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(54) Title: MODIFIED VIRUS

(57) Abstract: The present invention describes a modified
virus comprising one or more non-native polypeptides, which
polypeptide comprises one or more framework moieties each
containing one or more binding moieties, which polypeptide
is capable of being expressed in the cytoplasm and nucleus of
a mammalian host cell in a conformation which is maintained
B. A7TEGF @ ””IIE in the absence of a ligand for said binding moieties, said

= conformation allowing said binding mojeties subsequently
to bind with said ligand, and which polypeptide is capable of
transport through the nuclear membrane, wherein said modified
virus has an altered tropism conferred by said binding moieties
and the use of such viruses in the therapy, particularly in the
treatment of tumours or other cancerous cells.
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in the absence of a |ligand for said binding noieties, saiigJa ondmt i on
all owi ng said binding noieties subsequently to bind with said |ligand, and
whi ch pol ypeptide is capable of transport through the nuclear nenbrane,
wherein said nodified virus has an altered tropismconferred by said

bi ndi ng noi eties and the use of such viruses i

n the therali)i/ IT)arti cularly
inthe treatment of tumourwe 02v08268ancr ousIIHEEIIEIINTRRVHTENMOEHINEER o o v
2005 WO 02708263 PCI7TGBUOL/ 03252 - I Nbdified Virus The present invention

relates to ' - [ S suj I 0 e.J apy.
Such reconb?;'%/ﬁ, Lﬁg%&%ﬁ}& b %Df\églglﬁier ed-%é;_r%gﬁﬁ’sérﬁ’ %%’n ’e‘%‘*rr'g%%lggﬁllz‘w’%’
i ncor por at i o3k, & (iR Goddly, SIYDTRL, TROTE TPAWA, V€ pol ypepti des into one or nore

viral conponénts YNoU. Z4@&V.r epl acenment of FPemigdad:conponents by non-native

pol ypepti des. These non- 10 native (gol ypept i""d’éé"”f‘ﬁ’a‘l*\z;d rergrs and fodtvgitigednhi ch
m mic _the‘”é’tﬁ%?‘ﬁkﬁ}?gﬁt‘;g% @ﬁ%&%{ iy Peal cBHPBHERTSE™ as to permit

i ncl usion of pfRaMRA ;! ’,téﬁ,kijﬂf, !‘t‘a‘il&c&?ﬁ%r:waXéJquLoQJ?mQQt};eHbEerﬁ&m, DG "Guid-
non- nati ve pgikiy e pLicHEs, DEAK, ESAH, FR) GBGNE,| Sitre RN e ibsGndib-Giliot Qe @iz aBehe begin-

non- nati ve | iLd&indC. NG PBISBARNMEAPE retre (BEGW: CFi g of edtrevie dsut o/ pP&ifzede0 such virion
particles. Essentially, the non-native pol ypeptides enployed in the

i nvention have primary and secondary am no acid structures that enable
their correct folding in the nucleus or cytosol of nmanmalian host cells-
and 20 their subsequent transport through the nuclear nenbrane. Such
structures permt the assenbly of functional




recombi nant virion particles with an intact non-native haDghRgy bogacti on
and thus an altered tropism 25 Cinical gene therapy was introduced in
1989, The aim at that time was to correct gene defects in the inmune
systemvia the in vitro introduction of a healthy gene into the defective
celI's of thwomans2ent and transfusion of the treated cel ber/gselosise t he
patient. Since that 30 tine, the indications and possible nol ecul ar uses of
gene therapy have increased dramatically. Today, ten vyears after its

i ntroduction, one can envisage the use “of yene therapy to treat e.g.
vascul ar di seases, cancer, inflammatory diseases and infectious di seases
such as 35 H'V. At present,. however, gene therapy is still not a useful
18 January 2005 WO 02/ 08263 PCT/ GB(Medigisd Vigus net hod i n human nedi ci ne.
One main reason is that gene therapy denmands the packagl ng of the genes to

be delivered i a or orS, can be dmnistered to
'Pltu% %%I%%n(\t Hﬁr%lli?]hon re\iggé nove Fﬁ‘éorf‘kh%ré

patients and whic g onI ed cells. Such
vectors have sovidisesmatibabhe aien I'-'él?l énlglefrﬁelﬁh@lﬂaéﬁ orfwciSever al cl asses
of viruses haver@@ﬁmammal derese ASexNBEt 0415 Jl&ﬁex@ﬁ%rbﬂﬂﬂéx@%n@l@&ké&ati ons,

t he nost conmonj d.heLng, adgnoyi.r retrovirus nt|V| ruses
and adeno-assoc ate II’SSGS g?deg{é él'éc ors or naeﬁge &yé:’p Pd be

t hose whi ch caninR S¥niofi @Pé?e@@s@é’ﬁ?@%r}tﬁraﬁé‘ 12513 H@laﬁ@(meﬂheoﬁem red
15 genetic mat esiel pponkhcal ]by/ Hon-gesive baleipkptfies| SSURSe Hewever, the

viruses cyprent] i ne ther appl i.cati ons have a
Yo fv%n% ggégﬁti J?:\lﬁnggm :|a-sef Teﬁ%m%ﬁ¥ia &91:?1

broad tropism e| n ect ypes of cells in the
“human body. Thl%”!”tcm Fﬁéuﬁ%‘ﬂ@lﬂfa[thga?%%%#néﬂ- YOIl r gpmRAEEHSr §°and
prohi bits thei rasiss fpermiysietlsicndsitntisd ailiypaptFae ihimineasanl the

devel opment of .{argeted:yLius, vaalQesnosapalle ghilplsciddio Qn'y

also comprise elements which confer a non-native ligand

15 binding function (i.e. altered tropism) to such virion
particles. Essentially, the non-native polypeptides
employed in the invention have primary and secondary
amino acid structures that enable their correct folding
in the nucleus or cytosol of mammalian host cells and

20 their subsequent transport through the nuclear membrane.
Such structures permit the assembly of functional
recombinant virion particles with an intact non-native
binding function and thus an altered tropism.

25 Clinical gene therapy was introduced in 1989. The aim
at that time was to correct gene defects in the immune
system via the in vitro introduction of a healthy gene
into the defective cells of the patient and transfusion
of the treated cells back to the patient. Since that

30 time, the indications and possible molecular uses of
gene therapy have increased dramatically. Today, ten
years after its introduction, one can envisage the use
of gene therapy to treat e.g. vascular diseases, cancer,
inflammatory diseases and infectious diseases such as

35 HIV.

‘At present, however, gene therapy is still not a useful



selected cells, has been described as the holy grail of 1ggg,qjatrpg@@py 25
One of the nost widely investigated group of vectors for gene therapy
applications is the adenoviruses. Hunan adenoviruses are divided into six
hemaggl uti nati on groups (A-F) and each hemaggl utination group is further
30 subdi vi dew azm$x3 di fferent serotypes. Al in all thererpcexssiospare than
40 different human adenovirus serotypes. The adenovirus which has been
nost frequently used for human gene therapy is adenovirus type 5 (Ad5)
whi ch bel ongs to hemaggl uti nati on group Z.-35 Adenoviruses (Ad) are DNA

viruses wit hout aQ envel s%g ed as regul ar icosahedrons with a
di aneter of 60-B5-3gd BB A5 02/ 8BS s BrEcEsen 6328 gsngi m  The

adenovi r al capsFHeémrdeﬁ@@dESQh@a;MWneg oR4the lwexenstarsk 12 pent ons
(G nsbherg et al deliﬁréﬂcp%t02§em§—c7ﬁ%1%§sg183_669@)ct0-£ge Qﬁi‘&{'% ngpent ons

are derived from thr e viyr grotel ns g rises ree
Pn &}

0
i denti cal prot ef ARYHS RS hWhh%ﬁré‘P)}i nEF??)E l'iedéePPS The
pent on contai nsealHake, thﬁhll@hen@ed eudd - t oSudie weaperd, have =p ffiaber, whi ch

is non 10 coval gat | yedounRditap1&nth RiAigsis f4.:9M the penton base.
Proteins I X, VI and Illa also are present in the adenoviral coat and are

thought to stabilise the viral . capsid. 15 Cell binding takes place through

the fiber protefescrakrdissred eb tiraisgisr have dtearheopeidénes af t he

i cosahedron. Theedtbes ﬂUIOtg@h@ el aﬁﬁﬁﬁéa’v\ﬁ)bnsor th@Sh&sblasmapdi el ease

of intact jyiriong, ASS % & virions fake, n the, nucl eus of

i nf ect ed ceIIs %% elng a GHOVlIUSGS: retrovi USGS; entiviruses and
adeno-associated viruses.

Ideal vectors for gene therapy would be those which can
be administered systemically and yet deliver the desired
i5 genetic material specifically to desired cells or
tissues. However, the viruses currently considered for
human gene therapy applications have a broad tropism,
being able to infect many different types of cells in
the human body. This limits the potential safety of
20 viral vectors and prohibits their use for systemic
" administration. For this reason, the development of
targeted virus vectors, capable of infecting only
selected cells, has been described as the holy grail of
gene therapy.

25
One of the most widely investigated group of vectors Ffor
gene therapy applications is the adenoviruses. Human
adenoviruses are divided into six hemagglutination
groups (A-F) and each hemagglutination group is further

30 subdivided into different serotypes. All in all there
exist more than 40 different human adenovirus serotypes.
The adenovirus which has been most frequently used for
human gene therapy is adenovirus type 5 (Ad5) which
belongs to hemagglutination group C.

35

Adenoviruses (Ad) are DNA viruses without an envelope,
shaped as regular icosahedrons with a diameter of 60-85



The fiber protein, which is a honotrimer of a fiber polypapiiddpoddamel y
adenoviral polypeptide V), contains three functionally different parts:
an N-termnal tail anchoring the fiber non-covalently to the penton base
in 25 the virion and which furthernore contains the nuclear-Iocalization
signal ; a skafdeeapai n conprising a variable nunber of repesvsoses2 a -15
amno acid fiber shaft notif, (e.g. which is repeated six tines in Ad3
and 22 times in Ad2 and Ad5); and a C--term nal gl obular 30 donmin, the
knob, which contains the Iigand which bimds-to the cellular Ad-receptor
(Chrobozek et al M crobi ol ogy and | munol ogy, (1995), p. 163-200). The
knob is also functionally responsible for fiber trinmerisation (i.e. it
incorporates a trinerisation 35 notif). Each shaft repeat has two

t h][ ee- agi no acr:]i d:Heegﬂgnstf&p&aﬁ&id@@é@ﬂi&oésm%%fgg PETH GBh01/ 03252 -
4 form bet a-she mn acl I eqgl ons | constitute the turns
el oL e Rl o' Tl iR ke E ) iblaosr The

of the native extende I ber s
trimerised,>cel |78 fAdi h§26%0rai AhRakedeen adet eentoesl sed dskhowsd af tom que

tS opol ogy 52di ff2 et ffwa(m qiﬂ;ftreiaapi - PIRg a:ieicx%hhebﬁgfgélésct&ﬁ§e%><i a et alb- ;-
tructure 2: 1 ). n aof the, fiber to the penton base
of the virion cggret}lgéga]plégoge)léfss%i %é'ggaé%rﬁo- Pr&8s o nPerelY the fiber
can bind to fi B FBSRTA?ildhs TBBuUEeRt@t Contaivkralege, whbch589- 10 604,
]g_lg82)) : tEf f or;&:_otmdngdi EI%/e aﬁ@gggi r?ﬁdfd b r( tewgic}p;igdggﬁ_ reconbi n?nt

i ber protgins 1,0 y r.operties of adenovirus vectors,

f or exarrplfe‘d by fgﬂ}g?%eﬁ% botu?%p#:gfn %?gcpeﬁeﬂje%?ﬁd%ﬁﬂ?' FA¢ePERERR AR -and
have been repor F&@trEnS WX priilopndr F1Ia7td sedeneviresernft Ber theot ei n perforns

several bi ol ogi eaknotunst icas whil ChiremisioudB Ll ebasnas 1180 Herv£,0,pr oduce 20
active virus parctabgkg.s. The follow ng fiber features

15 Cell binding takes place through the fiber proteins,
anchored to the virion at the vertices of the
icosahedron. The fiber protein is not necessary for
assembly and release of intact virions. Assembly of
virions take place in the nucleus of infected cells.

20
The fiber protein, which is a homotrimer of a fiber
polypeptide (namely adenoviral polypeptide IV), contains
three functionally different parts: an N-terminal tail
anchoring the fiber non-covalently to the penton base in
25 the virion and which furthermore contains the

nuclear-localization signal; a shaft domain comprising a
variable number of repeats of a ~15 amino acid fiber
shaft motif, (e.g. which is repeated six times in Ad3
and 22 times in Ad2 and Ad5): and a C-terminal globular

30 domain, the knob, which contains the ligand which binds
to the cellular Ad-receptor (Chrobozek et al.,
Microbiology and Immunology, (1995), p. 163-200). The
knob is also functionally responsible for fiber
trimerisation (i.e. it incorporates a trimerisation

35 motif}.

Each shaft repeat has two three-amino acid regions which



are deemed to be of key inportance in the construction & sfiias seusel

nodi fied fiber proteins: i) the ability to formparallel honotrinmers. This
function is nediated by the NNterm nal amno acid 25 sequence of the wild
type fiber knob. ii) the ability to bind to the penton base to form penton
capsoner es. wihizsfeainction is nediated by the wld type fchesotasedz iii)
the ability to express a cell binding |ligand 30 allow ng for attachnment to
target cells. In the native situation, this function is nediated by the
wild type fiber knob (which binds to the4cellular Ad-receptor). iv) the
capability of transport. into the nucleus qQf infected cells, which is vital
to virus format ffgﬁ.% %}?Ea—félefe%ﬁc?fl n1% PRI 1D HEIBEPRapR I Fdt

‘exclusively, nE@Prateuly thise tuphe of gdief nbbive addtenti®8d) aAhber ysIZFRS WO

02/ 08263 PCT/ CBORL0S2RZ A stRueVhAlSoIRIREInd & hBNGR1L NG 14 ap Sm of
adenovi r us havgo}ngyﬁ)l ved genet,i ati o fibers an nops.

Ve L g nmodi fJOC 18 of e
However, this approach fas not “provat s 3HE JRINF 3 yBLaEEt HPPORI¥aj or
probl em had beefAlfRereme dmesr athen sidf-pagedlel iRyamadsiwinhas f (kict ieanal
context, which ate, sa:aamlﬁeohch@milry@ot,heelbémi.S%%hfﬂﬁftof' Ny fering

wWith the trinmetk ion.of the fiher. F xanpl.e, a _shor eptide |igand
has been added g?%%n%%aqﬂeypgfltfﬂe %eoﬁofr fﬁfcﬁ’g%ﬁ%ﬁaa ta Sfher apy, 2:

660-8, (1995)) aRECaIN (R KERAPEDES deyHem, baen- | Hia ddbeedcamtivirghecof t he

knob "l oops" (Pib&riens etirabns OBoﬂ&ﬂhobt1ai?ﬂ]¢9ﬁ6339§;9fi§: 4gk298) ) .
However, the kng&haﬁlgasz\igry conplex structure due fo interactions between
the three fiber subuhits’’vihich are necessary to conserve cell binding and
15 trimerisation. Therefore,-the knob only tolerates insertion of a few

ani no aci ds andEffogenaiamoaREPosidiivi raensibated i @Ngof pfsvgdd onal ,
genetically re-Larggld ,adenpoy! Lus Ji:05" $, X RLS ttoomgp 18y the
properties of adenovirus vectors, for example by
15 altering tropism or cell binding, have been made and
have been reported in the prior art.

The adenovirus fiber protein performs several biological
functions which must be retained in order to produce

20 active virus particles. The following fiber features
are deemed to be of key importance in the construction
of functional modified fiber proteins:
i) the ability to form parallel homotrimers. fThis
function is mediated by the N-terminal amino acid

25 sequence of the wild type fiber knob.
ii) the ability to bind to the penton base to form
penton capsomeres. This function is mediated by the
wild type fiber tail.
iii) the ability to express a cell binding ligand

30 allowing for attachment to target cells. In the native
situation, this function is mediated by the wild type
fiber knob (which binds to the cellular Ad-receptor).
iv) the capability of transport into the nucleus of
infected cells, which is vital to virus formation. This

35 function is mainly, but perhaps not exclusively,
mediated by the wild type fiber tail.



20 Attenpts have al so been made to introduce new |igands1gisfRncidesr parts
of the adenovirion. By introducing the FLAG tetra-amno acid notif into
the Ad penton, it has been shown possible to target Ad to cells normally
not infected by Ad. The re-targeting was achieved by 25 targeting with a
bi - speci fi cwankiokeggly where one specificity was direct edprgg@Bosizzfzhe FLAG
peptide and the other against the new target cell (Wckhamet al., J.
Virol., 70: 6831-6838, (1996)). 30 A previously unaddressed problem
encountered in the production of efficreht-reconbinant viruses for gene

t herapy, is thaE of ., ensuri n% t he_functional folding of reconbinant
conponent s upon®ERBTEES A SR E hEe rfifemgstharnd oBjeBsBE sfenydiusel |'s. This
i's particul arl yh8%e rigiwiyed gheeeid edfidatiqe ofi fibeto &el amgbseer ed

enpl oys conponenbyexds £$Hi@N abPrédlas fasnhsa | cgddpns during
replication, for g xa "‘?1 B {?grw Jar?ils ?ﬂi:;fjartadego%%ﬁs Fol ded
a

protein structuP8sse PRI t%@@geﬂhl?% Iy tBR HRSRARFEFEOBonds in
cystei ne bra dgeseftwovalniligandsaif indiunghadhal contest, celmfch matei on, for

exanpl e those Q@;Béﬁfféi Jer %ﬂhﬁ@lb@%ee%moﬁﬁéh he ehenees fde Py ga,' deg, and

non- f uncti onal en, ex ressg tﬁ}erg uci ng _ envi ronrrent of "the nucl eus
and cytosol as part 31 5P&E B ha HPEF - c RS0 FEATPLah R ShoKEr e exi st s
inthe art an BﬁBiaidsthl@dndnuaprmm@sldyd whapprecnal gdohadget kapb protein

structures whi cimcahdieldi Bia f@ék?é"l@l@%lapy,coﬁf %rs@ah' on1 yhn exprgssed as
vi ral con‘pl%nents in these ul ar, rg)’g t ment s, such t hat' .t he bi ndi ng

functions ~whi cR°TIRER cpﬁ?eée%rb uged SakGoPPer 8f aF e &P8Pndi ng
function, parti&udend'y (Dmithdeunbsterxds ,of . tWerdl.gafd (L) : 9U6-GH1Bi nding i s

desired. There afsgdjher eh%evg@; oshéorkaebeﬁ@s aass;@%aaeﬂpm hitherygenetic
engi neering of Ade OVI r g ﬂifn constructi on of reconbi nant
re-targeted adeﬁ‘ﬂ)‘?/ U R ac ?‘?rt‘!%) B'Feﬂu tg‘éﬁ? fhBFRFP uﬂ%§§e probl ems
are deened which are necessary to conserve cell binding and
15 trimerisation. Therefore, the knob only tolerates

insertion of a few amino acids and no general method for

construction of functional, genetically re-targeted

adenovirus fibers exists to date.

20 Attempts have also been made to introduce new ligands

into other parts of the adenovirion. By introducing the
FLAG tetra-amino acid motif into the Ad penton, it has
been shown possible to target Ad to cells normally not
infected by Ad. The re-targeting was achieved by

‘ 25 targeting with a bi-specific antibody where one
specificity was directed against the FLAG peptide and
the other against the new target cell (Wickham et al.,
J. Virol., 70: 6831-6838, (1996)).

30 A previously unaddressed problem encountered in the
production of efficient recombinant viruses for gene
therapy, is that of ensuring the functional folding of
recombinant components upon expression in the nucleus
and cytosol of host cells. This is particularly

35 relevant where the wild-type virus to be engineered
employs component expression in these intracellular

locations during replication, for example, as in



to be particularly inportant since nore patients have be&gUGafusppb@yb W th
adenovirus vectors than with any other type of vector (Trapnell eta]..,

Bi ot echnol ogy, 5: 617- 625, (1994)). Tfie present invention is directed
towards circunventing such problens in the construction of genetically
re-targeted vi rg;es f.or gene ther ag%/ where the new viral tropism has been

acconpl i shed by*tHEVEHEr oIAS R BFE P FERIEEYFeDi RATHESTiagand thAED a viral
conponent pr ot et cEFSWUMVARYn @ stitphl MVENHIEN: h newps ddihst baspeet tef the
present invention there i? (grovi?id a nodified_virus cogg;isin% one or
more non- nati V&SI Pept t HESIORAT th AT FEPE U TEPPT s eL o FE2BPE nor e
framewor k noi et tlessendiee hvd scess est tbddilededcihrge redidaeasirdnalfostieact ur e,
each framework meity containing . one or nnrﬁ biqg%gg ieties, which

pol ypeptide is “EhFEB EUBF - Haitng BXprevdEd Pa the SQ%E&ﬂﬁ and nucl eus 18
January 2005 - &wimhmantreefredhieanudbsts @@l cytosolcanf pamatdafon which is

mai ntained in t n of |.igand for said hinding. noieties, said
conformation al ?‘%ﬁq{%g%%g}?dv ﬁaﬁdicﬁ i et iTELSISSUt}Iseer&uggf‘f%/S '8 6MRd with said
| i gand, and whiztt agpohypepidfded sndapablieuetl vyt waspeciatddugkdt ier nucl ear

nenbrane, wher &l 53k dopROLf|.Rd whiys d1as 8P, Al Lered . Lropi smconferred by
sai d bi ndi ng noi eties. n a second aspect o e present Tnvention there is
provi ded a nodi¢drerpaEadn pitsrecrpeorEd sisngimhowopaheéves ipokhpept i de as

defined above. ldh@ubhi bihasRach-0f 404 REEECHLe WINANLL CRLINELEST S

provided a cell containing a virus or viral rotein as defined
above. I n a fouwhifhaspecstoicties pe@yeritse Ay ePHHROTtt Hetain & bpndihded a

perm ssi ve cel | e i@l :3oogldi;e1yi 1 #Sun (ke oBBALII €0 VL US @ha0gbined above,
which cell is capable of being cultured to propagate said nodified virus.

In a fifth aspe@ichf PLAGIRY dSedesirsntion there is

There are therefore major problems associated with the
genetic engineering of Adenovirus fibers useful in the
construction of recombinant re-targeted adenovirus (Ad-
virus) for human gene therapy. These problems are deemed
to be particularly important since more patients have
been treated with adenovirus vectors than with any other
type of vector (Trapnell etal., Biotechnology, 5: 617-
625, (1994)). The present invention is directed towards
circumventing such problems in the construction of
genetically re-targeted viruses for gene therapy, where
the new viral tropism has been accomplished by the
introduction of a new cell binding ligand into a wviral

compeonent protein.

SUMMARY OF THE INVENTION

In a first aspect of the present invention there is
provided a modified virus comprising one or more non-
native polypeptides, which polypeptide comprises one or
more framework moieties which possesses a folded three
dimensional structure, each framework moeity containing
one or more binding moieties, which polypeptide is

capable of being expressed in the cytoplasm and nucleus



provided a nethod for producing a nodified virus, the no@ fan@shy\voosis as
defined above in cell culture, conprising the steps of: i) genéetically
nodi fying a virus to produce a nodifi-€@h- virus conprising one or nore
non-nati ve pol ypepti des, which polypeptide conprises one or nore framework
nmoi eti es each contai ning one or nore binding noieties, which polypeptide

i s capabl e of bef ) "exprLszRAoSE ERbl & topPRSMIRATdCRUEREUS 6f a mammal i an

host cell in a ngonf-aneBt P HeheBehse B Bt 2L §kh iddrt Bei @bseRGa 0f a
ligand for said binding nojeties, said conformation allow ng said binding
noi eti es subseqRIIFSy oSbthFREPRmaEEAY aliiguteg d RkieH Dol ypeptide is
capabl e of tramnspafilest Bapghniche 1pued afimd Rirbr adeid WhghLE ) S dhiswdi fied
virus 18 Januar% ﬁ§$5 -6b has an altered troEisn1conferred by sai d bi nding
moi eties; ii) iRTEEPRI DeriCERhEe cot I ARCPRTS AP UTBdFRT SWSHePEs; i)
cul turing sai d seldrank prhotiice shbe wdédifSedandris/ haRaeresiidigd and
optionally, pur%%&%pﬁlthe nndifked virus produced.. In a sixth aspect of

the present inv FR_FE TS PYr e A S A8t RO GF3r equl ating t he
replication of a nodified virus, the nodified virus as defined above
conprising the steps of: i) constructing a npdified.virus such that a

cl eavage site ?% %&eic?fl%nesdbegét %eﬁh% F%ﬁeﬁ&fqggl%ﬁngﬁ?nr UiTed for cell
i nfection and tiweoviewd aderdidgfietiheirzl gritrant canprdls ing capementtodfe whi ch

t he bi ndi ng noi %@&‘E@E”ﬁeQﬁ!%@fﬁﬂg aﬂé bringi ng said reconbi nant virus
into contact w A3 cﬁeavage agent or éTeavage means capabl e of cl eaving
said binding noiety fromsaid viral conponent and thereby preventing the

reconbinant virys Jraqyndergoi g Lyl thelent n{ 8641qanc¥eLES 4/ 0 a seventh

aspect of the present invention there’s
provided a cell containing a modified virus or viral

protein as defined above.

In a fourth aspect of the present invention there is
provided a permissive cell for a modified virus, the
modified virus as defined above, which cell is capable of

being cultured to propagate said modified virus.

In a fifth aspect of the present invention there is
provided a method for producing a modified virus, the
modified virus as defined above in cell culture,
comprising the steps of:

i) genetically modifying a virus to produce a modified
virus comprising one or more non-native polypeptides,
which polypeptide comprises one or more framework
moleties each containing one or more binding moieties,
which polypeptide is capable of being expressed in the
cytoplasm and nucleus of a mammalian host cell in a
conformation which is maintained in the absence of a
ligand for said binding moieties, said conformation
allowing said binding moieties subsequently to bind with
said ligand, and which pclypeptide is capable of
transport though the nuclear membrane, wherein said

modified virus



provided a method of determining the suitability of a nag-Jaatiary@00s

pol ypeptide for use in the preparation of a viral vector by determ ning
its solubility in a cell system In-fb-<eighth aspect of the present
invention there is provided a nethod of assaying the solubility of a non-
native pol ypeptide as defined above or a nodified viral  protein as defined
in the second akped” BfteFRe frepéat confirewerory SHchindtMbd conprises the
steps of: i) expsesSikny said non-native polypeptide or a viral conponent
protein conprisj qg sai d non-native pol y$e tide in permssive cells; 18
January 2005 - 6t"% i) ETeRE | RgTHHTE LEBI F&L t Y Ri 321D it sy |

lysate. iii) Seiﬁair)atdﬁlg:ﬁtrlilﬁglsﬁibjitblcﬁlgadtcb rﬁs@grﬂalefetkﬁé aﬁtﬂu@rﬂs?m t he ﬂal |

| ysate. iv) analysi t he _sol ubl e, and,i nso] ubl e actions of the ce

| ysate for the JC‘énte TSP TLRY 4 Hish OR5E PUR Yo PYpEptite tg‘P W?‘?’a%%rrponent
protei n conpri svixussarddudwhn- nati ve pol ypeptide; and v) conparing the

rel ative content of said non-native polypeptide or viral conponent protein
conprising said non-native pol ypeptide in the soluble and insol uble
fractions. |In almientshxzalkpeatecal of hehpresernti hvenitiion there iiss provi ded a

use. of the mdi}%l%]oqughr%smeat?lo%egkngg uaﬁ_%%\i% iElhe trheelgrg 1aénatoifog of a
medi canent for e treat ment of ~ tunbur cerl & or Srolcl erating cells. In a
tenth aspect ofmadidipriesints,i rhentodifitdderéris agprevided aboptear maceuti cal

conposi tion conpy i si ified virus as defined above and a
phar maceut i cal l'y pgjégg% a%kfgg@,é;gbrgi%g, or exci pi ent. DETAI LED DESCRI PTI ON OF

THE | NVENTI ON The i reaastiront des oy oddfhed ailrusebatleshiat partedmaehe

production of fé¥¥§i19”§$s{é¥aﬁgﬁiHé%%eé%d%“BYh&fﬂg'%EQ@Ey required for
cell infection and the remainder of the recombinant wviral
component of which the binding moiety forms part; and,
ii) bringing said recombinant virus into contact with a
cleavage agent or cleavage means capable of cleaving said
binding moiety from said viral component and thereby
preventing the recombinant virus from undergoing further

infection cycles.

In a seventh aspect of the present invention there is

provided a method of determining the suitability of a

non-native polypeptide for use in the preparation of a
viral vector by determining its solubility in a cell

system,

In an eighth aspect of the present invention there is
provided a method of assaying the sclubility of a non-
native polypeptide as defined above or a modified viral
protein as defined in the second aspect of the present
invention, which method comprises the steps of:

i) expressing saild non-native polypeptide or a viral
component protein comprising said non-native polypeptide

in permissive cells;



proteins with a new tropismfacilitated by removing or ablaiiang2dos. 9.

bl ocking or inactivating) the native cell binding domain and either
replacing it with, or adding, a non-ifitt-i ve pol ypepti de conpri sing an
external cell binding |igand and an external trinerisation notif. 18

January 2005 WO 02/08263 PCT/ GBOL/ 03252 - 7 Curiel et al. in W 99/41359,
W ckham et al . 1 wWsu9grbanaethenFespdotrerivand Epamerdssei A ©515, 885, 808

di scl ose vari ousygmdi.fi cations to adenoviral conponents with the ai m of
produci ng reconpj.nant viruses with an 5 altered tropism None of the these

t .
di scl osures provitde SR3EEIURY di*a OB mdvkdRagtirlss FEACEV¥RF cogni se,

the problens agsocikcaletysdttch t he expression of functional non-native
viral conponents .in the nucleus an toso] . of host cells, a problem

S0l ved by the prdsertt s EREeHt SR LbtEan dngheiSipdeactntns feafFon

provi des a nodiddlad lyvataiSfarorpei Somigra BENsHiad inca-patypept i de, which

pol ypeptide co orli Ses. ope or nmore érﬂzlirr%vonk l[mtieeti es 15. each containing one
or nore binding oreties, Whi'¢h? potpeptir ™S EapalPe b EFAY expressed
in the cytopl asm-antdinectdypeptidemamial i an host cell in a conformation
whi ch i s maintajined j bsenc .a  ligand for_said binding noieties,
sai d conf or mat ia‘%))n Zoéogr\p%ggmnﬁg&seair%l%%ﬁ‘a? ncgonrr&ngt?gssaslu élgaﬂréah ﬁv% to bind
with said |igardyrantigshicoch vpokypepibcent spxeadnl eonprigiranspodt t hough

t he nucl ear ne ane, . [ i o fi j,ru a l,t.ered tropism
conferred by sa@é‘a%gfﬁ‘\é\?%ﬁr%egﬁges.lmzjglhi gc(r;rl[)%ﬁ]’fei é&‘q ?/?gét}su%altgcor ding to the
invention is tHhigrcaionsrus which differs to a native (i.e. wild-type)

virus. Generally speaking, the virus is nodified such that a conponent of
the virus is altered structurally over a 30 native or wild-type (i.e.

unnodi fi ed) codﬁbﬁeﬁi?tkwa%ﬂ@@ﬁ of the present invention there is

provided a use of the modified virus as defined above in
the preparation of a medicament for the treatment of

tumour cells or proliferating cells.

In a tenth aspect of the present invention there is
provided a pharmaceutical composition comprising a
modified virus as defined above and a pharmaceutically

acceptable carrier or excipient.

DETAILED DESCRIPTION OF THE INVENTION

The invention described herein relates in part to the
production of functional recombinant adenoviral fiber
proteins with a new tropism facilitated by removing or
ablating (e.g. blocking or inactivating) the native cell
binding domain and either replacing it with, or adding, a
non-native polypeptide comprising an external cell

binding ligand and an external trimerisation motif.



that a structural conponent or feature is added to the vBibSuaryPogs? i s not
present in the native or wild-type form Advantageously, according to the
present invention, a property or behaviour of the conponent is 35 altered.
In other words, the nodified virus, differs functionally over an

unnodi fi ed Wweeziosss wi | d-type) virus (e.g. by exhi biti ngprawcabtiserd
tropism. As discussed 18 January 2005 WD 02/ 08263 PCT/ GB01/ 03252 -- 8
above (and al so further below), the virus is conveniently nodified using
genetic engineering techniques. Accordingly, a nodified virus according to
t he present inv k I dvant age reconbi nant virus. A nodified
vi rus accor di ng%P%is?lqeé?n%iéntﬁnoﬁgc%ér?li&éésgdeﬁf?/ “fregzmagnyl@ivf%s, and in
particul ar any vBfaé34manh Spegnpe ansedpasetoe bmdis 50885, 499 al vector for
10 gene t her apydiRepses erditcusenyéf @il cacabhki €6 dduilordealad drn¢ges,

retroviruses, |entjvigLuse no-. a iated . viruses an articul arl
R R T T y

i ncl ude nmenbers s enoviri-dae or other i¥i es where
viral structuraPlEBRpdnernRisae Y9t Wdsthedtheny ctiscdoaysentnnegide t he
nucl eus or cytoaokobhtidie Higsbrcehdeed SUEPRe8S de@tidh aBoghi£Or RaYi ri dae,
Par vovi ri dae gg vayd rd fdae .apd lJ.ciyiridae._l.n _a preferred gspect
b N ted . ) T
modi fi ed viruse g? ﬁg_e [ nyerJTtl on(“girﬂeh lr%al‘ %f%]aeﬁsolrorlrls O%f %u%cd%lr%\#ruses, in
particul ar HumaRORATRRWS &S lafefRRIICEtS01pakie dicdey RdwsY@dedovi r us
type 5. "Non- nabiVvieopbolgidpt, i deprasiatekbhedd ey ez ipgedenpol ypepti de
sequence qfy two;Qr.mobre anmno acids, the conplete sequence of which is not
found in a 25 functionally equivalent position in the amno acid sequence
of the wild-type virus, or nore particularly in the wild-type viral
conmponent prot eThus o fre @rgiaspececthd Aneent fom grcfiaesed esmadiegent s of the
invention, the uiyus comprising a non-native polypeptide, which
polypeptide comprises one or more framework moieties
15 each containing one or more binding moieties, which
polypeptide is capable of being expressed in the
cytoplasm and nucleus of a mammalian host cell in a
conformation which is maintained in the absence of a
ligand for said binding moieties, said conformation
20 allowing said binding moieties subsequently to bind with
said ligand, and which polypeptide is capable of
transport though the nuclear membrane, wherein said
modified virus has an altered tropism conferred‘by said

binding moieties.

A "modified"™ virus according to the invention is thus a
virus which differs to a native (i.e. wild-type) virus.
Generally speaking, the virus is modified such that a
component of the virus is altered structurally over a

30 native or wild-type (i.e. unmodified) component, or such
that a structural component or feature is added to the
virus, which is not present in the native or wild-type
form. Advantagecusly, according to the present
invention, a property or behaviour of the component is

35 altered. 1In other words, the modified virus, differs
functionally over an unmodified (native/wild-type) virus
(e.g. by exhibiting an altered tropism). As discussed



30 "non-native polypeptide” may also be non-native in thangﬁﬂ§§2@ﬁ5not
occurring in nature, i.e. being a synthetically or artificially constructed
or prepared polypeptide. 35 According to the present invention, the
conformati on of the non-native pol ypeptide after expression in the

i ntracel | ul w0 %36 onment and, nore inportantly, also 18rpdaasergs22005 WO
02/ 08263 PCT/ GB01/03252 - 9 its conformation in the extracellul ar
environnment, should be such that it is cayable of binding to a desired
ligand, e.g. a receptor or other nolecule ®expressed on the outer surface

of a target cell t 5 nti,oned, above,
o abde [ AhL 2 % Eure&ereh?f?‘ﬁozntgieoﬁllr‘t‘ﬁel%onvnat| ve

advant ageously according to
pol ypepti de, V\heﬁ’Pn‘éﬁ(ﬁ%ééfdm@qi}lﬁw epiopl genmtdic anganeetingn cel | has a 10

gon:‘]I or mat i on V\?Ibét:m’ai;qube nﬁAdS&@idl@l@lyn ag@ocﬁﬁ‘i@acel@us aacdo'r%ﬂg £8r the’
i ndi ng noi ety(li uch a conformati o us a
° v ﬁ{este% E%é&ﬂﬁ% 15, B é’éf?Sn |1Ff3ct°|‘f'(ng§PBpl asm the

stabl e conformatl on. er words, “upon-e
pol ypept i de®assufe’Sy conf ormation which is msu ntained 15 in the
cytoplasm and when the polypeptide is transported into the nucleus and

i ncorporated or l.ad particle. eover he
conformation is SUG E gtg F%m% 5\6Ed§% % v G lr%rﬁléh%% cagy EZ'Fhe

pol ypeptide is d:?e’%ir"@dalglremt%“&blvﬁﬂuﬁo ?Wéli'rn I@rltllgah@ir amewignposed to it.
Thus, an i nport antidreaiayr be ofsdchesn@he NBds M cEOEYWEél dect@l EBe i nvention

is t hat it14S at&e%et Q:hegg ycorﬁe%%telsgn{:atléeh% J:)étlog Jﬁegﬁr &%éﬁog? r uOf 2

mammal i an ceII i~ e. rtrary or threes cture
whi ch pernits tar??rﬁYﬁc‘EPFEﬁal’ﬁtfoa’#’—”tlﬁ%sblmtﬂglﬁ’éﬁ%% V{lidegfeno-be retai ned
(i.e. that the bismticigtedi etiess ahdi paithigiudlaryndhEDude Wekbbys topar ds

their ligand). Iﬂhé“ﬂ%ﬂ&lyoﬁﬁghovffhﬁag gg'é%%éE05§E¥s éggfyascageble of

functional bindin %
viral structural components are synthesized and/or

15 assembled in the nucleus or cytosol of the host cell,
such as Reoviridae, Picornaviridae, Parvoviridae,
Papovaviridae and Caliciviridae. 1In a preferred aspect,
modified viruses of the invention are modified forms of
adencviruses, in particular Human adenoviruses and more

20 particularly Human adenovirus type 5.

"Non-native polypeptide" as defined herein is a
polypeptide sequence of two or more amino acids, the
complete sequence of which is not found in a

25 functionally equivalent position in the amino acid
sequence of the wild-type virus, or more particularly in
the wild-type viral component protein to be engineered.

In certain preferred embodiments of the invention, the

30 "non-native polypeptide" may also be non-native in the
sense of not occurring in nature, i.e. being a
synthetically or artificially constructed or prepared
polypeptide.

35 According to the present invention, the conformation of
the non-native polypeptide after expression in the
intracellular environment and, more importantly, also



30 to its ligand. The solubility of recombinant proteins{ggasinppete ed a
good indicator of their correct folding. Therefore non- native pol ypeptides
of the invention may advantageously 35 be chosen not only on the
functionality of binding noieties, stability of conformation and ability to
form part sfo@nsmssenbl ed virion, but also on the basispot/cBirebaszuary 2005
WO 02/ 08263 PCT/ GB01/03252 - 10 solubility within cells in which a
non-native polypeptide, or a viral conponent protein containing or
conprising a non-native polypeptide, are &xpressed. For exanple,

reconbi nant flber proteins may be tested for 5 their total expression in
eukaryotic (e.gt an%%f r“@éllPE‘ 1oy e REtpREPLYH]agN SRBLBBIE+i n t he sol ubl e
fraction of thehoeld qu:tcbsthlett ertminsedapdhibe idfv @ihafsg hta;v& found t hat

phenot ypi ¢ anal ygk$rof 111%akabeé gl %af}%ctft!%:?gbf%%%wﬁé e & essed as

reconbi nant proteins ip bacll ovirus-infected insect ce owed that
their degree of 8BFEHTTY O EBFr ¥R FURFRRS 1P 2 Féé%*ér‘gﬁhlf f\ﬂraﬁhé
reconbi nantS ademodifimd vilresefore, it is preferred that any non-native
pol ypeptide of the 15 invention or a viral conponent protein containing

or conprising non- native peptide, for exanple a fiber-ligand fusion
construct, is c%ﬁr’&%‘f%’rqn?éida %/r E\Bjé’@ﬁftﬁg?‘au*?]tﬁé aSEPEBIPY thP &M@ target cel |
attachnment as peeosi riarvenpioteitthe ponenatovd pelypeptibds,t iwbienof the 20

cor respondi ng g@ﬂﬁré@séa tllﬂetﬂéré’}ltopfl%m%ﬁ@'r@amé(iﬁgﬁvééﬂs Kagnge. Thus the

i nvention I g %azt a _nodj f virus ,wherein sald ngn-native
pol ypept i 98 K 1%1h 2‘5“5&?&‘5?1‘??%}%&9 Bl taRSRGR- Rt Rve
pol ypepti de or ﬂheandllﬁoad therﬁpmrbuﬂg protey hiagnmpifi shagodhgpaparidaat i ve

pol ypepti de. The,80Ns N&firkenROlHPER! klgsi & %ﬁ%tggnﬁmtmh gpeater than

0, 0, 0,
25% pref er ably g 2t g, Nl 30%, TS B £ bl g grERer {lian S0%or ever

polypeptide assumes a conformation which is maintained
15 in the cytoplasm, and when the polypeptide is
transported into the nucleus and incorporated or
assembled into a viral particle. Moreover, the
conformation is such that the binding moiety or moieties
of the polypeptide is or are able to bind tc their
20 ligand, when exposed to it.

Thus, an important feature of the non-native pelypeptide
of the invention is that it is able to fold correctly in
the cytoplasm or cytosol of a mammalian cell i.e. assume
25 a tertiary or three-dimensional structure which permits
the functionality of the binding moiety(ies) to be
retained (i.e. that the binding moieties retain their
binding activity towards their ligand). In other words,
the binding moiety remains capable of functional binding
30 to its ligand.

The sclubility of recombinant proteins is considered a
good indicator of their correct folding. Therefore non-
native polypeptides of the invention may advantageously
35 be chosen not only on the functionality of binding
moieties, sgtability of conformation and ability to form
part of an assembled virion, but also on the basis of



30 non-native pol ypeptide or the viral conponent protein1gggmpﬁ§§@dy; t he
non-native polypeptide is present in the soluble fraction of cell |ysates
of cells expressing the non-native polypeptide or viral conponent protein
conprising the non-native polypeptide. A suitable assay 35 is described in
t he exanpl ewdnengish whi ch may be applied nutatis nutandiesTicBoriskr cel
expression systens. Reference herein to a non-native pol ypeptide or a viral
18 January 2005 WO 02/08263 PCT/ GB01/ 03252 - 11 conponent conprising said
non-native pol ypeptide being soluble inihe cellular environment shoul d be

interpreted in Li jth these limts, i.e. when at | east 25-30% of the
pol ypeptide is 5?2@%#;1531WP%513 %%ﬂiﬁﬂ%? Vgéf?i?n?Qﬂrnétég?l | ysate, the
pol ypepti de canPobepemiisiadereda’ sbtalblagmpoitns pratedndeagtainiand ort her
aSPeCL _, I_the Pr egaiprid el h@ﬂl—ﬂé@i/\}éj 1§p@§ém@, %fredﬁ%ﬁwééadlg }FBf% 10
suitability of a_non-native polypeptide {(e.0..a reconmblnant. vial fusion
& TP e recomBlnX]?t o%lbtﬁr rﬁg‘?lﬂs veet g’F b= eé‘?’ﬁ ning its

protein) for use’li preparati
solubility 5 n atkelr tgistlegrprberiwpdel Phikatygtics (eppoviveectad meflhed of

assaying the SOL‘Lﬂ@i&l%é )szfp_o@tiénDﬂbdi@ré&%rﬁ’%ﬁ@%%lhﬂ@eofr&%m bired viral
o 0 non- nat | verhs SEbtTaE S AT S e omonent pr ot o n compising said
non-nati ve polypeptide in permssive cells; ii) subjecting the cells to
a0l Ubl e iy BCt Lons o L e R o and
: 22& 3b| 21f0r act #%\%%iiaﬁ@ %ggﬁm %/%S/%nas'(t%’é:uF%r THE S ﬁfie%f" ) Cos“%iglaﬁ n-native
pol ypepti de or BFPEGinsoriokarrlprinus rinfenped sinsgctairdls showedat i ve
pol ypepti de; angha)tieddebigetde Jahdiivey dtaateql wsah dHeon-native
D e e O Yhblery AP IRIB] e ISP 28 “hOIARY, Ve
is preferred that any non-native polypeptide of the
15 invention, or a viral component protein containing or
comprising a non-native polypeptide, for example a
fiber-ligand fusion construct, is characterised with
regard to its solubility and target cell attachment as
recombinant protein, prior to the re-insertion of the
20 corresponding gene into the viral, for example

adenovirus genome.

Thus the invention alsoc provides a modified virus
wherein said non-native polypeptide is selected using a
‘ 25 solubility assay of the non-native polypeptide or the

viral component protein comprising the non-native
polypeptide. The non-native polypeptide is selected guch
that greater than 25%, preferably greater than 30%, more
preferably greater than 50% or even 70%, of the

30 non-native polypeptide or the viral component protein
comprising the non-native polypeptide is present in the
gsoluble fraction of cell lysates of cells expressing the
non-native polypeptide or wviral component protein
comprising the non-native polypeptide. A suitable assay

35 is described in the examples herein which may be applied
mutatis mutandis to other cell expression systems.
Reference herein to a non-native polypeptide or a viral



in the soluble and insoluble fractions to determ ne the 1595,\@&&@% 30 A
| igand for a binding noiety of the invention nay be regarded as the |igand
whi ch corresponds to the binding noiety, or in other words, the ligand to
whi ch the binding noiety was designed or selected to bind. The 35 |igand

i s thus capwa ®/osdes bi nding to the binding noiety. The | ipgavagogogs2i ts

bi nding noiety may thus be regarded as nenbers of an affinity-binding
pair, the ligand being 18 January 2005 WD 02/08263 - 12 a binding partner
for the binding noiety. PCT/GB01/ 03252 THe binding moiety thus has a

bi ndi ng speci fi ¢| 1:S.; capahl _hindin ifically to, a
desired 5 i gang.b&%gﬂ%? ncd?’[r?grll%g PEE %1;%{1 AL e gpéﬁ‘%%ﬁ%é‘% Iy it s
meant that the BPAEPHY ity cepilutay spvarernentdihegldobehe desired (or
"target") |igandntenpretrmhner ldhe clriils tiiesti hinitshed . &r owhédienthi nding to

non-target nol egules Qg,-aldg%dghe'g[g&ﬁ@fh?%dgi m%s;ﬁ%%rgj‘g‘%ﬁ/e ei ther does

not bind to non-target pol ecul es rts n % )
substantialdy-r éﬂaﬁgﬁe(%c%&%%eﬂ 91t AEsRER geths PeANEFPELdE as&ckgr ound,
bi ndi ng to nonbkargetidrtesulsedubldre. bi nding noiety thus specifically
recogni ses the target ligand. 15 This specificity of binding of the binding
noi ety thus permts the npdified virus to be selectively targeted. 1In

ot her words, théPBfndRTRPEHTE ¥Ondy e PaEspERREE othesBregertd to enabl e the
nodi fied virus tiovennion ravddedesimexthodr of t dstgedmindall thé bi ndi ng noi ety

may be -desgj gne , P ch_hj i d,expressed by or on a
t ar get celegtﬁj, e. é?ggaﬁfihlg%ggl \gggﬁa%gqqﬁfh%%f%é;rﬁ%{%a§gtﬁu?be any desired
li gand, and 25 ﬁgarﬁ?%é’l*‘y"% Fpsign Rrabedll e RFeesRecthon t he

preparation of a viral vector by determining itse
solubility in a cell system. More specifically is
provided a method of assaying the solubility of a

15 non-native polypeptide or a modified viral protein
component of the invention, comprising the steps of i)
expressing said non-native polypeptide or a viral
component protein comprising said non-native polypeptide
in permissive cells; i1i) subjecting the cells to lysis

20 to produce a cell lysate; iii) separating the soluble
and insoluble fractions of the cell lysate; iv)
analysing the soluble and insoluble fractions of the
cell lysate for the content of said non-native
polypeptide or viral component protein comprising said

25 non-native polypeptide; and, v) comparing the relative

content of said non-native polypeptide or viral

component protein comprising said non-native polypeptide

in the soluble and insoluble fractions to determine the

solubility.

30
A ligand for a binding moiety of the invention may be
regarded as the ligand which corresponds to the binding
moiety, or in other words, the ligand to which the
binding moiety was designed or selected to bind. The

35 ligand is thus capable of binding to the binding moiety.
The ligand and its binding moiety may thus be regarded
as members of an affinity-binding pair, the ligand being



surface of a target cell, in which it is desired to achigygnfppessi on of
the nodified virus. The ligand nay thus be a cell surface receptor, or a
cell-surface antigen. The ligand nay conveniently be a protein or 30

pol ypepti de nol ecul e, but may be of any nol ecular nature, for exanple a
i pid or cawioachygbemate. In this manner, the nodified viruscmageizszszodi fi ed
to bind to a desired target cell to which the native (wld 35 type) virus
fromwhich it is derived does not bind, or it may be nodified to have a
more restricted binding specificity than1¥he wil d-type virus, in other

words, to 18 Ja 5 02 26 01/ 03252 - 13 bind to only a
rHJ%J]\ﬁd?tg %A’R eJ:/ (%% éh J.n 1nIg mpL %tev,“

selected or particula pe 0 from anong a broader
popul ati on of target cell types to which the mnld type virus binds. The
tropi smof the viteudbingihhuscialtyernds Hance bibyibg @éécqrf&@l% ophsht it is

meant that the L S e di peC|f|C|ty
which is alterg%dls %gP¥#IéJOf %éBdQ?% ﬁéﬁi%P% Rﬁfﬁﬁhtfpg ?ﬁ@ from whi ch
it is derived. 109&BRer aBY ' Pindiga- ﬁ%@?%ﬁ%ﬁi&Wyp@pt|Qﬁ?d&@@ord|ng to the

i nvention conpr |memﬁchm3s't iane sf heseyaiHatehet yiddithg ABee0y 1®re binding

noi eti es and |s e . of racti Wd r_viral cq nent to form
?L: of JHHJ.%. EI) gl?? sllr%%lhg Tiartg % Yp {,% rf%r

a functional ectlve Vit IPon Abi m part
of a functlonal*ﬂ FlBﬁnb%ﬁthﬂQ§ ééndkﬁﬁ¥gﬁﬁlﬁpﬁétEﬁmbﬁhﬁhélpﬁe@@ﬁnk of one
or nore sequencm&n~%atbet|mdﬁEGmQasnailngam@bypepmmskaﬂb@ablﬁ&iﬁ§t binding to

other Vi falo COMRARRLS PYhdNGAAN; ALY L Ry %éegpééxgget SIS AR N

conmponent in which e non-native ypeptl W the
virion assenbly xﬁﬂb&@%snegiﬁﬂ&ﬁ ﬁaPFvﬁpﬁﬁﬂaFﬁéﬁ¥1¥R¥QQucﬁﬁe ﬁﬁventlon may
replace or be icompapedate@chentargay Vidgaald)celyonemtkgroahe] oGy 25 is

capabl e of interaCchbRde-ddt ohBEASLs CClohe Eggdlng moiety thus

specifically recognises the target ligand.

15
This specificity of binding of the binding moiety thus
permits the modified virus to be selectively targeted.
In other words, the binding moiety may be designed or
selected to enable the modified virus to bind to a

20 desired or "target™ cell. A binding moiety may be
designed or selected which binds to a ligand expressed
by or on a target cell, e.g. on the cell surface.

The ligand may thus be any desired ligand, and

25 advantageously will be a molecule expressed on the
surface of a target cell, in which it is desired to
achieve expression of the modified virus. The ligand
may thus be a cell surface receptor, or a cell-surface
antigen. The ligand may conveniently be a protein or

30 polypeptide molecule, but may be of any molecular
nature, for example a lipid or carbohydrate.

In this manner, the modified virus may be modified to
bind to a desired target cell to which the native (wild-
35 type}) virus from which it is derived does not bind, or
it may be modified to have a more restricted binding
specificity than the wild-type virus, in other words, to
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functional and infective virion particle. The ability
to form part of a functional virion particle can be
facilitated by the presence of one or more sequences
within the non-native polypeptide that effect binding to
other viral components by the non-native polypeptide
itself, or a viral component in which the non-native
polypeptide is comprised, in the virion assembly
process.

A non-native polypeptidé of the invention may replace or
be incorporated into any viral component protein which
is capable of interacting with a target cell. The
modified (e.g. recombinant) viral component possesses a
cell binding function either by the nature of a retained
native structure of the viral component itself or, by a
new structure conferred upon it by the incorporation of
the non-native polypeptide and any structures comprised
therein. In a preferred aspect of the invention, the
non-native polypeptide is introduced or incorporated
into or forms a fusion protein with, a viral protein
component of the wild type virus, for example, an
adenoviral fiber protein, and especially preferably it
is incorporated such that the wild-type fiber knob (or
at least the cell-binding domain thereof) is removed

r knob



addition to providing the non-native polypeptide which ¢@nifidy Ajdser ed
tropism For exanple, this is desirable 25 for the propagation of a

nodi fied virus in conventional cell lines known in the art via the
additional presence in the nodified virus of a wild type binding function,
for exanpl ewdmnosmgh the controll ed expression of a wld ptymesoggenoviral
fi ber gene froman inducible control 30 elenent (e.g. pronoter). The

wi | d-type tropismmy be abl ated when desired by controlling (e.g.
preventing) expression of the additionall4m-ld type viral conponent genes,
or after 35 expre55| on noving or inactivating the wild type

knob/ domai n, n (SuEh Jéé ‘that altered tropism conferred by the
non-native poI yﬁem'if@be, nigty e alBe Juauiarey eBDOSi R 1)2/208263-Bdd GBR:L03252 -

15 expressed. Aﬂoﬁatéﬁfcﬂilt—'b%aﬁ@ &Er%@hdl:ﬂ&réﬁfgt %lyebavg{gﬁ%dth

includes a " potent| aI |.tered t g&) [ ntial 10 exXpress an
altered tropisnf & s eirncPﬁd% JatrfoéllafLer‘éﬂl]t rkb‘ﬁdslﬁlgvxﬁi”@ﬁ”il duayd&et i onal
to 5 a wlX- tyBédWld@Y strtAs pEnthorisddaboviecidthel irmdi bietheindss of the

invention is ph@%ﬁ&@%d&ﬁe@@%@d Usi NG geReli G LN RAET | Adond fENNI ques and
in preferred en‘g d hhe 10 | entl on, the non-native polypeptide is
provided as parg lB‘F‘b‘f%l DGELANS E'\‘/‘?er AL 5rsHef FOR dhwsent |

preferably as aOf-u%filQ)rWldCbtte’pﬁ WixUe &0 hdeenyinemreid, bench ptiotteian. Such a
fusion protein, adfer@ 6,iG@NCEabbYam SﬂéCBregezﬁ’Pdinf el WbaaE: CPIRQRENT
protein, r%pres‘ﬁrrlléls atl}165ws ga{éat e(f.%pecﬁ( . iﬁ/reh% ge% I nvention. In a
pref er r ed “enbod! KN Hirs ™ 5¥pe AR® | fHe9 AsmEifed vir al
conponent is a Hpedd®dd isdembained, mlbeal‘psam@trro@chﬂmrmsyr@ a non-native
pol ypepti de as aéefdvied @R0¥8ciZlated) by modifying the wild-type
knob/cell-binding domain thereof to inactivate or block
the native or wild-type cell binding function.
15
As will be discussed further below, it may in certain
Circumstances be desirable to construct or engineer a
modified virus in which control (e.g. temporal control)
may be exhibited on the expression of the altered
20 tropism. Thus, in such a modified virus, a native or
- wild-type tropism may be retained, by retaining the
wild-type fiber knob or cell-binding domain thereof, in
addition to providing the non-native polypeptide which
confers altered tropism. For example, this is desirable
25 for the propagation of a modified virus in conventional
cell lines known in the art via the additional presence
in the modified virus of a wild type binding function,
for example through the controlled expression of a wild
type adenoviral fiber gene from an inducible control
30 element (e.g. promoter).

The wild-type tropism may be ablated when desired by
controlling (e.g. preventing) expression of the
additional wild type viral component.genes, or after
35 expression, by removing or inactivating the wild type
knob/domain, in such a manner that altered tropism
conferred by the non-native polypeptide may be



Techni ques for preparing such non-native pol ypepti des anngmkﬁpgmﬁing t hem
into viruses or viral conmponents are well known in the aft and w dely
described in the Iliterature. Thus, for exanple, nolecul ar biology or 25
genetic engi neering techniques are readily available, to prepare or
construct g¥eaog2683equences capabl e of being expressed astTaBipakiz ed

virus, or viral conponent, according to the present invention. As

described further in the Exanpl es below, a nucleic acid nolecule 30 or

nucl eoti de sequence encoding a viral cofpbneht protein, such as the

adenoviral fibere;pQl8kA, NRY L8 i £ G as.to.introduce a nucleotide
sequence encodi?ﬁa}:he non-naLivgeggﬁy%g%%f%%,%F%?r%%&%n$Peg§% as to encode
a fusion protei - CemprPEi AU incdpdpara "grotant3sl hdeHevredakrépme, prot ei n

and the non-natii.e.péhgppptémeialDepeathngsupanal berad aopgegpongnt protein

into which 18 J e . 52 - 16 .th -nati
Ip(r)ll gpep!t ::de5 of ﬁ%@égggoﬁ\%ﬁ%ﬁ?ggggp%iggtl%%{égégvmliscﬁdc%(l)ﬁ‘b%?\ag’nt 02) niat e
|

repl aces, a’ non-2 EYBY| VifftMde according to the invention can
optionally conprise a further elenment which mmcs the 5 native structure

or function of themehkabn&@npent i o el t | equival ent of the
viral conponent), 50 gs 10 faCi|It%?éI? éfggggﬁ%#gg5#P$§ﬁg%$%ﬁﬂﬁlqﬂ rion
particles.. In the EASESHIOPNORFPRICAIHAG PaPetipeaangingesdrding to t he

i nvention, the faggbniagnes amt dgr pryfafrelD embedadanoyiorakhéi ber with regard
to virion mssemihyendfdn, Patd !n%HLﬁéé%ePg%i[k,geﬁéf&MsyprL%-&@é ntai ned by the
presence of external amno acid trinerisation notlfs such as the helical
ani no acid notipaﬁgrPgeﬁ #ﬁﬁﬁﬂntHEOt?ﬂQ:WlFEQPoﬁlﬁﬁllﬂﬁ%ﬁﬁiﬂu%gwﬁﬂmemaetant
protein D (Hopperefeidbly .as EEBSsiai taroseiBdvitd i hABn6+004) )eivthi s and
other {11 TeriSakbeaiAptidsrkaovieidh Hherdih, CaN dite LHRCHANA! LYoy,
engi neered 'into_the f b%ﬁ shaft and act as a fiber t Prerisati 8 glgnal to
creat e knob-| es& PFB@#%? viral component protein, represents a
15 separate aspect of the present invention. 1In a
preferred embodiment of this aspect of the invention,
the modified viral component is a modified adenoviral
fiber protein comprising a non-~native polypeptide as
defined above.
20
Techniques for preparing such non-native polypeptides
and introducing them into viruses or viral components
are well known in the att and widely described in the
literature. Thus, for example, molecular bioclogy or
‘ 25 genetic engineering techniques are readily available, to
prepare or construct genetic sequences capable of being
expressed as a modified virus, or viral component,
according to the present invention. As described
further in the Examples below, a nucleic acid molecule
30 oxr nucleotide sequence encoding a viral component
protein, such as the adenoviral fiber protein, may be
modified so as to introduce a nucleotide sequence
encoding the non-native polypeptide, Ffor example so as
to encode a fusion protein comprising all or part of an
35 adenoviral fiber protein and the non-native polypeptide.

