |ink DNA binding proteins

to the VP22 determ nant (s), such that when delivered to a t ar get
cell popul at i on.they will be efficiently expressed in a much | arger
popul ati on. utilities include:- Costi nul at or

Mol ecul es and . &?37(1’%{' are Required to Boost Vacci ne RSEB&%@"’BV
Host 10 Recent data from the field of wvaccine devel opnent

hi ghlights the requirnent for costinulatory nekecul es and cyt oki nes
for vaccines to work effectively to boost the host i mune response at

the cellul ar | evel Foruegampte| its may be possidilector dssk ChNA ibinddngr proteins
nol ecul es on their £ldhel Irp22 %Ht%%ﬁ@n&ﬁ@;é)m Selch tdieat] QARQN d\é’@%v&ﬁ@&etbs

no cl onal expanS|on of OX| C I ocytes) In t

resulting in the pda%dft scqlr?alﬂqlﬁ%twnef'?@ft %/ﬁfr&?ﬁ %Cl"é‘ﬁ Vnﬁ&BEessed
wi t hout nedical i ntier \aemichn largeé® populateicin.Stinul ati on of Cytotoxic
T-Cel | responge in Host Delivery of foreign protein with anti-cancer
propefties to the nucleus. The foreign protein may be a
tunour-specific  Othemptiddtigswimebderduce an i mune (T-cell) response
to the tumour. 25 Theforelgn protein may be delivered directly
to the nucl ett.% a

virus infection - \
broken down to pept¥43as of the 30 cell. | f the

classical Tigell nemam;tlcuhﬂaatmm it&he fielldol |d£/\/edﬁaddiﬁepeﬂ%krdiﬁpﬂéﬁt

targeted through t |__appagatus_ of. t esent
on the cel | 0" ' i Bite che reBTemERE RO, fofl ibllackhy pBlFeR1Ss
Boosting the CTL r exyioksimesn foxt i eanciness twhwaexk eﬁfect-'amilyda:elbcmstt othe
non-cancer therapy, hoé@rltdnﬁiﬂearﬂe)épwﬁéeat the SPHIEHS ﬁv%lcauﬁﬁﬂoﬁi‘ Eé%

i nfection. The belief ucing a strong CIL response In
may |ead to do nﬂé 9?%@3?%&3 costimulatory molecules on thelr cell
PCT/ GB96/ 018383 surface and this is the reason why there is no c¢lonal

expansion of CTL (cytotoxic T-lymphocytes) in the host,
resulting in the patient’s inability .to effect tumour
shrinkage without medical intexrvention.

20 irect Stimulation of otoxic T-Cell response in Host

Delivery of foreign protein with anti-cancer properties to
the nucleus. The foreign protein may be a tumour-specific
antigen known to induce an immune (T-cell) response to the
tumour.

25
The foreign protein may be delivered directly to the
nucleus with VP22 molecules (this would also emulate a
virus infection - see Note). The foreign protein would
then be broken down to peptides in the proteosome of the

30 cell. If the classical T-cell induction pathway is
followed, the peptides are targeted through the ER and
Golgi apparatus of the cell and presented on the cell
surface in conjunction with MHC class-I molecules.
Boosting the CTL response in patients has obvious

35 applications to non-cancer therapy, particularly where
diseases are caused by viral infection. The belief that
inducing a strong CTL response in the host may lead to



26 viral clearance fromthe body has recently gained

scientific credibility. Boost i mmune response with delivery of IHC
nol ecule with 5 protein/antigen to be targeted It woul d be

possi ble to solve the problemof MAC restriction in the popul ation
and boost cell onses by targeting antigen plus HLA npl ecul e.
Thi s applicati. %&&”Jﬁép woul d al so have non-cancer applicati JrfI/GRIG/01831
Modul ati on of signal transduction pathways Many si gnal transduct i on
pat hways operate by transferring an eryg ronnental signal, hornones,
bi nding of ligands to menbr anes, stress (DNA damage, heat osnotic

gt c) to Llhe 15 vind kbusclenmsHricect ﬂduera:theoln&dg& geﬁel exRceasipn. ?ﬁhﬁegay
e possible to us { ,:]méq.qe signal s by coupling e
protein or pepti dgs%%% gfr?' I naE'Bl ec les. Delivery of the fusion
pr.otein, or the correspondi ng gene, wll enhance signal because to
fusion is al so expEsdstl ivmi il hN G 3 S
VP22 to a dopginant e reyYbr ane assocl at ed ) gna
effector (eg ] Bftectors or apoptotic

