ANTI BODI ES FOR DI AGNOSI S AND TREATMENT OF FLAVI VI RAL | NFECTI ONS FI ELD The
present invention relates to the fields of nedicine, cell biology,

nol ecul arwbi20iooys33and bi ochemi stry. In particular, it recaseotomodoueat nent
and di agnosis of diseases, in particular flaviviral diseases such as dengue
and West Nile Virus, as well as conpositions for such use. BACKGROUND
Dengue virus, a nenber of the Flaviviridae famly, is responsible for over
20, 000 deat hs per year. Dengue is the nost significant nosquito-born viral
di sease affecting humans. Up to one third of the world' s population is at
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mllion cases of dengue fever and 500, 000 cases of dengue
haenorrhagi ¢ fever each year. mng@%&g@ﬁﬁ si ngl e-stranded RNA virus

of the famly Flaviviridae conprised of four dlstinct serotypes (DEN -4).
Its genoREEL®onsi sts of a single open reading frane directing the synthesis
of a polypeptlde which is cleaved by viral and host proteases into ten
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asynptomatic infection through dengue fever (DF) to dengue haenorrhagic

fever (DEFE 858 ggngue shock syndrone (DSS). Despite the seriousness of

dengue-r ease, a conpl ete understandi ng of dengue pathogenesis
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haemorrhagic fever each year.
Dengue is a small single-stranded RNA virus of the family Flaviviridae comprised of
four distinct serotypes (DEN1-4). Its genome consists of a single open reading frame directing
the synthesis of a polypeptide which is cleaved by viral and host proteases into ten viral

proteins. These include three structural proteins, core (C), envelope (E) and membrane (M),

synthesized in precursor form (prM), and seven non-structural (NS) proteins {Rigau-Perez,
1998}.

Infection by dengue virus may result in a spectrum of clinical manifestations. These
range from asymptomatic infection through dengue fever (DF) to dengue haemorrhagic fever

(DHF) and dengue shock syndrome (DSS).

Despite the seriousness of dengue-related disease, a complete understanding of dengue
pathogenesis remains elusive. It has been shown that higher virus titres during the early stages
of dengue fever correlates with progression to the more severe dengue haemorrhagic fever.

. However, the lack of proper diagnostics and markers for monitoring the disease progression
adds difficulties in predicting the severe outcome. Neither a licensed drug nor a vaccine has
been approved to treat severe conditions caused by infection with dengue virus like dengue
haemorrhagic fever. Biomarkers for monitoring the disease course and outcome are also

critical in determining the proper treatment of the disease.



haenorrhagic fever. Biomarkers for nonitoring the di sease course and
outcone are also critical in determning the proper treatnent of the

di sease. Qwvbean1ofdiasssvi ruses such as West-Ni |l e, Yell ow Feremr/Scroapanaese
Encephalitis viruses are inportant human pat hogens of gl obal concern

(Gubl er, 2006, Hal stead, 2007, Keller et al., 2006). SUMVARY We descri be an
anti body rai sed against domain Il of dengue virus envel ope glycoprotein
(E), which we designate 9F12. W denonstrate that antibody 9F12 is capable
of neutralizing dengue virus. The antibody is capable of cross-reactivity
and is able t@%@ﬂ’ flagivirvedsysupleas Wabt- e, denllgweF avier usJaprese Ennephiabtis difuses

capabl o oF pau RS o AH APl kel ComeipThivefor 208, PReat Yol i

envel ope2@l6ycoprotein (E) that is bound by 9FI 2. W disclose the variable
region of 9FI 2 and show that Fab fragnents, as well as single chain Fv

f ragnent rising this variable region, have the sane cross-reactive
and st roSr%%yﬁﬂl&t ralizing activities. Accordingly, we provide for
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Accor di nglytepratelns(E) ashieh tweafesichate @F¢3.ent i nventi on, we provi de an
pol ypepti de capabl e of binding to a dengue envel ope gl ycoprotein (E)
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may conpri se aE Ftl body. The polypeptide may conprise a Fab fragment. It
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K307, K3¢ifdi 0 ' e i th
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may conpisibeend be9KEx.i abl e regi on of nonoclonal antibody 9FI 2 (SEQ

We disclose the variable region of 9F12 and show that Fab fragments, as well as single
chain Fv fragments, comprising this variable region, have the same cross-reactive and strongly
neutralizing activities. Accordingly, we provide for immunoglobulins based on this variable

region for the treatment and detection of flaviviral infections, including dengue and West Nle

Virus.

According to a 1% aspect of the present invention, we provide an polypeptide capable
of binding to a dengue envelope glycoprotein (E) polypeptide, in which the polypeptide is
capable of binding to an epitope bound by antibody 9F12, or a variant, homologue, derivative

or fragment thereof.

The polypeptide may comprise an immunoglobulin. The polypeptide may comprise an

~-antibody. The polypeptide may comprise a Fab fragment. It may comprise an single chain Fv.

The epitope may comprise residues K305, K307, K310 and G330 of a dengue

envelope glycoprotein (E) sequence, with reference to the position numbering shown as SEQ
ID NO: 2.

The polypeptide may comprise the variable region of monoclonal antibody 9F12 (SEQ
ID NO: 4, SEQ ID NO: 6).



ID NO 4, SEQID NO 6).There is provided, according to a 2nd aspect of the
present invention, an pol ypeptide conprising the variable region of

nonocl onavoanto/deszsy OFI 2 (SEQ ID NO 4, SEQ I D NO 6), POI/SG2¢m@mon@ad ,

honol ogue, derivative or fragnment thereof which has at | east 90% sequence
honol ogy and is capable of binding to azdengue envel ope gl ycoprotein (E)
pol ypepti de. The pol ypepti de may be capable of binding to any one or nore
of envel ope glycoprotein (E) from dengue virus serotype I, |1, Il and IV.
The pol ypeptide may be further capable of binding to envel ope gl ycoprotein
(E) from West Thétkés Movided, stberdinglty p@ft dsgectmfiyhehpeapaivkaticof. abpolghemideo
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bind with an affinity of 70 nmor bel ow, 60 nmor below, 50 nmor bel ow, 40
nm or behamplogpardissrpaids ofbinding iters dengveleovglonogineomotebe(E)wolypeptideor  bel ow,
4 nmor below, 3 nmor below, 2 nmor below, 1 nmor below It may bind
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neutralizing dengue virus, such as from serot t 'may be capabl e of

el . |
heut r al | Bindge BRI RAHTS! holow T Brasthiasbwith an pHinienofHO0 sapaiialowi 1t may

neut r al izj .gen yir fro erotype 111 |t e capabl e .of.

oty ol | BhA BRI R LA L ATHIERRGr bt velb b Ty inG B R Spliey of 70
neut r al i mh @ beleny 6@ nir drildw, S0 N 6r B¥loWwD4En@for HElo6t, D&% br beldw, 0 dmapd | V.
It may be capabl e of neutralizing dengue virus fromeach of serotypes I,

L1, 111 ey A nopige bplgiy paip prckelensy 18 of belote P nenpraliilen ol nmeutelav, dinwy Vest
Nile Virys,eotha ReY bl ik gaga@ﬁﬁegmx ey B&oﬁso.ﬂ%@gfﬁ&o& Znmor
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pl ague-reduction neutralization assa 0 e my’ capa Y of
neut r al i @ithynmiordslomi.t h a PRNT5C00f | O6 or below. It may have a PRNT50of 2
X1 O7 or below. It may have a PRNT50 of 10 7 or bel ow, PRNT50 of 10 8 or

bel ow or a PRNJoG,hdy fhay b2%apable of inhibiting a biological activity of envelope
glycoprotein (E). The activity may comprise receptor binding activity. The activity may

comprise homotrimerization activity. The activity may comprise virus absorbtion to host cells.

The polypeptide may be capable of neutralizing a flavivirus. The polypeptide may be
capable of neutralizing dengue virus, such as from serotype 1. It may be capable of
neutralizing dengue virus from serotype IL. It may be capable of neutralizing dengue virus
from serotype III. It may be capable of neutralizing dengue virus from serotype I'V. It may be
capable of neutralizing dengue virus from one or more of serotypes I, II, Il and IV. It may be
capable of neutralizing dengue virus from each of serotypes L, I, Il and I'V. The polypeptide
may be further capable of neutralizing West Nile Virus. The neutralizing activity may be as
measured in a plaque-reduction neutralization assay. The polypeptide may be capable of
neutralizing virus with a PRNTs of 10 or below. It may have a PRNTso0f 2 x 10”7 or below.
It may have a PRNTs, of 107 or below, PRNTs, of 10 or below or a PRNTs of 10° or

below.

The polypeptide may comprise a monoclonal antibody. It may comprise monoclonal

antibody 9F12. It may comprise a humanised monoclonal antibody. It may comprise an Fv. It



bel ow. The pol ypeptide may conprise a nonocl onal antibody. It may conprise
nonocl onal anti body 9FI 2. It may conprise a humani sed nonocl onal anti body.
It may cowproeen9asssFv. lItmay conprise an F(ab'). It nayPcorsgrimmo@as F(ab')
2. It may conprise a single-chain Fv (scFv) fragnment. It may conprise a
single chain Fv fragnent conprising VH gequence (SEQ ID NO 4) and VL
sequence (SEQ ID NO 6). The pol ypeptide nmay conprise the single chain Fv
fragnent scFv9F12 (SEQ ID NO 8). W provide, according to a 3rd aspect of
t he present invention, a pharmaceutical conposition conprising an
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according to the 3r aspect of the invention for use in: (i) a nethod of
treat ne ag}PefﬁrSéE/Wé?ﬁliszE@fIDé\I@l &iviral infection including dengue and Vst
Nile Virus infection, preferably in which the nethod conprises
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conposition to an individual suffering or suspected of suffering froma

f1 avi vi reampasttias:qosrprising andiohperiédrassorsing wabe 1Rt 2 wipeasof thé eventom, or
(i) a i LS {viral inf.ection_including dengue and
vest 1 1 2egnc 2l LGRSl Relcp BRI BB i, Sspect of the
present invention, a diagnostic kit conprising an polypeptide according to
the 1st or 2ndsadpaspechpl thpgrasentanyantianohers ippvitied aotpolypkpiidegrosidingio
accor di t;@ e . the invention together with.instructdons for
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pol ypept. gee .conprising a sequence shown as SEQ | D NO._ 4 or SEQ 6, or
bot h, orinkectign inghding,dengue guk WegeNile Yiruy enfeetions arpferably imahichithoumictiod; s
capabl e tadi ng: i, t of the..
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dengue and West Nile Virus infection; or (i) a method of diagnosis of a flaviviral infection

including dengue and West Nile Virus infection.

We provide, according to a 5™ aspect of the present invention, a diagnostic kit
comprising an polypeptide according to the 1% or 2™ aspect of the invention or a
pharmaceutical composition according to the 3™ aspect of the invention together with
instructions for use in the diagnosis of a flaviviral infection including dengue and West Nile

Virus infection.

The present invention, in a 6™ aspect, provides a polypeptide comprising a sequence
shown as SEQ ID NO: 4 or SEQ ID NO: 6, or both, or a variant, homologue, derivative or

fragment thereof which is capable of binding envelope glycoprotein (E).

In a 7™ aspect of the present invention, there is provided a nucleic acid comprising a
sequence shown as SEQ ID NO: 3 or SEQ ID NO: 5, or both and which is capable of
encoding a molecule according to the 1% or 2™ aspect of the invention, or a variant,
homologue, derivative or fragment thereof which is capable of encoding a polypeptide having

envelope glycoprotein (E) binding activity.



encodi ng a nol ecul e according to the 1st or 2nd aspect of the invention, or
a variant, honol ogue, derivative or fragnent thereof which is capable of
encodi ng wopolygapsi de havi ng envel ope gl ycoprot ei n ( E) Poir/sdi20ug/000049
activity.According to an 8th aspect of the present invention, we provide a
cell conprising or transformed with a nygcleic acid sequence according to
the 7th aspect of the invention or a descendent of such a cell. W provide,
according to a 9th aspect of the invention, a nmethod of producing an

pol ypeptide according to the 1st aspect of the invention, the nethod

conpri si ng prAveailing taac 8" hsmetaithe pepsér itventisn, wappest aakell tchmprismg i i on
and expressi.ng t.he polypeptide fromthe cel|l. There is ovided, in

accor danddnsg i pitby SR agd Seqiepracsputinto qlﬁ\?eﬁfﬁe&h?‘% © HERWRN @2

det ect i NgesBeddeatvofi<sush hBélgct ed cell, such as a dengue-infected cell and West
Nile Virusinfected cell, the nethod conprising exposing a candidate cell to

an pol ypeptidg according to the }st aspect .of the inventign and detecting
% b f :

expr essi on of _é’erfBY‘G_&é‘c f%{%?&t%iaﬁpf(%? B’SIW/Y%’BPPJCP@‘H_B@O@H POgpging A8 an 11t h
aspect Ofoly il YERAUAR o 1 1PTaGhlsr e FRICHASh, BUREIRHR8mbAGNS bARAAAL o

provi di ng an pol ypepti tF according to the 1st or 2nd aspect t he

i nvent i otellzasdomlingomthey8T aweplolfireipyentmntandisikpigssing thegolypepide Gomdbpedt ei n
(E) polypeptide, preferably in which the polypeptide is allowed to bind to
a cell expresghdigi | | ) ti : [ a

13t h aspect o?h?ﬁése%?gig g‘?’? 5 ?%%6%%’&%hf?ﬂh\%&f‘gg@%é?ﬁﬁ%ﬁ%gﬁ%ﬂg ég%lc???)g of
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i ndi vi dual,  the. nmet hod conprising exposin i ol ogical .sampl.e fromthe

| vi duBreets S DRt aae o diots ST B S ReBe recoriin b

i nvent i ofhe atdslet 6Cthé RvehiicHhiitRRENE 8RprefiorPét REIBHE gg_c@isl@teﬁ{lml ope

gl ycoprotein (E)_ polypeptide. There 1's provided, according to a l4th aspect
of the pl?(é id¢ hy &irgedn, a nmet hod of treatnent or prevention of a
flaviviral infection including dengue and West Nile Virus infection in an

i ndi vi dual suAf ek il MY aglectSdIRERY 8idnOwR reHas £ ietthdf doBPrEtEhne §bss sret hod
conprising adm ni steri n_gea therapeuf i S(%al l.}é effective amount of “an

pol ypeptireeidgeciy piilyrgptide adverding toghe 2hdr 'S pspsct of the eventioremid dlovang the

conposi t ﬂo?ﬂoe%ﬁﬁg {odﬂ)iﬂg’ td 9 eﬁv@?op%rg(iiyc%%Po?ecl}l (E; p(glr})lgeptide, preferably in which the
polypeptide is allowed to bind to a cell expressing envelope glycoprotein (E) polypeptide.

According to a 13™ aspect of the present invention, we provide a method of diagnosis
of flaviviral infection including dengue and West Nile Virus infection in an individual, the
method comprising exposing a biological sample from the individual to an polypeptide
according to the 1% or 2™ aspect of the invention and detecting binding between the

polypeptide and envelope glycoprotein (E) polypeptide.

There is provided, according to a 14™ aspect of the present invention, a method of
treatment or prevention of a flaviviral infection including dengue and West Nile Virus
infection in an individual suffering or suspected to be suffering from such, the method
comprising administering a therapeutically effective amount of an polypeptide according to
the 1% or 2™ aspect of the invention or a composition according to the 3™ aspect of the

invention to the individual.

We provide, according to a 15™ aspect of the present invention, a method of treatment
or prevention of flaviviral infection including dengue and West Nile Virus infection in an

individual suffering or suspected to be suffering from such, the method comprising diagnosing



invention to the individual. W provide, according to a 15th aspect of the
present invention, a nethod of treatnent or prevention of flaviviral

i nfecti orwonroloudsisg dengue and West Nile Virus infecti oRrcCirrsGasoionaiyi dual
suffering or suspected to be suffering fromsuch, the nethod conprising

di agnosi ngfl aviviral infection including dengue and West Nile Virus
infection in the individual by a nmethod according to the 13th aspect of the
invention and treating the individual by a nmethod according to the 14th
aspect of the invention. The practice of the present invention wll enploy,
unl ess oflgayiil defectinti ipeluding deogueeandi WestNitee¥ims ipliesionin thieémdisidnsl, bynol ecul ar
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expl ai nesbcbrilingte the 14F aiputaf UReRwedtdn, exanple, J . Sanbrook, E. F. Fritsch,
and T. Maniatis, 1989, Ml ecular Coning: A Laboratory Mnual, Second
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ch. 9, lanvaiibnibectlffiies\Of LBIMEirpoislccliavbidiopl, mMr%iélbgé-reégﬁ?oiﬁalrrt N AbtLT ee,

and A. Kahn, 1996, Isolation and Sequencing: Essential Techniques, John
W ey & 3§rigmunolagy, wichlarewithinghe sapabilitiesp e persaipeyrdinarySikilliin the art.
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sical _Anal ysis of DNA Met hods in
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Spri r ol P | 0- 87969- 314- 2}, 1855 Handbook of Dr
Sor coni MR ot By B o M SR s L UG, B0 Mithdes (2001,
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Analysis of DNA Methods in Enzymology, Academic Press; Using Antibodies : A Laboratory
Manual : Portable Protocol NO. I by Edward Harlow, David Lane, Ed Harlow (1999, Cold
Spring Harbor Laboratory Press, ISBN 0-87969-544-7); Antibodies : A Laboratory Manual by
Ed Harlow (Editor), David Lane (Editor) (1988, Cold Spring Harbor Laboratory Press, [ISBN
0-87969-314-2), 1855. Handbook of Drug Screening, edited by Ramakrishna Seethala,
Prabhavathi B. Fernandes (2001, New York, NY, Marcel Dekker, ISBN 0-8247-05 62-9); and
Lab Ref: A Handbook of Recipes, Reagents, and Other Reference Tools for Use at the Bench,
Edited Jane Roskams and Linda Rodgers, 2002, Cold Spring Harbor Laboratory, ISBN 0-

87969-630-3. Each of these general texts is herein incorporated by reference.

BRIEF DESCRIPTION OF THE FIGURES

Figure 1. Purification of Domain III.

Figure 1A. SDS-PAGE of purified domain III proteins of DENV1 - 4. with

Coomasssie Brilliant blue staining.



BRI EF DESCRI PTION OF THE FI GURES Figure 1. Purification of Domain II1.
Figure | AL SDS-PAGE of purified domain Il proteins of DENVI - 4. with
CoonmasssiwoBnidd9smat bl ue staining. Figure | B. CD spectr eomsiG2owfoododed and
purified DENV2 domain Il11. The presence of a positive peak at 198 nm and a
negative peak at 217 nmindi cate beta strands as the predom nant secondary
structure. Figure 1C. Am no-acid sequence alignnent of the domain Il from
DENV1-4 and WNV. Beta strands A to G are marked above the alignnment. Loops
of NNtermnal region (NTR), BC, DE FG form ng the epitope surface and the

i naccessi bl e Biguteoldp @ epevinukeed rbfolldnd anligueificd DENVY?2 (smeindllsOhéprseree 4B) .
Figure 2. Vi ut i zation Figure 2A Pauered ction ass wth
purified® H%“éei:ﬁ’Ng %Hlé’ﬁdédlﬁgﬂg‘fe ﬁé E}Bh‘%ﬁ‘? aétfq'“zgfsﬁ% NV1- 4.

Fi gure Zﬁ,ed&gg{agﬁﬁe@wgrmgpl e of a Plaque reduction neutralization
assay plate. Wells . cell controls for the BHK-21 cells. A2 to C2,
A5 to C5 contajn the neutral zation mxture &the diluted mAb 9FI 2 and 100
PFU of virus Péredkt |z§mmg@q%seggenq¢la,hggm@grﬂf B domgin A4 diomp BFNAGtdand Fi gure
2C. Fusi I d to the
mbs 1ol Loued by e B g tres b o R St I AN b i RRE

i odi de. &VER), BQDE Fidommidg pims&pﬂa;iswﬁa:ce(and tzsagecefRilde Aclobpieedmaiked ur es of
DENV2 wi ¢t 9F12 (0 res 4& (open circles) were dispensed onto
Ver o cell?q%nﬁg (eg{ese%%@?g %1412{)ur in the pre-adsorption assay. The
virus anti body m xture was replaced with diluted virus in the

post - adsor pt i Bigueess MusNdutialieationy washi ng and addition of either mAb9F12
(solid squares) or 4@ (bullets). A naive nobuse serumwas used as control

i cat e ot anfB ASu AL e B AL T Rl PAR SRAE BN BRER B 1

and VNV Deng@ielvi@s btyaiid DENVIMicrotitre pl ates

Figure 2B. Representative example of a Plaque reduction neutralization assay plate.
Wells Al to C1: cell controls for the BHK-21 cells. A2 to C2, A5 to C5 contain the
neutralization mixture (the diluted mAb 9F12 and 100 PFU of virus per well). A6 to C6: virus
control (no antibody added).

Figure 2C. Fusion inhibition assay: DENV2-infected C6/36 cells were exposed to the
mAbs followed by a pH drop (pH 6.0). Cells were stained with Propidium iodide.

Figure 2D. Pre and post adsorption assay. Pre-incubated mixtures of DENV2 with
mAbIF12 (open squares) or 4G2 (open circles) were dispensed onto Vero cell monolayers at
4°C for an hour in the pre-adsorption assay. The virus antibody mixture was replaced with
diluted virus in the post-adsorption assay, followed by washing and addition of either
mADbIF12 (solid squares) or 4G2 (bullets). A naive mouse serum was used as control (open
triangles). Assays were performed in triplicate and error bars indicate standard deviation from

the mean.

Figure 3A. Binding of DENV1-4 and WNV to 9F12 by ELISA. Microtitre plates
coated with either the recombinant DENV1-4 or WNV domain III were incubated with mAb
9F12. The binding was detected using an anti-mouse antibody conjugated to alkaline

phosphatase and revealed using a PNPP substrate.



coated with either the reconbi nant DENV1-4 or WAV dormain |1l were incubated
with mAb 9F12. The bi ndi ng was detected using an anti-nouse anti body

conj ugat esot2010a9B685i ne phosphat ase and reveal ed usi ng aPPRBB2010/000049
substrate. Figure 3B. Binding of DENV1-4 and WNV to 9F12 by Surface Pl asnon
Resonance: Typical sensorgrans obtai nedgfor the interactions between DENVI
-4, WAV domain |1l with either mAb9F12 or a reconbi nant scFv9F12. The | evel
of protein inmobilization for each serotype was adjusted to avoi d nmass
transfer limtation. The kinetic and affinity constants obtained for the
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The data are representative of three independent experinments. Figure 4B. A
nodel of domaFigutd 4A Spitebetaphimgdyyi teagiaurfecadisplae Fldy cyioMtetr Hist@erbasefl on

t he yeast surface display results. Residues formng ni 9F12 epj.t ope
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negative control were included in the st Udf' D2TEd3 was coated on plate and
the ni ce’klris shpvinggd ebhedatnargireRresegtatiye of three mdependent skperyntand pr obed
with antinouse secondary antibody conjugate and PNPP substrate. Sera from
five mce shopghfeiWpreaRaskefonit ITDSKwiAg el pitbpd £a0EnirRMS! HABDII2Ybaddd
Figure 6 are drawi ngs showing in_vivo neutralization experinents in mce.
Three  onthe yeast surface display results. Residues forming the mAb 9F12 epitope (dotted spheres -

K305, 307 and G330) are labeled. Loops BC, DE and FG and the N-terminal region (NTR)

are colored in blue. The solvent-inaccessible loop AB (in the context of the viral particle) is

_marked with a black arrow.

Figure 5 is a graph showing the presence of antibodies to D2TEd3 in Den 2 infected
AG129 mouse sera tested by ELISA. Sera from a group of 8 mice collected on day 2, 4, 6, 8
and 10 of post infection with DENV- 2 (TSVO1) (McBride & Vasudevan, 1995) along with a
group of 8 naive mice as negative control were included in the study. D2TEd3 was coated on
plate and the mice sera were added at a dilution of 1 in 10 in duplicate and probed with anti-
mouse secondary antibody conjugate and PNPP substrate. Sera from five mice show the

presence of antibody at significant levels on day 10.

Figure 6 are drawings showing in vivo neutralization experiments in mice. Three
groups of 4 mice each are injected with 0.1mg of mAb 9F12, immune serum (Positive control)
or phosphate buffered saline (negative control) one day prior to virus challenge. Mice are
subsequently challenged with 2 X 10° pfu of strain TSVO1 in 0.4 ml volume of virus
suspension intraperitoneally. Plasma and sera are collected and tested for Plaque assay, RT-

-PCR and NS1. Figure 6A. Plaque titration assay performed on mouse plasma after infection



groups of 4 mce each are injected wwth Olng of mAb 9F12, inmmune serum
(Positive control) or phosphate buffered saline (negative control) one day
prior to wonrop/mbBsl enge. M ce are subsequently chal | engeut/sai2oio/080069 106 pf u
of strain TSVA in 0.4 m volunme of virus suspension intraperitoneally.
Plasma and sera are collected and tested for Plaque assay, RTPCR and NSl .
Figure 6A. Plaque titration assay perfornmed on nouse plasnma after
infectionwith DEN2 TSVA . Figure 6B. Quantitative Real Tinme Pol ynerase
Chain Reaction (gRTPCR). Figure 6C. Enzyme Linked |Inmunosorbent assay

(ELI SA) wah DENETSYO 1t RzuroeB.aQuent stire RealEineCRolyeraps €bsin Readon (qRT-

nonstructural protein 1 (NS Dengue type 2. Figure 7 is a draw ng
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of virus binding capacity of 9F 2 agalhst standar gue nonocl onal
anti bodi es by ELI SA (protocol described in nethods section below). Figure

9A, Fi gure 9BFigHE Hsquirawing shpwingragatonyshisithassayto shawibe layy aepdestion of &¢lki ng
of dengUx%nﬁér%&l'%ﬁb???frbn?\)&}egtflﬁﬁéﬁgus.b" 549 cells with mAb 9FI 2 nmade
y

fl uorescent Sing a secondary anti body conjugated to Al exa fluor 488 to
give a green fluorescence, Figure 9A. A-549 cells uninfected (left) and
cel I s i nf ect eBigie hissniewingshgwingra eympagiser of vH)s biedieg eapagity bt PRl agajnsp
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fl uor escleiee).whereas that of ni AB 9FI 2 (right) gives a bright speckled
fluorescence. Figure 9C. The sane procedure as in Figure 9B but 2days after

i nfection reag; ( t (L afd: [ .S :hro cr [ tLve. t t her
flaviviruses, Pl%‘ﬁ% %Iﬂ%ﬂ%]?’d%]l%gl %Mg\rggsagg Fl %aggﬁésv%g%n%engﬁ%o@%g C{)/‘g?atuﬁlng e
vi ruses ofideygucvingatype- X mfdcheit A o549adiils 3tikh HiAb®IFT 2 madbiflubreseenibg ikingspeci fi c
to dengue virus serotype 2 only 9FI 2 shows a cqnparabl e fluorescence
st ai ni ngeeenqaRaantgiody canigatpd ihalexa fluopds togire a geep ENpesrenes) | D NO 1
shows a reference nucleic acid sequence of envel ope glycoprotein (E).

