ANTI BODI ES FOR DI AGNCSI S AND TREATMENT OF FLAVI VI RAL | NFECTI ONS FI ELD
The présent invention relates to the fields of nedicine, cel

bi ol ogy, nol ecul ar biol ogy and biochem stry. In particular, it
relates to treatnment and diagnosis 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 deaths per
year. Dengue is the nost significant nosquito-born viral disease

of qengue i nf caNROTES Hakiralafoeis vitnRa b iR G bERvaTuthL ' "

mllion cases of dengue fever and ANGEOAGNS 500, 000 cases of dengue

haenonhagi ¢ fever each year. Dengue is a small single-stranded
RNA vi rus the fam |y Flaviviridae conprised of four distinct
serotypes 1-4). Its genone consists of a single open reading

frame directingyd ﬁ%sélYﬁRIQLﬂﬁJin%l%sf&tﬂ@ﬁ%ﬁ@@@rﬁ%ﬁﬁ@%@ﬂbﬂo&gﬁ%@@é fiar, orig%y

viral and host proteases into ten'viral protelns. ese

st ruct ur aPagpbioghsmigity. bopastiquly, it elaiesi to preat(rEnt zd diagpodis alitisefddp, in particular
synt hesi 40, en. non-struct.ura
p?oteingzﬁgpggﬂgggggé?R%ggg%ﬁbég&Wh%Fﬁ?é% ?%ha%vgggﬂﬁﬁyOgﬁ?ﬁgmé%E%U$i

result in_a spectrumof clinical nmanifestations. These range from
asynptonagﬁgggﬁﬁg%ﬂion t hrough dengue fever (DF) to dengue

haenonhagi ¢ femxer (DHF) and .dengue.shock . syndrone (DSS

Despite the sepﬁl 5338%56?“H%ﬁ6ﬁ§?f§P8?3ﬁw @@3%§%¥£%H§%Hﬁ?é?ﬁxzoﬁoo

u Ed er st ﬁn déatigs l:ﬁf yeterigeeug &tfh@@ed&t@@h ﬁcﬁﬁhﬂmsqtﬁt(?b(btﬁivﬁﬁl- diéda?el bﬁbd c ans.
shown that. higher.virys titres during the early stages of dengue,
fever cor p@ Iq%g%ﬁs{h#t‘)ﬁ%ﬁr lzlllrsrt“i’tblst"‘11;1’é§‘r1‘i’:t DRV @%Hé‘ﬂ%beeﬂ estimated
haenor r hagiaCthtR\ed 50-H00EVNRn cdsheuldesdie FvePhRPEI0, 00039 BB OACRsARE dengue
mar ker s fgr nonitoring the disease progression adds difficulties In

pr edi ct i ngPEHEhagiy 79T astid6Me. Neither a |icensed drug nor a vaccine
has been approved to treat severe conditions caused by infection with
dengue Virus | Dueudéngsmalhsiegtostinded RNBexas of Bie@ailK Slcsiirtdae comprised of

nonitoring the.disease c e and outcone . are_alsq critical [n . .
ot er o ni oyt BRESSEERPer RTEARRE afohh ot Gb Sisinsle Spen resdieg fgpe dircoting

flavivi r ugesyshehs @ pdbglepidd Which/ilcleavedRg\ara) Md MRPRORERs ERcRARALI ti s
viruses are an%&%gnt human pat hogens of gl obal caoncern (Qubl er

2006, Hal BiOERF Foclyds thgs staetuzgl proteing spre (Slemptype (E) and meggbrane (M),
descri be giRBlbPRd eduRios BImABAD) Shd SO8RAh-Sthicn®h (18 ind! RS- p
envel ope Sr;!ﬁa']}‘coprotceiiﬂrn (B), mhlﬁﬁpme designatechlég 8§H§%héns rate
t hat anti%%éQ-QFlZ is capabl e of neutralizing dengue virus. The

anti body is capable of cross-reactivity and is able to effectively

neutralize derngfetivh byderdgue mras Maydeert iafs sgedthel eNilinker QM REEISI4CThaS

DENY 1, 2, 3 and 4 The antjhody is further capable of
tange gom asymptoma’gc }n?ecgi%n througﬂ dengue feve? (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.



binding to West Nile Virus. W disclose the epitope on dengue

envel ope gl ycoprotein (E) that is bound by 9F12. We di scl ose
the variable region of 9F12 and show that Fab fragnents, as well as
single chain Fv fragnments, conprising this variable region, have the
sanme cross-reactive and strongly neutralizing activities.

Accordi ngly, we provide for imunogl obulins based on this variable
region for the treatnment and detection of flaviviral infections,

i ncl udi ng dengue and West N e Virus. According to a 1.st aspect

of the presentjnventi.on,.  we. pravide.an, pol ypeptide capable_ aof. .

bi nding to a dg{r]iigbgmé‘r?gues Fso%‘éhgf %8%?’&’ S[ieﬁm(’é%%&r apts %@?ePP%lWFFS
the pol ypeptingertint hoapajtiegefs ¢ ghsbalgnten abuisley, DOOE; HaRtAd 2097, Kelier et al.,
ant i body. 8(5:(5]6% or a variant, honol ogue, derivative or fragnent

t her eof . " The pol ypeptide may conprise an inmmunogl obulin. The

pol ypepti de may conprise an anti body. The pol ypepti de may conprise a
Fab fragnBBMMARY nay conprise an single chain Fv The epitope may
conprise residuyes K305 K307, K310 and G330 of a dengue envel ope

gl ycoprotein (Bf dggﬁg%ﬁ%@}hhﬂﬂi’Fﬁlﬁeéiﬁé?l%?ﬁé@m@l@mtﬁ)@dmﬁmrmmeri ng
shown as SBE &), dvhich3we designatb®@i€ 1S provided, according to a 2'd
aspect of the present invention, an pol ypeptide conprising the

vari abl e regi f nmonocl onal .anti oF (SEQ ID. NO 4, SEQ 1D NG
6), or a vari gﬁ]F %BIHSWa%&BQ,mH@‘\S’\?SEﬁ;é’%@ﬁ? vigHBRiZnaAengstvinki B has
at | east RfoseuanbR JTRRRLIGKIARNdSs AAPRUR Ol PhATHAS do g@c&%@g’dﬁm
envel ope gl ycoprotei n (E) pol ypepti de. The "pol ypepti de nmay be
capabl e o‘%“%‘?% HiE %eieé;}t SR S asRINY 8¢ 2.8rpnd 1o Ble @@@@pﬁ&@i@n cgp@hle of
from dengmgdimi i Wes Qe VRS, i ' :
further c_apabFe ofB bilnd?fﬁgs tl“ge dé%lo\%ceslle lé)l%e@g%elc%ﬂpc}% el %@%}é? g@&%%??@g@ﬂ%ﬂ
Ni | e Viru8boumkbyiilgnepti de may be capable OF binding to domain I

of envel ope glycoprotein (E). It may bind with a ECso bi ndi ng

affinity of | pwedtlokefhewaridble @pion BE OB MiniRGR 18k Famirigmdls, A0ReNA8 Hole
nd with an_ affinity of 90 nmor bel ow or 80 nm or

bel ow. It _rmay.. bj ] ,
bel ow. | tdﬁﬁ{F‘bﬁ"ﬂan%Se FPmapisHer thigiveyjatls region; hiye dre soer 6voss-6@ctirnapd strongly
bel ow, 5OndhRAindRiQMes Ubchilily, DRl RN idSfr ihR é(fi%%ﬁé"%asgcpoﬁ'ﬁﬁ \Qf'ftble

bel ow, 10 nu or below, 5 nin or below, 4 nm or rimor be1 ow,
2 am or bEBSRorthseasmen anddeteqtion ol fativind infeettonarineliding denguofndWestNte
or bel ow,yv@Qu#4 Nnmor below, 0.3 rimor below or 0.2 rimor bel ow

The anti body may be capable of inhibiting a biological activity of

| | t ei . The activit i tor_ bi ndi
St Vi by The Oy TR ROl B Pior 1 BV oA P YRS camble.
activity orndigNphi Regis ernuaogé)g%d%dtaﬂ (E)%oﬁ‘%%?ti@é il ®hich the _Pﬁlg-ﬂgﬁide is

pol ypepti de !ﬁgy be capabl e of nheutralizing avivirus.

pol ypept | Gekiapt Hadiag pitgpe brygd by prtitiofy SBEh gu e vertiang domeloghe, derifativen
serotype drfradsmei®ierb§ capabl e of neutralizing dengue virus from
serotype Il. It nmay be capable of neutralizing dengue virus from
serotype II1. |t e capable of neutraljzing dengue virus from,
erotype 1V, 1K R PR ZRAPEDH HOOTRAEEPH dBRGUE LG Say comptsan
or nore atibedyOTNPpslypeptiid may bdmpid alF¥b ﬁ.’a@nﬁﬁ)’ﬁ%ly%{i?%%gle chain Fv.

neutral i zing dengue virus from each of serotypes [11 and IV.

The pol ypepti y be further capabl f i Zi t Nle
True henedtts SPYomt ot s RS Hale 3t illbat P d6fa adiead

pl aque- r edtuelbpoglycopuiteial(Eywtjiane,asigdayferdhbe topfk ga@@éﬂ MM BRwWaARBIBIE
of neutraibiﬁbng virus with a PRNT50 of 104 or below. It may have a
PRNT50 of X 10-7 or below. It rmay have a PRNT50 of |e or bel ow,
PRNT50 of 104 or bel ow or a PRNT50 of 104 or below. 4 nay conprise
an F(ab'). |t Thapolypenside smyaomp(issihy 2ariable mgign obmpnécdenabargibndy @FICHEEQ

Fv (SCFV)IDfIﬁégﬁ%%bIdeT%){ conprise a single chain Fv fragnent



W provide, according to a 3rd aspect of the present invention, a
phar maceutical conposition conprising an pol ypeptide according to the
Pt or 2nd aspect of the invention, together with a pharmaceutically
accept abl e excipient, diluent or carrier. As a 4th aspect of
the present invention, there is provided an pol ypeptide according to
the rt or 2nd aspect of the invention of a pharnaceutical conposition
according to the 3'd aspect of the invention for use in: (i) a nethod
of treatnent or prevention of a flaviviral infection including dengue

and West Nile Mr infection,.. preferably in which the nmethod .
conpri ses adni r#lleé%lzsrpf Ay ’%cﬁ%frdﬁ%é[ﬁ??cfls?e}/t %ﬁ}’%grte?%mé’ﬁ%% arpjolynggtide
pol ypept i chenmisinpathgemiabieaegit0ofiondaibiny tiBddyH1 b €S EQ IDNO:SY SBOTDAI0 0f),
snffering froma BI aviviral . infectjon incl ud"g]% dengue andOV‘ést Nile
Virus i nf @ YR Bemelpgye. detiyativroer Tremantigerses wiih hag o [eagtiS0h4 sgpuence

i nf ect i ONhdn6lbgidaads ARl @ f Bindindes4 ddghe enleldps glyRbRSIcOME) polypeptid¥e
provi de, according to a 51 aspect of the present i'nvention, "a

di agnostic kitconprisi an_pol ypept.i.de according to the 1st or 2fid
aspact of the TRURNEeBItR bR it FReio % B0 & i SEEE: ng t o
the 3th aglpegiroteih (EPfom etk ivirs §epg@pdTlL, T &ddl IVD The Yelvhaige i@y belethen
the di agnosilﬁFOE aflaviviral jnf ect)jél(r)@ jf_rncl di gﬁl dengue and West
Nile VirudPrnpé P‘Flglﬁ.g o envelope REcoRie ) FraRpaiest Sile Vs alisnolvpeptidemay
provi des g Q@kMPepbihdag GOTmREHSIINGS @v&@ﬁé@?@@r&ﬁﬁgﬁ} Smayihd RithNPECE, or

SEQ ID NQ. 6, or_both, or a varjant, honologue, derivative or
fragnent PIREPEAHINGKOE hvpor belpwbit maybing with sptEnierioldd ng grcsisvo tanay
(E). : : f . ' j . N :
brovi ded Wi afer e85 o or bR 800! o KSR AR whP iR oh Bty o570
or SEQ | Duiox b&owps0 ton phbedend, Sohing br hedow.alfainh er lloves@onh orgpetowrdl maidre
accordin t d a ct of the.inventio or,a vari.ant
honol ogugl?etlog}é’rll \e/hé% ?Is/bee?%v‘r” f%aﬁ%ﬁ W %?8’6?31%1 %‘Hniog B%%Ba%?% oppelow, 1 nm
encodi ng @ beixwy pepsy tied hlian gifinity @ff 0emgbieiisw, Otdim of Blow] MElhAGT below
activi ty.oro\?\% lAccor ding to an 8th aspect of the present

i nventi on, mBrO(SWHB‘ a cell conprising or transforned with a nucleic
aci d sequence according to the 7th aspect of the invention or a
descendent of Bwantibodyehdy, be capable giinhibiting ddjolegicd ndivity dof eneldeh

ccor i net B TEL TR s B Y BBl e R B R ki

provi di ngeompeist homeiciprediatpntactititye Tht ictimipeaay cohptidecvitug dbsoibtion tahebt cells.

expressing the pol ypeptide fromthe cell. There is provided, in
accordance W tfpe ERHRIRE Ve Bhathd\er REEABR 4 '
detecting a flavi%)roysb-?hf ected clfé%I, such as a engueS?Pﬁ‘@(l: e ﬁ‘li(%gﬁ};be

and West 9@pftde of neralizingdangur viels| such heframtshiotype drpmas bagaeklsasi ng a
di dat - i i 1 t of th
candi da %eﬂﬁ%}kz&ﬁﬁ%%?u@%% éegﬁg Clg?[{i: %1'%8 gf, %%a‘ageof llg&ﬁa%?fglg A 61’(% Vll'use

i nvention an I'ng expressi e glycopro
pol ypept i fdan sgrotype I1E.61 tay be capabldef asutrhlitihg dapee viref froheetotype IV i lomay be

id t .| Si th f i di i
Deoor di ng<Pif REnGRAREIS I WS sTHE Sarnlod it ot LR e e
pol ]ypepg : aﬁpfaﬁlaomamﬁalsm@d@?u@ﬁaggr@h ya‘eﬁr@}f l@ér@fiypesglﬁ)xb Hmwd ; ezptrha@:;h{pepﬁde
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a 13th aspestiredfin & PRoW-RIGIHon NBVEMZAR as P8, m&pﬁlﬂﬁpﬁdé@%@%aﬁ&bm of
di agnosis of flaviviral infectiaon jncluding dengue and st Nile

Vi rus i nfRsEipligng vivugvith sl RN o af 107 adbelasy-Abmax bassia R0 ekdod9ner below.

bi ol ogi c ¥ By -0l i C ing to -
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t he pol yp&lrw-de and envel ope gl ycoprotein (E) pol ypepti de.
There is provided, according to a 14111 aspect of the present
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



The practice of the present invention will enploy, unless otherw se
i ndi cated, conventional techniques of chem stry, nolecul ar biol ogy,
m crobi ol ogy, reconbinant DNA and inmunol ogy, which are within the
capabilities of a person of ordinary skill in the art. Such

techni ques are explained in the literature. See, for exanple, J.
Sanbrook, E. F. Fritsch, and T Maniatis4 1989, Ml ecular doning: A
Laboratoty Manual , Second Edi tion, Books 1-3, Cold Spring Harbor
Laboratory Press; Ausubel F. M et al. (1995 and perlodlc

T6  sonn BT o5 ﬁibﬁ’t%?#ﬁ*ﬂ%ﬁ@%ﬁ‘i@ ) Sbeod sipdle ohiln £9RE0r)
Kahn, 1998agm It majz ebmyse asthgBadamiti ﬁ'@nwEtscsmpnsmlg VIi¢ sdyppenpe §SEQ JOMND:
Wley & Spns M Pol Gee, 1990, In Situ

Fybr i 7ot B Vhoiheroh (2 B b Bl e cabentils v sompBia b sinie in Py

J. Gait (fskrhant ycFvIDBA(SEQ INOug). eoti de Synt hesis: A Practi cal
Approach, Irl Press; D. M J. UtIey and J. E. Dahl berg, 1992, Methods

of Enzyn2ol ogys; cal ysi s
of DA Vet hoda e FRELE, hispldifio {37 esplor SHRL BRSLE ARG PisifieedifiBi )
Labor at or c;ontqtmmlah comﬂmsmgém @Iﬁepmdmborﬁmg tb theyl *bod 8 rashebladfl thainvéaioh d

L b L P | SBN
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(Edltor) Davi d Lage (Editor) (1988, Cold Spring Harbor Laboratory

Press, | SBN 0-8y969apeg-of fhe pres inviation dlasite sfpravidey Bqobpapiiy, ac@dﬁmg@b

Ry, o Sl SEEE  AAUBY B eSO R M

Reci pes, #Reey @ﬁths imantiorCiohase iRdf)er metbed Thodagndmd pr piseembn vhefiBevied,

Cabor at or 3 P SER DR - g A5 W, R intion PPl PP syt

her ei n i n@optesideanisteringh ﬂieﬁﬂpeﬂtcaﬁﬁbﬂ‘&n%&ﬁahﬁﬁf @Ip%paﬂ‘tﬁe ot E3dkosition
Fi gure 1,£Pur|cI1 atlo of Donalnidét\#\?.fﬂ, Qa@gg S- PAGE of
purified QERERGVIAYL SPiteng; of Susppet ering ff%tl flen welnding o ¢
bl ue st ai d¥n@@s andWest Nﬂe Vi@ @iBctibl; o) 8§ BREod WAiRENd® FladRdivdAlinfection
purified Ihlg goml n % The presence of a positive peak at 198 nm
and a negdfiigie denguegpd Sest Milg,Virpsiniestiannet a strands as t he

predom nant secondary structure. Figure IC. Am no-acid sequence

al i gnnent of t K& mrovide,acddrding tooaﬁ“[lﬁ}a%&oﬂﬂﬁ@des&ﬁd\ﬁwdﬁﬁﬁﬁ aslidgaod® ki to G

are marked above the. ali rrent Loops.Q term |on (NTR), BC,
6 FU 1 or ARG L e ap PO Pt ee SR i HBEtaL Sl e Hen Pibp. Ar

mar ked be;mammeu@t b@ﬂpﬁ%fﬁon(’:t SOthEBY uE cﬂﬁ)the il GHEOR tofethM WiIS
Neutralization ague rec ctlon assay with purified

hAb. OF 1 2TH R aR e s A ciacR S SR FHRSiog BV domRNpIacd West Nl

Fi gure 2Byiridepfeaent ati ve exanpl e of a Pl aque reduction
neutralization assay pI ate Wélls Al to d: cell controls for the

BH C-21 cel | t tralizat t
(the di | ut ed 7 TSFT3 RiegHEh0" PGP, PG EPORBIRIE CREPPRER T G

contr ol (s!hmwarat; SEQCI]D radd«edl) SEQ ID NO:F, gtisdth, 2ca vt Admoldtub)] deti@ftive or
assay: D?V {b( cﬁ% rib re ex ose to the mAbs foll owed
by a pH € ° abjeplehinding ﬁ’é"& e eppsiiniEdm i odi de.

Fi gure 2D. Pre and post adsorptl on assay. Pre-incubated m xtures of
DENV2 with roAbert: Zhsléetmpeﬂhtsgugwnem)vemr0114mﬁre(1mp1®mdeﬂ noheei} avidremprising a

or o” adsor st e 3008 S e0 TONE, 6ERBORD AR B B8 aniithickh cebible o7 1 1

d|d |OI ut ed wnfusngﬁxﬁmtmeoradgwm flﬁﬁrﬁ‘gﬁ@ﬁc‘t dfeihd levaﬁ(bofwlxor\a/a@) hifg and
addition 0 i the 9F1 s) or 4Q@& ullets A nave,
mouse serlitit uéeé]éf gﬁﬁ%uﬁ”%?elt %ﬁ@a@?)o f epgadtingea ppdyneptide having
per f or necknivBlopd g@bcblﬁa&aﬁ(gytﬁn@mggﬁn}g@rs i ndi cate standard devi ati on




Figure 3B. Binding of DENVI-4 and WNV to 9F12 by Surface Pl asnon
Resonance: Typical sensorgrans obtained for the interactions between
DENV1-4, WAV domain |E wth either mAb9F12 or a reconbi nant scFv9F12.
The |l evel of protein immbilization for each serotype was adjusted to
avoid mass transfer limtation. The kinetic and affinity constants
obtained for the interactions are listefl in Table E3. Fi gure
4A. Epitope mappi ng by yeast surface display. Flow cytonetry

hi st ogr ans of nAbs binding to yeast expressing wild type and nutant

domain I1I1. %B%%M hantlg es were used as ne (ftlv and
positive st al n BN %, BSPEERET PRRE IVERLoms ¥R PEYIGe el Sompstingor
yeast bas&dnsﬁdhrﬂ&bmhfarMe& dold satiucpbddAdcs@irgad tHeStH Lpeobihe RPREAONA): 2
al ., 2007): WJ]d ty E16 and 3H5-1; K305E: 1A1D-2 and 3H5-1;
K307Q 1A ﬁﬁ%ldawfﬁil@alc K310E: 1A1D-2 and 3H5-1; P384A: 3H5-1 and
5A2-7; G330D: 6B6-10 and 3115-1. In each case, st ai ni ng with 9F12 is
shown in red. We@rmiadcaamﬁimmra@ﬂ‘enp@t bfrthe brfvetitiong & methdd pe peddiding an

experl nment ure 4B, domajn Il show.ng the
a1 RmRige By LS SRR b fiverony L s oo REHags BRvigne 2
results. &disicdordbghiotRisigspdeeoibindErkdnepl E@@ss{u%@ﬁ%ﬂﬂyp&@ﬁ@’ f8$in the cell.
K305, 307 and 0330) are | abel ed. Loops BC, an nd the

N-termnal re r | ol vent-i cessi
oop AB (1 ¢ AR SOy By R ErBlBE il a o el [ AR RS BB
arrow. of detdetipgia @afinissnfctgd agh sm:lhcma rdgngdeenﬁatteﬁ e¢1Camdol e Nilie bﬁfhses
to D2TEdS3, cted A0129 nouse sera d by ELISA Sera
froma gr Biygeel i BeBEFhmpRiie wRotils » SRl Igs atoobte sspeicing o
i nf ect i onthailt hspaEN¢-the2in(hiBV¥R 2d ddwdBing eepréssiasieaieispe ghR8mbted @9 Wi th
a group of .8 ggvbe @95 gl as negative control were incl uded in the
study. DREPSPHASOLESCEH on piate and the mice sera were added at a
dilution of 1 in 10 in duplicate and probed with anti-nobuse secondary
ant i body conj uiyaarel Hhadp®RKBPths ityshiicat we pSetde o mehod i:ozmmmngehesmpu otfhe

presence nti bad ni f. c gvels

are draw ra\éﬁls oa\%pr?ép ?Wd\%la\g/%orﬂ%%%’ %F bzglf# ﬁSPg?ﬁgﬁerfﬂ?ﬁngo? ?\‘:‘drﬁde gthe
Three gr opgigpeptidettortimbtomznhelapeply dipatsie @E)/pdlipeﬁhdd’rgreﬁa‘ramy ﬁhvl&&i&e

i mmune ser s:t 1) o hos hat e buffered salin

(nogat i vebLeRReRes s et f Sl oRree CERdPPeL P iRie 65 ol peptide.
subsequent |y chal I enged vmth 2 X 106 pfu of strain TSVOL in 0.4 ml
vol ume of vi r vscostkingiosi G aspﬁtCt@ﬁﬂwpnesﬂmeaivlazgtlonPWagmchradnetbmbofah@noms