regul atory bt ec‘m@s; r@y @bfsseblehetdesmlace pathenayprobllean! gfi nMide
reci pient cell wi thedthaceess, 1§%h@|ﬁc$bdl%t&%hr 8HA KAk € Ed1: ﬁbﬁ%r reggaﬂéég

t he absence of thﬁg}gene H]Ct em $ can_he envis

that are variatio td‘Pen P usnﬁ%%l‘&?’r?ﬁ’tﬂ(ﬁ SITGAEI aPP&h%'Elb‘P’P on
pat hways. Wdalallaq have pep2camncey mppdiléaktnonstro and the ability
30 for 4% to bind condensi ng chronosones during mtosis provi des
for an applicatio | th 1Jegar ge e/DNA . therapy. This application
can take several f{orHe hygres

______ et e the gene for
VP22 or variants Many signaéoftnansdnsewndpatihmitdWwmﬁebyoﬁraﬂgﬁeﬁiﬁes

or 35 retrovir S F fe I k e
a desired protei n%;ﬁ%%ﬁ%@lég\g%%ssggﬂag sg%haaﬁeé ﬁﬁéﬁo%aog ffgégd% to

i s expressed conprt shtesth PPoidamegsy heat °sm°tlcv\et@7/ma5he -
PCT/ GB96/ 01831 nucleus to effect alterations in gene expression. It may

be possible to use VP22 to mediate such signals by coupling
the protein or peptide to signalling molecules. Delivery
of the fusion protein, or the corresponding gene, will
enhance signal because to fusion is also. exported to

20 neighbouring cells. For example, fusing VP22 to a dominant
mutant of a plasma membrane associated signal effector (eg
small GTPases and their effectors or apoptotic regulatory
molecules) may effect the desired pathway not only in the
recipient cell with the gene, but also in surrounding cells

25 despite the absence of the gene in them. Many scenarios
can be envisaged that are variations on the theme of
modulation of signal transduction pathways.

The ability of VP22 to bind DNA in vitro and the ability

30 for it to bind condensing chromosomes during mitosis

provides for an application with regard to gene/DNA
therapy. This application can take several forms:

a) virus infection where the gene for VP22 or variants

thereof is inserted into the genomes of adenoviruses or

35 retroviruses for delivery of infection. Likewise, a gene of

a desired protein could also be inserted such that a fusion

protein is expressed comprising VP22 and the protein of



27 interest. VP22 would then serve to deliver the protein of

i nterest to the surroundi ng popul ation of cells. In this way the
anmount and therefore risk of such virus infection is reduced. 5
b) mcroinjection of nucleic acid coding for VP22 (or a vari ant

t hereof) and t in of interest directly into a ce at
once expressedWﬂ%n transport the protein of mtereé#"?ﬁ%%@l%ﬂ
surroundi ng popul ati on of cells. 10 c) |iposonme nediated

infection where the gene for VP22 or vaki ous nodifications including
fusion proteins are I ncorporated into [i'posone vesicles for in vivo

del i very. | SHiete heCVRBUGBURY chBh GO o B 10 1l lvotehh e

15 appar ent Skill man, exa

scarificati on whertarestingg stbf%k%‘?'?"iﬁ}“%ﬂlf‘gc E@?g?ﬁﬁ of" cen?rsgﬁeth"s
receptor nedi at ed ﬁ‘iAtiHe’:lmﬁfcﬂmt @nidc itherpfiosphaisk of suchedimtsednfection
transfection; and bsalé tc| g delivery. 20 Efficient delivery of
functional nol ecul &% 55§ esired aim n. gene/protejn thera
Thi s .srechani Sm wi | | haie E“Pr§r°mJe°t%RfH|Qﬁ Mleét&véﬁf-gg%°§ Re (o

expressing VP22 wijlvariant Qﬁé:k‘ecbﬁ) p&ﬂdEEhel proteinl Iofpamtlea:tesan difrecellys

while the praotein i pree i der | At | . _
25 be a useful TR} & °C ﬁ/ﬁ% c terﬁ Fgu%%x%%%de??ggggé%ﬁ%ﬁegyoit%hg
del i vered gene ar eprotirsi abr atnt@,r_est L@WQ tlee | suryounding popylakiomnpfe

