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WO 2005/ 118644 PCT/ EP2005/ 052410 1 TITLE OF THE
I NVENTI ON Bi ndi ng nol ecul es capabl e of neutrali zing
woabnisazsesit r us and uses thereof 5 FIELD OF THEPCT/EP2005/052410
I NVENTI ON The invention relates to nedicine. In
particular the invention relates to rabies virus
neutralizing binding nolecules. The binding nol ecul es
are useful in the postexposure prophylaxis of rabies.
10 BACKGROUND OF THE | NVENTI ON Rabies is a viral
infection with nearly worldw de distribution that
affects principallyppd g &ﬁdﬂﬁ?qﬁ@hh% ofNi mal s but
al so invol ves humanss—resutttngTm=a ucvastatlng, 15
lnadsty ovach b edmidle erficepharatizsing\makkldsy viggseand
t han 70é0 O human fatalities are estimted, and
Y5l FBRECGF others require postexposure treatnent.
The rabies virus is a bullet-shaped, envel oped,
si ngl e- stranded RN@ é' USE | i K the
rhabdovirus famly LD q?%ééé&ﬁﬁglggnus. The
geno[l‘ﬁeOan’(ralbi:ﬁSn \hid’lli&efs()d:eSmédlicihea'e ILwvigedtiprdiesi hbe

RNA- d d |
Jéwﬁﬁlgg' gﬁgFg akedy NA&)‘? rg]e;?rs?%e I‘(—l pr%l[l‘\;rayfl s ] %tl%ld?ﬁ%’\')

nAGhedsONThEenifdaig Sridi%o@ﬂebhar&‘l ﬁ@éflp]r oiIIEItlhe

envel ope; and an exter nal % ace glycoprotein (G. 25
Pﬂﬁ§eéP6FBF%|Hr?@ﬁ¥¥ﬁx¥ﬁxﬁ i"§°a°Fype-1 gl ycoprotein
conposed of 505 amino acids that has two to four
potential N glycosylation sites L only one or
two are gl ycosyl at#c GRENEL QFp g s strains.

The @apreteid LoyiEat fh&afé@t@bhumamnéﬁaw &mmrdmjme
outer surface of the virion 3Q envel ope, and

D i ue00 FUSE rtach] HGRERbErELd e, st 224

NElNeabed Q1s8r exesvsk Munkekh Rassiven@nth @Aeidw@tating,

I mruni zati ons. Rabi es postexposure prqghglaX|s
almgsigdgvariable fatal encephalitis. Annudlly, more than

70,000 human fatalities are estimated, and millions of others
require postexposure treatment.

The rabies virus is a bullet-shaped, enveloped, single-
stranded RNA virus classified in the rhabdovirus family and
Lyssavirus genus. The genome of rabies virus codes for five
viral proteins: RNA-dependent RNA polymerase (L); a
nucleoprotein (N); a phosphorylated protein (P); a matrix
protein (M) located on the inner side of the viral protein
envelope; and an external surface glycoprotein (G).

The G protein (62-67 kDa) is a type-I glycoprotein
composed of 505 amino acids that has two to four potential N-
glycosylation sites, of which only one or two are glycosylated
depending on the virus strains. The G protein forms the
protrusions that cover the outer surface of the virion
envelope and is known to induce virus-neutralizing antibodies.

Rabies can be treated or prevented by both passive and

active immunizations. Rabies postexposure prophylaxis includes
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WO 2005/ 118644 PCT/ EP2005/ 052410 2 pronpt | ocal wound
care and adm nistration of both passive (anti-rabies

w0 pomanesghobul i ns) and active (vaccines) i MMUNPCHEPIINS052410

Currently, the anti-rabies i munoglobulins (RRG are 5
prepared fromthe serum sanples of either rabies
virus-imune humans (HRIG or rabies virus-inmune
horses (ERIG. A disadvantage of ERIG as well as HRI G
is that they are not availabbe in sufficient amounts
and, in case of HRIG are too expensive. In addition

th ' . i .
pérargl %Sfoggxl %ﬁc{]ﬂ'&% laﬁada&%}]ﬁgé/@fasﬁcﬂrp er%%ithoﬁﬁssz.ve

as anap act1 ¢ shock. e possibility o

(@ant armehaes ohmrinyndgiobmldnsinkndwic ittt og@es ingsan
.addltloFaI concern associated with HRIG To overcone

THESS“8rS

s%%%antages it has been suggested to use
nmonochenaht byt i tiodiseticaphbee dfmumegtatalliizisng Righi ese

Vi rus i.n_.postexposure pro | axk-S. s ' B VL _s
BRearrar SPD Te S T AGePoRa: Chnt ik cees’ pidia-jmmune
Huh@n@; t(HRks6eE & htamicherietsalimpuid89)rsddoWERAG) -t Ae

use 0 nmurin i bodi es.in vij is lim.t u 0

o6 emsatas bl G AR e Ladh RILE 1581 It of hgt kg not
aaiﬁti!lﬁﬁg_éle_inté)uﬂﬁﬂ’ﬁairéht asidehtasastiprin seraemdfalHRIG, f ere too
an inability to frigger _ certain man .ef f.ect.or
FRFOEASRs Ah P T T i BF SR CRBRR P S g 2averse
HIHRNABNECSPORSEs agaigISilaldie cnyhbbR. artie hudysilbildty of

human (the "human anti-nmouse anti body" (HAVA _
GO O} L ROEENTIPH SRR cBI IR helt 1) Poiionat
Wﬁoﬁg%gcﬂflﬁé%ﬂﬁggﬂngegﬁvdﬁéaﬁé btk (s @d sadvantages
Dietzschold et al., : ion et al ., 2000

dnd RPN BEOEFSLe T IS BPARIAR Lt Te as igg capeble of

ARG anahgaphbhesiesrid ke pastekpestty epafpiiliakisi.NRabies—
post exposure prophylaxis a m xture of ponocl onal .
Hitish 6152 L 4 RbUY e ifs FPNOLA O8RL hAAE WP ® Sdgcffrovn 10

A 139dy s8hoYb ARl Mkt ot a1di,f flegeNt BPidRNE QheShise of
on the virus to prevent the escape 30 of resistant
wparingn g tébodhes vi R usl Ve didftifedt AR et? RS,
égéygﬂgt%ﬁnEiEﬁeQdﬁfﬂiéﬁ?ﬂtion of .murine antibodies to humans,
such as short serum half life, an inability to trigger certain
human effector functions and elicitation of an unwanted
dramatic immune response against the murine antibody in a
human (the “human anti-mouse antibody” (HAMA) reaction).

Recently, human rabies virus-neutralizing monoclonal
antibodies have been described (see Dietzschold et al., 1990,
Champion et al., 2000, and Hanlon et al., 2001) . For human
anti-rabies monoclonal antibodies to be as effective as HRIG
in postexposure prophylaxis a mixture of monoclonal antibodies
should be used. In such a mixture each antibody should bind to
a different epitope or site on the virus to prevent the escape
of resistant variants of the virus.

Currently, there is still a significant need for new

human rabies virus-neutralizing monoclonal antibodies having
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human rabi es virus-neutralizing nonocl onal antibodies
havi ng WO 2005/ 118644 PCT/ EP2005/ 052410 3 i nproved

weombexsasur e prophylactic potential, parti cul B€T/EP2005/052410

ant i bodi es having different epitope-recognition
specificities. The present invention provides such
human nonocl onal antibodies that offer the potenti al
to be used in mxtures 5 useful in the postexposure
prophyl axis of a wide range of rabies viruses and
neutralization-resistant variants thereof.
iRE?ggigwgég%%§§6Qﬂ§er§%%§§ﬁg%ﬁﬂﬁE%ékéﬂﬂﬂ&i,tBﬁrticularly
conpari son of 'the am no acid sequences of . 10 the, . . .
anghbedies rhavistay sliffevsnt 1ephrES7reandaid 1ppr gegsificities.
irus-_infe LI : a t lonal
Tpgs#?‘?%‘%ﬁtﬁ)\ﬁ&g& & gtral FLSeR%IA&&gz }?g%aﬁlagggg)cq DNA was
agenbpdies tak usEer dheDRAtsaflhcinde RegdoAs mixtures
cont ai ni ng_ nu ' I ang; sl r&f
ERarEataa T S R R SRR  RF VS 2eRaR
rabithevhncseotdmt reedreidestiNumbesis gy ¥agdepss thereof.
acids indicate am no acids nunbers fromrabies virus
gl ycoprotein including signal peptide. Figure 1B shows
the conpari son ODESORIBIERN D gdiie AGEERESchemat i c

drawi ng o rabi es virus _alycaop el n |
SHRRTE ScRMB P (GRIPE N o eyl A aeffiehdBs of
drlee rgbays boxrifditaaties Avise 11t eadsh®ENersrepedoriaiusesThElrus-
sequences |n Figure 1 ar | so ._represent E

CPsg- sabls s e el PhaekErba Rttt bl kota
N RAsackd1segdeNEmBA afas denthetedbamd wdadisfost DARN
CVS-11 .and EJB, esca%gn Vi.ruyses, L[ us- i nf ect

Vi cel ;s
SRIETFEPT e SREI P Y S G50 O FBER F O R B osthgﬁm %kﬁ the
Mastisakaked. 160N vaS igebendt edigade uskedsHors Eam
sequenci ng. Regi ons cont.aj ni ng mut ati qns .are sho
qqq%arﬁﬁpa? Pgngg%r%u‘?lrﬁﬁté‘?teeﬁegﬁe%?ﬁ? OI}[‘141lmgbu(':‘rres FR°S o%@gno
dhe13Qn008R8L 1 SRMOTfade: nueleeti deos erpleireesristber s
above am no  acjds indicate amno aci?. nunb = fhro%rg] the
glasiopsorri s Lngl Yy Y REPGdFfg THEVS S'na|s
é3ﬂ§5ﬁ$%oangyﬁﬁiﬁg3éﬁEHM%édﬂénces. Schematic drawing of .

rabies virus glycoprotein is shown on top. The black box

indicates the signal peptide, while the gray box indicates the
transmembrane domain. The sequences in Figure 1 are also

represented by SEQ ID Nos:130-141.

Figure 2 shows the comparison of the amino acid sequences of
the rabies virus strain CVS-11 and EJB escape viruses. Virus-—
infected cells were harvested 2 days post-infection and total
RNA was isolated. cDNA was generated and used for DNA
sequencing. Regions containing mutations are shown and the
mutations are indicated in bold. Figure 2A shows the
comparison of the nucleotide sequences. Numbers above amino
acids indicate amino acid numbers from rabies virus

glycoprotein including the signal peptide. Figure 2B shows the
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WO 2005/ 118644 PCT/ EP2005/ 052410 4 conparison of
am no acid sequences. Schematic draw ng of rabies

W R008818gk4/ coprot ein i s shown on top. The bl ackP@DEP2005/052410
i ndi cates the signal peptide, while the gray box
i ndi cates the transnenbrane donain. The sequences in
Figure 2 are also 5 represented by SEQ I D Nos: 142-151.
Figure 3 shows the vector PDV-Q06. Figure 4 shows a
conmpetition ELI SA of anti-rahies virus scFvs 10 and
the biotinylated anti-rabies virus antibody call ed

CR-57. ELI_SA Iates h
CRERATGSS T e PR n?ncubateéﬁge é%thguﬁéé%gg?réiéscﬁykﬂys
%@{)@ arladﬁ: E_;Ilgﬁopf:of‘&tn 51'75b|s(ho(v@1. @ngg,bm.)The black box
u sequent Y, . nd|
ﬁﬁgggﬁ Be%ﬁ1%0¢0% Qk&Qgﬁs c%é?ﬁfates the
tﬁéﬁ%ﬁﬁmﬁﬂdﬂé EthénOfTE@t$equﬂndES umrﬁsgscﬁv% apmedre

anti-rabies virus_antibo | ed CR-57. ELI SA pl at
r%E%&%ﬁPRﬁqI?Yb§prFBdN?%b£%% %us G protein merg °

|ncubatedF MAIEOCR g? (1 g/m) before addition of
excess scFvs. Subse uentl scFv bindi ng was
FROWre o ethaws §B§sN€€t9 gFP %Q% nce of CR-57. Figure 6
shows a conpetition ELISA assay of anti-rabies virus
G protein IgG and the anti-rabies virys a ¥
Fequr@d4 crrowss a5 zomgehi bt e nE A Xt ARt T ﬁgé&ef néuba
%f@& BA @G5 268 RONEL 08 therué axitdpody called CR—57
otlny ated "CR57 (CR57bi o) was added and all owe
EBLAY phater q@ajest aikpBrst E154 sliﬁmefa VISHSpY PHR ”‘ were
J.gguﬁg{:.g@tv@/ﬂfg'iﬁle"@%s EbL SO st @it paireshaantasn of CR—
percent age of 57b|o bi ndi ng al one. 30 Figure 7 shows
sabgonpet § tigmPACSukssayent L ant GR1ales b\;tingasg @vas monitored
protein Ig

Gs.and the an es virus ti bod || ed
ieraByengp az%é?”ff’@é‘&? B%Tfﬁgg%%/ 05241061”5I ey edle

s Fvs

Figure 5 shows a competition ELISA of anti-rabies virus scEvs
and the anti-rabies virus antibody called CR-57. ELISA plates
coated with purified rabies virus G protein were incubated
with CR-57 (1 pug/ml) before addition of excess scEFvs.
Subsequently, scFv binding was monitored in absence and

presence of CR-57.

Figure 6 shows a competition ELISA assay of anti-rabies wvirus
G protein IgGs and the anti-rabies virus antibody called CR-

57. G protein (ERA strain) was incubated with unlabeled IgGs

(shown on the X-axis). Biotinylated CR57 (CR57bio) was added

and allowed to bind to the G protein before visualization by

means of streptavidin-HRP. ELISA signals are shown as

percentage of CR57bio binding alone.

Figure 7 shows a competition FACS assay of anti-rabies virus G

protein IgGs and the anti-rabies virus antibody called CR-37.
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G protein (ERA strain) expressing PER C6 cells were
i ncubated w th unlabeled 1gG (shown on the X-axis).

w@ewsitmsghat ed CR57 (CR57bi 0) was added and al POIEP2008052410

bind to the G protein expressing cells before

visual i zation by neans of 5 streptavidin-PE. FACS

signals are shown as percentage of CR57bi o binding

al one. Figure 8 shows the conparison of the amno acid

sequences of CVS-11 and E98 gscape viruses.

Virus-infected cells were 10 harvested 2 days

(£O§%kb?feQEk§n nd tOtal Nél SPEﬁo élégkls %%%é WdZubated
nerated Used enci ng

vciaft ainnkbbgladpdyg®s (nnqnn @m thesﬁemnlahd BiutﬂnymawednCR57

j ndicated in bol d F| th ari,so
{ﬁiqﬂhéo)nHEFeﬁ??%g %%ﬁﬁgﬁ‘ ?ﬁe nu éi‘hbove B tel
dupeaatingecd bl ok Bt S itfva 1 Ambat od lnymhemts etef

i ndi cat, d |n bo from .rabies virus tein
R ARG Fr aFAS T TR % PaRaP BBt e R feee o°
diowie 8Bnahaysalsge conparison of amino acid
sequences. The nunber above the am no acid indicates
the mutated amino acid (indicated in bold) from

FiaRiRsS gV |sh6ﬁ529h6| YERRBIRINN ol theUsmSh@nediPeidu@eces of
sequence. gure 9 shows a ph&Bogenetlc tree of 123

Giiids o5 B8E ©oPRRR a8 ERs 1 NBPOS IPFEstes cells were

HH AUQL 01 Aa§EAPEHESE FNRIIBRDANhd] @bBANMRNA was isolated.
Ki nur a- 2- par anet'er nmet hod, 500 boot straps) 25 Bol d

M crcegeprrated #rd piiachd orhENRS BRI Rt degion

Qseivedg hNpE98t efcaDei ol s esowhi gHEELHO Iﬂwﬁ on is

neutraI|2|ng gﬁltogfs on rabies glﬁcoproteln
ndHapdedc iar bl dg Bigwte SPasheysyFhasCHTBRBPTIV éafnt#’@

Iﬁmvg%tl%% g@&h@hegg thee HHiReNbeosht e8e | Med Litigid he
novel CR57 epitope. The signal peptide (19 am no

ndigtegngher ansateedrareleddds fiadécabed okt &pls) from

" € S n / signa
%%?%%bggog%ogEgégﬁé%g%ﬁgf%%?%§ A ﬁgkﬁgﬁg‘%ﬁﬁgéﬁingg *

pqpﬁxdﬂnﬂeﬁ@enﬁﬁurﬁlﬁwtﬁeﬁﬁwShﬁwﬁu§hﬁhéoﬁpiﬁﬂ#0%xﬂﬁ|@m§n° acid
§é§ﬁéﬁg§§. The numher above the amino acid indicates the

mutated amino acid (indicated in bold) from rabies virus

glycoprotein without signal peptide sequence.

Figure 9 shows a phylogenetic tree of 123 rabies street
viruses (123 rabiles virus G glycoprotein sequences,

Neighbor joining, Kimura-2-parameter method, 500 bootstraps).
Bold indicates viruses harboring the N>D mutation as observed

in E98 escape viruses.

Figure 10 shows neutralizing epitopes on rabies glycoprotein.
A schematic drawing of the rabies virus glycoprotein is shown
depicting the antigenic sites including the novel CR57

epitope. The signal peptide (19 amino acids) and transmembrane

domain are indicated by black boxes. Disulfide bridges are
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5 DESCRI PTI ON OF THE | NVENTI ON Her ebel ow f ol | ow
definitions of terns as used in the invention.
WORIBsMISEIEONS 10 Bi ndi ng nol ecul e As used her ePCT/EP®05/052410

term "binding nolecule"” refers to an intact

I mmunogl obul i n i ncl udi ng nonocl onal anti bodi es, such
as chimeric, humani zed or human nonocl ona

anti bodies, or to an antigen-binding and/ or variabl e
domai n conpri sing fragment of 15 an i mmunogl obul i n

t hat conpetes with the intact inmmnoglobulin for

S CIfI dlng Lo t he .Dbi e f

§§unogﬁobhplno 1@ nu I ég%€ngﬁgégéﬁa£ é’m&gﬁﬁe protein

Ithﬂﬁe&hesBﬁbnaaSpéledmsﬂﬂﬂeﬁcbhe G protein.

Regardl ess of structure, the antigen-binding fragnent
binds with the sanme antigen that is 20 recogni sed by
the intact imunogl obulin. An antigen-binding

fragment can conprj t] ptide
conprising an a Ri2ras P st 2
HOHQ WU FodMbROJEEL S tIRR dfeserat heasted Toriheguous
am no acid residues, at least 10 contiguous am no
P EO-dues, at | east 15 conti guous 25 anino acid
resi dues, at Ieast 20 contiguous am no acid residues,
at | east 25 contiguous am no acid residues, at |east

i us am no acid residues, at |east 35

B MUY ecRTENO aC|d resi dues, at | east 40
acid residues, at |eagt

TONT T guous _am no
RpritsagLesrean hheakelm rduinties, materpde! %%f%lbs to an intact

LRtA MRS 1aR RACT 881 Y 8fondl1 dnBaShn ¢ dp6@IEs JUAE as
am no ~ acid residues, at |east contlguous 80 am no

deinpricsi duaaniged pBdamayMANGGERe2H0aRR PRALRS ¢ OF to an

.88 in@li nheant/ 69N GUNS WBOmadQA5£4dA8644ing fragment of
PCT/ P2005/05 410 7 100 am no acid residues, at |east
e riiuegd 0P8 Lant hat aedpetass vddbs thar 1peact gmnoglobulin
fgpté Ys Ak RA: AG! fo rasl e ndt pakeast &eNtHgHuUouUs

m no acl d residues, at | east 5 conti guous
e dcbiliosi dugs, rabien Vicast Oéoﬁtfﬁaﬁ%%n?EkﬁereOf such

. as for instance the G protein. Regardless of structure, the

antigen-binding fragment binds with the same antigen that is
recognised by the intact immunoglobulin. An antigen-binding
fragment can comprise a peptide or polypeptide comprising an
amino acid sequence of at least 2 contiguous amino acid
residues, at least 5 contiguous amino acid residues, at least
10 contiguous amino acid residues, at least 15 contiguous
amino acid residues, at least 20 contiguous amino acid
residues, at least 25 contiguous amino acid residues, at least
30 contiguous amino acid residues, at least 35 contiguous
amino acid residues, at least 40 contiguous amino acid
residues, at least 50 contiguous amino acid residues, at least
60 contiguous amino residues, at least 70 contiguous amino
acid residues, at least contiguous 80 amino acid residues, at

least contiguous 90 amino acid residues, at least contiguous



10

15

20

25

30

5 am no acid residues of the am no acid sequence of
the binding nolecule. The term "binding nol ecule", as

waised/1kssaei n i ncl udes all i Mmunogl obul i n cl asBEFEPR29A5/052410

subcl asses known in the art. Depending on the am no
aci d sequence of the constant domain of 10 their heavy
chai ns, binding nol ecul es can be divided into the

five major classes of intact antibodies: IgA |gDh,

IgE, 1gG and IgM and several of these may be
further divided into subclasses (isotypes), e.qg.,

idﬁ“amlthécahgg%?l&Qgg Aéﬂ%% %QdCOBQE? &§ 125 ﬁ9ﬁ§o acid

en-bin ragnents Pude
fQSﬂﬁ@PS F@ab1¢a$tFw5oCbﬁntHQﬂOUSOﬁphenE@¢amlIqsldues, at
n1n ng. . Leg n in chai
]g% 5 mt:L%Fsc VSL%I %m c%en 16“’2?%9@“% ai %tgjh CJJ%o%oeos,
@ontglmhaamlpbageld ard s haisgs ordeabbda s, cont ighudise 250

tetrabodles pt.i des .20 that, contai n at A ..
T dor et Bt e iRt rase; SERAEHTs e, i pifiding
mdmédﬂlespeC|f|c anti gen blndlng to the (poly)peptlde

etc. e abov nment s

Sy T £ BRRy S haPE e N 6 BEOHESE here i vges 21t
imﬁdhﬁglobﬁEMBogl@bQé$F&hdﬂsdﬂaiﬁsﬁay hﬁo@ﬁﬂfﬁlﬁﬁﬁ|@rt

englneered by 25 reconbi hant chnj ques.
bt P FBRUER o REenE oG FHE {Hn ST dgmatn of

@t&rdmwbedalﬁgy Ei(lﬂﬂl{qe,mdllécuéatsl bediles:dArided into the
Laboratory Manual, Edjited by: E. Harlow and D, Lane

5@T§3§FJ°€0F&335?Fn§fF%H?ﬁﬁtl§¥53P896?§ hd %%R ngkr 196G,
4 by, New ¥etkraWbEheiessd ReQr per ahethder@ivided into
reference. A 30 binding nol ecule or_antigen- b|nd|n
FHREgfEFe st HéPeEYPREY/ h%n/% Jdélor Igbre B¥RHI ntP 3«9@‘3 and
tdgd here is nore than one binding WO 2005/118644

CT/ EP2005/ 052410 8 site, the binding sites nmay be

i dentAinddrenobaReiag of FRINILS NGy ARy %tarfqﬂe%aentf“abr

] ba@o i N (3G D] eEp] &1AEAN FBE BoRBKERk P a MNGORH#EREing
bl ndi ng nol ectl e but can al so be part of an

xqgﬁgﬁxﬁquggﬁgggmgpts, single-chain antibodies (scFv),
bivalent single-chain antibodies, single-chain phage

antibodies, diabodies, triabodies, tetrabodies, (poly)peptides
that contain at least a fragment of an immunoglobulin that is
sufficient to confer specific antigen binding to the
(poly)peptide, etc. The above fragments may be produced
synthetically or by enzymatic or chemical cleavage of intact
immunoglobulins or they may be genetically engineered by
recombinant DNA techniques. The methods of production are well
known in the art and are described, for example, in
Antibodies: A Laboratory Manual, Edited by: E. Harlow and D,
Lane (1988), Cold Spring Harbor Laboratory, Cold Spring
Harbor, New York, which is incorporated herein by reference. A
binding molecule or antigen-binding fragment thereof may have

one or more binding sites. If there is more than one binding
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5 naked or unconjugat ed bi nding nol ecule is intended
to refer to a binding nolecule that is not conjugated,

wopesatseyel y |inked or otherw se physically oPCT/EP2005/052410

functionally associated with an effector noiety or

tag, such as inter alia a toxic substance, a

radi oacti ve substance, a |iposone, an enzyne. It wll
be 10 understood that naked or unconjugated bindi ng

nol ecul es do not exclude bingi ng nol ecul es that have
been stabilized, nultinerized humani zed or in any
o:l'%thegr brz{agl Hl’” at es mail%re 1d%§g%? lt@i? &%m& or
Kﬁéyiﬁﬂah@|dﬁfﬁéﬂéhy nDdIerd naked and 15

unconj. ugat.ed.bi ndi | ecul es are_in Iuded herew t.h,
incl[ﬁﬁehglﬁﬁépg ?ﬂggcﬁﬁ%n?ﬁ%: S 8nsa§F dE TR HiReted
wﬁﬁdﬂﬁﬁ mohbﬁdﬂagbﬁﬁlexnﬂ&&$ﬂmﬂu@bmg oélhnehmmnunnangate. A

a_reconbi nant nol e uIe roduci n ell, an
S3%Y 1y OB S09 RS LI SP LAGH 181 Lor Threds to Hter co
divdihgrabeedhee pteparsd iyt @fnjaaaeeur S@pefehﬂxteﬁfymllnked
naked or .unconjugated bindin nDIe e does 4
S A EE TS aﬁwﬁgﬁz by %ef%gﬁdma i@ﬂ BRUPETSY g an

dencddanaloiasgoerat agnsswid hefifiRet-origcel & stanitd ubstance,
mol ecul es after admnistration to the body, as so

»fradi R Gtiver SEPFbARCeard HRASSESr y 2P neRFHET - th- be
Snd L ahael hekta Jhendasikudatel B&ﬁ@ﬁh@lﬁﬁhecules do not
effector group or _tag is therefore applied in

ety ibgmdigat ﬁ@lﬁ‘é’RJe%Is drhain déeu Bﬁ?EdSB?}?FdJrJr@ed

R S8 Fed, YhhbAiz8Qtod MV ik, o@ﬁ€B|ﬁﬁ§n&§ﬁi§ﬁQated, other
determ ning regions (CDR) 30 The term "conpl enmentarity

Hearerhy riheg acégrbrent af e e ifecdrn MAdaRY L drtces

X\eé&&h&dl% V@&uagbgttgﬁmﬁon@m? REA1iFDLECHM RS and
such as nnunoglobullns t hat usua I contribute to WO

OB IERGed PETAEP DS OB a1 énlc pgedeheediitly t he

dil.gﬁi PiAdRI L Abt RodlE £oh i onL AFR! AARAT 8 VeAd Shane
arge distribution to the epitope recognized on

bh:ed:arq impdiecutirePCORIE b il lc emvi&ospert f i Y fprrecombinant
ﬁﬁ%ﬁ"HHﬂQ%Bﬁéhpréﬁeﬂﬁérﬁéﬁﬁi %&Btgggslngfoducedﬁby the
con or%t I Ona

hand of man after initial binding molecule preparation. Of
course, the term naked or unconjugated binding molecule does
not exclude the ability of the binding molecule to form
functional associations with effector cells and/or molecules
after administration to the body, as some of such interactions
are necessary in order to exert a biological effect. The lack
of associated effector group or tag is therefore applied in
definition to the naked or unconjugated binding molecule in

vitro, not in vivo.

Complementarity determining regions (CDR)

The term “complementarity determining regions” as used herein
means sequences within the variable regions of binding

molecules, such as immunoglobulins, that usually contribute to
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5 epitopes of proteins or protein fragnents, either as
present on the protein in its native conformation or,

W0 poosoms4£ases, as present on the proteins asPCT/EP2005/052410

denatured, e.g., by solubilization in SDS. Epitopes
may al so consist of posttranslational nodifications
of proteins. 10 Functional variant The term
“functional variant", as used herein, refers to a

bi ndi ng nol ecul e that conprisg@s a nucl eoti de and/ or
amno acid sequence that is altered by one or nore

cleatid nd/ or ids_co 19 the
n&@ﬁgbtﬁée and ort%ﬁn%éyy C|d%8§g%ﬂ§n%£€é§$r¥%e Eﬁrent
dainpdiemgnie k- gcith eslaack tdrat chargei Histcapatie dfo the epitope

]Fﬁgretlnlrggr Indngﬁﬂ%nbﬂkhgb g%g a%tégg’%%ﬁ lelC for

lhinegdirngpifopesyl @isdontdideuswepdsoptsie ﬁmmbdnﬂnﬁmaMibnal
in the am_no aC|d 20 and/ eoti de se evge of the

|
SR e D P APF CHOM S 785 LRt FEPURIFT b.ant TiF T e Bresent

o @aﬁ:o‘tBanﬁ_ﬂditﬂzg reERRC icehifskingsiowf ot heibigttiengases,

nol ecul e encoded % t he nucl eoti de sgquence %@f
FOREESg OPhERE P RS Y 2Se GBAERTS ¥ tfe Bi ndi ng

d3hesuli®ati snSihl $D§b|@1tt@pre%c gl ZBsandomd Nk idBs
target. The functional 25 variant may have
Rﬂﬁéiﬁaﬁéﬂﬁﬁéogébu%?Q%f%ﬁﬁHan§a9FOH§° HEPYUi ng

nucl eoti de and anm no aci d substitutions, additions and

del etjons. These nodifications can be i nt r oduced by
1 ues known in the art, such as

Bid Gtd S2LRGL TYLADORESI it ANd sT ABEAMLPER AP HAHAS to a
nmut agenesi s, and may conprise natural 30 as well as

higvlimet geapcalel Bt RRHiFesnPnBUaLPaAE1de GRYGY Fiipe acid

SO RCILHa8UDST LT L1 QNS RElUEe kB8 0ReS1ddt 1Y Ghd/or
the amno acid residue is replaced with an am no acid

anD "0 G5/.1958 6 2mPPTaY B (U5 05w eotide ped/ QuehaA mgid
éédﬁérﬁ;res%asuewﬁér@ﬁt GheMicRl nPieReiLi £5d tiAMild %111

am no acid residues having simlar side chains
mﬁvﬁﬂbeeﬁ gempabéng nfehdimdingTihesehe dpi ndrg inptyge, e-9-

fHEfg% virus or a fragment thereof, with the parent binding
molecule. In other words, the modifications in the amino acid
and/or nucleotide sequence of the parent binding molecule do
not significantly affect or alter the binding characteristics
of the binding molecule encoded by the nucleotide sequence or
containing the amino acid sequence, i.e. the binding molecule
is still able to recognize and bind its target. The functional
variant may have conservative sequence modifications including
nucleotide and amino acid substitutions, additions and
deletions. These modifications can be introduced by standard
techniques known in the art, such as site-directed mutagenesis
and random PCR-mediated mutagenesis, and may comprise natural
as well as non-natural nucleotides and amino acids.
Conservative amino acid substitutions include the ones in

which the amino acid residue is replaced with an amino acid
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acids with basic side chains (e.g., |ysine, arginine,
5 histidine), acidic side chains (e.g., aspartic acid,

w@bkwsamess aci d), uncharged pol ar side chai ns PE&T/gP2005/052410

asparagi ne, glutam ne, serine, threonine, tyrosine,
cysteine, tryptophan), nonpolar side chains (e.g.,

gl yci ne, al ani ne, valine, |eucine, isoleucine,

prol i ne, phenylal ani ne, nethionine), beta-branched 10
side chains (e.g., threonine,yaline, isoleucine) and
aromatic side chains (e.g., tyrosine, phenyl al ani ne,

I APRAPNEAD gl LinMdd D6 (8051! B! Bfeid] G- AUdRa.
AT ot her 781 35S 11 cations of am n6 acl d réesi due
Haantilliiess offhanihbeaoid rasmiethegbberivgnsahsbaibeside chains
enpl oyed. Further nor a variant 15. have .
HoOTE BEROe AR S TS Gl SUBSEI LTI Dhes fhgfude amino
dEplsacdnrtnbaef casidm cimiac dewict.h apsane noeegindine,

residye having..di fferent .structural or_ chem cal \
Qﬁﬁﬁﬁﬁiﬁeés.aggﬂ%Fa?l$%réhalnfaﬁfa??OnES%%§t%ﬁsﬁf%qﬁcﬁ&ggamlc

@Nid)g agichadgbat poNsr Gdidd rSRihisonNe,. gof dbepdraditiejance
in determning which amno acid 20 resi dues, na

y .be

SRS ede TR or PREEOHIM eS¢ 0P nBYE “SHEO1 i SRTgPRa) /
ndApHRIogical casthyi ty. JBRY dagchiadndalshige OGRS, leucine,
prograns well known in the art. A nutatiop in
RIS PGe BEGULAte REFMHE IR PRy] Hethi Rt} o PSabranched
Mdd draaus ((@.89) Nthred@itignvalsueh @50188ciféNsrdd @omatic
or transversion nutations, or alternatively, nultiple

OEidss (fag- pet YARS%d PReardfdanife chanRPriry - 1t

wilolR laeys. cbntAdditiOibd AR i@knMBREt abtREAL | ONS may
be made at any nunber of |oci within a, nucleqtide

ckafrdfdeatings’ aft abioh2oidy 158 1F8R 6pTRH LBy Higp the one

S3d aflRemebinod: kpoya é%?ﬁ d.3@uktheri®st, D variant may
2005/ 118644 PCT/ EP2005/ 052410 11 The term "host", as

hiser) HearsioRseryativeneinq ¢ 9iek SEPPELARt ISR Yant <nror a
f@éiadéﬂe‘?lt%'fc Bhaa¥eed e RYGH RS a8 &h@RbNEcid S DIdR having

an expression vector has been introduced. The

different structural or chemical properties. Similar minor
variations.may also include amino acid deletions or -
insertions, or both. Guidance in determining which amino acid
residues may be substituted, inserted, or deleted without
abolishing immunological activity may be found using computer
programs well known in the art.

A mutation in a nucleotide sequence can be a single
alteration made at a locus (a point mutation), such as
transition or transversion mutations, or alternatively,
multiple nucleotides may be inserted, deleted or changed at a
single locus. In addition, one or more alterations may be made
at any number of loci within a nucleotide sequence. The

mutations may be performed by any suitable method known in the

art.

Host
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organismor cell can be prokaryotic or eukaryotic. It
should 5 be understood that this termis intended to

wo edosnissat only to the particular subject orgeei/BP2005/052410
cell, but to the progeny of such an organi smor cel
as wel|. Because certain nodifications may occur in
succeedi ng generations due to either nutation or
envi ronnental influences, such progeny may 10 not, in
fact, be identical to the pargnt organismor cell, but
are still included within the scope of the term"host"

s used ), e
t@bp%ﬁéﬁ to ?nﬁlngq%%#%g%?gggésﬁgegﬁ %ﬂﬂgﬁereﬂ%ﬁgr to an
drefa@rismt orndl eelil elsnttmamla:he aeveheor dsuattdsy adedlionedyg
froma human or based upon _a sequ
e ST et S e A
Fegunesaeoande 1 s ubse fite midokargdicl cedyr éedkadrsycatiid.| Itosbeuld

consi der u 20 .used .t hrough t he
R EEOP AR, Dot ardr a6 LRReNaes S rter ngheRRLY to
i g)laeﬂlbﬁilbk nlﬁim%dmlcﬁ@alnﬂsml Sri Bébgdeﬁhtt cto ithed padegeny of
i ndi ng nol ecul es havj.ng vari e and constant '
et M Bl S Kkl - N

RREEE caRioMar hap! Scir CiQﬂ%ﬁJ@&beﬂEQgO@én@iatﬂh&fnsordu@Oﬂ:o
occurrln% in a 25 human or hunman liﬂ hocyte or
ggte

5LAR TRTVAIETRGTET 1BE B EFogapy e

ﬂcn;cl liglefaﬁknobéci@eﬂ%éill%% ROk @Q.@Q&@dordfahlw cell, but
gern1|ne I munogl obul i n sequences,

oL FBRLUARAI 6T LG GPRoRSOPE. BT, it dTbRiost” as used

HdUdi@duced by for instance randomor site-specific

nmut agenesis in vitro or 30 by somatic nutation in

vivo). "Based on" as used herein refers to the

Siadation that a nucleic acid sequence may be exactly
Topred froma tenplate, or with m nor nutations, such

T WWD“QG%P’MS‘GM@ FORIERP0 65/ B52d1nT Moleqtiss grofgfined
HeGR et hodsrsOfo Sydidiatidltns tmade aptedd NG A8 1y derived

tenpl ate exactly or with mnor nodifications.
B gy hupeni or hesed Hran Fadedasn sRURBRCS ediiait & bipdin

ﬁﬂf%%d%%”i'daéﬁﬁvé& ffbm or based on a human sequence and

subsequently modified, it is still to be considered human as

used throughout the specification. In other words, the term
human, when applied to binding molecules is intended to
include binding molecules having variable and constant regions
derived from human germline immunoglobulin sequences based on
variable or constant regions either or not occurring in a
human or human lymphocyte or in modified form. Thus, the human
binding molecules may include amino acid residues not encoded
by human germline immunoglobulin sequences, comprise
substitutions and/or deletions (e.g., mutations introduced by
for instance random or site-specific mutagenesis in vitro or
by somatic mutation in vivo). “Based on” as used herein refers
to the situation that a nucleic acid sequence may be exactly

copied from a template, or with minor mutations, such as by



human as used herein. 5 Monocl onal anti?ody Ihe term

"monocl onal anti body" as used herein refers to a
W(p)g(gbpfal%m on of anti )k/)ody nol ecul es of single nNECEER08$/052410

conposition, i.e. primary structure, i.e. having a

singl e 10 am no acid sequence. A nonoclonal antibody

di splays a single binding specificity and affinity

for a particular epitope. Accordingly, the term

“human nonocl onal antibody” rekers to an antibody

di spl aying a single binding specificity which have

earoabpeoméuPaanﬁtanus;egrog§nghgﬁiﬁﬂil@f%HH%r g@éﬁﬁn§nthe

I equences or deriv
PEBR i Py e, ARE LSS 0 e o pichetc
pokpanley Bdwedenoehasal se%\féﬂwad.\éfé angb EShS%&QEed to be
yuclelc aci d ecule 20 T term "nucl ei c acl
u?eCLﬁ%fu%ﬁg:ﬂééﬁan the present invention refers to
a polyneric formof nucleotides and includes both

ense. and anti sense strands of RNA, cDNA, genomc
@RﬁrAﬁﬂﬁggﬁﬁﬁﬁéﬁﬁﬁ forms and mi xed polyners of the
"BHXO Vi riA “WdsloRabhE e éﬁé%(ﬁi};’o s@&nﬁ&l:%gt I Jg?eferzss ko a
deoxynucl eoti de or a nodifi'ed formof €i 0

Giga OfTﬁét%E@ﬁYamQ#ﬁQQiﬂSu@ésssnggéemormmhlar

@Kngggi Stonanded . £pIh5, agdltl

nugigﬁ?lde na% {nclué% ethE% %vlng a single

‘ﬁ%ﬂt‘lj’r ALl sequrrFag ArPnasdicniadd ang;nbedw diﬂa?pltayﬁ(%d single

QEEiRer: I 510 ¢ or _non ur

]%ccurlﬁer? p@f:%@%gfgo%%%e 87 %gTﬁep Attt aracqp&%pe
gywayhﬁete¥mxﬂhumam cleawictahby mmtibduyﬂﬂﬁeE%&Byto an

f erlvatlz d nuc aoti de
%ﬁ;ig?ﬂyggg&?%ﬁyggfreg%-%@2Viﬁ. gg?li%%% icity which have
WEO@B#OSQH&*OBDQB?WC datédedyfthnser Hfassdd bh hlman

deig ti include, for anpl e
Iabela'glta 1§Mﬁ ?gﬂggﬁjggu epu?loﬂr %gfﬁﬁ?d Fprcempietely
Ywéhﬁéﬂaraegve@mﬂﬂnwﬂh@gmamhbdobfdpﬁepuﬁihga&h@n@b@gcional

antibody is not relevant.

Nucleic acid molecule

The term “nucleic acid molecule” as used in the present
invention refers to a polymeric form of nucleotides and
includes both sense and antisense strands of RNA, cDNA,
genomic DNA, and synthetic forms and mixed polymers of the
above. A nucleotide refers to a ribonucleotide,
deoxynucleotide or a modified form of either type of
nucleotide. The term also includes single- and double-stranded
forms of DNA. In addition, a polynucleotide may include either
or both naturally-occurring and modifiéd nucleotides linked
together by naturally-occurring and/or non-naturally occurring
nucleotide linkages. The nucleic acid molecules may be
modified chemically or biochemically or may contain non-

natural or derivatized nucleotide bases, as will be readily
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i nternucl eotide nodifications such as uncharged
linkages 5 (e.g., nethyl phosphonates,

wWphb@spissts i esters, phosphoram dat es, car bamat BGT/EP2005/052410

etc.), charged linkages (e.g., phosphorothioates,
phosphorodit hi oates, etc.), pendent noieties (e.qg.,
pol ypeptides), intercalators (e.g., acridine,

psoral en, etc.), chelators, alkylators, and nodified

| i nkages 10 (e.g., al pha anonegic nucl eic acids,

etc.). The above termis also intended to include any

%g;ﬁ%&%&%@i %grsaaéfogkm fh“d Lt@hlengr%l ngheh%@m@auons

e-stran ed partially duplexed, triplex,
hackpdandpr sixeplLay h@bieb%,dmﬂbe'date@m oPPastbHation of one

éﬁm&%yd&% %%m%xgigeéecgn{g lﬂlu% eggﬁae;%mxma& analog,

pol ynucl eotides i nt
dE’sengnmlabthmed@élwialcPWrm@éh a@om:iphgraﬁd bimleages

g eyl C%edhghe%%]%tsg%ﬁ?te§“§§hc!$4h%°t%%§t@£§ k”OW” 'n

ReZart an or ‘e those T h whic
pPepspltecdnitledges sabbamatmsafenc phosphagedl1mkh@@@si®e-g-,

f the,nolecul re
ROEPerE Sl ReguoR AR Ret RO bRl BER 1 £ Bpdihe
noleskes otdher. W pelgpeptideg)., 'mnrarcalaebesemeegto acridine,

nucl ej c acid nol | e havi art|cul nSEAHe .
Bﬁ%ﬁﬁiﬁ%na%HharsF§853E8rS@ncoa§- s s O conp gﬁ%h(gﬁfﬂkages
strand,aMtiah dnlomecaphesbsi @racidcgqeerce. The above term is
C | enent ary str.an al so_us

3ﬁ$$sﬁﬂ§3“%ﬁg éb§ncﬂ98?|%?%eﬁ?Piiﬁ%%ﬁezsg8H8°£Ei££°n'
pﬁ&ﬁn@dmg slahfgnml | seubhdall) ydauseptsahlagdexci paeniaByy

" rmaceuti.c cceptabl e excipi.ent” is nt. any
aReferegy oo AR iteshn: ot eth 2l BERFgSd
aailxﬁ@ﬁ?&ﬁmf adsd 1R0lddeq, agesiinthertibi méisgules that

mpl ecul e for preparin agre a or c nj ent
Hb@%@éPQ%ﬁqﬂc'ﬂ%%ldﬁﬁa?ﬂa qf‘ébé@pg §e£ designated
@é@héﬁéﬁﬂv1d5hyﬂio§éﬁ|Bbﬁ@indfﬁﬂd|dih@anh@mhﬁalOinﬁéractlons.

| east of WD 2005/118644 PCT/ EP2005/ 052410 14 whicC
PHER tBRGRTHAPS STRCKBPAYALIR ¥hf 3%ls 3kt éRGeH asefmf oexampler

Eﬁ@éé"ﬁmvﬁl:@,th &Jé%t@i@éagﬁﬁkﬁ@s GIMERAtkhdki @08 SRPSHYLE
and is tible wwth other ingredients of _the
i%?h%ﬁ%ﬁl%ﬂwthe backbone of the mo ecule A reference to a
nucleic acid sequence encompasses its complement unless
otherwise specified. Thus, a reference to a nucleic acid
molecule having a particular sequence should be understood to
encompass its complementary strand, with its complementary
sequence. The complementary strand is also useful, e.g., for

antisense therapy, hybridization probes and PCR primers.

Pharmaceutically acceptable excipient

By “pharmaceutically acceptable excipient” is meant any inert
substance that is combined with an active molecule such as a
drug, agent, or binding molecule for preparing an agreeable or
convenient dosage form. The “pharmaceutically acceptable

excipient” is an excipient that is non-toxic, or at least of
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conprising the drug, agent or binding nolecule. 5 Post
exposure prophyl axis "Post exposure prophyl axis" (PEP)

WO 2005ntheaat ed for persons possibly exposed toPEI/ERI90#052410

ani mal . Possi bl e exposures include bite exposure
(i.e. any penetration of the skin by teeth) 10
i ncl udi ng ani mal bites, and non-bite exposure.
Non-bite exposures include exposure to |arge anmounts
of aerosolized rabies virus pf |aboratories or caves
and surgical recipients of corneas transplanted from
PR LNt 3439;1@ g of Labl b@%rcqetsameﬁa@@ e, to
open woun sl ons, ous nmenbr anes, or
rmicmarit@alalty thgcdasem angl tdensainityatdenst ﬁreployed and is
?&B e{g ba}fe *ithng%ggko eerd o(ts%ﬁg égrﬂﬁi'é@:[on

5 roma ra mel- al'sO constitutes a
cnmpztnsumgexm@sdlreg, Ch@emt m]tkaatdlbxyg mpisetile. such as
petting a rabid animal and contact with blood, urine,
or feces of a rabid animl, does not constitute an 20
Bdﬂo%mmbsmm@ ipgopbylaris ndi cation for prophylaxis PEP

Shoul d begin as s as_jpo le a
I OU% Sgﬁﬁeprﬁggyg%%h?re sﬁse%Bg E o%ﬁyq%ﬁﬁons
]chSfﬂﬂil}ﬂ%S@méﬁytol a rabid msihnaaxp%BBEbméoehyd)amas include
i mens, except for SO eV| i zed
L et aada oo FRRTAR T e SETBeYSfetn)
Q@@P&diﬁﬁﬂddﬂmaipbﬁtésPaéﬁd ﬁﬂﬂubﬂﬁ} E&@obﬁféﬂ Non-bite
ecifically bindin ed herein, %eferen
ghasres, OFEBFSUrD it %aa‘earlés R gacgpFolized
Mié@dﬁrusﬁ&nalldbbk&t@ti& nge pﬂvfe@,eéndesgrgﬂ@al recipients
antigen, neans that the_interaction i 8dceigendent on

?ﬁecwaae%n&éa&fsp&aaa?@.%m%rpa@t%& [ eg.ohprabies. The
Akt SN L 1Rt FFToRaAt woin®P) t:0PQsidAst hRu¥bis membranes, or
2005/ 118644 PCT/ EP2005/ 052410 15 blndlng partner. In
E@?@ﬁeW&ﬁQiQY'tﬁéréﬁFh%%dkaﬁQ#ﬁﬁ%%ﬂﬁ 8F1 § hBFnB%t%ﬁtlally

1 SEQUN FES nlhR BbNdi(BEcRad S NRfueMe R 1wheR) t Reoki A0k d

partner is present in a mxture of other nolecul es or
animal also constitutes a non-bite exposure. Other contact by

itself, such as petting a rabid animal and contact with blood,
urine, or feces of a rabid animal, does not constitute an
exposure and is not an indication for prophylaxis. PEP should
begin as soon as possible after an exposure. If no exposure
has occurred post exposure prophylaxis is not necessary. In
all post exposure prophylaxis regimens, except for persons
previously immunized, active and passive immunizations should

be used concurrently.

Specifically Binding

The term “specifically binding”, as used herein, in reference
to the interaction of a binding molecule, e.g. an antibody,
and its binding partner, e.g. an antigen, means that the
interaction is dependent upon the presence of a particular

structure, e.g. an antigenic determinant or epitope, on the
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organi sns. The bi nding may be nedi ated by coval ent or
non 5 coval ent interactions or a conbi nati on of both.

wo poogeisedt her words, the term "specifically bP@EPIY05/052410

means i munospecifically binding to an antigen or a
fragment thereof and not inmmunospecifically binding
to other antigens. A binding nol ecul e that

i mmunospecifically binds to an antigen 10 nay bind to
ot her peptides or polypeptidesswith |ower affinity as
deternined by, e.g., radioinnunoassays (RIA),

or 61 ekaggggyr/slgygév\yh% in thesqgr%tﬁgs dﬁég) r‘%]% %g%lally

bmndawgywsatsghheeeoﬁherhmndunmnpaGSpeC|évenuW@eﬂnﬂhﬁ todnding
SR 49N IBERE £ 02 LA Ke bonuh | Rof S o
Y, nol ecul'e r

Etner %e
i 'gens. erably s or agments

d:fwrﬁw&nst hahel hmudusg)en?aj |malrdeylllartad by wwakﬁnigerr ngo.-

react, wwth ot her t| ns eutic

cécf‘faé'tetn véng%ﬁﬁFl%s e & & erm o %gr apeu{gl cgﬁ 13 otner
wifdeGt ithe a&mmnt‘ peef 21y dinddngUnheats t he bi ndi ng
ol ecul e a ned. h e| t hat effectlv for
Bt eE it 6o p I B oA bt FhprBiodhi B8 4, Fondigps thereot
dred rﬁﬁ)”t\/ﬁ(i‘rh@h'bsgeﬁﬂfile@amy’lllﬁjrﬁh@lgatbdoﬂﬁ)éﬂcaﬁﬁ.geﬂtﬂ A

ich a second nuclejc acid nglecu can be inserte
]?Jd}djﬂﬂ F@&ﬁ&?llﬁnth?ﬁtjdm%l“}?d’ﬁec\méf:é‘ﬁi’ S g an antigen

hBpldic ed okRdri PesOiteL asepoyPeLEsads drﬂth)titﬁier affinity
wor ds, a vector IS capabl e qf transportin a nucl ei c

i P HRTEaEe P o Ghych TaTIPITTHERRSPR¥R e X1 orfiHy™e3d 1 nked

ﬂﬁnﬁ&@iéoﬂﬁm@x BE88§E OMENVESA)Qr BIACOREPNbE n@ﬂaé:edastgeysh &nown
term"vector”, as used herein. Vectors include,

1 ot nPiBdIng o ADRRIST SoeRPaRES bRt e that

BfrddAd é@lf@@é@ﬂ%sﬁﬂﬁ§ P MNP14085hd$8644cross-reactive
PCT/ EP2005/ 05241 16 and yeast artificial chronosones

yiAr)redidofe ensigener | MeRF I bRAPEL Y pRAbRS RS oF
P afters 2ReABL £( EASE UthithJ¥PERA)E 1 YLl YSBSnd MBSt Sntigen

conprise an origin of replication recognized by the
@ JpYs EFaseseantl Thtk Rt a@b3Pession vectors,

Therapeutically effective amount

The term “therapeutically effective amount” refers to an
amount of the binding molecule as defined herein that is

effective for post-exposure prophylaxis of rabies.

Vector

The term “vector” denotes a nucleic acid molecule into which a
second nucleic acid molecule can be inserted for introduction
into a host where it will be replicated, and in some cases
expressed. In other words, a vector is capable of transporting
a nucleic acid molecule to which it has been linked. Cloning
as well as expression vectors are contemplated by the term
“vector”, as used herein. Vectors include, but are not limited

to, plasmids, cosmids, bacterial artificial chromosomes (BAC)
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5 pronoter and other regulatory regions recogni zed by
the host. A vector containing a second nucleic acid

worRdosadedd i s i ntroduced into a cell for exanpP@I/Bp2005/052410

transformati on, transfection, or by naking use of
bacterial or viral entry nmechanisns. O her ways of
i ntroducing nucleic acid into cells 10 are known,
such as el ectroporation or particle bonmbardnent often
used with plant cells, and theslike. The nethod of
introducing nucleic acid into cells depends anong

9111&] %?é ElEEe l%ﬁ/&t?o SQJme"‘sel (lﬁc&gggdsgeé{){)f@ demv%d

e I nventlon rtain vectors are
ﬁaqmwae:t@frwwhageﬁoqs p_.Barrtepin catimed i(Anglhdsng immmn)

I Csest h%yec% %sl @E Bgfg n( 1n %%Cusgfs;stlg?y.i&?n@ecognized

acterial origin or r'ep |cat o can repficate
byacitles |13:)opo@tehle howecénd sircaradye dfnteggratedon nvectdis,
on |ntroduct|on into

e e i R A R
BUMERY: dontHEnt NYEANTs&Rbrihenidlvent imondpmovecebe is

T HRthFRIFAnG PRDF otot P TE RERBYBE TR

tf&ﬁﬁmédﬂiqmsrbaiby hak g eie @ETithcrelreall es 2bral entry
encodln at ast the bj ndln egi on of _these bindin

Hof et FreernYa¥ei o oPRGaE™ ?o?cf%éuﬁé cells
8te t]&a:wxb,l rgiljdhg a@b@é@tﬂ&pcﬂfaﬂlhﬁl lo&\/@aﬁstmele nb&dﬂeamrsetnt

ex osure Laxis of a subje risk

aptath “&t@oﬁéﬁPFoﬂellr%’s lﬁ‘ldr ﬁ%‘ef ﬁ&ﬁ']er aBP%sm?/W% of
%t%ﬁl@n@%ﬁ@ﬁibpzbm Lt dHe 1INVENPeNsVhong other things
2005/ 118644 PCT/ EP2005/ 052410 17 In .a first aspect
Pheti domft vt ontRActiRidds ThidditAg bl ethieal to

eRPabhrifi chneeielrb6@h| Yo bidwh NG-d @alpabl 8Sof Vahtiénomous
Preferably, the binding nolecules of the invention

BPRbLCHAR Habire§OFFr HREP ST PGy 246t iLpFEgduced (e.g.,
Feet&r alinddh® bacterial origin of replication can replicate

in bacteria). Other vectors can be integrated into the genome
of a host upon introduction into the host, and thereby are

replicated along with the host genome.

SUMMARY OF THE INVENTION

The invention provides binding molecules capable of
specifically binding to and neutralizing rabies virus.
Furthermore, the invention pertains to nucleic acid molecules
encoding at least the binding region of these binding
molecules. The invention further provides for the use of the
binding molecules of the invention in the post exposure
prophylaxis of a subject at risk of developing a condition

resulting from rabies virus.

DETAILED DESCRIPTION OF THE INVENTION
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5 bi ndi ng nol ecul es of the invention are human bi ndi ng
nol ecul es. Alternatively, they may al so be bi ndi ng

worpdosadees of ot her animals. Rabies virus i s pareEPmH5/052410

the Lyssavirus genus. In total, the Lyssavirus genus
i ncl udes el even genotypes: rabies virus (genotype 1),
Lagos bat virus 10 (genotype 2), Mkola virus
(genotype 3), Duvenhage virus (genotype 4), European
bat |yssavirus 1 (genotype 5);7European bat

| yssavirus 2 (genotype 6), Australian bat |yssavirus

(gen e <L), (V2 t - - Khuj '
(gen gj‘% %e fé))r,s tﬁ%%?&\? [ é%ésj S%ggf%;églt%y %@ %f gsl'lgn dgﬂé\gé}?pég ses
Chitiagj awlebulesusapgehotyperet)ifiBedilsebihilhay e tupbies
5f¥ﬁ§§;ﬁ§%¥é§abage tQérﬁﬁégh lﬁafgc%ie fokhghényﬁggﬂéﬂbn also
may al so be capabl € of I'Ndl Ng to ot her genotypes 0o

hdmee Lnedsias misugenestraPraiey agbivitiye Braféngbly, the

BEhEi S bR By Ead TP ER Gutins P50 b b rATIS  e
b heliuig o e telreatdfelne thwsemayomlsaybevbindbey molecules

capahl e of .bindin %o and/ or neutralizing vifuses, .
SF HeTheR RIS abPPRRE YIS e PPRALAOVEPTSY SFAT S
déinss f ami lhptailpckudesy s evganeiqentygt anbahdevi € ksven
ephenerovirus,. |yssavirus, nucl ?rh bdovi rus, .
FHRORAT U R Sy ELFRTI BRTIITPS ) ThESBPRAPAG Virus

(P esties 218y Mo otapabhes ofgesRasida Gal, | puvbhnaiagrimus
rabies virus in its natural formor i

LN 1ts
(FeRIGYRR d/rafPERRSERAT ori SATACT &t ((GRPBFYR ALt s European
WA ¥ USydBiriee perbenseghdye)t,r ealsmeall ivht Bat Nl gisalirus
bet a- propi ol actone (BPL) (Wite and Chappel, /1982),
hEeRPat’ )56 BTESRR nBHERT hEHFTSTYRS Y nufﬂgg? aydnfrus
(gemshiyald @), heatmentudV IdenAGley heh hghanigspecicasian
ethylenimne or treatment with ascorbic _acid and
theper (Fanatare £é) - 7Berbins RivHmgs f9anabies ayirusypthe
B0l 8R4 SBELSEB200RS 052Ak: 1 kB m2Q04) so Geaetabayid &t

i nactivation_ methods well known to the skille
hinding WuEthes PRPEEYRST LHdhedmSEavisHs (FRtheat ) ,

Sryedieali |, ealeMBRhai ¥GPRE 1Al d 1R3! BBEL, bbT 82IBIY of
xgéigif?ging other genotypes of the Lyssavirus genus.
Furthermore, the binding molecules of the invention may even
be capable of binding to and/or neutralizing viruses, other
than Lyssaviruses, of the rhabdovirus family. This family
includes the genera cytorhabdovirus, ephemerovirus,
lyssavirus, nucleorhabdovirus, rhabdovirus and vesiculovirus.
The binding molecules may be capable of specifically
binding to rabies virus in its natural form or in its
inactivated/attenuated form. Inactivationm of rabies virus may
be performed by treatment with inter alia beta-propiolactone
(BPL) (White and Chappel, 1982), heating at 56°C for more than
30 minutes, gamma irradiation, treatment with
acetylethylenimine or ethylenimine or treatment with ascorbic

acid and copper sulfate for 72 hours (Madhusudana et al.,
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pH, treatnent w th organic sol vent/detergent,
nanofiltration; 5 WV light irradiation may al so be

waized/1198aef er abl y, the inactivation is perfor med/Bp2005/052410

treatment with beta-propiolactone (BPL). Methods to
test if rabies virus is still infective or partly or
conpletely inactivated are well known to the person
skilled in the art and can anong others be found in
Laboratory 10 techniques in rabies, Edited by: F.-X
Meslin, MM Kaplan and H. Koprowski (1996), 4th

2001 ol 510 MELA U Do ASTUREL Bl o cho
shitidd waiﬂlysanbusndhngstonmze a;lrimm@tbnagzre‘ni@n ofwathdieat),
dﬁgl es ellt:rr%%t%l ?1@ a%a g‘? ﬂé‘af(epo t%e%tprﬁggé%égpﬁth low

ef ns R/ of eptides dérive
pmpntreﬂhmamtvmumh organneléolvantﬂﬁe&ﬁedenmwthanpfzﬂﬁnaiion;

P e Saa et e enel aiad e S nBERERETREY 1B
enwﬁtdﬁatqmmonﬁybaxESrmédrb&nﬁreaﬁﬂemi ?h@hbbﬁﬂafmwoplolactone
s.are ahl e of, spec
PRRES ol £2 Beshol B o e st e B S ikt e ave or
p‘{hfﬂsy S Recap liehe 1 iﬁ&@tﬁf@}é&ﬂ&tre&he&ﬂ kR2603) torté person
For di t I the. h i ndj
BEPLEMT ol Wy sRE0050 B0 AR Sl pE LT Ryl R rocory
tOch i NS N elabpees endi Bed tihe: SHF&aM%sQﬁntaMlMS Kaplan and
virus. The 25 ino acj d %ﬁ uence_of surf

4c c%%%‘f?ﬁsé‘jan(&%i@ﬁt) er gk © B nShePLear P USWRJﬁH\H{ealth

Stgah Nsa0for,aldeasvyi.rus can be found in the
EMBL- dat abase and/ or ot her databases. Preferably, th

fragmeit RIndiegsodBRPI P dW % R kit PGefPEACdSL 8F rRemiEically

LAY Z&d Nk Uﬁmﬁ@@ﬁrww df_mt@l%u kesigk theus Hich as
invention. An "antigenic determ nant" as used hereln

igter pplid B PEGPRTAEIAN rahi % Y FOTEpBIFGTBEPE| Yod/or

(BbYSPRBOIRIN der@ie8NBLOH HbidAgRBYE bhehesbll thainsfected
I's capabl e of binding to a WO 2005/ 118644

PO EP2OUS/C5 YAT0s POCheHRR MR r@oky) BeaFédes fore methods
LEVEAL QR Tl o5 f E%@@ﬁwmhl dlen aff kekhyaborbprgos:

det ect abl e anti gen-Dbi ndi ng nol ecul e

exposure prophylaxis of rabies wvirus the binding molecules are
preferably capable of specifically binding to surface
accessible proteins of rabies wvirus such as the M (see Ameyama
et al. 2003) or G protein. For diagnostical purposes the human
binding molecules may also be capable of specifically binding
to proteins not present on the surface of rabies wvirus. The
amino acid sequence of surface accessible and internal
proteins of various known strains of rabies virus can be found
in the EMBL-database and/or other databases.

