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ANEXOS

Comprobante de pago de la lasa de representacion de la solicitud.

Documento que acredite la exisiencia y representacion legal cuando el solicitante sea persona juridica.
Poderes, si fuere #l caso.

Documenlos de cesidn del inventor al soliciiante o a su causante.

Deciaraciones. '

Copia de la sclicitud internacional. (Resumen, descripcion, reivindicaciones, dibujos).

Traduccidn de la solicitud internacional at castellano. (Resumen, descripcién, relvindicaciones, dibujos).

Coma del examen preliminar internacional efecluado por la Auloridad Internacional de Examen Praliminar (IPEA)
Traduccion del @xamen preliminar internacional efectuado por la IPEA,

De se el caso. copia del contralo de accaso.

De ser el caso, documento que acredile ia licencia o aulorizacién de uso de conocimientos tradicionales de
las comunidades indigenas.

De se i caso, certificado de deposio del material biolégice.
Are final 12x12.

Ce ser el caso, informacion sobre olras soliciludes de patente o litulos obtenidos en el extranjero por 6l
litular o su causante, relacionadas parcial o totaimente con la invencidn de esta sollcitud.

De ser el caso, modificaciones efecluadas a la solicitud internacicnal,
Qiros.
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@ Solicito la concesion de la patente

NOMBRE _LAURA MICHELSEN NINO

FIRMA.

C.C. 39.783.287~— T.P. 67.897

Instrucciones para la presentacion del os anexos, ver reverso de este pagina. )




123 1 RRARRARAARARY 168

L

Fi

Ll
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PRIVER Copia de Ia Escritura Péblica No 1785~
de fecha 13 de __ JULI0 de 19_ 98
ACTO
PROTOCOLIZACION
OTORGANTES

LAURA MICHELSEN NIRO

AGUSTIN MORALES RIVEIRA

NOTARIO
Miembro del Colegno de Notanos de Colomb
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TRADUCCIONOFICIAL286-98 DE UNDOCUMENTOESCRITOENIDIOMA
INGLES

N delaT Se traducen las autenticaciones adjuntas a un poder escnto en

idiomas Inglés y Espafiol otorgado en la ciudad Rio de Janeiro Brasi el 23
de Abnl de 1998 a favor de los doctores FERNANDO TRIANA LAURA

MICHELSEN, JUAN CARLOS URIBE y JUAN PABLO TRIANA por Eloi de Souza
Garcia en nombre y representacion Fundagao Oswaldo Cruz sociedad
domiciliada en Avenida Brasil 4365 Castelo Mounsco 5 andar Mangunhos

Rio de Janeiro

N del T La firma de Eloi de Souza Garcia fue autenticada ante André Luis
Penra Pinto el 15 de Mayo de 1998

-

N delT La firma de Andné Ltis Penra Pinto en el documento antes traducido
fue legalizado ante el Consulado de Colombia en Rlo de Janewro el 18 de
Junio de 1998 No 44/98 Pagado el impuesto de tmbre y derechos

consulares por US$100 oo La firma del Cbnsu;;znclsco Jordan Pefiaranda
E

1 3 N7iov

1]
133

fue reconocida por ol Ministeno de Relaciones nores de Bogoti ef 10 de
Julio de 1998 mediante Sello No 260917 suscrito por ol,;.le
Legallzaciones e
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TRIANA URIBE & MICIHELSLN
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POWER OF ATTORNEY

I (we), thounders gned ___ ELOI DE SOUZA GARCIA
representation __ FUNDACAO OSWALDO CRUZ

domiciled in_Av, Brasi]. 4365 _Castelo Mourisco 50 andar Mangunhos / Rio de Jan i o

duo compliance w th the terms f paragraph 1st. fart 1 543 fth Comm rc 1Cod d hereby
appoint FERNANDO TRIANA, tpa N 45265c.c.N 79154036 LAURA MICHELSEN tpa. N
67897 .c No. 39 783.287 JUAN CARLOS URIBE, tpa N 54.493 N 79159313 and JUAN
PABLO TRIANA, tpa. 63 077ce. N 79487222 dom ledatCall 93BN 12-48(204),S taféd
B gotd, Colombis, tho frstas prl ipalandth othersas ltemntes, th rd fth ppo tment, as
our represe latives for I ndustr | property matters w th fac Ity to recerv  otif caton dtoappo t
sitorney andout fCourt. Th frst Ilternate h llreplacoth pn p1 case fh bsence f
temporal or defi ftive impedm t Th sam rul wilapply wh th second thrd [ternate
repregentative 18 to replace th  f'rst or second one, or when thosecond thrd toreplaceth p  pal
ne 1 such cases, tho pnncipal representative, hall tate h  tenti n ot to act as representatives
through a declaration given before a Notary Publ C lomb a, or before Notary or nother Publ
OfMclal or a Colomblan Consul abroad and In case f mpedim ¢, the appropriate cert fcate shall
ffice Ifany of the appo ntees were to be def” ltely abse t, the f liowl g lternate sh 11 take his place.
Whon the sbsence or mpediment of the princ pal representat ve, or { the frat or socond  third
lternate | thew tumn cases, th representation can betakenaga  th  sequence, byth pn pal th
frst or second or third lterhate d pendng  case, and the mere fact tsexercl wlil ffce. Th
exercise fth representatonbythefrst secondorthrd femtes th tumnsh llend t chitm

1 add tion, we grant Power fAtftomey favor fth bov amed attorneys-at law so that they may
btain the protection of my (ou ) ndustnal property and aga stth fa competti o, for wh h
purpose 1 (we) authorize the said attorneys to represent m ( ) before any author 1  or person  with
w thaut jurisdiction, pec lly thoseadm | trative,adm tratvecontent usandjd 1 Iim ters
concerning the follow g )Obta ment fpate ts mod | anddesg th regitraton fm rks d
trade logans the deposit fcommerci | names and trade mblem th btal ment fth declarat
and wuthprization f denom nation of rigi its renewal as ignment, change f m or dom |
voluntary cancellation and'th registrati  flcenses fuse Fth bove ghts, b)Obta m t fplant
anety protection ) Obta ment of funct on ng | censes health reg tratons and y ther pet t
before the sanitary or adminlstrative authonties d) Obts ment f copyright registrat ons for  y type f
artistic, literary scientif'c, musical  deo, f'lms, ideo games choreography works, software or any
other production i the artistic, sclentiflo or literary £ Ids capabl of be g reproduced expressed by
y meansknownnow orin the f t ro Registrat on fagreem nts rel ted w th the exec t tran f
{ ntellectual property rights, Depos t of names f peiod publcation d telov program
Obteatio of reduced postal tanff: ) Action f pposito cancellation 1I ty f pgement,wrt f
mandamus, granting of 1 censes and | general th | penal nd adm tratve ts rel tng to all
those nghts, actionsand tsinsttutedbyme( ) aga tm ( ) Andthat Jith bovem tters
they may bstitute this Fower f Attorney compromse,co 1 te,admtth facts fth case, des t,
cancel rece ve, resign, and rat fy scts don by represe tat ves w thout Power fAttomey
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ESCRITORIO DE REPRESENTAGAO NO RIO DE JANEIRD

7
SECAD CONSULAR RJ [N L AL ol I Ao,

or Ntiit €
R he dI s at nlhinia {1 d ELOI DE SBUIA GRACTA
11 Sa Ri Jo 103 154 Majyd 199

R d i
de qwlre Lims Tereaa Vi Z
P 1
g (a1 O pE®

S
(MRE Sk Coumia N am ﬂ% {NOR ;”‘sunsﬂ

¢ 11

Y ( osotros) bay cri ELOI DE SOLZA GARCTA
tac 6nd Iz

dom trtfado( ) en m_uwu:.m_sp_nm._ug?uim?m.lo d Janed
por ! presente mbro (nombramos) FERNANDO TRIANA, tpa N 45265 . 79154 036

LAURA MICHELSEN tpa. N 67897 N 39783 287 JUAN CARLOS URIBE, tpa. N 54 493
N 79159313 y JUAN PABLO TRIANA tp 63077 o N 79487222 domicllados 1
Cll 93BN 1248 (204), Santafé d B gotd, Col mbia, en bedecim to lo dispueito en |
pardgrafo 1ro d [ Artic | 543 del Cédigo de Comercio | pr mero com principal y los démds dolno
plentes,ensuord comomi ( stros) representantes en todos los asuntos de propledad industnal
co fac Itad para recbi ot ficac o es y nombrar apoderados judict les o extrajudiciales, El primer
represe ta to p! tereemplazard Jpr palencasodeausen{ mpedm totemporal defi tivo
d aquel Lam m regl se pliai nd 1seg d y tercer represe tantes mplentes hayan d
reemplazar 1p mro Isegud lpn pal Entalescasos, |representant pnncipal  1pr mero,
seg do plents, tercer pl tcen caso, todos lloa declararin | tencién dono jercer |
representac 6 med tedecl racé te tcad po Notarl PdblcoenC lombm, o pdr Notardo ofro
F nan Piblco, Céns 1d Colomba, on 1 extranjero y Iammodolhpdlmﬂnfo.eol\hl
ert ficado respectivo S algunod los nombrados faltare defi iti amente, ¢! igulenta tomard su! gar
Cuando cesare la  sencla  imped mento d | represe tante principal, do su pimero  segundo
tercer pl te, sucaso podrn jercer | representacié en  orden, uno otrds segin | caso,

as m éndol por lsol hechod ejercer] cosand esemom to lej reli de!l representacid por €

Ip mero seg nd terce supl te 250 ‘9°
é"!’

Ad mé co fero(co fenmos) poder los bogados amb nombrados, para btene | proteccién de m 3 h

(4 stra)propedad d str lycontral compete 18des! | yo fecto to zo{amos) losd chos
poderados para ¢ m (nos) representen te ualesq ra entdades perso as, jerzan 1o
) sdccd espe Imentsantolasd | rd adm trativo, contenc oso-adm stratvoy jud [ en
tod |1 concementse lo g lontosasu tos )Obtencénd patentesdel nclén, modelos y dib jos
ndust | lrogstrod marcasyde lomascomerci I 1d pés to de nombros comerci les y ensefias
1 bten 6 d | dec!l racé yd 1| to zac éndeden minacon we orige renovaclén traspaso,
camb de mbre doml li ca lacé | ta y lregisirod lce lasde  docsos derechos
b) Obte énd | proteccé pam  ledades vegetales c) Obte én y tram tacién de todo |
rel ad co lcencasdo fnec m to, reg tros santaros y cualq er tra peticidn anto Ins
t dadessa taras adm strat as d) Obten & d | reg tro de derechos de autor pars  Iq er
tpod bm artistca, |terana, tifca, m cal deogrifca, nematogrifica, corcogrificas,
Iq er otra produccién en el campo arti tco ¢ tifco o |terarlo capaz de ser reproducido o
expresado po  alq er medio conocd shora por conocer en | futuro Registro de contratos
rolac onados con Ia Jecucién transfere 1a ¢ dorechos toloctuales Depdalio do nombres de
publ cac es perdd cas y de programas d telev & Obtencd do tanfa postal reducids, ) Las
acc esde pos 6 d cancelacd d 1dad de med das ca telares, do tutcla, d cdncesid de
Icen as y en ge eral los procesos  les, pen les, adm  trat vos o contenc oso-adm istrat vos
relac ado co todos estos dorechos mcc nes y procesos ¢ promovamos 8o nos promuev = Y
para q todos los to arb determ ados puedan susttul ste m ndato transmig conclil
adm t ds_agente:

f soa

e

Ded yfrmd hy___ 23 DE ABRIL DE 1998

RIO DE JANEIRO, BRAZIL

Frm {
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CONSULADO GENERAL DE COLOMBIA

CONSULADO DE COLOMBIA
No 44/88,

E! Suscnto Cénsul General de Colombia en Rio de Janewro visto los
documentos presentados por los interesados CERTIFICA. Que el Sefior
ANDRE LUIS PEREIRA PINTO quien como Escnbiente Sustituto de la
Notaria 110 de Rio de Janeiro Brasil autenticd la firma del signatario d |
poder precedente ejercia en la fecha las funciones indicadas y su firma
corresponde a la registrada en este Consulado

Que la Compafila FUNDACAO OSWALDO CRUZ es una sociedad
constituida de acuerdo con las leyes del Brasll y cumple su objetvo
conforme a las mismas

Que el Seflor ELOY DE SOUZA GARCIA quien en su caracter de
PRESIDENTE de la citada Compefila confiere el poder pracedente y cuya
firna fué autenticada ante la Notaria 110 de Rio de Janeiro Brasil es su
representante legal en este pals

El Cénsul no asume responsabliidad por el contenido de este documento

Rio de Janeiro 18 de junio de 1988

g

g o O

2. N
ORDAN PENARANDA  E .=
sul General de Colombia .

PAGADO IMPUESTO DE TIMBRE
USS$ 600 (SEIS DOLARES)
PAGADO DERECHOS COMSULARES
US$ 10000 (CICN DOLARES)
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HOJA NUMERO - SIETE ( 07) (ULTIMA)
ES PRIMERA~ (01 ) COPIA (FOTOCOPIA) TOMADA
DE SU ORIGINAL CONFORME AL ARTICULO 79 DEL DECRETO 960 DE 1970
SE EXPIDE EN -  SIETE- Q7 )BOJAS
UTILES CON DESTINOG A LAURA MICBELSEN NIRO
- - o= o s o= =
=
=
™
3
COPIA AUTORIZADA FPOR LA SECRETARIA DE CONFORMIDAD AL DECRETO 1534+ af
Q
2s

'oE 1?/

DERECHOS RESOLUCION N 0037 DEL 15 DE ENERO DE 1998

JULIO 14 DE 1958

5, ¥ 0204

;

—————

TAFE DE BOGOTA D C
t.
3

7
Nﬁf& _ CUALQUIER CAMBIO O MODIFICACION QUE SE REALICE SOBRE ESTAS

ﬁ-
WAS SIN LA AUTORIZACION E INTERVENCION DEL NOTARIO CONFORME A

LA(S) LEY(ES) ES ILEGAL Y UTILIZARLA(S) PUEDE Eéﬁbhk SANCION PENAL

0 O O
LA SECRETARIA '@9 *«3“
l' W B .,}
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The Pate t Office
Concept House
Cardiff Road
Newport
So th Wal
NP10 8QQ

I the undersigned be ng an off cer duly autho sed accordance with Sect o 74(1) and (4)
ofthe Deregulat & Co tractngO tA t1994 tos g and ss ecertficates on behalf of the
Comptroller-General hereby certify that annexed he eto s a true copy of the document as
or g nally fled nconnect w th the patent appl cat o 1de t fed there n

In acco dance w th the P te ts (Companies Re-reg str tio ) Rules 1982 fa company named
n th s certif cate and any accompany ng documents has re-reg stered under the Companies Act
1980 with the sam nam as that wth whch t was r g tered immed ately before re-
regstrato s efo thes bstituto as  ncl s onas thelastpartofth name of the word
p bl climited company o theirequ alents Welsh references to the name of the company
n th s ceruficate and any accompa y ng doc ments shall be treated as references to the name
wth wh ch t s so re-reg stered

In accordance with the rules the words publ ¢ 1 m ted company may be replacedbyplc
pic PLC PLC

Re-reg stratio  nder the Companies A t does ot const tute a new legal e tty b t m rely
subjects the company to certa add t onal company law rules

L4
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USE OF FLAVIVIRUS FOR THE EXPRESSION OF PROTEIN EPITOPES AND
DEVELOPMENT OF NEW LIVE ATTENUATED VACCINE VIRUS TO IMMUNIZE
AGAINST FLAVIVIRUS AND OTHER INFECTIOUS AGENTS

The present invention relate to vaccine against mfections caused by flavivirus
M re particularly to the use of the YF vaccine virus (17D) to express at the level f ts
envelope protem epitopes from other pathogens which will eheit specifi 1mmume response
to the parental pathogen. There are provided new plasmuds which were deposited on
December 21 2000 under the following accesion umber with the Amencan Type Culture
Collechon (ATCC) 10801 Umversity Blvd. Manassas, Va. 20110-2209 () pYFE200/13
accession umber PTA 2854 ( ) pYF17D/8 accession number PTA 2855 (u ) pYFE200
accession umber PTA 2856 ( ) pYFE200/8 accession umber PTA 2857 and ( )
pYFE200/1 accession umber PTA 2858

BACKGROUND OF THE INVENTION

Flavrwiruse consists f 70 serologncally cross-reactive, closely related human or
vetennary pathogens causing many serious illnesses, which includes dengue fever Japanese
encephaling (JE) tick borne encephalitis (TBE) and yellow fever (YF) The Flaviviruses are
sphenical viruses with 40-60 nm 1n diameter with an cosahedral capsid which contans
single posittve-stranded RNA m lecule

YFwvirus the prototype virus f the family of the Flaviviruses with RNA genom
10 862 mucleotides (nt) having 5 CAP structure and short 5 end nontransiated region
(118 nt) and nonpolyadenylated ontranslated 3 end (511 nt) The first complete ucieotide
sequence f flavivirus genome was determined on the genome of the YF 17D 204 vaccine
stramn virus by Rice et al (Rice CM Lenches E Eddy SR. Shin, S.J Sheets, RL and
Stranss, JH 1985 “Nucleotbde equence of yellow fever virus implications for flavivirus
gene expression and evolution Science 229 726-733)

The singl RNA  also the viral messag and its translation in the infected cell
results 1n the synthemis of polyprotein precursor £3 411 amno acids which 1s cleaved by
proteolyt processing to generate 10 virus-specifi polypeptdes From the 5 termunus, the
order of the encoded protemms s C prM/M E NS1 NS2A,NS2B NS3 NS4A NS4B and
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NS5 The first 3 proteins constitute the structural proteins that 5, form the virus together
with the packaged RNA molecul and were named capud (C 12-14kDa) membrane (M,
and ts precursor prM, 18 22 kDa) and envelope (E,52 54 kDa) all being encoded m the first
quarter of th genome The remainder of the genome codes for the nostructural protems
(NS) numbered 1n the order f synthesis from 1 through 5

Three large nonstructural proteins have highly conserved sequences among flaviruses,
NS1 (38-41 kDa) NS3 (68 70 kDa) and NS5 (100-103 kDa) A rol m the rephcation of the
negahve strand RNA has been assigned to NS1 (Muylaert IR, Chambers T Galler R, Rice
CM 1996 Mutagenesis of N linked glycosylation sites of YF virus NS1 effects on RNA
accumuistion and mouse neurovirulence Viro! gy 222 159-168 Muylaert IR, Galler R, Rice
CM 1997 Geneti analymis f Yellow Fever virus NS1 protemn  dentfication of
temperature-sensitive mutahon which blocks RNA accumulation. J Virol 71 291 298
Lindenbach BD Rice CM 1999 Genets interachon of flavivirus nomstructural proteins NS1
and NS4A as determmant f replicase fimcton J Virol 73 4611-4621 Lindenbach BD
Rice CM 1997 trans-complementstion of yellow fever virus NS1 reveals a role 1n early RNA
rephcation J Virol 71 9608 9617)

NS3 has been shown to be bifunctional with protease activity needed fo the
processing of the polyprotein at sites the cellular proteases will not (Chambers TJ Weir RC
Grakow A, McCourt DW Bazan JF Flettenck RT Rice CM 1990b Evidence that the N
terminal domain  f nonstructural proteir NS3 from yellow fever virus 1s & sermne protease
responsibl for site-specific cleavages m the viral polyprotein. Proc NatlAcadS USA 87
8898-8902 Falgout B Pethel M, Zhang YM, La1 CJ 1991 Both nonstructura] protemns NS2B
and NS3 are required for the proteolyti processing of dengue virus nonstructural protems
J Virol 65 2467 2475 Yamshicmko VF Compans RW 1995 Formation of the flavivirus
envelope rol fthe viral NS2B-NS3 protease. J Virol 69 1995 2003 Yamshichikov VF
Trent, DW Compans RW 1997 Upregulation of signalase processing and induction of prM
E secretion by the fl vivirus NS2B NS3 protease roles f protease components J Virol 71
43644371 Stocks CE Lobigs M 1998 Signel peptidase cleavage at the flavivirus C prM
junction dependence on the viral NS§2B 3 protease for efficient processing requires
determinants 1n C the signal peptide and prM J Virol 72 2141 2149) It also contams

ucleotide triphosphatase/helicase activities (Gorbaleny AE, Koonin EV Donchenko AP
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Blinov VM 1989 Two related superfamil es f putative hel cases involved 1n rephcation,
recombination repair and expression of DNA and RNA genomes NuclA ids Res 17 4713
4730 Wengler and Wengler 1993) being therefore also associated with viral RNA

repl cahon. NS5 the largest and most conserved viral protein, contains several sequence
motfs believed to be common to viral RNA polymerases (Chambers T Hahn CS Galler R,
CM Ruce 19902 Flavivirus genome orgamzanhon, expression and evolubon

Ann.Rev Mcrob | 44 649-688 O Reilly EK, Kao CC 1998 Analymis fRNA-dependent
RNA polymerase structure and function as guded by known polymerase structures and
computer precictions f secondary structure Virol gy 252 287 303) and exiubits RNA
dependent RNA polymerase activity (Steffens S Thiel HJ Behrens SE 1999 The RNA
dependent RNA polymerases f different members of th family Flavivindae exhibit similar
properties 1n vitro J Gen.Virol 80 2583 2590) Fmally 8 umber of c1s and trans acting
clements 1n flavivirus RNA rephcation have been denhfied (Kromykh AA, Sedlak PL
Westaway EG 2000 cis and trans-acting elements i flavivirus RNA rephicaton. J F'rol 74
3253 3263)

The 4 small proteins NS2A, NS2B NS4A and NS4B are poorly conserved 1n their
amino acid sequences but not in thewr pattern  f multiple hydrophobn  stretches NS2A has
been shown to be required for proper processing of NS1 (Falgout B Channock R, Lai CJ
1989 Proper processing of dengue virus nonstructural glycoprotein NS1 requures the N
ternunal hydrophobn signal sequence and the downstream nonstructural protein NS2A
J Virol 63 1852 1860) whereas NS2B has been shown to associate with NS3 to constitute the
active viral protease complex (Chambers T] Nestorowicz A Amberg SM Rice CM 1993
Mutagenes:s of the yellow fever virus nonstructural polyportein  catalitically active NS3
proteinase domain and NS2B are required for cleavages at dibasn sites J V'rol 65 6797
6807 Falgout B Pethel M, Zhang YM, La1 CJ 1991 Both nonstructural proteins NS2B and
NS3 are required fo the proteolyti processing of dengue virus nonstructural proteins J Virol
65 2467 2475 Jen LR Yang CS Trent DW Falgout B Lai CJ 1995 Processing of Japane
encephahh virus non structural proteins NS2B NS3 complex and heterologous proteases J
Gen. Vrol 76 573 580) NS4A has been suggested to mteract with NS1 integrahng t into
the cytoplesmu  process of RNA rephcan  (Lindenbach and Rice, 1999) Since viral RNA
synthes1 takes place inth cytosol in associats with RER membranes t has been postulated
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that these hydrophobic proteins would be embedded 1n membranes and through protein-
protein interactions participate 1n viral rephcation complexes together with NS3 and NS5
(Rice CM 1996 Flavivindae the viruses and their rephication. In BN F elds, DM Kmpe PM
Howley (eds) Fields Virology 3rd ed, Raven Press USA, p 931 960)

Two stramns of yellow fever virus (YF) 1solated 10 1927 gave nse to the vaccnes to
be used for humsn i1mmumzaton. One the Asibi stran, was 1solated from young affican
named Asib1 by passage in Rhesus monkey (Macaca mulatt ) and the other the French
Viscerotrom  Virus (FVV) from patent in Senegal

In 1935 the Asib1 strain was adapted to growth 1n mouse embryomc tissue After 17
passages, the virus, named 17D was further cultivated unti] passage 58 m whole chicken
embryon: tissue and thereafter until passage 114 1n denervated chicken embryom tissue
only Theiler and Smuth (Theiler M and Smuth HH 1937 The effect of prolonged cultivation
1n vitro upon the pathogemcity of yellow fever virus. J Exp Med. 65 767 786) showed that, at
this stage, there was marked reduction m viral viscero and neurotropism when moculated
intracerebrally m monkeys This virus was further subcultured until passages 227 and 229 and
the resulting viruses, without human immune serum, were used to immunize 8 human
volunteers with satisfactory results, as shown by the absence of adverse reactions and
seroconversion to YF 1n 2 weeks (Theiler M, Smuth HH 1937 The use of yellow fever virus
modified by m vitro cultrvation for human immumzaton J Exp M d 65 787-800)

In the late 1930 s and early 1940 mass vaccination was conducted 1n Brazal and
vanous countries 1n Afnica. Fox, JP et al (Fox, FP and Penna, H A. (1943) Behawvior of
17D yellow fever virus 1n Rhesus monkeys Relation to substrain, dose and neural or
extraneural mnoculation. Am. J Hyg 38 52 172) descnibed the preparation f the vaccine from
17D virus substrains These substrains differed 1n their passag history and they overlapped
with regard to tme of their use for inocula and/or vaccine production. The substitution of
each on by the next was according to the expenience gamned duning vaccine production,
quality control and human vaccination 1n which the appearance of symptomatology led to the
discontinuation of given stramn.

As menhoned before, the YF virus Asib: strain was subcultured 1n embryonic mouse
tissue and minced whole chicken embry with or without nervous tssue These passages
yielded the parent 17D stram at passage level 180 17DD at passage 195 and th 17D-204 at
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passag 204 17DD was further bcultured untl passage 241 and underwent 43 addrtional
passages 1n embryonated chicken ggs untl the vaccme batch used for 17DD virus
purificati (passag 284) The 17D-204 was further subcultured to produce Colombia 88
straxn whach, upon passag 1n embryonated chicken eggs gave nse to different vaccine seed
lots currently 1n use in France (I Pasteur et passag 235) and mn the Umted States
{Connanght, at passage 234) Each of these 17D-204 strains was plaque purified mn different
cell lines the virus finally amphified m SW13 cells and used for cDNA cloning and sequence
analyses These 17D 204 are named C-204 (Rice, CM. Lenches, E Eddy SR. Shin, SJ
Sheets R.L and Strauss, J H (1985) “Nucleotide sequence of yellow fever virus
imphcations for flavivirus gene expression and evolution Science 229 726-733) and F 204
(Despres, P Cahour A. Dupuy A Deubel V Bouloy M Digoutte JP Girard, M
(1987) Highgenet stabhity of the coding region for the structural proteins of yell w fever
stram 17D J Gen Virol 68 2245 2247) respectively The 17D-213 strain was denved
from 17D-204 when the prumary seed lot (S1 112-69) from the Federal Republl  f Germany
(FRG 83-66) was used by the World Health Orgamzation (WHO) to produce an avian
leukosis virus-free 17D seed (S1 213/77) at passage 237

The 17D 213 at passage 239 was tested for monkey neurovirulence (R. S
Marchevsky persopal commumcation, see Duarte do Santo etal (Duarte dos Santos
CN P st, PR, Carvalho R, Ferrera II Rice CM and Galler R. 1995 Complete
nucleotide sequence of yellow fever virus vaccine strains 17DD and 17D 213 Virus
Res 35 35-41) and wasth subject of sequence analysis together with 17DD (at
passage 284) and companson to previously published nucleotide sequences of other YF
virus strains (Duarte do Santo etal 1995 Asibi Hahn,CS Dalrympl IM
Strauss, JH and Rice CM (1987) “Companison of the virulent Astb: stramn of yellow
fever virus with the 17D vaccine strain derived from t Proc Natl Acad. Saa USA
84 2029-2033 17D 204 strmn, C-204 Rice CM Lenches EM Eddy SR. Shm,
SJ Sheets,RL and Straus JH (1985) ‘Nucleotide sequence of yellow fever virus
imphications for fl vivirus gene expression and evolution Science 229 726-733 F
204 Despres, P Cahour R. Dupuy A. Deubel, V Boul y M D goutte JP and
Girard, M (1987) High genetic stability fthe coding region for the structural proteins
f yellow fever virus strain 17D J Gen. Virol 68 2245 2247) F gure 1 depicts the
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passage history of the onginal YF Asib: straimn and dentvation of YF 17D vaccine
strains

Atotal f67 ucleonde differences correspondmg to 31 amino acad changes
were ongnally noted between the Asibi and 17D 204 genomu  sequences (see Hahn,
CS etal 1987) The companson between the ucleotide sequences of 17DD and 17D-
213 substrains (see Duarte dos Santo et al, 1995) and the nucleotide sequence of 17D
204 substrain (see Rice et al 1985) showed that not all changes are common and thus
not confirmed as being 17D-specifi Therefore, the 17D substramn specifi changes
observed are very likely not related to attenuation but may reflect differences in
behaviour of these strains 1n monkey neurovirulence tests Therefore 48 nucleotide
sequence changes are likely associated with YF virus attepuation. These are scattered
along the genome 26 are silent mutations and 22 led to amino acid substtutions
The alteratons noted m the E protein are important because t1s the man target for
humoral nentralizing response t 18 the protein where hemagglutinahon and
neutralization eprtopes are located, and 1t mediates cell receptor recogmition and cell
peaetration, therefore targeting the virus to specifi cells Importantly E protemn
accumulate the highest rah  f nopconservative to conservative amino acid changes
Altogether eleven ucleotide substitutions were observed 1n the E protein gene leading
to 8 amuno acid changes at positions 52 170 173 200 299 305 380 and 407
(respectively nucleonides 1127 1482 1491 1572 1870 1887 1965 and 2112 from the
RNA 5 end) Among these four are nonconservative changes and presumsbly would
have larger umpact on protein structure and consequently function.

Alterations at amno acads 52 (G—R) and 200 (K—T) are located at the base f
domain IT 1n the 3 D structure proposed for the E protemn of Flaviviruses (Rey F.A
HenzFX Mandl C Kunz, C and Harnson, S C (1995) “The envelope glycoprotemn
from tick borne encephalrtis virus at 2A resolution Narure 375 291 298) which 15
conserved among F1 viviruses and contains cross-reachve epitopes as shown by Mandl
CW etal Mandl, M W Guirakhoo F Holzmann, H. Hemnz, F X. and Kimz, C
(1989) Antigem structure of the flavivirus envelope E protein at the molecular level
using tick borne encephalih virus as amodel J Virol 63 564-571) This domamn I 1s
nghly crosslinked by disulphide bonds and undergoes low pH transition whach 1s
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related to exposing  strictly conserved and hydrophobic stretch £ amino acids which
are supposed to be mnvolved 1n the fusion of the viral envelope to the endosom
membrane

Alterations at amino acids 170 and 173 m domam I fthe E protein in the 3 D
structure map very close to the position that neutralization ep tope was dentified for
tick borne encepbaliis (TBE) virus (see Mandl C W et al, 1989) A mutation at
postion 171 fTBE virus E protein was shown to affect the threshold f fumon
activahing conformational change £ this protemn and the 2 changes bserved for YF 17D
virus may be related to same phenomenon It 18 concervable that slower rate f fusion
may delay th kinen  fvirus production and thereby lead to mlder mfection of the
host. Further evidence for th 1mportance of this area comes from the work fRyman et

al (Ryman KD Xa H, Ledger N Campbell GA and Barrett ADT 1997 Antigem
vanants of yellow fever virus with altered neurovirulence phenotype in mice  Virology

230 376-380) showng that t encodes an ep tope recogmzed by wid type-specifi
monoclonal anttbody and reversion at this site may have contributed to added
neuwrovirulence m the mouse model f vanant virus recovered from the 17D accine
population.

Alterations at amino ac ds 299 305 380 and 407 are located m the doman Il
(see Rey F A etal 1995) This domamn was suggested to be involved mn viral
sttachment to  cellular receptor and consequently being major determinant both of
host range and cell tropism and of virulence/attenuation. The 4 amumno acid changes
reported for YF are located on the distal face of domawn II1 Thi arcahas Joop wiuch
s tght trn 1n tick borne encephalins varus but contains 4 additional residues in all
mosqurto-borne stramns Becaus viruses repl cate 1n their vectors this loop 18 likely to
be host range determmant. This enlarged loop contains an Argimne-Glycine Asparh
Acid (Arg Gly Asp) sequence m all 3 YF 17D vaccine strains Th1  sequence motif 1s
known to mediate  umber fcell interactions ncluding receptor binding ang 1s absent
not only 1n the paremtal virnlent Asib1 strain but also 1n other 22 strains £ YF wild type
virus (Lepmyec L Dalgamo L Huong VTQ Monath TP D goutte JP and Deubel V
(1994) Geographic distnbution and ev lution of yellow fever viruses based on direct
sequencing fgenomm DNA fragments J Gen Vrol 75 417-423) Such fact
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suggests that the mutation from Threonine (Thr) to Arginine (Arg) creating Arg-Gly
Asp motif, 15 likely to be relevant for the attenuated phenotype of the YF 17D strain.

Consistently Lobigs et al (Lobigs M, Usha R, Nesterowicz A, Marschall ID Werr RC
and Dalgamo L 1990 Host cell selection of Murray Valley encephahtis virus vanants
altered at an RGD sequence 1n the envelope protein and 1n mouse neurovirulence
Virol gy 176 587 595) 1dentified Arg-Gly Asp sequence motf (at amino acid 390)
which led to the loss fvirulence fMurray Valley encephaiths virus for mice At Jeast
for YF however t1s not the only determinant as shown by van der Most et a} (van der
Most RG CorverJ Streuss JH 1999 Mutagenesis of the RGD motif n the yellow fever
virus 17D envelope protein. Verol gy 265 83 95) It was suggested that the sequence 1n
the RGD loop 1s critical for the conformation of E and minor changes 1n this region can
have drastic effects on the stability of the protein. It 1s feasible, however that such
changes 1n structure and/or stabihty can affect the spectrum of cells infected by
mfluencing the overall E protemn structure and although that particular area would not be
drrectly involved 1n the receptor binding Smnce this loop 18 present 1n all mosquito-
boroe flaviviruses and most of them carry  sequence that 18 very similar to the 17D-
RGD motif t15 concervabl that mutations in this region i other flaviviruses will affect
viral fitness

The importance of remdue 305 was imphied from the findings by Jennings et al
(1994) who noted that the 17D virus recovered from human case of postvaccinal
encephahtis had a E—K change at position 303 and was found to have mcreased
neurovirulence for both mice and monkeys

It s noteworthy that the development of infectious cDNA for Japanes
encephalrtis (JE) virus made by Sumiyoshh H et al (Surmyoshi H, Hoke CH and Trent
DW 1992 Infectious Japanese encephaliis virus RNA can be synthesized from mn witro-
hgated cDNA templates J Virol 66 5425 5431) allowed the dentfication of
mutation (Lys for Gl ) at amino acid 136 f'the E protein which resuited mn the loss f
neurovirulence for mice (see Sumiyoshy, H Tignor G.H and Shope R.E (1996)
Charactennzation of highly attenuated Japanese encephalitis virus generated from
molecularly cloned cODNA J Infect. Dis 171 1144-1151) This means that domain I 1s
an mmportant area wiich contains a critical deterrmmant of JE virus virulence 1n contrast
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to most {the data obtaimned from the analyses of virulence for several other i viviruses
for which t 15 suggested that domam III would be the pnmary site for
virulence/attenuation determinants

For dengue type 2 virus Butrapet et al (2000) have suggested that attenuation
determinants h  outside the structural area, namely 5 UTR, NS1 and NS3
Littl  known about the molecular basis of viscerotropism,  the ahty fwnid type
YF virus to rephicate and damage extrancural tissue, specially hepati tissue or the
mutations responsibl for the Joss of thr trait in the 17D virus  Further studies on 17D
neurovirulence in the mouse model have uggested complex genet basis bemng most
hkely multigem 1nvolving the structural and nonstructural proteins as well ag the 3 end
nontranslated region, the latter would presumably restrict rephcation. Nevertheless
such analyses fthe E protein provides framework for understanding several aspects
of flavivirus biol gy and suggests that t should be possibl 1o engineer viruses for the
development fnew hive flavivirus vaccines

Being the major component of the vinon surface, the envelope protemn E pl v
domunsnt role 1n ehiciting neutrahzing antibodies and the induction f a protectt
response This has been conclusively demonstrated by active immumzation of anymals
with defined subviral components and recombinant proteins and by passmive protection
expennments with E protein specifi monocl nal anthbodies Linear epitopes have been
mapped using synthetic peptides and are found 1n areas of the glycoprotem predicted to
be hydropluli  however the mduction f neutrahzing antibodies seems to be strongly
dependent on the native conformation fE A umber fneutralizing sites have been
mferred from studies with monoclonal antibody scape mutants and have been mapped
onto the 3D structure Consistent with the suggested topology of the dimer on the
viron surface most f these sites are located on the externally accessibl upper side of
the subunit. The scattered distnbution of these eutralization escape mutations over the
entire subumit indicates that anhibody binding to any of the structural domains can lead
to virus neutrahzation.

