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the Invention 5 This invention relates to infectlous
attenuat ed viruses useful as vacci nes agai nst di seases caused by

flavi viruses. Several nmapbers of the flavivirus famly pose
current or potential threats to gl obal public health. For exanple,
Japanese encephalitis is a significant public health probleminvol ving
mllions of at risk individuals in the 10 Far East. Dengue virus, with an
esti mated annual incidence of 100 mllion cases of primary dengue
fever and over 450,000 cases of dengue henorrhagic fever worl dw de,
has energed as the singl : D @R AVTVER AACIC transmtted hunan
di sease. Ot her flaviviruses continue to cause endem c di seases of

vari abl e nature and have the mgmmmwt 0. new areas as a 15

result of changes in climte, vector popul ations, and environmental

di st ur b&nces causeﬂ‘higﬂman’am zelatesitoinfertious, stteniatad visesssiuseful@s, f or
exanple, St. Louis encephalitis virus, which causes sporadic, but serious
acute VGP@@&%égﬂﬁstﬁléeﬁe@\ﬁégﬁe Eb&af‘{é‘él‘é‘%sesand western United States;
West Nile virus occasi.onal |
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formof encephalitis Fn those regi ons. Hepatitis C virus -
(HQV) is arasdwesf prmiasy dengdd vt aid oveti450 800! cases of d emg@rhagie
organi zation and replication strategy that are simlar, but not

fever worldwide, has emerged as the single most 1mportant arthropod-

transmitted human disease.  Other flaviviruses continue to cause endemic
diseases of variable nature and have the potential to emerge into new areas as a
15 result of changes in climate, vector populations, and environmental
disturbances 6a_used by human activity. These flaviviruses include, for
example, St. Louis encephalitis virus, which causes sporadic, but serious acute
disease in the midwest, southeast, and western United States; West Nile virus,
which causes febrile illness, occasionally complicafed by acute encephalitis,
20  and is widely distributed throughout Africa, the Middle East, the former Soviet
Union, and parts of Europe; Murray Valley encephalitis virus, which causes
endemic nervous system disease in Australia; and Tick-borne ehcephalitis
virus, which is distributed throughout the former Soviet Union and eastern
Europe, where its ixodid tick vector is prevalent and responsible for a serious
25 form of encephalitis in those regions.
Hepatitis C virus (HCV) is another member of the flavivirus family,

with a genome organization and replication strategy that are similar, but not



- 2- i dentical, to those of the flaviviruses nentioned above. HCV is,
- transm.tted nostly by parenteral exposure, is associated with chronic
hepatitis VRIS3EHA progress to cirrhosis and hepatocel IRfFHPS¥A3Eonm,
and is a | eading cause of | i ver di sease requiring orthotopic
transplantation in the United States. 5 The Fl aviviridae
famly is distinct fromthe al phavi ruse?_(e. g., WEE, VEE, EEE, SFV,

a,

etc.) and currently contains three genet the fl aviviruses, the
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change upon exposure t 1pH of endosones, causing fusion

bet weens t he envel opRe [F1AAYRidacfanti\eisVdistifdtFrdra the BipHRRUReYS &élﬂ{ WEH, es,
thus rel easing the viral- genone int'o the host cytosol. r M cont ai ni ng
tick- bor ne VBEEREE| SFV; etd BEhd ¢urreatly contaifisithree gemsrahet feantiviruses, the

i ndicating that proteolytic processing of prMis necessary for the

gener at i onpe$tivirusesf and the bepaitisd@ virmses. f Eilly prodeesad matureivitions of Gui r akhoo
et al., J. Gen. Virol. 72(Pt. 2%};333_-338, 1991) . Using ammonj um

chl ori de | flaaiviruses coptain fice strusturalprotsing cenvistonecdhs eapsid Candy Val | ey

?2235221 enmernjraei 9, é%éfﬁeﬁeeéﬁegﬁsausﬁ%‘éf’é‘rco?%a‘é@ﬂsi2&%&%}5‘2@2h@i? -
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al ., Virol OQVA%WB%ViﬁgﬁQ? host cell receptors, the Effofdigavage of prM

to Mprotein occurs before rel ease o

- 3- \indefives an ifreleisible doliforagdtiotab thangy wpsaeelfusadt 6 thetacitlic J.
Virol. 71:8475-8481, 1997), which is necgebfssary to activate

hemaggl ut i p&f dfigndasonyss,, gauding dgsion between thetenwielope titayersb£the virionsof
virions. The Mprotein is cleaved fromits_ precursor protein (prM
after ihe oodsadecyticvesiclescthms xelasing thevirgl genqme irtp the hest gytosol.

i ncorporated.jnto the virus lipid envelo ogether with the E protein.
P T’rM-contatixilmg dck-gomepenc@ﬁalfés (pl%lti) Viruses are fusion-incom etent,

indicating that proteolytic proceésing of prM is necessary for the generation of
fusion-competent and fully infecﬁous virions (Guirakhoo et al., J. Gen. Virol.
72(Pt. 2):333-338, 1991). Using ammoﬂium chloride late in virus replication
20 cycle, prM-containing Murray Valley encephalitis (MVE) viruses were
produced and shown to be fusion incompetent. By using sequence-specific
. peptides and monoclonal antibodies, it was demonstrated that prM interacts .
with amino acids 200-327 of the E protein. This interaction is necessary to
protect the E protein from the irreversible conformétional changes caused by
25 maturation in the acidic vesicles of the exocytic pathway (Guirakhoo et al.,
Virology 191:921-931, 1992). -

The cleavage of prM to M protein occurs shortly before release of



Cl eavage sequences have been conserved not only within flaviviruses,

but al so wiydbgsmipPt ei ns of other, unrelated viruses, such a%(ﬁ%’sﬁfoswé

muri ne coronaviruses, PE2 of al phaviruses, HA of influenza viruses, an

pl160 of retroviruses. C eavage of the precursor protein is essential
for virus 10 infectivity, but not particle formation. It was shown that,
I n case of a TBE- dengue 4 chinera.3.a change in the prMcl eavage site
resulted in decreased neurovi rul ence of this chinera (Pletnev et al.,

J. Virol. %?éggﬁgé}%n-ﬂ?@ g}:ﬂular gmt%&éﬁ(&?%@@% FK‘A’E{.QJ.t\_VﬁoPrﬂ%%MS

observati on I Cl en roces necessary *’or full

infectivity | WBICIOR Ricedary td &tivate WehigghRBvating dttivity Fhdeehic et al .,
Virol ogy 198:1 0- 117, 1994) .ar%\nti bodies to gr M protein can nedi ate

protective dcivity] aid iréfeptiviey of wirioiss. t The' M preteirz st dleaveaf frogl ftepestursdr ons

t hat contaln sone uncleaved prM The proteolytic cl eavage site of the
PE2 of VEE protein (girMjrafter the ctmjsensus stghienesREY-R/IK-R (Kris vasidbla)f ambnesi s of
the infectious clone (Smith et al., ASTMH neeting, Decenber 7-11,
1997). Bel dnconporatedinto the virusdipid envdlopetthgethgn witlf the B pegteimd PE2
proteins were i ncolrcgorat ed into articles. This tant, .was eval uat ed
i'n non- human pri mafdeavage ssauaRcashave ee@m%@d%c’é@;%b' SRS on and

d gll .immunized monkeys f hal hal | enge.
Sumary of HaiVITHSN DRGSO SHIThn protetns of giher yrclated VPSS aHck 28 REARS c.

e Skl oS b A AR PR Bl

2B SeNt % inbliies, CleaShb BB HUAREL BRI el o D nucleot e

sequence for a p pro or nutated

so t hatjot hgnfdspivityOBat no¥ parkicR! rlaliof| It was shB®nlthaElinichsy/bFAMIE] s not
expressed, and 5 (b) integrated into the genone of the first

flavi vi rus,dengosdl ¢linet®, a changedathe pelVecieadagisitdesultedlin devasgd (prME
proteins) of a second, di ff erent flavivirus, so that the prME protein

of the secaoeurévimmlence of this chimemy(Pdetnev enul.,, J. Virbk G1:42564963n1983)0f t he
first flavivirus. The chineric_virus is thus conpgsed of

the genes Aeashtend withthaprevieus ohsepeatinmihet efficient processing of theptlyldst i on
Che. enver optecsfsarn s bl macetiuinl (o uiaio pial. 8T, uprs, 1993, Supral Hein *'
15 etal, Virology 198:109-117, 1994). Antibodies to prM protein can mediate
' protective immunity, apparently due to neutralization of released virions that
contain some uncleaved prM. The proteolytic cleavage site of the PE2 of VEE
(4 amino acids) was deleted by site-directed mutagenesis of the infectious clone
(Smith et al., ASTMH meeting, December 7-11, 1997). Deletion mutants
20  replicated with high efficiency and PE2 proteins were incorporated into
particles. This mutant was evaluated in non-human primates and shown to
cause 100% seroconversion and protected all immunized monkeys from a lethal

challenge.

umma; e Inventio
25 The invention features chimeric, live, infectious, attenuated viruses

that are each composed of:



viral envel ope contains all of the antigenic determ nants responsible for.
I nduci ng neutralizing antibodies, the result of infection with the chineric
Vi rus WOPBEAI such anti bodies are generated only agai nsteVHE% 38 d

flavivirus. 15 A preferred live virus for use as the first
flavivirus in the chineric viruses of the invention is the yell ow
fever virus. At |east one vaccine has 4 al ready enployed this live,
attenuated virus; the vaccine is known as YF1 7D and has been used for

human i nmuni zati on for flover i‘;&’%ear s.. YE17D vacc ibed in a
T

number of publ i cat i(Bha firstgl gV oS tg-xﬂga‘%b[}g)i Tmﬁiﬁg%sacéf’e’al.
Freost one. GHAIWAGH RPRee atus, i parict B Anticarie shpeficd oy P Btgin
been ot adi ieifper eI, BlhGuued: ornutitpa Bt P flctonF bl o ' 13"
st abi | shed RE as Sy i mot kGl A 0o e e 550 75. 80, 1995) .

Preferred flavivi r goaatdghtedSftithel gehodrsoNthe fidy fluvivisus] & nubRotideer i c
viruses of the invention, and thus sources of inmunizing antigen, include

-5- sdquaive shcbdigpihel vitdl enfydlope (PﬂVlsBEPr()ﬁEN;) of agsecondydiffer&etngue
types 1-4), Murray Valley Encephalitis (MVE), St. Louis Encephalitis
(SLE), Westlamivisus, so thatths)prMFEcproteinrof the seqoinal flavivirpy Begxpressedpot itis C
(HCV) viruses._ - Addi tional flaviviruses-for use as the second

f1 avi vi r us thealtered genamenofthefirst flgviviiast r al  Eur opean Encephal itis virus,
Russi an Spri ng- Su r Encephaliti, Vi r owassan Vi rus, asanur

Forest Disease viru8¢ HHW;QPWEOSG of &5RES 19 gene prpdycts
f d chi ' ' f ' ' h E o di
e quentd  ofSummBstble S otrens A sedltontRiongifie}o M pReH i Pimeand giC 1"
codi ng Seq%m&eaﬁ%@@ﬁéd{ﬁty &f gﬁ%ﬂv@l’ e ¥ thdSecodl AaPivahR 'SiflcChid™r i C
ne pr pfo o] g errve

virus, 10 el n codl ng sequence is roman attenuated
Vi rus str aiyig] envelopé ¢6RtaAs A1l WFER BitiSddie dBtertifhts AspohsibeS dri bed further
bel ow, the prMportTon of the protein can contain a nutation that
prevents clgdwisg ntatrghngaintibodids] the result ofinfectior witotls ¢chimeric virus

Al so included in the invention are nethods of preventing or treating 15

f I avi vi r us is that sa¢loantibodiesarergéneratedronly agatmstithe, sebond dlavivimiser i ng a
chineric flavivirus of the invention to the mammal; use of the

chi merig f1 avi vi r udepreferred live (vivasifoy use avthe first Aaviyinisdndhe chirgeric

medi canents. f or venting or, treatjn .flaviviruys infectian; nucleic
aci d nol ec Jpwe%gé wyen gnésn&mqﬁigv? fexgr yitus s St least one Vaceine hds

already employed this live, attenuated virus; the vaccine is known as YF17D

(De=t

and has been used for human immunization for over 50 years. YF17D vaccine

is described in a number of publications, including publications by Smithburn
20 et al. (“Yellow Fever Vaccination,” World Health Org., p. 238, 1956), and

Freestone (in Plotkin et al., (Eds.), Vaccines, 2 edition, W.B. Saunders,

Philadelphia, 1995). In addition, tile yellow fevef virus has been studied at the

genetic level (Rice et al., Science 229:726-733, 1985), and information

correlating genotype and phenotype has beeﬁ established (Marchevsky et al.,
25 Am. J. Trop. Med. Hyg. 52:75-80, 1995). _

Preferred flaviviruses for use as the second flavivirus in the chimeric

viruses of the invention, and thus sources of immunizing antigen, include



of the invention; and nmethods of manufacturing the chineric flaviviruses of

the 20 - in b/ P11 The i nvention provides Se%

advant ages. For éxanpl e, because they are live and replica ??3{03?9}%
chimeric viruses of the invention can be used to produce | ong-1lasting
protective imunity. Because the viruses have the replication genes of

an attenuated virus (e.g., Yellow Fever 47D), the resulting 25 chineric
virus is attenuated to a degree that renders it safe for use in humans.
O her featu f i t] ] rent, f,rom
the ol | o HARrEFACHHRERTER DS (ISR, L A1y o HepBRP Rl cs),

- 6- Murray Valley E itj heSt. Beciis H! WY

Fig. 1is a gglae},nata i ?:y_rélf):regléaellnt%saﬂl\lagll:l)b§t gene% PE’E#%I% Q%I?E()r? ste{)igﬁe
that were o@WN)eTicksboire Backphalifis (TBE)! ad Hepaitis O\ (fEvavisdRanese
Encephalitis (YF/JE) chimeric virus of the invention. 5 Fig. 2
is a set ofAdditiunal flavirisusts forcisenay the s¥EondEflaviviassinelude®unjin virugyent i on
in cell cultures acceptable for preparation of a human vaccine.