mai nt ai ni ng hi gh dgljiery of functional protein may be desirable.
Virtually any applicatiqn.re U|r|n Si i f Lon
of test prot"-él ns can b&'3diP 8?}9.‘8%‘8&‘5‘51 Finf‘?%;d’f ng@%ﬁ |{-’:f§% %gﬁefor %
del i very meshavastoube| nadirfii aaft ioaso unslmddngs stis igrot prnseimZynrss
and so on. V& have, QUy bSoRESved @l dd frdn vivo ASUNEHE.
acids to VP22, and" ?%&rop#l‘re |tr%l?lg'&d|t|%?onoto dna it mafl' ge possi bl e
to deliver antisense RNA ribozynes etc. WO 97/ 05265
PCT/ GB96/ 01831 Other techniques for introducing DEA into ceReéewéhiedbe
15 apparent to the skilled man, for example, direct

scarification where the DNA is taken up directly by the
tissue; receptor mediated DNA transfer; calcium phosphate
mediated transfection; and ballistic delivery.

20 Efficient delivery of functional molecules is a desired aim
in gene/protein therapy. This mechanism will have the
additional advantage that the gene expressing VP22 will
only be present in a small population of cells while the
protein is present in a much wider population. This will

25 be a useful factor where potentially harmful effects of the
delivered gene are a consideration. Lower delivery of
genes while maintaining high delivery of functional protein
may be desirable. Virtually any application requiring or
desiring efficient expression of test proteins can be

30 envisaged in £inding application for a VP22 delivery
mechanism. Delivery of tumour suppressor proteins, enzymes
. and so on. We have also shown that it is possible to bind

nucleic acids to VP22, and therefore in addition to dna it
‘ may be possible to deliver antisense RNA ribozymes etc.
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e protei and | ocalised in the nuclei thereof. 15 3. A
wherein the

transport | E"Iﬁl E jrl“ to claiml or claim2 i
t ransport pecific Dgi_us sHEETHRGBEGNpli Operti es. 20

A transport pr oteln according tad any mef:,gt)he precedi ng cl ai ns
wherernthefr nprises at le et 1 nal ci ds
of VP22. awg‘é%sz%se of a transport protein according toﬁéﬁsﬁ%nesﬁf 25

the preceding clains for transporting one or nore other nol ecul es
whose transport to a target population is 30 desired. 6. A
conposi tion conprising: 30 (i) a transport protein according to any one
of clains 1 to 4; associated with CLAIMSi i) one or nore other

nol ecul es whose transport to the target population is desired. 35
7. A conposi tion -conpri sing:

31 (i) a tkansp@se @bt ¥PR2 ¥ clancoApEives RAiom, | fragment, or
transport protel n ﬁsraetegﬁe tﬁeféwfoaseaaftﬁnap&tlptretém capable S0 Bedingd
Wi th, (ii) one or her Iecue whos sport to the 5
target popul &ion Fékﬁﬁs‘i‘? ¢ & tatget’ PERP ﬁb%o?;ft‘r‘%ﬂ%t conpri sing any
ot her Herpes virus encoded pr ot ei n. : A conposition
conpri si ng. ~all) sb ' ALY i hgPES! ﬂm %hﬁ@r&%ﬂé%ﬁaﬂ?ﬁ@r@bf&én

transport protein accor |ng to an on cl ai ms i.% %
associated with, compriges)aplednt r’Fgﬁee CotAEPLiidt e %Iaég'%égéd?rgﬁ $ to
t he
10 3. Use according to claim 1 or claim 2 wherein the
transport protein is. associated with one or more other
molecules whose transport to the target population is
desired.

15 4. Use according to claim 3 wherein the one or more
associated molecules are non-peptidyl.

5. Use according to: any one of the preceding claims
wherein the protein is further capable of being exported.

20 from a first part of the target population of cells in
which it is expressed and taken up by a second part of the
target population of cells not directly producing the
protein.

25 6. A transport protein comprising VP22 or an active
portion, fragment, or homologue thereof, associated with
one or more other molecules whose transport to a target
population of cells is desired.

30 7. A transport protein according to claim 6 wherein the
one or more associated molecules are non-peptidyl.

