18 January 2005 WO 02/08263 PCT/ GB01/ 03252 Modi fied Vi ruggThgudty 26@nt
invention relates to novel reconbinant 5 viruses suitable for use in gene
t herapy. Such reconbi nant viruses exhibit an altered tropismconferred by
i ncorporation of one or nore non-native pol ypeptides into one or nore
viral conpowerzsszédr the replacenent of such conponent spoyGBomspRt i ve

pol ypepti des. These non- 10 native pol ypepti des can conprise el enents which
mmc the structure of the original viral conponent so as to permt

i nclusi on of the polypeptide in functional ~virion particles. These
non-nati ve pol ypeptides can also conprise elenents which confer a
non-native ligand 15 binding function (i.e. altered tropism to such virion
particles. Essentially, the non-nat¥edifisd, Nisusdes enployed in the

i nvention have prinary and secondary amno acid structures that enable
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Today, ten years af I-on, can envi sage the use of gene
therapy to tredtieliq theasEaratun fadbs, OE%Hﬂﬂﬂl VlFﬁ%I%@WEﬁQﬂ?¢ gieseases and
i nfectious di seaseas puehiasindbisHlov. oﬁttpéqsﬂqmmthﬂQVEm fgeaohlerapy is

still not a use&f@iéﬁap%%@ﬂ@igs?OQEmﬁe non-native polypeptides can

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 functicnal
recombinant wvirion 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
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is that gene therapy demands the packagi ng of the genes to be " delivered
into gene-carriers, or vectors, which can be admnistered to patients and
which will target the genes 5 only to the intended cells. Such vectors have
so far not woeensmvail able in reliable form Several clagsespofioesy uses
have been considered as vectors for gene therapy applications, the nost
commonly ] 0 used bei ng adenoviruses, retroviruses, lentiviruses and

adeno- associ ated viruses. |deal vectors-fér-gene therapy woul d be those

whi ch can be admpistered systemcally and yef deliver the desired 15
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cell's, has beenngeskédibedaasabbe H0lne1968it afrm.gene therapy. 25 One of the
nost widely investigated group of vectors for gene therapy applications is
t he adenoviruses. Hunan adenoviruses are divided into six hemaggl utination
groups (A-F) an8ceaehl irdaages uef mettumesghaug beenf gonhiédeBéd sasbdi vi ded into

di fferent serotypesorsAfori Bedd | tidiens \iﬁisi;ﬁ&aﬁﬁl?fn%,tﬁﬁ@ 89 1di ddnlo®Al, human
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henagglutinatioﬁd%ﬁQﬂﬂ§599i3§é¢mﬁﬂﬂﬂﬂaﬁuses (Ad) are DNA viruses wi thout an
envel ope, '

Ideal vectors for gene therapy would be those which can
be administered systemically and yet deliver the desired

15 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 - wviral 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 for
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



shaped as regul ar icosahedrons with a diameter of 60-85 38 jdambyos2005 WO
02! 08263 PCT/ GB01/ 03252 -- 3 nm The adenoviral capsid conprises 252
capsoneres, 240 hexons and 12 pentons (G nsberg et al., Virology, 28, 5
782-83 (1966)). The hexons and pentons are derived from three viral
proteins. Th® dxexwsn conprises three identical proteins ecTRBé1/easno aci ds

each, nanely polypeptide Il. The penton contains a base, which is bound
to the capsid, and a fiber, which is non 10 coval ently bound to, and
projects from the penton base. Proteins3 X \F and Illa also are present

in the adenovirg| coat and are thought to stabilise the viral capsid. 15
Cell binding takes place through the fiber proteins, anchored to the
virion at the vertices of the icosahedron. The fiber protei n is not

necessary for asmeatbyoanthl Gda@a&a ebmp ARG 280! EOBSomATIETD virions

take place in t I ed.cel.ls The f| ber rot which is
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functional Iy reSp8hei®s & rorVTf PB@rII:E‘? Bt saei pregdnte inji thencor porates a

trinerisation adenoviral coat and are thought to stabilise the wviral
capsid.

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



35 notif). Each shaft repeat has two three-amino acid reggoasuanbeds 18
January 2005 WD 02/ 08263 PCT/ GBOL/ 03252 - 4 form beta-sheets and two ani no
acid regions which constitute the turns of the native extended fi ber
shaft. The crystal structure of the trinerised, cell binding domain has
been det er mwoed/osaasl shows a uni que topology 5 different PCEGBDL/BRS:2
anti-parallel a-sandwiches (Xia et al., Structure 2: 1259-1270, (1993)).
Binding of the fiber to the penton base of the virion can take place also
in acell-free system i.e. the fiber can4bind to fiberless virions
(Boudin et al. ol.,0 16; 589~ 10 604, (1982) Efforts to nodify
adenovirus fibers IE\ e SJ["&&ES PG SFhiTHaRP ??:b‘i Qe&l&nél Waichn order to
modi fy the proﬁ@PFFé%u%ﬁ Qe iovns ust Vet ontivé rxtmoaiegl Eibyrihaitt.ering
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bi ndi ng | hgand 20, for attachment to target ce In the native

situation, this Qu’nc{l on |s medi ated by the wild type f| ber knob (which
binds to the cellular Ad- receptor). 1iv) the capability of transport into
the nucl eus of Eifdwnt ad eeblisy addmIvirasVEisdrs qeVigl Usré@id@mtion. This

recombinant fiber proteins} in order to modify 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. This
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.



35 function is mainly, but perhaps not exclusively, nedigusdBy2dde Wl d
type fiber tail. 18 January 2005 WO 02108263 PCT/ GB01103252 - Previ ous
attenpts to change the tropi smof adenovirus have involved genetic
nodi fication of fibers and knobs. However, this approach has not proved to
be very suewerséus. A major problem has been the incorpecaiceoins2s20f novel
ligands in a functional context, which are capable of changing the tropism
without interfering with the trinerisation of the fiber. For exanple, a
short peptide ligand has been added C-te¥mnally of the knob (M chael et
al ., Gene Ther aB% 2: 660-8, (1995)) and a 10 nonapepti de has been
i ntroduced i nt ot BREIYHS &SRB to | Epee Fipi tiqRIpTepiapdencyinysy of |
72(12):9706- 971Bav¢ 1088)vedHoweveic r:tdd&fkna)bldsrasafaf\ibéyscmmllﬁmb&tructure
due to interacthgpsvdet \Qﬁﬁ_@ g?grgg&r}p% sl REE tS puhi& J_txhare necessary
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into other parts of the adenovirlon. uci ng t efra-am no
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cells. This B 15 dinkeFge

which are necessary to conserve cell binding and

etween the three fiber subunits

15 trimerisation. Therefore, the knob only tolerates
insexrtion 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, (199%6)).

30 A previocusly unaddressed problem encountered in the
production of efficient recombinant viruses for gene
therapy, is that of ensuring the functional folding of
recombinant components upeon 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



35 relevant where the wild-type virus to be engineered apphfysyootgonent
expression in these intracellular |ocations during replication, for
exanple, as in 18 January 2005 6 adene®i-rus. Fol ded protein structures,
particularly those which rely on disul phide bonds in cysteine bridges to
mai ntain a functionally correct conformation, for exanple those derived
from anti bodi es29YEEsr eftfeleddPaP e ¥p| et upes ndvrtifet 3 oalthffien

expressed in thgni@duenpdon &M BATEBO L Rfast RE BYstaus gegd%yst Qgol as part
of a reconbinant, viral conponent. Thus, there exists in the art_an
unsati sfied and"prEditGugl FUHEPPRELY U SFee 8PP Meiotei HP 519G PURes whi ch

can retain a funeddc0@akive@nfromMBht oY) GXRIES Seddaseyikia- feaapanents in
these cellular conpartnents, such that the binding functjons which the
structures conp?tSe<sr TRApHETR L BRER PP H53R8 NG TindEABR "particul arly in
t he absence of éhe ddngand éorehewhiu€hedd ndicngyvtsselesisr edrt Tdyere are

t herefore major pbro I.em;tasso iated wth tPle ge}peti c enﬁi neeri ng of
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to be particul arrl(;/teiirrpg ta turséi ngg. rggrcea atients htave .been treated with
adenovi rus vect'ors than Wt h Ay "Bt AR y5&6F VEESFL P apnel | etal .,
Bi ot echnol ogy, &ni®ihatbdd, wheh994piesske apr eseal dcampenthod i ttiesect ed

towards circumyenting sueh problems ig the constructioncof . .genetically
re-targeted viruses for gene therapy,- where e new vPral Tropism has been
acconpl i shed byhimd thatsodudtures ofmrarisewoceshpdnmdiragain gamdndihg a viral

component br ot & e VMR- Feu by ) MNENHORGLE, 8 1l $he 8PREGL 9L L he
present invention there 1s prOV|d% a noditred virus conptising one or
nmore non- nati véigdl ppepinalds, debicdd pol ypeptide conprises one or nore
framewor k noi eties which possesses a folded three
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, (19%4)). 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 intoc a viral

component protein.

SUMMARY OF THE INVENTION

In a first aspect of the present invention there is
provided a modified virus comprising one or more nomn-
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



di nrensi onal structure, each framework noeity containing ®RnQaryPRLS

bi ndi ng noi eties, which polypeptide is capable of being expressed in the
cytopl asm and nucl eus 18 January 20056a6a of a manmalian host cell in a
conformati on which is naintained in the absence of a |ligand for said
binding noieties, said conformation allow ng said binding noieties
subsequent |y t o®bhih@@wrehiakib@ski g%hb,lrhﬁdcanf%wata@pngh dé i s capabl e of

transport thoughsithainugl Barne"BpbERNE o tVRET BB aicd IRk figfiivgr us has an
altered tropismconferred by said binding noieties. In a second aspect of

the present inVEMSTHTSt hete iCONIRFBYT R 22 L ABHTY i Bd v PLATLHT ot ei n

conprising a nomsiatic¥esudyRrapt { des asindeld oeds akovegahd, arddivhelcRspect of

the present invention there is rovided a cell containjing a nodified virus

or viral prot AN YREPEERF net C3BBbES Th EAPsAPTHh HKHEet Tt i Spresent

i nvention ther endnforapeoviigiedia peidimsdivacdelrirddmasd aRdifdtadavi rus, the

nodi fied virus as defined_above, whi C(ip cell is c.a%?.lbl e of being cultured to
PX 2% g

propagat e sai d WOE PGV FUIES PHRAES “Phe present invention

there is provided a nethod for producing a nodified virus, the nodified
virus as defined above in cell culLture, conprijsi n%.the st eps of : 1)

genetically modi'tyi r?&cgn%iafst?s?cﬂ:ooér%b%égege dtHy G O0i P Cdfpri si ng one
or nore non- natpaceripeblypepididésd vina X lprpokypepdidd s¢ogps i sesnanéver nore

framework noi et esggggg contai-ni ng gne or nore binding noieties, which

pol ypeptide is %oéﬁé) of c-’bseidreu:gfi%?(pr essed in the cytoplasm and nucl eus of

a mammual i an host cell in a conformation which is naintained in the absence

of a ligand f ai d . bi. ndi Letle i f Qr.nat | | ] owi ng said
bi ndi ng ni et i el iauﬁgéé’%e%ﬂ%%t{'%k b%llh%%vﬁet%%hgs%?‘%qqﬁlggn%?%engs\/\hi ch
pol ypepti de i s wapalded afcellr gnspartincheughdi htechuyglrearomentyedne, wherein
sai d

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
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 in the absence of a
ligand for said binding moieties, said conformation
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
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nodi fied virus 18 January 2005 -6b has an al tered tropi smecnbi&y2edsby said
binding noieties; ii) infecting permssive cells with said nodified virus;
iii) culturing said cells to produce 8k virus; and iv) harvesting, and
optionally, purifying the nodified virus produced. In a sixth aspect of
the present invention there is provided a nethod of regulating the
replication of RS #ddptFRPditraelst HePHsdrefelly \iaidsPasaHg i ned above
conprising the sdiepsesf: i) constructing a nodified virus such that a

cl eavage site js positioned between a binding noiety required for cell
infection and the r efHiSTdeRrY FeHHE SLER ofbt Iiarit thi $3t9d TOGAPHLRRNTL ¥ *whi ch
the bindi ng noietly farmmrpagtsaian@ellsi fo Midu@icagrsaiM rilg@¢oakd nant virus
into contact with a_cleavage agent or cleavage neans capabl e, of cl eaving
said binding nbflet fla\‘rr"(‘?ﬁtélg‘?’d 4 2P EBMPoRenP an Jtr}gertg‘ﬁymogjr ting the
reconbi nant vi rwiscdsr erpdinekey.goi ng further infection cycles. In a seventh
aspect of the present invention there is provided a nethod of determ ning
the suitability of a non-native polypeptide for use in the preparation of
a viral vectorimbhy deéekel rapeng ofstisolpteiskntyinvreraioel thesysisem In an

ei ghth aspect of_th [ ed a nmethod of

rese i,nvention there_ is I.QVI
assayi ng the scﬁruqtﬁlﬁie ya ol?er]caoﬁioﬁf hatt \?é_’lf)lgl ?/%%pﬁ%&écﬁgl%fq néd above or a

modi fied viral mquidtiednvasisdethaedoditite véeeonds aspésed ofbdvee present

O e RO CAPrLERY 4 SLeps o) 1), oxpressing sald

non- nati ve pol yipept idestirncpiergrias siodéfted |sirus8sdamudrar 200beavagrs
site is positioned between a binding moiety required for
cell infection and the remainder of the recombinant viral
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 solubility 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 said non-native polypeptide or a viral
component protein comprising said non-native polypeptide

in permissive cells;



ii) subjecting the cells to lysis to produce a cell |ysaB@anidry 2005
separating the soluble and insoluble fractions of the cell lysate. iv)
anal ysing the sol uble and insoluble f+@xctions of the cell lysate for the
content of said non-native polypeptide or viral conponent protein
conprising said non-native pol ypeptide; and v) conparing the relative
content of sai dthon- %Jle\‘/’élnﬁ)o@}ﬁpéﬁtllléet%rlXﬁllsaItOc@?ﬁb’hﬁ@ntﬂ pebtein

conpri sing sai diydyar-native pol ypeptide in the soluble and insol uble
fractions. In a n| nth aspect of the present invention there is rovi ded a
use of the nodi¥idd IRRAFSTARI S r‘?@éluﬁ%%v%nq Ansphee éfﬁércéf-?%?l Cbt?

nmedi canent for the dengaime,of tunour cells or proI iferating cel I s. In a
tenth aspect of, the invention_there is _provided a phar ma%eutl cal

resent
o st e ol i iy Tha P G LoPr tasnd asei RelE Hovs ahn of b

phar maceuti cal | yel11acgeptabi® caer tfitat @%xCkRi€Mon-DEIAE ED DESCRI PTI ON OF
THE | NVENTI ON T%ﬁé(l nvenél on described herein relates in part tqQ the
producti on of fRIMGEEBRATS rEc IHBRhaRT REIEREVPFAE T KPP i Gt%iSid i th a new
tropismfacilitadrecabyve egml\yplégtmﬁe, amlating (e.g. blocki ng or

i nactivati ng) th e native cell gtg nd e|t r aclnglt wi t h,
or adding, a non-naty W@r%?ygéepﬁe & 8%?‘?%933 Inﬁﬁl 2&tY© "bi ndi ng
| i gand and an Qxﬂe,nplaatlcﬂeflcrtemwanl osmpnientc. pi&te]:ama:ampr:’z@ﬂﬁg \6@162/ 08263

PCT/ GBOL1/ 03252 7 ie i, WD .99/ 41 kham in WO
98/ 54346 and Spoonélrg%énd é’ﬁgPB:sLd? nus g%(ﬁ% |sc oseblvarl ous

nodi fi cati ons tiraadenoyi raI conponents w t h the ai m of producing
reconbi nant viruses with an 5 altered tropism None of the these

di scl osures provide a solution to, or indeed address or even recognise,
t he In a ninth aspect 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

tumocur cells or proliferating cells.

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

acceptable carrier or excipient.

DETAILED DESCRIPTION CF 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.



probl ems associated with the expression of functional naqg-yaaidrygoos ral
conponents in the nucleus and cytosol of host cells, a problem solved by
the present 10 invention. Thus, in one aspect the invention provides a
nodi fied virus conprising a non-native pol ypeptide, which polypeptide
conpri ses ow® wsabre franework noieties i s each contai niPOY/GBORI3RS2 NDr e
bi ndi ng noi eties, which polypeptide is capable of being expressed in the
cytopl asm and nucl eus of a nmammalian host cell in a conformation which is
mai ntai ned in the absence of a |igand fof 3said binding noieties, said

conformation 20 ai d_bj_ndj |et es subs uent |, b|nd W th
said |igand, SBL ?%LQQ 3z k@ebggugg abW tﬁgﬁgpoF¥ #ﬁough t he

nucl ear marrbran% /%%’F@lafﬂfgéipeon%cﬁffq @@eVPY-‘PJ% ifaéJSaﬁ? 8BEeP@R tropi sm
conferred by saddsctmﬁﬁhvulﬂmnsembﬁﬁfldgilénsnﬂalédéﬁﬁvi%b&uﬁoﬁﬁaﬁEﬂi%ng to the

invention is th r i Ife native (i | d-type)
Vi rus. General i;]gp%%ilér%" %hégo T T US (%r.scegglaﬁ:%nan svu_‘é:hSteﬁa‘f’\,\{%‘;{1 a&o?/rgonent of

the virus i°s al BbFerPdtiirRtigral | Jorm &f &hgotheas v ssdoaires tymwigde. e.
unnodi fi ed) conposehiti@r tsyCbr iﬁdﬁadﬁa&ﬂf@@éLwﬁﬂevé&nﬁaaeaﬁlég figature is
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Advant ageousl y, accor resen r behavi our
of the conponenPo?sna%ﬂygﬂvﬂéﬁédcomﬁPQﬁPﬁér1Vwﬁﬁﬁ;n%Q%?“ﬁDéPﬂl@XFQﬂqius

differs functiofighdst awalsanauprmsliichi edltaathywe/ny peek¥pe) virus (e.g. by

exhi bi tinggan aiﬁ@é idfopism. As discussed 18 January 2005 V[)02/08263

PCT/GBOllOSZSZ - above (and also further below), the virus is

conveni ently nDdlfled usi ng genetlc engi neering techniques. Accordingly, a

nodi fied virus Beoeor dim@nkeoashbet piies éRveh V@D g @videsadvantagegusl y a

recombi nant virus 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. Advantageously, according to the present
invention, a property or behaviour of the component is

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



S virus. Anodified virus according to the invention can 1ggang@ybges from
any virus, and in particular any virus which may be used as the basis of a
viral vector for 10 gene therapy. Representative viral famlies include
adenoviruses, retroviruses, lentiviruses and adeno- associ ated viruses and
parti cul ar| wa nagsasle nenbers of the famly Adenoviri dae Por/GBON@R252vi 1 US
famlies where viral structural conponents are synthesized and/or 15
assenbl ed in the nucleus or cytosol of the host cell, such as Reoviridae,
Pi cornavi ri dae, Parvoviridae, PapovaV|r|dée and CaI|C|V|r|dae In a

preferred asDeCtaboJE“?é”dCQlé{rfﬁ%%% bETow ehtlon are nodified fornms of
adenoviruses, in particu Unan adenovitu thd ‘fBPe’20 particularly
Human adenOV|rusc?%¥ﬁ9¥?nb1Moﬁo¢&ﬁﬁeﬁeuﬁéﬂ?p@@ﬂ¢ﬁﬂ§ eagideérited herein is a

pol ypept i de sequesde iafueiswo Btcdﬁuﬂhgayln@ Béd dsied Rerus ol ngegyence of
which is not foungd if.4 f al,Ly |valent osition.in the am no
acid sequepce of tr?;‘ eﬁg Hggﬁﬂvﬁoglusls a&%‘ TS c Bl BFFPRRAEhe

wi | d-type vFraI'%Uﬂﬁ%nent protein to be englneered In certain preferred
enbodi nents of the invention, the 30 "non-native polypeptlde may al so be

non-native in then O%ELrﬁ%dotrfLPQ a%%%lf[ﬁbggtcln ”u{%at UVFEE“’ eoci%éng a

synthetically or_ artifjcial construc Stlde
According to tkmgﬁﬁﬁ¥$§nFrPﬁv%FN|Wﬁ¥usthén@oﬁidﬁﬁﬁﬂpéhaefanxIﬂernen natlve

pol ypeptide aft e»rhje)tpmgsbenumu taze the nba el dfulzakieayi v&uentoand, nore

contor mt i 28 11 %%ggggr %Q%QGQEEQgégﬁ lragTﬁou%§/qg%%%&ﬁd?ha;t?t is

conformation in the extra envi f onnent
capabl e of b|rMMQQTQQWl£USﬁ§S|?QﬁfOWPﬁaﬁﬁsr %?tkilFéééét%#d(ﬂdeOPher mol ecul e

expressed on t heasauicdrtedr faoes«af aadt pageiceldl vf orcl e nempdicki 88 Vi rus.

the family Adenoviridae or other virus families where
viral structural components are synthesized and/orx

15 assembled in the nucleus or cytosol of the host cell,
such as Reoviridze, Picornaviridae, Parvoviridae,
Papovaviridae and Caliciviridae. In a preferred aspect,
modified viruses of the invention are modified forms of
adenoviruses, 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 seguence 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



As nentioned above, advantageously according to the preggibnddlyendd on, the
non-native pol ypeptide, when expressed in the cytoplasmof a mamalian
cell has a 10 conformati on which may be nmaintained in the absence of a
ligand for the binding noiety(ies) of the pol ypeptide. Such a conformation
is thus a swabhesmwenformation. In other words, upon expmresgisonoizse t he
cytopl asm the pol ypeptide assunes a conformation which is maintained 15
in the cytoplasm and when the polypeptide is transported into the nucl eus
and incorporated or assenbled into a viral-particle. Mreover, the
conformation is,such that the binding noiety or noieties of the

pol ypeptide is OFSaFeLHmetignpihdiso FhERFE 2By SRTL TR texposed to i t.
Thus, an inport ahtulddbarsaichf thdle itor-snatpuklpaliypdptide tofa the invention
is that it is aBL81 ke MOlAngor L 8F! Ly Heeptle GRS oLo gy 05Ol of a

manmal i an cell i.e. ertlar;j/E or t I mensional structure
which pernmits CHEBTFITRY i¥n&PF T e BF‘f?id‘i’?\gEl orEEY (FRY) &9 BEe retai ned
(i.e. that & he ppddfied mdiresies retain their binding activity towards
their ligand). In other words, the binding noiety renmains capable of
functional bindin 30. to | t gand. The solubility of reconbi nant
proteins is con Fd’@?]éialoé’e Eﬂv‘?’mcﬁdé’%FgS?u?%|ar°C(961i1”é%tt‘? dHhE ng.

Ther ef ore non- npaesemt p@ivyepemm.desheofnohheatmmqlgrpep'aydadw&mh-ﬁgeousI y 35
be chosen not oekyréwséchqnf HH&téyQ&ﬁ‘Jl'ats)ﬁ 9% PIRGiRG iORi 41 PSasStabi ity of

conf or ITB.tI n and abilit art an assenbled virion, but also on
the basis8f 18°93heEP lf@oghv@ 6‘?%0??6@31‘-‘5@?3@91/163‘25‘2 absgRces QFuBi | ity
within cells inlipernd fomdohenatndimg poligpeptésie cfotha poIweptdaponent

protein contai nkAgh Of cHEBPRABIA & RARsNAL M IROLYRED dﬁPQ@mr@fe 1@Xpressed.
For exanple, reconbinant fiber proteins npy he test or 5 thelrr total

expressi on in eQk&TY IIGEEISe eUBOR | EFP1eR| R the CYtOplasmf the

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 to their

20 ligand, when exposed to it.

Thus, an important feature of the non-native polypeptide
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 iigand.

The solubility of recombinant proteins is considered a
gocd 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, stability of conformation and ability to form
part of an assembled virion, but also on the basis of



and the proportion recovered in the soluble fraction of q&hgan bodgysat es
determ ned. The Inventors have found that phenotypic analysis of 10
fiber-ligand fusion constructs expressed as reconbinant proteins in

bacul ovirus-infected insect cells showed that their degree of solubility
correl at ed wadzesdae recovery of viable reconbi nant adenaderramei/esiteer ef or e,
it is preferred that any non-native pol ypeptide of the 15 invention, or a
viral conponent protein containing or conprising a non-native pol ypepti de,
for exanple a fiber-ligand fusion constrifct, is characterised with regard
to its solubilit nd, t.arget.cell tachnment as reconhi nant protein, prior
to the re-inser?%%ﬁbgkg?he1%8l80??§§%dﬁﬁgﬁécﬁéﬁéKFﬁﬁﬁtﬁﬁg viral, for
exanpl e adenovPPlgPEjinsite. oThasvihel iapreareoh piCEipr gehtedningrodi fi ed

vi lruz N wher ei n aainglrmmgw&t hbﬁ-ﬁ@tmlgt&%ebgi&ﬁl %&*eeh @xg§é8§e&. 2%or
solubility assa e _non-pative eptlLde or t i ral _conponent
protein conpris%ﬁ%?? d’ﬁ§ﬁ¥ha$F@%F ﬁ%fypg% #ﬁ%@sfﬁﬁr%@ngﬁaf?@éggglypeptide
i s sel ecte® suchheihdiotqlegrprespion 2B/ puppeyesiabl (e -gredneect hareld®® nore
preferably greabfs tHabreRYrelosVesAREed0int hige 3D1RGA=NALLNEL DIOMPEPL i de

or the viral copponent, n dggqg%!sing t he non-native pol ypeptide is

rotei
present in the “sol uble Factioh o cgﬁﬁ'lysates of cells expressing the

non-nati ve pol ypeptide or viral conponent protein conprising the non-native
pol yEept i dle_. OIA suétnh_}eelmamayaﬁmxﬁﬁ&atiplﬁhdﬂyﬁi&ea_ﬁaw@i@scﬁer ei n which
may be appl, e (i, tandis to other. cell expression systens.

Ref erence °ereiﬁﬂ%%52%%§3%5ngfg%é“;éﬁ%ﬁ%%ﬁFF ee%ﬁr%aﬁﬁa' P 1% %ﬁﬁ%& 2005 WO
02/ 08263 PCT/ GBRAPEBYED in bacutewyoicrinfeshpd | Wianrts sedlaorhonad ve

pol ypepti de bei tgat sHdild Gebfethef cRjlupial cenvdreneeel ghewl ghde

interpreted in Lé&g%QMQlaftgﬁiﬁléiégéé%bihaﬁt gggﬂ%fyfus. Therefore, it

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 also 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 such
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
soluble fraction of cell lysates of cells expressing the
non-native polypeptide or viral component protein
comprising the non-native polypeptide. A suitable assay

35 ig 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



| east 25-30% of the polypeptide is present in the 5 sol uhbQafdzagbdgsn of a
cell lysate, the polypeptide can be considered 'soluble'. Thus, according
to a further aspect, the present invention provides a nethod of
determining the 10 suitability of a non-native polypeptide (e.g. a

r econbi nant w@i@szksi on protein) for use in the preparatrcomsofosaszyiral
vector by determning its solubility in a cell system Mre specifically
is provided a nethod of assaying the solubility of a 15 non-native

pol ypeptide or a nodified viral protein 1élor'rponent of the invention,

conprising the sheps,Ofe ic)omp%BiE%SéaﬁQi gﬁhdn%é"%tgi%gﬁgg%%%ﬁ%ﬂn%fnor a

viral conponent profein CQApPris]ng sai d.non-nati
per mi ssive cel | 5?9‘1’11?#'3 s‘dbjtg’t‘?t Fﬁbl‘t‘% EEVLEOREEYy Sihoudd P8 produce a cel |

lysate; iii) sepatetprgrdchensdliodleitantiesasbiniyes firactwhas af - the cell
ysate; iv) | anabysi nsIng S6! Uht Safihabizal Uil Gldact! epsepd the  cell
| ysate for the co eptide or viral conponent

tent of said non-native olyp
protein compri sFf ulgi}? ofo%tr’ﬁﬁ- A5t \feelﬂollyﬁgtb‘f'i ddic BRAYPSRLEHHEEN ng t he
rel ati ve conteht ofnsidaredonsnathble' pol ypeptide or viral conponent
protein conprising said non-native polypeptide in the soluble and
I nsoluble fractions to determne the solubility. 30 Aligand for a binding
moi ety of the i AY&Rt i BIPIRY"HetCra B FogT ad=Refd 1 it§2nBTRAFLH corresponds to
t he binding noievgntiom iprostides awowadhodt he detgamdatiagwbheh the bi ndi ng

moi ety wag odesi gRedhiorn ;381 8¢t 8dndQ-Ridde gafyﬁsi;éiid%areg.]&,.s ihus capabl e of
bi nding to the bindi.ng noi ety. he |1 gand gnd’its bindrng noiety nmay thus
be regar ded asrﬁ%‘?fﬂ%’rg%an(’ff v %aﬁfg‘f"?ﬁct“ypﬁf’ﬁﬂ’rrﬁg tog meeq 1igl?egand bei ng 18
January 2005 WprHpL82683nPCYT/ €Beilrdi32%2ter 13y determdnhgg phrd ner for the
bi ndi ng moi ety. 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)
exXpressing said non-native polypeptide or a viral
component protein comprising said non-native polypeptide
in permissive cells; ii) subjecting the cells to lysis
20 to produce a cell lysate; iiil) separating the soluble
and insocluble 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 wviral
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

i



The binding noiety thus has a binding specificity for, qe‘hﬁwg§ggbﬁe of
bi ndi ng specifically to, a desired 5 ligand. By ' binding specificity" or
"binding specifically" it is nmeant that the binding noiety is capable of
binding to the desired (or "target") ligand in a manner which is

di stingui shew w®neest he binding to non-target nol ecul es ecTiGBgaexds. Thus,
the binding 10 noiety either does not bind to non-target nol ecul es or
~exhibits negligible or substantially-reduced (as conpared to the target
ligand) e.g. background, binding to non-target nol ecul es. The binding

nmoi ety thus qughirﬁghﬁgpgggg ni UEEQ%’?ééﬁgPﬁég nd. 15 This specificity

of binding of the nol'e dified virus to be
selectively targeted. In other mords the bi ndi ng noi ety may be desi gnhed

or selected to Brabiedihg medity eduyi na@ 4 ®ikididgt Qp@?ﬁﬂﬁg $i E@QhOL ds 1
"target" cell isndi e desi gned.or, sel ecte iC inds to
a Iigand exgreségglgbcggagyé éyggﬁﬁlgs LG ntend SFrggrface The

| i gand may ?hus a@ﬁy d§¥|r%&PqﬁngaﬁH@C%ﬁRF¥PW"aQWaHbH@§UUBIy will be a

nol ecul e expr essgekcamithelysurt a("selinéﬁnﬁ ﬁl'asl’tg&lheCﬁh.Jladlﬂl@ éﬂmle@p !L%] I sbdeSI red
to achieve expr i ed virus e ljigand . , t hus be a
cell surface reéﬁg%%gg e %b@%qﬁpgur g%eéeﬁﬁﬁﬁd gﬁr 9954 % 5

conveni ently be & 6r8?€FﬁroWh¥ﬁ? ﬂél?béﬁ%@%ﬁ?%ﬂ?ﬁeéﬁ@@ thﬁﬂblndyn@et@f any

nol ecul ar  nat ummn-frargexanglecid dsi pidl DFarAy.bohds atne bﬂnhhh?lnann3L Lhe
to whic

nodi fied vjgus 0 Py s d far

t he nativei%MAlgﬁng? gh%%ﬁgﬁg PS%\W%KE%C n%% % |veég§53 ©Hott bind, or
it may be nDd|f|%§9lP6 ﬁaﬁ%ﬁ%ﬁ9ﬁ9%§ Pés??@%ﬁ%ﬂilbﬁhmr¥$PuQﬂﬁedﬁﬁ|C|ty than the
Wi | d-type viruscompagtlieto Wiidltarget 18ighataky g2 005c MR 2088 63ding

PCT/ GB01/ 03252 tolﬁonbkgggégr&ﬂ£¥u§e§6|%ﬁ}e%lgdlggﬁﬁ:ﬁﬁ%g%hSUb set or type

of
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



target cell fromanong a broader population of target cegliaduspesodso which
the wild-type virus binds. The tropismof the virus is thus altered.
Hence, by 5 "altered tropism it is nmeant that the nodified virus exhibits
a target cell binding specificity which is altered, or different, to that
of the wil dwomes»ssrus fromwhich it is derived. 10 Genec®iGBgi/o3as2
non-native pol ypeptide according to the invention conprises at |east one
framework .noi ety and one or nore binding noieties and is capabl e of _
interacting with other viral corrponent s"t¥® forma functional and infective

bart1cl & can be rn Fora bl %y TRetss deohBe tbr i W3 Rot cobetin cds

wi thin the non- ¥8€E9E W&G@Gﬂ‘l G@Olﬂ%eﬁt baprder omuliatgonoof otdwegetyi r al
conponent s by tkelhobypead moewml:upgml‘,QQd_tg@@I‘flu@r panMkl alponponent in
brocess. A non sEPvat ol WiEpoekud ord SIS RIERTTn R&)Ferfhoe o be
i ncor porat et i nt élaﬁﬁ'ﬁ@l’q’%m{i‘ﬂ bhekt Meapt et hatHihsh m@8iFied aplahlse of
interacting witkxaibatgel teebkt JéEl vwdihyespd® G cit9CRRbEmaN) viral
Cetained hativaricerdd, i R0, e ehef o Rl b S hew
structure confefFel e it By dekivasbor poration of 30 the non-native

pol ypeptide and any structures conprised therein. In a preferred aspect of

t he i nventijon, nat epti ntrodu ed or cor por at ed
into or- f(}ror% ahgﬁgfon LBrgdt g?’ﬁ 18\,1 %‘% %Olgga?él reota&cﬁrgﬁ%?rpto%e of the wld
type virus, for lEY%’?ﬁ)’r@ RRRBESe¥ etfoierak W%eﬁrq@}e@tvékrﬂmmﬁy @xgeci al |y

preferably it bseidscaiqer airdisyaiiabst Heg wd @ab&@@eféf)er knob (or at

051 08263 PoT] oL} Da, AR En! SHAO0LLY LA LJ2PHA Y 2005 VO
functional and infective virion particle. The ability

15 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

20 polypeptide is comprised, in the virion assembly
process,

A non-native polypeptide of the invention may replace or
be incorporated into any viral component protein which
- 25 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

30 the non-native polypeptide and any structures comprised
therein. 1In 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

35 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



14 _ (i.e. replaced). However, in an alternative enbodlneggm“%@Mmdgtype
fiber knob (or cell-binding donaln thereof) may be retained, ‘and

further, or additional, cell-binding domain may be 5 added by V|rtue of the
bi ndi ng noi ety(ies) of the non- native polypeptide. It is a feature of the
i nvention whoedz2egdee cell binding functions are altered fromdsopeas: of the
wld type virus to be engineered, such that an altered viral tropismis
present in the nodified virus. 10 Wiere the wild-type fiber knob (or
cell-binding domain thereof) is retainedi4t-his altered tropi smmay be

achi eved (or fa Llitate nodi fying the wild-type knob/cell-binding
domai n t her eof tE) ?haﬁﬁ%\?ﬁe@or bl ock the native or wild-type cell binding
function. 15 AsHaiéveie idi @@uasedrmwitdmerembeﬁmmﬁ t mlﬁntﬁlﬁétﬁﬂbr

ci rcunst ances bﬁng]gswla@eqlt_glggﬁé rdeta i@ £ ggé rerDJc_il%‘J?1 Lyirus in
whi ch control [ b| e e>(pr essi on

ral contr
of the altered iﬁgt‘?o TS MEEThES, a?kgl%"‘t?&g%a ﬁ%Jd]r'f Jéﬂil\ﬂgr gsmagn feay ke or
wi | d-type toropi sdded\obhe imggi nédthdpingtiapnmoieityhe eswi bd- typendri-ber knob

or cel | Ebhndmgngﬂm rpfotl%reg@&del n raddi b 9@#&:@&% 5”9{1&&& “(}{'d”at' e
ol ypeptide whi nf er opi.sm For exanpl e s s desirable
IC2)5 ?grpt he propg & | i & }%H?W% YRGEGENF AR RARERENAFOm 1954 | nes

known in the arefvihe tmelda(ﬁdpelmmaus pgreebenepgingeraue wodhf tledk \drr us of a
wild type bindi agtémwl@.@a tf:@f:lﬁﬁ(el@ eebbrough tth*éemea%igé'ﬁ%g,«‘pfess' on
of awld typeWaden i ral, g rom an i nducib contro 0 ment
(e.qg. prom)ter eI s t19 %bserﬁ KBSP bR sIe e 81 RALRT Fsaidd by
controlling (e. *ghemféidenﬁl ne a@xem,estslwnabterdftb tragdisti maplbavi | d type viral
component - genessciofe@ld Qbr32agXPastldNby Diod ATV gngggrww& rgpvat' ng the
wid type knobjgomin, bp such o mener LRl el cred tiopT s conferred by
the non-native polype] " fEye activate or block
the native or wild-type cell binding function.
i5
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



18 January 2005 WD 02/08263 VCT/ GB01103252 - 15 expressquaﬁﬂ, ; abhd=er ed
tropi snf according to the invention thus includes a potentlal altered
tropism i.e. the potential to express an altered tropism It also
includes an altered tropismwhich is additional to 5 a wild-type tropism
As nentioneWwaahos®3 the nodified virus of the invention rca/gredesably
prepared using genetic engineering techniques and in preferred enbodi nents
of the 10 invention, the non-native polyphgtlde is provided as part of a
fusion protein with a viral protein conpo preferably as a fusion

protein with anéyﬁy% ber r ot Sych a f slon protein, or nore
general Iy, such %%FP d&& %1te9e8 @ éﬁﬁmbrSFS?ﬂ %G 55 §gﬁts a 15
separ at e aspect %ﬂ”epﬁéOBrEg%ﬁanQAVéﬁﬁl%) an¢n§labYe¢k#anﬁﬁ émbptsment of

this aspect of tihe. IMhenpbtﬂntld&heonﬁﬁbﬁdéﬁjaﬁ'é@feﬁ&ﬁﬂﬁﬁ%ﬁ%m's f nodified
adenovi ral 11 by 7 9hel RcOTN LSL 0GR NIODNAl LueopolyDeptide oo, def i ned

above. 20 Techni ques for preparing such n--na
|ntrodu0|nd5theﬁlﬁﬁ§8 byPeseordsmyi r al conponents are well known in the
art and widely described in the literature. Thus, for exanple, nolecular

bi ol ogy or 25 genelfteBgLNeRIdRY £§&muaqﬁ%figr eﬁ%g% iphe gga;,{%rgtgggj e

prepare or construct genetic sequences capa
modi fied virus, 1§ PYPFaFabhpskreated %ﬁﬁﬂ@r&?ﬁgt%@ QHQ§Q@ﬁ639ﬁt i nvention. As

described furt lechnbquée dndaripl psebet@l, ebodheits aE dnaol ecul e 30 or
nucl eot i de sequenege ggg di | ompenen ratel ch as the
o 9 e o ﬁg{lé% §9§ étl HFPX&@%% % nucl eot i de

adenoviral fiber rot may nodi 0" as
sequence encodPAgt ?KﬁP%ﬁ%ﬁ PEoﬁﬁFyﬁéﬁbléeVl¥Qﬁ Rﬁ@&@BPeCQmPQ£§ntbo encode

a fusion proteipreﬁapabbyru; al fustopadotefinaith an adenoviral fiber

protein. Such a fusion protein, or more generally, such
a modified viral component protein, represents a

15 separate aspect of the present invention. In 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 art and widely described in the
literature. Thus, for example, molecular biology or

. 25 genetic engineering techniques are readily available, to

pbrepare oxr 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 or nucleotide sequence encoding a viral component
protein, such as the adenoviral fiber protein, may be
modified so as to introduce a nucleotide seguence
encoding the non-native polypeptide, for 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



35 adenoviral fiber protein and the non-native pol ypepti dg.ja pdhHg upon
the viral conponent protein into which 18 January 2005 WO 02/ 08263

PCT/ GB01/ 03252 - 16 the non-native pol ypeptide of the invention is

i ncorporated, or which conponent(s) it replaces, a non- native pol ypeptide
accordi ng twotcheszxnventi on can optionally conprise a furthesBogizesrent which
mmcs the 5 native structure or function of the viral conponent (i.e. is
a functional equivalent of the viral conponent) so as to facilitate the
assenbly of functional virion particles.l8m the case of nodified
adenoviral fibe ordi.ng to,the i.nventi the fuynctional integrity of
10 the adenovi r% efgﬁrgrna\% V% P%b%\?ecpﬁléievfb&i gﬁé HEEHPY, 18nd  particularly
capsi d assenbl yNFerpeFafiss -ned Wyictheomprasehte) dft expéened, aninom-aci d
trinerisation mbtige SaiGireptitibendi@)iGay 881 AR aGW@dn®@bhfcderived fromthe

neck region of tant_ protein, D (Hoppe et 15 al., FEBS
Letters, 344: 15?%@%&%53’%213 i%s félﬁraggf:h%%em%rﬁ FPE‘FFSa’PJrWSTﬁ{hiefS known
in the art 5can BetiYerdahvushake yordgingddpadof ntle thigafli porpatraitt and act as
a fiber trimerigatéonsigrahctfordieal@ikkaobnt ess ﬁ‘Hebei?al SHp AR €,
trinmerisation [ [ I r Jg.nclusion. 20 in nodi.fied viruses are
described in V\EDBBS%§4%&J46éa§ﬁg]%é§e 9t§7€4f§§§r.[£:!'% Oat1 prLLruéngfL?Ié enfodment of the
i nvention, thePRABRLFERT ve 1br FRerdass cdnnasifiedrasisapviial thideron- native
gol yp_egt ijd_e ishab@om%g megtF@ nefnitdent ! oRe heUFRSE 1 ohH N0 SEE 3G 5ARE D]; 25 As
escribed;iyn the, Examml €3 it .may_be conveni.ent  or necessary for any
such addi tl:oonal E%r ext é’S’?\Lz}:??n%\flyﬁr w(}?:%f &3 %’Fée) % "BE PR sp%‘ﬁ’é‘tyédaflﬁto the
virus by means BRrtirulgriyerersidseseablBuchs dwigtrdned dy tidehni ques for 30

i ncorporation oprédhma cANkeRbenwild sgeGUEAEES, t MR ridhEash AL 50 a | i nker
sequence are kngwghié% %%% ﬁéiiégyjamino acid motif derived from the
neck region of human lung surfactant protein D (Hoppe et
15 al., FEBS Letters, 344: 191-195 (199%4)). 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



are within the routine skill of a protein/genetic enginagiangey 2005
"framework noiety" as defined herein, is a polypeptide (e.g. a protein)
structure which retains a functional (e.g. folded) structure (or
conformation) in the nuclear 18 January 2005 WO 02/ 08263 PCTI GBO /03252 -
17 and cyt sgpi2e8268el | ul ar environnments. Such functional pcIi@BaCsSES are
structures which allow a binding noiety attached to, or incorporated
within, the franework noiety to retain Iigand bi ndi ng conformation in the
5 absence of the ligand. This facilitaté&stéubsequent binding to that

i gand, for instan€ey+eRee;d r e rion has left the cellular
environnent. A frarrevix;ork nDi g%llqn%fzét uléf _eddreé%gr'de%u%hs gémtciyﬁgngi 10
"mol ecul ar* scaf f ord* SEFactEr e%/tr\}dﬁ gReprovideslaorr aneimsting sosepport or

"hol d" the bindiafkfansiedt yoi noanncappboptédtd thias ethat{ Riedor&onf or mati on
to permt DI ndiddidey kbSréddidiqlha SLAENOLEPRLOLY Al §O (RLOVI des the

i ntranol ec#lar iargseeractl g% king a st a| >_conformati on i the cytosol
possi bl e. The framework® 'egfﬁy‘g -t hiRih&agipibieen Bospangpept i de
mol ecul e, whi cPids¥agesoatiper tliigahdr fanfiorsmahten @icestyhgct ure, and whi ch

tol erates nodificaidseRbl 8 a DA fHLaf e £290H@n QNS . for . gxanpl e
nodi fi cation by am no acid 20 sequencee ad |ht%i Sﬁ?i]ﬁinag%retq}q%ﬁ?nﬁ%ﬁl%ti on or

substitution, or indeed insertion of a polypeptide sequence. A "binding
noi ety" as defi dedrhepepnk nicietiyusan thood yeepeiuaedst rasctautgpatéached to or

conpri singipart "eolcdalar Idcreeobk BDnfeh Al IREA WARiAR gnd which
retains a bi ndlnt%mf UQC][éI on for a desired (target lgand after expression
of the non-nativé Polypeptd F¥PEPTiin?th Al d's thpdpindima Feintic| Busrand
cytosol of a hogPpgebrialdd prigenbahtbmemuoatyrmasyidie ta pephiguous or
non-cont i guous bSAAURECEs Oft LTHBANACTHR: ARHHBYx B UEWed s providing
provides the intramolecular interactions making a stable
15 conformation in the cytosol possible. The Fframework
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

- 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. 2 binding moiety
may thus be provided by a region of a protein or
polypeptide molecule, for example a surface region, e.g.
35 a number of "surface" amino acid residues.

In certain preferred embodiments of the invention, the



a binding site for the target Iigand. A binding nmoiety n@yahlis 2865
provided by a region of a protein or polypeptide nolecule, for exanple a
surface region, e.g. 35 a nunber of "surface" amino acid residues. In
certain preferred enbodi nents of the invention, the 18 January 2005 WD
02/ 08263 PCWo@B0d603252 -- 18 franmework and bi ndi ng noi ecresenwys2be of
different origin, e.g. obtained from or derived, fromdifferent sources,
(e.g. fromdifferent proteins), for exanple by "grafting"” or linking a
desired binding noiety onto or 5 to a desi®ed franework. In other preferred

enbodi nents, a:hindin i e be .created wi.thi .protein "framework"
structure, by mf)ll(ij)?L ?/‘fonlg{ cr;ge%rdt éfyLﬁ(.q?%%inb%se%?s IP%%ikfﬁJé)rs% g‘ﬂgfﬁﬁe%—' amewor k
protein, as des€¥Fi®Hed fant-hePtapeedwirdm sychenivashbddomedtffadwmtf r amewor k

tmr)]i e'[) y ggy 10 pgompé@,tsﬁ(ra.@d Eyoﬁbr@ifﬁiﬁﬁtgﬂ?ﬁté}m&'}@gkfEﬁﬁnﬁl%sib@uefg and
e bl nding nol g . the "var] e" oy nodifiled.. residues. non-native
pol ypept i de acco&%&ll%é/l e *preseht® f%silﬁ%nlfjrlb%%?of‘ﬁgg Py or

c%:t?o the prese
conbi nat ori%al pEoteidesitsst firgmawopkot dPnokbee niefeangdnesbedigrentsandom

mut agenesi s)h of adbimdirg eidiat yphey e c&%&ﬁé&é&{i.ﬂshﬂrﬂ)ﬁggﬂeﬁéirﬁ a bi ndisngh
protein with noy A r.enhanced hinding characteristics. Suc
synthetical |y coﬁ%ﬁéj@%@e}% %grﬁg}'ﬁ% c%&amg%?}ﬁqugeceggﬁégB?gjnod}ﬁ 4t i ve)
prot ei naceous BRFIFHeYy Afi HBen§ramtEnl esotein, g5 clescnsbengivddread to

possess a partipsles. orimeweh bhnshtgliene] i oy Ba@ewbRRWRCOSNEHAL Y i n the
art. 25 Syoh copbinalaiieal i gheLls G Pe, bk epar e USkag, i pus pepti des
and proteins as Starting structures Fﬁygren and n, r‘reﬂ’[ &St nion in
Structural Bi op®gy:he7 Aggingomogny by Sheh" muitadiled aremgticfied n the art,
and may typi cal tysheager.epared by random 30 nut agenesis of a target protein,
expression of the full library of these variants, e.g. on the surface of
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
RBiology, 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



filamentous bacteriophage, followed by selection of a prglghikresbddi ting
the desired binding characteristics. This selection nmay typically 1Involve
a binding reaction 35 between the variant protein and a target |igand
(binding partner), which conveniently may be i mobilised, and may be
carried out wigu2es® or in vitro. The nutagenesis is 18 Jaqauwaypy@R&ad WO

02/ 08263 PCT/ GB01/03252 - 19 randomin that the resulting amno acid
encoded by any particular codon is not generally pre-determ ned but the
positions where nutations are to be introtRiced are generally identified in

advance. The nmnut nesi s i nvol ve ami no.acid substitution, deletion
or addition (e rg‘%%fmﬁlsjérrlt?%}/nt—) ihﬁr EFRFTEd T SMEPAR BT SNCBPBE PR TOr use as

non-native poIfﬁ@ﬁﬁpdéércﬁodq@eiBnvethQn$nadéypp:&fﬁauarhmnwnIiﬂ:gﬂnerally
in the art as afpbishedbrs widhe weestiddd ihedys pasimseduhereife defines an

affinity bindin | e, i.ch i,s.derjved froma bacterial receptor
protein, or bi %&g%&gggﬁa}%(%gﬁggf%n vraglcﬁ't'h@%i%aﬁﬁnﬂmiW?Xs
modi fi ed (& g. BRVPLBEeiminfedetidcseprfi ifedriong) de e tmimdi, f pri&ddetipn al ter or
enhance) the bind.gg phepeiidras 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. Exanples and further
descriptions of F¥génrpedtempipptecinleyrateigsvior 26 an WOL9HHIR74. The

use pflaP_eﬁprepsugpepuﬁdéyﬂo$UQheaﬁnf?ﬂﬂ&@ﬁeaﬂéS%%d%éip@”kﬁ&ﬁgf provides a
ni't whi of toan Borate 25T du BeCRtt B B2 EBG o1 B s R ta iy
i nteractions an@swAfeh keusdrcadefiess tare affiéhéty kigiddngemebeliwie f or t he
protein responsivhiehfDs ddidvebsermed Hachdingl chaleptber bsbiLs,, B s enabl es
expression in  ysghih ANLS RL-L0E RAQLELR &8 §5LEYnL OhondsS, Bindi ng
modified (e.g. by protein/genetic engineering) to modify
i5 (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
phenotype; 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



}

30 characteristics, such expression typically taking pl agg jahsar2005
transforned bacterial host. The protein, selected by its ability to bind to
a target ligand (e.g. a desired cell surface nolecule) may then 35 be used
to prepare the nodified virus or viral conponent of the present invention,
or nore parWwaelssby a nucl eotide sequence encodi ng t he pdegiBopab252

conbi natorial 18 January 2005 WO 02/ 08263 PCT/ GB01/ 03252 - 20 protein may
be so used. Techniques for construction of a conbinatorial library of
protein nol ecul es and subsequent sel ectid? to obtain 5 proteinaceous

bi ndi ng nol ecul V, i ding characteristics are known in the
art (Nygren, Sgﬁg&{)%f%@ 8%5%c{;nt Opinion in Structural Biology (1997)

7: 463-469). General |y, a protein nolecule, perhaps having intrinsic
benefici al propeethesgqsicfoas cdfstaigaoat BEea OfonHniafsensl t1Mdaky or

confor mati onal | oftBRUILY mehScloed % BuisEablal derfly b ATPIBLK and 2

conbi nat ori al en_constructed via ran L8 ani no
acid substi®tuti Bﬁ%t?ﬁ?a‘%ﬁor‘ﬂér bipdirg gipdpcudes t afing desi reddtie@ing, in order
to produce a |ibharyctkhiaftinsl et laowmayhnghdi dfer@gtr&h Ndb NGnd

it agenest o fﬁ"%d%ﬁ T“%‘ﬁ%ﬁg‘ﬁh@”@&aﬁr% d"BEA g{éf%"@g ™
Meth. Enzym 21% % 89‘3‘7’5al]é‘tfhé‘rpﬁ%’fﬁb‘ﬁ§“°flﬁfm ?br%?%haé’@nstructlon
and sel ection ina:irimlga 1rftm1nexarmérﬁaf1dnabopmMr1dJ@pbayh(ddanes et al., Proc.

et ai |, Vethods & %‘%u% 8%3@% i 39%3 SRR SERPER AT O o

(Roberts et al. ot EWa s . %\ PS &ci"sca - orlﬁégamquz @99)) and

DNA- pr ot ei n I|nk@mﬁnndﬂSEABnEllﬁikny-a@ adhen MBS hettd 4y (Zndodl BuiO,
(1999)). Suit ab#&&g@ae'aﬂuhsag@wﬁs@xuﬂ% Vi okhOFAu el 1RGRY ! des but

preferably the framework
that protein molecule, in order to produce a library

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

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

20 Meth. Enzym. 217, 228-57, (1993)), other methods for
library construction and selection include, for example,
ribosomal display (Hanes et al., Proc. Natl., Acad. Sci.
USA 94: 4937-4%42 (1997)), peptides-on-plasmids (Schatz
et al., Methods Enzymol., {1996) 267: 83-109), RNA-

25 protein fusion (Roberts et al., Proc. Natl. Acad. Sci.
USA 94: 12297-12302 (1997)}) and BNA-protein linkage
(STABLE) {(Doi et al., FEBS Lett, 457(2): 227-30, (19%99)).