Fig. 3 Ps LeptzalEutopaanEngephalitsvirusyRussiamSpringSammrSEncephdlifésear ch
Mast er Seed,, YFLJE SAlerr]-14-2) and YF-Vax in MRC-5 cells. ' i

Fig. 4 is &isaglowassan vitus) Kyasaomr Fgrest Diseass wimsoand Qmek &lerporrhagic
neurovirul ence anal ysis carried out wwth a YE/JE chimerjc virus of the
nvent i on. Fever Vius! In'a prefimied eftimeric ¥iWE phHIGIvERHaR e ATME BroteIn vio

Cacont i ai | oo Séayense o e SordARvEs st nty el prorefn °0 ' °

Fig. 6is ' ' ' e St D i ed. '
cl ones desiacgnegé ?%ﬁd@cfg?? %%??%%98& f}'tfvﬁ{éb'%ili%%#éfeﬁpégn r *é’%"x‘gﬂ’ggs
foreigno th 5 : i -3 | v“r‘ﬂfsrs‘frﬁﬁ'te
(1 RES)g. The ?%ﬁ%gmt&ﬁgﬁgﬁon%ﬁﬁg %%ﬁlﬁrbggié%%ﬁo tgng viral g€none. A

transl ati osachasapvaceitenstidin. Also, 43 is ddseribed furtiing bedoword piM portios off the
envel ope (E) protein. Downstream 20 translation is initiated within an

i nt er geni ¢ the proteamcdamgotitaima mudREYn Iyat [pREGents cleavige tb genagtemanassi on of

O

foreign proteins (e.g., HCV proteins El and/or E2). The second | RES
(I RES-2) cdonembrane prateinat i onal initiation of the YF nonstruct ur al

region, in which nested, .trupcated NS1 proteins (e.q,, NSldel-1, . ,
NS del -2, or NSI de -51§<7 l%ﬁludﬁ‘éﬁm@gamma@ methodsiaf preranting ef reating 25

I nversgky FﬁaQﬁ'?frﬁé Pxﬁ%i:tié:? in Q ?ﬁanq;nai,hs%c as aI .lglrlﬁgﬁl, lt))(') a(lhlgllznsfste]ﬁng a chimeric
flavivirus of the invention to the mammal; use of the chimeric flaviviruses of
. the invention in the preparaﬁon of medicaments for preventing or treating
flavivirus infection; nucleic acid molecules encoding the chimeric flaviviruses
of the invention; and methods of manufacturing the chimeric flaviviruses of the
20 invention.

The invention provides several advantages. For example, because
they are live and replicating, the chimeric viruses of the invention can be used
to produce long-lasting protective immunity. Because the viruses have the
replication genes of an attenuated virus (e.g., Yellow Fever 17D), the resulting

25  chimeric virus is attenuated to a degree that renders it safe for use in humans. -

Other features and advantages of the invention will be apparent from

the foflowing detailed description, the drawings, and the claims.



Fig. 7 is a graph showing the neutralizing anti body response of mice

i muni zed with a YF/JE SAlerr]-14-2 chineric vaccine.
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The invention provides chineric flaviviruses that can be used in

vacci nation nethods against flavivirus infection. Construction and anal ysis
of chinmeric flaviviruses of the i nv6ent I on, such as chineras of yellow
fever virus 5 and Japanese Encephalitis (JE), Dengue types 1-4 (DEN 1-4),

Murray Val |l ey Encephalitis E), St. louis Encephalitis (SLE), West
Nile (W), Tick- bor ne Ei&epghieiGiitdl ‘4'/:-‘7"’.~:"~ s C (HCV)
viruses are descrifed . as fol | ows. . . oElavivirys protei.ns
are produced by tr lrgslla‘tsiwhﬁmaglcs‘] ﬁqsg?taltl(%g()fcﬁ?@ﬁuiém lu'éiétlr?é] SfLé

(encodi ng, 4. the..skr ' G g, - nenbr ane

(pr-M, angl%%?/eérfo o %%fﬂfﬁ&@&t?&&éﬁ%@?‘qts ?5@#&%&%4@?%? ns) and a conpl ex

series of - ' : SHnstd s. The chineric

flavivi rus%glééyﬁélﬁi?tﬁle@%\i}gﬁ?ﬁ%n, a;df;ﬂsledhl scussed above, include those in

whi ch the pr-M andrfg, 2 is a ¥t S SrowtPbuRRS bt evimeric Y/ ¢iriseyof thel aced by

the pr-Mand E proteins of 15 Tanother flavivirus. Thus, creation of these

“chineric fh@entionisasll cultirésactdptable for prparatiornof @ hunmwetageimect i on's

bet ween the capsid and pre-nenbrane proteins, ~and the envel ope protein

and the non- st ruct Bigal3 iseggraph(shswihg agrowtly cdinpasisembetween RMSi vi r uses.

Cl eavage between each of these sets of proteins (C a,ndhﬁ{r-lvl :ﬂ%d E and
G808 rus 20

NS1) occur §ResparelyMastemSead, A FHES Aat 1A-2} apd £ i

Puncti ons o "V big discugiags A aigble ShoWihg the JeSIES G SE? rer |
flavivi f .t ' ti. Lty f h. . ' |
sequentbe BpuftadFrds iR Bagide, o B A Y EME LEBler Pirps,af 1 )

mai nt ai ned, &éﬁtfolﬁat proper cleavage between the C and pr-Mand E and NS 1
25 proteins can éfficiently take place. These signal sequences have been

mai ntai ned in the Fi’g.@fs%s&%ﬂ&%ﬁr&@h@ﬁon%ﬁ@ﬁ?@bidéﬁﬁd,symm @or NuUMEr OUS
known signal sequences can be engineered to link the C and pre-Mor E and
generating chimeric YF/DEN-2 virus. The strategy is essentially as described
for the YF/JE chimeric virus.

15 Fig. 6 is a schematic representation of the structure of modified YF -

clones designed to delete portions of the NS1 protein and/or express foreign
proteins under control of an internal ribosome entry site (IRES). The figure
shows only the E/NS1 region of the viral genome. A translational stop codon is
introduced at the carboxyl terminus of the envelope (E) protein. Downstream
20 translation is initiated within an intergenic open reading frame (ORF) by IRES-
1, driving expression of foreign proteins (e.g., HCV proteins E1 and/or E2).
The second IRES (IRES-2) controls translational initiation of the YF
nonstructural region, in which nested, truncated NS1 proteins (e.g., NS1del-1,
NS1del-2, or NS1idel-3) are expressed. The size of the NS1 deletion is
25  inversely proportional to that of the ORF linked to IRES-1. '
Fig. 7 is a graph showing the neutralizing antibody response of mice

immunized with a YF/JE SA,,-14-2 chimeric vaccine.



- 8- ., NSL proteins of the chineras (see, e.g., von Heijne, Eur. J.

Bi ochem 5‘18 21, 1983; von Heijne, J. M. Biol. 18&2%%-539%8 %985)
or, for exanpl€,  Using t he known sequences for gui dance, one s |F ed
in the art can design additional si gnal sequences that can be used in
the chinmeras of the invention. Typically, 5 for exanple, the signal
sequence will include as its last residye an anmno acid with a small
uncharged side chain, such as al anine, glycine, serine, cysteine,

t hreoni ne, or glutam ne. O her r%ﬂ%@&%i gnal sequences are known
I n the art (see, e.g., von . : pra; von Heijne, 1985,
supra). Also, the i ﬁﬁ%@s | fs f ' - maki ng up
the chinmera can beTESHrlr?ﬁrﬁ@%e or su segignfﬁ aﬁgs%at}l%?%géﬁg%lﬁat
proper cl egyasipatiak Asethbas 8gainst flavivir@d #ifebibn 0 CostriBhibn fﬁﬁﬁﬁhﬁl}%%{c bPr

Generation of YF/JE Chineric€ Virus : The derivation o

ful | -1 engt ghivhe#ic flarblifises of the Hivehtioasudly eschifneras of yéldowTeeat vivis
descri bed bel ow enpl oyed a strategy simlar to that earlier wor ker s

used t 05 r egaddapames¥Fndephalitis (B \Denguetypasul-dr(DJENdt-4), MonfaysValldp of YF
replication. The strat %f%)gi s descri bed, e. Nest orowi cz et al.

St : e. g, by ) :
(Virol ogy Fygephalitip@VIVigg By Louis Encephalitis (SIgE), W est Nde (WaD,i Bigkof a YF/ JE
chinmera of _the jnvention invol ves _the .. l.owi ng. YF gengm ¢ sequences
are propagROEe Eﬁcﬁﬂaﬁlﬁlsﬁlﬁ W%@Pﬁtﬂt@c (ﬁ%@n‘ﬂw.@ﬂ?s%h@na%ncode t he
YF sequenc%éuf rom nucl eoti des 1-2,276 and 20-8, 279-10,861 (YF5' 3'1V) and
from 1, 373*%19%% (YFM6. 2) (Rice et al., The New Bi ol ogi st 1:285- 296, -

appr opr at e restri EEBATPS B R ERRAZAIHF fhMiion of a stk BhigRpen

met hod{&as %mc i RN . . y|

sequen}:gs gﬁﬁﬂggner at | onogﬁ{%%ﬁl%’ﬂléﬁggrel pt ?@%‘ﬁ%’gﬁisb‘g@" cé:rﬁ%ghnﬁzt y.
25 r-M)Pdahd eh#v e Ods ®ellssnéntdtAfctafal photefis) andvedmplex

repl acerrent(pof YF Isoggh(gces Wi thin the YF5' g |V aszd YFMb. 2§pl asm ds by
t he corr espgeries ofjpost-translational proteolytic cleavages. The chimeric flaviviruses of - 9-

the invention, as is discussed above, include those in which the pr-M and E
proteins of one flavivirus have been replaced by the pr-M and E proteins of

15  another flavivirus. Thus, creation of these chimeric flaviviruses involves the
generation of novel junctions between the capsid and pre-membrane protein.s,
and the envelope protein and the non-structural region (NS1), of two different
flaviviruses. Cleavage between each of these sets of proteins (C and pr-M, and |
E and NS1) occurs during the natural proteolytic processing of flavivirus

20 proteins, and requires the presence of signal sequences' flanking the junctions of
the cleavage sites. _ | |

In the chimeric flaviviruses of the invention, it is preferred that the

signal sequences of the viruses making up the chimeras are substantially
maintained, so that proper cleavage between the C and pr-M and E and NS1

25  proteins can efficiently take place. These signal sequences have been
maintained in the chimeras described below. Alternatively, any of numerous

known signal sequences can be engineered to link the C and pre-M or E and



JE sequences fromthe start of the prMprotein (nucleotide 478, am no acid

128) through the E/NS1 cl eavage site (nucleotide 2,452, am | 7). . In
addi ti on MO8 Mhg of JE cDNA, several steps were requi red%#ﬁlpﬁ#ﬂce or

~elimnate restriction sites in both the YF and JE sequences to permt in

vitro 5 [ligation. The structure of the tenplate for regenerating chineric
YF (O /JE (prME) virus is shown icg_ Fig. 4. A second chinera, encoding
the entire JE structural region (CGprME) was engi neered using a

oL L2 S8 Wi of the Je el ke b T RIS e
B e
char a6t o | %yl S LB, B o o ESHTHL SR SRrd
avail abl e &0 deGeRRABEPcdiPbe BAPRPHCGRiteRls of @i inFatien STy ittlyado

and the Ya Irus Research Unit, Yale University, New Haven,
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and subsequently into YFMb. 2(Narl), respectively. First strand cDNA
synthesis was followed by PCR anplification of the JE sequence
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primer and a positive sense priner . (JE nucl eoti des sequence

1, 108- 1, 130) cont &ie derivetivredf full-lengtia cDNA tédmplates fon YE Jbchisiares of or
cloning into pBluescript and YFMb. 2(Narl), respectively. JE sequences
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sequenci ng. The JE nucl eoti de sequence from nucleotides 1 to,. 1,130 was
derived bywpdserswsed to tegensratef frapa chN r@%ﬁ)ﬁﬂr genefic gnalysis

15 of YF replication. The strategy is described, e.g., by Nestorowicz ef al.
(Virology 199:114-123, 1994).
Briefly, derivation of a YF/JE chimera of the invention involves the

\-
et

following. YF genomic sequences are propagated in two plasmids (YF5'3'TV
and YFMS5.2), which encode the YF sequences from nucleotides 1-2,276 and

20  8,279-10,861 (YF5'3'IV) and from 1,373-8,704 (YFMS5.2) (Rice et al., The
New Biologist 1:285-296, 1989). Full-length cDNA templates are generated By
ligation of appropriate restriction fragments derived from these plasmids. This
method has been the most reliable for ensuring stable expression of YF
sequences and generation of RNA transcripts of high specific infectivity.