I d
B aque t1 U oarafeabP beRu Bl enRRaRt sl e s Mitelr m sninitieh. B
With DENMMO@W@BX@&m@J Bioloigtcal sia\ztﬁplé&ah e indivdaklytoen aslgpdpiide n

React i RTPCR 6C, k .bent
CEL1 S eh PBFRaR U R bieL oL Eemioh 4 e T R LN Y
nonstructpuwepﬁﬂmﬂaavéiolﬁd\gﬁyao)pr@émmmﬂﬁ;ebﬁw 2. Figure 7 is a

drawi ng showi ng a cytopathicity assay to show the | ow protection of

cel I's render edT}p:}(e 1%5%1&3:105&% tg tglh llﬁ’h %épﬁ oﬁéhecpéﬁsggﬁ. i xli;ern E@ﬁ?ﬁod of

drawi ng show n aris VI ruas
agai nst Sﬁ‘@ﬂﬁaﬁ dr amtfcnmi& of o davivind dhfoctiin iaditdibg dérgae md WebtDhle(Witwt ocol

descri bed_j .. Tel hods S ctlo bel ow) . Figuwe 9 i qure nd
Figure 9C ar FroR i AR g Eﬂéw%?fﬁlgi %\%Sr?S?tF‘Eﬁ“ehsﬁfg pring pm s ‘ﬁ% "&@@u
virus typenirishiedingdstdiiddthabdusicmiyt dffediNe St BB, gé@ﬂi&sa%@d}ﬁmﬁxo
using a Lsfgggsrgd Y anti ody conj u%at ed to Al exa fluor ive

green fl céspec’f thepipyspiian A@C%l@&@weépq%dla&r%h%ét é’ife%wﬁhﬁa and
cel | s i nfiagdreidn ' B 1M 1i3 days after infection) reacted with mAb
9F12 (right). Figure 9B. The sane procedure but vvlth 10MJ to

how the diff
gi ves & homoaHEbUS 4 e RubL A e RePEr Terieeopt PGB P o Fment

or prevention of flaviviral infection including dengue and West Nile Virus infection in an

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



SEQ ID NO 3 shows the nucl eoti de sequence of heavy chain of

nonocl onal anti body 9F12. SEQ ID NO 4 shows the pol ypeptide sequence
of heavy chai n of nonoclonal antibody 9F12. SEQ ID NO 5 shows the
nucl eoti de sequence of |ight chain of nonocl onal antibody 10 9F12.
SEQ I D NO 6 shows the pol ypeptide sequence of |ight chain of

nmonocl onal anti body 9F12. SEQ ID O 7 shows a nucleic acid
sequence of a Single Chain Variable Fragnent (ScFV) derived from
nonocl onal anti body 9F12. SEQ ID NO 8 shows an am no acid seguence

of a Singhke. I ari.abl & Fragnment, (.S eri.ved. from nopagl gnal
ant | body SRR nteeBhuda g GRABEEE NIt i Bt guiraeduuBrea oo a
forward pmithed afoordimduvhe 13"Skfedt Bf NOmvERiBOWSreaiidUES BRI 6) 2 method
sequence of a.reversegpriner_for DENV-1. SEQ ID NO 11 shows a
nucl ei ¢ af e EJOdIRCYE GFPest PIgPOEVERtORi mer for DENV-2. SEQ ID NO 12
shows a nucleic acid sequence of a reverse priner for DENV-2. SEQ ID

NG 13 shows alheurhctice ofibi gresen irsrativnohillanfptoywanidsspthen®ise fndicaldENV- 3.
SEQ ID NO,__14 .sh a. nucleic acid sequence of a reverse priner for
oENv: 5. S PR B R mT MR oS eSO e ae e N A
primer f osndDiiMvindlogBE@itH bXithibthe Bapabilifles v el Rkon J€ bidlirBLAMEINEEhOfirt.2
r .for DENV: .. 17 shows the pol ypepti de

[ -4, . SEQ 1 D_No
Ceauence. BT RLAET Eliped iadha TERMOERS R R ol SRRSOk b, FSEG,

| D No: 18afiToWMariidts, 138bYRBREAELCHAKSENTAbH Ry IHMLAICSdcEnPEREE B HEOM3,
| oqp. _SEQ I D No: 19 shows the polypeptide sequence of a

DENV2 t 0
synt het i cggééﬁ’%HﬁlfbaﬁmetPée@EwS@b% F.odatieb (1895 apd peringiossupplements;

pol ypept i Ogr &R WEDsRs B Mble Y Bibloks, (REPY b A8 df 1150 FHPENY. :
SEQ I D No: él shows L{he pgl ypept i e’cgg%t}g%glg 1gfma syn%h%??gs?ggg’?f%le{’

f r om DENVI- Y.} Be RogE(Crabirps ang A. Khlowd 9%th &Neolsylptipn indbSegeeneinge Essefiticd
synt hetic | e %\é X : . WS .
pol ypept i I&%@@Eiﬁé&ﬁﬁ%&% a sé%%’ﬁ'eﬂgfi %ﬁgge%ﬁﬁqa%& Pﬁ%ﬁ%lééﬁ& S0 1D

No: 23 shiwsididagopdtypéptes ad Rregirer@eonl Usivayint Prets; M. Je@iit (RlithHorms4,
DENV2 to R;. | . .24 shgws .t ol i de ence of
synt het i CB%%OS% ga%r%erlg%’ﬁ%hﬁﬁ\l\‘?gﬂtafit ! ?a?%@%@%/%?%?esﬁﬁg\ﬂ'mﬁkﬁénd fz.
ngl yggpt Lﬂﬁﬂb?ﬁuemafakoaa_ogﬂn@h@ﬂdg@: pﬁ]@ftswdzet' uf’é’?dg*ttw zzqets?_aiédpfﬁﬁ% D

. S | seguence 0O a syn et C peptlde rom
DENV2 t o %ﬁ%ﬁ?ﬁ%@@%h&ﬁé%ﬂ% ss;Aprpgatpitodies : A Labeygtory
i nvent i onviaguab aB@tbRIPrbid€ol N Aty I ar BRI S, AL Ale, EOBLAGY nEde)é??&lQn

of 9F12, mouse nonocl onal antibody rai sed agai nst a reconbinah

Domai n | | PTESIAee hgoraigry; Bressa ESBN §-87P6fs 84412y, dtibedissrigh bahsaatonyyManual by
t Nt ot Ponen: iy : Py

guer G TRt e pEE 5 19k, 1l SPAPL o) il
t her ef or e0~§?9}§913dé-%r1§é§-| @aﬁévq@ﬁ@mﬁ Bergéning, ailitediti RouikeishnaTeethala,
Exanpl es ﬂ%ﬁ%tﬁ@?%&ﬁlggﬁet%@éf e AP AUEL! Pﬂ%l&jer, ﬁ%lg ;63%‘1';121%562-9); and

generated from an avé reactivity ag?gl n
pr ot ei ns.Lab Ref: A Tapdtmok iof Recipésy Reagentayvni Ifkbly: Redigrerive Toaldhd @seef the Bench,

bi ndi ng t©::n0! j des f.rom f i Vi e ch as dengye and

N e Vi R e RS 3 G Sy B b Eorsicin IERED-
flavi vi r B/869-63(6h. Feeh Bf thesdogenael ferE ptivadin ircsrpdidiedhyaatretot. ow Fever
Virus, etc. Flaviviruses are described in further detail bel ow

The anti bed¥r FRYCRENERRALS 18 ss-reactivity, i.e., able to bind
to nore tﬁan""‘o“‘n‘“‘__ecp YpP .E ésoexarrpl e, the anti body nmay be

capabl e of bi mFiuAg].tFarifesi@of MYhRIYVALI ants of a particul ar
pol ypeptide within a defined group of viruses. The two or nore

vari ants may @& ! j A .0r-honol o | ypept i des
{rom di £ or ot EyoLa. S AR S L R DB S Y B D - HE e
capabl e dioopiasstierBriltiantdblilestaming.al |y all of the variants of a
particul ar pol ypeptide within that group. The group of viruses




One exanple is a group of viruses which conprises two or nore species
of virus. The anti body nay be capable of binding to a pol ypeptide
froma variety of flaviviruses, including dengue and West Nile Virus.
The anti body may be capabl e of binding to pol ypeptides from ot her
flaviviruses such as Tick-borne Encephalitis Virus and Yell ow Fever
Virus, etc (as set out in detail below)7? Anot her exanple is a
group of viruses that conprises two or nore, such as all, serotypes
of a particular virus species. The anti body may be capabl e of binding

to pol ypeptides fr nunber o qQt ypes. of Lvirus wthin a
par 1 cular i ri8u B, CRApag i eRled BB i i SRl B e
of bi ndi ngpeésitiel pepiegt 198 and andm mdgithenedl at9eT ai)in@sats beh semdsay @t ype 1,
serotype 2, ,serotype or serotype 4 of a flavivirus such as dengue

virus. ThiredeminaniseqoneRry §EYCWE- capabl e of binding to a pol ypepti des
fromtwo, three, four, or nore, etc serotypes. The anti body may be
capabl e of bi nEigwg 1CoAmliho-adid se@emnie pligimnent of the démhin I Hem PENWilearids a

nbi nat i f.th .e., f. vi whi i
Foo o moNBTEt SEBr ATt LS A RReR bt e DR e
conpri ses(NTRE BCNBE RNRrsRipGhe/ §iops siefac@endtht irBEdetdihp &R Wbh hie Mdrk

speci es. The antibod y therefore be capable of binding to variants
of a poIyb%ﬁ?%ﬁ@ﬂgw%%FZ%FéhPﬁ&ﬁ“%ﬁ%} such as all, serotypes of one

virus and nore than one, such as all, serotypes of another virus. For
exanpl e, the afigmbadyimeNecbmlicgiwabl e of bi ndi ng a pol ypeptide from
all serotypes of a dengue virus and the cognate or honol ogous

pol ypepti de fro@mWeatl phlhErehdid assay with phErSPRALIFG R lti‘:r?(te@ Lefnspine! ose
an anti body capable of binding to a polypeptide fromall serotypes of
a dengue PPergvs vingstiains LIdYhtte or honol ogous pol ypeptide from West
Nile Virus, as well as the cognate or honol ogous pol ypeptide from

ot her flavivi rgiges 2BUREpraentéeilé ©WnipBYEa Plhdild Sedibton'hetiradRfiB@assay plate.
Encephal i {i The di sclosure of this docunent enables the

Virus,
pr oduct | ol edF At{RCE: eefopBeRt b5 BREWENA fS A26/nDS T hd CORRRAR <
thereof , hdihlehing bR eetuRA th ADOFEY dnd 19@?1:1%?";%3 pee/@depj! AR EOV8us
or nmore simlar or identical properties of anti-flaviviral antibodies
such as 9oPmrol @gentifndgpédad)es may include binding affinity, binding
specificity, cross-reactivity, binding avidity, neutralizing
acti \t;i Ej y, etc,Figse _cie:sEmsiickiﬁdhﬁbiﬁofngsgabe]pgn?aﬂectﬁ@be)g_% cmsew&@eﬁlbcfs%@to the
anti bodi es aand .vari ants ereof described in this docupent pmay be
produced By* a%@wgéﬁy gwﬁt&@a mﬁphé?ei{? e SR FOBRER ogie:
di sclosed in this docunent, and enpl oyi ng nol ecul ar bi ol ogy
t echni ques whiibuwEDaPsend esstradizepfion adstyaPie-inciNated EiktEteOPEDENV2 with
GLYCOPROTEILN DOVAI N 1] | | BODI | . The pol tide bound b
Che ant 1 PYROT T oR et CHRPoginsieriseers spard Pt Vet st o s o
protei n n#sC fonaphidén the plandseipiiah agay.cthe paupiaibednmixthe wak dpiiced Wiy
be a glycoprotein. The protein may c ri a flaviviral enyel ope
gl ycopr ot & eCf By mrfﬁgepa BB P OB BY g AIAROB RE ST mor e
domai ns,  HUGYF ES(sERMRfubrel) dr 4@Rf (bS] ARGIVE INEANAIR A idell as ¥itrol (open
t herefore specifically di'sclose anti-envel ope glycoprotein (E)_ domain
|11 anti bbidnglss). Assays werp performed in Biphicata ard eregs\parssprlicais stensiardodeniagion Epm
domai n | | feqdzhbody” shoul d be taken to include nonocl onal antibody
9F12 (as well as its humani sed counterparts). Also included are

pol ypepti des ri,si t he i_abl e regigns_of antijhaqdy . .9F12 and
variants, ho rmcﬁgﬁrﬁ E ? gglfi?gf C}fﬁmgé agf) Mr“? 3‘52@ Wgébgg‘e M@P@ﬁq’ﬁlﬁ?s

t er m shoutdhted wigh dithet BK eRofBinaRCHENY 1 14edr VRN CR nlath MPHwERMcubated with mAb
honol ogue fragnents and derivatives of the anti-envelo

S ] ] € .
gl ycopr ot &17- (B biadinavas fetectedvsiphan angi-mense guthody seriugaiiddn ket e t he
context pghdibhaiase and revealQPusii} 4 BOPY slegge] bed here may be capabl e of




We di scl ose the sequences of the variable regions of nonocl onal

anti body 9F12. We further disclose variants, honol ogues, fragnents
and derivatives of these variable regions. Using this sequence
information, a skilled person may produce anti bodi es conprising these
vari able regions or their variants, honol ogues, fragnents and
derivatives. We further disclose g§he sequences of nucleic acid
constructs for expressing these nonocl onal antibodies. The sequences
of these constructs enabl e the production of nonoclonal antibodies

whi ch have identical. sequences_to 9F12. We further_ djisclose variants,
honol ogues, f r@%%@s ﬁé{ﬁé}“gd@ 19 @ad §ANG o H12 by Purtace PlagmopgR¢spnange:

di scl ose Wﬁca%%&u@@fﬁés SHhaift ot the EltSraQ RSBt ReQ DEXRT S 909 doBSin 11T with
hunmani sed nonocl onal anti bodi es 9F12. W descri be net hods of

expr essi negitheh8l203F | hord teeoraifingnt seftvaE 1 2. fThe laveledfipzotein ammpbidizaitbnipt ¢ach he
construct . ' Qgﬁgnt and..
derivativ%%mgﬁe%ﬁ%%@ﬁ%ﬁxg%%gggaggﬂgggtggggﬁm“fﬂ |ﬁ%d§uéwy§8%ﬁgﬁ%es
and t he esigainsdionthenmichotims atehlgsteslin (Tbld E3er son may readi |y transfect
rel evant host cells and cause themto express the whol e nonocl onal or

humani sed ant i pbhRAY EhRdpedMphRR A8 ast A tiispRY S 10@9%11&9? jﬁﬁtog_mms of
fragments and derivatives thereof. The monocl onal anti bodies
and vari amds bindingde yeagyexpmspng vildiyne apd mutsk domaig HdnThstfoBewing enfjbodies

9F12, a I f I .S ' ' f :
R A A e
art, suchyest hahaoben dstenbedor puliCetidnl (S€kaRobhPeity; ¢t2002007): (Wikbapa @V

oot} PPk A Slosk 1ayB iR ABLEA76!1 Alpo HSBEIERETEE: 14102

al ., 2008)nd 3LE4-t; PTBUA: 3151 -aed ¥ AD D 6350 cERE- b #idBH5E). In exthi casel, kthining with

ti bod . P di f - 1.abl [ [
S nole. At Boag R Bact e FBge ey BT Ce R AH G Ragn, or

nmore than one variable region. Accordingly, we provide the skilled
person wth t hégaisi4Bi Aymoeds] pf dedupdie [Tk showangithe epitripe agvoEipeli tysmihi9E h2 based
conpri se- gnlar binding reactivit Se@it i body. .9F12 or
othor ant ot S ERg sl URbaP kool Koy o P ortg O S obres
Such ant i K8d3,867 amy/Ga%0yprd iskeldéd &obpsd BC,ADE subBf and ithaN-fermimajkegive (NTR)
sequences_of. an antib |.e.. hea hai nd |ight ai%% o[. .they
oy conpr FeEo R Rl HesplvateinartESihls fB A B eiso il 15t psticlS
F(ab') 2 fmageert® ablackiangle chain antibodies (scFv)). The anti bodies
may further conprise fusion proteins or synthetic proteins which

. ‘h : Rtaes . : o .
detai | bel o THEl8ST; 2efith Bbyiihg Bieihesk N AR o BETERRGTIG A tdhes
be engi neéf8ad9 ronsakes kst ey PLiSpe Stiadeom s ponp ab8 hnweddctebat day 2, 4, 6, 8

ot uge MR FTERE AR BorsvoD pld EH8 VIRERVER s pips e =

substi t ut e0p of § h)ivottce@t nemkiee bottidh werShelu®E io thesedyDZERI3 Wasaated on

anti body seguence such as a use anti.body. sequence. "Hunpanisation".
'n the CoRPEANIE BRE SraBEt AR FriciBeRoN LR dh ALPLogis Pt BEAPEL it Ai-
whi ch t hemanid seehasAEbdFROnib6 bl BNBRGiHsRMNS, Tha fibid Five dice Hat@Ae
sequences, e.dg., _where one or both of the variable regions conprise

nouse seqPiEFEER of aphigodshat sigaifisprdereltm dad Oant i body nol ecul e (such as
t he constant region) conprises human sequences. 15 In such chineric
anti bodi es, t hEigwled ®e dhwilge shaving bt @vo egitahatiof exgefiments anplice, Three
nouse or rat antjbpdy y be expr.essed alo i.f h human const ant

oot one. SRS AR berhl Wics S RTHE Foe BBty SamHTR Grra (Bpe Bt soptrod
f unct i onsoegidsplafburREHdGESnd (ABRAAOE ERitRl)lohe ﬁgﬂﬁi}r 6 tSLhalldnok NeidAAEd Ne

Pc region. Humani sati on _of 9F12 anti bo may be carried out by

any sui t apbecovgnthschaliensgd ydthZg 1 fHSﬁ“H@%ES%QéﬁlQﬁnﬁﬁﬁ@@ﬁcﬁgFuBoon

suspension intraperitoneally. Plasma and sera are collected and tested for Plaque assay, RT-

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



ENVELOPE GLYCOPROTEIN (E) DOVAIN 111 BI NDI NG POLYPEPTI DES Ve
further provide for polypeptides in general having envel ope

gl ycoprotein (E) domain |1l protein binding activity. Such
pol ypepti des include anti-envel ope gl ycoprotein (E) dormain H
anti bodi es. The envel ope gl ycoprotein (E) domain II1-binding

pol ypepti des may conprise one or nore o the sanme or simlar
properties as the nonoclonal 9F12. The 16 pol ypeptides may be
referred to for convenience generally as "anti-envel ope gl ycoprotein

o conat ek D et B Cuamitetivh B i Belvbmin byaih gbeasn (HEE"

descri bedpgr). Fahtkd bOELFme LidkeHURRGhOBEchiVEsdPUELTEN )G f6R8d drSiBe mouse

anti-flaviviral or anti-envel gpe glycoprotein E% omain |11 binding
activity Bespripdelasitie pesace p&l&%ﬁ‘aﬁkgﬁﬁmw&m ef Pengug dmeext al | ows
the term"anti-envel ope glycoprotein (E) domain IIl antibodies"”

Ehogl d be talke]Figtue 7iim@l:1md@ngasmyswmglmwd ;aths@wla@ngtcaﬁmkﬁtflé ﬁwfzpmﬁbﬁm effcells
i ndi ng envel o coprotein. (E) domain Il1. Such nol ecul es may

i ncl ude p@@%’%‘ﬁ%%&ﬁgﬂﬁq“mé es, as well as antibodies and

i mmunogl obulins, and may be identified through various means known in
the art, for ckigmpl8as byrasdmgesbowing sacosnpatiadul of viribbiadipg tapacinvEIRIBagainst
gl ycoprotein domain 1|1 bi.ndi.ng,.activi-ty. Th nvel .
o1 yoopr ot St Bl mprcplgt R A X, rotoop| gerifbef R Pgtiass section
anti - envebadpe). gl ycoprotein (E) domain H anti bodi es) may conprise
simlar or identical properties as the nonoclonal antibody 9E12. Such

simlar or id i cal j . i i i indi .
Sy mLer o 1 SoRah BLARAY LR DRI RUNA LD ELAAG AR
pol ypept i disdengueyviing tyyen inxftcttybA c ¥fPadslle with niphm B i2gn4ade fhwvestappby using a

gl ycoprotein {E)_domain L] | ypept,i de e.g., envel ope glycoprotein
() dbnai feeprc P GueepieH ey R GR0EEs§ ste A HyBBRehey °0)

envel ope glycoprotein (E) domain Il fromWst Nle Virus, etc.
ENVELOPE GLYCARRaFEANA-EFS crtivmpiniaqrediimitr apislls infectedrwigh SMOI (3daye pidgre
gl ycopr ot gieny: TR, Pg)%%& s may have the sane or simlar

bi ndi ng s%!gégfl%@:rf%g bi nﬁﬁ??y i |)1?y and/or binding affinity as
9F12. The anti_-envelope gl ycopraotein (E) _domain Il _antibodi es may
speci fical |y biggers- dhe Eparspredns prbwe) 18MOL fydpwohg difference in stgpipg s
ar e known,difed §¥6n &b 4Gh Aefs bRhdH dieesAhoRRIzERREs Hitidbschite ROKRLs it & mAB
particul ar_antibody. Such”epitope mappi ng met hods are described for
exanpl e i FIRLAghh swes abright spbly flumesipneat ory Research, 7: 126.
Furthernore, a skilled person will be able to generate anti bodi es and
screen them f oFigp@OU. Thd SlineireRalileia@ $n FibudSBaiu: ethyd agaiihRbiie refdteBWER

a met hod i h i.n anples 10 and 17. Accordingly killed

person wi e fle‘%?wdb&a?ﬂd@ EOSSiTRRSHYS W%tﬂﬂwﬁwg bgff?c%w@l@efwss

(E) donai Radtlde taDehRRGhE Wé&h%ifébiﬁisé?&%(:ﬂﬁ chMBarS A FRh AR LIRS (r%}gh%), which is
a

nonocl onal anti body 9F12. 1 nples 10 and 17 show t ha
I

ant i - enveligpl¥ spFolicigrdsagieiuEserayna g Anlyl MARMEL B seRpsorepmpsraklesflugrescence
epi t ope CQMRLS BEt SEShigMS SpebiRORALIGISY, K310 and 0330 of a dengue
envel ope g%%llcg)pr otein (%ﬂ?s%quence,’ wth reference to the position
nunberi ng_ shown as SEQ I D NO 2. Accordi ngly, we provide

pol ypept | YRQUENCES ng an anti-envel ope gl ycoprotein (E) domain |11

anti body capa h.ndj j onpy .Si ' .
1007, 1010 and 0398 bR BRI R el AR AR botibtein @)
posi t i onsSBR IDREO ehshvep e refeshchumsinoayid bequenaerfbyvaafealwopmido (Ehe
nunbering of a dengue virus envel ope glycoprotein (E) reference _
sequence s hgg@élt%k%a@; ;3) &S BleGuBieb e RhBntS5H ety Man dPm@REIohA ARG
9F12, SQEQ 1D 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



Ref erence Nucl eic Acid Sequence (SEQ ID NO 1) 861 atgcgttgca
t aggaat at c aaat agagac tttgtagaag 901 gggtttcagg aggaagctgg gttgacat ag
tcttagaaca tggaagctgt gtgacgacga 961 tggcaaaaaa
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9F12. SEQ ID NO: 6 shows the polypeptide sequence of light chain of monoclonal antibody
9F12.