The neutralizahon epitopes recognized by monocl nal antibodses are
conformational 1nce E protein denaturation abolishes binding Moreover monoclonal
entibocies will only react with synthett peptides if they recognize an eprtope wiuch 1s

/1
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present on the denatured E protemn. Since the dimen subunit forms part f as yet
undefined lattice on the virion surface t1s hikely that certain epitopes are composed of
clements from different subunits

The mechamsms fneutralization by these antibodies remains speculative but
relevant to the strategy of epitope 1nserhion described below 1s the hypothess that
domamn II may be involved in fusion fthe viral envelope with the membrane fthe
endosome which occurs under acih pH Fusion requires conformational changes that
affect several neutralization epitopes, primanly within central domamn ] and domamn I
These changes are apparently associated with reorgamzation of the subumit
interactions on the vino surface with tnmer contacts being favored in the low pH
form, 1 contrast to dimer contacts in the native form. Interference with these structural
rearrangements by antibody binding represents one mechamsm that may lead to virus
neutralization (Monath and Heimnz, 1996)

Low titer neutrahzing achivity and  sigmificant degree  f passive protection 1n
mice has been observed by passive immumzatio with monocional antibodies against
prM This due to a certam degree of partial cleavage of prtM to form M by the funn
in the Golgx system and thereby prM remmins associeted wath the virus particl being an
additional target for antibodres

The NSI1 proten, also known as the complement fixing antigen elicits an
antibody response dunng the course of fla virus infection 1n man. It exasts as cell
associated and secreted forms and 1t has been shown that immumzetion of ammals with
punified NS1 or passive immumzation of anmtmals with monoclonal antibodies to tdo
elicit a protective immune response, the basis of whach 1s still controverstal
The pnmary immunological rol of nonstructural protemns, except for NS1 seems to be
targets for cytotoxy T cells The specifieity of T-cell responses to flaviviruses has been
studied 1n human and mouse systems manly with dengue and Japanese encephahtis
serocomplex viruses In the course of dengue infection in man, both CD4+ CD8-- as
well as the opposite CD4—~ CD8+ T lymphocytes response have been detected and
chamactenzed. In bulk cultures of CD4+ lymphocytes as well as with CD4+ cell lones
obtamed from a single individual which had been mfected with dengue, different
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specifi cross-reactivity patterns with several other flaviviruses 1s observed. Similar
bservations hold for CD8 cell from infected humans and mice

Antgem determinants invol ed in cell mediated immunity have not yet been
specifically localized m YF virus protemns as t has been for dengue and encephalitis
virus such as MVE and JE Such cytotoxic T cell determinants are found 1n all 3
structural and 1n the nonstructural protems as well, specially m NS3 Some of these
epitopes have been mapped to their pnmary sequence on the respective protein
L vingsto et al (L vingston PG Kurane I, Lai CJ Bray M, Enms FA 1994
Recogmtion of envelope protein by dengue virus serotype-specifi  human CD4+ CD8—
cytotoxa cell clones JVirol 68 3283 3288) reported the identification £ several
HLA class IT restncted CD4+ CTL lones from human donor capabl fmediating
specifi lysis fvirns-infected cells It has been suggested that CD4+ CTL may be
important mediators of viral learance especially dunng reinfection with the same
serotype f virus

Vaccmaton fhumans with recombinant poxviruses expressing the structural
proteins prM and E of Japanese encephaliis elicited CD4— CD8+ CTLs directed to the
JE virus structural protemns although no specifi epitopes were 1dentified (Komsh E,
Kurape I Mason PW Shope RE, Kapesa Thasan N Smucny JJ Hoke CH, Enms FA
1998 Induction of Japanese-encephal it virus-specifi ytotoxa T lymphocytes in
humans by poxvirus-based JE vaccine candidates Vaccine 16 842 849)

More recently JE virus E protemn epitope recogmzed by JE-specifi murne
CD8+ CTLs has been reported. The epitope was found to correspond to amino ac ds
60-68 of the JE virus protein which are located in domeain II (Takada K, Masala H
Komsh: E, Takahashi M, Kurane I 2000 Defimtion fan epitope on Japanese
encephaltis virus envelope protein recognized by JEV specifi mumne CD8+ cytotox:
T lymphocites Arch. Virol 145 523 534) Ths eprtope 1s located between strands
and b of domain II mncluding two amino acid resadues from each and the remaimng of
the epitope encompassing the intervening short loop This area 1s exposed n the
surface of the dumer

Functional T helper cell epitopes 1n the flavivirus E protein were dentified b

measuring B-cell response after immunization with synthetn  peptides (Roehng JT
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J hnson AJ Hunt AR 1994 T helper cell epitopes on the E glycoprotein fdengue 2
Jamaica virus ¥Virology 198 31 38)

The capability to mampulate the genome f flaviviruses through mfectious clone
technology has opened new possibilines for vaccine development. This 15 50 becamse
virus can be recovered from complementary DNA by i witro transcription and
transfection of cultured cell with RNA, and these cDNAs corresponding to the
complete viral genome allow mntroducing genetic modifications at any particular site f
the viral genome The pioneer study of Racamell and Balumore (Racamello VR and
Baltumore D 1981 Cl ned poliovirus complementary DNA 15 infectious 1n mammahan
cells Sci nce 214 916-919) first showed the feambility to regenerate virus from cloned
¢DNA Inth patent US 4 715 177 Racamello and Balumore described, 1n detmls the
production of RNA viral DNA by reverse transcnibing viral RNA and mserting the
resulting cDNA mojecule into recombinant DNA vector The process was particularly
concerned to the production f pohiovirus double-stranded complementary DNA (ds
¢DNA) They found out that the transfected full length pohovirus cDNA was tself
mfectious

In addition, with the development of in  uro transcniption systems (see Melton
DA, Krieg PA, Rabaghatt MR, Maniatis T Zinn K end Green MR 1984 Efficient m
vitro synthesis of biol gically achive RNA and RNA hybnidization probes from
plasmids containing a bacteriophage SP6 promoter Nucl Acids Res 12 7035 7056)
much higher efficiency 1o synthesis of full length viral RNA, as compared to cDNA
transcription 1n the cell, became possible Furthermore, the development of improved
transfection methodologies such as cahom: hposomes and electroporation mcreased the
efficiency of RNA transfection f cultured cells

The construchon and cloning of stable full length dengue cDNA copy 1n
strain of Escherichia col using the pBR322 plasrmd vector was descrnibed by Lay, C.J
etal (LaiCJ Zheo B Hon H and Bray M 1991 Infectious RNA transcribed from
stably cloned full length cDNA f dengue type 4 virus Proc Natl Acad Sci USA 88
5139-5143) They venfied that RNA molecules produced by  viro transcniption of the
full length cloned DNA template were infectious, and progeny virus recovered from
transfected cell was mdistmgnshable from the parental virus from which the eDNA




10

15

20

25

30

13

clone was denved. B t, as mentioned :nth Patent Appl catton WO 93/06214 such an
infectious DNA construct and RNA transcnipts generated therefrom were pathogem
and that the attenuated dengue viruses generated thus far were genetically unstabl and
had the potential to revert back to  pathogems form overtime To solve this problem,
the Applicant proposed to construct cDNA sequences encoding the RNA transcnipts to
direct the production fchimeric dengue viruses mcorporating mutations to
recombmant DNA fragments generated therefrom A preferred embodiment mtroduces
deletions 1n the 3 end noncoding region (Men R, Bray M, Clark D Chanock RM, La
CJ 1996 Dengue type 4 virus mutants contaiming deletions 1n the 3 noncoding region £
the RNA genome analysis of growth restniction 1n cell culture and altered virerm
pattern and immunogenicity m rhesus monkeys J Virol 70 3930-3937 Lai CJ Bray
M Men R, Cahour A, Chen W Kawano H, Tadano M, Hiramatsu K, Tokimatsu I
Pletnev A, Araka1 S Shameen G Rinaudo M 1998 Evaluzhon of molecular strategies
to develop live dengue vaccine C!n Duagn.Virol 10 173 179 Whitehead SS Men
RH La1 CJ Murphy BR, Reynolds MJ Perreault ] Karron RA, Durbmm AP 2000 A
1 ve attenuated dengue virus type 4 vaccine candidate with  30- ucleotide deletion
the 3 end UTR s attenuated and :mmunogemc in humans 19th Annual Meeting,
Amernican Society f Virology pp 125)

The construction £ full length YF 17D cDNA template that can be transcnibed
n vitro to y1eld infectious YF virus RNA was first described by Rice et al (Rice CM,
Grakowm A, Galler R and Chambers T 1989 Transcnption of mfectious yellow fever
RNA from full length cDNA templates produced by i1 witro higation. The N w B ologist
1 285 296) Becaus of the instabil ty f full length YF cDNA clones and their toxa
effects on Escher hia [ they developed strategy mn which full length templates for
transcriphion were constructed by  wifro higation of appropnate restnction fragments
Moreover they found that the YF virus reco ered from DNA was indistinguishabl
from the parental virus by several cntenia. The YF mfech us cDNA  denved from the
17D-204 substraimn Notwithstanding the YF virus generated from thh  YF mnfecti us
cDNA s rather attenuated, t cannot be used for human accination because of its
residual neurovirulence, as determuned by Marchevsky R.S et al (Marchevsky RS
Manano J Femrerra VS Almeida E, Cerqueira MJ Carvalho R, P surn JW Tra asso

FA
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da Rosa APA, Sim8es MC Santos CND Ferrewra II, Muylaert IR, Mann GF Rice CM
and Galler R 1995 Phenotypic analysis f yellow fever virus denved from
complementary DNA. Am. J Trop M d Hyg 52,75 80) Although these results
showed the virus was not 1deally attenuated for YF 17D vaccne t was the first
demonstration for flavivirus that 1t was possibl to develop from a few micrograms of
DNA template whol seed lot under Good Manufacturing Practices (GMP) using
current methodol gy for the producton f YF vaccine

Galler and Frewre (US patent epplicahon 09/058411) have approached the
recovery of fully sttenuated virus from YF cDNA by engineenng a number of mutations
into the ongnal 17D-204 cDNA (Rice et al, 1989) based onth sequence fthe 17DD
substrain (Duarte dos Santo et al, 1995) This substram has been used 1n Braz! for YF
vaccine production since the late 1930 wath excellent records of efficacy and safety
Here, virus was recovered from the genetically modified cDNA template through the
transfection of certified CEF cells under GMP (US patent application 09/423517)
Altogether 3 transfection lots were denved which gave nse to two pnimary and three
secondary seed lots by further passaging in CEF cells with all the relevant quality
controls for human vaccine production using this cell system. Average titer of
formulated virus was 6 71og10PFU/ml Analysis of viral genetic stabihity was carned
out by senal passaging in CEF cultures and studying several parameters such as plaque
s1ze, mouse neurovirulence and ucleotide sequence determmnation with satisfactory
results

Further micieotide sequencing results on the chimenc 17D204/DD virus was
btamned after viral reisolation from viremic monkey sers. There were no genomic
changes (Galler R, Freire MS and JaborAV unpublished) But YF 17D wvirus exists
today as two main substrains used for vacane production world wide, namely 17D-204
and 17DD and differences 1n their sequences have been noted (Galler R, Post PR,
Duarte dos Santos CN and Ferrezra II 1998 Genett  vanability among yellow fever
virus 17D substrains Vac ne 16 1024-1028)

espite the overall genets stability of YF 17D virus  major concern 15 the
genetic stability of the foreign epitope since the virus does not need t and in fact ts
rephication has been somewhat restnicted. Although viral genetic vanability 1s
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mummuzed by the use fseed lot system to produce production sized seeds at least 4
passages are necessary starting out from DNA (US 6 171 854)

The first aspect that has to be cons dered when using  given flavivirus cDNA
backbone fo the expression f heterologous proteins is whether one can indeed recover
virus with the same phenotypr markers as ngmally present in the virus population that
gave nise to the cDNA hibrary That s extrem ly applicabl to YF 17D virus given the
well known safety and efficacy of YF 17D accine

In fact different techmeal approaches to constructing recombinant viruses based
on flavivirus m particular YF 17D virus, are possibl and will vary according to the
region fthe genom selected for nsertion and to the antigen to be expressed. One
major approach has been the creation of chumen viruses through th exchange f
prM/M/E genes as first established for DEN-4 virus chymeras (La1 et al, 1998 US
5 494 671) The prM/M/E genes of dengue virus serotypes 1 2 and 3 were mserted into
the dengue 4 mfectious clone resulting 1n chimers  virus with reduced varulence for
mice and monkeys (La et al, 1998) This all ws the removal of the major immunogens
of the vector thereby reducing the ciiticism on previous immunity

The same type of construchion was made for tick borne encephalit  (TBE) and
Langat viruges (Pletnev AG Bray M, Huggins J La1 C) 1992 Construction and
charactenzati  f chimen tick borne encephalitis/dengue type 4 viruses Proc Natl
Acad Sc USA 89 10532 10536 Pletnev AG MenR. 1998 Attenuation f Langat
virus tick borne flavivirus by chimenzation with mosgurto-borne flavivirus dengue type
4 Proc Natl Acad Sci USA 95 1746-1751) resulting in 1rus attenuated for mice

Chambers et al (Chambers TJ Nestorowicz A, Mason PW Rice CM 1999
Yellow fever/Japanese encefalihis chimen1 viruses construction and biological
properties J Virol 73 3095 3101) have descnbed the first chimen virus developed
with the YF 17D cDNA from Rice et al (1989) by the-exchang of the prM/M/E genes
with cDNA denved from JE SA14-14 2 and Nakayama strains of JE virus  The former
corresponds to the ive attenuated vaccine stram 1n use nowadays in China.

Guurakhoo et al (Gurakhoo F Zhang ZX, Chambers TJ Delagrave S Arroyo J
Barrett ADT Monath TP 1999 Immunogenmicitv geneti stability and protective
efficacy f recombmnant, chimenicy llow fever J panese encephahti virus

h
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(Chimenvax JE) as lLive attenuated vaceine candidate against fever Japanese
encephalitis ¥irology 257 363 372) Monath et al (Monath TP Soike K, Levenbook I,
Zhang ZX, Arroyo J Delagrave S Myers G Barrett ADT Shope RE, Ratiterree M,
Chambers TJ Gurakhoo F 1999 Recombinant, chumen live, attenuated vaccine
(Chimenivax) incorporating the envelope genes of Japanese encephalitis (SA14-14-2)
virus and the capsid and nonstructural genes of yell w fever (17D) virus 1s safe,
immunogens and protective 1n nonhuman primates Vaccime 17 1869-1882) and
'WO98/37911 have brought 1t closer to vaccine development. Here chimen wvirus was
recovered after transfection of certified FRhL cell with 5 additional passages of the
virus to produce seed lots and experimental vaccine lot (5th passag ) all under GMP m
certified cell  Virus yields m this cell system were not provaded.

Chimenc virus retained nucieotnde/amino acid sequences present in the onginal
SA14-14-2 strmn. This vaccmne stran differs, in prM/M/E region, from the parental
virus 1 6 posttions (E-107 E138 E176 E279 E315 E439) Mutations are stabl
across muittpl passages 1n cell culture (Vero) and mouse bramn but not 1n FRhL cells
Despite previous data on the genetic stabil ty f such virus, one of the 4 changes 1n the
E protem related to viral attenuation had reverted durning the passaging to produce the
secondary seed.

In dose-response study neutrahzing antibodies specifi for prM/M/E were
eherted mn all groups f monkeys with different doses even with as Iittle as 100 PFUs
and conferred full protection agamnst IC chalienge with wild type JE However the
lower the chimen virus dose the more residual hustopathological changes were noted 1n
the SNC after IC challenge with wild type JE virus

The first cumen 17D/dengue virus developed (Guirakhoo F Weltan R,
Chambers T] Zhang ZX, Soike K, Rattterree M, Arroyo J Georgakopoul s K, Catalan
J Monath TP 2000 Recombinant chumenc yellow fever-dengue type 2 virus s
immunogem and protective in nonhuman primates. J Virol 74 5477 5485) mvolved
prtM/M/E gene replacement (fusion at the signalase cleavage site) with den2 cDNA.
All virus regeneration and passaging was done 1n Vero PM cells (a cell bank from
Pasteur Meneux) allegedly certified for hive vaccine virus produchon. Recombinant
virus retained the onginal den2 prM/M/E sequences even after 18 senal passages in
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Vero cells but some vanaton was noted in YF gene  Phenotypr analysi  fchimen
17D/den2 virus showed t does not kill mice even at lngh doses (6 01 gl0 PFU) n
contrast to YF 17D winch kalls nearly 100% at 3 0 logl0PFU Antibody response and
full protection was elicited by the 17D-DEN2 chimera 1n both YF immune and
flavivirus-nmive m nkey In dose response study even at the lowestdos (20
loglOPFU) chimen1 virus rephicated sufficiently to mduce protective neutralizing
antibody response as no virerma was detected 1n these ammals after challeng with a
wild type dengue 2 virus

Although YF 17D virut  known to be more geneticaily stabl than other
vaccine viruses such as pohovirus, given the extremely low number freports on
adverse events following accination, few mutations have been detected occasionslly
when virus denved from humans were sequenced (Xa H Cass AR, Barrett ADT 1998
Yellow fever 17D vaccine virus isolated from healthy vaccinees accumulates few
mutattons Virus Research 55 93 99) Guirakhoo etalha reported few changesm
the YFmoety fchimen 17D/dengue 2 virus which had been passaged p to 18 tumes
m cell ulture

Galler et al (in preparahon) have also developed similar chimenn  17D-DEN 2
virus However the 17D backbone was genetically modified (US 6 171 854) These
viruses were charactenized at the genomu level by RT/PCR with YF/Den specifi
pnmers and nucleotide sequencing over fusion areas and the wh 1 DEN2 mo eties

The polyprotein expression/processing was momtored by SDS PAGE analysis of
radiolabeled viral proteins immunoprecip tated with specifi antisera, mclnding
monoclonal antibodies Recogmtion fYF and DEN 2 proteins by hipenmmune
antisera, and monoclonal antibodies was also accomplished by viral neutralization 1n
plaque formstion reduction tests and indirect immunofluorescence on infected cells
The growth frecombmant viruses was examined 1n several cell substrates such as
Vero LLC-MK2 C6/36 MRCS and CEF Only YF virus grew mn all f them to lugh
titers but the lumen wviruse fmled to rephcate in the accine-production certified cells
(CEF and MRC5) sumilarly to DEN 2 virus Analys:  f viral virulence was performed
by intracerebral moculation of mice (10° PFU) and the chimen viruses turned out to be
more attenuated 1n this system than the YF 17D virus ' W'th regard to the
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immunogenicity studies in the mouse model mdicate the chimen wirus does induce
protective response against en otherwise lethal dose of mouse neurovirulent DEN 2
New Guinea C virus

One alternative to develop YFV 17D as a vector for heterologous antigens 1s the
expression of particular epitopes 1n certain regions of the genome The feasibility f
this approach was first demonstrated for poli virus (reviewed 1n Rose CSP Evans D]
1990 P hovirus antigen chimeras Trends B te hnol 9 415-421) The soluhion of the
three-dimensional structure of pohiovirus allowed the mapping of type-specifi
neutralization epitopes on defined surface regions £ the viral particle (Hogl JM Chow
M & Filman DJ (1985) Three-dimensional structure of poliovirus at 2 9 resolution.

S nce229 1358 1365) Omne fthe surface loops fthe VP1 protein was used for the
msertion of type 3 epitope which was recogmzed by primate antisera to poliovirus type
3 showing that the chumera was not only viable but also that the mserted epitope was
presented with the sam conformation as 1n the surface of the type 3 virus (Murray MG
Kuhn RJ Anta M Kawamura N Nomoto A & Wimmer E (1988) Pohovirus type
1/type 3 antigemc hybnd virus constructed 1n vitro elicits type 1 and type 3 neutrahzing
aptibodies 1n rabbits and monkeys Proc. Natl.Acad.Sc USA 85 3203 3207) However
to argue strongly against t sthe bservation that the sam  site was used for the
insertion of different epitopes f hepatitis A virus but the mmunogemeity fthe
mserted peptides was very poor ( Lemon SM, Barclay W Ferguson M, Murphy P Jing
L Burke K, Wood D Katrak K, Sangar D Minor PD & Almond JW (1992)
Immunogemcity and antigemecity of chimernic p cornaviruses which express hepatris A
virus (HAV) peptide sequences evidence for eutrahzation domain near the amino
terminus of VP1 of HAV Virology 188 285 295)

Influenza viruses are also well studied from the structural view and 3D
structures are availabl for both hemagglutin and neurammdase viral protemns L) et al
(L1S P lom V Isobe H, Zaghovam H, Gunea R, Moran T Bona C Palese P 1993
Clhumenc influenza virus induces neutralizang anhbodses and cytotoxi T cells aganst
human immunodeficiency virus type 1 J Virol 67 6659-6666) have described insertion
fHIV epitope into  loop of anhigem site B f influenza virus and the generation f

specii B and T cell responses to the epitope
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London et al (London SD Schmaly bn AL Dalrympl JM & Rice CM (1992)
Infecthious enveloped RNA virus antigem: chimeras Proc Natl Acad.S USA 89 207
211) devel ped clumeni Sindbis virus expressing singl well-defined neutralining
epitope of Ruft Valley fever virus imserted by random mutagenesis Insertion sites,
permussive for recovery of viruses with growth properties simlar to the parental virus
were found 1n one of the vinon glycoprotems For these chimeras the epitope was
expressed at the vin  surface and shmulsted partially protective tmmune response to
RFV mfection of mice

De Vnes et al (de Vnes AAF Glaser AL, Raasman MJB de Hasn CAM
Sarnataro GJG Rotber PIM 2000 Genet mampuishon fequine artenitis virus using
full length cDNA clones separation of overlapping genes and expression fa foreign
epitope Virol gy 270 84-97) have engineered equine arteniti virus also  positive-
stranded RNA virus with genom similar in size to YF 17D but wath different
replication strategy Inseri  fa nonapeptide eprtope recogmzed by an MHV specifi
monoclonal antibody with functional O-glycosylation site resulted 1n recombinant
virus expressing both properties of th epitope However growth fthe virus was
clearly reduced as compared to the parental virus although 3 senal passages did not
result in the 1 gs of the msert

Bendshmane et al (Bendahmane M, Koo M, Karrer E, Beachy RN 1999 Dusplay
of ep topes on the suface f tobacco mosaic virus 1mpact of charg and 1soelectnn pomnt
of the epitope on virus-host interactions J M I Biol 290 9 20) have described the
creation of chumen tobacco mosa; virus expressing defined epitopes of rabies and
murnnoe hepatii virus Th foreign epitopes were expressed on the carboxi terminus
the viral coat protein, the stucture and biophysical properties of which 1s well
established Although both insertions gave nse to viabl wiruses the generstion of
lesions 1n plants infected by either virus differed. It was observed that the 130electn
pomnt (pl) fthe epitope affected the overall hybnd coat protemn pl/charge and that was
important for successful epitope display It was also noted the lack of tolerance to
positively charged epitopes  the surface fTMV

A number f other studies employmg virus-like particles to express defined
foreign proten ep topesha  been described as they seem to be abl to potentate the
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mmmunogemcity of foreign epitopes presented on their surface Heal et al (Heal KG
Hill HR, Stockley PG Hollingdal MR, Taylor Robmson AW 2000 Expression and
immunogenicity of lLiver stage malana eprtope presented as  foreign peptide on the
surface of RNA free MS2 bacteniophage capsids Vaccine 18, 251 258) have used the
coat protemn of bactenophage MS2 to express foregim epitopes based on B hairpin loop
at the N ternmnus of th1 protein which forms the most radially distinct feature of the
mature capsid. A chimenn capsid expressing Plasmodium liver-stage antigen epitope
(LSA 1) shmulated 1n mice polanzed Th 1 response simular to the human response to
tius antigen 1n pature

Of interest  also the study by Sediik et at (Sedhik C Sarraseca J Rueda P
Leclerc C Casal JI 1995 Immunogemecity of poliovirus B and T cell epitopes presented
by hybnd porcine parvovirus particles J Gen. Virol 76 2361 2368) They have
mserted pohovirus T and B cell eprtopes 1nto the single-stranded DNA genome of
canme parvovirus Insertions were made at the N terrminus of the viral VP2 on the
particl structure. There wes no antibody response to the epitope whereas T cell
response could be observed in itro for the expressed T cell epitope That suggested the
N terminus 18 not an adequate site for the expression of humoral epitopes Rueda et al
(Rueda P Hurtado A, Barn M, Tormrecuadrada JLM, Kamstup S Leclerc C, Casal JI
1999 Minor displacements i the mserhon site provoke major differences m the
induction of antibody responses by chimen parvovirus-hike particles. ¥Virology 263 89-
99) have extended these stucies with canine parvovirus and inserted a poliovirus
humoral epitope 1nto the 4 loop of the viral VP2 carboxi terminus on the particl
structure. Only loop 2 allowed the generathion of antibodies to the epitope but not
pohiovirus neutrahizing antibodies That was accomplished by inserting the epitope at
adjacent amino acids suggesting that minor displacements at the insertion site cause
dramati changes in the accesaibility of the epitope and the induction f antibody
responses

Chimmen hepatitis B virus core part1 les carrying hantavirus eprtopes have been
described by Ulnch et al (Ulneh R, Koletzka D Lachman S Lundkvist A, Zankl A,
Kazaks A, Kurth A, Gelderblom HR, Bonsova G Meisel H, Krueger DH 1999 New
chimaen hepatitis B virus core partciles carrying hantavirus (serotype Puumala)
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epitopes 1mmunogenicity and protection agamnst virus challenge J B ot chnol 73 141
153) Insertion of as much as 45 and 114 amino acids of hantavirus capsid protein

resulted 1n protection of natural hosts to the virus

The formation of chumeric virus hike parteiles with hamster polyoma virus major
caps ed protemn has been describe by Gedwilaite et al (Gedwilaite A, Froemmel C
Sasnaukes K, Micheel B Oezel M Behrsing O Stamilins J Jandng B Schemeck S
Ulnch R 2000 Formation fimmunogem virus-like part les by mnserting epitopes
mto surfac-exposed regions of hamster polyomavirus major capsid protem. Virology
273 21 35) They have predicted from the 3D-structure 3 areas that would be surface
exposed and expression f 5-amino acid hepattis B virus capsid epitope resulted in
the recogmtion by monoclonal entibody to the epitope

For Flaviviruses neutralizing epitopes to other viral agents could be mserted 1n
regions of the viral envelope where onie detects genetr  vanability by nucleotide
sequencing Such an approach was first tested after changing 2 amuno acids 1n the
envelope protemn gene fthe YF wmfechous cDNA by the corresponding amino acid
sequence Murray Valley encephaliis virus (MVE) which was previously
charactenzed by monoclonal anhbody as neutralizing MVE epitope The chimera,
however was not viabl suggesting that particular area f the E protemn (amino acids
192 193 from the amino terminal)  cntical for YF virus viablity (R Wear and C Rice
pers commun.)

In short, to obtain a Flavivirus based vaccine virus expressing foreign entigens
for the development of new live accines using recombinant DNA techmques tis
necessary cumulatively

(1) to design strategies that allow the introductio  f foreign antigens

without compromising the structure and function fthe virus

(2) to assure that the mfectious cDNA construct and RNA transcnpts

generated therefrom give rise to virus which  not pathogem does not
have the potepnal to revert to  pathogenic form, and that the foreign
antigen sequence 15 genetically stab] once integrated into the viral

-1:_- 0
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(3) the Flavivirus generated from cloned ¢cDNA, 1n addition to being
attenuated should retain ts immunological properties and present the
expressed foreign antigen such that t eheits the appropnate immune
response

SUMMARY OF THE INVENTION

It 15 an object {'the present mnvention to provide a safe and effective Flavivirus
vaccine virus  btamned from cloned cDNA having phenotypr  charactenstics such as
attenustion and immunogenicity and whuch should also stably express and elicit an
immune response to foreign anhgens

In one embodiment, the present invention relates to  method for the production
f Flaviviros as  vector for heterologous antigens compnsing the introduction and
expreasion of foreign gen sequences into an msertion site at the level of the envelope
protein of any Flavivirus, wherein the sites are structurally apart from areas known to
interfere with the overall flavivirus E protemn structure and comprising
sites that lie on the externzl surface f the virus providing accessibihity to antibody
not disrupt or sigmificantly destahize the three-dimensional structure f the E protein
and not interfere with the formahon of the E protein network within the viral envelope

In another embodiment the present invention 1s related to  strategy that aliows
introducing foreign gene sequences mnto the fg loop of the envelope protemn of YF 17D
virus and other fl viviruses

Another embodiment of the present mvention relates to a new version of YF
mfechous cDNA template that 18 17DD like and which resulted of mnsertion of malarial
gene sequences

In another embodiment f the present mvention, there 1s provided new YF
plasmids which have the complete sequence of the YF mnfectious cDNA and malanal
gene sequences

Another embodiment of the present invention are Flavivirus as  vector for
heterol gous antigens wherein the Flavivirus 1s  btainabl according to the method
herein descnbed.
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In another embodiments there  provided recombinant YF viruses which are
regenerated from YF mfections cDNA and express different malanal eprtopes

BRIEF DESCRIPTION OF THE DRAWINGS

FIGURE 1 1llustrates the passage history of the onginal YF Asib1 strain and
denivan  fYF 17D accme strains

FIGURE 2 shows the sequence ahgnment fthe soluble portions f the Envelope
proteins from tick borne encephalitis virus (tbe) yellow fever virus (yf) japanese
encephalitis virus (j ) and Dengue virus type 2 (den?)

FIGURE3 shows schemati representatt  fthe CS protein of Plasmodium
sp

FIGURE 4 displays the structure f the plasmud pYF17D/14

FIGURE 5§ shows the structure f the plasmd pYFE200

FIGURE 6 shows the sequence alignment between tbe and yf, but with the
mtroduction of an msertion sequence (hughlighted mn bold and underhined) between
residues 199 and 200 f yf, located 1n the loop between P strands fand g  As 1n figure
2 the ahignment shown 13 that used for model butlding of the modified yf E protein and
deliberate misalignments are shown shaded. Elements f secondery structure are shown
as honzonta] bars between the two sequences

FIGURE 7 sets forth two views of the modelled yf E protemn mcluding the
SYVPSAEQI mnsertion sequence within the fg loop The domains are coloured
mdividually domain I (red) doman II (yellow) and domain III (blue) In the upper
panel the E protein dimer 18 seen perpendicular to the viral membrane and 1n the lower
panel 15 viewed withun the membrane plane perpendicular to the long axas of th  dimer
The msertion site (in cyan) lies ¢l se to the proxamal interface between the two
constituent monomers f the dimer and can be seen to be partially buried.

FIGURE 8 sets forth the superposition of ten model fthe YF E protein
including the mnsertio  sequence GG(NANP);GG within the fg loop 1 each model the
msertion sequence 15 shown in  different color whil the remainder £ the structure 1s
shown 1n green. Th great di ersity in conformations for the loop whil essentally



10

15

20

30

24

preserving the rest  f the structure, mndicates that the large volume fspace avalabl to
the inserhon peptide

FIGURE 9 shows the molecular surface of the YF E protein dimer for one fthe
ten models of Figure 8 In the upper panel, the blue and red dots mdicated on each
monomer represent the entrince and exit to the inserhon peptide  In the middle panel
the two-residue N (blue) and C- termmal (red) glycine spacers are shown, indicating
their rol 1n hihing the (NANP); sequence above the molecular surface In the lower
panel the (NANP), insertion 15 shown 1n green.

FIGURE 10 sets forth an indirect immunofluorescence assay using monoclonal
antibody directed to (NANP); repeat.