Depending upon the viral component protein into which



For exanple, trinerisation notifs suitable for inclusi on1gqaﬁ@r¥@@55‘i ed
viruses are described in WO 98/54346 and WO 99/41359. In a preterred
enbodi nent of the invention, the non-native trinerisation notif present in
t he non- native polypeptide is the neck region peptide fromhuman |ung
surfactant Wo02bs268 described in the Exanpl es bel ow, it pewcbemesaveni ent
or necessary for any such additional or external notif or feature to be
incorporated into the virus by neans of a "linker" sequence. Such
construction techniques for 30 incorporati®on of DNA or amino acid
sequences, Vvia _tggtgchrrent. to Iinl%er se?u§ce are known in the art and

g

are within the routine kil %‘?15539'& GC&i RF gehetiventaginber. 35 A
"framewor k noi efPCOBROHERdAedT et componeml s)pept rdplages,g.a aoprot ei n)
confor t 1 o) 1t he e e 6. Jamoroghe S AMSBLIS KA 101 0252
conf ormation) i r anuar -
17 and cytosol ?E££§T%%a}%%’é‘ {:/}ef%nane%ﬁltr_?e u%}]eqﬁ?%cf’gb%‘élml@t%gpﬁres are
struct ur es 2whi cReal Yowtarusthae e Hainetyonaef adieediral oemganeatpor at ed

Wi tgi n, theffrﬁrtre}/\@r kisdI’éDif&h&t:%@ud’ilete@umvblgt@&gfbfbitﬂgi Oﬂzééipdﬂﬂ‘dﬂzb%%he in the
5 absence of t ' <. Lhi acilitates subs ent . binding.,to that
ligand, for i ns?%n%:%,a%or%gﬂltllﬁ%a.ter gggsgﬁﬁ?%%f%ioﬁqﬁﬁnﬁgﬁo?% tVlthFré’nceI | ul ar
envi ronment . A PREREWS S ndPethe mipe Risnpel fimfapdedowdral thipersf 10

" ED: gcul ﬁr Eca{j foterdisiy wet Uhe, inviingh opl M@%@tﬁbﬁé@%ﬂ%dﬂt§uf890rt or
"hol d" t i nd] I I appropriate presentation or _conformation
to perm tﬁobi nd{l:ﬁ% %Hgénﬁ)%’ér#g%%cfr ']"ﬁécgf Jr:%?r%%r FBEETY HETPLEr ofides the
i ntranol ecul ar Pa¥et@EErdHscaR¥dhGsaesbipl el sl Badohtbredithorkbien t he cyt osol

possi bl e. The fpasmavrdk ofmekesshdRniAYSabRd & AHeLesat in RRIYBEPt i de
mol ecul e, - such as the helical amino acid motif derived from the
neck region of human lung surfactant protein D (Hoppe et
15 al., FEBS Letters, 344: 191-195 (1994)). This and other
trimerisation motifs known in the art can be
functionally engineered into the fiber shaft and act as
a fiber trimerisation signal to create knob-less fibers.
For example, trimerisation motifs suitable for inclusion
20 in modified viruses are described in WO 98/54346 and WO
" 99/41359. 1In a preferred embodiment of the invention,
“the non-native trimerisation motif present in the non-
native polypeptide is the neck region peptide from human
lung surfactant D.
25
As described in the Examples below, it may be convenient
or necessary for any such additional or external motif
or feature to be incorporated into the virus by means of
a "linker" sequence. Such construction techniques for
30 incorporation of DNA or amino acid sequences, via
attachment to a linker sequence are known in the art and
are within the routine skill of a protein/genetic
engineer.

35 A "framework moiety" as defined herein, is a polypeptide
{(e.g. a protein} structure which retains a functional
{e.g. folded) structure (or conformation) in the nuclear



whi ch assumes a particular conformation or structure, apglyhiap/odeal erat es
nodi fication in a particular region or regions, for exanple nodification
by ami no acid 20 sequence addition, insertion, deletion or substitution,

or indeed insertion of a polypeptide sequence. A "binding noiety" as
defined her®ion208%3t hus a pol ypeptide structure attacheacrasorose2npri sing
part of 25 a franmework noiety of the invention and which retains a binding
function for a desired (target) ligand after expression of the non-native
pol ypeptide of which it is part in t he nbtleus and cytosol of a host cell.

30 The bi ndi ng npiety+BBY1 0 &16QALL-9UalsS. or non- cont | us_.sequence of
am no acids, and matcxlbe vi ened as %!rrow g?rr?glmeﬁgﬁr nd?‘ﬁcd'gguflgtf?ﬁa he target
ligand. A bindi iy WOiEEGS FES THESTBESprdvichedlbyw aa rgiddngonosetyr ot ei n or
pol ypepti de nol exilashefioto exanminecapstisfal @ikBEh PNEhe . fGhamed5r-A NUNber of
“surface" am no p@Giedr esi giesin 1R tad n..pref nbodi.ments of the
invention, the 1 Jar%uar}_{ 005n_V\Dggg§l0 . RBC??%%W%’E’&W f r amewor k
and bi ndi ng”noi t1°E8Faf" bE O GRPfer eils Sprylitatey sublseanerd from or
derived, from difihgieat tosithaicdsgate, giorf nastdhéé ereiye phet ei ns), for
exanpl e by "gr afdaisBgmn 06d | ¥ 1KioAILE gfée bl pg ety onto or 5 to a
desired franmework. In other 3'preferrf’a ergbggfn%%?isﬁpagnnfﬁ%?ﬂr&e%‘i ety may be
created within a protein "franmework" structure, by nodifying certain
regions or resifddegnevorhandirdyenoy kiiprsobei negasdate ser begpd Wit her  bel ow.

I n such ani@nmboding®BEy14nesdIAERYRr & AR ; rgpLesented by the
“constant” or unmodifi e}g r esi duest aﬁ%ﬁ:‘tﬁ%, gﬁﬁ ?}’6’%@?? Dy the

“variabl " or nodrP T E reiSHREETt P hokoddl | Ve fuinpiest mazetit dar diong to the
present 15 i nvedPPoaprbate mussbetatoanbirnabotomhatpiont €bnpetdat is a

protein made by phangeg @@tﬂ&n_ﬂ&gﬂ@p@ﬂ@%g&gg&gb@)mqfet? agggti cular protein

structure, to generate bi ndi, n
gprov1éeséihe 1ntrgmolecular interactions making a stable

15 conformation in the cytosol possible. The framework
moiety may thus be a protein or polypeptide molecule,
which assumes a particular conformation or structure,
and which tolerates modification in a particular region
or regions, for example modification by amino acid

20 sequence addition, insertion, deletion or substitution,
or indeed insertion of a polypeptide sequence.

A "binding moiety" as defined herein, is thus a
polypeptide structure attached to or comprising part of

K 25 a framework moiety of the invention and which retains a
binding function for a desired (target) ligand after
expression of the non-native polypeptide of which it is
part in the nucleus and cytosol of a host cell.

30 The binding moiety may be a contiguous or non-contiguous
sequence of amino acids, and may be viewed as providing
a binding site for the target ligand. A binding moiety
may thus be provided by a region of a protein or
polypeptide molecule, for example a surface region, e.q.
35 - a number of "surface"™ amino acid residues.

In certain preferred embodiments of the invention, the



protein with novel, nodified or enhanced binding charact@rgidrfsegsuch
synthetically constructed 20 "artificial" (in the sense of non-nhative)
prot ei naceous affinity binding nolecules (i.e. proteins engineered to
possess a particular or novel binding function) are known generally in the
art. 25 Suclwommkismat ori al proteins can be prepared usi ngcTaaBoiiawue peptides
and proteins as starting structures (Nygren and Uhlen, current opinion in
Structural Biology, 7:463-469, 1997). Such proteins are known in the art,
and may typically be prepared by random 3@ nmut agenesis of a target protein,

expression of t full_, library . of these.variants, e.g..on the surface of
i I %amgw?'nrk a{nc# %%86\%% BR© é\égc%[?%r?%ﬁfa%lﬁgﬁfeéﬁ e;hi bi ti ng

filament ous bacteriophage, .
the desired bi n@Faglehat bt @bitgined fromhi orsdeéeitddn fway GipieymEnty i nvol ve

?b_bi g_di ng react iseﬂraéspe(;]él\@en bR &ﬁfﬁe@:@htpé_ﬁ’éﬁéiﬂlsgﬂld_fért@iﬁﬁ%le' ibgrang
I nai ng partne,r onvy lentyma e, | DDl 1| Se a m e
PeT T OLERAR S Mt aereal g peisti P 3005 vo

carried out in vFvo or 1n Vifro.
02/ 08263 PCT/ GBbR/ 3953 red] Frapgvigoln | Ant Raher mrefesuled agbetimeataci d

encoded by any apaihd{nd aloieegofay SodPregeBar Ml inimrepdstersi ned but the
posi ti ons wher e, i . al, be introduced are enerally identified in
advance. The nut gg%eﬁ&é%(?fs]én%t%gg?%ﬁ%’l Ve glﬁ*lgﬁoyh%q fesr&%%f‘i F%?Jic}ld’f‘?, Cdel eti on,
or addition (erg§sifyrerafi &hp. ppmeweprebabinatodescrpbed diurshesr use as

non-native pol ppepti dem afuchheni veRtineAtar endriiendrknauietiOnagneral |y
i ity Bindi nCrbrora e i h QAR (Um U Baee Sht diorvestor
protein, or bi ABRnEheldHaIEhepely twhéhei hvaniediefdiengnedifiied i s
nodi fied (e.g. byspiwiei n/ genetic engineering) to nodify 15 (e.g. alter or
enhance) the binding properties thereof.
A non-native polypeptide according to the present
15 invention may thus be a combinatorial protein, that is a
protein made by randomisation (random mutagenesis) of a
particular protein structure, to generate a binding
protein with novel, modified or enhanced binding
characteristics. Such synthetically constructed
20 "artificial™ (in the sense of non-native} proteinaceous
affinity binding molecules (i.e. proteins engineered to
possess a particular or novel binding function) are
known generally in the art.

25 Such combinatorial proteins can be prepared using
various peptides and proteins as starting structures
(Nygren and Uhlén, Current Opinion in Structural
Biology, 7:463-469, 1997). Such proteins are known in
the art, and may typically be prepared by random

30 mutagenesis of a target protein, expression of the full
library of these variants, e.g. on the surface of
filamentous bacteriophage, followed by selection of a
protein exhibiting the desired binding characteristics.
This selection may typically involve a binding reaction

35 between the variant protein and a target ligand (binding
partner), which conveniently may be immobilised, and may
be carried out in vivo or in vitro. The mutagenesis is



Advant ageously, the affibody is a non-native protein (in1sggﬁﬁﬁﬁﬂﬁ§ of not
occurring in nature) and is further preferred to have a novel binding
site. Exanples and further descriptions of such protein nolecules are
given 20 in WD 95/19374. The use of an expression system such as surface

di splay onwghagssprovi des a crucial |ink between genotypergmdiospdrenot ype;
there is a self-contained unit which can be 25 selected on the basis of its

specific binding interactions and which also carries the nucleic acid
encodi ng for the protein responsible for ¥he observed binding

characteristics. _This enabl es, expression in ,useful anmounts of the protein
selected for its binAi ﬁ%%% ﬁgﬁaﬁ?ﬁ? N9 §MiRQ 3F ik SRESEF PY Witcal | y
taki ng place i ®PaFtiruhst orafed bachet igenelredly diwe-detereimed Seitecthed by its

abi ity to bindpogiaibis itlerd hg8adidd Greatdesd ref cahtegWiace nol ecul e)
may then 35 be é%ﬁgrgflgﬁﬁﬁ%kgfﬁh nmodi fied virys or viral conponent of
the present_invention, or Tore pa tHEAPRyea - ESEPEReSEdYce encodi ng
t he desired conBPHAL®ei NG agadusnys 2005 iWD 0108268, PCF/ £GRAWI@3252 20
protein may be ge.ysethsdwGhailques for construction of a conbinatori al
|ibrary of protein nol ecules and subsequent selection to obtain 5

pr ot ei naceous bi ndi ng nol ecul es having desired binding characteristics are
known in the ar ETeRpEEeHh, combigatiorihl ewotwinOuferemseOps mam-niatiSer uct ur al

Bi ol ogy (1997) f pdlypést AHY) o_fGem@rﬁ{h&e)ntianpéﬁé b eERh8Crh &y PErhaps  having
o confor At ondibeka SRPRH PhePafiar B B S nRe bl BLRRSET  ne
combi natori al | RBraF§dikensigndedinres et effinity dndoinpunolaariget ed ani no
acid substituti ehsch (0§ RMeednEE@i i0Bsktefial halcept ot ghibd@miecyl-e, in
order o produce; sl hprdininl PedB! GRULES AW RInLES SLGHL P AdT N
modified (e.g. by protein/genetic engineering) to modify
15 (e.g. alter or enhance) the binding properties thereof.
Advantageously, the affibody is a non-native protein (in
the sense of not occurring in nature) and is further
preferred to have a novel binding site. Examples and
further descriptions of such protein molecules are given
20 in WO 95/19374.

The use of an expression system such as surface display
on phage provides a crucial link between genotype and
phenctype; there is a self-contained unit which can be
¢ 25 selected on the basis of its specific binding

' interactions and which also carries the nucleic acid
encoding for the protein responsible for the observed
binding characteristics. This enables expression in
useful amounts of the protein selected for its binding

30 characteristics, such expression typically taking place
in a transformed bacterial host.

The protein, selected by its ability to bind to a target
ligand (e.g. a desired cell surface molecule) may then
35 . be used to prepare the modified virus or viral component
of the present invention, or more particularly a
nucleotide sequence encoding the desired combinatorial



Surface residues are generally targeted for random nut a@@@&ﬂaé,zdo@

addition to phage display technology (Smth et al., 20 Meth. Enzym 217,
228-57, (1993)), other nethods for library construction and sel ection
i nclude, for exanple, ribosonmal display (Hanes et al., Proc. Natl., Acad.

Sci. USA 9wo 048863 4942 (1997)), peptides-on-plasnids (Seb#GBov@is2al .,

Met hods Enzynol ., (1996) 267: 83-109), RNA 25 protein fusion (Roberts et
al., Proc. Natl. Acad. Sci. USA 94: 12297-12302 (1997)) and DNA-protein
linkage (STABLE)((c)oi et al., FEBS Let#D 457(2): 227-30, (1999)).

Sui t abl e protein_ franewor k%grrg%/olrsslcfgl y be linear 30 peptides but preferably

t he framework V\Ff?tieplonséng S t hree di nensional structure which has

the potential for higher affinities and is |ess susceptible to

pr ot eo: ?/ti ¢ degragiatigies &b&h@@géual_cftﬁage&\@r% dasaﬂbihlstoml ' gri@ﬂa]gl? n?va, ]
natural |l y existj r.ot.ei n r. domai ns are ysua selected for further
engi neeri ng. Fo?Pg%lg?teé'vof“ zjigf:léﬂ?) a&%uﬁ?jgs??uelns 'tsgh%ét}ﬁ%rf g:(? tog)gfuf‘hroughout
thi s speci i cat Popteacrerd Pppding grolpsuigediavdngefiesiasg! rdmdang 2005 WO
02/ 08263 PC / GBold it istidd atd pMdaheipreieisrtmlegrdes @msawal | as
domains or fra s, th |, tide r .peptides. Th | ce of
protein franem%ﬁ%ie’g_gﬁdghg%g%%\%la 1%85!L%a$%rqrt§ttglﬂr§&i %%?]Uooqynglgﬁqi\bi lity to
be effectively Lexpredddd - i nCaneiesilved2hbsetid molecyle, rmarkaPsan cel | ).
The protein shondeirsd SOteQnpit Se=rdffitcial eptdperdtacgesusiedHns on its surface
whi ch are.tol er t bstitution .insertion or deletion etc.) wthout
10 | osing liohe ogﬁ%ﬁ%ttu%geé%d]igllrllrelnnssieg%g:élg rﬁctolfr 59n%?rlP?1tel°rﬁa?'brary is to be
produced synt hett@aiYifyaignased Rreral’'Bcakield”| ory" praneniiksi ead $here the
sel ected framewesioimRretead hasra-iiRdihgn fabiRkr@Bte@ N0 @GHEenr BSE dues

nvol ved in thal L ALGIACLEOR IRY, Dt 808k d Yort3ehaPIRR23bhEN

Random sati on rrag € perrorned |1 n oraer

of that protein molecule, in order to produce a library

15 of molecules having different binding characteristics.
Surface residues are generally targeted for random

mutagenesis.

In addition to phage display technology (Smith et al.,

20 Meth. Enzym. 217, 228-57, (1993)), other methods for
library construction and selectlon include, for example,
ribosomal display {(Hanes et al., Proc. Natl., Acad. Sci.
USA 94: 4537-4542 (1997}), peptides-on-plasmids (Schatz
et al., Methods Enzymol., (1996) 267: 83-109), RNA-

25 protein fusion (Roberts et al., Prog. Natl. Acad. Sci.
USA 94: 12297-12302 (1997)) and DMA-protein linkage
(STABLE) (Dol et al., FEBS Lett, 457(2): 227-30, (1999)).

Suitable protein frameworks may simply be linear

30 peptides but preferably the framework will possess a
folded three dimensional structure which has the
potential for higher affinities and is less susceptible
to proteolytic degradation. Although a framework may be
designed de nove, naturally existing proteins or domains

35 are usually selected for further engineering. For the
avoidance of doubt, it is to be noted that throughout
this specification the word "protein" is used to refer



to enhance known binding properties or to develop bindifgipLRLYeES W th
new specificities. Suitable framework nol ecul es are di scussed I'n gren et
20 al. (supra) and include cyclic peptides in a constrai ned sequence (the
nunber of am no acid residues in such a constrained sequence i s not
critical andoamgms2ke 5 or nore, e.g. 5 to 10 or nore, e.geréBu@ssiore),

i mmunogl obul i n-1i ke scaffolds including Fv or single 25 chain (scFv)
dormai ns, bacterial receptors such as the 58-residue one-domain

St aphyl ococcal protein A (SPA) anal ogue2% (the "Z Domai n" being a

derivative of the domai n of SPA), .or other. domai.ns or anal ogues of SPA,
DNA- bi ndi ng prOF%fﬁ?ﬂﬁéﬁFPEﬁFQHW§é%Fﬁ85f?%dﬁ#é‘5ﬁdd§@abﬁ%ﬂﬂhse i nhi bitors.
of particul ar ifragrestty dheheobaqaipgbtideeptpegbidén. Z. Nord et al., in

Protein Engi neering 8(6):601-608 (1995), describe a nethod of constructing
a 35 conbinator& é qukgr% of g{oiegg_nnleﬁakfs bgsed on the_ Z donmain,

whi ch can.be applt €8T a FaREe-of" fraREuRT &k “SsPeeuPRs>e¥ité et hod
described Bs soP¥pNieEys- doslvdit B8 hhlily 2005 WOEO2L 08263

PCT/ GB01/ 03252 expides 84 iBagede &1k dd @05t €M 1S § 2SS 8 MRk O i dn2 RO Sed

singl e- strandegd ol igqnucleotides.. As an alternative to nodifying am no
aci d sequences rgtrle ?J%gcsell&qggoﬂﬂftﬁlﬁ’oac%?gﬁﬁ 5“%518?%%]@’”‘;[%9%& ng niety,
a binding noi et§I9¥REE I8 iiEEr BdubEE Mbiehfazﬁnﬁmdﬁkaﬁﬁitnyh for exampl e by
insertion or adgifdiorfioa petypepiitden sONEldtibhNetOr) GEMRGLEI NY a

i ety | ASught i £ OBERAT ho TS ot i BEL B UTGE by 14, CAFTIn ty
bi ndi ng part nerlikfamhdsdésibedradmegdt syntdmtd.cabief er rath13i vdenglhoi eti es
of the inventiosimyide pterdghisiad.framRrdheaake1eted fidRbokR, |igands
(i.e. binding pﬁfcgtne%rns)hafsog glerllckinsgurfﬁl%cczgiorne,c%i%gsac%gtfésidues
invelved in that interaction may be a target for
15 randomisation. Randomisation may be performed in order
to enhance known binding properties or to develop

binding molecules with new specificities.

Suitable framework molecules are discussed in Nygren et
20 al. {supra) and include cyclic peptides in a constrained
sequence (the number of amino acid residues in such a
constrained sequence is not critical and can be 5 or
more, e.g. 5 to 10 or more, e.g. 40 or more),
immunoglobulin-like scaffolds including Fv or single-
25 chain ({scFv) domains, bacterial receptors such as the
58-residue one-domain Staphylococcal protein A (SPAR)
analogue Z (the "Z Domain" being a derivative of the B
domain of SPA), or other domains or analogues of SPA,
DNA-binding proteins particularly zinc fingers and

30 protease inhibitors.

Of particulai interest is the bacterial receptor domain
Z. Nord et al., in Protein Engineering 8(6):601-608
{(1995), describe a method of constructing a

35 combinatorial library of protein molecules based on the
%2 domain, which can be applied to a range of framework
molecules. The method described is solid-phase-assisted



receptor antibodies (or antibody fragments or derivatiVvRS)anuafldoosPeci fic
peptides, single chain antibodies (ScFv), single domain antibodies, and
m nimal 20 recognition units of antibodies such as a conpl enentary-
determ ning regions (CDRs) of Fv fragnments. A binding noiety may thus be
obt ai ned orwdaniyrs fromthe antigen- binding site or anecgesotustsdi ng or
recognition/region(s) of an antibody, and such an anti body nay be natural
or 25 synthetic. Al so envisaged within the scope of the invention are

bi ndi ng noi eties derived from pepti des or2%al ypeptides in any form

i ncl udi ng hornones, ., antibodies, T cell 30 receptors, affibodies and |igands
dentified fromfigaProT %&?‘é’i REPPERSE PESCTALY (i TgRER" 2 VEENGE -

i nport ant feat upgrafdedeclimenundediiigsol ypeptide is that conformation is
mai ntai ned in 35 the cytoplasm and nucl eus of a mammalian cell, such that

t he binding fungtion of, the hindin ety is retained. As further

nment i oned above?‘st ﬁpsai%e%@ﬁilérﬁego g&‘f’%&éﬁu%ﬁ"?ﬁ%%@%ﬁ%?’:

PCT/ GBOI / 03252 reg8dugs ovitdiingaanabrriat itvecpoiygpepbiiddingindiaimi.nkai ns
correct foldingpiAdiRg iRl AP 8O MYCLAUSI Ofo & FrARBWBLE abiGRh),. It has
‘been found that (s)ucQ corr e%,t fol di noqangy gﬁ.ﬁghl e%YFEd us#‘gg non-native
pol ypepti de 5 WArEhSHFREHEY FBPG P hicdu PRt ae*hSHdPng ot ¥rep ormati on
(i.e. which doesonstitdning wrdcomptipHingea bondilg mRsekiyl | Bee di scussed in

nore detail bel gindang il mpyefiRld e heabdnan afo @ ReAmdAldwe pol ypeptide
according .to the %gsent i nveﬁtl on is thgfigr esence a__10 a-heli cal

struct ure.tW0 oBP18RY2 (& CBed S:fr & PHPARANSIKR S Tyof“%Y ° which share
t he beneficial Ppsavided dfy not afélyity bdndéng porder for theidesiostor nati on.
Such framework peekéet nsiqur@.15 useful as framework noieties according to
the invention.
Preferred binding moieties of the invention may be
15 derived from, but are not limited to, ligands (i.e.
binding partners) for cell surface receptors, anti-
receptor antibodies (or antibody fragments or
derivatives), cell specific peptides, single chain
antibodies (ScFv), single domain antibodies, and minimal
20 recognition units of antibodies such as a complementary-
determining regions (CDRs) of Fv fragments. A binding
moiety may thus be obtained or derived from the antigen-
binding site or antigen binding or recognition/region (s}
. of an antibody, and such an antibody may be natural or
’ 25 synthetic.

Also envisaged within the scope of the invention are
binding moieties derived from peptides or polypeptides
in any form, including hormones, antibodies, T cell

30 receptors, affibodies and ligands identified from

various protein libraries.

As mentioned above, an impertant feature of the non-
native polypeptide is that conformation is maintained in

35 the cytoplasm and nucleus of a mammalian cell, such that
the binding function of the binding mciety is retained.
As further mentioned above, this is achieved by



These include domai ns of bacterial receptors such as stqgggh

protein A (aaa

type), protein G (1gG binding parts, [3)3aR i type,

protein L ((3Ra(3(3 type), and protein G (HSA binding parts, (xaa type).

Framework 20 npieties according to the invention can also be derived

vari ous bacwerdamses eceptors, for exanple, but not |imtedrGeotdiese

in the table 1:

Tabl e 1. Exanples of G+ bacterial receptors 25 30

Receptor[ligandla Origin Fc[lgQreceptor type | type I'l  type Il
Fi bronectin receptor + 3 'proteln Pl asm n receptor

Col | agen recept ym@&a 'é)%%%%ggF%gé ;%Hgéé%hg' cus, gy%][q}enes[group Al

type V type VI

St r ept ococcus grou

zooepi dem cus [

5ol
5gﬁcj€] foldingpiBcblee L trpdapn éﬁ@lsz-iZOB a aur eus,

from
|isted

type |V

eptococcus

st rept ococci Smampabtmmcuﬂjpyogema&s&gﬁﬁufo&ﬂdgﬁkﬁegha§0§@¢ngmpuP A S
reus, strepto ar 5 LN cept or
aur eu Pt 0¢04al nd nal ABIALY, 20D %\qglné 9 1%% *i(r{eegg R A A

Proteln L[ 56 |

10

15

20

25

30

35

%Et chai ns rotern
ich does not rely on 1sulph1de bonding for

conformation {i.e. which does not contain di-sulphide
bonds). As will be discussed in more detail below, a
further preferred feature of a non-native polypeptide
according to the present invention is the presence of a
o-helical structure.

WO 95/19374 describes several framework proteins, which
share the beneficial feature of not relying on S-S bonds
for their conformation. Such framework proteins are
useful as framework moieties according to the invention.
These include domains of bacterial receptors such as
staphylococcal protein A (aoo type), protein G (IgG
binding parts, BPoPB type}, protein L (BBapp type), and
protein G (HSA binding parts, ooo type). Framework
moieties according to the invention can also be derived
from various bacterial receptors, for example, but not
limited to those listed in the table 1:

Table 1: Examples of G+ bacterial receptors

Receptor{ligand]® Origin
Fc[IgGlreceptor type I Staphylococcus aureus
type II Staphylococcus pyogenes[group Al
type III Streptococcus group C, G, L
type IV bovine group G streptococci
type V Streptococcus zooepidemicus [group CJ
type VI Streptococcus zooepidemicus 5212
Fibronectin receptor + §. aureuns, streptococci
M protein Streptococcus pyogenes [group Aj
Plasmin receptor Streptococci group A

Collagen receptor 8. aureus, streptococci



5 Protein Arp[human 1gA] Serum al bumi n receptor PCT/ @%%%200%4
streptococci groups A, C, G Peptostreptococcus ma gnus Streptococcus
pyogenes [group Al Streptococcus agal actiae [group B] streptococci group
A streptococci groups A, C, Ga Ligand is indicated when not obvious from
recept or nawe okfdszes anewor kK noi eties according to the inveayicgiu@t® not
restricted to structures frombacterial receptors. Also useful in the
invention are other polypeptides conprising a-helical structures, often
referred to as a-helical coiled coils,” wich are known from different 15
sources (Cohen ef al .. Science 263: 88t48td é1994 Har bury et al.

Sci ence 262: 1401-1207°" (1885Y). The &P H8KIINGFUR° AnefFamework in these
pepti des consi skreteisf Lfépémf% Gringhi nderior teseguetye ggowent ai ni ng

characteristic paseid aneeahyeiophobi ¢ stRptaUES:s 620 REEyCiure of

hel I I I d d nt er nol_ecul ar
gl sﬁl Ip(I:nadnglrl ggré)g&{fn E[hu%?nng ﬁgen e%reogococ‘fus agﬁé?“&%ﬁ TS &4 gm s are

the neck Pegi oﬁmﬁ%‘ﬁ’tﬁﬁéh‘ﬁfﬁérﬁgﬁhn&n IGP@PWP?C&C@@H}P Mrotein D, nenbers or
the spectrin supetfanbiyn deBetbeuci ne stRpedcppar sraps npad,ts of the

hemaggl utinin in influenza virus. Particularly preferred as sources of
non-native polypéptides accordimg to the present TnventTomare 30-nmenbers
of the three-hel "93dnid &F atficH yhernot gbviges fewenpieptiretamsy t he Z- - donmi n
of staphyl ococcal protein A) . Thus, in one enbodinent, the non-native

pol ypept i 35 A Lanewor k, noi ety,
which is %gsed 5 @H}?Fﬂ:&ig?{cj?gs o%yC%qur?r@l ?%I’I gggegronﬁl azfebacFeri al
receptor. Pref eF?%?Fé’ttreﬁ*cFBr«%Er‘EﬁtUcrl‘?é from bacterial receptors. Also

useful in the invention are other polypeptides

comprising <«-helical structures, often referred to as
o-helical coiled coils, which are known from different

15 sources (Cohen et al., Science 263:488-489, (1994);
Harbury et al., Science 262:1401-1407, (1993}). The
coil making up the framework in these peptides consists
of repeats of amino acid sequences containing
characteristic positioned hydrophobic residues. The

20 structure of o-helical coiled coils is not dependent on
intra- or intermolecular disulphide bridges for
stability. Examples of o~helical coiled coils are the
neck region peptide from human lung surfactant protein
D, members or the spectrin superfamily, the leucine

25  zippers and parts of the hemagglutinin in influenza

. virus.

Particularly preferred as sources of non-native
polypeptides according to the present invention are

30 members of the three-~helix bundle family {e.g. as
exemplified by the Z-domain of staphylococcal protein
A).

Thus, in one embodiment, the non-native polypeptide

35 according to the invention comprises a framework moiety
which is based on the structure of a domain derived from
a bacterial receptor. Preferred structures of the



18 January 2005 WO 02/08263 PCT/ GB01/03252 - 25 framewonk jamiaff p&s of the
invention are derived fromor based upon the al pha-al pha-al pha (aa(x)
-three-helix bundle or the beta-beta-al pha-beta-beta (R3al(3) structure
cl asses. Al'so preferred are structures based upon or derived fromthe
a-helical cwoedsesni|l famly, particularly a nenber of goycséuake 2-, 3-
or 4-helical <coiled coil famlies. In an enbodi nent of the invention, it
is envisaged that 10 the binding noiety _is present within one or nore of
the helical bundle's and/ or one or nore?cf the | oops connecting these

bundles. In a fk‘!&&ﬂﬂ Ak &ls e&@%‘i’fe”ﬁﬂ%eoﬁlézl‘%fe”}ﬁ‘é‘? L b £ 891? or15

framewor k noi et ase on the structure erive
st aphyl ococcal ﬁ%?%l‘ﬁp% ther applrsteie—2pPoi ef 4B GFhP%%Tf&fg-tllxept ococcus na
gnus protein L.bhndae far tirer bpaameﬂﬂ—aﬂbyapbetfaemm éppapit nent of the 20

invention, the franemerk Lq%lsggg I Sy o g%ggg%%é/(ﬁ %!ﬁogggub{g%oglagggl in

bi ndi ng Z-domai n from st aphyl ococca supra). In
such enbodifment ¥PPRe°hi HHINGIdF et Ehtag-Bel trahied 16¢ cotl daMiNat or i al
prot ei n engi neepanyiaslaiiliscassetbabmie anynodtter 22i7bodi oent-heltikaldonai n or
protein sel ectedy;{€q%oftinGakid00Ri N) may be used in wild-type formas the
non-native pol ypeptide of the invention. 30 As mentioned above, through
conbinatorial protein engineering, e.g. targeted to surface-|ocated
residues of thénZanoemtiodimenbraf itgse ayebeiconsitr dst edvisagedmihah novel

variants (4i €. I r 9es; (o]0 figbadLes, may
be sel ect (—'}é) by E?%g%l?%?%eﬂg%gg%?érjgg\%gﬁg ||l§aﬁ“g Bflnrgoslié;] Olgt Qg%e.,

| mrunot echnol og§fel#cabdungdes, adior opg 9%%%‘?%/ FodBWPS 08263
PCT/ GB01/ 03252 eo@Becting these bundles.

In a further preferred embodiment of the invention, the
15 framework moiety is based on the structure of a domain

derived from staphylococcal protein A, streptococcal

protein G or Peptostreptococcus magnus protein L.

In a further particularly preferred embodiment of the

20 invention, the framework moiety is a derivative of the
immunogliobulin binding Z-domain from staphylococcal
protein A (Noxd et al., supra).

In such embodiments the binding moiety may be created by
25 combinatorial protein engineering as discussed above.

In other embodiments, the domain or protein selected

(e.g. the Z-domain) may be used in wild-type form as the

non-native polypeptide of the invention.

30 As mentioned above, through combinatorial protein
engineering, e.g. targeted to surface-located residues
of the Z-domain, libraries may be constructed from which
novel variants (i.e. novel binding molecules) termed Z-
domain affibodies, may be selected by binding the

3i5 desired target ligand (Hansson et al., Immunctechnology
4: 237-52 (1999)).



Preferred Z-domai n-based non-native pol ypepti des may coqgggﬁgH9§@05
follow ng am no acid sequences:

- VDNKFNKEXXXAXXEI XXL PNLNXXQXXAFI XSLXDDPSQSANLLAEAKKLNDAQAPK 5 [SEQ I D

NO. : 45]; and VDNKFNKEXXXAXXEl XXXXXXXXXQXXAFT XSLXDXXXXSANL L AEAKKL NDAQAPK

10 [ SEQ | DwoN@0s2686), where X is any am no acid. |n thepabogeres2s:2

pol ypepti des, the conserved (i.e. 15 specified) amno acid residues may be
regarded as constituting the franework noiety, and the variable residues
X, as together providing the binding noi @y- Furthernore, framework

noi eties accordipng.to t 0 inventiaon need not be.dependent on

al pha- hel i ces f%’Fgf?%reeiJ:%&%g%?ﬁ%ﬁse& BSFa%%t’t"i%aP‘J%H%g?fe’cffﬁsr B8¥conf or mat i on
for |igand bi ndFagPhisg FaebEnblarginenemipo| ackdtsgianedcessf t er expressi on of

t he non-native pol ypeptide in the nucleus and cytosol of a host cell. Such

ant 1 bodi os_and (R CRB ot RSk AP SRR LSRR | i 1

t he presenée of [FRsWPpHide 4Bbri dges to maintain structure and can therefore
be expressed as part of a reconbinant viral conponent in the nucleus or 30
cytosol of a ho%ltldcel |, whilst retaining a-functional conformation and
functioning as bihding noieties for a desired |igand. O her antibody
structures within the scope of the invention include antibody structures
in which structmaikyxxxekeuaricoysi@ixneryasbguesanmseatanadry epl aced
with al anil§e ref}égﬂ“%’ d‘gnpl\?\gﬂ ch retain the binding specificity of the
anti body. "I8 January 2005 WO '02/ 08263 PCT/ GB01/ 03252 - 27 Additi onal
framewor k noieties are al so-envisaged within the scope of the invention,
for exanple, sequences isdenyvathida ewidnti bodies (e.g. nonocl onal

anti bodi es) and antibodies converted into a single-chain format all ow ng

In the above polypeptides, the conserved (i.e.

15 specified) amino acid residues may be regarded as
constituting the framework moiety, and the variable
residues X, as together providing the binding moiety.

Furthermore, framework moleties according to the
20 invention need not be dependent on alpha-helices for
their stability, provided that the required conformation
for ligand binding by the binding moiety is retained
after expression of the non-native polypeptide in the
nucleus and cytosol of a host cell. Such frameworks for
25 example include frameworks derived from certain
antibodies and their derivatives, known in the art,
which do not require the presence of disulphide bridges
£o maintain structure and can therefore be expressed as
part of a recombinant viral component in the nucleus or
30 cytosol of a host cell, whilst retaining a .functional
conformation and functioning as binding moieties for a
desired ligand. Other antibody structures within the
scope of the invention include antibody structures in
which structurally relevant cysteine residues have been
35 replaced with alanine residues, and which retain the
binding specificity of the antibody.



5 for the construction of genetic fusions to, or the nodgg{agaky otosof

viral conponents. In such a case where an antibody-derived franmework
‘noiety is used, then sinmlarly as described above, a binding noiety nmay be
created by protein/genetic engineering techniques (e.g. 10 by nodifying
certain am wWo 00%2d3 r esi dues) or a binding noiety may berPCTGBadszed (e.g.
l'inked or grafted) to the antibody franmework. Antibody fragnents
conferring a desired binding activity _;% can be used as binding noieties
through the grafting of conplenentarity gtérnining | oops or regions (CDRs)

of a an anti boﬂadmltclaaq deshtth | LRALSHLE A mgaﬁw%g m&%hxncapab' e
of productlve f dlqg{ % capabl talnin I A

speC|f|C|ty(|es§ o SERA O eahﬁrlQH?qH%PBrp %u%ﬁ?mﬁﬁﬁdl?ﬁﬁqﬁHQ??les in the
cytoplasm and debsegudnbnt aahipaties rieogt heomellbnalucietidadiese thé virus

assenbl y takes phansaildd bReE MO dstodabk 1%gcha9h6£a/n@cy aﬁﬁo@l@R of an
anti body. 25 FU§B¥%§k%aCCO di ng. to t e inve certarn antib

structure frane &YTBeTES FSH@E&ﬁ uﬁﬁPB?lE%' °?<5Peexanple in
conj unction mﬁtm0@wﬁmdamdpnba§edvxnal gdempyeehis.ndilngsudh et i@seewhere

specificity det@ﬁraﬂulm@dyLeegﬁvé%}neweﬁﬁ%&e@ R fhes divhegt ed
construction of 30, ant.i bodi s SUJI%R ERV ruction ‘of re-. targeted

viral conponent &ttt P Bo AR n&é@ﬁ Bl et % Ma¥eRBr k moi et y
(for exanple tocxﬁﬁﬁﬁdv@yCEEDt@mqu@neascbemmhnﬁ$r3ﬁgnbeehquues)Xeagcordlng to

the presenp i nveptidl.ryiBEOMESEH 1 Ratinbt ad Sy %@@Qh@spfoﬂorao‘ﬂ&ﬁhw& fol di ng
in the cytoplasnu%ég subgequent ra s ort |nt t he cel Januahy 2005 WO
2EF

02/ 08263 PCT/ B84} 28R S ngie Le%eRasT W#ﬁe%n%ﬂt
nmonocl onal  ant #doidicsly ﬁwamgu¢tw45ulf|de bonds have been produced (Proba
et al., J. Ml. Biol., 275: 245-53, (1998)). Such ScFv anti bodi es provi ded

they neet the fﬁ”%?ﬂé)y fragments conferring a desired binding activity

i5 can be used as binding moieties through the grafting of
complementarity determining loops or regions (CDRs) of a
an antibody with a desired tropism into a framework
moiety capable of productive folding, i.e. capable of
retaining the binding specificity{ies) of attached or

20 incorporated binding moieties, in the cytoplaém and
subsequent transport into the cell nucleus where the
virus assembly takes place. In other words, a binding
moiety may be a CDR of an antibody.

25 Further, according to the invention, certain antibody
structure frameworks can be used as framework moieties,
for example in conjunction with antibody-based or
dexrived binding moieties e.g. specificity determining
loops (CDRs}, resulting in the directed construction of

30 antibodies suitable for construction of re-targeted
viral components.

An antibody framework may be used as a framework moiety
{(for example to receive CDR loop(s} as binding

35 moiety(ies)) according to the present invention,
provided that it is capable of productive folding in the
cytoplasm and subseguent transport into the cell



S criterion above, may be used on framework noieties ace@ighuag doost he
present invention. The binding noiety may be the binding site of the ScFv
antibody itself, or it may be further engi neered as di scussed above. 10
Intracel lul ar selection of functional antibodies froma polyclonal
repertoire Was0288%®% been achi eved (Gargano et al., FEBSPC®GBevs23214:
537-40, (1997)). This selection technology my be useful in the
identification of antibody fragments sui t‘,2 ble for genetic retargeting of
15 adenoviruses, nanmely suitable for use“as framework, and/or binding

moi eties accor dhﬂ@lé@st heslln@\zt%n&w{h i E%%@%&Hé)%% f RBHBURLLS which may be

used, i nclude ase nt.i are naturally 20
devoi d of Iight Eﬁé}??l lesof"lgg‘ﬂlgln% S\}‘afrlélﬁl BeRAg diEvFeBecr  pFRESIPFent | onal
anti bodi es. An éRampheslofalan dntHbbdyBifedanetsk 2Ge68di RY9$®) jt.he invention

that is Capab'eSQ&hpEé@H“HHﬁ!%oEQEQ'ﬁﬁbﬁlﬂeﬁhghé;Iﬁﬁﬁpﬂhés ndti BaRarticul ar

anti P-gal gct osi dase_si n%l e ggment This single chain variable
chain fragment SEVRETThickPre I—ff‘a:\"ekéect‘ﬁs\? Wt Hoevgak BPER ifse  and
capabl e of bei ng%&p@b’%@@ rthemleess&yrtophasmm b&ér bpneingusliytgescri bed

(Martineau P anga@etd Otrhelbﬂ{hlélg s?»@aév%lf tBb 042 32t 18345 j?«?sfe(ﬂf%%} Thus,

the i nvention algmal Cfdeg dified glrus conprisin raffewor k noi ety
whi ch conpri ses e’ﬁuen L H?Str)d?‘?'%”ier‘?r? aﬁldls@uﬁéﬁﬁc‘? SY¢ase single chain

Fv fragnent ISEQ ID. 47.] and functionally equivalent variants thereof. 35
The i nventsioon linﬂﬂcéllmltaedsépeétfﬁ??\&@r kuﬁ@df&ﬂaﬁs aH@ﬁ?&'da.ébO%oﬂ”B' body and

af fi body (e.g. structures, WD 02/ 05253
PCT/ GB01/ 03252 PO%‘%%‘I 1 FSREY %Jnlaee&% iﬁ%%{ﬁ%‘ 8¢ é?"%‘i‘rtﬁaﬁ@rﬂég BEovi ded
t hese are capabpé- of FHER detikays t bkt bisddir 49, sPS7Mi) ci t Yhiofsedtecachnd or

i ncor por at ed bi pelinrth 1BYvEb§SHANRILFAXRAESISE T doth RecSYi Qs Y nucl eus of
i nfected cells.

antibody fragments suitable for genetic retargeting of
15 adenoviruses, namely suitable for use as framework,

and/or binding moieties according to the invention.

Other antibody frameworks which may be used, include
those based on camel antibodies which are naturally

20 devoid of light chains, or certain VH regions derived
from conventional antibodies.

An example of an antibody framework according to the
invention that is capable of productive folding in the

25 cytoplasm, is a particular anti B-galactosidase single
chain Fv fragment. This single chain variable chain
fragment (VK, linker, VH) reactive with B-galactosidase
and capable of being expressed in the cytoplasm has been
previocusly described (Martineau P and Betton J-M: J.

30 Mol. Biol. 292, 921-929 (1999). Thus, the invention also
provides a modified virus comprising a framework moiety
which comprises a sequence encoding this anti
B-galactosidase single chain Fv ffagment [SEQ ID. 47.]
and functionally egquivalent variants thereof.

35

~ The invention is not limited to framework moieties basged
upon antibody and affibody (e.g. receptor) structures,



5 Two or nore non-native pol ypeptides, e.g. having di ff¢$9§ﬁuah}ﬁt§ﬁ5ng
specificities, may be present in a nodified virus of the invention, or a
non-native polypeptide nay incorporate two or nore different 10 binding
noieties, or indeed two or nore different franmework/binding noiety
constructs. Wacz®sB ngl y, the invention provides a nodifi edraBous2s2nwhi ch
conprises a first non-native pol ypeptide which 15 binds a target cell and a
second non-native pol ypeptide which binds a production cell or perm ssive
cel | . Non-native pol ypeptides accordi ng”t? the invention may thus be

Dl § CoOBRNa8 et Ll ABPOAENR: 320 CONRLLLA0 DLy, Oy MU L
functional franmewrk noieties or framewor K/ brndi ng i gfy c_or%tructs)
const ruct ed thrt\ggﬁﬁ PER TIRAFGSs PE T HAINESE ERe bindiswe sppet ety

framewor k noi et iofs at tachedark/ibcodhaga el etiydcansidiectisy. whise of such
framework noi et igs £Q5ed D d rtq,%e%Fgé&l[mcﬂngD&Et Y QRS LT g?c)if%_ecan, for

exanple confer infectivity o tipl'e cellul ar targets
recombi nant® virus. Al so provi ded by the invention is a nodified virus in
30 whi ch the noffwnabrveops|npepht thee gedgpebngdes, tdier.i R¥edd On conpri ses a
cl eavage site pegirkbeoRd hihdng! 95811 AR hat epab! Loding moiety of
the non-native pgl, r%ge ti,dle t(r)u‘qbglg%ﬁE eavéﬁ.g%bmﬂﬁﬁe@wggﬁ %12% :k/rlgraus, for
exanpl e precedi AGEheehi Fidfy OfoFBe L HEMGLEN: her ¢t SR n8tivend of the fi ber
relative to thepradgeabtisit wiayi dncorpexanel esoobr swealdi €fet@myvage sites are
sites susqepti bhgalfy andAGLQL X8r SR @hodoPr s 18 January
2005 VO 02/ 08263 PCT?%?A%%?T By o e B o e LR EEBC oy ot ease. 11
cl eavage is car rrgg=" HE HRHRHY COPEVEFCtFor exanple, within a
nucleic acid nolecule conprising a part or all of a reconbi nant

Accordingly, the invention provides a modified virus

which comprises a first non-native polypeptide which

15 binds a target cell and a second non-native polypeptide

which binds a production cell or permissive cell.

Non-native polypeptides according to the invention may
thus be present in recombinant viral components as

20 comprising bi- or multi functional framework moieties
(or framework/binding moiety constructs) constructed
through genetic fusion between two or more different
framework moieties (framework/binding moiety
constructs). Use of such framework moieties (or

25 framework/binding moiety constructs) can, for example
confer infectivity of multiple cellular targets to the
recombinant wvirus.

Also provided by the invention is a modified virus in

30 which the non-native polypeptide according to the
invention comprises a cleavage gite positioned in a
location that enables a binding moiety of the non-native
polypeptide to be cleaved from the modified wvirus, for
example preceding the binding moiety before the distal

35 end of the fiber relative to the assembled wvirion.
Examples of suitable cleavage sites are sites
susceptible to a Factor Xa enzyme or a protease such as



adenoviral genome, a cleavage site susceptible to an 5 appisRan2sds
restriction enzynme or ribozyme may be used, for exanple in a particular
cell population in which the wvirus is produced or targetted. Non-native
pol ypepti des according to the invention are 10 capable of transport

t hrough t hewiuglogsd nenbrane. As is known fromthe art, POESBIGBI32R2
essential feature of viral conponents during replication in a host cell
where expression of such conponents ta_kgﬁ place in the cytosol, and
assenbly of such conponents takes place in 15 the nucl eus of the host cell

e.g. in adenovi tRé hi@R iBaLLEN-uTRR PEBeOALd VE Peh¥peptd de of Lhey
i nvention nmay be vaelb,%av%d as gerform e or_ function Irstly as
n

ng 2 dual r?‘I i
20 providing a Ré Cn§CBOHET ticle. IRbMTEY PR BLERIRE "WCOBiSH) and
secondl y as funatidmaigcaseacoipmlsingoappaentor rddeby a rejombdsant

functional parta@néyialabenSREPAQNILabYdé i gy QLehBpLihe WS @l capsid
protein). Ehe né)n-rnatrl.\él epoI ggejgtl.de rra%gﬁhus CQP?'[I’I ute to or 25 function
as a part Of a Wi¥alXprofef R T oNef? LT TREZHBN - iRPe US6Fy pept i de
may play a struéeureampdleeinra gantdicnéar ¢ell popodasionctn emich asenbly of

a virus parti c{rgruéoisc?lrbauggam;,} YaRgetO&ql Nfected by, the nodified virus
of the invention also tall within the scope of the invention. Such cells

may be of any origin provided that the cell type is capable of harbouring
or  propagat i ngNereakiives pogprntdldey, ahoweldarg touthe chitentdbnwaké be
mammal i anieel | seafigie el EsanByorte thi-8Gsh eHLGucibbh AenBdcaneagonponent
(e.g. a menbrangs rot e I%}roth t &8‘? s infection of.the. cell bg t he
nodi fi ed virus &an Janu r-€hez WD 02/ 18263 “BETF /535852981 thus
permts propaga¥lieH siomgonerts duvicl hewlicatden Aatavieost aeildmvhera
specific cell |éagredQonesanphér components takes place in the
cytosol, and assembly of such components takes place in
15 the nucleus of the host cell e.g. in adenoviral

replication.

The non-native polypeptide of the invention may be
viewed as performing a dual role or function, firstly as
20 providing a new binding domain (i.e. conferring altered
tropism) and secondly as functioning as a viral
component, nameiy a role as a functional part of a viral
component (viral protein e.g. viral capsid protein).
The non-native polypeptide may thus contribute to or
25 function as a part of a viral protein. In other words,
the non-native polypeptide may play a structural role or -
function, in the construction or assembly of a virus
particle, '

30 Cells comprising, or infected by, the modified wirus of
the invention also fall within the scope of the
invention. Such cells may be of any origin provided
that the cell type is capable of harbouring or
propagating the virus. Generally, however, such cells

35 will be mammalian cells. Such cells may be transfected
with a membrane component (e.g. a membrane protein) that
permits infection of the cell by the modified virus and



where propagation in conventional cell lines known in tRe Jakdary Sogy event ed
by way of the altered tropismof 5 the virus. Nucleic acid nolecul es
encodi ng the non-native polypeptides, or nodified viral conponent proteins
or nodified viruses of the invention are al so envisaged. 10 Vectors
conpri si ng WoK/086E| ei ¢ acid nol ecul es, or the nucl eoti 8ET/SBOUIBERCE
encodi ng the non-native polypeptides, or nodified viral conponent proteins
or nodified virus of the invention, either for propagation of nodified
virus or further engineering of nodified 335 viruses are al so included

‘within the scopengt Lbemid ' . further agspect the invention
provi des a nethod f o{rj or o,%\l%e_) éBQat%:glo% gdv'{t/Wisw cc?’oﬁ"aﬁn% 1%t he
i nvention in 20 G&FVECHFTRIE iPhaoresiicdrabht linghe font Bwamlenpri ses  t he

st ep?mof ; g)enet whel b ypnophdat leg anvd:dm.iténh:@oﬁﬁpld@@lq qinggdj\j\lﬁhg,ﬁﬂ i(nel. g. .
reconbi nant) vi gus t al - i y. tide iC ol ypepti de
§POL P %f&eﬂte&% %&lsggagﬁge ap_l_ ereg. EﬁoQ] =iy 8&

conpri ses e gh nore franmework noi‘eti containi nore 25
bi ndi ng moieti es;* WAtTH pol ypeptide is capabl e of being expressed in the
cytopl asm and nucl eus of a human host cell and there assum ng and

mai ntai ning a CRAEPEIRLLOIH o f |.i ga for said binding
o, ol erf’a%f%gta?ré vl s’{lf%‘sggﬁé‘ﬁ% y bind 30 with a

noi eti es, mhichaﬁllo sai d bi ndi ng_nol et .
said |igand and? %%PVYb“o%Fpe&ri Hedtiied ¥pEpl ectronensnBpRtinsheugh t he
nucl ear menbr anecdwhkedivimewed of edmniinmant 1o rdie Bdsoasnaideiead tropi sm
conferred dwy  SebebbRNUGMRERY S%n LAECLL NG RELT S8LYE, CRLl gppd th such
a virus; culturlng}saéd cells to produce the virus 3¢ %e.g. at 5
sufficiently hi GECIFIT IS S5RYCnRarsReOCiRg, thampropetanal |y, purifying the
nodi fied virus peivhawsd.des8 danuadif 200610 Ghpda6d: AT KRY 83252 - 32
Ad vectors can ReaiBes NaRhisCaE! Ol GATRRLEN, Ui rneRCPERSLAN, Lok perm ssive
cells. For tunDuE thﬂg%y, .

of modified virus or further engineering of modified
15 viruses are also included within the scope of the

invention.

In a further aspect the invention provides a method for
producing a modified virus according to the invention in
20 cell culture. In one embodiment, the method comprises
the steps of: genetically modifying a virus to produce a
modified (e.g. recombinant) virus cbntaining a
non-native polypeptide, which polypeptide comprises one
or more framework moieties each containing one or more
25 binding moieties, which polypeptide is capable of being
expressed in the cytoplasm and nucleus of a human host
cell and there assuming and maintaining a conformation
in the absence of a ligand for said binding moieties,
which allow said binding moieties to subsequently bind
30 with a said ligand and which polypeptide is capable of
transport though the nuclear membrane, wherein gaid
recombinant virus has an altered tropism conferred by
said binding moieties; infecting permissive cells with
such a virus; culturing said cells to produce the virus
35 {e.g. at a sufficiently high titre), and, harvesting,
and optionally, purifying the modified virus produced.



replication conpetent Ad has the potential advantage thangﬁuaﬁamggapl i cate
and spread within the tumour 5 (MIler et al., Gene Therapy, 3: 557-559).
This may theoretically result in an increase of the chosen effector
mechani sm over that obtainable with replication inconpetent vectors.
Fur t her nor ewoionfg63 i ous virus may contribute to an anti pCcroBawvo3sskf ect by
cytopat hogenic 10 effects in infected cells as well as by evoking an anti -
viral imune response which may harmi nf% ted cells. It is desirable that a
means of controlling the replication of “€onpetent nodified virus is

avail abl e in 1%9@@&5%@9&@%@qiebﬁzﬁléaﬁgrb%{] orPRRBRL Oé controlling the
|

replication of nodified genow rus are wt e scope of the pr esent

n
i nvention For &RERPPE:tHh oﬁoﬁ?W]esc'leyier G852 corfRT FURBUE N X Fymvent i on
nmay conprise a gepbieaitiot wgmpeventalAdphetetine peguitiad sdvantagad _
replicati 0” prespat undein tRg) OMd @hd 0hr88y i nduaiy bltﬁepﬁé%g?}xer or genetic

el enent . e de ovi rus pre- termpal_protein may be
present un er tE nﬂe%’ﬁl Aon’ of U t'eEraRY el 7 ne 5r5§§po Ve ™Ma¥anscri ption
activator (tr TA}h%QPcﬁtJtCh?dtlyt mesupTRN snobhyrexyr essetei chéden presence of

doxycycline. Abtesdedd \ﬁ@c}aaniﬁﬁ dml fthed %Eé{ﬁua%%% tﬁ‘gr i@ ohnvention
mey conprise modifications to the f[—rESUC hat the vi sonfL
replicates in celte" % KSYEOH ‘30 &é [ Hé‘fﬁﬁlﬁl%%t?fééis mayapopt osi s

regul atory pat ﬁ%‘ylslb%\ienﬁ@mﬂv—tthmsumgfim:tam eyedpathegyemdi fi ed virus
of the inventieprdyrd iy Qelyéa:f& tdéqlguaé h@énf eal %g;ee%kﬁqg?%n%ﬁ@!age site

upst ream of the b| in m)let tion in.any su l.ocati on that
enabl es the bindt n'sgF nntg)‘} 8 IB %dﬂ?¥ g}ﬁrﬁhénﬁ%ﬂ‘f?‘??éifl%srus e.g. 18
January 2005 WO 02/08263 _PCT/ GBOI/03252 - 33 between the fiber shaft_ and
the binding noigtyis Quisrapla i RepeasPest cdteoh DYEHtin al so provides a

replication of competent modified virus is available in
15 gene therapy applications.

Other means of controlling the replication of modified
adenovirus are within the scope of the present invention
For example, the modified virus according to the

20 invention may comprise a gene encoding a viral protein
required for wviral replication present under the control
of an inducible promoter or genetic element. For
example, adenovirus pre-terminal protein (pTP), may be
present under the regulation of a tetracycline

25 responsive transcription activator (trTA) such that the
PTP is only expressed in the presence of doxycycliﬁe.
Alternatively, the modified virus according to the
invention may comprise modifications to the genome such
that the virus only replicates in cells which have a

30 defect in the DNA synthesis - apoptosis regulatory
pathways.

Conveniently this may be achieved in a modified virus of
the invention by introducing the further feature of a

35 cleavage site upstream of the binding moiety, or
positioned in any such location that enables the binding
moiety to be cleaved from the modified virus, e.q.



nmet hod of regulating the replication of a nodified virus1®y&REBS2605n9 t he
steps of: constructing a nodified virus such that a cleavage site (e.g. a
site susceptible to enzymatic or chem cal cleavage) is positioned between
a binding noiety required for cell infection and the remainder of the

r econbi nant wa wa2sgonponent of which 10 the bi ndi ng noi epgr/GBomB22art, and,
bringing said reconbinant virus into contact with a cl eavage agent or

cl eavage neans (e.g. an enzynme, chemcal or in the case of a photo-labile
cl eavage site, light) capable of cleaving®*said binding noiety from said

viral conponent nd,th b eyent i t he, reconbi napt virus from
under goi ng furt e%ée%?ec ‘?%’%&%c%%%/ éirgh?hgl M8f-StYeavage in the
met hod is enzymatic, the cleaving enzynme can be encoded within the genone

of 20 the recomhiBaph anmts;hamda@@éhthe th@dh!ﬁir&helonl m@opﬁféﬁr&e%dh f
enbodi nent the gl g t ve Fact The use o
ot her prot easesﬁkﬁg%ﬁ 3 Sﬂetgﬁllaﬁnt?ge% alrs éﬁ‘?/ Jsoafbe%r i 8?§%§“éeﬁlvérutshe human
r hi novi rus 3C pPSF‘Eéé%lng/\/rﬁh@h stepaefi | snetaschitusi spdifiedrdreisn with GST

(\C/:\m ke(rj et al ., sBtn/ Tieshnoloeuvdgs 6ke (é994)%Es\}lﬂg BuBEebeant iy active at
4 t
ot | des of S Ahtt G RKERLLIE SRIEHET H R i onr hTee Bf ¢ or

pol ypepti des of I iventi on can be sel
screeni ng of suBRAPHIRG drqiedyf 6?q‘é¥)‘?¢fbeﬁorn9@léa¥ﬂfeﬁﬂl@9t®@él’q1@ fol di ng of

t he peptide andremathesér ed hh@dré&bﬂhﬂm&htoﬁltéﬂitdﬁ@&ﬂ@ﬁtséf“dwibhto phage

cand dat o apt 92 FradltBoBry Vol paRhe and T as ML omi nant)
viral conponent §eaeRpAMNY Vl«fféstﬁé‘:q mP@ﬁFF‘énWlﬁlbra etaapree adensviral fiber
proteins. A fibeeatags aeanisbrary. caandaeyﬁapr@m@aqnoadﬁmwer kans 18

January 2005 Y0,02 05263, RCFLRO0252 +38, A ysedto select Tor

correct cytosoli c a nucl ear con rvi 8§fe candi dat e
fusi ons whi ch ¢leaving said binding molety from said v1ral component

15 and thereby preventing the recombinant virus from
undergoing further infection cycles.

Where the means of cleavage in the method is enzymatic,
the cleaving enzyme can be encoded within the genome of

20 the recombinant virus and can be inducible. 1In a
preferred embodiment the cleavage site is cleaved by a
Factor Xa enzyme. The use of other proteases known in
the art is also envisaged, for example, the human
rhinovirus 3C protease, which is available as a fusion

25 protein with GST (Walker et al., Bio/Technology 12:601
(1994)). This protease is active at 4°C, and recognises
and cleaves the sequence LEVLFQ // GP.

Non-native polypeptides of the invention can be selected
30 from libraries after screening of such libraries for
correct nuclear and cytosolic folding of the peptide and
a desired binding function in a manner similar to phage
display techniques as known in the art. Such libraries
may consist of candidate peptides fused to wild type or
35 modified (e.g. recombinant) viral components according
to the invention, for example adenoviral fiber proteins.
A fiber fusion library can be expressed on adenovirions



facilitate replication. 5 Mdified virus according to thg janugitioos nmay

al so be constructed with both wild type and nodified viral conponents
present, or encoded in the genone, and if desired, with each conponent
gene under the control of different genetic control elenents, for exanple
10 pronoterwoOeRless3 a nodified virus according to the | rC®CBIII2ITRY
conprise a nodified viral conponent (i.e. nodified to include or conprise
a non-native polypeptide) and an equi \/_aI3 nt or corresponding viral
component which is unnodified, for exanpl'é a wild-type 15 fiber, and a

modi fied fiber. ;kQryLxanBl ge18cf SEAMRLEADL: AURIQAKE EUS RN MG 5RNST T UCT ed
wth awld type fiber and nodi fi ed o[:]areconb t 11 ber

i nan ) (1.e.. a
modi fied fiber COMPFIENGRoPYi ARYTPIPS FRESOFRMAFAL R AYIETSoFPPpEDL i de)
e.g. a nodifiedf&¢cbertader repdicdriam.a ' fi ber-candi date bi ndi ng pepti de'
fusion library, which is expressed under control of a different pronoter
in an El del et e’ﬂ%@f novirus. For e argrfplﬁe t he i nventors have shown that a
u

reconbi nant’ ade W FithEP e Qefl$ HEVERE: B difst &15€aR®be cl oned
into the nulti ptensiofuniiedgwith ebadfh thédshype lsmdvmotddbfigAdTradk and t hat

viruses can be eér@p&cee&stngeés@ﬁf&r%sﬁsehewe&% Whef 5B8Eme ,2RG 4t RE T econbi nant

fi ber by honol ogous reco nati.on using, the Ad vector pAdEas He T-C,
Zhou 8. DaCost alALTo5h VATH. SR JomP ORB O GBFBE e BOTREBrBE 11 ed
system for genéi&f¢reptr genabinarntagénevémandes. fProexadgtlle Acad Sci, USA,
95:2509- 2334, 188&otdrs.i STRhSO PamiibhedtPihaYacentdg B enkbi ber genes
(for 35 exanple, awld tﬁpe ene and_a l”fP.dl i ed_gene re%egt in an
adenovi ral vect 0¥ YEHSHe "aH de™ e S HnPP Bt 3 FA&2T of° nducPbl e
pronot ers, thusvediBwidhgoedntlydnen consr Iz panyn20@6iwaD 02/ 08263

PCT/ GB01/ 03252 poBipeptibe) suhd it RAvalef fod RAepEsSGM NG vEer1exanple, in

a desired Ad cQRRtileh: hi& id LonbBE el L 08 e 30 ump1e a wild-type

15 fiber, and a modified fiber.

