WO 2009/031045PCT/132008/003092 1 ANTI-CHIKUNGUNYA MONOCLONAL ANTIBODIES AND
USES THEREOF FIELD OF THE INVENTION The present invention relates to the field of arbovirosis
caused by 5 Chikungunya virus (CHIK). The present invention specifically concerns anti-CHIK

monoclonal anjilepsigseMadrs). and more specifically anti-CHIK.E2 MAbs WB&%%@; diagnostic
products in methods for detecting the presence or absence of a CHIK strain. BACKGR Uf\ID OF THE

INVENTION 10Chikungunya (CHIK) virus has the ability to cause explosive epidemics in Africa, India,
and southeast Asia (Epstein, 2007; reviewed by Powgers and Logue, 2007). The virus is transmitted by

mosquitoes of genus AANEFIEHIKINGINYRMONOEIRONALS AN TIBOMESted magnitude

outbreaks in Reunion Island and Indian Ocean since 2005, and in India where an estimated 1.4 million
inhabitants 15 have been infected in 2008 NEXSER IHEBEREOFO06; Staikowsky et at, 2006;

Arankalle etal., 2007; reviewed by Pialo a . ns infected with CHIK virus typically
experience acute illness with incapacitaﬁ%ﬁbobéﬁﬁ{%éﬁvmnuscle pain and stiffness in the
joints sometimes follDhee chbysant sitvieptiapulaeistel (fohtheioficldddletatsovieRes Branghwdinby?20 et al.,
2007; review: Pialoux et aJ. - Rullli et al., 2007). CHIK virus infection. is assogi in almost
2l cases trnRGBUURYA T cH. T Bléterifvenish ot AR ROR S SRR [ e
some featuresnoncipitcwll maliedieaitvate)zand mas Q@@dﬂ@"ﬁemiﬂhﬁwﬁyﬁa}mmhﬁdu ngunya
virus infectiongee figAdRISHRHA3EELIN HRMEAL drcries iuria prRseAdlBoasslnalrlayruses

such as 25 Igbo-Ora virts from Western Africa, O'nyong-nyong (ONN) virus from Central Africa, Ross
River and Barftalligteti8. from Australia and the Pacific, Mayaro virus from South America, and

cosmopolitan Sindbis (SIN) virus. BAGKGROUNDSGFMTHELNVENTEEIRNUS Alphavirus and family
Togaviridae (reviewed by Strauss gg_g Strauss, 1994). ;E@ alphaviruses are small enveloped 30

single--<tPanded poStiVEURALDYA (SEL B NI NERS g PRUM IS ravse FERIRSIVELARIJSTURS Bbvered in
membrane-ankitieze drefitkesncosoptiseas DAkial (Epsieire 20l meweslidd b p Reiepe aldnddus,
glycoproteins viral spike proteins . 2009/031045Pa/1132008/0030Q9 jitate gttachment to
cell surfaces gr-{ig ?A'r:;rlﬁ eer?ﬁﬁ}fﬁ%ﬁ %’H{%\ﬁ!gé’g gff/)ggb"ré)t%?no?égQ:ll'gssel?%ﬁ%ﬁ?)pgﬁe|n et mg?iiates low
pH-triggered feenbresronsibie turimpucedentadionad@itise sotheakgpge Resnigndsianghand

glycoprotein: {RgifiFstRAARANING 3085 Cans i isdReRrRIamaltifRlewadmitRaUhAdBiRRigo acids
that form the 5 stem region, a spannmg reglon of 30 amino acids, and a short cytoplasmic endodomain

of 30 amino abR¥e(bRaRYTestsd ROgAUG, ebelx 9P pRtailewsY.Bb alprd€lRior to the
E3 and E2 pra{eankhie @ /2r2009S eavidie@d b eiatedingg s irpti7pndoplasmic reticulum (reviewed by
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responsifle foplrabefif7 . reviewed by Pialoux et al., 2007; Rulli et al., 2007). CHIK virus infection
is associated in almost all cases with myalgtas. CHIK virus infection of satellite cells
within the muscles could explain, in part, some features of clinical manifestations
(Ozden et al.,, 2007). The clinical symptomes of Chikungunya virus infection are often
misdiagnosed for arboviral diseases due to other arthritogenic alphaviruses such as
25  Igbo-Ora virus from Western Africa, O’'nyong-nyong (ONN) virus from Central Africa,
Ross River and Barma viruses from Australia and the Pacific, Mayaro virus from
South America, and cosmopolitan Sindbis (SIN) virus.
CHIK virus is a member of the genus Alphavirus and family Togavindae
(reviewed by Strauss and Strauss, 1994). The alphaviruses are small enveloped
30 single--stranded positive RNA viruses exhibiting a large cell tropism. The viral
surfaces are covered in membrane-anchored spikes composed of triplets of

heterodimers of the envelope E1 and E2 glycoproteins. The viral spike proteins



15 binding. Most neutralizing antibodies recognize epitopes in E2 rather than El (reviewed by Strauss
and Strauss, 1994). Antibodies that recognize conformational epitopes on the outer surface of E2 have
the potential to neutralize alphavirus infection. Biological diagnosis of CHIK virus infection is
essentially basad amepuapigative 20 real-time RT-PCR-based method during-thesiitialMifgemic phase
(Edwards et al., 2007; Laurent etal., 2007; Santhosh etal., 2007). Serological methods detect antiCHIK
IgM early times after the first clinical manifestations and specific IgG after two weeks (reviewed by .
Pialoux et al., 2007). However, ELISA and immunodegtection assays are poorly specific and sensitive
due the crossfmnﬂtétamidﬁhh%vimm/ﬁhr%eeIammmwsWeﬁEel Savelipe qhpshrifteianigenic

complex (Grelse : &l alt 1%?:& BRIEF B eéiiRlPﬁle OF THEm'i)lr%U ES Fl Qure L., 1 CHIK protein
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virus wastusedampleatthare ti@spieated to G5 @< ite etleambrare B4t g Ton aetenadtoms alf thi\bs 3C3 (
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assay using apji-grabf irterAdimnsiian<stE varRi e seRilzead naded) gagt pafRgakdized (-
TX-100) and then |mmunosta|ned with 2.5 pg.mL-1 MAb 3C3, 3E4, or 8A4. Anti-CHIK HMAF (dilution

1:500) was ussRHrSss af Alnfayirys s ﬁaﬁ}%y{B%é?y%lH%%@%Pdﬁ Iﬁ?ﬁﬂ?ihﬁd@drggﬁﬂ%mg
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Figure 6: Rea€piiopes amitosiputer susasecakBdchavetiropsitential dolatentintize BiPhanitHsoblot

analysis. MemRQfahgsblotted with 100 ng of purified CHIK.SE2 protein 25 (lane 1) or 105 FFU of
sucrose-purified CHIK virus (lane 2) and were individually incubated with MAb 3C3, 3E4, or 8A4 as

described in MethodSi9ieRicel HirgaRmisof G ElwEra esticRivessrmtialHhasrd ?"ﬂW@HY"of E2
sequences of fehiliinge Y IPORQ sk dghetkya 4afsg e initial viraemic phase (Edwards et al.,

2007, Laurent ef al., 2007; Santhosh ef al., 2007). Serological methods detect anti-

CHIK IgM early times after the first clinical manifestations and specific IgG after two

weeks (reviewed by Pialoux et al., 2007). However, ELISA and immunodetection

assays are poorly specific and sensitive due the cross reactivity of CHIK virus with
25 related members of the Semliki Forest (SF) antigenic complex (Greiser-Wilke et al.,

1991). _

BRIEF DESCRIPTION OF THE FIGURES

Figure 1: CHIK protein composition and antigenic specificity of viral preparation.

CHIK antigens (CHIK Ags) were separated by 4-12% SDS-PAGE under denaturing
30 conditions and directly visualized by Coomassie blue staining (left) or electroblotted

onto a PVDF membrane for i mmunoblot analysis using anti-CHIK HMAF (right). The

positions of molecular weight markers (MW) are indicated in kDa.



NO: 2) and ONN viruses (SEQ ID NO: 3), showing the region from residues E2-1 to 30 E2-364. The
asparagine-linked glycosylation sites are marked with ( ). The open frames indicate the three specific
amino acid differences in ONN virus as compared to CHIK and Igbo-Ora viruses. WO
2009/031045P&/18265184803092 4 Figure 8: Sensitivity of antigen-capturg,ErARadiipg@ti-CHIK E2
MADs. Quantitative analysis was performed using MAb 8A4 as capture antibody and MAb 3E4 as
detecting antibody and virus culture supernatants (A) and recombinant. soluble CHIK.sE2 glycoprotein
as viral antigen (B). In (A), serially diluted CHIK.06-49 5 virus grown in mosquito AP61 cells ( ) or
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CHIK virus, such as those deposited at the CNCM(Collection Nationale de Cultures de
MicroorganisrREdgip @ anib sy Rerfusinghybridemsssupeetiants KmsabtbRHdr 6622867 under
accession nughgois38¢er(qs), 1-3824 (3E4), and 1-3823 (8A4). As 20 used herein, the term
"specifically binds to" refers tg antibodies that bind with a relativeg high affinity to a CHIK_é)rotein
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recombinant or humanized. The antibod m?%abe of an immunoglobulin isotype, e. B%ﬁ%l%c , and so
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Figure 6: Reactivity of anti-CHIK.E2 MAbs to reduced E2 proteins was determined
by immuhoblot analysis. Membranes blotted with 100 ng of purified CHIK.sE2 protein
25 (lane 1) or 10° FFU of sucrose-purified CHIK virus (lane 2) and were individually
incubated with MAb 3C3, 3E4, or 8A4 as described in Methods. Anti-CHIK HMAF
was used as a positive control.
Figure 7: Alignment of E2 sequences of CHIK (SEQ ID NO: 1), Igbo-Ora (SEQ ID
NO: 2) and ONN viruses (SEQ ID NO: 3), showing the region from residues E2-1 to
30 E2-364. The asparagine-linked glycosylation sites are marked with ( 4 ). The open
frames indicate the three specific amino acid differences in ONN virus as compared

to CHIK and Igbo-Ora viruses.