Figure 9A. A-549 cells uninfected (left) and cells infected with SMOI (3days after

infection) reacted with mAb 9F12 (right).

Figure 9B. The same procedure but with 10MOI to show the difference in staining
pattern of mAb 4G2 (left), which gives a homogeneous fluorescence whereas that of mAB
9F12 (right) gives a bright speckled fluorescence.

Figure 9C. The same procedure as in Figure 9B but 2days after infection reacted with
4G2 (Left), which is broadly cross reactive to other flaviviruses, mAb 9F12 (middle), cross
reactive to Dengue and West nile viruses only, compared to that of mAb 3HS (right), which is
highly specific to dengue virus serotype 2 only. mAb 9F12 shows a comparable fluorescence
staining to that of a highly specific mAb, 3HS.

SEQUENCES
SEQ ID NO: 1 shows a reference nucleic acid sequence of envelope glycoprotein (E).

SEQ ID NO: 2 shows a reference amino acid sequence of envelope glycoprotein (E).

SEQ ID NO: 3 shows the nucleotide sequence of heavy chain of monoclonal antibody
9F12. SEQ ID NO: 4 shows the polypeptide sequence of heavy chain of monoclonal antibody
9F12. SEQ ID NO: 5 shows the nucleotide sequence of light chain of monoclonal antibody



SEQ ID NO 2 shows a reference am no acid sequence of envel ope gl ycoprotein
(E). SEQ ID NO 3 shows the nucl eotide sequence of heavy chai n of

nonocl onavoanto/desssy 9F12. SEQ I D NO 4 shows the pol ypepCirse26egoeaee of
heavy chai n of nonocl onal antibody 9F12. SEQ ID NO 5 shows the nucl eotide
sequence of |ight chain of nonoclonal argibody9F12. SEQ ID NO 6 shows the
pol ypepti de sequence of |ight chain of nonoclonal antibody 9F 2. SEQ ID
NO. 7 shows a nucleic acid sequence of a Single Chain Variable Fragnment
(ScFV) derived from nonocl onal antibody 9F12. SEQ ID NO 8 shows an am no
aci d seqPerc SEQX IIANS): hghewEtte poljymptiddiequencagitight dhairFofmoesclonabaiftitody
nonocl onglglzanti body 9F12. SEQ ID NO 9 shows a nucleic acid sequence of a

forward pri‘trer for DENV-1. SEQ ID NO 10 shows a nucl eic acid sequence of a
reverse primer for DENV-1. SEQ ID NO 11 shows a nucleic acid sequence of a
forward pri meBEQJD BNV sRowSEQudl&c bk s¢@renbovsa Singleclleiie Vatibble Fegpnenge of a
reverse Loer, for NV-2. SEQ | D. NO. Wws_a nucleic acid sequence of a
f or war d @F%F‘“ﬁ%ﬁd %ﬁ@%ﬂocg@% ngg 91%1}' gg{&/@ N dsheye apamiposasiience of a
reverse fgueRe o&@rSi@téhém\Sﬁﬁblé%&%é SSIPYGerfiell Hiohel ' fbice of a
forward &?i mer for NV-4. SEQ | D NO elg shows raenuc:nieeiln%ng‘%?%lggque ce of a

reverse Pflizmer for DENV-4. SEQ ID No: 17 shows the pol ypeptide sequence of
a synthetic peptide fromDENV2 to N Term nal |oop. SEQ ID No: 18 shows the

| tid o i . : I D
pol ypepti de sg@QenNRO0H sl@ovzsy hhatit %cﬁ%%#deﬂ@e bf é)f?r%\@lel%% fg@)le Dﬁ@z

No: 19 shows the pol ypeptide sequence a synthetic™p to
DE | oop. IISNQ: 1D shipws 20udhiowsid sequgppot pHe pivietse psietn dorddENV-h SEQIDHAIOc11

i d 2 EG | 0op. | D_No: i d
P ene oM TG A tenetehira o abiss Fr RN SHERR OB HRbnbRa ¢ he
pol ypept indieiSadd eafiRnes ofta Ry&sH Biiner 8 PENIR-2f K20 IDENWR 18 Ghdws o RERiLAcNo: 22

shows the pol ypepti de sequence of a sgnt hetic peptide from DENVZ2 to g. SEQ
| D No: 2%594esieT & fervsed prmst fal DN deRER 161 NO: 44 shows 4 sugleiprideequeance DENV?2

to h. SEQeLD<NB5 t ti f.a syntheti.c peptide

From DENVE Ts, PrimEER IR SR KRR 1 Sh BT THERER sEla. BuTite ¥4 a8
primer for DENV-4. SEQ ID NO: 16 shows a nucleic acid sequence of a reverse primer for
DENV-4.

SEQ ID No: 17 shows the polypeptide sequence of a synthetic peptide from DENV2 to
N- Terminal loop. SEQ ID No: 18 shows the polypeptide sequence of a synthetic peptide from
DENV2 to BC loop. SEQ ID No: 19 shows the polypeptide sequence of a synthetic peptide
from DENV?2 to DE loop. SEQ ID No: 20 shows the polypeptide sequence of a synthetic
peptide from DENV?2 to FG loop. SEQ ID No: 21 shows the polypeptide sequence of a
srynthetic’peptide from DENV2 to e. SEQ ID No: 21shows the polypeptide sequence of a
synthetic peptide from DENV2 to f. SEQ ID No: 22 shows the polypeptide sequence of a
synthetic peptide from DENV2 to g. SEQ ID No: 23 shows the polypeptide sequence of a
synthetic peptide from DENV2 to h. SEQ ID No: 24 shows the polypeptide sequence of a
synthetic peptide from DENV2 to i. SEQ ID No: 25 shows the polypeptide sequence of a
synthetic peptide from DENV2 to j. SEQ ID No: 26 shows the polypeptide sequence of a
synthetic peptide from DENV2 to k.

DETAILED DESCRIPTION

ANTI-FLAVIRAL ANTIBODIES

Our invention is based on the functional and structural characterization of 9F12, a

mouse monoclonal antibody raised against a recombinant Domain III from DENV?2. 9F12 has



synthetic peptide fromDENV2 to j] . SEQ ID No: 26 shows the pol ypeptide
sequence of a synthetic peptide fromDENV2 to k. DETAI LED DESCRI PTI ON
ANTI - FLAWBAL10AMTI3BODI ES Qur invention i s based on the PomsG2enaboand
structural characterization of 9F 2, a nouse nonocl onal antibody raised

agai nst a reconbinant Domain |11 from DGNV2. 9FI 2 hascross-neutrali zing
capacity towards five different DENV strains. It is also capable of binding
to West Nile virus envel ope glycoprotein (E) domain Il11. W therefore

provi de broadly for anti-flaviviral antibodies. The Exanpl es describe the
gener at i cossanghtjalinidg capanﬁtymcﬁwmii; fibediffesery BN Ak ains. Toivlalserdpabie ohbinding

reactivi flavivir rote The _anti-flaviviral antibody may
be capabfoywagﬁ%‘r Y}Wgenf’?)loﬁﬁggﬁ%% Fegie &) ﬂPB’FHnﬂgvi vi ruses such as dengue and
West Nile Virus. They may be capabl e of bindi ng pol ypeptides from ot her

flaviviruses Slecheraford prdvidedsrosdlizioeptislavivisl ¥tibislianTheEBxdropled-@ssetibdihieus,

etc. Flaviviruses are, descrjbed in further detai] bel ow. The antibody may
be capab8@eEHiop28d 219du5len of anfibodics generiedsfipr, sichwhich hawt wagtuly agawst,

pol ypeptﬂgl@vnﬁ%;otgmgnpl e, the antibody nay be capable of binding to two or
nore variants a particular polypeptide within a defined group of

viruses. The two or nore varjants my therefore COI'TpI’I se cognate or

honol ogous pol Y@t flaariralashbeds may é?’l fapableead bapding topolyneptifes 9mBup. The
ant i bo.dyﬂ%ﬁ}/m%%f ypeaagl nQIe Qﬁ%ﬁ%ﬂe%ﬁﬁp%@}?ﬁg9g)lre§a ble S bihiifgvari ants of

a particula pti in that group VI T USes may
conpris epolypeqmdss ﬁelh@rth@dlaifr\mmsémcbaa"ﬂmké)otﬂe) Emephaitis \bfusaanvllYa]ﬂ@wf BEaviet vy,

(ii) spegies fr a.virus ge es or serotypes froma

vi rus spgt‘ﬁl‘é&c gp]vévﬁf}lsﬁ%%%ﬁ ﬁre‘l.eém@é‘gexarrpl e is a group of
viruses which conprises two or rmre species of virus. The anti body may be
capabl e of bi Thk agibody anaydieyppaiile dEcrbssarenctiviar i.ef ablofo Bihdvo moreuhes one

bi el ng BV Bt FABBDe, BB el APRDE L DTS oo RIcBop fants of

Encephal 4 bérﬁcﬁ'fhlr oty SpHAY Hlifhh BEVRI oYbupHst viRkSs. T8S t8€ br more variants may
therefore comprise cognate or homologous polypeptides from different types of virus in the
group. The antibody may be capable of binding to substantially all of the variants of a
particular polypeptide within that group.

The group of viruses may comprise viruses selected from for example (i) members of a
virus family, (ii) species from a virus genus and (iii) subtypes or serotypes from a virus

species, or any combination of these.

One example is a group of viruses which comprises two or more species of virus. The
antibody may be capable of binding to a polypeptide from a variety of flaviviruses, including
dengue and West Nile Virus. The antibody may be capable of binding to polypeptides from
other flaviviruses such as Tick-borne Encephalitis Virus and Yellow Fever Virus, etc (as set

out in detail below).

Another example is a group of viruses that comprises two or more, such as all,
serotypes of a particular virus species. The antibody may be capable of binding to
polypeptides from a number of serotypes of flavivirus within a particular virus or species. For
example, the antibody may be capable of binding a polypeptide from different serotypes such

as serotype 1, serotype 2, serotype 3 or serotype 4 of a flavivirus such as dengue virus. The



out in detail below). Another exanple is a group of viruses that conprises
two or nore, such as all, serotypes of a particular virus species. The

ant i body weyotsosmpabl e of binding to pol ypeptides frompaTisGa®rook9
serotypes of flavivirus within a particular virus or species. For exanple,
the anti body may be capable of binding @ polypeptide fromdifferent
serotypes such as serotype 1, serotype 2, serotype 3 or serotype 4 of a
flavivirus such as dengue virus. Theanti body nay be capable of binding to a
pol ypeptides fromtwo, three, four, or nore, etc serotypes. The anti body

may be capibblipgnely beicapibigof tindink té heolypemidep Gom tvd, thred)gourcamptegeics a

conbi nati on of Irge ahove, i.e., gagrgup of vi{ ses which conprises two or
mor e spetSAEPSE 19F pEfbody mayhegapabie At iigdinede ail EYesSt |y conpri ses nore
t han one serotype, such as all serotypes within the species. The anti body

may t her ef or eAlfarteaeabingledt akbindinagoi of thatbewd, Se.0h goup@fwpaRdsi vidch r om nor e
than one, such as all, serotypes of one virus and nore than one, such as

al |, serNESs BYO anBoTeePedips okvirysein whighpach speties mdenandeRibnegmmiscs Mosb| e
of bi ndi t ° i the
cognate‘@?“Q%ﬁnr@%ﬁﬁﬁhgg?iﬂg%%@ﬁ%“fg@ﬁ?yﬁ%ﬁ”ﬁ%?g“%%@ﬁ?&“&%&gggc. Fgglly

al so di scdpable ofbimlintg toodyianta pfib belypépthiedchinn motrothan poé,ysnelphs alk sérotypesbf
serotypes of. a dengue virus and t cognat e .or honol ogous pol ypepti d rom
Vest N | SV G4t 216 0 oS SR 4 BRI oRGHNIGUES. 10 IOBI e oPiBRny

ot her fl@yy Wk bisBR SWRHIASa ¥6lyhoMideavdh alYsérdfy padr 4 H&ieub Qs ERF@RRBLAHE S

Virus. The disclosure Ofé?hl s "docunent _enabl €S the production of these
ant i bodi @shomeologdus palypeplédeneemVesidNilea¥irusnt s t her eof , i ncl udi ng hunmani sed
and chimeric antibodi es, which have one or nore simlar or identical

properties of wanibeifibaly Méd @l élnbeﬁh%_@c]?y Spable % bitdingto a%&ﬂoe?ﬁﬁé’%h{ Ap may

include binding affinity, binding specificity, cross-teactiVity, binding
avi di t y, senasppesaifiaziengueaditusvantythe edgnateas hdmogiobepoly perftide tfroan Wist Mile bel ow.

The specy,fic antibodi es and varjiants thereof..described.in this document may
e e ol a8 Wet R PR oo o BB NP Do icg R b e e B s e
in this veldswnPeler VARG AT bode Pakatuliag Viru@l ogy techni ques which we al so
describe in detail. ANTI-ENVELOPE GALYCOPROTEI N (E) DOVAI N I'I'1 ANTI BODI ES

The disclosure of this document enables the production of these antibodies as well as
fragments and variants thereof, including humanised and chimeric antibodies, which have one
or more similar or identical properties of anti-flaviviral antibodies such as 9F12. Such
properties may include binding affinity, binding specificity, cross-reactivity, binding avidity,
neutralizing activity, etc, as described in further detail below. The specific antibodies and
variants thereof described in this document may be produced by a person skilled in the art
from the information disclosed in this document, and employing molecular biology techniques

which we also describe in detail.

ANTI-ENVELOPE GLYCOPROTEIN (E) DOMAIN III ANTIBODIES

The polypeptide bound by the anti-flaviviral antibody may comprise a flaviviral
protein. The protein may comprise a flaviviral envelope protein. The protein may be a
glycoprotein. The protein may comprise a flaviviral envelope glycoprotein (E). The antibody
may be capable of binding one or more domains, such as domain I1I, of envelope glycoprotein

(E). We therefore specifically disclose anti-envelope glycoprotein (E) domain III antibodies.

Thus, the term “anti-envelope glycoprotein (E) domain III antibody” should be taken
to include monoclonal antibody 9F12 (as well as its humanised counterparts). Also included

are polypeptides comprising the variable regions of antibody 9F12 and variants, homologues,



The pol ypeptide bound by the anti-flaviviral antibody may conprise a
flaviviral protein. The protein nmay conprise a flaviviral envel ope protein.
The prot evo 20By098835a gl ycoprotein. The protein nmay conpPCISGaofolasHyi ral
envel ope gl'ycoprotein (E). The anti body may be capabl e of binding one or
more domai ns, such as domain IIl, of emwsel ope glycoprotein (E). W
therefore specifically disclose anti-envel ope glycoprotein (E) domain |1
anti bodi es. Thus, the term "anti-envel ope gl ycoprotein (E) domain |11
ant i body" shoul d be taken to include nonocl onal antibody 9FI 2 (as well as
i ts huneftageehtcamideivatvéssheredd. Thisitarmi sttt slsebpakypephtids refereped v ng t he

vari abl e regi ons of ant bod 9FI and varj an honol o ues, fra nts .and
deri vat .Yﬁéga%fSh eraglogussy, reglfl ﬁ?ﬂvam&?ssqf ﬂgf'eaftth?(%‘f? 1qng § wa&en?geé%ﬂee to
vari ant sy Qﬁfﬂah&guﬁsdesér{b%%%ks witaeh tﬂ@Ebﬁ‘c@pEtdo\éﬁﬁné)f the anti-envel ope

gl ycoprotein (E) domain Il anfibodies escri bed bel ow, where the

context permgts. The anti bg%(i/ descri bed here miéWﬁe capabl e of bi ndi ng
flaviviral enVd pdody fesp hsrg may)be capriie gEbig flavivinal gavelape prot ei n,

(engus, ek @), 5603l KRS (00 ARAL 1381 RLKRERY oPlafobblutunuch oo

gl ycopr osteemtnpe(sEg)f 4 viouns AB bs erigae \Ilt mag .be Ifurt}nmycalbnéale:afﬁiahdlmg cﬁ]‘avb)nnati@mxglope
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gener at ed agai nst dengue virus, for exa omai n of the envel ope
gl ycopr o‘tvéh@OKYIEFPY&GSthEOWPI’r&@erapﬁﬁmnﬁhgfplﬂ@amﬂ@e t he antl -flaviviral

anti bodi es may al so be considered anti-dengue anti bodi es or anti-envel ope
gl ycoprotein fg arﬁpﬂﬁdfi{)iréllahtiﬁéﬁié%gy B8 gelPROLh oM d@i’fgdeb/‘?ﬁb &% 8RhpIar i ant's
t hereof including Fab, scFv etc and humani sed monocl onal anti bodi es as wel |
as t hei rdgmap élrltog ¢ eavelogeglyeomretein (E)dé ki virig: Fohihds thesanyihet antiridhvivieal

Exanpl es Lih cl ana tibody. 9Fl. 2

bi nd ng PHTisEH Y PP bsieoRahy oE (T PR 8RBl Bl Rastisice R RRRS %@5
Exanpl eSdcﬁhe&ﬂIﬂ%ﬁﬁMdi@; Fab fragnents from nmonocl onal anti body 9F 2, as
wel | as single chain Fv scFv9F12, capabl e of binding to domain Il of

Gengue VIt 1o SRAEFRE LSRR el SR Ry AL e o0
monoclonal antibodies as well as thelr properties are described in detail in this document and
the Examples. The Examples describe monoclonal antibody 9F12, capable of binding to
domain IIT of dengue virus envelope glycoprotein (E). The Examples also describe Fab
fragments from monoclonal antibody 9F12, as well as single chain Fv scFv9F12, capable of
binding to domain III of dengue virus envelope glycoprotein (E). Other variants, including

humanised versions of each of these antibodies, are also disclosed.

We disclose the sequences of the variable regions of monoclonal antibody 9F12. We
further disclose variants, homologues, fragments and derivatives of these variable regions.
Using this sequence information, a skilled person may produce antibodies comprising these

variable regions or their variants, homologues, fragments and derivatives.

We further disclose the sequences of nucleic acid constructs for expressing these
monoclonal antibodies. The sequences of these constructs enable the production of
monoclonal antibodies which have identical sequences to 9F12. We further disclose variants,

homologues, fragments and derivatives of 9F12.



W di scl ose the sequences of the variable regions of nonocl onal antibody
9FI 2. We further disclose variants, honol ogues, fragnents and derivatives
of these wanpablssssegi ons. Using this sequence i nfor mat iPom/SGao®lDéked
person may produce anti bodi es conprising these variable regions or their
vari ants, honol ogues, fragments and derjyvatives. W further disclose the
sequences of nucleic acid constructs for expressing these nonocl onal

anti bodi es. The sequences of these constructs enable the production of
nonocl onal anti bodi es whi ch have identical sequences to 9F12. W further

di scl ose var i pifhBy, VioaBd10gURS sequeRgsetensancts dgsabkas s ekgressihg 8fe hutndnisedl | y,
we di sclose the sequences of constructs capabl e of expressing the humani sed

monoc| orfapneghenabaeiasierF 12, We deessioe mphorsin surresting:ihis e a9dies afaterest

anti bodi @S el l
s vari Ay neE R BEET W MEhfuctd BESERGE PRt Rol PR R00 ThpliEh R
construcdawah)sesr[gfthagehuﬁmqmemmtrmm t he expression nethods, the skilled
person may readily transfect relevant host cells and cause themto express

t he whole no r iants,
honol ogues, P@ggge&#lg:ugﬂggg#égg g&%§?%%@éo¥ag$%éﬁﬂ%% %hgpﬁpfgxg%dles
and var itedisgect Memnf hdmyellz;mﬂm lchuse theme to/expiress ttige wﬁ@e@mnmﬁlomltorbmman%ﬂ 2, as
wel | as further, %varlab e regiong from ot g ant i tElnvel ope
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described in (Crill & Roehrig, 2001), (hybakken et al., 2005), (Chu et al.,

2005, Marti naTkd mahoclontlantiodidsadd padadty th.ere(olﬁhﬁ@\tan@&mathe vad@blé yegion of
(G onmowsKki . et al 2008), (Lok et al.., @g etc. The antj-enyel ope
gl ycopr otéibA x%‘fl%@ﬁa\fen 2| 11 rihes cOMBHSInENgriaklrsEions ff%o ShethENVE§ P er ent
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(1. heavy chain"and |ight chain), or they may conprise a fragment of a
whol e arﬂlngigdyﬁl(csiyahola@llﬁvTheFm cpmprige Praparjadld regipmeot worsrthan oy earighlei n

ant i bodi %310(1:52& c}rzhngly, we provide the skilled person with the ability to produce any number of

antibodies which comprise the same or similar binding reactivity as antibody 9F12 or other

anti-envelope glycoprotein (E) domain III antibodies.

Such antibodies may comprise the full or substantially complete sequences of an
antibody (i.e., heavy chain and light chain), or they may comprise a fragment of a whole
antibody (such as Fv, F(ab”) and F(ab’), fragments or single chain antibodies (scFv)). The
antibodies may further comprise fusion proteins or synthetic proteins which comprise the

antigen-binding site of the antibody, as described in detail below.

It will also be evident that such antibodies may be engineered for desirable properties,

such as lowered host reactivity, reduced rejection, etc.

The engineering could include “humanisation”, by which term we mean the inclusion
of (or substitution with) one or more human residues or sequences in an antibody sequence
such as a mouse antibody sequence. “Humanisation” in the context of this document includes
“chimeric” antibodies, in which the antibody comprises discrete sections of mouse and human
sequences, €.g., where one or both of the variable regions comprise mouse sequences, and the

remainder of the antibody molecule (such as the constant region) comprises human sequences.



anti bodies may further conprise fusion proteins or synthetic proteins which
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i ncludes engineering at a nore discrete level, e.g., antibodies 1 nm which

t he rmous@dwathpibhenvy agil bightehsirensndadihyaa eurleaside sequedee darived froosa Humsnt o
reduce i; Fd?)iuﬁhtg%ne I n such an anti body, only the conplinmentarity
determining régions<Tromthe rodent anti body V-regions may be conbined with
framework regi ons from human V-regi ons. Such anti bodi es should be nore
human and | es$lumanisatiganlso ireludes hiDFaguafted anteshapdi estibodies. It thus includes

engineering at a more discrete level, e.g., antibodies in which the mouse variable region has
been mutated to include human residues to reduce immunogenicity. In such an antibody, only
the complimentarity determining regions from the rodent antibody V-regions may be
combined with framework regions from human V-regions. Such antibodies should be more

human and less immunogenic than chimaeric antibodies.

For the avoidance of doubt, where a specific antibody designation is referred to in this
document, this should be taken to include a reference to both the mouse monoclonal antibody
(as secreted by a hybridoma), as well as to the humanised version of it, unless the context
dictates otherwise. Thus, for example, where antibody 9F12 is referred to, this includes both
the monoclonal antibody 9F12 (i.e., the mouse hybridoma secreted antibody designated

9F12), as well as a humanised monoclonal antibody 9F12.

ENVELOPE GLYCOPROTEIN (E) DOMAIN ITI BINDING POLYPEPTIDES

We further provide for polypeptides in general having envelope glycoprotein (E)
domain III protein binding activity. Such polypeptides include anti-envelope glycoprotein (E)
domain IIT antibodies. The envelope glycoprotein (E) domain III-binding polypeptides may

" comprise one or more of the same or similar properties as the monoclonal 9F12. The
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gl ycopr obigding@Elivilomai n 111 bi ndi ng pol ypeptides (which include
anti envel ope gl ycoprotein (E) domain Il1l antibodies) may conprise simlar

or identical operties.as the nocl onal ,anti body 9FEl. 2. .Such sim | ar or
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envel opegfilclspR %_[}Q'bﬁio&iﬁ &) dandh M bhiibdddyd hiag cBRlpYiee HidiResr Bitidadpapericsl be
capabl e of binding to envel ope gl ycoprotein (E) domain Il polypeptides,
e.g., en&ﬂéh@p@ngqslynai@nbb@lyrnﬁge) wgnsinian onidentised prongties ey & PRTAYas er ot ype
1,23 %@H.(dg 'i)inl(]ﬂng properties. The envelope glycoprotein (E) domain IIT binding polypeptides
may in general be capable of binding to envelope glycoprotein (E) domain III polypeptides,
e.g., envelope glycoprotein (E) domain III from dengue (including serotype 1, 2, 3 and/or 4),

envelope glycoprotein (E) domain III from West Nile Virus, etc.

ENVELOPE GLYCOPROTEIN (E) DOMAIN III EPITOPES

The anti-envelope glycoprotein (E) domain III antibodies may have the same or
similar binding specificity, binding affinity and/or binding affinity as 9F12. The anti-envelope
glycoprotein (E) domain III antibodies may specifically bind to an epitope bound by antibody
9F12.