For example, a recombinant adenovirus can be constructed
with a wild type fiber and a mecdified or recombinant
fiber (i.e. a modified fiber comprising or incorporating

20 a non-native polypeptide) e.g. a modified fiber derived
from a 'fiber-candidate binding peptide' fusion library,
which is expressed under control of a different promoter
in an El deleted adenovirus. For example, the inventors
have shown that a recombinant adencovirus fiber gene

25 under the CMV promoter can be cloned into the multiple
cloning site of the shuttle vector pAdTrack and that
viruses can be produced that express both the WP fiber
and the recombinant fiber by homoleogous recombination
using the Ad vector pAdEasy (He T-C, Zhou S8, DaCosta LT,

30 Yu J, Kinzler KW and Vogelstein B: A simplified system
for generating recombinant adenoviruses. Proc Natl Acad
Sci, USA, 95:2509-2514, 1998).

It is alsc possible teo have one or more fiber genes (for
35 example, a wild type gene and a modified gene) present

in an adenoviral vector genome under the control of one

or more inducible promoters, thus allowing each gene to



di splaced fromits normal position and its control by tRhe jaRiy 26 €
pronmoter (M.P), can be cloned under 5 control of the hornone inducible MMV
pronoter, inducible by dexamethasone. This pronoter allows for expression
of the wild type fibre in the vector propagating cells. preferably, the
nodi fi ed fiteroziomses cl oned in the sane Ad vector genone, Pporicexaspkze, 10
downstream froma TRE (tetracyclin-responsive el enent) sequence el enent

that is switched on the in the desired cell line. In cells expressing the
t TA protein (a transcriptional activatos®which binds to TRE), THE will be
activated in thg_absence of Tc (tefracyclin r Dox_15 (doxacyclin).

Al ternatively aﬁa FroT eC%Tegvcc)’ﬂr?aﬁlf/g ﬂ:&ld%%%? t(1(,y0nst F%t"‘sxwebelﬁr%pagat ed

in cells which dexpressadr 6paPEEUEHTA thet TA)d vilvmee FTREr gent expr essi on t he

modi 1;”.0 ed fi bfe_rbdi§p:a£deid_\/aﬁ:6ﬁl 'wsh trhslac_ngmlewggﬁ&{] ah@ “’ﬁ cdMb o1 29 T]b_eb

reconbi nant fi teins.in_the libr can _have _the w | d-type fiber
knob repl aced bgﬂ%ﬁ{ag&"ﬁ‘erl%%ie pjf?l?or}:eerl}_s(gjg“?%)h cf%’t%? ShaEhe ¥ hor e nenber s
of a peptide |FRREFSL E3r thehkermme dadhoebloME¥prrardterScr eeni ng of 25

t he _regorrbi nant i fiiein er B§6F6§arﬁéﬂha%o@@ﬁi r'ﬁdid&bﬁldinsﬁer aﬁﬂdﬁst )foﬁapmbe
carried out in r..an ous. 4t a IS once the reconbi nant
adenovi rus has %Xen Sir?cr)lpgga ed ‘\T/]ilézpécxg?egjgkfr(?nlgf a{‘ﬁev gﬁod: type fiber in a
cul ture of propBfRIIALEER| §e189. AduEigiragly:, thednpilbfied riidew th an al tered

tropismw |l regeidge igekhs whhend vekcsosapatme, okok néLGiding in order to

For vi rus "S6cor ar s e arones A MEILESE T R B EG, BISReRE] g °°
cultured to prdpasamce ehement jdhataipepriteiadonni heenpettdnt deptned (which
general | y conprésEs landel Bhi 68l i dxpsegenefreehb8t2anyasnei20Qa WO 02/ 08263
PCT/ GB01/ 03252 transcriptional activator which binds to TRE), TRE will
be activated in the absence of Tc (tetracyclin) or Dox
15 (doxacyclin) . Alternatively and more favourably, Ad
vector constructs can be propagated in cells which
express reverse tTA (rtTA) where TRE, and expression the
modified fiber, is activated in the presence of Tc (or
Dox} .
20
The recombinant fiber proteins in the library can have
the wild-type fiber knob replaced by an external
trimerisation motif and one or more members of a peptide
library (or other non-native polypeptide). Screening of
25 the recombinant fiber proteins for a desired binding
activity can be carried out in a manner analogous to
phage display once the recombinant adenovirus has been
propagated via expression of the wild type fiber in a
culture of propagator cells.
30
Accordingly, modified virus with an altered tropism will
require cells which it is capable of infecting in order
to allows its propagation. Thus the invention also
provides permissive cells for virus according to the
35 invention which are capable of being cultured to
propagate the wvirus. A replication incompetent virus
{(which generally comprises a deletion in its genome



- 36 rendering it inconpetent) needs special producer o %ﬁkpr cells
which are able to supply the genetic information that igaégﬁgﬂg or

m ssing fromthe virus, 1in order to replicate. Such cells or cell lines
are 5 known in the art. Anodified virus with an altered tropismmay be
unabl e to i wfoemioszsich cells as are known in the art. Aceeoidsi@sys:t he

i nvention includes the nodification of such a propagator cell to include a
bi ndi ng partner (ligand) for the binding noieties of the 10 nodified virus
(e.g. such that the cells express such a34igand on their surface).

Accordingly the_invention provides a cell, preferably an in vitro or
ex- Vi vo eukaryotrl'ef:l&%EJrII’g,I lcoﬁf’&f’ﬁ?ﬁberéﬁlgeﬁﬁgi T’ﬁ’eeciil% %’EQdBFe%i%I conponent

of the inventioRropegaicmlasd lenvhiayedet hblenbeli fupgd yvithesgendtican al t ered
tropi smmight prepagadetbd ntHhe:san® &bl sragiddtndhiddm ENPEMiJLUS by means

of positioning the new tropism. 20 altering bindin ieties within a viral
conmponent whi chana?aé%%otr?prrie?g]%c S | %ufzgp‘éejof%oci”%é:%i it‘?e‘i i2%€  knob),
with a cl eavabl &énsvhelif the aftGr ah mavdyfiedsuthuasiifdceor alderest human

rhinovirus 3C prebpase)ndebeenabUE o MRIFEEL eSucNdal sPEOPAIAtIRRAMI N
conventional cel|s.yia 25 agjxtclctcz))gdolfl th% Wi ld_type b|.ndb1ng moi.ety, the viral
conponent may b& cFeavEd t o SRR e H0FI TSP B dachgoendi y (e.g. the

wi | d-type knob) maf¥fieaticrest sheh mewrobpraai ey emlletty andlude confer the new
tropism It is bah8ongmHraeed (Lhgind)heokeveal wthdlinddinBgepDiLlor ¢aR be 30

specific f a li d .ch itselt possesses .a cell — binding capability.

For exarrpl_lgj, thé?g?ﬁh?%mﬁrﬁ?pt(%' anspu%'e%glﬁgcﬁ? CHIE Fﬁ@rﬁgrs i'oft of an
anti body, therebj9apron tithiedg ewefagsd .of an anti body which is cell specific
for a desired cell type. Renoval of the wild type 35 binding noiety by

cl eavage and ex [e. Vi r t.o_a_cel pecific antibo all ows the
anti body to be Rggél%%brg{}y% g‘%te hém\g/igl%tl}so Ha ﬁgYh%%gtaarcfép's Pnﬁ%f?ﬁa%g 8 the 18
January 2005 in vitro or ex-vivo eukaryotic cell, containing a

15 modified virug or viral component of the invention.

It is also envisaged that modified virus with an altered
tropism might propagated in the same cells as the wild
type virus by means of positioning the new tropism-

20 altering binding moieties within a wiral component which
also comprises a wild type binding moiety (i.e. knob),
with a cleavable site (e.g. for an enzyme such as Factor
Xa or human rhinovirus 3C protease) between such
moieties. After propagation in conventional cells via

25 action of the wild type binding moiety, the viral

’ component may be cleaved to remove the wild type binding
moiety (e.g. the wild-type knob) and to reveal the new
binding moiety and to confer the new tropism. It is
also envisaged that the revealed binding moiety can be

30 specific for a ligand which itself possessgses a cell
binding capability. For example, the binding moiety can
be specific for the Fc region of an antibody, thereby
permitting the use of an antibody which is cell specific
for a desired cell type. Removal of the wild type

35 binding moiety by cleavage and exposure of the virus to
a cell specific antibody, allows the antibody to be
adsorbed to the virus and thus targets the virus to the



WO 02/08263 - 37 cells specified by the antibody. PCT/ GRAd33%b05
Non-native polypeptides according to the invention preferably confer an
altered tropismto the reconbinant 5 virus in conparison with the tropism
of the virus to which the non-native pol ypepti de has been introduced.
Such alt er edvctmogiésns al | ow reconbi nant viruses of the Ppowesbiass2t 0 be
used in treatnent of disease in human or aninmal subjects, either by in
vivo treatnent of, or ex 10 vivo treatnent of cells of, the subject
requiring. treatnent. The tropism of t e ¥fodi fied virus of the invention

may be altered.sugh & diRka wir | or nore binding 15 noieties
targets parti char celllp(?é.l Thus h%ﬁell r‘#gg%)?o al so provides a nodified

virus wherein a non-native polypeptide conprises a binding noiety capable
of binding to BHovehitspegdlypepi Oid avhoedingytOpheonatéy-idie Prostate

_ Speci fic Menbr apge ABELGHP ’coﬁgrr&?%ﬁ%%&edzg:r%sn?/tlgeﬂhevfe%: b HEREO" - CD22’

gpl 20, MHC/ peptide conpl exes or rane cture surtace ol ecul
expressed Or pr&sERT Yh SPBRFLET WAy £8p sronigmolcEhe svinges Forus i nf ect ed
cells 25 Ther e whicherhe weops nabiwhipell ypept fdechasd besnexmihididegd. an al tered

tropi sm accor di Qﬁcltloaitjﬂaeréd”‘é% 190 GARcRCre SR a@ltggFf% é}:er o

applications. In the case of unour di seases, e fo Pieons exi st:
|. Use of vect oFZVERFAGH FEdRE U5 sy ERERTTSRYD chuﬁiﬁﬁ%se JSD FF a5 --
anti sense oncogenésal -sudjieckde ganies bygénesifort rieammeast natjuloat eky

subst ancegeor t yIPYI e MtledeNSs 3211 IBRESLAO s At 2Ng-0g8nS factors 18
January 2005 WO 02/ 08r263 SCT/ GBOL/ 03255 ot g

atment

The tropism of the modified virus of the invention may
be altered such that the virus, via one or more binding

15 moieties targets particular cells. Thus the invention
also provides a modified virus wherein a non-native
polypeptide comprises a binding moiety capable of
binding to a cell specific ligand which may optionally
be Prostate Specific Membrane Antigen, EGF receptor,

20 Her-2/Neu, VEGF receptor, CD22, gpl20, MHC/peptide
complexes or membrane structures or surface molecules
expressed or present on proliferating cells, tumor cells
or virus infected cells’

. 25 There are many ways in which modified virus exhibiting
an altered tropism according to the invention can be
used in gene therapy applications. In the case of
tumour diseases, the following options exist:

I. Use of vectors to introduce transgenes into tumours,
30 such ag: -
- antlsense oncogenes
- suicide genes
- genes for immune modulatorxry substances or tumour
antigens
35 - genes for anti-angiogenic factors



- 38 Exanples of transgenes suitable for inclusion in thg jaqmelboed Vvirus
of the invention are antisense oncogenes, suicide genes, genes for imune
nodul at ory substances, genes for tunmour antigens, genes for
anti-angiogenic 5 factors, cytokines, genes for vascul ar endot heli al

growt h i nhi Wd @msze3genes for fusogeni c nenbrane gl ycopr eteicReesesst ot oxi c
genes, a gene encoding an enzyne which converts a pro-drug to cytotoxic
substance, a gene for cytosine deaninasg, a gene for uracil 10
phosphoribosyl transferase. In a prefert § &émbodi nent  of the invention the

modi fed virus cgﬁ@;ﬁpﬁ@@ Jf RBIHERETe eRGedhig £ Q%A A6 N33R and uraci |
phosphori bosyl trag cgrase ei as seEarate genes or, nore preferably,

together as a bi Peih Yai™“fu8 oﬁ"%éﬁ’é(ef 1PW st ROG SeRse rMFERESenpl oyi ng
viruses of the suhvidr igemew t etdre faradsgenesnailasbng sidstianase, and

uraci | phosphorgg@@glfdﬂ @@&ggg% 29Qgrn@f eLably ﬁdleaﬁtiuénd?icggye‘?{ sesent or is

co- admnls rate]gri‘_Fll one % EIbItOI’S of dih rimdine
dehydr ogendse 83 1??6{5 YR “é‘??'e(ﬁe%ls R r e Hg T ﬁ’éd‘?@ﬁ]éaéf fect of the
products for nedobywithdsdibibnsgerasnehr 6or t hesqgepidr ugybrdne| uor ocyt osi ne.

25 Al so provi de@l}byoﬁmellﬂgen@ytggtdﬁca gﬁ)géflaque bl YSciin % ri sing one or
nore viral corrponents I, hrans‘geﬁgi Eregﬁt l{:nder the con of one or
nore i nduci bl e ot erS " or Y 1t EAYERE RS fs&’lbséiaﬁ’ﬁ{ e

tissue specifi ca(ﬁel‘imlf@lif FEEpoiInE td@amheame%meofoamﬁbﬂxogenous

expr essi omomd%mgm@ﬁuegyan%ngflemyge Ofn I eEELPHSy Wb mdAL S has the
added val ue over t.he use f no r?r\% ﬁa ing véctors,In that virus can

spread from cel 7T &SPV SRR e GPTRELIRT (GEERFPRECT he
initial hit, orerdddag, crhoshee tdampinase Temvbmracelllpmwhcmbbsml can occur

not only by ther#igiferdast & Dihdl REGEAN B QABES:edydyt O the vector but

18 January 2005:referab1y, together as a bifunctional fusion gene

i5
In methods of treatment employing viruses of the
invention with the transgenes cytosine deaminase and
uracil phosphoribosyl transferase, preferably the virus
is present or is co-administrated with one or more

20 inhibitors of dihydropyrimidine dehydrogenase. This has
the effect of increasing the toxic effect of the
products formed by these transgenes from the pro-drug,
5-Fluorocytosine.

25 Also provided by the invention is a modified virus of
comprising one or more viral components or transgenes
pregent under the control of one or more inducible
promoters or genetic elements, which are for example
tissue specific or which respond to the presence of an

30 exogenous expression modulating substance.

II. Use of infectious virus. This has the added value
over the use of non replicating vectors in that virus

. can spread from cell to cell within a tumour, thereby

35 multiplying the initial hit, or effect, on the tumour.
Tumour cell destruction can occur not only by the
cell-destroying mechanism engineered into the wvector but



WO 02/08263 PCT/ GB01/03252 - 39 also by the cell destrufd ipRaWttopd is
associated with the virus infection per se and by the attack of the

body' s i mmune response on the virus infected cells. This principle has

al ready been tested in man through 5 the direct intra-tunoural injection of
an adenovi r wo 2wkdssh has been nmade gene nmani pul ated to repriceai@2anly in
p53 nutant tunour cells. The experience fromthese |imted trials on |arge
"head- and- neck” tumpours are partially encouraging with a total regress of
2/11 10 treated tunours which are ot herwP8e-resistant to any f or m of

known, t r eat nent Per son comuni cation). Al so. provided by the
invention is a ﬁ%%pfle h$|Fﬁ§?1 SIFECSERE ¢ ?Eeﬁé aneaat daH&ﬁ virus death
protein (ADP) FBe pligded infgetietheegonerand &y &hpr ehbaddt qfethiet ti ng

ovgr f exgr essi onb@cﬁyt&amhﬁteer@%pcﬁis@ﬂT ohhehe tx}fl@:dsytlhﬁecﬁédi)ﬁe%ltﬂédOf Sg' d

modi fi e V|rus us e t he nodified virus
may further h?lé r}%rl%%isg%cgasdlan refél a‘%ﬁ%r § ’ﬁ %hrﬁpﬁﬁm ples and
proposal s Wi deI E/h‘élé%ltﬁeiq‘&'eéni:ﬁattf’@qqrﬁéraltilﬁcetlopoofl mm@;mcmle‘uar conpri se

.a desired theram)mn |hasgeaen0:ﬁadé hemapashiguiRtekets 26 d&%'eeﬁuﬁhg
"Therapeutic" i o] t Q.1 ncl ude bot her in the
sense of curatﬁs'/e or §rﬁ1 i %t ?‘\%‘y ]ﬂgeghg the ex erle’ll%?lérfgo ?’Béﬁ gnosed

condi tion) and bt &xials TpRe 15§éiﬁe" %/de'ﬁ@oﬁécli" degiqusd einer apeut i ¢
product (e.g. apammageuhccumju@emtaeawotaut reghses et eghe) . 30 35 In a

furt her aggect eéega%'ngespggowmlé SoIodL{ded ol LS, Jmy lctude asite

(e.g. arestriction sit i'fed rape
gene/ nucl ei ¢ acfer™ fl &xgra.. {?Pé:“tﬁné?ad%ﬁﬂ dge Petsesehg a wil d type virus in
gene therapy, eswmnvdicdaetonpdi fication according to the

Also provided by the invention is a modified virus

15 wherein the gene encoding adenovirus death protein (ADP)
is placed under the control of a promoter permitting
over-expression of the protein, euch that the lytic
capacity of said wodified virus is increased.

20 Thus, for gene therapy the modified wvirus may further be
modified, according to standard techniques, principles
and proposals widely described in the literature, to
incorporate or comprise a desired therapeutic gene or
therapeutic nucleic acid molecule. "Therapeutic" is

. 25 used broadly herein to include both therapy (in the
gense of curative or palliative therapy of a pre-
existing or diagnosed condition) and prophylaxis. The
gene may encode a desired therapeutic product (e.g. a

_'therapeutic polypeptide or antisense molecule).

20
In a further aspect of the invention, the modified virus
may include a site (e.g. a restriction site) for
insertion of a desired therapeutic gene/nucleic acid
molecule.

35

One disadvantage of using a wild type virus in gene
therapy, even after modification according to the



18 January 2005 WO 02/ 08263 PCT/ GB01/ 03252 -- 40 mventiQanuh?ztoagt t he
human or ani mal subjects to be treated with the virus may possess
pre-fornmed anti bodies to conmponents of the wild type virus still present
or only partially nodified in the nodified virus. For 5 exanple hunman
adenovirus g@rmiyee 5 hexon protein is often targetted bygrpsasssmed
anti bodies. Wiilst nodification of a single viral conponent, for exanple
t he conponent containing the non-native gol ypepti de according to the

i nvention, may be sufficient to reduce’l %t he initial inmune response to

the nodi fied Vi {ysedidn,Pig- ER&@%eaﬂh{nQRdéxesanlwﬁllngﬁbg ol €hepgnl e 1o

nodify a furt her co onegl he virus uce i nmune
response of t he"FRte® 8¢ hERe t e Ysh Pa¥t POFF S ©Fer TpFeRs (fé’§1§°ﬁ‘bﬁ$f| ed
virus accordi nige tenptaenngenf | e whiildht o thierusc eRpl L m@ntvmal

component whi Choﬁisy taagﬂyvm&hf%de%'M@é%dlfq%p@ﬂ Okgl:S nodi fied
such that b|nd|n r anti bodies pre-forned to the wild type
virus is 26 re eF%‘P“‘@ ?r%?rc’é’ NS 8RFRMLS GEXCR ST NAIE nay

conprise a hexomtftpmntt@lrgehhedkby Prawdppeed faortidboddreen Wiidisei n of a

di fferent SGVOtMcE%ELﬁQ_%'tE%h &blgmﬁg@zefp{mﬂ cipnRadi SholBafbesent at a
reduced | evel ¢ ar ed sero%e/% Ads, exarrple th fa rent serotype

may be 25 Ad37.° @F‘W&PFQEI?/OH aef Flé?:l réfﬂbﬁ‘d"\’f GsPHEXPESAPRi se  epit ope
sequences of tmcctte:)daﬂngptgtbjm trvenhiioh, mne-HeoswEdiaienthadi esdbeéed whi ch

are modi fhgd t oy q@ﬁfe@alauﬁm@e@geﬁs@%rtﬂea%umglém%gemg epi t opes.
30 Furthernore, th m)dlfled ad NOVILUS fmay conmprise f"e exogiL rote| n which
i5P

further conpri SEEFBEGE aREERPHTe 1h™H M kGeieprd Bx@npl e, a
non-i nMmune systBmtherotemposerth ofs thamairsermemifalrbheenredykf theently to

cover the i mngmecrg%ggggso@fthghﬁoggxon whi ch are 35 bound by
pre-fornmed anti bodi es. so provided by the invention is a nodified virus
15 Thus the invention further provides a modified virus
according to the invention which further comprises a
viral component which is replaced with an equivalent
component or is modified such that binding of said virus
by antibodies pre-formed to the wild type virus is
20 reduced. For example, an adenovirus of serotype AdS may
comprise a hexon protein which is swapped for a hexon
protein of a different serotype against which pre-formed
antibodies are present at a reduced level compared to
serotype Ad5, for example the different serotype may be
25 Ad37. Alternatively, a modified adenovirus may comprise
epitope seguences of the hexon protein to which
pre-formed antibodies bind which are modified to produce
a recombinant hexon lacking immunogenic epitopes.

30 Furthermore, the modified adenovirus may comprise a
hexon protein which further comprises a peptide capable
of binding a protein, for example, a non-immune system
protein such as human serum albumen, sufficiently to
cover the immunogenic epitopes of the hexon which are

35 bound by pre-formed antibodies.

Also provided by the invention is a modified virus



18 January 2005 WD 02/ 08263 PCT/ GB01/03252 - 41 accordi {@Jdfiakh/gsnvention
for use in therapy or in the preparation of a nedicanent for t'he treatnent
of tunour cells or proliferating cells. 5 Additionally provided by the
invention is a pharnmaceutical conposition conprising a nodified virus of

t he i nventi w0 @ngkéa pharmaceutically acceptable carri er por/Gexeisgizent . 10
The invention will now be described in nore detail with reference to the
following non-limting Exanples, in which: Figure 1 shows a schenmatic
description of the sequence 15 of const dction of different recombinant
fibers. A The i Egngl'. | Ki Sphl __and hol sites
using PCR and | iglgg?ée(gﬂ?%?o%e\?\%ﬁfl er e\ﬁ%?lcﬁg}%g%& g@er‘fﬁgﬁ%%fioerd T FRSF 1 anki ng
EcoR and Xhol Q%‘f’%@?aw ofeguPedirgmerbef of sthanltreatentaf EgmPaENS the
fiber 20 tail, Eeids shafdoliépeatimnadeie. NRP notif. B. EG- is joined to
the fiber Al by SOE. In the process an amno acid |linker and a C al
restriction site._.is, adged bet ween_t he NRP and EGF sequences. The

resul ting i ber ARSI ERA; 1A PERFLASd, yhtaer {Begntionrigan 25 be substitut ed
for new | i gandsphgrhigmitiionalusomgpditd onCrakhpeaixdnéhal msdifised Girkbe

NRP- Li nker - ECF B8 ind irfch@liofl arkh phar bbb @l el 1, 0a B Jfi ot e process an
upstream Nhel site ,is introduced into the sequenceé In frane with the Wi 30
fiber sequence. “AFTETE AF GFGHPHYC t he sequence is ligated into W fiber
using Nhel and Thai to create fiber A7 EGF. A7 differs fromAl in that A7
contains 1oNe TiketiSRARN gL ERPAESaBLot IR hbPE qedall 1! irn /7 ECH
construct, EG- cap be substléut for new%;ﬁ_an_ds, 3 y 11 gation using the
O al and Xhol sTEEEeNHEretae WANg ARl YT o BEamLesi oAtof t he

which:
Figure 1 shows a schematic description of the sequence
15 of construction of different recombinant fibers.

A. The NRP sequence is supplied with flanking Sphl and
Xhol sites using PCR and ligated into WT fiber which has
been supplied with flanking EcoRl and Xhol sites. The
resulting fiber is called Al and contains the fiber:

20 tail, first shaft repeat and the NRP motif.
BE. EGF is joined to the fiber Al by SOE. In the
process an amino acid linker and a Clal restriction site
is added between the NRP and EGF sequences. The
resulting fiber is named Al EGF. In this fiber, EGF can

‘ 25 be substituted for new ligands by ligation using the

Clal and Xhol gites.
C. The NRP-Linker-EGF part of fiber Al EGF is
subjected to PCR. In the process an upstream Nhel site
ig introduced into the sequence in frame with the WT

30 fiber sequence. After AT cloning, the sequence is
ligated into WT fiber using Nhel and Xhol to create
fiber A7 EGF. A7 differs from Al in that A7 contains
the first seven shaft repeats of the AdS5 fiber. In the
A7 EGF construct, EGF can be substituted for new ligands

35 by ligation using the Clal and Xhol sites.

Figure 2 shows a schematic representation of the



on virions. ane

18 January 2005 WO 02/ 08263 PCT/ GB01/ 03252 - 42 differ elrgtJa;,g&?r%bgant
fibers used in the present application. A The Ad5 wld type B. The
fi ber A7 EGF described above. 5 C. The fiber A7 scFv C242 obtai ned by
substituting EGF in fiber A7 EGF for the scFv fragnent by ligation as
menti oned awowensky The fiber A7 scFv (250 obtai ned by sp@gtséwbisng EGF in
fiber A7 EGF for the scFv fragnent by ligation as 10 nentioned above. E.
The fiber A7 Affi 1gG where EG- in fiber A7 EG-F has been substituted for
an 1gG binding affibody as nentioned abtte. F. The fiber A7 Affi | gA where

EG- in fiber Aj u ding affibody as
nment i oned above l%grééﬁe]éof&ﬁgrgniﬁ%%&u?%%ﬁ ﬁ é{ég}gg@ﬁglﬁg EG- in fiber
A7 EGF has beedP®dbsttieied for an 1gG binding affibody |inked to an IgA
bi ndi ng af fi body asThemdoneda 29pabbite=xr.H The fibre A7 ZI gG ZI gG where
EG- in fibre Af EGFF %a%. 75ﬁ§? %é#ﬂ%eﬁoébé‘& | gG bi ndi ng af fi body

| i nked to anofher as nenti oned above. . The fibre A7

Zl gG Xa Kndb wier e 'E@ #Jﬁvqr' Sﬂ"?“' 2 shHtRiRedhHh %’GEH-F‘EH% B3t an 1gG

- binding affibody Einkedsn7 tHmFa fokeababdcFwitirdgigmpe Uy Aigakihelb.adi gure- 3

shows the bi nd Qt?{: %g%cg;fl body when incorporated into fibers expressed
ter binding of virus ogﬁ})roteln to, the nenbrane,

it was i ncubat @d wi The FEbem 27 8FFBvgeP by PRRPeL &1y FYREEIEURTY fiffan 1 gG
and devel oped. ih £ib&e Ai BEF fA7 ThgGoky Kmepne2= ]:tyhélganeomams after

cl eavage tidnad Mg us; 4 =virus with tw fibers e.g. W and 35
A7 ZI gG —F(‘% 1% %%IgrotelnA = Protein AG
The fiber A7 Affi IgG where EGF in fiber A7 EGF has
been substituted for an IgG binding affibody as
mentioned above.
F. The fiber A7 Affi IgA where EGF in fiber A7 EGF has
15 been substituted for an Igad binding affibody as
mentioned above.
G. @. The fiber A7 Affi IgG/Affi IgA where EGF in
fiber A7 EGF has been substituted for an IgG binding
affibody linked to an IgA binding affibbdy as mentioned
20 above.
H. The fibre A7 ZIgG/ZIgG where EGF in fibre A7 EGF
has been substituted for an IgG binding affibody linked
to another IgG binding affibody as mentioned above.
I. The fibre A7 %ZIgG Xa Knob where EGF in fibre A7 EGF
25 has been substituted for an IgCG binding affibody linked
to a cleavable wild type fibre knob.

Figure 3 shows the binding of ZIgG affibody when
incorporated into fibers expressed on virions.

30 Panel A. After binding of virus or protein to the
membrarne, it was incubated with Fc3 (1) followed by HRP
conjugated anti human IgG and developed. 1 = the virus
A7 2IgG Xa Knob; 2= the same virus after cleavage with
Xa; 3 = WT virus; 4 = virus with two fibers e.yg. WT and

35 A7 ZIgG; 5 = Fe3({l); 6 = Protein A; 7 = Protein AG.
Panel B. After binding of virus or protein to the
membrane, it was incubated with Fc3 followed by HRP



Panel B. After binding of virus or protein to the rrenbrqtg\gandapym

i ncubated with Fc3 foll owed by HRP 18 January 2005 WO 02/ 08263

PCT/ GB01/ 03252 - 43 conjugated anti human 1gG and devel oped. 1 = the virus
A7 ZlI gG Xa Knob; 2= the sanme virus after cleavage with Xa; 3 = WI virus; 4

= virus wW t{ydoseski bers e.g. WI and A7 ZIgG 5 = Fc3; Gper/Beeidiss A 7 =
Protein AG 5 Panel C. Control to show presence of virus on menmbrane. | =

the virus A7 Zl gG Xa Knob; 2= the sane V|rus after cleavage with Xa; 3 =
WI virus. After binding of virus the mefBrane was incubated with HRP

conj ugat ed anti on evel ope n Treat ed.as_mnenbr anes
in panel A and %égﬁ'{gatt%)é a?ﬁ%:&bq'h 0%8\% %%d I%%veﬁgsgﬁ‘l t1 ed% ‘:ﬂfH% virus A7
ZI gG Xa Knob; %7 Zigf ¥pr §8ob3 3= et 6pHe Alras—afEer st raNageENpFANat or y

note: Fc3(1) i sxémawm We bipds Z19G andus bty @wei Biverdel g.Swknaws to bind

protein G (AG ph r?ééxgur eFé%Lirhoﬁg%ﬁE%ﬁF%t InC_r epLessNtat i on of the

fibers descri bed I nkers were |nserted in the Nhel
site upstr&am ofangEpC. Z@OFFB‘& &S SERYWBT FEINGSh 8L 0¥ 1 HeHrons eFbrABS expr essi on
and sol ubili ty10=f treceikhsant Aidexa Kol 2Cehkssafd)virushalfeegel |

ysave: (B), soLbblel aothofs, Fachoyirus: hitee! pihatld seche,bar vested

at 48 h after ction ed inisotonic sat es

divided in two ﬁ?manaﬁaeﬁmtﬁ&smc%hﬁ@f GeRérgated @nsA0AI5 g for 10
m n and super nahatdn s Kepeldmanel . B), whereas the other was anal ysed as

uhol e cel ol Vo o BANGlcMloa B hfLONOL S 1BhReR0RdiPTALME COLY 30

SDS- sanpl e buffer anal ysed by convent | onal | otted. Blots
were reacted wi HPFUNEEISTNEBER SR @asi OmikeRd ¢ He =t Ehervize P7akd9Fatt ol abel ed
secondary anti bxehyh; 21 ETHDOBiNIs; \BeEepyoiaain 2at ed=byraitdior adi.ogr am
scanning. Quantitative data, expressed as the percentage of

Explanatory note: Fe3{l) is known to bind ZIgG and

15 protein'A. Fe3 is known to bind protein G (AG) only.

Figure 4 shows a schematic representation of the fibers
described in Example 11. The NRP-linkers were inserted
in the Nhel site upstream of NRP.

20
Figure 5 shows gel photos demonstrating expression and
solubility of recombinant fibers in Sf9 cells. (B),
whole cell lysate; {B}, soluble fractiom.
Baculovirua-infected cells were harvested at 48 h after

25 infection, lysed in isotonic buffer, and cell lysates
divided in two aliquots. One aliquot was centrifuged at
10,000 x g for 10 min and supernatant was kept (panel
B), whereas the other was analysed as whole cell lysate
(panel A). Both aliquots were heat-denatured in

30 SDS-sample buffer, analysed by conventional SDS-PAGE,
and blotted. Blots were reacted with 4D2.5 mAb (specific
for the fiber tail) and radiolabeled secondary antibody.
Immunoblots were quantitated by autoradiogram scanning.
Quantitative data, expressed as the percentage of

35 soluble versus total fiber content, are shown in Table
7.



35 soluble versus total fiber content, are shown in Tablgajnu;@% uary
2005 WO 02/ 08263 PCT/ GB01/ 03252 44 EXAMPLES General procedures an

starting materials. Reconbinant adenovirus fibers were constructed using 5
met hodol ogi es based on ligation and PCR (C arkson et al., General

appl i cati onw@fo2loédks t 0 gene cloning and mani pul ation, inpPgBeoRRacti cal
Approach, Eds MPherson MJ, Quirke P and Taylor GR |IRL Press, Oxford,
page 187, (1992)), i.e. PCR-ligation-PCR (Alvaro et al., 10 Bi oTechni ques
18: 746-750 (1995)) and splicing by overf*fap extension (SCE) (Horton et

al ., Reconbi nat pe0,o mut agenesi s of DNA sequences using PCR, in
McPherson” M (‘ed), ected Mutagenesis, IRL Press 1991, p 217.). Cene
products generated by PCR were generally cloned 15 into the vector pCRII
(I'nvitrogen Cor@edersi prosedoaes eshd Ehaet ond nehdeiank.J. M, Nuc. Acids Res.
16: 9677-86, (£388))+ b '.pﬁg I, ri rdi .0 standard
nmet hods (Sanbro%él; et a aﬁl& %?géu arsm?.gﬁ?%gvgﬁ%g%gggrfg?€%n%ﬁgal . Second
Edition. C3ld SpiirfHacEss besedissy dderyier g PCRog0} 3ckgen 86 vect or
PGEX- 4T-3 ( AreakhamcPanimeppl Biatieahpf Semes epaedeheniteceadi nant fibers
wer e sequenced i t er kj r . Pr ncj equi pnrent and
‘were expressed @ﬁg‘n%n%%rgﬂﬁén%g%’%@ig&%gﬁséﬁﬁggﬁf ?#cg%n G een nonkey
25 ki dney cel | SRR MY ai ReHde FneRAeTREERF BRoe IRY| Pxees, OFEPEdti on, VA
USA) usi ng vectmage descri(hed2be) dwe .ardr-1iigdtisectcrelAbvd:Sf Qtcells from S
frugi per dagobt agNee i ] _Type r I j.on, VA USA) using
Bacul ovi rg(s) ex% ess%j%u%%té?géétcﬂgl j;,gBBi(%ge%:)ﬁn%al%gbggalﬁ_ . . 810-7,
(1993)) (virus RFNECCEHERFHMR AR edBortpaisy Alt o, REPOMITAEiGAd st ai ned
wi t h nonocl onal andantitlagenesis pet ifNAC skauefidderusiagl pcRy i IremMcehéi-Ber and

the new cel | b gyl 1 9300t S ftQLRULNY, PALARBLEES1001, p 217.).

Gene products generated by PCR were generally cloned

15 into the vector pCRII (Invitrogen Corp.) using so called
TA cloning (Clark J.M., Nuc. Acids Res. 16: 9677-86,
(1988) ). Subclonings were performed according to
standard methods (Sambrook et al., Molecular cloning. A
laboratory manual. Second Edition. Cold Spring Harbor

20 Laboratory Press, (1989)) in the vector pGEX-4T-3
(Amersham Pharmacia Biotech). Genes encoding
recombinant fibers were sequenced using the Perkin Elmer
ABI Prism sequencing equipment and were expressed in
mammalian cells (SV40 transformed African Green monkey

25 kidney cells, COS7, obtained from American Type Culture
Collection, VA, USA) using vectors described below, and
in insect cells (8f9 cells from S. frugiperda obtained
from American Type Culture Collection, VA, USA) using
Baculovirus expression (Kitts et al., Biotechniques

30 14(5): 810-7, (1993)}) (virus and vector from Clontech,
Palo Alto, CA, USA) and stained with monoclonal
antibodies specific for fiber tail, trimeric Ffiber and
the new cell binding ligand. The following parameters
were evaluated by immunostaining:

35 i) nuclear transportation
ii) functional expression of the new cell binding

ligand



were eval uated by inmmunostaining: 35 i) nuclear transporj té&&hﬁé@?

functional expression of the new cell binding |igand 18 anuary ng WO

02/ 08263 - 45 iii) ability to formtrinmers PCI/ @01/ 03252 Reconbi nant
fibers were rescued into the Ad genone by a recently devel oped procedure

(as describe@iznsfsxanple 7 5 herein). The plasm d pTG36@erieh@ssbizer et
al., J. Virol., 70: 4805-4810, (1996)) containing the entire Ad5 genone as

a Pacl -Pact fragnent was used as starting material. The approxi mately 9kb
fragment of the genone between Spel amd 4Pact and containing the wild type

fiber 10 gene vva%lﬂ Qgﬁ]&%pgg\%%ﬂx§§&mp8| uescript. Fromthis fragnent an

approxi mately 3k agnen S4fid Kponl was further subcloned. A
del etion of the native fiber gene with the exception of the N-termnal

nucl eoti des upskeeambofiattheriNdel wite r@%c{xé@ {ddeneenq lgednatgdai n the

3kb fragnent an t r.odu n_i for

| i gation of rec%rrg gqrb? eﬁ’ﬁtétrggegl o1 ef |(?)%r&et?éﬁréggg %‘RbEO 3ﬁeﬁt (the 3
kb fiber shuttberebet weéengéprsmaid DISE 02 2(CRg iR@rkbtfaber Bhuttle with
reconbi nant fibeirvas, Te- ignbogigoed (19be) | h&:r&a‘ibuhéagﬁ@rgn&% whth Nnhel

usi ng honol ogo nagion coli_(Chartier Supra). The
resul ting reconé?néﬁ% %@ % Pé&t Efragmeﬂ(’ n&tg yo& cﬁge%“q‘l?t&rﬁgt he vect or
with Spel and PEBFeE 25 "~]h@| ﬁEHrCtJ@HtaWéele%*ﬂat%wwnkbof rigpEenolg Cosni d
cloning. The pr bEEﬂ@@nOEfpe’:lﬂ ahﬂSB&dil efndt beneesmqige@herﬁpm tiyge Wagerverified

in all cogrg dc BHSSW @%ﬁr g %telones ‘{E%C%flpgh; tr| ed with H nd

1l and the preSence I on si ze
verified on geﬁé’agfp@é‘br?dl ﬁ&ﬁ?owﬂ%@nékbv@me@él h@b‘ﬂie%t tS@IClI’ esdrl ction

Kpnl was further subcloned. A deletion of the native
fiber gene with the exception of the N-terminal
nucleotides upstream of the Ndel site of the fiber was

15 created in the 3kb fragment and an Xhol site introduced
in its stead allowing for ligation of recombinant fibers
into the fiber-deleted 3kb fragment (the 3 kb fiber
shuttle) between Ndel and Xhol.

20 The 3 kb fiber shuttle with recombinant fiber was

' re-introduced into the 9 kb fragment cut with Nhel using
homologous recombination in E.coli (Chartier et al.,
Supra). The resulting recombinant 9 kb fragment was
finally excised from the vector with Spel and Pacl and

25 joined to the isolated 27 kb fragment by Cosmid cloning.

The presence of an insert of the expected properties was
verified in all coemid clones by PCR. Coemid clones
were also restricted with Hind III and the presence of

30 restriction fragmente of the expected size verified on
gels.,

Recombinant Ad genomes were isolated after restriction

with Pac 1 and used to transfect suitable cells. The
35 occurrence of plagues was determined by microscopic

inapection of the transfected cell cultures.



with Pac 1 and used to transfect suitable cells. The 35 1@0}‘3%5,?%350f

pl agues was determ ned by m croscopic inspection of the transfected cell
cultures. 18 January 2005 WO 02/08263 PCT/ GB01/ 03252 - 46 List of

ol i gonucl eotide prinmer nanes for the prinmers wused (all given as 5 -3
sequence) : WoRRoskP. NO : 20] Nane 149: TTCCTCGAGITATTCTRELGEBAbEaEATGA
[SEQ ID. NO: 21] Nane 175: GGGGAATTCGATGAAGCGCGCAAGACCGTCTGAA 5 [ SEQ
ID. NO : 22] Nanme: 196: GCTCGAGTTATCCGTTTGGAAACAACTCTAC [SEQ ID. NO . 23]

Nanme: 228: CTCGAGTCATCTCAATTCCCACCACTT™ ESEQ ID. NO.: 24] Nane: 238:
TGGCATGCCTGACGT;

CIIISAATTCATCGATMM@?&TQH&% ["é“ﬁ%lﬁ F%t”e’i\lfc? %%ig]]erﬁlame 265:
CAGGTCCAGTTGGTGERSTErLl[ sEeen 135 NO3!! ST 269:

GGGGEGECCT CEECEECGED CAGCT RO Tk CTRCGT 'EE%A@M%@F@E&@TGS{ASEQ ID. NO: 28]

Name: 270: (GF o WUWTGF 15
TGGTGCT [ SEQ

[SEQ ID. NO™~ 29 Nane
ID. NO.: 39] 588 2‘?4 22MWWW@PAWWGATGACGCAGGCT
[SEQ ID. NQSEQBJI]} Nawe 23 2 Tiae : CRACCICGAGTRIAAGAGTCATERETGT TGAAGC 20 ( SEQ

Nare: 405" GEELCHE ARG P O CAT TRt GG R R SEQ° 1D, N+ 34]

Nane: 414: EERCEBCERGERET CERGTHAGGAGACGGTGACCGIGGT 2 5 [SEQ ID. NO : 35]
Name: 416: QGREEGABOECACGASTT@ATOGATGEBNTATTGTGATGACGCAGECT [SEQ ID. NO.:

36] Nane:; 4160 AGH. GIG CAC,CAA KT cfg@tgcg&% %géy%éoccGTTTCAGCTCCAGCTTGGT (S

is dA, dG or Nis dA dG ID. NO: 37] Nane:

473 GGC AATISERCIRTHOGARTICEEMSCMSICAT GGA CAT TGT GAT GAC CCA GIC T
GGEGGEECCTGGECETCGTTCAGCTTCTTGGCTCCETTTGGARACALACTCTAC

[SEQ. ID. NO.: 28] Name: 270:
CTGAACGACGCCCAGGCCCCCAAGAGCGACCCATCGAT CATGAACTCCGACTCCGARTGT
15 [SEQ. ID. NO.: 29] Name: 273:
CCCCTGGAGTTAAATTTTCTTGTCCACCTTGGTGCT
[SEQ. ID. NO.: 30] Name: 274:
GGGGAATTCATCGATGGACTACAARGATATTGCTGATGACGCAGGCT
[SEQ. ID. NO.: 31] Name: 275: CTACCTCGAGTTAACACTCATTCCTGITGAAGC
20 [SEQ. ID. NO.: 32] Wame: 326: GGGEGCTAGCCCCTGACGTAGCAAGCTTACGA
[SEQ. ID. NCO.: 33] Name: 403: GGG CTC GAG TTA CTC GAT GGG GGC TGG
GAG GGC
[SEQ. ID. NO.: 34] Name: 414:
GGCCCCCGAGGCCTCGAGTGAGGAGRCGETGACCGTGET
25 [SEQ. ID. NO.: 35]) Name: 416:
GGCCCAGCCCACGAATTCATCGATGGATATTGTGATGACGCAGGCT
[SEQ. ID. NO.: 36] Name: 418: AGA CTG CAC CAA CTG GAC CTG
(SNN) 1,CCGTTTCAGCTCCAGCTTGGT (S is dA, dG or dC and N is da, dG,
dC or dT)
30 [SEQ. ID. NO.: 37] Name: 473: GGC AAT TCC ATC GAT CGC CAC CAT GGA
CAT TGT GAT GAC CCA GTC T '
[SEQ. ID. NO.: 39] Name: 474: CCC CTC GAG TTA ACA CTC ATT CCT GIT
GAA GCT
[SEQ. ID. NOC.: 39] Name: 476: ACC ACG GTC ACC GTC TCC TCA GCT GAT
35 GCT GCA CCA ACT GTA
[SEQ. ID. NO.: 40] Name: 478: TGA GGA GAC GGT GAC CGT GGT
[SEQ. ID. NC.: 41) HName: 503: GGGCCATCGATCGTAGACRACRARTTCAACAAA



[SEQ ID. NO : 381 Nane: 474: CCC CTC GAG TTA ACA CTC A-EEJ%@JCE GAA GCT
[SEQ ID. NO: 39] Nane: 476; ACC ACG GIC ACC GIC TCC TCA GCT GAT 3 5 GCT
GCA CCA ACT GTA [SEQ ID. NO; 40] Nanme: 478: TGA GGA GAC GGI GAC CGT GGrT
[SEQ ID. NO: 41] Name: 503: GGGCCATCGATCGTAGACAACAAATTCAACAAA 18 January
2005 WO 02/ 9@26/8s:RCT/ GBO / 03252 47 [SEQ I D. NO. : 42] Napet/cbizzs2
GGGCTCGAGTTATTTCGGCGCCTGAGCATCATT [SEQ ID. NO.: 43] Nane: 550:
TCGGTTTGGAAACAACTCTACCTTTTTTTTCGGCGCCTGAGCATCATT [SEQ ID. NO.: 44] Nane:
551: 5 AAAAAGGTAGAGTTGTTTCCAAACGGAGTAGACAACAAATTCAACAAA EXAMPLE 1: Genetic
insertion of r S i de from human
| ung surfact aﬁ%gtl%ﬁd ag%ﬁ%ﬁm?us % %&ET&E%AMJQ%@%%}T%%G ?&Bkd 5 W fiber
was obt ai ned [F¥onmta "br ePPArPoASYGf Ads virus by PCR using an upstream
priner '15 (Pciererceiicpacdentroairrescbéverédctatcast X coding triplets of the

fiber plus a off, glte downstream prinmer (Primer 149) annealing to
the six termrﬂs}iélC codi n Mﬁlﬁgmgets of the fiber plus an Xhol site. The fi ber

thus obt ai’n&RPAREERFAGT TTR@M%fA%@CHWC@Wthe vector 20 pBl uescri pt
using these restriction sites and can be further sub-cloned into other
vectors using tRgygsie j.restriction enzynmes. Fiber peptides were nade where
the knob was reprfaced 25 with an external trinerisation motif (see bel ow).
The purpose behind the introduction of an external trinmerisation notif is
two-fold: a) toGemspve inserkhob o _fccanu;gme:@atﬂmmmbtye titiemgyeicgat i on si gnal

but also te cglhidy %d%qdeaﬂo&fhu%n'aﬁn 4; RET su&%@t?éﬁ_flar&%neousl y to 30

supply the necessary frimertsation srgna case one particular
am no acid noti?%’e‘-%eﬁ—?%ﬁ%e i.e. the 36 as "Neck Region Peptide" =
NRP [SEQ ID. NO: 2] from

The gene encoding 2d 5 WT fiber was obtained from a

preparation of AdS5 virus by PCR using an upstream primer

15 (Primer 175} identical to the first six coding triplets
of the fiber plus an EcoRl site and a downstream primer
(Primer 149) annealing to the six terminal coding
triplets of the fiber plus an Xhol site. The fiber thus
obtained [SEQ. ID. NO.: 1] was cloned into the wector

20 pBluescript using these restriction sites and can be
further sub-cloned into other vectors using the same

restriction enzymes.

Fiber peptides were made where the knob was replaced

25 with an external trimerisation motif (see below). The
purpose behind the introduction of an external
trimerisation motif is two-fold: a) to remove the knob
containing the native trimerisation signal but also the
cell binding part of the fiber, and b) simultaneously to

30 supply the necessary trimerisation signal. - In this case
one particular amino acid motif have been used, i.e. the
36 aa "Neck Region Peptide" = NRP [SEQ. ID. NO.: 2] from
human "Lung Surfactant Protein D" (Hoppe et al., Supra).
It should be noted that the sequence used is slightly

35 longer than the actual trimerisation part of NRP in that
the eight amino acids (KKVELFPN) following the
trimerisation signal in human lung surfactant protein D



human "Lung Surfactant Protein D' (Hoppe et al., Supra). 18Jénu§Hpédog be
noted that the sequence used is slightly 35 longer than the actual
trimerisation part of NRP in that the eight am no acids (KKVELFPN)
following the trimerisation signal in human |ung surfactant protein D 18
January 200%wowWléhes 08263 PCT/ GB01/ 03252 - 48 has been retdi:Badhts al |
constructs containing the NRP sequence. The sequence KKVELFPN functions as
an efficient |inker between the trinerisation signal and the C -term nal
carbohydrate domain of the human |ung 5 &8rfactant D and is considered to

have the same  4ApALLAN LYaGL) ofl 11! NERLEARNN NANL -6 ) bgy S, lege! bed

herein. The DNA sequence cO FHET T Sat
synt hesi zed, cl DHEPGTd vEPR F%@W%EHH@EE?%gfunmlPﬁso@%leﬂfﬂ to introduce
the NRP notif Iﬂfﬁ.ct:f'emtad&nﬁurrblﬂ:wefelnbEhe t Rind¥3RagegHesgharasngubj ected to

PCR (d ackson ehe ngﬁ BLR) o ah@gtgpééfaflhqm%tgg %8 Gent ai ning Sphl

N-terminal | y of t nce an team Pever se

|n seq
prinmer 1963cont ¥HiafF a%ﬁop Eg-%%ﬂﬁnﬁ&#’;ﬁ%ftqH’é‘v@oﬁhﬁgs%@quence After

cutting with Sph[i»or;tmlhtXIthcttm NP thequesasb washtl iFgpeed ddyceibbe WI  fi ber
Do e By oreroRl SRgyBRa HiRhEaULbalfly 80Nl DA LINRs of) [ SFO

ID. NO: 31 contains the 2 er-tail rst S repeat foll owed
by the NRP triferisad@cofYRbEeFizader caosehethst |V@r|3-§EJP‘és}@ht ation of the
constructi ons assbworstgucti on pat hways see Figs 1 and 2. 25 To repl ace
the cell Bpnding function of the knob a new cell binding |igand was
subsequent |y |ntroduced |n1;o the fiber in addition to the external

trinerisation am RFdeicts MBEFIUSeERBIRROtEE EXBRPEEE RAeAR¥EEBFy of gene
construct encodiiigpmretcbarbNRANtequence was subjected to PCR (Clackson

et al., Supra) with the upstream primer 238 containing
Sphl N-terminally of the NRP coding sequence and the

15 downstream reverse primer 196 containing Xhol
C~terminally of the coding sequence. After cutting with
Sphl and Xhol the NRP sequence was ligated into the WT
fiber gene cut with the same enzyme. The resulting

. recombinant fiber Al [SEQ. ID. NO.: 3] contains the

20 fiber tail and the first shaft repeat followed by the
NRP trimerisation motif. For a schematic representation
of the constructions and construction pathways see Figs
1 and 2.

25 To replace the cell binding function of the knob a new
cell binding ligand was subsequently introduced into the
fiber in addition to the external trimerisation amino
acid motif (see below). '

730 EXAMPLE 2:
Assembly of gene construct enceding recombinant
adenovirus fibers with epidermal growth factor (EGF} and
the external trimerisation motif from human lung
surfactant D.

35 For a schematic representation of the constructions and
construction pathways see Figs 1 and 2.



~adenovirus fibers with epidermal growh factgg QF ark t{ge;;854/5008%
trimerisation notif from human lung surfactant D. 35 For a schematic
representation of the constructions and construction pathways see Figs 1 :
and 2. 18 January 2005 WO 02/ 08263 PCT/ GB01/ 03252 - 49 The DNA sequence for
human EGF [ Gig@20tdes NO. @ 4] was synthesized, cloned andpegggeinged i n the
project. This sequence was then joined to the Al fiber nentioned above by
splicing by overlap extension. In this case the EG- 5 gene was subjected to
PCR with an upstream primer (270) (identféal to the first seven coding

triplets) and cad g a it equen for_an_amno acid
| i nker [SEQ ID: m%ﬁ%%%gé%c\%’%?o rgl%mx\%téz;bp%i}%gémﬁ‘l c@rOt &1 n"# and a d al
restriction siteSYHi@eRided: delanac earm peavriced228) the mmetiertnt aflyist o t he
seven term nal' sequimeteswab thun 4oiheanto afik QONEIHeY R@ntaBnsROipsid €). The

Al fiber gene 158G | pstream priner jdentical to
the first six co |%&tl%?%?g?%%o‘§qiﬁgm§%€%@ﬁ 'a%nE&ﬁchfFet%i%é‘ and 15 a
downst r eam Pri nefSN26E)° B ErRehitar JOR 0¥ ite agevpatraasy pirimer c 621 hg

triplets of the ¢idstdedland tdre diesbangvercemahogentaikttp shg overhang in

Back prinmer for the EFnqS5Q he. CR_.products where then joi ned
by PCR under standar ﬁg& cong%ﬁaggsgﬁ%ﬁh@nsggugﬁé %ﬁp?ﬁ)ax{”oncéo produce
fiber Al EGF [ SS9 Binker: [ [R-of@er o desm¥ed Widtoma fiber with the
first seven shaf§taphepeabscal herokBPnt kit issalbdnredignakiohheite,

St aphyl ocoggal lifker (anfs &G gggmgl:bﬁzgﬁlo (E%p@e&%gg upjegted to PCR

W th an upstream priner 326,&% Jent| ca veén 5" triplets of
the NRP sequencePis FeaM s e e iR ett ditte tapbirand GRS EpREgR piiaTer (228)
conpl enentary t ant Ehodewibek.er itheahlt filpretgenef vidhesubljecpbaststoand. After

cloning the PCRpr@duet ud@Sream primer identical to the first six
coding triplets of the gene and an EcoRl site {175} and
15 a downstream primer (269) complementary to the seven
terminal coding triplets of the + strand and an overhang
. complementary to the overhang in Back primer for the EGF
sequence. The two PCR products where then joined by PCR
under standard SOE conditions ({Horton et al., Supra) to
20 produce fiber Al EGF [SEQ. ID. NO.: 6].

In order to construct a fiber with the first seven shaft
repeats, the NRP trimerisation signal, the
Staphylococcal linker and EGF, the fiber Al EGF was

25 subjected to PCR with an upstream primer (326) identical
to the first seven 5' triplets of the NRP sequence plus
an upstream Nhel site and a downstream primer (228)
complementary to the seven terminal triplets of the Al
plus strand. After cloning the PCR product was

30 restricted with Nhel and Xhol and ligated into WT Fiber
restricted with the same enzymes to obtain Fiber A7 EGF
[SEQ. ID. NO.: 7] which is similar to Al EGF but differs
in that it contains the first seven shaft repeats of the
Ad5 Fiber.

35

Example 3:
sse of gene construct encoding recombinant



30 restricted with Nhel and Xhol and Ilgated into W' Fi b@rJa\Aggitzbb gted with
the sanme enzynes to obtain Fiber A7 EGF [SEQ ID. NO: 7] h'is simlar
to Al EGF but differs in that it contains the first seven shaft repeats of
the Ad5 Fiber. 35 Exanple 3: sse of gene construct encoding... reconbi nant
1 8 Januar ywiR2wsdé® 02/ 08263 PCT/ GBOL/ 03252 - 50 adenovipee@:pbidigns W th
single-chain antibodies and the external trinmerisation notif fromhuman |u
-surfactant .Ticr D5 Two nonocl onal anti body single chain fragnments were
used to construct reconbinant adenovirug%rbers. The fi rst is a single
chai n fragnment 0 d h hi gh
sel ecti vi '?y haséé&lzﬁee&r?lrg%o%m%geo ?Aglg%l 24 g il Xn%%) 1 a%% gman renal
10 carci noma ¢ Eeimg t f hgs 4R : (1986) ).
The second is asingle cha| n fragrrent of the rmnocl onal antl body C242
which reacts with i.a. colorectal and pancreatic carcinomas (Johansson C.,
Thesis, Universj of G teburg, (1991)) 15 &50 constructs The single
chai n fragﬁent ?”i%r’qo&[i’f:émk%lpp%‘ S0 §ingAE Chailpk EFagmepisaWeaehBasy chai n
or VH, joining @eqlmmt;euatldremthsmant adawyvidogafib@ror QH2) faksthe

anti body G250 Vpssgglﬁgﬂétéﬁﬁrﬁ ﬁc @vhmézgge,g}qéllp%c(l\%bjltens et al.

J. | munol . 2tt(1%) 36-4 199 construct 1s [SEQ ID.
NO.: 8]. To pertter8nFa 4 r’ffdeCht e Chf Bt Emet PEREME W Batd RS | ber
constructs, thehsinngbereda rwifthagnpnbtevas ssippen esh iluntaramrenpst r eam C al

25 site aﬂ@ a doWRsShbRaM Y Rk FERWSIHNG PR MBF S AlBer 33:
489-94, (1986)). The second is a single chain fragment
of the monoclonal antibody C242 which reacts with i.a.
colorectal and pancreatic carcinomas (Johansson C.,
Thesis, University of G'teburg, (1991)).

i5
G250 constructs
The single chain fragment‘lVariable kappa chain or VK,
linker, variable heavy chain or VH, joining sequence and
constant heavy domain 2 or CH2} of the antibody G250 was
20 constructed as previously described (Weijtens et al.,
J.Immunol., 152(2): 836-43, (1996)). This G250
construct is [SEQ. ID. NO.: 8]. To permit cloning into
the aforementioned Al and A7 fiber constructs, the
single chain fragment was supplied with an upstream Clal
25 site and a downstream Xhol site by PCR using primers 416

and 403.

C242 constructs
The single chain fragment of the antibody C242 (Variable
30 kappa, Linker, variable heavy and constant kappa or CK)
[SEQ. ID. NO.: 9] was constructed as follows by SOE
using cDNA from the antibody producing hybridoma as
original templates. VKCK was amplified using primers
274 and 275, VHCH1 was amplified using primers 253 and
35 273. An scFv (single chain variable fragment) (VK
LinkLib VH) was constructed by SOE as follows. VK and
VH were amplified separately using primers 416/418 and



and 403. C242 constructs The si ngI e chain fragment of theggaijaRestinsC242
(Vari able 30 kappa, Linker, variable heavy and constant kappa or 8K
[SEQ ID. NO: 9] was constructed as fol | ows by SCE using cDNA fr_om_the
anti body producing hybridoma as original tenplates. VKCK was anplified
usi ng pri mews 028843 and 275, VHCH1 was anplified using preorGsudadzand 35
273. An scF'v (single chain variable fragnment) (VK LinkLib VH was
constructed by SOE as follows. VK and VH were anplified separately using
primers 416/ 418 and 18 January 2005 V\DU§/108§63 PCT/ GBOL/ 03252 - 51 »
265/ 414 respect t e n VKCK tenpl at es
p wgmbwrts%ge%%l@gfy W (B0 LR NS00l G208 Y 23

and j oi ned together primers struct VK
LinkLib VH, th&H W:hk%‘fr U@étnﬂoééﬁsw%mmnm ‘éogetmxdbm 8@® usirani no 5 acid

sequence as desprixecs prieviaodshys ( Tang ték 8bnstrlict Bkotlnmﬂ\ﬁﬂ 271

15682- 86, (1996)). Jﬂg(éluge%%%gew_s%%ﬁce for thi rsnltzl‘gkﬁ] resent in

primer 418._ The construct was tI'Ghe tor pAK100
(Krebber et® al . 339 | HRANFASgPEafie Mt itRsds PRBUi 0wE Y1 (TEBY ¢1997)) J. Phage
di spl ay and sel Btbl orclefin.gan2i7geniséd nder s (byoganni mgev\a@%mgl@léned usi ng
met hods describ [ b I ln the es

gg%a@rﬂfel r Q:%EQ Pfr{ke%_l 1§ r % e 3 bgalme 4 Wg ©.dsor bed

experinents, the ant i reac

onto biotinyl at ’éﬂn%ﬁ'ﬁ‘t%(ﬁt ﬂiﬂ'{% ‘(Wlaéhcb‘i’rfﬁﬁs iaget hé‘? ‘éﬁﬁttQ?pe_ on the
antigen than C2@2¥10MhoKmtbberset eaal.a,vwdttmm&&ﬂtc@dctambﬁétlﬂ&éﬁmé@lla gghostics

Ltd, Gt r dey eve I shown to contain
di fferen'?ql%l gke%?%ve Ar%ggr)'?l chg%'g%/lé-ﬂ'?ﬁl% e?%ns%r uc sahntvm? By sequenci ng
to contain the 20P9S5k&Y PPERYPARSEPOREPRIS d’r‘t“’énlge’tﬂ?%ﬁwca‘-’mwcaebﬂdcode)

was sel ected foeaflirdthgKrebbkrbaised .onsaptad)gen b RHengreshid ity. CK was

linked Lo (NS ENSG <Y eilcdhg AREEN ! NRLRIAB (Bl Zn¥ipblpk VHOK 1N
'S € C242, was adsorbed onto biotinylated antibody C241

i5 {which binds another epitope on the antigen than C242)
bound to streptavidin coated tubes (CahAg Diagnostics
Ltd, G'teburg, Sweden). Several binders were isolated and
shown to contain different linkers. A particular VK
Linker VH construct shown by sequencing to contain the .