25 Our strategy for construction of chimeras involves replacement of

YT sequences within the YF5'3'TV and YFMS5.2 plasmids by the corresponding



negative sense prinmer corresponding to JE nucleotides 1,116 to 1, 130 and a
positive s nmer corresponding to JE nucleotides 1 to 1§

cont ai ni ngﬁl’bsﬁls%il EcoRl restriction site. PCR fragnents Were C oneg 8|9ﬁto
pBl uescript and JE 10 sequences were verified by nucl eoti de sequenci ng.
Toget her, this represents cloning of the JE sequence from nucl eoti des
1-2,471 (am no acids 1-792). Congf.ruction of YF5' 3'IV/JE and

YFMb. 2/ JE Derivatives To insert the C term nus of the JE
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sequences containing the junction of the YF capsid and JE prM a
negati ve sense chineric prinmer spanning this region was used with a
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sense PCR primers Clones of &EREHRCIE Sffudfuldl Proft Eh¥ewefd gendtateiPfro

conpl ementary to the pBI uescr | pt vector sequence upstream of the EcoRl

site, 1® athd JE SA,pd43Es dEClive, atteanardadctinerstiaii); eduserthat i on in the
pBl uescript vector) from nuc eotide 477 (N-term nus of the prM

prot ei n) thicdlogical propdrties and malecular tharacideizatia® 6f tHibstrain are weHul ti ng PCR
fragnments were inserted into the YF5' 3'IV plasm d usin the Not I and

EcoRl r est fpeumented; (see,. eghf@k@brﬁitqluéfaﬁ‘@m@ﬁﬁé 318 13 ; P Sfoydd-2
preceding the YF 5' translated r foll eque YF (O
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for invitpo and the Yake grf:ovxrus Research Unit, Yale University, New Haven,

15 Connecticut, which are World Health Organization-designated Reference
Centers for Arboviruses in the United States). JE SA,,-14-2 virus at passage
level PDK-5 was obtained and passaged in LLC-MK, cells to obtain sufficient
amounts of virus for cDNA cloning. The strategy we used involved cloning the
structural region in two pieces that overlap at an Nhel site (JE nucleotide

20  1,125), which can then be used for in vitro ligation. _

~ RNA was extracted from monolayers of infected LLC-MK, cells and
first strand synthesis of negative sense cDNA was carried out using reverse .
transcriptase with a negative sense primer (JE nucleotide sequence 2,456-71)
| containjng nested Xbal and Narl restriction sites for cloning initially into

25 | pBluescript I KS(+), and subsequently into YFMS5.2(NarI), respectively. First

strand cDNA synthesis was followed by PCR amplification of the JE sequence



Engi neering YFMb. 2 and YF5' 3'IVto Contain Restriction Sites for in vitro

Li gatian In order to use the Nnel site within the JE _
envel ope sWQMERZYlas a 5° 15 in vitro ligation site, a reduRGAMHS/MRI4site
in the YFMb. 2 plasm d (nucl eotide 5,459) was elimnated. This was
acconpl i shed by silent nmutation of the YF sequence at nucleotide 5,461
(T[err]C, alanine, amno acid 1820). Thi@_ site was I ncorporated into
YFMb. 2 by ligation of appropriate restriction fragnments and i nt roduced

into YFMb. 2(Narl)/JE by _exch of an Nsil/Narl.fragnent. 20 epcoding the
chimeric vErmEyElsaEdes 1,108-3,491 using the same negative setisr pamaTand @t ri ot i on
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exchangge ofucleotide sequencing. The JE nucleotide sequence from nucleotides 1-tb2-
appropriate restriction fragnents. The unique site was incorporated into
YFMG. 2/ JE byl 3xwasidgdved by RCKanpliidatic emepativerstrandty®E ¢DNA using a

YF5' 3" I'V/ JE(pr M E) plasmids by three-piece |ligation of appropriate

restri cti onegative femagpeimer dorossponding toafnucleptides d 14rte ¥,130handder i vati ve
of YFMb. 2 (Bs,%EI) 5 deleting the YF seguence befween the EcoRl sites at
nucl eot i deBositi¥A§ensesprimer coirespeyding it dEgmn thontaipme-
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Nakayama strain is available fromthe Centers for D sease Control,
Fort Collins, Colorado, and the Yale Arbovirus Research Unit, Yale
Uni ver si t y Cobstmutlion of YES'BIBCAErd YF M 2NEBrgpivatieéNA was i nserted into 15

the YF/JE chimeric plasmds using available restriction sites (Hndl Il to-
Pvul | To insert the C terminus of the JE envelope protein at the YF E/NS1

cleavage site, a unique Nar! restriction site was introduced into the YFMS.2

15 plasmid by oligonucleotide-directed mutagenesis of the signalase sequence at
the E/NS1 cleavage site (YF nucleotides 2,447-2,452, amino acids 816-817) to
create YFMS.2(Narl). Transcripts derived from templates incorporating this
change were checked for infectivity and yielded a specific infectivity similar to
the parental templates (approximately 100 plaque-forming units/250 nanograms

20  of transcript). The JE sequence from nucleotides 1,108 to 2,471 was subcloned
from several independent PCR-derived clones of pBluescript/JE into
YFMS5.2(Nar]) using the unique NsiI and Narl restriction sites. YF5'3TV/JE
clones containing the YF 5' untranslated region (nucieotides‘ 1-118) adjacent to
the JE prM-E region were derived by PCR amplification.

25 - To derive sequences containing-the junction of the YF-caps-id and JE

prM, a negative sense chimeric primer spanning this region was used with a



and Bpmi to Munl) to replace the entire prME region in the two plasmd
system-exc a single amno acid, serine, at position 4 Cﬁ?é S

| ef t iwrﬁ%l{:éf%]fln order to utilize the NHEL site for in vi'%ro |dg§'tabgi¥%n
The entire JE region in the Nakayama cl one was sequenced to verify
that the replaced cDNA was 20 authentic (Table 2). Gener ati on of
Ful | -Lengt h cDNA Tenpl ates, RNA Transfeqgtion, and Recovery of

I nfecti ous Virus Procedures for generating full-length cDNA
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JE. Table pical tesults of trans tion ex i ments

usi ng Lo po{EMVB), and con®iBSThBNALI site BIR haslebaaé 1912 5)abheired foeiOvie? |

| i nes have al so been used 15 routinely for preparationof infectious virus

st ocks, chéugationri zati on of | abel ed proteins, and neutralization
tests. Nucl eoti de Sequenci ng of Chinmeric cDNA Tenpl at es
Pl asm ds containing the chinmeric YF/ JE cDNA were subjected to sequence

Soquonces Grstreerind TFMED ana YoSistiin Conaen Keriiosiop Siassor TR ot de
Ligation
* In order to use the Nhel site within the JE envelope sequence as a 5'
15  invitro ligation site, a redundant Nhel site in the YFM5.2 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 YFMS.2 by ligation of appropriate restriction fragments and
introduced into YFM5.2(NarI)/JE by exchange of an Nsil/Narl fragment
20  encoding the chimeric YF/JE sequence.
To create a unique 3' restriction site for iﬁ vitro ligation, a BspFl site
-was engineered downstream of the Aafll ;ite normally used to generate full-
- length templates from YF5'3'TV and YFMS5.2. (Multiple Aatll sites are present
in the JE structural sequence, precluding use of this site for in vitro ligation.)

25  The BspEI site was created by silent mutation of YF nucleotide 8,581 (A—C;

serine, amino acid 2,860) and was introduced into YFMS5.2 by exchange of



sequence di fferences between these constructs in conparison to the reported
sequences (MAda et al., supra) are shown in Table 2. | and
Bi ol ogi cal QRPN eri zation of Chineric YF/JE Viruses P('SMIH&‘s‘;“l’gﬁne
genom ¢ structure of chinmeric YF/ JE viruses recovered from 25 transfection
experinments was verified by RT/PCR-based anal ysis of viral RNA

- 14- harvested frominfected cel ly,nonol ayers. These experinments are
performed in or der to elimnate the possibility that virus stocks are
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protein from YF-infected cells. Both J and YF hyperi mune sera
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size difference between the proteins_ (YF=53 kD, 25 unglycoal ated; JE=55
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15 the YF/JE chimeric plasmids using available restriction sites (HindIlI to Pvull

and BpmI to Munl) to replace the entire prM-E region in the two plasmid

system except for a single amino acid, serine, at position 49, which was left

intact in order to utilize the Nhel site for in vitro ligation. The entire JE region

in the Nakayama clone was sequenced to verify that the replaced cDNA was
20 authentic (Table 2).

Generation of Full-Length cDNA Templates, RNA Transfection, and Recovery
of Infectious Virus
Procedures for generating full-length cDNA templates are essentially
as described in Rice et al. (The New Biologist 1:285-96, 1989) (see Fig. 1). In
25 the case of chimeric templates, the plasmids YF5'3'TV/JE(prM-E) and



- 15- . nonocl onal antibodies in this analysis. Plaque reduction

neut ral-i zag,) ting (PRNT) was perfornmed on the chi ' ' es
and the Yliwé%}r%gﬁSA[err] -14-2 viruses using YF and JE%fégls#déyﬁ
hyperi mmune ascitic fluid (ATCC) and YF- specific purified 1gG
(rmonocl onal anti body 2E10). Significant differences in 5 the 50% pl aque
reduction titer of these antisera were gaserved for the chineras when
conpared to the control viruses in these experinents (Table 3). Thus,
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maxi mal 5vi rpaantitated piyendorporation of PHeUEPy and énfeguity ofj ther RNAuis wetified by
parental virus. In the case of the YF/JE SAlerr]-14-2 chinera, the
peak of vi men-genatuning agarasegel slectrophouesis. Yields sarge fronn Sttad Ovr/ JE
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substantiating the hotion that chirferic 25 viruses are not inpaired in
replicati orpuahtitaticdnef virus, since we have determined the permissiveness for

replication and plaque formation of the parental strains of YF and JE. Table 1

illustrates typical results of transfection experiments using Lipofectin _

(GIBCO/BRL) as a transfection véhicle. Vero cell lines have also been used
15  routinely for preparation of infectious virus stocks, characterization of labeled

proteins, and neutralization tests.

Nucleotide Sequencing of Chimeﬁc_ cDNA Templates
Plasmids containing the chimeric YF/JE cDNA were subjected to
sequence analysis of the JE portion of the clones to identify the correct
20  sequences of the SA,,-14-2 and Nakayama envelope protein. The nucleotide
sequence differences between these constructs in comparison to the reported

sequences (McAda et al., supra) are shown in Table 2.

Structural and Biological Characterization of Chimeric YF/JE Viruses
The genomic structure of chimeric YF/JE viruses recovered from

25 transfection experiments was verified by RT/PCR-based analysis of viral RNA



-16- Conpari son of Gowh Kinetics of the RVB (YF/JE SA[err]-14-2) .

with YF 1 7D Vaccine in MRG-5 Cells erinment was
perfornmed WQ93MALks the ability of the vaccine candl dat EBT’(SJS&’ 524 at e
in a cell Iine acceptable for human vaccines. 5 Conmercial Yellow Fever
17D vacci ne (YF-Vax[err]) was obtained from Connaught Laboratori es,
Swiftwater, PA. MRC-5 (diploid human enio%yonal lung cells) were
purchased from ATCC (171-CCL, Batch#: 4308, passage 18) and gr own
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recovered viruses were venﬁed to have the appropriate restriction sites. The

actual C-prM boundary was then verified to be intact at the sequence level by
15 cycle sequence analysis across the chimeric YF/JE C-prM junction.

The presence of the JE envelope protein in the two chimeras was
verified by both immunoprecipitation with JE-specific antisera and by plaque
reduction neutralization testing using YF and JE-specific antisera.
Immunoprecipitation of **S-labeled extracts of LLC-MK, cells infected with

20  the chimeras using a monoclonal antibody to the JE E protein showed that the
JE envelope protein could be recovered as a 55 kD protein, whereas the same
antisera failed to immunoprecipitate a protein from YF-infected cells. Both JE
and YF hyperimmune sera demonstrated cross-reactivity for the two envelope
proteins, but the size difference between the proteins (YF=53 kD, |

25 unglycosylated; JE=55 kD, glycosylated) could reproducibly be observed. Use
of YF monoclonal antibodies was not satisfactory under the

immunoprecipitation conditions, thus, the specificity was dependent on the JE



surviving mce were tested for the presence of neutralizing antibodies to
5 confirm {lepdgszpfecti on had taken place. Anpbng those tested,pdihSdshagos

agai nst the JE SA14-14-2 virus were simlar for aninmals recerving
either this strain or the chi ner a. The results of

addi ti onal experinents investigating the neur ovi rul ence of the YF/ JE
SA14-14-2 chimera in mce are illustratgg.in Table 10 4. In these
experinments, all of the mce inoculated with YF5.2iv died within 7- 8
days. In cotdtd ts ) e]ele @cgfe | -14-2 died
during two wee‘%g %?1%3‘@?9 -aliensc}? u g%%%,%i’ %%s g?v ?rgﬁb&ﬁongeﬁﬁaﬁégﬁéﬁ les#wg
resul ts of (BRPEF) WR'berfoinea onddkichimErie viRISES apd i8¢ YaNSSE -14-

pat hogenesi(s gg')YF/J chineras are illustrated in Tabl eﬁé. IFrrlsj%Helsllezﬁ

exper i ment yiruséeusihp ¥F andJB-speifivbyperingauh@asetic 'ﬂlﬁd%AVlE@C? ahd YFce at
doses varying between 10,000 and 1 mllion plaque-formng units via the

i ntraperi t epecficpumified Ig6h émohotlonabantibody 2E10).c Sigiificaii-differbadenyiama - or
YF/ JE SA[err]-14-2 died during three weeks of post-inocul ati on observation,
i ndi cat® ngtheh80% pleque rednaiion titer of these antiscrawierrjobsdrmed fontheschipmrapher al
20 inoculation. Mce inoculated wth YF/ JE SA[err]-14-2 devel oped

neutrali zi H‘é’en compared g dhe songal visusesan thesesexparynents (Table 3). %bﬁ&t ruction

of cDNA Tenpl.ates for eratj f Yellow Fever./Dengue .. - {YF/ DEN)

