Bl NDI NG MOLECULES AGAI NST CHI KUNGUNYA VI RUS AND USES THERECF FI ELD OF THE
| NVENTI ON 5 The present invention relates to binding nol ecul es agai nst

Chi kungunya virus. Particularly, said binding nolecules are capabl e of
neutralizing Chi kungunya virus infectivity. Said binding nolecules can be
used with therapeutic, diagnosis or research purposes, anong others. The
invention also relates to a pharmaceutical conposition conprising said

bi ndi ng nol ecul es and nore particularly, jto the use 10 thereof in the
treatment or prevention of Chi kungunya fever. BACKGROUND OF THE | NVENTI ON
Chi kungunya fever is an energing, epidem c disease, caused by an arbovirus
and transmted by the Aedes nobsquitoes, of nuch significance for 15 WHO s
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Asia Region, outbreaks have been reported fromlIndia, |ndonesia, Mannar,
Sri Lanka, Thailand and Mal di ves. Massive out breaks of Chi kungunya fever
have occurred in recent years in India and in the island countries of the
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envel ope El and E2 30 gl ycoproteins. The viral spike proteins facilitate
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aci ds South and East Africa, South Asia and South-East Asia. In WHO's South-East Asia
Region,\oufbreaks have been reported from India, Indonesia, Myanmar, Sri Lanka,
Thailand and Maldives. Massive outbreaks of Chikungunya fever have occurred in
recent years in India and in the island countries of the Indian Ocean. Similarly,
20  Maldives reported outbreaks of Chikungunya fever for the first time in December
2006. Although not a killer disease, high morbidity rates and prolonged polyarthritis
leading to considerable disability in a proportion of the affected population can
cause substantial socio-economic impact in affected countries (WHO, guidelines

for prevention&control of Chikungunya fever, 2009).
25 The Chikungunya virus (CHIKV) is a member of the genus alphavirus and
family Togaviridae (réviewed by Strauss and Strauss, 1994, Microbiol Rev 58, 491-
562). The alphaviruses are small enveloped single-stranded positive RNA viruses
exhibiting a large cell fropism. The viral surfaces are covered in membrane-
anchored spikes composed of triplets of heterodimers of the envelope E1 and E2
30 glycoproteins. The viral spike proteins facilifate atfachment to cell surfaces and

viral entry. The E1 envelope glycoprotein is a class Il fusion protein that mediates



5 (Plenetv, et al., 2001, Cell 105, 127-136; Mikhopadhyay, et al., 2006,
Structure 14, 63-73). pE2 (the 62-kDa precursor to the E3 and E2 proteins)
and E1 are assenbled as heterodinmers in the endoplasmc reticulum (Strauss
and Strauss, 1994, Mcrobial Rev 58, 491-562). After the cl eavage of pE2
in the Golgi apparatus to formE3 and E2, the El-E2 conpl exes are
transported to the plasnma nenbrane (PM. The 10 interaction of the
cytoplasm c E2 endodomain with the pre ??'senbl ed nucl eocaspid is one of the
initial steps in the process of virus envelopment at the PM Integrity of
virion is maintained by direct interactions between El and E2 (Strauss and
Strauss, 1994 M crobial Rev 58, 491-562). During the course of al phavirus
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al ., 2007, Lancet Infect. Dis. 7, 319-327). However, ELISA and
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the structural pro’rems of fogaviruses and flovwlruses 0.251-278. In S. Schlesinger
and M. J. Schlesinger (ed.), The Togaviridae and Flaviviridae. Plenum Publishing
Corp., New York).

20 Biological diagnosis of CHIK virus infection is essentfially based on
guantitative real-fime RT-PCR-based method during the initial viraemic phase
(Edwards et al., 2007, J.Clin.Virol. 39, 271-275; Laurent et al., 2007, Clin. Chem. 53,
1408-1414; Parida et al., 2007, J. Clin. Microbiol. 45, 351-357). Serological methods
detect anti-CHIK IgM early times after the first clinical manifestations and specific

25 1gG after two weeks (Pialoux et al., 2007, Lancet Infect. Dis. 7, 319-327). However,
ELISA and immunodetection assays are poorly specific and sensitive due the cross
reactivity of Chikungunya virus with related members of the Semliki Forest (SF)
antfigenic complex (Greiser-Wilke et al., 1991, J. Clin. Microbiol. 29, 131-137).

More recently, Brehin and colleagues (Brehin et al., 2008, Virology 371, 185-

30 195) have developed some monoclonal antibodies (mAbs) reactive to CHIKV E2

glycoprotein for diagnosis and research purposes, which were also described in



gl ycoprotein they failed to neutralize CH KV infection of primate cells in

vitro. Besides, a first comrercial Chikungunya virus indirect

. i mmunof | uorescense test (II1FT) is commercialized by Euroi mmun AG Ger many

- for analyzing the CH KV specific i mune response. This test was eval uated

by Litzba et al. (Litzba et al., 10 2008, Journal of virological nethods,

149(1), 175-179). In the recent years, theye has been an expl osive

re-energence of Chi kungunya fever. Thus, although sone advances have been

undertaken to provide a reliable test allow ng the detection and

moni toring of CH KV specific antibodies, there is still a need to devel op
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control is the only way to prevent and confrol the outbreaks. Vector control is not
an easy task and insecticide spraying is not always effective and desirable (WHO,

20 guidelines for prevention&control of Chikungunya fever, 2009).

Symptomatic freatment is recommended after ekcluding more serious
conditions. Symptomafic or supportive treatment basically comprises rest and use
of acetaminophen or paracetamol to relieve fever and ibuprofen, naproxen or
other non-steroidal anti-inflammatory agent (NSAID) to relieve the arthritic

25 component. Patients with persistent or chronic phase of arthritis who fail fo
respond to NSAID may show some response to chloroquine phosphate. The latter
may act as a weak broad spectrum antfiviral agent apart from being an anti-

| inflammatory agent. Use of corticosteroids in managing Chikungunya related
arthropathy has in general been a contentious issue and has fo be the last resort in

30 a clinical decision (WHO, guidelines for prevention&control of Chikungunya fever,
2009).



62(6), 681-5) with good i mmunogenicity and tol erance results. However, this
vacci ne seens not to have reached market authorization and further efforts
are being made to find a Chi kungunya vacci ne, see for exanple the in vivo
study on 10 the imrunogenicity of consensus-based DNA vacci nes agai nst

CH KV performed by Mithumani et al. (Miuthumani K. et al., 2008, Vaccine
26(40), 5128-34). Wth regards to the i munot herapy strategi es agai nst

Chi kungunya virus infection, the use %f a concentrate of hunman

i mmunogl obulins (1 gA IgMand IgG has been previously described, as well
as F(ab)'2 and/or Fab fragnents specific to 15 an arbovirus (i.e.

Chi kungunya virus) for use as a nedicanent in the treatnent of
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from Chi kungunya fever and also to obtain a protective therapy against the
virus i nf BE&GTER. BB PREeNTRE 8 hynan BN PePLRIsIHY gV 1t Elil es t hat
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SUMMARY COF THE | NVENTI ON The invention provides new bi ndi ng nol ecul es
agai nst > ChPR gReRifiya (g (hdkungunya virus) for use as a medicament in the treatment of

arbovirosis, see WO 2007/118986.

Furthermore, sfudies with neutralizing mAbs have been reported for several
alphaviruses including Sindbis virus  (SIN), Venezuelan equine encephalitis virus
(VEE), Ross River virus (RR), Semliki Forest virus (SF), Eastern equine encephadlitis

20 = virus (EEE) and Western equine encephalitis virus (WEE) (see, e.g. Roehrig, J. T.
1986. The use of monoclonal anfibodies in studies of the structural proteins of
togaviruses and flaviviruses, p.251-278. In S. Schlesinger and M. J. Schlesinger {ed.),
The Togaviridae and Flaviviridae. Plenum Publishing Corp., New York]. Recently,
human polyvalent immunoglobulins were purified from plasma samples obtained

25 from donors in the convalescent phase of CHIKV infection, and the preventive
and curative effects of these immunoglobulins were investigated (Couderc et adl,,
2009, J Infect Dis. 2009, 200(4), 4892-91). However, to our knowledge, at present no
neutralizing monoclonal anfibodies against Chikungunya virus have been
described, let alone fully human neutralizing antibodies.

30 Since at present there is no vaccine or specific treatment availoble on the

morke’rh to combat the Chikungunya fever, several efforts are being undertaken o



(CHIKV). In particular, tw nonocl onal antibodies specifically binding to
an epitope located in an antigenic site of one of the Chi kungunya virus
envel ope 10 proteins are provided. Furthernore, these antibodies are fully
human anti bodies wth CH KV neutralizing properties which nmake them
particularly useful for the treatnment or prevention of Chi kungunya fever,

~ thus avoiding all the secondary effects of unwanted reactions associated
~to nmurine, chinmeric or humani zed antibodies in the treatnment of human
patients. 15 In accordance with a first aspect of this invention, we

- provide an isolated binding protein that specifically binds to Chi kungunya
~virus, conpri sbRgna kEavynd elaid tesrbpp taedoseiiiaes 10opplidrai Agfaahg | femst

- one of the sel ect from the gr consi stin ‘s of SEQ
D NGs: 10 or BUGHERIT: € b sGats’ PR NGE DB CHr 490r08M e BRTEYS of

SEQ I D NGs: 1%@@&4%@6@@@ ahéﬁegsh@ n@Balf@r @BViERg2ReRBidd BEIOGENEETUl in the

conprising at Ieast one of CDR s selected fromthe group consisting

of : (d) CDRLI P& '@E@nfﬁ@r&@éﬂm%f%frfh963h‘k(J8§3U@6ﬁLeZeé of SEQ ID NOs: 18 or
38, and (f)y CDRL3's of SEQ ID NGs: 20 or 40. A second aspect of the present

~invention relates to a functional variant of a binding protein of the
i nventi on chasHMMARY,QETHEINVENTION d functional variant binds 25 to

- Chi kungunya virus, 1 ﬁ\bbﬁﬂo@%mesoﬁev@ %%@m&:m@yggﬁin@fﬂ(ﬁﬁf %Lﬁwybovn@g
mmunoconj ugate of a binding protein or a functional variant o

i nventi on whereHkVaalnd Pisirti %ﬁgTWErGF@P@QGﬂ‘ﬁ@ﬁ@@@@hépegﬁﬁpﬁmﬂmm%n%d@p@@d to
at |east one |.aRehenaAad/RartbhRERL sidbPURe & ind EMEINRR BSRECLnAbbe
present invention re ates to an 1solated nuclelc aci ecul e conprising a
nucl ei ¢ adPd efadncee aievdeaghuthsimdiondngsecrrdivediey areddibt homan WdiPPdies or
an i nrmunocon] t n An
i nvention per?gﬁngHﬁg QQSQ%Q% &b%%”l \ﬁﬁéﬁ géﬁu rgﬂ%mggﬁaﬂjgﬁggh(yfh? t he
invention. A figctrhent aspeyentdn torﬁéihlkmm@ﬁnv@rﬁe\r@l e o violing cidee seedmdary
T orng 1 Dol & raehfbdBLETHE Qhalfftd 361 ALNAL LARKEVSIHOBALY
accordance to an addi t1onal aspec Bi's G hvent Ion, provi de a od
for prodUC|ngwmbbdﬂdmﬁge¢EOMBBnHﬁ$UhunCQGMmES variant or on .
;3”“”“000“1 jugate of . th corh@ﬁé’éwt‘% ¢ ﬁfé%?pfec%'o’?%é l&%ﬁﬁ&? w?g chNPodeuﬁhﬁ%%na‘%é‘ d
i nding protein, func i onal “vari ant nrunoconj uda n a host ce
t he i nventi on oaih@ proetemalhloy specitt @ty bigdsstai Ghlkungunyo VIrus comprising a heavy

of

chain amino acid sequence comprising af least one of the CDR's selected from
the group consisting of: (a) CDRH1's of SEQ ID NOs: 10 or 30, (b) CDRH2's of SEQ ID
NOs: 12 or 32, and {c) CDRH3's of SEQ ID NOs: 14 or 34, and/or a light chain amino
20 acid sequence comprising at least one of the CDR's selected from the group
consisting of: (d) CDRL1's of SEQ ID NOs: 16 or 36, (e) CDRL2's of SEQ ID NOs: 18 or
38, and (f) CDRL3's of SEQ ID NOs: 20 or 40.
A second aspect of the present invention relates to a functional variant of a
binding protein of the invention characterized in that said functional variant binds
25  to Chikungunya virus,
A third aspect of the present invention refers to an immunoconjugate of a
binding protein or a functional variant of the invention wherein said binding

protein or functional variant is coupled to at least one labeling and/or effector

group.



bi ndi ng protein, functional variant or inmunoconjugate. In yet another
aspect of the present invention, we provide a pharmaceutical conposition
conprising as an active agent at |east one isolated binding protein, at

| east one functional variant or at |east one inmunoconjugate 15 of the

i nvention; and a pharmaceutically acceptable carrier, diluent or adjuvant,
A rel ated aspect of the present invention refers to an isolated binding
protein, a functional variant or an ingunoconjugate of the invention for
use as a nedicanent. Moreover, the present invention relates in a further
aspect to a isolated binding protein, a functional variant, an

i munoconj ugate and/ or the 20 pharnmaceutical conposition of the invention

for use in the \pfaueNLISIt OF thd HeadriTeier@bn tdi8tds b @fliiciteRf nkbi@lRyi I us
fromthe Togaviridae famly, preferably fromthe genus al phavirus nore
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I nvention fDﬁJ:i‘?érﬁfFv&r@oﬁf%‘?oH%w@%oéoani};B@&ghQ'l'nQ%ﬁiiéh. a functional variant or
an i nmunoconj ugate of the invention for 25 diagnostic or screening

purposes. A furtedicraspeet obthet presy daantion MAsRiNsdA ¢ ¥PaicesorpPrangia
CoNpr i & NGy Rheit AR Mo Id SPHBYRENRLAIA AG1HRE Bigedtiorfle !n%ﬁﬁorﬁfé?oféyﬂft i onal

variant, at |east one 1nmunoconjugate and/or east one pharnmaceuti cal
conposi t i onhett ceieominisieatheoncldg arid BRISERIDESORIVETIDN @ MHENRINGURES
Fi gure 1A o ' hit) docaLLes [HgTol Iy¥g, acid
(SEQ 1D Nﬁgg¥%§%%ﬁ§ﬂ§égggpBﬁﬁg&§§§%§ggwa%H“%gr?dbl%%ﬁgﬁggﬁ (%ﬁ?bgna a
partial regbdncingfa binglirCoprsteint o Heeipnal Y@idny od endimmusfocong dsifd OF IS E2

cor  espond s ngmahi e PERER B RsRHE NSk R o BB oAl eronh i n of
t he SFUDF1F5EN@mcobpdyte ireaderst seljoéteesvantion ondicdited!, eoldfghtsogr ey .
o e, SRR P BB e RSl L0 B el KT EY
of the vari abl én deali asothdé0 E&ogat e o2 Atreshopesétie invasitieot | de (BEQAED dN 21)
it RS Bl L LT S e
domai n of WiheingBi6fed, aritiedmd dyedancteingvei@B or at least one immunoconjugate
15  of the invention; and a pharmaceutically acceptable carrier, diluent or adjuvant.
A related aspect of the present invention refers to an isolated binding
protein, a functional variant or an immunoconjugate of the invention for use as a
medicament. Moreover, the present invention relates in a further aspect to a
isolated binding protein, a functional variant, an immunoconjugate and/or the
20 pharmaceutical composition of the inventfion for use in the prevention or
treatment of the infection of an arbovirus from the Togaviridae family, preferably
from the genus alphavirus more preferably the Chikungunya virus.
In even another aspect, the present invenfion relates to the use of a
binding protein, a functional variant or an immunoconjugate of the invention for
25  diagnostic or screening purposes.
A further aspect of the present invention relates to a kit comprising at least
one isolated binding protfein, at least one functional variant, at least one
immunoconjugate and/or af least one pharmaceutical composition of the
invention.
30



shows the nucleotide (SEQ ID N 23) and corresponding amno acid (SEQ I D No
53) sequences of whole light chain of the 8B10F8 anti body. The | eader
sequence (5" 15 Untranslated region; 5 UTR) is indicated in |ight grey.

Vari abl e domains (VH and VL, respectively) are highlighted in dark grey.
The Conpl enentary Determining Regions (CDR S) are also indicated for each
of the variable domains. Figure 3 shows the results of the indirect

i mrunof | uorescense assay perforned to assess the infection of HEK 293T
cells by Chi kungunya virus, confirmng the in vitro 20 neutralizing
properties of the reconblnant anti bodi es (rec8Bl0OF8 and rec5F10F175E2) and
of the isol at BREERDESGRENEN qFABEGIGURERD SF10F175E2) against the Chi kungunya

A226 \ st ] t d f
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antibody is r afzfv@sra@tr@@eaﬁ.d@ (§ml¢us &0(37 gnb d&@%ﬁ%‘ﬁ&g artindedi ('S§QFII§WQ}3PH'E ed
as a triangle (-A-) and both ant in ination as a dot (--).

Figure 5 shomée%?é‘cleé%WP%'ed'Ef‘h‘F%H OBV‘%"\I@@F@?%@WI%W YRAAT ARILEBNSEN e
30 reconbi nanhdadﬁreaqdnga‘ﬁ S(éﬁ@%ﬁé%&j@ﬂ@inf WEA@EU@%’@)C@@@» afet mgnnfgqa\e:é@d

cell lysates and purif viral particles of both A226 an
Chi kungunya vir@k @re@ﬂm%wp'%@fm_ﬂzy D@éﬁi%@@l%g‘?ﬁé (R el ‘Efﬁea'iﬂ ‘9@66’1*661 ei ns

El and E2 andf&%ch%QEf?é%ﬂg%|e HBgoWral capsid protein. Figure 6 shows the
mouse signal peptide of 1g kappa chain f(vPeﬁE% | D No 48) foll oned by the

firet nuclSot Faues Hrheydbe a8cep!ionaSER @Gﬁ%@ﬁ@’é%@ﬂd”ﬁ@@ffw ogdd¥guence

SEQ ID No 49), T » | LED
é)ESgRI PTI ON )B[? ﬁd?ﬁgsgp!ﬁ%'b%%@ b 2 Aoty ?"&‘%‘ﬁigﬁ‘é@emw” pm)s@ncfdﬁ%?/@r“%ﬁ

enconpasses bpﬁﬂﬁmgoﬁ\ﬁf@mﬁwvym(@'éba@q)rédﬁf ofs feec BB TOER| Iryitbirndineg Figgre 2B
Chi kungunya vigys Tﬁgﬂu%@ohdgﬁﬁ%éﬁf [ §)Q§h¢d ééﬁP&bBMdeQfMHB aci @& ERSBYenar ei n,

~in reference to the Interaction of a binding protein, e. g. an antlbody,
~and its bindi sRpYysacenef whele fphtamairant i@eﬁﬂofﬁeanfsbcucﬁvaﬂhet lrodentseqe®ideod’ i s

dependent | 4pOR kD, RERSENER, Plicks RAELIHNAESHEYSIdHcbre BorinsA0nRACH SN ©

~determ nant or epito
respechvely) are highlighted in dork grey. The Complementary Determining

Regions {(CDR's) are alsoindicated for each of the variable domains.

Figure 3 shows the results of the indirect immunofluorescense assay performed fo

assess the infection of HEK 293T cells by Chikungunya virus, confirming the in vitro
20 nevutralizihg properties of the recombinant antibodies (rec8B10F8 and

rec5F10F175E2) and of the isolated antibodies (8B10F8 and 5F10F175E2) against

the Chikungunya virus A226 and A226V strains. Images were obtained using

fluorescent microscope (x10 magnificence, NIKON ECLIPSE TS 100).

Figure 4 shows the dose-response neutralization curves of the recombinant mAbs
25 (rec8B10F8 and rec5F10F175E2) against Chikungunya virus A226 and A226V strains,

as neufralization percentage (%) relative to an irelevant IgG1. rec5F10F175E2

antibody is represented as a square [-B-),rec8B10F8 antibody is represented as d

triangle {-4-) and both antibodies used in combination as a dot {-e-].

Figure 5 shows the results obtained by a western blot immunoassay on the
30 recombinant antibodies (rec8B10F8 and rec5F10F175E2) against infected cell

lysates and purified viral particles of both A226 and A226V Chikungunya virus



15 partner. In other words, the antibody preferentially binds or recognizes
the binding partner even when the binding partner is present in a mxture
of other nol ecules or organisns. The binding may be nedi ated by coval ent
or noncoval ent interactions or a conbination of both, In yet other words,
the term"specifically binding" nmeans i mmunospecifically binding to an
antigen or a fragnent thereof and not 20 immunospecifically binding to

ot her antigens. A binding protein thatg i munospecifically binds to an
antigen may bind to other peptides or polypeptides with |ower affinity as
determ ned by, e. g., radioi munoassays (RIA), enzyne-linked i mmunosorbent
assays (ELISA), BIACORE, or other assays known in the art. Binding

proteins ofirdirisa@meEnt fedrbRheahe thakiobBTaARRBREeINE EC ahby2kined|d) oegrasafis ant i gen
may be cross-reactive with related antigens. Preferably, b|nd|ng pr ot ei ns

or fragnenW§\Wﬁb9%RWdP%%?nlnnunospe0|f|calIy bind to an antigen do not

Cross- reangurwzhh@me}heaﬂbmeagnmcbe&smwg RAZBS dheirPagEQ ab Nhegigenus
al phavirus. According to Strauss and Strauss and Strauss 1994,

M crobi al REPSE, by4*§§ Te5g pyclepfideypgine Pﬁ'é“ gszs UGN APERLAFIGET Rl 26

recogni zed, JBEREE $SEQ IENC SENPLYRESng KhEhdngs BHs@SWIaN BoReessec! assified in 4
mai n groups according to its serological cross-reaction, i.e., the 9

Venezuel an equi ne encephalitis (VEE/ EEE) group, the Sen i ki For est (SF)

group, thepeiitdescririien (SIN) group and the Western Equine Encephalitis
(VMEE) group. Table | below |lists sonme of the currently recognized

al phavi rus@ﬁ,_lm&g@.@lﬁr with their geographical distribution and their
serol ogi cal grqup, fﬁﬁswﬁe%fb'm@'a}gsén@ .ﬁv&mo‘ﬁueaeamowers USinainge Fl%feﬂs ng

proteins of the invention may also be capable of binding too
genot ypes ofpeiie oferraiicdipiidnaly, ChiketaivagrBulCHioY)- 1imted to those

sted in Tabl anb: 1Pl fdc RPN Ge00iaphitein distilgutlono st ern

eCIUI ne encephal 1fis rca Zuel an equl ne Aneri ca
interaction of a binding protein, e. g. an anfibody, and its binding partner, e. g. an

antigen, means that the interaction is dependent upon the presence of «

particular structure, e. g. an antigenic determinant or epitope, on the binding

15 partner. In other words, the antibody preferentially binds or recognizes the binding

partner even when the binding partner is present in a mixture of other molecules or

organisms. The binding may be mediated by covalent or noncovalent interactions

or a combination of both. In yet other words, the term "specifically binding" means

immunospecifically binding to an anfigen or a fragment thereof ond not

20  immunospecifically binding to other antigens. A binding protein that

immunospecifically binds to an antigen may bfnd to other peptides or

polypeptides with lower affinity as determined by, e. g., radioimmunoassays (RIA),

enzyme-linked immunosorbent assays (ELISA), BIACORE, or other assays known in

the arf. Binding profeins or fragments thereof that immunospecifically bind to an

25 antigen may be crossreactive with related antigens. Preferably, binding proteins

or fragments thereof that immunospecifically bind to an antigen do not cross-
react with other antigens.

Chikungunya virus is part of the genus alphavirus. According to Strauss and

Strauss {Strauss and Strauss, 1994, Microbiol Rev 58, 491-562), in total, the genus

30 alphavirus have 26 recognized members (i.e. genotypes). Alphaviruses have been

classified in 4 main groups according to its serological cross-reaction, i.e., the



VEE/ EEE encephalitis (VEE) Evergl ades America Micanbc Anerica Pixuna
Anerica Semiki Forest (SF) Africa, Eurasia M ddelburg Africa

Chi kungunya Africa, Asia O Nyang Nyong Africa Ross River Australia Barma
Forest Australia SF Getah Australia, Asia Sagiyama Japan Bebaru Ml aysi a
Mayaro South Anmerica Una South Anmerica Ndumu Africa SIN Sindbis (SIN)
Africa, Asia, Europe, Australia, 10 Scangdinavia Aura Anerica Whataroa
New Zeel and Babanki Africa Kyzylagash Russia WEE Western equi ne
encephalitis America Furthernore, the binding proteins of the invention may
even be capable of binding to viruses other than al phaviruses of the
Togavi ri dae fahky,esHehuRe én*a%ﬁﬁom@?m?sem 8, LS GRN Bk o, Ohe
others. Further information on the Togaviri and its taxonomc
struct ure and Singitsedrgs S4H Qféupélmﬁﬁdfh@ﬁ”@ﬁ@mlﬁ%@@ fceplicnlijs(¥EE) gmpale/pdae

Buchen Csmond P (£, B8 e Doyl ey e e Jor L Geaoetner vith the
geogrophaccl distribution and their serological group. Besides binding to
5 Chikungunya virus, the binding proteins of the invention may clso be capable of
binding to other genotypes of the genus alphavirus, including but not limited to
those listed in Table |.

Table |
Group Virus Geographic
distribution

Eastern equine encephalitis )
(EEE) America
Venezuelan equine ]

VEE/EEE | encephalitis (VEE) America
Everglades America
Mucambo America
Pixuna America
Semliki Forest (SF) Africa, Eurasia
Middefburg Africa
Chikungunya Africa, Asia
O'Nyong Nyong Africa
Ross River Australia

.- Barma Forest Australia
Getah Australia, Asia
Sagiyama Japan
Bebaru Malaysia
Mayaro South America
Una South America
Ndumu Africa

SIN
Sindbis (SIN) Africa, Asia, Europe,

Australia,




The binding proteins of the invention may be capable of specifically

bi ndi ng to Chi kungunya virus in its natural formor inits

i nactivated/attenuated 10 form General viral inactivation nethods well
known to the skilled artisan such as inter alia pasteurization (wet heat),
dry heat treatnent, vapor heat treatnent, treatnment with |ow pH, treatnent
Wi th organi c sol vent/detergent, nanofiltration and/or UV light irradiation
may be used. Preferably, the |nact|vat1&n is performed by heat-treatnent
for 1 hour at 56 C. 15 The binding proteins of the invention nmay al so be
capabl e of specifically binding to one or nore fragnents of the

Chi kungunya virus such as inter alia a preparation of one or nore proteins
and/ or (patyy—peptides derived from 5%&5Mﬂﬂﬂﬁyd viTys or a cel

transfected with Chi kungunya virus protein and/or |(poly) peptide. For
met hods of| treat mpf\t@and/ or preventlo ABTeTERI kungunya virus 20 the binding
proteins af the i Mﬂﬂbhﬁﬂ are preferaninewcaprbEe of gpecifically binding

to surfaceg accessible nrnfﬂlnc of I%'.“nﬁnnya viruys—guch as the El or E2
glycoprotgins (St [53R%Nand Strauss, 1d94S9M crobial Rev 58, 491-562). For

di agnost i purpo:eﬁwb@ﬁhblndlng protenmsmof the invention may al so be
capabl e of -speetf —ptioterns—rot—present on the surface of
Chi kungunyja Vi r us W’T’He%er%umee%% W seAqn?Jence of surflace accessible and

internal proteins of various known strains 11 of Chi kungunya virus can be

found i n the ENBlidatabase adhglyben: riatabapsseoPLotiablyatie:

fragnent at le SEs  an erm nan recogni ze
bi ndi ng prbheln@Sfooiirutd}e)fhmrJhIccbpShG\AnsésajitTh@éGS@@vmtBI&efdeaMCh asthoSe used
herein is

(glyco)prog@Hgmgnbafﬁﬁlgifﬁwﬁf‘ﬁ?\%éﬁzénﬂj %EPX%§H§¥ﬁ§gh%iOggﬁéhggdgﬁd%ﬁnding
;grﬁ]ab%g?g??gg?aiegﬂfrmggn@?HWﬂwenbn@nanbbmsuﬁfben$nndywhﬂ@MnSFibmity to
prot ei ns ag@ﬁﬁﬂlﬁag?ﬂmWﬂ% %ﬁ@gﬂ 'gﬁeﬁg ?h?nfWEEOTQEV?%gkgxﬁ?n&?ﬁ@”partners

i e. Chi KBREHBNYG@sHMbRESC @Hd)fcagm snit&efeskbwsugh 88, Chi kungunya virus
proteins, with an affinity constant (Kd-value) that is |ower than 0.2x104

M 1.0x10-5 MThe biaginss PipteDs 1o MMENBPRfBrin?y FHRe tHatPec ko 6 M
nore prefepablng td ERWRUNEBRY irdXd O hdiramesrer Br 8f & abkivdiewrditdhianed . 0x10- 1

M even nore preferably |ower than 1.0x1011 M and in particular | ower
t han 119x1rme G,gineqqqé/lrc inactivation methods well known to the skilled artisan such as
inter alia pasteurization (wet heat), dry heat freatment, vapor heat freatment,
freatment with low pH, treatment with organic solvent/detergent, nanofiltration
and/or UV light irradiation may be used. Preferably, the inactivation is performed
by heat-treatment for 1 hour at 56 "C.
15 The binding proteins of the invention may also be capable of specifically
binding to one or more fragments of the Chikungunya virus such as inter alia a
preparation of one or more proteins and/or [poly) peptides derived from
Chikungunya virus or a cell fransfected with a Chikungunya virus protein and/or
(poly) peptide. For methods of freatment and/or prevention of Chikungunya virus
20  the binding proteins of the invention are preferably capable of specifically binding
to surface accessible proteins of Chikungunya virus such as the E1 or E2
glycoproteins (Strauss and Strauss, 1994, Microbiol Rev 58, 491-562). For diagnostic
purposes the binding proteins of the invention may also be capable of specifically
binding fo proteins not present on the surface of Chikungunya virus. The amino

25 acid sequence of surface accessible and internal proteins of various known strains



15 affinity constants can vary for different antibody isotypes. Affinity
constants can for instance be neasured using surface plasnon resonance,
i.e. an optical phenonenon that allows for the analysis of real- tine

bi ospecific interactions by detection of alterations in protein
concentrations within a biosensor matrix, in particular using the Bl ACORE
system (GE Heal thcare). 20 The bi ndi ng prgteins according to the invention
may bind to Chi kungunya virus in purified/isolated or

non-purified/ non-isolated form The binding proteins may bind to

Chi kungunya virus in soluble formsuch as for instance in a sanple or nmay
bind to Chi kusigu@nyUrus BRYNELAT bat tAGREGH t Ped ERBLIdRELIe IHFEN &tfer €.
g., mcrotiter plates, nmenbranes and beads, etc. Carriers or substrates
may be made 2876PC#Fsass, plastic (e. g., polystyrene), polysaccharides,
nylon, nitrocel | ulbRsigiarf, fref hBmenfl&- IchRe cBHIfiase oAl oatsdhis UpRetiscMay be
solid or porous and of any convenient shape. Alternatively, the binding
protei ns may '@F8enigrhaY the Pingdieerieteitstofl IthirkaRimyd "nHgeNis dererad gy osei ns
or (poly) peptdi.de ~the i u Vi . L t inding
prot ei ns é?e %?gabeﬁggfgséggrbgﬁglF%ﬁki%%ﬁ%gcbgu?ﬁgwggb@g%EE%%Gn@%pe?gus E2
or El prot ei nlacotrotein.r eigeeapgt diereahentTherathi Kignguegaobier ak binginst &1 ps or
(poly) pepti i it ik - i ol

Chi kingnya Vi SLCia ety BErEnRl i Sk b iofBH 30 sl Seteptabie oy
above. | n anotmerensmbaidg meeeircedrhsiekr anf ect ed wi t h Chi kungunya vi rus
proteins or (pol : i > used bi ndi n Iner f t he, bindi ng
proteins. In one ﬁ@%ggﬁééﬂ§&8$%¥'gﬁﬁréggﬂﬁﬁpntéﬂ??%ﬁggﬁé%‘%%b gpeg)gyﬂding
protei n of0 bSbihbiegicuwieetsi 0a. Cokprgwses vauhadognedras iheasvfnoctacs Chkegueryce

conprising at . east, .aone of the S _se ed fram.th [ odp C I.Ssti ng
Py R bR T sty s Ty SeiBL S G ey R M5 %y
32, and (c) CDBHB8'34,af0xSEM, D.ONDE” M, ddfatbBdowandban alb+ ghtnaed araieratsiyno
acid sequencq congké%kﬂg]ig Lgast one of th S sgbqﬁgg fromthe group
consi sting of °"EH) X o 'élﬁéﬁ B'RIBEPY WP é%?”l (&) 2°18 BPTCSEQ
I'D NCs: 18 orpsraBidolk) tidIRL Bxs0-0fM SER i) J¥dEsuIctO0odker 40an 1BxESemabire,  the
i sol at ed blndlng, rotein conBrlses,both t he heaéy chain. amno acid
sequence &hd THEMN FYRAEharh Y fR0YIHBICHT SRIRRNACE Y e ATEY ORI DS EFBARar i t y
det ermi ni ng riggbass" bé CENosae USBRGNelRidE HBANSH SRUYEHERS Wt Rinn doeal

vari abl e regions of binding proteins, such as 15 i mmunogl obulins, that
usual Iy cont r PhEi®E e R NHGavetedhe I ke st Jeis BPHFHY nferactions by

detection of alterations in protein concenfrations within a biosensor matrix, in
particular using the BIACORE system (GE Healthcare).

20 The binding proteins according to the invention may bind to Chikungunya
virus in purified/isolated or non-purified/non-isolated form. The binding proteins
may bind to Chikungunya virus in soluble form such as for instance in a sample or
may bind to Chikungunya virus bound or atfached to a carrier or substrate, e, g.,
microfiter plates, membranes and beads, etc. Carriers or substrates may be made

25 of dlass, plastic (e. g., polystyrene). polysaccharides, nylon, nitrocellulose, or teflon,
etc. The surface of such supports may be solid or porous and of any convenient
shape. Alternatively, the binding proteins may also bind to fragments of
Chikungunya virus such as protfeins or [poly) peptides of the Chikungunya virus. In
an embodiment the binding proteins are capable of specifically binding to the

30  Chikungunya virus E2 or E1 protein or fo a fragment thereof. The Chikungunya virus

profeins or (poly) peptfides may either be in soluble form or may bind to



site which is conplenmentary in shape and charge distribution to the epitope
recogni zed on the antigen. The CDR regi ons can be specific for |inear

epi topes, discontinuous epitopes, or conformational epitopes of proteins
or protein fragnents, either as present on the protein in its native
conformation or, in sone 20 cases, as present on the proteins as denatured,
e. g., by solubilization in SDS. Epitopes may al so consi st of
posttransl ati onal nodifications of pr elns The CDR3 region of the

vari abl e domain of the heavy chain ( provides typically with the
greatest source of nolecular diversity mnthin the antibody binding-site
(Xu et al., 2000, Immunity, 13(1):37-45). Accordingly, 25 preferably, the

i sol at ed béﬁlﬂir@%ﬂ%&%r%‘s rb<:9jn BE JiRLRBL! @OCBH@%%%?SSUB naavys ?j@?ér m no

aci d sequence risin east one of $ sel ecte rom QID
NO 14 andiSE@. Irmmmeraanbodmamm@rfr@fb@f@dn@mCblkummmypr\e’sentofelnvemt| on,

the isolate n B! eavy chain

am no aci J ggheﬁt:é;&trﬂa}/ 8%?6& 82 bh%eg's %I}hggm{cﬁig%f@g% SEQ ID NGs: 10
or 30, a CDRH2Irseheetrécbdmen SEQB Ipraesmismvarzhomwr frg2isolated! Gin@DBHBOR® ett ed
from SEQ |

that | cotor et eeimdirBrea%T cBahdea rElneRa i 0geMid cpiisP e

;gl g?t 28 fdls:)rm;‘?SEE(aa CDRN@\edﬁ?So‘rorﬁShe agnﬂb@smmrig?sﬁl éa)t €RHT s arh SEEQD E)hECB:
heavy chéﬁ#5a&§ﬁ%géﬁpa%§%%ﬁéﬁ@égéﬁg“@%éH#Pg Hg ﬂcgﬁgﬁéoigiaﬂgggﬁence. 5
In a furt hﬂ!or@ﬂb@ﬂdﬂﬁﬁ@tlyght hﬁOthﬁlhlgb@d cb:ieraf(r:lfgn?er@bm;ﬁlmr’ngoﬁ lédfteﬁn@‘gggﬁ ng SEo
FB N0 10, CoRs e i e o er S ahdch hBRABER 1SRET BB P14,

and/ori@ (el @DRLQBijFBE@mDWWCﬁCI ¢! csem;uefrh@e (f b@tRL@orasmrSE@e@ Ns: @Rk Loof SEQ
ID NO 16, the ndte of SEQ ID NO 20. 10
In yet an(ﬁrﬁ@fog}’mml 'Fr%lﬁted PW@'WQSBWO&?'BCFO(ST‘WH%&OH? erelhﬁc’iﬁ\f Clhﬁ@ PRt i on

conpri ses &ifeayYertladiy A RP1 a6dif op@aseBREckbahcsonpri ses the CORHI of SEQ
I D NO 30, the 2 of SEQ ID NO 32, and the CDRH3 of SEQ ID NO 34,

and/or a |ighthen&m & e@@f‘ﬂjr'ﬁye@?é?fW'@%dﬁg@@ﬁpl(q'@%)s Cf HESeEDREICINf  SEQ
ID NO 36, nbhes EORMA-af WiER |ﬂ[% N@r\o%ﬁa r@@)@n§ he PR ok IsBcNGys 40. 15

| n .anot her errbodl nment, the isolated bind |ng] protein of the invention
conpri Kes imriewgjotitias ihahiwelaepdiseiguere Eranicxiens sephe safoen vindinshai n

site which is complementary in shape and charge distribution to the epitope
recognized on the antfigen. The CDR regions can be specific for linear epitopes,
discontinuous epitopes, or conformational epitopes of proteins or protein
fragments, either as present on the protein in its native conformation or, in some

20 cases, as present on the proteins as denatured, e. g., by solubilization in SDS.
Epitopes may also consist of postiransiational modifications of proteins.