Methods are known in the art to determine an epitope that is bound by a particular
" antibody. Such epitope mapping methods are described for example in Hanson et al., (2006).
Respiratory Research, 7:126. Furthermore, a skilled person will be able to generate antibodies
and screen them for particular properties. A detailed description of such a method is shown in
Examples 10 and 17. Accordingly, a skilled person will readily be able to identify anti-
envelope glycoprotein (E) domain III antibodies which bind to the same epitope as

monoclonal antibody 9F12.
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Reference Nucleic Acid Sequence (SEQ ID NO: 1)

861
901
961
1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
le21
1681
1741
1801
1861
© 1921
1981
2041
2101
2161
2221
2281
2341

61
121
181
241
301

gggtttcagg
tggcaaaaaa
ccactctaag
gcccaacaca
actccatggt
tgacctgtge
acttggaata
acacaggaaa
agttgacagg
atgagatggt
tagacctgece
aagagacatt
gatcccaaga
caggaaactt
tcaaaggaat
aaacacaaca
agatccettt
tcaacccaat
gagacagcta
aaggaagttc
ttttaggtga
aggctctceca
ctatgaaaat
cactttctgt
aggcece

aggaagctgg
caaaccaaca
gaagtactgt
aggagaaccc
ggacagagga
tatgttcaca
caccattgtg
acatggcaag
ctatggcact
gttgctgcaa
gttgeccatgg
ggtgactttc
aggggccatg
actgttcaca
gtcatactct
tggaacaata
tgagataatg
cgtaacagaa
catcatcata
tateggecaa
cacagcttgg
ccaagttttc
cctcatagga
gtcactagta

atgcgttgca
gttgacatag
ttggattttg
atagaggcaa
agcctaaatg
tggggaaatg
tgcaaaaaga
ataacacctc
gaaatcaaaa
gtcacgatgg
atggaaaata
ctgceecggag
aaaaatcccce
cacacagcac
ggacatctca
atgtgcacag
gttatcagag
gatttggaaa
aaagatagcc
ggagtagagc
atgattgaga
gattttggat
ggagcaatct
gtcattatca

ttggtgggag

taggaatatc
tcttagaaca
aactgataaa
agctgaccaa
aagagcagga
gatgtggatt
acatgaaagg
actcagggga
taacaccaca
agtgctectee
aagcttgget
cggacacaca
atgcgaagaa
tcacaggggce
agtgcaggcet
gaaagtttaa
tacaatatga
aaagacatgt
cagtcaacat
cgggacaatt
caacaatgag
ccectgggagg
atggggetge
catggatagg
tcgtgacget

Reference Amino Acid Sequence (SEQ ID NO: 2)

MRCIGISNRD
IEAKLTNTTT
CKKNMKGKVV
VIMECSPRTG
KNPHAKKQDV
MCTGKFKVVK

FVEGVSGGSW
DSRCPTQGEP
QPENLEYTIV
LDFNEMVLLQ
VVLGSQEGAM
EIAETQHGTI

VDIVLEHGSC
SLNEEQDKRF
ITPHSGEEHA
MENKAWLVHR
HTALTGATEZI
VIRVQYEGDG

VITMAKNKPT
VCKHSMVDRG
VGNDTGKHGK
QWFLDLPLPW
QMSSGNLLFT
SPCKIPFEIM

aaatagagac
tggaagctgt
aacagaagcc
cacaacaaca
caaaaggttce
atttggaaaa
aaaagtcgtg
agagcatgca
gagttcecatc
gagaacgggce
ggtgcacagg
aggatcaaat
acaggatgtt
cacagaaatc
gaggatggac
agttgtgaag
aggggacggt
tttaggtcgce
agaagcagaa
gaagctcaac
gggagcgaag
agtgtttaca
cttcagtggg
aatgaattca
gtatttggga

LDFELIKTEA
WGNGCGLFGK
EIKITPQSSI
LPGADTQGSN
GHLKCRLRMD
DLEKRHVLGR

tttgtagaag
gtgacgacga
aaacaacctg
gattcteget
gtctgcaaac
ggaggcattg
caaccagaaa
gtcggaaatg
acagaagcag
ctcgacttca
caatggttcc
tggatacaga
gttgttttgg
cagatgtcat
aaactacagc
gaaatagcag
tctccatgta
ctgattacag
cctecatteg
tggtttaaga
agaatggcca
tctataggaa
gtctcatgga
cgcagcacct
gttatggtge

KQPATLRKYC
GGIVICAMFT
TEAELTGYGT
WIQRKETLVTF
KLOQLKGMSYS
LITVNPIVTE



1021 ccactctaag gaagtactgt atagaggcaa agctgaccaa cacaacaaca gattctcgct 1081
gcccaacaca aggagaaccc agcctaaatg aagagcagga caaaaggttc gtctgcaaac 1141
act ccat ggwoggaom@gzsgga t ggggaaatg gatgtggatt atttggaaaa ggaggeaintogood?0l1
tgacctgtgc tatgttcaca tgcaaaaaga acat gaaagg aaaagtcgtg caaccagaaa 12 6 1
acttggaata caccattgtg ataacacctc actcagggga agagcatgca gtcggaaatg 1321
acacaggaaa acat ggcaag gaaatcaaaa taacaccaca gagttccatc acagaagcag 1381
agttgacagg ctatggcact gtcacgatgg agtgctctcc gagaacgggc ctcgacttca 1441
at gagat ggt gttgctgcaa atggaaaata aagcttggct ggtgcacagg caatggttcc 1501

t agacctg %1 P?Qr@@ﬁﬁ?gl’éﬁ FIcé %Pg%%ﬁ@aﬁmsawammmwgg%m@w 1561
aagagaca GV ciid CHaTyHHR Helg Yt YL M RETIASVEEY 1621
gat cccaaga aggggé“c%\?&“g%acagcac t cacaggggc cacagaaatc cagatgtcat 1681
caggaaactt acThg tecfaeﬁcegmanaamtl aad agftgacannieigagdatgence aaaleﬁ%‘cﬁ@@mg%i

t caaa tcatactc acag aagtttaa agttgtgaag ca
aaacagggﬁ‘é"i S 8’&@5"60 Qegmﬁ%ﬁﬁmdgwcq gBh 1861
agatccctg&egsgﬁgﬁﬁ%%mgt ggaaa aaagacatgt tttaggtcgc ct gattacag 1921

t caacccaat cgtaacagaa aaagat agcc cagtcaacat agaagcagaa cctccattcg %931
agacagcta catcatcata g agt agagc cgggacaatt gaagctcaac tggtttaa a 41
gaggaagttc ta I’ég@&‘é%@xt i rgseghd @ﬁﬂﬁ%@t@wcg sing oh ami %@S mug1
ttttaggt thg

aggct ot SRS aa T L Mol SeadRin el ARk (IS LS R 530
ct at gaaalspt almgmrwta@@yaagnmam@mqaemmwmgg kaatvgalahfieavingeagelapet 2 2 81

cagcc. Rob BT aREn (8 Ag R BleQdau aareay S baleso 590 Fosnch TaRIRY PUESIRICSW

VDI VLEHGRG T P
SLNEEDRHE VO SADRG. WONBO e éﬁﬁ&ﬁeﬁa@&%&%&ﬁ%@mﬁ%
| TPHSCGEERAuSGRIOT Bikidids Enwrrmmrmsmn@fes may be performed by any of the

various means known in the art. For example, pairwise alignment using dot-matrix methods,

dynamic programming or word methods may be employed. Multiple sequence alignment
methods using dynamic programming, progressive methods, iterative methods or motif
finding may also be used. Programs such as FASTA, CLUSTAL-V, CLUSTAL-W, T-Coffee,
DALI (distance matrix alignment) and SSAP (sequential structure alignment program) are

well known in the art, and may be employed for producing sequence alignments.

An example of such an alignment is shown as Figure 1, and this figure may be referred
to for allocation of residue numbers or corresponding amino acids in any virus envelope

glycoprotein (E) polypeptide.

Using this numbering system originating from for example the amino acid sequence of
dengue envelope glycoprotein (E), aligned with amino acid sequences of a number of other
known envelope glycoprotein (E) polypeptides, it is possible to indicate the position of an

amino acid residue in an envelope glycoprotein (E) polypeptide.

Therefore, the numbering system, even though it may use a specific sequence as a base
reference point, is also applicable to all relevant homologous sequences. For example, the
. position numbering may be applied to homologous sequences from other flavivirus serotypes

or species, or homologous sequences from other organisms.

Examples of homologous sequences include Dengue virus serotype 1- Hawaii (NCBI

accession number AAN32773), Dengue virus serotype 3- H87 (NCBI accession number



181 VTMECSPRTG LDFNEMVLLQ MENKAW.VHR QAFLDLPLPW LPGADTQGSN W QKETLVTF 241
KNPHAKKQDV W.GSQEGAM HTALTGATElI QVBSGNLLFT GHLKCRLRVD KLQLKGWVEYS 301
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KDSPVNI EAE PPFGDSYI I | GVEPGQLKLN WFKKGSSI GQ M ETTMRGAK RVAI LGDTAW 421
DFGSLGGVFT SI GKALHQVF GAl YGAAFSG VSWIMKId_I G VI | TW GWNS RSTSLSVSLV 481
LVGWLYLG VWQA The reference amno acid and reference nucleic acid
sequence are derived fromthe Prototype strain of Dengue virus serotype 2
-New Gui nea C sequence having NCBI accession nunber: D00346. In the context
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f nb
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pol ypeptgl}d@)prchﬂsmr(@)’tlbnlypepmdberl ng systemoriginating fromfor exarrpl e the

anm no aci d sequence of dengue envel ope glycoprotein (E), aligned with am no
aci d seq\engsdyPingeumber of other known envel ope glycoprotein (E)

pol ypepti des, |t I'S possible to indicate the position of an am no acid

residue in anmyuHalanelopk piRBpRIE E) domdR 1Y BEJdS $nay be capable of binding to
any one or more of envelope glycoprotein (E) from dengue vifus serotype I, II, IIT and IV. It
may further be capable of binding to envelope glycoprotein (E) from West Nile Virus. It may
bind to domain III of envelope glycoprotein (E).

The binding between the anti-envelope glycoprotein (E) domain ITI antibody and its
target may be more or less strong or weak, transient, semi-permanent or permanent. The
antibody may bind to its target at an ECs binding affinity of 1um or below, such as 100 nm or

below.

It may bind with an affinity of 90 nm or below or 80 nm or below. It may bind with an
affinity of 70 nm or below, 60 nm or below, 50 nm or below, 40 nm or below, 30 nm or
below, 20 nm or below, 10 nm or below, 5 nm or below, 4 nm or below, 3 nm or below, 2 nm
or below, 1 nm or below. It may bind with an affinity of 0.5 nm or below, 0.4 nm or below,

0.3 nm or below or 0.2 nm or below.

The antibody may bind to its target with a K4 of micromolar or nanomolar range. It
may bind with a K4 of 107 M or less, 10”7 M or less, 10 M or less, 10° M or less or 10710 M

or less.
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polypeptide may inactivate, inhibit or lower an activity of a receptor, downstream protein or
factor. The activity may comprise a biochemical activity or a pathogenic activity. The activity

may comprise virus absorbtion to host cells.

The binding may inactivate, inhibit or lower an activity of the virus. It may inactivate
or neutralise the virus. The binding between the anti-envelope glycoprotein (E) domain III
antibody and the envelope glycoprotein (E) domain III may neutralize dengue virus. It may
neutralize dengue virus, from one or more, such as all of serotypes I, II, III and IV. It may
neutralize West Nile Virus. The neutralization activity may be measured in a plaque-reduction
neutralization assay, which is described in detail in the Examples. The neutralization activity

may comprise a PRNTsq of 107 or below, such as 2 x 107 or below.

ANTIBODIES

The terms “antibody” and “immunoglobulin”, as used in this document, may be
employed interchangeably where the context permits. These term include fragments of
proteolytically-cleaved or recombinantly-prepared portions of an antibody molecule that are
capable of selectively reacting with or recognising envelope glycoprotein (E) domain III or an

epitope thereof, such as an epitope of envelope glycoprotein (E) domain III bound by 9F12.
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The anti-envelope glycoprotein (E) domain IIT antibody may comprise a high affinity
antibody with an binding affinity of 1um or below, such as 100 nm or below, for example,

0.17 nM to 84 nM.

The term “binding affinity” as used in this document refers to the ECso binding affinity
an antibody such as an anti-envelope glycoprotein (E) domain III antibody disclosed here. It
may be measured using ELISA or Surface Plasmon Resonnance. A high ECsg binding affinity

is desirable as it reflects the affinity of an Fab fragment for an antigen.

The term “affinity” may also be defined in terms of the dissociation rate or off-rate
(kogr) of a an antibody such as an anti-envelope glycoprotein (E) domain III antibody. The
lower the off-rate the higher the affinity that an antibody such as an anti-envelope

glycoprotein (E) domain III antibody has for an antigen.

The anti-envelope glycoprotein (E) domain III antibody may comprise a peptide per se

or form part of a fusion protein.
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of the dimibody at purifiedainabedy. Of thay B¢ ébtainable from or produced by any suitable source,
whether natural or not, or it may be a synthetic anti-envelope glycoprotein (E) domain ITI
antibody, a semi-synthetic anti-envelope glycoprotein (E) domain III antibody, a derivatised
anti-envelope glycoprotein (E) domain III antibody or a recombinant anti-envelope

glycoprotein (E) domain III antibody.

Where the anti-envelope glycoprotein (E) domain III antibody is a non-native anti-
envelope glycoprotein (E) domain III antibody, it may include at least a portion of which has
been prepared by recombinant DNA techniques or an anti-envelope glycoprotein (E) domain

III antibody produced by chemical synthesis techniques or combinations thereof,

The term “derivative” as used in this document includes chemical modification of an
anti-envelope glycoprotein (E) domain III antibody. Illustrative of such modifications would
be replacement of hydrogen by an alkyl, acyl, or amino group, for example. Thee sequence of
the anti-envelope glycoprotein (E) domain III antibody may be the same as that of the

naturally occurring form or it may be a variant, homologue, fragment or derivative thereof.

ANTIBODY VARIABLE REGIONS

The term “variable region”, as used in this document, refers to the variable regions, or
domains, of the light chains (VL) and heavy chains (VH) which contain the determinants for

binding recognition specificity and for the overall affinity of the antibody against envelope
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woul d involved with binding a envelope glycoprotein (E) domain III epitope. The amino acid

sequence and corresponding exon sequences in the genes of the constant region will be

dependent upon the species from which it is derived. However, variations in the amino acid

sequence leading to allotypes are relatively limited for particular constant regions within a

species. An “allotype™ is an antigenic determinant (or epitope) that distinguishes allelic genes.

The variable region of each chain is joined to the constant region by a linking
polypeptide sequence. The linkage sequence is coded by a “J” sequence in the light chain

gene, and a combination of a “D” sequence and a “J” sequence in the heavy chain gene.

ANTIBODY 9F12 VARIABLE REGION SEQUENCES

The nucleic acid sequence of the heavy chain of the variable region of monoclonal
antibody 9F12 is as follows (SEQ ID NO: 3):

1 ctgcagcagt ctggggctga gctggtgagg cctggggett cagtgaagect gtcctgeaag

61 gctttggget acagatttac tgactatgaa atgtactggg tgaagcagac acctgcacat
121 ggcctggaat ggattggagg tattcatcca agaagtggta atactgecta caatcagaag
181 ttcaaggaca aggccacact gactgcagac aaatcctcca gtacagccta catggagctc
241 agcagcctga catctgagga ctctgttgte tattactgta ccacgtccct ctactgggge
301 caagggacca cggtcaccgt ctccteca
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421 attgatggca gtgaacgaca aaatggcgtc ctgaacagtt ggactgatca ggacagcaaa
481 gacagcacct acagcatgag cagcaccctc acgttgacca aggacgagta tgaacgacat
541 aacagctata cctgtgaggc cactcacaag acatcaactt cacccattgt caagagcttc
601 aacaggaatg agtg

The amino acid sequence of the light chain of the variable region of monoclonal

antibody 9F12 is as follows (SEQ ID NO: 6):

l1LGDQASISCRSSQSLVHSNGNTYLHWYULOQK
31 PGQSPKLLIYSIFNRFSGVPDRFSGSGSGT
6l D FTLKISRVEAEDLGVYFCSQGTHVPWTTFG
81 GGTNLEIKRADAAPTVSIFPPSSEQLTSGG
121 ASVVCFLNNFYPKDINVKWEKIDGSEROQNGYV
1151LNSWTDQDSKDSTYSMSSTLTLTKDEYERH
‘181NSYTCEATHKTSTSPIVKSFNRNE

Anti-envelope glycoprotein (E) domain III antibodies, according to the methods and
‘c.ompositions described here, may be generated from these variable region sequences by
methods known in the art. For example, the heavy and light chain sequences may be
recombined into a constant sequence for a chosen antibody, through recombinant genetic

engineering techniques which are known to the skilled person.
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Respiratory Research, 7:126.

ANTIBODY 9F12 SINGLE CHAIN ANTIBODY SEQUENCES

Fragments of whole antibodies such as Fv, F(ab’) and F(ab’), fragments or single chain

antibodies (scFv) may be produced by means known in the art.

The nucleic acid sequence of a Single Chain Variable Fragment (ScFV) derived from

monoclonal antibody 9F12, referred to as ScFv9F12, is as follows (SEQ ID NO: 7):

CTGCAGCAGTCTGGGGCTGAGCTGGTGAGGCCTGGGGCTTCAGTGAAGCTGTCCTGCAAGGCT
TTGGGCTACAGATTTACTGACTATGAAATGTACTGGGTGAAGCAGACACCTGCACATGGCCTG
GAATGGATTGGAGGTATTCATCCAAGAAGTGGTAATACTGCCTACAATCAGAAGTTCAAGGAC
AAGGCCACACTGACTGCAGACAAATCCTCCAGTACAGCCTACATGGAGCTCAGCAGCCTGACA
TCTGAGGACTCTGTTGTCTATTACTGTACCACGTCCCTCTACTGGGGCCAAGGGACCACGGTC
ACCGTCTCCTCAGGTGGCGGAGGGAGTGGCGGTGGGGGATCGGGAGGTGGCGGGTCACTTGGA
GATCAAGCCTCCATCTCTTGCAGATCTAGTCAGAGCCTTGTACACAGTAATGGAAACACCTAT
TTACATTGGTACCTGCAGAAGCCAGGCCAGTCTCCAAAGCTCCTGATCTACAGCATTTTCAAC
CGATTTTCTGGGGTCCCAGACAGGTTCAGTGGCAGTGGATCAGGGACAGATTTCACACTCAAA
ATCAGCAGAGTGGAGGCTGAGGATCTGGGAGTTTATTTCTGCTCTCAAGGTACACATGTTCCG
TGGACGTTCGGTGGAGGCACCAACCTGGAAATCAAACGGGCTGATGCTGCACCAACT

The GS linker comprising 45 nucleotides is shown underlined in the above sequence.
Sequences before the linker are heavy chain (residues 1-327), while sequences after the linker

are light chain (315 nucleotides ).

The amino acid sequence of a Single Chain Variable Fragment (ScFV) derived from
monoclonal antibody 9F12, referred to as ScFvIF12, is as follows (SEQ ID NO: 8) - 229

amino acids:



The ami no acid sequence of the light chain of the variable region of
nonocl onal antibody 9FI 2 is as follows (SEQID NGO 6): | LGDQASI SC

RSSQWoOwoIBB3B GNTYLHWYLQKS31PGQS P RCrSc2010084 F N R
FSGVPDRFSGSGSGT61I1DFTLKI SRVEAEDLGVYFCSAQ
GTHVPWTFG91 GGTNLEI KRADAAPTVSI FPPSSEQLT
SGG121 ASVVCFLNNFYPKDI NVKWKI DGSERQNGVI151 L
NSWTDQDSKDSTYSMSSTLTLTKDEYERHII8B1 NSYTCEA
THKTSTSPI VKSFNRNE Anti-envel ope glycoprotein (E) domain |11
anti bodi es, accdrding to t3fe net hods3&nd conpo4dti ons deseéri bed hese, may

be gener BRLTHTLYH PARSEKNALK ABFERFHEYIEONYWERRERAE SLEY IABT MO RSGRMAWNCK N t he
art. For exanple, the heavy and |ight chain sequences nay be reconbi ned
into a constant ‘equence & a chosé® anti bodyd0 t hr oughl¥®conbi nah20 geneti c
engi neer FFATEARRI HERITAWESN SERBSKITONN Y 6TT HleY ik QGITEUT P3G GIFCES6ASE @It

regi on sequences are known in the art, and are avail able froma nunber of
dat abases, such3&s the | M&P/ LI GVt DB ¥at abase {&escri bedlTh G udiced®i et

al , 2006CCHGHIRERE ABTRISSIREYe HPREN B (Hlla t HBRBERI Bs hé ) Y DYBIRDASY PARESER Fr anc
et al (1995) LIGWDB/I MGT: An Integrated Database of Ig and TcR, Part of
the | munogeneti®ds Dat ab#9€. Annal £18f the NeA%O%ork Acadeny of Sciences 764
(1) , A7EFAHIRI0SHVEANRPLGY| YHOS S P1 YEEC¢HBEG0S KRROAMET t he | MGT/ GENE- DB

dat abase (desgcr. bed i.n.Guydicelli et al, 2005, Nuycleic, Acids Res. 2005 Jan
133 bat abasel B8 6 difesd Sedens st iive BRI T R GBS, B par ¢ of
the | "M@ ThceabrhAPBSE cheRdbethe VhridWWs&bn SCantiobliyIE 2, h%hg%s for

conbi ning variable regions with given sequences and constant regions to
produce SkEBeISCHFhavLRtioze. maebkowaetienllyHasalto aanousedgGdenguitlregion n Hanson

., i R 7:126. _ANTI BODY. 9 SI NGLE N
ANT! BV SR B Bl MRS woiffelon RIS oBraRinE) el igmitoahy
F(ab') ZIlieagibhisgion o$ DAY entidody magHeichpite@sd athMdudsFay hiRaR 166 e6sdadly

means known in the art. . o o
regions to produce mouse monoclonal or humanized antibodies capable of binding to

envelope glycoprotein (E) domain III polypeptide.

POLYPEPTIDE SEQUENCES

It will be understood that polypeptide sequences disclosed here are not limited to the
- particular sequences set forth in this document, but also include homologous sequences
obtained from any source, for example related cellular homologues, homologues from other
species and variants or derivatives thereof, provided that they have at least one of the

biological activities of an anti-envelope glycoprotein (E) domain III antibody, as the case may
be.

This disclosure therefore encompasses variants, homologues or derivatives of the
amino acid sequences set forth in this document, as well as variants, homologues or
derivatives of the amino acid sequences encoded by the nucleotide sequences disclosed here.
Such sequences are generally referred to as a “anti-envelope glycoprotein (E) domain III

antibody” sequence.

Biological Activities
In some embodiments, the sequences comprise at least one biological activity of an

anti-envelope glycoprotein (E) domain III antibody, as the case may be.



The nucleic acid sequence of a Single Chain Variable Fragnment (ScFV)
derived from nonocl onal anti body 9Fl 2, referred to as ScFv9Fl12, is as
foll ows (WBQ10DIB3s 7): PCT/SG2010/000049
CTGCAGCAGT CTGGGEECT GAGCT GGT GAGGCCT GEEECT TCAGT GAAGCT GT CCTGCAAGGCT
TTGGGCTACAGATTTACTGACTATGAAAT GTACT GGGT GAAGCAGACACCTGCACATGECCTG
GAATGGATTGGAGGTATTCATCCAAGAAGT GGTAATACTGCCTACAATCAGAAGT TCAAGGAC
AGGCCACACTGACT GCAGACAAATCCTCCAGTACAGCCTACATGGAGCTCAGCAGCCTGACA
TCTGAGGACTCTGI TGTCTATTACTGTACCACGT CCCTCTACT GGGECCAAGGGACCACGGTC
CIOLEABEBAEIT CHBRHESGAT GEEGANGE A {SGERCATHedEB envelope

[BiHE 2 c
GATCAAGCCTCCATCT GATCTAGT CAGAGCCTTGTACACAGT AATGGAAACACCTAT .
TTACATT ST A e M@@ﬁ*&iﬂ&?@‘w&%@ﬂ@bgml

CGATTT T GEHAESEOb e M tEOGT HEAGE Fhl AR AGHTT BAGAG ﬁﬁ%ical
ATCAGCAGAGTGGAGGC&%ATCT%GT#ATTTCTGCTCTCAAGGTA CATGIT

TGGACGT O ARCEREIEAIBOPETACCEAGTMTnd LIGRtibo dyk tor

conpri si 5 ot i i Underlined in t ahove sequence.
Sequence oyt MElRAhER dtboRd Al R RTRHA L (ol 0B Biang SR Eetope
sequenceglyedpreteirt (1 doinalodill autigeh.i ght chain (315 nucl eotides ) . The am no
aci d sequence of a Single Chain Variable Fragnent (ScFV) derived from

I I i F12.. referred to as.Sckv9E12, is as,follows (SEQ ID
&g.nog) o7 azzgng%gﬁgy%g‘i%%‘?t’fg? SEY S5 1S8 GO BB RTORY P@A%WL‘WI‘%PGYRFTDYE
MYW/KQT RAk & FB) dBmBSENTAYNOH #y birflio e80eld otbth @) ACRISATET A An
KSSSTAYMEL. SSLTSEDSVV YYCTTSLYWG QGTTVTVSSG G 13 140. 150. 16.0

170. 18.%1 ergabnbha astirenselope/ glysronqtenn iy danmirBhertibady mva) Fink BSYRDRFSGS
190 20( Qﬁtﬁﬁgg%&@%gﬁg&%Fﬁvﬁan YFCSQGTHVP WIFGGGTNLE | KRADAAPT

Using th osed sequences and the nethods described in the literature,
for
The anti-envelope glycoprotein (E) domain III antibody may bind to the antigen or

epitope with the same, a reduced or elevated affinity or avidity. For example, the anti-
envelope glycoprotein (E) domain III antibody may bind to the antigen or epitope with at least
10%, such as 20%, such as 30%, 40% 50%, 60%, 70%, 80%, 90% or more, affinity or avidity

compared to the cognate antibody, e.g., 9F12 or its humanised counterparts, as the case may
be.

The activity may include inhibition of envelope glycoprotein (E) activity as for
example measured by reduction of homotrimerization, absorption to cells, viral infectivity,

ete, such as for example measured by the assays described in the Examples.

Homotrimerization activity may be assayed by any suitable assay, for example the
assay described in Modis, Y., Ogata, S., Clements, D. & Harrison, S. C. (2004). Structure of

. the dengue virus envelope protein after membrane fusion. Nature 427, 313-319.

Viral absorbtion to cells may be assayed by any suitable assay, for example, the assay

described in Example 6 below (Adsorption Assays Using Cell-based Flavivirus Immuno-
detection (CFI)).