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. Althcugh a framework may be
designed de novo, 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



fol ded three dinensional structure which has the potenthgljahery Bogher
affinities and is |ess susceptible to proteolytic degradation. Although a
framework nmay be designed de novo, naturally existing proteins or domains
35 are usually selected for further engineering. For the avoidance of
doubt, it iwotwedees noted that throughout this specificarcompibe2syord
"protein" is used to refer 18 January 2005 WD 02/08263 PCT/ GB01/ 03252 -- 21
to whole protein nolecules as well as domains or fragnents thereof,

pol ypeptides or peptides. The choice of- ﬁlorei n framework depends on

several 5 parapet i ncl dlng to be effectivel expressed in
a desired host ggl?hsle é’r ‘?fea UBbe(if’l Y. YSHe 35+ GPBRA™EH al so

conprise suffi ciféﬂgm%ﬂﬂsaﬁ@@repéglmmtwssmm@elvi./hseh are toI erant to
substitution (or insertion or deletion etc.) WlthOUt 10 | osi ng t he overall

t hree di nensi on S cture. Lf, the i brar be pr oduced
synthetical ly, gh%n%}ﬁ% ové)%aPFOt%llriefrlaénewof)r e eé’cfﬁ’i i P8, "WherE the sel ected

f r amewor k 5prot BRACTIRISTS BRRdRAENd wicebdhitatinbeaecfferesveiles invol ved in
that interactiosxpbysd@l ant ar geéifed nbatr 880DNMeS 3t hORamBRNAAI AL ON may be

perfornmed in or hanc wn. bi ndin rt.le r. to devel op

bi ndi ng nol ecul ggév@%%eﬁegw g 1é%(i!l(fl TE |C°mpr§%‘? éﬁ ﬁﬁojr%gr?ol ecul es are
di scussed in Ny§petrns °n2@tﬁl suy&gs énol‘llézhdai‘wﬂ@@eaeyctbc peptides in a
constrai ned Seqaem&ﬂdﬂlﬁnnmﬂbeinﬁrt&mnn@raﬂéldst&%%l dues) i wiglah a

10
rore, 9100 ofengi b BheRLl  aRiae AR FR AR pBFHETRRE] udimg By or

single 25 chai n%%’éﬂﬂ) igohaihe, Piifa-‘b{céldl aynikatdsedry, sactmakl tdverads- r esi due
one-domai n St apﬁyﬂ:@weabrai:@@@iéht‘é (Sﬁl‘}éreaﬂﬁ Q@gUBc¥ed t Feamedrd2nmai n"  bei ng

a derivative of P donai ns or. nal ogues of
SPA, DNA- bi ndl%%&%"rl(?} él%%gg Qlé)ém '%lhcgé? nc nge‘f’“s:lan 1dhed

involved in that 1nteract10n 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
seguence {(the number of amino acid residues in such a
constrained sequence is not critical and can be 5 or
mere, 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 (SPA)
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 particular interest is the bacterial receptor domain
Z. Noxd 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
Z domain, which can be applied to a range of framework
molecules. The method described is solid-~phase-assisted



30 protease inhibitors. O particular interest is the bagggijualy Jgpgept or
domain Z. Nord et al., in Protein Engineering 8(6):601--608 1995),
describe a method of constructing a 35 conbinatorial library of protein
nol ecul es based on the Z domain, which can be applied to a range of
framewor k ww @@esdses. The net hod descri bed is solid-phasecagssosiess 18
January 2005 WD 02/ 08263 PCT/ GB01/ 03252 - 22 - and based on the stepw se
assenbly of random sed single- stranded oligonucleotides. As an alternative
to nodi fying am no acid sequences or 5 re¥d dues within a nolecule to create

a bi nding noi et bi ndi ng_noi ety. ray be inptroduced to.a framework
noi ety, for exéﬁ%laga%?/gi%%hﬁ Sﬁe Vlsa%d’isfﬁﬁ‘ﬁ'tl%fo Aepe sef erngle-
constituting or stoapdedigigigenvichdphidemi ety. The binding noiety may thus
be attached to a franework 10 noiety. In such a case, a binding noiety may

be provided by.,an_affjnity hindin rtner for the desired target |igand.
Preferred bindi i ?r%i%i‘feegyag‘fwteh%éogrﬁ%gﬁyi%ﬁ ﬁ’ﬁi‘/n%eaCJfS S§EFFUEY® fHom  but
are not |irf tedreaidueganiddifi aemolpmdliengopareaes 9) Hlodivgl hotrny,ace
receptors, antipih@CePtRyictit mB9dbesidiFodaBbhbeslya fIRgRRBEE Miety,
derivatives), c%l Ir s erglfe[ g’ﬁp%ﬁtﬁl dﬁ; oS ngl § hai n ant i bodi es; chv),
singl e domai n antibodies.- and ‘i Rf cf 25 8_65?)?% o%.auﬁlo PoY i bodi es
such as a conpl ergatafy-1ldetoar FPRPAYS msgirohsndCORgYoiskyFy Thagnents. A
bi ndi ng i et ybiRyihdusoika bkl figgs Me deth¥gsl ftom tthamansigen- binding
site or antd genmb&é\gl ng pr I e%o%nlctl on/rggl an S) C).of an_anti body, and such
an anti body may"Be°maturdl “6F" 25°8§ft RetE™ A IY Sivi B8deR®wi thin t he
scope of the inpepvidee dre anppAdingtindiiodieg pPartnad forothpeiedidest or
pol ypeptides i gasdyt forgand.ncl udi ng hornones, antibodies, T cell 30
receptors, affibodies and ligands identified from
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 & 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 important feature of the non-
native polypeptide is that conformation is maintained in

35 the cytoplasm and nucleus of a2 mammalian cell, such that
the binding function of the binding moiety is retained.
As further mentioned above, this is achieved by



various protein libraries. As nentioned above, an |nportq@uahggggbg5of t he
non- native polypeptide is that conformation is maintained in
cytopl asm and nucl eus of a mammalian cell, such that the binding function
of the binding noiety is retained. As further mentioned above, this is
achi eved bywiBnasmwsary 2005 WO 02/ 08263 PCT/ GBOL/ 03252 - p2®/GBoi/esesadi Nng a
non-nati ve pol ypeptide which maintains correct folding in the cytoplasm
and nucleus of a, nmammlian cell. It has_been found that such correct

fol ding may be achi eved using a non-natf&%3pblypeptide 5 whi ch does not

rely on disul phlﬂ%vggggbng I{Cg{)_gagg%&g%eg@i&g.‘ghldcvl?lm%hngoes not contain

di - sul phi de bondr) vxqﬂ I SC n-nor e oW, a further
preferred featur® 518‘35 hordiRg ithethel SP<Hirge ang cvradisig ©6 2he present
invention is theapredéacecofl.a IfOhas heddrc&bustlrtied ireichV\eo BB 39374

descri bes sever @Olﬁgﬁgey,@y lﬁoeora%?éﬂéd d/glln h g&?rr?aélhr% gﬁﬂf ct ag feat ure

of not relying on.S-S bonds  for t f Or MAt i on
% 1598

protei ns are 15"GSEPUPCSS FFamehsr R rﬁ)’tsé‘tlipéédac'%%%qgg fes the i nventl on.
These include dewnifnsnetidactieei akhidteesr sosuctntasn staphypricaccal

protein A (aaa tLypak).pra e,\;lrilGD% %c]}ys@@ ng pakd ﬁetgﬁ@#c%pe) protein L

(ppcl type), an [E{Qlt ein GQEF\I; arts, aaa ranewor k 20
noi eti es accor di HS B° tIeE i SRFER F%‘?\t‘%ﬁ‘n °§I §on%"rbeé3r31v\?eB°lYP%I?ﬁ3\ﬁ¥?rl ous
bacterial recepeorsrdinmy taxdinel predent rnotvention tied the phesendd sifed in the

table 1: Tabl e F-nhExpePl es-Qf+Gbacterial receptors 25 Receptor(ligand]a
Oigin Fc[lgGreceptor type | Staphyl ococcus aureus type |l Staphyl ococcus
pyogenes[group A] 30 type 141 Streptococcus group C, G L

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

15 useful as framework moieties according to the invention.
These include domains of bacterial receptors such as
staphylococcal protein A (oo type), protein G (IgG
binding parts, BRaBB tvpe), protein L (BRofp type), and
protein G (HSA binding parts, ooo type). Framework

20 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

25
Receptor(ligand]? Origin
F¢[TgG]lreceptor type I Staphylococcus aureus
type II Staphylococcus pyogenes[group Aj
30 type IIX Streptococcus group C, G, L
type IV bovine group G streptococci
type V Streptococcus zovepidemicus [group C]
type VI Streptococcus zooepidemicus §212
Fibronectin receptor + 5. asureus, streptococci
35 M protein Streptococcus pyogenes [group A]
Plasmin receptor Streptococeci group A

Collagen receptor 5. aureus, streptococci



type 1V bovine group G streptococci type V Strept ococcusmggmy@lg@g:us
[group C] type VI Streptococcus zooepi dem cus S212 Fibronectinh receptor +
S. aureus, streptococci 35 Mprotein Streptococcus pyogenes [group A
Plasm n receptor Streptococci group A Collagen receptor S. aureus,

strept ococcwdl@ndmpuary 2005 WO 02/ 08263 PCT/ Q001103252 -pcafsroloddsd nogen
receptor streptococci groups A, C, G Protein L[ 6 |ight chains]

Pept ost rept ococcus magnus Protein H human 1g3 Streptococcus pyogenes
[group A] Protein B[human I gA A] Strep%coccus agal actiae [group B] 5
Protein Arp[hu LgAl streptococci group A Serum al bum n receptor

st rept ococci gpg%ﬁégoﬁyenéec a Li gand isgrei%ﬁ%‘i‘og'é’t &8 WA fof obvi ous from
receptor nane 1E-FeEMBRGt Righsi @eiesd acdepiodEregteayctdsendonyent i on are not
restricted to ' padteuC @S tg@M bact ergiadprb R Pfcgendd BRoudagful in the
invention are o L. i de co ising a-helical structures, often
referred to as E]go-%ﬁgrlgl[:%’ﬁgrgg?lgegllcoi rgtr%?cmésr %gal%ﬁ%vﬁe fIEEP dfi'f ferent 15
sour ces (Cchen Bfotgin ArpipmrRciorD63: 488E8®YocoEd DM A Har bury et al .,

Sci ence 262: 140814 Qlpun(ih993ygtor The  Goidprsmrkingrdips tahec f ganework in these
pepti des consists of repeats of am no acid sequences contai ni ng
characteristic positioned nydrophiobi c resrdues. T1he 20 structure of
a-helical coil ed X28¥%15 dnHettedependentorvirys | irer aecestot perer nol ecul ar

di sul phi de bridges for stability. Exanples of a-helical coiled coils are
the neck ygegi 0By ARAlde o[ BUTBN i SHE T AC! A0 RERLE! fi.e Roymembers or
the spectrin supertamly, the [eucine 25971 ppers and parts 5t e

henaggl uti ni n i AEFIFITEL &0 FEFectues fren kasieyadt sppepters soddees of
non-native pol ypepil des thec hndémigi dro arbeophies il yipayengeodn are 30 nmenbers

of the three'heé£ﬁpfﬁgy#ge &aﬂgifbéftélrug§ures, often referred to as
' o-helical coiled coils, which are known from different
15 sources {Cohen et al., Sclence 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 «-helical coiled coils is not dependent on

© intra- or intermolecular disulphide bridges for

stability. Examples of a-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



exenplified by the Z-domain of staphylococcal protein A) 48 ngh}y 26d5 one
enbodi nent, the non-native pol ypeptide 35 according to the invention
conprises a framework noiety. which is based on the structure of a domain
derived from a bacterial receptor. Preferred structures of the 18 January
2005 WO 02/ 9868s2ECT/ GBA / 03252 - 25 framewor k noi eti es pefvaogoszsavent i on
are derived fromor based upon the al pha-al pha-al pha (oaa) -three-helix
bundl e or the beta-beta-al pha-beta-beta (13(3al313 ) structure classes.

Al so preferred are structures based 5 up or derived fromthe a-helical

coi led coil Tamg!EXme Qxfai{&d GULALLYoR {I?e""lng&r RL; AN of d%@‘i‘véa’f b @ 4
-helical coiled coil famlies, |0 an enbodl FEAt Of e‘invention, it is
envi saged that P2eeEhePd ridieng lRb? criphesappha e riibEeBnee b= more of the

hel i cal bundl esbandieronnheobelariseid-dlphal-bops-marngeipg) t hese bundl es.
In a further pr@%?ﬁéﬁ?‘ree@i%@sgﬁf‘t z?fsé %‘%&Qﬁ%ﬁ'a% gtt?ﬁct&z_s wor k
e Oor a donal n de

I
noi ety is based on t structure rrve rom staphyl ococcal

protein A SstrepPBtottdleriyest Erpm dhs opbplostt ¢tidedceadl iy rprotein L.
In a further papartidardslyprehenbed efaagi sEnthof24,hé- 20 &+ivanidaan, the

f ramewor k .noi et ¥ i .3 dani \atiye.of the i munogl obulin binding Z-donain
from staphyl ococeal protein Z.%\%’rd et al., supra). In such enbodi nents
t he binding noiety nay be created by 25 conbinatorial protein engineering

as di scussed abowean |emmeidimenenbddirennsent hen ddmiin envpsajel nhael ect ed
(e.9g. the .4 dong} D)y, {1y B&Sg | W ldahy Pes SN RS E:Ee eV e |
pol ypepti ci'e of the,kl)nvelr{ﬁaénn; 6 %s\%rréenfelkone%j 1-‘;aabove t r%ﬁgﬁ corarcblenatori al
protein engi neBpiigal SURdles, gRURE (Bies GFf BRER | e dPed1PERF dues of the
Z-domai n, |i bratcoesecmindehesnashumdied from which novel variants (i.e.
novel binding nol ecul es) terned Z-

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
immunoglobulin binding Z-domain from staphylococcal
protein A (Noxrd 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 Z2-
domain affibodies, may be selected by binding the

35 desired target ligand (Hansson et al., Immunotechnology
4: 237-52 (1999)).



domei n af fibodi es, may be selected by binding the 35 desiige@ntay266s5!i gand
(Hansson et al., |Imunotechnology 4. 237-52 (1999)). 18 January 2005 WO
02/ 08263 PCT/ GB01/ 03252 26 Preferred Z-domai n-based non-native pol ypepti des
may conprise the follow ng am no acid sequences:
VDNKFNKEXXXad2I03¢6k PNL NXXQXXAFI XSL XDDPSQSANL LAEAKKL NDAQARKT/GBe{/638€2 | D

NO. : 45]; and VDNKFNKEXXXAXXEl XXXXXXXXXQXXAFT XSLXDXXXXSANL L AEAKKL NDAQAPK
10 [SEQ ID. NO.: 46], where X is any anmno acid. In the above

pol ypeptides, the conserved (i.e. 15 spec®ied) anmino acid residues nmay be

regarded as copstituting the framework moiety, and the variable residues.
s together BFSVTIT % atar h e d o Bty St ER RSP LI ibor k

noi eti es accor dFpEP¥bse Hde2Fol hyeind eminecdchdtsasmegependent on

al pha-helices for their stability, provided that the required confornmation

the non-nat i ve. BOTRERERaE PR ARy Bk Ak SR °22 7 S

f ramewor ks 5f or Qe x@@ApiOe: i48t1 ude franmeworks derived fromcertain

anti bodi es and their derivatives, known in the art, which do not require

t he presence ofagasulphide bridges to maintain structure and can therefore

be expressed as "part of a recanbinant viral conponent in the nucleus or 30

cytosol of a host cell, whilst retaining a.functional conformation and

functioni ng as bthmgwrgcketixechaki@xatesiixedxtisganthenkhenost i body

structureaomﬁthb& tQﬁ SCOoRe, of the invention include antibody structures
Ural y &l eva

in which struc r ht cysteine residues have been 35 repl aced

wi th al ani ne residues, and which retain the binding specificity of the
anti body. 18 Jasery 2G0@5any amino acid.

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 moieties 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 cytosocl 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
to maintain structure and can therefore be expressed as
part of a recombinant viral component in the nucleus oxr
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.



WO 02/ 08263 PCTI GBOL/ 03252 - 27 Additional framework noiigljaggargkBogl SO

envi saged within the scope of the invention, for exanple, sequéences
derived from anti bodi es (e.g. nonoclonal antibodies) and antibodies
converted into a single-chain format allowing 5 for the construction of
genetic fuswenm/osw3 or the nodification of, viral conpomremicBordmnssuch a
case where an anti body-derived franework noiety is used, then simlarly
as descri bed above, a binding noiety may he created by protein/genetic
engi neering techniques (e.g. 10 by rmdiTﬁ7ng' certain am no acid residues)

or a binding nﬁh&l’&'i&?&}ﬁ. %ah?&é?ﬁ%&%t&%s?aré'ﬂ@%d eg{ra.gécg%} %QL)télEggt he

anti body framework. Anti bod¥ ragments conferring _a desir bi'ndin
activity 15 cahPBeSTRA s Thrnit TR iciiet £8E eHFBUGh PREULREIX i ng of

conpl enent ar i t yddet eedrn friang ahotipsdiss riegigongofdddsh10bndibadiaant iahady with
a desired tropi ! ca. f - | et ¥ \f .Of i .f ol di ng,
i.e. capabl e of §mr:%al?%?ln%n cro?%%%&ndjir{r?g gpé%ﬁ??%%h%(l?egﬁ?ﬁg%y%lt%% f{elg or 20
i ncor por at €d bi AQF NPPRTTBECEECEI M tHe KEPEOPF oL 4TF tSubRedient transport
into the cell numoflefiscathencofhevinval usmpssenbsy tlakescplaceasd whetrber

words, a bindingy £E%fﬁéﬁ§ma¥r9@e@-f;gﬁévbrﬁnmgﬂ%#gquusﬁg,EH{ er, according

to the invention, certain anti bOd};%/qg structur mMewor can be used as

framework noi et FERILa%s; a8 SRPFELRSH ARV Ence i IPAHOnT ekt hoWY: BEsed or

deri ved bi ndi ngcoeatetd &y ergtespbpirfdatdict pnditerming hgchhippss ((EDRS) ,

resul tingjign thgy, did et AdoCaBSEIULIAMOLB0 AN %9? ?ﬁr}wﬁﬁ}aﬂi for
construction of re-tardgeted  ,viral conmponents, An anti body FTamewor k may be
used as a franeWotREhdFet g’e LrorodesDIE-Fo +HUEV ercore T RP (TP &8ebi ndi ng
35 noi ety(i es))aactwrdli fgatmewdtie. present invention, provided that it is
capabl e of productive folding in the cytoplasm and subsequent transport

into the cell 18 January 2005 ) . L .
Antibody fragments conferring a desired binding activity

15 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
subseqguent transport into the cell nucleus where the
virus assembly takes place. In other words, a binding
molety 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
derived 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 subsequent transport into the cell



WO 02/ 08263 PCT/GBOI /03252 - 28 nucleus. Single chain FygfigRarResics from
nonocl onal anti bodies w thout disulfide bonds have been produced (Proba
et al., J. Ml. Biol., 275: 245-53, (1998)). Such ScFv anti bodi es provi ded
they nmeet the functional 5 criterion above, may be used on franmework

noi eties awoonrdsay to the present invention. The bindi ngcwmibei/gs2s2nay be
the binding site of the ScFv antibody itself, or it may be further

engi neered as di scussed above. 10 Intracel]ular selection of functional

anti bodies froma polyclonal repertoire 4fas al so been achi eved (Gargano et

ol FEBS Lett eqacfids, S30iRe LIOAT)Oy (T0bgenel SothoRo,bestng) ooy my be

usef ul |nthe|det|f|cat|Q agnent's sul a o1 genetic
retargeting of F—Gg‘@g Wa'ﬁ%i d§u oadi daver base pEcduaatbwor k,

and/ or bi ndi ng Nﬁr@ba@: aaricor di. nigot 0 Hﬂaﬂ I N¥ERE 120556 herogat) body
framewor ks whi CBuBﬁYSé]ﬁr lé%%?ﬂbo!iﬂ&é L&ﬁavﬂd@iﬁ@h%ﬁ%&%tmﬂ gangl ant | l1°d' es

whi ch are turall 0 devoi d chai ns cer al n reg ons
deri ved om c&hv ‘?ﬁ’i%ﬁllbogﬁtlﬁ%ﬂlkéf’s usgd %&a’?ﬁﬂ“@wéf-'kaﬂobﬁﬂ%dy f r amewor k
accordi ng to t heccoymideryt itonthhapréeserapabket tdn.pr adechirveidPlbirgyi n the 25

cytoplasm is apparid ('H-Hea'blﬂaihg %@'O%CEH@ %%ﬁzeai'tgglagyvﬁ%‘?é 1k Py fragment.

This single chaln variabl e chai.n ragnent redctive with

R-gal act osi dase™ C Y EepdBirEheF ?}Hﬁf’&eéﬁﬁr%%s‘%’tfquﬁsﬁﬁea]w*f%pl asm has been
previ ously described (Martineau P and Betton J-M J. 30 Ml . Bi oI 292

921-929 (1999). J:Jtl%!a%eltlﬂﬁah:ngéﬂéé&%na'ﬁofuﬂéﬁ‘ﬂn%ﬁsaﬁtEBS'éIése%

conprising a fra ri Ses a Sequence enco ng thIS
anti (3-gal acthfﬁg‘soélars{Dﬁ %rE‘PFa‘T%hIQ\? g?%@rﬁerﬁn FSEQ?V?? rygangn gt
functional | y eqal valRERS W:attam S41he583F40 35(IRYF )iy nventi ®nsdisatdlonl | M t ed

to framevork moiekiesdigsedy HPATGHRI bR @Akt EboLY; G- T eceptor)

structures, 18 Jan%ar
d§ ragments 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
previously described (Martineau P and Betton J-M: J.

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

35
The invention is not limited to framework moieties based
upon antibody and affibody (e.g. receptor) structures,



WO 02/ 08263 PCT/ GB01/03252 - 29 but is extended to incl YggaRldieboos
structures provided these are capable of retaining the binding specificity
of attached or incorporated binding noieties when expressed in the

cytosol /nucl eus of infected cells. 5 Two or nore non-native pol ypepti des,

e. g. havi ngwadizfoms ent bi ndi ng specificities, nay be presemtcronasz nodified
virus of the invention, or a non-native polypeptide nmay incorporate two or
nore different 10 binding noieties, or indeed two or nore different
franemork/binding nDiety constructs. A@Co?%ihgly, the i nvention provides a

nodi fi ed virus %:99&5&&?% ﬂﬂ;i&é ng r}‘quat {) 50%%8 g‘ﬁ %\hl ch 15

bi nds a target ce I a second NOR-native po nds a
production cell t@PSSe?‘ﬁ?s‘é@Rﬁé’l@ePﬁ refoniHag Véprilg@erm ispesifbeidrdi ng to
the invention maf athashd® cm‘G&eﬁkpbﬁaﬁeﬂlMh&ﬂﬁgtmdiétﬁ.'escﬂﬁﬂﬁnentS as 20

conprising bi- @t aULLLsTHD Ht g SERIGLELT etl t&é‘hcﬁ%"éu c fusion

f ramewor k/ bi ndi ng"norety con construct &
bet ween two® or nore different frarrevvork noi eti es (frarrevvork/bl ndi ng noi ety

constructs). Usawof osuadird rmmakv@o@ﬁyp@ptﬁaéSZSefg Amawenk/ bi nding noi ety
constructs) can 0 LVi nmul t| e cel lul ar
dﬁ%n%}fﬁant m% BLS%H}J& Gk (tr%yobe tHHE=F ﬁveﬁflaon is a

targets to the reco Fovi de
modi fied virus PRAISEEGHTENS RE RBA- Hb"felf\Fécﬁol 9Eeﬁptﬁ%n&@é“@5¢d| ng to the
i nvention conpr pségpaptci@avrmgembbe;:@&sﬂet tabedrimore digFeakken that enables

a bi ndi ng qppi et 15193111;1 qn&c%'h ati gg ééﬁ%% de IBC%:‘eb%.l%Fgaved fromthe

nodi fi ed virus, ]g{rp t’ece i ndi ng hol é %etforethe di st al
35 end of the flfﬁé‘l“e‘f’%;‘F J\Péiltna Wﬁéefb}é%ﬁﬁltéﬂcwrl on. Exanpl es of suitable
cl eavage sites are sites susceptible to a Factor Xa enzyne or a protease

such as 18 Janugae¥o280%1y, 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 compriging bi- or multi functional framework moieties
(oxr 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 virus.

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 virus, 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



WO 02/ 05263 PCT/ GB01103252 - 30 the human rhinovirus 3CH@J£H&¥$?bO§f
cleavage is carried out at the genetic level, for exanple,

nucleic acid nolecule conprising a part or all of a reconbinant
adenoviral genone, a cleavage site susceptible to an 5 appropriate
restricti onweneysas or ri bozyne nmay be used, for exanpl epcwGaopeses2i cul ar
cell population in which the virus is produced or targetted. Non-native
pol ypepti des according to the invention gre 10 capabl e of transport

t hrough the nucl ear nenbrane. As is knowi% Ffomthe art, this is an

essential feat Ufe Gfunal LAlnGOIRANIM gagyéagg rffp'alga%sa@ c%rpeé& cel|

where expression of such onent’s ace in and
assenbly of such*tdp Jﬁ@nﬁ?nf’ kedgnedeefrh %’?I%H’}é’rnﬁéF%’c}E ébfl’mtcl<1réllc"rost cel |
e.g. in adenOV|aeid maﬂﬁauaatbompriﬁﬂagnanpammloﬁaamal¢ﬁe@ttékbmuinhhe

i nvention may bggeyiemed @%neﬁéf%r@lggvg U e d ARcBbe [PNCLIOR, T TSty as

20 providing a new binding domaj n errlng altered tropism and
secondly as fun?:??%‘?ﬁﬁ(j‘t% rﬁswjr%’ﬂloncﬁﬁﬁi’j‘ﬁ%rﬁr THERENYE b e ysedr
functional partfof exanplal incenportdrtleyicall popdabien gin Whigh chpsid

protein). The ngpznati v%rgghggggh;q%rggytg@us contribute to or 25 function
as a part of a viral protein. In other words, the non-native pol ypeptide

may play a structural role or function, in the construction or assenbl y of
a virus parti clen-18GiQel pslgpegjﬁj@snggcmdirrg et edeb;'/nvérttetommdh:éi ed virus

of the iRyenti a ngg%{ aguch cells
may be of@gny Sﬁ?ﬁifipF%b%kaﬂéé§¥2f%?ﬁg§§gﬁﬁa?&Egggg %apa arbourlng

or propagating GLOMGERR 3y ERRB WY A eﬁ?@ﬁti&%}lg‘e@%‘rﬁ PE be
mamal i an cel | svisc learplonsnihmydube ngr aesi Bcdteicbn int B hostedalanehepaponent
(e.g. a menbrangpral8iom) Ehéﬁchl%%&gbhéntgféﬁﬁégo%lﬁéetﬂ& GRl | by the
nodi fi ed V|rus and 1 Jan z éb
cytoso an gsembly 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
tropiem) and secondly as functioning as a viral
component, nameiy a role as a functional part of a viral
component (viral protein e.g. viral capegid 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 comprisging, or infected by, the modified virus 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. Generxally, 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




WO 02/08263 PCT/ GB01/03252 - 31 thus permits propagati ongQhngarybhys Which
has a non- native tropismin a specific cell line, for exanple "where
propagation in conventional cell lines known in the art is prevented by
way of the altered tropismof 5 the virus. Nucleic acid nol ecul es encoding
t he non- nat woe2/0pmb ypepti des, or nodified viral conponentcpiGBBia® Or

nodi fied viruses of the invention are al so envisaged. 10 Vectors conpri sing
such nucleic acid nol ecules, or the nucleotide sequence encoding the
non-native polypeptides, or nodified virdl conponent proteins or nodified

virus of the in tion, either for propagation of modified virus or
further engi nee\r‘zl%%gs §?rmrﬁ)%? HEG93T PP &? AHEUEI ' S hERFd_dPW t hi n t he

scope of the i APEAVEORTORIET inypt ApecEfivecell hbinewcitd erappyi des a

met hod for prodmeiragpeopm@stiticad iui &4svaaendl NGe1P ikl RUSRALI QD in 20
cell culture. in gngrgnpgdirrg%rét h%(jrret horti conprises _the steps_ of:
genetical | y nodi 1hyi ng a vifrus eér JE £ hBRIi 11&F eCe EgOPHER 6Hbi nant )
virus contal ni n§h& VABWS nati ve pol ypeptide, which pol ypeptide conprises one
or nore framework noi eties each containing one or nore 25 binding noieties,

whi ch pol ypepti hSs f hein expressed in the, cytoplasm and
nucl eus of a hu%ngﬁhgﬁcg??&geﬁoqgﬁ f?%g‘?‘éco &ant Yy Iﬁﬁ’dnﬁﬁilﬁgai ning a

conformation | ROtHeSRbkafoe oaf madifipthariffel sempbrsintdprgtebistdres, whi ch
al | ow sai d bi ndinngi fé@tiassks 58bsRIUREhY:Eh Nr3Q 10! Brii Saidh | i gand and

whi ch pol ti - I f transport . .thou t he nucl ear” nmenbr ane,
V\/nereilr[: sgigﬁp r%g‘ﬁ%ﬁ}ﬁ \J/T?irsgrslghsé Caha uz‘fllteé?e?ic‘%]érﬁiq?ﬁ*‘ BRf &% &Sy sai d
bi ndi ng noi et i eBUCliePEids FgayeRat sencasiingl Fhe wiath-nagdwh a virus; cul turing
said cells to ppoliyisepiifiReyi beSmd®i @ vidhl dosdranieptbeHigh titre),
and, har vesti NGnog2AtbPRHHAIALEVend Yike B, NS R Fhed I TS Broduced.
of modified virus or further engineering of modified
i5 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 said
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.



18 January 2005 WO 02/08263 PCT/ GB01/03252 - 32 Ad vect qg3afmpfy Bgpgmade
replication conpetent or inconpetent for perm ssive cells. For” tunour
therapy, replication conpetent Ad has the potential advantage that it can
replicate and spread within the tunour 5 (MIler et al., Gene Therapy, 3:
557-559). Twoszmsys theoretically result in an increase efriGBerciasen

ef fector nmechani smover that obtainable with replication inconpetent
vectors. Furthernore, infectious virus may contribute to an anti-tunour
effect by cytopathogenic 10 effects in infeeCted cells as well as by evoking

an anti. viral hmiedSsRansEe WD JIBYs DALMY Nigeledagelts. 1t is
desirabl e that a neans of controll]ng e _replication of conpetent
nodi fi ed virus FREFBSISY EoFnPeasisfENe FRdtapy ERfptuBaur obkeraBher neans

of controlling rheliepicacoapeténnudi hasdthadesiaitiug ageaviddy n the scope
of ‘the present LAYenid Qlhn EGp1EXATl e ggfegmifqh% EhEURLARGOT A1 NG 1O the
ing a viral protein

20 inventiqn na con%él se a gene enco “Tequired for
viral replicati oft &t AdndefeiheheEAPY ol 3¢ ofd TP SPhducTibi®e Bavonot er or

geneti c el ement théoretisedipl ees@denovianusnpreadeerdfi Rk preé@i n (pTP), may

be present und@ffé&eof%@eh%gﬁl aierathsngﬁg.yaciggag&leg%%%ﬁ? S8 10

transcription activator (trTA) .such that J C |xpresse8 in the
presence of doxVRJETRFERT KPEETTRt i FEEYR PR $Srodinfiee81ov s Ul e d@di ng to
the invention ewytcidyie $e andirdiicauimons ¢ffddie yepgtepstitdyertikat t he
virus onl yorepl bealas, i sbbscaighibaye @30 debgelybpdgie DM gynt hesi s
- apoptosi s regul ator, at hways. Conveniently this ma e’ achieved in a
modi fied virus BFFa% Hé“‘iug‘\?eﬁ??’fﬂﬁf’sﬁywihﬁ‘?]?db‘@éiff?g‘“t H@fFﬁ%/?‘ﬁecl"EJfJéat ure of a 35

cl eavage site upstream of the binding noiety, or positioned in any such

location that enabledsieaBladie MRbshy 4 Rrebeaysy f{pm the modi fied

virus, e.g. , . .
9 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 viral replication present under the control
of an inducible promoter or genetic element. For
example, adenovirug 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 doxycycline.
Alternatively, the wodified virus according to the
invention may comprise modifications to the genome such
that the wvirus 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.g.



18 January 2005 WD 02/08263 PCTI GBO1103252 -- 33 bet weeRglfq drl bgds shaf t
and the binding noiety. Thus in a further aspect, the invention also
provides a nethod of regulating the replication of a nodified virus 5
conprising the steps of: constructing a nodified virus such that a

cl eavage siw® @83 a site susceptible to enzymatic or eaempoads2sd eavage)
is positioned between a binding noiety required for cell infection and the
remai nder of the reconbinant viral conponent of which 10 the binding noiety
forms part, and, bringing said reconbinai -virus into contact with a

cl eavage agent or . cleavage .nreans .Q._an enz , Chemical or in the case
of a phot o- | abi PEC¥FERVEYe &, SP%@%%“‘%&&&bPéf@ﬂ%ﬂ@&\?Fﬁg sai d bi ndi ng
noi ety fromsaid viral conponent 15 and thereby preventing the reconbinant
virus from undengoifdafaiiddhelr hobest, aheCY b8t i W8t PRovRANS Of

cl eavage in the hod Ls enzyoatic t he ¢l eayi ng enz .can be encoded

within the genoIrrr%‘E}c')l 8 %% lfef?élz‘tr%gtl:%ﬁb?lﬁearﬁep\}ilﬁgl%ooiéan%/“ﬁ”gl%%ﬁlmué. In a
preferred enbodFRERTisHRS diheaviges stfe donstirvabbu by mediFaed ories enzyne.
The use of othesuphote@ses KRaWEge Nsidd1qealbt hSsalsGRRMbeagRd +dJ Or

exanple, the hu hi novirus 3C protease, ich is available as a fusion
25 protein wt hg%gﬁu% ?JWR? Ker et mé?gi, BiGrEe nbfo%ﬁ/sjitf‘.oé‘ﬁfabefti“??ﬁﬁ P This
protease is act P\?Edalt‘lgml%ih’dr?@’ebg?ﬁﬁ_@g cghd thkotdont hadsgguence LEVLFQ
/1 GP. Non-nativempoh¥PeRs @68 Sécdliidmentto SapRRnsebechady 30 from
libraries after gcr eiancghin cI)nfO.%gch | i bsr ar.i Es for gorregt nuc|ear and
cytosol i ¢ ol di Rg-or 't er%pep;ll %'%?1]3“ &24&si PRy BIdgHgIs ionin a
manner similar eCPRagrantdivsgPayinexmengact wstikrrowl samagheagmt. o8uch
i 3_r?_rl gs( My eD8sVEge chea)exanqie I eapeplziviies Ensedhaioow b4 e Qe 35
nmodi fied (e.qg. conbi nant,)..viral. conponents accqrding 1o t i nventi on,
for exanple ade{rjlgvigr% © qggpl%?o?%?an%e SRS, AL Wpanle o
cleaving said binding moiety from said viral 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 technigues 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



A fiber fusion library can be expressed on adenovirions {8 }daHd0652005 WO
02/ 08263 PCT/ GB01/ 03252 - 34 and used to select for correct cy?%solic and
nucl ear conformati on by observing those candi date fusions which
facilitate replication. 5 Mddified virus according to the invention may

al so be congtdesised With both wild type and nodified vi pelycsepipenent s
present, or encoded in the genone, and if desired, with each conponent
gene under the control of different genetic control elenents, for exanple
10 promoters. Thus, a nodified virus accofding to the invention may

comprise a modi f.ed, yid ql, coTRONeAl, (o goce MAIfd G oodnelyde or comprise
a non-native polypepti .é)) and”an equi valent ot correspon‘cﬁl ng Vi ral
conponent - whi chCPRIIRAIdON BY, chprErgnphese ginddeypefusiqispanichnd a
modi fied fiber. £hoilexawlepl acderanbi nant adenovirus can be constructed
with awld type fiber and a nodified or reconbinant fiber (i.e. a

nodi fied fiber conprising or i nCOlEFEh 20 a non-native pol {gepti de)

rporatin
e.g. a modidf i edMPibBred FEiryedaceeRing toj g]’é‘?-' itdan emay ridis®g Pgept i de’

fusion |ibrary, conkitirtesl @xphassad windetyp®dddmoal £aedififenent pronoter

in an El delete @gg{g}'r I he i.nve ve .shown that a
r econbi nant ade%% 1 rus L%Z?Sglg%'ee%g%&ﬁgg?&te% t%\/a%{r?%lﬁr%'t féﬁh&géﬁ be cl oned
into the multi pAesi%gbniighsfee? FFORATESERUTEI® WECEoFND APTHEEK &%d t hat

viruses can be pfofinwced ghaktexpr@ssdiothehdrer IV fhirbexampied t he reconbi nant

fiber by nmol o onbi [ iag .t (He T-C,
Zhou S, Dg%ost a?ﬁ#?oé%%\?u EHE | %_I%Oﬁmgng?{ﬁgé\égg %?%“‘%Atd"ia%?énm ified
system for geneRBRIHEPT BRYnBPRRAHSadeRBFH FirbIirplogompanenicdd-eSci, USA,
95: 2509- 2514, 1A8&)fidd tbsiatbadgpassiddheries hawwnongtOve nore fi ber genes
(for 35 exanpl HHYY 1 fi ; in an
adenoviral vect ?l%eéyg&gehngg??aﬁﬂ:eq%g%ta%ﬁpgéj gﬁgrgggggdﬂ{geiﬁr}tal
component which is unmodified, for example a wild-type

15 fiber, and a modified fiber.

For example, a recombinant adenovirus can be constructed
with a wild type fiber and a modified 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 1s expressed under control of a different promoter
in an El deleted adenovirus. For example, the inventors

_ have shown that a recombinant adenovirus 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 WT fiber
and the recombinant fiber by homologous recombination
using the Ad wvector pAdEasy (He T-C, Zhou S, 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 also possible to have one or more fiber genes (for
35 example, a wild type gene and a modified gene} present

in an adenoviral wvector genome under the control of one

or more inducible promoters, thus allowing each gene to



or more inducible pronoters, thus allow ng each gene to k%Jéﬁuné)r?QMO%O% VO
02/ 08263 PCT/ GBOLl/ 03252 - 35 be switched on or off independently. For
exanple, in a desired Ad construct, the wild type fiber gene, displaced
fromits normal position and its control by the major |ate pronoter (MP),
can be cl onweboanstes 5 control of the hornone induci bl e MyEvcpigieser,

i nduci bl e by dexanet hasone. This pronoter allows for expression of the
wild type fibre in the vector propagating cells. preferably, the nodified
fiber is cloned in the same Ad vector gyem®one, for exanple, 10 downstream
froma THE (tetf)ac clin-responsive_el em::ntg1€F sequence elenent that is

switched on t he’Fr®PHERFEs PPelr Ef I1AdCRENATH 106l | s FRX pPERGIIRy fRelt TA
protein (a tradesiigst iAdngbnattiviat dhewhith himedSiberTRE)e, THE will be

activated in thei aPseRCE rRbnTeL {18 4AAYEbEM 1Y aReXid8 & Yghi N) .

Al ternatively aggl nor.e fivgur ablr%/ Ad v§ tor constructs can be propagated
in cells which Cexgle®F 808 RECPFRY (7 f'vﬁf’é’r STRECNGA ' RIGHr essi on t he
nmodi fi ed fi%her, cPrtzlt iofatbd harndre gmdyehioke MMTVcpfomot&nx). 20 The
reconbi nant fiberdisiHiel By BBxiMeddInRlY Bis havRorbhea M dyls type fiber

knob repl aced by _an external . tri i sati not,i f ,and one or nore menbers
of a peptide |FHES06r O%t ke Wg‘r?f[rjfé(ﬂevg%rcﬂ ﬁeﬁng‘é??t%reeni ng of 25
t he reconbi nant P¥eRreatingt ephds{ orprefeasbied thendrdgfiedtiideary isan be
carried out in aismMan anal 98MdInd YeckBAIGHink! 2% -0888mthe reconmbi nant

Ul Tur e o %pr opagutr el oo 3t el JRARReT I L o aFEPER® U1 3 WEPH) an al t or od
tropismw || reeiensecelbnehhi dint tisi swtapms enothenirctlinglesiredder to
allows its propaget ilghe. TRHScEEs id¥¢RELORy AH¥0 +TA protein (a
transcriptional activator which binds to TRE), TRE will
be activated in the absence of Tc¢c (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 virus. A replication incompetent virus
(which generally comprises a deletion in its genome



provides perm ssive cells for virus according to the 3513%%”%5/% ch
are capabl e of being cultured to propagate the virus. A replication

i nconpetent virus (which generally conprises a deletion in its genone 18
January 2005 WD 02/08263 PCT/ GB01/ 03252 - 36 rendering it inconpetent)
needs speci oo dqasdsicer or propagator cells which are ablperigaosaspl y t he
genetic information that is deleted or mssing fromthe virus, in order
to replicate. Such cells or cell lines are 5 known in the art. A nodified
virus with an altered tropism may be unafl e to infect such cells as are
known in the art. ,Accordin the%énr}:\éentl gn includes the nodification of

such a propagat SFRERFIRY o ﬁ@rﬁa’a%e REPAT PRYTIRr PEPAYSAE)°% or t he
bi ndi ng noi eti epropagaieorl Gadddi Fhich \Aneusble. go sumhiyt the géeetciad | s express

such a Iigand Qﬂféﬁﬁaﬁl&wtfh%%eis £CCA BYl Mn.é;,@_ﬁnc_!f e kD PIAW des a
cell, preferabl %P nVvitro.or_ex-vivo. euk gL otic Q_lft” containing a 15

nodi fi ed virus v‘f?%ff ComSEnERttor HEN ALt i h.cakt Linef sHF%nvi saged
t hat nodifised vikrasnwin Hhen agltt erdrodifapidswimig ity @pagateckd n t he sane

celI's as the w kdop! ¥Rk} 'Hésuhé(bl@adbs 19ffe8955ﬁé19rﬂé]ﬂst Eg QEA.N QR sm 20
al tering bindi ng nﬁ%etl S vat in,a Vll r onent Whl conprises a
wild type bindi T X5 (i 2ECORAGLY tﬁn e%ifjeqé'{/d‘ﬁ‘lc ug?”‘t‘ esf'( for an

enzyme such as Wa@t&cabd@mlofham ammﬁagﬁugraﬂjlﬂr moease}udb@ta/veen such

noi eties. After bmﬁ@m@q:ta&melrn (E%ﬁﬂ%ﬂt If@@athseﬂai@l\ﬁgamaéeegéé Q¥ @het he wild
type bi nd| onen eaved to renmpve the wld

nmoi e e .viral
type bi ndllng é%??g vglrthéev\ﬂ lﬁlf"pgkﬁga%?e a%ecciutso SFRYBAT THE Aew
bi ndi ng noi ety émam gorherdrt herfecg)t.-ropism It is al so envisaged that
the reveal ed binding nDiety can be 30 specific for a ligand which itself

possesses a cel abi I| For ex @;@e bi n in noi ety can
be specific fork‘fﬁ %Cngrrlggl%gl% TR P58§§§7gg$haer , proferably an
in vitro or ex- v1vo eukaryotic cell, containing a

15 modified virus or viral component of the invention.

It ig 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 wviral cowmponent 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 i=s
also envisaged that the revealed binding moiety can be

30 gspecific for a ligand which itgelf possesses 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



permtting the use of an antibody which is cell specificqglifiuad stRsi r ed
cell type. Renoval of the wild type 35 binding noiety by cleavdge 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 18 January 2005
WD 02/ 08263wo 0dids26xel | s specified by the anti body. PCT/ GBEi/k:B8R3252

Non- nati ve pol ypeptides 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 p'ol357pe'pti de has been introduced.

Such al tered trggi pm.ald Q0chesorbidant syLpyses of the invention to be

used in treatnent o I sease I n" human or anhl mal subjects, either by in
vivo treatnent of, or ex 10 vivo treatnment of cells of, the subject
requiring treaNaembatiffe polgpesimdds theorathd i wd tter dsvehtidte i nvention

Ry be al ter edpsUEb LAY dbiBey ] diiS tBOBE Y W LA NOLAGNIS IR ot | oS

targets particula e invention ogprow des & modi
virus wher&in avhbne nt WpaﬁbF%éﬂﬁhdéhéoFrﬁ??Js%% Ehﬁdﬂﬂlﬁnﬁ%ty capabl e
of bindi ng to whieh|tlspeonfhativeard yphkpthdetyao pideanaht yoddredPr ost at e

Speci fic Membraggoh\yiQald E%p:[e.erﬁse 096w PO-HRS rell¥es YEG JeceRtor, CD22,

gpl 20, MHC pepti de c]d?r}Pl exes or rane structures or surface nol ecul es
expressed or pr&RERMRT ﬁPoPFf‘é'?‘%ﬁllﬁ’gtfﬁF‘F@enﬁ oA iEERPR] 1WHaT ST nf ect ed
cell's 25 There anbnalargubjeyssi neittiech byodif vieb Wreasmenhi dif t igrg exan al tered

tropi sm aggor di pgyd %ﬁé&‘%ﬂeﬂ!e& i&!ll%agfbethé'sﬁﬁag e’&tg‘i‘-]&ﬁ‘u{ﬁ%{ Py

applications. In tr%“case of tunour di seases he folFow ng options exist:
|. Use of vect oFs*39"%tr oduce transgenes into tunmours, 30 such as: --
anti sense oncogenes

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 as: -
- antisense cncogenes
- suicide genes
- genes for immune modulatory substances or tumour
antigensg
35 - genes for anti-angiogenic factors



- suicide genes - genes for inmmune nodul atory substances8ladusipPios
antigens 35 - genes for anti-angiogenic factors 18 January 2005 WO 02/ 08263
PCT/ GB01/ 03252 - 38 Exanples of transgenes suitable for inclusion in the
nodi fied virus of the invention are anti sense oncogenes, suicide genes,
genes for iwowaesepdul atory substances, genes for tunoupcaaBIEBER, Jenes
for anti-angiogenic 5 factors, cytokines, genes for vascul ar endot hel i al

growt h i nhibitors, genes for fusogenichnggb[ane gl ycoproteins, cytotoxic
genes, a gene encoding an enzynme which nverts a pro-drug to cytotoxic

substance,  a GERSi1N GY! PShASEIRATLIALEN & QENGERLs A cH .
phosphori bosyl tr ferase. In_a preferred enbodi nent of the 1 nvention the
nodi f ed virus c%?f%rr%slse VI FEAsY rFé'Ee 1ONEBELTRY R GEFHBCHRARIFRIENSAd ur aci |

phosphori bosyl su¥cidsf gease, egtiy fas sepanatwdydatsrprsubmiraacegs, ef er abl y,

together as a bidunictdo@nalmbiisi Ot 1900, 18e4ds MRENQHS; Ofndfgatyent enpl oying
viruses of _the _invention V\qﬁt h the transgenes C%:Jb/[t osI ne deam nase and

uraci| pho2phor¥ ® 1t FXRRFEPSe ISHFE EPRLT3PIHAT vFPIREPS i adr esent or s
co- admi ni st r at exrantth iphébdron®r ge2@si Abr bitsmoendf detiychepyri m di ne

dehydr ogenase. d&ﬁk@:ﬁi@%uh@? Sfi Rk 0f gLACE €85 LRMet DE-LPXIF &f fect of the
products fornmed b thege %ransqunes from%llbéa pro-drug, . 5-"Fl uor ocyt osi ne.
25 Al so provi deedj%?“et HE*FHVETRTTS @ BERodiHd &8 GYHasodtse LobArSFng one or
nore viral conporesmes for cyeosyendsanpnasenta geder fohensritlr ol of one or
mor e i ndugg bl e pHYPRBLEHSsPI GRRRiFeca8L EMBIY & pPhECR-& Srf¥aifXaRP! €

tissue specifi C O Wmicg res(g}(%)n%et oogrgg presence of an 30 exogenous
expressi on modfifat g TR ey Podifed SFLEUS SRPHESS iTGE5IFRTS has t he
added val ue encoding cytosine deaminase and uracil phosphoribosyl
transferase either as separate genes or, more
preferably, together as a bifuncticnal fusion gene
15
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-Fluorocytosgine,

25 Also provided by the invention is a modified virus of
comprising one or more viral components or transgenes
pPresent 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 intoc the vector but



over the use of non replicating vectors in that virus cag sRfaRAsbdst om cel |l
to cell within a tunmour, thereby 35 multiplying the initial hit, or effect,
on the tumour. Tunmour cell destruction can occur not only by the

cel |l -destroyi ng mechani sm engi neered into the vector but 18 January 2005 WO
02108263 - D 02f86255 GBO1103252 al so by the cell destructi garidBogtss
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 the3direct intra-tunoural injection of

an adenovi rus ich _h bee de gene mani pulated to repljcate only in
p53 nut ant tum)ﬁrs%e_}fgtiie’rﬁgeégg%ﬁlgﬁaféoflrw%hésgeaSFPﬁ??Eﬁé t“‘f’it% s on |large
"head- and- neck" teeioinus dndecpioripdd peeanduradiheg ancabkacf otk regress of

2/11 10 treat edpb@0s!I SumidieC Redponsd REr wWheor1A8 Stdabrb 8o e form of known
“treatnment (Shep, Y. Per sonale

: [oJ0) nicatjon). Al so provided b he
invention is a MBHT 5 ed VEras 1% WHera: ni)?‘ﬁ% 'beé%éadeﬁ(?oﬂf‘ﬂggﬁﬁ%lﬁ%’vi rus death
protein (ABP) PBeplireat dndse-tleounsdt Lofedfion mrfonnt edemesritust i ng
over - expr essi onwRich e ekai Rads Usdhet hahitiaded ite reppocity HLhysai d
nmodi fied virus imr %%g. 29 Txhucs,llfsor ene_t her.aﬁfg tge rrg_%l fied virus
may further be ~fouitied, dccording to-standardiechftgues?™ i®REiples and
proposal s w del ¥idEsd itFé@dlEnor headde dhapdrandmecki"ncomperatareor conpri se a
d_?_?]i red ther ap_epléu'gtfsiaae.@e eﬁ@ouﬁf@i@@iﬁ:hca %’c_ﬁioﬂ: &gge{ggshn@f egilie. ( ]

"Ther apeuti.c” | y br . herein_ to Include bo t herap In the
sense of t(%gr atiié/]ée%ecisgzlq'lm?’lal? ?v‘é%t%leraarSyO%}?eréWJpsree-regfqu‘%??iﬁgtooranéi agnosed
condi ti on) and PPEpIRA decyn Fheatwpsyie (Fagn ehc fersgnddsired t her apeutic
product (e.g. acohmefiapeubnt.pol ypeptide or anti sense nol ecule). 30

Also provided by the invention is g modified wvirus

i5 wherein the gene encoding adenovirus death protein (ADP)
is placed under the control of a promoter permitting
over-expression of the protein, §uch that the lytic
capacity of said modified virus is increased.

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

25 used broadly herein to include both therapy (in the
senge 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).