Chi rort ¢ VPPGRE roqBired TOF hobirafpgtian e HrEmein tBF Fileotions shies ) bengue

(YF/ DEN) vi : 5 described as follows, which, in principle, is

carried ou?ﬁ@%ﬁ*ﬁnﬁéas construction of the YF/JE chinmera described

above. O her flavivirus chineras can be . '

- 18- engineered with a simlar strategy, using natural or engineered

restriction sites and, for exanple, oligonucleotide prinmers as shown

I n Tabl e 6. Construction of YF/DEN Chineric Virus 5

Al t hough s&irewak Propertidsan CélbGkduer dengue viruses have been

devel Oﬁ)ed, probl ens have commonly been encountered with stability of viral

cDNA i ¥ pl asmi d syFfhegsowtneapacity affthe ehimerasthag befenrexaminadi on of the

recovered virus. W& chose to use a _clone of DEN-2 devel gped by Dr. Peter
quantitatively in cell lines of both primate and mosquito origin. Fig. 2

illustrates the cumulative growth curves of the chimeras on LLC-MK, cells
after low multiplicity infection (0.5 plaque-forming units/cell). In this
experiment, YF5.2iv (cloned derivative) and JE SA,,-14-2 (uncloned) viruses

15 wereused for comparison. Both chimeric viruses reached a maximal virus
yield of approximately one log higher than either parental virus. In the case of
the YF/JE SA,,~14-2 chimera, the peak of virus production occurred 12 hours
later than the YF/JE Nakayama chimera (50 hours vs. 38 hours). The YF/JE
Nakayama chimera exhibited considerably more cytopathic effects than the

29 YF/JE SA,,;-14-2 chimera on this cell lilne.' A similar experiment was carried
out in C6/36 cells after low multiplicity infection (0.5 plaque-forming
units/cell). Fig. 2 also illustrates the growth kinetics of the viruses in this .
invertebrate cell line. Similar virus yields were obtained at all points used for
virus harvest in this experiment, further substantiating the notion that chimeric

25  viruses are not impaired in replication efficiency.



Wight, Dept. of M crobiol ogy, Mnash University, Cayton, Australia, 10 .
because th| s systemis relatively efficient for regeneratin

enpl oys aW B’X pI asm d systemsimlar to our own net hodgf%gé/’gﬁxﬂﬂsg&
conpl ete sequence of this DEN-2 clone is available and facilitated the
construction of chineric YF/ DEN t enpl at es because only a few
nodi fi cations of the YF clone were qeqw red. The rel evant steps are
outlined as follows. 15 Simlar to the two plasnid system for

St i t i okl G diencs o e S (B R R LR YE 17O

propagatin U egion (prME) within the two plasm ds,
her ei nafte?aéélﬁeiﬁg}éﬁgfgd%ﬁ 3' | V/ DEN (prME) and YFNB. 2/ DEN (E - E)

(see Fig. 5). The 4. g otrﬂ%f r r t;LerF of the
chinmeric tenplate are ga én?w(fg%eﬁf ﬁeterag(h:%g:&g%taggf smtge?grgglt S
portion ofcindeddiEht b r% ¢ th 8ellgieeadc %B&@f&(ﬁ\ﬁhhﬁvh&ﬁhbé 1). Thls

plasm d contains the site at the E/ junction, which was used for
i nsertison QéniercialHeltyw Rmmlﬁﬁwwcm&@ma/ﬁctm wtasiobtaineddiesmf urt her
nmodi fi ed by elimnation of an extra Sphl site in the NS5 protein

regi on by @onmglﬁllt@orat@ned; chﬁwdtmfégeM&ﬁé (diplotd hnmaneembrismal i on of
DEN-2 sequence fromthe site by sinple

di rect; onelung @Nﬁ}ngfererner%t&ﬁﬁ@&qr!;ﬁ‘eTgC (174 Cghe Risteirh- it 308 Crasiaie

“or Y Pigxaud v, ESEEM %ﬂ%ﬂiﬁmgﬁarleps@rsﬁﬂwgd iePai LS 5

p'riner flan |noc1il rba nda g‘ B, Sthe DEN- 2
nucl eoti d “ﬁ“r#%&af qngl Oug %"ﬁsegﬁlgpé’ilngﬁ i %gv ?g e E/ NS

t d I t
L hovd? s e, ot K mpere %*d‘%}?%‘s‘%ﬂ@@*@iﬁ@“§?%‘2¥°ﬂ?ﬁ§%%u ??’%FS SRR create
basepair PER f-lw}mm& VXD, dellsOEHGaEwWIH000% contidpics ahidrihfedisph! [ -1) .

The 5' portlon of “the DEN-2 clone including the prMand am no term nal

portion of withRMPopYH-Van® atngMOEO£0.1 pfin Sinee IR SIcéllsIgenerally
using a chinmeric PCR primer. The chinmeric primer, incorporating the 3" end

of 10 neggtow slovdysthess cellpmetre keptfur 1% dagrscpast ‘imseulation.\Spmyles weraas

used with a p03|t|ve sense pri ner flanking the SP6 pronoter_of the.
YF5' 3' 1V pirazen daidy for 7-10daws tydetepminedrinrplagyg assayiin Nezo 20 base
extension representing DEN-2 prM sequence. This PCR product was then
used tlo pr¢$HS-t he DEN-2 plasmd in conjunctlon with a 3" priner

(eP et 10, EN QB SOuB e Vi Sni £roW o A Bl MRS L0,
fromthe Wﬂs FiE ) hf‘ﬂé’ggaﬁ BferFss 24 9BES pfu for YF-Vax® achieved on the

second day and was slightly lower, 4.5 log,, pfu, for the RMS after 6 days.

Neurovirulence Testing in Normal Adult Mice '

20 The virulence propetties of the YF/JE SA4-14-2 chimera was

analyzed in young adult mice by intracerebral inoculation. Groups of 10 mice

(4 week old male and female ICR mice, 5 each per group) were inoculated with

10,000 plaque-forming units of the YF/JE SA,,-14-2 chimera, YF5.2iv, or JE SA -

14-2 and observed daily for 3 weeks. The results of these experiments are illustrated

25  inFig. 4. Mice receiving the YF5.2iv parent succumbed by approximately one



untranst ated -region, and YF C protein, contiguous wth the DEN-2 prM E1522
sequence. JhsR%11 product was ligated into YF5' 3'1V using Notﬂ%@&&
sites to yleldthe YFS' 3' I VI DEN(pr M E) plasm d. 20 Construction

Chineric Tenplates for O her Flaviviruses Procedures for
generating full-length cDNA tenpl ates encodi ng chi meric YF/ WE,

YF/ SLE, YF/WN, YF/ TBE viruses are siml4gr-to those descri bed above for
the YF/DEN-2 system Table 6 illustrates the features of t he strategy

for gener atjduy ndstikotins ﬁsncwﬁfdr@al rdx‘%ﬁﬁ?“sWES Hﬂééf%d%ﬁl?ﬂfﬁﬁéé‘:t i on

sites used for in vitro ligation, meric priners
engi neer i ngeddiving dithdrane JB/Y,- 142G dremSorthe chliders hThe inSeuaRed Fhr CDNA

- 20- for these heterologous fl'aviviruses are readily avail abl e (NVE
Dal gar no etheexperimentsiwerdtiterddl af thetine 3¥Inje2tion kada smﬂigibuﬁrcfrthe et al.
Virol ogy 156:293-304, 1987, TBE: Mandl et al., Virology

166: 197- 205u:magmg mn;werqtesmlsfm the pa¢sence of nemhzmmﬁmdaem@e? 1987;
Dengue 2: Deu et al., Virology 155: 365-377, .. Dengue 3: Hahn et
al ., Vitol 8 mzhgbmfgmb@@ aee 4Arzwag) ﬂ@tse testedatlters vErigsbHie

155: 77- 88, ative. ac 0_engi neering
2da ¢ 1 onal TE e 14-2viFuswers similar' 0 Gnig TgoeiiniFihe {his, SR PIBeD Ut
end Ilgatlggua PCR-derived restriction -fragments having ends that .
nmeet at thi ¢tion and 5 and 3 ternini that flank 10 appropriate

restriction sites %Igd grmedi ate

pl asm d such as pB@Eé%‘aEl{so e}(ﬁg%x%tgll%( méglﬁggg?]l gonucl eoti de or
bl unt - end hegasviAileNtd bf RN YF/J@BA”dMQZ ERinké18 ift tRiceak illhdtratbd YR THY
restriction sites wthin the énvel ope protein coding region of t

virus 1 qdedhithese experimefie)all ofithé fiic®inoduldedusieh YARS. Q8 diedeithiinyl gens
15 Because the structural proteins El and E2 of HCV are not

honol ogous 8tdaylshdnsmmmast;mhemf¢hemisecinhocmieteﬂlwithWFﬂ'EﬁSAd@M-ﬂ died above,
t he strategy for expression of these proteins involves insertion
within a duringdmesweeks af pesignoaulstionnbsgevasion. such that all of these
proteins are then ﬁ,ﬁ %éepressed w,th yell ow fever proteins duri

viral replication eirpfults raentzenveﬁ%apﬁg B DEBrYBVAHVERESS

lnsertion Oftﬁ[o?g%n BLSY I\rpl-s/Ji-ESch'[ilrt}lee:ral\ls g,r%rlﬂlusgate tll"a%rie 5. In these

15  experiments, the chimeric viruses were inoculated into 3 week old mice at

doses varying between 10,000 and 1 million plaque-forming units via the
intraperitoneal route. None of the mice inoculated with YF/JE Nakayama or
YF/JE SA,4-14-2 died during three weeks of post-inoculation observation,
indicating that the virus was incapable of causing illness after peripheral

20 inoculation. Mice inoculated with YF/JE SA,,-14-2 developed neutralizing
antibodies against JE virus (Fig. 7).

Construction of cDNA Templates for Genefation of Yellow Fever/Dengue
(YF/DEN) Chimeric Viruses
Derivation of chimeric Yellow Fever/Dengue (YF/DEN) viruses is
25  described as follows, which, in principle, is carried out the-same as construction

of the YF/JE chimera described above. Other flavivirus chimeras can be



of the NS 1 protein, since the entire NS 1 protein is not required for
viral . replication. Because of the potential problens wkg,rs "?H}i%y_of
the YF genBRP3B79H | the presence of heterol ogous sequence eX&oEdrig the
normal size of the genone (approximately 10,000 nucl eoti des), the
detection strategy described 25 below can be used. In addition, deletion
of NS1 nmay be advantageous in the _(fg_i meric YF/ Flavivirus systens
descri bed above, because partial del etioh of

-21- this protejn may, abrogate the immunity to YF associated with
ant i bodi esengmee{ﬁ)’&a‘i"ﬁbta SNB%I/!&I a?H&?*‘i% é‘%\ﬂa‘?@r“f?ﬂ&ﬁle@ﬁkn‘?ﬁ‘? r‘i?ﬁ%‘it%ﬂ“ $Hunii ty
I f nmore than e chiyperi c,vacgei ne was tn a given

reci pi ent ,a%q’oﬁ‘]’f' °§a‘PP1‘?faf8 "‘ﬁ‘élch%?gld:e pﬁmg%e#%}og@} %gg@%gél'ven or needed at a
future point. 5 The strategy involves creating a series of
in-frame deletions within the NS1 coding region of the YFMb.2 plasmd,

i N conj uncELnRyWbiibn SFYFIDEN Chimeric Wirks ansl ational term nation codon at
the end of E, and a series of two | RESs ~ (internal ribosone entry

sites).5 One | RES i AlthoupHisaveray nislecular elomes fot dengue virdses Mawetbieen codon
and allows for expression of an open reading frane within 10 the region
bet ween E denkldbpdd, prioblems have t&Emonlythesnenconntesediwithrstabidity of viral
truncated NS 1 proteins, providing expression of the remainder of the YF
nonst r uct ueBNA dn plassid systemas andiwith\the efiaeiensy of eanlicgtiopoftbeovery of

: Efsgﬂ : gﬂsrevﬁorvus Vit Ve chassciiuise % cloge bIOENE %@%@éﬁ%?@? St RES,
ahethor de gt ety Mipidbiols), Bitash Uaelin] cffioh. Atiwafibe) "t o' e
Goscr 10 Bt tis Systéin 85 heliVély efficicht P ERCAEAKARNIAR AiddpidSa )
E2, and/ Ort%-lpqéégﬁifﬁystt% s'ﬁg@h’% 8hEPb% metHddBIdB PHe thpléteYefherddee

del etion tolerat 1 protein. 20 Because of this, truncated HCV

protei ns cafthie DIEND thonRiBavaHablediid fatilititediths construdtivn sDchitmerit YF
clone. The HCV proteins are engineered wwth an N-term nal si gnal

sequence | VF/DEN ¢¢mplatés becange only b #e® modificatiensiof the Wk cdodewexe t he
Ctermnus. This construction will direct the HCV proteins into the
endopl asni requitede (Therelovantsteps areroutlined asfollaws.. The strategy for this 25