The reduction or inhibition may be conveniently assayed by exposing a test cell or a
test animal to a flavivirus such as dengue or West Nile Virus, administering the anti-envelope
glycoprotein (E) domain III antibody to the animal (or exposing it to the cell) and determining

an effect of the anti-envelope glycoprotein (E) domain IIT antibody as compared to a similar



exanpl e, the heavy and |ight chains of the variable region of antibody 9F
2, having the sequences shown above, nay be transgenically fused to a nouse
| gG constwot20104098338 sequence to produce a nouse nonocl oralr/Saaoioernel ope

gl ycoprotein (E) domain |11l antibody. The variable region of 9F 2 anti body
may be engi neered with nouse or human IgG constant regions to produce nouse
nonocl onal or humani zed anti bodi es capabl e of binding to envel ope

gl ycoprotein (E) domain |1l polypeptide. POLYPEPTIDE SEQUENCES It wll be
under st ood t hat pol ypepti de sequences di sclosed here are not limted to the
par ti cul amtioéegnisrat escedlehatflos nbt been b irgatdd ot egpvsed. Ahe Bxbmples desaribe such an
honol ogous se nces obtained fromany source, for exanple related cellular
honol ogu®$Y ¥o 1Egues from other species and variants or derivatives

t hereof, provided that they have at | east one of the biological activities
of an anti - enVit apeemilelopepiyoptatein BF) dongin Ml lahlib&dytmoklwe sach idhébiase may
be. This discl osur<la:l t herefore gcg onpasses variants, honol ogues or

deri vat i ¥ hat fethg SR 2% gdyc éﬂ’é‘n@’é%le‘éaé?d from; theicpenate antiodyinkst . as wel |

as vari aflspld POLRBHRRIRE gﬁgblg%?éiﬁ glg)s%d?ﬁaiﬁ S@ﬁ@@qﬁg% aﬁféugFmss&g%?ded

by the nucl éot’i de sequences “di scl os ere. nces are geher y
r ef er r ed2@%, sush as 36%t #0% D084, 6%, G0Yc 8DYonPeForvr fiiyre chdifeaiive ddnhpaaet iokthely "

sequence. Biol ogical Activitie n_sane, enbodi nents, the sequences. conpri se
2t | oastcosnatuRBbaf £ Yde bt hBRNE GRERTRAToa e CF PR b S

domai n | hbarbdhbi, b9 YE th_@%o;iﬁrfé&é ﬁﬁi%_@d}ﬂﬁ}b%ﬁ@olé' berdaicthe GbmdtriA&Gizatbh, WirdRy
conprise _an i mmunol ogi cal activity. e anti-envel ope glycoprotein (E)
donai n |13bsomHERLB etV ctobipfor swarple 98%n thecrlti-envelviperiglyapprotaim () daghaia (11
activity, a I i b, loks Lsed v er sl OAS,

ol Sped FREHE Sobh iRt B beily ol o7 SIS 7RG Ll 6 Dho B

gl ycopr ai(8,M3%k)408a880% 3084, eants dvapyarédtol andut@ated ap@eil bt eell. mune response
in appropriate aninmals or cells on binding with a envel ope glycoprotein (E)

domain 111 angj bi ol ogi.cal, activity . .may conprise, antigen, binding
activity. Thg(t)lglgf Fs_s%gg\)tgiitoc%agec?%tﬁo%dy AGedtY badnY a1l e G2 , instead gt[,] or addalondto,
the assays described.

Homologues

The anti-envelope glycoprotein (E) domain III antibody polypeptides disclosed include
homologous sequences obtained from any source, for example related viral/bacterial proteins,
cellular homologues and synthetic peptides, as well as variants or derivatives thereof. Thus
polypeptides also include those encoding homologues of anti-envelope glycoprotein (E)
domain III antibody from other species including other members of the Flaviviridae, or other

animals such as mammals (e.g. mice, rats or rabbits) or humans.

In the context of the present document, a homologous sequence or homologue is taken
to include an amino acid sequence which is at least 60, 70, 80 or 90% identical, such as at
least 95 or 98% identical at the amino acid level over at least 30, such as 50, 70, 90 or 100
amino acids with a relevant polypeptide sequence, for example as shown in the sequence
listing herein. In the context of this document, a homologous sequence is taken to include an
amino acid sequence which is at least 15, 20, 25, 30, 40, 50, 60, 70, 80 or 90% identical, such
as at least 95 or 98% identical at the amino acid level, such as over at least 15, 25, 35, 50 or
100, such as 200, 300, 400 or 500 amino acids with the sequence of a relevant polypeptide.
Although homology can also be considered in terms of similarity (i.e. amino acid residues

having similar chemical properties/functions), in the context of the present document



gl ycoprotein (E) domain |11l antibody may bind to envel ope gl ycoprotein (E)
domain Il or an epitope thereof. The anti-envel ope gl ycoprotein (E) domain
[11 anti bwoyormeg3dssnd to the sanme epitope bound by anti lpausG2610/08004The
anti-envel ope glycoprotein (E) domain Il antibody may bind to the antigen
or epitope wth the same, a reduced or evated affinity or avidity. For
exanpl e, the antienvel ope glycoprotein (E) domain |1l antibody may bind to
the antigen or epitope with at |east 10% such as 20% such as 30% 40%
50% 60% 70% 80% 90%or nore, affinity or avidity conpared to the

cognat e Béthologgyhay de@xpreSfed 2n @rmis of sdyjusiie idadite. Olptsequrpace klendy thilebease nay
be. The acti vl t&/ may i nc¢lude inhibition of envel ope gl ycoprotein (E)

act i vi t ydeiamiipgd wlaivp tethseatitateet thy langth ihe reavast sKIYRRASs -erePyes 1S Gkire
absorpti A L LM s for exanpl e neasured
by the a%g%%}g)r?gg:e?fg@eggaﬁéﬁm% Eéﬁﬁkgﬁ%ﬁ?%%t ?llql Ie?i zation activity may be
assayed by anl;r/I sui t abl e assay, for exanple the assay described in Mdis,
Y., Ogata, S. Homolagysogparisong cpppe peshicted byeye(zonyy usellyywithike ad of he

dengue Vj Ikt i S| . -319.
Vel anselly ARELEREH LA o A ey B R cortidc?
exanpl e, piopanasaayalddste £4 hadology Batevagl tevotorimedrevequdakear pt i on Assays Usi ng
Cel | -based Fl avivirus Immuno detection (CFl)). The reduction or inhibition

b . . | ,
ot Fon. Sl BRIRLFERUBEPRR DR b B bafibhy B of K@ ek -
anti - enveith e et saquendeaind c4dh) arimoacia in bie qhdnoeditedily colpa@d withl thé or

exposing it to the cell) and determ ning an effect of the anfi-envel ope
gl ycopr of&TesPQuEinedaae Acid F}tﬂﬁﬁ ehigyengs, SApHIuEAT £ §g- LRRis Attt r of ani mal

or cell & salﬁg};m- r d &ty ol cri be such
an assay ‘?%E%Je}ta all~ Té%gqgﬁﬁzlgu%r?@g% 0 g%ﬁd% %%?%?%?IE%%E) donanﬁo‘%lglﬁ ant i body
may hav ercktivly ishdrt bimbeyrof sasidues ¢(or axhapleilesstthan Yeaowptigimus pmthocedlsi.r om  or

el evated from the cognate anti body. For exanple, the anti-envel ope

s 508 0% soR BRI Sy uS ool anindlnd B3 L mYERRLBE, et

that, for example, in an otherwise identical pair of sequences, one insertion or deletion will cause

the following amino acid residues to be put out of alignment, thus potentially resulting in a large
reduction in % homology when a global alignment is performed. Consequently, most sequence
comparison methods are designed to produce optimal alignments that take into consideration
possible insertions and deletions without penalising unduly the overall homology score. This is

achieved by inserting “gaps” in the sequence alignment to try to maximise local homology.

However, these more complex methods assign “gap penalties” to each gap that occurs in
the alignment so that, for the same number of identical amino acids, a sequence alignment with
as few gaps as possible - reflecting higher relatedness between the two compared sequences -
will achieve a higher score than one with many gaps. “Affine gap costs” are typically used that
charge a relatively high cost for the existence of a gap and a smaller penalty for each subsequent
residue in the gap. This is the most commonly used gap scoring system. High gap penalties will
of course produce optimised alignments with fewer gaps. Most alignment programs allow the
gap penalties to be modified. However, the default values may be used when using such software
for sequence comparisons. For example when using the GCG Wisconsin Bestfit package (see
below) the default gap penalty for amino acid sequences is -12 for a gap and -4 for each

extension.



cognate anti body, e.g., 9F12 or its humani sed counterparts, as the case may
be. By this we nean that, say, if the cognate anti body is capabl e of
reduci ng wWorrtwa9sassi zati on, viral absorption, infectiviPgl/sezeiogookior

exanple 90% the anti-envel ope glycoprotein (E) domain Il antibody may be
capabl e of doing so by below 90% 85% #p% 75% 70% 65% 60% 55% 50%
45% 40% 35% 30% etc, as conpared to an untreated aninmal or cell. O her

assays that detect antibody events can al so be used, instead of, or in

addition to, the assays described. Honol ogues The anti-envel ope

gl ycopr ot ei n CHruldtioraofimatilmuaittiboadjogy ahereferd fixddsrediises ths gddudiioh wd an
ences ohtained fromany source, for exanple related

honol ogous. s

viral/ gaelet@flﬁ%ﬁglﬁ%wﬁlﬁgg IR Fenidgrating Ben Bryakiss. dheniehlscRBPIEr POgayis  as
wel | as - P ) | ' : '

t hose en(t:(%%}iu?\%&ﬁhg% %%lg}sﬁ%% t\{gﬁlte i - en%%%%%%ﬁ% 5@%@(&3&?@% g E E)réija/gﬁa\lﬁﬁ&%ﬂféﬂf

ant i bodyUtS.AmDevhienx spac i1884.i Madleid iAvglsR dsearcinb 2B 87 )s Endmplbeoffdtiarisvftwiidae, or
other anjmals such as manmals (.e.qg.. mige, rats qr rapbits)._or_ humans. In

P he coar LR oy S SRR Cartheliffindier byt Rl bR e Bk s P BB L o
t aken t o(sed AluseiR] é\szzls'gl@Wib@&j—@h&ﬁﬁg%(}ﬁAMN@t%&u%t 4168590, §0Mof BioBUBL 90%

i dentical, such as at least 95 or 98%identical at the amno acid level
over at fEhgnddp GENEN @QRKSxuite of c@opaison 6®laBotlo BRASTandi RASBA el evant

pol ypept | far | g . hewn.in the ence | ISk ein.
' Lhe canmabE e o on e AR iR BRI T el | SRR BRen B8 RET 0B ke
an am noThe GEGBeptfnmogiahi mhy be usdd. | east 15, 20, 25, 30, 40, 50, 60, 70, 80

or 90% identical, such as at | east 95 or 98% i dentical at the am no acid

| evel , such a I t 15, 25 5..50 or.100, such as 200, 300, 400
or 500 anm no- ALTHZ A AhER hobediden B metRuRl b fens B GaulF: B RisRugn
honol ogypwasssaisslfishepicsishatened dmar ﬁf—ﬁisnﬁﬁingipiiﬂ cafiphpsdnl. Itead A SRleAC] d
resi dues .havi.ng simlar .chem cal pragperties/functions), in the context of
the presSALAHBCSRESIIMEN AT Seipratiyyused thay pisians seprentorcariyBaipyise sepupsrésen based

identityq,, Ihenis Tol- 3 j & . er.n Lve - Lhety
of the | ZhorEieR Ry oF BRI dheRPHchiod SO BBRL of AU ik CotbPRn sl P

| engt h siedueBEOSOMbmmatad ethedefagk nejrit for tiexBHASE. sutte 0Dprogyens0 GG | sons can
be Condus\}igc%nsbl}{ p%/g?éms? éenrgr)e{lﬁf Ul.JSSe %%Léxy the %1;1{2: (}e agﬂtaxlza?ue%for a custom symbol

comparison table if supplied (see user manual for further details). The public default values

for the GCG package, or in the case of other software, the default matrix, such as
BLOSUMS62, may be used.

Once the software has produced an optimal alignment, it is possible to calculate %
homology, such as % sequence identity. The software typically does this as part of the

sequence comparison and generates a numerical result.

Variants and Derivatives
The terms “variant” or “derivative” in relation to the amino acid sequences as
. described here includes any substitution of, variation of, modification of, replacement of,

deletion of or addition of one (or more) amino acids from or to the sequence. The resultant
amino acid sequence may retain substantially the same activity as the unmodified sequence,
such as having at least the same activity as the anti-envelope glycoprotein (E) domain III
antibody polypeptides shown in this document, for example in the sequence listings. Thus, the
key feature of the sequences — namely ability to bind to envelope glycoprotein (E) domain III
polypeptides or reduction in viral infectivity, homotrimerization, viral absorption, etc, as

described elsewhere — may be retained.



readi |l y avail abl e sequence conparison prograns. These comrercially
avai | abl e conputer prograns can cal cul ate % honol ogy between two or nore
sequenceswoxotvonysdzsgy may be cal cul at ed over conti guous PEEGGROOALY049 . €. one
sequence is aligned with the other sequence and each am no acid in one
sequence directly conpared with the corfgsponding am no acid in the other
sequence, one residue at a tine. This is called an "ungapped"” alignnent.
Typi cal |y, such ungapped alignnents are performed only over a relatively
short nunber of residues (for exanple | ess than 50 contiguous am no acids).
Al t hough t hi sPolypéptides fadhgritleendne addR&queheishomatin gtk Exdmpled, bs fiugmedker i nt o

consideration that, for exanple, in an otherw se identical. pair of
s equenceEQm%lﬁguqsﬁé%rﬁ?ﬁ B8y %‘? madifisdifanusgin rheda%r&@(fw@ qoBIPosHiPRYdesriipRsl bess-d
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However, these nore conplex nethods assign “gap penalties" to e_ach.gap t hat
occurs i eeouhenganalpawes forsxamipie to iherease fhboosimesmaurablelifeaif ajtherapdutighlliani no
acids, a lLignment with as few gaps as possible - reflecting

hi gher r%ﬁgﬁggﬁéggg%ggﬁggh the two conpared sequences - will achieve a
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t hat charge aNewratvaeaityohiminteesteldpsrglydesratsin $Erdapainfillangbglyzared likelyrial | er
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AROMATIC HFWY
Fragments

Polypeptides disclosed here and useful as markers also include fragments of the above
mentioned full length polypeptides and variants thereof, including fragments of the sequences

set out in the sequence listings.

Polypeptides also include fragments of the full length sequence of any of the anti-
envelope glycoprotein (E) domain III antibody polypeptides. Fragments may comprise at least
one epitope. Methods of identifying epitopes are well known in the art. Fragments will
tyi)ically comprise at least 6 amino acids, such as at least 10, 20, 30, 50 or 100 or more amino

acids.

Polypeptide fragments of the anti-envelope glycoprotein (E) domain III antibody

proteins and allelic and species variants thereof may contain one or more (e.g. 5, 10, 15, or 20)



U S A ; Devereux et al, 1984, Nucleic Acids Research 12:387). Exanples of
ot her software man can perform sequence conpari sons include, but are not
limted two 201v9B3AST package (see Ausubel et ah, 1999 iPbir$G2ahapigy 18),
FASTA (Atschul et al, 1990, J. Mol. Biol., 403- 410) and the GENEWORKS
suite of conparison tools. Both BLAST agid FASTA are available for offline
and online searching (see Ausubel et al., 1999 ibid, pages 7-58 to 7-60).
The GCG Bestfit program may be used. Although the final % honol ogy can be
measured in ternms of identity, the alignnment process itself is typically
not bas eshibstitutionsadl¢letioms noinsértignsp ictudnpmpasedredrsubstingtions dihere salsstiedions,
matrix is sto

imilari | | t hat i h
D i sedSlE LoD spSRRcs : ATable T ATl pheg e Ugh ot 6 BT GHocios ahce.
An exanph®@,of thuetinRadi@ dsiReLRPIORY i thSREudnSe ﬁﬁﬁlégé@%%@& matrix - the

default matrix for the BLAST suite of prograns. W sconsi n prograns

generally use ej.ther the publijc fault values or a_ custom synbol
conpari son t apfi-eyelepmHBly P%O?%&S&Q@alrh%@mbo%ané theirHnemeatsahomylogyese

public defpitdtand@etostivel miyse Fai i bihs! e
sof t war e, ‘the def aul t 1 r?a’tnrli.}f(], suc h%?&%ﬁl&lﬁh&%b%&?g&ﬁé%% r%yc]d Zsrotthee
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The anti-envelope glycoprotein (E) domain III antibody polypeptides, variants,
homologues, fragments and derivatives disclosed here may be in a substantially isolated form.
It will be understood that such polypeptides may be mixed with carriers or diluents which will
not interfere with the intended purpose of the protein and still be regarded as substantially
isolated. A anti-envelope glycoprotein (E) domain III antibody variant, homologue, fragment
or derivative may also be in a substantially purified form, in which case it will generally
comprise the protein in a preparation in which more than 90%, e.g. 95%, 98% or 99% of the

protein in the preparation is a protein.

The anti-envelope glycoprotein (E) domain III antibody polypeptides, variants,
homologues, fragments and derivatives disclosed here may be labelled with a revealing label.
The revealing label may be any suitable label which allows the polypeptide , etc to be detected.
Suitable labels include radioisotopes, e.g. '°l, enzymes, antibodies, polynucleotides and linkers
such as biotin. Labelled polypeptides may be used in diagnostic procedures such as
immunoassays to determine the amount of a polypeptide in a sample. Polypeptides or labelled
polypeptides may also be used in serological or cell-mediated immune assays for the detection of

immune reactivity to said polypeptides in animals and humans using standard protocols.



descri bed el sewhere - may be retai ned. Pol ypepti des having the am no acid
sequence shown in the Exanples, or fragnents or honol ogues thereof nay be
nodi fi ed worowem®333s t he net hods and conpositions descri lpet/Seeo@io0odypi cal |y,
nodi fications are made that maintain the biological activity of the
sequence. Ami no acid substitutions may be nade, for exanple from1, 2 or 3
to 10, 20 or 30 substitutions provided that the nodified sequence retains

t he bi ol ogical activity of the unnodified sequence. Am no acid
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i nserti ogwnplencdiphisige SO0 pekypestideubsirinkdt i ons. Wiere substitutions,
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made by reconbi nant nmeans. However, they nay al'so be
culture systems to study the role of their corresponding genes and homologues thereof in cell

function, including their function in disease. For example, truncated or modified polypeptides
may be introduced into a cell to disrupt the normal functions which occur in the cell. The
polypeptides may be introduced into the cell by in sifu expression of the polypeptide from a
recombinant expression vector (see below). The expression vector optionally carries an

inducible promoter to control the expression of the polypeptide.

The use of appropriate host cells, such as insect cells or mammalian cells, is expected
to provide for such post-translational modifications (e.g. myristolation, glycosylation,
truncation, lapidation and tyrosine, serine or threonine phosphorylation) as may be needed to
confer optimal biological activity on recombinant expression products. Such cell culture
systems in which the anti-envelope glycoprotein (E) domain III antibody polypeptides,
variants, homologues, fragments and derivatives disclosed here are expressed may be used in
assay systems to identify candidate substances which interfere with or enhance the functions

of the polypeptides in the cell.

POLYNUCLEOTIDE SEQUENCES

The variable regions, monoclonal antibody sequences and humanised antibody

sequences may comprise polynucleotides. These may comprise DNA or RNA.



made by synthetic neans using techniques well known to skilled persons such
as solid phase synthesis. The proteins may al so be produced as fusion
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eletion of or addition of one (or more) nucleotides from or to the sequence. The resulting

sequence may be capable of encoding a polypeptide which has envelope glycoprotein (E)

domain III binding activity as described elsewhere in this document.

As indicated above, with respect to sequence identity, a “homologue” has such as at
least 5% identity, at least 10% identity, at least 15% identity, at least 20% identity, at least
25% identity, at least 30% identity, at least 35% identity, at least 40% identity, at least 45%
identity, at least 50% identity, at least 55% identity, at least 60% identity, at least 65%
identity, at least 70% identity, at least 75% identity, at least 80% identity, at least 85%

identity, at least 90% identity, or at least 95% identity to a relevant sequence.

There may be at least 95% identity, such as at least 96% identity, such as at least 97%
identity, such as at least 98% identity, such as at least 99% identity. Nucleotide homology
.comparisons may be conducted as described above. A sequence comparison program such as the
GCG Wisconsin Bestfit program described above may be used for this purpose. The default

scoring matrix has a match value of 10 for each identical nucleotide and -9 for each mismatch.



i rmobi | i sed pol ypeptides may be packaged into kits in a suitable container
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herein over a region of at least 20, such as at least 25 or 30, for instance at least 40, 60 or 100 or

more contiguous nucleotides.

The term “selectively hybridisable” means that the polynucleotide used as a probe is used
under conditions where a target polynucleotide is found to hybridize to the probe at a level
significantly above background. The background hybridization may occur because of other
polynucleotides present, for example, in the cDNA or genomic DNA library being screened. In
this event, background implies a level of signal generated by interaction between the probe and a
non-specific DNA member of the library which is less than 10 fold, such as less than 100 fold as
‘intense as the specific interaction observed with the target DNA. The intensity of interaction may

be measured, for example, by radiolabelling the probe, e.g. with **P.

Hybridisation conditions are based on the melting temperature (Tm) of the nucleic acid
binding complex, as taught in Berger and Kimmel (1987, Guide to Molecular Cloning
Techniques, Methods in Enzymology, Vol 152, Academic Press, San Diego CA), and confer a

defined “stringency” as explained below.
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the art. Such nodifications nay be carried out in order to enhance the in
vivo activity or |life span of polynucleotides . Were the polynucleotide is
doubl e- st r and¥dxinbaon ktrimgemnydgpiofllyt breudig bboyt TanShHE (5 IhbkélvivdhaThyofdhe i n

conbi nation, are enconpassed by th hods_and conpositions descri bed

her e. V\h%rf)ge)t ﬁ’e‘%ﬁﬁgluﬁgr‘?g& %I&SPWeS psto(jp%ﬁ:’%lpg“t Tynisamediatg siringengis a{ 4h98F st ood

t hat the I e b ' SQ .l ded.
Vari ant s & Bapreat PoRe HRGHIERE R tech B ARLYINE, G2 CRelob Bt A HE G,

" deri vatundefstood byethasd afiskilbinahd e, abtitRns aHHERCe hiBsekatactah be ubédto
docunent, i anJbSUde any, supstituti geg)&of, vari ation of, nodification of,

r epl acendfttigor dgtepddemicalpolypuckrotie semerges avhile grintsanediate (o1 lew) Fageticyom
or tot : LERG " BY, g a

pol ypep'tl ?ycll)zﬁ\j\w/ﬁliﬁglﬁg?]nag%ﬁ{i/g(fgls%ﬁtg%;?ggr ot ei ﬁéfﬂ%ﬂ?ﬁmcﬁoﬂg? g%lﬁ%gdeg'ct ivity
as described el sewhere in this docunent. As indicated above, with respect
to sequence i WerEsctase nucleqiidaatangnees theheandiybridise topa nucdeie acidoar pdgmienty,  at

| east 10%. [REVE Yadrdst. 0%4 ' | east
25% | de%{%ﬁ kot Vafianfr dfggﬁvgilﬁ?{%dty, ot Sfnecl Cdﬁ@%ﬁlg&h&{iéfss? 0L 0%

i denti t y{1xa8Cl-e@$5 MIDRE], Ot IM Wa; GitrateepiS 7.0501% i dentity, at |east 55%
identity, at least 60%identity, at |east 65%identity, at |east 70%

identity, at t. 75% ident .t t least 80%identit t least 85%
identity, at %g%ta %%ulc Sgtﬁéei ¥ é?ubg?'s%@%?%ggg' Sgg%fsl %Jé]ﬁ‘%/ﬁh’t@ext @%%?r F@Ilvéééﬁlﬂty
sequenceor i banhbinagoh, e eAtorhRasdd bBY5Re hrasmt dikdlosuse! Glhas titpolyeasieoR e
identity, g?uch s at, least 97%identity, such as at |east 98%identity,

such as Siels-granded gk tofesimdesstoogildt ghstiomplamsnmty sgaverned thas pelgnypigptige 1s

conduct eﬂs@ﬁsﬂ&%&éﬁ@%oﬁlﬁ]ﬁ’sﬁ& A sequence conparison program such as the GCG
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def aul t
Polynucleotides which are not 100% homologous to the sequences disclosed here but fall

within the disclosure can be obtained in a number of ways. Other variants of the sequences
described herein may be obtained for example by probing DNA libraries made from a range of
individuals, for example individuals from different populations. In addition, other viral/bacterial,
or cellular homologues particularly cellular homologues found in mammalian cells (e.g. rat,
mouse, bovine and primate cells), may be obtained and such homologues and fragments thereof
in general will be capable of selectively hybridising to the sequences shown in the sequence
listing herein. Such sequences may be obtained by probing cDNA libraries made from or
genomic DNA libraries from other animal species, and probing such libraries with probes

comprising all or part of the disclosed sequences under conditions of medium to high stringency.

The polynucleotides described here may be used to produce a primer, e.g. a PCR primer,
a primer for an alternative amplification reaction, a probe e.g. labelled with a revealing label by
conventional means using radioactive or non-radioactive labels, or the polynucleotides may be
cloned into vectors. Such primers, probes and other fragments will be at least 15, such as at least
20, for example at least 25, 30 or 40 nucleotides in length, and are also encompassed by the term
| polynucleotides as used herein. Fragments may be less than 500, 200, 100, 50 or 20 nucleotides

in length.
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Met hods d n, End7_1yn0I 09 , .Val 152, Academ c Press,. San Diego CA), and confer a
esigned to contafit suitable restriction enzyme recognition sites so that the amplified DNA can

be cloned into a suitable cloning vector.

ENVELOPE GLYCOPROTEIN (E) DOMAIN III POLYPEPTIDES AND NUCLEIC ACIDS

Envelope glycoprotein (E) domain III polypeptide homologues, variants, derivatives

and fragments may be defined similarly, as set out in the previous paragraphs.

Where the context permits, a reference to envelope glycoprotein (E) domain III
polypeptide should be taken to include reference to a envelope glycoprotein (E) domain III
polypeptide homologue, variant, derivative or fragment. Similarly, where the context permits,
a reference to an envelope glycoprotein (E) domain III nucleic acid should be taken to include
reference to an envelope glycoprotein (E) domain III nucleic acid homologue, variant,

derivative or fragment.