Preferably, the fragment at least comprises an antigenic
determinant recognized by the human binding molecules of the
invention. An "antigenic determinant" as used herein is a
moiety, such as a rabies virus (poly)peptide, (glyco)protein,

or analog or fragment thereof, that is capable of binding to a
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conpl ex. The bi nding nol ecul es according to the
i nvention can be 5 intact inmunogl obulin nolecules

wGeewh/1ss4pol ycl onal or nonocl onal anti bodi es, PETEP2005/052410

particul ar human nonocl onal antibodies, or the

bi ndi ng nol ecul es can be antigen-binding fragnents

i ncluding, but not limted to, Fab, F(ab'), F(ab')a,
Fv, dAb, Fd, conplenentarity determ ning region (CDR)
10 fragnents, single-chain ani$bodies (scFv), bivalent
singl e- chain antibodies, single-chain phage

}?ﬂﬁ%rp%q.ln%ﬁflgdthﬁgﬁfé of ti{Heanlq]e $ioheki ogﬁﬁc %'f?x@ly high

y) pepti des that contain at east a fragnent o
afﬁmnmny Goulfpomt hadetectlflie eingngenobligdiiermeirauill c
? g$ binding to the rabies virus or 15 fragnent

e 80 The bi ndi ng nol ecul es of the invention can
be usie bﬁnd@ngimo&eﬁm&bsnadcymdangdtbothe Faverigiramooan be
bi.ndi n ecul es o t-he i_nv ntlon be used
hcoa“ncet mmunggfoi)uf Ur'e conupl osing gaf’l I %%%? one: uO%an
mbﬂnhmumanobacmbediém, iﬁuﬁanulamla&rhgmentmmﬁmnknﬁ@l In

ot her rds, t 20 nol ecul es can be used

SbmiadiRranore e BINT FRatenaes £2n B0 SE oG dhaing

f&&ﬁﬂéﬁﬁsngnbmﬂdmﬁgﬂﬁmﬁtkhdﬂﬂﬂﬂmltﬁﬁleauIESb,wakﬂﬂnLSFde')z,

fragments thereo %ﬁ ng npl g%%g

Fav i HP r &6 e SOUP %@e?ﬁﬁﬁ%Eﬁ tﬁém&E%P F?g%%%

ﬂﬂ‘d&zﬁhe!’iﬁ;%l | @1ﬂg$ﬁn@1|1£lﬂi mr@mcdg@saqbbeve, al?ﬂmf grad 53.51gle—
rophyl actic, therapeutic or dia nostlc effect.

Shatm eataberiss  r abpelewHALD SuBBLHPOTHRT 1 %&Podles'

ENAH BT aserdubdigs Vidrits (rpmlyl) @aptmaes Theste dMhain at
folynerases tend to be error-praon This, leads_taq the

$intd GroGmeBb. OF P SRS LBy aRe et s i Sraant to

todaot iR ciEachafitagen i fPel @5 has RabnégUueiRNA or
enone, which could result in _differences in, am ng

FENFOSTEPEn BRe PIRALs SodisrELept of shid HRNSHiGRs can

BECMad RSHOUCE WA Bh t&d rét INALRIRS Folhe WhFtise MBre, the
2005/ 118644 PCT/ EP2005/ 052410 20 coul d potentjally

ekrdigy modecuheshost the  and isys cam Baetfpd alone or in a

mixture comprising at least one human binding molecule (or
variant or fragment thereof). In other words, the binding
molecules can be used in combination, e.g., as a
pharmaceutical composition comprising two or more binding
molecules, variants or fragments thereof. For example, binding
molecules having rabies virus-neutralizing activity can be
combined in a single therapy to achieve a desired
prophylactic, therapeutic or diagnestic effect.

RNA viruses such as rabies virus make use of their own
RNA polymerase during virus replication. These RNA polymerases
tend to be error-prone. This leads to the formation of so-
called quasi-species during a viral infection. Each quasi-
species has a unique RNA genome, which could result in
differences in amino acid composition of viral proteins. If

such mutations occur 1n structural viral proteins, the virus
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a change in T or B cell epitopes. The likelihood of
this to happen is higher when individuals are treated

wowak/1semd xt ure  of two bi ndi ng nol ecul es, SucPCEHEP2005/052410

human nonocl onal anti bodies, 5 than with a pol ycl ona
anti body m xture (HRIG. Therefore, a prerequisite
for a mxture of two human nonocl onal anti bodies for
treatment of rabies is that the two anti bodies
recogni ze non-overlapping, nem-conpeting epitopes on

their target antigen, i.e. rabies virus glycoprotein.
a
TPREIRNS Fhab Dood e P MARIAR Rbat2D ERAE con aue o

4 helrggfe, iph@ bmnalngllnﬁnﬂnﬂpa§ .offhehéikalemeodrof this to
Prefgranl yare capabl &, wmfu%cl“ 09 M0 PLAT B0t mixture

NIRRTV A pIng, Ron-"conpe epl'topes o

of riugy simdingasokpttbpes sncnlus Mamaesmvnousomal antlbodles,
ote| The ure. of .15 bindi.n

Bt n: Smpeles Pt canTihsne SUner e Raietur isgere @

pmﬁﬁbquigiﬂ%edb&aaemixﬁmméahi&mkomumhe mosbclemﬁbsuﬁabodles

rophyl axi s _of _rabje pi.c i ndi.ng. ol ecu
B ey e PR en T Lt e, auo: BREHER 6T tangnize
ﬁﬁﬁldﬂﬁﬁiappaag,rﬁbheﬁom@éﬁmthépM£dbéagBﬁntBeiheE&ﬁﬁet
such as rabies virus proteins, an ffl

Sblasin TCRa GaPUES THALS [ Rbe iy Bho-Ghaddayof the
%ﬁ§hﬂﬁ%ﬁ?%ﬂ§flr@ﬁl@s6e§&a§e;bfﬂhﬁéswhsptBEEﬁB@|miﬂim%ﬁéd As a

an *10- nore preferab 0*10-
‘R}Pn%ﬁﬁl@f‘ﬁ@eﬁ:@?éBW FRRe iy i‘yoé R/? ‘é% on
Preferanly arewersphbas éi(kéﬂbﬁiiglklwh dmﬂféﬂent, non-
particular lower than 1.0*10-12 M The affinjt

YRt aRR 0% a ROPZFGTPEF 1 BH SFRPSSs Oty HBE. r%ﬂre%x‘éﬂrm%se: such

a4 f%;sﬁﬂabem RAi Rl 081 88s | @iV @ YRV tEeher $hé Omikture of
bi n affinity of at |east about 1.0*10-7 M

wwwq P dGesgat BaRaRUr ¥ RRT (GREIPFICE BE ABASHr S RENRF

Sk f RS RIASRALN §8CRANS s deBica?n@NsAREABBE for the post
phenonenon that allows for the analysis of real- tine

S¥RRYES Mropbataraet PEnsak\PItet ection of alterations
i N pERLRIAN 160NeeRLE AL AN M1 %c%oQH@ﬁgnﬁé’rtlﬁ@tid\?bntion

for exanple 2005/ 118644 PCT/ EP2005/ 052410 21

can bind to their binding partners, i.e. rables virus or
fragments thereof such as rables virus proteins, with an
affinity constant (Kg-value) that is lower than 0.2*%107* M,
1.0%10°° M, 1.0*107° M, 1.0*10"7" M, preferably lower than 1.0*10"
8 M, more preferably lower than 1.0%*107° M, more preferably
lower than 1.0*107'° M, even more preferably lower than 1.0*10”
1 M, and in particular lower than 1.0%*107*? M. The affinity
constants can vary for antibody isotypes. For example,
affinity binding for an IgM isotype refers to a binding
affinity of at least about 1.0*%1077 M. Affinity constants can
for instance be measured using surface plasmon resonance, i.e.
an optical phenomenon that allows for the analysis of real-
time biospecific interactions by detection of alterations in

protein concentrations within a biosensor matrix, for example
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usi ng the BI ACORE system (Pharmaci a Bi osensor AB,
Uppsal a, Sweden). The bi ndi ng nol ecul es according to

W b@siimssent i on may bind to rabies virus in  PCI/EP2005/052410

purified/isolated or non-purified/non 5 isolated form
The bi nding nolecules may bind to rabies virus in

sol ubl e form such as for instance in a sanple or may
bind to rabies virus bound or attached to a carrier
or substrate, e.g., mcrotiter plates, nmenbranes and
beads, etc. Carriers or substrates may be made of

R e o) yist
pg?gzg@%h%?% 6R$ %g teﬁ’!éﬁ%ﬁ%&%ﬁg) id0ensor :(Rﬁpsala:

on, nitrocellulose, or te
Meglernifhe surface of such supports may be solid or

poro%%.a%gnaﬂn g@&ﬂ%ﬁ'%&kr%ﬁgenao %rfﬁgéﬁ%iéhimay bind

t he blndlng no ecu es m ragnents o
tqﬂnah;eﬂ Vasusuth Bsr¥ﬁxﬂdﬂuaphmted(poly@mmgmrxﬁﬁedﬂhon—

13? % %%r%lryﬁe % éﬂﬂ§1 cal% bln Iﬂ9t£g§ﬁ$s virus

T%es “af'e capa speC| brn
Irabaoelsub\ller fisrd pucheas m]: f:rr@g:rmmme thea es;dimplrae:nr alziyedpind

rotelns or po y may ei ther be
e SERPE SR o AR e Fee 2 pREALEE g Bbstrate,
éﬁdaﬁhﬁ@rbﬁlaeﬂaplaEéspnmaﬁﬂbﬁkmahﬁdabeﬂﬁspreﬁmxiCarrlers or
ve. I n another e nt lLs 20 tranfecte
P Gt BER Ry Bas e P S RAPAL pakerGr T StFene)
@Mamhmhaémeﬁylm aupﬂej‘wmeldoea‘podr mestl@d, tdie:. The

|nvent|o bi ndi n cul es.of the invention
Ok sl SuPGr T Tk e SO By O TRP LBy sD OF any

&ﬁ’ﬁieﬁi&%@tb)éhabévenlté\@liﬂ'hﬁreﬂlyt,a&h@ﬁhn&ﬁn@fméﬂulﬂﬁés may
virus to its recegtors on host cells, such as inter

9 RN Her FRBTBTBE R AR VirFEEepRor , 2% RF s oF

gdiy) ;%@ﬁﬁ.&b@noﬂotﬁé Uk £o{PrA)ruaNd thhen a@ﬁwchﬁm{ﬂ n—.ele
recept or, inhibition of the release of RNA |

R ROER GITSSHIBE RHE SR\ orot BoEELGRLLY RNLINS to the

FBNSC M08 BEoté fRShal i iymdnt 8hdPe8PECTHE Crabies virus
enbodi nent, the binding nol ecules of the invention

RFFAIME PEbi(Be 1Y) PERt 1dMmMaN edithRg Resin caplwlsy fgrm or

hSABindd9Y rabibsast r@9%Boild lBaskt90Meqato | £a8dr8%% or
at” | east 80% WO 2005/118644 PCT/ EP2005/ 052410
substrate as described above. In another embodiment cells

tranfected with the G protein may be used as binding partner
for the binding molecules.

In a preferred embodiment of the invention, the binding
molecules of the invention neutralize rabies wvirus
infectivity. This may be achieved by preventing the attachment
of rabies virus to its receptors on host cells, such as inter
alia the murine p75 neurotrophin receptor, the neural cell
adhesion molecule (CD56) and the acetylcholine receptor, or
inhibition of the release of RNA into the cytoplasm of the
cell or prevention of RNA transcription or translation. In a
specific embodiment, the binding molecules of the invention
prevent rabies virus from infecting host cells by at least

99%, at least 95%, at least 90%, at least 85%, at least 80%
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22 at least 75% at least 70% at |east 60% at | east
50% at |east 45% at |east 40% at | east 45% at

WO e@st1$88594 at | east 30% at | east 25% at | eBSI/ERDNS/052410

or at least 10%relative to infection of host cells

by rabies virus in the absence of said 5 binding

nol ecul es. Neutralization can for instance be neasured

as described in Laboratory techni ques in rabies,

Edited by: F.-X Meslin, MM 2Kaplan and H. KoprowsKki

(1996) 4th edition, Chapters 15-17, Wrld Health
tisan. JGengya. o &wtﬁe;lrg%%%b sbhe Q’F”ﬁé‘a@& N at

nDIecu es of fhe Tnvention enent f|X|ng
baaamil i o ledc deestcépabl &t oﬁem:si@?i,ngtl hea$he3$5§/,s|a§: least

enveh%%.g ?%blegtVi é@% g-e QHU%@ RégganO% relatﬁye to

feches 0 e |nven 'on ‘mdht al'so”act as opson
fmibctmqynyﬂ hpkagoeyioshy mﬁbﬂeﬂmwa;uvlnusth@t&hﬂedge of said

gb %ﬁ) ﬁaI%%%lFUptﬁégﬁ%%fﬁzé%fnh can %%%egﬁgégnéé g) measured

Shi e VITUS 10 maké it nore easily
@@aganyﬂxhﬁailnlMahopaeéfyrtﬂbhnﬁqmmsn&ntrabhesblmmﬁtqﬁ by

OLESHL S 3SR 101 4R LA | PERLLOR CORPELE, Sfen canrion,

Sl bteRee 1$e416qt @driaopedhen gmanizeaishst Gagewod. SEQ | D

RE 1o3E89/DN0, BInSE I BING 71018681 F Rby Bie SHRYTgon may

N e il SRR M S gy SEens
T NS %fSEQVFBOREf‘l%a BHYENe ’fg % PPN

bl ¢l NOZL £hSEOh Ent NeA Zzlgr&EQllsla Blox-23s aalds&ma RBnd
NGO 24. In an enbodi nent the 25 ion is a heav Iy
%%ﬁr%fcm%ﬂ%@@teﬁlsmf %i‘bja‘?ﬁ)t‘ﬁé?lseﬁ%g?ﬁe]ﬂi’ PEPROting its

Bb Pl g/ D xR 'eb're§3ba§§@é1§ktc5hgs tdr 1Ye algBu a0t hehit® MUY 1%
a_vari abl e heavy chain onpr.i si ng essentlally an

BhT B fébl“@k@e&&eﬂeées%ﬁ“%ﬁféowﬁ%ﬁytpﬁé gr oup

consi ff i prRire2EE,! Qrmzz@entSEQﬂeDbNQdZK% ANV RS Y
NO 28, SEQ ID NO 29, SEQ ID NO 30, SE NO 31, SEQ,

w}:q@w Eogithe) HoKenBRon SEYRTSSR0%4 lesEb # FRiS Fregion
g@ 36 2RGnbD:cNO ggque?ﬁs@ IsR1MS:- 38, roER 4H group

I D NO 40, SEQ I
con51st1ng of SEQ ID NO:1, SEQ ID NO 2, SEQ ID NO:3, SEQ ID
NO:4, SEQ ID NO:5, SEQ ID NO:6, SEQ ID NO:7, SEQ ID NO:8, SEQ
ID NO:9, SEQ ID NO:10, SEQ ID NO:11, SEQ ID NO:12, SEQ ID
NO:13, SEQ ID NO:14, SEQ ID NO:15, SEQ ID NO:16, SEQ ID NO:17,
SEQ ID NO:18, SEQ ID NO:19, SEQ ID NO:20, SEQ ID NO:21, SEQ ID
NO:22, SEQ ID NO:23 and SEQ ID NO:24. In an embodiment the
CDR3 region is a heavy chain CDR3 regilon.

In yet another embodiment, the binding molecules
according to the invention comprise a variable heavy chain
comprising essentially an amino acid sequence selected from
the group consisting of SEQ ID NO:26, SEQ ID NO:27, SEQ ID
NO:28, SEQ ID NO:29, SEQ ID NO:30, SEQ ID NO:31, SEQ ID NO:32,
SEQ ID NO:33, SEQ ID NO:34, SEQ ID NO:35, SEQ ID NO:36, SEQ ID
NO:37, SEQ ID NO:38, SEQ ID NO:39, SEQ ID NO:40, SEQ ID NO:41,
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WD 2005/ 118644 PCT/ EP2005/ 052410 23 SEQ I D NO 42, SEQ
ID NO 43, SEQ I D NO 44, SEQ ID NO 45, SEQ ID NO 46,

WERQsMB6MNO 47, SEQ I D NO 48 and SEQ | D NO 49. PCI/BP2005/052410

preferred enbodi nent the binding nol ecul es accordi ng
to the invention conprise a variable heavy chain
conprising 5 essentially an am no acid sequence
conprising amno acids 1- 119 of SEQ ID NGO 335. In a
further enbodi nent, the bindipg nol ecul es according
to the invention conprise a variable heavy chain

| S4 t ) j d . I .
%érgjgpigﬂﬁoqu gﬁfgfgiﬂnﬁo:azfé, s%%qui%”ﬁé_.@flhgg% B M8:28, seo 1D

variabl t 10 chain conpri si e am no
N3 46 ,s §q0eAde NOE 4 BEGED NONSD 48a andafEable Mewds. diaien
ézg)e errlrst’—:-ldn %m%llg iﬁénnﬁotﬁmbdinsﬁ% e&%ﬁegﬁl?%%cé&ma@% the
nd a variabl'e”"1'rght "chain ¢conmprising e amno daci
Segqaricn conSEQseDa NG Silgblae \narivabkbahe avymptis ing

conpr.i.si the_am no_acid sequence of . D . _
S PV aBPo T Bt STa (IR ey PTar h8 T i g Cids 1
B9 bSeapgenoeNot3SEQ | D NO 52, a variable heavy chain
conprijsing the am no acid sequence af SEO . 1D NQOQ 29 .
and a®ari élﬁltgeiri ﬁﬁ?o‘gﬂ?rht’cgcﬁl& %’%Pﬁé‘n?hrg}%?ﬁ%oesacalc& ording
SERLRNGAVRhtIEQ LD E3,a arardiaiakl echeqavyhahaicomprising
conprising- .the am no acjd sequence_af S | D NO.30 ..

ShRl BRIy FiCe SPRORECD.(P & Flth TRonRe P8 ﬁﬁg%evaalfﬁar%e 1ight
ad th seageneengl tBEQINAH4A sequeackabl eshepary Nha&ion a

conprising the am no aci d sequence of SEQ .[D NO 31

e 2P AP FCa e SRR R SRR TP -esﬁﬁ@nPhg“a% ORGP oFf SEQ
BEMEICE 0fd SEQakDad® 5higta: \elaiiablkenpeayyng hed amino acid
conpri sin t he_ami no_acid sequence of SEQ ID NO 32 . .
PGP ASER FPgHP: 25 chafar r PERNY ERRIAMRAPTLising

acd drperienge ebqoER-4 D NQHES, 1A Novasi ablea heaviyariRailight
conprising the amno acid sequence of SEQ |D NO 33

@RI GRRRTASIE PRt 2BHE P IShpia®eRget RE e nd &P, 2
SEAUANGE 1S v9EShL Ph NebRdx 1 S nprinblei Reayyi 8 hdddence of SEQ

conprising the amno acid sequence of SEQ | D NO 34 )
B ANQ: 2Pardnsh e VREGRP1OL i CrEPrgSiRE BhE frino acid

Q&(ﬁ@er&?& besil %%QOfIDsﬁ@ 8 NOpBiiabieV ﬁ%ﬁ@gl Ehh VYol aiding
coimprising the am no acid sequence of S

the amino acid sequence of SEQ ID NO:30 and a variable light
chain comprising the amino acid sequence of SEQ ID NO:54, a
variable heavy chain comprising the amino acid sequence of SEQ
ID NO:31 and a variable light chain comprising the amino acid
sequence of SEQ ID NO:55, a variable heavy chain comprising
the amino acid sequence of SEQ ID NO:32 and a variable light
chain comprising the amino acid sequence of SEQ ID NO:56, a
variable heavy chain comprising the amino acid sequence of SEQ
ID NO:33 and a variable light chain comprising the amino acid
sequence of SEQ ID NO:57, a variable heavy chain comprising
the amino acid sequence of SEQ ID NO:34 and a variable light
chain comprising the amino acid sequence of SEQ ID NO:58, a
variable heavy chain comprising the amino acid sequence of SEQ

ID NO:35 and a variable light chain comprising the amino acid
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ID NO 35 and a variable [ight chain conprising the
am no acid WO 2005/ 118644 PCT/ EP2005/ 052410 24

waegsamsed of SEQ | D NO 59, a variabl e heavy che@CTIEP2005/052410

conprising the amno acid sequence of SEQ I D NGO 36
and a variable light chain conprising the am no acid
sequence of SEQ ID NO 60, a variable heavy chain
conprising the am no acid sequence of SEQ 5 I D NO 37
and a variable light chain camrising the amno acid
sequence of SEQ ID NGO 61, a variable heavy chain

s%%ga%icai B9 1{:6‘9}@'@1&%930' dvaggasmseh@évf@aﬁ ngm§§lsmg

a varia chai n conprising the am no acid
theqaenoe @tl@E@a1®rN© ®Z, SEQ WarNgb%s afé%l\a/ vetydigple light

2R c%]'mng%l%{? {Oansho 2389YE056. 08 SEQ ) 1B Nega, a

) a vari aln conprrsing the amno aci
mdrabﬂeeheévﬁaﬁgldﬂl N@It@ﬁ;sanwathabwelmceevq&d:fmqmence of SEQ
0 t he am Q aGi4 s ne :
IR Var ot TS gt SRERT Eoflor TR, G Eng ot
sefieaceeodf SBEQD [NcN@164 a aaruablabheamacmanahaqomprlsmg

rrpr|S|n e_ani no aci quen SE 5 | 4
aé{‘l\l}gr ggﬂﬂq ST TYHI < cﬁﬁdﬁﬁgo#%rﬁs %é ?%(jéQ amar%gagléged}lght
aegue oapefs Sinf) tH: NGk, aa:marsequcdaaaf/ySMa]m NO 62, a

onpri.si the a i.d of SE
38 o PLABY o ghiE oS PO RB| ST AeP (T AHbioAgeaoF SEQ

HEQRNoe 2l ﬁEﬁhiihﬂié ﬂ%?ﬁt ahayarcahtflhhayyjmhamnno acid
conpri sing the am no id se e of SEQ.20. ID NO 4
SHeaoaPTabEe b i Cath YeOIBPLS AE*Ehe Mo ABrd S ing
t&&qwﬁ% @.E:L?EQB&ILDBM @f; d%QVaDI ROk eopgmya chaiimble 1light
nprisin e am no acid sequence of SEQ D NO 44
Ca}}?dma C\?g‘PFéBF’égIF%tamlrﬁ?alaﬁléjoﬁﬁﬂ%f“ﬁ% ?E(e% ﬁp ?fc'iesé' a
Gﬁ%ﬂ#@T&eh@EvﬁEghé£hPﬁgﬂﬁﬁléingV&hbthﬁnae@&WE(Hﬁﬁdénce of SEQ
gPr|S| ng the am no aci d_sequence of S %QiZS I.D NO,45
MaﬁPQbPeVFFtﬂ*ﬁl%%%%G%FFSFH@PFH i e &oHge acid

e o¢f sBEQrh QidNQH9.a Farakbabl EeQﬁ@thé?:hﬁld?bmprlslng
conprising the amno acid seguence of SEQ I D NO. 46

el anipgr pabReseagprce Haish PpPIPsI‘l%ga?ﬂea A meds dight

&%‘He%ﬁlpggs%g ke NQiAD idvakgabBhee heavyrREhal mo: 66, a
conprising the"am no acid sequence of SEQ 30 I D NO 47

eanl ab heaheabl echa iht CRMREIS IOgMEHES PRGN haC ki $RA%ECE oF SEQ

ID NO:43 and a variable light chain comprising the amino acid
sequence of SEQ ID NO:67, a variable heavy chain comprising
the amino acid sequence of SEQ ID NO:44 and a variable light
chain comprising the amino acid sequence of SEQ ID NO:68, a
variable heavy chain comprising the amino acid sequence of SEQ
ID NO:45 and a variable light chain comprising the amino acid
sequence of SEQ ID NO:69, a variable heavy chain comprising
the amino acid sequence of SEQ ID NO:46 and a variable light
chain comprising the amino acid sequence of SEQ ID NO:70, a
variable heavy chain comprising the amino acid sequence of SEQ
ID NO:47 and a variable light chain comprising the amino acid
sequence of SEQ ID NO:71, a variable heavy chain comprising

the amino acid sequence of SEQ ID NO:48 and a variable light
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sequence of SEQ ID NGO 71, a variable heavy chain
conprising the am no acid sequence of SEQ I D NGO 48

wa@pasalseas i abl e | i ght WO 2005/ 118644 PCT/ EP200B¢DER288052410

25 chain conprising the amino acid sequence of SEQ ID
NO 72, a variable heavy chain conprising the am no
acid sequence of SEQ ID NGO 49 and a variable |ight
chain conprising the am no acid sequence of SEQ ID
NO 73. In a preferred enbodi nent the human 5 binding
nol ecul es according to the invention conprise a

i cphal n rj si ' ' .
R U R L
WO 388 cabgaxyvaha bl eomprighing rdien awonpr #sidigseduence of SEQ

BT arss Vb et T e AR BT e o (I erlno acta
dpquimg: 1113111‘:c €0l €8 Mavihg I abiresferred eebedahért e human
activit t [ { dmi_ni d.i
L ) S LR R S R Y
x'kan’ivﬁm]{eomeiangldu?_emfmrmﬁgiaig t?ha:r aanhe aéidbilssmt'[ueguce

mol ecul.es as.define rein. cyl e .
T v o afce P Fortd <amrind BB 455 4 g, veriable

yjiec Whaiac cofngrngihg tie driventaicad, skfuthee vasm@atitssing
are capgb] e_of ~_conpeting for specifically binding to
?‘&H?%?%qsuél—émao f?%énﬂ?]tNQ'l'%&eof with the parent
?lndllﬂldq@réﬁékﬁéd dbed ieint Whled®inaeg tbEecules having
unctional variants,are still .capahle,of .20 binding to
Falbi e XTigs PoHCER T HAUHBACHIERSOPT THE. #OMRRF DTS
@it rdaouhd1gbseostat,| Jiedadbiyesg@lr f6rmat .
neutralizing activity. Functional variants include,

but ANSTRGE PERPEEOT othe deFirdtiPed nEhafed gunctioral

SHbSERY I3 by n8hAl| 861éuldd Y YershedChytain sa@iiifles are
but which contain e. invitro or in 25 vivo

woRs Fdad &ﬁsPecﬁewgia@n%dya&laat@cﬁénﬁcai?d%%tm% ule
20tordQindd RukhenPahendn piinditie FakeaHLs. a¥Chapable of
nmodi fications include inter alia acetylation,
aeypeltineh foaDPPeEbEsGR LY dhinding &&t F8R1e8 oVaF&htor 2

ALl a0k ol AYER, t ROV Rt ¥ithAGREERb1e&h1&8s NEIE other
noiety, coval ent attachnent of a nucl éotide or
words, when the functional variants are still capable of

binding to rabies virus or a fragment thereof. The functional
variants should also still have rabies virus neutralizing
activity. Functional variants include, but are not limited to,
derivatives that are substantially similar in primary
structural sequence, but which contain e.g. in vitro or in
vivo modifications, chemical and/or biochemical, that are not
found in the parent binding molecule. Such modifications
include inter alia acetylation, acylation, ADP-ribosylation,
amidation, covalent attachment of flavin, covalent attachment
of a heme moiety, covalent attachment of a nucleotide or
nucleotide derivative, covalent attachment of a lipid or lipid
derivative, covalent attachment of phosphotidylinositol,

cross-linking, cyclization, disulfide bond formation,
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30 nucleotide derivative, covalent attachnent of a
lipid or lipid derivative, covalent attachnent of

w@bwspisstd dyl i nositol, cross-1inking, cyclizapCDRP2005/052410

di sul fi de bond formation, WO 2005/ 118644

PCT/ EP2005/ 052410 26 denet hyl ati on, formation of

coval ent cross-links, formation of cystine, formation
of pyroglutamate, fornylation, gamm- carboxyl ation,

gl ycosyl ation, GPl-anchor forsation, hydroxylation,

i odi nati on, nethylation, nyristoylation, 5 oxidation,

RED3N 220 on PT 8L R YHdE JH QERSEAY, crPPOSPHALY) #iBBtion of

prenyl ati on, racem zati on, selenoyiatlon, sul fation,
dysdrigieer RO hidh ab e b yaddiluitemas e, afid oy kel g t gamma-
rotej h ' atio ubi QUL i.an, __and the
FESIR LS, SR e oz dhator BeoR
Hyidhixyd at@onpl dedd st iam  defithgd athon hempr sseoplation,

i nvent.i on co i sin n m-No .aci e

Con a%lr?flﬁgpgggg?ﬁ%rg’l %nrscit%or% %rl ? i %gégg%grpé’ti ons or
prordphoatyilensoh hepeadiyiait iome crcernisabhdomp sxiatwylation,

C red to the_am aci equences. of the parent .
STRIeh | Drensror Ak Had A2 gaaee 8 LA Hesgs co
Iﬁt&ﬂ:e{i@lhmptsiuﬁzﬁ a5 4rgiodtdtdrs ,ofubtiheiaimaciac) hskqhendéke.
at either or .both the .am nq or carboxy term.nni...

R nC A eRPay Py et AT S5 ERES Yan it diay

e ilke sangefindld fiered preiseher ihirghetowrcodpmiding an
bLndin%,affinities coqpared to bhg. arent bi ndi nq...
AL A b SETHPBCR 1 T INAS & BF CHERAT TS 1 G S dons

J TS Bfs dr2@ohk agieidnd heleelbrant ane &t ihdr« apdocacids
of neutralizing rabies , virus. For instance,

FARATGNEC FAPT ARTRC RUSH FSRLEPheT FRV AT fdypding
A 1RGT, e 26 EheFnéles) easrd iinadi ReradhtHi ddeconfaiise
rabi es virus or_a fragment, thereof conpared to th%
ARt L oBn 8 ngh frot ettt &6t Sﬁ&if‘eﬁﬁ€eg‘g it Qr both the
APMRY JraRia@B oYl I HSrbn Nethhdt i gndN0 RGtilatitlsy according to the
Preferably, the am no acid se%ggnces of the varjable

[

Femien mayl Bavagthio et (dHEederh; ¢tHMRmdrigher or
I&H:ONBi kY RET YAl @bl £ d RURATed RoPBRE! St 1HIRdERG3

regi ons, are nodified. Gbneralkyb_the l'i ght chainv%h
mkecule but are still capable o inding €to rabies rus or a
fragment thereof and are still capable of neutralizing rabies
virus. For instance, functional variants according to the
invention may have increased or decreased binding affinities
for rabies virus or a fragment thereof compared to the parent
binding molecules or may have a higher or lower rabies virus
neutralizing activity. Preferably, the amino acid sequences of
the variable regions, including, but not limited to, framework
regions, hypervariable regions, in particular the CDR3
regions, are modified. Generally, the light chain and the
heavy chain variable regions comprise three hypervariable
regions, comprising three CDRs, and more conserved regions,
the so-called framework regions (FRs). The hypervariable

regions comprise amino acid residues from CDRs and amino acid
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heavy chain vari abl e regions conprise three
hypervari abl e 30 regi ons, conprising three CDRs, and

worens/1cssmser ved regi ons, the so-call ed framewtREP2005/052410

regions (FRs). The hypervariable regions conprise
am no acid residues from CDRs and am no acid WO
2005/ 118644 PCT/ EP2005/ 052410 27 residues from
hypervari abl e 1 oops. Functional variants intended to
fall within the scope of the present invention have
at | east about 50%to about 99% preferably at | east

09 % r r.ef I al out
s LB Ty e PSS F o FarahT ™ot Ty
frbmande80%ot Gadboui thD9Wharwstorgr efekhdl pregeteggivention
ahout_.9Q% 20, | r hgeul t
G808 o aesit BBOEC L0750 preRi SRy BhefrraBir gl ipdse
91 &0adbaot aBOYE ad?ho rewied rredeenbéyhabologgt aliaut 70% to

t.h t bindi I I def Lped I dho
%%ﬁﬁﬁ?%%nlﬁvggghgg?ﬁ%§§§%%ﬁﬁ'a%t e%gg a%&aggﬁg?to about

orl s inferali
Best frids tk pretietabay pet sivasts kiblolued 90f thealaout <% ,bén

d t ti_mal | i I, id to _be, .
e T e TR 3 b Yo SO RS o iBetoian
&ci Xxbaasiathes. 978 ascithert edodintant acidnséquarate homology
variants may be. . 15, d d .wh t t bi.ndi
RSBk ead a8 G IR e PR R PADN! Mhmputer

SESiEnGast Bakhr esulhset a1 y@sylraBespfdt kiewbitdiangerson
no] ecul € upon expression in ukar otiglcelis and

HEHEhiigh P EOABaTEn Lo HASHILR PE L PALLY aft 1 Gorfmifige 201d

famedricanalcovakl abhppFedUaRll 0 de@iger stablar Nsr 2iddid cal
gl ycosylation site, but will be capable of binding to
IR LGHY §&S4HHSE i 1| have neutralizing activity.

Functirpnalothdkl apbsdtaehte akiciivad1byaaisrts ngay e
par ent bi ndi ng nol ecul es or_parts_thereof bg/ gener al
et dRGahhes; ShEghaRet h i KGO RCEAE SPTPTIRG U ng,

St ddiint 84 +251H 05 t £Idfueic@N@hBERresults in
ol'1 gonucl eot i de-di rect ed nut agenesi s and . i
gl yeesiiaddoad ofut g eherisna ma: FRoFBOTt FEPFRFTII oA

g@ﬁéﬁ%Hﬁid“@élﬁévQngoﬂ$ﬁéﬁnﬂﬂgﬂﬂ %RGgaELi ¥hé YbiRBing to the
éﬁﬁﬁgéﬁi %&e functional variant produced no longer contains
the glycosylation site, but will be capable of binding to
rabies virus and still have neutralizing activity.

Functional variants can be obtained by altering the
parent binding molecules or parts thereof by general molecular
biology methods known in the art including, but not limited
to, error-prone PCR, oligonucleotide-directed mutagenesis and
site-directed mutagenesis. Furthermore, the functional
variants may have complement fixing activity, be capable of
assisting in the lysis of enveloped rabies virus and/or act as
opsonins and augment phagocytosis of rabies virus either by
promoting.its uptake via Fc or C3b receptors or by

agglutinating rabies virus to make it more easily

phagocytosed.
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assisting in the lysis of envel oped rabies virus
and/ or act as opsonins and augnent phagocytosis of

WO avses86wd rus ei ther by 30 pronoting its uptakeCEP20P052410

or Cab receptors or by agglutinating rabies virus to
make it nore easily phagocytosed. WO 2005/ 118644
PCT/ EP2005/ 052410 28 In yet a further aspect, the

i nvention includes imunoconjugates, i.e. nolecul es
conprising at | east one bindgsg nol ecul e or
functional variant thereof as defined herein and

further .eenmr kgi&ﬂeﬁ.taéﬁeac% WL %ﬁgenﬁy&h Ascldey 5

alia a detectable npiety/agent. so contenplated in
irmeinquroegegi teay et € omaliesudiost goaprpping at least one

B{II0P Q1 4481 850 BCEUA ihat! QabBEnkNWEOELOR &L defined
m Xtures of at | east Ooné I munoconjugate according to
Hdreeimeendt ifomthad eomphisyinmledgcdkeestsand B&ga such as inter

t herapeuti c.agent_or angt her._ bindi.n I
R o ol
presmocdnjvegaties ané mirtirasenti dmnmoayconimyases Gueaxnding

nore taqgs. These tags can be the.sa or distinct .

R ot oty oatien ahdioaime Sromtodranh Saar By mstonjugate
mm@l %ra)t ltyiet mgvbﬁtmmcﬁm amoliteeul asledhke, tagilslas a

can al so .be joined/conjugated dj.rectly to.the bindin

e AR % §9ERF 0BG PR ]%EPJ%%ﬁﬁ]ﬁﬁ¥eFH%?u%?ng, bu?
NbudddidiedateQ, 181 s ukhittie bentbodgmehy fr ogenimontdaamjugates
electrostati ¢ bondi ng, reconbi nant fusipn an

s ARG OB FGTPTIAY GPITErVBPYS PRESt aiSe d9S can
be {rd rb%@k{ecmj ugat@ﬂcf _Of:f(d_ale eakﬁm@thggﬁﬁthdéﬁS??]@y

means_of one or nore |inking conpounds, .20, Technj ques
SR TR BGS- FOVA TR o TR BEuPEaTHIE MgIqEuTes . The
gﬁgvgbtéhﬂlﬁis%kbb| 8i8¢d/ SayugHted agsebtliyheo the binding

i mrunoconj ugates of the present inventiaqn be .
ROLRGHER (T rRgEht SOVRLER b rRARS DGy lPﬁéVdéP%?%?%c‘i‘bellemlted

9] e4i S5/ BURN LB ndl Y)Y NGO HUA RN G QB! bSbBPrdstatic
det ect abl e 25 agent can be used di agnosti cal | for

exetin®, neceEdinpRtatusify ettd (PASTGABA A HF bt MR
APDE £S5 M, Ol hBDRL G 05) tdh be joined/conjugated to the
binding molecules by means of one or more linking compounds.
Techniques for conjugating tags to binding molecules are well
known to the skilled artisan.

The tags of the immunoconjugates of the present invention
may be therapeutic agents, but preferably they are detectable
moieties/agents. Immunoconjugates comprising a detectable
agent can be used diagnostically to, for example, assess if a
subject has been infected with rabies virus or monitor the
development or progression of a rabies virus infection as part
of a clinical testing procedure to, e.g., determine the
efficacy of a given treatment regimen. However, they may also
be used for other detection and/or analytical and/or
diagnostic purposes. Detectable moieties/agents include, but

are not limited to, enzymes, prosthetic groups, fluorescent
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devel opnent or progression of a rabies virus infection

as part of a clinical testing procedure to, e.g.,
waelewsnmome the efficacy of a given treatnment PEYERP®NS/052410

However, they may al so 30 be used for other detection

and/ or anal ytical and/or diagnostic purposes.

Det ect abl e noi eti es/agents include, but are not

limted to, enzynes, prosthetic groups, fluorescent WO

2005/ 118644 PCT/ EP2005/ 052419 29 materi al s,

| um nescent materials, biolumnescent materials,

nkﬁggggigiVfuﬂ?ﬁ%%ééﬂﬁsmaE%§HEﬁQn Eﬂ$iﬁﬁiﬂb§3§ﬁ% $at@R€als,

nonf adi oacti ve paramagnetic nme al itons. The tags used
rtaoli:oabetive heabénh ey poisétubasenbrtBngaretadlison 3@8d/ or
anal ytical .an ' t r s depend on the
p§ﬁ§ % P%g%%$% ?%%ﬁ%ﬁ%ﬁ@%i?%&?ggﬁggfé t echni ques

and/ ahe tegbhodsedised Isbell &bei hindingimplecules for

' nohi st ochem cal. st.ajni ' .
STRRShHRITED b Maygl, Ab5UE WPkRSer, depend
deteet spacifldodesesnion /mmigas s Agsagrrimesddhmkiages0and/or

i munosor bent assays. (ELI SA'.s) ._radi0i 0assays .
neREReE) oS alR ot e 2143 paff LB TRIRGERE statning
o starsBub) Ok inple s Apfildvwe atyitometrét cde®artion, scanning laser

of tissue

i mmunohi_st acheni cal stai nin sanpl es .
Preretrdd PgheFE Ate éﬁﬁﬂﬁ%ﬁ%epﬁafm%%?%Tﬁ%ér%;%? Fpeontked
i?gﬂldo%ablelﬁle peskiyoNn(REIsA’ dgt, eehdbbtmpuochday ENRIAES ) ,

5 typically conjugated to.bindin l ecul es t ot
B9S2 YPminGhr ShORH CRC AoTe GAPTFAL T dfeErern PIoteing
A 1idarewnsande b NCke eimmudidh iatechehitaln dedidimg of tissue
acetyl choli nesterase,_ al kal i ne ho%g%gtase

TR Ga PEEESEF 89 sEAL G S SOXNTES e “PRor SErat %h Production

8 WY AASBepaBit UbLASE . a BEicetbsubptoates. fmizymes
production and 20 deposition of visu?IIy det ect gbl .
i

priadily graigpebedet? Witiid fGLEABSRI TP et

fﬁﬁ%ﬁﬂﬂist@%ﬁ%m&@aih@isuaﬂﬂﬂﬁﬂﬂ@&o&kégﬁé@ﬁ—ﬁﬁoﬁﬂmand include,
I nvention can be | abeled using _colloidal gold or, they
Ruth e nebelléBIHPEhte adiitsdicTpddnestieh?Sas %gﬁ,llé‘?a

ﬁﬁg%pﬁa%aséodbé%ngaf%éﬁgéﬁhéB@,e@ﬂh@ﬁs@foif@bééﬁ“ﬂﬁﬁd@iadish
25 can be attached to radionuclides directly or .
p¢npxxggﬂey @ng prease. Typical substrates fof production and
deposition of visually detectable products are also well known
to the skilled person in the art. Next to that,
immunoconjugates of the invention can be labeled using
colloidal gold or they can be labeled with radioisotopes, such
as 33p, 3p, s, °H, and ’I. Binding molecules of the invention
can be attached to radionuclides directly or indirectly via a
chelating agent by methods well known in the art.

When the binding molecules of the present invention are
used for flow cytometric detections, scanning laser cytometric
detections, or fluorescent immunoassays, they can usefully be
labeled with fluorophores. A wide variety of fluorophores

useful for fluorescently labeling the binding molecules of the

present invention are known to the skilled artisan. When the
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chel ati ng agent by nethods well known in the art. Wen
t he bindi ng nol ecul es of the present invention are

wazed/1issad f | ow cytonetri c detections, scanni ngPCEHEPR2005/052410

cytonmetric detections, or fluorescent inmunoassays,
they can usefully be 30 |abeled with fluorophores. A
w de variety of fluorophores useful for fluorescently
| abel i ng the binding nol ecul es of the present

i nvention are known to the skijol l ed arti san. Wen the
WO 2005/118644 PCT/ EP2005/ 052410 30 bi ndi ng nol ecul es

bg%d&ﬁ?llgofégﬁeé \%re{lt %r@%%nysfﬁivér%lorﬁeaq:%n@%@ﬂ for

etection usin avi streptavi din,
seaphdarﬂldetﬂctmnnluﬁmnm ﬁabehedbavmﬁxgyrﬂﬂﬁﬁﬂﬂa@édﬁﬁy

cgps,alvggel € r neln:lg\@%‘je@l t%hgoﬁﬁéﬂ%%leeoq{l%%t 91% Be

conpl exes he "i mmunoconj ugates of fhe
lmbeeaulomthrblmsedtkoﬁormnsunVobﬁ$agnvﬁﬂmﬂﬂﬂsgrouﬁe
bi n nolecules can al so be nade detectable by
995? ron to e.g. magnetic resonance imaging (MRl)
contwash slge ntsypursiein jagjagadobf ntluen fvention are used for

o PHSESERBACL O To o &y Ener it bt & Mgy be nade

déﬂ@cﬁaﬁméopyCcoifﬁgﬁﬂﬂum tEueLberm@gnetiduxdaqmmnW@ imaging
nmol ecul es, functi onal iants fereo or
ﬁmﬁﬁﬁnﬁeaﬁfﬁﬁﬁt%%?Qﬁsﬁlﬁ? %neéngﬁgﬂ "%l so be 15
Aldraghedet 01 80l hsb SRS c whiiah a6 aa_‘plaﬂ'atslcmﬂ(hrdoyitrast
useful for in vitro innunoassg¥s or %%rlf cati

J9LHiSs OFi FAs¥oFah CIVEGEnE9BREF eof™ Sl ES N E Gpth
1SHRAaRys M ght be porous or nonporous planar or

nonpl anar and include,, but are no
S@cu v'; rfg:lonal variants

gl asgur@EPmPs%e Chol Rty Sa P

HHRIAESEY 68N emmBPAb ¥dh at&dy erd @ﬁeom{a@ﬂwmrop;dremso be
supports. The_ human |nd|ngﬁnoleoules can a

SSAgee. beePaliy TP GRER FESf PR AN NedgEul for

BUGH 3% NiRuachiyayehr IRRNGHCsEi6h SMBralsitdd waled or a
Sepharose for gur oses of immunoaffinity

fraameatoghaphyt - THES: s syPRsEts| liﬂyglbfe be porous or

nonporous, planar or nonplanar and include,.but are not
limited to, glass, cellulose, polyacrylamide, nylon,
polystyrene, polyvinyl chloride or polypropylene supports. The
human binding molecules can also for example usefully be
conjugated to filtration media, such as NHS-activated
Sepharose or CNBr-activated Sepharose for purposes of
immunoaffinity chromatography. They can also usefully be
attached to paramagnetic microspheres, typically by biotin-
streptavidin interaction. The microspheres can be used for
isolation of rabies virus or a fragment thereof from a sample
containing rabies virus or a fragment thereof. As another
example, the human binding molecules of the present invention
can usefully be attached to the surface of a microtiter plate

for ELISA.
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25 attached to paramagnetic m crospheres, typically by
biotin- streptavidin interaction. The m crospheres can
wheoosaesd4f or i solation of rabies virus or a fPERRIWD5/052410

thereof froma sanple containing rabies virus or a
fragment thereof. As another exanple, the human

bi ndi ng nol ecul es of the present invention 30 can
usefully be attached to the surface of a mcrotiter
plate for ELISA. WD 2005/ 118%44 PCT/ EP2005/ 052410 31
The bi ndi ng nol ecul es of the present invention or

functmgnghnm%armfem%r e €88 BEeLUsed tRAWIdC b

sequences, as a ide tofacilitate

ﬁnmuthpoaﬁlUmrlékemrﬂkﬁreqfhch@dée ﬁuﬁe@rtprﬂﬂrhqnﬁSpé@ences,
t he _hex e .t h ti

ﬁudh aﬁhe gt ag or %$1§¥%at% §u§19 %%gtﬁ%% f@

ﬁndhdm@dybuanabe nmﬁulxmﬂﬂaﬁ.t@,atsecbﬁda Lt dsbiche ¢@g, the

orn1 n.antib heter a ) t ect

3H5ﬁ 6lngg%b %1 fE?ﬁe£?n§@%t|o EP

conjugabedéahtarﬁechﬁ(nnnmbdmy eenebantogEngmted to a second

Pr ef er abl t hese 10 anti e are anti ens i C
R SY BhE e i Taee AL PR RS pRibaehe Ml Shiiey

éﬁﬁédﬁ m@bnguﬁahEBi&dtﬁUﬂmqyamuléenpﬁgahe imwention may be

d t d b
G eOdr PO dath TTher TBBR, YA PO mHGe gy these

At idfdisna rehenangége ngiand ayien dleaggﬁmke@ ud>3est1&r ammlnle
known |n 15 the art an cl are n ed

5t hetugesBPIEFbsER ¥ %éhlﬁ? a&éﬁaéngTﬂ% ?1antlgen
Siigag cmakeauhesi ¥tdtedi Mthd @ntigbhesmyy rvs fﬂ&hﬂﬂmal but
antigens attached to the human hi ndin mol ecul e

M3 1316 A LEGRef FOP 92 qthat a&?naﬁggﬁéon By

P Ldh Mg kenev SHEQ% y dedbilitemdesthuss | em.‘b Qfe]I]h &nown in
20 rabi es virus xt to produci.ng.i munoco

ErerAttalng BPCLEGR; AL | HE Tt SARRFCRr T i ﬂey Qf; gross-

i M1 i tRRee 58 rhekgiman i diIHQUROIERL1UEAL @ELT &:ﬂLrhE to
produced "as fusion proteins conprising the hu

Ptk o 7 irrvise eile 8D o f 2R HEOGTH éfitieghedn B athe hman binding

molecules will initiate a.powerful T-cell attack on the
conjugate which will eventually lead to the destruction of the
rabies virus.

Next to producing immunoconjugates chemically by
conjugating, directly or indirectly via for instance a linker,
the immunoconjugates can be produced as fusion proteins
comprising the human binding molecules of the invention and a
suitable tag. Fusion proteins can be produced by methods known
in the art such as, e.g., recombinantly by constructing
nucleic acid molecules comprising nucleotide sequences
encoding the human binding molecules in frame with nucleotide
sequences encoding the suitable tag(s) and then expressing the
nucleic acid molecules.

It is another aspect of the present invention to provide

a nucleic acid molecule encoding at least a binding molecule



10

15

20

25

30

25 suitable tag. Fusion proteins can be produced by
nmet hods known in the art such as, e.g., reconbinantly

whyoosomst4 ucti ng nucl ei c acid nol ecul es conprPGI/RB2005/052410

nucl eoti de sequences encoding the human bindi ng

nol ecules in frame with nucl eoti de sequences encodi ng
the suitable tag(s) and then expressing the 30
nucleic acid nolecules. It is another aspect of the
present invention to provide 3a nucleic acid nolecule
encodi ng at | east a binding nolecule WO 2005/ 118644

£¥j¥&%?%¥y§g35%él@angZtﬁgrédfugéd%Qﬁhn&aEba@ﬁeFfﬁﬁéﬂgion. Such
ing tot I d

accor e invention. Such nucleic aci
motlexid esidamobecutes can ibw alesdigt asteoredidieors fpr
[ DOS .a. in_the f.affini -1 EﬁAéH} .
.g. f t
R R
dend eiteda@bodve . nbhee upesfarmed sobatédent , ptlne fiweleith@cid
skilled man wi.l | . appreci at.e .that, functi onal variants
?ﬁi?ﬁé;§§ ﬁﬁ€|éﬁ813g$ n%Féﬁﬁﬁé%%dére al so intended to
be a &y tskidflettheapresEhtapmmearifiten thEunftnopbdnal variants
that, can
o]

variants are nucleigc acjd equence e
%f?%&ﬁﬁ%/qﬂéiﬁﬁFa?Sag T@%%ﬁfﬁ%ﬁa%ﬁﬁaﬁggrdlﬁﬁe%%%et?%:be a part
6Ddighe tprgucont davant ash naFanitd sedueactantdendrealudieic acid
that translated fromthe rent nucleic acid
ST, ho, £PBr 8| ‘é%rec‘% ShUdPBEdEra HoTBg kg standard
§EEOER: iddd, NG oNplkeculi€sart ampilrics ialg da sEBR8neegidentical to
referabué_a hegv% chain CDR3 regjon, co riﬁiQ%_an
ho-ERAH aSEGuénbR ERT AT Mointets fhddgPatptes:
SEO LD N g 0 D N G D NG b SR D NG
r 4, SEQ. . , 6, D NO 7 .
REbS P S NGOFPEEEENF P NP rs%@% Recfera ?g%\iﬁylﬁhm
SR> | 22 NG L2 ,comPEDs k By Nk 13w in SEQiIAD sNQuddce S ddted from
NO 15, SEQ I D NO 16, SEQ ID NO. 17, SEQ ID NO 18, SEQ
TP NP OSPOIEELRE) 96, SEEQ T NG 2 PEQAPSERY 0 T¥§ 7P NO: 3,

SEQ 11D N 223 saipd 155 L D, Nx@ 4D RaB,Meke ppeher aplEQ 1D

the nucleic acid nol ecul es encode human bi ndin

NOF o 352 10omor s} AECTY NG ot e Sioadp SRaLh SEQ ID NO:12,
SPHPED AL £S S0t ! ky: h, aBdormaiod 15¢JHEHCED SHd €04 EEQ. ID
Lé??%, SEQ ID NO:18, SEQ ID NO:19, SEQ ID NO:20, SEQ ID NO:21,
SEQ ID NO:22, SEQ ID NO:23 and SEQ ID NO:24.

Even more preferably, the nucleic acid molecules encode
human binding molecules comprising a variable heavy chain
comprising essentially an amino acid sequence selected from
the group consisting of SEQ ID NO:26, SEQ ID NO:27, SEQ ID
NO:28, SEQ ID NO:29, SEQ ID NO:30, SEQ ID NO:31, SEQ ID NO:32,
SEQ ID NO:33, SEQ ID NO:34, SEQ ID NO:35, SEQ ID NO:36, SEQ ID
NO:37, SEQ ID NO:38, SEQ ID NO:39, SEQ ID NO:40, SEQ ID NO:41,
SEQ ID NO:42, SEQ ID NO:43, SEQ ID NO:44, SEQ ID NO:45, SEQ ID
NO:46, SEQ ID NO:47, SEQ ID NO:48 and SEQ ID NO:49. In a

particularly preferred embodiment the nucleic acid molecules

encode binding molecules comprising a variable heavy chain
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the group consisting of SEQ ID NO 26, SEQ I D NG 27,
SEQ ID 25 NO 28, SEQ ID NGO 29, SEQ ID NO 30, SEQ ID

woen0311868EQ | D NO 32, SEQ I D NO 33, SEQ | D NOPGHEPBEEDS2410

ID NGO 35, SEQ ID NO 36, SEQ ID NO 37, SEQ ID NO 38,
SEQ I D NO 39, SEQ ID NO 40, SEQ ID NGO 41, SEQID
NG 42, SEQ ID NO 43, SEQ ID NG 44, SEQ I D NO 45, SEQ
ID NO 46, SEQ ID NO 47, SEQ ID NO 48 and SEQ I D
NO 49. In a 30 particularly pgeferred enbodi nent the
nucl ei ¢ acid nol ecul es encode bi ndi ng nol ecul es

s e R A e a T P i iy emino
acidb seduénoé GBAPEPSIOPRHNM no acids 1-119 of SEQ ID

NG 338, Jd Y8b A0t Deko At Meak, (LBEAUCLELE Afidbules

nol e S~ encodé binding nol'ecul’'es conpri sing
eacddeh e nidéagymohafnles cunprissinggat Meraaphe keddy chain

sequence of . SEQ LD NO. 2 n vari a? 9’1@%%%
ORISR, PRe Ik R0kt o Slsic e o ety Ay b p: =
wiridigle drigbdechavar catyel digay thehaminooapid sseqguare of SEQ
.00 aci d sequence of SEQ I D NO 27 and a variable . _.
P gRE: Bhan” CRBTprrartG T AERTS ASeas ShtonCIE igige the
4RI NO &l d Geqibayel10f esE@dED alosar7i abbeaheavyalchaiight chain
conpr.isin he am no_acid sequenc S  NO 28
& ’%l”\i'iﬁg Ce 2Bt 2Shai $F |§i%ngEQtE§Ig#I%§ &5 hey
SREPEN CE Rfr i9EQe! Ry Sehaf ddigyietiagdeha ambtid abiiel
heavy chain comprising. the amno.acid sequence of SEQ_ . .
m«%&%%&@?gmab% 9 V@ﬁ&a?flsoirbgﬁgi P theomprising
ané nonia Gckh sequenee of SO IDNNE533, oor thégyertnwizde
a variabl e heavy ,chain conprising the am po acid £
EReHHG 5P VSEE P EANE 0T S PR ATABPe 1 GntCBHEGE OF SFO
6N i B Rehd e vark BB1 8Cl Thtse HIRIIGe cohpBEQing DriNO ddtino acid
or they encode a vari abl e heavy chain conBrisin t.he
BTN GRo i SEQURCECHPS ST I NOSTEC A2V Farf FaibT 1°2VY
Eh s &Jﬁ%ﬂs&@xgcﬁﬁ'@f bEing 44101 adgenaei grsegUenseNdf30 and a
SEQ I D NO 55, or they encode a variable heavy chain
FRAN LR g 9brte CRATROCHBPHLS Wit e #MeROSER L P RS of SEQ
AN YA IAble el ghto8bal Ny LMY heG vyt BRa 81 i ding the
sequence of SEQ I D NO 56, or they encode a
amino acid sequence of SEQ ID NO:31 and a variable light chain
comprising the amino acid sequence of SEQ ID NO:55, or they
encode a variable heavy chain comprising the amino acid
sequence of SEQ ID NO:32 and a variable light chain comprising
the amino acid sequence of SEQ ID NO:56, or they encode a
variable heavy chain comprising the amino acid sequence of SEQ
ID NO:33 and a variable light chain comprising the amino acid
sequence of SEQ ID NO:57, or they encode a variable heavy
chain comprising the amino acid sequence of SEQ ID NO:34 and a
variable light chain comprising the amino acid sequence of SEQ
ID NO:58, or they encode a variable heavy chain comprising the
amino acid sequence of SEQ ID NO:35 and a variable light chain
comprising the amino acid sequence of SEQ ID NO:59, or they

encode a variable heavy chain comprising the amino acid
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vari abl e heavy chain conprising the am no acid
sequence of SEQ 25 I D NO 33 and a variable light chain

w@ovpnisig the amno acid sequence of SEQ | DPCIDEB2005/052410

or they encode a variable heavy chain conprising the

am no acid sequence of SEQ ID NO 34 and a variable

i ght chain conprising the am no acid sequence of SEQ

I D NO 58, or they encode a variabl e heavy chain

conprising the 30 ami no acid sequence of SEQ I D NGO 35

and a variable light chain conprising the amno acid
ggu e qf I c i

ie vy g?nsgg%pf?%(?\%gét necpamt‘%gxglglfg %Ooég%llggf%prlsmg

tﬂ@rl@ﬁi@O@b@ﬁZ&&Que@@e SHY R d DoNOSELY | & N6 enmpde a

vard abl e, | n r t C

SRS s YT B N B e R AR4BE AE gy o smo

Ima\w Vhaind eowprisghhy Jtmtamhmnacpmpseamc@l@far@z@ acid
D NO 37 an riab i ght chain r

sée no aci- gEgquef\rIl@eélce{f Oé%% X %5?8%8@ 4’%]ﬁe%fegqn?b

cﬂlaﬁaflc@hipelheagythehanincc@mrd sieqyehhe afii $EQ alh NO: 38 and a

seguence E D NG 38 variable |light chain
G 1SS Re kTR ot o o shba chi Rt LS ot of smo
m N2, em»odaeg mm@@la dmﬁ\agolehaeavyonmimcngngmmg the

am no acid sequence EQ.| r 39 nd a var.i abl e

PG 2GS 7 eesﬁp?? ﬁ%%%é%ogﬁ%s cfdv iRt gt chain
S il iNG 68e emihbeycidnuefiRndeV aifi abbememyesz.:,ham they
conpri si nggthe am no aci.d ., sequence,of Sﬂ Q I D NG 4Q

YR BPELEI PREVE I H L SMEPELPAgY Ehe M 3t
seguaiee Ff sEEQIbINO G4ndra ey atleoleght dedirlldprising
heavy chain conprising the am_no_aci d seg uence of Cﬁe

e |G A£180FOTUGRFT £ ST gt NOR&Rn ebnhrFEi Ty

Pl i 1&C Ihd av§e dHB NG ec@fip SERAPD the: ﬁﬁlnsra&h@yséﬁuéﬂﬁé af SEQ
vari abl e heavy chain comprising the am npo acjd

e ifrte 350 SETRFERRES 42MHHd célalelarcpasréswg hthfiqe acid
SO R BRe 2l RO: 65 biSateNeRcote SEQrat by ﬁﬁaavy

or they encode a vari abl e heavy chain conprisin
o i GRrEdisd nge i neeing aHd isBaNengs ahdS %Qvla‘? .Néb|4e? and a

Hﬂiﬁm@%@mceﬁaihsmqoﬁﬁelr@ntm@ aﬁhgossay@nmnc%@f SEQ

NO 67, or they encode a variable heavg/ chai n
Eﬁnﬁﬁqqﬁ,n@rtﬁ@egnpngogﬁnqjvarlable heavy chain comprising the

amino acid sequence of SEQ ID NO:43 and a variable light chain

comprising the amino acid sequence of SEQ ID NO:67, or they
encode a variable heavy chain comprising the amino acid
sequence of SEQ ID NO:44 and a variable light chain comprising
the amino acid sequence of SEQ ID NO:68, or they encode a
variable heavy chain comprising the amino acid sequence of SEQ
ID NO:45 and a variable light chain comprising the amino acid
sequence of SEQ ID NO:69, or they encode a variable heavy
chain comprising the amino acid sequence of SEQ ID NO:46 and a
variable light chain comprising the amino acid sequence of SEQ
ID NO:70, or they encode a variable heavy chain comprising the
amino acid sequence of SEQ ID NO:47 and a variable light chain

comprising the amino acid sequence of SEQ ID NO:71, or they
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sequence of SEQ ID NGO 44 and a variable light chain
conprising the amno acid sequence of SEQ I D NO 68,

wo@rooshessencode a 25 vari abl e heavy chai n conpPCHEPZP05/052410

the ami no acid sequence of SEQ ID NO 45 and a
vari able light chain conprising the am no acid
sequence of SEQ ID NO 69, or they encode a variable
heavy chain conprising the amino acid sequence of SEQ
ID NO 46 and a variable |ights chain conprising the
am no acid sequence of SEQ 30 ID NO 70, or they encode
vayi ab : chai ri-Sings ] B :
Sl BV R R PR DL b2 o g et
soeEnicsl of SHe AR NO: 4tiahdequendabde LR NGy pomgrising
t.hey WO 2005/:118644 PCT/ER2005/0524 ENeP
R/haer i“ab"'e %gg\c}ysgﬁg?%g%oc{n%rlﬁ% % tﬁ ﬁég’gfﬂ' ﬁéo acl d%%c%de @
watjatiee hehv8ECha Dh NS iarichga ther pabhe #¢iphtsadsinge of SEQ

iSjin the_am.n 4 d .sequenc (2 .
BPTRY o n6aPI00 26 STSACRoth: SER BAD AL acia
slaerquﬁ:_(tncmr:llo(f SEQUEDCKO oTS.tSrE]Q = _IplBetﬁ@rjﬁgdaamﬂotaim' 'ta?flthQ

[ . chai.n conpri sing e, ani no_aci.d..sequence.-0
I °7 81N T] F‘éi%? r%rbcoedr?og}élim r?éln%’ lflﬁlengnu%]eeﬁqlcleasci d
é@ﬁ;&ﬁﬁi@@h an e—aaeﬁhymd&i}n ditiag nnebepul e$ng comprarsineg agid
vari abl e heavy c¢hain conpri,sjn am [ .
S TP R AN G Hae 119187 oF PRt 19 13% 984 =
aci-daaaslelg30 l}\g%?gabggihlr@imp ey T f SEQCIeD

se i sjn m ci.ds. 1- 0
FFEEE LN aﬁ‘lgﬁeegg?iﬁ Jeﬁﬁ%@lorfg%rg%of[gt Hé:%gZenti on the

nucl eif a %%b@i@be_éﬁﬂb@&ixﬁﬁmﬂdimg:hbhenvafli:ﬂcbdl etlheawcleic
chain of t bi ndi_ng nol ecul es fe gge i nvention
d

St ﬁ?@@cé’égén?PSPﬁﬁrn% ghe Ry SBFuEhe s 2t &dt%ed

B e . o
N T, - 1 - e y . SE
s gy tgle seeureacwos%b?cqs%b ﬁr@“kléhglgggl%b POINES 829 85 sm0

BEQd D ANOED, 1BER0- 1D, NSk B4p 76D BE@n85p &Y 1 D sEQ 1D
NO 86, éEQID— NO 87, SE%IDNQSS SEgIDNQSQ SEQ
Nex o FFEQ JEQNCH7RO: 989 NGO, DSER; 65 NQERY 4 PGy 13 MO 82,

1P N2, sEEQrbDNOE 85, sEEQRD Ro:NE, 96rantd Si2dd) sSEQ ID.
NO:.8977,. SFérQefI%r %%lz%é,tganfg |1\$5:089%C|8%Qn9|13e1%8|:88, SEQ ID NO:91,
SEQ ID NO:92, SEQ ID NO:93, SEQ ID NO:94, SEQ ID NO:95, SEQ ID
NO:96 and SEQ ID NO:97. Preferably, the nucleic acid molecules
encoding the variable heavy chain of the binding molecules of
the invention comprise essentially a nucleotide sequence
comprising nucleotides 1-357 of SEQ ID NO:334.