30 -
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 digadvantage of using a wild type wvirus in gene
therapy, even after modification according to the



35 In a further aspect of the invention, the nodified vi{g3an/aRyodgac! ude a
site (e.g. a restriction site) for insertion of a desired therapeutic
gene/ nucleic acid nolecule. One disadvantage of using a wild type virus in
gene therapy, even after nodification according to the 18 January 2005 WD
02/ 08263 PGhMO@B042693252 - 40 invention, is that the huneoreBogssml
subjects to be treated with the virus may possess pre-forned anti bodi es

to conponents of the wild type virus still present or only partially
nodified in the nodified virus. For 5 exa?r?pl'e human adenovirus serotype 5

hexon protein |§nvé}ml%taggeﬁg@%wh&rﬂsnfefmmt 's*agﬁié s SISt

nodi fication of_a s ﬁ conponent, for exarrpl e e canpaonent

cont ai ni ng the H)?‘Ftrﬂ?l“ﬂ}g[‘p?) 9p\é‘d‘tqf9ﬁ@aya886?%ﬁ%émceo Pﬁ'@e‘il RS eEnay be
sufficient to redusmmpb@enhe ofithealwildnimee respenseild piesemdioli ed virus
via pre-fornmed,@n} iediiasy &ocﬁ?ﬁielae iBr @ﬁ@rr@rgﬁlefﬂeg. oLy &opf urther

conponent of the Virus to furél reduce | myune response of the host.
15 Thus th8 i V&Mt AYPERe? %?W\Hr&éssﬁrﬂ‘bﬁ’? i dSFPPURECLRIC0Ai ng to the
i nventi on whi choftign ergebhpd i e prz-formall awnibendet . whilctildts repl aced with

an equi val ent rﬁ&imrt%'&tmﬁrofsa m%gfllee%wffb&ﬁwne%ndf&g QfapRAlkd virus by
virus is 20 reduced. For exanpl e, an

anti bodies pre-fornmed to e

adenovi rus of stel?%tc‘;%?oﬂﬁg n‘é‘i’/ntadﬁ‘r’r%‘ EBe PTG IYEoPRIYPSRTIER i s swapped
for a hexon pranwindiofy odilid emamntienot yme legaiuisicidmic tpredhoened
anti bodi eggare tmeesl@ﬁttla& gl ced bﬁ¥@|t&0crﬁ@rn%@1k9edsﬁrﬂltsy%ap‘ds for

exanpl e the differ r ot 25 Ad37. Alter tlvel a nodified
adenovi rus may ¥om % E’bﬁyf%‘ifgafeqﬂl&n@%%qbﬁ l‘?@eﬁ@ (.‘ﬁé’glﬁyt B which
pre-forned ant |3‘budqh@§ bpmnomuzlmfaﬁ:berrmdrtm erb tfmtrphedmaiuce the

immune response of the host.

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 ls 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 AdS5 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 wmodified adenovirus may comprise
epitope sequences 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 iz a modified virus



a-reconbi nant hexon | acking i nmunogeni c epitopes. 30 Furj@giqiRres0dshe
nodi fi ed adenovirus may conprise a hexon protein which further conprises a
pepti de capable of binding a protein, for exanple, a non-imune system
protein such as human serum al bunen, sufficiently to cover the imrunogenic
epi t opes of wiohewsexon which are 35 bound by pre-formed aptrisoi@ss2 Al so
provided by the invention is a nodified virus 18 January 2005 WD 02108263
PCT/ GB01/ 03252 - 41 according to the invention for use in therapy or in
the preparation of a nedicanment for the4tréatnent of tumour cells or

proliferating cgbhsaf e Lhanaliyavided by the toyention isg

phar maceuti cal conpositlon conprising

and a pharnaceuPF%Eﬂ#%F%@@c@Etabm%ﬁ1Q%mePFef°brthﬁuﬁrsﬁémﬁnt]Qﬁ'ﬂmmouﬁventlon
w || now be descelbedst prontectetfid caiiBb. reference to the foll ow ng
non-limting Exanples, in which: Figure | shows a schematic description of
the sequence 15 _of construction_of different reconbinant fibers. A The
NRP sequence i s2Sdpptaned 1 PROYidRfkityg tBphineeRtiovhéF 8ites using PCR and

| i gated i nt o Wiphahetceastiiehl hasmpdigien oaupphpeikitigt B &b@ﬂf&é&;d&&&Bl and Xhol
sites. The resykti e 0 n flber 20 tai
first shaft repggtﬁﬁ %@Eh{?{%% %h%ﬁg%ﬁclscr%o neac? c—?t}%e fiber A by
SCE. In the pr6%€§§ﬂéﬁmaﬁﬁﬁbp%ﬁﬁqill nker and a Clal restriction site is
added between the NRP and EGF sequences. The resultlng fiber is named Al
EGF. In thigs fi t f nds b i gation
usi ng thelilOCI al ﬁ%dl tg??téglp%&#’%% %&{% dgr- %alfsl f‘”lxﬁlelr Al EGF
is subjected tEF@Q??nqentPhEh%rQR%%9¥1§ﬁ ﬂ%%T#kﬂ%ﬁ%Nﬁeﬁxéﬂﬁlﬁsrl§n|ntroduced
into the sequemngieid¢h frame with the Wr

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.
B. EGF is joined to the fiber Al by SOE. 1In 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 =ites.
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 Ad5 fiber. In the
A7 EGF construct, EGF can be substituted for new ligands
35 by ligation using the Clal and Xhol sgites.

-Figure 2 shows a schematic representation of the



EG- in fi-bre A

30 fiber sequence. After AT cloning, the sequence is Ilmaja%ga;,y%%vw fiber
using Nhel and Xhol to create fiber A7 EG-. A7 differs fromAl" in that A7
contains the first seven shaft repeats of the Ads fiber. In the A7 EG-
construct, EGF can be substituted for new ligands 35 by ligation using the
Cl al and Xhwbe3ud26s. Figure 2 shows a schematic represenpaticat/@is2t he 18
January 2005 WD 02/ 05263 PCT/ GB01/ 03252 42 .. different reconbi nant fibers
used in the present application. A The Ad5 wild type fiber. B. The fi ber
A7 EGF described above. 5 C. The f| ber “A7 scFv €242 obt al ned by

substituti ng EGE-c] i aﬁ% gligation as

nment i oned abovéﬁfﬁégﬁtbﬁ% sc v %E@%%Et :zLillflne y su t| tuting EGF in
fiber A7 EGF f @PPLheakiey- fragnent by ligation as 10 nentioned above. E.
The fiber A7 ARfi | Ukewhes evil@Ftiypef fhesr A7 EG-F has been substituted for

an Inginding aff| yﬂ%a'~ n n E he fiber A7 Affi 1gA where
EG- in fiber oy Hrigetﬁﬂbguggiég%\égda ngan I%ﬁﬁbl ndi ng af fi body as

nent i oned -"_abové’. G T]@ iRey e FCRY B433 oPGeiBeR i LY FARRGAFBEEE BF i ber
A7 EGF has beeﬁnsﬂb]sértm eBbH doranhé gésiu fdrggentafify ddgptionkasl to an | gA
bi ndi ng affibo )én@§oﬂ% 20 above. H The fibre A7 ZIgQd ZI gG where

een substituted for d?ig Uglgndl n caf fi body
linked to anoPher TB® ‘B’r]?ﬁ:ﬁ Ay SFFVLSRP é’?tﬁéﬂ?‘ii FURFSTEUtY 9'ﬁ‘%f| bre A7

ZI gG Xa Knob wher gilé¥F A HitbhrferATh&GeF2Srhgsebiedry dulgstibutas for an | gG
binding afdfi boﬂ)énl:i?%%ij B R-8 cl eavabl e wild type fibre knob. Figure 3
shows t he bindi ng ab af fi bod¥
. The 1ber A7 AFTi 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 IgA binding affibody as
mentioned above.
G. G. The fiber A7 Affi IgG/ALfi 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 IgG binding affibody linked

to a cleavable wild type fibre knob.

Figure 3 shows the binding of ZIgG affibedy when
incorporated inte fibers expressed on virions.

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



incorporated into fibers expressed on virions. 30 Panel Ag ahify 200sdi ng of
virus or protein to the nmenbrane, it was incubated with Fc3(1) followed by
HRP conjugated anti human 1 gG and developed. | = the virus A7 ZlgG Xa
Knob; 2= the sanme virus after cleavage with Xa; 3 = WI virus; 4 = virus
with two fibareoseg. WI and 35 A7 ZIgG 5 = Fc3(1); 6 =—rPrameiessfl 7 =
Protein AG Panel B. After binding of virus or protein to the nenbrane, it
was i ncubated with Fc3 followed by HRP 18 January 2005 WD 02/ 08263

PCTI GB(c) 1! 03252 - 43 conjugated anti Thien | gG and devel oped. 1 = the
virus A7 ZIgG Xgp e an{:lﬂehm I\é’Gr Hﬁdaéé\%logeﬁavﬁgg E’Het QréLr%S W

virus; 4 = virus_ wth two fi ers e. :Proteln

A; 7 = Protein A& Z%gcf?zi{r?eﬁn C%‘nttrh(?l SPB%W%F&&HCE:L%?"%% $thn
msrrbr ane. 1 = Xhe YVis 0@ AlridbgQ@ Xavidmob; wlth tthwe Sdbersieus. aftt end cl eavage

with Xa; 3 = V\Z’Ayiﬁgg Af t_e{;cgu WinNgRteyhrAs 7 the gpabrage was i ncubated
with HRP canju exon and devel oped. (10 Panel D. Treated as

gat eg ant i
menbr anes Pn pa n&‘oﬁtﬁﬂ% thehom E’Eﬁﬁ?‘i"%‘?‘l% VRTRE FRIHPPE. 1 = the
virus A7 ZI gG Xa =Kiob;vizus Ml Zigdu¥a Bncbprt éhe Apmd vimprotditerAG

Expl anat ory not §lea{:§a¥e1)w1'tﬁ kQOV‘Bﬂ 4 ‘?JTb'vE.gu;I Heradpidai iy WekA s FC3 i
known to bind protein Ga%g gar 4 shows a schematic

representation OfS tTRER [ceny §oa ARB- Pfkers were
inserted in theexdrelarsi tievabepecham of NRP 20 Figure 5 shows gel photos

g:lrrlogst Ei;lbng mﬁg&g@ggﬂ F&:@géedse@, H@n!b-g:%?iﬁ%flﬂ : glﬁé!ﬁd i BRfS chg Sf9
Bacul ovi rus- i nf ERTHRF é g&ﬁ Re s, 8Bt By ]ﬂE E’“Sf virus 2t 5286 #8n, |ysed

in isotonic bufKeeh; ahd= ¥El ritysatles pdovedtedi A =fwprateéfpudis. One al i quot
was centrifuged at
Explanatory note: Fc3(l) is known to bind ZIgG and
15 protein A. Fc3 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 Sf% cells. (a),
whole cell lysate; {B), soluble fractiom.
Baculovirus-infected cells were harvested at 48 h after

25 infection, lysed in isotonic buffer, and cell lysates
divided in two aliguots. 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.
Immuncblots were quantitated by autoradiogram scanning.
Quantitative data, expressed as the percentage of

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



10,000 x g for 10 min and supernatant was kept (panel 133 jaaey 8@ t he

ot her was anal ysed as whole cell lysate (panel A). Both aliquots were

heat - denatured in 30 SDS-sanpl e buffer, analysed by conventional SDS-PAGE,
and blotted. Blots were reacted with 4D2.5 mAb (specific for the fiber
tail) and rwadinlsdsel ed secondary anti body. | nmmunobl ots wer&pquesns2 t at ed by
aut or adi ogram scanning. Quantitative data, expressed as the percentage of
35 sol uble versus total fiber content, are shown in Table 7. 18 January
2005 WD 02/ 08263 PCT/ GBOI / 03252 - 44 EXANPLES General procedures and
starting naterigkfyprgReconbi nant adenovirus fibers were constructed using 5
met hodol ogi es based on ligation and PCR (Cl arkson et al., General
application of PCR to gene cloning and manipulation, in PCR, A Practi cal

Approach, Eds SGéRieals grovBdufs rded Rtandikayhare:@Risl.RL Press, Oxford,
page 187, (1992ﬁécombf%angcgaéﬁ£§§ ﬁ¥1fpggr%A%gfg(%d%gtghczgéég Jechni ques

18: 746-75Q (1995 plicin Qverl ap extension rton et
al ., Reco mat‘f‘%%'})‘ %ﬂﬂ’gﬁﬁﬁaﬁ%ﬁg%l@ JAIBRACK Rt FEEs (GERAGEPERE i n

McPherson M (&d), d®@neeefedrlicganesiof, PTRLtPrese &¢98ding &k¥.). Cene
products gener ahgdi Qi RGBel £ Lgﬂi‘erAa'ﬂr)écE!LQé‘f §‘o'agf10 1%;{?& vector pCRII

(I'nvitrogen Corl\? sing so calle TA cl onl ng , Nuc. Acids Res.
16: 9677- 86, %%Bﬁﬁsonsﬁ?ﬂcl%‘r‘&%% Rhgrg "p"éﬂ?ﬁ &BEoFH?% t¥Logfandar d
met hods ( Sanbr qoﬂgestlaal, (1882 Eculiare .clPGRF higatAior-8bRr éabvyrdrastuall.. , Second

Edi tion. | d L- &t 0r, he vector
pC;:‘EXI 47T- 3@(Am$}£d%}%%§?%c%§ BZE%??O (195%@2%#&%@?%2n$ rb@%)nbi xant fibers

were sequenced UFTNGE FEFPRFRT™h ﬂBEOIPr?"SIﬁlseqﬁ%ﬁ% &d@Ppment and
wer e expressed dne nmiageheais cefl ITNA S¥40ehean sfsdnmeHCRS ric aicEBeeednnonkey

25 kidney cel | syg @34, 8bLatO& MU AGATBIL CARINRELUL 6 € 5 217.) .
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
ABT 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) ursing vectors described below, and
in insect cells (8f£9 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 fiber 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



Col | ection, VA, USA) using vectors described bel ow, and 18gahmsggtosel s
(Sf9 cells fromS. frugi perda obtained from Anerican Type Cul ture

Col l ection, VA, USA) using Baculovirus expression (Kitts et al.,

Bi ot echni ques 30 14(5): 810-7, (1993)) (virus and vector from C ontech,
Palo Alto, BR02084F and stai ned with nonocl onal anti bodiP€3/GBOEER$2 c f or
fiber tail, trimeric fiber and the new cell binding |igand. The foll ow ng
paranmeters were eval uated by i nmunost ai nig;g: 35 i) nuclear transportation
ii) functional expression of the new cell“binding I|igand 18 January 2005

WD 02/ 08263 PCT/ GBOYL/ 88253 toBorhidnir@lkl ity to formtrinmers Recombi nant
fibers were rescued into the Ad genone by a recently devel oped procedure

(as described in Exanple 7 5 herein). The plasmd pTG3602 (Chartier et
al., J. Viral., Rrooma8osit4Fibere 1996 resonedi inty thiee Adnyenend\dy agenone as

a Pact - Pact {1 ageBakc ypuidiaadpas Sididdund (BRI EIIA belhenapRL Tyl el y Ok
f ragnent of5 thehgggorrﬂa b@tmin f I a%d Pact and containing the wild type
fiber 10 géne was cloned SEpArafe %R?ﬁ; BBPuESATIET BFoftt his fragnent an
approxi mat el y 3KBred agriidt 4666weeh0 Sadloogaht coprlimimg thetdsrirsubaboned. A

del etion of thegaabhwess fd PaE1IRAE: WillmbRe E3€ QR0 0L L e I t er i nal
nucl eot i des upstgggpo{ tt}%FNgel site.o t?ﬁof% ber was 15 created in the
3kb fragment and an Xhol site FRiToducsay i T SIEBEICR| TR SRR

| i gation of recBfbYerihtSHElband Paer gucheohtabringeltbeedi B btpeadfiibetr (the 3

kb fiber ishuttbhehe baisveapnidebesdichrdi9l 102012310 T iheL, St e with
reconbi nant fi bgéawaesnt re-i n#ro ucetcéli n%Fbt e 9 kb ra‘gment cut wi_th Nhel
using honol ogots>F econdi naEPBR T - ¢or &y PEEVESR Saadyugrg) . The
resul ting reconbPwhritas utheagemmloned. A nddlerienco$edhd nemitviee vect or
with Spel and Paghe@nfbne 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.

?0 The 3 kb fiber shuttle with recombinant fiber was
re-introduced into the 9 kb fragment cut with Nhel using
homologous recombination in B.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 cosmid clones by PCR. Cosmid clones
were also restricted with Hind III and the presence of

30 regtriction fragments of the expected size wverified on
gels.

Recombinant Ad genomes were isolated after restriction

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

ingpection of the transfected cell cultures.



25 joined to the isolated 27 kb fragment by Cosm d cloni 1@Janliag 2o08sence of
an insert of the expected properties was verified in all cosm d clones by
PCR. Cosmid clones were also restricted with Hind Il and the presence of
30 restriction fragnents of the expected size verified on gels.

Reconbi nant wAN2@8xedr nes were i sol ated after restriction PeirigBeRees2l and
used to transfect suitable cells. The 35 occurrence of plaques was

determ ned by mcroscopic inspection of 4t6he transfected cell cultures. 18
January 2005 WO 02/08263 PCT/ GBOL/ 03252 - 46 List of ol i gonucl eot i de

ng mE‘rzo)n aﬂgs fohw%fp UlCGgﬁGI%gFATTC;Tdea #ﬁ&%@ E:SEQ #D NO. : [2?]E QNaI o
. . nme . . . nme
175: GGGGAATTC&&%E‘AA‘@%@%}&%A C$GAﬂq%e %G |D. NO. 22] Name: 196:
GCTCGAGT TAT CEERT TOGARACAACFETAC! §:SEQCT¢IBETINCICTT BT AINGTATCA 228
CTCGAGTCATCT (GAAT EFECGACCACT Tand S0 cddeanednreitbcdyoinc@@Brcan

TGGCATGCCT
GGGGAATTCA%%@@#%G%E@%’T“CG“ETW?@EHG%C%CTA%61 Name: 255:
CAGGTCCAGTTGSFECAGTE? - : RSE®and : (228N TCCAETPATNEGABTTCRGRLCACTT

GGGEECCT CEESESGE CAGCT Bl et TG TrhEXativcidedSehAéerrhideEQ | D. NO.: 28]
Narme: 270: Nﬁ%ﬁa SOCCAAGAGOGACCCATCGATCATGAACTCOGACTCCGAATGT 15
[ SEQ |D. [ 29) gm;g‘g 3nes GGAGTTAAATTTTCTTGTCCACCTTGGTGCT [ SEQ
ID. NO.: 30]CaREHITCATREATGC GGACTACAAAGATATTGT GATGACGCAGGCT
g e e e
Name: 403: déggrcﬁ%ééc’r T GGG GGC TGG GAG GGC [SEQ ID. NO.: 34]
Narre: 414: QOCES GUIYE '

[SEQ. ID. NO.: 28] Name: 270:
CTGAACGACGCCCAGGCCCCCARAGAGCGACCCATCGATCATGARCTCCGACTCCGRATGET
15 [SEQ. ID. NO.: 29] Name: 273:
CCCCTGGAGTITAAATTFTCTTGTCCACCT TGGTGCT
[SEQ. ID. NO.: 30} Name: 274:
GGGGARTTCATCGATGGACTACAAAGATATTGTGATGACGCAGGCT
[SEQ. ID. NO.: 31] Name: 275: CTACCTCGAGTTAACACTCATTCCTGTTGAAGC
20 {SEQ. ID. NO.: 32] Name: 326: GGGGCTAGCCCCTGACGTAGCAAGCTTACGA
[SEQ. ID. NO.: 33] Name: 403: GGG CTC GAG TTA CTC GAT GGG GGC TGG
GAG GGC
{SEQ. ID. NO.: 34] Name: 414:
. GECCCCCGAGGCCTCGAGTGAGGAGACGGTGACCGTGGT
25 [SEQ. ID, NO.: 35] Name: 4i6:
GGCCCAGCCCACGAATTCATCGATGGATATTGTGATGACGCAGGCT
[SEQ. ID. NO.: 36] Name: 418: AGA CTG CAC CRA CTG GAC CTG
{SNN) ,CCGTTTCAGCTCCAGCTITGET (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 GTIC T '
[SEQ. ID. NO.: 3@] Name: 474: CCC CTC GAG TTA ACA CTC ATT CCT GTT
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. NO.: 41] Name: 503: GGGCCATCGATCGTAGACAACAAATTCAACARA



GGCCCAGCCCACGAATTCATCGATGGATATTGTGATGACGCAGCCT [SEQ ID. NO.: "36] Nane:
418: AGA CTG CAC CAA CTG GAC CTG ('SNN) 18CCGTTTCAGCTCCAGCTTGGT (S is dA, dG
or dCand Nis dA, dG dCor dT) 30 [SEQ ID. NO: 37] Nanme: 473: GGC AAT
TCC ATC GATWOGG/eWE CAT GGA CAT TGT GAT GAC CCA GIC T [ $e@csoinz2840. :  38]
Nane: 474: CCC CTC GAG TTA ACA CTC ATT CCT GIT GAA GCT [SEQ ID. NO: 39]
Nanme: 476: ACC ACG GIC ACC GIC TCC TCA GCT GAT 35 GCT GCA CCA ACT GTA
[SEQ ID. NO : 401 Nane: 478: TGA ceAY GAC GGT GAC CGT GGT [SEQ ID. NO:

02/ 08265 PCT) E01165007 1 a Pl S8 Th e R 1

GGGCTCGAGTTA#W@W@A?‘FO [SEQ ID. NO.: 43] Name: 550:
TCGGTTTGCGAAACAACTCTASCFATTETALTCOEOECETGATGEAEEARET {SEQ I D. NO : 441 Nane:
551: 5 AAAAAGHAGAGT G TIGCRAACGEAGCTAGACAACAAATTCAACAAA BZAMPLE 1: 10 15
Cenetic insertion of a trinmerisation notif (the neck region peptide from
human | ung SAPPREERRPCTFT TP CEACHERPAISATIPRIE> The gene encoding Ad 5 W

fi ber was obt ai ned froma preparation of Ad5 virus by PCR using an

upstream prlrrer APt ey, 175) identical to the first six coding triplets
of the fiber plus an ECOR site and a downstream primer (Primer 149)

annealing to the six termnal coding triplets of the fiber plus an Xhol
site. The fiberGehakicaisHintddn] SEQ HridmeNQsatildn was idl dnkd nadio the vector

20 pBl uesarg pt ébﬂ&ntﬁgﬁ;t LS bh Ol $hhgSs@ReGan b, {yd her sub-cloned
S .

into other vectors us| n sane restriction enzynes.
denoviruds 'ars.,

The gene encoding Ad 5 WT fiber was obtained from a
preparation of Ad5 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. ND.: 1] was cloned into the vector

20 pBluescript using these restriction sites and can be
further sub-cloned into other wvectors 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 remowve 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



Fi ber peptides were nade where the knob was replaced 251gishiuapp2gog er nal
trimerisation notif (see below). The purpose behind the introduction of an
external trinmerisation notif is two-fold: a) to renove the knob
containing the native trinerisation signal but also the cell binding part
of the fibewowmmskeéb) sinultaneously to 30 supply the necessaBy/03252

trimerisation signal. - In this case one particular amno acid notif have
been used, i.e. the 36 as "Neck Region Peptide" = NRP [SEQ ID. NO: 2]
from human "Lung Surfactant Protein D ppe et al., Supra). It should

be noted that thes sw&%%agﬁsa m w@hlsgréété WMGRL 3 gbgg&gg ual

trimerisation part of NRP

e e am no aci
fol l owing the tTiHEti%at hﬁ' §‘?%Cq ﬁKﬁﬁgﬁﬁN HRFEoRFagt B pr ot e| n ~ 18
January 2005 WG:DRiOE263 1RCKE CBOH/WR252he ﬁBlmdﬂIﬁlSBdiﬂeﬂ seimdinethd n al |

constructs cont@g@i@&éﬁgnywcam%e d8%- seaienss lﬁ.mgf unctions as

an effimg i nker betvveenthetrlrrerlsatlon si gnal e Ctermnal
car bohydr ale doW&f iFERAYhE Alfted® IGPNG 1886 f b e Ehgnaarp% considered to
have the sane imporiteanit fhontiemwrin theheecedoidmamtibbrbedssdaserd bed

herein. The Dl\mhéx?éh%ncQ’h@oghﬁgsé(cgfentcléecgaiﬂfrfcﬁatﬂhgntrﬂgéflsaV@.
synt hesi zed, clo dﬁand ver oy gguenc‘ﬁﬁ; er to i ntroduce
the NRP motif |Iﬁ?n‘ol l‘i"@saﬁgﬁ VEFRed f chapedy Wléféaﬁe]%e was subj ected to

PCR (O ackson =gquEncingupra) with the upstream priner 23B containing Sphl
N-term nafhy of the NRP codi ng sequence and the 15 downstream reverse

primer 196 cont XhoI ]%fgerm aII .of the  coding segquence. After
cutting with I (‘f XRot ™t Eqﬂ R o tids iptgatRe IO VERESWE  fi ber

gene cut with thideamshenlibesedieaceewas t sulgjeatecorbi pelt (FlidaksoAl [ SEQ

ID. NO: 31 cond@ias ,tBep2h) (el thai Lp@hedinedikst 25haidnd-aRgaL T ol | oned

by the .
y Sphl N-terminally of the NRP coding sequence and the

i5 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 motilf (see below).

30 EXAMPLE 2:

Assembly of gene construct encoding recombinant
adenovirys 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.



NRP trinerisation notif. For a schematic representation 18fanuB& 2005
constructions and construction pathways see Figs 1 and 2. 25 To repl ace
the cell binding function of the knob a new cell binding Iigand was
subsequently introduced into the fiber in addition to the external
trimerisativwanszwd acid notif (see below). 30 EXAMPLE 2ci&periés:sy of gene
construct encodi ng reconbi nant adenovirus fibers with epidermal growth
factor (EGF) and the external trinerisatign notif from human |ung -
surfactant D. 35 For a schematic represe"nf"gtl'on-of t he constructions and

construction patfwayissesqkl 1 ry-2005 W0,02/ 08263
PCTI GB01103252 - - Thgqgéﬂé%iféﬁgg’géa?o%lﬂﬁt%%'lzé E@EQ 4ﬁD‘."""‘ﬁo:: 4] was
synt hesi zed, cl O?Pgﬁt dZ€8quehesd BRd RRAppRsisscin g ProdegiencEhims t hen

joined to the Alsdqusercenenti Oned jalioed tbytisplaicEngedinaditaiohal exéeNSsi on.
In this case th%ﬁ%ﬁcgﬁg%We%q%e@kegnéfbnﬁ’%w%ﬁ{g AL MPsfLegaypri ner
he triplets and

(270) (ideptical tot ]I:)[’St seven_codi ntgq _contalning an
overhang wiTh t i EeddEntBPITT%h TanFhB vHd @1 FRREFEqmSEOineD, (RIEP) 5]
derived from Stéaisientdcetctd iPreotfdivet Asansh aodial teisildtehi anasite, 10 and

a downstream pridBitaia2hy 46 URIHIRE! A vh hd BequSEUPTLCLN DAL LTI plets
of the + strand and cqntai njn an Xhol S|t§j)§. .gf"ﬁe I ber gene” was

subj ected to PCRSW A™ ﬁrutj%ﬁ'ez}r?rp{’]?nérﬂi AEVRAITHF the first six coding
triplets of the Y@pdyandoarelEquRitesnt® ¥ cantl rd& @ cdavassieam pri ner

(269) conpiementafy at Qolhs: SaVERrihetMaad) qodi Hol ofp,Lhe + strand
and an over hang corartpl gment ry. ?(J):lt hengver)hgng}ﬂ?%er%%{g%r ri%ﬁei'h or the EGF

sequence. The two PCR-BFBHIRY STMREPESt Ao nab-#iA per cgrBein&t@ndard SOE
condi ti ons (HortagnZbplasite)Suptae Ad fiber gene was subjected to PCR

with an upstream 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:
of gene construct encoding recombinant



20 produce fiber Al EGF [SEQ ID. NO.: 6]. In order to cnsdnusgtaodsfi ber
wth the first seven shaft repeats, the NRP trinerisation signal, the
St aphyl ococcal |inker and EG-, the fiber Al EG-F was 25 subjected to PCR
with an upstream primer (326) identical to the first seven 5 triplets of
the NRP seqweneaszpesus an upstream Nhel site and a downstrcaaspopeseseer (228)
conplenentary to the seven termnal triplets of the Al plus strand. After
cloning the PCR product was 30 restri ct_eg wi th Nhel and Xhol and Iigated
into WI Fiber restricted with the sanme szrres to obtain Fiber A7 EGF
[SEQ ID. NO: dent¥iiGhsi 8186P% laired @i AL FGRDW dihfE65es idhd BAL 1t
contains the flerxscte seven shar re.peatstoj_ he ~AdS Fiber. 35 Examle 3: of
gene construct vnv&ﬁﬁ#g*%é%%ﬁb?—%%%n—% : BEE WG9 e Rssan
PCT/ GB01/ 03252 R..50 adenovirus fibers with single-chain antibodies and the
external trinerisation notif from human |ung-surfactant- D. 5 Two
nonocl onal _antibody single chain fragnment re used to construct
reconbi nan adelﬁwé)v%roll}?c P’B%fsa.‘ntlgﬁ)é’ iP%’Pgls‘? st\:%élgi GRET WeEFalAgft (scFv)
of the nonocl orfdél coartirBotyr€d® inghitchdsnahithisgliiberect iTie filkas been
?ggwn to _rﬁac: Mj tgh slantgmt@tilérm'str}ztxia@gen@n£1 ! noEegg%tsﬂe)Qh&%]&Ja&O”H ge! I's
sterwijk et al.. n ncer - A489-94, . e second is a
single chain fragnenty %%g?hgﬁ?ff oc‘f’llgﬂallugihﬁeﬁ(‘?8§71&2% R &FPeacts with
i.a. colorect @hcaRdtpanercatvidicar prabeds ankéhanssonh@an rEnedi s,
Uni versityoof Garebubfla €4dB0) Joostarf@PO Longtrughs. The &ifgesghain
T o A2 o 2PREGEENY I FheKocond W SYRGL PP PRLRERL D O Y
of the monoclonal antibody C242 which reacts with i.a.

colorectal and pancreatic carcinomas (Johansson C.,
Thesis, University of G'teburg, (1991)).

15
G250 constructs
The single chain fragment‘(Variable 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 €242 (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



constant heavy domain 2 or CH2) of the antibody G250 WaS1§Qaﬁ|gg?§§0@l§t ed as
previously described (Wijtens et al. J. I'mmunol ., 152(2): 836-43, .
(1996)). This @&50 construct is [SEQ ID. NO.: 8]. To permt cloning into
the aforementioned Al and A7 fiber constructs, the single chain fragnent
was suppl i ewom2tobeéan upstream Clal 25 site and a downstr eemceipés2=i te by
PCR using prinmers 416 and 403. C242 constructs The single chain fragnent
of the antibody C242 (Variable 30 kappa, _ Linker, variable heavy and
constant kappa or CK) [SEQ ID. NO : 9] Was‘ constructed as fol I ows by SOE

usi ng cDNA frorrg@g%@@tf@%&gg,ggyc %gg{;%g%&fl%%gl GELJFI K L& | at es.

VKCK was anpl i f sin I’IITEI’S usi ng
primers 25gpandk’§§ &Zj pslé‘lt\?s(é?%gl%nﬁﬁ’atﬁg%ﬁﬁ%ﬁwesfma@m) (VK

Li nkLi b VH) waspcomsts utt&diroy 4S6E am fold ewastMictang LYHMes evighpl i fi ed

separately usingnpri i s, 44/ ary 1024 08263
PCT/ CBO1/ 03282 - 5 ' e 4 14"’%@82}2%%?2@ i %?Iﬁ%&b\gge rgréen Tdfed VKCK and

VHCHL as t enpl af&s% i} Bi55edst 8 %‘Elﬁé?e%FrS&EO‘éFs}r}hg(Taﬁgl feral 4147 -and 416.
In the construcBiVWK. LCdekd b 2VH;: 15&@24dekansbel meerrh¥KnasteMH des a

dom zed 18 Iy I Ta et al.
\r]fam glmolZe Chema%g@eécémf'rcg:zStgl(t%lgem:l‘?ké&‘)S %e?géggﬁgl eo(tal: Bgﬁséléjencr&gl % or th| S

linker is preseRPPFHEEFY néy L&Tgl’nﬂ'h‘@‘l “@&nﬁ-?ﬁ%‘? WOLFHRLV%CW was cl oned
into the vect or PARNKLOKqsibelrbet &t. ,ald. Imhuhahamialzagiveahoddtimds 3201: 35 10

55, (1997 Phgge ¥y, a I bi nd panni ng was
perff)rmed)]ﬁ}m nggg ﬁi esc@ﬁab%§ cﬁg%:lrltéﬁ} ah agéjbe%et et 59 Sed pra). In the

present experlme?l‘% péé‘ﬁ#@g affty &&f; OF’éﬁ‘étqﬁI@Wﬁh‘aﬁ%Wm@M was
adsor bed onto bﬁ@tlm,td attedbbeti dodl .C241p15) ( Wircthei passanot her epi t ope on

the antigen thaggfddiddents, the CanAg antigen, reacting with antibody
C242, was adsorbed onto biotinylated antibody €241
15 {which binds another epitope on the antigen than C242)
bound to streptavidin coated tubes (CanAg 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 contzin 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 €242 VK Link VHCK. 1In this SOFE 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 consztructs
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 C242 and
A7 C242 (Fig 1 and [SEQ I.D. NOS. 10-131).



bound to streptavidin coated tubes (CanAg D agnostics Lug.Jjafadrgbous,
Sweden). Several binders were isolated and shown to contain different

| inkers. A particular VK Linker VH construct shown by sequencing to
contain the 20 |inker PPDFVPPAASFPDHSPRG (one letter am no acid code) was
sel ect ed fowdmns2eer work based on antigen binding abil ptyceiiosess |inked
to this construct by SCE to obtain the format C242 VK Link VHCK. In this
SCE the VK LinkLib VH was anplified usi ng priners 416 and 478 and 25 the
CK amplified with prinmers 476 and 474. TR anplified products were then
joined by SCE ugifngRrisoers 416 and 474. In the PCR reactions mentioned
above the gene §eouences 30 for the S|ngle chain fragnments were supplied
with an upstredti3s 1 e constructs epsoding regombigent gnd a

downst r eam Xhol adgircadent l'i gation

into the A andné%m&h@ﬁ%x&@Q&%ﬁHﬁE%om”ﬁ&-rPG%QgegﬁkfﬁitéJémﬁ a schematic
representati on of the 35 constructions construction pa ys see Figs 1
and 2) to construct the fibers Al &50, A7 &50, Al C242 and A7 C242 (Fig
1 and [SEQ T. DTmVe$®ig£8’¢e).iﬂ&oﬁanuaaiydﬁﬂﬂ&nwoaﬁﬁi@&%ﬁrmﬁb@m/ 03252 -

52 Exanple 4. Asserbh¥s0of, 8608, CeRst 5*@,&&&@09@ g_gn%fé:onbl nant adenovirus

fibers with affi bog’g s and the extern trinerisation notif from human
| ung surf act ant> BPE PEOFTRAERECGEER A SafBUaF VaE e EdergéhY bi ndi ng
struct ures basekpgesshé shencinooepofatedigirdo staphlyleadc dalenproiesn A

domai ns cpgll d qﬁbfewcz;ég@a&cwstr%egeféf%méﬂl ACLP J?glee& 1,Q4 9 recombinant

Adenovirus 10 fi b gene constructs_for lan an nsect cell
expr essi on vveree’ﬁ?ﬁﬁés QB SEHIR FaGF - ge%%s‘?fﬁﬂé’t PhcPere SRIBTITGEFeconbi nant

adenovi rus fi bensodényaredampitrfaet adenovirus fibers containing the
IgG binding Z domain (ZIgG) derived from staphylococcal
protein A (Nilsson B., Prot. Eng. 1l:, 107-13, (1987))
15 [SEQ. ID. NO.: 14] or a Z domain-derived IgA-specific
affibody (ZIgA} selected using phage display

(Gunneriusson E. et al., App. Env. Micro., 65: 4134-40,
(1999)) [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



| gG binding Z domain (ZIgG derived from staphyl ococcal gggﬁ@?ngﬁgg Ni | sson
B., Prot. Eng. 1:, 107-13, (1987)) 15 [SEQ ID. NO : 14]

dormai n-deri ved | gA—speci fic affibody (ZlgA) selected u5| ng phage di spl ay
(Qunneriusson E. et al., App. Env. Mcro., 65: 4134-40, (1999)) [SEQ ID.
NO. : 15] wawcaneswpl i shed as follows. 20 The genes encodipag/dBdgostspecti ve
affinity noieties were anplified by PCR using priners 503 and 504 on the
following plasm d tenplates; pEZZnpl8 (Tang et al., Supra) for the Z

domai n construct and pKN1--dZlgA (d acksbnh et al., Supra) for the ZIgA

construct. 25 Igfgggmg%%ﬁgcffbggtéfrhmt Bstergn S faf' 3 the two different

affinity ligands were su wth an a dite and a
downstream Xho | site in the appropriate reading frane for subsequent
ligation into 30 &héiabave admarawe‘ iceakt geme Wik BeEemBE&Eting i N

t t f 6 d
A7 21 oA [SEQ 1 Do RO i Y EBRE LA bl o ik GoRag P 15 ot or

bei ng rescued PAEOEHE C}Qi“adé’ﬁ'one ](“sfeé"—ol?éltéwtfﬁrcqci@@ prédoex i on of 35
reconbi nant viroeesatatnyivig ttheenevail, n@hagri speaidvienl bhes: Furthernore,

the fiber A Zi cg;gt C fthermlfl dZI Ginto
the 18 January QQBg\Q@ 0@{%3&%%% ?géz ga gg’fcogfzgg d fiber
Al EGF (see als l’rkl‘@rrl) hq Fo%aBinfoig Zadempin, g*e*weee@hgtammo wevsdassenm ed
encoding a fi bei igbet af rom gIRPOH KKOELRENG SbDYEewdre iy Qh@dzéAaﬁifﬂd’ilnt;y domai ns.
Ihie, Conauuel. eapoeg, @ utbebns CAMAIBOCIAS SR lrrdlin oL sever
| gG bi ndi ng Z dBhRFHEY APTSGRt YaRe - r&8i aenﬂ#ﬁéérlyf f oM MR qIECUBE FPN)

fol | owed by t hebyg#Omiurdingg pt@maf4 i 350dwnd THS T ondil bekrhbhgs fiber the two

different’ complementary to the nucleotide sequence encoding the

linker sequence KKVELFPN. In the PCR process an

15 upstream Clal site and a downstream XhoI 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 2IgG /ZIgA

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
EXAMPLE 5:

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



affinity domains were first genetically joined together 1§Yyanwak §Gisg
primers 550 and 551 with overhangs conplenentary to the nucl eotide
sequence encoding the |inker sequence KKVELFPN. In the PCR process an 15
upstream C al site and a downstream Xhol site were introduced by the
prinmers all ewiogsfeer |igation into the vector pGEX-4T- 3 pcomisaimng t he

Fi ber A7 EGF gene construct to obtain Fiber A7 ZIgG ZIgA [SEQ ID. NO :
18). 20 A further gene construct was al sq,assenbled to encode a fiber
containing two linked ZI gG donmai ns. This dene codes for the fiber A7 ZIgG

/ZIZI %G/ [ZISE,?\ 2|5D' B‘Np'%rh géﬂgtTM@S{%&%% %{fﬁhgg, ftﬂﬂéflggf%g@é&rii d o fj d
g g exception, e gene for g S use i nstea
of ZIgAint hev% (% (;L(,ltsl lik mﬁo#]lpé’%@ﬁéﬁﬁ?i ZLJrfeeprTé’scé‘ﬁPé?%\@‘ﬁs Jf*%rhe
constructions arithsarsburget Mbn [ hwaydeseribédyoyl thrd 2. 30 EXAMPLE 5

Bi ndi ng studi espdhergangesr~gncodi ng reconbi nant 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 I nvi tFzRyess\WOn021d8e6BluE4 rPLPLEBAA 0B3R5 2 By ec@ilpiiangen, The

Net herl ands, anghgdranskeet edaitied S¢5Imaghdstdisiing Lkpogegiamin (Life
Technol ogi es ln‘éd oc‘adaithersbu%)g, VD, %JSA) as described by the

manuf act urers. 5 ExRredsPORTAhE 1S&9PAFAF | ocal i zation of recombi nant

fi bers were eval uated by i nmmunostaining using the followng primry

reagents: 140 Muusesdraicaekesahl aiidibedy 4b2.5 (atil-n@d5:{hder ) dikiand! v
provided by Dr Geoffrey Engler, University of
Birmingham, Alabama, USA) (Shin Hong et al., Virology
185: 758-767, (1991)}).

Mouse monocleonal antibody 2A6.36 {anti-trimerised Ad5
15 fiber) (kindly provided by Dr Geoffrey Engler,

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

al., Supra).

Mouse monoclonal antibody against Epidermal 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



provided by Dr Geoffrey Engler, University of Birm nghamg jfabRpitos USA)
(Shin Hong et al., Virology 185: 758-767, (1991)). Mouse nonocl onal
anti body 2A6.36 (anti-trinerised Ad5 15 fiber) (kindly provided by Dr
Geoffrey Engler, University of Birm ngham Al abama, USA) (Shin Hong et
al ., Supra) woMawsxss nonocl onal anti body agai nst Epi der nal p@r@abiis292act or
(EGF) = a-EGF (Canbi o, Canbridge, UK, Cat no CA 20 954). Biotinylated
nouse nonocl onal anti idiotypic antibody _directed agai nst nonocl onal
antibody C242 = a-1d C242 (Lindhol met af>,” unpublished results).
Bi otinyl ated no n o n a ct agai nst
nonocl onal anti E%%gggi% a- g &ngo%}?{?/%‘éﬁy glijéf)p ied égn’&e’?ﬁdedre%ol hui s,
Dani el Den Hoed™°C5Ader! Cer@fG: Rott erdam The Net her |l ands) Hunan

pol ycl onal |gG &@wd Ldénfioficardbuadf ommefn Afghi: bPoyC lattkiledt B‘(EbHi gG

(Si gma- Al dri ch Elaaslgﬁmicailﬁlan%anpndmé? xy$2081 Ak genhat BTl Al ch
Fi ne Chem cal s, gg Sécondary reéagent's or 1'dentification
of mouse arti bo&PeEO ﬁ”I'CIoiIl}@f*I'ed 35 F(ab)2 rabblt antl nouse

i mrunogl obul i n FDAKOISWS, £1c@Gitasthr up, bDenimaikie€aininiboddd43) Frr@M g. For
identification I fz( a a 005, WO

2! 08265 e CBOLY %%%S LEPraridin, BIAER /R @igs’%%ﬁ]zoﬂﬁf"é?‘r% 2 up
Denmark, Cat n8°Fd = all1gG For identification of human | gA: FITC

| abel ed F(ab)2 rabbit anti human 1gA (DAKO A/S, d ostrup, Denmark, Cat 5

no F0316) 1o aH @émefpi dantd Gest Lon feueal b 415003BbpROL Sca FI TC

| abel ed Streptayidin cl( Al'S, 02s Denmar
andon Cytospin cytocentrlfuge and air- drled over

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

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 obvious 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 cytosol and nucleus (affibodies) are small
o-helical structures not depending on S5-5 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



10 Briefly, cells were centrifuged onto m croscope slidegg jhfuafy SfEndon

g' ytospin2 cytocentrifuge and air-dried over night at roomtenperature.
The preparations were fixed in 3% paraforml dehyde in phosphate buffered
saline, pH 7,4 (PBS), perneabilized with 0,1% Triton-X100 in PBS. |5 After
washi ng i n RBIz0gsepar ati ons were i ncubated with primarycresgents for 30
mnutes at 37Cin a humd chanber, washed again in PBS and i ncubated with
secondary reagent for 30 m nutes at 37C |% a hum d chanber. After washing
in PBS, preparations were 20 nounted in PBS wi th 50% gl ycerol and viewed in
a Zeiss Axoph rce and
filters for FI 'CI)'(’t>f @%%&ggg@tsg%cg{)?%g%B%n Q&'#@EF% %h l& is 25
obvi ous t hat aJ? FﬂtﬁéedFVF%? | i gands shOM/approprlate blndlng when the
corresponding fibers were expressed as secreted products. However, only
the affibodies show the expected correct binding when the fibers were
expressed gn t yt%sol and subsequ entl¥ 30 transported to the nucl eus.
Ther ef or e, not JafitRTERIPT ¥ EBRFENAL dA9rRe RIAYEA 1Bnd nucl eus.
It is interest#aﬂymbhaanthedéqumnmg whbebs cargeitedsfandsddxetinl iau i n t he
cytosol and nud@isefiakfi bodi es) are small cx--helical structures not
depending on S-S bridges for 35 their conformation whereas the |igands

whi ch were shown not to be properly expressed in the cytosol/nucleus al
have a conf or neeterisd atagegt dependent on the formati on 18 January 2005 WO
02/ 08263 PET/ CRAL03252 - 458 oS S Bpchdogsuithi Ghsdl © shgrured gty poorly

or not at all in the cytosol. 5 Table 2: Expression and functional |igand
binding in recombinant ad8tovPfds f?B8rs target & T or 285 ot PBFFA n  COS
cells 3.0 Detecting reagent

WT + + ND ND ND ND ND
A7 EGF + + + Nb ND ND ND
is A7 G250 + + KD + + ND ND
A7 C242 + + ND + + ND ND
Al ZIgG + ND ND ND ND + -
A7 ZIgG + ND ND ND ND + -
AT ZIgG/ZIgG + ND ND ND ND + -
20 AT ZIgA + MD ND ND ND - +
A7 ZIgG/ZIgA -+ ND ND ND ND + +



Fi ber 4D2+2A6+a- EG-+a- M ga- | d+H gG+H gA+ aM gaM gaM gaM ggHaéaibeds W
++NDNDNDNDND A7 EGF +++NDNDNDND A7 G250 ++ND++NDND A7 C242 ++ND++NDND Al
ZI gG +NDNDNDND+- A7 ZI gG +NDNDNDND+- A7 ZI gG ZI gG +NDNDNDND+- A7 ZI gA
+NDNDNDND- + A7 ZI gG ZI gA +NDNDNDND++ 18 January 2005 WO 02/ 08263 - 57
PCT/ GBOL/ 03%%2edsb e 3: Expression and functionality of | ipgambobésxesti ng in
the nucleus of COS cells in native and selected reconbinant fibers after
targeting for expression in the cytosol 5 Detecting reagent Fiber
AD2+2A6+a- EQ ' +a- - M ga- | d+Hi gC+Hi gA+ aM gidM gaNl gaM gaHl gGal | i gA 10 WI
++NDNDNDNDND A7 -P:ﬁﬂgygg . ++ - NDND 15Al
ZI gG +NDNDNDND+~ BeTe zij'ge e @;‘fﬁéwﬁgﬁéﬁ%ﬁﬁ@ 971 gA
++NDNDND- + A7 ZFBGFBT JRSHGISDRBNERS SA? 2pgestdvecson SREREFEND+- The
results have obveousbimpit ddbeonsafiosr tHaegetng tTAiC expe8Eidh GIE the
re-targeted virpgeboss human gene therapy where the viral structural
conponent s cont ai ni ng

Detecting reagent

Fiber 4D2+ 226+ a-EGF+  a-MIg  a-Id+  HigG+ BigA+
aMIg aMIg aMIg aMIiga HIgG aHTga
10
W + WD HD ND WP ND
A7 EGF + + - ND ND NP ND
AT G250 + + ND + - ND HD
A7 €242 + + ND + - ND ND
15 Al ZIgG + ND ND ND ND + -
A7 ZIgG + + ND ND ND + -
A7 2IgG /ZIgG + ND WD NP HD + -
B7 ZIga + s+ ND WD ND - +
a7 ZlgG/ZIigh  + ND ND ND ND + +
20 A7 %ZIgG Xa Knob + ND ND WD 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 6:7
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



25 the new cell binding ligand are synthesized in the nagyghifP2664 !
cytosol, i.e. adenovirus. Below are two enabling exanples to show how such
re-targeted adenovirus can be constructed. 30 EXAMPLE 6" . G afting of CDR
| oops Certain single chain constructs of nonoclonal antibodies retain
their bindiwgpmpeeificity even in the mammalian 35 cell egtasellstszattaneo
et al., TIBTECH 17: 115-121, (1999)). This is a function of the so called
frame work regions of the antibody variaghle regions. it is known 18
January 2005 WO 02108263 PCT/ GBOL/ 03252 - 58 that the antigen binding CDR
| oops can be t riansf eheednt{gamuiniagt cbrModss 2Rt bertndeeeehi nant DNA

t echnol ogy theriq%y[ at | i,hodi it f operties from one
anti body and bi ndi n%gl%r %%gg?%g}st rgkﬁggh%oﬁ,e]{e%%%%¥ h%quol ogy see Enmery
et al., StratediSEEnolgey HpRER S§eARLRD N tedodigsAnt HbdtarengomKer i ng,
Carlh AI. K. Bor I‘pfeim@eﬁkieéerjrdm def thiig’ﬂdiy&i’rﬁi Mnﬁ&ﬁgspﬁc&%istigl@aggoh59)- 10
Such a | oop-gr i | I , on, a ari.abl.e domain

f ramewor k %apab nteO%glF]?f E?J()ﬂ'en%@r?%ﬁ%%%%?%s%‘%ﬁ%tsa%'s’eqé/uterr?ttetgrlgﬁsport to
the cell nucl ed®* HHBENEF &M dtdkRIdaDs cHudRIGPolE Eugpiilqasd nai t Farl
appropriate cl enikngBsickesaaik,t hedgeneokeyel ,univgakedy librddy aobshber A7 RCD
encodi ng genes&% Eggﬂjed into the adenovirus genone as described bel ow
(Exanmple 7). E LE 7 ReacLuincr of reconbinant fibers into the
adenovirus 20 genone The wild type fiber as encoded in the Ad genone was
substituted forsuckcenboopnirditedr sihyls hendiol laowh bedy Midied daval oped

within the project i1 adie P1OMelBEk 2l LEPEoATPEIOURI N t he
pl asm d pTG3602 (Enery et
cytosol” and subseguent transport to the cell nucleus

thus created can subsequently be supplied with

appropriate cloning sites at the gene level, ligated
15 into fiber A7 RGD encoding genes and rescued into the

adenovirus genome as described below (Example 7).

EXAMPLE 7:

Rescuing of recombinant fibers into the adenovirus

20 genome

The wild type fiber as encoded in the Ad genome was
substituted for recombinant fibers by the following
method develcoped within the project. In the method the
25 wild type AdS5 genome in the plasmid pTG3602 (Emery et
al., Supra) was used as receptor for genes encoding the
recombinant fibers. This plasmid contains the entire
wild-type AdS5 genome joined to the plasmid backbone by
Pacl linkers. The entire genome can be recovered as a
30 linear DNA fragment after cleavage with Pacl since Pacl
sites 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
a5 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



al ., Supra) was used as receptor for genes encoding the 1§ gtRER Jop5t
fibers. This plasm d contains the entire wld-type Ad5 genone’joined to
the plasm d backbone by Paci |inkers. The entire genone can be recovered
as a 30 linear DNA fragnent after cleavage with Pacl since Pact sites are

- absent fromwdwenosms genonme. The resulting |inear Ad DNA eam/dsoees2ize

transfected to susceptible cells to yield virus (Chartier et al., Supra).
From this plasmd the Ad genonme can al_so%;)e_ cl eaved as two 35 fragnents,
one of 27 kb and one of 9 kb, using the hzynmes Pact and Spel. The 9 kb

fragment has beednt&tofathd Hi@pBl 4 ' E t ﬁl@#ﬁﬁ whi ch
18 January ZOOﬁ%ﬁB g%é]OSZ I%C'I@/ Ol?géﬂz%c} %@mcf(}%tggﬁeﬁg tgé tﬁl"g a 3 kb

Sacl - Kpnl frag i 950 YA Bh e Ty SyBRLORRE:  Fenéibeties®hed. The
fiber gene wasvdgl @ebekdsbthabarenhehdd@lelsistieeiin tiie taiill-portien o&f the

fiber and the Mgk sit&r WHLRnbSnght UBRD WhYsSh 55%%3%&6 of the

flber-genesand n ad ter &%T\ég H}g an Xhol _site and the”down-stream
sequence Was in roﬁu% i THENGERCARS Mih2o8RteTt GoOBERYHMGa fi ber
shuttl e vect or anSghel o ibecodbihandovi-sersahaseyuowebees hgadddedet ween
(b ragment men L oped Bhove by henmlanaite b MR B LEBSE Aileelke the 9
(Chartlger et al. Q%prg)evefﬁ?yr %ﬁ%”t%ﬁ EIpers i "eFehefs regul ating
fi ber-expressi ohitiated tehveesf Ndehtarst Xhob &F et sy shuetdabireanir Snkb

Lo rororeate the par ey R e L R Re RO 0 Be
0O re-create e eno e r

deri ved from anoﬁ(ﬂ n%b%f %89??%3 Eg“é’ﬁ%’r’rﬂaté%ﬁrhsg t el Adr(%wto‘é‘éfcrl bed by
He et - (He Tek, alzhousuﬁramac:o@um IMBan¥utiat KIiz lrermkKlV aheentegel stein B:
A sinpli fl ed syséemd{timgenseat iigredBeANREPANeaaRRY! [HELS. . Proc Natl

Acad Sci, USA,
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, 1998). 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 E1 deleted
viruses needing e.g. low passage 293 for replication.