The monoclonal antibodies of the present invention or combination thereof, find a particular use as
diagnosis reagents, and/or for the screening of a CHIK infection even if such infection is
asymptomatic. The monoclonal antibodies of the invention find a further use in diagnostic methods
which may inclwdezbasaseddmited 15 to, immunotluorescence, immunoblot g4 Ehhedgssays: In
this connection, the present invention provides a method for detecting the presence or absence of a
Chikungunya virus (CHIK) strain in a sample, comprising the steps of: a) contacting the sample
with an anti-CHIK monoclonal antibody of the 20present invention or with a combination of anti-CF-Ilk
monoclonal aFiipartie 8 0f Seasitivitytial tartgenacapturaNELdSA plesingnanti-ab)IHetE2tindAbs. presence

or absence of the immune_complex formeg in . ifically, t ent invention concerns
2 method for SURATA A ARTAS g BLrtoll Bl uoind AR L e FebndyE BETRRH SNTHIRE o o
its 25 precursBEECﬁZQ@BB)Hﬂ@mrmhﬁdmgudyglr(lnsl—nmuze queptMSn(ébamlammmg the
steps of: a) CQAH@B}E‘@H?R.§ET§!&W&F&E?T%'GFPH %%@@?ﬁ?ﬂﬁ's@%ﬁ?%&&%mkée%”ve”“0”

or with a combination of antl-C monoclonal antibo e invention’to form an immune complex;

and 30b) YetedfiAwprladepsauiioMREh cells ) infivmardlifseltsrtidad- i 4B) Ancieagingerein, the

term "functiongbqlasialins efgarifed TaBRh A8 IFAIRRIGoIRS1GH as the E2 ectodomain,
that still retain the capacity of being WO 2009/031045PCT/IB2008/003092 6 recognized by the

monoclonal antibodies of the pr FhRERGHPRENOF T@ﬁdﬂé‘%@@'ﬂo the site on an antigen,
such as the E2 glycametiiveitordibve shasitspagtibndychaiastelezad haiotenaionemameantibodies

of the invention, binds, As.used herein, the term "sample"” refers to g yarigty, of sampje types obtained
5 from an indimg??aiqatimﬁ@eqﬁéﬁqaraa&‘é 896"y e%‘&%ﬂﬂgagig" irg' P(%&gg—g&n’fﬁ‘fﬁe present
invention 0T headdfpratimygenesinpbSidiK batbdmisedser liquid samples of biological origin, solid tissue
samples such as a hjiqp. e j . j geny
thereof. As one ma;?%pgﬁiﬁig@n t ehig?éé %@r%ﬁﬁn%%ﬁ%%ﬁfgf gﬁt?%%?&%gﬂnq&%cﬁgégl
antibodies is ugedesni® rifish feed iBrainNssHgTM A @ srdderflaanshicharastesizgd sueng! 84, and a
second MonogRRALRIHI AAYEBAILS QNEAYS) WAFRipeEIR A MR oTHE WD BEAHRUGIAA 6RRtUre and a

detecting antibodies msaéélfind, for instance, an advantageous use in a ELISA assay. The present

invention also'B8iTddI SO FARAEIMERN JRL Al form.

15 In this connection, the present invention provides a monoclonal antibody that
specifically binds to an epitope located on the outer surface of a CHIK virus, such as
those deposited at the CNCM (Collection Nationale de Cultures de
Microorganismes), 28 rue du Docteur Roux, 75724 Paris Cedex 15, on September
06, 2007 under accession number 1-3822 (3C3), 1-3824 (3E4), and 1-3823 (8A4). As

20 used herein, the term "specifically binds to" refers to antibodies that bind with a
relatively high affinity to a CHIK protein contemplated by the present invention, such
as the E2 glycoprotein, but which do not substantially recognize and bind to
molecules other than the CHIK E2 glycoprotein. As used herein, the term "relativély
high affinity” means a binding affinity between the antibody and the protein of interest

25 of atleast 10° M, and preferably of at least about 10”7 M and even more preferably
10 M to 10" M. Determination of such affinity is preferably conducted under
standard competitive binding immunoassay conditions which is common knowledge
to one skilled in the art.

~ As used herein, the term "antibody” refers to a glycbprotein produced by

30 lymphoid cells in response to a stimulation with an immunogen. Antibodies possess
the ability to react in vitro and in vivo specifically and selectively with an antigenic
determinant or epitope eliciting their production or with an antigenic determinant

closely related to the homologous antigen. The term “antibody" is meant to



15 absence of a Chikungunya virus (CHIK) strain in a sample, and more specifically for detecting the
presence or absence of a Chikungunya virus (CHIK) E2 polypeptide in a sample. The kits comprise at
least one monoclonal antibody selected from the group deposited at the CNCM (Collection Nationale
de Cultures dewbqipoigasismes), 28 rue du Docteur Roux, 75724 Paris C%‘;m%é&gtember 20
06, 2007 under accession numberl1-3822 (3C3), 1-3824 (3E4), and 1-3823 (8A4). Kits according to
this embodiment of the invention may comprise packages, each containing one or more of the above
mentioned monoclonal antibodies (typically in concemtrated form) which are required to perform the

respective diagissiipaestsofstrMidhE GSimgRMDLIAdIHG vANBISHAGIA ditdbA dr @MiEddy OUSE
MONOCLONAL ’\‘TlBODIlES REA%FV TO CHIKUNGUNYA ENV?EE&OP E2 G Yg(%ﬂ?OTEIN
Chikungunya F80eP1ee] AR BICALRNS NS i D IO AR HSFTUA L IRR SRS HiRBingunya
(CHIK) virus inreatide nedytvemenss Alphalerantitnotige amgatibdtde Sagniiént; @r etyfsiRctoniglenic
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to CHIK enveé)%ﬁesg@g? Ffe)é('l)i[qé’n.ggzﬁor %‘éﬁéﬁﬁ%@%&é@ﬁgﬁ bréan Qh%@:\%o?g\gﬁﬁéessed a
recombinant ddnging sitexfiem@antitiodyrddspntibsdydsagmentmaydeq fragineolsyrinasmahods,

MAbS 3C3, 364, b B4R, SEIRFIRSHPRANE BERIRAl YR RARORRIO4E LT AR ER0BO2 their

reactivity. Their epitopes are located to the outer surface of CHIK virions. These MAbs have no cross

reactivity withfragieninERgntibody erantinady Fagment man beabagerelivastdsSMiiatl a virus.

Anti-CHIK E2 ddAbm3kided ErhaaAtodyaneayaiielal i sivdumsgloBuieisewpé &K 1Esignr
pathogenesis of(gisez}se The 5 combination of 8A4 and 3E4 isgsuitabje for evelopsibr;ngqipecific

antigen-captuPSE SR R RERMI DRI AR PARD DR ISINAR/R RN SRANSAIR, YefiD were
grown in Dulbiseenisoytadifiknl drapfeagpewthersdtican(Bviskt M¢he\appgaratapplemented with 5%
heat inactivated foetalhovine serum - ine..Jhe A cells. (Oua ) were
grown in DMEM growftrrggne %‘?ﬁ%ﬁ%%’ﬁﬁé@%%@%é&%%% gmgﬂqgﬁ%vgﬁgmég&%%@ZmM
L-Glutamine. Yedoaapariodardse ardisgoabisteeaacsits; andirdadhenscresmingpetadosbitfiellatis

APB1 mosquitaelsVel8oiyeiNBIIRNE sy MR CHR FheIBRAIgN EdiLs &P BS and

1% tryptose-phosphate broth (Eurobio). The Drosgphila melanogaster Schneider 2 (S2) cell line was

purchased frofVERAPBJEY SHIEBRE yierio Jiganrcsisarpibrds wilidwnaiBalude bt RIJEMISHith 100%

FBS. Inyeytebtaténimindonosr&éstente, Warsuneblettienddt RiSA Adsmedia were supplemented with

Peniciin and streplofysiy GREHSS:; FRTHSARIRTNIER (H8URYRS MatkRS/aISL g Ay o
presence or absence of a Chikungunya virus (CHIK) strain in a sample, comprising

the steps of:

a) contacting the sample with an anti-CHIK monoclonal antibody of the

20 present invention or with a combination of anti-CHIK monoclonal
antibodies of the invention to form an immune complex; and

b) detecting the presence or absence of the immune complex formed in a).

More specifically, the present invention concerns a method for detecting the

presence or absence of envelope E2 polypeptide or functional derivative or its

25  precursor E3E2 (p62) from Chikungunya (CHIK) E2 polypeptide in a sample,

comprising the steps of:

a) contacting the sample with an anti-CHIK E2 monoclonal antibody of the
present invention or with a combination of anti-CHIK monocional
antibodies of the invention to form an immune complex; and

30 b) detecting the presence or absence of the immune complex formed in a).

As used herein, the term "functional derivative” refers to a fragment of the E£2

glycoprotein, such as the E2 ectodomain, that still retain the capacity of being



2006 outbreak of Chikunungya fever in La Reunion island (Schuffenecker et at, 2006). The virus was
twice passaged on mosquito cell lines. Virus stocks were titered by standardized AP61 cell focus
immuno assay (HA) using anti-CHIK HMAF and titers were expressed as FFU.mL-1 (Schuffenecker

etal., 2006). Higlheappeiigtions 25 of purified CHIK.06-49 were obtained fmﬂﬂiﬁ&tfaﬁijmgsquito
cells. Briefly, twenty flasks of AP61 cell monolayers were inoculated with CHIK virus at a multiplicity of

infection (MO1) of 0.4 FFU per cell. The supernatant fluids of infected cells were harvested two days
postinfection and clarified. Virus was precipitated with 10% (wt:vol) polyethylene glycol (PEG) 8,000

(Fluka) in 0.5ristdipfidest #¢ thedinoftielodalcantibbijetionr, the présennntesiliRipendeskingriME buffer
(20 mM Tris-Gl [pH 8,0

50,mM NaCl, 2 mM EDTA) and centrifu n a discontijnuous sucrose
Cradiont comr BRSPS BTG S8 SRR DTS FUch AR 52 QU BT BHRER Fho visie
band at the irgpeiifie antibhdy oxdtetaled silcleds teNBAndgidonahanihadigg®f the invention,
2009/031045 1 / f. if} ] 0 ose
gradient at 355{?(()%[ rggm%g'? g(@%%(?ﬁé%\i\r%@ﬁ%ﬁél al%fcfjgv%g] mqéﬁgfgﬁaﬁg%%%%%%ore at -80C.
Productién offorn RmuiRdgeddaland condemuseditsadiegnesie agdatealion arsatinegInsdanies
particles. 5 FQuin f\ﬁ%kil@(sé%ﬁﬁéﬂtmﬁ.”qﬁé(edéﬂﬁﬁf&ﬂ%ﬂﬁﬁﬁgé‘é{gg G PUAP YiHE Eﬁq@iﬁ MOI. The

supernatant fluids of infected cells were harvested two days postinfection and clarified. Virus particles

were precipitS&ARIEH PO E8!iRTEI0 pROid HSSUE FAMRIRS.EYSR gaR MRS FRRCIMAR BEllet

resuspended tigsTd cUMiifies viosetis Ridfveetnstanitim @nd\hisi plagealpthinredbigma) and then
incubated with 2% 10, Triton X-100 (Si ma* for.10,min on iceh The suspensiqgn wa cegggﬂﬂgd for 1
r

min at 2000, rpm and%%é"&?aml%'ﬂ 8p 0N WaE]Sp‘bﬁ'Fé%% §TAS J'I:%Hmi&'é‘ e gradient

and centfifugetbap8ed@ntiboflied 8 hsed] Gnérmotiononat antiblieytethfroontidsop acdpissessed by

Coomassie bLiBAlyI"eLA S0 SRA G B SRR IrfHERG A0S conglane P

[
antigens (viral preparation) were 15UV inactivated a e resi Infectivity was ve by FIA.