The CDR3 region of the variable domain of the heavy chain (CDRH3)
provides typically with the greatest source of molecular diversity within the
anfibody binding-site (Xu et al., 2000, Immunity, 13(1):37-45). Accordingly,

25 preferably, the isolated binding protein of the invention comprises a heavy chain
amino acid sequence comprising at least one of the CDR's selected from SEQ ID
NO: 14 and SEQ ID NO: 34.

In another embodiment of the present invention, the isolated binding

protein of the invention comprises a heavy chain amino acid sequence that
30 comprises a CDRHI selected from SEQ ID NOs: 10 or 30, a CDRH2 selected from
SEQ ID NOs: 12 or 32, and a CDRH3 selected from SEQ ID NOs: 14 or 34, and/or a



am no aci d sequence selected fromthe group consisting of SEQ ID Nos: 6 or
26, and/or a light chain am no acid sequence that conprises a VL domain
am no acid sequence selected fromthe«group consisting of SEQ ID NGs: 8 or
28. In a 20 preferred enbodi nent, the isolated binding protein of the

i nvention conprise the VH domain am no acid sequence of SEQ ID NGO 6 and
the VL domain am no acid sequence of SEQ4D NO 8. Alternatively, the

i sol ated binding protein of the invention conprises the VH donmain am no
aci d sequence of SEQID NO 26 and the VL dormain am no acid sequence of
SEQ ID NO 28. 25 In further enbodi nent, the isolated binding protein of
the inventi onigHt @mpii &etnccbrRiEyUeRaE Nhant opaei  SERUERSIECR] BEMCIBAPID ses

chai n am no. abFa | HaloREd T RaR SE A PERSa R A6 i S B sBFIE 1 D

NGO 4 or SEQ r&mNeq 1D240s: hD oa4@rF&é1%Fcﬁkﬂ¢ serbieslkh RN indihhoroeel edregrises Being
protein of the invention 30 conprises heaVéEchal n am nQ aci d sequence

whi ch conpri sk QWVW%O’@&OCPC'ge‘%ﬂ}@%@ By @ghtﬁl\ﬁ@f‘ R ECE SEAYRRC hai n

am no aci dssequenqe yiiGher1dmbeRFRE S @S [fitad1 BIRdRE! rotaAusNgR pleskesd | D
NO 4. Alternatively, the isolated binding protein of the invention

conpri ses a heavyiEi&l e HyineMmnsegdereecnethineh copmresits ¢ PR 1aph %8 aci d

sequence of SEHUODNe é%R@a%fggd;u@Fub qb%ﬁbm@%rﬂ@@@fﬁ@mm@a\%r&%
conprises the am no acid sequence of SEQ I In a particul ar

enmbodi nent, t g sihad aginer etldisaavenaeninat ﬁ@émﬂisanfhiesC%RUsﬂlf_aﬁﬁ@dpd\‘@r@t dian

havi ng an ant REY of 4k, d s IR K9 i.e. an
anti - CH KV antblﬁbodO gv‘%%? ﬁgnggn%glxdg% {S%pe resent | nvention, the term

"scaffol d1protei n"ln v&$ on@@ﬁansaéderremh theresoised tp@dilypepoiedeowh@'rrweeiiqn Wit h

exposed surfa Cl i 0

del etions ar egﬁmg)hee%s@t era Pf X O@a&gf% Segyénéegﬁdft%l%%prgg{)ﬁl nésbli%w {}fsscan be
used in accor th@e3®mtm¢1CﬂRe12mféé@ﬂw NlmGéMWd)meaﬁi@RH?pob‘iE@ v MOf 3o mnd/or a
ooy} ococcur iy S B LR LTINS BB LIRS phissgl fa o
(revi ewed i n BDRz2 amEGPIDOSRE $RIIaNnd200 & DRCBIOT SEPIODNGt ¢42.echnol 16, 459-69 and

L ok BN A SR AL LR S | UL P iy

ed), pp. 243-23dhprises a heavy chain amino acid sequence which comprises a VH domain
amino acid sequence selecfed from the group consisting of SEQ ID Nos: é or 26,
and/or a light chain amino acid sequence that comprises a VL domain amino
acid sequence selected from the group consisting of SEQ ID NOs: 8 or 28. In @

20 preferred embodiment, the isolated binding protein of the invention comprise the
VH domain amino acid sequence of SEQ ID NO: 6 and the VL domain amino acid
sequence of SEQ ID NO: 8. Alternatively, the isolated binding protein of the
invention comprises the VH domain amino acid sequence of SEQ ID NO: 26 and
the VL domain amino acid sequence of SEQ ID NO: 28.

25 In further embodiment, the isolated binding protein of the invention
comprises a heavy chain amino acid sequence which comprises the amino acid
sequence of SEQ ID NO: 2 or SEQ ID NO: 22 and/or a light chain amino acid
sequence that comprises the amino acid sequence of SEQ ID NO: 4 or SEQ ID NO:
24. In a preferred embodiment, the isolated binding protein of the invention

30 comprises a heavy chain amino acid sequence which comprises the amino acid

segquence of SEQ ID NO: 2 and a light chain amino acid seguence which



Canbridge University Press, New York). Engineering of a scaffold protein
can be regarded as grafting or integrating an affinity function onto or
into the structural 20 framework of a stably folded protein. Affinity
function neans a protein binding affinity according to the present
invention. A scaffold can be structurally separable fromthe am no acid
sequences conferring binding specificity. A scaffold protein having an
anti body |like binding activity can for jnstance be derived from an
acceptor polypeptide containing the scaffold domain, which 25 can be
grafted wi th binding domains of a donor polypeptide to confer the binding
specificity of the donor polypeptide onto the scaffold domain containing
the accept op PRl&PERILARO FBHAehDEREL B SERNDING: Qomrnénw th&isofRbd
exanpl e, the conplenmentarity determ ning region (CDR) an antibody, in
parti cul ar badingantateiaiqfkie ameinb@womm'sw@ f@ﬁwdihﬁﬁhﬂﬁmo fRE |orsent
invention | f d Sl f the
CORs of L he it B R e Prad R TR Banpl 2a i EenEEy iy ool
5F10F175E2 onmiree 8BTOERIVgHdE rvém@n@mp?%tharﬂmb@ditce@)seq ka@ﬁq_esof sifa R NO:
descrlbgd ynsertion can be acconplished by various nmethods known to those
skilled in the art including, for exanple, polypeptide synthesis, nucleic
acid synthesi sinof partieniciodinngoe dimend &@i@mamgmmﬂwemyOthEdoseMmes of
reconbi nan t hods l. kn e

preferred ts%%c gfe'nmﬁhvmélggn\g@ﬂﬁ&é’hﬁ% ?\'ﬁé ﬁg\}fgv hﬁ ghﬁt?oséyan anti body.
The tern1"anh(bmdydnnwo@ﬁntl-CHIKV anti body", as used herein, neans a

nonocl onal anti I ant i bo cqonbi nan

humani zed ant|5@ﬁ6X058n(¥ﬁ%§ gqgeFTgﬁgprképh Té%%aﬂ%ffogfgp 8hﬁ§nn at
al . 1988usé\@helrre&1 33HNsI2Be 3RO tidandr BoGsit @/Hh]é&a%sed}lrrface@reo&rfwmth BI ol .
2, 593 596) ric antihbod rris Pr oc

Acad soi e ik PORans sSRuadPRY o tRidiols ded Ml dpat, Sratglesis

bi speci fi cS@diﬁd|@<p>d<yr)e|nfsom@1B@brﬁ perosat! i aasbrddma \aiftt tHeodieesnt iaveraionaditi body
f ragnment thereofﬁbgg rn1"ant|bod ri ses _any portion of

the af or e- MENEo Hhtsi P ELCHF e Lér?b{bl Vet &?&'Prbgﬁ? Q& A8 IR

variabl e reghgnse &XaR)lapoRbIRNIAROFY résaGTBRESIN, n@wd@nlﬁab fibrorfdcagnent s,
Fab’ fragnents F(ab') 2 fra%nents Fv fragnents, diabodies é?ﬁlllnger et
g

al., 1963, lpveRechay BNt AgagFIUSENIN PU8SAC 0O A biglasng) | bof o & CERain
anti body mRi-eguhesa ( BbbekrbedmbNant 19bodieR %hﬂnﬂ%dm@@bﬁ/lg%li‘éfndeOd onal
anti bodi es:  Anti bodi es from Escherichia coli (Rosenberg and Moore, G
P., ads), §6pffolgg3Expondmg the Options of Anfibodies [Little, M., ed pp. 243-271,
Cambridge University Press, New York). Engineering of a scaffold protein can be
regarded as grafting or integrating an affinity function onto or into the structural
20 framework of a stably folded profein. Affinity function means a protein binding
offinity according to the present inventfion. A scaffold can be structurally
separable from the amino acid sequences conferring binding specificity. A
scaffold protein having an anfibody like binding activity can for instfance be
derived from an acceptor polypeptide containing the scaffold domain, which
25 can be grafted with binding domains of a donor polypeptide to confer the
binding specificity of the donor polypeptide onto the scaffold domain containing
the acceptor polypeptide. Said inserted binding domains may be, for example,
the complementarity determining region (CDR) of an antibody, in particular an
anti-CHIKV antibody. In one embodiment of the present invention, at least one of
30 said inserted binding domains is one of the CDRs of the antibodies identified in the
Examples (i.e. 8B10F8, 5F10F175E2, rec8B10F8 and rec5F10F175E2 antibodies), as



pp. 269-315, Springer Verlag, Berlin) and other fragnents as |ong as they
exhibit 20 the desired capability of binding to Chi kungunya virus. In
addition, the term"antibody" or "anti-=CH KV anti body', as used herein,

may include antibody-1ike nol ecul es that contain engi neered sub-donai ns of
anti bodies or naturally occurring antibody variants. These anti body-1i ke
nol ecul es may be singl e-donmai n anti bodi ess such as VHonly or VL-only
domai ns derived 25 either fromnnatural sources such as canelids

(Muyl dermans at al., 2001, J Biotechnol. 74(4), 277-302) or through in
vitro display of libraries fromhumans, conelids or other species (Holt et

al ., 2003, Trgpsy Be@tBeln®sertidh card8é-R2QomplititRBOtRRbUPHRIRId8Gown o
enbodi ment the binding protein of the invention is an antibody fragnent

30 I n accor daheee willer P HBS ¥ else e INon & X PBIR!e. (AR PaRidersygiverit 'NUreic Aeid

m ni mum ant'Qﬁﬂ%ﬁ@QﬁQﬂ?@hc68ﬁb &AM B @sQ@Wﬂhﬁ@&«ﬂ@ﬁbgﬁ@bf%QQQHb%b@m and
-binding 16 site. This region consists of di mer one heavy- and one

| i ght - chai n vaeihgsisevelldppuinioitroseisigird '“ﬁb‘hgﬂoval ent assom ation. It is in
this configurati O“ntch%tref%gfgdté}ﬁs@dm% ﬁneOforﬁﬁij‘ Yé&e r@@ ehd OBl Hoh N §f-act

to define an anti gen- Ing site on't eo the VH VL di nner.
Col | ecti vel y, arif@bi IheCBRMs codhbey” anenéemihi adileedys epesict hepiny mesng ise

anti body. Ho gle r e o] - -

conpri si ng oﬁﬁ%ﬁgﬁpgépgﬁﬁpgaz eC|q d H gﬁ anhrgéng(%géapﬁéta FP§¥§ o
recogni ze anfdurbmnldedi lvatiaody g@mes aftdﬁodl@% ustiatel §21ato22-5ppviectahdmmiet wl.t han
the entire bi gn t t

(si ngl e-chai nf@% %T%éé%ﬁv%%’ﬁ Tn|}93'§r ét g%l Ii zeg%év)%,rrﬁy%%a%ave g@érﬁ]
nodi fied t® iu@nemsenﬁkQUM(quxﬁwémelrb@@nﬂwnahbﬂl@cﬁw Bnagh%ﬂt8hn@5also
i ncl uded. The, /Fab fr " nt ai ns. the con ant i.n of the

| ght chai n b He M RORe U Y BReY dSrarr S r i SR TR el cRarR! ¥
"Fab fragnment twaichfiessies, ravmrt behb&a,bfro@magnﬂméofb%é m@nat‘tnhmaiodm fiaigneerfrew
residues at the carboxy term | udi ng

the hea $ﬁ | li

one or - mor e CORPEITREEV DI Re Gt 6ag i e B, PAIGOCR( B! oo
fragment" ori ginamigl Yori mdk:ﬁﬂ@n@@m.d EASmdlepabr @’fhbbﬁ&bfrot}ﬁ%ﬂﬂ;en’ks deM'Hszh
have hi nge_cystei nes bet h 'Nﬁt hods of preparjn i bod
Fr agment o1 sy EHORE Ragdl HoGmeptpErai ) Brgaetison, M BoRhoNRCPGoE RBYESSIF | ed
inthe art. |6! ardoar thes. preef edoed senbodiarent @1f4415hee)prs@§@1thumvanﬂbm t he
anti-CH KV antibody of thelnventlonls of the | gA- g g %G'or
| gM type, pr ef“@rl‘%%’ﬂef (Gfockthun, A., 1994, in The pharmacology &f mdnodiondl antibodies:

Antibodies from Escherichio coli (Rosenberg. M., and Moore, G. P., eds), Vol. 113,

pp. 269-315, Springer Verlag, Berlin) and other fragments as long as they exhibit

20 the desired capability of binding fo Chikungunya virus.

In addition, the term "antibody" or "anti-CHIKV antibody", as used herein,
may include antibody-like molecules that contain engineered sub-domains of
antibodies or naturally occurring antibody variants. These antibody-like molecules
may be single-domain antibodies such as VH-only or VL-only domains derived

25 either from natural sources such as camelids (Muyldermans et al., 2001, J
Biotechnol. 74(4), 277-302) or through in vitro display of libraries from humans,
camelids or other species {Holt et al., 2003, Trends Biotechnol. 21 , 484-920 ).

In another preferred embodiment the binding protein of the invention is an
antibody fragment.

30 In accordance with the present invention, the "Fv fragment” is the minimum

antibody fragment that contains a complete antigen-recognition and -binding



20 the 1gG or IgMtype including, but not limted to, the 1gd-, 1g&-,
lg&3-, 1g&A-, IgM- and | gM-type. In nost preferred enbodi nents, the
antibody is of the Ig@-, 1g&- or Ig&4- type. Mre preferably, of the
g3 - type. In certain respects, e.g. in connection with the generation of
anti bodi es as therapeutic candi dates agai nst Chi kungunya virus, it may be
desirable that the 25 anti-CH KV antibody of the invention is capabl e of
fixing conplenent and participating i n conpl ement - dependent cytotoxicity
(CDC). There are a nunber of isotypes of antibodies that are capabl e of
the sonme including without Iimtations the follow ng: nmurine IgM nurine
| g&a, nurine 1g&b, murine 1g&, human IgM  human 193, human 1gG&3, and

human 1 gA. Lt TkYa‘% }églcpr? -BRRGECH &t 3%&*@%@”‘1&9@'&% %ﬂeth@ﬁ cRER askerat ed

need not initi y possess such an isotype but, rather the antibody as
gener at ed @enoposdiess nemycavestry mesei@iarh 'a'ﬁtfhbwflﬁarﬁflﬁé fhalothgplereey

swit ched byo@pBPadEAYolilfeRAGH!AEINI G0 AURA. Y GUIRA. BFRAR Ol GPIKS 1O

mol ecul arl'y c onéd cons regli on genes or In approp i ate expression
vectors uswﬁgceaﬁv&ﬁtVUﬁdldmmﬂeéhwe¢mhmpoQWMt@EﬁﬁlqmﬁgrwhagaabmdmgI known

in the art an en expressi I hodi I J
t echni §5uess ow'rfly ?onﬂ? gEhe O% quyf(%ggri’ gg%'% la S% ?GSYJ(J:{% % Cgrl(])(%?/r hlr%rﬁxjycg'fa "So
possess aroRCDmBrg}slP@DmlhatrehaEDR sbeemﬂmd)recmubamgqn)@wgﬂmebﬂa’tﬂ/ tboepogsass

superior CDC, over na ral | i rian I 001, J
| munol . I@gj p) f jﬁg@f“a ﬁm%fﬁ}é¥§gycygé%o%%§wg nggr%hégmgbqq@éLmlng
t echni quessitknbevdtines bieFvairdgm&aic hsutBehncBupigld-oodinde) the dide(dsbifider ect

reconbinan t.ech ue .g. US 4 6, 397 cel,|] 10 fusion

t echni ques®'§ %@?dg!g %gﬁg] TngﬁimSHﬁé%% é“i%%“ﬁi% LW&ﬁﬁh r%?%@é@gn in the
cell - ce:bdl F{vuhﬁdtJQMehE(blﬁéllcﬁH&mﬁ&d@yiehmaFm frtaﬁh%’mtellsd) ddriﬂ@_r@lttgieh c@&sTGQIO [ st ]
pr epare at paossesses a_ heav an S e and anot her
vel o or SOGpRG BRSNS SIS S R sPEr o g ebEEsBam: pe

l'i ght chaithe SUBhr&ghbst" @Bdrs ﬂtdﬂ@ftﬁ@f‘ k@S, fr@@nfeusaﬁ/ angl clcERInl of nw
expressing an intact antibod 5 isol at ed ex

f
human ant i "SERFRAY G4 BRPHE mui ﬂPtpe ESHED C‘E‘EQOH&XW%HJ‘W anlp%ﬁr to the

Chi kungunyg o &%%lﬁé'stﬂr&ﬂﬂhe%ﬂb@d@ﬂ(ﬂ@@&dgbﬁ ot L), firhehedriginaganerate a
human 1gM human 1g@ or. human 1gG3 isoty while still possessing the

same v |dﬁP€UF@§N§nO @ﬂbﬁfnBﬂédU%%“%W@HWRFhéﬁmﬁbhEﬁﬁaBY%@6$5bﬁP&?%@
Conplenentméﬂdhﬂﬂhbhgbpgkgﬁﬂm?QU@P@ﬂthdVQﬁgﬁﬁﬁﬁﬁSU&WG@&O@E@QOPGGQ@$'rable

for the anti-CH KV anti
digestion, are known 1o fhose skilled in the art.
In a further preferred embodiment of the present invention, the anti-CHIKV
antibody of the invention is of the IgA-, IgD-, IgE-, IgG- or IgM-type, preferably of
20  the IgG- or IgM-type including, but not limited to, the IgG1-, IgG2-, IgG3-, IgG4-,
IgM1- and IgM2-type. In most preferred embodiments, the antibody is of the IgG1-,
IgG2- or IgG4- type. More preferably, of the IgG1- type.
In certain respects, e.g. in connection with the generation of antibodies as
therapeutic candidates against Chikungunya virus, it may be desirable that the
25 anti-CHIKV antibody of the invention is capable of fixing complement and
participating in complement-dependent cytotoxicity (CDC). There are a number
of isotypes of anfibodies that are capable of the same including without limitations
the following: murine igM, murine 1gG2a, murine 1IgG2b, murine 1IgG3, human IgM,
human IgG1, human 1gG3, and human IgA. It will be appreciated that anfibodies
30 that are generated need nof initially possess such an isotype but, rather the

antibody as generated can possess any isotype and the anfibody can be isotype



invention to be capable of binding to Fc receptors on effector cells, such
as nonocytes and natural killer (NK) cells, and participate in antibody-
dependent cellular cytotoxicity (ADCC).: There are a nunber of isotypes of
anti bodies that are capable of the sone, including without Iimtations the
followi ng: murine 1g&a, 25 nurine |1g&b, nurine 1gG3, human Igd@ and hunan

lg&3. It will be appreciated that antibo ges that are generated need not
initially possess such an isotype but, rather the antibody as generated
can possess any isotype and the anti body can be isotype switched by
appending the nolecularly cloned V region genes or cDNA to nolecularly

cloned const agkit&iRe &y %P@ﬁdiﬂ{g HENAD [ddUIRRPEIBREH & 8cdBneyBRES S} QINAEES OF S
usi ng conventional nolecul ar brological techniques that are well known in
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ifferent strategies such as for exanpl'e, ~ gl ycosylation i dhibi'tion,

geneti c nddi f ifcain waspicants ecae.gdUERENGES] cndRER6,20%. 4 B sgepegighas. In the
production in ¢
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N;] | i Inkad ol i gxgmacr@m@g@tebei ﬂw\s/%d Glglagﬁgifnzl lihé ﬁﬁpge’iﬂtﬁbl ﬁngzrgibglatéﬁSnﬁwch) cc))f1
t he nti oauce ; ) . .
Lhe oher e Yl S R e AR r Ol S i g RRCh G ot of
the anti body, 128 J&YEAMALHAKKOIKIKYOHKkIakyeya Japamitideas cebkapeeadalic Bbipdé ng

and i nproved ADCC, and thus the effi cacb/ of the Mob (US 6, 946, 29\%%,. Mor e
recently LabéWﬁ?%‘?q 0 generate @ human IgM., homan IgGT or human IgG3 sotype, while sfil

possessing the same varigble region. Such molecule might then be capable of
fixing complement and participating in CDC.

20 Moreover, it may also be desirable for the anfi-CHIKV antibody of the
invention to be capable of binding to Fc receptors on effector cells, such as
monocytes and natural killer (NK) cells, and participate in anfibody- dependent
cellular cytotoxicity {ADCC). There are a number of isotypes of antibodies that are
capable of the same, including without limitations the following: murine 1gG2a,

25  murine IgG2b, murine IgG3, human IgG1 and human IgG3. It will be appreciated
that antibodies that are generated need not initially possess such an isotype but,
rather the antibody as generated can possess any isotype and the antibody can
be isotype switched by appending the molecularly cloned V region genes or
cDNA to molecularly cloned constant region genes or cDNAs in appropriate

30 expression vectors using conventional molecular biological techniques that are

well known in the art and then expressing the antibodies in host cells using



Francoi s du Fractionnenent et des Biotechnol ogies (LFB) (France) showed
that the ratio Fuc/Gal in Mb oligosaccharide should be equal or | ower
than 0.6 to get antibodies with a high ADCC (FR 2 861 080). Preferably, an
antibody with a 25 glycosylation profile providing enhanced cel | -medi at ed
effector functions is obtained by expressing said antibody in a cell line
produci ng naturally wunfucosilated antibodies, such as for exanple, an
avian cell, preferably a duck cell. Pgrticularly interesting is the
production of an anti body of the invention in an avian enbryonic derived
stemcell line EBx(r) marketed by Vivalis (Nantes, France) 30 as descri bed
in WO 2008/ 142124, which will provide the antibody with an optim zed ADCC

activity. EUhBEEIRISn Ff\r}h?%trﬂ hadlyopeduaedsd BrfbisspiamtS oRBhEYant o

derived stemcell Iine di splay a human-1ike gl ycosyl ation
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line E rom chi cken or nore pre era re chicken EB 14
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wel | knowneffeettbodslif ard pbrthalmmng lraAIDCEodl es or antl body fragrrents such as

eneration of antibadies t he se for exanpl e,
%ohl er at al. a/ll 9§dq§lavfbhr%p5§%r Miég ﬁ%?l on’ n&%y At T ' e(I—lamc}rran
et al.jo 19@@,osd1mhahd6aocrﬁlre of Wi Spy AiRg cﬁf&)reofrsfrimmes aeth dsﬁ‘o(WdrthIe and
Harris, 1993, unol . Toda 3-246) .anti bqgdi es or anti hod
fragnents BY¢ %%”r@g na?u %ﬁA%%\%ﬁ"ﬁﬂ Qs ABrer €r'apFYOneeT Iy ﬂﬁ% N
ant i bodi estrafisgenbiisai dreraidtnt echoel o@eeSpmructri@e rportodug t U@ﬂ@coiﬂofﬁ‘kbs
derived fro human i nmuno Iobulln ne_seguences, ﬁfh as, enetgﬁglly
engi neer ed®NHIAG §¥¢BPGS kENBHBIR err)e I§ter el arigies Pigcthosgy
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oligosaccharide, in a CHO cell line, and showed a greater ADCC of the IgG1
antibody produced (WO 99/54342; WO 03/011878; WO 2005/044859). On the other
hand, by removing or supplanting fucose from the Fc portion of the anfibody,
20 KYOWA HAKKO KOGYO (Tokyo, Japan) has enhanced Fc binding and improved
ADCC, and thus the efficacy of the Mab (US 6,946,292). More recently, Laboratoire
Francais du Fractionnement et des Biotechnologies (LFB) (France) showed that the
rafio Fuc/Gal in Mab oligosaccharide should be equal or lower than 0.6 to get
anfibodies with a high ADCC (FR 2 861 080). Preferably, an antibody with @
25 glycosylation profile providing enhanced cell-mediated effector functions is
obtained by expressing said anfibody in a cell line producing naturally
unfucosilated antibodies, such as for example, an avian cell, preferably a duck
cell. Particularly interesting is the production of an antibody of the invention in an
avian embryonic derived stem cell line EBx® marketed by Vivalis (Nantes, France)
30 s described in WO 2008/142124, which will provide the antibody with an

optimized ADCC activity. Furthermore, an antibody produced in the avian



Met hods. 290, 69-80; G oves and Gsbourn, 2005, Expert Opin Biol Ther. 5(l),
125- 135; and Josfock and Dubai, 2005, Conb. Chem Hi gh Throughput Screen.
8, 127 25 133). Preferably, native human anti bodi es are obtained from
recently devel oped technol ogies, including the use of human B cells
directly by Human- Human hybridoma (Karpas et al., 2001, Proc Natl Acad Sci
US A 98(4), 1799-804), Hybrid hybridomg (Schmdt E, 2001, J | nmunol

Met hods. 255(1-2), 93-102), B cell inmmortalization and cloning
(Lanzavecchia at al., Curr Opin Biotech, 2007, 18, 523 30 8), genetic
programm ng of immortalized B cells (Kwakkenbos at al., 2009, Nature 20

Med 16(1): 123=d@Port JRringd et&igl delRIndPERd Thil lgbigt cabumarARS gyt osyansol
Met hods 329(1-2), 112-124; Wonmert et al., 2008, Nature
453(7195): 667PFH§M- Particul arly preferred is the generation of native human
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to an anti body wt roper human effector functions, whi]e decreasi he
%n‘ribocmegorepo[ﬁoined using technologies for the produchlon cgjf MADS deﬂxgeé

from human immunoglobulin gene sequences, such as, genetically engineered
animals (e.g. Xenomouse® strains (Abgenix, Inc., Fremont, Canada), by using
20 recombinant library methods, such as phage display, yeast display, ribosome
display, E.coli display, etc. (See, e.g., Clackson et al., 1991, Nature 352, 624-628 ;
Marks et al., 1991, J. Mol. Biol. 222, 581-597; Feldhaus and Siegel, 2004, J iImmunol
Methods. 290, 69-80; Groves and Osboumn, 2005, Expert Opin Biol Ther. 5({1), 125-
135; and Jostock and Dubel, 2005, Comb. Chem. High Throughput Screen. 8, 127-
25  133). Preferably, native human antibodies are obtained from recently developed
technologies, including the use of human B cells directly by Human-Human
hybridoma (Karpas et al., 2001, Proc Natl Acad Sci U S A. 98(4), 1799-804), Hybrid
hybridoma (Schmidt E, 2001, J Immunol Methods. 255(1-2), 93-102), B cell
immortalization and cloning {Lanzavecchia et al., Curr Opin Biotech, 2007, 18, 523-

30  8), genetic programming of immortalized B cells (Kwakkenbos et al., 2009, Nature



25 i mmunogeni city caused by the xenogeneic Fc region. In a humani zed

anti body, only the COR s fromthe rodent anti body V-regions are conbi ned
with framework regions fromhuman V-regions. It is expected that these
anti bodi es should thus be |[|ess imunogenic than chimeric antibodies. In a
preferred enbodi nent, the antibody of the invention is fully human. 30
Preferably, the antibody of the invention is a native human anti body or

anti body fragnent, 21 A "fully huna anti body" is an anti body containing
excl usi vely human sequences. Thus, a fu | y human anti body shall not induce
an i mmune response when adm ni stered to a human reci pient. Preferably, a
human antibody of the invention is a "native hunman antibody”, in which the

anti body i 8cpatAnalyioh BPSHELL kiper N &2 RBBOS H¥lrt A oR MURES:

anti body in e 1 ndivi heavy and % ht chains are isolated from
humans but32itle2)asehdd: MOﬁm@m@ @DO%NO*%? 4t§§‘i hgeI46Br/aty met hods such as

phage, di Spl &) pfiRald ) Go aldrolOF Who OlorRRbHIALY Ao WIRRIHERILAAL Rorl es.

Speci fically, hunman anti bo are those that arise natur
the 10 resuhen bethevdrumctdsonbedinohe dnompteact Meumeentiommune system The

UtiliEY, of Al iR odf lgbmg Fiba o%heelm%ﬂweﬁu@foe Rridd fcﬂhrﬁﬁﬂ:es has

been establi she experi nce W t unan
Nat i ve antdrlgodiees,, mlamea cn:tlamqerlcdanrﬁemlzemorsfoﬂ‘&ﬁﬁum@peotltsow om t hose obt ai ned

by 11 br ary met 08'@9 E\g}%trﬁurlnéé f%%%ﬁegicfenvgﬁ%% T@%‘#Wﬁ(?’rerﬁgredér trr'wgr%;

properties tha em’ deal hefapeuti cs hunan™ di séases.
(See Dessajenuatcah, d&er}elnoes ngaétWeeNat mﬁenHunmmun@@oHamdy Reper troimia t 0

Create Antjviral ti,c re | M crobj.ol o
Innunology”§T#]9%§%Jﬁ%gﬁﬁfﬁogﬁ Cﬁr§€ Hégf er|§<xﬁ@®e§égk8m9¥nsop
SpeC|quathwddmg@ousﬁaeﬁp&m1Depwﬂhmmn@meeaﬁhnamdweﬂaahlhﬂdtes BXpressed
from hurrae ceII e p(S@g g§|ve antlbofles getofthe |I”T’I tions
in a phage”26>4pj5’ :fé‘ﬂ ) Fe al ¢ OSEL R yorLfS& O M EINRE RELvy
]ghal nb i gdirﬁnbaajaasnmpalc(rj ingson ré&p|ﬁanM|pt rleﬁlg’rs:j nﬁlp@mt@mtglmnhbe@yoreer uctures
rom bei ng i ncor |nt e-generate ry. e term"native
human ant ?(B%THF E(ﬂ%?d’é@ n%f‘is %g %fncf‘k?%d%P qgéﬁe&i"? S48 d¥scri bed
her ei n andoﬂﬂé&;l&%hh'r@iﬁ@l’se TEVhérb@@Umlbﬁhbc(d\@sﬁ|Seﬁ|1irﬂgs BerFindatdlygp 19deeneof such
as scFv_and b fragnents, Fob' 25 fragnents or F(ab')2 fragnments.

Speci fItal 447; 45¢heﬂl§1 ﬁéﬁsﬁﬁc%l‘%fefhéf IMRgaiogingt [gyonse will usually render the

treatment inoperative after 10 days. Furthermore, later retreatment is not possible,
due to the rapid onset of a secondary response.
In order to avoid immune response from the patient, is thus important to use
monoclonal antibodies that are as near as possible to human antibodies. Thus, by
20  re-engineering and de-immunization techniques chimaeric antibodies and
humanized antibodies may be obtained based on murine antibodies. In «
chimaeric antibody, the whole of the variable regions of a mouse or rat (or of a
non-human) antibody are expressed along with human constant regions. This will
lead to an anfibody with proper human effector functions, while decreasing the
25 immunogenicity caused by the xenogeneic Fc region. In a humanized antibody,
only the CDR's from the rodent antibody V-regions are combined with framework
regions from human V-regions. It is expected that these antibodies should thus be
less immunogenic than chimaeric antibodies.
In a preferred embodiment, the antibody of the invention is fully human.
30  Preferably, the antibody of the invention is a native human antibody or antibody

fragment.



human anti body fragnments”™ will correspond to that of a native human
anti body (i.e., particular conbination of heavy and |ight chain sequences
naturally occurring in a human). Human anti bodi es of the invention,
however, may contain residues or 30 nodifications (such as
post-translational nodifications) not found in a naturally occurring human
anti body, including those nodifications and variant sequences 22 descri bed
herein. These nodifications are typicallyomade to further refine or
enhance anti body desired properties, such as those providing a better
performance, increased antibody life-tinme, increased estability, increased
ADCC activity, etc. 5 In addition, the binding proteins of the invention
pref erably neutral hzguilyChikaRgumitsodyi' iusini ahiesddy icbyitaieg ahdinaigely, hirfad
further preferred enbaodi ment, the inveption relates to a bindin rotein
of the i hvent FBIUTRNGUEH RUNGUDE A HSSY Rtk Pa) ForRg JRETTIDG TR may
be ac:]i eved b%wrwtne@f@rlﬁhltriisn@etjh@h@tgw ]gpiﬂr. P@ﬂ%r‘@@@g@n?{@gﬁgrdigib_b@zidffﬂe
receptors on host cells or i.nhibition o] e release o jnto the
Cytopl asm of (RENEET IS &7  BPLVRrITBR GIMIRREYLr Bndtii pio rPa o afsh ALOR.

