VACCINES AGAINST JAPANESE ENCEPHALITIS VIRUS AND WEST
NILE 5 VIRUS Field of the Invention This invention relates to vaccines
against Japanese encephalitis virus and West Nile virus. 10 Background
of the Invention The Flavivirus genus of the Flaviviridae family includes
approximately 70 viruses, mostly arboviruses, many of which, such as
yellow fever (YF), dengue (DEN), Japanese encephalitis (JE), and
tick-borne encephalitis (TBE) viruses, are major human pathogens (rev.
in Burke %nd Monath, Fields Virology, 4th Ed.: 1043 15 1126, 2001). For
7}, AhACE ! AR i H S ERALL 2 A BN SRS .

area in 1999, West Nile virus 8Bread rapidly across

North AnEfileanvieheidisksacd i6isabiities RigiiainepiHa SO NG tRuPSd West
w i?gva}rrhgpidemic in underdeveloped 20 countries, are extremely high.
Effective meéthods for preventing infection by these viruses are needed,

with vaccination being the most cost effective measure. The Flavivirus

10 Particle contains a nucleoc §é§ (olanfelo} fyék !(ﬁNA and capsid

protein C. The nucleocapsiﬁ?&@m@&%ﬂmelope containing the
enveIope@?ﬂﬁ?&ﬁﬁ_@%ﬁ@@@kﬁ&véﬁd@@mmilmnﬁMmmmMy 70
(7-B6R) nex Iy aRs ol Tihe, Ananie RNAJERHL 29 P PYP QI61R..

precursor that is cleaved by cellular and viral proteases into viral proteins,

in tREDEPERcHs RUAPHELIRE FE)niag Acknbaps erasBhalis ATBIR) Wews, are
anthSThunaaeaGlua el e sH Webamh, CHnRONEMNI:S Ahesyiriens.
15 an?%%s &é@ S)U h NS 5 gre nonstructura| proteins required for relplipation
(Lindeni iu a:%&rﬁf@é?ﬁiae HRADR5G5 A RYyisgba latshine o pITREIorm
30eprotdalifis. RbAsDapissth 8 ([tpace holaopreoutasysiar Mplinsaalite p4iionss
coptaini re proglu by budding.into the .lumen,of the .
en%é)%pl[?a{%%ﬁc r %%lﬁu&n?l Ig?%r%seaslrvev rr%%lsaglol?tsecge ) E{;]ee%:%‘ﬁtgﬁf}%{%rga in 1999,
thr‘&&ghl*ﬁﬁe @mmgsmlﬁmhd_\mp_@ehmgﬁmmm bloctir.sfeoidly Atierids of
Pagiisleiralaang.ip anls Golih venleles e crtransliu’, s caniains,
predominantly M protein, although a small fraction of uncleaved pr can

20 5| SOBET e SENEX TRy pisteiR ieeHuemuthadn &ianay anthaitfgesiio by these
comprBest eltaed viohthamelrsulanstiisiugfbg ectgdamain of E,

which fOI’JBlS ghomodsimer, on thte surface of mature viral particles at

neutral ph e BB REHE ABPR B BRAURSPFHIGUBRBHF GRFERINA and

Namyre Bpis12B1C2 Ih iR foandititiechintaribeiele al epverRpsiBontaining the
envelope glycoprotein E (50-60 kDa) and a small membrane protein M (7-8 kDa).

25  Translation of the genomic RNA results in a polyprotein precursor that is cleaved by
cellular and viral proteases into viral proteins, in the order: C, prM/M, E, NS1, NS2A,
NS2B, NS3, NS4A, 2K, NS4B, and NS5, where C through E are the structural
components of the virion and NS1 through NS5 are nonstructural proteins required for
replication (Lindenbach and Rice, Fields Virology, 4™ Ed.:991-1041, 2001). The prM

30 protein (~ 25 kDa) is the intracellular precursor for M. Immature virions containing
prM are produced by budding into the lumen of the endoplasmic reticulum (ER) and
are transported to the cell surface through the exocytosis pathway. Cleavage of prM
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map of viral particles (Kuhn et al., Cell 108:717-725, 2002). During
infection, the E protein functions as a class Il fusion protein (Modis et al.,
Nature 427:313-319, 2004). 10 Following virus binding to a cellular
receptor and internalization, the acidic pH in the resulting endosomes
triggers dissociation of the dimers such that the previously hidden

hySphelsiaiueiion 10 8prasle aelsassdn pankelekisides o dnaraRxtracellular
Conaushthnsthedepmsinent indheael(endeaame,tRe AW 8AGA0EH prv

monomers rearrange into eIongatedtrimers. Further refolding of the
trifAB AR eell and 15 viral membranes into close proximity and

forces theme ©pksenglersngnthmemnisnisd ahtigenvd alpaidictenififciiof the
Previou

topl tudies showed that bstitutions in the E ..
orBUAT-of PERPISEHTSE AR S S SrRda A ol < B Rl hegeimer on
méhesautiaainoénatimre vitelrpattinkzs ke pekicaeHaheds ivasqaik cellsy bowelectron
b lized | ; ) ‘ ' _
Wi%é%%?’é’éﬁﬁ%% %ﬁ'%ﬁﬂ:@%?%ﬁ Hae 1395 gﬂiﬁ &%&%&B?ﬁ%@%%&?m{"& sity

& associated with ¢hange nq?he fusion function o

theneireeBamprticksdistsraswdCmihi 08 1sTa. BROHr BHERE fofestiate the E
at&ﬁﬂ%%%ﬁ%ﬁmsa%%m%&&o@tﬁ@téﬁ?Meaiste‘ﬂ DNGARPA SOV, hena),

corresponding parental virus isolate. Some changes in six residues in the
DERMCBiBfYINES Hiadigade et repsptos gpd spSmalipony fha apdis ffd in the
regioniAKeM@ifntbs Hhig RIS HOPOSeE abmripais tasthe pRiawspH
medjated conformational change required for the surfagce exposure of the
coHRF 0 BRI oBR TR o TG PTSE S B Gy S 51 200
199apcufibatie, ihe oepidesweithathheBfvall ¢soateirejeMiprotainiplaymenie
in the events leading. tq virus internalization fro e endosome or has
T o e RO B e BE T 0 anc
krroivah mrbbrhmdrtmlmc mmiprmgépy@sisthﬁd Wafnsm;te@mg)@ewyntents
virgs t%@@i‘fé??aﬁ&?e e @@éfﬂ%?i&ﬂ PRCHRLES REQP S FRIding, Ol L orenz

etal., J. Virol. 76:5480-5491, 2002) and_functions to protect the E protein
disvbs R hPRY dhthe e rbeiforilabbrimdd Fe atpagarmsicisr gpaseadfe of

neyyRAECIaSiawa i aitNe &8l euniRe BHRLE Rk En SRLTQIGRY cells, have
compartments, (Guirakhoo et al., J. Gen. Virol. 72:1323-1329, 1991;

GOFEkIRSE Eed N GREBLY 191995 p1dhA SR Seprten oh DPER I AChYBiB gy

hagherd uskedswaaiblitk chiigRyaietk\asun dundpndidaiesiagainsthe
medigalgimportant z'ﬁ%%%’%%“iftﬂk%ﬁ%?&%ﬁ?é&‘%ﬁ%ﬁ%g AiliRes decreased
a Vector in which the prM-E genes are replaced wi e prM-E"genes

frdm @6 hetepblogdusy Elavparnssn sathtiscdB e semding MiestalieyoisSiate.
L%&%ﬁ'&ﬁ%& Sy %é?&?eé%‘%ﬂé‘@ﬁ\‘r?%p e?ﬁ%@éﬁié?@?"@?zzo]z?%ﬁi 268,
Monath et af’, Curr. Drug Targets - Iinf. Disorders 1:37-50, 2001; Monat

et ad V3 ense rothossiamingiopge . This region is proposed as a focus for the

low-pH mediated conformational change required for the surface exposure of the
conserved hydrophobic ed fusion loop (Lee et al., Virology 232:281-290, 1997).
There is no evidence that the small (mature) M protein plays a role in the
events leading to virus internalization from the endosome or has any other appreciable
function, while its intracellular precursor, prM, is known to be important for
morphogenesis and transport of progeny viral particles. The prM protein also
facilitates proper folding of E (Loreriz et al., J. Virol. 76:5480-5491, 2002) and

functions to protect the E protein dimer from premature conformational
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10 Guirakhoo et al., Virology 257:363-372, 1999; Guirakhoo et al., J. Virol.
75:7290- 7304, 2001; Guirakhoo et al., Virology 298:146-159, 2002;
Pugachev et al., Int. J. Parasitol. 33:567-582, 2003; Guirakhoo et al., J.
Virol. 78:4761-4775, 2004). Previously, the ChimeriVaxTM-JE vaccine
virus, containin% the prM-E genes from the SA14-14-2 virus (live

attEATAREEE SUSEEF f R INES BrIPay Hid aetb Higra Hmess pyidic
Veraeally euttiprethiants (GitesidppleragnteCaniti felarbasire s20)motiBS)

(M et al,, Bi icals,33:1.31-144 5). It was successfully tested in
prg%%%g?%ﬁa hqé;%g’if%%i% ﬁ‘c m’i%]%ﬂ’triii?%?(Monath et al., Vaccine
20:1004-Chir8erixea2" Monmiomtias basinfost tDiscA8 821812361 2803)e
Similagly.. succes | .clini jals: ndulct tha .
Ch e TRy s RGNS TPERORHE XTI ccine
setjifenearsaion WeBicR e wirisE9yss aa aenacwiivitirsks piddifigeaenifiom a

acigehapgns kﬁlﬁ@{m@,tﬁféﬂ@]ﬁ]%&(@f&tﬁi’e&q\m&rs@é@ BHGRURLORalitis
(Arroyo et al., J. Viral. 78:12497-12507, 2004). Summary of the Invention

25 FHEERIOAORRS ThidaseiBe S bR ER AV IR QA Sk DT o8
Marggesenbfane (idorpreteisoyndatiousH@et sSUDStbetH: dedatians, 0002;

lagene . sbwbdtiRrD dota
R DS PR R R Uagso
inciads 2 Yun icratdibbity aif, (WedeyiQi8d 46urisy J0ahagaticreinersll, Int. J.
CUBLHR 161 3o BRI AL 8N 5F ISR R ARAeTI0 nateRse

vaccine virus yleI laviviruses of the'invention can be chime

FI&RvRvieisbs, the hisecriluwiviriEoaehmeivichsd conigisidzhe profrE gemstufedm the
pratging At Ay il GlRvivES.(6: 95 RUEIRWRYET VD), SHEN A5 adardd Bhigh

and membrane and/or envelope proteins of a second FlavivirusTe.g.,
JaPiEreleVshe spimiens i podia swrlangmiad widefril derine RrpgFRY)
de@gﬂﬁt&elﬁl@[lgBﬁﬂ%g@iﬁﬁ%BQ@Q=44\4li{%§f)5§t1ﬂ—@h§%ﬁl€|£&§m§|i@&é&rﬂﬁi |

Murray. Valle ephalitis_virus, tick-borne encephalitis virus, as well as
P B A AL N A AP I S YRSV OO 15,
DER)2aMbiERFeselpLdnfptexs) 1 881 2he Fagivicgses Sikihe iy wstiastii ®hase
mutation {(e. bstitution) can he in the transmemb or ectodomain
ofon%agrﬁ arfa%r?%%%réﬁnﬁ fiocglr ‘ég’(tam%% e mutation can b It’ﬁeec?@é?gﬁe’

of Eﬁ%@%ﬁBWWfEWDWMmMmaﬁE h'ﬂ,rli_x (SYiPtesmembrathahree
Prefesdy a?xﬁimaﬁ@\éﬁ%‘éfs &Eﬁ%&m% tﬁ@%gyg@{ﬁ% 8%%%& Qttenuatio

substitution of amino acid 60 of the membrane tein of a Flavivirus suc

as(berahehidsd: SEdpPil84NirlAS .30 inine to cysteine in the
Japanese encephalitis virus M protein), or in a corresponding amino acid
of another Flavivirus.

Summary of the Invention

The invention provides recombinant Flaviviruses that include one or more
membrane (M) protein mutations (e.g., substitutions, deletions, or insertions), such as
mutations that attenuate the Flavivirus (e.g., mutations that decrease the
viscerofropism/viremia of the Flavivirus), increase genetic stability of the Flavivirus
during propagation in cell culture (e.g., manufacturing in serum free cultures), and/or
increase vaccine virus yields. The Flaviviruses of the invention can be chimeric
Flaviviruses, such as Flaviviruses that include capsid and non-structural proteins of a
first Flavivirus (e.g., a yellow fever virus, such as YF 17D) and membrane and/or

envelope proteins of a second Flavivirus (e.g., Japanese encephalitis virus, West Nile
3
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Determination of which amino acid in a given Flavivirus "corresponds" to
that of another Flavivirus can be carried out by standard amino acid
sequence alignment, as is well known to those of skill in this art. As
another example, the mutation can be a 15 substitution of amino acid 66

of the membrane protein of a Flavivirus such as West Nile virus (e.g., a_
SUHBH AIFRBH S TR Fofl FREHS thel MEhiote T SPRgest NiskiRtd)oBls

in éh&PHESROALIRMAMIANAGIEvhoaMNAsRIAVY HiR-Uo-QSREESRAMRIOSus, as
the mutation js ag;mother membrane anchor amino acid, e.ﬂ].éone or
L35 ARG S Bt R EBRRARANY 4R FrEsPesiduds PEN,

inalubTREpesitionpl6dsshl, 62, 63, 20 64, 65, and 66 of Japanese
encephalitis virus or West Nijle virus (or corresponding aming acids in .
other FiiA Y LS o e oo R Ry MR T be
ddhediuniveralicanp w\dde domte frtetirhamyjuettbe Mhal thexaotpiiothain of
(e MasRPLEINS AP RAAN RTHRRALS 5 BRGE, HESRUSRA MBS,
to proélline changie 25 g%?he M5 residue ?ncreased&t?ﬁ le%thres oldo Hei
infdche merHsreroTE e i tfole BeruxpustcdisrreFaaalAr the annieniom be a

capheashieyesdhough @MF&@E{E’&J}%@H@&&& itoaclign. ofwariQus

deletions or insertions in the amino-terminal ectodomain, or surface part
of HRETNGERH FORERTIAHEE SIS & RRRIRGINSHRG B IRt S RItoEsT RRSPhplitis
othneNpigias), ey i esasspbiaminyantioninfIt HRETORIVORS.
mbtattions ig the M, 30 protein e todomainéﬁsidues“l-4o%%§£fgscrtiﬁ)ed ¢
heréin. This resutie GUiE IR aX0LRR 8GR A rF A TRCIE BT &y Kitolh "4t ©
furobitar dlidhisimakarebv qardtelow b Fitandandsesing leidddiienctoatly@ment, as

m ' ons: d abqve, in.the case of .chimeric
e B e R 8 PR e
virbstifetionrodesisiotheidriviertibn wambnola geattio of nfitre enveiogeas West

PrRgN AR .,%s&'Bs%"E‘&E’i’kSh%‘?i%ﬁéﬁé%ﬁg;f@metmwBrﬁ%?éiéﬁiﬂgs&fmle
amino acids 107, 138, 176, 177, 5 224, 264, 280, 316, and 440. In other

FIXUNANREE ARRFHRREAS ¥RINGacH e aprther iy Btsd Sper sFAssHBh dhe
toxﬂlﬁﬁﬁ)ﬁmmmfkg-n%ﬁﬁﬁ%ﬁ&&@ﬂmﬁcﬁhﬁeiﬁlﬁéﬁ‘éiB#Srlé@é‘éﬂ%%igs
mutati orresponding.to mutatio in West Nile M protein aming aci
R IBLATR AOHRIAURE IR TP 4 T o RSP 000 0 S 63
Vitiss Gimind &€ S 4oine 8 hcapih B4 Ovinaetditien i theimatiantsponding
described. 10. ahgve the. Flaviviruses of the invention can also include gne
o g R B8 e bione
erfigsigpe protein, as described elsewhere herein. Further mutations that

can be ingluded i, e K RS04 G  MADNONAIE RO USRS H16nd MTR-
the capsid protein, or other envelope protein
protein 1s of important functional significance, because a glutamine to proline change

at the M5 residue increased the pH threshold of infection. Therefore, it can now be
expected that Flavivirus attenuation can be achieved through amino acid changes or
introduction of various deletions or insertions in the amino-terminal ectodomain, or
surface part of the M protein, not only its C-terminal hydrophobic anchor. Thus, in
other examples, the viruses of the invention include one or more mutations in the M
protein ectodomain (residues 1-40) as described herein. This result is quite
unexpected, given the lack of any known function of the mature M protein of

Flaviviruses.
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regions, as described further below. 15 The invention also provides
vaccine compositions that include the Flaviviruses described above and
elsewhere herein and pharmaceutically acceptable carriers or diluents, as
well as methods of inducing immune responses to Flaviviruses in patients
by adminjstration of such vaccine compositions. The patients treated
accordind®ditien %F—ﬁﬁ B RTRRFR RIS B TANOES MRIEh Aty Shift Hiecatsiek
of elduekipmgvivifasiiaha? thblndsenklabime it denwithaHRARET Hatarelile
infectedtgé/ the Fla\éitYliruIsw Ftérther, theli vention includes the use of thet .
Flavivirse< HEEEADEG herdinn ﬁrél%%l ﬁ)?l%l% icAnd %VeetlgB%Bfﬁ:ter%le%uogéons
descathew hamisslededdibastin freumamsistotgre’ efme cicidsmiEs: I8y thesk 7,
Puspasse, 105 wvenlianduriaerRiovilsn melbads alpraducingnasenes
that'include a lavivirus as described erein, whic involve Mmtro ucing
intenine aredh Bratrvenprenend tofttisecRravivirosls dsitatisaifiratrasples the

depieasets WaCHIAAPISMMIRANIR REHRIHEt55RSEH FROSH West Nile M
stability/yields. Further, the invention provides nucleic acid molecules

(RRIBOP BRIRY eeift 635 Fijolsiayaipinels2ar iR asisRoiFasading to West
dessrbeshdteha RIdhecomplements. themahioand methadsHt dsiRabed

S B SR R U R R e

5
debpeagidbiir pteketofShe winge ggityy dfabteasedndgeerairopidnbritenia),
they provi n actHi_;E'Rnall vel of safety,.,as.c red.to their
nofr:lY-Sr%’l%glf% ec%lﬁ'n erpaﬁs?ﬁ%@%%&%a r%#m’ ig eIFequé% gp%}cii(]elﬁt\s?%ﬁ Sa()cfcm?onal
adiieniige isethutaiomeimibeatic AR sictsapsithproddis @nethatienyfope protein

ChimperiY axiitneRReHge,apeimulation of undesirable mutations

during vaccine manufacture that otherwise could compromise safety, and

5 increase ThfaRIFASRI RIS RERTIICA HarGBS SRR B S B skl thaklaxixpaises

previdaddataesfash sitbahtheNsan aﬂelmzﬁmgeﬁgsa@wﬁu% deMRs or
strain YF1/D (e.gl.é geqfu,ences encoding capsid and non-structural .

viry ,

prgfi‘i‘ﬁ%ss,’ gl a5 msRdyqfRduRing SOmBIR FSRCTSFSI8 6 PR usRi AR gatients
whigtsdnriiisBafonidfendiosesibavenieeniadmimistpraehte wammbagoftiing to
e 2dR00 SR ST N el Bl dose and e on

|mmunﬁ§/ Fapidly; Within & few days of Inocu

20 virbgéee Frvivine.iaveniios palimdsdhagetivia fefedtiorttin Fheviveate durther, the
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PafigrisiAsigacyiaking @ﬁh@%ﬁo@m@@aé%m%e%gﬁg%ﬁ?&% %Loghylactic and

immunized individuals are similar to those in_natural infection, ,
anthfEmeuttaastbogdirasTinath Berpiat 2p opealy Indhrcaavearsre af orrdicaments
epiionesapaprresssed efficiently, the adaptive immune response is

robust, anij1 memory is established. i ) C
The invention er provides methods of producing vaccines that include a

Flavivirus as described herein, which involve introducing into the membrane protein
of the Flavivirus a mutation that results in decreased viscerotropism/viremia, and/or
increased genefic stability/yields. Further, the invention provides nucleic acid
molecules (RNA or DNA) corresponding to the genomes of the Flaviviruses
described herein (or the complements thereof), and methods of using such nucleic
acid molecules to make the viruses of the invention.

The Flaviviruses of the invention are advantageous because, in having
decreased virulence (shown, e.g., by decreased viscerotropism/viremia), they provide

an additional level of safety, as compared to their non-mutated counterparts, when
5



15 The beneficial aspects of mutations in the M protein on vaccine safety
and manufacture in cell culture are novel and unexpected, given the lack
of any known function of the mature M protein of Flaviviruses. Other
features and advantages of the invention will be apparent from the
following detailed description, the drawings, and the claims. 20 Brief
D SSURIBRSTSK thatisatvits A tipaakad vaatnem Stadeiovas sMitions P iRk 2 the
UnyRges h@tﬁﬁti@g@mﬁﬁﬁéﬁﬂﬁ&ggemrpﬁrdlﬁdé’\ﬂaﬁhﬂ' LT Scpéﬁﬂaﬁgfééﬁmiﬁéﬁ%i&ms
regjon (repeat sequences , .conserved sequences ,.and the
i S A T A e L
cambheifbeiudtedyialdbe Adidisenabhitharingentidthie: yirusal atiops didedB,; We fact
dD,d7,.d14, CS2 d5, and CS2 d16). Fig. 1 B.is a sch ' '

5 el e R B oo B SRSEEEE D gy govences
prediztiongchpsid 3hdinoasksistackl egitriney, yaiol(fbbey HadDtymafstfestablished

MIGGIS 0 1.3 35 SIEMERIOUG A PAIE YR (ELRUISKEhBo Ty

Gen. Virol. 30'78:1543-1549, 1999). Fig. | C is an illustration of the optimal

Y Prymans: (i pndecss iddang dwrgbanref praseiiyminot siosls dersgamb(izikaduces

RNM%&?Q&&QBUW%&% RSP moEHRIONPIdIR GRS alodid T Ruses
S

deletions (shown for the dC deletion; Zuker method) on the optimal YF
10 1 76f ShrUBHSRYPR SATER AR ARt ERfeetey i Skaled RebaiRatis the cytokine
repreisadal am et thersegueneaswefdheneapsid pratpildeflstiek-Heine to those in

encephalitis virus, .as well as deletions in this, protein reporte ofler et
e e S b A
of thefsematenesd apittipescap g qrsstainfGtisnE i 7R wiarsive égionseprspicteds
byr§ me%&a@%&%@@y&%helical secondary structure (a-helices

) y p

I-1V), as well as hydrophobic regions (solid bars) and deletions introduced
15 in this prdtedrbmdsishirserinrdavasions WRDRoIM peeigl gn vraikinesafety and

10fe2nppugd )l peeringigaled. Fif-Bdsaanssanshoying GoMih of i known
indicated viruses (WNO1, WNO2 P5, Large Plaque, Small Plague, and

vEaA R Pffapmstua i mepgein ff Elayipi®Howing growth of the indicated
viruses (\WNEHWING 2R d g ge P iaheinSenat A e ;pp e Bad)He

THLE-3 cells. 15 Fig. 5.is a gr showing the viremia in hamsters
inollgggaqﬁﬁ %@‘%&%ﬁé’%ﬂ?ﬂ@%@%ﬂ%g@d rcﬁ\éi auﬁl’l%\;ue), Small Plaque
20 (PMS, P10), and Large Plaque

Brief Descrption of the Drawings

Fig. 1A is a schematic representation of the 3’ untranslated region of yellow
fever virus, which shows domains within this region (repeat sequences (RS),
conserved sequences CS2, CS1, and the 3'-extreme stem-loop structure), as well as

25  examples of mutations that can be included in the viruses of the invention (e.g.,
deletions dA, dB, dC, dD, d7, d14, CS2 d5, and CS2 416).

Fig. 1B is a schematic representation of the sequence and published secondary
structure prediction of the 3’ untranslated region of yellow fever 17D virus, from the
middle of the 3™ RS element to the end of ’the UTR (Proutski et al., J. Gen. Virol.

30 78:1543-1549, 1999).

Fig. 1C is an illustration of the optimal YF 17D 3'UTR secondary structure

prediction produced using the Zuker RNA folding algorithm.



(PMS, P10)). Fig. 6'is a schematic representation of the passage of SF
ChimeriVaxTM-JE virus samples (g.s., experimental passages to study
genetic stability). 20 Fig. 7 is a graph showing growth curves of SF
ChimeriVaxTM-JE viruses of the invention (uncloned P2, P3 MS (E-107),
P4 PS (E-107), P5 g.s. (M-60), and P5 VB (E-107)) at the indicated times
post-infeEtlrDinBnilrRiREoni ghregidwin obidd IR Sietenidorviithe dC
sageRIEsSHCIRIAININGHGS 48R bpginine KRB arsiaine Cerift Fid @z 10).

phenylal%nine (F)-*leucine (L)] mutants as compared to nonmutant virus

(P2). 25 FI&. BRI SIS AR AR A S BIR fpEthe capsid protein of
Chitiebrasdidepiaiistanis,(Slons &) aasipased tidsPlounelepededascinstier et

5 bull[< @%}%g@;%?}%ﬁﬂg@gﬂ non- mutant (Clone A), and M-60 mutant

(C?o'he' treatmen a range of acidic pH. Of significance is the
appearafcg 8Bthe stiwesttngmewehictioplditthe vigsasd othinfentidiprotsin of

notinitigh titers i di e.qa..atpH 6.8 ig, 8B.is.a Survival

S RS R RIS B B LAl 6 R B A e By

bastkutitvagitm elicesduls), ins oosh paiyropboBhinesiovaisHiit bar$ 5ndnistanons

(1 F ined by backtitration.of inocula).in 3-4

o o e R M8 anc
10 spdiveaeibtast BRieaedY axTM-JE M5 mutant virus (1.4 logo PFU/dose

as determigedlby bagh A11RR G IDACRI LEREBRSARISURNAYiho ps,

FU/dose as determined by back titration of inocula) in 3-4 day

0.9 logl
c()I&%ﬁ%%fgﬁﬁu?n%ﬁ%Bk‘%ﬁll‘éfte‘ﬁlﬁwyﬁfrﬁb}é%‘@%wgﬁrte. Fig. 8D shows the

results ofran AngiseeiftusioniAs seywNIEMPIRNIERSIA HAEOMINAEON QP B5,
and PIO_of Chimer{VaxTM-DENT-4 viruses. The virys output for each
ol RISl

Redhy SndRHPpiAde hedly. A,
15 ChimeriVEigTMsRhph BidSikE/tridngies ) rohshites (dinmartdsiiBndicated

ChimeriV, -DEN2 P P7 (trangl an 0 (diamonds);
RN BERT ERALBH b [ s Plaaue
CHIPMEFiIVPAXDM-DEN4 PMS P7 (triangles) and P10 (diamonds). 15 Fig. 8E
shows thg gegults &5@&4@9%@&4@%@&@%&3 %ng.\gbgf%@i BRIV 1p

DENS3, comparing the PMS (P7) vaccine with accine lot (P10) and
th&ipIess s (Bife GTRISHGHR] RS Ess ocstpdyigsapHS Wb ddYe rmined by

20 standardpiagque AgsY sHeMmesd MriE N8R R4 {riamales iR of
(di m,ond%, and P15 %s%?téares , hows the structure of a DEN1

RO TSRS CArde T B} 2ok S mGh o DA
~ (GuBgE D07 Bt A lthelinditated BrRE9EH& Q0081 2004 (AIhdhepginitigRetihetes in

poﬂli(\:’u lt)ﬁr%ho%r%?uds lgla%l%?eglé&t%%{neﬁlgd{ﬂ% ﬁ%oogatr%enﬁg &E)'\@dysteine (C) and E-
107 phenylalanine (F)->leucine (L)] mutants as compared to nonmutant virus (P2).

25 Fig. 8A is a graph showing infectivities of the M-5 ChimeriVax ™ -JE mutant
{Clone E) compared to P5 uncloned vaccine bulk and Clone I (E-107 mutant), non-

mutant {Clone A), and M-60 mutant (Clone C) afier treatment with a range of acidic

pH. Of significance is the appearance of the slopes and at which pH the viruses lost

infectivity, but not initial titers in diluted samples (e.g., at pH 6.8).
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204K) virus is shown by CPK (displays spheres sized to van der Waal

radii) representation. Three structural domains are shown in black

(domain 1), light grey (domain Il), and dark grey (domain Ill). (B) Close up

of marked area in panel A. (C) 25 The same area as in panel B from the E
protein model of the mutant DEN1 virus (PIG,,, 204R shown in blac?.
Selected b5 cide BRI BIAIRERYS S holinRrenek! i freediiifinse 2
Medibmnigeayhycamiondank greycHifjag ebmpatlonasyOamrdiphhateyE M5

sulfur. Fig, 9A is h showing the penetration efficiepcy of, . .
AT e s 8 L RAB M EN Rl 1o P-4 day old
(Clanidibp mnd ivonuhatething (62 onendeyatratireuredicated times. These results
indicate that the. ion facilita metration In SF.Vero
apparont PG 5 ATy By SHOABHERRRCIRAS B (818 P om

willFEifrepriaerrainnd inbaskateCioneismeda g pipessoni S YRy AX® (0.9
MGG agse Ltk defer AR BYRULRS: PRAARRINEIR R SIe A {PHL R ALIGS

with a solution of 0.1 M glycine, 0.1 M NaCl, pH 3.0, to inactivate
exIRRCIIBH YRS Y We iR e WaENEd twice with PBS, and then

monolay g \ger enevaHRigesitl: BrathdpediosR follexved aystaiviags a

- plagues on day 5 with_crystal violet, Effigi of 5 penetrgtion.is shown
BT, L BT Bh T VA S A e ML o

coeaphagditrantakidesteiodelssthalandssiagreated ity PRSSiea BSEN1
AU 1 a2 T RS e PEE S BNPT (i

0 acl e € envelope proteins

anshP Il iteationsi shieC1 OigsoiMetitaDEE PAMIRY (rBugiskisadohl fusion.
g‘@ﬁ%ﬁ%?ﬁ?&ﬁﬁéﬁbﬁﬁmﬁgﬁgrﬁﬂg Pofdhs gl’gﬂﬁip&p@l@m inadne

07 residue represents the fusion peptide (c-d loop), which inserts Into

cell membBiarRE gReyscharesis e sivert Bugon gnsy withhmErimsries -
is iDERe Ndapaing hertat e peiademain afdhaddrraiein HhadmPisivirs.

maonomers rearrange into trimeric complexes, which fold to force the cell

andEs Tt SHREh{Br SRR TP FHEF LR S S eminRbbY SRS 6B IR 3%2Y 1 o,

2008)mEHT MTIENG PraYIPT arfungls) 2l oqdipacedy) oiitie tomplaxes,

o toradtBre L b SRR ThbUMR Lo ATotE (b BB Ao © 399

C-tdiimadrifdms MENbiareusttGisradof tand. Myl FArIeR8at008H04). (A)

e e s ey s,

préPaKdndremig shown by CPK (displays spheres sized to van der Waal radii)
representation. Three structural domains are shown in black {domain I), light grey
(domain IT), and dark grey (domain ITI). (B) Close up of marked area in panel A. (C)
The same area as in panel B from the E protein model of the mutant DEN1 virus (P10,
204R shown in black). Selected amino acids in panel B and C are shown in stick
representation. Medium grey, carbon; dark grey, nitrogen; black, oxygen; light grey,
sulfur.

Fig. 9A is a graph showing the penetration efficiency of ChimeriVax ™-JE
viruses M60 mutant (Clone C), E107 mutant (Clone I), and non-mutant {Clone A) at
the indicated times. These results indicate that the M60 mutation facilitates
penetration in SF Vero cells apparent at the 5 and 10 minute time points. SF Vero

cells were infected with appropriately diluted viruses (Clones A, C, and [ in serum
8



treating Flavivirus (e.g., Japanese encephalitis (JE) or West Nile (WN)

virus) infection. The methods of the invention generally involve

vaccination of subjects 25 with a live, attenuated chimeric Flavivirus that
consists of a first Flavivirus (e.g., yellow fever virus) in which one or more
structural proteins (e.g., membrane and/or envelope proteins) have been
reprcagdit oo e 16 A0see 6Aanbintavirng (eey wala paaeddadopphvaditiwith a
(IEhash oy WERE BleidVdl) ¥ vec8!92:566, BeloulliviDe MEDRIBPGirus. Wells

proteins of the chimeras of the inven%ion include one or more mutations,

as™sos & apbsdrinics HhER Bt hamsmerolayaes Aty erkaisvish et

ProtainssuBiced Be RIBMRAC ALY SIWEIane: i efpins abriNe!ficiency of
Flaviviruses can be used in place of those of Japanese encephalitis virus

or RRSSERAR 5ivbRR tRECHTHIRRR OirbR¥ESH Miadptasahemadighoine
Furthanethesoenmiiad eoprote mtadtonsinitie wre piorCaitiab®Edhe:ad of
useldcip éntact, non-chimeric Flaviviruses (e.g., any of those listed herein),
not }llnglljding any replacements of structural proteins, and optionally with
one or mboige S&dditieelirmbtitatipreseisatbnay thedecatésuyitfabici2ikdin. M-5, and
SPREKS SATRIR SLAGNTAHE MR NGRS Nl e G YagCInes

of 5 the invention is the human yellow fever vaccine strain, YF I7D (e.g.,

10 v pypeshetigal sffeat afithy M4 mesidpastefisimyiftirdeshebstigiginat the tip of

15

20

25

30

Stapaadii(1). o3 aR0f Paele UbnMminy theEFOE fBLanRe e ABUAYANT M SN ide
Speke, Liverpaol, UK; FLAVIMUN(r), Bema Biotech, Bern, Switzerland);

v R§Arlopls YRR DK 3006 £l TsETG FRepeioa Nauie OB e % 4P95)
Scltped-228:182617 33tht I8 tpminaMpiehotherseivane anthd Mepvelapahe E

protejns have been replaced with the memhrane and envelo roteins
(R SRR A TS R LEER S R B A RGP e nd

de@wﬁ)edxmm)tcoﬁlsaﬂwoéfseswcé‘ﬁntgiﬁmfﬁ%mhﬁﬁeﬁh@mamﬁlbe e
¥ ot R e RS WRRR A AR TSR Gof] WL NARP L3, of

West Nile virus (including an M protein mutation, suci'as a substitution in
ME8 wEhasertiars Nate iy cel mesthane iyl exeaaboneyifideiromtsimchl he

ASVA 6 RGHRY IURAREER B S 8. B P lrmbrk B SRPRAUIS AMEUSd may

Murray Valley encephalitis virus, yellow fever virus, including YF 17D
SRAREIR ARy otrRiFeRingieh e rovidelmenaanst AHEnE feoR-

envelope proteins in such a chimeric virus. Additional Flaviviruses that can
be attenuated according to thmer as intact, non-chimeric
viruses or as 20 the source of 5 envelope proteins in
chimeraslhnchydstiothpovides qeitorbonnd fMkahindefoe 8ssirchragseiingiimd
RQgGIg %?RQ%I}H? 2 dJI%? us Virus R Itic " rne‘il Viviru such.as
By gse al . i
Centra?%ur_opean gngep a%llt!s, %n%%%rlar% %—:-Srli(ce .ﬁl(;lh Igg’t ]gluesm vIrus)
Sprisgtisumbhe methgstvditic ivyatan gerrp By iDiskvasecOmsin of subjects
HeMA A8 Gttenuated chimeric Flavivirus that consists of a first Flavivirus (e.g.,
yellow fever virus) in which one or more structural proteins (e.g., membrane and/or
envelope proteins) have been replaced with those of a second Flavivirus (e.g.,
lapanese encephalitis (JE) and/or West Nile (WN) v'mis; also see below). The
membrane proteins of the chimeras of the invention include one or more mutations, as
is described further below. Also as is described below, structural proteins such as
membrane and/or envelope proteins of other Flaviviruses can be used in place of
those of Japanese encephalitis virus or West Nile virus in the chimeric viruses of the

present invention. Further, the membrane protein mutations of the invention can also
9
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fever, Louping ill, Powassan, Negishi, Absettarov, Hansalova, Apoi, and
Hypr 25 viruses; as well as viruses from the Hepacivirus genus (e.qg.,
Hepatitis C virus). Other yellow fever virus strains, e.g., YF17DD
(GenBank Accession No. U 17066), YF17D-213 (GenBank Accession
No. U17067; dos Santos et al., Virus Res. 35:35-41, 1995), and yellow
febEryri IeD BeRRRsiSFIBY DS 4a8r apyf thaseilided herein), not
16@1&&%&%&@2&&&%&%@%& bRoisad an mi&mgb@ﬁﬁ MMEUSES IO
which 30 heterologous structural\goteins can be inserted according to the

inddAtitRalrRutaitRe Surkiat s isssabrd ST S ome propensity to infect

visceral grgaasficldhQnisieafol ks ofithe gaviaisesi noRMadlisie vaccines of

dysfunction of .vital visceral argaps, such. as obse in YF

e o e e e e M T o DSR4
Tha Felicsliotrot fiftzstaut fosdtontanBAAiSAs S erasé "y Bemia Bastbthd arcy-
CONtf ' ' GERIE V. S reasi

T RAE SR AR A AL SPRLYBIE A PEXTRITR? Berma

invEAtish. e ralasing iIdhids tnhe GIiddsd o Cilods Ydeiza04,
ViscRreisQRic diseass fuios 19 1oyaas thes s brain ald gRYSEARGRPhAItS.

The mutations of the invention result in benéficial effects to the viruses,

WISRYFERS RRLRRRNAYT Reca FiptacsA i dbermermhiaat oRd SRisinRe Bietree
rﬁm@ﬁ‘ ichidifg 2 bM muiaﬁqﬂaaf@;pg%aeﬁ i%étbaimﬂﬂﬂfhfﬂ%@f@f@m%gd W8rein)
the tfransmembrane regiaon or _in the ectodomain o embrane protein.

F o1 RATETE TR R S I B SRRl BE M b b1 e g oo
menvistepreppradiemasschid ndadotiarisosend adids Wilinithe (pehdiciedn M
transmembrane domain, (e.g...ka any .0 r moye of. amino acids 40-75),
orp?é['?l%nwte}Pﬁllhséllcecafgodg%ﬁllnm% %ﬁrérﬁé%ﬁ?elﬁs g_%‘??‘,{}ﬁfgjf}i\s a specific
exampIehm@m@m@@mﬁﬂmﬂwﬁﬁnﬁﬁ@@@nidwﬂuwwmwé 1,2,3,
Jaaﬁ@sege Eqge @H@égtaﬁm}ugmmwéggﬁgaefé%tmﬂﬁtt}ﬁ{lé%nmé%

such as _cysteine. A substitution from 15 arginine to cysteine &t position

M B0 RIS VA S RS V¥R REARE Aty IHsel BRI Bvisi G ffesmgmbrane
(Vigeettppirpe plolpyinsiarnumans Rrelnisakiialai rNNGhs¥iantsn be
of the vaccine with and without the M-60 mutation were tested (Tables 1
AT 3??3%@&&%}??&!}8&5{@%‘}%? F Shier il CRm Sy TR ar as
threesinese gfrinabraethidvinenefiopcpsisdititnihasvidibdee twtino

acid at position of the 20 membrane.prgtein. In another ex le, .
e B e R e S R ses
catickdeup dded viritkesriuthers &rentrel doivhpsan s yhalitive Siteddditiorpialitis,

PreliRgaR Yt diaBhaRle EIRC RS S AR BIRUE DR HOR R agic
or valine, or small amino acids, suchas alanine or glycine, can substitut

thé&WaTe g pangAlinrsERsa: Pssiskin S dtany. Henspiente Aroteind Thiese
MuialieRsacaRRin0/B8ses from the Hepacivirus genus (e.g., Hepatitis C virus). Other

yellow fever virus strains, €.g., YF17DD (GenBank Accession No. U 17066),
YF17D-213 (GenBank Accession No. U17067; dos Santos et al., Virus Res. 35:35-41,

1695), and yellow fever virus 17DD strains described by Galler et al., Vaccines
16(9/10):1024-1028, 1998, can also be used as the backbone viruses into which
heterologous structural proteins can be inserted according to the invention.

The viruses listed above each have some propensity to infect visceral organs.
The viscerotropism of these viruses may cause dysfunction of vital visceral organs,

such as observed in YF vaccme-associated adverse disease events, albeit very
10
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25 present in corresponding amino acids of other Flaviviruses, as

described herein. As other examples of substitutions that can be made in
membrane protein sequences, amino acids at positions 61, 62, 63, and/or
64 can be substituted, alone or in combination with each other, a

mutation at position 60, a mutation at position 66, and/or another
mutftigueis)y E Xaenpie g afcuiistitut onthek these spasi it i dheitdienta3d thus
Nilg MG, METOIANS BFReiApguenes Inclde: ling.19,8130108 &t ropism
position éi valine to glutamic acid or methionine at posn%on 62,
pheriytatarimecsd g enirieganestsiicrrdite ta e vatisratinisoiéorivie Suposition the

64T IR3% M HRRE H AR B RESIEU R X SPREIING2MIAR AR d5.0f

other Flaviviruses, as described herein. 11 Examples of substitutions at

thEEBIGE S8 AFRP dsitions in the JE virus membrane protein

sequenceHaaiElei syt tvemiainiag R Shamencaidsramitdige viruses, which
eX§tha ion that a desjred effect on viscerotropism and/or vaccine virus
re

AR R E A ARG SRS A mg e AR AR PR RS RR8y e

Otherathexamples it iehina atémbrane prokii e i, oty itdseadatiee @8n or
amir%ge%%'%gdsubs&itﬂgns e%lkgrna% orin co irnggion ,eirh}ehe 1I}Herminalb .
ectodomanm of the M p?o &N Con 685%% offeaiduBs 1 - <406t fﬁ%sﬁ%te?nlfl
asaw'e_w asid éiédqﬁ@s)féhmamaQtz_g@tc(@. gndiorin3therHnetm aqids rvthiside
lone) steaduces dpigrihe eeladomainad/aning HARYPETRLARGLH09 o

of the M protein. 10 In addition to one or more of the membrane protein

miftabid Nsteistan asirdonnia ofithadbpteia (mertioh) cAs aERswHit RIawMe,

or gj}&eﬁl AHBlRNEe (O BXAMRIRIINRG FRRQE YRSHIIRVIE:)
such an additional mutation(s). can be in the reqlon of position 107 (e.g., L
10t ISR B APt ARG U RS BT ENEorASTRRRIGREROBT) of
ther¥itant Nilsiie erpsiape Mrokin tHEehmidaianS camn s sinlirafor,
example, .in one or mare of aminq agids 102-112, 138 (e.g.,,E tqQ K), 176 .
(o R AR SEa LSRR 71 66 e o Bama pem A it
(ewgriddttoMhe 84ctiBe WithroowiBE: NG MFtenitestiNiere nvetdd& ghietdinA
A ifi ing.th West Njle virus, strain
VRO RO O SRR AT TS e,
refYBWE et I etk (FOBIHOIF IO Sl 2Peapidre doidig position 60 of the

phesyisaripeithe HanseRRASEINRLLAR BRIGRIAGHD IR ¥aliRGcine in

and/or the lysine at position 440 can be replaced with arginine. Examples

of VA RS ESLM K IS heeb P& ASH s S K AEP Bsh A58 1A 3rAfe U TCRS ECHRS-
asiciiiven fo/frolifd, e BRGoaHEhid hindAhi &5 dudgh 280 0¢ 18&hionine,

17(}(;,\{]5.1 ix71é ar;_ds Zg?érl;nur(t)hera t@e e mytations %ﬁ‘g also be E@.sent%g :
correSporiding Bmitio aciis-of @eafsf%“ﬁM| Qe LA R ESHENE e rkiif type
. amno acid at position 66 of the membrane protein. These mutations can also be
present in corresponding amino acids of other Flaviviruses, as described herein.