detecting antibody, such as 3E4. Such a capture and a detecting antibodies may
find, for instance, an advantageous use in a ELISA assay.
The present invention also concerns kit for detecting the presence or
15 absence of a Chikungunya virus (CHIK) strain in a sample, and more specifically for
detecting the presence or absence of a Chikungunya virus (CHIK) E2 polypeptide in
a sample. The kits comprise at least one monoclonal antibody selected from the
group deposited at the CNCM (Collection Nationale de Cultures de
Microorganismes), 28 rue du Docteur Roux, 75724 Paris Cedex 15,7 on September
20 06, 2007 under accession number I-3822 (3C3), 1-3824 (3E4), and |-3823 (8A4). Kits |
according to this embodiment of the invention may comprise packages, each
containing one or more of the above mentioned monoclonal antibodies (typically in
concentrated form) which are required to perform the respective diagnostic tests.
EXAMPLE
25 PRODUCTION AND CHARACTERIZATION OF "MOUSE MONOCLONAL
ANTIBODIES REACTIVE TO CHIKUNGUNYA ENVELOPE E2 GLYCOPROTEIN
Chikungunya fever is an arbovirosis of major impact in public health in Asia
and Africa. Chikungunya (CHIK) virus is member of the genus Alphavirus and
belongs to the Semliki Forest (SF) antigenic complex. The inventors describe for the
30 first time a panel of monoclonal antibodies (MAbs) reactive to CHIK envelope E2
glycoprotein. For the screening of E2-specific MAbs, the inventors expressed a
recombinant soluble CHIK E2 protein in Drosophila S2 ceils. Analyzed- by

immunological methods, MAbs 3C3, 3E4, and 8A4 were selected on the basis of



Production of antibody-producing hybridoma clones Three pg of viral preparation were emulsified
in equal ratio with Freund's complete adjuvant (Sigma). Four 11-week-old BALB/c mice (Charles
River) were immunized by subcutaneous injections. Two booster injections were administred at 20 the
same doses atyremgmerisdntervals. Mice were bled ten days after each bggst 8,Rgstisian boost was
administered four days before fusion (same dose divided in four injections, two subcutaneous
injections and then two intraperitoneal injections). Sp2/0Ag1l4 myeloma cell line was fused with
splenocytes from immunized mice according to standard protocols. Antibody-producing hybridomas
were twice 23htibrehutieityaiti¢irap finpzesare iockted totheodtarncfana lod QitiEdizome Ehpseduced in

vitro by collegting high concentrated supernatants. ificati 0 affinity chromatography
on n-protein % %Br%%%g?ég’ﬁe[ﬁﬁcﬁgfg)“ﬁﬁeréi%?v&‘@?é%o%%iﬁﬁﬂ%gn}w{é%gée“n%ﬁo)[i@@ping test
kit (AbD Serotee natabe@xgeptive ohighafddtargrusrforirbht KdaZi dabs0&h &t eishBAddasg pression

of recombinapl gl Gl BRI RIRay ol bR UIRA%AS EsssRepPaRkacsessan

AM258994) coding for the eCtodomain followed by the stem reg (residues E2-4 to E2-364)
was ampﬁfieocﬂmﬂﬂﬁﬂboélﬁ%ia%ﬁ%ﬂniﬁ@'iﬁééﬂ—ﬂ%@@m FepRegiis pPligRrNwaPWe
2009/031045RGEAB2008/003092 9 forward primer
51AAAAAAGATCTGACAACTTCAATGTCTATAAAGCCACAAGACC-3' (SEQ ID NO: 4) and reverse
primer 5-TTTMACERIAE A MEAHOBS GGG TACAGCT CATAATAATACAG-3' (SEQ ID NO: 5).
The PCR proghett Nviss et VirBgadl and Not | and then inserted into the unique Bgl Il and Not |

sites of the pMT/BipN5-1-lisA 5 plasmid (Inyitrogen),to geper T/BIP/CHIK.SE2. IK sE2
sequence was placed r&%ﬁ@&’%@%’&%’ﬁéu@gﬁé ﬁ\m?%‘l{?%aeﬁé 8%@%@@@% secretory
pathway.dn thvetmess) copeleroe itee GAthkE S-Rese juacttaieddbetaéovines enam(iFBS boyrite V5
epitope and iy gficiag i, RUERER IR NSNS AU WIS REOBAIRIaR!
Drosophila S2 cells (Invitrogen) were trans%ectggt%y 1(gﬂgm recombinant p asmﬁdB;) [ %?‘HK.SEZ
using the Cal#ilPphvate drvitiespieetpnlementedrvifbrlO%tEBS aeshraMddChiamiag: ¥erected by

adding 25 ug/giplasiaidiBIRUREREHRIMNIEE KR St RRSLCOS THPRsaRY SsBliiciedIRigin were
adapted in serum-free growth medium containing 10 ug/miblasticidin. Cu304 was added to final

concentration T BbBARAYH G RRYSIVEIR HoYD I bedeerit dn Tor o vaR sRrGiA S HPRIsRRMERIMtE > protein.
Accumuiation1aRE FBS ahd 1Y8ing sidéerpHoephaie WashBNBEib]. T ey rastphild dhidtinohasteO4. The
cell culture sugernatant assed on 0.2 uM filters, Protein, sampleswere concentrated. through
10,000 NWCHUNEIES 2o s U e Rl e AR S e R B o mbinan
CHIK.SE2 profsingisieps diiedtironedivmmc(invittogend mithatd BrFBSe tnvédetisatiec Ad A randoiznn

chromatography(Hi P GRRIAHRG HPARERINARYd RO UIHb AR HEI RS DGRl SRdvith

washing buffer (0.5 M NaCl, 50 mM sodium phosphate buffer, (pH 8.01) and bound CHIK.sE2 was
eluted with inGHERRPHYSAERBIANSS of imidazole. Fractions containing CHIK.SE2 proteins were pooled

and dialyged in PBSCRMubR49 @ [ehblyde dy saiy tialatddthérh ahjoung abatdmiaguerd in
XPR 35 st AOR QBRI oL B AR, S48 ber ST L e R FIRAGE S Lcfware (Bio-
Rad). Anti-mo2@@es)g BheSumayyasdeita padshzed on mGEguitemeddinds pviBie dRacKs3¢etshitgradstandard
e oy S A P10 LR AR S S BN TAIAE
titers were expressed as FFU.mL™ (Schuffenecker et al., 2006). High concentrations
25 of purified CHIK.06-49 were obtained from infected mosquito cells. Briefly, twenty
flasks of AP61 cell monolayers were inoculated with CHIK virus at a multiplicity of
infection (MOI) of 0.4 FFU per cell. The supernatant fluids of infected cells were
harvested two days postinfection and clarified. Virus was precipitated with 10%
(wt:vol) polyethylene glycol (PEG) 8,000 (Fluka) in 0.5 M NaCl at 4°C for 4h. After
30 centrifugation, the peliet was resuspended in TNE buffer (20 mM Tris-Cl [pH 8.0],
150 mM NaCl, 2 mM EDTA) and centrifuged on a discontinuous sucrose gradient
composed of 60% (wt:wt) and 30% (wt:vo!) of sucrose at 39,000 rpm at 4°C for 2 h.

The visible band at the interface was harvested and diluted in TNE buffer. The virus



Briefly, 0.2 mL of a mixture of 0.2 M EDC and 0.05 M Sulfo-NHS was injected at a flow rate of 0.030
mL.miril, followed by 0.2 mL of 0.075 mg.m1:1 anti-mouse IgG WO 2009/031045PCT/IB2008/003092
10 diluted in 10 mM Na-acetate buffer at pH 4.5. The surface was then deactivated with 0.15 mL of 1
M ethanolaming gkt hstdydpridoma supernatants diluted 1:2 in TP BS SUle%‘f}?ﬁ%g/W?@)le mg.mL-1
alginate was injected under 0.2 mL at a flow rate of 0.025 mL.m1n-1, followed by 0.2 ml of increasing
concentrations of recombinant 5soluble CHIK.SE2 protein. Indirect ELISA For indirect ELISA, a
Maxisorp plate (Nalgen Nunc), was coated with 105 BFU of sucrose-purified CHIK virions diluted in

D-PBS (InvitroggagjuhReipwified dhaniigitrioss d TG IMMTWNIZaIEros €y Rdieatedt 35,000mpanasoluble
CHIK.sE2 protgjn 10 incubated oyernight at 4C. Non-specific protein hinding sites were blocked
with 506 e et 3B i The e e e SR SIOHEE 2 o 20 (SBoT)
Sera from imnRroidadtivicof CHiK\adtigenlsin PBST, milk 0.1%, and cell culture supernatants 1:2,
diluted in the same hyffer, were added and i ated at 37C for 2 houys jn the coated S. After
washing with poS T HAh GaReEsTATane of CHIC AR dere aeiiEd s SRR, P
(H+L) (JadksohdryflaskRebARGHced maindiayets welle wisaladed vith 10K S5t Yfinrsvaishihg,

3,3',5,5-tetramgHyIRe0Z|RF0R5G RHRRIGHR QNS Jis-WaRsiideded ML as Fastina widn stopped

with 0.1 mL of 1M H3PO4, to each well and the plastes were examined at 450 nm in an O s%:MR
ELISA reader @bfhelarifiechYoleg raficesAvaigaiecipiatedwitt REG 8200 e heraterapse &Se purified

MADb were labgjeduaith REroxiderbddorasbirdaseHE Qalite tha aspeda U of Retingsisepswagviously
described (Nakane and Kawaqi,1974). The purified MAb fqor the antigen-capture was i\?@obilized on
n

Maxisorp plateﬁjﬂﬁﬁﬁlﬁ?tﬁﬁﬁﬁﬁtfbf%gwa“%h?'bﬁﬁﬁmf ARigsea), Aeshen neubatsd Wil wufter [pH
9.2] overmight @itee X-1@mSiatiaefof 10 mitlleviese Thers uspeinaibiviess withtifaGed fotl owed dty

blocking with 89 t/vol.) sucrpse jn PBS supplemented with 3% skim mi r1hat 37C. After
removing the %@éﬁn@%‘ggﬂfﬁ%glsawgﬁg Eé;é?lagg S0 fOr 107 ﬁ{eﬁ éljﬁje“&véﬁ’s ‘aﬁSB‘QHé’ Sored at
4C prior to usesugimss quiadierd it eaatifogedcandifie qumiler 061K AEY BrdteactBmgierd in PBST

with 1% skimmgfidnilly Wamand eshiaridasielisdl 8y el 88 Piue staining on SDS-PAGE and
Immunoblotting. Pooled fractions containing CHIK antigens (viral preparation) were
15 UVinactivated and the residual infectivity was venfied by FIA.
Production of antibody-producing hybridoma clones
_ Three ug of viral preparation were emulsified in equal ratio with Freund’s
complete adjuvant (Sigma). Four 11-week-old BALB/c mice (Charles River) were
immunized by subcutaneous injections. Two booster injections were administred at
20 the same doses at three-week intervals. Mice were bled ten days after each boost. A
pre-fusion boost was administered four days before fusion (same dose divided in
four injections, two subcutaneous injections and then two intraperitoneal injections).
Sp2/0Ag14 myelorria celi line was fused with splenacytes from immunized
mice according to standard protocols. Antibody-producing hybridomas were twice
25  sub-clones and then frozen in liquid nitrogen. Monoclonal antibodies were produced
in vifro by collecting high concentrated supematants. Purifications were done by
affinity chromatography on n-protein A Sepharose (GE Healthcare). The MAbs were
isotyped with a mouse mAb isotyping test kit (AbD Serotec) according to the
manufacturer's recommandations.
30 Construction and expression of recombinant soluble CHIK sE2 protein
The CHIK.06-49 sequence (Genbank accession n° AM258994) coding for the
ectodomain followed by the stem region of E2 (residues E2-4 to E2-364) was
amplified from TOPO plasmid containing the CHIK.06-49 pE2 gene using PCR with