In yet another specific embodiment of the present
invention, the nucleic acid molecules encoding the variable
light chain of the binding molecules of the invention comprise
essentially a nucleotlde sequence selected of the group
consisting of SEQ ID NO:98, SEQ ID NO:99, SEQ ID NO:100, SEQ
ID NO:101, SEQ ID NO:102, SEQ ID NO:103, SEQ ID NO:104, SEQ ID
NO:105, SEQ ID NO:106,. SEQ ID NO:107, SEQ ID NO0:108, SEQ ID
NO:109, SEQ ID N0O:110, SEQ ID NO:111, SEQ ID NO:112, SEQ ID



encodi ng the variabl e heavy chain of the binding

nmol ecul es of the invention conprise essentially a
woemsamsitde sequence conpri sing nucl eoti des 1-BSTEPR{005/052410

SEQ I D NGO 334. 25 In yet another specific enbodi nent

of the present invention, the nucleic acid nolecules

encoding the variable 1ight chain of the binding

nol ecul es of the invention conprise essentially a

nucl eoti de sequence sel ectedsef the group consisting

of SEQ ID NGO 98, SEQ ID NG 99, SEQ ID NG 100, SEQ 30

I, d 3
MRkt G 80K o8- SEOID NG 106 SEQ LD NG 107

NGEQLT,D 9%0 108 NOSEDS ) DSEQH 0% 198 SBONEP1¥8: 12E@Td SEQ 1D
%ﬁ%&%&%{_w il:éé R%gﬁicp é@@%&é@%ﬁ@é"rencodlng the
113, SEQ ID NO 114, SEQ ID
vAPL it 1SEMOY BhEdnl 06, tIBEUImRn mnﬁwg gederplae) 94 dhe
5 :LE‘}[%Q?I D I\QO:II'ﬂlg %EQS%QII%%]} g c%FthI:LBe BIQ gﬂce

HEhaererc ac ecul es encodi ng the
cvﬁprfﬁﬁnglnqpﬂeaﬂldea FSEheOﬁLﬁﬁﬂ1ﬂﬂlNﬁ #g6nol ecul es of

the g Inven&ﬂ%?lSl %e 92 iﬁvé%&fl %Blgggbgﬁe vectors,

sequ “rucle des 1
1“573ﬁﬁcléicI&bﬁﬂumdmstraspectcgmpniﬁ;ngmm@@tpgnmpge nucleic

prqvi de vectors |c acid.c
aE&ﬂp??%??ﬁ}%ﬁ“§QﬁDﬂ%&Pg UC# r%ﬁﬁ(y QQ%%%EﬁBﬁ Vectors can
10 bacgerdveq f:eor ftﬂa&ﬁrﬁﬂenbubnvemtimﬂ:Er \éelcrta)Es Bém &elbecol,
derlved fronnfla m ds such as_Jjnter a#q
a

PERP 22/ FLEECiTICOSREdS 7 BUFIES: Sgg sucﬁ as

Eﬁﬁgg@dTghﬁﬁﬁdaidP1Nu®22NUQmPﬂlé%é&u QRPddreT%n T4, T7, etc;
0 T7, etc s such a er

PAPPE %EFEPeH THIERIAS VALGE, aiﬁ?oﬁ%vﬁfﬁs TN ?’%\!‘??%us

bERhbaYHaYS, cES TS, eaulavitus, ddrneivdstien viceusivirus,

conovirus, cryptovirus, cucunoyirus, _diant.hovirus,

15 oleBAGFVHEYS f | FONTHIVS /f GFEPEPVS T U e Hi I dE s

NALEBHVE EUS, féﬁﬁﬁdﬂdgi fhgﬁeﬂﬂtBHSfufﬁﬁﬂﬁUEWI@@m;n1v1rus,

mar af i vi rus, _-necrovirus, oVl rus t.orepvi rus
hﬂrglﬁfmﬁaﬁdo%%‘élruspotléww §usporf‘§/§}ﬁ% rudy Watdivirus,

_rRREIRYE USnep SR, Wy tbebptBYhs pSplan?co Arehicawviirus ,
tomat o spotted wilt virus, tonmbusvijrus, novi
potexvirus, potyvirus, sobemovirus, tenu1v1 us, to%amov1rus,
20 tobravirus, tomato spotted wilt virus, tombusvirus, tymovirus,
etc; or animal viruses such as inter alia adenovirus,
arenaviridae, baculoviridae, birnaviridae, bunyaviridae,
calciviridae, cardioviruses, coronaviridae, corticoviridae,
cystoviridae, Epstein-Barr virus, enteroviruses, filoviridae,
25 flaviviridae, Foot-and-Mouth disease virus, hepadnaviridae,
hepatitis viruses, herpesviridae, immunodeficiency viruses,
influenza virus, inoviridae, iridoviridae, orthomyxoviridae,
papovaviruses, paramyxoviridae, parvoviridae, picornaviridae,
poliovirus, polydnaviridae, poxviridae, reoviridae,
30 retroviruses, rhabdoviridae, rhinoviruses, Semliki Forest

virus, tetraviridae, togaviridae, toroviridae, vaccinia virus,

vescular stomatitis virus, etc. Vectors can be used for
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etc; or animal viruses such as inter alia adenovirus,
arenaviri dae, bacul oviri dae, birnaviridae,

wheovpavsend dae, cal civiridae, cardioviruses, PCT/EP2005/052410

coronaviridae, corticoviridae, cystoviridae,
Epstein-Barr virus, enteroviruses, filoviridae, 25
flaviviridae, Foot-and-Muth disease virus,
hepadnavi ri dae, hepatitis viruses, herpesviridae,
i mrunodefi ci ency viruses, inkkhuenza virus,

i noviridae, iridoviridae, orthonyxoviridae,

D0V Hﬁﬁﬁggéfgqrgg¥§8¥é{6QQ§ﬁﬁﬁ%%%%%b&lg?ﬁdlng molecules

pl cor navi ri ovi rus avirid
pﬁx@he|xhnanbm@@vanddmegheoevenrbﬂnus@§e§or gene therapy

J?bd(:)evsI “a}jec ors co Vkrg§es oSem ki ngielglagld

AV T togavi (P Td2e" 9 troviT it ae vaccini a

moleksulesvmdrahngt Dcrathel Bnwentuison @pera]déyt biskedntdene or
for VO 20Q5/11 644 PCT/EEZOOS/O g H% clonin

‘8%’&7 oGS OB ESTHGRTHPY t WS HiurfarR BichBPAG CRoT R i Bt 5°

obvéhed it anid preandt nighénieven haushditer ogjetiee vector is

BEr B ) Ao BT DL B Or RS PO B A RUBH P the host

O@@dlabirytﬂddﬂtﬂ;dohOO@nee@toﬁs iy} elc@tprc%&ssoeaﬁelgeul et fdted by
nuclelc acid _ml ecul es are also covered b

pRESEMIINVEHTER. PHREPRALT Cer HISTE 108t § rF% “infection,

gependlentr 0N rdie ategotbinend cpit,edupesetebhotetraigkection
the host used. Introduction of vectors in host ce]ls
ganc ]o%c‘fe‘?cfpé’dﬁaé?&oﬁ‘y VERERFS dM4% k&?alad’itﬁ’ﬁwoﬁ‘ﬁﬁébﬁa{%phcatmg or

hagnsdEridar tegedsekNieehi e di-JAcABmdexhtanwhich they
nmedi ated transfection, |ipofectam n transfection _or

BRER (991 ST 2 CoBet BFRTMERP e doNGRREF ycoTtain one or

h&Pd | SAtd NG B mahBR¥rEEPThE Ao i Qg heheWhb brbhe may depend
chronosone into which they have been integrated

PR ke dMISE aedd sy @€t R ednt &t ek shispdpengl ekttignl to

PRE kedwanthite GROLGEwRT 1t REoWRI kS fp%r@%)ﬁsdgﬂﬂﬂe& 5i@PNthe art.
the host cells of choice, although this is not

Ehey i taglude, OHE PROERPE ohlBkted tfel KARABKALRO PROGHHD,
?ﬁ&hﬁ%’lﬂ n Hﬁ%‘:oﬁx&hln, TQ@é{cir‘I‘dﬁ%ﬂﬁu&iWe RE 82 B0t gbhd £:85h

Kananyci'n, neonycin, puromycin, hygronycin,
Bewprs s inypg enlﬁéskKH%‘éeTI@eneiﬂfl?mﬁofﬁéﬁﬁ@srgdmt@s@ gene

¥£5M%mé&£®ﬁ(ﬁﬁkm)Q'b¥9£8£9'é€ﬁb££§%ﬁ%t%%% g&Nfiore nucleic acid

molecules encoding the human binding molecules as described
above operably linked to one or more nucleic acid molecules
encoding proteins or peptides that can be used to isolate the
binding molecules are also covered by the invention. These
proteins or peptides include, but are not limited to,
glutathione-S-transferase, maltose binding protein, metal-
binding polyhistidine, green fluorescent protein, luciferase
and beta-galactosidase.

Hosts containing one or more copies of the wvectors
mentioned above are an additional subject of the present
invention. Preferably, the hosts are host cells. Host cells

include, but are not limited to, cells of mammalian, plant,
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20 from nouse (dhfr). Vectors conprising one or nore
nucl eic acid nol ecul es encodi ng the human bi ndi ng

wordosalees as descri bed above operably | i nkedP@DEP2965/052410

or nore nucleic acid nolecules encoding proteins or
pepti des that can be used to isolate the binding

nol ecul es are al so covered by the invention. These 25
proteins or peptides include, but are not linmted to,

gl ut at hi one- S-transferase, matd ose bi nding protein,
netal- bi ndi ng pol yhi stidine, green fluorescent

JH{S% ”fuk&&hf §t a‘gfct&ﬁ%lb%tragggl aﬁ!ﬁQ@éQf‘ac'f céﬁ% ﬁnclude,
cont ai'ning~one or nore copi es of the vectors
huhﬂar@ne@tabmmetadetqw1QﬁﬂﬁﬂlﬂynmlGsamjm@$ltﬁVQ|h§0terla such

resent _.inven t

o ﬁeverﬁ%sfpce#?s |nc é% rﬁtBégglggg S'Srr]teé(})q)@;ces and
ShaﬁhyLMtonauHabraaelxﬂznﬁ,Gﬁﬂm 2@@5t1186ﬂﬂcterla such as
PCT/EP2005/05241 38 insect n r b erj al ,
ST SBRRLeR of it AR magieoite®l, AL m go1s
dred B?s@h:ldSmbham G[ﬂntms;ﬁdupe olfafhagaa seﬂ:hs ;atseﬁ;aef_\a@ﬂal yeast

speci es of tae genera Baci.l g g ru% b .
S5 Froovects BPRetiei inaRachorat: 08 1R aNY, by, gping
Ve dr sevaiak speni &s ﬂftéﬂﬂ@lg@zﬂ&’aahﬁ?scb&.ﬁt@hia, such

‘as E. coli and Pseudonon I n tg [Y of funga
S cHO LRI

AR TYCES A B Y Sy LT 28 planspgu ion in

mﬁaﬁie&%&ebelaﬁstev(e@llm siﬁjmgs yeask Sidﬁxﬁlmﬁoﬁqﬂﬂlas and
inter alia Pic i a storl Sacc aronyces
St 99 Senurgd pBFyﬁ%ﬁ njﬁﬁt’l o5 eFF%lS

Sithhapicak! sefirem ﬂé&ﬁﬁﬂﬁﬂ'ﬂrﬂs’&l 'c‘(ﬁd‘an@f_:;@nﬂ@ﬁ ﬁ[ﬁaﬂiffﬁd)rﬂ@lant
host cells. Besides that, the_host cells IH?Q pl ant

eRlliss 2rFr RRSAYFRB IPY t FREY SR TP dS ahPE BF ceI I's

@é&ﬂ&@iﬁ%ﬁ—ﬂédk&@w dadsnsfrek, exaaPsormation of leaf
Agr obact eri um nedi at ed_gene transfer, transformation

@fsqSeafproj;QP&%Estrﬁ%ﬁwaatsﬂtont PAnBPOYFERY BT DygLycol-
pdyethyhene rghyeel; é%%ﬂ%lbh@n§6ﬁicatlon,

el ect I‘OpOI‘ at i on, SOI’]I cati on, m Cr o1 nj ection or
Bt iecgéns pEaRRIBFLiQ@ANG §waPpfera Addifignadly, a

SRS QRpS¥stenh Capshitn &R QVbhHE18YSE@M system.

Expression systems using mammalian cells such as Chinese
Hamster Ovary (CHO) cells, COS cells, BHK cells or Bowes
melanoma cells are preferred in the present invention.
Mammalian cells provide expressed proteins with
posttranslational modifications that are most similar to
natural molecules of mammalian origin. Since the present
invention deals with molecules that may have to be
administered to humans, a completely human expression system
would be particularly preferred. Therefore, even more
preferably, the host cells are human cells. Examples of human
cells are inter alia Hela, 911, AT1080, A549, 293 and HEK293T
cells. Preferred mammalian cells are human retina cells such
as 911 cells or the cell line deposited at the European
Collection of Cell Cultures (ECACC), CAMR, Salisbury,
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Expression systems using mammalian cells such as
Chi nese 20 Hanster Ovary (CHO cells, CCS cells, BHK

w@edosa18s44 Bowes nel anoma cel l's are preferred POI/EPI®05/052410

present invention. Manmalian cells provide expressed
proteins with posttranslational nodifications that
are most simlar to natural nolecules of manmalian
origin. Since the present 25 invention deals with

nol ecul es that may have to bes admi ni stered to humans,
a conpletely human expression system would be

WR%E%hgyéaéﬁy &f erdgd. BIE@Q?ﬁoéﬁ 2§”@@Eﬂﬂ%ﬂ% 1996 under
prefera e ‘host cell's are hunan cells. ggl C6®

noﬁlbbnn&ﬁOZZ:%QQ et gaickesedahpderethe torpdenarko8
(?g?\r 2§§ %%@%%E 3Q, 1ln<L=1§k (Ef eéﬁféeqq MRAARhEAE ., v

retina ce s suc cells or the
Foel khei PﬁrMEESqu'EdlhétS tahelEgabp@@n“PFtBol(IIGé’ tiedrref to cells

Cel | Itur ( , S / _
ABRRP Lo B ATOeR) S PEon B BSRET Ta a8 ot
samreafl Eebdmwugmtb&&Gawn@eﬂl aan@e$0@mmﬁnkﬁﬂfn@Wdancestors of
rke r the 11 demark a
§F§%§geae Hd&aricls aérSSEE?%%é§¥ %ﬁgRogﬁtE%r
fb&%Famgggses of this appllcatlon "PER C6" refers to
cells eposi ted undger e[, 9602294 e
passafeB® %g rﬁﬁiaﬁﬁ% 38&ﬁ3t%%3ﬁ?%gfﬁé§€ga&yg% BHE18:
&ﬁ@@:@@éaat s1é4 oM amesitdbaadf padeposid ethadleilcs acad sequence
.as deriyatives 0% any of the _forego. A I
SCOAE PP 87 e BT et ]Tﬁégﬁﬁﬁaﬁnp?}é%ﬁcerl %I orpgt- In
e(iz@ﬁphlb&@ ptefensdd ae:ﬂwmmeamal, Baitﬁ ndsta auidlseiaceadedived

sequence encodj d
e o SPBEE TOFHE Sh LTBORk = hireTprbTE R oto acias

@HRRdisARYt SdeSev TrdI0H]1 GRlquenaee, deticivess Hireomed lhikaa

dnpondieing: RS st YIRS, 6 AP G AIEL Baco),

Cg@@psbbﬁgsﬁﬁNg?eW£iHéHX¥ﬁ7S@@'bGGtIGBe&ﬁ Keldai@ilonupes
Salishury, Wltshire SP4 QIG . G eat

Eﬁqqﬂﬁrﬁ éﬁ9§9un¢%%wQHﬁ%F11§@§zaﬁégraﬂﬁh?ﬁﬁk§ﬁ§6hf@£ﬁraﬁa

ey dalked vAfetst.N®roduction of recombinant proteins in host
cells can be performed according to methods well known in the
art. The use of the cells marketed under the trademark PER.C6®
as a production platform for proteins of interest has been
described in WO 00/63403 the disclosure of which is
incorporated herein by reference in its entirety.

A method of producing a binding molecule or a functional
variant according to the invention is an additional part of
the invention. The method comprises the steps of a) culturing
a host according to the invention under conditions conducive
to the expression of the binding molecule or functional
variant thereof, and b) optionally, recovering the expressed
binding molecule or functional variant thereof. The expressed
binding molecules or functional variants thereof can be

recovered from the cell free extract, but preferably they are
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trademark PER C6(r). Production of reconbinant
proteins in host <cells can be perforned according to

woredokoos44el | known in the 20 art. The use of PCEBERDN$/652410

mar ket ed under the trademark PER C6(r) as a
production platformfor proteins of interest has been
described in WO 00/ 63403 the disclosure of which is

i ncorporated herein by reference inits entirety. A
met hod of produci ng a bi ndi ngeonol ecul e or a functiona
25 variant according to the invention is an additiona

r@?%&egéd ff@h'ﬂﬂgﬂgﬂﬂ%ﬁreTﬂédﬂgﬁhQMEEHHHEWﬁ%eieEBQe§teps

culturing a host according to the invention
pundennson@mQWGﬁsb@@@d@@lm@leﬁél@%e g esdilofr6f eREracts

ol%I @giggrqu%&ﬂn? Qe GRSt kﬂﬁ@h Y afhaRtad @@qu%d 2Rdehe

recovering the expressed 30 bindin
anm eBmhélmg meﬂnuhﬁ$abrvénnah@onhbr%ﬁﬁlanﬁﬁet@ﬁﬁ?@gséﬁ

oPc29h08) D0 SCUL LSl WAGLLODBY ¥EEAAHSrd RALBOE BAPL or

recover ron1the ce ree extract, but
thieepeeabhy 1ieyntarem WO 2005/ 118644 PCT/EP2005/052410

fecotUPoTIT biet R, "B (2 B R RE Rbt UE L Be Do Pgnpoch 2

reco suc
uaﬁtlcénee euméehjnﬂlng-moubbunesnediiwnquxpnmﬂ akrhenhs

oth ski]Jled.i.n the rt, Blndl I r
4&%&?9?0%§It@%r%%ﬁﬁ%?ﬁﬂﬁe?@ofge PEOT égﬁ&%%ﬁcgalg by
dﬂﬁﬁé@td@ﬁ@llﬁé@kiﬁﬁiyyﬁtaeelabss arpﬂmtceﬁl ﬂﬁae presehation
i nvention, rnative next, to the.expr
Hodees Eﬁﬁﬂg A HYLS §¥I§l%t A& BY R4 Fgho cu%ggcgles
édaa&aug@atovameEﬁﬁvbnﬂﬂmareaﬁndﬁnghmolenumﬁ|am1ﬁmantbena1
pr oduced sgnth tical

ntlonal e
BiIeREs: sBreo0r a9 CRALAEPE BRakErapvor Srdaned
é#ﬁﬂﬂét@@ApB@&ué%ibﬁﬂmdiﬂﬁaSI%&dcélbﬁffﬁ#\ﬁﬁﬁﬁﬂﬂdﬂi@n systems
according to the_invention. Blndln? nol ecul e or

Fifh@lS6nal PatarPante tH&ESESt A8VEBELPRabl e by t he

above ndgsethbe demydd HivintC Hhadugt ndDefRldwds @unctional
cell-free translation systens. 15 are also a part of

tad agices ERET AT eHET AL T tonShRePrERBBLI TR Hictu MRy Pe
JRBeHeS bl tEaNsddORInon-human mammals, such as for -

instance transgenic mice or rabbits, that express human
immunoglobulin genes. Preferably, the transgenic non-human
mammals have a genome comprising a human heavy chain transgene
and a human light chain transgene encoding all or a portion of
the human binding molecules as described above. The transgenic
non-human mammals can be immunized with a purified or enriched
preparation of rabies virus or a fragment thereof. Protocols
for immunizing non-human mammals are well established in the
art. See Using Antibodies: A Laboratory Manual, Edited by: E.
Harlow, D. Lane (1998), Cold Spring Harbor Laboratory, Cold
Spring Harbor, New York and Current Protocols in Immunology,
Edited by: J.E. Coligan, A.M. Kruisbeek, D.H. Margulies, E.M.
Shevach, W. Strober (2001), John Wiley & Sons Inc., New York,

the disclosures of which are incorporated herein by reference.
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variants thereof according to the present invention
may be generated by transgeni ¢ non- human mammal s,

weomh/1s44 or . i nstance transgenic mce or rabPCT/BP2005/052410

t hat express human 20 i mmunogl obul i n genes.

Preferably, the transgenic non-human manmal s have a
genone conprising a human heavy chain transgene and a
human |ight chain transgene encoding all or a portion

of the human bi ndi ng nol ecul s as descri bed above.

The transgenic non-human mamal s can be i mmuni zed

Wi th g BU%h;tﬁQr of N ched 23 RBLEPSH AL s rAkle®Bod of
virus or a fragnent” thereof. Protocols for immunizing
inmtidyangniimel sy arelageillesesugbl pshbdnan nroclangl

S, 9L DA T B 8 i o
tiatieriat acyd Golecules ianpddskingr toNehe YorkerirProparekile of

Pr ot.qcol_s,in. L nol .ogy. Edi. : ' ,
B e 2honk TR, ORapiRec i hd, o forlor (R4 A% steps
f?lé)F@bn&aﬁﬁihg d ot Md teiyon& oBobrd ntihng , mdNesr Wars on tthe

i scl osures of .which are .i.ncorporated ej : :
U OE HBSbORF (A RO PERBR0 Bhoh a0 e Aies, virus
cwdrat |’f&’;ag&téﬂe0thetd§l@f i it icamdpitdvndesoadnet vwdofoinding,
i dent.i fyi.ng bindi ng_npl ecul es such as.hunman_ nbnac
R Lo
bIWENRY @ @he gfﬁi@%0vfﬁﬁsidmokaeuﬁeagmenbrthempdﬁ}1dmd c)
I nvention capable of 5 specificall inding 1o ra
SARYLERY EOHprPSRECTHY sf?“&psfep C§?980%?% %%gpaacq‘
sodBg] iten tak hhBlésgvimiewl eheotirafens uth e f
repli cabl e _geneti c packa ejﬁa'th t he r.abi es. virus

a frddifefelerérens SR RS REMEGntlic @%‘QQ?Sedgé of
BipiNGsird). sebecibigs atihgAstayobeeibolatepl o akie

geneti c_packages 10 binding to the rabies virus or th
Frakphat hereBFeSERE 1) SSRPRARYAG Bhaoﬁe%%vaef}ilﬁ&teceﬂed
1hei FeRldicalihe 28608t I Copbdiages: thiengdbBged Ovihes riadi es
virus or the fragnent thereqof. The sel ection steﬁgyay

beaglevadiaded ALt ARt presenddoreleghied FrRisiey

FEPESGAY 1YS tHRY phesbssd aledh FraR@RntSoksehBied, ving such
present in serum and/or bl ood of an infected
as an extracellular part of the rabies virus, one or more

ages

(poly)peptides derived from rabies virus such as the G
protein, fusion proteins comprising these proteins or
(poly)peptides, and the like. In another embodiment cells
transfected with rabies virus G protein are used for selection
procedures.

In yet a further aspect, the invention provides a method
of obtaining a binding molecule or a nucleic acid molecule
according to the invention, wherein the method comprises the
steps of a) performing the above described method of
identifying binding molecules, such as human monoclonal
antibodies or fragments thereof according to the invention, or
nucleic acid molecules according to the invention, and b)

isolating from the recovered replicable genetic packages the
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i ndi vidual. In another enbodinent the rabies virus is

i nactivated. Alternatively, the selection step may be
w@eookorssed i n the presence of a fragment of rakCBEP2005/052410

virus such as an extracellular part of the rabies

virus, one or nore 20 (poly)peptides derived from

rabies virus such as the G protein, fusion proteins

conprising these proteins or (poly)peptides, and the

like. In another enbodinent cells transfected with

rabies virus G protein are used for selection

By & uﬁ@§ecéﬁé'éhdﬁ3r anleUbhtReL: 8sRELd  erdduilnyy @kl BAinding
provi des a nethod of obtaining a binding nolecule or

navhwelll@. cOnee da ntiedifineclapadr anhioedy thas iRRENESEAPL1shed
P%helkﬁgdnﬁiggove dveerehl€onsl eRScHd & identifying

per ormng the scrlbed met hod of identifying
Hiinddinggmabeeeleesor sy eds Rgidnnabeeelhanguling the

SEH&1 gdhgiegﬁlééa tﬂhﬁI%?E%ﬁﬁegcfﬂ%cgéﬁbté%tﬂ%% can be

I'nventi on, or nuc I c aci es according to the
mamkaﬁbdoﬁromnﬂhQ)ba¢$ﬂﬁxﬁ|0mgrépém¢@hber@ﬁﬂﬂhﬂqypackages and

bl
S BRI AR Lo VSO0 s <o mare
dunﬂuﬁwctacedce@rmwlbmyaﬂamtbsnavagorncmmﬁiﬁwp omee a
new _nono al t b d d
FEUTBLPBRTNL SO AT BT [EP R, 100 o
:Mﬂ?ntHFysagcobsﬂﬂm@g?nngeg@Iesansfautéélxntunaﬁltable cell
nmol ecul es _enc t
EHESdiPR Fﬁ@pgﬁéﬁ Im%hgmgg%qlngllso?q$oéﬁﬁron$}%uAprOduced
bact enila et aeplitadde B;eﬂetatcaﬂacka@@@) and conbi ned

W t h _standard | ecul ar bi ol ogica tec ues ke
consf*ﬁf?glgﬁ% Qi AT BT VaIRST ggFVE 8Feconp é?l‘ﬁﬁggh
pHER#IGV6RUbNSuRA rPoittesianed iapeatdéscteylge. ;gao::legs(,;,

110, oM TESE consiiiala o9 B HLARSl o Hererrea
FEIGHa0nal ganttbedbeskaan ke appﬁdgéedTheé ﬂam&mnmmnng

al ., 1999; Boel et _al A replicapl enetic

Rl AcaE s HEBC heFoF inSHTAGE SHPBRAr SURTR B & are
SR enafHei AehLLESH 1GLIJehetSPOPESkage, i.e. they are
attached to a group or molecule located at an exterior surface
of the replicable genetic package. The replicable genetic
package is a screenable unit comprising a human binding
molecule to be screened linked to a nucleic acid molecule
encoding the binding molecule. The nucleic acid molecule
should be replicable either in vivo (e.g., as a vector) or in
vitro (e.g., by PCR, transcription and translation). In vivo
replication can be autonomous (as for a cell), with the
assistance of host factors (as for a virus) or with the
assistance of both host and helper virus (as for a phagemid).
Replicable genetic packages displaying a collection of human
binding molecules are formed by introducing nucleic acid
molecules encoding exogenous binding molecules to be displayed

into the genomes of the replicable genetic packages to form
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15 bacteria, viruses, (bacterio)phage and pol ysones. A
preferred replicable genetic package is a phage. The
woeovanidsiendi ng nol ecul es, such as for instancRCHEPPO&E052410

chain Fv's, are displayed on the replicable genetic

package, i.e. they are attached to a group or

nol ecul e | ocated at an exterior surface 20 of the

replicabl e genetic package. The replicable genetic

package is a screenable unit gonprising a human

binding nol ecul e to be screened linked to a nucleic

ﬁ ”ng%& fs ﬁHEngﬂH$g%%%uQ|Egbﬂglﬂ@lﬁﬁéﬁEéréT%%rmally

nuc acid nol ecule should be replicable either in

anpn@s@edgfromstbp\Rﬁﬁaﬂfﬁuaﬁapﬁ 0§ Vh¢r¥?Hk9belebﬁeP€$PC
r|p tl | L@n

e% au%kﬁg%%‘%%r% fs%l% éﬁgg}éoin ﬂréfﬁé’ﬂls qgén%%%r% to the

QurarssaméecefaM@sa83%mnth;e@aétﬁanad¥$PlEM o epioggnous

ﬁlh%HnaSS' biHE0 s OFr B0 R N3 AN DELBE o ¥ IS A KAk
em epI Ie geneti c packages displaying a

gaﬂdum@tpankagethﬁn1a&ﬂhﬂﬁham agpﬁotetm¢esn%ﬁn$ﬁﬁm'@@@talns

|ntrodu nucl Cld c [

téi g 8 el Sl SoraBa g M BT ER i, yarvs o
ntﬂf thhewﬁpémd: atdlelgg@beaunaphe Klaxg etsh et oxdemtmf\ﬂ@atlon

20 18644 PCI/ E Zq%5/052410 43 fusion proteins with

1@%86’ RSuS<pFotat HNat- are normally expressed from

t he q%tgbtsurfaffhé& ddyedteuhiec ablengboet rel atpac kages method

Expre i.on.of the, fusion prot |ns rt. to the
Surderiinats ansadSinmd Rl e phEiRER A e
Iﬁ?ﬁgﬁnﬂﬁin? Bbg?ﬁf@yrﬁdaﬂﬁﬁteiabﬁeﬂ1vmguﬁutwheﬁﬂﬂﬂzyhe method
of the replicable net.ic rther

SRR E PG BE? O pEt AN LS R AR G ® binding
3l &Gl ©ﬂpﬂﬁées@ffi&é“ﬂﬂﬂlépahbeslﬁlg@ﬁetﬂc packages with

f ragnent thereof and bei ng qbtainabl e

th . g
e L R e e 531 BeRasove 8 Piingr 42)

éeéﬂatﬂ!ﬁ:rlnés paat r£86vé PMENTHIGRiIng abeschled tRithadindfto the
entifying a binding nolecule potentially havi.n

h
rRRAGSNIFUSg TAER DR D AHGCUL 56 E8ay ‘Fl?lsn m (©)
1. mtRod: ¢eaRE] 588 e valreps bahdfay s6TéAETd NY( B

col  ection of binding

verifying if the binding molecule isolated has neutralizing
activity against the rabies virus, characterized in that the
rabies virus in step a is inactivated. The inactivated rabies
virus may be purified before being inactivated. Purification
may be performed by means of well known purification methods
suitable for viruses such as for instance centrifugation
through a glycerol cushion. The inactivated rabies virus in
step a may be immobilized to a suitable material before use.
Alternatively, the rabies virus in step a may still be active.
In another alternative embodiment a fragment of a rabies
virus, such as a polypeptide of a rabies virus such as the G
protein, is used in step a. In yet another embodiment cells

transfected with rabies wvirus G protein are used for selecting

binding molecule potentially having neutralizing activity
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nol ecul es on the surface of replicable genetic

packages with 15 the rabies virus under conditions
weonndaciewe to binding, (b) separating and r ecPUEEPI995/052410

bi ndi ng nol ecul es that bind to the rabies virus from

bi ndi ng nol ecul es that do not bind, (c) isolating at

| east,.. one recovered binding nolecule, (d)

verifying if the binding nolecule isolated has

neutralizing 20 activity agaisast the rabies virus,

characterized in that the rabies virus in step ais

v agk! ' W, B ehe
g?ﬁ%#e%£€ﬂ?ore 1%$ngkl%gg??igggdg§%%ﬁlflcgtloﬁ ﬁay

epprpesing meabins mdans 6f puekeikriewwe prdliidest ignthe
STRENLHS, BUASP! Sl Aunk LEUgess SHELL o A alsb3nee
ugatron 2 roug

centri giycerol  cushion,
ahnabbdias edas dbigeiconparad &0 e%ﬁhecrﬁa'gprb@qtmm rFhepgin

Ofrflggagégl abé. € r@f eSr Iv%'rugegoé?l #%28%) aIﬂ}Q%r qi?ltaﬂc\égl\fgtehhfables

VITUS THhs ep-a my e active.
vamubheasat$®dnat|ve enbodi nent a fragnment of a rables

viru S a d f
Uhe. it FreeRen AohEght: ﬁhé’t%%téoa@'.oﬁfs Yt shuel &
bﬁlﬁfﬂﬁdgnﬁﬁlec&lé q)oﬂefrﬂ:ri&ﬂ.éyt bBdvindg memaélstzwngustc@vity

prqtein e used for sel ecti. nd i n ecul
aﬁ@ﬁ@ﬁ?lﬁgﬁﬁeﬁém%ﬁﬂf ﬁ?u%FSFF%E%% Vi dofprises the
s%%%bllgéﬁéri’@ﬂdz%ﬁﬂ&feﬁﬁﬁéimng 44am§] at]grtstona’iﬂ.lyESSolatlng,
Vi rus, i ndi c herei n, .when ¢ él]re33|n

humsnebigfing w0 ?Qﬂ ﬁwqﬁQFélPﬁggu%é%FF B A

JBthedet Bensunbeseforselkacted neuthalazi ngn amludxcﬂyeShe
was _hi gher conpared t eIeEPlon met hods ere

By Thiir FEFBUTISARE P (8 CEoPr oFBPYR ot/ Gi® ¢ sich as for

idaehc¥ahed1 6601 @S saducneings TREdstdm &f faspdrering and
enbodi nent the met hod of identifyi

) L e, I n bi ndi
woa@aﬂe%m%ﬂ%%mﬂ%eﬁgCHBE#%P?%ang"aafeﬁ%% jpeavy 3-30
RAGR1AsE HRALeSayibdlpAFARSE bbedraboyeafisrt htfep c. As
conprises the 10 step of sep aratlngﬁand recoverggngng

ined cgerohal Py F%%u%ﬁ:mglty RémERPHE R Y g St Bt
HRAhBhBE18nY AT 4 8bi i3V ¥ 0dnd0in JERE! piesgRNEnvAntion

c%?nrpsl’:ggesskltylsdsllagc:tfhlec %rﬂt gggrgl:lrgee néelxrrey the

Phage display methods for identifying and obtaining
(neutralizing) binding molecules, e.g. antibodies, are by now
well-established methods known by the person skilled in the
art. They are e.g. described in US Patent Number 5,696,108;
Burton and Barbas, 1994; de Kruif et al., 1995b; and Phage
Display: A Laboratory Manual. Edited by: CF Barbas, DR Burton,
JK Scott and GJ Silverman (2001), Cold Spring Harbor
Laboratory Press, Cold Spring Harbor, New York. All these
references are herewith incorporated herein in their entirety.

For the construction of phage display libraries,
collections of human monoclonal antibody heavy and light chain

variable region genes are expressed on the surface of

bacteriophage, preferably filamentous bacteriophage,



10

15

20

25

30

specific gernmine gene by nethods known in the art

such as for instance nucl eotide sequencing. The step
wotosepsuat i ng and 15 recovering bindi ng ol ecRCEEP2005/052410

contai ning a variable heavy 3-30 germine gene can be

performed before or after step c. As indicated bel ow

the majority of rabies virus neutralizing human

nonocl onal anti bodies found in the present invention

conprises this specific VH gersmine gene. 20 Phage

di splay methods for identifying and obtaining

pb(a@%ﬁ‘l.'&:ﬁégl Zi g%op %{Hr@&e@ﬁﬁ YLeSnafn Fv a(EdEQ)de%S indfF8&ob

hed mefhods known by the person
f@kmbtedsea daeKrwwﬁ etTiady ,al 898bY. Treas ilgdraindegsot

SR O B £

tlhalnonaoang MartidlodyEdpeedf byl t i mdoa@y brR Bgpempled from

b T P L C0rel &, J1{ ires o

ﬁﬁTumazeﬂefefemaﬁfammunﬂnaﬁewmdhvndu@l@orInEﬁjﬂnaomfn0|n
their. en

PprPERE, 250 he | PRT e BT ohHIRRSRbAETOhal” AR Boty™1n9

n&ﬂ@é}ﬁléag btghir&:liﬂhy chEwalplhableellnganyl, gengscegraged from RNA
expressed on the. surface of _ bacteri.o f |

T qaren bHSTLELLY | DESY R Ronsr Tdug radt et Bl
JgEE&EB%QE5é@5%ﬂ§@ r&i5i ard @&@Ssedntéod wiaigd erirus. RNA
single-chain Fv_(scFky

or i.n Fab or mat
G o 15906587 T1G AT AR COBP RART o P pTetal
ﬂﬁm@&e@éeww ﬁ@rmragﬁﬁ_ Uo)lblodallfm[pﬁ@dﬂfmm Miifee subject
t han 0*109 anti body specificities . a
S SR B SV HELI TR 6] GHRPFROVED CTBHE virus, but is
L9829 bNhhkgn Bshiy G\N‘lt:LQﬂSl abs beBwnvaetingdled or has
non-i mruni zed individuals. In g fIC nbodlne

Rfen 1REPOREENEP oR2PHRS PHETS - HSEEPYABEY o i BT Ject has

LGRS naPERS eR abb Y1 SGFRbPRAYBub I BIYding nvlepaied on
fromRNA isolated fromcells obtalned fron1%1sub j ect
T

tmtsurfaceees 1ePlhebimasdeldsi RECKPIBF esS T G EFTY

St NaAReSyYi EYSde BN bRl S8l ah8ghéf e pddtelof the
ali'a bone narrom;or peri pheral
present invention.

Alternatively, phage display libraries may be constructed
from immunoglobulin variable regions that have been partially
assembled in vitro to introduce additional antibody diversity
in the library (semi-synthetic libraries). For example, in
vitro assembled variable regions contain stretches of
synthetically produced, randomized or partially randomized DNA
in those regions of the molecules that are important for
antibody specificity, e.g. CDR regions. Rabies virus specific
phage antibodies can be selected from the libraries by
immobilising target antigens such as antigens from rabies
virus on a solid phase and subsequently exposing the target
antigens to a phage library to allow binding of phages

expressing antibody fragments specific for the solid phase-
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bl ood, preferably peripheral blood | ynphocytes. The
subj ect can be an animal vacci nated or exposed to

WO a5as86wi rus, but is preferably a hunman subjBPCT/ER0®052410
has been vacci nated or has 15 been exposed to rabies
virus. Preferably the human subject has been
vacci nated. A collection of human bi ndi ng nol ecul es on
the surface of replicable genetic packages, such as a
scFv phage |ibrary, as descrdébed above i s anot her
aspect of the present invention. 20 Alternatively,

b?ﬂﬁgeag%%%%?MﬂtiQkﬁﬁk%ﬁnﬁaﬁhgge§Q£§iH%ﬁk%@d.E&Oﬁhshing and

nrunog I'n vari abl e regi ons that have been

bpanti phiges agkeiesl ddoimn thpt pelid phasodinde 1adertionapt
nt i . di [ j4 4t ' r ] o, et ‘
BUeRahs SRLE ey Bt D e pr o gation-
Mudgiphs tomds roitaediecliéonofndspryradaitiargleng usually
roduced, rangdoi. AR ﬁggggﬁ =Yo' in
r% %gegea?o%gf%ﬁ@%%ﬁ}lﬁgﬁgg% gsk%%éé are ﬁ%%%??gﬁt for
spetiliodylspecs filsd thargetganCbRen gl onst dRaldivesl,vbefigre

speci.fic hage ant..bodies c S f
PBpaPFoEnt el iR RR v Tof Belee SR ciibhife
1aBiraggnsah r phrsalbie s raictes bn exsodiny pies@hagd library

subsequent |y exposing.the target ntige t a

9 W&Ffzalf%% Trb‘%%@rf}%ibr?émgf %Bh%g%%fléeﬁ“rare%s'i %é]ggglg Hiy also
Ntshedyefir agramtsdispe adf icomboext aet spdnad spivds @sWOomplex
2005/ 118644 PCT/ EP2005/ 052410 _46_bou ant i S
“Nﬁﬁjfpﬁﬁﬁnaépﬁﬁﬁje%s AP e R50EGBY RAs ‘%Y’&"nea’ t%b%f((}%ﬁéhos’t
d@ﬂ%ﬁeéxpﬁéégﬂn?rdﬁétdkemyﬁd daphasevfons i pfectiingn oof
Escherichiia col | .coli)., bacteria, and suhseguent . .
PRISABEPLOReS ThI TS hide OF CHiacH Loy Tapies virus
Ms@@%a%hﬁﬂgﬁﬁ esp@taﬂb J'ldcy phageqdhtebotiDe s uddr deemtedlpcted from
enri_c or ages bi ndi n specifjcally. to.the et

Gif 1gERESY. DY 1 CHOSA TS HeForgd BRBSSI Tt R PrRgEereon a
prdYaah¥iba bar gedcentdigensaiesphages with aihe garge

first be_subtracted by exposin% t he gha librar t £
agrsN g DARTY ghhisl Ho it 52FPL6! FiS pH ‘éf”bﬁ%ﬁ%?aﬁgyo
S dnhebsiggl €6t ek frrothiingi/pe1ypepoimt £ X Aritgeadies

such as conpl ex ] )
virus preparation. After incubation and several washes to

remove unbound and loosely attached phages, the phages that
have bound with their scFv or Fab part to the preparation are
eluted and used to infect Escherichia coli to allow
amplification of the new specificity. Generally, one or more
selection rounds are required to separate the phages of
interest from the large excess of non-binding phages.
Alternatively, known proteins or (poly)peptides of the rabies
virus can be expressed in host cells and these cells can be
used for selection of phage antibodies specific for the
proteins or (poly)peptides. A phage display method using these
host cells can be extended and improved by subtracting non-
relevant binders during screening by addition of an excess of

host cells comprising no target molecules or non-target
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m xtures of rabies virus proteins or (poly)peptides,

host cells expressing one or nore rabies virus
w@e@teissss or (pol y) pepti des of rabies virus, PCT/EP2005/052410

(inactivated) rabies virus itself. Antigen specific

phage anti bodi es can be selected from15 the library

by incubating a solid phase with bound thereon a

preparation of inactivated rabies virus with the phage

antibody library to let for exanple the scFv or Fab

part of the phage bind to the proteins/polypeptides

nglet(ﬁgersaghgﬁ aVé risnreRaAt aBe MLefiddcuby iR aadget,
several washes to 20 renove unbound and Ioosely

and ableagbyhagesnalneepirages thrachanag e hotimtfivia frelevant
l;lt}xgilngéglg‘iegl{ll Qb('ﬂ{"fé ﬁ;r%cte%% @Eeﬁ?érﬁ'@}:i‘&i‘ & &s &dt ed

ect EscHerichia coli to allow
Mg tirkict 8t povcess + MBbsswaspecis iaciregistenedatrydemngik of

hey G500 oynds, 114 Ueeggtéﬁé ﬁ&@eem a3t 180

ges opigéglnterest ron1the | arge excess of
v?un?bumdungoppagesed H&mﬂmnéWIveﬁ?rekﬁ©Mn proteins or
pol y) pept.i de the [ r ed
e naet 9B Fotafrin el s e Re ol s
dﬁﬁpﬂﬁmtﬂnnefcphpgﬁsfngldnumeastspeelbnudimm ndlecule, at

R0 05 ErEP UL, 0 DL PRI g5 one

hmmﬁuhkﬁgabnﬁg aeﬁerdfmymanwhblndeestdomim@ & oragdyiinag ion

|
Redar oPR. CpuBSaPERER il T hesohhia s A A N
HACGHARZA0Y 0b24¢01ed,/ m:dlecasi eﬂbluhldlh ar epslyettarlensuglycol,

not identical, to the t hereb stro

BPIFIGS 1 FECCRERBLY or 19 ATy FEFAVARE SBIFGI e setain the
dad e Q)‘io(l'&jllaamf @@Eﬁﬁlﬁys dgfefetrer @dmbo BSndiey molecules and
MAbst r act proc

traQ t
3 RRAAEeSE Bgy Gede s T g 0o Saber SRS e T
fadeaAynkae 6udbdh, ﬂﬁmlwwlnﬁlecﬁleecefpah@tﬁdvéﬂxejmm may be
by reference). In yet a further as eg# Fe |nvent|
HRBAHS O%oﬁﬁoélF?Bﬁﬁl%%nﬁﬁlﬁﬁQEﬁc Eqst™ %ﬁ n of

A0 @C W e otdler h8astaDNEr fiiGinaamala 1V abhantl@mS ft[lﬂgimﬁaty

t hereof, at |east one
inactivate the binding molecules.

Corhu ce

In yet a further aspect, the invention provides
compositions comprising at least one nucleic acid molecule as
defined in the present invention. The compositions may
comprise aqueous solutions such as aqueous solutions
containing salts (e.g., NaCl or salts as described above),
detergents (e.g., SDS) and/or other suitable components.

Furthermore, the present invention pertains to
pharmaceutical compositions comprising at least one n binding
molecule according to the invention, at least one functional
variant or fragment thereof, at least one immunoconjugate
according to the invention, at least one composition according

to the invention, or combinations thereof. The pharmaceutical
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10 i munoconj ugate according to the invention or a
conbi nation thereof. The conpositions may further

weovpnisses i nter alia stabilising nol ecul es, SPCHER®05/052410

al bumi n or polyethylene glycol, or salts. Preferably,
the salts used are salts that retain the desired

bi ol ogi cal activity of the human bi ndi ng nol ecul es and
15 do not inpart any undesired toxicol ogical effects.
If necessary, the human bindisng nol ecul es of the
invention may be coated in or on a material to

c%?ngggg 161’?65% ftrl’&mltrnl%n@g:h()EuQ{:heﬁCé&lﬁpﬁrse%t Rer 1east one

atura non-natural conditions that may inactivate
pmhembcadtn@ﬁlﬁﬂeﬁnﬂamiabZQ pHcypieRtfurt her aspect, the

| nVeRh! QN PLAVLARP ooAAMRASKE PAS GRERMA K] Bl L8RBbsition
one fnuclelc aci STecul e as ned 1 n the present
adwmedtngntoTthE(anamnumnongmnayse%0ﬁ©rl%ﬁ§taﬁ@@oé§dltlonal
solutlons SUgl, as; agu S I

SHAL TR £ S0 TR R oA AL L e
dﬁﬂk&ﬁ@&ﬂﬁSxt@r@ of $DP)dismgdioleothes. SIthnﬁa;maceutical
conponents. _Furthernore, r

CGAPPARPEOE PP TREA Eal Casimols (I bcntes

dersdiagets bh@dﬂﬂupnﬂmaneemlatameasﬂlwqpthlndi@g molecule
i nvent.ion

ne function varia
FICRGHERE FﬂeF%%flnvﬁé%%ﬁféf' glgﬁﬁﬁ%c%ﬁﬁ[ﬁﬁﬁ%he§0antl—
ﬁﬁBﬂ@%dhﬂgubObiﬁ&aquMﬂHddmle aBahéaﬁﬁrthEr(hmnﬁlﬂgtmgmecule

d to t nb
P Rl R CRPT U7 Vb 000F ETRBRACPNT EPIDST BT 2o

ABnRFROsIEt 5RO 0b NS nwmﬁtb@ndﬂngtmelecuqudqmgxlaung the

| east one pharnpceuti cal | acce bl e exci
0 GEP88cREBRT REART (SE GNP EB0RT CaF SO 6L (g 1D 10325

Ylianghifethe ¢ﬂwaﬁﬂame@omhbaesnal dreaidodner

addi tional 5 binding nol ecule, i rnmaceuti ca
EOSISPPIo 2R SHOBE ARSIt S0 FFRERFECHY B rieh i e
PRGNS aﬁhﬁbaaﬁféﬁuﬁﬁﬁdﬂiﬂnalcQﬂﬁ@ﬁéﬁtthdﬁﬁbf In an
conprise at |east two bindi nol ecul es ordln

enfodimeaiky i Reopindiredat! %FH&‘PH@S%l% &y Haih
@acﬁ%ilen&et;@ohhsomﬁy;eﬂﬂgn&w@n@hol 8858 ©&udndd B0 ID

§g]£73 In another embodiment, the binding molecule comprises
a light chain variable region comprising the amino acid
sequence SEQ ID NO:275. In yet another embodiment the binding
molecule comprises a heavy and light chain comprising the
amino acid sequences of SEQ ID NO:123 and SEQ ID NO:125,
respectively. The binding molecules in the pharmaceutical
composition should be capable of reacting with different, non-
competing epitopes of the rabies virus. The epitopes may be
present on the G protein of rabies virus and may be different,
non-overlapping epitopes. The binding molecules should be of
high affinity and should have a broad specificity. Preferably,
they neutralize as many fixed and street strains of rabies

virus as possible. Even more preferably, they also exhibit

neutralizing activity towards other genotypes of the
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10 rabies virus binding nolecule. Said further binding
nol ecul e preferably conprises a CDR3 regi on

w@ovpnisig the amno acid sequence of SEQ | DPCIERHNS/052410
The bi ndi ng nol ecul e conprising the CDR3 region
conprising the am no acid sequence of SEQ I D NO 25
may be a chineric or humani zed nonocl onal anti body or
15 functional fragnent thereof, but preferably it is a
human nonocl onal anti body orad unctional fragnment
thereof. In an enbodi ment, the binding nolecule

qy%gg5ﬁ§8§ g%ﬁgéVyicévanﬂngﬁfbﬁﬁéﬁ @f%ﬂégbcaynﬂﬂeskﬂgbdov1rus

he "am no sequence NG 273. | n anot her
ﬁaﬂmi@»nwhiletémhibxtﬁnggnwobéegsere@ﬂt#7¥ﬁ¥;Wyihaoﬁbgﬁt

chaln vari e | th
i8R0 6 SEOF T NG D RepTp et ORI She phnding
MMhmmuﬂg 1anbepa%l£(nﬁnneubmalaZheavgsGﬁmbquﬁﬂaniﬁapﬁ the

risi t he o acid s of SEQ ID NG 123

égﬂ¥%sE¢Fp%PﬁtFiﬁ “ ré%bé%ti%gﬁggg$ﬁé bi ndi ng
nolemmbesernaspecmhmﬁnﬂmﬁmnksahtZSnEemminntpentaﬂM§th a

e capabl e o react i i f.ferent
R ieRes orat nestien B dh SieREPENT et A hesotds
Hrese MeulRal hei fy iding aloleahiles, vpreﬁenahﬂynﬂhdman)
di ff.erent n-overl a pln

0 The bi n
SIHCE BEIERBUPY T BINg OF SPPI RIS Bhe o O rgpdeed n
@abzr eae I»ﬁzﬁahﬁgcm&yecﬁr@‘ enablypaBlet hﬁyrermtt:lrraj wAghas
fi xed and street strai ns of rag Vi rus _.as

oPE, BOBRCHBR S REFRERSS Phe %IE%P%S&NW}HPS In an

Addidlenzi REcaphh Mhd yedtomRildscabbel t genotyesi afs teheirst
WO 2005/.118644 PCT/ EP2005/.052410 49 L

AP SFo N LREEDBERER L LF {1 R TRR 0B BOL RSBV LS s sapgble of

Mhide X iht hﬁgeﬁﬂt&ﬁ@&%da%%@t i Wi taylti\géﬂi]l@tshﬁfe 1 of the
viruses or normal cellular proteins. Preferably,

RS 16| EcBFeteEn iphiR 5P RebEPAP? th’aJ%s’ﬁﬁéfallmg

YA{d Y soQbcthine wnothers Hiapdinie oel eedteind with an epitope
cocktail. Another aspect of the present inventiaon

Irgat@ichd o enaiopRhe nekeuti dalofo SR50SFPISH Bbrt iGiRrptein-
Ale | £ASGLYR %@Ph@@ur&'dﬂajﬁﬁgkb@bbzgmgcﬁbfﬁﬂéﬁh was

lgﬁgﬁg{les preferab g é ]

y defined by Lafon et al (1983) . The antigenic sites
were identified using a panel of mouse mAbs and their
respective mAb resistant virus variants. Since then, the
antigenic sites have been mapped by identification of the
amino acid mutations in the glycoprotein of mAb resistant
variants (see Seif et al., 1985; Prehaud et al., 1988; and
Benmansour et al., 1991). The majority of rabies neutralizing
mAbs are directed against antigenic site II (see Benmansour et
al., 1991), which is a discontinuous conformational epitope
comprising of amino acid 34-42 and amino acid 198-200 (see
Prehaud et al., 1988). Antigenic site III is a continuous
conformational epitope at amino acid 330-338 and harbors two

charged residues, K330 and R333, that affect viral
pathogenicity (see Seif et al., 1985; Coulon et al., 1998; and
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bi ndi ng nol ecul es according to the invention,
characterized in 10 that the binding nolecules are
w@apahiss4of reacting with different, non-conpRCT/RB2005/052410
epitopes of the rabies virus. In an enbodi nent the
phar maceuti cal conposition conprises a first rabies
virus neutralizing binding nolecule which is capable
of reacting with an epitope located in antigenic site
| of the 15 rabies virus G prsotein and a second rabies
virus neutralizing binding nolecule which is capable
D?Et%?ﬁsjﬁi] EMIN an ogBht OpRe LOCASQhidmANt LaeALEnSE Site I
I'l of the rabies virus G protein. ... The antigenic
wetr defimed dfy tdrd wr abvicemRl) yBOPr 61t cinf viesatief pFappjno acid
2§8f &ESQ ﬁ’&dndré?r{%hre%ta!a-l.“?%i ; 0 BRIV 61Sit e8e3) .
re rdentified using a panel of nouse mAbs and
Ahlﬁégeniﬁs:ﬁm' i B imAknogsi spaharher weverdeipping, 1Snage
t hen, _t ant i.geni it e ed .
PASRPPT L3t oIS ReSenppABUEo QR L CRDREC 1Pl0y o et
ag:.ycmpﬁm edmd ofi redb alesi 3P4A1 . Remmanrany sde adei (18p1) also
al ., .1985:. Prehaud et al.. 1988; 5 S :
e nd THENNCE, oy mROTant B D g RARLn
3ape3dBy egtibeh agaidistt ianti genincastigeric (ssdée BEAndaspite its

t al., 1991), ich is a_discontinuous .
SorrapratiBhar deaent Bk B ot Sitope, wikhaths,
o%n&&eaﬁlyOkmdnd 1i9%-a20@nds eenfPrefmalochal rafut,rala88hy

tigenic site Ill .is a continuqus 30 nf or nat.i_.gn
SIEHEE Sp HRier s Dsgtasn LRy dy 2R L Bhay the
Oresdepstopad3s anctaR333 int hak adhecteyidmlas the
pat hogenicity (see Seif

| et al., ,1985; ul.on et, al,
P9S8 TMahY° AT # e PP P ¢ PG LrdLe’ mab
§@9?%ZSQEQéd_fﬁ fﬁcledﬂ%?é%an@ﬂ&gﬁﬁ@ffﬂiﬂﬂéé@ﬁﬂnces of the
antigenic_ site was define 0 w.009-6
AEOPEEEEEE St M i SEBRU VISETOT seb BT EsLIt P SRE toPe
rb2Lniasd bf o £tardlibod98dpearAntd ganiloiter i kthe same
known to harbor oyerlappin% linear 5 epitopes (se%
RO, 23958 ERAISEHIAH CORTRIFMAT198dL g agnicFite 1T

1997 1n2Rdp N £ & réM - embRETbntBeRRBPEOHa @lutilcal( +98bpsition .

al so_ described the presence of mnor site a Locatef
qgmp5é§p§i@nflrst rabies virus neutralizing binding molecule

comprising at least a CDR3 region, preferably heavy chain CDR3
region, comprising the amino acid sequence of SEQ ID NO:25 and
a second rabies virus neutralizing binding molecule comprising
at least a CDR3 region, preferably heavy chain CDR3 region,
comprising the amino acid sequence selected from the group
consisting of SEQ ID NO:4, SEQ ID NO:10, SEQ ID NO:14, SEQ ID
NO:15, SEQ ID NO:16 and SEQ ID NO:22. More preferably, the
second rabies virus neutralizing binding molecule comprises at
least a CDR3 region, preferably heavy chain CDR3 region,
comprising the amino acid sequence of SEQ ID NO:14.
Preferably, the first rabies virus neutralizing binding
molecule comprises a heavy and light chain comprising the

amino acid sequences of SEQ ID NO:123 and SEQ ID NO:125,
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342- 343, which is distinct fromantigenic site I

despite its close proximty. Aignnent of the CR-57
wepiosomss4a th the 10 currently known |inear anBPCT/EP2005/052410

conformati onal neutralizing epitopes on rabies

gl ycoprotein (Figure 10) revealed that the CR-57

epitope is located in the sane region as the

conformati onal antigenic site |, defined by the single

mAb 509-6. Based on nucl eotidle and am no acid

sequences of the 15 glycoprotein of the escape viruses

E§§?§v89§ 1he epit nd' €68985Z&0-BY AdltS-antiikgd¥inding

s to ocated in the same region as the
n@ﬁcmﬂaouempon$©$ rmthemfad aaft Lgeht cclhate qquprising the
fl%foe%ﬁa sg‘g flod he:Phar [BCeYsi Lol SRITPASiNG 887,
nprises a |rs |es Vi rus neutraI|2|ng blndln%
nuﬁpecmheelgo Exw@nnahhx; &hel bgevyaaGbRBighiyi@dpin of the

refera Ly he C
e A= SO R Ry PILSLID i ancodo
h@amE@slmlNOslﬁEu&mdﬂSEﬂrﬂp piond2Ag retrect wvalpreEnst e
¢g§§yg%%d @8§%§B§h% re%%%%g yrggfgy &%Eﬂ§1n 8llzlng

g fhe am no acl d sequence sel ect
B ir@idnigh elogeeupe 25r € arsicgtcdn pyo SEGELD | 0 N3 4, arREQHODID

0, S I D 4, SEQID NO 15, SEQ ID NG 16 and
bgﬁé% ﬁ@g% tﬁﬁ? preferably, the second rabies
Vi rusy Iibﬁlatrﬁlabéﬂtﬁ@abicrtdﬂp’ct@mloac ebepebajng ses &tinding

4é§§gﬁﬁés'cg Ff ?hgh?H%Fgﬂ{E%Jagﬁgése d@%%g:g?%géé | D

d%&éb%en&omayeheﬁebéyprdﬂmeﬁ|wnan babbesnglausultable buffer
neutraI|2|n bi ndi n

cul e CO ri ses. a heav
TG QBRATR BB PSP Th BRI TRer by 'R
Jd3 N0 k33 pands SER 15 NQr12F, tWO 2605641185k such that it
/EP2005/052410 51 respecti vel Y, and. t he. sec
AR S AEGPHAT F2i g B ARG AoFeLTr e ¢o A adont

Fedrealos and EtgﬁllﬁbﬁléfCﬂﬂgﬂdﬁﬂe&gbﬁhdln@nmﬁmbéuméi Decrease
sequences of SEQ I D NG 335 and N?