20 linker PPDFVPPAASFPDHSPRG (one letter amino acid code)
was selected for further work based on antigen binding
ability. CK was linked to this construct by SOE to
obtain the format C242 VK Link VHCK. In this SOE the VK

) LinkLib VH was amplified using primers 416 and 478 and
‘ 25 the CK amplified with primers 476 and 474. The

amplified products were then joined by SOE using primers
416 and 474,

In the PCR reactions mentioned above the gene sequences

30 for the single chain fragments were supplied with an
upstream Clal site (present in primers 416 and 473) and
a downstream Xhol (present in primers 403 and 474) to
allow for ligation into the Al and A7 fiber constructs
mentioned earlier (for a schematic representation of the

35 constructions and construction pathways see Figs 1 and
2} to construct the fibers Al G250, A7 G250, Al €242 and
A7 €242 (Fig 1 and [SEQ I.D. NOS. 10-131).



LinkLib VH was anplified using primers 416 and 478 and 2%g tihifiaffodump! i fied
wth primers 476 and 474. The anplified products were then joi'ned by SCE
using priners 416 and 474. In the PCR reactions nentioned above the gene
sequences 30 for the single chain fragnents were supplied with an upstream
Clal site (woagesdssin primers 416 and 473) and a downst pepasoiatsz( pr esent
in primers 403 and 474) to allow for ligation into the Al and A7 fi ber
constructs nentioned earlier (for a schematic representation of the 35
constructions and construction pat hways Sée Fi gs 1 and 2) to construct the
fibers Al &50,pA%,&5Q,. Al C242 and A7 C242 (Fig 1 and [SEQ |.D. NGCS.
10--13]). 18 Januai V\D 02/ 08263 PCT/ GBOl/ 03252 - 52 - Examle 4:
Assenbly o gene : SRR ' 4 pednant fjbers with
af fi bodi es and snaibets iteni aafimmmast |ahdf t@méw@ﬁab_ung sur f act ant

D. 5 To | nVeSt GailfooiERD 40 sleyak ehle AN GEh L AALI - SL et res based
on the structurﬁﬁﬁ%_szmm_ﬁm@m’@?m%h coul d be
functi onal?y expressed when incorporated into reconbi nant Adenovirus 10
fiber, gene corit rimctesthgetaninfmmonanaaddiinteat aﬁtigexemmaiﬁi_;;on wer e made.

Assenbl y of gergecrqg%gltr%gcggs%@ ¢oding ,rzﬁqf%gygng Bt o virus fibers

cont aining the G omal n erive rom st aphill ococcal
protein A (NI s?% C’CF')F‘c"ftl mEpgein; A %@11133 ceedd7yy Tmqrgprrllip. NO ;. 14)
or a Z domai n- chemmedetig%\hsrpemdoucporatédhmtp t2boipimaiteaidedousiug phage

di spl gl nruc r 5213 1999
[ISSEpQ aI>ID iﬁjonnqlﬁé%svxggeggc%msaél sh tépPo E%Ywa%gﬁoﬁn%qqis%;?\ceéeg%codfng t%]Za

respective af f i SFoPBt Yo \XS@P@ a’hiﬁq“fhllé’doﬁygwft@ UsEfmers 503 and
504 on the foldnewidiggplkesmildinaatphdéss:iqusZFipeBs (dartgietingl the

IgG binding Z domain (2IgG) derived from staphylococcal
protein A (Nilsson B., Prot. Eng. 1:, 107-13, (1987))

15 [SEQ. ID. NO.: 14} or a Z domain-derived IgA-specific
affibody (%IgA) selected using phage display

(Gunneriusson E. et al., App. Env. Micro., 65: 4134-40,
(1899}) [SEQ. ID. NO.: 15] was accomplished as follows.

20 The genes encoding the respective affinity moieties were
amplified by PCR using primers 503 and 504 on the
following plasmid templates; pEZZmpl8 (Tang et al.,
Supra) for the Z domain construct and pKN1-dZIgA
(Clackson et al., Supra) for the ZIgA construct.

25
In the PCR amplification, the genes for the two
different affinity ligands were supplied with an
upstream Cla I site and a downstream ¥Xho I site in the
appropriate reading frame for subsequent ligation into

30 the above described fiber gene A7 EGF resulting in
constructs encoding the recombinant fiber A7 ZIgG [SEQ.
ID. NO.: 16] and A7 ZIgA ([SEQ. ID. NO.: 17},
respectively, which were adapted for later being rescued
into the Ad genome (see below) for the production of

35 recombinant viruses carrying the new binding

specificities. Furthermore, the fiber Al ZIgG was
constructed by ligation of the modified ZIgG into the



Supra) for the Z domain construct and pKNl-dzZIgA (d aCk%”fl‘arﬁfar@ioos Supr a)
for the ZIgA construct. 25 In the PCR anplification, the genes Tor the two
different affinity ligands were supplied with an upstreamCa | site and a
downstream Xho | site in the appropriate reading frame for subsequent

| i gation i niv@ 02d82es he above descri bed fi ber gene A7 EG- pegubbigigsi n
constructs encoding the reconbinant fiber A7 ZIgG[SEQ ID. NO: 16] and
A7 ZIgA [SEQ ID. NO: 17], respectively, which were adapted for |ater
bei ng rescued into the Ad genone (see bhelow) for the production of 35
reconbi nant-vir i he_n jdion specificities. Furthernore,
the fiber A 2zl éég\%glggﬁ%%%ﬂs%%r tﬁ% %ﬁ%gy%ic;l@‘géfg%na 0 tﬁjﬁg hbdi fied Z1gG into
the 18 January 2005 WO 02/ 08263 PCT/ GB01/ 03252 - 53 aforenentioned fiber

Al EGF (see al sanFagdijiod,n sagditd ofbned cbhkt gu@enRsCansésniclia Was assenbl ed
encoding a fibe I ni t f the apove ioned 5 affi,nity domains.
Thi s construct %ﬁ%g%‘gégéfl ]?lé%rg Q%lg%ilarﬁlﬁfgngg}:%eo?%gr aE%Y‘? Pdopefist seven
shaft repeats, 2ERaTARP dMpiesce, Thife conaphytocomsalespaotfidier A |inker, the

| gG bi ndi ng Z dewvatainime teieglitbaritntaiaciHe £irdkersefkeanaiNRR ( KKVELFPN)
fol | owed by the LgA pindi ' : construct this fiber the two
different ~affi ﬁl? dohgdll{r%g N\%/grgé%l%ér}%t@ ie:ng'_t"?%%f ylefSF‘ﬁ% R'§§&tRef by SOE
usi ng primers 556757ty 58 ioEnbREadgsomebap| direstahy awinchecadel eot i de
sequence encodi dgnkéhefrdr miRer (SEvRIEPRe KKVEWRNDY Bhé heyPERnpragess an 15
upstream Glgal s;iq_cg-@&?i:,_a— £am , S| re .introduced by the
prinmers allow ng f%)r, I gaﬁ%\o{\ﬁg%lént 0 ttﬁgm\s/eﬁ%er%Pﬁ?-%l%ﬁteani ng the

Fi ber A7 EGF geRETIRBRSIFRLDE oot FitAsti sepetiratilyGi gingl [t9BEELED. NO. :
18] . . by SOE using primers 550 and 551 with overhangs

complementary to the nucleotide sequence encoding the
linker sequence KKVELFPN. In the PCR process an

i5 upstream ClaIl site and a downstream Xhol site were
introduced by the primers allowing for ligation into the
vector pGEX-4T-3 containing the Fiber A7 EGF gene
construct to obtain Fiber A7 ZIgG/ZIgA [SEQ. ID. NO.:
18].

20 .
A further gene construct was also assembled to encode a
fiber containing two linked ZIgG domains. This gene
codes for the fiber A7 ZIgG /ZIgG [SEQ. ID. NO.: 19] and
was assembled exactly as described for A7 ZIgG /%IgA

25 with the exception that the gene for ZIgG was used
instead of ZIgA in the PCR reaction.

For a schematic representation of the constructions and
construction pathways see Figs 1 and 2.

30
EXAMPL.E S:

Binding studies

The genes encoding recombinant fibers were cloned into
35 the vectors pcDNA (which targets proteins for expression

in the cytosol) and pSecTag (which targets proteins for

expression as secreted products), both from Invitrogen



20 A further gene construct was al so assenbled to encodeigjantibReioos
containing two |inked ZI gG domains. This gene codes for the firber A7 ZI gG
1ZIgG [SEQ ID. NO: 19] and was assenbled exactly as described for A7
ZlgG /ZIgA 25 with the exception that the gene for ZIgG was used instead
of ZIgA in wo2leédss reacti on. For a schematic represent at poryc8bi/dshs
constructions and construction pathways see Figs | and 2. 30 EXAVMPLE 5:

Bi ndi ng studi es The genes encodi ng recompinant fibers were cloned into 35
the vectors pcDNA (which targets proteins-for expression in the cytosol)

and pSecTag (wggh dr%'hgﬁgénPr'ﬂ{éa'N%%hEQEan@Q(,pra%%s LD 85 S8 Sl,gd products),
both from I nvi t(@%en ?[g anpary 2005 WO 02/°08263 PCI/ GBOL/ 03252 -- 54 BY,
G oni ngen, The h&FT-aR deS L 3h d-PPARSF AR d hifto Teelmel RE14ss 1St ng

Li pof ect anmi n ( lG#i&hfeshnod odiles USAd, as Gaésdeitslduby, thd®, USA) as descri bed
by the manuf actpHRifSctBrEXPressi on and cel lul ar | ocalization of reconbi nant
fibers vverg eval uated by i munostaining using the follow ng primary
reagents: 10 Mouse nonocl onal antibody 4D2.5 (anti-AdS fiber) (kindly

provi ded by Dr Rxufesséon Byt erelludinvet scalizsttioBi ofii meggrannindhabama, USA)

(Shin Hong et ativerVi 48LOGYvaBRed!BY- TfidundstA9h)hg BPUSE viRNOC] onal
anti body 2A6. 36fo(ﬁnt .-trinerised Ad5 15 fiber) (kindly ‘provided by Dr

Geof frey Engl er-° OHr-0&r 81870t "B8APRThEham Al abama, USA) (Shin Hong et
al ., Supra). Muse nonocl onal antibody agai nst Epidermal Growth Factor

(EGF) = a1&GF (Meami on&andnd dge i bhay Gtz 0 (BAti-ads fiber) (kindly
provided by Dr Geoffrey Engler, University of
Birmingham, Alabama, USA) (Shin Hong et al., Virology
185: 758-767, (1991})).

Mouse monoclonal antibody 2AR6.36 {anti-trimerised Ad5
i5 fiber) (kindly provided by Dr Geoffrey Engler,

University of Birmingham, Alabama, USA} (Shin Hong et

al., Supra}.

Mouse monoclonal antibody against Bpidermal Growth

Factor (EGF) = a-EGF (Cambio, Cambridge, UK, Cat no CA
20 954).

Biotinylated mouse monoclonal anti idiotypic antibody

directed against monoclonal antibody C242 = a-Id C242

(Lindholm et al., unpublished results).

Biotinylated mouse monoclonal anti idiotypic antibody
25 directed against monoclonal antibody G250 = a-Id C250

(Kindly supplied by Reinder Bolhuis, Daniel Den Hoed

Cancer Center, Rotterdam, The Netherlands).

Human polyclonal IgG and IgA for evaluation of Affibody

activity = HIgG (Sigma-Aldrich Fine Chemicals, Cat no
30 I4506) and HIgA (Sigma-Aldrich Fine Chemicals, Cat no

11010}.

Secondary reagents were:

For identification of mouse antibodies: FITC labelled
35 F({ab)2 rabbit anti mouse immunoglobulin (DAKO A/S,

Glostrup, Denmark, Cat no F0313) = aMIg.

For identification of human IgG: FITC labeled F(ab)2



20 954). Biotinylated nouse rmnocl_onal anti idiotypic anid hoglyn sosect ed
agai nst. nonocl onal antibody C242 = a--1d C242 (Lindholmet al.,

unpubl i shed results). Biotinylated nouse nonocl onal anti idiotypic antibody
25 directed agai nst nonocl onal antibody &50 = a-1d C250 (Kindly supplied
by- Rei nder Radwé®s Dani el Den Hoed Cancer Center, Rott ecdasviobie

Net her| ands). Human pol yclonal 1gG and I gA for eval uation of Affibody
activity = HgG (Sigma-Aldrich Fine Chem cals, Cat no 30 14506) and HI gA
(Sigma-Aldrich Fine Chem cals, Cat no 11-rlﬁ0). Secondary reagents were: For

identification qf S ti] I es; lL.akel Led . 35 F(ab)2 .rabbit anti
nouse i mmunogl ob&F?ﬁ%%Lﬁ%Hﬁ%,q §§OE%A}§p£%én¢£?%m€ét E’ﬁ%%‘?:‘ﬂ%l Ft= am g.
For identificat®nFBfLiRLMRHGE FI TC | abel ed F(ab)2 18 January 2005 WD
02/ 08263 PCT/ GCBOb03282t + £ fHat inabbf thakin Thuman:T@GabRAK® W(ah) 23 ost rup,

Dennark, Cat n 5) .= rod i,Licatl f n. gA._. FITC

| abel ed F(ab) 2 ta ggg}lt A%lt imflﬁ‘{ug‘%aﬁggg%b?%A%gN @6%}61&% g%‘%ﬁ"m@ﬁ?, Cat 5
no F0316) = aH §R&. FR3+8) dertil@Pcati on of biotinylated antibodies: FITC

| abel ed Strept a¥odi DA¢DAKR AESponGhOhiainyDebeardntiGddieso FO22). 10

Briefly, cells wapg;cgnstidiged 49t £ KOSCO ldesn | Shandon
C ytospi n2 cyt ocentri£¥ e g]% al r-d??;g]\ g\?gl’ gﬁ?%lhlltu%ét D?%Ig% ’e%gr at ure.
The preparati on&°wEPe*#ixed in 3% par af or mal dehyde i n phosphate buffered

saline, pH 7,4 (PBS), permeabilized with 0,1% Triton-X100 in PBS. 15 After
vashing 1 n &'BS. sREEPAYALLONG WREE sataleda bl MEBEY,LaAdYLLs for 30

m nutes at 37C in a hllxjméj chanmber, washed agaln in d I'ncubated with
in a Shandon Cytospin2 cytocentrifuge and air-dried over

night at room temperature. The preparations were fixed
in 3% paraformaldehyde in phosphate buffered saline, pH
7,4 (PBR8), permeabilized with 0,1% Triton-X100 in PBRS.

15 After washing in PBS, preparations were incubated with
primary reagents for 30 minutes at 37°C in a humid
chamber, washed again in PBS and incubated with
secondary reagent for 30 minutes at 37°C in a humid
chamber. After washing in PBS, preparations were

20 mounted in PBS with 50% glycerol and viewed in a Zeiss
Axophot microscope equipped with appropriate light
source and filters for FITC.

The results are shown below in Tables 2 and 3. It is
25 ocbvious that all of the different ligands show
appropriate binding when the corresponding fibers were
expressed as secreted products. However, only the
affibodies show the expected correct binding when the
fibers were expressed in the cytosol and subsequently
30 transported to the nucleus. Therefore, not all ligands
can fold correctly in the cytosol and nucleus. It is
interesting that the ligands which can withstand the
milieu in the cytoscl and nucleus (affibodies) are small
a-helical structures not depending on S-S bridges for
35 their conformation whereas the ligands which were shown
not to be properly expressed in the cytosol/nucleus all
have a conformation that is dependent on the formation



secondary reagent for 30 minutes at 37Cin a humd chanbgn.,A shi ng
in PBS, preparations were 20 nmounted in PBS with 50% gl ycer%rf té’L%IﬁO\/S;Nzwed in

a Zeiss Axophot m croscope equi pped with appropriate light source and
filters for FITC. The results are shown below in Tables 2 and 3. It is 25
obvi ous thawoadzlesmes the different |igands show appropri aperfeBogizig when the
corresponding fibers were expressed as secreted products. However, only
the affibodies show the expected correct binding when the fibers were
expressed in the cytosol and subsequentl 37‘630 transported to the nucl eus.
Ther ef ore, not l g ld can: ol d.c ly. dn_th yt.0sol. and nucl eus.
It is inter estigk Sjtéhg?qg%gsl ‘?ﬂla%gsaq\?h?é}%ﬂ%gan‘yevéy{]ﬁg?g%g ?]ﬁ}c’tmglti eu in the
cytosol and nuc?ggslr(é'fhﬁ HEHP%%' are small a--helical structures not
depending on S-S bridges for 35 their conformati on whereas the |igands

whi ch were shown not to be properly expressed in the cytosol/nucleus all
have a conformation that is dependent on the formation 1 8 January 2005 WO
02/ 08263 PET/ GB'Ba_Ll?Jc%z%’zE-"PEESS’g?n and FrpgEtnadnildgardeoinstingd itery poorly
or not at all Fecditdnaptosdénodirbablfébars Brgedetiofioansbdusabhonal | i gand
binding in recappifantls adenovirus fibers targeted for secretion in COS
cells 10 Detecting reagent Fiber 4D2+2A6+a- LG-+a- M ga- | d+Hi gGtHi gA+

aM gaM ga 4l gaM gaHi gGaf | gA WI' ++NDNDNDNDND A7 EGF +++NDNDNDND A7 G250
++ND++NDND A7 QR42ctiad\DeagdbblD Al ZI gG +NDNDNDND+- A7 ZI gG +NDNDNDND+-

1o Fiber AD2+ 276+ a-BGF+ a-MIg a-Idt HigGh Higa+
aMIg aMIg aMIg aMTg aHIgG aHIgA
WT + + ND ND ND ND ND
AT EGF + + + ND ND ND ND
15 AT G250 + + WD + + ND ND
A7 Cc242 + + ND + + ND ND
Al ZIgG + ND ND ND ND + -
AT Z1laG + ND ND ND ND + -
A7 ZIgG/ZIgG + ND ND ND ND + -
20 A7 ZIgA + ND ND ND ND - +
A7 ZIgG/ZIgA + ND ND ND ND + +



A7 Zl gG ZI gG +NDNDNDND+- A7 ZI gA +NDNDNDND- + A7 ZI gd ZI 9%3W+ 18
January 2005 WD 02/ 08263 PCT/ GBA /03252 - 57 Table 3: Expression and
functionality of ligand binding in the nucleus of COS cells in native and
selected reconbinant fibers after targeting for expression in the cytosol
Det ecti ng r e@genszski ber 4D2+2A6+a- EG-+a- Nl ga- | d+H gG+HHi géd1/GBo1/03252

aM gaNl gaNl gaM gaHl gGaBl gA 10 WI' ++NDNDNDNDND A7 EGF ++- - NDNDNDND A7 &50
++ND+- NDND A7 C242 ++ND+- NDND 3- 5Al1 ZI gG +NDNDNDND+- A7 ZI gG ++NDNDND+- A7
ZI gG / ZI gG +NDNDNDND+- A7 ZI gA ++NDNDND- #7A7 ZI gG ZI gA +NDNDNDND++ 20A7

ZI gG xa Knob +NRNDNDNPR+ esul t vious | nplicatians for the
construction of those Tt é%'?grlgg?{la Vi rf&lél@?%?n%ult noge%ggaﬁcﬁ}rlggﬁn%ere t he
viral structurafchipdreiesscohte@@hiardist ke pativecrrdpsertated i gand are
synt hesi zed i n rbeombiaramal ifabefe| dfiH @a0heting fordeRpreddion Bal @neare two
enabl i ng exanpl g%%%lalshow how such re-targeted adenovirus can be
constructed. 30 LE 6 Gafting of CDR | oops Certain single chain
constructs “of nonocl onal antibodies retain their bindi ng specificity even
in the manmal i an 3bteei eyersol (Cattaneo et al., TIBTECH 17: 115-121,

Fiber 4D2+ 226+ a-EGF+  a-MIg  a-Id+ HigG+ High+
aMIg aMIg aMIg aMIga HlgG aHIgh

10

WT + o+ ND ND ND ND ND

L7 EGF + + - ND ND ¥D ND

A7 G250 + + ND + - ND ND

A7 €242 + + WD + - ND ND
15 Bl ZIgG + ND ND ND ND + -

A7 ZIgG + + ND ND ND + -

A7 2IgG /ZIgG  + ND ND ND HD + -

A7 zIgh + v ND ND ¥D - +

A7 21gG/zIga  + ¥D WD ND HD + +
20 A7 ZIgG Xa Knob + ND ND ND ND + -

The results have obvious implications for the

construction of those re-targeted virus for human gene

‘ therapy where the viral structural components containing
. 25 the new cell binding ligand are synthesized in the

mammalian cell cytosol, i.e. adenovirus. Below are two
enabling examples to show how such re-targeted
adenovirus can be constructed.

30 EXAMPLE &:°
Grafting of CDR_loops

Certain single chain constructs of monoclonal antibodies
retain their binding specificity even in the mammalian
35 cell cytosol (Cattaneo et al., TIBTECH 17: 115-121,
{1999)). This is a function of the so called frame work
regions of the antibody variable regions. It is known



"nucl eus thus cr

(1999)). This is a function of the so called frane morkvé§8%%%@g%%k t he

anti body variable regions. It is known 18 January 2005

PCT/ GB01/ 03252 - 58 that the antigen binding COR | oops can be transferred
fromone antibody to another by reconbi nant DNA technol ogy thereby
creating antvoaodses Wwth frame work properties from onepenteiaadys:and

bi ndi ng properties from5 another (for nethodol ogy see Enery et al.,
Strategies for Hunanizing Antibodies, iggAntibody Engineering, Carl A K
Borrebaeck, (ed.), Oxford University Press 1995, page 159). 10 Such a

| oopb Igr af ]E eg Fiﬂ}@tepﬁéahﬂtﬁcﬁﬂ bﬁ.@?ﬂin@a@lﬁ@ QR caarﬁ@b&&ﬁq@kedL r arre}Afr k
capabl e of fo in_t . osol _and subsequent. trans t to the ce

q!ea 8§ec£§tgﬁ%}e%€éﬁFP§h e §hg§FP@Elﬂf$$Qﬂ%bpropriate
cloni ng sites dttohRelgenethexnally crieghted a8 ibetbesi bith ArameDwenkodi ng
%enesEx'aAngLr eiCllﬁ@pielﬂthﬁ h?rorﬂdﬁi@@ﬁhtﬂﬁo%%b@ﬁdﬂﬂ@ﬁﬁi&%}d t@ebom&ﬁégﬁpl e

: ; ng-0f reconbi.-nant _fihers into_ihe adenovirus

genone Thégwjléﬁgﬁﬁgkfgggf %é?ﬁﬁ%?&&%& TRt W?eregeﬁ%hk{%%E?tegbﬁgtituted for
reconbi nant fi FéFsippanhelrp|Andibrgicnetodngébedypiebinesiing: heapt oj ect .
In the nethod th&.2Bowkéshdytpe (AdS)genord-d mntikerplasne.dpT63592 (Emery et
al ., Supra) wa%aégeg5§§ receptor for genes encodi ng the reconbl nant
fibers. This plasmid contains the entire wld-type Ad5 genone joined to
the plasm d backbone by Pact |inkers. The entire genone can be recovered
as a 30 limear sNA &r hgoRrdrafitiedr seheby again bht Peédy sivieedPagta sites are
absent fromth o) \ I l.ne pNA can,i hen be
transfected to%?égggf?f%%gnggF%ggﬁé£$R%Fﬁ&9?r%é @%hé?%ié? & Cal ., Supr a) .
From this plas¥tasthe?ndl hisssReBhnt BEpPBEE EPctliedds muelessfragnents,

one of 27 kb amthusnereétdh kizn wsbbBgqhdéttly be supplied with
appropriate cloning sites at the gene level, ligated
15 into fiber A7 RCGD encoding genes and rescued into the
adenovirus genome as described below (Example 7).

EXAMPLE 7:

Resquing of recombinant fibers into the adenovirus
20 denome

The wild type fiber as encoded in the Ad genome was
gubgtituted for recombinant fibers by the following
method developed within the project. In the method the
25 wild type AdS genome in the plasmid pTG3602 (Emery et
al., Supra) was used as receptor for genes encoding the
recombinant fibers. Thig plasmid contains the entire
wild-type Ad5 genome joined to the plasmid backbone by
Pacl linkers. The entire genome can be recovered as a
30 linear DNA fragment after cleavage with Paci since Pacil
gites are absent from the Ad genome. The resulting
linear Ad DNA can then be transfected to susceptible
cells to yield virus (Chartier et al., Supra). From
this plasmid the Ad genome can alsc be cleaved as two
is fragments, one of 27 kb and one of 9 kb, using the
enzymes Pacl and Spel. The 9 kb fragment has been
cloned into pBluescript. From the 2 kb fragment, which



enzynmes Pacl and Spel. The 9 kb fragnent has been cl on%%%@?escrl pt .
Fromthe 9 kb fragnent, which 18 January 2005 WD 02/ 0826 03252 -

59 contains the fiber, a 3 kb Sacl -Kpnl fragnent containing the fiber
gene was further subcloned. The fiber gene was del eted between the Ndel

- site in thewmadospportion of the fiber and the Minl sit e poic®bidsssasi t uat ed
just 5 down-stream of the fiber-gene and an adapter containing an Xhol
site and the down-stream sequence was introduced between the Ndel and Munl
site to obtain a fiber shuttle vector.” Séral reconbinant fibers have now

been |i gat ed betc\gggglhlge{%@’}gm%%o'agi ]ébh's%cih#]%rtxie vecto anchogous

t hereafter rescu%E into t nment oned
reconbi nation i HP& TiBPT YWRMERefuridierysubctaped) . Tﬂﬁl gihenrgenchat al |
normal el ement s wasedelatéed dtiveen- expnersi entbaie hreralief pottiadCbs 15

Finally, r econb'tﬂ@nklﬁekbaridr Q:glrgeﬂ{lﬁl\é\ﬁt ﬁggﬁaiglélnttdaigaedustto the 27 kb

fragnment by cosgld cl oni ng re-cr ehome. The 27 kb
f r agnment SWBeSHE‘r‘?Wéﬂ? Fpﬁﬁh?ﬁﬁﬁpezenﬁd@hcﬁﬂ%rg@mm%ch as the
Ad- YFG deSCI‘I bednbihéie :eite aﬂnd( I:hercﬁmnéh@Haﬁ sépiatdecawhd, idft-oliuckanzl er KW

and Vogel st ei NnpBtwéesi iyl d Y onbi.n

adenovi r uses. ProgWNat Aca e%cflﬁas%%m 8@ %8 é%ﬁ[&g 158@? Eikfu%tﬁig 27 kb
fragnent is deri ?85‘3’25 ORGP nante SiPeThayenseE WReD be W Et a-
whereas the 271lkbateddgveintechr NdEAchﬁﬂ:(EhmlbfrﬁmﬂershElttdmﬁécﬁﬁ)r ¥“hAUSes

needing . |owhBassAger 233c0H LR Al boﬂbaﬁa&n[)e%%o LPAN.d genore

resulting from agove mani pu ations can tarned as a -linear
fragnment by cl e8VFPKG Wtwqﬁfﬁoaﬁdrmlpat%‘?%n’sﬁ dot codér AFkagitiercel | |ines
whi ch then vyiel dtvatus $immles This tieangenbae akl fisrahl oebémerftesr t hese

transfections tbequisCENF A dek-aBRfAGH0R AGFOtLdBPGRRL YRS Msed. 35

15 Finally, recombinant 9 kb fragments were separately
joined to the 27 kb fragment by cosmid cloning to
re-create the complete Ad genome.

The 27 kb fragment may also be derived from another

20 adenovirus genome, such as the Ad-YFG described by He et
al (He T-C, Zhou 8, DaCosta LT, Yu J, Kinzler KW and
Vogelstein B: A simplified system for generating
recombinant adenoviruses. Proc Natl Acad Sci, USa,
95:2509-2514, 19898). If the 27 kb fragment is derived

25 from pTG3602 the resulting genome will be WT' El+ whereas
the 27 kb fragment from Ad-YFG will render E1l deleted
viruses needing e.g. low passage 293 for replication.

The recombinant Ad genome resulting from above

30 manipulations can finally be obtained as a linear
fragment by cleaving with Pacl and used to transfect
permissive cell lines which then yield virus plagues if
the genome is functional. For these transfections the
FuGENE & transfection agent (Roche) was used.

35
Various recombinant fibers were rescued into the Ad
genome and subsequently transfected into permissive



Vari ous reconbi nant fibers were rescued into the Ad ge
subsequently transfected into perm ssive 18 January 2002%"8’5@(%)%3

PCT/ GB01/ 03252 - 60 <cells. Results are shown belowin table 4. O the
fibers accounted for, only those containing the WI knob and the affi body
A7 ZI gG | gGweaneskapabl e of rendering functional virionspcfligol@sdl ts are
in conplete 5 concordance with those shown in tables 2 and 3. Table 4:
Rescui ng of reconbinant fibers into vi r:(ggs Fi ber Tr ansf ect ed

cel | sCccurrence of virus plaques A7 WI b293Yes A7 FGFA549No A7 C242Col o
205No A7 G250A7c'i4‘icls°~7Ré§Qﬁs7—|e&%2%ﬁéﬁﬁ BfRSy (1) tggﬁé Fe. W kheleppddd cells

stably transfected wit

g r@ m huna resse rane
protein. ~To crEdi®%E /E%r & ﬁ’eﬁ ?ﬁ%(‘?ﬂntfall ﬁu W) qu%“‘\ﬁ?ﬂ /92874 eact s
"with the Z- donsffilddyddBezIgC/AIgs NetgsmapatRe, of LmemmdoningA., Nilsson, B.,

Unl en, :Vlbalnd '%Q{c@:’longﬁ ﬁr:i(ol:%gri’h Eﬁgéﬂecg kg 91]5 &Sdp 1%%@th3 froml hunan
i munogl o in 0_ana ass ecific of aphyl ococca
protein A"éjJ. Inwct ﬁ'?g 05558 t\‘?\‘/&i ﬁnéjfj Si'nto the vector
pDi spl ay (Invitrogen) i n frarre W th the PDGFR transmsnbrane domai n
sequence presemiblien 4t NREsMOGIObE FEERITNE SCHLLNCEHPRLEBIBAEY the Fc
sequence fused to the PDGFR transnenbrane domain sequence was then cl eaved
fromthe vector using the 30 restriction enzynes Sfil and Notl and |igated
into the vectd®ibgrSecTag (whi clragsferteakcelie ZeociProwesicst @nedrusgene)

cl eaved wigh the sarre enzymes. The reconstitutedy;ygeior was the
transfected |nt 7i)yé/qu)assage 293 cells using FUGENE and the cells were

pl aced under s@l ection 35 preszsgare usi ng Zeocin '6° sel ect for stably

transf or ned A7 EGF AS49 No
A7 (242 Colo 205 No

A7 G250 A75 No

15 A7 ZIgG/ZIgG 293 /Fc¥* Yes

(#) 293/Fc cells are 293 cells stably transfected with
Fe3 (1) from human IgG expressed as a membrane protein.
To create 293/Fc, cloned Fc3 (1) from human IgG which
20 reacts with the Z-domain (Jendeberg, IL.,, Nilsson, P.,
Larsson, A., Nilsson, B., Uhlén, M. and Nygren, P.-A
(1997) "Engineering of Fcl and Fc3 from human
immunoglobulin G to analyse subclass specificity for
staphylococcal protein A" J. Imm. Methods 201, 25-34.)
25 was ligated into the vector pDisplay (Invitrogen) in
frame with the PDGFR transmembrane domain sequence
present in this vector. The coding sequence containing
the Fc sequence fused to the PDGFR transmembrane domain
sequence was then cleaved from the vector using the
30 restriction enzymes Sfil and Notl and ligated into the
vector pSecTag {(which carries the Zeocin resistance
gene) cleaved with the same enzymes. The reconstituted
vector was the transfected into low passage 293 cells
using FuGENE and the cells were placed under selection
35 pressure using Zeocin to select for stably transformed
cells. Clones were isolated and tested for membrane
expression of membrane-bound Fc3{1l) using FITC labeled



cells. Cones were isolated and tested for nenbrane exp '
menbr ane- bound Fc3(1) using FITC | abel ed 18 January 20055%%%0%083

PCT/ GBOL1/ 03252 - 61 staphylococcal protein A (Signa). One 293 cl one which
honbgenousl y expresses nenbrane bound Fc was used for transfection of the
A7 ZI gG ZI gwoanieénas ni ng genone to produce virions. 5 EXp¢PEBoibssAssenbl y
of gene constructs encodi ng reconbi nant adenovirus fibers with an affi body
and a cleavable wild type knob 10 Cl eavable fibers containing both a
non-native pol ypeptide conprising an ext®rnal |igand, here an affi body,

and a C—-terﬁinékxghfﬂégggééy %£%§¥b %93%@{ ong 5§%ru %%%dﬁ%tpuctures SO

activated facto site situa he cel’l

that the knob c%ﬁmoﬁ%nﬁsé’e‘(véépﬁﬁs‘?% MeRpE3Re thrngt E‘Fb@@l? usgfl Sogernits
virus producti ofrens283icel bs vhé AT WIsednegt | nf@@ﬁﬂaﬁun@f gBR¥hd et
cells as defi negrgxu&glevqulfohgody after proteolytic removal of the knob. 20
To construct a gene for a cleavable fiber for ligation of di fferent

| i gands the W fiber was subjected to PCR wth an upstream priner' (437)

i ntroduci ng Cl aEXANPIE &nd the Factor Xa recognltlon site before the first

seven 25 tripl eh§s%1£ rgegg @&gsttﬁ%tgoﬁérgch%': QULIEL 49  whi ch prines
at the end of t nQ with dal and
Xhol the DNA f b 25-helody jansl acehedvalile thoned
earlier. The res.mle;l_lagph‘lber gene contai ns 30 fromthe N-term nus the

sequence fiqr the ta|I the first seven shaft repeats, the NRP

trinerisation signa the ., linker from staphyl ococcal rotein A, a d al
site, a 9 avable fibers containing bg ya non-nat £¥e

polypeptide comprising an external ligand, here an
-affibody, and a C-terminally placed wild type knob were
constructed with an activated factor X site situated

15 between the cell binding structures so that the knob can
be cleaved off to expose the affibody. This permits
virus production in 293 cells with subsequent infection
of new target cells as defined by the affibody after
proteolytic removal of the knob.

20 .
To construct a gene for a cleavable fiber for ligation
of different ligands the WT fiber was subjected to PCR
with an upstream primer’ (437) introducing Clal, Munl and

. the Factor Xa recognition site before the first seven
. 25 triplets of repeat 22 and the downstream primer 149

which primes at the end of the fiber knob. After
cloning and restriction with Clal and Xhol the DNA
fragment was cloned into the A7 fiber construct
mentioned earlier. The resulting fiber gene contains

30 from the N-terminus the sequence for the tail, the first
seven shaft repeats, the NRP trimerisation signal, the
linker from staphylococcal protein A, a Clal site, a
Muni site, the Xa cleavage site, repeat 22 and the wild
type knob. For ligation into this fiber gene the gene

35 for the affibody ZIgG was supplied with an upstream Clal
site and a downstream Munl site by PCR using primers 503
and 505 and ligated into the aforementioned "Xa fiber™



Muni site, the Xa cl eavage site, repeat 22 and the wld g}@ﬁ]a For
ligation into this fiber gene the gene 35 for the affiboc11y gG was
supplied with an upstream Clal site and a downstream Munl site by PCR
using priners 503 and 505 and ligated into the aforenentioned "Xa fiber"

18 January @@Q5033 02/ 08263 PCT/ GBA /03252 - 62 gene. Tp@n{;g@yhb;shng fiber
gene contains fromthe NN term nus the sequence for the tail, the first

seven shaft repeats, the NRP tri merlse}tlgn signal, the linker from
st aphyl ococeal protein A, a Cal site new 5 Iinker a Munl site,-the

Xa cleavage sitgnd epegt B@Sﬁ%ngt &%b@&'édeﬁev%% %99§z %ﬁnftihl%ef\l _gene was

rescued into the adenOV|é enore ésee reconbi nant genone
was transfect ed S HEo 29 CRIT S ARG VRS 5ﬁsllweFBep$’o’éﬁfceqt?V&Hd purified on
CsCl gradi ent s.stRdti frepdavs i s NBEr eriheaised iwnt higeal | wateedifrkhet or X (Xa)

(Sigm) in SOM-Ty StOonpthia1 100uaM NaCl M Call 2 day ndf hour's at

room terrperatur virus suspenS| on. 15 Assay

pL
for binding of li?é‘efl'gé %‘F%fb?f&f’oﬁ%h% \ﬁJreia(Yﬁ‘ge FhES perRsefred2 eds®nt i al | y
as follows. Virue gsidgehgpeonsiobwere bl otted onto PVDF nenbranes (BioRad).
After Dblocking with 3% gelatin in Tris buffered saline, pH 7,4 20 (TBS)

t he nmenbr anes \r/ﬁ{e i.gcubated w th FC 10pg/ én 1% elatln in TBS for 90
mnutes at roomTedpePat 4P Yatadhaque n’giﬁ?att ‘é’rﬁ‘is FEREAS I gG HRP
(Dakopatts) in {SEBSEzempee atli .n Ther r80cmipimands ganomaoma énpasdeated washed

and devel gped iimiéd- @bhoéé’li\gﬂ‘l%mdﬂvﬁﬁ@H@rﬁex%'Spﬁ:ghggé@)and-r%rlﬁﬁlﬁt&i of
staining of W pbi hant_  viruses, are Shown i uregalong wth
di ff erent. contqz'is g 81?1%1:%[)\}9115&;1? al TR Sy HELRLT %ﬁﬁe 48 binds Fc3(1)

whi ch binds to a\ﬂ?l’-’lzamérléastdécai WHEaeh (Siopmindn SHaMdTtics\WL BH(3ehdeber g,
L., Nilsson, P.100LaMSEO61; AmM CaCl, for 48 hours at room temperature.

1 U of Xa was used for 5pL of virus suspension,

15
Assay for binding of the ZIgG affibody on the virions
was performed essentially as follows. Virus suspensions
were blotted onto PVDF membranes {BioRad). After
blocking with 3% gelatin in Tris buffered saline, pH 7,4

20 {(TBS) the membranes were incubated with FC 10pg/mi in 1%
gelatin in TBS for 90 minutes at room temperature,
washed, incubated with anti-human IgG~HRP (Dakopatts) in
TBS/1% gelatin for 90 minutes at room temperature,

" washed and developed in 4-Chlorc Naphtol reagent

25 (BioRad). The results of staining of WT and recombinant
viruses are shown in Figure 3 along with different
controls. It is obvious that the recombinant virus binds
Fc3(1} which binds to WT Z whereas Fc3 which does not
bind to WT Z (Jendeberg, L., Nilsson, P., Larsson, A.,

30 Nilsson, B., Uhlén, M. and Nygren, P.-A. (1997)
"Engineering of Fcl and Fec3 from human immunoglobulin G
to analyse subclass specificity for staphylococcal
protein A" J. Imm. Methods 201, 25-34) fails to bind to
the recombinant virus. WT virus does not bind either Fc

35 preparation.



30 Nilsson, B., Unlen, M and Nygren, P.-A (1997) "Engn@ggﬁhﬁgmﬁg Fcl and
Fc3 from human i mmunogl obulin G to anal yse subcl ass specificity for

st aphyl ococcal protein A" J. Imm Methods 201, 25-34) fails to bind to

t he reconbi nant virus. WI virus does not bind either Fc 35 preparation. 18
January 200WwoA0824 08263 PCT/ GB01/ 03252 - 63 Exanpl e 9: r&p&ayiasks2
non-native of e tides for functional conformation and binding specificity
5 The candi date pol ypeptide is expressedeg part of a viral conponent
protein by nmeans of insertion of the cortesponding coding sequence into a
sui tabl e constrgehmpldles construct, which conprises an entire viral genone
in 10 which one or nore conponents have been repl aced by the

correspondi ngy reconblnant conponent gene, is expressed in a cell line
suitable for prapagatd : 3 gohddés vigniFueedeand Dr by the

reconbi nant vi r@nfgﬁr?@ﬁ%n -Elﬁarﬁlﬁéﬁlé %e@fﬁc%ﬁ' bilities depending on
1.5 mhethe% the  WI cell-binding functron 1s retained in the reconbinant
genorme or not. If the WI cell-binding function is retained virus can be

produced in nor Fat prudivsdre pohesesticle ds 298rdored@sagenows us. The
ability of the ﬂQBaDaédm{c%n%‘AItYBﬁ@EéﬁP Fyomegﬁs ea%)r el lbfﬂ c@f Gp@f or mati on
u an e

that allows it to b|n xtracel ar part of a

functional virfon 1 sléVeSOEW%ﬁﬁﬁuﬁBc@tb’a?%sa éﬁle}%rngnSFWt -appr oach
is exenplified B?et¢Qﬁ%ﬁﬂu@¢egyhe¢hﬂqgmmdlsﬂs251Ex&umbevﬂra&x@sadmbenﬁ t he
virus fibemn conyRiss i kit Bl@reVg—on'@&%n@@dh@v@%e%akbﬁfa@%&%gnggla' gand and

where the knobcgggebe r enmoved eol ytic cl eavage I ng
function of the~Ron: ?Eﬁq &9p5F§ st pﬁ%ﬁﬁh§?P&teﬂs Bpresgfdard sol i d
phase i mmunot echho® otpil An@ﬁh@ultmﬂ@t faregyopayatden bhetlsane ends woul d be

~to produce recombinant virus coded for by the recombinant viral

genome. There are two main possibilities depending on
15 whether the WT cell-binding function is retained in the
recombinant genome or not.

If the WT cell-binding function is retained virus can be
produced in normal producer lines such as 293 for

20 adenovirus. The ability of the non-native polypeptide to
be expressed in a conformation that allows it to bind to
an extracellular ligand and to be part of a functional
virion is assayed by binding studies on virions. This
approach is exemplified by the strategy employed in

25 Example 8 above where the virus fiber contains both the
WT knob and a non-native binding ligand and where the
knob can be removed by proteolytic cleavage. The binding
function of the non-native polypeptide was demonstrated
by standard solid phase immunotechnology. Another

30 strategy to meet the same ends would be to produce
virions with WT fibers as well as recombinant fibers,
the latter containing the non-native polypeptide as
replacement for the native knob.

35 If the WT cell-binding function has been deleted from
the viral genome the virions will depend on the
non-native polypeptide for cell binding. Therefore, the



virions with WI fibers as well as reconbinant fibers, thedfkheoos

contai ni ng the non-native polypeptide as replacenent for the native knob.
35 If the WI cel |l -binding function has been deleted from the viral genone
the virions will depend on the non-native pol ypeptide for cell binding.
Ther ef ore, whenbgesdanuary 2005 WO 02/ 08263 PCT/ GBOL/ 03253¢traebds2pel | 1ine
must be able to permt entry of the reconbinant virus and, if necessary,
to supply genetic information that may QE mssing fromthe reconbi nant
virus, e.g. the sequence for El. If the rfeconbinant 5 genonme is El deleted,

g?:blsyc/)l ut irgzsi‘zzc%lqt nggaﬂuﬁﬂ bzft %gmggt€&£ capglblley:% eob?;tgliléngstﬁz?) ﬁgg ;gti ve
pol ypept i de cod@PHBi PRy { HE R B! e CRPPAY” GER TP ThESaBF T 1y of the
non-native pol yipepindsi¢0 thetheayxpe essetinom faonoriomeaombanehat al | ows it
to bind to the,GQls,eePgNdiny JBHERLSN r&d MGt HEer - mPiRant of a
functional _virion is ass€¥ecﬂ ]It%é creeni n(g‘l ftor pl aque formag#on in the

cel I's folldw nfTrHstEctT ot 5T Fhe® Vi A gSRoM. TS &Y &tegy was

enpl oyed in Exdnpins fectsd abolle liner eu@o R @¥Bsasd aty ytadedyvessi ng menbr ane
bound Fc fromiyyBrebdGiese U3eH hLOor&Esuse cipibodovpahaihferndV bi ndi ng
function was rergjl a_ce(g,vm th %&% gf.fjl bOch %':%G Tgpe e>$eact blnndlﬁng properties
of the non- nat it PEFyBEPLT HRPIAPUrTHET BHE B8t BT PA"EREdi es where
20 the virus isrigillogedone. (hepebélity i diengonrndtivseprildeepsidactural ly
rel ated toothe wpmenakhyessdPlinPaptbiits metRenstRi€ f1aweekik- b nsig.

EXAMPLE 10: 25 tAnt e0- al act os'.gase Si Ie.S Qgi Fv fr %gerr‘{t In a .
continuation of % ﬁb eXper TR 8e’§%‘??‘%}g’ i % EQ%%IB@Cg, A sPAGY % hai n
vari abl e chai n & fagesneng VK irionnkerassaged bacseresniingh fogabhayesi dase and
capabl e of 30 hRjhgtesRr eSS icBllBersMianhasfriArddiieaucP end Betton
' viral genome. This strategy was employed in Example 7
15 above where 293 cells stably expressing membrane bound
Fc from human IgG was used to produce virions where the
WT binding function was replaced with the affibedy Z27gG.
The exact binding properties of the non-native
polypeptide can further be determined in studies where
20 the virus is allowed to compete for binding with
peptides structurally related to the non-native
polypeptide responsible for cell-binding.

EXAMPLE 10:
25 Anti B-galactosidage single chain Fv fragment

In a continuation of the experiments described in
Example 3, a single chain variable chain fragment (VK,

‘ linker, VH)} reactive with B-galactosidase and capable of

30 being expressed in the cytoplasm (Martineau P and Betton
J-M: J. Mol. Biol. 292, 921-529 (1999}) wag cloned into
the aforementioned A7 fiber constructs. This single
chain fragment iz [SEQ. ID. NO.: 47). To permit cloning
into the aforementioned A7 fiber constructs, the single

35 chain fragment was cut with Ncol/EcoR1l from the plasmid
pPPM163R4 (Martineau P and Betton J-M supra) and ligated
into a plasmid containing the aforementioned Fiber R7



J-M J. Ml. Biol. 292, 921-929 (1999)) was cloned into 4 GgEent i oned
A7 fiber constructs. This single chain fragnent is [SEQEP%%: 47). To
permt cloning into the aforenentioned A7 fiber constructs, the single 35
chain fragnent was cut with Ncol/EcoRl fromthe plasmd pPML63R4

(Martineau wWoandsBetton J-M supra) and ligated into a ppesasdnesat ai ni ng
the af orenenti oned Fi ber R7 18 January 2005 WO 02/08263 PCT/ GB01/ 03252 - 65

EGF supplied with a O al-Ncol - EcoRl - Xhol adapter allowi ng for in-frane
ligation of the single chain fragnent.” 8°If a continuation of the

experiments desﬁx?é bs%.?) heqR5A0R! £ éalgﬁgéf—sédo%g—iﬂglcgé%ey | ocal I zat | on
of reconbinant fibe $cont arntng thé srngl'e chain var] e chain fragment
(VK, |inker, VHlIeHag ferwipnfrapeydigatien ¢fs &hgepénglaldhiied by

i rMmunost ai ni ng feadentl0 the foll owi ng additional primary reagent:

3-gal act osi dase-biotin (SIGVA, G 5025), In addition to the results shown in

Table 2, results results obtained in equival ent experinents for the Anti

15 3-gal acPosi di3 e SMGF-BUERAPR 9 theagreetineber desrsirerti® are shown
Tabl e 5: Tabl e ExanpXer &sskerprassidripatli cablulargapdabi satt vgh icf  r econbi nant
adenovirus fib . d L i ; C Ei_her +
aM g2A6+ aM gJ%%%_%?‘%??dgggéﬁégﬁ?%? g?ﬁ%q:&%e-%%i'@33%a a&a%gia gg%e 25 In
addition to the“baldufraourptn (Y Pdpkers, ViedHACSivebyaithed i n equi val ent
experinments forpgtded adnbisiddsgalkact @yblasesdigliemchasvafvidg agiagt i ber

ConStrUCtloare Eﬁ@“ﬁbi&%@&ﬁg6édditiona1 primary reagent:
B—galactosidaqe—biotin {(SIGMA, G 5025).

In addition to the results shown in Table 2, results
resulta obtained in egquivalent experiments for the Anti

15 f-galactosidase single chain Fv fragment fiber construct
are shown Table 5:

Table 5: Expression and functional ligand binding in
recombinant adenovirus fibers targeted for secretion in
20 COS cells

Fiber 4D2+ aMlIg 2A6+ aMIg B-galactosidase
‘ + StrAv-¥ITC

R7 + + +

a-B-galactosidase

25
In addition to the results shown in Table 3, results
obtained in equivalent experiments for the Anti
RB~galactosidase single chain Fv fragment fiber construct
are shown Table 6:

30



30 18 January 2005 WO 02/08263 - 66 PCT/ GBO1/03252 Tabl e 18:yafgapy S5l on and
functionality of ligand binding in the nucleus of COS cells I1n native and
sel ected reconbinant fibers after targeting for expression in the cytosol
5 Fi ber4D2+ aM g2A6+ aNl g( 3-gal act osi dase + StrAv-FI TC R7+++

a-{3-gal act amdeses 10 EXAVMPLE- L1 Phenotypi c anal ysis of pétlegéigaiseteins. i s
The following is a further exanple of nodified viruses of the present

i nvention wherein conpl ex polypeptide |iggands have been incorporated into
a nodified adenoviral fibre protein. The exanpl e denonstrates the

i rrportan](c:e forfgasnaé a8 @xpebsaise-drll Fahetionalils amplfligammaaﬁgl | g\d .
vector of two tures.. &i) .t r tFUCt UL, shou sti
allow for effi c?zgn e-gﬁcg'(%ﬁeﬁfg %c?l% c%éﬁ?uf’%r%en:ﬁeg%gP %%géé\:/?ér:%s and (ii)

| i gands i nsert eERPFMRINERE FiBpEs sHOWT tBETREING I PXPERFFIRD PoMAfNg i n

t he manmal i an ceftosaa opl asm 25 Solubility is conveniently used to assess
correct f@lding which is typically linked to an absence of disul phide

bonds. Preferably the non-native polypeptides described herein wll have
no nore than 2 | disul phi de bondsz: taypi cal | yadioanmar € t hap-datasdsimst |30
preferably no di sul phide bonds. Material sjfand Met hods Ogl Sy LS 29 cells

were obtained flrom Mcrobix lac 35 - (Tolonto . Ontarig s7,

A431 and Col o20=7cel |s were fduw chased frpmthe Anmeri can Type Cul tufe
Col I ection

a-B-galactogidage

10
E LE_131¢:

Phenotypic analgsis of fiber proteins.

15 The following is a further example of modified viruses
of the present invention wherein complex polypeptide
ligands have been incorporated into a modified
adenoviral fibre protein. The example demonstrates the
importance for generation of a re-targeted viable and

20 functional Ad vector of two features: (i) the fibre
structure modifications should still allow for efficient
attachment and cellular entry of the virus, and (ii)
ligands insexrted into the fibre should be capable of
correct folding in the mammalian cell cytoplasm.

25 Solubility is conveniently used to assess correct
folding which is typically linked to an absence of
disulphide bonds. Preferably the non-native
polypeptidee described herein will have no more than 2
disulphide bonds, typically no more than 1 and most

30 preferably no disulphide bonds.

Materials and Methods
Cells. HEK-293 cells were cbtained from Microbix Inc.

35 - (Toronto, Ontario, Canada). Cos7, RA431 and Colo205 cells
were purchased from the American Type Culture Collection



18 January 2005 WO 02/08263 PCT/ GBOL/ 03252 - 67 (ATCC, Nenassay 2004 rginia)

and A75 and 43 cells were obtained from Rei nder Bol huis (Dani el Den Hoed
- Cancer Center, Rotterdam The Netherlands). Al cells were nmaintained at
37C and 50 CO2 in Iscove's nedium (G bco 5 BRL), supplenented with 10%
fetal bovi nwosensess (Si gnma- Aldrich) and 50 ng/ M Gent am ecreg@Ginzesa BRL) .
Spodoptera frugi perda (Sf9) cells (ATCC) were cultured at 28Cin TC 100
medi um (G bco BRL) with the sane suppl‘erﬁ?nt‘s as above. 10 Anti bodi es.

Monocl onal anti [ ni.der o] o wa
pur chased fromI gﬁ%‘?é %C?S%%iltiarfén%?f%leas %ﬁ .A%\%;%%é'&gsgglhréec ed ag:ti nst
the Va and Vii chbadned GomsRagnder Hglhutsc éPaniek dsmofopd cd8®er and 15
anti - |kd| 8][ ypi ¢ ashtbodirestdirden; ethagrithetrlandd) G260 ceMbBiemnd N28284)5)
were kin su A i,n ﬁ%@ tai .5),
and with ayai ngﬁ'g??%%)r{ec?%trrgr%gz %%G%Oﬁel\éﬁghoﬁ gjlg?\%d’%&r&g{% J(gﬂpc{(l)zngl er

(Uni versity of BRBbangleRlemepkeAghtih 14% fetaR-BP6dE #§T920 fi ber knob
directed mAb 1D@sidmavarslcxtiphl}i edd 5o Bkl BegessididABGabediBRUINgham AL).
The nonocl onal ' 91819l¥ . WA ' pech§Lc O, Li-akeeh {GLeN Ac

resi dues, was %g%gl nedﬁt ?éﬁgtﬁg#%desffﬁeg\%?%\]gﬂ%n&%é.&QBlli ot nyl at ed
anti-idiotypi c &ht?B0diks T 8RB (FebepnBRFlcwiEoBhe | game 1413 and

| d20) wer e prodecgdiémamsd e ebogenal hybridomas. Horse radi sh peroxi dase
(HRP) -lahgled streptavidin, fluorescein isothiocyanate (FITC)-Iabel ed

rabbit anti--nouse, i nmunoglobulin G and streptavidin-FEITC were rchased
from DAKO (Q osfREpPodies- Yonestnak ia(m'lgPdYe W r?z%?t‘nﬁﬁo‘fﬁlé{;‘?“%ﬂbers and
nonencl at ure. Rgeowbh nfmttdd HBEF) gene purehesednEtomceeblioustidgy nmet hods

based on |igati Q&aﬁﬁﬁ%@%mm%dﬁs ayerleds exd-nst otnd SFandCene

sequences-generated b
d g VE gomg&ns of single chain T-cell receptor (scTCR), and

15 anti-idiotypic antibodies directed against mAb G250
(NUH31 and NUH84)} were kindly supplied by Reinder
Bolhuis. MAb against fiber tail (4D2.5), and wAb against
fiber trimer (2A6.36) were obtained from Jeff Engler
(University of Alabama at Birmiungham, AL)}. CAR-blocking,

20 fiber knob directed mAb 1D6.14 was supplied by Buck
Rogers (UAB at Birmingham, AL). The monoclonal antibody
RL2, which ig specific for O-linked GlcWNAc residues, was
obtained from Larry Gerace via Jeff Epngler. Biotinylated
anti-idiotypic antibodies directed against miAb (242

25 {(1d1, Idi3 and Id20) were produced from the original
hybridomas. Horse radish peroxidase (HRP)}-labeled
streptavidin, fluorescein isothiocyanate (FITC)-labeled
rabbit anti-mouse immunoglobulin G and streptavidin-FITC
were purchasged from DAKO (Glostrup, DK).

30
Generation of recombinant knobless fibers and
nomenclature. Recombinant fiber genes were constructed
using methods based on ligation, PCR, and splicing by
overlap extension (SOE). CGene seguences generated by PCR

35 were sequenced before subcloning. The gene encoding the
Ad5 WT fiber was obtained from pAB26 (Microbix, Toronto,
Canada) by PCR using the forward primer (SEQ ID NO: 48)



35 were sequenced before subcloning. The gene encoding tRg JaAgsy Yhod | ber
was obtai ned from pAB26 (M crobi x, Toronto, Canada) by PCR using the
forward prinmer (SEQ ID NO 48) 18 January 2005 WD 02/ 08263 PCT/ GB01/ 03252 -
68 5'-CIC GGA TCC GAT GAA GCG CGC AAG ACC GIC TGA A-3' and reverse priner
(SEQ I D NO wARp/n08263 - TTC CTC GAG TTA TTC TTG GGC AAT GTApdfi&s®03tsat r oduci ng
an upstreamBamH | and a downstream Xho | site, respectively. In 5
.-reconbi nant fibers, the knob domain was del eted and replaced by a 36 am no
acid (aa) extrinsic trinerisation notif derived fromthe neck region

POVASL RIVAEL OO T R Sy B e Ry S B, e, TBK POV, o
| i nker sequenc%ﬁﬁ?%t%’ﬁﬁ%ﬂroggggugn ot ST nSA TS #ﬁ‘? EA AR TIC

AKKLNDAQAPKSD) , TWeis GEC oA ETAt §CRRR' Ciniterotiundhg eand wifstirebwr Bathad tI of
different | engths, alaownHredt gﬁ@egtﬁtelﬁrfgg?eéﬁ‘;glg,i_nqnconst ructs were
named R1, R7 and R22, . respectively. Re-targeting |igand re.added to the
C-termnal =nd GECPRRIRFRIHH-L eFFnk'g}?‘?%ﬁso (‘:ig’ﬂe?e?uiqﬁﬁ %egﬁgﬁgﬁﬁn%f vari ous
ligands, da | aegplxbed|bwia 86 amirc igid ddadeexifimsict hyimenksatisuguence.
Al ligands 20 pRiliF0Resi-RE SWoleERe AL G4 ¥h tdeddidee (B ré£tion  sites,
and the nane of . the | 1%and vv%sﬁéggd%cat ed .af ter té@ ugber of shaft repeats
in the fiber nal}'f‘él.maﬁéq. 9 REREFPPRAET P TRF ™4 PR %%ob referred to
a truncated fi HEPVABBREOVATEQEAVEHUOARFSOYKKYREFENGy (JFR, IDSN@ ) St aph- A
Itlh nkeL ?[‘d]kd hg 'I_@sﬁ[%b?!adklﬂ,@l&_ dqaf%;sﬂ,sﬁecgpf%ﬂdédfﬂemtm%ﬁlﬁ%bcaaaﬁétrepeat and

e shaft-kno unctio i . For - kno i\ber constructs, an
extra |inker vvagkfjggé?t}gd@:tﬁtgg'%\hqélﬂﬁ%r:l %&g}y 2 'owastﬂjegﬁ% rm nal
side of NRP. Thé&sethenRereymiond eediveEiderf chaft mf AddSLwrent ber shaft

repeat 17 (L17: 1ehTASAGCT TCARAGAATL, WWAGCTTGAG and fiber shaft repeat
22 (L22 GGAAACAAAAATAATGATAAGCTAACTTTGIGIGACC)

i5 The resulting constructs were named R1l, R7 and R22,
respectively. Re-targeting ligands were added to the
C-terminal end of the Staph-A linker. For convenient
cloning of various ligands, Cla I and Xho I sites were
introduced after the linker sequence. All ligands

20 mentioned below were provided with these restriction
sites, and the name of the ligand was indicated after
the number of shaft repeats in the fiber name. E.qg.,
R1-RGD, R7-EGF, etc (Fig. 4). R7-knob referred to a
truncated fiber shaft (repeats 1 to 7), carrying NRP,

25 the Staph-A linker and the natural knob domain,
including the last shaft repeat and the shaft-knob
junction (Fig. 4). For two R7-knob fiber constructs, an
extra linker was inserted into the Nhe I site located on
the N-terminal side of NRP. These linkers were derived

30 from the A4S WT fiber shaft repeat 17 (L17:
TETACAGCTTCARACAATTCCAAARAGCTTGAG) and fiber shaft
repeat 22 (L22 GGAAACARARATAATGATAAGCTAACTITETGTGACC)
were named as R7-L17-knob and R7-L22-knob, respectively.
The schematic representation of the fibers is shown in

35 Fig 4.

Targeting ligands. Polypeptide ligands. Double stranded



‘were naned as R7-L17-knob and R7-L22-knob, respectively. 18‘;‘5!;133,?02@@573“ c
representation of the fibers is showmm in 35 Fig 4. Targeting i gands
Pol ypepti de |igands. Doubl e stranded 18 January 2005 WO 02/ 08263

PCT/ GB01/ 03252 - 69 DNA fragments containing the RG or ACDCRGDCFCG
(abbrevi at edvoRcioRbe) notifs were synthesized as conpl enmepeat¥o1/03252

ol i gonucl eotides with single-stranded term nal adapters, and anneal ed
together. The fragnment 5 containing the_shaft repeat 22, the shaft-knob
junction and the entire knob was obt ainé by PCR fromthe WI Ads fi ber

gene. The DNA sqgueng ?’méﬂ hugmn, G eRe SO %%sytégémﬁéwd and verified
on si ngl e cha.ln T-cel | F—t (Wmch contains 10

by sequenci ng. tl% e

~disulfide bondsg qeﬁ'lgf)@ i RPREY)y TOGRAP JEe RSP %s obt ai ned from
Rei nder Bol hui s¢orﬁﬂien@u¢€%rusbtt;d1wlebhed¢@mm Vanqmmmmeﬁ Monocl onal

antibodi es. Twor Mirfifas Hgéﬁtéf@' rdd agABSM & t%@e@ﬁ@EV)TH@rﬁalg&éﬁlt The first

scFv consi sted of the, var] p gci.n Lnker, the
vari abl e hdavy THAPEEP Eﬁﬁ %ﬁyﬁ:prgpﬁ?ﬁg&secq%@n géfgslfxp r:fé]%t %e Ronst ant
" heavy chai n donaich tZLe( @ntCFE)kmﬁb mals obpPsedvlly B2BOLrem tHweWTshédn to have
a high speci fi ciiper2@ehanedas mAﬁtgefq@eﬁc@nédzg%n@h hgragad enal carci noma

cells. Affibodies. . The s nt ai d%ge sane baS|c structure

VK- | i nker: JS—-\ﬁXnélﬁglﬁggfv% I?’er r“?‘i%ﬁﬁ FRTIEFEE I8 th

col orectal and mdeéungleaqﬂ@immellkm@mr t{whaph fntRipSt t er

sel ectivity foraidiardasi gLds) tvﬂtrtgﬁtspéﬁifﬁalt%r Itlo%@ay MigGd2asaky- deri ved

Pybri domm. el | 5% ERE LB Rol Al RMBPAr B 1o bR SEH B0 HHin aci d

peptide |igand ¥sNipraapa¥arhdiaredbPeét ween the VK and VH dommi ns, where S

was dA, dG or dC and N was dA, dG dC or dT. Affibodies were sel ected by

phage Monoclonal antibodies. Two mAb gingle chain fragments

15 {(zcFv}) were used. The first scFv consisted of the
variable kappa chain (or VK), a spacing linker, the
variable heavy chain (or VH), the joining sequence (JS)
and the constant heavy chain domain 2 (or CH2) of mAb
G250. MAb G250 has been shown to have a high specificity

20 towards a surface antigen of human renal carcinoma

cells.