incubated for 1 h at 37C. After several washes, the wells were incubated for 1 h at 37C with 1 pg.mL-1
per well of POD-conjugated MAb (0.1 mUwell) in PBST with 1% skimmed milk. After washing, TMB
substrate was added and the plates were further WO 2009/031045PCT/1B2008/003092 11 incubated
in darkness for@omiedigynatic activity was measured as described above mpuinobIa3nalysis
Protein samples mixed with Laemmli sample buffer at room temperature were 5 loaded on the 4-12%
SDS-PAGE (NuPage, Invitrogen). Samples were electrotransferred onto a PVDF membrane
(invitrogen) and blocked with 5% milk in PBST. Membrane was probed with primary antibody and the

bound antibofbesang rprilatectebnRANGADO MBAGASTIORETGACTATAAAGEEAIOAAGIT Q0P followed
by ECL subs lons, (Amersham). 10 IF ass % j indirect
immunofluorgs%%‘(gsti#ﬁ%i asgga,né%l?s‘f %rr%%/\}%"c%eﬁe‘s’rﬁ?inox Ett%:rﬁs? %ﬁ%?ﬁgip%%%%vﬁth 3.2
% paraforrnaidéfag ARFAGAGRR SR 20 N ahd hledrGRopisatect with digested\withGoil @BS for 10
min. Cells we iz } 0o Trj = | gﬁlmﬁ? : i ated with
primary 15 anﬁfgo yn}f%%}gﬁ)ggﬁ’%%@gliﬁéﬁ] é‘ %‘cﬁ%ﬂé?%nﬂfﬁ%@eﬁ%%%ﬁs%e was gi' g V\%fﬁ'gé)s,cells

were further iRtassaittwvitrogenldeaanasatgRMEB Fdattivehto b GRIEZ spauenteoNdRition in
PBS/0.2 % gejpiiadtinflaries I0min-Bibe W%%Wi%r?bﬁ%ﬁd@wﬂﬁﬁﬁaﬁﬁegﬁ%mcfesﬁ%oy For

flow cytometry flux, cells were unsticked and then fixed with 3.2% PFA in 20 PBS. Fixed cells were
extensively wWIRFEPR PRI LR RELRE129.RFAYT b6 GHI A2 irepepasis fnliows daty
Cpplomentec i 195t ol SOl S7C. ot O g Aer SuIEeant aaShine: Solk pbre
cubatod wil T8 LA T A LGP ar B el (I BT L B RS PR B P at 25
37C foroh. After eatensrimantaghasgmice|isMERBiRIGHYKsERY fising ytbendiigicismg BHosEisEalibur
antigens In o T g e e e of
mosquito cellsgiddaitastinidimaversryanaluesks v baeds? clsemesson KHE-362 mMajain
concentrationg, gb ks RaN IR eSRIFAUBARCHAENA L IREAR NS A0 M Bk ueReIRgS yvere
applied to a sucrose gradient. After centfifugation, fractions were assessed by Immunoblot analysis.
Anti-CHIK  was added to final concentration of 500 uM to induce synthesis and secretion of :
15 recombinant soluble CHIK.E2 protein. Accumulation of CHIK.sE2 in the culture
medium was maximal 10 days after addition of CuSO4. The cell culture supernatants
were passed on 0.2 pM filters. Protein samples were concentrated through 10,000-
MWCo Vivaspin columns (Vivasciences) and then dialyzed in PBS. Alternatively,
recombinant CHIK.sE2 protein was purified from cell culture supernatant on
20  equilibrated chelating column chromatography (HiTrap Chelating HP, Amersham).
The column was washed several times with washing buffer (0.5 M NaCl, 50 mM
sodium phosphate buffer, [pH 8.0]) and bound CHIK.sE2 was eluted with increasing
concentration of imidazole. Fractions containing CHIK.sE2 proteins were booled and
dialyzed in PBS. Soluble form of DEN-1, E glycoprotein (DEN-1 sE) was also
25 produced in Drosophila S2 cells. '
Kinetic ranking assays
The kinetic ranking assays were performed on a ProteOn XPR 36 instrument
{Bio-Rad) and data analysis was performed using ProteOn Manager software (Bio-
Rad). Anti-mouse 1gG (Sigma), was immobilized on a GLM sensorchip (Bio-Rad)
30 using a standard amine coupling chemistry. The running buffer TPBS (0.005%
Tween-20 in PBS) was used continuously throughout the entire experiment at 25°C.
Briefly, 0.2 mL of a mixture of 0.2 M EDC and 0.05 M Sulfo-NHS was injected at a

flow rate of 0.030 mL.min™", followed by 0.2 mL of 0.075 mg.mL'1 anti-mouse IgG



WO 2009/031045PCT/1B2008/003092 12 antibodies detected pE2, C and a much lesser extent E2 at
about 15-20 % sucrose concentration. The fractions enriched in pE2, E2 and C were pooled and
treated with U.V. in order to perform the immunization of mice in a BSL-2 laboratory. As assessed by
Coomassie blug¢taiigaeisSDS-PAGE and Immunoblotting (Fig. 1), the majar, &9&% gpgslerved after
separation of viral antigens corresponded to pE2. The antigenicity of viral preparation was confirmed
by indirect ELISA using anti-CHIK hyperimmune mouse ascitic fluids (HMAF) (data not shown). As
negative controls, mouse immune sera directed agairist dengue (DEN) or West Nile virus showed no

reactivity. 10Efgets M DA Ma2atEaRSHITEAGTH 3 B THRbiifase waY SHeai ik 52 a0anetpAltRir
mosquito natiye e express HI rotein using t hil ression
System (Invﬂrﬁéé EA ipgf{ﬂ%%@f%eég&@lﬁéﬁﬁgé fﬁ@%ﬁ[gﬁgﬁ%\ f&i%Wj he stem
of E2 from crﬂdmﬁamameus»(msummu hetgntits WEY Knjityd asderah 2 stadish didwiekdiion of
CuSO0O4 to the ultyre madl induced nthesis and secretion of recom |nant alubl
CHIK.sE2 pro?é(?r%% ch‘:'umuIatlﬂnwo dgqn{th?a c:ﬁ Vi(ivii-3 H?eg?unr%evr\]/ggt'r%g%%}?a N ?/?/e&(s after
induction SForsioltible CEIKSYE Spostaird CHIK.SE2 proteins were directly concentrated from

supernatants m&ig-lﬁ EELgRat the ELISA plates For Immunoblot analysis and antigen-capture ELISA,
recombinant soluble CHIK.sE2 20 protein was purified from cell culture medium using nickel chelate

affinity chromatograpayindireqt kB baMaisgnolatediaigasdiune) mesfaatatvib IBIETWIK sE2
protein (appa@ﬂ&&%@@%.ﬂmwlﬁmﬁaswaﬁﬁsa%n@m aﬂvn%-g'%ﬁ'\ééFn ngr @hlitipositive

patient serum (Fig. 2). Similar results were observed using indijrect ELISA 25 i ata not shown). These

results sugge@ﬂ%%ﬁﬁ’oﬁﬂb\%%ﬂﬁ@'@ﬁl R 9OngetEreembioant solHbls Y& YSHormation

that is cloger tmmmmﬁmedawe@ighem Earg&w@ﬂr@tpraté?mﬂmmmém dicegithvdgainst
CHIK E2 prot sjul fusio ere ieved usm e ALB/c 30
immunized Wﬁ] Vitd prgggg’tlf)n é@‘ s@r(:lbeéd %f%astéﬂr’la g ¥Rg ?f?lg 'tg'sEg% HERS E'I'—nor%c8r1631|§$‘i|ng of
antibody-prodlisieenkd® (886 8) cerasiroimpinprapaizsdoniaedsermlly bihded 5o BBIR TC mik. SEP/grotein

were used as LK ANHGRAS 1, QF%EH% A}BRI@H’W% YA ANy WERG Ui ndjifioma
clones were identified as WO 2 09/031045PCT/1132008/003092 13 having antlbodé binding that

were at least 19GHRBIghighar thafPine PR&G B UIRE ReAtPb RIAigEy OftRiABHIMAVER, ﬁS(FBS) Twelve
out of sixty hybrmsmadiiqn@ﬁ \WerSxiiR4cRfey Nl sasraperaU Einst Gtkwires IgEWeha:

recombinant solubl CHIK sE2 rotein py indirect ELIS /A ta not s een assay, five
5 antibodly-protAETEHJBFHIAEG Sﬁéﬁ S Birocith G PR o Eebuing doLe
reaction againsaghitig, Gnm§Jﬁfeetsairlmhslbmmmue bhaseyaibRtEie@ N ddhEpwas atydes] sﬁbwed that
b oo R USSR A A S el Ut
dissociation owere examined at 450 nm in an OpsysMR ELISA reader (Dinex Technologies).
20 Antigen-capture ELISA
To prepare detecting MAD, the purified MAb were labeled with peroxide
oxidoreductase (PQD) to the amine group of antibody as previously described
(Nakane and Kawaci,1974). The purified MAb for the antigen-capture was
immobilized on Maxisorp plates (Nalgen Nunc) by incubating 2 ug.mL" antibody in
25 0.1 mL carbonate buffer [pH 9.2] overnight at room temperature. The wells were then
washed twice with TPBS, followed by blocking with 8% (wt/vol.} sucrose in PBS
supplemented with 3% skimmed milk for 1 h at 37°C. After removing the blocking
agent, plates were dessicated for 10 min at 50°C, the wells dried and stored at 4°C
prior to use. Virus culture supernatant or recombinant soluble CHIK.sE2 protein
30 diluted in PBST with 1% skimmed milk was added to the wells (0.1 mL/well}) and .
incubated for 1 h at 37°C. After several washes, the wells were incubated for 1 h at
37°C with 1 pg.mL'1 per well of POD-conjugated MAbD (0.1 mLfwell) in PBST with 1%
skimmed milk. After washing, TMB substrate was added and the plates were further



10 recombinant soluble CHIK.sE2 protein (data not shown). According to these results,
antibody-producing hybridoma clones 3C3, 3E4, and 8A4 have been subcloned and then expanded.
The following experiments were performed using purified antiCHIK.E2 MAbs from hybridoma clone

supernatants. (g ghabagigristics of MAbs 3C3, 3E4, and 8A4 are summarg@plliﬁlza'@%%[;”lSTABLE
1: Characteristics of anti-CHIK.E2 MAbs MAD IsotypelF assayindirect ELISAImmunoblotting CHIK

virusCHIK.SE2CHIK virus CHIK.SE2 25The three anti-CHIK.E2 MAbs were of the subclass IgG1,K.
Focus reduction neutralization tests (FRNT) were ugad to evaluate the ability of purified anti-CHIK.E2