As other examples of substitutions that can be made in membrane protein
sequences, amino acids at positions 61, 62, 63, and/or 64 can be substituted, alone or
in combination with each other, a mutation at position 60, a mutation at position 66,
and/or another mutation(s). Examples of substitutions at these positions in the West
Nile virus membrane protein sequence include: valine to alanine at position 61, valine
to glutamic acid or methionine at position 62, phenylalanine to serine at position 63,
and valine to isoleucine at position 64. These mutations can also be present in

corresponding amino acids of other Flaviviruses, as described herein.
11
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The ChimeriVaxTM-JE vaccine already includes all of the above-noted
SA14- 14-2 specific mutations as it contains the SA14-14-2-specific JE
envelope. Additional amino acid changes in the E protein can also be
selected and introduced based on the knowledge of the structure/function
of the E protein for additional attenuation (e.g., as 30 described below).

These mEtgHes A Fubeiiony astissa i ormesnaing Rgsiiansd it 8E girus
othesrberivistaes, REWaseiRgbargipr &2 Jaaditiondaihs.aminaasds.
noted abave, the substitutions can be made with other amino acids, such
R T e e

noteyl iedimrest DiitgenvadivenBulsiivitig neatiidicalyns ohid Besadastitedionger
within. the following groups: glycine,.alanine, valine, isoleucine, an
e S AEAR A Serine
anehbistisgiting 2lpsiner amdoarbimatiens sindhsié szl e tadohiyhosiithe Mhprotein

Virysa55bde JONBILION_(€49.o SARANESE, SRAG AU BNSLIMESINIS ¢ sizes

viruses, and chimeric Flaviviruses including membrane and envelope

préidind o 4ive §E o RBHRE RAiSvIARGS Euyadaacd s ibrueriodprandtitied oo the

the-mstatieiis: (ﬁ,ﬁaiﬁgm@mbfﬁ\@@igrotein mutations) discussed above,
one or n%%eg%utations in the hinge, region or the hydrophobic pocket of

the enve PETLIR C18 YRR ek foNETPhIpae BEUATS AU essBRGH ARove, the
dediressar tHsdevairapisan Adonathds @e ok Mielad@tiIR2ml04302008;

WQ 03/1035Z1 A2: 5/082020; Guirakhoo.et al., J. Virol. )
oS08 5668 SO ME UBRInRI4E ERAH B A BHREIO Eho i he
fql@gim@ﬁ@shm @i Goet, domEin3i & centratddiaindomaink i) (or a
dimerEALesdRMAR HRRaIRs N A0 omsnodlobulingke module thus
domain (domain [Il). The hinge region is presé’nt etween domains I aRd

|| BRdonpEEkh B2 AR 85 meRgiefrrninmardyd62-4120H18 imatiGnal Khdigée.g.,
(heneevthe tegignatienainge( ihat iseitsan (e feymatpnal €BVelapsy),

prgtein trimers that are involved in the fusion of viral’and endosomal 20
memBrahdRgieboitts QhikaMss e SrrRRsErisire bR RsSIEC PIERYS.
thesiogniiesepiianabe Naagalitheipiieing FSpIEsanids e formaislimers.

Nymerous envelo | cids are present jn the hinge region including,
for Sxanema et AL (083 e st o v 2o mSNarrRAb L PRel
virgpléredymathathenyttiaran8 760810206t pOEEhr Y ofidhesemimidoratidsline,
or.close g ing. ami ' orresponding.aminp acids in
MG A e R e
inpadiionalaembistigno bateingatish. ot parbeuiartitnd iestuda eramsifiglows:
acids, withipnthgsoysrephepis aosket plitheohinge se9ieR 2972308 Further
example, it has been shown that substltutlng_envelppe protein amino acid ’
ngefﬁ Iiitations can also be present in corresponding amino acids of other

Flaviviruses, as described herein.

The ChimeriVax ™-JE vaccine already includes all of the above-noted SA14-
14-2 specific mutations as it contains the SA14-14-2-specific JE envelope. Additional
amnino acid changes in the E protein can also be selected and introduced based on the
knowledge of the structure/function of the E protein for additional attenuation (e.g.,as

described below). These mutations can also be present in corresponding amino acids

of other Flaviviruses, as described herein.

12



R), which is in the hydrophobic pocket of the hinge region, in a chimeric
Flavivirus 30 including dengue 1 envelope protein sequences inserted into
a yellow fever virus vector results in attenuation (Guirakhoo et al., J. Virol.
78:9998-10008, 2004). This substitution leads to an alteration in the
structure of the envelope protein, such that intermolecular hydrogen

bonding Betd&Epndndhempersrecidormadabare BSGtHstntiers 3 drltagpavith
Protein smchsraiedalibEaRiacs il mBeH Tl 2Rle R WHLHBIRE RS ges from

within monomers. This observation led to a proposal that the attenuation

re IR GOKRBADINR SATSHRARYE Rubrituirnsdxaicall, ridecahss yipngwithin
rEmwaII&iﬁiﬁgrgfdﬁﬁﬁ gfyéﬁe,matlﬁxha,iiatb@,matéua% Q?f@!éﬁﬁi;:c@&iilmﬂcid,
ike altering the pH thre 5.that is required for. fusjon of viral . .

S e R RN AN RIS S Dot e L prsinine
furdthé pbhtiiated amdtgmising.which additional substitutions are used to
increase 4 , C ir ' in th r iG: pocket, leading to
b S R P e e A
the'imyerordobiepoe kdayiiasecineeding memirareandfatelprepritrins from
naidle SUIRU ORI GRS RO, ERRR G203 ERBEE) 208G,

ny

and E261H (and_corresponding substitutions in other Flaviviruses). An
10 anfiserbiaee arelsEea Hrton R GireuisA ahay e regfott ik iatisnsipdhy inge
Enﬁkyliﬂ}i w‘m?%@cﬁaprlbaiaps&eeaf@wﬂem@mwpaé&dnb%a&mﬂdﬁﬂms have
npwledge of homqlagous protein structure. T, E gene contain
oA B R FCIRFRER BB o AT iy 1o L6719
furlGHeN2A08; thiddiByl (3dateARlrNENeE/0820d0 s Griakhoy Huirelbkiréland
McMing, AV s VirdS 1S+ 60+1-42, 2003), The fungtional regions of t .
e O A e oA I P A i o
15 meahaen distinré Ratorisprucatistisiatesior{dedam thephioswinetipp Hoatrm (domain
resyltdnqan mm@%ﬂi&ﬁﬁﬁg%ﬁﬁé’%ﬁmﬁ (H3RRERA) % AELY sion is

receptor binding region on the external surface of domain lll, b) 20 the

MAEEEPAPHINEE AXHSH DAL B RBr PRARSHRASHTR tAsidic PterimEsha

acimelepandentaeniemaiena ehangesofiled praieindNeROLRSME: of
and reduce the, efficiency of virus internaljzation; c) the interface ofprM
anEPECISRS LSS THBIEh BRAHE B BB ot HER G BEWHIA SAOPROIRVing
20 themeabrangenientincnopdiicch tocrepior-mitdintek paderadadoRridtintiae
s e
involved in TUSion {6 The membrane of the endosome uring internalization
events; alumeloRreestsinPanotioe esifioATaphistnisaibe fingstiogiayiisluding, for

invalyediin £eRfoimaliengh ghangss ofiheE RSLRIRIAIRG @GkIDANGST 4

fusion events. Additional attenuating mutations that can be included with

onB'BFihdre: 2 HeABrdA&Pprotem thirestoming missipn sisdy vermvdinsommino
25 incluide EHdaERRHHAARE amino acids in other Flavivirus envelope proteins), can be

mutated according to the invention, and tested for attenuation. Of particular interest
are amino acids within the hydrophobic pocket of the hinge region. As a specific
example, it has been shown that substituting envelope protein amino acid 204 (K to
R), which is in the hydrophobic pocket of the hinge region, in a chimeric Flavivirus
30  including dengue 1 envelope protein sequences inserted into a yellow fever virus
vector results in attenuation (Guirakhoo et al., J. Virol. 78:9998-10008, 2004). This
substitution leads to an alteration in the structure of the envelope protein, such that

intermolecular hydrogen bonding between one envelope monomer and another in the
i3
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30 3'untranslated region of the yellow fever virus backbone. The
organization of the 3'UTR of a yellow fever virus vaccine strain, YF 17D,
which is shared by all ChimeriVaxTM viruses, is shown in Fig. IA. It
includes in order from the 3' end (i) a 3'-extreme stem-and-loop structure
that has been hypothesized to.function as a 14 promoter fqQr minus-strand
B A S OB PR ER I TR o
sevittiica®iement THESbend@8 2:dubichshasel dhhidghe dégneatioh resulting
”.Hg'c%%% SERSEE LMWL MO RAER AV eGSR A of
(iii) unique "Tor eSCArican yellow fever virus strains, including the

Y Rhg Protsiccim éheipus fubineecendomiet ot anespbbelydyjaéntagdenpdhtryld
logated I INCHRSIGRPLRITIAN AEMG AR (ARRLIS SldbroAABY 2 basis

Rev. Microbiol. 44:649-688, 1990). The 3'UTR also includes numerous
stdpi-nfesien olfuthes gtsnaatedaantintaia Whitk afdEpnsd s&gibntions are used
downstteamifienine i ialepants asklepiatephitbiigeddes. 134dihR 1o

mutations that can be included in the viruses of the inveng%n gener%%/ are

10°8RBrEDR e R AR elshoh B YSP U SIHRIBE DA 57130 ALCRBUES
(e @ydbpBolic pick@nchdipdd? (8 Be ArdbeshPBedntbntiod Andide8ubstitutions

leqti ' : licatign. Nos. 546 and .
o s e AR b R RS et S o
to sléstibiize thetbecBhstaryusts)ctiny ehdreacidrmitreges théhstenresponding
Str}égl{dﬁeéf l@iélﬁe ?’o'té-iqﬁdf ! %S{H'WIQ %&%Leéme H&E’l E%%.m&b‘}gorated based

structures can also 15 include substitutions that similarly result in’ stem
stroe iiecaesisdarafthemalegrnaieteRamesc the stem-loop structures

that are spiectip themutatiansRLE RIBaERNMARREONSRRYB ASRARASES! may
the 3'UTR or in conserved regions that can tolerate such mutations eP%M_m
i

in efEs) funstian ARdRerany Sdice JsBI- AT RItRRGB Y Exrrelarpieas
anyAARe Wiruoie 61 thezpredigtethst e SHbt i €S8N whE B frigtetBn wihich

hows fi les of h deleti dA, dB, dC, and.dD). Thus, i

S B e DSt D hebE s s B e B R ng

in yefovbdé uetheipussenc hpgdicmitaliming tésat icormp pgmopriptel d(cBuBied-Vaccine
5-6 nucleatides of the following, st ' in.

o A L g R S R v

GCUeTel.ahtigesr e PeBsntenasd asihcts Stoanasdracd-

GQ %%caﬁf&%‘ra%&aﬁc&{%é@%&mc JRRERUAHIANS GARe

also be present in corresponding amino acids of other Flaviviruses, as

destimerrnefi insaRataH iR st edsapRr g Mt 6iZ obtiver SFgipn of the
deletpnsinibeddtRCcanh dod haiRahded witheaennnTess membiener after

O s L S, 2k s 1. e
7013930868 196, 1tk Ratdntid@ithte4RdnR1Juoinmitatichigdiat éaknts; and
Witt‘e}"%he stem-anchor region, which is also functionally is involved in conformational
changes of the E protein during acid-induced fusion events.
Additional attenuating mutations that can be included with one or more
membrane protein mutations in the viruses of the invention include mutations in the
3 untranslated region of the yellow fever virus backbone. The organization of the
3"UTR of a yeliow fever virus vaccine strain, YF 17D, which is shared by ail
ChimeriVax™ viruses, is shown in Fig. 1A. Tt includes in order from the 3° end (i) a

3’-extreme stem-and-loop structure that has been hypothesized to function as a
14



this sequence can be used. Thus, for example, the invention includes any
viable deletions that are 1, 2, 3, etc., and up to 29 (e.g., 1-25, 2-20, 3-15,
4-14, 5-13, 6-12, 7-11, 8-10, or 9) nucleotides in length within this region.
As a specific example, viruses of the 15 invention can include deletion d7,
in which the following nucleotides from this region in YF17D are deleted:
nuBleBtie S s sandREcEthesi badiimoroierted foo ath flasivigscn il

thevddReAle st 8kt AdIRINANON LAUOEH Of Hieh \What AR e 8 R)of

Mutatj ons that inclu edeletlon of, for example 1, 2, 3,.4, or 5 additional

nUBHELSRASE SFOHERRS ASmo %%%ﬁ%%%%ﬁ%&é&d@%%%?&&%%&ﬁ%&hﬁmq“
thefanVesti ddribarofelis e fewaplésisshaths dalationg theCORSED/ e &a0VaNsaSree

CS1 and CS2 are included nthe| t|on e mutations can include
5 orShih o e vl B oo e R e R el

seqUé”ﬁBdérhAmm @péctﬁnmxﬁnplhﬁcmbdé@ﬂd@@m 39900@@Hemum also

i 360-375 AGGAGACCCT.

G B e R R e S A B e on
Mutetisrscama e thiekdetionesnsf Afoleriggthpidia, 1B.3, 4, or 5 additional
nucleotides framuthgidne it SRR IR GRAUSACT RS BISALE I8N EBlerally are

other flavivirus 3'UTRs, similar mutations can be made, based on the

10 s shothASFRIRIRG Asleipmn OB IR anpife ifssiBig 3¢ SuelsAndey Gteuctuzed. etc.. and
- of 3&339%& QUEI(&S‘|@\IBOMSB§ have &%@rmdlﬁtﬁt&d a@i@ngmy %ﬁsgpzlgem
Kunijin,.an E 15 a V|rus Res. 64:107-1
o bEen N R S g AN (2 RSl e bt 3 UTR
19aaht5nxtherdn@mm6e3thbn&m«almde@qmmomﬁmwaﬁrafmse stem
of g@xr%%?%e@ lfour m AR JeXf;j ddﬁnﬁ,; @{a 1US: 1so

are availablé rom en an deuences ins
15 cam@@mmmémyhﬁlﬁum@b{@ﬂdm stEne stachid deytabilicativas &f certain

th%&%ﬁﬁﬂk‘%ﬂ@%&xﬁ%&%&&&%‘&'iﬁQﬂ%I%%%?eHﬂ@%é%ﬂ%%?%‘%%&ﬁ?:ﬂ non-

mfold or RNAfold pro ram to reveal potential stem-loop structures that
caﬁoﬁéf’é‘(?éjé'?ﬁlf’élsrﬁﬁ IS opiacennarkRd remaniiaiee Rl erde ol anytations

Striciyl rm%eﬂgﬂéfﬁép&f thrbPMBYT U8 B INARIEIAGEG NS Ch \HEUS e84 in any one or

unknown a_lecau ere are no available methods tg experimentally

provHed; R TR SRR DPWR M o A DR PRI gpeemples of
20 pub&tﬁh@qﬂmﬂlmwm@,,mm Phredgteddiior FoltREdyp Exfidtskirapes, other

CO- woar ) be.i |nc fre Man alter ve structur s can be
predicted. ?0 gﬁnﬁ%%ﬁ% |ve F% Tofedl eaéf TREPULT R} goRprise. e
191220782741 02 06 hpakedtidés qﬁ@'@siblbmag dtﬁerwm:smwstuvhsl@l arpkhowen in Flg.

MipKs, SHARGILMANd-feretien @fétg erept cSlepsebHe, %@gf? slerg,

True structures can be influenced b e formatioh of various

ps@MﬁoM@%T%rﬁT&%GﬁMTﬁ@W@ BLPAGTanhdSioyidnte

25 RNYGIRterastione (e afd VA G KelizatioR @ hehelhshs Risraci g iabmigz et

al., J. Virol. 79:6631-6643,
corresponding amino acids of other Flaviviruses, as described herein.

In addition to stem destabilizing mutations, other short deletions in the 3°UTR can
also be included with one or more membrane (and possibly other) mutations in the viruses
of the invention. For example, the previously described A30 mutation (Men et al., J.
30 Virol. 70:3930-3937, 1996; U.S. Patent No. 6,184,024 B1) or mutations that fall within
this sequence can be used. Thus, for example, the invention includes any viable deletions
that are 1, 2, 3, etc.,, and up to 29 (e.g., 1-25, 2-20, 3-15, 4-14, 5-13, 6-12, 7-11, 8-10, or

9) nucleotides in length within this region. As a specific example, viruses of the
15



2005)), as well as possible RNA interactions with host and viral proteins.
To further complicate interpretation of published results of theoretical
computer predictions, manual 16 operations are often used, such as initial
folding of partial sequences with subsequent forcing of initially predicted
structures into structures of longer RNA se%lences, the artificial use of

N EHERHRY FAB AN IIER A5 Stopd Ta iy vdiisheiba e Lavdrs SHckrofidsio fiarg this region in
Strvstup slemania: (@ubledvdiebs etigl (AAGEGE; Hbb-O665580GH. Tamcleotide
this_end, ) folded t 'UTR.RNA sequence, of YF ysing the .
o e L B AR e AR iy Mutations
strhattineligis HeetoinoEidor s€amypiiich  differs, drdinadtiiti drd wistyopidedifthonthe 3° or
shown in Fig. 1B. Itis important that the small deletions dA, dB, dC. d

5 o ey e et MP RO e O AREIONRofics Sanles hor
Y RlgigtioopiintahgEigrd@yusnces (150 ptih 858t ane it edeisfnnetha nmykm @ nEhese

sughhf aliered Rl ﬁleﬁa‘ﬂiUﬁ%i{%ngﬁIBQ §1G gatant) ISsSBOMNINGEIG, LiBbtides of
In contrast, the CS2d5 and CS2di6 deletions’(Figs. IAand 1B) did not

notheea BrgueHSPiy eMhBvesRRsHI S iArerlstraulpatidea R eimg AnEhEde CS2d5; Fig.
deletipns mavaisnuatesheMieatecution WAs ctemensiasediy) 1he are
hamster mode| for CagneriVaxTM-WN#%virtue of,altegré% _th(—i- e%%ence

10 o gedstefldrom, Catheh Bfanithe FPPPRS I e Mrain SR dRy 856a Fheg of: for
soszerfigubaptimabsirugiitiesl hatlsotyafitnuin Bans’ ehihef daleséqnsnce can
were designed.based on the Pr j structure prediction (Fig. IB), their
R R FE S Pt TR SRl el el on e
thequedrriesirstewresodpbe 3 'EiDR kB PAxdditionabfisatatidary strattaesloé 3UTR of

. . . . et
e R S S R s

15 anfretskics pha YiauoResitHid Th2 31999 prétéiR Vitresnp s Kol didielpv et al, J.

MUWALPNR)-PSGYISeH in §6E8reRGRLOHNRrdasl DM Ua FaRRId RERIGIRes for many
include viable deletions affecting Helix | of the protein (seeglgg. 2A). A
spEEHRs St AnpIdTBIeS TR S B APIE RiRdtSFPeorRifiEh (KEIddedeqeue, and

deteByef anilablacitsn Bomd kNSt gadiN otiher-sharimbetatiensined by
in this region élas wﬂzleas cor. espondinrg 25% rﬁutations in other Flaviyirus dicted
se&ﬁ%%%%’%ﬁ""é e st eTPPEP Y SR SR A AR PSRRI A L RR 4ty BEFdicte

20 usesing thedavesutforar€as) ot ekl indd pesgofmther ifaval puses ahstems-loop
be i Kol . , jin, JE, and dengue viruses (e.g.,
Plgﬂlrleg\éé? éfs gﬁg\%‘%‘o%géﬁé i%%é%ﬁgé%%%) The following are specific
exampledtehenidie rorbinelthe daieserehdarzrerBordepes e lithRhef

- AmerigaR S GHENEYFOlES IR ARGRHD MRS YR GRG0 Hafie

under the terms of the Budapest Treaty and granted a deposit date of

JaPERgIB o1 RSTITCR!AAAPERY € S X F1ERES Wi thsecoBiet O vl gipuses, and
25 Chinegyiisr plislyyHee yetdictions, e.g., the one predicted for YF 17D by Proutski and co-

workers (Fig. 1B), may be incorrect. Many alternative structures can be predicted to form
in a relatively long RNA molecule (Zuker et al., N.AR. 19:2707-2714, 2001), and it is
possible that different structures (in plus or minus strands) form and function at different
steps of the viral life cycle. True structures can be influenced by the formation of various
30  pseudoknots (Olsthoorn et al.,, RNA 7:1370-1377, 2001) and long range RNA interactions
(e.g., RNA cyclization and other interactions (Alvarez et al., J, Virol. 79:6631-6643,
2005)), as well as possible RNA interactions with host and viral proteins. To further

complicate interpretation of published results of theoretical computer predictions, manual
16
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17 17D/Dengue Type 2 Virus (YF/DEN-2; ATCC accession number ATCC
VR-2593) and Chimeric Yellow Fever 17D/Japanese Encephalitis
SA14-14-2 Virus (YF/JE AlL3; ATCC accession number ATCC VR-2594).
Details of making chimeric viruses that can be used in the invention are
provided, for example, in U.S. Patent No. 5 6,696,281 B1,; international
appreaitnarofty $39/68808 (WirloRigingidf parik! PQTHISOOIB38xEquent

(WQG%%? ﬁ@glii?gﬁj?&m@xﬁéﬁn’m] s%@ln'zggo% é%@%}\%@@@m&@gﬂw

are also provided below. These methods can be modified for use in the
pradidisiaige of Shssirimadritia) foldiep SERsuRLRIRIGOYe srienidpa of preferred

Mukabane asmsigneribednviensiat RO INPAUEd SOEsPO6ES, (R)04) JABIRBLAd, we
egé hggtis virus or West Nile virys 10 membrane protein or other
s

&) MR B ARaUEass 58 YEJdorRedit igmraliast fukers
inyestiotoardgistude KhtaeediotEpHAT 31RILAES HMWBIAGHET ARhich differs

also se low). Mutations can be de j e viruses of the jnvent .
R AN PG O, TR LR RCHEC WUIRGERCLIE (o deletions
exdindi, Oy akirdidatidingpr &demidn Bngentfrllirdessbilithe thevmetioned
is [ , YRES.Q ' deleti

o CHREATRND LA REROL TR SHERAS, AF L0HRA08r one such

matstieshertarmbirnpeise (s the Hlomivane sehwxe 81 Bige 197 nio rontrshiSiraf S2d5
MyLRAESS: 1 WHAHRShYIENR, 11e MNP aRenBf R85/ cRhABARY oq_timai native
combination of, e.g., 3'UTR, capsid, or envelope sequences. 20 The
virtiesm dsErAtreirdhsss Srlatens e AtRRARIBIF KiHsd et TaE GBS
staemﬁ@md_ Qﬂﬁﬁﬂliﬁﬁt&rh}&w} eeOMME: ramabR’N }V\ﬂ‘(&?&ﬁglﬁue of altering the
correspondi the genome of a vir an be introduced into primary .

T AT oL SANBTATIRAE L LR TR T ol R S A g some
of swbophimi atrentynes U loan et gusified oAhotebrtinathec: that ged based on
usgd e Vir lo eroploi s. 25,such as Verg... .
o B S TR e TR R S R B 8 X Bitcing

asumura et al:,
mdiffottnastiyctuie elefempiban by ergdiciedRNm-opsdalBigcdBesponding to

the genolag;ofaMEusiRRtodvEedIMetRe el ariee 68 SrotliltdRd

harvested from the medium in which the cells have been cultured, and
haroedbbyofhers rutpsatsdnin virusercridBe inyention asn st drletion (5et-

degiagless Roth BNAcpndrRN scii§ atdohBandenasechiidbrrdataniadies
5,173,418). In the case of BenzonaseTM, 15 units/mL can be used, and

th& ORDTGHL PRI 1R GERetrRaedP 398 C Tot b SHiTS: 62BH S RIS Rotprlude
to villbly deledwmastitueitiy Hidieit altigsprbienniyetcRige2thdate dpetifk iexthgple of

CopSenVIates (& nhatsE £5 IR RRR B A Dhe v A SR Y,
Helix I (Fig. 2A). Other short mutations in this region (as well as corresponding
mutations in other Flavivirus sequences) can be tested for viability and attenuation,
and can also be used in the invention. Capsid protein sequences of other flaviviruses .
have been published, e.g., for TBE, WN, Kunjin, JE, and dengue viruses {e.g., Pietnev
et al., Virology 174:250-263, 1990).

The following are specific examples of chimeric Flaviviruses, which were
deposited with the American Type Culture Collection (ATCC) in Manassas, Virginia,
U.S.A. under the terms of the Budapest Treaty and granted a deposit date of January

6, 1998, that can be used to make viruses of the invention: Chimeric Yellow Fever
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cut-off of, e.g., 500 kDa (e.g., a Pellicon-2 Mini unltrafilter cassette)),
diafiltered against MEME without phenol red or FBS, formulated by the
addition of lactose, and filtered into a sterile container. Details of this
method are provided in WO 03/060088 AZ2. Further, cells used for
propagation of viruses of the invention can be grown in 5 serum free

mEdAREngse Bxeibadrpel S DI 2365 GraesiAv BHIRR AR (e VR -2593)
agiTiStRIasE A% NEREY R ONYAR aHEs AURREL kR 836 atdsK ViriRfECHO,

or can be used as secondary agents for treati irgaecf;ed Z{gatients. .

B ot TR OSSR RERE A Ry A oL e ARIE SO S roses
adnatrisiredioseion akdislvéadonduaistsdety fis therepde iy (ERildaemt Ofdd 1V

1Q.i ersons. The vaccines ¢ -i I

e L e e TR e AT b an
iNRCHAMR Y338k (HOCM ARSI a0d tiestibapets k.4, \oms, FogHSahkd1, 1999,

bira),J0asionl e SsePrRaliGeRios, blick: AdmRatuand valiakle

animals such as rare birds. Further, the vaccines of the invention can
inituertigndinciedinsd ster iErRIGDS oRfcRIdNogeaNYEA e 48 Arseatsd 15
(Cr@regtd B0 RpALAEY m&@ﬂﬁﬁéc&%miﬁwﬁr\ﬂﬂt@r“@w@%ﬂ@@m

such mutations. Formulation of the viruses of the invention can be carried

oubersREnRBIASHS Ot Res ReAersas T Y SbeRgRs et for producing

pharmsacautically-aaeapiahiecstistimg faPUITUSIBANG e (WEPST AH00 s &2,

we|l kno nlanﬁ can readily be adapted for use in the 20 present invention
bf‘ 0SE PSRN in this art (see, e.g., Remington's Pharmaceutical

Scienced/diditveditio bl mekdetin Genviaises 206¢;, iMack Rulsimhatap@od, methods,
Easton, PA). In two specific e | Vi, e ' .
e e e Bk Brlenc 1 e
andrassseheriamentinmis aitbgtnitiens. e otEee e wihg uatensopbifo ks
HQWENEEs hR HUREHhSARSHR NS diliethi Diga Y HOgicalM e, the

acceptable solution, such as sterile saline or sterile buffered saline. In
arBHEIBREATIE PISEUIHIBEY BRI i SARNHIREASE ARITETARAISRIG! FaRtations,

exaraples Wit 1S mar PN pfodsitheyedow fayebhiamreciics.£,5;EER
clarifieg sus er]sion of infected chicken embryo tissue, or a fluid

haR e 01T 8B THRGPES infected with the chimeric yellow fever virus.

30 The vakewviesef {ineliduentidmear) bétacmisisterecnitingan bthoddethsing
are well _known jn.the art, and ropriateRﬁEo nis oI th A gg‘lra% t%]gle

a r%aﬁm%{éi% c%f?ws lﬁetaaiffltbagoéegtﬁg%ﬁﬁéanby those 6 l:i‘,féiﬁglnet%g{e art. %N a_lt'3

is grrtesrn pforiviou cam HEG rpsdrspe dnte pnimant eiivircido cahninistardiplaidecl]
de\ﬁffé@]‘ﬂs RacANSIdaEAaR-ffAc B SR ASe &g vilhe Sirtand.ganaral
health of the subject to whom the virus is to )

Another method that can be used to produce the viruses employs heteroploid cells,
such as Vero cells (Yasumura et al., Nihon Rinsho 21:1201-1215, 1963). In this
method, a nucleic acid molecule (e.g., an RNA molecule) corresponding to the
genome of a virus is introduced into the heteroploid cells, virus is harvested from the
medium in which the cells have been cultured, and harvested virus is treaied with a
nuclease (e.g., an endonuclease that degrades both DNA and RNA, such as
Benzonase ™: 11.S. Patent No. 5,173,418). In the case of Benzonasem, 15 units/mL
can be used, and the conditioned medium refrigerated at 2-8°C for about 16 or more
hours to allow for digestion of nucleic acids. The nuclease-treated virus is then

concentrated (e.g., by use of ultrafiltration using a filter having a molecular weight
18
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be administered. For example, the viruses of the invention can be
formulated as sterile aqueous solutions containing between 102 and 108,
e.g., 103 to 10" or 10 to 5 106, infectious units (e.g., plaque-forming units
or tissue culture infectious doses) in a dose volume of 0.1 to 1.0 ml, to be
administered by, for example, intramuscular, subcutaneous, or

infrecifabiesu i kPattricnt dieed M vnirabdsr rasraie e dinibieret

infecting Nhavie N aR0oshMie: MR IR SORSu B HAN b SHO SIAIRbA W Bctose, and
(Gresikova et al., "Tick-borne Encepha1itis," In The Arbov_iruses%Eﬁologgoo88

arfl' ¥t EplaasedyoNRREals s preited B R TvHEL!

(19%., M@’fﬂﬂﬁ,ecé‘%s &Z&tffé;lﬁ-)@oﬁbgaﬂwhsesiﬁas@m ﬂiff;\iﬂ&ﬂ%ﬂddﬁ}bﬁgtﬁg&ﬁin
e.g., oral) routes as well. Eurther, the vaccines of the invention can be
acfgﬂﬂfk%%%ﬁ‘?ﬂ?%ﬁ&] ¢ ﬁg%?lgﬁﬁonally, administration can involve the
use of a Priviirgsetosttiielloveatdmcantearimoristod stepridese rifydiytacic
administered, e.9.. 2- as lat etermi i
R R SR e
skitiegtid pratients cdetrasgdbel YHusheasaiahignisatadohor areapoitisadas iy pepl-suited

inyentiopAdisvans hat Ganhe dee Bcerbancadis mmupagsniey of

the viruses include, for example, lI{:‘i)osomal formulations, synthetic
adifsistsrasensad 18 YACRPSDI90 At BANAd R BHAEDIY FBHIFh6 S BiRe
lipidAirRtiRebiesRNazing widoughihasareslivasisrie hiicalivonsed

to enhance immune responses {0 inactivated vaccines, they can also b
SRTGHIS TRJS Gk s PR AP BB PO e e SR G Rie i
rokite, deuts) xa Ml p ablabiyimicordl Bdjuy divids s Fohles, the haaixabithexin

of £, ol LT) ermutan, derivations gt T canke tsad s adlivants: Icoson
addition, genes enco&ng cytsoﬁlnes that have aéljuvan ac f\i/rl?les can be
in§ege thinddSthHd arasdsr Mitfsydntios e ncodimjusyvokingsssadiriasg such
G%ﬁ(;aﬁlgﬂg‘L-Z, IL-12, IL-13, or IL-5, can be inserted together with foreign
antigen genes to produce a vaccine that results in enhanced immune

responsésrmutatiarooiiate inued ol thdinecteidmmanchs pentitdally teimandsthods
cellular, humoral, f mucosal responses. Additional adjuvants that ca
M L L
métutacsrs prepaiatitre e selbkueny aed\ﬁapsesdélmdw@ﬁmmfm FﬂaMases
In %'iégéﬂgidw %@%@9 Saslar SRAER Al 8 Z%MHEIW YRR rical

which optimal vaccination can involve the induction of immunity against
aliSfeierast (A8 crsitiend <haty Seanae MPOsMaek Biblishiarion #ttee §éod In
in the {peptdatiomplctc rRvalanisREEeS Ay iR @ thafi MR eiyses seesh

in such tetravalent formulations_can include one or more mutations that .

decFEEsOls AP IRIAINTG GestiRSEIHEIE in> TR SEE ELf BEnin of

MEME containing 10% sorbitol. However, the viruses can simply be diluted in a
physiologically acceptable solution, such as sterile saline or sterile buffered saline. In
another example, the viruses can be administered and formulated, for example, in the
same manner as the yvellow fever 17D vaccine, e.g., as a clarified suspension of
infected chicken embryo tissue, or a fluid harvested from cell cultures infected with

the chimeric yellow fever virus.

The vaccines of the invention can be administered using methods that are well
known in the art, and appropriate amounts of the vaccines to be administered can

readily be determined by those of skill in the art. What is determined to be an
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mixed to form tetravalent preparations at any point during formulation, or
can be administered in series. In the case of a tetravalent vaccine,
equivalent amounts of each virus may be used. Alternatively, the
amounts of each of the different viruses 10 present in the administered
vaccines can vary (WO 03/101397 A2). The invention also includes
nURBBTERIIAEE ATepERb REY FRigto RAUKDETDREA e Ceterapinea Pinesasidrealjon of

cofrenpondiaiheganognsaf the Misasobinrysetion asodeserhed is to
hegein or the c lements thereof. These nucleic.acid molecules can be
: 1 S PR

usea 18P UREHHIe" Th R %ft?f‘m&%‘?aféféﬁﬁi‘ﬂ&%m%&g ripated as
inwentionqircsabiutiom ethadsing bewsleds aridmalévulg. contespoheingte

th n of a.vijrus is introduced into cells in which.the virus can be . .
ore e e P S SRy s n=
lindeseotdharsrobibideélPinbio bapdivimisaed 3y, fmdxdropleninichnior the,

SUREARLANSSCEWRIG RIRORINCMINYS | ﬂi&?@éesurzyﬂs%ﬁms;%ay be

methods can further include virus purification steps, as is known inthé art.

20° ARl Rftiadeatins eduiana BeshuRimyehrheesirishsithe ershbatased

in tgesmyeNEON arFiBkoVRIRfoLMBMDIe, il SrRAE NG 5,896,281
Bé”';fjné%(rj] tional ap Iic%gons PCT/US98/03894 (WO 98/37911) and
p&F} Pﬁ’s&’&c’w@a )eeBE A eshdPetditagd laride, 19§ rdfolume IV, 177-

7328098 13155220 bb etiniliniclled boansisealiR Qb ghimedelayiVviFdsher,
ingjuding pre-membrane.and envelope protejns 25 of Japanese .
o e R

protoins faicieanfamaivinbs, vaee Drgritazakfo Hollsy ciHinsenmeathadls wauter
reggdiys gy arapisthRYeeSe TSk, %ﬁzf% &'e%%‘iﬁé’d‘%%‘ec“rﬁo riate by
chimeras including the mutations described herein, as well as cHimeras
inéhaarRf Stlkbinghs-slembrane and envelope sequences. 30 Briefly,

derivati /1JE.chi invol following. Y, i .
sequenc Lg% P
erfbeddmasyRlicapidhe esdsone fthe lputiols ] -2 P76 uste dhd; 270 HEQ: 8o
(Y@;&&M@%&g&%@i&%%&?Mé@e('?ﬂ%gt}n e, IS NGY

Biglogist 1:285-296, 1989). Full- length cDNA templates are ‘generated by
ligheT B s FapHiats AditMERSSREIhErgs QEemwemvinERerpiftesmids.

Y mSaepIRRERSYItip m,eo)?@ﬁi% PRSGE, %%o@éﬁ%@aﬁ{@vmare wﬁcally

regla&ed %%the corresponding JE sequences from the start of the 5 pr .

protei RIBERFE AR HRAIE SRS HRDTaFF iR FiRs s drwith

(nlicteatidmd, Abhaminpodaitifik el oaes obantbanalicodte J6L ekdraple,

pr tgli enes were generated from the JE SA14-03;_4-§§|5r_ In,(JE live,

o R b e R ) r i
derivations of LT can be used as adjuvants. In addition, genes encoding cytokines
that have adjuvant activities can be inserted into the viruses. Thus, genes encoding
cytokines, such as GM~C_SF, IL-2,1L-12, TL-13, or IL~5, can be inserted together with
foreign antigen genes to produce a vaccine that results in enhanced immune
responses, or to modulate immunity directed more specifically towards cellular,

humoral, or mucosal responses. Additional adjuvants that can optionally be used in

the invention include toll-like receptor (TLR) modulators.

20



5

10

15

20

25

30

from the Centers for Disease Control, Fort Collins, Colorado and the Yale
Arbovirus 10 Research Unit, Yale University, New Haven, Connecticut,

which are World Health Organization-designated Reference Centers for
Arboviruses in the United States). JE SA14-14-2 virus at passage level
PDK-5 was obtained and passaged in LLC-MK2 cells to obtain sufficient
amounts B YaggestopicdoneaecYomitey andiersiramsnip Blwivimvedechwloning
thenRifuiaUHabie RRIPO¥ARIFERT NRLAYEVRR A AMNIALSHS (R AR accination

nucleotide 1,125), which can then be used for in vitro ligation."RNA was

exFaRIBYKGHHBRMLgR AL Brvaiicteripe all foutefithadensus sewamgs, the
SyRirass i ReBREINC0RRESE INAINAE FRFHHEHIRUIIISGTEMEI $8ccines. Any or
transcriptase with a pegatiye sense primer (JE nuclegtide sequence

2. AR A G B ST (KRG Y AR G BRI GPE B
initialiiafivts (Rluesept HiskSotomne, 20 isdesathsaniby=into e MBuédar) be
re ively, Fir, n NA synthesis was, followed by PCR

o o B B A B W R e, e
saftiEgaReseins. phirtier caselod pissitivaese Nseiminegnilienuotentitest
seguaNGty A30) ini I triction sites
for cloning%i«;llitgo? %ﬁ%%c?%%%gy&gé%ar ) r%ég%ae%ié\!/fg%% ﬂ%@rga%u\gﬁ%sgss
w&?%ﬂﬁ%@ﬁ?@%ﬁ?&i@ﬁ%ﬁb%@égﬁ@&%aHﬁé’lééﬂde

sequencifg tide sequence .from,nucleotide 1,130 .was
derived by Iglﬁggﬁgwiﬁgﬁ%cﬁ ?F %gqécgﬁ\gea 4 rérrlfjc]efée% Aiﬁﬁsﬁoﬁgoég%‘o*?&g"
negBfiA) seglseujsihtiet corresnood dirthsgdemmescié tiidasuses o6 the intd0ion as

angd 3 pesitiNg SENSamY| 5%3&%@@&%9&% ﬁ\&&%@@lﬁ&lﬁﬁ%&% bothe

containing an EcoRI restriction site. PCR fragments were clc into
pBYTESCpFRARPYE 'Banstinde péaxirdrenvingithy busatrichainyeefiemdnguch

Toggrtheds, Bisuepresanislenis goeédhn dEoSRaHEe BeR fRBmuUgIaetides
1-2ﬁ4Z)Jd (ar;?lno acjds 1-792%. 270 inseg the C terminus of the JE

RSS2 IRESTERS 50 B PERR oo R N &t erighiery

en\l/etfope p
siteelighitkosingdsintipisié ceRNIBeR, pasesidyidaigianusleoiide~diseeltg), and

m is of ignalase sequence at the E/NS1 cleavage site (Y
R A S e P B3 s
Tranepinsadivbe inslde viplamsifietipatatnghisobangs tivenet.
checked fpr. infectivity and yielded a specific infectivity similar to the
parental fg‘?ﬁsp%%eeé a@%ﬁfg%%ﬁgt%qd?jfb‘g%?gaﬂ%Yﬁﬁﬁ thatsmaey used in the
namogranTsans pramsied pfir Theniie, sefliiteciroN neiciEggies 1, k0&dational
2, ld dent =deri lopes of
S AL Tk e e e RS P
reStHéhgPinng Yirmber/grldn¥idontaiffiyXHe YIP®. ubtmiis af ok

Leygéﬁggmel?@?iga%&éw@q@ﬁg%émm PreREMaG ER010 WRIS JRVEhins
of Japanese encephalitis virus (or West Nile virus), and capsid and non-structural
proteins of yellow fever virus, are provided as follows. These methods can readily be
adapted by those of skill in the art for use in constructing chimeras including the
mutations described herein, as well as chimeras including other pre-membrane and
envelope sequences.