~Preferablys thechirRdiin@ RiAER] 8Sopboddietd AR PaN IR yahSeiBe Hea pRI@ T
neutral i zing other genotypes of the genus al phavirus. Furthernore, the

bi ndi ng pr ot &eAYY SRIIERT CHURTRTPSPIHES TULh BENTRY A ESHmiieaendany iig:

infectivity ofpWiskdsBrary Fh&RbAt Bath &l phayd bHses) Sfedting oliasavd &i rdagrdf anrdl Y,
such as those belonging to the 15 genus rubivirus or others. Further
i nformati on oWPABRTSHAPPEicdae fanm |y and its taxonom c structure and

nmenmbers can be fouggdsQfcdiferdferutiorVhfiinefes olOFRYE fhdagisé 28001y dshhe
| CTVdB - The Universal Virus Database, version 4. Buchen- Osnond, &%&Ed),
Y¢ on

Col unbi a URi véesittaf, thadwofning oSan infiet bimanngnpinet ¥bies). ghe tuhidyiat

may prevent e i i nf i

0% ot oast EDYR e TGy e AT ndr ey SAeRASL oFEh LRoBknBL NEERh oy,
at | east 70% expelieust WHDohYerininedst hBOw alobbiras tNoAiBeq ardiookisas s 40%4Css. at

| east 45% at |eas 9 S 04 t % 9 t
| east 10% refg??vg g%ﬁ%ngég%?gnﬁ% ﬁ%@? %gﬁ3§%b§§dﬁ?éhﬁéﬁﬁ@%@%?é&%ﬁ%ﬁﬁthe
absence of sait@nsgémdimgusel otrel mpesseThelistreait praberienghat oy tyokef fhehe idgaidi ng

Dot oL, T2 D BB e A3 R LPRLANSS o ALALERO L USRS
in vitro neut rAalfibralyi 8apadsieystp suehfeasAntiajpdid Therapeutics in Current Topics in
Microbiology and Immunology 317: 155-183 (2008}, (c) Springer-Verlag New York).
Specifically, there is a specific advantage of native antibodies expressed from
human B cells over phage-derived antibodies, due to the limitations in a phage
20  approach to recreate all of the original or native heavy chain: light chain pairings,
thus preventing important antibody structures from being incorporated into a
phage-generated library. The term "native human antibodies” includes "native
human antibody fragments” as described herein and in particular, Fv fragments
(including derivatives thereof such as scFv and dsFv)., Fab fragments, Fab'
25 fragments or F(ab'): fragments. Specifically, the binding site of these “native
human antibody fragments” will correspond to that of a native human antibody
(i.e., particular combination of heavy and light chain sequences naturally
occurting in @ humanj.
Human antibodies of the invention, however, may contain residues or

30 modifications (such as post-transiational modifications) not found in a naturally

occurring human antibody, including those modifications and variant sequences



fluorescent focus inhibition test (RFFIT), (Vene et al., 1998, Journal of
Virol ogical Methods 73(1), Pages 71-75). The neutralizing activity could
al so be investigated by analyzing the cell supernatant for the presence of
Chi kungunya viral genone 30 by quantitative real tinme PCR (qRT-PCR), 23
Alternatively, the binding protein may be characterized in that it has a
Chi kungunya virus neutralizing activity of at |east 2500 IUW ng protein.
More preferably, said binding proteiny,pas a Chikungunya virus neutralizing
activity of at least 2800 IU ng protein, at |east 3000 I U ng protein, at

| east 3200 I U ng protein, 5 at |east 3400 I U ng protein, at |east 3600
|Ung protein, at least 3800 |Ung protein, at |east 4000 | U ng protein,

at | east 4200 ibbhMBerBinOtBbid ndddili@ABhs 4480y picHiyin@aStiel frthak rémrsbr 4600
|Ung protein, at least 4800 U ng protein, at least 5000 IU protel n,

at | east 52UTNG GRSy eidesiost PRRSTS546050 LPH ARt BIYIOMHeC MeliEf al i 21 ng

activity ofckhigdicRdifegeReat Gt oBYirdenBEASHREd dsRibiimsidaessq Rwcas 10
standard pl aque reduction neutralization test (PRNT) as shown in Exanple 4

and Fi gurectityre’By other in vitro neutralization assays, such as rapid

fluoresgent fogHsyqdindh, bfhte' %ﬂwoﬁr?ggtpr&fBFrFl d) ihd YaRetish @rleferoglggﬁeuh%ﬂ% nal of

Vi rol ogi cal Methods 73(1), Pages - . The neutralizing activity could
al so be i n@égbﬁ@myw\fby\réwlvvmWQFH@Qb'e\InI0 fgthee prricaad OC’["Tﬁ‘énbﬁ‘@%ence of

Chi kungunyﬁn%m reﬂﬂ@? b%mHM?;”;Fr'o?é’h‘% oY &nd ?r@'enf%v? LB, é’%r(éﬂﬁ} In a

preferred e ment, neut izing protein t he”i nvent
sel ect ed fn@mcthhegacmflwfﬂ—imwnmmbleapclzen@dftm loyevieniiag faﬁtoﬁj@@mr@gntl@bm in

the aanpbﬁh%yrﬁ@%‘y%ﬁﬁruls g’g%?%‘/%gﬁgrs onq%)%BEQIF% W 4i&S %ﬂkpéz g%li:%)F%f IM)/( €

pref erably, &CONDI naRt Ant | od| es rec
r ecSFl@fB:l?ﬁEthmwaplozﬁ chftee @éimramm’nﬂ@e@f RNABscapiiggion. OrFrwmﬂDhcamal var iants
A second aspect

vari g 0] i ndi ng
proteins as defFl’r%e tﬂgr e 8%@8%0%& dﬁ\(lzcﬁdgﬁgﬁ OEHO ?"COszbl‘%)ggd
her ei n, rehevtsltiog aofbemdengfymat et uhe ganlwato mfmvprm s@sfhammmel ¢t |bdimira@nd/ or
am no acid si%uen fz‘&t hat .,is altered by o eot .

d
ani no_aci 484 DR ROt ELST PR RREIOP ni e Y S CST BB o 1 he
parent bi ndih@g TH&]’rObI@Ihlvtanés bhide Togostitbe foapalsben @fs th@@n@@bn@ggﬂorthé)l ndi ng

to the E)I ngem% %%thirgseror oefhgrs %thgr“? 8rnr‘Xghoan E)Hs’rhg Togovmdoe family and ifs
taxonomic structure and members can be found on the Index of Viruses -
Togaviridae (2006}, In: ICTVAB - The Universal Virus Database, version 4, Bichen-

Osmond, C (Ed), Columbia University, New York, USA.
The binding proteins of the invention may prevent Chikungunya virus from
20  infecting host cells by at least 99%, at least 95%, at least 0%, at least 85%, at least
80%, at least 75%, at least 70%, at least 60%, at least 50%, at least 45%, at least 40%,
at least 45%, at least 35%, at least 30%, af least 25%, at least 20%, or at least 10%
relative to infection of host cells by Chikungunya virus in the absence of said
binding proteins. The neutralizing activity of the binding protein may be measured,
25 forinstance, by a standard plague reduction neutralization test (PRNT) as shown in
Example 4 and Figure 3 or by other in vifro neutralization assays, such as rapid
fluorescent focus inhibition test (RFFIT), (Vene et al., 1998, Journal of Virological
Methods 73(1), Pages 71-75). The neutralizing activity could also be investigated
by analyzing the cell supematant for the presence of Chikungunya viral genome

30 by quantitative real time PCR {gRT-PCR).



30 fragment thereof, with the parent binding nolecule. In other words, the
~nodifications in the amno acid and/or nucl eotide sequence of the parent 24
- binding nolecule do not significantly affect or alter the binding
- characteristics of the binding nolecul e encoded by the nucl eotide sequence
- or containing the amno acid sequence, i. e. the binding nolecule is stil
- able to recognize and bind its target. Wjgther a nodification in the am no
acid sequence results in a 5 functional binding protein (i.e. in a binding
~protein that binds to Chi kungunya virus or a fragnent thereof), can
readily be determ ned by assaying the specific activity of the resulting

bi ndi ng protein i nakbhsh&y, MARGSNERG Bidtslh 8ol BCBhKIRGSHIEE in MhEUS s @
f ragnent thereof or other 1n vitro or in vivo functional assay. Preferably,

~the functi onalCHEHAYS dHbUISYEIE Iealdinam kein Rt 2909 r Hémaetitoteni M9

activity. 10 Eﬂ@fefdwtsb@n@ihd%grdr@féﬁn ABY o RIHRIREBR| Y vRBVR HBNSRT YEMNIY&F at
sequence nodifications inclu nucl eoti de and am no acid substitutions,

~addi tions and '®¥ER] 9B FAIheEr r‘u?ﬁsé309%'Hé'P9d?ﬁaile'r\/é?f* i1 S2QHH/BemPicse

- truncationg ofq Ttlégstaéﬂotj%/rﬁ? SoR8IUENERIsRBL®) TUNRTg BForQW Ryt t1B&stadBob qu Phg
carboxy termni. These nodifications can be introduced by standard

. techni ques knd¥ipieim afHecyr4000 duthhg axolein exf dppect288 ldAneniraigénhedilsod 00
- random PCR- ”qu'/@/ﬁ&%rcg‘g@agﬁ%%k %so@ﬂf}'r@’i%ro?&ﬁ%ﬂ r%%st“?éo%@ mgap?o%?r{ 'ofé}éost

non- nat ural nucl eoti am no Non- natural am no~ac
i nclude, for eREIMII/Eg Brdeivodsiemer &200eVng Drofaim b st 8430 Ibfmgh:éoi@(m The

Conyenti opal 2@981% gétlwg%ﬁbgrbir{q %ﬂﬂeﬂ%gg b%ur(ﬁgo eg for i sfonc

a-di substi t ut amno acid no aci | ac aci d, o¥ hér 20
unconvent il®nalstcaniond DML@sredExam)lnesTr@fzomtmt/é?ﬁNTbmalshcam mmEmpllg,ét whdl ch

TRy al S0 be Sl APLECRMBARPI 5L off BB ding, ROl McBl hiFelRkeRi RN
[epsil on] - N N|mth|h>m®m’&tshWFFlI/)sl\/rwe et[cepsmomwmmoacrempgiommmods 73(1), Pages
O-phosphoserl N— ce rine hISt d|n

5 bydr oxy vt a7 s TG IR R WhoRRTHe T R B gpoBen T ol fghe

aci ds and inanpaﬂbdﬁﬂferU@ Aehyﬂnomythbh@ﬁw@E@mﬁgwabhmapvemehﬁedverem
vari ati ons, in the {3&? @f@%e or am no acid sequences shown in SEQ | D NGs:
1-46 are thosd MHBEFIY a reduced susceptibility to proteolysis or

oxi dation, alter glyecopWfatré@rerpesdiecns B abbtefiziby neforgn adif ihei inivestiodr is
confer or nDdifémﬁgh? ¥S|cochen1cal or_functi onal egggertle of tH
bi ndi ng 30 prof Cj’ﬁ”gé.?ﬁHUﬁaWdeﬁﬁ@EWV51fW% RS HdF66 QWBrRAPE are
cont enpl at ed. Examples (8B10F8, 5F10F175E2, rec8B10F8 and rec5F10F175E2). More preferably,

from the IgG1 type recombinant anfibodies rec8B10F8 and rec5F10F175E2 which

20  are characterized in Example 4.

Functional variants

A second aspect of the invention includes functional variants of binding
profeins as defined herein.

25 The term "functional variant", as used herein, refers to a binding molecule
that comprises a nucleotide and/or amino acid sequence that is altered by one or
more nucleotides and/or amino acids compared to the nucleotide and/or amino
acid sequences of the parent binding protein and that is stil capable of
competing for binding to the binding partner, e.g. Chikungunya virus or @

30 fragment thereof, with the parent binding molecule. In other words, the

modifications in the amino acid and/or nucleofide sequence of the parent



Conservative am no acid substitutions include the ones in which the am no
acid 25 residue is replaced with an am no acid residue having simlar
structural or chem cal properties. Famlies of am no acid residues having
simlar side chains have been defined in the art. These fam lies include
amno acids with basic side chains (e, g., lysine, arginine, histidine),
acidic side chains (e. g., aspartic acid, 5 glutamc acid), uncharged pol ar
side chains (e. g., asparagine, glutampe, serine, threonine, tyrosine,
cysteine, tryptophan), nonpolar side chains (e. g., glycine, alanine,
val i ne, |eucine, isoleucine, praline, phenylal anine, nethionine), beta-
branched side chains (e. g., threonine, valine, isoleucine) and aromatic
si de  chai B§dlg: mBleculeyi®HbR8gnipdEny! @tnicheitet enbinBiRgDharddtcich ope cl ear
to the skilled 10 artisan thaft other classification of 'am no acid residue
famlies tH@nPPRBCOMEIamER] eNEREIR Walheansde Bt rpARed. OFarhlsdinerie a
variant may Ve iAQByCONSE At Bindfid MBIeRBkd; SHRSId Fourre'c% Rize nd- bmd

repl acement of an am no acid with an amno acid resid aVInﬁg di fferent
structural lfsoﬁoréﬁbrﬁ‘/@ﬁfh%r@ﬁ@@tﬂiﬁ@@“m&'ﬁ‘mTh%rdfﬁir}@oﬁc@aﬁ?@#@r&ﬁ% resurayn & so

| ncl ude; a | A hQBfoteAthBPE RS (BIEARDS
deternlnlEEPML&%%qEﬁﬁﬁgbég? g%§|gueslﬁggﬁﬁg sugs%ﬁtﬂggg ?n ertevc]qtl:a or

del eted wpt koliogeisol |fh¢'nen@ iqmurﬂﬂddgﬂt@ldeé@rmmd yoymagsayeof hendresiing
conmputer p I F i rding to
Che i nvent Por gy el g B ot P A o e ML B PERENE

bi ndi ng af f/lrumcirimEO@mﬂpaﬁ@dequrtdh@erpawém orbip rYdaonfglnCQ@\q‘rmsmyuP@f@@blyare
still capahl r of and
preferably?eefyg%mﬁ{ég%ﬁﬁ1 0 Eﬂ%ﬁ? ??%?H%b%ﬂﬁw%ﬁﬁﬁ%ﬁéﬁgg?ﬂéC&EQQf i nst ance,
functi odal variTaet suradiovondi vagichd rhbe pnﬂembhoﬁmwaychamavomeieﬂsednoe
decreased bi ndi af fi ies for i ku unya v1 nt thereof
conpar ed tEpOt ﬁ'&g ar eﬁltcpuéf%lnH&IGB ‘?ecf ﬁg%(rﬂj 415@%5?{’“‘8% (gd T OWer 25
Chi kunguny aeletionts Foretdrinake, 2Umgicact wrictrys c & ebem'mbé yrunt digrangfnioe aehico
sequences of, the variable r n i ncl udi n t not_limte

Framevor k. PEgiGALCTChpa! T BB oY BRET CRBSremath Hest RS e Fegi ons,
are nodi fi edn ceuneddail by viandarnt &chﬁbe@dmbwromffablorw\ns@&u 8s tifkediaeope of t he
present invention have at |east about 50%to about 99% referablé%I

| east aboulUBB9ENS'S SHGUPNGT " MoFesed at 8paness at‘dlr*é%ys‘f BB "
about 99% cewencipoenpfedelaidofidat cheasiingbeurs. 80% to about 99% most

preferably at lﬁgg%o%?gluém%%(ygélgs %%?/%clggg@ folr r<]a><c£,1)r?ﬁrp'ﬁeI %Pelrgcglsomers (e.g. D-
omino acids) of the 20 conventional amino acids, unnatural amino acids such as ¢
-, a-disubstituted amino acids, N-alkyl amino acids, lactic acid, and other
20 unconventional amino acids. Examples of unconventional amino acids, which
may also be suitable components for the binding protein of the invention, include:
4- hydroxyproline, [gammal-carboxyglutamate, [epsilon]-N,N,N-trimethyllysine,
[epsilon]-N- acetyllysine, O-phosphoserine, N-acetylserine, N-formylmethionine, 3-
methylhistidine, 5-hydroxylysine, [sigma]-N-methylarginine, and other similar amino
25 acids and imino acids, e.g. 4-hydroxyproline.

Especially preferred variations in the nucleotide or amino acid sequences
shown in SEQ ID NOs: 1-46 are those that lead to a reduced susceptibility to
proteolysis or oxidation, alter glycosylation patterns or alter binding aoffinities or
confer or modify other physicochemical or functional properties of the binding

30 protein. In particular, conservative amino acid replacements are contemplated.

Conservative amino acid substitutions include the ones in which the amino acid



26 at |east about 95%to about 99% and in particular at |east about 97%
to about 99% am no acid sequence identity with the parent binding proteins
as defined herein. Conputer algorithns such as inter alia Gap or Bestfit
known to a person skilled in the art can be used to optimally align am no
acid sequences to be 5 conpared and to define simlar or identical amno
aci d residues. Mreover, functional variapts al so include derivatives that
are substantially simlar in primary structural sequence, but which
contain e. g. invitro or in vivo nodifications, chem cal and/or

bi ochem cal, that are not found in the parent binding protein. Such

nodi ficati Onsreis'ramleudereipM@Jd alitra cac etfryh@tdacn, readyé atdnomg  sABIRr 19ructural or

ri bosyl ation, (% on 3Ient attachnent. of flavin, covalent attachnent
of a henme nol ?K/”'C cRP%FP Erfdnt™oP E{C'Hur@r“"%?i h8v'89 WUET e6t5 gaoms
derivative, eavalesh Qﬁtfhédhmﬁé oaf Treest if@intieomclude dmdﬁf biat ke, basievadeent

att achnent of ho otid I|n05|tol s | i nki zation, disulfide
bond 1 ormat | 0BG BTer el B e eI Bl YA sty (o oh| Saeed 58]
formation ef @Mﬁéﬂnl&e@c|fjPrurrﬁ@hb@éo%oléﬁsdlé/&@@hut@@atcﬁpofdw&/|9$th@1nwe gaiman-
corboxylatlon cos§lat|on GPl -anchor formation, hydroxylation

i odi nati on, YIiBgi BFOSNgy 1SYEEB\ APEIRN Bk DR, SIAp eyt (Sorg- dlycine,

proteol ytic pbmlmnepmwrw@dm prl%ﬂr@é‘YbI@érW@mﬁé‘Cﬁf@’rﬁa@hhéﬁ beta-
sel enoyl ation, sulfation, transfer-RNA nediated tion of amno acids to

proteins suchESNEAGHAGI &tdionle Ui duPeNAgt VBHe. diReYTie)| PR aromatic side
| munoconi uaatgsins 18e b"r%kn@@ Qﬁéﬂﬁilé‘mﬁé mdryﬁr%rh Or}alvmv@ef 'c%fr 18fihd RRIled

i nventi on may be couple | east one ng and/ o fector group.
Thus in 3}8t arpan t”PféTrO%J@b@@@Slf'CtOﬁ@n of preing |O§ﬁj i%@IUQd@@”iem*rWTOMP@@a’éfé%
i.e. a bindi n%bB(/th%an]I%rb ooﬁ@\flrhe\(r% #@r&tvo?'énpﬁn %\)e%néérﬂgrv\e{ﬂvé’h i's
coupled to at |least one la e |n ector grou | n one enbodi nent

of the invent iCon)o aclsi Wfﬁgﬂcmsms@i rie@pcamregh@t poraNino waid with cafarpine acid
invention is ?&We%%?g @er}@rﬁ%‘fru%ﬁql%fr $E %e rgb‘@rhegémlo?'%mor vorlohorks

i mmunoconj ugate 1s especially sul e for apeuti ¢ applications
used herein, ndwe dser mchafef ertioe geiduptletiefiens ihwrimrsher apeot iuigume,n a

toxin, a Clgt Otd%¥é ﬁnr‘;‘)frggp gvrh(?curpc % |toI r%?@u%g mguvheé S&;SF ﬁfl;égrm% 2 pokgg\@@e. n

the art. I'n a par ITEI'lt rote I'n or I Ona
variant of t hwhhnvb@tbwlshnnguymbeo@@col activity may be found using compu‘rer programs

well known in the art,
Functiona!l variants according to the invention may have the same or
different, either higher or lower, binding affinities compared to the parent binding
20  molecule but are still capable of binding to Chikungunya virus or a fragment
thereof and preferably, stil capable of neutralizihg Chikungunya virus. For
instance, functional variants according to the invention may have increased or
decreased binding affinities for Chikungunya virus or a fragment thereof
compared to the parent binding proteins or may have a higher or lower
25  Chikungunya virus neutralizing activity. Preferably, the amino acid sequences of
the variable regions, including, but not limited to, framework regions,
hypervariable regions, in parficular the CDR3 regions, are modified. Functional
variants intended to fall within the scope of the present invention have at least
about 50% to about 99%, preferably at least about 60% to about 99%, more
30 preferably at least about 70% to about 99%, even more preferably at least about

80% to about 99%, most preferably at least about 90% to about 99%, in particular



conjugat ed/ attached to one or nore antigens. Preferably, these antigens are
anti gens which are recognized by the i nmune system of a subject to which
the binding nol ecul e-antigen conjugate is admnistered to, The antigens
may be identical but nmay also differ fromeach other. In another
particul ar enbodi ment, 5 said effector group is a therapeutic agent.
Preferably, said therapeutic agent is suitable for the treatnent of a
viral infection or the synptons associgied to a viral disease, such as
chl oroqui ne phosphate, paracetanol, NSAID s (e.g., ibuprofen, naproxen,
etc.) or corticosteroids . Mre preferably, said therapeutic agent is an
anti-viral such as ribavirin or interferon-al pha or acyclovir.
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di agnostic applications, for exanple, assess if a subject has been

infected with @HPWH@DﬁWWFPU‘é‘”&”TSﬁFﬁ erde ferivadves %‘ﬁﬁélfﬁ SGSIHHEYY essi on

of Chi kungyny& Migriasar, Rfreetuk@neaseRa, toWfwidck ldont&ale. geﬁtvwwoprnowcsiure to,
e. g., determine the efficacy of a given treatnent reginmen, 20 However,

they may aMsglifiselioredhearicet fes/ of X Eanoaantiofreanal Jauneain g}@dpgrrem

di agnost i C,pHMRASBSin ADCHSREGNEERIMR.indihe trREMBic I@@b[bmag @&w hgfpers to a
det ect abI e marKer, e.g. a radiol abeled am no acid or biotinyl rml ety that

can be! Odetl@@v@ﬂohwmmléd e qEematt dpedini apyeipBluAdatNant Piudr escent
marker or enzypRidie %&@ghtxﬁw%eﬁ%ﬁf ggltre% gd? DY, AR %Al A ative,

colorinmetric methods ari1 ous netho ) | i ng pol ypeptides and
gl ycopr ot ef:ﬂ\sole@fu@l*ioabrr@mmodu gyd omfieick detiretive. tdwvaiant aidcimagnioef used in

per for m ”gab&ghﬁ&%%%ndl nve s% @ﬂqn ?V’Iﬂ it nf &HJHF | §,dapeldingigr oups

i ncl ude, re not limte I oi sotopes or
radi onucl i demeqfa/lcg‘lorewrrrm@on D5Novq5®‘ crgsmnkgwmohmnfnysfmiqrmmgzm)of

f1uor e?§en%g‘% %Lrl(ﬁor e ac{nglﬁh 8’91%” Q%gbox |{E';‘h89”'g?{/§o yl&? dnceﬁnlz’ymat ic

30 groups S%I Uase acto aske, u0| er ase,
al kal i ne fhnospbat am@)roxwtd"i@m I wdmé@oenmegmympm bomyoistiomigitiogr oosaticor,
pr edet er m ne t| de e |tope recogni zed b secondary reporter
(e.g. IeucPﬁ%yl%g%npe ro¥£ ?IC proce‘?sy p%ospenor\gohon, pre¥\y|%’r|on racemizati np
selenoylation, sulfohon, transfer-RNA mediated addition of amino acids to proteins
such as arginylation, ubiguitination, and the like.
20

Immunoconjugates

The binding protein or a functional variant of the invention may be coupled
to at least one labeling and/or effector group. Thus, in yet a further aspect, the
invention includes immunoconjugates, i.e. a binding protein or a functional variant

25  of the invention which is coupled to at least one labeling and/or effector group.

In one embodiment of the invention, a binding protein or a functional
variant of the invention is coupled to at least one effector group. Such an
immunoconjugate is especially suitable for therapeutic applications. As used
herein, the term "effector group” refers to a therapeutic group, a toxin, a cytotoxic

30 group, an antigen or other effector group known in the art. In a particular

embodiment, a binding protein or a functional variant of the invention may be



sequences, binding sites for secondary antibodies, netal binding donains,
epitope tags). In certain respects, it may be desirable that the | abelling
groups are attached by spacer arnms of various lengths to reduce potenti al
steric hindrance. 5 The | abeling groups used to |abel the binding protein
or the functional variant of the invention for detection and/or analytical
and/ or diagnostic purposes depend on the specific

det ecti on/ anal ysi s/ di agnosi s techni ques apg/ or nethods used such as inter
al i a i mmunohi stochem cal staining of (tissue) sanples, flow cytonetric
detection, scanning |laser cytonetric detection, fluorescent 10

i munoassays, enzyne-|linked i mmunosorbent assays (ELISA' s),
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to the inventdgsognduames keroroglies Wrespisuehpamct@ol, henapeys g i8gadlenor

anot her bindin mol ecul e. In a further enbodi nent, the | nmunoco ates of
the invention” SPX@Bn%TFr)s% C&ﬁfg%ter?fﬁ? e '\{‘%fﬁeq’reg?ﬁ%?'brsc'%m‘eé%ﬁ%“cgﬁ‘%ﬁ > Fhese

can be the sagmii9radbsdd REt AN aGheabRBLaBN &aBch8ovi. OAITP@HAW”U ugai ed
non- covalentl¥ to the binding nolecules. The Iabellln% and/ or effector

group (s) 'BanThareeewic P@iawe'a/%‘ﬁj (Rydteednaisreerdsyy whiecheetsiAdifgheindng

nol ecul es thr %%cheyaur?d?’bngpnghcﬁ‘rg of M Yeichbon bt cBALIN! IdThEEE fiOmay be
di sul fide bond |n& hydr ogen bonding, electrostatic bonding, recombinant

fusion and cG@fF tcdriae eBeRier BERUPAITe PHEENG@ DY SopReis@ st Visgous lengths

10|ned/conjug@éggnkgF&ﬂgnmpg@gbﬁgﬁqgkgpules by nmeans of one or nore |inking
conpounds. Techni ques f conjugating said groups to binding nolecules are

wel | known to the @k@fﬁqﬁéar grtdosiment3of Mer pissemioinesntidie chpindinegPen eirns,
functi onal, Varwr?c%ﬁ?mﬁbﬁ%f e mvé@‘f‘dﬂ?sc@ 8@‘%@&% F&‘r‘?efo@é@ﬂ% g%ﬁ( Syéh

bi ndi ng nD ecu e inventi can al so attache
supports, whi o aneupacenjeadigr lisy pasefidryf ertabie Vot rCtngﬂQﬁmn@a@WQﬂbrfor

purification %&aﬂ&ﬁé%@%@%% S\Ubﬁé@ hks b%e%ri@fgg?e%t wﬁp%{h%fngu%birus or monitor
the development or progression of Chikungunya virus infection as part of a clinical
testing procedure to, e. g., defermine the efficacy of a given treatment regimen,

20 However, they may also be used for other detection and/or analyfical and/or
diagnosfic purposes.  As used herein, the term "labelling group" refers to a
detfectable marker, e.g. a radiclabeled aminc acid or biotinyl moiety that can be
detected by marked avidin (e.g. streptavidin bound to a fluorescent marker or
enzymatic activity that can be detected by optical or colorimetric methods).

25  Various methods for labelling polypeptides and glycoproteins, such as antibodies,
are known in the art and may be used in performing the present invention.
Examples of suitable labelling groups include, but are not limited to, the following:
radioisotopes or radionuclides (e.g. 3H, 4C, SN, 35§, %Y, %9Tc, 'in, 125, 131},
fluorescent groups {e.g. FITC, rhodamine, lanthanide phosphors), enzymatic

30 groups (e.g. horseradish peroxidase, P-galactosidase, luciferase, alkaline

phosphatase), chemiluminescent groups, biotinyl groups, or predetermined



solid supports m ght be porous or nonporous, planar or nonplanar and
include, but are not limted to, glass, cellulose, polyocrylamde, nylon,
pol ystyrene, polyvinyl 5 chloride or polypropyl ene supports. The bi ndi ng
nol ecul es of the invention con also for exanple usefully be conjugated to
filtration nedia, such as NHS-activated Sepharose or CNBr-activated
Sepharose for purposes of imunoaffinity chronmatography. They can al so
usefully be attached to paramagnetic ¢d crospheres, typically by
biotin-streptavidin interaction. The m crospheres can be 10 used for

i solation of Chi kungunya virus or a fragnment thereof froma sanple
cont ai ni ng Chi kungunya virus or a fragnent thereof. As another exanple, the
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conprising at |east one of the sequences selected fromth e(grou

consi st i ngMEfhasE@see sl Os giteriaia imgnurpyistophendaclsioinigg o stispyfserEitsy, t he

nucl ei ¢ acjd, Wf@m&f@c QetbBfor, NYRMARD IGRIPEI SR IR Gt ORI, deLoreg@uence of
SEQ ID NO 13 or . In another embodi nent, the isol ated nucl eotide

mol ecul @ ommweoqswén@mdme Iwﬁﬁﬁmwﬁowh%ﬂ@é@wsdét%ﬁu@mmm@mgs a |ight
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at least o énces selected fromthe gr consi sting of SEQ
| D NGs: 15, 17,When 1135 birgimdmpradens gofunphomidpﬁ@msmb@lum@mﬁlontcm@ Uped| at ed
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i nvention bmn:meQohgn trche senuenets raoPNSEE INDudas (Mgl)monf@g agards. SEQ | D NOs:

Lo 3h o2 S B b s R T SRR BB f
or to X-ray contrast agents, or by radioisotopic labeling.

Also  contemplated in  the present invention are mixtures of
immunoconjugates according to the invention or mixtures of at least one of said
Immunoconjugates according to the invention and another molecule, such as a

20  therapeutic agent or another binding molecule. In a further embodiment, the
immunoconjugates of the invention may comprise one or more label and/or
effector group. These can be the same or distinct from each other and can be
joined/conjugated non-covalently to the binding molecules. The labelling and/or
effector group (s)] can also be joined/conjugated directly to the binding

25 molecules through covalent bonding, including, but not limited to, disulfide
bonding. hydrogen bonding, electrostatic bonding, recombinant fusion and
conformational bonding. Alternatively, these can be joined/conjugated to the
binding molecules by means of one or more linking compounds. Techniques for
conjugating said groups to binding molecules are well known to the skilled artisan.

30 Furthermore, the binding proteins, functional variants thereof or

immunoconjugates of the invention (i.e., binding molecules of the invention) can



encoding a light chain am no acid sequence of a binding protein of the

i nvention conprising the sequences of SEQ ID NGs: 15 or 35, and SEQ ID
NGs: 17 or 37 and SEQ ID NGs: 19 or 39. In a further enbodi nent, the

i sol ated nucleic acid nolecule of the 10 invention conprises a nucleotide
sequence encodi ng a heavy chain amno acid sequence of a binding protein
of the invention conprising a sequence sebected fromthe group consisting
of SEQID NGO 5, 25 or 45. In another enbodinent, the nucleic acid

nol ecul e of the invention conprises a nucl eotide sequence encoding a heavy
chain am no acid sequence of a binding protein of the 15 invention
conprising a sequeaacm@th@BE@aIslalncBJGupﬂaorts?,lwhpéﬂn Orl’e @&rhdumranummof um tvver

enmbodi nent, the isolated nuc q%ﬁnlec flnvenhhﬁp f ri ses
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nol ecul e”, as sygestoher e NCNERaBS @eROISERHEIEO! ifste @roganomfc imelINBaffidry 25
; synthetlc origin or sone conbination thereof, which by virtue of its

origin, the "{CHEIMEOIGRIV eleYaGH nBbRctied!y( PP i ¥/Hehsifo I HPRIIRFIH aI I
or a portl on %cr%spk%?éy%&@thbydkgohrﬁlsﬂ’@wé\hdFnhﬁterdcsf@naﬂ?éjrrﬂ@bwgs%kS’@

found in nature, (2) operably Iinked pol ynucl eotide which it is
not | i nkedOt o Uped ratt tsi@l@homof(@bmkm@wnws dzfc@:rfrqqmwt Uheée@sfrcpfar@ semede

| ar ger sequen%%anT—Mﬁ%r@rﬂkur{gI@ﬁ?& &l "oF"ﬂ)C‘t Fmeﬁ?'ﬂ%régf r%'flngr ei%%Bre?fﬂ‘?é red

to here|n, means'ap yneric orm of nuc Otl es o eas ases 1 n
l ength, eitherinditbmefedes désiher pigeexynuenisnt paesuse@rllyabmmqk@di fortihe 31

of eit her t ype Rf-ych 6ot hae, p@?‘&tﬁr@ﬁ&&]uc' eotides with nodified or

substituted sugar groups and the The term al so i ncludes single and
doubl e stranded forns of DNA In a one enbodi nent of the present

oventlons® RUELE Scakgeiplecul = ot S the Lnventon 13 operably |inked
t o pol ynucl eoti de seqirencesedthdtthapessaetiossaiopn relates to an isolated nucleic acid
molecule encoding a binding protein, a functional variant, an immunoconjugate
of the invention or a fragment thereof. Preferably, the nucleic acid molecule
comprises one of the nucleotide sequences of SEQ ID NO: 1, 3,5, 7, 9. 11,13, 15,
20 17,19,21,23,25,27,29,31,33,35,37,39, 41, 42, 43, 44, 45 or 46.
In one embodiment, the isolated nucleic acid molecule of the invention
- comprises a nucleotide sequence encoding a heavy chain amino acid sequence
of a binding protein of the invention comprising at least one of the sequences
selected from the group consisting of SEQ ID NOs: ¢, 11, 13, 29, 31, 33 or 44.
25  Preferably, the nucleic acid molecule of the invention comprises a nucleotide
sequence of SEQ ID NO: 13 or 33.
In another embodiment, the isolated nucleotide molecule of the invention
comprises a nucleotide sequence encoding a light chain amino acid sequence of
a binding protein of the invention comprising at least one of the sequences
30 selected from the group consisting of SEQ ID NQOs: 15,17, 19, 35, 37 or 39.



to effect the expression and processing of coding sequences to which they
are ligated. The nature of such control sequences differs dependi ng upon
the host organism |In prokaryotes, such control sequences generally

i nclude pronoters, 10 ribosonmal binding sites, and transcription

term nati on sequences. In eukaryotes, generally, such control sequences

i nclude pronoters and transcription term nation sequences. |n accordance
with the present invention, the term"gpntrol sequence" is intended to
include, at a mninum all conponents whose presence is essent~al for
expressi on and processing, and can al so include additional conponents 15
whose presence i s advant ageous, for exanple, |eader sequences and fusion
partner sequengegnofrer ERRIOMHEt, tHagsd @emnLeRst abloymbicaked ihamvearsh her ei n,
refers to positions of conmponents so described which are in a relationship
ber mi £t ngCOMRES Ca AR EPGRIPANE h BN OF RS EricRed VitKHaP™ TP BBV ERU e o di ng
to the presenbindiriVsbldi®Bf HRNNEXPIRSDINAHsBONhE 0bq SR Hes ¢ SEQIE Nl ¥ of | nked
to a codlng sequence 20 is Ilgated in such a maé t hat _expressi on of the
codi ng seqdeee SEQ BHPev el cuAterd SEGHHINP DS % dhpatd briacurrodiaent

expr essi onyeOoRidIOk SEAULRRRUIVEEHRY ifydhHbh ImBEREE nOtiebh@e REESEMe
invention is a vector conprising one or nore 25 nucleic acid nolecul e that

encodes a ®M¢riingapiebt ehein cMine BrEh@IdUeRE? &R BHAINg RRRIRBINN GBI t he

i nventi on. P HERY sligps:reRlrizsakih@YEQND NBY T8 d7at e
t oget her m?%ﬁsbﬁ%fkhroﬁgggﬁgggﬁggpmhic% théy have ngn I ntegrated. The

nucl ei c ac$ oN@eUrlerédn be operably linked to a control sequence.
Furthermore, the yeRhAL MLAANEH 0pRl k¥ hoatdldlia beRl heabtgn of g n or 30

I
a sel ection nmarker gene. anpl es of vectors that may be used in accordance
with the pineseinn ¢orverises onmumieotislegedpasericdspdipashiesyy phagexnineiadises,
etc., Vectgor . or i : Lor f I he
bi i ng. mortiel 58 S PREY o i BVBFIATEPGe i) FRLEREE el 0F 1
eukar yot i cfreml ths,grpvefcengating, ofiShQ Ipek@ab i ZnorcHl. lIs angdsr essiagimesttior s used
in eukaryotic host. cel (yeast, fungi, . .5 ilnsect, p - ani man, or
nucl eat ed h%(ﬁ?'g Fb&ﬂﬁg@%gyl&ﬁ%ﬂ?geh@h%n ocrdgrﬁ%i%ggm? b@aplé%%ﬁfggl)ggg%ont ain
sequences aecedsary Hearvyt dleoib exminpaticionsesfuehcansicoi pinidory andeinf of the

and. | b5cali O ST PR Gl g Oe Tof ANEhEgot i o or viral DNAS or
CcDNAs. These In an even further embodiment, the isolated nucleic acid molecule of the
invention comprises a nucleotide sequence encoding a light chain amino acid
sequence of a binding protein of the invention comprising a sequence selected
from the group consisting of SEQ ID NO: 7 and 27. In another embodiment, the
20 nucleic acid molecule of the invention comprises a nuclecotide sequence
encoding a light chain amino acid sequence of a binding protein of the invention
comprising a sequence of SEQ ID NO: 3, 23, 42 or 44.
Within the context of the present invention, the term "isolated nucleic acid
molecule”, as used herein, means a polynucleotide of genomic, cDNA, or
25 synthetic origin or some combination thereof, which by virtue of its origin, the
"isolated nucleic acid molecule” (1} is not associated with all or a portion of o
polynucleotide in which the "isolated polynucleotide” is found in nature, (2) is
operably linked to a polynucleotide which it is not linked to in nature, or {3) does
not occur in nature as part of a larger sequence. Further, the term "nucleic acid
30 molecule", as referred to herein, means a polymeric form of nucleotides of at least

10 bases in length, either ribonucleotides or deoxynucleotides, or a modified form



regi ons contain nucleotide segnents transcri bed as pol yadenyl ated fragnments
in 10 the untransl ated portion of the nmRNA encodi ng anti-PSCA anti body. One
useful transcription term nation conponent is the bovine growh hornone
pol yadenyl ati on region. See for exanple, WO 94/11026 and the expression
vector disclosed therein. 15 Host Another aspect of the present invention
relates to hosts containing one or ~nore gppies of the nucleic acid

nol ecul es or vectors nentioned above. Preferably, the hosts are host

cells. Host cells include, but are not |imted to, cells of manmmali an,

pl ant, insect, fungal or bacterial origin. Transformation could be done 20
by i’in)é knOW][] pedibed T;lfrm’ ofl midi&stide, nﬁthmlmtgdhle@t Wﬂg%c'bdﬂﬂélj ar hestituieel sgar

i ncl udi ng or exanple, p t he nucl eoti de i virus, (or int
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~other bindi ngsgnareiendn OEsp@tclnablvwaﬂhmmebseahlntv:erhﬂori iheelsrmavedhta beqEnas”

hosts for eXpFﬁﬁrﬂﬁ?d 3 SRl OK%OPM?\ Lm’ﬂt? %:E?gﬁgq‘rs W lsgg)?%ﬁgg is essential

imortalized i nes avarlabl'e from rrcan
Col |l ection (AﬂmxﬁxmeﬂCMUdndgpmbBBWQDUNkinnmedboonCMdaes@dmamwtemmpvagms

ells (008, HiRgn Mersiac et Kindorabf BT getelttofe g

nunber of othenﬁoedkxhenessFﬁmmﬁenmﬁhyetemecﬂmﬁmbmehhajameu&ﬁimﬂmame&etls.

| Exanpl es of h"flo p05|(T:ons of %{)r%plorr]\te(raﬁ{s s%l ‘cijgsclr_iglég’whglék%l"oréa\-ll_r%l'ospeflo’r‘l%Snéslhglb pzegr%rr’rmg
them to function in their infended manner. Moreover, according to the present
invention, an expression control sequence operably linked to a coding sequence

20 s ligated in such a way that expression of the coding sequence is achieved under

conditions compatible with the expression control sequence.