MADbs to inhibiiiéubdifed insdairakofbinachiibr Ehraratelictivhy *ad-paiaklired wsdelebaiad as the
highest antibody dilution tested that reduced - 100 Focus Forming Units on AP61 cells (FFU) of
CHIK.06-49 VITRBy at least 90% (FRNT90). While the 30 anti-CHIK HMAF gave a FRNT90 of means
of dilution 1:2|hfifiunebilet Ahaly8is3, MAb 3E4, nor MAb 8A4 neutralized CHIN virus at concentration
as high as 10 pg.mLF-,‘l ?]data not shown). , WO 2009/0 1045PCt‘)rL/l 20?8/003'?92 19 Beactiv'éy of

anti-CHIK.E2 MAbs With natve o o Swrc%'psf%?éﬁlle Ratec ELISAPRE l§/(\3/e"'¥grperformed

on CHIK Evirule@d!a;dsegg_wﬂlﬂhe#—ﬂ%fcseIS&_&d’&ﬁECHN(JEMAUQVE@gﬁﬁZe tHarspléacevairene virion.
In this goal, SYRLOSERHLRG G NS AP HoHiR e ihit Sridd RO GRS RAnifiGlY Per S

f
well and increasing concentrations of MAbs were added. MAF@? 323, 3E4, and 8A4 reacted with native
virus particlesiR$diMembranawespeped wibagarantiberdianpthe heusdandiredieswesaiter

surface of CHiwwitse By POBYESHDgdAsEamiy drifisddyes antiteh Hﬁqléa)w#amawé&ru?etergent
conditions, CHIK virus was incubated with 2% Triton X-100 and then coated on the ELISA plates. Only

MADb 8A4 10 SHehatPSiRiaSAaaR AR)SIHIPENIK virus under the denaturing conditions (data not

shown) rindictFiag $agtdhd HeWw Sytémetbjaatnalgsizgnize CHIK E2 glycoprotein in the presence of

non-ionic detergent._ . In inditect ELISA, dose- responses showed that MAbs d 3E4
i (ErhrsReeses R

LRSI RIAS 56 RSV Stimatd by 1S ShgER = 8% ction test,

bound better to CHIE Virus Eﬁa
the reactivity chaumtie8BOdiung) werédiddadwithcd i fapadatomhalsteByde Rif 8. ABSkyed minether the

pairs of anti-CilKifenVHeRB 128 RAH'EEHINPA AMHWISE ASHY nATELID QR Pémiddy;

performed on recombinant soluble CHIK.SE2 protein by ProteOn biosensor analysis. MAbs 3C3 and
3E4 showed S§RAERHNY Stk Tyitann 1Ak IseBS fpfrhaninagnd Ahethingybalesk vath piimareo
obtained yheandihdugEd PBSAOSEdAgalatRrit3artded Bidaim Nnakeh@xndike wisnirgwaiRation of
anti-CHIK.E2 %s 2@0«4 %;rapftur antiboggt) 3rr1d. 4 (detecting antibody) is suitatble for th
development GEenRSIvaher B rubatedyith, flnarrs SR i AW IR I 8 RLARED Y& Btein was
further investifféitsdd)yatA ASSadil(fimn 50BRMD oW getatinett B 2 lpsi3Q Rign. IBe sartipBisiwdddIAF was
25used as a 88§QN3§823I%|02J95U%§§§?X%%% C3, 3E4, and 8A4 strongly reacted with

: . I

endogenously synthesiz proteins in rus-infected Vero cells (Fig. 5A). As a negative

control, anti-DEN E Wixilon cytarmeiins e eeliewefe @raticked anshihenaixedwitheladite EBRAITE2 MADs
recognizes! the i ik GbenPRRIRINSRHENSIP ha iy R Rithidg- HfrdO8l Syaaestipgnat their

epitopes are 30 accessible on the outer face of E2. By flow cytometry analysis, MAbs 3C3 and 3E4

showed similaioEInazdeinIceERRiR {<n), Brdenaibatriwithermans antiadydilMted MSEd or not
with saponin (brigh pEméabitizantn boffec HB( SR Blffbssaephinecttad edtini2e Muiaily sapahyin)

synthesized Eazt @9@%&3 @Bdrﬁllr\‘l/l%ﬁglg i%t)ggn%%'e washing, cells were incubated with the
fluorescein-conjugated secondary antibody (Pierce) 1:100 diluted in SB or PB at
25 37°Cfor 1 h. After extensive washing, cells were analyzed by flow cytometry using a
FACSCalibur (Becton Dickinson) with CellQuest Pro software (BD Biosciences).
RESULTS
Production of CHIK E2 antigens
In order to produce viral antigens, CHIK virions were precipitated from
30 supernatants of mosquito cells infected by La Réunion island strain 06-49 of CHIK
virus (CHIK.06-49). High concentrations of virus particles were incubated with 2%
Triton X-100 and viral suspensions were applied to a sucrose gradient. After
centrifugation, fractions were assessed by Immunoblot analysis. Anti-CHIK



WO 2009/031045PCT/1/32008/003092 15 Flow cytometry analysis revealed that reactivity of
anti-CHIK.E2 MADb 8A4 was distinct from MAbs 3C3 and 3E4. Indeed, MAb 8A4 showed a weaker
reactivity with CHIK virus-infected cells in the presence of saponin (Fig. 58). Because MAb 8A4 targets

preferentially Rivbassasiaied E2, it is likely that its epitope is predominantly s-@xpasgdmihe external
face of native-form of E2. Immunoblot reactivity of anti-CHIK.E2 MAbs Immunoblotting was

performed with sucrose-purified CHIK virions and recombinant soluble CHIK.sE2 protein in order to
determine whether anti-CHIK.E2 MAbs bound to lingar epitopes (Fig. 6). As a positive control,

antit-)CHIK Hlvtgqﬁbaai@m@l@&éﬂ lﬁa‘zr,us-aﬁham:htﬁgx lﬁ%mdﬁbkh@ﬂt g'tktﬁn'tmﬁ‘-lz@% Qb@ﬁs{@dhthﬁt

MAbs 3C3 and 3E4 were able to react with E2 under the reducing conditions, To,determine whether
these MAbs rgg%?{?i'\é"i%gtbee%ﬂﬁgoé'ﬁiﬁ{mfseﬁrb?é% gﬁﬁﬂﬁ%ﬁéﬁ fd Apderted Wieptides
covering the dhifénconies tagd réep treeroh Giidatiok BfwdseinspB&id biaboeatosyo AthasSé¥sddiechnique.
Linear synthej | wer I | i for two antj- K.E2 MAbs' (data
not shown). e§§ gesu %%%gﬁ;%ﬁﬁ%@%%@g %ﬁ%ﬁ%ﬁﬂ%@ﬁuﬁﬁtg‘?'h !;akzltllre erBﬁ'J)%res.
Anti-CHnﬁ.Eztrau_nda ehseragaéd aﬁeemmmtigmlgfvmala@mwm@mm it_'nnnﬁﬂ)bfﬂnanalysis
(Fig. 6). sugogsiigariesy Bis MABrepdrbiroaRE eanfirAbY BainaRLEPioRsa kil MAbciAdhas

weaker reaction ' with CHIK.sE2 under 20 the reducing conditions as compared to MAbs 3C3 and 3E4,
it showed reabB¥RRJMMNIR USRI Gasitis Brids HaNAS wﬂﬁ%ﬂmﬁﬁw&)lgﬁﬂ!ﬂ%@kﬁgfﬁf@%ut 100
and 150 kDa gird@is6. i’ <brin Bt doted sdh s eemyian (BENEeiARat Nidvidd Siaswba aBlility to
detect dimeric and trimeric forms of soluble E2. Cross-reactivity of anti-CHIK.E2 MAbs with Old World

alphaviruses Q%aﬁy"ég’says were performed on infected mosquito cells to assess whether the three
anti-CHiK.E2 MAbs Becagsezarbdhirasisntigdne @rietlioeeiinb Bre sé s S ceols @eonlis@atrdule Old
World such a , -Qr NN ankl. Zingilamo. Mid : u. and Arvol71 viruses.
Table 2 sumn?agrlgglg) %%”%?3‘35‘?’5&85@?@%?%bﬁ%ﬁ’t‘ﬁ&ﬁﬁﬁ%ﬁﬁwg %géﬁ/gﬁdg{r%%bnrgggﬂ]/}{}ewith CHIK
S27 strain, Igbuera/s@ | EMn@sspatristanNIBiegoNN Aojtabbintransiteied SaBceltJinetrain, and

SF IPD/A straiiopageiatniimacacibdbniii RIRALA%8,SHainsWRR bl Ses i ih R AkRAY! (Y251 strain,
and no cross-reactivity with Middelburg SAAr749 strain, Ndumu SAAr2204 strain, and Arv9171 virus.

The reactivity @Fsianaied kersafial S iHHREZ brs dinsio satalisted  Addiianoel6u5 Q8 v thescent
antibody test watirlsinedilinmindticed | hé Mérthésisshman dacisaoie soltsaddmisinaay ssdifdwe 3C3,

3E4, and 8A4éﬁﬁgtserg Witrh tCiHl.}%ggﬁj.s a]ng c}o afl&?i se%%elnt 'Iaggou-é)ra viruii Table '2|)|8IlrpglF ssay,
MADb 8A4 showed S ﬁa& Feactvi y WIth SQ]BItO cells’ e&é a1t 'Sr‘fﬁar?o- L.
5TABLE 2: Cwssvesisiafigoirahuciitin| KEaRimitestviatd S headretst Okt SE2 peateifintiveties Virus a
directly concentrated from supernatants and used to coat the ELISA plates. For
Immunobilot analysis and antigen-capture ELISA, recombinant soluble CHIK.sE2
20 protein was purified from cell culture medium using nickel chelate affinity
chromatography.
immunoblot analysis demonstrated that recombinant soluble CHIK.sE2 protein
(apparent molecular mass of 42 kDa) was recognized by anti-CHIK HMAF and CHIK
positive patient serum (Fig. 2). Similar results were observed using indirect ELISA
25 (data not shown). These results suggest that recombinant soluble CHIK.sE2 protein
secreted from S2 cells has a conformation that is closer to the native form of the
CHIK E2 glycoprotein.
Production of MAbs directed against CHIK E2 protein
Two succeséful fusions were achieved using spleen cells from BALB/c mice
30 immunized with viral preparation as described in Matenals and Methods sections. For
screening of antibody-producing hybridoma clones, viral preparation and
recombinant soluble CHIK.sE2 protein were used as CHIK antigens in indirect
ELISA. Approximately sixty antibody-producing hybridoma clones were identified as
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having antibody binding that were at least four-fold higher than the background level

reactivity of foetal bovine serum (FBS). Twelve out of sixty hybridoma clones were
able to react with sucrose-purified CHIK virions as well as recombinant soluble
CHIK.sE2 protein by indirect ELISA {data not shown). Screened by IF assay, five
5  antibody-producing hybridoma clones (3C3, 3E4, 5A8, 6F2, and 8A4) showed strong
positive reaction against CHIK virus-infected cells {(data not shown). ProteOn
biosensor analysis showed that the five clones recognized CHIK.sE2 with high
apparent binding affinity (Fig. 3). Three out of five antibody-producing hybridoma
clones (3C3, 3E4, and 8A4) showed rapid association and slow-dissociation of
10 recombinant soluble CHIK.sEZ2 protein (data not shown). According to these results,
antibody-producing hybridoma clones 3C3, 3E4, and 8A4 have been subcloned and
then expanded. The following experiments were performed using purified anti-
CHIK.E2 MAbs from hybridoma clone supernatants.
The characteristics of MAbs 3C3, 3E4, and 8A4 are summarized in Table 1.