Briefly, derivation of a YF/JE chimera can involve the following. YF

genomic sequences are propagated in two plasmids (YF5'3'IV and YEFMS.2), which
encode the YF sequences from nucleotides 1-2,276 and 8,279-10,861 (YF5'3'TV) and
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amplification. To derive sequences containing the junction of the YF
capsid and JE prM, a negative sense chimeric primer spanning this
region was used with a positive sense 15 primer corresponding to
YF5'3'IV nucleotides 6,625-6,639 to generate PCR fragments that were
then used as negative sense PCR primers in conjunction with a positive

sef B plit{aric i SIgiEnta (R teetele baThe e Biele@fdedBioAde 1989). Full-
UpsERat DN e ol slaciR Py 1ibgidk seprastiensadedifragments

reverse qrientation in the pBluescript vectar) from nucleotide 477
(NS OB e BRTBStoih SFrBGBRS ST Exa 1Y ADIKENER?
1, 15sniide sestitingpRcdd hadmeniesyenainsHtadieiodheo iheF M of the
plasmid using,the Nar. EcoRI restriction sites. Thi nstruct contains

5 P S A R R R e T PR the
se(ﬁméﬂ@@id%@) @Eimpﬂdﬁﬁl'.éhd contains the Nhel site (JE nucleotide
1,125) regiid febifh AiOnoation. anaaipedie Nog et thinibed5
envelope sequence as a 5' in Vitro |gag[|on Site, are ur% ant Nhel site In
theSPitfnbia s ttE vl atemeisdisoyina st afdsl 411 wiass is available
acermpliciag e sentsaatations] heToBeRUEBRRAD @H@'ﬁm@“@'ﬁéﬁﬁ&zvims

(T .C; alanipe, amina acid 1820). This site was incorporated into YFM5.

10y RSB S b5 R F S RS PR SRR hivdtithoars gyld Health
Y FOtgaapisidildesliy axd Rangenciehres Mgl AMarb ragsanb € 0eadingdhe). 18

chimeric,YE/JE sequence. To unigue 3' restriction site fqQr.in vitro
o e I e R trnY drevneed Qi C MG
noreikd iy badhtsn fensratadutitdergtntdonpladés toniny F31 Mrardy used -
YR [ [ .present in.the 3 structural enc
e B B RS A ST MR R
15 by mideetideiatioh, ofhich aucthenitie 8SBhI(x Giseligaticamino acid 2,860),
and was R RAEE A TR 4 M RYERANAG OL P PIRARE %%ﬁ%%ﬁfgr&]sgte

fra%nents. The unique site was incorporated into YFM'5.2/JI§ y exc

of H@ KBS magTEn benstcr PRt HE R E PRI E PR SRS Biase
threipiangaiigetanoiane ominie sesbiaiandagments famnt RRERLMH
pla}%gidsgﬂd om a .derlvat|¥e of YEMb5.2 (BspE1l) deleting the Y -
sequanEE A LB RN SR I fAeRe ALl pBhese et 2 KBh ardm

20 a cldrequitily HoNakdyaiaSiratspwhiciyh Eibeenext®siyelyidis was

P e A TE R S 30 e
thaJreNRacHRhIasdirg fesapaitEd et o potieve esrtsrrprioreD{$B aseleotides
CapHalnEOr NS 0 AAMA 8L ed Xpal and Nsil restriction sites for cloning
mto pBluescript and YFMS5.2(Narl), respectively. JE sequences were verified by
25 restriction enzyme digestion and nucleotide sequencing. The JE nucleotide sequence
from nucleotides 1 to 1,130 was derived by PCR amplification of negative strand JE
cDNA using a negative sense primer corresponding to JE nucleotides 1,116 to 1,130
and a positive sense primer corresponding to JE nucleotides 1 to 18, both containing
an EcoRI restriction site. PCR fragments were cloned into pBluescript and JE
30 sequences were verified by nucleotide sequencing. Together, this represents cloning

of the JE sequence from nucleotides 1-2,471 (amino acids 1-792).
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the Yale Arbovirus Research Unit, Yale University, New Haven,
Connecticut), was also used in the construction of chimeric flaviviruses.

The Nakayama eDNA was 15 inserted into the YF/JE chimeric plasmids
using available restriction sites (Hindu to Pvull and Bpml to Munl) to

replace tq‘e entlre ﬁ)rM tE re on two Iasmlg}tgf){ fem favage
single aming aei , serine, a pos flinta ci in or

utitizes mmwtémmmMrmwwmm@dwaﬂmm@é&ﬁ#aﬂﬁﬂgmd by
g'r!?ﬂgglgﬁas H@&s&e@a&s&g&@&%@'ﬂ@'x&aﬁ?&s&&aﬁs%&%ﬁ Beavage

ew Biologist 1:285-96; 1989). In the"case of chimeric templates,

e
théifﬂé%mywslgsl%ﬁ@m&mﬁwmw Qf@t?bt@@r@efs@%ﬂwarn
NheliBapitand; iy dadigatinmnds ﬁ@é(@r I\gﬁﬁ%ﬁa NRRRYRNSPfor
|

purified. fragments in the presence of ase. The ligation

proRfGeEtY ity an siglisdp mﬁﬁféedaf%ﬁarwwﬁr&ﬁ thameEtidATRIBES
trmmﬁmaﬁynmmmmm591%523@1ﬂ@@5gmﬁﬁmtmkﬁa@bt¢wmiam

titated.b din fthe R
R o AR e ok 2 Wl SR s s ol Benon
5 tBOmdamrcxgdm&@lf BBlAepeiprddiction YIEMG. ﬂﬁj'ézplbozsmgmm mnmgtedfs.zi and
Whighs. REESSR LS MW eRet EaRSELPISh T ggf&%tw (f fRNALL nggé%%
escri y e

in the presence oﬁ catlonchosomes IS carried out as

et Gluekgpess forl Y8 adimend tgm@éﬁar%ﬁﬁemmrmdﬂmsééylmﬁe case
of chimersifiaviviruses including West Nile virus and yellow fever virus
sequences, the two-plasmid system described above can also be used. In

one exahPRETTHESOIBSRNNISORIINE e IAoHsA@ Elsore sapsidpndbrE prM, a
clonedtfrert AN Yintdil pmingaieahne S83rdfosaayaseevranBaRitive sense

accession num er.AF1 irus prME cD obtained

PR (XTI IOH R h LR S O 4 B P SR T e AL Gegments
cldhmed:]mlylmmagndmme B(ERJ;Kﬁqemjnidogjmfethm with a positive
ovgelag %xt;[l%nsmﬂq IfeCR smg)l;’h é)log/meraée% Rochue The %end the
Egeneev 5 Also cloned precis e‘fya o5 ehd of tHe

sefueRbstbyioyaplify briEhsignePCResilded mmamnsmwlmmdbced

- intgdhes ve&&&yﬁe%aagoﬁ&pwqﬁt%&&mﬂu@J@ﬁ%ﬁiﬁw&iﬁﬁ&@h the

and Eag |. Digestion of the two plasmids with these enzymes generated

DM%%éﬁ?r?éﬁ&cmmér@éeﬂ&ﬁﬁﬁ%ﬁtwﬁ&wmﬁrmﬁ igpeHek iy the

fullytesgtly hisadashibe Abg sldNAIRBEIRRANZHWITROGHAAS: contains
facél(_lﬁl‘:[%}g n vitro transcr tlonb P6 olymerase (E$|centre) The RNA

BT ATRA e ary SR E RS SR laved g Feannce:
travs|afp EapavrE))inatiomoinbewiNiel As\@RringesiddE, chiyetaired for in
des ri fabove mutations of the invention can be introduced into

ibed
cgnlmeras as described herein, using
To use the Nhel site within the JE envelope sequence as a 5' in vitro ligation

site, a redundant Nkel site in the YFMS5.2 plasmid (nucleotide 5,459) was eliminated.
This was accomplished by silent mutation of the YF sequence at nucleotide 5,461 (T
C; alanine, amino acid 1820). This site was incorporated into YFM35.2 by ligation of
appropriate restriction fragments and introduced into YFMS5.2(NarD)/JE by exchange
of an Nsil/Narl fragment encoding the chimeric YF/JE sequence.

To create a unique 3' restriction site for in vitro ligation, a BspZl site was
engineered downstream of the Aatll site normally used to generate full-length

templates from YF5'3'TV and YFMS5.2. (Multiple Aafll sites are present in the JE
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standard methods. 15 Other Flavivirus chimeras can be engineered with a
similar strategy, using natural or engineered restriction sites and, for
example, oligonucleotide primers as shown in Table 14. The invention is
based, in part, on the experimental results described in the following
Exsast%nfgles 20 EXAMPLES . Example 1: ChimeriVaxTM-WN Experimental
Re

L URISRP IR SURMRS) i HeATEESR IShl e o dispRhste
(Y Fedt/ Dipatindi By Gibdn Miﬂf%ﬁMfWTﬂmlﬂSomeﬁLmdmﬁt%ﬁﬂ@ Ar@o acid
prer ne (prM) and.env enes of a WN virus (NY99) into
e B e oL e e
freGagsaiittorh¢atritpssiigevss PBYevaleabteth OFSEIRHE yrewoogniditie
s an%aﬁ&%%&grﬂéﬁelLm’&%@ﬁ%ﬁﬁ@g&?ﬁﬁﬂ)t&%ﬁ@%&@gé%éeﬁudy

in humans. 30 Additional attenuation of the"vaccine viru |
detiRHRrTeRf BPIRRSES Festriqtion fragmente fomdherermapicoRsprgemd from 2

(regicembQF 3N 5 NG 449) dTRENAGEINE WUHRIMASIRIS RN BYIRISRLS at
than YF-V{GFXQ) when fested in mouse and monkeys inoculated by the IC

ro - RH 95t Hhice, hamsters, and monkeys upon a single

inoculatiaDIRA (fifoy olecds e VH Olalliaknd 8ifak SRR e shigistoly

10 EBERIaE Do e E R O I YR e S e dive
mixed population 0 wruses’i%x o INg A gﬁdq’aﬁf’gg‘, e ?)Péﬁﬁ%
phimoypesiseatvich dikbled by, ¥ 5irghy 258i3d5B60, 198 R RAGMyama
Priein s ROsiiR R6AMBDLTOE ALAAR LI FRPLRNR LlE R R
of the virus for 8 day old suckling mice (Arroyo et dl., J. Virol.

78the Yol fobevinpRiesparphhiais Y eenUniversion Nee Haverieotwecticut), was
disgeyesydiatbeoMeR mutatianfedy easiviramia M heRaskANI RS can

be used to improve the safety of the current vaccine

15 (cmqertiner e R0 chimetspiasmidr rsingerijshie rsaidionsiten{HindI to
virgseR)sad Ko midiiea AR hERARTMIND Mils: hAHR RHCIiSR
hegeg%gneg}({eci%t(}_gp%% %f}T and C é TA[CCA[glfwas observed in the _
COMSENals Say B Rca S IR AV SRR AR IR D ACc R hrasde piptact in
prodimad wnlivetio: délld sitdfer sevitra figmieanditions. This mutation would
result In REGSERGE: b IHSERAPRRIINGCIRIATIR A G ProE AR an)
or Leucine (parent wild type) it the mémbrane Rfﬁ protein at residue 66
20 (hdrshiibresinRatedia Kibe NawdioteiThie285-96, 1989). In the case of chimeric
templates, the plasmids YF5'3'IV/JE (prM-E) and YFM5.2/JE are digested with
Nhel/BspEl and in vitro ligation is performed using 300 nanograms of purified
fragments in the presence of T4 DNA ligase. The ligation products are linearized
with Xhol to allow run-off transcription. SP6 transcripts are synthesized using 50

25  nanograms of purified template, quantitated by incorporation of *H-UTP, and integrity
of the RNA is verified by non-denaturing agarose gel electrophoresis. Yields range
from 5 to 10 micrograms of RNA per reaction using this procedure, most of which is
present as full-length transcripts. Transfection of RNA transcripts in the presence of
cationic liposomes is carried out as described by Rice et al. (supra) for YF 17D, to

30  generate the chimeric viruses.

In the case of chimeric flaviviruses including West Nile virus and yellow fever

virus sequences, the two-plasmid system described above can also be used. In one

example, the West Nile (WN) virus prM and E genes used were cloned from WNV
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15 sequences of ChimeriVaxTMWNO2 and the ChimeriVaxTMWNO2 M66
variant are provided in the enclosed sequence appendix, which also
includes an alignment of the amino acid sequences of these proteins. The
M protein of West Nile virus contains 75 amino acids. The structure of the

prqtein was predi nd compared to the structures of roteins of JE
A RS P R AR RS 35 G105 AR LR bl VG
(AAPMEB 9IDB] Aandchs ShizeOR/ART (PGP MO TIR) th K s PeriissEime tHEhprotend of
se to the httn.// . Ip. edictprotein.org website . 1n all predicted
B G S R R ER PR T PO R Bl

(SkveraperGES T ARK K8 RWKDSITHATR YRWHEE W B Rl afdhe E gene was

PreflEiagio beech AARERRPIRER PB1GS: WRBIG AR ETANDA S

amino acids (40-75 ) . '

(P E&YREARVRG Wi DR TR Rers/ myvduced \niphy Sy esecp aSdidrbanb E to
becwitBimnigacisaembiensgeaiond pAAdIY Rgesm%r%f%% R P abataedin
amjno acids (3- 4 acidic, E or D) and 6 basic (R or K) within the first 40

a

) .
SO PR SR DA TR tBRhy s e R A gatesin vitro to
(bapsicluat efitienGi cifialbScrbXUr UBRSAYMMy B0iBd 84 \Eih B and

Kunjin). described here..Thus, it e that the M60 residye plays a vital
o S e R bol e oduct was
acidgodeahiatolauiceryotorptiblogy pirthissieciineid RN# Rinsbwiealasda
mixegd: lap a I ize phenotypes., The sequencing of
e s R B A B L0 o200 R S
at g ENEVHST tHB betatiesperainR) aH W Nedumetrs 56 Yssoripsd Terein, using
seggnsingahitae S and L plaque isolates of the vaccine 5 virus showed
that the mutation is responsible for a change in plagque size from L to S.
Both S aftPFIVilAY VRAEGRe pada sretResastonbirusirdier Asptegy, using
significainityeapiiesied taaiidiRurawEubangarfofBid Ry Aidceldildafiers as
(pE}Té)w%qo 2.mPrqz{\/laster Seed (PMS, P 10) stocks of both L and S viruses
were pro&uceaﬂin Vero cells from ChimeriVaxTM-WNO2 (p5) under “clean
laboratoryieondentiot: ksb3s<l) inopant swfldisspeptaental esplodcribed in the
pu;&ﬁiﬁ@&jgg@gé}gegegounds of virus amplification. The sequencing of P10 S
and L viruses revealed a single amino acid difference in the M66 residue
(S virus contained Proline at M66 residue, whereas L virus contained
Leucine at this site). The M66 mutagion,ggeped to be stable under large

scale manufacturing copditions. When the S plaque virus (P10, PMS)
WS R B SRS Y 8% amSiers by subcutaneous inoculation, it induced a

veRxpeyinienal gleviigmia compared to the vaccine virus (P5) or the L

e Gl Sty 1) 1 Ser2

A chimeric yellow fever-West Nile (YF-WN) virus, ChimeriVax - WN, was
produced by insertion of pre-membrane (prM) and envelope (E) genes of a WN virus
(NY99) into the YF17D backbone. The virus was produced in Vero cells under
serum free conditions (at Passage 5, P5), evaluated for safety, immunogenicity, and
efficacy in preclinical models, and has been tested in a phase I study in humans,
Additional attenuation of the vaccine virus (P5) is determined by three SA14-14-2- |
specific mutations in the E protein (residues 107, 316, and 440). The vaccine virus
was less neurovirulent than YF-VAX® when tested in mouse and monkeys inoculated

by the IC route and protected mice, hamsters, and monkeys upon a single inoculation
25



of monkeys and humans inoculated with ChimeriVaxTM-WN P5 virus

(contained 50:50 S and L plaque variants), the majority of viruses were of

L plaque size phenotype. In addition, it was shown that the S plaques

grow to a lower titer than the 20 L plagues in human hepatoma cell lines.
data indi ﬂt?gé%% S pla e virus_(ChimeriVaxTM-WNQ2 with
R RO g Rl S OB wRETAEL v R, 5:1392-

C h ih'ii%? N2&ATIVITNE2cind thiout ddgiGined tatinrgd aogullacsaler Qtﬁ@éw(exhtbttmg

t abIe S WN vaccin fo at risks mlelduaIs
suclﬁIﬁgH %th%éné&:c?r 7y, ét?\ gnP ornf—)ﬁ@\ rife&‘é%’éﬁe}r%éeﬁgs RiRIR&Tmo acid
muketigwsimthia M\pidgioat 28sitierssto(Machy Beiguertaiivg tfidivid uﬁer.llaques
|so f I 334

5 ISOHUGA BB I EEURIRRY ag,%lgiqé IRRIHEE (Rl MO

4) of PMS ue from P 10to
ér%t’ﬂa&’r%m%/r% abtihecrgnt thmlwaﬁ@mbsyherﬁeg@very that the

m Lﬁmﬂﬁtﬁﬁaﬂﬁ&h@& YaeRiNiNG LONSUMEHAR 9&%’1{9%&%‘?& t%}wgﬁlté%fety
30 Prﬁ uction of PMS of S and L plague viruses in Vero cells

chf Et?mvwmea(%eaﬁé‘%ter (Bsy Waaxdnnrwtenratpries and
Vemmls;rﬂﬁs)laﬂﬂmsd@e@mm a&m&n@ﬁ@ﬁg +HByplaques identified
as "large" (L e cked Each jsplate assa ed on Serum

10 Free Verd'c lv zi’r% OREoF n?attitd gé%%% kﬂgii“? (prg C@élﬂf‘@ oppgrved in
prdbedorecnsas s@peaueebb@mrﬁaawﬁé’-msta\tﬁtam&ﬁmeexroummduced in
Plagib puification. e plaguepiriiedisolates %"gpggo%% Fesalt R gg%{;%e of

T25 cm?2 flasks containing Serum Free Vero cells (and grown In
freBi{ees ‘Pﬁ’é@iaangtf‘éﬁh%mwe@fhﬂ@mK@@MSG@HB@MQ@W@&MM type) in

seguaneatiadindRMS: cangidais (ﬁ&@iﬁﬁéﬁ%ﬁon SJ%]M QR WZ The

isolates were identified to he free of expressed (n ent) mutation

15 o SRS AL B Y NE2sed the|chireerivies PYONAR MG stsia are
anpirtividedhisnieosreingd syveseampRAEILMAReNEing)I(Habls Asnlhesr he

twQ |slgcl’a§e§1 were then own in large flasks, aliquoted, and submitted to
Q(%mnven ory ési’tseé ’(’t% 10) viruses. 10 Genetic stability of SP
viruses p’ﬁ‘o?uMemmﬂaog@Vseatmtrwo:debmﬁetesrniﬁadfmgss PhRGYHActure of

ph&g%@g&ﬂ ?dfétg&r}% 5:1 e sgacl}ethgnsan ufacturi %gg%%ﬁﬁé Jé eggall

plague PMS virus was passage Wice ina DISTes

20 cef 7@?&».Kgmﬁdét@?&mmwsm@mm§ts4a5smmmms and
VirgsE SRR (AN MG BESIRRAncLPIRg ?aaagt cl.plates, The

majorlt of the plaques were of small size. T enty o argest plaques
HRERESSIcRIR iR s b Bis- I\l Br edinic ativatyeys.dhel firee 4 letfEino
regmwaﬁletmlps@t@bed/amphfled via Titan One-Tube RT-PCR kit (Roche).

T
RPN THGES TLANKK GAWMDS TKATR YT VK TESWILRN) are predicted to be
25  anon-membrane region, whereas the remaining 35 amino acids (40-75)
(PGYALVAAVIGWMLGSNTMQRVVFVVLLLLVAPAYS) are predicted to be

within the viral membrane region. In addition, there are 9-10 charged amino acids (3-

4 aCIdIC E or D) and 6 basic (R or K) within the first 40 amino acid residues, whereas
there is only one charged amino acid (basic) at residue 60 of all 5 Flaviviruses (WNV,
30 SLE, MVE, JE, and Kunjin) described here. Thus, it may be that the M60 residue

plays a vital role in biology of the virus by interaction within its neighboring amino

acids,
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fragments containing the M region were sequenced, and the morphology
of the 20 isolates was confirmed via immuno-staining using WN specific
monoclonal antibodies. Thirteen of 20 plaques contained only M66 (the
genetic marker responsible for SP morphology), and 5 isolates contained

" other mutations in addition to M66. Isolate #4 contained M63 (LP
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phenoty k), phaphésotaticidyaditteinactinamixesatdtpiaeided of mix ethpopigation
These d emonstr despi HSOMP2 B LIAHES vi
aﬁpz“aa}%gdgﬁg? “Sﬁgéﬁgg%%ﬁéﬁ%%%ﬁ% ?\/I66 rﬁutg’ti%ﬁz and up%?sas

ameytifitedtibat hronstton st Hrazedonit 6HEprdieteiel penuistion and
anPEARd 326065 Pirts-ARARRRYY AU ida DRlieRsBlME 3l dcdine
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° %rcl)(rjxs\gt%%c a suitable (safe) WN vaccine candidate for “at risks individuals,” such as
the elderly, children, or HIV infected persons. Additional mutations in the M region
were found by sequencing individual plaques isolated from large scale manufacturing
passages (e.g., M62, M63, and M64) of PMS S plaque from P10 to P12 or monkeys
inoculated with ChimeriVax M-WNO02 vaccine (e.g., M60, M61, and M63). These

mutations can also be used in the construction of viruses of the invention.

Production of PMS of S and L plaque viruses in Vero cells
ChimeriVax ™-WNO02 vaccine material (P5) was grown in Serum Free Vero
cells; 10 plaques identified as “smail” (S) and 10 plaques identified as “large” (L)

were picked. Each isolate was then passaged on Serum Free Vero cells, and one
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20 completed (100%) 2 days later, whereas SP or mixed plaque

population induced CPE at an earlier time point (Day 3) and completely
destroyed the cell monolayer one day earlier (Day 6) than WNOL1 or the

LP. The induction of CPE with YF-VAX(r) was first observed on Day 3

and the monolayer was fully destroyed by Day 6 post inoculation. The
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determined by plaque reduction 29 neutralization test (PRNT)), were
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(PR){nsahenyds-MAMESI NS TheopuiRese of this study was to evaluate
viremia, biodistribution, and possible toxicity of the ChimeriVaxTM-WNO02

vaccine during a 3 day observation period. The inoculated dose was
-1 Oer& QS REVHT S vinand b dinted dP Frlfendcdier ChimeriVaxM-WNO2

and YF- re ivel nimals were bled dail d_sacrificed on
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histopathological evaluations. 10 Viremia was assessed on monkey sera
coRerdets fsmh Bay ribefes & L hvicutatisamestrgrmaaiagypdioy Govell plates.
euthanizgiion)o{lihe fagas wes pesiapmed:ciRantsG.AearoEadouble

overl 'c}nd neutral red stajning (ta isolate and sequence individual
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measseetitiFaeptliod viceTiia) OadTabe RguPGIORAIRER), ThYiEDINA
74(4):1742-1751,.15 20QQ). The if itud d dyrati f Vi ial
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ChimeriVaxTM-WN P5 virus was 1000 PFU/mL (anima
4)TERoAs e 3 Rayriebolegsl W dnimes Reasamad Wik mteitonripaddition

VirgiG 4015 R daYs AR ALIPHhuRSIEES ARlYs /AP Al tained a mixed

mocula}te,d Wl%h YE- Axg) became viremic (for only 2 days) (Table 5).
population of wt and M66.” These data demonstrated that, despite the fact that some
plaques appeared to be of large size, they contained the M66 mutation and upon
amplification proved to be of § size. Only one plaque (#4) out of 20 appeared to be of
L size, apparently due to a mutation at M63 from L to P. Plaque #16 appeared to
produce a mixed population of large and small plaque size viruses containing both wt

L and mutant P amino acids at position M66 (Table 3).

Growth of ChimeriVax™-WN virus variants in hepatic cells
Human hepatoma cell lines HepG2 and THLE-3 cells were infected with

ChimeriVax M-WNO1 (wild type prME), ChimeriVax ™-WNO02 P5 (containing
28



Because animals inoculated with ChimeriVaxTM-WNO2 virus had received
a mixture of SP and LP viruses, it was necessary to isolate various SP
and LP viruses from sera to identify the virus variant (S or L) responsible
for the high level of 25 viremia. Sera of all 4 monkeys obtained from Day 2
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of the M66 mutant virus (Tab1e 6). None’of the isolated plaques contained
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Thggﬁl%@erwaﬂ -WNQO2 viruses (SP, PMS, P10; LP, PMS, P10, and
the™ mi
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108! Skl GiF teinDey im Rl ionesvasrhoh biservad dition afigr duSefGrus

an@gﬁw%&iﬂaﬂ%}j jected with 100 | of virus diluent as sham control.
On'the day of virus irifection (Day 0) and each following day until 5 days

post infectishingrssanseiapienatiisr ef fasieEiRE by axteeonibh dhbjcodirrgframs
all(aarmals exeamtie:SAND COrldrP Yhud R AR BIR MR on Day 5 and was

anaesthetized by inhalation 20 of isoflyorane to effect prior to bleeding
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observed on Day 3 and the monolayer was fully destroyed by Day 6 post inoculation.
The induction of CPE in HepG2 cells may be due to apoptotic activity of the M
protein, as has been shown with wild type dengue viruses (Catteau et al., J. Gen.
Virol. 84:2781-2793, 2003). These data showed that the SP virus variant grows to a
lower titer than those of mixed or LP viruses, indicating that the M66 mutation may

have rendered the virus less hepatotropic for humnans.

Lack of detection of Chimeri VaxTM~W}\T, SP viruses afier inoculation of monkeys with
mixed (SP and LP viruses) P5 vaccine virus
A total of 8 naive cynomolgus monkeys that lacked detectable antibodies to

Flaviviruses, such as WN, JE, and YF viruses (as determined by plaque reduction
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was observed in serum samples collected from LP virus infected
hamsters, while a 25 very low level (c 10 pfu) of viremia was seen in blood
samples of SP virus inoculated hamsters. When the proportion of SP
virus was increased (to 50% as for the mixed plaque virus) in the
inoculum, the peak viremia titer was lowered to approximately half of the
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Because animals inoculated with ChimeriVax ' “-WNO2 virus had received a

mixture of SP and LP viruses, it was necessary to isolate various SP and LP viruses
from sera to identify the virus variant (S or L) responsible for the high level of
viremia. Sera of all 4 monkeys obtained from Day 2 to Day 4 post inoculation were
diluted 1:2 and 1:10 and used to inoculate duplicate wells of 6-well plates seeded with
Vero cells. Afier addition of the second agarose overlay with neutral red, individual
plaques (4 S and 3 L plagues) were picked and directly sequenced to identify the
presence of the M66 mutant virus (Table 6). None of the isolated plaques contained
the M66 mutation (L to P substifution), indicating that the M66 mutant virus is not
responsible for the high level of viremia that was detected in these animals.

Interestingly, 3 other mutations were observed in the M region (M60, M61, and M63).
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Cells and media Vero cells were originally received from the American
Type Culture Collection (ATCC; Manassas, VA; CCL 81; African green
monkey kidney cells). 30 These cells were adapted to grow in SF media
and were obtained from Baxter (Orth, Austria) at passage 133, and then
weye. used.directly by seeding.into flasks.or seeded. 32 starting from a cell
il R e I e
cel@mwae&ééw%mg@ Y1195 Gdiishandidinetds detraigibyveoaicRod
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Virol. 78:4761-4775, 200 One of these mu ations (ES0aofse"
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As is shown in Fig. 5, a higher level (3 logs of pfu on average) of peak viremia
was observed in serum samples collected from LP virus infected hamsters, while a
very low level (< 10 pfu) of viremia was seen in blood samples of SP virus inoculated
hamsters. When the proportion of SP virus was increased (to 50% as for the mixed
plaque virus) in the inoculum, the peak viremia titer was lowered to approximately
half of the LP virus induced viremia level. Additionally, the viremia peak time wés
delayed for at least 1 day to 4 days post infection.

These data demonstrated that the LP and SP variants isolated from the same
parent virus, ChimeriVax ™-WNO02, have different biological properties. The LP

virus replicated to a higher level at a faster rate, in comparison with the SP virus in
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33 Consensus sequencing Consensus sequencing of indicated virus
samples was performed as previously described (Pugachev et al.,
Vaccine 20:996-999, 2003). Briefly, virion RNA extracted with the TRIZOL
LS reagent (Life Technologies-Gibco BRL) was 5 amplified in five

ovey, Ing £DNA amplicans 4f - .2-3 kb, in length.with Titan One- Tube
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obd® SF-all chromatograms representing both plus- and minus-strand
sequencing reactions. For some viruses, only the first of the five cDNA
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ml of the indicated virus samples by the intracerebral (IC) route. Seria
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GLP standards in cynomolgus monkeys. Thifty-three ( l)
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N ERRR A A NEDNS 1204 in Chimerivax™-DENT and ~DEN3 and E251 in
ChimeriVax ™-DEN2) on biological properties of the vaccine were defined. All of

these chimeric viruses have already been tested in clinical trials,

Materials and methods
Cells and media

Vero cells were originally received from the American Type Culture
Collec_tion (ATCC; Manassas, VA; CCL 81; African green monkey kidney cells).
These cells were adapted to grow in SF media and were obtained from Baxter (Orth,

Austria) at passage 133, and then were used directly by seeding into flasks or seeded
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were dosed via a single IC injection on Day 1, observed for 30 days, and
then euthanized and necropsied. The monkeys were evaluated for clinical
signs (twice daily), and changes in food consumption (daily), body weight
(weekly), and clinical 5 pathology indices. Clinical scores were assigned
according.to a clinjcal scoring system, based on the World Health
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2-1 foLapamitaiive, viremia determinations, and on Day | (pre-dose) and
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Serial #000) containing no mutations except for an E491 L t angen
theupRiamBtRs T al b Eoprsebinpdrgmew cidife Clvedoatientivere produced
ChinmssidaxEM-detisiyifind y@&%@ﬁi%ﬁ{@eﬁﬁém&ﬁs@i@%@ﬁ@fé A¥ar-

period following a single subcutaneous (ﬁ C) administration In
cyRSHBlg I BiReyshet St @t B sesumiduretizet FRoflyidyne; FBS
exweginsam&waam,cEganw&@ﬁmpgqﬂd@dﬁﬁeﬁhghﬂgﬁﬁmmombl " edia)
mankeys were assigned to treatment groups as shown in Table 10. All, .
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hematology, and coagulation”parameters. od samples were
collected on Day 1 (pre-inoculation) and Days 4, 7, 15, and 31 for serum

chemistryy hemaiplogy,,and coagulation parameter analysis. Additional
35 blood samples were collected on Day 1 (pre-inoculation) and Days

2-11 for SUENAYo VRERNA CHRSS RV RSO I SRR e8P AT of

Dayesolcils JRgaReEe transe phaptip Ml SroneGHie SeRAN BladYitiess were
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(PMS) viruses at passage 7 (P7). Three further passages were carried out using U.S.
current Good Manufacturing Practices (¢GMP) to produce the Vaccine lot (P10
vimsesj. Some mutations appeared in the E genes of the chimeras after multiple
passages in Vero cells (Guirakhoo et al., J. Virol, 78:4761-4775, 2004). One of these
mutations (E 204 in ChimeriVax "-DEN1) significantly reduced viscerotropism of

the virus in non-human primates (Guirakhoo et al., J. Virol. 78:9998-10008, 2004).

33



One of the consequences of exposure of Flaviviruses to low pH (in the
absence of cell membranes) is induction of irreversible conformational
changes in the E protein and virus inactivation (loss of potency). In the
presence of cell membranes, these conformational changes are
necgg%ae%ug S|on of viral membrane with those 10 of cellular

membranes, re uﬁtlng%n release of viral genome into the host cells. The
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15 Was added to each vial and the pH of each solution was neutralized with

sodium bicarbonate. A volume of 100 | of each virus at each pH value
walkausedndente ot Meddigethimonolayers (seeded at a density of 9x 105
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standard plague assay. In this assay, Vero cells were ol
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Swiftwater, PA) reconstituted from a commercial vaccine vial,

Monkey safety and efficacy tests

Experiment 1. The neurovirulence/toxicity profile of new clone C (M-60)
ChimeriVax™-JE Vaccine Master Viral Rank (MVB; P11) and Production Viral
Bank (PVB; P12) stocks, as compared to YF-VAX?® control (YF 17D vaccine virus),
was studied according to GLP standards in cynomolgus monkeys. Thirty-three (33)

experimentally-naive, Flavivirus-seronegative cynomolgus monkeys (as determined
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bicarbonate, 2% HI FBS, 1% antibiotic/antimycotic solution, 44% of 0.6%
agarose, and 3% of Neutral red solution (Sigma). The plagues were
counted 24 hours after the addition of the second overlay to determine
the titer of the virus defined in plague 10 forming unit (PFU) per milliliter.

Virys tration assa ording to Vlaycheva et al. (1. Viral.
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assay In Vero cell monolayers. The same assay oratory

defErRTiaP B oliTem BeRvERAdL BT irarsimiog s ritiha divsssplemsheart,
inatidieg, Wi reaialinneladueisBBeIESs o POMLISMPRI A LRy sigal

exam%l;natio(g and, Jabor to%t sts (including measurement of viremia
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ChimBis/ags el ifcénsesnddmiuty WHOQsghrkA4DR7 wasinsiiarted

in Qgcaclth § and female subjects in which 31 or 32 subjects per
group }%%IQ'\% gr]?géd%e?d subcutaneous doses (3, 4, or.5 log10 PFU) of

ChimeriVEsprmnERt Sonthiniexp thisMb &as yetdnaeah ttatiopaihib dasermiange
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CHIRSE BX Pradneedipisvignel i paraYien eglls in the presence of FBS (BB-IND

#9167, Serial #000) containing no mutations except for an E491 L to F change in the
hydrophobic tail of E protein] and new Clone C (M-60 mutant) ChimeriVax™.-JE
purified vaccine bulk preparation (P13) over a 30-day period following a single
subcutaneous (SC) administration in cynomolgus monkeys according to GLP
standards. Eighteen (18) experimentally-naive, Flavivirus-seronegative (by HAI test)
cynomolgus monkeys were assigned to treatment groups as shown in Table 10. All
monkeys were dosed once on Day 1 via SC injection at a single site in one arm. The
monkeys were evaluated for clinical signs of toxicity (twice daily), changes in body
weight (weekly), and serum chemistry, hematology, and coagulation parameters.
Blood samples were collected on Day 1 (pre-inoculation) and Days 4, 7, 15, and 31

for serum chemistry, hematology, and coagulation parameter analysis. Additional
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cloned variants A diagram of virus samples produced in this study is
shown in Fig. 6. The 15 initial uncloned passage 2 (P2) sample
(Pre-Master Seed candidate; PMS) was obtained in SF culture by
transfecting cells with in vitro RNA transcripts that had been used to
produce the vaccine in FBS-containing media for previous studies
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shown not to contain any 20 detectable mutations (Table 7) (note that the
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purification removes random mutations in uncloned virus introduced by in
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contdindE$wBisitent Auclkgide temhgisisat 1x10° plaque forming unit (PFU)/ml
was diluted (10" dilution) in each pH medium. After 10 minutes of exposure at each
pH value, 50% heat inactivated (HI) FBS was added to each vial and the pH of each
solution was neutralized with sodium bicarbonate. A volume of 100 pl of each virus
at each pH value was used to infect Vero-cell monolayers (seeded at a density of
9x10° cells/well, in 6-well plates) to determine its titer, Infection was performed in
duplicate, so as to cause 50 PFU/well; two non-infected wells of cells were kept per
plate and served as negative controls. The pH 7.0 and 6.8 samples were taken as
references. Titers were analyzed using the standard plaque assay. In this assay, Vero

cells were infected with serial dilutions of viruses (10™ to 10°) into duplicate wells.
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nucleotides 6952 and 7147 (Table 7). These changes were acceptable
because they 15 did not change the amino acid sequence of viral proteins
and were located outside cis- acting RNA elements essential for efficient
virus replication. A Clone C P10 virus containing the M-60 mutation
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Effecinolific P800 GrliPdputations on virus growth in SF Vero cells

To compare growth kinetics of the non-mutant, M-60 mutant, and E-107
mutant viruses in SF culture, cells were infected at an MOI of 0.001 pfuiml

(carviwrpeidyarakptiatinnf itk the uncloned P2 PMS, the uncloned PS

.S. sample .. . _
g eﬂ& clinical study (protocol H-040-003) was performed. The vaccine

25  administered to healthy adult male and female subjects had the native sequence at
MG60 (arginine). Healthy adult subjects/group received a subcutaneous dose of graded
doses of ChimeriVax™.-JE vaccine, and various control groups were included.
Eleven to 33 subjects were tested per dose group. Viremia was measured daily by

plaque assay in Vero cell monolayers. The same assay and laboratory determined

30  viremia levels in both tnials,
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15 (M-60 mutant), or the uncloned P5 vaccine bulk variant (containing the
E-107 mutation), as well as the uncloned P3 Master Seed and P4
Production Seed viruses also containing a proportion of the E-107
mutation. Daily aliquots of virus-containing media were harvested and
titrated by plaque assay. As shown in Fig. 7, the M-60 virus grew faster
than the hefatyassasanratyingdided theodendingiofiifiane g erssdedEn 20 10
UMGRMMANER! HESER-AN LY 28R ARSI HaR: (N8B IR of

also enhanced Virus replication similarly to the M-60 mutation. Thus, both
th&IRATB8 Khelsk - Yarrmititasonendie Sha ey prity ebsubifeiire e htage in
Skogsiurarsupportof this conclusion, daily samples from the S, SSS,
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Clongsefs Msa0kadit (550 8)snupriabhpgrep{p higher titers than Clone
A (non-mutant). 30 40 Effects of the M-60"and E-107 mutations on

10 neurovirulence of ChimeriVaxTM-JE in suckling mice Mouse
nerggyifylence tests have been used to ensure that neurovirulence of
ChimeriVaxTM vaccine candidates does notgxceed that of the YF 17D
Vet RRE BN PHAISEEREE i micdlor S aged st ition of
inederationrireontrast, ChimeriVaxTM vaccines are significantly more
attenuated..Since adult mice general e not sensitive to detect sub
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15 chiniigs uadicord pesssit2 (B0t kiimglm@usd/astetlagsinapdidatiy AMinalysis

06560 der Ak PUIRASEAGHIEAINQ o )y YK

Ca : - ,

1999: 10 Guirakhoo et al., Virology 298:146-159, 20(%%)(“%%%&761& 2 vhpd
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mutation), uncloned P5 vaccine bulk (E- 107 mutation), as well as a

pradistasy HSdBLeareme A SHi YIS, Y et s A SHOMR IR e efeie any
20 (PBeRuabily GontieREHRIENT enStanearkb iS00S approddioes not

pogitive control (YF-VAX(n),.or mock.inoculated with dil rtalities
VRS R SR SRR MV b RAPHOR i Lok DB Sl
aversigeessiavivg fiome h{pVINinfsmidy fHeval ivdrameshowd in T2bkegksAs
exa*ﬁﬁyig ’itzgé}(é%i)égzbility (g.s.) during prolonged propagation in SF culture (Fig. 6;
g.s. passages). The full genome sequences of the g.s. P5 and g.s. P10 passages had

25  one nucleotide change from C to T at nucleotide 935 resulting in an R to C amino acid
substitution at residue M-60 (Table 7). This mutation was first detectable as
heterogeneity at the g.5. P4 passage, but not g.s. P3.