§ﬁ€6¥ﬂ@éﬁyOrPﬁeF%r%ﬂﬁﬁﬁb%%ﬁ§yh€§V9 Sha %?%rﬁo%ﬁﬁﬂ%? 8FY

i&@i &4 st p&@@h%§téﬂ:i&$ d’kelggrgaﬂelgéitmgnbbﬁdt@glm|sq:ﬁ:iﬂtaneous'
are encoded ID NO 122 and SEQ | D, NO 124
d@gﬁﬁﬁgﬁgﬂg fesgﬁglpﬁeln loss of the functionality of the

binding molecule. Therefore, in another aspect the invention
provides a pharmaceutical composition comprising at least two
binding molecules, preferably human binding molecules,
characterized in that the binding molecules have isoelectric
points (pI) that differ less than about 1.5, 1.4, 1.3, 1.2,
1.1, 1.0, 0.9, 0.8, 0.7, 0.6, 0.5, 0.4, 0.3, preferably less
than (and including) 0.25 pI units from one another. The pI
can be measured experimentally, e.g. bf means of isoelectric
focusing, or be calculated based on the amino acid sequence of
the binding molecules. In an embodiment the binding molecules
are binding molecules according to the present invention and
the pharmaceutical composition is a pharmaceutical composition

according to the invention. Preferably, the binding molecules
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heavy and |ight chain of the second rabies virus
neutralizing binding nolecule are encoded by SEQ ID

wo33meand SEQ I D NGO 336, respectively. 10 APCT/EP2005/052410

phar maceuti cal conposition conprising two binding

nol ecul es, wherein the pl of the binding nolecules is

di vergent nmay have a probl em when choosing a suitable
buffer which optimally stabilizes both binding

nol ecul es. When adjusting the pH of the buffer of the
conposition such that it 15 increases the stability of

e EBPBGELBH?H%M&QQP .. IRtmadeRs €RASEOANE antibodies
stability of the other bindi'ng nol ecul e. Decrease of
stcibialsi £gGhr avvidprdinst-afiteifeyablya Bhadirflimsg awleesules are

blleegg Egn&ﬂ.r?g pl&?% /toﬁI in%ﬂtgélﬂgﬂﬁ&%{ iiq{‘f&rtito‘aﬁeagent r

I't's spontaneous ~degradation resulting in | oss of t

duncei gnahst ya opacter 20 biandieagtaok efurels THerrefpgrgsite. In
ad! e%%tdg%r n@sfl?&tbjt_rnfirlgmﬁl%ﬁtelcgr_ﬂespégg' Kle of binding to
6harnaceuF|ca conposi t1on conprising at |east two
dﬁ?ﬂﬂrhgeﬂbk&tﬂkbﬂg Ppriefseablrypshumg. braelier) wislvsculasa
char.acterized.in that .th i.ndi I v

fegatas: FreSatht Sl PP, Pl BB P BN Bedapraced
fI That 45 1n3thd. 250@b Hetlieeh. 6,.00995, OpB;fxahly0861-9.2,

0.5, 0.4, 0O g referably |ess. .tha % nd_incl udi
5rs s b Ly B G drsteeeb g ot BEhddlfd WAtk s
HER&S Whed hexper Enent atdR3 regd.onby fMBANSIDING sbklagct SEQ 1D
fqgﬁfln 5 ogtbe falculated based on the am no acid
NG enc& 8P “the Bt ndi ng nol ecul es. In an enbodi nent
t he hinhdinBghee! estb@EnE ahe Wnrdhagonopeculdss a cocktail
according to the present _i nventi o nd..the
FhanimcR rPesl HOBDIR HIGIH SRR rraecules,
ﬁiﬁﬂﬂ%ﬁlngi Bat as€orthnged ad R tibvanes pnwhéxeirerabllypast one
t he bi ndi ng nol ecul es WD 2005/ 118644, PCT/ EP2005/ 0524
g AOREERSRatS T HEH 30" 38, 2HEMBAFONST DR Sther
P 1:ReM18S pasUshe 281 4@y aftidnpadiues andr &t ereddty ,oreh®inding
bi ndi ng nol ecul es are . capabl e of bindig&,to agﬂ{or
PRARGHS 2ngPEAIPHPER thibfs TGO FGE PR YT F us) R
DAL R M cBn¥edets BefNGEe NI tAepabdstton | A Didkdling
enbodi nent the binding nolecules are cagable of .
I‘Eﬂ)#ﬁﬂlﬂﬁst gaving a compatible pI is also very useful in order
to obtain a composition wherein each binding molecule is
sufficiently stable for storage, handling and subsequent use.
In another embodiment the binding molecules present in
the pharmaceutical composition of the invention augment each
others neutralizing activity, i.e. they act synergistically
when combined. In other words, the pharmaceutical compositions
may exhibit synergistic rabies virus, and even lyssavirus,
neutralizing activity. As used herein, the term "synergistic"
means that the combined effect of the binding molecules when
used in combination is greater than their additive effects
when used individually. The ranges and ratios of the components

of the pharmaceutical compositions of the invention should be

determined based on their individual potencies and tested in
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and/or neutralizing a |yssavirus, e.g. rabies virus.
In a specific enbodi nent both bindi ng nol ecul es have

wa:2mahicsshated pl that is in the range bet weenP@r/BPB05052410

preferably 8.1-9.2, nore preferably 8.2-8.5.

Preferably, the binding nolecules 10 have the heavy

chai n CDR3 region of SEQ ID NO 14 and SEQ I D NO 25,
respectively. In another enbodinent the invention

provides a cocktail of two og3 nbre human or other

ani mal bindi ng mol ecules, including but not Iimted
fﬁJJ¥Hﬂob8gh€§al¥g§¥F3ﬂwégéa5%a§E_Qﬁfméﬁ R NGuch as

nol ecul’e T's derived froman anti body phage or other
ﬁ?m%?arable package di splay technique and at | east one

i ndi I l e ' j 0y :
e T
tehed dFWEoMioﬁ bandeonpries etullesshaonagothan igwyapeatpr,
i S o very useful in aorder 0 i ;
RRNAPEL G BRGFet R e f Sty o feher therapeutic
#d faorcipepphylatait eadart sstavape, ahahdliingl aagents such as

subsequent use n_anot.her enbodi ment the binding
%ﬁﬁ%lgsoﬁré§5%f£?$9%tﬁ%ﬁ) 4r maceut i cal conposition of

t he i mrenbiiaaiaygnehdcigach orohersaneutiedl zéagpositions of
activity, .i.e. they act synerqgistigcally 25 when

tnTEd PR 8?133?3 e tjﬁle%blﬁ%?ﬁg etpfiia] okl systens
;Eﬁdrmps:lot iu?@as inMBym&xd Hucts e mgilshbdel abyeisems risslude, but
and even |lyssavirus,. neutralizing,activity. As used

et &19T, LOREERRr R Syt g o ToREKRES { e RRE, StC-
conbimgd cafifig¢t pRé rhdeedt ndingompbed il ess whest hesexteirile
conmbi nation I s greater than their additive effect

WP L PRARYI BRI FPIHHE S R de TR BRES T HET D2 stﬁ“r?%%ge' The

ISHRP 18RS ngOhol Beu PEgy NRGEHNCalr EREPAshts Oftsefoft,he
i nvention should be deternined_based on their

THRHRACARAMIFELENCR RS 3t QP LR NS 28857 A 1ons of
BT/ ER2005/ 9524401 0B 3cdm BA tiD gagdki-akbzat fon Bssaysitution
or animal nodels such as hansters. Furthernore,. the

P ¥l CRPIOPAT 2B BRI SR E Sl AGOPBTEPHe FHVENTUn
EYo SOTHY 1:8€ t8k LeRAStoPNE10kREly .t her BpeUtaSe of sterile .

powders for the preparation of sterile injectable solutions,
the preferred methods of preparation are vacuum drying and
freeze-drying (lyophilization) that yield a powder of the
active ingredient plus any additional desired ingredient from
a previously sterile-filtered solution thereof.

Alternatively, the binding molecules, variant or
fragments thereof, immunoconjugates, nucleic acid molecules or
compositions of the present invention can be in solution and
the appropriate pharmaceutically acceptable excipient can be
added and/or mixed before or at the time of delivery to
provide a unit dosage injectable form. Preferably, the
pharmaceutically acceptable excipient used in the present
invention is suitable to high drug concentration, can maintain

proper fluidity and, if necessary, can delay absorption.
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5 prophylactic and/or diagnostic agent. Said further

t herapeutic and/or prophylactic agents may be
w@piosAvEeral agents such as ribavirin or PCT/EP2005/052410

i nterferon-al pha. The bi ndi ng nol ecul es or

phar maceuti cal conpositions of the invention can be

tested in suitable animal nodel systens 10 prior to

use in humans. Such ani mal nodel systens include, but

are not limted to, mce, ratss, hansters, nonkeys,

etc. Typically, pharmaceutical conpositions nust be

steri hg cﬁggcgdﬁg %g%ﬁmémer8999|5f(Hﬁhﬁﬂastratlon of the

manu acture an tora €. The human bi ndi ng nol ecul es,
pharinaneuticdk agqmﬂsgtttmesemll 15e | Infsesscugat esveral

fauchelcs aci gy (}eecl%ntg %21%3&(:89898& ééP'ErogJ ortliRg BresRAt

I nventl on can er form reconstitution I n
achéveppobpcibee whirimadbet combbyl bkt diflce vewengienf the

H?L];lg[:[g Orl%a‘éﬂnen tan'He tﬁf S!L!ay_le_cgéfsh%[y c#éqeth%aigagﬁla

powders for preparatio steril
donpentabtfommlmﬁ|thE;aCZﬂvehmobeeﬂb¢$eu3nﬂkhaﬁglaéd

re ara Lon um.dr and e [
YOBRAF SatF R T AL OB ATAS poter G P Ah0, Jame
Him@ﬂﬁdlﬁalecmlgsamw1ﬂﬂduhwenahodeeamehh|pnypaﬁednw1thom
solution the

r.evi ou ile-filt ed
RRaErh et v T et Ehel Bfeiael AR ileasg, such as
af ro@glmleuea hﬁéB@ise |ﬂnmma<nmpugameludnmj elinp lagitd ,

ecul es_or onpos ons of the sent, i.nvention
nS g el SRRG Ty TrEosphrET At ad MR stems.
Hﬂﬁﬂgq&aaéblgag$¥béﬂmyaﬁmmabeﬁexgm@rsn&amxﬂnﬂyr addadetle used,
and/ or m xe efore or a e ti of. d ery t
B PR KR EATTS (ULmge ATtaEan PRl T ST B iR L B Y- Ehgeolic
add dphabmaggeh | Cﬁéiy‘-cﬁﬁﬂﬁé‘&sﬁbke eé(ﬁdipp@m sad d racuhe

resent invention.is suitable to hi (hﬁ
GHESRTPEET ot TﬁﬁiQEEQﬁﬁfsﬁarﬁrBBe?ogWUF g§m?ﬁdblpglng

eI akYwitR) Qﬁ'@&Léﬂ%ﬁ@ﬁ@té@nth¥[biiﬁﬁﬂgkﬁﬂi%%ules with, a
PCT/ EP2005/ 052410 54 The choice of the optinal ro%tgh

mf-exdmlnPEt AP IRPSfthate PrENERRECERE | £ S oo™t
Hﬂdan BeninhbURHTELL s ST akamb@E] OfSe i MG ibighdli hg

physi co- chem cal 5gopert|es of the
molecules may be administered to a subject in an appropriate
carrier, for example, liposomes, or a diluent.

The routes of administration can generally be divided
into two main categories, oral and parenteral administration.
The preferred administration of the human binding molecules
and pharmaceutical compositions of the invention is into and
around the wound and intramuscularly in the gluteal region.
Formulations of the human binding molecules and pharmaceutical
compositions are dependent on the routes of administration.

In a further aspect, the binding molecules, functional
variants, immunoconjugates, compositions, or pharmaceutical
compositions of the invention can be used as a medicament. So,

a method of treatment and/or prevention of a lyssavirus

infection using the human binding molecules, functional
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active nolecules wthin the conpositions, the urgency
of the 5 clinical situation and the relationship of

w0 b@splsasaa  concentrations of the active nol eRCI/EB2008052410
the desired therapeutic effect. For instance, if
necessary, the human bi ndi ng nol ecul es of the
i nvention can be prepared with carriers that wll
protect them against rapid rel ease, such as 10 a
controll ed rel ease fornul ati s, including inplants,
transder nal patches and m croencapsul ated delivery

v§¥§5ﬁg§f Iﬁt dakles, PLogpspatile RA Ffat8ltical
ia be Use

Inter a sucﬁ as ethylene vinyl acetate,
cpmpysahhmlcdfésthqowrveglty@al fe apelihpr @srtagénthe present

E%l¥ﬁ95£hqf§é6¥§%s %H%UQOEanﬁgtécvfgﬂéjffgﬁ any of the known

er nore € necessary to coat the human
dgenotlyngs, rﬂwlliecm @sraﬁetrlablar rgbiasnyHiwt e Thehabpivaanagtioned

nRLERYL €SO M Lol TR Bk BE GOUBONGHZoRERYBRLS .

|nact|va uman |nd|ng nol ecul es. For
pmogﬁynex1$h@frm3bmedm ndlng mol ecul es may be

adm Eb%f r%%ﬁg xeashpquUb O?TI.C%SJ_%:L%HS RO O ﬁ%b%(?re ﬁlay be

carr 0S0Mes, or a ent
em@ubgsdoinad@mﬁmﬁaﬁmﬂn mﬂthantgeneme&équlns(msmf@édln

nto two mai n categories,, oral o2 d parent er al .
%ﬁ?ﬂ%ﬂéﬂ@%y ﬁﬂy&rg r%%sth%ﬁ%y¥ﬂg They
dawmpe Qksdi ng v&&fﬁmﬂaxsv1&0dophannﬁtemlIEnﬂ instance, the
conposi,.tions of_ th s.into. and 25 _arou
BB AR H P o A BTy oAt He b L dal Fisg) gnIugaces
o%owu&ﬁnbb@ﬁsl@atémnﬂusmnobsndfnghaoimﬂmmmn be co-
phar maceuti cal . conposi.tions are, de

endent__qn the.
TGS CEF A T A RIS PAoARF b ERBI S So pac T phgvely, the
R nagmEP! £8b ese afdiﬁ&iﬂs@t@&bd bafbﬁ@t@r after
I mmunocon] ugat es, 05|t|ons Eharnapeutl%g%hso

EBHFESIERBRSD of £ e 188 bEnCHEPQRLY one
1RANGAERNt AdwOnisBrdEld0 G Ofkhbr R3t sBALefNsH Aompositions of

prevention of a |yssavirus . infection t he human
iendinygokbPRcHL B3, 2 FRRAIGnAS Wo58B57 ﬁ ?%Ds”c sxposture

ﬂ%@ﬂh@&%@l@é/ 0R24480s- &a&afésaahmuuw@@omwgﬁte&lmted to,
onpositions, or pharmaceutical conpositiaons of %
REHeRoRi Sk AR R Gt GCEChevpFELRAL (Rebivere) , funan

diploid cell vaccine (HDCV; Imovax vaccine) or rabies vaccine
adsorbed (RVA).

The molecules are typically formulated in the
compositions and pharmaceutical compositions of the invention
in a therapeutically or diagnostically effective amount.
Dosage regimens can be adjusted to provide the optimum desired
response (e.g., a therapeutic response). A suitable dosage
range may for instance be 0.1-100 IU/kg body weight,
preferably 1.0-50 IU/kg body weight and more preferably 10-30
IU/kg body weight, such as 20 IU/kg body weight.

Preferably, a single bolus of the binding molecules or
pharmaceutical compositions of the invention are administered.

The molecules and pharmaceutical compositions according to the
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i nvention. The lyssavirus can be a virus from any of

the known genotypes, but is preferably rabies virus.
wab@sassye- nenti oned 5 nol ecul es or conpositi OPGT/ER2008/@52410

used in the postexposure prophylaxis of rabies. The

nol ecul es or conpositions nentioned above may be

enpl oyed in conjunction with other nol ecul es useful in

di agnosi s, prophylaxis and/or treatnment of rabies

virus. They 10 can be used irmsvitro, ex vivo or in

vivo. For instance, the human bindi ng nol ecul es,

p%%985£093%eﬂégéﬁﬂgf%'g&%ﬁEEQBQ?Jé%é§£¥é.(Methods to render

arnmaceuti c conpo |thn$ of the invention can be .
tbesecaunl agstes exhdvcompasiséenses el s taneapiedd. known in the

Al te tj acci :ﬁﬂﬂ? Lster
aggfo?ggo?ggig%rg%ééﬂgén%%iE??g?¥%§$%$m%ﬁ% nnﬁggﬁﬁgsggr
acdorpostravhen off tere idovent PEnralpbes niagdas dntepoppeularly
.nol ecul.es._or .c sitio f~ the 4 nventj i
l?a@@?ngeigoﬁﬁilécﬁg grg%ggtOéx%bst?éﬁpﬁ#ggﬁyiggyg.after
cRabksasevascimésviddlsdeptbprenieuaby Inmriniegd @gainst

r.ified chick enmbryo cell..(PCE ci
SRR 3070 i 51 ‘LB SRR RS TPERV T o Gattrme) oo
cdinpbaht €sny ascinsdimdsor hed (RVA)tidheshmpllet bleesdaipistered
1z picall% forgulated in the .co ositLtns and
lﬁ%&rﬁﬁge ey ?Rﬁnﬂﬁﬁ%%soﬁg 88t Re’F Vehtion . o 8°°" @S
goienapeubieat | yxprsudicggmashi enél yerd freiotd we lameuntivels

.Dosage [ h . ust i d h '
e eRBaC o ReborRe X & ibe LSERE apseli e dsisiasy MaH ™

Sldici abkeddosage: dusng e ey diaseiings dne eadei fistei@d anti-

| W kg body weight, . preferabl . 0-50 | U kg bo
TR G VA RHe R rrBH R FOI6LbeST Pk Hody' didbah o the
sk4QN c8S a 201 bk kghdodacmingltbd 30dPredesBdlih neesi bl such

bol us of the binding nplecul es qr har naceuti.ca
CERSTERE BAY D157 HRE (A PEALPGR T aRe X BHTT TR &£ Derhgman

Hnﬂdaﬁg fs1andiphar maceuti cal conpositions according to
t he 2005/ 118644 PCT/ EP2Q05/ 052410 56 present
i nvedti 8ROERET pr R ab Y s LBV PPELOMEE PRYTR T tS’r?n&I‘é’re of

binding molecules or functional variants thereof,.
immunoconjugates according to the invention, nucleic acid
molecules according to the invention, compositions or
pharmaceutical compositions according to the invention in the
preparation of a medicament for the diagnosis, prophylaxis,
treatment, or combination thereof, of a condition resulting
from an infection by a lyssavirus. The lyssavirus can be a
virus from any of the known genotypes but is preferably rabies
virus. Preferably the molecules mentioned above are used in
the preparation of a medicament for the post exposure
prophylaxis of rabies.

Next to that, kits comprising at least one binding
molecule according to the invention, at least one functional
variant thereof according to the invention, at least one

immunoconjugate according to the invention, at least one
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these nol ecul es and conpositions sterile are well
known in the art. The dosing regi nen of post exposure
wWee@shydeaki s is administration of five doses PET/ERPII0®652410
vaccine intranmuscularly 5 in the deltoid nuscle on
days 0, 3, 7, 14 and 28 days after exposure in
i ndi vi dual s not previously inmuni zed agai nst rabies
virus. The human bi ndi ng nol ecul es or pharnmaceutica
conpositions according to thes7 nvention should be
adm nistered into and around the wounds on day 0O or
rQLAREY SE1 3SnSPON RS AHEROSEOLE Bid Ofn RO, Cariblist one
e remal ning volune given intranuscularly at a site
apimpbant 16n one ctrediew dindheNdnvephter nated gasdi wrgual s
a%m%%vu§ggaio gﬁ% 'Pfyn§%%%ggd§ﬂé r@ﬁ%‘%ﬁ@@dﬂf@n, at
Bdran Ing nolecules, but it c?ear to
kﬁasﬁledeavecsan ad¢rrdiacitratbd Lﬂﬁ%MtHMHI@ﬁ deﬁéédoéﬁ host
such 15 treatnent so._b U e
%F%%ﬁ?lﬁgn%% E%?ﬁﬁ“ﬂgﬁﬁb e%ﬁlgsggﬁ%P%%% %ﬁgzaspég{ggbhélso 2
partentti @hecpnesems iﬂuenrm@nofOpbundak@wwnﬁhﬁnﬂh@yeodescrlbed

functional yariants th o]
dABeratng ob EhE Rviat Sie 1nvehPIUROLANANALES 1n suitable
c&ﬁﬁarldemg badt h&bd:I\a/cE ntdromiagonposi t pooghoraxis and/or
armaceuti.c DSIt ns ordln to t.he |
neatent pPEp %t?% e |c§n8n? FOre t e d A4y noé ggd
dﬁmﬁaﬂéhﬁﬁlﬁay béeﬁﬁdﬁﬁﬂ,1n3MDﬂmnbtnmﬁltﬂhdd&ﬂ%ﬂﬂhtalheas, for
condi_tion r [tin fron1a %e% i
RAIDLG vrﬁ?a eaTQ Tlﬁ% 8 g %%’v ¥rln?%(ﬁn§§ﬁyt68t
ﬂﬁbéﬁheaEn@?ﬂaqg?@ﬁyﬁq5rdﬁﬁrdbiypBeéEiﬁélysdkﬁnxﬁh or as a
Vi rus refera t.he nol ecul es _nent ed ove are
%ﬁﬂﬂ?%%%zeghepﬁ?g%ﬁ.%&YXﬁ??ﬁi n@&?@gkﬁﬂfoq °% he post
f@ﬁaﬁﬂﬂﬂﬁutﬁbfprThéxééhﬁﬁﬁﬂé%? &&y befofmdeﬁﬁQmWﬁ‘Virlety of
conprising a east one bindin | ecul e accor.din
narqaialisnvahti 8/, 9535 R PIGTE uﬁe lamfha‘oeaﬁ aeriie
3t L0hHReCQEdL anér@pI@ eH\ R Rerahay elﬁétaro nleltravenous
I mrunoconj ugat e accordi ng to the inventjon, ast
IO e/ PF8BALPETIEPITS G598PpT BYercea S

. hypodermic injection needle). The kit may further comprise

more containers comprising a pharmaceutically acceptable
buffer, such as phosphate-buffered saline, Ringer's solution
and dextrose solution. It may further include other materials
desirable from a commercial and user standpoint, including
other buffers, diluents, filters, needles, syringes, culture
medium for one or more of the suitable hosts. Associated with
the kits can be instructions customarily included in
commercial packages of therapeutic, prophylactic or diagnostic
products, that contain information about for example the
indications, usage, dosage, manufacture, administration,
contraindications and/or warnings concerning the use of such
therapeutic, prophylactic or diagnostic products.

Currently, HRIG products are used for post exposure

prophylaxis of rabies. An adult dose of HRIG of 1500 TU (75 kg
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nucl ei ¢ acid nol ecul e according to the invention, at

| east one conposition according to the invention, at
woemstiissme  pharnaceutical conposition accor di POI/ER20051€52410

i nvention, at |east one vector according to the

i nvention, at |east one host 5 according to the

i nvention or a conbination thereof are also a part of

the present invention. Optionally, the above descri bed

conponents of the kits of thessinvention are packed in

sui table containers and | abel ed for diagnosis,

i 89&59%'SZ¢ g)t 1eALERYt 208s i e d N GakRAume of 10 ml.

condi t 1 ons he ‘above-ment i oned 10 conponents may be

Motrer edniantunitedriRAH wirodosEscene aivlerrossidrle agafpre,

ﬁl%%egglgnggyéff?ablvé %Osmlb?'btsgg?on§é({ﬂ§m Sa%‘}aheétf total

s an aqueous, preferably sterile, solution or
’s. aInIymphlthexﬁhfrﬂhﬁ(awabbytsﬂﬁl$IR¥O¢uﬂﬁﬁﬂh@Wﬁoﬁwpor
c{fec ‘jcl t u%‘:iggt T,he:l.tc QLrét %'f@%hsn%yaﬁﬁciﬂéﬁfﬁs{ rf%@s@ble to
& al’s suc | ass or tic and
aﬂﬁt)inlia‘teratlsé erectcmmemdzaeis Supdr tioéé oin ea«airrﬁr@qrhb the bite

contalner |ntr VenqQus ut j
WARRY shg{}finae O%‘?]o’bper Bi erlcr:légglr %%a& ﬁ{/hp%g:glrr%reéﬁ volume
ddEeE©EIHRIGEEﬁlﬁésoéﬁﬂtéd1W1MhysﬁgnifinamtnﬂﬂﬂnseThﬁDPeesent
contalners conprls har ceut|call accept, b

ISRt ons i Reqs? ﬁﬂﬁ@%ﬁﬁ?P Sreddra ?%Ea éjf% k%oggdes .
SRlriaicentiaad @l@x;tcs@ﬁﬁcﬁﬂlda)tnp@msmg mai;'/uﬂjratdtért dose in a

i ncl ude other npteria e bIe fr a comme rm
EHEGs &F §PBH8§5T?R€L¥§%PﬂdPﬁg eS?hefgq% %?% sn
sHdraerkacithlt Qérﬁpoimﬁﬂrﬁ&}ayswbmpgﬂ.%e £t texaenp]msdtmom
for one or nore of the sui oci ated wt

bl
BIUIRG RPLECERR BEPRHHS (14 FONET 0Lt O 15 Thcds
PrELEABTRT eR8Y Pag kewes-o¥fs . t h’ﬁl’eaﬁﬁutm@celﬁ)tfﬂrﬁfﬂylcﬁmtplo(sltlon

or diagnostic¢c products, that, contain inf ti
SHRRET GOTBXARDE o N THARAEICFONY, “08age D fogapient and

KN 3l uhe, oadat-sihsd rat10n MoreOakr al8di @d 4 i amtftoless
marnln%étgoncernlng t he use of such 30Q therapeutic,

e vorW dphgiie (R pAsdget ated Gt F AR ctiReGt arges

]_Qﬁidé%t S138 HESH 3 Okl POSta 18P RSEEEDL1 L Oﬂlfé’|;aiﬁﬁna&feutlcal
rabies. An adult dose of HRI.G of ' 1500 11U (75 kg WO

CHOBYSLEE684 CPURT Ep2D 05 952U g adult dose (in IU)” necessary
for successful post exposure prophylaxis. In an embodiment the

pharmaceutical composition is stored in 10 ml vial such as for
instance a 10 ml ready-to-use vial (type I glass) with a
stopper. By providing a 10 ml vial the option is given to
dilute the pharmaceutical composition towards a higher volume
in case an individual presents a large wound surface area. The
invention also provides a kit comprising at least a container
(such as a vial) comprising the pharmaceutical composition.
The kit may further comprise a second container which holds a
diluent suitable for diluting the pharmaceutical composition
towards a higher volume. Suitable diluents include, but are
not limited to, the pharmaceutically acceptable excipient of

the pharmaceutical composition and a saline solution.
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58 individual, 20 IUkg) is only available in a vol une
of 10 m. Mre concentrated HRI G products are not

w@omsilkdeet as the currently obtainable 10 nl dPGEEP2005/052410

contains 1-1.5 gramof total 1gG In view thereof the
current HRI G products have two 5 drawbacks. Firstly,

it is often not anatom cally feasible to adm nister

t he recommended full dose in and around the bite

wounds and secondly the adm rgestrati on of the current

volune dose of HRIGis associated with significant

Fggkagrﬂgﬁapﬁﬂﬁgﬂﬁt h,geﬂbhﬁﬁlgéVfﬁs@k&%ﬂﬂ&Hsoﬁo&odib@ﬁfng
rawbacks as it provides a 10 pharnaceutica

thenpbsrmacmutanﬁ|ngmgsatﬁ9hla@@(@¥ gedevchignsy ptine

a%ﬁéPﬁgégﬁ“ﬂ%gﬁﬂéﬂé%égma%eukgéﬁl bém ﬂfﬂﬂ ewhéﬂﬁgradlluted

osition nma rise for exanple
ottwaotbi ndi ng nol ecul es capabl e of neutralizing rabies

viru ref erabl g§$ i
phar ﬁ’ggeu ke locnon'posl ng urtﬁer ;:ngﬁ%lﬁdsgg geteCtlng 2

rﬁbaéaaeenﬁ$cidla/snmpambahherexnlph@nmethuﬂ domprases the

vol une _of aro More.is_also_ poss | ess

HEEEr B 8 SO o done ulkd o AR By

dffficett r8 Jahaligeror \EolbumeﬁngLQSSethh@, 22 nilindtg.cakdovariant
possi bl e. The harnaceut| 03|I|on %pnprgggsb)

otlfhénf amuﬁ%?? Yo GO nﬁe e e el

RHeeassi bl m@éﬁh@xm@wmmnghmbmcme,l rfmmtemtmadi menfant,
the pharmaceutical caq & stored i.n

QF 4MMEReROREIFHYS § ;ylg ﬂa S e ady 1< l%ﬁgeevpglthe
dampne .| Tk assip Ve tikn A beSfaObﬂe[LogByaprmpﬂlmg.rﬂzljlﬂln’g, but

vial the optio t di | ut he ph
et oS g o e S H R

it MbdugkoRr @ﬁ@i@xﬁtl@ll@hgﬁn\ﬂ@@ﬁédsuﬁﬁjﬁ:@tﬂr ame The

i nvention_al so £gOV|des a kit conprisin at %
EEREAGILY] SUEFP e SR EofaP| BF ryta suETeets? but
éﬂgy’EﬁﬁﬁﬁﬁbC@ha@Qﬂ%&“ﬁdéﬁ@&tedTa@ Kafrﬂ@ﬁsfdﬂtﬂﬁﬁies virus
conprise a second container which holds a , diluent

mﬁﬂhﬁaﬁpetﬁéFeélfQEl?E?tHﬁ?ﬁﬁ%&Fnﬁéeﬁ??%%ﬁ Yﬁﬁﬂﬁxﬁ%ﬁngnthe

rﬁﬁlatno‘ﬂ%%n? RbobeE1 V0| WilictSunbablerdhhtenss i nclude,
but. are limted to, the phar naceut i cal

igweepcablsgakes ppBrithe I nVeRE 10Rar FRE eBRTRLS day first be
ﬁéHﬁﬂEﬂbeantanﬁaﬁesfﬂ'ﬂH%é“gdﬂtmee for the method of

detection. Manipulation means inter alia treating the sample
suspected to contain and/or containing rabies virus in such a
way that the rabies virus will disintegrate into antigenic
components such as proteins, (poly)peptides or other antigenic
fragments. Preferably, the binding molecules, functional
variants or immunoconjugates of the invention are contacted
with the sample under conditions which allow the formation of
an immunological complex between the human binding molecules
and rabies virus or antigenic components thereof that may be
present in the sample. The formation of an immunological
complex, if any, indicating the presence of rabies virus in

the sample, is then detected and measured by suitable means.
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WD 2005/ 118644 PCT/ EP2005/ 052410 59 Furthernore, the
kit may conprise instructions for diluting the
Webasiesseut i cal conposition and/or instructi onBCT/BP2005/052410
adm ni stering the pharmaceutical conposition, whether
diluted or not. 5 The invention further pertains to a
nmet hod of detecting a rabies virus in a sanple,
wherein the method conprises the steps of a)
contacting a sanple with a dieagnostically effective
anount of a binding nolecule, a functional variant or
sffinl AELROSON Ji0ALE agsecd 8giho KifddHRA aRa and b)
determ ni ng ether the binding nol ecul e,
hbtircogemadusy drimtimg ismupapanaron] it @ssFecipiearpgassays
(%&%?S ﬁfléﬁrn% 6%ﬂﬁ%g%ggen§éppiﬁhuﬂGHié%%@ﬂ%ﬁigﬁgypeFACS,

bl ogi'cal sanpléin I'ng, but not limtedt
BoRCOHE sed Uhgsttdrgsldobr aoehgeedi ol ogi cal materi al

fro tentially) inf ' O ; ;
(po?gﬁgg%ffﬁsr?hﬁéb gﬁg§%§?e§?£é§%%§ éﬁﬂﬁﬁ%nlgggfgé?g,can
beutisedl 80 ademel By tdpdttopre stispaioies wsrusapriogedngf such as

abies vjrus i ght .be tested for e pr n f
BoReryHEE ORI Rohe B AR RR e seructuras
andifeli e8AFommdt Potisal .0Mni pAENenbof igaites kofndimg of binding

i nvention. The sanple .may first be 20 i_Qul_at. t
RARERL ST e LRATEPE) P HBTHGY O CUREaERIad
Pl pak At 5 6Eh Neanss-mirepepkidekf eaf i agptdieisafplon rabies

suspected to contain and/,or _cantai ni ng r.abi.es vi '
vdids §Uhadst R TR Stali eSSy r850€?+$ {5 an%a&éeanby

. , , nt egra
ndaihe aft PERPECAN LQIpEient(sesuchtas HInd eiNB4/03564, WO

pol eptides or other_ antigenic 25 fragnent . 1
Sk o) ST T i i mPSEU e L8 AR AT nomen binding
mb%ltc@m%gd% é?ﬁm :%&%ﬁjd&[@faﬁs bgf téh'eed'(ij ntent iIFEPsans-based

contacte Wi t e sanpl e _under conditiqns which,
AELABKE B HRERYN G2 Yari ol O %%ﬁ’tqbeo%ﬁ“%‘?%ment' a
ReldaeBebheab U, Hinddiprisl agubestidesl TrdM eabilesusirus

or antigenic conponents thereof that may be 30 present
aneteRass aapl e Wﬂéeqf@qﬁqroﬁeaFlaﬁSiﬁﬁ%@r%gﬁfc inding to

tqmluﬁlén jaf.n@ﬂﬁ{g hérh GAldNG £t RBePh BSENERHOf TrAKRS above
;g;;§i Ege use of rabies virus neutralizing human binding
molecules may identify one or more neutralizing epitopes. The
peptides/epitopes found can be used as vaccines and for the
diagnosis of rabies.

In a further aspect, the invention provides a method of
screening a binding molecule or a functional variant of a
binding molecule for specific binding to a different,
preferably non-overlapping epitope of rabies virus as the
epitope bound by a binding molecule or functional variant of
the invention, wherein the method comprises the steps of a)
contacting a binding molecule or a functional variant to be
screened, a binding molecule or functional variant of the

invention and rabies wvirus or a fragment thereof (such as for

instance the rabies virus G protein), b) measure if the
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the sanple, is then detected and neasured by suitable
means. WD 2005/ 118644 PCT/ EP2005/ 052410 60 Such

woreiokods44 ncl ude, inter alia, honpbgeneous and PCT/EP2005/052410

het er ogeneous bi ndi ng i mmunoassays, such as

radi oi nunoassays (R A), ELISA, imunofl uorescence,

i mmunohi st ochem stry, FACS, BIACORE and Western bl ot
anal yses. 5 Furthernore, the binding nol ecul es of the
invention can be used to idestify epitopes of rabies
virus proteins such as the G protein. The epitopes

q'[bflplg M)Egé{l bél.{ ﬁllﬁﬂ:l%ﬂ licnfgrtQ!anta@g/@é screened is

tlona In one enbo i ment, binding of bindin
crﬂ:ﬁa@d@I of obmphieidnVEIT ispecifigadeyi REnGInd Vv |té1§fp|rﬁgles

10 peptl des nSHeN 3S, a@f@&m%ﬁgi 851 MoiLAhE Rr

FOm rabi es° Vi fus suc e rabies virus G protein
funtﬂm@namaVyzednbyofrﬂhﬂninﬂénPEPSCAﬁﬁam@I@anﬁqkﬁa@n is

siteetl LB M0 B 05 30k 0 MR DR 09AL 1 5 {2l 2o
%T ot human bi ndi i ng ‘fé

Mg each
qnﬂﬁanéa bandbeotesdszenenx Bﬁﬂscphkbase@ a§Elelc embodiment

i nked i nmuno as | .SA t
T R R
pepttides1f vam aabs eBhemercuS 'maypbet ecneenadl the sbyrddfed human

for peptides able_of hinding to_ the hu
kh‘dl &e-6FH gﬁ ?ﬁv%?ﬁ‘f%lﬁ’ all {a2d %V%apaassaystn 1n911ng a

dtﬁjiﬁéﬂeln&abpeﬁoyérmameiﬁd aslplz:lolp@ kegagnbzedimng 2@ blndlng
nol ecul es nma | or _nmore neutral

Bt opies CoTREL SR bl Co900m SUNE-EaH bethapige soid
YRQEMRS cZNGrHOr Dt Re: 23] agdmx&baﬁ;,raheesplﬂdspeas are non-
further. aspect, the invention provides a netho

G EIAPGIa Obi RAPRGOPRT et e Wr 15 FARREI B?latfh?/asr}fjalﬂ'ted

S r 22 HRitN8hBYa BB E C3ld e driiings peehbhc chh nal 1y Beo lﬁsed to
di fferent, preferabL%b?on overl appi n

Faaniae s riasag TALSCURT e S0 T0BF Lo BF Hifl gy Thereot

b and @ Ohihuaay epathy afdnttepdfroptherh Ny entittlitr step it
wherein the nethod conprises the_steps

et 199 g AL BPAJE A gt e | SIARSASS Pl nfiaﬁat ﬁ‘l%%%?uw iRt are
A0 hep3digc 6%8 ReRpe il NEl NG pEdieaube1 or vi vatid analthe
e

variant of th

rabies virus or fragment thereof have neutralizing activity.

It may also be determined if the screened binding molecules
that are capable of competing for specifically binding to the
rabies virus or fragment thereof have neutralizing activity.
Neutralizing anti-rabies virus binding molecules or functional
variants thereof found in the screening method are another
part of the present invention. In the screening method
“specifically binding to the same epitope” also contemplates
specific binding to substantially or essentially the same
epitope as the epitope bound by the human binding molecules of
the invention. The capacity to block, or compete with, the
binding of the human binding molecules of the invention to

rabies virus typically indicates that a binding molecule to be

screened binds to an epitope or binding site on the rabies
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i nvention and rabies virus or a fragnent thereof (such

as for instance the rabies virus G protein), b)
wore@saiss4d f t he WO 2005/ 118644 PCT/ EP2005/ 0524ROT/EBD05/052410

bi ndi ng ol ecul e or functional variant to be screened

is capable of conpeting for specifically binding to

the rabies virus or fragnment thereof with the binding

nol ecul e or functional variant of the invention. If

no conpetition is 5 nmeasured d2he bi ndi ng nol ecul es or

functional variants to be screened bind to a

vqgﬁge£ﬁ9£ §%Qﬁéﬁﬁ%aq£% aveReshti 1 ebadl mBRlqi nef stiB8 on the

above screeni ng net hod, humanh bi ndi ng nol ecul és or

rhbheti vhabs viidtarts immanespernyipal kit reasipsmized by the
ﬂi%%ﬁ%thof&QR- sk% h%gégggﬁﬁyé§§d@¥%éfﬂ§%ﬂﬁ@ﬂy, this can

variants capable © i'nding a ifferent epitope
inddrathetept t @delndoeygmoieduby thebdisrtarpednbliadgl &0 an

conprising the, CDR3.regqi c I SENG: j .achd

3 ERoR" or SEGT b NG I5Tohy arer abr DR e prg the
mml-ilng\éeﬁtapmmm?pemlf-icaﬂrﬂ)gt rageghized yl ddwe fdndheg

ski rson that .t.he above screenin t CaNs 1 sy
B R

diwaghigosal tnarbhamisng herneehlesapabties ofnmmidiong toorehées
In a further step it my be determ ned

same e@itoge
VA USHh @ s B EERATEEHY HdiSTE ol ecul es that are not

capabihe geheg@upetdntetiarivepeahibeaiby 1 neiangirted blgemeans
rabies virus or fragnment thereof have neutralizing
ofc BV PEFaY r BN P TRAhIRNGHE JEPRPRT Rt T 11 @
éﬂﬁb@%?@@oh}Bshﬁﬂiiiﬁqﬂﬁﬁﬁﬂésbbh&hsabﬁ £oapaidrec 0f (such as G
conpeting for specjfical, i ndin o the .r.abj.es
RRANARGN FRaBReRt 1haBb e HoL FRTP I el pyleoules
Af}ﬁytx{i@hiia};nﬁo@@@hlémicﬁ&evisw&ehbadi ng 4l @tddEneat the

uncti ona

_variants thereof found in_the screening,.
nRfTGACEr BIAALRARO LRSS Mgt PPhEr 8§ eﬂi‘e Hinan eofding
1 dRA eSC HeeRhAYi MR OIbn asRie€hbi Bahdiyndinsliargille0 tohbe
sane epitope" also contenplates specific binding to
seenest Pay| Peopnehehthugany btlﬂéllgﬁn‘ﬁOl%‘bli‘]teo&é érgiet he

fﬂﬁéﬂ%ﬂ%nboﬁﬂdagatﬁ@@ dMHBA mdinkdicRg pBFEL®S Kifndiknlge
nllonlve%rll;ltlleo ?n'ayTI};g El?g alg::{gc}/ir}go m%ll%%lflle oéoﬁggf se 1tne g Vt\éil‘}eh ’CDtRI%e
region comprising the amino acid sequence of SEQ ID NO:25 and
the binding molecule to be screened may be one of the human
binding molecules of the invention. In yet another embodiment
the reference binding molecule may be one of- the human binding
molecule of the invention and the binding molecule to be
screened may be the binding molecule comprising the CDR3
region comprising the amino acid sequence of SEQ ID NO:25.
Usually, the binding molecules to be screened are present in
excess. Protocols based upon ELISAs are suitable for use in
such simple competition studies. In certain embodiments, one
may pre-mix the reference binding molecules with varying
amounts of the binding molecules to be screened (e.g., 1:10,

1:20, 1:30, 1:40, 1:50, 1:60, 1:70, 1:80, 1:90 or 1:100) for a
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30 binding of the human bindi ng nol ecul es of the

invention to rabies virus typically indicates that a
whemditmsg44ol ecul e to be screened binds to an BEI/ERP®E5/052410

or binding site on the rabies WO 2005/ 118644

PCT/ EP2005/ 052410 62 virus that structurally overl aps

wth the binding site on the rabies virus that is

i mrunospecifically recogni zed by the binding

nmol ecul es of the invention. Azernatively, this can

indicate that a binding nolecule to be screened binds

fo. oD i ndi e . N CCi 2

R P e il e i, roios e 1 cal st tton.

Irectfricz edbbginert bi ridiengefosraeal ebnding melisapdssi ard

tQ ri 0 herwj hnhi, b iodi :

g eigratarss LS RRITen 10 Pan e geop 1P

e fﬁ!dgglxedt duhéngoéxpddiren tgetbeahnt toppetdndaadtion. In any

i_nhi,bition is re . : el

%ﬁ?ngﬁtﬁgeﬁs%% n%@%#?%%fﬂ¥ng%gﬁecg%%@@??ﬁ%ﬁ*?ﬁ%%ﬁ?%?ngne

widdi ee wbilastordétagmently (t&echoasdGrefergraiend)inding

thereqf, is, admxed with referen I ndi I S
R AR e TR AR e L L e
%ﬁéﬁeb@grGEEEEBEﬁd?quTGMpdﬁ?ee¢U|benagrQEDQﬂmthﬂf tdegognizes
dman bi.ndin nol ecul es, .of the_invention and.t.he,.
BTG AL ECHPE TP eRsanct I BEC MR thar iR,
nbj'nlbr&jéjq@ Ef@in@ﬁdhEi?fﬁ déthely ibetseeinon. réfieamotdidrinding
enbodi_nment the reference hindin lecule ma .
WIRRANG AOREOR SO SIS e EorBe St regiay (FrelBective
‘fﬁm@ﬁ&iﬁ@’g oﬁ:hilsaﬁjzlfl@) ,aCdrga Wm&egoiaﬁEQ tH2 N@ R&eaoe
he_binding nolecule to, be screen be .one of_the
iR BoAGCHG S it BR A e%ettﬁc‘iag?gei E@E%ﬁ/o?ﬁc}} m3et® 97
sRtiher senbadiAedic, therdadfri®nee brndthgr Ndeclult® rapble
be one of-the human bj ndin nol ecul e of the inv%P
HRPAINETi AdPRGIFOFREIRR '3 5855 SEPERnet Pl he
O ndidMbatel equl eapeTdd i sdMrdrte EBDRAingegbDecules with the
conprising the am no acid sequence of A SEQ | D hKIZP.
IUST{%I}%/ molpeuBRrAdEAGP AT FEAEE £6 BeTitrRetty Ut e'c I
P!ﬂ‘ﬁ,erlt:zlop 168%06S$: 46y of o5/ sl :lwmsed : uppn1 Fd SAS: B @r 1:100)

suitable for use in
and (optionally after a suitable period of time) then assay

tion .
ﬁﬁr -~mlx

the reactivity of the labeled reference binding molecules and
compare this with a control value in which no potentially
competing binding molecule was included in the incubation. The
assay may again be any one of a range of immunological assays
based upon antibody hybridization, and the reference binding
molecules would be detected by means of detecting their label,
e.g., using streptavidin in the case of biotinylated reference
binding molecules or by using a chromogenic substrate in
connection with an enzymatic label (such as 3,3'5,5'-
tetramethylbenzidine (IMB) substrate with peroxidase enzyme)
or by simply detecting a radiocactive label. A binding molecule
to be screened that binds to the same epitope as the reference

binding molecule will be able to effectively compete for
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such sinple conpetition studies. In certain
enbodi nents, one 30 may pre-m x the reference binding

wordosadees Wi th varying anounts of the bi ndi nBCT/EP2005/052410

nol ecul es to be screened (e.g., 1:10, 1:20, 1:30,
1:40, 1:50, 1:60, 1:70, 1:80, 1:90 or 1:100) for a WO
2005/ 118644 PCT/ EP2005/ 052410 63 period of time prior
to applying to the antigen conmposition. In other
enbodi nents, the reference bieadi ng nol ecul es and
varying amounts of binding nolecules to be screened
p§A0: 54 PLY 18 dThxed HYEL B €XPOIH R @clFBRABE I BBing
conposition. In any 5 évent, by ‘using species or
mpietybe evbmdar psasvifedred ne zgductfenappebpynd label.

e ool ‘
SAFRERD AL, AR e E068n b ) BopRgLng b 8scnos
wollashowdingambicsdobe Tbebresckiered athdher déagnleds
rs¥gsé§QéH%%h%‘EP%mﬁ%@BlSPEEPPﬁe Agﬁ %%tbngoﬁpletely
|n5|ng mol“ecul e conpetition study between a
iretteeare Himtingg modelcetal eoahd kayths weindgosohéegh| walue.

0 be scr ed _(i;rres i ' [
o8 SRR PR AR TREFILYS, B E0RE 15, Thchepbing) oo
lubthea deteciradd dinadiel, meliebubs, witly.ynlapediled, rafierence

enzymatic, a radi Qactive.,or,other t a s
b&ﬂéﬁ%ﬁu@%{e?Qﬁﬁﬁi i &4 Fg%? Fﬁet%%g%qggggs%h%%egggﬁ%gltlon
wolhedMb¥cuprand ctdsnice bhadiabebedthefsrerice efidiragce

nol ecul es. with the binding nolecules t.Q. c : :
bJROY 5| BRkS TR od & GO0t 3P0V 18 20U LigeT: Fauction in
1&$5Qedlré£bréiﬁﬁ)ﬁﬁﬁm&nglmeﬂeonlé:ﬂéﬁbtivmuy @opthenptegyence
after a_suitable period of tine hen assay .20 th
%egcPipitys OIFOJtGH‘-éﬂeaB:& 8§ Fgfg?éﬁéelsbilnn |lnC\gétr%6’Iee8%I 8s
b@ﬂgin?QﬂF?é@uléﬂﬁhaM &@c%gﬁgabsothyaéameiepﬂﬂdpeh doe., one
potentially conpeti.n i ndin | ecul e was incl.uded

Hhtt REPRELBRATON. " CHEsAGORuSS e o B Sy "onBTof
n@d162Rge . of £ i gaunelegiical igssaysn, basedbimtimanbilbadye may
hybri di zation, and the reference bi nding 25 nol ecul es
bigd @ Hefferert P HPed g SBet®ting their | abel ,

e. 0. piHak NG HRbIicpimE didenith fiBE . BASEh&fe hidatgatylitabadassays

reference "~ binding nolecules or by using.a chr i
@mﬁgppgggiyﬁ bindf%g molecules”) igcludeﬁlbut ar%ﬁ% %nigmited

to, antibodies, antibody fragments and other binding agents
that bind to an epitope or binding site bound by the reference
binding molecule as well as antibodies, antibody fragments and
other binding agents that bind to an epitope or binding site
sufficiently proximal to an epitope bound by the reference
binding molecule for competitive binding between the binding
molecules to be screened and the reference binding molecule to
occur. Preferably, competitive binding molecules of the
invention will, when present in excess, inhibit specific
binding of a reference binding molecule to a selected target
species by at least 10%, preferably by at least 25%, more
preferably by at least 50%, and most preferably by at least

75%-90% or even greater. The identification of one or more
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connection with an enzymatic | abel (such as 3,3'5,5"-

tetranet hyl benzi di ne (TMB) substrate w th peroxidase
wergee480 or by sinply detecting a radi oact i REI/EPI6$/052410

A binding nolecule to be screened that binds to the

sanme epitope as the reference binding nolecule wll

be able to effectively conpete for WO 2005/ 118644

PCT/ EP2005/ 052410 64 bi nding and thus w |

significantly reduce reference binding nolecule

bi ndi ng, as evidenced by a reduction in bound | abel.

c%h?gkgglgglﬁ%#ﬁfﬁ%;ﬂdﬂ@dwgeg|EBQEeﬁin@QﬂnQﬂﬁRﬁI|ng

topes w no reduction. The reactivity of
ﬂdmst@habeLEﬂa QBSQﬁB&&&LYeOﬁlﬁﬁlh@en®¢@§nﬁR§HQPetﬁé the

H3RERG R0 g QARSI 1abELRLEHAL DI NG ERG2GULE

e control val ue he control
teathné cabd uhat ber Okf-t%ltﬂl?}d lblsanltmémbatl% théommérté@fe binding

i%g{l g‘?fm ?e“d' O TRl £G4 %P%%Elggha@@% %fe%fe%r eNE€nding

€S of exact e Sane type,
nFampeuetlmn ﬂiuMwhﬂ(hnmansmoaddtheuU@@tmnlﬁﬁrﬁyt@&mﬂheng the
abel ed refer nol ec S ,
SPILOERi FPcEhtC e UCtléﬁéﬁ%%c Ia%eﬁ é%%ﬁ%% gﬁﬁg
deaipettleve eathding yndIedle blieslemsenot)flra axyn daaryg required

molecule to eened i s ndlca Lve. of a.bindin
TROIGETo P ANoT CLblr FeRPEhd Mo i bip a1 Erae pinas

tp thidalkamer QESSﬁWﬁrﬁi'la\Mltyh thle slaﬁéedap}ﬂtcls;ﬁ Earemhe reference

bi nding nole If nqg.re uctkon L S_shown

Bjiniot g P ER o P eI oA Yar PREFLAY RO SBIetiRgIng £

on-conpe
S faRat: Bbﬁdtagpéuﬂxe;:wpe.&op@enﬁdéneﬂf;m Bihedese

conpetition assays "co etl i ve bj ndi ng nol I
GRS LOBUR SAFES TORY 917 Q<1985 oP Uit Tl g el o,
Aty s I agaERd Sy afkh Pidies bhﬂdbﬁgeﬁghiﬁdiﬁduﬂgdmthd

to an epitope or binding site bqund by fthe refer nce
bi ndilfg aﬁngeal %S%%Cwﬁe &é‘V&HFFBBdPJééVl‘g it iDARFrod

{dagmERtisgandpi ey iindiie ageehsibbay K&ﬁmhé(hemtrallzlng
epitope or binding site suff|C|entI% groxhgﬁ to an
%ﬁilt"dﬁé’ BEaRBShya? heP §F e diTc 8928 ChFil % flof
'b%'_ﬂﬁg Bi-ndi fg-hetean 4 H@l@bﬁﬁﬂéngnccﬁﬂ)irﬁﬁlé @Gnidang.
be screened and the reference binding nolecule to
molecule potentially having neutralizing activity against an
infectious agent causing disease in a living being, wherein
the method comprises the steps of a) contacting a collection
of binding molecules on the surface of replicable genetic
packages with at least a cell expressing a protein of the
infectious agent causing disease in a living being on its
surface under conditions conducive to binding, b) separating
and recovering binding molecules that bind to the cell
expressing a protein of the infectious agent causing disease
in a living being on its surface from binding molecules that
do not bind said cell, c) isolating at least one recovered
binding molecule, d) verifying if the binding molecule

isolated has neutralizing activity against the infectious

agent causing disease in a living being. The cell expressing a
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occur. Preferably, conpetitive binding nol ecul es of

the invention will, when present in excess, inhibit
wapsitiseas bi ndi ng of a reference bindi ng nol eRCI/BP1005/652410

sel ected target 30 species by at |least 10% preferably

by at |east 25% nore preferably by at |east 50% and

nost preferably by at |east 75% 90% or even greater

The identification of one or nore WD 2005/ 118644

PCT/ EP2005/ 052410 65 conpetidd ve bi ndi ng nol ecul es

that bind to about, substantially, essentially or at

p%%e§ﬁh8fe{)ljlé Oﬂ%@&f&a@ ae.bﬂgi Bgugﬂllf?d’:ﬂsee%s‘éf ithhe living

Invention I's a straightforward technical matter. As
hefiogi denit$i satfare sfarcdepet celetprmufiar; ! woltécthes

IS term ' r4 san ef erance Rimndi :
Pﬁbtggﬁreg1?%9%%€IQ%%E%ﬁhggsF%§d§¥Ea{§actuaIF&QQ dtigens of
’aga@t g‘mﬁentmgui% hegempidtdpe ttbanhpcatehrs redreredmee be

i ndin | ecul e and..th et i-1iye,bi ndi. 2
BB TR RS, VLY SeFAPR ) Ao 680 BRGNS che
delaonpeti PEReCHD nchliy nowevelre thher bikdsimnigtiad ipkd) cell

sane or bst ant.i al | e sane i .
3Fs, SheltnRiar s ned 15, 8KRe SR, LEPHAR IR such as i,
0%?,emaPeSHEKmdBngofcslxﬂdémasenﬁnnan-embmﬂimau} dpiet bpading
identified t hes competi.tion_assays I
TlatE SBuRiEra: te RAbders < aaRE Sate ¥ Mrrseas
ddagmenks angdeatbpera bimdjusg caganpsradbte n Ianetrhembodiment
aspect the invention provi 0 iqﬁptif igg

ed  on e surfaee of

p des.a nethod
?PQNRH9FﬁénaneEu?EP?ﬁﬁQNRQEﬁﬁi&yh8§Pﬁ%sﬁeutraI|Z|ﬁb
e iivliflte)étggais gége@m dmfc&mt;iza:sssagememusa neprmhi sFaseprotein
ina_ livin el ng,,or. a nucleic acid.nolecule
WtodinGUE PR RIGES Sl die SpOPRREF bF I SFRANERE the
AUldAlbAl BE BEhAVAG YncIgRiUlsls @R 20ei ShefddOUst agpiticable
causi ng disease in a living bein

. , . Wherein he, od
TR BECERESS L BER HIPTR éegflﬁ@raeﬁ%ﬁ%%t%tﬁ?ttgﬁ cells
i @ab@@gggﬁ?mtm yideaa of trplisahie genegeat,
packages with at least a cell expressing a protein of .
1R Hher eedilsudragernicHR dg &P?eﬁ?%l?nuif$%%ﬂl? ep a with
B8l NG-RA sbt $hdB EHEY A8 AbtdeNxEerdl thensr SEshIG V ehio
bi ndi ng, b) separating
infectious agent on their surface. The cells used for
subtraction/counterselection can be untransfected cells.
Alternatively, the cells can be transfected with a protein or
(extracellular) part thereof that is similar and/or highly
homologous in sequence or structure with the respective
protein of the infectious agent and/or that is derived from an
infectious agent of the same family or even genus.