15 TABLE 1: Characteristics of anti-CHIK.E2 MAbs

MADb Isotype IF assay Indirect ELISA Immunoblotting

CHIK virus CHIK.sE2 CHIK virus CHIK.sE2

20
3C3 1gG1x + + + + +
3E4 1gG1x + + o+ + +
8A4 IgG1x + + . + - . +
25 The three anti-CHIK.E2 MAbs were of the subclass 1gG1,x. Focus reduction

neutralization tests (FRNT) were used to evaluate the ability of purified anti-CHIK.E2
MADbs to inhibit CHIK virus replication in cultured Vero cells. The end-point titer was
calculated as the highest antibody dilution tested that reduced ~ 100 Focus Forming
Units on AP&1 cells (FFU) of CHIK.06-49 virus by at least 90% (FRNT90). While the
30 anti-CHIK HMAF gave a FRNT90 of means of dilution 1:2,500, neither MAb 3C3, MAb .
3E4, nor MAb 8A4 neutralized CHIK virus at concentration as high as 10 pg.mL™

(data not shown).
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Reactivity of anti-CHIK.E2 MAbs with native-form of CHIK E2 glycoprotein

indirect ELISA tests were performed on CHIK virus to assess whether the
selected anti-CHIK.E2 MAbs recognize the surface of the virion. In this goal,
sucrose-purified CHIK.06-49 virus was used to coat the ELISA plates at 10° FFU per
well and increasing concentrations of MAbs were added. MADbs 3C3, 3E4, and BA4
reacted with native virus particles in indirect ELISA (Fig. 4), suggesting that their
epitopes are exposed on the outer surface of CHIK virus. To analyze the binding
ability of the three anti-CHIK.E2 MAbs under detergent conditions, CHIK virus was
incubated with 2% Triton X-100 and then coated on the ELISA plates. Only MAb 8A4
showed significant reactivity with CHIK virus under the denaturing conditions (data
not shown), indicating that the MAb 8A4 is able to recognize CHIK E2 glycoprotein in
the presence of non-ionic detergent.

In indirect ELISA, dose-curve responses showed that MAbs 8A4 and 3E4
bound better to CHIK virus than it did MADb 3C3 (Fig. 4). As estimated by this antigen
detection test, the reactivity of MAb 3C3 was ten-fold lower compared to MAbs 8A4
and 3E4. To assess whether the pairs of anti-CHIK E2 MAbs can be useful for a
sandwich assay, complementarity study was performed on recombinant soiuble
CHIK.sE2 protein by ProteOn biosensor analysis. MAbs 3C3 and 3E4 showed
significant reactivity with CHIK.sE2 bound to MAb 8A4 and the best resuit was
obtained when MAb 3E4 was used as detecting antibody (data not shown). Thus, the
combination of anti-CHIK.E2 MAbs 8A4 (capture antibody) and 3E4 (detecting
antibody) is suitable for the development of antigen-capture ELISA.

The binding ability of MAbs to CHIK E2 glycoprotein was further investigated
by IF assay (Fig. 5A) and flow cytometry analysis (Fig. 5B). Anti-CHIK HMAF was
used as a positive control. in IF assay, MAbs 3C3, 3E4, and 8A4 strongly reacted
with endogenously synthesized E2 proteins in CHIK virus-infected Vero celis (Fig.
BA). As a negative control, anti-DEN E MAb 4E11 showed no reactivity (data not
shown). Ali of three anti-CHIK.E2 MAbs recognized the CHIK E2 glycoprotein
transported at the PM (Fig. 5A, - TX-100), suggesting that their epitopes are
accessible on the outer face of E2. By flow cytometry analysis, MAbs 3C3 and 3E4
showed similar means of fluorescent intensity on CHIK virus-infected Vero cells
permeabilized or not with saponin (Fig. 58). Thus, both anti-CHIK.E2 MAbs are able

to recognize similarly newly synthesized E2 molecules and PM-associated E2.



Ndumu Arv9/71  a Fluorescent antibody test. Infected AP61 cells were fixed 24 h post-infection
with PEA, permeabilized with Triton X-100 and immunostained as described in Methods. (++) strong,
(+) moderate, and (+/-) low fluorescence signal . (-), no 25positive reaction. CHIK: Chikungunya, ONN:

O'nyong-nyongy§ ksl Forest, SIN: Sindbis. b. mouse immune s , ilution c. the
concentration of antibody was adjusted to 2.5 pg.mL-1 d. the concentrgﬁgépr?\[%%&m%%%gé was

adjusted to 3.0 pg.mL4 30Alignment of amino acid sequences of the ectodomain and stem region of
E2 (E2-1 to E2-364) for CHIK.06-49 virus, ONN-59 yisus (Genbank accession n M20303), and

Igbo-Ora IBH 10964Fsskeisy{6metipakiaigsiesensatod Bt 9dastiviey shantrOHIRGE 2 MAambvdantified
e g A3 o 3 RIS, RIRSBRITNS AN ST S kAUt Bogy O
CHIK virus-infected cells in the presence of saponin (Fig. 5B). Because MAb 8A4
targets preferentially PM-associated E2, it is likely that its epitope is predominantly
5 exposed on the external face of native-form of E2.
Immunoblot reactivity of anti-CHIK.E2 MAbs
Immunobiotting was performed with sucrose-purified CHIK virions and
recombinant soluble CHIK.sE2 protein in order to determine whether anti-CHIK E2
MAbs bound to linear epitopes (Fig. 6). As a positive control, anti-CHIK HMAF
10 probed CHIK virus-associated E2 and CHIK.sEZ_ The inventors observed that MAbs
3C3 and 3E4 were able to react with E2 under the reducing conditions. To determine
whether these MAbs recognize linear peptide epitopes, an array of immaobilized
overlapping 15-mer peptides covering the entire amino acid sequence of CHIK.sE2
was prepared by means of the SPOT technique. Linear synthetic peptides were
15 incapable of forming epitopes for the two anti-CHIK.E2 MAbs (data not shown).
These results suggest that MAbs 3C3 and 3E4 recognized partially linear epitopes.
Anti-CHIK.E2 MAD 8AA4 failed to react with CHIK virus-associated E2 protein in
immunoblot analysis (Fig. 6), suggesting that this MAb could recognize a
conformational epitope. While MAb 8A4 has weaker reaction with CHIK.sE2 under
20 the reducing conditions as compared to MAbs 3C3 and 3E4, it showed reactivity with
two additional protein bands with estimated molecular weights of about 100 and 150
kDa (Fig. 6, MAb 8A4, lane 1). Such observation suggests that MAb 8A4 has the
ability to detect dimeric and trimeric forms of soluble E2.
Cross-reactivity of anti-CHIK.E2 MAbs with Old World alphaviruses
25 IF assays were pérformed on infected mosquito'cells to assess whether the
three anti-CHIK.E2 MAbs recognize SIN virus and related members of SF
serocomplex isolated in Old World such as SF, Igbo-Ora, ONN, Babanki, Zingilamo,
Middelburg, Ndumu, and Arv8/71 viruses. Table 2 summanzes the cross-reactivity of
MAbs: anti-CHIK HMAF showed strong reactivity with CHIK S27 strain, igbo-Cra
30 IBH10964 strain, ONN Gulu (ONN-58) strain, Zingilamo AnB1245d strain, and SF
IPD/A strain, moderate reactivity with SIN Ar399 strain, weak reactivity with Babanki
ArY251 strain, and no cross-reactivity with Middelburg SAAr749 strain, Ndumu
SAAr2204 strain, and Arv9/71 virus, The reactivity of anti-CHIK.E2 MAbs in the



WO 2009/031045PCT/182008/003092 17 365 residues of E2 identified as few as five amino acid
differences (98.5% identity) between Igbo-Ora and ONN virus strains (Fig. 7). There are 45. amino
acid differences (87.5% identity) between CHIK virus and the two other related members of SF
antigenic complax2éa9mpakative analysis of E2 sequences showed that OWTEB%%gﬁ{ﬁfrom
CHIK.06-49 and Igbo-Ora IBH 10964 viruses at positions E2-130, E2- 164, and E2-288 (Fig. 7, open
frames). Interestingly, the substitution Thr164Ala maps to strictly conserved region E2 160-177 in
CHIK and Igbo-Ora viruses. This prolin-rich region might be exposed on the surface of the E2 spike in
alphavirion (Mildrepeetitatibd ay, t2f08asIdisfinttfeonc aptGHIK IMAAR Fesishown iyGh keBaithAbs

As discussed e, anti-CHIK.E A4 a 4 are spitabl etection of CHIK virus in a
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baseline for anfig gl Baptei,e4 38 AUAR) 1 HY-CHN EZMRES WitT BishavarGeEehymgaror |
detection of CHTK viruses diluted in DPBST/1% mk set to 0.45, which is equal to the mean + 3
standard deviations (S.D.) of the 00450 20 for DPBST/1% milk. According the cut-off threshold, the

detection limit-e e ximately10 J : v virus and
104 3 FFU of human-cell-derived CHIK virus ('ﬂﬁﬁA@ Antigen-capture ELISA was also able to detect
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E2 in its soluble form (CHIK.sE2) and the minima detectable mass was approximately 5 ng (Fig. 8B).
The pair of an{j;GE/H<.E2 MADs has higher level of 25 reactivity with CHIK virus grown in 293A cells as
compared to mosquito cells (Fig. BA). This might be related to the release of individualized E2
glycoprotgins in supernatants of hugagrOreiis HRRREd byakcpatsic AR IREiEtSs. Mhgseassults show
that MAbs 8A4 and 3E4 may be employed in combination to detect soluble CHIK E2 protein as well as
virion-associated E2 protein in virus culture supernatant. 30 _There are two distinct CHIK virus
genotypes in Africa (reviewed by Powers and Logue, 2007). The first genotype comprised CHIK virus
isolates from \Wgsk Africa The second gengiype grouped GHIK virus isglates from Bast/Central/South
Africa. To determing the specificity of the pair of anti-CHIK.E2 MADs, antigen-capture WO
2009/031045Ii@Pfﬁr:?ZOOS/OO?,OQZ 18 ELISA tests were pgrformed ona panel of clitical isolates of
CHIK virus obtaNNd from Central/East Afriea (Central Africa Republic, 1:978; Indian ©Ocean, 2005-06)
and WestAfricg (lyary Coast, 1999; Senegal, 1965-66 and 2005). All tested African strains of CHIK
virus grown on mosquito cells were recognized (data not shown). 5 Thus, the combination of MAbs
8A4 and 3E4 i8Rable to recognize epitopes¥n E2 that are conserved across Western-and Central/East
African CHIK @ynis genotypes. To further dgfine the specificity of the combination of anti-CHIK.E2
MADs, antigen-capture ELISA was performed on related alphaviruses. The results were similar to
those of indircBBRRMSIA. Sandwiched MABY8A4 and 3E4 bound CHIK.08-49 strain 10 and also to a
lesser extent IgtigdesutgH 10964 strain, but did not cross-react with ONN-59 strain or other related
memberéoof SE(fnngenic complex isolated in Africa or Asia (data not shown). Together, these data
demonsffate that e combination of anti-CHIK.E2 MAbs 8A4 and 3E4 is suitable in the design of
sandwich ass@yw96fdetection of CHIK virus, and to lesser extent Igbo-Qra virus. 15-DISCUSSION
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and immunoblgt assays shaWRS LaalGHIN 388 WiRsigpcognized by specific antibodies to CHIK virus.
The inventors wefigsaligdert@RiRRPatitisadle WaL s dutes 1 S ding aghty purified CHIK.sE2 antigens.
The purified 2% Cit{Kcehdeteititsh fopEniisoay fals adivseauperoaiynis Suitable for easy detection of
antibodiggyspecific foxligrifentroSadming bR $dd sénaasidmreniblrmam ¥Hig. stem fdifon e ERI'S

demonstratedgﬁ t three an i-%i—(K Eﬁ&’”@@ C3, 3E4 wgéA have_ sigpificant reactjvity wyith CHIK
virus-associat aEé é‘i\%?p#g‘[ nlrﬂ{i ¢ % SAUSecANSeMA r’é’%(f&%@ﬂ%&%ﬁé%’&t%th E2in
the context of M20868}, and Igbo-Ora IBH 10964 strain (Genbank accession n° AF079457) is

shown in Fig. 7. The two identified N-linked glycosylation sites at positions 263 and