Despite the results of small-scale genetic stability analysis, when three large
scale manufacturing SF passages were performed from the uncioned P2 PMS in roller

30  bottles to produce candidate uncloned Master Seed (P3) and the Production Seed (P4),
and then in 100 L bioreactors to produce vaccine bulk (P5), a different mutation
accumulated, an F to L amino acid change at residue E-107 due to a T to C change at

nucleotide 1301 observed as a 50:50% heterogeneity (Table 7). This was an
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was highly neurovirulent. Inoculation of 2.4 logo PFU of this virus caused
100% 20 mortality with a short AST of 8.8 days. Both the P7 non-mutant
and Pl O M-60 mutant clones were as highly attenuated as the original
FBS-containing version of the chimera, with LD50 values > 5 logto PFU
and longer AST. Thus, the M-60 mutation does not change the highly
attenccpdbphenotyoe sk theevaiscinevirsinis famintbd Avbel 4 Lrsquenhsrfedvild

;gﬁs%%%' @sﬂ%ﬁ%eVAE%ScWAQQ%%%gE%% g&w&%t&mwmﬁ%%zm,

es, with an 1C' LD50 of 3.1 - was less virulent compared
t0 2PRINAAK )i SabidpiEHNAY erRRraBish isrfoin s S Bgaaiiister Seed,
Productign 36l 8RdaerARHE BbtIkh O] HRRF1NERENPRE\RRRIDR W e then

examined in this test under GLP conditions, with similar results. This
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viruses used for inoculation. On Day 31, yellow Tever virus-specific
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anst}xtl)g eyaxtxgn%':aélli % aiggteha% the E-107 residue, which was a reversion to wild type
from amino acid F to amino acid L. Thus, Clone I represents a pure population of the
25 E-107 revertant. Clone E contained a single amino acid mutation at the N-terminus of
the M protein, a Q to P amino acid change at residue M-5.
To ascertain genetic stability of the cloned PMS variants, relatively large scale
g.s. passages mimicking manufacturing events were performed in SF culture (Fig. 6)
(sequential passages designated S were done in T-225 flasks, and passages designates
30 F were done in a5 or 15 L bioreactor in which Vero cells were grown on Cytodex |
microcarrier beads). Sequencing of the prM-E region only (¢DNA Fragment [) was
performed for the SSS and SSF samples (obtained by three Static passages, or two

Static plus one Fermenter passages, respeciively) of both candidates, and the FFF
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LNI assay: All ChimeriVaxTM-JE PVB vaccine-treated monkeys had JE
neutralizing antibody titers > 160 (range 160 to >20480) and had no
cross-reacting antibody to YF 25 virus. There was no discernible relation
between magnitude or duration of detectable viremia and the magnitude

of JE-neutralizing antibody titer induction]. The ChimeriVaxTM-JE MVB
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nOLARIRIEFBIENSS SAONS) AN Visterotoniam G .

measured by quahtitative viremi Xperimen his expe

dokid 87 evtapars drehieonfmedriesresorbantess safdtyubsithelosgppatt of
unginadiiibd)igay Vi 46y 8edNedProniises PEVRUSNIANEIR the non-

mutant lone A and M-60 mutant clone C viruses (see Fig. 6) were coliected and

10

25  titered to analyze growth kinetics with the result that the M-60 mutant invariably
produced up to 10 times higher peak titers (close to 8 log; pfu/ml) compared to non-
mutant. Additionaily, this conclusion was confirmed by comparing growth curves of
Clones A, C, and I viruses in small scale SF culture, as Clones C (M-60) and I (E-
107) invariably grew to higher titers than Clone A (non-mutant).
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cells in the presence of FBS, had no mutation except for E491 L to F
change located 25 in the hydrophobic tail of the E protein, which appears
to be a benign mutation in terms of biological phenotype, and it has
already been tested in clinical trials (Monath et al., J. Infect. Dis.
188:1213-1230, 2003; Monath et al., Vaccine 20:1004-1018, 2002)] and
théhest eldir o mabi amesiars snvaepmzsteisaw hingélise bulk
(Paxfallowing a single subcutaneous (SC) administration in cynomolgus
monkeys, 30 ChimeriVaxIM -JE virus was detected in the sera of 5 {100%
of 5 sero é‘éﬁ%}é‘*’i‘%}%ﬁa&% e AYB AeRRHSET (SRRt gupeyirulence o
CrimerévideX R wdEcirmocindidTihedds doratieediiuiremmia WA 2Ebvelays Wit
tit ing.from 20 to 790 PF . The_ mean peak viremia (SD) was
o 0 PRECIRD ] R ol e e e R B R
(T &biengoyag hirmertings Tiv sighificastly awdeitictaditd.t1finse ral dit thidQBverally
of 4 SiPRARHIo AN MARHALEC I INGARIEE 13 THAC RS o

purified bulk. The duration of viremia was 2-5 days with titérs ranging

frofiE0 180G PETRRES TIRCTR SR TN RIIBIE RSO ReY BEog Tar)val

PRAmLs sfpheseacsrpRosef ((eRis fpusVasddR th265{Babla 999
1(;23 Ne;;her mear) peak viremia nor number of viremic da
signifi

D St e 8 A O hro R fled O 200 21943

0.2008). 10 respectively; ANOVA). All seronegative monkeys

seroconverted.following.treatment with the original upcloned,P5.
Chimery R EATEYE SHEKITR pice e gttt with Seril ilions of the
OreiDizey 8 R7 samss friwneS PO0Ys s (B rHd nikeyisomp uutdeeedRithy verbteretk FB-

Vaf{?ﬂ@ﬁu@ﬁ&ﬁ%@éi?a@%‘ﬁ{é&%%ﬁ&&% HES.LANgI fgszg?ra“o to

5120 (geomefric mean 15 titer = 1689). Sera from 4 (100%) of 4 monkeys
indcuragEY with 1 TR ihe Ruakmioniol Beleira e Siansars wikusaep JRitARess),
neytrahzy g anib e HQrerANai, (60 HodR tderiEPARRIIEHC MBAR;ries

titer = 761), Antibod(%/ titers did not dioffer significantly between treatment
grOUFABPE0g. 5585 IR A A s Pl e Bl be diltslv AR 5TRR e d
to sheyiveDiined AN AR CGhimbed/ay TR Wi i aCeRE (NesEtpadies)syF-vAX®
except for.E491) with respect to safety. (viremj ngd immunogenicjty, The
e R S0, i TIAC PLAS TORHG 5 e
highdytattpneribgehiet BSd diffsBetiyes RoththaRibmitudesaht vind hia 2do

im ici I isti ignificany f of-M-5, M-60
T B D Rl R Trb R Br e

CHimaeas VLI vateshe Wiegpiiidcad oy gasA8Bn DiysrihaMdol matation
frof8es Adidnkthin? BIEATL RN HredfRRRaSsP R i dcihd B WEN Sl model.

envelope of , . o )
The uncioned PS5 vaccine bulk virus was significantly more virulent compared to the

clones, with an IC LDs; of 3.1 logie PFU, but was less virulent compared to YF-
VAX®. Subsequently, manufacturing passages (Master Seed, Production Seed, and
Vaccine bulk) of the cloned M-60 vaccine were examined in this test under GLP
conditions, with similar resuits. This confirmed the high genetic/phenotypic stability

that was achieved by plaque purification and the use of M-60 mutation.
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SA14-14-2 virus (present-in ChimeriVaxTM-JE) differed from its parent
SAl4 virus by 10 amino acids: E107 L to F, E138 E to K, E176 Ito V, E177
TtoA E227Pto S, 30 E244 E to G, E264 Q to H, E279 Kto M, E315 A
to V, and E439 K to R (Guirakhoo et at., Virology 257:363-372, 1999). By
site-directed mutagenesis it was shown that some of these residues were
invEIBa Pt A6 1TF EMith SR BEmdies. 44 Mutants or
revasiaitseaf ChimeriVaxTM-JE were selected to identify whether

mutaﬂonmmm@amamméﬁwemm%:@ wxmauf@tgietermine
whether t - -107, ar M-5 mutations affect virus infectivity in a
R e e S A B B A B L) g

5 wa@ pBifenrcdapalesafibcll indivinietisisbraogrbesndsmdiie folmsiip Y F-

vir avere tested: (1 I |VaxTM-JE non-mutant (clone A, P7
o S P TS

containing a ations in the E protein); (2)
ChimeriVEX TMcIE-B107dR picaleianantlelue inFedomainint @, Body
prq&e@m@am&%)s%pm«ar%%m Q{Jaﬁge( x;%r%@g}%&!% hoid

P10 containing all 10 E protein mutations), and (4) M-5 Q to P mutant

(cIBYRSTR1a8i6: CORtiiME BInToaEc itz e pumbratbhyg) R rRodples in the

10 Napisad!ank ¢leRe AR oyiruss M-60 mutst cloRsriehlforl dRolfrdi mutant
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clone E, and uncloned P5 vjrus containing the E-107 mutation were

tre SR WA f?i‘haﬁggf%éji%@gm PERMBRBALFBPHRLHBARS HSimemolsus
viraldnitegtihy stofecdticidenobilwee yitue shiel Gnenida ek btk dHQng Gere
M60Q mggle ,Sgcr(l)d aCIong { E-107 15 mutant) started to drofg) un}'gormcll)ﬁgfterI .
oH B0 Ghd Was oAl AP pRF S8 (HEr dENES | EFSB o8y ¢ ARAISSHBY I8 areany It is
ClongFortiny ¢har lsanfilabohmnges tohadradsiy bifibahel Chimhe W axFMtiFstatdent

(p ] ' 9) (Eig. 8A).. This is the. first
O e e R T e
th& Pipreasioprsriatder srastinesatiorviveraia afisherttier Micarmineis wisv

ProiRiinBaebld g Mdha ReReSSQbILIRRIE YIGTRLEYNR 4% RiddMation.

endosomes following virus adsorption and internalization, which is a ©
fur%ié’ﬁya%éﬁa’silé’av5?@%&%%@%%@%}1@%@@%%%iw.rﬁreﬂﬁqVAX -
threshaldmhbedsfamfidiorai(UTimersyiaxh M ENikdsas indaweriban x®.

those,described for.other wild-t t), Flaviviruses (Guirakhoo et al., J.
SO S PR b TR JEooR

@e&%ﬁ%ﬁ?ﬁg ERER
thél_himm‘ivh'égdﬂ_MMM_FMMbM@E%@?EMMM@H&&iE?dy titers
re?@@%a%@ @ﬁfk\(%ﬁ%@é@ﬁ%@ﬁ&&%@ﬁ%&% "a'nt{%%ﬁg ?J)dYtPU;H?s'?}ﬂthe

Generally, a low pH threshold means that more protonization of specific
ankitib agetils AreqimeiMer"CIRBMBatspaE dheatefbmomlttys Hap iaientmlizing

OCEHARL RSN CESPARLLOHRNSHRRHUM had no cross-reacting antibody to YF
virus. There was no discernible relation between magnitude or duration of detectable
viremia and the magnitude of JE-nentralizing antibody titer induction].

The ChimeriVax™-JE MVB and PVB preparations exhibited minimal
neurovirulence in this test. The most comprehensive measure of neurovirulence in the
monkey neurovirulence test for Flavivirus vaccines is the combined group mean
lesion score, representing the average of the mean target area and mean discriminator
area scores. The target areas in cynomolgus monkeys are the substantia nigra and the
cervical and lumbar enlargements of the spinal cord and represent regions of the

central nervous system (CNS) that are injured by all Flaviviruses. The discriminator
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30 dimer to trimer. It is likely that-one or more SA14-14-2 specific
mutations (other than the E107 mutation, which is located within the
conserved fusion peptide) are responsible for retaining the low pH
threshold (pH 5.9) for fusion and consequently attenuated phenotype of
the virus for. the host. arently, the M-5 mutation is 45 capable of
incPESIAY fﬁ?&lﬂ?@%ﬂaﬁ‘%ﬁrﬂ%‘?@?&@é?@%iﬁﬁi@ﬁ‘ﬁb@éh%&ﬁféﬂmﬂd

Flalzeintsat i aiaeo @idabpologyiche (ko099 I8 GuikheQ Glely

al..J. Gen. Viral..72:1323-1329, 1991). increase, in pH threshold for
A R R Gt Vrﬁﬁ%?‘e’“égé S%Vﬁﬁl&fa%flp{i@mb@%@mh‘émlme
virggopateu sediieviissesioate Sduserad ifdhaicp istsawith s supiationizgtion

5 fe%t!%%&%?&éﬁf}%%%nt@e.a ﬂéiwgﬁﬁf%%t?és%@%c%?&e q;ergo@&%% rgglt(’?él with

since M5 virus inoculated at 1. Into day old'su

by theGhirrieYapPitito My R aadsRiffiprentiatooseveistgt fleant tHevearitd for

Viryge(CRimes¥ el SINEoEUSIHAL e N3 TRNaHOE r

inoculatergjat 1.7 Iogoﬁ%ﬁt(?p:%%ogg) %%gtbg? .fggveythe:‘lgggﬁ%)gt?\ﬁgmte

mutEREY ISPFOVaEEe RS e Srankems IR P with dhs {hemesiy anfiaAip¥Bsand

NeweRindeiltbanY FoAX (Dwaiiua asenef P1Vo0ic® ?&&Lﬁe&&%yﬁ%p
n

Kling mice (Fi _indicating than the SA14-14-2 mutati ithi
10 o i PR RLE e DY RSB ik U 2 A Epean

levesionésslive theeltigrodps dfimanieys HeiMedatien shinClithes Var™eras thatine

aff S r fusion..The Indirect Fusion. was performed,
L S R Ut RN S T o
ChmeBKYBErMYDEIRNEELESY containing no E protein mutations and _
ChimeriVeyddvifo Flhed 40 wdiahcaptaingdsing iR uiaions di the, Fviso,

protein, except for ChimeriVaxTM-DEN4 P10. Viruses were incubated

13 withloss fddegstrirardYINB and BY B hares satissetone pafrey anoddleT Fbe test

titessivtey disiaigpninaginaie el nsitha Rigdmthanauiiel B HSIAGE and
standagq%?%e assay. As shown in Table 13, the threshold for virus

inachvat BLIPIFRSSHRIPARaiReisH BrmmpRoriym the reference control
CHikie AR TMIBERL aridl SENAMISRS (o thdeleretonbastolfe M AX®) in

-thfﬁéb@&r 'i%hi IVaxTM-DENT. P10 was 0.4 units lower than that 25
of Chimeri\%asi( I\élpg%ﬁ]fr#%%@;({btﬁ& ?Ov%fnﬁﬁ 6.4). The difference in pH

20 threshold was less dramatic for ChimeriVaxTM-DENS P10 virus (pH 6.4

25

30

vSERELRaniINE Mmaximum virus inactivation occurred at pH 6.2 for all P7
of ChimeriVax TM -DEN viruses except for that of ChimeriVaxTM-DEN4,
which waStS IFFRESMSHSH EpAPBECY, JPBppRs afseifai OhimeriapodEi] D Mifety

P14F taeluitgiela GRisigaiBsaniiyniananed foncomplels JRacivation (o8- Ghro
Bot ChlrEenVaxTM- N1 and -DENS3 viruses contain an amino acid
sufd %ﬁ s 3{%%40}%%19 I@ft‘} po mutation except for E491 L to F change located

in the hydrophobic tail of the E protein, which appears to be a benign mutation in
terms of biological phenotype, and it has already been tested in clinical trials {Monath
et al., J. Infect. Dis. 188:1213-1230, 2003; Monath et al., Vaccine 20:1004-1018,
2002)] and the new Clone C (M-60 mutant) ChimeriVax™-JE purified vaccine bulk
(P13) following a single subcutaneous (SC) administration in cynomolgus monkeys.
ChimeriVax ™ ~JE virus was detected in the sera of 5 (100%) of 5 seronegative

monkeys inoculated with original uncloned P5 ChimeriVax™ —JE vaccine. The
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(the E-protein of DEN3 is 2 amino acids shorter than other 3 serotypes,
therefore, the E-202 residue in this virus is homologous to E-204 in
DENI). The less dramatic 46 difference in fusion threshold for the DEN3
chimera might be due to presence of WT (K) and mutant R amino acids
(E204KJR) in P10 virus stock as was shown by consensus sequencing
(KdR=6n50)viRugache 2 -Stdalys Jviltingkry 8:A6138-108802008)) PElnmalnclhe

change. in threshold forvirusA ivag ryed.wi X0 Rm;
chrflrﬁg}gf %‘é‘s"ﬁﬁ‘é“t%% l%%%%g%ﬁ it can be é%%%lﬁldgﬁ\g%&?att %ﬁtatfon e
atdtis wessiahi6tid A (hakdr/E@.in viral fusion process (Fig. 8D). In order to

determingyif e PIEBERES PIKIB: RRIEIRAGHBIY 44 0EQA 0100%) of 4 seronegative

ChimeriVaxTM-DEN3 was responsible for its non-dramatic c?iange_in pH

thraepe isedelaieh Vit thidirach tasiBryarsing mueE EsdddrmEre &G B PEno
muﬁ{m,vgag%%aﬁ m&&ém%gugm_sﬁg‘séz%ﬂ @m?%%ﬁwd ; 7'y
mutation, viruses, As wn in Fig. 8E, the resho r
A S R B0 AL i e SRSt e e s
was7bereasn (hage Foy. Ghirtheriveaal pdakd SR MuiByrarfdriremic days
ChimeriVaxTM-D P15 .0) viruses, Since the E20 R
TR‘?I’GXSI Sl\fﬁgnl%\lﬁehveemye ?wdp)str%%%ﬁt (%ogg?e 'E‘églfes %590 and 0.7016,

mu%a onw y amino acld sups | n E-protein o

thespahtivebradND¥AMost likely 15 that this mutation is responsible for a
0.4 pH shift in pH threshold for fusion of the P 15 virus. As mentioned

above, tHAIESPENIEARYRIANEENS SerArnBrrBed dris i fig warmictiithige original

MankiaEys efineNTacmertonREesk hieppithresheald Porifai Bulry(Dabie 10).
units of pH. The E204 K to R mutation appears tc%é;ﬁygﬁrate ne

infihié cdiaria BRSSP g 40 TRaRart BiRgykt Hﬂaﬂf‘%i‘v’é Yaccine
signdicBRttsprci-lizihe Alisisatiation ahtisg EdintasioTaG{psotueeiohiban
Chimeri Mz:DENT (P i dell N6, ra
A T Sk R iR e AT
Sty ahefoeRindtd Bulk I SE noeohthiealieteggetibedy sitpk( 3a0ginl frersid a0
gl @lofiat: Motk 680 780): Wb} WEORA LM e I sl

(
25 residu€ at position 204 was changed to R to mimic the mutant virus,

arREEeSTHiTRaETIY SRS éh SRSd 16, raDfE¥ént the E-protein structure of

the ChimegMamEMePRaND(Vieefnd Wa¥iEympsrel akBRQBE Rk dnd{bitld
78:9998-10008, 2004). The K residue at position 204 (204K) is locat

: d
WP 0 VAT BRIPHEBRT SERER. 1R B) PECRASERER G dve
begnrehQyanDiinfinagenioayr OMiehenceacriteavat s Behthy dsh eldcaofpion(a
(Lee etg{., Virol . séh-gzgo 1997; Lindenb et al., 2001 .
o CRD T h PRk EcTn, L BL Oy, Soagiage of
D. Mirgmandartd omteynPgkhidljppene atit\Ailli stns! yrsigilking, Philadelphia], 1,
991-1004; Monath

Effects of M-5, M-60, and E-107 mutations on the pH threshold of virus infectivity
ChimeriVax™.-JE vaccine was produced by insertion of prM and E genes
from SA14-14-2 strain of JE virus into backbone of YF 17D virus. The envelope of
SA14-14-2 virus (present in ChimeriVax'™-JE) differed from its parent SA14 virus
by 10 ammo acids: E107 Lto F, E138 Eto K, E176 Ito V, E177 T to A, E227 P to §,
E244 Eto G, E264 Q to H, E279 K to M, E315 A to V, and E439 K to R (Guirakhoo
et al., Virology 257:363-372, 1999). By site-directed mutagenesis it was shown that

some of these residues were involved in attenuation of ChimeriVax '-JE virus.
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et al., J. Virol. 76:1932-1943, 2002). In Fig. 8F, the homology model of the
E 47 homodimer structure of the vaccine virus (204R) is compared to that
of the PMS: (204K) virus. The side chains of 204K and 261H of one of E
monomer appeared to make H bonds with the backbone atoms of 252V
and 253L residues, respectively, on the opposite monomer. At position
20y tiresRrirethetmtp efthingdriNex/Nelineorrssl Stedlioid @)ty prbetieaed to

reorient itself so that thes dhersids,
chrg?rfagf) ?ﬁg}l %ﬁé%ﬁé ?s%ﬁ%%%%n%?ﬁ é\/lt %%%&fgsg ?g;dgéé}ggs%%un% in thee
gMeition O neMihmaratasaEfeot ow defersiviten 2 oiRdensadent IpsbigTy 2

Probabhaatanaw SatbrifoR BENESN 2P 4R Atk 3RHE Sise-thenk Materials
Histidine coufd be approximately 6.0, which is sgllg}htly below,the fusion

thredrdribgsts: -Bhe foflowesimtsehyisotiesrd vy ShimRRYG et alt REmUmde
7&&&%‘%@@%2@&& waasatz:)atgmumadiﬁM&wﬁd E(;pmtsib)ewpﬁn ; -
204R and 264H salt bridge betyee 4R and 257 ight affect
B Lo HE PR TR do o BETR L B e
expetihen)s(ds Stribed Vrard 1ER b6 &k thet thettintdslookiGoP flsionapfing all 10
ChimeriVaxTM-DENT i Awhich | i j
SRR ), S R G R ER Ao I
bypREiresithieR04Tshtehdthen the association of the E-dimer so that the

transitionyQ lqu B TGGRIrE S TVRE NREINIAALAN RInRRPFAPHAEs REISluRRant

(e.g., H 261). The lower threshold for fusion affects viscerotropism of the

virglena Fnankapelansd PSR ARIAT0F erted $4muttiamysnifsato tad
Exgéh;giﬁdé&ag@gwﬁ_ ' _Km;bﬁb@éyﬁﬂimh. &&e&aﬁﬁm@g&&zﬁ%@om@cﬁgﬁy
to R substitution in t -protein o imeriva -

TR RSO B RBE M E TR I 8 o AR BRI CASPRAEE T

P JRuika6cineted sowlidp Ghifoesly ak TN EDENIS 505 ClsiraepTV A8 TVHEENBold
P10_(heterogen at residue 202. containi ot ' i
OB M b g e ey P RO KRBy igher
to #H HiFksh it (Hics Abtarhparéd sorthots firthess awbbed) (Big pA uARS 1s the
Sl R CArRRINVARIMNEDENIRLA yheprihapualianesdiredetRne

15 of ChimeriVaxTM-DEN3. This data showed that the residue 202/204
mayosesaAfinErSan Gé st vaht By BidRuARGS Mol demites o hdggotein may

Curenths & mesrvas IMisRE Mg ane BRNSWIR Masrine iies Ssisodangatirus

SEIE R L T TR AR T

a teireisjeipaedine formulation. It remains to be seen if K to R mutation

e RN OF IR IN BN MO ML Tower than
those described for other wild-type (wt) Flaviviruses (Guirakhoo et al., J. Gen. Virol,
72:1323-1329, 1991) and may be involved in attenuation of the virus.

These data demonstrated that the E-107 mutation in the E region of
ChimeriVax '™-JE did not change the pH threshold for fusion. Generally, a low pH
threshold means that more protonization of specific amino acids is required for
conformational changes in the E-protein to occur that are necessary for transition from
dimer to trimer. It is likely that one or more SA14-14-2 specific mutations (other than
the E107 mutation, which is located within the conserved fusion peptide) are
responsible for retaining the low pH threshold (pH 5.9) for fusion and consequently

attenuated phenotype of the virus for the host. Apparently, the M-5 mutation is
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48 It was previously reported that WT-JE had a pH threshold for fusion of
6.4 (Guirakhoo et al., J. Gen. Virol. 72:1323-1329, 1991). In this study, all
variants of ChimeriVaxTM-JE had a pH threshold of 5.9. The low pH
threshold observed in these experiments is likely due to the presence of
one or more of the 10 attenuating 5 mutations in the envelope protein of
Chisast baxoMdading Dhiistrestatiofronigh® stiehgthish inelassdcitiwen Bithe

-protein dimer sq that a lower pH is. required for digsegiation andai 5. Gen.
trafiS RS {r(?r%lér s?agtuar%ﬁré? gﬁ%%g%%%r%égic}g . Thqug_ata presaented -
hatieos TnSa HAACHIM) thinEraTareto pHrhrashnd foe Ssienshpedd-loop

of, the domain. 1| of rotei itaKoRiation: (aesied
wi e?rfetgucg l%%é%%é&% Eldc pock%%%‘%ﬁ%%%éﬁﬁvés reé%%nsible for, *

|ofven ntdrigheimreiben PripnisademRarEdRTFRRIEARRS AR HEE

PRIRINTRRLANESL RS RHiRresheltiboridusiasbuinal ysis. ofdhe BFYSialo 3-4
structure of TBE virus E protein, which close% resegbleg,the JEE

pristeld enskhingrnephadie e HERTBEO HaY 4 SIS R e ARG ™
prhéhyssholdifes fopiarriPasBti@vthistnontes ithdikahe it tiuadon)
mutations in residues E244 C [ar E264 H.are responsi

oAREHRROR, SR B i b P Rk Pl T B
E i at difsthef M460 gpPFENI@Mamsthsignidiomésfichs meyror et sbae BidAX
;%a(it %gggf} %;661 %%%991()?{8 @%ﬁa‘ﬁﬁf&%@ﬁﬁiﬁg 104 (Eened)Vifdfating than the

ations 20 on virus penetration into SF Vero cells were examined using
thBAéihbd BlGHansbetbiniagerRopedrefein of the Varsina Y98 154580 02)

In this; SXPSriNeRl e Te Y 6r sRbRuNBETdPIBRIeghunith appropriately diluted
viruses (10 yield - 50 plaques/well at each time point) for 5, 10, 20, or 60

minutes. Un-internalized virus is inactivated by addition of acidic glycine
silMtignionhile Seatighneradlglongllecapel wealealiftr RESH25 (neutral pH).

Cells are washed with PBS and overlaid with methyl-cellulo lay,
followed a\ﬁlﬂi‘ﬁ?ﬁ tHS1"™A &s%ﬁﬁf’lHar8%qﬁsel§go¥1vggfogﬁ%§%%dency_
of CheneinioN DB sentiecs asraspe Cantay¥ ol thDENVradd penreppno E
Plagyes In '%H&aﬁﬁ%ﬁf&%&m%ﬁm 19 $18 RUBRELALRIBOES dnutations
control, reated wels. A prellmlTnMary penetration test result is shown
in iFithedRprietiiinesorrafen Kb e pereEMA LS. o pesersdis s Ewith
a’}geﬁf&@?dif%féﬂ?ﬁ}‘f’%ﬁhi%%ébaﬂr&%@é}ﬁ Srusiant CAemReA wisHs at 5

and 10 minute timé points, at which effects of mutations on_ penetration

ardaigprnnienfits WETERS P ingta BEHTY AGH SEREASIIRARTY RRAERAEY
evidenrse by standey dideviationdres audinsatadgorhgustmfjmedimnilar

addiional (eneaty {2 (PRISvETReSERy iR BREI TiRRL s iR Ry inat
contrast, the pH threshold for ChimeriVax M-DEN1 P10 was 0.4 units lower than that
of ChimeriVaxTM-DENl P7 virus (pH 6.0 vs. pH 6.4). The difference in pH threshold
was less dramatic for ChimeriVax "™M-DEN3 P10 virus (pH 6.4 vs. pH 6.2).

The maximum virus inactivation occurred at pH 6.2 for all P7 of
ChimeriVax ™M-DEN viruses except for that of ChimeriVax ™M-DEN4, which was
slightly lower (pH 6.0). It appeared that ChimeriVax™-DEN1 P10 required 2
significantly lower pH for complete inactivation (pH 5.6). Both ChimeriVax M-
DEN1 and ~DEN3 viruses contain an amino acid substitution at E-204 from X to R
(the E-protein of DEN3 is 2 amino acids shorter than other 3 serotypes, therefore, the

E-202 residue in this virus is homologous to E-204 in DEN1). The less dramatic
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mutations could improve the efficiency of membrane fusion of -
ChimeriVaxTM-JE virus to cells grown in SF conditions. A possible
mechanism of the effect of the M- 60 and E-107 residues on process of
membrane fusion is illustrated in Fig. 9B. The 5 M-60 residue is located in
the_ viral membrane, while the E-107 residue inserts into the cell

métHBTERRS, BribisipR R hin: disd<Ela shimse @il scinsiaryaemmesial W1
degiensenhiea Rngameniial (heoryrotair (¢/Rish basrdohRuRairgould

be facilitated by the M protejn ectodomain). A more ropriate amino
R GF TR eGP P LI GAES2-TC38. 2008
meinfsrameshahfeBe tavseoblfod staresiashiak o mthechsttbn e/ thabBsthithe

5 eCk%ﬂ%‘i‘ér‘iHe?éi%@?h%ﬂﬁﬁ’ﬁﬁﬁ%&a%%{\}fc%ﬁ%%%m&%&‘%%Pt eaié‘u%rt‘?o%f t this
functiona significance, the entire protein can now be consl ere(fan

attraifive isagjaniol ved ingénbiisieo proesrsdfig BYiviruses for the purpose
of deveigRinge Welken At HAIBAMACEINES T AL ESAMALS i HaRGPLp OF

specific (following further analysis of protein structure) amino 15 acid
ch&Ree ¥ryeldtohs Uﬁﬁf@?@ﬁ%ﬁ@%ﬁfg}fﬁ nengdraspatiochange & piktheeshield for
;cmipﬁl;an;bﬁdﬂ@arﬁ@r@msfﬂyrr‘wb&%&ﬂsgﬁrgfg mz\@'ﬁe %H%_ﬁmgg@ém, P10
ogical phen of the virus wjll be altered, resulting in

10 G AR S RGeS b IR P 55RO AR HR Erofie o
C hinrFei g\REX T plEE thrigbhti e faegiictéy ativh Ciisie)e MBOmRNUNES-BENS P10
obtal the clinical.trials noted above.are. in Taples 11 A
o e e ORI arbia € OB e
th@léutsﬁwé‘ég WeREWRMIT (pH 6118 GruvesreSttmpsheGidfaket R DO:&0M fars the
su@%@&m&&%@@%&;\é@&%ﬂﬁ% &&X%?iﬂ%ﬁ%{@ﬁ%%qt%%b@imely

viremia levels in 25 subjects receiving ChimeriVax arginine

15 radbEdbteoRitesan i gesmonsible fepahAmtd sk finat Hasshaid-fod daa of the
levels ¢f-d5-6.3 PFU/mI in the case of ChimeriVaxTM-JE M60 cysteine.
The duration of viremia was alsg notably longer in the case of

ChimerfVPARFRICRENTBOY & iR 4Tk dQ B et ipimhich s aied i dwénmesrell

of videmiaisnitainy dowherviwihe, desersdQefgHaneswREfsORIalNg he units

M6 tation..\iremiaJs a measure of viscerotropism. (virulenc he

e B A orre e B e L G s
20 ceindaarmaysahridgsiovictiomighohgans spsibaindgmnias seplicdieociation of the

coptiInoFeMIE A | IS, e i h@%’f‘st the virus will

crogss theQS%tHgIgod bréﬁﬁ%@%ﬁ%@dg #I%HC ntrdmrggﬁg{glffs‘%ﬁm In

ottRedsilpéAnseches, thewiesnineanrdinaetiod M6 ocridiemefibe RENIJhgrotein
IMEBLIABHRHTIT BUNFIREIHAC A Bk of the detergent n-octyl-p-D-
glucoside (Modis et al., Proc. Natl. Acad. Sci. U.S.A. 100:6986-6991, 2003). The K
25  residue at position 204 was changed to R to mimic the mutant virus, and the
modelling was repeated to represent the E-protein structure of the ChimeriVax M-
DENlI (VL, P10) virus (Guirakhoo et al,, J. Virol. 78:9998-10008, 2004). The K
residue at position 204 (204K) is located within a short loop, in a hydrophobic pocket
lined by residues, which have been shown to influence neurovirulence or the pH
30  threshold for fusion (Lee et al., Virology 232:281-290, 1997; Lindenbach et al., 2001
Flaviviridae: the viruses and their replication. Fields Virology, eds. Knipe D.M., and
Howley P.M. [Lippincott Williams and Wilkins, Philadelphia], 1, 991-1004; Monath

et al, J. Virol. 76:1932-1943, 2002). In Fig. 8F, the homology model of the E-
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5 Table 1. Consensus sequence of small plaque (P10 PMS) (P/N IT-0116;
L/N 1020504A) (plague purified from p5 Run 1 Vaccine Lot). Position
Amino Acid change NT position NT change M(66) Leucine - Proline 954
CTA -* CCA E(313) Glycine -> aRginine 1919 giG -éégGlgsTp:g?eglzne
o e R s opriSs o vab b Mo
10@@%@%@3@5%@@&%@%&%@&(&I;{ogiiﬂasmﬁ]mtgj%@gﬁggai to
A ) ) R o SR S IR e . on
lardeFRRASHS RIEReE afté PEiigaiRohahpRseee £ pFehent fplagueckdl Sirus
(PIQVIrPYerR pRUSHIORTSGHUM fef SoRdItgns: %ﬁ@ﬁ@f@éﬁﬂ? I
Acid Change NT NT change Immuno- # Stain #3. #7. Leucine -+
tgaggﬁe@ﬁgqh@g eLihe mytantthisin grexinyity vigh 36 1 andAY Eesulting
#Zﬁk}#ﬁel\éﬁ%fd@dim?ﬂﬂﬁﬂﬂmdﬁﬁaﬁzé\iff ﬁ_ﬁoﬁf%Bletgﬁgx 9%@% #%???éfgge
i e P e e Ay
-> could be approximately 6.0, which is slightly below the fusion threshold (pH ~6.4),
the nitial hypothesis by Guirakhoo et al,, (J. Virol. 78:9998-10008, 2004) was that the
predicted new H bonds between 204R and 261H and the salt bridge between 204R
and 257E, might affect the pH threshold of fusion. This theory turned out to be true,
since the experiments described here revealed that the threshold for fusion of
ChimeriVax ™-DENT1 is around 6.0, which is 0.4 pH units lower than its P7 virus (pH
6.4). Apparently, the new intermolecular bonds introduced by R at residue 204
strengthen the association of the E-dimer so that the transition to low pH requires
more protonization of appropriate residues (e.g., H 261). The lower threshold for
fusion affects viscerotropism of the virus in monkeys and reduces neurovirulence for
suckling mice inoculated by the i.c. route (Guirakhoo et al., I. Virol. 78:9998-10008,
2004).

The E202 X to R substitution in the E-protein of the ChimeriVax ™-DEN3 P10
vaccine is homologous to the E204 mutation in the ChimeriVax ™-DENI P10
vaccine. As with ChimeriVax™-DEN1 P10, ChimeriVax™-DEN3 P10
(heterogenous at residue 202 containing both K and R residue) showed a lower pH
threshold (~0.2 pH unit) for fusion when compared to P7. The pH threshoid for
fusion was further lowered (0.4 pH unit, similar to ChimeriVax ™M-DEN! P10} when
the mutation was fixed at P15 of ChimeriVax™-DEN3. This data showed that the
residue 202/204 may be a universal determinant of attenuation in all dengue viruses.
Currently, ChimeriVax ™-DEN3 and ~DEN4 P10 vaccine viruses do not contain this
mutation and both viruses induce a higher viremia levels in monkeys (Guirakhoo et
al., J. Virol. 78:4761-4775, 2004) inoculated with a tetravalent vaccine formulation.
It remains to be seen if K to R mutation in ChimeriVax™-DEN3 or ChimeriVax ™.

DEN4 would lower their viscerotropism in their hosts.
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CCA #4 M63 Phen lalanine -+ Serine 945 TTT --+ TCT LP #5 | M62
Valine Alanine 942 GTG -* SP M66 Leucine -+ Proline GCG #6 M66
Leucine -+ Proline 954 CTA -+ SP CCA M64 Valine (Silent) 949 GTC -+
GTT #15 M62 Valine -+ Alanine 942 GTG -+ SP GCG M66 Leucine
Proline 954 CTA -+ CCA #16 wt Leucine N/A CTA LP/SP M66 Leucine -*
Prolinelo®as@eaicustycgported the AMIalinkad s oid dbipthold fog figion &p.4
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-1 GBS iR e R e RS i

i inG W ation mignt

Clstmeagiteirtine \Mdbi0 R varc off thedE - rbiei by r Mahkey |Dast Preatrequired for

CBUB R PR s AR 00 TSR
presented here showed that neither the E107 F to L mutation (located in the cd-loop of
the domain II of the E~protein) nor the E279 M to K mutation (located within the
hydrophobic pocket of the domain IT) was responsible for lowering the pH threshold.
it is possible that other mutations in the JE E protein may affect the pH threshold for
fusion. Analysis of the crystal structure of TBE virus E protein, which closely
resembles the JE E protein, can help to predict the residues that, if altered, could
change the pH threshold for fusion. Based on this model, it is likely that the
mutations in residues E244 G and/or E264 H are responsible for a lower pH threshold,
than the WT JE, for fusion of ChimeriVax ™M-JE virus.

Effect of the M-60 and E-107 mutations on efficiency of virus penetration

The effects of the M-60 (Clone C virus) and E-107 (Clone I virus) mutations
on virus penetration into SF Vero cells were examined using the method of Chambers
(Vlaycheva et al., J. Virol. 76:6172-6184, 2002). In this experiment, SF Vero cells
were infected with appropriately diluted viruses (to yield ~ 50 plaques/well at each
time point) for 5, 10, 20, or 60 minutes. Un-internalized virus is inactivated by
addition of acidic glycine silution, while control parallel wells are treated with PBS
(neutral pH). Cells are washed with PBS and overlaid with methyl-cellulose overlay,
followed by visualization and counting of plaques on day 5. The efficiency of
penetration is presented as a percentage of the average number of plaques in glycine-
treated wells relative to the number of plaques in control, PBS treated wells. A
preliminary penetration test result is shown in Fig. 9A. It is important that the
percentages of penetrated Clone C and Clone I viruses were higher than the non-
mutant Clone A virus at 5 and 10 minute time points, at which effects of mutations on
penetration are more likely to be detected. The result is not statistically significant as

evidenced by standard deviation bars and needs to be confirmed in additional repeat
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YF-Vax MF21252F 0 0 0 0 ChimeriVax -WN . Vaccine (P5MF2808M 0 30
790 820 ChimeriVax -WN Vaccine 5 MF21205F 0 50 160 100
ChimeriVax -WN Vaccine (PS MF21139M 0 10 180 70 ChimeriVax -WN
Vaccine (P5) MF21191F 0 80 970 1000 *Viremia expressed as pfu/mL
**Day 1: Study Day 1, monkeys inoculated on Study Day 1 10 Zero

P Fesfin  Neieaths Ibssiaivsbephnmest deggetiehitudotbtibaMssand itafd = 10

PR3 JaRieBrove ttanaei ol Ihe M Leionof Y5 WARR o

obtained directly from a_plaque isolate from viremic monkeys inoculat

witHeifoze s Ak cRmsiikel ¢ dpgseib Rl asabavirsord WorsefseidifigraM-

virgpiad solate #sRiague Prassnt? MeMitalionsioN Rranelogs (@%E%D%?f The
pi@@'.@iE 21205 4 #4 SP NO NQ 2808 3 #8 SP NO NO 2808 3 #9 LP NO
el

BiEye snlpeated i he WIRlE Riebranes wrhile B N disiners imjo
2148 dIMEmBRNQAMN @e2d b einEibds Brhlfarhéﬁlfio(ﬁaée tS)iEﬁl,aMQ 13g sz-é
Nugleotide . and amino acid sequences of the uncloned angd clon
o AR SRR PR AT Sl SR 0 B e
Prézeilitatedt iyshdMahestitie#odimpacid £ oo eppisomgznnamers. aciblat either of
chapaeheRARELSSINSRERANSIRiansei atsiagen. Uneloned P2 Full-
[ 3

- - No mutations (PMS) genome P3 a.a. M-60 - - - - No M-60 mutation
Because our data establish for the first time that both the ectodomain of the M

protein and its transmembrane domain are of functional significance, the entire M
protein can now be considered an attractive target for mutagenesis to attenuate
Flaviviruses for the purpose of developing new live attenuated vaccines. For
example, random or specific (following further analysis of protein structure) amino
acid changes, or deletions of increasing length, e.g., of 1, 2, 3, 4, 5, etc., amino acids,
can be incorporated throughout the protein with the expectation that biological

phenotype of the virus will be altered, resulting in significant attenuation.

Results from clinical wrial

The viremia profiles of ChimeriVax ™-JE with the arginine and cysteine M60
residues as obtained from the clinical trials noted above are compared in Tables 11 A
and B. In subjects receiving ChimeriVax™-JE M60 arginine, 67-100% of the
subjects were viremic on one or more days, compared to 29-50% for subjects
receiving ChimeriVax™™-JE M60 cysteine. The mean maximum viremia levels in
subjects receiving ChimeriVax ' "-JE M60 arginine ranged from 13 to 40 PFU/ml,
compared to mean maximum viremia levels of 3.5-6.3 PFU/ml in the case of
ChimeriVax ™-JE M60 cysteine. The duration of viremia was also notably longer in
the case of ChimeriVax™-JE M60 arginine.

These data demonstrated that the level of viremia is notably lower in the case
of the vaccine containing the M60 mutation. Viremia is a measure of viscerotropism
(virulence) of the vaccine virus. A vaccine with reduced viremia is considered safer,
since cell damage and dysfunction of organs sustaining virus replication and

contributing to viremia is reduced, as is the likelihood that the virus will cross the
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g. s. from only PMS P4 a.a. M-60 M-60 935 ¢/ T R/C M-60 mutation first
S. a. from only detectable and dominant PMS P5 Full M-60 935 Cto TR
to C M-60 mutation located in g. s. from genome the cytoplasmic
hydrophilic PMS stretch of the M protein PIO 95 % full M-60 935 Cto TR
to C M-60 is the only detected g. s. from genome mutation PMS eGMP

Privbs&t Bordi@ Hded ahCifvhdR@assian) Mot fitsbedns (M Sthaleiosiablents, it
Baxter eGMP prM-E E-107 1301 T/c F/L Reversion to WT P4 (P

. A S
BRI NA MONTPIS0 199 S BN TRTHIBRERS GV R B9 afaéf(\vge*
gengame Baxter M-60 mutant PI O FullM-60935Cto TRto C
Desired/expected clone C PMS enome NS2A-26 3616 A to G Silent SSS

R s e S
P14 4 ) "800 IS RIS TANE sﬂgp pulations detected”s.?
P %M M:00 ?%in%ﬁck‘ﬂlﬁit@&w %L{gpopulations detected s.
Non-mutant P/ PMS Full NS4B-12 69% to T - Silent _clone A nome
NS4B-77 7147 TioC Silent SSS PIO prMrE <. - - - N% subpopulations
JEtEHR 5s. SSH Araine e changgo s Giatiohs Rnge From
tre-beginirg-okihe-geneme-b-From-the-MN-terminus ' t
M(66) Leucine — Proline 954 CTA — CCA
E(313) Glycine — aRginine 1919 GGG — AGG
Asparagine (silent) 2926 AAC — AAT
Glycine (silent) 7126 GGA — GGG
Table 2. Consensus sequence of large plague PMS (P16, PMS) (P/N IT-0117;
L/ 1036804A) (derived from p5 Run 1 Vaccine Lot).
Position Amino Acid change NT position NT change
E(313) Glycine — aRginine 1919 GGG — AGG
Glycine (Silent) 7126 GGA — GGG
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54 Table 8. Neurovirulence of clone A P7, clone C PSO, unclosed P5,
FBS- containing standard, and YF-VAX(r) viruses in 8 day-old suckling
mice. Virus a.a. change Dilution Inoculation Mortality LDep AST Dose No.
dead/No. Log,, days Logo PFU inoculated PFU mortali Clone A P7 None
Neat 5.1 1/11 (9%) >5.1 11 PMS 10" 4.1 3/11 (27%) 14 10.2 3.1 1/10

(183biad. Bequanesd Brevgyiaquesisplated ey

5. plaame PYS:{pig)Sm Y epoeelis\nden senumdiee couditiens: 10.2 3.5

torr e oweeoeldg S

1112(8.3%) 13 10" 2.5.0/1.2(09%) N/A_904.1.5 0112(Q%) N/A Unclared
: cPosiiien (dobpyiaoiASia Guangs 10 144 10/19 [ shepgs | Ammunc-
10.2 3.3 9/1{L (82%) 11.8 10" 2.3 1111(9%) 14 304 1}3 1110(1 %9 F FEYain
none-Neat-4. mmn 10°.4 010 mom N
st&Rdafd 10 SPIES RIS 2.3 01 Pihod) %ﬁ YE- VAx%" N/A
11042.4910/10 (100%) <2.4 8.8 Sham N/A N/A N/A 0/10€5%) N/A NJA
(MEM. Q%-BS 5 Tahle 9. Neurovirulence for Cynomolgus Monkeys of
M-@C%éo‘ne C) Mastelf and Production seeds Vs. YF-MAX(r) contrgl. Gro
p ¥k TPeetment PDose Lestoit scores (g oyip mean wSD (ran
NamMale/Re ? k(PrFUF/0 25~
#19, #20
#1 M62 Valine — Methionine 941 | TGT — SP
TAT
M66 Leucine — Proline 954 | CTA —
CCA
#2 M62 Valine — Glycine 942 | GTG — Sp
GGG
Valine — Glutamic Acid | 942 | GTG —
GAG
Mo66 Leucine — Proline 954 1 CTA—
CCA
#4 M63 Phenylalanine — Serine {945 | TTT — TCT | LP
#5 Mo2 Valine — Alanine 942 | GTG — Sp
M66 Leucine - Proline GCG
#6 Mo66 Leucine — Proline 954 | CTA— Sp
CCA
M64 Valine (Silent) 949 | GTC —
GTT
#15 M62 Valine — Alanine 942 | GTG — Sp
GCG
M66 Leucine ~— Proline 954 | CTA —
CCA
#16 wt Leucine N/A | CTA LP/SP
M66 Leucine — Proline 954 {CTA —
CCA
#17 Mo4 Valine — Isoleucine 947 | GTC — Sp
ATC
Mo6 Leucine — Proline 954 | CTA —
CCA
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92ES n. k fnyy y Target Dscrtrmnat Combined ma e~ t oculu'm ~ areas
tireas "y} -', Mki M, -.-"r, ., T1, #52; ,~"illl - K YF-VAXW 0.436 6/5
(Commercial 5.5 x 10 SD 0.190 0.610 0.526 Yellow Fever (0.25-0.81) SD
0.417 SD 0.194 Vaccine) (0.25-1.38) (0.29-0.87) ChimeriVaxTM-JE 5/6
Vaccine Master 1.0 x 105 0.196 0.183 0.191 2 Viral Bank P 11 SD 0.210
SD 0.177 SD 0.163 (M-60) (0-0.56) (0-0.44) (0-0.47) ChimeriVaxTM-JE
6/Pa¥ RCLINBHREREHACHPE 1oP H&i$20.223 0.106 0.167 3 Viral Bank P 12 SD
0.349 SD 0.138 SD 0.231 (M-60) (0-0.56) (0-0.31) (0-0.63) PFU =
plavuig-Fesming ainits 10 24 of 111, 2 of 1%, apd § off 11 &nimals t grougs 1;
2, anfdcBiprespectively, were excluded from score ¢alculatipns because
theywuete foloelto |24 ELSetoddsikive @ dapddpreieculatithn! d 00%
retvosioetivel BRNTB8:tes QM hickids n3oke s&itsitive thdk HAIABst used fa
prestvagning. ®% Table 100%om@Parisobtef m3epituRiess of virdbilh ando%
[
1

-

immWwNgeni¢ifpdn |difsomoigus 696 nKeApvinostiated1 8Tt 8e ariginal
INCKIIETIPS| C%imiedBy ax Tv-J E 2086 din6%rbdate d - 1oBS-d6A%aining
medium (containing no 5 mutations except for E491) and the new Clone C
P T2 ider13fi 6 nesmaii i s i glys- 16 Ocniatedh tyiB Oiplee DY sa (BRI 02ivansiae or
N&R¥UXTg Number antibody titer Group of Mean peak titer Mean
duration t on day 31 No. Male/Fe-t SD (PFU/mI) SD (days) (geometric

matemeaT PRNTS0 tter (Mifyghggg) 1[3/Ppyuent 0 00 N/D
Treatment Group Number 1+¥ Day2 | Day3 | Day4
YF-Vax® MF21157M 0 0 20 200
YF-Vax® MF21214F 0 0 0 0
YF-Vax® MF21151M 0 0 10 60
YF-Vax® MF21252F 0 0 0 0
ChimeriVax' -WN
Vaccine (P5) ME2808M 0 30 790 320
ChimeriVax "-WN :
Vaccine (P5) MF21205F 0 50 160 100
ChimeriVax'"-WN
Vaccine (P5) MF21139M 0 10 180 70
ChimeriVax'~-WN
Vaccine (P5) MF21191F 0 80 970 1000
*Viremia expressed as pfiymL

**Day 1: Study Day 1, monkeys inoculated on Study Day 1
Zero PFU/mL means below the limit of detection, theoretical assay cutoff = 10 PFU/mL
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M-JE 2 3/3 original uncloned 1.0 x 10 2441310 3.4t 1.34

1689 (640, 5120 PS Vaccine Clone C (M-60) 3 3/3 ChimeriVaxTM-JE 1.0
x 10 160 123 3.75t1.26 761 (320, 2560' vaccine, purified bulk, P13 '2 of

6, | of 6, and

2 of 6 animals in groups 1, 2, and 3, respectively, were

excluded from calculations of the values because they were found to be
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The dose rangg;iaseld is Sxpllak ¥ that gipgnpie anothePsissly? M Mutations
(H-040-007) in which the 15 mutant M-6@eypieiagyvaccine was
administered] ~slre ose o ra Chime, + M @eatiaing 8 8 2t8 Cn PJf ; s c in.