Vector
A further aspect of the present invention is a vector comprising one or more
25 nucleic acid molecule that encodes o binding profein, functfional variant or
immunoconjugate of the invention. Vectors may be autonomously replicating or
may replicate fogether with the chromosome into which they have been
integrated. The nucleic acid molecule can be operably linked to a control
sequence. Furthermore, the vector may additionally contain a replication origin or
30 a selection marker gene. Examples of vectors that may be used in accordance

with the present invention are e.g. plasmids, cosmids, phages, viruses, efc., Vectors



and HEK293T cells, In another preferred enbodi nent, the host cells are non-
immortalized cell lines, nore preferably avian enbryonic stemcells.
Particularly preferred host cells are avian enbryonic derived stem cell

| ines marketed under the trademark EBx(r) by Vivalis (Nantes, France). The

avi an enbryoni c derived stem 15 cell lines EBx(r) are described, for
exanple, in WO 03/076601 and in WO 2008/142124 whi ch are hereby
i ncorporated by reference. The avian eggoryonic derived stemcell |ines

EBx(r) are able to proliferate, in adherence or non- adherence conditions,
in a basal nmediumin absence of growth factors, serum and/or feeder cells.
Accordingly, EBx(r) cell lines are especially suitable for its 20

i ndustri al cas®el Bsdchyr A ahdicngl/ of fonkpei®s cdfiné Mirelies molbduipabt il ar f or
the production of viral vaccines or proteins (e.g. the binding protein or
functi onal "V&i9Nant of the present invention). Preferably, the EBx(r) cells
are from chi ckefefefablfuckid @@Qfd@r&epbﬁicﬁﬂabb}éké’dy@h@h¢é¢li§erbr&|5rdt§1yCﬁﬂ I's,
duck EB 66 or duck EB 24 cells. Furtherm)re descri bed

2008/ 1421 2B ICK0AR S EEXBIEEs KPR BEraA %O@f%h@y*&?ﬁf&e&éﬂ%a gbeim cel |
l'ine EBX(Tsed; Qant, BRIAGS, ﬁ%bn|dr%cle@é’@c@llsg}dfﬁ@ﬂ%@r%dl%llul&rr @fg!F &Ry ovi di ng
the antibody wth enhanced cell-nedi ated effector functions. urt hernore,
sai d anti bb@EARY PIso Gios 1A A NGRARCT PRYY GPRIEEIFIHPPI DREFSEIRTION Hidcess
for pr Oducfo?gobhﬁngltﬁ'éjh'ﬁgmpﬁ@k?é uefqe@%ae%m\sary'oa@mo@e frop@the 5 and,

i mrunoconi ugate of "t he invention further "aspect of the present

i nvention ©@¢®IQ§@HY@ amﬁgt\ﬁ@@df@gloﬂﬁ@ﬂ@@kwo%F o HieIigNAy of ePHAsfThges i onal
variant orJ l.es of
Vhe. i nvent ST By oF ap e eyBs s eh BRI ERS by BopaePhD OB Bhk P Post
cell that &ecwrétoarslom eonigineefulhe(rsRNABrawsires cof- P&@étord@bldg Ohatusaty be 5
used accor h t clude r i

eukaryoti 0%&% ;{)@oiuqﬁﬂﬁétﬁ%}m:&}‘@%eﬂ & ﬂ%j tﬁ}%nea ra blh{&nt’(rga pi g,
nouse, etcp¢Wav®amomnebbsw1ée@fmduchwm@hN@WéﬁUOqa@mUjheKmpmﬁyu@eedocelIs or
ot her anlngBdg CM%EmﬂLant cells and fungal cells, e.g. corn, tobacco,
Sacchar onyces Cer eV s ae, Pichia pastoris; prokaryotic cells such as E

coli; and other cells used in the art for the production of 10 anti bodies
and otpﬁ i nding proteins as above described, Various nethods for
pr eparing i sol ati ng binding proteins, such as scaffold proteins or

anti bodi es, framthestspeel los tae erelsem\rmVéMiohheloaasst foalmes isnayn thiairgs ede ion

performng the present |nven i on. met hods for ring binding
pr ot ei n frgﬁﬁ%n %meeoé the nucelc aci moecu es or vecftors menti oné)da oq/e.

Preferably, the hosts are host cells. Host cells include, but are not limited to, cells of
mammoalian, plant, insect, fungal or bacterial origin. Transformation could be done
20 by any known method for infroducing polynucleotides into a host cell, including
for example packaging the polynucleotide in a virus (or info a viral vector) and
transducing @ host cell with the virus (or vector) or by transfection procedures
known in the art, as exemplified by US 4,399,216, US 4,912,040, US 4,740,461, and US
4,959,455, which patents are hereby incorporated herein by reference.
25  Particularly, methods for introducing heterologous polynucleotides into host cells
are well known in the art and include dexifran-mediated transfection, calcium
phosphate precipitation, polybrene mediated tfransfection, protoplast fusion,
electroporation, encapsulation of the polynucleotide(s) in liposomes, and direct
microinjection of the DNA info nuclei. Examples of host cells that may be used
30 according to the present invention include but are not limited to eukaryotic cells

such as mammalian cells, e.g. hamster, rabbit, rat, pig, mouse, etc.; avian cells,



scaffold protein fragnments or antibody fragnents, such as papain or pepsin
15 di gestion, nodem cl oni ng techni ques, techniques for preparing single
chain antibody nol ecul es (Pl uckthun in: The Pharnmacol ogy of Mbnocl onal
Anti bodies 113, Rosenburg and Moore, -EDS, Springer Veriag, N. Y. (1994),
269- 315) and diabodies (Hollinger et al., 1993, Proc. Natl. Acad. ScL

U S A 90, 6444-6448), are also known to those skilled in the art and may
be used in perfornming the present 20 invegntion. In one enbodi nent of the
present invention, a binding protein, functional variant or

i mmunoconj ugate of the invention is prepared froma hybridonma that
secretes the binding protein. See e.g. Kohler et al., 1975, Nature 256,
495-97. In a prgefcem:kedhlemmdjumntefd)fmiéaﬁ deflesesther mvendl oslls; plhet belsdiry
protein, 25 func a variant or immpoconjugate of the i entlonfé%:e.,

bi ndi ng ol ec n@é g5t RS- | BN PRAYCT > BB ErBY- Foe ESD 1Nt T §/h'%ypos

optim zing andfdkbry@m’mdeﬁlsyﬂuﬁg os@X@@e&aU@nh@fceuth@se@nﬁwhen@rf rmlf@@picﬁju@horﬁ be
invention in a

0S isolatin din ecu fromsai d host
ol T o i s SRS an e R e B e G R Rt dEP SRV ICER Dila
encodi ng asbi agiags RSO3 @rdtsioh e YRGTRLWHOATAE Rirngn MR ete9dihgbridifed
bi ndi ng nol ecul e and cul tured under appropriate conditions to produce the

bi ndi ng nol ecGPEINS FYROPIR/EXD 1BR, ABRE FolYPexaHpl'e, CQJSCHO%%T%@7 incgisiing

Anot her aspecbyphot et %@mnésemdr&%\r&b%ﬂ@)t&ua Hethads fidophastel ng a
bi ndi ng protein, functional variant or inmunoconjugate of the invention

(bi nding nol £60PedBIH e MAvka Kidngy ‘E)‘?”Sﬁ@@éérhW%ﬁ?@OIﬂCﬁWﬁ@C%Ir@&ﬂ e of

the inventioncefds @@ @-Ietp' G8MeNndRY RGYUBEr OF oPBEEST InRR. ME R BRlost BBt OF
fungus transgenlc or 5 nucleic acid nolecule or nucleic acid nol ecul es

encodi ng t'Ae hpMeoUte. sE)XOﬁTp'QSh@‘ hurhererellsone IFeepEe alsky, 71d. BT H8DnyS49r 8tei n,
functional Va%hgnﬁE@%’r %‘&H“Qr‘?%o%gef?rt Sre?érreot REAJWRBH, OrHF ﬁosPrc%%ro?éj rohom

t he t1ssue, prO uct or secretio ransgenlc ani'mal such as cow,
sheep, rabbit jmehitclkend ogll lmehemormmwflerqm oricavéranrysopiecites), cels. Padinglgeni c

plant. such as fkPeq HEBAGE O OLNEL BN oGled FEANSIRRLE fTatRaLs i, such

as Aspergillu ia or Speci es cleic aci
conposi tions fre y@@eraofklﬁBméw \ascpiectrtiqmtehérqrrwaaﬁhe@mqm“rwbd/@slcmmes|sft6mans

compr i sTngsat col 3gsL 808 el s aeld Pl saylse ag, debl perlzia heaprega

i nvention. °The nposi t1ons npri'se ‘agueous soO lons suc
aqueous sol ut |20®f8’142124 which are hereby mcorporofed by reference. The avian embryonic

derived stem cell lines EBx® are able to proliferate, in adherence or non-
adherence conditions, in a basal medium in absence of growth factors, serum
and/or feeder cells. Accordingly, EBx® cell lines are especially suitable for its
20 industrial use in the obtaining of molecules of inferest, in parficular for the
production of viral vaccines or proteins {e.g. the binding protein or functional
variant of the present invention). Preferably, the EBx® cells are from chicken or
duck, and more preferably are chicken EB 14 cells, duck EB é6 or duck EB 24 cells.
Furthermore, as described in WO 2008/142124, antibodies expressed in avian
25 embryonic derived stem cell line EBx®, e.g., EB 66 cell line, have a glycosylation
profie providing the antibody with enhanced cell-mediated effector functions.

Furthermore, said antibody will display a human-like glycosylation pattern.

A process for producing the binding protein, functional varignt or

30 immunoconjugdate of the invention




containing salts (e.g., NaCl or salts as described above), detergents (e.
g., SDS) and/or other suitable conponents. Pharmaceutical conpositions 20
Furthernore, in an additional aspect the present invention relates to
pharmaceutical conpositions conprising at | east one binding protein, at

| east one functional variant, at |east one immunoconjugate or at |east one
conposition according to the invention, or conbinations thereof, and a
pharnmaceutically acceptable carrier, gxcipient, or stabilizer (Remi ngton's
Phar maceuti cal Sciences 25 16th edltlon Csol, A Ed. (1980)). In certain
enbodi nments, pharmaceutical fornulations are prepared to enhance the
stability of the polypeptide or antibody during storage, e.g., in the form
of Iyophilized hqpmi alhenso0heaAtRAUHvERMAH IcRiSs fdana@fﬁ@ad@m@dwqg the
present invention, acceptable carriers, exclpients, or stabilizers are
nontoxi ¢ t & PBEINSI RitENaluNEHeN@ oSHgEL Oh HEMEBACRHEIAE Dhthe BEeRifyl 6fed, and
I ncl ude, e g qin D& FesSiGhe %eﬂﬁ@rﬁ aaﬁpreﬂiahﬁg 5&8%}@@@1@ 6 fneatgenidpd ot her
organi ¢ aci ds; antioxidants incl udlng ascorbic acid a nethlonlne 36
preservatl@@ﬁW@§E@Mﬁ%bm@tﬁﬁdéﬁ§ﬁ@ﬁﬁ@@ﬁ?@@éhi&@”@#ﬁﬁﬁW@ﬁﬂ@ﬁﬁHwﬁdéeybe
hexanet Boni. %EEBM@ m%n&%hésﬁ%m\gh'.mucﬂébubmfn\wew%céu@w&e
phenol , (1 al co parabens such as nethyl or propyl
par aben: @@tlemml @IS rre:mrmllmlcellswcg dmmorobtat pentihdhousneten evigsol ) ;

| ow ol ecul n o ) YPS

pr ot ei ns, é%%%%”iehgghﬁ$gggﬁnéﬂﬁleﬁg1g%?% €%§8F§#ﬁiéﬂﬁ9%l?lnsbgﬁﬁaem hilic
pol yners smmhi fasgpbd:@m ayl pprm, d)d)b@mre Socahmrmmareisd@re\tm:he dictgh ymsm%

| ut q
i sacohar | GRSty Gh sl il SRl 2 Qb8 A8 lion '3 B e PR RRAGRE dor™
dextrinsg; G:Imbamesngmaigenmes bsmim’rg psot &R As c$1ogar®ssntmét:i a\séorslwsmsfepdi(ﬂor

manni tol , trehal ose surfactan suc

sal t - f or m MEFPYBENTE 'SO 'Qgs*ﬂ%%'h%éor%*c?ms me n%%%Of%i%%fo%@% o(@”gbo%ﬁsprot ein
Colrrpl e>r(]e|s) fromahdi’r(lfellﬁl@f’eElér)@dSNvﬁ irs thief a toaat mgsﬁ@U%FWMmdDWk%IM or

(0] et ene C Vi ruses suc as I KU unya VIIrus naeke use
D Y her cumerti orbirg e e e Pl A EoR s e b o, Yaabeht mge

pol yneri sesct®ne p@t&e Rdidraents psroastibodY saber@ss, tsoch hes bepba®t b begfsins0-

cal | ed quasi - sgeC|es durlng a viral infection. Each quasi- species has a
uni que 1 %, MATSEh doning esgnirres nTechmques for preparing single chain

antibody molecules (Pluckthun in: The Pharmacology of Monoclonal Antibodies

113, Rosenburg and Moore, EDS, Springer Veriag, N.Y. (1994), 269-315) and

diabodies (Hollinger et al., 1993, Proc. Nafi. Acad. ScL US.A. 90, 6444-6448), are

also known to those skilled in the art and may be used in performing the present
20  invention.

In one embodiment of the present invention, a binding protein, functional
variant or immunoconjugate of the invention is prepared from a hybridoma that
secretes the binding protein. See e.g. K&hler et al., 1975, Nature 256, 495-97.

In a preferred embodiment of the present invention, the binding protein,

25  functional variant or immmunoconjugate of the invention (i.e.. binding molecules of
the invention) is prepared recombinantly by optimizing and/or amplifying
expression of the binding molecule of the invention in a host cell and isolating the
binding molecule from said host cell. To this end, the host cells are transformed or
transfected with DNA encoding o binding profein or a vector containing DNA

30 encoding the binding molecule and cultured under appropriate conditions to

produce the binding molecule of the invention, see for example, US 4,816,547.



differences in amno acid conposition of viral proteins. If such nutations
occur in structural viral proteins, the virus could potentially escape
fromthe host's inmune 20 systemdue:to a change in T or B cell epitopes.
Accordingly, in a preferred enbodi nent the pharmaceutical conposition
according to the invention conprises at |east one additional binding
protein, functional variant or inmmunocongsigate of the invention (binding
nol ecul es of the invention), i. e. the pharnaceutical conposition can be a
cocktail/m xture of 25 binding nol ecules of the invention. The
pharmaceutical conposition nmay conprise at |east two binding nol ecul es
according to the iRv&nti QibeRit olthd g@séntamentibhndbRg 160 eeuhel /L eRsdEloTg t o
the invention and at | e,}a,st one further anti-CH KV i :f;ﬁ bi ndi n JEDI ecul e.
The bi ndi ng mBI¥EIPLE RNt WECHPRG HREQUT ERMNVBSHPYLPT e h%ﬁ‘dﬁ'f”bogb LRI
be capabl e of nigashdng wetify Shtfoh€beBrepBMHY CRIRMAING b RS 1RO ivbntidie
Chi kungunya virus, .thus, mnimzing the chance of the occurrence of

Chi kungunya e&83pe VUFuBKSVCEST $RPBLCTHARY RENSPEs BN 05 UNGva NS HIHE {He El
or E2 37 gl yeopeR! &idsn&Ec GBI HDIERYE M infdISc @B BYIRG el MoRICBR(s) of the
non-overl appi ng epitopes. The binding nol ecul es should preferably be of

hi gh af fi nity YRETAhEIRIECIHT ef RiPABEyPraigie fabipbald Siget P iminyRecapsigste of
preferably, theyifeulisdld gRpded®Bh 11l HalasoRfuehickUBgNYA i d %%n?gfe_nic
possi ble. Even nore preferably, they also exhibit 5 neutralizing activity
t owar ds ot her CGEMILYPRES 6PW Heege MRParhiRken PUSTHEF MeVRRAlEN ar \deMerealdsr uses

t the T DS b o) s ’ e . oh
\?i rusgs S?a\“ o F@%g%ﬁ?‘u@%m Wi & expl g!rt%dfd%% lofﬁépé%nﬁ,%ﬁg&b§g}énw EJFng? er

normal Ce ar proteins. erably, one of Imdin
mol ecul es 1Ps secipabhwesdilnietichialor oihey fnssapeciesr i ant s of the ot her binding
nol ecule in the cocktail. 10 In a preferred enbodi nent, the present

invention relates to a pharnaceutical conposition conprising at |east two
Chi kungunya viNugieic aeidimalbrglermpriesdionyy nol ecul es, preferably bindi ng

mol ecul es accordi ng »;eOC% heiel OV, ‘Hg%?@(: r%wdég%o%otsﬁgést EQ%pﬁ%ﬁiigggs

SO en,
nol ecul es are capabl’e g erent,  non-co 'ng e

reacting 'wt
of the Chi kungrmyaond musleid maoan tbleemizodisngatinddien pihar pessent iimedntion. The

conpositi conprises a first Chikungunya virus neutralizing bindi
mol 6oul e Wi ChOT P SNRRbIBO6T CPEREE rarUaTR SHORERL opd T Baor nors
anti geni c sit eoafaitng soffs fche, SaiCkongunyas déscibee mtelvepedqerjoaitng. EISDSDr

E2) and a sec%r%gj/ogholtﬁgrr}%gg/lg C\élngsjosner%%gt ralizing binding nolecule which is

Pharmaceutical compositions

20 Furthermore, in an additional aspect the present invention relates to
pharmaceutical compositions comprising at least one binding protein, at least one
functional variant, at least one immunoconjugate or at least one composition
according to the invention, or combinations thereof, and a pharmaceutically
acceptable carrier, excipient, or stabilizer (Remington's Pharmaceutical Sciences

25 16th edition, Osol, A. Ed. (1980)). In certain embodiments, pharmaceutical
formulations are prepared to enhance the stability of the polypeptide or antibody
during storage, e.g., in the form of lyophilized formulations or agueous solutions.

In accordance with the present invention, acceptable carriers, excipients,
or stabilizers are nontoxic to recipients at the dosages and concentrations

30 employed, and include, e.g., buffers such as acetate, Tris, phosphate, citrate, and

other organic acids; anfioxidants including ascorbic acid and methionine;



capable of reacting with an epitope located in a different antigenic site
of the 20 sone Chi kungunya virus envel ope protein (e.g. E2) or
alternatively in an antigenic site of the other envel ope gl ycoprotein
(e.g. E1). Epitope mapping and identification of the antigenic site can be
performed by nmethods well known in the art, such as using truncated and/ or
mut ated fornms of reconbinant virus protein(s), identification of the

nucl eoti de substitution(s) in viral esgape nutants, if 25 any (Gl - Tanany
et al., 2008, PNAS 105(49):19450-19455), or crystal structure analysis of
t he anti body-anti gen conpl ex (Lescar et al., 1995, J Biol Chem
270(30):18067-76). Epitope mappi ng could al so be peformed by conpetition
ELISA as desehdigds i nsJhe Prot eddiaReslignigy bR okLRRB) . BR8R1E00) .

Furthernore, the pharnaceutlcal conposition according to the invention 30

may conprl§@X@meWéH§#“éﬁéﬂﬁﬁh@?“Kﬁ@ﬁé@é9PP&d%dﬁﬁﬁﬁwﬁmbﬁhyhﬁﬁﬂ?cpﬁﬁéﬁt for
the partigy »ﬁrorJ th@@tdl%‘hole cgcyl I @SEA00, P IR I EHRAL & by th]r&B@rYent

undesi red ef ects Preferabl'y, the additional therapeutic and/or
prophyl act icoteg/ent rasaecingy geelohexgnolcopenaneoht 4Py Mocretalk lef MR dBilerdi ng

The 1 nvant iToEh (Bl ool I AR, Bl R PRl Ll BEEREA "0 &
further theredgeutdromaneiagio®lips: dmwmmltq ©olgEnt seen dsepanviageyitoligangabl e
for the treay, HS'Haé’sfsu%H"égr&gath EEC{? oordiih 80L&k, Cokgﬁmter 8?&9@5“ of

t he synptons associ at 1 on, such “as or oqui
phosphat e, rpar@cetanmiss, NSAtherC(@ glnd pm@prmrenhymamsomehldlr@ clJcosar

cort 1 cost ergh %oy s I RLerabling SaLflhenaneubte a0eN o, 8 ok viral

such as riBAVITPn acyd ron-a a vaccine agalnst an
al phaviious,mamitb0 pahmbamlansa@MDmS$MbbEWﬁhmkmmgunpanwbuBa sal-foemnimat | vel y,
sai d t herapeut i) .agent ‘ﬁ fo,[r treatll n eco(r)%d Teffects reI ated to
t he bi ndi ngcob’rn T Skllq.phcotsl Sar™ Var Oén%org? SPminge erﬁ IG"s GIMRIRESS)

i nvention. omo;aabhvmd: ngrfedicand sucte.q. wamrgu YU RONETIIV e, pblyByicowral
variants or inﬂ%gﬁconjugates of the present invention and ot her

t her apeuti @'ﬁifé " may 15 be entrapped in mcrocapsul es prepared, for

exanpl e, by coawmvatros@ﬂ Jueehas q@msur@unw vinkserforei ale pgl mr baat Rap, for
exanple hydrox%peth cellul ose or. gelatin-mcrocapsul es and

pol yrret | IRYRBRPat By Ndi WiVe d8BGA 88, T?%&p%@f*u%}/fgﬂem?h et 1161 B @ ug
delivery sysbeaBTHS Mo®@XRITPhE, folrh@RFOBESo- ANEHT Qudb-g3asdhenasg o viral

m croemul si ons, nano- particles and nanocapsules) or in macroerrul si ons.
Such 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 in
structural viral proteins, the virus could potentially escape from the host's immune
20  system due to achangein T or B cell epitopes.

Accordingly, in a preferred embodiment the pharmaceutical composition
according to the invention comprises af least one additional binding protein,
functional variant or immunoconjugate of the invention (binding molecules of the
invention), i. e. the pharmaceufical composition can be a cocktail/mixture of

25 binding molecules of the invention. The pharmaceutical composition may
comprise af least two binding molecules according fo the invention or at least one
binding molecule according to the invention and at least one further anti-CHIKV
virus binding molecule. The binding molecules in the pharmaceutical composition
should preferably be capable of reacting with different, non-competing epitopes

30 of the Chikungunya virus, thus, minimizing the chance of the occurrence of

Chikungunya escape viruses. Epitopes may be present for example on the E1 or E2



20 techniques are disclosed for exanple in Rem ngton's Pharnmaceuti cal
Sciences 16th edition, Gsol, A Ed. (1980). The pharmaceutical conposition
of the invention will be forrmulated according to the chosen route of

adm ni stration. The pharmaceutical conposition of the invention can be
adm nistrated by any suitable route, including but not 25 [imted to oral,
rectal, transdermal, ophthalmc, nasal, topical, vaginal or parenteral. In
a particul ar enbodi nent, the pharnmaceuticgt conposition is fornulated in
order to be suitable for parenteral admnistration to a patient, e.g., a
human bei ng, preferably by intravenous, intranuscular, intraperitoneal or
subcut aneous admi nistration. Illustrative, non limting exanples of

sui tabl e 30 fgwcubaﬁ@oﬂsﬁf@hkpag@mkenabsammIM@Mradiameehe soh-ut éaping

suspensi ons, enul sions, .| hili OSI s and th
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of solid hydr hObIF R mer s containing t he anti bod E@n&trlc are

"h the form o FRapEaT P EIEs NS g PO Flemy e B et it o

5 sust ai ned- r akeRSRINGRIdTVRE RO WdIEE YalRr @@h&ﬁ@ébﬁbﬁtheh?/ L@@%r&:v{rwér Sxnpite,

pol y( 2- hydroxyethyl nethacrﬁ?ate) pol y(vl nyl al cohol )), polylactides

(US 3, 773, 919pPher cgpisype s gq_wr O@tgﬁﬁlk}/ X'y %mavl’rr@aﬁﬁaqrogfrﬁgq:hvny with

L- gl utamat e, aqr@rdmrea@ap&renm%h%ﬁ&&ewrvsl pkeragRt 8t of thedsiddialisoibantdic
acid-glycolic acid copolyners such as the LUP DEPOT(TM (I njectable

m crospheres E€ORPBSeH 6?UV@@PQCG§6W61@¢W%61PéT@@<ﬁﬁ$@b@6ﬁ@lVﬁ#ﬂlﬁdeThe
| euprol i de acetatg)., and poly-D-(-)-3-hydroxyburyric acid. The

adm ni stration of t he pharmaceutical conposition of the invention to the
patient inOneed therebf PEATHE eahocédenut My REsTRIntiNGEICN NEakéesana o

deIivery w | | u te; e S rat.u nd
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Z0o, sports, or ani mal's, such as do ats, cattle or ses
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phar maceutl ca I on O I on w vary accor
particul ar fom&uiraltZIn@nblntdh@ molecule Wthh is copoble of recc‘rlng with an epl’rope

located in an antigenic site of one of the Chikungunya virus envelope proteins (E1
or E2) and a second Chikungunya virus neutralizing binding molecuie which is
capable of reacting with an epitope located in a different antigenic site of the
20  same Chikungunya virus envelope protein (e.g. E2) or alternatively in an antigenic
site of the other envelope glycoprotein (e.g. El). Epitope mapping and
identification of the anfigenic site can be performed by methods well known in
the art, such as using truncated and/or mutated forms of recombinant virus
protein(s), identification of the nucleotide substitution(s) in viral escape mutants, if
25 any (Gal-Tanamy et al., 2008, PNAS 105(49):19450-19455), or crystal structure
analysis of the antibody-antigen complex {Lescar et al., 1995, J Biol Chem
270(30):18067-76). Epitope mapping could also be peformed by competition ELISA

as described in The Profein Protocols Handbook (1996), p595-600).
Furthermore, the pharmaceutical composition according to the invention
30 may comprise at least one other therapeutic and/or prophylactic agent for the

particular indication, e.g. infection being treated, or to prevent undesired effects.



node of adm nistration, and the particular situs and infection being
treated. Other factors |ike age, body weight, sex, diet, rote of
excretion, condition of the subject, drug conbinations, reaction
sensitivities and severity of the infection shall be taken into account.
CGenerally, a therapeutically effective anmount of a binding 25 nol ecul e,
functional variant or inmunoconjugate of the invention is admnistered to
a patient. The term"therapeutically effective amount” refers to an anount
of drug effective to "prevent or treat” a disease or disorder in a
patient, as defined below. In particular enbodi ments, the anount of

nol ecul e adm nistered will 30 typically be in the range of about 0,01

ng/ kg to apeaBl, FFQ,JJﬁgdma‘)n@ahé@yeuh@@ywd/&»%rgbhwo@ﬁ@@@@hngopantchﬁwwpe and
severity of the infection, about 0.01 ng/kg to 40 about 50 ngy/ kg body
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art. Ther IC us na furth aspect, the binding proteins
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particul ar,” the roteins, functiona ant's, |nnunoconjug£tes
conposi t i onsgoicoPbmiTra e poﬁerob@om@ldsfhenqmwh@fogenéIs|qfvevn1n -VigH spely cbe used

[n the PreysmdadloidieBl dkersh.dith %rbev'q&ﬁnég&.ﬁ% o oF Rheuanly this

arbovirus 1S a vir ogavlr fam y this virus
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pr esent i Y8 "Wer ei n,

refers to bomhﬁkmemmpeumomugmmaﬁmﬁﬂmvedemprophylactlc or preventative

measures, wherein th atient in need is to prevent £ Qr sl gw down (| essen)
:th gﬁ)oleclgﬁ (or

the targeted p oG4y m%rﬁaiﬁr}f n°8r B'ng&gd ! Pﬁh?{é V(ﬂ?n&sf
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t hose ]gro e to, have the djsorder or thos isorder is to be

t

pr event . BnEnTBaPFane" I TICHESPR0PS pPEFEHtd offTor CF B mé CPECa™Faiml i an
patient, | teshndfiesanbialterfacial polymenzohon for example, hydroxymethylcellulose or
gelatin-microcapsules and polymethylmethacylate) microcapsules, respectively,
in colloidal drug delivery systems (for example, liposomes, albumin microspheres,
microemulsions, nano- particles and nanocapsules) or in macroemulsions. Such
20 techniques are disclosed for example in Remington's Pharmaceutical Sciences
16th edition, Osol, A. Ed. {1980).

The pharmaceutical composition of the invenfion will be formulated
according to the chosen route of administration. The pharmaceutical composition
of the invention can be administrated by any suitable route, including but not

25 lmited to oral, rectal, transdermal, ophthalmic, nasal, topical, vaginal or
parenteral. In a particular embodiment, the pharmaceutical composition s
formulated in order to be suitable for parenteral administration to a patient, e.g., a
human being, preferably by intravenous, intramuscular, intraperitoneal or
subcutaneous administration. lllustrative, non limiting examples of suitable

30 formulations for parenteral administration are solutions, suspensions, emulsions,

lyophilized compositions and the like.



classified as a manmmal , including humans, donmestic and farm animals, and
zoo, sports, or pet animals, such as dogs, cats, cattle, horses, sheep,

pi gs, goats, rabbits, 25 etc. Preferably, the patient in need of treatnent
is a human patient. In a preferred enbodi nent, a binding protein,
functional variant or immunoconjugate of the invention (binding nolecules
of the invention) with an optimzed ADCCiactivity is used in the
prevention or treatnment of an arbovirus infection. Preferably this
arbovirus is a virus of the Togaviridae famly, nore 30 preferably an

al phavirus. The al phavirus can be a virus fromany of the known genotypes,
but is preferably armbirhunegumamrvéd tSeaskn aorfipiwsitbes  preef @k edodiEmplated.
enbodi nent of the invention is
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phar maceuti cal conpositions of the 10 invention can be used with other

drugs to provEd¥ eecyims ¢ Pth dtel%?%iﬂ}e G ict A onEatireptd ePrAnMar Best Pus
infection, as T@M@@@EF@BW J@@‘ro@éﬁkr&'pﬂ@ﬁes%\‘né&%@“ofR?crﬁc Kiglheorone

conp05|t|on or rovi ded as a sep arate pharnaceutlca np05|t|on for
adni ni st r aPi o@caicqméyr@@rr@ci Ewgrcwde@ﬁeaﬁal fonelrait-Dt( r)@ehydrwhua@ﬁtch of the

other drug is not pariiGH ds@rblné'n | Thd %ﬂurnkﬁ%@utﬂ%q tc})mﬂ)lo@ﬂon 12 Tﬁmtwr@rﬂb

said additional drug Is a nistered sinmultaneously or sequentially to
bi ndi ng pr ot eiffiis pofiignictn opadl \ardcAmas, bEneemee onji ugatcesy eaimmpbsnedrsne)d or

phar maceut i cal = \%W%I'Tgké)f}%c%fusﬁngqhé @éﬁ@grlgﬁ e(ﬁ@@ﬁfé%soH bobfuibd AR derc@?y

order, i.e. st 'the nolecul es”or ¢ It the nventlon then t
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the mol ecykes or,.20 LOMPOSLIL 005l the. | nyenbl an.cLn Another 8l Lernaty ve

enbodi nent the mol ecul & Mere nposi t1 i‘on and an
addi ti onal dr hgmame, cmmedhtanwashymmqumosztoer grbris Ryrefeg calphgls, sseh ds dogs,
combi nation t %%EsaQXTTI ngrslesssseeag pllgesasgo%%b Ts e*’lcngiL r}grobly the patient in need
of freatment is a human patient.
The dosage and schedule of administration of the pharmaceutical
20  composition of the invention will vary according to the parficular formulation, the
mode of administrafion, and the particular situs and infection being treated. Other
factors lke age, body weight, sex, dief, rate of excretion, condition of the subject,
drug combinations, reaction sensitivities and severity of the infection shall be taken
info account. Generally, a therapeutically effective amount of a binding
25 molecule, functional variant or immunoconjugate of the invention is administered
to a patient. The term “"therapeutically effective amount" refers to an amount of
drug effective to "prevent or freat" a disease or disorder in a patient, as defined
below.
In particular embodiments, the amount of molecule administered will
30 typically be in the range of about 0.01 mg/kg to about 50 mg/kg of patient body

weight. Depending on the type and severity of the infection, about 0.01 mg/kg o



virus neutralizing binding nolecules. Mxre preferably said binding

nol ecul es are 25 binding proteins, functional variants or inmunoconjugates
of the invention (binding nolecules of the invention), characterized in
that the binding nolecules are capable of reacting with different,

non- conpeting epitopes of the Chikungunya virus. The chance of the
occurrence of Chi kungunya escape viruses is thereby mnimzed. As a
consequence thereof, the binding nolecyhes of the 30 invention preferably
are capable of reacting with different, non- overlapping, non 42 conpeting
epi topes of the Chikungunya virus, such as epitopes on the virus

gl ycoproteins El and E2. Alternatively, the additional drug is a drug

useful in bBeuPEevegikigopo@dneiiht dff @atdBAlie Aff tBeVihvaHtiohnd &€ bieodn Giiti dr ug
useful for reducing undesired secondar 5 effects of the nol ecul es or
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parti cukar ,agah B trifdhg k%%qlﬂgf%‘%ﬁys\@d#érotﬁ@ﬁpé’r%stdf%!ﬁk 1 ug. may al so be
10 adm ni stered before or after admnistration of the nolecul es or
conpositions of the invention, in any desired order. Diagnostic use The
invention f tiPgikains to a method of in vitro detecting a 15
Chlkungunyg%%%?ggm?ﬁ an isol ated sanple, wherein the nethod conprises the
steps of a) coltaetifwgher samp@. witth Pidirgneseiesal | yoretiibeet i verianbunt of
the 1 nvent nengrSudolst BB ST 0 ey RCel IPHTEONABHE goaReci na to
det er mlfAi nghwehbermearant be hﬁ@dpﬂginmnm@@mbefdﬁ m@@CWQvéhelbdepepKﬁﬂoalIy
Ib'nrc‘f'ﬁ d|t ﬁgaf% ctn%RHl' ey&rﬁonﬁi‘e nt%%(%o%o ngte%o %%Fﬂ%logngu / o?ofﬁh r%'gfégpﬁcaér sanpl e
mat eri al %monmtpmbeﬂoiﬁbhyyemNmembedmsuhrboﬂberﬂhﬁyﬂ@pcﬁdﬁtﬁmbhypfonfected
patients na be at ni SUS d as
carriers o 'rféfmng%ny(% vFJlrr éwh{ N e&%ggfse%w "oF O’E heo p §g\é'ﬁ<(5§l%g§§%ﬁy’

Chi kungunyanorerpmssfeuﬂ:l\ngnst\hres lblondjlmwmi éloti bip cefrustden bavesrts dom dityesfsanpl e
may 25 fir e u ate re suitahle for the nmethod of

det ect i'dn. ?hﬁgﬁ? ugﬁ 1ﬁﬁeﬁgﬁhéFﬁ%Fgﬁw%?H%”PPQ%thﬂﬂ?he sanpl e suspected to

contai n and/or In accordance with the present invention, the term ‘prevention or

freatment”, when used herein, refers to both therapeufic treaiment and
prophylactic or preventative measures, wherein the patient in need is to prevent
or slow down (lessen) the targeted pathologic condition or disorder. Those in need
20  of prevention or freatment include those already with the disorder as well as those
prone to have the disorder or those in whom the disorder is to be prevented. The
patient in need of prevention or freatment is a mammalian patient, i.e. any animal
classified as a mammal, including humans, domestic and farm animals, and zoo,
sports, or pet animals, such as dogs, cats, cattle, horses, sheep, pigs, goats, rabbits,
25 etc. Preferably, the patient in need of freatment is a human patient.