ANTI-ENVELOPE GLYCOPROTEIN (E) DOMAIN III ANTIBODY PRODUCTION

The anti-envelope glycoprotein (E) domain IIT antibody can be produced by
recombinant DNA methods or synthetic peptide chemical methods that are well known to

those of ordinary skill in the art.



defined "stringency" as expl ai ned bel ow. Maxi mum stringency typically occurs
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The term “vector” includes expression vectors and transformation vectors. The term
“expression vector” means a construct capable of in vivo or in vitro expression. The term
“transformation vector” means a construct capable of being transferred from one species to

another.

Vectors which may be used for expression include recombinant viral vectors, in
particular recombinant retroviral vectors (RRV) such as lentiviral vectors, adenoviral vectors

including a combination of retroviral vectors.

The term ‘recombinant retroviral vector” (RRV) refers to a vector with sufficient
retroviral genetic information to allow packaging of an RNA genome, in the presence of
packaging components, into a viral particle capable of infecting a target cell. Infection of the
target cell includes reverse transcription and integration into the target cell genome. The RRV
carries non-viral coding sequences which are to be delivered by the vector to the target cell.
An RRYV is incapable of independent replication to produce infectious retroviral particles

- within the final target cell. Usually the RRV lacks a functional gag pol and/or env gene and/or

other genes essential for replication. Vectors which may be used include recombinant pox
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NOIs into the genome of the pox virus. If the NOI is integrated at a site in the viral DNA

which is non-essential for the life cycle of the virus, it is possible for the newly produced
recombinant pox virus to be infectious, that is to say to infect foreign cells and thus to express
the integrated NOI. The recombinant pox virus prepared in this way can be used as live
vaccines for the prophylaxis and/or treatment of infectious disease such as flaviviral infectious

disease, including dengue and West Nile Virus.

Other requirements for pox viral vector delivery systems include good
immunogenicity and safety. MVA is a replication-impaired vaccinia strain with a good safety
record. In most cell types and normal human tissue, MV A does not replicate. Limited
replication of MVA is observed in a few transformed cell types such as BHK21 cells. Carroll
et al (1997 Vaccinel5 : 387-394) have shown that the recombinant MVA is equally as good as
conventional recombinant vaccinia vectors at generating a protective CD8+T cell response
and is an efficacious alternative to the more commonly used replication competent vaccinia
virus. The vaccinia virus strains derived from MVA, or independently developed strains

'having the features of MVA which make MVA particularly suitable for use in a vaccine, are

also suitable for use as a delivery vehicle.
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into a viral particle capabl e of infecting a target ce ctiron of the
expression vector has been introduced into the cell. The term “organism” includes any suitable

organism. The organism may comprise a mammal such as a human.

Here the term “transgenic organism” means an organism comprising a modified
genetic structure. For example, the organism may have a modified genetic structure if a vector

such as an expression vector has been introduced into the organism.

ANTIBODY EXPRESSION

We further describe a method comprising transforming a host cell with a or the
nucleotide sequences described in this document, such as 9F12 variable regions, antibody

sequences or humanized antibody sequences.

We also provide a method comprising culturing a transformed host cell-which cell has

been transformed with a or the such nucleotide sequences under conditions suitable for the

expression of the anti-envelope glycoprotein (E) domain IIT antibody encoded by said

nucleotide sequences.

We further provide a method comprising culturing a transformed host cell-which cell
has been transformed with a or the such nucleotide sequences under conditions suitable for the

expression of the anti-envelope glycoprotein (E) domain I1I antibody encoded by said
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i ndependent replication to produce infectious retroviral particles within
the final target cell. Usually the RRV jjacks a functional gag pol and/or
env gene and/or other genes essential for replication. Vectors which may be
used include reconbi nant poxviral vectors such as fow pox virus (FPV),
ent onopox virus, vaccinia virus such as NYVAC, canarypox virus, MWA or

ot her nomdeyide cequencesyandahen rbesringysatdeasi-swelvpa glyichpesin €8 cddnkeal TH or
exanpl e in. 30018. Pgx vir.uses be engi neered for reconbi nant gene
expr essi lb\é\%%%’rt W%ﬁ@%@iﬁ%@%‘?\t |ive vaccines in a dual

i rmmunot her apeuti c approach. The principal rationale for using live

att enuat ed vi Thes anti-sueopeslyiopugein,(Epdodahilllenyibydhémcbéimgandeotidesect or

based vacci ne cgﬂdi dat es, st ms,frgmth?ir ability to elicit cell nediated

i mune r E9PBRHSELUSIOR Brofipser Bionasequivales therred ragyctreused fe eensipl e of
bei ng enpLeMBRaRSDRA! hyREMeV B Gh&S RN pASsIYE HeRlof oMBREREE cGANdi dat es
because of the inmmunogenicity of their gonstl tutive ot'el ns, which act as
adj uvants to enhance the i mune response, thus_rendering a nucl eotide

sequence of iRY SIS exaqpls. alicanvslors ghisepiin ) dosenin HE anhpdydnaigban

anti - envgl,an&qgh Y&ORILRRL B, 8RB} Rablaligh ! R 'ﬂﬁmﬂg Swithl e
pox Vi ru@lovacci nat 1 on satrat(((ao?l’gs havlclizll usggg?%%%}g%lyona Fefdgt ni qugisédﬁ)vc}th

i nt r oducepl@h shiomatogriyghygenome of the pox virus. If the NO is integrated
at a site in the viral DNA which is non-essential for the |ife cycle of the
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antibody may be operably linked to a promoter sequence capable of directing expression of

the anti-envelope glycoprotein (E) domain III antibody encoding nucleotide sequences in a

 suitable host cell. When inserted into the host cell, the transformed host cell may be cultured
under suitable conditions until sufficient levels of the anti-envelope glycoprotein (E) domain
III antibody are achieved after which the cells may be lysed and the anti-envelope

glycoprotein (E) domain III antibody is isolated.

Host cells transformed with the anti-envelope glycoprotein (E) domain III antibody
encoding nucleotide sequences may be cultured under conditions suitable for the expression
and recovery of the anti-envelope glycoprotein (E) domain III antibody from cell culture. The
protein produced by a recombinant cell may be secreted or may be contained intracellularly
depending on the sequence and/or the vector used. As will be understood by those of skill in

the art, expression vectors containing the

Anti-envelope glycoprotein (E) domain III antibody encoding nucleotide sequences
can be designed with signal sequences which direct secretion of the anti-envelope

glycoprotein (E) domain III antibody encoding nucleotide sequences through a particular
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useful to facilitate purification.

The nucleotide sequences described here may be engineered in order to alter a the anti-
envelope glycoprotein (E) domain III antibody encoding sequences for a variety of reasons,
including but not limited to alterations which modify the cloning, processing and/or
expression of the gene product. For example, mutations may be introduced using techniques
which are well known in the art, e.g., site-directed mutagenesis to insert new restriction sites,

to alter glycosylation patterns or to change codon preference.

In another embodiment, a or the natural, modified or recombinant anti-envelope
glycoprotein (E) domain III antibody encoding nucleotide sequences may be ligated to a
heterologous sequence to encode a fusion protein. By way of example, fusion proteins
comprising the anti-envelope glycoprotein (E) domain IIT antibody or an enzymatically active
fragment or derivative thereof linked to an affinity tag such as glutathione-S-transferase
(GST), biotin, His6, ac-myc tag (see Emrich etal 1993 BiocemBiophys Res Commun 197(1):
21220), hemagglutinin (HA) (as described in Wilson et al (1984 Cell 37 767) or a FLAG
epitope (Ford etal 1991 Protein Expr Purif Apr; 2 (2):95-107).
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adjuvant in the sense of providing a generalised stimulation of the immune system. The co-

D

protein may be attached to either the amino or carboxy terminus of the first protein.

Although the presence/absence of marker gene expression suggests that the nucleotide
sequence for anti-envelope glycoprotein (E) domain III antibody is also present, its presence
and expression should be confirmed. For example, if the anti-envelope glycoprotein (E)
domain IIT antibody encoding nucleotide sequence is inserted within a marker gene sequence,
recombinant cells containing the anti-envelope glycoprotein (E) domain III antibody coding
regions may be identified by the absence of the marker gene function. Alternatively, a marker
gene may be placed in tandem with a anti-envelope glycoprotein (E) domain III antibody

encoding nucleotide sequence under the control of a single promoter.

Expression of the marker gene in response to induction or selection usually indicates

expression of the anti-envelope glycoprotein (E) domain III antibody as well.

, Additional methods to quantitate the expression of a particular molecule include
radiolabeling (Melby PC et al 1993 J Immunol Methods 159:235-44) or biotinylating (Duplaa
C et al 1993 Anal Biochem 229-36) nucleotides, co amplification of a control nucleic acid.

and standard curves onto which the experimental results are interpolated.
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charged amino acids include lysine and arginine; and amino acids with uncharged polar head
groups having similar hydrophilicity values include leucine, isoleucine, valine, glycine,

alanine, asparagine, glutamine, serine, threonine, phenylalanine, and tvrosine.

DiagNosTIC KITS

We also provide diagnostic kits for detecting flaviviral infection, including dengue
infection and West Nile Virus infection in an individual, or susceptibility to such in an

individual.

The diagnostic kit may comprise means for detecting expression, amount or activity of
envelope glycoprotein (E) domain I1I in the individual, by any means as described in this
" document. The diagnostic kit may therefore comprise any one or more of the following: an
anti-envelope glycoprotein (E) domain IIT antibody, an antibody capable of binding to the
same epitope as monoclonal antibody 9F12, monoclonal antibody 9F12, Fab from 9F12, scFv
from 9F12, an antibody comprising a variable region of antibody 9F12, or a humanised

monoclonal antibody 9F12, etc



to alter glycosylation patterns or to change codon preference. In another
enbodi nent, a or the natural, nodified or reconbi nant anti-envel ope

gl ycopr otworo(op3zsemai n 111 anti body encodi ng nucl eot i decssgaernmessvray be
ligated to a heterol ogous sequence to encode a fusion protein. By way of
exanpl e, fusion proteins conprising theasnti-envel ope gl ycoprotein (E)
domain Il antibody or an enzymatically active fragnment or derivative
thereof linked to an affinity tag such as gl utathione-S-transferase (GST),
biotin, Hi s6, ac-nmyc tag (see Enrich etal 1993 Bi ocenBi ophys Res Comrun
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enbodi nents, the marker sequence may conprise a hexa-histidine peptide, as
provi dedPRQPHWeAqm}EAVBd’&mRA(PQJWETHo))S and described in Gentz et al (1989
PNAS 86: 821-824). Such fusion proteins are readily expressable in yeast
culture (as dekemopedonahanihadyF12mayde usedrreatmens of diseape &) hunansare
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and the et er ol pg rotei n sequence, that the antl envel ope
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the het efghagaisul®t Skt NIIE VARRWAGI infddBgH! ment, an assay for the target
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Al ternatively e co-protein may act .as _an adjuvant in the sense of
providing a gg/ﬁ 1501qse aptlaqds a Frﬁﬁ‘il%ﬂ@fmf%én PefinBckidingdangrn erfediopeodei n
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t hat thesuntablb'@mplfnisethsenmencanﬁhr approachemvel ope gl ycopr ot ein (E) domain III
antibody is also present, its presence and expression should be confirned.

For exanpl e, AfcdififigdNivk pRSME R thells¥ GPRERER dlogePlycoprotein (E) domain 111

antibodies in the treatment or prevention of flaviviral disease. The flaviviral disease may
comprise dengue or West Nile Virus infection. The anti-envelope glycoprotein (E) domain III
antibodies may be used as drugs or therapies to treat dengue or other flaviviral infection. They

may be used to prevent such infection or progress of the disease.

In general terms, our methods involve manipulation of cells, by modulating (such as
down-regulating) the expression, amount or activity of envelope glycoprotein (E) domain III.
The treatment may comprise generally contacting an flaviviral infected cell, or a cell
suspected of being a flaviviral infected cell, with an anti-envelope glycoprotein (E) domain ITI
antibody. The methods may involve exposing a patient to an anti-envelope glycoprotein (E)

domain III antibody or variant thereof as described here.

It may or in addition be exposed to an anti-flaviviral agent such as an antibody or other
molecule known to have effect in preventing or treating a flaviviral disease. Where this is so,
the cell may be exposed to both the antibody and the agent together, or individually in

sequence. The exposure may be repeated a number of times. Any combination of anti-



dormain 111 antibody encodi ng nucl eoti de sequence is inserted within a
mar ker gene sequence, reconbinant cells containing the anti-envel ope

gl ycopr otworeo(op3zsemai n 111 anti body codi ng regi ons may pog/sicdemntondoised by
t he absence of the nmarker gene function. Alternatively, a marker gene nmay
be placed in tandemw th a anti-envel opg gl ycoprotein (E) domain Il

anti body encodi ng nucl eoti de sequence under the control of a single
pronot er. Expression of the marker gene in response to induction or

sel ection usually indicates expression of the anti-envel ope gl ycoprotein
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donai n | fidvivindlidRRese Qbh hO8SEES br WesPES ¢S thikiosar i ous dilutions and a
spectrophotonetric or calorinmetric response gives rapid quantitation.
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For this purpose, a number of criteria may be designated, which reflect the progress of
treatment or prophylaxis or the well-being of the patient. Useful criteria in the case of dengue
may include headache, fever, exhaustion, joint and muscle pain, swollen glands
(lymphadenopathy) and rash. In the case of West Nile Virus infection, useful criteria may
include fever, headache, tiredness, body aches, skin rash (on the trunk of the body) and
swollen lymph glands. Symptoms of severe disease (also called neuroinvasive disease, such as
West Nile encephalitis or meningitis or West Nile poliomyelitis) include headache, high fever,
neck stiffness, stupor, disorientation, coma, tremors, convulsions, muscle weakness, and

paralysis, and these may be used as criteria.

Thus, as an example, a treated individual may show a decrease in such a symptom as
measured by an appropriate assay or test. A treated individual may for example show a 1%,
2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%, 10%, 15%, 20%, 25%, 30%, 40%, 50%, 60%, 70%, 80%,
90%, 100% or more decrease in one or more symptoms, compared to an individual who has

not been treated.



al ani ne, asparagi ne, glutamne, serine, threonine, phenylal anine, and
tvrosine. DIAGNOSTIC KITS W al so provide diagnostic kits for detecting
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(E) donain IIFmanmhbhdypa&ﬂﬁdﬁtﬁbmmyWMﬂmﬂhkéambmhgﬁd&ngihﬁab&ﬁhﬁaﬂe epitope

as nonocl onal. ant.i 9FI nocl anal . a from 9FI
scFv fr oHPYERres wi P%\ﬁiwsasyﬂ@a”ﬁm% i ﬂ%\kg@%ﬁ»g’%ﬁ@g’f%rgpew?&fﬁatawp BB%‘i?OléFI
2, or a hRRikesh ﬁwegwa@iea@nsvmwv@a ctrofd §Jéﬁeas®&r fBok| bt 1624
conprise instructions for use, or other indicia. The di'agrostic |t may
further wchtiye |t($eorm§)dm£yfthc termedeatarent owe preep tydlaxinslude pfopaylaxis

infectio e conpositions described in this docunent, or
any rreanarshew‘rf‘g aYW}é QWCCP%I} treating flaviviral infection. In

particular, the diagnostic kit may conprise an anti-envel ope gl ycoprotein
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have anti-flaviviral activity. Specifically, the Exanples show that the

anti - envel o‘pe coprotein (E) domain Il antibodi es are capabl e of
treatlngﬁ Hﬂg%enting viral infection, such as dengue or West Nile Virus

vi ral |nfect| aviviral inf.ection,
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such as a Gadgets Gully virus (GGYV), Kadam virus (KADV), Kyasanur Forest disease virus
(KFDV), Langat virus (LGTV), Omsk hemorrhagic fever virus (OHFV), Powassan virus
(POWYV), Royal Farm virus (RFV), Tick-borne encephalitis virus (TBEV) or a Louping ill
virus (LIV). The flavivirus may comprise a virus within the seabird tick-borne virus group,

such as a Meaban virus (MEAV), a Saumarez Reef virus (SREV) or a Tyuleniy virus (TYUV)

The flavivirus may comprise a virus within the Aroa virus group, such as an Aroa
virus (AROAYV). The flavivirus may comprise a virus within the Dengue virus group. The
flavivirus may comprise a Dengue virus (DENV) or a Kedougou virus (KEDV). The
flavivirus may comprise a virus within the Japanese encephalitis virus group, such as a
Cacipacore virus (CPCV), Koutango virus (KOUV), Japanese encephalitis virus (JEV),
Murray Valley encephalitis virus (MVEV), St. Louis encephalitis virus (SLEV), Usutu virus

(USUV), West Nile virus (WNV) or Yaounde virus (YAOV). The flavivirus may comprise a
virus within the Kokobera virus group, such as a Kokobera virus (KOKV). The flavivirus may
comprise a virus within the Ntaya virus group, such as a Bagaza virus (BAGV), Ilheus virus
(ILHV), Israel turkey meningoencephalomyelitis virus (ITV), Ntaya virus (NTAV) or
Tembusu virus (TMUYV). The flavivirus may comprise a virus within the Spondweni virus

group, such as a Zika virus (ZIKV).



conprise dengue or West Nile Virus infection. The anti-envel ope
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anti body or antibodies to the organism As above, a single antibody may be
adm ni st ey Or @ conbination of anti-envel ope glycoprotein (E) domain |1
anti body and an anti-flaviviral agent may be adm ni stered. The
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agent to the individual.

Dengue and dengue hemorrhagic fever (DHF) are acute febrile diseases, found in the
'tropics, with a geographical spread similar to malaria. Caused by one of four closely related
virus serotypes of the genus Flavivirus, family Flaviviridae, each serotype is sufficiently
different that there is no cross-protection and epidemics caused by multiple serotypes
(hyperendemicity) can occur. Dengue is transmitted to humans by the mosquito Aedes aegypti

(rarely Aedes albopictus).

Signs and Symptoms
The disease is manifested by a sudden onset of fever, with severe headache, joint and
muscular pains (myalgias and arthralgias — severe pain gives it the name break-bone fever)
and rashes; the dengue rash is characteristically bright red petechia and usually appears first
on the lower limbs and the chest - in some patients, it spreads to cover most of the body.
" There may also be gastritis with some combination of associated abdominal pain, nausea,

vomiting or diarrhoea.

Some cases develop much milder symptoms, which can, when no rash is present, be
misdiagnosed as a flu or other viral infection. Thus, travellers from tropical areas may

inadvertently pass on dengue in their home countries, having not being properly diagnosed at



For this purpose, a nunber of criteria may be designated, which reflect the
progress of treatnent or prophylaxis or the well-being of the patient.
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body) and swoll en | ynph gl ands. Synptons of severe di sease (also called
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significantly inhibited (i.e., by 50%or nore) relative to controls. The

i nhi bition na(}aSS%Ogt?E@t alqshop Wsﬁﬁrrf@Yeaﬁtha\?@orr@a@@rpbml%e,nasihmmla@ywes;@% by
95% or ' c I I y SO
il ude S eceRudion; Aot irapdftioh DPedsEl fhdf otRh R Shool St 3581,
appr oac hwhishthhea high menadityiatey use of anti-envel ope gl ycoprotein (E) domain
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nmosqui t o- bor nkhadipgrosisTdefigumis vitally nrdy ctioivphly.SEhealassic pictuvietifhigh féwrepwn

ar t hr opag. or...The flavivirus may conprise.a virus withi.n the mammalian
£1 cic. bor it B et p S SiteatiSn, TRk B Facivvih Yool lanshiy b r ue
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Serology and PCR (polymerase chain reaction) studies are available to confirm the

diagnosis of dengue if clinically indicated.

Treatment

The mainstay of treatment is supportive therapy. The patient is encouraged to keep up
oral intake, especially of oral fluids. If the patient is unable to maintain oral intake,
supplementation with intravenous fluids may be necessary to prevent dehydration and
significant hemoconcentration. A platelet transfusion is indicated if the platelet level drops

significantly.

Prevention

There is no commercially available vaccine for the dengue flavivirus. However, one of
the many ongoing vaccine development programs is the Pediatric Dengue Vaccine Initiative
(PDVI [1]) which was set up in 2003 with the aim of accelerating the development and

introduction of dengue vaccine(s) that are affordable and accessible to poor children in

endemic countries.

Primary prevention of dengue mainly resides in eliminating or reducing the mosquito

vector for dengue. Initiatives to eradicate pools of standing water (such as in flowerpots) have



(POW), Royal Farmvirus (RFV), Tick-borne encephalitis virus (TBEV) or a
Louping ill virus (LIV). The flavivirus may conprise a virus within the
seabird twoketomwssssvi rus group, such as a Meaban virus @EEREAGR10A0EGAUTAr €2
Reef virus (SREV) or a Tyuleniy virus (TYW) The flavivirus nmay conprise a
virus within the Aroa virus group, suchs@s an Aroa virus (ARCAV). The
flavivirus nmay conprise a virus within the Dengue virus group. The
flavivirus may conprise a Dengue virus (DENV) or a Kedougou virus (KEDV).
The flavivirus may conprise a virus within the Japanese encephalitis virus
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conpri se vi.rus within the Ntaya virus group, such as a Bagaza virus
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(ITV), Ntaya virus (NTAV) or Tenbusu virus (TMW). The flavivirus may
conpri seAsSANSROR DENGWEm t he Spondweni virus group, such as a Zika virus
(ZIKV). The flavivirus nmay conprise a virus within the Yell ow fever virus
group, such aberguBdniertian mayg b¢ BysAd byBommobér ofimaisodsBidcMyingkdgethbil bf vi r us

(EHV), Jug Vi Saboya virus (SABV), Sepik virus (SEPV), Uganda
S virus %ﬁ%ﬂs,sgy\e@sséé%%ﬁg%m\lﬁn%s (WESSV) or Yellow fever virus (YFV). The
flavivirus nmay conprise a virus within the Entebbe virus group, such as
Ent ebbe bat viPingse 4ENFY)r Dengviekose virus (YOKV). The flavivirus my
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" dengue"contaring ¥4/ % EBEr(Iscavid4. 78eFBS)por lacking FBS (Iscove-0% FBS) are also used in

this study.

Vero cells are seeded into 12-well plates at 5.0 to 5.5 log10 cells per well. Viral
infection is performed by aspirating the growth medium from freshly confluent Vero cell
cultures, washing the cells sheets twice with 2 ml of Iscove-0% FBS medium, and adding 100
ul of Iscove-0% FBS medium containing dengue virus to deliver a multiplicity of infection
(MOI) of 1.0 or 2.0 PFU/cell. Following adsorption of virus for 2 h at 37°C with 5% CO2, the
viral inocula are aspirated, the cell sheets are rinsed three times each with 2 ml of PBS, and
1.0 ml of Iscove-0% FBS medium containing the appropriate concentration of P4-PMO is
added, followed by incubation of the plates at 37°C with 5% CO2. Except where stated, the
replacement media are not changed again for the duration of the growth curve experiment.

Controls for these experiments include untreated cells.

At various time intervals, a 20-pl aliquot of medium is removed from each virus-
infected well, diluted 1:16 or 1:32 in freezing medium (Iscove-35% FBS medium), and stored
at —80°C until plaque titration.

Plaque titrations are performed under agarose overlay in Vero cell monolayers grown

in six-well plates as described previously (Butrape et al 2000. J. Virol. 74:3011-3019 and



henorrhagi c fever"” should be consi dered synonynous. Dengue and dengue
henorrhagi c fever (DHF) are acute febrile diseases, found in the tropics,
with a gewgrapissss spread simlar to malaria. Caused bycorse2eoi/ ohady
closely related virus serotypes of the genus Flavivirus, famly

Fl aviviridae, each serotype is sufficiegtly different that there is no
cross-protection and epidem cs caused by nultiple serotypes

(hyperendem city) can occur. Dengue is transmtted to humans by the
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m | der Syﬂpt0@§mn»Mh&Qm&%ﬂ1 when no rash is present, be nisdiagnosed as a
flu or other viral inhfection. Thus, travellers fromtropical areas may

i nadvert ent | yCpletaxiaty Wesgoritared vsing flubrosesindiaestate €D Ahas/pregionsty desirivgd
proper | y ggﬁ&% the hei ght of their illness. Patients with dengue can
only pas ection through nosquitoes or blood products while they
are still febrlle The cl assic dengue fever |asts about six to seven days,
with a small eOtffgeéJengﬁezﬂ@am at the trailing end of the fever (t he
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dilutions of virus. About 1-3 days after infection, cells are fixed, incubated with specific
monoclonal antibody, and stained with a secondary antibody labeled with a fluorescent tag.
Fluorescent foci of infection are observed and counted using a fluorescence microscope, and
viral titers are calculated as fluorescent focus units (FFU) per ml. The optimal time for
performing the fluorescent focus assay (FFA) on Vero cells was 24h for Dengue virus

_serotypes compared to up to 11 days for a standard Vero cell plaque assay

Other assays which may be used include those described in US 6,855,521, a serotype
and dengue group specific flurogenic probe based PCR (TagMan) assay against the respective
C and NS5 genomic and 3' non-coding regions of dengue virus, and US 6,793,488 which

describes a Flavivirus detection and quantification assay

DENGUE ENVELOPE GLYCOPROTEIN (E)

Several cellular attachment molecules or receptors have been proposed for DENV
including the highly sulfated heparan sulfate (Chen, 1997), the dendritic cell-specific ICAM3-
grabbing-non-integrin (DC-SIGN) on immature dendritic cells (Pokidysheva et al., 2006,
Tassaneetrithep et al., 2003), the L-SIGN (Navarro-Sanchez et al., 2003), the mannose
binding receptor on macrophages (Miller, 2008) and the laminin-binding protein (Thepparit &
Smith, 2004, Tio et al., 2005).



| eukopeni a. Serol ogy and PCR (pol ynerase chain reaction) studies are
available to confirmthe diagnosis of dengue if clinically indicated.