BT R T T IR M D m R S
(& akoui ot THDERPE R usek A hague Feltfiofidn 58 Sviflin thE DEN'PBuvdibpe ™ o' 1Y
protein (E) as a breakpoint for propagating the structural region (prM-E) within
the ltwo plasmids, hereinafter referred to as YF5'3'TV/DEN (prM-E') and
YFMS5.2/DEN (E'-E) (see Fig. 5). The two restriction sites for in vitro ligation

20  of the chimeric template are Aafll and Sphl. The recipient plasmid for the 3'
portion of the DEN E protein sequence is YFMS5 .2(NarI[+]SphI[—]). This
plasmid contains the Narl site at the E/NSI junction, which was used for
insertion of the carbdxyl terminus of the JE E protein. It was further modified
by elimination of an extra Sphl site in the NS5 protein region by silent site-

25  directed mutagenesis. This allowed insertion of DEN-2 sequence from the
unique Sphl site to the Narl site by simple directional cloning. The appropriate
fragment of DEN-2 cDNA was derived by PCR from the DEN-2 clone |



-22- . al., J. Virology 67:1385-1395, 1993), who has expressed this

r egi on - of @@998,37 11 Virus in processing systens and within a [US98/03894
replication-conplenent full-length HCV cl one. Pr l\ﬁ cl eavage

del etion mutants as attenuating vacci ne candi datesfor 5 flaviviruses

Addi tional chimeric viruses included in the invention contain

nutations that prevent prMcleavage, sugh-as mutations in the prM cleavage
site. For exanple, the prMcleavage site in flavivirus infectious clones of

i nterest, M’%*Nﬁ%) fiRRGHEd b . Wi htaﬁ‘é}l@bi’?ﬁéﬁ‘iﬁﬂu%d% ﬁ%ﬁﬂcpﬂa

si te-direct 10 ~ nut agenesi's. e am no ac In t
cl eavage sieSphtsitetind QB“bmnerho%bél\Sgowth@DM-@lﬁibl%uééﬂJSt|tUt ed. A -

nucleic acid fragnent contai ning the mut at ed pr M E genes can then be

i nserted i ithmenligtely opstterneof the signalase site at the EANBY jurctioreamd eeplaciagr i bed
above. The prM deletion can be used with or wi t hout ot her attenuating
mut at i ons, theosigarlaspsite byunbstitrionsithatereates noeelsite, but slsoatioduee red i nt o
the yellow fever virus. These nutants have advantages over singl e
subst i tut | derksitenThegesulting b/ hasapsin BER fragmoat was then inteduced mto

The ol | owdRMEAMEr TR ISP Tuses of the i nventi on were deposi ted

U A under the tShRs BRI SHERER 2 HaddTreiaing RN andaplBb!' G20 of
January. o il SIATHAFLS bREGEYRS chiflsRut eIy el oE

ﬁz ?bg ?p Z ? (e:'gﬁ\x}gmggg%eéﬁé PERSHiftter] Tt chiMeHéSpriniet, dBctpotatifg the 3C&RPST ON

10  negative-sense YF C protein and 5' end of DEN-2 prM protein, was used with a
positive-sense primer flanking the SP6 promoter of the YF5'3'TV plasmid to
generate a 771 basepéir PCR product with a 20 base extension representing
DEN-2 prtM sequence. This PCR product was then used to prime the DEN-2
plasmid in conjunction with a 3' primer representing DEN-2 sequence 1,501-

15 1,522 and flanking the Sp#l, to generate an .1',800 basepair final PCR product
including the YF sequence from the NotI site through the SP6 promoter, YF 5'
untranslated region, and YF C protein, contiguous with the DEN-2 prM-E1522
sequence. The PCR product was ligated into YF5'3'TV using NofI and Sphl

sites to yield the YF5'3TV/DEN(prM-E) plasmid.

20  Construction of Chimeric Templates for Other Flaviviruses
Procedures for generating full-length cDNA templates encoding
chimeric YF/MVE, YF/SL_E, YF/WN, YF/TBE viruses are similar to those
described above for the YF/DEN-2 system. Table 6 illustrates the features of
the su'atégy for generating YF17D-based chimeric viruses. The unique
25  restriction sites used for in vitro ligation, and the chimeric primers for

engineering the C/prM and E/NSI junctions are also shown. Sources of cDNA



-23- Table 1

Characterization of YF/ JE chineras Cl one r

| nf ect i vi (WO 9837Bks RNAse DNAse be,k&ﬂﬁ& B
pl aques/ | COng log titer log titer log titer

LLC MK2 VERO ~ VERO VERO YF5. 21v

5.5 15 7.2 20 0 7 5

YF/ JE- S 7.6 50 Tev 6.2 0

6.2 YF/ JE- N

0 for ﬂlese5hqterologous ﬂav1v1ruses are readily avallable (MVE: Dalgamo etal.,

Jable 2 . 1 Mol Biol. 187:309-323, 1986, SLEF T4&1& 410 WPbiogy 1 sRl203g4, 2L ns and

& 1987 TBE: Mafill er al,, ViroJfgy 166:197-3Q3, 1988; Depgh®l: Mason 48,
Y}fé&ogy 161:262Y; 7 87; irpgue 2: Deub%l et al., Virol&y 155:365-5577

5 19E_86 Dengue 3q{ahn et al. V'lrology 1623/2517418(25l »8s; Dengue 4 IZhl%EleSt L
al VENN@y 155 77-88, 1986) E I T P
JE SA14 L E B .
S An aiﬁernatlve appreach to engingering additional chimeric viruses is

HmzmnzT
E |

to create the C/prM junction by blunt end liga’&on of PCR-derived restriction
fragments having ends that meet at this junction and 5' and 3' termini that flank .
10  appropriate restriction sites for introduction into YF5'3'TV or an intermediate
plasmid such as pBS-KS(+). The option to use a chimeric oligonucleotide or
blunt-end ligation will vary, depending on the availability of unique restriction

sites within the envelope protein coding region of the virus in question.

Construction of YF Viruses Encoding HCV Antigens

15 . Because the structural proteins E1 and E2 of HCV are not
homologous to the structural proteins of the flaviviruses described above, the
strategy for expression of these proteins involves insertion within a
nonessential region of the genome, such that all of these proteins are then co-
expressed with yellow fever proteins during viral replication in infected cells.

20 The region to be targeted for insertion of the proteins is the N terminal portion
of the NS1 protein, since the ent'ife NS1 protein is not required for viral
replication. Because of the potential problems with stability of the YF genome
in the presence of heterologous sequence exceeding the normal size of the
genome (approximately 10,000 nucleotides), the detection strategy described

25 below can be used. In addition, deletion of NS1 may be advantageous in the

chimeric YF/Flavivirus systems described above, because partial deletion of



Table 3 . _ Pl aque reduction neutralization

titers.on YFE/ JE chi neras 20 Vi rus non-i nune YE ascitic
JE asciti cWOBBTEh_ i mune YF 1gG BGTUSPRO03894; ¢
fluid fluid | gG YF5. 2i v <1.3

3.7 <1.3 <2.2 >4. 3 JE SA14-14-2
<1.3 <1.3 3.4 21- <2.2 <2.2

YF/ JE SA14- - <1.3 <1.3 3.1 <2.2

;_1'49 this1p4ro£e2'n§gay abrog\a(\%é tjh% ignmyunity to fﬁﬁ%&gﬁtﬁg with anﬁllabgies _

- 24-

Neur ovi r ul i 1ens(’g]N Sﬁ)l’—’/aj’l‘—_i @Rﬁfvflf 9’%‘?‘#\% ra ith vector mmumilifaﬂirﬁof}e than one
3 week old dﬁ?ﬂn%nb%cﬁirfeewaf to be needed in a Elven recipient, or if a YF vaccink (i’ﬁddos €

llog He%h@revmuosll\}/'b;ltven or needed at a future point.
5 - . The strategy involves creating a series of in-frame deletions within
the NS1 coding region of the YFM5.2 plasmid, in conjunction with engineering
a translational termination codon at the end of E, and a series of two IRESs
(internal ribosome entry sites). One IRES is immediately downstream of the
termination codon and allows for expression of an open reading frame within
10  the region between E and NS1. The second IRES initiates translation from
truncated NS1 proteins, providing expression of the remainder of the YF
nonstructural polyprdtein. These derivatives are tested for recovery of
infectious virus and the construct with the largest deletion is used for insertion
of foreign sequences (e.g., HCV proteins) in the first IRES. This particular
15  construct can also serve as a basis for determining whether deletion 6f NS1 will
affect vector-specific immunity in the context of YF/Flavivirus chimeric
viruses expressing prM-E, as described above.
The insertion of nucleotides encoding E1, E2, and/or El plus E2
HCY proteins is limited by the size of the deletion tolerated in the NS1 protein.
20  Because of this, truncated HCV proteins can be used to enhance stability within
the modified YF clone. The HCV proteins are engineered with an N-terminal
signal sequence immediately following the IRES and a termination codon at the
C terminus. This construction will direct the HCV proteins into the
endoplasmic reticulum for secretion from the cell. The strategy for this
25  construction is shown schematically in Fig. 6. Plasmids encodihg HCV
proteins of genotype I can be used for these constructions, for example, HCV

plasmids obtained from Dr. Charles Rice at Washington University (Grakoui et



5 YF/ JE SA 14-14-2 4 0 .

(or7y YF/ JE SA 14-14-2 5 0
(0/7) WO 98/$TIIE SA14- 14-2 6 PCT/US98/03894 ~ (
(0/8) Table 5

Neur oi nvasi veness of YF/JE Chineras 10

3 week old male ICR mice | og dose
(intraperitoneal) Y% nortality 22/ JE Nakayana ' 4

0 (0/ 5}4 . YF/ JE Nakayanma

0 ¢l lu)Virology 67: VB33 3R8k &9331)51 who has expressed th@ region of the

0 (0/4) YF/ JE SAl4-14-2

0 ‘(lgl,ug}n prosessing gystemsandiwithin a replxcanon—complergent full-length

0 g.é‘} YF/ JE SAl4-14-2 6

0 A ione.

PrM cleavage deletion mutants as attenuating vaccine candidates for
5  flaviviruses
Additional chimeric viruses mcluded in the mventmn contain
mutations that prevent prM cleavage, such as mutatlons in the prM cleavage
site. For example, the prM cleavage site in flavivirus infectious clones of
interest, such as dengue, TBE, SLE, and others can be mutated by site-directed
10 mutagenesis. Any or all of the amino acids in the cleavage site, as set forth
above, can be deleted or substituted. A nucleic acid fragment containing the
mutated prM-E genes can then be inserted into a yellow fever virus vector
using the methods described above. The prM deletion can be used withor
without other attenuating mutations, for example, mutations in the E protein, to
15 be inserted into the yellow fever virus. These mutants have advantages over
single substitution mutants as vaccine candidates, because it is almost
impossible to revert the deleted sequence and restore virulence.
The following chimeric flaviviruses of the invention were deposited
~with the American Type Culture Collection (ATCC) in Rockville, Maryland,
20  U.S.A. under the terms of the Budapest Treaty and granted a ldeposit date of
January 6, 1998: Chimeric Yellow Fever 17D/Dengue Type 2 Virus (YF/DEN-
2; ATCC accession number ATCC VR-2593) and Chimeric Yellow Fever
17D/3 apanese Encephalitis SA ;-14-2 Virus (YF/JE A1.3; ATCC accession
number ATCC VR-2594).



- 25- ' Tabl e 6

Engi neeri ng of YF/ Fl avivirus chineras Vi rus Chineric C/prM
Chi neri c 7911 5 3 Sites[err] PCT/US98/03894
junction’' junction[err] ligation[err] Iligation4d
elimnated 5

or (created) YF/ WN X- cachgggagagct t gaaggt ¢ ’
aaagccagttgcagccgecggtttaa Aatll Nsi | (SEQ ID NO 1)
(SEQ I D NO 2) YF/ DEN- 1 X- aa ﬁgilct ggt gggct ccc

gat cct cagt accaaccgcggtttaa Aatll Sg% Sphl in DEN

(SEQ I'D NO 3) (SEQ 1D NO4) 10 YF/ DEN- 2

X- aaggt agattggt gt gcattg aacCigtcendaenod YEQF clmeras aa  Aat || Sphl

(SEQ I D NG 5) (SEQ I D NG 6) YF/ DEN- 3

X- aaggt gaat tigRagt gct Ctyaed (ug) aCCCCrRGERCCaccemgcggt tt aarnAat | | SpbNase Xhol
i n DEN (SE({'*‘I‘I@"RI@ 7) lostiter log itrSEQ | D 1pgmieB)

(Sphl in DEN) YF/ DEN- 4 L)“(-Nf;’félaagga?ﬁlf:kggttgttct"&% VERO
acccgaagt gt esaecgcggt tstsaa “Aatlis  Nsil 152 0 (SEQ I D NO 9)
(SEQ I Ix NO ) YF/ SLE - X-aacgf gaat.agt t ggat agt c

accgttg?gt cggécccgcggt tfaa Aatl1® Sphl Ag%l I in SL% 62

(SEQ I D NO tHiEN 7 ( SEQ DNGi012) 5 YF/WE o0 54

X-aattt cgaaaggt ggaaggt c gaccggtgtttacagccgcggtttaa Aatll Agel (Agel
in YF) (SEQ ID NGO 13) - (SEQ I'D NGO 14) 20
YF/ TBE X-t act gcgaacgacgtt gccac act gggaacct cacccgcggtttaa Aatll:
Agel (Agel in YF) Table £SEQ | D NO 15) ( SEQ

| D NO 16) 1,2: The colum illustrates the oligonucleotide used to

generate chinmeric YF/ Fl a¥igkidet! SontakiddE B i findnd the C/ prM
or E/NSI junction. (See textE. 5? = car ony| termnal codi ng sequence of the
YF capsid. Jhe g undgrlinedgregiong corresgponds 0 the targeted

het er ol ogous sequence i medi ately upstream of the Narl site 25

(antisense - ccgcgly. ThiB8site HPI ows Whserti®n of PER prodlicts iAo the
Yf nb. 21@ Nar lgsappl aspi d requi red for t gengratinggfull-1gngth cigNA

tenpl ates. @2er nucleotides are specific to the heterol ogous virus.