FIGURE 11 displays SDS PAGE gel fthe 17D/8 virus obtmned by
mmunoprecipitation f metaboh labeled viral proteins

FIGURE 12 illustrates the comparative plaque s1ze analysis among YF 17D/8
virus, YF17D/14 and YF17D/G1/2-denived virus

FIGURE 13 shows viral growth curves in CEF (15a) and VERO cells (15b)

FIGURE 14 sets forth the size of virus plaques formed on Vero cell monoleyers
after serial propagation of the viruses in Vero and CEF cell cultures

FIGURE 15 shows the comparative growth curves of the different recombinant
viruses 1n Vero cells

FIGURE 16 shows the plaque siz= analyms fthe different recombinant YF
viruses

DETAILED DESCRIPTION OF THE INVENTION

For many diseases the ideal vaccine 1s  Live attenuated dentvative fthe
pathogen, which mduces strong long lasting protective immmune responses to a vanety
of antigens on the pathogen without causing 1liness Development of such vaccine 18
ften precluded by difficulties m propagating the pathogen, 1n attenmating t without
loosing immumogenicity and ensuning the stability of the attenuated phenotype. One
alternstive 15 the use { known attenuated microorganisms for the express1  of any
antigen faimterest.
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The ablity to genetically engineer ammal viruses has changed the understanding
f how these viruses rephcate and aliowed the construction f vectors to darect the
expreasion of heterol g us proteins mn different systems DNA wiruses such as SV40
Vaccima, adenoviruses and herpes have been used as vectors for number of proteins
More recently RNA viruses, both posttive and negative stranded, (Palese P 1998 RNA
virus vectors where are we and where do we need to go? Proc Natl Acad Sc USA
95 12750-2) have also become amenabl to genetic mampulation and are preferred
vectors as they lack DNA phase ruling ut integration of foreign sequences mto
chromosomal DNA and do not appear to downmodulate the mmmune response as large
DNA viruses do ( g vaccim1 and herpes)

Flaviviruses have several characteristt  which are desirabl for vaccines m
general and that has attracted the mterest of several laboratories in developing t further
to be used as  vector for heterologous antigens Particularly for YF17D virus these
charactenstics include well-defined and efficient production methodol gy strict quality
control mncluding monkey neurovirulence testing, long lastng :mmmunity cheapness
singl dosis estimated use 1s over 200 milhon doses with excellent records of safety
(only 21 cases fpost accinal encephairis after seed lot system implementation 1n
1945 with an mmcidence 1n very young mnfants (9 months) f0 5-4/1000 and >9 months
at 1/8 mullion)

The fact that th 3 D structure for the flavivirus E prote:n~~ vailabl (Rey et al
1995) would support the approach first used for poliovirus by examinung the 3D
structure and selecting sites for insertion which are less likely to imterfere with the
overall E protemn structure The major concern-about inserting epitopes mto flaviviruses
E protein, m particular mnto the YF 17D E protemn, relates to the fact that this protein 1s
the mam target for humoral neutralizing response, t 1s the protein where
hemagglutination and neutralization epitopes are, and t 1s the protein that medates cell
receptor recogrton and cell penetration, therefore targeting the virus to specifi cells
By mserting new epitope somewhere 1n the E protem of given flavivirus one or more
of these properties could be changed unles the analy 1s fthe 3D structure all ws the
dentification of potential mnsertion site  structurally apart from areas known to mediate
one o more of these processe
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Regarding the T ck borne encephalitis virus E protem, two distinet crystal forms

of ts soluble fragment were obtamned by Rey etal (Reyetal 1995) Inboth, the E
protein shows  sumilar dimernic arrangement 1n whach two monomers are related by
molecular twofold axas which 1s crystalliographic m on crystal form and non
crystallograph 1n the other The repeated appearance of the same dimer m both cases
suggests that this 1s not an artifact of crystallization but represents the true 1 gomen
arrangement {the E protein as inserted mto the viral envelope at neutral pH. The
dimer presents an elongated fiattened structure with overall dimensions of
approximately 150 55 30 A. Its shortest dimension Lies perpendicuisr to the viral
membrane and the whol structure presents mld curvahure yielding an external
surface which 1s somewhat greater than the corresponding mtemal surface This
curvature may g1d in the closure fthe sphencal viral particle
Each monomer 1s composed of three domains domam I (the central domain) domain II
(the dimenzation domaimn) and domaimn ITT (the immunoglobulm-hke recepto binding
domain) all of which are dominated by B-sheet secondary structure Domam I s
discontinuous being composed of three separate segments of the polypeptide cham, and
1s dominated by an up-and-down eight-stranded B barrel of complex topology Domain
II 1s responmb] for the pnncipal :nterface between the two monomers proximal to the
two-fold axas and 18 formed by the two segments of the polypeptide chan whach divide
domair I It s am elongared domain, heavily erosslhinked by disulphide bndges and
composed pnncipally of two structural components 1) five-stranded ant: parallel B
sheet onto one side of which pack the only two a hehces of the structure and 2) a p
sandwich made pof three-stranded p sheet packed against P hawrpan. This
sandwich sub-doman includes the fusion peptide behieved to be important for the
fusogemc activity of the virus It nestles into  cavity formed by the interdomamn
contacts between dommns I and Il f the opposite monomer and therefore forms part of

second interface region between the two monomers which hes more distal to the
twofold axa to that mentioned above Domein I1I 18 continuous and presents
somewhat modified C type immunogl buhn (Ig) fold. Using the conventional
nomenclature for such folds (Bork P Holm L Sander C 1994 The :immunoglobulin
fold, J Mol Biol 242 309-320) the C F and G strands of this domain face outwards



10

15

20

25

30

27

from the monomer and represent a region cnitical in the deternmination of bost range and
cell tropism and 1s probably therefore fundamental for cell attachment. The opposite
face of the Ig like domain forms the mnterface with domam I, and together with regions
from the f-sandwich sub-domain of the opposite monomer s mmportant in forming the
dimer interface distal to the twofold axis This mterface 1s further protected by the
carbohydrate moiety present on domain I

The pB-strands from domain I are named Ag to 1o, those from domain IT named
to 1 and those from domain Il named A to G 1 all cases labeled consecutively from the
N terminus (indomain Il  distorts  f the typical C type Ig fold leads to the creation
f additional strands A,, C; and D,) W'th the exception f the two short a hel ces of
domam II all connections between the P strands f given domain as well as the
hinkers which lead from one domain to another are exther p turns or loops which vary
greatly m lepgth. In general terms all such loops are either buned within the structure
(maccessibl to solvent) or exposed 0 one or more of th 1mernal external and lateral
surfaces of the dimer

On exposure to low pH the network of E protein dimers on the viral surface
must rearrange 1nto tnmers This must envolve larg alterations to the monomer
monomer contacts and possibly also to the relative domain onentations within & given
subumnit, 1f not to mnternal reorgamizati f the tertiary structure of the domains
themselves In participating 1n both proxamal and distal contacts, doman I 1s hikely to
suffer the greatest changes, consistent with the fact that the binding of monoclonal
antibodies to this domain 1s strongly affected by the dimer to tnmer transihon (Heinz
FX, Stiasny K, Puschneraner G H Izmann H, Allison SL Mandl CW Kunz C 1994
Structural-Changes And Functional Control Of The T ¢k Bome Encephalitis-Virus
Glycoprotein E By The Heterodimen Association W th Protem prM ¥ rol gy 198
109 117)

For the design of inserhons fepitop peptides imnto the E protemn of a given
Fl1 vivirus and the subsequent evaluation of thewr iahity the in entors f the present
mventt developed the following strategy Initally t was necessary to produce
three-dimensional model for the E protein f a selected Fl vivirus  The sequence fthe
yell w fever 17DD strain was used fo this purpose and ts alignment with that ftick

2%
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(Barton GJ Stemnberg MIE, 1987 A Strategy For The Rapid Multupl Ahgnment Of
Protein Sequences Confidence Levels From Terhary Structure Compansons J M [
By 1198 327 337) and subsequently with reference to the 3D structure of the latter
such that all msertions and deletions were restricted to stereochermcally reasonable
positions A final alignment, inchxing sequences from japanese encephalitis (strain
JaOArS982) and Dengue type 2 (stramn PR 159) 18 shown in Figure 2 and s
significantly different 1n several unportant respects from that given by Rey etal 1995
The most important differences whuch are relevant to the subsequent insertion design
are now descnibed

An msertion of two residues (122 and 123 mtbe) ntroduced 1n tbe leading to

complete readjustment of the alignment up to the region of the glycosylation site
between p-strands E; and Fy  On companng the tbe and yellow fever (yf) sequences
within the region 120 to 150 (the sequence numbering) the alteration leads to an
mcrease 1n the number of sequence dentiies from2to 8 A simlar improvement
observed for japanese encephalihs (je) and an mcrease from 1 to 10 1dentities occurs m
the case of Dengue 2 (d2) Bemdes the clear improvement 1n sequence 1dentity the
new alignment accommodates the two residue msertion (122 and 123 intbe) n  surface
loop (between p strands d and )

A deletion of ne residue prior to strand f1n yf and d2 1s closed and transferred
to the large deletion between B strands fand g The deletion 1n this region of the
alignment given mn Figure 215 thms 6 residues m length for both yfand d2 as tisinje,
when compared 1o tbe.

The asparagine/asparti acid nich segment of yf (residues 269 to 272) becomes
an mnsertion between B strands k and 1 f domamn II

The sequence alignment was used to generate 10 models for the yf E protein
dimer using satisfaction of spatal restraints derived from the the dimen structure
empl ymng the program MODELLER (Sal A, Blundell, TL. 1993 Comparative model
building by satisfaction of spatial restrants J M [ Biol 234 779 815) Foreach
mode] defauit coordinate randorizah 1 cartesian space 4 A was employed prior
to model optmization using the Vanable Target Funchion Method (Bratm W Go N
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1985 Calculaton f protem conformations by proton proton distance constraints  new
efficient alg nthm J M ! Biol 186 611-626) and Simulated Annealing Del berate
msahignment of residues surrounding msertions and deletions was used 1n order to
relax the hom logy constraints of these residues, permiting the msertion/deletion whil
simultancously maintmmng acceptabl stereochemmstry

The model which presented the jowest psendo-energy given by —In(P) where P
15 the MODELLER molecular probability density fimction, also presented excellent
overall stereochepustry yielding for exampl PROCHECK (Laskowska RA,
Macarthur MW M s DS Thomton JM, 1993 Procheck A Program To Check Th
Stereochernical Quality Of Protem Structures Jowrnal Of Appl d Crystall graphy 26
283 291) G-factor of -0 1 equivalentto crystal structure of better than 1 5 A
resolution. The mode! was also evaluated using the method of Eisenberg (E senberg D
Luthy R, Bowe JU 1997 VERIFY3D Assessment f protein models with three-
dimensional profiles M thod Enzymol 277 396-404 Bow1 JU Luthy R, Eisenberg D
A, 1991 Method to Identfy Protem Sequences that fold imto Known 3 Dimensional
Structure Science 253 164-170 Luthy R, Bown JU Eisenberg D 1992 Assessment Of
Protein Models W th 3 Dimensional Profiles Nature 356 83 85) presenting
VERIFY_3D score 348 cl se to the expected value of 361 for protean of 786
residues (in the dimer) and well above the acceptability threshold f162 Furthermore
the normality fthe model was assessed by atorm contact analys:s using the WHATIF
overall quality score (Vriend G 1990 What If A Molecular Modeling And Drug
Design Program J M [ Graphics 8 52 57 Vnend G Sander C 1993 Quality-Control Of
Protein Models Directional Atormi  Contact Analysis J Appl Crystall gr 26 47-60)
which gave value of -0 964 showing the model to be reliabl

The model for the yf E protemn shows shghtly reduced contact area between
subumits compared with tbe (1,242A per monomer compared with 1 503A%) partly due
to the reduced size fthe fg loop which makes intersubumt contacts via His208 n the
There1s subsequent reduction 1n interdomam hydrophob1 contacts as detected by
LIGPLOT (Wallace AC Lask wski RA, Thornton JM, 1995 Ligpl t A Program T
Generate Schematt Diegrams f Protem Ligand Interactions Pr ¢t Eng 8 127 134)

These are compensated by th appearance of two potential intersubumt sait bndges
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(between E201 and R243 and between R263 and E235) which appear n several fthe
ten models and which are absent, due to ammno acid substitutions, 1n tbe These salt
bndges presumably aid m stabihzng the yf dimer The contact made between the fusion
peptide of the cd loop 1n doman IT and the cavity between domams I and ITI of the
opposite subunit 15 essentially retamned 1n the yf E protem

The model for the yf E protem together with the sequence alignment was used to
select potenhal msertion sites for heterol gous B and T cell epitopes. In both cases such
an msertion site should 1) not disrupt or significantly destabilize the three-dimensional
structure of the E protein 2) not mterfere with the formation of the E protein network
within the viral envelope 3) e on the external surface f the virus such that tis
accesszble to ant1 body Although thus criterion may not be strictly obhigatory for T-cell
epitopes t remains appropnate as sites on the internal surface may mterfer with viral
assemnbly 4) The site should preferably present evidence that sequence lerigth variation
1s permussibl from the differences bserved between different flaviviruses (  the site
should show natural vanance) 5) In the case of sites winch present sequence length
vanation, preferably yf should present a smaller loop 1n such cases

The first cnitenion kmits msertion sites to loops and turns between elements of
secondary structure The second and third eliminste sites on the mternal and latera]
surfaces of the dimer and those that are buried. Of the remaining possible msertion sites
the following can be smd. The loop between D and represents an mnterdoman
connection and shows littl structural anabil ty That between loops and d represents
the fusion peptide, 15 partially buned and lhighly conserved. That between d and
shows little structural vaniation and includes ‘a-cystine resadue which 15 structurally
mmportant. That between Eg and F 1ncludes the glycosylahon site i the and 15
potential insertion site as t shows great structural anability and s haghly exposed. That
between Gg and Hy may be partialiy involved 1n lateral contacts, 1s small P turn and
shows hittl structural variahon. That between f and g presents all of the desirabl
charactenstics 1n that t 1s s1x residues shorter in yf, ) and d2 compared with tbe and 15
externally exposed. That betweenk and]l s potental site as t shows an asparagine
nich msertion m yf which mey accommodate asparagine-nch epitom  B-cell sequences
a3 described below ThatbetweenBand C;  poss bl site but may form part of th
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lateral surface That between D and E shows structural anation and presents an
asparagme-nich sequence m yf which may accommodate asparagine-nch epitopes
From the above the most promissing insertion site 13 that between B-strands fand g
whuch form part of the fi e-stranded anti paraliel p sheet of domam II The larpe
deleho of six residues 1n this loop mn yf compared to the leaves space at the dimer
interface for large msertion without creating steric hindrance Besides the fg loop
another promusing msertion s te 1sth EqFo as t shows great structural arniabihity and 15
highly exposed Although not wishing to be bound by any particular theory t
postulated that the presence f one or more glycne resdues immediately flanking the
mserted epitope 1s advantageous 1n introducing conformational flexabulity to the epitope
in ts subsequent presentation

One alternative of the present invention to develop fl vivirus 1n genersl as
vector for heterologous antigens 1s the insertion and expression of particular anthgens
including epitopes into sites structurally apart from areas known to mterfere with the
overall flavivirus E protein structure, specially mnto the fg loop or the EoF loop of
given flavivirus E protein The foreign inserted antigen, meluding epitope, may vary
widely dependent on the ymmunogemc properties desired 1n the antigen. For exampl
the foreign inserted antigen may include antigens from protozo such as malana, from
virus such as yellow fever dengue Japanese encephalris tick bomne encephalitis, fimpn
mfections and others Additionally the maxymum lenght of the antigen/epitope wall
depend on the fact that t wo 1d not compromuse the structure and the function fthe
flavivirus envelope

More particuiarly one strategy descnbed here s the insertion f malarial gene
sequences nto the fg loop f YF17D E protemn. Whil comparatively short sequences
having only a few amun acid residues may be mserted, t 1s also contemplated that
longer antigens/epitopes may be mserted. The maximum lenght and the nature of the
anhgen/epitope will depend on the fact that t would not compromuse the structure and
the funcion fthey llow fever virus envelope

Malaria remains one fth most important vector borne human diseases The
concept that vaccination may be  useful tool to control the disease  based manly on

40
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the fact that mmdividusls continually exposed to mfection by the parasitic protozoan
eventually develop immunity to the disease

The hfe cycl of the malana parasite 15 complex, the several stages m humans
are morphologically and antigemcally distinct, and immumuty 15 stage specifi It 1s only
now becomng possible to define the full pattern of parasite gene expression 1n each
stage

In short, n the parasite ife cycl sporozo tes are delivered by the bite of the
mfected mosquito find their way to the hver and invade hepatocytes Two proteins
have been dentified as implicated mn the recogmtion and invasion of the hepatocytes,
CS (circumsporozoite) protemn (Frevert, U P Simms, C Ceram, W Shreffler B
Takacs, and V Nussenzweig. 1993 Malana circumsporozoite protein binds to heparan
sulfate proteoglycans associated with the surface membrane of hepatocytes J Exp
Med. 177 1287 1298) and Thrombospondin related anonymous protein or TRAP
(Sultan, A A. V Thathy U Frevert, K. J] Robson, A Cnisentt V Nussenzweig, R. S
Nussenzweig, end R. Ménard. 1997 TRAP 1s necessary for gliding motility and
infectivity of Plasmodium sporozoites Cell 90 511 522) Antibodies to proteins on the
parasite surface might concervably neutralize sporozoites and prevent subsequent
development of liver stages. In the hepatocyte the parasite differentiates and replicates
asexually as schizont to produce enormouns amounts of merozoites that will imtiate the
infection of red blood cell  Antigens specifi for the liver stage have been 1denhfied
(Call JM, Nardin EH, Clavyy P Boudin C Stuber D Takacs B Nussenzweig RS &
Cochrane AH 1992 Recogmtion of different domains of the Plasmodium falciparum
CS protein by the sera of naturally infected individuals compared with those of
sporozotte-immumized volunteers.J Immunol 49(8) 2695 701 Nardin, EH &

Nussenzweig RS 1993 T cell responses to pre-erythrocytt stages fmalans. rol m

protection and vaccine development against pre-erythrocyti  stages. Annu Rev Immunol
1993 11 687 727)

It has been proposed that these antigens together with those from the sporozostes
are 1n part processed by the host cell and presented o  the surface together wrth class I
MHC molecules Thh presentation can lead to the recogmtion by cytotoxic T
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lymphocytes and killing f the mfected cells 0 shmulation of the T cells to produce
cytokines can ultimately lead to the death of the tracellular parasite

Merozo tes surviving the pre-erythrocyt  stages imtate the asexual blood stage
infection, which 15 responsibl forth d sease The paras te infects erythrocytes which
do not express class I molecules and theref re cytotoxa T lymphocyte are not
mmportant. Antibody binding to the surface of the merozoite probably plays mayjor rol
1n immumty to asexual blood stages P tentially these antibodies could neutralize
parasites or lead to Fc-dependent mechanisms f parasite lkalhng g macrophages
Complete protection against sporozo te challeng  bserved 1n irradiated P be ghe
sporozoite-immumzed mice and P fal iparum sporozoite-immumzed humans resuits
from 1mmune responses to antigens expressed by the parasite at the preerythrocyt
stages of ts hife cycl (Nardm EH Nussenzweig RS 1993 T cell responses to pre-
erythrocytic stages fmalana role m protection and vaccine development agamst pre-

erythrocyti stages Ann Rev Immumol 11 687 )
Antibody CD4 and CD8 T cells have been mmpl cated mn preerythrocyti immunity

(Schofield L Villaquiran J Ferreira A, Schellekens H, Nussenzweig R, Nussenzweig V
1987 7 interferon, CD8 T cells and antibodies required for immunity to malana
sporozoites Nature 330 664-666 Rodngue M L § Murata K, Rodnguez D
Rodnguez JR, Bacik ] Benmink JR, Yewdell JW Garcia Sastre A, Nussenzweig RS
Esteban M Palese P Zaval F 1994 Influenza and vaccima viruses expressing malaria
CD8 T and B cell epitopes Companso  f ther immunogenicity and capacity to
mduce protective response J Immumol 153 4636-4648)

There are 6 main preeythrocyti anhgens in P fal parum parasites the
circunsporozo te protemn (CS) thrombospondin related adhesio protemn (TRAP) 1 ver
stage anhigens 1 and 3 (LSA 1 and 3) Pfs 16 and sporozorte threomine and asparagine-
nch protein A umber feptopes dentified onth diferent plasmodial protems are
being expressed 1n different systems towards immunogemnicity studies (Munesinghe DY
Clavijo P Call MC Nardin EH, Nussenzweig RS 1991 Immunogemecity fmultipl
antigen peptides (MAP) contaumng T and B cell epitopes f the repeat regnon  fthe
P falciparum circunsporozo te protein Eur J Immunol 21 3015 3020 Rodrigues et al
1994 Shi YA, Hasnain SE SacciJB H llowey BP F ) ka H, KumarN W hlhueter
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R, Hoffman SL Collins WE, Lal AA 1999 Immunogenicity and i vitro efficacy f
recombmant multistage Plasmodium falciparum candidate vaccme Proc. Natl Acad.
Sc USA 96 1615 1620 Aidoo M, Lalvam A, Galbert SC, H JT Davbermes P Hurt N
Whittl HC Druilhe P Hill AVS 2000 Cytotoxic T lymphocyte ep topes for HLA B53
and other HLA types inth malana vaccine candidate liver-stage antigen 3

Infect Immun 68 227 232)

Figure 3 shows schemati representation of the CS protein f Plasmodnm sp
(Nardin Nussenzweig,1993) and the location of epitopes expressed by recombinant
YF 17D viruses f the present invention.

The CS protem contans an immmmodominant B eprtope located mm ts central area. This
ep tope consists of tandem repeats f species-specific amino acid sequences In

P falctparum thus eprtope, asparagme-alanine-asparagime-proline, (NANP) has been
detected m all 1solates and thus represents an 1deal target for vaccme development.
Instial chimeal trials with synthet or recombinant peptides administered with alum
resulted 1n mnduction { rather modest levels of antibodies to sporozoites and only
mdividuals with the highest levels of amtibodies were protected against P falciparum
with delayed onset f parasiterns 1 others (Hoffman SL, Nussenzweig V Sadoff JC
Nussenzweag RS 1991 Progress toward malana preerythrocytt accmes §  nce 252
520-521) Other studies ;n ammals of passive transfer of monoclional antibodies to the
repeats of the CS protein also suggest that anhbodies can provide protection against
sporozozte infection. The probiem that remamns 1s to engineer vaccines that elicit levels
of antibodies 1n humans with the appropnate specificaty and affimty to destroy all of the
sporozo tes before they enter the hepatocytes In this regard 1t 1s noteworthy that
mmumzshon of humans with a singl dose YF 17D virus suffices to induce detectable
levels f neutralizing antibodies to YF even after 40 years of the pnmary immunmization
(Monath, 1999) and that lends further support for the applicant f the present mvention
to use 17D virus to express relevant pathogens epitopes especially the relevant malanal
ep topes towards the development of new live viral vaccines capabl of protecting,
being life-long against yellow feverand  econd disease, for exampl malana.

The hver stage of the parasite 1s also target for vaccine development because t offers
additbonal antigens and 1n contrast to the short 1 ved exastence f sporozoites in the
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bloodstream f the mammal host, human malanas devel p n the 1 ver for several days
The effector mechamsms against these intrabepatocytt  forms are probably cytotoxa T
cells that destroy the infected hepatocytes and y-interferon that inhibits parasite
development

Preerythrocytt immumity to Plasmod um s mediated i part by T lymphocytes
acting against the liver stage parasite These T cells must recogmze parasite-denved
peptides o 1nfected host cells mn the context of major histocompatibility complex
antigens T-cell mediated immumity appears to target several parasite anhgens
expressed dunng the sporozo te and Liver stages of the infechon. A number of such
CTL epitopes, present on diferent protems of th preerythrocytic stages, have been
idenhfied 1n humans | ving 1n malana enderm1 areas and are restricted by vanety of
HLA class I molecul (Aidoo M, Udhayakumar V 2000 F 1d stucies fcytotoxa T
lymphocytes 1n malana infechons 1mplications fo malana vaccine development.
Parasu L Today 16, 50-56)

Cytotoxi T cells mostly CD8 which require the class I antigen presentation
pathway are primanly generated by 1intracellular microbial mmfections and have been
most thoroughly investigated 1n viral infecions Recombinant viruses expressing the
desired foreign ep topes are therefore 1 gical pproach towards generating the
cytotoxa T cell fthe desired specificity

Miyahura et al (Miyahira Y Garcia Sastre A, Rodnguez D Rodnguez JR,
Murata K, Tsyy M, Palese P Esteban M, Zavala F Nussenzweig RS 1998
Recombinant viruses expressing human malaria antigen can ehicit potentially
protective immune CD8 responses m mice Proc. Natl Acad Sc¢  USA 95 3954-3959)
have studied :In  mouse model th mmmunogemicity f CTL epitope locatedon CS
P fal parum The CTL epitope (DELDYENDIEKKICKMEKCS) was expressed 1n
bicistrom1 neuramimidase gene f the influenza D strain. Recombinant vaceima
mcluded the whol CS gene contamming both humorsl and CTL epitopes Immuruzat
fmce with exther fl o vaccima heited modest CS-specifi CD8 T cell response
detected by mterferon y secrehon of individual immune cells Pnming fmice with the
recombinant flu virus and boosting with the vaccima recombinant resulted n  stnking
enhancement f thig response

DL
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A vaccmia virus expressing several P f | iparum antigens was developed and
used in chmcal tnal Whil celiular immune responses were eheited in  ver 90% f
the indrviduals antibody responses were generally poor Of the 35 volunteers
challenged, only one was completely protected, although there was sigmificant delay
on the onset of parasitermia (parasitermia (Ockenhouse CF Sun PF Lanar DE, Wellde
BT Hall BT Kester K, Stoute JA, Magill A, Krzych U Farley L Wirtz RA, Sadoff JC
Kaslow DC Kumar S Church LW Crutcher JM, Wizel B Hoffman S Lalvam A, Hill
AV Tine JA, Guito KP de Taisne C Anders R, Ballou WR, etal 1998 Phase I/1la
safety immmogemcity and efficacy tnal fNYVAC-Pf7 pox vectored,
multiantigen, multistage vaccin candidate for Plasmodium falciparum malsna. J Infect
Dis 177 1664 1673)

Recombinant Sndbi  virus expressing mumgene encoding the CD8  T-cell
epitope SYVPSAEQI of the CS protein f rodent malana parasite P yoe! when
mnoculated subcutaneously 1n mice induced a large eprtope-specific CD8  T-cell
response This immumzahon also protected mice agmnst infection by sporozo tes (Tswy
M, Bergmann CC Takita Sonoda Y Murate K, Rodngues EG Nussenzweag RS
Zavala F 1998 Recombmant Sindbis virus expressing a cytotoxic T lymphocyte epitope

f malaria parasite or finfluenza virus elicit protection agamnst the corresponding
pathogen m mice J Virol 72 6907 6910)

It has also been shown that mice immunized by singl dosis f recombinamt
adenovirus expressing the CS protem of P yoe! elicits a high degree f resistance to
mfectio mediated pnmanly by CD8 T cells (Rodngues EG Zavala F Eichinger D
Wlson M, Tsyy M 1997 Smngle immumzing doses f recombmant adenovirus
efficiently induces CD8 T cell mediated protective immunity against malana. J
Imnumol. 158 1268 1274)

Becanse fthe complexity fthe parasite and ts hfe cycl thereis consensus
that highly effective malaria vaccine would require combmahon of key antigens
and/or epitopes from different stages of the hfe cycl and that induction of both humoral
and cellular immunity required for opimal efficacy Such vaccine would also
circumvent the problems wath host geneti restnction and antbigem1  variality in the
case fsingl antigen based vaccines So far however several attempts to attamn
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protective :mmmumty with different antigens preparations from several stages have not
produced convincing results

The critical 1ssues for the muitivalent approach as with singl anhgen are the
dentification of antigens that will nduce (partially) protective response m all or most
of the target population, the delivery fthese antigens m form that will samulate the
appropnate response and th delivery ystem must allow presentation fthe anhgens mn

form that shmulates the mmune system The development descrnibed here which
utilizes fl viviruses for the expression f defined pathogen antigens/epitopes should
address the 1ssues of presentation to the target population. Regarding the YF 17D virus,
t an extremely immunogenic virus inducmg high antibody serocon ersion rates in
vaccinees of different genet:  background.

The appl cant of the present invention particularly explores the feasbility f
using the YF 17D wirus strain and substrains thereof notonly as very effect  proven
yellow fever vaccme but also as  vector for protective antigens, particulerly protective
epitopes Thi wall resuit in the development of vaccn simultaneously effective
against yell w fever and other diseases which may occur 1n the same geographical areas
such as malansa, dengue Japanes encephahitis, tick borne encephal tis fung: infects ns
etc

The main goal was to establish general approach to insert and expres singl
defined antigens, including epitopes into sites structurally part from areas known to
interfere with the overall flavivirus E protem structure, specially mto the fg loop or the
EoF loop fthe Eprotein f given fl vivirus such as y llow fever dengue, Japanese
encephal tis tick borne encephal tis that can be used as new 1 ve vaccine imnducing
long lasting and protective immune response More part1 ularly the present mvention 1s
related to  general approach 10 expres singl defined ep tope on the fg loop of the E
protemn of YF17D virus

As used herein, the term  F1 vivirus means wild virus attenuated virus and
recombinant virus 1ncluding chimen virus

The geneth mampulation of the YF 17D genome was carmied  t by using the
YF infectious cDNA as ngimnally developed by Rice et al (1989) which consists of two
plastmds named pYFS 3 IV and pYFMS 2 Th YF genome was splited 1n two plasmmds
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due to the lack of sability f some virus sequences mn the high copy number plasm:d
vector pBR322 However 1n the case of dengue 2 virus, full length cDNA was steady
cloned m the seme plasrmid (Kinney RM, Butrapet S Chang GJ Tsuchiya KR, Roehng
JT Bhamsrapravati N & Gubler DJ 1997 Construction of mfechous cDNA clones for
dengue 2 virus stramn 16681 and ts attenuated vaccine dentvative strain PDK

53 Virol gy 230 300-308) When cut by specifi restnichon enzymes (Apal or Nsil and
Antll) specafi restnction fragments are generated which upon ligation reconstiute the
complete YF genome mn the cDNA form. Restnction fthis cDNA form with Xhol
lineanzes the cDNA and allows witro synthesis of capped RNA from the SP6
promoter sequence Such RNA when transfected mto cultured cell gives nse to
infect: us vairus  The phenotype of tins virus has been tested m monkeys (Marchevsky
RS Manano J Ferreia VS Almeida E, Cerqueira MJ Carvalho R, Pissurno JW
Travassos da Rosa APA, Simfes MC Santos CND Ferrewrs I M ylaert IR, Mann GF
Rice CM and Galler R. 1995 Phenotypic analyms f yellow fever virus denved from
complementary DNA Am J Trop Med Hyg 52,75 80) and these stucies indicated the
need for genetic modification of the cDNA as to make the resultmg virus more
attenuated. This has been carried out by Galler and Frewe (US 6 171 854) and resulted
i pew versions fpYF5 3 IV and pYFMS5.2 named G1/2 and T3/27 respectively The
physzical map and sequences of both plasrmds are shown elesewhere and these plasmuds
have been deposited at ATCC (ATCC # 97771 and ATCC # 97772)

Having the genome sphit intn two plasrmds 15 convement for insertion cloning
purposes but not deal for the recovery of the virus S  1n order to accomphsh a higher
specific infectivity of the transcripts the apphcant developed a full length cDNA clone
for the YF genome. It was 1dentified 1n the Irterature plasmud pACNR1180 (Ruggh N
Tratschon J D Mittelholzer C Hofmann MA. 1996 Nucleotide sequence of classical
swine fever virus strain Alfort/187 and Transcription of infects us RNA from stably
cloned full length cDNA J ¥ rol 70 3478 3487) which has replicahon ongin named
P15A that allows only hmited rephcation of the plasrmd reducmg the number of
plasrmd DNA molecules per bactenal cell This piasaud system was used by the
authors to stabilize the genom  f the classical swime fever virus with a genome 1ze
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cl setothat fYF virus This plastmd, pACNR1180 was provided by Dr JD Tratschm
fInsttite f Virology and Immunoprophylaxt Swatzeriand

Besides pACNR1180  ther vectors which provide the stainhzahon fthe YF
virus genome can be used to prepare the plasmmds of the present invention. Specifi
examples include plasmids which have repl cation ongm that allows only limuted
rephcation of the plasmid reducing the umber fplasmmd DNA molecules per bactenal
cell vectors consisting f1 w copy number plasmds such as pBeloBAC11
(Almazan F Gonzalez M Penzes Z, Izeta A Calvo E Plans Duran J Enjusnes L
2000 Engineenng the largest RNA virus genome as an nfectious bactenal artificial
chromosom .ProcNatiAcadSc USA97 5516-5521) Another possibnl ty 1s the use fhigh
copy umber plasmids such as pBR322

The new versi  of pACNR 1180 was named pACNR1180Nde/Sal It was
obtained by removing most of the umque restnichion site of pACNR1180 by digestion

with Ndel/Sall, filling m the ends by treating with Klenow enzyme hgating and

transforming E. [ XL1 blue
To generate pYF171/14 fragments Notl (13 059)-Nsil (11 158) and Sall

(3,389)-Xhol (1951) from G1/2 plasmd (descnibed m detail 1n US 6 171 854) were first
hgated to Notl/Xhol-digested pACNR1180Nde/Sal The resulting plasmid was named
NSK?7 (map not shown) and used to clone the remmining of the YF cDNA contained 1n
plasmud T3/27 (described 1n detal 1n US 6 171 854) by digeshon with NsiI (11 158)-
Sall (3 389) lLigation of the appropnate fragments and transformation fthe sam
bacterrum. Restriction enzyme mapping confirmed the expected physical structure f
plasmud containing the complete YF cDNA. A total of 8 clones were snalysed, virus
was recovered from 5 ut of 6 tested and complete nucleotide sequence determination
confirmed th expected YF sequence The plasmmd contains 13449 base pairs and was
named pYF17D/14 (F gure 4)

pYF17D/14 contamns an amp 1llin remstance gen from po tion 13 196 to 545
and the pl5A ongin freplicahon (nts 763 to 1585) both denved from plasmid
pACYC177 (Ruggl etal 1996) Nucleotides 12 385 to 12 818 correspond to the SP6
promoter The YF genom 1s transcibed m th: plasmid from the pposite strand as the
complete genom spans ucleotide 12,817 to 1951 All msertions at the fg loop of the
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yellow fever virus E protein are made at the EcoRV site of YFE200 plasoud and from

there incorporated mnto pYF17D/14 by exchanging fragments Nsil/Notl Other

representative sites are shown 1n Figure 4
Plasmid G1/2 contains the YF 5§ termunal sequence (ot 1 2271) adjacent to the

SP6 phage polymerase promoter and 3 terminal sequence (nt 8276-10862) adjacent to
the Xhol site used fo production frun off transenpts To allow the msertion of
foreign sequences mto the fg loop as defined by the analyss of the 3D structure fthe E
protein we have creatad by 1n vitro mutagenesis a restnichon site (EcoRV) at nucleotide
1568 The creation fths site led to two amino acid changes 1n the E protein at
positions E-199 and E-200 (E-»D T—1 respectively).

It 15 important to emphasize that the creation of the restnction site of choice 15
dependent on the nucleotide sequence that makes up each loop and will vary according
to the Flavivirus genome sequence to be used as vector Therefore, the restniction site
used foron Flavivirus EcoRV site 1s specifi to the fg loop of yellow fever but
(cortar?) may not be useful for msertion nto the genome of other flavivirus Those
skilled mn the art will dentify switable sites by using conventional nucleotde sequence
analyss software for the design of other appropniate restrichion sites.

It s noteworthy that amino acid 200 1s a K 1n Asibi, T m all 17D viruses
apalyzed and ] 1n E200 The fact that E200 15 position that 15 altered in all 17D viruses
would suggest that particular alterat mmportant for the attepuation of 17D virus and
alterations there might compromuse that trat. However the mutation mtroduced for the
creation of the msertion site does not lead to reversion to the onginal amino acid and
both are very distinct 1n character Moreover t1s likely that attenuation of 17D 15
multifactonal and not only related to the structural region as uggested the phenotype
of chimen 17D/JE-Nakayama in the mouse model f encephahtis (Chambess et al
1999) In addrhon no major alterations in the E protein structure was apparent when
modelling these amino acids changes into the predicted 3D model Finally the
YF17D/G1/2-derrved virus grew 1n tissue culture to th same level and was as
neurovirulent for mice as the parental 204/DD virus denved from G1/2/T3727 cDNA.

In order to create the EcoRV site m the YF sequence we subcloned a Notl/Apal

fragment of G1/2 1nto the pAlter plasmud (Promega In ) and performed the mutagenesis
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as indicated by the manufacturer 1n the presence of mutagemzing synthet
higonucleotide specifying the desired EcoRV site  Mutants bearing the site were
dentfied by restnction enzym amalys: fplasmud DNA and the Apal/Notl fragment
contained 1n one f the clones was sequenced entirely to confirm the restnction site was
the sole mutation m the YF sequence Such fragment was cloned back mnto G1/2
plasmid and the resulting plasmud was named pYFE200 the map f which 1s shown m
F gure 5

This plasmd was denved from pYF5 3TV onginally described by Rice et el,
1989 as modified by Galler and Frere (patent number US 6 171 854) and herein. It
contains 6905 nucleotides and region 1 2271 corresponds to the 5 UTR, C prM/M and
E genes Thisregion fused through an EcoRI site at the E gene (2271) to another
EcoRI site 1n the NS5 gene (position 8276) At position 1568 1n the E gene we created
the EcoRV site which 1s used for eprtope mnsertion 1nto th E protein fg loop This
plasmd also consists of the NS5 gene from ucleotide 8276 to the last YF genome
nucleotide (10 862) containing therefore part fthe NS5 gene and the 3 UTR.
Nucleotides 5022 to 5879 correspond to the ampicillin-resistance gen and 6086 to 6206
to the ongmn frephcation, both denived from pBR322 plasmud Besides pBR322 other
vectors known to special sts in the art may be used such as pBR325 BR327
pBR328 pUC7 pUCS pUC9 pUC19 A phage, M13 phage, etc The locaton f
relevant restrichion enzyme sites 15 shown 1n F gure 5

YFE200 plasmud has been deposited at ATCC under number PTA2856
pYFE200 was used to produce templates together with T3/27 wiuch allowed the
recovery of YF virus that resembles YF 5 2/DD wvirus ( US 6 171 854) 1n growth
properties 1 Vero and CEF cells plaque size, protein synthesis and neurovirulence for
muce (data for E200 and the recombinants dertved thereof are shown 1n the examples)

The template to be used for the regeneration of YF 17D virus 1s prepared by
digesting the plasrmd DNA (YFE200 and T3/27) with Nsil and Sall After digeshon
with Xhol to hneanze the hgated DNA, the template was used for i witro transcription
Virus heas been recovered after RNA transfection of cultured ammal cells

The ansmal cell culture used herein may be any cell insofar as YF virus 17D
stramn can replicate Spe 1fi examples mclude H 1 (den ed from carcinoma fhuman
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uterme cervix) CV 1 (denved from monkey ladney) BSC-1 (denved from monkey
kdney),RK 13 (den ed from rabbat lndney) 1929 (denved from mouse connective
tissue) CE (chicken embry ) cell CEF (chicken embryo fibroblast) SW 13 (denived
from human adrenocortical carcinoma) BHK 2] (baby hammster kidney) Vero
(afncan green monkey kidney) LLC MK2 (denved from Rhesus monkey kndney) etc

In preferred embodiment fthe present invention, Vero cells are the preferred
substrate m all production steps as the titers btained 1n different growth curves, as well
as the geneti stabil ty gave better results Primary cultures of chicken embryo
fibroblasts (CEF) may be second choice to be used as substrate m all production steps
as these cells have been used for mesasles vacane production for years with extensive
expenence in 1s preparation and quality controls a mumber f Standard Operating
Practices (SOP ) s availabl and a patent application dealmg with the production of YF
vaccine 1n CEF cultures has been filled (EP 99915384 4)

Therefore the flavivirus system descnbed here, more particularly the YF
system, provides powerful methodology for the development of unlimited
formulations of recombinant viruses expressing different eprtopes It 1s anticipated that
the appropnate formulation of several recombinant viruses should elicit the adequate
immume response to cope with the different parasite stages

The following examples are illustrative of the invention and represent preferred
embodiments Those skalled in the art may know or be abl to find usng no more than
routine experimentation, to employ other appropriate matenals and techmiques, uch as
the above mentioned ectors, culture cells and transfection methods .