In a preferred embodiment, a binding protein, functional variant or
immunoconjugate of the invention (binding molecules of the invention) with an
opfimized ADCC activity is used in the prevention or treatment of an arbovirus
infection. Preferably this arbovirus is a virus of the Togaviridae family, more

30 preferably an alphavirus. The alphavirus can be a virus from any of the known

genotypes, but is preferably a Chikungunya virus. In o further prefered



cont ai ni ng Chi kungunya virus in such a way that the Chi kungunya virus wl|l
disintegrate into antigenic conponents such as proteins, (poly) peptides or
other antigenic fragments. Preferably, the binding nolecules of the
invention are 30 contacted with the sanple under conditions which allow the
formati on of an i munol ogi cal conpl ex between the binding nol ecul es and
Chi kungunya virus or 43 antigenic conpongnts thereof that may be present
in the sanple. The formation of an i munol ogical conplex, if any,

i ndi cating the presence of Chi kungunya virus in the sanple, is then
detected and neasured by suitable neans. Such nethods include, inter alia,
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Preferably, the nolecule of the invention is an i nmunoconj ugate.
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to imge foci r@&mes fRekl %d%@@#.aéwoa%b@nn (Weansdgens ek al ., 1993,
Sem nars in Nuc ear NbdlClne 23(2), 148-164). 15 Screening uses
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the binding proteins, functional vononTs immunoconjugates, compositions, or

pharmaceutical compositions of the invention, spaced out in time, in any order,

l.e. first the molecules or compositions of the invention, then the additional drug

can be administered, or first the addifional drug and then the molecules or

20 compositions of the invention. In another alternative embodiment the molecules

or compositions of the invention and an additional drug are simultaneously
administered.

Preferably, said combination therapy comprises at least two Chikungunya

virus neutralizing binding molecules. More preferably said binding molecules are

25 binding protfeins, functional variants or immunoconjugates of the invention

(binding molecules of the invention), characterized in that the binding molecules

are capable of reacting with different, non-competing epitopes of the

Chikungunya virus. The chance of the occurrence of Chikungunya escape viruses

is thereby minimized. As a conseguence thereof, the binding molecules of the

30 invention preferably are capable of reacting with different, non- overlapping, non-



be screened for peptides capable of binding to the binding nol ecules of the
invention. In the above assays the use of Chi kungunya virus neutrali zi ng
bi ndi ng 30 nol ecul es may identify one or nore neutralizing epitopes. The
pepti des/ epitopes found can be used as vaccines and for the diagnosis of
Chi kungunya infection. 44 Accordingly, in a further aspect, the invention
provi des a nethod of screening a binding nolecule for specific binding to a
different, preferably non- overlapping,epitope of Chikungunya virus as the
epi t ope bound by a binding nolecule o? the invention, wherein the nmethod
conprises the steps of a) 5 contacting a binding nolecule to be screened, a
bi ndi ng nol ecul e of the invention and Chi kungunya virus or a fragnent
thereof (spghoasnd Upiidpst aichiet b%lku%br{%nglﬂﬁ?’@ué’ﬁ [d4SeFtods &2 the virus
gl ycoprot ei ns), measure if the binding nolecule to be screened is
capabl e ofgwéﬁpﬁﬁ$ﬁgEW@md5%e0|flcalIy bi nding to the Chi kungunya virus or
fragment ther eo/f\né%meqah%@b@@m aomﬂugqybedrgg JsB8) Ik 08ntidrf @00
conpetition is nmeasure i ng | ecul es to be screened bind to a
different frepimepef @ nrel isigetpn ios Oeﬁwgdtméhtforoﬂ’edpﬁ@gamlr%ﬁ@@@ﬂcrfgy met hod,
human  bi n ROMLES IR REARELRSTES the i ARMLA frtr RYRRR bﬂhecﬂm
nnleculgs gé%QEEFFW'ﬁ % g?né ah@% ﬁerent erPEo e théh t eee It | ng
recogni zedrTbB}eQLl@ biundiierep! noveéuite cmf’pvh@qttyqqﬁes CDRH3 pct@mjﬁﬁgwﬁffgﬁlt he
am no aci dcg g)%?ﬂgr% 8{ ’rh]eslnéé%f!)rpcw tgéf“’coO& r%Aﬁls’r{)"egf frit r\)ﬁvi[élgﬁolggblteg)pes are
non- over | appi 'S c ear skilled person that
t he above sm‘reesurubgvmretd;ro@feraheroalcs@r bethusedotoné Gt@?mmsﬁ wrbioﬁmavgusrmm ecul es
capabl e of bi.ndjng tao th i I 4 Fst p.i
determ ned |F'F %%98%ne g bin |§8 %Dﬁﬁgﬁfg? ”&Qgré§n ¢ p§E¥e
conpetilng bdnumpemxﬁbe@hiprbﬂedmdgmMﬂmﬁbecﬁnhbungmnw@szﬁ<ynnMGNMkaﬁagnent
t her eof haye neuﬂral12|n actva%¥ It may also be determned if the
screened b*ﬁHPHa“Hﬁr@éUW SHFAP T e capabl e of conpeting for specifically
bi nding to the Chi kungunya virus or fragment thereof have neutralizing
activity. utraI|2|ng anti-CHI KV virus binding nolecules found in the
screeni ng RA9HSSSYE another part of the present invention. 25 In the
screeni ng met hothe” speeitibh CRlhyr bbdreiing té oat h@ﬂ&mﬁmofemi tope” defesng o
contenplate EECIfIQ bLndln to subs%$nt|all ntlaI%% t he sone
epi t opé®as CNKHBIWH T Giye Thehk '%WP%‘D W&ieFFg“ CBMA It PRVERET on.
The capaci by of @onh&iRly, o SEnfpRRethec \Mléd]hosﬁ&'@lybéﬂftﬁbmg &hotheobnsihdigg
nol ecul es of the invention to
protein, a functional variant or an immunoconjugafe according to the invention
(i.e., binding molecules of the invention), and b) determining whether the binding
molecule of the invention specifically binds to a molecule of the sample. The
20 sample may be a biological sample including, but not limited to blood, serum,
tissue or other biological material from (potfentially) infected subjects. The
(potentially) infected patients may be human patients, but also animals that are
suspected as carriers of Chikungunya virus might be tested for the presence of
Chikungunya virus using the binding molecules of the invention. The sample may
25  first be manipulated to make it more suitable for the method of detection.
Manipulation means inter alia freating the sample suspected to contain and/or
containing Chikungunya virus in such a way that the Chikungunya virus will
disinfegrate into antigenic components such as proteins, (poly) peptides or other
antigenic fragments. Preferably, the binding molecules of the invention are

30 contacted with the sample under conditions which allow the formation of an

immunological complex befween the binding molecules and Chikungunya virus or



Chi kungunya virus typically indicates that a binding nolecule to be
screened 30 binds to an epitope or binding site on the Chi kungunya virus
that structurally overlaps with the bi:nding site on the Chi kungunya virus
that is i munospecificolly 45 recognized by the binding nolecules of the
invention. Alternatively, this can indicate that a binding nolecule to be
screened binds to an epitope or binding gjte which is sufficiently
proximal to the binding site i munospecifically recognized by the binding
nol ecul es of the invention to sterically or otherwi se inhibit binding 5 of
t he bi ndi ng nol ecul es of the invention to Chi kungunya virus or a fragment

t hereof. |n gengyerlig c@mrps@abhtsiw@rebﬂmcbirﬁchpnei@esmaﬁrumedohyplmasro@fﬁot&zrm
assay, vvherel an antigen conpositi
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human bi ndi ng nol ecul es of the invention. yet anot her enbodi ment the
reference b|nHﬁﬁQOﬁ§P§ﬁﬁﬁ@eﬁﬁ?n%§W@ﬁ@”ﬁﬁwﬂﬁ@OmH@ﬁﬁ bi ndi ng nol ecul e of the
| nvention and the \hidqdiing, FakBRULE QRS of HERDEH gy S L RY LAGIe

mol ecul e conprising t CDRH3 conprising the amno acid 20 sequence of SEQ
I D NO 1410r B4theur yibl getectien bf i Ahkvnduwyal wes indedonsiey Benesg elrienogimss ent
in excess. P [ Simple
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bi ndi ng nDIeQMMMSIMHh@<vhmmﬁngoaﬂﬁuﬁmswmﬁ*ﬁhaabﬁadengﬂnﬁlétuheseﬁocbef
soreensa (@ ofictdh, ik lyofyhorti et 8, BiR0solitl niBead Bk o
conposi tion. QWQbﬂh&ﬂéﬁnbodlnents the reference binding nnlecules and
varyi ng angunts of binding nolecules to be screened can sinply be adm xed
during exposure to the antigen conposition. In any event, by using species
or isotype seturdany uasd i bodies one will be able to detect only the

Furthermore, the binding protein, functional variant or immunoconjugate of
the invention (binding molecules of the invention) can be used to identify epitopes
of Chikungunya virus proteins such as the E1 or E2 glycoproteins. The epitopes can

20  be linear, but also structural and/or conformational. In one embodiment, binding
of the binding molecules of the invention to a series of overlapping peptides, such
as 15-mer peptides, of a protein from Chikungunya virus such as the Chikungunya
virus E1 or E2 glycoproteins can be analyzed by means of PEPSCAN analysis (see
infer alia WO 84/03564, WO 93/09872, Slootstra et al., 1996, Mol Divers. 1(2), 87-96).

25 The binding of said binding molecules to each peptide can be tested in a
PEPSCAN-based enzyme-linked immuno assay (ELISA). In another embodiment, a
random peptide library comprising peptides from Chikungunya virus proteins can
be screened for peptides capable of binding to the binding molecules of the
invention. In the above ossdys the use of Chikungunya virus neutralizing binding

30 molecules may identify one or more neutralizing epitopes. The peptides/epitopes

found can be used as vaccines and for the diagnosis of Chikungunya infection.



30 bound reference binding nolecules, the binding of which will be reduced
by the 46 presence of a binding nolecule to be screened that recognizes
substantially the sone epitope. Binding nolecules identified by these
conpetition assays ("conpetitive binding nolecules”) include, but are not
limted to, antibodies, antibody fragnents 5 and other binding agents that
bind to an epitope or binding site bound by the reference binding nolecule
as wel | as antibodies, antibody fragnenys and other binding agents that
bind to an epitope or binding site suff|C|entIy proximal to an epitope
bound by the reference binding nolecule for conpetitive binding between

t he bi nding nol ecules to be screened and the reference binding 10 nol ecul e

to occur. Prefepabbyindh@mpeti furiner RisPEENANEDHeSMIRS plviddie of meaRdd st Wil l,
when present in excess, inhibit specific binding of a reference binding

mol ecul e t 6Cregnsel @ EInstng AiReV'e feicinss fisybiaginpdast diftsssnippesiaickhl joy at
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| east 75% 90% or even greater dentification of one or nore
conpetiti vendieadengl tod eb@Eiont aterginninel snethodbeampristsh taartsrsl pﬁ/

essent | 3l | Lifodirct BORPATE, SRILORE @SObNeDLOd N9 URLRGULERCUL dinf

invention is ast rd technical matter. entlflcatlon of
conpeti ti vénvsinhidn mvg\dn@hlé@mwfwonsrusj@t erfragreenti thewwimpauchsenfor astoncef eence

bi ndi r=Te ' i t t
oo tong 1o CHRTBN {4, MAb PEE9EDRE R B teL b, ORUEE LR\
bi ndi ng nolbecuresrscnid c2pabk cpfoiorhmetarg/fommecnfequroewlm@fmr@e@hlkmgtdwmi fy a

compet [ L1 vey b1 091 e olenl eot I ol ARt LOBCSRT, Gfc SHDSHAN ALY Lhe

sane epltope as t reference binding atively, "bin
mol ecull@s momduﬂgoh@rdebﬁﬁeemmahmdmgqmmetMng>bps@@peedmd&hkléwéﬂx@y these

corrpetltlon ssays may al.so incl t, are_not ti bodi es,
anti body f oA gﬁgﬁti &hgp%?ﬁ r kf’ (ﬁ taogeTIL?fasC’bO\é% SR‘eteé‘ r]gn ”éetga?t ﬁ}é?‘ Qspect
t he i nvent |tmm|m@lraabm:ute@ kidys beospeeseagtoatddreias thunmen tli)naindgngwcpnfcﬂﬂesl n
according to th ventlon one functional variant .thereof
accordi ng t&"A E E\%rﬁ?m%n C%erfaagseto”%% hSc%‘ﬁ'T { & RESHUPYg o t he
30 inventi ;mding rﬂlcﬁ@éﬁﬁle @rcbaqm@a@eh@ CaRHd cfmh@@wgerhaczﬁﬁlhdldtgd t&qddie of

invention, at |east one HBOSItIOH accordlng to the invention, at |east
one phar5mac359t {AO: 14 or 34 referably, the epitopes are non-overlapping or non-

competing. It is clear to the skilled person that the above screening method can
also be used to identify binding molecules capable of binding to the same
epitope. In a further step it may be deftermined if the screened binding molecules
that are not capable of competing for specifically binding to the Chikungunya

20 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 Chikungunya virus or fragment thereof have neutralizing activity.
Neutralizing anti-CHIKV virus binding molecules found in the screening method are
another part of the present invention.

25 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 binding molecules of the invention. The capacity to
block, or compete with, the binding of the binding molecules of the invention to
Chikungunya virus typically indicates that a binding molecule to be screened

30 binds to an epitope or binding site on the Chikungunya virus that structurally

overlaps with the binding site on the Chikungunya virus that is immunospecifically



47 conposition according to the invention, at |east one vector according
to the invention, at |east one host according to the invention or a
conbi nation thereof are also a part of the present invention. Optionally,
t he above described conmponents of the kits of the invention are packed in
suitabl e containers and 5 | abel ed for diagnosis, prevention and/or
treatnent of the indicated conditions. The above-nentioned conponents nay
be stored in unit or nmulti-dose containerg for exanple, sealed anpoul es,
vials, bottles, syringes, and test tubes, as an aqueous, preferably
sterile, solution or as a lyophilized, preferably sterile, formulation for
reconstitution. The containers may be fornmed froma variety of 10 naterials
Slﬁlch as gl aSSre@bgpizecstbw taen chimagiiyg hﬁMIécalestcﬁrﬁhEemaém&ﬁS /ptyrrﬁof(vfeﬁ/r tex agpl e
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standpoi nts i aplnedpm@w@t heflecUmtf befte indehignts CHikdnbehsa Viteedl esfragvehinges
and/or culture mediumfor one or nore of the suitable hosts. Associ at ed

with the kits™%Pbe instructions customarily included in comercial

packages of theranﬁuéé&mopﬁﬂﬂhaéﬁﬁblﬁh@ﬁmﬂ'@Qﬂ@éhkédpépqﬁééépofﬁ#ﬁo%@?nta'n
information about for exanple the indications, usage, dosage, 20
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The fol |l owi ng exanpl es, including the expérinents conducted and the results

25 achi evéd, b@ﬂtﬂ@emoielcpl@gtomt@n iR@ Melgeyies eroe THegnehdalod stopodinenelsr , be
I nterpreted er%r&%n@b %lé’{ulé dﬁ%ﬁ%%eoéf thE S uh¥EBHERR: m .Lr'éfe fhe

| sol ati on of hunman ut rallzin i kungunva virus I nfection
pur pose of thlngerafssfaylnﬂ/af@et bindingl EtoEedifmd® fopoekEoaalMantiebadpeer (waksy) 30
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has naturally ant i rotection agail nst t e virus infection
I'n this studymoiguld wooydbkfieeenitdisprapiesusf c@tmpkm@dm@&ﬂ%uee@p(m K\ ,
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Nat i onal i versit
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 1o be screened may
be the binding molecule comprising the CDRH3 comprising the amino acid

20 sequence of SEQ ID NO: 14 or 34,
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.,
25 1:10,1: 20, 1: 30, 1: 40, 1: 50, 1: 60, 1: 70, 1: 80, 1: ?0 or 1: 100) for a period of time
prior to applying to the antigen composition. In other embodiments, the reference
binding molecules and varying amounts of binding molecules to be screened can
simply be admixed during exposure to the antigen composition. In any event, by
using species or isotype secondary antibodies one will be able to detect only the

30 bound reference binding molecules, the binding of which will be reduced by the



Si ngapore). The viral strains sequences hove not yet been fully
characterized except for the viral envelope protein 1 (El) encoding
sequences. One amno acid 5 difference has been identified between the El
protei n sequences of these viral isolates at the 226 am no acid position,
either an alanine (A) in the A226 strain or a valine (V) in the A226V
strain. Isolation of B cells froman infected donor 10 50 ml of blood were
obtained in ACD A tubes (BD Biosci ences,, SG froman individual (42
years-ol d wonman) who had been infected by Chi kungunya virus (CH KV) six
weeks before and had neutralizing titers of onti-Chi kungunya antibodies in
the plasna. Peripheral blood nononuclear cells (PBMC), including nonocytes,

Band T 15 Lymphagyd @fm.ﬁ@errn%o%@ /g8 s&ﬁée%ésrﬁéﬁr%lcoﬁhiﬁ&l {PMdnGEly the
heal t hcare, SG extraction. PBMC were counted and the percentage of

| ynphocyt e Se&18 &PHgR$- det ermi ned by flow cytometry anal ysis (Facscal i bur,
Beckt on- Di cki nsgpyf H?t{le&ﬁessﬁc?én@h%@ 4y tnheseaeéanp@w@n &Qﬁé (MBS Etitive
el ed, an

anti - Human CD45 Al exa uor I nvit rog ant1 - human CD19
(Mouse ant ibingingmatsages- iRbyeedpy/itdie At inaitrd g on IDodiphdintipege fipgments

| mor talg Zac}r!oo&h%fr b}r@w@o@?h#s%éﬂ‘&n@ f%%r'm %io rmé@ otrrb%%ﬁgcﬁ?%o%gfbffh%“' table

Epstei n-Barr Vi ai n and di at el tivate a the
CD40 pat hvvayfer@fseThledmt rableRBMCIwes! ge@tméuoqi!m cﬁrtﬂlb@dwélld%ﬂ@"ﬁs gedwsthdar- pI ates

BD Fal t Wdiff

(8D Fal oon)aguer oy B 6By L FERpin SRP Ll uBisRllo on
(7x 96-wel Iemﬂoabeb)aua@db%ﬁﬁe&en&ebhse peindingl tnoﬂebul@G‘OMdmpqzﬂfaeeb)wdm@he B
cells were | d| ﬁ{thel act vatlggm%é 3 L@e:ﬁ%%sg? fé@ bgméo addi ng

to the ceII Use' a
Dendri ticcs mEIeauleet)a caicuﬂ Pﬁefpgjtm compebiyivaddidrrr@ rtnoletdw@sm#ﬂmesmi@ﬁﬂ@ﬂw will,
| yophi |l i zed ast i Fr anc

conSt i 1 ut VAT BRT R PGS TR SRE 1o SOPPERS S P ess B TBRG OB cel I s
were al so igmedicadceliyrgemmpetiak itzedt hyosEBY%, frefetdian bybyit askekt p%l Q0o / wel |
o o eot] ousesbl, SURFOR| . obte B LM EOR el sn BRRLE Lo humer
produci ng sgeetdrhecdéromsardr al orabt ieleeSort A B NbInBiay NMRedd82)hat bind
15  to about, substantially, essentially or at the same epitope as the binding molecules
of the invention is a straightforward technical matter. As the identification of
competitive binding molecules is determined in comparison to a reference
binding molecule, it will be understood that actually determining the epitope to
which the reference binding molecule and the competitive binding molecule bind
20 is not in any way required in order to identify a competitive binding molecule that
binds fo the same or substantially the same epitope as the reference binding
molecule. Alternatively, binding molecules binding to different non-competing
epitopes identified by these competition assays may aiso include, but are not
limited to, antibodies, antibody fragments and ofher binding agents.
25

AN
=

In a further aspect, the invention relates to kits comprising at least one
binding protein according to the invention, at least one functional variant thereof
according to the invention, at least one immunoconjugate according to the

30 invention, at least one nucleic acid molecule according to the invention, at least

one composition according to the invention, at least one pharmaceutical



The immortalized B cells were grown in Dul becco's nodified Eagle's growth
medi um F12 (DVEM F12, Invitrogen) supplenented with 10% Fetal Calf Serum
(FCS, Invitrogen), 4 nmML-d utam ne (G bco-Invitrogen), 100 U m of
penicillin (G bco 10 Invitrogen), 100 pg/m of streptomycin

(G bco-Invitrogen) and 2% of ADCM medium (Dentritics, France).
Characterization of the immortalized B celil popul ations by binding and
neutralization tests 15 A couple of weeks after the B cells
immortalization, the polyclonal B cell populations obtained were anal yzed
for their capacity to secrete antibodies specific for CH KV by performng
a bi ndi ng t estompotiiedccHidg itafiestiednibl 39%hst eakl\edtATEEENMamgero the

CRL-N268). Firstly, 48 h prior to undert aki .the binding test on the
Cmortal | zed BreEidn. St BaR ettt CTobEs0 Rk FEST T el QT RReHOR SR per
wel | of 96-weble plsat es pandoR4he hondesntbef enor hepti@sdlly, the aebles asetbed
infected with A226V I

KV strain at a Mltiplicity O ]nfection (MJ, or
nurber of | nf ST POUETOIG PSS (o cFeaNisaton arf Pl it suldhie ot ci
test, the gel lgpelRl Rrext@nsisy Blal ewash edaybt the RRRSP AR it Slcedcosafidiie
(PBS), perneabilized and fixed with an ethanol/acetone (70:30 v/v) fixation

25 sol ution. THeOPMATEAIPRRYCBTEONENE (ifdt PRtIAMS NWEH € Thahdataf i el or

the presence fpfeehdly- sR86LT &6 pBDIEPOEseBotiar spREBs Byk@l ks ARSI BALANT ' S
containing well, 50 pl of the supernatant were applied to one well wth
CHI KV i nf ect eBOHERS29TFiRs@Ply s sterlignFoBgiopl ohede AppPPRieto riei@PPly wifere.

uni nf ect ed HE 2R TioR &b} foc ARNIBIASIRE ¥Enta BRI MR bl RG] ksmverRyibRcypat ed
for 1 h at 37 C and the binding of anti-CH KV 30 anti bodi es was then

det ect ed BY i MARIGHI WoPeScas CAOKRYC CNEMQY DY skerpekeess [oortdfor segmntar y
anti bodi es copsi st} f . antis gﬁt@s El uo 8 : L
human | gG (H+E%l, é%h@ﬁeforagh;ﬂeaw pPg Jﬁ@uéﬁ{alﬁﬁm% {)rgél %ﬁ?g%né%gﬁég%
goat anti - hup@rcdgig Pp)a hpndermagesctian n2pglei The & dnan turthikuaampfiggAnore
(FITC goat antj -, F . [ . l.uo e zed
under a fl uorEéé?:fgh%@%%E@é"sncdogéh%&ﬁgggr%lgcﬁi%lggg%%gb%%’ %%ﬁlc}g%%(’%%oy
215 pol ycl onabufgeredlsklire, oo atalgite) aver dexideatobiieu lamabéiriwgpr sacie dtoef or
A226V CHI KV. Re s pof the . binding tests are ng ow. .Th l.ycl o B
cel | poput &t | LIS iahoacenbETS) Bl P TR ol Rodhad' oer
secretion wer euSehjdiceed filersanaedes, ajringat bod/dresttums madiuhefopongos encre of
Identify t hos?ne 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.

20  manufacture, administration, contraindications and/or warnings concerning the

use of such therapeutic, prophylactic or diagnostic products.

EXAMPLES
The following examples, including the experiments conducted and the resulfs
25 achieved, further illustrate the invention. They should nof, however, be interpreted

as a limitation of the scope of the invention.

EXAMPLE 1: Isolation of human mAbs neutralizing Chikungunya virus infection

The purpose of this assay was to isolate human monoclonal antibodies (mAbs)
30 capable of neutralizing Chikungunya virus from an infected individual who has

nafurally developed antibody protection against the virus infection. In this study,



secreting anti bodies neutralizing CH KV infection in vitro. 4000 pl ague
formng units 10 (PFU) of A226V CHI KV were incubated for 1 h at 377C with
50 pl of CHI KV-specific polyclonal B cells supernatants. As positive
control, 1/40 of anti-CH KV human plasma (isolated fromthe donor patient)
was i ncubated with the some anmount of PFU. 1/40 of human serum AB ( Gemi ni
Bi c- products) fromnormal healthy male donors was used as negative
control. The m xtures were then added fjor 1.5 hours 15 to 40,000 HEK 293T
cells, which were seeded within 96-wells plates 24h before. 24 h after the
infection, cells were extensively washed, fixed as descri bed above,

i ncubated for 1 h with anti-CH KV plasma 1/200 as a primary antibody, and

then incubad edretdit skals W Chlkbh@ﬁylou\ﬂﬁ,@ésc@ﬂm\l’ al&Qt@QnQNQQé‘V'UﬂF@HS hWgr@s
descri bed above. Fluorescence was anal yzed under a fluorescent m croscope

(x| O magni Freereeth 200N RONEL I9vsEr TsVIoD)d L1 Nttiange Diwrshyl Jeirdral B
cel | popul §59B8e3IREVRS . §Riins &%u@acép%wélﬁoff@f MVw%MO@r&@éayed

neutralizing activity against A226V. d oning cells secreting
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CH KV i ? gﬁ fe¥dride Vw‘ﬁsr ?egb %@qwl@éﬁ b&@e%h rﬂwé'E'Tgprg@lr\”sé&br@nd@stch"rges;%;sw\’lﬁl !

pl at es ser al ut i ons) after expansion (fo
wel | s cont &pkitesgpitthe 2R6 gmm O@@'I @osdlpnwtr@ﬁoarmpmlwm)nn hioe P8¢ tiiaieof @r

CHI KV neut V her anplified to a culture volune of 0.5 L.
Duri ng an%?r%g%iyﬂ@ﬁweﬁ esg% Is were regularly analyzed for their

specificity for CHKV, as well as for their capacity to secrete CH KV

neutral i zi ﬂglo"ﬁeﬁ' gg%ieﬁsfrorg%n%fggir Egd ggg 30 neutralization tests, as

descri bed ies purification and |a subcl ass
deternﬂlatBOnnWDtemxuhpkﬂékﬁHUMGd int heDrorioeeso (D Bantiebods, esCwkom pari fi ed
fromthe cell] .culture. rnatant The nocl.opal were cultivated
for 7 days'qdhv'%lk%h#éff Cg mgn Bpl e?‘r%ngjee& 'mne% %cbryl %L‘g THOVE Bt

w t hout FC$:mkn)amdemeém amﬁwd ang hpdeaennmamb vihete sofr exthtibOhikuregunya
|nnunoglobul Aft the cell culture supernatant was harvested,

b%‘%' fﬁ%ﬁgq’s%%s (

filtered off" Corning) and 500 mM of culture supernatant
were i ncubazteeysh@ueromcghtmmmdmd’edﬂ ceffs B @), NnnGuditgnjnugaicgtbsagaroese Theads

Ext enai'del ML RS BHTTCR e S enty TREDORAE T BRtTbodi es
were el ut e@Bmd Were SObeU%thfhe@)@’r@bﬁ’@gb%f(Biyngnﬁlytﬁ t6R)waPpdbidmBinedf t er
by flow cytometry analysis (Facscalibur, Beckton-Dickinson} after co-staining with
anti-human CD45 (Mouse anti-Human CD45 Alexa Fluor 488-labeled, Invitrogen)
and anfi-human CD19 (Mouse antfi-Human CDI19 R-Phycoerythrin-labeled,

20 Invitrogen).

Immortalization of the B cells

The B cells were transformed with a suitable Epstein-Barr virus (EBV) strain and were
immediately activated via the CD40 pathway.
25
The total PBMC was seeded into the wells of 96 well-plates (BD Falcon) in order to
have three different densities of B cell populations: 10 B cells per well (6x 96-well
plates), 30 B cells per well (7x 96-well plates) and 500 B cells per well {7x 96-well
plates). The B cells were immediately activated via the CD40 pathway, either by
30 adding to the cell medium an anfibody anti-Human CD40 (Mouse anti-CD40;
Dendritics, France) at 0.5 pg/ml, or by adding to the wells 10000 lyophilized L cells



elution, the acidity of the elution buffer was i medi ately neutralized by
the volune to volune addition of Tris-base buffer pH 8 (1st Base conpany).
The purified antibodies were then dialyzed overnight in PBS buffer, using
a Slide-A-Lyzer 15 Dialysis Cassette, 10.000 MACO (Thernoscientific). Two
di fferent nonocl onal antibodi es capable of efficiently preventing

Chi kungunya virus infection in vitro havegdbeen isol ated. They have been
naned 8Bl10F8 and 5F10F175E2. The isotype class was deternm ned by Flow
Cytonmetry analysis (FACSCalibur, Beckton-Di ckinson) using the Miultiplex
Bead Assay for 20 Human I g |sotyping (Southern Biotech). Both nonocl onal
anti bodi es beffiprgidstic tdus; @@dr&db@h&ﬁfs Qfonls‘rﬁnwmgbﬂgﬁr@kslr@scf rr%suélt surfaek

shown). 1 C50 det nati o aque Reduction Assa ibiti
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ng/ m) were pattiviely Si8ALARY sb%nbhnf%@@oLBWo(&irﬁélé? Aﬁ@rdm@@]bblnvmwz) ot her
words infectious viral particles) of CHKV for h at 37 C and
subsequently, said 30 antibody/virus m xtures vvere applied onto Vero cells

(ATTC CCL- 81)neWhGiBri¥RES BS@&@leﬂer%ﬁ#Mﬁfrpwwé&wn@omd a@beet@@r&a@

Falcon), for 1 h at 37 '"Cto allowthe 52 virus to bind to the cel
After the inf@eeivantst BHENAE diittages) peiiemeBivENth (& B%T@Wﬁkﬁﬁ@wg(éﬁy
suppl ement ed W,it85dQYo4FGR L‘@@To’hﬁrﬁ@\{@%c‘%ﬂf;’wﬂ@@érﬂcq’@o BYmi B¢ 2eMilin (Gibco-
agar ose- nedi um (| nV|tro en), this was done I1n order to prevent secondary
i nf ecti on¥0 byngpeadi ny oﬂghéb%ysmenmm (i et-Inyilogiesl eands @i IvAtARGE PFUs
5 eventual ly r correlate with the amount of viral
particles ini r'?]llég tnl' de‘jﬂg@! frﬁ@%t cell infection. 48 h after infection, the
agar ose- nedi um was rem)ved and the viable cells were stained with a
cristal viol e&har%lc%r ' , o%lo\floﬁy%' Z&n% ] QJr@ques
resulting fro aOUE
both CH KV stn mmzcu esm t he study, nanel y t he A226 and the 10 A226V
CHI KV str onE,, ex rlrren each condi ti,on erfor in
dupl 1 cat o > Thd NRUTPaPt JTone o Bicy ot AETERrbRlTbes e Reltrel (B
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Ijle:'?glr mfaﬂglt ibgﬁ%/pgﬁﬁgnfc '&Rﬂﬁ} l)y per orntfnpgto Blsn%%gl T%s’rt ohr%afn%eldn%lH%\/am ec eg H%E 2937

cells (ATCC Number CRL-N268).

Firstly, 48 h prior to undertaking the binding fest on the immortalized B cell

20  supernatants, 20000 HEK 2937 cells were seeded per well of 26-well plates and 24
hours before the test, the cells were infected with A226V CHIKV strain at a
Multiplicity Of Infection (MOI, or number of infectious viral particles per cell) of 0.1.
The day of the test, the cells were extensively washed with phosphate buffered
saline (PBS), permeabilized and fixed with an ethanol/acetone (70:30 v/v) fixation

25 solution. The immortalized B cell supematants were then analyzed for the presence
of CHIKV-specific antibodies. For each B cells supernatant's containing well, 50 p
of the supernatant were applied to one well with CHIKV infected HEK 293T cells,
and 50 pl were applied to a well with uninfected HEK 293T cells, as a negative
control. The wells were incubated for 1 h at 37 °C and the binding of anti-CHIKV

30 antibodies was then detected by immunofluorescent assay (IFA)}, using a cocktail

of secondary antibodies consisting of anti-Human IgG (Alexa Fluor 488 goat anti-



determ ned to investigate any synergic effect of the antibody association.
The 15 experinent was perfornmed in parallel with the irrelevant human |1gG
anti body HA4 as a negative control for neutralization. The percentage of
neutralization associated to each condition was determ ned by the nunber
of PFU obtained, conpared to that obtain with the irrelevant human |1gQd .
Bot h anti bodi es (8B10F8 and 5F10F175E2) were found to have an | C50 of
about 100 ng/m as single agents. 20 Ngpsignificant synergistic effect on
neutralization was observed when both antibodies were used in conbination.
Results are not shown. EXAMPLE 2: CHI KV neutralizing antibodi es sequenci ng
The vari abl e domai ns of the heavy and |ight chains of the 5F10F175E2 and
8B1OF8 25nomaachong+LpnhiikedessaMeis ns eduencedn g (Atsio eXbr ags igogitt he

total RNA of the corr pon nal B cel t otal RNA
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i ndependent reverse-transcriptions us|
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conpl engnt Fbizﬁul@l’?@ﬁs (eENASIntifEHOM eamly sddic aorwhedey selik\0f ResBERSf ahal ng to

anplify all the possible heavy and |ight chains were performed 53 using
t he Advant Q@‘@FQ‘QZTPE’ERORQ poi(sBPYnt ech). The |ight chains were anplified using,

as a forwafgh BBFyg%rnol BB s e dRs ekl o Fl%sQWed@?i dwitdHik e REBqkek t

(Contech). and as reverse priners, the whole set of reverse priners
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(1gGg 1gM 1 reverse priners in conjunction wth forward priners
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e heavy an

The nucl eo € sequences ght "chai ns

5F10F175E2 pantichipdiz ted doghitwrtdnor Epg@mfésvozmcmb@f@@wﬁhéb@e@memhwnfand t he
nucl eoti de q eavy i body
are shovmpﬁ? Eﬁgﬁo‘?}sﬁg{%ﬁ gﬁran-é%g (rcjgersﬁgg'c% ?@té?&%mwﬁ ré%w%l%?% gsr@)% of
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e R T L A S
John Wi froﬁerme)‘)eg:hmlq:l@lst\hereTéx’r@thely woshed fixed as described obove
incubated for 1 h with anti-CHIKV plasma 1/200 as a primary onﬁbodyv, and then
incubated for 1 h with the fluorescent labeled-anti-human Ig as described above.
Flucrescence was analyzed under a fluorescent microscope (x10 magnificence,
20  NIKON ECLIPSE TS 100). 91 of the 215 polyclonal B cell populations selected for

being specific for A226V CHIKV displayed neutralizing activity against A226V.