The recombinant Ad genowe resulting from above

30 manipulations can finally be obtained as a linear
fragment by cleaving with Pacl and used to transfect
permisgive cell lines which then yield virus plagues if
the genome is functional. For these transfections the
FuGENE 6 transfection agent {Roche) was usged.

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



95:2509- 2514, 1998). If the 27 kb fragment is derived 254§ nsHnRT4e%302 t he
resulting genone wll be WI E1+ whereas the 27 kb fragnment from Ad- YFG
will render El deleted viruses needing e.g. |ow passage 293 for
replication. The reconbi nant Ad genone resulting from above 30

mani pul ati ow® wasess i nal | y be obtained as a.linear fragnmeot/geyr@kavi ng
wth Pact and used to transfect perm ssive cell lines which then yield
virus plaques if the genone is functi ongb For these transfections the
FUGENE 6 transfection agent (Roche) was used. 35 Various reconbinant fibers

were rescued i maltdweRégulggwéﬂ%hawﬂ sehseqyerhbyet 4 anst agleed i hoto

perm ssive 18 J 0 263 PCI/ GBO cel.l Results
are shown bel ow i n%tn)%% gﬂr i hgﬁ??%e??taégéggngéﬁ%%#no@nfaﬁ}dt ﬁ%%

cont ai ni ng t he AAEHoodly ARJZIdY 19§t WebedsensblZl gff reGlewinm capabl e of
rendering functiueRaliowali Gﬂﬁmn'QWeThéSﬂééélt%r %rbnlﬁowﬁﬂeﬁ:e 5 concordance

W th those sho tabl es g‘fj ; CUI reconbl nant fibers
into viri ons Fv%er#'r ansFect gtdh Fscﬁlg%‘?r% é'"ﬁlcé:a% Iaques A7 W

Knob293Yes A7 HGRA549No A7 C242Col a 205No A7 0250A75No A7

ZI gG ZI g&R293/ FarfaYae @%) R3Sy o¢l kecaminddt ¢ebbss Sirdd Wikiansf ected with
Fc3(1) from human | gG expressed as a nenbrane protein. To create 293/ Fc,
cloned Fc3(1) from human |1 gG which 20 reacts with the Z-donmain (Jendeberg,
L., Nilsson, PFiber grsson, A. ,6Tadpsfegerd, cgls Unl efeoigirezaedofydruen, P. - A
(1997) "Enmi neering of Fcl and Fc3 from human i paupegl obulin G to anal yse
subcla)ss speci f,i, it ¥, Lor stapg%l ococcal protei nY,eAS J. Imm Methods 201,
25- 34.

A7 EGF A549 No
A7 €242 Colo 205 No
A7 G250 a75 Mo
15 A7 ZIgG/ZIgG 293/Fc* Yes

(*) 293/Fc cells are 293 cells stably transfected with
Fc3(1l) 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, L., Nilsson, P.,
Larsson, A., Nilsgson, 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 seguence
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(l) using FITC labeled



25 was ligated into the vector pDisplay (lnvitrogen) in 1§U§mry\@@¢5the
PDGFR transnmenbr ane domai n sequence present in this vector. The coding
sequence containing the Fc sequence fused to the PDGFR transmenbrane
domain sequence was then cleaved fromthe vector using the 30 restriction
enzynes Sfitwoandsiet! and ligated into the vector pSecTagrohimbscarries
the Zeocin resistance gene) cleaved wth the sanme enzynes. The
reconstituted vector was the transfected into | ow passage 293 cells using
FUGENE and the cells were placed under sél%ection 35 pressure using Zeocin

to select for skabblylsanslar Bedrefifld SsiChay e??r;!@fgj 39LALShAnd test ed

for menbrane ﬁgre35|on of nmbr ane- boun 3 usi ng eled 18
January 2005 WO E‘?%WHC?F@B@%?%%WE‘“%‘P% WY | Bsc g@earsest ot n A
(Sigma). One 293rahshecwuivrcief hiveroijerogsl/gIggpr essestabnhiaaenbnants Fc was
used for transbeshi; o8 Pfr-itdag. A7 ZI g@d ZI gG cont ai ni ng genone to produce
virions. 5 LE 8: Assenbly of gene constructs encodi ng reconbi nant
adenovirus fibers with an affibody and a cleavable wild type knob 10

Cl eavabl e fiber &X8¥RLRI%d ng both a non-native pol ypeptide conprising an
external Iigandasheks: y ~%5Eb@65%tfﬂgis efead |l dyiphaced wld type
knob were constructeo ( u;ted 15 bet ween
the cell binding® ; A 0 expose
the affi body. Thwaqﬂmﬂhts V|rus productlon in 293 cells mnth subsequent

i nfectionipgof new target cells as defined by the affibody after

P oot T por B Bavdhd MR ot hiRd GBSt U nch J2RE L 07 2 ©f eavable

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"



of different |ligands the WI fiber was subjected to PCR wgljangdly 9084 r eam
primer*(437) introducing Clal, Muni and the Factor Xa recognition site
before the first seven 25 triplets of repeat 22 and the downstream pri nmer

149 which

primes at the end of the fiber knob. After cloning and

restricti onwaidzhvges al and Xhol the DNA fragnent was cl opet/Gpoi/as2izhe A7

fi ber const

ruct nentioned earlier. The resulting fiber gene contains 30

fromthe N-term nus the sequence for thesbaLI, the first seven shaft
repeats, the NRP trinerisation signal, the |inker from staphyl ococcal
protein A a Cgdnesit @heareMiniirgg tfebelrhge@ @AV agErsbh &shd gReat 22 and

the wild t
af fi body ZI

vee Sl b, ai L

0 is, fiber.gene the gene 35 for the
gG was suppl fis we adtleil thgi ?ér%%dseg"e

Q
upStrea a dbmmstream

Minl site by PCRafdi AgPpRFaerEhsRP Andmepbsainidn sganed, i theo limker
af orement i oned #r¥a fsithehy 1380 JedlUaynt20RA5A WQ Q2082368 PGIHLBRY 03252 - 62

gene. The gesuliififd! Belugens GONLANTL LPMINS B Lol aus, the agauence

for the tail, the Tirfst seven

the |inker
Munl site,
fi ber gene
reconbi nant

. repeats, FIeri sation signal,
f r oS tapHyFBRBCE P protein A, a dal site, the new5 linker, a
the Xa cleavage site, repeat 22 and the wild type knob. The

Was e Ggd. T BLO. LS, GISROLT U5 JENATR A SP8 RIS T) . The

genone was t ansf ect S and VITI Oons were

produced and putise EgaBple cBd TreadrenmRingmfy igenene\vas drnadiesteteaved
with activateddtactos deldX@)ar(Shdiapnk wSMrbduse& aft BiQ;£1e&08nmM Nad ;

5mM Cad 2 f

or o] 0 e o] s .used for 5pL of
Vi rus suspensi i)}%ﬁlégég%?{%)b;Euécﬁr%glgﬁ;%g%l?%sq%f?eGL]agﬁe\é%dv%%n the virions
was performed &3ENarar| fraey & 18ad. (49 sias 5AmY| Brss—Gled Bl 8tted onto
PVDF nmenbr anes 1(0Bi alRad}Cl AfS®M CaCl, for 48 hours at room temperature.

15

20

25

30

35

1 U of Xa was used for 5plL of virus suspension.

Assay for binding of the 2ZIgG affibody on the virions
was performed essentially as follows. Virus suspensions
were blotted ontc PVDF membranes (BioRad). After
blocking with 3% gelatin in Tris buffered saline, pH 7,4
(TBS) the membranes were incubated with FC 10pg/mL 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-Chloro Naphtol reagent
(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 % whereas Fc3 which does not
bind to WT Z (Jendeberg, L., 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) fails to bind to
the recombinant wvirus. WT virus does not bind either Fc
preparation.



bl ocking with 3%gelatin in Tris buffered saline, pH 7, 41§Qa&ﬁ¥¥%mkﬁe
menbranes were incubated with FC I Opg/nL in 1% gelatln in TBS Tor

m nutes at roomtenperature, washed, incubated with anti-human IgG—HRP
(Dakopatts) in TBS/1%gelatin for 90 m nutes at roomtenperature, washed
and devel opwa d2ms8263 - Chl or o Naphtol reagent 25 (BioRad). Poe/agsesaskizs of
staining of WI and reconbi nant viruses are shown in Figure 3 along with
different controls- It is obvious that the reconbinant virus binds Fc3(1)
whi ch binds to WI Z whereas Fc3 which dods ot bind to WI Z (Jendeber g,

L., Nilsson, P-Ex&ﬁéﬁéQﬂ, A., 30 Nilsson, B., Uhlen, M and_Nygren, P.-A

(1997) "Engineering o cl and Fc3 from human i mmunogl obulin G to anal yse
subcl ass specificity for staphyl ococcal protein A" J. Inm Methods 201,

25-34) fails toAhbs n atece nix tydesstoMEwIchtisndoes not bi nd

either Fc 35 preRasaididin %ﬁdjﬂﬂﬂﬁﬁ%z%¥g§i¥¥185408263 PCT/ GB01103252 - 63
Exanpl e 9: As-gay of non-nati vé polypepti des functional conformation

and blndln& apecificiU5 The candi date pol ypeptide is expressed as part of
a viral conpongn¢ qamutieiatebpolpperstiafe iBsexpraysaafl ashpareass espondi ng

coding. seduenceyt 0 Griiedb! Bro00R! Hichead Do S AULLUEL, il conpri ses

an entire viral genome | nore conponen ave been
repl aced by the® ffﬁ%ﬁﬂﬁﬁﬁ%% ﬁ@d%%%dﬁﬁﬁﬁgﬁﬁ %%Wbdhéﬁﬂtﬁéﬁ% constagsitessed in
a cell line suiThdl erfdruystepaath crompirithe an egorthienahtaVigatoneodad for by

the recomanonantWwiéraloneg%@ogsrew&wmmstMgvme%npgagiggygtgfsch%epend' ng

on 15 whether the WI cel | -binding function i s retal ne r écombi nant
genome or not. FPEIFRPRFILEIFEBPPRATRGY GABRPRANY 998y ail R RIS Pedcan be

in a cell line suitable for propagation of the
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
WI 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



produced in normal producer |ines such as 293 for 20 adeagugﬁﬁ§¥zjﬂ¢
ability of the non-native polypeptide to be expressed in a contormation
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
i s exenplif madh2loy2edhe strategy enployed in 25 Exanpl e 8 agexmonhrse t he
virus fiber contains both the W knob and a non-native binding |Iigand and
where the knob can be renoved by proteolLytic cleavage. The binding
function of the non-native polypeptide was denonstrated by standard solid

phase i mmunot ecdial aGve AL NES aBAeStéap&ayitt @nitRot of henessame ends woul d be
to. produce virjions wth r S rec i fibers t he

W, fibe as_well a nbi nant &

| atter contai nit ERATRBN FAETUE ol ShapTTHE Y- Fopt SahbiRFErCt he nat i ve
knob. 35 If thelnfPreltiiopi hlddthgravuhet hbps Hus fyeanthel eeeuhfingnt t he viral
B nding.  Ther ef ot 1 e 16 Janiary 2005 V0. 02/ 08265, P GHOL, 05252 - 654

i ndi ng. erefore, the ar - -
cel | Iine’%ust FEAS ésté§pé§i%ﬁgdénPP§ %§¥% e %gcgﬁb?%%ﬁ?ggéTus and, if
necessary, to sumsiafegéndt fellilkiner sach ors t4¥3 andytpestilElsi ng from t he
recombi nant  Vidasrecq. th8Se SEAUECACLeESSLdY cabhblBeof asiafingaBheS genone
is El deleted, one solution is toQ.use éth%or trapsfected cell .line such as
293 and to staﬁV? r&ransf%c%y?ﬂ%se wth a recegtor capéﬁFé O0f "bi ndi ng t he
non-native pol yigpti denevdedivEbbyityicof ddsnbionanativg mellygensate The
ability ofothe yiomenakpyesped VIRER! bORE dndtd JRe tBXD! £5BRE ik 8oCBAQr Mati on
that allows it to.Bindo Lo thie cor Lespandi ng Legeplor, Stiic! dre,and form
part of a funéilo g SOFrToRis ssay y "sCre nlﬁgl?or pFa ue or mat i on
in the cells fd |Ifawichonphnsiion ¢a a3sayrd by paregriuhEorThigdYer at egy was

enpl oyed in Exami@tioaSiabawe csheseraliwield $rehabbot ®eplgssheg menbrane
bound  Fc fromAymn |96 wasnised, L9 DIPINGE MLILP0S WEEnbIE
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 affibody Z2IgG.
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-galactogidase single chain Fv fragment

In a continuation of the experiments described in
Bxample 3, a single chain variable chain fragment (VK,

. linker, VH) reactive with p-galactosidase and capable of

30 being expressed in the cytoplasm (Martineau P and Betton
J-M: J. Mol. Biol. 292, 921-929 (199%9)) was cloned into
the aforementioned A7 fiber constructs. This single
chain fragment is [SEQ. ID. NO.: 47). To permit cloning
into the aforementiomed A7 fiber constructs, the single

35 chain fragment was cut with Ncol/EcoRl from the plasmid
PPM163R4 (Martineau P and Betton J-M supra) and ligated
into a plasmid containing the aforementioned Fiber R7



WI' bi ndi ng function was replaced with the affibody ZI gG 1gTiagu#¥agbs bi ndi ng
properties of the non-native pol ypeptide can further be determ ned in
studies where 20 the virus is allowed to conpete for binding with

peptides structurally related to the non-native polypeptide responsible
for cell-bi waimgs26EXAMPLE 10: 25 Anti gal act osi dase si ngPeTGBai/322v
fragnment In a continuation of the experinents described in Exanple 3, a
single chain variable chain fragnent (\[K,6 | i nker, VH) reactive with

-gal act osi dase and capabl e of 30 being expressed in the cytoplasm

(Martineau P andeBedi@i ied- Wit a MBla1-Rel -528E, - x%é1- 848p€d:999)) was cloned
into the aforenfftlpne A?.flﬁfer cgnrhst ucts. Tq#s S| n?Ie chai n fragnent
is [SEQ ID NFH I T8 pdPrTe% onPRG O ntd tife SAPEFenEMined A7 fi ber
constructs, thefsagegnt.35 chain fragment was cut with Ncol/EcoRl fromthe
plasmd pPML63R4 (Martineau P and Betton J-Msupra) and ligated into a

pl asm d contai ning_the aforenenti d Fiber.R7 18 Janu 2005 WO 02/ 08263
BT GS01/ 09267 e SR TCAERPT o Wit SHBCE SPoNeD (CECOR Skl adapt or
al | owi ng for i nEXxampie |5.gakboasoion kadscaglelahdiaralicaghentef 5 In a
continuation of rtEemeXxPeRl FEPLss dasikibetyi fhe BW@pke chaifXxRESHIRN and
cellular Iocali Zﬁlti on of r c??})i nﬁr;lrk fi b%g J?Onét%ivni n%tﬁhe single chain
vari abl e chain ?r%lgrherﬁagfr\%g, I'nKer, eﬁl’-l) reactive wt - gal act osi dase
wer e eval uat ed Bygalaahesddadai veraisiviaduatedtbie funowtagnaediudiagal primary
reagent: Rogal agh@sishasiangi 8881t 1oV PP 2Rageht :addi tion to the
results shown ig_Ta]pI q:[z,. re,s'LS_J}I)Isﬁ. re%ts“g‘gg o] t%ad d in equival ent
experinments for tgllf—"e‘-’}&"nolsj'i1 S~f -Jg% Aet'5s1°dase” sinigl’s chain Fv fragnment fiber
construct are shown Table 5: Table 5: Expression and functional |igand
bi nding in In addition to the results sghown in Table 2, results

regults obtained in equivalent experiments for the Anti

15 B-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+ aMIg 236+ aMIg p-galactosidase
+ SErAv-FITC
RrR7 + + +
a~-p-galactosidase

25
In addition to the results shown in Table 3, results
obtained in equivalent experiments for the Anti
B-~galactosidase single chain Fv fragment fiber construct
are shown Table 6: '

30



reconbi nant adenovirus fibers targeted for secretion in 13Qakiiy20b4 S

Fi ber 4D2+ aM g2A6+ aM gp--gal actosi dase + StrAv-Fl TC R7+++

a- 3-gal actosidase 25 In addition to the results shown in Table 3, results
obt ai ned in equival ent experinents for the Anti 0-gal actosi dase single
chain Fv frasgnens2ssi ber construct are shown Table 6: 30pt®/chaneasy 2005 WO
02/ 05263 - 66 PCT/GB(c)1103252 Table 6: Expression and functionality of
ligand binding in the nucleus of COS celdes 4 n native and sel ected

reconmbi nant fibers after targeting for expression in the cytosol 5

Fi ber 4D2+ aM g2nréblad gExpaleasioni aiab CuncBiodel iyl ©fR1igand binding

a (3 gal act osi dggecid fXAUREF L lob QAP nCndERly Sinir sQlablbe . ProOtei ns.

15 The following is_a further exa viruses _of the present
Toventi on wher GFICTBNIAE BOPSTERTIR HRBRHIRS ERR TERRSPHCD 0 EReG | Nt o
a nodified adetm’wsca}l f| bre protein. The exanpl e denonstrates the

| nportancesfor generation of a re-targeted viable and 20 functional Ad
vector of two features: (i) the fibre structure nodifications should still
allow for efficlimpbr attachnmentspandmeel | ull ansetrgy of tlipegatactsicard (1)

| igands insertgd into the fibrje should be]capabl e of + SErAV-FITC

R7 + + +

a-B-galactosidase

10
EXAMPLE 11:
£N0o i lysis o lhe rotein
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 wvirus, and (ii}
ligands ineerted into the fibre should be capable of
correct folding in the mammalian cell cytoplaam.

25 Solubility is conveniently used to assess correct
folding which is typically linked to an absence of
disulphide bonds. Preferably the non-native
polypeptides described herein will have no more than 2
digulphide bonds, typically no more than 1 and most

30 preferably no disgsulphide bonds.

Materials and Methods
Cells, HEK-293 cells were obtained from Microbix Inc.

35 - (Toronto, Ontario, Canada). Cos7, 2431 and Colo205 cells
were purchased from the American Type Culture Collection



correct folding in the manmalian cell cytoplasm 25 Sol utxisljahuarygoog,
conveniently used to assess correct folding which is typically linked to
an absence of disul phide bonds. Preferably the non-native polypeptides
described herein will have no nore than 2 disul phide bonds, typically no
nore than lwandosmwest 30 preferably no disul phide bonds. Meresosdigszand

Met hods Cells. REK-293 cells were obtained fromM crobix Inc. 35 (Toronto,
Ontario, Canada). Cos7, A431 and Col 0205 &%lls were purchased fromthe

Anerican. Type re, Col | ectign 18 .January 05 2/ 08263

o0t oot 03a5s el SyapasRey Hled B URRYR L B BATEBVE Yore ot 1 s were
obt ai ned from RebhgiredBditen Belmder Bolbud sHéBanTahdiem Hoeft 6RNCHt t er dam
The Net her| andsyrenfét, ldterdane THEI NMdtRicREdnas) 370 1arG118%EERY in | scove's

medi um (G bco 5 . S | eqept.e i t.h 10% f QVi . ,
(Sigma- Al dri ch)mgn el r'r:1 g&%t%%&mcéfn CEJG %%?%IQL\%. ¥ lg%%%%t{e@rlgc?r ugi perda
(Sf9) cell $ (ATER}) nef@p oFed whith Z9¢ fatat Qo0infedi®dH™( G bco BRL) with
the sane suppl ¢seahs-msizakay eand OsA\nidg/madcestaddsiac | (@idkoantibody (MAb)

agai nst epi der h f£act ct}g\s}eﬂq ' td.
(Canbri dge, UK%%%%‘%%% éfé'% %lagéj(’:(é%o(lzf %{552?%??9% he Va a}\;(?g@vgag%an%dhs of
si ngl e chai n T-2&l#87@ciaptlsr 108 creun JFdbeg BRE) -WikhrotPsi 828t i bodi es
di rect ed agai nstupbekadi® agNebBite and NUH84) were kindly supplied by

Rei nder | huis. MAb against fiber tail (4D2.5), and mAb agai nst fi ber
trimer (2A6.36) were obtained fromJeff Engler ~(University of Al abama at

Bi r mi ngham AL)22Eibediesck Mrgocdonsl makibrey Hrdlelctas@ingh phisiiadas
suppl i ed by Bucroragef=s-tiWABEAF) Bragnipugoagsed\ fron tamndnottdnal anti body

RL2, which is spegififador ufy || AkemhJAieN G FESIdWeHa ¥R the Vo and
' VB domains of single chain T-cell receptor (scTCR), and
15 anti-idiotypic antibodies directed against mAb G250
(NUH31 and NUHE4) were kindly supplied by Reinder
Bolhuis. MAb against fiber tail (4D2.5), and wmAb against
fiber trimer (2A6.36} were obtained from Jeff Engler
{(University of Alabama at Birmingham, AL). CAR-blocking,

20 fiber knob directed mAb 1D6.14 was supplied by Buck
Rogers (UAB at Birmingham, AL}. The monoclonal antibody
RL.2, which is specific for O-linked GlcNac residues, was
obtained from Laxry Gerace via Jeff Engler. Biotinylated
anti-idiotypic antibodies directed against mAb C242

25 {1d1, 1413 and Id20) were produced from the original
hybridomas. Horse radish peroxidase (HRP)-labeled
streptavidin, fluorescein isothiocyanate (FITC)-labeled
rabbit anti-mouse immunoglobulin @ and streptavidin-FITC
were purchased 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). Gene sequences generated by PCR

35 were sequenced before subcloning. The gene encoding the
Ads WT fiber was obtained from pAB26 (Microbix, Toronto,
Canada) by PCR using the forward primer (SEQ ID NO: 48)



obtained fromLarry Gerace via Jeff Engler. Biotinylated 1ga@hiiary@00tYypi c
anti bodi es directed against mAb 0242 25 (Idl, 1d13 and 1d20) vvere pr oduced
fromthe original hybridomas. Horse radi sh peroxi dase (HRP)-| abel ed
streptavidin, fluorescein isothiocyanate (FITC)-1abeled rabbit anti-nouse
i mmunogl obuwiom2@mnd streptavidin-FITC were purchased firomcBa32523 ost r up,
DK). 30 Ceneration of reconbi nant knobl ess fibers and nonencl ature.

Reconbi nant fiber' genes were constructed %%EI ng met hods based on |igation,
PCR, and splicing by overlap extension ( Gene sequences gener at ed by

fPCE 35 werebtseqmegezgé é@ﬁngc_chml@Cbﬂﬂl@@a cpteag@ngc@r@ﬂﬂlm hbe: Ads .
I ber was O al ne rom C usi ng e
forward priner (CSESFH m%)&¥'§ §§ é'r 930% o@%g%‘g’)s %5%01103252 -
68 5'-CIC GGA TIC GAT MR GEGTEEC3 NABHACCLUCEGITEA wps;:re@quameHex se primer
(SEQ ID NGO 49) abig- TEoilSt A% TR 1163 TG BEECON A THGA 31 i nt roduci ng

an upst ream Bam_H wnst

Si te res e In 5
reconbi nant” fi bgregon’{)ﬁ’é‘a’%otgl dofai ﬁgﬁ/algm eld@fng &r)engtta\ée X‘%y a 36 am no
acid (aa) extri wspéapedney i 6 eninapa¢id d@ﬁl)véatﬁ@ﬁfﬂct kaipecksaetpon

peptide (NRP) Ofnothgnaari et bkl aﬁéa@écwrz@gaba Pepdi®: NRRp$egaence

(PDVASLR@\/AEL%/ %@FS Ylélé\élé ENGQ_Oé gtlgﬂ% sk fol |l owed by a

i nker sequence OCOCCUsS pro |nEer
AKKLNDAQAPKSD) , (\R@&’ABL@@@%ELQC@VQHI;Q@E@WPFBN@ ofSElQ B8 Ngpak ¢ of

di fferent 1d engtfdsioked moPra 32 nkepeséguerk ‘E&emr SEabRYIRGceenst ructs were

nanmed R1, R7 and 2 eshec i Re- targeh an ed to the
Ctermnal end S’FR%ﬁ E thI iynkerF‘o conve ‘glégr(l%& cﬂ%ﬁﬁisogggarl ous
ligands, da | éﬁdthﬁoc’rtw!é‘!élv\éﬁ@ of rﬁﬂfhﬁifu@ééfhf@%rdltﬂrﬁé’rﬁﬂﬁker sequence.
Al'l 1igands lengths, 1, 7 or 22 repeats.

15 The resulting coastructe 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 variocus ligands, Cla I and Xho I sites were
introduced after the linker sequence. All ligands

20 mentioned below were provided with these restriction
gites, and the name of the ligand was indicated after
the number of shaft repeats in the fiber name. E.g.,
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 Ad5 WT fiber shaft repeat 17 (L17:
TTTACAGCTTCAAACAATTCCAAAAAGCTTEAG) and fiber shaft
repeat 22 (L22 GGARACAARAATAATGATAAGCTAACTTTGTGTGACC)
ware named as R7-L17-kncbh and R7-L22-knob, respectively.
The schematic representation of the fibers is shown in

35 Fig 4.

Targeting ligands. Polypeptide ligands. Double stranded



20 nentioned bel ow were provided with these restriction 1$jdr@asy Z00g t he
nanme of the |igand was indicated after the nunber of shaft repeats in the
fiber nanme. E.g., R -RG, R7-EG-, etc (Fig. 4). R7-knob referred to a
truncated fiber shaft (repeats 1 to 7), carrying NRP, 25 the Staph-A |inker
and t he nat woad2ok@®b domain, including the |ast shaft repeaBogedsit he
shaft-knob junction (Fig. 4). For two R7-knob fiber constructs, an extra
|l i nker was inserted into the Nne | site Iegcated on the N-term nal side of

NRP. These linkers were derived 30 fromthe Ads WI fiber shaft repeat 17
(L17:  TTTACAGEHNALAAGRART SCAMAAGGHEGAR: rall dd heberbpéce repeat 22 (L22
CI;AAACAAAAATAAT%IPAA AAgT;{'GTCC;,TGA wer e nar%% as 7éL17-knob and
R7-L22- knob, reSHEGAWEF§Y FE-s SEmdei ¥oF R gt BN aNPAFTOn*df the fibers is
shown in 35 Figprmplemgngary nglidorardsotpdey el gdnplgasersandssubl e st randed
18 January 20053108488t &6d/ BRI 03382ed EShetBA. f THgMBRdmea@Nt ai ni ng
the RGD or ~ACDCRCEDCECG (E.gbrsvai1 ted RGDAC) mptifs gg&ggntu@le i;zed as
conpl enent gry o??gonucfngo "des Wit hsingl e-st1an ed terninal a apiners, and
anneal ed toget rd thee et dgaeob Fraso ebaphned) WhECRhaFemrigdpediT 285 t he
shaft-knob junciidy gend.tRe ENA IfRdRABeWBSr GhldinNedFbyasCR from the W
Ads fi ber gene, ‘I;:qjeeslglélé segienc ngrg%. Qe%cg: vas gx‘?tggsiﬁed, cl oned and
verified by sequ%hm ng. ‘?he C _oneél'1 Si ngfLe charn. e‘?f_lce T eceptor (which
contains 10 di seldnage sBBads) chiith Tsedilf receptaoviapdshnegiaimsa A was

S/bt ii nEd n{)/??c(@imexsridsowﬂa@ wiitth %@E@Rfyr@f@y hﬂﬂ]a_rHBeMi@éIﬂiEﬁ Al s
a- Li nker - . nt S . [ C ragnent s
(scFv) were use‘?:%.lS %%ggﬂl‘rgg?krs%&vée?g%se?sFg%iﬂ%#é?%g%vgg#g%l'gg%(d;glggachai n (or
VK), a spaci ng thedermathgo-kdpkeiiVv@Reavy chain (or VH), the joining
sequence (JS) and the constant heavy chain domain 2 (or CH2) of nmAb

Monoclonal antibodies. Two mAb single chain fragments
15 {(scFv) were used. The first scPFv consigted of the

variable kappa chain (oxr VK), a spacing linker, the
variable heavy chain (or VH), the joining sequence (JS)
and the constant heavy chain domain 2 (oxr CH2) of mib
G250. MAb @250 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 VK-linker-J8-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 C242 scFv-derived affibodies
was generated by SOE, using c¢DNA from the mAb-producing
hybridoma cells ag the original template. A randomized

30 18 amino acid peptide ligand (SNN};; was inserted between
the VK and VH domains, where S was dA, dG or dC and N
was da, dG, dC or 4dT. Affibodies were selected by phage
display on colorectal carcinoma cells Colo205, and the
gequence PPDFVPPAASFPDHSPRG was identified foxr the

35 peptide ligand. The C242 scFv VK- (PPDFVPPAASFPDHSPRG) -VH

' was then selected for further work based on its antigen
binding ability.



G250. MAb &50 has been shown to have a high specificity18Qah@Mpess a
surface antigen of human renal carcinoma cells. Affibodies. The second scFv
contai ned the sane basic structure VK-linker-JS-VH, and derived from mAb
C242, 25 which reacts with colorectal and pancreatic carcinhomas. However,
to obtain a™§eP¥P selectivity for the designed target EEFESMRR hrary of
C242 scFv-derived affibodies was generated by SCE, using CDNA fromthe
mAb- produci ng hybridona cells as the orimi nal tenplate. A random zed 30 18
am no acid peptide ligand (SNN), 8 was inserted between the VK and VH
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i nMunost ai ni Ng @&faThldeaWty CabhhsSoswii@ingeas ridligae . ookdlaiwsmscope slides

in a Shandon CYLOSAIRGYERCEMILIU0GAN Alds il Q0shYSRAAI oMt at room

tenperature. Thé preparati ons were par af or pal dehyde in PBS
and perneabi|iZ@quﬁgiﬁzopz@pcentrifuge and air-dried over night at

room temperature. The preparations were fixed in 3%

15 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 mab) 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% glycerol and
viewed in a Zeiss Axiogkop 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) Por immunological gquantification of soluble versus
ingoluble recombinant fiber fractions, Sf£8 cells were
35 lysed in hypotonic buffer (10 wM Tris-HCl buffer, pH
7.5) at 0°C, and the cell lysates were adjusted to
isotonic conditions (150 mM NaCl in 10 wmM Tris-HCl, pH



Triton-X100 in PBS. After washing in PBS, preparations welgnidpgpdesed with
primary anti bodies (anti-fiber mAb, or anti-ligand mAb) for 30 mn at 37C
in a hum d chanber, washed again in PBS and i ncubated with 20 secondary
anti bodies |abeled with FITC for 30 mn at 37Cin a hum d chanber. After
washing in BEIY8I3 anarations were nounted in PBS with S5EFGBIKERB and
viewed in a Zeiss Axi oskop m croscope equi pped with appropriate |ight
source and filters for FITC .25 Phenotypiic-anal ysis of fiber proteins.
Reconbi nant fiber proteins were expressed in insect cells infected with
recombi nant bacilt ®viand eyibigrdednts yeagrifesrdion ato 156 80P O feTia: (i)
sol Ebi i t?!ﬂ,) (i Lotwimerdugirn@Bants idnd P61 DbyEammatthen anslyiald b?vs)senbl y
wi t h reconbi nan t.0n a i L, V.Q o REUR C rs. (i) For

i nmunol ogi cal q%gﬁf%?coarfaﬁo%%gfp%%# u%lde_%@%rgé%% i nlglgll'ugﬁgﬁggconbi nant fi ber
fractions, Sf9 @Bbistadel #3535 yRlPg PrAPREY oMt eA2@10 mM Tri s- HCL
buffer, pHs 7. 5)X%gf sRC; 1 &kl ddhaneelholges abassaesmwian wsi-édofly i sotonic

conditions (150 [ T£d s-.HCTL, By Jandar,y; WO 02/ 08263
PCT/ GBOL/ 03252 .‘H%“Eg*’%%)ﬁs‘%ﬁa%j%@s?% o108 oS8l % 15,000 x g for
10 min. Supernabdftk- atidt pSliepEetitat itRefitamg WedbFT FaRRFRAYSHal

SDS- PAGE and i npynadd tdigond8engtaniing- BREIPAIR . Gaflrrad Psiamry anti body,

and 5 [35S] SRL;hak | - ) se 2 ina0 ( Arer sham

Phar maci a Bi ot elgh;gb%%&L%h/ ﬁggygﬁ'fl&q%%ér& pt%/%@}sib% %X?Ebrreri zation
status of ¥ ber "RRsPAEE slidd vy ﬁ’é%tﬁsg%fpﬁ%-’d'ér%ﬁ%r itﬂ?ﬁ R EFPef err ed
to as NDS- PACEoandereanred bgnbdilidenahusbsgshipt-<PAGEL et OpNoB- RACE
differed from SQ%E@%H Orefs[igt. Qgﬁmkegﬂﬁﬁn gt depabutad by boiling

in SDS sanpl e buffer | ctrophoresis. (iil,) dycosylation of
RS
r econbi nant fibers was assessed both by immunoreaction on blots

using the wmonoclonal 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
expregsing 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 conditiong, at low wvoltage overnight with
cooling. Immunological quantifiéation of native penton,

25 penton base and fiber proteins was performed as above,
using the corresponding primary antibody (anti-penton
base or anti-fiber), followed by [**S]1SRL-labeled
anti-mouse or anti-rabbit whole IgG secondary antibody.
Blots were exposed to radiographic f£ilms (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 radicactivity measured in a scintillation

35 counter (Beckman LS-6500).

Rescue of recombinant modified fibers into virioms.



fibers was assessed both by immunoreaction on blots usingJbhtarypogs! onal
anti body RL2 and chem cal detection 15 using the DIG d ycan Detection Kit
(Roche). (iv) Assenbly of fiber with penton base was assayed by
co-infecting the same Sf9 cells with two reconbi nant AcNPV, one expressing
the penton BE¥¥he other expressing the fiber,protei nPCHEBHE2Pr esence
of penton capsoner was detected in cell |ysates after 40 h post-infection,
and anal ysed by PAGE in native conditi-ong -at | ow voltage overnight with
cool ing. Inmmunol ogi cal quantification of native penton, 25 penton base and
fi ber proteins Resogeiniagrinddbeass above resguedgintve ther A4S poetimey a5 | mary
antibody (anti-pesteibedaiRval BPideily bard, xboftmRarby¥r6858le s | abel ed
anti-nouse or anti-rabbit whole IgG S, corzdaiy,?%nt |tbog?sno B(%ots wer e exposed
to radi ographi cIFTTHe ERPEHFE T duﬁgisa-% e "on ANy PRA? aci a Bi ot ech) |
and aut or adi ogremEaiminy $haniedt Hes tenam vas i grpexatedubpnine ¢ and

densi tomet ¢r ( REFe BDQ:iddeitaBa bAhor@iconi.eehe BrRAMIRNbreIdQ2 Al ternatively,

protei n bands were,_exci from bl nd radi qactivi.ty measured.in a
Dt 11 art on SEvEATia Toscchhine & 2dBosehdns AREhgPY dy BT B 0%
fibers into virgdees. ) JRuar0Q005 HABI0RND5PES ther gbongd3psr - 72
Recombi nant fi bgsBudwi6 greseusd (i Nt GrraRafdiie PENFR ra8dddes6H idE G above.

Briefly, a 9 kbsfragnent f.ror d5 enpne anni_ng. jts (mu) 75.4
to 100 and cont%?%ﬁgsjt Ye %%%B\ECESA:Q eg,grﬁgzs‘n e'%%r g?ggﬂﬁga}g%}gﬁq' and 5 Pac
| digestidf of PTEBaBACIThe prashilPrpTG3bbofrapiandi Wed Eheltentire WI Ad5

genone bounded BybdMhdBGnko pBl@Sscrife 72. 9x 100, nuikikggnBatetiam t hen
cloned Tnto PEAGSALIDN bl B ad F 3429eIE A LEEnRANAL andl 2 Pac |
siteinits , _generati ng epasm&p . I‘fromp , a sSac |-Kpn |
3kb-fragment we@omaigh of Ad5 fiber) was created in the 3kb-fragment,
and the deleted sequence replaced by a Xho I
15 site-containing linker. This generated the plasmid
PpGAG3, 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 pGAGE9 was then excigsed from the vector with
Spe I and Pac I, and joined to the isolated 27
kb-fragment (0-75.5 mu) representing the left-hand
gegment 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 usging Spe I and Hind III.

30 For wvirus production, recombinant cosmid gencmes were
igsolated 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. A4S genomes with fiber gene containing either
RGD motifs or the WI fiber knob as ligands were



subcl oned into pBluescript Il SK(-). A large deletion dogwaivaparoosf the
Nde | site (located within the tail domain of Ad5 fiber) was created in
the 3kb-fragnment, and the del eted sequence replaced by a Xho | 15
site-containing linker. This generated the plasmd pGAG3, which was the
recei ving pP T8 or all our fiber gene constructs, inEEVCENVE2neen Nde
| and Xho | sites. pGAG3-inserted reconbinant fibers were re-introduced
into pGA digested with Nhe |, using homal ogous 20 reconbination in E.
coil BJ5183. The resulting reconbinant pGAG was then excised fromthe
vector with SperansfieftRdc intoafeh jasilded Fortiie ictdlent ddg@medkb- f r agnent
(P- 75.5 ?’Ié) regﬁﬁ@ml J @’%,?t g;eﬁb\e/éé -ﬂadmt%laeﬁzgmtigahdt E@Fé\déreoml J eEy Cosmi d
cl oni ng uper Cos S ector Kit.a a ackagi ng
Extract, Strat ab’é%%)A.?ssﬁl?hé’egh&e’?\%ﬁe‘r'gfz héng r‘]gé%[ %?»egs Thant fiber in the
cosmi d cl ones weeRv-ER50f Liagdoby 75 PER IandndestTeR tdpevidnal 8t s using Spe |
and H nd 1 kl. 3@ad®i/mtiar 43 PHEEUSET r1ikeCcRbIY thoell §i SRNGARS Were
i sol ated after éestr' %ttiion with Pac |.. _and tiansf%ct ed inthlcel | s
ed

expressing the FeeSore Esr PespondiHGPeCrhe B S tRset °gand. in

standard transfégindm Sregdlibhate 2 Tiy PRAVEYRRSE HIf PLEENES (R¥fche) were
used 35 per 35-a@te¥edinedasgondbAgsddpilchebia it bgr tEe BFiRedAdDS

genomes with fi t al,ni.ng ei.t.her i Of. WI fiber knob
2e | gands ver coap SEAEAFSS) ShEHIE Bnhyas PR PpobiY 75 |

transfect 8@ i nt3eRENCEeWRS. mFde BheH WeEh| sepaidde rrivers foxieaginomes
with the EGF |igansl wenhetknapsfected into A549 cells, scFv-C242 into Col o
205 cells, scFv-&50 into A75 cells and scTCR specific for 5 Magel/HLA Al
into (A3 cells. At least three different transfections_were sinmultaneously
performed, eacHChAtRctgsiAgtion-qk|yecemhinaniyHelhea: arieh@? Grighngques was

i5 Cellular expression. To evaluate the level of fiber
expression, 293 cellg 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 AdS virions. The fiber copy number of
virions wags determined, after CeCl purification of AdS
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
virue titration on 293 cells (expressed as plague
forming units/ml; PFU/fml), and for egual 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 A4S
recombinants, co-electrophoresed with a range of
standard bovine serum albumin (BSA) samples (2x
crystallized, BioRad). Protein content of hexon bands

35 was evaluated by comparison with BSA standard bands, by
scamming in an automatic densitometer (REP-EDC, Helena
Laboratories, Beaumont, TX). The number of AdS5 PP in



determ ned by m croscopic observation of the transfected 18chlargbdsir es.

Verification of reconbinant fiber 10 sequence was nade by PCR wwth specific

priners for each fiber construct. Characterization of reconbi nant fi ber
and Ads virjons, 15 Cel l ul ar expression. To evaluate the_|level of fiber
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freeze-thawed four times. The supernatants were titered
on 293 cells, 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
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 washes in PBS, the cells were analysed for
transgene GFP expression, using the FL1 emission channel
in a FACScan cytometer {Becton-Dickinson, San Jose, CA).

Agsay for fiber knob in viral capsids. The presence or
absence of accessible knob in virions was assessed by
ELISA. Purified viriones were diluted with 50 mM
carbonate-bicarbonate buffer pH 9.6, to a final
concentration of 5 x 10° PFU/ml. Aliguots of 100 ml were
adgsorbed onto ELISA plates overnight at 4°C. Material
adsorbed in wells was fixed with 0.5% glutaraldehyde,
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

The



assays, virus in PBS was adsorbed to cell nonolayers (4 1gJahu@f @bl s per
sanple) at 37C for I h. The cells were 10 rinsed once and further incubated
in |Iscove's nmedium supplenmented with 10 % FCS and 50 ng/ ml gentanycin at

37C. Cells re harvested at 24, 48 and 72 h after infection i),

centri fuged%a‘ﬁ‘?gzg?ved in 0.2 mM PBS and freeze-thawed PSHFB{’M%%. The
supernatants were titered 15 on 293 cells, and the titer expressed as

pl ague formng wunits per m. The total- A4 protein content was neasured by
t he |1 DEl ATM Adenovirus kit (DAKO) . CGene transduction efficiency. Mnol ayers
of 293 cel|s inthpee 24mgs| fnpragkinovbus Lenf aed cdcabaged cFehdd FaBéve with 10
pfu/cell of thersesardiipeadtuye +Has 100ehl SofasRdiafaséedaritdi -Zhob pi,

washed with ice-;co PBS_followed by, fixat} i . 5.9 r.al dehyde for
15 min. After F‘ﬁl?eie&v\‘/élgheai: F‘ng%nttxﬁglgél%gofmdlde}mgﬁa?g%g&d%rﬁfgﬁ
transgene GFP e¥p# edafiastieduspingd tHRP Btrephasidish @RERNeRt & flidvtAeScan

cyt orrgter (ﬁBectaﬂ-ﬂz:,lddmsomorszarhJects&oowemﬁémuxfeorcbidsw knob in viral
capsi ds. The pr r e J St e " LI 1-QNS was
Gebessed by BOCEITioknibay, RS COSGed GIER M S lRETaLD, (RIS,

car bonat e- bi car B&r@RsHEE: e FOBEPar s, Swgdgnt i mad storpedt¥YHith $higf M5 x 105
PFU m . Ali quot 8BcDf £0Q onriniver Blatads eielredresnd airfld SAcpbalises: e@iertel ght at

4C. Material a N s fixed with 0.5% gl utaral dehyde, 35
after which thegég‘{l%%\%r g\eewg%ﬁeeﬁﬁw th PBS containing 0.1% Tween-20

(washing B8ffer), and blocked for 2 h with 200 nl PBS containi ng 1% BSA.
Vel | s wer e t henrsesdiad. el fodantardon2ncioh 26 H BadmBiRaRRA M3252 - 75
three tines in washing buffer and incubated for 1 h at roomtenperature
with 100 ml of biotinylated anti-knob mAb 1D6.14 at a concentration of 1
ng/ i . Bound anFrPfksFs kdbeget et Fhgs PRETHRELS (hrafeRyPaf 1P BRkSF at a
dilution 5 of 1{ERBOGErchohuthab hing comfheter gintteinCdl were devel opnent was

obt ai ned %Eth T@@%éﬂﬁ%ﬂf%ﬁt@iéﬁzﬁyﬁkerent 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
gcaffold, (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
) yields of Ad5/FibR7 virus progeny. The study on the
comparative advantages of fiber shafts of different



Di agnostics, Goteborg, Sweden), and stopped with 0.12 M 15iGhndapy 2dd5 m n.
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Cellular ligands. Several ligands were tested and
15 compared for functionality. These ligands were designed
to re-targeted Ad5 vectors to cell surface molecules of
broad distribution, like integrins or HLA molecules, or
to less ubiguitous 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 scTR or scFv, which
consigt 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
releage 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



addi tional linker in the fiber shaft domain, two R7- NRP1gDgkuch) Piss were
constructed with an extra peptide |linker inserted between the shaft domain
and the NRP notif. Two virus-derived |inkers were thus tested 10 the Ads
shaft repeat_ 17 §L17) and the Ads shaft repeat 22 (L22). The resulting

r econbi nant MA%B&¥%3 wer e named R7-L17-knob and R7- L22- kn8ET/CPEEBELt i vel y.

Cellular ligands. Several ligands were tested and 15 conpared for
functionality. These ligands were designed -to re-targeted Ads vectors to
cell surface nolecules of broad distribution, like integrins or HLA

mol ecul es, or far R¥sE:2@bkyelt Oils. smomebigd Shat kBenay ™ icel | specific
det erm nants. Tﬁl%hs\t@r bad tRe SiZ&card 3P ATRelbhy posnacsirnpiieas

tripeptide nmotif,_.li.ke to r I CTR or
SCFv, which cOHEGSES %%@%’Fa‘fhepéq éﬁgk%pgel %%%a?%syﬁﬂﬁ?ggu:f?gﬁint f or

pr oper foIding. 25 Expression of fibers and ligands in mamalian cells.
Recombi nang f i heevesr, enbhesés tilanskepihyiedgesdedfiused namdbeana cel | s,

usi ng pl asmi d-transf ed £9s 7 S ARKS tHer e
expressed from#% %" ?‘er ext’ecvectb&%g;n%hfc{ %% neggg%r ﬁfg acel | ul ar
expressi on of 3nracedBudanly prarRESFs: ]B'Fregf&q?e ipgr eMetd Bt racel I ul ar
rel ease viat hedeﬂ.%atetiowtnahhﬁw micekhs, e vass ayetined oritthenl evel of

fiber expression, I Uhgr r!e?gﬁljliﬁ 9 a‘?{e‘%ﬁ; UBNGHEgBAbLAY S thBevs

| i gands. Al the er ent ers bited ap ar ent dzgygyggprl ate
li gand 351Bi ndldtgﬂamﬁopéémt'é?w:aéws%?e‘t“éw FeoeEi he. *?:‘b"f 9
synt hesi zed f rCHﬁdtﬂﬁri nbbﬁﬁﬁkh&l&ﬁn—@épéﬂdmﬁ)mA\bectidmectem(ﬂQ@amstocal i zati on

\é’vaC'sl'/ (()Bgsoe/r \(/)g(ZjSIZ% be ﬁ%%gh’? gzgpi daegf 11%hl S | atgogé’%g%é ?‘Eﬁ@gﬁgﬁ?ésm C
transit and theeffeprecfetbe fheenularear %r"é‘eodf@&f: dY5E %fficiently for
the nodified fihasallboarWidasld, ber. ligands were also expressed
iS ag separate congtructs 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
fiber.
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 gsignificant difference could be detected between the
cytosol of Cos7 and Sf9 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.



5 However, none of the extrinsic ligands fused to fibers 189aaumd 2006
expected binding activity. Even though the intracellularly expressed
R7-scTCR fi ber could be detected within the nucleus, and was stained with
an anti-Va mAb recogni zing an epitope independent of the Va 10 donain
conf or mat i o®Q %8323 ai ni ng coul d be detected with anot her PCT/GB01/03252
conformati on-dependent mAb, directed against the Vb donain. In order to
test the possible detrinental effect of #%he fiber domain on the reactivity

of intracellul | i gands,_our |jgands were al so expressed 15 as separate
constructs fronﬁ’ﬁ’é"%@ﬁ i ﬁ@ﬁﬂﬁé”gﬁwg TS eRPRRs=et: 3B F445STdi ng of the
nonf used i ntraceflisarTo |[fugahds amalyms thspprofexntimébef thelildataindgdt hat t he

l'i gands behavedgshaid ardur WieretEse dynsfts&a@fés%féﬁ%xgﬁgtlaggéd a]gQObThelr_e \gﬁz
etween fiber-lig

therefore a profound difference.in bindin i1t
fusions desi gneB=FP+ 8ty nggﬁl’é%dl ézg’legﬁﬁﬂu %‘FH&}/“F&BF%H EdBor essi on.
This suggést edsyhbemns idyah asegued fasipoptpintedhiidésygned to 25 fol l ow t he

secretory pat hweyiwaeasanarh, aghyeRsfdtabdi 880 @hat@bs bP tdig LoBgect
intracel ] ul ar ber-1i gand

conformation. Thj id. nat.inpl t.hat all I |

fusi on prot ei nsasv\%r@?%’ chJ)'Itt& rpr%(%cr’l?’ S35 FOsTHER e S&%I Fﬁ?‘;ﬁ‘ envi r onnent

al so seened to play a nmajor role in this process. A 30 significant

di fference coul grbgedetRatedl bey waeh ddaeortyt 050! 10k casubandS6e cells, in

Thi 5 was Phe cabso PRI e PTBEFIRhAS ARt Y GIoPaseE 98, R5idb OPe. EGF || gand
of R7-EGF and thedikeshpr3ef| thaie wiforRY- EpbdingvhiWeh thhvekers destedact i vity
in Sf9 cells batlnair irecombingtt | SibelSpdaruiiy F2R08n¥0- 02438263
PCT/ GBOL/ 03252 o [ o NENRLY PEOLc rc%aag’?i DB RS prEssed in insect
proportion recovered in the soluble fraction of the cell
i5 lysates. All the fiber recombinants were highly
expressed in Sf9 cells, at levels similar to WT AdS
fiber, although their degree of solubility varied
significantly from one to another. We estimated that
. fibers had a WT-like solubility and thus a proper
20 folding when the soluble fraction contained wmore than 50
% of the total fiber expressed. A fiber could be
considered as misfolded when its soluble fraction
represented 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 resgpective 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



cells. To further analyze the properties of the Ilganded1sﬁgmﬁﬁ§20@yr
different constructs were expressed as reconbinant proteins in the

bacul ovirus-insect cells 5 system and assayed for protein solubility,
trimerisation osylation and formation of penton by assenbly with

pent on base"Y% 23’?%;56 in Sf9 cells. Protein solubility and PEEH?"B%’?%?% on. The
solubility of 10 reconbinant proteins is usually considered as a good

i ndi cator of their proper folding. W thejefore tested all our reconbi nant
fiber proteins for their total expression in insect cells, and determ ned
the proportion recovered in the sol uble fraction of the cell 15 Iysates.