SEQ ID NO: 7 shows a nucleic acid sequence of a Single Chain Variable Fragment
(ScFV) derived from monoclonal antibody 9F12. SEQ ID NO: 8 shows an amino acid

sequence of a Single Chain Variable Fragment (ScFV) derived from monoclonal antibody
9F12.

SEQ ID NO: 9 shows a nucleic acid sequence of a forward primer for DENV-1. SEQ
ID NO: 10 shows a nucleic acid sequence of a reverse primer for DENV-1. SEQ ID NO: 11
shows a nucleic acid sequence of a forward primer for DENV-2. SEQ ID NO: 12 shows a
nucleic acid sequence of a reverse primer for DENV-2. SEQ ID NO: 13 shows a nucleic acid
_sequence of a forward primer for DENV-3. SEQ ID NO: 14 shows a nucleic acid sequence of
a reverse primer for DENV-3. SEQ ID NO: 15 shows a nucleic acid sequence of a forward
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
DENV?2 to BC loop. SEQ ID No: 19 shows the polypeptide sequence of a synthetic peptide
from DENV2 to DE loop. SEQ ID No: 20 shows the polypeptide sequence of a synthetic
peptide from DENV2 to FG loop. SEQ ID No: 21 shows the polypeptide sequence of a
synﬂw_etic-peptide from DENV?2 to e. SEQ ID No: 21shows the polypeptide sequence of a
s&nthetic 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 DENV2. 9F12 has



caaaccaaca ttggattttg aact gataaa aacagaagcc aaacaacctg 1021
ccactctaag gaagtactgt atagaggcaa agctgaccaa cacaacaaca gattctcgct
1081 gcccaacaca aggagaaccc agcctaaatg aagagcagga
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cross-neutralizing capacity towards five different DENV strains. It is also capable of binding

to West Nile virus envelope glycoprotein (E) domain II1.

We therefore provide broadly for anti-flaviviral antibodies. The Examples describe the
generation and production of antibodies generated from, and which have reactivity against,

flaviviral proteins.

The anti-flaviviral antibody may be capable of binding to polypeptides from
flaviviruses such as dengue and West Nile Virus. They may be capable of binding
polypeptides from other flaviviruses such as Tick-borne Encephalitis Virus and Yellow Fever

Virus, ete. Flaviviruses are described in further detail below.

The antibody may be capable of cross-reactivity, i.e., able to bind to more than one
polypeptide. For example, the antibody may be capable of binding to two or more variants of
a particular polypeptide within a defined group of viruses. The two or 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, (i) 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-borme 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



caaaaggttc gtctgcaaac 1141 actccatggt ggacagagga tggggaaatg
gatgtggatt atttggaaaa ggaggcattg 1201 tgacctgtgc tatgttcaca
t gcaaaaaga acat gaaagg aaaagtcgtg caaccagaaa 1261

12

antibody may be capable of binding to a polypeptides from two, three, four, or more, etc
serotypes. The antibody may be capable of binding to all the serotypes.

A further example is a combination of the above, i.e., a group of viruses which
comprises two or more species of virus, in which each species independently comprises more
than one serotype, such as all serotypes within the species. The antibody may therefore be
capable of binding to variants of a polypeptide from more than one, such as all, serotypes of
one virus and more than one, such as all, serotypes of another virus. For example, the antibody
may be capable of binding a polypeptide from all serotypes of a dengue virus and the cognate
or homologous polypeptide from West Nile Virus.

‘We specifically also disclose an antibody capable of binding to a polypeptide from all
serotypes of a dengue virus and the cognate or homologous polypeptide from West Nile
Virus, as well as the cognate or homologous polypeptide from other flaviviruses such as

Yellow Fever Virus and Tick-borne Encephalitis Virus.

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 docurmment 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 () 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 III, of envelope glycoprotein

(E). We therefore specifically disclose anti-envelope glycoprotein (E} domain IIT 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,



acttggaata caccattgtg ataacacctc actcagggga agagcatgca gtcggaaatg
1321 acacaggaaa acat ggcaag gaaat caaaa taacaccaca gagttccatc
acagaagcag 1381 agttgacagg ctatggcact gtcacgatgg
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fragments and derivatives thereof. This term should also be taken to include reference to
variants, homologues, fragments and derivatives of the anti-envelope glycoprotein (E) domain

III antibodies, as described below, where the context permits.

The antibody described here may be capable of binding flaviviral envelope
glycoprotein (E), such as domain IIT of the protein, from a plurality of serotypes, such as all
serotypes, énf a virus such as dengue. It may be further capable of binding flaviviral envelope
glycoprotein (E) from West Nile Virus. It may be capable of binding envelope glycoprotein
(E), such as domain III, from other serotypes and viral species. It may be capable of binding to

such polypeptides from other genera within the Flaviviridae.

The anti-flaviviral antibodies may be generated against dengue virus, for example
domain HI of the envelope glycoprotein (E) of this virus. For this reason, the anti-flaviviral
antibodies may also be considered anti-dengue antibodies or anti-envelope glycoprotein (E)

domain IIT antibodies,

Monoclonal antibodies and variants thereof inchuding Fab, scFv etc and humanised
monoclonal antibodies as well as their properties are described in detail in this document and
the Examples. The Examples describe monoclonal antibody 9F12, capable of binding to
domain Y 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.



agt gctot cc gagaacgggc ctcgacttca 1441 atgagatggt gttgctgcaa
at ggaaaat a aagcttggct ggtgcacagg caatggttcc 1501 tagacctgcc
gttgccatgg ctgcccggag cggacacaca aggat caaat tggatacaga
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Finally, we disclose the sequences of constructs capable of expressing the humanised
monoclonal antibodies 9F12. We describe methods of expressing the antibodies of interest
from cells transfected with the constructs, as well as variants, homologues, fragments and

derivatives of these humanised constructs.

Using such sequences and the expression methods, the skilled person may readily
transfect relevant host cells and cause them to express the whole monoclonal or humanised

anti-flaviviral antibodies, or variants, homologues, fragments and derivatives thereof.

The monoclonal antibodies and variants thereof may comprise the variable region of
antibody 9F12, as well as further comprising variable regions from other anti-envelope
glycoprotein (E) domain Il antibodies known in the art, such as those described in (Crill &
Roehrig, 2001), (Nybakken et al., 2005), (Chu et al., 2005, Martina et al., uncorrected proof).,
(Lisova et al., 2007), (Gromowski et al., 2008), (Lok et al., 2008)., etc. The anti-envelope
glycoprotein (E) domain Il antibody may comprise the same or different variable regions in a
single antibody molecule. They may comprise one variable region, or more than one variable
region. Accordingly, 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 I1I 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 (sc¥v)). 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, ete.

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, e.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.



1561 aagagacatt ggtgactttc aaaaatcccc atgcgaagaa acaggatgtt
gttgttttgg 1621 gatcccaaga aggggccatg cacacagcac tcacaggggc
cacagaaatc cagatgtcat 1681 caggaaactt actgttcaca

15

In such chimeric antibodies, the whole of the variable regions of, for example, a mouse or rat
antibody may be expressed along with human constant regions. This provides such a chimeric
antibody with human effecior functions and also reduces immunogenicity (HAMA)) caused by

the murine Fec region.

Humanisation of 9F12 antibody may be carried out by any suitable means, such as the
method described in Hanson BJ, Boon AC, Lim AP, Webb A, Ooi EE, Webby RJ. Passive
immunoprophylaxis and therapy with humanized monoclonal antibody specific for influenza A

HS5 hemagglutinin in mice. Respir Res 17:126, 2006.

Generally, a “chimeric antibody™ may refer to an antibody having either a heavy and
light chain encoded by a nucleotide sequence derived from a murine immunoglobulin gene
and either a heavy and light chain encoded by a nucleotide sequence derived from a human

immunoglobulin gene.

“Humanisation” also includes CDR grafted or reshaped antibodies. 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

buman 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 III antibodies. The envelope glycoprotein (E) domain II-binding polypeptides may

" comprise one or more of the same or similar properties as the monoclonal 9F12, The



ggacat ct ca agtgcaggct gaggat ggac aaactacagc 1741 tcaaaggaat
gtcatactct atgtgcacag gaaagtttaa agttgtgaag gaaatagcag 1801
aaacacaaca tggaacaata gttatcagag tacaat atga aggggacggt
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polypeptides may be referred to for convenience generally as “anti-envelope glycoprotein (E)

domain III antibodies”.

It is within the skills of a reader to construct binding molecules which may not be (or
may not be described as) antibodies or immunoglobulins but which comprise anti-flaviviral or
anti-envelope glycoprotein (E) domain [II binding activity as described here. Accordingly,
and where the context allows the term “anti-envelope glycoprotein (E) domain III antibodies™
should be taken to include any molecule so long as it is capable of binding envelope
glycoprotein (E) domain III. Such molecules may include polypeptides, small molecules, as
well as antibodies and immunoglobulins, and may be identified through various means known
in the art, for example by screening a suitable library for envelope glycoprotein (E) domain I1I

binding activity.

The envelope glycoprotein (E) domain III binding polypeptides (which include anti-

" envelope glycoprotein (E) domain II1 antibodies) may comprise similar or identical properties
as the monoclonal antibody 9F12. Such similar or identical properties may in particular
include binding properties. The envelope glylcoprotein (E) domain III binding polypeptides
may in general be capable of binding to envelope glycoprotein (E)} domain III polypeptides,
e.g., envelope glycoprotein (E) domain I1I from dengue (including serotype 1, 2, 3 and/or 4),
envelope glycoprotein (E) domain ITI from West Nile Virus, etc.

ENVELOPE GLYCOPROTEIN (E) DOMAIN ITI 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.



tctccatgta 1861 agatcccttt tgagataatg gatttggaaa aaagacat gt
tttaggtcgc ctgattacag 1921 tcaacccaat cgtaacagaa aaagatagcc
cagt caacat agaagcagaa cctccattcg 1981 gagacagcta
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Examples 10 and 17 show that anti-envelope glycoprotein (E) domain III antibody
9F12 binds an epitope comprising residues K305, K307, K310 and G330 of a dengue

envelope glycoprotein (E) sequence, with reference to the position numbering shown as SEQ
IDNO: 2.

Accordingly, we provide polypeptide including an anti-envelope glycoprotein (E)
domain ITI antibody capable of binding an epitope comprising residues K305, K307, K310
and G330.

PosITION NUMBERING

The numbering of the positions of the epitope residues may be made by reference to

the numbering of a dengue virus envelope glycoprotein (E) reference sequence shown below

in nucleic acid form (SEQ ID NO: 1) and in amino acid form (SEQ ID NO: 2):

861
901
961
1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
© 1921
1981
2041
2101
2161
2221
2281
2341

61
121
iBl
241
301

Reference Nucleic Acid Sequence (SEQ ID NO: 1)

gggtttcagg
tggcaaaaaa

ccactctaag
gececaacaca
actccatggt
tgacctgtge
acttggaata
acacaggaaa
agttgacagg
atgagatggt
tagacctgee
aagagacatt
gatcccaaga
caggaaactt
tecaaaggaat
aaacacaaca
agatcccttt
tcaacccaat
gagacageta
aaggaagtte
ttttaggtga
aggctctoea
ctatgaaaat
cactttctgt
aggec

aggaagctgyg
caaaccaaca
gaagtactgt
aggagaaccc
ggacagagga
tatgttecaca
caccattgty
acatggcaag
ctatggeact
gttgoctgcaa
gttgecatgg
ggtgacttto
aggggecatg
actgttecaca
gteatactet
tggaacaata
tgagataatg
cgtaacagaa
catcatcata
tatcggeocaa
cacagcttgg
ccaagtttte
cctcatagga
gtcactagta

atgecgttgea
gttgacatag
ttggattttg
atagagygcaa
agcctaaatg
tggggaaaty
tgcaaaaaga
ataacacctc
gaaatcaaaa
gtocacgatgg
atggaaaata
ctgoccggag
aaaaatcceo
cacacageac
ggacatctca
atgtgcacag
gttatcagag
gatttgyaaa
aaagatagcce
ggagtagage
atgattgaga
gattttggat
ggageaatet
gtcattateca

ttggtgggag

taggaatatc
tettagaaca
aactgataaa
agctgaccaa
aagagcagga
gatgtggatt
acatgaaagg
actcagggga
taacaccaca
agtgcetotee
aagcttgget
cggacacaca
atgcgaagaa
tcacagggge
agtgecagget
gaaagtttaa
tacaatatga
aaagacatgt
cagtcaacat
cgggacaatt
caacaatgag
ccotgggagy
atggggetge
catggatagg
tcgtgacget

Reference Amino Acid Sequence (SEQ ID NO: 2)

MRCIGISNRD
TEAXLTNTTT
CRENMRGREVV
VIMECSPRTG
ENFHAKRQDV
MCTGEFKVVK

FVEGVSGGSW

VDIVLEHGSC

VITMAKNKET

DSRCPTQGEP
QPENLEYTIV
LDFNEMVLLO
VVLGSQEGAM
ETAETQHGTT

SLNEEQDKRF
ITPHSGEEHA
MENKAWLVER
HTALTGATET
VIRVQYEGDG

VCKHSMVDRG
VGNDTGRHGK
QWFLDLPLPW
QMSSGNLLFT
SPCKIPFEIM

aaatagagac
tggaagctgt
dacagaagec
cacaacaaca
caaaaggtte
atttggaaaa
aaaagtegty
agagcatgca
gagttcecatc
gagaacggge
ggtgcacagg
aggatcaaat
acaggatgtt
cacagaaate
gaggatggac
agttgtgaag
aggggacgyt
tttaggtege
agaagcagaa
gaagctcaac
gggagcgaay
agtgtttaca
cttcagtggg
aatgaattca
gtatttggga

LDFELIXKTER
WENGCGLFGK
EIKITPQSST
LPGADTQGSN
GHLKCRLEMD
DLERRHVLGR

tttgtagaag
gtgacgacga
aaacaacctyg
gattocteget
gtctgeaaac
ggaggcattyg
caaccagaaa
gtcggaaatyg
acagaagcag
ctogacttea
caatggttec
tggatacaga
gttgttttgg
cagatgtecat
aaactacage
gaaatagecag
tetecatgta
ctgattacag
ccteocatteg
tggtttaaga
agaatggcca
tctataggaa
gtetcatgga
cgeagoacct
gttatggtge

KOPATLRKYC

GGIVICAMFT
TEARLTGYGT
WIQRETLVTF
KLQLKGMSYS
LITVNPIVTE



cat cat cat a ggagtagagc cgggacaatt gaagctcaac tggtttaaga 2041
aaggaagttc tatcggccaa atgattgaga caacaatgag gggagcgaag agaatggcca
2101 ttttaggtga cacagcttgg gattttggat ccctgggagg
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361 KDSPVNIEAE PPFGDSYIII GVEPGQLEKLN WFKKGSSIGQ MIETTMRGAK RMATILGDTAW
42] DFGSLGGVFT SIGKALHQVF GAIYGARYSG VSWIMKILIG VIITWIGMNS RSTSLEVSLV
481 LVGVVILYLG VMVQA

The reference amino acid and reference nucleic acid sequence are derived from the
Prototype strain of Dengue virus serotype 2 — New Guinea C sequence having NCBI

accession number: D00346.

In the context of the present description a specific numbering of amino acid residue
positions in domain III of dengue virus envelope glycoprotein (E) is employed. In this respect,
by alignment of the amino acid sequences of various known dengue virus envelope
glycoprotein (E) polypeptides it is possible to allot a amino acid position number to any amino
acid residue position in any virus envelope glycoprotein (E) polypeptide, the amino acid
sequence of which is known. Alignments of sequences 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 prograrming, 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



agtgtttaca tctataggaa 2161 aggctetcca ccaagttttc ggagcaatct
at ggggctgc cttcagtggg gtctcatgga 2221 ctatgaaaat gtcattatca
cat ggat agg aat gaattca cgcagcacct
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AAA21187), Dengue virus serotype 4 — H241 (NCBI accession number ACJ65015). 1-774
amino acids are provided in the sequence as the sequence of structural polyprotein. The

envelope protein in this sequence is: amino acid number: 279 to 676 = 1 to 397 (“mrevgvg.....
witkgss™).

Such homologues have 20% or greater, 30% or greater, 40% or greater, 50% or
greater, 60% or greater homology, for example 70% or more, 80% or more, 90% or more or
95% or more homology, with the reference sequence SEQ ID NO: 2 above. Sequence
homology between proteins may be ascertained using well known alignment programs and
hybridisation techniques described herein. Such homologous sequences, as well as the
functional equivalents described below, will be referred to in this document as the “envelope

glycoprotein (E)” polypeptides.

ANTIBODY BINDING

The anti-envelope glycoprotein (E) domain 111 antibody may 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 IIf of envelope glycoprotein (E).

The binding between the anti-envelope glycoprotein (E) domain III 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 ECsq binding affinity of 1pm 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 mmn 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 ot below.,

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

or less,



cct cat agga 2281 cactttctgt gtcactagta ttggtgggag tcgtgacgct
gtatttggga gttatggtgc 2341 aggcc
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The binding may be measured by any means known in the art, such as ELISA or

Surface Plasmon Resonance, both of which ate described in detail in the Examples.

Binding of the anti~envelope glycoprotein (E) domain III antibody to the envelope
glycoprotein (E) domain III polypeptide may take place within or outside the cell. Such
binding may inactivate, inhibit or lower an activity of the envelope glycoprotein (E) domain

III polypeptide. The binding may neutralise a envelope glycoprotein (E) domain III activity.

The activity may comprise any biological activity caused by or associated with the

~ envelope glycoprotein (E) domain III polypeptide. The activity may comprise binding to
another protein, for example a receptor, a downstream protein or factor. The another protein
may comprise envelope glycoprotein (E) domain III itself. The activity may comprise
multimerisation activity, such as trimerisation activity or homotrimerisation activity. Binding
of anti-envelope glycoprotein (E) domain IIT antibody to envelope glycoprotein (E) domain 11T
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 IIT
antibody and the envelope glycoprotein (E) domain IIT 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
neufralization assay, which is described in detail in the Examples. The neutralization activity

may comprise a PRNTsp of 10 or below, such as 2 x 10”7 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 ITI bound by 9F12.



Ref erence Amino Acid Sequence (SEQ ID NO 2) 1 MRCIA SNRD FVEGVSGGSW
VDI VLEHGSC VTTMAKNKPT LDFELI KTEA KQPATI RKI C 61 | EAKLTNTTT DSRCPTQGEP
SLNEEQDKRF VCKHSMWDRG WGNGCGLFGK G VTCAMFT 121 CKKNMKGKWV QPENLEYTI V
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Epitopes of envelope'glycoprotein (E) domain III include 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.

Non limiting examples of such proteolytic and/or recombinant fragments include Fab,
F (ab®) 2, Fab’, Fv fragments, and single chain antibodies(scFv) containing a VL. and VH
domain joined by a peptide linker. These Fvs may be covalently or non-covalently linked to

form antibodies having two or more binding sites.

By “ScFv molecules” we mean molecules wherein the VH and VL partner domains
-are linked via a flexible oligopeptide. A general review of the techniques involved in the
synthesis of antibody fragments which retain their specific binding sites is to be found in
Winter & Milstein(1991) Nature 349, 293-299.

Whole antibodies, and F(ab’), fragments are “bivalent’’. By “bivalent” we mean that
the said antibodies and F(ab”) fragments have two antigen combining sites. In contrast, Fab,

" Fv, ScFv and dAb fragments are monovalent having only one antigen combining site.

_ The anti-envelope glycoprotein (E) domain III 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 ECsq 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
(kofr) of a an antibody such as an anti-envelope glycoprotein (E) domain I1I antibody. The
lower the off-rate the higher the affinity that an antibody such as an anti-envelope

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

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

or form part of a fusion protein.



| TPHSGEEHA VGNDTCGKHGK El KI TPQSSI TEAELTAE GI' 181 VIMECSPRTG LDFNEWVI LQ
MENKAWLVHR QWELDI PLPW LPGADTQGSN W QKETLVTF 241 KNPHAKKQDV WLGSQEGAM
HTALTGATEI QWSSGNLLFT GHLKCRI RMD KLQLKGMBYS 301 MCTGKETVVWK El AETQHGTI
VI RVQYEGDG SPCKI PFEI M DLEKRHVLGR LI TVNPI VTE
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The anti-envelope glycoprotein (E) domain III antibodies deseribed here include any
antibody that comprises envelope glycoprotein (E) domain III binding activity, such as
binding ability to envelope glycoprotein (E) domain III or binding to the same epitope bound
by 9F12 as the case may be, including residues K305, K307, K310 and G330 of a dengue
envelope glycoprotein (E) sequence, with reference to the position numbering shown as SEQ
IDNO: 2.

The anti-envelope glycoprotein (E) domain III antibodies also include the entire or
whole antibody, whether mouse, humanised or human, such antibody derivatives and
biologically-active fragments. These may include antibody fragments with envelope
"g_lycoprotein (E) domain III binding activity that have amino acid substitutions or have sugars

or other molecules attached to amino acid functional groups, etc.

The anti-envelope glycoprotein (E) domain III antibody may comprise isolated
antibody or purified antibody. It may be obtainable from or produced by any suitable source,
whether natural or not, or it may be a synthetic anti-envelope glycoprotein (E) domain I1I
antibody, a semi-synthetic anti-envelope glycoprotein (E) domain III antibody, a derivatised
anti-envelope glycoprotein (E) domain IIT antibody or a recombinant anti-envelope

glycoprotein (E) domain IIT antibody.