Tr eat mrentwoheiwmmBs3sst ay of treatnment is supportive therapgT/SGhelopatouent i s
encouraged to keep up oral intake, especially of oral fluids. If the
patient is unable to maintain oral intade, supplenentation with intravenous
fluids may be necessary to prevent dehydration and significant
henobconcentration. A platelet transfusion is indicated if the platelet
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poor children in endem c countries. Primary prevention of dengue mainly

resi des Thnlb¢naticha?Q0dd or reduci ng the nosquito vector for dengue.
Initiatives to eradicate pools of standing water (such as in flowerpots)
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t echni ques have been recently reported from X niversity on rendering
t he Aedewrionsepiaceoispesprinanrdetaemirat sbimst-cglt tuginmiand tiongdes bEnaftratiniaguse of

nosqui t o . el.l en d ,avoi.din dem c areas. ASSAYSFOR DENGUE

Dengue iann?@é ‘F%fwﬁ"r%’ae)}a'e@ssgg\?%@l%?}ag’%?@@er of net hods, including a nethod

of plaque assay in sone enbodi nents. Pl aque Assayfor Dengue Confl uent

nmonol ayers of Tivek prateiniveasgoendgo barstrietutadlysirellar togel Seml{diFGkasnalphidgaiE ]
bovine seru

(ryd ondPLBRRR e i srpar 37 o0 B Sl Risineoolrmnely [F55w % b BTNy ana
strept ong iefystlof@bRic(shi¥es@/sBluble fragments of the E protein from DENV-2 and 3, tick-
borne encephalitis and West Nile virus revealed a well-conserved elongated structure (Kanai
et al., 2006, Modis et al., 2003, Modis et al., 2005, Nybakken et al., 2006, Rey et al., 1995).
The molecule consists of three domains. The central domain I bears predominantly serotype-
specific non-neutralizing epitopes, the homodimerization domain II contains the fusion loop at
its extremity (Allison et al., 2001) and can elicit both neutralizing and non-neutralizing mAbs
(Crill & Roehrig, 2001).

Domain III, which is involved in receptor binding (Allison et al., 2001, Bressanelli et
al., 2004, Heinz et al., 2003, Rey et al., 1995), is connected to a C-terminal stem anchored to
the viral membrane and adopts an immunoglobulin constant domain fold. It contains three
exposed loops centered at residues 308, 335 and 387 that project from the surface of the
mature virion and are thus largely accessible to antibodies. At endosomal pH, the virion

undergoes structural rearrangements leading to homotrimerization of the E protein (Modis et
al., 2004).

PHARMACEUTICAL COMPOSITIONS

As disclosed herein, anti-envelope glycoprotein (E) domain III antibodies may be used
to treat or prevent flaviviral disease and infection, including dengue infection and West Nile

Virus infection.

Anti-envelope glycoprotein (E) domain III antibodies can be administered in a variety
of ways including enteral, parenteral and topical routes of administration. For example,

suitable modes of administration include oral, subcutaneous, transdermal, transmucosal,
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Such an assay nay use
excipients are descr1bed in “Remlngton S Pharmaceutical Sciences,” Mack Pub. Co., New

Jersey (1991), incorporated herein by reference.

Pharmaceutical compositions containing an anti-envelope glycoprotein (E) domain I1I
antibody may be in any form suitable for the intended method of administration, including, for
example, a solution, a suspension, or an emulsion. Liquid carriers are typically used in
preparing solutions, suspensions, and emulsions. Liquid carriers contemplated for use in the

- practice include, for example, water, saline, pharmaceutically acceptable organic solvent (s),
pharmaceutically acceptable oils or fats, and the like, as well as mixtures of two or more
thereof. The liquid carrier may contain other suitable pharmaceutically acceptable additives
such as solubilizers, emulsifiers, nutrients, buffers, preservatives, suspending agents,
thickening agents, viscosity regulators, stabilizers, and the like. Suitable organic solvents
include, for example, monohydric alcohols, such as ethanol, and polyhydric alcohols, such as

glycols.

Suitable oils include, for example, soybean oil, coconut oil, olive oil, safflower oil,
cottonseed oil, and the like. For parenteral administration, the carrier can also be an oily ester
such as ethyl oleate, isopropyl myristate, and the like. Compositions may also be in the form
of microparticles, microcapsules, liposomal encapsulates, and the like, as well as

combinations of any two or more thereof.



conbination with, a standard plaque assay. In sumary, the assay conprises
the following: Vero cells are plated in 8-well chanber slides, and infected
wi th 10- fwbdomemsss dil uti ons of virus. About 1-3 days attrsGorfoeaiud on,
cells are fixed, incubated with specific nonoclonal antibody, and stained
with a secondary antibody |abeled with g fluorescent tag. Fluorescent foci
of infection are observed and counted using a fluorescence m croscope, and
viral titers are calculated as fluorescent focus units (FFU per nm. The
optimal tinme for performng the fluorescent focus assay (FFA) on Vero cells
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the L- SIioNagtREdHRicstay 98 idpsiar teghniquesn03) , the mannose bi nding receptor on
macrophages (Ml ler, 2008) and the |am nin-binding protein (Thepparit &
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protein, l'eadin o the conce ass vVira usi on glycoproteins
(Lescar asiditain, stedle0fixed odtseare conventionally employed as a solvent or suspending medium.

For this purpose any bland fixed oil may be employed including synthetic mono-or
diglycerides. In addition, fatty acids such as oleic acid find use in the preparation of

injectables.

Suppositories for rectal administration of the drug can be prepared by mixing the drug
with a suitable nonirritating excipient such as cocoa butter and polyethylene glycols that are

solid at ordinary temperatures but liquid at the rectal temperature and will therefore melt in

the rectum and release the drug.

Solid dosage forms for oral administration may include capsules, tablets, pills,
powders, and granules. In such solid dosage forms, the active compound may be admixed
- with at least one inert diluent such as sucrose lactose or starch. Such dosage forms may also
comprise, as is normal practice, additional substances other than inert diluents, e. g.,
lubricating agents such as magnesium stearate. In the case of capsules, tablets, and pills, the
dosage forms may also comprise buffering agents. Tablets and pills can additionally be

prepared with enteric coatings.

Liquid dosage forms for oral administration may include pharmaceutically acceptable

emulsions, solutions, suspensions, syrups, and elixirs containing inert diluents commonly used



crystal l ographic studies of soluble fragments of the E protein from DENV-2
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processi ng agents and drug
either as compared to a control or as compared to expected protein act1v1ty
Effective amounts of the anti-envelope glycoprotein (E) domain III antibody generally
include any amount sufficient to detectably inhibit the relevant protein activity by any of the
" assays described herein, by other assays known to those having ordinary skill in the art or by
detecting an alleviation of symptoms in a subject afflicted with flaviviral infection, including

dengue infection and West Nile Virus infection.

Successful treatment of a subject in accordance may result in the inducement of a
reduction or alleviation of symptoms in a subject afflicted with a medical or biological
disorder to, for example, halt the further progression of the disorder, or the prevention of the
disorder. Thus, for example, treatment of flaviviral disease and infection, including dengue
infection and West Nile Virus infection can result in a reduction in symptoms such as fever,
severe headache, joint and muscular pains (myalgias and arthralgias), rashes, gastritis,
abdominal pain, nausea, vomiting, diarrhoea, haemorrhagic phenomena, thrombocytopenia,

haemoconcentration or dengue shock syndrome (DSS).

The amount of active ingredient that may be combined with the carrier materials to
produce a single dosage form will vary depending upon the host treated and the particular

mode of administration. It will be understood, however, that the specific dose level for any



delivery nodifiers and enhancers, such as, for exanple, calcium phosphate,
magnesi um stearate, talc, nonosaccharides, disaccharides, starch, gelatin,
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hydr oxypr opyl - p-cycl odextrin, polyvinylpyrrolidinone, |ow nelting waxes,

i on exchange resins, and the like, as | as conbinations of any two or
nore thereof. Ot her suitable pharnaceutically acceptable excipients are
described in "Rem ngton's Pharmaceutical Sciences,” Mack Pub. Co., New
Jersey (1991), incorporated herein by reference. Pharnmaceuti cal
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as et han I | j [

i ncl ude, R%‘Oél%ggg/g%Ifé?%%yfg%ggﬁ%%%&gggo utag"(s)t? g{,)é{lg?ilo\s}%g/gg)ld%?ggﬁg o%}\jglrlt oi |,
cot t ons et d/dayatochbblielhg/kg/day-of arpatteervetope gyddpivtsh (BY ddihain Theantbédyi, er
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m crocapsul es, |iposomal encapsul ates, and the like, as well as .
conbi nat.i ons Dhe @ity edvlopRglydeprtdii €E L&main el aftibody ualatReedHanifbleridahn (E)
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| onophorp Sﬂfisfol(gg?(\:/ehl%feascéep-l’;&?e Emec{ ﬁlnetabolizable lipid capable of forming liposomes can be used.
The present compositions in liposome form can contain, in addition to a compound,
stabilizers, preservatives, excipients, and the like. Lipids which may be used include the
phospholipids and phosphatidyl cholines (lecithins), both natural and synthetic. Methods to
form liposomes are known in the art. See, for example, Prescott, Ed., Methods in Cell

Biology, Volume XIV, Academic Press, New York, N. W., p. 33 et seq (1976).

While the anti-envelope glycoprotein (E) domain III antibody can be administered as
the sole active pharmaceutical agent, they can also be used in combination with one or more
other agents used in the treatment of disorders. Representative agents useful in combination

- with the anti-envelope glycoprotein (E) domain III antibody for the treatment of flaviviral
‘infection including dengue include, for example, either of the P4-PMO compounds, 5'SL and
3'CS (targeting the 5'-terminal nucleotides and the 3' cyclization sequence region,
respectively) described in Kinney et al., 2005, Inhibition of dengue virus serotypes 1 to 4 in
vero cell cultures with morpholino oligomers, J Virol. 79(8), 5116-28.

When additional active agents are used in combination with the anti-envelope

glycoprotein (E) domain III antibody, the additional active agents may generally be employed



parenteral as used herein includes subcutaneous injections, intravenous,

i ntramuscul ar, intrastemal injection, or infusion techniques. |Injectable
pr epar at iwop10fmos3zexanpl e, sterile injectable aqueous oPCOISGagiorvoME9
suspensi ons may be formul ated according to the known art using suitable

di spersing or wetting agents and suspemgti ng agents. The sterile injectable
preparation may al so be a sterile injectable solution or suspension in a
nont oxi ¢ parenterally acceptable diluent or solvent, for exanple, as a
solution in 1, 3-propanedi ol. Arong the acceptable vehicles and sol vents

t hat nayindkerepqpitiopatbuatseswadieated i thgBHYSICANS IRESK REFERENGHi(RDRp A3 dm

chlorid | ut] I.n addition, eril fixed oils e conventionally
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fixed oi dmamits RewsNBILRXBHwWh 16 bitdbMadimyRt kel irthiRAo- or di gl ycerides. In
addition, fatty acids such as oleic acid find use in the preparation of

i njectables. Suppositories for rectal admnjstratjon of the drug can_be
prepared by nf k)(‘?%@l'?fhvéi%et%y GRPTOC1S (@\fi‘oﬂ%? &l gBiibady; anditheethenthergpaiicallyich as
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t enper at ures l1Tquid at the rectal tenperature an erefore nelt
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adm ni stration. may include,capsul t gbl.et ill.s, powders, and gr.anul es.
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forms may al so conprise, as is normal practice, additional substances other
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i ncl ude ghar maceut i cal ly acceptabl e enul si ons, sol utions, suspensions,
syrups, BHEPSICASFRsoahPeRIYERGS  HaBE CAMPOEiHPs: commonly usedin the art, such
as water. Such conpositions may al so conprise adjuvants, such as wetting
agents, emul SI?ZPVY‘;‘ITE’]?H?{H suspendi ng agents, cycl odextrins, and sweetening,

flavoring, anth@mpbihAgdida88iSere (and combinations) are in some embodiments orally
bioavailable. Oral bioavailablity refers to the proportion of an orally administered drug that
reaches the systemic circulation. The factors that determine oral bioavailability of a drug are
dissolution, membrane permeability and metabolic stability. Typically, a screening cascade of

firstly in vitro and then in vivo techniques is used to determine oral bioavailablity.

Dissolution, the solubilisation of the drug by the aqueous contents of the gastro-
intestinal tract (GIT), can be predicted from in vitro solubility experiments conducted at
appropriate pH to mimic the GIT. The anti-envelope glycoprotein (E) domain III antibody
may in some embodiments have a minimum solubility of 50 mg/ml. Solubility can be
determined by standard procedures known in the art such as described in Adv. Drug Deliv.
Rev. 23, 3-25, 1997.

Membrane permeability refers to the passage of the compound through the cells of the
GIT. Lipophilicity is a key property in predicting this and is defined by in vitro Log D74
measurements using organic solvents and buffer. The anti-envelope glycoprotein (E) domain
III antibody may have a Log D74 0f -2 to +4 or -1 to +2. The log D can be determined by
standard procedures known in the art such as described in J. Pharm. Pharmacol. 1990, 42:144,



In accordance with yet other enbodi nents, we provide nethods for inhibiting

any activity of envel ope glycoprotein (E) domain Ill, in a human or ani mal
subj ect, wbeorawbssd conpri sing adm nistering to a subj ePCT&G2am®O0M9 of an
anti-envel ope glycoprotein (E) domain Il antibody (or conposition

conpri sing such conpound) effective to gphibit the relevant activity in the
subj ect. O her enbodi nents provide nethods for treating flaviviral

i nfection, including dengue and West Nile Virus, in a human or ani nal

subj ect, conprising admnistering to the cell or to the human or ani nmal
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with a nedical or biol o% di sorder to, exanpl e, halt the further
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including the activity of the s
bioavailability is determined in these studies by administering the compound separately or in

mixtures by the oral route. For absolute determinations (% absorbed) the intravenous route is
also employed. Examples of the assessment of oral bioavailability in animals can be found in
Drug Met. Disp.,2001, 29, 82-87; J. Med Chem , 1997, 40, 827-829, Drug Met. Disp.,1999,
27,221-226.

The term “pharmaceutically acceptable carrier” as used herein generally refers to
organic or inorganic materials, which cannot react with active ingredients. The carriers
include but are not limited to sugars, such as lactose, glucose and sucrose; starches such as
corn starch and potato starch; cellulose and its derivatives such as sodium
carboxymethycellulose, ethylcellulose and cellulose acetates; powdered tragancanth; malt;
gelatin; talc; stearic acids; magnesium stearate; calcium sulfate; vegetable oils, such as peanut
o‘il, cotton seed oil, sesame oil, olive oil, corn oil and oil of theobroma; polyols such as
propylene glycol, glycerine, sorbitol, mannitol, and polyethylene glycol; agar; alginic acids;

. pyrogen-free water; isotonic saline; and phosphate buffer solution; skim milk powder; as well
as other non-toxic compatible substances used in pharmaceutical formulations. Wetting agents

and lubricants such as sodium lauryl sulfate, as well as coloring agents, flavoring agents,



conpound enpl oyed, the age, body weight, general health, sex, diet, tinme of
adm nistration, route of adm nistration, rate of excretion, drug

conbi nat iwo,20em¥3338e severity of the particul ar di seasePpumsergoiong4® her apy.
The therapeutically effective amount for a given situation can be readily
determ ned by routine experinmentation agpg is wthin the skill and judgnent
of the ordinary clinician. A therapeutically effective dose will generally
be from about | Ormg/ kg/day to 100ng/ kg/ day, for exanple from about

25mg/ kg/ day to about 20 ng/ kg/day or from about 50ng/ kg/day to about
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of |iposomes. As is known in the art, |iposones are generally derived from
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anti body for. the treat t of flaviviral inpfection_ including dengue
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ol gorrert?fpic‘gdly bé gtlx)'ut 3,%6)111& %n& %h% gr%bunt may be given in a single dose per day or more

usually in a number (such as two, three, four, five or six) of sub-doses per day such that the

total daily dose is the same. An effective amount of a salt of the present invention may be

determined as a proportion of the effective amount of the compound per se.

The term “treatment” as used herein refers to any treatment of a condition or disease in
an animal, particularly a mammal, more particularly a human, and includes: preventing the
disease or condition from occurring in a subject which may be predisposed to the disease but
has not yet been diagnosed as having it; inhibiting the disease or condition, i.e. arresting its
development; relieving the disease or condition, i.e. causing regression of the condition; or

relieving the conditions caused by the disease, i.e. symptoms of the disease.

Chemical derivative
The term “derivative” or “derivatised” as used herein includes chemical modification
of a compound. Illustrative of such chemical modifications would be replacement of hydrogen

by a halo group, an alkyl group, an acyl group or an amino group.

Chemical modification

In one embodiment, the compound may be a chemically modified compound.



When additional active agents are used in conbination with the

anti-envel ope glycoprotein (E) domain |1l antibody, the additional active
agent s nmayogereanadssy be enpl oyedi n therapeutic anounts a@sTiSedoav@dsi n t he
PHYSI Cl ANS ' DESK REFERENCE (PDR) 53rd Edition (1999), which is incorporated
herein by reference, or such therapeutigplly useful amounts as woul d be
known to one of ordinary skill in the art. The anti-envel ope gl ycoprotein
(E) domain Il antibody and the other therapeutically active agents can be
adm ni stered at the recommended nmaxi num clini cal dosage or at | ower doses.
Dosage | evel sThé clidmeicachadicaiohiof anuripops] by eitigsr @hkinte cEreddodry diogdn

anti body, i n.the conpositions may be varied so as to obtain_a desired

t her apeu??@l?ge%?ﬁng’nd‘é‘ﬁégﬁ’dpw&c ﬁnﬁWé‘r‘?HS’Gg’é igferagtipmn.ny & Peit Wapls meraehon ¢ of
the di segpglcandrdchion baSRENER Bhnpolifd BRE i€ MrgetThe conbi nation can be
adm ni stefed as separate conpositions or as a single dosage form contai ni ng

bot h agents. }/\hen adm nj stered as a conbination, the therapeutic aqents can
be fornul at ed¥eAsPeat-4pe dspiperssampmad mpaytach pea grodel{fofexamples atamnlater or

di f f er enfy khd ®SeloBnchi s dE BREUEAE. agents can be given as a single
conpositi gm. Bi gact)gaiellabi Iﬂl%t%f Ll.bﬁ)e conpounds di scl osed here (and

conbi nations) are_in sone enbodi nents orally bioavail able. O al

bi oavai | abl i t{i”df"éffjl_é‘?ls to the proportion of an orally adm nistered drug that
reaches the sygd gdthpounlis &8 REiVQBd 10 RBiViRRIL NS r}fl%&l?ﬁergﬁz SRR dual”

bi oavailability of ‘a drug are dissolution, nmenbrane perneability and

met abol i wlers fbvdricbyatesTypticdhily membsty e mgmozediendpecids. The sriyndladesitut &5 and
then in vivo. hni gues i s ed to determ.ne, oral ,bi oavailablity.

Di ssol ut?%txl,mi%%gtorsaé}gﬁﬁtﬁ ?nélgfl‘lllg’osr?oﬁtf %W@?%PUB“B%? apfl QUmARs. us contents of the
gastro intestinal tract (G T), can be predicted fromin vitro solubility
exper i meliksMeDERIuct ed at appropriate pHto nmimic the G T. The anti-envel ope
gl ycoprotein 1@, domain_ |11 antibody may in sone enbodi nents have a m ni mum
sol ubi | i Eyamplesh Gells and Vdensgdi | ity can be deternined by standard procedures
known in the art such as described in Adv. Drug Deliv. Rev. 23, 3-25, 1997.
Membr ane per nBAK-b1 hitd C656%811S @bidfediRss AT OIVANSGosRRUNRPIINGYgh the
cells of the GT. Lipophilicity is a key property in predicting this and is
def i ned Bgdium bricCarghcapiaining 10% inactivated feetal calf serum (iFCS).

Vero cells are grown in DMEM supplemented with 7 % iFCS. Strains of Dengue virus
DENV 1 (Hawaii), DENV 2 (New Guinea C and TSVO1), DENV 3 (H87) and DENV 4

(H241) are propagated at 28 °C either in C6/36 or BHK-21 cells, supplemented with 5% iFCS.

Example 2. Cloning, Expression and Purification of Recombinant Domains III from
DENYV 1-4

The primers used for PCR amplifications are listed in Table E1 below.

E43 DENV-1 DENV?2 PENV3 DENV4
(291-395) (291-395) égg)l' (291-394)

M 14370

(:;:) 14669 14495 14392

pI 7.2 7.3 8.5 8.6

5'CGTATGCTC | 5/ CATTGCTCG | 5'cATATGCTC | 5'GCTCATGCTCG
Forward* | GAGAAACTGAC | AGAAACTACAG | GAGAAATTGAA | AGAAATTGAGAAT,

CTTAAAAG 3' | CTCAAA 3’ ACTCACG 3' |TRAG 3'
Primers

SEQ ID NO: SEQ ID NO: SEQ ID NO: SEQ ID NO: 15




measur enents using organic solvents and buffer. The anti-envel ope
gl ycoprotein (E) domain IIl antibody nay have a Log D7.4 of -2 to +4 or - 1
to +2. Thwol2op/@333an be determ ned by standard procedur @sTkcaonm/0nev4¢ he art
such as described in J. Pharm Pharmacol. 1990, 42:144.Cell nonol ayer
assays such as CaCO2 add substantially gpo prediction of favourable nenbrane
pernmeability in the presence of efflux transporters such as p-glycoprotein,
so-cal l ed caco-2 flux. The anti-envel ope glycoprotein (E) donmain |1
antibodt;nay‘have a caco-2 flux of greater than 2XIO 6CnS 1, for exanple
t

greater|{ than 5XI Q®%CnS 1. The| thco flux vall® can be determ ned by standard
procedures known lin the art sjuch as descrilbed in J . Pharm Sci, 1990, 79,
595- 600 Met abol i|® 'FERFGTGAL o2 FESEECATEe RETTATCARCH I G T or thel|liver
to netabolise conEARETARGGTCAHETAPECT Pt || GATTIATCICT |(ARTATCATCGHRE J
ef fect. ﬁgfgg SYSIEIGIEGRh as| TCTT OSARECA ECEIGTACES ¢IITAUCCTIECHTYi ve of
met abol jC I Tabri i tACCATIe' conpodnds of the [Exanpl es may |i@gazs @oan esmodijnent s
show netBbihéesstjability in tlhe assay systlemthat is cgmmensurate w tth an
hepati c| extracti QrfRG IeNO t haPEQ. BP Fanp|$80 diD MNGay |SEQ ams Nod dat a
mani pullati on are ([ddgscribed in X&irr. Opin. |[xaig Disc. Deusd ., 201, 4, [36-44,
Drug Disp., 2000, 28, 1518-1523. Because of the intlerplay of the|above
processes f urT#tde E$ uPpypomaryt dfaiomairdd Ligonatrhibts & heidol Yfobivady aid @hil éevérsblumans
can be %%‘”F§o£ Tin vi%glex erinents in aninmals. Absolute bioavailability

i s det ermhsdo} AT RES AT E&PES R i ni steri ng the conpound separately or
in mxtures by the oral route. For absolute determ nations (% absorbed) the
i ntravenous rBUReridictlsodigapedyelligatociny] the Pefl6b vectas @ésapeit Tahsforabd

bi oavai |l abi | i i impl s can be nd in u t. Disp.,2001, 29, 82-87;
J. Med cﬁeﬁ?{l,é%g@?f%gﬁ%ﬁw aﬁﬁg g an g%%.%g‘?g@,d ngt,emz%fr%gl@n The
term " phiganeasutt pﬁiMysWst}M&hf@ﬁ[a‘btﬁbyraﬂési&@ﬁﬂm F&H T ARNA R doy depber s

to organic or inorganic materials, which cannot react with active
i ngr edi digeestefihy ceairiigationiah 80Qefay 20 minet 4¥E atd buspended is agaffer catrihings
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et hyl celdndldiseptathly setitatlonse acet at es; powdered tragancanth; malt;

After centrifugation at 48,000 g for 30 minutes, inclusion bodies are solubilized in 8 M
urea, 100 mM NaH,PO4 and 10 mM Tris HCI (pH 8.0). The clarified supernatant is loaded
onto a Ni-NTA column (Qiagen) pre-equilibrated with the same buffer and incubated
overnight at 4°C. Proteins are eluted at pH 2.4. Refolding is carried out at 4°C by 50 x
dilution for 4-5 days in 200 mM Tris HCI (pH 8.2), 200 mM NaCl, 10 mM EDTA, 5 mM and
0.5 mM reduced/oxidized Glutathione and 50 mM L-arginine.

Refolded proteins concentrated by ultrafiltration (Amicon) are purified on a Superdex
75 (HR 10/30) column (GE Healthcare) in 12 mM Tris HCI (pH 8.0), 250 mM NaCl, 0.1mM
EDTA and 3 mM DTT. Proper folding is assessed with Circular Dichroism (Chu et al., 2005).

Example 3. Hybridomas

mADb 9F12 is obtained by hyper-immunization of BALB/c mice with DENV2 TSV01
domain III, using standard protocols (Clancy et al., 2007).

Mouse hybridoma cells secreting 9F12 are initially grown in Hybri-Care medium in

NUNC flasks and upon confluence, are switched to RPMI-1640, supplemented with 10%



gelatin; talc; stearic acids; magnesium stearate; cal cium sulfate;

vegetabl e oils, such as peanut oil, cotton seed oil, sesane oil, olive oil,
corn oi |l woaoomvd3zss t heobroma; pol yols such as propyl enecgisgeaioogkyceri ne,
sorbitol, mannitol, and pol yethyl ene glycol; agar; alginic acids;
pyrogen-free water; isotonic saline; angh phosphate buffer solution; skim
m | k powder; as well as other non-toxic conpatible substances used in
pharmaceutical fornulations. Wetting agents and | ubricants such as sodi um
lauryl sulfate, as well as coloring agents, flavoring agents,|ubricants,
exci pi entFES. Cahlsepdrnaftgmtag&rﬁeﬁtnfﬁg@lm BO@ grfsr 5 ﬁnﬁute@tlma(ﬁaﬁd@ﬁﬁed at 20" Cin
preservatives, can also be present. The term "therapeutically effective
amount * A lEeHG&pRBD)general Iy refers to an amount of an agent, for
exanpl e the amount of a conpound as an active ingredient, that is

suf fi ci emkarhpleef, Pagifichti6RLIRIKD oB14ef i ned herein when adninistered to a
subj ect |n need of such treatnent. A therapeutically effective anmount of a

conmpound, sal erlv fl g’mer or enantioner. of the present i nvention
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range of about 10 to about 40 ng/ kg body wei ght of recipient (nmanmmal) per

day and nore abou [ kg b er d for a 70 kg
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nunber (such as two, three, four, five or six) of sub-doses per day such

that t henVoefBuffsia gt RH)&Q Cenedniratsd feactions asé puified/en a&upmdemimhccﬂaﬂnn of the
present (@E/@Mtgg%ee?@ H&Fﬂ%%@#&dls% b eﬁ%gsélt}sg‘ heé?e e effective anount

of the conpoun rea in refers to any
treatment of a condition or disease in an aninal, particularly a nmanmal,
nore parkxamplg s ?laauhmctlmﬂeuﬁ@llwmvaentl ng the di sease or
condition fromoccurring in a subject which may be predi sposed to the
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with BHK-Ql cell lines at 37°C. Serial dilutions of mAb 9F12 are mixed with 100 PFU/ml of
DENV and incubated for 2 hours at 4°C. mAb and virus are incubated with BHK-21 cells at

37°C for 2 hrs.