A igonucleotjde ¢ priners age listgd 5 to 3'. ¢ 3 41 The unique
restrictionsgkies used for creating restriction fragnments that can be
isolated and |igated in vitro to produce full-length _chineric cDNA
tenpl ajes afpel i stbd. Bechuse sohe sequences do not &ontai n®convenfent
sites, ' :

JENAK' L E 1 T P E
JESAl4 L E 1 T [ B G
Table 3
lague re j eutralization tit n chi
20 Virus non-immune YF ascitic JE ascitic non-immune  YF IgG
ascitic fluid fluid fluid 1gG
YF5.2iv <13 37 <1.3 <22 >4.3
JE SA14-14-2 <13 <13 34 <2.2 <2.2
YF/JESAl4- <13 <13 3.1 2.2 <19
14-2 :
25 YF/JE <13 <1.3 34 <2.2 <2.2

Nakayama



30 engi neering of appropriate sites is required in sone cases (footnote
5). _ 5. In parentheses are the restriction enzyne sites that nust be
creat ed ewossr37911 t he YF backbone or the het er ol ogoUBCT/UB$H38% al | ow
efficient in vitro ligation. Sites not in parentheses nust be elim nated.
Al'l such nodi fications are done by silent nutagenesis of the cDNA
for the respective clone. Bl ank spaces indicate that no nodi fi cation
of the cDNA clones is required. 35 -24-

O her Enbodi ments O her enbodi ments are within the
foll owi ng clains. For exanple, the prME protein genes of other
flaviviruses of nedical inportance can be

- 26- inserted into the yell ow vacci ne virus backbone to produce
vacci nes agai nst other nedically Tnportant flaviviruses (see, e.g.,

Monat h et al ., "Fl aviviruses," |n Virolog , Fields (ed.), :
Raven-Lippincott,,BBM/Ybr@$m¥Qgggﬂﬂﬁﬁfﬂﬁéﬁé#&;£$m§%¥-1034). 5 Exanpl es of
addi tional flaviviruses from whidg¥ckpidmalelQRmige | nserted into the

chimeric vectors of the invention can be obtained include, e.g., Kunjin,
Central Eur opean Enbephali%%aﬁef@ssian Spri ngg, Encephalitis,
Powassan, Kyasanur For est sease, and Onsk Fénnrr agi ¢ Fever viruses.
I n addi ti OWFs.2iv genes fromeven nore distantly r#ioated «77uses can be
inserted into the yellow 10 fever vaccine virus to construct novel

vacci nes. YFAESA14Y4dcine Produttion and Use- 0 (7)) The vacci nes
of the inv i \Le,adm nistergd in anounts, and py & ng net hods,
t hat can rg§%$ﬁ§1%g$éeternined y persons of ordinary skil@ }n this

art. The v¥ESES&B-DRN be administered and formul at@d, for @ganple, in the
15 sane manner as the yellow fever 17D vaccine, e.g., as a clarified

suspensi on of -infected chicken enbryo tissue, or a fluid harvested
fromcell cultures infected with the chimeric yell ow fever virus.
Thus, the live, attenuated chineric virus is fornmulated as a sterile

aqueous sol ution containing between 100 and

Table 5
Neuroinvasiveness of YF/JE Chimeras
10 3 week old male ICR mice
log dose (intraperitoneal) % mortality
YF/JE Nakayama 4 0 (0/5)
YF/JE Nakayama 5 0 (0/4)
YF/JE Nakayama 6 0 (0/4)
YF/JE SA14-14-2 4 0 (0/5)
15 YF/JE SA14-14-2 . 5 0 (0/4)
YF/JE SA14-14-2 6 0 (0/4)



1, 000, 000 infectious units (e.g., plaque-formng units or tissue culture 20
|nfect|ous nadose vqurre of 0.1 to 1.0 mM, to bée admni by,
for v&ﬁ% €, ntrarruscul ar, subcut aneous, or mtraderna?&&f?&gg.s%?n
addi tion, because flaviviruses may be capabl e of infecting the human
host via the nmucosal routes, such as the oral route (Gesikova et al.,
"Ti ck-borne - Encephalitis,” In The Asboviruses, Ecology and

Epi dem ol ogy, Monath (ed.), 25 CRC Press, Boca Raton, Florida, 1988,

Vol ume 1V, 177-203), the vaccine virus can be adm nistered by a
nmucosal route to achieve a protective inmune

-27- response.- The vacci ne can Heable@i ni stered as a pri mary

prophyl actic agent in adults or chil dren at risk of flavivirus

i nfection. The vacci nes can agEffhelgUSe im&gcondary agents for
treating flavivirus-infected patients by stlrrul atlng an I mune
response aggh1st t BRimkli@prt M US.  nimeric E/NSI $t may be dgs rable to use
the yell ow fever vagmitha' Vect or Sy gineddaf Or lidatORU Nhigalti6ty AnmiRgida agai nst
one virdus (for exanple, Japanese Encephalitis virus) amdcreaged) at er

rei mmuni ze_t he sane i ndi vi dual agai nst a.second or third virus using a
di fferent &Hi"rbric %ﬁﬁﬁiﬁgmﬁ mWiﬂcﬁﬁEﬁﬁarﬁ'&’ge Mt the chimeric

yel | ow fever systefﬁ } the vé not elicit strong imunity to

i tself. 10 yrRR-1W klaagdhdaRfetds bl tmjﬁgg%&g@ygmﬁaevmx VigHS Plspfiiifik the use
of the chineric (SEQIBNOBE as a (YMEhMNo:4) or ~het er ol ogous gene expressi on.
These advant ages are due to the renoval of the portion of the yell ow
fever ccYAPER2geXaagshgtgststecatg o n cagaieiastaseacregeseitier | Aagll ( et ecti ve) anti gens
to yel l'ow fever, affiQMRNPAkenent GEQRDNXH anot her, het erol ogous gene t hat
does not pyepEds Cf‘ %%Ba%f?gmon gx A3acclBegmk® JE fsex;er ﬁHhB h YFL7D
vi rus nonstructura mD

exanpl e, by eliciting antibodi es agal nst Sl Whl ch i s | nvo ve

conpl enent Y8@pE#d eNiaaagggbardgugtivictare diagtsaabteteyasdegetd | Auflected cel | s

(Schl eb? nger et al (SEQIP NPAunol ogyfs%yb@g@a 2809, 1985) orby induci ng

cyt ot oxic I onses to NS3 or _other protei he % S i's
unl i kel y ZgF&&h {Z agﬁses ?ﬁﬁﬁﬁgﬂ% 'ﬂ’g] al§f’1 ity ‘Jé’fuuﬁsﬁ ve Virus

vaccine to stimula neut ralizihg anti bodies. This is supported by the
facts that YE/MVE ndkuitthgaiegtemtitc  gacchi@uacaftORfngl cAdIDUSEY | nfiaetigdrwi th JE
virus respond to vEEQIMNO:IDN W t h (SEQIDNPH4) 7D si mlarly to persons w thout
previo J%En_nf ecti on, and q&@c)g i ndi vidual s who have previously
recel W BKon eeetiaat i 4 258! Wi (8P ¥ise in
neutralizing anti b% Ps (Swe Py .5 Am J. Trop. Med. Hyg.

11: 562- 5693,2:186cbjumn iiklisGtes theldBgoRldicHRE dsbd 13/ Rfckdichif@ YRBIavilG B brilnbs RARInEhd ONS
t hat the C/prM or E/NS1 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 Narl site
25  (antisense - ccgegg). This site allows insertion of PCR products into the YfinS.2 (Narl) plasmid required for
generating full-length cDNA templates. Other nucleotides are specific to the heterologous virus. Oligonucleotide
primers are listed 5' to 3"

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

5: In parentheses are the restriction enzyme sites that must be created either in the YF backbone or the
heterologous virus to allow efficient ir 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.

35 | bodime
Other embodiments are within the following claims. For example,

the prM-E protein genes of other flaviviruses of medical importance can be



are inmmune to yell ow fever because of prior natural infection or

vacci nati on, - 28-

and can bewmnlelpeat edly, or to inmunize sinultaneously orPGRYSRSHBSNAI |'y
W th several different constructs, including yellow fever chineras
wWith inserts from for exanple, Japanese Encephalitis, St. Louis
Encephalitis, or Wst N le viruses, b5 For vacci ne
applications, adjuvants that are known 2% those skilled in the art can
be used. Adjuvants that can be used to enhance the imunogenicity of

the chi mer insevieddntethe yedloys & ver yaceing virus, backborstaprodycerivaesiness,
monophos phagdnst pies medieRl By Enpee: ﬁmm@esxsq%g@hﬂ‘c{&%e@ fvants are 10
oo Y “Eﬁa%@%%%ﬁ%“ﬁ«o%ﬁeﬂ&E#éiifa‘} PEicolt e BiknbSTS ace ne
such s nd ume b BT {05 N ot °F SalT ?LTﬁ” or it 2}15"32# vations. o
LT are Sefaithnﬁ%%?&&&iﬁoh&lﬂ vivirdséll frb gi‘wh 816 BiiA kb fgs that

have adjuvant dctivities can e I nserte to the ye ever vect or s.
Thus, geneghRA&R¢lvBstosy bPHeiRTenBoif Bardbe GMamed inchiftle, elg:; Kunjlh ¢@ntrhl - 13,
or IL-5, can be inserted together with heterol ogous flavi virus genes
to produceEaropean Bﬂcéﬁiﬁlmseﬁukshsn Spnﬁgksaummér Emceplealitis, Pomaasgenn)ses, or to
nodul ate i munity directed nore eci.fically-towards cellular,

hunor al , oKyasawuzForestPisesss; andrOmskiHemorrhagiedtayven ¥irupes. i eadditien, as one
20 skilled in the art can readi |y understand, the,vectqrs of the invention
can be gem@e&onhewhm%érwmwséylwes ean bainserted dntofhgiedlogene
product(i igto a . c]“Eiatlent cel]ls. .In these nmethods, genes encodi ng

t her apetlit i Y& TECHG: E{sstoaqogsﬁ'uctnq\fgé(,apg&q ‘nto the vectors, for exanple,
in place of the gene encoding the prME protein. 25 An

addi ti onal advantage of the yellow fever vector systemis that
flaviviruses,, ﬁ‘i%'l"fd?fzﬁ:ﬂoﬂ ytoplasmof cells, so that the virus _
repl.ication rategy does not involve.integration of the viral genone

into the host cel | The vaccines of the invention are administered in amounts, and by

using methods, that can readily be determined by persons of ordinary skill in
this art. The vaccines can be administered and formulated, for example, in the

15 same manner as the yellow fever 17D vaccine, e.g., as a claxiﬁed_ suspension of
infected chicken embryo tissue, or a fluid harvested from cell cultﬁres infected
with the chimeric yellow fever virus. Thus, the live, attenuated chimeric virus
is formulated as a sterile aqueous solution containing between 100 and
1,000,000 infectious units (e.g., plaque-forming units or tissue culture

20 infectious doses) in a dose volume of 0.1 to 1.0 ml, to be administered by, for
example, intramuscular, subcutaneous, or intradermal routes. In addition,
because flaviviruses may be capable of infecting the human host via the
mucosal routes, such as the oral route (Gresikova et al., “Tick-borne
Encephalitis,” In The Arboviruses, Ecology and Epidemiology, Monath (ed.),

25 CRC Press, Boca Raton, Florida, 1988, Volume IV, 177-203), the vaccine virus

can be administered by a mucosal route to achieve a protective immune



- 29- _ (Chambers et al. (1990) "Flavivirus Genone Organization,
Expressi on Replication,” In Annual Review of M crapl
0%886?/’11 : PLOL8Sho3894 Al

44: 649- 688 di ng an | nportant safety measure.

references cited herein are i'ncorporated by reference in their entirety.
VWhat is clainmed is: - 30-

SEQUENCE LI STI NG (1) GENERAL | NFCRX%?" (i) APPLICANT: OraVax, Inc.,
et al. (i) TITLE CF THE | NVENTI ON: MERI C FLAVI VI RUS VACCI NES (ii1i)

Crark & £ BrRGOEEs Thesecsiiain b5 sanaslreg ace pEigary rophyhoft BEatin~

adults or chlldren at risk of flavivirus infection. The vaccines can also be used

as secondary agents for treating flavivirus-infected patients by stimulating an
immune response against the flavivirus.

5 _ It may be desirable to use the yellow fever vaccine vector system for
immunizing a host against one virus (for example, Japanese Encephalitis virus)
and to later reimmunize the same individual against a second or third virus
using a different chimeric construct. A significant advantage of the chimeric
yellow fever system is that the vector will not elicit strong immunity to itself.