Where the anti-envelope glycoprotein (E) domain ITI 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

IIT 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. [lustrative 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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known den& éoRFPﬁgl’j‘s(Eég%%gé(‘gl‘?E@B loguey: a@tﬁ“&ﬁéﬁfﬂ’@lﬁé@),laﬁ thegase may
possible 9 allot a am no acid position nunber to any am no acid

resi due position in any virus envel ope glycoprotein (E) pol ypeptide,

the ami no aci d_sequence of. whjich,is, k nt s _of ences

be performed by*™a @F%f’ﬁ'éméa ?%Ega%ﬁwﬁ%ﬁgﬁawaﬁlﬁivhﬁemwwe n
exanpl e, aﬂgems%egﬁhmga{aqﬂﬁn el aRGig A HindiRy dileX TREAIMOASs of W N8Hk Snd heavy
progranm ng.or word net hods may be enployed. Miltiple sequence

al i gnnent GWSH@H%%§%@§WF%WRE? é@i%ﬁhﬂﬁgm@ﬁ%@méﬁgmworMngms
iterativeyagle afDe S
FASTA, A @§ RIS lafm\‘fé&'?&iéo&%? &;g-)émgafﬁ b?gt“g? g(%%%g%a&tg&r n otiillind
al i gnment Jegiond (GEAP. ThelR eogiong maintain the sictatal inesitt ofthoyariabje domgindhe
known in I N

a1 1 gnment SR Ak the BR5pRe R HR KGR Ob RORNE Bt BENER Shaing of e
1, and t hagigki.gure may be referred to for allocation of residue
nunbers or corresponding am no acids in any virus envel ope

gl ycoprotein (fe t@ﬁﬁy&%%htqggmn as useWH B8 dobhrie I UTRES Rk cf&ﬁ'?‘ag_t‘?srefthe light

originating fromfor example am no acid sequence of deng
envel ope 6&@@@6 heavyi(RH) Ehain af Tilg ﬁl@iﬂ?ody {d vamm,dwamhgusefqammw dwhvalve)

nunber of ,piher ﬁ; do\lf&os%ctﬁﬁy ehan &li%g%? bt gkrﬁalnﬁlﬁ&m% %Xc%eagéh (ijl?o%x chztun

possible to 1 cate t osI tion aC| resi
envel ope asyaapnosesietiof, Eyangmoybgebnobihty, and complénesnt biding, hmevhm]nmmenotng

747 or oncatiarht S Buighe PP By FBRGLNLE) SRIEIE i TR Gt e

sequence SSquﬂrce endoplesporiding cROS '.:etquém:emmrtbegdmg omy c@ﬁt@pﬁgioﬁdmﬂ Be
honol ogo C%ﬁgnces from ofher flavivj rus pes. Qr speci es,

horol ogou HROpShe SRERed TR RIsh A #5 dsHiked- ipHONs 1N Higfgyac acid

virus ser @W@ﬁe feadinki2d 1 diPEBhreaCIBBEI) DiMitBUTHR 9&&1@@&@&%{5& reémx?sﬂﬁﬂﬁﬂh no
acids are provided in the sg&nence as the sequence of structural

pol ypr ot e¥RTCICFHEL GHOWPE pié 2p eigsniq deiermmiaa (Serpiieprdbat distnghivhes alislig genes.
nunber: 279 to 676 = 1 to 397 ("rntvgvg..... vvfrkgss"). Such
honol ogues havEhe2(%abie rwmﬁfeagh 3adkhie jo@deaﬂmrc,onstﬁmmgiorgbjeahﬂnng 50%

or greater reater nol o for 70% or Yo Or
o o oo PR Eleg oGRS het BGp Ty Atibied Biedignt chel
sequence gin@) 4nd aNGmbhatibR vEa “IBegG adive aﬁd)m]”@eq{leh& MR haaiPtieingendBY
be ascertained using well known alignnment progranms and hybri di sation

t echni que i 52}3%’1’ @51%; gous sequences, as wel | as
t he funct"?gﬁ%l%ﬂe{gg?ggp AfEHLE escCri I%E ow wll be referred to in
this document pg ﬂu@ﬁlc a%m@h%@e ot the ﬁ@s[v?tcﬁmﬂ of fak vaRRllY | 8 fonoclonal

ANTI BODY BI NDI NG anti -envel ope glycoprotein (E) domain |11
ant i body %‘90%9%%a5$@118?”5b3%%§q @any one or nore of envel ope
gl ycoprotein (E) fromdengue virus serotype I, II, 11l and IV. It may

further beicapaheaxnf ctrgndityg dabgeirnrab Gweg@gyct‘omaotﬁagct( E)rcdgomdést
Nile Viruss: bitowgygdei Q@Egraet@en@aeddglaaOth@M%l;g)&%aQJaé Qcpragét%!c:@ca(tE)
The bi I’ldlﬂq betvtve ntt hea‘t nta!-etn\gg ope gﬁg)é‘ opr ?t ei_n domain
anti body and??ts 4 gét nﬂ? *Be-ore or &9 ?c?ﬁ&“cﬁ”%éﬁatcagaag
transi ent131sé¥ﬁﬁ9@?%aﬁwaﬁctp@}0ﬁﬁwﬁ asThectant idsochecrey chigmottr its
. 241 agcagcctga catctgagga ctctgttgtc tattactgta ccacgtecet ctactgggge

301 caagggacca cggtcaccgt ctcoctea



The anti body may bind to its target with a 1Cd of m cronol ar or
nanonol ar range. It may bind with a 1Qof |le Mor less, le NI or
less, le Mor less, e Nl or less or 10d0 Mor less. 20 The
bi ndi ng may be measured by any neans known in the art, such as ELI SA
or Surface Pl asnmon Resonance, both of which are described in detail

in the Exanples. Bi ndi ng of the anjly - envel ope gl ycoprotein (E)
domain Il antibody to the envel ope glycoprotein (E) domain |11
pol ypeptide may take place within or outside the cell. Such binding

may inactivate, inhibit or lower an activity of the envelo

gl ycoprotein ('El)e ayeinepeid Bequeps|of ﬁ@ﬂ‘l@ﬂ‘dfecham thyi vedieblg reggn wpémnoallon@e a

envel ope S %@? ctivity. The activity may

conpri se %lr%? gy§ﬂ)gl cafo%ctl vity caude by or associated with the

envel ope glyc rotejn (E). domain |1 | ypeptide. The activity may

conpr 1 9e bitndi g Do AibEhEr Bt bef it Vo Byaliph & § ¥ Scbih br’ "a

downst r eamdipr o é’ (] ‘blK PAcPo¥ H THeEgndt e Ipt GtRiSnGrayY EONPrd e

envel ope géllycoaorxom A £ ) rdomek 1y kld rid sehfs LThe aot isvi toy snay

conprise ti [ ivity C r risation activity or

honot r i rre?%isatklrr%;lkglﬁrl %Irlt 3% B %Cﬁ F\gIsnga ?Ig e%@%l ope glycoprotein (E)

domain |11 antTltmdycletcoacehmqh@meo’gﬂhyhgplpxrchamo:ﬁﬂn(eﬁr)anahimgmnldf monoclonal

pol ypepti de: | ower an activity of a

receptor, glglb\[/}\%y?ﬂr?fé)%gn%%o?o F]é’f(ot?i%tq% The activity may conprise a

bi ochem cal_ activity or a pathogenic actl vity. The activity may

conpri se vir 65" 9BV LEIGTE ‘ii‘th‘b"é’Ft%‘&lgF fctagtcaga pRgthgitach ﬁggwﬁﬁg@fa

i nacti vat e§t hmﬁcptittotada@mtaawtacaqawtc}ca@@*cctab’e atbeassged fechmaftctac

i nacti vat 921oagaa%ba£ml a%atb@ccw%ggtccmega%g%teg glae&e%@a; tab&gggaca

ant i -envelsque txco rotein aﬁé g t vel .ope

gl ycopr ot €i n® '19—_‘) FRPPT Vgﬁgmgraélqcfga?fé‘ﬁﬁﬁg ?ﬁ%tﬁga F’ECtr?ﬁ

neutral i zé‘*ldémséa%q ﬂ%qttwm DTt BIIIRTIYR 99 e h aast@lakabfcagmmwatsgipes

[ | I |$Glaaéjtg|chcdct cEy gt éﬁ'cl:‘l&cﬂﬂﬁat&a'g@g \é-gEMgﬁ:taJ@%tctggaggt

neutral i z 4 L e Jreas in a ue-r

ot ral | oo S RSkl M BoCo B AR E Ll e Al B e B S e

The neut r &4 25‘&%%@&?%@%%@@6@%@ st a2 PRNT3U2efo2tep Ggéﬁagﬁéﬁlaow

SUCh as 2t b&:atadel @Wgc&fﬁﬂgBﬂﬂcE&ctc acotdi@ch elghBegagtd khadyyacand
"1 mmunogl pRuLi . 1t B g dachRat .,

i nt er changeabl y \Mtﬁere t egc%r?t ext c%%r% ts. cfh%g%e&?cé‘%%%@)éﬁg%ﬁg“m

f r agnent s°Of 2PrGERYIYE¥Fal | y- cl eaved or reconbi nant!y- prepared

portions of ﬁnnamm;h@dmd @Edu@ﬁdﬂcﬁt‘tlidl@mt tﬁ‘faﬁl ﬁa@@hdrﬁm@zm @da eGhbiRlohal
reactlngvm 0 €co sin ny e glycoprotein (E omain Il or
an epi top@“ﬁ’ﬂ@é@fzmég °§’§?%€p Ncgﬁé of envel ope gl ycoprotein (E)
dormain 111 bound by 9F12. Epi t opes of envel opel gl ycoprotein

(E) donmi n il FIG Pnelfudel rSe§|%It§e§ K80V K3I0F,6 K31 andl *083020f a dengue
envel ope gliyeoprotet m i k) rseguence,r wi & I K;eé erence ¢ @ thegppsition

nunber i ng sSLhBV‘Q a§ T r£| '\LOA £01cv yNPp digmty Eg‘{)%x@rﬁplpeé of such

proteol ytic and reco nant fragnents I nclude

Fab', Fv f%@n%r?tg b &ndl E%?‘n‘lgllnei'*c“hﬁﬂh"aw’“’lt]:l BoliPes (SSERY Eoﬁwf—’*a‘f’ ni ng a VL
and VH dor#i A § 01 ned rby vavpept Pderli mkerk wThese desE may e coval ently
or non- coyal ent lsyyld 'ﬂkg?% BOK fooé ”P and IMde.SI %SL haying :f‘&oyoé rPre

bi ndi ng sites. | ecul es' mean nol ecul es wherein

Tho v o) R YRS Al TuBrais T & I Tl T aad Pl ext bl ¢

ol i gopeptide. Antgenelde olRép@wi0fE)dbsaindUlntiBeERe, hatvalinged themétheds and
synthesis  of anti b%@y fragnments which retain their_specific bindjng
sites is THPRPSILEBYFRICHRRA %Peér’ray&e Renesyted figrn dappy vagablsregian sequenpss bng .

Whol e ant jinbadiagowdif tHe(A0 Fbﬁeﬁaﬁ@&"rﬁl@%&@r #ad h@htv(ﬁllaﬁ%quen@é mdyipeal ent”
we nean that the said anti bodies and F(ab') fragments have two

anti gen céadmbineding a eanstaphsegeares &5 chesgh antihwdy Sboysh reorpinattirespetient s
engineering techniques which are known to the skilled person.



The term"affinity” may al so be defined in terns of the dissociation
rate or off-rate (kat) of a an antibody such as an anti-envel ope

gl ycoprotein (E) domain IIl antibody. The |lower the off-rate the

hi gher the affinity that an anti body such as an anti-envel ope

gl ycoprotein (E) dormain |1l antibody has for an antigen. 22

The anti-envel ope gl ycoprotein (E) domasn |11 antibodi es described
here i nclude any anti body that conprises envel ope gl ycoprotein (E)
dormain 111 binding activity, such as binding ability to envel ope

gl ycoprotein (E) domain Il or binding to the sanme epi toae bound by

9F12 as the caS@siaairepion sprEReraRISdDP WS iniie 1txagmre ®adable KRS mPe3B0
of a deng e ﬁ@ﬁWERﬂh— j : n t
position %lﬁ%%ge}é i éﬁgﬂgﬂ%\% as SEQ :D[])i E%ab%%&ﬂ%m:ad i?fh%ﬂar?fgljl-%é%\’/g@gbgu&%
gl ycopr ot &fids REpeardb Fd{[database Tasve):DEYI-BI8himsld dbnaicwtlel ({ $5) EnFAARBGHGT:
whol e ant | ] r i.S r_hunman, .S ant i,bo
derivati v}é}s??'gy a%lg? g"g’f’%‘fw %%‘%’:W@#ﬁ"gg’ﬁg’ﬁ{’ 3 ?’O%eﬁ’%‘é“é%r?z‘iﬁafﬁcﬁﬂﬂ% of the
ant i body WewgfvenfsadentylofSoieateaiss i)y epai7aboei 01 {B)j. 1depws3R. 1995 th§5805.RD

activity t i i.d supsti.tutions.or have rs .or. of her
ol ccul s s BT AR GchedeRRimbet e i e QPR derd Ach 465
anti - envel(updag | BS@RDas iBsue 25088 IMGTILIGM-DBOAY INRYT/GRRIRLDE @re part of
i sol at ed ntI| dy ora_purl fied antibody. It may be obtainable from or
pr oduced @9 Qirnedins datbasedacatedid ver-ohiae-ukamedr not, or it may be
a synthetic anti-envel ope glycoprotein (E) domain Il antibody, a
sem - synt het i Methbds-fensmhisipiag ghryabbyyegioes witlf fved ssmentes idd @athikieeonsao
derivatised.anti.-envel ope gl ycoprotein domai.n .1l _anti body or a
Feconbi e i Tl RAEPSREs f FOR Stk At gt ip Helifet geg20U6).
Wher e t heRapirbroenRetaph, Biacoprotein (E) domain 111 antibody is a
non-native anti-envel ope glycoprotein (E) domain |1l antibody, it may

i ncl ude a‘KNh%%{f9F1£§{NI&LE%P%NW§E§68P%8§§§&SWepar ed by reconbi nant

DNA techniques or an anti-enve otein (E) domain |11

ant i body " pr odutgindiys SRIBIC Atib8YiBS SRR bSF+, TP M S PO HESHNNR in@RShain

t her eof . . ..The term"derivative" as used in this docunent includes
cheni cal #HbAPHssEREvbmanbe wrducsd by Brynsiepen B thedbrotein (E) domain 111
antibody. Illustrative of such nodifications would be repl acenent of

hydrogen by arTt&lduclglc, achicyliuenos oban$ingle Ghaiup/arfable Feagameat €ScFVhegived from

sequence of the anti-enyel o l.yco fel E mai I t i body

may bt Havupa bR e Bt ST D b I OER BTt Dhay be
a variant, honol ogue, fragnment or derivative thereof. ANTI BODY

VARI ABLE FREEFARENGTCTCORFE TEARRT COREAGHI & GAHCIITCAGESARSEACT GCTEEAAGGCT
docunent , TP S RAPESATTT ACIERABRECRBAT G T GRCTFIRWCASACBECTREATATRCCTG
chai ns (VEYRRFhHERAECERATTAS TCUMCARG TH- TFH PG IS QCHACAA T EAFRAGTIT GRAGHAC
bi ndi ng raEFFAGASIT PTGCRCACARAERAT T ACTATR GOTRGIAT GEAGLHCAGCRFCATHEACA
ant i body BYEeHIAERISIGHE CTAITHLYEDE A TTCIICTACTSGGAGCCAAGBBACCACGGTC
vari ant , Nl OYHE CAGGIGRERCACECHAGT ¢VERGRAHGEERT AHGEACaTECORYCDEACTTGGA
The vari aBAECARGHITUCAGIC TEATH CREATCDACTIARRGAOITIGTATACACSARR T CARAMSACCTAT
(VI'1) ar erTavkgl REETAQC THCRIGEARCCREO0TAET T Grd F0TOOTGAE CEARC AGERT TTTCARC
bi ndi ng SCEAEDTTHE GEREAICCSAGRCRBET I C ALY G GINE eI AGGS AR GADYBCACIEC TEMR
gener al sATCARGCARGRAGIEEACECT GAGEATOT GEEACTIIA TITATRWICK CAERETAERCAMSITCCE
whose S eqUEERES TGS ToaAstCRe tR A CONSEAMETL A/ BaITEA TR TEOR€EAACT

conpl enentari | r.mni ng.regjons ., The ER .regions naintain

S har st oot on ol et FUBRRE ol IebiRs esbRa e HE gt ZHPae fgente.
pol ypept i SieusResnedFore thé fdlich ark heawamhhiatte8iddeBa 17)! While RBENBL:fl} M TiiRer
of the antigen. The term "constant region”, as used in this
document , 2'¢ Bglchain 3 kmclestieisds of the light (CL) and heavy (CH)

chain of the antibody (or variant, honologue, fragnent or derivative)
whi ch provi de Bierauttaiadd sexfiaive lof & BingletClaihearidhloFagnes!(SdRnNckti tisrom

monoclonal antibody 9F12, referred to as ScFvOF12, is as follows (SEQ ID NO: 8) - 229

amino acids:




The nucleic acid sequence of the heavy chain of the variable region
of nonocl onal antibody 9F12 is as follows (SEQ ID NO 3): 1
ctgcagcagt ctggggctga gctggtgagg cctggggett cagtgaagct gtcctgcaag 61
gctttgggcet acagatttac tgactatgaa atgtactggg tgaagcagac acctgcacat 121
ggcct ggaat ggattggagg tattcatcca agaagtggta atactgccta caatcagaag 181
tt caaggaca aggccacact gactgcagac aaatcefgcca gtacagccta catggagctc 241
agcagcctga catctgagga ctctgttgtc tattactgta ccacgtccct ctactgggge 301
caagggacca cggtcaccgt ctcctca 24 The amino acid sequence of the
heavy chain of the variable region of nonocl onal antibody 9F12 is as

follows (SEQ ID K& 4): 4% OOSGAELARPGASVKL SCKALGYRFTBYE 31 60
MYW/KQT PAHRRTSAFESR iSRS AFERBIARTTVERBRAE ST AWMVEE 56 RSEHERANF1
YYC_'I'TSLYV\GQGTTVT%%S 109 - The nu%l%ei c aci § 1S_gquencle:ﬁ)?gf_ t he | ilg%t

h f i 0 i =
chal 0 o LSRRI S Sthih 2t o0 onal, ATLECOAFLE 13 88ccc

tctagtcaga gccttgpaca cagigat gga Eéfaacacct a%%otacattg cct gcagaag
o

ccaggccagic@die8aas0td-reSb 88! GlsRbN WLtk er AGGEa Gay8 dscca
gacaggttca gtggcagtgg atcagggaca 181 gatttcacac tcaaaatcag cagagt ggag

gctgaggatc tgggagbtta tttgggctct 24kgcaaggt agag atgttccgtg gacgttcggt
ggaggcac ces@ngtrggaaaivrg anass age oS0l p0at ORigasE caachgbat ¢ catcttccca
ccatccagtg agcagttaac atctggaggt 361 gcctcagtcg tgtgottctt gaacaacttc

t accccaaag acatgsathgtlischagt ggaagestdd tleithethddygiescripbd aahg itmtaadbggcgt ¢
ctgaacagtf ggactgatca cagcaaa 481 gacagcacct .acagca cagcaccctc
acgt t gac céa}( a g}a@‘%ﬁﬁ?‘a’ %ggggg ogglf v&%%’i%@g’é’flé’fé%tﬁ%ﬁﬁ QS% h@\gﬂg caag
acat caact tequamecsivhvgtaboaagag bé transgSiicalla Fagd ask thoads IgG constant A&gigHT no
aci d sequence of thg | i ght chain_of the va{i abl e regi on aof nonocl gnal
ant i body GE{SCP o predycs i pRuse {ng%lq)rgl N@—elg))e_ope glycoprotein (E) domain III antibody.
1L GDQASI SOROwIebV SN AF N Wb 49 %ﬁ%@ﬁ%h&é@i R IPRERGED onstant
61DFTLKI SRVEAEOLGVYFCSQGTHVPWIFG 91GGTNLEI KRAOAAPTVSI FPPSSEQLTSGG

121 ASVVCFERINEY P FigR o esenemeciany! erdnpeiagbanibrdisTseprEs pE findikgioy ERH
18 1NSYTCEALEIKSISISED Yg@gﬁlﬁ@%\@ﬁﬂhm lppe gl ycoprotein (E) domain |11
ant i bodi es, agcglrgdipng to the net hgglgﬁgﬁg " conpositions described

here, may. erated fromthese variabl e regi on sequences by
met hods k%‘g{%ﬁ?ﬂ‘”@ FUFYCEor exanpl e, the heavy and |ight chain

sequences may fp g?]ﬂ Q@ﬁ{ggn%&%q tl%a@ Bglggep(ﬁ(ag §éqglgﬁce§ %Hg&ﬁ%eﬁeoarre ﬁ'otq_ﬁ'ﬁv\%? E%the

anti body, throu reconbl nan tic engl neering techniques
are knowpardculdisegientds eet fpth Bxthis do@Bnent, but al@pimsludehomelggan sepgnences

are known,j I nd are_avail abl roma nunmber. of dat apase
stch e tupid o R b st R St 1R Eo B PREP RS, nBrquf G RER Sher
2006, Nucdpeties Auldsiaite sedeiivhti a4 (Haadod paswdddsihatahey 1684 alé4 ot thee Fr anc
etal (1995 / MGT: . An_|.nt eqr at ed Dat gbase, of .1 g and TaR, _Part of
The 1 rmurYHER LVt ohsadut SR GOPHED (B vt e ey sbfbe cse iy
Sci ences 664 (1) , 47-47 doi:10.1111/j.1749-6632. 1995. t b55805. x) and
the | MGT/ GENE- DB dat abase (described in Gudicelli et al, 2005,

Nucl eic Acid : ; . - D256-61).. .
VBT Li G DB ol FRE e B SRR e M o bl W ase
| ocat ed atminovaciélsequences bet/fontigin/this documenl/iak ket as Faianephithslog@s var i abl e
ot bodi certtple SR S i s nefPnar P P reliin scRiign S ovgy e
2006) . i B refdiicti26 as AN :
/(ANTI B&Y%ﬁgj}%{é&eﬁ aldegaakii refdi as Bk o didcophdiea iR (dhdth 1T
anfibody” 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.