After incubation, the mixture is replaced with RPMI - 1640 with 1% Carboxy methyl
cellulose and appropriate mAb dilution and plates are placed in a 5% CO2 incubator for a
period of 4 days for DENV-2, 5 days for DENV-4 and DENV-3 and 6 days for DENV-1.
After fixing with 4% Formaldehyde and staining with 1% Methyl violet, plaques are manually

counted and the neutralization capacity is estimated as the mAb concentration causing a 50%
reduction in PFU.

Example 6. Adsorption Assays Using Cell-based Flavivirus Immuno-detection (CFT)

A 96-well micro culture dish is dispensed with 2 x10* Vero cells per 100 ul in DMEM
supplemented with 2% iFCS and incubated overnight at 37°C in a 5% CO, incubator. For the
preadsorption assay, tenfold dilutions of either mAb 9F12 or 4G2 is mixed with equal volume

“of 2 x 10* PFU of DENV2 virus and incubated at 4°C for 1 hour.



devel opnment; relieving the disease or condition, i.e. causing regression of
the condition; or relieving the conditions caused by the disease, i.e.
synpt ons WO 20tv9sizsease. Chem cal derivative The term " ®@€miSGa010¥wedo4nr
"derivatised" as used herein includes chem cal nodification of a conpound.
I'llustrative of such chem cal nodificatipns would be replacenment of

hydr ogen by a hal o group, an al kyl group, an acyl group or an am no group.
Chem cal nodification In one enbodi nent, the conpound may be a chenically
nodi fi ed conmpound. The chemi cal nodification of a conpound may either

enhance or retihcensyddogab nhigtuk 'rsgad'déti ®rthe torduencdvdlr suefate ikl iacibaesd, at 4°C
hydr ophobi c i nter Van s interaction_or dipole jnteraction
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may act asud fRRqE) DNIeKT SR o?’thﬂmh‘ﬁ?g!elgste eﬁ} \y\féagléeél tHFeeQﬁlY g{ljgpgv[ er

conmpounds. I ndividual The ‘conpounds a to |n used
herein, ¢#s Afmr mcubatitin/with AIMEMefoe 2slays culés dre ltmaascbwrch thaer 1 12(0\, dilaed ¥Gaenber s

f th | ud b t | t ed d t
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Vi ruses chle, @dﬂﬁrﬁ&hgﬂﬁoe%@idirﬁa &1@@%(%’89@%t11rm%£%mlyﬁéld%§ aBdPMibd N RPM -1

640 nedi um I—%brl -Care) containing % inactivated foetal calf 'serum
(i1 FCS). fodlowed at 439 nype grown in DVEM suppl emented with 7 % i FCS. Strains of
Dengue virus DENV 1 (Hawaii), DENV 2 (New Guinea C and TSVA ), DENV 3 (H87)

and DENV 4 ( HPHelprestn@e BF QBﬁﬂ&ﬁlﬁﬂmﬁBe&@cgls%etrQ@il is Borffhref 19 rstd%lif& ehgcel s,
suppl enented with 5% i FCS. Exa 2. Coning, Expression”an urification

of RecorBionium fehde @) (Jigmpy mrBEEEfW 19-minTige apd thedhuorassend signal P@Rat 537-
TPl 7 S0 S B 5P e BT O s UL SO
under | i NBEU o€ DENVD iseddded to the cells directly and incubated at 4°C for 1 hour followed by

washes with sf DMEM at 4°C to remove unadsorbed virus. The mAb dilutions are added to

cell surface with the adsorbed virus and incubated for1 hour at 4°C. The rest of the assay to

detect DENV2 NGC is as described for preadsorption.

Example 7. Membrane Fusion Inhibition Assay

A fusion inhibition assay essentially as described previously (Gollins & Porterfield,
1986, Modis et al., 2004, Stiasny et al., 2007) is standardized at NITD and used for screening

fusion inhibitors with 4G2 as a positive control.

Assays are carried out in triplicate for both 4G2 and 9F12. A 96-well micro culture
dish is dispensed with a mixture of 1.5x10° C6/36 cells and DENV?2 at an m.o.i of 0.1 per 100
ul in RPMI -1640 supplemented with 5% iFCS and incubated for 72 hours at 28°C in an air-
tight humidified container. Both 9F12 and 4G2, diluted to a final concentration of 10 pM in
95 pl of sf RPMI-1640 are added to the wells and incubated for 1 hour at 28°C.

Subsequently, 5 ul of 0.5M MES, (pH 5.0) is added to the wells and incubated at 37°C
for 1 hour to induce syncytia formation. The low pH solution is finally replaced with
0.025mg/ml of Propidium iodide solution made in st RPMI 1640 and incubated at 28°C for 30
minutes. Plates read at 10 x magnification are visualized with a Nikon Fluorescent

microscope.



PCR products are digested and ligated into the Pet16b vector (Novagen).
Transforned E. coli BL-21(DE3) cells are grown at 37C until an OD600 of 0.8
and pr ot ewo 2exp98xssi on i nduced with 1mM | sopropyl PCT/SG2010/000049

b- D- 1-t hi ogal act opyranosi de (I PTG for 6 hours at 30 C. Cells harvested by
centrifugation at 5000 g for 20 min at 4PC are resuspended in a buffer
containing 50 nM Tris HO (pH 8.5), 200 mM NaCl, 1% Noni det-P40 and 1%

Sodi um desoxychol ate and disrupted by sonication. After centrifugation at
48,000 g for 30 mnutes, inclusion bodies are solubilized in 8 Murea, 100
mvi NaH2 PExample &@lnmgrEspH@}m(lphlda’lﬂ)ﬁcaﬁhn of beivi9Fil2d supernatant is | oaded
onto a Ni -NTA colum (Q agen) pre-equilibrated with the sanme buffer and

carried out ot g, E sl ghEREADor B RHALES Shaclabrdy SR

8. 5) . 200RAdl Nagknts. Ilﬂleﬁﬁlt GRS aﬁqpirﬂedm\dth&héfo%rcbldugagﬁaﬂl(m @]garl CCGtAGH one
50 i ' trat

(A con) TPt G R TACAG BT faek. SEI RS homacerashprue FeadhEsts) i n
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folding is assessed with Crcular D chroism arrpe3
Hybr i don@msplifigs with ai’lghTsChabI mmetdnbyfrmmlm Glommg mxlatd afiteafmtBdrB/ipbagd ce with

DENV2 TS%41 i{gygt&ﬁ(d}t g ré?(:j%rd protocols (Cancy et al., 2007).

Mouse hybr 2 are initially grown in Hybri-Care
medi umin NUNC fl asks and upon confluence, are switched to RPM - 1640,
suppl errent ed Wlft ﬁnaﬂmpjsdu@elate p;mxfedlbatagmtose asl extaction (Qiaped). MNAKO0O g for 5

m nut es C nd _stor dat ri.s H 8.

Purifica onncg E})@B é&?zg ng“lf, %lﬁéwlrlrg @Pmﬁﬁb‘?’?&’ n?%ﬂ@]‘ﬂg{:]%

m xed vvnthb sCIdOEND lsub@'ia@,hgt(g gwﬁ@c;\)ae&gl agot)qpal concentration of 18% (vv/ v)
The resulting precipi tate is dissolved in 50 mMl of distilled water and

m xed w t.h sodi a.cong ntratlon of 14% (wv). The precipitate
i s disso %%'ﬂpfjr#%ew ed’f"é’l ioltfl%éﬂd\ﬂﬁ IS di al yzed agai nst 10 nM sodi um

phosphate, pH 7.2 (Buffer A) overnight.
Binding affinities of mAb 9F12 or scFv9F12 for various DENV domain III serotypes

are determined by SPR at 25°C using a Biacore 3000 instrument and by ELISA using standard
protocols. Each domain III is covalently immobilized on a carboxymethylated sensor surface

(CM35, research grade) using amine coupling chemistry.

The surfaces are activated with 0.2 M EDC (N-ethyl-N’-[3-(diethylamino) propyl]
carbodiimide) and 50 mM NHS, (N-hydroxysuccinimide) for 10 minutes. Following covalent
binding, surface deactivation is performed using 1 M ethanolamine-HCI (pH 8.5) for 10 min,
at a flow-rate of 10 ul/min. The reference surface is treated as the ligand surfaces except that

protein injection is omitted.

For the determination of kinetic parameters, either mAb9F12 or the scFv is passed
above the reference and protein surfaces in duplicates at five to seven concentrations, in HBS

(10mM Hepes buffer, pH 7.4, 150 mM NaCl, 3.4 mM EDTA and 0.005% P-20), at a flow rate
of 30 pl/min.

Surfaces are regenerated using the same flow-rate by a 15 ul injection of 50 mM HCL.
The level of immobilization for each serotype is specified in the figure legend, and is chosen

to avoid mass transfer limitation. For the bivalent mAb, sensorgrams are fitted using the

bivalent analyte model.



Purification is perforned through a G bacron H Trap blue colum foll owed
by a DEAE resin pre equilibrated with Buffer A at pH 8. 0. The mAb is el uted
wi th 25 mwvbanoh/098335M of Buffer A at pH 8. 0. Concentr at e@Ciirsaeoioon®4ar e
purified on a Superdex-200 colum (GE healthcare). The mAb 9F12 isotype is
determ ned by ELI SA (Pierce). Exanple 535 Pl ague Reduction Neutralization
Assays The protocol follows Thullier et al., 1999. Briefly, all PRNT50
assays are carried out with BHK-21 cell lines at 37C. Serial dilutions of
mAb 9F12 are mixed with 100 PFU m of DENV and incubated for 2 hours at 4C
mAb and Exampleatle EpitopbMagupingt h BHK- 21 cells at 37C for 2 hrs. After

i ncubation, the mxture is replaced wwth RPM - 1640 with 1% Car boxy net hyl

cel l ul ose and J..ag it 4 e ed | 5% CO2

i ncubat or for Yg‘%g g@?%dg %tésﬁ)lwg/ﬁsﬁ-yoir B %E%ﬁyf)ﬁl%%ygﬁ? lgﬂﬁ {%Piﬁ][aeﬁﬁodﬁlv- 3
and 6 daaminbarcidiENduds 294Ab ¥69 (Domaind [Ivof DEAG-EM pratetiel)eatpressd il thé Bidkgew t h
1% Met hyl . vi ol et, plaques are.manyal l.y counted and the neutralization
capaci tyoﬁﬁagsatsiaﬁffg@g%‘a@mi RIS ??ﬁﬁé"riit(%&[g?lﬁﬂl"b%@éiz%ﬂa 50% r eduction in
PFU. Exanpl e 6. Adsorption Assays Using Cel|l-based Fl avivirus

| mruno- det ect DENV-CHIomain 96 nwetdrits thatare gendrited @s fars bf 4 fandbHAeRSSbyWriod 2
*104 Vero cells per 100 m_in DVEM suppl enented with 2% i FCS and i ncubat ed
over ni ghRTORE M¥AgENssis 18 thop YD1 jvVasiapaiesrpPrestse opribe préaga obyenst andaseribsyd

tenf ol d @iabbans; ah06hIWat B Siiad ISENYOEDISlH 1P i 4! urreof
2 104 PF uof tpDENV2 Vi ru)ts and 1 ncubat eﬂ?%ﬂfg}amlﬁﬁgl%#%e&w%agﬁgnd ni Ab
m xt ur e hasvesthdewashedtwith BBS Shppdertented with B Aaclemgmal) amd sthimté avitht 50440 dfor one
hour for,the viru dsorbed onto the cell surface. Negative control
recei vedh ?WFZ@I%SgﬁtS]ﬁEM in place of the mAb. Cells are washed three
times with sfDMEM at 4C. After incubation with DVEM for 2 days, cells are
m xed wi th th&ftdr Iméivteinedba4iGa oaritd, pedshy afearasheminRBIIei @S Land THRa stamsdne

reaction is probed with anti-nmuse HRP conjugate, tetra nethyl benzidine
and st opfse a\%\0?W“@T@O‘NeéaaﬁﬁW@Ya?éﬁ“éo‘é}h@%%&dﬁPipéﬁxa\‘]f‘}ll%wéyd(l\é@le%@f nm
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cells are analyzed on a FACS Scan flow cytometer (Becton-Dickinson, Franklin Lakes, NJ)

using Flo-Jo software. A set of 11 overlapping peptides, each comprising 10 to 12 amino acids
from DENV2 domain III is synthesized and purified by HPLC.

ELISA is performed following the protocol of (Thullier et al., 2001). Briefly,
microtitre \plates are coated with poly-(L-Lysine) (Sigma) in 0.1M bicarbonate buffer (pH
9.6) followed by incubation with 0.1% glutaraldehyde in PBS. Wells are coated with 100 pl of
peptides at concentrations ranging from 10* M - 107 M followed by blocking with 50 mM
Glycine, PBS-EDTA. A volume of 100 ul of mAb 9F12 at 10 M is distributed in the wells.

Example 11. Purification and Characterization of Recombinant Domain III

Domain III from DENV1-4 are expressed at high level as inclusion bodies that
required refolding. Domain IIT from WNV is expressed and purified as in Chu et al. (2005).
Typically, bacterial culture of 1 litre resulted in 6-8 mg of pure proteins that are refolded as

described in the material and methods section.
A typical SDS-PAGE of purified domain IIT from DENV1-4 is shown in Figure 1A.

For unknown reasons, the stability of DENV4 domain III is much poorer. The identity

of the expressed proteins is confirmed by mass spectrometry (not shown). CD spectroscopy is



Propidiumlodide (PlI) (Sigma) in PBS for 10 m nutes and the fluorescent
signal read at 537- 617 nmin a Tecan plate reader. For the postadsorption
assay, viwoodvdsisson havi ng 1x 104 PFU of DENV2 is addedTisc2oto@oaad | s
directly and incubated at 4C for 1 hour followed by washes wi th sfDVEM at
4C to renove unadsorbed virus. The mAb g4l utions are added to cell surface
wi th the adsorbed virus and incubated forl hour at 40C. The rest of the
assay to detect DENV2 NGC is as described for preadsorption. Exanple 7.
Menbrane Fusion Inhibition Assay A fusion inhibition assay essentially as
descri bedepteussossshy fflGokof ncofmbBant dorhaie [H, wHiGBEuteMs dhcnodierads jud 20k,
Stiasny et i@ﬁlr't ZOOIZ]Zi is standardi zed at NI TD and used for screening fusion
i nhi bi t of% fANFELPnAESIIES 2 positive control. Assays are carried out in
triplicate for both 4& and 9FI 2. A 96-well mcro culture dish is
di spensed wi t Anaxamplels shosin for DENVIbd@HAIRGIIGR FigiranB ilEbMdggiropdt foldihg  Of
0.1 per 10@ m %n RPI\/‘ -11$40 suppl emented wth 5% FCS and i ncubated for 72
hours atVB88ETIemRALiy,B-plgghstr L}?ﬁﬁﬁdpﬁg@améﬁtn‘f”élﬁ herknopp3p spyctyre g alkat,
di | uted 402804y nal concentration of 10 nMin 95 n of sf RPM- 1640 are
added to the vells and incubated for 1 hour at 28C. Subsequently, 5 m of
0.5M MES, (pH 5.0) is added to the wells and incubated at 37C for 1 hour to
i nduce syncyt{8 algpmentiodthe ampigoiagis ssapenseef the vartousideataing IHespidiedih thist h
0. 025ng/ ' 'nulﬁqg- Qdicde solution nmade in sf RPM 1640 and i ncubated
at 28C f‘gér)rkg(g)p%'rs%gté&eiis. P%?lecg read at 10 x magnification are visualized
with a N kon Fluorescent m croscope. Exanple 8. C oning, Expression and
Puri f i catXBnplsrl2s Rrelpminary GharagterizativppfMpuse mAbi9d2mAb 9FI 2 hybri dona
are used for RNA extraction using TRIzol reagents. The VH chain is
anplified w ths f)mofﬁ{ %@t&ﬁals@ﬁﬁtiﬁo’ﬁies%ﬁingﬂlWI&@};&% (A CAC AGT
CTC CA-3', SEQ1D NO 17) and reverse priner (5'-GCG CCG AGA ATT AAC
ACT CAT moguntesy B4dhBf: 1ice vEEGF( me Rﬁpurzl_ép domehin HE fioin DENVE (TS Velitpkolbtepd wi t h
a |light i riper.mx fromthe cloning nodul e of reconbi nant phage
anti body&g-&sﬁ%@%afﬁoﬁoggﬁt hcare, Sweden). The final PCR products are
purified by agarose gel extraction (Q agen). DNA

A panel of mAbs that reacted with DENV2 domain III are identified using ELISA and

9F12 is selected for further studies because it cross-reacted with domain III from DENV1-4
and WNV in a Western Blot assay under denaturing conditions, and also in a dot-blot

immunoassay under non-denaturing condition. mAb 9F12 belongs to the IgG1 subtype with
kappa light chain.

Example 13. Ir vitro Neutralization of DENV by mAb 9F12

Given its broad cross-reactivity towards various recombinant domain ITI proteins, we
tested the neutralizing activity of mAb 9F12 against all four DENV serotypes in a plaque

reduction neutralization assay as shown in Figure 2.

Interestingly, purified mAb9F12 neutralized all five DENV strains tested, belonging to
serotypes DENV1-4. The PRNTs ranged from 2 x 10 to 2 x 107 for DENV2, 4 and 1, 3,
respectively. This is shown in Figure 2A and Table E2 below.
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Table E2: Characteristics of 9F12 used in the neutralization of Dengue viruses 1-4.

Data were determined by Plaque reduction neutralization assay (PRNT) on BHK-21 cells with
100 PFU / well of DENV1 — 4 for the cross reactive 9F12. % (calculated from 95%

Confidence interval with R*=

98 - 99%).

The commercially available mouse mAb4G2 is used as the positive control in the

neutralization assay and naive mouse serum is used as the negative control. The 50%

neutralization point for the dengue strains tested varied between14 nM and 130 nM of 9F12.

The neutralizing capacity of mAb 9F12 appears to be comparable to that of mAb 4G2

(Positive control). Fab fragments prepared by papain cleavage and recombinant scFv9F12 are



di luted mAbs (9F12, 3H5-1). After 30 m nute incubation on ice, yeast are
washed in PBS with BSA and then stained with a goat anti-nouse |gG
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other hand is a domain III specific that does not block fusion and hence promotes syncytia

formation. This suggests that 9F12 neutralization is most likely pre-fusion.
Example 15. Sequencing of mAb 9F12, Cloning and Purification of scFv 9F12

In order to explore the molecular basis of virus neutralization by mab9F12, the VH
and VL genes of antibody 9F12 are sequenced and a scFv fragment is cloned to facilitate

further structural studies.

PCR amplification yielded products of 440 and 400 bp for its VH and VL variable
domains respectively. The nucleotide and conceptually translated amino acid sequences of the
Vu and Vi domains of mAb 9F12 are shown below. Residue numbering and indicated
hypervariable regions are according to Kabat EA, Wu TT, Perry H, Gottesman K, Foeller C

(1991). Sequences of Proteins of Immunological Interest. 5th Ed. NIH Publication No. 91-
3242, Bethesda, MD.

Nucleotide Sequence of Heavy Chain (SEQ ID NO: 3)

61
121
181
241
301

ctgcagcagt
gctttggget
ggcctggaat
ttcaaggaca
agcagcctga
caagggacca

ctggggctga
acagatttac
ggattggagg
aggccacact
catctgagga
cggtcaccgt

gctggtgagyg
tgactatgaa
tattcatcca
gactgcagac
ctctgttgte
ctccteca

cctggggett
atgtactggg
agaagtggta
aaatcctcca
tattactgta

cagtgaagct
tgaagcagac
atactgccta
gtacagccta
ccacgtccect

gtcctgcaag
acctgcacat
caatcagaag
catggagctc
ctactgggge



As part of an effort to raise antibodi es against all four DENV serotypes,

we i mrmuni zed BALB/c mce with 50 ng of purified domain |11l from DENV2
(TSVA i swbabwyossssng st andard protocols. A panel of nmAPETISGav10r0e@at ed wit h
DENV2 domain 111 are identified using ELISA and 9FI 2 is selected for
further studies because it cross-reactegh wth donmain Il from DENV1-4 and

WAV in a Western Bl ot assay under denaturing conditions, and also in a
dot - bl ot i mmunoassay under non-denaturing condition. mAb 9Fl 2 belongs to
the 1gd subtype with kappa light chain. Example 13. In vitro
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neutralizat i on rassAys asLshawn & 8 Figure 2y £nt erest izngly .o puf ivf i ed mAb9IF12
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The VH region of 9F12 shows highest sequence identity for the heavy chain of the
anti-HIV-1 p24 Fab Fragment Cb41, an antibody exhibiting cross-reactivity and
polyspecificity (PDB id: 1CFS) (Keitel et al., 1997).

The light chain of 9F12 is most similar to the anti-HIV Protease Fab fragment (PDB
id: 1CL7) (Lescar et al., 1999) and to a heteroclitic antibody to lysozyme (PDB id: 1JHL)
(Chitarra et al., 1993).

These structures are used to generate a 3D model of the scFv9F12 binding site. The
CDR-H3 loop is short (4 amino acids long). Given the prominent role played by the heavy
chain in recognizing the antigen —and especially the CDR-H3, which is located at the center of

the antibody binding site- and the small size of the H3 region- the shape of the 9F12 antibody

binding site is most probably concave.
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thoroughly analyzed using model antigens such as avian lysozymes (Chitarra et al., 1993;

F

Lescar et al., 1995). It usually occurs when an epitope is shared between evolutionary-related

antigens.

To confirm these results, scFv9F12 is expressed, purified and its binding affinities
measured using SPR, along mAb 9F12, in order to obtain the kinetic parameters of the various

complexes. These are shown in Table E3 below.

scFv mAb 9F12
k. k
Serotype _i ka Kp all ka1 Kp’
M“s” - M1's” ;
*, (s%) ™) " (s™%) (M)
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D1E 4 -
d3 10 1073 1078 10° 1073 8
4.0 x 3.9 % - 1.1 1.0 -
D2NEd3 10° 105 |l =107 TooE 1ot |1.0x 107
D2TEJ3 N.D. N.D. N.D. 2.5 x 1.2 x 4.9 x

10° 1073 10°°
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analyte model gave a slightly better fit suggesting that a part of the scFv molecules were not
monomeric (Dolezal et al., 2000, Kortt et al., 1994). In all cases, x2 was lower than 5% of
Rmax.

Due to the high level of non specific interactions established by domain III proteins
with the sensor chip surface, which could not be overcome neither by increasing NaCl
concentration nor by adding carboxy methyl dextran to the sample buffer, we immobilized the
antigen on the surface and passed the mAb 9F12 and its scFv as “analytes”. The binding of the

mADb and the scFv is specific.

Figure 2B shows examples of sensorgrams obtained for the interactions between
domain III of E protein of DENV 1, 2, 3 and WNV with either mAb9F12 or scFv9F12 and the

fit for their respective interactions.

As shown in Table E3 above, mAb 9F12 binds to all domain III proteins from the
different serotypes of DENV and also to WNV, but with different affinities. The kinetic
parameters and affinities are evaluated from the sensorgrams obtained for each serotype. An
approximation of the active concentrations of mAb 9F12 and scFv9F12 are obtained using its
initial binding rates to a high level immobilized surface of domain III of the E protein of

DENV-2 in which mass transfer limitation is almost complete (Karlsson et al., 1994).

The highest affinities observed are for the interaction between mAb9F12 and DENV 2,
WNYV and DENV 2 TSVO01 that all bind with the same order of magnitude. For DENV 1 the

affinity is one order of magnitude lower and for DENV 3, two orders of magnitude lower than
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activity whereas peptides ‘e’ to ‘k’ along with a peptide from an unrelated protein (from the

Coronavirus N protein) showed no appreciable binding, as seen in Table E4 below.
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Table E4. EC50 values for 11 different synthetic peptides from DENV2 to mAb9F12

in an ELISA based assay.

Mapping these peptide binding results onto the three-dimensional crystal structure of

domain IIT (PDB id 1k4r) confirms a 9F12 binding epitope involving two of the three exposed

loops spanning residues 304-308 of the ‘A’ B-strand and 326-331 within the BC loop, as

shown in Figure 4B.

Example 18. Cytopathicity Assay on West Nile Virus

On Day 1, cells are seeded at a density of 5,000 cells/well, vol = 50ul/well in medium
with 2% FBS, 1%P/S (5%FBS if Huh-7 is being used).

On Day 2, cells are infected with DENV at moi=1. Virus is diluted with medium, and

50ul of diluted virus is added to each well.
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In Vivo ¥8UeREst i zati on Experiments in Mce Three groups of 4 mice each are
injected with Olng of ni Ab 9F12, inmmune serum (Positive control) or

phosphat e bufXdeade s@lstqRnfifeBalcn¥ed F#RALNO10° (BT di¥n PRV ih 9.4% 0! YSlume
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Plaque assay is performed as described in reference (Morens et al., 1985). Briefly, 1.5
x 10° numbers of BHK-21 cells per well are seeded in a 24 well multi dish (Nunc) and grown
to confluency. Serially diluted plasma samples containing the viruses are overlaid on to the
cell surface and incubated for 1 hour at 37°C with 5% CO,. Then the virus suspension is
replaoed with 0.8% carboxy methyl cellulose in RPMI 1640. Plates are incubated for 5 days at
37°C with 5% CO; at the end of which cells are fixed with 10% Formaldehyde and stained

with 1% crystal violet in water for 20 minutes.

The results of the plaque titration assay are shown in Figure 6A. The results show
moderate to good protection levels comparable to the immune serum used as positive control
in the study.

Example 19. Detection of NS1 Levels in Mice Plasma using PLATELIA-NS1 (BioRad)

Microtitration plates (Maxisorp; Nunc) are coated overnight at 4°C with purified anti-
NS1 monoclonal antibodies (mAbs) 17A12 and 4F7. Wells are washed with PBS-Tween 20
(0.05%) and blocked with 3% skimmed milk.