Exampl 1 Structural analyms of th mserti of pecific protein epitopes

Ten models were produced for the mserti  SYVPSAEQI 1n the fg loop rep
using the ahgnment shown m Figure 6 n which the mnsertion 1s made between E199 and
T200 The mserted residues will be refered to as 199A to 1991
The psendo-energies f the best five models were comparable to those of the native yf
model Therr structures are vanabl ne sklled 1n the art would expect from an
mserbon fmne residues 1n length. The vanation 1n structure £ the loop leads to
correlated vanation in th neighbouring loop between B strands k and 1  The glutamine
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sidechmin fremdue GInl99H ( the eigth residue  f the imnserted peptide) in several of
the best models shows conformation compatbl with the formation of hydrogen
bo d via ts Ng to the carbonyl of Val244 fthe opposite monomerin  similar fashion
to that made by the N of His208 m tbe One representatrve model had an overall G-
factor of 0 07 equivalentto structure f<1 0 A resolution and has good
stereochemustry 1n the region  f the insertion. The total Venfy 3D score for the
segment from 199 to 200 (including the mne mserted res dues) 1s +3 69 ( mean value
of 0 34 per res due) indicating that the residue of the loop have been built into
favourabl chemical environments By comparison the mean alue per residue for the
equvalent loop 1n the crystal structure ftbe only 028 The verage comtact area per
monomer for this model 1460 A? comparable to that bserved 1n the crystal structure
of the as antictpated by the introduction  f the 1nsertion close to the proximal interface
(F gure 7)

Dunng the constructio  fthe inserhon tetwo bstituhons were made to the
amino ac d sequence E199D end T200I The consequence of such subshtutions was
analyzed with reference to the model The subshtution E199D 15 not expected to have
senous consequences as t 1s conservative 1n nature, 1s  bserved 1n tbe and may lead to
salt bridg with K123 There also no sigmificant change in the quality index for thus
residue as determined by WHATIF The substtution T200] appears acceptabl as the
insertion leadsto rotaton fth T200 sidechmn m meny of the ten models resulting 1n
t being durected towards a hydrophobn pocket close to W203 the aliphatt region f
R263 and L245 The substitution also retains the ramufication on CB

Using an dentical approach to that described above the msertion DYENDIEKKI]
was mtroduced into the yf E protemn. An dentical ahgnment to that shown m F gure 6
was used 1o thi case with the exception of the insertion sequence tself Model were
produced using an dentical protocol to that descnibed above for the SYVPSAEQI
msertion and were f sumlar quality Typically the models present PROCHECK G-
factors of -0 1 (equivalent to crystal structures with resolutio between 1 0and 1 5 A)
and have around 90% fthe residue within the m st favourable rega ns fthe
Ramachandran plot Although the loop conformations btamned show considerabl
vanation, scveral suggest the po sibl appearance f{new mter-snbumt interactions
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which may affect dumer stability and/or influence the pH dependent cdumer to tnmer
transition. Potental salt bridges suggested by the model nclude those between
Glul99C Aspl99E and/or Gl 199G (the third, fifth and seventh residues of the
msertion respectively) with Arg243 (native yf umbermg) of the opposite subumt as
well as Lys199H with the carbonyl of Leu65 of the opposite subunit. The salt bridge
seen 1n the native yf model between Arg263 f one monomer and Glu235 fthe other
1sretained In none of the models did Lys199H form hydrogen bond equuvalent to
that made by His208 to the opposite subumst in the but potential hydrogen bond to the
carbonyl fLeu65 15 poss ble Lys199] may form salt brndge with Gl 199 fthe sam
subunrt and such an mterachon should be feasibl even after the glutamn  acad to
asparti acid substituhon. On camenzation each subumt losesan verage f1483 A f
accessibl surface area (based on one such model) comparabl to that of the, principally
due to the remnsertion of a large loop between p-strands fand g

Of note 1s the fact that neither of the two loop mnsertions described lead to stenc
clashes between the subunits, they preserve good steochemustry as well as (in the case
of the best models) yielding reasonable chemical environments for the amino acid
sidechains of the msertion. Thus 15 achieved without an exaggerated increase 1n the
s suggesting that there 15 indeed no spatial restniction to

the proposed msertions

Compared with the loop observed expenmentally 1n the crystal structure of the E
protein from the the virus, the two msertions descnibed above are three residues longer
These additional residues are accommodated 10 most models by an addrional protrusion
of the structure on the external surface (aithough m one model short stretch of a helix
1s observed) Tha suggests that t may be possibl to accommodate even larger peptides
within thys insertio  site

Ten models were generated for the mserton GG(INANP);GG and protocol
dentical to that descnibed 1n the previous two examples Different from the previous
two examples however 15 the fact that this msertion 15 a B-cell eprtope, 1s considerably
larger includes a repeated tetrapephde and nch mn proline residues In this case mn
order that the B-cell epitope should be as exposed as possibl (1n order to be antibody
accessible) and given adequate conformational freedom, as well as 1n fac 1 tating 1ts
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nsertion wto the fg loop 1o the form fan (2 loop (Leszezynsk: JF Rose GD 1986
Loops In Gl bular Proteins A Novel Category Of Secondary Structure Sc¢ ne 234
849 855) two glycmne residues (spacers) were added to both the N and C-terrmam of the
epitope, (NANP); Due to the reduced s1ze f the glycine sidechamn and to ts achiral
Ca atom, greater region f Ramachandran space accessible to ts mamnchain
dihedral angles @ and y mcreasing th chance f sucessful insertion which does not
prejudize the local structure in the regn  f the insert. Thus approach produced models
which presented excellent stereochemmstry (PROCHECK G-factors ofth order f—01
equivalent to crystal structures of resohmo 10to15A) The loop msertio tself is
also free of stereochemical straxn. W surmse that this is the result of the N and C-
termunal glycine spacers which serve to [ ft the loop free of the externsl surface fthe
protein. In several fthe models one or more fthese glycines adopt backbone
conformations which would be prohib ted for other amino acads The remainder are
generally 1n extended (B) conformations These factors appear to emphasize the
importance of ther inclusion.

Those skilled 1n the art will know that reliable prediction of the structure of
such loop 15 beyond current theoretical approaches  There 15 therefore considerabl
spread 1n the resulting conformation 1n the ten models generated (Figure 8) This wide
distribution of conformations (of approximately equal pseudo-energy) does not lead to
sigmficant alterahon f the remainder of the structure, emphasizing that the loop has
accesst0 large volume of space as originally demigned. This does not mean that the
loop would necessanly be unstructured, merely that many possible structures are
accessibl to the loop increasing the probability that that which 1s ymmunologically
relevant may be adopted, even within the context of ts msertion mto the yf E protein.
Frgure 9 1illustrates better the volume considerations

The (NANP) sequence 1 the ten models has mean relative accessibl surface
area (compared to ts unfolded structure) 63 7% Thi compares with mean velue
£27 4% for the struchure  erall demonstrahng that the msertion has  very large
relative accessibility as intended. I the glycine spacers are elimmated this value for the
(NANP); sequence falls to 53 6% dem nstrating that the spacers have ol 1
mcreasing the exposure fth eptope Examunation of th models shows that
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mcreasing the length fth glycine spacer beyond two residues would appear to bring

no additional advantage mn exposing the epitope but may represent an eatropic cost for

the structure which could lead to ts destabihzaton. Two glycines appears the optimum
to us

It1s ressonsable expectation that the envelope protems of japanese encephalitis
virus and Dengue 2 would accommodate the above described msertions equally well as

yeliow fever virus The alignment of F gure 2 shows that simular six residue deletion

present in gl three viral envelope proteins compared to tbe  Models for the) and d2
E protein, produced using  stmular protocol to that for yf frequently show § turn
structure for the fg loop, stabihized by mamnchain hydrogen bond. A similar f tum
also observed i yf f the ahgnment restraints are relaxed around residues f the fg loop
mtself The models forj show potental mtersubumt salt bndge between Lys20]1 with
Glu243 (j numberning) of th opposite subunit. This glutamic acid 1n yf interacts with
Arg263 which has been substituted by valine .nj)  Simular contacts to those of yf are
also observed around the distal dimer interface site A representative model forthe ) E
protemn has a PROCHECK G-factor of -0 1 89 9% of residues 1n the most favourable
regaons of the Ramachandran plot, good sterochermstry m the region of the fg loop
(whuch adopts a type I p turn) a good WHATIF quality score for the fg loop (residues
203 to 212 yielding and verage of 0 768) and bunes a mean accessible surface area f
1048 A per subumit on dimenzation. Sumlar results are obtained for d2 1 winch the
fg loop adopts erther the type I or type II B turn conformation. From these data those
skilled 1n the art will be abl to apply the insertion strategy described above for yf to
other flaviviruses such as j end d2

The site which comprses the region P strands f and g including the fg loop

whuch form part of the five-stranded ant: paralle]l -sheet of dommn II of the flavivirus
envelope protein compnses the region of amino acid 196 to 215 wrth reference to the
tick borne encephalitis virus sequence described m figure 2 More particularly the site
15 the loop area between B strands f and g which form part of the five-stranded ant
parallel p-sheet of domamn II of the flavivirus envelope protein (amino acid 205 to 210
with reference to the tick borne encephalitis virus sequence described m figure 2)
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Addihonally the site which compnses the repion fEgand F  strands including
the E¢Fo loop which form part f the exght stranded B barrel of dJoman I fthe
flavivirus envelope protein compnise th regio of amin ac d 138 to 166 with
reference to the tick borne encephaliis virus sequence described 1n figure 2 More
particularly the site  the loop area between Eg and Fy strands which form part of the
eight stranded P barrel fdomain I ( amno acid 146 to 160 with reference to the tick
borne encephalitt virus sequence described 1n figure 2)

Exampl 2
} Dertvation fPlasond pACNR1180Nde/S 1
pACNR1180Nde/Sal the new version f plasmmd pACNR1180 1s obtamed by
removing most of the umque restriction sites of pACNR1180 by digestion with
Ndel/Sall, filling 1n the ends by treating with Klenow enzyme hgating and transforming
Ecol XL1 blue Thi new vers f pACNR1180 was named pACNR1180Nde/Sal

b) Dertvation of Plasmud pYF17D/14

T generate pYF17D/14 fragments Notl (13 059) NsiI (11 158) emd Sall
(3,389)>-Xh I(1951) from G1/2 plasrmid (described 1n detail in US 6 171 854) were first
hg ted to N tI/Xhol-digested pACNR1180Nde/Sal The resulting plasmid was named
NSK7 (map not shown) and used to clone the remaming of the YF cDNA contained 1n
plasmmd T3/27 (described 1n detail 1n US 6 171 854) by digestion wrth Nsil (11 158)-
Sall (3 389) Lgaton fth appropriate fragments and transformation of the sam
bacterium. The plasmid contains 13449 base pairs and was named pYF17D/14 (F gure
4)

pYF17D/14 contains an ampicilun resistance gene from position 13 196 to 545
and the p15A ongmn of repl cation (nts 763 to 1585) both denved from plasmd
pACYC177 (Ruggh et al 1996) Nucleotides 12,385 to 12 818 correspond to the SP6
promoter The YF genome 15 transcnibed 1n this plasmid from the oppo te strand as th
complete genome spans ucleotide 12 817 to 1951 All msertions at the fg loop of 17D
virus E protein are made at th EcoRV site of YFE200 plasmmd and from there
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incorporated mto pYF17D/14 by exchanging fragments Nsil/Notl Other representative
sites are shown 1n F gure 4

) Dertvatio of Plasoud YFE200

In order to create the EcoRV site nth YF sequence we subcloned Notl/Apal
fragment fG1/2 mto the pAlter plasrmd (Promega Inc) and performed the mutagenem
as mdicated by the manufacturer 1n the presence of mutagemizing synthet
ohgonucleotide specifying the desired EcoRV site  Mutants beanng the mte were
1dentified by restriction enzyme analysis { plasmid DNA and the Apal/Not] fragment
contaned 1n one of the clones was sequenced entirely to confirm the restniction site was
the sole mutation mn the YF sequence Such fragment was cloned back nto G1/2
plasmud and the resulting plasrmid was named YFE200 the map of which 15 shown in

Figure 5

d) Preparation fLarge mounts of plasm d DNA

T prepare plasrmds DNAs from bactena, glycerol stocks of the E. col
harboring each of the two YF plasmds, pYFE200 and pYF17D/14 must be avalable
Lun Broth~50% glycerol med:  used mn the preparation f the stocks, which are
stored st 70°C Frozen ahiquots of the pPDNA are also availabl

The bactena are grown m 5 ml LB contammng amapicillin (50 pg/ml) for
YFE200 and ampcillin (50 pg/ml) plus tetracychn (15 pg/ml) overmight at 37°C for
NSK14-harboring bactena This  used to moculate 1 100 large volumes of LB
(usually 100-200 m!) At ODgoo of 0 8 chloramphemcol 1s added to 250 pug/mi for the
amphificati  of the plasmid DNA and incubated fimther overmght. The plasmud 1s
extracted using the alkaline lyms method The final DNA precipitate 15 ressuspended m
TE (Tns-EDTA buffer) and ces um chlonde added unti! a refraction index of 1 3890
1s reached. The plasmid DNA 1s banded by ultracentnfugation for 24 hours The banded
DNA 15 reco ered by punctunng the tube extracting with butanol and extensive
dialyss

The yields are usually I mg fpDNA/I ter f culture for pYFE200 and 0 02
mg/hiter for pYF17D/14
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PYFE200 was deposited on December 21 2000 under accesion umber PTA 2856 with
the Amencan Type Culture Collection (ATCC) 10801 University Bl d. Manassas Va.
20110-2209

Exampl 3
Preparation of DNA template

The template to be used for the regeneration of YF 17D virus 18 prepared by
digesting the plasoud DNA (YFE200 and T3/27) with Nsil and Sall (Promegn Inc ) 1n
the same buffer conditt ns as recomended by the marmufacturer Ten pg f each plasmid
are digested with both enzymes (the amount required 1s calculated 1n terms of the
mmnber fpmol hits present in each pDNA 1n order to achieve complete digeshon m 2
hours) The digestion 1s checked by removing an ahquot (200 ng) and runming t on
0 8% agarose/TAE gel When the digestion 1s complete the restnchion enzymes are
mactivated by hesting

Lineanzation fthe DNA resulting from the higation f both NSil/Sall-digested
plasmds cammed out by the use of Xhol, and 1s performed with buffer conditions
according to the manufacturer (Promega) Th resulting product thereafter phenol
chloroform extracted and ethanol precipitated The prec pitate 15 washed with 80%
ethanol and resuspended in stenl RNase-free Tris EDTA buffer A template aliquot 1s
taken for agarose gel analysis together with commerc al markers for band stzing and
quantitation The template 1s stored at 20 C until use for  zro transcniption.

Exampl 4
RNA transcriptio from cDNA template fth presentmn entio
Preparation of the DNA template from the full length pYF17D/14 clone for

fro transcnipt sumpler as t requires less pDNA usually 1 2 pug which 13 digested
with Xhol for ineanzation. Digeshon, cleaming of th DNA and qualsty f the template
are carmned ut as descnibed above Transcription 18 as descnibed 1n US 6 171 854
RNA produced from Xhol lineanzed pYF17D/14 DNA templates were homogeneous
and mostl full lenght 1n contrast to the two-plasmid system-denived RNA (data not
shown)
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Exampl §
RNA transfection

Transfection of such RNA were camed out in  symiar manner as described 1n
US 6 171 854 (Galler and Freire) Transfection of such RNA gave nise to virus which
was ssmilar to YF v5 2/DD m 1ts plaque s1ze growth i Vero and CEF cells,
neutralization by hyperimmune sera to YF and protemn synthesis

Example 6
C mstructio ofth recombmant YF17D/8 virus expressing humoral B cell
ep fope.

For the expression of the (NANP); humoral epitope of P falciparum (see Table 1
below) two surrounding glycines were sdded on each side as to compensate for the
likely formation of B turn 1n the ep tope given the presence f consecutive prolne and
asparagines and give the lJoop more flexibl structure Therefore the synthetic
ohgomnucleotide 1nsertion at the EcoRV site of pYFE200 plasomd which corresponds to
the amino acad sequence depicted 1 Table 1 gives rise to plasmud pYFE200/8 This
plasrmd was deposited on December 21 2000 under accesion number PTA 2857 with
the Amenican Type Culture Collection (ATCC) 10801 University Blvd. Manassas Va.
20110-2209

Blunt-ended hgation f the synthetic ohgonucleotide disrupts the EcoRV site
and that was used to screen for plasmmids beanng the msertion EcoRV™ plasmids were
sequenced around the msertion region to venify the onentation of the insert. Plasrmds
with correct msert onentation which therefore kept the requured open reading frame
were used for further sequence encompassing the whol structural region contamed 1n
this plasrmd, more specifically the area compnsed between the Notl and Nsul sites
The Notl/Nsil cDNA fragment f 1951 bp was ligated to the Nsil/Mlul fragment of
1292 bp fthe the T3 plasrmd and the Notl/Mlul backbone of 10,256 bp of the full
lenght clone pYF17D/14 Resulting plasmids were first screened for size and thereafter
for the productio of infectious transcnipts by 1 pid mediated RNA transfection of
cultured Vero cells as described (Galler and Freire US 6 171 854) The resulting virus
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was named 17D/8 After transfection, YF 17D/8 had titer (measured by plaquing
Vero cell monolayers) of about 4 0 log oPFU/ml. After one-single passage 1n Vero cells
viral stocks had titer of 6 1 log oPFU/ml The presence fthe msert in the viral
genome was checked by sequencing the cDNA made to the virus present in the cell
culture supernatant derived from the transfection.

T bl 1 Aminoacid eq enceand peafiaty {(NANP); hum ral epitop fo
msertion mto YF E protein

Seq emce Antigen eprtope |source Cho
EMD GGNANPNANPNANPGG IES {CSP B P fal parum | 17D/8

Example 7
Epitope expresss by th YF 17D/8 recombmant virus

To mvestigate the expression of the 16-amno ac d ep tope 1n the E protemn of
17D/8 virus t was performed an indirect immunofluorescence assay using monoclonal
antibody directed to the (NANP); repeat ((MAD 2A10 Za ala F Cochrane AH, Nardin
EH, Nussenzweig RS Nussenzweig V 1983 Circumsporozoite proteins f malana
parasites contain  single immunodomnant region with two or more dentical eprtopes
J Exp M d 157 1947 1957) and a mouse polyclonal hypenmmune serum to YF 17D
(ATCC) The IFA was made using glutaraldehyde-fixed VERO cells infected for 48 h
with YF17D/14 virus or with recombinant virus YF17D/8 carrying (NANP); eprtope at
m (mulupheity finfectio )of I The samples were treated with twofold dilutions of
YF Hipenmmune ascii flud (ATCC) and mouse IgG directed agamst the
mmunodorninant B cell epitope NANP of P falciparum CS protem purified from 2A10
monoclonal antibody as descnibed (Zavala et al, 1983 gift fDr M Rodngues, Escola
Pgulista de Med: ma) Positive cell were evidenced by the binding fFITC

conjugated anti mouse IgG
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Only Vero cell mfected with 17D/8 virus were recognized by mab 2A10
whereas the YF hyperrmmune serum detected the YF antigens m both cases (see Figure
10)

Examp) 8
Radi Ianbeling, Radioilmm  precpitatio and P lyacrilamid gel electroph ress.

Additvonal evidence for correct plasmodial epitope expression on the surface of
the 17D/8 virus was btained by immunoprecip tation of metabolh 1sbeled varal
proteins. VERO cells were infected st multiphaity f1 PFU/cell After 24 h
ncubation, the cells were labeled with [**SJmethionme for 1 h and lysed under
nondenstunng conditions as described prev1 usly (Postetal 1990) Cell extracts were
immmunoprecipitated by mouse policlonal hypenmmune ascrtic flmd to YF (ATCC) two
monoclonal antibodies agamst viral protein NS1 (Schleminger et al, 1983) and
P faleiparum repeat-specifi monoclonal antibody (2A10) Immunoprecipitates were
fractionated with protein A-agarose snd analysed by SDS-PAGE (Laemmbh, 1970) For
fluorographic detection, gels were trested with sodum sahcylate and autoradiographed
(Chamberlam, 1979) The results are shown 1n Figure 11 Immunoprecipitation profiles
are btaned from protemn extracts of mock infected Vero cell (lanes 1,2,3) 17D/14
(lenes 4 5 6) or 17D/8 (lanes 7 8 9) virus-infected monolayers These different
extracts were immunoprecipitated with munine hyperrmmune serum against yellow
fever virus from ATCC ( lanes 1 4 7), (NANP); repeat specific monoclonal antibody
or 2A10 (lenes 2 5 8) and with two monoclonal entibodies direcetd against NS1 (lanes
3 6 9) Molecular weight markers are shown on the left side of the figure. The gel
posttion f some of yellow virus proteins are indicated on the nght side

Both perental and recombinant viruses produced the same protem profiles when
the proteins were precipitated by the mouse hypermmune serum and 2 monoclonal
antibodies to YF 17D NS1 protein (F gure 11 laneslmnes4 6 7and 9) However Mab
2 10 precipitated exclusively the E protein of the recombinant 17D/8 virus (lanes 5 and
8) consistenit with the interpretation  f correct expression and exposure on the surface f
the epitope as predicted by the structural analysis (F gures 11 13)
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Example 9
Viral neutralrzatic ass yby peafi era

A third set f experiments to show the correct E protein surfece express:i  of
the (NANP); epitope was to examine viral neutralization by specifi sera. We used
plaque reduction neutralizati  assay in Vero cell seeded at the density of 65 000/cm
on 96-well microplates as descnbed elsewhere (Stefano et al 1999) Neutrahzing
antisera included an 1n house standard rhesus monkey YF immune serum (L.13) and
mab 2A10 Plaque neutrahzation titers were calculated as the highest dilution f
antbody reducing 50% f plaques of mput virus estumated by plating muxture fvirus
senally diluted 1n fetal calf serum

As observed in tabl 2 the anti YF L13 serum neutralized both viruses with the
same efficiency (approximately 1 3 500) M noclonal antibody 2A10 however only
neutralized the recombinant 17D/8 virus with an extremely high titer (1 181 000)

indicating the specificity of the neutrahization.

Table2 YF 17D virus eutralizatto by immun sera

erum YF17D YF 17D/8
L13 1 3715 1 3388
2A10 <1 79 1 181970

In the case fthe expression fthe plasmodial (NANP); epitope, the monoclonal
antibody recogmzes the hinear sequence 1n mself as shown by the specific ty fthe
neutralization That suggests that the ep tope  well exposed 1n the fg loop and ts
recognition 18 not hindered by ts involvement 1n other viral epitope structures It 13 also
the first demonstration that E protem linear epitope can be cutrahzng fo a
flavivirus

Fusion requires conformational changes that affect several eutralization
ep tope pnmanly within central domaimn I and domain JI These changes are apparently
associated with reorgamization of the bunit interactions on the vin  surface with
trimer co tacts bemng favored 1n the | w pH form, in contrast to dimer contacts 1n the

41/
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pative form Interference with these structural rearrangements by antibody binding

represents one mechanism that may lead to virus neutralizaton (Monath and Heinz,

1996) Insertion of the plasmodial eprtope 1n a loop of doman IT also led to specific
viral neutrahization providing further evidence for the importance of this area in viral
mfectivity

Exampl 10
YF 17D/8 Recombiz  tvirus ttenuatio

In order to demonstrate that the recombmant 171/8 virus does not exceed ts
parent YF 17D virus 1n peuroin astveness and neuroviruience were carried out mouse
tests

In our analyss, groups of 16 3week-old Swiss mice were moculated by the 1c
route with 3 0 log PFU of the 17DD vaccine virus, a cDNA-denved 17D LS3 virus
and 17D/8 virus Table 3 represents the verage of two separate expenments Itis
evident that the 17D/8 virus consistently kilis less animals than the two other 17D
viruses 26 out of 32 for 17D/8 as opposed to 31 of 32 forth 17DD vaccine and LS3
viruses The averag survival tm for anmmals inoculsted with 17D/8 virus was also
considerably longer as compared to the values obtamned for the other two 17D viruses
(125vs 101 or 10 6 respectively)

T ble3 M use ecurovirulence of YF17D viruses

virus 1C
dos / m riabty Average urvival
(PFU) (dead/tested) tim (days)
control 0 (032)
17DD 10° 969 (31/32) 106
17D-LS3 10° 969 (31/32) 101
17D/8 10° 813 (2632) 125

Swass 3 week-old mce
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YF 17D viruses were also examined for their capability of invading the central
nervous system afier peripheral (intra perrtoneal, 1p) moculation mto 2 5 7 9-day 1d
Swiss mce As shown in Tebl 4 below the 17D/8 virus agamn behaved favourably as
compared to the other 17D viruses used m being less neuromvasive for 2 and 5-day old
mice

Epitope msertion at this site may affect the threshold of fusion-activating
conformational change fthis protemn and t1s conceivable that slowerrate f fumon
may delay the extent fvirus producton and thereby lead to  milder infection of the
host resulting m the somewhat more attenuated phenotype of the recombinant virus in
the mouse model and lower extent f replication m cultured cells
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Table4 M seN rolnvasiveness {YF 17D Viruses

rus jig
dose 2dy Average 5-day Avernage 7-day Avernge 9-day Average
Y moralty( survveltime %mortalty( survvaltme % moriahty( dead/ survval mo S mortalty( dead/ survival m
dead/ tested) dead/ tested) tested) tested)
eo trol 0(0/12) 0 (0/16) 0(0/7) 0 (0/16)
17DD 10 75 (9/12) 111 875(/8) 117 0 (/16) 0(0/14)
183  10° 78 5 (11/14) 115 40 (4/10) 155 214 QN4) 173 55(1/18) 18

17D/8 10° 125(1/8) 100 0(0/19) 0 (/17 0 (W16)
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Exampl 11
Viral yields fYF 17D/8 in cultured cells.

In Vero cells the YF 17D/8 virus produced tiny plaques (1 140 3 mm)
when compared to virus YF5 2/DD (or YF 17D/14 virus 42040 9 mm) and th
small plaque 17D/G1/5 2-denived virus (1 89+1 05 mm) Figure 12 shows this
data.

Viral growth curves were determined by mfecting monolayers of VERO
cells or pnmary cultures of chicken embry fibroblasts (CEF)atm  f01 and
002oratm. fO01 002and 0002 respectively Cell were plated at density
£ 62,500 cell/cm and infected 24 h later Samples fmedi were collected at 24h
mtervals postinfection. Viral yields were eshimated by plague titraton on VERO
cell

Based on s;ngl step growth curves in Vero and CEF cells cifferences
were also bserved between 17D/8 and the control virus 17D/14 In CEF
culture which are certified for human accine production, both viruses produced

peak titer at 48 hrs postinfecti  (F gure 13A) However maxamal yields of
17D/8 reached 5 10 whereas the parental virus 17D/14 without th 1nsert reached
10 PFU/ml Th difference of about 20 fold was kept until 96 hrsp In Vero
cells all viruses rephcated better than m CEF cells but again the 17D/14-denved
virus grew to 25 fold hugher titers than 17D/8 (Figure 13B)

Exampl 12
YF 17D virus prod ca i certified cells

According to present manufactuning efficiency and the final viral titer per
human dose tneeds an mmtial virus titer fatleast601 g oPFU/ml It  btamed
titer of 6 1 log oPFU/ml for 17D/8 1n Vero cells For vaccine manufacture
addihon f stabihizer to the virus bulk reduces titer by 0 3 log oPFU/ml, filling and
freeze-drying process red ces another 0 6log oPFU/ml 061 g oPFU/ml loss in
therm stebil tvis rul yeldmg wvirus preparstion ready for use as vaccine
with final titer £391 g oPFU/ml This s the mmmum dosis recommended by

43
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the World Health Orgamzation for YF vaccine 1n humans (WHO 1995
Requirements for Yellow Fever Vaccine)

Example 13
YF 17D/8 Recombinant virus genet1 stabihity

Therefore, the following expeniments were carmed out m order to
charactenze th genet: stability of the new virus (YF 17D/8) using cell cultures

to propegate the virus

Wth regard to msert tability

The integnity of the insert must be assessed by sequencing fthe RT/PCR
products made on RNA of culture supernatant virus  The PCR product 1s
sequenced directly to ensure all the amino acids are 1n place

It shown for YF 17DD/204 virus that to generate vaceine-production
s1zed secondary seed lots at least 3 passages are necessary starting from the
cloned cDNA plasmud (US 6 171 854) Although the ohigonucleotides encoding
the epitopes were designed with codons more often utilized 1n the viral genome to
void potential translation problems as well as instalnlity  f the mnserted sequence
t 18 important to exarune the mamtenance f the insertion 1n the YF 17D virus
genome

For this purpose 5 senes of separate passages of YF17D/8 virus m Vero
and CEF were performed with known MOI (01 1 0PFU/cell) Then at selected
(5th and 10th) passages the viral RNA was collected and subjected to nucleotde
sequence determunation (as RT PCR products) at and argund the msertion site 1n
the E protein.

The results f these analyses 1n CEF and Vero cells are shown 1n Tabl 5
The 1nsert was present mn both 5th and 10th passages suggesting ts stability when
the virus was passaged senally 1n Vero cells but not in CEF cells
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T bl 5 Genet1 stability fYF 17D8 virn msert po enal passage n Vero
nd CEF cells.

?Ethpassng msert T_enﬂxpasuge 1Dsert
CEF )
17D/8 (5 ) - 17D/8 (10a) -
17D/8 (5b) - 17D/8 (10b) -
Vero
17D/8 (5 ) + 17D/8 (10 ) +
17D/8 (5 d) + 17D/8 (10 d) +
17D/8 (5 ) + 17D/8 (10 ) +
17D/8 (5 £) + 17D/8 (10 £) +
17D/B (5 p) + 17D/8 (10 g) +

The letters and b represent two independent passage 1n CEF cells whereas c,
d, ¢, f and g th five ndependent senes of passages i Vero cells

Plaq lysis

Amng at the estabhshment fan  tro marker for the recombinant
virus we have studied the size of virus plagues formed on Vero cell monolayers
One fthe hneages from senial passages in CEF ( ) or Vero cells (b) for which
sequence dsta on the insertregn  were vamlabl was also analysed for ts plaque
size phenotype along the passaging process Figure 14 displays the results of such
analysis Itsh ws the plaque size of YF17D/8 1s tiny compared to our larg
plaque YF 17DD/204 virus and th two small plaque 17D G1/5 2 and 17D/E200
viruses All controls are viruses denved from loned DNA and have defined

ucleotide sequence differences that are related to plaque size in Vero cells In
addition the plaque size displ yed by both viruses 1s very homogeneous as
expected from virus denved from loned cDNA.

One feach ineages fthe senal passages of YF17D/8 virus m CEF ( )
and Vero (b ) cell were also analysed for their plaque size phenotypes along the
passaging process (5th and 10 passages samples 5p and 10p respectively) For
the comparatr  plaque size analyn among viruses the larg plaque control
17D/14 wirus the small plaque co trol, 17D/G1 2 virus and 17D/B virus

19
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representing second passage 1n Vero cells f the onginal virus recovered from
RNA transfection, were used. Mean plaque diameters (mm) wrth the
corresponding standards desviations were btained at least from 10 different
plaques of each virus

In both cells the plaque size f senally passaged viruses tended to
mcrease As 1n Vero cell passaging there was no msert loss based on the
sequencing data and plaque s1ze phenotype 1n YF 17D viruses 1s dependent on
one or more amm acid changes (AV Jabor and R Galler unpublished) 1t 1s
possibl that other sequence changes took place outside the msertion area
sequenced W are presently analysing this possibility by sequencing the
complete genome of YF 17D/8 varus but ts expected sequence 15 shown
comparatively to other viruses in Tabl 6



T bl 6 Comp is nof YF fectiou pl| mdcl seq ences

NT/gene Yr 52 17D/DD® YF S2DD 17D/8 17D/t 17D/13 NT=AA

1140/E T C C T T T T=>Val3»C=Al
1436 1437/ GA AG AG GA GA GA G A=5D—A,G=>S
1946/E T Cc Cc T C C T8->C=P
2219 2220/E AC GT GT AC GT GT AC=>T-HG TV
2356/E T r C T T T

2602/NS1 1 T C T T T

2677/NS1 C Cc T Cc C C

2681/NS1 G G A G G G G=2AAST
8656/NS5 A A C C A A

8808/NS5 A G G G a a A=N-G=8
9605/NS5 G A A A A A A=>D->(3=N
10454 G A A A A A

10722 a a A A G G

Riceatal (1989) D arted Santos tal 1995 Galler and Fre re, patent US 6 171 854
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Exampl 14
Immunogenicity i muc

The results described abo  suggested that the epitope 18 being presented
1n the correct conformation and s accessible to antibodies exther 1n solublized

pative E protein as well a5 on the virus surface. In this example t was looked
further mto the immunogemcity fthe recombinant 17D/8 virus by examiming ts
capability fehcihng anttbodies It was done by immum=zng BALB/ mice
separately with up to 3 doses (10° PFU/dose) by the mtra peritoneal (IP) route
given two weeks apart. Two weeks after the Iast dose blood was collected by
intraorbital bleeding Sera {mice were pooled and used to neutralize the
homologous virus 1n 50% end point plaque reducho neutralization tests

Table 7 shows these results obtamned from two mdependent expeniments
Intraperitoneal moculation as the 3rd dose ehicited an average antibody titer to the
YFwirus f1 1079 as measured by PRNT s

T bl 7 Immunogemexty of YF 17D/8 virus m muce.