Al'l the fiber a f, at |evels
simlar to W AS%BHP E f‘ﬁrfe %‘é{ac Erg'gg&gféé;(ﬁ% %m‘]&ﬂ? vari ed
significantly fufahﬁ’éﬂeeweaﬁ%ﬁhén bw:@é‘ﬁrﬁ&t dafeqkad Siff-‘bse% Fatfla WI-1i ke
solubility and thus a proper 20 fol ding when the soluble fraction contained
nore than 50 of—t+he—total—F+ber—expressed—A-Hber—eott-a—be—eonstdered as
m sfol ded vhen its sol uble fractidfrimegprasepret) ess than 20 % of the
total . According t hese no R no 2- knob,
25 R1-RG&D, R7- RG%bg]r:ld R7- R%%%:%lia ers NV%;IB%A mai %y r%%d%g(e QO}%Z%JFL{: sol ubl e
fraction (60-95 %solubility). In contrast, only 22 oith R2ZERAE® and | ess
than 15 % of R7-EG-, R7-C242 and R7-scTCR fi ber wagerdtenind t o be . sol ubl e,

confirmng their incorrect folding suggested by 30 jig absence of
reactivity mnth"fher+—fespee++ﬁ%bﬁ¢ﬁs———?he—%e&e&—&giub+e—+rbe+—eeﬁstructs

was R7- G250, whi®h was recovered at 95 % in the i nsokuble fradrion (see
Fig. 5 and Tabl eg.7,bel ow). 35 18 January 2005 WO 02/08263 PCT/ (BOL/ 03252
79 Table 7. Phenotyplc characterization 'of reconbinant fibers expr essed

i n bacul ovirus ixf-sti-ddoSf 9 celd s (a) + + + 70
10 R7-L22 -knob + + + + 75
R1-RGD - = + + 89
R7-RED - + + + 94
RZ2-RGD - + + + 22
R7-RGD4C + + + + 78
i5 R7-EGF - ND (e) + ND 13
R7-C242 - ND - ND i1
R7-G250 - ND - ND 5
R7-8c¢TCR - ND + ND 12
20

(a) Baculovirus-infected Sf9 cells were harvested at 48
h after infection and recombinant fibers assayed for
different biological functions, solubility, O-GlcNAc
glycosylation, trimerisation, and penton capsomer

25 formation. )
(b) Trimerisation status of fibers was determined in
vitro by electrophoresis of Sf9 cell lysates in SDS-gel
without heat denaturation (NDS-PAGE), and in situ, by
immunofluorescence staining of fixed cells, using

30 anti-trimer mAb (2A6.36).
(c) The capacity of fibers to assemble with penton base
to form penton capsomer was assayed by co-infection of



5 Trimerization (b) Fiber dycosylation NDS-PACE | F Assensl jan wbhosity

(c) with (d) CO penton base Wi++ + +60 R7-knob++ + +72 R7-L17-knob++ + +70
R7-L22- knob++ + +75 RI-RGD--- + +89 R7-RCGD-+ + +94 R22-RCD-+ + +22

R7- RGD4C++ + +78 R7-EG--ND(e) + ND13 R7-C242-ND - ND11 R7-G&250-ND - ND5

R7- scTCR- - NBO#2B¢> 20 (a) Bacul ovirus-infected Sf9 cel | SCHEBR B vest ed at
48 h aftér infection and reconbi nant fibers assayed for different

bi ol ogi cal functions, solubility, O dcN&A&® —glycosylation, trinerisation,
and Penton caps r 25 formation. (b) Trinerisation status,  of fibers was
determned in g Er Py QeEFFgﬁh%ée%‘qu d&ﬁ%?%“%e‘l"ch dBPBE i n SDS- gel

wi t hout heat dehatulerinmeeNDEnPASE) esmidgi AdsTiker byrhel phavfAdior escence

staining of fiXxgdneshlSasd!iSishe §Qlﬁrﬁ3}gatt@gnﬁérér%eﬁ%@d3§k-4éq& The
capacity of fibe g to_ass | e V\nl:h nt on _base tg)szor Pent.on capsoner
was asshyed by BBLTHIEETHERCHEoNe!oh ik SOIBOE NG () §52E9 pRIINEIL/ 03252 -

80 the safe Sf9ibet)s hy elwetdeplieraris oécoabivmmrotigdssl &%i ruses, one
expressing Ad fhbgdendthif-iigher s Aderpentice Base. (&l hwel kel ¥3af eougre
anal ysed at 48 ted) aééleurbic&-tlynﬁqggtéggal}fe%r i}n gil(l)gclceurrence of penton (base +
baculovirus-infected Sf£9 cells. Cells harvested at 48 h
after infection were lysed in isotonic buffer, and cell
10 lysates divided in two aliquots. One aligquot was
centrifuged at 10,000 x g for 10 min and supernatant was
kept, whereasgs the other was analysed as whole cell
lysate. Both aliquots were denatured at 100°C in
SDS-sample buffer and electrophoresed in denaturing
15 SDS~gel, and blotted. Rlots were reacted with
anti-fiber-tail mAb 4D2.5, and radiolabeled secondary
antibody, as shown in Fig. 5. Immuncblots were
quantitated 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} ND, not detectable.

Trimerisation. The ability of the different fibers to

25 self-assemble into trimers were electrophoretically
determined in vitro by NDS-PAGE analysis of cell
lysates, and immunologically im 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-Ll7-knob R7-L22-knob, R7-RGD,
R22-RGD and R7-RGD4C trimerized at WT levels (Table 7).
However, immunofluorescence gtaining of cellsg using the
anti-trimer mAb 2A6.36 showed that all except R7-C242

35 and R7-G250 formed tyximers (Table 7). The apparent
discrepancy likely resided in the method of detection,
or in the possibility that R7-EGF, R7-C242, R7-G250 and



5 fiber), by electrophoresis of native proteins in nondegadrdayEbgs %

acryl am de gels (Karayan et al., 1994) (d) Solubility was assayed in
single baculovirus-infected Sf9 cells. Cells harvested at 48 h after
infection were lysed in isotonic buffer, and cell 10 |ysates divided in two
al i quot s. O\"é"&{"gﬁﬁot was centrifuged at 10,000 x g for PEHCRIY3ZMA

super nat ant was kept, whereas the other was anal ysed as whol e cell

| ysate. Both aliquots were denatured at- 210G in SDS-sanple buffer and

el ectrophoresed in denaturing 15 SDS-gel, and blotted. Blots were reacted
with anti-fibeR7tafTCRbieRD tEimeme hagamel upetakl s dEoNdaEY: Unti body, as
shown in Fig. SbotRMueidttes WhEEredptalt LFaEeHeb)AlilcetadbngFamizshanni ng

and the resul tsF %ﬁrfwr‘%ﬁﬁ%ﬂ%ﬁ@yﬁﬂ% Eﬁ@f‘@@flso‘c sol ubl e versus total

20 fiber content age et erm nati ons; 'SD was within 15 % of
the reported val@Bureflydresrease ¢e3ingpg Wee . dot ddtidbIC8seTPNET i sation. The
ability of & he dehbéeterd dridbebset appRpriakk- dssandiner Akdettiorers were

el ectrophoretically determned in vitro by NDS-PAGE anal ysis of cell

| ysates, and imunol ogically in situ by inmunofluorescence, staining of
fixed cells. AcEb¥vapFglation-néikewistt tosnglEerey tics: rS, fi¥rusarasRy- 242,
R7- @250 30 and RiasEd&R emesteeapsibitaioly fietng RLAorpRbNEPs;ifiwher eas

R7-Kknob, R L17ekpOfefilrdcd 160k o RITRAR, roRRdndiD 3 RIpSEDIC L1 mori zed
at WI' l evel s (Tabl e . However, i munof Fuor escence_staining of cells

usi ng t he 1%nt i sPRFHEtCHIIEAL. seacirshwd thnkh2 a"l’el’reexé’é’ﬁfldﬁ?-%%?’TSS and

R7- Q50 fornmed RrineY-skrckgblRe -Tp2 -Hine  apgakead amtl ROr-@paacy(Takkdel v resi ded
in the method ofydetection, or in the possibility that R7-EG-, R7-C242,
R7- @50 and 18 January 2005 WO 02108263 PCT/ GB01/ 03252 - 81 R7-scTCR fi ber
trimers becanme unstable in vitro, or both. Whatever the reason, if fiber
trinmers forned hesémbly with penton base. When Sf9 cells were infected

15 with two different baculoviruses, one expressing the 2d
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
proteins R7-EGF, R7-0242, R7-G250 and R7-sc¢TCR had lost

20 their capacity to assemble with penton base, whereas the
other eight recombinant fiberg had conserved their
assembly function (Table 7).

Rescue of recombinant fiber genes into the wiral genome

25 and wviability of the viruses. Our recombinant fiber
genes were reinserted into the AdS 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 proper

30 © receptor for the recombinant fiber. The rescue of
viable recowmbinant viruses was assessed by pladque
development ., Plagues were ocbserved for the A4S genomes
harboring the WT fiber, and recombinant fibers R7-knob,
R7-L17-knob, R1-RGD, R7-RGD and R7-RGD4C.

35

- Fiber content, infectivity and growth rate of

recombinant wviruses. The recombinant R7-RGD Ad carrying



a very low efficiency within the cells, inmunofl uoresceng@garfiad} 20053 Was,
in this case, nore 5 sensitive and nore appropriate for trinmer detection.
G .ycosylation. Likew se, the glycosylation of fibers was analysed by
western blotting using RL2, a mAb specific for peptide-Ilinked O GlLcNAC
resi dues. THO®O8E 10 constructs which reacted with RL2PGEGENH2R des t he
W, R7-L17-knob, R7-L22-knob, R7-knob and R7-RGXMC (Table 7). Assenbly

wi th penton base. Wen Sf9 cells were inf&ted 15 with two different

bacul ovi ruses, qne expressing the Ad.fiber, the_other _the pentqn base, the
two proteins ar&° Capabt ﬁe%leﬁpﬁr akicmEi EEE?ﬁELﬁSa#‘? Pgs?o’?q?ﬁlﬁgnton
capsoners. \Wen i8s§ayed ¢orfibrirstpimpeitarionhestabpikitypr sse¢mislR7- EGF,
R7-C242, R7- GZ5@Jiaﬁdp&¥t<§i§_5§Behéﬂd|ﬁﬁa@ﬂ%@&hﬁggmﬁf b' !,t@%@ésenbl e \C/ivith
pent on base, wh of her eight.reconbi.nant_ fibhers conserve
their assenbl y%ﬁ%%?%%ﬁmi 1501 (%esi?.e e%c&ﬁé}to%nr‘é%%iaﬁgﬁ[“gﬁbaél'f'é]genes into
the viral genomProdBehberyicapPrhred o9 WheignpusEr. tide exawphdi fdwt fi ber

genes were rei ngBeigetérisr ilthecAdBhy i ARIR7TGRAGHE whkicH eRkatedethe Of the WI
fiber gene. EachaLecanbliant,yLraln, JENONE YAS.LNN drbhodiged by
res Ty cel - riewh

transfecti.on into the Cor'respon X i'ch "eXpreéss_the proper 30
receptor for th&PEERHHIART -RFBerWe THastesegaved fan abkerredwrisiorant

viruses was assess€fibdys plraqus ceEvel nmrbd Wiagueshwerectnbsgined for the

Ad5 geno hapRor | ng. | and,re L nant . fib 7- knob,

R7-L17- km RI ﬁ%{; n%#%%s\!%ngi@%g %4%.1183§9§%%€1%%0r? egézﬁe?ﬂf ectivity and
growth rate of PFeEBHBT idvm & rkReR Adriesr eeBRdpFaift t'R7ERED of &% rying 18
January 2005 WOw02A082AGRreEE CBO11HA25DE- £8Ber SeMRIinsliabh flepeats had been

sel ected as theRpgﬁéDcﬁpi“gg sﬁ‘.&niﬂé&tﬁfy EEQSL trimerisation, stability,

assenbl y

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 AQ-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 virus. Aliquots of cell samples were infected at

35 the same MOI, and infectious virus progeny, determined
by plague agzays on 293 cells. The growth curves for the
three viruses were similar, but the production of



wi th penton base and |igand binding. However, this knobHegandty »ags | ess
efficient in virus assenbly and 5 production, conpared to WI virus. In this
exanple, the characteristics of the Ad-R7-knob, which carried the knob
domain, were conpared to those of W Ad and knobl ess Ad-R7-RGD. W first
assayed for MHBO®SHduction of fibers in 293 cells infecPSHRPYH?Bach of
the three 10 Ad at different times pi. The production of fiber proteins
from R7-knob Ad was conparable to that ofgghe W Ad, whereas the | evel of
fiber protein fromthe R7-RG Ad was significantly |ower. 15 W then
conpared the fi bafecoirbmmmenasvinfmaxf tbhEheFWI—‘ kivab badhwadh t hat of the

W Ad. The two wirtysgs aﬁmdbhtyeﬂgﬁl Uil AFPURS Sl hBeLLspnient uhen

normal i sed to the nu si_cal partlc S there were nore
fiber protein i fFHR én%%#%ﬂﬁé%ff% ’xﬁ% L‘?‘g”é& B were

normal i sed to theansmw tdfe CﬁFHf eepoches ganti thies Z(SIBFld)Ellﬁhl &si ndi cat ed
that R7-knab Adowpsrd®sd Larafse@tapoe:@rﬁﬁ@a@ wlrefwersTmAa-W@§lspnfTHéred by

thelnfectlwtylnde atio cul_a romt he
nfectious 11t SFETBSHHEUEE GoRacky ey JHE VaE GURI HCnde Byrord AeMn on 293
cells), and fr &artHee Ghdewbr adi dmoffcRPAQdETRIE ned by bi ocheni cal

nmet hods). The infectivity index of the Ad R? knob (1:100 to 1: 200) was 2-

to 8-fold | oner thantht WI' Ads %’1 ’gé)%aé’}h |nfect|V|ty|ndex of
Ad- R7--RGD (1 38°StRter-Pin &g)cﬁﬁ%c‘r g sFFH’? T &L5dFRat of

Ad- R7- knobto TheAgrBWRV-r]mD@ @’ﬁsmﬁa&cﬁdﬁoxn@bsvwmqpabeudzmthat of WI
virus. Aliquotscgba&sly, SAMRLASaWES &-d Heh eds atrcth Wieaganend , and

r owt h EE?VZ!?%@p%ﬁ%e%o%%@ﬁ“a@%gv%@y B SRR o, T
January 2005 V\Oﬂ@@/mmsﬂﬂﬁmqmzhat%helkﬁ@cﬁpéﬁgpm were inferior to
the WI' for bot haléessible to mAb on both types 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 more efficient or/and had a
higher affinity when the kncb was carried by a
22-shaft-xrepeat fiber, as in WT Ad5, than by a shorter,
20 7-repeat Eiber.

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 dependent 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.



R7- knob and Ad- R7-RGD. Virus uptake was al so exam ned fonyﬁmua@qmbgob; and
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[SE@ ID. NQg

tgyacacggaa accggtccte caactgtgece

actgtgeccett

110
tatcecceocaa

atagggggtt

160
ctatccgaac

gataggcettg

210

caacggcctc

gttgccggag

260
ccactgtgag
ggtgacactc

310
atatctgeac

tatagacgtyg

360

cgcacctcta

tggeeaggag

120
tgggtttcaa

acccaaagtt

170
ctctagttac
gagatcaatg

220
tetetggacy

agagacctge

270

cecacctcetce

gggtggagag

320
cectcacagt

gggagtgtca

370
atggtegegy

gttgacacag

130

gagagtecce
ckctcagggg

180
ctecaatgge

gaggttaccg

230
aggccggcaa

teceggecgtt

280
aaaaaaacca

tttttttget

330
tacctcagas

atggaétctt

380

gcaacacact
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January 2005 WD 02/ 08263
1] - Aglenovirys 5 Fi ber

ttttcttact

aaaagaatga

‘ 140
ctggggtact

gaccccatga

190
atgcttgcge

tacgaacycyg

240
ccttaceice

ggaatggagyg

290
agtcaaacat

tcagtttgta

340
gccataactyg

cgyggattgac

390

cacecatgcaa

ccteectttg
ggagggaaac

150
ctetttgege

gagaaacacy

200
tcaaaatggg
agttttaccc

250
caaaatgtaa

gttttacatt

300
aaacctggaa

tttggacctt

350
tggetgeege

accgacggceg

400

teacaggece



5 Sequence Range: | to 1746 10 15 20 25 30 35 10 20 30 4%%%@;%@90909
caagaccgtc tgaagatacc ttcaaccccg tgtatccata tacttcgcgc gttctgdcag
acttctatgg aagttggggc acataggtat 60 70 80 90 100 tgacacggaa accggtcctc
caactgtgcc ttttcttact cctccctttg actgtgcctt tggccaggag gtt acacg
aaaagaat ga Y@484%4%hac 110 120 130 140 150 tatcccccaa tg§§F E%Q:%agagtcccc
ctggggtact ctctttgcgc atagggggtt acccaaagtt ctctcagggg gaccccat ga
gagaaacgcg 160 170 180 190 200 ctatccgaagsctctagttac ctccaatggc atgcttgcge
t caaaat ggg gataggcttg gagatcaatg gaggttaccg tacgaacgcg agttttaccc 210 220
230 240 250 caacggcctc tebtiasdCcaal660geaatdted lgagdheqtCapaakgipa
gttgccggag agagacctgc tccggceccgtt ggaatggagg gttttacatt 260 270 280 290 300
ccactgtgag cccacctctc aaaaaaacca agtcaaacat aaacctggaa ggtgacactc
gggtggagag tttttttggt tcagtttgtd tttggétett 3163820 33044840 350%5%¢ at ct gcac

ccctcacagt tacctcagaa gcegt@mactdsy doggeicgec gmettatagagghe:-cgggagicgtaa

atggagtctt £gggattgac ac

gcaacacact caccatgcaa tcacaggccc

- 8 - 510 15

10

15

20

25

30

35

460
acagtgtcag
tgtcacagtc

© 510
cacecgatage

gtggctatceg

560
ccactggtag
ggtgaccatce

610
ggaaaactag
ccttttgatc

660
aaacactttg

tttgtgaaac

710
ccttgcaaac

ggaacgtttyg

760
atgcaactta

tacgtltgaat

810
ccttatactt
ggaatatgaa

269954 %%g&%fﬁzgé §@¥%a§¥%g&.3é§%§§

January 200

470
aaggaaagckt

ttectticga

520
agtaccctta

tecatgggaat

570
cttgggecatt

gaacccgtaa

620
gactaaagta
ctgatttcat

670
accgtageaa

tggcatcgtt

720
taaagttact

atttcaatga

770
atgtagcaagy
tacatcgtce

820
gatgttagtt

ctacaatcaa

480
ageccctgeaa

tcgggacgtt

53¢
ctatcactge

gatagtgacyg

580
gacttgaaayg
ctgaactttc

630
cggggctect

gcecccgagga

680
ctggtccagg

gaccaggtce

730

ggagcettgg
cotoggaace

780
aggactaagg
tcectgattec

830
atccgtttga

taggeaaact

490
acatcaggcce

tgtagtccag

540

ctcaceccect

gagtggggga

590
ageccattta

tcgggtaaat

640
ttgeatgtaa
aacgtacatt

690
tgtgactatt

acactgataa

740
gttttgattc

caaaactaag

790
attgattcte

taactaagayg

840
tgcteaaaac

acgagttttg

%;@%

8263

500

coctcaccac

gggagtggtg

550
ctaactactg

gattgatgac

600
tacacaaaat

atgtgtttta

650
cagacgacct

gtctgetgga

700
aataatactt

ttattatgaa

750
acaaggcaat

tgttecgtta

800
aaaacagacg

ttttgtetge

850
caactaaatce

gttgatttag

S 8

O1/ 03252



20 gcgtggagat taccagcgcc cgttgtgtga gtggtacgtt agtgtccggg3ﬁ*gaﬁggm630 440
450 cgctaaccgt gcacgactcc aaacttagca ttgccaccca aggacccctc gcgattggca
cgtgctgagg tttgaatcgt aacggtgggt tcctggggag 460 470 480 490 500 acagtgtcag
aaggaaagct a ccct caa acat caggcc ccctcaccac tgtcacagtc ttcctttcg

t cgggacgt t Wg&‘ﬁ@? tgg gggagtggtg 510 520 530 540 550 caleHEB¥IP?Egt accctta
ctatcactgc ctcaccccct ctaactactg gtggctatcg tcatgggaat gatagtgacg

gagt ggggga gattgatgac 560 570 580 590 60@g ccactggtag cttgggcatt gacttgaaag
agcccattta tacacaaaat ggtgaccatc gaacccgtaa ctgaactttc tcgggtaaat
atgtgtttta 610 620 630 640 65@s0 ggaaaswybag gacssaadt a @ggggct ccodoot t gcat gt aa
cagacgacct ccttttgatc c L, giacatt gtct a 660 670
680 690 700 aaacactttg %%?5&%3% cggggﬁgccgggcg&tgg%g C?%{’tc?gacg %g%%gtt 25
tttgtgaaac tggcatcgtt gae‘bfégaitt&’c ta%%eﬁggat*ﬁaaétafca‘ttt ‘aqag'a%gsb ar9agEs 730 740
750 ccttgcaaac taaagttact ggagccttgg gttttgattc acaaggcaat ggaacgtttg
atttcaat gagcctcggaacc caaaactgag tgttcggtta 760,,/70 78Q,4/90 800Q,,,at gcaactta
at gt agcagg aggactaagg attgattctc aaaacagacg tacgttgaat tacatcgtcc
tcctgattcc taactaagag ttf“%@f“‘cttaij% ag¥Ragaqy 8"?6‘3*%?36*"‘82??98‘56‘3& CEIAAEREL t
gatgttagtt atccgttcga tgtiatagaac toaactg@aataCyaaggaat glogaatc tacaajaaa
taggcaaact acgagttttg gttgatttag 18 January 2005 WO 02/ 08263 PCT/ GBOL1/ 03252
- 86 860 870 880 890 900 taagactagg acagggccct ctttttataa actcagccca
caacttggat attctgatcc tgtcccégba gaaaddtatt t Yot cgggfYtt gaattfa 5 910
920 930 940 950 aaagcttgag gttaacctaa gecactgccaa ggggttgatg tttgacgeta

tttegaacte caattggatt cgtgacggtt ccccaactac azactgegat

15

20

25

30

a5

1010
cagccatage

gteggtateg

1060

gcaccaaaca

cgtggtttgt

1110
tgattcaaac

actaagtttg

1160
acagcacagyg

tgtegtgtec

1210
ttgtggacca

aacacctggt

1260
agatgctaaa
tctacgattt

1310
ctacagttte

1020
cattaatgca

gtaattacgt

1070

caaateccoct

gtttagggga

1120
aaggctatgg

ttecgatace

1170
tgccattaca

acggtaatgt

1220
caccagctcc

gtggtegagy

1270
ctoactttgg
gagtgaaacc

1320
agttttgget

1030
ggagatggge

cctectaceeg

1080
caaaacaaaa

gttttgtttt

1130
ttectaaact

aaggatttga

1180
gtaggaaaca

catcctttgt

1230
atctcectaac

tagaggattg

1280
tcttiaacaaa
agaattgttt

1330

gttaaaggca

1040
ttgaattigg

aacttaaacc

1080
attggceccatg

taaccggtac

1140
aggaactggce
tcettgaceyg

1190
aaaataatga

ttttattact

1240
tgtagactaa
acatctgatt

1290
atgtggcagt
tacaccgtca

1340
gtttggetce

1050
ttcacctaat

aagtggatta

1100
gectagaatt
cggatcttaa

1150
ctitagtittg

gaatcaaaac

1200
taagctaact

attcgattga

1250
atgcagagaa

tacgtctctt

1300
caaatacttg
gtttatgaac

1350
aatatctgga



att aact aca
tgtttccgga
aaagcttgag
caattggatt
cagccat agc
gt aatt acgt
gcaccaaaca
gtttagggga
t gatt caaac
ttccgatacc
acagcacagg
acggt aat gt
tt gt ggacca

acaaaggcct
aat gaacaaa
gttaacct aa
cgt gacggtt
8&’[‘3@%’88%
cctctaccceg
caaat cccct
gttttgtttt
aaggct at ag
aaggatttga
tgccattaca
catcctttgt
caccagct cc

gt ggt cgagg % agaggattg

agat gct aaa
gagt gaaacc
ctacagtttc

ctcactttgg
agaattgttt
agttttggct

acagcttcaa acaattccaa t3akh abos
tgttaaggtt 25 960 970 980 990 1000
ggggttgatg tttgacgcta tttcgaactc

aaactgcgat 1010 1020 1030 1040 1050

ttacttgttt
t gt cgaagt t
gcact gccaa
ccccaact ac

ggagatgggc ttgaatttgg ttcacctaat EETGHIUEEY
aacttaaacc aagtggatta 1060 1070 1080 1090 1100
caaaacaaaa attggccasg gcctagaatt cgtggtttgt

t aaccggtac cggatcttaa 1110 1120 1130 1140 1150
tt cetdzasly eggIEcyygeatttdcaytchbdqgoaggtiaggdalcty
tccttgaccg gaatcaaaac 1160 1170 1180 1190 1200

gt aggaa aaaat ga t taact __tgtcgtgtce
ttttattg%'t% attcgaftga 1%‘%881220 Y0 124641%50 30

at ereditaze Tiyrtapbct dettatpoadabEaEITEc sEuoeargtt
acabedgadth tRGYEIL btaa8t:2G0ackdd+1280:ch290 1300
tcttaacaaa atgtggcagt caaatacttg tctacgattt
tacaccgtca gtttatgaac 1310 1320 1330 1340 1350

gtt aaagyti gttt gded cc aaltia® ct ggal4#® Janudr§o 2005 WO

02108263 PCT/ GBO1103252 -acthbacdrt1fkcgic@iL aagqd-622Bakea tCARLLdGEO!
caaaccgagg ttatagacct 13 1380 1390, 14 cagtt caaa ct catct
tattataaga tttgacgaaa atg aétgj:jté\'g %ta gt aagt ?%gg‘g%%gé‘a éctéc oAt %%%gatcf &

aaactgcttt'® acct cacga 1410 1420 1430 1440 1450

15

20

25

30

1460
atcttactga
tagaatgact

"1510
ctatcagctt
gatagtcgaa

1560
cagtcaagtt
gtcagttcaa

1610
ttacactaaa

aatgtgattt

1660
tctatgteat

agatacagta

1710
atttgecaca

taaacggtgt

1470
aggcacagee

teegtgtegyg

1520
arccaaaatc

taggttitag

1570
tacttaaacg

atgaatttge

1620
cggtacacag

gccatgtgte

1670
tttecatggga

aaagtaccct

1720
tecctettaca

aggagaatgt

1480
tatacaaacg

atatgtitge

1530
tecacggtaaa

agkgccattt

1580
gagacaaaac

ctctgttitg

1630
gaaacaggag

ctttgtecte

1680
ctggtctgge

gaccagaccy

1730
ctttttecata

gaaaaagtat

1480
gtgttggatt

cacaacctaa

1540
actgccaaaa

tgacggtttt

1580
taaacctgta

atttggacat

1640

acacaactcc

tgtgttgagg

1690
cacaactaca

gtgttgatgt

1740
cattaceccaa

gtaacgggtt

1500
tatgcctaac

atacggattyg

1550
gtaacattgt

cattgtaaca

1600
acactaacca

tgtgattgot

1650
aagtgcatac

ttecacgtatyg

1700
ttaatgaaat
aattacttta

gaataa

cttatt



act aaacaat
aggaaggacc
atcttactga
t ccgt gt cgg
ct at cagctt
taggttttag
cagt caagtt
atgaatttgc
ttacact aaa
gccatgtgtc
tct at gt cat
aaagt accct

atttgccaca tcct ehtmcrogwkilcbh@disrsvkgenesa gaat aa

tccttcctgg
t gggt ctt at
aggcacagcc
atatgtttgc
HoRaR4aht ¢
agtgccattt
tact t aaacg
ctctgttttg

acccagaat a
aacct t gaaa
t at acaaacg
cacaacct aa
t cacggt aaa
tgacggtttt
gagacaaaac
attt ggacat

cogt qEECag IPaa&0agoay

Cttt%&&%&%t&ﬁ%g%%

tttcatggga ¢

ttggaacttt agaaatggag 4gakidag)sds
tctttacctc 1460 1470 1480 1490 1500

gtgttggatt tatgcctaac tagaatgact
atacggattg 15 1510 1520 1530 1540 1550
act gccaaaa gtaacattgt S&UAHIEEEA
cattgtaaca 1560 1570 1580 1590 1600 20
t aaacct gt@ acactaacca gtcagttcaa
tgtgattggt 1610 1620 1630 1640 1650

ACREAA O A FeP@ AHAC £26m ARinGing ahh!

é¥g¥% ttcacgtatg 1660 1670 1680 1690 170
ggcC cacaactaca ttaat gaaat

agat acagt a

gaccagaccg gtgttgatgt aattacttta 30 1710 1720 1730 1740

t aaacggt gt aggagaat gt

gaaaaagt at’ gtaacgggtt cttatt 18 January 2005 WO 02/08263 PCT/ GBOLl/ 03252 .

88 5 [SEQ ID. NO_: 2] - Neck Region Peptide fromHuman Lung Surfact ant
Protein D. PDVASEREOVERL CEQIIQaAR PR&PeSEE]L ID. NO ; 3] -

Reconmbi nant Fi ber Al gaattcg atg aag cgc gca aga ccg tct gaa gat acc ttc
aac ccc gtg tat t c._.ac acc t _cct .cca agct gtg cot ttt ctt
act cot ccc 10 tgta%(%ggaaqttgc%a%cg% gcéatg% agd:c?tttggc%g aécga%cg?g%ggc %8? grécagtagta ctc
tct ttg cgc ct &%t dEtgRs Bt 9w acYEEt &6k cREAagtygget atl cterrchactgica gea
agc tta cya caattCafagicd §XAaHCGgd ket @aA FGFhotagJtét GaR €aAGLE et Cadg gcy

gea 1t agc caaclac.gancagd gla.gag.l Lo. Ll Lea,pac. 098 gec 2aq.8ag, ot
aaC gaC gcc cag gcc ccc aag agc gac cca tog ate taa ctc ag
tta cga caa cag gta gaa dcc ttg caa ggg cag gta caa cac tta cag gcg

gca ttt age caa tac aaa aag gta gag ttg ttt cca aac gga gee aag aag

ctg aac gac gec cag goc coc aag agc gac cca teg atc taa cte gag
i5

[SEQ. ID. NO.: 4] - Human epidermal growth factor (EGF)

Sequence Range: 1 to 183

20 10 20 30 40 50

25

a0

35

gogaattcat
cccttaagta

M

60
tgtttgeacy
acaaacgtge

C I H

110
ttgtaactgt
aacattgaca

¢ N C

gaactccgac tccgaatgte cattgtccca cgacggttac
cttgaggetyg aggettacag

¥ S5 D

gtaacagggt
P L S8 H

gctgccaatg

S B C D G Y>

70 80 20 100

acggtgtttg tatgtacatc gaagetttgg acaagtacgce
tgccacaaac atacatgtag

D 6 Vv C

cttcgaaacc tgttecatgey

M Y I E A L P K Y A>

120 130 140 150

gttgttggtt acatcggtga aagatgtcaa
ttctacagtt

R C @

tacagagact
caacaaccaa tgtagccact

vV vV G

atgtctectga

¥ I & E Y R D>



20 [SEQ ID. NO: 4] - Human epidermal growth factor (EGHBameftyeoes Range:
1 to 183 10 20 30 40 50 gggaattcat gaactccgac tccgaatgtc cattgtccca
cgacggttac cccttaagta cttgaggctg aggcttacag gtaacagggt gctgccaatg MN S D
SECPLS11 DGY> 2560 70 80 90 100 tgtttgcacg acggtgtttg tatgtacatc
gaagctttgg HOHBWBMEgc acaaacgtgc tgccacaaac atacatgtag 3’?%@@&&%@
tgttcatgcg CLHDGVCMY | EALDKY A> 30 35 110 120 130 140 150
ttgtaactgt gttgttggtt acatcggtga aagatgtcaqa tacagagact aacattgaca
caacaaccaa tgtagccact ttctacagtt atgtctctga CNCV VGYI GERCQYR
D> 18 January 2005 WO 02/08263 PCT/ GB01/03252 - 89 - 5 160 170 180

t gaagt ggt g ggaattgaga tgataagamb tcc amitcaccaeoccttaactct actattctta agg
LKWWELR?*> [SEQ | . 5] - Amn cid linker from Staphyl ococcal
protein A 10 Sequence Ra%g}aé%g?gg{tg Jfﬁatfa 09?%a%96a%gggagaagc t gaacgacgc
ccaggccccc aagagcgac cggrticrteg wettargettged2gttee ga%gg ttctcgectg A K K L N
DAOAPKSD -a-SPA 48-®0wa ESEQR I D> NO.: 63 - Fiber construct Al

EGF 5

{SEQ. ID. NO.: 5] - Amino acid linker from Staphylococeal
protein A

10 Sequence Range: 1 to 39

10 20 30
gccaagaage tgaacgacgc ccaggccccc aagagegac
cggttcttcg acttgctgeg gotceggggg tictegetg

i5 A X K L N D & c A P K 8 D>
a SPA 48-60 a

[SEQ. ID. NO.: 6] - Fiber construct Al EGF
20 Sequence Range: 1 to 513
10 20 30 40 50

atgaagegeg caagaccegte tgaagatace ttcaaccccg tgtatcecata

tacttegege gttetggeag acttctatgg aagttgggge acataggtat

25 M K R A R P S E DT F N P Vv ¥ P ¥Y>
b b_TAIL b b >
60 70 80 S0 100
tgacacggaa accggtecte caactgtgec ttttettact cceteccetttg
30 actgtgectt tggccaggag gttgacacgg aaaagaatga ggagggaaac
D T E T G P F T V P F L T P P P>
b b TAIL___ b b >
110 120 130 -140 150
35 tatcccecaa tgggtttcaa gagagtcece ctggggtact ctetttgege

atagggggtt acccaaagtt ctetcagggg gaccccatga gagaaacgeg
L 85 L R>»



20 Sequence Range: 1 to 513 10 20 30 40 50 atgaagcgcg caagamfgdry 2bgfagat acc
ttcaaccccg tgtatccata tacttcgcgc gttctggcag acttctatgg aagttggggce
acataggtat 25 MKRARPSEDTFNPVYPY> bb TAIL b b > 30 35 60
70 80 90 100 tgacacggaa accggtcctc caactgtgcc ttttcttact cctccctttg

act gt gcct t. Wé’d’@gaaz@ﬁag gttgacacgg aaaagaat ga ggagggaaac DFFT/EBH/@E2P p T v P
FLTPPF> bbTALDbDb 110 120 130 .140 150 tatcccccaa tgggtttcaa
gagagtcccc ctggggtact ctctttgcgc atagggggtt- acccaaagtt ctctcagggg
gaccccatga gtgaaacgcg L S L R> 18 January 2005 WO 02108263 PCT/ GB01/ 03252 -
90 a>5101520VSPNGPQESPPGYV>-b-TAIL b > 160 170 180 190
200 ctatccgaac ctctagttac ctccaatggc atgcctgacg tagcaagcit gataggcttg
gagat caatg gaggttaccg tagggact g8 atcgitecgan sLeS ER LV T S NG M a Rl_a
a>PDVASL>LUNG SURFAC > 2b10 220T %?0 240 2&'%0 acgacaacag gtagaagcct

t gcaagggca ggt acaacac ttar:aggtgg—t—gcfgpi gtc—catcttecgge acgttcccgt
ccatgttgtg aatgtccgcc .

5 160 190 200

170 180

ctatccgaac ctectagttac ctecaatgge atgectgacg tagcocaagett
gataggetty gagatcaatyg gaggttaccg tacggactgc atcgttcgaa

L 5 E P L V T S N G M>
g Rl a a >
10 P D Y & 5 L>
___LUNG SURFAC >
210 220 230 240 250
acgacaacag gtagaagccet tgcaagggca ggtacaacac ttacaggcgg
15 tgetgttgte catcttegga acgttccegt ccatgttgtg aatgtccgec
R 0 ¢ Vv E A L g ¢ Q@ Vv Q9 H L 9 A>
LUNG SURFACTANT PROTEIN D TRIM_ ¢ >
260 270 280 290 300
20 catttagcca atacaaazag gtagagttgt ttccaaacgg agecaagaag
gtaaatcggt tatgttttte catctcaaca aaggtttgece tcggttette
A F 5 ¢ Y K K V E L F P N G>»
LUNG SURFACTANT PROTEIN P TRIM c >
A K K>
25 >
>Clal
]
3106 320 330 | 340 350
30 ctgaacgacg cccaggccce caagagcgac cecatcgatca tgaactccga
gacttgectge gggtocgggg gitetegetg ggtagetagt acttgagget
M W S D>
_d >
L N D A Q A P XK 8 D>
35 SPA 48-60_e >

P 5 I



RQQVEALQGQVQHL QA LUNG SURFACTANT PROTEI Pﬂgl}aﬂ'ﬂ%m@, > 260
270 280 290 300 catttagcca atacaaaaag gtagagttgt ttccaaacgg agccaagaag
gtaaatcggt tatgtttttc catctcaaca aaggtttgcc tcggttcttc AF SO YKKVEL
F P NG LUNG SURFACTANT PROTEIN D TRMC > A K K> 25 > >Clal 30 1 310 320
330 1 340 3¥®®P¥&hcgacg cccaggecce caagagcgac ccat cgat cBCVGENBER ga
gacttgctgc gggtccgggg gttctcgetg ggtagctagt acttgaggct MN S D> d >L ND
AQAPKSD 35 SPA 48-60 e > P S > d8 January 2005 WD 02/08263 5 10

15 20 25 PCT/ GBO1/ 03252 360 370 380 390 400 ctccgaatgt ccattgtccc

acgacggtta ctgtttgcac gacggtgttt gaggcttaca ggtaacaggg tgctgccaat
gacaaacgtg ctgccacaaa SECPL SHDGYCLHDGYV> EPI DERVAL GROMH

FACTOR { UROCGASTRONE) ; CODON ST > 410 420 430 440 450 gtatgtacat cgaagctttg
gacaagtacg cttgtaactg tgttgttggt catacatgta gcttcgaaac ctgttcatgc
gaacat tgac acaacaacca 360 370 380 390 400

ctecgaatgt ccattgtecc acgacggtita ctgtttgeac gacggtgtit

gaggcttaca ggtaacaggg tgctgeccaat gacaaacgtg ctgecacaaa
5 S E C P L 8 R DG Y C L H p G V>

_ EPTIDERMAL GROWTH FACTOR (UROGASTRONE) ; CODON_S8T >

410 420 430 4140 450

gtatgtacat cgaagettty gacaagtacg cttgtaactg tgttgitggt

10 catacatgta gottegaaac ctgttcatgc gaacattgac acaacaacca
C M ¥ I E A L D K Y A C N C v v &>
... EPTDERMAT, GROWTH FACTOR (UROGASTRONE); CODON_ST _ >

460 470 480 4390 500
i5 tacatcggtg aaagatgtca atacagagac ttgaagtggt gggaattgag
' atgtagceac tttectacagt tatgtcetcectg sacttcacca cccttaactce

Y I ¢ E R C Q Y R D L K W W E L R>
_____EPIDERMATL GROWTH FACTOR (UROGASTRONE)}; CODCN ST >

20 >xhol
| |
| 510
atgactcgag ggg

tactgagctc ccc
25 x>

>

[SEQ. ID. NO.: 71 - Fiber Construct A7 EGF
30 Sequence Range: 1 to 811

>EcoRl

|
] 10 20 30 40 50

35 gaattcgatyg aagcgegceaa gaccgtcectga agataccttc aaccecegtgt



CMYI EALDKYACNCVYV G EPI DERVAL G?OMHFACFQ@@W@EEO\IE);

CODON ST > 460 470 480 490 500 tacatcggtg aaagatgtca atacagagac ttgaagtggt
gggaattgag atgtagccac tttctacagt tatgtctctg aacttcacca cccttaactc Y I GE
RCQYRDL KWWE L R EPIDERVAL GROMH FACTOR ( URCGASTRONE) ; CODON ST
> at gact cgayYPs26¢ act gagctc ccc X> [SEQ ID. NO: 7] - PEFSSPLE3M st ruct A7
EG- 30 Sequence Range: 1 to 811 >EcoRl 10 20 30 40 50 35 gaattcgatg
aagcgcgcaa gaccgtctga agataccttc aaccccgtgd 18 January 2005 WO 02/ 08263
PCT/ GB01103252 - - 92 - -5 10 15 20 25 30 35 cttaagctac ttcgcgcegtt
ctggcagact tctatggaag ttggggcaca M> MKR A RPSEDTFNPYV> | TAL

] j > 60 70 80 90 100 atccatatga cacggaaacc ggtcctccaa ctgtgccttt

tcttactcct taggtatact gtgcctttgg ccaggaggtt gacacggaaa agaatgagga Y P Y D
TETGPPTVPFL T Pstjagrtappjteaqocott stopegpagy (jolagoapgO-tygycaca

M>

M KRA R P SE DTTF N P v
5 _ j 3 TAIL 3 N

60 70 80 90 100
atccatatga cacggaaacc ggtcetccaa ctgtgectit tettacteet
taggtatact gtgcctttgg ccaggaggtt gacacggaaa agaatgagga

10 Y P Y D T E T G P P T V B F L T p>
i 3__TAIL i 3 >

110 120 130 140 150
ccctttgtat ccoccaatgyg gtttcaagag agtccececctg gggtactcte

15 gggaaacata gggggttacc caaagttctc tcaggogggac cccatgagag
L s>

>

P F V S P ¥ G F Q E 5 p P G V>

3j TAIL ! 3 >
20
160 170 180 150 200
tttgcgecta tecgaaccte tagttacctc caatggecatg cttgegotcea
aaacgcggat aggettggay atcaatggag gttacegtac gaacgegagt
L A L>
25 >
L R L S E P L v T 8 N G M>
h REPEAT 1 h >
210 220 230 240 250
30 aaatgggcaa cggcctctet ctyggacgagyg ccggcaacct tacctcoocaa

tttaccegtt gececggagaga gacctgetee ggeogttgga atggagggtt
L T 8 o>
£ >

K M G N G L 8§ L DE A G N>
35 g REPEAT 2 g >




ccctttgtat cccccaatgg gtttcaagag agtccccctg gggtactctc g93araRAEcds
gggggttacc caaagttctc tcagggggac cccatgagag L S> PF V S P NGF Q ESPP
GV> j TAIL j j > 160 170 180 190 200 tttgcgccta tccgaacctc tagttacctc

caatggcatg ctt ctca aaacgcggat aggcttggag atcaatggag gttacc
gaacgcgagt WON%@%G{ RLSEPLVTSNGM -h -REPEAT ICHGBO 652220 230

240 250 aaatgggcaa cggcctctct ctggacgagg ccggcaacct tacctcocaa tttacccgtt
gccggagaga gacctgctcc ggccgttgga atggaggosgd L.T S Q@ f > KMGNGL SL
DEAGN g REPEAT 2 g > 18 January 2005 WO 02/ 08263 PCT/ GB01/ 03252 -
- 93 -- 510 15 20 25 260 270 280 290 300 aatgtaacca ctgtgagccc

acctct caaa aaaaccaagt caaacataaa ttacattggt gacactcggg tggagagttt
ttttggttca gtttgtattt | N>SNNVTTVSPPLKKTKSN f REPEAT 3 f f >
310 320 330 340 350 cctggaaat#tctgcaétc tcadé@yttac cd®€agaagcd®Tt aact gt gg
ggacctttat agacgtgggg agtgtfaaig Grgéeticgerghbyasattadgt Teazedialz | S AP L

TVTSEA ttacattggt gacacteggg tggagagttt ttttggtica gtttgtattt
I N>
5 >
N V T T V 8 P P L K K T K S N>
f REPEAT 3 £ £ >
. 310 320 330 340 350
10 cctggaaata tetgecaccee tecacagttac ctcagaagee ctaactgtgg

ggacctttat agacgtggge agtgtcaatg gagtettegyg gattgacace

L T v
>
L E I 5 A P L T V T 5 E A>
15 e REPEAT 4 e >
360 370 380 390 400

ctgecegecge acctctaatg gtcgegggeca acacactcac catgcaatca
gacggcegdey tggagattac cagegecegt tgtgtgagtg gtacgttagt
20 _ L T M QO s>
__ REPEAT 6__ >
A A A A P L M V A G N T>
d___ REPEAT 5 d >

25 410 420 430 440 450
caggecccge taaccgtgea cgactccaaa cttageattg ccacccaagg
gtccggggeg attggeacgt gctgaggttt gaatcgtaac gghtgggttec

L § I AT Q0 G

REPEAT 7 | >
30 ' Q A P L T V B D § K>
REPEAT 6_ c >

460 470 480 490 500
accectcaca gtgtcagaag gaaagctage ccoctgacgta geaagettac

35 tggggagtgt cacagtctte ctttcgateg gggactgeat cgttcgaatg



e REPEAT 4 e 360 370 380 390 400 ctgccgccge acctctaatg gBQEMEIP2605
acacactcac catgcaatca gacggcggcg tggagattac cagcgcccgt tgtgtgagtg
gtacgttagt L T MQS> REPEAT 6 > AAAAPLMVAGNT>dREPEAT 5d >
410 420 430 440 450 caggcgccgc taaccgtgca cgactccaaa cttagcattg ccacccaagg
gtccg ggcg ¥MABYVEEgt gct gaggttt gaat cgt aac ggtgggttcc LPSHOCBAN/RY G
REPEAT 7 > 30 QAPL TVHDSK> REPEAT 6 ¢ > 35 460 470 480 490 500
acccctcaca gtgtcagaag gaaagctagc ccctgacgfa _gcaagcttac tggggagt gt
cacagtcttc ctttcgatcg gggactgcat cgtgtcaatg 18 January 2005 WO 02109263
PC '/ @0L/03252 - - 94 -- L A>a>5 10152025 P L TV S E GK> REPEAT 7
b. PDV A S L> LUNG SURFACTA > 510 520 530 540 550 gacaacaggt agaagccttg
caagggcagg tacaacactt acaggcggca ctgttgtcca tcttcggaac gttcccgtcc
atgttgtgaa tgtccgccgt RQQVEALQGQV QMWL QAA
a_>
P LT VS E G K>
REPEAT 7___ b >

5 P PV & 5 L>
_ LUNG SURFACTZ >

510 520 530 540 550

gacaacaggt agaagccttg caagggcagg tacaacactt acaggeggea

ctgttgtecca tcttcggaac gttecccatec atgttgtgaa tgtcocgeegt

10 ROQQV EAL Q06 Q VO HIL 0 & A
LUNG SURFACTANT PROTEIN D TRIM k >
560 570 580 5980 600

tttagcecaat acasasaggt agagitgitt ccaaacggag ccaagaagcet
15 aaatcggtta tgtttttcca tctcaacaaa ggtttgecte ggttettega
¥ 5 90 Y K K V E L F P N G>

_____ _LUNG SURFACTANT PROTEIN D TRIM >
' A K K L>
_m >
20
>Clal
|
610 620 630 | 640 650
gaacgacgecce caggcceccca agagcgacce atcgatcatg aactcocgact
25 cttgctgegy gtcegggggt tetegeotggg tagetagtac ttgaggetga
M N S8 D>
_1r >
N D A A P K 5 D>
SPA 48~60_ m >
30 P S5 I>
_n >
660 670 680 690 700

ccgaatgiec attgtcccac gacggttact gtttgecacga cggtgtttgt
35 ggcttacagg taacagggtg ctgccaatga caasacgtget gecacaaaca



LUNG SURFACTANT PROTEIN D TRINE k > 560 570 580 590 600 18l faRGHG 2085
acaaaaaggt agagttgttt ccaaacggag ccaagaagct aaatcggtta tgtttttcca
tctcaacaaa ggtttgcctc ggttcttcga F S QY KKV EL FP NG LUNG
SURFACTANT PROTEIN D TRRM> A KK L> m> >Clal 610 620 630 | 640 650
gaacgacgcc ¥fBP%6¢ca agagcgaccc atcgatcatg aactccgact ECUSEPHEES

gt ccgggggt tctcgctggg tagctagtac ttgaggctga MNS D>1 >NDAQAPKS
D> SPA 48--60 m> 30 P S 1> n > 35 660-6a% -680 690 700 ccgaatgtcc
attgtcccac gacggttact gtttgcacga cggtgtttgt ggcttacagg taacagggtg

ct gccaat ga caaacgtgct gccacaaaca 18 January 2005 WO 02108263 --95--

PCT/ GBOL/ 03252 SECPL SHDGYCLHDGYV C EPIDERVAL GROMH FACTOR
(URCGASTRONE) ; CODON ST > 5 10 710_720 730 740 750 at tacathr aagctttgga
caagtacgct tgtaactgtg tt&tthg?tg facatyt ayc® ttcgé:aaltcg Jt t Eat'gcGa
acattgacac aacaaccaat M Y_|EPEDFRMAL BROYTYH FACTORN(UBOSASYRMBEY:> COEER| DERMAL GROMH
FACTOR ( UROGASTRONE); CODON ST > 760 770 780 790 Boo cat cggt gaa agat gt caat

acagagactt gaagtggtgg gaattgagat 720 730 740 750

5 atgtacatecg aagctttgyga caagtacget tgtaactgtg ttgttggtia
tacatgtagc ttcgaaacct gttcatgcga acattgacac aacaaccaat
M Y I E A L D K Y A C N C V V G Y
. EPIDERMAL GROWTH FACTOR (UROGASTRONE); CODOW ST >

760 770 780 790 800

10 catcggtgaa agatgtcaat acagagactt gaagtggtgg gaattgagat
gtagccactt tctacagtta tgtetctgaa cttcaccacc cttaactceta

I G E R C Q Y R D %L K W w E L R>
__ BPIDERMAL GROWTH FACTOR (UROGASTROME); CODON ST __ >

15 >xhol
I
| 810
gactcgaggg g
ctgagcteee ¢
20 x>
>

[SEQ. ID. NO.: 8] - G250 Construct
25 Sequence Range: 1 to 1056

10 20 30 40 50
gacattgtga tgacccagtc tcaaagatte atgtccacaa cagtaggaga
ctgtaacact actgggtcag agtttctaag tacaggtgtt gtcatcctet

30 b T VvV M T @ 8 Q RF M 8 T T V G D>

c o] VK (s} o] >

60 70 80 20 100
cagggtcage atcacctgca aggccagtca gaatgtggtt tchgctgityg
35 gtcccagteg tagtggacgt tccggtcagt cttacaccaa agacgacaac



gtagccactt tctacagtta tgtctctgaa cttcaccacc cttaactcta I13§a§JA?X§0&Y RDL
K WWE L R> EPI DERVAL GCROMH FACTOR ( UROGASTRONE) ; CODON ST > 15 >xhol 20
) 810 gactcgaggg g ctgagctccc ¢ X> [SEQ ID. NO: 8] - &50 Construct 25
Sequence Range: 1 to 1056 10 20 30 40 50 gacattgtga tgacccagtc tcaaagattc
at gt ccacaa WEJ2A¥Ehoga ctgtaacact actgggtcag agtttctaag Peb/aBYegie
gtcatcctct 30 DI VMTQSQRFMSTTVGD> Cc VKc C>60 70 80 90
100 cagggtcagc atcacctgca aggccagt ca-gaagytggtt tctgctgttg 35 gtcccagtcg

t agt ggacgt tccggtcagt cttacaccaa agacgacaac 18 January 2005 WD 02/ 08263
PCT/ GB01/03252 - - 96 - 510 1SRVSI TCKASQNVVSAV>ccWecec
> 110 120 130 140 150 «cctggtatca acagaaacca ggacaatctc ctaaactact
gatttactca ggaccatagt tgtcttt%gt cctgttaga atttaatga ctaaatgagt A WY Q
QKPGQSPKLLI YSSfc'c®wic'ts 150%170 480" 190Y206 Zycht ccaatc

ggtacactgg agtccctgat cgcttcacage gcagtggatcvkcgtaggttag ocat gt gace
t cagggacta gcgaagtgtc cgtcacctag ASNRYTGVPDRFTGS G S

110 120 136 140 150

5 cctggtatca acagaaacca ggacaatctce ctaaactact gatttactca
ggaccatagt tgtcetttggt cctgttagag gatttgatga ctaaatgagt

A W Y QY QK P G QS P KL L I Y 3>

C s} VK C C >

190 160 170 180 190 200
gcatccaatc ggtacactgg agtccctgat cgcttcacag gcagtggatce
cgtaggttag ccatgtgacc tcagggacta gcgaagtgtc cgtcacctag

A S5 N R Y T G v P D R F T G 8 G 3>

o] C VK C C >

i5
210 220 230 240 250
tgggacagat ttcactctca ccattageaa tatgecagtct gaagacchgg
accctgtcta aagtgagagt ggtaatcgtt atacgtecaga cttcoctggacce
G T D F T L T I 5 N ¥ Q S E D L>
20 c c VK c c >

260 270 280 290 300
ctgatttttt ctgteaacaa tatageaact atccgtggac gtteggtgga
gactaaaaaa gacagttgtt atatcgttga taggecacctg caageccacct

. 25 A DFF CQQ Y SN YPWT F G G»

[} [ VK C [o] >

310 320 330 340 350
ggcaccaagc tggaaatcaa aggatctgge tctacttecyg gtagocggeaa
30 ccgtggtteg acctttagtt tectagaceg agatgaagge categecgtt
G T K L E I K
VK c_ >

G 8 G 8 T 8 G 8 G K>
d _LINK d >

35



c c VKcc > 210 220 230 240 250 tgggacagat ttcactctca aglduhafsasos
tat gcagtct gaagacctgg accctgtcta aagtgagagt ggtaatcgtt atacgtcaga
cttctggacc GTDFTLTI SNMQSEDL> 20c c VKcc > 25 30 260 270
280 290 300 atttttt ctgtcaacaa tatagcaact atccgt ggac ttcg}g}t%g

gact aaaaaa Y% ‘gfzﬁbtt atatcgttga taggcacctg caagccacct E2Q QY SN
YPWTFGG cc VKc c > 310 320 330 340 350 ggcaccaagc t ggaaat caa
aggatctggc tctacttccg gtagcggcaa ccgtggtéfg acctttagtt tcctagaccg

agat gaaggc catcgccgtt GTKLEI K> VKc >GSGSTSGSGK>dLNA
> 35 18 January 2005 WO 02/08263 - - 97 -- - 5 10 15 20 25 30