11- ft Viremic

bn 1 or more 5/10 22/33 9/1pikki&d}9/11 days [No.

vireniclestal
7.0 1230%816.4
0 - 2ZB@-50

06)] (B0%) (67%)482%) (1L00%)3[B2%) Meani@ak viremiaNO
40.9318.2 (PFUA#BL) Range in PRak viremia ®¥20 0-40 0-5Q80
PFUIML) Mean #®ration (days}k-B.9 1.6 1.4 2NX®.2 Ravge (R to G)

durafidtPd.4 Q-5 0-3 1-6 0-5 (#4Ys) 56 TablelFIB. ViremiaPfdfilesin  NO
subj@dt®enrolled i Study H-08@007 in whichP ChimeriVaxXt¥-JE WMﬂh@gto A)
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ChRAdAE ax

It ofh b 403U #N Sts N 32 NEEo~ NO Mé63 (F 1o S)

Table 7. Nucleotide and amino acid sequences of the uncloned and cloped SF
5  ChimeriVax "-JE samples (see Fig. 6).

Candidate Passage Partof Protein — Nt Ne.*! Nucleotide Amino acid Comments
genome a.a No change/ change/
sequenced heterogeneity heterogen.
Uncloned P2 Fuil - - - - No mutations
(FMS) genome
P3 a.a. M-60 - - - - No M-60 mutation
g.s. from only
PMS
P4 a.2. M-60 M-60 935 T R/C M-60 mutation first
. 5 from only detectable and dominant
PMS
P5 Full M-60 035 CteT Rt C M-60 mutation located in
g. . from genome the cytopiasmic hydrophilic
PMS streteh of the M protein
PiD 95% fuil M-60 935 CioT RtoC M-60 i3 the only detweeted
g. s. from genorme rmutation
PMS
cGMP prM-E E-107 1301 Tie FIL Reversion to WT first
P3 (MS) detectablie
Baxter
eGMP prM-E E-107 1301 Tie F/L Reversion to WT
P4 (PS)
Baxter
cGMP Fauli E-107 1301 T/C F/L Reversion to WT {(~50%).
PS(VE) genome
Baxter
M-60 mutant PI0 Fuli M-G60 933 CtoT RwC Desired/expected
clone C PMS penome NSZA-26 3616 AwG - Silent
S88 P13 prM-E M-60 938 CtoT RtoC No subpopulations detected
B5.
S8F P13 prM-E M-60 935 CtoT RtoC No subpopuiations detected
gs.
FEE P13 prM-E M-60 935 CwT R C No subpopulations detected
g.5.
Non-mutant P7 PMS Full NE4B-12 6952 CioT - Sifent
clone A gename NS48-T7 7147 Twl - Silent
888 P10 prM-E - - - - No subpopulations detected
2.5
SSEPIO prM-E - - - - No subpopuiations detected
£S5

% From the beginning of the genome  °: From the N-terminus of indicated protein
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Viremic on 1 or more 9/31 16/32 13/32 days (29%) (50%) 41%) No.
viremic/total Mean peak viremia 3.5 6.3 4.4 (PFU/mL) Range in peak
viremia 0-20 0-30 0-10 (PFU/mL) Mean duration (days) 0.3 0.8 0.6
Range in duration 0-2 0-4 0-3 (days) Table 12. Values of pH threshold for
fusion found with the fusion assay for each 5 ChimeriVaxTM-JE vaccine.

pOR#btshoNehr@rimisnivasd dibd & Bk olowtoD @ 10 Ak (horidiPs, 8BS0 E
méaiaind SstrdanharidaX EIEAO NG E sl ik gvBg-Rldo@klintanticeontains
allv?() E 5.9 mutation \iFhimer'Vax -JE clone | P6 (E1Q7 F to L revertant,
Us (] . i i
contains 9 Ea‘ra_nﬂi‘ﬁ‘ﬂ?)rst} K Ckl&‘é’ﬁ‘?fﬁ%TM-:JEﬁm}@oE P6 (N&Q 1¢F.
mutant, contains all 10 E mutat dns)PGLB 10 TaioteaB. Values miupH
1 Lol £ £l %4 mortality) for bach ~covinla of
ﬂmlelww TON SO fe LNéM v Say—-rof-paea-eptpre-61
GtimserivVaxTM-DEN P®hand PG.wirus pH Trasheﬂwfor fusion™: | 4
GhimerivVaxTM-DENY idMS P7 64 ChimeriVaRg$THENT VLP10 §.6
hlmprl\ln TM-DENZ BMS.PZ 64 ChimeriVasZ®RRDEN? VI P10 6.4/
Ctiwmeviy/ax 'NEDENS kkis P7I6cd Chimeri SHIBHDENS VP10 6,
GhimeriVaxTM-DEN4 fgii/ls P7 63x§ Chimeri %?tzﬂ £ EN4 VLP10 6.4%57
Table 14 Engineering a#<Y F/Flaviirus chlmerazsz m;us Chimeric C/pr
Gttt EfRSY5' 3' SIEE' 5 jungtion’ junction?lit&iten ligatigr? elimigased
102 . 9/11 (82%) 11.8
1c>j 2.3 11 {9%) 4
1C 1.3 110 (10%) 9
FBS- none Neat 5.3 0710 (0%) >5.3 NiA
cantaining 10! 4.3 010 (0%) NiA,
standard 10 33 209 {22%) 16.5
virus 102 2.3 011 (0%) NiA
YFVAXE | NIA 10 24 10710 (100%) <34 | BB
Sham /A NA NIA 0770 (0%) N/A NiA
(MEM-
10%FBS)

Table 9. Nearoviruience for Cynomolgus Monkeys of M-60 {Clone C) Master
and Production seeds vs. YF-VAX® control.

YF-V 2 0.436
6/5 (Commercial 5.5x 10 8D 0.190 0.610 0.526
1 Yellow Fever (0.25-0.81) | SD0.417 SD 0.194
Vaccine) (0.25-1.38) 1 (0.29-0.87)
- ChimeriVax™.JE
5/6 Vaceine Master 1.0x10° 0.196 0.183 0.191
2 Viral Bank P11 8D 0.210 SD 0.177 SD 0.163
(M-60) (0-0.56) (0-0.44) (0-0.47)
ChimeriVax™-JE
6/5 Vaccine Production | 1.0 x 10° 0.223 0.106 0.167
3 Viral Bank P12 SD 0.349 SD 0.138 SD 0.231
(M-60) (0-0.56) (0-0.31) (0-0.63)

PFU = plaque-forming units

4 0f11,20f11,and 1 of 11 animals in groups |, 2, and 3, respectively, were excluded from score calculations

because thcy were found to be JE-seropositive on day | (pre-inocuiation) in a retrospective PRNTS0 test, which is
more sensitive than HAI test used for prescreening.
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or (created) YF/WN X-cactgggagagcttgaaggtc
aaaeccaettecaeccgcggtttaa Aatll Nsil (SEQ ID NO:1) (SEQ ID NO:2) 10
YF/DEN-I X-aaggtagactggtgggctccc gatcctca accaaccgcggmaa Audi Spld
Sphlin DEN (SEQ ID NO:3) (SEQ ID NO:4) YF/DEN-2
X-aaggtagattggtgtgcattg a accctcagtaccacccgcggtttaa Aatil Split (SEQ ID
NO:5) (SEQ ID NO:6) YF/DEN-3 X-aaggtgaattgaagtgctcta acct ec
AqGMEA0C AR SaHaB Al RO A a b d SERUER NGIABEQ ID
N&RorhoIRbsi oY) MbRNHSC Manggantgatbietkiadceseaa
etCaanegeugithar\edtichiei pr@E@n QNGO x(h R ki Medit): (deidhiing no
Xaacgigaciacipy dotdiie1d ot the tngeaChagad Fit hpnadiddSplicie divtk (M-

SEEnR48EQ ID NO:I [) (SEQ ID NO:12) YE/MVE

atttnna ot~ o oot oab-ao-a

AWA ek}

Groug SEQ9D NO:16) 25 1,2: The column ill

: g=r§@?§ﬁ°’chimeric YF/Flavi

make

NSI junction. (See text). )

TBE X-tactgegaaeygacgttgccac
(Agelin YE) (SEQ ID NQ: 1S)

esponds to the!targeted

i 3franasahtesligdfrae i dumtien dsed t
irus primers £8REPERAING to ShE®ThrM or

= carboxyl terminal coding sequence of the
F capsid. The underlined|region corr

anon A VHINW, WPy 4.\ 1
X aaLLnga aggtggaaggtc attyyrt acaubcgc\dgtttaa AUUT AgETAgernnr rr)

$EQ ID NO: 13%455Q 1D NGssl Br(F

arct¥esdacctcacccgcggtttag Aadll Agel

Neutralizing
antibody titer
n day 31
geametric
mean PRNT;,
titer {min.,
max)}’

cleotides arePspaci

E

Y

heterglpgous sequrage im
plasmid requiseshiomareer
n

CYCYU) TS aieys Tsertionof
ating fulbder
e heterolo

fie to

nediately uy

streampof the Narl sitep (antise

gthxabNAdemplatess Other
ous virus. Oligonucleotide. 30

1

nse ND

Narty

689 (640, 5120

réstrietion fta h‘m‘?’“va’

U

%EI%CC

an bé igdfate
fyll-length chlmm@[pj\lA templates ar

2d anfd idated in vitfrd3eé 1foduce’s! (320, 2560,

ptimers are n&bas%f:@) ,4: The uniquie restriction sites used for creating
e listed, Because some seque}ces

10

i5

do not contain convenient sites, engineering of appropriate sites is
require dloiit, serhef caset (footrotd. Q}dﬁrelspp (arentresdsidiettreicrdgenct oy values

e&?ﬁr@eﬁhﬁm‘é"#ﬁﬁ? Iﬁaﬁéﬁé At

heterologous virus to aIIow efficient in vitro ligation. Sites not in

e s

A% BOdicalian old 6. N@h‘il?ﬁ'ﬁéth%f%ﬂiﬂ'j?
Eﬁ SREHE CRAIRAHRUR

LN RO R/N# FP-0008 [Strand) .1

BitHRF IR R VE"BEERBETE OF Tha % ™"

jEUSHER P HTGRHOMS. 846. 600 i ypslp !
ﬁﬁpﬁﬁh CRREw NIRRT P se

28400 %'\@%NRZ

Viremic on 1 or more
days
[No. viremictotal (%]

(50%)

510 22/33 9/11 11/11 o1

(67%) (82%) {100%)

(82%)

(days}

Mean peak viremia 7.0 13.0 16.4 40.9 18.2
{PFU/mL) _
Range in peak viremia 0-20 -46 0 - 50 0-220 0-50
(PFU/mL}

Mean duration (days) 0.9 1.6 1.4 y 2.2
Range in duration 0-4 0-5 6-3 1-6 -5
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41 ATCGAGTTGC TAGGCAATAA ACACATTTGG ATTAATTTTA 81
ATCGTTCGTT GAGCAGTTCG CAGAGAACTG ACCAGAACATM 121
GTCTGGTCGT AAAGCTCAGG GAAAAACCCT GGGCGTCAAT SGR
KAQGKTLGVNI161 ATGGTACGAC GAGGAGTTCG
CTCCTTGTCA AACAAAATAA MVRRGVRSLSNKI 201

Arbis AN Aicemin/proffie AT bty o ONeNE SFGGGDTNC i QhichH
@Q&;@;Nd%m.%w%hé ¥I6634 ﬁ@&mn%%@@és'a%@g%&d.' rcrT

TT
GA KKITAHLKR
32 GGCTGTTCT LW
K AGTGG

TG L MR G 401
TTGTEETEAA GOARREGEECTTTEES SFFCTGACTG LS SR
KR B3 EBVIY 441 TGCAAT ' A ATGCTGTTGA

TCARS@&GEE MR F L 26 M|L sy G|G 483 AGTTACCCTC
TCTA&EIbeMAGGGAAGGT GATEATGACGN TLSNFQGK VM
M T SPYBTAAATGCTIA CTGACGTCAC AGATGTCATC ACGATTCCAA
V N RafigEin\bebkDinnlaT || P &61 CAGGEGECTIGGAAAGAACCTA

C TCEMTICA GAGCAATGGATAAGKNLCIVRAMD 601
TGIBECATINCREGTIGCGATG ATAGTATCACOETATIGAATGC VG Y M
C D Bad if dYrdiok 641 CAGES TGLTGLCGECTEGTAA TGATCCAGAA
GAC#FEGACT PVUSAGNDPEDID 59 ChimerivaxWNO02 Final

Product Bottled (Run 1) L/N#.02HO01; P/N# FP 0008 [Strand]. 681

GE’E&@I?%EQA%&NS[%IG?M l-lréal\()cl:l oun &Télg%fg\rf\ assay for each

ChimeriVax ".JE vaccine.

ChimeriVax  -JE parent, clone A P7 (contams 311 10 E mutations) 59
ChimeriVax ' -JE clone C P10 (M60 R to C mutant, contains all 10 E 59

. nmrtations) i
ChimeriVax " -JE clone I P6 (E107 F to L revertant, contains 9 E mutations) 59
ChimeriVax' " -JE clone E P6 (MS Q to P mutant, contains all 10 E mutations) 6.3

Table 13. Values of pH threshold for fusion found with the indirect fusion assay
for each couple of ChimeriVax' M-DEN P7 and P10.

L_ T s . PRy BN ¢ Thz hold for fasion™”
ChlmertVaxTM-DENl PMS P7 6.4
ChimeriVax™.DEN1 VL P10 6.0
ChimeriVax™.DEN2 PMS P7 6.4
ChimeriVax™.DEN2 VL P10 6.4
ChimeriVax™-DEN3 PMS P7 6.4
ChimeriVax™.DEN3 VL P10 6.2
ChimeriVax™.DEN4 PMS P7 6.4
ChimeriVax™.DEN4 VL P10 6.4
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CWCTKSAVYVRYGR 721 ATGCACCAAG ACACGCCACT

- CAAGACGCAG TCGGAGGTCACTKTRHSRRSRRS 761

CTGACAGTGC AGACACACGG AGAAAGCACT CTAGCGAACA LTV
Q. THGESTLAN 801 AGAAGGGGGC TTGGATGGAC
AGCACCAAGG CCACAAGGTA KKGAWMDSTKATRY 841
TTTGGTAAAA ACAGAATCAT G@A‘i’r‘eﬁGAG GAACCCTGGAL VKT
ESWILRNPG eBnFiasan imEEsT CATTGGTTGG
ATGCTTGGGA YALVAAVIGW M L G 921 GCAACACCAT
GHAGAGAGTLGEGRIMGTCG TarARESCT S NT M QR V e/ V
LLL 961 TTTjﬁlﬁ-&GGCC CCAG@I&E&CA GCTT@W Gigaticn‘ eliminated
CCTTGGAATGLVAPAYSFNCLGM 1001 AGCAACAGAG (created)
ACTTCTTGGA AGGAGTQTCT GGAGCAACAT SNRDFLEGVS G A
TY80RL GGG TOGARE L GEET CTREAANRGEGABAGET GBGTGACTAT
WV DLYVLEBGIPEEV T | 108ETATEGICTAAG GACAAGCCTA
OBRPEGACCT@CATBATG KSHEBACRETRD \fald M it 112505 in DEN
AATATGGAGEERBEECAACCT GENSAGGTC CGCAGTTATT NME
AYEDENZA E VRS LS ese T AEresesacr At TR G P!
AUl s AL LA R M T
A GA AKRCGYECT

GEA H N D ERE ™M1 GACCEATETTHTGTGTGCAG ol

AR AAGCAC TG BT EGARAS G CrclR Ve G Gaé V RuR 1281
GCTGGGGCAGHS®RST GCGGASEGTINAGGCA AAAGhTC AT GW G N
GG F F G KacpetaddgladiGCAGAGATLL: EresEGAANEL T Gphl Aaill in SLE
CCTGCTCTAGIARGECAATA DSTQAK S ACSTK A 60
ChimeEvax\WINO2:fimadgRecitct BattieaiRum st #BRH04geP/N#dgel in YF)

FP-0008 (SEQ ID NO:13) (SEQ ID NO:14)
YF/TBE X-tactgogaacgacgitpecac sctgpgaaccteaccegeggtitan Awll Agel {Agel in YF)
(SEQ ID NO:15) {SEQ ID NO:16)

1,2: The column illustrates the oligonucleotide used to generate chimeric YF/Flavivirus primers corresponding to
the C/ptM or E/NSE junction. (See text). X = carboxyl terminal coding sequence of the YF capsid. The
underlined region corresponds to the targeted heterologous sequence immediately upstream of the Nar site
{antisense - ccgegg). This site allows insertion of PCR products into the YimS 2 (Marl) plasmid required for
generating fuli-length cDNA templates. Other nucleotides are specific to the heterologous virus. Oligonucleotide
primers are listed §' to 3"

3,4: The unique restriction sites used for creating restriction fragments that can be isolated and ligated in vitro to
produce full-iength chimeric cDNA templates are listed. Because some sequences do not contain convenient sites,
engineering of appropriate sites is required in some cases (footnote 5).

$: In parentheses are the restriction enzyme sites that must be created either in the YF backbone or the
heterologous virus to allow efficient in vitro ligation. Sites not in parentheses must be eliminated. All such
modifications are done by silent mutagenesis of the ¢cDNA for the respective clone. Blank spaces indicate that no
modification of the cDNA clones is required.
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£1
g1
121

161

[Strand) 1361 GGAAGAACCA TCTTGAAAGA GAATATCAAG
TACGAAGTGG GRTILKENIKYEV 1401 CCATTTTTGT
CCATGGACCA ACTACTGTGG AGTCGCACGGAIFVHGPTTVES
H G 1441 AAATTACTCC ACACAGGTTG GAGCTCTGCA
GGCCGGCCGA NYSTQVGATQAGR1481 TTCAGCATCA
CTCCTGCTGC GCCTTCATAC ACACTAAAGC FSITPAAPSYTL

- K 1521 TTGGAGAATA TGGAGAGGTG ACAGTGGACT GTGAACCACG .

e @B YaGreY FeP 6:5ER dadt QTEAGEEAIN: CAAGCGHMM @r-oo0s
CATACTACGT GATGACTGTT &teak®i TNAY Y VMTV 1601 :
GGAACAAAGA CGTTCTTGGTCCATCGTGAG TGGTTCATGG GTKT
FLVHREWFM 1641 ACCTCAACCT CCCTTGGAGC
AGEECHIBCAAICTADTRG TCRSIORNICEMGEAS AG STV W 1681
GAGGAACAGA GAGACGTTAA TGGAGTTTGA GGAACCACAC RNR

- E M ERE GBS AS b A ANGRAGECTGTCAT

AGCATTGGGC TCACAAGAGG ATKQSVIALGSQE. 1761
GAGCTCTGCA TCAAGCTTTG GCTGGAGCCA TTCCTGTGGA G AL H
Q ATHERT SRS RAAFIERAEETRRCACTGTCA
AGTTGACGTC GGGTCATTTG FSSNTVKMTSGH L 1841
AATTBEAGA GHCHAMEA TS BAMARATCEAB T TGAAGGGAA KCRYV
KM E Kd QL KG 1881 EAACCTATGGCRTGTGTTCA AAGGCTTTCA
AGHTGEEAEEAG A CriRdsAvTeK fataRed2] GACTCCCGTG

GA%QP%GEC AGGECACTGT,GGTGITGGAA TPVDTGHGTVYV

= L VPEERERY BA ek A scrroae

241
281

321

361

401
441

481

521

561

€01

641

'AA&GSACETRA CeCAGTEGE 1B VA S ENDLTPVG

AAGAGGTGTT CAAGGATTTA TCTTITTCTT TTTGTTCAAC
R GV Q@& F I FPFPF L FN
ATTTTGACTG GAARAAAGAT CACAGCCCAC CTARAGAGET -
I L TG KK.I T AEH L K R
© TGTGGARBAT GCTGGACCCA AGACAAGGCT TGGCTGTTCT

'LWKMLDPR‘QGLAVL‘
GGAAAGTC AAGAGAGTGS TGGCCAG’I‘TT GARTGAGAGGA

R KV KR VYV A 8 L ¥ R G
TTGTCCTCRA GGAAACGCCG TTCCCATGAT GITCTGACTG

L § SR KRR S HED V L T
TGCAATTCCT AATTTTGGGA ATGCTGTTGR TGACGGGETGE

vV oQFL I LG MLILM TG G
. AGTTACCCTC TCTAACTICC AAGGGAAGGT GATGATGACG

v T L 8§ N F @ G K vV M M T
GTAAATGCTA CTGACGTCAC AGATGTCATC ACGATTCCAAR

vV N A&2&T DVT DV I T I P
CAGCTGCTGG AAAGAACCTA TGCATTGTCA GAGCAATGGA

T A AGEG X N L C I VR A MD
TGTGGGATAC ATGTGCGATG ATACTATCAC TTATGAATGC

v 6 ¥ M C D D T I T Y E C
CCAGTGUTGT CGGCTGGETAA TGATCCAGAA GACATCGACT

P V1L S5 A GN D P E DI D
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N

61 ChimerivaxWNO2 Final Product Bottled (Run 1) L/N# 02$01; P/N#
FP-0008 (Strand] 2041 CAGATTGGTC ACTGTCAACC CTTTTGTTTC
AGTGGCCACG RLVTVNPFVSVAT 2081 GCCAACGCTA
AGGTCCTGAT TGAATTGGAA CCACCCTTTGANAKVLIELEPPF
2121 GAGACTCATA CATAGTGGTG GGCAGAGGAG AACAACAGAT G
DSYIVV,GRGEQQI2161 CAATCACCATTGGCACAAGT
CTGGAAGCAG CATTGGCAAA NHHWHKSGSSIGK 2201

Ca PR RATE BA TR A ARESGHG BT AG B B3 c @G BPTopos

681

TLKGAQRLA 2241 CTCTA BREA CACAGCTTGG GACTTTGGAT
CAGTTGGAGG ALGDTAWDFGSVGG 2281 GGTGTTCACT

e s L

F 2321 GGAGGAGCAT TCCGC GAGGC ATGTCCTGAA

GEANFRSLFEE EMsW 2561 TRACECAABG ATTGCTGGGG

721

GCTEFECTE PYETSEATAERIROEFAECEARL L L W M G 2401

- CATCAATGCT TGHGATAGGT . GCATABCRCTBCACGTTTCTC INAR

761
801
841

881

‘e

961

1001

- 1041

1083

1121 .

116l

1201

1241

1281

1321

D RISHCAGIEE PEARMALE GABTTGCAGGABEECTGCT CTTCCTCTCC
GTGAACGTGG AWGE \L LgF & SV NV 2481 GCGCCGATCA

AGRATERECOATRMC THIRGIAAGAGAEA CAD QG CAINF G
‘ I% CT%A%G'G[GC G%A%AF}GGTA TCTTCATATT
TA %é% 2 61 GATGACTGGC

ﬂl"cﬁf‘i” CEREANEATEB DWLNKYSYYPE

TGA

‘D 2601 ETETGAAGCT TGCATGAGTAGTBARAGCCT CTTTTGAAGA

P VAZGCRCTEF\FROBECEAE CRIBRITARSGCHAT G GGCCTAAATT
CAGTTGACTEC CETEGAGCATG KCBILNSVDSLEH
GCAACACCAT GCAGAGAGTT GIGETTTGETICG TGCTATTIGCT

E NT M Q RV VvV PFP YV YV L L L
TTTGETGECC CCAGCTTACA GCTTCARCTG COTTGGAATG

"L VA P A Y S FNC L G M
AGCAACAGAG ACTTCTTGGA AGGAGTGTCT GRAGCAACAT

8§ N R D P L E &6 VvV 8 & A T
GGOETGIATTT GGTTCTCGAR GGCGACAGCT GCGTGARCTAT

W VDL VL E €DSC VvV T T
CATGTCTAAG GACAAGCCTA CCATCGACGT CRAAGATGATG

M 5 XK DK PT I DV K MM
AATATGGAGG CGGCCAACCT GGCAGAGGTC CGCAGTTATT

NMEA ANTL A EV RS Y
GCTATTTGGC TACCGTCAGC GATCTCTCCA CCAAAGCTGE

¢ YL A T V 8 DL 8T K A A&
ATGCCCGACC ATGGGAGAAG CTCACAATGA CAAACGTGCT

¢c pT M GEA HND KR LA |
GACCCAGCTT TTGTGTGCAG ACAAGGAGTG GTGGACASGES

D PAF V CR Q @V V D K
GCTGEEECAR CEGCTGCGEA TTTTTIGECK AAGEATCCAT

6 W e N G C G ¥ F 6K © & I
TGACACATGC GCCARATTTS CCTGCTCTAC CAAGGCAATA

D TC A XK FA C B8 T KATI
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2681 GAGATGTGGA GAAGCAGGGC AGATGAGATC AATGCCATTTE
MWRSRADEINATI 62 ChimerivaxWNO2 Final Product Bottled (Run
1) L/N# 02HO01; P/N# FP-0008 [Strand] 2721 TTGAGGAAAA
CGAGGTGGAC ATTTCTGTTG TCGTGCAGGA FEENEVDISVVV
QD 2761 TCCAAAGAAT GTTTACCAGA GAGGAACTCA
TCCATTTTCCPKNVYQRGTHPFS 2601 AGAATTCGGG
" ATGGTCTGCA GTATGGTTGG AAGACTTGGG RIRDGLQYGWK
CHE ir2844WBIRA AGAA CETTE TBTTCECRUE CAGCGBAGEAL ; P/N§ FP-0008
AGAATGGAAG GKNLVFS PSG*RPRIN G S 2881 CTTCATCATA -
GATGGAAAGT CCAGGAAAGA ATGCCCGTTTFIIDGKSRKECP '
: F 2921 TCAAACCGGG TCTGGAATTC TTTCCAGATA GAGGAGTTTG
et o RN SETME R BT SEABEBERET GTTCACCACA
CGEGRGTFACA TEGGACBCAGTI XTGEVETWTRVY MDAV 3001
1401 CTURCHEATACCACERTAG ATFCHGATEGATGIATCTTGGGTFE Y T
: D & DiG'S It Gr3041 65CAGGCGTGA ACGGAAAAAA GAGTGCCCAT
1581 COATGTECAAAAN NG A G BRAAR1L CATTTTGGAT

GGG&AAQTQATTG Q,TA@ATGi éE A%Gg TFWMGSHEVN

1481 '%Xx#}ﬂq %é&g TAGATTACAA
GG TGAG | H e

T TGGCCACTGA
CACATACGAT TEGRAGATEA BSTYGAMGAGA WPLTHTIGTSVE

1521 £ REFFPEFEATRFEFTIE ATEEERACKPEEATFE GGAG GCCCAGTTAG
SEMFE M PR Bl GO PV S 324b CICTICAEAAT CATATCCCTG

1561 GATATAHNGG TAICAGACGARCE T NttdaP@¥ K V Q T'..N 3281
GGAECITEGATTGCAGGTAGC ACTAGAASTG AAGAGAGAAG G P W

1601 M E¥aPakabaV R B ToaT coaTCeTeAG TEETTCORTGS

‘6 T KT F LV HRE W F M
1641  ACCTCAACCT CCCTTGGAGC AGTGCTGGAA GTACTGTGTG -

DL NL PWS S AGS T VW
1681  GAGGAACAGA GAGACGTTAA TGGAGITTGA GGAACCACALC

R NR ET LM EVF E E P H
1721, GCCACGAAGC AGTCTGTGAT AGCATTGGGEC TCACAAGAGE

A T K Q 5 vV I A L G g Q E
1761 GAGCTCTGCA TCARAGCYTTG GCTGGAGCCA TTCOTGTGGA

G A L H.Q AL A GATI PV E
1801 ATTTTCAAGC RACACTGTCA AGTTGACGTC GGGTCATTIG |

F S N TV K LTS 6 H L
1841 - AAGTGTAGAG TGANGATGGA AAAATTGCAG TTGAAGGGAA

X CRV X ¥ E X L ¢ L K- @G
1881 CAACCTATGE CGTCTGTTCA AAGGCTTTCA AGTTTCTTAG

T T YG V CS XK AFK F L R
1921  GACTCCCGTG GACACCGOTC ACGGCACTGT GOTGTTGGAR

T PV DT G H ¢ TV V L E
1561 TTGCAGTACA CTGGCACGGA TGGACCTTGC ARBGTTCCTA

S L Q.Y T G TP ¢ PC K V p
2001 TCTCGTCAGT GGCTTCATTG AACGACCTAA CGCCAGTGES

I 8§88V ASL NDULT PV @
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3321 CTTGCCCAGG GACTAGCGTG ATCATTGATG GCAACTGTGA A
CPGTSVIIDGNCD 3361 TGGACGGGGA AAATCAACCA
GATCCACCAC GGATAGCGGGGRGKSTRSTTD.SG 63
ChimerivaxWNO2 Final Product Bottled (Run 1) L/N# 02HO1; P/N#
FP-0008 [Strand) 3401 AAAGTTATTC CTGAATGGTG TTGCCGCTCC
TGCACAATGC KVIPEWCCRSCTM 3441 CGCCTGTGAG
CTTCCATGGT AGTGATGGGT GTTGGTATCCPPVSFHGSDGC
NPTy SRR RS G RR ‘TGFA%% @A’AAMG‘{%’;&%@AF/ N¥ FP-0008
AAGCCATCTG MEIRPRKT L 3521 GTGCGCTCCT
GGGTTACAGC TGGAGAAATACATGCTGTCC VRSWVTAGEIHA

2001V BEMGIRETRRTELECTGAREAT GAIGATACCAA TGGAAGTGGT
. PFGLYSMMIAMEVYV 3601 CCTAAGGAAA AGACAGGGAC

CAAAGCAAAT GTTGETTGGA 'RK RO B PFKQ M L V G 3641
2981 G GREIRETE AFETTEECREE? 5GGCAAGTAA GV V
 LL@AWM B VIS @'V 18681 CAECFCETTBANTTIGCTGAAA
2121 CTCABATFBGEETRGTGTBGIIARACEAG DACAMRAGAT V A V G L 3721
GCATTTGCAT GAGATGAACARTE GAGGAGA EGCCATGTAT HFHE
2161 M NNBHBRANEY 3 AFGRGEET @&TEE@&[ GCCTT TTCAATCAGA

o CCA(%G%C'{;GC MA LT AAF, éé i % <§TCATCGGCTT
' y0. TGEGL LIGFGLRTLWS
zmp RgE 3841 ACG&%%%F@F % % %"&% BcacceaT
GGTGCGAGATT RILVYLY L & A1 VEE 18881 GCCTTGGGTG
2241 G CEFERFEE GFEHETET GABEFRAL TAETRECALGGVMG G LW

K YAL BOZ ATGCABTMIC FCFCTGGATE CFGACAATAA
2231.ATG@‘G@'EIGICANTA‘I‘WCSGC GadcTetdtrANrAGTETTC

. V'FTS‘VGRA‘VHQVF
2321 GGAGGAGCAT TCCGCTCACT GTTCGGAGGC ATGTCCTGEA

‘6 GAF R SL F GG M S W
‘2361 TAACGCAAGG ATTGCTGGGG GCTCTCCTGT TGTGGATGAG

_ I T QG L L G AL ILUL W M G
‘2401 . CATCRATGCT CGTGATAGGT CCATAGCICT CACGTTTCTC

. I N A R DR B I AL T F L
2441 GCAGTTGGAG GAGTTCTGCT CTTCCTCTCC GTGAACGTEG

AVGG VLL FLS VNV
2481 GCGCCGATCA AGGATGCGCC ATCAACTTTG GCAAGAGAGA

G ADQ G CA INTFG X R E
2521  GCTCAAGTGC GGAGATGGTA TCTTCATATT TAGAGACTCT

LXK C 6D ¢ I F I F R D 8
2561 GATGACTGGT TGRACAAGTA CTCATACTAT CCAGRAGATC

_ D DWL NXZY 8 YY P E D
2601 CTGTGAAGCT TGCATCAATA GTGARAGCCT CTTTTGAAGA

P VXKL A S I V KA S F E E
2641  AGGGAAGTGT GGCCTAAATT CAGTTGACTC CCTTGAGCAT

G K C 6L N8B VDSBS L EH
2681  GAGATGTGGA GRAGCAGGGC AGATGAGATC AATGCCATTT

EMWR 8 RA DETI NATI
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2721
2761
2801
2841
2661

2523

3001

3961 TTCTAGGAAA GCATCAAATA CCATCTTGCC CCTCATGGCT S
RKASNTILPLMAA4001 CTGTTGACAC CTGTCACTAT

GGCTGAGGTG AGACTTGCCG LLTPVTMAEVRLA 4041
CAATGTTCTT TTGTGCCATG GTTATCATAG GGGTCCTTCAAMFFC

AMVIIGVLH 64 ChimerivaxWNO2 Final Product Bottled (Run 1)

L/N# 02HO1; P/N# PP-0008 (Strand) 4081 CCAGAATTTC
-AAGGACACCT CCATGCAGAA GACTATACCT

Chipneg i 33T ESTFEECE ?@A@/}EEP@@?}%TBT*

LVALTLTSYLGLT 4161

NFKDTSM

CrEPs e

TTTT GGGCCTGTGT

GCATTTCTGG CAACCCGCAT QpFLGLCAFLAT, R14201
ARG AHEr6AE HoAadEd GGCACTCGCA FGR

RSIPVNEALA 4241 GCAGCTGGTC TAGTGGGAGT

A

AG

GETEGCAGGATTEGETTTTC AAG LY &vE
AT HA%%%W@E%KH‘?&CCAGTTGGAGG QEM

AGLAF 4281

ENPLEG P|IAW G G4R1 ACTCCTGATGAFGCTGGTTA

GCOGFEBEICH TNIEE RHSAITIEE. MECIT¢E VA G RV D 4361

KTI®
R

GGHCTIAGAGC HCAAGAAGCE TGGTBAAGRT TCATGGGAAG GLEL
K Kan£aAn b Wirbrr4od Abacdinéal GEATGAREAGCGGG

o4l

308i
3iz21
3161
3201
3241
3281
3322

3361

SARYDYV4441

St T Ty Kot

ACCA GGTTGTGATG
ACC?CéC?GGDE R VAP v DX ¥ VBV TSS P 4B21 CCTTGGTTGG
GG AT R A T I ER THERSETCA LVGAALHPFAL
L. L84581 BGVTCOTTECY GBGIGGCTBTHTEATGTCAG
2061 COSAGCFAGETIALCACS YEdCTEEAMA Rr@HCEAGT

'@ T &6V PTT RV YM DAV

CTTTGRATAC ACCATAGACT GCGATGGATC TATCTTGGGT

F EY T I DOGC D @ B8 I L &
GCAGCECTGA ACGGAAAAAR GRGTGCCCAT GGCTCTCCAR

A AV N G KK 5 A H G 8 P
CATTTTGGAT GGGRACTCAT GAASTARATG GGACATGGAT

T F WM G 8 H E V NG T W M

GATCCACACC TTGGAGGCAT TAGATTACAR GGAGTGTGAG

I T L EAL DYZXK E CE
TGGCCACTGA CACATACGAT TGGAACATCA GTTGAAGAGA

W P L T HTI G T & V E E .