“Tmmunizing Intra Pentoneal
virus L

PRNT Average PRNT
control 113 <110 <113
17D/E200 1166 1195 1181
17D/8 1741 1417 11079

Reciprocal of th highest dilution f serum that resulted 1n 50% reduction of

plaque umbers
These two different dil tions correspond to two set of independent experiments
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Example 15
C trucho of others recombmant YF17D viruses expressing cytotoxn T
cell eprtop

The recombinent viruses are constructed as described 1n Exampl 6 m
order to express cytotoxa T cell epitope Th recovery fthe viruses from
cDNA by transfection of Vero cell was carned out as 1n Example 6 The
resulting viruses YF 17D/1 and 17D/13 were further passaged twice i Vero cells
for the generahon { working stocks The synthett Iigonucleotide inserhon at
the EcoRV site of YFE200 plasmud which corresponds to the amino acid sequence
depctedin T bl 8 below gives nse to plasmids pYFE200/1 and pYFE200/13
These plasmids were deposited on December 21 2000 under accesion number
PTA 2858 and PTA 2854 respectively with the Amencan Type Culture
Coliection (ATCC) 10801 Untversity Blvd. Manassas Va.

T bl 8 shows the predicted charg and 1soelectn ponts fo the epitopes
alone mtegrated mto the fg loop and 1n the whol E protemn context. As can be
seen there 15 considerabl vanahon of the net charge and the pl 1n each context,
epitope alone, m the loop or n whol E contexts Since the mnsertio region 18
volved 1n the pH-dependent conformatinal transition for fusion f the envelope
to endosom membrane t1s possible that th1 virus property could be influenced
to different extents by the sequence m the epitope

Preluminary data suggest that 17D/13 virus beanng the P yoel CTL
epitope does ot display the growth restrictions  bserved for the other viruses
(17D/8 and 17D/1) 10 both CEF and Vero cells (Figure 13) Tabl 8 shows the
ammo acid sequence and pecificity f selected epitopes for insertion mto YF E

protein.
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T bl 8 Am id eqence d p ifiity f lected pitopesf erti | t YFE protem.

YFfgloop |EMD EMD EMD SYVPSAEQI IES
DYENDIEKKI IES |GGNANPNANPNANPGG
1ES

Alg plope CSP CTL CSPB CSP CTL

S rc Pf1l parum P falciparum P yoel

c 17D/1 17D/8 17D/13

Charge/P ptd pl 2 00/4 06 000/597 1017330

fg| ptep tope charge/pl 200369 | 4991383 4 00/3 49 300/3 58

YT E prote + p tope charge/pl 74/583 940/5 61 740/5 83 840/571

5 B Becell

CTL ytot T ccll ep tope
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Exampl 16
Viral yields {YF 17D/1 and 17D/13 in cultured cells

The growth charactenst s i Vero cell of YF 17D/1 and 17D/13
comparatively to other 17D virus control mcluding te 17D/8 recombinant
expressing the humoral epitope are analysed. T exampl 1s camned out
following the protocol descnibed m Exampl 11

Figure 15 shows the comparath  growth curves of the 17D/14 17D/E200
and the malana recombinant virus 17D/8 17D/1 and 17D/13 1n Vero cells at
mo of 0 1 pfu/ml It 1s evident that 17D/1 and 17D/8 viruses grow to lower titers
and more slowly than our 17D/14 virus control On the other hand the 17D/E200
and 17D/13 viruses grew as efficiently as our control virus suggesting that the
msertion of SYVPSAEQI epitope was not as deleterious in this aspect as the 2
others were The same type f growth profil 1n Vero celis was observed with
different MOI (0 02) and 1n CEF cells with both MOls (data not shown)

There are no sigmficant differences in the verall charg and 1soelectn
pomnt fthe whol E protein contaiming these epitopes but differences can be
bserved at the level fthe fg loop (see Tabl 8) contamnmg or not the above
epitopes, the hypothes: that the charge f the epitopes may influence pH
dependent fusion and thereby lead to modified growth properties cannot be ruled
out at this stage

Example 17
YF 17D/1 and YF 17D/13 recombinant virus geneh stability
With regard to msert tabibity

As described 1n exampl 13 above for YF 17D/8 t was examined the
stability of the inserho 1n the YF17D virus genome by nucleotide sequence
enalysis at the inserth  siteonth RNA f viruses subjected to senal passages
For th1 purpose each YF17D/1 and 17D/13 viruses in Vero were performed with
known MOI (01 10PFU/cell) Then at selected (Sth and 10th) passages th
viral RNA was collected and subjected to nucleotde sequence determination (as
RT PCR products) at and around the insertion site 1n the E protein

4%
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The results fthese analyses 1n CEF and Vero cells are shown 1n Table 9
The 1nsert was present 1n both 5th and 10th passages suggesting 1ts stablity when
the virus was passaged senally in Vero cells but ot i CEF cells Simlarly to
YF17D/8 the inserted eprtopes are stabl throughout senal passaging of both
viruses in Vero cells These results altogether suggest the tolearbility of this srte
to the mnserhon f wide vanety of ep topes and endowing this system with an
enormous potential for the creaton  f recombinant viruses expressing entigens of
other pathogens 1n general

T ble9 Geneti stability of YF 17D recombinant viruses mserts upon serml
passage in Vero cells

|

-I'-‘-?thplssa_ge insert tenth passage

———

17D/1 (5 b) + 17D/1 (10 ) ND

17D/13 (5 ) + 17D/13 (10 ) +

ND not determined

Plagu ize analysw

As shown 1n example 13 above the 17D/8 recombimant virus displayed
tiny plaque size phenotype as compared to our large plaque YF 17DD/204
(17D/14) virus and the two small plaque infectious cDNA-denved 17D G1/5 2
and 17D/E200 viruses The plague size phenotype for the new 17D/1 and 17D/13
recombnant viruses was compared to the viruses previously charactenzed (Figure
15) All viruses represent second passage m Vero cells of the onginal virus
recovered from RNA transfection.

As expected from ts growth profile in Vero cells (Figure 15) the 17D/13
virus displayed & plaque size simlar to 17D/E200 and 17D/G1 5.2 stll small 1f
compared to 17DD/204 (17D/14) but larger than the thny plagues indnced by
17D/1 and 17D/8 viruses (F gure 16)



15

20

67

Exampl 18
YF 17D/1 and YF 17D/13 recombmant uu ttenustion

Although mouse neurovirulence does not predict virulence or attenuation
of YF wiruses for humans, t was important to demonstrate that recombinant
17D/1 and 17D/13 viruses do not exceed ts perent YF 17D virus 1 mouse
neurovirulence Th YF 17D vaccin virus display  degree f neurotropism for
mice by kalling all age f mice after intracerebral mnoculation and causes usually
subclimeal encepbaliti 1n monkeys (Monath, 1999)

Inth present analysis groups of 16 3 week-old Swrss mice were
moculated by the routewith3 01 g o PFU fthe 17DD vacemne virus, 17D1
17D/8 17D/13 and 171D/E200 viruses The results shown in Tabl 10 are

representative ftwo separate expenments

T bl 10 M use eurovirnlence fYF17D viruses

varus dose (PFU) % mortality Average survival tm (days)
(dead/tested)

control 0 (1132

17DD 10° 969 (31/32) 96

17D/1 10° 813 (26532) 156

17D/8 10° 719 @3632) 117

17D/13 10° 531 (17/32) 153

17D/E200  10° 938 (30532) 110

Swiss 3 week-old mice

It 1s evident that the 17D/8 and 17D/13 viruses consistently kil less
ammals than the ther 17D viruses 96 9% for 17DD and 81 3% for 17D/1 and
93 8% for 17D/E200 As bserved previously the verag survival tim for
ammals moculated with 17D/8 virus was also considerably longer as compared to

4%
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th values btamned for 17DD and 17D/E200 viruses (11 7vs960r 110
respectively) The 17D/1 and 17D/13 viruses kalled mice at 8 much siower pace
with ASTsof 154 and 15 1 respectively but 17D/1 klled virtually all rmce
whereas 17D/13 was more attneuated and only killed 75%, simlarly to 17D/8

Epitope msertion at this site may affect the threshold of fusion-activated
conformational change of the E protein and t1s conceivable that slower rate of
fusion may delay the extent f virus production and thereby lead to  mulder
mfection of the host resultng 1n th somewhat more attenuated phenotype of the
recombinant virus m the mouse model and lower extent of repheation n cultured
cells

The results shown here mdicate that mserts f different sizes and charges
are tolerated and they are hkely to influence the viral properties above Inno
case however the recombinant virus became more newrovirulent fo mce than ts
vaccine counterpart, further confirming the potential of using this site for the
msertion f foreign epitopes and the development of new Irve aitenuated 17D
VACCIDES
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LIST SEQUENCING

Ls) Applicant: Fundacio Oswaldo Cruz

I1b) Address A Brasil, 4365 Castel Mounsco, sala 05 Manguinhos 21045-900 Rio de
Janewro RIJI

II) Invention. Use of Flavrvirus for the expression of protem eprtopes and development of new hve
attepuated vaceme virus to immumize agamst flavivirus and other infechons egents

IIT) Number of Sequences 01 (om )
INFORMATION FOR SEQ ID NO 1

I) Sequence charactenistics

L )lenpth 10862 base pams
Lb)type ucles scud
Lc) strandedness smgl

I d) topology- hnear

Le)m lecule type cDNA

1f) angmal source mdc 1dual wolate Yfi 52/DD

L.g) sequence descarpion SEQ ID NO 1
1 AGTAAATCCT GTGTGCTAAT TGAGGTGCAT TGGTCTGCAA ATCGAGTTGC
51 TAGGCAATAA ACACATTTGG ATTAATTTTA ATCGTTCGTT GAGCGATTAG
101 CAGAGAACTG ACCAGAACAT GTCTGGTCGT AAAGCTCAGG GAAAAACCCT
151 GGGCGTCAAT ATGGTACGAC GAGGAGTTCG CTCCTTGTCA AACAAAATAA
201 AACAAAAAAC AAAACAAATT GGAAACAGAC CTGGACCTTC AAGAGGTGTT
251 CAAGGATTTA TCTTTITICTT TTTGTTCAAC ATTTTGACTG GAAAAAAGAT
301 CACAGCCCAC CTAAAGAGGT TGTGGAAAAT GCTGGACCCA AGACAAGACT
351 TGGCTGTTCT AAGGAAAGTC AAGAGAGTGG TGGCCAGTTT GATGAGAGGA
401 TTGTCCTCAA GGAAACGCCG TTCCCATGAT GTTCTGACTG TGCAATTCCT
451 AATTTIGGGA ATGCTGTTGA TGACGGGTGG AGTGACCTTG GTGCGGAAAA
501 ACAGATGGTT GCTCCTAAAT GTGACATCTG AGGACCTCGG GAAAACATTC
551 TCTGTGGGCA CAGGCAACTG CACAACAAAC ATTTTGGAAG CCAAGTACTG
601 GTGCCCAGAC TCAATGGAAT ACAACTGTCC CAATCTCAGT CCAAGAGAGG
651 AGCCAGATGA CATTGATTGC TGGTGCTATG GGGTGGAAAA CGTTAGAGTC

701 GCATATGGTA AGTGTGACTC AGCAGGCAGG TCTAGGAGGT CAAGAAGGGC



70

751 CATTGACTTG CCTACGCATG AAAACCATGG TTTGAAGACC CGGCAAGAAA

801 AATGGATGAC TGGAAGAATG GGTGAAAGGC AACTCCAAAA GATTGAGAGA

851 TGGTTCGTGA GGAACCCCTT TTTTGCAGTG ACGGCTCTGA CCATTGCCTA

901 CCTTGTGGGA AGCAACATGA CGCAACGAGT CGTGATTGCC CTACTGGTCT

951 TGGCTGTTGG TCCGGOCTAC TCAGCTCACT GCATTGGAAT TACTGACAGG

1001 GATTTCATTG AGGOGGTGCA TGGAGGAACT TGGGTTTCAG CTACCCTGGA

1051
1101
1151
1201
1251
1301
1351
1401
1451
1501
1551
1601
1651
1701
1751
1801
1851
1901
1951
2001
2051

2101

GCAAGACAAG TGTGTCACTG TTATGGCCCC TGACAAGCCT TCATTGGACA
TCTCACTAGA GACAGTAGCC ATTGATAGAC CTGCTGAGGC GAGGAAAGTG
TGTTACAATG CAGTTCTCAC TCATGTGAAG ATTAATGACA AGTGCCCCAG
CACTGGAGAG GCCCACCTAG CTGAAGAGAA CGAAGGGGAC AATOGCGTGCA
AGCGCACTTA TTCTGATAGA GGCTGGGGCA ATGGCTGTGG CCTATTTGGG
AAAGGGAGCA TTGTGGCATG CGCCAAATTC ACTTGTGCCA AATCCATGAG
TTTGTTTGAG GTTGATCAGA CCAAAATTCA GTATGTCATC AGAGCACAAT
TGCATGTAGG GGCCAAGCAG GAAAATTGGA ATACCAGCAT TAAGACTCTC
AAGTTTGATG CCCTGTCAGG CTCCCAGGAA GTCGAGTTCA TIGGGTATOG
AAAAGCTACA CTGGAATGCOC AGGTGCAAAC TGCGGTGGAC TTTGGTAACA
GTTACATCGC TGAGATGGAA ACAGAGAGCT GGATAGTGGA CAGACAGTGG
GCCCAGGACT TGACCCTGCC ATGGCAGAGT GGAAGTGGCG GGGTGTGGAG
AGAGATGCAT CATCTTGTCG AATTTGAACC TCCGCATGCC GCCACTATCA
GAGTACTGGC CCTGGGAAAC CAGGAAGGCT CCTTGAAAAC AGCTCTTACT
GGCGCAATGA GGGTTACAAA GGACACAAAT GACAACAACC TTTACAAACT
ACATGGTGGA CATGTTTCTT GCAGAGTGAA ATTGTCAGCT TTGACACTCA
AGGGGACATC CTACAAAATA TGCACTGACA AAATGTITIT TGTCAAGAAC
CCAACTGACA CTGGCCATGG CACTGTTGTG ATGCAGGTGA AAGTGCCAAA
AGGAGCCCCC TGCAGGATTC CAGTGATAGT AGCTGATGAT CTTACAGCGG
CAATCAATAA AGGCATTTTG GTTACAGTTA ACCCCATCGC CTCAACCAAT
GATGATGAAG TGCTGATTGA GGTGAACCCA CCTTTTGGAG ACAGCTACAT
TATCGTTGGG AGAGGAGATT CACGTCTCAC TTACCAGTGG CACAAAGAGG




2451
2501
2551
2601
2651
2701
2751
2801
2851
2901
2951
3001
3051
3101
3151
3201
3251
3301
3351
340]
3451

n

GAAGCTCAAT AGGAAAGTTG TTCACTCAGA CCATGAAAGG CGTGGAACGC
CTGGCCGTCA TGGGAGACGT CGCCTGGGAT TTCAGCTCCG CTGGAGGGTT
CTTCACTTCG GTTGGGAAAG GAATTCATAC GGTGTTTGGC TCTGCCTTTC
AGGGGCTATT TGGCGGCTTG AACTGGATAA CAAAGGTCAT CATGGGGGCG
GTACTCATAT GGGTTGGCAT CAACACAAGA AACATGACAA TGTCCATGAG
CATGATCTTG GTAGGAGTGA TCATGATGTT TTTGTCTCTA GGAGTTGGGG
CGGATCAAGG ATGCGCCATC AACTTTGGCA AGAGAGAGCT CAAGTGCGGA
GATGGTATCT TCATATTTAG AGACTCTGAT GACTGGCTGA ACAAGTACTC
ATACTATCCA GAAGATCCTG TGAAGCTTGC ATCAATAGTG AAAGCCTCTT
TCGAAGAAGG GAAGTGTGGC CTAAATTCAG TTGACTCCCT TGAGCATGAG
ATGTGGAGAA GCAGGGCAGA TGAGATTAAT ACCATTTTTG AGGAAAACGA
GGTGGACATT TCTGTTGTCG TGCAGGATCC AAAGAATGTT TACCAGAGAG
GAACTCATCC ATTTTCCAGA ATTCGGGATG GTCTGCAGTA TGGTTGGAAG
ACTTGGGGTA AGAACCTTGT GTTCTCCCCA GGGAGGAAGA ATGGAAGCTT
CATCATAGAT GGAAAGTCCA GGAAAGAATG CCCGTTTTCA AACCGQGTCT
GGAATTCTTT CCAGATAGAG GAGTTTGGGA CGGGAGTGTT CACCACACGC
GTGTACATGG ACGCAGTCTT TGAATACACC ATAGACTGCG ATGGATCTAT
CTTGGGTGCA GCGGTGAACG GAAAAAAGAG TGCCCATGGC TCTCCAACAT
TTTGGATGGG AAGTCATGAA GTAAATGGGA CATGGATGAT CCACACCTTG
GAGGCATTAG ATTACAAGGA GTGTGAGTGG CCACTGACAC ATACGATTGG
AACATCAGTT GAAGAGAGTG AAATGTTCAT GCCGAGATCA ATCGGAGGCC
CAGTTAGCTC TCACAATCAT ATCCCTGGAT ACAAGGTTCA GACGAACGGA
CCTTGGATGC AGGTACCACT AGAAGTGAAG AGAGAAGCTT GCCCAGGGAC
TAGCGTGATC ATTGATGGCA ACTGTGATGG ACGGGGAAAA TCAACCAGAT
CCACCACGGA TAGCGGGAAA GTTATTCCTG AATGGTGTTG CCGCTCCTGC
ACAATGCCGC CTGTGAGCTT CCATGGTAGT GATGGGTGTT GGTATCCCAT
GGAAATTAGG CCAAGGAAAA CGCATGAAAG CCATCTGGTG CGCTCCTGGG

S0
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3501 TTACAGCTGG AGAAATACAT GCTGTCCCTT TTGGTTIGGT GAGCATGATG
3551 ATAGCAATGG AAGTGGTCCT AAGGAAAAGA CAGGGACCAA AGCAAATGTT
3601 GGTTGGAGGA GTAGTGCTCT TGGGAGCAAT GCTGGTCAGG CAAGTAACTC
3651 TCCTTGATTT GCTGAAACTC ACAGTGGCTG TGGGATTGCA TTTCCATGAG
3701 ATGAACAATG GAGGAGACGC CATGTATATG GCGTTGATTG CTGCCITTTC
3751 AATCAGACCA GGGCTGCTCA TCGGCTTTOG GCTCAGGACC CTATGGAGCC
3801 CTCGGGAACG CCTTGTGCTG ACCCTAGGAG CAGCCATGGT GGAGATTGCC
3851 TTGGGTGGCG TGATGGGCGG CCTGTGGAAG TATCTAAATG CAGTTTCTCT
3901 CTGCATCCTG ACAATAAATG CTGTTGCTTC TAGGAAAGCA TCAAATACCA
3951 TCTTGCCCCT CATGGCTCTG TTGACACCTG TCACTATGGC TGAGGTGAGA
4001 CTTGCCGCAA TGTTCTTTTG TGCCGTGGTT ATCATAGGGG TCCTTCACCA
4051 GAATTTCAAG GACACCTCCA TGCAGAAGAC TATACCTCTG GTGGCCCTCA
4101 CACTCACATC TTACCTGGGC TTGACACAAC CTTTTTTGGG CCTGTGTGCA
4151 TTTCTGGCAA CCCGCATATT TGGGCGAAGG AGTATCCCAG TGAATGAGGC
4201 ACTCGCAGCA GCTGGTCTAG TGGGAGTGCT GGCAGGACTG GCTTTTCAGG
4251 AGATGGAGAA CTTCCTTGGT CCGATTGCAG TTGGAGGACT CCTGATGATG
4301 CTGGTTAGCG TGGCTGGGAG GGTGGATOGG CTAGAGCTCA AGAAGCTTGG
4351 TGAAGTTTCA TGGGAAGAGG AGGCGGAGAT CAGCGGGAGT TCCGCCCGCT
4401 ATGATGTGGC ACTCAGTGAA CAAGGGGAGT TCAAGCTGCT TTCTGAAGAG
4451 AAAGTGCCAT GGGACCAGGT TGTGATGACC TCGCTAGCCT TGGTTGGGGC
4501 TGCCCTCCAT CCATTTGCTC TTCTGCTGGT CCTTGCTGGG TGGCTGTTTC
4551 ATGTCAGGGG AGCTAGGAGA AGTGGGGATG TCTTGTGGGA TATTCCCACT
4601 CCTAAGATCA TCGAGGAATG TGAACATCTG GAGGATGGGA TTTATGGCAT
4651 ATTCCAGTCA ACCTTCTTGG GGGCCTCCCA GCGAGGAGTG GGAGTGGCAC
4701 AGGGAGGGGT GTTCCACACA ATGTGGCATG TCACAAGAGG AGCTTTCCTT
4751 GTCAGGAATG GCAAGAAGTT GATTCCATCT TGGGCTTCAG TAAAGGAAGA
4801 CCTTGTCGCC TATGGTGGCT CATGGAAGTT GGAAGGCAGA TGGGATGGAG
4851 AGGAAGAGGT CCAGTTGATC GCGGCTGTTC CAGGAAAGAA CGTGGTCAAC



4901
4951
5001
5051
5101
5151
5201

5301

5331

5451
5501
5551

5651
5701
5751
5801
5851
5901
5951

6051
6101
6151
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GTCCAGACAA AACCGAGCTT GTTCAAAGTG AGGAATGGGG GAGAAATCGG
GGCTGTCGCT CTTGACTATC CGAGTGGCAC TTCAGGATCT CCTATTGTTA
ACAGGAACGG AGAGGTGATT GGGCTGTACG GCAATGGCAT CCTTGTCGGT
GACAACTCCT TCGTGTCCGC CATATCCCAG ACTGAGGTGA AGGAAGAAGG
AAAGGAGGAG CTCCAAGAGA TCCCGACAAT GCTAAAGAAA GGAATGACAA
CTGTCCTTGA TTTTCATCCT GGAGCTGGGA AGACAAGACG TTTCCTCCCA
CAGATCTTGG CCGAGTGCGC ACGGAGACGC TTGCGCACTC TTGTGTTGGC
CCCCACCAGG GTTGTTICTTT CTGAAATGAA GGAGGCTTTT CACGGCCTGG
ACGTGAAATT CCACACACAG GCTTTTTCCG CTCACGGCAG CGGGAGAGAA
GTCATTGATG CCATGTGCCA TGCCACCCTA ACTTACAGGA TGTTGGAACC
AACTAGGGTT GTTAACTGGG AAGTGATCAT TATGGATGAA GCCCATTTTT
TAGATCCAGC TAGCATAGCC GCTAGAGGTT GGGCAGCGCA CAGAGCTAGG
GCAAATGAAA GTGCAACAAT CTTGATGACA GCCACACCGC CTGGGACTAG
TGATGAATTT CCACATTCAA ATGGTGAAAT AGAAGATGTT CAAACGGACA
TACCCAGTGA GCCCTGGAAC ACAGGGCATG ACTGGATCCT AGCTGACAAA
AGGCCCACGG CATGGTTCCT TCCATCCATC AGAGCTGCAA ATGTCATGGC
TGCCTCTTTG CGTAAGGCTG GAAAGAGTGT GGTGGTCCTG AACAGGAAAA
CCTTTGAGAG AGAATACCCC ACGATAAAGC AGAAGAAACC TGACTTTATA
TTGGCCACTG ACATAGCTGA AATGGGAGCC AACCTTTGCG TGGAGCGAGT
GCTGGATTGC AGGACGGCTT TTAAGCCTGT GCTTGTGGAT GAAGGGAGGA
AGGTGGCAAT AAAAGGGCCA CTTCGTATCT CCGCATCCTC TGCTGCTCAA
AGGAGOGGGC GCATTGGGAG AAATCCCAAC AGAGATGGAG ACTCATACTA
CTATTCTGAG CCTACAAGTG AAAATAATGC CCACCACGTC TGCTGGTTGG
AGGCCTCAAT GCTCTTGGAC AACATGGAGG TGAGGGGTGG AATGGTCGCC
CCACTCTATG GCGTTGAAGG AACTAAAACA CCAGTTTCCC CTGGTGAAAT
GAGACTGAGG GATGACCAGA GGAAAGTCTT CAGAGAACTA GTGAGGAATT
GTGACCTGCC CGTTTGGCTT TCGTGGCAAG TGGCCAAGGC TGGTTTGAAG

S
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ACGAATGATC GTAAGTGGTG TTTTGAAGGC CCTGAGGAAC ATGAGATCTT
GAATGACAGC GGTGAAACAG TGAAGTGCAG GGCTCCTGGA GGAGCAAAGA
AGCCTCTGCG CCCAAGGTGG TGTGATGAAA GGGTGTCATC TGACCAGAGT
GCGCTGTCTG AATTTATTAA GTTTGCTGAA GGTAGGAGGG GAGCTGCTGA
AGTGCTAGTT GTGCTGAGTG AACTCCCTGA TTTCCTGGCT AAAAAAGGTG
GAGAGGCAAT GGATACCATC AGTGTGTTTC TCCACTCTGA GGAAGGCTCT
AGGGCTTACC GCAATGCACT ATCAATGATG CCTGAGGCAA TGACAATAGT
CATGCTGTTT ATACTGGCTG GACTACTGAC ATCGGGAATG GTCATCTTIT
TCATGTCTCC CAAAGGCATC AGTAGAATGT CTATGGCGAT GGGCACAATG
GCCGGCTGTG GATATCTCAT GTTCCTTGGA GGCGTCAAAC CCACTCACAT
CTCCTATATC ATGCTCATAT TCTTTGTCCT GATGGTGGTT GTGATCCCCG
AGCCAGGGCA ACAAAGGTCC ATCCAAGACA ACCAAGTGGC ATACCTCATT
ATTGGCATCC TGACGCTGGT TTCAGCOGTG GCAGOCAACG AGCTAGGCAT
GCTGGAGAAA ACCAAAGAGG ACCTCTTTGG GAAGAAGAAC TTAATTCCAT
CTAGTGCTTC ACCCTGGAGT TGGCCGGATC TTGACCTGAA GCCAGGAGCT
GCCTGGACAG TGTACGTTGG CATTGTTACA ATGCTCTCTC CAATGTTGCA
CCACTGGATC AAAGTCGAAT ATGGCAACCT GTCTCTGTCT GGAATAGCCC
AGTCAGCCTC AGTCCTTTCT TTCATGGACA AGGGGATACC ATTCATGAAG
ATGAATATCT CGGTCATAAT GCTGCTGGTC AGTGGCTGGA ATTCAATAAC
AGTGATGCCT CTGCTCTGTG GCATAGGGTG CGCCATGCTC CACTGGTCTC
TCATTTTACC TGGAATCAAA GCOGCAGCAGT CAAAGCTTGC ACAGAGAAGG
GTGTTCCATG GCGTTGCCAA GAACCCTGTG GTTUGATGGGA ATCCAACAGT
TGACATTGAG GAAGCTCCTG AAATGCCTGC CCTTTATGAG AAGAAACTGG
CTCTATATCT CCTTCTTGCT CTCAGCCTAG CTTCTGTTGC CATGTGCAGA
ACGCCCTTTT CATTGGCTGA AGGCATTGTC CTAGCATCAG CTGCCTTAGG
GCCGCTCATA GAGGGAAACA CCAGCCTTCT TTGGAATGGA CCCATGGCTG
TCTCCATGAC AGGAGTCATG AGGGGGAATC ACTATGCTTT TGTGGGAGTC
ATGTACAATC TATGGAAGAT GAAAACTGGA CGCCGGGGGA GCGCGAATGG
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8801
8851
8901
8951
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AAAAACTTTG GGTGAAGTCT GGAAGAGGGA ACTGAATCTG TTGGACAAGC
GACAGTTTGA GTTGTATAAA AGGACCGACA TTGTGGAGGT GGATCGTGAT
ACGGCACGCA GGCATTTGGC CGAAGGGAAG GTGGACACCG GGGTGGCGGT
CICCAGGGGG ACCGCAAAGT TAAGGTGGTT CCATGAGCGT GGCTATGTCA
AGCTGGAAGG TAGGGTGATT GACCTGGGGT GTGGCCGCGG AGGCTGGTGT
TACTACGCTG CTGCGCAAAA GGAAGTGAGT GGGGTCAAAG GATTTACTCT
TGGAAGAGAC GGCCATGAGA AACCCATGAA TGTGCAAAGT CTGGGATGGA
ACATCATCAC CTTCAAGGAC AAAACTGATA TCCACCACCT AGAACCAGTG
AAATGTGACA CCCTTTTGTG TGACATTGGA GAGTCATCAT CGTCATCGGT
CACAGAGGGG GAAAGGACCG TGAGAGTTICT TGATACTGTA GAAAAATGGC
TGGCTTGTGG GGTTGACAAC TTCTGTGTGA AGGTGTTAGC TCCATACATG
CCAGATGTTC TCGAGAAACT GGAATTGCTC CAAAGGAGGT TTGGCGGAAC
AGTGATCAGG AACCCTCTCT CCAGGAATTC CACTCATGAA ATGTACTACG
TGTCTGGAGC CCGCAGCAAT GTCACATTTA CTGTGAACCA AACATCCCGC
CTCCTGATGA GGAGAATGAG GCGTCCAACT GGAAAAGTGA CCCTGGAGGC
TGACGTCATC CTCCCAATTG GGACACGCAG TGTTGAGACA GACAAGGGAC
CCCTGGACAA AGAGGCCATA GAAGAAAGGG TTGAGAGGAT AAAATCTGAG
TACATGACCT CTTGGTTTTA TGACAATGAC AACCCCTACA GGACCTGGCA
CTACTGTGGC TCCTATGTCA CAAAAACCTC AGGAAGTGCG GCGAGCATGG
TAAATGGTGT TATTAAAATT CTGACATATC CATGGGACAG GATAGAGGAG
GTCACCAGAA TGGCAATGAC TGACACAACC CCTTTTGGAC AGCAAAGAGT
GTTTAAAGAA AAAGTTGACA CCAGAGCAAA GGATCCACCA GCGGGAACTA
GGAAGATCAT GAAAGTTGTC AACAGGTGGC TGTTCCGCCA CCTGGCCAGA
GAAAAGAGCC CCAGACTGTG CACAAAGGAA GAATTTATTG CAAAAGTCCG
AAGTCATGCA GCCATTGGAG CTTACCTGGA AGAACAAGAA CAGTGGAAGA
CTGCCAATGA GGCTGTCCAA GACCCAAAGT TCTGGGAACT GGTGGATGAA
GAAAGGAAGC TGCACCAACA AGGCAGGTGT CGGACTTGTG TGTACAACAT

52
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9001 GATGGGGAAA AGAGAGAAGA AGCTGTCAGA GTTTGGGAAA
GCAAAGGGAA

9051 GCCGTAGCCAT ATGGTATATG TGGCTGGGAG CGCGGTATCT TGAGTTTGAG
9101 GCCCTGGGAT TCCTGAATGA GGACCATTGG GCTTCCAGGA AAAACTCAGG
9151 AGGAGGAGTG GAAGGCATTG GCTTACAATA CCTAGGATAT GTGATCAGAG
9201 ACCTGGCTGC AATGGATGGT GGTGGATTCT ACGCGGATGA CACCGCTGGA
9251 TGGGACACGC GCATCACAGA GGCAGACCTT GATGATGAAC AGGAGATCTT
9301 GAACTACATG AGCCCACATC ACAAAAAACT GGCACAAGCA GTGATGGAAA
9351 TGACATACAA GAACAAAGTG GTGAAAGTGT TGAGACCAGC CCCAGGAGGG
9401 AAAGCCTACA TGGATGTCAT AAGTCGACGA GACCAGAGAG GATCCGGGCA
9451 GGTAGTGACT TATGCTCTGA ACACCATCAC CAACTTGAAA GTCCAATTGA
9501 TCAGAATGGC AGAAGCAGAG ATGGTGATAC ATCACCAACA TGTTCAAGAT
9551 TGTGATGAAT CAGTTCTGAC CAGGCTGGAG GCATGGCTCA CTGAGCACGG
9601 ATGTAACAGA CTGAAGAGGA TGGCGGTGAG TGGAGACGAC TGTGTGGTCC
9651 GGCCCATCGA TGACAGGTTC GGCCTGGOCC TGTCCCATCT CAACGCCATG
9701 TCCAAGGTTA GAAAGGACAT ATCTGAATGG CAGCCATCAA AAGGGTGGAA
9751 TGATTGGGAG AATGTGCCCT TCTGTTCCCA CCACTTCCAT GAACTACAGC
9801 TGAAGGATGG CAGGAGGATT GTGGTGCCTT GCOGAGAACA GGACGAGCTC
9851 ATTGGGAGAG GAAGGGTGTC TCCAGGAAAC GGCTGGATGA TCAAGGAAAC
9901 AGCTTGCCTC AGCAAAGCCT ATGCCAACAT GTGGTCACTG ATGTATTTIC
9951 ACAAAAGGGA CATGAGGCTA CTGTCATTGG CTGTTTCCTC AGCTGTTCCC
10001 ACCTCATGGG TTCCACAAGG ACGCACAACA TGGTOGATTC ATGGGAAAGG
10051 GGAGTGGATG ACCACGGAAG ACATGCTTGA GGTGTGGAAC AGAGTATGGA

10101 TAACCAACAA CCCACACATG CAGGACAAGA CAATGGTGAA
AAAATGGAGA

10151 GATGTCCCTT ATCTAACCAA GAGACAAGAC AAGCTGTGCG GATCACTGAT
10201 TGGAATGACC AATAGGGCCA CCTGGGCCTC CCACATCCAT TTAGTCATCC
10251 ATCGTATCCG AACGCTGATT GGACAGGAGA AATACACTGA CTACCTAACA
10301 GTCATGGACA GGTATTICTGT GGATGCTGAC CTGCAACTGG GTGAGCTTAT



10351 CTGAAACACC ATCTAACAGG AATAACCGGG ATACAAACCA CGGGTGGAGA
10401 ACCGGACTCC CCACAACCTG AAACCGGGAT ATAAACCACG GCTGGAGAAC
10451 CGGACTCCGC ACTTAAAATG AAACAGAAAC CGGGATAAAA ACTACGGATG
10501 GAGAACCGGA CTCCACACAT TGAGACAGAA GAAGTTGTCA GCCCAGAACC
10551 CCACACGAGT TTTGCCACTG CTAAGCTGTG AGGCAGTGCA GGCTGGGACA
10601 GCCGACCTCC AGGTTGCGAA AAACCTGGTT TCTGGGACCT CCCACCCCAG
10651 AGTAAAAAGA ACGGAGCCTC CGCTACCACC CTCCCACGTG GTGGTAGAAA
10701 GACGGGGTCT AGAGGTTAGA GAAGACCCTC CAGGGAACAA ATAGTGGGAC
10751 CATATTGACG CCAGGGAAAG ACCGGAGTGG TTCTCTGCTT TTCCTCCAGA
10801 GGTCTGTGAG CACAGTTTGC TCAAGAATAA GCAGACCTTT GGATGACAAA
10851 CACAAAACCACT
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CLAIMS

1 A method for the production of Filavivirus as  vector for
heterologous anhgens compnsing the mtroduction and expression of foreign gene
sequences mto msertion sites at the lev ] of the envelope protein f any
Flavivirus, wherein the sites are structurally apart from areas known to interfere
with the overall fl vivirus E protemn structure and compnsing

() sites that |  on the external surface fthe virus providing

accessibihty to antibody

(1) not disrupt or ssgmficantly destablize the three-dimensional

structure of the E protem and

(n) not mterfere with the formation f the E protem network within the

viral envelope

2 The method according to claim 1 wherein one site compnses the
region f p-strands f and g including the fg loop which form part of the five-
stranded anti parallel § sheet {domain [T of the flavivirus envelope protemn.

3 The method eccording to claim 2 wherein the site 1 the loop area
between § strands f and g which form part of the five-stranded anti parallel p
sheet of domain II of the flavivirus envelope protein.