Another aspect of the invention pertains to a binding
molecule as defined herein having rabies virus neutralizing
activity, characterized in that the human binding molecule
comprises at least a heavy chain CDR3 region comprising the
amino acid sequence comprising SEQ ID NO:25 and further

characterized in that the human binding molecule has a rabies

virus neutralizing activity of at least 2500 IU/mg protein.
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and recovering binding nolecules that bind to the cel
expressing a protein of the infectious agent causing

waele@seasss44 in a living being on its surface froPeDEPZOFIES2410

nol ecul es that do not bind said cell, c) isolating at
| east one recovered 30 binding nol ecule, d) verifying
if the binding nolecule isolated has neutrali zing
activity against the infectious agent causing di sease
in aliving being. The cell e&pressing a WO

2005/ 118644 PCT/ EP2005/ 052410 66 protein of the

Mdy: %Eb@g§a§9§ntséfﬁ“ﬂd%%ndb%ﬁ@&ﬁg'ﬁofbéﬁl@'Hhs kei-agien
surface can be a cell transfected with the

xpmtsemutAabezm akiividy of ekelapfti S8y mehgrotein, at
1%%3&%%0%%&%3@&5&% i %%3 12gent 3966‘%U}rﬁ1ﬁ%ﬂ2§t‘é&%‘ nat

can al so cesst Ul used in th
Ispedi Bi60ekBiud nerataine a@e|l|eaﬁ§ 36PERIOBIT Prafiein, at

ea"‘"%"%oooﬁg%%(ﬂoéé@r%%' hzgd) 86bb Iﬂ;/rﬁbespﬁpdél@ at

so be use express the proteins such
EHeE NS00 HEKE93prareidll atelllegst| A48 E%@mmmﬁelﬁ'lheat

]geas(% QI%OOWE{IZCM e]E)(_lﬂ??ll'hurT%Q 1@3@&' @E@St il?)"rﬁg WGl%a,nat

rus um “a yeast,
PASISNO0 /a0 endoinve rt lteaetpﬁaﬂél ?hU,(Isg &Dlm‘tzﬁlénfnat

ormal_ly e essed on th surface e

T ogPocHRS B G ol HeRERe Rhp A LY Boene

bfhdmﬂ@faeeeaﬁmeSﬁaﬁﬂmeadurem.@geanfuo embndlmmuﬂraﬂuzatlon

a?%%ylectl g_fg%db%ﬁ}gtfg(lbaéac agelzl%é:?egcteplg E&Elﬁ? %h%.bltlon

ﬁ&ﬁ)r)actmé/ aesay el sedent:eidad tih theattl is theseskdmple
ressinng of the protein of the infectious agent,
1QMdntERls are identical to the cells used in step

a W tih ahhempbavisst ttted Hike ndompbdtceXeresspitimwes a

protein of the ipfectious .a en%ﬁon their surface

he
et tables 6§aryr CHHR UETPRICHT IO GG fRIHER) 3%t cﬁ?%?en e
soriganshecked el kis:27H tmr maldthelry embbeiceht StltEaerJmel:Lng
transfected wiith a protein or xtracellﬁ%ar)
IHEBUP CREPTLESS | T PEr BRFOR KPURF)S RenDrogBla G fotd

d@hp%ﬁ%ﬂﬁ@USEQVlﬂde|Ma3re$ﬂéCbHM£ablﬁ(ﬂI§Ht @hain of

t he i nfectious agent and/or that is derived fé
the binding molecile may comprise the amino aci sequence
comprising SEQ ID NO:275. The light chain of the binding
molecule may comprise the amino acid sequence comprising SEQ
ID NO:125.

A nucleic acid molecule encoding the binding molecules as
described above is also a part of the present invention.
Preferably, the nucleic acid molecule comprises the nucleotide
sequence comprising SEQ ID NO:122. In addition the nucleic
acid molecule may also comprise the nucleotide sequence
comprising SEQ ID NO:124. A vector comprising the nucleic acid
molecules and a host cell comprising such a vector are also
provided herein. Preferably, the host cell is a mamnmalian cell

such as a human cell. Examples of cells suitable for

production of human binding molecules are inter alia Hela,
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25 infectious agent of the sane famly or even genus.

Anot her aspect of the invention pertains to a binding
worpdosaeds as defined herein having rabi es vir UBCT/EP2005/052410

neutralizing activity, characterized in that the

human bi ndi ng nol ecul e conprises at | east a heavy

chain CDR3 region conprising the 30 amno acid

sequence conprising SEQ I D NO 25 and further

characterized in that the hunan bindi ng nol ecule has a

rabies virus neutralizing activity of at |east 2500

9'# ”ﬂTEb?b?i ?zilé’)o ?é%%&lﬁﬁﬁégﬁgéwpﬁ%l&d 6Zmmalian

e prefera sai uman bi ndi ng nol ecul e has a
aedBises revhuman nesit i iceildg sechvesydbt cgllisegst thgogell
l; LOEELA: o @lend 833200 Pt SF Me1dt dugast
]?%B‘%F%F%E%@o?%%hé at %%gt Cé%%&f%/g ng pr oet ein, at ?s
(FEASC) 360BMR L) $agl pvtotmsi,n WidtsBireaSk4 3309 |@yqnf Britain on

Wﬁg irﬁarat 1 b Sé‘;v.ﬁncfeoroqlulnyf 0 9{3%?%8& g add _milﬁ@eddf%gger the

protein, eas protein, at |east
H#AGORmaWkTBERL 06% i (PERACE| dast A8@0stdyary tyedespnk a@f Crucell
st 500 u protein, at _|eas 0] U OMER, g
Plﬁ%—qnga rgsitooggﬁtn%e FFeESR S $ﬁe£%£§t$%¢%{%gl% Bkt
adns tty ebliheddfoditetl ngpden ecmber was02&¥Ured aypgeghors,

in vitro neutralization ssa nodifie T i.d
R3976196Sc ERT ST HTEU8 ??wéﬁﬂ%% o tégtY§iif%%3§§%§§&%§ﬁs from
gasaddedoitnddpb @i ted nedine , exanpkel secdéenivdtifyes, ofnany of
an enbodi nent the binding nol ecul e conprises a 15

e iLARe8R8Lvy chai n conprising the amino acid

sequence conprising SEQ ID NO 273. In anot her

enbodi ment the binding nol ecul e conprises a heavy

chain conprising the amno acid sequence conprising

SEQ I D NO 123. The vari abl exhuptes chai n of the

bi ndi ng .mol ecul e may conprise tﬁ% aning acid sequence

20 cprHLFRETRER TER NOVERS L Ot PEGRD LERRIHY S TRa o 2re
PiAdig. makeeubfpIBY LANPIdSEthadadi 86 Rbhik seguerope of
conprising SEQ ID NO 125. A nucleic acid nol ecul e

B o iR tERe BRn8PRG'#O! ecul es as

Example 1
Epitope recognition of human anti-rabies antibodies CR-57 and
CR-JB

To address whether the human monoclonal antibodies called
CR-57 and CR-JB recognize non-overlapping, non-competing
epitopes, escape viruses of the human monoclonal antibodies
called CR-57 and CR-JB were generated. CR-57 and CR-JB were
generated essentially as described (see Jones et al., 2003),
via introduction of the variable heavy and light chain coding
regions of the corresponding antibody genes into a single
human IgGl expression vector named pcDNA3002 (Neo). The
resulting vectors pgS057Cll and pgSOJBCll were used for
transient expression in cells from the cell line deposited at

the European Collection of Cell Cultures (ECACC), CAMR,
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descri bed above is also a part of the present
invention. 25 Preferably, the nucleic acid nolecule

w@eopnisses the nucl eoti de sequence conpri si ngPGEEP10D5/052410

NO 122. In addition the nucleic acid nolecule may

al so conprise the nucl eoti de sequence conprising SEQ

I D NO 124. A vector conprising the nucleic acid

nol ecul es and a host cell conprising such a vector are

al so 30 provided herein. Preferably, the host cell is

a mamalian cell such as a human cell. Exanples of
S%ﬁlllsﬁuf‘gl tﬁPi'@Sﬁjg’.re gif40@%tl @989£ @M‘@hﬁ'd’iﬂ@@g February
nol ecul €5 are inter alia HéLa, WO 2005/118644
1996/ ERAEO5H OB (P 6032 %901 anATI88ke te® Andern 3 hen grademark

T I [ C

SR Aa oo o R e FPoTaTRL 20 SR GaTRe heavy
aﬂebdsgt£9dchalm$1@Emlw&mn@@bbé@eﬁ onrefshgsr 1@uISt‘3@r éB

E j [ eab

ez n 1RO e rua&? - Pt AR aE1 Y Qo8 831 oF
aibd emark et dstrator Qvse-11t (ddémbi kn PERIGH(NY {HRER1EE s107°)

a regqist d.trademark of _Cruc I V.

e JOrPBEES N Thi s BTN FOR T bR o T Sis P oo%
@aelss odepasibedo Lnder) merber h860220487W/ 5ances tissfre
passages up-stream or downstreamas wel!| as
aistiddraatpsWelbin A tHdesgoreuse RepEbtaFAaw |cellss (MNA

é’éﬁllls)a%rdﬁékvééll@s(égbya@én@ftert heqhoy-eunid QaelﬁXANBbES
To illustrate the invention, the foll owi ng _exa S
Aﬁﬁ@r éré@yle@f ﬂ?kﬁQSQQﬁml@st&?ePHBFePﬁ?éﬁ% q% EEPF

oI008 QBtlﬂgﬁy'éﬁgﬁﬁ'dyWCRnJEnYm$@¥wnEKﬁmﬂjecbn%glnlng

pli tope recognition of human ant | -rabi es anti bodi es
ﬁa%éﬁtlaﬂdesﬁapéBVﬂIuSRhiWESShwhe?héﬁdth@dfﬂﬁnﬂﬁd at 4°C until

cIonaI bodi es caII n
#n) ?éenoﬁu%§%$T%ﬁﬁ} dg, ﬁbﬁcgénpe F%gég&égﬁ%iﬁégsd for 20
BSRARES Wil uses Hig tfhreihuampvepnoghonal Imtybedces wath an

called CR-57 and CR-JB were generated. CR-57 and CR-JB
aldyigrabies N-FITC antibody conjugate (Centocor). The number

of foci per well were scored by immunofluorescence and medium
of wells containing one t6 six foci were chosen for virus
amplification. All E57 escape viruses were generated from 1
single focus with the exception of E57Bl (3 foci). EJB escape
viruses were isolated from 1 focus (EJB3F), 3 foci (EJB2B, 4
foci (EJB2C), 5 foci (EJB2E, 2F), or 6 foci (EJBZD),
respectively. Each escape virus was first amplified on a small
scale on BSR or MNA cells depending on their growth
characteristics. These small virus batches were then used to
further amplify the virus on a large scale on MNA or BSR
cells. Amplified virus was then titrated on MNA cells to
determine the titer of each escape virus batch as well as the

(2}

optimal dilution of the escape virus (giving 80-100

o

infection after 24 hours) for use in a virus neutralization

assay.
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generated essentially as described (see Jones et al.
2003), via introduction of the variable heavy and

wo p@htiissivai N codi ng regi ons of the correspondPCEP2005/052410

anti body genes into a single human [ gGl expression
vect or nanmed pcDNA3002(Neo). The 30 resulting vectors
pgS057Cl 1 and pgSQIBCl1 were used for transient
expression in cells fromthe cell |ine deposited at
the European Col |l ection of Celo Cultures (ECACC),
CAMR, WD 2005/118644 PCT/ EP2005/ 052410 69 Sali sbury,

VV|tﬁBnun%é§mR§yf% 6355?& B Lb 2k DO 28 Fpbritdlivhitl896test)

under er 96022940 and nar ket ed under the tradenmark
aRERyS6Vere Meefomndckdid ¢xamndeaff aos dy A sdd@eeneésEgy (the

t e d. tight--ghains e [ r -
SPGB G S ighatesh (Dess g budaneder cnm)
wiithuCRe B é@dscmﬁ%ofresmbitéyeﬂ/yr uBherefine , C¢@8-—py or CR-IB

di lytion . .
8 LB OB 9Pl sl o Blond G ITREY o 2.5
diﬂ;ﬂi&oﬂB R@bﬁeal:nl vifuwr (bBthredn 8VS3YLY 588 <CORIdest dioe each

iLtion_to_wells containin t
R R e I i
aighds /it Gel)nlx W ernisdays ebrsel réhi ot i3V°Chespcesara®re
of either human nonocl onal anti body CR-57 or CR-JB,

1?de;wn(IonMNAceﬁﬁkﬁ¢n2ﬁ;hOp@ﬁeEPﬁbfl@§%H§@NV|%ﬁsé@ °GAZ% CO2)
arvested and stored nt i further yse
B SESGENT TS ?‘F)%t‘?:réef'l%‘}iﬁgr 205029 ORE2FT e o Cooqg Stained
ﬂsmlﬂl%&maﬁ_lgcs B S il tiednovatni-ghbied 3Gl H¥%-Ga2c
th an anti-rabies N-FITC anti bod onj uga
I

OGP R TR AURRRIC O odhepBr L bl Toifer et Gradvzed

% iamdaaf L uenescened: @nd uieidi-um f@ﬁoﬂ@éé&d@ﬁh&ir@lsﬁ:@pe to
one to six foci were chosen _for virus, anplification.

dqterpgpee shapa0Yi PRARAI N fa 156AePat B3 (inthe shlution at

WGl @ nbogys LM t Red biei X GaPL10BKEA BH 78 (}?n fiagis) asBIB. To
escape viruses were isolated from1_focus EJBSF%ﬁFS
6

qadelulekeBiBe ROteREY, (FWBPCErIstieRR! (T ETD

]; e %1@%93.1:1 1.66P&s! in M enERCRa ESEBRE MIW NS aboratory
irst anplified on a small scale on BSR or MNA cells

cﬂéﬁé@@ﬁﬁgd@napﬁeT¢s§ﬁQQMQMPQ/CBER/FDA) was included in each
modified RFFIT. The 50% endpoint dilution of this standard

corresponds with a potency of 2 IU/ml. The neutralizing
potency of the single human monoclonal antibodies CR-57 and
CR-JB as well as the combination of these antibodies were
tested.

EJB viruses were no longer neutralized by CR-JB or CR-57
(see Table 1), suggesting both antibodies bound to and induced
amino acid changes in similar regions of the rabies virus
glycoprotein. E57 viruses were no longer neutralized by CR-57,
whereas 4 out of 6 E57 viruses were still neutralized by CR-
JB, although with a lower potency (see Table 1). A mixture of
the antibodies CR-57 and CR-JB (in a 1:1 IU/mg ratio) gave
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25 characteristics. These small virus batches were
then used to further anplify the virus on a | arge

waeaba1ssm MNA or BSR cells. Anplified virus WesST/EP®N5/052410

titrated on MNA cells to determne the titer of each
escape virus batch as well as the optinmal dilution of
the escape virus (giving 80-100 % 30 infection after
24 hours) for use in a virus neutralization assay. WO
2005/ 118644 PCT/ EP2005/ 05241071 70 Modified RFFIT
(rapid fluorescent focus inhibition test) assays were

5%%&&8&”?9s&9t§xégﬁdB%éEV%&Sw@EHt€EéiéHhéﬁe %5Ei@bﬁges (data

escape viruses of CR-57) and EJB (the ‘escape viruses
ngft ERoYB). with CR-JB and CR- 57, respectively.

Ther ef.ot - 57 CR-J i but S8l 3k
thr eg'f)oﬁger&?ffufi%%ﬂgigr tﬁﬁuga%?m&t’l% gﬂlﬁge Q%Ldl Ut or%.ru?
Raticpsoveinstistmzlpodigel spavascadeedche daeprotein open

dilution at a cend ratjon .t ']gegh QrH0Q% .
Sl i) igﬁ?}ne |§%@/ Iorg;"lGe%c?[(1 \%gs@lﬁ%c% ated for T hour at oo
WHECHeYe A 2nbéf oVieraladiiiat iodn eechMNA the |sscape douses and

st-infectio a A4C/ 5% C02 I
cg%éﬁ&ngg?i &%af?‘%?& Z%C T notes _élfl }gﬁ?g(gn st(gell\r%%nfj or
donvierkly i3t HocbA byt fstamdantli RTabCRs SubpaesyUSrElFE cDNA was

ntj hody conjugate (Centocor). .-The wel.ls e 1 hen
”asr?éi# )f?§dnuf:g%°€3a%ﬁ; ef(ée%ern & " PnPéc ﬁ%nr%]%ld%%%us
J1lweestenfaeoRFST DS et @o ddeatirtpemttret 50%.endpoi nt

di | uti on. is is e dilution at 15 which t.he .viru
i nf e@PitBnEgg Bﬁ‘%cﬁt‘@g %%Fag’(?%vilﬁuf‘ﬁf'ss%% %‘%.muftoaq:lons in the
SleC Heationt BE PRE efityopibHeiher(Bati Phghrstiandar &,

(Rabies Immune G obulin Lot R3, Reference ter.al,.
AHRCERZeLAbOP SE oF = i SPendAPHE"GRY JELLTIG S 17 Figures 1
DMPQ GBERIBDAY : ves + ndydedhin eaahcatesi fhed Yt T.

The 50% endpoi nt  dilution of this standard 20

U RESHERIECRP I 5° NP Ro2 SPUFRPSS THEOR the above can
B Wdrlakeng thRet €ns Yo b iirhe ishnglfechusmnamdarclamah a

anti bodies CR-57 and CR-JB as well as the conbination

Ffckirdde I2RFI BBHI RESVRIMe the SSEAPCEIR RF T UERS ARér® o

. P ONg8LReYhabhz8daky {RtIBFcER- Bt an ideal

immunoglobulin preparation for rabies post exposure

prophylaxis.

Example 2
Construction of a ScFv phage display library using peripheral
blood lymphocytes of rabies vaccinated donors.

From four rabies vaccinated human subjects 50 ml blood
was drawn from a vein one week after the last boost.
Peripheral blood lymphocytes (PBL) were isolated from these
blood samples using Ficoll cell density fractionation. The
blood serum was saved and frozen at -20°C. The presence of
anti-rabies antibodies in the sera was tested positive using a
FACS staining on rabies virus glycoprotein transfected 293T

cells. Total RNA was prepared from the PBL using organic phase



10

15

20

25

30

25 (see Table 1), suggesting both antibodies bound to
and i nduced amno acid changes in simlar regions of

W b@snssiies virus glycoprotein. ES57 viruses WeCEEPI05/052410

| onger neutralized by CR-57, whereas 4 out of 6 E57
viruses were still neutralized by CR- JB, although
wth a |lower potency (see Table 1). A m xture of 30
the anti bodies CR-57 and CR-JB (in a 1:1 11U ng ratio)
gave WD 2005/ 118644 PCT/ EP2004&/ 052410 71 simlar
results as observed with the single antibodies (data

s%ggr§g9$ﬁ)(Tﬁde@Mﬁtéﬁd'éﬂﬁgﬂd@eﬁtnﬂEﬁéhgﬂSpiébiﬂﬁ%atlon The
bies virus glycoprotein the nucleotide sequence of

obite igEgdcBPR ovas rigRaives inaBERg-treaieed CcRbragureaWpter and
t@}f Epﬁﬁgé\& 10 Fofa £SRARS Y LEUSES MRS SPLRT 'iﬂe@l%%:ement

each of the escape Vviruses and
Thaserfbeat ethé rRA wasusliilptedt bd ch@ﬂféfaetﬁ@n Of 100

Soner ked: i nf o, eONA B, handaRdL RI: PR SUSAAUENELY 1 ows

_ lse e sequencing of the rabies
T ﬂﬂsulotgtg{bommt ¢ih 1ORPEPChtoedeed twl frkavref yater and 1
tati,ons, Both E5 e e :
B L R I M s e
nRixgure ﬁaanﬂeatedratuﬁﬁﬂﬂ Yelryp sieufes ald quigekly cooled on

quences, desc ures_1, Ande L
%1 %ﬂ?g’ %&?@q?ggjth%tggo?ﬁdigu %& odlesdmgb 0o my
ddﬁhognQZﬁlODBTlapﬂlng,eﬂlmﬂpBﬂaSEFDmmiBE£QﬂNNA@ @aml) bend 2

oncl uded th nat

Woatparecgone ol W e s2ansErapealS Hho Tl vere
addddeﬁbstaet nVathet SJ.rﬂ:ﬁ]ﬂbaJt];sdt her ﬁ«_ﬁm etengeratumdedor 5
I ,muunog In _pre or ) t e
“?@“ﬁreﬁpwsa%‘gugﬁ‘%ﬁpqa BSRE PRobP o5 o r§%r-’°vure yas

tdrephayeli byanyatising:tettibar, aki . ebl lopdirhcylmﬁujm)gt meof
rabi es vacci nated donors. From four rabies

RigderRated honmaht et} &kt 555% ‘m bl ood was drawn from
a veirheOBBt¥eskd adhet giriucast wbeestiiluted to a final volume

of 200 pl with DEPC-treated ultrapure water. The OD 260 nm of

a 50 times diluted solution (in 10 mM Tris buffer) of the
dilution of the obtained cDNA products gave a value of 0.1.

For each donor 5 to 10 pl of the diluted cDNA products
were used as template for PCR amplification of the
immunoglobulin gamma heavy chain family and kappa or lambda
light chain sequences using specific oligonucleotide primers
(see Tables 2-7). PCR reaction mixtures contained, besides the
diluted cDNA products, 25 pmol sense primer and 25 pmol anti-
sense primer in a final volume of 50 pl of 20 mM Tris-HCl (pH
8.4), 50 mM KC1, 2.5 mM MgCl2, 250 pM dNTPs and 1.25 units Taq
polymerase. In a heated-lid thermal cycler having a
temperature of 96°C, the mixtures obtained were quickly melted
for 2 minutes, followed by 30 cycles of: 30 seconds at 96°C,
30 seconds at 60°C and 60 seconds at 72°C.
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Peri pheral bl ood | ynphocytes (PBL) were isolated from
these Dbl ood sanples using Ficoll cell density

WO c@stLissmat i on.
at -20C. The pr

The bl ood serum was saved andPET/BPZONS/052410
esence of 30 anti-rabies antibodies in

the sera was tested positive using a FACS staining on

rabi es virus gl

ycoprotein transfected 293T cells.

Total RNA was prepared fromthe PBL using organic
phase WO 2005/ 118644 PCT/ EP203/ 052410 72 separation

(TR ZOLTM and

subsequent et hanol precipitation. The

obt aiped Bb%@ﬁéomé%@d 8¢ AL PERC Ld@atsd ddvicnRUhelight

wat er and e

concent ration was deterni ned by OD 260

anaimexsuiahbat regifire seasee prippes RALSERD diqruftdg fdemgda

SRR 08
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exa 5 d nel, t
iR Wé Q%ea 2 GA%R V‘%{?gl%‘& ﬁgcﬁ gr 1o o d&%@elT)t/rGAAGCT

m nutes and qui ck

ccmm3ed (epe SBQ- IR ENO TN, of klan@@arcs@nﬂafmwdre@ubﬁeﬂucm

B AtV Or A0SR0 o 2 Bl BI3 400 Mo )2 By e

IMRCACERETSEGCRAGEGEIGANTESS ' ( 2B88e UspQ) IRve¥Ge: 1 dddedhieoHuCA2

In

t he m bat ed at
A PGS TRt HESRES aoF ) e Tarea ot Spliloiei ey perore

R , tyeémumﬁged

Himdreat? |prxa>«:ih;ucv:at bbnabdute. 6y basepairs.

|ncubat| e 15 m xt t t 75
5t BEOREKA 17 RS e O PuPBcePerass 190 78 dugleted
o2 @D eplyed hblﬁlﬁ@dg’aﬂtged_—@b(tﬁ:aputenVm.“ennnsThd/GlO of each

260 nm._of
For j3stafrd

ti di | ut ed l, ut 10 [ .
ppdRS DT PR Gt A Nk RENE pr Sdugegction

éﬁﬂ&éééfi@bdeaﬁévQ-ﬂsiﬁﬁ)ﬁﬁ@’s%@@hsdﬂéﬁteéhtﬂbﬁﬁb plriekrs,

the dil uted cDNA

were used as tenpl ate

roduc
RSB PPERC LETBRE of 19 Chaﬁﬁuﬁsaﬁsbaﬁfﬁe@a é‘%\h?ed with
Shaidr E@EikMré@dJkém5§h4¥é%jwmb@@efhfgbgaﬁﬁﬁﬁdénse primers
sequences usin speciT1Cc Ol gonuc eot
RIS kP pPa PR Bt T SAAHAIPEANabNTSR HUb e Jagh one
dhe o fdkrleubﬁgpﬁ%@i&dl@emfaé RHB - sense ;mmmrs .amfe

25 pnol anti -

primers used in the second amplification were extended with

restriction sites (see Table 4) to enable directed cloning in

the phage display vector PDV-C06 (see Figure 3 and SEQ ID

NO:155). This resulted in 4 times 63 products of approximately

350 basepairs that were pooled to a total of 10 fractioms.

This number of fractions was chosen to maintain the natural

distribution of the different light chain families within the

library and not to over or under represent certain families.

The number of alleles within a family was used to determine

the percentage of representation within a library (see Table

5). In the next step, 2.5 pg of pooled fraction and 100 pg

PDV-C06 vector were digested with Sall and NotI and purified

from gel. Thereafter, a ligation was performed overnight at

16°C as follows.

To 500 ng PDV-C06 vector 70 ng pooled

PR
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sense prinmer in a final volume of 50 pl of 20 nmM

Tris-HC1 (pH 8.4), 50 mM KC1, 2.5 mM MgCl2, 250 p. M
waelbinPa1samgd 1. 25 units Tag polynerase. | n a heptBEP100§052410

thermal cycler having a tenperature of 96C, the

m xtures obtained were quickly nelted 30 for 2

m nutes, followed by 30 cycles of: 30 seconds at 96C,

30 seconds at 60C and 60 seconds at 72C. WD

2005/ 118644 PCT/ EP2005/ 05241074 73 In a first round

anplification, each of seventeen |ight chain variable

f&%@k?@ S§£§ea édn%rsa(%nggnvéﬂﬁmerE¥|5yﬂ%iallbbﬁmbn mix

ain see Ta 2) and six for the kappa |light chain
c@seelﬂam@@)nwre%@ﬁél Ae8 W Bhr akd ant MoSdnsel Hrife?TT, 1

o3 SEcomh g hegCbopnecl| £F Cuigase a0 i - mhie

pmpcédhaebM@scinﬁﬁqﬂﬂd fogi eachiusy@led fractlon The llgatlon

CAT
R oS RO ATT CT A AL EEEP e, S31hekabyaRd
cwmbigﬂ?rwtéxtfambﬂbﬂzaﬁg Eu@xﬁoénpregxnmﬁaQquwem@thedé well
m (0]

kf?§§r88u3$ Z@E& Q%&ﬁ%agggTﬁg Hﬁﬁ)o éfﬂéﬁ ey d&%ggﬁved

Sout epairs. ese products
e s pmruitfmbmmezwdaﬁma@adogergéigaudn1QOMaﬁew tfimgm 2.5 pl
ng t t Y
a&&gwggafweﬁ% ?é%ﬁ X rgcmggndggquﬁﬁaﬁ%m£gtggt E.

ddianba@aErEEIh&@ﬁMdmny1toa$héemanub&mtumBmV$ wsdonig cbhe
same seventeen se ners, 15 wh b
AT RGharh ot i S eo ap P RE e AL, 0BT R tn =
ﬂdt@%egi|aobﬁﬂSMQ@ICHhKEQEGu%hésaPEr ﬁmmﬁﬂﬁwﬁnauMIQn,and
eac a pa [ C n sen pri
Hensdp tﬁ@ ?g f&gt 3%8 ge8?¥$%% rﬁq' sensgag

PgpTRhentdBewifH | mr]_ﬁg/lﬂedmpﬂc&tnﬂuﬁemdll aplglfucoaki. oA
were extended with 20 restriction S|te see Ta%talnEd by

(baAdbrardi PE YT A hitighitn ChEAB 15%%39, i &
OGN GPENe O0Ba f SESk Y ErdmanteSEgat D1N@L5ThisThi s

resulted in 4 tines 63 products of _a p t el

rakd gdprary hues vt er ol 9o TaTt BiaPRL Wfﬂ%ﬁﬁ 8‘%&0’“
dingy RUEBEE-A™ biAet1eas MBST Ghegekito MRintain the
natural 25 distribution of the different ]ight. chain

f ani [Fogs earhnfenefethe heavy chain immunoglob in sequences
were amplified from the same cDNA preparations in a similar
two round PCR procedure and identical reaction parameters as
described above for the light chain regions with the proviso
that the primers depicted in Tables 6 and 7 were used. The
first amplification was performed using a set of nine sense
directed primers (see Table 6; covering all families of heavy
chain variable regions) each combined with an IgG specific
constant region anti-sense primer called HuCIgG 5’-GTC CAC CTT
GET GTT GCT GGG CTT-3’ (SEQ ID NO:156) yielding four times
nine products of about 650 basepairs. These products were
purified on a 2% agarose gel and isolated from the gel using
Qiagen gel-extraction columns. 1/10 of each of the isolated

products was used in an identical PCR reaction as described
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library and not to over or under represent certain
famlies. The nunber of alleles within a famly was
waized/11ss44det ermi ne  the percentage of represenP@l/EP2005/052410

within a library (see Table 5). In the next step, 2.5

pg of pooled fraction and 100 pg 30 PDV-C06 vector

were digested with Sall and Notl and purified from

gel. Thereafter, a ligation was perforned overni ght at
16C as follows. To 500 ng PDwsC06 vector 70 ng pool ed

WO 2005/ 118644 PCT/ EP2005/ 052410 74 fraction was

d I
SUBCA0 U P TR BrS0 P M sach e

cbaip gensd/ WmeQW@WBSAdaﬁét@ cslq)lofrzt:h@wﬁoyrrga%ereglon
%ég?fg/ ué)lt Tgéx’?‘ser% q_?n%qgr eTﬂ@S ﬂhé%é‘@ﬁne%ﬁ@ second
oole e ed

ffaction at'i on m xes were purif
rbyanphwacé/em:mdffctmmthf @rbbbmdtbyn as et or Gfesy mable 7) to

Lackion_an noI r t

BIPRS00 LU B SHLPLARAL ettt et
v@lcsscal VEdisi reéiﬂLt}esdl plelrt riapomelwaﬁérpmtdlqt@r df gat i on
Frra a0 b 1B e Bomsaren TeeoTobfafiSH (R fbbea ror
@g:hoadhﬁg per t e dragun) ackunser fpsmpentmlm nine fractions. The

t rat age Tr ansf or mant
PSS OPEBLATS OTSnsh R A eS o P 08 Sl AHES TREr Tuegrdgacion
cfdl@ﬁlhlsOnNexd} nﬂwlmﬁloﬁﬂssher24ﬂlg’m$uecﬂ4&mn)8fll and Xhol
Contalnln

suppl ene te .
SprLprrR o shisgiuchsan A0qs) [umyTY s sy shioh was
c:(%r lwtaJ@het?é 0B&me hae]tsrtﬂle;gjﬁ@ms ewagmed} absaty he samapilhgation
e transformants fromthe agar .plates._Thi
REQGEAMFEr aPY VRS T &t |d;¢3&§3§efi PPy asH thga Light chain
enanairhon. ANStéha FaagenteQrAktticis Mede @iepskiet. with
For each donor the heavy chain gmqlil g%obull

Wué‘ﬁ@e§ Oﬁoa%rlel%«ﬁﬂ fine dher il vq5§Rr, which was

dHeRAkAt LABSshifle arsd tiilAiont WazkREEH PERhProredidme angation
i dentical reaction paraneters_as described abqve._for

RURESOIgRt 2RAAV AL WRRE Gits dRSCRiPRE BPOVE sEPT (gt Idgdt chain
ﬁ Hmrl%rggﬁ' Ct.gat fonl 3 AFiGaRdn7aNe SuttsRfhenthe

qﬁéﬁﬁgoiggtiohcg%'éﬂévfgédT?g;%rggglgféigkeﬁf¥¥a£¥ #ysnglso
performed as described above for the light chain (sub)library
and at this point the ligation mixes of each donor were
combined per VH pool. The transformants were grown in 27
dishes (three dishes per pooled fraction; dimension of dish:
240 mm x 240 mm) containing 2TY agar supplemented with 50
pg/ml ampicillin and 4.5% glucose. All bacteria were harvested
in 2TY culture medium containing 50 pg/ml ampicillin and 4.5%
glucose, mixed with glycerol to 15% (v/v) and frozen in 1.5 ml

aliquots at -80°C. Rescue and selection of each library were

performed as described below.

Example 3
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25 directed prinmers (see Table 6; covering all
famlies of heavy chain variable regions) each

waeeovbitmssdd wi th an |1 gG specific constant regi OPCT/EP2005/052410

anti-sense priner called HuClgG 5" -GIC CAC CTT GGT
GIT GCT G&G CTT-3' (SEQ I D NO 156) yielding four tinmes
ni ne products of about 650 basepairs. These products
were 30 purified on a 2% agarose gel and isolated from
the gel using Q agen gel-extraction columms. 1/10 of
each of the isolated products was used in an

. cal ti ) Do 5
N o S S A M i S
grdaigrisa e rebyorbeint embyf esc WA HS sSehBecRF¢ FRi? was
conbi,n i.5.h our ' specidd
ant i ﬁgggggd%rfﬁgﬁg%g%pﬁ %\grléla%éggﬁlg#?he sek{:dé%d phage
disgpigywdibrexiendegenvandl pdsiei dirphaygi teshisewyTabde

to 5,enabl.e direct | oni int I aj
BbFrRsr aro e, STreatlally by Racaidoh SRAbY patent
Nt t65 266, 18p pandi it P83308Basébath sof Tiegdh are

product s re pooled for . each,dopgor per.
Bcadospeng, BynPetarony neitions TRk AELINGES ddde
nhwiried weed poréfiwd disifgeQitageniPEhBustfd catfivophage
10 col.umms. xt, t t.ion re.digested. w.th
hardsg B! 9%@“‘1'?5&“;4020 ) APPSR ngﬁlf‘g% aS.f?F" prdge
i BiicRr qreBvestorl ad GARMIZ-GOUY Phépatd® sankescribed in
restriction enzynes, _using the sa Lgation .

Pe 2RRUCv of Lrreklat @gﬁ_isé’gggggbges?%f R4299 igheary
chaigva)( seb) bebhadysc Al Hat iaeekynifhetfanct (Ioesbigr ¢he

di gested with 15 Ncol and Xhol ligated in the . .
19 g 90001 v o s E0 o IR Theared in do

KASi icat i2Qn qNBYHEBS. BISidWL Y hehsalkbkbgathaf a semi-
procedure and vol unes as descr,i bed abopve for the I.ingq:the

e tics fRYMmREr HRGTERY gRYIGT 08 MRPcARFORPRTRISd 1
BAHSL EHRINY 1 ghtapah oh Mtdae Phuifg Begehétagedefinitive
library was al so 20 perfornmed as described above for
elgqiugleothdes £aeh) R ERERIratandaatathrs FhFmn (R

L SR ON oMxevuef heaeh LaNal JaRle weeBbised, PEi Admbination
pool . - The transformants were grown in 27 _di

i derpashegdpépanbde| kil 516N Io8Pfe nEP%hS%i?g §i8t. of the
heavy chain and CDR3 of the light chain were recreated
synthetically in a PCR-based approach similar as described in
de Kruif et al. (1995b). The thus created V region genes were
cloned sequentially in scFv format in a phagemid vector and
amplified to generate a phage library as described before.
Furthermore, the methods and helper phages as described in WO
02/103012 (incorporated by reference herein) were used in the
present invention. For identifying phage antibodies
recognizing rabies virus glycoprotein phage selection
experiments were performed using whole rabies virus (rabies
virus Pitman-Moore strain) inactivated by treatment with beta-

propiolactone, purified rabies virus glycoprotein (rabies
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240 mm x 240 mm) containing 2TY agar supplenmented wth
50 25 jig/m anpicillin and 4.5% gl ucose. Al bacteria

waweoos/1isssvested in 2TY cul ture nedi um cont ai NPCIYEBD05/052410

pg/mM anpicillin and 4.5% glucose, m xed with
glycerol to 15% (v/v) and frozen in 1.5 m aliquots
at -80C. Rescue and selection of each library were
performed as described bel ow. 30 Exanple 3 WO

2005/ 118644 PCT/ EP2005/ 05241077 76 Sel ecti on of phages
carrying single chain Fv fragnents specifically

\Eﬁ%&g@hﬁlQgréﬁﬁje%ﬂ%b&ﬂSﬁQ%%%@@E@é&'Eblf¥“é§§¥3é51ng rabies

fragments were sel ected using antibody phage display
VTJlIbISaIGI esotgeneflaablgﬂfag@r@lssEIRAyStié@hfhb# ogy and 5

( n I S Hesey
US pa enF Jé)ﬁo%% '1%1&%1 Tigga gk?{‘m‘ WS os 15833§H(%gﬂot o
sifraiii els ﬁpélOWﬁch‘Cpcﬁr aitle:athFOﬁef:@PBncle/l\%r\éﬂnyﬂe PHe10%

ocq: 1b%%¥ g?lggo%%ﬁc?%'cﬁs wlé%egdwgﬁe %%%g%cigg; 1ly. Upon a

syn C phage 11 braries
W%&Q@ke@nﬁinbﬁﬁa‘tiﬁml’hﬁ: SICEVepeagerdd) ddntplar wes centrifuged
(RAB- 03- @01 and RAB-04- 01) prepared as described in
Béafile remabb¥D. iThe Fitbdt raeat - sTiR HatHareérRtpHage

| i hrar 1994 ha beend in_de Krui t
A ibes B0 Brely 8L s gHE TV 5080) are s Pat
BSSHHDTAl |EuE§eQ@§£ﬁl§¥H£Hd1ghycoﬁtdtélﬁtwé& cdlmﬁﬂﬁ@h.from
Briefly, the library has a sem 15 synthetic format

mrd;wwam aha@b@masaimtﬁ@ﬂat agdi ftered HeaBP Gngntil
%4 @bn ¥ é?égﬂrgbﬂggﬁ%Qgﬁﬁgﬁdwas determlned OD
|gonuc es t

eot| I ncorporate variation wth
28yimnsndOshy VeBedekivy chéihe @eﬁégtmewaa%e@almed by SDS-
%%%l nation wth kappa- and | anbda |ight chain genes.
" and CDR3 of the 20 heavy chain and CDR3 of the
| i ghtWhollai Anaetivaeed extleds spimuseprcaibies virus G protein

kS Qﬁ%%gpgglosgg sFdid 3, A8sCLl 080 (PasfIe KU vas

us creat regi on genes were
aﬂdmbd:osmmsbral Nyn¢+rigome fIobgst (Nnna) phedemaibated
g$g¥£¥§h%ngt 4°C on a rotating wheel. An aliquot of a phage
library (500 pl, approximately 10%3 cfu, amplified using CT
helper phage {see WO 02/103012)) was blocked in blocking
buffer (2% Protifar in PBS) for 1-2 hours at room temperature.
The blocked phage library was added to the immunotube (either
preincubated with or without CR-57 scFv to block the epitope
recognized by CR-57), incubated for 2 hours at room
temperature, and washed with wash buffer (0.1% Tween—-20
(Serva) in PBS) to remove unbound phages. Bound phages were
then eluted from the antigen by incubation for 10 minutes at
room temperature with 1 ml of 50 mM Glycine-HCl pH 2.2.
Subsequently, the eluted phages were mixed with 0.5 ml of 1 M
Tris-HCl pH 7.5 to neutralize the pH. This mixture was used to
infect 5 ml of a XL1-Blue E. coli culture that had been grown

at 37°C to an OD 600 nm of approximately 0.3. The phages were
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anplified to generate a phage library as described

before. 25 Furthernore, the nethods and hel per phages
w@sgoodasssnd bed in WO 02/103012 (incorporated bRCT/EP2005/052410

reference herein) were used in the present invention.

For identifying phage anti bodies recognizing rabies

virus glycoprotein phage sel ection experinents were

performed using whole rabies virus (rabies 30 virus

Pi t man- Mbore strain) inactivaied by treatnment with

bet a- propi ol act one, purified rabi es virus

G0 ghet pelati G5/ 118644; PO EPR008/ 0524101
4 ol

I Tus E strai or transfected cel
3@)&& eSheng thbimbxtwig U@SGCpmmféifﬁg?daf)@éle/thEﬁA at
DA L TB8n GBI E bt Sl BhcELOM RRhall Gas
strai as ol1 6Ws. 10 a virus solution,
fHéuEpeoHBHE1nf01@%&5 anqutbetaegbuc@p?I@mbs€2ﬁ¥hMm§dlum-

dded  and ent i.0
ih %tﬁﬁge %%t%%nﬁ4 s%%é% guged I%%% 3PQM#15TY
#Ir gﬂa?eSWBﬁppDémmntd&uwthp¢BMaaaytlmas amnﬂdx&ﬂm@dand
nd di a d over ht at 4C agai ns 1 EQTA
&‘fue#gﬁ fﬂ%%ﬁgvc%’pr ot &t i vvas coﬁ1 cEJt’\ﬂ c—?lzlt'%ér ga{r% ?g Cr the
ddlea_ﬂlj_lealf yréirﬁ cbashed , £10dn qibet padreandndtesestl tat pr@Pere an
unt.i urt her_use. The rote conce tration
SR EUEs LEPTHBY AT PRAYI AT egr P eyt tha g Kruif
Hf 'l N198Sainahy zrol dw/lmlszﬁle&z\hpl esa:mpztd \tefotgbria
rabies virus or bi es V|rus .G prot
RIS SE ﬁopﬁaeﬁﬂi & 1A &5 FPHE%&B&S a“szlrﬁlln
jdllngbﬁﬁr@lﬁkﬁgé|dﬁﬂﬂyldﬁhbas éhh@mbefﬁﬁhre of 37°C to
i ncubated overnight at 4C on a_rotatin

0 QAo Pra O e o5 | Ch P eEegEe HRhe R At Fdfoved

& Uin @ itheeBabséfta Artdiehpaichplhageneéaeem WAs changed to
02/103012)) was blocked in blockln 20 b ffer 2%

Foreadringrppayrt 6t Liln FEeYC it 86nPRenf At e -

Tt ackedaBhaght Ll drovaras grdded Boctherhemimal W, the
(either preincubated with or w thout CR 57 scFv, to

PR e igharegsi repaved ebeghithed ATy BRISHR DY neematiddgedon
é%EEEHﬁhiﬂh t8eMbhages in the medium were precipitated using

polyethylene glycol (PEG) 6000/NaCl. Finally, the phages were
dissolved in 2 ml of PBS with 1% bovine serum albumin (BSA),
filter-sterilized and used for the next round of selection.

Phage selections were also performed with rabies virus
glycoprotein transfected cells. The cells used were cells from
the cell line deposited at the European Collection of Cell
Cultures (ECACC), CAMR, Salisbury, Wiltshire SP4 0JG, Great
Britain on 29 February 1996 under number 96022940 and marketed
under the trademark PER.C6®. They are hereinafter referred to
as PER.C6® cells. Here, the blocked phage library (2 ml) was
first added to 1*107 subtractor cells (in DMEM/10% FBS) and
incubated for 1 hour at 4°C on a rotating wheel. The subtractor
cells were PER.C6® cells that expressed the Vesicular

Stomatitis Virus (VSV) glycoprotein ecto domain on their
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tenperature, and washed wi th wash buffer (0.1%
Tween-20 25 (Serva) in PBS) to renove unbound phages.
wdowsdigshages were then eluted fromthe anti geem/Bp2005/052410
i ncubation for 10 mnutes at roomtenperature with 1
m of 50 mM dycine-HCL pH 2.2. Subsequently, the
el uted phages were mxed with 0.5 mM of 1 M Tris-HCL
pH 7.5 to neutralize the pH This mxture was used to
30 infect 5 mM of a XL1-Blue #. coli culture that had
been growmn at 37C to an OD 600 nm of approxi mately
022 INPLBNRGES MBI & WO-2009 118044, FHHERA054052410
allTowed to infect the XL1-Blue bacteria for 30
o%cnp_tlesmat d@7n . ThEwh thésnbxbbraciben |y Phaged f or
m _nut es, * r 18 :
e A S R e T
PERaSK® exd Ylac twer2T Yempedid ufivors thwe rilstgs Adbrbart efhal

suspensi on was divi ded over two 2 agar pl_at

DY SRbAU B G " FEOYEE I HmbY M ary ©C at 50059
Y 4eRsee AbierpddRaldgen,ouanntgst s@bethpltat@s atided to
37C, the colonies were scragl)ed fromthe plat e$ and

aged tybpr epaFRinng éhilcRéd LphdgeyRtgegtyr cells. The

&33eatiabhysasp deserihrbthy Paikeuifitdoed mdspecti9ta)
and WD 02/103012. Briefly, scraged bacteria were used

supsrmetabit eSPIYeHRI UM c ShearHPhgearpt Ftagss were

tetra li.ne an l.uco B 0 t

SR AEEa E DR RO DRt 3% S Tiftard Ao aREEs Wi En one

added andual foyedbrdteimfeptreshénpattens tecifack rcalflisc {PER.C6®

t medi, um was .changed .to_15 2TY cont.aini

“?ﬁﬁgisci(gl lr.dﬂ15 ‘E%t]rsgsycﬁfeﬁgrgnghﬁ%ha%%itﬁ%a%sl%%gﬁggt refts were

;)ém:ﬁﬁ!btait@dediﬁwef nigit cat w3@BouTheRAgXtsalay ,ta frdock the
acteria were,remve r 2TY nedium b

OB SGADPBAE SAOTE TR foh A phAGEREE TR s, vere

%&N;f%%ptmélg?wy&i ng mip@fy eMEM) 208FES y cHdr (RES) wash, the

. Fina he ages were .20 dissolved in,2
ALt veEs WFHSR@/‘%‘%%@FH&P ge“%&ﬁwfﬁﬁfﬁﬁﬁi go(%ﬁﬁ)‘?%eq ; phages
dddd enustar ehizggoéskats et idasci-hibedexbovound of

sel ection. __Phage sel [ I er f i th
ity SO T AR T A R SR LG S Ry

st tWee oeeh h8if{@MR1 phage antibodies. After the second

round of selection, individual E. coli colonies were used to

prepare monoclonal phage antibodies. Essentially, individual
colonies were grown to log-phase in 96 well plate format and
infected with VCSM13 helper phages after which phage antibody
production was allowed to proceed overnight. The produced
phage antibodies were PEG/NaCl-precipitated and filter-
sterilized and tested in ELISA for binding to both whole
inactivated rabies virus and purified rabies virus G protein.
From the selection a large panel of phage antibodies was
obtained that demonstrated binding to both whole inactivated
rabies virus and rabies virus G protein (see example below).
Two selection strategies were followed with the above-

described immune libraries. In the first strategy 736 phage
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the cell line deposited at the European Col |l ection of

Cell 25 Cultures (ECACC), CAMR, Salisbury, WIltshire
WERSDMsG44 Great Britain on 29 February 1996 uPdEEP2005/052410

nunber 96022940 and marketed under the trademark

PER. C6(r). They are hereinafter referred to as

PER C6(r) cells. Here, the bl ocked phage library (2

m) was first added to 1*107 subtractor cells (in

DMVEM 10% FBS) and 30 i ncubategh for 1 hour at 4C on a

rotating wheel. The subtractor cells were PER C6(r)

é@%d&?gtwg§gr§§f§%¥éd“%§ %%'Ewbaéeléﬁéﬁgﬂ|ﬂdﬁid@ hd$ng in
gl'ycoprotein ecto donmain on their WD 2005/118642

PET/fEP2006810524d9nd 7@ laptiigoe rPusddinacthieaeghivégus or
i ANSIEEbr Aner Ade GULARLASIEE QMBI gl MER this

ractlo p phages recogni zing e
qﬁqﬂb©pneSewarerse&&¢@gﬂwaﬁﬂ@ecthCSéb$ct$Q§1KQRHQF @eling in

re.renove omth li ;
o B SIS ek IRl A 1) KRERRYe dDE S M dE b nant o
ﬂﬁﬂﬁéﬂﬂ aeﬂlihoumd $ﬁquﬁ;seae@tuba supmmmﬁnanuiVﬂﬂed virus or
adde M/tu cont ai ni n of
Rﬂﬁﬁﬁi gtgr 58 £y $ﬁ5§1§1 al |on %?epPha erangigﬂg s
dh#aﬁele‘gn bl the ffﬁ@@(ﬁﬁn&&eg@upasnaﬂamhl&bﬂeﬂmdnﬁ
the subtracted. p es, were 10 i ed for 1.5 hours
%ﬁr%ﬂﬁggnyéeﬁg?ﬁt?@gu%&ﬂﬂﬁ SREEH Eﬁ 35 e %P%%? €
aglt?iﬁsaal%@itgguﬁaﬁﬁs:ﬁems tdﬁmbeﬂfﬁedtceti:este(ﬁE@a@&( mise to
cells * cells Bef ore, t t he. transf ect ed
|r1e§1t§ee1lé21asem%%%<%ﬂeecﬁ anﬁqé?‘e i/ BT IR ¢ FretitS opgptitied
15f Medn@ blroeket BecorPi dtaRa-Jpcogailded BY fFuibialAfiner
i ncubation the cells were 15 washed £hve ti

. . : S Wth
HEGOBREN TOUREGL0TErY SRR Cofhbha LePPioqn® Ehat
1&81%%@Gt@ﬁlaadvifa@sgﬁjd@idt@mewmubeate@h@@ess, were cell
el uted and processed as, descri bed above. [

cal 'y,
S35 RS BF S BEETIREIA & BEPFOTRoq et on “ppeared

£S5 Q)0 ok h@gtﬂéﬂﬂ@in@t@ﬂ:@b@%bboeb@aréﬁtﬁ ddiections
second 20 round of selection, individual E

enishiosd ywersifsed @cpr%eeiﬁh@él%ﬁoépaﬁavi%%% yirus.
anti bodi es. Essentially, individual colonies were
ﬁgémglg(gl 0g-phase in 96 well plate format and

Validation of the rabies virus glycoprotein specific single-
chain phage antibodies.

Selected single-chain phage antibodies that were obtained
in the screens described above, were validated in ELISA for
specificity, i.e. binding to rabies virus G protein, purified
as described supra. Additionally, the single-chain phage
antibodies were also tested for binding to 5% FBS. For this
purpose, the rabies virus G protein or 5% FBS preparation was
coated to Maxisorp™ ELISA plates. After coating, the plates
were blocked in PBS/1% Protifar for 1 hour at room
temperature. The selected single-chain phage antibodies were
incubated for 15 minutes in an equal volume of PBS/1% Protifar

to obtain blocked phage antibodies. The plates were emptied,
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infected with VCSML3 hel per phages after which phage
anti body production was allowed to proceed overni ght.

wab@sprssduced 25 phage anti bodi es were PCT/EP2005/052410

PEG NaCl -precipitated and filter- sterilized and
tested in ELISA for binding to both whole inactivated
rabies virus and purified rabies virus G protein.

From the selection a | arge panel of phage anti bodies
was obtained that denonstratged binding to both whole
i nactivated 30 rabies virus and rabies virus G protein

dREERXATBLE R M. antHBRAECLOD ShEAS A AhRiA 1.

| owe escri i mune |ibraries.
Ineuldee ibhr gos sat howyyy B noleegd WOr 2005/ 1a8644he plates

PCT/EPZ /052 t.1_bodi S
o SERERY SRPAA0 IR EDIAOR 55, 160,38 SHIF DALl nece
&nﬂnhddlea wenaddetemﬂeduﬂuain@ ODs 482 npumedswrenent) using

d st 7 h
FAstuaL ey ah S Say N ets R Ke B R AR M A0 Yfitron,
#Hee pfmorcstiusel eat i par f o] cseihdul$anéauelp>apmsgsenb single-
0mbi t d th
SRR PO RO 4 A ! PEpSESE AT, pnace
amﬂ’ﬂlﬁff dyoliiuetqea @c_r;mgesw tarUDiibC(dSEGQ -00M0} gdmai gns ittiere control
Irst strate Wwas econ Str e .
e d oAl aHe SOt S P oA qRee PG S oY virus
Fnfddpeditesnf QyasEy bS'OEBTE)aﬂS\.SsthIobm fihr sabBé rh&t,t e galected
riseto neutra tl |
Riiagite £t aaﬁfiﬁﬁgeaa“oﬁﬁ Lisls ﬁgaéi‘@@% %97‘&&%%%04‘

%'109J M@MWUEcaMa%n,g S(ﬁmt—ldzﬁidl 85047035, gﬂ;cetmmss SC04-
enonst r at es at sel ections that nc e

A S 08Dr 0B DA Homi Sl el pSORTOYET Cof P, scos-
By f m&megss@dﬂﬁ.@@ﬂmmﬁlz@ pEEbeLN26 ASSEIY-IgEY) SC04-
appeared to yi el d nore neutraI|Z|ng ant | bodi es

éﬁ@@‘ﬂ663eﬁéét?%%%‘1Qﬁnqﬁfﬂ%ﬂ¥$dpE?FP?E&P%?ENQﬂQQHQg to
and/ 1%dﬂlﬁcitzbﬂaf)ﬁgl ¥i&dSrabiPed %'r@s"erﬁrN@éiI@,atw}gﬂ.eOfno

t he rabi es virus gg%coproteln specific sin chai.n
bindjadankc B8di 135 FeFetYed Sﬁ%t@ceﬁarﬁs%g%éﬂere obtained

Adtehedi esihBatnvergopbtalN8dvated rabies virus prepared as - ..

described supra {(data not shown).

Example 5
Characterization of the rabies virus specific scFvs

From the selected specific single chain phage antibody
(scFv) clones plasmid DNA was obtained and nucleotide
sequences were determined according to standard techniques.
The nucleotide sequences of the scFvs (including restriction
sites for cloning) called SC04-001, SC04-004, SC04-008, SC04-
010, SC04-018, sSC04-021, SC04-026, SC04-031, SC04-038, sSC04-
040, SC04-060, SC04-073, SC04-097, SC04-098, SC04-103, SCO04-
104, sc04-108, SCO4—120, SC04-125, SC04-126, SC04-140, SCO04-
144, SC04-146, and SC04-164 are shown in SEQ ID NO:157, SEQ ID
NO:159, SEQ ID NO:161, SEQ ID NO:163, SEQ ID NO:165, SEQ ID
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in the screens descri bed above, were validated in
ELI SA for specificity, i.e. binding to rabies virus G

w@e@teisssd purified 25 as descri bed supra. Addi PCDRPI00Y052410

e

t he single-chain phage antibodies were also tested
for binding to 5% FBS. For this purpose, the rabies
virus G protein or 5% FBS preparation was coated to
Maxi sor pTM ELI SA pl ates. After coating, the plates
were bl ocked in PBS/ 1% Protifegd for 1 hour at room 30
tenperature. The sel ected single-chain phage
Lig3odi r UbHeqd ¥o.151M 8 efnlmbalwas,@ ID
I\\(}-/B:)cllu% S@Péglg&n%’g%tlfag? to obtain ?ocke 0
NOwli 5o diSE. IPhHOpl AT esSEEr® depiliéd, SHD Q@d@?tLll@GMEQ 1D
/ EP2 2 1 hagkedrghagay 0 D
mﬁee%éd%g? ?% ﬁ% E\3/\£‘|Is ]{&n?uog%t%?()ngﬁgs al'l @Iﬁ!d@ S
N :dcdad SEQr IOn¥OhDYB, Bk Im MOsd 25we FBQ WA HEQ: 33V rP§§Q ID
ta ni 1%.T n oyund ag Qpéz_ll S
I\g\iﬁeﬁdet&"%%t 98 ﬁ%s‘?ﬁf nljriﬁ #egaégsérrgﬁ??gum ng yg g%e
antrio ME3 daseigbedyesonf udet etftves peldzddaces -3l a SC04-004,

LI, SN BSEeRUE g6s RETLOLTR b bApeSldon,

srmn—r(xﬁs sismgl4eoeba| BC pAraad , amO|4b©d§$ dS@@@T@Wﬁ@m{g{ogs
it hody e e onPOE TS sCa00e s ShPF L 0 B an26,

it yas-aprogt @Icmeswy §@(507914a%s ShowrouAl1Fabiees 8shdsvhe in SEQ ID

O A e e L
W06 )3 bESEH4N03868 SR KBIM0 :3C04- B8O, 115C0d - I)7723, SEQ ID

SCO04- 097, SC04- 098, SC04- 103, SC04- 4, 4- ,
Bl 41 6 EOS a4 109576 SHHR 155, N3G R 150" B0 1By 70 1
1&901.%21,46‘%@&@ ﬁ@@ﬂsiﬁ%mﬂm ayed 8%, gBEDI TAMWO i g8l reEQ 1D
zed purified rahies virus G$ $6e| rgEQ

1&@11]}%0rno‘3EQmIPdP‘Hgl?%r FER vl Nhdetved™ 2 Rt

Hiesud s sy apokbaboed skt f NGA 20 Bgdt BEoWDI80:204,
|nact|vat ed rabies virus prepared as described supra
reeRectoteldhown) . 20 Exanple 5

The VH and VL gene identity (see Tomlinson IM, Williams

=

]

=)

D

SC, Ignatovitch O, Corbett 5J, Winter G. V-BASE Sequence
Directory. Cambridge United Kingdom: MRC Centre for Protein
Engineering (1997)) and heavy chain CDR3 compositions of the
scFvs specifically binding the rabies virus G protein are

depicted in Table 9.

Example 6
In vitro neutralization of rabies virus by rabies virus
specific scFvs (modified RFFIT)

In order to determine whether the selected scFvs were
capable of blocking rabies virus infection, in vitro
neutralization assays (modified RFFIT) were performed. The

scFv preparations were diluted by serial threefold dilutions

starting with a 1:5 dilution. Rabies virus (strain CVS-11) was
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Characterization of the rabies virus specific scFvs
Fromthe sel ected specific single chain phage anti body

W@ s@FA)86¢4 ones pl asm d DNA was obt ai ned and nurCEBP1008052410

25 sequences were determ ned according to standard
techni ques. The nucl eoti de sequences of the scFvs
(including restriction sites for cloning) called
SC04- 001, SC04-004, SC04-008, SC04- 010, SC04-018,
SC04- 021, SC04- 026, SC04-031, gC04- 038, SC04- 040,
SC04- 060, SCO04-073, SC04-097, SC04-098, SC04-103, SCo4

N o ey
ifSHQdD NOris7 scBEGhD wddO ihn@baBEQ Fbr NO H6ir HEQ7°C/5%

| D NO._ 163, ] D NO 165, S I D 2005/ 118644
GO PEB3 e ST 6o MBS £aTIeaned | BARG ES Ldmgerpion (at

Mk &4, cSFQ diR N@ﬂ@we%%wcoﬁipfﬂéd 38 bP MMEJS at
SEQ'ID NO'179, SEQ ID NO 181, SEQID NO 183, SEQ

NQ,18hd SEQuh&i I\Ebﬂ.&ﬁ,nJSECDltyDﬂ\m)ﬂBQ wiBHQ drD aIN@-IQE;Les N-

R 09180 BOROTI05 allFREG D NER2080 T SSpRER, Ve

dheL v T raekdissquenee sifedtions ahvsrcal fBLdorescence
SC04 001, SCO04-004,  SC04-008, SC04-010, g%ﬁ 018
WRRRTEPe SeAeoEniveoioP0? Bepeinigdibepiopygtnis is the

D Q60 2 +SEB4 =07 8he SEDAD Uh re2€d4n098, b1 SERLd 183,503 in
SC04- 104, SC04- 108, SC04-120, SC04-125, SC04-126, 10

Sebu-aey d668- ExainEeok) 14 vetd SeHYS 188t e BSHoiied that

siowddd ARt NP 238 %\bﬂ:m Qs tSEGLE Bs N 282, (s2eQTable
ID NO 164, SEQ ID NGO 166, SEQ I D NGO 168, SEQ I D

NG 1470, SEQ ID NO 172, SEQ ID NO 174, SEQ ID NO 176,

SEQ IZQid\iQﬂa?l%ll EQ;i L DedO 18R st36QtkR b éggs SEQHUD in
NO 184, SEQ ID 186, SEQ I D 188, QID 15

KUH@Gle‘gE@lIlBaN@DHE%SS@EQITI@W@%E\FF@EQ 20 fgzaviped

éﬁ@é D 1 ﬂ\IthL,g 8c19ERLHDs MY 200 r SEQPLB1 NO, 208 @06 ISE@ng the
4, respectively. The VH and VL gene |dent|t%g3

l(:%"éeesmma YéamseR| aw Prépawed SO Frgartevit 6RO 0A2, ES

‘%l”n%f“ b2, WEBEBE Ghda Ve Seqlence 20rPhr GELO Ydentified
ge Udited Ki ngdom Centre for Protein

that showed neutralizing activity against the E57 escape

viruses (see Tables 11A and 11B).