- GTGARATGTT CATGCCGAGA TCAATCGGAG GCCCAGTTAG

s EMF M PR 8 I G @ P Vv 8
CTCTCACAART CATATCCCTIG GATACARGGT TCAGACGRAC

S HN H I PG Y KV ¢ T'N
GBACCTTGGA TGCAGGTACC ACTAGAAGTG AAGAGAGAAG

G P WM @V P L EV KR E
CTTGCCCAGE GACTAGCGTG ATCATTGATC GCAACTGTGA

A CPG TSV I I DG N C'D
TGGACGGGGA AAATCARCCA GATCCACCAC GGATAGCGES

G R &G K S8 TR 8§ T T D S8 @
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4601 . AGAAGTGGGG ATGTCTTGTG GGATATTCCC ACTCCTAAGA R
SGD.VLWDIPTPK 4641 TCATCGAGGA ATGTGAACAT
CTGGAGGATG GGATTTATGG I IEECEHLED.GIY G 4681
CATATTCCAG TCAACCTTCT TGGGGGCCTC CCAGGCAGGA IFQS
TFLGASQRG 4721 GTGGGAGTGG CACAGGGAGG
GGTGTTCCAC ACAATGTGGCVGVAQGGVFHTMW 65
ChimerivaxWNO2 Final Product Bottled (Run 1) L/N# 02HO01; P/N#

hPrB00& (mitane) A6 bAII GACARS AGSACCINT C2E8AGCIARGE oo
ATGGCAAGAA HV TR G A F Li¥tRshdG K K 4801 GTTGATTCCA .
TCTTGGGCTT CAGTAAAGGA AGACCTTGTC L IPSWASVKEDLYV

4841 GCCTATGGTG GCTCATGGAA GTTGGAAGGC AGATGGGATG
3401 A YABAGTIAWV K (TEAT G TTABRTTCAGABTARESA GGTCCAGTTG

ATC&CGGETE TEHCGAGGAAARG E'EE QI AAV P G K 4921

1441 CARESTEERCAACFTGE AArSARAABIGAGETTGTTCAAAN V V N

\ v QT KPS IF K, 4961.GTGAGGAATG GGGGAGAAAT

‘ AV AL D 5001

&%@@%ﬁ%‘*@é@%&ﬁ%ﬁmmw VPG

- ,T SG' B IV NRN 5341%CGEABABGTG ATTGGGCTGT

382 ACEBCHATECERTESETEFETPEY FFFECPEN. G IL Vv 5081

. GGTGAEAACY COTTCGIGTC EGCCATARCE® CAGACTGAGG G DN

3561S FM RIS QEREATATCT RAAGGAAGACAREAAAGGAG
'GAGCTFCGAAG ASATCECGAG VIKREGKEFLQEIPT 5261

' 3501AA-'?.%§%I%A§ M&@@M%&%@T&MATTTTCAT MLKKG
CUMT TV é%\Dg H 52 %CTG AGCTG GGAAGACAAG ACGTTTCCTC
T KT R |_ P g
CBRAGT

'CCACA

3641 GGAGTAGTGC 'I‘C'I"I‘GGGA

¢ VVL L GA MLVY 6 Q V.
3681  CTCTCCTTGA TITGCTGAAA CTCACAGTGG CTGTGGGATT

- TLLD L LK L TYVYA V&L
3721 GCATTTCCAT GAGATGAACA ATGGAGGAGA CGCCATGTAT

HE FH EMVNUNW G GD A MY
3761 ATGGCGTTGA TTGCTGCCTT TTCAATCAGA CCAGGGCTGC

M A2 L I A & F 8 I R P G L
3801 TCATCGGC'I’I‘ TGGGCTCAGE ACCCTATGGEA GUCCTCGGER

'L I G F G LR TLWE P RE
3841 ACGOCTTGTG CTGACCCTAG GAGCAGCCAT GGTGGAGATT

. R LV L T L G AAM V E T
3881 GCCTTGGGTG GCGTGATGGE CGGCCTGIGE AAGTATCTAR

A L & ¢ VvV M & 6 L+ W K ¥ L
3921 ATGCAGTTIC TCTCTGCATC CTGACAATAA ATGCTETTGC

N AV S L CI L TIUN AV 2
3961  TTCTAGGAAA GCATCAAATA CCATCTTGECC COTCATGGOT

S R XK A SNUT I LP L MA
4001 CTGTIGACAC CTGTCACTAT GGCTGAGGTG AGACTTECCG

i L L TP VvV TM A EV R L A
4041 CAATGETTCTT TTGTGCCATG GTTATCATAG GGETCCTTCA

A M F.F C A M V I I G V L H
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5241 TGGCCGAGTG CGCACGGAGA CGCTTGCGCA CTCTTGTGTT L
AECARRRLRTLVL 5281 GGCCCCCACC AGGGTTGTTC
TTTCTGAAAT GAAGGAGGCTAPTRVVLSEMKEA 5321
TTTCACGGCC TGGACGTGAA ATTCCACACA CAGGCTTTTT FHGL
DV.KFHTQAF5362 CCGCTCACGG CAGCGGGAGA
GAAGTCATTG ATGCCATGTG SAHGSGREVIDAMC 5401
CCATGCCACC CTAACTTACA GGATGTTGGA ACCAACTAGGHATL

cndml R Mdabs £ 75 R 56 ChiperyaX( N0 g Einah Producs BRI (RUNeD - 0008

L/N# 02HO1; P/N# FP-0008 [Stragid)=$4#1 GTTGTTAACTGGGAAGTGAT
CATTATGGAT GAAGCCCATT VVNWEVIIIJMDEAH 5481
TTTTGGATCC AGCCAGCATA GCCGCTAGAG GTTGGGCAGCFLDP

sos1 A SChArATRIC WHASMLEER TRCASAE ABCITAGEGCAAATG

AAAGTGECAACAAT CHGATG, HRRABANESATILMD5561

'm; ACHGEEREA TGl CREAGTAG Sl TTTCCACATT TATP

PGTSDEFEP H 5601 CAMIGGTGA-AATAGAAGAT GTTCAAACGG
ACKTACCcAG sNEETED VoT DFP%. 5641 TGAGCCCTGG

161 A RBRE A GG AT CRET CBAT ECT CBETEAE EPWNTGHDWIL

A D $B8IFAAAAGGECEA CGECATGGTF CRTECCATCC

4201 APCAGOEAT GCRARIFITCAGICAREEE FRICTSPOR CAAATGTCAT

GGEHGECAICTRITSCEHETAAGG S TECANAGGGS ANV MAASLRKA

1241 O EcRodrtetd Gdpéakizfo TorGdadACACEcArAAACCITGA

4321

4361
4401

4441,

4481

4521 -

4561

4601

4641

4581

4721

A L

DPAEMIGRNY FVERS P T &

ACTCCTGATG ATGCTGGITA GCGTGGCTGE GAGGGTGGAT

L L M M L vs v A G RV D
GGGCTAGAGC TCAAGARGCT TGGTGAAGTT TCATGGGRAG

6 L EL K KL GEV § W B
AGGAGGCGGA GATCAGCGGE AGTTCCGCCC GCTATGATGT

E E A E I &8 G 5 8 A R Y D WV
GGCACTCAGT GAACAAGGEG AGTTCRAGCT GCTTICTGAA

A L 8 EQ GE P KL L 8 E
GAGAAAGIGC CATGGGACCA GETIGTGATG ACCTCGCTGE

E KV P WDQ VvV VM T S8 L
CCTTGGTTGE GGCTGCCCTC CATCCATTTG CTCTTCIGCT

AL VG ABAL EPFA L L L

© GETCCTTGCT GGGTGGCTET TTCATGTCAG GGRAGUTAGS

vV L A 6 WL F B VY R G A R
AGAAGTGGGE ATGICTTGTIG GGATATTCCC ACTCCTAAGA

R 8 ¢ Db V L W D I P T P K
TCATCGAGGA ATCGTGAACAT CTGGAGGATE GGATTTATGG

I I E E C EH L E D.G I Y G
CATATTCCAG TCAACCTTCT TGGGGGCCTT CCAGUGAGGR

I FP O S T F L & A S @Q R G
GTGGEAGTGE CACAGGGAGS GETGTTCCAC ACRATETGGC

vVEeVZAE 0GOG VFHE T MW

65

TIKQKKPDFILA
TT GCGTGGAGCG T

GA%%A%T&C WY LNRKIF.EREY 5§Ol CCCACGATAA
1281



5881 AGTGCTGGAT TGCAGGACGG.CTTTTAAO000 TGTGCTTGTG VL
DCRTAFKPVLV5921 GATGAAGGGA GGAAGGTGGC
AATAAAAGGG CCACTTCGTA DEGRKVAIKGPLR 5561
TCTCCGCATC CTCTGCTGCT CAAAGGAGGG.GGCGCATTGGISAS
SAAQRRORIG 6001 GAGAAATCCC AACAGAGATG
GAGACTCATA CTACTATTCT RNPNRDGDSYYYS6041
GAGACTACTA GTGAAAATAA TGCCCACCAC GTCTGCTGGT EPTS
ENNAHHVCW 6081 TGGAGGCCTC AATGCTCTTG
CEREARATEA A FORLEGE P En S 1L HF ME (e B/ 72-0008
ChimerivaxWNO2 Final Product ﬁela Run 1) L/N# 02HO1; P/N# '
FP-0008 [Strand] 6121 TGGAATGGTC GCCCCACTCT ATGGCGTTGA

5761 AGEALARAGAGMM A RircrGbd A2chdin §A01
ACACCAGTTTCCCCTGGTGA AATGAGACTG AGGGATGACC T.P V'S

- PEEMR PR I’D 5201 AGAGGAAAG T CTTCAGAGAA

4801 I HEPERGE AATFETC ACTTRRY PR TRN C D L 6241
' GCCEGTTYGGCFITEGTGAC AAETGGECCAA GGCTGGTTTG

3541 PSSR AKTISAGACAE BT FABHC GRATSHIECGTAAGTG
. GTGTHTTEAD GECECEGAGGK ENP RIKW CFE G P E 6321

a581 AARATGAGA TEFT AT BErAdeGCHTEAMMICAGTGAAGTG EHE I
. LNDSGEJT VKG6361 GAGGGCICCT GGAGGAGCAA

'4921 A%ﬁ&&%@h@ GEEAMGHE RAE éﬁf’%% KPLRPR 6401.

TGGTGTGATG AAAGGGTGTC AT AGTGCGCTGTWCD
- ERVSSD0QEAL 8445 cFGAATITAT F
4961 TAWT@R%@WG@R%@EG%@?@GTSEHKFAEGRRG
A A%481 FGRAGTGETA GTIGEGCTGAGTGAACTCCC TGATTTCCTG
5001 E WICREAGTES EACTI@IEA TCTCCTATTG TTAACAGGRA -
Y PS G Ts @& 5P IV NRHKN
5041  CGGEAGAGGTG ATTGGGCTGT ACGGCARTGE CATCCTTGTC
o '@ EV I 6 LY G NG I L V
5081  GG@TGACAACT CCTTCGTGTC CGCCATATCC CAGACTGAGS
G DN S FVS RIS QTGE
5121  TGAAGGAAGA AGGAAAGGAG GAGCTCCAAG AGATCCCGAC
VKEE G KE ELGQE I P T
/5161 AATGCTARAG ARAGGRATGA CAACTGTCCT TGATTTTCAT
M L K KGMT T VDL DFH
s201 CCTGGAGCTG GGRAGACAAG ACGTTTCCTC CCACAGATCT
' P GA G K TR RPF L P Q I
5241 ‘TGGCCGAGTG CGCACGGAGA CGCTTGOGCA CTCTTGIGTT |
L AEC ARR RLRTT L V L
5281  GGCCCCCACC AGGGTTGTTC TTTCTGAAAT GAAGGAGGCT
A PT RV VL B58EM X EA
5321 TTTCACGGCC TGGACGTGAA ATTCCACACA CAGGCTITTT
FHGL DV.XK FET QATFP
5361  CCGCTCACGG CAGCGGGAGA GRAGTCATTG ATGCCATGIG
8 A HG S GR BV ID A MOC C
5401  CCATGCCACC CTAACTTACA GGATGTTGGA ACCAACTAGS

H AT L T YR M L E P TR
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6521 GCTAAAAAAG GTGGAGAGGC AATGGATACC ATCAGTGTGT A
KKGGEAMDTISV 6561 TCCTCCACTC TGAGGAAGGC
TCTAGGGCTT ACCGCAATGC .FLHSEEGSRAYRNAG6601L -
ACTATCAATG ATGCCTGAGG CAATGACAAT AGTCATGCTG LS MM
PEAMTIVML 6641 TTTATACTGG CTGGACTACT GACATCGGGA
ATGGTCATCTFILAGLLTSG-MV1 5681 TTTTCATGTC
TCCCAAAGGC ATCAGTAGAA TGTCTATGGC FFMSPKGISRM

ChSupt VSR G ATRE CCAICY: APGE ST G TGS ARBIGTF/N4 FP-0008:
CATCTTCCTT MGTMA G CE*¥a*} F L 6761 GGAGGCGTCA '
AACCCACTCA CATCTCCTAT GTCATGCTCAGG.VKPTHISYVM
L 68 ChimerivaxWNO2 Final Product Bottled (Run 1) L/N# 02H31, P/N#

sl EERG08AStang) BE0T TATTCT TG T e GGTG GTTGTGATCC
CCGAGCEABG §FE VL MV \P| PE B GE6841 GCAACAAAGG

‘5481 TOTHTCAOAA BRABARCE SASTTEBE ATARCEPCQ QRS IQDNQVAY

- L 16881 ATFATIGGCAITCETGAGGET GGRITLAGCG GTGGCAGCCA

ss21 | |deddadhdcY SelcVaAnAD ARAASEIAGETAGETGATGCTGGAG
~ AAAACECAPAGAGGACGTCET NELGMLEKTKEDLF 6961

TGGGAMGRAG AACTTAATLC CATCTAGIGCTTCACCCTGG G KK N

LIPSSASPW 7001 AGTTGGCCGG ATCTTGACCTGAAGCCAGGA

ccicEcTclBA BVWPD LD I’k B A AWH041 CAGTGTACGT

5601 TEEAATFFET PAERATE CFETEFECARTSFPATY VY VGIVTMLSP

M$ 708¢ GCAGCACTISG ATCARAGTCEG AATATGGCAA
s641 COTSTCTGT GAEREAWEGK ATEANIEAY CSUGCTERE TCTGGAATAG
CCGAGTCGAGGCEFCAGRCCET FCETTGARCG SGIAQSASVLSF

5681 MAARARGOCCCA CGGCATGGTT COTTCCATCC ATCAGAGOTG

| K R PT AWPF L PS5 IR A
| 5721 CAAATGICAT GGCTGCCTCT TTGCGTAAGG CTGGARAGAG

A NVM AAS L RKA G K 8
5761  TGTGGTGGTC CTGAACAGGA ARACCTTTGA GAGAGAATAC

v v Vv L NR K T F E RE Y
5801 CCCACGATAR AGCAGAAGRA ACCTGACTTT ATATTGGCCA

P T I K Q KK PDF I L A
5841  CTGACATAGC TGABATGGGA GCCAACCTTT GCGTGGAGCG .

T DI A B MG BANUILC V ER
'ssa1  AGTGCTGGAT TGCAGGACGG .CTTTTARGCC TGTGCTTGTG

. YV L » C R T a ¥ XK P Vv L V.
5921 GATGARGGGA GGAAGGTGGC ARTARARGGCE CCACTTCCGTA

LD EGR KV A I K G P L R
5861 TCTCCGCATC CTCTGCTGCT CAAAGGAGGS GECGCATIGE

I S A8 858 A2 QRURG R I @G
£001 GAGAAATCCC AACAGAGATG GAGACTCATA CTACTATTCT

R N P N-R D G D S Y Y ¥ 8
6041 GAGCCTACARA GTGAAAATAA TGCCCACCAC GTCTGCTGGT

E P T 8B E NN A B H VvV C W
6081 TEEAGGCCTC AATGCTCTTG GACAACATGS AGETGAGEGE

L EAS ML L DNME V R G

55€1
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7161 ACAAGGGGAT ACCATTCATG AAGATGAATA TCTCGGTCAT D
KGIPFMKMNISVI 7201 AATGCTGCTG GTCAGTGGCT
GGAATTCAAT AACAGTGATGMLLVSGWNSITVM 7241
CCTCTGCTCT GTGGCATAGG GTGCGCCATG CTCCACTGGT PLLC
GIGCAMLHWT7281 CTCTCATTTT ACCTGGAATC AAAGCGCAGC
AGTCAAAGCT SLILPGIKAQQSKL 7321 TGCACAGAGA
AGGGTGTTCC ATGGCGTTGC CAAGAACCCTAQRRVFHGVAK
Chiiner 78810 T GGG AP ECRATCEARGAGTIGAQREDL ; P/N§ FP- 0008

GAGGAAGCTC VV DG NP T #BaEE A 7401 CTGAAATGCC -
TGCCCTTTAT GAGAAGAAAC TGGCTCTATA PEMPALYEKKLA
LY 7441 TCTCCTTCTT GCTCTCAGCC TAGCTTCTGT TGCCATGTGC

€21 ) PEFERFCETT RETAN CEGChRTe A2 Final Product Bottled
" (RurCL) ¥/N¥ 02H0E: BN FPR00B8 HStrand 7481 AGAACGCCCT

" 6161 Tmﬁm@mm@ﬁqu@mmm@ TPFSLAEGIVL
A 2P CAGETGECATAGGGGRCECTE ATABAGGGAAACACCAGCCT

s201 S AdMdafadtt tEGMES ém?a’&@i@ﬁﬁ?'ﬂw GGACCCATGG

- SREEE S e
o NESERGEAMEETIGE Ol orGe

. GATéAXA&CTéGﬁ\C&C@GG’G éGJ&G@Gé‘GAA NLWKMKTGRR
6281 G BARAQEMAES AT EEERRTCARISTTT T GICAESF CTGGAAGAG
GGAACTGAAT RKH LWG BV W KR E LN 721 CTGTTGGACA
6321 AGBGACKET TITGAGET GEATIAMAGGASEGCL LDKRQFELYKR
T E761 ACATTGTGEA,GGI GEAFCGT GATAGGGCAC GCAGGCATTT
6361 D 'CXGEG&@CB &IG@ABCBA"'AEAAGCCTCT GCGCCCAAGG

R A P G G A K K PUL R P R
6401 . TGGTCTGATG ARAGGGIGTC ATCTGACCAG AGTGCOCTET

W CDE RV S 8§DQ S A L
6441  CTGAATTTAT TAAGTTTGCT GAAGGTAGGA GGGGAGCTEC

"8 EF I XK P A" E GRUR G A A

6481  TGAAGTGCTA GTTGTGCTGA ‘GTGAACTCCC TGATTTICCTG |
E VL V.VLSE ELGP DF L

. 6521  GCTARAARAG GTGGAGAGGC AATGGATACC ATCAGTGTGT

_ AKKGGEA'M'DTI.SV
6561 ~ TCCTCCACTC TGAGGAAGGT TCTAGGGCTT ACCGCAATEC.

FLES EEG S RAY RN A
6601+ ACTATCAATG ATGCCTGAGG CAATGACAAT AGTCATGCTG

L §8§M M P EA M T I V ML
6641 - TTTATACTGG CTGGACTACT GACATCGGGA ATEGTCATCT

P I LA G@LIL T S G MV I.
§681  TTTTCATGTC TCCCAAAGGC ATCAGTAGAR TQTCTATGGC

F PMS P KG I SR M 8 M A
€721 GATGGGCACA ATGECCEGCT GTGEATATCT CATETTCCTT

M 6T M A & C G ¥ L M F L
6761 GGAGGCGTCA AACCCACTCA CATCTCCIAT GTCATGCOTCA

G G.V.X P TH I 8 Y Vv M L
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7801 GGCCGAAGGG AAGGTGGACA CCGGGGTGGC GGACCCATGG
AEGKVDTGVAVSR 7841 GGGACCGCAA AGTTAAGGTG
GTTCCATGAG CGTGGCTATG. GT.AKLRWFHERGY 7861
TCAAGCTGGA.AGGTAGGGTG ATTGACCTGG GGTGTGGCCG V K L
EGRVIDLGCGR 7921 CGGAGGCTGG TGTTACTACG
CTGCTGCGCA AAAGGAAGTG GGWCYYAAAQKE V. 7961
AGTGGGGTCA AAGGATTTAC TCTTGGAAGA GACGGCCATG S G V

chﬁn&EzLMﬁ;Rﬂzﬁalﬁ%it%MAEQ%TﬁAwﬁﬁ'ﬁmAA B/N# FP-0008
AGTCTGGGAT GGAGAATCATIELKRAM NV QSLGWN I | 8041
CACCTTCAAG GACAAAACTG ATATCCACCG.CCTAGAACCA TFKD

. KTDIHRLEP eoai GTGAAATGTG ACACCCTTTT GTGTGACATT

6201 GEHBACIEATIGAREETD FTT@TFT PSP CATCGTCATC
GGTGAGAGAGIGGGEAARGBALOGTGAGAGT SS.SSVTEGERT

cea1 V Boda BB ABhimerizaxyihl 02 FinekRrodect-Batted (Run 1) L/N# 02HO1;

P/N# FP: oqps iStrang) 8161, TCTTGATACT GTAGAAAAAT

G%—éﬁ TELE0RG EPAG R drdeEEMLAC GV D 8201

AACTTCTGTG TGAAGGTGTT AGCTCCATAC ATGCCAGATG NF CV

KVALAPY M P B $24F TTECTGHGAA ACTGGAATTG CTCCAAAGGA

6921 GATPFERTGETFIER PRICTHR WP TB281 AACAGTGATC
AGGAAGCETC ¥C¥CEAGGAR TRCEAGTCATFTVIRNPLSRNST

5361 H BIZMGREAPCTAETACGTBETIGBASTTEGCAGC AATGTCACAT
EMY YV 8 GARSN T 6364 TAACTGFGAA CCAAACATCC

7001 CQefrEbeddsArdfziec\Gamértabeh ¥didachdaR L L M R R M 8401

'GAGGLGICGA ACTGGAAAAG TGACLCTGEA GGCTGACGTC RRP

7041 T %AiéT\éT-géG'F %\é‘TGT’I‘ ACARTGCTCT CTCCARATGTT

T VYV ¢ IV T ML 8 P M L
7081 GCACCACTGG ATCAAAGTCG ARTATGGCAA CCTGTCTCTG

, B EW I KV E YG@UN L S8 &
7121 TCTGGAATAG CCCAGTCAGC CTCAGTCCTT TCTTTCATGE

s ¢ I A& § 8 A 8 V L 8 F ¥
7161 ACAAGGGGAT ACCATTCATG AAGATGRATA TCTCGGTCAT

D X ¢ I P F M K MNI S§ V I
7201 AATGCTGCTS GTTAGTGGCT GGAATTCAAT AACAGTGATG )

..o ML L VS G W W S5 I T VM
7241 CCTCTGCICT GTGGCATAGG GTGCGCCATG CTCCACTGGT

P L L C G6'I ¢ € A M L H W
7281 CTCTCATTTT ACCTGGAATC AAAGCGCAGC AGTCARAGCT

g L I L P @I X A QQ & KL
7321 TGCACAGAGA AGGOGTGTTCC ATGGCETTEC CAAGAACCCT

A QR RV FH GV A KNP
7361  GTGGTTGATG GGAATCCAAC AGTTGACATT GAGGAAGCTC -

v VB G NPT VvV DI E E A
2¢01  CTGAAATGCC TGCCCTTTAT GAGAAGAAAC TGGCTCTATA

P EM P AL Y E KX L A L Y
7441 TOTCCTTCTT GCTCTCAGCC TAGOTTCTGT TGCCATETGC

L L L AL 8§ L A 8 YV A MC

6881
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8441 ATCCTCCCAA TTGGGACACG CAGTGTTGAG ACAGACAAGG I'L
PIGTRSVETDK 8481 GACCCCTGGA CAAAGAGGCC
ATAGAAGAAA GGGTTGAGAG GPLDKEAIEERVERS8521
GATAAAATCT GAGTACATGA CCTCTTGGTT TTATGACAAT IKSEY
MTSWFYDN 8561 GACAACCCCT ACAGGACCTG GCACTACTGT
GGCTCGTATGDNPYRTWHYCGSY 8601 TCACAAAAAC
CTCCGGAAGT GCGGCGAGCA TGGTAAATGG VTKTSGSAASM

V, N G 8641 TGTTATTAAA ATTCTGACAT ATCG,
AR RTABAR . RARY PR e aso! LR Te-000s
GAATGGCAAT GACTGACACA ACCCCTTTTGEVTRMAMTDTTP |
F 8721 GACAGCAAAG AGTGTTTAAA GAAAAAGTTG ACACCAGAGC
rier CaRQBE %&M&TM@%@&Q&@CA CCAGCGGGAA
- CTAGGAAGAT CATG A TT K ?GC TRKIMKV 8801
- GTEARCRGHET GolT & ctACe G“CCAGAGAAAAGA VNR
53 WARFERGT ARERA %@%W%mal Product Bottled (Run 1)
- LA#B2HR01E P/N PP-B00F [BtréndF8s4l . ACECCAGACT
" 1561 GTGTHRGRAAGGARCRATFTATIIRSCARIBRERICN P R L CTKEEFI AK V
. 8881 GCGAAGTGATMGEAGECATHG GAGCTTACCT GGAAGAACAA..
ge0r  RAETEASASEG ACNCTdT Qrifbd@AACACTGEHA AGACTGCCAA
TG@AQCEG;C GAAGACCGAA E;Q W K,T AN. EAV Q D P 8961
A%;Sg% ACTGGT GGAT.GAAGAAAGGA AGCTGCACCA KFWE
| RKLH 3001 ACAAGGCAGG TGTCGGACTT GTGTGTACAA

CATEATEEGG ERCRTE VY RiMM & d0a1 AAAAGAGAGA
7681 AGHRESIETE REEBYT FECE KARCERAABE KREKKLSEFGK

_ AKE K T L. & EV W KR E L N
7921 CTGTTGEGACR AGCGACAGTT TGAGTTGTAT AAALGGACCSE

L L p XK R QF E L Y KURT
7761 ACAT'I‘GTGGA GGTGGATCGT GATACGGCAC GC‘.AGGCA’IT‘I‘

D r vE VDR DTZ-AZR R H L
7601  GGCCGAAGGG AAGGTGGACA CCGGGGTGGC GGTCTCCAGG

| A EGC KVDT GV A V SR
7841 GGGACCGCAA AGTTAAGGTG GTTCCATGAG CGTGGCTATG .

g 7T A K L R W F HE R G Y
7881 TCARGOTGGA. AGETAGECTE ATTGACCTGE GGTETGEECCS

. v KLE GRY I DLG C G R
7921  CGGAGGCTGG TGTTACTACG CTGCTGCGCA AAAGGAAGTG

¢ e W.CY YA AAQ X E V.
7961 - AGTGGGGTCA AAGGATTTAC TCTTGGAAGA GACGGCCATG

S ¢ VX G F T L ¢ R DG H
8001 - AGAAACCCAT GAATGTGCAR AGTCTGGGAT GGAACATCAT

_ E K PM NV Q & L W N I I
8041 CACCTTCAAG GACAAAACTG ATATCCACCG CCTAGAACCH

T FX DK TD I HR L B P
goe1  GTGAAATGTG ACACCCTTTT GTGTGACATT GGAGAGTCAT

vV XK ¢D TLL CDI G E 8§
6121  CATCGTCATC GGTCACAGAG GGGGAAARGGA CCGTGAGAGT

§ 5 858 8% VvV TE G EZERT V R V

7641
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9081 GAAGCCGGGC CATATGGTAT ATGTGGCTGG GAGCGCGGTA
GSRAIWYMWLGARY 9121 TCTTGAGTTT GAGGCCCTGG
GATTCCTGAA TGAGGACCATLEFEALGFLNEDMH_ 9161
TGGGCTTCCA GGGAAAACTC AGGAGGAGGA GTGGAAGGCA WA'S
RENSGGGVEG9201 TTGGCTTACA ATACCTAGGA
TATGTGATCA GAGACCTGGC IGLQYLGYVIRDLA 9241
TGCAATGGAT GGTGGTGGAT TCTACGCGGA TGACACCGCTAMD

Chipe iGN IR [ ipat Rr99gT GEATEG(RATAICEEECAHTAC /N FP-0008

e
82@1
8241
szel
8321
B361
B40D1
8441

8521

2561

8601

BE41

8681 .

8721
8761

88gl

AGAGGCAGAC CTTGATGATGSE WY TR1. TEAD LDD 9321
AACAGGAGAT CTTGAACTAC ATGAGCCCAC ATCACAAAAA EQE |
LNYMSPHHKK 936 CACAA GTGATGG
AR KRR SRR R ITE™ T v K N K 9401
GTAGTGAAAG TETTGAGAECPAGCCECKGEA GGGAAAGCTT V VK
V AAIECRGECGTERMEAT G PHEICHTC AT FASATAAGTCGA
CGAGACECAGA BAGGETCLGE Y MIDVISRRDQRGS G 9481
G CAGRAEGBrAGITAT GCTR RN ACARGAT CACCAACTTG QV VT
Y@ LNETENLE 72 GhimerivgxWNQ@2 FipalPraduct Bottled (Run 1) L/N#
02HAL RN FRAAS-ISURRETIR2E AAGTIEEAAT TGATCAGAAT
GGCAGAAGCA GAGA TGGTGA KVQLIRMAEAEMYV 19561
TACATEACCARACATE T CAA CATTGTGATG AATCAGTTCT IHH Q H
vV BB EDE SPTEE6T ERECREEAETRAEECATGGEC
TCACTGAGCEA CGGATETGAR TSR LNE AWIL TE H G C D 9641
AGRCTERRGHERNICG CECTGHRCTBGAGAT GATTGTGAGG R LK
RMAVS GD R CV 968k TECGGECCGATICGATGACAGG
T EREtICHCAT RO RT CREANA RIPRRITGLAL S H
R R P T G K V T L E A DV
ATCCTCCCAR TTCGGACACG CAGTGTTGAG ACAGACAAGG

I . P I GG TR & VE TD K
GACCCCTGGA CARAGAGGCC ATAGAAGABA GGGTTGAGAG

G P L D K E & I EER V E R
GATARAATCT GAGTACRTGA CCTCTTGGTT TTATGACAAT

I K8 BEYMT 8 WPF Y DN
GRCAACCCCT ACAGGACCTG GCACTACTGT GGCTCCTATG
D NPY RTW HYC G 8§ Y
TCACAARABAC CTCCGGAAGT GCGGCGAGCA TGGTAAATGG

VTKT 8§68 AASM VNG
TGTTATTARA ATTCTGACAT ATCCATGGGA CAGGATAGAG

v IiIZX I L T YX F WD R I E
GAGGTCACAA GAATGGCAAT GACTGACACA ACCCCTITIC

E VTR MAM TDT TP F
GACAGCAARG AGTGTTTARA GARABAGTTG ACACCAGAGC

G Q QR VF X EKVD TZRA
AAAGGATCCA CCAGCGGGAA CTAGGAAGAT CATGAAAGTT

K D P P A G'T R K I M K V
GTCAACAGET GGCTGTTCCG CCACCTGEECC AGAGAARAGR

VR RW L FR HL A R.E K
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9721 TCTCAACGCC ATGTCCAAGG TTAGAAAGGA CATATCTGAA L
NAMSKVRKDISE 9761 TGGCAGCCAT CAAAAGGGTG
GAATGATTGG GAGAATGTGC WQP SKGWNDWE NV 9801
CCTTCTGTTC CCACCACTTC CATGAACTAC AGCTGAAGGAPFC S
HHFHELQLKD 9841 TGGCAGGAGG ATTGTGGTGC
CTTGCCGAGA ACAGGACGAG .GRRIVVPCRE QD E 9881
CTCATTGGGA GAGGAAGGGT GTCTCCAGGA AACGGCTGGA L |G
R BB L@V 2324: TRATAARGAAAGASG THI2C p/ng FP-co08
“CTCAGCAAAG CCTATGCCAA MdKafaT ACLSKAY AN 9961
CATGTGGTCA CTGATGTATT TTCACAAAAG GGACATGAGG MW S L
MY FHKRDMR 10001 CTAATGTATT TGGCTGTTTC CTCAGCTGTT
8841 CQOACEFCA TTEAAGAM SABSANTAPITUSARISE ] GGGTTCCACA
. - AGGACGCACA ACATGGTEGA THCATGCGAAW VP QGRTTWS |
anes H Eednd608 S GGEACTHRErTEACRRGRGAAGACATGCT
T TGAGGTG %E ;é/ T A%: D é/l E 0121 AACAGAGTAT
- GGAErAng ACA c CIE)AXC EZ{T CAGGACA NRVWITNNPHM
es2l 5 FRAGHE RICETERRAARATER RS AGATGTCC
- ICT‘ISAT@TKA@ K ‘F MV RKW RDW PY IPT ¥3 ChimerivaxWNO02 Final
3361 ProGUECTROHRAREFTAT NRASAMEEATIFERFARB08 [Strand) 10201
" CAAGAGACAA GAGAAGCEGE GEGEATCACTGGATTGGAATG KR Q
soo1 D Kdafaéard térddclOpd ¢ ACEAAMAGRRICEACCTGGGC
CTC%C@CQTC gAETEAQTCQ, TNRATWASHIHLV lo2el
041 TCM%&E%T SR CLLGAEIC GACAGR ACAAATACAC IBRI

%E R 10301 TOACTACCTA ACACGTCATGG
- ACAGETATTE TETEEHIGET D Y LFVMBRYSVDA

5081 GAAGCCGTGC CATATGGTAT ATGTGGCTGE GAGCGCGGTA

G 8§ RA I WY M WILG A R Y
s121  TCTTGAGTIT GAGGCCCTGE GATTCCTGAA TGAGGACCAT

'y, E F B A L G F L N E D H
9161 TGGGCTTCCA GGGAAAACTC AGGAGGAGGA GTGGAAGGCA

W A S R E NS G G G V E G
s201  TTGGCTTACA ATACCTAGGR TATGTGATCA GAGACCTGGC
I g L@ Y LG ¥YVIR DLA
5241 ~ TGCAATGGAT GGTGGTGGAT TCTACGCGGA TGACACCGCT

. AMD G GGF ¥YAD DTA
5261 GGATGGGACA CGCGCATCAC AGAGGCAGAC CTTGATGATG

¢ WDT R I T EAD L DD
8321 - AACAGGAGAT CTTGAACTAC ATGAGCCCAC ATCACAAAAA

._EQEILNYMSPHHKK
8361 ACTGGCACAR GCAGTGATGG ARATGACATA CAAGAACAAA

L AQ AVME MTZTY X KK
3401  GTGGTGAAAG TGTTGAGACC AGCCCCAGGA GGEAAAGCCT |

. vV vV KV L R P A PG G K &
9441  ACATGGATGT CATAAGTCGA CGAGACCAGA GAGGATCCGG

Yy M DV I S8R RDOQZ R G 8 G
9482  GCAGGTAGTG ACTTATGCTC TGAACACCAT CACCAACTTG

Q VvV T Y AL NTI T HNL
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10361 GACCTGCAAC TGGGTGAGCT TATCTGAAAC ACCATCTAAC D
LQLGE.LI10401 AGGAATAACC GGGATACAAA CCACGGGTGG
AGAACCGGAC 10441 TTCCCACATC CTGAAACCGG GATATAAACC
ACGGCTGGAG 10481 AACCGGACTC CGCACTTAAA ATGAAACAGA
AACCGGGATA 10521 AAAACTACGG ATGGAGAACC GGACTCCACA
CATTGAGACA 10561 GAAGAAGTTG TCRGCCCAGA
ACCCCACACG.AGTTTTGCCA 10601 CTGCTAAGCT GTGAGGCAGT

ChEeATEETEGH BEAGCCSABC 106 4RuTCCAGHTPEI1; P/NE FP-0008

.9521
9561
9801
9641
9681
9721

87861

9801 -

9841

9881

5821

. 9961

10601
© 100e1
o081
10121

10161

GAAAAACCTG GTTTCTGGGA EEFRECACCC 10681 CAGAGTAAAA
AGAACGGAGC CTCCGCTACC ACCCTCCCAC 10721 GTGGTGGTAG
AAAG GGT TT AGAGGAGACC 10761 CTCCAGGGAA

eﬁﬁ@%f é&@%ﬁ%ﬁ"&"ﬁ%@%ﬁ 10801 AAGACCGGAG
TGéT’P’Cﬂ:ﬁG CYTRTCCTEC AGAGETATGT 10841 GAGCACAGTT
TGEFERASA AT TERCERETSICATE GATERTT74 ChimerivaxWN02
Final Prosluct Bottlest (Run 1) LdN#402HO§; P¥N#.PP-0008 (Strand]

1088 TAAARAGASAAGE AS AL htaetyees¥/NO2 M66 variant
(StrandgNGTAAATCGT GTGIGETAAT JGAGGTGCAT TGGTCTGCAA

ALAIEEABT BaGIAGE GAATARRCACATLIGE ATTAATTTTA el
ATCGTTCGTT GAGCGATTAG CAGAGAACTG ACCAGAACAT M 121

GTCTEGTCET AAALCeAGE GRAARAECET GGGCGTCAAT SGR
K AP L BNPRE8T AFEETRE CAETEASBAGTTCG CTCCITGTCA
AACAAARTAA R VRR GR/ R S SN Kl 8018 AACAAAAAAC
/\/‘7¥ﬁ13}¥ﬂgﬁﬁrTATFKngﬂﬂﬁZQ/xE9ﬂKEBHEIFIB(EIAﬂ3fTﬁﬁRﬁ§H( QKTKQIGNRPG
P S 24% AAGACGI CH T AAGCGARI TATGTTFTTCTT TTTGTTCAAC R
G MQRBICAT BuIrh MR e ATTTES AR B GAAAAAAGAT
CAGAGCECAC GTAAAGAGGT I TGKKITAHLKR
CCTTCTGTTC CCACCACTTC CATGAACTAC AGCTGAAGGA
PFCS HHF HETLGYQ L K D-
TGGCAGGAGG ATTGTGGTGC CTTGCCGAGR ACAGGACGAG
.6 R R I VV®P CRE QODE
CTCATTGGGA GAGGAAGGGT GTCTCCAGGA ARCGGCTGGA
L I 6GR GRYVY § PG NG W
TGATCARGGA AACAGCTTGC CTCAGCAAAG CCTATGCCAA

.M I K E T A C L 8 KA ¥ AN
CATGTGGTCA CTGATGTATT TTCACAAAAG GGACATGAGS

M WS L MY PF HKXKUE D MR,
CTACTGTCAT TGGCTGETTTC CTCAGCTCTT CCCACCTCAT

L L 8L AV S 85 AV P T 8
GGGTTCCACA AGGACGCACA ACATGCTCGA TTCATGGGAR

W VPQ GRT THWSTI H 6 K
AGGGEAGTGG ATGACCACGG AAGACATGCT TGAGGTGTGG.

G EW M T T E DML E VW
AACAGAGTAT GGATAACCAA CAACCCACAC ATGCAGGACA

N RVW I TN NPH M Q D
AGACAATGGT GAAAAAATGS AGAGATGTCC CTTATCTAAC

K TMV KXW RDUVo©P ¥ 1 7
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321 TGTGGAAAAT GCTGGACCCA AGACAAGGCT TGGCTGTTCT L W
KMLDPRQGLAVL 361 AAGGAAAGTC AAGAGAGTGG
TGGCCAGTTT GATGAGAGGA RKVKRVVASLMRG 401
TTGTCCTCAA GGAAACGCCG TTCCCATGAT GTTCTGACTG LSSR
KRRSHDVLT 441 TGCAATTCCT AATTTTGGGA ATGCTGTTGA
TGACGGGTGGVQFLILGMLLMTGG 481 AGTTACCCTC
TCTAACTTCC AAGGAAAGTT GATGATGACG VTLSNFQGKVM

BRIV T EV1 T B o CAEICTOb ANRGARGCTAT 00

TGCATTGTCA GAGCAATGGATAAGKNLCIVRAMP 601
TGTGGGATAC ATGTGCGATG ATACTATCAC TTATGAATGC VG Y M

10201 CobnBrdnbdnYdncEn6dict CAGIERICINCOERTECGTAATGATCCAGAA

'GAQA'E %%P VL SAGNPREDQIRQ 7§ Chimerivax WNO2 M66
GEIGGEE ABAG é%GCA GTCTACGTCA
gggR%EéT KSA v(}v VRYGR 721 ATGCACCAAG
o 'A(?Ac‘t;étA‘CT EAKGATGATE TEGEAGGTCA, CTKTRHSR. RSR
10281 RIGCHIFRF CREAEFET WEREACACEEASAAAGCACT
~ CTABCBAACARL T VIQ TIH G BS ¥ L & N80T AGAAGGGGGC
10321 TTOLHTEEACMBERACKAXGICEATAKAGTIA K K G A WMDSTKA T
R Yp84d TTTGGTAARAACGGAAECAY GEATCTTGAG GAACCCTGGA
10361 L dhckrbdiad WobarRABLR Bi1eedalAd Gielictiae TGGCAGCCGT
'CATTGG% (;G %CTTG GA YALVAAVIGWMLG 921
GCAACA q% GAGTLGIGITIGTCG TGCCATTGCT SNTM

ig241

' ,1-04‘01
10441 TCCCCACAAC CTGARACCGG GATATAAACC ACGGCTOGAS -
104 31 EACCGGACTC CQCACTTAAA, ATGARACAGA AACCGGGATA
20521 | mém:es ATGGAGAACC G(_?:AC’I‘CCA.CA CATTGAGACA

_Eossx GAAGAAG?&‘G TCAGCCCAGA A{:CC{:ACACG:AGMTGCCA

-~ 0601 CTGCTAAGCT GTGAGGCAGT -GCAGGCTGEG ACAGC@GA&C

10641 . 'Z‘CCAGG’I"II'GCAGAAAAACCTG GTTTCTGAGA CCTCCTACCE

' Lo6s1 . CAGAGTARRA AGAACGGAGC CTCCGCTACE ACCCTCCCAC
10721  GTGGTGGTAG ARAGACGGGG TCTAGAGGTT AGAGGRAGACC

10761 - CTCCAGGGAA CAAATAGTGé GACC;&ATTG ACGCCAGGGA

10801 AAGACCGGAG TGGTTCTCTG CTTTTCCTCC AGAGGTCTGT

10841  GAGCACAGTT TGCTCRAGAA TAAGCAGRCC TTTCGATAEAC
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961 TTTGGTGGCC CCAGCTTACA GCTTCAACTG CCTTGGAATG LV
APAYSFNCLGM 1001 AGCAACAGAG ACTTCTTGGA
AGGAGTGTCT GGAGCAACAT SNRDFLEGVSGATI1041
GGGTGGATTT GGTTCTCGAA GGCGACAGCT GCGTGACTAT WV D
LVLEGDSCVTI 1081 CATGTCTAAG GACAAGCCTA
CCATCGACGT CAAGATGATGMSKDKPTIDVKMM 1121.
. AATATGGAGG CGGCCAACCT GGCAGAGGTC CGCAGTTATT NME
Ch e NdxRulo2VHRN21Y dribfih e GoATIeBC RN TACL/ET Q2RI ; p/N§ FP-0008
GATCTCTCCA CCAAAGCTGCIZEMIdATVSDLSTKAA 1201
ATGCCCGACC ATGGGAGAAG CTCACAATGA CAAACGTGCTCPTM
GEAHNDKRA 1241 GACCCAGCTT TTGTGTGCAG
10881 ABRABERE TISPGFGGACAGGG DPAFVCRQGVVDR 1281
GCTGGGGCAA CGGCTGCGGA TTTTTTGGCA AAGGATCCAT GW G
NGCGFFGKGSI 1321 TGACACATGC GCCAAATTTG
CCTGCTCTAC CAAGGCAATADTCAKFACSTKAI 77
Chimerivax WNO2 M66 variant [Strand) 1361 GGAAGAACCA
TCTTGAAAGA GAATATCAAG TACGAAGTGG GRTILKENIKYE
V 1401 CCATTTTTGT CCATGGACCA ACTACTGTGG AGTCGCACGG
AIFVHGPTTVESHG 1441 AAATTACTCC ACACAGGTTG
GAGCTCTTCA GGCCGGCCGA NYSTQVGATQAGR 1481
TTCAGCATCA CTCCTGCTGC GCCTTCATAC ACACTAAAGC FSITP
AAPSYTLK 1521 TTGGAGAATA TGGAGAGGTG ACAGTGGACT
GTGAACCACGLGEYGEVTVDCEPR 1561 GTCAGGGATT
GACACCAATG CATACTACGT GATGACTGTT SGIDTNAYYVMT
\
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a1
81
121

161

‘201

241

281

321

© 383

401

441

481

521 .