4 The method according to claim 2 wherein the foreign sequence has
been inserted 1n the region of amino acid 196 to 215 with reference to the tick
born encephalii virus sequence described 1n figure 2

5 The method according to clasm 3 wherein the foreign sequence has
been 1nserted 1n the region of amuno acid 205 to 210 with reference to the tick
bomne encephalhitis virus sequence descnbed 1n figure 2

6 The method according to claim 1 wherein another site comprnises
the region of Eg and F  strands mcluding the EoF loop whuch form part of the
eight stranded § barrel fdomam I

7 The method according to claim 6 wherem the site s the loop area
between Egand F  strands which form part of the exght stranded p-barrel of
domam I
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8 The method according to claim 6 wherein the foreign sequence has
been 1nserted 1n the region f amino acad 138 to 166 with reference to the tick
borne encephalitis virus sequence descnbed 1n figure 2

9 The method according to claim 7 wherem the foreign sequence has
been nserted 10 the regron of amino ac d 146 to 160 with reference to the tick
bome encephal tis virus sequence descnbed 1n figure 2

10 Th method according to claim 1 whereinth  Flavivirus 1s selected
from th group consisting of any Flavivirus including yellow fever virus tick
borne encephaliis virus dengue virus and japanese encephalitis virus

11 The method according to claim 10 wheremn the virus ~ wald type
attenuated or recombrnant virus

12  The method according to claims 10 and 11 wherein the Flavivirus
1S a yellow fever virus

13 The method according to clamm 12 wherein the virus 1s
recombinant yellow fever virus

14  The method according to claim 13 wherein the yellow fever virus
1s the YF17D virus strain and substrains thereof

15 Th method according to claxms 1 to 14 wherem the foreign
epitope 15 malanal gene sequence

16 The method according to claim 15 wherein the malanal gene
sequence the (NANP); humoral epitope

17  The method according to claim 15 wherein the malanal gene
sequence s the DYENDIEKKI cytotoxa T lymphocyte (CTL) epitope

18 The method according to claim 15 wherein the malanal gene
sequence the SYVPSAEQI ytotoxa T lymphocytes (CTL) ep tope

19 The method according to claim 1 wherein one or m re glycine
residues 1s mnserted 1n the region immediately upstream and downstream fthe
foreign ep tope

20 A DNA construct consmisting sentially f vector genetcally
stabl F1 vivirus genom and foreign gene sequences introduced 1n an msertion
site according to any of larms 1 to 19
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21 The DNA construct according to claim 20 wherein the Flavivirus s
selected from the group conmisting { apy Flavivirus mcluding yellow fever virus
tick borne encephaliis virus, dengue virus and japanese encephalitis virus

22  The DNA construct according to cisim 20 wheren the vector 1s
selected from the gro p consishng of low copy umber plasmids

23 Th DNA construct according to claim 21 wherein the vector 1s
selected from the group consishng of pACNR1180 and pBel BACI1

24 The DNA construct according to clmm 20 wherem the vector 18
selected from the group consisting f mgh copy number plasimds

25  The DNA construct according to claxm 20 wherein the genetically
stable Flavivirus genome 18 denved from any YF 17D stran.

26  The DNA construct according to claim 25 wherein the genetically
stab] Flavivirus genom  the YF genome beanng the complete sequence set
forth im SEQ ID NO 1 or functionally equivaient sequences thereof

27  The DNA construct according to claim 20 wherein the foreign gene
sequence 15 denzved from malana, yellow fever dengue, Japanese encephalitis,
tick borme encephaliis and fung infections

28  The DNA construct according to clam 27 wherein the foreign gene
sequence 1s malanal gene sequence

29 The DNA construct according to claims 26 and 28 wherein the
malarial gene sequence 1s the (NANP); humoral epitope

30  The DNA construct according to claim 28 wherein the malanal

gene sequence 15 the DYENDIEKKI cytotoxa T lymphocytes epitope
31 The DNA construct according to clarm 28 wherein the malanal

gene sequence 1s the SYVPSAEQI cytotoxa T lymphocytes epitope
32  The DNA construct according to claim 29 which 1s plasmud
pYF17D/8
33 DNA construct having the structure  f plastmd pYFE200
34  DNA construct having the structure of plasrmd pYFE200/1
35 DNA construct having the structure of plasmd pYFE200/13
36 DNA construct having the structure of plasmud pYFE200/8
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37 AFlavivirus as vector for heterol gous antigens compnising
foreign gene sequences mserted at  tes i the level { ts envelope protein,
wherean the sites are structurally apart from areas known to interfere wath the
overall flavivirus E protem structure

38 The Flavivirus according to claym 37 wherein the foreign gene
sequence troduced in the region f p-strands f and g including the fg loop
which form part fth five-stranded ant: parallel p sheet fd mamIl fthe
flavivirus envelope protein.

39  The Flavivirus according to claim 38 wheremn the site 1s the loop
area between B-strands f and g which form part of th five-stranded anti paraliel
P sheet fdomanII of the fi vivirus envelope protein.

40 The F1 vivirus according to claim 38 wherein the foreign sequence
has been 1nsested in the regnon  f amuno ac d 196 to 215 with reference to the tick
bome encephal ti virus sequenc described m figure 2

4] The Flavivirus according to claim 39 wherein the foreign sequence
has been 1nserted in the region of amino acid 205 to 210 with reference to the tick
bome encephalih virus sequence described 1n figure 2

42 The Flavivirus according to claim 37 wherem another site
comprnisestherepn  fEgand F strands mncluding the EqF loop which form part
f the exght stranded p barre! f domain I

43 The Flavivirus according to laim 42 wherein the site 1s the loop
area between Ej and Fy strands which form part fth eight stranded p barrel f
doman ]

44 The Flavivirus according to laun 42wherein the f reign sequence
has been mserted in the regio  f amuno acid 138 to 166 with reference to the tick
born encephal tis virus sequence described 1n figure 2

45 Th Flavivirus according to laim 43 where: the foreign sequence
has been 1nserted 1n the region of amino acid 146 10 160 with reference to the tick
bomne encephalibs virus seq ence de cnibed 1n figure 2
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46  The Fl vivirus according to claim 37 wherein the Flavivirus 13
selected from the group consisting of any Flavivirus mcluding yellow fever virus
tick borne encephalitis virus, dengue virus and japanese encephalitis virus

47 The Flavivirus according to claim 46 wheremn the virus 15 a wild
type, attenuated or recombnant virus

48  The Flavivirus according to clmms 46 and 47 wherein the
Flavivirus 1s  yellow fever virus

49  The Flavivirus according to ciaim 48 wherem the virus 1s
recombinant yellow fever virus

50  The Flavivirus according to claim 49 wherein the yellow fever
virus 18 the YF17D wirus strain and substrans thereof

51 The Flavivirus according to cliams 37 to 50 wherein the foreign
epitope 13 malanal gene sequence

52 A vaccine composition 1o mmmumze agmnst flavivirus and other
mfectious agents consishing essentially of a virus according to claims 37 to 51

53 The vaccine composition according to claim 52 wherem the
flavivirus 15 a yellow fever virus and the other infectious agent 1s the causative
agent fmalara.

54  The vaccine composition according to claim 53 wheremn the
malanal gene sequence 1s the (NANP); humorel epitope

55  The vaccine composition according to claim 53 wherein the
maianal gene sequence 1s the DYENDIEKKI cytotoxa T lymphocytes epitope

56 The vaccine composition according to claim 53 wherem the
malanal gene sequence 1s the SYVPSAEQI cytotoxs T lymphocytes epitope

57 The vaccme composition according to claims 37 to 51 compnising

sufficient amount fthe virusend pharmaceutically acceptable veh:cl

58 A Flavivirus as a vector for heterologous antigens wherein the
F1 vivirus 1s obtamable according to any of claims 1 to 19
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ABSTRACT
USE OF FLAVIVIRUS FOR THE EXPRESSION OF PROTEIN EPITOPES AND

DEVELOPMENT OF NEW LIVE ATTENUATED VACCINE VIRUS TO IMMUNIZE
AGAINST FLAVIVIRUS AND OTHER INFECTIOUS AGENTS

The present invention relatesto  accine against infections caused by
flavivirus More particularly to the use of th YF vaccme virus (17D) to express
at the level f ts envelope protein ep topes from other pathogens which will eheit

specifi 1mmune response to the parental pathogen
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USO DE FLAVIVIRUS PARA LA EXPRESION EPITOPOS DE PROTEINA

Y DESARROLLO DE NUEVOS VIRUS ATENUADOS VIVOS PARA VACUNA

PARA INMUNIZAR CONTRA FLAVIVIRUS Y OTROS AGENTES

INFECCIOSOS
L p nt inven ién el n nun Vv un
nt nf n u da pr Fl vivi us Mas

p t ulrmnt ¢en luodlv us YF pa vacuna (17D)
p P nu nmvld s d 11 pit p de

p tin p vn nt d t p tégen gqe 1l c ta an

un pu t nmun p f al ptégn p ental S

Pr p nn n plamd qu dp t n n
d mb 21 2000b3 1 g nt nétm o d

dl An n Typ Cultu Cll t n (ATCC) 10801
U v ty Blvd Mn v 20110 2209 { )

pYFE200/13 im o d PTA 2854 { ) DpYFEl17/8
am d PTA 2855 ( 1) pYFE200 nime de c

PTA 2856 ( v) pYFE200/8 nime o d ¢ s PTA 2857 y (v)

pYFE200/1 nume o de ¢ PTA 2858

F




ANTECEDENTES DE LA INVENCION

Io Flavvrus cons ten de 70 patdgenos humanos o
veterina serolog cament de reaccidn cruzada cercanamente
relac cnados que or ginan muchas er as enf rmedades que incluyen
f ebre de dengue encefal t1 j ponesa (JE) encefaliti producada
por garrapata (TBE} y f ebr amarilla (YF) Los Fl v virus son
varus fér cos can 40 60rm en diidmetro con un cipsidc co ahedral

que cont ene una molécul de ARN de hilo pos tiva sencilla

El varus YF es 1 varus prototipo de 1 famli de lo
Fl vavirus con un genama ARN de 10 862 nuclebtidos (nt) que tien
ma tructur 5 CAP vy una eg 6n no t aducida de extremo corto 5
(118 nt) y un extremo 3 no traducido no poliademilado (511 nt)
Ia primer secuenc a de nucleét dos compl ta de un genoma de
Flavav rus se determind en 1 genoma del virus de la epa de la
vacuna YF 17d 204 po Rice t al (Rice CM ; Lenche E Eddy
SR Shan SJ Sheet RL y Strus JH 1985 Nucleot de
ecuence f yellow fever virus implications for Flavavirus gene

expres 6n and evolution Science 229 726-733)




El ARN nc 11 tamb én l menaj v al y su
tr duc 16n n 1 élul nf td da como ultad 1

sint s 5§ de un prec rso d polipr teina de 3 411

mi & d qu div did P un p o am ento
p t 1lit pa g ner 10 p lipépt d pe 1If o d
v u Del t rminl 5 1 den d 1s p t in

¢ dif cada s C pM/M E NS1 NS2A NS2B NS3
NS4A NS4B y NS5 La p n 3 p tin nt tuyn
1 p t in tutu 1 st frman 1 viu
junt nl mléul d ARN emp d y n d nomin do
dgp ds (C 12 14kD) memb n (M y up u p M
18 22 kD ) y su env ltu (E 52 54 kDA) st nd tod s

d £ ad n lpinm ua to del genom El st d1l
gnm df )+ 1 p tin n etutu 1 (NS)

num das en lodndesint s sd 1hata 5

Tr s p teinas g nde no structu al s tien n
uni ltam nte n vd nt e lo Flaviviru
NSl (38 41 kD ) NS3 (68 70kD ) y NS5 (100 103 kD ) Un

ppPl n 1l pli ién d1 ARN d h lo n g tiv
gn do NS1 (Muyla t IR Chambers TJ G 1ll R R

Cm 1996 Mut gn 1 f Nlnkdgly yl¢tin t £

s



Pa's

YF v u Nsl ff t n RNA cumul tin nd mou
nu viul nc Vi logy 222 159 168 Muyl t IR
G 1l R R M 1997 G net naly 1 fYllwFv
v u NS1 p t in dentifi at n £ temp tu

n t v mut tion wh h blok RNA umul t n J vi ol
71 291 298 Lndnbch BD Ri CM 1999 Gnti
nt t n f Flavv us nonst u tu 1 protein NS1 y
NS4AR s dtermnnt £ r pli a funet n J Vvi 1
73 4611 4621 Lndnb h BDRC CM 1997 t ns

mpl mntt n fyllw©fvw v u NSl v 1 a 1

n rly RNA pl at n J Virel 71 9608 9817)

El NS3 h mo t do bifunci nal como un
tivddd prt nec o) lpo sament d
1 plp tin n ls it donde la p te as

celula es no lo rdn (Chamb s TJ We r RC Gr kou A

M Co rt DW B n JF Flttr k RJ R ce 1990b

Evdn n qu l] dom nic Nt rm nal de 1 proteina n
tutu 1 NS3 dl v u d 1 f be ama ill n un
in p ¢t pnabl 4 1 divi ne p cifi

d iti n la p lip ot ina v 1

P Ntl Acds i USA 87 8898 8902 F lgut B P thel

M Zh ng YM Li CJ 1991 Amb p t in n



etutu 1 NS2B y NS3 s qulrn p 1
p am nt p tul t c d 1 p t ina n
etutu 1 dlviu del dngun J Vi ol 65 2467
2475 Yam h hi v VF C mp ns RW 1995 Format n of th
Fl v virus envel p ol f th vir 1 NS2B NS3
pot ae J Vi 1 69 1985 2003 Yamshach cov VF T ent
DR Compan RW 1997 Up gqul t on f signal s p o ss ng
and nduct n f pME cetin by th wvi al NS2B NS3
p t e ls fprt e component Jg Virel 71
4364 4371 St x CE L big M 1998 Sign 1 peptid e
cl vge t th Fl vivru C prM junction d penden e on
th vir 1 NS2B 3 prote for effi 1 nt proc ng

r qu 8 d t rm nant n C the signal p ptide and prM

J VvV 1 72 2141 2149) It also contain nucle tide
t iph t /h 11 8 a tiv ti (Go blny AE Koonn
EV Dnhnk AP Blin v VM 1989 Two el ted
up famal f put tiv h 1i e inv 1v d n
r pl t n omb ntin p nd expe in f DNA
nd RNA gnm Nucl Ac ds Re 17 4713 4730 W ngl

nd W ngl 1993) t ndo p lo t nt también ciad

cn pl 6n d ARN vi 1 El1 NS5 1 potin wvi 1

mds g nd y m& c¢cn vd cntline v ios motivo de
unl qu s en son ¢ mun s la ARN polimeras

v le (Chambe s TU H hn CS Galle R CM Rice 1990

7



Flvv us genme ogn t n xp s8lén and evolution
Ann RevM ob 1 44 649 688 O R lly EK Kao CC 1998
Anal s of RNAdep ndnt RNA p lym as st uctue nd
fun £t n gudd by knwn plym s t uctu es nd
mput pr dicti n f eunday t u tur Vir 1 gy
252 287 303) nd xhibt RNA d pnd nt RNA p lyme
tvty (St ffn S Thi 1 HJ B hr ns 5 1999 Th RNA
dpndnt RNA p lym of d ffe nt member f th
fam ly Fl vv d xh bit mlrpop t invto
JGn Vir l 80 2583 2590) F nally number cli and
tan atn lem nt nflav vi us RNA replication hav
be dnt £f1 d (K omykh AR S dl kX PL W st way EG 2000
s nd t an t ng lem nt n Flavivi us RNA

pl tin J V 1 74 3253 3263)

L c t p t in P qu fi NS2 2A NS2B NS4A y

NS4B stén ns vad n u un d am n & ido
p n n u pat 6n t am nt hdoéfg El NS2a
h mot d qu qui l1p e aml nto decuad d NSl

(F1lgut B Channck R L 1 CJ 1989 P per proc s ng
f dngu v u nntutu 1 glycp ot n NSl qu e
the Nt rmnl hid oph ba S gnal s quen nd th

dwnt eam n nst uctu 1 p ot in NS2A J V ol 63



1852 1860) M nt 1 NS2Bh motrdoqu s a 1
n NS3 p con t tui l omple;] d p te v al
tv (Chamb Td N t wil A Amb g SM Ri M

1993 Mut g n s f th yellw fve nntutu 1

pluyp t n tlt lly tiv NS3 p ten is dman

nd NS2B qu df 1l vag tdbsi sit s J

v 165 6797 6807 Flgut B Pthl M 2Zhng YM La

CJ 1991 Both nntutu 1 p t in NS2B nd NS3
qu d £ th p t 1yt p ing f dngu v u

non tru tur 1 pr t ns J Virol 65 2467 2475 J n LR

YngCs T ntDN Flgut B L i1 CJ 1995 Pr ing £

Jpn e n phlti viu nn tutu 1l p t n NS2B

NS3 mpl x nd ht lgu pot =8 JGnV ol 176

573 580) El1 NS4 e ha ug id p inte tu cn 1

NS1 nt g &nd 1 d nt dlp e ¢ t pl shmatico de 1
pl 6n d ARN (L nd nba h and R 1999) En a 6n

a que 1 inte s del ARNv 1t ne lugr n el cit ol

n s (o} nlsmmb n RER 8 ha postulad qu sta
p t in h d 6f ba st ian en membran Yy t vé de
nt n In p tin In p t 1pn n 1
mpl J d pli ién v 1 junt n NS3 y NS5 (R
CM 1996 Fl viv d th v as and th pli ati n
I BN £ 1d IM Kn p PM Howl v {d ) F 1lds Virology

3d d Rvn Pre USA p 931 960)



Dos s p d v u de f1 b amarilla (YF) ld
n 1997 de n luga 1 v cunas pa a s r util ad
P nmuni i6n n human Un 1l s pa Asibi s 116

d un jvn f3i n dnmind A bi p 1l p dl

mn Rh (M mul tt ) Y 1l tro el viu
v t pi f né (Fvw) d un pac ent en Sen gal
En 1935 1la sep A ibi e adapto pa a c e n

t jid emb i6ni d atén D pué d 17 pa os 1
v u dnomind 17D fu de¢ nalmnt cultivd h ¢t
lp 58 ntjd mbién ¢ ¢ mpleto d pollo y lueg
d t h t l ps 114 olam nt el tej do
mb &n de poll de ne vdo Th iler vy Sm th (Th 1
M nd Smith HH 1937 Th ff t fp 1 nged ultivt n
vt upnth pthgn ity £fyllw (fv viu J
Exp Md 65 767 786) mo t 6 qu n t etp xi tia
un du é6n m d n 1 vi yhu t plmovi 1
u nd n ul nt b 1 ment n monos El1 vi us

fu dmd sub ltvd hat 1sp o5 227 y 229 y 1

viu sult nt n u ¢ nmun hum n e util on
P inmuni 8 humanos volunta os on e ult dos
s tisf ¢to s como se most 6 pr 1 u enc de

in dv Y eo nve 1ién YF n dos eman

¥e



(Th 1 M Smith HH 1937 Th u f v 11l w fev viu
mod £ d by in vit ultiv t on fr human

mmun t nJ Exp Med 65 787 800)

Afnlsd 1ls 1 30y omen sd 1 40 s
Pp duj una vcunc 6n m iv en B s8il y v 1 pile
n fi1 n JUL et 1 (fx FP y Pena HA (1943)
Bhyvy of 17D yell w f v vru in Rh u monk ys
Rlt not ubt n ds nd neu al xt nual
in ul t n Am J Hyg 38 52 172) d ib 1
prpreédnd 1 v n d ub pa de viru 17D E ta
ub ep dif fan n su h to a de p o y 1l 5
t lpbn n 1l ié6n l t emp de u uo par
p du ién d nécul s y/o v un L ust tuc 6n d
ad un p 1 sgu nt fu de acu rdo a la expe i nci
gnd duv nt 1 p du 1é6n de la vacuna el control d
cal dad y 1la va unacidén de humanos en el cual la
pa c 6n d s ntom tologi conducia a la descont nuac 6n

d un P d da

C mo mn on nt 1 rm nte 1 p Asib del
v u YF ub ult vo n t jid d tén mb 6ni V4
emb én d p 11 mpl t d mnu d n o n tjad

n voso E tos paso p duy on la p padr 17D en el

g3
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nvld p o180 17DD en 1 p 195 y 17D 204 n el
pa 204 E1 17DD fu ubcult vad di on lmente ha t
lp 241y uf 6 43 pa 8 dcinl n hu v d
pll mbinad h st 1 t nda de vacuna utili ada p

1 pu fi éndl viu 170D (p s 284) L 17D 204 fu
ub ult v d ad in lm nt P pr duci 1 P
Clmb 88 1 ul al p so en hu vo d p 11
emb nad dio rign dfernts 1t d smill d
v un habit alment n uoen F nca (I P steu n el
P 235) y en lo Est d Undo (Cnn ght en 1 ps
234) C da una de st P 17D 204 fue pu 1ficad en
Pl a ndf ent l1lg d célul s l1 vru fn lm nte

ampl £f d en 1l élul SW13 y ut 1iz do p a andl si

d l1n i6én y d un a de cADN E t 17D 204 on
dnmin d C 204 (Ri CM L nch E Eddy S R
Shin S J Sh t RL nd St u J H {(1985)

Nul td qu n f vyll w feve viu impl cati n
f Flav v u gn Xp s n nd v lutlin S nc
229 726 733) y F 204 (D p P Chu A Dupuy
A Dubl V Buly M Dig utt J P Gl d M
{1987) High g n t stabil ty £ th oding rg n f
th structural p ot ins of yellow f ver strain 17D J
Gn V 1 68 2245 2247) esp ct vamente La sepa 17D

213 d v d 1 17D 204 u nd util o el lot d

&y



2 &£s

sem 11 p ima (51 12 69) p ov ni nte de la R public
Fd al d Al man (FRG 83 66) po 1la rgni cién
mund 1 d 1 lud (OMS) p p du 1 emill 17D

l1b d viu d 1 1lu si vin (S1 213/777) n 1

P 237

L 17D 213 en l pas 239 se ensayo Dpa
nu v ulni n  mono (RS M h v ky o on 1l
omm nic t n Durt d Sant 3 t 1 (Durt d

S nto CN Pot PR C vlho R Freir II Rc CM

nd G 11 R 1995 Compl t onucl otide equ nce of
y llow f vr v v in t in 17DD nd 17D 213
vi R 35 35 41} y fu 1 bjto de n&l i d

uni junt n 1 17DD (n el p o 284) y

c mp c 6n on la se uen ia de nucleétid s previamente
publ d d ot epas d vi us YF (Duarte dos Sant
et al 1995 As bi Hahn C S D) ymple JM St uss
J H nd Ri CM (1987) Comp on of the vi ulent
A ib t n f yell w fev v u wth the 17D vacc n
st in d ivd £ m it P Ntl Acad S i Usa
84 2029 2033 17D 204 t n C204 Rc CM Lnh
EM Eddy S R Shin s J She ts R L and St u
JH (1985) Nucl tide s quence f y llow fev v u

impli t n o Flaviv u gene exp es i n nd
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v lut n S n 229 726 733 F 204 D p P
Cahou R Dupuy A Deubel V Bul y M D goutte
J P nd G d M (1987) High genet ¢ stabil ty £
th d ng g n f th tructu 1 p t in of v 1ll w
fv wviu tan 17D J Gen V 1 68 2245 2247) L
f gu 1d b 1 hst ad p d 1 ep Asib
YF ginl yl de va iétn de las ep de la v cun YF

17D

Un t tal d 67 dif ren 1 d nucleédtido qu

pond n 31 amb o de amnod ido se not on

or gnlmnte ent el s uenc genom ta Asib y 17D 204
(Ve Hahn C S et al 1987) La comparacién ent e la
cu n d nu lebét d d la ub p 170D y 17D 213
{v D t dos S nto t 1 1995) y 1 ecun ia d

nucl 6tid d 1 ub pa 17D 204 (v Ri et al 1985)

motdqu n td 1 amb n mun 8 y in

nf mé mo sp 1f 17D P 1l t nt 1
amb p if d la ub p 17D ob vds n muy
pr b bl ment ne relac onado on 1 tenu 1ién p ro

pod i n efl ja dif en ias en el comportamiente de
st PS n n y d neu ovilu encia nmon s P
1 tant 1 anb nl 8 un d 48 nu 1 6tid

n p bablem nt s d cnl tenu 6n d1 v u

¥o
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YF Et n p d junt n 1l genoma 26
mut n llent 8 y 22 nduc n su tituci n d

amn 4 do L alte in not das en lap tein E on

mp t nt n 6n a que st l pin pal obj t v
P 1 pust d 1 nut 1li cién humor 1 es dec
t l p tin dnde e lo 11 n los epitopo d

hmoglut necén y nut 1 ién Yy t m di en

n m nt pt d €lula y 1 pnet c¢ibn d 1
élul P 1 tant punt nd 1 v u é&lula
P fi D man mp t nt l p tin E umul

l1 mé i1t p p én d ambi d amin 4 ido n

n rv dor a on v dor En conjunto onc
ust tu n de nuclett do ob evron n el de 1la
p tin E qu ndu amb d 8 am noécid en la

P in 52 170 173 200 299 305 380 y 407
( sp t vmnt nu leb6tid 1127 1482 1491 1572
1870 1887 1965 y 2112 del ext emo 5 d 1 RNA) Ent e
t u t sn amb n con v do Yy
P umibl m nt tndin un may imp t ob 1

tutu d 1 p t in y ¢ nse uentemente 1 fun én

L alter ions n 1l aminodcidos 52 (G-R) y 200
(K—T) 1 l n nl b dl dnin IT n 1

t u tu 3D propuet p a 1 P teina E del

£7-
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Flvv u (Ry FA Hin FX Mndl C Kun Cy
H n SC (1995) Th nvlop gly p £t n £f m
t xb n n phlit v u t 2A s lution N tur
375 291 298) 1 ul e n rv ent e 1l s Flaviviu vy
nt n Pit p d én u da mo demu t
P M ndl cCw t l] (Mndl MW Gui kh F
Hlmnn H H n FX y Kun C (1989) Antig ni
tutu of th Fl vivi u nvelope E pot n t th
ml ul lvlu ngtikb n en ph lit v u as
mod 1 J Vril 63 564 571) E te domin IT e
ltam nt r ti 1 d medi nt d nl c d d lfuro y
f t n 6n d bay pH el cul e ta rela icnado con
1 pPo ién un tensién e t ctam nte cons rvad e
hdoéfhb d am noa d qu up nen tan
nv lu d nl fusibn d 1 cubet wvrld 1

mmb nad endos m

L alte ions nl aminodcido 170 y 173 n el
dmn Id1l p tin E n 1mp d 1la tru tu 3D
nuy n l p én n qu id nt fic un pitp
d nut 1 6n pa el v us de 1la encefaliti
p du d p g pat (TBE) (vr Mandl CW et al
1989) Un mut én nl p 6n 171 de 1 p t in E
dl vir TBE mo t & qu f taba 1 umbr 1 d 1 cambi
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nfrma nld fusén ¢tv 6n ad st p tin y 2
mb obs v d P el v u YF 17D pd fan e ta
1 nd nelm m fenétm no EsS con eb ble que un
P P 6n m& 1lnt 4 1 fu 6n pud t 1
nét ca de p du 1ié6n del vius y de e ta man ra
onduc una nf ccién med a del huésp d Ev dencia
d 1onar paa 1 mpo tanc a d ta 4r a v ene del
t ab ] d Rymn t 1 (Ryman KD X1 H L dge N
Campb 11 GA y B r t ADT 1997 Ant gn v 1 nt £
yll w £ v v u with 1t dnu viul nc phn typ

n mie V 1l gy 230 376 380) Que mu ¢t qu et

daif un pit p n 1id Pr un nti u rp
mo clnl tp ilv tr y 1 rwvrién n t to
pud hab ntr bu d gr g rl neur virul n i n 1
mod 1o de atén de un viu v nt cup ad d 1

pbl i6ébnd la vcun 17D

L altr n d 1 amin & ido 299 305 y 407

l alian n 1 dmini 1III (ve Ry FA t 1
1995) E t d min ugi 16 p t inviu do n
1 un én vi 1 un c pt c lul Y n untmnt
un may dtmnnt tnt d 1 p p ¢ én del
huésp d como del ¢t opismo d 1 élul y de la

v uln Jatnu 6n L cambl d los 4 aminoAcidos

29
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p t dos pa el YFs lo 1 a n sob la car d tal
dl dmnio III E t & teni ci 1o qu S un amb

st ch n 1 vius de 1 encefal tis p oduc da po

g pt p nt n ut idu diinl n
td 1 P p du d p mo qu to En on qu
1 viu Plen n u v t e t ilo

p ob blement un d t rmin nte de p op rc 6n @ 1 huésp d

Est cl ag and do contien una ecu nc Argin n
Gl cn &id pa t {Arg Gly Asp) en tod 1 Sps
d 1 v un 3 YF 17D E t motiv d un

n do p md n un nime o d nt r c nes d

célul que ncluyn l un é6n 1 rec pto y e ta usent
n 1 nl P As b viulent p ent 1 s no tamb én
n t 22 P dl v u ¢tip lv t YF (L pin
L Dalg n L Huong VIQ M nath TP Digutt JP y Dub 1l
v (1994} G ogr phi distr b tion and evolution f
yllw £ ve v use b ed on d ct sequ nc ng of
gnm DNA f gment J Gn Vrl 75 417 423) T 1
f ct ugi 1 mut én de t nina (Thr) a g n na
(Arqg) ea un mot vo Arg Gly Asp es probablemente
lvnt p l fen tpo tn dod la s pa YF 17 D
Cn st ntem nte L bigs et al (Lobigs M Usha R
Net w A Ma h1ll ID W RC and D1lg n L

1990 H ¢t 11 l tin £ Mu 1y Vall y n eph 1liti
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v u v nt ltrd t n RGD qu nc n the nvlp
p t n nd n mou nu viuln Vvrlgy 176 587
595) dntaf 6 un mot v d unl Arg Gly Asp (el
amna do 390) qu ndu] un pé dd d 1
v ulnc dlviu d 1 encefl tis Mu ay Vall y p ra
tn Al mnn P YF s n emba g n 1
determ nante om 83 mu ¢t P vnde Mot et al (van
d M t RG Cov J Str uss JH 1999 Mut gén of
th RGD mt £f n th yllw fv viu 17D nv 1l p
pot n Vrlgy 265 83 95) S ugi 16 qu 1
cn n 1 l RGD s c f{t ¢ par 1la c nform én
de E y los camb 08 men re en e ta reglédn pueden t ner
fe tos drat s en 1 tab 1 dad de 1 prot ina E
f ct bl n mb go qu tal s mb 8 nl et utun
y/ tblddpudn £ t 1 p t d 1la élul
nf ctda p 1 nflu nc d 1 t u tu d 1
p tin Ettly unqu e 4 a pa t cul n st 1ia
d tam nt inv lu d n 1 unién d pt r En
én qu t cl td p nt en tds 1
Fl viv u p du id P mo qu t Yyl may 1 d llo
11 v n un uni qu muy mil 1l motiv 17D RGD
e nceb bl qu 1 mutac nes en st reg 6n y ot os

Flav v u f t nl titud v 1
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L mp tan dlrsdu 305 fu implicd 4d 1
hllagosd Jnnngs t al (1994) qu nes not on que el

v u 17D cup d d un d nc f1¢t

p tv unl tuv un ambi E-K n 1 p 1 ién 303 ¥y

n nt 6 qu tni nu vilu n n emntd t nt n
ton mo n mon S
E ntbl qu 1 d 1] d1 cADN nf
p l viru d 1 n £f1ti jJpn (JE) h h p

Sum y h H t 1 (Sumyohi H Hke CH nd t nt DW
1992 Infct s Jpn nc phlt viru RNA nb
ynth 1 8 £f m n vt l g ted DNA templ t J
Vrl 66 5425 543]1) prmtié 1 1id ntif ¢ i6n d un
mut ié6n (Ly p Glu) n 1 aminod do 136 d 1
prtin E qu di mo sultad 1 pedid d 1
ur v ulni pr lr tén (v Sumiy hi H Tigmn
GH y shp RE (1996) Ch t 1z ti n of highly
tt nutd jap nes en eph lit v rus gen rated f om
mol ul vy ¢l ned DNA J Infect Dis 171 1144 1151)
Est sign f a qu el domin o I es un 4rea impo tante que
ont n un dt rminnte ritco d 1 viuln dl
viu JE en cont ste con la mayo ia d 1lo dat
bt ndo d 1 nali d vi ulen1 pa v los d

los to Flavviu pa l s cu les se sugle e que el
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d min o III 1 itio primario Pr 1

det rm n nt de v ul ni / t nu cién

P l v u tp 2 d1 dngu But pet t 1
(2000) hn ug d que 1l s det rm nant s d tenu ¢ 6n
de l] npo £f r d1l1 a structural a b r UTR

5 NS1 y NS3 Po s sab ceca d la bas molécul

dl vi t pimo d 1 1 apcildddl viu YF
tp lve t Pr Pli y dif 1l t jid
xt nu 1 p 1ialm nt 1 t jid h pat 1
mut in sp n abl s d la pé dd d t

a ct 1itc en 1 viu 17D Estudio ad cionales en
lanu v uln 17D n 1 modelo d atén h n suge d
un b e genét ¢ compleja lendo més p obablement
multigenica involuc ando las p otein s e £t uctu al s y no

st t al si mo tamb én 1 r gién no traducd d 1

tm 3 l1 dltm p um blem nte st ingi £ 1

epl ¢ 6n Sin mb g tal nali d 1 pot in E

P P inn un st u tu pa 1l entendimient d
v 1 p t d 1 bilgl d1 Flvivru y ug n
qu db pe ble t ab j P ngenie i v u p

1l d ll de nu v v un d Flvviu vvs
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S nd 1l may omp nnte d 1 upe fici d 1l
vi 6n 1 p t in E d ub et Jueg un ppl
dmn nt n 1 t anti u p nut 11 nte y 1
ndu 6n d un spu st p ot to E to e ha
m ¢t d de man ncluyent m diante 1 nmun ¢ 6n
ctiv d nml n mp nent ubvi 1 s d finid y
prot in ecomb n nte y mediante experimentos de
Prot cc 6n pa iva n anticu rpos monoclon les
e pe if ¢ d 1 p teina E L s epitop s 1 neal s s
h mp d utl nd péptds intéti Yy se hn

n ntr d n a s d 1 gli potin p dih p

hid £l ¢ nemb ¢ 1 ndu ién de nt u rp
d nut 1 én p fu tem nt dep ndi nte d
1 nfrma én ntv d E Un nim d ti d
n tr 1i on hn nfrid d tudi ¢ n mut nt

de cp d nt curpo mon lon le y e han map do
sobe 1 e t uctu 3D Consastente con la top logi
ug d d1l1 dim obr 1la supe f cie d1 vi 6n la
my i de t t tdn 1 1li do b 1 1do
upe r xt nam nte cc bl d la uwbunidd L
di t buc 6é6n pa da de e tas mutacione de escape de
neut al ¢ 6n sob e ubun dade completa ind can qu 1

un 6n d 1 nt urp a cu lqui d los domin

Ay
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tutu 1 puede conduc a 1 neut ali én d 1l
v
Los epit p de neut 1 acién n ido po 1
nt u p s mon clon les n ¢ nformaci n 1 n 6n

q l d ntu 1 ibn d 1 potin E ablé 1
n é6n Ma un ls nt urp mon lnl 1
n n n péptid ntét i 1llo ono n
un pit p qu ste p nte n 1 p ot in E
d n tual d En én qu 1 ubunid d d mé i
frm pate d un a un ind f n do n jd 1
up f dl vi ién p bable qu ts pitp

tén mpu t d lem nt d dif nt subunid d

L m an smo d neut 1 én por tos
nt urp p rman n p ul ién p 1l vnt 1
st tg d in ién d 1 pitopo d ita d 1 nte
h pét d qu ldmini II pudeet involu d n
1 fu én d 1 ub t wvi 1 n 1 membrn d1l

nd m 1 ul u baj un pH 4 d L fu 6n

ql amb d nf rma ién qu f tnl pitop
d n utrali 6n v P n palm nte d nt dl
domni I y domin II nt les E ¢t camb stén

p ntement cids con un rg ni i6bn d 1las
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nt n ubun t i bre 1 up rf c dl
vl ién on nt t d t ime ndo £ vo ids n