Example 7
Rabies virus G protein competition ELISA with scFvs

To identify antibodies that bind to non-overlapping, non-
competing epitopes, a rabies glycoprotein competition ELISA
was performed. Nunc-Immuno™ Maxisorp F96 plates (Nunc) were
coated overnight at 4°C with a 1:1000 dilution of purified
rabies virus glycoprotein (1 mg/ml; rabies virus ERA strain)
in PBS (50 pl). Uncoated protein was washed away before the
wells were blocked with 100 pul PBS/1% Protifar for 1 hour at
room temperature. Subsequently, the blocking solution was

discarded and 50 pl of the non-purified anti-rabies virus scFvs
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Engi neering (1997)) and heavy chain CDR3 conpositions
of the scFvs specifically binding the rabies virus G

wpe@teiss4are depicted in Table 9. 25 Exanpl e BCT/BP2005/052410

vitro neutralization of rabies virus by rabies virus
specific scFvs (nodified RFFIT) In order to determ ne
whet her the sel ected scFvs were capable of blocking
rabies virus infection, in vitro 30 neutralization
assays (nmodified RFFIT) were gaerfornmed. The scFv
preparations were diluted by serial threefold

i?ikgéyfgiﬁﬁ§%f%gf W@x“ﬁﬁﬁu@eé Sk | AHALN. WRahiseFeYEl WSshed
strain -11) was WO 2005/118644 PCT/ EP2005/ 052410
f83eadiiads twi eradho diWlubifoRBaY 0 a0 TH byl .o Fhenat 50 pl

0
% . infection. Virus/scFv ];&e a?(dl 57bio, was

1
bﬂﬁ&&ﬁ&f@ ﬁ?&nﬁl TS5t VTP 5552 bt Pi'8h t o

aMNAdceb ! acR4Awdiayr S mesktiedl €6ti Brmimite34E 5:%:@02)

the cells were acetone-fixed for 20 m nutes at

tengeseanned wﬂ theniwedilsy WSTRouR NS tHh TeS- WéEPe%OO i
T )4 GoNj ygat n l-s

e P} B AL L bR RE Dpa e e 9858, 50

df léOll_&‘&OGOC@ilmmrDSﬁOmrt—:-ptdefLétmmﬂkP tahﬂ:ﬂﬁ%yer(@potnn

diluytion, This | he dil uti ich the yixus
QigkdapPBh 73S b%%téotwh@owegﬂ Tndht nc%]%a&a S8a1 hour at
foeRbRpd)at S a1 15C Mesewrtehedeadan eds tahmve alndweue
neut r al | zing activity against rabies virus (see Table

EIGSA medi £ohaer ydevqlapes Pﬁvégfiﬂ‘@a%o%f%&ﬂs ogf OFRe
REBIEP PR FE hooUl T AL e Bhac PP Re R gl B0 i 1
mEopaidfald reaguikhag €hd @scapal 92 moses as prepared in
Cye (1 LA ey B o Ty e
e WalcdlghraAE B6vé Vs tyhagaicrdhcubet E8 7wesic apeFv \HASUses . e.
gi?%é%%bggimlgﬁ\égfggjf?or A%cleotlde and amino acid sequence
of SO57 see SEQ ID NO:205 and 206, respectively) or scFv SOJB,
i.e. the scFv form of CR-JB (for nucleotide and amino acid
sequence of SOJB ;ee SEQ ID NO:312 and 313, respectively).
This indicates that the scFvs S057 and SOJB compete with the
interaction of CR-57bio to rabies virus glycoprotein by
binding to the same epitope or to an overlapping epitope as
CR-57bio, respectively. In contrast, an irrelevant sckv called
SC02-007, i.e. a sckv binding to CD8, did not compete for
binding. The anti-rabies virus scFvs called SC04-004, SC04-
010, SC04-024, SC04-060, SC04-073, SC04-097, SC04-098, SC04-
103, SC04-104, SC04-120, SC04-125, SC04-127, SC04-140, SCo4-
144 and SC04-146 did also not compete with CR—57bio{
indicating that these scFvs bind to a different epitope than
the epitope recognized by CR-57 (see Figure 4) .

Similar results were obtained with the following

experiment. First, the rabies virus antibody CR-57 was added
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Exanple 7 Rabies virus G protein conpetition ELISA
Wth scFvs To identify antibodies that bind to
wmoevsavssed appi ng, non- conpeting epitopes, a reOI/EBR2005/052410
gl ycoprotein conpetition ELI SA 25 was perforned.
Nunc- | nmmunoTM Maxi sorp F96 plates (Nunc) were coated
overnight at 4Cwith a 1:1000 dilution of purified
rabies virus glycoprotein (1 ng/m; rabies virus ERA
strain) in PBS (50 |). Uncoaised protein was washed
away before the wells were blocked with 100 | PBS/ 1%
Protifar . t U e:
B M e s
cBOpEtdhgt heF vomeue iadded - afni thapi est-wWrr (des @Rfd -yepies
2005/ 118644 | ER /10 0. .84 i&, R % Pratifa
v(l f)l(lsdlsfﬁ séd‘gg%s&%g%%.d %#ﬂ[sal\}\% eV%\k]/as ed%é; iE;r\}gepttLl {err%jé: the
prictshnt600f af VRBS/ay (5% FweenF20anihergcis) sequences (see
Ebi %ti ngLat ed anti-rabies virus conpetitor |gG
¢RYS7bP’6; was added to each well, incubated for 5
mnutes at roomb5 tenperature, and the wells were
vvashzd Ei ve times with 100 I of PBS/0.05% Tween- 20.
t the binding of CR-57bio, 50 gl of a 1:2000
aldstiruenioh sfrept By iHinznHRRmanbybobyl {Beeiirules (human

Di cki.nson) was added to the .l s .and, i pcubat.ed for
"P?&?rclgf’alr%ﬁﬁré%bzeﬁ‘satvdrr@fs ﬁ%%lléo%?%) V\gléchme bfgasleneg%ed
Ahaveadhdst herdd HidLA wazihurvher devel oped by

addi tion of 100, gl. of OPD reagens_ (S gma).. The
reac@?ﬁﬁyv\%%ds}b‘%b%d:%}naaafﬁagzﬁ F il‘%?s & EFEY
Jmasdr s004tbel O3@da 42 ,nwcothe1s| goad 4-abimianed seoeh126
CR-57hbi o al one, coul d be reduced to,&ack round | evel s

WiHen PEB-ARRlibE Y WA SIRPOBESTSOTIESS 18 PSRy

Acrpiek 16R- 57céé aindu eelgudacapdrani apasi i seduenhe IgG
of S057 see SEQ I D NO 205 and_206, reg(gectivql% or
HPESSERR, Verters Ry Fbvh dFeeRSB 11t gio:277) and pSyn-
duclaotisde gnd BN 2G)] reeguHenceeDy. SAB 5een8ER Idenes
NG 312 and 313, respectively). _This indicates that

were sapld fEpd7uakey AR HamparelapthdehepFhown 1n Table 12

dg{(]f qactboPeLf i ¢ ¢, R P PRREPrYihidiSs GO RIGnRHN into
tﬁg vectors pSyn-C03-HCyl and pSyn-C04-CXA, respectively.

Heavy and light chain variable regions of the scFvs
called SC04-004, SC04-010, SC04-021, SC04-026, SC04-031, SCO04-
038, SC04-060, SC04-073, SC04-097, SC04-098, SC04-103, SCO04-
104, SC04-108, SC04-120, SC04-125, SC04-140, SC04-144, SC04-
146 and SC04-164 were also PCR-amplified using
oligonucleotides to append restriction sites and/or sequences
for expression in the IgG expression vectors pSyn-C03-HCyl and
pSyn-C05-Cx (see SEQ ID No:279), respectively. The Vy and Vi
genes were amplified using the oligonucleotides as given in
Table 12 and 13, respectively, and the PCR products were
cloned into the vectors pSyn-C03-HCyl and pSyn-C05-Ck,
respectively. The oligonucleotides are designed such that they

correct any deviations from the germline sequence that have
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bi nding to the sanme epitope or to an overl appi ng
epitope as CR-57bio, respectively. In contrast, an
WO peoshessant scFv called SC02-007, i.e. a scFvPOI/RPI0NH052410
to CD8, did not conpete for binding. The anti-rabies
virus scFvs call ed SC04-004, SC04 25 010, SC04-024,
SC04- 060, SC04-073, SCO04-097, SC04-098, SC04- 103,
SC04- 104, SC04-120, SC04-125, SC04-127, SC04-140,
SC04- 144 and SC04-146 did alsp not conpete with
CI???bio, i ndicating that these scFvs bind to a
| 0 : ni
s T B T P Ea PR r R s e
Miintiltetheet obF ool hgpnexdertidest thetrkave thren aisiesk to amplify

[ ti - 57 0
e EeRB0sr LTS s B IRRRY HEhed iR, sequences
ﬁﬁfWﬁilGFpneEghnts[w£aethn;fiegnpecpn@i@@Fw$ Shanglard
added. In this_set- i - F
SFertd el ki B Uk ITNSERBB S e of the
?resﬁmeeé@éuat&gﬁhéxgréssﬂdMScsoﬁtraqtﬂgpg@i&ﬂ?ﬁﬂym@@ees

S i.gyre
500D R o ER, SRR R 4D Blg fdiba-26c0:
e&f&ddﬂn@g@s MhtﬂSrﬂ!ﬂiéslboﬁjreﬁ) hin;lam rhel sleéasc% Gilﬁhalhlﬁ in
anti-rahies virus. single chai ' ' .
ERAATarPa Bl by Cif oL S AnESIPGLe Ehl Tl S GoEo%ing
%ﬁgy%dyﬁ%gggﬁgﬂn@1Bigﬁﬁxhhdl%0r@ﬁd_gﬁﬁﬁsﬂéﬁtlyWprressed in

- a If1eq using ol gonucl eot, .
350 HeroR g PRRCERR It & SaReRdBLn of Sak FPECtosH oo were
cfﬂg;%l\ilgﬁ% %)&h@x gkpg@fs Qibcr\c/) zfdn)?wup&n;égﬁ?e HOyb4dsBe cSBD04-
: an n- - :

A P 1oR iRy b e-g2heS verB (BT pocios-

s ds, t %@G?_bhgloeucbsptli\@S)mmbow pocTabl @143 apdc104-
respecti ve

13 and the PCR products e ohed
I3 Revadcab2ohSy Pt irapichia pestTiiiely” pacton-
TESRELt ipgehv4a-205Eeay Yoatubh 4-1gcoghapgcyed + BOA@3, pgG104-
regi ons of the scFvs called SC04-004, SC04-010, |,

ngﬂd B@§40626§4%&%4§TE991DQC§E9 anti-rabies virus human

IgGl heavy chains in combination with the relevant. pSyn-C05-Vk
construct encoding the corresponding light chain were
transiently expressed in 293T cells and supernatants
containing IgGl antibodies were obtained.

The nucleotide and amino acid sequences of the heavy and
light chains of the antibodies called CR04-001, CR04-004,
CR04-008, CR04-010, CR04-018, CR04-021, CR04-026, CR04-031,
CR04-038, CR04-040, CR04-060, CR04-073, CR04-097, CR04-098,
CR04-103, CR04-104, CR04-108, CR04-120, CR04-125, CR04-126,
CR04-140, CR04-144, CR04-146 and CR04-164 were determined
according to standard techniques. Subsequently, the
recombinant human monoclonal antibodies were purified over a
protein-A column followed by a buffer exchange on a desalting

column using standard purification methods used generally for
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038, SC04-060, SC04-073, SCO4-097, SCO04-098, SC04-103,

SC04- 104, SC04-108, SC04-120, SC04-125, SC04- 140,
wEaMsA1864 SCO4- 146 and SCO4- 164 were al so  PCT/EP2005/052410

PCR-anplified using 25 oligonucl eotides to append

restriction sites and/or sequences for expression in

the 1gG expression vectors pSyn-C03-HCyl and

pSyn- C05- Cy, (see SEQ ID No: 279), respectively. The VH

and VL genes were anplified gysing the

ol i gonucl eotides as given in Table 12 and 13,

. ' : d
#@gﬂgg%&&g%&%@Qﬁs%g%c&«@ oy €34 Ghaeediknt o
unagpgotEVQdyby11&ieﬁéqy@nb@t@@nides are deS|gned such

t hat ahe ct t ery
sequen§e¥%%§$i%§ 1ﬂ@§¥?®3 P?%86 4° 52%5%70 410
S rieseshonnte odec edhnhg ipg§lOkbP ABY1 ¢ ovss rarmtangteddas to

d se of oI| ony S e
4?55&1%831 n%?v?y % ne é’% Sep(réggg? g?r eﬁ%ﬁ; gg%% SHcoding
cQEHH?anguckeam;c&eapﬁpnmvamy (Bee Bkémpbanst)r.udihs wgpéeotlde
verified accordi to st 5_techni 0
A AP B Tr Ao ot L6 PEAGY ooy d M nbOor
a&m&b&yct&opg@@%xﬂﬂmby IV@@‘.G!& POSTDB-098C1L0 are shown in

G 04-01 3, 04- 040 04 12

&EPI Ng: ?%g an??galiﬁsé’§cgoyﬁiyhuﬁ§% FeRA dndtRS
Eﬂ&mp@@nbbnahﬁoﬁgﬂﬂ04ngﬁflmeMé!éﬂhsé&WfbﬁIEkéBie expression
const ruct encodi ng 10 the cor.respondin
s SR WG R e U R WS EE S S
suRedepbanteacont ehdimg-dpgEn ablilbodies ser@ll Cultures

Obtalgsdg%gggsgg reagagg G ns%&%é&% EQaggod%xxgp%rltaln on

10 @B41,.833 D39 6 PEEAOL - BRA0360pg 1 042 @ HiDhXeted under the
pgGl04- 073C03, % gGL04- 097003, pgg%04 15
9

e - R0 3880 6Bg alt T PrIGEEDd. 8800 F D GRIZ0%8 have

4200031 aReG1 9404 25OO3: 340548003, apgGlode, 1443 ctivel
pgGL04- a1460030and ng(SI: 164803 encog?ﬂ the'l eERvey:

e iexpasilesniat 4¥ Weq d@OGH@&WlEh%‘PJr%’C? [fre between

_ £0my natd.encuith L he § al-evantroRSyRo@069YX . TRONSEdo®linant

encodi ng the corresponding |ight chai-n were_ 20
hmeaTs eREC)oBR br @B HRPd P WPrec Brd TARd 3% giririheds above.

Unless otherwise stated, for CR04-001, CR04-004, CR04-008,
CR04-010, CR04-018, CR04-021, CR04-026, CR04-031, CR04-038,
CR04-040, CR04-060, CR04-073, CR04-097, CR04-098, CR04-103,
CR04-104, CR04-108, CR04-120, CR04-125, CR04-126, CR04-140,
CR04-144, CR04-146 and CR04-164 use was made of recombinant
human monoclonal antibodies transiently expressed by the two
vector system as described above and for CR57 use was made of
recombinant human monoclonal antibody transiently expressed by

the one vector system as described in Example 1.
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contai ning IgGl antibodi es were obtained. The
nucl eoti de and am no aci d sequences of the heavy and

wo p@htiissivai ns of the anti bodi es cal |l ed CRO4- 00RCT/EP2005/052410

CR04- 004, CRO4-008, CR04-010, CR04-018, CRO4-021,
CR04- 026, CR04-031, 25 CR04-038, CR04-040, CRO04-060,
CR04- 073, CR04-097, CR04-098, CR04-103, CRO4-104,
CR04- 108, CR04-120, CRO4-125, CR04-126, CRO4-140,
CR04- 144, CR04-146 and CRO4- 1é4 were determ ned
according to standard techni ques. Subsequently, the
reconbi nant human nonocl onal anti bodi es were purified
over a 30 protein-A colum followed by a buffer
Fxearipdrg® on a desalting colum using standard

r.ificatiaon I 2 118644
i FEpSg6LP o8 SO By CARASTIER FhrsR e TR
i NSt arcedieeH9/ BBAIB mHiheh hugan meoppberaediifyi-rabies virus

ef erence_herejn Addj ti || f 4-

GBI REaE he G ek BB ppn 8, (0 i Ang
eq.gLGitb@ésOQSgi&?igﬁimammmmm%adespermmowlﬂ@r with
vectors SQIBC11 ' --57. .
S SeBERECr Ol o R R e T IO o Gyt sing
HHEAFRe 18850 (Sesansas )0l ft ha1bBavyd a1+ giieshaiines G

of anti body CR04-098 encoded by vector pgGL04-098Cl0
@rce esmoWgGi fior SEQudDr N 33pm t88Perpbspect Thasly 50 U1 of a

Vectors pgS057Cl1l (see 10, EXx le 1) an 4- C1Q
e RS BROF L GY b o e ToROlr=. St LeR 598 affy Ho/w1] 18 added
R Q0 c1ieSRREtbYELY  Fd SCalingtEE0AL t Aot eldmpddat@ire, and

geposited at the European Collection of Cell Cultures
{ECAGELe LgANRSh S| fErriryimay mishi AE0SPL ¢f EBFEAASY Tween-

Itai.n_on Fe y..19 n e 4
o 18s radiv ethE o Sho OBk P e SR
255 | rERwi¥¢hand |%ZRQ§IE 008 :Pawe daloalonlaf extreptavidin-HRP
i soel ectric point of 8. 22 and 8.46, respectively. . The
@%ﬁ@%ﬁhﬁﬁpéﬁPﬁoﬂbseV%%QFq§%§1é%w'ﬁ@pﬁgi%?sé%ﬁ%f%§54M§§9ve' A
&drdis fior s€BndT Aleh %idbRadingr coRBén088tion W unlabeled
reconbi nant uman nonocl onal  ant.i bodi es were puri f.i

LI, . d
FC esbicabed ABBYCtNS0 R HuS RHEFWPEE SPRRERg gfith each
GHO4: QY r@B@ﬂhQQéatﬂ@«%ﬁﬁgn%pitope or overlapping epitopes.

Alternatively, wells coated with rabies virus G protein
(ERA strain) were incubated with 50 pg/ml of unlabeled anti-
rabies virus G protein IgG for 1 hour at room temperature.
Then, 50 Wl of biotinylated CR57 (0.5-5 Lg/ml; at subsaturated
levels) was added to each well. The further steps were
performed as described supra. The signals obtained were
compared to the signal obtained with only biotinylated CR57
(see Figure 6; no competitor). From Figure 6 can be deduced
that the signal could not be reduced with the antibody called
CR02-428 which served as a negative control. In contrast,
competition with unlabeled CR57 (positive control) or CR-JB
reduced the signal to background levels. From Figure 6 can

further be deduced that none of the anti-rabies virus G
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CRO4- 010, CR04-018, CR04-021, CR04-026, CR04-031,

CR04- 038, CR04-040, CR04-060, CR04-073, CRO4-097,
wWOeRDSA0B8 CRO4- 103, CR04-104, CRO4-108, CRO4rARBP2005/052410

CR04- 125, CR04-126, CR04-140, CR04-144, CR04-146 and

CR04- 164 use was made of reconbi nant 25 human

nmonocl onal anti bodies transiently expressed by the two

vector system as descri bed above and for CR57 use was

made of reconbi nant human nogwocl onal anti body

transiently expressed by the one vector system as

L1b LN .. : : P
SR o%%ﬁélgoggcgss]lgé‘x\é?ﬁélgg%}%ggﬁés%i5r7u’s wgroh s An
quretgentcuhpet thée el IcompaitihipgCdatd aldiassy ikiedt her
#J%%EH%UQ? nonocl onal anti-rabies virus 5 G protein

g ind to non-overl appi ng, non-conpeting epitopes,
conpéni tdiht baperdomtsitdoa pepkoinedts Weite penfermed on
coated_r.ahies virus. G t el ' i
eEa g AE L SR, R S0=2h LR daR g o1 by
n@fainis- bEbfF@ewVEytendE rypr direing fegGefloce 1l hioaratinoebated with

tenperature. Then, 50 | of a 1Q different biaqtinyl ated
i CAbRBLAE o TG TEREPMLERE GRtho T LB o0 ho/m)
28] g tagHPaLEd, [ Plocd HIERUECRa 31 4O WR LAPRANUY G4 RNBRS

i nredi atel'y washed five tinmes wth 100 gl of PBS/ 0.05%
coMenniag. 1subseauEntlly ofvelibs iaytatadutmied(f.&-51pg/ml; at
hour at roomtenperature with 5 of a 1:2000

0 gl 00
HASATUSAEEE SeYRbtaVitih-adesd 18 ?%@Et‘eﬁlb KRG for 3
JPeshed gﬁd4quQLﬂP%ﬂm@§iggé§§iQgghéﬁnﬁﬁ%cﬁﬁwi@?cﬁgﬁsgl of PBS

I'n sign wi t'h 1 ncreasi ng concentrati on of unl abel e

dg@Gaimdingafi@sBShat Sulbgequentdivy i bedilesvare ewputiafy for 15

with each other and recogniz epi taope,or . s
quépﬁjtné (‘eﬁ’fjttdjpgg). l'ﬁ\l g rﬁa?f%@?y&%ﬁ 3 8%2 S5eRrFRain-
PRDiRS telgh YSwsREQt Bhdd AR 1JERA Skr dep}ris® dbwathatrbe
with 50 gg/m of unlabeled anti- r gies i.rus

Hrotedi wPrgEredr vithduto ERWIGERY 8‘&-3 rﬁ?ﬁi‘é.no‘;rﬁe%,reé‘b‘ced

4i pfi Adicabicny! ated GRS hdftiR @ofitrodt asthisadyrai2e428 (see
| evel s) was added to each wel|. The further steps %ﬁre
Bequnsy fdd 48 gestFided UL iting g’F@HaF%l%?Ja?@EgC&*

Wdfitive control) or CR-JB reduced the signal to background
levels. None of the anti-rabies virus G protein IgGs competed
significantly with CR-57, with the exception of CR04-126 which
reduced the signal to approximately 30% (see Figure 7). The
latter did not compete in ELISA (see Figure 6). This may be
caused by the difference in the way the glycoprotein is
presented to the antibody in FACS experiments compared to
ELISA experiments. The binding of CR04-126 could be more
dependent on the conformation of the glycoprotein, resulting
in the competitive effect observed with CR04-126 in the FACS-
based competition assay and not in the ELISA-based competition
assay. Additionally, CR04-008 and CR04-010 reduced the signal
to approximately 50% (see Figure 7) in the FACS-based

competition assay indicating that they might compete with
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25 conpared to the signal obtained with only
biotinylated CR57 (see Figure 6; no conpetitor). From

wor@aneseds can be deduced that the signal coul BCHBP200%052410

reduced with the anti body called CR02-428 which
served as a negative control. In contrast,

conpetition with unl abel ed CR57 (positive control) or
CR-JB 30 reduced the signal to background | evels. From
Figure 6 can further be dedueed that none of the
anti-rabies virus G WD 2005/ 118644 PCT/ EP2005/ 052410

S"Pr ano%l %RIOQQ% 160{!H§£ et9a§| .efx}e‘ia?klty c%%brr@i 5:7y the scFv

ichis in ‘agreenment wth the sckv conpetition data
aenplsidridredaita oEx bhp| BLISAheseddicompatitbapeassaon For the

eri ts r r 5 rabi Lr tein
?%ﬁ%gs aﬂnfm%rgﬁgseé?ggggﬁ%?églg%?ﬁ§ﬁ§§£ ﬁ%%ﬁggg
fé e oyitvenEBLTPA draasdEcharth ddld soReseandctbat BaGs t h
20 | of unl abel ed anti-rabies virus G protein 1gG (50

g/m) for 20 mnutes at 4 C. After washing of the
EedmhslaMItth PBS contai ning 1% BSA, 20 | of

1.9t nyl ated CR57 .(0,5-5 g/l ;. at, .10 _sub ted , .
PadbOYe e sadaba e s Esef r i eatitaa vEE 8 i vitro
Aeout£s Aitidn oandabhurdiated y(mmiided RFEeETv th 100 |
of PBS t ai ni 1% BSA. .S tl .

"noubth SR PsOeRERires e 35t Breied e ©
gibtdiongfs slavephavidive FE yErrigagkicwashedtanth

devel oped as descriped abpove. The 15 signal, obtaj ned
PR R BHAG A LEd T ?sc%&ﬁ??#uélqglrF@&uggﬂblnatlons of the

sh@8i i addtedl Fhrkhp fRgaidtienoNEholudnl) bedyeach

CR0O2- 428 (see,‘gkgute 7%. I n, contrast, conpetition
Wk it @nddrers71s (PekttTIRe L it Polpddfiek BEFLT (see
ERasEd hhe 8i@nabnt 8bbag kesrpithtiloawebse PoBpandd thised on
anti-rabies virus G protein 1gGs conpeted 20,

SHYR} f3RRITSy ofi £H/BR- 399 tF1TRd A dkCepProhief RFFIT. The

4n d2E6s WY cnr adueBddy Neorsd ig2ali dn0 cABPHEXHEBE Bhihed and
0% (see Figure 7). The latter did not conpete in

EPTSA RS g8 1 ice SBPeC Rl PHBPVES -cddrsEfCpyOtFRey of the
ghi {85 8P CRonitt date oWaY st BgusH MEORTRL Qiuth b BhESEBESKLID of
the anti body i n FACS experinents conpared to
each individual antibody present in the combination, the
antibodies have an additive effect. If the potency of the
antibody combination is higher, the antibodies have a
synergistic effect in neutralization of rabies virus.
Alternatively, additive or synergistic effects can be
determined by the following experiment. First, the potency of
the antibodies to be tested, e.g. CR-57 and CR04-098, is
determined in a standard RFFIT (see Laboratory techniques in
rabies, Edited by: F.-X Meslin, M.M. Kaplan and H. Koprowski
(1996), 4th edition, Chapter 15, World Health Organization,
Geneva). Then, the antibodies are mixed in a 1:1 ratio based
on IU/ml. This antibody mixture, along with the individual

antibodies at the same concentration, are tested in six

independent RFFIT experiments to determine the 50%
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be. nore dependent on the conformation of the
w@bkopsomeat ei n, resulting in the conpetitive efPEUEP2005/052410

observed with CR04-126 in the FACS- based conpetition

assay and not in the ELI SA-based conpetition assay.

Addi tional ly, CR04-008 and CR04-010 reduced the signal

30 to approximately 50% (see Figure 7) in the

FACS- based conpetition assay dindi cating that they

m ght conpete with WO 2005/ 118644 PCT/ EP2005/ 052410
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he scFv conpetition data or t he ELI SA-based
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e sc anple 10
AL \(eésynergl sind & fae:tet ghef amotint r &in @8y)| @ monochonal

vitro neutralization rahj e S di fied _REFIT)
ARG, 1t SRACTaRT T G aP PR oho7t ALY e &
nkQ a0t 8b 01 bE Gihdavesal dirt icvabeha8Yoer gi&tdLl efdecks are
in neutralization of rabies virus, different

@entmeantonsnofat Hef noyas lenalt astélody ¥ stnd megoclonal
ag'ng:tlg)?) &' ghgy/ fegfldoql 5 OREEF?Q%YEQH@_JLOQ%HQPC{VSéé alone. CI

¢ ned 1n a no see Exanple 1). Then,
=amnt,i bmdycabﬁbi anat adatist iaree efifepdr e6Ibaskdimhl F8-csqdal

s%%%%nﬁétgﬁ %%gg% aﬁ%“%%é} Cong&QSthdéﬁ éﬁﬁéggﬂigtlzhgffect

I'eS “of "eac nation can
adetdemmoedcandal comperaties.t h t he expected potencies.
If the potency of the antibody conbination is equal
to the sum of the, potencies of each individual
‘Exdnidiedy lpresent in the conbi nation, the 20 anti bodi es

gcz%etdgt,n adit!vg eff | f thelpote ) nt human
dyeE6RBi Rat 78n ?peshlgfzr?orgn tzﬁeatlgd%] Have' A

Syt ieisC v&frfJSCzhnt.ﬂbdirEiH.sr dy PAPISCANOELISMI es Vi rus.
R R N I A T S I S
Pedne ke @&tracellular domain of the G proteln of the rabies
virus strain ERA (see SEQ ID NO:207 for the complete amino
acid sequence of the glycoprotein G of the rabies virus strain
ERA, the extracellular domain consists of amino acids 20-458;
the protein-id of the glycoprotein of rabies virus strain ERA
in the EMBIL-database is J02293) and screened using credit-card
format mini-PEPSCAN cards (455 peptide formats/card) as
described previously (Slootstra et al., 1996; WO 93/09872).
All peptides were acetylated at the amino terminus. In all
looped peptides position-2 and position-14 were replaced by a
cysteine (acetyl-XCXXXXXXXXXXXCX-minicard). If other cysteines
besides the cysteines at position-2 and position-14 were
present in a prepared peptide, the other cysteines were
replaced by an alanine. The looped peptides were synthesized
using standard Fmoc-chemistry and deprotected using trifluoric

acid with scavengers. Subsequently, the deprotected peptides
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25 the antibodies to be tested, e.g. CR- 57 and
CR04-098, is determned in a standard RFFIT (see

woalensieatr y t echni ques in rabies, Edited by: PCFEP2005/052410

Meslin, MM Kaplan and H Koprowski (1996), 4th
edition, Chapter 15, Wrld Health Organization,
Ceneva). Then, the antibodies are mxed in a 1:1 ratio
based 30 on U m. This antibody m xture, along with
the individual antibodies atothe sane concentration,
are tested in six independent RFFIT experinents to

WSLET0E lih 8 n PR VIO Q033148644 oPETHiPLODS D52 A0 1,31

neutral i zi ng endpoi nt. Subsequent| é t he conbi nati on
birléxromode)hyd ) deneems ricd swronife aacrbeeya e xtaft eM, PH
| fotaul a, 7=(1C1/ .
e e IR S e R i PR L
drel CAvdrient leraddud® rimitgps.ofwhideochPopbetely spavassdl in
and |l o [ bl_qu lLea 09 : :
1-;11'(13(:1‘1tsrof;i'{%Ilg’?' i'oﬁﬂ\}\ﬁgg{?hse i(%a%:&()%an‘gﬁeﬁgt %gﬁﬂgﬁd&&?nsalﬁff 1y with
Sxor of Hhe ambdrnidatety)noflisonpt| lonEfeamantedping 1%
and monocl onal antjbody 2 that | ead t.o0.,50% o
ST A PSEPORFRERERR P e B8 qghl?'?hd‘?%aweg &Rr 30
Rodidde efifiegbd B sodiddwidiaties Hao 108 YiRjtdest 46 minutes.
effect and CI > 1 indicates an antagonistic effect of

Thee hismec MORECLaREL ball B iBaHiste PIePRERT | #F i Trbed

o] HIRRS nheee0PhEsd Dyt 11950y RANLaBHMAnedd and looped
anti-rabies virus anti bodi es by PEPSCAN- ELI SA 15- ner

Pepickde aifd [teshed/ &9 ct i RERRGAN thes e PEZYPRT b ot dimmuno

ééé&?téﬂlf§§5[a§ﬁgl@5§Iwéﬁinﬁﬂbd¥£déf@—@59ﬁ9ﬁe¢6ﬂ§ﬁrdﬂyiene
rabi'es virus strain ERA (see SEQ | D NO 207 for the

eordt eteOdRiinéndathe sevkeitel il iikedgPYEEPT®t ei 1PXS of

fl;@l | £S1 ! YBeSLARS 0 4RmeXt nacetial B blocki
iorrallgaﬁ"taccf)ﬁqsl?%t gﬁgf Eg?ni%%&g%}gxiozﬁ%ﬁ& Eit he pr ot ei n-oicd e
sblutieonyl yddghorenhabned aby dwongangeramy AVAVERRA |3 t he

;9%:- t ab NS (460229 re ushBg; ]
cre |Ltq€iclgr®%%f)())r r%gt 8fn' %%? PE @N %g}%%g ?ig%rﬁ%bt%%ee. pept_:ldes
Teremisiimte)l adttesntibrenan anitddsdy psresidase dilution

f}loo&ﬁgéih%@r?3é99§7?)and subsequently, after washing the
peroxidase substrate 2,2'-azino-di-3-ethylbenzthiazoline
sulfonate (ABTS) and 2 pl/ml 3% H;O, was added. Controls (for
linear and looped) were incubated with anti-human antibody
peroxidase only. After 1 hour the color development was
measured. The color development of the ELISA was quantified
with a CCD-camera and an image processing system. The set-up
consisted of a CCD-camera and a 55 mm lens (Sony CCD Video
Camera XC-77RR, Nikon micro-nikkor 55 mm £/2.8 lens), a camera
adaptor (Sony Camera adaptor DC-77RR) and the Image Processing
Software package Optimas, version 6.5 (Media Cybernetics,
Silver Spring, MD 20910, U.S.A.). Optimas ran on a pentium II
computer system.

The human anti-rabies virus G protein monoclonal

antibodies were tested for binding to the 15-mer linear and
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In all | ooped peptides position-2 and position-14

wowee/118spd aced by a cysteine PCT/EP2005/052410

(acet yl - XCXOXXXXXXXXXCX-m ni card) . |If other cysteines
besi des the cysteines at position-2 and position-14
were present in a prepared peptide, the other
cysteines were 30 replaced by an al ani ne. The | ooped
pepti des were synthesized usdiang standard

Frnoc-chem stry and deprotected using trifluoric acid
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B HIRTORES LR L ASETOPL N S enatnel derase
Qpewillyeshiikehl i pepttivessdipeti entibedBD- 6%eariTaltles 14 for
whi l.e cQ | ver ' ' Ei :
S ALE) SRR Rl b1 a0 TRt
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35 G S P Did by “RbAL et Bh Ao gl otrain
FRMQt Regidhsnshow sy sibe fieaan bndthonad té idespieesive

wer.e prepared as described 10 _above. Bjndi f these
%BH%%&S&ngafﬁ REFH1IHE: lgngrﬁgog%%es%%%%?géBWas
t est e@dtliBoay PERSCAMN asetd ehzyitnbankeebtidamdavisgagn

ELI SA) .. The 455-wel | creditcard:forpat pol ypr.opyl en
b BnP SRR (F SR domy Ef REr QT8
dixENoRt &dCeirtd (éEo ard iNvedilas , ( LRGPOKDKI.CEGN TGN e@BEQON ID

bl ocking_ 15 sol ution, I ch_cont ai 59 ~Ser

NS e BB RL PR U FREs T e AR R (smo

msjajb@g7 )t h gcggjgi,d:@kemdm}m & SEQC m;)aNe 3wy h camKdem) MRIL.MD

ant i body peroxidase (dil ution 0 . r, 25C

ke di R Saat  REEkd S dhnrbe, SAB D AT s

SRl RTADAT - a8kd OorsliNG:-32thy bhenRLOGCHZELRIMDAN (SEQ ID

sul fonate (ABTS) and 2 pl/m 3%6%2&% was qgged.. i d

Nom42d| < sepofablenkdk- IPSEhe R Swer e P Acubar®H W £
dedudzRanant khegyLcmer opgrdas® 80k $17Af t RCKIKITBVLGLREM

col or develognent was rmneasured. The col or develoqpent

63EQ H® RO SA %a%aﬁ%aﬁﬁiqq?ﬂflue that is lower than twice the

average value. Nevertheless these peptides were claimed,
because they are in the near proximity of a region of
antigenic peptides recognised by antibody CR57. Binding was
most prominent to the peptide with the amino acid sequence
KLCGVLGLRLMDGTW (SEQ ID NO:322).

Antibody CR04-010 bound to the linear peptides having an
amino acid sequence selected from the group consisting of
GFGKAYTIFNKTLME (SEQ ID NO:323), FGKAYTIFNKTLMEA (SEQ ID
NO:324), GKAYTIFNKTLMEAD (SEQ ID NO:325), KAYTIFNKTLMEADA (SEQ
ID NO:326), AYTIFNKTLMEADAH (SEQ ID NO:327), YTIFNKTLMEADAHY
(SEQ ID NO:328), TIFNKTLMEADAHYK (SEQ ID NO:329),
IFNKTLMEADAHYKS (SEQ ID NO:330) and FNKTLMEADAHYKSV (SEQ ID
NO:331). The peptides having the amino acid sequences
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with a CCD-canera and an i nage processing system The
set-up 25 consisted of a CCD-canera and a 55 mm | ens

W@ 3oy 186E8D Vi deo Canera XC 77RR, N kon ni cr o- PCREP2005652410
mmf/2.8 lens), a canera adaptor (Sony Canera adaptor
DC-77RR) and the |Image Processing Software package
Optimas, version 6.5 (Media Cybernetics, Silver
Spring, MD 20910, U S. A). Optimas ran on a pentiuml|
30 conputer system The humampsanti-rabies virus G
protein nonocl onal antibodies were tested for binding

= | I . 0 &6 4E:
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Jalle rbdh dBeprpEPE | €8S handicRgnkherafdhoraitdithg neutralizing
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1 317),
SERERBGETL 0 RERFEE SRS RSSTS8F Patibuet CHUA deteRkion-

i s | eecabRARL.ESTCELATMDGA Avenage Nel3®2) Newerthel ess
t hese peptides were claine ause they are i tlie
%ﬁﬁiar v

GREAYFLERKATVGABRHEKT 6 of o gp %ggf??aén?ﬁe ot
fﬁ%é%@yﬁaﬁg P¥g§8ﬁéh9§%ﬂ§R%iycBb@@E89nt§sed on their high
reactivity in PEPSCAN.

From the above PEPSCAN data can further be deduced that
the human monoclonal antibodies called CR57 and CR04-010 bind

to different regions of the rabies virus G protein indicating

that they recognize non-competing epitopes.

Example 12
Determination of neutralizing potency of anti-rabies G protein
IgGs using an in vitro neutralization assay (modified RFFIT).
The neutralizing potency of each of the produced human
monoclonal antibodies was determined in a modified RFFIT as
described in Example 1. Sixteen IgGs neutralized rabies strain
CVS-11 with a potency higher than 1000 IU/mg, whereas only two
IgGs had a potency lower than 2 IU/mg (see Table 15). Eight of
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nost promnent to the peptide with the am no acid
sequence KLCGVLG.RLMDGTW (SEQ I D NO 322). 25 Anti body

WERMSA® bound to the |inear peptides havi ng BOI/EP20DHE52410

aci d sequence selected fromthe group consisting of
GFGKAYTI FNKTLME (SEQ I D NO 323), FGKAYTI FNKTLMEA ( SEQ
ID NO 324), GKAYTI FNKTLMEAD ( SEQ | D NG 325),

KAYTI FNKTLMEADA (SEQ | D NO 326), AYTI FNKTLMEADAH ( SEQ
| D NO 327), YTIFNKTLMEADAHY &0 (SEQ | D NO 328),

TI FNKTLMEADAHYK (SEQ I D NO 329), | FNKTLMEADAHYKS ( SEQ

églegpyﬁ?égggf\] Qﬂgilﬁ?ﬁm%w%gymé§@ér%iéﬁl$Jp)rodqil?:%d CR-57

avi ng e am no acid sequences WD

w2005 rey864 4t POTHERPRO0S5/SUER4 0 1 0948 AYIYIRNK RIVEADAHCYSED Post
| 2 T . . i h
%%%pvaFgeg%ﬁ%%g1£§#% i s(§EgLE hgﬁ)éﬁ§97. Y ggFency

ower than twce the aver age V%
deverhkébatly t resduiqrebtORIES weseappupxinhtalat A%HE LHERY

are i.n the near. proxim f L on ' '
et dedoaor SabhRt oedil, T B5EhRosttE) iRy cr-o7
dizplayetl prpotamey dfo 5400e IPEpyi destein h(ddim awithghown) .

i d sequence Tl FNKTLMEADAHYK, ( SE D
PGNP KT 5D MO 5 e KT NEARER Ry
(oo 1bRaNCa3B8i1dod GRI B dend itftHedanbhbath es catiladde heavy 3-30
CRO%_;J_{O4O, CROﬁ 098 and 393 CR04- 103 (data not shown)
HF-Of PERBgNFZR %aargeegi i of linear antigenic
pept pdesd AaytwE 4heirshovefpepti dasibodpas ton heibdels virus
represents

ood c j dat es. of. eutralizi epi_t .

(R Bres SupPRC i b5 O AT e ReLrd Fortiy ntiBodies
MAGC imrcb@ig}ieﬁoRFFBf sasrtgaywe(lgiajtaJ naiknghdbn pntd hedieds oifo six
treat and/or prevent rables virus |nfec n.
wstieRCkERE Gl €1 FY! 'séé%flbo : 3§%§‘?a¢1%80 r CRO4-103,
Cﬁ‘?ﬁ‘-ﬁﬂ:, FN@LWMSVJe(r%Eth@eNOE f83 3jﬁunatﬂ|%r development.

_art_lcu arly |nteres_t|n regl on 0 t he ycaqpr tein
V%eré@@ SRienBRrReh gfr-f*tlrw&i %t4)70'r%ﬁ @@eﬁﬂ%@ m
idie relevaPERSCANIOad ta e thier hhghebe geehieeg thad.

t he human nonocl onal anti bodies called CR57 and . .
gmdrgteilg7300 IU/mg protein (see Table 15). A similar

potency was also .found for stably produced CR04-098 (data not .

shown) .

Example 13 ,
In vitro neutralization of E57 escape viruses by anti-rabies
virus IgGs

To further characterize the novel human monoclonal anti-
rabies antibodies the neutralizing activity of the IgGs
against E57 escape viruses was tested in a modified RFFIT as
described above. The majority of the anti-rabies virus IgGs
had good neutralizing activity against all six E57 escape
viruses (see Table 16). In contrast, CR04-008, CR04-018 and
CR04-126 did not neutralize 6/6, 2/6 and 3/6 E57 escape
viruses, respectively. No neutralization means that no 50%

endpoint was reached at an antibody dilution of 1:100. CR04-
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to different regions of the rabies virus G protein
indicating that they recognize non-conpeting
wepiosomsss 25 Exanple 12 Determ nation of neutPEI/ER1008052410

potency of anti-rabies G protein 1gGs using an in

vitro neutralization assay (nodified RFFIT). The
neutralizing potency of each of the produced human

nonocl onal anti bodi es was determned in a nodified

RFFI T as 30 described in Exampl e 1. Sixteen 1gGs
neutralized rabies strain CVS-11 with a potency

o'%h?heﬁo& hage 1%4—‘%’2@9 c&%ﬁ@%é@ Ofhy R - 1|6QG§,hBﬂeraa
ency |ower than (see Table 15). Eight of WO

szgoszfict_@ﬁuzld@@re@o&smgzzm@lz9159tavsétw:;&tYe@ﬁralnst a number
SFNLLBodL e QUL P! HAHIPY uHEADEL CahLY PHOWIAAEERTthese

gar o potency, ggesting a higher eff|C|encX
amtlpodnesehpssmwan;aﬁﬁﬂ¢¢bdxestbérr@&ﬁ%ﬁilm Q¥ ipdapectly in

tggp? The co%ggﬁégﬂtldnpEﬁé“ﬁ%%%écgfszh$a§bove

Xi et protein (see Tab
sb&kramheneasrabz&ﬂ)Nqnusdagéd BRy S5Fe thﬂﬂtﬁhﬁy yith CR-57 in

engy_o ot ei
F@Fésf?&b?? C??éng% %%“t§°QF(?%%§ L%r§#§ 2|ngxﬁunan
q?@ammbﬁﬁaglﬂnpafﬁxhuxhn dehblﬁas$lcaﬁt$ux1unmqme dliGe as
eav ernl i ne gene. (see
ﬁ?ﬁ?ﬁ Vg% ’t%éeag¥¥38%595 fg?bg F s vﬁgﬁ§%% OERO4_
(m;t Sh@%loandcﬁ@ﬁ%tﬁnd[a(midnCRdlﬁll-llm{lDndIEEp]tdyead good

A Dt ST S TR PR g, goscios

8R4 =340 op SO - BOSogrERA 13 theé‘BOdnﬂﬂdod:&nEd v@&)’d@eré4pot
wer e chosen for furt@ggépﬁggl gnent Q;tE'S
JfdeatedaRyi bBRy TR 3 PEPctl ?? & edring
Bk ido g @Rb@}‘@QBt@ﬁaéﬁﬁi’&&bsmObebmyslng&slnce it had a
Sppomiely 100 1, ot enn (28 Jae 10heed viruses.
CR04-098 (data not,,% . shown). 20 Exanple 13
Example 14
Epitope recognition of anti-rabies antibodies CR-57.and CR0O4~-
098

To confirm that the human monoclonal antibodies called
CR-57 and CR04-098 recognize non-overlapping, non-competing
epitopes, escape viruses of the human monoclonal antibody
called CR04-098 were generated essentially as described for
escape.viruses of CR57 (see Example 1) . In short, the number
of foci per well was scored by immunofluorescence and medium
of wells containing preferably one focus were chosen for virﬁs
amplification. All E98 escape viruses were generated from 1
single focus with the exception of E98-2 (2 foci) and E98-4 (4
foci). A virus was defined as an escape variant if the
neutralization index was <2.5 logs. The neutralization index
was determined by subtracting the number of infectious virus

particles/ml produced in BSR cell cultures infected with virus
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In vitro neutralization of E57 escape viruses by
anti-rabies virus I1gG To further characterize the

woensiiidsytran nonocl onal anti- 25 rabi es anti boPiBEP100%052410

neutralizing activity of the 1gG against E57 escape
viruses was tested in a nodified RFFIT as descri bed
above. The majority of the anti-rabies virus 1gG had
good neutralizing activity against all six E57 escape
viruses (see Table 16). In conmyrast, CRO4-008,

CR04- 018 and 30 CR04-126 did not neutralize 6/6, 2/6

Bids HdhdAbreSCaRe i pYhY UPESs f%gﬁgtf'g\éﬁ! ¥heMNumber of

heutral | zation neans that no 5 ndpoi nt was reached
anfeqtimns bddysdpeutioheofmll :IElucgR04 nWBSR005/ MNAB 6ZAl 1
. - 108, -120 .

BB BlLRUD 198 It Iie Mo RdetsOsoming .
unipe(nk atimzisnd naebsenty afjaiarsicl@nadnbetibofly estmpe log

' . isS.S t hat e -epi_t.o hese .
gﬁ%i %3“.‘%% gLsIf g’%%%gé??eg e@%%lheraldfel?lgg%f)éygf' An index
iLoger edtdry 2.5 S.oghewk&S7cescajrerad rass egliieope ob i esca@re .
t he Si f the_aboye everal ti-rabies virus |g

nay g@’3%%%&6Fbﬁ5vﬁf¥ﬁg?§?5€h%%1éggé_gggib%%%?eéo 2 &ferent
sogkda 1 dpgri nge s hoex pospks el oy ciyHoel eompeeatimemtCR437, CR-

rticular, the panel si x uni_que 1gGs_as \ o
Piis thired aoaAPE ok Si i R tRe6s OTos PRBUT o RFFIT
£804y 14 R3crGB4- 203ve CRO-sHen dmd TeBQ4- 144, CR-57 had good
di spl ayed good . .neutrali zi t enc rds the E57
RATHAREE g R Ao g ARl e AR I ST et ot
hddithﬁﬁ&:laﬂﬁ;t,i h@dﬁb&dmsé m%m Ca:ana{f t&ofdedélbi;w%h@ tested for
am no acid nutati ons i nduce -57. Anti bo
SRR e aetay g Ot reet e, B baceptl kkPidas, Botn
et Bvsyidy gher nbltancd0091 14 nthd aroseachapt heues€apRita not
viruses. Exa EE)i t ope, recogni tion of

SHOTE 1906 b bR BoLeR S RE GROASNGERITOY PER
sepibsdnddals thenBuman-sorel analn@arkichodi gsreatd@dby the
G ST and, CRO4.098 1850001 28, NON- Vel | 8RB Ts . 7ne
antibodies CR04-018 and CR04-126 were tested for neutralizing
activity against only one of the E98 escape viruses, i.e. E98-
4. CR04-018 was capable of neutralizing the escape virus,
while CR04-126 only had a weak neutralizing potency towards
the escape virus. This suggests that the epitope recognized by
CR04-018 is not affected by the mutation induced by antibody
CR04-098. Additionally, the antibodies CR04-010, CR04-038,
CR04-040, CR04-073, CR04-103, CR04-104, CR04-108, CRO04-120,
CR04-125, CR04-164 did not neutralize E98-4 suggesting that
they recognize the same epitope as CR04-098 (data not shown).
To identify possible mutations in the rabies glycoprotein
of each of the E98 escape viruses, the nucleotide sequence of
the glycoprotein open reading frame (ORF) was determined as
described before for the E57 and EJB escape viruses. All E98

escape viruses showed the mutation N to D at amino acid
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epi topes, escape viruses of the human nonocl onal
anti body called CR04-098 were generated essentially

w@sgoodasssnd bed for escape-viruses of CR57 (SeePERBPPDH052410

1). In short, the nunber 25 of foci per well was
scored by i munofl uorescence and nmedium of wells
containing preferably one focus were chosen for virus
anplification. All E98 escape viruses were generated
from1l single focus with the sxception of E98-2 (2
foci) and E98-4 (4 foci). Avirus was defined as an

%%%E‘i‘o ags Nt a‘{ é'l%b%snﬁggééﬂa}:&@éi ”(éé%d%ﬁg‘(‘%% §%. 9This

0gs. e neutr I zation | eterm ne
mmlpac@f mehe hel yaepyerttedh hafeke¢wudefinags as antigenic site

R85 LERBRLILPra0UcRt 0 BER S5 a8t LR AR Floue
m?oellicn;wtﬁ )| bddyrqointﬁragw m:l;rﬂi? o?cgd?nwdbRenr @bltope
1BLRELL P AL RAIS 208000 REGHNGED NERELY chBa1
beppﬁdg),ummieﬂ:ﬂveﬂhi?s MEFBS?fﬁEg?ch:3?m@cuonah addition to
A0k R ke chl e ade b Sy AT w85 snovea
wae mobstiled et &s é%\gl:dgglgaooézj;dtc%qn?tdlm} f:r&zla l‘(ebdon change
T LLEREE G dma-aatismmaty ReP iR Dp oldatn Shkq spgwn) -

o B e aer i bod chou. ne Shom rdes
A TREBFLSS A s o, B s R thge [ | e vedt i ED *¢lcape
&gaiBest) afild féver B9 teseapeavtitsest cREalsoadbllyshed (data

bod CR04-010 d d f
REtt PAPY) ngh Heriioy s aGRPASDOF e EotF oo sp@apiPugBsbinding

Bot Rheaftt Host e ychdekine m&&aﬂ;tz@@ aHOf38$0aRAtation)
viruses (data not 15 shown) suggestleég t hat the

EPPEEPES e%g?ﬁpz&f%fe&&tsh At Py S Qs Tdiofh gy tometry

digkeat hyt Oshowieh I eGidny tablighat edrbyed NN tRAMNAAGAEKEs mutation
mut at i on i nduced by anti body CR04-098. The anti bodies

TRO%Z- D2l AP RN 362GEr e t est ed for neutrali zing

acti virh ¥+ Rgahded @f em@bpihe FOGRSCAPR Wirk¥Se8y ranking
i.e. E98 20 4. CRO vvas capabl e of neutralizing
@ﬁgdégéa%%rqlpqﬁﬁormed using surface plasmon resonance

analysis using a BIAcore3000™

analytical system. Purified
rabies glycoprotein (ERA strain) was immobilized as a ligand
on a research grade CM5 4-flow channel (Fc) sensor chip
(Biacore AB, Sweden) using amine coupling. Ranking was
performed at 25°C with HBS-EP (Biacore AB, Sweden) as running
buffer. 50 pl of each antibody was injected at a constant flow
rate of 20 pl/min. Then, running buffer was applied for 750
seconds followed by regeneration of the CM5 chip with 5 upl 2M
NaOH, 5 pl 45 mM HC1l and 5 pl 2 mM NaOH. The resonance signals
expressed as resonance units (RU) were plotted as a function
of time and the increase and decrease in RU as a measure of

association and dissociation, respectively, were determined

and used for ranking of the antibodies. The actual KD values
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whil e CR04-126 only had a weak neutralizing potency

towards the escape virus. This suggests that the
we@piosoms44 ecogni zed by CR04-018 is not affectrdl/BpobHes2410

nmut ati on i nduced by anti body CR04-098. Additionally,

t he anti bodi es CR04-010, CR04-038, 25 CRO4-040,

CR04- 073, CR04-103, CR04-104, CR04-108, CR04-120,

CR04- 125, CR04-164 did not neutralize E98-4 suggesting

that they recognize the sameeepi tope as CR04-098

(data not shown). To identify possible mutations in

e cRahi gﬁ% %ﬁ&@ﬂf S @i 4e®E rRRB4 Oy tg\ﬁ:@% S1&a8Ren

Vi ruses, e nucl eotlde sequence of” 30 t
r@lsybo@pcet eialypen wesadi2ndg hMamad( W)nl‘%agf%é’leé’ﬁ?ﬁﬂvﬁéa The
écﬁégffnﬁg%ﬂcﬁefso rfug:lﬂﬁeESZoﬁfgrr@cﬁ G8RR57 and CRO4-

escape viruses showed the nutation N
Q&B Dlad o ¢ibf S eh \BPAG0BLE18844aPRTY ERXBTHPS24 00

%% ROILAT 8P 3y Al d L{iﬁtehaﬁhea GLYGORLO!SH e 6L (BLOU' fot
regi on of ycoprot as been defi ned
showalt | gEhec Emjentﬂdd odbﬁﬁﬂﬁspﬁg af agdituagilddncrease in

330- 338 t hout I
Hﬁ?ﬁ??ﬁ?tieféﬁ55irec rﬁ%?e anlg%?fogg %%#%Q%% qgat binding
sﬂﬂeBOfaﬁldBOQQ@B@EMedQWmmhepbngpmedhO@ataIEFﬁﬂShOWH) Similar
ept.i de whi ch ove h antigenic.site
’%@dﬁ&e:is SF% OP¥RF rrut ati onv?ﬁge B Es d5i5e a\?:prliﬁgd
Hhied EA8t Sesdioveat: idduy m&b&hednskmirafgﬁﬁ kﬁﬁeﬂﬁ acid
osi tion 35 codon, cha ie
REOPOrorh (i G e LABRNErERdIot pasu]y These
IS $uethbi ndémishfraER5Zhbe PRPYI ded CIthér—k&a& icag Rind

nmut at ed CR57 epitope (as observed ip E57 escape )
IS 88r STy chith Ao e FICL FORNDr CopPamen the rabies

ahals ghedopdatainnot shown). Strlklngly CRO4 098 was

till bl f bindi t th t at t
{comPFEPnd (Ha® NEABIS AR GF P8 EapTLRRc g o

DERYBE: erlb%, ans W%d rlaysof;hme cyioneidty nopdat a
not shown), even though viruses contai this

nin
HATACPBANIWBP EEPRE S onlet- FEULPRPP2E8. alr”!‘iﬁ‘? GroYide T and
£t Q{é%pgeemegystmé e tanGraf Ehngb¥dr agikédigentstwddheshe

gfﬁﬁvpegsoggggegféﬂgliﬂﬁ&?%% 12%%?82 {Eg@ﬂ%ﬂ%% and CR04-098
do not compete for binding to ERA G and the good neutralizing
activity of antibody CR04-098 against all E57 escape viruses.
On the basis of these results and the fact that in vitro
exposure of rabies virus to the combination of CR57 and CRO4-
098 (selection in the presence of 4 IU/ml of either antibody)
yielded no escape viruses (data not shown), it was concluded
that the antibodies CR-57 and CR04-098 recognize non-
overlapping, non-competing epitopes and can advantageously be

used in an anti-rabies virus antibody cocktail for post-

exposure prophylaxis treatment.

Example 15
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20 anal ysis using a Bl Acore3000TM anal yti cal system
Purified rabies glycoprotein (ERA strain) was

w0 pavebideizred as a ligand on a research grade EBMSEP2005/052410
4-flow channel (Fc) sensor chip (Biacore AB, Sweden)
usi ng am ne coupling. Ranking was perfornmed at 2.5C
with HBS-EP (Biacore AB, Sweden) as running 25 buffer.
50 }il of each antibody was injected at a constant
flow rate of 20 pl/m n. Thenporunni ng buffer was
appl i ed fgr 750 seconds followed by regeneration of

, , . ) 5

AR Roeh, e RAGTNeL SonariPos R o By R
engﬁ@ﬁ@ﬂgé9ﬁnits (RU) were plotted as a function 30 of
time_and t ] ; reasenl ; u
of " Ai8ontatreh BARGEISAIER BioenLE ity SRR, Kecaur
wigthdmmisRedIDand: 3324 ther negrikinngfothe hel senantsddiias of rabies

The actual KD yalu 2005/, PCT/
Rl G T R 05440
JllaasmRen scaas bngncectanslogsi)s wasr el2gded W Bid mhdd eijide

respectively he epitope ppRi.Nng. dj r
R
& tcfb@x%?r@ﬁtﬁ_abi €8 they/capirteioel Nseb Tabketl®n GfheCRBMple set

resulted in a response of 58 .RU ata_not. .
t&ines BErRgnt RN &ﬁ"%&%‘gﬁﬁ 314 1?%3&\?})33%
FasPRRSOr eveh (3defti)c wasimelisaimped, 15kghestitrigert gt rabid

bi nding _sites for 4-098 e not_occupi ed (dat
?ﬂitlrsq?owﬁ)r?qgﬁﬁFYa?Igﬁ?%%]lﬁ t% easlﬂiggr?l%jp Svhen aﬁ%
ﬁé%%ﬁf?? @ﬁ@ﬁ&ﬁwgﬁea@p?imaiiﬂﬁﬂﬂmwg rRgglbat reaediled that the
anti body reached sim|ar RU el s .regardl ess .of .the

G iehoad] TeRiLBBER oROR T tTRT HGWAPL EPRESEST ¢ UL
éé&[ée%’]:tafecﬂe@lgsﬁ.ﬂzé_gﬁetmtpﬂiao@?f@n%és 088ns@rvda rich 99.6%
si mul taneously and recogni ze di rent _epitopes on the.
Fhiss L8PS bl JEBHE bl L8/ &g SPPISERE B HEE e
£ tHer1GeRf ke bhatride. mdithediseswbRahd itke (L and C)
CR04- 098 recogni ze distinct non- qverl ap ing it%?%?’
vere QOARIGHedYi AORRETYRMI cisittte PRLARyeH phat the central
éfgﬁgﬁﬂé\Egéﬁduzhgsd@ﬁﬁuéﬁ&%éﬁlﬁﬂ%ﬂ&o@géaeﬂﬁnﬁhé“@Iyddpiotein

folding and is conserved among all lyssaviruses (see Badrane

and Tordo, 2001). The glycine at position four was conserved
in 98.7% of the isolates, while in 3/229 isolates mutations
towards charged amino acids (G>R in 1/229; G>E in 2/229) were
observed. The fifth position was also conserved with the
exception of one isolate where a conservative V>I mutation was
observed. At the sixth position, which is not a critical
residue as determined by an alanine-replacement scan,
significant heterogeneity was observed in the street isolates:
I, in 70.7%, P in 26.7% and S in 2.6% of the strains,
respectively. Taken together, approximately 99 percent of the
rabies viruses that can be encountered are predicted to be

recognized by the CR-57 antibody.
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gl ycoprotein
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v| r usti%ol té&g gﬁ%&%ﬁej f on the §Bre>éﬁgzﬁgf (1U/mg)
mpt a/sons I{n Bodn the €3% 57| and | CNB4-1098 ¢pi7Bdpe. | 605
N

bne_of thdse 123 street vitrused di-dcontdi-p—mHtatHons

TTOCT O[T OITg

N both epgitopes. [The N>D put atli on as observed in the

[

EWW@%W BSENt Fom28nT y ] 0Ve0% I U.6
i ol ates. These virjuses wetre gaographically distilnct
ahd Bxthat dd from ani k% i h  AfEB2C see | FPg0P8 9% or
phyt EettctrEe, e ol Ve[ VITUE 8290 at €%0.008. | 3
AE325483, AF325482.| AF325481., AH325480 an AE325485
afe ESﬂ:BZ:at ed it boI d<0.Bhe| phy!|dyE?& | Ciﬁgl -ysi s |0f0-3
10— yeapr tet+h—se reveatietthat NS VT T €S
W t gﬂi?ated 57 epitopesjare onlyﬁgistanI36reI§§ed
to rmmcas Vi r uses peardilng & nut|@BBFCRO4 @@80ép| tdbé)ﬁ
Theref-ore—the—tHkeH-hood—ot—ercounter+ng—a—+ab

virus resistant to neutralization by a cocktail of
CR-57 and CR04-098 is 15 virtually absent. WO

2005/ 118644 PCT/ EP2005/ 052410 102 Table 1:
Neutralizing potency of CR-57 and CR-JB agai nst w | d-



type and escape viruses. Potency Potency Potency

Potency CR-57 CR-JB CR-57 CR-JB Virus (11U ng)
woOhWsmaye4yi rus (11U nmg) (1Wng) CVS-11 3797 60BCTO¥B2003/052410

3797 605 E57A2 0 <0.2 EJB2B 0.004 0.6 E57A3 0 419

EJB2C <0.004 2 E57B1 0 93 EJB2D <0.004 3 E57B2 0O

<0.3 EJB2E <0.2 <0.3 E57B3 0 419 EJB2F <0.06 3 E57C3

0 31 EJB3F <0.04 0.06 5 WD 2005/118644

PCT/ EP2005/ 052410 103 Tabl e133 Human | anbda chain

variable region priners (sense). Prinmer nane Prinmer

I%,lf)cil(ej\%r ﬁ%?%%gﬂ%&p céfae_%u ﬁ%‘fc%%g@éf A}%j:é)&l Céirs:'leer HSU \$)S(ZGL:IBlse) .