10 Nor will prior immunity to yellow fever virus preclude the use of the chimeric
vaccine as a vector for heterologous gene expression. These advantages are
due to the removal of the portion of the yellow fever vaccine E gene that
encodes neutralizing (protective) antigens to yellow fever, and replacement |
with another, heterologous gene that does not provide cross-protection against

15  yellow fever. Although YF17D virus nonstructural proteins may play a role in
protection, for example, by eliciting antibodies against NS1, which is involved
in complement-dependent antibody mediated lysis of infected cells
(Schlesinger et al., J. Immunology 135:2805-2809, 1985), or by inducing
cytotoxic T cell responses to NS3 or other proteins of the virus, it is unlikely

20  that these responses will abrogate the ability of a live virus vaccine to stimulate
neutralizing antibodies. This is supported by the facts that (1) individuals Who-
have been previously infected with JE virus respond to vaccination with
YF17D similarly to persons without previous JE inféction_, and (2) individuals
who have previously received the YF17D vaccine respond to revaccination

25  with a rise in neutralizing antibody titers (Sweet et al., Am. J. Trop. Med. Hyg.
11:562-569, 1962). Thus, the chimeric vector can be used in populations that

are immune to yellow fever because of prior natural infection or vaccination,



(O CITY: Boston (D) STATE: MA (E) COUNTRY: USA (F) ZIP: 02110 .(v)
COVPUTER READABLE FORM  (A) MEDI UM TYPE: Diskette (B) COVPUTER | BM
Conpat i bl eWQ €379HERATI NG SYSTEM DOS (D) SOFTWARE: Fast SECPEBUSHEM\s
Version 2.0  (vi) CURRENT APPLI CATI ON DATA: (A) APPLI CATI ON NUMBER  (B)
FI LI NG DATE: 02- MAR-98 (C) CLASSI FI CATI ON: (vii) PRI OR APPLI CATI ON DATA:
(A) APPLI CATI ON NUVBER: 08/807, 445 (B).FlLI NG DATE: 28-FEB-1997  (viii)
PRI OR APPLI CATI ON DATA: (A) APPLI CATI CRPNUMBER. unknown (B) FILI NG DATE:
15-JAN-98 (i x) ATTORNEY/ AGENT | NFORVATI ON:, (A) -NAVE: O ark, Paul T (B)
REG STRATI @rdqanterusedaepeatedly; oy tommmmpigersi ronglvmrrequentsnhowithy 2

(1) T MM O K O oIS R il B o,
_ for example, Japanese Encephalitis, St. Louis Encephalitis, or West Nile
viruses. |
5 For vaccine applications,-adjuvants that are known to those skilled in °

the art can be used. Adjuvants that c;an be used to enhance the immundgenicity
of the chimeric vaccines include, for example, liposomal formulations,
syhthetic adjuvants, such as saponins (e.g., Q§21), muramy! dipeptide,
monophbsphoryl lii)id A, or polyphosphazine. Although these adjuvants are

10 typically used to enhance immune responses to inactivated vaccines, they can
also be used with live vaccines. In the case of a chimeric vaccine delivered via
a mucosal route, for éxample, orally, mucosal adjuvants such as the heat-labile
toxin of E. coli (LT) or mutant derivations of LT are useful adjuvants. In
addition, genes encoding cytokines.that have adjuvant activities can be inserted

15 into the yellow fever vectors. Thps, genes encoding cytokines, such as GM-
CSF, IL-2, IL-12, IL-13, or IL-5, can be inserted togetlxer with heterologous
flavivirus genes to produce a vaccine that results in enhanced immune
reéponses, or to modulate immunity directed more specifically towards cellular,
humoral, or mucosal responses. In addition to vaccine appiications, as one

20  skilled in the art can readily understand, the vectors of the invention can be
used in gene therapy methods to introduce therapeutic gene products into a
patient’s cells. In these methods, genes encoding therapeutic gene products are
inserted into the vectors, for example, in place of the gene encoding the prM-E
protein. ‘ |

25 An additional advantage of the yellow fever vector system is that
flaviviruses replicate in the cytoplasm of cells, so that the virus replication

strategy does not involve integration of the viral genome into the host cell



S31- . (i) SEQUENCE CHARACTERI STI CS: (A) LENGTH. 21 base
pairs - TYPE: nucleic acid (O STRANDEDNF.%%; E}&gﬁ
(D) TopoL Q9 osehelh | (ii) MOLECULE TYPE: cDNA CHUSRARSE
DESCRI PTION: SEQ I D NO 1: CACTGGGAGA GCTTGAAGGT C

21 (2) | NFORMATI ON FOR SEQ | D NO 2: (i) SEQUENCE
CHARACTERI STI Cs: (A) LENGTH. 2%2base pairs (B) TYPE:
nucleic acid (C) STRANDEDNESS: single (D) TOPOLOGY: |i near

,(AJA:A)GCgE_GE g‘c 5 et RR) “Flav(i)ﬂﬁls ngﬂ @farc%ﬁgnl, Qnalozg
(2) | NFORMRELGRA SR SR AR dI Rediew F_g{m%r{ébé}ﬂ%ﬂlﬁ@@iﬁWTﬁi '

(A) LENGTH 21 base pairs cleic a
STRANDEDNESShofthiiafety measure( D) TOPOLOGY: | i near (ii) MOLECULE
TYPE: cDNA (xi) SEQUENCE DESCRI PTION: SEQ ID NO 3: AAGGTAGACT

GGTGGGCTCC C All references cited herein are incorporated by referdtice in their

. 5 entirety.

What is claimed is:



(2) | NFORMATI ON FOR SEQ I D NO 4: (i) SEQUENCE CHARACTER! STI CS:

(A) LENGTH 26 base pairs (B) TYPE: nucleic acid C
STRANDEDNE%S: 238794 e _ (D) TOPOLOGY: i near (i i PCRAbISRRD38pA
TYPE: cDNA (xi) SEQUENCE DESCRI PTION: SEQ | D NQO 4:

-32- GATCCTCAGT ACCAACCGCG GITTAA

26 (2) | NFORMATION FOR SEQ I D @IO 5: (i) SEQUENCE
CHARACTERI STI CS: (A) LENGTH:- 213%ase pairs (B) TYPE
nucleic acid (C) STRANDEDNESS: single (D) TOPOLOGY: |i near
(ii) MOLECULE TYPE: cDNA (xi) SEQUENCE DESCRI PTION: SEQ | D NG 5:
AAGGTAGATT GGTGTGCATT G 21

(2) | NFORMATI ON FOR SEQ I D NQ 6: SERPSNEEHUENGE cHARACTERI STI CS:

(A) LENGTH 26 base(jjaikferar, INFORMATION

(i) APPLICANT: OraVax, Inc., et al.
(ii) TITLE OF THE INVENTION: CHIMERIC FLAVIVIRUS VACCINES
(iii) NUMBER OF SEQUENCES: 16

{iv) CORRESPONDENCE ADDRESS:
(A) ADDRESSEE: Clark & Elbing LLP
(B) STREET: 176 Federal Street
{C) CITY: Boston :
(D) STATE: MA
(E) COUNTRY: USA
(F) 2IP: 02110

(v) COMPUTER READABLE FORM:
(A) MEDIUM TYPE: Diskette
(B) COMPUTER: IBM Compatible
(C) OPERATING SYSTEM: DOS
(D) SOFTWARE: PastSEQ for Windows Version 2.0

(vi) CURRENT APPLICATION DATA:
(A) APPLICATION NUMBER:
(B) FILING DATE: 02-MAR-98
(C) CLASSIFICATION:

(vii) PRIOR APPLICATION DATA:
(A) APPLICATION NUMBER: 08/807,445
(B) FILING DATE: 28-FEB-1997

(viii) PRIOR APPLICATION DATA:
(A) APPLICATION NUMBER: unknown
(B) FILING DATE: 15-JAN-98

(ix) ATTORNEY/AGENT INFORMATION:
(A) NAME: Clark, Paul T
(B) REGISTRATION NUMBER: 30,162
(C} REFERENCE/DOCKET NUMBER: 06132/033W02

{x) TELECOMMUNICATION INFORMATION:
() TELEPHONE: 617-428-0200
(B) TELEFAX: 617-428-7045
(C) TELEX:

(2) INFORMATION FOR SEQ ID NO:1:



(B) TYPE: nucleic acid . (C) STRANDEDNESS: single (i) (D)
TOPOLOGY: || (i1) MOLECULE TYPE: cDNA Xi

DESCRI PTI &P@@é@ﬂa NO 6: AACCCTCAGT ACCACCOGOG GTTTAA PeTIOLSR 04
26 (2) 1 NFORMATI ON FOR SEQ I D NO 7: (i) SEQUENCE
CHARACTERI STI CS: (A) LENGTH 21 base pairs (B) TYPE:
nucl eic acid (C) STRANDEDNESS: 331 ngl e . (D) TOPOLOGY

| i near (ii) MOLECULE TYPE: cDNA (xi) SEQUENCE DESCRI PTI ON:
SEQ ID NO 7: AAGGT obtinéa ot ik eR1brics : _

21 (2) (AFORMATE Obh KR eSER 4D NO 8: ' (i) SEQUENCE
CHARACTERI STICS:  (B) TYPE: A)r16fNGEMa 25 base pairs (B) TYPE:
nucl ei ¢ acid (c) sERANCEDRANDERNESS: singl e (D) TOPOLOGY:

| i near (D) TOPOLOGY: linear - 33- (1)

MOLECULE TYPE: cDNA
(ii) MOLECULE TYPE: cDNA

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:1:
CACTGGGAGA GCTTGAAGGT C o : 21
(2) INFORMATION FOR SEQ ID NO:2:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 25 base pairs
(B) TYPE: nucleic aciad
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: cDNA
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:2:
AAAGCCAGTT GCAGCCGCGGE TTTAA . ] 25
(2) INFORMATION FOR SEQ ID NO:3:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 21 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: cDNA
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:3:
AAGGTAGACT GGTGEGECTCC C 21
{2) INFORMATION FOR SEQ ID NO:4:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 26 base pairs
{B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: cDNA

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:4:



(xi) SEQUENCE DESCRI PTION: SEQ I D NO:8: ACCCCCAGCA CCACCCGOGG TTTAA

25 (2) | NFORMATI ON FOR SEQ | D NO 9: (i) SE ENCE
CHARACT ERWOT98/37911 (A) LENGTH: 21 base pairs i 4 Sk
nucleic acid (C) STRANDEDNESS: single (D) TODO_OGY. | i near
(ii) MOLECULE TYPE: cDNA (xi) SEQUENCE DESCRI PTION: SEQ I D NO 9:
AAAAGGAACA GTTGTTCTCT A : 21

(2) | NFORVATI ON FOR SEQ I D NO 10: =320 SEQUENCE CHARACTER! STI CS:

A) LENGTH: B) TYPE: | d C
(ST??ANDEDNEg%égP%% Rékditcaca " 210GY |inﬁga$| ¢ e (ii) ND_(EC%J E

TYPE: cDNA P. SEQ ID'NO 1 0:  ACCCGAAGTG
TYPE oA (35 ) i PER0PEB s SEQ - )

| NFORMATI ON FOR ﬁEQshg,ﬁ@EI binracTErTSTCES : SEQUENCE CHARACTERI STI CS:
(A) LENGTH. 21 bas@)Pgkddru: 21 base(gdirs YPE: nucleic acid (O
STRANDEDNESS: si NQig§ TypE: nucldde 4 OGY: |1 near - (i1) MOLECULE
TYPE: cDNA (o%1 yroEoehids .DESEREPTI ON: SEQ | D NO: 11:

(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: cDNA
{xi) SEQUENCE DESCRIPTION: SEQ ID NO:5:
AAGGTAGATT GGTGTGCATT G . 21
(2) INFORMATION FOR SEQ ID NO:6:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 26 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
{D}) TOPOLOGY: linear
(ii) MOLECULE TYPE: cDNA-
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:6:
AACCCTCAGT ACCACCCGECG. GTTTAA _ 26
(2) INFORMATION FOR SEQ ID NO:7:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 21 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: cDNA
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:7:
ADGGTGAATT GAAGTGCTCT A 21
(2) INFORMATION FOR SEQ ID NO:8:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 25 base pairs
{(B) TYPE: nucleic acid

{C) STRANDEDNESS: single-
(D) TOPOLOGY: linear



AACGTGAATA GITGGATAGT C 21

(2) 1 NFORMS SEQ I D NO 12: (1) SEQUENCE CHARAGEERNR

(A) LENGTH AN pairs PEPUSbos
(B) TYPE: nucleic acid (C) STRANDEDNESS: single (D)
TOPOLOGY: i near (ii) MOLECULE TYPE: cDNA (xi) SEQUENCE
DESCRI PTI ON: SEQ I D NO 12: ACCGTTGGTC_$3ACCCGCGG TTTAA

25 (2) I NFORVATI ON FOR SEQ I D NO 13: (1) SEQUENCE
CHARACTERI STI CS: (ii) morecti®) TdfENGEbka 21 base pairs (B) TYPE
nucleic acid (C) STRANDEDNESS: single (D) TOPOLOGY: |i near
(i) MOLECULE TYBR) sEbtfence pEscrierioSEREENTENOESCRI PTI ON: SEQ | D NO 13:
AATTTCGAAA GGTGGAAGGT C 21

(2) | NFORVINTICCRCRER SEQAdBCRD AR 25

(2) INFORMATION FOR SEQ ID NO:9:
(i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 21 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: cDNA
{xi) SEQUENCE DESCRIPTION: SEQ ID NO:9:
AAAAGGAACA GTTGTTCTCT A ' 21
(2) INFORMATION FOR SEQ ID NO:10:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 25 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: cDNA
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:10:
ACCCGAAGTG TCAACCGCGG TTTAA 25
(2) INFORMATION FOR SEQ ID NO:11:
(i) SEQUENCE CHARACTERISTICS:
(A} LENGTH: 21 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: cDNA
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:11:
AACGTGAATA GTTGGATAGT C 21
{2) INFORMATION FOR SEQ ID NO:12:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 25 base pairs