Fragnments of whol e anti bodi es such as Fv, F(ab') and F(ab')2
fragnents or single chain antibodies (scFv) may be produced by neans
known in the art. The nucleic acid sequence of a Single Chain
Vari abl e Fragnent (ScFV) derived from nonocl onal antibody 9F12,
referred to as ScFvI9F12, is as follows (SEQ ID NO 7):
CTGCAGCAGT CTGGEECT GAGCT GGT GAGGCCT GGEECEFCAGT GAAGCT GT CCTGCAAGCGCT
TTGGGCTACAGATTTACTGACTATGAAATGTACT GGGT GAAGCAGACACCTGCACATGECCTG
GAATGGATTGGAGGTATTCATCCAAGAAGT GGTAATACT GCCTACAATCAGAAGT TCAAGGAC
AAGGCCACACTGACT GCAGACAAAT CCTCCAGTACAGCCT ACATGGAGCT CAGCAGCCT GACA
TCTGAGGACT CTGT ST AF F Al GHETHX CRAROTOUET AT e L
e

AT ARG T T AR ACFAG

TTA@TTG@M@@W@@@AMW@@E@E@AWmml

AT CAGCAGAET LA AT AT CLA I AT TGt RN e Th R0y t

TGGACGT T OB EEAEETACTARTET %&Aﬂbﬁﬁé@ﬁxﬁﬁiﬁﬁéﬂﬁﬂ%%@ﬁ&%g with a effeope
GS |inker ¢ rlsg@g 45 .n f otides is shown underlined in the above
sequence. %%g’o SR %%?%?g i nker are heavy chain (residues
1-327), while sequences after the linker are |ight chain (315

nucl eot i des ) . The biclogit@ctivityrmayaesimprise eutizen blrdengaiC$v1t)g Tee ﬁtta@mrclope

ot erred PPHIRED R PRty 0 AR B RIR 2O RAE ) Ao 1 or an
aci ds:  2€pitop®theRQEEAE biviRenvbldpk [DISADL bR (I3 JOmERGEL A B bind to the same

GSGTDFTL Kelspltope bound by antibody SF12.

The anti-envelope glycoprotein (E) domain III antibody may bind to the antigen or
epitope \;nfith the same, a reduced or elevated affinity or avidity. For example, the anti-
envelope glycoprotein (E) domain IIT 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,

etc, 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 IIT antibody to the animal (or exposing it to the cell) and determining

an effect of the anti-envelope glycoprotein (E) domain III antibody as compared to a similar
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control animal or cell that has not been so treated or exposed. The Examples describe such an

assay in detail.

The anti-envelope glycoprotein (E) domain I1I antibody may have such inhibition
activity that is the same as, reduced from, or elevated from, the cognate antibody. For
example, the anti-envelope glycoprotein (E) domain III antibody may be at least 10%, such as
20%, such as 30%, 40% 50%, 60%, 70%, 80%, 90% or more, effective compared to the
cognate antibody, e.g., 9F12 or its humanised counterparts, as the case may be. By this we
mean that, say, if the cognate antibody is capable of reducing homotrimerization, viral
ab-sorption, infectivity, etc by for example 90%, the anti-envelope glycoprotein (E) domain III

" antibody may be capable of doing so by below 90%, 85%, 80%, 75%, 70%, 65%, 60%, 55%,
50%, 45%, 40%, 35%, 30%, etc, as compared to an untreated animal or cell.

Other assays that detect antibody events can also be used, instead of, or in addition to,

the assays described.

Homologues

The anti-envelope glycoprotein (E) domain III antibody pelypeptides 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 homeologue 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 Jeast 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
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Usi ng the discl osed sequences and the nethods described in the
literature, for exanple, the heavy and |ight chains of the variable
regi on of antibody 9F12, having the sequences shown above, may be
transgenically fused to a nmouse 1gG congtant regi on sequence to
produce a nouse nonocl onal anti-envel ope glycoprotein (E) domain |11
anti body. The variable region of 9F12 anti body nay be engineered with
nouse or human 1 gG constant regions to produce nouse nonocl onal or

humani z edhtamlb gzonihjebe c:aqmbe}deinmdm’is iofigtignence adeatitye Tlopreqyringe Bentity eiay beE)
dormain 11 I et Xe%egl ve Sto tﬁ)egeh ?C%}ET% ELE Ienglg"gge 1%Eavant sequence, 1.e., over the entire

length or full length sequence of the relevant gene, for example.

Homology comparisons can be conducted by eye, or more usually, with the aid of
readily available sequence comparison programs. These commercially available computer

programs can calceulate % homology between two or more sequences.

% homology may be calculated over contiguous sequences, i.e. one sequence is aligned
with the other sequence and each amino acid in one sequence directly compared with the
corresponding amino acid in the other sequence, one residue at a time. This is called an
“ungapped” alignment. Typically, such ungapped alignments are performed only over a

relatively short mumber of residues (for example less than 50 contiguous amino acids).

Although this is a very simple and consistent method, it fails to take into consideration
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 pcssible - 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,
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not limted to the particular sequences set forth in this docunent,
but al so i nclude honol ogous sequences obtained fromany source, for
exanpl e rel ated cel l ul ar honol ogues, honol ogues from ot her species
and variants or derivatives thereof, provided that they have at | east
one of the biological activities of an gnti-envel ope glycoprotein (E)
domai n LH anti body, as the case nmay be. Thi s disclosure

t her ef ore enconpasses vari ants, honol ogues or derivatives of the

am no aci d sequences set forth in this docunent, as well as variants,
horol ogues or gdeulgteniof mexigfum Heomelagy thevifete Sty eoquizes theprodstionyf anhe
nucl eoti d EScl. C u re_gener al

ot erred (REagUERAES, MG A3 S Elon SRR, BRGENORotRl SR
sequence. cdiyidgogi oeh ad\alignwiehi ie the GCG WitdonswBest@irpacichiper@ntiesrsitylod Wisconsin,

sequences ise at |ea e .hiql ogi.cal acti.yvi of an

anti - emvelobAD Gy EBT B e 1Vt e T Fereaty iy CxauelFhef obes ofivaye
be. 27  than canlfeefolh Sdq0&cE bmptikbnéifctudepdit 6RTRE ligGedd, i8I TOgcRae
activity. The ant]j-envel ope gl ycoprotein (E) domain |1l antibody ma
conpr i se G AUBIE} €1 G5 SriAt1GPieRTOnBABE SAFCTa el 7 15904 Melilo03-
to anti bogyp)9hd dhe CENEWORKNTRM 38 ot S85:PRS1s. BYth BITERAIGH CRA are

activity" we nmean the capability of the anti-envel oge@gl ycoprotein
(E) donai #vaileble fyofibiselgng enling dersehing Sprtiubel o alaif8d id pogesd-Iito 7-60).
appropria sl inding with a envel ope gl ycoprotein
(E) domai Eﬁ? I@I antslﬁggﬁ?ggﬁhﬁy%%ﬁgédb]i ol ogical activity may conpri se
antigen bindin ctjvity. The anti-enyel ope glycoprotein (E) domain
111 antibody e @q%faér{v&%%gygqag}@amee%“@?_ n(@m&%}ﬁfspm P alggnmgnt
epi t ope t hrecerfiselfin %rp?d&ﬁl&n@f‘%@é@@?atﬂe{lbl&%ﬂh%bﬂ: ERpaHiSER Ik teall | a scaled
anti body may hind to the sane epitope bound by antibody 9F12."
The ant i - BAVeFEeogmAsspiseeraraly wpd Ig0§ $00TeR4 PasB @IS conPRTiSpRR based
the antig Yol it 1 af £ .0l

&1 citmi&R b]ahﬁrrpﬁ]ﬁg\,l& eFolullGnapft eﬁﬁ‘eann ; e%bég%g%ﬁy@e QF sifech& C(fc%ﬁlrrgllﬂk to¥ed

or avidity. For ex the anti- oprotein
111 anti bsdle BROSHME majrix héhealafanljeratiy for gietRIpsS Tt of progeasst GO0

such as 2 09 % 509 9 % 9 0%.0 r
ity et Rk 1 e e bk ot ol BB Gt
i ts humnegeghrsouiable ifappbsd (ase ushemarasbfomiythbedetails). The Phidicadefauiti valnes
may i ncl ude . nhihiti.on of .epvel op | ycaprotein (E) activi as for
e o s SRt Oimses e i B Sue Hoffet SRR Betiebt s St < o
cel I's, vi BADSUM®EX tiay bt wsedet ¢, such as for exanpl e nmeasured by the
assays described in the Exanpl es. Honotrinerization activity

may be assayed i I 1 %1) ioped
o o,y Qo etk 3 e RBadY onyfilal SRS 10 BB SRR
St r uct ur eharhology, lvechds Ye srgueiice uidenéity Fhe ptvrotypicallynfides thisresmranfehe
fusi on. t 7 - . Vi r.al orbtion to cells may be
assayed B@e qg%]l%eéélwaargs%éa'g%g%lﬁate’rsgrnuéﬁflalﬁ%Ir%?ﬁ‘t he assay described in
Exanpl e 6 bel ow (Adsorption Assays Using Cell-based Flavivirus

| munodet ect i ofarfans gp .Dem’aﬁve_SThe reduction or inhibition may be
conveniently apgay ‘Q)iriﬁif’p&s"daﬂveﬁiv_{s’eﬁxtr&ﬁﬁ&ﬂ to%he M@%&id%@%ﬂ%ﬁées%&’ a
flavivirus such as egé:]ue or West Nille Virus, admnistering the

ant i - enveflespabagl bersopelodasiany @stidtinmioh vatiationof, inhulification of cepdavienait of.or
exposi ng | ] : fect

e e e e S e e
simlar @28inoantdrsedueacs may retain sdbstantidibtthdsmenotivibesthsamodfiddedquomee,

d. Th I d i b h in detail, . Th
ant 1 - envel BRE R PR IBe SR ~ThS SRR r G e FayPolrin ) SerAm 10
i nhi bi ti omitvetly wolyyeptiatshbem indissaemas, fof egugedinthomqueaice Bbigipat Babs, the

from the, cognate .anti body. For ?x rrIoI e, . the anti-en el ope. .
key feature of the sequences — namely ability 10 bind fo envelope glycoprotein (E) domain III

polypeptides or reduction in viral infectivity, homotrimerization, viral absorption, etc, as

described elsewhere — may be retained.



O her assays that detect anti body events can al so be used, instead
of, or in addition to, the assays descri bed. Honol ogues The
anti-envel ope glycoprotein (E) domain |1l antibody pol ypepti des
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Polypeptide fragments of the anti-envelope glycoprotein (E) domain IIT antibody

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



Variants and Derivatives The terns "variant”™ or "derivative" in
relation to the am no acid sequences as descri bed here includes any
substitution of, variation of, nodification of, replacenent of,

del etion of or addition of one (or nore) amno acids fromor to the
sequence. The resultant ami no acid sequence may retain substantially
the same activity as the unnodified segience, such as having at | east
the sane activity as the anti-envel ope gl ycoprotein (E) domain [1]
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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, 1257, 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.
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Pol ypepti des di scl osed here and useful as markers al so include
fragnents of the above nentioned R |l |ength pol ypeptides and

vari ants thereof, including fragnents of the sequences set out in the
sequence i stings. Pol ypepti des al so include fragnents of the
full length sequence of any of the antigenvel ope glycoprotein (E)
domain Il antibody pol ypeptides. Fragnents may conprise at | east one
epi tope. Methods of identifying epitopes are well known in the art.
Fragnments will typically conprise at |east 6 am no acids, such as at

| east 10, 20, Bl arfifenvelop®PlyorproteingE pdinmedn HE andibody polypdpttisspestantie

fragnments,of the ti-envel.ope gl yc otein (E). d Ln. 111 anti bed
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mor e ( e. gasdlid phtkse, fobexadipleXBy surBiée of an immunoassay well or dipstick. Such labelled and/or
immobilised polypeptides may be packaged into kits in a suitable container along with suitable
reagents, controls, instructions and the like. Such polypeptides and kits may be used in methods

of detection of antibodies to the polypeptides or their allelic or species variants by immunoassay.

Immunoassay methods are well known in the art and will generally comprise: (a)
providing a polypeptide comprising an epitope bindable by an antibody against said protein;
(b) incubating a biological sample with said polypeptide under conditions which allow for the
formation of an antibody-antigen complex; and (c) determining whether antibody-antigen

complex comprising said polypeptide is formed.

The anti-envelope glycoprotein (E) domain III antibody polypeptides, variants,
homologues, fragments and derivatives disclosed here may be used in in vitro or in vivo cell
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 biclogical activity on recombinant expression products. Such cell culture
systems in which the anti-envelope glycoprotein (E) domain [II 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.
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uc apel.l e an

lor_ | bilised polypeptides my be packaged into
'ts i n SOGT2b B0k HPREP: S oG W EARHE KT OOV CRgEL &t 168 Tl s,
i nstruct i @egitandlchfigodd lMemipus kaRolsyPRtief 68180 80% HsniPt Restgsed in
nmet hods of detection of antibodies to th olypeptldes or their
&

al l el i ¢ ofewiinat eastPAvs idamty oy athﬁﬁi%‘éé@;@i. to a relevanaeioeessay met hods

are well known in the art and will generally conprise: (a) providing
a pgl ypept i de ’thfﬁlfﬁh}siaﬂg least &% E@ﬂ"&typ{hﬂﬂ Fb&t@e@?@m _i@ﬁﬁﬂyp@%k{ a8 GdbA3697%
sai d protein; i ncubat . biological sanple with_said

pol ypept i @8&{% %B)rh B Eqaf‘i dé%ld\%’ﬁt@fﬁuﬁl} quaﬁrgggh@elﬂw-ﬁﬁ%h@ﬁdﬁo%oﬂ

ant i body - @hipag@As RaiBe Edtidu@teas(descrBied £ov. M Rquidetdlarison program such as the
ant i body-antigen conpl ex conprising said pol ypeptide is forned.

The ant i -@RGeVisprasigl ProgRhdeseibed abnye may be usedtfonsbid pugyesey Pepdefands

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



34 They may be singl e-stranded or doubl e-stranded. They may

al so be pol ynucl eoti des which include within them synthetic or
nodi fi ed nucl eotides. A nunber of different types of nodification to
ol i gonucl eotides are known in the art. These include

met hyl phosphonat e and phosphor ot hi oat e backbones, addition of
acridine or polylysine chains at the 3';5and/or 5' ends of the

nol ecul e. For the purposes of the present docunent, it is to be
understood that the pol ynucl eoti des descri bed herein nay be nodified
by any nethod available in the art. Such nodifications may be carried
out in or dbe defalipap areteontderalfyris +Hi0\vaod the tefailt gapaxtehsibepesplynised for each
polynuclegﬁﬁégié Where the pol ynucl eotide is doubl e-stranded,
both strands of 'the duplex, either individually or in conbination,
are enconpassed by the nethods and conpositions described here. Were
t he pol ynucl eoblVit&lisagiosi ngl e- stranded, it is to be understood that
the conpl enent g\, 564 I i : ds

Vari ant s, EErigE&iVesHﬁ%gﬁigﬁg%ﬁgig@ﬂ&%@yﬁ%ﬁﬂ%%ﬂ%ﬁ%%ﬁ@%@f%ﬁ#&%d&k%%@io
" honol oguatty @frthe s¢gudnges Hrosentei hevew, such@ma OBl avariablegegiprjenteyiyand e
descri bed,| .l j L ution. of i akl ,
rodi 11 cat [ oaebed SRR EE Ry i RO oS R Bl g AR Bt
nor e) nuchmgodfithkesbole. iNncteotifl Osdghencseqarebeat leafhles metotidésring lengtanhes any

b bl f [ l. i de which h I I tei
(5 Gomi fetep B APReD BB Reccr i bed of souher e in thie

docunent . As indicated above, with respect to sequence identity,
a "honol ogue" hesstery Chybadisation”aaysed3wseiroshall inojude thelpeersss WOghich a strand of

identity, . - 12%.l1 i % jdentity %
dont | 1y, 2eit E8Roisk i S8R beney o BN Lok os T pRE bl e
i dentity, amplification adBtidddenin gofymatselcbais redo086 fedemidgios, at | east 55%
identity, at |east 60%identity, at |east 65%identity, at |east 70%
identity, at |gEaslucitaies dafblell seidtivdl ﬁ%ﬁﬁidﬁﬁfé"tb ﬁﬁ_’ﬁh&l&éﬁde@éqtukﬁ@ﬁm@ﬁ%a
identity, at l|least 90%identity, or at 1east 95%identity to a

rel evant bugnetidetheir complamete sprerdlly of leas 70Boch aeaftleasi80 a5 36% and

at | east 0,,| ' o | ' .

east o898 CHEnrpit 93 PH3dRo fhons fARh oGt el pidP UellofBs Absenid
honol ogy kweparirsoesomefat pest 20t tsad leagt 2d @s 89, iftrdoistaive vtdeasidGs 60 ok er
conpari so r 0qr sUc the GCG Wsconsin Bestfit program
describedﬁg 6%%6 ys%%g%ﬁg?'for this purpose. The default scoring
matri x has a match value of 10 for each identical nucleotide and -9

for each m smathsierngbelppivelydmhiifisabip meansthetitempobanglestdeiused 556 probg it wsed
def aul t gﬁlﬁﬂeﬁé&nﬁﬂﬁh@%&?Q &Ir%e)( F&gnﬁcﬁ:o{igé’ is fifith t%ggﬂé {oqﬁe Ira_lrobe at a level
urthe e e nuc

Hybri di sation scri eot'i de sequences that are
capabl e ofighifieanily plsiva hacketomod.i Roe byckgmuadhiytwidizatien meerswdesayse eSadirred
herein, s E i ahle regio ng i i.se

ant | body BV aRfrofu piser Yo Al STy Dl eeRO A T BB ey,
conpl enenthisafvednbackdrotdddmrabiensdeveNofdignal getleraed iy anaasionbytwen the plobasid a

15 nucl eot i des .i.n ngth, such.as at,least 20 40 .or 50

il cot | dRY-THROE R Rertber et ot g o e it o g o B S amiOp Giges
shal | i ncinsiee astthesppsific Bsaadiyn whketd #ith tHeas fetTIN A UTHehténsag bflinje@icion may
with a co Ienent%%g str?n %Qrﬁﬁggnbﬁge %alring"3ps wel |l as the
process of® BRI Lt BR Yy Rdie e Probe, Sl YBr dse chain reaction

t echnol ogi es. Pol ynucl eot i des capabl e of selectively

hybri di si ng t oHybrédisatioh emiditites archaesicesthpmeliag tenpdiamei(fim) of the audléieaeid

50% and. st aSompEraR L BFes a5 Romer dooth it BB RR i no
nucl eot i dBechRiiues) 0shdlk &8 BiityaebiSB1 Foll 52y BbaRmiEPiicss) Sof Digo (29 54nd20nfer a

such as a east .25 or_. 30, r instance at | east 40, 60 or 100 or
éei-lmeg%stringency” as exp{al%.ed lbe ow. ‘




36 Maxi mum stringency typically occurs at about Tm 5C (5C bel ow
the Tm of the probe); high stringency at about 5C to 10C bel ow Tm

i nternmedi ate stringency at about 10C to 20C bel ow Tnm and | ow
stringency at about 20C to 25C below Tm As w Il be understood by
those of skill in the art, a maximum stringency hybridi sati on can be
used to identify or detect identical pajgynucleotide sequences while
an internediate (or low) stringency hybridisation can be used to
identify or detect simlar or related pol ynucl eoti de sequences.

We di scl ose nucl eotide sequences that can hybridise to a nucleic

aci d, or a fr abfssimumn sioresneryeicallaeqearstat alpoutl Emi- 74 (5%@ belhwrioTm ofifiger

stringent it e, 65 d .0 SC.1 xSSC =.0.15 M NaCl

0. 015 M NBSBGH k“fgié%{e‘lﬁlﬁéw .%6130?1%‘%% 18\&%@&8@1‘%1%&%’6‘3@?32%%?’%“F%§ about
doubl e- st 1gaIKBE0° b BEIBW ;AR fov@ étrib ficHatitlbu: 208t kde3°d veehiw THUAL Lyl B8

i n conbination, are enconpassed by the present disclosure. Were the

pol ynuc| edtdesréoaddydhergobsist he ad, a meximgm syringsneiadridisatinn cap ke usaddo
conpl enmen : 2 et 4e:l i

ncompase oty OF BUETRaflal IS huARIADNTREREL it in B3 et R A0 8 ufiency
t he sequehidwidisdiigretandedsdo ddentify draletectsimbiror rHlaedpslphudnotide sanerses.
obtained in a nunber of ways Qther variants of the sequences

descri bed her e disaMsdi@icRBER! s@fﬂn&e@ haPeATRbAd Yo RAREB YNNG o I Bihak! es
made from a range of individuals, for exanple individuals from

di f f er ent hFeRIeRUS: YasiaRt or flerivaiden thereef; undensdringgnt candifienst(egi 637 C anst 0.1xSSC
cel | ul ar h%gﬁ MR I nol ogues found in
manmal i an’ ce Fgg%gfg. #g @gkgggg?%ﬁ%%ﬁﬁiﬁg d primate cells), nmay be
obt ai ned and such honpl ogues and fragnments thereof in general w |l be

capabl e of sel BaprPe@Plynyjestideisspre-siErnders bathgtiande afthe ey, pitper méividually
sequence &g bofbinkiRhSirdencoBis S EHBO GRS BYCI RGO WHBleMe dNhuBERRE Y

CDNA libraries nmade from or genoric | ibraries fromother ani nal
speci es, drgle-pravdedad isiadr undesiend tha theicoppismehiery ssaueped ofitheg pelihuctpotide is

part of tgguggﬁgg@%ﬁgm%%@%%ﬁges under conditions of nmediumto high

stringency. cl eoti des described here may be used to

produce a priner, e.g..a PCR pri a prinmer for an alternative
anplificati onrgﬂ%%egﬁlﬁes gﬁgﬁaﬁéogf {?% hoperlogous o the spauences divlgserbher el fall

by convengiignale diRRaSe Bl BbbEAMIGRE hiniSer 8F wRNORH LAt bV Be labglsy or
t he pol ynucl eof i des nay be cloned into vectors. Such priners,” probes

and ot herdessrihsaBren may be oblaingd forexapppla by piobing DA Hbrariesasade Siom 41gpge of
exanpl e ahsheRS Bhx ABEL£8E A5 600 Aot
enconpasséd'by %ﬁ%é?ggﬁkg%?énuc é%?? ggﬁg%#ﬂggﬁghgggﬁﬁgﬂ ?%g#@%?%*%%%
be | ess té¢raalEgtionpiguesodicuBdy osllukd homclbgus faed in makwalEnrells @E. rat,

Pol ynucl i i obes ;qmy b
b otuoed TobSvE R e oo, RO YD HGLARL WSSt 0 ARe S Temgs reror
t hose of islgendraliwill bleapable of sEleetiveiplybeilising bethe kajuentebshosindn tha seluence

t echni ques.. o ener al rimers w.ll bhe pr ed by s hetic
rmans. 1 nogegn e SRR et et A PR WA e o
sequence gnemiUBNAbiAies Bém athel mnalEF@diuaj A @Sobiny sudiC Bl aRds v ihi pigbek hi S
usi ng autonated t chniq&hs{grgﬁ%fadi y available in_the art, )
Longer pofohiEing st Preast Qiithe disglosed SAyspogsanprsaRiiens o€ pRgiumde Bigh SHaggney-
nmeans, for exanple using PCR (pol ynerase chain reaction) cloning

t echni ques. THile palyinlicléatided descrivad herg nay paised od prpduceripsines eg. a BER phist,

15 to 30 leatid fl anki i f th which it.i
dosi red toErEne Sarmer Rgtehefon R frsbetamaeetiv Helos /=0
obt ai ned donostitiaiel arknRlsing kadisaave aebh-radi@ch@ibelgoahdpdlyiRleas®s elaabs

reaction under conditions which Rrin oyt anplifjication of the
desi r ed r% egﬁ}‘w Ve rflﬁ“é&éﬁ&%em qr:flfagrﬁam willbe gt legss 1 sl 95 4% fpast

the reactip)forBkathplé & 1643 N3RS0 RIeOSed irABRLE GEPYEIsH IndddpadBPhy fik &m
polynucleotides as used herein. Fragments may be less than 500, 200, 100, 50 or 20 nucleotides
in length.