- CAGTHERGIGYEGACG :E@ﬂl@eN@EOgemC- 3 SEYALC NO
5' CAGICTGICGTGACG DEQIDT%%LEE}E GCCACC- 3" HuVX2
5' - CARTCTGCCCTGACT BEQ I D CACGCCI[-3'  HuVA3A

5" - TCCHAVEWSCTGACT PBEQY IO N BB OABOTAGC: 3' SEQUUX3B: 208
5' - TCTTCTGAGCTGACT EEQ I gAk'llgcé‘%i 3CAGGACCC- 3' HuVX4
5' - CACGTTATACTGACT BEQ | CCGCC- 3 HuVVAS

5 - CAGELVEI BCTGACT BE®Y L&mmmc- 3" SEQ ID NO:209
CAGCCGCC-3”

HuVAlcC 57 -CAGTCTGTCGTGACG SEQ ID NO:210
CAGCCGCC-3’

HuVA2 57 -CARTCTGCCCTGACT SEQ ID NO:211
CAGCCT-3'
HuvVA3A 57 ~TCCTATGWGCTGACT SEQ ID NO:212

CAGCCACC-3'

HuVA3B : 57 -TCTTCTGAGCTGACT SEQ ID NO:213
CAGGACCC-3"

HuVa4 57 -CACGTTATACTGACT SEQ ID NO:214
CAACCGCC-3'

HuVab 57" -CAGGCTGTGCTGACT SEQ ID NO:215
CAGCCGTC-3*

HuVA6 57 ~-AATTTTATGCTGACT SEQ ID NO:216
CAGCCCCA-3’

HuvA7/8 57 -CAGRCTGTGGTGACY SEQ ID NO:217
CAGGAGCC-3'

HuvaA9 57 -CWGCCTGTGCTGACT SEQ ID NO:218

CAGCCMCC-3”




HuVX6 5' - AATTTTATGCTGACT SEQ I D NGO 216 CAGCCCCA- 3
HuVX7/ 8 5' - CAGRCTGTGGTGACY SEQ I D NO: 217 CAGGAGCC- 3
woluh0sa 18644 CWGCCTGTGCTGACT SEQ | D NGO 218 CAGCCMECT2P200£052410
2005/ 118644 PCT/ EP2005/ 052410 104 Tabl e 3: Human
kappa chain variable region prinmers (sense). Priner
name Primer nucleotide SEQ ID NO sequence HuVx1B
5' - GACATCCAGWGACCC SEQ I D NG 219 AGICTCC-3" HuVic2
5' GATGITGTGATGACT SEQ | D NO1320 CAGICTCC-3' HuVK3
- GAAATTGTGAWTGACR SEQ I D NO 221 CAGICTCC 3' HuVvx4

SRR T R S

- CAARIKGIETEGACT C| SEQ i rNOu224o0t AGT CTICC- 3' ¥R ID NO
2005/118644 PCT/EP2)05/052410€ﬂ%%§ Tabl g 4: Human
kappa chain vari abl ¢ regi on %ﬁlners extegnded wth

Sal T rastklsii on si|ey {Gengerachuegroc&appa 6AQiI ADJINO:219

region primers extepded w th I, restrijction sites (a
sense), human | anbda chai%éygiﬁgﬂﬁ e regifon priners

EXTENUEgirB M TN Sal | BEESCATCTTOIGASIdES (j[sensekoand NO:220

human | anbda chain J- region prinmers extlended with
Not| restriction si{es (&fi’c §&nse). Prfimer name
T TTTET  fiEEE FOUT UE SEUsF LGARA TTGTGWTGACR SEQ ID NO:221
CAGTCTCC-3'
HuVk4 57 ~GATATTGTGATGACC SEQ ID NO:222
CACACTCC-3"
HuVk5 57 ~GAAACGACACTCACG SEQ ID NO:223
CAGTCTCC-3'
HUVK6 57 ~GAAATTGTGCTGACTC SEQ ID NO:224

AGTCTCC-3’




sequence HuVx1B-Sall 5'-TGAGCACACAGGICG SEQ I D NO 225
ACGCGACATCCAGWMGACC CAGICTCC-3' HuVvK2- sal |
W6 '2005@AEACACAGGTCG SEQ | D NO. 226 ACGGATGI TGT GATGARET005/052410

CAGICTCC-3' HuVK3B-Sall 5' - TGAGCACACAGGTCG SEQ I D
NO 227 ACGGAAATTGTGMGACR CAGICTCC- 3"  HuVx4B- Sal |
5' - TGAGCACACAGGTCG SEQ I D NG 228 ACGGATATTGIGATGACC
CACACTCC-3' HuVvx5-Sall 5'- TGAGCACACAGGTICGACG SEQ I D
hK)229 GAAACGACACTCACGCAGTCT 106£C- 3" HuVx6- Sal

- TGAGCACACAGGTCG SEQ I D NGO 230 ACGGAAATTGIGCTGACT

T e s BT T TR T 51 B

W8 thGAET CATI CTCEACIOSEQHeD NO=288) WO 2a06/kekged ghain J-

OROERCET TR o ST 5 A PR ARG B

sanQel) [ hﬁmﬁﬁ31éﬁEEKX&MHEET?@%IAﬁIEﬁ@Egﬂaﬂ133m33353eXtended

#%%%%%@%%C%d SEg&m I\puma?hA' lambda chain J-

region primers extended with NotI restriction sites (anti-

sense) .

Primer name Primer nucleotide SEQ ID NO

sequence

HuvklB-Sall 57 -TGAGCACACAGGTCG SEQ ID NO:225
ACGGACATCCAGWTGACC
CAGTCTCC-3'

HuVk2-Sall 57 -TGAGCACACAGGTCG SEQ ID NO:226
ACGGATGTTGTGATGACT
CAGTCTCC-3’

HuVk3B-Sall 5’ -TGAGCACACAGGTCG SEQ ID NO:227
ACGGAAATTGTGWTGACR
CAGTCTCC-3'

HuvVxk4B-Sall 57 -TGAGCACACAGGTCG SEQ ID NO:228
ACGGATATTGTGATGACC
CACACTCC-3'

HuVk5-Sall 5’ -TGAGCACACAGGTCGACG SEQ ID NO:229
GAAACGACACTCACGCAGTCT
cc-37

HuVK6-Sall 57 —TGAGCACACAGGTCG SEQ 1D NO:230
ACGGAAATTGTGCTGACT
CAGTCTCC-3'

HuJdx1l-NotI 57’ -GAGTCATTCTCGACTTGC SEQ ID NO:231
GGCCGCACGTTTGATTTCCAC
CTTGGTCCC-3’

HudxZ2-NotI 57 -GAGTCATTCTCGACT SEQ ID NO:232




HuJx5- Not | 5' - GAGTCATTCTCGACTTGC SEQ I D NO 235
GCCCCCACGTTTAATCTCCAG TCGTGICCC- 3" HuVAlA- Sal |
W6 '2005@AEACACAGGTCGACG SEQ | D NO 236 PCT/EP2005/052410
CAGTCTGTCCTGACTCAGCCA CC-3'  HuVAlB- Sal |
5' - TGAGCACACAGGICGACG SEQ | D NO 237
CAGTCTGTGYTGACGCAGCCG CC-3'  HuV1C Sal |
5' - TGAGCACACAGGTCGACG SEQ | D NG 238
CAGTCTGTCGTGACGCAGCCG  CC-3' 1dduVX2- Sal |
S' - TGAGCACACAGGTCGACG SEQ I D NO 239

CARTOTL TN N L\

S T CAGCACACAGIT CA GG GE ST DERES 270 AT
TCCTATGWGCT GACT CAGJICA CTCCABCTTERTAGE- Fal |

B! TOACCACACACCTCCACC- - SEO 1 DY

T R AT ARl A G TOGACTTCr SEQ ID NO:233

5' - TGAGCACACAGGT CGACG: SHEEA @ N @ARATCCAC
CACGTTATACTGACTCAAQCG T%%%%‘%ééawm PCT/ EP2005/ 052410
107 CC-3' HuVAS- Sl CAGGTCGADG SEQ | D

NO 2430 eAG&Ed GI GC GA@TG&@@@CAT@B@CGA¢tnﬁKJ SagtQ ID NO:234
5' - TGAGCACACAGGTCGACG

AATTTTATGCTGACTCAG(CCT@Q CG%@%T%%%H
5" - TGAGCACACAGGT CGACG caic@alcB TG 246C - 37

HuJxk5-NotI 57 —GAGTCATTCTCGACTTGC SEQ ID NO:235
GGCCGCACGTTTAATCTCCAG
TCGTGTCCC-3"

HuVAlA-Sall 5/ -TGAGCACACAGGTCGACG SEQ ID NO:236
CAGTCTGTGCTGACTCAGCCA
cc-37
HuVA1lB-SallI 5’ ~-TGAGCACACAGGTCGACG SEQ ID NO:237

CAGTCTGTGYTGACGCAGCCG
cc-37

HuVAh1lC-Sall 57 -TGAGCACACAGGTCGACG SEQ ID NO:238
CAGTCTGTCGTGACGCAGCCG
cc-37

HuVAZ2-Sall 5’ ~-TGAGCACACAGGTCGACG SEQ ID NO:239
CARTCTGCCCTGACTCAGCCT-
3’

HuVA3A-Sall 57 -TGAGCACACAGGTCGACG SEQ ID NO:240
TCCTATGWGCTGACTCAGCCA
cc-37

HuVA3B-Sall 57 -TGAGCACACAGGTCGACG SEQ ID NO:241
TCTTCTGAGCTGACTCAGGAC
cc-37

HuVA4-Sall 57 -TGAGCACACAGGTCGACG SEQ ID NO:242
CACGTTATACTGACTCAACCG




CAGRCTGTGGTGACYCAGGAG CC- 3'
- TGAGCACACAGGTCGACG SEQ | D NGO 246
wOoWEBATEIECT GACTCAGCCM CC- 3

5!

HuVX9- Sal |

HuJ X1- Not |

5' - GAGTCATTCTCGACTTGC SEQ | D NO 247

GGCCCCACCTAGGACGGTGAC CTTGGTCCC- 3!

5' - GAGICATTCTCGACTTGC SEQ | D NGO 248

GGCCGCACCTAGGACGGTCAG " A CTTGGTCCC 3

5' - GAGTCATTCTCGACTTGC SEQ | D1 249
GGCCGCACYTAAAACGGTGAG CTGGGTCCC- 3" WO 2005/ 118644

ImYas ol i nlaVaVa¥ull AV a

PCT/EP2005/052410

HuJ X2/ 3- Not |

HuJ X4/ 5- Not |

PCHEP2665+652410—T168—TFabt Sa7orstributyomof—the
different |ight chain products over the |10 fractions.
Li ghBuchzt $eNunber | of’ FrGhadAGACAGGELCEALErjact iSBD ID NO:243
products alleles nuq%%%i %59§Cé§ é and 2 9.5
Vk2/Jkl-5 9 3 9 k3 94-%5‘/?} 98F ki -5 1
Vk5/JkI 5155 VK6/JKI-5 ECVAIA/JII- VA1B/ JI -3 5
NALCL 11 o] \IA)/ 1|I 2 B NA2AL 11 I 3 9 Q 0
VASBVBY%6%§a%&4/JII 35 TGAGCACACAG&TCGACG SEQ ID NO:244
AATTTTATGCTGACTCAGCCC
CA-3'
HuVA7/8-Sall 5/ -TGAGCACACAGGTCGACG SEQ ID NO:245
CAGRCTGTGGTGACYCAGGAG
cc-37
HuVA9-Sall 5/ —-TGAGCACACAGGTCGACG SEQ ID NO:246
CWGCCTGTGCTGACTCAGCCM
cc-37
HuJA1l-NotI 57 —GAGTCATTCTCGACTTGC SEQ ID NO:247
GGCCGCACCTAGGACGGTGAC
CTTGGTCCC-3"
HuJA2/3-NotI 5’ —-GAGTCATTCTCGACTTGC SEQ ID NO:248
GGCCGCACCTAGGACGGTCAG |¥
CTTGGTCCC-3"
HuJA4/5-NotI 5/ -GAGTCATTCTCGACTTGC SEQ ID NO:249
GGCCGCACYTAAAACGGTGAG
CTGGGTCCC-3"




V2,5/J11-31° 95 VAG6/JII-31V2,,7/8/ill-3 3 10 6
VA9/JI'1 -3 3 WD 2005/ 118644 PCT/ EP2005/ 052410 109
woabilsa 1§44 Human |1 gG heavy chai n vari abl e r egi ORCP/EPRWES52410

(sense). Prinmer nane Primer nucl eotide SEQ ID NO
sequence HuVHLB/ 7A 5' - CAGRTGCAGCTGGIG SEQ | D NO 250
CARTCTGG 3" HuVHIC 5' - SAGGTCCACGCTGGIR SEQ I D NO 251
CAGICTGG 3' HuVH2B 5' - SAGGTGCAGCTGGTG SEQ I D NG 252
GAGICTGG 3" HuVH3B 5' - SAGGTGGACCTGGTIG SEQ | D NO 253
GAGICTGG 3" HuVH3C 5' - GAGGTGCACCTGGIG SEQ I D NO. 254

B U

GAGT GBEG1Y frEloVHEBs 5' -

ESTRARET AN 8 T R

GARGITGCACGCTGGTG SEQ | D NO 257

%?ggducts

NO 256

CACTCTCL. 2! Ll \dde A CACCTACACOCTOCOMAN SN r~ Loy mil 0
AR RS ve] 20BBRET8 6T P/ ERTCEL BB 10 oD/ fraction
Tabpeodiictduman( | gGahealygschain varwiiles regijon primers
exte Hﬂd wi-t-h-Sfi 1/ Neogl—rest+i-ctighn—sttes—{serse)—apd
huWehP/ TG oheally chai ™ J-regifon pri ﬁﬁflszext\ ended wi lgh
[ XNYROBIKELS 9

Vk3B/Jk1l-5 7 4 7

Vk4B/Jk1-5 1

Vk5/Jk1-5 1 5 5

Vk6/Jk1l-5 3

VA1lA/J11-3

VA1B/J11-3 5 6 5

VAlC/J11-3

VA2/J11~3 5 7 5

VA3A/J11-3 9 8 9

VA3B/J11-3

VA4/J11-3 3

VA5/J11-3 1F 9 5

VA6/J11-3 1

VA7/8/311-3 3 10 6

VAa9/J11-3 3




restriction sites (anti-sense).
nucl eotide SEQ I D NO sequence

Pri nmer
HUVH1B/ 7A- Sfi |

nane Pri ner

w6205l HICCCAACTGCG SEQ | D NO 259 GCCCAGCCGECCACGERLN05/052410
CAGRTGCACCTGGTGCAR  TCTGG 3" HuVHLIC Sfi
51- GTCCTCGCAACTGCG SEQ I D NGO 260 GCCCAGCCGGECCATGECC
SAGGTCCACCTGGTRCAG TCTGG 31 HUVH2B- Sfi |

- GTCCTCGCAACTGCG SEQ | D NG 261 GCCCAGCCGGECCATGECC

5!

CAGRT CACCTTGAAGGAG TCTGG 3

- GTCCTCGCAACTGCGECC SEQ | D NO 262

WWM@%@Q RSy prime=s

(RECABUCEECCATGECC  GAGGTGCAGCTGGTGGAG  WCYGG 3!

g VH3B- Sfi |

He\AHA B S5 GFCCFEEEAACTEEG—SEO+-DNG-264
coocAEtEaER aaoC | CACCTEEAGETABRELAS Tieaas: 3752 1 MO
HuVHAC- Sfi |l 5' - GTCCT CCCAACT &fpisste SEQ | E NG 265
FG_ VWO 2005/ 118644 PCH ER2005/052410
5' - GTCCTCGCAACTGCCG $EQ | RaAN@ca66-36CCCAGCCCECCATGECC
HuVHIC 57 -SAGGTCCAGCTGGTR SEQ ID NO:251
CAGTCTGG-3'
HuVH2B 57 -SAGGTGCAGCTGGTG SEQ ID NO:252
GAGTCTGG-3'
HuVH3B 5’ -SAGGTGCAGCTGGTG SEQ ID NO:253
GAGTCTGG-3"
HuVH3C 57 -GAGGTGCAGCTGGTG SEQ ID NO:254
GAGWCYGG-3'
HuVH4B 57 -CAGGTGCAGCTACAG SEQ ID NO:255
CAGTGGGG-3'
HuVvHAC 57 -CAGSTGCAGCTGCAG SEQ ID NO:256
GAGTCSGG-3'
HuvH5B 57 ~-GARGTGCAGCTGGTG SEQ ID NO:257
CAGTCTGG-3'
HuVH6A 5’ -CAGGTACAGCTGCAG SEQ ID NO:258
CAGTCAGG-3’




GARGTGCAGCTGGIGCAG TCTGG 3" HuVHAA- Sfi

5' - GTCCTCGCAACTGCG SEQ I D NO 267 GCCCAGCCGGCCATGGECC
WQAWGHASAGCTGCAGCAG TCAGG 3" HuJH1/ 2- Xhol PCT/EP2005/052410

5' - GAGTCATTCTCGACTCGA SEQ | D NG 268

GACGGTGACCAGGGTGECC- 3" HuJH3- Xhol 5' - GAGTCATTCTCGACT

SEQ | D NO 269 CGAGACGGTGACCATTGTI CCC-3'" HuJH4/ 5- Xhol

5' - GAGTCATTCTCGACT SEQ I D NGO 270 CGAGACGGTGACCAGGEGT

TCC- 3" HuJH6- Xhol 5' - GAGTCATRGFCGACTCGA SEQ | D NG 271

GACGGTGACCGTGGTCCC- 3" WD 2005/ 118644 PCT/ EP2005/ 052410

Tahl . Bipdi i_ngl e-chain_( v
T o Sepp LPE MR A% GeeRable (EEdn BlGRs
dxtFd®daginbaSti BMNdyI relstSActNamesphage (sensdodynd human

IR0 61828 0.0 SebA 608 6 580 50 GET SO G5
102 SRS B 1068 s 1 BEDA ¢ it G:eGER)0. 043  SCD4- 018 0. 247

0 Q52 SCn4-021 0 279 N0 QD SCO4—026—0—212 0854
O ooE DT T T

SCOEBHED PFE 0. 06 CCORDIBGE5398. 041 SO0AS0AB NO
0. 740 0.053 sequence

HuVH1B/7A-Sfil - 5"-GTCCTCGCAACTGCG SEQ ID NO:259

GCCCAGCCGGCCATGGCC

CAGRTGCAGCTGGTGCAR
TCTGG-3'

HuVH1C-SfiI 5'-GTCCTCGCAACTGCG SEQ ID NO:260

GCCCAGCCGGCCATGGCC

SAGGTCCAGCTGGTRCAG
TCTGG-3'

HuVH2B-SfiT 5'-GTCCTCGCAACTGCG SEQ ID NO:261

GCCCAGCCGGCCATGGCC

CAGRTCACCTTGAAGGAG
TCTGG-3'

HuVH3B-SfiI 5'-GTCCTCGCAACTGCGGCC SEQ ID NO:262
CAGCCGGCCATGGCCSAGGTG
CAGCTGGTGGAGTCTGG-3"

HuVH3C-Sfil 5'"-GTCCTCGCAACTGCG SEQ ID NO:263

GCCCAGCCGGCCATGGCC

GAGGTGCAGCTGGTGGAG
WCYGG-3"

HuVH4B-Sfil 5"-GTCCTCGCAACTGCG SEQ ID NO:264

GCCCAGCCGGCCATGGCC

CAGGTGCAGCTACAGCAG
TGGGG-3'

HuvVH4C-Sfil 5'"-GTCCTCGCAACTGCGGCC SEQ ID NO:265
CAGCCGGCCATGGCCCAGSTG




SC04- 060 0.923 0.056 SCO4-073 0.657 0.054 SCH-097
0.835 0.056 SC04-098 0.798 0.060 SCO4-103 0.606

w0 .20521868€04- 104 0.566 0.063 SCO04-108 0. 363 OPOBEP2005/052410
SC04-120 0.571 0.052 SCO4-125 0.735 0.049 SC04-126
0.232 0.051 SCO04-140 0.865 0.057 SQC04-144 0.775
0.054 SC04-146 0.484 0.057 SC04-164 0.547 0.057

control (S057) 0.65

0 0.055 contro

(02-007) 0.063

0. 052 WO 2005/ 118644 PCT/ EP20Q%/ 052410 113 Table 9:
Data of the single-chain Fv's capabl e of binding

ralk: oo s raio S o~y o Y [N QML klf\ r\r—r\ L AL Ll
apuTrcS—viT oS O ProtEd -\JIUI\ILJI‘IL,L}I'(J
VH | ocus VL-I ocus nggco §$é¢ an1nc (SEQ I D NO)
sequencEsmedi1 (11 bf. )s'seqaemcecsmm@@:m 157 SF&B ID NO:266
GLYGELFDY 3-20 V13 {3 é %EA DI|NO 1) (DP32)
- V2-13) 159 160 VK|%§€ éééggé ﬁagg#EFDY 3-23
(012/02 - (Wr2000) SE@BEEGBEEQTGGTEMN@ DPK9)
sc04-008 161 162 ( RAB-03- TGWY DY 2-7Q V13 (3h
&01) (SEQ I D NO 3) {DP28) -1%) sc04-{010 163 164
HuVH6A-Sfil 5'-GTCCTCGCAACTGCG SEQ ID NO:267
GCCCAGCCGGCCATGGCC
CAGGTACAGCTGCAGCAG
TCAGG-3"'
HuJH1/2-Xhol 5/ -GAGTCATTCTCGACTCGA SEQ ID NO:268
GACGGTGACCAGGGTGCC-3'
HuJH3-Xhol 5/ -GAGTCATTCTCGACT SEQ ID NO:269
CGAGACGGTGACCATTGT
ccc-3'
HuJH4/5-Xhol 57 —~GAGTCATTCTCGACT SEQ ID NO:270
CGAGACGGTGACCAGGGT
TCC-3'
HuJH6-Xhol 57 -GAGTCATTCTCGACTCGA | + SEQ ID NO:271
GACGGTGACCGTGGTCCC-3’




(RAB- 03- DGLDLTGTI QPFGY 3-30 VkI (L1l @01) (SEQ ID

NO: 4) (DP49) - DPK3) sc04-018 165 166 (RAB-03-
WOSMET@EN 4-04 V11 (ic GO ) (SEQ ID NO:5) (BPPTMP2005/052410

V1-16) sc04-021 167 168 (RAB-03- GSVLGDAFDI 3-30 G01)

(SEQ ID NO 6) (DP49) VkI (L8) sc04-026 169 170 VKI I

( RAB- 03- TSNWNYLDRFDP 5-51 (A19/03 - @G01) (SEQ ID

NO: 7) (DP73) DPK15) sc04-031 171 172 (RAB-03-

GSVLGDAFDI 3-30 Vkl (L5 (01)116SEQ I D NO: 8) (DP49) -

DPK5) sc04-038 173 174 (RAB-03- GSVLGDAFDI 3-30 VKI

32 %’ﬁ&%ﬁ%&&?%}% S (R h?g%“ar@c“looo"d?%s 0

NP v(ibR49F pryReld) (ERFc413EH)12Rd1T78 FBS as measured by
YSDRSGYSYY VklI (RAB-04- YYYMDV 4-59 (012/02 - @01)
1D NO 11) (DP71) DPK9) sc04-073 179 180 (RAB-04-

DehBL PR § € REE EDB0 [ C01RabDER vIXriND:d 2) DP49) VKFBS
%1)2 )(sSéCQoﬁbo%: ig)l 1?%%‘3RAB |‘%Pt1§)28N§GR4 bos 1887338m
$EAE-AA- VAVAGTHFDY |3- 30 (01).828EQ I D NG 14) (DP49)p53
Mkl (A30) sc04-1031185 186

SC04-004 0.550 0.054
SC04-008 0.582 0.058
SC04-010 0.915 0.043
SC04-018 0.247 0.052
S5C04-021 0.278 0.052
SC04-026 0.212 0.054
SC04-031 0.721 0.065
SC04-038 0.653 0.061
5C04-040 0.740 0.053
5C04-060 0.923 0.056
SC04-073 0.657 0.054
SC64-097 0.835 k 0.056
SC04-098 0.798 0.060
SC04-103 0.606 0.059
SC04-104 0.566 0.063
SC04-108 0.363 0.052
S5C04-120 0.571 0.052
5C04-125 0.735 0.049
SC04-126 0.232 0.051
SC04-140 0.865 0.057
SC04-144 0.775 0.054
SC04-146 0.484 0.057
SC04-164 0.547 0.057
control (S0O57) 0.650 0.055
control (02-007) 0.063 0.052




( RAB- 04- VAVAGESFDS 3-30 VKI

( DP49)

we i/ 1844187 188 ( RAE- 04-
I D NO 16) (DP49) VkI

FM VADDAFDI

sc04-120 191 192 (RAB-04- GGKTGEFDY 3-30 G01) (SEQ ID
NO 18) (DP49) VKI

3-30 @01) (SEQ ID NO: 17) (DP49) VKI

(L12)

(L8)

(L5 ©01) (SEQ I D NO: 15)
DPK5) WD 2005/ 118644 PCT/ EP2005/ 052410 114

| VWTALDAFDI

3- 30 GBL)Y/EPSHS052410

sc04-108 189 190 ( RAB-04-

sc04- 125 193 194 (RAB- 04-
| ATAGTGFDY 3-30 (01) (SEQ | DiNQ 19) (DP49) \KI

(L8)

sc04-126 195 196 ( RAB-04- I\/GFTGTYFDY 2-70 V13 (3h

185X 1 DRECOAR 4750k

"ab248) v ks 18arotsTiod- 144 199 200 (RAB- 04 GGKTGEFDY

1) ?s

(L1)

4ﬂ¥ﬂ%f1%1n&9§g

S e oD TR e 2 NP9 e EBT T SREs IR 129 Tocus

205" Rag- i~ KT ﬁngfi Vgsl ThLdo: O (SEQ 1D

NGCZS) ( ermeDP Ja)Cldsco 84 303 204 [ RAB- 04-

GEMLCOARD 3-30 Vklsdokdce G01) (SEQ ID NQj 24) (DP49) -

d5hBgo1 405 469 ':N—L)'\DLUSYYY"%LYVQEL&D'&- 69 V]6Z-22e v13 (31

(JK1994) (SEQ ID NO:1) (DP32) - V2-13)
159 160 VkI

sc04-004 DYLYPTTDEDY 3-23 (012/02 -

(WT2000) (SEQ ID NO:2) (DP47) DPK9)

Sc04-008 161 162

(RAB-03- MGFTGTYFDY 2-70 V13 (3h

G01) (SEQ ID NO:3) (DP28) - v2-14)

Sc04-010 163 164

(RAB-03- DGLDLTGTIQPFGY | 3-30 VkI (L1l

GO1) (SEQ ID NO:4) (DP49) - DPK3)

5c04-018 165 166

(RAB-03- VSVTTGAFNT 4-04 vll (lc

GO01) (SEQ ID NO:5) (DP70) - V1-16)

sc04-021 167 168

(RAB-03- GSVLGDAFDI 3-30

GO1) (SEQ ID NO:6) (DP49) VkI (L8)

sc04-026 169 170 VKII

(RAB-03- TSNWNYLDRFDP 5-51 (19/03 -

GO1) (SEQ ID NO:7) (DP73) DPK15)

Sc04-031 171 172

(RAB-03- GSVLGDAFDI 3-30 VkI (L5

GO01) (SEQ ID NO:8) (DP49) - DPK5)

sc04-038 173 174

(RAB-03- GSVLGDAFDI 3-30 VkI (L5

G01) (SEQ ID NO:9) (DP49) - DPK5)

sc04-040 175 176

(RAB-03- GSKVGDEDY 3-30 v13 (3h

G01) (SEQ ID NO:10) | (DP49) - v2-14)

5c04-060 177 178 EKEKYSDRSGYSYY VkI

(RAB-04- YYYMDV 4-59 (012/02 -

GO1) (SEQ ID NO:11) | (DP71) DPK9)

sc04-073 179 180

(RAB-04- DGLDLTGTIQPFGY | 3-30

G01) (SEQ ID NO:12) | (DP49) VkI (L12)

5c04-097 181 182

(RAB-04- TASNLGRGGMDV 3-23

GO01) (SEQ ID NO:13) | (DP47) VkI (L8)

5c04-098 183 184

(RAB-04- VAVAGTHEDY 3-30

GO01) (SEQ ID NO:14) | (DP49) VkI (A30)

Sc04-103 185 186

(RAB-04- VAVAGESFDS 3-30 VkI (L5

G01) (SEQ ID NO:15) | (DP49) - DPK5)




S057 (SEQ I D NO 25) (DP10) - V1-3) 312 313

RQH SSFPWFDS (SEQ I D V13 (3h SQIB NO 276) 2-05 -
wWO204)180MD 2005/ 118644 PCT/ EP2005/ 052410 115 Pabiee28052410

Data of assay for rabies virus neutralizing activity

of scFvs. Nane scFv 50% endpoi nt 50% endpoi nt Pot ency

dilution dilution WHO (11U mM) standard (2 1Un )

SC04- 001 270 405 1.3 SCO04-004 3645 405 18 SC04-008

>10935 405 >54 SC04-010 8101405 4 SC04-018 15 405

0.1 SC04-021 270 405 1.3 SC04-026 45 270 0.3

S 3 901870 O 7 9804438270270 2 SC04-040 45
(§§§_ 3 SCO4-060 30 270 0.Zvyvoed@dp3 4063360 3
coP4- 097 30 270 O 2 SCO4- 098rd2id> ndFQ6P | 804 103 |4R1 (112)
Se0-Ths3 | SCPEe 104 1359970 SC04-108 135 270 1
(BEBdr4l2() 810 270 p SC04- 1235m40RDIAHDI3 SCOB0126 1(
cg7P 0.1| SCO4-140] 135 270 1 (SEQ ID NO:17) | (DP49) VkI (L1)
sc04-120 191 192
(RAB-04- GGKTGEFDY 3-30
G01) (SEQ ID NO:18) | (DP49) VkI (L8)
sc04-125 193 194
(RAB-04- IATAGTGFDY 3-30
G01) (SEQ ID NO:19) | (DP49) VkI (L8)
sc04-126 195 196
(RAB-04- MGFTGTYFDY 2-70 V13 (3h
GO1) (SEQ ID NO:20) | (DP28) - V2-14)
sc04-140 197 198
(RAB-04- VTNPGDAFDI 3-30 VkI
GO1) (SEQ ID NO:21) | (DP49) (L4/18a)
sc04-144 199 200
(RAB-04- GGKTGEFDY 3-30
GO01) (SEQ ID NO:22) | (DP49) VkI (1.8)
sc04-146 201 202
(RAB-04- GGKTGEFDY 3-30 VkKIII (L2
GO01) (SEQ ID NO:23) | (DP49) - DPK21)
sc04-164 203 204
(RAB-04- GSVLGDAFDI 3-30 VkI (L19
GO01) (SEQ ID NO:24) | (DP49) —~ DPK6)
205 206 ENLDNSGTYYYFSG
" WFDP 1-69 V12 (2e
8057 (SEQ ID NO:25) | (DP10) - V1-3)
312 313 RQHISSFPWFDS

(SEQ ID V13 (3h

SOJB NO:276) 2-05 - V2-14)




SC04-144 810 270 6 SCO4-146 405 270 3 SC04-164 45
270 0.3 WD 2005/ 118644 PCT/ EP2005/ 052410 116 Tabl e

wa2dos/1ed4a of assay for

of scFvs for
E57B1.

1* 2* 3*

Name E57A2 E57A3 E57B1
SC04-001 10 90 0.2 10 90 0.2 30 45 1.3

scFv 1* 2* 3*

SC04- 004 810 90 18.0 1215 90 27.0 810 45 36.0
SC04-008 10 90 0.2 15 90 0.3 240 45 12. 0 SC04-010 270
90 6.0 270 90 6.0 270 45 12.0 SC04-018 5 90 0.1 15 90

S0 0 55°50°8 07287 40 6 25 5807 SBDA b o B VY

Of 2280rs00 0.7 10 90 0.2 SC04-038 90 90 2.0 90 90 2.0

nmeasuri ng neutral i zi ngPETIEPI05)52410
E57 escape viruses E57A2, E57A3 and
1*

2% 3*

SOOEB66°EV00 ¢. ' 5896°11E5 9070 U BIA 078 135YF Y
3.0 90 30 6.0 30 3@LAuBioSC04-|09Fi kG Bh GHD < 90 (LWml)
<5 90 0.0 SCD4-098 810 90 18.10 270 30 18.9 20 30
18.0 SO04-103|<5 90 0.0 10 9q O. faé‘%% o.‘g 5C04- 104
90 90 2.0 30 30 2.0 30 30 2.0 | SCO4FUGEL5 90/0.3 <5
0. 75C M 25 135 90 270 135 30 9.0 88530 6.0 1.3
SO03ecdZB0b 900, U <3645 U. U 35 90 U295 SCU4- [40 30 45
1. 390306 0 45 901 0 SCN4-1144 270 45 12 01270 30
18 BCA&=0aR 3 0 >10935 205 >54
SC04-010 810 405 4
35C04-018 15 405
SC04-021 270 405 1.3
3C04-026 45 270
5C04-031 90 270 0.7
SC04-038 270 270 2
SC04-040 45 270 0.3
S5C04-060 30 270
SC04-073 405 270 3
SC04-097 30 270 0.2
SC04-098 1215 270 9
5C04-103 45 270 0.3
SC04-104 135 270 1
SC04-108 135 270 1
SC04-120 810 270 6
SC04-125 405 270 3
5C04-126 10 70 0.1
S5C04-140 135 270 1
SC04-144 810 270 6
SC04-146 405 270 3
SC04-164 45 270 0.3




SC04-146 90 45 4.0 90 30 6.0 90 90 2.0 SC04-164 15 45
0.7 30 30 2.0 15 90 0.3 1* is 50% endpoint dilution

w@%200581183% endpoi nt di |l uti on WHO standard (2 | BCWEP2005/052410

3* is Potency (11U m) WO 2005/118644 PCT/ EP2005/ 052410
117 Table 11B: Data of assay for neasuring
neutralizing activity of scFvs for E57 escape viruses
E57B2, E57B3 and E57C3. Nane E57B2 E57B3 E57C3 scFv
1* 2* 3* 1* 2* 3* 1* 2* 3* §@R4-001 30 45 1.3 90 270
0.7 590 0.1 $SC04-004 5 45 0.2 2430 270 18.0 270 90

S, 0 D00t R AL B0y

d6 KFFs0£0r38590ebHcape 800241-5@31 EBGAQQ B52A3022¥(EIEBL.10

9002 SC04—026—<5—45—H—0—<5—45—66—<5—36—6-0

88613- o3[l 10 £0»H. 2 301|270 O.EB7BQ 90 0.{7 SC@47#£x38 30
9G°BY7 BO 270 0.7 90 90 2.0 SC04-040 {5 90 0.1 15 135
07 10 B, 2% SPU-TYUT<S 000 0 15 T5S-0T1 500 03
TR RN Y P T SO F Dy e
PRI~ %| ezp0 9w 6] 08.BCU£1103 25 902D 810 13549. 1| 190
_%4?0(%‘ 5@304;%(0& f@,zgc}so 459@70,}9“? 00700 249 12.0
Bl r RN R e TS R e T B
5765 %0| 270 990 6] 00-1SC045136 2% 45%3 0 45 45 #5 0 |<8-30
BL0G-08CD46 1440sB0| 96.20.[ 7 380 |909@. O 279 {9G.06./0 90 0.2
5C04-026 | <5 90 0.0 <5 45 0.0 | <5 90 0.0
5C04-031 | 19 90 0.2 30 90 0.7 | 10 90 0.2
5C04-038 | op 20 2.0 90 90 2.0 | 45 90 1.0
SC04-040 | 15 | 90 0.3 90 0.1 5 90 0.1
5C04-060 | 5 90 0.1 5 90 0.1 | <5 90 0.0
5C04-073 | 135 | 90 3.0 20 30 6.0 | 30 30 2.0
5C04-097 | «5 90 0.0 <5 90 0.0 <5 90 0.0
5C04-098 | gi0 | 90 18.0 | 270 30 18.0 | 270 30 18.0
SC04-103 | <5 90 0.0 10 90 0.2 5 90 0.1
SC04-104 | 99 90 2.0 30 30 2.0 30 30 2.0
SC04-108 | 15 | 90 0.3 <5 90 0.0 | <5 90 0.0
5C04-120 | 45 90 1.0 30 30 2.0 | 10 30 0.7
5C04-125 [ 135 | 90 3.0 | 135 30 9.0 | 90 30 6.0
SC04-126 | <5 920 0.0 <5 45 0.0 | <5 90 0.0
SC04-140 | 39 45 1.3 90 30 6.0 45 90 1.0
SC04-144 1 270 | 45 | 12.0 | 270 30 18.0 | 135 90 3.0
SC04-146 | 9o 45 4.0 90 30 6.0 | 90 90 2.0
SC04-164 | 15 45 0.7 30 30 2.0 | 15 90 0.3

1* is 50% endpoint dilution
2% is 50% endpoint dilution WHO standard (2 IU/ml)
3* is Potency (IU/ml)



SC04-144 90 90 2.0 270 90 6.0 405 90 9.0 SC04-146 30
90 0.7 90 90 2.0 90 90 2.0 SCO04-164 15 90 0.3 15 90
wO0 280580880 0.7 1* is 50% endpoint dilution 2* PCE/EROMS/052410
endpoi nt dilution WHO standard (2 IUm) 5 3* is
Potency (11U m) WO 2005/ 118644 PCT/ EP2005/ 052410 118
Tabl e 12: digonucl eotides used for PCR anplification
of VH genes. Nane and nucl eoti de sequence VH gene SEQ
I D NO 5H B: SC04-001 280 117
acctgtcttgaattctccatggccgaggt gcagct ggtggagtctg 5H C

S0 03b+ Bhrasat: S SR ELECAY CRAPILRIEOR, corivity

SOEFE) f282E5Aces ghpd hyaatstest ESABYYCEBABYt GuRgRA7C3 .

SER4-638—ggt-agagt-etggg6—Sc04—040—SC04—pP+3—SE04—098
S%ﬁ g3 SE6282104 SE04- 1085783C04- 120 | SCO4- EAQC3
144 SC04-146 5K F: SC04-018 283

acct gtct%’gaat ttt dcdfggcreahgt §tagdt BOOR- bBO | 2~ 3*
gmagnadt ¢£J49ces | 1.3 | 90 270 0.7 5 90 0.1
5C04-004 5 45 0.2 | 2430 270 18.0 270 90 6.0
5C04-008 5 45 0.2 45 270 0.3 10 90 0.2
5C04-010 | 45 45 2.0 | 405 270 3.0 270 90 6.0
5C04-018 | 15 45 0.7 15 270 0.1 30 90 0.7
5C04-021 | 10 90 0.2 | 30 270 0.2 10 90 0.2
5C04-026 | <5 a5 0.0 <5 45 0.0 <5 30 0.0
§C04-031 | 10 90 0.2 | 30 270 0.2 30 90 0.7
5C04-038 | 30 90 0.7 | 90 270 0.7 90 90 2.0
5C04-040 | 5 30 0.1 | 15 135 0.2 10 90 0.2
5C04-060 | <5 90 0.0 10 135 0.1 5 90 0.1
5C04-073 | 30 90 0.7 | 90 270 0.7 20 90 2.0
5C04-097 | <5 90 0.0 | <5 135 0.0 <5 90 0.0
SC04-098 | 9p 90 2.0 | 810 270 6.0 270 90 6.0
8C04-103 | <5 90 0.0 | 10 135 0.1 10 90 0.2
5C04-104 | 45 90 1.0 | 45 270 0.3 90 g0 2.0
SC04-108 | 10 90 0.2 | <5 135 0.0 15 90 0.3
5C04-120 | 15 90 0.3 | 45 270 0.3 30 90 0.7
5C04-125 | 99 90 2.0 | 270 270 2.0 270 90 6.0
SC04-126 | <5 45 0.0 | <5 45 0.0 <5 30 0.0
5C04-140 | 30 90 0.7 | 90 90 2.0 270 90 6.0
5C04-144 | 90 90 2.0 | 270 90 6.0 405 90 9.0
5C04-146 | 30 90 0.7 | 90 90 2.0 90 90 2.0
5C04-164 | 15 90 0.3 | 15 90 0.3 30 920 0.7

1* is 50% endpoint dilution
2% is 50% endpoint dilution WHO standard (2 IU/ml)
3* is Potency (IU/ml)



5H H SC04- 026 284

acctgtcttgaattctccatggccgaggtgcagct ggtgcagtctgg
woeds1118@04- 004 285 PCT/EP2005/052410

acctgtcttgaattctccat ggccgaggt gcagct SC04- 097

gct ggagt ct gg WO 2005/ 118644 PCT/ EP2005/ 052410 119

5H M SC04-008 286

acctgtcttgaattctccatggcccaggtgacctt SC04-126

gaaggagt ct gg sy3H A1 SC04- 001,87

gccctt ggt gct agcgcet ggagacggt caccaggg SC04- 004

ERRES oA PG SRS 150 e 155 SBT3 on oF Va
§Ehds 144 SCD4-146 sy3H C. SCD4- 097 288

aecececttaatact acecaoact aoagacaootecacaoaat aao +nr\r\r\t fa¥a¥al
,CA

B T S P R R e oo oY, R 998 b o

gacgt tggt gctagcget ggagacggt cacggt gg sco4-001 280
tgcccttgeccccagacgtc sy3H D: SC04- 018 290

@E%E?‘E@ﬁ?g?ﬁ%&@ﬁ@%ﬁ%@%‘&%‘@c SC04- 021
Lge§sigasegc SC04- 031

5H-C: 5C04-021 281
acctgtcttgaattctccatggeccaggtgecaget | SC04-031
ggtggagtctgg SC04-125
SC04-164

5H-C-long: 5C04-010 282
acctgtcttgaattctccatggeccaggtgecaget | SC04-038
ggtggagtctgggg SC04-040
SC04-073
SC04-098
5C04-103
SC04-104
SC04-108
SC04-120
SC04-140
SC04-144
SC04-146

5H-F: SC04-018 283
acctgtcttgaattctccatggcccaggtgecaget | SC04-060
gcaggagtccggecc

S5H-H: SC04-026 284
acctgtcttgaattctccatggececgaggtgcaget
ggtgcagtctgg

5H-1: SC04-004 285
acctgtcttgaattctccatggccgaggtgcaget | SC04-097

gctggagtctgg




SC04- 038 SC04-104 SCO4-108 SCO04-140 SCO4-164
sy3H E: SC04-103 291 WD 2005/ 118644 PCT/ EP2005/ 052410

wh2005ge8@tt ggt gct agcgct ggacacggt caccaggg

t gCCeCYFPLME/052410

WD 2005/ 118644 PCT/ EP2005/ 052410 121 Table 13:

A i gonucl eoti des used for
genes.
3L-B: SC04-001 292

ttttccttagcggccgcegact cacct aggacggt
SC04- 031 293

cCNnA- OG0

PCR anplification of VL
Nanme and nucl eoti de sequence VL gene SEQ I D NO

C agcttggtc 5K-B

acct gt ctcgagttttccat ggct gacat ccagat

&3 104 Scne. 100 S04 164 5K ¢ 8600 004 do4 °°
a8cCh gt Ct poagidtidoatgtggcegatat eey 4iSC04-126
acccagtctccatcctccc 5SK-G SC04-(02,6 295

ggﬂ%?@%%?%ﬁ%gttttccatggctgacatcgtget gacccagt dtcc
sHBaka: SC04- 010 296 SC04-001 287
gcecttggtgetagegetggagacggtcaccaggg 8C04-004
tgccctggeccce SC04-008

SC04-010

SC04-026

SC04-040

SC04-073

SC04-098

SC04-120

SC04-125

SC04-126

SC04-144

SC04-146
sy3H-C: SC04-097 288
gcccttggtgectagegetggagacggtcacggtgg
tgcecectggceecce
sy3H-C-long: SC04-060 289
gcecttggtgectagegetggagacggtcacggtgyg
tgceccttgecccagacgte
sy3H-D: SC04-018 290
gccettggtgctagegetggacacggtcacecatgg SC04-021
tgccctggeece SC04-031

SC04-038

SC04-104

SC04-108

SC04-140

SC04-164
sy3H-E: SC04-103 291




acctgtctcgagttttccatggctgccatccagat gacccagtctcc
5K-M SC04-021 297

weaeaisgugd4egagt t tt ccat ggct gacat ccagct SC04- 097 PCT/EP2005/052410
gacccagtc SC04- 120 SC04-125 SCO04-144 5K-N. SC04-038
298 acctgtctcgagttttccatggctgacatccagat gactcagtc WO
2005/ 118644 PCT/ EP2005/ 052410 122 5K-O SC04- 140 299
acctgtctcgagttttccatggctgccatccagct gacccagtc 5K-Q
SC04- 146 300 acctgtctcgagtttibgcat ggct gagat cgt gat
gactcagtc 5L-E SC04-008 301

+ + oot cacaot
CLUL AL

59 3h39 S G T COAGE L E9d8t bgct cagt cogt ot
tgaciccageecbl- G SC04- 040 303

cetatectecaantttteecat aacttecet e

A=A~ a2 U\- ¢ VUMU\-LLLUUML A TN S v v o MUH
gact cagcc sy3K-F: SC04-004 304
gct gggggcggccacggt ccgcett gat ct ccacct SC04- 010 tggtccc

SC04- 021 SC04-031 SCO4-098 SC04-104

i ac 4.1
C HU NI -



SC04- 125 SC04-140 SCO4-144 SCO4-164

sy 3K-

SC04- 038 305 gct gggggcggecacggt ccgcettgat ct ccagcec

weCs/1@844 gt gt ccc SCO4-103 SCO04-108 SCO4- 148CT/EP2005/052410
SC04- 026 306 WO 2005/ 118644 PCT/ EP2005/ 052410

sy3K-J

123 gcfgggggcggccacggtccgcttgatctccagct SC04- 060

tggtccc SCO04-073

SC04- 018 308
SC04-126 ccagttcc

geyisk- A SC04-001 311

~

ctotectecaact ittt cent

sy3K- K: SC04-120 307
gct gggggcggccacggt ccgct t gat gt ccacct

tggtccc sy3L-A:
ccagcacggt aagctibgagcacggt caccttggtg
sy3L-C. SC04-040 309
C g9 t t t C
£539°3¢d0b 0904 cAgeAca! fagg! £d0 fon

ccagcacggt aagctt caacacggt

1%%1%&&% Dr v,
agC gggtC

CcC

o000 18T P R oboas0. o O o g o 48 %o
PBi-wgi ng of the human nonocl onal anfsbothaExs. CR57, CRIB
é?gicgﬁggggégcc§g§§é¥523c€§%g2238%2 pepti des of| the
agcttggtc
5K-B: SC04-031 293
acctgtctcgagttttccatggctgacatccagat [ SC04-060
gacccagtc SC04-073

SC04-098

SC04-103

SC04-104

SC04-108

SC04-164
5K~C: SC04-004 294
acctgtctegagttttccatggctgacatccagat
gacccagtctccatcectecc

-4 BK-G: SC04-026 295

acctgtctegagttttceccatggectgacatcgtgat
gacccagtctece
5K-K: SC04-010 296
acctgtctegagttttecatggectgeccatccagat
gacccagtectec
5K-M: SC04-021 297
acctgtctcgagttttccatggetgacatccaget | SC04-097
gacccagtc SC04-~120

SC04-125

SC04-144
5K-N: SC04-038 298
acctgtctecgagttttccatggctgacatccagat
gactcagtc




extracel lul ar domain of glycoprotein G of rabies virus

strain ERA. Amino acid sequence CR57 CRIB CR04-010
wohodsingas pepti de FPIYTILDKLGPWS 71 97 1 PCT/EP2005/052410

FPI YTI LDKLGPWSP 42 105 39 PI YTI LDKLGPWSPI 36 89 87

| YTI LDKLGPWSPI D 44 97 104 TILDKLGPWSPI DI 48 114 91

TI LDKLGPWSPI DIH 76 96 88 | LDKLGPWSPI DI HH 54 104 69

LDKLGPWSPI DI HHL 55 99 107 DKLGPWSPI DI HHLS 62 103 93

LGPWSPI DI HHLSC 72 105 45 LGRYSPI DI HHLSCP 69 112 19

GPWSPI DI HHLSCPN 68 114 33 PWSPI DI HHLSCPNN 62 104 47

‘ng%BFHHESePNNE—&G-%GG-%%—-SP%B#HHtSﬁﬁENLV(f4 85—t 599
&'HHLSCPNNLVV 46 93 90 | DI HHLSCP 69 1102 55
doldiidi- SCENA WED: 88t §fc t:caltidde SEBENNLVVEDE 37 85 113
1IHLSCPNNLVWWEDEG 56 76 117 LSCPNNLMVEDEGC 65 |119 111
PSEPRACYVEDEGCT 69 117 127 SCPNNLWVEDEGCTN 83 114 91
4 PNNLVWEDESCIMN-BI 8 (107 9300
NLWEDEGCTNLSG 72 99 97 LVVEDEGCTNLSGF 75 119 55
AOAAIOECCTRE SER S 78 493 T2 SFEBBECTNLSGFSY 73 107 91
gactcagtc
5L-E: SC04-008 301
acctgtctecgagtttteccatggecttectacgtget
gactcagccg
5L-F: SC04-018 302
acctgtctcgagttttccatggctcagtecgtget
gactcagcce
5L-G: SC04-040 303
acctgtctcgagttttccatggcttectacgtget | SC04-126
gactcagcc
sy3K-F: SC04-004 304
gctgggggeggccacggtecgettgatetccacet [ SC04-010
tggtccc SC04-021
SC04-031
SC04-098
SC04-104
SC04-125
SC04-140
SC04-144
SC04-164
sy3K-I: SC04-038 305
gctgggggcggccacggtecgettgatetecagee | SC04-097
gtgtcce SC04-103
SC04-108
SC04-146
sy3K-J: SC04-026 306




EDEGCTNLSGFSYM 74 103 31
DEGCTNLSGFSYMEL 1 23 1
wOoRINISEeHSYMELKY 55 114
TNLSGFSYMELKVGY 43 106
LSGFSYMELKVGYI L 71 132
PCT/ EP2005/ 052410 125
GFSYMELKVGYI LAl 65 111
SYMELKVGYI LAl KM 65 123
4ELKVGY!I LAl KMNG 76 141 107

AT 70

DEGCTNLSGFSYME 54 90 7
GCTNLSGFSYMELK 51 114 129
118 CTNLSGFSYMELKVG 4PCT/EP20D3/652410
161 LSGFSYMELKVGYI
169 WO 2005/ 118644
SGFSYMELKVGYI LA 79 132 161

141 FSYMELKVGYI LAIK 89 112 192
152 MEAKVGYI LA KWN 78 114 150
LKVGYI LAl KMNNG- 87 132 76

61 115 170

1.0 fa¥a)

[ R T a7 64 T G A ]

TR

10 UO

==

acctgtctcgagttttccatggettcctecgaget
gacccaggaccctgcetg

TR EANG-TCTGV 47 107 107 | LAl KMNGEETCTENY3 79| 103 104
A N AJC CTN\A/L] 50O A ~Neo NC Z 12 1E£9
] ,’ - - vamT AW O AR\, " 1 T LU Y -

if “j’e CTGWTEA 68 108 138 KNNGFT(W b 1043?373

SEISIEIOEHTALN 68t 889 d 4B8gaFGEGATIFAENY 69 10l 138

GFTCTGWTEAENYT 71 86 129 FTCTGVWIEAENYTN 83| 125 154

EAENYTNF 92 112 129

sy3L-A: SC04-018 308

ccagcacggtaagcttcagcacggtcaccttggtg | SC04-126

ccagttcc

sy3L~C: SC04-040 309

ccagcacggtaagcttcagcacggtcagettggtg

cctecgece

sy3L-D: SC04-008 310

ccagcacggtaagcttcaacacggtcagectgggtce

cc

sy5L-A: SC04-001 311




CTGWTEAENYTNFV 76 123 150 TGVWWTEAENYTNFVG 85 110 154
GVWTEAENYTNFVGY 86 111 110 TEAENYTNFVGYV 87 106 114

WOBABNYINFVGYVT 79 90 73 TEAENYTNFVGYVTT 68 SBCSE/EP2005/052410
AENYTNFVGYVTTT 69 117 142 ENYTNFVGYVTITTF 66 106 110
NYTNFVGYVTTTFK 44 112 183 1YTNFVGYVTITTEKR 49 114 174
TNFVGYVTTTFKRK 51 104 138 TNFVGYVTITTFKRKH 71 125 165
FVGYVTTTFKRKHF 65 107 154 FVGYVITTFKRKHFR 70 111 152
GYVTITTFKRKHFRP 75 113 155 GMMITTFKRKHFRPT 70 123 160
VTITTFKRKHFRPTP 85 106 160 TTTFKRKHFRPTPD 79 105 119

TEFKRKHFRPTPDA. 80,108 7 TTFKRKHFRPITP 4.99

TP R RACRY oof 158 T PR e A P o s £5%7,
CKH-RRTEPDARCRAALGS (D3 1ig/rRKHFERPTRDAERASYNp 644 70 O X HAD
2005/ 118644 PCT/ EP2005/ 052410 .126 HFRPTPDACRAAYN 73 .
P e A Girethis BrnprRRAnARe F5rain
Hel?. 148 PTPDACRAAYNVWKM 77 101 129 PTPDACRAAYNWKMA 99

125 143  TPDACRAAYNVKMAG-92 132 160 — RPDACRAAV
o1 MBEo 491d sequence | . CRS7 | = CRIB R042010
of linear peptide
KEPIYTILDKLGPWS 71 97 1
FPIYTILDKLGPWSP 42 105 39
PIYTILDKLGPWSPI 36 89 87
IYTILDKLGPWSPID 44 97 104
YTILDKLGPWSPIDI 48 114 91
TILDKLGPWSPIDIH 76 96 88
ILDKLGPWSPIDIHH 54 104 69
LDKLGPWSPIDIHHL 55 99 107
DKLGPWSPIDIHHLS 62 103 93
KLGPWSPIDIHHLSC 72 105 45
LGPWSPIDIHHLSCP 69 112 19
GPWSPIDIHHLSCPN 68 114 33
PWSPIDIHHL.SCPNN 62 104 47
WSPIDIHHLSCPNNL 80 106 11
SPIDIHHLSCPNNLV 74 85 1
PIDIHHLSCPNNLVV 46 93 90
IDIHHLSCPNNLVVE 69 102 55
DIHHLSCPNNLVVED + 38 96 78 -
THHLSCPNNLVVEDE 37 85 113
HHLSCPNNLVVEDEG 56 76 117
HIL,SCPNNLVVEDEGC 65 119 111
LSCPNNLVVEDEGCT 69 117 127
SCPNNLVVEDEGCTN 83 114 91
CPNNLVVEDEGCTNL 77 97 49
PNNLVVEDEGCTNLS 78 107 97
INNLVVEDEGCTNLSG 72 99 97
NLVVEDEGCTNLSGEF 75 119 55
LVVEDEGCTNLSGES 76 103 52
VVEDEGCTNLSGESY 73 107 91
VEDEGCTNLSGEFSYM 74 103 31
EDEGCTNLSGFSYME 54 90 7
DEGCTNLSGFSYMEL 1 23 1
EGCTNLSGEFSYMELK 51 114 129
GCTNLSGFSYMELKV 55 114 118
CTNLSGFSYMELKVG 47 110 137
TNLSGFSYMELKVGY 43 106 161
NLSGESYMELKVGYTI 61 115 170
LSGFSYMELKVGYIL 71 132 169




DACRAAYNVKVAGDP 84 113 136 CRAAYNWKMAGDPR 82 116 138
CRAAYNVKVAGDPRY 87 118 137 RAAYNVKMAGDPRYE 90 130 120
WO RMKNACEIPRYEE 68 106 120 YNWKMAGDPRYEES 96 9#CT/EP2005/052410

NVKMAGDPRYEESL 83 118 116 KMAGDPRYEESLH 58 101 69
KMAGDPRYEESLHN 69 101 1 KMAGDPRYEESLHNP 62 102 84
1GDOPRYEESLHNPY 64 116 112 GDPRYEESLHNPYP 40 101 125
GDPRYEESLHNPYPD 36 98 123 DPRYEESLHNPYPDY 57 110 118
PRYEESLHNPYPDYR 73 115 129 YBEBSLHNPYPDYRW 69 112 125
YEESLHNPYPDYRW. 58 106 120 ESLHNPYPDYRW.R 76 123 141

lh\/hh\/‘ AL DT 92 132 1’3|_ C‘I I If\/nh\lm‘ll\'ﬂ_h‘r\ / —)n 111 1.7
79106142 mnvmt.%% 86l 1081146
R 55 100 181 PYOIVRALRIIEHG 65-D3—1D5 —
SVBRNEUEALE 25 97 971 povii prud ngje\zzv gk 27192
FBMEEVETAEES 4 111 105 RARTUKTIKESERS 46 117 1523
SAEERVIGEERAEEYN 40 110 190 | PBKTTKESIVA 1441 hog 158
NEFRWET FEEKVNES 65 104 161  TAKTTKERI VI14P 82 1201480
FNVRCIRESITYMNSPS 76 116 150 87 132 76
LKVGY ILAIRMNGET 78 112 118
KVGY ILATRMNGETC 78 118 68
VGYILATKMNGETCT 77 93 1
GYILATIKMNGETCTG 75 90 1
Y ILATKMNGETCTGV 47 107 107
ILAIRMNGETCTGVV 79 103 104
LATKMNGFTCTGVVT 68 130 159
ATRMNGETCTGVVTE 47 103 152
TKMNGFTCTGVVTEA 68 108 138
KMNGFTCTGVVTEAE 76 104 133
MNGETCTGVVTEAEN 69 99 148
NGETCTGVVIEAENY 69 101 138
GFTCTGVVTEAENYT 71 86 129
FTCTGVVIEAENY TN 83 125 154
TCTGVVTEAENY TNE 92 112 129
CTGVVIEAENYTNEV 76 123 150
TGVVTEAENYTNEVG 85 110 154
GVVTEAENY TNFVGY 86 111 110
VVTEAENYTNEVGYV 87 106 114
VTEAENYTNEVGYVT 79 90 73
TEAENYTNEVGYVIT 68 84 8
EAENYTNEVGYVTTT 69 117 142
AENYTNEVGYVTTTE 66 106 110
ENYTNEVGYVTTTER 44 112 183
NYTNEVGYVITTFKR 49 114 174
YTNFVGYVTTTEKRK 51 104 138
TNFVGYVITTFRRKH 71 125 165
NFVGYVTTTFRRRHF 65 107 154
FVGYVTTTFRRKHFR 70 111 152
VGYVTTTFRRKHERP 75 113 155
GYVTTTFRRKHERPT 70 123 160
YVTTTFKRKHFRPTP 85 106 160
VTTTFKRKAFRPTPD 79 105 119
TTTFKRKHFRPTPDA 80 108 137
TTFRRKHFRPTPDAC 74 99 110
TFKRKHERPTPDACR 96 111 108
FKRKHFRPTPDACRA 64 92 62
KRKAFRPTPDACRAA 65 93 1
RKHFRPTPDACRAAY 64 107 99