1 frm d pH bJj en nt st ¢cn 1 cnt t

dim nl f rma n tiv L nt £ ni n t
Prd ps on s est uctu al P 1 unidén dl
nt u p pe nt un mec n smo qu pu de conduci

l nut 1 in del v us M nthyHen 1996)

Act vdd n ut al nt d titul b ) y un g ad
signifi at v d p ¢t ién p iv en at ne s ha

b vd md nt 1 nmun aiénp iv cn nt urp

mon lnl nt pM Et db un i1 t g d
lvdn 6n p il d pM p frma M md nt 1
fu n n 1 itm G lg y d ta forma l pM
perman e o d n 1 prticul d wvru qu un

bjtv ad inlp 1 ntl uve p

I pr teina NS1 tamb én c noc d mo 1 nt gén
de £ 3 é6n d mplem nt 1l it un e puest du nt
nti rp d1 d 1 inf ccién d 1l Fl viviru n el
homb Et 1 mo f rma idsy td P
élul Y h mot d qu 1la inmun za i6n d anim le
on NS1 pur ficad © mmun ac 6n p siv de nimales n

nt ue p s monocl nal a ste el ta una respu ta

a6
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nmun P ot ct a la bae d la cual s aun

ont ove al El1 papel inmunolég co p ma o de las

pot in s n st uctu al s pt p a NS1 pa cen se
1 by tiv P 1 élul it téxi T L

p fi1 dd d la pu t d 1 élul s T lo
Flvv u h tudid n !l homb yenl i tema

d tn p n palm nt nl v us r ompl j d
f lit jpn En 1 u d 1 inf 16n del
d ngqu n 1 hmb t nt 1l CD4 CD8 i mo tamb én
1 p t d 1 1l nf t T opu st CD4 CD8+ s
h dte tado y ¢c ract r ad En ult vos de ma d
lnf to CD4+ i m también cn lon d célula
cD4 bt nd d un nd vdu s mpl qu se ha nfect d
n d ngu ob vnpt n d e taivdd u d

p ifc df nt n t Fl viv u Ob v 1 ne

ml mntinn p élul CD8+ d humano

nfe t d Yy tn

L dt rm n nt ntig n involu ado n 1

nmun dd md d p célul n hn 1 1 d
p if mnt nl p t in dl v u YF com 1lo ha
d p als viu del dengue y la ncefal tis £t 1 c mo
MVE yJE T 1 dtrmnnt d élula T ttd ca s

u t n n tdas la t etuctua ¥y np tina



etutu 1 tamb én mo P lm nt en NS3
Algun d ts pitp s hnmap d n us uen
p n b 1 p tv potin Livingt n t 1
(Lvingtn PG Ku n I L CJ B y M Ennli FA 1994
R gnt n £f nvlp p tinbydngu viu e typ
p fi human CD4 CDB ytt 1 cell cl nes J V rol
68 3283 3288) ep ta n 1 dent f1 cién de va os
1l ne CD4+ CTL HLA cl se II st ngds d un don do

hum n cap d mdia 1 sis pecific de las élul s

nf ct d n v u Se ha ug do qu l CD4 CTL
pudn mp t nte md d d 1 1 mpi v 1
pc lmnt du nt 1 inf ¢ i4n n 1l m smo

tp dev u

L va un 16n d humanos n po tvi us
mbin nt qu xXp n 1l p tein tructu 1

pMyEdel en f1¢t J p ne 1 tar n CD4 CDB+
CTL d igd s la p ot in est ucturale del vi u JE
ungqu n d nt fi n pitop p ifil (Kn h
E Kun n I MsnPW Shp RE Kns Th n N Smu ny
JJ Hk CH Enn FA 1998 Indu tion f japan
n ph lit v u P 1lfc¢ ytot xc T lymph cyt in
humn by pxvilu bsd JE ve n cndid t V ¢cn

16 842 849)

9«
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Ma intemnt 8 hn reportado epitopos de

p tina E d v u JE -econocldos por CDB+ CTLs de
t p ifi s JE El pit po s encont 6 qu
c pondi a los am nod ido 60 68 d 1la pr tein dl
v u JE que t ba locali do n el dom nio II (Tadaka
K M ak H Kn hi E Takhshi M Ku ne I 2000
Dfntin fn pitp n jpnse n phlit vi u
nvlpe prt n rcgnizd by JEV pe fi mu in CD8+
yt t xi T lymph it Ar h Vrl 145 523 534) E t
epitopc sta local ade ntr 1 s hebras y b d1l
dom n o II que incluy dos e duos de amin &cldos d
d un d 1 pitop s est nt s que ¢ mp enden el
cl t ntermd o E ta & a sta expuest s b e la

up £f¢ d1 dime

L Pit p d 1 élul yud nt T fun i n 1l
d 1 p tin Ed 1 Flav vi us id ntifi on 1 med
1 pu t del élul s Bd pué de inmuni cién cn
pépt d s ntéti o (R h ng JT Jnon AJ Hunt AR
1994 T h 1p 11 pitp n th E glyop ¢t n f

d ngue 2 Jamaic v us V r logy 198 31 38)
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L p c dad p man pul l gnoma d 1
Flav v u t vésd £t nlgi d clninfe o P
1l ds 11 d va una Et e asip qu 1ls viu
se p dn cupe dl ADN omplem nt ¢ med nt
t n p 6n in v t y t nf c¢cén de élul
ult vad s on ARN y st cADN qu sp nden al

gnma vrl cmplto prmtn la nt oduc 6n de

mod f n g nét a n ualqui t p t ul

dl gnma vi 1 El tud pln d R an 11 vy
Bltm (R n ll VR y B ltimo D 1981 Clnd
pl viru ¢ mpl mentary DNA infe ti u in mammal a

cells Scienc 214 916 919) mostr n primr 1
f tbldd de gn viu de cADN cl nd En 1
p t nt tdundn 4 719 177 Rac niello y Baltimor
ds 1b on en d talles 1 poducién d CcADN vi al
ARN md nte la t anc pc 6n eversa de ARN v al

in t 1l molé ul d cADN sultante en el vecto de
ADN mbinante El1 p es p t ularment tni qu
v n l p du i6n d ADN complementa d doble
hb d pli viu (ds DNA) Ello av 1igu ron que 1
CADN del pol viu d 1 ngitud mpl ta t n £ tado er

n m mo nf
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Ademé n 1l de 11 d ls i tema d
t n ip én n vit (v Mltn DA K g PA
Rbgl ti MR Mniti T Znn K nd G n MR 1984
Eff i nt in vit ynth f biol ¢ lly tiv RNA
and RNA hyb di t n pob s f om plasmids ¢ ntaining a
b ct oph ge SP6 p mote Nucl Ac ds R 12 7035

7056) un ef c c a mucho mayo n sintes s de ARN viral

de long t d complet ompa da con la t nscripcibtn de
CADN n 611 hi p sibl Ad c1 n 1lm nt 1
d l1] d mtod logiad t an fe cién m jor da tal

cn 1l lip m s at 6n o y la le t op c On

n m nt nl f 1in d 1 trnsfc 6&nd ARN d

élul ult v d

La ntucdn y lonciébn d op 8 de CcADN
dngu d 1ng tud ¢ mpl ta establ en una sep de
Es he c¢h l1 utl nd l vet pla mid pBR322
de bid po La CJ t 1 (La CJ Zho B Horli H ¥y
B y M 1991 Inf t u RNA ¢t ibd from tably
cl ned full 1 nggth DNA of dengue type 4 vi us Pro
Ntl A d S UsA 88 5139 5143) Ello v r fi n
qu 1 m lé ul d ARN P du id s md nt
t an ¢c ipc 6n 1n v tro d e tos moldes de ADN ¢l nados de

l ngitud omplet e n inf cc oso y la prog nia de 1

e/
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v u up r d d célul tr nsf t da
nd tinguble de 1 s viu p ental s d 1s uls
habi de vad el clnd cADN Per como S mn no n
1 11 tud de p t nte WO 93/06214 t 1 ntu én d
ADN inf y t n t d ARN gn d d t
n ptégn Yy que 1 v u d dngu at nu do
gn d ai n g nétl m nte nestabl y tenin 1
ptnild eve t n un f rm p tégen du nt 1
t emp P olv t p oblema 1 s 1 cit nte
p pu cntu cuenc a d ADN qu odif caban 1
tran pt de ARN par d 1igr 1 prdu i6n d 1
v us de dengue quimér co qu in rp ra las mut cion s
1 f gm nt d ADN ¢ mbin nt gn dos d t
Un mod lidd p f id indu l supeién n1l gibébn
n dif nt dl xt mo 3 (Men R Bay M Cla k D
Chn kX RM L CJ 1996 Dngu ¢typ 4 viu mut nt
conta ning delet ns n the 3 nn ding eg n £ the
RNA g nom naly i of g wth t tin n 11
ultu and 1t ed v miap tt n nd mmunog nicity in
he us monk ys J Vir l 70 3930 3937 Lal CJ Bray M
MnR Chu A ChnW Kwn E Tdn M Hiramat u K
Tkmtsu I Pltnv A Ark S Sham n G R nudo M
1996 Ev lut n f mol ul t tagi t dev lop

lv dngu v n Cln D ng Vrl 10 173 179

/02
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Whth d SS Mn RH L CJ Murphy BR R yn 1lds MJ
Pr ault J K rn RA Durb n AP 2000 A Lv
ttnutddngu vius typ 4 v c¢cin ¢ ndid ¢t with

30nul tid d1t n nAm <¢cn i1ty fo Vv l gy

pp 1235)

L ntu o6n d un molde de cADN YF 17D d
1l ng tud complet que se puede transcribir en in vit o
pr pr duci ARN de vi us YF nfeccloso se desc ib 6 po
Rce t 1 (Ric M G akui A Gall r R and Chambe T
1969 T ns pt n f nf tiu yllw fv RNA f m
f 11 length cDNA t mpl t produc d by n v tro 1lig tion
The Nw B 1l g t 1 285 296) En 6n qu 1
n tblidd d 1 s clones d cADN de YF de long tud
mplt v u fe t s toéxi E her ch Col 11
d 11 n un t tg en 1 nal los mold s de
l ng tud omplet p 1 t nsc¢ pcibén an con £t u do
nmnd nt ligeciébn n v t d f£f gnnto de e t ic ié6n
p op ad Mas aun 11 seenonta nqu lo v rus YF
cup ad s d cADN e n ndist nguibles de los v us
prntl medi nte v o it 1 L cADN
nf c1 o0s de YF 8 de ivan de las subsepas 17D 204 N
obstante los viru YF generados de este cADN nfeccioso

de YF s 1 ont a 1 atnudo pude n s8sr pra
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v 6n human porqu neur v lurencl re idu l
ol dtermn p M chvsky RS t 1 (M h vsky
RS M n J F VS Alme d E C quli MJ

C vih R PL un oW T v s da R APAR Simd MC
Snt s CDN F a II Muyl e t IR M nn GF R CM
nd Gall R 1995 Ph n typi nly 8 f yllw fv
vius d ivd f m mplement y DNA Am J Trp Md
Hyg 52 75 80) Aunqu e to e ultados most n que 1
V u n d lm nt t nu do pa va una YF 17D ra

l pim dmo t én p un Flavavi u d qu

po bl de ollar d un s po mc g ni mo d
moldes de ADN un lote de sem 11 s c mpleta bajo buen s
p & tic d elab ¢ 6n Good Manufactu ing P act ces
(GMP) utili and m tod logi h bitul p a la pr du i1ié6n

d v un YF

G lle y F { 0li tud d pat nte US 09/058411)
hbin P X mad 1 recupe acién dl vi us
compl tament tnud dl1 cADNd YFmd nt lp
de ng nieri d un nimer de mut ion n el cADN 17D
204 ignal (Rc et 1 1989) b sados en la cu nci
d 1 ubs p 17DD (Duart d Santos t 1 1995) L

ubs p habia sido util zdaen B silp al p ducc én

d v un YF d d4 fin1l d 1 30 cn x 1nt
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g t de ef a y sguidd Aqui el v u
up de un m 1d d CcADN g néti am nte modifi do
t v¢ 4 1 tanf ciétn d élula CEF c rt fic das
b GMP ( 11 tudd p t nt US 09/423517) En njunto
3 1te d4d t nf én s d 1iv on lo cuale d on
ig n do 1l te d m lla p ima ios y ¢t
ecund 1l pas d nlmnt a la células CEF
tdos 1s cont oles de ¢ lidad relevantes para 1la
poducc é&n d v un d humn utilizando este sistema
d é&lul El titul p m dio de los viru formulados fue
6 71 glOPFU/ml El1 andlis de 1 e tab lid d g nét
v ls 1llv ab mdint p o n er n ultivo

CEF y tud nd v i s p &mt s t les como el tamafi

d pl 1 nu viuln n tns y 1
dtrmn on d eun n nu l é6tid n nuit d s
t £ t 1

L s esultad s de la s cuenciacién de nucleét d s
di nl b l viru 17D204/DD qu mé i s btuv
d spué del islami nto wvi 1 d 1l u o d mon
v mc N hub ambi g néomi (Gll1x R F 1 MS
yJdb AV n publi 4 ) P 1l vius YF 17D exi t n
hy mo d sub ep ut 1 d pPp al prdu 1i6n d

v cun en el mund nter abr 117D 204 y 1 17DD

/08
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y 1l d fer ncaas n us secuencias se han notado (Gall r
R P t PR Du te ds Sant s CN y Fr eira II 1998
Gnet ¢ va iabil ty am ng yellow fever vi us 17D

ubst ans Va in 16 1024 1028)

Apsa d 1 t bil dad g néti ttldl vi us
YF 17D un may P cup 1i6n es la stab 1l d d g nét
dl pitp f éan en 6n qu l vru n 1lo

nec t yp lh hod qu u Pl ¢ é6n h d un

P ¢ t ngid Aunqu 1 v {1 b lidd g nét vi 1
s m nim po 1 o d lo stemas del lot d
m 1l pa p du mill s ¢ n tamafi de pr ducc 6n
lnn ut P © son nees 10 1n iand del cDNA

(USs 6 171 B54)

El p im sSp t qu teni que e naide d
u nd ut 11 b un columna de cADN de Flav vi u
dd p al epeiétn de p t in h teol ga e si
un pdi 4 heh e upe l vru con lo mi mo
ma d e fntpco ¢ gin lmente presentes n 1
pbl 16n d v u qu daban o gen la bibl otec de
CcADN E t t m dam nt pl abl al v u YF 17D
dda la b n c noc da qu dad y eficac a d 1la vacun

YF 17D

|06
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D h h dif nte P X ma n tén P

ntau viu mbin nt b do n un F1l vivi u
np tiwul lviru YF 17D sonp 1bl s yva arnd
u d nl gién 41 g noma 1 ind p 1l

n 6n al ntig no 1l se xp e do Un may
aproxima 16n ha s d 1 creacién de vi u quimé aco a
t v¢& d1l1 nt camblo de p M/M/E como e stable 16
pim o par 1l s qumea d virus DEN 4 (La et al
1998 U 5 494 671) Los gene p M/M/E de 1 s ot po
1 2y 3 dl v u del dengue net n d nt d
tro lon inf ¢ 0so d1dng d ndo como r ult do
vra qumé co con Vv ul ncl reducida p ra raton s y
mon (L et al 1998) Est p rmitié 1 remoc 6n d 1
may i d inmmungens d1l1 vect r edu iend d t

forma 1 it ¢ en la nmunid de pr v a

El mism tpo d c nst ucc 6n se hi P a
nc fltspodu d p g ap ta (TBE) y viru 1l ng t
(Pl tn vAG B yM Huggin J La CJ 1992 Con t u t on
nd hr t tin £ him 1 ti kb n
n ph lit /dengu typ 4 viru s Pr Ntl Acd
S USA B89 10532 10536 Pletnev AG Men R 1998

Att nu ti n f Lngt viru tckb n Fl vviu by

/0%
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hm tinwthmo quitob n Fl vivi u d ngu typ

4 Pr Ntl A d S$1 USA 95 1746 1751) resultando

en v u t nu do pa tones

Chambe t 1 (Chamb s TJ Nesto ow cz A Mason
PW Rie CM 1999 Yellow £ ver/j] pan se enc falit s
hm vi ntut n ndbiclg al pop t e
J Vrl 73 3095 3101) hn de it 1 p me v rus
quimé d r 1l1d c¢cn cADN ¥YF 17D d R t 1
(1989) m d nt 1l int ambi d gn P /M/M/E n cADN
d vd d p JESAl4 14 2 y N k yama de viru JE L
nt o ¢ e pond la p d vauna tenuad viv n

uo t 1lm nt en Chin

Gul akho t 1 (Gua kh F 2Zhang ZX Chamber
TJT Dlgav § Ar yo J B t ADT Mon th TP 1999
Immun g ni ty gnti st bil ty ndp t tiv £t y
f mb n nt him ic vyllw fv j pan
nc phal t1 vi u (Chime iv x J ) a liv att nu t d
v in nddt ag inst fev J pan e ncephal tis
Vrlgy 257 363 372) Mnth t 1 (Month TP S ike K
Lvnb k I Chambe TJ Gu akhoo F 1999 R combinant
ch me c lv att nuated vaccin (Ch m rivax)

nco po ating the envelope genes of Japanese encephal tis

[O%¥
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(SA 14 14 2) varu and the cap 1d and nonstructu al genes
f y llow £ ve {17D) v rus fe mmunog nl1  and
P t tiv nnnhuman p mt s V ¢ ne 17 1869 1882) y
la W098/37911 habi n l1 gd md ¢ ca al desa ollo de
l v un Aqui 1 viu qumé co up n
dspué d 1 t nsf ién n élula FRhL t £i da
n S p d d nl dl v u p p du 1
l¢t d semill yel lot d v un exp iment 1 {quinta
p d) tods bj GMP n células e tif ad No e
umn té 1 nd mient dl1 v u n 1 1tma d

élul

El vwviru qumé o retuvo 1 secu nci d
ucl 6tid /amn 4 id presnte en 1 8 pa SAl4 14 2
gnl Et pa v una difi 1 giétn p M/M/E d

un v u p ntl n 6 ppiins (E 107 E138 E176
E279 E315E439) L muta n sn tabl s t vés de
tod ls psds nel ult vo de células (ve ) y el
erb d atén FRhL A psa d lo dat p v sbe
la e tab lid d genét ca de tales vi us uno d 1los cuat o
cambi nl p tein E el ion da con la tenu cién
v 1 hbin v td duantel p da pa p duci

la emill und

/09
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En un stdio @4 r p t do i ntl uverpo
neut 1 nt pcifi o p p M/M/E 11 t n n
td 1 gup sd monos ondf nte dosis un on un
pc d 100 PFUs y ¢ nfi ian p te 1i6n compl t nt
d mand IC nJE tp ilv t Sin mb go ent e mas
b 3 1 dos de viru qu Rér a maAs cambios
hist pat légico e iduales e notan en el SNC d spués d

l] demand IC on 1 v us JE tipo lv st e

El p mr viu 17D/d ngu quimé ic d oll d

{(G rkhoo F Wlt n R Chambr TJ 2Zh ng 2X Scike K
R ttt M Ar v J Gogkpul K Ctin g
Mon th TP 2000 Re mb nant ch me yellow fev r d ngu
typ 2 v us mmun gen and p tet ve n n nhumn
p mat J Vrl 74 5477 5485) nv lu mpl d
gnpM/M/E (f 6én n 1 st d dwvisiétn d sign 1 }
n un cADN dn2z Td 1 eg cébn d 1 viw y 1

p fue he h n élul v o PM (un banco d célula de

P tu M 1iu) p untament e tific d p

P du 6n d viu d v un L viu ombin nt
tuv n 1 euncia d¢n2 p M/M/E o ginal un

d pué d 18 p d n n élula v o p

n to 1lguna va ién n los gen YF El1 nél s

f not pco de los vi us 17D/den2 qu mérico most & que

/1o
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ete onmntab 1 s ton un nd s 1t (6 0 1 glo
PFU) nt st ¢cn 1YF17Dqu mtab ¢ ¢ del 100%
n 30 logld0 PFU La respue ta de anticu rp y la

p t c én mpl ta s 11 t6 nl gquim 17D DEN2

t nt nmn nmmun YF m n Flviv v in u E
un tudi d pu ¢t 1 d mad b j (2 0
1l glOPFU) 1 v u quimé pl d ufi nt m nt
p nduci un pu t d nt u p nut 1i nt
p t t nr én qu n edt tovi mia n t

im 1 dspé d 1 dmnd n 1 virs 2dld qu

dltp 1v tr

Aung l v u YF 17D cnocdo pr s ma
g ét mnt et bl qu t vi u de v cun t le
m 1 pl v u 1 nmim t din iam nt b j
d p t b v nt dv lug d v un 1ién
hndt td un p mut 1 n n lment cu ndo
lv usd vd d humn fu un do (ISEH C ss

AR B t ADT 1998 Y ll w f vw 17D v in v wus
ltd f m h 1lthy v n umulat fw
mutat n vr Res r h 55 93 99) Gui kh t al hn
ep td p cos camblos en la porcién YF d 1 wvirus 2
17D/d ngu qu mé c¢ el cual habia d pa do hast 18

v ult v d élul

"
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G lle t 1 (n p p én) tamb én h
d lld un v u 17D DEN 2 qu mé ml Sn

mb ¢ la lJuun 4 1 17D e genéti ament m dif ¢ d
(US 6 171 854) E t s v ru ¢ actr n aun n vel
g ©6m m d1 nt RT/PCR n iniid e YF/DEN
epe £ s ys uen 16n de nucl 6t dos sob & as d
fus 6n y pPo ¢ on de DEN2 c mpl tas L
Xxp én/p ami nt d 1 p lip ot in moni t
P nadl 1 SDS PAGE de la p ot in v 1
di t quet d nmunop 8 ip t da cn ntl ue
pe £ que nluyn ntiu ps mon 1 n le El
n m nt d 1 p tin YF y DEN2 md nt
nt u hp nmun Yy nt cue pos mon lon le tamb én

s log o med nt la neutralizac 6n viral e ensayos de

ede 6 d f m 6 d pl as inmunoflu e n
nd t be élul nf tad El m nto d
v u mb nant s Xxamno n vri sub t to d
élul t1l m Vv LLC MK2 C6/36 MRC5 y CEF
s1 l v YF 6 ntd 11 g nd tit 1
p 1l vV uU gqu mé no pli on n élul
t fi d P p du ién 4 v un (CEF y MRCS)

im larmnt a 1 s vius de N 2 L andlisa de la

ul n v l s ds oll m d ante noculac én

e
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nt b 1d tne (10 PFU) y 1l s viru qumé i
amb a n mi atnudo en ete sstma qu 1
v YF 17D C el ¢ én 1 nmun gen cad d 1lo
tud nil model d ton ndi onque 1v u
qu mé 1 no ndu un pu ta p tct a cont a

u lgqu otr d s 1 tld vius DEN2 d Nuev Guin

neu v ulent de atédn

Un altern tiv p d a 11 YF 17D mo un
v € p a ntigens hte logs s 1 xp én d
pit p p t ul e en 1 ¢ta regione del gen ma La
f tbldd n t prxim ién fu p me d most d
P pl viu ( v d n Ras CSP Evns DJ 1990

pl viu ntign qum s Trees bote hnl 9 415

421) L lucién d 1 tru tur trimid n ional d 1
P1l v u 1 pormitié 1 map d 1 pit pes d
nut 1 c6n d tip P fi b gln d
up f£ dfnds de la p ticul v ral (Hogle JM

Chow M & Film n DJ (1985) La estructura trimidensional
d 1 pliv u aun r soluc 6n 2 9 Science 229 1358
1365) Un de 1l i1 d sup £ 1 de lap tein VPl
e util 6 p a la nse 16n del epitopo tipo 3 qu fu

no ido po el ant sue o de pr mates al poliovirus

tp 3 quemue taqu laqumea fuen 8 lo v ble ino

|12



qu tamb én 1 pit p n td s p entd nl msma
nfrm ién qu 1 up f 1 dl vru tip 3 (Mu vy

MG Kuhn RJ Ar ta M Kwamur N Nomoto A &Wimme E

(1968) v u hib do _nt génic t p 1/t po 3 const uid _

vit 1 t nt urponut 1 nt 8 tipol y tip 3
n nj Yy mon Pr c Ntl Ac d § UsA 85 3203
3207) S n emba g pa gument r fue tem nt contra
eto st 1 ob veénd qu elm mo sito s ut 116
P 1 n én d dif ente pit po del vius d 1
h p tit AP 1 inmun gen id d de lo pépt do
n rt do fue my p bre (Lemon SM B r l y W Fergu on
M Muphy P JngL Buk K W dD K¢t ak XK Sang D
M PD & Almond JW (1992) Immunogenic ty nd
ntg n ity £ hn pl nviu whi h Xp
hpat t A viu (HAV) peptlid sequences evdnc f a

n ut al at on domain ne r the am no terminus of VPl of

HAV V rol gy 188 285 295)

L v u d 1 nfluen también fue on bien
tudi 4 d d1 punt d vi t est utu 1 vy
nunt n d pnibl s e tutu 3D ¢t nt o)
p tin v l s d hemat glut na y n v aminida a L t
l1 (L § P1ln V I ob H Zagh iani H Gu n R

M nT Bon ¢ Palese P 1993 Chim ric nfluen vi u

/Iz{



41

induce nut 1 i1ng nt b d nd cyt t x T cells
ag nt human nmun d £ ny v u type 1 J V rol
67 6659 6666) hn d sc it 1 ns rc 6n del epitop HIV
en un icl d un t Bd influn dl vrus d 1
infflunayl gne cén d spu st d élul ByT T

ep ifi 1l pitop

London et al (L ndon SD Schm ljohn AL Dal ympl
JM &§ Rc CM (1992) Infe tious envelop d RNA virus
ant g ni hnm Proc Nti A d Sci USA 89 207

Ds 11 nv u Sndbs quimér s que Xp s n

un pitp nut 1 nt b n def nido s nc llo del vi u

de la £f be RIft V11 y mdi nt mut gén i l1 t i

L ti d n ibn prmtn 1 up i6n d
viu np pldd d mi nt simila l vau
p ntl n nt n en un lipp t ina dl1l
v in P t quim l pitp e Xp 4 nl
sup f ci dl vi n y imulé un pu sta inmune
p Imnt p t ct 1l nf c i6n RFV del atén

De V 1 et al {(d V ie AAF Gl s AL R mn
MIJB 4 Haan CAM S n tar GJG Rottie PIM 2000
Gnt mnopul tin £ quin te 1t s vi us us ng

full 1 nght DNA 1 ne pa t n of overlapping gene

ns
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d xp n f f ngeptp Vi logy 270 84 97)
hnt bygd p ngni I v u d te iti gqu n
tamb én un v us de ARN d h b p it va con un gen m
im 1l n tam A l 41 YF 17D pe n df nt
st at ga d Pl ca 6n L nse iétn d 1l pit po
non péptid cnecid p un ntiu p mon clon 1 MHV
p ifi nun stod O0gli 1li c¢idén fun 1 nal d o
mo ult d un v u mbnnt que Xpr sa amb
p pldd dl pitpo Sn mb go l ¢ imi nto d
1 v u fu 1 am nt du ido ¢ mp do n lv u
prntl unqu ¢t p d n ri no dirn mo

sultad 1 p dd d1 net

Bend hmane ¢t al (Bend hmane M Koo M Ba r E
Bea hy RN 1999 D splay f p tope n the sufac of
tb ms Vv u imp t of ch ge nd s 1 t1i
point f the ep top on vrus hot nte act ons J
M1B 1 290 9 20) hn d crito la e o6n de viu
d 1 mos odl tb quimé i qu Xpr n pitp
dfnd d v u d 1 hptit n nj Y tn
L pit p f an Xp a n be 1 tminl
c bx d 1 pr t ina de e ub miento v ral 1
t u tu y 1l P p ed des blofisl s 1 s wuale estén

b en establ c d s Aunqu ambas inserci nes dn rigen a

ne
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v us vables d gneaciétn d 1 cc ne n plant
nf tads p uvalqua de 1 v u dif 1d s Se
b v qu 1 punt lé t {(pI}) del epit p
f tb lap tin d ub im nt d1l1 hib 4 tt1l

pl/ g Yy qu mp tnt p mo t l pitp d

m n to Tamb én s n to 1 f 1t de tol an a

ls pitp ¢ gdos po it vamnt sob e la up f ie

de TMV

Un nim ro de ot s estudio que empl a p rticul s

mlr viu pr pr s pit pos d protein
f rén def n d n d to n ra Oon qu llo
P n r P de ptn a 1 4inmunogni dd d

pit p fo &ne s pe nt do sobe u upe fic Heal
t 1 (H 1 KG Hill HR St kl y PG H llingfd 1 MR
T yl Rbn n A W 2000 Exp in and nmunog n ty
£ liv t g mala i plt p pe ntd a f ngn
pptd n th u f f RNA £ MS2 b t 1phg
cpsd Vac ne 18 251 258) h n util ado la p ot in
d ncub 1m nt l bcect iofago MS2 p a exp s

pit p f é&n b d n un l 4 8h rpn n 1
Ntrmnl d st p tein qu forma la a te il t

méi d Imnte dstnt d1 & do madu Un 4&p id

qu méric qu Xpre n pitp de ntigno de tp n
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l higd d Pl mod (LSA 1) timulaba n t nes un
espu t pl 1 4 TH1 milar a la epust d

hum no al antigeno en la natu ale

Tamb én d nt é& s 1 stud d Sedl k et al
(Sedl k C S J Rud P Lecl ¢cC Cs 1 JI 1995
Inmun g n ity f plwvirus B and T cell pit pe
p nt dbyhib dp ecn prrviu p ti le J Gen
Vi 1 76 2361 2368) Ell in t on epitop d
élul TyBd pluvius nungnmad ADNd hb
en 11 dl prv viru ¢ nin Ls in ci ne
hci ron en 1 Nt rminal del VP2 vrl s bre la
t utu d 1 p tiula N exist 6 puesta del
nt cuerp al epitop m ent as qu la respuest a las
élul s T pudi n b rva in vit o para 1 pitop
de la élul T p sad Eo ugl 6 que 1 Nt rm nal
n s el iti de uad pa lJa expes 6n d lo epitop
humo 1 Ru d t 1 (Rud P Hutd A Br M
T ud d ML XKamstup S Le¢l ¢ C C al JI 1999
Mn d spl m nte n the in tin it p ov ke m jo
diff n n the nduction of nt body resp nse by
him 1c pa vov us 1 ke part cles Virology 263 89 99)
hn ext ndd tos studio con parv vi u nin

ns rtaron un epitop humoral de pol ovi us en los cuatr
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n9

1 d1 vp2 bx tmnlv al sobe 1l est u tur
d 1 p tiul S1 1 l 2prmit &1 gnr ién
d nti u rp 1l pit p pe no nt u rp
nut 1 nt d pliviu E t lg al in t
1 pit p n amn & id ady nt que ug n
d pl am nt mn n 1 it d n ién u
amb s d amdt co en 1 Cc 8 bilidad del pitpo v 1

ndu énd 1 spuest s d 1 nti uerpo

L p ti ul d nd le dl virus B de la
hptt quimé que 1l v pitpos d h nt virus an
dec tospo Ul ch t 1 (Ulrich R Kol tzki D L chman
S Lundkvist A 2Z2ankl A Ka ks A Kurth A G 1ld rblom
HR B v G Mis 1l H Kuge DH 1999 N w himae 1
hptt B viu pa t 1l yng hntv u
( typ Puumal } pit p inmunog ni ity and pr te t on

g nt v u hllng J Bict chnl 73 141 153) la
ne o6én de una ant dad t 1 c¢cmo 45 y 114 am n &c dos
d 1 potin d1l1 cépsd d hntviru d o

ltd 1 p t iébn d 1 s huépd ntu 1 del

viu

L formac 6n d 1 P ticulas smlae a vius

gu mé s ncipid p nipld wviru d prot In d
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ham t n d it s po G dvilait t al (G dvil it
A Foemm 1 C Ssnuka K Mchael B 0O sel M Beh ing
O Stnlu J Jand ng BSch neck S Ul ch R 2000
F rmation of inmunognec v u 1lik pa til by
n t ng ep topes int su fa expos d glons of hamste
polyomavi u m jo apsid p tein V ol gy 273 21 35)
Ell hn p d ho d 1 t uctu 3D 3 4 e qu
et ifan xpu st s la up £ Y la xpr sién 41
pitp d 4p d @ 5 amin &4 id dl viu d 1

hptt B d n mo ult d lrx necim nt d1l

nt p mon ¢l nal 1 pitp
P lo Fl vvius los pit po de nutr 1l én
ot os ag nte vl al pod ian se in ert do n

eg n d 1 ub rt v al donde uno det ta 1
v r abil dad genéti a md nt unili ién d
nucl étidos T1 poxma 6n fu p mr n yd
d pué d amb 2amnéd ds n l1gnd 1 p tin
d ubi ¢t dl cADN 1infc il YF m di nt 1

p ndient uni d amin 4 ds dlv u d 1

n f lit Mu Yy Vily (MV) que fu p viam nt
ca cte l ad po ant cuerpo mono lon 1 como un epitopo
MVE neut ali ante La quime s n embargo no fue v able

ug 1endo qu el 4 ea particula de la proteina E
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(Am noadcid 192 193 del amn trmn l) s c ¢ti pa
l v bldd dl viu YF (R We y C R P

0 min)

En um n p bt n un viu d v un bsd

en fl v virus qu Xp e antigno f &no p a 1

d 11 d nuev s va un v va ut lizando técnicas de
ADN r mbin nt ncsaro d manr cumul tiva

(1) D sefl e t ateqia que prmitn 1
ant duec ién d ntign f é&n in mp mt 1

e t u tu y la fun 6n d 1 v rus
2) Aegu r qu 1 cnst uc i6n d 1 cADN
infe o y 1 tan ito d1 ARN gn do d et
dan lugar a vrus qu no s n patégenos n t enen el
p ten 1lal d vertl e n la f rma patbgna y qu 1
uni anfign f 4&ne g nét am nt tabl una
vez s 1nteg dnt d 1 gnomavi 1
(3) E1 Flav viru gne do del cADN cl nd denmd
d sr tenuad db t ner su p opledades
inm n légi yp nt n ntig no forén o expr do d

t 1l form qu t licit 1 r p t nmune propl d
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RESUMEN DE LA INVENCION

Es el obj to de 1 p s nt invencién pr po ion
un vius p a vcuna de Flavv us sequo y fect vo
bt ndo d1 cADN ¢l ndo qu tine ¢ at \1istic
f n tipi t le mo 1 tenu 1ién Yy la
inmunogen ¢ dad y el cual también debe Xp es
tabl ment y 11 it un e pu sta inmun a antigeno

fordn s

Enun mod 1lidd 1l preent invn én er lcin

n un mét d p 1 prdu ién de Fl viv ru como un

v t pr ntigeno h te ol go que comp ende la
ntrdu i6n yl epeliétnd scuncisd gn fo é&n

n un t d in cébn al nvel de 1 p teina de

ubd t d u lqui fl vivi u n dnd 1 iti
tan tutu 1lmnt p td d & n id P
int f ri n 1l e tutu d 1 p ot in E d1l1