Affibodies. The second scFv contained the same basic
structure VEK-linker-JS-VH, and derived from wmAb C242,

25 which reacts with colorectal and pancreatic carcinomas.
However, to obtain a better selectivity for the designed
target cells, a library of (242 scPFv-derived affibodies
was generated by SOE, using cDNA from the mAb-producing
hybridoma cells as the original template. A randomized

30 18 amino acid peptide ligand (SNN),; was inserted between
the VK and VH domains, where 8 was da, 4dG or dC and N
wag dA, dG, dC or dT. Affibodies were selected by phage
display on colorectal carcinoma cells Colo205, and the
sequence PPDFVPPAASFPDHSPRG was identified for the

35 peptide ligand. The (242 scFv VK- (PPDFVPPAASFPDHSPRG) ~VH
was then selected for further work based on its antigen
binding ability.



di splay on col orectal carcinonma cells Col 0205, and the 8 9HRRAF20
PPDFVPPAASFPDHSPRG was i dentified for the 35 peptide |igand. The 0242 scFv
VK-(PPDFVPPAASFPDHSPRG) VH was then selected for further work based on its
antigen binding ability. 18 January 2005 WO 02/08263 PCT/ GB01/ 03252 - 70
Cel | ul ar exﬂ’r‘b‘%’gﬁﬁh and | ocalization of fiber and |igandPCVERYBty. The
genes encodi ng reconbinant fibers were cloned into the vectors pcDNA3. 1
and pSecTag2 (Ilnvitrogen BV, G oningen, 7gecmany) for intracellular 5
expression and extracel lular rel ease, respectively. Vectors were
transfected intCelhslar elxpsessiony ardd fofatizstiion biff §ilferand ddgasdinc. ,

Gai t her sbur g, N@Eac*é#%tjfobhg éﬁbéi@%cgaﬂﬁéafédﬁmﬂﬁﬁantnﬁiﬁéﬁﬁ|Wé&§

ExpreSS| on, nucl ranspo%t and f unct bggg ‘_Fg%%%m? O of the fibers
with the new cef Ib‘? g FP§aRect Rt £° thd nostai ni ng as
follows. Cells Wereltmoemny BVygédomitgenni Gevsane fS’IrI datrageldwdpindon

- Cytospi n2 gyt Océﬂﬁféééﬁgﬁl ana ékiréjéélqﬁalaﬁéefem% &Espé@@mél@lmerat ure. The

preparations were fixed in 3% nd perneabilized
with 0.10 Trit 8RSS@%0 Yatep Eanﬁ%)%r %&Aégﬁgng ?hycls’%és prJe‘p%r ations were

i ncubat ed wi t h pipekectamiti bifesTgamologiper Inmb, GapEhershung; g¥Rd mAb) for
30 min at 37C Iﬁsﬁ) hewi1dbwa hanese ma&ﬁﬁ’f&%duﬂgﬁsn inxtPBStasas j ncubated with 20

d b | b | f
secondary ant i &Eges a el e EWear traLCS: 9[: §19d r@dﬁc%&on%fceiﬂ}e%gggwth 50%

chanber. After rep At ong et e
glycerol dfd veBweae |mk&mews§hﬁﬁ@%§@®’ peitrivsrbipe edgrpdedaket h
appropriate ||9@'§a§@ﬁ&?t@nﬂmﬁhﬁéﬁa&rﬁﬂg Bk T6p1 1wsPheadl ¥ piexrsanal ysi s of

fi ber proteins. %]?%b ﬁ“ogggu'pﬂocm%rc%t ei gfl%‘g%nae)épggéﬁg&]l n insect cells

infected with F&2 ViTUses, 3 yiseéd™according to  four
criteria: (i) sEvuppind cvtoryntyifugs 2afi ehr-qygied) over night at

room temperature. The preparations were fixed in 3%

i5 paraformaldehyde in PBS and permeabilized with 0.1%
Triton-X100 in PBS. After washing in PBS, preparations
were incubated with primary antibodies (anti-fiber mab,
or anti-ligand maAb) for 30 min at 37°C in a humid
chamber, washed again in PBS and incubated with

20 secondary antibodies labeled with FITC for 30 min at
37°C in a humid chamber. After washing in PBS,
preparations were mounted in PBS with 50% glycercl and
viewed in a Zeiss Axioskop microscope equipped with .
appropriate light source and filters for FITC.

25
Phenotypic analysis of fiber proteins. Recombinant fiber
proteins were expressed in insect cells infected with
recombinant baculoviruses, and analysed according to
four criteria: (i) solubility, (ii) trimerization, (iii)}

30 giycosylation and (iv) assembly with recombinant penton
base in vivo to form penton capsomers.

(i) For immunological quantification of soluble versus
insoluble recombinant fiber fractions, Sf9 cells were
35 lysed in hypotonic buffer (10 mM Tris-HCl buffer, pH
7.5) at 0°C, and the cell lysates were adjusted to
isotonic conditions {150 mM NaCl in 10 wM Tris-HCl, pH



30 gl ycosyl ation and (| v) assenbly wi th reconbi nant pentg, nla?ﬁleZdOg vivo to
form penton capsoners. (i) For inmmunol ogical quantification of "soluble
versus insoluble reconbinant fiber fractions, Sf9 cells were 35 lysed in
hypot oni ¢ buffer (10 mM Tris-HCL buffer, pH 7.5) at 0C, and the cell
lysates wer®oddf0826ied to isotonic conditions (150 nv NaXST/&BOLASSAM
Tris-HCl, pH 18 January 2005 WO 02/08263 PCT/ GBOLl/ 03252 - 71 7.5) and

subj ected to centrifugation at 15,000 x gifor 10 m n. Supernatants and

pel l ets were then anal yzed by conventional SDS-PAGE and i nmunobl otti ng,
using anti-tail 7402 smdnkbbasciprd rer yeattibakioandt 515388 8RE- Fabel ed

anti - mouse |gG §@Ccﬁ>ﬂ{iars\a aPLibabs hANBEEIAIY RRRENBEER Biayeel L300 pGi/n;

5 LG per” bl ot%‘ ‘%ﬁf}t?}(j gorrerl statu f f| ber Was assayed by
nmeans of non- deRdt n3pse ZC%@P r?’r%m’( é’ “Rps-'H and
conventional , demat+tiraidg 4B@SSPﬂ@a81@rNW3PA@1@PﬂYer@@f rom SDS- PAGE in

that the S%”D' e WPER, - 1He1dANREH BEbuRK b@@léétg:ﬂdarfaD&Sﬂmﬂye buffer prior

to electrophor S cos e n rs was
assessed both bgiff‘%ﬁﬁ}%& ?g@ﬂ“ ryglﬁ’lszggﬂ O]LOS({ #%%[}E'h aglrff)cll 5’%% anti body RL2
and cheni cal debket) on(ifj Qénw&%@n@@w pét EébeBrad ASERBERe) . (i V)
Assenbly of fibgy addid mnheﬁ &&f&ﬂ:dﬂﬁﬁgmm)(reﬁérré&eﬁ iaBg the same

Sf9 cells with #@Q %ec% 8@1 ag%% en%#%\éﬁbon EXRL83RT BSs tl_t,]ﬁmoenton base, the

ot her expressi présence of penton capsoner was
detect ed 18 cel NDS+EASHR 6§ fipred félt@’TthBﬁs?A(?E\flébttPGﬁ tla%oea}i'l?&lefsgﬁr%y PAGE
~in native condi ﬁé@r@en&hrba%y%dlag@goyﬁrmsgManwlbhbuﬁtm} ipidori BUNOl ogi cal

quant 1 cati on of_ ngi 1\e Repton, 25 PSOLORASGARY TLRGG kel ns vas

perforned as ab® mary a y (anti-penton
base or anti-fiBpers frais @ﬁé@sﬁﬂ [b3’59] bEH;mm‘Hb@le@&tlon on blots

using the monoclonal antibody RL2 and chemical detection

15 using the DIG Glycan Detection Kit (Roche). (iv)
Assembly of fiber with penton base was assayed by
co-infecting the same Sf9 cells with two recombinant
AcNPV, one expressing the penton base, the other
expressing the fiber protein.

20
The presence of penton capsomer was detected in cell
lysates after 40 h post-infection, and analysed by PAGE
in native conditions, at low voltage overnight with
cooling. Iwmmunological quantifibation of native penton,

25 penton base and fiber proteins was performnied as above,
using the corresponding primary antibody (anti-penton
base or anti-fiber), followed by [*S]SRL-labeled
anti-mouse or anti-rabbit whole IgG@ secondary antibody.
Blote were exposed to radiographic films (Hyperfilm

30 beta-max, Amersham Pharmacia Biotech}, and
autoradiograms were scanned at 610 nm, using an
automatic densitometer (REP-EDC, Helena Laboratories,
Beaumont, TX). Alternatively, protein bands were excised
from blots and radioactivity measured in a scintillation

35 counter {(Beckman LS-6500).

Rescue of recombinant modified £ibers into virions.




anti-nouse or anti-rabbit whole 19gG secondary antibody. 18£8, ' Ri08 exposed
to radiographic filnms (Hyperfilm 30 beta-nmax, Anmersham Phar maC| a Igl ot ech),
and autoradiogranms were scanned at 610 nm wusing an autonatic

densitomet er (REP-EDC, Hel ena Laboratories, Beaunmont, TX). Alternatively,
protein ban¥® 03823 exci sed fromblots and radioactivit yPEEGBULEH2I n a
scintillation 35 counter (Beckman LS-6500). Rescue of reconbinant nodified
fibers into virions. 18 January 2005 WO @3/ 08263 PCT/ GB01/03252 - 72
Reconbi nant fibers were rescued into the Ad5 genone as described above.
Briefly, a 9 kbréscapirahtf fmmfénave&%regemptspanaim@ﬁ o &8s (nmu) 75.4

to 100 and cont&é_rég%gjzehh$ﬁg\@eflm ﬁ%‘?@g 51 8hedsm SRR hggnd 5 Pac

| digestion of [asm con al ned the entire WI Ad5
genone bounded %?nct’% ;sg@n:p.lng,r{l% Ui ‘1}4 P08 FD-1PAght was t hen
cloned into pBtowscirimy the SK( -jikeSt yahagers) geaéretecadntr tdren Ioknd Pac |

Site In its VCShagonciigibiohfios HsEed DECR1M0LET SREHID. 2 Sac I Kpn

13kb-fragnent was I_.nt 0 .pBl uescr A large
del etion doms??%‘%ﬁhr@@ the freelre A% éd% %%Iéf{“@dhﬁk‘?ﬂ?ﬂ%ﬂ% '2‘“f° tPS domai n of
Ad5 fiber) was sitmt.edhen76he-Bkb-fu-dgaenént vausdthbe dbdmeddogequence

repl aced by a @ deshkaipht @zcgﬁw mg%&akag&%), Thiterosaeraiad oche plasnid
PGAG3, which was the receivin

u | ber constructs,
i nserted bet weeh®fde ﬁltﬁn&nxﬁg (%S't @?ner?)‘@(@ t?‘ﬁs@i?%‘al‘? egg%‘?r%l nant fibers
were re-iAor oduEedn HGAGS, p@A@coﬁg@n éd3kb t fragment, wasi leethonol ogous 20
recomi nat i on | ube1dild 1RES ARk ibBSEE (400 T RCORIOE AR vas L hen

27 Kbt agment SPUEFERETGE FRBREEL A PRGSt LPIeEER. AR S SHArERt lof the AdS
genone by Cosm domwdigniofg2AGSup&hr@ns whe2Br€aerd dnvebe obkit fragmenG gapack 111
Gol d Packagi Ng and the deleted sequence replaced by a Xho I
15 gite-containing linker. This generated the plasmid
pGAG3, which was the receiving plasmid for all our fiber
gene constructs, inserted between Nde I and Xho I sites.
pGAG3-inserted recombinant fibers were re-introduced
into pGAGY digested with Nhe I, using homologous
20 recombination in E. coli BJ5183. The resulting
recombinant pGAGS was then excised from the vector with
Spe I and Pac I, and joined to the isclated 27
kb-fragment (0-75.5 mu) representing the left-hand
segment of the Ad5 genome by Cosmid cloning (SuperCos 1
25 Cosmid Vector Kit and Gigapack III Gold Packaging
Extract, Stratagene). The presence of the correct
recombinant fiber in the cosmid clones were verified by
PCR and restriction analysis using Spe I and Hind III.

30 For virus production, recombinant cosmid genomes were
isolated after restriction with Pac I, and transfected
into cells expressing the receptors corresponding to the
fiber-inserted ligand. In standard transfection
reactions, 2 ug DNA and 3 pl FuGENE (Roche)  were used

35 per 35-mm well, according to the manufacturer's
protocol. Ad5 gencmes with fiber gene containing either
RGD motifs or the WT fiber kuob as ligands were




Extract, Stratagene). The presence of the correct recomy paprybbbsr in the

cosmd clones were verified by PCR and restriction analysis using Spe |
and Hind Ill. 30 For virus production, reconbinant cosm d genones were
isolated after restriction with Pac 1, and transfected into cells,

expressi ng WRI2P8eept ors corresponding to the fiber-insRFHeRP10F2§and. | n
standard transfection reactions, 2 jg DNA and 3 | FuGENE (Roche)' were used
35 per 35-mmwel |, according to the manuggcturer's protocol. Ad5 genones
with fiber gene containing either RGD notifs or the WI fiber knob as

| i gands wer e 18 xkaiafacyed00brd2 /8263 HGET/HHB0bLASR SPigahdkransf ected into

293 cells. For th I'gggﬂ%g £ib , . i | i gand
wer e transfect %ﬁ?elx%t’oiﬁg4g ce smfggFgﬂéCZEi%dFlﬁ%gﬂ%onF%rég&éﬁggF %‘Eﬁ

sCFv- G250 i nt o 1> &61Ps cahls s BN -§p8¢i $7'® Glos2RRged A Al into 43
cells. At | eastsdir-@250i iheoeats dolapsimdtaddtR wereiflanfidraneously

performed, ceach, QNG /pysl BY n0s Wald cehﬁ%.e-AtT*l%a%ecefaf@@%ﬁter%@ques vas
determ ned by m croscopi c observation of th tran%f ectgd ngl cul tures.
Verification of¥aEdfeAane ‘f’?lb‘érslfbﬂ%’c‘.'ﬁ@ifg‘é’ WS HEBR™ byIBEROHMFt h specific
prinmers for eacmwirg be6-wehstplmie. Charoctwrnezgte ofi plaquesombenant fi ber
and Ada Vi ri onsgedn@Rkhube! nf L83k ANobdO-aMalnabe the J:anekelted i ber
expression, 293 cells_ were infected with 1%%%§ell of _,. W, R7-knob and
R7- RGD vi rus. (‘feefllef"s e FETREr VESTEd CRRECR 19 OMRARRRE o i mes anal yzed
by SDS- PAGE andsecnesier mabl wade iy PTRewbilotspeassifdcr puiwet: Wiotthed®2. 5 and 20
reveal ed wi th HRR;J.abel.ed. apti-nmouse 1gG (DAKO). Fiber content of AdS
virions. The fiber copy nunber of wvirions was determ ned, after CsC
purification of Ad5 virions, by SDS-PAGE and western blot analysis as

above. 25 The Wharsciteadsatiomey raerukingsits fides avdneds xdgipos. equal
anmounts of infectious particles, determ ned by

15 Cellular expression. To evaluate the level of fiber
expression, 293 cells were infected with 10 pfu/cell of
WT', R7-knob and R7-RGD virus. Cells were harvested and
freeze-thawed four times analyzed by SDS-PAGE and
western blotting. The blots were reacted with 4D2.5 and
20 revealed with HRP-labeled anti-mouse IgG (DAKO}.

Fiber content of Ad5 virions. The fiber copy number of
virions was determined, after CsCl purification of AdS5
virions, by SDS-PAGE and western blot analysis as above.

25 The virus loads in acrylamide gels were normalized for
equal amounts of infectious particles, determined by
virus titration on 293 cells {expressed as plague
forming units/ml; PFU/fml), and for equal amounts of
physical particles (PP), determined by protein assay

30 (BioRad). The number of PP was determined by SDS-PAGE
analysis and Coomassie blue staining of Ad5
recombinants, co-electrophoresed with a range of
gtandard bovine serum albumin (BSA) samples (2x
crystallized, BioRad). Protein content of hexon bands

35 was evaluated by comparison with BSA standard bands, by
scanning in an automatic densitometer (REP-EDC, Helena
Laboratories, Beaumont, TX). The number of Rd5 PP in




virus titration on 293 cells (expressed as plaque form I :

PFU/ fm ), and for equal anmobunts of physical particles (gg)‘]?mc#jggénq ned by
protein assay 30 (BioRad). The nunber of PP was determ ned by SDS-PAGE
anal ysis and Coomassi e bl ue staining of Ads reconbinants,

co-el ect ropW&B4¥E3wi t h a range of standard bovi ne ser uR¢HEBUMPI2 (BSA)
sanples (2x <crystallized, BioRad). Protein content of hexon bands 35 was
eval uated by conpari son with BSA standargsbands, by scanning in an
automatic densitoneter (REP-EDC, Helena Laboratories, Beaunont, TX). The
nunber of " AdS PHampil<k8 wdanoatgulZGeE VWOo 2t 138 26&sPET/ BB /:03258216 g4

sanpl es was cal ﬁé%aéﬁ{%;lfer onibe mass of o2. R perl@0=103 GrimehsSimgbe virion,
i.e. 2.91 ng per_J0e+l13 viri

ns. The ipfectivity.index. represented the
ratio of infect ¥R 1t§h§§\9%’élre|§’écleﬁegf’]%§ﬂ?:e é’%\%ﬁ hofajtnefee%f: 1P8ZonDi nant
Ads. G owt h-r at phywicate @egbddleshy t he production of plaques in 293 cells.
In standarg assays, virus in PBS was adsorbed to cell nonolayers (4 x 104
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}nf ection (piT%, a684d | fugad, idlimsohiedadsohed Mo BBSl&leholfa&reege{el hawed

our tines. e_supernat ants. wer te o the titer
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gf fici gngy- bl\/bn&hﬁg%n@r&%d?%ucle_:d %f Fos 264 Bo wel/hlphatesnyeeneat ln}‘ ected as
escri bed above p C e i ir Cells were
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anal ysed for freeze-thawed four times. The supernatants were titered
15 ‘on 293 cellg, and the titer expressed as plague forming
units per ml. The total Ad protein content was measured

by the IDEIA™ Adenovirus kit (DAKO).

Gene transduction efficiency. Monolayers of 293 cells in

20 24-well plates were infected as described above with 10
pfu/cell of the recombinant viruses. Cells were
harvested at 24 h pi, washed with ice-cold PBS followed
by fixation in 0.5 % glutaraldehyde for 15 min. After
three washeg in PBS, the cells were analysed for

25 tranggene GFP expression, using the FL1 emigsion channel
in a FACScan cytometer (Becton-Dickinson, San Jose, CA).

Assay for fiber knob in viral capsids. The presence or
absence of accessible knob in virions was assessed by

30 ELISA. Purified virions were diluted with 50 mM

: carbonate-bicarbonate buffer pH 9.6, to a final
concentration of 5 x 10° PFU/ml. Aliquots of 100 ml were
adsorbed onto ELISA plates overnight at 4°C. Material
adsorbed in wells was fixed with 0.5% glutaraldehyde,

35 after which the wells were washed with PBS containing
0.1% Tween-20 (washing buffer), and blocked for 2 h with
200 ml PBS containing 1% BSA. Wells were then washed
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fibers. Knobl esgef ifar§oWnih. e @6t hhDSi fedd I1FELT S8EFALJEN BiacéNRP) from
human | ung surfactant protei (f)were 15 constructed with different nunbers
of shaft repeat¥® SEit FErL;% -gand structures. The three constitutive
el ements @B these fiber constructs were considered from a structural and

functional poi Nhafontii@Weoki dnd NosicRaEL 16K &fif Relombinant HaLEkeXi bl e |inker
and (iii) the cell 20 ligands. Fiber scaffold. The fibers were naned

according to the nunber of shaft repeats and the Iigand present. As an
exanpl e, R7- EGKmalritesisnddbehe wWithetheaekiritmioNtréneriggtion motif

{NRP) from human lung surfactant protein D wexre

15 constructed with different numbers of shaft repeats and
different ligand structures. The three constitutive
elements of these fiber constructs were considered from
a structural and functional point of view: (i)} the fiber
scaffold, (ii) the flexible linker and (iii) the cell

20 ligands.

Fiber scaffold. The fibers were named according to the
number of shaft repeats and the ligand present. As an
example, R7-EGF contained the fiber tail, the N-terminal
25 7 shaft repeats, the NRP motif and the C-terminal EGF
peptide as the cellular ligand. R1-RGD fiber had only
one shaft repeat (the first one) and RGD as the ligand,
etc. Of three possible shaft lengths, short (1 repeat),
medium (7 repeats) and long (22 repeats) repeats, the
30 intermediate size fiber with 7 repeats (R7} was chosen
as the building scaffold for further constructions and
studies with different ligands. For reasons discussed
below, the rationale for chosing R7 was based on its
high solubility as recombinant protein, the maintenance
35 of most of the fiber biological functions, and on the
’ yvields of Ad5/FibR7 virus progeny. The study on the
comparative advantages of fiber shafts of different



25 7 shaft repeats, the NRP nmotif and the C-termnal EGg é—}ﬁ,% g8s the
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cellular ligand RGD. 5 Linker. To evaluate the possible advantage of an

addi tional gl i nkernddy t hg Eibsiathahl gos@ivle bd0antigd\RIE kiob fibers were

constructed with next a tide Lin i n e the shaft domai n
and the NRP m)t‘?“tl }h@“%é é&i‘ %ﬁ et SS%\%E?’:EQ Iﬂuisﬂ\'/teg@t ed, 10 the Ads

shaft repeat 17RTANEB- kanb ﬁtﬂeemyﬂlﬁiaf?tmﬁ’@t}eé?ted whth | 9P)eXEHRe resul ting
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functionality. WHed® rfgam%g\?\?err emveg? %?{e% %g? ét ed t%dstavect ors to
cel | surfaoe nothe ldss sbREt brepahtdildt r(F-b?lt 5 thﬁkédtrﬁ%#q FEPERAT HLA

ol ecul es, or 39 {1899 .URhgULéQUS IR @eubfiSinanitk €ibaks grard neektl specific

e T ot PP e Becela S B geR, SAmeK o 2 i TR
scFv, which consist of several polypeptide domains wth requirenment
Cellular ligands. Several ligands were tested and
15 compared for functionality. These ligands were deaigned
to re-targeted Ad5 vectors to cell surface molecules of
broad distribution, like integrins or HLA molecules, or
to less ubiquitous molecules, like malignant cell
specific determinants. They varied in size and
20 complexity from a simple tripeptide motif, like RGD, to
more elaborated structures, like gcTR or scFv, which
congist of several polypeptide domains with requirement

for proper folding.

25 Expression of fibers and ligands in mammalian cells.
Recombinant fibers were first transiently expressed in
mammalian cells, using plasmid-transfected Cos7 cells.
The recombinant fibers were expressed from two different
vectors, one designed for intracellular expression of

30 recombinant proteins, the other for their extracellular
release via the secretory pathway. Cells were assayed
for the level of fiber expression, cellular localization
and functionality of their ligands. All the different
fibers tested exhibited apparent appropriate ligand

35 binding when recovered as secreted proteins. For fibers
synthesized from the intracellular expression vector,
nuclear localization was observed in all cases, eXcept



for proper folding. 25 Expressron of fibers and Irgands [ &N cells.
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the modified fi AS 1Bhe s Adse feB8ins & HOWRWEE, tHestE wf fiberextrinsic

| i gands fused to |bers showe ect d _hi _ndi ven t hough
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nucl eus, and wasnistemieiddleirly expremsed- Va-saleR dbgri oW &% epit ope
gn?epfngenttﬁf &éﬂ:tpehc\éaed mtgﬁzﬂaultre %eféeﬁgﬁém,wa@%aamm ngtkoshd be v
etected with another nf or mat j on- depen e
domai n. In orde?iti ‘{aeéfpgt RECPIET B *deTh rréjrﬁ degﬁ&&%te%ffa gﬁén?r ber
domai n onibhe réaetityidopfoftmathen.ace Eopiring g’&ﬁé@ b fetsfed¥itRre al so
expressed 15 s, SORALA! @oneBEhUS dipermARe st alrpeliiagHiese vas o

det ect abl e bi ndjn he . non used racel | r S speci fic
ﬁ’?& 4 é%n%"sdeﬁe%‘é’weds S”Ah OFEE%Q 3, :}n@ﬁhé

mAbs, i ndi catrn i m ree or used to
the fiber. 20 effect of the flber domain on the react1v1ty of

intracellular ligands, our ligands were also expressed

is as separate constructs from the vector pcDNA. There was
no detectable binding of the nonfused intracellular
ligands to their specific mAbs, indicating that the
ligands behaved similarly when free or fused to the
Eiber.

20
There was therefore a profound difference in binding
ability between fiber-ligand fusions designed for
secretion and designed for cytoplasmic expression. This
suggested that fiber-ligand fusion proteins designed to

25 follow the secretory pathway underwent a proper folding
and were in the correct conformation. This did not imply
that all intracellular fiber-ligand fusion proteins
would fold incorrectly, since the cellular environment
also seemed to play a major role in this process. A

50 significant difference could be detected between the
cytosol of Cos7 and 8£9 cells, in terms of folding
pattern and reactivity of fiber-ligand fusion proteins.
This was the case for the fiber knob domain of
R7-L22-knob, the EGF ligand of R7-EGF and the scFV

35 ligand of R7-G250, which showed some reactivity in Sf9
cells but not in Cos7 cells.
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assenbly with penton base in vivo in Sf9 cells. Protein solubility and
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consi der eg as a goo jndicator of their ro}Fer fol.ding. We ther _ef ore t est ed
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the cell 15 | ysat ouAldecbiBifdhiersiHRcopRiNants Fier endi Ol 1expressed in
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sol ubi lity vari EPTEG FBaHTSFY FEM Bne™tD dEhEEHLRSE Wiest | mat ed t hat
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15 lysates. All the fiber recombinants were highly
expregsed in Sf9 cells, at levels gimilar to WT AdS
fiber, although their degree of solubility varied

- gignificantly from one to another. We estimated that

. fibers had a WT-like solubility and thus a proper

20 folding when the soluble fraction contained more than 50
% of the total fiber expressed. A fiber could be
considered as misfolded when its soluble fraction
repregented less than 20 % of the total. According to
these criteria, WT, R7-knob, R7-L17-knob, R7-L22-knob,

25 R1-RGD, R7-RGD and R7-RGD4C fibers were mainly recovered
in the soluble fraction (60-95 % solubility). In
contrast, only 22 % of R22-RGD, and less than 15 % of
R7-EGF, R7-C242 and R7-scTCR fiber was found to be
soluble, confirming their incorrect folding suggested by

30 the absence of reactivity with their respective mAbs.
The least soluble fiber constructs was R7-G250, which
was recovered at 95 % in the insoluble fraction (see
Fig. 5 and Table 7 below). |

35




20 fol ding when the soluble fraction contained nore than 9 he t ot al
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7. Phenotypi c clidbexs exipz@ssed b bavdevinastinfddiedsSER prablsedaln

bacul ovirus infected 9f 9 cells (a) 5 Trinerization (b) Fiber dycosylation
NDS- PAGD | F AssesblySol ubility (c) with(d) (99 penton base W + + + +60

R7-knob + 6 + +72 R7-L17-knob + + Primé@i¥eid@?-foiob + + +75 R1-RGD - - +
O R Ry TN D et AT Aoty ol XS *
(¢) with {4y (%)
penton
base
WT + + + + 60
R7-knob + + + + 72
R7-L17-knob + + + + 70
10 R7-L:22-knob * + + *+ 75
R1-RGD - - + + 89
R7-RGD - + + + 94
R22-RGD - + + * 22
R7-REDAC + + + + 78
i5 R7-EGF - ND (e) + ND 13
R7-C242 - ND - ND 11
R7-G250 - ND -~ ND 5
R7-s¢TCR - ND + ND i2
20

(a) Baculovirus-infected Sf9 cells were harvested at 48
h after infection and recombinant fibers assayed for
different biological functionsg, solubility, 0-GlcNAc
glycosylation, trimerisation, and penton capsomer

25 formation. )
(b) Trimerisation status of fibers was determined in
vitro by electrophoresis of SE9 cell lysates in SDS-gel
without heat denaturation (NDS-PAGE), and in situ, by
immunofluorescence gtaining of fixed cells, using

30 anti-trimer mAb (2A6.36).
{¢) The capacity of Fibers to assemble with penton base
to form penton capsomer was assayed by co-infection of




R7-scTCR - ND + ND12 20 (a) Bacul ovi rus-infected Sf9 cellq est ed
at 48 h after infection and reconbinant fibers assayed fgrwﬁ?gdr%nt

bi ol ogi cal functions, solubility, O GlLcNAc glycosylation, trinerisation,
and penton capsoner 25 formation. (b) Trimerisation status of fibers was
det er mi ned M@ 0208263 0o by el ectrophoresis of Sf9 cell |ysaPEEGBH/OEESE- gel

w t hout heat denaturation (NDS-PAGE), and in situ, by imunofl uorescence
staining of fixed cells, using 30 anti-4rgomer mAb (2A6.36). (c) The
capacity of fibers to asserrbl e wWith penton base to form penton capsoner
was assayed by EBSi PR t5i$h cofllagby ditieafy L Dgomntngegerbdnent PCT/ GB01/ 03252 -
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anal ysed at 48 after co-in on“for the occurrence o on (base + 5
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acryl am de xel sf(LEFéEax,ay@n edecakophd:394E of haiSoldlpidotkyn®asn assayed in

single bacul ov 658 95 d.at_ 48 ter

i nfection were E’Hé tﬂ%donl o %%]Ta%ndgeéu%fceﬁa\é%g’gﬁ ggt%ﬁ dlriw ged in two
aliquots. One al hu%‘f ‘%ﬁ'sllté’eﬂﬁ‘?ﬁ‘%ﬁé@ dain 1BinHE x g for 10 min and

super nat ant wasbakehtvimizeriefisctéad fcheerlhas Galdlsy hedvastaedalte 46ehl

| ysate. Both al jguol slﬂfécecleﬁn@é% elgrs%ﬁ }_90&6%111%[)%11%@&13' &uttes and
el ectrophoresed I n denag. ur,i ng aa ed. Blots were reacted
with anti*%i betYFFes il 5 R &GPB'F%bé?rr@d a%é@BﬂHa‘?’%ﬁ anti body, as

shown in Fig. Scehtmifugsdobs Bere00 quantot at@deiby aadt supeittgmam saanni ng
and the resul t sxeMer §fRdRaeSSRE ShdaBCLSLIYARE o&f wBgluhlfversus total

lysate. Both aliquots were denatured at 100°C in
SDS-sample buffer and electrophoresed in denaturing
15 SDS-gel, and blotted. Blots were reacted with
anti-fiber-tail mdb 4D2.5, and radiolabeled secondarxy
antibody, as shown in Fig. 5. Immunoblots were
guantitated by autoradiogram scanning and the results
were expressed as the percentage of soluble versus total
20 fiber content. Average of three determinations; SD was
within 15 % of the reported value for the mean.
(e) WD, not detectable.

Trimeriegation. The ability of the different fibers to

25 self-assemble into triwers were electrophoretically
determined in vitro by NDS-PAGE analysis of cell
lysates, and immunologically in situ by
immunofluorescence staining of fixed cells. According to
their electrophoretic patterns, R7-EGF, R7-C242, R7-G250

30 and R7-scTCR were incapable of forming homotrimers,
whereas R7-knob, R7-Lli7-knob R7-L22-knob, R7-RGD,
R22-RGD and R7-RGD4C trimerized at WT levels (Table 7).
However, immunofliucrescence staining of cells using the
anti-trimer mAb 2A6.36 showed that all except R7-C242

35 and R7-G250 formed trimers (Table 7). The apparent
discrepancy likely resided in the method of detection,
or in the possibility that R7-EGF, R7-C242, R7-G250 and
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R7- 250 and 18 Jm%@?lmcmceﬁmgP@MBOHtOG%Qase8@034%7 SCTCR fi ber
trinmers becane wesbablfe idhd/ bk, affrop?ahle YHAlMAkrt Boteaazan, I f fiber
trimers formed with a very low efficiency within the cells,

i mrunof | uorescence staining was, in this case, nore 5 sensitive and nore
appropri ate for Glyeasylafeiarct iLéhf?WJ'@Ey:cG#?l glyepsylatien eb, filers was

gl yC_OfsyI at}on Oﬁnﬁiiﬂﬁé&_byi%esa@ﬁﬁyﬁ&&ﬂihgmﬁﬁiﬁjFR_%EJ Okl g tsddigiBl2, a mAb
specific or pept.ide- C S e constructs,
whi ch reacted vv??% g‘%%é% g%ngggllr%gé:l I‘%‘% %\%gf wr Llﬂqb bépR? L22- knob,
R7-knob afd R7- RepAT- A vérizh, reactiad Wit Wﬁ@ﬁ%nbﬁﬁé@?s When W59 cel | s
were infected &3-mttikdowmy ®7Hf.ezaaioharulRubh ULaed R7OREDEXPIRESENg the Ad
fi ber, the other,the penton base, the two proteins are capable of
interacting intracellularly to formpenton capsoners. \Wen assayed for
this property, the fiber proteins R7-EG-, R7-C242, R7-&50 and R7-scTCR
had | ost Assembly with penton base. When Sf9 cells were infected

15 with two different baculoviruses, one expressing the Ad
fiber, the other the penton base, the two proteins are
capable of interacting intracellularly to form penton
capsomers. When assayed for this property, the fiber
proteing R7-EGF, R7-C242, R7-G250 and R7-gcTCR had lost

20 their capacity to assemble with penton base, whereas the
other eight recombinant fibers had conserved their
assembly function (Table 7).

Rescue of recombinant fiber genes into the viral genome

25 and viability of the viruses. Our recombinant fiber
genes were reinserted into the A4S viral genome in
replacement of the WT fiber gene. Each recombinant viral
genome was then introduced by transfection into the
corresponding cell line which express the properxr

30 receptor for the recombinant fiber. The rescue of
viable recowbinant viruses was assessed by plaque
development. Plagques were obsexved for the AdS5S genomes
harboring the WT fiber, and recombinant fibers R7-knob,
R7-L17-knob, R1-RE@D, R7-RGD and R7-RGDAC.

35
Fiber content, infectivity and growth rate of
recombinant viruses. The recombinant R7-RGD Ad carrying
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b 5800 Petffu s

genone in cenent of the WI fiber gene. Each reconbi | genone
was then introduced by transfection into the corresponding cell Iine which
express the proper 30 receptor for the 7 oribi nant fiber. The rescue of

vi abl e reconbi naateui LHSAS MRS ,AS y e t 4 Elaques
wer e observed fqr F'he Ads fe%%o%essﬁ%%r_ Sﬁﬁgi‘?ﬁ%@w%f ?éﬁé(r)l?é%gr}fhr%g%nbi nant
fibers R7-knob, MRFEIPY 2L KidFT RrimeRisatRelrap-ahid iRY- REESRPYS i ber
cont ent, i nfect withypamtthrytewehandtkigind béndiyy naiiwever USidsis The

reconbi nant R7- @@bfgsgq&awa@gléés@fm&)égzoﬁ%!e} 88285 PGHAB01/ 03252 -

82 - seven shaft rﬁgeats had been_selected as t est choilce 1 n terns of
fiber trinetisafrofciti IoMpared iy ViRFreh Pedtds B35 Lhd Yrgand
bi ndi ng. Howeverharhiserigiclobest hk \Bek Ri7eksokf fwltichntarniad ke assenbl y

and 5 producti oRncs0aRA 8 RV MigdiSa kB ERbSe VO 4 4D
characteri-stics, of #he AJ%&RR&-ggob, ch carried the knob donmin, were
cormpared to t ho&8°Bte%ir A Dkn%%l%§tAﬂ§??7Y OT\Ehe | praductdonad for
t he production ©&f fibéres sin 39398kl |isifiepfedt eiknidacheat hchef thireet hree 10

Ad at di ffﬁ{) Ient Al Q‘ﬁsd:pﬁfer-ﬁﬁe P Ak :i.i.\(,)ﬁhefpf:&&ﬁét:i.loﬂr eltefﬁxfrom R7-knob Ad
was conparable to at t W Ad, ereas t evel 0 I ber protein
fromthe R7-RGB R eﬁ%qﬁc’&ngﬁﬂ?ﬁ 17 MERe TR AN ﬁgntlﬁ%'?rﬁélrjég}et he fi ber
content per virF8nRAédf vhnreaR7thkaokevil wift Aibémtpuwsfteinef ¥n Adie The two
viruses exhi bi kedrep Md AasaBRGM Binthibeswepnt ent when nornaelised to the

nunber of physical particles (PP) but

15 We then compared the fiber content per virion of the
R7-knob Ad with that of the WT Ad. The two viruses
exhibited similar amounts of fiber content when
normalised to the number of physical particles (PP} but
there were more fiber protein in the R7-knob Ad when the

20 two virus samples were normalised to the number of
infectious particles (PFU). This indicated that R7-knob
Ad was less infectious than the WT. This was confirmed
by the infectivity index (PFU : PP ratio), which was
calculated from the infectious titer (expressed as

25 PFU/ml, as determined by titration on 293 cells), and

' from the concentration of PP (determined by biochemical
methods) . The infectivity index of the Ad-R7-knob (1:100
to 1: 200) was 2- to 8-fold lower than that of WT AdS
(1:25-1: 50}. The infectivity index of Ad-R7-RGD (1 :

30 200 - 1 : 500) was in a similar range as that of
Ad-R7-knob.

The growth rate of the Ad-R7-knob was compared to that

of WT wvirus. Aliguots of cell samples were infected at
35 the same MOI, and infectious virus progeny, determined

by plaque assays on 293 cells. The growth curves for the

three viruses were similar, but the production of



there were nore fiber protein in the R7-knob Ad when t he120anuspy 2005US
sanpl es were nornalised to the nunber of infectious particles (PFU). This
i ndi cated that R7-knob Ad was |ess infectious than the WI. This was

confirnmed the infectivity index (PFU : PP ratio), al cul at ed
fromthe in%c'{zfo % titer (expressed as 25 PFU M, as del’é?’ﬁ?mﬁ@azs%

titration on 293 cells), and fromthe concentratl on of PP (determ ned by
bi ochem cal nethods). The infectivity inmgex of the Ad-R7-knob (1:100 to
1: 200) was 2- to 8-fold lower than that of Wi Ad5 (1:25-1: 50). The
infectivity indénfeptienRARER:s(1nBOrizo0to the WOEprwhethnAd-simil ar range
as that of Ad- Rf-kReb. anﬁmdgmmﬁ@matﬁu@f ubP&kAGrald’ 2l BEbe@®i HePar ed to
that of W& V|r%s ﬁlllgy ts of C II “%%gs wer e, |nf§ eg t 35 the same
MOT, and i nf ect iF8us™Y Fog8Ry, © Egom FEqu %ssays on 293
cells. The growtirapgdves they GFRerepdurtar @ienase@tq/mé sedlearas put the
production f 1&ohpavad Ve 05 - M@Oé?a{ 6@ ﬁ@f%s’ Q33SRTFilS8. Thef ecti ous

Ad was inferior ggij Ad; R7- Rg?{ upt ake
was al so exam ne%gn% %c%’ E%ﬁ F roo]r%el{5 d|ll\£|°t§q3%§"to
transduce the GEPZy éb@rﬁ%ﬂﬂ@é’né‘il’?ﬁ@f@&" ?:@I‘WEFﬂ%rs 5 conpared to AdS-GFP
~carrying WI fibers (Ad WIFi b). The transducing capacity per PP was found

to be 6-fold | o%eﬂ ﬁl@ﬁ‘hﬁ% ggﬁ%bﬁi’dtogagﬁg&ﬁbﬁb%wghpioﬁcept or - bi ndi ng

capacity of reco VITIO was assayed for its
receptor btthdi n@dcﬁb]a%'hkyﬂo%ﬂ’aéoﬁ%%%@ﬂ oWt % i rapeptpst th%S and
Ad- Fi bR7- knob vucapaaswveraes conparé® deant vilk-bd. aith- krohds nedid | N ELI SA,

suggesting t hat shng SePHuEhl L9RESIGLS . FEARTSLOLEALE MRDROBAOLN YOS of

Vi rions. However b 1 munoreact VI t han
for Ad-Fi bR7- kH‘BB 1?@@%963%@%@%%tthﬁﬁet]é‘éll‘fm& ﬁBF—H@PE%é'f%?em nants of
Virions were-noaneceéfilsieeni anbamd dth aypes of virions. However, the

15 knob immunoreactivity was higher for WT Ad than for
Ad-FibR7-knob. This suggested that the cell binding
determinants of virions were wore efficient or/and had a
higher affinity when the knob was carried by a
22-shaft-repeat fiber, as in WT 245, than by a shorter,

20 7-repeat fiber.

These results show that the ligands which were found to
be improperly folded within the cytosol and the nucleus
all had a conformation that was highly dependeant on the
25 formation of disulfide bridges. Thus antibodies or
fragments thereof should be used which lack disulfide
bridges while retaining native or modified epitope

binding.

30 The number of repeats in the shaft portion should
preferably be at least about 7, e.g. 6-12. The presence
of a wild type knob {(e.g. as one of two tyﬁes of fibre
proteins wherein the second is modified for re-
targeting) may be beneficial for generation of

35 recombinant viable Ad virons.



hi gher affinity when the knob was carried by a 22-shaft-popgary boder, as
in WI Ad5, than by a shorter, 20 7-repeat fiber. These results show that
the |ligands which were found to be inproperly folded within the cytosol
and the nucleus all had a conformation that was highly dependent on the
25 formati o QY811 fi de bridges. Thus antibodies or frgﬁﬁ’ﬁm”é"smer eof
shoul d be used which lack disulfide bridges while retaining native or

nodi fi ed epitope binding. 30 The nunber- 8% repeats in the shaft portion
of awld

shoul d preferab%% be at Legst about 7, e.g. 6-12. The presence

type knob (e.g. = N8ypes of fibre proteins wherein the second
is nodified for re- targeting) nmay be beneficial for generation of 35
reconbi nant vi abfeedd M7 @5 : 1§ JanyaEnovaQ0s Y0024 08263 RETLERQM 3252 -
84 Seguence Lisgéé@%lsEQ. ID. NO: 1] - Adenovirus 5 Fiber Proteln
encodi ng sequence: c§’e’quence Range: 1 to 1746 10 20 30 40 50 atgaagcgcg
caagaccgt ¢ Pgaagat acc ttcaaccccg tgtatccata 10 tacttcgcgc gttctggcag
acttctatgg aagttggyeareataiadgtatizhes 20 60 70 80 90 100 tgacacggaa
accggtcctc caactgtgcc ttttcttact cctccctttg actgtgectt tggccaggag

gtt gacacgg aaaagaat ga ggagggaaac 110 120 130 140 150 tatcccccaa tgggtttcaa
gagagtcccc ctggggtact ctctttgcgé? atagggggtt accaaagtt € ctcagggy

gaccccat ga gagaaacgcg 160athé8ych89 c12caf0 tgd @t £L08R0ach&d aQlkaG £t CCaat ggc

atgcttgcgchcaaaat ggg

15

20

25

30

35

tacttegege gttetggeoag acttetatgg aagttgggge acataggtat

60
tgacacggaa

actgtgeett

il0

tatecceccaa

atagggggtt

160
ctatccgaac

gataggcttg

210
caacggcctc

gttgcecggag

260
ccactgtgag
ggtgacactc

310
atatctgeac

tatagacgtyg

360

cgcacctcta

70
accyggtecte

tggccaggag

120
taggtticaa

acccaaagtt

170
ctetagttac
gagatcaatg

220
tetctggacg

agagacctge

270
cccacctcte

gggtggagag

320
ccctecacagt

gggagtgtea

370
atggtcgcay

a0
caactgtgec

gttgacacgy

130
gagagtceccce

ctcteaggag

180
ctccaatggce
gaggttaccg

230
aggccggeaa

tecggecgtt

280
aaaaaaacca

tttttttagt

330
taccteagaa

atggaétctt

380

gcaacacact

90
ttttettact

aaaagaatga

140
ctggggtact

gaccccatga

190
atgcttgcge

tacgaacgeg

240

ccttacectce

ggaatggagg

290
agtcaaacat

tcagtttgta

340
gecectaactg

cgggattgac

390

caccatgcaa

100
cctececctttg

ggagggaaac

150
ctctttgege

gagaaacgcg

200
tcaaaatggg
agttttaccc

250
caaaatgtaa

gttttacatt

300
aaacctggaa

tttggacctt

350
tggctaccge

accgacgdeyg

400

tcacaggecc



gataggcttg gagatcaatg gaggttaccg tacgaacgcg agttttaccc 2{8jahdlry2885240 250
25 caacggcctc tctctggacg aggccggcaa ccttacctcc caaaatgtaa gttgccggag

agagacctgc tccggccgtt ggaatggagg gttttacatt 260 270 280 290 300 ccactgtgag
cccacctctc aaaaaaacca agtcaaacat aaacctggaa 30 ggtgacactc t ggagag
tttttttggt DOBOEYta tttggacctt 35 310 320 330 340 350 P%ﬂgg‘b‘%g’égc
ccctcacagt tacctcagaa gccctaactg tggctgccge tatagacgtg gggagtgtca
atggagtctt cgggattgac accgacggcg 360 370 gi¥3Q 390 400 cgcacctcta at ggtcgcgg
gcaacacact caccatgcaa tcacaggccc 18 January 2005 WO 02/ 08263 PCT/ GBO /03252
- 85 gcgtggagat taccagcgestwgfitiOtagtgrogt gottaegtd sb@itaiategytotbddhgd20 430
440 450 cgctaaccgt gcacgactcc aaacttagca ttgccaccca aggacccctc 5
gcgattggca cgtgctgagg tttgaatcgt aacggtgggt tcctggggag 10 15 20 460 470 480
490 500 acagtgtcag aaggaaagct®dgccct gt&a acat édfgec cdéfcaccaci®®t gt cacagt ¢
ttcctttcga tcgggacgtt tgtagtecyly Tggmgtogigcbbied20yb8&cb4@udbbctccaccgat age
agtaccctta £t at cactgc ct T} fAcCt t

gat agt gacg gagt ggggga gatc:é?gat gégca %3&37%25%851%‘5 (é%) G%ggccct%g%tgg%%cttgggcatt
gacttgaaag agcccattta tacacaaaat ggtgaccatc gaacccgtaa ctgaactttc
tcgggtaaat atgtgtttta 610 620 ¥80 640 650 ggaddactag gaet aaagt#@ocggggct cct
ttgcatgtaa cagacgaccCt CGlkhdrhBahCaaglHabdit &itbcidesl GORAGR A AL

gt ct gCt gga 660 670 680 G%thlgggtc ttecetttega tegggacgtt tgtagtecgg gggagtggtyg

10

i5

20

25

30

35

- 510
caccgatage

gtggctateg

560
ccactggtag
ggtgaccatc

610
ggaaaactag
cettttgate

660
aaacactitg

tttgtgaaac

710
cettgeaaac

ggaacgtttg

T60
atgcaactta

tacgttgaat

810
ccttatactt
ggaatatgaa

520
agtaccctta

tcatgggaat

570
cttgggeatt

gaacccgtaa

620
gactaaagta

ctgatttcat

670
accgtageaa

tggcategtt

720
taaagttact
atttcaatga

770
atgtagcagyg
tacatcgtece

820
gatgttagtt

ctacaatcaa

530
ctatcactge

gatagtgacyg

580
gacttgaaag
ctgaactttc

630
cggggctect

gocecegagga

680
ctggtccagg

gaccaggtce

730

ggagccttgg

cctcggaace

780
aggactaagg
tectgattee

830
atccgtttga

taggcaaact

540

ctcaccecect

gagtggggga

590
agcceattta

tegggtaaat

640
ttgcatgtaa

aacgtacatt

650
tgtgactatt

acactgataa

740
gttttgattc

caaaactaag

790
attgattcte

taactaagag

840
tgctcaaaac

acgagttttg

550

ctaactactg

gattgatgac

600
tacacaaaat

atgtgtttta

650
cagacgacct

gtctgctgga

700
aataatactt
ttattatgaa

750
acaaggcaat

tgtteegtta

800
aaaacagacg

ttttgtetac

850
caactaaatc

gttaatttag



c
ccttgcaaac

ctggtccagg tgtgactatt aataatactt 248 §dnug

aaacactttg accgtagcaa
acactgataa ttattatgaa 710 720 730 740 75

t ggcatcgtt gaccaggtcc

taaagttact ggagccttgg gttttgattc acaaggcaat ggaacgtttg atttcaatga
cct cggaacc taag tgttccgtta 30 760 770 780 790 800 ta
at gt agcagg g‘g)g@@&g gg attgattctc aaaacagacg tacgttgaat Fé@%@@’ﬁ%&

35 810 820 830 840 850 «ccttatactt
gatgttagtt atccgtttga tgctcaaaac caact aaalsc - ggaat at gaa ctacaat caa

t aggcaaact acgagttttg gttgatttag 18 January 2005 WD 02/ 08263 PCT/ GBOLl/ 03252
- 8 5 10 15 20 25 860 870 88®0890 9000 taagatitagg aca&gygccct wbtttt at aa

actcagccca caacttggat atlfLhgabs Golihess dddadaaldaladdecd QQQ:ttG%QQt
gttgaaccta 910 920 930 940 gSO attaact aca acaaagg%%t ttact&gt t acaactccaa

acaattccaa taattgatgt tgtrteegoaaariiackas ¥yt coRalirdt gttsaaysiet 960 970
980 990 1000 aaagcttgag gttaacctaa gcactgccaa ggggttgatg tttgacgcta
tttcgaactcscaattggatt cgtgacggué ccccamet ac aagmt gcgat 94910 102351030 1040
1050 cagccatagc catt aat C ttc

tcctgattcc taactaagag ttttgtctgce

a_ggagat tgaatttqg cct aat t cggt at cg
gtaattacgt cctctacccg aagﬁ%%%&% e %ﬁ%t"&ﬁ%@%‘% iﬁ%&fﬁ%ﬁwfﬁﬁ 43100
gcaccaaaca caaatcccct cahésign tattttgepve argsgcetratpiaraast griggeaatyt
gtttagggga gttttgtttt taaccggtac cggatcttaa 1110 1120 1130 1140 1150

tgattcaaac aaggctatgg ttcctaaggf aggaaghggc ctiggttttggyy,

10

aaagcttgag gttaacctaa gcactgecaa ggggttgatg

tttegaacte

1010

' cagccatage
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gteggtatceg

1060
geaccaaaca

cgtggttigt

1110
tgattcaaac

actaagtttg

1160
acagcacagg

tgtegtgtee

1210
ttgtggacca

aacacctggt

1260
agatgctaaa
tctacgattt

1310
ctacagttte

caattggatt

1020
cattaatgca

gtaattacgt

1070
caaatccect

gtttagggga

1120
aaggctatgg

ttcogatace

1170
tgccattaca

acggtaatgt

1220
caccagctcc

gtggtegagy

1270
ctecactttgg
gagtgaaacc

1320
agttttgget

cgtgacggtt

1030
ggagatgggc

cctetacccg

1080
caaaacaaaa

gttttatttt

1130
ttcetaaact

aaggatttga

1180
gtaggaaaca

catccttigt

1230
atctcctaac

tagaggatty

1280
tcttaacaaa
agaattgttt

1330

gttaaaggca

ccccaactac

104¢
ttgaatttgg

aacttaaacc

1080
attggecatg

taaccggtac

11490
aggaactgge
teccttgaceg

1190
aaaataatga

ttttattact

1240
tgtagactaa
acatctgatt

1290
atgtggcagt
tacaccgtca

1340
gtttggctcc

1000
tttgacgcta

aaactgcgat

1050
ttcacctaat

aagtggatta

1160
gectagaatt
cggatcettaa

1150
cttagtittg

gaatcaaaac

1200
taagctaact

attcgattga

1250
atgcagagaa

tacgtetott

1300
caaatactty
gtttatgaac

1350
aatatctgga



actaagtttg ttccgatacc aaggatttga tccttgaccg gaat caaaac 11§ga&ﬁgpzéﬁ§0 1190
1200 acagcacagg tgccattaca gt aggaaaca aaaat aatga taagctaact tgtcgtgtcc
acggtaatgt catcctttgt ttttattact attcgattga 1210 1220 1230 1240 1250 30
ttgtggacca caccagctcc atctcctaac tgtagactaa atgcagagaa aacacct ggt

gt ggt cgagg WaYB@%aEt g acatctgatt tacgtctctt 35 1260 1270PQREBIAIY 1300
agatgctaaa ctcactttgg tcttaacaaa atgtggcagt caaatacttg tctacgattt

gagt gaaacc agaattgttt tacaccgtca gtttatgage 1310 1320 1330 1340 1350
ctacagtttc agttttggct gttaaaggca gtttggctcc aatatctgga 18 January 2005 WO
02/ 08263 PCT/ GBA / 03252 -gaBitcadnglE:agaicgiL aaagtdegaaamegdyocatidheagt
caaaccgagg ttatagacct 1360 1370 1380 1390 1400 acagttcaaa gtgctcatct
tattataaga tttgacgaaa atggagtg%} tgtcaigttt cacgagt aga ataatattct
aaactgcttt tacctcacga 1410 1428°1430 1440 1450%%ct aaat®4t t ccti®ct gg
acccagaata ttggaacttt agasadt§geg vtogatattigtitdatggaaggacsabgygiatiat
aaccttgaaa gctttacctc 146Q:hddQc1480:gt420.4:300 ¢ At el L a6k o8 2005ARATCC

tat acaaacg gtgttggatt tatgcctaac tagaatgact tccgtgtcgg atatgtttgce
cacaacctaa atacggattg 15 1510 1520 1530 1540 1550 cagtcagctt atccaaaatc
t cacggt aaa actgccaaaa gtaacatt{g? gatd¢@dcgaa tidgytttt agrsagt gccasgot
tgacggtttt fat tgt ?a;:a 15@@;:&52& lé:tggtckt@%oaée@g%ataztg%{é@géﬁt@asg%%ait%?é\gt taaacg
gagacaaaac taaacctgta acac cca gtcagttcaa aa CcC ctc

atttggacat tgtgattagt 16%631%2%%&1%?9%%%@?@8%%5 P%‘Fgﬁqaﬁaatcgbt&f‘é acag
gaaacaggagthcacaact cc aagt gcat ac .
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1460
atcttactga
tagaatgact

"1510
ctatcagett
gatagtcgaa

1560
cagtcaagtt
gtcagttcaa

1610
ttacactaaa

aatgtgattt

1660
tctatgtcat

agatacagta

1710
atttgccaca

tazacggtgt

1470
aggcacagee

tcegtgtegg

1520
atccaaaate

taggttttag

1570
tacttaaacg

atgaatttgce

1620
cggtacacag

gceatgtgte

1670
tttcatggga

aaagtaccct

1720
teetettaca

aggagaatgt

1480
tatacaaacg

atatgtttac

1530
tcacggtaaa

agtgccattt

1580
gagacaaaac

ctetgttttg

1630
gaaacaggag
ctttgtecte

1680
ctggtetgge

gaccagaccg

1730
ctttttcata

gaaaaagtat

1490
agtgttggatt

cacaacctaa

1540
actgccaaaa

tgacggtitt

1580
taaacctgta

atttggacat

1640
acacaactec

tgtgttgagyg

1690

cacaactaca
gtgttgatgt

1740

cattgceccaa

gtaacgggtt

1500
tatgcctaac

atacggattg

1550
gtaacatitgt

cattgtaaca

1600
acactaacca

tgtgatiggt

1650
aagtgcatac

ttecacgtatg

1700
ttaatgaaat
aattacttta

gaataa

cttatt




25 aatgtgattt gccatgtgtc ctttgtcctc tgtgttgagg ttcacgtat{s jhpbrybess 1680
1690 1700 tctatgtcat tttcatggga ctggtctggc cacaactaca ttaat gaaat

agat acagt a aaagtaccct gaccagaccg gtgttgatgt aattacttta 30 1710 1720 1730
1740 atttgccaca tcctcttaca ctttttcata cattgcccaa gaataa taaacggtgt
aggagaat gt 24§t at gtaacgggtt cttatt 18 January 2005 FE¥/6301885%3 - - 83
5 PCT/ @B01/03252 [SEQ ID. NO: 2] - Neck Region Peptide from Human Lung
Surfactant Protein D. PDVASLRQQVEAL QGQVOHLLQZAFSQYKKVELFPNG [ SEQ I D. NO.:
3] - Reconbi nant Fiber Al gaattcg atg aag cgc gca aga ccg tct gaa gat acc
ttc aac ccc gtg [S&D. @oa Nat:gaF ACle@aRFEEnIGEpELde COBMHumGhITARE (1t
ctt act act ccc s]angEEal%%fo%%iﬁCB aat ggg ttt caa gag agt ccc act ggg gta
ctc tat ttg cgc cta tcc gaa act efa gtt acc tcc aat ggc atg act gac gta
gca agc tta cga caa cag gta gaa gcc ttg caa ggg cag gta caa cac tta cag
gag gca ttt agercaardoseargevoARgagpoexgagrid g ttt cca aac gga gcc aag aag
ctg aac gacggcc cag gee ccc aag agc gac cca tcg ate taa etc gag 15 20 [ SEQ
ID. NO.: 4] - Human epidermal growth factor (EGF) Sequence Range: 1 to 183
10 20 30 40 50 ;%ggat flaatN(ba’a@t ccgRecmigaat gftPeathlgt ccca cgacggttac
cccttaagta cttgaggctg aggcttacag gtaacagggt gctgccaatg MNS D SECPL S
HD G Y> 25 60 10.80, W 100 JOLLd 96200, 260GLIILG ALY agate. gapgglttag

acaagtacgc acaaacgtgc tgccacaaac atacatgtag cttcgaaacc tgttcatgcg
GVCMY Il E AcEa ak 9pCcpECY gaa acc ggt cct ceca act ghkg cet titt ctt act cect cece
i0 ttt gta tecc-cecec aat ggy ttt caa gag agt cce cet agg gta ctc tet ttg
cgc cta tec gaa cect cta gtt acc tee aat ggc atg cct gac gta gea age
tta cga caa cag gta gaa gcc ttg cea ggg cag gta caa cac tta cag gog
gea ttt age caa tac aaa aag gta gag ttg ttt cca aac gga goc aag aag
ctg aac gac gcc cag goc coc aag agc gac cca teg ate taa cte gag
15
[SEQ. ID. NO.: 4] - Human epidermal growth factor (EGF)
Sequence Range: 1 to 183
20 10 20 30 40 50
gggaattcat gaactccgac tecgaatgte cattgtecca cgacggttac
cccttaagta cttgaggety aggettacag gtaacagggt getgecaatg
M N 5 D s E C P L S BH D G Y>
25
60 70 80 90 100
tgtttgcacyg acggtgtttg tatgtacatc gaagcetttgg acaagtacge
acaaacgtge tgccacaaac atacatgtag cttcgaaace tgtteatgeg
C L H D6V C MY I EAL DEKY A
30
1190 1zo0 130 140 150
ttgtaactgt gttgttggtt acatcggtga aagatgtcaa tacagagact
aacattgaca caacaaccaa tgtagccact ttctacagtt atgtctctga
35 cCNCcC VVE YIGE RCOQ YR D