345 are conserved in CHIK, ONN, and Ighbo-Ora viruses. Genetic analysis on the first



30 CHIK virion, their epitopes are probably located on the virus surface. However, all of three MAbs
failed to neutralize CHIK virus infection of primate cells in vitro. Because the binding of anti-CHIK.E2
MADs to whole virus did not inhibit the viral interaction with the host cells, it is likely that their epitopes
did not map towpjessnRusislizing WO 2009/031045PCT/1B2008/003092 19 &paaainsiSoby K E2
glycoprotein. The results of immunoblotting analysis showed that MAbs 3C3 and 3E4 have
significant reactivity with CHIK virus-associated E2 and recombinant soluble CHIK E2 glycoprotein
under the reducing conditions. Immunofluorescenca 3tudies showed 5 that the two anti-CHIK E2 MAbs
can successfifg desehiowoll 2 joent ek ddTevaasiveasnitivb- askbdiffeadrica s 98{Eetcd gntitydte cells.

Based on thejr Cclivi ith CH i it is presumed that epifopes recognized by MAps 3C3
and 3E4 areek%@ﬁgrtﬁéﬁéé%rraor% ﬁw@%ﬁgﬁﬂgg o&@%cﬁﬂ%lea,é: Hﬁléggézaﬂ?otﬁ ﬁ%‘ﬂga §1€ to react
with MAbs SGﬂfameEﬂl(BaLﬁ&’ol_iéam@mbaM@@mﬁUﬁ@ﬁtMg@tﬁ&aW lfdn_tndp'pﬂiglmmlysis.
Evaluation of gy 1aafRnte depiel feampbittabara cuBpeslan hindioosHudEs drRBRAC

Phage-displagad random peptides librairies are also applicable to identification of epitopes for

anti-CHIR.E259 e plions e-HK-S66tS andilghafRsa A ALREAviuRes ahpositieastE 2ebdydize CHIK
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3E4 under-the reducing conditions. The results_of flow Qﬁ/thmetr analysis showed that MAb 8A4
predominant/{"BREABTIHYLNseRAEEEHCR K TRUd (iR CHI AR dREREBr YIFHRER bR analysis
showed that |gblinSichaegidrianagiite kapusealgnntadciofae affwnkiEe ERiksateliphdviaoah atomic

structure of C Llﬁ(ﬁg %Igﬁotgroet%r] '?% t to be determined, it is likely that epitope recognized by MAb
8A4 20is contormatondl &t the éxtefnal face of native-form of E2. The three anti-CHIK.E2 MAbs

showed@rossﬂmmnwigamregﬁbl&ebdswlnﬁ antibﬂﬂil-K)-ERI.MAlWain as determined by IF assay.
ik ONN and 10Rs AR i 66 55 ApgleThkaiaeicr e Sfacaliaenlc camalsy (viowed by

Strauss and Strauss, 1994). ONN virus was Isolated from human samples in ainl 25

(Haddow et selepnotiGiiK-vrs\inua sansinishEHIFAmMAMBAY 7 Migiehla hwasesesiasye et at,
1988, 1990). dbasrdesmtitRefNbx IFRPESEIANBIIgROMApErBSiifaSestsiiLghfab Nds rmiolti gt at, 1998;

Powers et at, 2000),, The’ﬁercent S_%guence identity values at E2 amino acid |level indicated that
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Since ONN strain 5G650 isolated in 1995 (ONN-95) possesses a threonin residue at position E2-164
(Lanciotti et 2%t B8y u Mg gRYaLIR HNSMBAO RIN- 88 Rdafd dREeaR (BB &t theifiR4RPs the role
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and MAb 3E4 (detecting antibody) \ { ect’at least 1045 FFU of CHIK virus grown in human
cells. The detBeBEgKiTAataly thisgeidy B dhesral of stinsb b dhbrcBas iiapsr levahafCHIK E2

MADs hgs the&seaditeaty EHIRT (a8 lERASh IYS W/ esi ML Cashit Bl 1B hodfuiB U A Ry Cross- 15
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supernatants of human cells infected by cytopathic CHIK virus. These results show
that MAbs 8A4 and 3E4 may be employed in combination to detect soluble CHIK E2
protein as well as virion-associated E2 protein in virus culture supernatant.
30 There are two distinct CHIK virus genotypes in Africa (reviewed by Powers
and Logue, 2007). The first genotype comprised CHIK virus isolates from West
Africa. The second genotype grouped CHIK virus isolates from East/Central/South

Africa. To determine the specificity of the pair of anti-CHIK.E2 MAbs, antigen-capture



In conclusion, the inventors have generated and characterized three MAbs 3C3, 3E4, and 8A4
reactive to CHIK E2 glycoprotein. Such MAbs are helpful for studying the biology of CHIK virus and
pathogenesis of Chikungunya fever 20 (Borgherini et at, 2007; Ozden et at, 2007; Sourisseau et al.,

2007). The threwabiéiailkE2 MADs are useful in diagnostics of CHIK viruq,@f%tj%/@&:j@e
diagnostic methods may include the immunoblot and immunofluorescence assays (reviewed by

Powers and Logue, 2007). The present data showed that MAbs 8A4 and 3E4 are also used in
combination to recognize whole CHIK virus as well as soluble CHI K E2 25 glycoprotein in antigen
detecting ELIEAS3inestshectite poffrfaetionrs aipamel biahidiealddsates of QldiKanasgibtaitesdl to early
diagnosis of Chik n ver (Santhos t. 2Q07), it.is that combinati i-CHIK E2
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divergence of Chikungunya viruses in Indi 2006) with specialreference ie 2005-2006 WO
2009/03F045 Pluisy ireerrphination of Mahs $88dand detirablede resaanizespitppesiots? thidckburn, N.
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and o'nyong nyong virus using monoclonal antibodies. Res. Virol. 146, 69-73. 5- Borgehrini, G.,
Poubeau, P., f4ERbAERNe-thesspegificity Rfhrcorpbipation of ante- I RaiNRS: FMtigel, A, and
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and analysis of Chikungunya virus. J.Cli . 39, 271-2375 5 - Epstein, P. R., 2007. Chikungunya
Fever resurgdiida @atagnat aheuminpgethen. thase data dempnstrale shabhe epebinatipef|. M.,

Moennig, V., KaadsnkOER MasEIrepantt 3E4 O9Jitdprigatine abalgharistriwioiR ays-fhecific
antigen capture enzyme igm#noasg%/ usin monoclonall anti%odies. J. din. Microbiol. 29, 131-137. 20
- Haddow, A.SEESH0ROT ERNR Xiysadnckio osseq §Xieb'aD8HE AVAMS fever: an epidemic virus

diseaselin EaPIS¢iESSIMNoOduction. Trans. R. Soc. Trop. Med. Hyg. 54, 517. - Johnston, R.E. and
O, Howley P, ock AL URoa SEOh LA oy RN R i oe"™ P
Lanciotti, R. vaswseshtagenerRiesapane! Bf MAbs against, OHIK Ki-ahycppretekdmisamierizRd Cropp,
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absence: genetic characterization of the virus. Virology 252, 258-268
The inventors expressed CHIK.sE2 which corresponds to CHIK.0649 E2
20 ectodomain followed by its stem region in Drosophila S2 cells. In this expression
system, CHIK.sE2 accumulated in the supernatants of induced stable S2 cells
clones. Indirect ELISA and immunoblot assays showed that CHIK.sE2 was
recognized by specific antibodies to CHIK virus. The inventors were able to develop
purification procedures yielding highly purified CHIK.sE2 antigens. The purified
25 CHIK.sEZ2 protein from the S2 celi culture supernatant is suitable for easy detection
of antibodies specific for CHIK virus in indirect ELISA and immunoblot analysis.
The inventors demonstrated that three anti-CHIK E2 MAbs (3C3, 3E4, and
8A4) have significant reactivity with CHIK virus-associated E2 glycoprotein in indirect
ELISA. Because MAbs 3C3, 3E4 and 8A4 react with E2 in the context of an intact
30 CHIKvirion, their epitopes are probably located on the virus surface. However, all of
three MADs failed to neutralize CHIK virus infection of primate cells in vifro. Because
the binding of anti-CHIK.E2 MAbs to whole virus did not inhibit the viral interaction

with the host cells, it is likely that their epitopes did not map to major neutralizing
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are also likely applicable to identification of epitopes for anti-CHIK.E2 MAbs (Davis
et al., 2000). In immunoblot analysis, MAb 8A4 failed to recognize CHIK virion-
associated E2 and showed a weaker reactivity with CHIK.sE2 as compared to MAb
15  3C3 or 3E4 under the reducing conditions. The results of flow cytometry analysis
showed that MAb 8A4 predominantly targets PM-associated E2 in CHIK virus-
infected cells. Results of immunobiot analysis showed that MAb 8A4 could recognize
homo-oligomeric forms of soluble E2 protein. Although atomic structure of CHIK E2
glycoprotein has yet to be determined, it is likely that epitope recognized by MAb 8A4
20 is conformational at the external face of native-form of E2.

The three anti-CHIK.E2 MAbs showed cross-reactivity with Igbo-Ora virus but
not with ONN-59 strain as determined by IF assay. CHIK, ONN and Igbo-Ora viruses
are serologically classified in the SF antigenic complex (reviewed by Strauss and
Strauss, 1994). ONN virus was isolated from human samples in Uganda in 1959

25 (Haddow ef al., 1960) and Igbo-Ora virus was isolated from humans in Nigeria in
1966 (Olaleye ef al., 1988, 1990). It has been recently proposed that Igbo-Ora virus

is a strain of ONN (Lanciotti ef af., 1998, Powers et al., 2000).
The percent sequence identity values at E2 amino acid level indicated that
- lgbo-Ora strain BH10964 is more closely related to ONN-59 strain than is CHIK.06-
30 49strain isolated in La Réunion island in 2006 (Fig. 7). Given that E2 residue Thr164
is mutated to Ala in ONN virus strain Gulu isolated in 1959, the strictly conserved
region E2 160-177 in CHIK and Igbo-Ora viruses (Fig. 7) might form part of the

antigenic domain for these anti-CHIK.E2 MAbs. Indeed, the residues of this region
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8A4 (capture antibody) and MAb 3E4 (detecting antibody) was able to detect at least
10*° FFU of CHIK virus grown in human cells. The detection limit of this test was
about 5 ng of soluble E2 molecules. The pair of anti-CHIK E2 MAbs has the cross-
reactivity for Central/East and West African strains of CHIK virus and no cross-
15 reactivity with related members of SF complex with the notable exception of Igho-Ora
virus.