KTTKESLVI | SPSV 71 120 154 TTKESLVI I SPSVA 101 112 147
TTKESLVI | SPSVAD 78 121 141 TKESLVI| SPSVADL 86 112 132
wassiS8REVADLD 86 117 111 SLVI I SPSVADLDP 88 ReH/EPA®S/052410
WD 2005/ 118644 PCT/ EP2005/ 052410 127 SLVI | SPSVADLDPY
68 105 125 LVII SPSVADLDPYD 85 107 93 || SPSVADLDPYDR
59 98 50 || SPSVADLDPYDRS 83 125 14 | SPSVADLDPYDRSL 50
119 91 SPSVADLDPYDRSLH 59 114 118 PSVADLDPYDRSLHS 44
114 118 SVADLDPYDRSLHSR 49 13 129 ADLDPYDRSLHSRV 71
113 141 DLDPYDRSLHSRVF 70 121 141 DLDPYDRSLHSRVFP

111 1092 197 NDV/NDLQLILICO\N/FDhCQ 00449 410~

BERORIS 56 390 134 FYDRSLHERVFPLE8p—202430

HLACRRAIN "o o) ohg 157 (48 LeplrncHas of 1441844
SRR 48 97 141 186 i HERVEPSEKCSEA 60 it 141
R RERAE NERIA 78 114 120 cH/EpsckosaAy o7 _L_Lg%l
RERRASRARCHIENGS 100 125 (24 BRAPSCKESEASAS 60 1184406
ERAGRAATIIGMAT 74 114 142 FPSXKCSQUAVSSTYZ 64 134 148
PEAGRESGVAGNAEYC 56 112 132 61 124 147
DACRAAYNWKMAGDP 84 113 136
ACRAAYNWKMAGDPR 82 116 138
CRAAYNWKMAGDPRY 87 118 137
RAAYNWKMAGDPRYE 20 130 120
AAYNWKMAGDPRYEE 68 106 120
AYNWKMAGDPRYEES 96 94 77
[YNWKMAGDPRYEEST 83 118 116
NWKMAGDPRYEESLH 58 101 69
WKMAGDPRYEESLHN 69 101 1
KMAGDPRYEESLHNP 62 102 84
MAGDPRYEESLHNPY 64 116 112
AGDPRYEESLHNPYP 40 101 125
GDPRYEESLHNPYPD 36 98 123
DPRYEESLHNPYPDY 57 110 118
PRYEESLHNPYPDYR 73 115 129
RYEESLHNPYPDYRW 69 112 125
YEESLHNPYPDYRWL 58 106 120
EESLHNPYPDYRWLR 76 123 141
ESLEHNPYPDYRWLRT 92 132 125
SLHNPYPDYRWLRTV 78 111 137
LHNPYPDYRWLRTVK 79 106 142
HNPYPDYRWLRTVKT 86 108 146
NPYPDYRWLRTVKTT 85 102 151
PYPDYRWLRTVKTTK 65 93 103
YPDYRWLRTVKTTKE 72 97 97
PDYRWLRTVKTTKES 76 85 27
DYRWLRTVKTTKESL 54 111 105
YRWLRTVKTTKESLV 46 117 125
RWLRTVKTTKESLVI 40 110 120
WLRTVKTTKESLVII 41 104 125
LRTVKTTKESLVIIS 65 104 161
RTVKTTKESLVIISP 82 120 150
TVKTTKESLVIISPS 76 116 150
VKTTKESLVIISPSV 71 120 154
KTTKESLVIISPSVA 101 112 147
TTKESLVIISPSVAD 78 121 141
TKESLVIISPSVADL 86 112 132
KESLVIISPSVADLD 86 117 111
ESLVIISPSVADLDP 88 125 143




SCKCSGVAVSSTYCS 64 121 120 GKCSGVAVSSTYCST 92 143 145
CSGVAVSSTYCSTN 88 130 130 CSGVAVSSTYCSTNH 110 165 143
WOMAMISIYCSTNHD 79 110 115 GVAVSSTYCSTNHDY 79CT/ES2018852410

AVSSTYCSTNHDYT 85 114 118 VSSTYCSTNHDYTI 71 105 102
SSTYCSTNHDYTI W 78 107 121 SSTYCSTNHDYTIWM 76 107 121
STYCSTNHDYTI WMP 86 99 119 TYCSTNHDYTI WWMPE 96 107 74
CSTNHDYTI WWPEN 47 92 29 CSTNHDYTI WWMPENP 52 106 86
STNHDYTI WWPENPR 60 112 107 THNHDYTI WWPENPRL 69 129 119
HDYTI V\NPENPRLG 71 119 130 DYTI WWPENPRLGM 82 125 123

- W alliials) 1.7 492 T ALIDISAIDMDL A XD A7 4 440
| =)

P Jo 1T 10 LIL| rFLINFIRNLU3 NV J.OL i?g
EED-69—106—34—W 2005+ 18634
A qz’ﬁu 129 MALDPEN eV odnnl ﬂ@ 110l 101 93
ST EE AR PRas 115 120 1 CQRE@%W”H 105 121 %43
AEUBEBPRFN 83 111 104 NOBLOVECHLETAE 71 h1g 1
S SHOEEAPEPRER 90 113 183 PRYGVSCDLETNSES 72| 112 3Hos
JRIVEEHDEYRBRER 88 106 113 | &dCD ETNSREKR 76 1101394
RPNBODNOPTYRERERRA 54 120 101 44 114 118
SVADLDPYDRSLHSR 49 106 129
VADLDPYDRSLHSRV 71 113 141
ADLDPYDRSLHSRVF 70 121 141
DLDPYDRSLHSRVFP 111 152 127
LDPYDRSLHSRVEPS 99 142 106
DPYDRSLHSRVFPSG 90 120 134
PYDRSLHSRVEPSCGK 86 120 130
YDRSLHSRVEFPSGKC 364 818 127
DRSLHSRVFPSGKCS 98 142 141
RSLHSRVEPSGKCSG 87 141 156
SLHSRVFPSGKCSGV 69 111 141
LHSRVEPSGKCSGVA 78 114 129
HSRVFPSGKCSGVAV 97 118 111
SRVFPSGKCSGVAVS 100 125 24
RVEPSGKCSGVAVSS 69 110 106
VFPSGKCSGVAVSST 74 114 142
FPSCKCSGVAVSSTY 64 134 146
PSGKCSGVAVSSTYC 56 112 132
SGKCSGVAVSSTYCS " 64 121 120
GKCSGVAVSSTYCST 92 143 145
KCSGVAVSSTYCSTN 88 130 130
CSGVAVSSTYCSTNH 110 165 143
SGVAVSSTYCSTNHD 79 110 115
GVAVSSTYCSTNHDY 79 114 108
VAVSSTYCSTNHDYT 85 114 118
AVSSTYCSTNHDYTI 71 105 102
VSSTYCSTNHDYTIW 78 107 121
SSTYCSTNHDYTIWM 76 107 121
STYCSTNHDYTIWMP 86 99 119
TYCSTNHDYTIWMPE 96 107 74
YCSTNHDYTIWMPEN 47 92 29
CSTNHDYTIWMPENP 52 106 86
STNHDYTIWMPENPR 60 112 107
TNHDYTIWMPENPRL 69 129 119
NHDYTIWMPENPRLG 71 119 130
HDYTIWMPENPRLGM 82 125 123
DYTIWMPENPRL.GMS 93 127 123
Y TIWMPENPRIL.GMSC 97 132 143
TIWMPENPRI.GMSCD 69 106 134




4SCDI FTNSRGKRAS 46 110 106 SCDI FTNSRGKRASK 44 111 98

CDI FTNSRGKRASKG 42 104 117 DI FTNSRGKRASKGS 70 107 111
WORTSBREMIRASKGSE 77 125 87 FTNSRGKRASKGSET 83PAT/EP11S/052410
TNSRGKRASKGSETC 68 108 110 SRGKRASKGSETCG 92 100 119
SRGKRASKGSETCGF 64 93 90 GKRASKGSETCGRV 75 104 115
GKRASKGSETCGFVD 92 124 118 RASKGSETCGFVDE 92 106 129
SKGSETCG-VDER 86 110 134 SKGSETCGFVDERG 97 108 103
SKGSETCGFVDERGL 92 102 76 G3e§CGFVDERGLY 90 97 4' 4
GSETCGFVDERGLYK 57 115 92 SETCGFVDERGLYKS 33 116 86

T AW/l m Ve BAVIVdal

N 4950 T NN, ALl

- 12U Ipo | VDERGC T 47 11

N NP 0 35} 56— CHVPERE- YIS IGRA %
W 3‘7”‘_.\ A’ \ C 86 121 24 r\grgm AViVdal M r\\?]?-;’ A lanpna 42|r\
MERSERTGUSIBARE L o0 119 b4 REPVKSLKEAGKR 00118 1hp
RENRFECUEGPRT RN g0 121 101 Gl VRSLKCARKLKEE 04 liag BOY
FNARACHISAPEFRNSG 03 136 141 K KGACKLKLES/ 8g 112I L7
NEREGMORDEEERER 129 113 110 SIGACKLKL CGA®G g 1338
PRIEMSCRERERFRECGVI G 390 23 72 112 — ] "105
RLGMSCDIFTNSRGK 88 106 113
TL.GMSCDIFTNSRGKR 76 110 114
GMSCDIFTNSRGKRA 54 120 101
MSCDIFTNSRGKRAS 46 110 106
SCDIFTNSRGKRASK 44 111 98
CDIFTNSRGKRASKG 42 104 117
DIFTNSRGKRASKGS 70 107 111
IFTNSRGKRASKGSE 77 125 87
FTNSRGKRASKGSET 83 111 119
TNSRGKRASKGSETC 68 108 110
NSRGKRASKGSETCG 52 100 119
SRGKRASKGSETCGF 64 93 90
RGKRASKGSETCGEV 75 104 115
GKRASKGSETCGEVD 92 124 118
KRASKGSETCGFVDE 92 106 129
RASKGSETCGFVDER 86 110 134
ASKGSETCGEFVDERG 97 108 103
SKGSETCGEFVDERGL 92 102 76
KGSETCGFVDERGLY 90 97 44
GSETCGEFVDERGLYK 57 115 92
SETCGFVDERGLYKS 33 116 86
ETCGFVDERGLYKSL 64 120 138
TCGFVDERGLYKSLK 47 120 125
CGFVDERGLYKSLKG 72 115 120
GEVDERGLYKSLKGA 84 120 129
EFVDERGLYKSLKGAC 86 121 124
VDERGLYKSLKGACK 50 108 110
DERGLYKSLKGACKL 90 119 54
ERGLYKSTLKGACKLK 90 118 106
RGLYKSLKGACKLKL 20 121 121
GLYKSLKGACKLKLC 94 129 92
LYKSLKGACKLKLCG 93 136 141
IYKSLKGACKLKLCGV 80 112 110
KSLKGACKLKLCGVL 129 113 110
SLKGACKLKLCGVLG 111 124
LKGACKLKLCGVLGL 90 23
KGACKLKLCGVLGLR 111 100
GACKLKLCGVLGLRL 134 129
ACKLKLCGVLGLRLM 117 142




GACKLKLCGVLGLR 181" 111 100 GACKLKLCGVLGLRL 134 129
CKLKLCGVLGLRLM 117 142 WD 2005/ 118644

WOCHSARRAO5/ 052410 129 CKLKLCGVLGLRLMD>] _ 111Pa4/EP2005/052410
LKLCGVLGLRLMDG 120 114 LKLCGVLGLRLMDGT -+1=" 145 148
LCGVLGA.RLMDGTW 132 86 LCGVLG.RLMDGTW 83 138 129
CGVLGLRLMDGTWA 99 117 104 GVLG.RLMDGTWAM 89 148 117
LGLRLMDGTW/AMQ 90 141 127 LGLRLMDGTWAMQT 102 115 97
GLRLMDGTW/AMQTS 104 138 120 LKRLMDGTW/AMJTSN 103 114
118 LI\/DGTV\X/AI\/QTSNE 100 113 130 LMDGTWAMOTSNET 96 106

106 TIAALCO-—1 1 A
A FRVER—781 48
RSN EH RS Ay P
L€ GV EFRREHRSI-PPDO 104 ppol 1 ﬂ/lf4|82’)
KISGVL nrﬁvm 0$%111
IOGVLSRRTMDETPHQ VNI 99 129 188 ETKwerPEd8/mI H a0 19%
CRYZ.GLREMPEPIDGR VNLHD 105|120 £P8  TKWCPBEA VNIJHDE B2
GVZELERREDGPPIRLVNLHDFR 8D 1138921 1438 117
VLGLRLMDGTWVAMQ 90 141 127
LGLRLMDGTWVAMQT 102 115 97
GLRLMDGTWVAMQTS 104 138 120
LRLMDGTWVAMQTSN 103 114 118
RLMDGTWVAMQTSNE 100 113 130
LMDGTWVAMQTSNET 96 106 106
MDGTWVAMQTSNETK 97 97 110
DGTWVAMOTSNETKW 69 114 92
GTWVAMQTSNETKWC 58 113 82
TWVAMQTSNETKWCP 78 118 107
VAMOTSNETKWCPP 50 114 116
VAMOTSNETKWCPPD 86 104 151
AMOTSNETKWCPPDQ 104 114 128
MOTSNETKWCPPDOL 104 132 125
OTSNETKWCPPDQLV 92 120 155
TSNETKWCPPDQLVN 97 111 90
SNETKWCPPDOLVNL 99 129 110
NETKWCPPDQLVNLH 90 128 107
ETKWCPPDQLVNLHD 105 9 120 118
TKWCPPDQLVNLHDF 85 125 125
KWCPPDQLVNLHDFR 89 113 121
WCPPDOLVNLHDFRS | 101 119 99
CPPDQLVNLHDFRSD 93 137 127
PPDOLVNLHDFRSDE 107 120 56
PDOLVNLHDFRSDET 35 106 63
DOLVNLHDFRSDELE 54 117 97
OTLVNLHDFRSDEIEH 60 113 106
[.VNLHDFRSDELEHL 47 104 100
VNLHDFRSDELEHLV 83 129 98
NLADFRSDELEHLVV 83 113 110
LHDFRSDEIEHLVVE 93 115 121
HDFRSDEIEHLVVEE 69 107 150
DFRSDEIEHLVVEEL 99 103 110
FRSDEIEHLVVEELV 86 114 116
RSDEIEHLVVEELVR 100 138 104
SDEIEHLVVEELVRK 101 117 118
DEIEHLVVEELVRKR 94 123 143
EIEHLVVEELVRKRE 82 113 121
IEHLVVEELVRKREE 90 129 118




CPPDQLVNLHDFRS 101 119 99 CPPDQVNLHDFRSD 93 137 127
PPDQLVNLHDFRSDE 107 120 56 PDQ.VNLHDFRSDElI 35 106 63
WOQIENIL$dFRSDEI E 54 117 97 LVNLHDFRSDEI EH 60 1BBT/E®2005/052410
LVNLHDFRSDEI EHL 47 104 100 LHDFRSDEI EHLV 83 129 98
LHDFRSDEI EHLVW 83 113 110 LHDFRSDEI EHLVWE 93 115 121
DFRSDEI EHLVWEE 69 107 150 DFRSDEI EHLVWEEL 99 103 110
FRSDElI EHLVWEELV 86 114 116 SDElI EHLVVEELVR 100 138 104
SDEI EHLVWEELVRK 101 117 118 14l EHLWEELVRKR 94 123
143 | EHLVWEELVRKRE 82 113 121 | EHLVWEELVRKREE 90 129

_;4_8_\,69’)(\"\!:/110&/1/1 PCT/ [meYaYal il e nila W, K| 1.an

= 5o 114 4b6 O VRKREEGE g2
HLVVEELY D 64100 70 EEFYRKREECLBAZ G2 14
LFESRRERERA 58 111 11 EPonkeeRo pAR 69
VIORKIREREEPLIAS a2 113 117 | VRRREECLDALESE 861
VERRRERKRERCER)IM 58 181 1K1 KREFC nﬂm.w 73
FEREFEKREECSPAIET 102 113 D7 FE8 DAl BSI MEEK 94
FECREREESLDAIRGS 82 120 1B3 82 113
LVRKREECLDALEST 86 130
VRKREECLDALESIM 58 181
RKREECLDALESIMT 73 110
KREECLDALESIMTT 102 113
REECLDALESIMTTK 94 110
EECLDALESIMTTKS 82 120
ECLDALESIMTTKSV 91 112
CLDALESIMTTKSVS 101 146
LDALESIMTTKSVSF 97 116
DALESIMTTKSVSFR 104 120
ALESIMTTKSVSEFRR o7 132
LESIMTTKSVSFRRL 48 114
ESIMTTKSVSFRRLS 62 111
SIMTTKSVSFRRLSH 54 130
IMTTKSVSFRRLSHIL 43 101
MTTKSVSFRRLSHLR 59 116
TTKSVSFRRLSHLRK 66 118
TKSVSFRRLSHLRKL 83 125
KSVSFRRLSHLRKILV * 108 124
SVSFRRLSHLRKLVP 64 123
VSFRRLSHLRKLVPG 90 111
SFRRLSHLRKLVPGF 92 110
FRRLSHLRKLVPGEG 90 108
RRLSHLRKLVPGEGK 92 143
RILSHLRKLVPGEGKA 93 123
LSHLRKLVPGEFGKAY 96 139
SHLRKLVPGEFGKAYT 113 132
HLRKLVPGEFGKAYTT 99 111
LRKLVPGEFGKAYTIF 83 118
RKLVPGFGKAYTIFEN 47 115
KLVPGFGKAYTIFNK 47 114
LVPGFGKAYTIFNKT 54 112
VPGFGKAYTIFNKTL 58 114
PGFGKAYTIEFNKTLM 78 113
GFGKAYTIFNKTLME 78 123
FGKAYTIFNKTLMEA 90 151
GKAYTIFNKTLMEAD 76 127
KAYTIFNKTLMEADA 101 123
AYTIFNKTLMEADAH 86 121




CLDALESI MTTKSV 91 112 125 CLDALESI MITKSVS 101 146 155
LDALESI MTTKSVSF 97 116 152 DALESI MTTKSVSFR 104 120
waasshEsl4MI TKSVSFRR 97 132 137  LESI MITKSVSFRReCZ&P10D4/052410

130 SI MITKSVSFRRLS 62 111 114 SI MITKSVSFRRLSH 54 130
97 | MITKSVSFRRLSHL 43 101 111 TTKSVSFRRLSHLR 59 116
125 TTKSVSFRRLSHLRK 66 118 111 TKSVSFRRLSHLRKL 83 125
123 SVSFRRLSHLRKLV 108 124 129 SVSFRRLSHLRKLVP 64 123
117 SFRRLSHLRKLVPG 90 111 1G%; SFRRLSHLRKLVPGF 92 110
96 FRRLSHLRKLVPGFG 90 108 111 LSHLRKLVPGFGK 92 143

119 LRI \/DOCECKA . O2 199 A
N RO e 11 b vaat 1B P

THGIE T 7 /
IFAKTIMEABRAAS Nk 47 114 123199 vpaekay

PN LMBAPARXKY SV ENKTI 58 114 1381 pGEGKAYT
NESFLMFAPARARSVENKTI VE 781123 396 EGKAYT

K MERADAHYERERT| FNKTLMVEAD 76 197 4181 YTI PRKTI MEADALZH)1
TREMBHEYKSYRENKTLVEADAH| 86 1280197 114 90
TMEADAHYKSVRTWN 73 107 97
MEADAHYKSVRTWNE 62 129 83
EADAHYKSVRTWNEL 58 97 106
ADAHYKSVRTWNEIL 56 100 100
DAHYKSVRTWNEILP 59 121 112
AHYKSVRTWNELLPS 112 160 125
HYKSVRTWNEILPSK 80 130 123
YKSVRTWNEILPSKG 66 137 116
KSVRTWNEILPSKGC 115 125 114
SVRTWNEILPSKGCL 106 138 118
VRTWNEILPSKGCLR 90 124 133
RTWNE ILPSKGCLRV 120 127 120
TWNEILPSKGCLRVG 97 146 127
WNEILPSKGCLRVGG 102 136 117
NEILPSKGCLRVGGR 104 130 163
EILPSKGCLRVGGRC 104 112 128
TLPSKGCLRVGGRCH 79 113 107
LPSKGCLRVGGRCHP 77 119 100
PSKGCLRVGGRCHPH 69 138 51
SKGCLRVGGRCHPHV 72 121 103
KGCLRVGGRCHPHVN 68 130 115
GCLRVGGRCHPHVNG 85 125 123
CLRVGGRCHPHVNGV 102 132 134
LRVGGRCHPHVNGVE 104 143 133
RVGGRCHPHVNGVEF 86 143 99
VGGRCHPHVNGVEEN 120 136 120
GGRCHPHVNGVFENG 86 119 119
GRCHPHVNGVFENGI 117 113 117
RCHPHVNGVEENGIT 98 141 143
CHPHVNGVFFNGIIL 97 150 151
HPHVNGVFENGIILG 104 138 164
PHVNGVEFNGIILGP 93 173 146
HVNGVFENGIILGPD 97 123 114
UNGVEENGIILGPDG 68 116 85
NGVEEFNGIILGPDGN 66 117 97
GVFFNGIILGPDGNV 58 116 100
VEFENGIILGPDGNVL 55 132 108
FENGIILGPDGNVLI 92 143 105
FNGIILGPDGNVLIP 61 139 130




WD 2005/ 118644 PCT/ EP2005/ 052410 131 TI FNKTLMEADAHY
104 147 161 TI FNKTLMEADAHYK 107 123 1 ' n
WO RMSsMlLsEADAHYKS 100 118 14: x?6 FNKTLMEADAHYKBUT/EP1005/052410

141 KTLMEADAHYKSVR 104 116 141 TLMEADAHYKSVRT 91 98

123 TLMEADAHYKSVRTW 100 114 90 LMEADAHYKSVRTWN 73

107 97 EADAHYKSVRTWNE 62 129 83 ADAHYKSVRTWNEI 58 97

106 DAHYKSVRTWNEI L 56 100 100 DAHYKSVRTWNEI LP 59 121

112 YKSVRTWNEI LPS 112 160 12%» YKSVRTWNEI LPSK 80 130

123 KSVRTWAEI LPSKG 66 137 116 SVRTWNEI LPSKGC 115 125

114 O\ /DT \AK L Dl 106 1.2

NGLILGR ooy 1a0liar 184 - u-..niﬁgi\ e olif, -
IS0 VAR SAPTIM EAPE LN 9k 2y A A L BN
L EEPOGNVLLRE] C 1041112 AKX
LR DGNVEEEREMRS oo 771119 1 PSKGCL Y Hga_%ég__
EG@PGﬁNLLﬁ%M@§§VCﬂPCHDHV 72 1390103 ¢l RUFRCHPHVNLES
5 85 1865 123 | Q1 BYAGROHPHVAEY
HWWSLE-RVCIRCI-IPI-I\ NGVE 804 143 13329 139
DGNVLIPEMQSSLLQ 123 134 169
GNVLIPEMQSSLLQQ 96 120 168
NVLIPEMQOSSLLOQH 72 120 150
VLIPEMQSSLLOOHM 92 104 142
LIPEMQSSLLOQHME 89 111 85
IPEMQSSLLQQOHMEL 89 128 129
PEMOSSLLOQHMELL 62 133 93
EMOSSLLOQHMELLE 58 129 142
MOSSLLOQHMELLES 65 113 117
0SSLLOOHMELLESS 82 114 132
SSLLOQHMELLESSV 90 128 132
SLLOQHMELLESSVI 124 163 133
LLOQHMELLESSVIP 78 111 121
LOQHMELLESSVIPL 106 134 128
OQHMELLESSVIPLV 103 134 133
OHMELLESSVIPLVH 98 146 139
HMELLESSVIPLVHP 110 129 134
MELLESSVIPLVHPL 90 125 152
*ELLESSVIPLVHPLA 90 133% 155
LLESSVIPLVHPLAD 72 117 118
LESSVIPLVHPLADP 90 128 128
FSSVIPLVHPLADPS 104 138 143
SSVIPLVHPLADPST 73 104 93
SVIPLVHPLADPSTV 72 137 107
VIPLVHPLADPSTVF 69 141 123
IPLVHPLADPSTVFK 96 156 188
PLVHPLADPSTVFKD 93 112 138
LVHPLADPSTVEKDG 164 174 188
VHPLADPSTVFKDGD 98 138 125
HPLADPSTVFKDGDE 74 141 117
PLADPSTVFKDGDEA 99 125 90
LADPSTVFKDGDEAE 68 116 113
ADPSTVFKDGDEAED 147 152 110
DPSTVFKDGDEAEDF 98 147 137
PSTVFKDGDEAEDEV 104 143 141
STVFKDGDEAEDEVE 104 120 125
TVEKDGDEAEDEVEV 107 124 96
VFKDGDEAEDEFVEVH 100 106 93
FKDGDEAEDFVEVHL 65 76 119




W 2005/1REeHIPHVNGVFFNG |

VGERCHPHVNGVFF 86 143 99 GGRCHPHVNGVFEN 120 136 120
GGRCHPHVNGVFFNG 86 119 119 CGCRCHPHVNGVFFNG 117 113

98 141 143 CHPHVNGVFFNGPCL/E®7005/052410

150 151 PHVNGVFFNG | LG 104 138 164 PHVNGVFFNG | LGP 93
173 146 VNGVFFNG | LGPD 97 123 114 GVFFNG | LGPDG 68
116 85 GVFFNG | LGPDGN 66 117 97 GVFFNG | LGPDG\V 58

116 100 FFNG | LGPDGNVL 55 132 108 FFNG | LGPDGNVLI 92
143 105 FNG | LGPDGNVLI P 61 133 130 WO 2005/ 118644
PCT/ EP2005/ 052410 132 G | LGPDAWLI PE 102 146 141
GHLCPDONVEL PEM-167— 132323 1L+ CRECNVAHREMD-85—348-93
KVEAREIVESELRS 1o 1341119 {pneni-RENDSS oo 154
A vOSELL %k
GRRARDRYEVHEROV) pEVOSSL L) 123 424 169 cwfl PEMOSSEEEQ
RRAFDRYENER-POVBENMOSS] | Qi 72 108 1501 11 BEROsS] 1 ooligBa2
BAEDHVEVHIBDEENOSS) | QQHVE 89 138 85 |1 PERMEBSI | oHVEL 489
ARBFVIALEDVINGS| | QQHMVELL 62 133 93 MOSSLBE&QHMEL L E188
BDEVAVEL POYSSOVOOHVEL LES |65 11%0 117 141 123
DEFVEVHLPDVHNQVS 96 141 118
FVEVHLPDVHNQVSG 92 143 102
VEVHLPDVHNQVSGV 106 141 123
EVHLPDVHNQVSGVD 91 150 139
VHLPDVHNQVSGVDL 110 114 137
HLPDVHNQVSGVDLG 104 150 129
LPDVHNQVSGVDLGL 104 154 154
PDVHNQVSGVDLGLP 106 128 115
DVHNQVSGVDLGLPN 117 133 113
VHNQVSGVDLGLPNW 100 119 38
HNQVSGVDLGLPNWG 76 106 38
NQVSGVDLGLPNWGK 78 138 98
Average 91.9 119.5 130.9
StDV 157.9 37.6 169.8




QSSLLQOHVELLESS 82 114 132 SSLLQQHVELLESSV 90 128 132
SLLQOHMELLESSVI 124 163 133 LLQQOHVELLESSVIP 78 111

W0 2005 1LQ@MVELLESSVI PL 106 134 128 QQHVELLESSVPELNP1®3/052410
134 133 HVELLESSVI PLVH 98 146 139 ELLESSVI PLVHP 110
129 134 ELLESSVI PLVHPL 90 125 152 LLESSVI PLVHPLA 90
133155 LLESSVI PLVHPLAD 72 117 118 LESSVI PLVHPLADP 90
128 128 SSVI PLVHPLADPS 104 138 143 SSVI PLVHPLADPST 73
104 93 SVI PLVHPLADPSTV 72 133,107 | PLVHPLADPSTVF 69
141 123 IPLVHPLADPSTVFK 96 156 188 PLVHPLADPSTVFKD 93

T3 35: BEADBATVEKDGE AT 1171 B ADESIFKOCIEA 09

25800 IhABPSTVFKDGDEAE 68 116 113 DPSTVFKDGDEAED 147

1 '-_\’) 110 DEST\VEKDCGCHEAEDE 09 147 127 DCT\IEVF”\EAEHE\I

104 143 14T2STVERDGDEAEDFVE 104 120 125 10/m9

'VFRDGDEAEREV 05d7 124 96 FK EDFVEVH 105106 03

EKDADOEAEDEVEVVHL 65 76 119 \WD 2005/ 118644

PCT/ EP2005/8%240§4 133 DGDEAEDFVEVHLP 72 93 7%
CR04-008 1176
CR04-010 3000
CRO4=018 1604
CRO4-021 1500
CR04-026 <2
CR04-031 272
CR04-038 3330
CR04-040 3041
CRO4-060 85
CR04-073 6116
CR04=097 T
CR04-098 7317
CRO4-103 3303
CR04-104 1871
CRO4-108 7571
CRO4-120 7538
CR04-125 4718
CR04-126 3655
CROZ=140 , 78
CR04-144 6250
CRO4-14¢6 ND
CR04-164 7723

CR57 3800
CRIB 505

ND = not determined
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DGDEAEDFVEVHLPD 85 123 91 CGDEAEDFVEVHLPDV 46 124 113
DEAEDFVEVHLPDVH 68 136 123 AEDFVEVHLPDVHN 76 117 114

waDbkbzaEd4PDVHNQ 123 138 123 DFVEVHLPDVHNQV 90P@#/EP13/052410

DFVEVHLPDVHNQVS 96 141 118 FVEVHLPDVHNQVSG 92 143 102
EVHLPDVHNQVSGY 106 141 123 VHLPDVHNQVSGVYD 91 150 139
HLPDVHNQVSGVDL 110 114 137 LPDVHNQVSGVDLG 104 150 129
LPDVHNQVSGVDLG. 104 154 154 PDVHNQVSGVDLG.P 106 129
115 DVHNQVSGVDLGLPN 117 133 3 HNQVSGVDLG-PNW 100
119 38 NQVSGVDLAPNWG 76 106 38 QVSGVDLGLPNWEK 78

T 0041 T6AR it EBU0RBoRA16 ™ 198 TAP e T e ©

Dediiaial 11ziG3g apgatianti BS7 cds@apd ~wiatnses.virus G protein

LaGs— Na laG 1l CRO4-O01 99 CRO4--004-5 i
NERg. 68 |1 E76 R2CR04ED18° 3doot Boal 0f Beoa| ERGBS02n ES7C3
1500 CRO4¢02mmgs2] (DROAgGOIL(RTAng) | (IU/mg) | (IU/mg) (IU/mg)
CR04-008 0%* 0 0 0 0 0
CR04-010 8127 1355 5418 1355 2709 4064
CR04-018 1604 0 1604 0 59 535
CR04-021 450 2 150 8 50 50
CR04-038 9437 1573 9437 1049 6291 1573
CR04-040 8209 2736 24628 1368 5473 912
CR04-073 8256 1835 11008 1835 3669 1835
CrR04-098 9878 3293 9878 3293 3293 3293
CR04-103 8917 2972 17835 2972 5945 2972
CR04-104 3288 2192 6576 2192 4384 1096
CR04-108 3288 731 4384 731 2192 731
CR04-120 1111 14 741 82 247 41
CR04-125 708 39 236 79 157 79
CR04-126 88 0 18 0 " 18 0
CRO4-144 5625 2813 11250 2813 5625 1875
CR04-164 4252 472 4252 472 945 709

* (0 indicates no 50% endpoint at a dilution of 1:100 of the
antibody

Table 17. Neutralizing potency of CR-57 against E98 escape

viruses.
E98-2 E98-4 E98-5 E98-6 E98-7
(IU/mg) (IU/mg) (IU/mg) (IU/mg) (IU/mg)
CR-57 2813 8438 4219 2813 8438
CR04-098 o* 0 0 0 0

* Zero indicates no 50% endpoint at a dilution of 1:1000 of

the antibody.




CRO4- 038 2330 CR04-040 3041 CR04-060 89 CR04-073
6116 CR04-097 <1 CR04-098 7317 CR04-103 3303
WORMW 11844 4871 CRO4- 108 4871 CR04-120 4938 €ER04API®DS5/052410
4718 CR04-126 2655 CR04-140 478 CR04-144 6250
CR04- 146 ND CR04-164 4724 CR57 3800 CRIB 605 ND =
not determ ned WO 2005/ 118644 PCT/ EP2005/ 052410 135
Tabl e 16: Neutralizing potencies of anti-rabies virus
G protein 1gGs against E57 esgmape viruses. Nanme |gG
E57A2 E57A3 E57B1 E57B2 E57B3 E57C3 (I U ng) (1U ng)
(1Umy) (IUng) (1WUng) (IUng) CRO4-008 0* 0 0O 0O0O0O
gﬁ%@ 2&8 3;27 1355 54 81355 2709 4064 CR04-018 1604
0 §B35° &Eeoﬁ FHASF S 5639865500 HRpmiggal
04BFi rih 723437 ofOGQS@ZxQJ‘ltIiﬁY %ex{aﬁ%eoéorégﬂgs 2x7§ﬁlses
2

24620 1269 CA73 Q12 - 073 82856
3é§%e 8'5 é&04-(98 §878 329F 987 32@3 3;93 @293 L
K L C G v L
(99.6%) * (100%) (100%) (98.7%) (99.6%) [ (70.7%)
R E I P
{0.4%) (0.9%) (0.4%) (26.7%)
R S
(0.4%) (2.6%)

*
Percentage of occurrence of each amino acid is shown within

229 rabies virus isolates.
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CRO4-103 8917 2972 17835 2972 5945 2972 CRO4-104 3288

2192 6576 2192 4384 1096 CR04-108 3288 731 4384 731
wW@a20B/1i8&k4s CRO4- 120 1111 14 741 82 247 41 CROPCTED2008852410

39 236 79 157 79 CRO4-126188 0 18 0 18 0 CR04-144

5625 2813 11250 2813 5625 1875 CR04-164 4252 472 4252

472 945 709 * 0 indicates no 50% endpoint at a

dilution of 1:100 of the antibody 5 Table 17.

Neutralizing potency of CR-57 agai nst E98 escape

viruses. E98-2 E98-4 E98-5 E98-6 E98-7 (I|U ng)
%@%IU@) (1Urm) (IUng) CR-57 2813 8438 4219

i gdi
RBRETIH Ffoi 17t a#‘ a GI?%}t{?%%}%f Ofl fg%%hga ﬁloﬁfa{{wﬁﬁam b
Hewda bodi AMDE2 BO5ULLSBAma PCRIEPZ305108242003 ) giqngleonal
K of a ci.d resigues. in | sl

SBEHRTTG Yoo OF SPoLRBTef thin orotyse o1 . any fud! éFlzabies
vViassestriWdrbtéib Engt\eiposgpeaits MN-Cegminps eootigyywirion

(1000/)% (1009 zﬁn 6 1 REI P (0.4%
spptas Czﬁ%bjr(ogﬁ '7} ul(lﬁ?s 04%9%6 ?2 6% *Percentage
of occurrence of each amno acid is shovvn wthin 5
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nol ecul e having rabies virus neutralizing activity,
characterized in that the binding nolecule 5 conprises
at | east a CDR3 region conprising the amno acid
sequence selected fromthe group consisting of SEQ ID
NO1l, SEQIDNO2, SEQID NG 3, SEQID NO 4, SEQID
NO5 SEQID NO6, SEQIDNO7, SEQID NO8, SEQID
NO 9, SEQ ID NGO 10, SEQ ID NO 11, SEQ ID NO 12, SEQ
ID NGO 13, SEQ ID NO 14, SEQ 10 I D NO 15, SEQ I D NG 16,
SEQ ID NO 17, SEQ ID NGO 18, SEQID NO 19, SEQ ID
NO 20, SEQ ID NO 21, SEQ ID NO 22, SEQ ID NG 23 and
SEQ I D NGO 24. 2. A binding nol ecule according to claim
1, characterized in 15 that the binding nol ecul e
conprises a variabl e heavy chain
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conprising the am no acid sequence selected fromthe

group consisting of SEQ ID NG 26, SEQ ID NO 27, SEQ
wORod¥@1&34 SEQ | D NO 29, SEQ ID NO 30, SEQ .. PpOrNex®i/052410

SEQ ID NO 32, SEQID NO 3342 SEQ ID NO 34, SEQ ID

NG 35, SEQ ID NO 36, SEQ ID 20 NG 37, SEQ I D NO 38,

SEQ ID NO 39, SEQ ID NO 40, SEQID NO 41, SEQ ID

NO 42, SEQ ID NO 43, SEQ ID NO 44, SEQ ID NO 45, SEQ

ID NO 46, SEQ ID NO 47, SEQ ID NGO 48, SEQ ID NO 49,

and am no acids 1-119 of SEQ ID NO 335. 25 3. A

géﬁ&éi onal variant of a binding nolecule according to
1 or 2, characterized in that the functional
variant has rabies virus neutralizing activity. 4. An

[ noconj ugate conpyisin hi_ndi
Loh gl SR s S IFRp ARSI Ea b P patng
acget ity ,t @halraicier3zed hin i thminatenjpigdi agf ueiderle
rising at Il eas V\D2005/11 4
ﬁf@%ﬁ% fastclﬁs&%ﬁ? ACHERRToL v ggﬁ& Ehg grino acid
engegidi-l Jailrdiced Mebecthe gengorddingg stdngl afn$ElQ OFD O:1,
or a functional_ varian ccC tg cl
ve%?%r R O¥arsiohy &P Néa@t ‘%r;\‘g ]ﬂﬁ&\{o X gﬁp §c§1 e&Q D
acRer 6lj nged qéﬁlmx :m, SSF@ formis,ccsmum NQ:at Bmsrbmlo
vector according to claim 6.
U ER T Ngodel SronatnBor Py POt NejdRy, BE6TEE RS 16, smo
hugﬁnmfyeié ﬁgd&mhmdl oéE@rmlumng asthnango 18, SEQ ID
rmecueaccorlngtocalml 2 or c
valPah?: a&EDrIA MY 28 cPERN B N eiHHC %@ #ﬁeE %”Ifj 1D
COfptb5esnd s tiepxoebs.a) culturing a host according
to claim7 or 8 under conditions conducive to the

expression of the binding nolecule or functional
yakﬂﬁfﬁdlﬁ%?RoﬂEHﬂl%n%Eb%rdgﬁgbﬁoréﬂ%ﬁﬁﬁﬂln@hbhacterlzed in

exgaggsgﬁg ﬁikéfgé‘gglggﬂag ggmpiigggIénygrlggagaﬂeavy chain
comprising the amino acid sequence selected from the group
consisting of SEQ ID NO:26, SEQ ID NO:27, SEQ ID NO:28, SEQ
ID NO:29, SEQ ID NO:30, SEQ .ID NO:31, SEQ ID NO:32, SEQ ID
NO:33, SEQ ID NO:34, SEQ ID NO:35, SEQ ID NO:36, SEQ ID
NO:37, SEQ ID NO:38, SEQ ID NO:39, SEQ ID NO:40, SEQ 1D
NO:41, SEQ ID NO:42, SEQ ID NO:43, SEQ ID NO:44, SEQ ID
NO:45, SEQ ID NO:46, SEQ ID NO:47, SEQ ID NO:48, SEQ ID
NO:49, and amino acids 1-119 of SEQ ID NO:335.

3. A functional variant of a binding molecule according to
claim 1 or 2, characterized in that the functional variant

has rabies virus neutralizing activity.

4. An immunoconjugate comprising a binding molecule according
to claim 1 or 2 or a functional variant according to claim

3, the immunoconjugate further comprising at least one tag.
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10. A pharmaceutical conposition conprising a binding
nol ecul e according to claiml1 or 2, the pharmaceuti cal

waRoasangaasi ti on further conprising at | east OneCT/EP2005/052410

pharmaceutically acceptabhe excipient. 11. A

phar maceuti cal conposition according to claim 10
conprising at |east one additional binding nolecule,
the 30 additional binding nolecule conprising at

| east a CDR3 region conprising the ami no acid sequence
selected fromthe group consisting of SEQ ID NO 1,

SEQ | D NOQ 2, SEQ | 3, WD 2005/.1

a0 GEIATEOTIaN S 1IN £, RGPS TeF o kg

| DadND6IirSEQol PLAMNT] GEQ |dr aNGuBctSEQal Dvaltigpt SEQording
ID NO10, SEQ ID NO 11, SEQ ID NO 12, SEQ ID NO 13,

SEE? 19N@ £4, SEQ ID NO 15, SEQ ID NO 16, SEQ ID

NO 17, SEQ ID NO 18, SEQ ID NO 19, SEQ I D NO 20, SEQ

ID5 NO 21, SEQ,ID NGO 22, SEQ ID NO 23,. SEQ.I.D NO 2
Sanfy %qrocomagzé}n%a et P The ﬁ]&%ﬁ&%ﬁ%& wdiidde
capakd &10fg reaetibhg swith different, non-conpeting

epi topes of the rabies virus. 12. A pharnaceuti cal
conmposition according to claim1l, 10 characterized

7 nathsdt thenpaddishbonal 18k 8di dige "Rl acceeaphyses @laim 6.
vari abl e heavy chain conprising the am no acid
sequence selected fromthe group consisting of SEQ ID

é\.lq{zﬁ@st S‘FchJrlal L 28, ¢ BEEh 'D, NP.2% i nSERel RoBO. 29, a SRQ.1
I D NO 30, SEQ | NG 31, SEQ I D NO 32, SEQ I D NO 33,

SEderre® Fem gebuppniseND 35, SEQ ID NO 36, SEQ ID

NO 37, SEQ ID NO 38, SEQ ID NO 39, SEQ ID NO 40, SEQ
ID NO 41, SEQ ID NO. 42, SEQ ID NO 43, SEQ I D NO 44, ,
BED g 45, PSRgurchnfiCce 4indiey Mylaquls7 acgpeslipg to claim

4 I y n - \ nd , Wherein
45 PR A AR AR Attt o

cohheshetiond cemprisefgthe FeeR? Ao rabies virus
neutr al é;z'cﬂﬂtﬁifm ng fRlecl R aiahargctesigef ol rBhtJﬁ@br

the bi ndi ng nol ecul es are capabl e of reacting wt
conditions conducive to the expression of the

binding molecule or functional variant, and
opticnally,
b) recovering the expressed binding molecule or

functional wvariant.

10. A pharmaceutical composition comprising a binding
molecule according to claim 1 or 2, the pharmaceutical
composition further comprising at least one pharmaceutically

acceptable excipient.

11. A pharmaceutical composition according to claim 10
comprising at least one additional binding molecule, the
additional binding molecule comprising at least a CDR3
region comprising the amino acid sequence selected from the

group consisting of SEQ ID NO:1, SEQ ID NO:2, SEQ ID NO:3,
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di fferent, non-conpeting epitopes of the rabies virus.
25 14. A pharnaceutical conposition according to claim

wo2pos/1aganacteri zed in that the first rabies vPCO&EP2005/052410

neutralizing binding noled#de is capable of reacting
with an epitope l|ocated in antigenic site | of the
rabies virus G protein 30 and the second rabies virus
neutralizing binding nolecule is capable of reacting
with an epitope located in antigenic site Ill of the
rabies virus G protein. WO 2005/118644

P 52 4, ceut I
q%%g:agﬂgé%écéégdﬁa Ié?o tla Cgﬁ%%m% 2 a?ggtéPlggdh PEQ 1D
t hiad : 8 hesHg 1Tt Noabj, eSEQi TsNOwELd,r &EQz TRgNObiLhei $8R ID NO:12,

nmol ecul e conpy i é L@n 3}
e RS 383, R T sod BNIA S SEP R, S =0
r abb eso ¥i T,usEEeuDr #bk 28 ngstp neid n{p s, eSEIQeIDoN@rZQESSEQ ID

géﬁ%ﬁ;tS&I@cygdgngﬁéh@?‘? oup’’ cong ?? ﬁg g?%ﬁbﬁ% b

NGid: 2 SEQHd2 e iNOth©, b SR rhdﬂddhleSE@rleDch@aﬂﬁe SEQ:eacting
ID NG 16, and SEQID 10 NO 22. 16.. A bin

ctbF ] i SR EIa] RPE-BPBSE 500 (LRHal v AL FaRE e irus.

according to claim 3, an i mmunoconjugate according to
claim4, or a pharmaceutical ,conpositipn 15 a cqrd

% cIAaWI@a%uFb‘Fahscé”%s&t&é’& esreREIng 150 &q

MoLESHh & SCCAUAIIRY that CLAE i dd D ichald bihdiai ﬁﬁaécule
variant according,to claim3, an inmmunqgcqQnju

acEORBT hPt & CladilmPAe B?aﬁypﬁ%?ﬁ%d%@ﬂﬁ?ﬁﬂlngbg%Ss??f%% acid

205866058k N Q-1 AIFFROL A8 é@éupl&ﬁmgistdmgdbagemgl D NO:26,
prophyl axis, treatnment, or conbi nation thereof

a
coﬁEQtIBnNQe%U 559y IPr HRY B§ssBHR r1R NOrg2 'U§§Q0FD fofso, smo

REli R 8P] esrb e rAGERRdi, Ngrdo16 | wd M3, QﬁmZJDaN6534 SEQ ID
functlonal variant according to claim3

i nHQABEoNFERY akR NOiGbor §FRgT oN%f%ﬂwnSFQ(ﬁp yo 38, SEQ ID
PhapIBEEUSES 8 b GRITI®S! KEBNID NO:41, SEQ ID NO:42, SEQ ID

NO:43, SEQ ID NO:44, SEQ ID NO:45, SEQ 1D NO:46, SEQ ID
NO:47, SEQ ID NO:48, SEQ ID NO:49, SEQ ID NO:273, and amino
acids 1-119 of SEQ ID NO:335.

13. A pharmaceutical composition comprising at least two
rabies virus neutralizing binding molecules, characterized
in that the binding molecules are capable of reacting with

different, non-competing epitopes of the rabies virus.

14. A pharmaceutical composition according to claim 13,
characterized in that the first rabies virus neutralizing
binding molecule is capable of reacting with an epitope
located in antigenic site I of the rabies virus G protein
and the second rabies virus neutralizing binding molecule is
capable of reacting with an epitope located in antigenic

site III of the rabies virus G protein.



10

15

20

25

30

according to claim10-15 in the preparation of a
medi canent for the diagnosis, prophylaxis, treatnent,

wonoasargd4mat i on  thereof, of a condition resul PCIEPRIVSHF2410

| yssavirus. 30 19. A kit co#prising at |east one
bi ndi ng nol ecul e according to claiml or 2, at |east
one functional variant according WO 2005/ 118644
PCT/ EP2005/ 052410 146 to claim 3, at |east one
I mmunoconj ugate according to claim 4, or at |east one
phar maceuti cal conposition according to claim10-15
or a conbination thereof. 5 20. A nethod of
identifying a binding nolecule specifically binding
IED. apraihiaamamienuscal eompad idiienaeicdomdirgute cklaigoding
ng nol e cific bi ndi ng 1. ' -
Vi Pl “GREr BT tHo BEnGHCootpt T b 1dig i, TR gy aing
CObﬁadin@gmd&éﬂﬂﬂ&ﬂdﬂmpmleésbahdleqptnﬁ(ﬂﬂR3e$egdohheomprising

urface of r i cabl e c
B %??d?xﬁf eqﬁﬁgﬁﬁeﬁ? ?%g ﬁq&¥ er con%ﬁt?gﬁgnd
coadbﬁ;eyeviménmmhhﬁnaebeﬁmm@ m1écaﬂ:et c@mpelfses at
dlnﬁ nn%%$§les. bindin 1ot ggrables Vi r.
12t of<9+°fs Cé’H‘B tF 182 paratt g ant eé&‘?&?f’ﬁ%
t h%eméﬁﬂé@gffmhaﬂid Qﬁfoupl adhagstmc_t; hef rsg €9 wWords BEQ ID
fragnent thereaq d of identif

bi N7 A8+ meFScth ficktensrRi F§ B! hawi SR iy O4IE, P SE0 10

acitpyppy against a rabies virus or a nucleic acid
nol ecul e encodi ng a binding nolecule potentially
havi ng neutralizing activity against a rabies virus,

wher el iR nethBed 6 08 s ESastRe tot epsifRfl or 2, a
a) contactlng a coll ection of binding nolecules on the
f

25 Tynrraeeebi Ve AFCOrgéREt FR prERAgEs R fmgnoconjugate

r aQ'c%%rdi(ha? USo 061 finf 1800RNE bherete el CoRgoEiensn

conduci ve to bindi ng,
according to claim 10-15 for use as a medicament.

17. A binding molecule according to claim 1 or 2, a
functional wvariant according o claim 3, an immunoconjugate
according to claim 4, or a pharmaceutical composition
according to claim 10-15 for use in the diagnosis,
prophylaxis, treatment, or combination thereof, of a

condition resulting from lyssavirus.

18. Use of a binding molecule according to claim 1 or 2, a
functional variant according to claim 3, an immunoconjugate
according to claim 4, or a pharmaceutical composition
according to claim 10-15 in the preparation of a medicament
for the diagnosis, prophylaxis, treatment, or combination

thereof, of a condition resulting from lyssavirus.

19. A kit comprising at least one binding molecule according

to claim 1 or 2, at least one functional variant according
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b) separati ng and recovering binding nol ecul es that
bind to the rabies virus or fragnent thereof from 30

woi2oabings4mol ecul es that do not bind, c)isol ati RgTAP2005/052410

| east one recovered bi ndi ng4drol ecul e, WD 2005/ 118644
PCT/ EP2005/ 052410 147 d)verifying if the binding
nol ecul e i solated has neutralizing activity agai nst
rabies virus. 22. A nethod according to claim 21
further conprising the 5 step of separating and
recovering binding nolecules containing a variable

heavy 3-30 gernmline_gen ] ccardi o :
anpoorTHR B g 5o 0fe St B R BT RO g eo. c1ain
bi adi 6g ol et te ©nen phhensoe fiabea bfcohpaséplipoabbeording to
genetic C es is epared from RNA isolated from
ceFf%l%bﬁgT Ifﬁoﬁ9§£§ﬁﬁfég? Y¥%ﬁe$£; been vacci nat ed

agai nst rabies or that has been exposed to rabies

virus. 24 thod according.t.o any of.the clains ..

B! o3 npbed AT 1SRRECT ForORIOr BPhaT o ol aase Ly
onptheisyrface wibidseptiraabbe gemneti«i packageslesude ,
single chain Fv library. 25. A nethod acc Ldin% tg any_..p;
of SPREAENR| FeP A A S CU R PRI W@?bj%éé‘f“ g §° e rapies
hugrapuk Noive eml oMl eldthaa beepri2ds vascistapedodgai nst

rabies. 26. A nmethod according to _an f the clains
20- 25, 3LRAPAEEEINTed FRLAFL N ET B{BP&%’&W %Olg%%]ﬁsc on the

package i sur$gkechbedrippipdie Yeapieopstriday witda rabies
phage particle, a 25 bacterium a yeast, a fungus, a
spore of FiFver 88r gakradHatd thererhodpAer g9nditions

col | ecti o QfauByyan.Hi pohdihgiol ecul es on the surface
of replicable genetic packages, characterized in that

the 30 kdlgederitdngi at pteddr haa SPrRRANASRE AP FHSH

cells Obt@ﬁﬂﬁﬁpgfﬁgn£ﬁesfgﬁfg§ dihdls Bastheefragment thereof,
vacci nated agai nst rabies or has been exposed to

rabi es virmmsl WO 2005/ 118644 PCT/ EP2005/ 052410

c) separating and recovering the binding molecules
binding to the rabies virus or the fragment thereof.
21. A method of identifying a binding molecule potentially
having neutralizing activity against a rabies virus or a
nucleic acid molecule encoding a binding molecule
potentially having neutralizing activity against a rabies
virus, wherein the method comprises the steps of:

a) contacting a collection of binding molecules on the
surface of replicable genetic packages with a rabies
virus or a fragment thereof under conditions
conducive to binding,

b) separating and recovering binding molecules that
bind to the rabies virus or fragment thereof from
binding molecules that do not bind,

c) isolating at least one recovered binding molecule,
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148 28. A collection according to claim?27,
characterized in that the collection is a single

woheosniges4l i brary. 5 29. A coll ection accordi ngCTmP2005/052410

claim 27 or 28, characteria¢d in that the subject is

a human individual which has been vaccinated agai nst
rabies. 30. A nethod of identifying a binding nolecule
potentially 10 having neutralizing activity agai nst

an infectious agent causing disease in a |living being
or a nucleic acid nolecule encoding a binding nolecule
potent 8) Wi aving NEWHALHREs ASTLYhIY AN 3is

i nfectious ageﬁ% ausi ng seasd In a I ving bel ng,
wher ei n t heutred hidi roprprtiisésyt hgashepsrajfiesl srigps.
contacting a collection of binding nolecules on the
surface of replicable genetic packages with at | east

2 celd mexpbasstagraimy aieicdladh thefiinfleet i campmEigamy the
causi ng di sease i.n a living bein n_ift.s surface
UnGERP o TS D6naTE) GRoR B gDy By E8Hies
sepaheiifth@nd weGeweei hgaty ngh 1Yy gerdraduleegehbat  bi nd
to the cell expressing a protein of the infectious
agent causing disease in a living being on its

sUr f acenfthod bepdtathduleca et tak doaiws 20ian] sa@iedein
cell, 25 c) isolating at |east one reco%ﬁ{ed bindingf

noFBeurelleqiiqreqff PrAgire PALCHHIRR AP Mo SUFEace

| SeLpl fahBs gdiRMtilAbhgkAgedCld Vibtdpa8A F¥ont RRA isolated
i nf ecti ous agent . causing disease in _a |living bei

30E39m Pkt RRFHECS dirfl RoSEPieHh 362 h2SaleER ’QSGCthed

i na%Q?ﬂBsE heap RN NGrER! BEY| Bebs d W0 20085L41864ds .
PCT/TEP2005/ 052410 149 32. A nethod according to claim

30 or 31, characterized in that the infectious agent

35, a P}/itnféﬁ’roda aPR6L8Ihd Mo AMEIF tthedciHNEYS2GL28, wherein
arasite.
P the collection of binding molecules on the surface of

replicable genetic packages is a single chain Fv library.

25. A method according to any of the claims 23 and 24,
wherein the subject is a human individual which has been

vaccinated against rabies.

26. A method according to any of the claims 20-25,
characterized in that the replicable genetic package is
selected from the group consisting of a phage particle, a
bacterium, a yeast, a fungus, a spore of a microorganism and

a ribosome.

27. A collection of human binding molecules on the surface of
replicable genetic packages, characterized in that the
collection is prepared from RNA isolated from cells obtained
from a subject that has been vaccinated against rabies or

has been exposed to rabies virus.
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5 33. A nethod according to any of the clains 30-32,
characterized in that the protein is a protein

woaoosaliges4 expressed on the surface of the i nfecTiEeu®s/052410

agent. 34. A nethod accordil#gy to any of the clains

30-33, 10 characterized in that the collection of

bi ndi ng nol ecul es on the surface of replicable

genetic packages are subtracted wth the cells not
expressing the protein of the infectious agent

causing disease in a living being on their surface. 15

35. A binding nol ecul e having rabies virus

neutralizing activity, characterized in that the
48 .ndiangonbkecidbe acamiimgesoatlbhtast’a demactehdized in that
CDR3 regjon conprising.th m .o .aci.d, sequence

cotf | g SEGY Bshfig%?gg%jéhﬁﬁQ1ivh&lbﬁ8?¥6ule havi ng

a neutralizing activity of at |east 2500 20 I U ny

rotein. 36. A binding, nolecule accordin o ¢l aim35,

ar B CoMLSEHIOR AR We i RIRG A AsaE e
a YArtadd eclheaipjeehaliB, a CofM Sidtidilaanivh@cAChds been
sequence conprising SEQ ID 25 NO 273. 37. A binding
noV%%%&%?%ﬁﬁxﬁ9ﬁ¥ﬁ&%tSaEF%?n135 or 36, characterized
in that the binding nolecule conprises a heavy chain
conprisin% the am no aci d sequence conprising SEQ I D
Ho N& reihodorfobdeiEedaIPeT PEPIHDS/ BT C BT3¢ taALlY
nugl &1 Gg aed £k mli88W5e 2 8REPHH P0a gh DidHdiaRg inBLeelbls agent
according to any of the clains 35-37. 39. A nucleic
acFaupbne i seafec S0P g1Vveng | RERBPT B dNslgdCepfidgnolecule
I Nohbadiddes PG Aing ashdcAPl 66t & 1CRMAN $8%inkh8eutralizing
nucl eoti de sequence conprising SEQ ID NO 122. 40. A
phaehbedty | agdinsdnpes infeat towpradsiiy causiagdsfipgpse in a
bi nelj | es, r j [ tselsh i gi of:
T A R i gy
than 1.&) cpptaating a collection of binding molecules on the

surface of replicable genetic packages with at least
a cell expressing a protein of the infectious agent
causing disease in a living being on its surface
under conditions conducive to binding,

b) separating and recovering binding molecules that
bind to the cell expressing a protein of the
infectious agent causing disease in a living being
on its surface from binding molecules that do not
bind said cell,

c) isolating at least one recovered binding molecule,

d) verifying if the binding molecule isolated has
neutralizing activity against the infectious agent

causing disease in a living being.

31. A method according to claim 30, characterized in that the

binding molecule is human.
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41. A pharnmaceutical conposition according to claim
40, characterized in that the binding nolecules are

wouoesn18c% nonocl onal anti bodi es. 42. A phar naeeutEPe@s/052410

conposition according to chi#i m40 or 41,

characterized in that both binding nol ecules are
capable of neutralizing an infectious agent. 20 43. A
pharmaceuti cal conposition according to any of the
claims 40-42, characterized in that both binding

nol ecul es are capable of neutralizing rabies virus.

4§& A.hi ndi_n Lecul e accordisng_taqg,cl ai %%. .
%%‘-3 ) mec?%‘é)r%agtc(%P :ggéagiéotcra}la 111{ %((e) %’anﬂhggir}%%}é%% elzloe{sd ln
humhaat 8Be infectious agent is a virus, a bacterium, a yeast,

a fungus or a parasite.

33. A method according to any of the claims 30-32,
characterized in that the protein is a protein normally

expressed on the surface of the infectious agent.

34. A method according to any of the claims 30-33,
characterized in that the collection of binding molecules on
the surface of replicable genetic packages are subtracted
with the cells not expressing the protein of the infectious

agent causing disease in a living being on their surface.

35. A binding molecule having rabies wvirus neutralizing
activity, characterized in that the binding molecule
comprises at least a heavy chain CDR3 region comprising the
amino.acid sequence comprising SEQ ID NO:25, said binding
molecule having a neutralizing activity of at least 2500

IU/mg protein.

36. A binding molecule according to claim 35, characterized
in that the binding molecule comprises a variable heavy
chain comprising the amino acid sequence comprising SEQ ID

NO:273.

37. A binding molecule according to claim 35 or 36,
characterized in that the binding molecule comprises a heavy
chain comprising the amino acid sequence comprising SEQ ID

NO:123.
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38. A nucleic acid molecule encoding a binding molecule

according to any of the claims 35-37.

39. A nucleic acid molecule according to claim 38,
characterized in that the nucleic acid molecule comprises

the nucleotide sequence comprising SEQ ID NO:122.

40. A pharmaceutical composition comprising at least two
binding molecules, characterized in that the binding
molecules have isoelectric points that differ less than 1.5

pl units.

41. A pharmaceutical composition according to claim 40,
characterized in that the binding molecules are human

monoclonal antibodies.

42. A pharmaceuticai composition according to claim 40 or 41,
characterized in that both binding molecules are capable of

neutralizing an infectious agent.

43. A pharmaceutical composition according to any of the
claims 40-42, characterized in that both binding molecules

are capable of neutralizing rabies virus.

44. A binding molecule according to claim 1, 2, or 35-37,

characterized in that the binding molecule is human.