30 35 110 120 130 140 150 ttgtaactgt gttgttgott acat cgo483afagpdscaa
t acagagact aacattgaca caacaaccaa tgtagccact ttctacagtt atgtctctga CN C V
VGYI GERCQYRD> 18 January 2005 WO 02/08263 - 89 - 5 160 170 180

t gaagt ggt g ggaattgaga tgataagaat tcc acttcaccac ccttaactct actattctta agg
L K WW E LW ®RASIET/ GBOL/ 03252 [SEQ ID. NO.: 51 - Am nBCHEB#/®BISAker from
St aphyl ococcal  protein A 10 Sequence Range: 1 to 39 10 20 15 30 gccaagaagc
t gaacgacgc ccaggccccc aagagcgac cggttcttgg acttgetgeg ggtccggggg ttctcgetg
AKKLNDAQAPKSD> -a-SPA48-60"a [SEQ ID. NO: 6] - Fiber
construct Al EG-F 20 Sequence Range: 1 to 513 10 20 30 40 50 at gaagcgcg
caagaccgtc tgaagatacc ttcaacccrg tgtatcoata tagitcgcgc gttctggcag
acttctatgg aagttggggc acataggtat 25 KRARPSEDTFNPVYPY> bb
TAIL b b > 30 60 70 80 Q%tgei%gg&?ggé’(%tca%gggcggéaéag%?tcg‘fcc caactgtgcc ttttcttact
cctccctttg actgtgectt tGgECAGHAT GrrgEtarGatichatmgsdat ga ggagggaaac DT E T
GPPTVPFLTPPPFPGL KWW EL R *>

5
[SEQ. ID. NO.: 51 - Amino acid linker from Staphylococeal
protein A
10 Sequence Range: 1 to 39
10 20 30
gccaagaage tgaacgacge ccaggoccce aagagcgac
cggttctteg acttactgeg goteeggggyg tictegetyg
15 A KX L N DA QA P K S5 D>
a SPA 48-60 a
[SEQ. ID. NO.: 6] - Fiber construct Al EGF
20 Seguence Range: 1 to 513
10 20 30 40 50
atgaagcgey caagaccogte tgaagatace ttcaaccecy tgtatecata
tacttcgege gttctggeag acttctatgg aagtigggge acataggtat
25 M KR A RP S EDT F NP VY P ¥
b b_ TAIL b b >
60 70 80 90 100
tgacacggaa accggtccte caactgtgee ttttcttact ccteectttg
30 actgtgcett tggecaggag gttgacacog aamagaatga ggagggaaac
p *EE T G?P P T VP F L T P P F>
b b_TAIL b b >
110 120 13¢ . 140 150
35 tatcceccaa tgggtttcaa gagagtccee ctggggtact ctetttgege

atagggggtt acccaaagtt ctcteagggyg gaccccatga gagaaacgcg
L S I R>»



b b _TAIL b b > 110 120 130 .140 150 3.5 tatcccccaa tgggyglgamngagRgt cccc

ctggggtact ctctttgcgc atagggggtt acccaaagtt ctctcagggg gaccccatga
gagaaacgcg L S L R> 18 January 2005 WO 02/08263 PCT/ GBOLl/ 03252 -- 90 > V
SPNGFOESPPGV>-b-TAIL b >5 160 170 180 190 200 10 15 20 25 30
35 ct at ccga¥®® B0#6hgt t ac ct ccaat ggc at gcct gacg t agcaaget FCT/GBIAG Rt t g

gagat caat g gaggttaccg tacggactgc atcgttcgaa L SEPL VTSNGM aR _a
a> P DV ASL> LUNG SURFAC > 210 220 233 240 250 acgacaacag gtagaagcct

t gcaagggca ggtacaacac ttacaggcgg tgctgttgtc catcttcgga acgttcccgt
ccatgttgtg aatgtccgcc RQQV EALQGQV QHL QA> LUNG SURFACTANT
PROTEIN D TRIM ¢ > 260 270 280 290 300 catttagcca atacaaaaag gtagagttgt
ttccaaacgg agccaagaag gQvaaatggt &akgtdttg cscatcbcaaga aaggtttgcc
tcggttcttCIc IA FSQYKKVE LFP NT%LLUNG SUI§FACTAN;I’ PROTEIN D TRIM C >
A K K> >Ca

5 160 170 180 190 200
ctatecygaace ctetagtitac ctccaatgge atgectgacg tagcaagett
gataggettg gagatcaaty gaggttaccg tacggactge atcgttcgaa

L 5 E P L V T 5 N G M>
a Ri__ a a__>

10 P D VvV A 5 I>
LUNG SURFAC >

210 220 230 240 250
acgacaacag gtagaagect tgcaagggea ggtacaacac ttacaggegg

15 tgctgttgte catcttegga acgttocccgt ceatgttgtg aatgtcogeo
R Q ¢ v E A L ¢ G Q Vv ¢ H L ¢ A>

LUNG SURFACTANT PROTEIN D TRIM ¢ >

260 270 280 290 300

20 catttagcca atacaaaaag gtagagttgt tteocaaacgg agecaagaag

gtaaatcggt tatgtttttc catctcaaca aaggtttgee tcggttcettce
A F 8 ¢ ¥ K K V E L F P N G>

LUNG SURFACTANT PROTEIN D TRIM c >
LA K K>
25 : >
>Clal
1
310 320 330 | 340 350
30 ctgaacgacyg cccaggecoce caagagegac ccatcgatcea tgaactcocga

gacttgetge gggtccgggg gttctegetg ggtagectagt acttgagget
M N 5 D>
d >
L N D A ¢ A P K 5 D>
35 SPA 48-60_e >
P 5 I>




1 310 320 330 1 340 350 ct gaacgacg cccaggcccc caagagcgagg gamlappsiasa
t gaactccga gacttgctgc gggtccgggg gttctcgectg ggtagcetagt acttgagget M N S D>
LNDAQAPKSD> SPA 48-60e > P S 1> 18 January 2005 WD 02/ 08263

PCT/ GBOI / 03252 360 370 380 390 400 ctccgaatgt ccattgtccc acg{gg)g%téta

ctgtttgcac JXPPPItt gaggcttaca ggtaacaggg tgctgecaat BHatY
ctgccacaaa 5 SECPLSHDGYCLHDGYV> 10 EPI DERVAL GROMH FACTOR

(UROCGASTRONE) ; CODON ST > 410 420 430-440450- gtatgtacat cgaagctttg

gacaagtacg cttgtaactg tgttgttggt catacatgta gcttcgaaac ctgttcatgc
gaacattgac acaacaacca CMY |l EALDKYACNCVV G EPI DERVAL GROMH

FACTOR ( UROGASTRONE); CODON ST > 460 470 480 490 500 15 tacatcggtg

aaagat gt ca at acagagac ttgaagtggt gggaattgag atgtagccac tttctacagt
tatgtctctg aacttcacca cccttaactc Y1 GERCQYRDL KWWEL R
EPI DERVAL GRONMH FACTOR ( UROGARSTRONE) ; 3T80DON S¥8%> 20 239¢xhol 400530

atgactcgag ggg tactgagcCleccgefgt X:ka{t%E@c &Qacg@@eé ci?dtttchb %Egg@@i&t ruct A7
EG- 30 Sequence Range: 1 to, 811 >§coRI
gaggcttaca ggtaacagygg tgctgccaat gacaaacgtg ctgecacaaa
5 S EC P LS HDGY CLE DG V>

EPIDERMAL GROWTH FACTOR (UROGASTRONE); COPON_ST >

410 420 430 440 450

gtatgtacat cgaagctitg gacaagtacg cttgtaactyg tgttgttggt

10 catacatgta gecttcgasac ctgttcatge gaacattgac acaacaacca
C M Y I E & L b K Y A C N C v Vv &>
.. .EPIDERMAL GROWTH FACTOR {URCGASTRONE); CODON _S1° >

460 470 480 490 500
15 tacateggtg aaagatgtca atacagagac ttgaaghtggt gggaattgag
) atgtagcecac tttctacagt tatgtctcetg aacttecacca cccttaacte
Y I G E R C @ Y R D L K W W E L R>»
__ EPIDERMAL GROWTH FACTCR (UROGASTRONE)}; CODON ST >
20 >xhol
|
| 510
atgactcgag ggg
tactgagetc cce
25 %>
>

[SEQ. ID. NO.: 7] -~ Fiber Construct A7 EGF
30 Sequence Range: 1 to 811

>EcoRl

]
I 10 20 30 40 50

35 gaattcgatg aagcgcgcaa gaccgtectga agataccttc aacceccgtgt




| 10 20 30 40 50 35 gaattcgatg aagcgcgcaa gaccgtctga agqgggﬁk%yzﬁﬁpcccgtgt
18 January 2005 WD 02/08263 PCT/ GB01/03252 - - 92 - 5 10 15 20 cttaagctac

ttcgcgegtt ctggcagact tctatggaag ttggggcaca M> MK RARPSEDTFENP
V> j jJ TAIL j > 60 70 80 90 100 atccatatga cacggaaacc ggtcctccaa
ctgtgccttt WQ@2486&ct taggtatact gtgcctttgg ccaggaggtt JeEb&BHPaRa
agaatgagga YPYDTETGPPTVPFLTP>j) j_TAILj j > 110 120 130
140 150 ccctttgtat cccccaatgg gtttcaagagagtccccctg gggtactctc. gggaaacata
gggggttacc caaagttctc tcagggggac cccatgagag L SS PFV SPNGFQESPP
GV> j TAIL j 160 170 180 190 200 tttgcgccta tccgaacctc tagttacctc
caatggcatg cttgcgctca aaacgcggat aggcttggag atcaatggag gttaccgtac
gaacgcgagt L AL> 25> LRLSEPLVTSNGM h REPEAT 1 h > 30 35
210 220 230 240 250 aaatcgegegaccygewretcttogtaygec etggormeygdeemmoedcat acct cccaa
tttacccgtt gccggagaga gacctgctes ggccgttgga at ggagggtt

>

M K R A R P S E D T F W P V>
-5 . i 3 TAIL ;| >

60 70 BO 80 100
atceatatga cacggaaacce ggtoctccaa ctgtgecttt tcettactect
taggtatact gtgcetttgg ccaggaggtt gacacggaaa agaatgagga

10 Y P Y D T E T G P P T VvV P F L T P>
b j_ TAIL i J >

110 120 130 140 150

ccctttgtat ccceccaatgg gtttcaagag agtccccctg gggtactete

15 gggaaacata gggggttacc caaagttctc tcagggggac cccatgagag
L &>

>

P F V 5§ P N G F Qg E S P P G V>

3 TAIL 5 5 >
20
160 170 180 190 200
tttgegecta tecgaaccte tagttaccte caatggeatg ctitgegetcea
aaacgcggat aggcttggag atcaatggag gttaccgtac gaacgcegagt
L A L>
25 >
L R L s E P L VvV T 8 N G M>

h REPFAT 1 h >
210 220 230 240 250
30 aaatgggcaa cggectetet ctggacgagg ceggeaacct tacctcecaa

tttaccegtt gcecggagaga gacctgctee ggecgttgga atgoagggtt
L T 5 Q>
£ >

K M G N LS L DE A G N>
35 ' g REPEAT 2 g >




LTSQ® f> KMGNGLSLDEAGN>g REPEAT 2 g >igl@nafwaby 2005 WO
02/ 08263 PCT/@BA /03252 - - 93 - 260 270 280 290 300 aatgtaacca
ctgtgagccc acctctcaaa aaaaccaagt caaacataaa ttacattggt gacactcggg
tggagagttt ttttggttca gtttgtattt | N> 5> NVTTVSPPLKKTKSN
f REPEAT 3 W(ro288269 310 320 330 340 350 cctggaaata tct gBabeB8/B¥acagtt ac
ct cagaagcc ctaactgtgg ggacctttat agacgtgggg agtgtcaatg gagtcttcgg
gattgacacc L TV>LEI SAPLTVT_.SKEA>I5 e REPEAT 4 e 20 25 360 370
380 390 400 «ctgccgcecge acctctaatg gtcgcgggca acacactcac catgcaatca
gacggcggcg tggagattac cagcgcccgt tgtgtgagtg gtacgttagt L T M Q S> REPEAT 6
> AAAAPL MV AGNT> dREPEAT 5 d > 410 420 430 440 450 caggccccgce
taaccgtgca cgactccaaa cttagcattg ccacccaagg gtccggggcg attggcacgt
gctgaggttt gaatcgtaac ggtgggtte® L S 12R T Q G380 REPEARYY > 30 AP L T V
H DS K> REPEAT 6-C > aatgtaacca ctgtgagccc acctctcaaa asaaccaagt caaacataaa

ttacattggt gacacteggg tggagaghtit tttiggttca gtttgtattt

I N>
5 >
N VvV T T V 8 P P L K K T K 5 N>
£ REPEAT 3 £ hil >
. 310 320 330 340 350
10 cctggaaata tetgeaccce tceacagttac ctcagaagec ctaactgtgg

ggacctttat agacgtygggyg agtgtcaaty gagtcttegg gattgacacce

L T V>
4
L E I S A P L T V T 5 E A>
15 e REPEAT 4 e >
360 370 380 390 400

ctgecgeege acctetaatg gtegegggeoa acacactcac catgcaatca
gacggeggaey tggagatitac cagegceccgt tgtgtgagtg gtacgttagt
20 L T M ¢ 8>
___REPEAT 6 >
A A A A P L M V A G N T>
d__ REPEAT 5 _d >

25 410 420 430 440 450
caggececge taaccgtgea cgactccaaa cttageattg ccacccaagg
gtecggggeg attggeacgt gotgaggttt gaategtaac ggtggygttcec

L 3 I A T QO G>
REPEAT 7___ >
30 ' ¢ A P L T V H D 5 K>
REPEAT 6__C >

460 470 480 490 500
acccctcaca gtgtcagaag gaaagctage ccctgacgta geaagettac

35 tggggagtgt cacagtcttc ctttcgateg gggactgeat cgttcgaatg



35 460 470 480 490 500 acccctcaca gtgtcagaag gaaagctagc1§ggﬂ&§§§565

gcaagcttac tggggagtgt cacagtcttc ctttcgatcg gggactgcat cgttcgaatg 18
January 2005 WO 02/08263 PCT/ &01/03252 -- 94 - L A>a>5PLTVSEG®G
K> REPEAT 7 b P DV A S L> LUNG SURFACTA > 510 520 530 540 550 gacaacaggt

.agaagccttg ™MHgHswadgg tacaacactt acaggcggca ctgttgtcca PEVEBYHIEEE
gttcccgtcc atgttgtgaa tgtccgccgt 10 RQQVEALQGQVQHL QA A
LUNG SURFACTANT PROTEIN D TRIM k > 15 20 25 30 35 560 570 580 590 600
tttagccaat acaaaaaggt agagttgttt ccaaacggag cCaagaagct aaatcggtta
tgtttttcca tctcaacaaa ggtttgcctc ggttcttcga F S QY KKV ELFPNG
LUNG SURFACTANT PROTEIN D TRRM> A KK L> m> >Cal 610 620 630 1 640 650
gaacgacgcc caggccccca agagcgaccc atcgatcatg aactccgact cttgctgcegg

gt ccgggggt tctcgctggg tagctagtac ttgaggctga M M>S D>

a >

P L T VvV 8 E G K>
REPEAT 7 b >

5 P DV A 58 I>
__ LUNG SURFACTA >

510 520 530 540 550

gacaacaggt agaagccttg caagggcagg tacaacactt acaggocggea

ctgttgteca totteggaac gtteecgtec atgttgtgaa tgtcegeegt

10 R QO 9 V E A& L Q G @ V ¢ H L g A A>
LUNG SURFACTANT PROTEIN D TRIM k >

560 570 580 590 600
tttageccaat acaamaaggt agagttgtit ccaaacggag ccaagaaget
i5 aaateggtta tgtttitceca tctcaacaaa ggtttgectc ggttcettegs
F 5 0 ¥ K K V E L F P N G>
____LUNG SURFACTANT PROTEIN D TRIM >

20
>Clal
|
610 620 630 | 640 650
gaacgacgcc caggocccca agagcgaccce atcegatcatg aactccgact
25 ctitgetgegg gtecgggygt tetcgetggy tagctagtac ttgaggetga
M N s D>
_ 1 >
N DA Q A P K 8 D>
SPA 48-60_ m >
30 P 5 I>

660 670 680 690 700
ccgaatgtece attgteccac gacggttact gtttgecacga cggtgtttgt
35 ggcttacagg taacagggtg ctgecaatga casacghtget gecacaaaca




NDAQAPKSD> SPA48-60 m> P S |> 660 670 680 6901 Q5huafFafat ot cc

attgtcccac gacggttact gtttgcacga cggtgtttgt ggcttacagg taacaggdgtg

ct gccaat ga caaacgtgct gccacaaaca 18 January 2005 WO 02/ 08263 --95- 5 10
PCT/ GBOL1/ 03252 SECPL SHDGYCL HDGYV C EPIDERVAL GROMH FACTOR
( UROGASTRONEC. 0260836\ ST > 710 720 730 740 750 at gt acat cBCHEGBH#BYga
caagtacgct tgtaactgtg ttgttggtta tacatgtagc ttcgaaacct gttcatgcga
acattgacac aacaaccaat MY | EA L DK-YALN-CV YV GY> EPIDERVAL GROMH
FACTOR ( UROCGASTRONE); CODON ST > 760 770 780 790 800 catcggtgaa agat gt caat

acagagactt gaagtggtgg gaattgagat gtagccactt tctacagtta tgtctctgaa
cttcaccacc cttaactcta | GERCQYRDL KWWE L R EPI DERVAL GROMH

FACTOR ( UROCGASTRONE) ; CODON ST > 15 >xhol 20 i 810 gactcgaggg g:
ctgagctcce ¢ x> [SEQ D NG : F8)™- 5cF50 Tofistrubt ¥ 75 Beqfiefcé”Range: 1

to 1056 10 20 30 40 50 QacEIPERHAIaGRAYAIL FBCRPR C(URQRASTRYEE;CCOROtSTcacaa
cagtaggaga ctgtaacact actgggtcag agtttctaag tacaggtgtt gtcatcctct 30 DI V
MTQSQRFMSTTVGD>7(EOCVKC,’2%> 730 240 750
5 atgtacatcyg aagctttgga caagtacgct tgtaactgtg ttgttggtia
tacatgtage ttcgaaacct gttcatgega acattgacac aacaaccaat
M Y I E A L P K ¥ A C N C Vv vV G Y>
. BPIDERMAL GROWIH FACTOR (UROGASTRONE); CODON ST >
760 770 780 790 800
10 catcggtgaa agatgtcaat acagagactt gaagtggtgg gaattgagat
gtagccactt tctacagtta tgtctectgaa cttcaccacc cttaactcta
I G E R C @ Y R D L K W W E L R>

EPIDERMAL GROWTH FACTOR (UROGASTRONE}; CODON_ST >

15 >xhol
1
i 810
gactcgaggg g
ctgagctcee c©
20 x>
>

[SEQ. ID, NO.: B8] - G250 Construct
25 Sequence Range: 1 to 1056

19 20 30 40 50
gacattgtga tgacccagte tcaaagatte atgtecacaa cagtaggaga
ctgtaacact actgggtcag agtttctaag tacaggtatt gteatectet

30 D I Vv M T Q@ 8§ o R F M & T T VvV G D>

o] o] VE ] o] >

60 70 80 90 100
cagygtcagc atcacctgca aggccagkca gaatgtggtt tctgetgttyg
35 gtcccagtcg tagtggacgt tcocggtcagt cttacaccaa agacgacaac




60 70 80 90 100 cagggtcagc atcacctgca aggccagtca gaatgtgg gnﬁﬁ%‘d?ttg 35
gtcccagtcg tagtggacgt tccggtcagt cttacaccaa agacgacaac 18 anu 005 WO
02/ 08263 PCT/ @BOL1/ 03252 -- -- 96 - 510 152025 30RVSI T C KASQN
VVSAV>cc VKcc 110 120 130 140 150 cctggtatca acagaaacca ggacaatctc
ct aaact act W&®0®6ica ggaccatagt tgtctttggt cctgttagag HaVEBPYAsa
ctaaatgagt AWY QQKPGQSPKLLI YS>ccVKececc>160 170 180 190
200 gcatccaatc ggtacactgg agtccctgat-cgaigt cacag gcagtggatc cgtaggttag
ccatgtgacc tcagggacta gcgaagtgtc cgtcacctag ASNRYTGVPDRFTGS
GS>cc VKc C> 210 220 230 240 250 tgggacagat ttcactctca ccattagcaa

tat gcagtct gaagacctgg accctgtcta aagtgagagt ggtaatcgtt atacgtcaga
cttctggacc GT DF TL T 1_S NMg L> c¢c c VKc c 260 270 280 290 300
ctgatttttt ctgtcaacaa tatagcaact tcTcg‘f gg‘éc gt &gtygh Vgalt #adzaa
gacagttgtt atatcgttga taggcacctgecaagccacCtVkA DecE E C QQ Y S N¥ P WT F
GG cc VKcc > 310 320 330 340 350 ggcaccaagc tggaaatcaa aggatctggc
tctacttccg gtagcggcaa ccgtggtticg acctitagtt tcctagaccg agat gaaggc

cat cgeegt t 4§ 120 130 96 it

cctggtatca acagaaacca ggacaatctc ctaaactact gatttactea
ggaccatagt tgtctttoggt cctgttagag gatttgatga ctaaatgagt
A W Y Q g K P G Q¢ S P K 1L L E Y 8>

C C VK [ o] [] >

10 160 170 i80 190 200
gcatccaatc ggtacactgg agtecctgat cgcttcacag gecagtggate
cgtaggttag ccatgtgace teagggacta gegaagtgtc cgtcacctag

A S5 N R Y T G V P D R F T G 5 G 5>

C C VK [+ ] >

15
210 220 230 240 250
tgggacagat ttcactcectea ccattagcaa tatgeagtct gaagacctgg
accetgteta aagtgagagt ggtaategtt atacgtcaga cttctggacce
G T D F T L T I S N M O 3 E D L>
20 c ¢ VK C c >

260 270 280 290 300
ctgattttit ctgtcaacaa tatagcaact atccgtggac gttegatgga
gactaaaaaa gacagttgtt atatcgttga taggeacctg caagccacct

25 A DFF CQOQ Y5 N YPWT F G G

c (o] VK [o} c >

310 320 330 340 350
ggcaccaagc tggaaatcaa aggatctgge totacttecg gtagceggeaa
30 ceogtggtteg acctttagtt tectagaceg agatgaagge catcgecgtt
G T K L E I K
VK c >

G 8§ G 5 T 8 G 3§ G K>
d ILINK d >
35



GTKLEI KXVWc>GSGSTSGSGK> d.LINKd >358148n pgysy 2005
WO 02/ 08263 PCT/ GBOL/ 03252 - - 97 - 5 10 15 20 25 30 35 360 370 380 390
400 atcctctgaa ggcaaaggta ctagagacgt gaagctcgtg gagtctgggg taggagactt
ccgtttccat gatctct ca cttcgagcac ctcagacccc bVKLVESG aVHa >SS
EGKGT OlEfﬂm d. 410 420 430 440 450 gaggcttagt gBEHEBNPBE?
gggtccctga- aactctcctg tgcagecctct ctccgaatca cttcgaacct cccagggact
ttgagaggac acgtcggaga GGL VKL GGS ¢ KLSCAAS>aaVHaa> 460
470 480 490 500 ggattcactt tcagtaacta ttacatgtct tgggttcgcc agactccaga
cct aagt gaa agtcattgat aatgtacaga acccaagcgg tctgaggtct GF T F SNY Y MS
WV RQTPE> aaVHaa>510 520 530 540 550 gaagaggctg gagttggtcg
cagccattaa tagtgatggt ggtatcacct cttctccgac ctcaaccagc gtcggtaatt
atcactacca ccatagtgga K RL E %%V A A PT0N S D G8&G | T> 3%0 400

atcctctgaa ggcaaaggta ctagagacgt gaagetegtg gagtctgggg
taggagactt ccgtttcecat gatctetgea cttegageac ctcagacccce
D v K L Vv E 5 G»

5 a VH_ a >
5 8 E G K G T R>
LINK d >
410 420 430 440 450
10 gaggcttagt gaagcttgga gggtcectga aactctcctg tgecagectet

cteegaatea cttcgaacct cccagggact titgagaggac acgtcggaga
€ ¢ LV XKL G GSTL KLSC C A A S

a a VH a a >

15 460 470 480 490 500
ggattcactt tcagtaacta ttacatgtet tgggtitcgec agactecaga
cctaagtgaa agtcattgat aatgtacaga acccaagegyg tctgaggtct

G F T F S N Y Y M S W VvV R g T P E>

a a VH a a >

20
510 520 530 540 550
gaagaggcetyg gagttggteg cagccattaa tagtgatggt ggtatcaccet
cttctecogac ctecaaccage gteggtaatt atcactacca ccatagtgga
K R L E L Vv A A I N S DG G I T>
25 a a VH a a >

560 570 580 590 600
actatctaga cactoatgaag ggcegattca ccatttcaag agacaatgec
tgatagatct gtgacacttc ccggectaagt ggtaaagite tectgttacgg

30 Y ¥ L D T V K G R ¥ T I S R Db N A>

a a VH a a >

610 - 620 630 640 650
aagaacaccc tgtacctgea aatgageagt ctgaagtectg aggacacagc

35 ttettgtggg acatggacgt ttactcgtca gactteagac tectgtgteg



aaVHaa> 560 570 580 590 600 actatctaga cactgtgaag1gg@ﬁg§9@gg5
ccatttcaag agacaatgcc tgatagatct gtgacacttc ccggctaagt ggtaaagttc
tctgttacgg. YYLDTVKGRFTI SRDNA>aaVHaa > 610 620 630 640
650 aagaacaccc tgtacctgca aatgagcagt ctgaagtctg aggacacagc ttcttgtggg
acat ggacgt WOR8¥Eca gacttcagac tcctgtgtcg 18 January 2BOBGRY03E208263
PCT/ GB01/03252 --98- 5 KNTLYLQMSSLKSEDTA>aaVll aa 660
670 680 690 700 cttgttttac tgtgcaagae -acgeyet eggg ctacttttct atggactact
gaacaaaat g acacgttctg tggcgagccc gatgaaaaga tacctgatga L F YCARHRSG
YFSMDY> aaVHaa>10 710 720 730 740 750 gaggtcaagg aacctcagtc
accgtctcct catgcccacc gtgcccagca ccccagttcc tt ggagt cag tggcagagga

gt acgggt gg cacgggt cgt VSS>aVll aa>is A>ACPPZCP>
HI NGE 20 25 30 760 770 788 ggg‘BdO c%té%a&ﬂd% Yaggfgdcc Fgttayt Eft c

ctcttccccc caaaacccaa ggacttgagy atccccet g¥icagtacagaag gagaaggggy
gttttgggtt PELLGGPSVFLFPPKPK> bbCHbb >

660 670 680 690 700

5 ctigttttac tgtgecaagac accgetegagg ctacttttet atggactact
gaacaaaatg acacgttctyg tggegagece gatgaaaaga tacctgatga

L F ¥ C AR H R § @G Y F 8 M D Y>

a a VH a a >

10 710 720 730 740 150
ggggtcaagg aacctcagte accgtctcoct catgeccace gtgeccagea
ccccagttce ttggagtecag tygcagagga gtacgggtbgyg cacgggtegt
W G Q¢ G T 8 V T Vv § s>

a VH a a >

15 >

cC P P c B>
HINGE >

20 760 770 780 790 800G
cctgaactee tagggggacc gtcagtctte ctetteccecc cazaacccaa
ggacttgagg atccccctgg caghtcagaag gagaaggggg gttttgggtt

P E L L 6 G P S v F L F P P K P K

b b___ CH2 b b >
25
816 820 830 840 850
ggacaccctc atgatctcce ggacccctga dggtcacatge gtggtgoatgg
cctgtgggag tactagaggg cctggggact ccagtgtacg caccaccacc
b T L M I 8 R T P E v T C v Vv v
30 b b CH2 b b >

860 870 880 890 900
acgtgagcea cgaagaccct gaggtcaagt tcaactggta cgiggacgge
tgcactcggt gettetggga cteocagttea agttgaccat geacctgeeg

35 D Vv 8 H E D P E Vv X F N W Y v D G>



810 820 830 840 850 ggacaccctc atgatctccc ggacccctga ggtp@%g@l@bggtg gt gg
cct gt gggag tactagaggg cctggggact ccagtgtacg caccaccacc RTP
VTCVVV>Db bbCH b b > 860 870 830 890 900 acgtgagcca cgaagaccct

gaggt caagt tcaactggta cgtggacggc tgcactcggt gcttctggga ctccagttca
agttgaccat Y&4R888tcg 35 DVSHEDPEVKFNWY V DPGEGCREIWB_uary 2005
WO 02/ 08263 --99- PCT/@B01/03252 b b CH2 b b > 5 10 is 20 910 920 930 940
950 gtggaggtgc ataatgccaa gacaaagccg ct gg@g_gagc agtacaacag cacctccacg
tattacggtt ctgtttcggc gccctecctcecg tcatgttgictc VEVHNAKTKPREEQYN
S b b CH bb > 960 970 980 990 1000 cacgtaccgg gtggtcagcg tcctcaccgt
cctgcaccag gactggctga gtgcatggcc caccagtcgc aggagtggca ggacgtggtc
ctgaccgact TYRVV SVLTVLHQDWL> b b-CH b b > 1010 1020 1030
1040 1050 atggcaagga gtacaagtgcbaaggtct ¢cacazaaagccct cckagccccc>
taccgttcct catgttcacg ttccagaggt tgtttcggga gggtcggggg N GKE Y K CK V' S
NKALPAP>bbCHDbDb> aél%gag t%Zqoctc I F§§025

E

540 950
gtggaogtgc ataatgeocaa gacaaagecg cgggaggagce agtacaacag

5 cacctecacg tattacggtt ctgtittcgge geectecteg tcatgttgte
v BV H N A K T K P R E E g Y N 5>

b b CH2 b b >

9260 970 580 990 1000

10 cacgtaccgg gtggtcageg tcctcaccgt cctgeaccag gactggetga

gtgcatggcc caccagtege aggagtgoca ggacgtggtce ctgaccgact
T ¥ R Vv Vv 8 VvV L T V L H Q D W L>
b b CHZ b b >

15 1010 1020 1030 1040 1050
atggcaagga gtacaagtge aaggtctocca acaaagccct cccagceccoo
taccgtteet catgtteacy ttocagaggt tgttteggga gggtocggggg
N G K E ¥ K C K V 8 N K A L P A P>

b b CH2 b b >
20
atcgaq
tagecte
I E>
>
25
{SEQ. ID. NO.: 9] - C242 Construct
30 Sequence Range: 1 to 793
>8fi >EcoRl  >Clal
i | |
| 10 20 | 30 49 50

35 geggeccage cggccacgaa ttcatcgatg gatattgbtga tgactcagge




>Cal 1 I I 1 10 120 |

SS M b HA >DI VMT Q A>

[SEQ ID. NO: 9] -- C242 Construct 30 Sequence Range: Lg ndss 061 >EcoRl
30 40 50 35 gcggcccagc cggccacgaa ttcatcgatg
gatattgtga tgactcaggc 18 January 2005 WO 02/ 08263 PCT/ GBOLl/ 03252 - -
5 10 15 cgccgggtcg gccggtgett aagtagctac ctataacact actgagtccg

WROROIBR VK PHARVACI A > A> BO/GBO1832590 100

100 -
AQPATN

tgcaccctct gtacctgtca ctcctggaga gtcagtatcc atctcctgca acgtgggaga
cat ggacagt gaggacctct cagtcatagg tagaggacgs AP S VPV TPGESVSI S
C d VK PHARVMACIA d > 110 120 130 140 150 ggtctagtaa gagtctcctg

cat agt aat g gcaacactta cttgtattgg
cgttgtgaat gaacataacc R S S K S L L
>20 SLLHSNGNTYLY> f COR f

HSNGNT

ccagatcatt ctcagaggac gtatcattac

YLY W d VK PHARVACI A d

> 25 30 35 160 170 180 190 200

ttcctgcaga ggccaggcca gt EITEIESY CELEPTat HE-PCRfgStagrrcachagasticet
ccggt ccggt cagaggagtc gaggaetatamagcttacag BEMQRP GQSP QL LI YRM
S>

b BACKPRIMER

60 70 80

10 tgcaccctct gtacctgteca ctectggaga
acgtgggaga catggacagt gaggacctct

A P 8 Vv P V¥

c VK PHARMACIA

T P G E

>

D I V M T Q B>

VK PHARMACIA >

90 100
gteagtatee atctectgea
cagtcatagg tagaggacgt

5 VvV 8 I 5 C>

15 . ' 110
ggtctagtaa gagtcteocty catagtaatg

120 130
ccagatecatt ctcagaggac gtatcattac
R 5 8 K 858 L L H 8 ®

d VK PHARMACIA

140 150
gcaacactta cttgtattgg
cgttgtgaat gaacataacc
G N T Y L Y W

d >

20 S L L H 8 ®

G N T Y L ¥>

£ CDR1 £ >

160 170 180

ttcctgcaga ggccaggeca gtetecteag

25 aaggacgtct ceggtecggt cagaggagtce
F L 9 R P G Q 5 P Q

d VK PHARMACTIA

120 200
ctectgatat atcggatgtce
gaggactata tagcctacag
Y R M s>

d >

L L I

30
210 220

caaccttgte tecaggagtce cagacaggtt

230

gttggaacag agtcctcagg gtctgteccaa
N L V P D R F
35 d VK PHARMACTA

8 G V

R M 5>

240 250

cagtggeagt gggtcaggaa

gtcaccgtca cccagtceott
G 5§ &>

d >

8§ G 8




d VK PHARMACIA d > R M S> > 210 220 230 240 250 caaccq?g U%@%ggtcc
cagacaggtt cagtggcagt gggtcaggaa gttggaacag agtcctcagg gtctgtccaa
gtcaccgtca cccagtcctt NLVSGVPDRFSGSGSG dVKPHARMACIAC >
18 January 2005 WD 02/08263 PCT/ GBOL1/03252 -- - 101 - NL V S>e >5 10 15
20 25 30 26WO2082880 290 300 ctgctttcac actgagaatc agt aBe§&8Y/98¥gct gagga
tgtgggtgtt gacgaaagtg tgactcttag tcatctcacc tccgactcct acacccacaa T A F'
TLRI SRVEAEDYVGV>d VK PHARVAGLA d > 310 320 330 340 350
tattactgtc tgcaacatct agagtatccg ttcacgttcg gtcctgggac ataatgacag
acgttgtaga tctcataggc aagtgcaagc caggaccctg L QHL EYPF T> _a CDR3 a >
" YYCLQHLEYPFTFGPGT> d VK PHARVACIA d > 360 370 380 390 400
caagct ggag ctgaaacggc ccccggactt tgttcccccg gccgcectagtt gttcgacctc
gactttgccg ggggcctgaa acaagdgdc &gcgatcaa K L E L K R VK PHARVACIA > P
PDFVPPAAS e >

260 270 280 290 300

5 ctgctitcac actgagaatc agtagagtgg aggctgagga tgtgggtgtt
gacgaaagtyg tgactettay tcecatctcacc tccgactect acacccacaa

T A F T L‘ R I S R V E A E D V 6 vV

d VK PHARMACIZA d >

10 310 320 330 340 350
tattactgtec tgcaacatct agagtatceg ttcacgiteg gtectgggac
ataatgacag acgttgtaga tctcecatagge aagtgcaage caggaccectg

L 9 HL & Y P F T>

_a CDR3 a >

15 Yy Y ¢ L ¢ HL E Y P F T F G P G T>
d VK PHARMACTIA d >

360 370 380 390 400

caagctggagy ctgaaacgge ccccggactt tgttecccecg gecgetaght
20 gttcgaccte gactttgecg ggggcctgaa acaaggggge cggegatcaa
K L E L K R>

__ VK PHARMACIA >
P P D F V P P A A 5
_1 1 825 1 >
25

410 420 430 440 450

tecctgatea cteccctogt ggecaggtee agttyggtgea gtetggacct

agggactagt gaggggagca ccggtccagg tcaaccacgh cagacctgga

Q v Q L v g S G P>
30 __VH PHARMACIA [SPLIT]____ >

F P D H S P R G>
825 i >

460 470 480 490 500
35 gagctgaaga agectggaga gacagtcaay atctcctgea aggettetga



118251 > 410 420 430 440 450 tccctgatca ctcccctcgt ggccggggn%gnpgjogggt gca

gtctggacct agggactagt gaggggagca ccggtccagg tcaaccacgt cagacctgga QV QL
VQSGP> Vii PHARVACIA [SPLIT] > FP DH S P R G 8251 > 460 470 480 490
500 35 gagctgaaga agcctgggga gacagtcaag atctcctgca aggcttctga 18 January
2005 WO 02/ W9X88825ET/ GB01/ 03252 - - 102-- ctcgacttct tcgBabeBet3¥egt cagttc
tagaggacgt tccgaagact ELKKPGETVKI SCKAS D> h VH PHARVACI A
[SPLIT] h >5 510 520 530 540 550 10 15 3@525 30 ttataccttc acatactatg
gaat gaact g ggt gaagcag gctccgggaa aatatggaag tgtatgatac cttacttgac
ccacttcgtc cgaggccctt YT FTYYGMNWV KQAPG h VH PHARVAC A
[SPLIT] h > YY GMN> CDRL > 560 570 580 590 600 agggtttaaa gtggatgggc
t ggat agaca ccaccactgg agagccaaca tcccaaattt cacctacccg acctatctgt

ggt ggt gacc tctcggttgt K aBegacktapy pggrapt¢t BEgFcautte Gagaopachs frciddaPMARNVACI A
[SPLIT] h> WI DTTT & b FkT>x €Di&2 f SRLIV] x> 613 620 63 @43>650

tatgctgaag attttaaggg acggattgec, ttctetitad aggectaige N

5 510 520 530 540 550
ttataccttc acatactatg gaatgaactg ggtgaagcag actccgagaa
aatatggaag tgtatgatac cttactigac ccacttegte cgaggecctt

Y T F T ¥ Y G M N W vV K Q A P G>
h VH PHARMACIA [SPLIT] h >
10 ¥ Y G M N>
CDR1 >

560 570 580 590 600

agggtttaaa gtggatgggce tggatagaca ccaccactgg agagccaaca

15 toccaaattt cacctacccey acctatctgt ggtggtgacc teteggttgt
K 6 T K W M G W I D T T T G E P T>
h VH PHARMACIA [SPLIT] h >

w I D T T T G E P T>

CDR2 {SPLIT] >
20
610 620 630 640 650
tatgctgaag attttaaggyg acggattgec ttectetttgg agacctcetge
atacgacttc taaaattcce tgectaacgg aagagaaacc tetggagacg
Y A E D F KOG R I A F S5 L ET 8 A
25 h VH PHARMACTIA [SPLIT} h >

Y AE D F K &
CDR2 [SPLITI____i >

660 670 680 690 700
30 cagcactgee tatttgcaga tcamaaacct caaaaatgag gacacggeta
gtcogtgacgg ataaacgtet agtttttgga gtttttacte ctoatgeegat
5 T A Y L Q I K N L K N E D T A>
h VH PHARMACIA [SPLIT) h >

35 710 720 130 740 750



atacgacttc taaaattccc tgcctaacgg aagagaaacc tctggagacg Y18AJ§, d6sG R 1 A

PSLETSA> hVHPHARVMACIA[SPLIT] h> YAEDFKG [SPLIT] i >
660 670 680 690 700 cagcactgcc tatttgcaga tcaaaaacct caaaaatgag gacacggcta
gt cgt gacgg at aaacgtct agtttttgga gtttttactc ctgtgccgat STAY L QT KNL
KNEDT AWOQ%OQA%P PHARMACI A [SPLIT] h > 35 710 720 730 P4BCRYE3HB January
2005 WO 02/08263 ._ - 103 - PCT/ GBOLl/ 03252 catatttctg tgcaagacgg
gggccttaca actggtactt tgatgtctgg gt at aaagac-acgttctgcc cccggaat gt
tgaccatgaa actacagacc RGP YNWYFDV> gCORB3g> 5 TYFCARRGP
YNWYFDVW h VHPHARVACIA [SPLIT] h > 10 >Xho(-) StopXho adapt _[Split]
1 760 770 780 | 790 ggccaaggga ccacggtcac cgtctcctca ctcgattaac tcg

ccggttccct ggtgccagtg gca ctaattg agc L x> 15 GQGT TV TVS
S> VH PHARMACTA [ SPLIT] %‘ag\%cg%/tg 3°99 gaueqigac pggEeractbtopietetago) - -

Fi ber Construct Al G250 Sexjaervee aRairigegccledegoabidt] tdnctdrgrieotlcagace
R G P ¥ N W Y F D V>

g CDR3 g >
5 T YF C ARR G P Y N WU YTF DV W
h VH PHARMACIA [SPLIT] h >

>Xho (-) StopXho_adapt_ [Split]
I
10 _ 760 770 780 | 790
ggccaaggga ccacggibcac cgtctectea ctegattaac teg
ceggttecect ggtgecagty gecagaggagt gagetaattg age
L X>

>

15 G ¢ T T VT Vv 8 5
VH PHARMACIA [SPLIT] >



I 10 20 30 40 50 gaattcgatg aagcgcgcaa gaccgtctga agataqgggﬁm§§?§@§gtgt
cttaagctac ttcgcgecgtt ctggcagact tctatggaag ttggggcaca
DTFNPV>f f TAILf > 15 20 25 30 35 60 70 80 90 100 atccatatga
cacggaaacc ggtcctccaa ctgtgccttt tcttactcct taggtatact gtgcctttgg
ccaggaggtt YRBROAaa agaatgagga Y PY DT E T G P P T VCPGBIW3ISIP> f
f"TAIL f f > 110 120 130 140 150 <ccctttgtat cccccaatgg gtttcaagag

agtccccctg gggtactctc gggaaacata gggogttggc_caaagttctc tcagggggac
cccatgagag L S PFVSPNGFQESPPGV> f TAILf f > 160 170 180
190 200 tttgcgccta tccgaacctc tagttacctc caatggcatg cctgacgtag aaacgcggat
aggcttggag atcaatggag gttaccgtac ggactgcatc L RLSEPLVTSNGM -
-REPEAT 1 d > P D V> 18 January 2005 WO 02/ 08263 PCT/ GB01/ 03252 - - 105 -

5 10 210 220 2335820 BB NG-dadli t achikarasengructy@dg&@PPgc aagggcaggt
acaacactta gttcgaatgc tgttgtccat cttcggaacg ttcccgtcca tgttgtgaat

Sequence Range: 1 to 1411

5
>EcoR1
l‘
| 10 20 < 30 40 50
gaattcgatg aagcgegcaa gaccgtctga agatacctitc aacccoegtgt
10 cttaagctac ttegegegtt ctggeagact totatggaag ttggggcaca
N>
>
M KR A R P S E DTVF N P V-
__ £ TALL £ >
15
60 70 80 90 100
atccatatga cacggaaacc ggtcctccaa ctgtgeettt tettactect
taggtatact gtgcctttgg ccaggaggtt gacacggaaa agaatgagga
Y P Y D T E T G P P T V P F L T P>
20 _ £ f_TAIL £ £ >
110 120 130 140 150
ccectttgtat cccecaatgg ghttcaagag agtcoccectg gggtactcte
gggaaacata ggggyttacc caaagttctc tcagggggac cccatgagag
25 L s>
>
P FV 8 P NG FQE 8 P P G V>
£ TAIL f £ >
30 160 170 180 150 200

titgegecta teocgaaccte tagttacete caatggeatg cetgacgtag
aaacgcagal aggettggag atcaatggag gttaccgtac ggactgcatce
L R L S E P L V T 8 N G M>
d REPEAT 1 d >
35 P B V>




ASLRQQVEAL QGQV QH L> LUNG SURFACTANT PROTEgNisRZiRobbe > 260

270 280 290 300

caggcggcat ttagccaata caaaaaggta gagttgtttc caaacggagc

gtccgccgta aatcggttat gtttttccat ctcaacaaag gtttgecctcg > QAAF S QY KK
VEL FPNG 15 LUNG SURFACTANT PROTEIN D TRIM g 20 25 30 >d al
320 330 340W8HBN8%¥hagaagct g aacgacgecc aggcccccaa gagcgaleVaBd§stcgaca

gttcttcgac ttgctgcggg tccgggggtt ctcgetgggt agctagct gt

1 310

SD> b SPA48-60 b >P SI> c¢ > D= 3600870 380 390 400 ttgtgatgac
ccagtctcaa agattcatgt ccacaacagt aggagacagg aacactactg ggtcagagtt
tctaagtaca ggtgttgtca tcctctgtcc | VMTQSQRFMSTTVGDR J |
J J > 35 410 420 430 440 450 18 January 2005 WO 02/ 08263 PCT/ GBOL/ 03252
--1.06- 5 10 15 20 25 30 35

10

15

20

25

30

35

>

210 220 230 240 250
caagcttacyg acaacaggta gaagccttgc aagggcaggt aca;cactta
gttcgaatge tgttgtccat cticggaacg tteoccghbeeca tgttotgaat
A S5 L R Q 0 Vv E A L Q0 G Qg Vv Q H 1>

LUNG SURFACTANT PROTEIN D TRIM g >

260 270 280 290 300
caggeggeat ttagccaata caaaaaggta gagitgtttc caaacggage
gtcogecgta aatcggttat gttittcecat ctcaacaaag gtttgecteg

B>
>
Q A A F 8 g Y K K V E L F P N &
LUNG SURFACTANT PROTEIN D TRIM__ g >
>Clal
|
310 320 330 340 350

caagaagclyg aacgacgccc aggcccccaa gagegaccca tegatcegaca

gttcttegac ttgetgecggg tocegggggtt ctegetggat agetagotgt
K KL N DA QA P K § D
b SPA 48-60 b >

360 370 380 390 400
ttgtgatgac ccagtctcaa agattcatgt ccacaacagt aggagacagyg
aacactactyg ggtcagagtt tctaagtaca ggtgttgtca tectetgtec
I VvV M T c 5 Q R F M S T T V G D R>

3 j___VK 3 3 >

410 420 430 440 450

KKLNDAQAPK

VK



gt cagt at ca cctgcaaggc cagt cagaat gt ggtttctg ct gttgcctg
ggacgttccg gtcagtctta caccaaagac gacaacggac,V S| T CK Z@g&%ﬁhﬁ%ﬁo\? SAVA

W j j  J 7 > 460 470 480 490 500 gt atcaacag aaaccaggac aat ctcct aa
actactgatt tactcagcat catagttgtc tttggtcctg ttagaggatt tgatgactaa
atgagtcgta WPQJME6K P GQS P KL LI YSA 7| VK| j BCHEBOWIH2530 540
550 ccaatcggta cactggagtc cctgatcgct tcacaggcag tggatctggg ggttagccat

gt gacctcag ggactagcga agtgtccgtc acctagageg -SNRY TGV PDRFTGSG
S &G VKj j > 560 570 580 590 600 acagatttca ctctcaccat tagcaatatg

cagt ct gaag acctggctga tgtctaaagt gagagtggta atcgttat ac gtcagacttc
tggaccgact TDFTLTI SNMQSEDLAD | j_VKj j > 610 620 630 640

650 ttttttctgt caacaatata gcaactatcc gt ggacgttc g %gca aaaaaagaca
gttgttatat cgttgatagg cadEfFeaEy %&%&?@c@%ﬁt@qgatg%g%g‘v S RIYEIPW T F G G
G 7 VK., _ .. _caytcatdybie6ddr t680gGa0:cE0) catrangety@ggicaaiccaaagga
tctggctcta cttccggt ag cgggaaatgcc ¢ ggt kcggccg tggt;,t c;,ctS aggwggg%
gaaggccatc gccgtttagg T KL E I, K> VK > G GKS> -k LINK
k > 18 January 2005 WD 024—982-68—13%689#93%2——3——]:97——33—}9«-}&

_ 5 460 470 480 490 500

gtatcaacag aaaccaggac aatctcctaa actactgatt tactcageat
catagttgtc tttggtcctg ttagaggatt tgatgactaa atgagtcgta
Y Q0 Q K P G Q 8§ P K L L I Y 8 A>

3 j__ VK J 3 >

i0
510 520 530 540 550
ccaatcggta cactggagtc cctgatcget tcacaggecag tggatctggg
ggttagecat gtgacctcag ggactagcga agtgtccgtc acctagacce
5 N R Y T G V F D R F T G 8 G 8 G>
15 3 3 VK 3 3 >

560 570 580 590 600
acagattteca ctctcaccat tagcaatatg cagtctgaag acctggetga
tgtctaaagt gagagtggta atcgttatac gtcagactte tggaccgact

20 T D F T L T I S N M Q S E b L A D>
| J___ VK 3 3 >

610 620 630 640 650
ttttttctgt caacaatata gcaactatcce gtggacgttc ggtggaggea
25 aaaaaagaca gttgttatat cgttgatagyg cacctgcaag ccaccteegt
F FC Q QY S NY P WTVF G G G
j i VKE____3 3 >

660 670 680 690 700
30 ccaagctgga aatcaaagga tctggeteta cttceggtag cggeaaatcc
ggttegacct ttaétttcct agaccgagat gaaggccatc gecgttiagg
T K L E I x>
VK 3 >

G 5 G 8 T 8 G 8§ G K S>
35 k LIWK k >




20 25 710 720 730 740 750 tctgaaggca aaggtactag agacgt geggarfbafiomgagt
ctgggggagg agacttccgt ttccatgatc tctgcacttc gagcacctca gaccccctcc DV K L
VESGGG hVHh>SEGKGTR LINK k_ > 760 770 780 790 800
cttagtgaag ¢ttagagggt ccctgaaact ctcctgtgca gcctctggat aat cacttc
gaacctccca b‘@g‘ggf’#?ga gaggacacgt cggagaccta L V K L G G gCE'GRmﬂ“”sSZC AAS
G h h VEl h h > 810 820 830 840 850 tcactttcag taactattac atgtcttggg

ttcgccagac tccagagaag agtgaaagtc attgat a@fg-t-acagaaccc aagcggtctg

aggtctcttc FTFSNYYMSWVRQTPEK>hhOhVHhh > 860 870 880 890
900 aggctggagt tggtcgcagc cattaatagt gatggtggta tcacctacta tccgacctca
accagcgtcg gtaattatca ctaccaccat agtggatgat RLEL VAAI NSDGGI TY
Y> h h_VH h h 910 920 930 940 930 tctagacact ggcgaaggg%ogattca.&t%at

tt caagagac aatgccaaga agatctgtga cacttcccgg ctaagtggta aagttctctg
ttacggttct 30 L D T V K G°Rapuora|aagriReyoNpgRcRioaach ckpatiidagh dioesag8@ 970 980
990 1000 acaccctgta cct ggasatgtageagbeicgietaeicetgag@acaas ageaicbgc35

t gt gggacat ggacgtttac tcgtcagact t cagact ccly gf gf cggagc 18 January, 2005 WO

02/ 08263 PCEI'/ GB01/ 03252 - - 108 - 5 10
h VH h >
§ E G K G T R>
LINK k >
760 170 780 790 800
10 cttagtgaag cttggagggt ccctgaaact ctectgitgea gectciggat

gaatcacttc gaacctccea gggactitga gaggacacgt cggagaccta
L Vv K L GG 8 I X L S € A A 8§ G»
h h vH h h >

i5 810 820 830 840 850
tcactttcag taactattac atgtcttggyg ttcgccagac tccagagaag
agtgaaagtc attgataatg tacagaaccc aageggtetg aggtetctte
F T F 8§ N Y ¥ M 5 W v R Q0 T P E K>

h h VH h h >

20
860 870 B8O §90 900
aggctggagt tggtcgcagc cattaatagt gatggtggta tcacctacta
tccgacctea accagegtcg gtaattatca ctaccaccat agtggatgat
R L E L Vv A A I N § D G G I T ¥ ¥Y>
25 h h VH h h >

910 920 930 940 950
tctagacact gtgaagggce gattcaccat ttcaagagac aatgccaaga
agatctgtga cacttecegg ctaagtggta aagttetcotg ttacggtict

30 L P T V K G R F ? I S R D N A K>
h h wvH h h >

960 970 9380 290 looo
acaccctgta cctgeaaatyg agcagtetga agtcotgagga cacagecttg
35 tgtgggacat ggacgtttac tcgtceagact tcagactcect gtgtcggaac



ISNTLYLQMSSLKSEDTAL> hhVHhh > 1010gl40ad3805 1040
1050 ttttactgtg caagacaccg ctcgggctac ttttctatgg actact gggg aaaat gacac
gttctgtggc gagcccgatg aaaagatacc tgatgacccc F YCARHRSGYFSMDY W
G h h VHhh > 1060 1070 1080 1090 1100 tcaaggaacc tcagtcacc tctcctcatg
cccaccgt gc ¥OMERELt g agttccttgg agtcagt ggc agaggagt ac EFB‘{E}@

ggtcgtggac QGT SV TVSS hVHh>APCPPCP> -1- HINC;E 1-> 20
25 30 35 1110 1120 1130 1140 1150 aact—cd:oagg -gggaccgtca gtcttcctct
tccccccaaa acccaaggac ttgaggatcc ccctggcagt cagaaggaga aggggggttt
tgggttcctg ELLGGPSVFLFPPKPKD i i CH i1 i > 1160 1170 1180
1190 1200 ., accctcatga tctcccggac ccctgaggtc acatgcgtgg tggtggacgt

~tgggagt act agagggcctg g9 cca gt ac ccacgt T L SRTPEYV
TCVVVDV> i i CH ?Iaflt >£1gl 13122%P Zéoglg %1%58]; gag%ﬂcg‘cgaa

gaccct gagg tcaagttcaa ctggtacgtghgacggeghggViictcdgtgett ctgggactce
agttcaagtt gaccatgcac ctgccgcacc SHEDPEVKFNWYVDGV> 18

January 2005 WO 02/ 08263 109 i, 1020 1030 1040 1050
5 ttttactgtyg caagacaccy ctecgggetac ttttctatgg actactgggg
aaaatgacac gttectgtgge gagcccgatg aaaagatacc tgatgaccce
F Y C A R H R S G Y F § M D Y W &>

h h VH h h >

10 1060 1070 ioso 1090 1100
teaaggaacc tcagtcaccg tctectecaty cccaccgtye ccagcacctg
agttccttgg agtecagtgge agaggagtac gggtagcacg ggtcgtggac

0 G T 5 v T Vv § s>
h vH h >

15 A P>

C P P C P
_ 1 HINGE _1__ >

20 1110 1120 1130 1140 1150
aactcctagg gggaccgtea gtettectct tceececcaaa acccaaggac
ttgaggatce ccctggeagt cagaaggaga aggggggtit tggattcctg
E L L G G P S Vv F L F P P K P K D>

i i__ CH2 i i >
25
1160 1170 1180 1190 1200-
acccteatga tcteceggac cectgaggte acatgegtgg tggtggacet
tgggagtact agagggcctg gggactccag tgtacgcacc accacctgea
T L M I S R T P E V T C V VvV V D v
30 i i cH2 i i >

1210 1220 1230 1240 1250
gagccacgaa gaccchtgagy tcaagttcaa ctggtacgtg gacggegtgg
cteggtgett ctgggactec agttcaagtt gaccatgeac ctgcegcacco

35 5 H E D P E vV X F N W Y V D G V>



PCT/ GB01/03252 i i CH2 i .5 10 15 20 25 30 1260 1270 1284y jup8Qryl?p8
aggt gcat aa tgccaagaca aagccgcggg aggagcagta caacagcacg tccacgtatt
acggttctgt ttcggcgccc tcctecgtcat gttgtcgtgc EVii NAKTKP R EEQYN

ST>i. i1 CH i i > 1310 1320 1330 1340 1350 11 taccgggt tcct
caccgt cct g WALEA%KACt ggct gaat gg at ggcccacc agt cgcagga g?ggﬁﬁ @
gtggtcctga ccgacttacc YRVVSVLTVLHQDWLNG 1 0 CHRi i1 >

1360 1370 1380 1390 1400 caaggagtac aagtig®aagg tctccaacaa agccctccca
gcccccatcg gttcctcatg ttcacgttcc agaggttgtt tcgggagggt cgggggtage K E Y K
CKVSNKALPAPI> i i CH i i >>Xhol 1 11410 agtaactcga g
tcattgagct ¢ * L. E>[SEQ ID NO: 11] - Fiber Construct A7 &50 35
Sequence Range: 1 to 1702 18 January 2005 MD 02/08263 PCT/GBCH/03252 5
>EcoRI | | 10 20 30 40 5

1260 1270 1280 1290 1300

aggtgcataa tgccaagaca aagccgcggg aggagcagta caacagcacg

-5 _ tecacgtatt acggttetgt tieggegece tectcgtecat gttgtegtge
E vV H N A KT XK PR EE QY N 8 T

i i CH2 i i >

S 1310 1320 1330 1340 1350
10 taccgggtgg tcagegtect caccgtcectg caccaggact ggetgaatogg
atggcccacce agtcgeagga gtggeaggac gtggtectyga ccgacttace

Y RV v 858 V1L T VL HQUD WL N G>»

i i CH2 i i >

15 1360 1370 1380 1390 1400
caaggagtac aagtgcaagg tctccaacaa agccctccca geccccateg
gttectcatg ttcacgticc agaggttgit tegggagggt cgggggtage

K EY KCK VS8 NZ X ALZP AP I>

i i__ CH2 i i >
20
>Xhol
!
| 1410
agtaactcga ¢
25 tcattgaget c©
* L E>»
a>
E>
>
30

[SEQ. ID. NQ.: 11] - Fiber Construct A7 G250

35 Sequence Range: 1 to 1702



gaattcgat g aagcgcgcaa gaccgtctga agataccttc aaccccgt gt A&éﬁ)ﬁ.@gg%ﬁ?
ttcgcgegtt ctggcagact tctatggaag ttggggcaca M MK R A FNP
V> 10 mmTAIL m> 60 70 80 90 100 atccatatga cacggaaacc ggtcctccaa

ctgtgccttt tcttactcct taggtatact gtgcctttgg ccaggaggtt gacacggaaa
agaatgagga W@ TE TGP P TV PF L T P> 15 m m TAPCI/AB#032520 25 110
120 130 140 150 «ccctttgtat cccccaatgg gtttcaagag agtccccctg gggtactctc
gggaaacat a gggggttacc caaagttctc tcagggggarc -cecatgagag L S PF V S P NGF
QESPPGV> mTAIL mm> 160 170 180 190 200 tttgcgccta tccgaacctc

tagttacctc caatggcatg cttgcgctca aaacgcggat aggcttggag atcaatggag
gttaccgtac gaacgcgagt L AL>30LRLSEPLVTSNGM k REPEAT 1 k 210

220 230 240 250 aaatg gcaa cggcctctct ctggacgagg ccggcaacct tacctcccaa 35
tttacccgtt gccggagaga g%‘@tlgctcc ggccgttgga atggagggtt 18 January 2005 WO
02/ 08263 PCT_/GBOl/03252 b- - 111 - LTSQ@ i >KMGNGL SLDEAG
N> REPEAT 2 i > ] 10 20 30 40 50
gaattcgatg aagcgcegeaa gaccgtctga agataccttc aacccegtat
5 cttaagctac ttegegegtt ctggcagact tetatggaag ttggggcaca

M>

M K R A R P S E D T F N P V>
e} m TATL m >

10
60 70 80 90 1006
atcecatatga cacggaaacc ggtocteccaa ctgtgecttt tettactect
taggtatact gtgectttgg ccaggaggtt gacacggaaa agaatgagga
Yy P YD T ET G PP TV PF L T P>
15 m m__TAIL i} m >

i1¢ 120 130 140 150
ccctttgtat ccccoccaatgg gtttcaagag agtccccctg gggtactctce
gggaaacata gggggttacc caaagttctc tcagggggac cccatgagag

20 L 5>

P F V S P N G F Q E 8 P P G V>
m TAIL m m >

25 160 170 180 190 200
tttgegecta teccgaaccte tagttaccte caatggeatg cttgegetca
aaacgcggat aggcttggag atcaatggag gttaccgtac gaacgcgagt

L A L>

30 L R L s E P L v T S N 6 M>
k REPEAT 1 k >

210 220 230 240 250
aaatgggcaa cggcctctet ctggacgagg ccggcaacct tacctoccaa

35 tttaccegtt gcocggagaga gacctgctce ggecgttgga atggagogtt



5 260 270 280 290 300 aatgtaacca ctgtgagccc acctctcaaa qgggﬁ@??@
caaacataaa ttacattggt gacactcggg tggagagttt ttttggttca gtttgta ﬁ N> 10
> NVTTVSPPLKKTKSN i REPEAT 31 i > 310 320 330 340 350 15
20 25 30 cctggaaata tctgcacccc tcacagttac ctcagaagcc ctaactgtgg ggacctttat
agacgt gggg ¥ @8e_t g gagtcttcgg gattgacacc L T V> L E | PEI/EBREAB2SY V T S E
A> -h -REPEAT 4 h > 360 37.0 380 390 400 ctgccgccgc acctctaatg gtcgcgggca
acacactcac catgcaatca gacggcggcg tggagarli\gc_ cagcgcccgt tgtgtgagtg
gtacgttagt L T MQS> REPEAT 6 > AAAAPL MVAGNT>g REPEAT 5 g >
410 420 430 440 450 caggccccgce taaccgtgca cgactccaaa cttagcattg ccacccaagg
gt ccggggcg attggcacgt gctgaggttt gaatcgtaac ggtgggttcc L S 1 AT Q&
REPEAT 7 > QA PL TVHDS K> 35 REPEAT 6 f > 18 January 2005 WD 02/ 08263 -
PCT/ GB01/ 03252 460 470 480 490 500 acccctcaca gtgtcagaay gaaagaragc