The anti-envel ope gl ycoprotein (E) domain Il antibody can be
produced by reconbi nant DNA nmet hods or synthetic peptide chem cal

net hods that are well known to those of ordinary skill in the art.
38 By way of exanple, the anti-envel ope glycoprotein (E) domain
11 antibody may be synthesized by techniques well known in the art,
as exenplified by "Solid Phase PeptidesSynthesis: A Practical
Approach"” E. Atherton and R C.  Sheppard, IRL Press, Oxford Engl and.
Simlarly, multiple fragments can be synthesized which are
subsequently linked together to formlarger fragnents. These

synt heti c peptPdmutleatdes stoh acaRNA gdyrivelentidss and nrobea miap e arsidgeed

substi t ut P, r

Vitro andoratgnysPRSakhe 68 MR SRS o ol BPh i sheh ey Hr
ant i body lxatioizd by prahdeedieziadquien a st andard microchenmical facility and
purity checked with HPLC and nmass spectrophotonetry. Methods of
pepti de synt hegi P f BSGS, are
comonl y knowﬁ§£§%%¥ééﬁag&mﬂe |¢£t‘gn%nartsléBg%&HW%ggﬁ%gii%velope
gl ycopr ot wpunfgdgyre dﬁtﬂna desired huckpin doisorgquenesyonz nudetfsleakptime Sedhniqdefor i n
vitro and S to which
has been ?%@%%ﬁ 59 ﬁ%aﬁﬁﬁ#%g%ﬁ%% ggﬁgéggguﬁg%%%éggkfﬁﬂch as

vari abl e sequences) or allelic_variations thereof and which can be
used in the pr%@;@ﬁ&m@f\m&lﬁ@nﬂ@% will gsneraibne rypducedysing reegmbinanimess, for

di seases é&éﬁ'ﬁb B GhinhEd B o idbth tEl: Eésoﬁ‘hls will inydl O@mﬁﬁﬁgﬁ

"vect OI’ I ncludes expr SSI on vectors and tr tion vectors
t er m " exppadsafippmerdegoriabagahty W mlshgmde@bﬂanhmg ahﬁ&ortﬁf therpespienee which i is

vitro ex(ﬁe%‘%%} ﬁ%iogﬂ%g%ﬁ? ﬁ#ﬁ&%&%ﬂ%& t Qe (R or ¢ %%%ta%:eﬁ%ﬁlt dnuct

capabl e romone speclies to ano
Vect or s wimimhl ormnnbxece]ds mifdtmmg explyessisochaimehaide undec conditivanthich biddg

t nb t al t n .
Vent byt atbey BRI R pr R R Rt PR R Rt e i B e
retrovir aﬁeammme on an agih& geb aid rec@eenpihe amplifiel DX TR pringsd @iy be

(RRV) refers to a vector th suff|C|ent retroviral gepetic

i nf or mat i Hi¥ePE RIPBRH Top eaFymINpeOgRifgRaites SoitgHge e HRRified QN4 pan
paCkagIngh&@&ﬂﬂ@ﬁﬂh@mﬁﬂﬂﬁdbm&ngﬁa} particle capable of infecting a
target cell. Infectlon of the target cell includes reverse

transcri

carri o6 none R AHoRR AR IR S s BEREPE 4085, e

vector to the E@eq%e §RbproteM (FRBYmkR III%%%?H&% h%fnold%%‘s?@ﬂ%&t | derivaives

replication to produceé infectioOus retrovir particles with
final tar@ulfregspants o Jofinedyamitmly. |aa@ﬂt§ufanmﬁri@@wemar@a@hpo| and/ or
env gene and/or other genes essential for replication. Vectors which

may be used i nehygahs eseaphaams, aQ@férenB@td@nﬁr@lbpé@l%@"r&eﬁ@ﬁd(ﬁﬁmﬁHW
pox virus (FPV), entonopox Vvirus, vaccinia virus such

canar ypoxPRI¥pepside figaldde takende nglide referencede pravaloneaat Y%@@%ﬁl @yjé‘f”é%m

such as tﬁtﬂ?ﬁep@i@@ﬁé:h&@@'uef 95:1&% e} Bive Br R30 XlBilarly, Where'%ﬁé%dﬁ'té’x‘k‘ﬁ&ﬁnts
may be engineered for feconbi nant gene expression and for the use as

r ecombi namicferice tg ar envetopeiglycapraigal (B) deanaisd Hawnalpisgeidshedp be takhn tofihelude
princi pal q

G < s e G i L e P e N
st ens fro@ﬁnhaveomﬁmghwny to elicit ceII medi at ed i nmune responses.

The viral vectors, as outlined above, are capable of being enpl oyed
as deli VeMTi‘-EhVﬁlL(ﬁﬁ] QILGVROYRRI(EN DOARSCIN AGEIBUDYIRI GRS because

of the imrunogenicity of their constitutive proteins, which act as

adj uvants to eTlxeantiecrvhlept ghywpeotmas{ﬁ})m IIh arstibiody det hengoducadiby eot i de

ant 1< onvelpeRgRy SRSt ae LB Re PR LR e L SRR

those of ordinary skill in the art.



40 The nucl eoti de sequence of interest, and of which expression
is desired, may operably linked to a transcription unit. The term
"transcription unit" as described herein are regions of nucleic acid
cont ai ni ng codi ng sequences and the signals for achieving expression
of those coding sequences independently of any other coding
sequences. Thus, each transcription un|% general ly conprises at | east
a pronoter, an optlonal enhancer and a polyadenylatlon signal. The
term"pronoter” is used in the nornmal sense of the art, e. g. an RNA
pol ynerase binding site. The pronoter nmay contain an enhancer

el ement. The thr Way eﬁebcaﬂ@&c the ianti-enrtbipe g iadifrosde| (B} diomaint IiTcintibidy dsayt i
ot her prot nts of transcription initiat,] 0 ex .and
thus. f aci PRIEEES e el v Extpearh g Fm%ﬁf%?) t%@@ﬁ*@%ﬁ?&f‘e
associ at e@yrﬂié@@h%acﬁ&l@&ﬁp%a@h"’ E%ﬂlertdﬂ}ﬁhq@@ saéppaﬁu THAPIeSs, OkERAI SM
The cel |l nay conprise a nmamualian cell, such a human cel

The t er m Eadlands Bopilaply,. multiple fragments ganckq f’fYﬂH]&WWnglcmﬁﬁl?Sé@Pegﬂ}ﬁbﬂk@
structur

Genet i o CPrar S SAiDaer ARRRe ThRE LIRS ok iiorta® o IRb pEb pi |
i nt r oduc exining peidishistigions at Theeificlopativos geamidsr i teshior adiwsy anyiire and abine.
organi sm The organi sm nay conprise a nmanmal such as a human.

Here the ter miye ANSAG8bSe @ya@mtéﬂtﬂ)m ADaribB@NESPe GPREstSH NPa &
nodi fied genetjc, structure. For exanple, the qrgani smmay have a

modi fi ed GENELd micsrehefaicalfacijity aadvéréWhefé@é itk EIRes SpesHORhoEIBRLLY -
has been {@ibaducsgidd ke iuapl i ANHBY oFR aﬁé%ngﬂy comfbnty
further describe a nethod conprising transformng a host céll mnth

or the nugioEatp deoss gigliediodseseaderi bed in this docunent, such as 9F12
variabl e regions, antibody sequences or hunanlzed antlbody sequences.

Ve al so provi dereanfiRinb&6pLOPaptsidin g8 Ilmati@oay RBP 186 BRekpARSdd under
cell -which cell has been_ transforne or the such, nucleotide

sequencesftRdIB HEpCPidonsn f‘&BF%OIFE’Fl hpﬁéﬁ%%ﬁ? BEich bps bengingerporated the
ant i - envebRpescghHe ARl hé;%sd@ﬁ B8 dHable! seé’d?shbé%?%’all%ﬁ@ %ﬁﬁo&vwa%bﬂand

nucl eoti de sequences. further provide a nethod conprising
cul t ur i ngwhich eambst weddthe peveriion andipt issrtmentiof Hasvisd eplated dﬁ@eﬁ@wr@el@l as
with a org ?g %ﬁeaﬂhlqﬁf uences under conditions suitable for
t he express on of t e anti-envelope glycoprotein (E) domain Il

anti body encoded by said 41 Qucleotlde sequences; . and, t hen

recovering sai PSRt CERPE] BREdE SREHIGY wcHTy B THoRRTRAtiop vegnms; Hrydgrm
from the 4RSI PRbrNESANsGRohsthldt t4ph8le of in vivoldtys vind tkhreQiOtE RO RIm
glycoproteln:éE) domain 111 antibody encodi ng nucl eotide sequences,
fusion prGtaasieEnaionpigeier’ meap 2 censiiveicaprble efihsingstansigpd fem g8 epepiss to
gener at e ggappEbi nant DNA nol ecul es that direct the expression thereof
in appropriate host ceIIs By way of exanple anti -envel ope

gl ycoprotein Q& ant | pody may he uc din rqconblnant
E. coli, yeast Orﬁrﬁ" |1]ilaé’rPCéS§ 5§ R%ﬁsség‘? AL Y4 GBSt 7

col um chyRHRIATERRMNNant retrovikd) ve&bls RV sa&t&gﬁn@mﬁ&e&t&%rﬁeﬁ@m vectors
advant ages of using_ antibody fragnents, rather than whol e antibodi es.

The smal | Bfludingas combigtion piyghevitl vedioteus for rapid cl earance, and may
|l ead to i nproved neutralization of viral activity, infection,

progr essi on, €Tle teﬂﬁﬁbaccﬁ\bmaﬁﬁﬁ%oﬁiﬁl ivbaoly (RRYY EBisSo & agvtalwithhe fficient
expressed in aqd secrefed from coli, thus Ilomjn th&ﬁproductlon

of |arge BBV SRHICHEAAIOR 19 ¢ gging o an & SEY G Chces
encodi ng d&ﬁagﬁﬁ%(bmﬁiﬁh@ﬁt@ﬁﬁto&' WEPRH 416 bdbablelof ﬂﬁ'é&a]n@ aHér%etQ;Blll JIBRE¥or #hthe

be operably | to a pronoter sequence capabl irecting
expr essi oS5t cacndéf"l&iiﬁsl Te‘@ﬁiﬁ’é? apprairg Py ewhinsertian ity ﬂ’&éﬁﬁ?tr?em gfrnoam ThoBRY
encodi Nng ApGlaRk ShcbdWwite d}‘?é:l‘btt@gé @elﬁ@z%ﬁ ’o9 e vec%‘!‘ﬁﬂhé Regd tad

into the host ceII the transfor host cell may” be cultured under
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



42 prol caryotic or eukaryotic cell nmenbrane. O her reconbi nant
constructions may join the anti-envel ope glycoprotein (E) domain I1l]
anti body encodi ng nucl eoti de sequence to a nucl eoti de sequence

encodi ng a pol ypeptide domain which will facilitate purification of
soluble proteins (Kroll DJ et *1993) DNA Cell Biol 12:441- 5 3', see
al so the discussion bel ow on vectors cagtaining fusion proteins).

The anti-envel ope gl ycoprotein (E) domain |1l antibody may al so be
expressed as a reconbinant protein with one or nore additional

pol ypepti de domai ns added to facilitate protein purification. Such
puri fi cat vigal veetais lsudhesifongl mharviur §FR Ve ¢nicteopdauiirugraceinit virissuck ds NYVAC,

nmetal chelatin ept | such as hi.stidine-tryptophan dul.es t hat
1 ow pur PRPERRY SRR MR aEr: DR A PG 9B 7 P i itoec
Expr Pur.i for 3x26325 WD95peaigei n A donmai ns that allow purification on

i rmobi |'i zed i munogl obulin, and the domain utilized in the FLAGS
extensi on/ af f mty. . iflcati Img )

The incl usi onn%) VéRIg%Sleré%% éélgplle%éégﬁglécéuencgﬁé &gﬁhggsség%%%rk&%\%% as
ent er oki nesembihmtilitve ogeimes Sendial egaynofifyapeetivwgerodchd hpyrinéipdattiomale for

domain and.the anti-envel ope glycoprotei E) domain LIl antibody is
userul ¢ oosa e kp it e at s Ps2 S Bqfyehy vt Hsont wBfibppd yadcine
descri bedflzéhﬁicﬁte:?;&&bnﬁeﬁcﬁﬁl ﬂieﬁ%ﬁﬂi@gtoi dlicid bﬂﬁhedi@teﬁ%ﬁmﬁn@‘eﬁﬂb@ses. The viral
anti-envel ope glycaoprotein (E majn.l 11 gntibody.encoding sequences
for a var?’@? s gf OPth?g?@Y@iang‘c‘%aﬁﬁ*ﬁﬁa% tins oY o A Ao Fstor
whi ch modbdsyd {ARine lcOktidies HREREE §Sthe SndidiHoRhic By BY 1888 t3tiRtivd fi8te@BN@hich
product. For exanple, nutations may be introduced using techniques
whi ch ar e2sh@p pdikyrathrio pphapprethg framuge rgsponss, flats genderngyn gesraupnge ph

i nsert neyd &3 hiOBsh as thRotidescRhdned eboing 3y batt-bRIR b fSteR! (i O
change codon _ppgfg(ences. u o Ir?a_anot?]er e%bodi ment ,d%atgg(r% ﬁg ®)
nat ural , fyudnillkdntdody aworisimaneeesint i - envel ope gl ycoprotein (E)
dormain I'll anti body encodi ng nucl eoti de sequences may be ligated to a

het er ol ogous SEREYRRAGAE PaRBRA6estAatdgitsinate Re@ tRbbinBit ¥aXigts 1©Xarguee
fusion proteins conprisi n%ﬂt he anti_-envel ope gl ycoprotein (E) domain

) . y Lein (
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conducted using the entire, bound fusion protei'n. Alternatively, t
also suitable for use as a delivery vehicle.




DI AGNOSTI C KI TS We al so provide diagnostic kits for detecting
flaviviral infection, including dengue infection and West Nile Virus
infection in an individual, or susceptibility to such in an

i ndi vi dual . The diagnostic kit nmay conprise neans for detecting
expression, anount or activity of envel ope glycoprotein (E) domain
Il in the individual, by any neans as glescribed in this ' docunent.
The diagnostic kit may therefore conprise any one or nore of the

foll owi ng: an anti-envel ope glycoprotein (E) domain Il antibody, an
anti body capabl e of binding to the sane epitope as nonocl onal

anti body 9F12, Theorhskepbdradeqeence bbiaterst 2ad ofghich pxpression 25 desic#dy nfay operably

9F12, an j (.Sl ke . i.on.» of . ant.i hody. 9F12. . or
numani sed asaasf SaiPHBiG T s ARG A & aQilnf G faichh of
may conpr hgdeic agd cortdining sodiog saqgenceoindahd dpndlnfb adldevingepbisdgmnobthoe

kit may furgher caonpr.ise ans for treatpment or prephylaxis of, . T
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infection, In particular, the diagnostic kit may conprise an
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treating LPlgventing viral infection, such as dengue or Vést Nile
Virus viral 1ntection. We di scl ose nethods of treating
flaviviral infection, including dengue infection and West Nile Virus

i nfection. NetHedsmyitassiovarst ¢elg mansa eallhaving wiaedifieshgeppticestructure. For
prophyl axkshy Al $04sHitalk%, §0R B% L&E&q;ﬁéqge g :
Accordingly, r%é pr o%deg %c?f_ the use of a ll(E;)t('iacnve op%%@%%@g?@ﬁsfﬁ)
domai n | | $xpaessiop geiterhap heantintredueed imbthe oell. gihe teemt“organion” fickdey anyaduitable
di sease. . {.Vi j s i enque or West Nile
Virus i nf%%‘%fl %)Ar}ay hdéé%#lsfr? ipgﬁg%?%%%%grﬁ%é&g%r% ei%nﬁ?‘ “domai n HI

antibodi es may _be used as drugs or therapies to treat dengue or other
flaviviral infBeeiksicrnyiepsganie peanigegmesss gr ergapismagemriping a sadifiedor
progress ohetib@rih$e¥eLexample, thb @ﬁﬁ'ﬁz b Rl PnodlHEd fEL LAy

mani pul atfg%lﬁ of cells, eb)§/arllrlrjt)%ul atrl.ng su%.h as %m_-r%%uﬁggﬁlﬁg?é{ft}ﬁ\e@%mr
expr essi ofiich afrdeHpraspion edier ey bes intnadaicerpistaghe ergpnistei n (E) domai n
[11. The treatnent may conprise generally contacting an flaviviral

i nf ect ed Astigop9Exargsidn suspected of being a flaviviral infected
cell, with an anti-envel ope glycoprotein (E) domain Il antibody. The
met hods may i nWelfwhee dgposbagmathpd coreprisivoiransfomnirig-adwetedellppath a or the
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agent sucseqaencesiordnitnahiael araibody hgtenves.ecul e known to have effect in
preventing or treating a flaviviral disease. Were this is so, the

cell may be ex : ' g
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W t her ef mrcéeopdosdqdencéor t he use of conbinations of anti-envel ope
gl ycoprotein (E) donmain antibodies and anti-flaviviral agents, as

descri bed abo@c_ﬁﬁew@v%%%m cogapﬂ@mgIcarf&rydgraa&angfoaﬁ@éﬁosmlhwﬁﬁh cell

dengue or West Nl e us infection.
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



The cell may be an individual cell, or it may be in a cell mass. The
cell may be inside the body of an organism The organi sm nmay be one
which is lcnown to be suffering fromflaviviral infection, or it
could be one in which flaviviral infection is suspected, or it could
be one which is susceptible to flaviviral infection. The treatnent
may conprise adm nistering the antibodyor antibodies to the
organi sm As above, a single antibody nmay be adm nistered, or a
conmbi nati on of anti-envel ope gl ycoprotein (E) domain IIl antibody and
an anti-flaviviral agent nay be adm nistered. The adm ni stration may
be si mul t mrdmtide saqueregy end theh recaseringdeidentivevklais@leopbins (E)dosmain I
treat nent o] se a I an, anti-envel ope gl ycoprotein
(E) donalnq%¥ﬁy t% §MIE$%§#@%§8%ﬁg¥y or sequentially with an
anti-flaviviral agent to the individual. For this purpose, a
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and rash. In the case of West Nile Virus infection, useful criteria
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trunk of -the body) and swol | Y P severé
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at Ieast 75% relative to controls, such %d95960r 100%
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fIaviviruaC ilS%ﬂa tlsdwlth known arthropod vector.

The fl avi F 33 %p i Iy s ﬂt?%ln the mammal i an tick-borne
Vi rus group, such as a Gadgets Ghlly virus (GGYV), Kadam virus

(KADV) , Kyasanidest Felisdemsigmedawish terans-epyatopg)gly qonvedgin (10 dogain Ill@ampody

Onsk henog
Far m vi r oS opRpo o R stldls bl lui i 560 Dot di %ﬁ%‘bﬁ%ﬁlﬁﬁgn
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seabird t| - bor u ban viru
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an Aroa virus %%) fIaVngﬁus may conprise a virus within the
Dengue vi P S10 N@W@F&VFWP?g %ray conprise a Dengue virus (DENY)
or a Kedougou virus (ICEDV). The flavivirus nmay conprise a virus
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can be designed with signal sequences which direct secretion of the anti-envelope

glycoprotein (E) domain III antibody encoding nucleotide sequences through a particular



The flavivirus may conprise a virus within the Entebbe virus group,
such as Entebbe bat virus (ENTV) or Yokose virus (YOKV). The
flavivirus nmay conprise a virus within the Mddoc virus group, such as
Apoi virus (APA V), Cowbone Ridge virus (CRY), Jutiapa virus (JUTV),
Modoc virus (MODV), Sal Vieja virus (SW) and San Perlita virus
(SPY). The flavivirus may conprise a vijpus within the Rio Bravo virus
group, such as Bukal asa bat virus (BBV), Carey Island virus (ClV),
Dakar bat virus (DBV), Montana nyotis |eukoencephalitis virus

(MM, V), Phnom Penh bat virus (PPBV) and Rio Bravo virus (RBV).
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studies are available to confirmthe diagnosis of dengue if
clinically i ndingaoel efyalaterg e or the natihlk mudified bayecahbinrgantrenvelos:

supportiv Y he.. i_ent couraged, to kee or,al t ake,
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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).




Preventi on There is no commercially avail abl e vaccine for the
dengue flavivirus. However, one of the many ongoi ng vacci ne

devel opnent prograns is the Pediatric Dengue Vaccine Initiative (PDVI
[1]) which was set up in 2003 with the aimof accelerating the

devel opnment and introduction of dengue vaccine(s) that are affordable
and accessible to poor children in endeiic countries. 50 proven
useful in controlling nosquito borne di seases. Prom sing new

t echni ques have been recently reported from Oxford University on
rendering the Aedes nobsquito pest sterile. Personal prevention
consi sts of thBhafyecdsecomiyepnt protaiemey coraprist ke attigenicdoprptrindsugh aeG8Eni ¢
areas. ASRAY S
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mediumis renoved fromeach virus-infected well, diluted 1:16 or 1: 32
in freezing ne cove 3 o PBS and stored at
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al 2006) . - 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 111 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 ITI 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 resulis are interpolated.