. 561
601

841

1601 GGAACAAAGA 'CGTTCTTGGT CCATCGTGAG TGGTTCATGG G
TKTFLVHREWFM 1641 ACCTCAACCT CCCTTGGAGC
AGTGTTGGAA GTACTGTGTGLNLPWSSAGSTVW 1681
GAGGAACAGA GAGACGTTAA TGGAGTTTGA GGAACCACAC RNR
E,TLMEFEEPH 1721 GCCACGAAGC AGTCTGTGAT
AGCATTGGGC TCACAAGAGG ATKQSVIALGSQE 1761
GAGCTCTGCA TCAAGCTTTG GCTGGAGCCA TTCCTGTGGA GALH Q
ALAGAIPVE 180iAdTiZCARQOWACAGIGTCA AGTTGACGTC
GGGTCATTTG FSSNTVK LFtgamdl L 1841 AAGTGTAGAG
TGAAGATGGA AAAATTGCAG TTGAAGGGAA KCRVKMEKLQL
K G _1881 CAACCTATGG CGTCTGTTCA AAGGCTTTCA AGTTTCTTAG

T PR S FRERE (FRCFE5PE RESFEEMTG GACACCGGTC

.ACGGCACTGT GGTGTTGGAA TPVDTGHG TV VL. E 1961

TTECACTARC ASFIETACCHATTGG ACBETHTAAAAGTTCCTA LQY T
GTDGPCKVp 2001 TCTCGTCAGT GGCTTC&TTG AACGACCTAA

COEEATTREOLEAMA & babhRT R} Gad Chimerivax WNO2 M66

variant. (Strand] 2041 CAGATTGGTCACTGTCAACC CTTTTGTTTC

R PR R AR RO SE T

- F 2121 GABACGTCATR CATAGTEGTG BGEABAGGAG AACAACAGAT

G BTEPAGAY GAREEFENEF G TR TEA AFBAIIERT TGGCACAAGT

'CTEGAAGCAG CATYGECAAALN # HW K KISG S S |1 G K 2201

G@@WM@@M@@TW@@@@&@OA\GACTAGCCG AFTT
TRK@&QRLAQ I G NRGP G p &
AAGAGGTGTT CAAGGATTTA TCTTTTICTT TTIGTTCAAC -

R GV Q@ GFI ¥ FF L F N
ATTTTGACTG GAARARAGAT CACAGCCCAC CTARAGAGGT -

I L TG KX I TAH L KR
TGTGGAABAT GCTGGACCCA AGACRAGGCT TGGCTGTTCT

'L WKM L DP RQGIL AV L
AAGGAMAGTC AAGAGAGTGG TGGCCAGTTT GATGAGAGGA

R KV KRVYVYVY A 5 L M R G
TTGTCCTCAR GGAARCGCCE TTCCCATGAT GTTCTGEACTE

L 8 S R XRR S§HD VLI T
TGCAATTCCT AATTTTGGGA ATGCOTGTTGA TGACCGGTGS

VQFL I LG MLLM T GG
- AGTTACCCTC TCTAACTTCC AAGGGAAGGT GATGATGACG

VTL 8NTFOQ GKV MMT
GTABRATGCTA CTGACGTCAC AGATGTCATC ACGATTCCOAR

VNAT DVT DVTI T I P
CAGCTGCTGG AARGAACCTA TGCATTGTCA GAGCAATGGA

T AAG KNUIL € I VR A MD
TGTGGGATAC ATGTGCGATG ATACTATCAC TTATGAATGE
VGY M CDD TIT YEC
CCAGTGCICT CGGCTGGTAA TGATCCAGAA GACATCGACT
P VLS AGN DPE DTID
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681
721
761
801
B4l
881
921
961
1001
1041

1081

1121 .

1181
1201
 1241
1281

1321

2241 CTCTAGGAGA CACAGCTTGG GACTTTGGAT CAGTTGGAGG A
LGDTAWDFGSVGG?2281 GGTGTTCACT AGTGTTGGGC
GGGCTGTCCA TCAAGTGTTC VFTSVGRAVHQVF 2321
GGAGGAGCAT TCCGCTCACT GTTCGGAGGC ATGTCCTGAAG G A
FRSLFGGMSW 2361 TAACGCAAGG ATTGCTGGGG
GCTCTCCTGT TGTGGATGGG ITQGLLGALLLWMG 2401
CATCAATGCT CGTGATAGGT CCATAGCTCT CACGTTTCTC INAR
DRSIALTFL 244 inérAlak TaloARse ARIiERy GCT CTTCCTCTCC
GTGAACGTGG AV GGV LLHA$SMN V 2481 GCGCCGATCA
AGGATGCGCC ATCAACTTTG GCAAGAGAGA G,ADQGCAINFG

KRE 2521 GCTCAAGTGC GGAGATGGTA TCTTCATATT

TATKSASFE PAER B FETACFICR B TESHEGATGACTGGC
TGAACALGTA GTGATACTATYCGAGAAGATC RDWLNKYSYYPE
D 2604 AT RAAGEOTT GOATCGANT AcGEREABRAGCCT CTTTTGAAGA

PVIKLASIVKASE EE 264L AGGGAAGTGT GGCCTAAATT

® DSLEH 2681
AR A e A G CCATITE MW
RSR ADE N AT 79 Ehimrivax WNB2 f6d variant [Strand] 2721
TTSAEHRA A AR T QR PP CGTGCAGGA FEEN
E W D¥ S6/ AV @ DM2761 FCOAARGAATI GRTTACCAGA
GCACGANGEC ARGEATAT TEO A \BAM@E®@AT H P F S 2801
AGAATICGGGATESGIGTIGGA GTATGETEGG AAGACTTGGG R IR D
GLRYGWAET WRRMAET ANGAASETIGTGIER TCC CCAGGGAGGA

AGRATGGAAG GKINLVESPGRENGS

GCAACACCAT GCAGAGAGTT GTGTTTGTCG TGCCATTGCT

8 N T M QRV Vv F VYV P L L
TTTCGETGGCC CCAGCTTACA GCTTCAACTG CCTTGGAATG

L VA PAY S FNC L G M
AGCAACAGAG ACTTCTTGGA AGGAGTGTCT GGAGCAACAT

S NRD F LE GV S GAT
GGGTGGATTT GGTTCTCGAA GGCGACAGCT GCGTGACTAT

WV DL VLE GDPSC V T I
CATGTCTAAG GACAAGCCTA CCATCGACGT CAAGATGATG

M S K DX P T IDV K MM
ARTATGGAGG CGGCCARCCT GGCAGAGATC CGCAGTTATT |

N M EA ANUL A EV R S Y
GCTATTTGGC TACCGTCAGC GATCTCTCCA CCAAAGCTGC

¢c Y LA T V 858 DL 8 T X A 2
ATGCCCGACC ATGGGAGAAG CTCACAATGA CAAACGTGCT

c 2 T M G EA HHNUD KR A
GACCCAGCTT TTGTGTGCAG ACAAGGAGTC GTGCACAGES

b P A F V CR Q GV V b R
GCTGGGECAA CGRCTGCGGA TITTTTGGCA AMSGATCCAT

G W GG N G CG F F G X G 8 1
TGACACATGC GCCARATTTIG CCTGCTCTAC CAAGGCARTA

b T C A KPFA €8T K Aar>x
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‘1361

2881 CTTCATCATA GATGGAAAGTCCAGGAAAGA ATGCCCGTTT F I |
DGKSRKECPF 2921 TCAAACCGAG TCTGGAATTC
TTTCCAGATA GAGGAGTITG SNRVWNSFQIEEF?2961
GGACGGGAGT GTTCACCACA CGCGTGTACA TGGACGCAGT G TG
VFEFTTRVYMDAYV 3001 CTTTGAATAC ACCATAGACT
GCGATGGATC TATCTTGGGTFEYTIDCDGSILG 3041
GCAGCTGTGA ACGGAAAAAA GAGTGCCCAT GGCTCTCCAA AAYV
NG KKSAHG S Pn3a8#i¢skl itdGlsd Tvariant
GGGAAGTCATGAAGTAAATGIBGASATGGAT TFWMGSHEVNG T
W M 3121 GATCCACACC TTGGAGGCAT TAGATTACAA
GGAGTGTGAGIHTLEALDYKECE 3161 TGGCCACTGA

CHBAPACE ATFTISEARCARET SR CARERTE WPLTHTIGTSVE

- E 320t GTGAAATGHT £ATMGACGAGA TEAATCGGAG GCCCAGTTAG

1401
1441
1481

1521

S eGP BeRThEMEP AB.oIRdds. SREEEGRABAAT CATATCCCTG
G‘@TQC;@AC@GTI&I’C@G@CQAAIC $HNHJ PG Y KVQTN 3281

é&:%%% %g&% AAGAGAGAAG GPW
L E V K RE 3321 CTT CAG TAGCGTG

AT AT¥I'G§AT§G@AAYC'IGGT(§A NEPAETSVIIDGNCD 3361

- TEEAEEEE CXARATE ARECREATERAPESE GGATAGCGGG G R G
KETR STTD B G 88 Chimetivax WINOZ M66 variant [Strand) 3401

ARFGAGRATE CCABAATGCAGSEAGCR@GBTCCITGCACAATGC KVIP

" EWE GR® CJ M 3441 €GECTGEFGAS GTTCCATGGT

: 1561

1601

1641 .

1681
1721

1761

1802

1841

1881

isz1 -

1961

2001

AGTaiERe GRGIdwET Ala et \eadabiers DG CW Y P 3481
CATG$A TT AQG%CAAG(YQA%AA@C(%’CAX,TGA AAGCCATCTG ME IR

C T’I‘C’I‘I‘GGT CCATCGTGAG TCGGTTCATGE

& T KT FLV HRE WF M
ACCTCARCCT CCCTTGGAGC AGTGCTGGAA GTACTGTGTG
DL NL PWS SAGS T VW
. GAGGAACAGA GAGACGTTAA TGGAGTTTGA GGAACCACAC
'R NR ETLM EFE E P H
GCCACGAAGC AGTCTGTGAT AGCATTGGGC TCACAAGAGG
A TXOQ 8V I ALG 8 Q E
GAGCTCTGCA TCAAGCTTTG GCTGGAGCCA TTCCTGTGGA

'6 AL H QAL AGATI PV E
ATTTTCAAGC BACACTGTCA AGTTGACGTC GGGTCATTTG

. F 8§ 8 NTV K L TS 6 H L
. AAGTGTAGAG TGAAGATGGA AAMATTGCAG TTGAAGGGAA

K CRYV X ME K L Q@ L X @G
CARCCTATGG CGTCIGTTCA AAGGCTTTCA AGTTTICTTAG

T T Y& VvV C S XK ATFI K F L'R
GACTCCCGTG GACACCGGTC ACGGCACTGT GETGTTGGAR

T PV DT GGH G TV VvV L B
TTGCAGTACA CTGGCACGGA TGGACCTTGC ARAGTTCCTA

L Q YT 6TD G PC KV p
TCTCGICAGT GGCTTCATTG AACGACCTAA CGCCAGTGRA

I 88 VvV A S L NDL T P V G
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2041
2081
2121
2161
2201
2241
2281
2321
2361
2401
2441
2481
2521
2561

2601

2641

2681

3521 GTGCGCTCCT GGGTTACAGC TGGAGAAATA CATGCTGTCC V
RSWVTAGEIHAYV 3561 CTTTTGGTTT GGTGAGCATG
ATGATAGCAA TGGAAGTGGTPEFGLVSMMIAME VYV 3601
CCTAAGGAAA AGACAGGGAC CAAAGCAAAT GTTGGTTGGA L RKR
QGPKQMLYV G 3641 GGAGTAGTGC TCTTGGGAGC
AATGCTGGTC GGGCAAGTAA GVVLLGAMLVGQV 3681
CTCTCCTTGA TTTGCTGAAA CTCACAGTGG CTGTGGGATT TLLD L
LKLTVAVGL 373 i“@%)&aﬁ‘r A &Z{’G‘"A‘T%AACA ATGGAGGAGA
CGCCATGTAT HFHE M N N A M Y 3761 ATGGCGTTGA
TTGCTGCCTT TTCAATCAGA CCAGGGCTGC MALIAAFSIRP'G
L 3B TEATLGRERET GRBCTEAGEAECEFATGGA GCCCTCGGGA
LIGFGLRTLWSP R E 3841 ACGCCTTGTG CTGACCCTAG
GACCAGCCAT GETBGAGATT RL VY TP L EAAMVE | 3881
GECMIETA TETETE AT CRETETEG AAGTATCTAA AL G
GWVMG & LEW K'Y E 3021BATIGCAGFTTE TCTCTGCATC
CEBACHEATA SARTEETG ERCGANAAASIAACART | N AV A 3961
TECTAGEAAA GCATGAAATA CEAECTEGEC CCTCATGGCT SRK A,
S MArdabdit MR ICHadHaAGARTRddei GACTAT GGCTGAGGTG

AGACTT Gﬁ:Cq«, LI PYTM %E é/gg 49(41 CAATGTTCTT
tran

TT?%%%’ 'E E?&Es&& MFFCAMVIIGVL
imerivax WNO2 M66 variant

81 CCAGAATTTC
AABGACACET, d”CALrG’&AéAA?GRCTKTkCéT QNFKDTSMQKTI
P FEFAENB CHEETES TREEAHE ASEIREABACCTG GGCTTGACAC
LYAL BLTSYLAGMWT D F G S8 V G G
GGTEITCACT AGTGTTGGGC GGGCTGTCCA TCAAGTGTTC
vV FT SV GR AVH QV F
GGAGGAGCAT TCCGCTCACT GTTCGGAGGC ATGTCCTGGA
"6 G A FF R SL FaGG& MS W
TAACGCRAGG ATTGCTGGGG GOTCTCCIGT TGTGGATERG
I T g6 L LG ALILL W MG
| CATCAATGCT CGTGATAGGT CCATAGCTCT CACGTTTCTC
I NA RDRGS I AL T F L
GCAGTTGEAG GAGTTCTGCT CTTCCTCTCC GTGAACGTGS
A VGG VILL FL S VN.V
GUGCCGATCA AGGATGCGCC RTCARCTTTG GCRAGAGAGA |
G ADQ GCA I NFG KR E
GCTCAAGTGC GGAGATGGTA TCTTCATATT TAGAGACTCT
L XC 6DGI FIF R DS
GATGACTGGC TGAACAAGTA CTCATACTAT CCAGAAGATC

D DW L KN KY 8 Y Y P E D
CTGTGAAGCT TGCATCAATA GTGARAGCCT CTTTTGAAGA

P VKL AS I VXAS FP B E
AGGGRAGTET GOCCTAABATT CAGTTGACTC CCTTGAGCAT

G XK C 6 L N B35 V D S L E H
GAGATGTGGA GARGCAGGGEC AGATGAGATC ARTGCCATTT

EMW®ER 8 R A DEI N & I
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4161 AACCTTTTTT GGGCCTGTGT GCATTTCTGG CAACCCGCAT Q
PFLGLCAFLATRI14201 ATTTGGGCGA AGGAGTATCC
CAGTGAATGA GGCACTCGCA FGRRSIPVNEALA 4241.
GCAGCTGGTC TAGTGGGAGT GCTGGCAGGA CTGGCTTTTCAAGL
VGVLAGLAF 4281 AGGAGGTGGA GAACTTCCTT GGTCCGATTG
CAGTTGGAGG QEMENFLGPIAV GG 4321 ACTCCTGATG
ATGCTGGTTA GCGTGGCTGG GAGGGTGGAT LLMMLVSVAGR
V'D 4361. GGGCTAGABEXTEAABIAGETvECSAaIGAAGTT
TCATGGGAAG GLELKKLG EHSrlE 4401 AGGAGGCGGA

. GATCAGCGGG AGTTCCGCCC GCTATGATGT EEAE159SSAR
Y DV 4441 GGCACTCAGT GAACAAGGGG AGTTCAAGCT

272 GCTFATHERCRICERE EEEF RIS BEHAEPGAGAAAGTGC
CATGEGACKA GGTTETGATE ACCYCGCTE@EKVPWDQVVMT
. 2761 S |TUBRAGCEC FIGCHBTTGCE BEBIGCCRTEICATCCATTTG
CTCETGIGET W LlyV & A&A LgH P RA Ll L4561 GGTCCTTGCT
2501 CGRAGEGISTTIIRAIG EARERARGEMS: VLAGWLFHVRG
A R 4601 @G@AG&I’GLGG%S/ chGgG GGATATTCCC
ACY, | g%% K 46‘111 TCATCGAGGA
ATGTGAACAT S1EECEHLEDGI
0 Y G 4881 CATATTCEAS TEALKCETTET ﬁG@G@GCCTc
2881 CCABEEARAG TR HASIT (CACEIRE BIIASCATIE. GTGGGAGTGG
CACAGGGAG@®GGTETECCAC ACAATETEGEVGVAQGGVFHT
2921 M WEABRCha® anivarAANG 2iiGtA@riantalikane)st 761 ATGCCACACG
. AGGGGTGTTHC CITRTGAGRAATEGGAAGAA HVTRGAFLVRN
2961 G I6dfhocaaaeT erreaceaca coceTeTach TeGACGoAGT

. e T 6V FTT RV YM D AV
3001 CTTTGAATAC ACCATAGACT GCGATGGATC TATCTTGEGEET

. ' FEY TIDC DGS I L G
3041 . GCAGCGGTGA ACGGAARAAA GAGTGCCCAT GGOTCTCCAA

. ARV N @ KK S AH G S P
3081 CATTTTGGAT GGGAAGTCAT GAAGTAAATG GGACATGGAT

. T FWM G S H EV NG T WM
3121 GATCCACACC TTGGAGGCAT TAGATTACAA GGAGTGTGAG

. I HT L EAL DYK E C E
3161  TGGCCACTGA CACATACGAT TGGAACATCA GTTGAAGAGA

‘WPLTHTIGTSVEE'
3;01 . GTGRAATGTT CATGCCGAGA TCAATCGGAG GCCCAGTTAG -

8 EMF M PR 8 I G G P .V 8
3241  CTCTCACAAT CATATCCCTG GATACAAGET TCAGACGAARC

. &§ H N HI PG Y XKV 0 TN
3281 - GCGACCTITGGA TGCAGGTACC ACTAGBAGTGE AAGAGAGAAG

G P WM Qg VP L EV K R E
3321 CTTGCCCRGE GACTAGCGTG ATCATTGATE GCARCTGTCA

A CPG T SV I IDG N COD
3361 TGGACGGGGA AAATCAACCA GATCCACCAC GGATAGCGAS

GREG K S TR S TT D S G

2841
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'3451
3441
3481
3521
1561
3601
3641
1681
3721
3761
1803
3841
3881
3921
3961
4001

40413

4801 GTTGATTCCA TCTTGGGCTT CAGTAAAGGA AGACCTTGTC L |
PSWASVKEDLV 4841 GCCTATGGTG GCTCATGGAA
GTTGGAAGGC AGATGGGATG AY GG SWKLEGRW D 4881
GAGAGGAAGA.GGTCCAGTTG ATCGCGGCTG TTCCAGGAAA GEE
EVQLIAAVPGK 4921 GAACGTGGTC AACGTCCAGA
CAAAACCGAG CTTGTTCAAANVVNVQTKPSLFK 4961
GTGAGGAATG GGGGAGAAAT CGGGGCTGTC GCTCTTGACT VRN
G G E |G AV A L DBt ATSCORG PEGWEAGTTCAGGA
TCTCCTATTG TTAACAGGAA #rasél TSGSPIVNRN 5041
CGGAGAGGTG ATTGGGCTGT ACGGCAATGG CATCCTTGTC GE V |
GLY.GNGILV 5081 GGTGACAACT CCTTCGTGTC CGCCATATCC
CABREPERCEAETERIP SRR SB35 %21 TGAAGGAAGA
AGGAAAGGAG BABCTCCAAB AGATCOCAAC VKEEGKEELQE
| RAPCHEBAAA ATBTRIGNA GABAGEAATGAIBIRCTGTCCT
TGABTTFCAT M LK KeG M T 4L B F |l 5208 CCTGGAGCTG
CEAAGARAANGACRIT SOEGGEAGARATGIs P GAGK TRRFLP

Ql éﬁéngq{c%qy}mﬁ{AgA EC%DTTGCGCA
A CRE R TR SRR AR AT A P TRV V L S E M KE

A 5328 T$THACBGECH GEAEBGTEGAA AMTECACACA CAGGCTTTTT

F FFOTSETVIKGETRE DTN RISAEACCRGISHARTXNE CAGCGGGAGA

GCAAGTEATIG ATGCRATBTG JAK CESGEREVIDAMC 5401

CRARGEEACALACRAGET TAG@EHBATGTAGERACCAACTAGG HATL

TY R ML kP | Ry83;Chimegivax WNO2, MG6 wariant [Strand)
GGAGTAGTGC TCTTGGGAGC ARTGCTGGTC GGGCAAGTAA

6 v VL L & a MLV G ¢Q V
CTCTCCTTGA TTTGCTGAAR CTCACAGTGG CTGTGGGATT

T L L P L L K L T VWA V G L
'GCATTTCCAT GAGATGAACA ATGGAGGAGAR CGCCATGTAT

H FH EMUNDN @ GD A M Y
ATGGCGTIGA TTGCTGCCTT TTCAATCAGA CCAGGGCTGC

M AL I AAP S IR PG L
TCATCGGCTT TGGGCTCAGG ACCCTATGGA GCCCTCGGGA

LI GF G LR TLWSE P RE
ACGOCTTGTG CTGACCCTAG GAGCAGCCAT GGTGGAGATT

R L V L T L & A A M V EI
GCCTTGGGTE GCGTGATGEG CGGCCTGIGG AAGTATCTAA

AL GG VvV M@ 6 L W K Y L
ATGCAGTTTC TCTCTGCATC CTGACAATAR ATGCTGTTGC

'NAvVS LCcI LTINAT VA
TTCTAGGARA GCATCAAATA CCATCTTGCC CCTCATGGCT

&E R XK A 8 N T I L P L MZ
CTGTTGACAC CTGTCACTAT GGCTGAGGTG AGACTTGCCG

L L TP VTM AEV RL A
CAATGTTCTT TTGIGCCATG GTTATCATAG GGGTCCTTCA

A M FF CAM VIIGE VL H
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4081

" 42123%

4161

4201

4241

4281

4321

4361

4401
4441

4481

4521 .

4561

4601

4641

4681

4721.

5441 GTTGTTAACT GGGAAGTGAT CATTATGGAT GAAGCCCATT V
VNWEVIIMDEAH 5481 TTTTGGATCC AGCCAGCATA
GCCGCTAGAG GTTGGGCAGCFLDPASIAARGWAA 5521
GCACAGAGCT AGGGCAAATG AAAGTGCAAC AATCTTGATG HR A
RANESATILMD5561 ACAGCCACAC CGCCTGGGAC
TAGTGATGAA TTTCCACATT TATPPGTSD.EFPH 5601
CAAATGGTGA AATAGAAGAT GTTCAAACGG ACATACCCAG SN G E
IEDVQTD I P S 564 AGARSGRISHEAASAGAGGGC AGGACTGGAT
CCTGGCTGAC E P W N T G HiBtWédd] A D 5681 AAAAGGCCCA
CGGCATGGTT CCTTCCATCC ATCAGAGCTG KRPTAWFLPSIR
A 5721 CAAATGTCAT GGCTGCCTCT TTGCGTAAGG CTGGAAAGAG
A KOYGHRATACSARGRARAANS RCBTEAGRA GRHGEGGTC CTGAACAGGA
AAAGCRTTIGA BASASAANTAC ¥ VRV LN R Kel FE R E Y 5601
C%&ﬁ&%@é&cﬁ&eﬁéﬁﬁﬁﬁé@@m&@@&dﬂﬂm@cw PTIK

D,F | L A,5841 CTGAGATAGC, TGAAATGGGA GCCAACCTTT
coisterg Tale et oy R sorccrcon
G VLDCRTAFKPVL
vV 592F GFATE;AA‘"GéGE GEMAEBETESC AARAAAAGGG CCACTTCGTA
D BTEIRCRCGAAMCRAE BT ECREASTERAFEA CRB AT CTCTGCTGCT
CAABGGABGRGSCGCATTGGN SEA SAS AAQ RR G R I G 6001
GARAKATEC CAAKOAGA GATGBHE ACKSATACTACTATTCT RN P N
R DG R SoY Y Y § 6@4%GAGCLTAATA GTGAAAATAA TGCCCACCAC

CTERETGH TR dcSrE N Y6 Wch081 TGGAGGCCTC
AJ\T(B(?T(31"£§5(3/\C%Aﬁ¥?/¥T(3C%/\CSCBTTB/\CSC3(3(3 LEASMLLDNME

v RGEs
ACTCCTGATCG ATGCTGGTTA GCETGGCTEE GAGGOTGGEAT -

L L M ML VS V A G RV D
GGGCTAGAGC TCAAGAARGCT TGGTGRAGTT TCATGSGAAS

¢ LEL KX L @ EV 8 W E
AGGAGGCGGA GATCAGCGGE AGTTCCGCCC GOTATGATGT

E'E A E I 8 @ 8 8 AR Y DV
GGCACTCAGT GRACARGGGG AGTTCARAGCT GCTTTCTGAR

A LS EQGE P KL L § E
GAGARAGTGC CATGGGACCA GGTTGTGATG ACCTCGCTGG

B KV P WDQ VV M T 8 L
CCTTGATTGG GGCTGCCCTC CATCCATTTG CTCTTCTIGCT

A L VGG AAL HPPFA L L L
. GETCCTTGECT GGOTGGCTET TTCATGTCAG GGGAGCTAGS

vV LA GWILPF HV R G AR
AGRAGTGEGG ATGICITGTG GGATATTCCC ACTCCTAAGA

R 8 D VL W DI P TP K
TCATCGAGGA ATGTGAACAT CTGGAGGATG GGATTTATGG _

I T B E CEH L ED G I ¥ G
CATATTCCAG TCAACCTTCT TGGGGGCCTC CCAGCGAGGA

I Q@ &8 T F L @ A 8 Q R G-
GTGGGACGTGGE CACAGGGAGGE GETGTTCCAL ACAATATGGC

V VA QGG VFH T M W

82



Chimerivax WNO2 M66 variant [Strand] 6121 TGGAATGGTC
GCCCCACTCT ATGGCGTTGA AGGAACTAAA GMVAPLYGVEG
TK 6161 ACACCAGTTT CCCCTGGTGA AATGAGACTG
AGGGATGACCT.PVSPGEMRLRDD 6201 AGAGGAAAGT
CTTCAGAGAA CTAGTGAGGA ATTGTGACCT QRKVFRELVRN
C DL 6241 GCCCGTTTGG CTTTCGTGGC AAGTGGCCAA
GGCTGGTTTG. PYWLSWQVAKAGL 6261 AATGCGACTG
ATCGTAAGTG GTGILLIGAA GRECHEGAGGHK TNDRKWCFEG
P E 6321. AACATGAGAT CTTGAALGAC AGCGGTGAAA
CAGTGAAGTG EHEILNDSGETVKC 6361 CAGGGCTCCT
. GGAGGAGCAA AGAAGCCTCT GCGCCCAAGG RAPGGAKKPL
4761 R PTRIGARLCT BCTRGTHA TEISAAGE GTGTESH#FCTGACCAG
" AGTGCGCTGT W G DiEE RV § SO @ S A Lx64¢1 CTGAATTTAT
w01 | AR el et AGREARSRR GAehefe SEF. IKFAEGRR
: GAA 6481 TGAA T(%/C\;A GIT T%CTGAZ;G'I;!GAACTCCC
TGAYTTCCTG E L s E 521 GCTAAAAAAG
841 R RS R AT CRAT A TCAKKGGEAMDTI
: 'S VAG561 §CETCEAETE T@A@G&AGECWFC]?‘AGGGCTT
4861 ACBECARTE COTCEACI TP EAECERERRTIA YIFCASERBE01 ACTATCAATG
ATECETEASG CAATGACAARAGTRGATECEGKLSMMPEAMTIV
4921 M bahtdtdreTAvbatetidn CHXARACACTESAGAT CGGGA

ATGGTGATCT f 14 AG L L ;S 6 M V- 6681 I TTTCATGTC

~TC ‘ AGAAT FMSPKGISRM

981 g éﬁ%@%@ g%%;%%ébﬁgm ATG@%%EG%%& (ggl"lgGATATCT
CATGTIETF MG FMA Fc & VL MFE 6761 GGAGGCGTCA

5001 A ARTEESREIFE AR AT AT RCIA T G CA TG TOGeAN

Y P S G T S5 G 8 P I V N RN
5041  CGGAGAGGTG ATTGGGCTGT ACGGCAATGG CATCCTTGTC

o G BV I GL Y G NG I L V
5081  GGTGACAACT CCTTCGTGETC CGCCATATCC CAGACTGAGG

G D NS F VS A IS QTE
" 5121  TGARGGARGAR AGGAAAGGAG GAGCTCCAAG AGATCCCGAC

vV X EE 6 KE E L ¢ F I P T
5161 AATQGCTARAG AARGGRATGA CAACTCTCCT TGATTTTCAT

‘ M L K KGMT T VL DFH
5201  CCTGGAGCTG GGAAGACAAG ACGTTTCCIC CCACAGATCT

P A G KTR RFL P QI
s241  TGGCCGAGTG CGCACGGAGA CGCTTGCGCR CTCTTGTGTT

L A EC A RR R L ET L V L
5281 GGCCCCCRCC AGGCTIGTTC TTTCTGAAAT GAAGGAGGCT

‘ A PT RV VL &.EM K E A
5321 TTTCACGGCC TGGACGTGAA ATTCCACACA CAGGCTTTTT

F H 6 L DV K ¥ HT QA F
5361 CCECTCACGSE CAGCGGGEAGA GAAGTCATTG ATGCCATGTG

S A H &G 5 G R E V I D A M C
5401 CCATGCCACC CTARCTTACA GGATGTTGGA ACCAACTAGG

H AT L T YR M L E P TR
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5441
5481
5521
5561
5601
5641
5551

5721

- 5761

5801
5841
5881
5921
5961
6001
6041

6081

GGVKPTHISYVML 85 Chimerivax WNO2 M66 variant [Strand)
6801 TATICTTTGT.CCTGATGGTG GTTGTGA.TCC CCGAGCCAGG I F
FVLMVVVIPEPG. 6841 GCAACAAAGG TCCATCCAAG
ACAACCAAGT GGCATACCTCQQRSIQDNQVAYL 6881
ATTATGGCAA TCCTGACGCT GGTTTCAGCG GTGGCAGCCA 11GIL
TLVSAVAA6921 ACGAGCTAGG CATGCTGGAG AAAACCAAAG
AGGACCTCTT NELGMLEKTKEDLF 6961 TGGGAAGAAG
AACTTAATTC CATGIARIGGE TrAGRE Ve LK KNLIP.SSASP
W 7001 AGTTGGCCGG ATCTTSA&RET GAAGCCAGGA
GCTGCCTGGA SWPDLDLKPGAAWT7041 CAGTGTACGT
TGGCATTGTT ACAATGCTCT CTCCAATGTT TVYVG.IVTMLSP
M ¢TTIO822CT ACBAC I GCATERGAGCHFEEERTATGGCAA

CCHFGICECTE - HW EK MEY GN [SA #.21 TCTGGAATAG

COeARHASLERCAGH GEEILGE T EcS GIAQSASVLSF

|\/| 1 gA‘E A%CA);I' TgAgG AWA\CiATI@AATA TCTCGGTCAT
o keiBelch svi dn il eroaracer

CCT@:T@CT‘CT%T%GtAﬁ'A(ﬁG &TE8c3CaATE CTCCACTGGT PLLC
G AISEHCN (RWTESRC . BFERERT TR XEEFEGAATC
AAAG@G@A@CAR'ET@AAAGETDSH_IlFPEIIKAQQSKL 7321
TWW@EW@@@K@@&CAAGAACCCT AQR
R \é F @ VA KN R 7§61@T@G§T§AT§ QG@ATCCAAC
AGELGACAL hitASEAR GG ferdedr &b Erdny D | E E A 7401
CTGAAATGCC . TGCCCTITAT GAGAAGAAAC TGGCTCTATA
EP W NTGH DWI L A D
AAAAGGCCCA CGGCATGGTT CCTTCCATCC ATCAGAGCTG
X R P T ARWTPF L PSS IRA
CARATGTCAT GGCTGCCTCT TTGCGTAAGG CTGGAAAGAG
A NVM AR AS L RKATGTEKS.
TGTGETGETC CTGARCAGGA ARACCTTTGA GAGAGAATAC
vV VV L NRZX TPFZE REY
CCCACGATAR AGCAGARGAR ACCTGACTTT ATATTGGCCA
P T I XK QKX PDF I L A
CTGACATAGC TGARATGGGA GCCRACCTIT GCGTGGAGCE |
T DI A EMG A N-LC V ER
AGTGCTGGAT TGCAGGACGG CTTTTAAGCC TGTGCTTGTG
vy LD CRTA.FKP V I V.
. GATGAAGGGA GGAAGGTGGC AATARAAGGG CCACTTCGTA
DEGR XVa IXG PLR
TCTCCGCATC CTCTGCTGCT CAAAGGAGGG GGCGCATTGS
I S A8 S AA QRRG R I G
GAGAAATCCC AACAGAGATG GAGACTCATA CTACTATTCT
R NP N-RDG DS Y Y ¥ 8
. GAGCCTACAA GTGAARATAA TGCCCACCAC GTCTGCTGGT
'E P TS ENUN A HE VCW
TGGAGGCCTC AATGCTCTTG GACARACATGE AGGTGAGGGG

L EA S ML L DNME V R G
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6121

6161

6201

6241 -

6261
6321
6361
6461
"
sus

€521

6561 .

6601

6641

6681

6721

6761

PEMPALYEKKLALY 7441 TCTCCTTCTT GCTCTCAGCC
TAGCTTCTGT TGCCATGTGCLLLALSLASVAMC 86 Chimerivax
WNO2 M66 variant [Strand] 7461 AGAACGCCCT TTTCATTGGC
TGAAGGCATT GTCCTAGCAT RTPFSLAEGIVLA 7521
CAGCTGCCTT AGGGCCGCTC ATAGAGGGAA ACACCAGCCT SAAL
GPLIEGNTSL 7561 TCTTTGGAAT GGACCCATGG
CTGTCTCCAT GACAGGAGTC LWNGPMAVSMT GV 7603
ATGAGGGGGA ATCACTATG GAETCATGTACA MR G.
NHYAFVGVMY 7641 af‘gé& {gﬁmé TGAAAACT
GGACGCCGGG GGAGCGCGAANLW KMKTGRRGSAN 7681
TGGAAAAACT TTGGGTGAAG TCTGGAAGAGGGAACTGAAT G K TL

Gradd kR Eckdinfrel SEEraRAGCOASORACAGTT TGAGTTGTAT

AA 7 LP|_£? k%F? QQI:JE HEY'F&F?iI 2E76]./\CDAW"TC3T(3(3/\
celalalestelptetedio stk outlio VeV DR D TAT

GETATCEAEG AE® EK DR & Vv AV P 7841 GGGACCGCAA
ABPERREE TT RSN FERTST ATEIRTS GTAKLRWFHER
GoY R7881 VCARGETEGALAGG RAGGGTGIATEGACCTGG
GCEECHBRE QBIYaTEdE GrRTYErh GeCr@&RTEI21 CGGAGGCTGG

TGTFAGTACGCTGGTGEGGA AAAGGAASTE GGW CY YAAAQK

E MR8 A6 TGRER A NG Bl eldECAAGA

" GACGGCCATG SGVKGFTLGRDGH_6001 AGAAACCCAT

GAATETECAA ACTETEGGAT GEAATATCATEKPMNVQSLGW

NIPERPE AT ERACEACKAAABTE AT ccacca

CETAGEAGCAL N D 5 6 E T V X ¢
CAGGECTCCT GGAGGAGCAA AGAAGCCTCT GUGCCCARGE

R AP G GAEK KPL RPR.
TGGTCTGATG AAAGGGTGTC ATCTGACCAG AGTGCGCTGT

W ¢ DE RV S S DQ s A L '
CTGAATTTAT TAAGTTTGCT GAAGGTAGGA GGGGAGCTGC

s EF I X FA EGRZR -G A A
TGAAGTGCTA,GTTGTGCTGA GIGAACTCCC TGATTTCCTG

EVL VVLS BLP DFL
GCTABAARAG GTGGRGAGGC AATGGATACC ATCAGTGTGT

A XK K G G EA MDT I S V
TCCTCCACTC TGRAGGARGGC TCTAGGGCTT ACCGCAATGC

F L H 8 E E 66 5 R A Y R N A
ACTATCAATG ATGCCTGAGG CAATGACAAT AGTCATGCTG

L 8§ M M P EA MT I VML
TTTATACTGE CTGGACTACT GACATCGGGEA ATGGTCATCT

F I L A ¢GLL T 58 G6G MV I
TTTTCATGTC TCCCABAGGC ATCAGTAGAA TGTCTATGGC

F F. M & P K G I 58 R M § M A
GATGGGCACA ATGGCCGGCT GTGGATATCT CATGTTCCTT

M ¢ T M A G C G YL MP L
GGAGGCGTCA RAACCCACTCR CATCTCCTAT GTCATGCTCA

G ¢ V- K P T H I 5 ¥ VM L
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‘sgcl
6841
€881
§521
5?61
7001
7041
7081
7121
7161
7201

*.7241

7281

T3zl

7361
7401

7441

TEFKDKTDIH.RLE P 8081 .GTGAAATGTG ACACCCTTTT
GTGTGACATT GGAGAGTCAT VKCDTLLCDIGES 8121
CATCGTCATC GGTCACAGAG GGGGAAAGGA CCGTGAGAGT SS S
SVTEGERTVRYV 87 Chimerivax WNO2 M66 variant [Strand] 8161
TCTTGATACT GGAGAAAAGT GGCTCCCATG TGGGGTTGAC LD TV
EKWLACGVD 8201 AACTTCTGTG TGAAGGTGTT AGCTCCATAC
ATGCCAGATG.NFCVKVLAPYMPD 8241 TTACTGAGAA -
ACTGGAAATG CTCERRRGEA BT TNECREG™ LEKLELLQRR
F G G 8281 AACAGTGATC AGGRATEETC TCTCCAGGAA
TTCCACTCAT TVIRNPLSRNSTH 8321-GAAATGTACT

PR A TOTER LA CATCEEaaeTeeTon.

TEAGGAGAAT & ™MV K QW IR 1 LPM R K1 8401 GAGGCGTCCA
ACTECRARA CCrEAEeE PEBKCEGTFEABGTE RRPTGKVTLEA
DV @441 ATCETACRAATTEGGATACG CAGTGTTGAG
AGABAGKAG EcttaRhEr TofirRrdh&eT Bric@4st:GACCCCTGGA

'CAAAGAGGGC ATABAAGAAAGGGTFGAGAG GPL.DKEAIEER

V ER:iBeedSALARAERE LRI AHSMEE TTCGTT
TTATGACAAT | K EYMTS W FYDN 8561 GACAACCCCT

ACAGG CACTACTGT GGETCCTATGDNPYRTWHY CG
S?G%%“d*fﬁ“& RIE&% AC BFEPECAACPEEEEceacea
TGGCfAKAT(GGNV FKITEGEASAS M ¥ NPG B641 TGTTATTAAA
ATCTESACA AT CEATC FEACCREBCGATAGAGA IKILTYPWDRII
E 88k GAGSTCACAAIGAATGGCGAAR GACKGACACA ACCCCTTTTG
CAGTGTACGT TGGCATTGTT ACRATGCTCT CTCCAATGIT
T VvV YV G I V TMIL S P ML
GCACCACTGG ATCABAGTCG AATATGGCRA CCTGTCICTS |
H HEW I XVE YG&GN L S L.
TCTGGARTAG CCCAGTCAGC CTCAGTCCTT TCTTTCATGS
8 G I A Q 8A S VL 5 F M
ACARGGGGAT ACCATTCATG AAGATGAATA TCTCGGTCAT
D K6 I P FM KMUNTI 8 VI
ARTGCTGCTG GTCAGTGGCT GGARTTCAAT AACAGTGATG
M L L VSGW N S§I T VM
COTCTGOTCT GTGGCATAGE GTGCGCCATE CTCCACTGGT
PLLC GIG CAWM L H W
. CTCTCATTTT ACCTGGRATC ARAGCGCAGC AGTCAAAGCT
S L I L P G I X 20 Q 8 X L
TGCACAGAGA AGGGTGTTCC ATGGCGTTGC CAAGAACCCT
A QR RVFHE VA KNP
GTGGTIGATG GGAATCCAAC AGTTGACATT GAGGAAGCTC
vV VDG NPT VDI ETE A
CTGARATGCC TGCCCTTTAT GAGAAGAAAC TGGCTCTATA
P EMP ALY B X KL A L Y
TCTCCTTCTT GCTCTCAGCC TAGCTTCTGT TGCCATGTGC

L L L AL B8 L A SV A MC
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EVTRMAMTDTTPF 8721 GACAGCAAAG AGTGTTTAAA
GAAAAAGTTG ACACCAGAGC GQQRVFKEKVDTRA 8761
AAAGGATCCA CCAGCGGGAA CTAGGAAGAT CATGAAAGTT KD P P
ACTRKIMKYV 8801 GTCAACAGGT GGCTGTTCCG
CCACCTGGCC AGAGAAAAGAVNRWLFRHLAREK 88
Chimerivax WNO2 M66 variant [Strand] 8841 ACCCCAGACT
GTGCACAAAG GAAGAATTTA TTGCAAAAGT NPRLCTKEEFIA
KV 8881. CCGAAG TR EEACBEASFCERETTACCT
GGAAGAACAAR S HAA | G AVIF'E Q 8921 GAACAGTGGA
AGACTGCCAA TGAGGCTGTC CAAGACCCAA EQWKTANEAVQ
“reen D RARBLAGTHobREA M&&%%@&ﬁé&@AAAGGA

AGCTGCACCA KFWELVDEE.RKLHQ 9001 ACAAGGCAGG

- TeTCEGACTT G et etACRACATGATGEAC QGRCRTCVY N M
7521\ BRCRREE R ARREACAG AR R AR PRFEPRSAGTTTGGG

AMAGCAMABG K REK KL FE £ GK ATK §084. GAAGCCGTGC

AR Y. M2NTCITGAGTET GAGEGECTGE GATTCCTGAA
7601 T%@@é@%ﬂcﬁﬁﬁsﬁ trfzdrdoth RATcRA6l TGGGCTTCCA

) 66 GAGAQG,Q}GEGQA A WASRENSGGG
e roca ! % E’[ TGTGATCA
- 41 TGCAATGGAT

| GG‘TG?GT’EGSAT ¥cta c@aeﬁ T%BA%AC?C@C"F‘IA MIDGGG-FYAD
- 7681 D FRRASHECE ERPECHACRCHEBE AREKTMIAGGCAGAC
CTTGARGATGLG W B TR I'FER B L EDO32 - AACAGGAGAT

L.LDEK RQPF ELY KR T
7761  ACATTGTGGA GGTGGATCET GATACGGCAC GCAGGCATTT

b I vVE ¥V DR DT AR R HE L
" 7801 GGCCGRAGGG AAGGTGGACR CCGGGGTGGC GGTCTCCAGG

AEGKVDTGVAVSR

- 784l GGGACCGCAA AGTTAAGCETG GTTCCATGAG CGTGGCTATG

G TAX L RW FHE RG ¥
7881 - TCRAGCTGGA AGGTAGGGTG ATTGACCTGG GGTGTGGCCG

vV KL E G RV I DLG C &R
7821 CGGAGGCTGG TGTTACTACG CTGCTGCGCA AAAGGAAGTG

G GW C Y YA A 20 KEUV
7961 . AGTGGGGTCA AAGGATTTAC TCTTGGAAGA GACGGCCATG

.8 G VXK G F T L GR D G E
8001  AGARACCCAT GAATGTGCAA AGTCTGGGAT GGAACATCAT
, E XK PM NV Q S§LGW N I I
8041  CACCTTCAAG GACAARACTG ATATCCACCG CCTAGAACCA

T FX DKTD I HR L E P
8081 . GTGAAATGTG ACACCCTTTT GTGTGACATT GGAGAGTCAT

v K D T L L € DI G E S
8121  CATCGTCATC GGTCACAGAG GGGGAAAGGA CCGTGAGAGT

S § 8§ V.T E & ERT V R V
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6161
E201
8241
B28L
8321
8361
8401
8441

8481

8521

8561

BEO1 |

8641

8681

B721

B761

880l

EQEILNYMSPHHKK 9361 ACTGGCACAA GCAGTGATGG
AAATGACATA CAAGAACAA ALAQAVMEMTY KNK 9401
GTGGTGAAAG TGTTGAGACC AGCCCCAGGA GGGAAAGCCT VVK
VLRPAPGGKA9441 ACATGGATGT CATAAGTCGA
CGAGACCAGA GAGGATCCGG YMDVISR.RDQRGSG 9481
GCAGGTAGTG ACTTATGCTC TGAACACCAT CACCAACTTGQVVT
YALNTITNL 89 Chimerivax WNO2 M66 variant [Strand] 9521
AAAGTCCAAT TGALGCAGALT, GREARAARCASFGAGATGGTGA K1V Q
LIRMAEAEMYV 9561 TACAGAGEA ACATGTTCAA
GATTGTGATG AATCAGTTCTIHHOQHVQDCDESVL 9601
GACCAGGCTG GAGGCATGGC TCACTGAGCA CGGATGTGAC TRL
E 2cWdn T T AR AR64 tebGACTE AMGAIBBATGGCGGT
GAGTGGAGAG GAGIGTGTGG,REKRMAY SGDDCV 96.81

TG GGAORCA T GRATEACRERR ORI @FCCCTGTCCCAV R P |
DDRFGLALSH 9721 TCTCAACGCC ATGTCCAAGG

TTRGKA&GC}’A CATATETGAARL NARM SKYRK. DISE 9761
TCECEBEE AF CRNAAG CETE N TEATREE GAGAATGTGC WQP
SK G:WEN B WIE ¥ VI080k CCTR CEGTHCTEACCACTTC
CATGAKBTABABCTIAACEARFRICTSCRRRTRNME E L Q L K D 9841
TGGEABGAGE AT TETGGTECICTH GGCGAGA ACAGGACGAG .G R
R EMMrErfeR foé2ddr@B 3 boercASb TAaCdrAnGAGGAAGGGT

GTCTGCAGGA AACGGETGGA LIGRGRYSPGNGW 9921
TRV e e e
TTCAEARARG BGACATGRGE © R

GAGGCGTCCA ACTGGAAARG TGACCCTGGA GGC’I‘GACGTC

"R R P T G KV TL.E ADYVY
ATCCTCCCAR TTGGGACACG CAGTGTTGAG ACAGACAAGE

I L P I G TR S8VE TDK
GACCCCTGGA CAAAGAGGCC ATAGAAGAAA GGGTTGAGAG

& P LD KEBA I EZETR V BR
GATAARATCT GAGTACATGA CCTCTTGGTT TTATGACAAT

I XS EYMT 8§ WF Y DN
GACAACCCCT ACAGGACCTG GCACTACTGT GGCTCCTRIG |

. D N PY RTOUW HYC 66 8 'Y
TCACAABAAC CTCCGGAAGT GCGGCGAGCA TGGTAAATGE .