- ccctgacgta gcaagcttac tggggagtgt cacagtcttc ctttcgatcg gggactgcat

cgttcgaatg K M 6N G LS L DE A G N

3 REPEAT 2 3 >

260 270 280 290 300
aatgtaacca ctgtgagccc acctctcaaa aaaaccaagh caaacataaa
ttacattggt gacactcggg tggagagttt tittggitoca gtttgtattt

, ! I w
10 >
N V T T Vv 58 P P L K K T K S N>

i REPEAT 3 i i >
310 320 330 340 350

cctggaaata tctgcaccece tcacagttac ctcagaagcce ctaactgtgg
15 ggacctttat agacgtgggy agtgtcaatg gagtettcegg gattgacacc
L T Vv>

L E I s A P L T V T S E A>
h REPEAT 4 h >

20
360 370 380 390 400
ctgcegeege acctetaatyg gtcgegggea acacactcac catgeaatca
gacggeggcyg tggagattac cagcgceccgt tgtgtgagtg gtacgttagt
L T M O 5>
25 __ REPEAT 6____ >
A A A A P L M VvV & G N T>
g__REPEAT % q >

) 410 420 430 440 450
30 caggccecge taaccgtgea cgactccaaa cttageattg ccacccaagg
gteeggoggey attggeacgt getgaggitt gaatcegtazac ggtgggttcc
‘L s I A T Qg G>
REPEAT 7 >
Q A P L T vV H D S K>
35 REPEAT 6_ f >



LA-5d>PLTVSEGK>REPEAT 7 e > P DV A S L> LUNg ;gMBrA6edds > 10 15
20 25 30 510 520 530 540 550 gacaacaggt agaagccttg caagggcagg tacaacactt
acaggcggca ctgttgtcca tcttcggaac gttcccgtcc atgttgtgaa tgtccgeccgt R QQV
EALQGQVQHL QA A> LUNG SURFACTANT PROTEIN D TRIM -n > 560 570 580
590 600 ttWAJ2ERE? acaaaaaggt agagttgttt ccaaacggag ccaBgHaBH03253aat cggtta
tgtttttcca tctcaacaaa ggtttgecctc ggttcttcga AKKL>b FS"QYKKVEL
F P N G LUNG SURFACTANT PROTEIN D TRIM ;30 al 610 620 630 1 640 650
gaacgacgcc caggccccca agagcgaccc atcgatcgac attgtgatga cttgctgcegg
gt ccgggggt tctcgctggg tagctagctg taacactact N D A QA P K S D> SPA 48--60
b>PSI> ¢c>DI VM 35 18 January 2005 WD 02108263 PCT/ GB01/ 03252

460 470 480 490 500
acccectcaca gtagtcagaag gaaagctage ccctgacgta gecaagettac
tggggagtgt cacagtcttc ctttcgatcg gggactgcat cgttegaatg

L A>
5 . dz>
P L T vV 8 E G K>
REPEAT 7 e >

P DV A S IL>
__LUNG SURFACTA____ >
io
510 520 530 540 550
gacaacaggt agaagccttg caagggcagg tacaacactt acaggeggca
ctgttgtececa tettcggaac gttccegtce atgttgtgaa tgtccgeegt
R ¢ ¢V E A L Q G ¢ VvV Q@ B L Q0 A BA>
15 LUNG SURFACTANT PROTEIN 3 TRIM_n >

560 570 580 590 600
tttagccaat acaaaazggt agagtigttt ccaaacggag ccaagaagcet
aaatcggtta tgtttttcca tctcaacaaa ggtttgeccte ggttcttcga

20 A X K L>»
b 0>

F SO Y KKV ELF P N G
LUNG SURFACTANT PROTEIN D TRIM >

25 >Clal
|
610 620 636 | 640 650
gaacgacgcc caggccccca agagcgaccce atcgatcegac attgbgatga
cttgctgegg gtcegggggt totegetggg tagetagetg taacactact
30 N DA QA P K 5 D>
SPA 48-60 b >

D I V M
35 . S



-- - 113 - 5 10 15 20 25 30 35 660 670 680 690 700 cccagggﬁ.g@ygg@attcatg
t ccacaacag taggagacag ggtcagcatc gggtcagagt ttctaagtac aggtgttgtc
atcctctgtc ccagtcgtag T QS QRFMSTTVGDRVSI>qqgVKqgq> 710
720 730 740 . 750 acctgcaagg ccagtcagaa tgtggtttct gctgttgcct ggtatcaaca
tggacgttcc YRBAB6Ett acaccaaaga cgacaacgga ccatagtt gt TP@fg'RBW‘%”@ NVVS
AVAWYQQ@ gqqgVKqggq>760 770 780 790 800 gaaaccagga caatctccta
aactactgat ttactcagca tccaatcggt ctttggP&%t gt t agaggat ttgat gacta
aatgagtcgt aggttagcca KP GQSPKLL SASNR g VKaq. _ ~c >
'810- 820 830 840 850 acactggagt ccctgatcgc ttcacaggca gtggatct gg
gacagatttc tgtgacctca gggactagcg aagtgtccgt cacctagacc ctgtctaaag Y T GV
PDRFTGSGSGTDF>q. ¢c VICqgq > 860 870 880 890 900 actctcacca
ttagcaatat gcagtctgaa gacctggcisg attttétoctg t@gagagt ggtssaat cgt tamba

cgtcagactt ctggaccgac taaaaalaas aEthtIadg &&LMCQ, %&BCL % J_%a bedtc®  d_VK ¢
g > 910 920 930 940 950 tcaaca tat_ a caact at c g gacg £t gteggag gc
AN ki

accaagctgg agttgttata t§ergath gtt§E ?:%?59385%6 E‘étﬁt‘f GEtEFREc Q QY S
NYPWTFGGGTKL>T @ 5 ¢ R F M 5 T T V 6 DR V 8§ 1I>

5 g q VK q q >

710 720 730 740 | 750

acctgcaagy ccagtcagaa tgtggtttct getgtigect ggtatcaaca
!

tggaegitcc ggtcagtett acaccaaaga cgacaacgga ccatagttgt

10 T C K A S QN V V 8 A V A W Y g 0>
q q__ VK q q >

760 770 780 790 800

gaaaccagga caatctccta aactactgat ttactcageca tecaatcggt

15 ctttggtcet gttagaggat ttgatgacta aatgagtegt aggttageca

K P G g S P K L L I Y 8§ A 5 N R>

q q_. VK q__ q_ >

810 - 820 830 840 850

20 acactggagt ccectgatcge ttcacaggea gtggatetgg gacagattte

tgtgacctea gggactageg aagtgtccogt cacctagace ctgtctaaag
Y T G V P D R F T G § 6 8 6 T D F>

g q___VK q q. >

2b 860 870 880 890 800
actctcacca ttagcaatat gcagtctgaa gacctggctg attttttetyg
tgagagtggt aatcgttata cgtcagactt ctggaccgac taaaaaagac

T L T I 8 N M Q 8 B D L A D F F C>

q q__VK g g >

30
910 920 930 940 950
tcaacaatat agcaactatc cgtggacgtt cggtggagge accaagetgg
agttgttata tcgttgatag gcacctgcaa geocacctecg tggtitegace
Q 0 X S N Y P W TF G G G T K L>

35 _ , a__ q_VK q q >




g-VK CL--qgq > 18 January 2005 WO 02/ 08263 PCT/ GBOL/ 03252 9§05 %LQY? 990
1000 aaatcaaagg atctggctct acttccggta gcggcaaatc ctctgaaggc agtttcc

t agaccgaga tgaaggccat cgccgtttag gagacttccg EI KX GSGSTSGSGKSS
EGrr LINKr > 20 25 30 1010 1020 1030 1040 1050 aaaggtacta gagacgtgaa
gct cgt ggag WExB3@Re¥ag gcttagtgaa tttccatgat ctctgcactt BGHGBHASISE
agaccccctc cgaatcactt DVKLVESGGGLVK aVHo>KGTR r->
1060 1070 1080 1090 1100 gcttggaggg tccctg aac tctcctgtgc agcctctgga
ttcactttca cgaacctccc agggactttg agagga& g tcggagacct aagtgaaagt L GG S
LKLSCAASGFTF>0o0VHoO > 1110 1120 1130 1140 1150 gtaactatta
catgtcttgg gttcgccaga ctccagagaa gaggctggag cattgataat gtacagaacc
caagcggtct gaggtctctt ctccgacctc S NYYMSWVRQTPEKRLE Oo0
VH o 0 1160 1170 1180 1190 120€s0 ttggt egrag ccaté aat ag mmatggtggﬁo

fagatctgtg LV AA T N S B el Bl B AR REtREaRt IR 0 1230
1240 1250 35 tgtgaagggc CHH T APt RECahtfagerceasroteRg @ae%ea gt 18

January 2005 E I K>
5 >
G § G 8 T 8§ G S 6 K 8§ S E G
_r r LINK r >
10106 1020 1030 1040 1050
10 aaaggtacta gagacgtgaa gctegtggag tetgggogag gettagtgaa

tttccatgat ctetgeactt cgageacctc agaccceocte cgaatecactt
D vV K L Vv E 5 6 G G L Vv K>

Q VH (] >

15 r >
1060 1070 1080 1090 1100
gcttggaggg tccctgaaac toteotgtge agectetgga ttcactttea
cgaaccteee agggactityg agaggacacg tcggagacct aagtgaaagt
L 6 G 5 L K L. 5 C A A S G F T F>
20 o o VH o o >

1110 1120 1130 1140 1150
gtaactatta catgtettgg gttegecaga cteccagagaa gaggetggag
cattgataat gtacagaacc caagcggtct gaggtctett ctecgaccte

25 S N Y ¥ M S W Vv R Q T P E K R L E>

O o] VH o ls] >

1160 1170 1180 1180 1200

ttggtcgcag ccattaatag tgatggtggt atcacctact atctagacac

30 aaccagcegtc ggtaattate actaccacca tagtggatga tagatctgtg
L Vv A A I N 8 D G G I T Y ¥ L D T>

o ) VH o] o >

1210 1220 1230 1240 1250
35 tgtgaaggge cgattcacca tttcaagaga caatgccaag aacaccctght




WD 02108263 PCT/ GBO1L103252 acacttcccg gct aagt ggt aaagttct1gtJag(§gr8§g§gtc
ttgtgggaca VK GRFTI SRDNAKNTL>0o0VHOO0>5 1260 1270 1280
1290 1300 acctgcaaat gagcagtctg aagtctgagg acacagcctt gttttactgt
tggacgttta ctcgtcagac ttcagactcc tgtgtcggaa caaaatgaca Y L QMS S L KSE
DT AL F YWO0208263VH O O > 10 1310 1320 1330 1340 1350 Pgu&Beaexec
gctcgggcta cttttctatg gactactggg gtcaaggaac cgttctgtgg cgagcccgat
gaaaagat ac ctgatgaccc cagttccttg AR H R}S GYFSM DYWGQGT> 150
o VHo o> 20 1360 1370 1380 1390 1400 %agt’cacc gtctcctcat gcccaccgtg
cccagcacct gaactcctag gagtcagtgg cagaggagta cgggtggcac gggtcgtgga
cttgaggatc S VTVSSS APELL>253035CHR > ¢c PPc P> _s HNGs >
1410 1420 1430 1440 1450 ggggaccgtc agtcttcctc ttccccccaa aacccaagga
caccctcatg cccctggcag teagaagsahaagfafoahittttgogithegttgtgggagiac GG P S
VFELFPPKPKDTL M,pg @pp;%469;470%4839;4993r5%o
atctcccgga cccctgaggt cacat gcgtg gt ggt ggacg t gagccacga tagagggcct

ggggact cca gt gt acgcac caececacetgel-act-cggtfet V8 January 2005 WD 027 08263
PCT/ GB01/ 03252

5 1260 1270 12890 1290 1300
acctgeaaat gagcagtctg aagtctgagg acacagcctt gttttactgt
tggacgttta ctcgtcagac ttcagactece tgtgteggaa caaaatgaca
Y L g ¥ 8 §L K8 E DTATUIL F Y C>

f
o] o} VH [o] [+] >

10
1310 1320 1330 1340 1350
gcaagacace getegggeta ctttictatg gactactggg gtcaaggaac
cgttctgtgg cgagceccgat gaaaagatac ctgatgaccc cagttecttg
A R H R S5 G Y F S M D YW G Qg G T
15 o o __VH o o >

1360 1370 1380 1390 1400
ctcagtcacc gtctcctecat gecccaccgtg cccagecacct gaactectag
gagtcagtgg cagaggagta cgggtggeac gggtcagtgga cttgaggate

20 s v T vV § 8>
| \zt >

A P E L L>
CH2 >

C P P C B>
25 _8__ HINGE s >

1410 1420 1430 1440 1450
ggggaccgtc agbtctteete tteccecccaa aacccaadga caccctcatg
cccctggeag tcagaaggag aaggggggtt ttgggttect gtgggagtac

30 G 6 PSS VFL FPP KPE KD TIL M

P p__ CH2 P ) >

1460 1470 1480 1490 1500
atctecegga cocctgaggt cacatgegtg gtggtggacg tgagecacga
35 tagagggect ggggactcca gtgtacgcac caccacctge acteggtgcet



I SRTPEVTCVVVDVSHE pp_CH pp>5 10 154809, 2420 1530
1540 1550 agaccctgag gtcaagttca actggtacgt ggacggcgtg gaggtgcata
tctgggactc cagttcaagt tgaccatgca cctgccgcac ctccacgtat DPEV KF NWY V
DGVEVH ppCH p p > 1560 1570 1580 1590 1600 atgccaagac aaagccgcgg
gaggagcagt MHBE#§Eac gtaccgggtg tacggttctg tttcggcgece EBETEBUYSEHA
tgttgtcgtg catggcccac NAKTKPREEQYNSTYRV>ppCHRpp>
1610 1620 1630 1640 1650 gtcagcgtcc_tcggegtecct gcaccaggac tggctgaatg
gcaaggagta cagtcgcagg agtggcagga cgtggtcctg accgacttac cgttcctcat VS V L
TVLHQDWLNGKEY> ppCH pp >>Xhol 25 E 1660 1670 1680 1690
1700 caagtgcaag gtctccaaca aagccctccc agcccccatc gagtaactcg gttcacgttc
cagaggttgt ttcgggaggg tcgggggtag ctcattgagc * L> KCKV SNKALPAPI
E> 30 p CH2 p. P---? ag % cSE® 18 JYarfualfy 005 W\WOW2Y 082683 PCH G501/ 03252

[SEQ ID. NO: 12) - Fiber Construct A (C24:2- P o >
1510 1520 1530 1540 1550
5 agaccctgag gtcaagttceca actggtacgt ggacyggegty gaggtgeata

tctgggacte cagttecaagt tgaccatgca cctgccgcac ctccacgtat
D P E vV K F N W ¥ V D G V E Vv H>

P jo] CHZ D s} >

10 1560 1570 1580 1590 1600
atgccaagac aaagccgcgyg gaggagcagt acaacagcac gtaccgggtg
tacggttctg tttcggegee ctectegteca tgbttgtegtg catggeceac
N 2 XK T KPZPR EEOQQ Y NGBS T Y R V>

p p__ CH2 B P >
15
1610 1620 1630 1640 1650
gtcagegtece tcaccgtect geaccaggac tggetgaatg geaaggagta
cagtegeagy agtggecagga cgtggtectg acegacttac egttcectceat
v 8§ V¥ L T V L H ¢ D W L N G K E Y¥>
20 p p__ CH2 D P >
>%hol
|
1660 1670 1630 1690 1700
25 caagtgcaag gtctccaaca aagcccteccce agcccccatc gagtaacteg
gttcacgttc cagaggttgt ttcgggaggg tcgggggtag ctcattgage
* IL>
>
K € K vV 5§ N K a L P A P I E>
30 r CH2 P p__>

ag
te
E>
35 >



S Sequence Range: 1 to 1111 10 15 20 25 >EcoR 10 20 30 ﬁgﬁﬂuarg??t% cgatg
aagcgcgcaa gaccgtctga agataccttc aaccccgtgt cttaagctac ttcgcgc

ctggcagact tctatggaag ttggggcaca M> M1{ RARPSEDTFNPV> 0 -0
-TAIL o 60 70 80 90 100 atccatatga cacggaaacc ggtcctccaa ctgtgccttt
tcttactcct WMOHPYMBact gtgcctttgg ccaggaggtt gacacggaaa BGHEBHAGHE Y P Y D
TETGPPTVPFLTP> 0OTAL OO 110 120 130 140 150 ccctttgtat
cccccaatgg gtttcaagag agtccccctg gggtact ct]%7 _gggaaacat a gggggttacc
caaagttctc tcagggggac cccatgagag L S> Ol SPFVSPNGFQESPPGYWV
O TAIL 0 O > 160 170 180 190 200 tttgcgccta tccgaacctc tagttacctc

caat ggcatg cctgacgtag aaacgcggat aggcttggag atcaatggag gttaccgtac
ggactgcatc L RLSEPLVTSNGM zn REPEAT 1 m > 18 January 2005 WD
02/ 08263 PCT/ GBOL1/ 03252 - 118 - P Dv> 5 10

{(S8EQ. ID. NO.: 12] - Fiber Construct Al (242

5 Sequence Range: 1 to 1111
>EcoR1
1
P 10 20 30 40 50
10 gaattegatg aagegegeaa gaccogtotga agatacctic aacccegtgt

cttaagctac ttegegegtt ctggcagact tetatggaag ttggggeaca
M>

M K R A R P S E DTV F N P V>
i5 o o) TAIL o >

60 70 80 20 100
atccatatga cacggaaacc ggtcctecaa ctgtgecttt tettactect
taggtatact gtgectttgyg ccaggéggtt gacacggaaa agaatgagga

20. Yy p YD TET G PP TV P F L T P>
0 o TAIL o o >

110 120 130 140 150

ccetttgtat coccccaatgg gttteaagag agtececctg gggtactete

25 gggaaacata gggggttace caaagttetc tcagggggac ceccatgagag
L 5>

P F V S P N G F ¢ E S P P G V>
o] TAIL (] Q >

30
160 170 180 190 200
tttgcggcta tecgaaccte tagttacctc caatggcatg cctgacgtag
aaacgcggat aggctiggag atcaatggag gttaccgtac ggactgeatc
L R L 8 E P L V T 8 N G M
35 m REPEAT 1 i} >




210 220 230 240 250 caagcttacg acaacaggta gaagccttgc aadgdemggy 2@@aacactt a
gttcgaatgc tgttgtccat cttcggaacg ttcccgtcca tgttgtgaat ASL RQQVEAL
QGQV QHL> LUNG SURFACTANT PROTEIN D TRIM_ g > 260 270 280 290 300

caggcggcat ta caaaaaggta gagttgtttc caaacggagc gt.ccgccgta
aatcggtt at é%ﬁ@@?%@at ctcaacaaag gtttgcctcg A> 15 20 C}A?ﬁnﬁggj ¥ KKVE

L FPNG LUNG SURFACTANT PROTEIN D TRRMp > >Clal 1 310 320 330 340 350
caagaagct g aacgacgccc aggcccccaa gagcgacggg Lcgatcgata gttcttcgac
ttgctgcggg tccgggggtt ctcecgetgggt agctagctat K KL NDAQAPKSDs b
_SPA 48-60 b > 25 p g I> D> 30 360 370 380 390 400 ttgtgatgac tcaggctgca
ccctctgtac ctgtcactcc tggagagtca aacactactg agtccgacgt gggagacatg
gacagtgagg acctctcagt | VMT QAAPSVPVTPGE S e VK PHARVACI A e
> 35 18 January 2005 WO 02/08263 5 10 PCT/ GB01/ 03252 410 420 430 440 450
gtatccatct cctgcaggtc tagtaagagt ctcctgcata gtaatggcaa cataggtaga
ggacgtccag atcattctca gaggacgtat cattaccgtt.

210 220 230 240 250

5 caagcttacg acaacaggta gaagectige aagggcaggt acaacactta
gttcgaatge tgttgtccat ctteggaacyg tteccgtcca tgttgtgaat

A S L R o 0 Vv E A L Q & 0 Vv C H L>
LUNG SURFACTANT PROTEIN D TRIM p >

10 260 270 280 290 300
caggcggceat ttagcecaata caaaaaggta gagttgttic caaacggage
gtecgecgta aatcggtiat gttttteecat ctcaacaaag gtttgecteg

A>
>
15 A A F S QY K KV E L F P N G>
LUNG SURFACTANT PROTEIN D TRIM___ p >
>Clal
]
20 310 320 330 340 350

caagaagctg aacgacygccc aggcocccraa gagcgaccca tegatcgata
gttcttcgac ttgctgeggy tocgggggtt ctegetgggt agetagetat
K K L N D & Q A P K S5 b>
b SPA 48-60 b >
25 P 5 I>

C >

D>
>
30 360 370 380 390 400
ttgtgatgac tcaggctgea cccteotgtac ctgteactee tggagagtea
aacactactg agtccgacgt gggagacatg gacagtgagg acctcteagt
I v ¥ T QA A P SV PV TP G E S>
e VK PHARMACIA e >

35



VSI SCRSSKSLLHSNGN e VKPHARVACIA e > @ lanhabdogodl G N> . g
CDRI > 460 470 480 490 500 <cacttacttg tattggttcc tgcagaggcc aggccagt ct
cctcagctcc gtgaatgaac ataaccaagg acgtctccgg tccggtcaga ggagtcgagg T Y L Y
WFL- QRPGQSPQL>e TYL Y>VKPHARVACIA e > 15 20 510 520 530 540
550 tgat atwo®g0ged gt ccaac cttgtctcag gagtcccaga caggtt cBUGBE®S2SE at agc
ctacaggttg gaacagagtc ctcagggtct gtccaagtca LI YRMSNLVSGVPDR
FS>e VK PHARMACIA e > RMSNL VS _t CDR2 > 25 560 570 580 590 600
ggcagt gggt caggaactgc tttcacactg agaét_cajatga'gégt ggaggc ccgtcaccca
gtccttgacg aaagtgtgac tcttagtcat ctcacctccg GSGSGTAFTLRI SRVE
A> e VK P14ARMACI A e > 30 35 610 620 630 640 650 tgaggatgtg ggtgtttatt
actgtctgca acatctagag tatccgttca actcctacac ccacaaataa tgacagacgt

tgtagatctc ataggcaagt L QH L4BvY P Fx20d CDR313d > 18 damnuary 2005 WO

02/ 08263 PCT/ GB01/ 03252 ; 120.¢c0

10

15

20

25

30

35

clgécaggtc tagtaagagt
cataggtaga ggacgtccag atcattctea
vV 8 I

§ C R 8§ S K 8

e VK PHARMACIA

ctcctgeata gtaatggeoaa
gaggacgtat cattaccgtt.
L L H 5 N G N>

=] >

s

.9

!

460 470 480

cacttacttg tattggttec tgcagaggec
gtgaatgaac ataaccaagg acgtctecgg
T Y L

Y W F L- 9 R P

€ VK PHARMACIA

L L H 5 N G N>

CDR1 >

490 500
aggcecagtet cctecagetec
teceggtecaga ggagicgagy

G Q¢ S P Q0 L>

510 520 530

tgatatatcg gatgtccaac cttgtctcag
actatatage ctacaggttg gaacagagtc
L I ¥ R

M S N L VvV B

e " VK PHARMACIA

540 550
gagtcccaga caggttcagt
ctcagggtet gtccaagtca
G VvV P D R F 8>

e >

R M 5 N L VvV 5>

£ CDRZ__| >

560 370 580
ggcagtgggt caggaactge tttcacactg
ccotcacceca gtecttgacyg aaagtgtgac
G 8 G

S 6 T A F T L

e VK PHARMACIA

590 600
agaatcagta gagtggaggce
tecttagteat ctcacctceg
R I 8 R V E A>

e >

610 620 630
tgaggatgtg ggtgtttatt actgtctgea
actectacac ccacaaataa tgacagacgt

L ¢

640 650
acatctagag tatccgttea
tgtagatcte ataggcaagt

H L B Y P E>

d _CPR3d >




15202530 EDVGVYYCLOHL EYPF>eVKPHARNA%§arﬁ,a@m67O 680
690 700 cgttcggtcc tgggaccaag ctggagctga aacggccccc ggactttgtt® gcaagccagg
accctggttc gacctcgact ttgccggggg cctgaaacaa T> T F GP GT KL EL KPR
e-VK PHARMACIA e > PP DF V> 825 > 710 720 730 740 750
gggggccgge HETVERHASHE
act agt gagg ggagcaccgg tccaggtcaa QVQL>PPAASFP-DHSPRG 1 825
1 > 760 770 780 790 800 ggtgcagtct ggacgigagce tgaagaagcc tggagagaca
gt caagatct ccacgtcaga cctggactcg acttcttcgg acctctctgt cagttctaga VQ S G
PELKKPGETVKI> i VHPHARVACIA [SPLIT] i > 810

cctgcaaggc ttctgattat accttcacat actatggaat gaactgggtg ggacgttccg
SCKASDYTFTYYGMN

WV> i VH PHARMACIA [SPLIT ? ¥ ¥ Y G MINC_k @DREuk: >E35Y8B0 F870 880 890

ctagtttccc WEH28888cc cctcgtggec aggtccagtt

aagact aata tggaagtgta tgatacctta cttgacccac

ccceeggecg

820 830 840 850

- 900 18 January 2005 WO 02/ 08263 LPCT/ GBO¥x @3=bRcra - 121 - - >
660 670 680 690 700
5 catteggtee tgggaccaag ctggagctga aacggeoccce ggactttgtt
graagccagg accctggtte gacctegact ttaceggggg cctgaaacaa
T>
>
T F G P G T K L E L K R>
10 e_VK PHARMACIA e >
P P b F V>
825 >
710 720 730 740 750
15 ceceecggeeg ctagtttcece tgatcactee coctegtggee aggteccaght
gggggccgge gatcaaagqgg actagtgagg ggageaccegg tocaggtcaa
Q vV O I>
i >
P P A A S F P 'D H S B R G>
20 1 825 1 >
760 770 780 790 800

25

ggtgcagtct ggacctgage tgaagaagec tggagagaca gtcaagatet
ccacgtcaga cctggactcg acttettegg acctetetgt cagttctaga
vV Q 8 G P B L K K P G E T Vv K I>

i VH PHARMACIA [SPLIT] i >

30

810 820 830 840 B850
cctgecaagge ttetgattat accttcacat actatggaat gaactgggtg
ggacgttececqg aagactaata tggaagtgta tgataccita cttgacccac
s ¢C KA 8 DY TFT Y Y GM NW V>

i VH PHARMACIA [SPLIT] i >

35 860 870

Y ¥ G M

_k___CDR1_k

880 890

N>
>

800



5 10 15 20 25 30 aagcaggctc cgggaaaggg tttaaagtgg atgggcig uéﬁ%@@gccac
ttcgtccgag gccctttccc aaatttcacc tacccgacct atctgtggtg K Q KGL KW

MGWI DTT> i VHPHARVACIA (SPLIT] i >WI DT T> CDR2 [SP > 910 920
930 940 950 cact9' gagag ccaacatatg ctgaagattt taagggacgg attgccttct
gt gacctctc Y§r24g824¢ ac gacttctaaa attccctgcc taacggaa a TPE@/EBRORSY A ED F
KGRI AF> i VHPHARRVMACIA (SPLIT) it TGEPTYAEDFKG |j_CDR2
[SPLIT] j > 960 970 980 990 1000 cttiggagac.ctctgccagc actgcctatt
t gcagat caa aaacctcaaa gaaacctctg gagacggtcg tgacggataa acgtctagtt
tttggagttt SLETSASTAYLQI KNL K> i VHPHARVACIA (SPLIT] i
1010 1020 1030 1040 1050 aatgaggaca cggctacata tttctgtgca agacgggggc
cttacaactg ttactcctgt gccgatgtat aaagacacgt tctgcccccg gaatgttgac RGP Y
NW CDR3 > NE DT A TRaycgusctcAcRIRraGuP titappdiyg iatyfdcRidARNOEIaAc{<SPLI T] 1 >
1060 1070 1080 1090 1100 tighaebdd gedet@Hc6d QSB3YE6 AAYAFELACAHERELIL C
tcctcactcg catgaaacta cagacccggg,tteect ggt cQgt gocag, aggagt gaqg L>Y F D
Ve 16 gangary. 2005 4ACECLI,T LCGELPOtY LCQot gugag, aggagt gage

i VH PHARMACIA ([SPLIT] i >

5 . W I b T 7>
CDRZ [SP >

910 920 930 940 959
cactggagag ccaacatatg ctgaagattt taagggacgg attgecttet
10 gtgacctete ggttgtatac gacttctaaa attecctgec taacggaaga
T G E P T Y A E D F K G R I A
i VH PHARMACIA ([SPLIT} i >
T G E P T XY A E D F K G>

j__CPR2 [SPLIT} j >

i5
960 970 980 950 1000
ctttggagac ctctgecage actgectatt tgeagatcaa aaacctcaaa
gaaacctctg gagacggteg tgacggataa acgtctagtt tttggagttt
5§ L E T S A S T A Y L ¢ I K N L K>
20 i VH PHARMACTA [SPLIT] i >

1010 1020 1030 1040 1050
K4 aatgaggaca cggctacata tttetgtaca agacggggge cttacaactg
ttactecctgt gecgatgtat asagacacgt tctgececceg gaatgttgac
25 R G P Y N W>
CDR3 >
N ED TATY F CA RRG P Y N W
i VH PHARMACIA [SPLIT] - i >
1060 1070 1080 1090 1100

30 gtactttgat gtctggggee aagggaccac ggtcacegte tectcacteg
catgaaacta cagacccegg ttecctggtyg ccagtggeag aggagtaage
L>

35 h >



WO 02/ 08263 PCT/ GB41/03252 - - 122 - Y F DV WG QGT ¥8Varuaty 206> i VH
PHARMACI A [SPLIT] i > >Xhol 51 11110 attaactcga g taattgagct ¢ D * L

E> 10 15 20 a-> [SEQ ID. NO: 13] -- Fiber Construct A7 C242 Sequence
Range: 1 to 1402 >EcoRl | | 10 20 30 40 50 gaattcgatg aa cgc caa
gaccgt ct ga ¥&MAEItc aaccccgtgt cttaagctac ttcgegegtt E@ﬁﬁ HGast

tctatggaag ttggggcaca M 25 MKRARPSEDTENPV> v -V -TAIL v 30
60 70 80 90 100 atccatatga cacggaaacc gghgctccaa ctgtgecttt tcttactcct

taggtatact gtgcctttgg ccaggaggtt gacacggaaa agaatgagga Y PYDTETGPP
TVPFLTP>v v TAIL v v > 110 120 130 140 150 35 ccctttgtat cccccaatgg
gtttcaagag agtccccctg gggtactctc 18 January 2005 WO 02/ 08263 PCT/ GB01/ 03252

- - 123 - gggaaacata gggggttacc caaagttctc tcagggggac cccatgagag L S>
Y F D T v T

Vv W G g G T v 8 8>
i VH PHARMACIA [SPLIT) i >
>Xhol
5 !
11110
attaactcga g
taattgaget ¢
o * L E>
10 a>
[SEQ. ID. NO.: 13] - Fiber Construct A7 C242
i5
Sequence Range: 1 to 1402
>EcoR1l
_ !

20 ; 10 20 30 40 50
gaattcgatg aagegegeaa gaccgtotga agataccttc aaccccgtgt
cttaagctac ttegegegtt ctggeagact tctatggaag ttggggcaca

M>
>
25 M K R A R P S B D T F N P V>
_ v v TATL A >
60 70 80 90 100
atccatatga cacgygaaacc ggtcctccaa ctgtgecttt tettactect

30 taggtatact gtgectttgg ccaggaggtt gacacggaaa agaatgagga
Y P Y D T E T G P P T Vv P F L T B>

\J v__TAIL v v >
110 120 130 140 150

35 ccctttgtat cccecaatgg gttteaagag agtecccctg gagtactete



PFVSPNGFQESPPGV> 5v TAIL v v > 10 15 20 28J3uakbibos70 180

190 200 tttgcgccta tccgaacctc tagttacctc caatggcatg cttgcgctca
aaacqg' cggat aggcttggag atcaatggag gttaccgtac gaacgcgagt L AL>L RL SEP
- REPEAT 1 > 210 220 230 240 250 aaat

gggcaa cggcctctct
ct ggacgagg &Pt ct tacctcccaa tttacccgtt gccggagaga §§H€P %&
ggccgttgga atggagggtt L TS Q@ r >KMGNGL SLDEAGN -s -REPEAT
2 s > 260 270 280 290 300 aatgtaacca etpeyagccc acctctcaaa aaaaccaagt
caaacataaa -ttacattggt gacactcggg tggagagttt ttttggttca gtttgtattt

LVTSNGM -t

TTVSPPLKKTKSN

N> NV

r REPEAT 3 r r 310 320 330 340 350 cctggaaata
tctgcacccc tcacagttac ctcagaagcc ctaactgtgg ggacctttat agacgtgggg

agtgtcaatg gagtcttcgg gatt acacc L T V> 35 18 January 2005 WD 02/ 08263

PCT/ GB01/ 03252 -

10

15

20

25

30

35

124

- agRis

a gggggttace caanagltcte tecagggggac cccatgagag
L 35>
>

P F ¥V 8§ P NG F QE § P P G V>
v ' TAIL v v >

160 170 180 1980 200
tttgegeeta teocgaacctc tagttaccte caatggcatg cttgegetea
azacgcggat aggcttggag atcaatggag gttaccgtac gaacgegacgt

L a L>
>
L R L S E P L V T 8§ N G M>
t REPEAT 1 -t >
210 220 230 240 250

aaatgggecaa cggectotet ctggacgagy ceggoaacct taccteccaa
tttaccegtt geccggagaga gacctgetec ggeegttgga atggagggtt
L T 5 ©¢>

.r >
KM GN G L S L D E A G N>
s REPEAT 2 s >

260 : 270 280 290 300

aatgtaacca ctgtgagcce acctetcaaz aaaaccaagt caaacataaa
ttacattggt gacacteggg tggagagttt ttttggttea gtttgtattt
I N>
>

N V T T V 8§ P P L K K T K 5 N>
I REPEAT 3 r r >

310 320 330 340 350
cctggaaata tctgecaccoce tcacagttac ctcagaagec ctaactgtgg
ggacctittat agacgtgggy agtgtcaatg gagtettcgg gattgacace

' ' L T v



1520LEl SAPLTVTSE A q REPEAT 4 360 370 380 SSQaﬂtﬂi}yzg@sgccgccgc
acctctaatg gtcgcgggca acacactcac catgcaatca gacggcggcg tggagattac
cagcgcccgt tgtgtgagtg gtacgttagt L T MQS> REPEAT 6 > AAAAPLMVA
GNT> REPEAT 5 p > 410 420 430 440 450 caggccccgce taaccgtgca
cgactccaaa M@E@?tg ccacccaagg gtccggggcg attggcacgt ! ﬁﬂﬂlf’%?
gaatcgtaac ggtgggttcc L S1 AT QG REPEAT 7 > QAPL TVHDS K>
REPEAT 6_0 460 470 480 490 500 acccetears ¢ gt cagaag gaaagctagc ccctgacgta

gcaagcttac tggggagtgt cacagtcttc ctttcgatcg gggactgcat cgttcgaatg L A> m
>25PLTVSEGK> REPEAT 7 n > P DV A S L> LUNG SURFACTA > 30 35 510

520 530 540 - 550 gacaacaggt agaagccttg caagggcagg tacaacactt acaggcggca
ctgttgtcca tcttcggaac gtt c tt tgtccgcec RQQVEAL QGQ
VOHL QA A> LUNG SURFA A‘%I'I’SPR%T% lﬁg q‘r%" I\/?w%> 595% %’70 580 590 600 18

January 2005 WO 02/ 08263 REPEAT 4
360 370 380 390 400
5 ctgccgeege accictaatg gtcgegggea acacactcac catgeaatca

gacggeggeg tggagattac cagcgceccegt tgtgtgagtg gtacgttagt
L T M Q 3>

REPEAT 6 >
A A A A P LM Vv B G N T
10 p REPEAT 5 P >
410 420 430 440 450

caggccccge taacegtgea cgactccaaa cttageattg ccacccaagg
gtccggggeg attggeacgt getgaggtit gaategtaac ggtgggttec
15 L § I A T QO G>
REPEAT 7 >
g A P L T V H D 5 E»
REPEAT 6 o >

20 460 470 480 490 500
acccctcaca gtgtcagaag gaaagectage ccctgacgta gecaagettac

tggggagtgt cacagtctte ctttcgatcg gggactgecat cgttcgaaty

L A
m >
25 P LT V S§E G K
REPEAT 7___ n >
P DV A S L>
___LUNG SURFACTA >
30 510 520 530 540 - 550

gacaacaggt agaagccttg caagggecagg tacaacactt acaggcggeca

ctgttgtcca tcttecggaac gttcececgtec atgttgtgaa tgtecgeocgt

R O Q V E A L Q G Q VvV @ B L Q A A>

LUNG SURFACTANT PROTEIN D TRIM w >

35 _ 560 570 580 590 ' 600



PCT/ GB01/ 03252 - -- 125 -- tttagccaat acaaaaaggt agagt tigtJahudrg 2008 99ag
ccaagaagct aaatcggtta tgtttttcca tctcaacaaa ggtttgcctc ggttcttcga A K K L>
b> 5FSQYKKVELFPNG”" LUNG SURFACTANT PROTEIN D TRIM > 10
>Clal v I 20 630 I 640 650 gaacgacgcc caggccccca cgaccc
at cgat cgat ‘563“%?*%&% ga cttgctgcgg gtccgggggt tctcgctggg #‘53‘?‘%1"&’3%2?%
taacactact N DA QAPKSD> SPA48-60 b > 15 PSI>C>DI VM e > 20
25 30 660 670 680 690 700 ctcaggctgc acggtctgta cctgtcactc ctggagagtc
agtatccatc gagtccgacg tgggagacat ggacagtgag gacctctcag tcataggtag T QA A
PSVPVTPGESVSI> e VKPHARMACIA e 710 720 730 740 750

tcctgcaggt ctagtaagag tctcctgcat agtaatggca acacttactt aggacgtcca
gatcattctc agaggacgta tcattacegt tgtgaatgaa SCR SSKSLLHSNGNTY
L> e VK PHARMACI A e > SF1R9¢°3RF Qofga@pqqt Povulitstttgoaga@Rmle geangdB0t 770 780
790 800 35 gtattggttc ctgtagaggcsOagoesagteaatLat gregederLhgatalgtc

A K K L>
_b >
5 F 5§ Q' Y K K Vv E L F P N G>
LUNG SURFACTANT PROTEIN D TRIM >
>Clal
I
. |
10 - 610 620 630 | 640 650

gaacgacgec caggcccoca agagegacce atcgatcgat attgtgatga
cttgctgegg gtcegggggt tetogetggg tagctageta taacactact
N DA Qg A P K 5 D
' SPA 48-60_ b >
i5 P 8 I>

o] >

2] I v M>
__ e >
-20' 660 670 680 690 . 700

ctecaggectge accctétgta cctgtcacte ctggagagtce agtatccatc
gagtcecgacg tgggagacat ggacagtgag gacctetcag tcataggtag
T ¢ A 2 P 58 V P VvV T P G E S Vv 8 I»

e VK PHARMACIA e >

25
710 720 730 740 150
tcctgcaggt ctagtaagag tctecctgeat agtaatggea acacttactt
aggacgtcea gatcattectc agaggacgta tcattaceégt tgtgaatgaa
§ C R S 8 K 8 L L H 5 N G N T ¥ IL>
30 e VK PHARMACIA e >
S L L H 8 NG N T Y L>
g g CORL g >

760 770 780 790 800
;5 gtattggtte ctgcagaggc caggecagtce tecteagete ctgatatatc



18 January 2005 WO 02/08263. -- - 126 - - PCIT/ GBOl/ 03252 8crhaago0%y)
gacgtctccg gtccggtcag aggagtcgag gactatatag YWFL QRPGQSPQLLI
Y>e VK PHARMACIA e > 5 Y> 10 15 810 820 830 840 850 ggatgtccaa ccttgtctca
ggagt cccag aca ttcag tggcagtggg cctacaggtt ggaacagagt cct Cﬁ)ﬂ% tc

t gt ccaagt ¢ W %?%Qccc RMSNLVSGVPDRFSGS & RVACI A e
>R MSNL V S> CDR2 > 860 870 880 890 900 tcaggaactg ctttcacact

gagaat cagt agagtggagg ctgaggatgt agtcctiizgae gaaagtgtga ctcttagtca
tctcacctcc gactcctaca SGTAFTLRI SRVEAEDYV> 20 a VK PHARVACI A
e > 25 30 910 920 930 940 950 gggtgtttat tactgtctgc aacatctaga gtatccgttc
acgttcggtc cccacaaata at gacagacg ttgt agat ct cat aggcaag tgcaagccag L Q} L
EYPFT>dCDR3 d> GV, Y Y ( %t . (fE> e VK PHARMACI A e >
960 970 980 990 1000 ct gggacca?a U c"ggé’fc"g% Cﬁﬁgaaﬂ%gcégaég‘b“&?ttaﬁﬁ
tcccccggec  gaccctggtt cgdcdét c’bacﬁ@t@cc@g@g Ycét gha@cd adgghg¥rgg P G T K
LEL KR VK PHARVACIA e > 35 P P D F W PuaRuzdan e >

>

810 820 830 840 850

ggatgtccaa ccttgtctea ggagtcccag acaggttecag tggeagtggg

10 cctacaggtt ggaacagagt cctcagggte tgtccaagte accegtcacce
' R M SN L VS GV&P DRFS G 8§ &
e VK PHARMACIA e >

R M 5 N L Vv s

CDR2 >
15
860 870 880 890 900
tcaggaacty ctttecacact gagaatcagt agagtggagg ctgaggatgt
agtccttgac gaaagtgtga ctcttaghea totcacctce gactectaca
s G T A F T L R I S R V E A E D V>
20 e VK PHARMACIA e >
910 920 930 940 950
gggtgtttat tactgtctge aacatctaga gtatcegtte acgtteggte
cccacaaata atgacagacyg ttgtagatet cataggcaag tgeaagecag
25 L Q H L E Y P F >
' d CDR3 da_ >
G VvV Y Y C L Q H L E Y P F T F G>
e VK PHARMACTA e >
30 860 970 980 990 1000

ctgggaccaa gctggagcetg aaacggecce cggacttigt tcececeggee
gaccetggtt cgacctegac tttgeegggy gectgaaaca agggggccgg
P G T K L E L K R>
VK PHARMACIA e >
35 P P D F V F P &>




18 January 2005 WO 02/08263 PCT/ GS01/03252 - - 127 - - h§aduary 200910 1020
1030 1040 1050 gctagtttcc ctgatcactc ccctcgtggc caggtccagt tggtgcagtc

cgat caaagg gactagtgaggggagcaccg gtccaggtca accacgtcag QV QL VQS> VH
PHARMACIA [ > ASFPDHSPRG 18251 10 15 20 25 30 35 1060 1070 1080
11090 1100 ?ﬁﬁ%@%?bag ct gaagaagc ctggagagac agtcaagatc tBeVHBUANS?
acctggactc gacctctctg gacctctctg tcagttctag aggacgttcc GPEL KK PGET
VKI SCK> i VHPHARVACIA [SPLIT] 4 ->12110 -1120 1130 1140 1150
cttctgatta taccttcaca tactatggaa tgaactgggt gaagcaggct gaagact aat

‘at ggaagt gt atgatacctt acttgaccca cttcgtccga ASDYTFTYYGMNWYVK
QA>i VHPHARMACIA [SPLIT] i > YYGMN CDR1L_k > 1160 1170 1180 1190
1200 ccgdgaaagg gtttaaagtg gatgggctgg atagacacca ccactg aga ggccctttcc

caaatttcac ctacccgacc tatctgtggt ggtgacctct P-6K DT TTG
E>. i VHPHARMACIA [SPLIT] i > WI DTTTGE> ~]_CDR2 [SPLIT] >
1010 1020 1030 1040 1050

gcetagtttee ctgateacte coctegtygge caggtccagt tggtgcagtc

5 cgatcaaagg gactagtgag gggagcaceg gtccaggtca accacgtcag
- Q VvV Q9 L VvV Q s>
___VH PHARMACIA [ >

10
1060 1070 1080 1050 1100
tggacctgag ctgaagaagc ctggagagac agtcaagatc tectgeaagg
acctggacﬁc gacttcttecg gacctctctyg tecagtictag aggacgttec
G P E L K K P G E T VvV K I 5 C X>
;5 i VH PHARMACIA [SPLIT] i >

1110 1120 1130 1140 1150
cttctgatta taccttcaca tactatggaa tgaactgggt gaagocagget
gaagactaat atggaagtgt atgatacctt acttgaccca cttcgtecga

20 A 8 DY TFT Y YG MNWV K Q A
| i VH PHARMACIA [SPLIT] i >
Y ¥ G M N>
CDR1 k >

25 1160 1170 1180 1190 1200
ccgggaaagg gtttaaagtg gatgggectgg atagacacca ccactggaga
ggccctttee caaatttecac ctacccgace tatctgtggt ggtgacctet

P G K G L K W M G W I b T T T G E>

i VH PHARMACTA [SPLIT] i >

30 W I DT T TG E>
. 3j_ CDRZ [SPLIT] >

1210 1220 1230 1240 1250
gccaacatat getgaagatt ttaagggacg gattgectitc tetitggaga
35 cggtitgtata cgacttectaa aattccctge ctaacggaag agaaaccict




1210 1220 1230 1240 1250 gccaacatat gctgaagatt ttaagggargdabiydmest C .
tctttggaga cggttgtata cgacttctaa aattccctgc ctaacggaag agaaacctct WO

02/ 08263 PCT/ @BOL1/03252 - - 128 - 5 1015 PTYAEDFKGRI AFSLE
i VH PHAR PLIT] i >PTYAEDFKG CDR2 [SPLITI | > 1260 1270
1280 1290%&@21('@8% ctgccag cactgcctat ttgcagatca aaaacct%%%cll(gé?f”ﬁéggac
ggagacggt c gtgacggata aacgtctagt ttttggagtt tttactcctg T SASTAYL QI
KNL KNED>i VHPHARMACI A [ SPLI T]- i- 228340- 1320 1330 1340 1350
acggctacat atttctgtgc aagacggggg ccttacaact ggtactttga tgccgatgta

t aaagacacg ttctgccccc ggaatgttga ccatgaaact RGP YNWY F D> h COR3 h >
TATYFCARRGPYNWYFD>i VHPHARVACI A [SPLIT] 20 >Xhol f 1360
1370 1380 1390 1400 tgtctggggc caagggacca cg%tcacc t ctcctcactc gattaactcg
acagaccccg gttccctggt gccagt dgda Jadhaft ghgXet aal?ttg’gg% 55 £ B *E1> a > 30
V>VWGQGTTVTV VH PHARVACI AVHSHERIELIA [$R}ITH C i >

P T Y A E D F K G

CDR2 [SPLIT]_j >

1260 iz7a 1280 1280 1300
cctectgecag cactgectat ttgcagatca aaazcctcaa aaatgaggac
ggagacggtc gtgacggata aacgtctagt ttttggagtt tttactectg
T 8 A 8 T A X L o I KN L K N E D>

10 i VH PHARMACIA [SPLIT] i >

1310 1320 1330 1340 1350
acggctazcat atttctgtgc aagacggggg ccitacaact ggtactttga
tgcogatgta taaagacacy ttctgeccce ggaatgttga ccatgaaact

15 R G P Y W W Y F D>
h ___CDR3 _h >

T a T Y F C A R R G P ¥ N W Y F D>

i VH PHARMACIA [SPLIT] i >

20 >Xhol
!

1360 1370 1380 1390 1400

tgtctgggge caagggacca cggtcaccgt ctectcacte gattaacteg

acagaccccg gttccctggt gecagtggea gaggagtgag ctaattgage

25 L D * I>»

. a >
V>
>

vwe Q GT T VTV 35 85>
30 VH PHARMACTA [SPLIT} i >

. ag
tc
E>

35 >




E> 18 January 2005 WO 02/08263 ---129-- [SEQ ID. NO : 1#8lJansr126881/ 03252

5 Sequence Range: 1 to 174 - Affibody ZIgG 10 10 20 30 40 50 gtagacaaca
aatt caacaa agaacaacaa aacgcgttct atgagatctt catctgttgt ttaagttgtt

tcttgttgtt ga tactctagaa VD NKFNKEQQNAFYEIL L>a a
Z-'DOM?N a f@bg%&%a§0-70 80 90 100 acatttacct aacttaaac gagﬁgggﬁg

aaacgccttc atccaaagtt tgtaaatgga ttgaatttgc ttcttgttgc tttgcggaag
taggtttcaa HL PNL NEE QRNAF I S> a a Z-DOWN a a > 110 120 130
140 150 taaaagatga cccaagccaa agcgcrade?® tgctagcaga agctaaaaag attttctact
gggttcggtt tcgcgattga acgatcgtct tcgatttttc L KDD PSQSANLLAEA
K K>a Z-DOWN a a > 25 30 160 170 ctaaatgatg ctcaggcgcc gaaa gatttactac
gagtccgcgg cttt L NDAQAPK> Z-DOMWN a > [SEQ ID NO: 151 --

Af fibody ZIgA 35 Sequence Range: 1 to 174 RECTIFIED SHEET (RULE 91) 18

January 2005 {SEQ. ID. NO.: 1437 -

5 Sequence Range: 1 to 174 - Affibody ZIgG

10 \ 20 30 40 50
gtagacaaca aattcaacaa agaacaacaa aacgecgttct atgagatett
catctgttgt_ ttaagttgtt tcttgttgit ttgegcaaga tactctagaa

10 V D N K FNK E Q@ Q N A F Y E I IL>»
a a Z-DOMIMN_ a a >

60 70 80 90 100

acatttacct aacttaaacg aagaacaacg aaacgccttc atccaaagtt

15 . tgtaaatgga ttgaatttgc ttcttgttgce tttgeggaag taggtttcaa
H L P N L N E E Q R N A F I O s>

a a Z-DOM?N__a a >

110 120 130 140 150

20 taaaagatga cccaagecaa agegctaact tgetageaga agctaaaaag
attttctact gggtteggtt tocgogattga acgatcgtet togattitte

L K b D,P 5§ 0 S A H L L A K A K K>

a a_Z~-DOMIN__a a >

25 160 170
" ctaaatgatg ctcaggegec gaaa
gatttactac gagtcegegg cttt
L ND A Q A P K -

Z~DOM?N a >
30
[SEQ. ID. NO.: 15] - Affibody ZIgA
35 Sequence Range: 1 to 174

RECTIFIED SHEET (RULE 91)




WO 02/ 08263 a AFFI I GA _a 10 20 30 40 50 gtagacaaca aat{gpacag2agsaacaata
caagcgagt c aagagatcag catctgttgt ttaagttgtt tctttgttat gttcgctcag
ttctctagtc VDNKFNKETI QA S5 PCT/GB01/03252 QE |1 R> a > 60 70 80
90 100 acta7 tog‘,s% aacttaaacg gtagacaaaa gcttgccttc atccacagtt tgataatgga
ttgaatttgc cat é:‘[tt cgaacggaag taggtgtcaa 10 L L P N LFABWOBK L A F I
HS> a AFFI 1 GA 15 a > 110 120 130 140 150 tacttgatga cccaagccaa

agcgct aact tgctagcaga agct aaaaag atgaaagizact gggttcggtt tcgcgattga
acgatcgtct tcgatttttc LLDDPSQSANLLAEAKKs aAFFI |GA __a 20

160 170 ctaaatgatg ctcaggcgcc gaaa gatttactac gagtccgcgg cttt L NDA QA
PK>a>AFFI 1GA a > 25 30 [SEQ ID. NO: 16] - Reconbi nant Fi ber A7 ZIgG

Sequence Range: 1 to 820 >EcoR1 1 10 20 30 4036130 gaat tocgatg aagcgcgcaa
4 50

gaccgtctga agataccttc aaccccgttft 20
gtagacaaca aattcaacaa agaaacaata caagcgagtc aagagatcag

catctgttgt ttaagttgtt tctttgttat gttegectcag ttetctagte
Vv D N K F N K E T I Q A B Q E I R>
5 a AFFI IGA _a a >

60 70 80 90 ico
actattacct aacttaaacg gtagacaaaa gcttgcctte atccacagtt

tgataatgga ttgaatttgc catctgtttt cgaacggaag taggtgtcaa

10 L L P N L N G R ¢ K L A F I H 8>
a AFFI IGA _a a >
110 120 130 140 150
tacttgatga cccaagcecaa agcgctaact tgcectagecaga agctaaaaag
15 atgaactact gggttecggtt tegegattga acgategtct tegatttthe
L L DD P 5 Q 5 A N L L A E A K K&
a AFFI IGR _a . a >
160 170
20 ctaaatgaty ctcaggegee gaaa

gatttactac gagteccgegg cttt
L N D A Q A P K>
AFFI IGA a >

25
[SEQ. ID. NO.: 16] - Recombinant Fiber A7 ZIgG

Sequence Range: 1 to B20
30
>EcoRl
[ .
| 10 20 30 40 " so
gaattcgatg aagcgegcaa gaccgtctga agatacctte aaccecghgt
35 cttaagctac ttegegegtt ctggeagact tctatggaag ttggggeaca




35 cttaagctac ttcgcgcecgtt ctggcagact tctatggaag ttggggcaq@tmmhggb@§§63 5 10

15 atccat atga cacggaaacc ggtcctccaa ctgtgccttt tcttactcct taggtatact
gtgcctttgg ccaggaggtt gacacggaaa agaatgagga Y Po YO TETGPPTVPEF
LTP>j j_TAIL | | > 110 120 130 140 150 «ccctttgtat cccccaat tttcaagag
agtccccctg_ﬂﬁﬁ¥ﬁ%¥£tc gggaaacat a gggggttacc caaagttctc ¥%%ﬁﬂ§§%§g
cccatgagag L S PFVSPNGFQESPPGV> j TAILj j 20 160 170 180
190 200 tttgcgccta tccgaacctc tagttacct gagaatggcatg cttgcgctca aaacgcggat
aggcttggag atcaatggag gttaccgtac gaacgcgagt L AL>25 L RLSEPLVTSN
G M -h -REPEAT 1 h > 30 > 210 220 230 240 250 aaatgggcaa cggcctctct

ct ggacgagg ccggcaacct tacctcccaa tttacccgtt gccggagaga gacctgctcc
ggccgttgga atggagggtt L TS Q@ f > ICMGNGL SL DEA GN> g REPEAT 2
g > 35 18 January 2005 WD 02/08%63 PCT/ GBO1/ 03252 - - 132 - 260 270 280
290 300 aatgtaacca ctgtgagccc_aectctcaaa aaaaccaagt caaacataaa ttacattggt

gacactcggg tggagagttt ttttggttga git{gkatkt s s & p 7 Fr w P >
3 3 TAIL 3 >

60 70 80 90 100
atccatatga cacggaaacc ggtcctccaa ctgtgecttt tettactect
-taggtatact gtgcetttgg ccaggaggtt gacacggaaa agaatgagga
Y pP/Y D T ET 6 P P TV PF L T P>
10 3 i_TATL__ 3 3 >

110 120 130 140 150
ccctttgtat cececccaatgg gtttcaagag agtcccectg gggtactete
gggaaacata gggggttacc caaagttete teaggaggac cccatgagag

15 L S>

>

P ¥V 8 P NG F Qg E S P P G ¥V
| TAIL 9 | >

20 160 170 180 190 200
) tttgegecta tccgaécctc tagttacctc caatggcatg cttgegectcea
aaacgcggat aggettggdg atcaatggag gttaccgtac gaacgegagt

L A L>

25 L R L S E P L VvV T 8§ N G M
h REPEAT 1 h >

210 220 230 240 250

aaatgggeaa cggectctet ctggacgagg ccggcaacct tacctoccaa

30 tttaccegtt gecggagaga gacctgetee ggcegttgga atggagggtt
L T 5 @>

K M G N G L 8 L D E A G N>
g REPEAT 2 g >

35




IN>5$NVTTVSPPLKKTKSN>fREPEAISf'f?g;&ua%ﬁZCRﬁZSSIO
320 330 340 350 cctggaaata tctgcacccc tcacagttac ctcagaagcc ctaact gt gg
ggacctttat agacgtgggg agtgtcaatg gagtcttcgg gattgacacc L T V> L EI SAPL
TVTSE T 4 360 370 380 390 400 ctgccgcecge

S B AjoSuleREA BSEATY

gt cgcgggca acacCactcac catgcaatca gacggcggcg tggagattac
tgtgtgagtg gtacgttagt L T MQS> REPEAT 6 > AAAAPLMVAGNT>.d

-REPEAT 5 d > 410 420 430 440 450 ctgcdcéecgc-taaccgtgca cgactccaaa

cttagcattg ccacccaagg gtccggggcg attggcacgt gctgaggttt gaatcgtaac
gogtgggttcc L S 1| AT QG REPEAT 7 > 30 QAPL TVHDS K> REPEAT 6-c >

460 470 480 490 500 acccctcaca gtgtcagaag gaaagctagc ccctgacgta gcaagcttac

35 tggggagtgt cacagtcttc ctttggatcg g ctgcat,_cgttcgaatg 18 January 2005
W0 02/ 08263 PCT/ GBI / 03252 - 233" 2[5 A , olagh %o 304

aatgtaacca ctgtgagcee acctctcaaa aaaaccaagt cazacataaa

ttacattgglt gacactcggg tggagagttt tittggttea gtttgtattt

I N>
5 ' >
N V T T VvV 8 P P L K K T K 5 N>
£ REPEAT 3 f £ >
310 320 330 340 350
10 cctggaaata tetgocaccee tcacagttac ctecagaagec ctaactgtgg

ggacctttat agacgtgggg agtgtcaatg gagtcttegg gattgacace

L T V>
>
L EI S8 A B L T v T S E A>
15 e REPEAT 4 e >
360 370 380 390 400

~ctgecgecge acctetaatg gtegegggea acacactcac catgcaatca
gacggeggeg tggagattac cagegecegt tgtgtgagtg gtacgttagt
20 L T M Q s>
__ _REPEAT 6 >
A A A AR P L M v A G N T>
d _REPEAT 5 d >

25 410 420 430 440 450
caggccccge taaccgtgeca cgactcecaaa cttagecattg ccacccaagg
gtccggggeg attggcacgt getgagattt gaategtaac ggtgggttee

' L 8 I AT Q G

REPEAT 7 >
30 Q A P L T VvV H b 5 K>
REPEAT 6_ c >

460 470 480 490 500
acccctcaca gtgtcagaag gaaagctage ccctgacgta geaagcttac

35 tggggagtgt cacagtctte ctttegateyg gggactgeat cgttcgaatg




5PLTVSEGK>- REPEAT 7 b > P DV A S L> LUNG SURFA%ﬁaﬁué'rgzéaso 520
530 540 550 gacadl caggt agaagccttg caagggcagg tacaacactt acaggtggca
ctgttgtcca tcttcggaac gttcccgtcc atgttgtgaa tgtccgccgt RQQVEAL QGQ
VOQHL QA A LUNG SURFACTANT PROTEIN D TRIM -k > 560 570 580 590 600 75
tttacccaat SCL48%Ahgt agagttgttt ccaaacggag ccaagaagct 2BCHGBYEOFGRta
tgtttttcca tctcaacaaa ggtttgcctc ggttcttcga F S QYKKVELFPNG
LUNG SURFACTANT PROTEIN D TRIM > A KK-L®331l- > >Clal 25 610 620 630 1 640
650 gaacgacgcc caggccccca agagcgaccc atcgatcgta gacaacaaat cttgctgcgg
gt ccgggggt tctcgctggg tagctagcat ctgttgttta N DA QA P K S D> SPA 48-60 1
>PSI> 30m>VDNK> 0 660 670 680 690 700 35 tcaacaaaga acaacaaaac
gcgttctatg agatcttaca tttacctaac 18 January 2005 WO 02/ 08263 PCT/ GB01/ 03252
agttgtttct tgttgttttg cgcaagatac tctagaatgt adatijgattg F NKEQQNAF Y
EI LHLPN . a_>

P LT VS E G K

REPEAT 7 b >

5 P DV A 5 L>
LUNG SURFACTA >

510 520 530 540 550

gacadcaggt agaagcetty caagggoagg tacaacactt acaggeggea

10 ctgttgteca totteggaac gttccegtee atgttgtgaa tgtecgeegt
RQQVEALQGQVQHLQAA>
LUNG SURFACTANT PROTEIN D TRIM _k >

560 570 580 590 600

15 . tttagccaat acaaaaaggt agagttgttt ccasacggag ccaagaaget

aaatcggtta tgtttttcca tctcaacaaa ggtttgecte ggttcttega
F 8 Q0 Y K KV EL F P N G

___ LUNG SURFACTANT PROTEIN D TRIM >
A K K I»
20 1 >
>Clal
|
610 620 630 | 640 650
25 gaacgacgec caggccccca agagecgacce atcgatcgta gacaacaaat

cttgetgegg gteegggoggt tetegetggg tagetageat ctgttgttta
N DA Q A P K S D>
SPA 48-60_ 1 >

30 m >

660 670 680 690 700

35 tcaacazaga acaacaaaac gcgttctatg agatcttaca tttacctaac



0 o Z-DOWN o o > 5 10 710 720 730 740 750 ttaaacgaag atkIamgaad0s
cgccttcatc caaagtttaa aagatgaccc aatttgcttc ttgttgettt gcggaagtag
gtttcaaatt ttctactggg L NEEQRNAFI QSLKDDP> 00 Z-DOWN o O >