O her Dengue Assays Payne et al., 2006, J Virol Methods. 27
describes a nethod for the quantitation of flaviviruses by

fluorescent focus assay. Such an assay may be used instead of, or in
conbination with, a standard plaque assay. In sumary, the assay
conprises the foll ow ng: Vero cells are plated in 8-well

chanber slides, and infected with 10-fqiyd serial dilutions of virus.
About 1-3 days after infection, cells are fixed, incubated with

speci fic nonocl onal anti body, and stained with a secondary anti body

| abel ed with a fluorescent tag. Fluorescent foci of infection are
observed and cQuantiéstion Qfmgﬂta)lef Jampies sw e epatiled gsoopening ek assayah an ELISA
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for a standa{d .Vero cell plaque assay O her assays which may be
used i ncl §§& aﬂ%e described in US 6,855,521, a serotype and dengue
group specific flurogenic probe based PCR (TagMan) assay against the
respective C aflferpSmtyemelnpe gbfndprﬁtemfﬁmdmdnﬁ@ amm@d@msclacﬁtld&eergmaces
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i ont ophoretic, intravenous, intramuscular, intraperitoneal,

i ntranasal, subdural, rectal, and the |ike. In accordance with
ot her enbodi nents, there is provided a conposition conprising an
anti-envel ope glycoprotein (E) domain ifi antibody, together with a
pharmaceutically acceptable carrier or excipient for the treatnent or
prevention of flaviviral disease and infgsection, including dengue
infection and West Nile Virus infection. Sui t abl e
pharmaceutically acceptabl e exci pients include processing agents and
drug delivery nodifiers and enhancers, such as, for exanple, calcium
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56 particular patient will depend upon a variety of factors including
the activity of the specific conpound enpl oyed, the age, body weight,
general health, sex, diet, tine of admnistration, route of

adm nistration, rate of excretion, drug combination, and the severity
of the particular disease undergoing therapy. The therapeutically
effective amount for a given situationggan be readily determrted by
routine experinentation and is within the skill and judgnent of the
ordi nary clinician. A therapeutically effective dose will
general ly be from about 10g/kg/day to 100ny/ kg/ day, for exanple from
about 25ugrRigrealycern g donapgll kojitwdy aot af etben agbuntiBBlygh RipAldEsy t o
anti body. “uPi SR v amaa, m RN K ARNE Ml il s |
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58 Cell nonol ayer assays such as CaCO2 add substantially to
predi ction of favourable nenbrane perneability in the presence of
efflux transporters such as p-glycoprotein, so-called caco-2 fl ux.
The anti-envel ope gl ycoprotein (E) domain |1l anti body may have a
caco-2 flux of greater than 2x10-6crr74s-]z],7 for exanple greater than
5x10-6¢ns-1. The caco flux value can be 'determ ned by standad
procedures known in the art such as described in J. Pharm Sci, 1990,
79, 595-600. Met abolic stability addresses the ability of the
G T or the |i VEdr ek@nplef Sfmkhisisea@mpytRdRidet dsN@ins@eabSUr REdi@ition
process: the,fiést %aiﬁ ef fect. Assay systems such as m crosones,
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descri bed,jh; 64 I Disc. Devel., 201, 4, 36-44, Drug Met.
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processes further support that g drug wi]l be orally bioavailahle in
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deternina¥$gﬂ§%G9E§E§@W%€H¥E@ﬁﬁapﬁﬁﬁévénous route i s al so enpl oyed.
Exanpl es of the assessnment of oral bioavailability in animls can be
found i n Exasgvidets. Di sp., 2001, 29, 82-87; J. Med Chem 1997, 40,
827-829, Drug Met. Disp., 1999, 27,221-226 The term
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60 The chem cal nodification of a conpound nmay either enhance
or reduce hydrogen bonding interaction, charge interaction,
hydr ophobi ¢ i nteraction, Van Der Waals interaction or dipole

i nteraction between the conpound and the target. I n one aspect,
the identified conpound may act as a el (for exanple, a tenplate)
for the devel opnent of other conpounds. "I ndivi dual The

conpounds are delivered to individuals. As used herein, the term
"individual" refers to vertebrates, particularly nenbers of the
manmmal i an s pech%ﬂavTﬁﬁJs&ﬂymbin@ﬁbdkdﬁﬁJsbﬁﬂnﬂ the N@lloWifEdet eBlud gow BRitak @

Col 15 anaBbi eut AN, meRbest S @R o) HaB RN G GBeLs) e PorTHFOD,
VA) are g8 abﬂuﬁ@MB\a)G%ﬂHﬁgﬁsl{gEﬁw lorghndeas %SC(Q?GSBJ Mgk 0% virus

inactivated fcetal calf serum%iéF Vero cel Is are grown in
DM FM supfpVESBK] @idY dlomnfeyeroguet¥F S r ai ns of Dengue virus DENV 1
(Hawai i), DENY 2 (New Guinea C and TSV01l), DENV 3 (H87) and DENV 4

(11241) are progfagadied ral 03& ﬁse&.i whh@ fvithih B ERRLEE viBRENMdb, %h|a§Entebbe
supplenen#ed W 1 h °o|§%§ﬁ (ﬂonlng, Expression and

Puri fi cat PBU8S &%E% ge ‘BB%YQLWQH T Erf&ﬂwwwmmﬁésepﬁ Yirps v thips g
for PCR anpUbd visdt sih@s Wpst Aehs((APORD), Eolbokietias vikA3c &

(261 395) DENV2 éér&ljﬁ (R{ s lalp (BPOAD), Eokbo ¥ viRRI R Muttapa virus
JUTV), Modoc virus (MODV), Sal Vieja virus (SVV) and San Perlita virus (SPV). The
ﬂavwn:us may comprise a virus within the Rio Bravo virus group, such as Bukalasa bat virus
(BBV), Carey Island virus (CIV), Dakar bat virus (DBV), Montana myotis leukoencephalitis

virus (MMLV), Phnom Penh bat virus (PPBV) and Rio Bravo virus (RBV).

DENGUE

For the purposes of this description, the terms “dengue”, “dengue fever” and “dengue

hemorrhagic fever” should be considered synonymous.

| 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 dedes 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

'inadvertenﬂy pass on dengue in their home couniries, having not being properly diagnosed at
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- the height of their illness. Patients with dengue can only pass on the infection through

mosquitoes or blood products while they ave still febrile.

The classic dengue fever lasts about six to seven days, with a smaller peak of fever at
the trailing end of the fever (the so-called “biphasic pattern™). Clinically, the platelet count

will drop until the patient's temperature is normal.

Cases of DHF also show higher fever, haemorrhagic phenomena, thrombocytopenia
and haemoconcentration. A small proportion of cases leads to dengue shock syndrome (DSS)
which has a high mortality rate.

Diagnosis
The diagnosis of dengue is usually made clinically. The classic picture is high fever
with no localising source of infection, a petechial rash with thrombocytopenia and relative

leukopenia.

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 Jevel 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



5' CATTGCTCG 5' CATATGCTC 51 GCTCATGCTCG  GAGAAACTGAC AGAAACTACAG
GAGAAATTGAA ACTCACG 3' SEQ | D NO AGAAATTGAGAAT CITAAAAG 3' SEQ ID
NO CTCAAA 3' SEQ ID NO TAAG 3" SEQID NGO 15 61

50

proven useful in controlling mosquito borne diseases. Promising new techniques have been

recently reported from Oxford University on rendering the Aedes mosquito pest sterile.

Personal prevention consists of the use of mosquito nets, repellents and avoiding

‘endemic areas.

ASSAYS FOR DENGUE

Dengue infection may be assayed by a number of methods, including a method of

plaque assay in some embodiments.

Plaque Assay for Dengue

Confluent monolayers of Vero cells are grown in Iscove's medium (HyClone, Logan,
Utah) supplemented with 9% heat-inactivated fetal bovine serum (FBS) (HyClone), sodium
bicarbonate (0.75 g/liter), penicillin G (100 U/ml), and streptomycin sulfate (100 ug/ml)
(indicated as Iscove-9% FBS medium) in 12-well plates at 37°C and 5% CO2. Media
containing 4.7% FBS (Iscove-4.7% FBS) or 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
pl 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 unireated 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
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Miller and Mitchell, 1986, Am. J. Trop. Med. Hyg. 35:1302-1309). In each viral growth
curve, the sensitivity limit of plaque titration is indicated by a horizontal line at 1.9 or 2.2
log10 PFU/ml, which resulted from plating 200 ul of the 1:16 or 1:32 dilution of harvested

- virus in the first well of the six-well plate, respectively.

Cytotoxicity Assay
Cytotoxicity was monitored using fluorescein diacetate (FDA) as previously described
(Zhang et al 2006).

Other Dengue Assays
Payne et al., 2006, J Virol Methods. 27 describes a method for the quantitation of
flaviviruses by fluorescent focus assay. Such an assay may be used instead of, or in

combination with, a standard plaque assay. In sumimary, the assay comprises the following:

Vero cells are plated in 8-well chamber slides, and infected with 10-fold serial
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 ()

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,
Tassanectrithep 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).
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Circul ar flotzhr, ddading (Cthis cohcedt of, clROUS)iral faxdARlyRoFotekds I Esdardasl., 2001). X-
ray crystallographic studies of soluble 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 Il contains the fusion loop at
its extremity (Allison et al., 2001} and can elicit both neutralizing and non-neutralizing mAbs
(Crill & Roehrig, 2001).

Domain ITI, 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 IIT 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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of microparticles, microcapsules, liposomal encapsulates, and the like, as well as

combinations of any two or more thereof.
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comptise, 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
dosdge 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



Yeast surface display of DENV-2 Domain |1l nutants. The DNA fragment
encodi ng am no acid residues 294 to 409 (Domain I11) of DENV-2 E
protein is expressed on the surface of yeast as an Aga2 fusion
protein as described (Sukul polvi et al 2007). DENV-2 Domain H
nmutants that are generated as part of agrandon1library by error prone
mut agenesi s in the pYDlI vector are expre€ssed on the surface of yeast
as described (Sukul polvi et al 2007). WIld type or nutant DENV-2
Donmai n H di splayed on yeast are harvested, washed with PBS

suppl ementiele Wit thclBR wAidr. SR i ipki OfcHl

rriAbs (9F12. 3H5-1). Af‘?_%?°%%g‘%§%ﬁi%%f’fﬁ*§’5%5% et ,bé %%g%
are washe®i, pRgsiyipgpaRicaspending eents cxalofsgtong.tand swgaening Miavoning. sl

| gG secon ant. | y conjugated to Al exa Fluor 647 (Mol ecul ar

Pr obes, |ﬁ§?%m3§%%9%gr|sbad CA). After fixation with 1%
para-fornaldehyde in PBS, yeast cells are analyzed on a FACS Scan

f1 ow cyt omet er (e tyKe pitkivetibe enppdimentsnwe previde methodg forighibitisg suy
ot o . . usSt 5
of v sl o a6 AT 5108, 2

amino acids from DENV2 domain Hi"is synthe _
ELI SA i s ppmSmerdnfightron leg subiectrnemetsl of 6h atFhuNeldperiwopmtein (F) Aompin

0. 10 bl b Beck € bR Anf SR i Ll s B F L

gl ut ar al dediiyde it the PBg:ct \@théremghodingnéstprovidé mbthd@fopireaing flepivirddsfeation,

concentrat, r i 0 O:4Am .10:-7M fol | owed Jy bl ocking with 50

oG vl R @R WAINAS VIR, s i & ool Qe oG,

((:-I:L stri but Bﬂnihistd‘ihg;m/\ﬁla kall oty atgHuenah br aidthal fubjat ancdind@imeof a corr]%pound or
aracterization of ,Reconhi na Domai,n.111 main || rom DENY

1-4 are e%oﬁ?peogglgﬂ aﬁflesﬁﬁlﬁtﬁeé"\f&%ecﬁ‘ée 'ioﬁfgpé}g? gvelonn gg@olfrﬁ’?fn @&Wﬁ‘@dn

r ef ol di ngactivhyrii the bétl of subjert, YhB/subfecEX R BESREnANG R hidiaf dnighl sdbjdehu

et al. ( . Tfpi cally, .bacterial culture of 1 |litre resulted in
6-8 my of %Ofﬁﬁl SrErRECTARIndpdes deleeipkle aunpsestien ef the edlevant praisin activity

material  @nr SRdonRRfedIs s btk ofad dbRipaRh t{%??b&é@ro@gin PUfAd 1 ed domain

[11 from DENV1-4 i's shown in Figure 1A used to assess the

folding of re i.nant d in 111 which elute as none as j.udged
by gel filtr atcl*?fg%“ﬁ? SPPYIRLOL the antl-eoiglogs ghppRuotein (Bh iR O 2pieaqyp echerally
domai n I linchude myganm@mni Sificiehtcaiéogatly Bt thotetivagt pibibid stivity by any of the
predom nhant;‘)y 13‘-5ish(§ t structure, ip agreenment with the known 36
st r uct ur e?FAGIdgscgiped perein di?gl‘?r assays knopfh tg thase hestes orfimapeskalhinbe et prby
sequencesdductihf @n ¥eviddida ol YFRItARs Il d suBjeliCiridteld Witk iR fifdcfion, including
presented in Figure | C._Exanple 12. Prelim nary Characterization of
Muse mAbdeggysintection andsWesfNilegYiryginfeetiasrt to rai se anti bodi es agai nst
all four DENY serotypes, we imuni 7ed BALB/c nmice with 50 ug of
purified domai3uctdskiuf tremmeNENY? sibh&Y@Hadcsdbic@layiSiuldn HeAn@aeslent of a
protocol s, g mAbs {hat reacfed wi.th DENV2 donmin |11

. I th \ Al [
are i dent PRTEEn Q8 ét"f%?a%g? gﬁ IriosEn Jublegiatticted withsy medigal s piologidl es
because idis@0@36, HLAGHHE, WAlt the BATRE Probtebsibi @ﬂ‘ﬂx@é‘é&égeﬁ loladRQ pMLHOR Rthe

Western Bl ot assay under denaturing conditions, and also in a

dot - bl ot FFRifiFiobREalpr giraaRle. isAtrsahal Hrviwg! demer wddnfecho pRHnasisnsins
to the | gitlecBUPANPR-WNIR WARRA b Han Cd48H bh 2 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



Exanple 13. In vitro Neutralization of DENY by mAb 9142 G ven
Its broad cross-reactivity towards various reconbi nant domain I
proteins, we tested the neutralizing activity of mAb 9F12 agai nst al
four DENY serotypes in a plaque reduction neutralization assay as
shown in Figure 2. Interestingly, purified inAb9F12 neutralized
all five DENY strains tested, bel ongi ng6to serotypes DENV1-4. The
PRNT50 ranged from2 x 104 to 2 x 10-7 for DENV2, 4 and 1, 3,
respectively. This is shown in Figure 2A and Table E2 bel ow. 67
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(Hawai i ) domiurd ¢@pBNed, the age, body weight, general health, sex, diet, time of administration,
route of administration, rate of excretion, drug combination, and the severity of the particular
disease undergoing therapy. The therapeutically effective amount for a given situation can be
readily determined by routine experimentation and is within the skill and judgment of the

ordinary clinician.

A therapeutically effective dose will generally be from about 10ug/kg/day to
100mg/kg/day, for example from about 25ng/kg/day to about 20 mg/kg/day or from about
S0pglkg/day to about 2mg/kg/day of an anti-envelope glycoprotein (E) domain III antibody,

which may be administered in one or multiple doses.

The anti-envelope glycoprotein (E) domain IIf antibody can also be administered in

~ the form of liposomes. As is known in the art, liposomes are generally derived from
phospholipids or other lipid substances. Liposomes are formed by mono-or multilamellar

' hydrated liquid crystals that are dispersed in an aqueous medium. Any non-toxic,
physiologically acceptable and metabolizable lipid capable of forming Hposomes 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 Celi
Biology, Volume XIV, Academic Press, New York, N. W., p. 33 et seq (1976).

While the anti-envelope glycoprotein (E) domain I1I 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 IIT antibody, the additional active agents may generally be employed
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in therapeutic amounts as indicated in the PHYSICIANS'DESK REFERENCE (PDR) 53rd
Edition (1999), which is incorporated herein by reference, or such therapeutically useful

amounts as would be known to one of ordinary skill in the art.

The anti-envelope glycoprotein (E) domain III antibody and the other therapeutically
active agents can be administered at the recommended maximum clinical dosage or at lower
doses. Dosage levels of the active anti-envelope glycoprotein (E) domain IIT antibody in the
compositions may be varied so as to obtain a desired therapeutic response depending on the
route of administration, severity of the disease and the response of the patient. The
combination can be administered as separate compositions or as a single dosage form
containing both agents. When administered as a combination, the therapeutic agents can be
formulated as separate compositions that are given at the same time or different times, or the

therapeutic agents can be given as a single composition.

Bioavailability

The compounds disclosed bere (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
IIT 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,
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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; tale; stearic acids; magnesium stearate; calcium sulfate; vegetable oils, such as peanut
oﬂ, 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,



1 ctgcagcagt ctggggctga gctggtgagg cctggggctt cagtgaagct gtcctgcaag
61 gctttgggct acagatttac tgactatgaa atgtactggg tgaagcagac acctgcacat
121 ggcctggaat ggattggagg
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lubricants, excipients, tabletting agents, stabilizers, anti-oxidants and preservatives, can also

be present.

The term “therapeutically effective amount” as used herein generally refers to an
amount of an agent, for example the amount of a compound as an active ingredient, that is
sufficient to effect treatment as defined herein when administered to a subject in need of such
treatment. A therapeutically effective amount of a compound, salt, derivative, isomer or
enantiomer of the present invention will depend upon a number of factors including, for
example, the age and weight of the subject, the precise condition requiring treatment and its
severity, the nature of the formulation, and the route of administration, and will ultimately be
at the discretion of the attendant physician or veterinarian. However, an effective amount of a
compound of the present invention for the treatment of disorders associated with bacterial or

- viral infection, in particular bacterial meningitis, will generally be in the range of about 10 to
about 40 mg/kg body weight of recipient (mammal) per day and more usually about 40 mg/kg
body weight per day. Thus, for a 70 kg adult subject, the actual amount per day would
typically be about 2,800 mg, and this amount 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 “ireatment” 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.



tattcatcca agaagtggta atactgccta caatcagaag 181 ttcaaggaca aggccacact
gact gcagac aaatcctcca gtacagccta catggagctc 241 agcagcctga catctgagga
ctctgttgtc tattactgta ccacgtccct
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The chemical modification of a compound may either enhance or reduce hydrogen
bonding interaction, charge interaction, hydrophobic interaction, Van Der Waals interaction or

dipole interaction between the compound and the target.

In one aspect, the identified compound may act as a model (for example, a template)

for the development of other compounds.

Individual
The compounds are delivered to individuals. As used herein, the term “individual”
refers to vertebrates, particularly members of the mammalian species. The term includes but is

not limited to domestic animals, sports animals, primates and humans.

EXAMPLES

Example 1. Cells and Viruses

BHK-21 and C6/36 cells (obtained from ATCC, VA) are grown in RPMI-1640
medium (Hybri-Care) containing 10% inactivated feetal calf serum (iFCS).

Vero cells are grown in DMEM supplemented with 7 % {FCS. Strains of Dengue virus
DENV 1 (Hawaii), DENV 2 (New Guinea C and TSVO1), DENV 3 (H87) and DENV 4
(F1241) 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 ITI from
DENV 1-4

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

DENV3

B2d3 DENV-1, DENV2 DENV4
(291-395) (291-395) éggf' (291-394)
14370

?2;2) 14669 14495 14362

pI 7.2 7.3 8.5 8.6

5TCGTATGCTC | 5/ CATTGCTCG | 5'CATATGCTC | 5'GCICATGCTCG
Forward* | GAGAAACTGAC | AGAAACTACAG | GAGARATTGAR | AGAAATTGAGAAT

CTTAAAAG 3' | CTCAAA 3/ ACTCACG 3' | TBRAG 3
Primers

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




ctactggggc 301 caagggacca cggtcaccgt ctcctca 69 Amino Acid
sequence of Heavy Chain (SEO ID NO 4) 1
LQQSGAELVRPGASVKLSCKALGYRFTDYE 31 MYWKQTPAHGLEW GG HPRSGNTAYNK 61
FKDKATLTADKSSSTAYMELSSLTSEDSW 91 YYCTTSLYWSQGTTVTVSS 109 Nucl eoti de
Sequence of Light Chain (SEQ ID NO 5) 1 cttggagatc 61 aacacctatt
121 agcattttca 181 gatttcacac 241 caagdtlacac -301 gatgctgcac 361
gcctcagtcg 421 attgatggca 481 gacagcacct 541 aacagctata 601

aacaggaat g

] 11 13

5'GCTCGTCAT | 5/ CGCTGCATIC | 5' CTTATCATC | 5'

CGATTTATCCT | GATTTATCCTT GATTTATCCCT | CTTATCATCGAT
Reverse TTCTTGA TCTT AAACCA | TCCTGTACCA TTACCCTTTCCT

AcCca 37 37 3 GAA CCA 3
Primers

SEQ ID NO: SEQ ID NO: SEQ ID NO: SEQ ID HO:

10 12 14 16

Table E1. Summary of domain ITI constructs. *The Xfo! (forward) and Clal (reverse)

restriction sites are underlined respectively.

PCR products are digested and ligated into the Pet16b vector (Novagen). Transformed
E. coli BL-21(DE3) cells are grown at 37°C until an ODggp of 0.8 and protein expression
induced with 1 mM Isopropyl f-D-1-thiogalactopyranoside (IPTG) for 6 hours at 30 °C. Cells
harvested by centrifugation at 5000 g for 20 min at 4°C are resuspended in a buffer containing
50 mM Tris HCI (pH 8.5), 200 mM NaCl, 1% Nonidet-P40 and 1% Sodium desoxycholate

and disrupted by sonication.

After centrifugation at 48,000 g for 30 minutes, inclusion bodies are solubilized in § 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 ultrafiliration (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

mAb 9F12 is obtained by hyper-immunization of BALB/c mice with DENV2 TSV01
domain ITI, 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%



aagcctccat tacattggta accgattttc tcaaaatcag atgttccgtg caactgtatc

tgtgottett gtgaacgaca acagcatgag cctgtgaggc agtg ctcttgcaga

cct gcagaag tggggt ccca cagagt ggag gacgttcggt catcttccca gaacaacttc

aaat ggcgt ¢ cagcaccctc cactcacaag tctagtcaga ccaggccagt gacaggttca
gct gaggat ¢ ggaggcacca ccatccagtg taccccaaag ctgaacagtt acgttgacca
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Example 4. Purification of mAb 9F12

A volume of 500 ml of hybridoma supernatants is mixed with sodium sulphate
(powder) to a final concentration of 18% (w/v). The resulting precipitate is dissolved in 50 ml
of distilled water and mixed with sodium sulphate to a concentration of 14% (w/v). The
precipitate is dissolved in 15 ml distilled water and dialyzed against 10 mM sodium
phosphate, pH 7.2 (Buffer A) overnight.

Purification is performed through a Cibacron Hi Trap blue column followed by a
DEAE resin pre equilibrated with Buffer A at pH 8.0. The mAb is eluted with 25 mM and 40
mM of Buffer A at pH 8.0. Concentrated fractions are purified on a Superdex-200 column
(GE healthcare). The mAb 9F12 isotype is determined by ELISA (Pierce).

Example 5. Plaque Reduction Neutralization Assays

The protocol follows Thullier et al., 1999. Briefly, all PRNTs, assays are carried out
with BHK-21 cell lines at 37°C. Serial dilutions of mAb 9F12 are mixed with 100 PFU/m] of
DENYV 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% Methy] violet, plaques are manually
cdunted and the neutralization capacity is estimated as the mAb concentration causing a 50%
reduction in PFU.

Example 6. Adsorption Assays Using Cell-based Flaviviras Immuno-detection (CFL)

A 96-well micro culture dish is dispensed with 2 x10* Vero cells per 100 pl 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.
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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 conirol.