(i) SEQUENCE CHARACTERI STI CS: (A) LENGTH: 26 base pairs . (B)

TYPE: nucleic acid (C) STRANDEDNESS: single oGY

| i near WO 98679 \O_ECULE TYPE: cDNA - (xi) SEQUENCE %@%ﬁ\l
SEQ I D NO 14: GACCGGTGIT TACAGCCGCG GITTAA

26 (2) | NFORMATI ON FOR SEQ I D NO 15: (i) SEQUENCE
CHARACTERI STI CS: (A) LENGTH: 213Qgse pairs (B) TYPE
nucleic acid (C) STRANDEDNESS: Single (D) TOPOLOGY: |i near
(ii) MOLECULE TYPEi5CtWAE. nucleid %cka SEQUENCE DESCRI PTI ON: SEQ I D NO 15:
TACTGCGAAC GACGTT s EDNESS: single - _ 21

- 35. ( 2}y NoSRMAY, CRE ER SEQ | D NQ 16: (i) SEQUENCE

CHARACTERI STI CS: (A) LENGTH 25 base pairs (B) TYPE
nucleic acid  (i1) MoEkcHERAMBEDNERS: single

(xi) SEQﬁENCE DESCRIPTION: SEQ ID NO:12:
. ACCGTTGGTC GCACCCGCGG.TTTAA 25
{(2) INFORMATION FOR SEQ ID NO:13:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 21 base pairs -
{B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: cDNA
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:13:
AATTTCGAAA GGTGGAAGGT C 21
(2) INFORMATION FOR SEQ ID NO:14:
(i) SEQUENCE CHARACTERISTICS:
{(A) LENGTH: 26 base pairs
(B} TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYDPE: cDNA
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:14:
GACCGGTGTT TACAGCCGCG GTTTAA 26
(2) INFORMATION FOR SEQ ID NO:15:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 21 base pairs
(B} TYPE: nucleic acid
(C}) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: c¢DNA
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:1S:

TACTGCGAAC GACGTTGCCA C 21



(D TOPOLOGY: |inear (ii) MOLECULE TYPE: cDNA (xi) SEQUENCE
DESCRI PTI G ogi{D NO 16:  ACTGGGAACC TCACCCGCGG TTTAA PCT/US98/03894

25 - 36-

1. Achimeric live, infectious, attenuated virus, conprising:

a yellow fever virus in which the nucl eoti de sequence encoding a prME
protein is either deleted, truncated, agsomutated so that functional yellow
fever virus prME protein is not expressed, and 5 i nt egrated
into the genone of s$a)i dnyektrwolvexoN sEp risNoavgrucl eoti de sequence
encoding a prME protein of a second, different flavivirus, so that

said prM E prot ei{h) SEQUENCE SIMABRUTERISYICS:r US | S expressed.

2. The chimeric vi(dk IENGTHai2% baserpedes n said second flavivirus is a

Japanese Encephal i {8k TYPE) miclgic aci@iQ 3. The chinmeric virus of
claim 1, wherein s&Fd STRANPRPNEBavisingle is a Dengue virus sel ected
fromthe group con$PstTORGLOFY:DdkpgAxr t ypes 1-4. 4. The
chinmeric virus .of claim1, wherein said second flavivirus is sel ected

fromthe group cdhdl MALEGUER TH¥PRLr9DHD Val | ey Encephalitis virus, a St.
Louis Encephalitis virus, a West Nile virus, a Tick-borne Encephalitis
virus, a 15 HepXt! tSEQUENGE DESCRIPTEQN: iSO, P MO:16: Central Eur opean
Encephalitis_virus, a Russi an Spring- Summer Encephalitis virus, a
Powassan vi PIECCCRRRE JGRNGFECES TTHG ost D sease virus, and an Omsk 25
Henorr hagi ¢ Fever virus. - : 5~ The chinmeric virus of claim
1, wherein the nucl eotide sequence encoding the prME protein of said
second, different flavivirus replaces the 20 nucl eoti de sequence encodi ng
the prME protein of said yellow fever virus. B



6. The chineric virus of claiml1, wherein said nucleotide sequence -

:ncodl ng Sv%'od%}%‘r'/MlE Er Etﬁ/: g Sf said second, different flavi Vi &HosstidRy, Ses

-37- mut ation that prevents prM cl eavage to produce M protein.

7. The chinmeric virus of claim1, wherein the signal sequences at the

G prMand E/NS1 junctions are maintaineggin construction of said chineric
fl avi vi rus. 5 8. Use of "a chineric live, infectious,

attenuated virus ip the . . prepatation of a nedicament for. preventing or
treating flavivi ru£° i‘o’nfe:}é'&?rb?lﬂl"ﬁ lgfecuouspQ??W?éjm§’éﬁoﬁlR%ng‘hi meric,
live, infectious afte | . | §€S . .ow fever
virus in which t he5 Xﬁ@#@ﬁ?g{b@%ﬁ%&%ﬁ%&&f%ﬁﬁé& sequeg?w%@og lg# &inis

ei ther del Eﬂ\%—iE bt 34 € exoﬁelgiéhaﬁﬁﬂwﬁgbéf, R it doMhat furtioAdl Ydllovever.

virus prMEprottérn I's not expressed, a I ntegrated into
the genomefgierahM IMMJE)g‘IJtEﬂlefsﬁGtreﬂﬁres%d‘,lﬁdem i de sequence encodi ng
a prME protein of "a second, different flavivirus, so that said prME

protei s of said segpegratddinty thidigenomevfsarlsysllow fever virus, a nucleotid®. The
use of .claim8, wherein said second flavivirus is a J%panqse 15 ‘
Encephal i t sequehE} encoding a prM-E protein of a secaitd, different flavivinisasortl®at wher ei n
said second flavivirus is a Dengue .virus selected fromthe group
consi st i ngsaifl podhdguprateineef said second flavivirus is expressed.

2. The chimeric virus of claim 1, wherein said second flavivirus is a

Japanese Encephalitis (JE) virus.

10 3. The chimeric virus of claim 1, wherein said second flavivirus is a

Dengue virus selected from the group consisting of Dengue types 1-4.

4. The chimeric virus of claim 1, wherein said second flavivirus is
selected from the group consisting of a Murray Valley Encephalitis virus, a St.
Louis Encephalitis virus, a West Nile virus, a Tick-borne Encephalitis virus, a

15 Hepatitis C virus, a Kunjin virus, a Central European Encephalitis virus, a
Russian Spring-Summer Encephalitis virus, a Powassan virus, a Kyasanur

Forest Disease virus, and an Omsk Hemorrhagic Fever virus.

5. The chimeric virus of claim 1, wherein the nucleotide sequence
encoding the prM-E protein of said second, different flavivirus replaces the

20  nucleotide sequence encoding the prM-E protein of said yellow fever virus.

6. The chimeric virus of claim 1, wherein said nucleotide sequence

encodiW said second, different flavivirus comprises a
L



11. The use of claim8, wherein said second flavivirus is sel ected

fromthe g‘&,%uﬁ?g sisting of a Murray Vall ey Encephalitis vi
ep anll Fﬁzlé]esgﬁgsﬁi S

Loui s 20 ENnc tis virus, a West Nile virus, a Tick-borne

virus, a Hepatitis C virus, a Kunjin virus, a Central European
Encephalitis virus, a Russi an Spring- Sunmer Encephalitis virus, a
Powassan virus, a Kyasanur * -37-

- 38- Forest Di sease virus, and an Orsk Henorrhagi ¢ Fever virus.

12. The use_Qf,.claim8 r.e4 | 0t 4 e encodi ng t he
pr M E prot gf‘ﬁ*’%%“%&c?@@%’%ﬁé’?%?@ﬁ?@%@ ]sfoéi\#{g/il\rigjggﬁyﬁl aces the nucl eotide
sequence encoding the prME protein of said yellow fever virus. 5

13. The use of claim8, wherein said nucl eotide sequence encodi ng sai d
prME protein of sai dreedffferichitheoLilairh! 12Whereinsthe @igal $8§uchc¥ R thedN

t hat prevents prM cl eavage to produce M protein. 14. The
use of cl aQipiM aMEEATS1 jingctiorgnat maatiened i ednstivetichpfi¥hid chiameid=/ NS1
junctions are maintained in construction of said chinmeric flavivirus. 10
15. A nucl flavivdrusd nol ecul e encoding a chineric live, infectious, .
attenuated virus, said virus conpri sing: a yellow fever virus
I n which the nucl eoti de sequence encodi ng a prME protein is either

del eted, truncated, qr nutated s¢ f{.hat, functional yel]ow ., fever virus

PrME protein is ndt Usenfeashimnerig ljvesinfectious, attenyatedhyirys Bythent o ¢ he
cenone o Sibslokah B LR oP b b e A A elOH 1,
P01 s, SR ARSI AR St o comprisst®. T
a yellow fever virus in which the nucleotide sequence encoding a
prM-E proteiﬁ is either deleted, truncated, or mutated so that functional yellow
10 fever virus prM-E prdtein is not expressed, and |
integrated into the genome of said yellow fever virus, a nucleotide
sequence encoding a prM-E protein of a second, different flavivirus, so that

said prM-E protein of said second flavivirus is expressed.

9. The use of claim 8, wherein said second flavivirus is a Japanese

15  Encephalitis (JE) virus.

10. The use of claim 8, wherein said second flavivirus is a Dengue

* virus selected from the group consisting of Dengue types 1-4.

11. The use of claim 8, wherein said second flavivirus is selected
from the group consisting of a Murray Valley Encephalitis virus, a St. Louis
20  Encephalitis virus, a West Nile virus, a Tick-borne Encephalitis virus, a
Hepatitis C virus, a Kunjin virus, a Central European Encephalitis virus, a

Russian Spring-Summer Encephalitis virus, a Powassan virus, a Kyasanur

* c L M S *



flavivirus is a Japanese Encephalitis (JE) virus. 20 17. The,
nucl eic acid nol ecul e of claim15, wherein said second flavivirus is a .
Dengue Vi rW@9887¥dted from the group consisting of Dengue tyRfedUS8@3 4y s
- 39- 1-4. 18. The nucl eic nol ecul e of claim 15,
wherein said second flavivirus is selected fromthe group consisting
of a Murray Valley Encephalitis vi s, a St. Louis Encephalitis virus,
a West Nile virus, a Tick-borne phalltls virus, a Hepatitis C
virus, a Kunjin_ virus, a Central Eur ean Ence halltls virus, a

Russi an SpFWvgtB!ﬁﬁﬁéGVEhlée andhan Qmsk fﬁmorﬂaa% WEYSEWIUS.  yjrus, a Kyasanur
Forest Di sease virus, and an Onsk Henorrhagi c Fever virus.

19. The nucleic acid nolecule of claim15, wherein the nucl eotide

“enl aces the nuc ek BBe s aB AL ﬁc‘%%mé*ﬁw ?%&de"*ef pEREStntadtih | 0l ou
fever vir

| m 15,
wherein 53@33{% e8¥°t8mOfsaldssgéél}]edn?gﬁhenco I ng sal pﬁﬁ@%‘?&?ﬁ&%f sai d
second, d'§c§{ éeﬁ&@dih KithePrM-E pré@iRiofsaR yellbw Zvevinal prevents pri
tein. : '

cleavage to uce The nucleic acid
nol ecul e of claim 15 V\/nerei n the signal sequences at the C/ prM and
E/NSI junctions are maintained in construction of said chineric
flaviviyus. 13. The use of claim 8, wherein said nucleotide sequence encoding

said prM-E protein of said second, different flavivirus comprises a mutation

that prevents prM cleavage to produce M protein.

14. The use of claim 8, wherein the signal sequences at the C/prM

and E/NS1 junctions are maintained in construction of said chimeric flavivirus.

10 15. A nucleic acid molecule encoding a cﬁimeric live, infectious,
attenuated virus, said virus comprising:

a yellow fever virus in which the nucleotide sequence encoding a
pr—E protein is either deleted, truncated, or mutated so that functionai yellow
fever virus prM-E protein is not expressed, and

15 integrated into the genome of said yellow fever virus, a nucleotide
sequence encoding a prM-E protein of a second, diffgrent flavivirus, so that

said prM-E protein of said second flavivirus is expressed.

16. The nucleic acid molecule of claim 15, wherein said second

flavivirus is a Japanese Encephalitis (JE) virus.

20 17. The nucleic acid molecule of claim 15, wherein said second

flavivirus is a Dengue virus selected from the group consisting of Dengue types

\\Il\ll\ \\\l\\ |||\\ 1L
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. 18. The nucleic molecule of claim 15, wherein said second
flavivirus is seiected from the group consisting of a Murray Valley Encephalitis
virus, a St. Louis Encephalitis virus, a West Nile virus, a Tick-borne

5  Encephalitis virus, a Hepatitis C virus, a Kunjin virus, a Central European '
Encephalitis virus, a Russian Spring-Summer Encephélitis virus, a Powassan

virus, a Kyasanur Forest Disease virus, and an Omsk Hemorrhagic Fever virus.

19. The nucleic acid molecule of claim 15, wherein the nucleotide
sequence encoding the prM-E protein of said second, different flavivirus
10 replaces the nucleotide sequence encoding the prM-E protein of said yellow

fever virus.

20. The nucleic acid molecule of claim 15, wherein said nucleotide
sequence encoding said prM-E protein of said second, different flavivirus

comprises a mutation that prevents prM cleavage to produce M protein.

15 | 21. The nucleic acid molecule of claim 15, wherein the signal
sequences at the C/prM and E/NS1 junctions are maintained in construction of

said chimeric flavivirus.
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