Plasma samples are diluted in PBST and incubated for 1 hour at 37°C, followed by an
overnight incubation at 4°C. Wells are washed again and probed for NS1 for 1 hour at 37°C
with peroxidase-labeled mAb 12ES5. After a final wash, peroxidase activity is detected with 3,
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Secondary antibodies conjugated to Horse radish peroxidase enzyme were used to
detect the binding followed by the addition of Tetra methyl benzidine substrate resulting in a
‘blue colour which changes to yellow on addition of 3M HCI. The colour intensity is measured

using absorption of 450 nm.

1:10 1:10
D1Eden |1:10 STDEV D2Eden | 1:10 STDEV
4G2 0.9354 | 0.01867 4G2 0.6865 0.00156
9F12 0.731 0.00368 9F12 0.6835 0.00354
3H5 0.0108 | 0.00382 3H5 04943 0.01047
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The results are plotted at Figure 8 with the standard deviation of a duplicate set of

measurements. D1-D4: DENV1-4 serotypes. D2TSVO1 — the source of Envelope protein

domain III, the immunogen, against which the mAb 9F12 was raised.

The detailed protocol carried out is as follow:

Enzyme Linked Immunosorbent assay (ELISA):

1. Coated Nunc flat 96 well immunoplate with 0.5ug of UV -inactivated DENV1

Hawaii whole virus per well in 50 uLL of 50mM bicarbonate buffer (pH9.6) at 4°C overnight.

2. Washed plate twice with PBS

3. Blocked wells with 200uL of 5% (wt/vol) milk in PBS with 1% (vol/vol) Tween-20

for 1 hour at

22°C.

4. Washed plate twice with PBST

5. Added 50ulL of inactivated and 1:10 diluted monoclonal antibodies and incubated at

4°C overnight.

6. Washed plate 5X with PBST



type - 2 infected A-549 cells with mAb 9FI 2 nade fluorescent by using a
secondary antibody conjugated to Alexa fluor 488 to give a green

f | uor escewoeaoniokiogpsse 9A shows A- 549 cel |l s uninfected (IPefriSGandomad| s
infected with 5MO (3days after infection) reacted with mAb 9Fl 2 (right).
Fi gure 9B shows results fromthe sane pfcgcedure but with 10MJ to show the
difference in staining pattern of mAb 4 (left), which gives a honbgeneous
fl uorescence whereas that of mAB 9FI 2 (right) gives a bright speckled
fluorescence. Figure 9C uses the sanme procedure as in Figure 9B but 2 days

after infectipnaddddioodL \pei Welt G2 1(1060 dilutedimtttmbise HRRNuSiOss] inedritddve t o
other flaviviruses, mAb 9F12(m ddle), cross reactive to Dengue and West

nile virfEddhoynphL2°Conpared to that of mAb 3H5 (right), which is highly
specific to dengue virus serotype 2 only. mAb 9Fl 2 shows a conparabl e

fluorescence g!Whslicddhti®@ WHRPBST aadbhedWwith jrePBRidalyMb, 3H5. The detail ed
protocol carried out is as follow 1. Added 8,000 cells of A -549 per well
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An experiment was conducted using immunoflurescent staining of dengue virus
type-2 infected A -549 cells with mAb 9F12 made fluorescent by using a secondary antibody

conjugated to Alexa fluor 488 to give a green fluorescence.

Figure 9A shows A -549 cells uninfected (left) and cells infected with SMOI (3days
after infection) reacted with mAb 9F12 (right).

Figure 9B shows results from the same procedure but with 10MOI to show the
difference in staining pattern of mAb 4G2 (left), which gives a homogeneous fluorescence

whereas that of mAB 9F12 (right) gives a bright speckled fluorescence.

Figure 9C uses the same procedure as in Figure 9B but 2 days after infection reacted
with 4G2 (Left), which is broadly cross reactive to other flaviviruses, mAb 9F12(middle),
cross reactive to Dengue and West nile viruses only, compared to that of mAb 3HS5 (right),
which is highly specific to dengue virus serotype 2 only. mAb 9F12 shows a comparable
fluorescence staining to that of a highly specific mAb, 3HS5.

The detailed protocol carried out is as follow:

1. Added 8,000 cells of A-549 per well in 100uL. of F12K medium and incubated
overnight at 37°C with 5% CO?2.

2. Infected with Dengue 2 virus at required MOI and continued incubation at 37°C
with 5% CO2.



Exanmpl e 22. Discussion Several neutralizing antibodies to flavivirus domain
1l proteins (Lisova et al., 2007) have already been identified: their

epi t opes wbhustogmw3sato the top lateral surface of the | gPCTise20iomasns A
structurally well-characterized interaction involves mAb El 6 with donain
11 fromWW (Nybakken et al., 2005). mAb E16 binds to an epitope conposed
of residues 302-309, (the A-strand) and three | oops BC (330-333), DE
(365-368) and FG (389-391). Neutralizing mAbs, particularly to DENV, are
proposed to bind two structurally distinct epitopes centered either on the
FG | oop, as i B Atibe end ef intulration Pelod, Ghocablastere fikedvith a20i@8ire 0H60% Adetomenor e

conserved A, nd | ik 1D-2 (Lok et al., 2008). By contrast, several
cross-regépﬁgemglﬁthgpg@?%é '8 esi dues fromthe AB loop (3 13 - 319) are
found to be poorly neutralising as these epitopes are not exposed at the

surface of thé Wagredttlt wells with P&Scdcoptainihg 5%/ Beovdné savamdhltuinginl | pi d bi | ayer in
the mature viral particle. The relatively strong neutralizing capacity of

mAb OF 2 CanS.tzg&@ed%ﬁg%[ftIIZ)b cﬁ{uttcrcf &]io%g‘médﬁ%{t%%d{/ ?)51{0 eta '%Neht binds an

epitope centered at 't sol'vent expose eas ~accessible "A strand
and the BC | oop, as shown in Figure 4B. Wiether a smaller area of contact

bet ween 9FI 26.dineubatadeat 37 Ofpfoe 42 orswimadtinpidified ghamber. t he surface of domain

1l favors cross-reactivitynmust await further structural studies. Conparing

the domain | |¥, WasHe8 RS wieS 18 PR Aliidridgour e 1C, anongst residues that form
t he epitope recogni zed by mAb9F12, K305 and G330 are shared by DENV2 and 4

and K307 by NV, a ., A recent i nopat hol ogi cal study of VWAV
(diphant et |A‘%dfég§9)lpg§§€|g§Pt€@AﬁW@ﬁuﬂli SPOHEtS al i si ng virus-specific
anti bodi es of the 1gG subtype do not appear in detectable |evels during
primary i nfec®.ilacubafedrat 68 0anfor #5 daysinkhubfidifled chibéd 1@ Whshedisligsbe phase
is conpteted. Mreove | ysis of conval escent serum sanples from

VWAV- i nf W%ﬂ’}?&ﬁ?’%%ﬁﬁﬂ%@“e&si gni fi cant proportion of individuals
never devel oped anti bodies to the neutralizing epitope |ocated on the

domain |11 -1 atkrAadded 5dge of bufkeed 8B cerpDp&RelN DLV iRkicd uRger TUBRE cEMRS t O
domain Il| are rarely isolated from W\V-infected patients (Throsby et al.,

2006) . TRETEPPHody responses thus appear to be skewed toward the induction
of less neutralising antibodies particularly to the fusion |oop.
Example 22. Discussion

Several neutralizing antibodies to flavivirus domain III proteins (Lisova et al., 2007)
have already been identified: their epitopes cluster onto the top lateral surface of the Ig-like
domain. A structurally well-characterized interaction involves mAb E16 with domain III from
WNYV (Nybakken et al., 2005). mAb E16 binds to an epitope composed of residues 302-309,
(the A-strand) and three loops BC (330-333), DE (365-368) and FG (389-391).

Neutralizing mAbs, particularly to DENV, are proposed to bind two structurally
distinct epitopes centered either on the FG loop, as in the case of mAb 3HS5 (Gromowski et al.,
2008), or to the more conserved A strand like mAb 1A1D-2 (Lok et al., 2008). By contrast,

- several cross-reactive mAbs that bind to residues from the AB loop (313 - 319) are found to
be poorly neutralising as these epitopes are not exposed at the surface of the E protein dimer

and point inward toward the lipid bilayer in the mature viral particle.

The relatively strong neutralizing capacity of mAb 9F12 can thus be partly attributed
to the fact that it binds an epitope centered at the solvent exposed and easily accessible ‘A’
strand and the BC loop, as shown in Figure 4B. Whether a smaller area of contact between

9F12 with one or more conserved residues at the surface of domain III favors cross-reactivity



Overall, the 1gG response to domain Il appears variable and conprises only
a small fraction of the whole anti body response. Thus, for unclear reasons,
t he develwprervossd3sneutral i zi ng anti bodi es that bi nd WYCE®GaIT10/0D00MI appear s
to be an uncommon event in humans, in contrast to experinmental infections
in C57BL/6J m ce. REFERENCES Allison, Sy9L., Schalich, J., Stiasny, K,
Mandl, C W& Heinz, F. X. (2001). Mutational evidence for an internal
fusion peptide in flavivirus envelope protein E. J. Virol 75, 4268-4275.
Beasley, DW C & Barrett, A D. T. (2002). ldentification of Neutralizing
Epi t opesrrmitdwam mwmmalmsncomng thhdoméni IINieeendes, us shvieinopigure
Protein. Ln J. 0 13100. Br.essanel | i ) i as K.,

Al lison, arEongs eﬁlrdgesptgat fjﬂr %@J%@P? Eﬁ‘POgl’Sze‘?%é’é’éé’tgFlg K3Q%teqrﬁz£¥j|9 g &
Rey, F-_éhare( ENx&éﬂdeq{mmybszvuraﬁéwmel ope glycoprotein inits

| owpH i nduced nenbrane fusi on conformation. Enbo J 23, 728-38. Chen, Y.

(1997). Dengu irus infect.i depends _on env Iope prot ei n bindi ng
target cell gﬂﬁ?%“ﬁﬁ‘@%ﬁ*’é‘” ‘N’é rSE‘dWQgWIgV @é‘@ @Pff éh@tOQ?} giggested ‘i&?&arl
P. M, Bﬂi@hiy%utr@lslr?% Vll’l%hﬁ;emf i&- anjr\rbodnl::é @ﬁh@lg(ﬂ] su @ar i Yetedt5hi€ 2T »
J., Souchon, H. R. Thr ee- rren5| on structure of a

het er ocl kevéls durieg glémaafrmfdgbdlwﬁmwsmltléémm 16n! 5 byrheetime Hreourehdat phésedsl Sci US
A 90, 77 manonnani van kant ham
R - LescShpnidredibgeotsr, dnaty i o RPN ATRAREIERAY soblesiol WYV RIFVEL Piees by
using a mmdbhmrsﬁgrﬂl@cm pmbbﬂuohro@mdmaueﬂ@ﬂ@de@a@veqépea%h%cﬁb@m thp. 405-412.
d ancy, P van Heesw | Vasudevan, S. G & dlis, D L.

(2007) . Wahﬁﬁﬁpﬁgon?dp?aﬁqq@i 'thﬁélomﬁﬁbgl -lageralgidegi ti es in adenyl yl transferase
are separated by a central regulatory domain. Febs J 274, 2865-77. Crill,

W D. & RoehrLgtewise, otel(t%@@tléhzﬂ@l’i\ﬁﬁa{rprﬁ@'bs A RAH TR Srd H@ély Bolfed Roglomai n

1l of dengue virus elrco protein are the nost efficient” blockers of virus
adsor pt i wnfpeled patignis(Thyosbyiet alt, 2006), The gatibpry 3esponses thus appear to be

skewed toward the induction of less neutralising antibodies particularly to the fusion loop.
Overall, the IgG response to domain III appears variable and comprises only a small fraction
of the whole antibody response. Thus, for unclear reasons, the development of neutralizing
antibodies that bind WNV domain III appears to be an uncommon event in humans, in

contrast to experimental infections in C57BL/6J mice.
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1. An polypeptide, preferably an i munogl obulin or antibody, capable of

bi nding to a dengue envel ope gl ycoprotein (E) pol ypeptide, in which the

pol ypept iwe 208/mag3abl e of binding to an epitope bound bycarsGz2oodgoodsl 2, or
a variant, honol ogue, derivative or fragnent thereof. 2. An pol ypeptide
according to Caim1, in which the epitgpe conprises residues K305, K307,
K310 and G330 of a dengue envel ope gl ycoprotein (E) sequence, with
reference to the position nunbering shown as SEQID NGO 2. 3. An

pol ypeptide according to Caim1 or 2, in which the pol ypeptide conprises

t he vari abl e Fadi dithefpplivataisendpantsinondipn&iihzhis SEQuhEntN@d ehch SEQurhdMt NO;

6). 4. An, pol tide. conprising the variabl e, region aof ,nonocl onal anti bod
Q?ZI 2 (S%ES%I %X{%%%nﬁ?f@@@gﬁﬁ%%@ag%‘je, appiicafions and, gt ntﬁ’dﬂ‘gl}‘@é‘ﬁ urigg i at i ve or Y
f r agment pob@ueeh oPeHcBIbr gSapplicdtRAs hnd %ﬁ@?‘é?ﬁﬁ@ati@ﬁ%ﬁé@@c R tﬁa&%@b' e of

bi nding to a dengue envel ope gl ycoprotein pol ypepti de.

pol ypept ma@lfa@téw’@imﬁgnmom? ch § Fog agy giaducts n}tv@i)lcmellét_hmeg@ gqnépr itlake
conpri se, . e ng activities: (i i nding to any
one or nbr Zi@%tfoq%%l\}g F’%%}é‘rsg"f@é“o%@o‘%fetﬁ%jﬂ"?ﬁcag?fb?#e&e%ﬁw&e’%}?»ﬁﬁ%h%rsﬂ‘ét ype |, 11,
111 and inVorppratddeticadih py frefetdnes. Fuaihalhare Ofll dichshen cited BIME t0peae] MEOpr ot ei n
(E) fromWest Nile Virus, preferably domain |1l of envel ope gl ycoprotein

(E), pretestmsn ciied ar selereneeddn AasWeens ¢iediin jhiptext, andrany miganeiurgsisef er abl y
100 nm op bl o hiA103 9% ereelng‘ﬁ&r sty r RRhLAYh aif BNSE HELGWy 60 nm or
8 n %e ow, 6) %e ow,

bel ow, 50 nmor below ~40 nm , nm or nmor bel ow, 10
nm or belhogwpoitadrheoein bglrefisrende.nm or bel ow, 3 nmor below, 2 nmor below 1
nmor below, 0.5 nmor below, 0.4 nmor below, 0.3 nmor below or 0.2 nm or

bel ow, (i) iVmimshﬁ@ﬁ@atﬁk‘QBQQL&?akioﬁggf t‘ﬁgdxscﬁfbg? &%ﬂloﬁ?gn@%%?egﬂgp{h%i n (B,
preferably selecte romthe group consisting of receptor binding activity,
honot r i niewvérdBini il tecppateht/todnmse ekilled imtheartwitiont epdndss fromlths scope @hd i )

neutrali zin ngue Vvir refecrably fromone or. nmpre, preferably all of
ser ot ypessplrllt?‘)fﬁﬁ? VA, gjtlh?/%h%? él?'vgﬁ?{?/n g%?rrgeﬁ’é e é‘ﬁg%’rnecoc’i‘f‘e‘i’?’é’ﬁ‘t‘?’léh foeeHls west
Nile Vi I'peferdetl %%Béﬂ?ﬂléﬁts, it should be understood that the invention as claimed should not be
unduly limited to such specific embodiments. Indeed, various modifications of the described
modes for carrying out the invention which are obvious to those skilled in molecular biology

or related fields are intended to be within the scope of the claims.



as neasured in a plaque-reduction neutralization assay, preferably with a
PRNTsO of 10 6 or below, preferably 2 x 10 7 or below. 6. An pol ypeptide
accor di ngvoaosmg3psecedi ng cl ai m whi ch conpri ses a nonoelcosakoanbicandy,
pref erably nonocl onal antibody 9FI 2, a humani sed nonocl onal anti body, an
Fv, F(ab'), F(ab') 2 or single-chain FvgdscFv) fragnent, preferably a
single chain Fv fragnent conprising VH sequence (SEQ ID NO 4) and VL
sequence (SEQ ID NO 6), preferably scFvI9F12 (SEQID NG 8). 7. A
pharmaceutical conposition conprising an pol ypeptide according to any
preceding claim together with a pharmaceutically acceptabl e exci pi ent,

di luent g . rier. 8. An polypeptide according to any of Clains 1 to 6 or
a pharm al conposition according to daim7 for use in: (i) a nethod
of treatnent or prevention of a flaviviral infection including dengue and

West Ni | & Vi r As pohfpeptide) pref@railyenabhiyonoglovilic br dﬂﬁ@o@ﬁ%ﬁ%l@@fﬂﬁ&iﬁg% a
adm ni st&ri n? a‘gﬁg]erapeuti cal Ii effective anmount of the polypeptide or
conposi t {E8YE ervEeReRIYsAParian (B)pelepentige.on vduehibemelypeptida s cepablaofitinding

flavi vi rglan afie6d b ' |.].e ' ctian; or
(i) a rn::tarrlloe(lizls glf% di agr%ngggw%ﬁ%?%?\‘;l r at’\@%?ﬁsoé%dg’ ?len\[%:\{aﬂg? %r)lltg;ﬁ%%mn%nge and
West Ni |eipf.us infection. 9. A diagnostic kit conprising an pol ypeptide

according to any of Clains 1 to 6 or a pharnmaceutical conposition according
to Claim7 together with instructians f.or ,use in the diagnosis, of

f1avi vi ?%ﬂ infgléé’f’fyé’ﬁpvﬁ cﬂcﬁ%ﬁﬁﬁ’&%aéilaﬁ’elﬁéﬂa“ the RpifQpe\gopp S?W%‘é&‘%‘%?o%o. A
pol ypept K8ie7, KB1PMnd G330 f aeRHERC@vEIdpBlyasprofe (H) sbliente, it leRrbiteNPthd: OF
both, or a. variant, honol ogue, derivative or fragnent thereof which is
capabl e KSitonAMMRsTiaavhewnas JEQIBIFGt2i n (E). 11. A nucleic acid conprising
a sequence shown as SEQID NO 3 or SEQID NO 5, or both and which is

capabl e pf engedi P pe0)) (o]] . : ' 6. .0
avari ant? hon%l? gglu ?ﬂ ?gﬁcgﬁdl etgﬁa rgg&ﬁz\éhﬁ t ertfélép g\%ﬁ%@ﬁdeﬁé&@%%@n&% of
encodi ngvasiaplelrggiepbf tenbelunal gnebadyl 91 (SEQADINGt &) SEQ EH Ndne) ng acti vity.

4, An polypeptide comprising the variable region of monoclonal antibody 9F12 (SEQ ID
NO: 4, SEQ ID NO: 6), or a variant, homologue, derivative or fragment thereof which has at
least 90% sequence homology and is capable of binding to a dengue envelope glycoprotein

(E) polypeptide.

5. An polypeptide according to any preceding claim, in which the polypeptide comprises

any one or more of the following activities:

(i) binding to any one or more of envelope glycoprotein (E) from dengue virus
serotype I, I1, Il and IV, preferably further capable of binding to envelope
glycoprotein (E) from West Nile Virus, preferably domain III of envelope glycoprotein
(E), preferably with a ECso binding affinity of 1um or below, preferably 100 nm or
below, 90 nm or below, 80 nm or below, 70 nm or below, 60 nm or below, 50 nm or
below, 40 nm or below, 30 nm or below, 20 nm or below, 10 nm or below, 5 nm or
below, 4 nm or below, 3 nm or below, 2 nm or below, 1 nm or below, 0.5 nm or

below, 0.4 nm or below, 0.3 nm or below or 0.2 nm or below;
(ii) inhibiting a biological activity of envelope glycoprotein (E), preferably selected

from the group consisting of receptor binding activity, homotrimerization activity and

virus absorbtion to host cells; or



12. A cell conprising or transfornmed with a nucleic acid sequence according
to daim1l1ll or a descendent of such a cell. 13. A nethod of producing an
pol ypept iwe 2amom8issng to any of Clains 1to 6, the nmet ho#CTEGROI0SD009
providing a cell according to Caim12 and expressing the pol ypeptide from
the cell. 14. A nethod of detecting a fgaviviral-infected cell, including a
dengue infected cell and a West Nile Virus infected cell, the nethod

conpri sing exposing a candidate cell to an pol ypeptide according to any of
Clainms 1to 6 and detecting expression of envel ope glycoprotein (E)

pol ypepti de bejii} mertrebting dédgueAvirmss frefirabiynfroinsinedr tivee girefombbif albbitne'r@typ@ an

I tid [ t d I h I id
Fo bind to a biodapery s yEbb S S Bpopls o pepalsatt Wedrblakigs MedhEbh «ne
pol ypepti de i g IﬁEASQF@Qnta%latﬁuEQe&fbtl@n ﬁ&itjrah%éﬂﬁfnea%%}ngr S4BT O\Hﬁl ?PRN@IQJ gtein
(E) polypeptide, 16. A nethod of diagnosis of Vivir ection

i ncl udi ng deanJeord?ﬂHOWIﬁStfeNIHlb2vh0u3)rlbnlbmt| on in an indi VI dual t he met hod
conpri sing exposing a biological sanple fromthe individual to an

pol ypept g de a . d detectl bi ndi ng bet ween
t he pol y?)ept i ‘g’g?’g%glgtﬁ(%e Cg%%l %tﬁgogpget%ee(#iﬁé ?E}m “g ey %Oﬁ?l?rﬁgg in?ono& hod of
t r eat mendntibodprpesferabiyomondclondl batybodiy 0@l 2. mﬁlﬁﬁém@ld rhétlclighanghtbeagum Bnd West

Nile Vir ion.in an jndividual sufferi ng, or suspected to be
sufferi anaIvaoﬁee Ebé?{f sipglg-c H@PﬁddS%Fdfr}ﬁiag@ﬁwngWﬁS@%glﬁghaan Fréieapent i cal | y

ef f ecti v sy vl RO PHiGE K (gf?ﬁf or a
conposi tion accordlsre]gﬂ?tno k’]sqia)(?m 7 to t g\ftn%lg Z(IB’E : 'ﬁgfpﬁ%fg}ag}yﬁ

t r eat menscFoPF I3 @FEhID DYO:&). a fl aviviral infection including dengue and West
Nile Virus infection in an individual suffering or suspected to be

sufferl fro nmet hod conp rising di | avi viral

i nfecti on i ncg@g’%caethcﬁueorgﬂ%lw T8 R?iyqﬁeﬁfé%g‘ic8fﬁ%"q% Rresdingdual
by a metdisieh, aaeeied iwigh 4 ghaGhaddmidAlyoadeptiiabkdigichf) aithdif oY batial. by a met hod
according to Claim17. 19 An pol ypeptide such as an i mmunogl obulin or

ant i body pha maceuti ¢ conposi tion, diagnostic kit, nucleic acid, cell,
met hod of- BRokReRf t?é Frmede 8y PHEHIMF { fo p oF 8 Ph#Eaceical composition

accordmg to Claim 7 for use in:

(i) a method of treatment or prevention of a flaviviral infection including dengue and
West Nile Virus infection, preferably in which the method comprises administering a
therapeutically effective amount of the polypeptide or composition to an individual
suffering or suspected of suffering from a flaviviral infection including dengue and

West Nile Virus infection; or

(i) a method of diagnosis of a flaviviral disease including dengue and West Nile Virus

infection.

9. A diagnostic kit comprising an polypeptide according to any of Claims 1 to 6 or a
pharmaceutical composition according to Claim 7 together with instructions for use in the

diagnosis of a flaviviral infection including dengue and West Nile Virus infection.

10. A polypeptide comprising a sequence shown as SEQ ID NO: 4 or SEQ ID NO: 6, or
both, or a variant, homologue, derivative or fragment thereof which is capable of binding

~ envelope glycoprotein (E).

11. A nucleic acid comprising a sequence shown as SEQ ID NO: 3 or SEQ ID NO: 5, or

both and which is capable of encoding a molecule according to any of Claims 1 to 6, or a



and as shown in Figures 1to 9 of the acconpanying draw ngs.
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variant, homologue, derivative or fragment thereof which is capable of encoding a polypeptide

having envelope glycoprotein (E) binding activity.

12. A cell comprising or transformed with a nucleic acid sequence according to Claim 11

or a descendent of such a cell.

13. A method of producing an polypeptide according to any of Claims 1 to 6, the method
comprising providing a cell according to Claim 12 and expressing the polypeptide from the

cell.

14. A method of detecting a flaviviral-infected cell, including a dengue infected cell and a
. West Nile Virus infected cell, the method comprising exposing a candidate cell to an
polypeptide according to any of Claims 1 to 6 and detecting expression of envelope

glycoprotein (E) polypeptide by the cell.

15, A method comprising the steps of providing an polypeptide according to any of
Claims 1 to 6 and allowing the polypeptide to bind to a envelope glycoprotein (E)
polypeptide, preferably in which the polypeptide is allowed to bind to a cell expressing
envelope glycoprotein (E) polypeptide.

16. A method of diagnosis of a flaviviral infection including dengue and West Nile Virus
infection in an individual, the method comprising exposing a biological sample from the
individual to an polypeptide according to any of Claims 1 to 6 and detecting binding between

the polypeptide and envelope glycoprotein (E) polypeptide.

17. A method of treatment or prevention of a flaviviral infection including dengue and
West Nile Virus infection in an individual suffering or suspected to be suffering from such,
the method comprising administering a therapeutically effective amount of an polypeptide

according to any of Claims 1 to 6 or a composition according to Claim 7 to the individual.

18. A method of treatment or prevention of a flaviviral infection including dengue and
West Nile Virus infection in an individual suffering or suspected to be suffering from such,
the method comprising diagnosing a flaviviral infection including dengue and West Nile Virus
infection in the individual by a method according to Claim 16 and treating the individual by a

method according to Claim 17.
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19.  Anpolypeptide such as an immunoglobulin or antibody, pharmaceutical composition,
diagnostic kit, nucleic acid, cell, method or use as hereinbefore described with reference to

and as shown in Figures 1 to 9 of the accompanying drawings.