PCTI GBA 1 03252 360 370 380 390 400 atcctctgaa ggcaaaggta ctagagacgt

gaagct cgtg gagtctgggg t aggagactt ccgtttccat gatctctgca cttcgagcac
ctcagacccc DVKLVESG a8%HaS &E GK @9 R 330 400

atcetectgaa ggcaaaggta ctagagacgt gaagctegtg gagtctgggg
taggagactt ccgtttccat gatctetgeca cttcgagecac ctcagaccce
D Vv XK L V E 5 G
5 2 VH_a >

5 5 B G K ¢ T R>
LINK a >

410 420 430 440 450

10 gaggcettagt gaagcttgga gggtecctga aactctectyg tgeagectcet
ctccgaatca cttcgaacct cccagggact ttgagaggac acgtoggaga

G 6LV KL G GS L KL S C A A S

a a VH a a >

15 460 470 480 4980 500
ggattcactt tcagtaacta ttacatgtet tgggticgce agactccaga
cctaagtgaa agtcattgat aatgtacaga acccaagegy tctgagghet

G F T F S N Y Y M S W V R Q T P E>
a a VH a a >

20
5190 520 530 540 550
gaagaggctyg gagttggtcg cagecattaa tagtgatggt ggtatcacet
cttecteoocgac ctcaaccage gteggtaatt atcactacca ccatagtgga
K R 1 E L V A A I N 5 b G G I T>
25 a a_ VH a a >

560 570 580 590 600
actatectaga cactgtgaayg ggccgatteca ceattteaag agacaatgec
tgatagatet gtgacacttc ccggetaagt ggtaaagtte tetgttacgg

30 Y ¥ L. D T V K G R F T I 8 R D N A>

a a VH a a >

610 - 620 630 640 650
aagaacacce tgtacctgea aatgagecagt ctgaagteotg aggacacage

35 ttettygtggy acatggacgt ttactegtca gacttcagac tecigigteg



-LINK -d > 410 420 430 440 450 gaggcttagt gaagcttgga gom Lmehgaoegctctcctg
tgcagcctct ctccgaatca cttcgaacct cocagggact ttgagaggac acgtoggaga G G L V
KLGGSLKLSCAAS>aaVHaa > 460 470 480 490 500 ggattcactt
tcagtaacta ttacatgtct tgggttcgcc agactccaga cctaagtgaa agtcattgat
aat gt acaga ‘é’@@é’&@g’cgg tctgaggtct GF TF S NY Y MS WVPRI/GBIE2ES 5 5 VH
a a > 510 520 530 540 550 gaagaggctg gagttggtcg cagccattaa tagtgatggt
ggtatcacct cttctccgac ctcaaccagc gtcggt &t t+ at cactacca ccatagtgaa KR L E
LVAAI NSDGGI T> aa VHaa > 560 570 580 590 600 actatctaga
cact gt gaag ggccgattca ccatttcaag agacaatgcc tgatagatct gtgacacttc
ccggctaagt ggtaaagttc tctgttacgg YYLDTVKGRFTI SRDNA> aaVH
a 610 620 630 640 650 aagaacaccc tgtacctgca aat gagcagt, ct gt ct
aggacacagc 35 ttcttgtgggagcgtggagbtgt?a§tc%tég %ac tgaéhclgggtétégcg 18
January 2005 WO 02/ 08263-RCT.GBOL/03252 & -V -2 S5 KNI | Y1 ®MSSL
KSEDTA aaVHaa> 660 670 680 690 700 cttgttttac tgtgcaagac
accgctc ctacttttct atggact aacggaat g acgcgttct cga C

g 999 g9 Qﬁﬁ g %@ g éﬁN?D Y>%9599 gages

gat gaaaaga tacctgatga L F YCA RHRSGY F aaVHaa> 10 710
720 730 7 46: 750 cttgttttac tgtgcaagac accgeteggg ctacttttetr atggactact

gaacaaaatg acacgttctg tggcgagcce gatgaaaaga  tacctgatga
L F XY c AR H RS G Y F 8 M D Y

a a VH a a >

10 710 720 730 740 750
ggggtcaagg aacctcagtc accgtctcect catgeccace gtgcecccagea
ccccagtice tiggagtcag tgacagagga gtacgggtgg cacgagtogt
W G Q G T 8 V T Vv 8 s>

a Vi a a_ >

15 | a>

cC P P c B>
HINGE >

20 760 770 780 790 800
cectgaactee tagggggace gteagtctte ctettcccce camaacecaa
ggacttgagg atcecectgy cagtcagasg gagaaggggyg gtitttoggtt

P E L L G G P 5 Vv F L F P P K P K>

b b___CH2 b b >
25
810 820 830 840 850
ggacacccte atgatctccc ggacccetga ggtcacatge gtggtagtag
cctgtgggag tactagaggg cctggggact ccagtgtacyg caccaccacco
P T L M I 8 R T P E v T C v v v
30 b b CH2 b b >

860 870 880 890 500
acgtgageea cgaagaccect gaggtcaagt tcaactggta cgtggacggce
tgcactcggt gettctggga ctccagttca agttgaccat geacctgecg

35 D Vv S5 H E D P E Vv K F N W Y v b G



ggggt caagg aacctcagtc accgtctcct catgcccacc gtgcccagca 68 gsagh 8605
tt ggagt cag tggcagagga gtacgggtgg cacgggt cgt

a-> 15 A> > CP P CP> HNGE > 20 25 30 35 760 770 780 790 800

tcagtcttc ctcttccccc caaaacccaa ggacttgagg atccccctg
D286 gg gttttgggtt PEL L GGP SV F L FEEUSBMSIR, |

t agggggacc
cagt cagaag

WGQGTSVT th S> a VH a
cctgaactcc

bbCH2 b b > 810 820 830 840 850 ggacaccttc atgatctccc ggacccctga
cct gt gggag tactagaggg.cctggggact ccagtgtacg

ggt cacat go gtggtggtgg
catgaccacc DT L M|

900 acgtgagcca cgaagaccct gaggtcaagt tcaactggta cgtggacggce

SRTPEVTCVYVV

bbCH bb > 860 870 880 890
t gcact cggt

gcttctggga ctccagttca agttgaccat gcacctgccg DV SHEDPEVKFEFNWYV

D & 18 January 2005 WO 02/ 08263 PCTI GBO1103252 - --

99 -- bbCRbb>5

10 15 20 910 920 930 940 950 gt §gaggt gc kat a¥egeclaa gacaakgccd cgggaggagce

agt acaacag

cacctccacg tattacggtt ctgtttcggc gccctcctcg tcatgttgtce

910 920 930 540 950
gtggaggtge ataatgccaa gacazagecg cdggaggage agtacaacag
5 caccteccacg tattacgatt ctgtitcgge gocctectcg tocatgttgte
vV E V¥V H N A ¥ T K P R E E 0 Y N 5S>
b b _cCH2 b b >
960 970 980 990 1060
10 cacgtacegg gtggtcageg tcctcaccgt cctgraccag gactggetga
gtgcatggee caccagtoge aggagtggca ggacgtggtce ctgaccgact
T YR VV§ ¥V L TV L HEHQ D W L>
b b CH2 b b >
15 1010 1020 1030 1040 1050
atggcaagga gtacaagtgce aaggtcteca acaaagecct cecagecoco
taccogtteet catgttcacy ttccagaggt tgtttecggga gggtecggggg
N G K E Y K C K Vv 8§ N K A L P A P>
b b_ CH2 b b >
20
atcgag
tagete
I E>
>
25
[SEQ. ID. NO.: 9] - C242 Construct
30 Seguence Range: 1 to 793
>5fi >EcoRl >Clal
| | }
. ] 10 120 | 30 40 50
35 geggoccage cggccacgaa ttecatcgatg gatatigtga tgactcagge



VEVHNAKTKPREEQYNS> bb-CH2 b b > 960 97} 23daf304000
cacgtaccgg gtggtcagcg tcctcaccgt cctgcaccag gactggctga gtgcatggcc
caccagt cgc aggagtggca ggacgtggtc ctgaccgact TYRVV SVLTVLHQDW

L>
aaggt ct cca ¥OLLAFEEct cccagecccce

b b-CH2 b b > 1010 1020 1030 1040 1050 atggcaagga gt acaa

taccgttcct catgttcacg PEHER

by

tgtttcggga ggogtcggggg NGKEYKCKV5 NKALPAP>bbCHDbb>

atcgag tagctc |

1 to 793 >Sfi

E> 25 [ SEQ
>EcoR >d al |1

I D. NO :- 9] 100 £242 Construct 30 Sequence
11 10 120 1 30 40 50 35 gcggcccagc

Range:

cggccacgaa ttcatcgatg gatattgtga tgactcaggc 18 January 2005 WO 02/ 08263

PCTI GBO1103252 - -

actgagtccg AQPATNSS M b BACKPRIVER > D
> A> 60 70 7.0 15 20 25 cgceggateg geeggtgett aagtagetac

A Q P A T N S 5 M»
b BACKPRIMER

60 70 80

10 tgecaccctet gtacctgtea cteoctggaga
acgtgggaga catggacagt gaggacctct
A P 8 VvV PV T P G E

d VK PHARMACIA

100 5 cgccgggtcg gccggtgett aagtagctac ctataacact

VMT QA VK PHARVACI A

ctataacact actgagtccg

>

P IV
VK PHARMACTA

M T Q0 A

>

20 100
gtcagtatce atctectgea
cagtcatagg tagaggacgt
I 5 C>

d

S VvV &8

15 110 120 130
ggtctagtaa gagtctcoctg catagtaatg
ccagatecatt ctecagaggac gtatcattac
R 8§ § K S L L H 8§ N

d VK PHARMACIA

140 150
gcaacactta cttgtattgg
cgttgtgaalt gaacataacc
G N T Y L Y W>

d

20 S L L H 8§ N

CDR1

L
£ >

G N T ¥ >

160 170 180

ttectgeaga ggccaggeca gtctegteag
25 aaggacgtct ccggtcecggt cagaggagtc
F L 0 R P G Q 3 P Q

d VK PHARMACIA

190 200
ctectgatat atcggatgtce
gaggactata tagcecctacag
L L I Y R M 3>

d >

30
210 220

caaccttgte tcaggagtce cagacaggtt

230

gttggaacag agtcctcagg gtctgtccaa
N L v 8 6 VvV P D R F
VK PHARMACIA

35 d

R M 8>

240 250
cagtggeagt ggotcaggaa
gtcaccgtea ceccagtecott

5 6 8 6 5 G

d




30 35 80 90 100 tgcaccctct gtacctgtca ctcctggaga gtcagt awga,ﬁ;agfdﬁsgca

acgt gggaga cagggacagt gaggacctct cagtcatagg tagaggacgt APS VPV TPGE
SVSI SC dVKPHARVACIA d > 110 120 130 140 150 ggtctagtaa gagtctcctg
cat agt aat g gcaacactta cttgtattgg ccagatcatt ctcagaggac gtatcattac

cgtt gt gaat é’d@@%%cc RSSKSLLHSNGNTYL Y WCTEBRSEIARVACI A d
SLLHSNGNTYLY> f CORLf > 160 170 180 190 200 ttcctggaga
ggccaggcca gtctcctcag ctcctgatat atcggatgh9 —aaggacgtct ccggtccggt
cagaggagtc. gaggactata tagcctacag FL QRPGQSPQLLI YRMS> d W
PHARMACIA d > R M S> 210 220 230 240 250 caaccttgtc tcaggagtcc cagacaggtt
cagt ggcagt- gggt caggaa gttggaacag agtcctcagg gtctgtccaa gtcaccgtca
cccagtcctt NLVSGVPDRFSGSGSG dVKPHARMACIA d > 18 January
2005 WO 02/ 08263 PCT/ GBO 1932527 NS V S>-e > 5 10 15 20 25 30 260 270 280
290 300 e >

260 270 280 280 300

5 ctgctitcac actgagaatc agtagagtgg aggctgagga tgtgggtgtt
gacgaaagtg tgactcttag tcatctcacc teccgactect acacccacaa

T A F T L.R I S R V E A B D v 6 v

d VK PHARMACIA d >

10 310 320 330 340 350
tattactgte tgcaacatet agagtatceg ttecacgttceg gtectgggac
ataatgacag acgttgtaga tctecatagge aagtgcaage caggaccctyg

L ¢ H L E Y P F T>

_a CDR3 a >
15 Yy Y C L Q HL EY P F T F &G P & T
d VK PHARMACIA d >
360 370 380 390 400

caagctggag ctgaaacgge ccccggactt tgttccecccg gecgetagtt
20 gttcgaccte gacttitgecy ggggoctgaa acaaggggge cggcgatcaa
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

teectgatea ctcecctegt ggecaggtec agttggtgea gtctggacct

agggactagt gaggggagca ccggtccagg tcaaccacgt cagacctgga

o Vv o L Vv O S G P>
30 ____VH PHARMACIA [SPLIT]___ >

F P D H 8 P R G>
825 1 >

460 470 480 490 500
35 gagctgaaga agcctggaga gacagtcaag atctectgea aggettctga



ctgctttcac actgagaatc agtagagtgg aggctgagga tgtgggtgtt 9898RA0IMD5
tgactcttag tcatctcacc tccgactcct acacccacaa T AFTLRI SRVEAEDYV
G V> d VK PHARMACI A d > 310 320 330 340 350 tattactgtc tgcaacatct
agagtatccg ttcacgttcg gtcctgggac ataatgacag acgttgtaga tctcataggc
aagt gcaagc ¥& a@eétg LQHLEYPFT> aChR3a>Y ’?CE‘GE‘”@%%ZL. EYP
FTFGPGT> d VK PHARVACIA d > 360 370 380 390 400 caagctggag

ct gaaacggc ccccggactt tgttcccccg gccgetagigh —gttcgacctc gactttgcecg
ggggcct gaa acaagggggc cggcgatcaa KL EL KR> VK PHARVMACA >P PDF VPP

A AS> 118251 > 410 420 430 440 450 tccctgatca ctcccctcgt ggccaggtcc

agttggtgca gtctggacct agggactagt gaggggagca ccggtccagg tcaaccacgt
cagacctgga QVOL VQS GP> Vii PHARVACIA [SPLITI FPDH S P R G 8251

> 460 470 480 490 500 35 {GaHctRatraozngect Gegartgacasmwasf meetwetyca
aggcttctga 18 January 2005 WO ©2/X08263 RCT/1GB0OI k0325% -¢102-a 5 1B 15 20 25

30 ctcgacttct tcggacctct ctgtcaghtc taoageacet Lesgaagact , 5

5 510 520 530 540 550
ttatacctic acatactatg gaatgaactg ggtgaagcag getcogggaa
aatatggaag tgtatgatac cttactigac ccacttegte cgaggecctt
.Y T F T Y Y G M N W vV K Q A P G

h VH PHARMACIA [SPLIT] h >
10 Y Y G M N>
CDR1 >
560 570 580 590 600
agggtttaaa gtggatggge tggatagaca ccaccactgg agagccaaca
15 teccaaattt cacctacccg acctatcigt ggtggtgace teteggttgt
K G L 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
tatgetgaag attttaagygyg acggattgee ttetctttgg agacctectge
atacgacttc taaaattcce tgectaacgg aagagaaacce tetggagacg
Y & E D F K G R I A F 8 L E T 5 A>
25 h VH PHARMACIA [SPLIT] h >

Y A E D F K G
CDR2 [SPLITI____i >

660 670 680 690 100

30 cagecactgee tatttgecaga tcaaaaacct caaaaatgag gacacggota
gtegtgacgg ataaacgtet agitttigga gittttactc ctgtgecgat

S T A Y L Q I K N L K N E b T A>
h VH PHARMACIA [SPLIT] h >

35 710 720 730 740 150



ELKKPGETVKI SCKASD> h VHPHARVMACI A [ SPLI T}8 Daruabd 800520 530
540 550 ttataccttc acatactatg gaatgaactg ggtgaagcag gctccgggaa aatatggaag
tgtatgatac cttacttgac ccacttcgtc cgaggccctt YT FTYYGMNWVKQAP
G h Vii PHARMACIA [SPLIT] h > YY GMN> CDRL > 560 570 580 590 600
agggt tt aaa YOSBA8GYgc t ggat agaca ccaccactgg agagccaaca FPEFCRYARER
cacctacccg acctatctgt ggtggtgacc tctcggttgt KGL KTAI MGWI DTTTG
EPT>hVHPHARMACIA [SPLIT] h > W4 -D183T-T-GE P T> CDR2 [SPLIT] > 610
620 630 640 650 tatgctgaag attttaaggg acggattgcc ttctctttgg agacctctgc
atacgacttc taaaattccc tgcctaacgg aagagaaacc tctggagacg Y AEDF KGRI A
FSLETSA hVHPHARVACIA[SPLIT] h> YAEDFKG CDR2 [SPLIT] i->
660 670 650 690 700 cagcactgcc tatttgcaga tcaaaaacct caaaaatgag gacacggcta
gt cgt gacgg at aaacgtct agtfritggd t&??atgg‘fggc?%gc‘é‘itﬁfag&%a%t'itgﬂzg%cgggQ | KNL
KNEDT A> h VH Pl ARVEGRAJeSRIchTctypc>c@Bgaat Ot E@BcTRRa A4Bacabi:cl8 January
2005 WO 02/08263 PCT/ GBA /03252 -- - 103 -¢ pakatigt Gt gyt gcapgacyg
gggccttaca actggtactt tgatgtctgg gtataaagac acgt gcc cccggaat gt

t gaccat gaa actacagacc RGP Y NWY F B~ lggg;;——>——5‘3—'|'—%rL—F>CARRGP
YNWY EFE BV W T Y FC B RR 6P Y NWVYT F DV W

h VH PHARMACIA [SPLIT] h >

>Xho (~) StopXho_adapt_[Split]
i
1o 760 770 780 | 790
ggccaaggga ccacggtcac cgbctectea ctegattaac teg
ceggtteect ggtgecagtg gcagaggagt gagetaattg age
L X>

>

15 G o6 T T VT Vv 85 85
VH PHARMACTIA [SPLIT] >



h VH PHARMACI A [SPLIT] h > 10 >Xho(-) St opXho- adapt _[ Spl i t{ Jahuai9Q0F50 780 1
790 ggccaaggga ccacggtcac cgtctcctca ctcgattaac tcg ccggttccct ggtgccagtg
gcagaggagt gagctaattg agc L X> 15 GQGT TV TV SS> VH PHARIVACI A
[ SPLIT] > 18 January 2005 WO 02/ 08263 PCT/ GBO1/ 03252 5 ~- 104 ID.

NO.: 10] -- MAB&2%onstruct Al G250 Sequence Range: 1 t&€ '_{"Eﬂ"@ | 10
| 10 20 30 40 50 gaattcgatg aagcgcgcaa gaccgtctga agataccttc aaccccgt gt
cttaagctac ttcgcgcgtt ctggcagact tctatggagg Ltggggcaca M M ICRARPSE
DTFNPV> -f f TAIL f > 15 60 20 25 70 80 90 100 atccatatga cacggaaacc
ggtcctccaa ctgtgcecttt tcttactcct taggtatact gtgcctttgg ccaggaggtt
gacacggaaa agaatgagga Y PYDTETGPPTVPFLTP>f f-TAILTf f >

110 120 130 140 150 ccctttgtat cccccaatqg gtttcaa agtccccctg gggtactctc
gggaaacat a ggggétsflgccl%aég’gtt&% T ARy GReSERRG j‘gggﬁ

Sequence Range: 1 to 1411

5
>EcoR1
I‘
| 10 20 < 30 40 50
gaattcgaty aagegegecaa gacegtctga agataccttce aaccceghgt
10 cttaagetac ttcgegegtt ctggcagact tetatggaag ttggggeaca
M>
>
M K R A R P 5 E D T F N P V>
_E £ TAIL £ >
15
60 70 80 90 100
atccatatga cacggaaacc ggtcctccaa ctgtgeettt tettactect
taggtatact gtgectttgg ccaggaggtt gacacggaaa agaatgagga
Y P Y D T E T G P P T VvV P F L T P>
20 £ £__TAIL £ £ >
i1ie 120 130 140 i50
cecctttgtat cccecaatgyg gtttcaagag agtcecccetg gggtactcete
gggaaacata gggggttacc caaagttcte tcagggggac cccatgagag
25 L 3>
>
P F V S P N G F QO E s p» P G V>
£ TATL f £ >
30 160 170 180 190 200

tttgegecta tecgaaccte tagttaccte caatggeatg cctgacgtag
aaacgcggat aggcttggag atcaatggag gttaccgtac ggactgeatc
L R L S E P L VvV T 8 N & M>
d REPEAT 1 d >
35 P B V>




LSSPFVSPNGFOESPPGYV> f TAILf f > 30 35 1g6éinkd® 2088 190 200

tttgcgccta tccgaacctc tagttacctc caatggcatg cctgacgtag aaacgcggat
aggcttggag atcaatggag gttaccgtac ggactgcatc L RLSEPLVTSNGMUd
REPEAT | d > P D V> 18 January 2005 WD 02/ 08263 PCTI GBA [ 03252 - -

5 10 15 210W8B3%828H 240 250

acaacactta gttcgaatgc tgttgtccat cttcggaacg ttcccgtcca tgttgtgaat
QQAQVEAL QGQV QHL> LUNG SURFACFANIS RRGTEIN D TRIM g > 260 270 280

290 300 caggcggcat ttagccaata caaaaaggta gagttgtttc caaacggagc

105
caagcttacg acaacaggta gaagcltU§E"44¥dgcaggt

ASLR

gtccgeccegt a

aatcggttat gtttttccat ctcaacaaag gtttgcctcg A > QAAFSQYKKVELFP

N & LUNG SURFACTANT PROTEIN D TRIM g >Cl a
caagaagct g aacgacgccc aggcccccaa gagcgaccca tcgatcgaca gttcttcgac

ttgctgcggg tccgggggtt ctcgetgggt agcet aget gt

_SPA 48-60 b > P S | >

10

i5

20

25

30

35

210 220 230 240 250
caagcttacyg acaacaggta gaagccttge aagggeaggt aca;cactta
gttcgaatge tgtitgtccat cttcggaacg ttccegtcoca tgttgtgaat
A 8§ L R Q 0V E A L 0 6 0 VvV Q H IL>

LUNG SURFACTANT PROTEIN D TRIM g >

260 270 280 290 300
caggcggeat ttagccaata caaaaaggta gagttgttte caaacggage
gteecgeegta aatcggtitat gtttttecat ctcaacaaag ghttgecteg

A>
>
C A A F 8 Q ¥ K K V E L F P N G>
LUNG SURFACTANT PROTEIN D TRIM__ g >
>Clal
i
310 320 330 340 350

caagaagctg aacgacgccc aggeccccaa gagcgaccca togatcgaca

gttettegac ttgetgeggyg teegggggtt ctegetgggt agetageotgt
K X &L N DA Qg A P K S D>
b SPA 48B-60 b >

5 5 I>

c >

D>

360 370 380 390 400
ttgtgatgac ccagtctcaa agattcatgt ccacaacagt aggagacagg
aacactactyg ggtcagagtt tctaagtaca ggtgttgtca tectctgtec
F Vv M 7T o S ¢ R F M s T TV G D R>

. 5 VK3 3 >

410 420 430 440 450

20 1 310 320 330 340 350
KKLNDAGAPKSD b



25 ¢ > D> 30 360 370 .380 390 400 ttgtgatgac ccagtctcaa18Qatisabais
ccacaacagt aggagacagg aacactactg ggtcagagtt tctaagtaca ggtgttgtca
tcctctgtcc | VMTQSQRFMSTTVGDR> 35 410 420 430 440 450 18
January 2005 WD 02/08263 PCT/ GB01/03252 --- 106 - 5 10 gtcagcatca

cct gcaaggc ¥9fRE%§hat gtggtttctg ctgttgectg cagtcgtagt g 3916‘1?&53
gtcagtctta caccaaagac gacaacggac VS| TCKASQNVVSAVAW 7>
460 470 480 490 500 gtatcaacag aaaccaggagogatctcctaa actactgatt tactcagcat
catagttgtc tttggtcctg ttagaggatt tgatgactaa atgagtcgta Y QQKP GQSPK
LLI YSA] jVKj j > 510 520 530 540 550 ccaatcggta cactggagtc
cctgatcgct tcacaggcag tggatctggg ggttagccat gt gacct cag ggact agcga
agtgtccgtc acctagaccc S NRYTGVP TGS GS G j-VKj | >
560 570 580 590 600 acadafiFaH? ‘E"&?%a&&%c Fa%téﬁ%éat%%tt&%t@t%t@ &‘g 9acct ggct ga
tgtct aaagt gagagt ggt a at cgttcatzt gpecagect vocabtygie cgacia@O ghclrdsgdc L T | S N
MQSEDLAD j_VK-Ty] & 25 80c6%0 620; 630564Q @50 tf t{t hctgt

caacaat ata gcaactatcc gt ggacgttc ggt ggaggcaVKaaaa,aagaca gitgttatat

cgttgat agg cacct gcaag ccar:c-t—ccgt- J J >

470 480 490 500
gtatcaacag aasaccaggac aatctccotaa actactgatt tactcageat
catagttgte tttgygtcctg ttagaggatt tgatgactaa atgagtegta
Y Q Q K P G g 8§ P K L L I Y 8§ &>

3 5__VK___j 3 >

10
510 520 530 540 550
ccaateggta cactggagtc cctgatcget teacaggeag tggatctggg
ggttagccat gtgacctcag ggactagega agtgtccgtc acctagaccc
S N R Y T G V P D R F T G 8 G 8§ G>
15 3 3 VK 3 3 >

560 570 580 590 600
acagatttca ctctecaccat tagraatatg cagtctgaag acctggcetga
tgtctaaagt gagagtggta atcgttatac gtcagactte tggaccgact

20 T D F T L T I 3 N M g S E D L A D>
] S VK3 3 >

610 620 630 640 650
ttttttetgt caacaatata gecaactatce gtggacgttc ggtggaggea
25 aaaaaagaca gttgttatat cgttgatagg cacctgeaag ccacctcegt
F F C Q o Y 5 ¥ Y P W T F G G &>
B i VK b | >

660 670 . €80 690 700
30 ccaagetygga aatcaaagga tetggeteta cttccggtag cggcaaatac
ggttegacct ttaﬁtttcct agaccgagat gaaggccate geegbttagg
T K L E I K>
VE_i >

G S5 G 8 T 8 6 §8 G K 5>
35 k LINK k >




FFCQQYSNYPWTFGGG | j_VK _j > 660 670 $80ahe 2643

ccaagct gga aat caaagga tctggctcta cttccggtag cggcaaatcc ggttcgacct
ttagtttcct agaccgagat gaaggccatc gccgtttagg TKL EI K> VKj >GSGST
SGSGKS> 35Kk LINKK > 18 January 2005 WO 02/ 08263 PCTI GBO 103252 5
10 15 20 71¥0M82%%0 740 750 tctgaaggca aaggtactag agacEtYSEEPEEgt ggagt
ct gggggagg agacttccgt ttccatgatc tctgcacttc gagcacctca gaccccctece DV K L
VESGGG hVHh>SEGKGT R L LK7k-> 760 770 780 790 800
cttagtgaag cttggagggt ccctgaaact ctcctgtgca gcctctggat gaatcacttc
gaacctccca gggactttga gaggacacgt cggagaccta L VKL GGSLKLSCAAS
G h h VHh h 810 820 830 840 850 tcactttcag taactattac atgtcttggg
ttcgccagac tccagagaag agtgaaagic attgataatg t gaacc agcggtctg
aggtctcttc FTFSNYY 141a7%BWV RGTPE %Oah h V&@l h > 850 870 880
890 900 aggctggagt tggt Egesagioce Arvstartan cyarggrygtatyvaagt cttaedtogagat ccgacct ca
accagcgtcg gtaattatca ctaganeeat wagéggat-gtdtgRkrEglgc¥eded dacddcSitd GG T Y
Y> 2511 h VH h DVEK LVE §5G G G

5 h VH h >

5 BE G K G T B>

LINK k >
760 770 780 780 800
io cttagtgaag cttggagggt ccctgaaact ctectgtgea gectctggat

gaatcacttc gaacctcceca gggactttga gaggacacgt cggagaccta
L VvV K L G G S L K L 5§ C A A 8 G
h h VH h h >

15 810 820 830 8490 850
tractttcag taactattac atgtcttggg ttcgcoccagac tecagagaag
agtgaaagtc attgataatg tacagaaccc aagecggtetg aggtctctte
F T F S8 N ¥ Y M S W VROQT P E K

h h VH h h >

20
860 870 880 890 200
aggctggagt tggtcgcage cattaatagt gatggtggta tcacctacta
tccgacctea accagogtog gtaattatea ctaccaccat agtggatgat
R L E L VAR I NS DGG I T Y Y
25 h h w4 h h >

910 920 830 940 850
tctagacact gtgaagggcc gattcaccat ttcaagagac aatgccaaga
agatctgtga cacttccegg ctaagtggta aagttetetg ttacggtict

30 L b T v K& R F T I 85 RD N A K
h h VvH h h >

960 970 980 990 1000
acaccctgta cctgeaaatyg ageagtctga agtctgagga cacagecttg
35 tgtgggacat ggacgtttac tegtcagact tcagactect gtgteggaac



30 910 920 930 940 950 tctagacact gtgaagggcc gattcaccat 18 Jshaageans
aat gccaaga agatctgtga cacttcccgg ctaagtggta aagttctctg ttacggttct L DT V
KGRFTI SRDNAK> hhVHhh>960 970 980 990 1000 acaccctgta

cctgcaaat g agcagt ct ga agt ct gagga cacagccttg 35 tgtgggacat ggacgtttac
t cgt cagact ?@Hﬁ§§¥%ct gt gt cggaac 18 January 2005 WO 02/03@% BgIge521 5

PCT/GBU /03252 NTLYLQMSSLKSE?MTAL>hhVHhAhA O > 1010 1020
1030 1040 1050 ttttactgtg caagacaccg ct dg§fgetac ttttctatgg actact gggg
aaaat gacac gttctgtggc gagcccgatg aaaagatacc tgatgacccc F YCA RHRS5 GY
FSMDYWG hhVHhAhh > 1060 1070 1080 1090 1100 tcaaggaacc
tcagtcaccg tctcctcatg cccaccgtgc ccagcacctg agttccttgg agtcagtggc

agaggagt ac gggtggcacg gg gga S_S> V h_> A >CPPC
P> -1 HINGE 1-> 20 25 3 %% % %0 %ﬁg% ﬁ% {1%6 flgb aactcctadg
gggaccgtca gtcttcctct tcccccgaaa-acgcaagQacyﬁLLgéggaLsg_c%chgcagP
oagaaggaga aggggggttt tgggttcctg

1010 1020 1030 1040 1050

5 ttttactgtg caagacaccg ctegggetac ttitctatga actactgggg
aaaatgacac gtictgtgge gageccgatg aaaagatacc tgatgacccco
F Y C A R H R 5 G ¥ F 5§ M D Y W G>
h h VH h h >

10 1060 1070 1080 1090 1100
tecaaggaacc tcagtcaccg tctoctecaty cccaccgtge ccagcacctg
agttcecttgg agtcagtgge agaggagtac gggtggcacyg ggtegtggac

Q G T 8 ¥V T vV § S5
h VH h >
15 A P>

cC P P C P>
1 HINGE__1__ >

20 1110 1120 1130 1140 1150
aactectagy gggaccgtca gtettectet tccceoccaaa acccaaggac
ttgaggatcee cccetyggeagt cagaaggaga aggggggttt tgggttectg
E L L G G P S vV F L F P P K P K D>

i i___cm2 i i >
25
1160 1176 1180 1190 1200
accctecatga totececggac cectgaggte acatgegtgyg tggtggacgt
tgggagtact agagggecty gggactccag tgtacgcacc accacctgea
T L M I s R T P E V T C V v V. D V>
30 i i CH2 i i >

1210 1220 1230 1240 1250
gagccacgaa gaccctgagg tcaagttcaa ctggtacgtg gacggegtgg
cteggtgett ctgggactce agttcaagtt gaccatgecac ctgccgcacce

35 _ S HE DPE VKPFN WYV DG V>



ELLGGPSVFLFPPKPKD i i CH i i > 1160 1179.dnld6 46580 1200
accctcatga tctcccggac ccctgaggtc acatgcgtgg tggtggacgt tgggagtact
agagggcct g gggactccag tgtacgcacc accacctgca TLMI SRTPEVTCVVV"
V> i i CH2 i .1 > 1210 1220 1230 1240 1250 gagccacgaa accct
t caagtt caa MYBO8EYt g gacggcgtgg ctcggtgett ct gggact cc 5?@@5&8&3
gaccatgcac cttacgcacc SHEDPEVKFNWYYVDGV> 18 January 2005 WO
02/ 08263 --109- i i CH2 .5 10 PCT/ GB01193282-1260 1270 1280 1290 1300
aggt gcat aa tgccaagaca aagccgcggg aggagcagta caacagcacg tcctcgtaat
acggttctgt ttcggcgccc tcctcgtcat gttgtcgtgc EVHNAKTKPREEQYN

ST> ai CH i i " 1310 1320 1330 1340 1350 taccgggtgg tcagcgtcct
caccgtcctg caccaggact ggctgaatgg, atggcccacc_agtcgcagga gtggcaggac
gtggtcctga ccgacttacc Y R-V-V-SV—+F v+ +N-G—"—CHT i > 15

1360 1370 1380 1390 1400 caaggagtac aagtgcaagg tctccaacaa agccctccca

gcccccatcg gttcctcatg ttcacghbee agaqgyd 9tt t£4869a990426009904L3g8 K E Y K
CKVSNKALPAPI> i i CH2 i i > 20 25 >Xhol 1

aggtgcataa tgccaagaca aagccgeggg aggagcagta caacagcacg

"5 tecacgtatt acggttetgt tteggegece toctcgtcat gttgtegtge
E vV H N A KT KPR EE QY N 3 T
i i, CHZ i i >

f1310 1320 1330 1340 1350

10 taccgggtyg teagegtect cacegtcctg caccaggact ggectgaatgg

atggcccacc agtcgcagga gtggeaggac gtggtcctga cegacttace
Y R WV vV 5§ vV L T V L H Q D W L N G>

i i CHZ i i >

15 1360 1370 1380 1390 1400
caaggagtac aagtgcaagg tctccaacaa agcecctecca geccccatcg
gttcctecatg ticacgttee agaggitgtt tcgggagagt coacaggtage

K E Y K CK VvV 8§ N K & L P A P I>

i i__ CH2 i i >
20
>¥Xhol
!
f1410
agtaactcga g
25 tcattgaget ¢
* L B>
a_>
E>
>
30

[SEQ., ID. NO.: 11} - Fiber Construct A7 G250

35 Sequence Range: 1 to 1702



11410 agtaactcga g tcattgagot ¢ * L E> a-> E> 30 [ SEQ 14 [anddg 20051) -
Fi ber Construct A7 &50 35 Sequence Range: 1 to 1702 18 January 2005 WO

02/ 08263 PCT/ GB01103252 5 >EcoRI | 10 20 30 40 50 gaattcgatg aagcgcgcaa
gaccgtctga agataccttc aaccccgtgt cttaagctac ttcgecgegtt ct %paacct
t ct at ggaag G863ca M MKRAR PSEDTFNP V> PRSRIVAZ. m > 10

60 70 15 20 80 90 100 atccatatga cacggaaacc ggtcctccaa ctgtgccttt

tcttactcct taggtatact gtgcctttgg ccaggapgt t- gacacggaaa agaatgagga Y P Y D
TETGPPTVPFLTP> mmTAIL mm110 120 130 140 150 ccctttgtat

cccccaatgg gtttcaagag agtccccctg gggtactctc gggaaacata gggggttacc
caaagttctc tcagggggac cccatgagag L SS PFV SPNGFQES5PPGV>TAIL m

>
m 25 >EcoRl

I
| 10 20 30 40 50
gaattcgatg aagcgcgcaa gaccgtctga agatacctte aacccegtgt
5 cttaagetac ttegegegtt ctggecagact tetatggaag ttggggraca
M>

M K R A R P 8 E D T F N P V>
m m TAIL m >

10
60 70 80 90 i00
atccatatga cacggaaacc ggtccteccaa ctgtgecttt tettactect
taggtatact atgcctitgg ccaggaggtt gacacggaaa agaatgagga
Y P Y D T E T G P P T V P F L T P>
15 m m__TAIL m m >

110 120 130 140 150
ccetttgtat ccecccaatgg gtttcaagag agtecccetg gagtactete

gggaaacata gggggttacc cazagttctc tcagggggac cccatgagag
20 L 5>

>

P F V S P N G F ¢ B S P P G V>
m TAILL m m >

25 160 170 180 190 200
tittgegeeta tocegaaccte tagttaccte caatggcatg cttgegetea
aaacgcggat aggcttggag atcaatggag gttaccgtac gaacgcgagt

- L A I>»

30 L R L s BE P L V T 8 N G M
k REPEAT 1 k >

210 220 230 240 250
aaatagggecaa cggcectcetet ctggacgagg ccggecaacet taccteccaa

35 tttaccegtt gocggagaga gacctgetee ggccgtigga atggagggit



160 170 180 190 200 tttgcgccta tccgaacctc tagttacctc caq@ggﬁ@hgzggggcgctca
aaacgcggat aggcttggag atcaatggag gttaccgtac gaacgcgagt L A L> 30 L S
EPLVTSNGM k REPEAT 1 210 220 230 240 250 aaatgggcaa cggcctctct

ct ggacgagg ccggcaacct tacctcccaa 35 tttacccgtt gccggagaga gacctgctcc

ggccgt t gga Qﬁﬁﬁtt 18 January 2005 WD 02/ 08263 PCTIGB@?% RTSQ >
KMGNGL SLDEAGN REPEAT 2 j > 5 260 270 280 290 300 aat gt aacca
ctgtgagccc acctctcaaa aaaaccaagt caaacatgaa -tiacattggt gacactcggg
tggagagttt ttttggttca gtttgtattt | N> 10> NV T TVSPPLKKTKSN
i REPEAT 3 i i > 310 320 330 340 350 15 20 25 30 cctggaaata tctgcacccc

tcacagttac ctcagaagcc ctaactgtgg ggacctttat agacgtgggg agtgtcaatg
gagtcttcgg gattgacacc L TV>LEI SAPLTVTSEA> h REPEAT 4 h > 360

37.0 380 390 400 ctgccgecge acctctaatg gtcgcgggca acacaét c@c Scagcaat ca

gacggcggeg tggagattac cagcgcccgt tgtgtgagtg gtacgttagt s N
KM GN GLS L DE A G >
5 REPEAT 2 3 >
] ‘
260 270 280 290 300

aatgtaacca ctgtgagccc acctctcaaa azaaccaagt caaacataaa

ttacattggt gacactcgay tggagagttt ttttggtteca gtttgtatit

i

: I N>
10 >
N vV T T VvV 8 P P I K K T K S N>
i REPEAT 3 i i >
310 320 330 340 350
) cctggaaata tctgcaccce tecacagitac ctcagaagec ctaactgtgg
15 ggacctttat agacgtgggy agtgtcaaty gagtettcgg gattgacacc
L T V>

L E I §s AP L T V T s B A>

h REPEAT 4 h >
20
360 370 380 390 400
ctgeegeege acctetaaty gtogegggea acacactcac catgcaatca
gacggcggcyg tggagattac cagcgcccgt tgtgtgagtg gtacgttagt
L T M Q 3>
25 ___REPEAT 6 >
A A A B P L M Vv A G N T
g___REPEAT 5 g >
) 410 420 - 430 440 450
30 caggcccege taacegtgea cgactcocaaa cttagcattg ccacccaagg

gtceggggey attggeacgt getgaggttt gaategtaac ggtgggttcce
L §5 I A T Q@ G>
REPEAT 7 >
o A P L T V H D S K>
35 REPEAT 6_ £ >



LTMQS> REPEAT 6 > AAAAPL MV AGNT>_g __ REFRBABnbarg 280310 420
430 440 450 caggccccgce taaccgtgca cgactccaaa cttagcattg ccacccaagg

gt cgcgggcg attggcacgt gctgaggttt gaatcgtaac ggtgggttcc L S 1 AT Q&
REPEAT 7 > QVA PLTVHDSK> 35 REPEAT G -f > 18 Januar)/ 2005 WO

02/ 08263 - WOOP 5 pCT/ GRO1103252 460 470 480 490 508CTVEBLPERaca

gt gt cagaag gaaagctagc ccctgacgta gcaagcttac tggggagtgt cacagtcttc
ctttcgatcg gggactgcat cgttcgaatg L A>.de32 PL TV SE GK> REPEAT 7 e > P
DV AS L> LUNG SURFACTA > 10 15 20 510 520 530 540 550 gacaacaggt
agaagccttg caagggcagg tacaacactt acaggcggca ctgttgtcca tcttcggaac
gttcccgtcc atgttgtgaa tgtccgccgt RQQVEALQGQVQQHL QA A LUNG
SURFACTANT PROTEIN D TRIM n > 560 570 580 590 600 ttta%ccaat acaaaaaggt
agagttgttt ccaaacggag ccaagaad® aaatt@gtta t§Ettttcca®ct caacd¥a
ggtttgcctc ggttcttcga A Kcdcckeaca gtgtcagaag gaaagctage ccctgacgta gcaagettac

tggggagtgt cacagtcttc ctttcgateg gggactgcat cgttcgaatg
L A>
5 __dan>
P L T Vv 8§ E G K>
REPEAT 7 = >

P DV A 8§ L>
___LUNG SURFACTA___ >
10
510 520 530 540 550
gacaacaggt agaagccttg caagggcagg tacaacactt acaggeggea
ctgttgtoca tctteggaac gtteccgtece atgttgtgaa tgtccgecgt
R 0 0O V E A L g G 0 VvV 0 H I Q A A>
15 LUNG SURFACTANT PROTEIN D TRIM_ n >

560 570 580 590 600

tttagccaat acaaaaaggt agagttgttt ccaaacggag ccaagaagct

- aaatcggtta tgttttteca tctcaacaaa ggtttgecte ggttcttega
20 A K K I>»
b >

F S Y KKV ELF P N G>
LUNG SURFACTANT PROTEIN D TRIM >

25 ‘ >Clal
|
610 620 630 | 640 650
gaacgacgce caggccoceca agagcegaccce atcgatcgac attgtgatga
cttgetgegg gteccgggggt tcotegetggg tagetagetg taacactact
30 N D A Q A P K § D>
SPA 48-60_ b >

D I V M
35 S S



FS-QYi{ KVELF P NG LUNG SURFACTANT PROTEI N D TRigManuatp 2865 >C al

1 610 620 630 1 640 650 gaacgacgcc caggccccca agagcgaccc atcgatcgac
attgtgatga cttgctgcgg gtccgggggt tctcgcetggg tagctagetg taacact act

aagattcatg tccacaacag taggagacag ggtcagcatc gggtcagagt ttctaagtac

aggtgttgtc atcctctgtc ccagtcgtag T Q3 @R
~- q > 710 720 730 740 .

ggtatcaaca r tggacgttcc ggtcagtctt acaccaaaga cgacaacgga ccatagttgt

ASQNVVSAVAWYQQ® q_qR.

caatctccta aactactgat ttactcagca tccaatcggt ctttggtcct gttagaggat
ttgatgacta aatgagtcgt aggttagct®d K P GO S P K60 L | Y630A S N Re

10

15

20

25

30

35

cccagtcteca aagattcatg tecacaacag taggagacag ggtcageata
gggtcagagt ttctaagtac aggtgttgte atcctetgtc ccagtegtag
T Q 3 Q R F M S T 7T vV G D R v 5 I>

q g___ VK q q >

710 720 730 740 750
acctgcaagg ccagtcagaa tgtggtttct getgttgect ggtatcaaca
tggacattcc ggtcagtett acaccaaaga cgacaacgga ccatagttgt

T ¢ K A § Q N v V s A V A W Y @ o>

q g VK q q >

760 110 780 790 800

gaaaccagga caatctccta aactactgat ttactcagea tecaatcggt

- ctttggtect gttagaggat ttgatgacta aatgagtcgt aggitagccea

K P G g 8 P XK L L T Y 8 A S N R>
q q VK q q >

810 - 820 B30 840 850
acactggagt ccctgatege ttcacaggeca gtggatetgg gacagattte
tgtgacctcea gggacfagcg aagtgtccgt cacctagacc ctgtctaaag
Y T G V P D R F T @G 5 G 8 &G T D B>

q q__VK q. q >

860 870 880 8590 900
actctcacca ttagcaatat gcagtctgaa gacctggetg attttttctg
tgagagtggt aatcgttata cgtcagactt ctggaccgac taaaaaagac

T L T I 53 N M 0 8 E D L A D F F C>

q, q__ VK q q >

910 820 930 940 950
tcaacaatat agcaactatc cgtggacgtt cugtggagge accaagetgg
agttgttata tegttgatag gcacctgoaa geccacctccg tggttegace

Q QX S N Y P W T F G G G T K 1L>

g g VK q q >

NDARQ
APKSD SPA 48-60 b >P SI>c¢c >DI VM 35 a 18 January 2005 WO
02/ 08263 PCYO&BB®rH3252 -- - 113 5 10 15 660 670 680 690FP¥HEBIEEEgt ct ca

FMSTTVGDRVSI>qgqqgqWK
750 acctgcaagg ccagtcagaa tgtggtttct gctgttgcct

q > 760 770 780 790 800 gaaaccagga



q_ _9-VK g- gl > 810 820 830 840 850 2 0 acactggagt ccctgrjapdsryidopgcaggca
gt ggat ct gg gacagatttc tgtgacctca gggactagcg aagtgtccgt cacctagacc
ctgtctaaag Y TGVPDRFTGSGSGTDF> Qc_VKqgg- 25 30 35 860
870 880 890 900 actctcacca ttagcaatat gcagtctgaa gacctggctg attttttctg

t gagagt ggt X2 PHEWAt a cgt cagactt ctggaccgac taaaaaagac TIETVEBPUEZR M QS E
DLADFFC g _ Q9. _ _.__ >910 920 930 940 950 tcaacaatat
agcaactatc cgtggacgtt cggtggaggc accagggtl%gJY_agttgttata tcgttgat ag
gcacctgcaa gccacctccg tggttcgacc QQY S PWTFGGGTKL> qgq:q9_W
-gq > 18 January 2005 WD 02108263 PCTI GB01103252 -- - 114 - 5 960. 970 980
990 1000 aaatcaaagg atctggctct acttccggta gcggcaaatc ctctgaaggc
tttagtttcc tagaccgaga tgaaggccat cgccgtttag gagacttccg EI KX GS GS T S
GSGKSSEG r 10 15 20 r B4NK r 1010 1020 98030 1040901050 mmaaggtacta

gagacgt gaa gctcgtggag tctggeadafh 9kifdtOR8etccgata geggeaaate ctetgaagge
tttagtttce tagaccgaga tgaaggccat cgocgtittag gagacttecg

E I K-

5 >
G S G 8 T § G 5 6 K § 5 E G>

_r r LINK r >
1010 1020 1030 10490 1050
10 aaaggtacta gagacgtgaa goctegtggag tetgggggag gettagtgaa

tttccatgat cteotgeactt cgagcacctc agacccccte cgaatcactt
D V K L V BE S G G G L V K>

o) VH [s} >

15 r >
1060 1070 1080 1090 1100
gcttggaggg tecectgaaac teteetgtge agectctgga ttcactttea
cgaacctece agggactttg agaggacacy teggagacct aagigaaaght
L G G 5§ L K L 8 C A A S G F T F>
20 (o) o VH o 0 >

1110 1120 1130 1140 1150
gtaactatta catgtcttgg gttcgccaga ctecagagaa gaggctggag
cattgataat gtacagaacc caagegutct gaggtetctt ctecgaccte

25 S N Y Y M 8 W Vv R O T P E K R L E>

] o] VH [o] Q >

1160 1170 1180 1190 1200

ttggtegeag ccattaatag tgatggtggt atcacctact atctagacac

30 aaccagcgtc ggtaattatec actaccacca tagtggatga tagatctgtg
L vV A A I N 5 D G G I T Y Y L D T>

o] fa) VH ) Q >

1210 1220 1230 1240 1250
35 tgtgaagggc cgattcacca tttcaagaga caatgccaag zacacectgt



tttccatgat ctctgcactt cgagcacctc agaccccctc cgaatcactt D 1¥ Janbhary 2005 G G G
LVK>O0OVHO>KGTR r-> 1060 1070 1080 1090 1100 gcttggaggg
tccctgaaac tctcctgtgc agcctctgga ttcactttca cgaacctccc agggactttg
agaggacacg tcggagacct aagtgaaagt L GGS LKL SCAASGFTVF>0o0VHO
0 > 1110 11?@‘%@8@3 1140 1150 gtaactatta catgtcttgg gttcHEE&H8BERcagagaa
gaggctggag cattgataat gtacagaacc caagcggtct gaggtctctt ctccgacctc 25 S NY
YMSWVRQTPEKRLE> 00 VHO0,3:30 1160 1170 1180 119D 1200
ttggtcgcag ccattaatag tgatggtggt atcacct ac? atctagacac aaccagcgtc
ggtaattatc actaccacca tagtggatga tagatctgtg L VA AI NSDGGI TYYLD
T> 0 oVH O 0 > 1210 1220 1230 1240 1250 35 tgtgaagggc cgattcacca
tttcaagaga caat gccaag aacaccctgt 18 January 2005 WD 02/ 08263 PCT/ GBOLl/ 03252
-- - 115 - acacttcccg getaagtggtocasagidtcicitigtiacggtiett trgigggaea V K G R
FTI SRDNAKNTL>0y05VE 00 p p 126Q %270 3280 129Q 130Q

acct gcaaat gagcagtctg aagtctgagg acacagcctt gttttactgt tggacgttta
ctcgtcagac ttcagactcc tgtgteggaa -casaat-gdea HX+L°0-MSSEKSEDTALEF
YC 0oVHa O > 10 15

5 1260 1270 1280 1290 1300
acctgeaaat gagcagtctg aagtctgagg acacagectt gtittactgt
tggacgttta ctegtcagac ttcagactcc tgtgtcggaa caaaatgaca
¥ L QM §8L KSE DTUATIL F Y C

]
o] [s) VH o] o} >

10
1310 1320 1330 1340 1350
gcaagacacc gctegggeta ctttictatg gactactggg gtcaaggaac
cgttctgtgg cgageccgat gaaaagatac ctgatgacce caghttectty
A R H R 5 G Y F S5 M D Y W G Q G T>
15 o] o VH o o >

1360 1370 1380 1390 1400
cteagteace gtcectecteat geccaccgtg cccagcacct gaactectag
gagteagtgy cagaggagta cgggtggcac gggtcgtgga cttgaggate

20 s v T Vv 8 8>
vH >

A P E L L>
CH2 >

cC PP C P>
25 _s__ HINGE s__ >

1410 1420 1430 1440 1450
ggggaccgte agtettecte ttccccccaa aacccaagga cacccteatg
cceectggeayg tceagaaggag aaggggggtt ttgggticct gtgggagtac

30 G G PS8 VFL F PP K P XD T L M
P P CH2 P P >

1460 1470 1480 1480 1500
atctecegga cccetgaggt cacatgegtg gtagtggacg tgagecacga
35 tagagggect ggggacteca gtgtacgcac caccacctge actoggtget



20 1310 1320 1330 1340 1350 gcaagacacc gctcgggcta cttttapakguHgaebert 999
gt caaggaac cgttctgtgg cgagcccgat gaaaagatac ctgatgaccc cagttccitg ARHR
SGYFSMDYWGQGT> 0oVHoO o> 1360 1370 1380 1390 1400
ctcagtcacc gtctcctcat gcccaccgtg cccagcacct gaactcctag ga%tcagtgg
cagaggagt a CGYBP8gtac gggtcgtgga cttgaggatc S V T V S SECUMGBARZY £ | | >
CH2 > 25 30 35 CP P CP> _s HNGEs > 1410 1420 1430 1440 1450
ggggaccgtc agtcttcctc ttccccccaa aacccaggga-_caccctcatg cccctggcag

t cagaaggag aaggggggtt ttgggttcct gtgggagtac GGP SV FLFPPKPKDT
L M pp~a_CH2_ p p > 1460 1470 1480 1490 1500 atctcccgga cccctgacat
cacatgcgtg gtggtggacg tgagccacga tagagggcct ggggactcca gtgtacgcac
caccacctgc actcggtgct 18 January 2005 WO 02/ 08263 PCT/ @G01/03252 | SRTP
EVTCVVVDVSHES3J0RISTAED,E"VCH2 f ¥ >V151001520 5198081540 1550
agaccctgag gtcaagttca actggtacgb _ggacggegt gegaggs gcata tCt gggactc
cagttcaagt tgaccatgca cctgccgcac ctccacgtat DPEVKFNWYVDGVEYV
H>