760 770 780y aagccaaagc gctaacttgc tagcagaagc t at gatgctc
ttcggtttcg cga??gaacg atcgtcttcg atttttcgat ttactacgag gﬁgﬁ@ﬂﬁhﬁﬁ LAEA
KKLNDA 150 0 Z--DOMN o 0 > >Xhol 810 20 820 aggcgccgaa ataactcgag

tccgecggett tattgagctc QA P K> 25 30-[SE@4 LD. NO. : 17] - Reconbi nant Fi ber
A7 ZI gA Sequence Range: 1 to 820 >ECORI 35 10 20 30 40 50 18 January 2005

- WD 02/08263 PCT/GBO /03252 - - 135 -- 5 10 15 20 25 30 gaattcgatg
aagcgcgcaa gaccgtctga agataccttc aaccccgt gt

agttgtttet tgttgttttg cgcaagatac tctagaatgt azatggattg
F N K E Q O N A F Y E I L H L P N>
0 o_Z-DOM?N_ o o >

5 710 720 730 740 750
ttaaacgaag aacaacgaaa cgcocttcatce caaagtttaa aagatgaccc
aatttgcttc ttgttgettt geggaagtag gtttcaaatt ttctactggg

L N E E @ R N A F I g 5 b K D D P>

o o Z-DOMIN_ o o >
10
760 770 780 790 800
aagccaaadc gctaaéttgc tagcagaagce taaaaagcta azatgatgctce
tteggttiey cgattgaacg atcgtcticg étttttcgat ttactacgag
S QO 8 A N L L A E A K ¥ L N D &>
15 o o_Z-DOMMN_ o o >
>%Xhol
I
810 ] 820
aggcgecgaa ataactcgag
20 tcegeggett tattgagete
*>
>
Q A P K>
o >
25
[SEQ. ID. NO.: 17] - Recombinant Fiber A7 ZIgA
30

Sequence Range: 1 to 820

>BcoRl

|
35 i 10 : 20. 30 40 50




cttaagctac ttcgcgegtt ctggcagact tctatggaag ttggggcaca 1hhaﬁm*§§ba5IQ PSE
DTFNPV> -3JTAILj > 60 70 80 90 100 atccartatga cacggaaacc

ggtcctccaa ctgtgecttt tcttactcct taggtatact gtgcctttgg ccaggaggt t

gacacggaaa ga YPYDTETGPPTVPFL TAIL j j >
110 120 130%@ﬁ%k§%g ccctttgtat cccccaatgg gtttcaagag ag?th%%Pﬁﬁéggtactctc
gggaaacat a gggggttacc caaagttctc tcagggggac cccatgagag L S PF V S P NGF

QESPPGV> j TAIL 3] > 160 170 480 1830-200 tttgcgccta tccgaacctc

tagttacctc caatggcatg cttgcgctca aaacgcggat aggcttggag atcaatggag
gttaccgtac gaacgcgagt L AL>L RLSEPLVTSNGM h REPEAT 1 h > 210

220 230 240 250 aaatgggcaa cggcctctct ctggacgagg ccggcaacct tacctcccaa

tttacccgtt gccggagaga gacctpoctcc ttgga at tt L TS Q@ > 35 KM
GNGL SLDEAGN 1873 &ar%/g%ﬁé i‘/%%ﬁ?ﬁﬁ%g%%% FES0Erese5% - - 136 5

10 15 5 REPEAT 2 g > 266tZROtF80t-a9F9BOGtemadagt datdassogtigageac:
acctct caaa aaaaccaagt caaacataas ttacattggt gacactcggg tggagagttt

ttttggttca gtttgtattt §

5 M K RA RPSE DTZF N P V>
_3 3 TAIL 3 >
60 70 80 a0 100

atccatatga cacggaaace ggtcctecaa ctgtgeocttt tettactcect

10 taggtatact gtgectttgg ccaggaggtt gacacggaaa agaatgagga
Yy PYD TEZY GPP TVGPEPF L T P>

| J_ TATL, 5 3 >

110 120 130 140 150
15 cecetttgtat coceccaatgg gtticaagag agtcccectg gggtactcte
gggaaacata gggggttacc caaagttctc tcagggggac ccecatgagag

E 8>

>

P FV 8 PNG FQE S8 PP G W
20_ 3 TATL 5 3 >

160 170 180 190 200
ttitgegecta tecgaaccic tagttaccte caatggeatg cttgegeotea
aaacgcygat aggettggag atcaatggag gttaccgtac gaacgegagt

25 L A4 I>»

L R L § E P L Vv T 8 N G M>
h REPEAT 1 h >

30 210 220 230 240 250
aaatgggcaa cggectotet ctggacgagg ccggcaacet tacctcccaa
tttaccecogtt gccggagaga gacctgetece ggoccgttgga atggaggott

L T 8 o
_£ >

35 K M GN G6L 8 L DE A G N>




| N>NNVTTVSPPLKKTKSN f REPEAT 3 f f > 3108328us9208%0 350
cctggaaata tctgcacccc tcacagttac ctcagaagcc ctaactgtgg ggacctitat
agacgtgggg agtgtcaatg gagtcttcgg gattgacacc L T V> LE | SAPLTVTSE
A> e REPEAT 4 e 20 25 360 370 380 390 400 ctgccgcecgce acctctaatgpgtcgcgggca

acacact cac WR%®34t ca gacggcggcg tggagattac cagcgecccgt PEHGBYA
gtacgttagt L T MQS> REPEAT 6 > AAAAPL MV.AGNT>d REPEAT 5 d 410

420 430 440 450 cagccgccgce taaccgtgca_cgagtccaaa cttagcattg ccacccaagg

gt ccggggcg attggcacgt gctgaggttt gaatcgtaac ggtgggttcec 30 L ST AT Q&
REPEAT 7 > QAP L TV HDS K> REPEAT 6_c > 35 460 470 480 490 500 18
January 2005 WD 02/ 08263 PCT/ G01103252 - -.137 - acccctcaca gtgtcagaag
gaaagctagc ccctgacgta gcaagcttac tggggagtgt cacagtcttc ctttcgatcg
gggactgcat cgttcgaatg L-A=5 PRI T WEBAF2G K> REPEAT 7 b > a->P DV A S
L> LUNG SURFACTA >
260 270 280 2390 300
aatgtaacca ctgtgagccc acctctcaaa aaaaccaagt caaacataaa
5 ttacattggt gacactcggg tggagagttt ttttggttca gtttgtattt
I N>
>

‘N vV T T VvV 5 P P L K K T K 5 N>
f REPEAT 3 £ £ >

10
310 320 33¢ 340 350
ecctggaaata tectgcacccce tcacagttac ctcagaagec ctaactgtgg
ggaccttiat agacgtgggg agtgitcaatg gagtcttegyg gattgacacc
L T Vv
15 >
L EI 85 AP L TV T 8 E A>
e REPEAT 4 & >

360 370 380 390 400
20 ctgccgeege acctctaatg gtcgegggea acacactcac catgecaatca
gacggcggeqg tggagattac cagegeoccgt tgtgtgagtg gtacgttagt
L T M Q 8>
. _REPEAT & >
A A A 2 P L M vV A G N T>
25 d REPEAT 5 d >

Lo : 410 420 430 440 450
caggecccge taaccgtgea cgactccaaa cttageattqg ccacccaagg
gteeggggeg attggeacgt actgaggttt gaatcgtaac ggtgggttec

30 L 85 I AT Q G»
REPEAT 7 >

Q A P L * V H b 8 K>

REPEAT 6_ c >

35 460 470 480 490 500




10 15 510 520 530 540 550 gacaacaggt agaagccttg caaggycaihnlag3aeact t
acaggcggca ctgttgtcca tcttcggaac gttcccgtcc atgttgtgaa tgtccgtcgt R QQV
EALQGQV QHL QA A> LUNG SURFACTANT PROTEIN D TRIM -k > 560 570 580
590 600 tttagccaat acaaaaaggt agagttgttt ccaaacggag ccaagaagct aaatcggtta
tgtttttcca VO¥EREbhaa ggtttgcctc ggttcttcga F S Q Y K KPGI/EBILARSP N G 20
LUNG SURFACTANT PROTEIN D TRRMA KK L> >Clal 25 1 30 610 620 630 1 640
650 gaacgacgcc caggccccca agagcgaccc atcgatcgta gacaacaaat cttgctgcgg

gt ccgggggt tctcgctggg tagctagcat ct gf‘t@t]t a- NDAQAPKS D SPA 48-601
>PSI> m>VDNK>0> 35 18 January 2005 WO 02/ 08263 - -- 138 --

. PCT/ GB01/ 03252 660 670 680 690 700 tcaacaaaga aacaat acaa gcgagtcaag

agat cagact attacctaac agttgtttct ttgttatgtt cgctcagttc tctagtctga
taatggattg F N K E T | £cAct2a Brdtchiahg lgaBRiobbagd QcfRELtd GAa9:9.8 710 720
730 740 750 ttaaacggta %%%S‘%%QQN tggeiteatc cac%gtttac ttt%at gaccc

cacag cgatcg gggactgcat cgttcgaztg
L A>
a >
5 P L T VS E G K
REPEAT 7 b >
P DV & 8 L>
, __ LUNG SURFACTAR >
10 510 520 530 540 550

gacaacaggt agaagccttg caagggcagg tacaacactt acaggcggea
ctgttgtcca tecttcggaac gttcecegtee atgtitgtgaa tgtccgecgt
RO QV EAL QG QO V @ HL QO A B
LUNG SURFACTANT PROTEIN D TRIM k >
15
560 570 580 590 600
tttagecaat acasaaaggt agagttgttt ceaaacggag ccaagaaget
aaatcggtta tgttittcca tctcaacaaa ggtttgecte ggttcttoga
F 8 0Q Y K K V E L F PN OG>
20 ______ LUNG SURFACT.‘ANT PROTEIN D TRIM >

. >Clal
25 |
610 620 630 | 640 650
gaacgacgce caggceccca agagegacec atcgatcgta gacaacaaat
cttgetgegg gtecgggggt tetcgetggg tagctagéat ctgttgttta
N D A g & P K 8 D>
30 SPA 48-60_ 1 >

35




aatttgccat ctgttttcga acggaagtag gtgtcaaatg aactactggg 13 lanbafpdgos Q K L A
FI HSLLDDP> oAFFI IGA 0o 0 > -15 760 770 780 790 800 aagccaaagc
gctaacttgc tagcagaagc taaaaagcta aatgatgctc ttcggtttcg cgattgaacg
atcgtcttcg atttttcgat ttactacgag S QS ANL L AEAKKLNDA> a AFFI
|GA o 0 > >XRJP0826H 1 810 1 820 aggcgccgaa ataactcgag FPEHGBYYaH?
tattaagctc 25 > QA P K> 0 > 30 [SEQ ID NO: 18] - Reconbi nant Fi ber A7
Zl gG ZI gA Sequence Range: 1 to 1003 _35 January 2005 WD 02/ 08263
PCT/ GB01/ 03252 -- - 139 - - 5 >EcoR | 0 20 30 40 50 gaattcgatg
aagcgcgcaa gaccgtctga agataccttc aaccccgtgt cttaagctac ttcgcgegtt
ctggcaaact tctatggaag ttggggcaca 1]> MKRARPSEDTFNPV>10 -7 |
TAIL j > 15
660 670 680 690 700

tcaacaaaga aacaatacaa gcgagtcaag agatcagact attacctaac

agttgtttct ttgttatgtt cgctcagtte tetagtetga taatggattg

F N K E I I © A 5 { E I R L L P N>

5 o AFFI IGA o 0 >

710 720 730 740 750
ttaaacggta gacaaaagct tgcctteatc cacagtitac ttgatgacece
aatttgecat ctgttttcga acggaagtag gtgtcaaatg aactactggg -

10 L N G B Qg K L A F I H 8 L L D D P>
o AFFI IGA o o >

760 770 780 790 800

aagccaaagc gctaacttge tagcagaage tasaaagcta aatgatgete

15 tteggtttcg cgattgaacyg ategtetteg atttttcgat ttactacgag
S g 8 A N L L A E A K K L N D A>
0 AFFI IGA o (o] >
>¥hol
20 |
8l0 | 820

aggcgccgaa ataactcgag
teegeggett tattgagete
*>
25 >
Q A P K>

30
[SEQ. ID. NO.: 18] - Recombinant Fiber A7 ZIgG/ZIgA

Sequence Range: 1 to 1003
35




60 70 80 90 100 atccatatga cacggaaacc ggtcctccaa ctgt gqgt‘;raﬁuatr%gg@@tcct
taggtatact gtgcctttgg ccaggaggtt gacacggaaa agaatgagga Y P TETGPP
TVPFLTP> 1 j_TAIL j 110 120 130 140 150 ccctttgtat cccccaatgg

gtttcaagag agtccccctg gggtactctc gggaaacata gggggttacc caaagttctc
t cagggggac Wg’@yflﬁéﬁag 20L SSPFVSPNGFQESP PRKRSBILYZMN | j j >
25 30 160 170 180 190 200 tttgcgccta tccgaacctc tagttacctc caatggcatg

cttgcgctca aaacgcggat aggcttggag at caat ggag-gttaccgtac gaacgcgagt L AL> L
RLSEPLVTSNGM h REPEAT 1 h > 210 220 230 240 250 aaatgggcaa
cggcctctct ctggacgagg ccggcaacct tacctcccaa 35 tttacccgtt gccggagaga
gacctgctcc ggccgttgga atggagggtt 18 January 2005 WO 02/ 08263

PCTI GBOL1/ 03252 - - 140 g LTS f> KMGNGLSLDEAGN g
REPEAT 2 g > 260 270 10 ]:;L%’ 80 290 300 aat gtaacca ctgtgagccc acctctcaaa

aaaaccaagt caaacat aaa
| 10 20 30 40 50

gaattcgatg aagcgcgcaa gaccgtetga agatacctte aaccccgtgt
5 cttaagctac ttegegegtt ctggcagact tetatggaag ttggggcaca
M>

M KRA RPSE DTTF N B ¥V
! 3 3 TAIL 3 >

10
60 70 80 30 100
atccatatga cacggaaacc ggtcctecaa ctgtgecttt tettactect
taggtatact gtgectttgy ccaggaggtt gacacggaaa agaatgagga
Y P Y D T E T G P P T vV P F L T P>
15 | J_ TAIL 3 | >

110 120 130 140 150
ccetttgtat ccceccaatgg gtttcaagag agtcccectg gggtactete
gygaaacata gggggttacc caaagttctc tcagggggac cecatgagag

?0 L &>

>

P FV S PNG FQE S PP G V
j TAIL j 3 >

25 160 17¢ 180 190 200
tttgegecta tccgaacctc tagttacctec caatggeatg cttgegetca
aaacgcggat aggettggag atcaatggag gttacegtac gaacgcgagt

L A IL>

30 L R L S E P L VvV T =8 N G M>
h REPEAT 1 h >

210 220 230 240 250
aaatgggcaa cggectctet ctggacgagg ccggcaacct tacctcccaa

35 tttaccegtt gecggagaga gacctgetee ggocegttgga atggagagtt




ttacattggt gacactcggg tggagatttt ttttggttca gtttgtattt HSN%M&%@&&J VSPP

LKKTKSN f REPEAT 3 f f > 310 320 330 340 350 <cctggaaata tctgcacccc
tcacagttac ctcagaagcc ctaactgtgg ggacctttat agacgtgggg agtgtcaatg
gagtcttcgg‘&attgacacc LTV>LEI SAPLTVTSEA> 20 a REPEAT 4 e >
360 370 3808938261 25 30 ctgccgececge acctctaatg gt cgecgggRa/GROABEER cac
catgcaatca gacggcggcg tggagattac cagcgcccgt tgtgtgagtg gtacgttagt' L T MQ
S> REPEAT 6 > AAAAPLMVAGNT>-d-REPEAT 5 d > 410 420 430 440
450 caggccccge taaccgtgca cgactccaaa ctilé@cattg ccacccaagg gt ccggggceg
attggcacgt gctgaggttt gaatcgtaac ggtgggttcc L S1 AT QG REPEAT 7 > 35 0
APLTVHDS K> 18 January 2005 WO 02/ 08263 PCT/ GB01/ 03252 REPEAT 6_c >
5 a-> 10 15 20 25 460 470 480 490 500 acccctcaca gtgtcagaag gaaagct aac
ccctgacgta gcaagcttac tggggagtgt cacagtcttc ctttcgatcg gggackggat

cgttcgaatg
£ >

K M G N G L 8§ L D E A G N>
g REPEAT 2 g >

260 270 280 290 300
aatgtaacca ctgtgagcee acctctcaaa aaaaccaagt caaacataaa
ttacattggt gacacteggg tggagagttt ttitggttea gtttgtattt

. I N>
10 >
N V T T V 5 P P L K K T K S N>

bl REPEAT 3 £ £ >

310 320 330 340 350

15 cctggaaata tctgcaccec tcacagttac ctecagaagec ctaactagtgg
ggacctttat agacgtgggy agtgtecaatg gagtcttegg gattgacace

L T Vv

L E I S A P L T VT S E A>
20 e REPEAT 4 e >

360 " 370 380 330 400
ctgcegeege acctotaatyg gtegegggea acacactcac catgeaatca
gacggcggeg tggagattac cagegecegt tgtgtgagtg gtacgttagt”

25 L T M QO 3>
_ REPEAT 6 >

A A A A P L M Vv A G N T>

d REPEAT 5 - d >

30 410 420 430 440 450
caggceccge taaccgtgca cgactccaaa cttagcattg ceacccaagg
gtecggggey attggeacgt getgaggttt gaatcgtaac ggtgggttce

L § I A T Q 6>
REPEAT 7 >
35 Q A P L T V H D S8 K>




LACSPLTVSEGK> REPEAT 7 b >P DV A S L> 510 520135‘j§gu§?(é0§§0
gacaacaggt agaagccttg caagggcagg tacaacactt acaggcggca ctgttgfcca
tcttcggaac gttcccgtcc atgttgtgaa tgtccgccgt R4 QVEALQGQVQHL Q
A A> LUNG SURFACTANT PROTEIN D TRIM -k > 560 570 580 590 600 tttagccaat
acaaaaaggt WGdFPE6ttt ccaaacggag ccaagaagct aaatcggtta RGHERENEER
tctcaacaaa ggtttgcctc.ggttcttcga F S QY KKV ELFPNG LUNG
SURFACTANT PROTEIN D TRIM > LUNG SURFACTA > A KK L>>Cal 30 1 610 620
630 1 640 650 35 gaacgacgcc caggccccEa'ab%ch’géccc at cgat cgt a gacaacaaat
cttgctgcgg gtccgggggt tctcgctggg tagctagcat ctgttgttta N DA QAP K S D>
SPA 48-601 > P S | > 18 January 2005 WO 02/ 08263 PCT/ GBOLl/ 03252 142 V D N
K> 5 660 670 680 690 700 tcaacaaaga acaacaaaac gcgttctatg agatcttaca
tttacctaac agttgtttct tgttgtttt ges@eaagatac tctagaatgt aaatggattg F N K E

QONAFYEI LHLPN Oo0 Z--DOMN 0--- -- -...>
460 470 480 490 500
accccteaca gtgtcagaag gaaagctage ccctgacgta gcaagcttac
5 tggggagtgt cacagtctte ctttcgatcg gggactgecat cgttcgaatg
L A>
a_>

P L T Vv 8 E G K>
i
REPEAT 7 b >

10 P DV A S L>»
LUNG SURFACTA >

510 520 530 540 550

gacaacaggt agaagectig caagggoagg tacaacactt acaggcggea

15 ctgttgteca teticggaac gttccegtec atgttgtgaa tgtcegecgt
| R 0 QV EAL QGQ VQHTIL QA B>
LUNG SURFACTANT PROTEIN D TRIM k >

560 570 580 590 600
20 . tttagccaat acaaagaggt agagttgttt ccaaacggag ccaagaagct
aaatcggtta tgtttttcca tctecaacaaa ggtttgectc ggttettcga

F S5 Q Y K K Vv E L F P N G>

. TLUNG SURFACTANT PROTEIN D TRIM >
A K K L>
25 ‘ 1 >
>Clal
I
610 620 630 | 640 650
30 ‘gaacgacgcc caggccccca agagegacece atcgatcgta gacaacaaat

cttgetgeygg gteegggggt toctegetggyg tagetageat ctgtigttta
N b A Q A P K S D
SPA 48-60_1 >
P 5 I>
35 m >




10 710 720 730 740 750 ttaaacgaag aacaacgaaa cgccttcat ¢gtg G
aagatgaccc aatttgcttc ttgttgcttt gcggaagtag gtttcaaatt ttctactggg L N E E
QRNAFI QSLKDDP> 00 Z-DOWN o0 o > 15 20 25 760 770 780 790 800
aagccaaagc ‘gct aacttgc tagcagaagc taaaaagcta aatgatgctc ttcggtttcg
cgattgaacg APEY®tX cg atttttcgat ttactacgag S Q S A N L BCTGIWIAS2RZ K | N D
A> 0 o Z-DOM?N o 0 > 830 820 830 840 850 aggcgccgaa aagctcgacc gtagacaaca

aattcaacaa agaaacaata tccgcggctt ttcgagid,gg catctgttgt ttaagttgtt
tctttgttat QAP K> 0->SST>VDNKFNKETI> 30 35 AFFI 1GA g >
860 870 880 890 900 caagcgagtc aagagatcag actattacct aacttaaacg gtagacaaaa
gttcgctcag ttctctagtc tgataatgga ttgaatttgec catctgtttt QAS QEI RLL P
NLNGRQK> 18 January 2005 WD 02108263 PCT/ GBOL1/ 03252 - - 143 R 5
AFFI 1T GA ¢ g__ > 910 920 930 940 950 gcttgccttc atccachgt® Wac&et gatga
cccaagccaa agcgctaact cgaacggaag taggtgtcaa atgaactact gggttcggt:d

t cgcgattga T

660 €70 680 690 700

5 tcaacaaaga acaacaaaac gcecgttctatg agatcttaca tttacctaac
agtigtttet tgttgtitttg cgecaagatac tetagaatgt aaatggattyg

¥F ¥ KE @@ N A F Y EIULH L P N>

o o_Z-DOMIN__ o o >

10 710 720 730 740 150
ttaaacgaayg aacaacgaaa cgccttcatc caaagtttaa aagatgaccc
aatttgcttc ttgttgettt geggaagtag gtttcaaatt tictactggy

L ¥ E E QRN A F I QS L K D D P>
o o_Z-DOM™N__ o o >

15
760 770 7860 780 800
aagccaaagc gctaacttge tagcagaage taaazaageta aatgatgeto
tteggttteg cgattgaacyg atcgtecttceg atttttegat ttactacgag
s ¢ 838 ANIL L A E3A KIE KUIL N D A
20 0 o_Z-DOMTN_ o 0 >

810 820 830 840 850
. aggcgccgaa aagetcgacc gtagacaaca aattcaacaa agaaacaata
tccgcgqctt ttcgagetgg catctgtigt ttaagitgtt tetttgttat
25 0 A P K>
o >

5 8 T>

Vv D N K F N K E T I>
30 AFFI IGA _g >

860 870 880 890 900
caagcgagtc aagagatcag actattacct aacttaaacyg gtagacaaaa
- gttcgctecag ttctetagte tgataatgga ttgaatttge catctgtttt
35 Q A S Q E I R L L P N L N G R Q K>




LAFI HSLLDOPSQSAN qAFFl I1GA _g-_g > >Xhgy a]ngalgz%og?o 980
990 1000 tgctagcaga agctaaaaag ctaaatgatg ctcaggcgcc gaa aac
acgatcgtct tcgatttttc gatttactac gagtccgcgg ctttattgag 15 > L L AEAKK
LNDAQAPK>c = -AFFI TGA g A->gag 20 ctc 25 30 [SEQ ID. NO:
19] - ReconB¥OfaM826¥i ber A7 ZI gG ZI gG Sequence Range: 1 tBCHGBIO3320R | |
10 20 30 40 50 gaattcgatg aagcgcgcaa gaccgtctga agataccttc aaccccgt gt
cttaagctac ttcgcgecgtt ctggcagact tctatggaag ttggggcaca M- 18 January 2005
WO 02/ 08263 PCTJGEBOL1103252 - - 144 MK I524% RPSEDTFNPV>--] -j
TAIL j > 5 10 60 70 80 90 100 atccatatga cacggaaacc ggtcctccaa ctgtgccttt
tcttactcct taggtatact gtgcctttgg ccaggaggtt gacacggaaa agaatgagga Y P Y D
TETGPPTVPFLTP>j) j_TAILj j > 110 120 130 140 150 ccctttgtat

cccccaatgg gtttcaagag agtccccctgqgggtactchghrIGA_H q >
910 920 930 240 950
gettgeotie atccacagtt tacttgatga cccaageeaa agegetaact
5 cgaacggaag taggtgtcaa atgaactact gggitcggtt tegegattga
L A F I B 8§58 L L DD P2 8 Q S A >
q AFFL IGA g a >
‘
* _ >Xhol
10 |
260 970 . 980 880 ipo0o

tgctagcaga agctaaaaag ctaaatgatyg ctcaggegec gaaataactce
acgatcgtet tcgattttte gatttactac gagtcegegg ctttattgag
*>
15 >

L LAE AKIEK L ND AOQO2a2z?P &
q AFFI IGA q qQ >

gag
20 cte

[SEQ. ID. NO.: 19] - Recombinant Fiber A7 %IgG/ZIgG
25

Sequence Range: 1 to 1003

>EccoR1
30 i
| 10 20 30 40 50
gaattcgatg aagegegcaa gaccgtetga agatacotte aaccecgtgt
cttaagctac ttegegegtt ctggeagact tetatggaag ttggggcaca
M>
35 >




gggaaacat a gggggttacc caaagttctc tcagggggac cccatgagag LgSpadavBaobsV S P N

GFQESPPGV> j TAILj j > 20 160 170 180 190 200 tttgcgccta

t ccgaacctc tagttacctc caatggcatg cttgcgctca aaacgcggat aggcttggag

~at caat ggag %ttacc%;iac gaacgcgagt L AL>>2530LRLSEPLVTSNGM
-h - REPEAT YOW24829310 220 230 240 250 aaatgggcaa cggcct REHCRUGPAL gagg
ccggcaacct tacctcccaa tttacccgtt gccggagaga gacctgctcc ggecgttgga

atggagggtt LTS QG KMGNGL SL BbEMNMESGN_ 9 REPEAT 2 9----- "> 260
270 280 290 300 - 35 aatgtaacca ctgtgagccc acctctcaaa aaaaccaagt caaacat aaa
18 January 2005 WD 02/08263 PCT/ GB01/03252 - - 145 - ttacattggt gacactcggg

tggagagttt ttttggttca gtttgtattt | N>5 10 15 20 25 30O NV T TV SPPLK
KTKSN f REPEAT 3 f f > 310 320 330 340 350 cctggaaata tctgcacccc
tcacagttac ctcagaagcc ctaactgtyg ¥ * 2 R ¥ S E D TTF N P V>

j 3 TATL i s
60 70 80 30 100
5 atccatatga cacggaaace ggtectecas ctgtgecttt tettactect

taggtatact gtgecetttgy ccaggaggtt gacacggaaa agaatgagga
Y P YD T E F G P P T V P F L T P>
3 j_ TATL J | >

i0 110 120 130 140 150
cccttigtat cccccaatgg gtttcaagag agtcecectg gggtactetce
gygaaacata gggggttace caaagttctc tcagggggac ccecatgagag

L 8>
>
15 P F V 5 P N G F Q0 E S P P G V>
3 TAIL 5 3 >
160 170 180 190 200
tttgegecta tecgaaccte tagttaccte caatggeatg cttgegotcea
20 aaacgcggat aggettggag atcaatggag gttaccgtac gaacgegagt
L A L>

L RL S EP L V™S8 NG M
h REPEAT 1 h >

25
210 220 230 240 250
aaatgggeaa cggectctet ctggacgagy ceggcaacct tacctcccaa
tttacecgtt geccggagaga gacctgetec ggeccgttgga atggagggtt
L T S Q>
30 : . _£ >

K M G N G L 8 L D E A G M
g REPEAT 2 g >

260 270 280 290 300

35 - aatgtaacca ctgtgagccc acctctcaaa aaaaccaagt caaacataaa




r ggacttat agacgtgggg agtgtcaatg gagtcttcgg gattgacacc18ga,;[,a}?2d05E I S A
PLTVTSEA -e -REPEAT 4 e 360 370 380 390 400 ctgccgeccgc acctctaatg

gt cgcgggca acacactcac catgcaatca gacggcggcg tggagattac cagcgcccgt
tgtgtgagtg gtacgttagt L T MQS> REPEAT 6 > AAAAPLMVAGNT>-d

- REPEAT 5 dV90%48363420 430 440 450 caggccccge taaccgt gc P TR e¥aha
cttagcattg ccacccaagg gtccggggcg attggcacgt gctgaggttt gaatcgtaac
ggtgggttcc L S1 AT QG REPEAT 7 > QAP L TV HDS K> REPEAT 6 _c > 460
470 480 490 500 acccctcaca gtgtcagadg ga%agttage ccctgacgta gcaagettac

t ggggagt gt cacagtcttc ctttcgatcg gggactgcat cgttcgaatg L A> 35 a > W
02/08263 - - 146 PL TV SEGK> REPEAT 7 b P DV A S L> LUNG SURFACTA >
5 10 .5 510 520 530 540 550 gacaacaggt agaagccttg caagggcagg tacaacactt
acaggcggca ctgttgtcca tetdeggreagidtesiifesRta! takgaach ghecescyt R QQ

VEALQGQVQHL QA A> C e

>

N Vv T T v 8 P P L K K T K 5 N>
5 £ REPEAT 3 f £ >

310 320 330 340 350
éctggaaata tetgeaccer tcacagttac ctcagaagec ctaactgtgg
ggacd%ttat agacgtgggg agtgtcaatg gagtcettcag gattgacace

10 L T v

AV

L E I S A P L T v T S E A>
e REPEAT 4 e >

15 360 370 380 390 400
ctgcegecge acctcetaatg gbecgegggeca acacactcac catgcaatcea
gacggegyeg tggagattac cagegecegt tgtgtgagtyg gtacgttagt

L T M O 8>

__REPEAT 6___ >
20 A A A A P % M Vv & @G N T>
d__ REPEAT 5 d >
410 420 430 440 450
caggccccge taaccgtgea cgactccazaa cttagcattg ccacccaagg
25 gtecgygggeg attggeacgt getgaggttt gaategtaac ggtgggttec
L 5 I A T QO G>

REPEAT 7 >
Q AP L TVH D s B '
REPEAT 6 c >
‘30
460 470 480 490 500
acccctcaca gtgtcagaag gaaagctage cectgacgta gcaagcttac
tggggagtgt cacagtctte ctttogateyg gggactgeat cgttcgaatg
L A>
35 ‘ ___a>




LUNG SURFACTANT PROTEIN D TRIM -k > 560 570 580 590 600 1gggﬁ9§fgﬁ%
acaaaaaggt agagttgttt c.caaacggag ccaagaagct aaatcggtta tgtttttcca
tctcaacaaa ggtttgcctc ggttcttcga F S QY KKV ELFPNG LUNG
SURFACTANT PROTEIN D TRRM> A KK L> 1 > 20 25 >Clal 1 610 620 630 1 640
650 gaacgal§d¥"8gccecca agagcgacce at cgat cgt a gacaac BRIkt gcgg

gt ccgggggt tctcgctggg tagctagcat ctgttgttta N DA QAP K S D> SPA 48-60 1
>PSI> m>VDNK> 30 o > 35 660 67044680690 700 tcaacaaaga
acaacaaaac gcgttctatg agatcttaca tttacctaac agttgtttct tgttgttttg
cgcaagatac tctagaatgt aaatggattg FNKEQQNAFYEI LHL P N> 18
January 2005 WD 02/08263 PCT/ GO /03252 - - 147 - - 0 o Z-DOM?’N a o > 710
720 730 740 750 ttaaacga%g pagaacgaag, ¢ cc%}catc caaagtttaa aagatgaccc 5
aatttgcttc ttgttgcttt gcggaagtag gtttcaaatt™ttctactggg L NEE QR NA F |
QS LKDDP>0 o Z-DOWN o o BEFEAT 760 70 780 790 800

P bV & 85 L>»
LUNG SURFACTA >

510 520 530 540 550
gacaacadgqt agaagcecttg caagggcagg tacaacactt acaggcggea
ctgttgtecea tetteggaac gttccegteoco atgtigitgaa tgtccgecgt
R Qg Q. v EA L Q G Q¢ V Q HIL Q0 A &>

10 ' LUNG SURFACTANT PROTEIN D TRIM;k >

560 §70 580 590 600
tttagecaat acaaaaaggt agagttgttt ccaaacggag ccaagaagcet
aaatcggtta tgtttttcca tctcaacaaz ggtitgecte ggttcttega

15 F SO YXKEKV ELF P N G
_____ LUNG SURFACTANT PROTEIN D TRIM >

20 . >Clal
;

610 620 630 f 640 650
gaacgacgcec caggecceca agagcgaccce atcgatcegta gacaacaaat
. cttgetgegg gteegggggt totcogetggg tagetageat ctgttgttta

25 N D A c A P K S D>

SPA 48-60_1 >

F s I>

jeid >

\ D N K
30 __ o >
660 670 680 690 700
tcaacaaaga acaacaaaac gegttcetatyg agatettaca tttacctaac
agttgtttet tgttgttttg cgcaagatac tctagaatgt aaatggattg
35 F N K E ¢ ¢ ¥ A F Y EIULUH L P N>




10 aagccaaagc gctaacttgc tagcagaagc taaaaaacta aat gat gct d8tlangmy L00F
cgattgaacg atcgtcttcg atttttcgat ttactacgag S QS ANL L AEAKKLND’
A> 0 o Z-DOM/N o o > 15 810 820 830 840 850 aggcgccgaa aagctcgacc

gt agacaaca {ihmsdasaa agaacaacaa tccgcggctt ttcgagctgg %ﬁﬁ}g&%&
ttaagttgtt tcttgttgtt QA P K> 20 -0-> VDNKFNKE p~Z-DOM?’N p >
S S T>25 30 35 > 860 870 880 890 900 aacgcgttct atgagatctt acatttacct
aacttaaacg aagaacaacg ttgcgcaaga tactctdgda-tgtaaatgga ttgaatttgc
ttcttgttgc NAFY. EI LHLPNLNEEQIt> ~"_ "~ p _1? Z-DOWN* p p
> 910 920 930 940 950 aaacgccttc atccaaagtt taaaagatga cccaagccaa
agcgctaact tttgcggaag taggtttcaa attttctact gggttcggtt tcgcgattga N A F |
QSLKDDPSQSAN _p p_Z;DOVPN p pZ c}%ﬁ January 2005 WO 02/ 08263
PCT/ GBO / 03252 - - 148 - k) 6—996—16?36—{—ge{—agcaga
agct aaaaag ctaaatgatg ctcaggcgcc gaaat aactc acgatcgtct tcgatttttc
gatttactac gagtccgcgg ctttatt gag 720 730 740 750

ttaaacgaag aacaacgaaa cgccttcatc caaagtttaa aagatgaccc

.5 aatttgcttc ttgttgettt geggaagtag gtttcaaatt ttctactagg
L NE B Q RN A F I ¢ 5 L K D D P>

o o_Z-DOMM__ o o >

! 780 770 780 790 800

10 aagccaaage getaacttge tagcagaage taaaaageta aatgatgetc

tteggtttog cgattgaacg ategtctteg atttttegat ttactacgag
§ Q 8 A N L L A E A K K L N D A>
[} o _Z-DOMN o [} >

15 ' 810 820 B30 840 B850
aggcgccgaa aagctegacc gtagacaaca aattcaacaa agaacaacaa

tccgeggett ttcgagetgg catctgttgt ttaagttgtt tettgttgtt

Q A P K>
o >
20 VDN K FNZEK E Q O
' ’ p_Z-DOM™N__ p >
5 5§ T>
>
25 860 870 880 890 900

aacgegttet atgagatett acatttacct aacttaaacg aagaacaacg
ttgegeaaga tactctagaa tgtaaatgga ttgaatttge ttcttgttge
N A F Y E I L H L P N L N E E Q¢ R>

) p_Z-DOM™M_ p =) >

30
910 920 930 940 950
aaacgectte atccazagtt taaaagatga cccaagecaa agogetaact
tttygcyggaayg taggtttcaa attttctact gggttcggtt tegegattga
N A F i 0 s L K D D P 5 Q 5 A N>

35 D p_Z-DOMIN__p p__ >




LLAEAKKLNDAQAPK> p Z-DOWN p gag ctc 151§5RdanPeod¥0.: 47 -
Anti 3-gal actosi dase single chain Fv fragnment

ATGGCCGAGGT GCAGCT GGT GGAGT CT GEGEGAAGCCT GGT CAAGCCT GEEEGEG
TCCCTGAGACT. GCCTCTGGATTCACCTTCAGTAACTATAGCATGAA
TGGGTCCGCCAW GGGGCTGGAGTGGATcTcATc:CATTAGTGGTAG‘g chsomzs:
TAGTAGATACATATACTACGCAGACT TCGT GAAGGGCCGATTCACCATCTCCAGAGAC
AACGCCACGAACTCACTGTACCTGCAAATGAACAGCCTC SCGAGGACACCCCTG
TTTATTACTGTGTGAGATCCAGTATTACGATTTTTGGT ATGGACGTCTGG
GGCAGAGGCACCCTGGTCACCGT CTCCT CAGGT GGAGGECGGT TCAGGCGGAGGT GG 25
CAGCGGECEGT GECGGATCGCAGT CTGT GCTGACT CAGCCTGCCTCCGTGTCTGGGT
CTCCTGGACAGT CGATCACCAT CTCCTGCGCTGGAACCAGCAGTGACGT TGGTGGT

TATAACTATGTCTCCT GGTACCAACAACACCCAGGCAAAGCCCCCAAACT CATGAT >Xhol
TTATGAGGACAGT AAGCGGCCCT CAGGGGT TTCTAATCGCTTCTCTGGCTCCAAGT
CTGGCAACACGGCCTCCCTGACAATCTCT CCA GAGGACGAGGCTGAT. 30
TATTACTGCAGCTCATATACAACCAGGA CGA TCGGCASAGEGACCAN 1000

GCTGGCCGT CCTAGGT GCGGECCCCATHAATASNASCTEEAFC TCAGASGACSATEF@A gaaataacte
ATGGGGECCGCACATCACCATCAT CAAT 8 tdgituaity 2008 ctac dfbtSochd BldRitgad: A
nodi fied virus conprising one or nore non-native polypeptides, which’
pol ypepti de conprises one or nore framework noieties- which possesses a
fol ded three 5 di nensional structure, each, franmework noiety_containing
one or nore binding noieties,a mhichgpal ypeptisgle Asgcapabl - of being
expressed in the cytoplasm and nucleuslgjn0 . manmal i an host gell in a
conformation which is mai i —in—thé absence™of—a—t+ifand for said

bi ndi ng méeties, said 10 conformation allow ng said binding noieties
subsequently to bind w gdy said |igand, and which pol ypeptide is capable
,of transport though' thccpuclear menbr ane, wherein said nodified virus
has an altered tropismconferred by said binding noieties.

i85 SEQ I.D. No.: 47 - Anti B-galactosidase single chain Fv
fragment

ATGGCCGAGGETGCACCTGETCCGAGTCTEGGEEREAACCCTEETCAAGCCTEGAREE
TCCCTGAGACTCTCCTGTIGCAGCCTCTGGATTCACCTTCAGTAACTATAGCATGAAC
20 TGGGTCCGCCAGGCTCCAGCGGAAGGEGCTECAGTGGATCTCATCCATTAGTCGTAG
TAGTAGATACATATACTACGCAGACTTCGTGAAGGGECCGATTCACCATCTCCAGAGAC
AACGCCACGAACTCACTGTACCTCGCAAATGAACAGCCTGAGAGCCGAGGACACGECTE
TTTATTACTGTGTGAGATCCAGTATTACGATTTTTGETGCCCGTATGCGACGTCTEE
GGCAGAGGCACCCTGGTCACCGTCTCCTCAGGTGEAGGCEETTCAGGCGGAGETGG
25 CAGCGGECGETGECGCATCGCAGTCTETGCTGACTCAGCCTECCTCCETETCTGGET
: CTCCTGGACAGTCGATCACCATCTCCTGCGCTEGAACCAGCAGTGACGTTECTGET
TATAACTATGTCTCCTGEGTACCAACAACACCCAGGCAAAGCCCCCAAACTCATGAT
TTATGAGGACAGTAAGCEEGCCCTCAGGGGTTTCTAATCGCTTCTCTGECTCCARGT
CTGGCAACACGGCCTCCCTGACAATCTCTGGECTCCAGGCTGAGGACGAGECTGAT
30 TATTACTGCAGCTCATATACAACCAGGAGCACTCGAGTTTTCGGCGCGAGGGACCAA
GCTGGCCGETCCTAGGTGCEGECCGCAGAACAAAAACTCATCTCAGAAGAGGATCTGA
ATGGGECCECACATCACCATCATCACCAT




15 2. The nodified virus of claim1l which is derived fronsgJanodry 2oossel ect ed
fromthe group consisting of adenoviruses, retroviruses,.|lentiviruses,
adeno -associated viruses, Reoviridae, Picornaviridae, Parvoviridae, 20

Papovaviridae and Caliciviridae. 3. The ified virus of claim1l or claim-
2 which is  derived fromhuman adenovirus 25 4. The nodified virus of any -
one of clains ]."to 3 which 1is derived from human adenovirus serotype S.

5. The nodified virus of any one of clains 1 to 4 wherein said non-native
pol ypeptide replaces, is 30 incorpoerated into, or forns a fusion protein

wi th, a viralclganpi:ei n conponent of the wild type virus. 6. The nodified
to 5 wherein said non-native pol ypeptide

virus of any _one of clajns | tc n,
and/or the vitral %5 ‘Hfﬂ’p%‘r%t’f’h?ﬁﬁepﬁﬂ@éﬁﬁ#ﬂgi et I meraanouenptliypept i de
is solubl e polypeplidesr, ewMiERMERALy éé?ﬂ£QUé6mF%QPésV§%%§/Q§25%or

c

PCT/.GB01/ 032%2 - - 150 - 7. .The no i,l;-pe Vi FuUs o alm 6 wherein g?eater
than 30% of %I%ﬁléneﬁ’gﬁ- natrl}c{}eetﬁ’cﬁ%(pewg?'ﬂ oPCERESTPFal acorfsokilad  bhoeein

conpri shng t Hémeosipatilyetpoigtnen | death ‘Eresenbrki mditty sebybhenfagetion
of cell lysapgs 8f &&kd e2R ' he nansnative polypeptide or Viral
conponent  pr ot 6I8n. corrpflljislsll1 g #ﬁi;inéc}%lélsa’t iw\%gcgoP?BgBFBgé&%ESTﬂ%P%f i ed
virus of any®bndeimc| axaressed 7in whdeei eytsepiham r ahdprmicieusomgonent is
- an_adenovi 1 ahamdfl {0 SioR BT 119 a T8on FOARLH &h W5 U GlA ARG her ein
sai d non-natjve . pol ‘%pt i de_i's i.ncorporated into ar adenoviral 11be
protein such*® &t t"ﬂ%J qed-y Fe I E@ab sgidckind bng dieiet s d overiich
theredfOis resmferhation TheloRdhgi ediv Hindahg?bieRe e@f sifidfiehtiy ©
wher ei n Sa'quQﬁkﬂﬁ%hx%.%%E%Pi&b%%.,C%n gr $§h9351§§e£E¥5% is capable
.of transport though the nuclear menmbrane, wherein said
modified virus has an altered tropism conferred by said
binding moieties. -
15 _
2. The modified virus of claim 1 which is derived from
a virus selected from the group consisting of
adenoviruses, retroviruses,. lentiviruses, adeno-associated
viruses, Reovipidae, Picornaviridae, Parvoviridae,

20 Papovaviridae and Caliciviridae.

3. The modified virus of claim 1 or claim 2 which is

derived from human adenovirus

25 4. The modified virus of any one of claims 1 to 3 which

is derived from human adenovirus serotype 5.

5. The modified wvirus of any one of claims 1 to 4
wherein said non-native polypeptide replaces, is

30 incorporatgd into, or forms a fusion protein with, a viral
protein component of the wild type virus. |

6. The modified virus of any one of claime 1 to §
wherein said non-native polypeptide ~and/or the wviral
35 component protein comprising the non-native polypeptide is

- soluble in a cellular environment.



further elenments that mmc the native structure or in Wy ¢huagiFhos
non-native polypeptide is incorporated or which said non-native

pol ypeptide replaces. 20 function of a viral conponent protein 11. The
nodi fied virus of any one of clains 1 to 10 25 wherein said non-native
pol ypept i deVqI¥Hht " contain any di-sul phide bonds. 12.PEHEBHEESE ed virus
of any one of clains 1 to 11 wherein the non-native pol ypeptide conprises
one or nore 30 a-helical structures.. 13;35dhe rodified virus of any one of
claims 1 to 12 wherein said non-native polypeptide conprises a franmework
noi ety derived froman antibody which is capable of 35 productive folding
in the cytoplasm and subsequent 18 January 2005 WO 02/ 08263 151 transport
into the cell nucleus, PCT/GB01/03252 14. The nodified virus of claim 13
wherein said frdmewofRe Redbtieksrprpset shaimr6 nwherddimdinegteapi bhams
derived from 53a%CBR the andnHridtaeapbljaeditiakbor Thke Methdli @dmpbhsist of any

one of clains 1 ¥$HH i a ept.i de.is _or conprises
a conbi natori aFEQB%%tI ein ﬁsralrﬁlaakﬂ @%1"%%%636%688&%‘2 o (?d t8JPOEPTR rrgf any
one of claims 1*Fo 8 wFRYEYE s Fﬂc%Hﬂlnéﬁlv€ebélybﬁ%ﬂﬁQﬁe eénpeelbs one or

more framéwor kerpress gy dérd ved-haoiva dedgbept alle r@@apﬁ@ cbRpddent he
I'TDdI fl ed VI rus Bi‘o@@i/n p(?cfls(il'lg ﬁﬁ% (Ej‘l. n:;][g:l.\% ggbqgg I n Sal d hon- natl ve
e

pol ypepti de conprises one or |c?| are present
within oné or nore |oops of a helical bundl e and/or one or nore of the

| oops connectifg tese hoatissl 20rds. oFhenpodinki ask viTasmsdf sclai m 16
wherein said wherein said viral protein component is an adenoviral
10 fiber protein.

9. The modified virus of claim 8 wherein said non-native

polypeptide is incorporated into an adenoviral fiber

protein such that the wild-type fiber knob or cell binding
15 domain thereof is removed.

10. The modified wvirus of any one of claims 1 to 9
wherein said non-native polypeptide comprises one or more
further elements that mimic the native structure or

20 function of a wviral component protein in which said
non-native polypeptide is incorporated or which said
non-native polypeptide replaces. |

11. The modified wvirus of any one of claims 1 to 10
25 wherein said non-native polypeptide does not contain any
di-sulphide bonds.

12. The modified wvirug of any one of claims 1 to 11
wherein the non-native polypeptide comprises one or more
30 c-helical structures.

13. The wmodified vifus of any one of c¢laims 1 to 12
wherein said non-native polypeptide comprises a framework
moiety derived from an antibody which is capable of
35 productive folding in the cytoplasm and gubsequent




non-native pol ypeptide conprises one or nore franmework {8QhRGdS06Her1 ved
fromthe imunogl obul in binding Z-domain from staphyl ococcal protein A or
an i mmunogl obul i n binding 25 domain from streptococcal protein G 19. The
nodi fied virus of any one of clains 1 to 18 wherein said non-native
pol ypept i deVOMPFees one or nmore framework noieties whFEHCBYAI®se a non
native 30 trinerisation notif. 20. The nodified virus of claim19 wherein
said non-native pol ypeptide conprises .ongior nore franework noieties
whi ch conprise the neck region peptide fromhuman 35 |ung surfactant
protein D. 18 January 2005 WD 02/08263 PCT/GBA /03252 - 152 - 21. The
nodi fied virus of any one of clains 1 to 20 which conprises two or nore
di fferent non-native polypeptides. 5 22. The nodified virus of claim?21
whi ch conpri ses F2H3PPEE g% 2 (1 G&lhdN{IENEi-de which binds a target cell
and a second non-native pol ypepti de which binds a production cell or
perm ssive cell.140 ke dbefTRdl 18k Wr UPa B 13NYnORELLEaE) A llieholf 22
wherein said non-naglve @@%épeptlde conprises .a cleavage _Site positioned
in a location tH&t“eHabf B e 7 TRET é‘?“y‘d&flgtq‘\%l%ﬁ-sné?#%%éwﬁepti de
to be cl eaved fraofiDR ké apleftimd wntiisedyl5 24. The nodified virus of any
one of clains 1 to 23 wherein said virus conprises a nodified vira
conmponent conprjsing,said _non-pative polLypeptide and a correspondi ng
unrodi fi ed vi rallion'%gﬁemodé.gb?&lavﬁ‘f%-‘P%p@ngi RBF & €219 dodi?i &d fi ber.
25. The nodi fi ewhgnein gfaighynameabivel aphppdptinle?4is wher ebnpsbial a
non. nat i ve pol YRRRidRr 6O ssetetn AU GeriBbGyY capabl e of binding to a
cel | specgééf | i gand which 25 may optionally be Prostate Specific Menbrane
Ant i gen, ' receptor, Her-2/Neu, VEGF receptor, CD22, gpl20,

16. The modified wvirus of any one of claims 1 to 15

whereln said non-native polypeptide comprises one or more
framework moieties derived from a bacterial receptor.

15 17. The modified virus of any one of claims 1 to 12 or 16
wherein said non-native polypeptide comprises one or more
binding moietieg which are present within one or wmore
loops of a helical bundle and/or one or more of the loops
connecting these bundles.

20
18. The modified wirus of claim 16 wherein said
non-native polypeptide comprises one or more framework
moieties derived from the immunoglobulin binding Z-domain
from staphylococcal protein A or an immunoglobulin binding
25 domain from streptococcal protein G.
19. The modified virus of any one of claims 1 to 18
wherein said non-native polypeptide comprises one or more
framework moieties which <comprige a non native
30 trimerisation motif.

20. The modified wvirus of claim 19 wherein said

non-native polypeptide compriges one or more framework

moieties which comprise the neck region peptide from human
35 Jung surfactant protein D.



VHC/ pept i de conpl exes or nenmbrane structures or surface 18DA@H 2005
expressed or present on proliferating cells, tunor cells or virus infected
cells. 30 26. The nodified virus of any one of clains 1 to 25 which

site for insertion of one or nore desired therapeutic

further conpri

genes or mr]@Peuﬁlﬁsszg% d nol ecul es. 35 27. The nodified vi rtfd’E¥18%7 m 26

whi ch conprises 18 January 2005 WD 02/ 08263 PCTI GBA |1 03252 -W- 153 -
transgenes encodi ng cytosi ne deam nase- ars#/ er —-uracil phosphori bosyl
transferase either as separate genes or together as a bifunctional fusion
gene. 5 28. The nodified virus of any one of clainms 1 to 27 which further
conprises a viral conponent which is replaced wwth an equival ent conponent
froma different serotype or is nodified such that binding of said virus
by anti bodies pre-forned to,the wild type conponent is reduced. 10 29. The
modi fi ed virus - clfapnmed filedr eims gifdavy rate ofoapaoiient. ke 20 hvéxah
protein. 30. A doufirficed tid dr RERRERNE LN %Eﬁ%@tﬂ@"?&@kb¥ﬁtiéeﬁs.

pol ypeptide as defined in any one of claims 1 to 25. 31. cell containing
a nodified virus or viral protein as defined in any of the clainms 1 to 30.
20 32. A perni sKi-veTee| mogdfied nBéres eafviclasmagldefiinbd dompraags one of

cl S@ s é to 29 filvisehnés-eapebl soBfpdiRiag wiidd Bg_ﬁ]@s 0 cArgeasaln %ghd g
nodi fied virus. . . r cing, a ed_virus efined in.
25 any one of dl }%ﬁgéﬁnﬁég%gltﬁ&rec@#%%ﬁ? ree,wrﬂgghpbftgﬁd%gat%aas“é:géﬁg of: i)
genetical |y nodelyi AR Rexmimgd veocptbduce a nodified virus conprising one
or nore non-native-pol ypeptides, which pol ypeptide conprises one or nore

framevor k, gioi ees 3 aghs £008 L0109 9Pea8 TRECLPI NG TPi eli g5, which
wherein said non-native polypeptide comprises a cleavage
site positioned in a location that enables a binding
moiety of the non-native polypeptide to be cleaved from
the modified virus,

15
24. The modified wvirus of any one of claims 1 to 23
wherein said virus comprises a modified viral component
comprising said non-native polypeptide and a corresponding
unmodified viral component e.g. a wild-type fiber and a
20 modified fiber.

25. The modified wvirus of any one of claims 1 to 24
wherein said non-native polypeptide comprises a binding
moiety capable of binding to a cell specific ligand which
25 may optionally be Prostate Specific Membrane Antigen, EGF
receptor, Her-2/Neu, VEGF receptor, CD22, gpl20,
MHC/peptide complexes or membrane structures or surface
molecules expressed or present on proliferating cells,
tumor cells or virus infected cells,
30
26. The modified virus of any one of claims 1 to 25 which
further comprises a gite for insertion of one or more

desired therapeutic genes or nucleic acid molecules.

35 27. The modified wvirus of claim 26 which comprises




pol ypeptide is capable of being expressed in the cytopl asgyamiad, sueel eus of
a mammal i an host cell in a conformation which is maintained in the absence
of aligand for said binding noieties, said conformation all ow ng said

bi ndi ng 35 W%g? subsequently to bind with said ligand, and which 18
January 200 08263 PCT/ GBOL/ 03252 - - 154 - pol ypEpVFBES2 capabl e
of transport though the nuclear nenbrane, wherein said nodified virus has
an altered tropismconferred by said-hingisng poieties; ii) infecting

perm ssive cells with said nodified virus; 5 iii) culturing said cells to
produce the virus; and iv) harvesting, and optionally, purifying the

nodi fied virus produced. 10 34. A nethod of regulating the replication of
a nodified virys as defined in any one of clains 1 to 29 conprising the
steps of: i) colrfts]iatntf@faflﬁ@ LHRFLFLedCViIsides udepminasen ahddomgairasiile i s
posi tioned bet waBsghbiritosigl noratgferegei kednédr adb sephkataf gehignoand the
remai nder of the-dJeeaabi gant B@fhﬂhgiggg@%@%noéeﬂ@j ch the binding noiety

forms part; and, 1i) bringing sald reconbinant“virus into contact with a
cl eavage agent or cl eavage neans capable of cleaving said binding noiety
from sai d viral 2Bonp&hemodirfdetinet iy o20apy @renbs ngldiie neeondi RARLL Vi rus

from under goi ng duthbercondHigel i R 1G¥%E! & po%%ntﬂvﬂ&eékpqg of Paeée%{ m, Eilng the
suitability of a_non- .native olﬁ/peptlde or ‘'use 1n the pr%para 'ohtof a
viral 25 vector By FEEEPrFRF ngori‘ @enl| dEPMi #ydiffered) |sexpEyem o86is A

met hod as cl ai mewdifieflabncB5thdt chindigy | e sdife vidhepDyofantibo8Xxesessi ng

said non-native pal ¥agRld % hedwy 1A dlyn3UofMRONLs REGLELA, COMPrising
S,

sai d non-nﬁsive pol ypeptide in perm ssive C

29. The modified virus of claim 28 wherein said viral
component is a hexon protein.

30. A modified viral protein comprising a non-native
is polypeptide as defined in any one of claims 1 to 25.

31. A cell containing a modified virus or viral protein
as defined in any of the claime 1 to 30.

20 32. A permissive cell for a modified virus as defined in
any one of claims_l to 29 which is capable of being
cultured to propagate said modified virus.

33. A method for producing a modified virus as defined in
25 any one of claims 1 to 29 in cell culture, comprising the
steps of:
i) genetically modifying a virus to produce a modified
virus comprising one or more non-native - polypeptides,
which polypeptide comprises one or more framework moieties
30 each containing one or more binding moieties, which
polypeptide is capable of being expressed in the cytoplasm
and nucleus of a mammalian host cell in a conformation
which is maintained in the absence of a ligand for said
binding moleties, said conformation allowing said binding
35 moieties subsequently to bind with said ligand, and which




ii) subjecting the cells to lysis to produce a cell |ys@Rnuaryi2bos

separating the soluble and insoluble fractions of the 35 cell '|ysate; 18
January 2005 WO 02/08263 PCT/ GB01/ 03252 --155- iv) analysing the soI ubl e
and insoluble fractions of the cell lysate for the content of said
non- nati ve 13§|°§/?> Btide or viral conponent protein conpriSYH 4%y

non-native polypeptide; 5 and, v) conparing the relative content of said
non-native pol ypeptide or vi r al componersls protein conprising said
non-native pol ypeptide in the soluble and insoluble fractions:10 37. A
met hod of assaying the solubility of a non-native polypeptide as -defined
in any one of claims to 25 or a m)dlfled vi ral protein as defined in

claim 30, whic rret h (::lego rlcsesb egs of : 15 Xpr.essi n sai d
non-nat i ve pol yPeptr e or a“viraf ?r% h esﬁﬁ’gj’ &3t d
non-native pol Vs |aae iwheyEd i Sasﬁl\sﬂe ms:sillfsedl I‘\)llsmbj kati ag tdleezebl s to

| ysis to producgcpietl bonfgﬁlaécpbyzgaid |ﬁlnagﬁgrﬁéié1glggqe sol ubl e and

i nsol ubl e fractl ns.Q et h{en c%l | .lysate; #v ar alo%tl ?l éh sol ybl e and

i nsol ubl e fractions of the 't Irmf % PSSt W tried §iR9R: nat i ve
pol ypepti d& or iy aFudbwpbiermaigr oebls tcoppristagtismivdmen- nati ve 25

pol ypepti de; araﬁlld v) conparing the relative content of said non native

pol ypeptide or ra nent protein conprisin aid on-nat.i_ve
pol ypeptide in’ e 15181%9‘%?19 FEHd alpnﬁfs)ocip&ﬁfjﬂafg-‘é’ f?'é%’tfyolrﬁg the modified

v1rus produced.

10 34. A method of regulating the replication of a modified
virug as defined in any one of claims 1 to 29 comprising
the steps of:

i) congtructing a modified wvirus such that a cleavage

. site is positioned between a binding moiety required for

15 cell infection and the remainder of the recombinant viral
component of which the binding moiety forms part; and,
ii)  Dbringing said recombinant wvirus into contact with a
cleavage agent or cleavage means capable of cleaving said
binding moiety from said wviral component and thereby

20 preventing the recombinant virus from undergoing further

infection cycles.

35. A method of determining the suitability of a non-
native polypeptide for use in the preparation of a viral
25 vector by determining its solubility in a cell system.

36. A method as claimed in claim 35 which comprises the
stepa of:
_ i) expressing said non-native polypeptide or a wviral
30 component protein comprising said non-native polypeptide
in permissive cells;
ii) subjecting the cells tc lysis to produce a cell
lysate;
iii) separating the soluble and insoluble fractions of the
35 cell lysate; | |




38. The nodified virus of any one of clains 1 to 29 for 1gusmubfy 20081 apy. 35
39. Use of the nodified virus of any one of claims 1 to 18 January 2005 WO
02/ 08263 PCT/ GB01/03252 - - 156 29 in the preparation of a medicanent for

the treatmept of umour cells or proliferating cells. 40, A pharmaceuti cal
corrpositionw(?oog‘ﬂ’leﬁ_‘ii ng a modified 5 virus of any one of PFeVEPHES®?t 0 29 and

a pharmaceutically acceptable carrier or excipient.
- - 155 - -

iv) analysing the soluble and insoluble fractions of the
cell lysate for the content of said non-native polypeptide
oxr wviral component protein comprising said non-native

polypeptide;
-5 and,
V) comparing the relative content of said non-native

polypeptide or viral component protein comprising said

non-native polypeptide in the soluble and insoluble

fractions '

io
37. A method of assaying the solubility of a non-native
polypeptide as defined in any one of claims 1 to 25 or a
modified wviral protein as defined in claim 30, which
method comprises the steps of:

15 i) expressing said non-native polypeptide or a wviral
component protein comprising said non-native polypeptide
in permissgive cells;

ii) subjecting the cells to 1lysis to produce a cell
lysate;

20 iiil) separating the soluble and insoluble fractions of the
cell lysate;

iv) analysing the soluble and insoluble fractions of the
cell lysate for the content of gaid non-native polypeptide
or viral component protein comprising said non-native

25 polypeptide;
and,

V) comparing the relative content of said non-native
polypeptide or viral component protein comprising said
non-native polypeptide in the soluble and insoluble

30 fractions.

38. The modified virus of any one of claims 1 to 29 for
use in therapy.

35 39, Use of the modified virus of any one of claims 1 to
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29 in the preparation of a medicament for the treatment of

tumour cells or proliferating cells.

40. A pharmaceutical composgition comprising a modified
virus of any one of claims 1 to 29 and a pharmaceutically

acceptable carrier or excipient.