VTKTSGS‘AASMVNG
TGTTATTARA ATTCTGACAT ATCCATGGGA CAGGATAGAG

v I K I L TY P WD R I E
GAGGTCACAA GAATGGCAAT GACTGACACA ACCCCTITIG

EV TR MAMN TDT TP F
GACAGCAAAG AGTGTTTARA GAAAAAGTTG ACACCAGAGC

6 0§ OR V F XK EX V.D T R A
ARAGGATCCA CCAGCGGGAA CTAGGARGAT CATGAAAGTT

K D P P A G T R K.I ¥ KV
GTCAACAGGT GGCTGTTCCG CCACCTGGCC AGAGAAARGA

VN RW L FR HLA R E K

88



8841

MWSLMYFHKRDMR 10001 CTACTGTCILT TGGCTGTTTC
CTCAGCTGTT CCCACCTCAT LLSLAV.SSAVPTS 10041
GGGTTCCACA AGGACGCACA ACATGGTCGA TTCATGGGAAW YV P
QGRTTW.SIHC. K 10081 AGGGGAGTGG ATGACCACGG
AAGACATGCT TGAGGTGTGG GEWMTTEDMLEV W 10121
AACAGAGTAT GGATAACCAA CAACCCACAC ATGCAGGACA NR.V
WITNNPHMQD 10161 AGACAATGGT GAAAAAATGG
AGAGATGTCC CTTATGEAASHKTM Mds KaMiRD VP Y LT 90
Chimerivax WNO2 M66 variant [Sitard310201 CAAGAGACAA
GACAAGCTGT GCGGATCACT GATTGGAATG KR.QDKL.CGSLI
G M 10241 ACCAATAGGG CCACCTGGGC CTCCCACATC
CATTIREHT ACTCRRAARG FASRTTTAHITCZAAREE] TCCATCGTAT

" CRGAAGGGTGATHGGACAGE AGAAATACACYIHRIRTLIGQEK

?BFl
8921
-9551
9001
9041
énel

8121

‘9161

© 8201

5241

9281
9321
9361
946;

8441

s4B81°

Y TtAR2ICRE AGEAGOTA ACATLC LaGAARGTATTC
TGTGGATGCT,DY LTYMPRY.SV,D A 10361

sl B TsbacoToe Lo
"AGEAGCEAAC f04R1 ¥FCCBCACKACTTGARACCGG GATATAAACC
ACEBETEEAETHHEP A ACEEBRE TRECREABTTAAA ATGAAACAGA

AACCGGAGTA L03R21AALRACGTALGG AFGBAGAACC GGACTCCACA
CATISAGACACTIOSBI G ANGHARTEE GMCMEECECAGAACCCCACACG

- AGTETEGGCA cl0g0LCEGCFAAGGT GTGAGESCAGT GCAGGCTGGG

AGARRSGAL GobBEArI GEAGETIOCQAMAACCTG GTTTCTGGCA
CC C 2(6 J]§6§ 8AG€G£AAAA AGAACGGAGC CTCCGCTACC
10721 GTG

GFAGAAAGACGGGG TCTAGAGGTT
Aciﬁ%f'é 076 T CTCCRESCE AR ERAETAGTGG GACCATATTG

ACGGCECAGAECGATI080EAABAECEGAG BGETTCTCTG CTTTTCCTCC
AGATTGNETH FAGECCCTGE GATTCCTGAR TGAGGACCAT

'L BEF EALG F LN EDB
TGGGCTTCCA GGGBARACTC AGGAGGAGGA GTGGAAGGCA
WASR ENS G GG V E G
. TIGGCTTACA ATACCTAGGA TATGTGATCA GAGACCTGGT
I ¢6LQ YLG Y VIR DL A
TGCAATGGAT GGTGGTGGAT TCTACGCGGA TGACACCGCT
A MD GG G.F Y AD DT A
GGATGGGACA CGCGCATCAC AGAGGCAGAC CTTGATGATG
G WDT R IT EAD L D D
. AACAGGAGAT CTTGAACTAC ATGAGCCCAC ATCACAARAR, -
EQEI L NY M SPH HIEKK
ACTGGCACAA GCAGTGATGG AAATGACATA CAAGAACAAA

L A Q AV ME M T Y KN K
GTGGTGARAG TGTTGAGACC AGCCCCAGGR GGGAAAGLOT

VVKYV LRP APG G K A
ACATGGATGT CATARGTCGA CGAGACCAGA GAGGATCCGG

Y M DV I & R R DOQUR G § G
. GCAGGTAGTG ACTTATGCTC TGAACACCAT CACCAACTTG

Q VV TYAL NTTI TN L
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10841 GAGCACAGTT TGCTCAAGAA TAAGCAGACC TTTGGATGAC
91 Chimerivax WNO2 M66 variant (Strand) toeat AAACACAAAA
CCACAA 92 # DNA Striderw 13f7 ### WN 02 x M66 Variant - DNA
Alignment 1fl sequence 10896 bp (aTAAAT=w ... ACARA Linear Dfl
sequence 10896 bp GTAAATCCTOT ... AckAhkCCACAA linear layout;
Completed Kethod; Blocks (Martinez) Mismatch penalty; Smaller (1) Gap
penalty: Medi(r) (2) Translations Off 1 TAAACACATT2Y,GATTAATTTTA
80 e Chimerivax.WNG2.MS6.variaot 80 81 ATCG T 160
ceeeereereereesese s, 160 161 [RTGERACGACGAGGAG T1C 240 161
................................................................................ 240 241

- AAGWaTGrMRWAR=ATC2RT11xnT=T1rAACATTTTGACIGGAAAAAAG
9521 A %GWAT TGATCAGAAT GOCAGAAGCA GAGATGGTGA 320 321

9561 TG@@@@@&|W@A’W@@&TE.M€A€H‘E’W ..... 400 401
T2GAGACGEGEGG 480 4010 .o Geer Gy errerrrrrne 480 480 481
s601 AGeA RGNS Sled ANERCfel Mello® canTerenc
2' CAE‘:A&( AIG7%AIC%C%A4LE§G£\ 560 481 D
............................................................................... 560 561

el SBRIBHE CEALS %8%4%@%&%&@%%4CPCM A2@4ATGC

640R564 K R .. MRV ..... §.6.Db . B C .V 640 641
9681 CCRCFFESARICESATSARGA CATRECTEI CCFTEECTEGAAG 720
vV R PI DDR F 6L A 'L § H
8721 TCTCAACGCC A’I’G'I‘CCAAGG‘ TTAGAARGGA CATATCTGAR

L NA M S KV RKD I S E
9761 . TGGCAGCCAT CAAAAGGGTG GAA:'GATTGG GAGAATETGE

. W Q P S KGW NDW EDNV
9801  CCTTCTGTTC CCACCACTTC CATGAACTAC AGCTGAAGGA
" P FC S HHPF HETULO L K D.-
9841  TGGCAGGAGG ATTGTGETGC CTTGCCGAGA ACAGGACGAG

& R R I v v P C R E Qg D E
9881 CTCATTGGGA GAGGAAGGGT GTCTCCAGGA AARCGGCTGGA

L I G R ¢ RV & P G N G W
8921 TGATCARGGR AACAGCTTGC CTCAGCAAARG CCTATGCCAR

M I K E T AC L.B XA Y A N
9961  CATGTGGTCA CTGATGTATT TTCACAAARG GGACATGAGE

M WS L MYF HKR D MR
10001 CTACTGTCAT TGGCTGTTIC CTCAGCTGTT CCCACCTCAT

L L 8 AV .8 8 AV P T 8
10041 GGGTTCCACA AGEACGCACR ACATGGETCGA TTCATGGGARZ

WV PQ GRT T W.8 I H G K
20081 AGGGGAGTGG ATGACCACGG AAGACATGCT TGAGGTGTGG

¢ EW M TTZE DMUL E V W
10121 AACRGAGTAT GGATAACCAR CAACCCACAC ATGCAGGACA

. N RV W I TN K P H M QO D
10161 AGACAATGGT GAARRRATGE AGAGATGTCC CTTATCTAAC

K TMYV X KW R DUV P ¥ L T
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BAL e 720- 721 A2C;CA
T21 oo AG... i 601

................................................................................ 880 881 TA 861 ...

e e s C.....960 961 TTTGG T
1040 961 ..o 1040 1041
GCCTGGATTTGGT ke:iweAinkate Gt dACise GLISMGACTATCA2GT Cta r~
1041 1120 ...t [Strandl........ e s 1120 1121
AATATGG7(.CP_AACC2C.GCAGpQGTCp6CACTIA214,CTp 1121 1200
................................................................................ 2200 1201

10202 N TREPCTAE CATEETHECGRABLIATACHATBATIAAACG 1201 1280
....... K.R.Q..D.K.L.C..G.8.L..L.G.M.1280 1281 1281

10241 -IQ@MMZWW 1860cacaTc caTTTAGTCA

......... NRATWAsHIHLV

10281 G%@&@@@%&CM&%&%&&
AAGTACGAA6TGGCSpITT11G2CCAT AIXAACTACZGR IGAG

©oasb1fcRadao R L T 8 QB K Y T 1440
10321 g RGBT SE VRN, @W‘ﬂ]’i‘ﬁﬁﬁ]@ﬁ?WAATfAG TTCAGCA
"~ ACACAZPAAAGCYS5E0 U44R Y. S VvV D A
10361 ... GACCTRCRARC, TEGGTRAGRT. TATCTEABAR. ACCATCTARC. 1520 1521

TT@G&G/@ATLAT%A&GAGGIGACAG

1360 1361

2000 THOAGAGEAAIGEATACTACKIGAISNBRATAR00 1521 ..ovvveeeeo

1600 1601 GGAACAAAGA TACHjf='1680 1601

10661 IECOORERNE CHCARACCHY SATATRARCE ARG GEAG 1680

1041 AACCGGACTC CGCACTTARA Ammép. ARCCGGGRTA
 10521 ,AAAACT;CGG ArGGAéAAcc GEACTCCACA CATTGAGACA
10561 GAAGAAGT‘I‘G TCAGCCCAGA ACCCCACACS AGTTTTGCCA
20601 CTGCTARGCT GTGAGGCAGT GCAGGC‘I‘GG:G ACAGCCGACC
10661 TCCAGGTTGC GARABACCTG GITTCTGGGR CCTCCCACCC
10861 .. CRAGAGTAAAA AGMC@GC c_*rccfecmc_c ACCCTCCCAC
20721 GTGGTGGTAG ARAGACGGGE TCTAGAGGTT A@G@%CC
10761 CTCCAGGGAA CRRATAGTGE GACCATATTG ACGCCAGGGA

10801  ARGACCGGAG TGGITCTCIG tl"I"I"I'TCCTCC AGAGETCTGT

10841 GAGCACACTT TGUTCARGAA TAAGCAGACC TTTGREATGAC
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1681 TTAATGGAGTTIGAGGAACCACACGCCA 1760 1681

................................................................................ 1760 1761
rrGmnTcwaTmTriG 1840 1761
................................................................................. 1840 1841
AAGIGTAGAGIGAAGAIGGAAAAATMGCNI3TIGAAGGGAACAACCTARG
CCGIZ 1920 1841 ...ceieieee e
1920 1921

OW:T4:2CGBGGACAEGEY: T2 98TT utAGHETI&E7 (IT'GGRAT7GCAGT
RC GCACGGaTGGACCy%~GCHANGE A 2000 1921
................................................................................. 2000 2001
1CTCGTCAGTCKX7TCAT1CaAACGACCTAACGCCAGTO00CAGA

10882 TPROREIGECEAEE 2080 2001
e 2080 2081
GCCAAOX~2CCIGATTGAAIIG(.AACCAO00TTIGGAGACIC7~ nAGAT
2160 2081 ...oooovooreeeeeeees e e 2160 2161
GAGCOCAGRGRCVLG= 2240 2161
................................................................................ 2240 2241 C2Cf
I1IRGGAGC,GGTGTTCACTAGTGTTCWAIGGZC,"1CCATCAAG'3YST'PC
2820 2281.. woovoeieeeeeeee e 2320
2321 TIX.RGGATAACGCAAC2aAA~TTGTGGATC6 G 2400 2321
................................................................................ 2400 2401
CATCAATGCRCG1GKTAGG TTCTGC CTTCCTCTCCGTGPACGTGG
2480 2401 ...oovvverierereeniies s 2480 2481
GCGCCGATCANGGA1GfSCCA TATTTAGA.GAC1Cm 2560 2481
................................................................................ 2560 2561
GATGA.CT~ACTCATACTATCXAGAAGAA4C'CIC7GAAGCCIC~'A 2640
75T OO 2640 2641
A.G~CL.F3~~Tu"1C,GCCmAId4 TGAGA .TCAATGCCRTTT 2720 2641
................................................................................ 2720 2721
~GGTGGACATTPCIG~TCCAAAGAA7G PPIACCAGAGAGGAACMAT'O
CAT'STIGC 2800 2721

................................................................................ 2800 2801
AGAATTCGGGATGMCTGCAGT TTCTCOO
AGGGAGGAAGAATGGAAG 2880 2801
................................................................................ 2880 2881
QRCATCATAGATGGAAAG TCTGGAATICT7'TCC&GATAGAGGAGILTIG
2060 2881 ..o 2960

2961GGACCGGAGIGTTCKCMCAC=
ICTIRGA71TACACX:A~TCTATCTIGC~'T 3040 2961
................................................................................ 3040 3041
GCAGCGGTGAACGGAAAAAAGAGTG~CATGGCT7C:fCCAACATIRRGG
ATGUY.AAGTCATGAAGTAA~F, TCA',GACAIGC,AT 3120
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04T .. e 3120 3121
GATCCW-NCZnGMG=AT4'AGATTACAAGGAGTGTGAGTGGCSACTGA
CACATACGA 3200 3121

|\/|66\/ar|ant _ DNAA“gnment3201 ........................
GTGAAATG77CATO0O0GAGA4CAAT~AGTTAGCSLti:fCACAARCATA 3280

3200 94 WN 02 x

320« oo 3280 3281 G:
GAC.CLliGGATt~CTAGAAGTGAAGAGAGAA TGA 3360 3281...
##4 DNA Strider™ 1377 #8% e, 3360 3361
_ TGGAC(X+C~"AAAA TGC 3440 3361
WNO2 % M66 Variant => DNA Aligoment 3440 3441 TGGGIY:
DR TG A'] (IS ARG GERATERY . anmrananm Tk C 3520 3441
DA segUeRce...... 10896.. bp. ... *CTAARDOCTCY. .. .. ACARAAGEACAR - - -1inean 020 3521

GTGCGCICC2C.GGTTACAGCIGGAGAAATACATGGR'G2~CTP2%'GGTI

LB TG TGATERPRECAATGGAAGTGGT 3600 3521

- Mismatchpenaleys SBALlex {1)........ccoiiiii 3600 3601 C
QAT G A of¥ AT T~;. 1 GCYAAGTAA 3680 3601.........
34 -*mmmmmmm&g&%%mm%l ~mMaa LA
FRHIRA-T- 3760 -368:: w2011 m 1 ns1mt 5t se st s sm s s e v s s bttt s e 0g
a?ﬁ&; rROCOGRECERTTAE A aaxEnbok sk kal epe i G 2 3140 Y4 " I
BL sereannsernsencenrcctetatnnanasornnnrennnnesnss thesrsseene 8'840-3841.-‘----.-.? igg

16 : W PO X N S A A A IR T 63 2 o A
1613',1@5 ....... DUt e 3

THFOECACIIRTIRROAAR 320

020" 3921 A-TiX; 240

0 2 R A AR b s IR 4000" 4881
S20BO-40OL w2151 snrnn remes - 2080 A0BL. BT ACALED AOBE oo
ml.memmmoccmmmammmﬂmmaﬁgs@Q; gésgeo

. ‘OAHDD-IWGGG'XTG ........ SACELELEE AN Earee bt useNstrenaaat st aan e neneanss 480
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4401 TGATGRY+GCA 4480 4401 .....coooiiiiiiiiiiiieiiiiiene e
......................... 4480 4481 GAGAAAGTGCCATGGGhOCAGGTTGTGA
CT'CCATCCATTSGCTCTTCAGCT 4560 4481
................................................................................ 4560 4561
GGTCCTXCCTGGGTGGC1C, Tt3~TGTCAGGC~AGCTAGGAGAAG2GG
.C~,A1G1C1ZC;SGGGATATTCXXRCTCCTAAC,p~ 4640 4561
................................................................................ 4640 4641
GGARGGGAITI'ATGGCATATTCCAG 4720 4641

WN 02 x M66 Varlant <> DNA-AJignment -+ orerrrnnns cinns Do i, 4720 4721
GTC,C, GAGTGGCACAGGGfIGC GTGTlI"CACACAAIGTGGCA

1441 AANIC Q ;

1521
1521

1601 ... T &N 3405, a3 Wg‘f 1680
1681 GAGGARCAGRGAGACGTTAATCHAGTTTGASGRACCACATGOCA maé&@x@mmmmmmaogﬁé M&6

1681 ...Var|.an.t....> DNA.Ahgnrmn.t 4OBL crcesrinsraraneariorornrinniiiinrronas, 1769
1761 "'49'61"..'.‘.'.:.'.'..'.‘.'.:..‘.7.'.'.:.'.'.:.'.'..'.'.'.:,.'.'.':‘.‘.'.:.'.::.‘.::.:.:::.'.::.'.-: srrenniinn 5040 504340
1841 o ORIy TIAG 1920

F £: 7' ittt g ’ 1520

TATCLIAGAG TEAGE” 5120 15041
1921 mmmmmmmmwa 2000

1921 A R R e e T e L R R P T R 2000 -

0

2001 R bAoA (A Ak LY \ : [ GGCG '%‘6%0
2001 "'T-FRTCA-I: 52'00 5121""!"1“'“"2!'\!”&? CRR Y RN P> L § ]| I

2081 cocrRB@n Rt iR R cch e ok & 8 EréBiboocacaaaaaancancacar 3160
2051.........'..,... ...... DU Pereertersieiiiiiietiieiees e 5580, 508 GEDCC~A

2161
2161 .

2241
2241 .

2321
2321 .

2401
2401 .

2481
2481

2561 li 2540

2561 .. AV R R Y L Y P L R R N e T O L Y e e e, 2640

2641 mﬂmmm&mmmmmmmm 2720

: 256e,

2641 teieicrnrnarnrirrererarisiatistianann I T Y TP remsseesnaasas veeeenas 2720
g;gi TIGAGGRARRCGAGGTGRACA TTTC TG TETOR TCUAGRATCCAARMIARTC T T TACCAGAGAGGRRCTCAYOCATTITTOC 2600
D R R L R A g, R R e Iy 2800

2801 AGARTTCGGGA TG CTeCAGTATGR T TEGAAGACT I GGGG TAAGAA LT TCTC TPCTCOOCAGEGAGEAAGAATEGAAS 2680

2801 urerrenrnisier et asie ittt et h s re s tue b e s nrrrraaconscuananboasnsacennnnss POEO

2881 mmmmmmmnmmmmmmmmmccmamm 2960

2881 4 anersrnirininsettiananncooraranennnnrnsonntnnnnnonnnen ceresnen eetmerrevavese. 2960

2561 Gsmmmcmmmmwmmmmmmmmm 3040

2961 cenvecriravicvuacene D S vestsssennorrecasacunaveassmurras 3040

3041 GCAGCEE TGRACGERARAAACAG TGO A TGGC TCTCCARCATT M TGGATCESAAGTCATCARGTARATGGGACATCEAT 3120

. 3341 asesceneEa LA ENES AN SR NE N NN RN LA AR N RN I ) l"..l'.lb"....'..I.l....l'i’b‘."ll 3129

3121 mmmmmmmmwmm 3200

3121 ... R o 1111}
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SB0T .. 5680 5681
AP.AAGGCCCACGGCATGGTICC'fAICCAT'CCA2CAGAGCTGCAAA
VOGTAAGGCTGGhAWAG 5760 5681
................................................................................ 5760 5761
TGTGO7GC."Y
IGA)LCAGGAAAACC7RTGAGAGAGAATIICC~CACGKTAAAGCAGARG
hAACCTGACTTTATATTGG= 5840 5761
................................................................................ 5840 5841

WNO2 x M&%@Jﬁ iﬁ%geé%l

3201
3201 .

3281
3281 ..

3361 cRAATY CACSAIAGE ACSTIC6089cG08IT Gi@ 6160
3361 "'6081’.'.'.'..'.'.'..'.".'.'-'.'.'.T.'.'.'.f .... :.'.‘.:.'.::..'. LT 6162

1521 R A A Y ] %&%&?
n W&WW’% ............ 3600
3601 mmmmmmmmmmmmﬁ%& 3680
3601 ... AACATCAGATCTTCAATEACAGHNG 6400 632+ ++++-+- tesevens 3680
368 mmmmmmmmmsm&mm&ﬁ%ﬁﬁﬁ&m 3760
3681 - TGGS‘G‘T‘GATGAAA(GT‘G‘TCATH‘ATTAA’G’ 6‘48’0 BAOL e 3760

3921 Aqwsmcmmmmm mmmmmm%
3921 ... G GACTATCAAT GARGGG: R GAGG AT GACAAIAGT CA T T 66640

A081 mmmmmma » 2O CATETCRIR
- 11 3 ARl Al el Rl el e '.'.'.' :'.'.'l'.'.'l'.' '.'.'.' ..........
L o Variani DNA Allgnment 6771 CARCTECGATA TC1CCtATGTCATé’8MCA
HRW CCCGCATATTTGGEOGAAGGACT. mmm‘c%%
gis}- o Ve e Pele e AR A N R L W R A B R S M R T A R A Y, mﬁ 6801

4241
4241 .

4401 mmmmmmcmmmm 4480
- i R L I L N T N I T I T I T e vetoaan oo 4480

4481 @mmmcmmmmmmmmmmmmm 4560
4481 ..... seebesnessEETEO L Rsbs o e veeraesonn Persrovececesensun Gerrerrerotaannonasanan 4560

4561 wmmmmmmmmcmmmmm&mm 4640
A56L vuoersscmavrunctvrncrenruictotsactnnoastt oot rutr i ret e a e ooy ey 4640

4641 maammmmmmmmmmmmmmm 4720
AB41 4eruecrarrvronirintetonsrencseateennonnnnnnnssosesaton e sarsesecseerashinnanns 4720

4721 mmmmmmmmmmmmmmm 4800
L T L T 4800

4801 smmmmemmmmmmmammmmm 4880
- ¢ ) R T LT T L T T TS AN teareracanes 4880

4881 mmmmmmmmmmmm 4960
BBB) covevesrocnss Cereimesnerieernesrearnrnrns basacs Fe et Kb ren e uesEseBe Yo anananas 4960
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6961 TGGTICACCC:9.GGAGTTGGCCGGA TOIX:PGGA 7040 6961
................................................................................ 7040 7041
CAGTGIACt71RGGCATKC; TTd+CAA 7120 7041

....................... rererrrrr s (1200 7121
TCTGGAATAGCCCAG TTCA 7200 .7121
............................................................................... 7200 7201 AA
TTCAATAACAOICA 7280 7201 ......

........................................................................... 7280 7281 CT1IMCA

wWN® xM&@éﬁ{@ﬁﬁAﬂ BEGCACAGACAAC,GC~1G
CUGGOGTTOCCAAGAACOCT 7360 7281.

961 G'I'GAGGBAI’GGGGGA WMCNWWMW 5040 .
4961 B e R L e T T R e g P L T TR « 5040

5001 &&m&%&%&m&@%&

. 5041 . A EAT AT EA AR AL FA T FAS F AR A O T RO SRIIAIRARTIALIAIDACYS ‘744@ 744'1' -753@07441
5121 TGARGGRA GATOCCEACER! TeACRAhOROrréldrcar 5260
3121 - CAGCTGCCHIATE CRCATAGAGGGARACAC -+ v 5200
5201 g S

5441 Grm&mmmmmmmmmm COAGCGE ; GEIAON
44l - ACATTerCACfGTGGATCGTGATACG@OAO@O7+000AR--'- ----- %520

ssso
GGceceG 7920 7841
5760

2 mmsocn 5840
.. 5840

5681 AR PAAT A PRI AA TSI P A AL P AN AN PR P AR P P
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5 2. The Flavivirus of claim 1, wherein the mutation attenuates the
Flavivirus. 3. The Flavivirus of claim 2, wherein the mutation decreases
the viscerotropism/viremia of the Flavivirus. 10 4. The Flavivirus of claim
1, wherein the mutation results in increased stability of the Flavivirus,
relative to a corresponding Flavivirus lacking the mutation. 5. The
Flavivirus of claim 1, wherein the mutation results in increased virus 15
replication in cells, relative to a corresponding Flavivirus lacking the
mutation. 6. The Flavivirus of claim 1, wherein the Flavivirus is a chimeric
### DNA sukdav v 94 . Thiveidyl @cister s, obolaim: B, therein the chimeric Flavivirus
comprises the capsid 20 and non-structural proteins of a first Flavivirus
WN02 M Pror s Tree bt Alwtestenvelope proteins of a second Flavivirus. 8.
Frotein seqhit@eFlavivirus ef claumcryasivereinvtherfikatélavivirus is a yellow fever
Protein sedibidds. 25 979 ha Flamvisusef ClaigeS:wheLein the yellow fever virus is
YF-17D. 10. The Flavivirus of claim 7, wherein the second Flavivirus is a
Layout: Japaneﬁmeme halitis virus. 30 11. The Flavivirus of claim 7, wherein the
-.,;ﬁfmﬁegend L‘Eﬁ/lwrus is a West Nile virus. 12. The Flavivirus of claim 7,
&Wﬁnﬁ@?&%m%nd Flavivirus is selected from the group consisting of a
weightinglengue ¥WPERSSE. Louis encephalitis virus, Murray Valley encephalitis
‘ V|rus and Tiek- borne enCepha)Iltls VII’US 100 1& The FIaV|V|rus of claim

i %WWWVWWMHWH@
Flavivirus comprises the capsid 5 and non-structural proteins of a yellow

me“‘t*gﬁler Yrid 88 the membrane and envelope proteins of a Japanese
encephalitis virus. 15. The Flavivirus of claim 1, 7, or 14, wherein the
mutation is a substitution in one or more amino acids corresponding to
the region of amino acids 40-75 of the membrane 10 helix within the
membrane protein of a Japanese encephalitis virus or a West Nile virus.
16. The Flavivirus of claim 15, wherein the mutation is a substitution of an
amino acid corresponding to amino acid 60 of the membrane protein of a
Japanese encephalitis virus. 15 17. The Flavivirus of claim 16, wherein
the mutation results in a substitution of
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arginine with cysteine at amino acid position 60 of the membrane protein.
18. The Flavivirus of claim 15, wherein the mutation is a substitution of an
amino 20 acid corresponding to amino acid position 66 of the membrane
protein of a West Nile virus. 19. The Flavivirus of claim 18, wherein the
mutation results in a substitution of leucine with proline at amino acid
position 66 of the membrane protein. 25 20. The Flavivirus of claim 15,
wh@rein the mutation is in one or more amino acids corresponding to
those at positions 60, 61, 62, 63, 64, 65, or 66 of the membrane protein of
Japanese encephalitis virus or West Nile virus. 21, The Flavivirtls of claim ;
1, 7, or 14 S tREY S A AR S Y O3 ¢ S BRI Gt e ™ ©
rfemmbrana:ppotein.of beTheFawivirus of claim 21, wherein the ectodomain
mutation is in an amino acid selected from the group consisting of amino
acids 1-5 of the ectodomain. 101 23. The Flavivirus of clai , Wherein
the ectad BN OB DR TH O ER S B R

ectodomain. 24. The Flavivirus of claim 23, wherein the ectodomain

mutation is agubstitutian.of & glutamine witheroling 25.EhenFlaviMisus othe
claim 1, 7 or 14, wherein the Flavivirus further comprises one or more

SPRETS P PRt HAREGS AL T FeSidues corresponding to West Nile virus

envelope protein amino acids selected from the group consisting of amino

acids 197, 4381148 nd o c32h2241206h 280n3 A AR 440 RBredd€ stability of
Flavivirus of claim 25, wherein the Elavivirus comprises envelope protein
RAHSRET FEalGds %%WS%%%HH‘#@%’W@S} T\%fégp\{/ﬁlfdguéﬁ{?&ope protein
amino acids 107, 316, and 440. 15 27. The Flavivirus of claim 25,

whereinstherflayviyius SORPRISES MRS FR8IEMLSSAKESPRRAINGI Qirus
West Nile virus position 66 of the membrane Dplir tejn aﬂ% ositions 107,

SFRUSHHERAR 60D tL BY 8 IR B SR e S h RGN (R 8F Baim 1, 7

or 14, further comprising a mutation in the hydrophobic pocket of the

hinge regign.ahibg:aRvelaRe RrUeiRAfithe AN us: ddndierRiavivisus of
claim 28, wherein the hinge region mutation is present in an amino acid

corresponding to amino acid 204 of the dengue 1 virus envelope protein.
25 30. TheThtabvirisiobE kim 28 sivirereie thenhirig &lastyiorn mnuatiss feeipppsid

OnE ALMALUNIRLEHQN ARINO1AGIGS CAtEasPONGiBELO FRIQVK RS MIFUSins

envelope protein amino acids
of a secona Flavivirus.

8. The Flavivirus of claim 7, wherein the first Flavivirus is a yeliow fever virus.
9. The Flavivirus of claim 8, wherein the yellow fever virns is YF-17D.

10. The Flavivirus of claim 7, wherein the second Flavivirus is a Japanese

encephalitis virus.
11. The Fiaviviras of claim 7, wherein the second Flavivirus is a West Nile virus,

12. The Flavivirus of claim 7, wherein the second Flavivirus is selected from the
group consisting of a dengue virus, St. Louis encephalitis virus, Murray Valley encephalitis

virus, and Tick-borne encephalitis virus.
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48-61,127-131, and 196-283. 30 31. The Flavivirus of claim 1, 7, or 14,
further comprising an attenuating mutation in the 3'-untranslated region of
the Flavivirus. 32. The Flavivirus of claim 1, 7, or 14, further comprising an
attenuating mutation in the capsid protein of the Flavivirus. 102 33. A
vaccine composition comprising the Flavivirus of claim 1, 7, or 14, and a
pharmaceutically acceptable carrier or diluent. 34. A use of the vaccine
composjta'onmé claimiasg fﬁrdlbﬁma,nwfaeaw&]afdaagamdiﬁama@@r dengue-2,
r?ducmg anijmmu ne.response to a Flavivirus in a patient. 35. The use of
Whergjn the patlent does not have, but is at risk of developing,
infection by the Flavivirus. 10 36. The use of claim 34, wherein the patient
is infected deﬁﬁﬁﬂyﬁﬂ&aﬁY?NﬁwﬂﬂQﬂe%ﬁﬁ@ﬁﬁEim‘&Nﬁﬁﬁiﬁbﬁs@g&jeﬂsi.psid
d F(ga\{)li\lngg’ﬁcgll‘ﬂ:ﬁYO 1 reC bl%%(g‘tvlzlg\:/llt\l/ér 2 1%1@1%@218% 9 n.&g rgteins
|ntroaucmg a mutation into the transmembrane c?omaln of the membrane
pPbteiPBrtRerFraiitEirYS 38. The method of claim 37, wherein the
mutation attenuates the Flavivirus relative to a corresponding Flavivirus

laCkIng ge 'fﬂuﬁt A 39 -The T 1g-f ‘:uerem glb E%Iq] 1tshaes£%%t9thon in one

AvVIVIrus of ¢ al % nil
results in increased stabi ility o ‘the FIaV|V|rus relative to a

c@rﬂ@gﬁmwmapréﬁvwa@ﬁ@mqw@m%@é 00T P SR g pmmbrane
Sitelwheteintihednuiationdesuis njacreaseshrepliicatianof whe: Nigvivtss,
relative to a corresponding Flavivirus lacking the mutation. 25 41. The
method of claim 37, wherein the Flavivirus is a chimeric Flavivirus. 42. A
nucleic &tidBfol&eiNEEotteSFBndintPecthégenbtienct theavitiu ¢p amioo
clait cdreipiheispoplementibereof. (B0 Adnhmephasobmanpiaecturing thaits
Flavivirus of claim 1, 7, or 14, the method comprising introducing a

nucleic acid molecule corresponding to the genome of the Flavivirus into
cells and isolating Flavivirus produced in the cells from the cells or the

supernatantithereafyi03 ﬁ%léﬂaelma&b@ehotmamﬂianwmg@im thewelistion of
are Vero ce lls, 45. Tpe methog? of.€ Ialrgb4§ Wherenn the cglls are cultured

ar mlnewt Cysteilie a gl %01 the mémbrane pr ef
in Serum free'medium. 54 e vaccine composition o claim 33,

wherein said vaccine composition
18. The Flavivirus of claim 15, wherein the mutation 1s a substitntion of an amino

acid corresponding to amino acid position 66 of the membrane protein of a West Nile virus,

19. The Flavivirus of claim 18, wherein the mutation results in a substitutzon of

leucine with proline at amino acid position 66 of the membrane protein.
20. The Flavivirus of claim 13, wherein the mutation i$ in one or more amino acids
corresponding to those at positions 60, 61, 62, 63, 64, 65, or 66 of the membrane protein of

Japanese encephalitis virus or West Nile virus.

21. The Flavivirus of claim 1, 7, or 14, further comprising a mutation in the

ectadomain of the membrane protein.

22. The Flavivirus of claim 21, wherein the ectodomain mutation is in an amino acid

selected from the group consisting of amino acids 1-5 of the ectodomain.
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comprises a chimeric Flavivirus, and wherein the chimeric Flavivirus
comprises the capsid and non-structural proteins of a first Flavivirus and
the membrane and/or envelope proteins of a second Flavivirus. 10 47.

The vaccine composition of claim 33 or 46, wherein the mutation is a
substitution in one or more amino acids corresponding to the region of
amino acids 40-75 of the membrane helix within the membrane protein of

a Japanesdencenhalitis\dris oz aléesh (hile:vidosaibmdBridhs vadeitietion in

Cﬁﬁﬂ%%%&ﬁ%??h@@@d%aiwherein the mutation is a substitution of an

amino acid corresponding to amino acid 60 of the membrane protein of a
Japanese encephalitis virus. 20 49. The vaccine composition of claim 48,
whereircthamHatiomregulisin?a, stbstiftiion ol anginmneadith icystidinaudvn of

wg‘fﬁgi\g@%&i&g 60 of the membrane protein. 50. The use of claim 34,
whereln said vaccine composition is the vaccine composition of claim 47.

25 51. The use of claim 34, wherein said vaccine composition is the
vaccinezompositivinaflammds 752 . 1 Theheistnofichiinvdds Whibsetsaides one

Vgcigli(gg 98%?5’;%5;%?8@11&5;59&}6%qm%si%geg%%%gﬁéﬂ%go foc{%;‘i' ﬁ%e %%%%Velope
protein amino acids selected from the group consisting of amino acids 107, 138, 176, 177,
224, 264, 280, 316, and 440.

26. The Flavivirus of claim 25, wherein the Flavivirus comprises envelope protein
mutations in residues corresponding to West Nile virus envelope protein amino acids 107,
316, and 440,

27. The Flavivirus of claim 25, wherein the Flavivirus comprises mutations at
residues corresponding to West Nile virus position 66 of the membrane protein and positions

107, 316, and 440 of the envelope protein.

28. The Flavivirus of claim 1, 7 or 14, further comprising a mutation in the

hydrophobic pocket of the hinge region of the envelope protein of the Flavivirus.

29. The Flavivirus of claim 28, wherein the hinge region mutation is present in an

aminoe acid corresponding to amino acid 204 of the dengue 1 virus envelope protein.

30. The Flavivirus of claim 28, wherein the hinge region mutation is in one or more
hinge region amino acids corresponding to yeliow fever virus envelope protein amino acids

48-61, 127-131, and 196-283.

31. The Flavivirus of claim 1, 7, or 14, further comprising an attenuating mutation

in the 3’ -untranslated region of the Flavivirus.

32. The Flavivirus of claim 1, 7, or 14, further comprising an attenuating mutation

in the capsid protein of the Flavivirus.
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33. A vaccine composition comprising the Flavivirus of claim 1, 7, or 14, and a

pharmaceutically acceptable carrier or diluent.

34. A wuse of the vaccine composition of claim 33 for the manufacture of a

medicament for inducing an immune response to a Flavivirus in a patient.

35. The use of claim 34, wherein the patient does not have, but is at risk of

developing, infection by the Flavivirus.

36. The use of claim 34, wherein the patient is infected by the Flavivirus.

37. A method of producing a vaccine against a Flavivirus comprising a recombinant
Flavivirus, the method comprising introducing a mutation into the transmembrane domain of

the membrane protein of the Flavivirus.

38. The method of claim 37, wherein the mutation attenuates the Flavivirus, relative

to a corresponding Flavivirus lacking the mutation.

39. The method of claim 37, wherein the mutation resuits in increased stability of

the Flavivirus, relative to a corresponding Flavivirus lacking the mutation.

40, The method of ¢laim 37, wherein the mutation results in increased replication of

the Flavivirus, relative to a corresponding Flavivirus lacking the mutation.
41. The method of ¢claim 37, wherein the Flavivirus is a chimeric Flavivirus.

42, A nucleic acid molecule corresponding to the genome of the Flavivirus of claim

1 or the complement thereof.

43, A method of manufacturing the Flavivirus of claim 1, 7, or 14, the method
comprising introducing a nucleic acid molecule corresponding to the genome of the
Flavivirus into cells and isolating Flavivirus produced in the cells from the cells or the

supernatant thereof.
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44, The method of claim 43, wherein the cells are Vero ceils.

45. The method of claim 43, wherein the cells are cultured in serum free medium.

46. The vaccine composition of claim 33, wherein said vaccine composition
comprises a chimeric Flavivirus, and wherein the chimeric Flaviviras comprises the capsid
and non-structural proteins of & first Flavivirus and the membrane and/or envelope proteins

of a second Flavivirus.

47.  The vaccine composition of claim 33 or 46, wherein the mutation is a
substitution in one or more amine acids corresponding to the region of amino acids 40-73 of
the membrane helix within the membrane protein of a Japanese encephalitis virus or a West

Nile virus.

48. The vaccine composition of claim 47, wherein the mutation is a substitution of
an amino acid corresponding to amino acid 60 of the membrane protein of a Japanese

encephalitis virus.

49, The vaccine composifion of claim 48, wherein the mufation results in a

substitution of arginine with cysteine at amino acid position 60 of the membrane protein.

50. The use of claim 34, wherein said vaccine composition is the vaccine

composition of claim 47.

51.  The use of claim 34, wherein said vaccine composition is the vaccine

composition of claim 48.

52. The use of claim 34, wherein said vaccine composition is the vaccine

composition of claim 49.
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