1519 1520 1530 1540 1550

5 agaccctgayg gtcaagttca actggtacgt ggacggegtg gaggtgcata
tctgggactc cagttcaagt tgaccatgca cctgcoccgecac ctocacgtat

D P E v K F N W Y V D G ¥V E VvV H>

P P CH2 P P >

10 1560 1570 1580 1590 1600
atgcecaagac aaagccgcgg gaggagcagt acaacagcac gtaccgggtg
tacggtictg titcggegee ctectegica tgttgtegtyg catggeccac
N A K T K P R E E ¢Q Y N 8§ T Y R V>

p p__ CHZ p P >
15
1610 1620 1630 1640 1850
gtcagecatee tcaccgtcct gecaccaggac tggetgaatg geaaggagta
cagtcgecagyg agtggecagga cgtggtectg accgactiac cgttectoat
Vv 8 V L T V L H Q D W L N G K E Y>
20 P p  CH2 je) P >
>¥hol
J
1660 1670 1680 1690 1700
25 caagtgcaag gtctccaaca aagccctecce ageccccatce gagtaacteg
gttcacgttc cagaggttgt ttcogggaggg tcggggagtag ctcattgage
* I
>
K C K Vv 8 N K A L P A P I E>
30 <) CH2 o) p_>

ag
tc
E>
35 >



p_,,p.-CH2 p p > 1560 1570 1580 1590 1600 atgccaagac aaa@cgeary 20899agcagt
acaacagcac gtaccgggtg tacggttctg tttcggcgcc ctcctecgtca tgttgtcgtg
catggcccac NAKTKPREEQYNSTYRV>ApOCH - - p > 1610 1620
1630 1640 1650 t cagcgtcc tcaccgtcct gcaccaggac tggctgaat% %caa agt a
cagt cgcagg YR%8¥4Yga cgtggtcctg accgacttac cgttcctcat VESVGBIESY | H Q D
WL NGKEY> 20p p_CHR P. p > 25 >Xhol 1 1660 1670 1680 1690 1700
caagtgcaag gtctccaaca aagccctccc agcccccglsc gagtaactcg gttcacgttc
cagaggttgt ttcgggaggg tcgggggtag ctcattgagc ' L> KCKV SNKALPAP
E> 30 pCH2 p P>ag tc E> 18 January 2005 WO 02108263 PCTI GS01103252
[SEQ ID. NO: 12] -- Fiber Construct Al C242 5 Sequence Range: 1 to 1111
10 >EcoRI 10 20 30 40 50 gaattcgatg aagcgcgcaa gaccgtctga agataccttc
aaccccgtgt cttaagctac ttcgcgcgtt ctggcagact tctatggaag ttggggcaca M > M
KRARPSE D (EHe.N1B.VrRold 210 -TAbe® CondRruct Al C242

5 Seguence Range: 1 to 1111
>EcoRl
1
10 20 30 40 50
10 gaattcgatg aagcgcgeaa gaccgtctga agataccttc aaccecgtgt

cttaagetac ttegegegtt ctggcagact tctatggaag ttggggcaca
M>

M K R A R P 5§ E D T F N P V>
15 o) 0 TATL (e} >

60 70 80 90 100
atccatatga cacggaaace ggtcctccaa ctgtgecttt tettactect
taggtatact gtgectttgg ccaggaggtt gacacggaaa agaatgagga

20 . Y P Y D T 8 T G P P T V P F L T P>
(e} o_ TAIL o o >

11¢ 120 13¢ 140 150

ccetttgtat cccecaatgg gtttcaagag agtcececctg gggtactctc

25 gggaaacata gggggttace caaagttctc tcagggggac cccatgagag
L 85>

P ¥ V 5 P N G F Q E S P P G V>
[s} TAIL [s] Q >

30
160 170 180 150 200
tttgcggcta tcegaaccte tagttaccte caatggeatg cctgacgtag
aaacgcggat aggcttggag atcaatggag gttaccgtac ggactgeate
L R L 5 E P L v T S N G M>
35 m REPEAT 1 m >




60 70 80 90 100 atccatatga cacggaaacc ggtcctccaa ctgtgcagtlanisryegs cct
taggtatact gtgcctttgg ccaggaggtt gacacggaaa agaatgagga Y PYDTETGPP
TVPFLTP>0--0-TAIL-0, 0 25 30 110 120 130 140 150 ccctttgtat
cccccaatgg gtttcaagag agtccccctg gggtactctc gggaaacata ttacc
caaagttctc 9’&‘6@5’@3% cccatgagag L SS PFVSPNGFQ %% 03> o TAIL
0 0 > 160 170 180 190 200 tttgcgccta tccgaacctc tagttacctc caatggcatg
cctgacgtag aaacgcggat aggcttggag atcaat %g_%g_ggtaccgt ac ggactgcatc L RL S
EPLVTSNGM 35 mREPEAT 1 m> 18 January 2005 WO 02/ 08263

PCTI GBOL1/ 03252 - - 118 -- P D V> 5 10 210 220 230 240 250 caagcttacg
acaacaggta gaagccttgc aagggcaggt acaacactta gttcgaatgc tgttgtgcat
cttcggaacg ttccecgtcca tgttgtgaat ASLRQQVEALQGQVQIi L> LUNG
SURFACTANT PROTEIN D TRIM p 260 270 280 290 300 caggcggcate tk agecaata
caaaaaggta gagttgtttc caaacggagc gtccgccgta aatcggttat gtttttccat,
ctcaacaaag gtttgcctcg A 15 QA AF S QY KKV ELFPNG TLTUNG

SURFACTANT PROTEIN D TRIM_ p >
210 220 230 240 250

5 caagettacg acaacaggta gaagecttge aagggcaggt acaacactta
gttcgaatge tgttgtecat ctteggaacy tteccgteca tgttgtgaat
A S L R Q OV EAL 006G QV Q H I
) LUNG SURFACTANT PROTEIN D TRIM p >

10 260 270 280 290 300
caggcggcat ttagecaata caasaaggta gagttgtttc caaacggage
gtecgecegta aatcggttat gtttttcocat ctcaacaaag gtttgectey

A>
>
15 QO A A F S 0 ¥ K K V E L F P N G>
LUNG SURFACTANT PROTEIN D TRIM p >
>Clal
!
20 310 320 330 340 350

Ccaagaagctg aacgacgccce aggcccccaa gagcgaccca tegatcegata
gttcttegac ttgectgeggyg tecgggggtt ctegeotgggh agetagetat
K K &L N D & 0 A P K 5 b>
b SPA 48-60 b >
25 P 8 I»

C >

D>

30 360 370 380 390 400
ttgtgatgac tcaggetgea ccctetgtac ctgtcactec tggagagtca
aacactacty agteccgacgt gggagacatg gacagtgagg acctctcagt
I v M 7T Q A A P 5 V P V T P G E 58>

e VK PHARMACIA e >

35



>Clal 1 20 310 320 330 340 350 caagaagctg aacgacgccc ag@g&afeHAR005
gagcgaccca tcgatcgata gttcttcgac ttgctgcggg tccgggggtt ctcgetgggt
agctagctat KKL NDAQAPKSD> -b-SPA 48-60 b >25 PSi> ¢ > D> 30
360 370 380 390 400 ttgtgatgac tcaggctgca ccctctgtac ctgtcactcc tggagagtca
aacact act g ¥$t@8¥atgt gggagacat g gacagt gagg acctctcagt PCUGRIHOEZA A P S V
PVTPGE S> VK PHARVACI A 35 18 January 2005 WO 02/ 08263 PCT/ GB01/ 03252
119 - 5 10 410 420 430 440 450_ gtajgcatct cctgcaggtc tagtaagagt
ctcctgcata gtaatggcaa cataggtaga ggacgtccag atcattctca gaggacgt at
cattaccgtt. VSI SCRSSKSLLHSNGN e VK PHARMACIA e > S LLH
SNGN g CDRL > 460 470 480 490 500 cacttacttg tattggttcc tgcagaggcc
aggccagtct cctcagctcc gtgaatgaac ataaccaagg acgtctccgg tccggtcaga
ggagtcgagg T YL Y WF L- QR4 G Q S £oQ L> &0vK PHARMACIA e450 T Y L Y>

15 20 gtatcecatct cctgeaggte tagtaagagt ctectgcata gtaatggcaa

cataggtaga ggacgtccag atcattcteca gaggacgtat cattaccgtt.

Vv 8 1
5 e

S C R 8 8§ K §

VK PHARMACIA

L b H S N G N>

e >

S

r

460 470 480

10 cacttacttyg tattggttec tgcagaggec
gtgaatgaac ataaccaagg acgtctecgg
T Y L

Y w F L-Q R P

& VK PHARMACIA

L L H S N G N>

g CDR1 >

4380 500
aggccagtet cctcagetec
tceggtcaga ggagtcegagg

G g B P O L>

15 g >

510 520 530

tgatatatcg gatgtccaac cttgtctcag
actatatage ctacaggttg gaacagagtc
20 L I ¥ R

M 5 N L Vv 8

e VK PHARMACIA

540 550
gagtcccaga caggtteagt
ctecagggtct gtccaagtcea
R F 5>

G v F D

e >

R M 8 N L V 8>

£ CDR2 >

25 560 570 580
ggcagtgggt caggaactgc tttecacactg
ccgtcaccca gtecttgacg aaagtgtgac
G S 6 § G T A

e VK PHARMACIA

F T L

590 600
agaatcagta gagtggaggc
tettagtcat cteaccteeg
R I 8 R V E A>

e >

30

610 620 630
tgaggatgtg ggtgtttatt actgtctgea
actcctacac ccacaaataa tgacagacgt

L O

35

d

640 650
acatctagag tatccgttea
tgtagatctc ataggcaagt

H L FE Y P F>

CDR3_d >



25 30 35 510 520 530 540 550 tgatatatcg gatgtccaac cttgighgamnofgiscccaga

caggt t cagt

act at at agc ctacaggttg gaacagagtc ctcagggtct gtccaagtca L I Y R

MSNLVSGVPDRFS>e VK PHARMMCIAe > RMSNL VS _f CODR2 > 560

570 580 590 600
ccgt caccca YOKR0%

cagt gggt caggaactgc tttcacactg agaatcagta %a@#gaggc
cg aaagtgtgac tcttagtcat ctcacctccg GPSUEBY/ AFTL

RI SRVEA> e VKPHARVACIA e > 610 620 630 640 650 tgaggatgtg
ggtgtttatt actgtctgca acatctagag tatccgtipmp- actcctacac ccacaaat aa
t gacagacgt tgtagatctc ataggcaagt L QHL EY P F> d CDR3 d > 18 January

2005 WD 02/ 08263 PCTI GBO1103252 -

- 120 -- 510EDVGVYYCLQHLE

Y P F> e VK PHARMACI A e 660 670 680 690 700 cgttcggtcc tgggaccaag

ct ggagct ga aacggccccc ggactttgtt
ttgccggggg cctgaaacaa T>EPT'E G B & TK

PDFV>825 > 15

10

- 15

20

25

30

35

gcaagccagg accctggttc gacctcgact
EEK%

e VK PHARMACTA e >

660 670 680 690 700
cgttcggtce tgggaccaag ctggagctga aacggceccce ggactttgtt
gcaagccagg accctggttc gacctogact ttgecggggg cctgaaacaa
T>
>

T F GP 6 TK L EL K R
e VK PHARMACIA e >

P P D F v
825 >

710 720 730 740 750
cceecggeey ctaghttece tgatcactec ceotegtggec aggtccagtt
gggggccgge gatcaaaggg actagtgagg ggagcaccgg tccaggtcaa

Q vV Q I>

i >
P P A A S F P 'D H S P R G>
1 825 1 >

760 770 780 790 800

ggtgcagtet ggacetgage tgaagaagee tggagagaca gtcaagatct
ccacgtcaga cctggactcg acttettcgg acctetctgt cagttctaga
v Q 8 G P E L K K P G E T v K I>

i VH PHARMACIA {[SPLIT] i >

810 820 30 840 B850
cctgecaagge ttetgattat accttcacat actatggaat gaactgggtg
ggacgttocg aagactaata tggaagtgta tgataccita cttgacccac
5 ¢ K A S b XY T F T Y Y 6 M N W V>

i VH PHARMACIA [SPLIT] i >

Y Y 6 M N
X CDRL_k___ >

860 870 880 890 900

R B VK PHARVACIA e > P



20 25 30 710 720 730 740 750 cccccggecg ctagtttccc tgat ¢@gifuancRiosdt ggcc
aggtccagtt gggggccggc gat caaaggg act agt gagg ggagcaccgg tccaggtcaa QV Q
1,> > PPAASFP"DHSPRG 18251 > 760 770 780 790 800

ggt gcagt ct ggacct gagc tgaagaagcc tggagagaca gtcaagatct ccacgtcaga
cct ggact cg ®RE¥¥2gg acctctctgt cagttctaga V Q S G P E ECRGROWIEIE T v K
> i VH PHARMACIA [SPLIT] i > 810 820 830 840 850 cctgcaaggc ttctgattat

accttcacat actatggaat gaactgggtg ggacgttiegg-aagactaata tggaagtgta
tgatacctta cttgacccac SCKASDYTFTYYGMNWYV>a VH PHARVACI A
[SPLIT] i > YYGMN -k CORI-k > 35 860 870 880 890 900 18 January 2005
WO 02/08263 5 10 15 20 25 30 PCTI GBO1/ 03252 aagcaggct ¢ cgggaaaggg
tttaaagtgg atgggctgga tagacaccac ttcgtccgag gccctttccc aaatttcacc
tacccgacct atctgtggtg K GIERTIGE K GIR2RINEFGIWIP IHITucTesa Fagb4cPMARMACI A
[SPLIT] i > WI DT T> ttcgtccgag gecctttcee aaatttcace tacccgacct atctgtggtg

K QA PG KG L KW M GW I DT T

i VH PHARMACIA [SPLIT] i >

5 . W I D T T>
CDRZ2 [SFE >

910 920 930 940 950

cactggagag ccaacatatg ctgaagattt taagggacgg attgeotict

10 gtgacctcte ggttgtatac gacttctaza attceetgec taacggaaga
T G E P T ¥ A E D F K G R I A >

i VH PHARMACIA [SPLIT} i >

T G E P YT Y A EDTF K G
j__CDR2 [SPLIT] 3 >

i5
960 970 980 990 1000
ctttggagac ctctgccage actgectatt tgcagatcaa aaacctcaaa
gaaacctetg gagacggtcg tgacggataa acgtctagtt tttggagtit
S L E T S A S T A Y L g I K N L K>
20 _ 1 VH PHARMACIA {[SPLIT] i >

1010 1020 1030 1040 1050

Lt aatgaggaca cggctacata tttctgtgeca agacggggge cttacaactg
ttactectgt gecgatgtat aaagacacgt tctgcececcyg gaatgttgac
25 R G P Y N W>
CDR3 >

N BE D T A T ¥ F C & R R G P Y N W>
i VH PHARMACIAZ [SPLIT] - i >
1060 1070 -1080 1090 1100

30 gtactttgat gtctggggec aagggaccac ggtcacegte toctcacteg
catgaaacta cagacccocgg ttccetggtg ccagtggeag aggagtgage
L>

35 h >



COR2 [SP > 910 920 930 940 950 cactc' gagag ccaacatatg cti@ar@aid 2005

t aagggacgg attgccttct gtgacctctc ggttgtatac gacttctaaa attccctgcec
taacggaaga TGEPTYAEDFKGRI AF> i VHPHARMACIA [SPLIT] i > T
GEPTYAEDFKG j COR2 [SPLIT] j > 960 970 980 990 1000 ctttggagac
ctctgccage RAYPOAtt tgcagat caa aaacctcaaa gaaacctctg §SHSEEYELY

t gacggataa acgtctagtt tttggagttt S LETSASTAYLQI KNLK>i1 VH
PHARMACI A (SPLIT] i > 1010 1020 1030 1040,1050_ aat gaggaca cggct acata
tttctgtgca agacgggggc cttacaactg ttactcctgt gccgatgtat aaagacacgt
tctgcccccg gaatgttgac RGP YNW CDRB> NEDTATYFCARRGPYN
Wt i VH PHARMACIA [SPLIT] . i > 1060 1070 1080 1090 1100 gtactttgat

gt ct ggggcc aagggaccac ggtcaccgtc tcctcactcg catgaaacta cagaccccgg
ttccctggtg ccagtggcag aggadt dadgt > W E DQV$E 1T 8T JaWudr W 2060550 02/ 08263
PCT/ GSOI /03252 - - 122 - _ Y _F D ¥V Wi es@u@adial(MrIrV S S> & VH RHARVACI A
[SPLIT] i > 5 10 15 20 25 >Xhol |

>¥Xhol
5 l
11110
attaactcga g
taattgagct ¢
D * L E>
10 a >
[SEQ. ID. NO.: 13] - Fiber Construct A7 C242
i5
Sequence Range: 1 to 1402
>BeoRl
I
20 [ 10 20 30 40 50
gaattegatg aagogeogecaa gaccgteotga agatacctte aaccccgtgt
cttaagctac ttcgegegtt ctggeagact tctatggaag ttggggeaca
M>
>
25 M K R A R P S5 E D T F N P V>
v \J TAIL v >
60 70 80 80 100
atccatatga cacggaaacc ggtcctcecaa ctgtgecttt tcttactcect
30 taggtatact gtgcectitgg cecaggaggtt gacacggaaa agaatgagga
Yy P YD TFET G PP T VPF L T P>
v v__ TAIL A S v >
110 120 130 140 150

35 ‘ ccctttgtat cecceccaatgg gtttcaagag agtecccctg gggtactcte



11110 attaactcga g taattgagct ¢ ™ * L B> a-> [SEQ |D1gNghuanl3dos Fi ber

Construct A7 C242 Sequence Range: 1 to 1402 >EcoR | f 10 20 30 40 50
gaattcgat g aagcgcgcaa gaccgtctga agataccttc aaccccgtgt cttaagctac
ttcgcgcgtt ct g%ca%act tctatggaag ttggggcaca M MKRARPSE~ATFNP
V> v v TAI WQU208263 5 50 70 80 90 100 atccatatga cacggaalCVCEWEERccaa
ctgtgccttt tcttactcct 30 taggtatact gtgcctttgg ccaggaggtt gacacggaaa
agaatgagga Y PYDTETGPPTVREFLWL2Y P>~ v v TAIL v v > 110 120 130
140 150 35 ccctttgtat cccccaatgg gtttcaagag agtccccctg gggtactctc 18
January 2005 WO 02/08263 PCTI GB01/03252 - - 123 - 5 gggaaacata gggggttacc
caaagttctc tcagggggac cccatgagag L S PFVSPNGFQESPPGYV>TAL

v > 10 15 20 25 30 35
gggaaacata gggggttacc caaagttcte tcagggggac cccatgagag

L s>
=

P F V 8§ P N G F Q E S P P G V>
5 v ) TAIL \'4 v >

160 170 180 190 200
tttgcgeeta tccgaaccte tagttaccte caatggeatg cttgegetea
aaacgcggat aggcttggag atcaatggag gttaccgtac gaacgegaght

i0 L A 1>

L R L S E P L VT 8 N G M-
t REPEAT 1 _t >

15 210 220 230 240 250
aaatgggcaa cggcectcectet ctggacgagg ccggecaacct taccteccaa
tttaccegtt gecggagaga gacctgctee ggecgttgga atggagggtt

L T S Q>

._r—_—>
20 K M G W G L .S L D E A G N>
s REPEAT 2 s >
260 270 280 290 300
aatgtaacca ctgtgagece acctctcaaa aaaaccaaght caaacataaa
25 ttacattggt gacactcggg tggagagttt tittggttca gtttgtattt
I N>

>

N V T T V 8§ P P L K K T K 5 N>
ko REPEAT 3 r r >

30
310 320 330 340 350
cctggaaata tctgcacvcece tecacagttac ctcagaagec ctaactgtgg
ggacctttat agacgtgggg agtgtcaatg gagtcttegg gattgacacc
. L T V>
35 >



160 170 180 190 200 tttgcgccta tccgaacctc tagttacctc caalgyangd zggggcgctca
aaacq' cggat aggcttggag atcaatggag gttaccgtac gaacgcgagt L A L> RLSEP
LVTSNGM -t -REPEAT 1 210 220 230 240 250 aaatgggcaa cggcctctct
ctggacgagg ccggcaacct tacctcccaa tttacccgtt gccggagaga %acct ctcc
ggccgttggaﬁ’g’gaﬁzﬁﬁtt LTSQ® x> KMGNGL SL D EFAVEBRSIRZ _ RepEAT
2 > 260 270 280 290 300 aatgtaacca ctgtgagccc acctctcaaa aaaaccaagt

caaacataaa ttacattggt gacactcggg tggagapa t- ttttggttca gtttgtattt I N> NV
TTVSPPLKKTKSN r REPEAT 3 r r > 310 320 330 340 350 cctggaaata

tctgcacccc tcacagttac ctcagaagcc ctaactgtgg ggacctttat agacgtgggg
agtgtcaatg gagtcttcgg gattgacacc L T V> 18 January 2005 WO 02/ 08263
PCT/ GBOL1/ 03252 - - 124 - 5 101520 L El SAPL TV ISEA>q ___ REPEAT
4 g> 360 370 380 390 400 ‘ct'yctgclgl dcctcthatl g gt Egdyghca acacact cac
cat gcaat ca gacggcggcg Lg@myﬂijw;ﬁagﬁgwﬂcgL_Lngmey4L4ﬁacgttagt LTMQ
S> REPEAT 6 >
360 370 380 390 400
5 ctgcecgecge acctctaatg gtegegggea acacactcac catgeaatca
gacggeggceg tggagattac cagegeccegt tgtgtgagtg gtacgttagt
L T M Q S>

REPEAT 6 >

A A A B P L M V A G N T>

10 D REPEAT 5 p >
410 420 430 440 450

caggccccge taaccgtgea cgactccaaa cttageatty ccacccaagg
gtceggggeg attggecacgt getgaggtit gaatcgtaac ggtgggttec
15 L 5 I AT Q G
REPEAT 7 >
o A P L T Vv H D § K>
REPEAT 6 o >

20 : 460 470 480 450 500
accectecaca gtgtcagaag gaaégctagc cectgacgta geaagettac
tggggagtgt cacagtctte ctttcgateg gggactgcat cgttcgaatg

L A>
m >
25 P L T VvV 8 E G K>
REPEAT 7__n >
P D V A 5 L>
____ LUNG SURFACTA >

30 510 520 530 540 - 550
gacaacaggt agaagccttg caagggcagg tacaacactt acaggcggea
ctgttgteca tetteggaac gttceccegtcee atgttgtgaa tgkcegecgh
R Qg @ V E A L C G Q Vv ¢ H L 0 A A>

LUNG SURFACTANT PROTEIN D TRIM w >

35 560 570 580 590 600



AAAAPLMVAGNT>p_REPEAT 5 p > 410 420 430 440g4RkRuag@@8scccyc
taaccgtgca cgactccaaa cttagcattg ccacccaagg gtccggggcg attggcacgt
gctgaggttt gaatcgtaac ggtgggttcc L S| AT QG REPEAT 7 > QAPL TVHD
S K> REPEAT 6 0 > 460 470 480 490 500 acccctcaca gtgtcagaag gaaagctagc
ccct gacgt a WORAMREX ac  tggggagt gt cacagtcttc ctttcgatcg E‘{IQ’ég
cgttcgaatg L AA m>25PLTVSEGK>RPEAT 7 n >P DV ASL> LUNG
SURFACTA > 30 35 510 520 530 540 550 _gaggacaggt agaagccttg caagggcagg
tacaacactt acaggcggca ctgttgtcca tcttcggaac gttcccgtcc atgttgtgaa
tgtccgccgt RQQVEAL QGQVQHL QA A> LUNG SURFACTANT PROTEIN D
TRIMw > 560 570 580 590 600 18 January 2005 WO 02/ 08263 PCT/ GBO1103252 -

- 125 tttagccaat acaaaaaggt agagttgttt ccaaacggag ccaagaagct aaatcggtta
tgtttttcca tctcaacaaa ggfttageert agepaeidtcymratoktiKedaracdgad chadgame® Y K K V E

L FP NG LUNG SURFACTAbE PRI BN e Rl Mieaak@aa gotttgecte ggtteticgs

A K K L>
_b >
5 FSQ_YKKVELFPNG>
. LUNG SURFACTANT PROTEIN D TRIM >
>Clal
N E
10 - 610 620 630 | 640 650

gaacgacgec caggcecccca agagegacce ategategat attgtgatga
cttgetgegy gtcecgggagt tetegetggg tagetageta taacactact
N D A A P K 8§ D»
: SPR 48-60_ b >
15 P 5 I

o} >

D I v M
__ e >
_20' 660 670 680 690 . 700

" ctcaggctge accctétgta cctgteacte ctggagagtc agtatccate
gagtccgacy tgggagacat ggacagtgag gacctctcag tcataggtag
T Q A A P S8 V PV T P G E S vV 5 I>

e VK PHARMACIA e >

25
710 720 730 740 750
tcectgeaggt ctagtaagag tcotcoctgeat agtaatggea acacttactt
aggacgtcca gatcattctc agaggacgia teattacegt tgtgaatgaa
§ C R 8 S K 8 L L H S N G N T ¥ L>
30 e VK PHARMACTA e >
§ L L H S NG N T Y I>

g g CDRL g >

760 770 780 790 800
;5 gtattggtte ctgcagagge caggecagtc teoctcagote ctgatatatc



15 >dal .610 620 630 | 640 650 gaacgacgcc caggccccca agRgmIaysPos
atcgatcgat attgtgatga cttgctgcgg gtccgggggt tctcgcetggg tagetagceta
taacactact NDAQAPKSD> SPA48-60 b >P SI>c >DI1 VMW e > 20 25
30 660 670 680 690 700 ctcaggctgc accctctgta cctgtcactc ctggagagtc

agt at ccat c WgAYPBEhacg t gggagacat ggacagtgag gacctctcag PEHEBHYYBH T Q A A
PSVPVTPGESVSI>e VK PHARMACIA e > 710 720 730 740 750
tcctgcaggt ctagtaagag tctcctgcat agtaatggea-acacttactt. aggacgtcca
gatcattctc agaggacgta tcattaccgt tgtgaatgaa SCRSSKSLLHSNGNTY
L> e VK PHARMMCIAe > SLLHSNGNTYL> -ggCDR cj, 760 770 780
790 800 35 gtattggttc ctgcagaggc caggccagtc tcctcagctc ctgatatatc 18
January 2005 WO 02/08263. PCT/ GB0O1/03252 - - 126 - cataaccaag gacgtctccg
gt ccggt cag aggagt cgag gattatcqtygIacetRrey (STEFIRPIGIGFBemIPIctptatay> o VK
PHARMACI A e- _ > 810 820 83% 870 850 ggatrgt@caasccet @t ai ca. ggagtcccag
acaggttcag tggcagtggg cctacaggit ggaac@gpglmmashcagggtc tgt ccaagte

accgt caccc

>

5 Y>

810 820 830 840 850

ggatgtecaa cettgtetca ggagtcecag acaggttcag tggcagtggy

10 cctacaggtt ggaacagagt cctcagggte tgtccaagtce accgtceacoe
' R M SN L V&S GVP?P DRTFS G S G
e VEH PHARMACIA e >

R M & N L Vv 5

CDR2 >
15
860 870 880 B90 900
tcaggaactg ctttcacact gagaatcagt agagtggagg ctgaggatgt
agtecttgac gaaagtgtga ctcttagtca tctcacctec gactectaca
s ¢ T A F T L R I 8 R V E A E D V>
20 e VK PHARMACTA e >
910 920 930 940 950
gaggtgtttat tactgtctgc aacatctaga gtatccgtic acgttcggtc
cccacaaata atgacagacg ttgtagatct cataggecaag tgraagecag
25 : L Q B L E Y P F T>
' d CDR3 d >
G VvV Y Y C L Q H L E Y P F T F G>
e VK PHARMACIA ] >
30 960 970 980 990 1000

ctgggaccaa gctggagetyg aaacggecce cggactttgt tocecccggece
gaccetggtt cgacctcgac tttgecgggg gectgaaaca agggggccgyg
P G T K L E L K R>
VK PHARMACIA e >
35 P P B F V P P A>



RMSNLVSGVPDRFSGS G e VKPHARMACIA e > RglhSidy boos S> CDR2

> 860 870 880 890 900 tcaggaactg ctttcacact gagaatcagt agagtggagg
ctgaggatgt agtccttgac gaaagtgtga ctcttagtca tctcacctcc gactcctaca S GT A
FTLRI SRVEAEDV>20e VK PHARVACI A e 910 920 930 940 950 25 30
ggogt gttt at WAE¥BREX gc aacatctaga gtatccgttc acgttcggtc REVEBUAA

at gacagacg ttgtagatct cataggcaag tgcaagccag L QHL EY F F T> d CDR3 d>
GVYYCLQHLEYPFTFG e VK-PHARMACIA e > 960 970 980 990 1000
ct gggaccaa gctggagctg aaacggcccc cggactttgt tcccccggecc gaccctggtt
cgacctcgac tttgccgggg gcctgaaaca agggggccgg P G T KL EL KR WK
PHARMACIA e > 35 PP DF V P P A> 18 January 2005 WD 02/ 08263
PCT/ GBO 103252 - - 127 - 18251 5 10].5 20 25 30 35 1010 1020 1030 1040
1050 1 825 1 >

1010 1020 1030 1040 1050
getagtttee ctgatcacte cectegtgge caggtccagt tggtgeagte
5 cgatcaaagg gactagtgag gggagcaccg gteccaggtca accacgtcag
- Qg Vv Q L VvV Q¢ &>
___VH PHARMACIA [ >
. A 8 F P D H S P R &

. 1 g2s 1 >
10

1060 1070 1080 1090 1100

tggacctgag ctgaagaagc ctggagagac agtcaagatc tcctgeaagy

acctggacfc gacttettcg gacctctetg tcagttctag aggacgttec

G P E L K K P G E T VvV K I s C K>

;5 i VH PHARMACIA [SPLIT] i >
1110 1120 1130 1140 1150

cttechgatta taccttcaca tactatggaa tgaactgggt gaagcagget

gaagactaat atggaagtgt atgatacctt acttgaccca cttegtccga

20 A S D Y T F T Y Y G M N W V K 0 A>
7 i VH PHARMACIA [SPLIT] i >

Y Y G M N>
CDR1_k >

25 . 1160 1170 1180 1180 1200
ccgggaaagy gtttasagtg gatgggetgg atagacacca ccactggaga

ggcccttfcc caaatttcac ctaccegace tatetgtggt gatgacctct
P G K G L K W M G W I DT T T 6 E>
i VH PHARMACIA [SPLIT] i >
30 W I DT T T G E>
' ___j_ CDR2 [SPLIT} >
1210 1220 12390 1240 1250

gccaacatat getgaagatt ttaagggacg gattgectic tetttggaga
35 cggttgtata cgacttctaa aattccctge ctaacggaag agasacctct




gctagtttcc ctgatcactc ccctcgtggc caggtccagt tggtgcagtc ¢8 IR ARPSDS
gact agt gag gggagcaccg gtccaggtca accacgtcag QV QL V Q S> VH'PHARVACI A |

>, ASFPDHSPRG 1060 1070 1080 1090 1100 tggacctgag ctgaagaagc
ct gaagaaac aqgt caagatc tcctgcaagg acctggactc gacttctttg gacctctct
tcagttctag‘ggg%/& tcc GPELKKPGETVKI SCK> FCURBBEARNNC A
[SPLIT] i > 1110 1120 1130 1140 1150 cttctgatta taccttcaca tactatggaa
t gaact gggt gaagcaggct gaagactaat atggaagggt-atgatacctt acttgaccca
cttcgtccga ASDYTFTYYGMNWVKQA>i VHPHARVMACIA [SPLIT] i >
YY GMN> CDRL_k > 1160 1170 1180 1190 1200 ccgggaaagg gtttaaagtg
gat gggct gg at agacacca ccactggaga ggccctttcc caaatttcac ctacccgacc
tatctgtggt ggtgacctct PGK GL KWMGWI DTTTGE> i VH PHARVACI A
[SPLIT] i > WI DT TTGE: YCBRE[BPLFTE £ ®10F 1226 1230° 18240 125D
gccaacat at gctgaagatt ttaaqqqacqlqathquMmcncu$mggag cgottgtata
cgacttctaa aattccctgc ctaa&ggaqg %gqgagctpt ¢18,January 2005 WO 02/ 08263 - -
128 - 5 10 15 PCTI GBO1103252 EDFK G RI AFSLE> i VH
PHARMACI A'[ SPLI T] i PTy—A-E_L%D%? RSP@T] i

5

1260 1270 1280 1250 1300
cctetgecag cactgectat ttgeagatca aaaaccteaa aaatgaggac
ggagacggtc gtgacggata aacgtctagt ttttggagit tttactcctg
T 5 & 8§ T A Y L ¢ I K N L K N E D>

10 i VH PHARMACIA [SPLIT] i >

1310 1320 1330 1340 1350
acggctacat atttctgtge aagacggggg ccttacaact ggtactttga
tgecgatgta taaagacacyg ttetgeccce ggaatgttga ccatgaaact

15 R G P ¥ N W ¥ F D>
h___ CDR3_h >

T A T Y F C A R R G P Y N W Y F D>
i VH PHAPMACIA [SPLITI i >

20 >Xhol
' |
1360 1370 1380 1390 1400
tgtctgggge caagggacca cggtcaccgt ctcectecactc gattaacteg
acagacccog gttccoctygt gecagtggea gaggagtgag ctaattgage
25 _ L D * L>
_a_ >
V>
>

_ vV w e @ GGT TV TV 5 8>
30 VH PHARMACIA [SPLIT}_ i >

ag

tec

E>
35 >



CDR2 [SPLIT]-] > 1260 1270 1280 1290 1300 cctctgccag capd MrehRizcbbgcagat ca
aaaacct caa aaat gaggac ggagacggtc gtgacggata aacgtctagt ttttggagtt
tttactcctg TSASTAYLQI KNLKNED> i VHPHARMACIA [SPLIT] i >
1310 1320 1330 1340 1350 acggctacat atttctgtgc aagacggg ccttacaact
ggtacttt ga WP§¥¥E gt.a t aaagacacg ttctgacccc ggaatgttga PRUEA¥t RGP Y
NWYFD> hCOR3-h > TATYFCARRGPYNWYFD i VHPHARVAC A
[SPLIT] i > 20 >Xhol 1360 1370 1380 1390 1400 tgtctggggc caagggacca
cggtcaccgt ctcctcactc gattaactcg acagd2gceg- gttccctggt gccagtggca
gaggagtgag ctaattgagc 25 L D* L>V>VWGQGTTVTVSS> 30 W
PHARMACI A [SPLIT] i > ag tc E> a > 18 January 2005 WD 02/08263
PCT/ GB01103252 129 - [SEQ ID. NO.: 19] Sequence Range: 1 to 174 -
Affibody ZIgG 7.0 15 20 25 30 10 20 30 40 50 gtagacaaca aattcaacaa
agaacaacaa aachEcgt tct atgagatctt

[SEQ. ID. NO.: 14] -

5 Seguence Range: 1 to 174 - Affibody 2IgG

10 ‘ 20 30 40 50
gtacjacaaca aattcaacaa agaacaacaa aacgcgttct atgagatcett
catctgttgt ttaagttgtt tcttgttgtt ttgegecaaga tactctagaa

- 10 Vv D N K F N K E Q Q N A F Y E I L»
a a_Z-DOMIN_ a a >

60 70 80 90 100

acatttacet aacttaaacg aagaacaacg aaacgccttce atccaaagtt

15 tgtaaatgga ttgaatttgc ticttgttge tttgcggaag tagatttcaa
H L P N L N E E Q R N A F I O 8>

a a_Z-DOMIN__ a 2 >

110 120 130 140 150

20 taaaagatga cccaagccaa agegetaact tgetageaga agctaaaaag
attttctact gggttcggtt tocgecgattga acgatcgtct tegattitte

L. K B D.P § Q 5 A N L L A2 E A K K>

a a_ Z-DOM?N__a a >

25 i60 170
" ctaaatgatg ctcaggcgec gaaa
gatttactac agagtecgeogg cttt
L N D A QO A P K> -

Z~DOM?N a >
30
[SEQ. ID. NO.: 151 - Affibody ZIgA
35 Sequence Range: 1 to 174

RECTIFIED SHEET (RULE 91)



catctgttgt ttaagttgtt tcttgttgtt ttgcgcaaga tactctagaa YePMukyodsK E Q Q

NAFYEI L> aaZ-DOVMNa a > 60 70 80 90 100 acatttacct aacttaaacg
aagaacaacg aaacgccttc atccaaagtt tgtaaatgga ttgaatttgc ttcttgttgce
tttgcggaag taggtttcaa RLPNL NEEQRNAFI QS>> aa Z-DOWN a a >
110 120 130“’9% 0869 taaaagatga cccaagccaa agcgctaact tgB¢HGBUFAZAgct aaaaag
attttctact gggttcggtt tcgcgattga acgatcgtct tcgatttttc L KDD PSQSA
NLLAEAKK>aaZ-DOMIN a a > 160 kg0 _ ctaaatgatq ctcaggcgcc gaga
gatttactac gagtccgcgg cttt L NDAQAPK> Z--DOWN a > [SEQ ID NO:
15] -- Affibody ZIgA 35 Sequence Range: 1 to 174 RECTI FI ED SHEET (RULE 91)
WO 02/ 08263 5 gtagacaaca aattcaacaa agaaacaata caagcgagtc aagagat cag
catctgttgt ttaagttgtt tctttgttat gttcgctcag ttctctagtc VD NKF NKET |
QASQEI R a AFFl I1GA _a ® > 60 78080 90 BOO act at4bacct aaéftaaacg

gtagacaaaa gcttgcectic atnGaeandd aattt%fcaa’:lfag%c:&étga&%&égggtccé‘etg%&mcta%t
ggigcggagg taggtgtcaa 1OcaIEcil_'gtEgtNttlTaac[:[\Ltgtthgt%gi!’la@ gﬁtégc@casg>ttc%célzgc IGA _a a
v b N K F NK ETTI QA S QB I R

5 a AFFI IGA _a a >

60 70 80 90 KRV
actattacct aacttaaacg gtagacaaaa gcttgectte atccacagtt
tgataatgyga ttgaatttgc catctgtitt cgaacggaag taggtgtcaa

10 L & P N L N G R 9 K L A F I H 8>
a AFFI IGA a a >

110 120 130 140 150

tacttgatga cccaagccaa agegctaact tgctagcaga agctaaaaag

15 atgaactact gggttcggtt tegegattga acgategtct tegattttte
L ... b Db P S35 Q S5 A N L L AE 2 K K
a AFFI IGA _a . a >
160 170
20 ctaaatgatg ctcaggegec gaaa

gatttactac gagtcegegg ctit
L N D 4 Qg A P K>
AFFT IGA a >

25
[SEQ. ID. NO.: 16] - Recombinant Fiber A7 ZIgG

Sequence Range: 1 to 820
30
>EcoR1
| _
| 10 20 30 40 " 50
gaattcgaty aagcgegeaa gaccgtoctga agatacckttc aaccecegtgt
35 cttaagctac ttegegegtt ctggecagact tetatggaag ttggggeaca



110 120 130 140 150 tacttgatga cccaagccaa agcgct aact tg@ﬁggﬁg@ gect aaaaag
at gaactact gggttcggtt tcgcgattga acgatcgtct tcgatttttc L L D B SQSAN
LLAEAKK>aAFF I1GA a > 160 170 ctaaatgatg ctcaggcgcc gaaa
gatttactacn%agtcc cgg cttt L NDAQAPK> AFFI IGA -a-> [SEQ ID. NO:
16] - Recom¥PA#PA26X| ber A7 ZI gG Sequence Range: 1 to 820PGHGBRAIF i 1 10
20 30 40 50 gaattcgatg aagcgcgcaa gaccgtctga agataccttc aaccccgtgt 35
cttaagctac ttcgcgegtt ctggcagact tctatgggag Ltggggcaca 18 January 2005 WO
02/ 08263 PCT/ @&BOL1/ 03252 -- -- 131 - M MKRARPSEDTFNPYV> TAL
j] >5 60 70 80 90 100 atccatatga cacggaaacc ggtcctccaa ctgtgccttt
tcttactcct taggtatact gtgcctttgg ccaggaggtt gacacggaaa agaatgagga Y P,' Y
DTETGPPTVPFLTP> 10 j_TAILj j 15 110 120 130 140 150
ccctttgtat cccccaatgg gtttcaagd§ agtccccctg gggtactctc gggaaacata
gggggttacc caaagttctc tcagggggacscccatgagag L S PFV SPNGFQESPP

G V> M KRA RPSE DTTFE NTP V>
J 5 TATL j >
5
' 60 70 80 90 100

atccatatga cacggaaacc ggtcctccaa cigtgecttt tettactect
‘taggtatact gtgcectttgg ccaggaggtt gacacggaaa agaatgagga
y p/Y D T ET G P P TV P F L T P>
10 3 3 TAIL 3 >

110 120 130 140 150
coectttgtat cececcaatgg gtttcaagag agtcocccecctg gggtactctc
gggaaacata gggggttace caaagtictc tcagggggac cccatgagag

15 L s>

>

P FV 8 PNG FQE S PP G V
3 TAIL 3 3 >

20 160 170 180 190 200
' tttgegecta tccgaécctc tagttacctc caatggcatg cttgegetea
aaacgceggat aggcttggdg atcaatggag gttaccgtac gaacgcegagt

S L A L>
>

25 L R L S EP &L ¥V T 8 N G M

h REPEAT 1 h >
210 220 230 240 250

aaatgggcaa cggectctet ctggacgagg cocggcaacct tacctcccaa

30 tttaccegtt gecggagaga gacctgetec ggecgttgga atggagggtt
L T 8§ >

_£ >

K M G N G L S L D E A G N>
g REPEAT 2 g >

35



j TAIL j j 20 160 170 180 190 200 tttgcgccta tcpgaacctc1%?ggl}a§f%60%
caatggcatg cttgcgctca aaacgcggat aggcttggag atcaatggag gitacc C
gaacgcgagt L AL>25 L RLSEPLVTSNGM h REPEAT 1 h > 30 210 220
230 240 250 aaatgggcaa cggcctctct ctggacgagg ccggcaacct tacctcccaa
tttacccgtt YeeYYaWPaga gacctgctcc ggcecgttgga atggagggtt LPOT/EB@WIZZK M G N G
LSLDEAGN _9 REPEAT 2 g 35 18 January 2005 WO 02/ 08263

PCT/ GBOL/ 03252 - - 132 - 260 270 280 293,300_- aatgtaacca ctgtgagccc

acctct caaa aaaaccaagt caaacataaa ttacattggt gacactcggg tggagagttt
ttttggttca gtttgtattt x N5 >NV T TVSPPLKKTKSN 10 -f -REPEAT
3 f f > 310 320 330 340 350 cctggaaata tctgcacccc tcacagttac ctcagaagcc
ctaactgtgg ggacctttat agacgtgggg agtgtcaatg gagtcttcgg gattgacacc L T V> L
EI SAPLTVTSEA> 15 -&0REPEATY e > 25925 360%%970 38038H0 400
ctgccgccgcec acctctaat g gtazgeggaaciaimed 6odcEalaf GAdhdidagt caaacataaa

ttacattggt gacactcggg tggagagttt tittggtteca gtttgtattt

I N>

5 - >
N V T T Vv 5§ P P I K E T K S N>
£ REPEAT 3 f £ >

310 320 330 340 350

10 cctggaaata teotgeaceee tcacagttac ctcagaagec ctaactgtgg

ggacctttat agacgtggag agtgtcaatg gagtcttcgg gattgacacce

L T V>
>
L E I S A P L T V T S E A>
15 e REPEAT 4 e >
360 370 380 390 400

~ctgecgecge acctctaatg gtegogggea acacactcac catgeaatca
gacggcggey tggagattac cagegececgt tgtgtgagtyg gtacgttagt
20 L T M Qg S>>
__REPEAT 6__ >
A A A A P L M Vv & G N T>
d__ REPEAT 5 d >

25 410 420 430 440 450
caggccccge taaccgtgea cgactccaaa cttagcattg ccacccaagg
gtceggggeg attggeacgt getgagattt gaatcgtaac gghgggttec

" L S I ATOQ G

. __ REPEAT 7__ = >
30 O AP L T VH DS K
REPEAT 6_ c >

460 470 480 490 500
acccctcaca gtgtcagaag gaaagetage ccctgacgta geaagettac

35 tggggagtgt cacagtcttc ctttegatcg gggactgcat cgttcgaatg



gacggcggcg tggagattac cagcgcccgt tgtgtgagtg gtacgttagt L S> PEAT 6
15 Y2005

> AAAAPL MV AGNT>d REPEAT 5 d > 410 420 430 4

t aaccgt gca cgactccaaa cttagcattg ccacccaagg gtcccgggcg attggcacgt
gctgaggttt gaatcgtaac ggtgggttcc L S |1 AT Q & REPEAT 7 > 30 APLTVH
D S K> REPERP28I23 > 35 460 470 480 490 500 acccctcaca GEHEBEIHEE

gcaagct agc ccctgacgta gcaagcttac tggggagtgt cacagtcttc ctttcgatcg
gggactgcat cgttcgaatg 18 January 2005 WD;Q2/08263 PCT/ GBO1/ 03252 L A> -a->
5PLTVSEGKs REPEAT 7 b > P DV A S L> LUNG SURFACTA > 510 520 530
540 550 10 15 20 25 gacaacaggt agaagccttg caagggcagg tacaacactt acaggcggca
ctgttgtcca tcttcggaac gttcccgtcc atgttgtgaa tgtccgccgt RQQV EAL QGQ
VQHL QA A> LUNG SURFACTANT PROTEIN D TRIM -k > 560 570 580 590 600
tttagccaat acaaaaaggt agagttgttt ccaaacggag ccdaagaagct

a >

cccge

"

P L T V § E G K>
REPEAT 7 b >

5 P DV A S IL>
__LUNG SURFACTA __ >

510 520 530 540 550

gacadcaggt agaagcctty caagggcagg tacaacactt acaggcggea

10 ctgttgteea tcticggaac gttccegtec atgttgtgaa tgtcogeegt
R QogV BEAL Q G Q VvV Q HL 0 A& A&

LUNG SURFACTANT PROTEIN D TRIM_ k >

560 570 580 590 600
15 . tttagccaat acaaaaaggt agagttgttt ccaaacggag ceaagaaget
aaateggtta tgtittteca tctcaacaaa ggtttgecte ggttcttcga

F 5§ ¢Q Y K K V E L F P N G>

__LUNG SURFACTANT PROTEIN D TRTM >
A K K L>
20 1 >
>Clal
1
610 620 630 | 640 650
25 gaacgacgcc caggcecccca agagcgacce atcgatcgta gacaacaaat

cttgctgegg gtoccyggggt tetegetggg tagetageat ctgttotita
N DA QA P K S D>
SEA 48-60_ 1 >

30 m >

660 670 680 690 700

35 tcaacaaaga acaacaaaac gcgttetatg agatcttaca tttacctaac



aaatcggtta tgtttttcca tctcaacaaa ggtttgcctc ggttcttcga Fgﬁngagi@dg VELF
P N & LUNG SURFACTANT PROTEIN D TRRM> A KK L> >Clal f 610 620 630 1 640
650 gaacgacgcc caggccccca agagcgaccc atcgatcgta gacaacaaat cttgctgcgg

gt ccgggggt tct cgct ggg tagctagcat ctgttgttta N DA QA P K S D> SPA 48-60 1
> P S |> 30VAIISPKDH N K> 0 660 670 680 690 700 35 tcatad@BiN3Aacaaaac
gcgttctatg agatcttaca tttacctaac 18 January 2005 WO 02/ 08263 PCT/ GBOL/ 03252
- - 134 - agttgtttct tgttgttttg cgcaagghgc_tctagaatgt aaatggattg F N KE
QQOQNAFYEI LHLPN Oo0 Z-DONN?NO a >5 710 720 730 740 750

tt aaacgaag aacaacgaaa cgccttcatc caaagtttaa aagatgaccc aatttgcttc
ttgttgcttt gcggaagtag gtttcaaatt ttctactggg L NEEQRNAFI QS LKDD
P> 0 o Z-DOWN o 10 15 760 770 780 790 800 aagccaaagc gctaacttgc

t agcagaagc taaaaagcta aa@sgautgetctottyityty tdmgotgaticgaaeytadaegiettecg
atttttcgat ttactacgag S:Q®H A N Lol A F AAKpKyL N D A2 40 @ 4 DEM’N o 0 >
>Xhol

o o_Z-DOMIN_ o s} >

5 710 720 730 740 750
ttaaacgaag aacaacgaaa cgccttecate caaagtittaa aagatgaccc
aatttgcttc ttgttgettt geggaagtag gtttcasatt ttcetactggg

L N E E Q RN A F I ¢ § L K Db D P>

o o _Z-DOM?N_ o 0 >
10
760 770 780 790 800
aagccaaagce gctaaéttgc tagcagaage taaaaagcta aatgatgete
ttcggtttcg cgattgaacg atogtetteg étttttcgat ttactacgag
S Q 8 A N L L A E A K K L N D A>
15 o o _Z-DOMN_ o o >
>¥hol
i
810 [ 820
aggcegecgaa ataactcegag
20 tccgeggett tattgagete
*>
>
A P K>
o >
25
[SEQ. ID. NO.: 17] - Recombinant Fiber A7 ZIgA
30

Sequence Range: 1 to 820

>EcoRl

i
35 } 10 20 30 40 50




20 1 810 1 820 aggcgccgaa ataactcgag tccgcggcett tattgqgggﬁuﬁ?é%g% P K> o >
25 [SEQ ID. NO: 17] - Reconbinant Fi ber A7 ZI gA 30 Sequence 'Range: |

820 35 >EcoR 10 20 30 40 50 18 January 2005 WD 02/ 08263 PCT/GBC1/03252 - -
135 - 10 15 gaattcgatg aagcgcgcaa gaccgtctga agataccttc aaccccgtgt
cttaagct ac VOYEGeYtt ctggcagact tctatggaag ttggggcaca W%”ﬁﬂkm%ﬁg RPSE
DTFNPYV> TAIL 60 70 80 90 100 atcca'tatga cacggaaacc ggtcctccaa

ctgtgccttt tcttactcct taggtatact gtgccttigg-ccaggaggtt gacacggaaa
agaatgagga YPYDTETGPPTVPFLTP>j j TAILj j > 110 120 130
140 150 ccctttgtat cccccaatgg gtttcaagag agtccccctg gggtactctc gggaaacata
gggggttacc caaagttctc tcagggggac cccatgagag L S> PFVSPNGFQESPP

GV> 20j TAILj j >
gaattcgatyg aagcgegecaa gaccegtctga agatacette aaccccghgt

cttaagctac ttegegegtt ctggcagact tctatggaag ttggggeaca
M>

5 M KRA RPSE DTUF N P V¥V
3 9 TAIL 3 >

60 70 80 90 100
atccatatga cacggaaacc ggtcetecaa ctgtgecttt teottactect
10 taggtatact gtgecctttgg ccaggaggtt gacacggaaza agaatgagga
Y P YD TET GGPP TV PF L T P
b j__TAIL 3 ) >

110 120 130 140 150

15 ccctttgtat coceccaatgg gtttcaagag agteccectg gggtactotc
gggaaacata gggggttacc caaagttctc tcagggggac cccatgagag

L 8>
>

P FV S P NG FQE S PP G V
20 3 TATL 3 5 >

160 17¢ 180 190 200
tttgcgecta tecgaaccte tagttaccte caatggeatg cttgegetea
aaacgcggat aggettggag atcaatggag gttaccgtac gaacgegagt

25 L A 1>

L R L S E P L v T 8 N G M>
h REPEAT 1 h >

30 210 220 230 240 250
aaatgggcaa cggecctctcect ctggacgagy ccggcaacct tacctcccaa
tttacccgtt gccggagaga gacctgetce ggoccgttgga atggagggit