Cloning of the B cells secreting CHIKV neutralizing antibodies

The B cells secreting antibodies neutralizing CHIKV infectivity were cloned by
25 limiting dilutions within 96-well plates (1/5 serial dilutions) and, after expansion (for
15 days), the wells containing the highest cell dilution and remaining positive for
CHIKV neutralization were further amplified to a culture volume of 0.5 L. During
amplification, the cells were regularly analyzed for their specificity for CHIKV, as
well as for their capacity to secrete CHIKV neutralizing antibodies, by binding and

30 neutralization tests, as described above.



| i gase (New Engl and Bi ol abs) according to the provider's instructions and
the |ligation product was transformed into conpetent bacteria (Library
Efficiency DHF 20 a, Invitrogen).. Thetwo plasm ds encoding the |ight and
t he heavy chain of each antibody were co-transfected (0.5pg/1x106 cells
for each plasmd) using |Ilipofectam n 293w (lnvitrogen) into human
HEK293TPML cells, Silent point nutations yere introduced in the reconbinant
sequences to add or renove restriction enzyne sites to facilitate the
cloning into the expression vector. 25 The heavy chain and |ight chain
cDNA sequence of rec5F10F175E2 is shown in SEQ ID NO 41 and 42,
respectivel y. MERecbeavantipaidl pantcdticincciiaipciatsisequensge of rec8Bl0OF8
is showmn in SEQ ID NQ 43 and 44, respectively. The protein sequences are
i dentical bet WBENOTREICHIS] RESACNPBRIGEH IRRH S PRIEPPEES TardNeree! culture

' reconmbi nant " sJepeHBAOF8 and rec5F10F175E2) antibodies. 30 54 pPMilgQd is
an mamual i an cel|l expression vector. It contains a sequence encoding the
si gnal pept i dBCMIRARN]! P Kefipavelfaich!lIVEwA dled BYY: He R¥GYehite MafiVihe
human | gG s congiatheniedl 89 ddsHliv)l dFQ@ bD Nanody)rcseliongdeheb vegiathg, Nhe
| and Not | sites. pPWMhlgd@ allows the construction of the full |ength
human 5 |1 gG REARCTRAIYNAsyIred &RviRg THeURRGIPRIBINE ABg S QWH D& Uthe
Sal | and Nney JsensithRBwad RaRRNSHT HEdel RR EXPIRSREABIIRSE @LiIRY) dldesdd aht
chain, the entire light chain sequence is cloned between Sal”| and Not |
sites. Using fhiwltelconvpgnstadt wgle inebate@ceedrnight ofittbot inheawgroai & ght

chains is dirggt i I tJ - 2 Lgure
) 10 The.r cconbl Aaet “ane bodr e T RaRE B as M 0D ARy Sapeled
purified 10 onwethéhen andfrevedweehdas With PBW ygfer hencalsolbeeadesidy ithe doound
procedure. EXAMPLE.4: | itra characteri j f & nhLRaNt ks

Det er mi nat i on" of '%“?%@B%%%ﬁgﬂﬁhﬁﬁ§§h§ﬁO@?@Fgﬁhﬁﬁé$§ﬁ§g?ﬁg r%perfﬁénghe
capacity of tbetipurite ediditgconbicnantioantiffmdives ifirecBBeOF8edmlized by the
recbF10F175E2) to neutraljz hi Kungun Vi L i nf i L0 vi

anal yzed by ade@StfhPP@H#%gﬁgﬁkétO?ﬂ“§%¥ae?#§”agé§£ikp38#966W§%$Pf§ﬁ@

pur poses, theptésd b calesoverpendrodinBdedpvéheghoin RSHalfley, useglatied-A-Lyzer

2 o s SRR LB o Py A A (7 0 unlLs () o
Two different monoclonal  antibodies capable of efficiently preventing
Chikungunya virus infection in vifro have been isolated. They have been named
8B10F8 and 5F10F175E2. The isotype class was determined by Flow Cytometry
analysis (FACSCalibur, Beckton-Dickinson) using the Multiplex Bead Assay for
20  Human Ig Isotyping (SoutherBiotech). Both monoclonal antibodies belong to the

IgG1 subclass of immunoglobuling (results not shown).

IC50 determination by Plague Reduction Assay

The inhibition concentration 50 (IC50) is the anfibody concentration leading to the
25  neufralization of half of the infective viral particies. The IC50 of the two isolated

human monoclonal antibodies was determined.

Serial dilutions of purified monoclonal antibodies {1/10 dilutions from 100 pg/ml to

0.1 ng/mil) were put in éontocT with 200 PFU (Plague Forming Unit, in other words

infectious viral particles) of CHIKV for 1 h at 37 ‘C and subsequently, said
30 antibody/virus mixtures were applied onto Vero cells (ATTC CCL-81), which were

seeded 24 h before within 6-well plates (BD Falcon), for 1 h at 37 °C to allow the



respectively) were incubated for Ih at 377Cwith 1 pg of antibody (isol ated
or reconbinant). In addition, 1/40 of anti-Chi kungunya virus human pl asma
(isolated fromthe donor patient) in 100 pl of PBS was used as a positive
control, and 1 pg of purified irrelevant human 1gd@ HA4 (human Igd Ad
specific for H5NL Influenza 25 virus, kindly provided by DSO Nati onal
Laboratories, Singapore) as a negative control. The m xtures were then
added for 1.5 hours to 40,000 HEK 293T:zgells, which were seeded within
96-wel | s plates 24h before. 24 hours after infection, cells were
extensively washed and fi xed as descri bed above. The infection of

Chi kungunya virus was assessed by incubating the cells for 1 hour with
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dose-response curves an Se-responsSe curves were
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The 1¢c50 vaPle® fe ¢ |Ur5|%%1t Tan bl boﬁ?lgs%z]g%%% %ﬁema%t\?n%tr n was
20 esti nat edtdetvezen Bﬁ/emrgbeOangmbrgm@ffebe of @O witibbhe asewoaimmant
ant i bodi_es nst th ﬁﬂb mat ed bet ween 2 and 800
gt Teot XA oKD PHENE S Co Mo HEnE D Cpee ! tygh 1807 Sibocy
HA4 as a negative confrol for neutralization. The percentage of neutralization
associated to each condition was determined by the number of PFU obtained,
compared to that obtain with the irelevant human IgG1. Both antibodies (8B10F8
and 5F10F175E2) were found to have an IC50 of about 100 ng/ml as single agents.
20  No significant synergistic effect on neutralization was observed when both

antibodies were used in combination. Results are not shown.

EXAMPLE 2: CHIKV neutrglizing antibodies seguencing

The variable domains of the heavy and light chains of the 5F10F17582 and 8B10F8
25 ~monoclonal antibodies were sequenced by first exfracting the total RNA of the
corresponding monocional B cell populations. Tofal RNA was exiracted using
TRizol® reagent {(Invitrogen) according to the provider's instructions. For each
antibody, from the total RNAs, two independent reverse-transcriptions were
performed using the reverse-transcriptase kit (Clontech), giving rise to 2
30 independent corhplemenfory DNAs {cDNAs). From each cDNA, o whole set of

PCRs aiming to amplify all the possible heavy and light chains were performed



To determ ne reconbi nant mAb specificity, Western Bl ot anal ysis was
performed 25 on both CHI KV-infected cells and CH KV particles. For
uninfected cell |lysate preparation, 12x106 Vero cells (ATTC CCL-81) were
lysed with 1 m of lysis buffer (PBS-1% Triton X-100, WAR) with Conplete
Prot ease Inhibitor Cocktail (Roche). For infected cell |ysate preparation,
6x106 Vero cells were infected with CH KV (A226 or A226V, respectively) at
a MO of 1 and 24 In after infection the gells were lysed 30 with 1 nl of

| ysis buffer. For purified viral particles preparation, 40x106 Vero cells
were infected with CH KV (A226 or A226V, respectively) at a MJ of 0.1 and
2 days 56 after infection the supernatant was harvested, concentrated on
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in PBS-Tween (Sigma) 0.1% the nenbrane was probed for 1 h with, as a
secondary antlE)bUd_lgLEstBear@fsmﬁfdmn@iaonmi/\bgat ed Affini Pure goat Anti-Human
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ligase (New England Biolabs) according to the provider's instructions and the

ligation product was transformed into competent bacteria (Library Efficiency DHF-
20  q, Invitrogen).. The two plasmids encoding the light and the heavy chain of each
antibody were co-transfected (0.5ug/1x10¢ cells for each plasmid) using
lipofectamin 293™ (Invitrogen) into human HEK293TPM1 cells.
Silent point mutations were infroduced in the recombinant sequences to add or
remove restriction enzyme sites to facilitate the cloning into the expression vector,
25 The heavy chain and light chain ¢cDNA sequence of rec5F10F175E2 is shown in SEQ
ID NO: 41 and 42, respectively. The heavy chain and light chain cDNA sequence
of rec8B10F8 is shown in SEQ ID NO: 43 and 44, respectively. The protein sequences
are identical between the ‘isolated” (8B10F8 and 5F10F175E2) and the
"recombinant™ (rec8B10F8 and rec5F10F175E2) antibodies.
30



25 anti bodies bind to a Chi kungunya virus envel ope protein (El and/or E2).
Chi kungunya virus envel ope gl ycoproteins El and E2 have a simlar nol ecul ar
wei ght, around 50kDa (Strauss and Strauss, 1994, M crobial Rev 58,
491-562). Accordingly, these two proteins cannot be distinguished on a
western blot analysis. 1 SEQUENCE LI STING <110> HUNALYS SI NGAPORE

| MMUNOLOGY NETWORK (SIgN) <120> BI NDI NG MOLECULES AGAI NST CHI KUNGUNYA V1RUS
AND USES THEREOF <130> BEV 28 - 'Rl O Fg4 <160> 53 <170> Patentln version 3.3
<210> 1 <211> 839 <212> DNA <213> Artificial <220> <223> Heavy chain
(DNA) of Purified 5F10F175E2 <400> 1 atggactgga cctggagcgt cctcttcttg

gt ggcagcag caacaggtgc ccactcccag 60 gtgcaactgg tgcaatctgg ytcggagttg
aagaagcct goeKeet1ICRIEN YrRasBhdilohC c iR @xplaGaRgaetdr. Cltdeaiafaca GehGast&gc
tatgctatga cttyggtgcg acaggcccct 180 ggacaayyyc ttgagtggat gggat ggatc
aacacct acac¢ @%Hﬁtﬁgﬁaéyﬁﬁﬂgﬁﬁnﬁﬂée'%g@©@%ﬁ¥€@'8ﬁ@§§€ hets§HEeReR cg

ttggacacct o%@trﬁ%{&@@cﬁ%&ﬁs‘iérﬁtrégi%Q8CH¢@f HECRELROY 89! 8RRBE b dr@agaAkEACt
60 .gctcgyyytt ttgactactg ggcccaggga

yccgtgtatt tctgtgcgadq agaa gc 3 yyytt
accctggtcaNbéépéﬂdgﬂgSé@%d%%gg%@1£ﬁgws ggetioation ggtha {WidengBLytedecc

t ccLecagy a e acet ot 989 eREARLMA8AapeGE§HAg9A] LEGHHOHEaR| BIAENRE L C
ccccaaccgg tgacggtgtc ctggaactca 540 gfgcgccqt ga ccagcggcgt gcacaccttc
ccggct gt cesitacagtentrochigacxwesonessiot e m%a@tfapfgh@tfggt@glce dgftigetedt cc

agcagcett ggs&%@%ﬁ%%éﬁn%&%@&ﬂ%o@ﬁ%md %@9%1)’&%%5‘%@@%%@% 1GGaay
gt ggacaaga gagttcagcc caaatcttgt 720 gacaaaactc acacatgcCc accgtgccca
gcacct gaacseaeliayofgeyhdecyy cagt/igh7glains is directed by the mouse Ig kappa chain
signal peptide (see Figure 6).
10
The recombinant antibodies (rec8B10F8 and rec5F10F175E2) were purified from

the fransfected cells following the above described procedure.

EXAMPLE 4: in vitro characterization of recombinant mAbs

15 Determingtion of the recombinant mAbs in vitro_ neutralizing properties

The capacity of the purified recombinant antibodies (rec8B10F8 and
rec5F10F175E2) to neutralize Chikungunya virus infection in vitro was analyzed by a
neutralization test in 9é-wells plates. For comparison purposes, the test was also
performed on the originally isolated antfibodies (8B10F8 and 5F10F175E2).

20 4000 plague forming units (PFU) of Chikungunya virus (A226 and A226V strains,
respectively) were incubated for 1h at 37°C with 1 ug of antibody (isolated or
recombinant). In addition, 1/40 of anti-Chikungunya virus human plasma (isolated
from the donor patient) in 100 ul of PBS was used as a positive control, and 1 ug of
purified irrelevant human IgG1 HA4 (human IgG1 Ab specific for H5N1 Influenza

25  virus, kindly provided by DSO National Laboratories, Singapore) as a negative
control. The mixtures were then added for 1.5 hours to 40,000 HEK 2937 cells, which
were seeded within 96-wells plates 24h before. 24 hours after infection, cells were
extensively washed and fixed as described above. The infection of Chikungunya
virus was assessed by incubating the cells for 1 hour with 100 pl of PBS-1/200 anti-

30  Chikungunya virus human plasma as a primary antibody, followed by an anti-

human IgG mouse antibody conjugated to Alexa-488 at 2ug/ml (Alexa Fluor 488



ttcctcttcc ccccaaaacc caaggacacc ctcatgatct cccggacccc tgaggtcac 839 <210>
2 <211> 260 <212> ?RT <213> Artificial <220> <223> Heavy chain (Protein
)common to both Purified 5F10F175E2 ang Reconbi nant 5F13F175E2 <400> 2 2
Gn Val Gn Ten Val Gn Per Sly Per Gn Lou Lys Lys Pro Sly Ala 1 5 10 15
Ser Val Lys Val Ser Cys Lys Ala Ser Gy Tyr TO Lou Thr Arg Tyr 20 25 30
Ala Met Thr Trp Val Arg Gn Ala Pro SIy G.n Sly Leu Gn Trp Met 35 40 45
Sly Trp lie Asn Thr Tyr Thr Sly Asn Pro r Tyr Val Gn Sly The 50 55 60
Thr Sly Arc: Pte Val Pile Per Len Asp TLr Ser Val Per Thr Ala Phe 55 70 75
80 Leu His Ile TSr Her Lou Lys Ala Sin Asp TLr Ala Val Tyr Phe Gys 85 90

105 110 Lea VAT @?G@H AR o Yo rprhi-Jiereenslo®
115 12C 125 Leas éhalyZedourger dPiroréseenParicrdtuopSefx 1 Ghnodsiificenhe, MKONAEGLIRSEN A y

--- 130 135 1@@ S Leo Val Lys Asp Tyr The Pro Gn Pro Val Thr Val Ser Trp
Ran 145 150 8160 Per Gy Ala Len Thr Per Ay Val his Tnr She Pro Al a

Val Len G n 16Figur® 317 5hobe rthSereuBbyringeac vty Sethe Lo Seffodess Mabtedalrorhhr
Val Pro HeSr Slrenrmor’rodized B cells (8B10F8 and 5F10F175E2) and also the neutralizing activity of
fhe two corresponding recombinant antibodies (rec8B10F8 and rec5F10F175E2). It
can be observed that the neutralization potential of the recombinant antibodies is

similar fo the corresponding B cell-purified antibodies.

10 Dose-response curves of the recombinant mAbs against A226 and A224V sirains

Once having demonstrated that the recombinant antibodies have neutralization
characteristics similar to those previously shown for the corresponding B cell-
purified antibodies (Figure 3}, the recombinant antibodies were titrated against
the Chikungunya virus strains (A226 and A226V) as single agents and in
15 combination fo obtfain neutralization dose-response curves and determine the
IC50. The dose-response curves were obtained by Plague Reduction Assay
performed as described Obove, and the experiments were performed by
triplicate. Results are shown in Figure 4.
The IC50 value of the recombinant anfibodies against the A226V strain was
20 estimated between 20 and 80 ng/ml and the IC50 of the recombinant antibodies

against the A226 strain was estimated between 200 and 800 ng/mil.

Determindtion of the recombinant mAbs specificity

To determine recombinant mAb specificity, Western Blot analysis was performed
25 on both CHIKV-infected cell's and CHIKV particles. For uninfected cell lysate
preparation, 12x10¢ Vero cells (ATTC CCL-81) were lysed with 1 ml of lysis buffer
(PBS-1% Triton X-100, VWR)} with Complete Protease Inhibitor Cocktail (Roche). For
infected cell lysate preparation, é6x10¢ Vero cells were infected with CHIKV (A224
or A226V, respectively) at a MOl of 1 and 24 h after infection the cells were lysed
30  with 1 ml of lysis buffer. For purified viral particles preparation, 40x10¢ Vero cells
were infected with CHIKV (A226 or A226V, respectively) at a MOl of 0.1 and 2 days



180 185 190 Ser Teo Sly Thr Gn Thr Tyr lie Cys Asn Val Asn His Lys Pro Ser
195 200 205 Asn Thr Lys Val Asp |lys Arg Val Qu Pro Lys Ser Cys Asp Lys
Thr 210 215 220 His Thr Cys Pro Pxo Cys Pro Ala Pro G n Leu Len Sly Sly
Pro Ser 225 230 235 240 3 Val the Len The Pro Pro Lys Pro Lys Asp Thr Len
Met Ile Per Ara 245 250 255 Thr Pro GQu Val 260 <210> 3 <211> 711 <21.2>
DNA <213> Artificial <220> <223> Light chain (DNA) of Purified
SFF13FF175E2 <400> 3 atggcctegt ctcctctcct cctcactctc ctcgcetcact
gcacagggt ¢ ctgggcccag 60 tctgtgctga cgéagccgec ctcagtgtct ggggccccag
ggcagagggt caccatctcc 120 tacactggga gcagctccaa catcggggca agtcatgatg
tacactggta ccagcagctt 180 cctggaacag cccccacact cctcatctat gttaacagca

at cggccctc a tccct 240 cgattct ctgg tccaa tct cc tca cctccc
tggccatcaccgggg‘ﬁéE@dh§éﬂ?eé8ﬁﬁgdﬁéﬂ§”§§§3§é&PF&” 5%38&?3@5@66 9€g4ca
gcaacct gag bk hsC98e8oirdd soabalsttadeg c@\@gag@cm@mw&@bcm@tvﬁggf& agce

ccaaggct gc cccctcg%p 420 actctgttcc cgccctcctce tga ctt caagccaaca
aggccacact Ngtagt gt bec/ragportigeangieyaeif Y%E@@%{@”fagé‘ 0@@@8@&%@%
agecagat ag A8HREG PrCq %QT[Pr@é@g(@i%QrQﬂgchgigﬁg@%CﬁP OF%GWWE% 2qfeAJRYCca

acaacaagca cgcggccagc 600 agctacc: ga gcctgacgcc tgagcagtgg aagtcccaca
aaagccaéag rerigiesayt £26600f aoeddyday Griagrisd ogicrayeiadacsy goigyrstct a
cagaatgttc 18 p?gaf]'celflggézfes énd 1.5 ul of purified viral particles were mixed with NUPAGE®

loading buffer (Invitrogen), heated for 5 min at 94 °C and loaded on a NUPAGE®
4-12 % Bis-Tris Gel (Invitrogen). The electrophoresis was performed in NUPAGE® MES
running buffer (Invitrogen). As molecular weight marker, 5 ul of SeeBlue® marker
10 (Invitrogen) were loaded in parallel. After migratfion, the samples were
electrotransfered onto a hydrophobic polyvinylidene diflucride (PVDF) membrane
(Hybond™-P, Amersham, GE Healthcare). The membrane was blocked for Th with
PBS-milk 5%(cow powdered milk)-Tween 0.05% (Sigma) and probed for 1h with
primary anfibody diluted in PBS-milk 0.5%-Tween 0.05% (Sigma) at the following
15 concentrations: 1/250 for the a-CHIKV plasma, 1ug/ml for CHIKY mAb 5F10F175E2,
20 pg/ml for CHIKV mAb 8B10F8 and 20 ug/mi for irrelevant human IgGl HA4
(human IgG1 Ab specific for HSN1 Influenza virus, kindly provided by DSO National
Laboratories, Singapore). After extensive washing in PBS-Tween (Sigma) 0.1%, the
membrane was probed for 1 h with, as a secondary antibody, the Peroxidase-
20 conjugated AffiniPure goat Anti-Human IgG (Fc) (Jackson ImmunoResearch
Laboratories) at 40 ng/ml in PBS-milk 0.5%-Tween 0.05%. After extensive washing,
the peroxidase activity was detected using ECL substrate solutions (Amersham
ECL™ Western Blotting Detection Reagents, GE Healthcare).
Western blot immunoassay results (Figure 5) show that both recombinant
25 antibodies bind to a Chikungunya virus envelope protein (E1 and/or E2)..
Chikungunya virus envelope glycoproteins E1 and E2 have a similar molecular
weight, around 50kDa (Strauss and Strauss, 1994, Microbiol Rev 58, 491-562).
Accordingly, these two proteins cannot be distinguished on a western blot

analysis.



<211> 218 <212> PRT <213> Artificial <220> <223> Light chain (Protein)
common to both Purified 5F10F175E2 and Reconbi nant 5F1CF175E2 <400> 4 G n
Per Val Lou Thr Gn Pro Pro Per Val Rer Ay Ala Pro Ay Gn 15 10 15 Arg
Val Thr Tie Per Cys Thr Ay Per Per Ser Asn lie Ay Ala Per 20 25 30 4 His
Asp Val His Trp Tyr Gn Gn Leu Pro Gp Thr Ala Pro Phr Leo 35 40 45 Lou
Tle Tyr Val Asn Ser Asn AFUPKE H&TISFy Val Pre Asp Arg The 50 55 60 5er
Gy S O>L>(/3§UD§§§SSW Thr Per Ala Her Len Ala Tle Thr Sip Leu 65 70 75 80
Grt a T s Glc Her Tyr Asp Ser Aso 85 90 95
Leu 5er Sl qu Ar&lﬂgéMM alogﬁgg%&él (ilé& p Thr Lys Len Thr Val Len 100 105 110 -
Ay SheoPrenitsc AoaeAas Piariier cMalundihityaLeauPheoPsasPrgrSef Ser 115 120 125
G udaleu Gn Ala Asn Lys Ala Thr Len Val Cys Leo Ile Ser Asp 130 135 140
The TRyBOPrerGzy Alrai®al Thr Val Ala Trp Lys Ala Asp Ser Ser Pro 145 150 1SS

160 Va(l) Lys Ala Sip Val Au Thr T_Sr Thr Pro Ser Lys G n Per Asn Asn 165
170 I78°> Lyd Tyr Ala Ala Ser Ser Tyr Len Ser Leu Thr Pro Gu Gn Trp Lys
180 185,193 Per Tis Lys Per Tyr Ser Cys Gr Val Thr Hs GQu @y Her Thr Val
<210> 1
<211> 839
<212> DNA
<213> Artificial
<220>
<223> Heavy chain (DNA) of Purified 5F10F175E2
<400> 1
atggactgga cctggagcgt cctcttcttg gtggcagcag caacaggtgc ccactcccag 60
gtgcaactgg tgcaatctgg gtcggagttg aagaagcctg gggcctcagt gaaggtttcc 120
tgcaaggcct ctggatacac cctcactcge tatgctatga cttgggtgcg acaggcccct 180
ggacaagggc ttgagtggat gggatggatc aacacctaca ctgggaaccc aacgtatgtc 240
cagggcttca caggacggtt tgtcttctcg ttggacacct ctgtcagcac ggcgtttctg 300
cacatcacca gcctaaaggc tgaggacact gccgtgtatt tctgtgcgag agaagggggce 360
gctcggggtt ttgactactg gggccaggga accctggtca ccgtctcecctc agectccacce 420
aagggcccat cggtcttccce cctggcaccce tcecctccaaga gcacctctgg gggcacagceg 480
gccctgggct gecctggtcaa ggactacttc cccgaaccgg tgacggtgtc gtggaactca 540
ggcgccctga ccagcggcgt gcacaccttce ccggcectgtcce tacagtcctc aggactctac 600
tccctcagca gcgtggtgac cgtgccctcec agcagcecttgg gcacccagac ctacatctge 660
aacgtgaatc acaagcccag caacaccaag gtggacaaga gagttgagcc caaatcttgt 720
gacaaaactc acacatgccc accgtgccca gcacctgaac tcctgggggg accgtcagtce 780
ttcctcttcc ccccaaaacc caaggacacc ctcatgatct cccggacccce tgaggtcac 839
<210> 2
<211> 260
<212> PRT
<213> Artificial
<220>
<223> Heavy chain (Protein )common to both Purified S5F10F175E2 and
Recombinant 5F10F175E2
<400> 2




195 200 205

210 215
donmi n

<210> 5 <211> 354
<400> 5 caggtgcaac tggtgcaalcytgggtcggag ttgaagaagc ctggggcectc

agt gaaggtt 60

cccaacgr
cacgg?ﬁ%

1111 Glu Lys Thr Val
<212> DNA <213> Artificial <220>

Ala Pro Thr Gu Cys Per

<223> VH

tcctgcaagg cctctggata cacoctcact cgctatgcta tgacllLgggt
gcgacaggcc 120 If cctccacaag cccttgagrc gatgagargg atcaacacct acac _gggaa

at 180 at ccagg}g

#1540 6t

gagagaaggg

a

ct tcacaggacg g--tgtcttc tcgttggaca cctctgccag

S&r Hagett a :

300 ggtgctcagg gttttga?: a ctggggccag gé%laccct gg Lcaccgtctc ctca
354 <210> 6 <211> 118

<212> PRT

<213> Artificial

"gyct'gdggactatige

<220>

gtgt atttctgtac

<223> VH donmi n

<400>s& Gnyalva@ felews Yab GhnseSeer Gryr Ser 1@inml-ea-dys-Lys Pro Ay Ala 1 5

10 15 Ser Val doys Val

30 Ala Met Thr Trp Val

45 Gy.Te !

Gly

Thr

65

Leu

Ala

Leu

Leu

Cys

145

Ser

Ser

Ser

Asn

His
225

Trp

50

Gly

His

Arg

vVal

Ala

130

Leu

Gly

Ser

Leu

Thr

210

Thr

35

Ile

Arg

Ile

Glu

Thr

115

Pro

Val

Ala

Gly

Gly

195

Lys

Cys

Asn

Phe

Thr

Gly

100

vVal

Ser

Lys

Leu

Leu

180

Thr

vVal

Pro

Thr

Val

Ser

85

Gly

Ser

Ser

Asp

Thr

165

Tyr

Gln

Asp

Pro

Tyr

Phe

70

Leu

Ala

Ser

Lys

Tyr

150

Ser

Ser

Thr

Lys

Cys
230

Thr

55

Ser

Lys

Arg

Ala

Ser

135

Phe

Gly

Leu

Tyr

Arg

215

Pro

40

Gly

Leu

Ala

Gly

Ser

120

Thr

Pro

val

Ser

Ile

200

vVal

Ala

Asn

Asp

Glu

Phe

105

Thr

Ser

Glu

His

Ser

185

Cys

Glu

Pro

Pro

Thr

Asp

90

Asp

Lys

Gly

Pro

Thr

170

Val

Asn

Pro

Glu

Thr

Ser

75

Thr

Tyr

Gly

Gly

val

155

Phe

Val

Val

Lys

Leu
235

Tyr

60

Val

Ala

Trp

Pro

Thr

140

Thr

Pro

Thr

Asn

Ser

220

Leu

45

Val

Ser

vVal

Gly

Ser

125

Ala

Val

Ala

vVal

His

205

Cys

Gly

Gln

Thr

Tyr

Gln

110

vVal

Ala

Ser

val

Pro

190

Lys

Asp

Gly

Ser Cys 1ys Ala Ser Ay Fyr Thr
Ara Gn Ala Pro Gy On dy Lea Qu Trp Mt

| e Asn Thr Tyr Thr Gy Asn Pro Thr Tyr Val Gn Cvy Phe
Thr Trp Val Arg Gln Ala Pro Gly Gln Gly Leu GIu Trp Met

Gly

Ala

Phe

95

Gly

Phe

Leu

Trp

Leu

175

Ser

Pro

Lys

Pro

Phe

Phe

80

Cys

Thr

Pro

Gly

Asn

160

Gln

Ser

Ser

Thr

Ser
240

Leu Thr Arg Tyr 20 25

35 40
50 55 60 -



Thr Ay Arg Phe Val Phe Ser Leu Asp Thr Ser Val Ser Tier Ala Phe 65 70 75
80 Leu Hs Ile Thr Ser Lou Lys Ala Qu Asp The Ala Val Tyr Phe Cys 85 90 95
Ala Arg Qu Ay Gy Ala Arg SIy Phe Asp Tyr Trp Cy dn dy Thr 100 105 110
Leu Val Thr Val Ser Ser 115 <210> , <211> 336 <212> DNA <213> Artificial
<220> <223> VL domain <400> 7 caatctgtgc tgacacagcc gccctcagtg tctggggcecc
cagadehgag lggt taceat cr60.v6 pProcCigeactigr ggageaget< seaacat cggg gcaagtcatg
acgcacactg gtaccagtag 120 cutccuggda cagcccccac aébcctcatc zatgctaaca

gcaat cggcc ctcaggggcc 180 ccrgacogar rcrctggctc caagtctggc acctcagcct

ccctggecal gactgggctc 240 caggctgagg atgaggcrga ttatractgc cagtcctatg
acagcaaccr gagiggrtcg 300 gcggrgttcg gcggagggac caagttgacc gtccta 336

Gln Ser Val Leu Thr Gln Pro Pro Ser Val Ser

1

5

10

Arg Val Thr Ile Ser Cys Thr Gly Ser Ser Ser

20

25

Gly Ala Pro Gly Gln

15

Asn Ile Gly Ala Ser

30

<210> 8 <211> 1.12 <212> PRT <213> Artificial <223> <223> VL donmin
<400> 8 A n Ser Val Leu Phr Gn. Pro Pro Ser Val Ser v Ala Pro Clv dn 1
5 10<48> Arg Val Phr Ile Ser Cys Thr Ay Her Ser Ser Ass Ile Ay Ala Ser 20
25 3@211> 711

<212> DNA

<213> Artificial

<220>

<223> Light chain (DNA) of Purified 5F10F175E2

<400> 3

atggcctggt ctcctctect cctcactcte ctcecgectcact gcacagggtce ctgggcccag 60

tctgtgectga cgcageccgcec ctcagtgtcect ggggeccccag ggcagagggt caccatctcc 120

tgcactggga gcagctccaa catcggggca agtcatgatg tacactggta ccagcagcett 180

cctggaacag cccccacact cctcatctat gttaacagca atcggccctc aggggtccct 240

gaccgattct ctggctccaa gtctggcacc tcagectcce tggccatcac tgggctccag 300

gctgaggatg aggctgatta ttactgccag tcctatgaca gcaacctgag tggttcggceg 360

gtgttcggcg gagggaccaa dgttgaccgtc ctaggtcagc ccaaggctgce cccctceggtce 420

actctgttcc cgccecctectce tgaggagcectt caagccaaca aggccacact ggtgtgtcectce 480

ataagtgact tctacccggg agccgtgaca gtggectgga aggcagatag cagccccgtc 540

aaggcgggag tggagaccac cacaccctcc aaacaaagca acaacaagta cgcggccagce 600

agctacctga gcctgacgcce tgagcagtgg aagtcccaca aaagctacag ctgccaggtce 660

acgcatgaag ggagcaccgt ggagaagaca gtggccccta cagaatgttc a 711

<210> 4

<211> 218

<212> PRT

<213> Artificial

<220>

<223> Light chain (Protein) common to both Purified 5F10F175E2 and

Recombinant 5F10F175E2
<400> 4



Hs Asp Val His Trp Tyr Gn Gn Lau Pro Ay Thr Ala Pro Thr Lou 35 40 45
Lou Ile Tyr Val Asn Ser Asn Arg Pro Ser Ay Val Pro Asp Arg the 53 55 60
Ser Ay Ser Lys Ser Ay Thr Ser Ala Ser Lou Ala Ile Ter Ay Leu 65 70 75 80
Gn Ala Qu Asp Glu Ala Aso Tyr Tyr Cys G n Ser Tyr Asp Ser Asn 85 90 95
Len Ser Gy Ser Ala Val The Ay dy Sly Thr Lys Leu Tin Val Len 100 105 110
<210>Hy &g Vad Hi5 Tep19s CHNALN<EP3BroAfty flpgiZal 22205 1&223> CDRH  <400> 9
cgctatgcta tdacr 1.5 <210> 10 <211> 5 <212%» PRT <213> Artificial <220>
<223> CDRH1 <400> 10 Arg Tyr Ala Met Thr 1 5 <210> 11 <211> 51 <212> DNA
<213>Lé61§r tI!Lé IT?‘:avlal<g0213§er ﬁgg%?rg%ngr Gly Val Pro Asp Arg Phe

5

50 5 60

Ser Gly Ser Lys Ser Gly Thr Ser Ala Ser Leu Ala Ile Thr Gly Leu
65 70 75 80

Gln Ala Glu Asp Glu Ala Asp Tyr Tyr Cys Gln Ser Tyr Asp Ser Asn
85 20 85

Leu Ser Gly Ser Ala Val Phe Gly Gly Gly Thr Lys Leu Thr Val Leu
100 105 110

Gly Gln Pro Lys Ala Ala Pro Ser Val Thr Leu Phe Pro Pro Ser Ser
115 120 125

Glu Glu Leu Gln Ala Asn Lys Ala Thr Leu Val Cys Leu Ile Ser Asp
130 135 140

Phe Tyr Pro Gly Ala Val Thr Val Ala Trp Lys Ala Asp Ser Ser Pro
145 150 155 160

Val Lys Ala Gly Val Glu Thr Thr Thr Pro Ser Lys Gln Ser Asn Asn
165 170 175

Lys Tyr Ala Ala Ser Ser Tyr Leu Ser Leu Thr Pro Glu Gln Trp Lys
180 185 190

Ser His Lys Ser Tyr Ser Cys Gln Val Thr His Glu Gly Ser Thr val
195 200 205

Glu Lys Thr Val Ala Pro Thr Glu Cys Ser

210 215
<210> 5
<211> 354
<212> DNA

<213> Artificial

<220>
<223> VH domain

<400> 5
caggtgcaac tggtgcaatc tgggtcggag ttgaagaagc ctggggcctc agtgaaggtt 60

tcctgcaagg cctctggata caccctcact cgctatgcta tgacttgggt gcgacaggcec 120




<400> 11 tggatcaaca cctacactqg gaacccaacg tatgtccagg qcttcacagg a 51
<213> Artificial
Ile Are Thr Tyr Thr Gy Asn Pro Thr Tyr Val

12 <211> 17

<210> 13

<212> P

<211> 27

RT

gaagggggcg ctcggggttt tgactac 27
Artif FRICERCasI ¥P2032E2 28BS ICDRAB 2 1AXGSCLACRH @IGY CTF3pcArd Argléd y Phe Asp