In conclusion, the inventors have generated and characterized three MAbs
3C3, 3E4, and 8A4 reactive to CHIK E2 glycoprotein. Such MAbs are helpful for
studying the biology of CHIK virus and pathogenesis of Chikungunya fever

20 (Borgherini et al., 2007; Ozden et al., 2007; Sourisseau et a/., 2007). The three anti-
CHIK E2 MAbs are useful in diagnostics of CHIK virus infection and the diagnostic
methods may include the immunoblot and immunofluorescence assays (reviewed by
Powers and Logue, 2007). The present data showed that MAbs 8A4 and 3E4 are
also used in combination to recognize whole CHIK virus as well as soluble CHIK E2

25 glycoprotein in antigen detecting ELISA. Since the titer of infectious virus in blood
and tissues is high enough to lead to early diagnosis of Chikungunya fever
(Santhosh et al.,, 2007), it is clear that combination of anti-CHIK E2 MAbs 8A4
{capture antibody) and 3E4 (detecting antibody) is suitable for developing a specific
and sensitive antigen detection system.
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Thr cys Arg Val Pro Lys Ala Arg 260265270 Asn Pro Thr Val Thr Tyr Gly Lys Asn Arg Val Thr Leu Leu
Leu His 275280285 Pro Asp His Pro Thr Leu Leu Ser Tyr Arg Ala met Gly Arg lle Pro 290295300 Asp
Tyr His Glu Glu Trp lle Thr Asn Lys Lys Glu lle Ser g Thr 305310315320 Val Pro Ala Glu Gly Leu Glu
Val Thr Trp Gly Asn Asn Asp Pro Tyr - 32533033 g/s]gg/r Tm&l}g Gin Leu ser Thr Asn Gly Thr Ala

His Gly His Proz34p3¢5380dHis Gy llg.lgkeyaTys ryr§3gras§hj A Rep 38596

Lys Tyr Trp Pro GlIn Leu Ser Thr Asn Gly Thr Ala His Gly His Pro
340 345

His Glu Ile Ile Leu Tyr Tyr Tyr Glu Leu Tyr Pro
355 360

<210> 3
<211> 364
<212> PRT
<213> " virus

<400> 3
Asn Ala Arg Glu Asn Phe Asn val Tyr Lys Val Thr Arg Pro Tyr Leu
1 5 10 15

Ala His Cys Pro Asp Cys Gly Glu Gly His Ser Cys His Ser Pro Ile
20 25 30

Ala rLeu Glu Arg Ile Arg ser Glu Ala Thr Asp Gly Thr Leu Lys Ile
35 40 45

GIn val Ser Leu Gln Ile Gly Ile Lys Thr Asp Asp Ser His Asp Trp
50 55 60

Thr Lys Leu Arg Tyr Met Asp Ser His Thr Pro val Asp Ala Asp Arg
65 70 75 80

Ser Gly Leu Phe val Arg Thr Ser aAla PBO Cys Thr Ile Thr g;y Thr
85 9

Met Gly His Phe Ile Leu Ala Arg Cys Pro Lys Gly Glu Thr Leu Thr
100 105 110

val Gly phe val Asp Ser Arg Arg Ile Ser His Thr Cys Met His Pro
115 120 125

Phe Arg His Glu Pro Pro Leu Ile Gly Arg Glu Lys Phe His Ser Arg
130 135 140

Pro Gln His Gly Lys Glu Leu Pro Cys Ser Thr Tyr val His Thr Thr
145 150 155 160

Ala Ala Thr Ala Glu Glu Ile Glu val His .Met Pro Pro Asp Thr Pro
165 170 175

Asp Tyr Thr Leu Met Thr GIn GIn Ala Gly Asn val Lys Ile Thr val
180 185 1920

. Asp Gly GIn Thr val Arg Tyr Lys Cys Lys Cys Asp Gly Ser Asn Glu



<210> 4 <211> 43 <212> DNA <213> Atrtificial <220> <223> forward primer <400> 4 aaaaaagatc
tgacaacttc aatgtctata aagccacaag acc43 <210> 5 <211> 45 <212> DNA <213> artificial <220> <223>
reverse primer <400> 5 tttttgcggc cgcgtcatag tggggtacag ctcataataa tacag45 29 CLAIMS 1. A method
for detecting the presence or absence of a Chikungunya virus (CHIK) strain, or of envelope E2
polypeptide from Chikungunya (CHIK), a functional derivative thereof, or its precursor E3E2 (p62), in a
sample, comprising the steps 28 '

F226 165.5T25.txt
195 200 205

Gly Leu Thr Thr Thr Asp Lys val Ile Asn Asn Cys Lys val Asp Gln
210 215 220

Cys His Thr Ala val Thr Asn His Lys Lys Trp Gln Tyr Asn Ser Pro
225 230 235 240

Leu Thr Pro Arg Asn Ser Glu GIn Gly Asp Arg Lys Gly Lys Ile His
© 245 250 255

Ile Pro Phe Pro Leu val Asn Thr Thr Cys Arg val Pro Lys Ala Arg
260 265 270

Asn Pro Thr val Thr Tyr Gly Lys Asn Arg Val Thr Leu Leu Leu His
275 280 285

Pro Asp His Pro Thr Leu Leu Ser Tyr Arg Ala Met Gly Arg Ile Pro
290 295 300

Asp Tyr Hi5 Glu Glu Trp ITe Thr Asn Lys Lys Glu Ile Ser Ile Thr
305 : 310 315 320

val Pro Ala Glu Gly Leu Glu val Thr Trp Gly Asn Asn Asp Pro Tyr .
325 330 335

Lys Tyr Trp Pro Gln Leu Ser Thr Asn Gly Thr Ala His Gly His Pro
340 345 350

His Glu Ile Ile Leu Tyr Tyr Tyr Glu Leu Tyr Pro
355 360

<210> 4

<211> 43

<212> DNA

<213> Artificial

<220> - :
<223> forward primer

<400> 4
aaaaaagatc tgacaacttc aatgtctata aagccacaag acc 43

<210> 5

<211> 45

<212> DNA

<213> artificial

<220>
<223> reverse primer

<400> 5
trrttgcgge cgcgtcatag tggggtacag ctcataataa tacag 45



50f: a) contacting the sample with an anti-CHIK E2 monoclonal antibody to form an immune complex;
and b) detecting the presence or absence of the immune complex formed ina). 2. The method of
claim 1, wherein said anti-CHIK E2 antibody specifically binds to 10an epitope located on the outer
surface of said CHIK virus. 3. The method of claim 1 or 2, wherein said anti-CHIK antibody is selected
from the group of monoclonal antibodies deposited &%he CNCM (Collection Nationale de Cultures de
Microorganismes), 28 rue du Docteur Roux, 75724 Paris Cedex 15, on September 06, 2007 under
accession number 1-3824 (3E4) and 1-3823 15($N4AIMSrhe method of any one of claims 1 to 3,
wherein the sample is contacted with a combination of anti-CHIK monoclonal antibodies consisting of

a capture mdnScBaEIhibEStaRting deedRinReRtSRCRRRERERILHA ChikangwaymaiRst (GiHIKim 4,
wherein the gagiNIr &M ROSHIRR tiEQd_bGB}Béféﬁéf #8rRAG nfkubgRimathesHak sl aimrdrtienaherein

the detecting monaclonal antibody consists of SE4. 7. A monoclonal antibody specifically binding to
the whole CAGRNALYS theeseln aRdteBrrsaIERl BARROBRP e il PRIEs $eBRTISIIEDe, R3&RA epitope
located®n tlyg 250uter surface of a CHIK virus. 8. The monoclonal antibody of claim 7, selected from
the group deposited at the CNCM (Collection Nationale de Cultures de Microorganismes), 28 rue du

Docteur Roux, 75724) Pasidctrgxthe. SanfyaetembesdtameHIKde? asepriRmal aRtiddf s (3E4),
and 1-3823 (8A4). 30 9. A kit for detecting the presence or absence of a Chikungunya virus (CHIK)

strain or of a Chikungu!/A\ARAMEHNS) IR EBFde in a sample, comprising a monoclonal antibody

selected from the grpygetepnsiatabiBedpdE-OF HboBRSEOHF thie At emplekyermes in a).
Microorgan%ﬂ% 28 rue du_Docteur R%ux, 75724 Paris Cedex 15, on September 06, 2007 under
m

accession n meind REdainl (weseein £ad anti-GEEk. 2 ABiedhspesticaty B dsdRed in
claim 7 @r 8 gn apiespeinssinad tietRefoate B ghnsisoeagatHIRNGUET the screening of an infection

by the CHIKAIHS, TLiRSS 8PSANG 1 e inSIe e AR SRy U o
the group of monoclonal antibodies deposited at the CNCM (Collection Nationale
de Cultures de Microorganismes), 28 rue du Docteur Roux, 75724 Paris Cedex
15, on September 06, 2007 under accession number 1-3824 (3E4) and [-3823

15 (8A4).

4. The method of any one of claims 1 to 3, wherein the sample is contacted with a
combination of anti-CHIK monoclonal antibodies consisting of a capture
monoclonal antibody and a detecting monoclonal antibody.

5. The method of claim 4, wherein the capture monoclonal antibody consists of

20 8A4.

6. The method of claim 4 or 5, wherein the detecting monoclonal antibody consists
of 3E4.

7. A monoclonal antibody specifically binding to the whole CHIK virus, wherein the
monoclonal antibody specifically binds to a CHIK E2 protein epitope located on the

25 outer surface of a CHIK virus.

8. The monoclona! antibody of claim 7, selected from the group deposited at the
CNCM (Collection Nationale de Cultures de Microorganismes), 28 rue du Docteur
Roux, 75724 Paris Cedex 15, on September 06, 2007 under accession number |-
3824 (3E4), and 1-3823 (8A4).

30 9. A kit for detecting the presence or absence of a Chikungunya virus (CHIK)
strain or of a Chikungunya virus (CHIK) E2 polypeptide in a sample, comprising a

monoclonal antibody selected from the group deposited at the CNCM (Collection



30

Nationale de Cultures de Microorganismes), 28 rue du Docteur Roux, 75724 Paris
Cedex 15, on September 06, 2007 under accession number |-3824 (3E4), and I-
3823 (8A4).

10. Use of a monoclonal antibody as defined in claim 7 or 8 or a combination
thereof, as diagnosis reagent, and/or for the screening of an infection by the CHIK
virus.

11. Use according to claim 10, wherein the infection by the CHIK virus is

asymptomatic.