Assays are carried out in triplicate for both 4G2 and 9F12. A 96-well micro culture
dish is dispensed with a mixture of 1.5%10° 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 sohition is finally replaced with
0.025mg/ml of Propidium iodide solution made in s RPMI 1640 and incubated at 28°C for 30
minutes. Plates read at 10 x magnification are visnalized with a Nikon Fluorescent

microscope.
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Example 8. Cloning, Expression and Purification of scFv9F12

A total of 107 cells of the mAb 9F12 hybridoma are used for RNA extraction using
TRIzol reagents. The Vy chain is amplified with the forward primer (5°-CCA GTT CCG AGC
TCG TGA TGA CAC AGT CTC CA-3", SEQ ID NO: 17) and reverse primer (5>-GCG CCG
TCT AGA ATT AAC ACT CAT TCC TGT TGA A-3°, SEQ ID NO: 18) and the Vy chain is
amplified with a light chain primer mix from the cloning module of recombinant phage
antibody system (GE healthcare, Sweden).

The final PCR products are purified by agarose gel extraction (Qiagen). DNA
sequences obtained are shown below in Example 15. Cloning, expression and purification of

the scFv 9F12 is according to (Rezacova et al., 2001).
" Example 9. Measurement of Binding Affinities

Binding affinities of mAb 9F12 or scFvSF12 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-HC1 (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 mAb9¥F12 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 pl injection of 50 mM HCL
The level of immobilization for each serotype is specified in the figure Iegend, and is chosen
to avoid mass transfer limitation. For the bivalent mAb, sensorgrams are fitted using the

bivalent analyte model.
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Example 10. Epitope Mapping

Yeast surface display of DENV-2 Domain IIT mutants. The DNA fragment encoding
amino acid residues 294 to 409 (Domain I1I) of DENV-2 E protein is expressed on the surface
of yeast as an Aga2 fusion protein as described (Sukulpolvi et al 2007).

DENV-2 Domain ITI mutants that are generated as part of a random library by error
prone mutagenesis in the pYD1 vector are expressed on the surface of yeast as described
(Sukulpolvi et al 2007).Wild type or mutant DENV-2 Domain ITI displayed on yeast are
harvested, washed with PBS supplemented with BSA (1 mg/ml) and stained with 50 ul of
diluted mAbs (9F12, 3H5-1).

After 30 minute incubation on ice, yeast are washed in PBS with BSA and then stained
with a goat anti-mouse IgG secondary antibody conjugated to Alexa Fluor 647 (Molecular
Probes, Invitrogen Carlsbad CA). After fixation with 1% para-formaldehyde in PBS, yeast
cells are apalyzed on a FACS Scan flow cytometer (Becton-Dickinson, Franklin Lakes, NT)
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,
microftitre \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 IIT from DENV1-4 are expressed at high level as inclusion bodies that
required refolding. Domain III 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 dornain IH is much poorer, The identity
of the expressed proteins is confirmed by mass spectrometry (not shown). CD spectroscopy is
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. used to assess the folding of recombinant domain IIT which elute as monomers as judged by

gel filtration profiles.

Axn example is shown for DENV2 domain 11 in Figure 1B indicating proper folding
with a predominantly -sheet structure, in agreement with the known 3D structure (Volk et
al., 2004).

An alignment of the amino-acid sequences of the various domains III studied in this

work is presented in Figure 1C.
Example 12. Preliminary Characterization of Mouse mAb 9F12

As part of an effort to raise antibodies against all four DENV serotypes, we
immunized BALB/c mice with 50 pg of purified domain ITI from DENV2 (TSV01 isolate)

using standard protocols.

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 IIT 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. In vitro Neutralization of DENV by mAb 9F12

Given its broad cross-reactivity towards various recombinant domain IIT 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 DENYV strains tested, belonging to
serotypes DENV1-4. The PRNT3, ranged from 2 x 107% 0 2 x 107 for DENV2, 4 and 1, 3,
respectively. This is shown in Figure 2A and Table E2 below.
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Feature 9712
Source Mouse monoclonal
Isotype IgG1
Anficen DENV2 (TSVO1) Envelope Protein
g domain IT1
Specificity Cross reactive
DENV1 (Hawaii) 1.72x 10°°M
+ 0.92 x10°°M
3.23x 10°M
DENV2 (NGC)
+0.70x10°M
3.61 x 10°M
DENV2 (TSVO1)
+0.87 x 10°M
8.6 x10°M
DENV3 (H87)
+1.93x10°M
. 6.55x 10°M
DENV4 (H241)
+1.89 x10°M

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 betweenl4 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 seFvOF12 are
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In order to explore the molecular basis of virus neutralization by mab9F12, the VH
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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 V;, 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
gettitggget
ggcctggaat
ttcaaggaca
agcagcctga
caagggacca

ctggggctga
acagatttac
ggattyggagg
aggccacact
catctgagga
cggtcaccgt

gectggtgagy
tgactatgaa
tattcateca
gactgcagac
ctctgttgte
ctectea

cctggggett
atgtactggg
agaagtggta
aaatcetcea
tattactgta

cagtgaagcet
tgaagcagac
atactgccta
gtacagccta
ccacgtcect

gtcctgcecaag
acctgecacat
caatcagaag
catggagcte
ctactggage
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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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Example 16. Binding Affinities of mAb 9F12 and scFvIF12 to Various Flavivirus
Domain IIT

Initial binding assays indicated that mAb 9F12 broadly cross-reacts with various
flavivirus domain I1I antigens. We probed the interaction between mAb 9F12 and several
recorbinant flavivirus domain IIT using two independent methods, First, the interactions are

assessed using ELISA assays as shown in Figure 3A.

"The ECso values calculated for the interactions with DENV domain III range from 0.17
nM to 84 nM with the following binding affinities for the antigens: DENV-2 ~ DENV-4 >
DENV-1 > DENV-3. Surprisingly, the apparent ECso for WNV domain I is comparable to
the immunogen DENV-2 (Figure 3). The observation of heteroclitic binding for mAb 9F12
(higher affinity for an antigen other than the immunogen) is not unprecedented and has been
thoroughly analyzed using model antigens such as avian lysozymes (Chitarra et al., 1993;
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 9812
k. k
Serotype _al ka ¥p at kst Kp'
M s - Ms” -
, (s7) on | 95° (s™) ()
D1Ed3 3.5% | 30x | 8.7x | 2.2x | 3.7x |1.6x 10
10 1073 107 10° 107 .
4.0 x 3.9 % - 1.1 x 1.0 x -
D2NEA43 104 10—5 1x 10 ® 105 10"‘4 1'0x 1o °
2.5 x 1.2 = 4.9 x
D2TEAS N.D. N.D. N.D. s o o-s




Corona virus N 2.61E-03 e (KLQLKGVBYS) K291-S300 7.80E-04 SEQ | D NO
23 f (VKEI AETQHG) V309- G318 2.82E-05 SEQ ID NO 24 g (Tl VI RVQYEQ
T319- G328 6. 30E-03 SEQ ID NO. 25 h (PPEI MDLEKR) P336- R345

71
d 2.2 x 8.5 x 4.0 = 2.2 x 1.8 x 8.1 x
D3Ed3 105 1073 107 105 1072 108
5.4 % 4.2 = 7.8 = 1.1 x 3.9x 10~ 3.4 x
WNEd3 104 1074 109 105 5 1010

Table E3. Kinetic constants and binding affinities of mAb 9F12 and scFv9¥12 for the
domain ITI of protein E from the different DENV serotypes and WNV by SPR. *The constants
are evaluated from the sensorgrams depicted in Figure 3, using the Langmuir 1:1 model for
the scFv and the bivalent analyte model for the mAb. The BlAevaluation 4.1 software was
used for data analysis. For the mAb, Ko’ is an apparent affinity calculated by the ratio kd1/kal

" obtained from the fit with the bivalent analyte model. For the scFv fitting with a bivalent
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, ¥ 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 immeobilized 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 II of E protein of DENV 1, 2, 3 and WNV with either mAbIF12 or scFvOF12 and the

fit for their respective interactions.

As shown in Table E3 above, mAb 9F12 binds to all domain Il 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 inferaction between mAb9F12 and DENV 2,
WNV and DENV 2 TSV01 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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within th C.loop, as_shown in Figure 4B. Exanple 18. topathicity
Assay on € HyrugoRgn, The same pattern for the affinities is observed for scFv 9F12 as seen in

Table E3 above.
Example 17. Epitope Mapping

To map the epitope recognized by mAb9F12, we used a panel of DENV-2 domain III
mutants displayed on the surface of yeast that are previously generated to map a panel of type-

specific, subcomplex-specific and cross-reactive mAbs (Sukulpolvi et al 2007).

9F12 showed markedly reduced binding with domain IIT mutations at residues K305,
K307, K310, and G330. This is shown in Figure 4A. Yet it retained binding to variants at
residues E383 and P384. This pattern of binding is most consistent with a complex-specific

neutralizing epitope centered on the A-strand of domain 111, as shown in Figure 4B.

We also synthesized overlapping linear peptides corresponding to DENV 2 domain I1I
sequence and used them for epitope mapping by direct ELISA. Peptides ‘a” { 298-
SYSMCTGKFKVV-309) and ‘b* (324-VQYEGDGSPKI-335), showed comparable binding
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.



On Day 1,
50p, 1/ wel |

used). On

wel | . 74
to each well.

Day 2,

The manufacturer's protocgl

cells are seeded at a density of 5,000 cells/well,
in mdiumwith 2% FBS, 1%/S (5%BS if Huh-7 is being

vol

cells are infected with DENV at noi=1. Virus
is diluted with nedium and 50p.1 of diluted virus is added to each
On Day 5, 10R1l of cell-titer glo (Promega) are added

is followed for reading.

The results of the cytopathicity assay are shown in Figure 7. The

results indicate that the anti body exhibits | ow | evel

agai nst

of protection

are inj ected-wt

est Nile virus hhallpngn invitro Exanple 18 1n Vivo
Neutral i zi‘tapmwﬂesenhnglts i n|Mngieo Acids Thr|geCgr oups of #ASREQI® Naech
+h—0- 11y of—AMb—9F12 | rruhe cnrnm {Dnc|1' ve control)
or phosphatdepuinsldecsd saline (S8%RVBOL cont r|A.06FMe day pf e IDND: 19

Vi rus chakg%m;

pfa of strain T

TLOBT™

M ce al
W0 4

e subsequent |y
vol ume of vird

chal | enged w
S suspensi on

th 2 x 106

i i atrapel Bap

a

Ebasparan

LA

1v384 @333 € col

nd NS ]| Pl aque

gcigdopnd test

assay s perf

&b iDNo: 20

rned as

Pl aque assay,
descri be

jEEﬁoopﬁﬁTEKﬁBVﬁbbren<

5 198507-N666, 1985)

C nnr \I\

BLI
DT irx

nunber s
(Nunc) a

T

I ’)’I r-al |
[~y =

1HGQ¢QMHQ\CEHQ@LKLNé n

pH—are-seeded |
£879Sé3510al ly di

in-a 24 well

AGH6e6 |y, 1.

bSBQ HOED: 21

multi dish

|2.83¢60p| asma

calld eirfar

S SERIDGYD: 22

And

aY

Containllg?tuc

i ncubat ed

B vercoRB

VAN

(DINESIC i ¢

arc lalu UIILU l.l

KRB, The

C CTCTTT SUT T UU

N YHe0%irus s

UTTT

-

spensi on is

repl aced
i ncubat ed

W}u re?at )

ar

6”%

at 37C w

boxXy e

Eﬁl(%lc/e] {TOSE
0

%6@@/,3 OJ.O4U

Prates—are
th cells are

fixed wi

wat er fo 0 m

oh ken@t gehyde a

nutes.

at t
1ﬁ2§i-§?

d wiHh
P resu

The s of th

stal v
que titr

f whi
ﬁﬁfagé&’

&S Nd) 23

ati on assay

are show
| evel s ¢

Nf (VKB AT

ble to the | nmmi

The regghd.g33H0wW noOQ

he serum used g

d

& g¥eeod 0 good

S positive co

PEipaes: hon

trol in the

bnpara
st udy. ExgﬁﬁhﬁRY@YEDBtection

|\l [add| (P

alRad)

D3 NBEG32evel s i

"'}“nflfl“ﬂflf\h n|

6. e Pl asma

PLATELI A
coated o

I UrT\ac™a

AM@W%memp

JP$36 83145ant i NSJ

ates (Maxisorp,

Ikt onal

DRC

a

BEX) IQNO: 25
NEEQBA R 86

(mAbs) 1f
bl ocked

Y ERGVARY

Vl‘!llb d

d mlKk.

VVd.bIIUU V\II t II

H346-P SMa Sa

I . a¥aY
POS=-TWeetr—=0

mtE03r e dil

S o B

and i ncu
at 4C. W

bried

ar

EPPEGDS

e was‘ﬁ

ur at o

' owed by
d agai n 3671974

and probed for

3@F) |l gnt

1 ho

W th per
activity

om(mwmmzﬁdt m 1
Lis detected W

75‘3389 foker a f1najopigs

(5 3", 5 5 -t

h per

PBST
P,

M%W%W'

etranethvl be

n2|d|ne

(TMVB) sol ut i onl'abid 4k &gl valugs e i Wffm sattimrtic @eptidan omMRENE2 6t mAhIF K2
st opped mﬁéﬁfﬁﬁhﬁ%gﬁﬁﬁgkg acid. The col our devel oped is read at 450
nm )

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

domain I1I (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

50ul of diluted virus is added to each well.

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




In this prelimnny experinent of nouse protection assay with 9F12 and
DENV2 performed in our lab, a significantly reduced amount of the
viral NSl protein is observed, suggesting that the 9F12 antibody may
retain neutrali7ation activity in vivo. Exanple 20. Binding capacity
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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 TSVOI in 0.4 ml volume
of virus suspension intraperitoneally. Plasma and sera are collected and tested for Plaque
assay, RT-PCR and NSI.

Plaque assay is performed as described in reference (Morens ef 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
replaced 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; Nurnc) are coated overnight at 4°C with purified anti-
NS1 monoclonal antibodies (Abs) 17A12 and 4F7. Wells are washed with PBS-Tween 20
(0.05%) and blocked with 3% skimmed mitk.

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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3°, 5, 5’-tetramethyl benzidine (TMB) solution (Kirkegaard & Perry Laboratories) and the
reaction is stopped by 2.5N sulphuric acid. The colour developed is read at 450 nm.

In this preliminary experiment of mouse protection assay with 9F12 and DENV?2
performed in our lab, a significantly reduced amount of the viral NS1 protein is observed,

Ssuggesting that the 9¥12 antibody may retain neutralization activity ir vivo.

Example 20. Binding capacity of 9F12 Against Standard Anti Dengue Monoclonal
Antibodies by ELISA

An experiment was done to compare virus binding capacity of 9F12 against standard

anti dengue monoclonal antibodies by ELISA (protocol described in methods section below).

Whole virus isolates of Dengue virus were inactivated and coated onto a microtitre
plate. Monoclonal antibodies diluted to 1:10 with Phosphate buffered saline in 5% skimmed

milk and 1% (vol/vol) Tween-20 were reacted with the coated virus.

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 09354 | 0.01867 4G2 0.6865 0.00156
9F12 0.731 0.00368 9F12 0.6835 0.00354
3H5 0.0108 0.00382 3HS5 04943 0.01047
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1:10 1:10
D2TSVO1 | 1:10 STDEV D3Eden | 1:10 STDEV
4G2 0.8002 0.07255 4G2 0.3505 0.01478
9F12 0.8554 0.01259 9F12 02149 0.00495
3H5 0.886 (.07849 3HS5 0.0354 0.0046

1:10
D4Eden | 1:10 STDEV
4G2 0.6206 0.00368
SF12 0.7325 0.03748
3H5 0.0643 0.00672

The results are plotted at Figure 8 with the standard deviation of a duplicate set of
measwrements. D1-D4: DENV1-4 serotypes. D2TSVO1 — the source of Envelope protein
domain I, 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 50ul. of inactivated and 1:10 diluted monoclonal antibodies and incubated at
4°C overnight.

6. Washed plate 5X with PBST
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7. Added 100ul per well of 1/1000 diluted anti-mouse HRP conjugate and incubated
for 1 hour at 22°C

8. Washed thrice with PBST and once with just PBS only.

9. Added 50ul. of TMB substrate per well. Covered and incubated at 22°C in dark for

a minimum of Sminutes to a maximum of 30 minutes for the blue colour to develop.

10. Added 50uL. of 3M HCI to arrest reaction. Colour turhs Yellow. The absorbance

was read at 450nm with the reference filter set at 602nm using a Tecan plate reader.

Example 21. Immunoflurescent Staining of Dengue Virus Infected Cells with
Fluorescent mAb 9F12

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 1o Alexa fluor 488 to give a green fluorescence.

Figure 9A shows A -549 cells uninfected (left) and cells infected with 5SMOI (3days
after infection) reacted with mAb 9F12 (right).

Figure 9B shows resuits 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 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.

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% CO2.

2. Infected with Dengue 2 virus at required MOI and continued incubation at 37°C
with 5% CO2.
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3. At the end of incubation period, the cells were fixed with a mixture of 60% Acetone
+ 40% Methanol at -20°C for 10 min.

4. Washed the wells with PBS containing 5% Bovine serum albumin.
5. Added 50 pl of 1:20 diluted monoclonal antibody ontf) each well.
6. Incubated at 37 0C for 45 mins in a humidified chamber,

7. Washed twice with 1X PBS. Air dried.

8. Added 50ui 1:500 diluted Alexafluor 488 conjugate.

9. Incubated at 37 OC for 45 mins in a2 humidified chamber. 10. Washed slide by
soaking twice with 1X PBS. Air dried.

11. Added 50 pl of buffered glycerol per well. 12. Viewed under fluorescence

microscope.
Example 22. Discussion

Several neutralizing antibodies to flavivirus domain IT1 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
WNV (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
distinet epitopes centered either on the FG loop, as in the case of mAb 3H5 (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
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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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this docunment, and each docunent cited or referenced in each of the
above applications and patents, including during the prosecution of
each of the applications and patents ("application cited docunents")
and any manufacturer's instructions or catal ogues for any products
cited or nentioned in each of the appliggati ons and patents and in any
of the application cited docunents, are hereby incorporated herein by
reference. Furthernore, all docunents cited in this text, and al
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pol ypept i geaapaklitein &) RéHQ8.1 0 a dengue envel ope glycoprotein (E)
pol ypeptide, "in which tthe pol ypepti de conprises the variabl e region

of nmonocl onal gntibody,9F12 (SEQ LD NO _4, SEQ ED NO .k 6) capabl e of
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bi ol ogi cal activity of envel ope glycoprotein (E), selected fromthe
group consi sting of receptor binding activity, honotrinerization
activity and virus absorbtion to host cells; or (iii) neutralizing
dengue virus, fromone or nore of serotypes |, II, IIl and IV5
capabl e of neutralizing West Nile Virus, as nmeasured in a

pl aque-reduction neutralization assay, with a PRNTso of 106 or bel ow,
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anti body 9F12, a humani sed nonocl onal anti body, an Fv, F(ab'),
F(ab')2 or single-chain Fv (scFv) fragnent, preferably a single chain
Fv fragnment conprising VH sequence (SEQ ID NGO 4) and VL sequence
(SEQ ID NO 6), preferably scFv9F12 (SEQID NO 8). 87 5. A

phar maceutical conposition conprising an pol ypeptide according to any
preceding claim together with a pharmaceutically acceptabl e

exci pient, diluent or carrier.



6. An pol ypeptide according to any of Clains 1 to 4 or a

phar maceutical conposition according to Claim5 for use in: (i) a
nmet hod of treatnent or prevention of a flaviviral infection including
dengue and West Nile Virus infection, preferably in which the nethod
conprises adm nistering a therapeutically effective anmount of the

pol ypeptide or conposition to an individual suffering or suspected of
suffering froma flaviviral infection including dengue and West Nile
Virus infection; or (ii) a nethod of diagnosis of a flaviviral

di sease |nclud|ng dengue and Vst Ni 18 Virus infection. 7. A

di agnostic kit conprising an pol ypeptide according to any of Clains 1
to 4 or CAAMMSEr maceuti cal conposition according to Caimb5 together
with instructions for use in the diagnosis of a flaviviral infection
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nucl ei c_acid conprisin ence , as SEQID NO 3 0 I

NO 5, 8rA%B?PPmF)}€F RPN ng.*% quigb PP PN TR eé@@%?ﬁ&?ng
to any efs16hai G0dra démgu@ren@wparglyaaﬁmtem,@é@wﬁe Vi efetinka/8 1R position
fragment thereof which is capable of encoding a polypeptide having

envel op8ugbsEgsheTeirsEED BPnéi ng activity. 10. A cell conprising or
transforned with a nucleic acid sequence according to daim9 or a

~descendgnj, B&lyﬁ%ﬁﬁe 2c6@kgto mJ,Jprec%amg Ra¥h tik @h{@ﬁ&ﬁb%wt?tmeq&usﬁ&g abne

pol ypepti de according to any ‘of Carns 1T'to 4, the nethod conprising
provi di Rymarecithe fallevonglraityities Cla|n110 and expressing the pol ypeptide
fromthe ceII 88 12. Anin vitro nethod of detecting a

fl t
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or below or 0.2 nm or below;

(ii) inhibiting a biological activity of envelope glycoprotein (E), selected from the group

- consisting of receptor binding activity, homotrimerization activity and virus absorbtion to host
cells; or (iii) neutralizing dengue virus, from one or more of serotypes I, I, IIl and IVs capable of
neutralizing West Nile Virus, as measured in a plaque-reduction neutralization assay, with a
PRNTsp of 10" or below, or 2 x 10 or below.

4. An polypeptide according to any preceding claim which comprises a monoclonal antibody,
preferably monoclonal antibody 9F12, a humanised monoclonal antibody, an Fv, F(ab"), F(ab"),
or single-chain Fv (scFv) fragment, preferably a single chain Fv fragment comprising VH
sequence (SEQ ID NO: 4) and VL sequence (SEQ ID NO: 6), preferably scFvOF12 (SEQ ID
NO: 8).
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5. A pharmaceutical composition comprising an polypeptide according to any preceding claim,

together with a pharmaceutically acceptable excipient, diluent or carrier.

6. An polypeptide according to any of Claims 1 to 4 or a pharmaceutical composition according

to Claim 5 for use in:

(1) 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
(i1) a method of diagnosis of a flaviviral disease including dengue and West Nile Virus infection.

7. A diagnostic kit comprising an polypeptide according to any of Claims 1 to 4 ora
pharmaceutical composition according to Claim 5 together with instructions for use in the

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

8. 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 which the polypeptide comprises the variable region of monoclonal antibody
9F12.

9. 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 4, or a variant,
homologue, derivative or fragment thereof which is capable of encoding a polypeptide having
envelope glycoprotein (E) binding activity.

10. A cell comprising or transformed with a nucleic acid sequence according to Claim 9 or a

descendent of such a cell.

11. An in vitro method of producing an polypeptide according to any of Claims I to 4, the
method comprising providing a cell according to Claim 10 and expressing the polypeptide from

the cell.



88

12. An in vitro 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 4 and detecting expression of envelope glycoprotein

(E) polypeptide by the cell.

13. An in vitro method comprising the steps of providing an polypeptide according to any of
Claims 1 to 4 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.