Tyr

5 <210> 15 <2ii> 42 <212> DNA
gtccagggct tcacaggacg gtttgtctte tecgttggaca cctctgtcag cacggegttt

ctgcacatca ccagcctaaa ggctgaggac actgccgtgt atttctgtgc gagagaaggg

<220>

<223> CDRH2
Gn Sy Phe Thr
<212> DNA <213> Artificial
<210> 14 <211> 9

ggcgctcggg gttttgacta ctggggccag ggaaccctgg tcaccgtctce ctcea

<210>
<211>
<212>
<213>

<220>
<223>

<400>
Gln Val

1

Ser Val

Ala Met

Gly Trp
50

Thr Gly
65

Leu His

Ala Arg

Leu Val

<210>
<211>
212>
<213>

<220>
<223>

<400>

cagtctgtge tgacgcagcc gccctcagtg tctggggecc cagggcagag ggtcaccatc

6

118

PRT
Artificial
VH domain

6

Gln Leu Val

Lys Val Ser
20

Thr Trp Val
35

Ile Asn Thr

Arg Phe Val

Ile Thr Ser
85

Glu Gly Gly
100

Thr Val Ser
115

7

336

DNA
Artificial

VL domain

7

Gln

Cys

Arg

Tyr

Phe

70

Leu

Ala

Ser

Ser

Lys

Gln

Thr

55

Ser

Lys

Arg

Gly

Ala

Ala

40

Gly

Leu

Ala

Gly

Ser

Ser

25

Pro

Asn

Asp

Glu

Phe
105

Glu

10

Gly

Gly

Pro

Thr

Asp

90

Asp

Leu

Tyr

Gln

Thr

Ser

75

Thr

Tyr

Lys

Thr

Gly

Tyr

60

Val

Ala

Trp

Lys

Leu

Leu

45

Val

Ser

Val

Gly

<210>

<400> 12 Trp
151015 Sy

<220> <223> CDRH3
<212> PRT <213>
240
300
354
Pro Gly Ala
15
Thr Arg Tyr
30
Glu Trp Met
Gln Gly Phe
Thr Ala Phe
80
Tyr Phe Cys
95
Gln Gly Thr
110
60

<400> 13



<213> Ar-.iticial <220> <223> CDRLI <400> 15 accgggagca gctccaacat
cggggcaagu caugauazac ac 42 <210> 16 <211> 14 <212> PRT <213> Artificial

<220> <223> CDRL1 <403> 16 Thr "lv Ser Ser Ser As> lie Gy Ala Ser H s Asp
Val Hs 15 10 <210> 17 <211> 21 <212> DNA <213> Artificial <220> <223>
CDRL2 <433> 17 gccaacagca accggccctc a 21 <210> 18 <211> <212> PRT <213>
Artificial <22C <223> C-?,L2 <400> 18 Val Ass Ses Asn Arg Pro Set 5 9
<210> 19t g36gcagetc caacatcggg gcaagtcatg atgtacactg gtaccageag 120

cttcctggaa cagcccccac actcctcatce tatgttaaca gcaatcggec ctcaggggte 180

cctgaccgat tctctggctc caagtctgge acctcagect ccctggceccat cactgggcetce 240

caggctgagg atgaggctga ttattactgce cagtcectatg acagcaacct gagtggtteg 300

gcggtgttcg gcggagggac caagttgacce gtcecta 336

<210> 8

<211> 112

<212> PRT

<213> Artificial

<220>

<223> VL domain

<400> 8

Gln Ser Val Leu Thr Gln Pro Pro Ser Val Ser Gly Ala Pro Gly Gln

1 5 10 15

Arg Val Thr Ile Ser Cys Thr Gly Ser Ser Ser Asn Ile Gly Ala Ser

20 25 30
His Asp Val His Trp Tyr Gln Gln Leu Pro Gly Thr Ala Pro Thr Leu
35 40 45
Leu Ile Tyr Val Asn Ser Asn Arg Pro Ser Gly Val Pro Asp Arg Phe
50 55 60

Ser Gly Ser Lys Ser Gly Thr Ser Ala Ser Leu Ala Ile Thr Gly Leu

65 70 75 80

Gln Ala Glu Asp Glu Ala Asp Tyr Tyr Cys Gln Ser Tyr Asp Ser Asn

.85 90 95
Leu Ser Gly Ser Ala Val Phe Gly Gly Gly Thr Lys Leu Thr Val Leu
100 105 110

<210> 9

<211> 15

<212> DNA

<213> Artificial

<220>

<223> CDRH1

<400> 9

cgctatgcta tgact 15



<212> DNA <213> Artificial
acagcaacct gagtggt.tcg gcggtg 36
Artificial <220> <223> CDRL3
Her Ala vVal 1 S 10
<223> Heavy chain (DNA) of Purifi
ccttctcctg gtggcagcetc ccagat gggt
cccaggacttg gt gaagcctt cggagaccct
catcag@é?T bactccteca gctggatccg
tggrrarat’c E%ttacactg ggagcaccaa
cat at C4gt’a §acgtycica agaaccagtt
ggacacogec gtgtattact gtgcgagaoa

<220>

<400>
<213> 21 <211> 854

<223> CDRL3
<210> 20 <211>

ed 8B10OF8

<400> 19 cagtcctatg

12 <212> PRI <213>

0O Adn Ser Tyr Asp Ser Asn Leo Her Ay
<212> DNA <213> Artificial
<400> 21 atgaagcayc tqtggttttt

<220>

cctgttccag 60 gtgcagctgc aggagtcggg

gtccctcacc 120
gcagccccca 180
ctacaacr_cc 240
ctccctgaag 300

Lt ggggoagg 360

cggt : abggaccgee0ggggcc aagggaccac ggtcaccgtc 420
cccatcggtc ttccccectgg caccctcctc caagagcacc 980

tgcactgtct ctggtgactc
gggaagggac rgoagt ggat
t ccct caaga gtcgactcac
cngagct ct g tgaccact gc
t at agcacca gct ggaccca
ccct cagect ccaccaaggg
t ct gggggca cagcggcecco

gggct geewra ©¥ caaaaacr accc.ccccga accggt.gacq 540 gtgtcgtgga act caggcgce

ccogaccagc ggcgtgcaca cct.tcccgge tgtcctacag 600
cagca@é% érdﬁﬁa%%ggbﬁ ccrccagcag cttgagcacc 660

<210>
<211>
<212>
<213>

11

51

DNA
Artificial

<220>
<223> CDRH2

<400> 11

tggatcaaca cctacactgg gaacccaacg tatgtccagg gcttcacagg a

<210>
<211>
<212>
<213>

12

17

PRT
Artificial

<220>
<223> CDRHZ

<400> 12

t cct caggac Cctact ccct

51

Trp Ile Asn Thr Tyr Thr Gly Asn Pro Thr Tyr Val Gln Gly Phe Thr

1 5 10

Gly

<210>
<211>
<212>
<213>

13

27

DNA
Artificial

<220>
<223> CDRH3

<400> 13

gaagggggcg ctcggggttt tgactac

<210> 14

<211> 9

<212> PRT

<213> Artificial

15

27



cagacccaca tctacaacgt gaatcacaag cccagcaaca ccaaggtgga caagagagrt 720
gagcccaaat cttgtgacaa aactcacaca tgcccaccpt. gcccaacacc tgaactcctg 780 10
gggggaccgt cagtcttcct cttcccccca aaacccaagg acaccctcat gatytcccgg 84C
acccctgagg tcac 854 <27C> 22 <211> 2866 <212> PRT <213> Artificial <220>
<223> Heavy chain (Proaein)of comon to both Purified 8310F8 and

Reconbi nant 8B1CF8 <400> 22 G n Val Gn Len Gn Qu Ser Ay Pro Sly Leu Val
Lys PegpoSer Qu 5 1S 15 Thr Leu Ser Lei Thr Cys Thr Val Ser Ay Asp Ser
Il e Serz3Sercokyy 20 25 30 Ser Trp Ser Trp Ile Arg Gn Pro Pro Sly Lys Sly
Lei Gu Trp lle 35 40 45 Gy Tyr lip, Hs Tyr '"Thr Gly Ser Thr Asa Tyr Asn
Pro SettOkealdLys 50 55 60 Se= A g Leu Thr Ile Ser Val Asp Ala Ser Lys Asn
Gn Phe 5er Len_ 65 70 75 80 Lys Lea Ser Ser Val Thr Ala Ala Asp Thr Al a
val Tyt Fyf Sy HA 288196795 PAI'g Asp Trp Sly Gy Tyr Ser Ser Ser Trp Tier
Tyr y Net Asp Vai 100 105 110 Trp Sly Gln Ay Thr Thr Val Thr Val Ser 5er
Ala Her Thr Lys Ay 115 120 125 Pro Ser Val Phe Pro Lea Ala Pro 5er Se,
Lys Seziofhrisber Ay Sly 130 135 140 Thr Ala Ala Leu Ay Cys Len Val Lys Asp

Tyr PheiProizd u Pro Val 145 15C 155 160
<212> DNA
<213> Artificial

<220>
<223> CDRL1

<400> 15
actgggagca gctccaacat cggggcaagt catgatgtac ac 42

<210> 16

<211> 14

<212> PRT

<213> Artificial

<220>
<223> CDRL1

<400> 16

Thr Gly Ser Ser Ser Asn Ile Gly Ala Ser His Asp Val His
1 5 10

<210> 17

<211> 21

<212> DNA

<213> Artificial

<220>
<223> CDRLZ2

<400> 17
gttaacagca atcggccctce a 21

<210> 18

<211> 7

<212> PRT

<213> Artificial

<220>
<223> CDRL2

<400> 18

Val Asn Ser Asn Arg Pro Ser
1 5



Thr Val

190

Thr Val

Ser Trp Asn Se:
11 Pro Al a Val

Se-

Sly Ala Leu Thr 5er dy Val
Len G n Per
Pi c Per

Per

Per

Ply Leo Tyr ber

225 230 235 240 Lea Ply Ay Pro Ser Val

Hi s Thr
Len Per
Leo Ply Thr A n Thr Tyr
200 205 Asn His Lys Pro Ser Asn Thr LYs Val
215 220 Ser --vs Asp Lys Thr

Per Val
Ile Cys Asn Val
Asp Lys Arg Val
H's Thr Cys Pro Pro Cys Pro Ala Pro Plu Len

Phe 155 170 175
Val 190 185
195

Gu Pro Lys 210

Phe Leo Phe Pro Pro Lys Pro Lys Asp

Thr 245,250,255 Leo Net Ile Ser Arg Thr Pro Pl.u Val Thr 260 265 <210> 23
<211>.7Q8 212> DNA <213> Artificial <220> <223> L-ght chain (DNA) of
Puri f k2d>838@F9 <400> 23 at ggacat ga gggcccccgc tcagctcctg gggcetcctge

t gct ctyget Agccaggracc 60 agatgtgaca rccagatgac ccagtctcca tcctccctgt

crgcatcrgt aggagacaga 120 gtcaccatca cttgccgggc gagt cagggc attagcaatt
cttta 1 C%tatcagcag 180 aaaccaggga aagccccraa gctccrgctc tatgetgcat
ccagatiﬁga 86t ggggt ¢ 240 ccatccaggr tcaglggcag tggatctggg acggat Laca

cLot caggat ;gagcagcctg 30C cagcctgaag

at agt aceet: Qracagtidts %@gtg@g@%@gg@a
caccatctgt cttcatctrc 420 ccgccatctg

att _tgcaac
ccaagct gga
ar gagcagt t

ttattaclLgt
gar caaacga
gaaat ct gga

caacagt alLt

act. gtggctg
acLgcctetg

ttgrgrgcct gctgaataac 480 tLctatccca gagaggccaa agtacagrgg aaggtggata
acgccttlidea %4t cgggt aac 540 tcccaggaga gt gtcacaga gcaggacagc aaggacagca
cctac érléagcagcacc 600 crgacgcrga qcaaagcaga ctacgagaaa cacaaagagr
acgccf @tgacccat 660 cagggcctga gctcgcccgt cacaaagagc rrcaacaggq
gagagtgt 76§

<220>

<223> CDRL3

<400> 20

Gln Ser Tyr Asp Ser Asn Leu Ser Gly Ser Ala Val

1

5

10

<210> 21

<211> 854

<212> DNA

<213> Artificial

<220>

<223> Heavy chain (DNA) of Purified B8B1OF8

<400> 21

atgaagcayc tgtggttttt ccttctcctg gtggcagctc ccagatgggt cctgtcccag 60
gtgcagctgc aggagtcggg cccaggactg gtgaagcecctt cggagaccct gtccctcacce 120
tgcactgtct ctggtgactc catcagtagt tactcctgga gctggatccg gcagecccca 180
gggaagggac tggagtggat tggttatatc cattacactg ggagcaccaa ctacaacccc 240
tccctcaaga gtcgactcac catatcagta gacgcgtcca agaaccagtt ctceccctgaag 300
ctgagctctg tgaccgctgc ggacacggcc gtgtattact gtgcgagaga ttgggggggg 360
tatagcagca gctggaccta cggtatggac gtctggggcc aagggaccac ggtcaccgtce 420
tcctcagect ccaccaaggg cccatcggtce ttccccctgg caccctectce caagagcacc 480
tctgggggca cagcggcect gggctgcctg gtcaaggact acttceccccga accggtgacyg 540
gtgtcgtgga actcaggcgc cctgaccagc ggcegtgcaca ccttceecgge tgtcectacag 600
tcctcaggac tctactcecect cagcagcgtyg gtgaccgtgce cctecagcag cttgggcecacce 660
cagacctaca tctgcaacgt gaatcacaag cccagcaaca ccaaggtgga caagagagtt 720
gagcccaaat cttgtgacaa aactcacaca tgcccaccgt gcccagcacc tgaactcctg 780



<210> 24 <211> 214 <212> PRT 12 <213> Artificial. <220> <223> Light chain
(Protein) common to both P-.jrified BB1OF8 and Reconbi nant 8B10F8 <400> 24
Asp Ile Gn Met Thr Gn Ser Pro Ser Ser Leu Ser Al.a Ser val Ay 1 5 10 15
Asp Arg Val Thr lie Thr Cys Arg Ala $36r Gn Ay Ile Ser Asn Ser 20 2S 30

Leu Ala Trp Tyr Gn Gn Lys Pro Ply lys Ala Pro Lys Leu Leu Leu 35 40 45
Tyr Ala Ala Ser Arg Leo Qu Se-r Ply Val Pro Ser Arg Phe Ser Ay SO 55 60
Ser I p T I lLe_ Ser Per Gn Pr 65 7D 75 80
G u q”yggé%ggl %/ag%{t&?ycrtu%?&ga s8Rl yrOTy T 8t R 49 "85 90 05
Thr Piik&cagég@ﬂ’ta@y Thr Lys Len Qu Ile Lys Arg Thr Val Ala Asa 100 105
1.15 Pro Ser Val Phe |lie Phe Pro Pro ser Asp Qu G n Leu Lys Ser Ply 115
120 125 Thr Ala Ser Val Val Pys Leu Leu Asn Asp Phe Tyr Pro Arg Gu Ala 130
135 1&%}0>L32§ Val Gn Trp Lys Val Asp Asp Ala Les G c Per Sly Asn Per Gn

145 1 15 60 Gu Ser Val Thr Gn Gn Asp Ser Lys Asp Ser Thr Tyr Ser Len

Ser 1 § 7 i /8.;5er Thr T,eu TL_r Len Ser Lys Ala Asp Tyr Gu Lys His Lys
Val Tyr 180 185 190
<220>

<223> Heavy chain (Protein)of common to both Purified 8B1QF8 and
Recombinant 8B10F§

<400> 22

Gln Val Gln Leu GIn Glu Ser Gly Pro Gly Leu Val Lys Pro Ser Glu
1 5 10 15

Thr Leu Ser Leu Thr Cys Thr Val Ser Gly Asp Ser Ile Ser Ser Tyr
20 25 30

Ser Trp Ser Trp Ile Arg Gln Pro Pro Gly Lys Gly Leu Glu Trp Ile
35 40 45

Gly Tyr Ile His Tyr Thr Gly Ser Thr Asn Tyr Asn Pro Ser Leu Lys
50 55 60

Ser Arg Leu Thr Ile Ser Val Asp Ala Ser Lys Asn Gln Phe Ser Leu
65 70 75 8Q

Lys Leu Ser Ser Val Thr Ala Ala Asp Thr Ala Val Tyr Tyr Cys Ala
85 90 95

Arg Asp Trp Gly Gly Tyr Ser Ser Ser Trp Thr Tyr Gly Met Asp Val
100 105 110

Trp Gly Gln Gly Thr Thr Val Thr Val Ser Ser Ala Ser Thr Lys Gly
115 120 125

Pro Ser Val Phe Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser Gly Gly
130 135 140

Thr Ala Ala Leu Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val
145 150 155 160

Thr Val Ser Trp Asn Ser Gly Ala Leu Thr Ser Gly Val His Thr Phe
165 - 170 175



Ala Cys Qu Val Thr His Pln Ply Leu Ser Ser Pro Va
The Aso. Arg Ay GQu Cys 13 210 <21C 25 <211> 369
Artificial <220> <223> VH domaic ofI urified 8B10F8

Thr

Lys Ser
<212> DNA <213>
<400> 25 caggtgcagc

t gcaggagt ¢ gggcccagga ctggt gaagc cttcggagac cctgtccctc 60 acctgcacrg

tctctggrga ctccatcagt agttactcct ggagctggat ccggcagccc 120
gact ggagtig gat tggtdiatseaaceatt ¥ cauchgggagcac seaaetacaacail83
agagt cgact caccééaf at ca gtagacgcgdgticcaagaacca gttidbccctg 240
ct gt gaccgc tgcggacacg gccgtqtatt acrgtgcgag agattggggg 3CC
gcaget, tacggtatg

<210> g@aclzi 5%
to both Purlfled 8B10F8 and
Qu Per Ay Pro Ay Leu Val

econblnant 831

Lys Pro Per Qu 1 5 10 15 Thr

ccagggaagg
ccctccectca

aagct gagct
gggt at agca

360 369
S5 By LT IE Ea%%%tz%%ciam VPl domai ¢ cormon
<4CC> 26 Gle Val

Leu Per

Cys Thn Mal 1RerrSoprAsp Ser Lid @aberspSers Iy va0 25 3G rRer Trp Per Trp lle

Arg Gn Plo Pro Ay Lys @y Leu Qu Trp kte 35 4C 45 Ay Tyr

Thr Ay Per Thr Asc ' Tyr Asn Pro Per 50 55 60

Ser Cys Asp Lys Thr His Thr Cys Pro Pro Cys Pro Ala Pro Glu Leu
225 230 235 240

Leu Lys

Leu Gly Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr
245 250 255

Leu Met Ile Ser Arg Thr Pro Glu Val Thr
260 265

<210> 23

<211> 708

<212> DNA

<213> Artificial

<220>

<223> Light chain (DNA) of Purified 8B1lOFS§

<400>

23

atggacatga
agatgtgaca
gtcaccatca
aaaccaggga
ccatccaggt
cagcctgaag
ggccagggda
ccgccatctg
ttctateccca
tcccaggaga
ctgacgctga

cagggcctga

gggtcceccecge
tccagatgac
cttgccgggce
aagcccctaa
tcagtggcag
attttgcaac
ccaagctgga
atgagcagtt
gagaggccaa
gtgtcacaga
gcaaagcaga

gctcgcecgt

Lcagctcectg
ccagtctcca
gagtcagggc
gctcctgcete
tggatctggg
ttattactgt
gatcaaacga
gaaatctgga
agtacagtgg
gcaggacagc
ctacgagaaa

cacaaagagc

gggctcectge
tcecteectgt
attagcaatt
tatgctgcat
acggattaca
caacagtatt
actgtggctg
actgcctcectyg
aaggtggata
aaggacagca
cacaaagtct

ttcaacaggg

<210>
<211>
<212>

24
214
PRT

ftgctctgget
ctgcatctgt
ctttagcctg
ccagattgga
ctctcaccat
atagtacccc
caccatctgt
ttgtgtgcct
acgcccteca
cctacagcect
acgcctgcga

gagagtgt

cccaggtacce
aggagacaga
gtatcagcag
aagtggggtc
cagcagcectg
gtacactttt
cttcatcttc
gctgaataac
atcgggtaac
cagcagcacc

agtcacccat

lle His Tyr

60
120
180
240
300
360
420
480
540
600
660

708

195 200 205

Oe Len Gn
Lou Thr



Per Arg Lou Thr lie Ser Val Asp Ala Per Lys Asn G n the Per Leu 65 70 75 80
Lys Leu Per Per Val Thr Ala Ala Asp Thr Ala Val Tyr Tyr Cys Ala 85 9C 95 14
Arg Asp Trp Gy Sly lyr Se- Per Per Irp Thy Tyr Ay Met Asp Val 100 105 110
Trp Ply An dy Thy 'Thr Val 'ihr Vall!?er Per 115 120 <210> 27 <211> 321
<212> DNA <213> Artificial <220> <223> VI. domain <400> 27 gacatccaga

t gacccagic fggatcchcc ctgtctgcao co90aggaga cagaatcacc 60 atcacttgcc
gggcgag | ca gggcao7agc aattctttag cctggtatca gcagaaacca 120 gggaaagcec

ut aageteect gctctatgct gcatccagat oggaaagtgg ggtcccatcc 180 aggttcagtg

gcagt ggatc tgggadggat (Pfracacz ctceact callvaygcagicotdgergeetand40 gaagattttg
caacttatta tgredacadttatt at agt a cccegtacac ttttggeccag 300 gggaccaagce
tggagg% g 321 <210> 28 <211> 107 <212> PRT <213> Artificial <220>
<223> dofai n  <400> 28 Asp Ile dn Met T"hr Gn Per Pro Per Per Leu Per

Al a P@xgp \fqls (gnyMetlTll:l-)r %inér fﬁpsér gey%leu ée@rAﬂest agl(;slyArq Ala Per Gn G y
lie Per Asn Per 20525 3 10 15

Asp Arg Val Thr Ile Thr Cys Arg Ala Ser Gln Gly Ile Ser Asn Ser
20 25 30

Leu Ala Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys Leu Leu Leu
35 40 45

Tyr Ala Ala Ser Arg Leu Glu Ser Gly Val Pro Ser Arg Phe Ser Gly
50 55 60

Ser Gly Ser Gly Thr Asp Tyr Thr Leu Thr Ile Ser Ser Leu Gln Pro
65 70 75 80

Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln Tyr Tyr Ser Thr Pro Tyr
85 90 95

Thr Phe Gly Gln Gly Thr Lys Leu Glu Ile Lys Arg Thr Val Ala Ala
100 105 110

Pro Ser Val Phe Ile Phe Pro Pro Ser Asp Glu Gln Leu Lys Ser Gly
115 120 125

Thr Ala Ser Val Val Cys Leu Leu Asn Asn Phe Tyr Pro Arg Glu Ala
130 135 140

Lys Val Gln Trp Lys Val Asp Asn Ala Leu Gln Ser Gly Asn Ser Gln
145 150 155 160

Glu Ser Val Thr Glu Gln Asp Ser Lys Asp Ser Thr Tyr Ser Leu Ser
165 170 175

Ser Thr Leu Thr Leu Ser Lys Ala Asp Tyr Glu Lys His Lys Val Tyr
180 185 190

Ala Cys Glu Val Thr His Gln Gly Leu Ser Ser Pro Val Thr Lys Ser
195 200 205

Phe Asn Arg Gly Glu Cys



Leu Ala "Irp Tyr Gn Gn Lys Pro Ply Its Ala Pic T,ys Lea Leu Lea 35 40 45

Tyr Ala Aia Per Arg Leu Gn Per Ay Val Pro Per Arg Phe Per Ay 50 55 60
Per Ay Per Ay Thr Asp Tyr Thr Leu Tgr Ile Per Per ten Gn Pro 65 70 75 80
d a Asp Phe Ala Th- Tyr Tyr Cys Gn PPc Tyr Tyr Per Thr Pro Tyr 15 85 90 93
Thr Phe Ay Gn @y Thr .,ys Leu Qu lie Lys 100 105 <210> 29 <211> 15
<212> DNA;p<213> Artificial <22C <223> CDRPI <400> 29 agttactcct ggagc 15
<210> 30 <211> 5 <212> PRT <213> Artificial <220> <223> CDRH1 <400> 30
Ser Tyr Ser Trp Ser 1 <210> 31 <211> 48 <212> DNA <213> Artificial <220>
<223><CDPRP % of Purified 8B10OF8

<211> 7369

<212> DNA

<213> Artificial

<220>

<223> VH domain of Purified 8BI10FS8

<400> 25

caggtgcagc tgcaggagtc gggcccagga ctggtgaagce cttcggagac cctgtccecte 60

acctgcactg tctctggtga ctccatcagt agttactcct ggagctggat ccggcagccc 120

ccagggaagg gactggagtg gattggttat atccattaca ctgggagcac caactacaac 180

ccctcecectca agagtcgact caccatatca gtagacgcecgt ccaagaacca gttctccctg 240

aagctgagct ctgtgaccgce tgcggacacg gceccgtgtatt actgtgcgag agattggggg 300

gggtatagca gcagctggac ctacggtatg gacgtctggg gccaagggac cacggtcacc 360

gtctccteca 369

<210> 26

<211> 123

<212> PRT

<213> Artificial

<220>

<223> VH domain common to both Purified 8Bl0F8 and Recombinant 8B10F8

<4Q00> 26

Gln Val Gln Leu Gln Glu Ser Gly Pro Gly Leu Val Lys Pro Ser Glu

1 5 10 15

Thr Leu Ser Leu Thr Cys Thr Val Ser Gly Asp Ser Ile Ser Ser Tyr

20 25 30
Ser Trp Ser Trp Ile Arg Gln Pro Pro Gly Lys Gly Leu Glu Trp Ile
35 40 45
Gly Tyr Ile His Tyr Thr Gly Ser Thr Asn Tyr Asn Pro Ser Leu Lys
50 55 60

Ser Arg Leu Thr Ile Ser Val Asp Ala Ser Lys Asn Gln Phe Ser Leu

65 70 75 80

Lys Leu Ser Ser Val Thr Ala Ala Asp Thr Ala Val Tyr Tyr Cys Ala

85 90 95



<400> 31 tatatccatt acactaggaq caccaactac aacccctccc tcaagagt 48 <210> 32
<211> 16 <212> PRT <213> Artificial <220> <223> CDRH2 common to both
Purified 8B10F8 and Reconbi nant 8810Fl8 <400> 32 Tyr lle His Tyr Thr Ay Ser
Thr Asn Tyr Asn Pro Ser Leu Lys Ser £ 3 10 15 <210> 33 <211> 45 16 <212>
JNA <213> Artificial <220> <223> CDRr3 <400> 33 gattgggggg ggt at agcag
cagct agacep taeggtyatgg racglee 4 5210 184 <214 15 asgl2» PRT <213>

Artificial <2200 <223> CDRN3 <4@0> 34 .. .. Asp Trp Ay A@v Tyr Ser Ser
Ser Trp Thr Tyr Glv Met Asp Val 1 5 10 15 <210> 35 <211> 33 <212> DNA
<213> Artificial

Trp Gly Gln Gly Thr Thr Val Thr Val Ser Ser

115 120

<210> 27

<211> 321

<212> DNA

<213> Artificial

<220>

<223> VL domain

<400> 27

gacatccaga tgacccagtc tccatcctcce ctgtctgcat ctgtaggaga cagagtcacc 60

atcacttgcc gggcgagtca gggcattagc aattctttag cctggtatca gcagaaacca 120

gggaaagccc ctaagctcect gcectctatgcet gcatccagat tggaaagtgg ggtcccatcce 180

aggttcagtg gcagtggatc tgggacggat tacactctca ccatcagcag cctgcagcect 240

gaagattttg caacttatta ctgtcaacag tattatagta ccccgtacac ttttggccag 300

gggaccaagc tggagatcaa a 321

<210> 28

<211> 107

<212> PRT

<213> Artificial

<220>

<223> VL domain

<400> 28

Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val Gly

1 5 10 15

Asp Arg Val Thr Ile Thr Cys Arg Ala Ser Gln Gly Ile Ser Asn Ser

20 25 30
Leu Ala Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys Leu Leu Leu
35 40 45
Tyr Ala Ala Ser Arg Leu Glu Ser Gly Val Pro Ser Arg Phe Ser Gly
50 55 60

Ser Gly Ser Gly Thr Asp Tyr Thr Leu Thr Ile Ser Ser Leu Gln Pro

65 70 75 80

Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln Tyr Tyr Ser Thr Pro Tyr



<220> <223> CDRL1 <400> 35 cgggcaagtc agggcattag caattcttta gac 33 <210>
36 <211> 11 <212> PRT <213> Artificial <220> <223> CDRL1 <400> 36 Arg
Ala Ser An Ay lie Ser Asn Ser Leu Ala 1 5 10 <210> 3? <211> 21 <212>
DNA <213> Artificial <220> <223> CORL2 <400> 3i gctgcatcca gattggaaag t
21 17 <210> 38 <211> 7 <212> PRT <213> Artificial <223> <223> CDR_, 2
<400> 38 Ala Ala Sgr Arg Lou Qu Hgy 15 <21C 39.<211> 27

Thr Phe Gly Gln Gly Thr Lys Leu Glu Ile Lys
100 105

<210> 29
<211> 15
<212> DNA

<213> Artificial

<220>
<223> CDRH1

<400> 29

agttactect ggagce 15
<210> 30

<211> 5

<212> PRT

<213> Artificial

<220>
<223> CDRHL

<400> 30

Ser Tyr Ser Trp Ser

1 5
<210> 31

<211> 48

<212> DNA

<213> Artificial

<220>
<223> CDRHZ2 of Purified 8BI10FS8

<400> 31

tatatccatt acactgggag caccaactac aacccctccce tcaagagt 48
<210> 32

<211> 16

<212> PRT

<213> Artificial

<220>
<223> CDRH2 common to both Purified 8B10F8 and Recombinant 8R10FS8

<400> 32
Tyr Ile His Tyr Thr Gly Ser Thr Asn Tyr Asn Pro Ser Leu Lys Ser

1 5 10 15

<210> 33
<211> 45



<212> DNA <213> Artificial

at agt acccc gtacact 27
<223> CDRL3 <400> 40
<211> 842 <212> DNA

Reconbi nant SF1CF175E2

gagt t€dagg Pyt cgact ggc
ct gggtéét c Pagtigaktgt t
tgact}ggot gcgacaggcc
acachgggacggg@acgtat
cctctgtcag cacggegttlL
at tt cisgbgc sgagagaaggo

<220> <223> CDRL3
<210> 40 <211> 9

<400> 39 caacagtatt
<212> PRT <213> Artificial <220>
Gn Gn Ty- TyjgSer Trr Pro Tyr Thr 1 5 <210> 41
<213> Artificial <220> <223> Heavy chai n (DNA)

<400> 41 atggagacag acacactcct gctatgggta ctgctgctct
6C caggtgcaac tggtgcaatc tgggtcggaq ttgaagaagc
12C tcctgcaagg cctctggata caccctcact cgctatgcta

180 cctogacaaq ogcttgagtg gargggatgg atcaacacct
240 (gtccaggact Lcacaggacg gtrrgtcttc tcgttggaca
300 ctgcacatca ccagcctaaa ggctgaggac actgccgt gt
360 18 ggcgctcggg gttt _cgacta ccggggccag ggaaccctgg

t caccgzegsgocigagectes 4260 ggaccaagggecycataggt ctt cccgctagca eectcctcca

agagcacctc tgggggcaca 480

t cct aragt ¢ JCt caggact ¢

tgggdéq gapg@cctacatc
<213>

cggtgacggtBEtcgtggaac

Artificial

<220>
<223> CDRH3

<400> 34

ccceceectcc cctgectggt caaggactac :tccccgaac

540 tcaggcgccc tgaccagcgg cgtgcacacc ttcccggcetg
600 tactccctca gcagcgtggt gaccgtgccc :ccagcaac:
660

Asp Trp Gly Gly Tyr Ser Ser Ser Trp Thr Tyr Gly Met Asp Val

1 5

<210>
<211>
<212>
<213>

35

33

DNA
Artificial

<220>
<223> (CDRL1

<400> 35

cgggcgagtc agggcattag caattcttta gcc

<210>
<211>
<212>
<213>

36

11

PRT
Artificial

<220>
<223> CDRL1

<400> 36

10 15

33

Arg Ala Ser Gln Gly Ile Ser Asn Ser Leu Ala

1 5

<210>
<211>
<212>
<213>

37

21

DNA
Artificial

<220>
<223> CDRL2

<400> 37

gctgcatcca gattggaaag t

10

21



t gcaacgt ga at cacaagcc cagcaacacc aaggtggaca agagagttga gcccaaatct 720

t gt gacaaaa ctcatacatg cocaccgtgc ccagcacctg aactcctggg gggaccgtca 780
gtcttcctct tccccccaaa acccaaggac accctcatga tctcccggac cactggggtc 840 ac
842 <213> 42 <211> 714 <212> DNA <P13> Artificial <220> <223> tight
chain (DNA) of 3eccnbinant 57107175D2 <400> 42 at ggagacac acagcctcct
gctatgggta ctoctgctct gggttccagg gtcgactggc 60 cagtctgtgc tgacocagcc
gccct cagi-g t€t ggggeccc cagggcagag ggtcaccatc 120 tcctgcactg ggagcagctc
caacakeggg gcaagtcatg atgtacactg gtaccagcag 180 cttcctggaa cagcccccac
actcctestc PRt gtt _aaca gcaatcggcc ctcaggcgtc 240 cctgaccgat taccgggctc
caagt cEffjc Wcéfedgeéct ccctggecat cactgggcectc 300 caggctgagg at gaggct ga
ctattacfgc cagtcctatg acagcaacct gagtogttcq 360 gcggtgttcg gcggagggac
caagttgacc gicctaggtc agcccaaggc tgccccc:cg 420 gtcactctgt tcccgeectce
ctctgaggag cttcaagcca acaaggccac actggtgtgt 480 ctcataagtg acttctaccc
gggagcegi-g acagt ggcct ggaaggcaga tagcagcccc 543 gt caaggcgg gagt ggagac
caccacaccc tccaaacaaa gcaacaacaa gtacgcggcc 600 agcagctacc t_gagcctgac
gcct gage adacygamgt tec Gaca@aagcect a cagctgccac 660 gtcacgcatg aagggagcac
cgt ggdgaag acaatggéac ctacagaatg ttca 714 <210> 43 <211> 857 <212> DNA
<213> Artificial <220> <223> Heavy chain (DNA) of Reconbi-:ant 8810F8 19
<400> 43 at ggagacag acacactcct gctatgggta ctgctgctct gggttccagg gtcgactggc
60 caggt.gcagc tgcaggagtc gggcccagga ctggtgaagc cttcggagac cctgtccctc 120

<212> DNA
<213> Artificial

<220>
<223> CDRL3

<400> 39

caacagtatt atagtacccc gtacact 27

<210> 40

<211> 9

<212> PRT

<213> Artificial

<220>
<223> CDRL3
<400> 40

Gln Gln Tyr Tyr Ser Thr Proc Tyr Thr

i 5

<210> 41

<211> 842

<212> DNA

<213> Artificial

<220>

<223> Heavy chain (DNA) Recombinant 5F10F175E2

<400> 41

atggagacag acacactcct gctatgggta ctgctgctcet gggttccagg gtcgactggce 60
caggtgcaac tggtgcaatc tgggtcggag ttgaagaagc ctggggectc agtgaaggtt 120
tcctgcaagg cctcectggata caccctcact cgctatgcta tgacttgggt gcgacaggcce 180
cctggacaag ggcttgagtg gatgggatgg atcaacacct acactgggaa cccaacgtat 240
gtccagggct tcacaggacg gtttgtettc tegttggaca cctctgtcag cacggegttt 300
ctgcacatca ccagcctaaa ggctgaggac actgccgtgt atttectgtgc gagagaaggg 360



acctgcactg tctctggtga
ccagggaagg gactggagtq
ccctccctca agagccgact
aagct gagct clLgtgaccgc
gggt at agca gcagclLggac
gtctcctcaq cctccaccaa

ct ccat cagt
gattggttat
caccat at ca
t gcggacacg
ctacggtatg
ggccccalcq

agttactcct
atccattaca

gt agacgcagt
gcgngtaLt

gacgt cLggg
gtcttcccgce

ggagct ggat
ct gggagcac
ccaagaacca
act gtgcgag
gccaagggac
Lagcaccctc

ccggcagcecc
caact acaac
gttctccctg
agat t ggggg
cacggt cacc
ct ccaagagc

180
24C
300
360
420
480
54C

colhgggebgmaetggteaaggeact acttengececgaaceygt g
cgccctgacc agcgccgtge acaccttccc ggeclgtcclLa

e RCaAgC eyt YUty adegrac§ee creemg2engcet 149gqc
acccagaccl acatctgcaa cgtgaatc aagcccagca acaccaaggt ac aga 720
gttggg%%géxga%éﬁtg(ﬁg 6%?%5%L0§%c§6%P§%6%8ga'8%% gc%%ﬁé %ccﬁggactc 780
ct 909909ac. LoLLRgL cldcect ccaraaclea, aggacaccol..cat gaggpt cc 840
cggac%%%l%:agg%%ac&%%7&ﬁ§216; 44c<ﬁ%%>@702 <glz> DNC%\ta <213> Artificial