8. A transport protein according to claim 6 or claim 7
wherein the protein is further capable of being exported
35 from a first part of the target population of cells in
which it is expressed and taken up by a second part of the
target population of cells not directly producing the
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15 tar |y @1 IS, desired, 9. A conposi tion according
to any onej |Imm HmiHIEL wherein the one or nore associ ated
1 M s 20 . '

nol ecul es ptidyl . 10. A fu n protein
consi sting of: (i) a transport jpr _ | S VP22, or a
transport wo 9wosie8i N according to rﬁ}‘%%%:g&%%\@rﬁgg tol,mmﬁs?t ed
wth, 25 (ii) one or nore addition Ldes—ar—pretiei ns ose
transport to the target population is desired. 11. A nucleic acid
encoding a transport protein accordingito any one of clains 1 to 4
or the fusion 30 protein according to claim10 12. An
expressi on vect or paofpinsi ng a nucleic acid according to claim11l.
35 13. A manmalian or mcrobial host cell conprising a
32 vector according to claim 12 qQr a nucleic acid according
to claim 11.- . ﬁ4‘.‘“&?ﬂe‘f RS HENCPIRS R t FFRPSP IS Pretepnonetording 5
peptide to a targép popubméi ofi claims |&, 7t laadnet hod conpri si ng:
i), introducing a nucleic acid according to claim .11 into a first

- part of a target popul ation of cells; 1) expressing the

nucleic acid to prSducBPt hEXRPEession ot ¥RHeY) , comPEisiRBchat hauctebspoacid
protein is exportadecording toofldiwe cells, together with any other proteins
associated with it, to be taken up by a second part of t he target
popul ation of cells not directly producing the protein(s). 15

15. A nethod accdddi n§ mamealian or wherekiali hosbdeell memprising a vector

10 according to claim 10 or a nucleic acid according to claim
9.

12. A method of transporting a desired protein or peptide
to a target population of cells, the method comprising:
15
i) introducing a nucleic acid or vector according to
claim 9 or claim 10 into a first part of a target
population of cells;

20 ii) expressing the nucleic acid to produce the
protein(s), after which the transport protein is exported
from the cells, together with any other proteins associated
with it, to be taken up by a second part of the target

population of cells not directly producing the protein(s).
25

13. A method according to claim 12 wherein introduction of
the nucleic ‘acid into the first part of the target
population of cells is by a recombinant virus.

30 14. A wmethod according to claim 12 wherein introduction of
the nucleic acid into the first part of the target
v population of cells is by transfection.

15. A method according to claim 12 wherein introduction of
35 the nucleic acid into the first part of the target
population of cells is by microinjection.
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of the nuc e first part of the target popul ati on of
cells is b ‘ihmm& jlm“ I rus. 16. A nethod according to claim

14 wherein of the nucl ej c acid |ntothef|rst part of
t he target popul ation of cells is *U%'gé‘d'ljﬁév : 17. A
met hod accor di Rgp é1pssdsai m 15 wherein intrfd i 91AS BEBﬂ

acid into the first part of the target pBBRHAGEDN of :@I’%ﬁ?i
m croi nj ection. " 18. A nethod of transporting a destted nol ecul e
into a popul ati on of cells, the nethod2conprising: 30 i)
coupling the desired nolecule to a transport protein conprising
VP22, or a transpdd@- plotRgthast (of dFFRpsporting @ afigsires ofoleaules intico &;
and, i c)pul@eﬁw oE baR1SP!dife wethod cembhexyisg:that cells

can take up the conplex 35 33
19. A method- according to claim 18 wherein the desired nol ecule is
non- pepti dyl . 40. Acoephingacher demizenl cinaleziBe okoclai ﬂi‘é—lgsport

wherein 5 t he upl.ed..t t rt ein
by | ncor por X1 on %‘i%t,hmoégﬁl . p.ﬁfﬁiﬁf’e%*’fé’% BLCn! Qot {¥e SARIRR ! eBLGAEL, or

omologue thereof to form a complex; and,

ii} exposing the cells to the complex so that cells
can take up the complex.
10

17. A method according to claim 16 wherein the desired
molecule is non-peptidyl.

18. A method according to claim 16 or claim 17 wherein the
15 desired molecule is coupled to the transport protein by
incorporation into a lipid based vehicle.
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