L T s o
_ £ >

35 K M ¢ N G L 8 L b E A G N>



25 160 170 180 190 200 tttgcgccta tccgaacctc tagttacct cgCrabayeabs
cttgcgctca aaacgcggat aggcttggag atcaatggag gttaccgtac gaacgcgagt L AL> L
RLSEPLVTSNGM -h-REPEAT 1 h > 30 210 220 230 240 250

aaat gggcaa cggcct ctct ctggacgagg ccggcaacct tacctcccaa tttacccgtt
gccggagaga WaE¥HSk cc ggccgttgga atggagggtt L T S Q@ t' BCTGBUESA G NG L S
L DEAGN 18 January 2005 WO 02/08263 PCT/ GBOLl/ 03252 - - 136 - 5 10 g
REPEAT 2 g > 260 270 280 290 300 aatgtaggga ctgtgagccc acctctcaaa
aaaaccaagt caaacataaa ttacattggt gacactcggg tggagagttt ttttggttca
gtttgtattt | > NVTTVSPPLKKTKSN f RPEAT 3 -f -f > 310 320
330 340 350 cctggaaata tctgcacccc tcacagttac ctcagaagcc ctaactgtgg
ggacctttat agacgtgggg agtgtcaatg gagtcttcgg gattgacacc L T v> 15 > L E |
SAPLTVTSEA> e REPEAT 4 ® > RBPEBB(F_370 380 390 400 ctgccgecgce
acctctaatg gtcgcgggca acacactcac catgcaatca gacggcggcg tggagattac

cagcgccegt tgtgtgagtg gtacgttagy LT |\479 S> 280 290 300

aatgtaaceca ctgtgagece acchtetcaza aaaaccaagt caaacataaa

5 ttacattggt gacacteggg tggagagttt ttttggttca gtitgtatit
I N>

>

‘N VvV T T V 8 P P L K K T K 8 N>
£ REPEAT 3 £ £ >

10
310 320 330 340 350
cctggaaata tetgcecaccce tcacagttac ctcagaagec ctaactgtgg
ggacctttat agacgtgggg agtgtcaatg gagtcticgg gattgacace
L T v>

L E I s AP L T V T 5 E A>
e REPERT 4 e >

360 370 380 390 400
20 ctgecegeege acctectaatyg gtegegggea acacactcac catgcaatcea
gacggcggcg tggagattac cagegeccgt tgtgtgagtg gtacgttagt
L T M ¢ 85>
- REPEAT 6__ >
A A A A P LM V A G N T

25 d REPEAT 5 d >

it 410 420 430 440 450
caggecccge taaccgtgea cgactccaaa cttageattg ccacccaagg
gteccggggeg attggcacgt gotgaggttt gaatcgtaac ggtgggttee

30 L 8§ I AT Qg G
REPEART 7 >

Q A P L T V H D S K>

REPEAT 6 ¢ >

35 460 470 480 490 500



REPEAT 6 AAAAPL MVAGNT> 25 d REPEAT 5 d > 30 WJMQW%544O 450
cagcccccge taaccgtgca cgactccaaa cttagcattg ccacccaagg gtccggggcg
attggcacgt gctgaggttt gaatcgtaac ggtgggttcc L S 1 AT Q&G REPEAT 7 > QA
PLTVHDS K> REPEAT 6_c 35 460 470 480 490 500 18 January 2005 WO
02108263 PCYPEBI®RFD3252 - -. 137 - 5 acccctcaca gt gt cagaBgl/gBAst age
ccctgacgta gcaagcttac tggggagtgt cacagtcttc ctttcgatcg gggactgcat
cgttcgaatg L ASPLTVSEGK>s REPEAT. 7 b >P DV A S L>LUNG SURFACTA >
10 15 20 510 520 530 540 550 gacaacég@tlggéagwttg caagggcagg tacaacactt
acaggcggca ctgttgtcca tcttcggaac gttcccgtcc atgttgtgaa tgtccgccgt R QQV
EALQGQVQHL QA A> LUNG SURFACTANT PROTEIN D TRIM k > 560 570 580
590 600 tttagccaat acaaaaaggt agagttgttt ccaaacggag ccaagaagct aaatcggtta
tttttttcca tctcaacaaa gghddegetts og@bidhe GlRgchage Qc¥odiok YedigletEcP N G

LUNG SURFACTANT PROTEI N ng-lr_:;gRalagMgt? caAca'étciéth:_ >ctttcgatcg gggactgcat cgtt
gtteogaatg
L A>
a_>
5 P L T ¥V S E G K
REPEAT 7 b >
P DV A S L»
) _ _LUNG SURFACTA >
10 510 520 530 540 550

gacaacaggt agaagccttyg caagggcagg tacaacactt acaggceggea
ctgttgteca tcttecggaac gttcccgtee atgttgtgaa tgtcocgecgt
R QQV EAL 996G ¢Q V Q HL @ A A
LUNG SURFACTANT PROTEIN D TRIM k >
i5
560 570 580 590 600
tttagccaat acaasaaggt agagttgttt ccaaacggag ccaagaaget
aaatcggtta tgtttttceca tetcaacaaa ggtttgecte ggttettega
F 58 Q YK KUV EL F P N G
20 . LONG SURFAC?‘ANT PROTEIN b TRIM >

. >Clal
25 |
610 620 630 | 640 650
gaacgacgcc caggccecca agagcegaccce atcgatcgta gacaacaaat
cttgctgegg gtcegggagt tctegetggg tagctagéat ctgttgtita
K D a ¢ A P K § D>
30 SPA 4B-60__ 1 >

35



1 >25 30 >Clal. 610 620 630 1 640 650 gaacgacgcc Cagyceg gaiafORstBIacce

at cgat cgt a gacaacaaat cttgctgcgg gtccgggggt tctcgctggg tagctagcat

ctgttgttta NDAQAPKSD> SPA 48-601 > P SI>m>VDNK> 0> 35 18
January 2005 WO 02/08263 PCT/ GBOLl/ 03252 - - 138 -- 660 670 680 690 700

t caacaaaga ¥MBA¥%4¢aa gcgagt caag agat cagact attacctaac EG§TCHIYERE
ttgttatgtt cgctcagttc tctagtctga taatggattg FNKETI QASQEI RLL

IGA o O 710 720 730 740 ZS? ttaaacggta gacaaaagct tgccttcatc
cacagtttac ttgatgaccc aatttgccat ctgttt %%a acggaagt ag gtgtcaaatg
aactactggg 10 L NGP. QKLAFI HSLLDDP> 0 AFFI .1GAw o0 > 15
760 770 780 790 800 aagccaaagc gctaacttgc tagcagaagc taaaaagcta aatgatgctc
ttcggtttcg cgattgaacg atcgtcttcg atttttcgat ttactacgag SQS ANL L AE A

P N> 5 o AFFI

KKLNDA> 0 AFFI 1GA o os&so>Xhol 6720 1 816sd 820 690 700
tcaacaaaga aacaatacaa gogagtcaag agatcagact attacctaac
agttgtttet ttgttatgbt cgcetecagttc tctagtctga taatggattg
FNKE T I Qg A S Q EIUZRIL L P N

5, o AFFI IGA _o o >
710 720 730 740 150
ttaaacggta gacaaaagct tgccttcatc cacagtttac ttgatgaccc
aatttgecat ctgtittcga acggaagtag gtgtcaaatg aactactggg
10 L N6 R Q KL A F I HSL L DD P>
0 AFFI IGA _o o >
760 770 780 780 800
aagccaaagc gcetaacttge tagecagaage taaaaagcta aatgatgcte
15 tteggtttcg cgattgaacy atcgtetteg atttttegat ttactacgag
5§ ¢ 8 ANL L A EA K KL N D &>
) AFFI IGAR o ) >
>¥hol
20 i
B10 | 820
aggcaccgaa ataactcgag
tecgeggett tattgagetce
*>
25 >
g A P K>
o >
30

[SEQ. ID. NO.: 18] -~ Recombinant Fiber A7 ZIgG/ZIgA

Sequence Range: 1 to 1003
35



aggcgccgaa ataactcgag tccgcggett tattgagctc 25 > Q A Rgﬁgn@ﬂi2@@5[SEQ
ID. NO: 18] -- Reconbi nant Fiber A7 ZI gd Zl gA Sequence Range:"1 to

35 18 January 2005 WD 02/ 08263 PCT/ GO /03252 - - 139 - - 5 >EcoR I 1 10
20 30 40 50 gaattcgatg aagcgcgcaa gaccgtctga agataccttc aaccccgt gt
cttaagct ac WP8YM3d®gtt ct ggcagact tctatggaag ttggggcaca MH/GRWIRSA R P S E
OTFNPV>) TAILj > 10 15 20 60 70 80 90 100 atccatatga cacggaaacc

ggtcctccaa ctgtgeccttt tcttactcct taggtatuget-gtgcctttgg ccaggaggtt
gacacggaaa agaatgagga Y PYDTETGPPTVPFLTP>j j_TATL j > 110
120 130 140 150 <ccctttgtat cccccaatgg gtttcaagag agtccccctg gggtactctc
gggaaacata gggggttacc caaagttctc tcagggggac cccatgagag L S> PF V S P NGF
QESPPGV> | TAL > 25 160 170 180 190 200 tttgcgccta tccgaacctc

tagttacctc caatggcatg c%%@ Tyct ca

| 10 20 30 40 50

gaattcgatg aagcgcgeaa gaccgtetga agatacctte aacccegtgt

5 cttaagetac tteogegegtt ctggeagact tctatggaag ttggggcaca
M>

M K R A R P 5 E D T F N P V>

N | 3 TAIL | >
10
60 70 80 90 100
atecatatga cacggaaacc gghccteccaa ctgtgectit tettactect
taggtatact gtgcctttgg ccaggaggtt gacacggaaa agaatgagga
¥ P Y D T B T G P P T VvV P F LE T P>
15 | j__ TATL 4 | >

110 120 130 140 150
cectttgtat cccococaatgg gtttcaagag agtcecccetg gggtactcete
gggaaacata gggggttacc caaagttctc tcagggggac cccatgagag

20 L s>

P F V 5 P N G F Q E S P P G V>
i TAIL j i >

25 160 170 180 196 200
tttgcgecta tccgaaccte tagttaccte caatggeatg ctigegetea
aaacgcggat aggcttggag atcaatggag gttaccgtac gaacgegagt

L A IL>

30 L R L S E P L VvV T 8 N G M>
h REFEAT 1 h >

210 220 230 240 250
aaatgggcaa cggectcict ctggacgagg ccggcaacct tacctcccaa

35 tttacccgtt geoeggagaga gacctgctec ggccgttgga atggagggtt




aaacgcggat aggcttggag atcaatggag gttaccgtac gaacgcgagt lgAahgarpdods RL S E
PLVTSNGM -h -REPEAT 1 h > 210 220 230 240 250 aaatgggcaa

cggcctctct ctggacgagg ccggcaacct tacctcccaa 35 tttacccgtt gccggagaga

gacctgctcc ggccgttgga at ggagggtt 18 January 2005 WO 02/08263
PCT/ GBO1103%992/08263140- L T S Q@ f 5 10 15 20 25 30 K M @N/&BPIESE DE A G

N> g REPEAT 2 g > 260 270 280 290 300 aatgtaacca ctgtgagccc acctctcaaa
aaaaccaagt caaacataaa ttacattggt gacactcggg tggagagttt ttttggttca
gtttgtattt | N NVTTVSPPLKKTKGEN>f REPEAT 3 -f -f > 310 320
330 340 350 <cctggaaata tctgcacccc tcacagttac ctcagaagcc ctaactgtgg
ggacctttat agacgtgggg agtgtcaatg gagtcttcgg gattgacacc L T V> L EI SAPL
TVTSEA e REPEAT 4 e > 360 370 380 390 400 ctgccgccge acctctaatg

gt cgcgggca acacactcac catgcaatca gacggcggcg tggagattac gaggggeegt

tgtgtgagtg gtacgttagt" L T M Q S> REPEAT 6 > .
' >

KM GN 6L 8§ L DE A G N>
g REPEAT 2 g >

260 270 280 290 300
aatgtaacca ctgtgagccc acctctcaaa aaaaccaagt caaacataaa
ttacattggt gacactcggy tggagagttt ttttggttca gtttgtattt

. I N>
10 >
N v T T Vv 5 P P L K K T K S N>
£ REPEAT 3 £ £ >

310 320 330 340 350

15 cctggasata tctgeaccce tcacagttac ctcagaagec ctaactgtgg
ggacctttat agacgtgggg agtgtcaatg gagtcttcgg gattgacacc

L T v

L E I S AP L T V T 5 E A>
20 - REPEAT 4 e >

360 " 370 380 390 400
ctgecgeege acctectaatg gtegcgggea acacactcac catgcaatca
gacggcggeyg tggagattac cagegecegt tgtgtgagtg gtacgttagt:

25 L 7T M Q0 5>
__REPEAT 6 >
A A A A P L M Vv A G N T>
d REPEAT 5 - d >

30 410 420 430 440 450
caggccccge taaccgtgea cgactccaaa cttageattg ccacccaagg
gtecggggeg attggeacgt getgaggtitt gaategtaac ggtgoagttec

L 8 1 AT Q G
REPEAT 7 >
35 Q A P L T v H D 8§ K>




AAAAPL MV AGNT>-d-REPEAT 5 d > 410 420 430 4401¢pfhua gcccgce
taaccgtgca cgactccaaa cttagcattg ccacccaagg gtccggggcg attggcacgt
gctgaggttt gaatcgtaac ggtgggttcc L S| AT QG REPEAT 7 > 35 QAPL TV
HDS K> 18 January 2005 WO 02/ 08263 PCT/ GBOL/ 03252 REPEAT 6 ¢ > 5 460 470
480 490 500WOA¢BEE: caca gt gt cagaag gaaagct agc ccct gacgt aPGHEBYEBIAC

t ggggagt gt cacagtcttc ctttcgatcg gggactgcat cgttcgaatg L AAa>L TVSE
G K> REPEAT 7 b > 10 P DV A S L> LUNG SURFACTA > 15 20 25 30 510 520 530
540 550 gacaacaggt agaagccttg caagggbag§4%ataacactt acaggcggca ctgttgtcca
tcttcggaac gttcccgtcc atgttgtgaa tgtccgccgt RQQVEAL QGQVQHL Q
A A> LUNG SURFACTANT PROTEIN D TRIM -k > 560 570 580 590 600 tttagccaat
acaaaaaggt agagttgttt ccaaacggag ccaagaagct aaatcggtta tgtttttcca
tctcaacaaa ggtttgcctc.ggttcttcgaresbrd Q¥ KKV E L F P NG LUNG
SURFACTANT PROTEIN D TRRM> A KK L> —

460 470 480 430 500

accectecaca gtgtcagaag gaaagetage ccctgacgta gecaagettac

5 tggggagtgt cacagtctte ctttegatcg gggactgcat cgttcgaatg
L A>

a_>

P L T V § E G K>
I
REPEAT 7 b >

10 P DV A S5 L>»
LUNG SURFACTA >

510 520 530 540 550

gacaacaggt agaagccttg caagggcagg tacaacactt acaggeggea

15 ctgttgteca tcttcggaac gttcocccgtec atgttgtgaa tgtccgeegt
‘ RQQV EAL Q@ 6GQ V OHTIL QA B
LUNG SURFACTANT PROTEIN D TRIM k >

560 570 580 590 600
20 . tttagccaat acaaaaaggt agagttgtitt ccaaacggag ccaagaagcet
aaatcggtta tgtttftcca tectcaacaaa ggtttgecte .ggttettega
F 8 Q Y K K V E L F P N G>
. LUNG SURFACTANT PROTEIN D TRIM >

25 , 1 >
>Clal
f
610 620 630 | 640 650
30 ‘gaacgacgec caggocccca agagegacec atcgatcgta gacaacaaat

ctigetgeygy gtocegggggt tetcgetggyg tagetageat ctgttgttta
N D & ¢ A P K 5 D>
SPA 48-60_ 1 >
F s I>
35 m >




1 >>Cal 610 620 630 | 640 650 gaacgacgcc caggccccca agapndacsHos

at cgat cgt a gacaacaaat cttgctgcgg gtccgggggt tctcgcetggg tagctagcat
ctgttgttta NDAQAPKSD> SPA 48-60 J. > P S I> 35 m> 18 January
2005 WO 02/08263 PCT/ (B01/03252 - -- 142 - V DNK> 0 >5 660 670 680 690
700 tcaaca¥8gA9%thacaaaac gecgttctatg agatcttaca tttacct HaFCBUGRYt tt ct
tgttgttttg cgcaagatac tctagaatgt aaatggattg FNKEOQNAFYEI LHL
PN>0O0o ZDOWNo O > 10 710 720 730 740,550 _ ttaaacgaag aacaacgaaa
cgccttcatc caaagtttaa aagatgaccc aatttgcttc ttgttgcttt gcggaagtag
gtttcaaatt ttctactggg L NEEQRNAFI QSLKDDP> 0azDOMNO O >
15 760 770 780 790 800 aagccaaagc gctaacttgc tagcagaagc taaaaagcta
aatgatgctc ttcggtttcg cgattgaacg atcgtcttcg atttttcgat ttactacgag S QS A
NLLAEAKKLNDA 200 o Z-DOM’N o 0 > 25 810 820 B3@® 840 850
aggcgccgaa aagctcgacc gtagacaaca aattcaacaa agaaacaata tgcgcggceti
ttcgagctgg catctgttgt ttaagttgtt tctttgttat QA P K> 0 >

660 670 680 690 700

5 tcaacaaaga acaacaaaac gcgttetatg agatcttaca tttacctaac
agttgtttet tgttgtitta cgecaagatac tctagaatgt aaatggattg

F N K E 0 QN A F Y E I L H L P N>

o o 4-DOMM_ o o] >

10 710 720 730 740 750
ttaaacgaag aacaacgaaa cgcctitcatc caaagtttaa aagatgaccce
aatttgette ttgttgettt geggaagtag gtttcaaatt ttetactggg

L NE EOQORDN A FI Q5L K DI D P>
a o _Z-DOMN_ o o >

15
760 770 780 796 800
aagccaaage gctaacttge tagcagaage taaaaagcta azatgatgete
ttcggtttcg cgattgaacg ategtctteg atttticgat ttactacgag
5 g8 A NL L AEA KKIL ND B
20 o o_Z-DOM?N_ o o >

810 820 830 840 850
aggcgccgaa aagctcgacc gtagacaaca aattcaacaa agaaacaata
teeyeggett ttegagebgg catctgtigt ttaagtitgtt tetttgttat

25 g A P K>
o_>

S 8 T>

v b ¥ K F NEK E T I>
30 AFFI IGA _g >

860 870 880 890 900
caagcgagte aagagatcag actattacct aacttaaacyg gtagacaaaa
gttegctecag ttctetagtc tgataatgga ttgaatttge catetgtttt

35 Q A 8 Q E I R L L P N L N G R Q0 K>



SST>VDNKFNKETI> 30 35 AFFI 1GA _g > 860 870@?? Bj
caagcgagt c aagagatcag actattacct aacttaaacg gtagacaaaa g cgct'cag
ttctctagtc tgataatgga ttgaatttgc catctgtttt QAS QEI RLLPNLNGRQ
K> 18 January 2005 WO 02/08263 PCT/ GBOL1/ 03252 - - 143 - q AFFI 1GAq q >
5 910 920 9WO098%6H50 gcttgecttc atccacagtt tacttgatga BEVGBYEBER .
agcgctaact cgaacggaag taggtgtcaa atgaactact gggttcggtt tcgcgattga L A F |
HSLLDDPSQSAN qAFFI IGA _q g > >Xhol 10 1 960 970 980 990
1000 tgctagcaga agct aaaaag ctaaat gat g~ ct d#@gcgec gaaat aactc acgat cgt ct
tcgatttttc gatttactac gagtccgcgg ctttattgag -k> 15> LLAEAKKLNDA
QAPK>qAFFI TGA g q _> 20 25 30 gag ctc [SEQ ID. NO: 19] --

Reconbi nant Fi ber A7 ZI g@ ZI gG Sequence Range: 1 to 1003 >EcoR i

q ) AFFI IGA g q >

910 920 830 240 950

gettgectte atccacagtt tacttgatga cccaagecaa agegetaact

5 cgaacggaag taggtgtcaa atgaactact gggttcggtt tcgegattga
L A F I H 8 L L b D P S5 Q S A N>
q AFFT IGR g q >
!
. >Xhol
10 |
960 970 . 980 990 1000

tgctageaga agctaaaaayg ctaaatgatg ctcaggegec gaaataactce
acgatcgtet tegatttttc gatttactac gagtcegegyg ctttattgag
* >
15 >

L. L A E AKZEK L ND A QATFP K
q AFFI IGA a q >

gag
20 cte

[SEQ. ID. NO.: 19] - Recombinant Fiber A7 2IgG/ZIgG
25

Sequence Range: 1 to 1003

>EcoR1
30 | ]
| 10 20 30 40 50
gaattcgatg aagcgcgeaa gaccgtctga agatacctte aaccccgtgt
cttaagctac ttegegegtt ctggcagact tctatggaag ttggggcaca
M>
35 . >



1 10 20 30 40 50 gaattcgatg aagcgcgcaa gaccgtctga agat aﬁjaﬁa@%ﬁgcgt gt
cttaagctac ttcgcgcgtt ctggcagact tctatggaag ttggggcaca anuary 2005
WO 02/ 08263 PCTI GBOL/ 03252 -- _ 144 - MKRARPSEDTFNPV> | |
TAIL j >5 10 60 70 80 90 100 atccatatga cacggaaacc ggtcctccaa ctgtgccttt
tcttactcct WPAYHREX act gtgcctttgg ccaggaggtt gacacggaaa HgHeBB4F§A Y P Y D
TETGPPTVPFLTP>j) j__ TAILj j > 110 120 130 140 150 ccctttgtat
cccccaatgg gtttcaagag agtccccctg gggtasttdL - gggaaacat a gggggttacc
caaagttctc tcagggggac cccatgagag L SS 15 PFVSPNGFQESPPGV> |
TAIL j j > 20 160 170 180 190 200 tttgcgccta tccgaacctc tagttacctc
caatggcatg cttgcgctca -aaacgcggat aggcttggag atcaatggag gttaccgtac
gaacgcggat L AL>>25 30 LRLSEPLVTSNGM -h -REPEAT 1 h > 210
220 230 240 250 aaatgggcaa cglcctctict? ctfygacady Ccghclackt Pt dect cccaa
tttacccgtt gccggagaga gacctgctcci_ggccgttigyga armmgagggit LS5T S O f>>

60 70 B0 90 100

5 atccatatga cacggaaacc ggtcctccaa ctgtgecttt tcttactect
taggtatact gtgectttgg ccaggaggtt gacacggaaa agaatgagga

Y P Y D T E T G P P T Vv 7 F L T P>

3 j__TAIL j i >

10 110 120 130 140 150
ccctittgtat cccccaatgy ghtteaagag agtccccctg gggtactctce

gggaaacata gggggttacce caaagttctc tcagggggac cccatgagag
L 8>

>

15 P FV S PNG F QE S PP G ¥V
3 TATL 3 3 >

160 170 180 180 200

tttgegecta tecegaaccic tagttacctc caatggeatg cttgegetea

20 aaacgcggat aggcttggag atcaatggag gttaccegtac gaacgcgagt
L & L>

L RL 8 BE P L V T 8 N G M>

h REPEAT 1 h >
25
210 220 230 240 250
aaatgggcaa cggectctet ctggacgagg ccggcaacct taccteoccaa
tttacccgtt geoecggagaga gacctgetec ggeegtitgga atggagggtt
L T 35 Q>
30 £ .2
K M G N G L 8 L D E A G M
g REPEAT 2 ¢ >
260 270 280 290 300

35 aatgtaacca ctgtgagccc acctctcaaa aaaaccaagt caaacataaa



KMGNGL SLDEAGN -9 _ REPEAT 2 g > 260 270 28q8%gpua3?90535
aat gt aacca ctgtgagccc acctctcaaa aaaaccaagt caaacataaa 18 January %005 WO
02/ 08263 - - 145 - 5 10 PCT/ GB0OI/ 03252 ttacattggt gacactcggg tggagagttt
ttttggttca gtttgtattt | NNV TTVSPPLKKTKSN f REPEAT 3 f f >
310 320 330W9490336H cctggaaata tctgcacccc tcacagttac ctBEHaBYHE25et aact gt gg
ggacdtttat agacgtgggg agtgtcaatg gagtcttcgg gattgacacc L TV>L EI SAPL
TVTSEA REPEAT 4 e > 15 360 370 380 390 400 ctgccgcecge acctctaatg

gt cgcgggca acacactcac catgcaatca gacggcdd€g-tygagattac cagcgeccgt
tgtgtgagtg gtacgttagt L T MQS> REPEAT 6 20 AAAAPL MV AGNT> -d
-REPEAT 5 d > 25 30 410 420 430 440 450 caggccccgce taaccgtgca cgactccaaa -
cttagcattg ccacccaagg gtccggggcg attggcacgt gctgaggttt gaatcgtaac

ggt gggttcc LSIT AT Q %taBEP@TgaZa&c&gAt@abag-EtytlEthgiicla<>gt t -L-c 6—C >

I N>
.z
N v T T VvV § Pp P L K KT X S N>
5 £ REPELT 3 £ £ >
310 320 330 340 350

Cctggaaata tetgcaceee tecacagttac ctcagaagec ctaactgtgg
!
ggacdtttat agacgtgggg agtgtcasatg gagtcttcgg gattgacacc
10 L T V>

L E I 5 A P L T VvV T 5§ E A>
e REPEAT 4

15 360 370 380 380 400
ctgcogeege acctetaaty gtegegggea acacactcac catgcaatea
gacggeggey tggagattac cagcegecegt tgtgtgagtg gtacgttag:

L T M Q@ 85>

__ REPEAT 6___ >
20 A A A A P p M V A G N T>
d___ REPEAT 5 d >
o 410 420 430 440 450
caggcceccge taaccgtgeca cgactccaaa cttageattg ccacceaagg
25 gtecggggeg attggoacgt getgaggttt gaatcgtaac ggtgggtice
L S I AT O G
REPEAT 7 >
Q AP L T V H D S K» '
REPEAT 6_ c >
30
460 470 480 490 500
acccctcaca gtgtcagaag gaaagetage cecctgacgta gcaagettac
tggggagtgt cacagtctte ctttcgatecg gggactgecat cattcgaatg
L A>
35 a >




460 470 480 490 500 acccctcaca gtgtcagaag gaaagct agc ccq%g%g%é9zg§§agcttaé
t ggggagt gt cacagtcttc ctttcgatcg gggactgcat cgttcgaatg a > 18

January 2005 WO 02/08263 PCT/ GBO1/ 03252 - -

146 - P L TV S E G K> REPEAT

7 b >PDVASL>LUNG SURFACTA > 5 10 15 20 25 510 520 530 540 550
gaaaaaaggt W§LA§BEIt g caagggcagg tacaacactt acaggcggca BEHEBYLREHA

tcttcggaac gttcccgtcc atgttgtgaa tgtccgeegt

ROQ VEALQGQVQHLOQ

A A> LUNG SURFACTANT PROTEIN D TRIM k- = 366 570 580 590 600 tttagccaat

acaaaaaggt agagttgttt ccaaacggag ccaagaagct

aaatcggtta tgtttttcca

tctcaacaaa ggtttgcctc ggttcttcga F S Q YKKVELFPNG LUNG
SURFACTANT PROTEIN D TRIM > A K K L> > >Clal f 610 620 630 1 640 650
gaacgacgcc caggccccca agagcgaccc atdgatcgta gacaacaaat cttgctgcgg

gt ccgggggt tctcgetggg taget afjcadt &t
> P S |> REPEAT 7 |

510 520

thtttak NDAQAPKS SPA 48-60 1

P DV A 8 IL>
LUNG SURFACTA >

530 540 550

gacaacaggt agaagccttg caagggcagg tacaacactt acaggcggea

ctgttgtceca tettecggaac gticccogtec atgttgtgaa tgtcegeegt

R Q Q.V E A L Q G 0 Vv ¢ H L Q A A>
10 ' LUNG SURFACTANT PROTEIN D TRIM k >

560 570

580 580 600

tttagccaat acaaaaaggt agagttgttt ccaaacggag ccaagaagcet

aaatcggtta tgtttticca tctcaacaaa ggtttgectc ggttcttcga
15 F S Q Y XKKV ELF P N G
LUNG SURFACTANT PROTEIN D TRIM >

1 >
20 >Clal
i
610 620 630 | 640 650
gaacgacgcc caggecccoca agagegaccee atecgategta gacaacaaat
‘ cttgctgegg gtcecggggat tetegetggg tagetageat ctgttgttta
25 N Db A Q A P K S D>
SPA 48-60__1 >
P 5 I>
_m >
v p N K>
30 __© >
660 670 680 690 700

tcaacaaaga acaacaaaac gcgttctatg agatcttaca tttacctaac

agttgtitct tgttgttttg cgeaagatac tctagaatgt aaatggattg
35 F N K E Q0 0 N A F ¥ E I L H L P N>



m>V DNK> 30 0 > 35 660 670 680 690 700 tcaacaaaga 38y 2605
gcgttctatg agatcttaca tttacctaac agttgtttct tgttgttttg cgcaagatac
tctagaatgt aaatggattg FNKEQQNAFYEI LHLP N> 18 January 2005
WO 02/ 08263 PCT/ GB01/03252 - - 147 - 10 15 20 0 o Z-DOM?’N o o > 710 720
730 740 750V00¥¥3%cgaag aacaacgaaa cgccttcatc caaagttt aaPeHgENGEASec
aatttgcttc ttgttgcttt gcggaagtag gtttcaaatt ttctactggg L NEE QR NAF |
QSLKDDP> 0o Z-DOWNoO a>" _ _76Q777Z0-780 790 800 aagccaaagc
gctaacttgc tagcagaagc taaaaagcta aatgatgctc ttcggtttcg cgattgaacg
atcgtcttcg atttttcgat ttactacgag S QS ANLLAEAKKLNDA>ODO
Z-DOWN o a > 810 820 830 840 850 aggcgccgaa aagctcgacc gtagacaaca
aattcaacaa agaacaacaa tccgcggctt ttcgagctgg catctgttgt ttaagttgtt
tcttgttgtt QA P K> V D-N-K-FNKE Q QS ZHMUDOMPN p >S5 S T> 25 30 35
860 870 880 890 900

710 720 730 740 750

ttaaacgaag aacaacgaaa cgccttcatc caaagtttaa aagatgacec

.5 aatttgctic ttgttgettt geggaagtag gttteaaatt ttetactggg
L NE EQRN A FI 0SL K DD P>

0 o_Z-DOMIN_ o o >

S 760 710 780 750 800

10 aagccaaagce gcectaacttge tagecagaagc taaaaagcta aatgatgete

tteggttteg cgattgaacg atcgtcttcg atttttegat ttactacgag
5 085 A NIL L A E A X KL N D A

o o_Z-DOMM_ o Q >

15 ) 810 820 830 840 B850
aggcgccgaa aagctcgacce gtagacaaca aattcaacaa agaacaacaa

tcegeggett ttegagetygg catctgttgt ttaagttgtt tettgtigtt

Q A P K>
..__............n—o__>
20 vV D N K F N K E Qg Q>
p Z-DOMMN_ p >
S 8 T>
>
25 860 870 880 890 900

aacgegttcet atgagatett acatttacct aacttaaacg aagaacaacg
ttgcgeaaga tactctagaa tgtaaatgga ttgaatttge ttcettgttge
N A F Y E I L H L P N L N E E Q R>

P p_Z~DOMMN_p 1) >

30
910 920 930 940 950
aaacgeectte atccaaagtt taaaagatga cccaagccaa agegctaact
tttgcggaag taggtttcaa attttctact gggttcggtt tcgegattga
N A F I Q0 8 L K D D P 8§ 0 S A N>
35 o) _p_Z-DOMN_ p p >




aacgcgttct atgagatctt acatttacct aacttaaacg aagaacaacg
ta.ctctagaa tgtaaatgga ttgaatttgc ttcttgttgc NAF X E lﬁ%%ﬁﬂ{a@%@ﬁ)ﬁ_ N EE

QR> p p Z-DOWN p p > 910 920 930 940 950 aaacgccttc atccaaagtt

t aaaagat ga cccaagccaa agcgctaact tttgcggaag taggtttcaa attttctact
goggttcggtt WOJeER6iga NAF I QS LKDDPSQSAN PCIGBII/5233

Z- DOVPN~p 18 January 2005 WO 02/08263 PCTI GB01103252 - 148 - >Xhol 5 10 1
960 970 980 990 1000 tgctagcaga agct aaaaag ctaaatgatg ctcaggcgcc gaaataactc
acgatcgtct tcgatttttc gatttactac gagtccgédd Tttitattgag LL AEAKKL ND
AQAPK> p Z-DOWN P P gag ctc 15 SFQI.D. No.: 47 - Anti

J3-gal act osi dase single chain Fv fragnent

ATGGCCGAGGT GCAGCT GGT GGAGT CT GGGGEGAAGCCT GGT CAAGCCT GEEGEGEG
TCCCTGAGACTCTCCTGIGCAGCCTCTGGATTCACCTTCAGTAACTATAGCATGAAC 20 sxhos

TGGGT CCGCCAGGECT CCAGGGAAGGEECT GGAGT GGATCTCATCCATTAGT GGTAG
TAGTAGATACATATACTACGCAGACT TCGTGAAGGEGCCGATTCACCATCTCCAGAGAC !
AACGCCACGAACT CACTGTACCTGCAAAT GAACAGCCTCAGAGCCGRBGACACGEZT G 1000

TTTATTACTGI GTGAGATCCAGT A JAGLATd b d€dal Ll AT GGG c@@: gaaataactc

e oS e & B

CTCCTGGACAGTCGATCACCATCTCCTGCGCTGGAACCAGCAGTGACGTTGGTGGT >
TATAACTATGTCTCCT GGTACCAACAACACCCAGGCAAAGCCCCCAAACT CATGAT s
TTATGAGGACAGTAAGCGGCCCT m CTCTGGCT
CTGGCAACACGGCCTCCCTGACAX’? %@A&A&@%ﬁ K>
- —DOMN >
10
gag
ctoe
15 SEQ I.D. No.: 47 - Anti B-galactogidase single chain Fv
fragment

ATGECCGAGATGCAGCTGATGCGAGTCTGGGEGAAGCCTEETCAAGCCTGEEGEE
TCCCTGAGACTCTCCTETGCAGCCTCTGCGATTCACCTTCAGTAACTATAGCATGAAC
20 TGGETCCGCCAGGCTCCAGGGAAGGEGCTGGAGTGCGATCTCATCCATTAGTGGTAG
TAGTAGATACATATACTACGCAGACTTCGTGAAGGRCCEGATTCACCATCTCCAGAGAC
AACGCCACGAACTCACTETACCTGCAAATGAACAGCCTGAGAGCCGAGGACACGGCTE
TTTATTACTGTGTGAGATCCAGTATTACGATTTTTGETCGGCGETATGGACGTCTGEG
GGCAGAGGCACCCTGGTCACCEGTCTCCTCAGGTCGGAGGCGETTCAGGCGGAGGTGG
25 CAGCGGCGETGGCGGATCEGCAGTCTGTGCTGACTCAGCCTGCCTCCGTETCIGEGT
CTCCTGGACAGTCGATCACCATCTCCTGCGCTEEAACCAGCAGTEGACATTGETGGET
TATAACTATGTCTCCTGGTACCAACARCACCCAGGCAAAGCCCCCAAACTCATGAT
TTATGAGGACAGTAAGCGECCCTCAGGEGTTTCTAATCECTTCTCTEGGCTCCARGT
CTGGCAACACGGCCTCCCTGACAATCTCTGGGCTCCAGGCTGAGGACGAGGCTGAT
30 TATTACTGCAGCTCATATACAACCAGGAGCACTCEAGTTTTCGGCECGAGCGGACCAR
GCTGGCCETCCTAGGTGCGEGCCGCAGAACAAAAACTCATCTCAGAAGAGGATCTGA
ATGGGECCGCACATCACCATCATCACCAT



30 TATTACTGCAGCTCATATACAACCAGGAGCACTCGAGT TTTCGGCGGAGGGACQQQanuary 2005
GCTGGCCGTCCTAGGT GCGGCCCCAGAACAAAAACT CATCTCAGAAGAGGATCTGA
ATGGGGCCGCACATCACCATCATCACCAT 18 January 2005 - 149 dains 1. A nodified
Virus conprising one or nore non-native- ¢PO| ypepti des, which pol ypeptide
conprises one or more framework noi et7 e5%9 vini ch possesses a folded three 5.
di mensi onal . structure, each-franmework noiety containing one or nore

bi ndi ng noi eties,- which pol ypeptide is capable of being expressed in the
cytopl asm and nucl eus of a rmammali.an host cell in a conformation which is
mai nt ai ned ida1 pl% absence of a ligand for said binding noi eties, said 1o
conformation aET ow'ng said binding noieties subsequently to bi nd Wwith said
ligand, and vhi ch2pohgpehiedevisusapeintparisding rams por t mbieuabnl-he eive ear

menbrane, wh d -V, ered tropismconferred by
cad bt ndl ngoaeagese Yhifh etinelEidy Hograed PhSdinmore
derived from%rémﬁwpﬁf ¥ saneieeiesr owhipnh gprowsessersi std ngfoldeddethrieruses,
retrovi puses dlh@ﬂtsllbhralls%ni@ﬁi'ﬁe aségﬁhatﬁ%me‘ﬂdfkset%asrﬁa?vbﬁhggfnlgg The

Pi cornaviri daeé Par vovi rfi $ 20 Papovaviri dae and VIrl
modi fi ed vi r B8%ofP¥ F3Ffh 1% 1’&$a‘F‘FIJr‘EtWﬁCHmJSC RHiypeptideminurapable

adenovi rus 26£4.belirgy negtpiriceded r i &heanyy 0881 88mCladiddndcious WHCh s
virus of any one

derived f
of olaim 1 Panpry AR U LR A BSeRtopiRybup: vkeh obp dvatncrangg

i ncor por at edifntlee apsdnrersofa 4 Lﬂsxganqorﬁm:elaalﬂ biAnddnyi mahetpé§t esdid
conponggt Ofcéﬂﬁzfdlégléﬂpséibﬂﬂﬁ @Lalya'% q@:)evétl:l S, of gﬁ$€?f§5

claims 1 to wher ei n_sai d non- fati ve an
conponent pridt Rt oridh Sadg t]HQ% ﬁ&lﬁ i 19 ?pém}ﬁnélqie isotagrielén a

"cellular ervroepaRBport though the nuclear membrane, wherein said
modified virus has an altered tropism conferred by said
binding moieties.

15 ‘
2. The modified virus of ¢laim 1 which is derived from
a virus selected from the group consisting of
adenoviruses, retrox}iruses,. lentiviruses, adeno-associated
viruses, Reoviridae, 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 virus of any one of claims 1 to 4
wherein said non-native polypeptide replaces, is

30 incorporat_ed into, or forms a fusion protein with, a viral
protein component of the wild type virus.

6. The modified wvirus of any one of claims 1 to §
wherein said non-native polypeptide and/or the viral
35 component protein comprising the non-native polypeptide is

soluble in a cellular environment.



18 January 2005 WO 02/08263 PCTI GB01/ 03252 - - 150 - %‘ &ﬁyéﬁ dsed Virus
of claim®6 wherein greater than 30% of the non-native po ypept’i de or the
viral conponent protein conprising the non-native polypeptide is present
in the, soluble fraction of cell lysates of cells 5 expressing the
non-native WOI%PEP i de or viral conponent protein conprPSIABOYRE2
non-native pol ypeptide. 8. The nodified virus of any one of clains 5 to 7
wherein said viral protein conponent_is_g 0agegoviral 10 fiber protein. 9.
The nodified virus of claim8 wherein said non-native polypeptide is

i ncorporated into an adenoviral fiber protein such that the wld-type

fi ber knob or cell binding 15 domain thereof is renoved. 10. The nodified
virus of any one of clains 1 to 9 wherein said non-native pol ypeptide
conpri ses one of - nnr@thm©@i£§6¢ﬂwﬂm@ﬁtthhéaimiﬁiwhetminugﬁeakextmhahure or

20 function of ao¥¢i kal tﬁ@nﬂ&mhﬂéobswpéﬂtl\@ ek £aLdviRON-NAL

pol ypeptide is incpr orate non-native tirde repl aces.
11. The nodifi e§*Vrith ?mpﬁyq%ﬁe*:g? %?%lri‘?stli’et Boi Q@C{%éﬁpm‘?ﬁ’ﬁﬂ
non-native ponpépth@ deebuliet foackion amf diellsulpdites barfdscel2s The
nodi fied vigus ekpasysone e ¢oal AL dvd opolllype\gﬂ@aél &tmallor&dﬂ%bhéﬁt

pol ypeptide co i.ses one ar. nore_. 30 ot-helical structyres
nodi fi ed V|rusn§% a%?néﬁgmgls&P%l%%ef“anf'1V$WRQ%¥H?p§éaﬁ non-native
pol ypeptide conprises a franework noiety derived froman anti body which is

capabl e of 35 ppoducthyemb@ifidyy I iridecey R ase and suhsaguent. 18;January
2005 WD 02108263 PCT/GBCH%83252 irans ort into the cell nucl_eus.

wherein sa viral protein component 18 an adenoviral
10 fiber protein.
9. The modified virus of claim 8 wherein said non-native

polypeptide is incorporated intoc an adenoviral Ffiber
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 mnative structure or

20 function of a viral component protein in which said
non-native polypeptide is incorporated or which =aid
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 wvirus of any one of claims 1 to 11
wherein the non-native polypeptide comprises one or more
30 a-helical structures.

13. The modified vifus of any one of claims 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 c¢ytoplasm and subsequent



10 14. The nodified virus of claim13 wherein said fra hisd v
conprises one or nore binding noieties derived froma gggqéﬁﬁgg?g@%her

anti body. ofclains 1 tol2 15. The nodified virus of any one wherein said
non- nati ve pol ypepti dei sor conprisesa conbinatorial ,protein or an

af fi body. 190 0®6éhodified virus of any oneofclains 1 toREI/EREYEIN said
non-native pol ypeptide conprises one or nore framework noieties derived
froma bacterial receptor. 15 17. The_ modishi ed_virus of any one of clains 1
to 12 or 16 wherein said non-native pol ypepti de conprises one or nore

bi ndi ng noi eties which are present within one or nore |oops of a helical
bundl e and/or one or nore of the | oops .connecting these bundles. 20 18.
The nodified virus of claim 16 wherein said non-native pol ypeptide
conprises one ortuameport aiwrtibe golbtiwsledsri ved from the i munogl obul i n
bi ndi ng Z-domain from staphyl ococcal protein A or an inmunogl obulin

bi nding 25 domai,n from streptqcoccal profein 9. .The nqpdified vjrus of
any one of clarﬁf'l #§Ef§m£§ﬁ§§éYﬁ“EhP§ ﬁ%ﬁg% i V&SPt f&p i%%“%ﬂﬁﬁ i ses
one or nore fr APEREYKeomirdEeesophirhmepaprinking notetissi derig0l from
trimerisation nmeficbr 86.a Tha-ume bhedbady.us of claim 19 wherein said
non-native pol ypeptide conprises one or nore franework noieties which

conprise the neck region peptide fromhuman 35 |ung surfactant protein D.
18 January 2005 20 071e8medi PCTl Gebayp3052any - ong5 L -clagms ThetoodRfi ed
virus of any onetefreshaigagal ﬂ&—&@tﬂ?&??pl jcesid V\Qrplboﬂ%ffsé’é-fger ent
non-nati ve pol YRERLydese, B 23rollen BEIL! GEe¥LLYp, of clai m 2L which
conprises a
10
16. The modified virus of any one of c¢laims 1 to 15
wherein 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 moxre
binding moieties which are present within one or more
loops of a helical bundle and/or one or more of the loops
connecting these hundles,

20
18. The modified wvirug of claim 16 wherein said

non-native polypeptide comprises one or more framework
moleties derived from the immunoglobulin binding Z-domain
from staphylococcal protein A or an immunoglobulin binding

25 domain from streptococcal protein G.

19. The modified wvirus of any one of claims 1 to 18

wherein said non-native polypeptide comprises one or more

framework moieties which comprise a non native
30 trimerisation motif.

20. The mwodified virus of claim 19 wherein said

non-native polypeptide comprises one or more framework

moieties which comprise the neck region peptide from human
35 lung surfactant protein D.



first non-native pol ypeptide which binds a target cell a ﬁgﬁﬁgd
non-nati ve pol ypeptide which binds a production cell ormgg?ﬁPSS|ve cel |.
10 23. The nodified virus of any one of clains 1 to 22 wherein said
non-native‘gplggfptide conprises a cleavage site positioned in a |ocation
t hat enabl e¥O&2%2¢%i ng noi ety of the non-native pol ypept¢HeBt1@325e cl eaved
from the nodified virus. 15 24. The nodified virus of any one of clains ].
to 23 wherein said virus conprises a nmdjf Led viral conmponent conprising
said non-native pol ypeptide and a correspondi ng unnodified viral conponent
e.g. awld-type fiber and a 20 nodified fiber. 25. The nodified virus of
any one of clains 1 to 24 wherein said non-native pol ypeptide conprises a
bi nding nviety capable of binding to a cell specific |ligand which 25 may
optionally be Prostate Specific Menbrane Antigen, EGF receptor, Her-2/Neu,
VEGF receptor, 20D227hepdal fielHd pepldfdang el exesloimdranboane wlifuct ures
or surface nol o] roliferati cells t unor
cells or Virusc$ﬁ¥ggéggxgéfﬁésqggé2§£E%%%§ﬁbg?$ie%é5$?6§ﬂ§%e ﬁ@é%%e of
claims 1 to 25 which further conprises a site for insertion of one or nore
desired therapeuti cThenesddriadickeias acfdcibiacrhlewhidh ZLbmprheesodi fied

virus of cl ai mf%@sw&b—r%‘?;méi%%%t#é@“ﬁ@égzgggdm %frgggﬁéeu and

PCT/ GB01/ 03252 transgenes enco yt osi ne deam nase _an r-uraci
phosphori bosyl % FRASTRr BRR-Rakiver PRIYBeRAR ahdehebinds 2 gpperdvatias a

bi functional fusldnogepermima8e ddelnodified virus of any one of clains 1
to 27 which further conprises a viral conponent which is replaced with an
equi val ent_conponent from a different serotype or is nodified such that

bi ndi ng of0 sai d3vi r'EF%ebS?Oghﬁ-%dV{“’éuS of any one of claims 1 to 22

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 wviral component e.g. a wild-type fiber and a
20 medified 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, Cp22, 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 site for insertion of one or more
degired therapeutic genes or nucleic acid molecules.

35 27. The modified wvirus of claim 26 which comprises



pre-formed to, the wild type conponent is reduced. 10 294 TQ e{FP%éd ed

virus of claim 28 wherein said viral conponent is a hexon prote 30. A

nodi fied viral protein conprising a non-native 15 pol ypeptide as defined
in any one of clainms 1 to 25. 31. A cell containing a nodified virus or
viral proteM? 024863 efined in any of the clainms 1 to 30. ZETEBOIARBer ni ssi ve
cell for a nodified virus as defined in any one of clains 1 to 29 which is
capable of being cultured to propagate_ 39&9 nmodi fied virus. 33. A nethod
for producing a nodified virus as define 25 any one of clains | to 29
in cell culture, conprising the steps of: i) genetically nodifying a virus
to produce a nodified virus conprising one or nbre non-native -

pol ypepti des, which pol ypeptide conprises one or nore franmework noieties
30 each cont ai niFgprsasnes nerecdigiondepgosivieet desmimdseh andgby peptddla i s

capabl e of bei n@@%&ﬁdsw thgngﬂéﬁélea%mtlﬁﬁ_ld Jwict 8Us--0f % gl i an
tained 1n the abse ce of a | i gand

host cell in a o Qrumt Laon, .S miﬁ?
for said binding Toieti &S, el r%%ﬁPB? 1H2aPFB®i ng sai d bi ndi ng 35
noi eti es subsequently to bind with said | i gand, and which 18 January 2005
WO 02/ 082635 Pd/@01h@3258dxflea ¥odus of aeyy&%)tdfdslamﬁp%@ 87 Qfnilgansport
t hough t he nuclqﬁf ane, wherejn_said dified v has an altered
tropi smconferre LAl %m%rlﬁ(? ng Yoitd F8’§P°rl“?r)t i F%’Et%%d’eﬁéﬁﬁ?‘%é’i% cells
Wi th said nodifi%d sduiiglens ppaporentt fidong assiidferths sergnpeuce tike
virus; and iv) nagivestl @acha@ﬂaepmﬁaﬁh Yof PEELd Vi DBud hs*,nyg.gfgﬁ gvirus
e

produced 10 34. tho of regul he re Ilcatlon d
virus as dfélfﬂﬂP%An any %ne ot &i Eﬁ%ﬁ Rbri&iFguehe steps of:

29. The modified wvirus of claim 28 wherein said viral

component is a hexon protein.

30. A modified wviral 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
ag defined in any of the claims 1 to 30.

20 32. A permissive cell for a modified virus as defined in
any one of claims 1 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 claimg 1 to 29 in cell culture, comprising the
gteps 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 c¢ontaining 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
35 moieties subsequently to bind with said ligand, and which



i) constructing a nodified virus such that a cleavage sjg¢ gnl,s5/PR85t1 oned
between a binding noiety required for 15 cell infection ang Hﬁe remai nder
of the reconbi nant viral conponent of which the binding noiety fornms part;
and, i) bringing said reconbinant virus into contact wwth a cleavage
agent or cl¥a9&He%heans capabl e of cleaving said bindi RRETHSBUEH2Er om sai d
viral conponent and thereby 20 preventing the reconbinant virus from
undergoi ng further infection cycles. 35g54A_nethod of determ ning 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

nmet hod as clainmed in claim35 which conprises the steps of i) expressing
said non-native pol ypeptide or a viral 30 conponent protein conprising
sai d non- nati v@PIPFBERETdds icAPPRYS S5i YEarerer: $housdubihectiungeatre cel | s
to lysis to procuberaacceldhereysateid ingdiFdeadr afing t hes sehulla ke

i nsol ubl e fractd f I fe. 18 2005 WO 02/ 08263
PCT/ch;/03252f§%@§f§5°§ﬂf?9%§%%§|%%4%3§%ﬁ%“ pwégggﬁ%%d i nsol uble fractions
of the cell |ydadtelPbpcting PerELFRIVET ceala WhER rRadidy Bogbf igsbptime; or
viral conpdnentiiglotelmuehiprdadtingedbd N @rodate VEhe palryeept i de; 5 and, v)
conmparing the rglsati ve content of said non-native polypeptide or viral

conponent proteln conprising said non-native polypeptide in the soluble
and insol ubl e fVact PaRgeding. %&dnét%enailﬁssﬁwh%%%% awsidiifedof a

non-nati ve pohlypeptpdedws=dlefined in any one of clains 1 to 25 or a
nodi fied viral protein as defined in claim30, which
10 34. A method of regulating the replication of a modified
virug as defined in any one of claims 1 to 29 comprising
the gtepsg of:
i) constructing a modified virus such that a cieavage
_ gite is positioned between a binding moiety required for
15 cell infection and the remainder of the recombinant wviral
component of which the binding moiety forme part; and,
ii) Dbringing said recombinant virus into contact with a
cleavage agent or cleavage means capable of cleaving said
binding woiety 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
steps of:
. i) expressing said non-native polypeptide or a wviral
30 component protein cowprising said non-native polypeptide
in permisgive cells;
ii) subjecting the cells to lysis to produce a cell
lysate;
iii) separating the soluble and inscluble fractions of the
35  cell lysate; |



met hod conpri se

S the'steps of: 15 i) expressing said norny i%hX@:RB ypepti de
pol ypepti

or a viral conponent protein conprising said non-native

perm ssive cel
| ysate; 20 iii)

S; 1) subjecting the cells to lysis to produce a cel
separating t he sol uble and insoluble fractions of the

I n

cel |

| ysate; iv)WadM826i ng the sol ubl e and insol ubl e fracti onBCHEEB{INE2S2ce] |
content of said non-native pol ypeptide or viral conponent
ing said non-native 25 p %épeptide; and, v) conparing the

| ysate for the
protein conpris
rel ative conten
conprising said
fractions. 38.

nmedi canent for
phar maceuti cal
clains 1 to 29
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t of said non-native pol
non-nati ve pol ypeptide in the soluble and insol uble

30

ptide or viral component protein

The nodified virus of any one of clains 1 to 29 for wuse in
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and,
) comparing the relative content of said non-native

polypeptide or viral component protein comprising said
non-native polypeptide in the soluble and insoluble

f

fractions

37. A wmethod 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:

i) expressing said non-native polypeptide or a wviral
component protein comprising said non-native polypeptide
in permissive cells;

ii) subjecting the cells to lysis 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 non-native
polypeptide;

and,

V) comparing the relative content of smaid non-native
polypeptide or viral component protein comprising said
non-native polypeptide in the soluble and insoluble

fractions.

38. The wmodified virus of any one of claims 1 to 29 for
use in therapy.

39. Use of the modified virus of any one of claims 1 to

of
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29 in the preparation of a medicament for the treatment of

tumour cells or proliferating cells.

40. A pharmaceutical compogition comprising a modified
virus of any one of claims 1 to 29 and a pharmaceutically

acceptable carrier or excipient.