<220ract<2@3> ddghtthajarc(ONAY GlaBeconbignardcc8BLAEEacs400> &b al.ggagacag

acct chgggggcacagegyge
acggt gLcgt ggaacLCagq
cagt é8t¢a¢ Gact CEALt e

600
660

acacacLOCt gctatggqta ctgctgclLct gggttccagg gtcgactg: gc 60
TiGe egE atr gt graggagae cagagreacet120

t gacEEHGEE EceEPEeIB6

gggcgaglca gggcat t age
cLaag% 88‘%%Cg§?§?ﬁ%?
gcagEgQQE&x%gggﬂgggég
caacitatta ctgtcaacag
Lggagat caa acgaact gt q

agtt gaaat ¢ t ggaact gcc

ccaaagt aca gt ggaagglg
cagadg¢dgga’‘cagcaaggac
cagacfacga, gaaacacaaa
ccqlcacaaa, gagettcaac

<220>

<223> Light chain

(DNA)

gattetita
gcatccdga

tattalacta
gctgcaccat
tctglLtgtgt
gat aacgccc
agcacclLaca
gt ct acgcct

aggggagagt

anaLc%gt atca

acagaaacca

guaaagtgo ggrteeat et
&&%Q&%ﬁ%Qﬁm@&%&%@gﬁggxﬁﬁggQ@gﬁﬁ&g

ccccglLacac
ctgtcLtcat
gcclgct gaa
t ccaalcggg
gcclLcagcag
gcgaaglLcac
gt 702

ttttggccag
cttcccgcca
t aact Lct at
taact cccag
caccctgacq
ccat cagggc

of Recombinant S5F10F175E2

180
740
300
360
420
480
540
600
660

<400>

42

atggagacag acacactcct

gctatgggta ctgctgctct gggttccagg gtcgactgge

cagtctgtgce
tcctgecactg
cttcectggaa
cctgaccgat
caggctgagg
gcggtgtteg
gtcactctgt
ctcataagtg
gtcaaggcgg
agcagctacc
gtcacgcatg
<210>
<211>

<212>
<213>

43
857
DNA

<220>
<223>

Heavy chain

tgacgcagcce
ggagcagctec
cagcccccac
tctctggete
atgaggctga
gcggagggac
tccecgceectce
acttctaccec
gagtggagac
tgagcctgac

aagggagcac

Artificial

(DNA)

gccctcagtg
caacatcggg
actcctcatc
caagtctggce
ttattactgc
caagttgacc
ctctgaggag
gggagccgtg
caccacaccc
gcctgagcag

cgtggagaag

tctggggcecece
gcaagtcatg
tatgttaaca
acctcagcecet
cagtcctatg
gtcctaggtce
cttcaagcca
acagtggcct
tccaaacaaa
tggaagtccc

acagtggccc

cagggcagag
atgtacactg
gcaatcggcc
ccctggcceat
acagcaacct
agcccaaggc
acaaggccac
ggaaggcaga
gcaacaacaa
acaaaagcta

ctacagaatg

of Recombinant 8B10F8

ggtcaccatc
gtaccagcag
ctcaggggtc
cactgggctc
gagtggttcg
tgcceccectceg
actggtgtgt
tagcagccce
gtacgcggcc
cagctgccag

ttca

gacat ccaga
&lcactt gcc

gaaagccc
aggttcagtq
gaagattttg
cggaccaagc
¢aot gat gagc
cccagagagg
gagagtgLca
20
ct gagct cgc

60
120
180
240
300
360
420
480
540
600
660

714

crgagcaaag



<210> 45 <211> 369 <21 2> DNA <213> Lttific-al <220> <223> VH domain
(DNA) of Reconbi nant 8B10F8 <4CC> 45 caggt gcagc tgcaggagtc gggcccagga
ctggtgaagc cttcggagac cctgtccctc 60 j@cctgcactg tctctggtga ctccatcagt
agrtactcct ggagctggat ccggcagccc 120 ccagggaagg gactggagtg gatrggttat
atccattaca ctgggagcac caacracaac 180 ccctccctca agagcegact caccatatca
gt agacgcqt ccaagaacca gttctccclLg 240 aagctgagcr ctgtgaccgc tgcggacacg
gccgt¢ftdar r “act gt gcgag agat t ggggg 300 ggt at agca gcagctggac ctacggtatg
gacgt TegYY cge caafgact @é&@@ﬁ&%ét%@“%t BPECLCHIZBTILHL 0> 46°<21] > 48
<212> <213> Artificial <22 <223> VH i n(.DNA) _.of Recpnbi nant
SBloﬁﬁggéﬁﬁag%fga?%?gﬁé%gg%m' %gfaﬁigéxbégggggeﬁbcé ég%gfcccqggaagagc 48
<210>ac‘%2gc%%lé->ccga-tggﬁgal?e%cm%agg%%@?acé‘&éﬂ bh&cakg52207ca5223> Sequence of

Figure 6 <400> 47 alggagacag acacaclcct gctatgggta ctgctgctgt gggtrccagg

gt cgactrggs a6 gattgeragcact oot ectaccaatgea8ltgog2d@e 48 c«@ddae 2C240
cccteecctca agagccgact caccatatca gtagacgcgt ccaagaacca gttctccctg 300
aagctgagct ctgtgaccgc tgcggacacg gcecgtgtatt actgtgcgag agattggggg 360
gggtatagca gcagctggac ctacggtatg gacgtctggg gccaagggac cacggtcacc 420
gtctcctcag cctccaccaa gggcecccatcg gtcttccege tagcaccctce ctceccaagage 480
acctctgggg gcacagcggc cctgggctgce ctggtcaagg actacttccc cgaaccggtg 540
acggtgtcgt ggaactcagg cgccctgacc agcggcecgtge acaccttccce ggcectgtcecta 600
cagtcctcag gactctactc cctcagcagce gtggtgaccg tgccctccag cagcttggge 660
acccagacct acatctgcaa cgtgaatcac aagcccagca acaccaaggt ggacaagaga 720
gttgagccca aatcttgtga caaaactcac acatgcccac cgtgcccagc acctgaactc 780
ctggggggac cgtcagtctt cctcttccee ccaaaaccca aggacaccct catgatytcce 840
cggacccctg aggtcac 857
<210> 44
<211> 702
<212> DNA
<213> Artificial
<220>
<223> Light chain (DNA) of Recombinant 8B10F8
<400> 44
atggagacag acacactcct gctatgggta ctgctgctcect gggttccagg gtcgactgge 60
gacatccaga tgacccagtc tccatcctcc ctgtctgcat ctgtaggaga cagagtcacc 120
atcacttgcc gggcgagtca gggcattagcec aattctttag cctggtatca gcagaaacca 180
gggaaagccc ctaagctcct gcectctatgct gcatccagat tggaaagtgg ggtcccatcc 240
aggttcagtg gcagtggatc tgggacggat tacactctca ccatcagcag cctgcagect 300
gaagattttg caacttatta ctgtcaacag tattatagta ccccgtacac ttttggccag 360
gggaccaagc tggagatcaa acgaactgtg gctgcaccat ctgtcttcat cttcccgeca 420
tctgatgagc agttgaaatc tggaactgcc tctgttgtgt gcctgctgaa taacttctat 480
cccagagagg ccaaagtaca gtggaaggtg gataacgccc tccaatcggg taactcccag 540
gagagtgtca cagagcagga cagcaaggac agcacctaca gcctcagcag caccctgacg 600



<212> FRT <213> Artificial
<400> 48 Met A u Thr Asp Thr
510 15 Sly Ser Thr Sly 20
<220> <223> Human 1 g3 constant region (Ei gore 6)
Ser Lys 1 5 <210> 50 <211> 280 <212> PHT <213> Prtificial <220> <223>
Heavy chair. variable domain (VH) and a partial region of the Ccnstant

Heavy cdgaGEHL) domatdrqaf ga3kd0ld 52 t{dgcguree g28) ca<400=a80qdvet &sp Trp Thr Trp
Her Val Lou Phe Tea Val Ala Ala Ala Thr Ay 1 5 10 15 Ala His Her G n Vai
G n LewaVatcd@ fraHerca@hysddert@Gea d9gadabypst lofps 20 25 30 Pro Sl y’%Ala Ser Vai

21 <220> <223> Mose signal
Leu Len Lea Trp Val
<210> 4%@ <211> 6

peptide (Eigure 6)
-.eu Len Len Trp Val Pro 1
<212> PRT <213> Artificial
<S00> 49 Len Ala Pro Ser

Lys Val Her Cys Lys Ala Ser Sly Tyr Thr Tea 35 60 45
<210> 45
<211> 368
<212> DNA
<213> Artificial
<220>
<223> VH domain (DNA) of Recombinant 8BI10F3
<400> 45
caggtgcagc tgcaggagtc gggcccagga ctggtgaagce cttcggagac cctgtccectce 60
acctgcactg tctctggtga ctccatcagt agttactcct ggagctggat ccggcagccc 120
ccagggaagg gactggagtg gattggttat atccattaca ctgggagcac caactacaac 180
cccteectca agagceccgact caccatatca gtagacgcegt ccaagaacca gttctcceetg 240
aagctgagct ctgtgaccge tgcggacacg geccgtgtatt actgtgcgag agattggggg 300
gggtatagca gcagctggac ctacggtatg gacgtctggg gccaagggac cacggtcacc 360
gtctcctca 369
<210> 46
<211> 48
<212> DNA
<213> Artificial
<220>
<223> VH domain (DNA) of Recombinant 8R10F8
<400> 46
ftatatccatt acactgggag caccaactac aacccctccce tcaagagce 48
<210> 47
<211> 81
<212> DNA
<213> Artificial
<220>
<223> Sequence of Figure 6
<400> 47
atggagacag acacactcct gctatgggta ctgctgcectgt gggttccagg gtcgactgge 60
ttgctagcac cctcctceccaa g 81
<210> 48
<211> 20
<212> PRT
<213> Artificial



Thr
dn
80

Arg Tyr Ala Net Thr Trp Val Arg Gn Ala Pro Sly (",In Ay Tea 0 55 60
"Trp Met Gy Tip Ile Asn Thr Tyr Thr Sly Asn Pro Thr Tyr Val 65 70 75
Sin Sly Pie Thr Ay Arg Phe Val .Phe Her Leu Asp Thi Her Vai Ser 85 90

9S 22 Thr Ala Phe Leu His Ile Thr Sé Leu Lys Ala G n Asp Thr Ala Val 100

105
115
130
145
Thr
Pro
Thr
Val

Lys
Pro
Pro
280

110 Ty- Phe Cys Ala Arg Sir SIy Ay Ala Arg Ay Phe Asp Tyr Trp Sly
1200125 ,,in Sly Thr Leu Val Thr Val Per Se- Ala Se- Thr Lys Gy Pro Ser
13531400udalsifhe ProibeurAaePs0 Per Ser Lys Per Thr Per Sly Sly Thr Al a
15C 155 160 Al a Leu Sly Cys Les Val Lys Asp Tyr Phe Pro Qu Pro Val
Va‘10016518170 175 Per Trp Asn Ser G]y AI a Lou Thr Ser Sly Val H's Thr Pne

Ala 18C 185 190 Val Leu Gn Serl F Y. er Leu Ser Per Val Val
Vit 619572007205 "Pr 6°Sef " Per Per T_u &eél euﬁﬁp n“Tnr Tyr Ile Cys Asn
Asn His 210 215 220 Lys Pro Ser Asn Thr Lys Va Asp Lys Arg Val GQu Pro
Per Sys 225 230 235 240 Asp Lys Thr His Thr Cys Pro Pro Cys Pro Ala
Guw keuthew1$ly 245 25C 2.~5 Sly Pro Se-- Val Phe Leu Phe Pro Pro Lys
Lys Asp Thr20 Len Met. 260 265 270 Tie Se- Arg Thr Pro Sir Val Thr 275
<210> 51 <211> 237

<210> 49
<211> 6
<212> PRT

<213> Artificial

<220>
<223> Human IgGl constant region (Figure 6)

<400> 49

Leu Ala Pro Ser Ser Lys
1 5

<210> 50

<211> 280

<212> PRT

<213> Artificial

<220>

<223> Heavy chain variable domain (VH) and a partial region of the
Constant Heavy 1 (CH1) domain of S5F10F175E2 (figure 23)

<400> 50

Met Asp Trp Thr Trp Ser Val Leu Phe Leu Val Ala Ala Ala Thr Gly

1 5 10 15

Ala His Ser Gln Val Gln Leu Val Gln Ser Gly Ser Glu Leu Lys Lys
20 25 30

Pro Gly Ala Ser Val Lys Val Ser Cys Lys Ala Ser Gly Tyr Thr Leu
35 40 45

Thr Arg Tyr Ala Met Thr Trp Val Arg Gln Ala Pro Gly Gln Gly Leu
50 55 60

Glu Trp Met Gly Trp Ile Asn Thr Tyr Thr Gly Asn Pro Thr Tyr Val
65 70 75 80

Gln Gly Phe Thr Gly Arg Phe Val Phe Ser Leu Asp Thr Ser Val Ser
85 20 95



<212> PRT <213> ArLificlal <220> <223> sequence of whole Li_ght_ chain of
55'10317552 <40C> 51 Met Ala Trp Per Pro Len Leu Lei Tnr Lou Leu Ala H's

Cvs Thr Sly 1 5 10 15 23 Ser Trp AI% Gn Per Val Leu Thr Gn Pro Pro Ser
Val Ser Ay Ala 20 25 30 Pro Ay G A Arg Val Thr Tie Ser Cys Thr Ay Ser
Ser Ser Asn lie 35 40 45 Gy Ala Ser Hs Asp Val Hs Trp Tyr Gn G n Lea
Pro SIy Thr Ala 50 55 60 Pro Thr Lea Lea Tie Tyr Val Asn Sea Asn Arg Pro
Ser Gn Vel pRanecu6h s701e7/518Qer Asp Hr<gaPhelSerspSiny Ser vhys Sea Ay Thr Ser
Ala Ser Lea Alaocbie 85 90 95 Thr Gy Leo Gn Alla Gn Asp Gu Ala Asp Tyr
Tyr Cys G n Ser Tyr 100 105 110 Asp Ser Asn men Sea Gy Sea Ala Val The Gy
Ay Ay s Lea 115 120 12%7 Thr VaP y n Pro Lys Ala Ala Pro
Per V&F‘$ﬁfl &lﬁﬁggﬁﬁﬁlféb(%§§*f4@” Pr'o §5ﬁ5§é?IC$U°@f% Leu Gn Al a Asn Lys
Ala Thr Leo Val Cys Lea 145°150 155 160 |i'é Ser Asp Phe Tyr Pro GO Al a Val
Thr Val Ala Trp Lys Ala Asp 165 170 175 Ser Ser Pro Val Lys Ala Sly Val Gn
Thr Téun Thy P aeSerailys Ghin se180.-185 190 rberyAsalyAse kys Tyr Ala Ala Ser Per
Tyr Lea S&r Len 'Phr Proi1@a 195 200 20540Gn Trp Lys Ser His Lys Ser Tyr
Ser Cys A n Val Thr Hs Qu Sly

Val Phe Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser Gly Gly Thr Ala

145 150 155 160

Ala Leu Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Vval

165 170 175
Ser Trp Asn Ser Gly Ala Leu Thr Ser Gly Val His Thr Phe Pro Ala
180 185 190
Val Leu Gln Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val
195 200 205
Pro Ser Ser Ser Leu Gly Thr Gln Thr Tyr Ile Cys Asn Val Asn His
210 215 220

Lys Pro Ser Asn Thr Lys Val Asp Lys Arg Val Glu Pro Lys Ser Cys

225 230 235 240

Asp Lys Thr His Thr Cys Pro Pro Cys Pro Ala Pro Glu Leu Leu Gly

245 250 255
Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu Met
260 265 270
Ile Ser Arg Thr Pro Glu Val Thr
275 280

<210> 51

<211> 237

<212> PRT

<213> Artificial

<220>
<223> sequence of whole light chain of 5F10F175E2

<400> 51

Met
1

Ala Trp Ser Pro Leu Leu Leu Thr Leu Leu Ala His Cys Thr Gly
5 10 15



210 215 220 Ser Thr Val Gn Lys '"Phr Val Ala Pro Thr Gu Cys Her 225 230
235 <210> 52 <211> 285 <212> PRT 24 <213> Artificial <220> <223> Heavy
chain variable domain (VH) and a partial region of the Constant Heavy 1
(CH) domain of 8B10P8 antibody <4002352 Met Lys His Leu Trp Phe Phe Leu Leu
Leu Val Ala Ala Pro Arg Trp 1 5 10 15 Val Lou Ser Gn Val Gn Leu Gn Qu
Ser Ay Pro Sly Lou Val Lys 20 25 30 Pro Ser Qu Thr Len Ser Lou Thr Cys
Thr Val Ser Gy Asp Ser Ile 35 40 45 Ser Ser Tyr Ser Trp Ser Trp Tie Arg
G n Pre Pe® nGh Yo1khySerShiyl 1Le@ 1h50615. brdb@ro Geh vELPsdd €1 @y Tyr Ile His Tyr Thr
Ay Ser Thr AsmedTyr Asn Pro 65250 75 80 Ser Leo Lys Ser Arg Leu Thr Ile
Ser Val Asp Ala Ser Lys Asc Gn 85 90 95 She Ser Leo Lys Lou Ser Ser Val
Thr Ala Al a As Thr Ala Val Tyr 1C0 105 110 Tyr % Ala Arg Asp Trp Ay dvy
Tyr SBt° 8t © 6rAf“?r]6‘31TﬁPf Tyf 5EfyCYsﬂ%f f?tsf%SerlvE% pWal Trp Ay Gn Sy
Thr Thr Val "Thr Val Ser Ser a Son 135 135 T40 Thr Lys Gy Pro Ser Val Phe
Fro Lou Ala Pro Ser Her Lys Ser Thr 145 15C 155 16C Ser Sly Sly Thr Al a
Al a Lew @by seysuilsorspVaki layg Aspryky 61Phen Pe@ pro Gly Thr ala

50 60

Pro Thr Leu Leu Ile Tyr Val Asn Ser Asn Arg Pro Ser Gly Val Pro
65 70 75 80

Asp Arg Phe Ser Gly Ser Lys Ser Gly Thr Ser Ala Ser Leu Ala Ile
85 90 95

Thr Gly Leu Gln Ala Glu Asp Glu Ala Asp Tyr Tyr Cys Gln Ser Tyr
100 105 110

Asp Ser Asn Leu Ser Gly Ser Ala Val Phe Gly Gly Gly Thr Lys Leu
115 120 125

Thr Val Leu Gly Gln Pro lys Ala Ala Pro Ser Val Thr Leu Phe Pro
130 135 140

Pro Ser Ser Glu Glu Leu Gln Ala Asn Lys Ala Thr Leu Val Cys Leu
145 150 155 160

Ile Ser Asp Phe Tyr Pro Gly Ala Val Thr Val Ala Trp Lys Ala Asp
165 170 175

Ser Ser Pro Val Lys Ala Gly Val Glu Thr Thr Thr Pro Ser Lys Gln
180 185 190

Ser Asn Asn Lys Tyr Ala Ala Ser Ser Tyr Leu Ser Leu Thr Pro Glu
195 200 205

Gln Trp Lys Ser His Lys Ser Tyr Ser Cys Gln Val Thr His Glu Gly
210 215 220

Ser Thr Val Glu Lys Thr Val Ala Pro Thr Glu Cys Ser

225 230 235
<210> 52
<Z211> 285

<212> PRT



165 170 175 Glu Pro Val Thy Val Ser Trp Asn Ser Ay Ala Lou Thr Ser dy Vval
180 185 190 His Thr Phe Pro Ala Val Leo A n Ser Per Ay Lou 'Tyr Ser Leu Ser
195 200 2C5 Ser Val Val Thr Val Pro Ser Ser Ser Lau Sly Thr Gn Thr Tyr Ile
25 210 215 220 Cys Asn Val Asn His l3#%s Pro Ser Asn Thr Lys Val Asp Lys Ara
Val 225 230 235 240 Cu Pro Lys Ser Cys Asp Lys Thr His Thr Cys Pro Pro
Cys Pro Al a,29p, 250 255 Pro Gu Leu Leu GLy Gy Pro Ser Val Phe Lou Phe Pro
Pro Lys Pro 260 265 270 Lys Asp 'Thr Leu Met Ile Ser Ara Thr Pro d o Val
Thr 27%>280 285 <210> 53 <211> 236 <212> PRT <213> Artificial <220>
<223><Wiol eddavphirachaianioflc 3BTRS @nt iabody pa<4@0>rH3odVelr Asp Met Ara Val.
Pro Al a G rncdneteritetie@vy!l LEV] Logrdiguof GalTBpantlibbdl0 15 Len Pro Ay Thr Arg
Cys As Ile Gn Met Thr A n Per Pro Ser Ser 20 25 30 Leu Ser Al a Ser Val
Gy ASp’Arg’Val Thr Ile Tar Cys Arg Ala Ser 35 40 @6 Gn Gy Ile Ser Asn

Ser L JYEPiop, Goo o 20,55,60  Ala Pro Lys Lou Lou
Lou ggt QHIEpL-EeE P!;\rPg E%u %56 de%o VXl\L?X'% A]@B 70 12% T§8

Val Leu Ser Gln Val Gln Leu Gln Glu Ser Gly Pro Gly Leu Val Lys
20 25 30

Pro Ser Glu Thr Leu Ser Leu Thr Cys Thr Val Ser Gly Asp Ser Ile
35 40 45

Ser Ser Tyr Ser Trp Ser Trp Ile Arg Gln Pro Pro Gly Lys Gly Leu
50 55 60

Glu Trp Ile Gly Tyr Ile His Tyr Thr Gly Ser Thr Asn Tyr Asn Pro
65 70 75 80

Ser Leu Lys Ser Arg Leu Thr Ile Ser Val Asp Ala Ser Lys Asn Gln
85 90 95

Phe Ser Leu Lys Leu Ser Ser Val Thr Ala Ala Asp Thr Ala Val Tyr
100 105 110

Tyr Cys Ala Arg Asp Trp Gly Gly Tyr Ser Ser Ser Trp Thr Tyr Gly
115 120 125

Met Asp Val Trp Gly Gln Gly Thr Thr Val Thr Val Ser Ser Ala Ser
130 135 140

Thr Lys Gly Pro Ser Val Phe Pro Leu Ala Pro Ser Ser Lys Ser Thr
145 150 155 160

Ser Gly Gly Thr Ala Ala Leu Gly Cys Leu Val Lys Asp Tyr Phe Pro
165 170 175

Glu Pro Val Thr Val Ser Trp Asn Ser Gly Ala Leu Thr Ser Gly Val
180 185 190

His Thr Phe Pro Ala Val Leu Gln Ser Ser Gly Leu Tyr Ser Leu Ser
195 200 205

Ser Val Val Thr Val Pro Ser Ser Ser Leu Gly Thr Gln Thr Tyr Ile



Pro Ser Arg Phe Ser Ay Ser Gy Ser Ay Thr Asp Tyr Thr Leo Thr 85 90 95

Ile Ser Ser Leu Gn Pro Qu Asp The Ala Thr Tyr Tyr Cs Gn Gn 100 105 110
Tyr Tyr Ser Thr Pro 'Tyr Thr Phe Ay Gn Ply Thr Lys Leo u Ile 115 120
125 26 Lys Arg Tnr Val Ala Ala Pro $r Val Phe Ile Phe Pro Pro Ser Asp 130
135 140 du dn Leu Lys Ser Gy Thr Ala Ser Vai Val Cys Leu Le™ Asn Asn
145 150 1,p5 160 Phe Tyr,Pro Arg Cu Al g,}!ys Val Gln Trp Lys Val Asp Ago
Ala Leu 165 170 175 Gn Ser Gy Asn Sec Gn GlL.; Ser Val Tnr Gu GLn Asp
Ser Lys Asp 180 185 190 Ser Thr 'Cyr Ser Leo Sec Ser Thr Leos Thr Leo Ser
Lys Abw Asp vayrasnl9s 200 p20SerGan tiyis Lid gablyspVals Iyd vAka Cys Clu Val Thr
Hs G4 Ay |.eu 5er 230 215 220 Ser?2Pro Val Tnr Lys2%er Phe Asn Arg Gy
Gn Cys 225 230 235 57 CLAIMS 1. An isolated binding protein that
specifjcally binds to Chi kungunya virus conpri si ng: a. a heavy chain

am noGléfci%ﬁo éé usé%ﬁc%zc%?ﬁ)rLViiTﬁé %/15 Egﬁag%’é one ‘of (f}ﬁepg s selected fromthe
group consisting of: (a) CDRH's of SEQ I D NGs: 16 or 30, (b) CDRH2's of
SEQ I D NOs: 12 or 32, and (c) CDRH3's of SEQID NOs: 14 or 34, and/or b. a
| i ght pehalwn Latre @Gi dlsequereev00RpY Lsi Pge atrol @astyomeoof the CDR' s 10

sel ected fromt®é group consistiarg of: (d) CDRLZ2’cs of SEQ ID NOs: 16 or 36,
(e) CDRL2's of SEQ ID NGOs: 18 or 38, and (f) CDRL3's of SEQ ID NGs: 20 or

40.
Lys Asp Thr Leu Met Ile Ser Arg Thr Pro Glu Val Thr

275 280 285
<210> 53
<211> 236
<212> PRT

<213> Artificial

<220>
<223> Whole light chain of 8B1l0F8 antibody

<400> 53
Met Asp Met Arg Val Pro Ala Gln Leu Leu Gly Leu Leu Leu Leu Trp

1 5 10 15

Leu Pro Gly Thr Arg Cys Asp Ile Gln Met Thr Gln Ser Pro Ser Ser
20 25 30

Leu Ser Ala Ser Val Gly Asp Arg Val Thr Ile Thr Cys Arg Ala Ser
35 40 45

Gln Gly Ile Ser Asn Ser Leu Ala Trp Tyr Gln Gln Lys Pro Gly Lys
50 55 60

Ala Pro Lys Leu Leu Leu Tyr Ala Ala Ser Arg Leu Glu Ser Gly Val
65 70 75 80

Pro Ser Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Tyr Thr Leu Thr
85 90 95

Ile Ser Ser Leu Gln Pro Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln
100 105 110

Tyr Tyr Ser Thr Pro Tyr Thr Phe Gly Gln Gly Thr Lys Leu Glu Ile
115 120 125



2. The isolated binding protein of claim1l, wherein said binding protein
conprises a heavy chain am no acid sequence that conprises a CDRH sel ected
from 15 SEQ ID NGs: 10 or 30, a CDRH2 selected fromSEQ ID NGs: 12 or 32,
and a CDRH3 sel ected from SEQ I D NGs:2014 or 34, and/or a |light chain amno
acid sequence that conprises a CDRL1 selected from SEQ ID NGs: 16 or 36, a
CDRL2 I d,fr : r..38,..a CQR% el ected from SEQ I D
NGs: 2Lé§%fégc%% V%loggl. %Egefﬁs%%y%%%]ﬁ?nl ?nﬂ?ﬁp?g‘% glr% o 3Ac%ai m1l or 2,
conprising a heavy chain am no acid sequence which conprises a VH donain
am no aci d sequence selected fromthe group consisting of SEQ ID Nos: SEQ

| D NO§$lu@langu2bys and/ry &rl fighter dhaivirlafisnbeadrd 2seqrence that conprises a
VL dorfPn amino acid !séquence sel ectéd>fromthe groupt®@®onsisting of SEQ ID
NGs: 8 and 28. 25 4. The isolated binding protein of any of clains Ito 3
conpri.si t in 1.N0 .aci e ce . of SEQID NO 6 and the VL
domai rl;%a%%ﬁoprgc%/gg %gggﬁ%n%y%n%%l %Ebfgb%ﬁ%u%g E%D. Aﬁg\?@s}%uat ed binding protein
of any of clains 1 to 3 conprising the VH domain am no acid sequence of SEQ
ID NO 26 and the VL domain amino acid 30 sequence of SEQ ID NO 28. 58 6.
The i soh atced:lyi hdti Agr prlot@iunsof vanyhofclel @irngsyl sto yswkdiech 1s an anti body or
an antibody frathent. 7. The isd}ated binding pPotein of claim6 wherein

said antibody is fully hunman. 8. A functional variant of a binding protein

of any, _of . clai 1 / har.acter i 5.in th aid functional variant

bi nds)éte]é "Ghi rgg%rn§£ag\;ierku§e.r Qfﬁ Ef%ue Tf%go “Ated Eijﬁ‘?%g’s ?Toytrei n of any of clains

1 to 7 or the functional variant of «claim8 wherein said binding protein or
functional variant has neutralizing activity against an arbovirus fromthe
Togavicii dae Hianiyy vaprietexlabltys Gromet Hr genas: 6lphavi $ars, nore preferably

t he Chi kudgunya virus. 10°120. An i munoco#jugate of the binding protein of

any of clains 1 to 7 or 9 or of the functional variant of any of clains 8

or 9 er ei aj.d bindin rotein or unctional variant is coupled to at
Ieast\géﬁmepr %541 ihhrg 5%%@@??% ectof %é?’ogiﬁ.&yf 1. An isolated nucleic acid

nol ecul e conprising a nucleic acid sequence encoding the binding protein of
any of clains Ito 7 or 9, the functional variant



15 of any one of clains 8 or 9 or the i munoconjugate of claim10. 12. A
vector conprising the nucleic acid nolecule of claim11l. 13. A host cell
conprising the nucleic acid nolecule of claim17 or the vector of claim12.
14, A method for producing the isolated binding protein of any of clains I
to 7 or 20 9, the functional variant of any one of clains 8 or 9 or the

i munoconj ugate of claim 10, conprising 37he step of producing said binding
protein, functional variant or inmmunoconjugate in a host cell of claim 12
and optionally, isolating said binding protein, functional variant or

i mmunoconj ugate. 15. A pharnmaceutical conposition conprising as an active
agent at |east one 25 isolated bindi ngClAIMSei n of any of clains 1 to 7 or
9, at least one functional variant of any of clainms 8 or 9 and/or at |east
one i nmmunoconj ugate of claim 10, and a pharmaceutically acceptable carrier,
di | uent or adj.ukansolafksl bithding splostiedhbi gentgicphotodids of @mikurgfungtavims, 1 to
7 or 9, the fun%*n%q?a variant of any of clains 8 or 9 and/or the

i mrunoconj ugate o '&'m 10 as a 30 nedicament. 59 17. The isol ated

bi ndi ng protein Ofo amyheafvy clhaiirmenindg acl esq@ndeheomphdrid ahadasy amneantt thef any

Compost {1 on of o ai iy 25 FOFCIRLI VA o e Bl Bhobrh DRt bRl O R

infection of an arboM 6D, nus onDkEs JiogaviDriidad 2farse) dnd pejeCeriadd yf JEQoim t he
5 genus al phavirus g{?ée, Br ral%%% t he Chi kungunya virus. 18. Use of the
i sol ated bi ndi ng pr b4 GF claims 1 to 7 or 9, the functional

variant of any of cl@iigm &mQ&lmQélh@e@W@@ﬂbn@@@r @Eserraj on the W'
di agnosti c_or screeni ng purposes. 19. A kit conprisin east one jsol ated

bi ndi ng ptbtein of aWPSFC ECEI S I8 Propincie” §2) %PR&e‘a%fts%@ Nihctd dnal
variant of any of clg & Eomrsdised 1beast 198€ss, LABUNQEHBYGRtER @ NSkaiom 10

and/ or at |east one grh4%r maceuti cal conposition of claiml5.
2. The isolated binding protein of claim 1, wherein said binding profein comprises
a heavy chain amino acid sequence that comprises a CDRH1 selected from

15 SEQ ID NOs: 10 or 30, a CDRH2 selected from SEQ ID NOs: 12 or 32, and a
CDRH3 selected from SEQ ID NOs: 14 or 34, and/or a light chain amino acid
sequence that comprises a CDRL1 selected from SEQ ID NOs: 16 or 36, a CDRL2
selected from SEQ ID NOs: 18 or 38, and a CDRL3 selected from SEQ ID NOs: 20
or 40.

20 3. The isolated binding profein of claim 1 or 2, comprising @ heavy chain amino
acid sequence which comprises a VH domain amino acid sequence selected
from the group consisfing of SEQ ID Nos: SEQ ID NOs: 6 and 26, and/or a light
chain amino acid sequence that comprises a VL domain amino acid
sequence selected from the group consisting of SEQ ID NOs: 8 and 28.

25 4. The isolated binding protein of any of claims 1to 3 comprising the VH domain
amino acid sequence of SEQ ID NO: 6 and the VL domain amino acid
sequence of SEQ ID NQO: 8.

5. The isolated binding protfein of any of claims 1 to 3 comprising the VH domain
amino acid sequence of SEQ ID NO: 26 and the VL domain amino acid

30 sequence of SEQ ID NO: 28.
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The isolated binding protein of any of claims 1 to 5 which is an antibody or an

antibody fragment.

7. The isolated binding protein of’cloim 6 wherein said antibody is fully human.

A functional variant of a binding protein of any of claims 1 to 7, characterized
in that said functional variant binds to Chikungunya virus.

The isolated binding protein of any of claims 1 to 7 or the functional variant of
claim 8 wherein said binding protein or functional variant has neutralizing
activity against an arbovirus from the Togaviridae family, preferably from the

genus alphavirus, more preferably the Chikungunya virus.

. An immunoconjugate of the binding protein of any of claims 1 fo 7 or 9 or of

the functional variant of any of claims 8 or 9 wherein said binding protein or

functional variant is coupled to atf least one labeling and/or effector group.

.An Isolated nucleic acid molecule comprising @ nucleic acid sequence

encoding the binding protfein of any of claims 1to 7 or 9, the functiona! variant
of any one of claims 8 or 9 or the iImmuncconjugate of claim 10.

A vector comprising the nucleic acid molecule of claim 11,

A host cell comprising the nucleic acid molecule of claim 11 or the vector of

claim 12.

. A method for producing the isolated binding protein of any of claims 1 fo 7 or

9, the functional variant of any one of claims 8 or 9 or the immunoconjugate of
claim 10, comprising the step of producing said binding protein, functional
variont or immunoconjugate in a host cell of claim 12 and optionally, isolating

said binding protein, functional variant or immunoconjugate.

. A pharmaceutical composition comprising as an active agent at least one

isclated binding protein of any of claims 1 to 7 or 9. at least one functional
variant of any of claims 8 or ? and/or at least one immunoconjugate of claim

10, and a pharmaceutically acceptable carrier, diluent or adjuvant.

.The isolated binding protein of any of claims 1 to 7 or 9, the functional variant

of any of claims 8 or 9 and/or the immunoconjugate of claim 10 as a

medicament,




17.

18.

59

The isolated binding protein of any of claims 1 to 7 or 9, the functional variant
of any of claims & or 9, the immunoconjugate of ciaim 10 and/or the
pharmaceutical composition of claim 15 for use in the prevention or treatment
of the infection of an arbovirus from the Togaviridae family, preferably from the
genus alphavirus more preferably the Chikungunya virus.

Use of the isolated binding protein of any of claims 1 to 7 or 9, the functional
variont of any of claims 8 or 9 or the immunoconjugate of claim 10 for

diagnostic or screening purposes.

. A kit comprising at teast one isolated binding protein of any of claims 1 to. 7 or

9, at least one functional variant of any of claims 8 or 9, at least one
immunoconjugate of claim 10 and/or at least one pharmaceutical

composiﬂoh of claim 15.