Flvv u ttlyaqu mp nd

Sito qu d cnan s be la sup rfl ie xtern
del v us pop cinando cc 1blidd 1 ntiu p n
mp de tab 1 signif ¢ £t vam nt la st uctu

t d mens onal de la proteina E y no interferir con la

24
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122

fom 6énd 1 ed de potein E d nt o de 1 ub e t

vi 1

En t mod 1 dd 1 P nt invn i6n e t
1 nd cn un t t gla que permite 1

nt oduic _ 6n de s uni de gn fo &n n el ci lo fg

d 1 prtein d cub ta d1 v u YF 17D y ot

Fl v vir

ot mod lid d d 1 p esente inv ncién s

rl n n un nuv v én d un mold d CcADN
inf d YFqu e mil 117DDy 1 uld como
r ultd 1 n én d cu nci del gn d 1
ml i

En t mod 1dd d 1 pr nt nv n 16n
P PO n uno nu vo pla mid YF 1l s cu les tiene 1
ecuencia completa del cADN infeccioso de YF y 1la

s uni dlgnd 1 mal

ot mod 1l dad d 1 p s nte invn ién son 1
flav virus mo un ve t r p lo antigen s h te log s
en dndl flvv u s btnibl d au d al mét do

d to qui
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En ot s modal d de propo ionn viu YF
mbnnts qu e rgen n d un cADN d YF

inf i1 oy xp sand fe ent s pitopos d mala ia

BREVE DESCRIPCION DE 1OS DIBUJOS

L figu 1 lutal hitor d pao de la pa
Asib YF iginl y 1 d 1ivcitn de la seps d 1

v un YF 17D

L fgr 2 mustra 1 1 neamiento de ecu nc a d
1 P c n lJubles de la p otein d ubl rta del
viu d 1 n flti p du d p l g apat (tb )
el v us d la f b e amar lla (YF)} l viu d4d 1a
n £f1ti 3 p ne () vy 1 viu d1 dngu t po 2

(d n2)

L figu 3 mue t una ep esentaciédn quemitl

d 1 prtin CSd Pl mdi sp

L f gu 4 mue t a la t uctu del pli mido pYF

17D/14

iz
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La £fg a 5 mnmu st 1 tructura d 1 plésmido

PYFE200

L f gu 6 mu t el 1lip ami nt Y uen
nt tb y YF p o nl nt du 16n de un un
d ns cuén ( es ltada en letra gruesa y ub yada)
nt lo e dus 199 y 200 d YF 1 cal ads n el
¢ lo ntelsBheba £fyg Comoen la fgua2 el
alnam nt m £t do s quel utl do paa contu
un mod 1 d 1 p t in YF modif ad y 1
de 1 n ami nt delib do en forma ombre d Lo
lmnt d 1 t utu s und i e mu t an omo

b h 1 ntl ent e 2 uen a

F gu 7 stable 2 vi ta de la p ot ina YF
model d qu n luye la cuen 1 d 1ins c¢ién SYVPSAEQI
d nt dl 1 fg L d min s tén l ed

ndividualment 1 domnio I rojo) el dom nio 1II
(am 111 ) v 1l dmn IXII (aul) En 1 p nel upe io
el dime de la prot Ina E e ve p rpendicula a 1
mmbrn vrly n 1pnl infedlr v dentro d 1
pln de la memb na perpnd ula al 3Jje 1 ngitudinl
dl dim El it o de ine 6n (en an ) decn

c d 1 inte £ p 6xima nte 2 monbém

12§
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n t tuy nt dl dim Y pudn v mo

p ¢ lment nt d

L fqgur 8 st bl e 1 superpo cidén d 10

m del d p tin E YF qu ncluye la se uencia d

ne 6én GG (NANP) GG d nt dal i1 fg En d

mod 1 1 uni d in i6n e mu tr en un ol r
d fe nt mnientr qu el rsto d 1 e tru tur

m str n vyrde L grn dver idd n conf rma ion

del cl m ent qu pr rv encialment el st
d 1 t v tu ndic el g n viumn d p i
di pon bl p 1 péptid de in én

L f gura 9 muestra la supe fic molecula del

dime c de 1 pot in YF pa a un de 1 s 10 model d 1
f qu 8 En lpnl up ¢] 1 punt s ul Y 3
nd d b d un d 1 monémero o] nta 1

nt d vy lid d 1 pépt d d in ibn En 1 pnl
dl md must nl ep d e N( ul) d d

du vy 1l gl in Ctrminl ( 3 ) indi nd su
rrel n 1 lvntam nt d 1 8 cuncl s (NANP) p
nc ma de 1 sup fic mol ul En 1 pnel nf i

1 inse 1ién (NANP) se mue t a en ve de

/26
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127

L f qur 10 t bl c un en Yo d
nmun flu n ind re ta utili ndo un ant cu rp

mono lon 1 d gdoa ptli 6n (NANP)

L £ gqu 1] mue t un gel SDS PAGE d 1 viu
17D/8 obt n do m d ante inmunoprec pitacién de proteinas

vi al 8 tiquetada met b6l ca

L figqu a 12 luta 1 nél sis de tamafio d
plc omp tv nt wviu YF 17D/8 vi us YF 17D/14 y

de vdo YF 17/G &

L figu 13 mu st curva de crecimiento viral

n CEF (15 ) y célul Ve {15b}

La figura 14 stablec el tamafilo d la placas d
v u f rmada n mon cap s de célula Ve d spué d

P Ppg 6n 1 1 del vi us n cultiv s Ver y CEF

L figu 15 mu t 1 u va de ecini nt
omp tiv d 1 v u mbin nt dif ent en

élul sV o
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L figu 16 mu tr el ndl si d tam fio de

pl d 1 vius YF ec mb nante d fer nt s

DESCRIPCISON DETALLADA DE LA INVENCION

P mu h nf rmdd l vcuna del un

de vado t nuado vivo del patégeno el cual induc
pue ta nmun p t ¢t 8 de la g dur 1é4n fu te
un v ledad de ntigen s b el patdgeno sin ua
nfrmdd El1 d llo d tal v cun s menud
P lu d P difi ult 4 n 1 p opag 16n del
p tég no n 1 tenu cilén de te in p rder 1
inmun g nicdad vy na gu 1 tab lidd d 1l £ n tip
tnud Un 1t n tiv el u d ml oo ganismo
tnuds on ido P a 1 epeaidn de cu lque

ntigen d int &

L apa idad de maneja po ingen 1ia
g nétl am nt v us d nim les a cambi do el
nt ndimi nt de émo to wviu eplican y p rmiti

1 ntu énd v t 8 p dirigir 1 a xpr ién d
p ot in htrlog en dif entes sgsistema Ls vrus
ADN tal s cmo 1 SV40 1la vacc nia los adenovi us y el

h p hnut 11 do omo v tor p un nime o d

2¥
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p ot in MA& r c entemente lo virus ARN tanto d
h b P tv mo ngtv (Pal P1998 RNA v u
ve to whe e e we and wh e dow n ed to go) P

Natl Ac d Sci USA 95 12750 2) se han hecho d cu do
al mnopul cién g nét ¢ y n los vect re pr fe ido
nr 6n qu 11 1 flta un f 8 de ADN qu
recha la integ cién d secuen ias fo ane s n el ADN
dl mo ma y n P np submodula la r spu sta

nmun omo 1 h nls viu ADN (por ejempl v ini

yhrp )

L Flviv u tienn v 1la ct 1 ti qu
on de abl s p a vacunas n gne 1l y que han t 1ido
1 nt és d v s lab at io en de rollarl
d 1in 1lm nte par ut 11 do como un ve tor pr
ntigen h te log Pa t1 ularment pr 1 vi us YF
17D estas ca acteristicas incluyen una metodologia d

prduc 6n bin dfinda y ficinte un ¢ nt ol de
al dad t to ncluyendo en ay de neu ovi ulenc en
mon inmun dad de larg pl b j c to d i
simpl l u timado t Bbre 1s dos i nto
mill n d dos cn ex lent r gist os d gu id d
(s lo 21 s 8 de encefalit pst venld pué d1l

etbl imi nt d4d1l tema d lot s d semilla n 1945

129
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onun inc d ncl en nf nt 5 muy baj (9 me }d4d 05

4/1000 vy >9 m se en 1/8 de millén)

El hech d que la st uctu 3Dd la prot ina E
del Flav vi us est disp nibl (Ry t 1 1995}
op £t 1 1 ap ximacién u da prim amnte p a 1
pol ovi u al exam nar la tutua 3D y selec iona
it os pa nse cién que nterf rl 4n probablemente
menos onh la e t u tu a de la proteina E tot 1 La may
pre up 6én ¢ d 1 pitop s de in i6n d nt
de 1 p tin Ed 1 Fl vivi us n p rti ul d nt
d la p otein YF 17D l in n 1 h hod qu
st p tin e l p ncpal objet vo pra l r puest
neut ali ante humoral es la proteina donde estdn los
pit pos de hemaglut nac én y neut alizacién y es 1
pr t in que md 1 n minto d pt d
élul y de pent ac 6n d célula apuntando de est
forma el v us a células esp cificas Al inse ta un
nu v pitop n ualqul pat d 1la prot ina E de un
F1 viv u dd un ma d t popl dd s pu d
ambia am n qu 1l tuctua 3D p mit 1l
id nt fi én itio d inser 16n p t n ial
st u tu 1lmente d st ntes de & eas conocidas para media

un m4s de e tos pr ce os

170
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En la 6n a 1 p teina E del viru d 1
n £flti p duid po g pt 2 dif r nt f rma
d ¢ tle d su f gmnt s s lubles se obtuvl ron po
Ry t 1 (Ry t 1 1995) En ambos 1 p teina E
mu ¢t un Xxp 1 6n dimé i imil n 1l ul 2
monéme s stdn rel cionad s medi nte un eje de dos
doblec s mol ul es el cul es ist lografico en una
frma de ¢ tal y n ¢ st logéfio en 1 ota L
P n ptid del mimo dim o en amb s s
ug e que t n un art fa t de crl tali cién
pero epr s nta un dispo icién oligoméri verd der d

la p teina E gin s inet dnt d la cubie t

v l en un pH n ut El dimer pr senta una st uctur
pl nd blong d n dmn n ttl d
p x madam nt 150x55 30A Su dmen 6n mé t
d ns p rpendicula 1 memb ana vi 1 y 1
t utu mnpl t PX nt un u v tu md qu
p du un up fi t n qu un p mayo qu
1 p ndi nt up f1 e nt n Et u v tu
pu d yud n 1 i d un p ti ul vi 1
esfé Cd mondme o0 e ta mpu sto 3 dom nio el

domin o I (el dom nio central} el dom nio II (el dominio

dedmr cén} y el dom nio III { 1 dominio de unidbn al

]|
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re eptor seré 1 nmunoglob na}) todos los cual s e téan
domnds po un t uctur secunda ia B léamin El
d min I d sc ntinuo tando ompu st de 3 s gmentos
ep d d den d p lipéptidco y e domin nt
mdint un 8 b ld 8 hb qu subn y bjnd
top 1 gia comple] El domin 1II es e pon able de 1la
nte fas p ncap 1l nt 2 monéme p 6ximos al eJ] d
2dbl e vy forma m dlante d s s gmentos d 1 cadn
de p lipéptid s que divid en d min (I) E te s un
dom ni longado fue tement eticulado med ante puent

de d sulfu o y compuesto princ pal de 2 compon nte
st u tu le l) Un B lam n ntip ralel d 5 hb

ob un ti dl1 ul emp l 2 ahélic d 1
st utu Yy 2) UnB andwi h hecho ha ta d un B léamin
de 3 h bra emp cad s contra una B8 h irpin E t
ubdom nio de 8 andwich ncluye el péptido de fu 16n qu
s¢e ¢ ee qu es importante pa a la actividad fusogénic
del v us Este descnsa en una avdd f rmad po 1

contactos de inte domnio nt e los dominio 1 y 3 d1

monémer opu st y por lo tanto forma parte de una eglén

de nt f se nt 2 monétmer s que d sc nsan mas
di t nt 1 3 d 2 dobl e quel men 1 nad
nt rm nt El domin 3 continu y p s nt un

dobl d nmunogl bulin (Ig) tipo C un p o modifi d

B
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Ut 11 ndo 1 nomen latura convncinl para t 1l s
doble 8 (Bok P Holk L Sander C 1994 Th
mmun globulo n F 1 J Mol Bi 1l 242 309 320) 1la
hba C FyGgd st domnl s enfrntn ha a fur
del m néme y pe ntn un gién critica n 1
det rmin i6n d 1la p op cién del huésped y el t opismo

de la célul y es p babl ment p lo tant fundam ntal

P l unénd 1 élul L puest d 1 domino
mil Ig frm 1 int £ on 1l domin 1 vy junt
on 1 gl n dl ubdomini 8 ndwi h d 1 monémer
pu t mpo t nt n 1 formacién d una int rf

d dim d tnt d 1 J de dos d bl c L

int £ t ad ion lment protegida por 1 po ién

bhd t p nt n ldmini I

Las 8 h bras del dominio 1 son denominada A, I
quell s del dmn 2 dnomnda A a I y aqu lla del
domin III domin das A G entonos los casos
tiqut ds on e ut vament d 1 N terminal (del domini
IIT un di t 6n del IG C tip tipli o nduc a 1
c acén d hbas dicinle A C y D) Con 1
excep 6n d 2 o hél ces ¢ rtas del dominio II todas las

on xion s nt e 1 8 heb d un domino dado a I como

133



tamb én 1 s lig do es que conducen de de un dominio 1
ot o on B d bl dos ciclo qu varian gr ndem nte en
long tud En términ gen 18 todo 1 tales 1icl
gstan nt do d nt d 1 tru tur (in cce ibl 1
olv nt ) xpu t b un o miA de 1 sup fi i

int n xt n ylt¢t 1 dldimr

Al exp he e PH b jo 1 ed de dim ros de
pctin E db dispn s n timr Et db
nv lucr r ¢gr nd alt ra one 1 ¢ nta tos moném r
Yyp blem nt tamb én 1 o1l nt on rl tiv del
dom n dnt o de una subunid d d da sino a 1la

gan a 6n nten d 1la st uctu tercia a de 1 s
dom ni mi mo Al p ti p t nto 1lo cont t s
p Oximo mo di t nt 1l domini II p Dbablement
suf e los mayo camblo ¢ n ist nte on 1 h hod
que la unién de los ant cuerpos monéclonales a este
domin st fu rtem nte fect dapo 1 t nsiciédn dim o
a dim (Hin FX Sti ny K Pu hne uwer G H 1 mann
H All on SL MAndl CW Kuns C 1994 Structural Canges

nd Functional Control Of The TickBorne Encephalit s
Viu Glyop teinE By The H te dime ic Associat n

Wth Pot inp M Vi o0l gy 198 109 117)

1Y
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P ldi i de ns rcién d péptid s pitéplco
n la protein E de un Fl viviru dado y la subs cuente

v 1u 16n d su viabilidad lo inventores de la p esente

nv n ién d lla n la 8 gul nte estrat gila
In ¢i lment fu nec ario producir un modelo
t dmn onl p la pr t in E de un flavivi u

lccind L cunci de la epa 17DD de la f ebr
amar 11 utili é p r t propd ito y u alineaml nto
n qull d1 viu d 1 neflitl p ducid p
g pt (tb) gn ¢ 1ini i lmente n un pr g ama
MULTALIGN (B t n GJ St ngb rg MJE 1987 A Str t gy
F Th R pid Multipl Aligm nt Of Protein Sequ nc
Cnfdn Lv1l F mT t ry Structu e Compa lsons J
M1Bi1l 198 327 337) vy ub vuvent ment con ef nci
1l t u tur 3D de 1la Wdltima todas aquellas
ns Cc nes y upres ones se estring eron a posiciones
te quimica ment r zonables Un aislamiento f nal
qu in luy u nci de 1 encefalitis japon a ( pa
J OArS 982) y dengu tip 2 ( pa PR 159) se muest en
l figua 2 y s s gnif tivament diferente en varios

sp to mp t nt de dquel dado po R y et al 1995

Y
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L s mids impo t nt s dif rencias que son relevante al

disefio de 1nse ¢ 6n subs cuente se d scriben aho a

Un in ciébn 4 2 idu (122 vy 123 en tb ) 8
int du n 1l tb nduci nd a un ajust completo del
lnam ntoh t 1 géndel 1iti d h gl col én
nt 1 Bhba E yPF l mp a 1la u nci tb
yd fi be amar 1lla (YF) d nt o de 1 gién 120 150
(nume ciénd s uenci tb ) la 1ltera i6n ondu e un

n m nt n lnimr de i1dentidd s d s uwvenc s d 2

8 Un m3J imila se bse va en la encefal tis
ipn (J ) vy un n mnto d 1 a 10 id nt dade
u n 1 dl dngu 2 (d2) Ademds d la clar
me) n 1 idntidd d 1la secuencia el nuevo

lin ami nto cmoda d s r sidu s d 1in rcién (122 y 123

ntb) nun 11 de up rfi ie ( ntr las B heb s d y

e)

Un up i6n de un e duo ntes de 1 heb f en
YF y d2 ce ano y t n fer do a la gran supres 6n
nt 1 Ahb fyg Lasup sién n esta egidn del

lin amient dad en la figua 2 e asi 6 esiduos d

136
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long tud tanto p ra YF como para d2 como lo es n J

uando e omp ra con tbe

El egm nt n p gin /4 id pArt odl
YF | idn 269 272) vuoelv un in cién nt 1
8 heb k d 1 d minio II

El alin ami nt d ¢ nci s utili 6 pr
gn 10 mod 10 41 dime o de la prot ina E YF
util and at sfaccién d fija ione spaclale

d vds de la st uctu d mé 1ca tbe que mplea el
P g ama  MODELLER (sli A Blund 11 TL 1993
Comp tiv mod 1 building by tisfact on f ptil
t ant J Mol Biol 234 779 815) Para c da model
empled din 1i6n al to a pr d fecto en el
spcio crt ian de 4A ntes de 1 optmi 1i6n del
mod 1 utili nd 1l Mét do d Fun i6n de Obj tiv
Va iabl (Baun W G N 1985 C 1lcul tion f p tein
onf rmtin by p tnp tnditnce cont int
nw £l nt lg rithm J Mol Biol 186 611 626) vy
Re c m nto Estimulado Los des lineamientos delibe ados

de lo esiduos cundant d 18 nse i nes y de las



up e n util n n 1 fn de 1l 1
hmlgi d 1 fi) ¢l ne d sto esiduo
p rmiti ndo 1 n cién/ up sién mu st s mant ni
imultdn am nt 1 t r quimic ptabl

El model qu p sentab 7la mids baja seud en rgl

dd p In (P) donde P e la fun ién de dens dad d
p bab lidd mol cul r MODELLER también pre enté
¢ lent t quimi t tal p ducl ndo po Jenpl
un PROCHECK (L kwki RA M thu MW Moss DS
Tho nt n JM 1993 Pr c¢ch k A Pogam To Ch ck The
Steechmi 1 Qul¢ty Of Poten St uctu s Junl Of
Applied C tallog phy 26 283 291) f ctor G de 01
qu val nte la est uctuad ¢ st 1l de una solu 16n
mj d 15 A El model también fue valu do ut 1i nd
l mét d de Eis nbexrg (E nb g D Luthy R Bow e JU
1997 VERIFY3D Ass sment of p ote n Models w th three
dmn nlgp f£f1l M thod En ymol 277 396 404 B wie

JU Luthy R E nb g DA 1991 mtd t Id nt fy
P t n Squn tht F1 Int Kn wn 3 Dimen 1 n 1l
St uctu Sc nc 253 164 170 ILuthy R Bowl JU
E nb gD 1992 As ment Of P ot n Models With 3

dmns nal P £1s N tu 356 83 85) pr sent ndo un

135
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m rcado VERIFY 3D de 348 crcano 1 v lor sp ad d
361 p a una p tein d 786 iduos (en el dim o) y
b n po en ma dl umbr 1l d ept bil dad e 162
Adi n lm nt l nmmlidddlmodl fu timd p

nél d nt t témi utili nd un mar do d

lid d tot IWHATIF (Vind G 1990 Wh t If

M1 cul Mod ling And Dug DE ingn Pogram J M1
G ph 8 5257 Viend G S nde C 1993 Qu lity
Cntol Of Pot n Md1l Dir cti nal Atomr C ntact
RAnalysi Appl Cryst llogr 26 47 60) qued un val r de

0 964 most nd que el modelo es confiabl

El mod1l bp 1 p t in E YF mu t un &

de nta to 1 gerament educid nt ls ubunid d
mpar da on tb (1 242A pr monémro cmprd cn
1 503A) p i 1m nt debido 1 taman du id del clo

fg qu h ¢ c¢ ntact int ubunid d vi Hi1i 208 n tb
N xist un r d ccién sub ecu nte en lo ontacto
hd f go del inte d min cmo s dete to p LIGPLOT
(W 11 AC Lwko ky RA Thont n JM 1995 Ligpl t A
P ogram To G n r te Schemat Di gram of Protein Ligand
Int ract ons P ote n Eng 8 127 134) E tos comp nsan

p 1 Pr ni d 2 nte ubuniddes d punt s d 1l

139



{ ntr E201 y R243 y nt R263 y E235) qu P cn n

v 1 d 1  nmodel n lo cu le estdn u entes debido
la sust tu on d amn & ido n tbe E t pu nte

d l p umblem nt ayudan a la tab 11 iétn d 1

dim YF El nt to hch ent 1 péptido de fus 6n y
1 1 d n 1 domin II n 1 avid d =nt 1

dmin s 1 vy 3 de la ubunidad opuesta es sen lalmente

tnda nl p tein YFE

El mod lo pr 1la potin YF E junto on 1

l neam nt d ls secu nc a se util z P ra
1 n 1 ti d in e 6én poten ial pa
pit p het lg ByT T n amb s t le t

de nse cién debn 1) no desordenar o desestablll a
gn fic tivam nt 1la st u tu t idimen ionl1l d 1la
prtin E 2) no ntef 1 conl f rmaciém d la d
d 1 p t ina E dent d 1 cubl ¢t vi 1 3)
D ¢n b 1 up rf ie xt na dl1l viu d tal
frm qu t ibl 1 ntiurp Aungu t
rit i pud n e t 1 tam nt blig torio p a l
pit po de 1 célul T te p rman ce ap opl d en 6n
qu ls t s d 1 uperf ie nte na pudn

interfer con el ensamblaje viral 4) El sitio debe

(4o
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pr ntr pr f iblemnte vdni d qu 1 vr cién
d 1 1ngitud d 1 un prmi ible 4 1
dif e las ob erv da entre los Flavivirus dif rentes (es
d 1 1t debe d v ina natural) 5)en 1
d 1s s ti qu pr sentan variac 6n de 1 longitud

de ecu nc pref i1blem nte YF debe presentar un cicl

ma pqufio ntle c s

Elprm ¢ teiolmt 1s s tio de ins rcién a
i1l y ambi nt lem nt d estructura cunda 1
El gundo v te ¢ o 1limina itios s b e la upe fici
nterna y 1l te 1 del dimero y <quellos qu estén
nt d De 1 B tant s sit os de in 1é6n
p bl s pud dcr 1l sigui nte El cicl entr D
Yy p snt un nex 6n d inte domin y mue t a
pequefl variab lid d tru tu 1 Aquel ent lo ci los
e v d pe nt un péptido d fusién que esta
P lm nt nt d vy ltamnt cn rvdo Aqul
nt d y m str pqufl varla i16n tructural
ncluy un idu d ¥ i tin y s tru tur lment
mp tnte Aqul ente E y F ncluye un sit o de
gli 11 ién ntb y s un sit od in cién pot ncial

n 1 m did qu st ma ¢t g n v iabil dad

Iqy
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e tru tur 1 y e altamente expuesto Aquel entre G y H
puede esta P Cialmente nvolucrado en contactos
1t ls e un pquefi B cambio y muestr ©p quefl
v ¢ 6n tutu 1 Aqul nte F y G pesenta t da
la ca t 4ist as des abl P qu est es 6 e idu
mds cort s n YF ) y d2 comparado con the y esta
xte nam nte xpu st Aquel ntre K y L es un s tio
ptnilen 6n a que te muestra un in ¢ 6n i
n a pa agina en YF la cual podri acomoda secuencia
de células B ep tép cas 1icas en asparagina como se
describe adelante Aquel entre B y C es un sit o posible
P © puede formar p rte de 1 supe fic e lateral Aquell
nt Dx ¥ E muest v acibén e tructur 1 y p es nta un
un ri n gp ¢gin en YF 1 ual pued ocmoda
pit po co en paagina D lo nte lores 1 sit o
d in iénmid p n i s qul nt 1 B hbD f
Yy gqu formn p t d 1 B lémin ntipa 11 d 5
heb a del domn 2 La g an supresién de los 6 residuos
n st cicl en YF c mpa ado con the deja spac al
int rf dl dimr p una myor nsrcén sn r r
impedimento estér co Ademis de ciclo fg otros sitio de
necén p om 80 E F en aén de qu este muest
gran v riab lidad estructural y esta altamene expuesto

Aunque n de est lig do a ninguna t ria

Y4 2
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p t ul p tul qu 1 p ni d uno ma
du d gl ¢ na flanque nd nm diatam nt 1l epit po
n ert do s v nt jo 0 en la introduccién de flexibil dad

fom nl 1 pitp n up sent ¢ 6n ub ecu nte

Una lt ntv de la p ent invn 6n p
dsroll fl v v us en gen al como un vecte pa
ntig n ht olg 81l ine i6n y 1 xp e 6n d
ntig n p t ul n luy ndo pit po n ti

tutu 1Im nt d tnts d a a con id p

nt £ 1 n 1 t uctu d 1 p tin E d
fl viv u t t1l pe Imnt en 1 lo fg o n 1
ilJo E Fd un p t in d Flav vi u dad El

ntign in td £ &n qu n luy l pitp pud
v 1 ampl am nt d p nd end d la p p dad
nmun gén d ad n 1 ntigen Po jempl 1

ntign n td £ é&n pud 1inclui ntign d

p t t1l c mo mal d v u t1l mo f eb
am 11l d ngue en f liti jap n sa ncef 1 tis
p dulild p g pt nf n fung y ¢t

Adi 1 nlmnt 1 méxim 1 ngitud del ntigen / pitop
dpnd 4 d1 heh d que te n comp nde i 1

est u tu de 1 fun 16n de 1 cubi ta del F1l vivi u
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Mid p t ul rm nt un t teg de it qui
nl n ién d 1 scuni dl gen de la mala a

d nt dl l fgd 1 p tina YF 17DE M nt s qu

padnin t uni mp ativamente co t 8 que

l] £t nn uno p r s du d am nodc d también
ont mpl qu pued n nserta antigen /epit p

ma 1 g La max m 1long tud y la natu alea d1l

ntig no/ pit po dep nde & del hecho de que ste no
cmp mt 1 tutu d 1 fun é6én d 1la cub t d1l

vr d 1 £ br ama ill

L mal i PIrmn como un d 1 ma
mp t nt nfrmdd hum n ignd pr v t
El ncpt d qu 1 wvacn c én pud ut 1i mo
h ami nt p nt 1 1l nf rmed d t bsd
p n ip lment n el h cho de que individu s
nt nuam nt pu st s la infecc 6n por el pa & to
p to ¢ ev ntu lm nt de 11 n nmun dad 1

nfemdd

El l dl1lp 4it d4 1 mal 1 mpl 3
ls v tp en human s on mo f lé6gi a vy

ant gén cam nte dist nta y 1 etapa de nmun d d



n

esp cif Sol ah a se ha hecho p s ble def nir 1
pat 6n completo de 1 exp esién del gen d pards to en

cda tp

En um n n 1 l d vid d1 p 4sito 1 s
po o to qu sn sumnit dos por 1 pcadur d1
mo quit inf t d nunt n 1 amin 1l higd

nvdn 1 hpt t S hn dnt fi d 2 p t in

mpl cad s n 1 cn im nto e inva 6n de 1
hpt ts p tin CS (1 ump t) (F v t U
P S nni CC ram W Shr ffler B Tk c nd V

Nosnw g 1993 L potin ci umsp oot de 1la
mlaili s une ls p tegli ales de sulfato d hep n
s ad n 1 mmb n d 1 up fi i d 1
hpt t J Exp MED 177 1287 1298) y 1 p ¢t in
nénim l ind n t omb pndin o TRAP (Sultn A
A V Ththy U F v t KJ Rbon A C snti V
Nu senwe g RS Nu seen welg yR Ména d 1997 El1 TRAP
s nece i P motilidd p d 1li amiento e
nf ct vidad de 1 s poro it del plasmodio C ll1 90
511 522) Lo anticue pos a las p oteina sob e 1la
upe £ 1 dl p ras to pod ian neut ali a
¢ nsebiblemnete los esporo oitos y hablta el desarrollo

sub cuente de las tapas del higado En el hepat cito el

4§



pri t se difer nc y 8§ replica a exualmente como un
squi nt p ap du ntid de enrm d mero it
qu n a n la inf cc én en 1 s células sanguineas
| L ntig n sp if ¢ p al tp d1l1higd
han ident £f1 do (C 11 JM Na din EH Clavijo P
Budn C Stubr D T ka B Ns nwig RS &§ Cchr n
AH 1992 R cogn tion of different doma ns f th
Plmod um £f1 p um CS p t in by the e a of natu ally
inf t d individu 1 mp d with thos of p it
immun d v lunt J lmmun 1 49(8) 2695 701 N din
EH &8 Nu enweg RS 1993 T ¢ 11 rep nse t pr
yth cyti st gs f mal 1a r le in p ot ction and
v cn dvlipnnt gant pre rythrcyt ¢ tage Annu

Rv Immun 1 1993 11 687 727)

Se ha propuest qu e tos antigen s junto con
aqu 11 de los esporo oitos sean en pa te proces do po
1 élul hvé pd v p nt do obr l up £
Junt nl molé ul MHC 1 l Et pr ntacién
pu d ndu 1 n minto de 1s 1lnfo to T

it toéx synmnt 1 células infe t da o t mul cién
d 1ls é&lul T p p du to in y fin 1lm nte

conduc a 1l mue te del p é&sit int celula

)46
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L m t qu sb vvn 1 tp P
it 1ti n in1l inf iétn d 1 tp nguin
xu 1l que e r sponsable de 1 nf rm dad s El
p 4 t inf ct 1 it ocit que no xpre n la
molé ul 1l l vy p 1 tnt 1 linf t T
t tox n n imp t nt L nticue p qu

un n 1l up £ e dl1 me o to p obablem nt Jjueg n
un p pel imp tant n la inmunidad de 1las et pa
s nguin s xual Potenc alm nte estos ntil uerpos
pdinnaut la 1 p 4sit s ¢ ndu me nil mos
F d p ndil nt d 1 m rte del parid ito por Jemplo

ma 6f g La pr t ¢ i6tn ¢ mpleta contr 1la demanda d

1 P t ocbervda n atns nmuni ds n
P it Pb gui di ds y human inmuni d
n P t P fal paum die n omo ult d

spu 8t s inmun 8 a antigen s exp es dos por 1 p réasit
n l tap pe it cit as de su cicl d v d
(N dnEH Nusnw g RS 1993 T cell pon t p

yth yt st ge f mal 1 ol in potcect n nd
v n d vlpnnt gint p yth yti tg

Ann Rv Immaun 1 11 687 )
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L nt uerp la célula T CD4 y CDB hn id
mpl d nla nmunddp it catc (S hfildlL
vV 11 qu nJd F A shll ken H Nu nzw ig R
Nu enw g V 1987 vy nt £ n CD8 T 11 nd
nt bd qui d f immunity t m1l 1 p it
N tu 330 664 666 R d iqu M Li S Mur t K

Rd gu D Rd gu JR B k I B nnink JR Y dw 11

JW G S £t A Nu enwig RS Est bn M Pal P
Zvl F 1994 Influ n nd vecin v us exXp SS ng
mal CD8 T nd B c¢cll p top C mp n f th

mmun g n ity nd pecty to indu e p ot tiv

pn J Immun 1 153 4636 4648)

Eitneé ntignsp eit citr o0sp ncpls n

1 p & it d P f lcip um 1 p tin

un p t {Cs) 1 p tein d dh 6n

l ind nt mb pondn (TRAP) 1l s8 ntign d
etapa de higad 1 y 3 (LSA 1 y 3) 1los Pfs 16 y 1
t nn d P t vyl p tin rc en spa gin
U nim o d pit p d ntif dos bel dirf nt

p oteinas d 1 pl smod estdn s ndo Xp esad s en

d £ ret s st mas h cia los estribos d nmunogen d d

{(Mun ngh DY Cl 3 P Cc 1l MC NArd n ER

4%



75

199

Nu nw g RS 1991 Immun g n city of multipl ntig n
peptid (MAP) c ntaining T and B cell epitopes of the
p t g n f th P flip um cicusp o ¢t
P tein Eu J Immun } 21 3015 3020 Rod igues t 1
1994 Sh YA H nanSE S5 ci JB Holloway BP Kuj k
H Kuma N W hlhu t R HffmnSL C1llin WE L 1 AA

1999 Immun g n ity nd n vit o ffic y of
mbnnt mult t g Pla modium F 1l ip um nddt
v n P Ntl A d S USA 96 1615 1620 Aido
M Llvni A Gilb t SC Hu JT D ube s P Hut N
Wh ttl HC DRuilh P Hills AVS 2000 Cyt txi T
l mph yt ptp f HLA B53 nd th HLA typ in
the m 1 va ne candidate 1 ver stage antigen 3

Infect Immum 68 227 232)

L f qu 3 mu t 1 P nt én qu matic

d 1 p t in CS dl pl md p (N din
Nu nw g 1993) y 1 1 ali cién de 1 pitop
Xp d m di nte un vi us mbinnt YF 17D d 1

p ent nvn o6n

L prtin CS nt n un pit p inmun domin nt
Blcl do n su a e nt 1 Et epitop ¢ ng te de

t ndem ptd d uen d amin 4&c d esp 1ifac
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d p En el P f1l p um t pit p
P r gin l1nn P dgin p 1lin (NANP) h
dt td n td 1 al 1 do vy i rp nt un
by tv d 1p d 0oll 4 1 v un L n yo
lin n 1 n pépt d s sintét s o]

mbin nt admin t d cn lumb d on cmo
ult d 1 induc 6n d mas mod sto n vele de
t curpos a spoozo tos y s lo nd vidual s cn lo
nvl ma 1t d ant cu rpo fu np teg dos nt
P flcp um on uf miento et a do d p sim en
t 5 Hffmn SL Nusen weig V S doff JC Nuss nwe g
RS 1991 P g s tw d mala P yth ocyt v ne
Scin 252 520 521) ot e tudi n nim1l d
t £ nil p v d nt 1« ps monolnls 1l
pet dos d 1 p t ina CS tamb én sugie en que 1
nt cu rp pudn P op ion p tec 6n nt
nf ccén de spo zo t El problema qu sub iste s
t baj p ng i v unas que e ctan nvls d
nt cu p n human nl pcfi d p piad y 1
fndd p d tui tod lo spo oit nte d
qu 1l nt n l1s hpto ts A ste spe t s
ntbl que 1 mmn a 6n d humns con na d
mpl d v u YF 17D s ufi nte p indu

nvil dt tbl de nticu rpos d neut 1i a én al

/SO
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YF un dspé d 40 1 d 1 nmuni ién p m
(Mnth 1999) v que 1 p st sop ¢t d nal 1
P nt ainvn é6n p a l u dl wviru 17D p
Xp S pit pos de patbgenos rel vantes e pec 1lm nt
1 pit p deml 1 1 v nt h 1 1l d rll
d nuv v un vi 1 vV pa d p teg
nd d 1la ga vida ¢ nt f b am rilla vy un segund
nfemdd p e] mplo mal ria La tapa d 1 higd n
el parasito también es obj tavo para 1 desa rollo de la
v un p dqu ta of ce antigenos ad i n le y n
nt st 1 e i tenc a de vid crt d lo

p o itos n l ¢t ent s nguin d]l huésp d

mamife lsmalgsd 1 human s se de 1l n en el
higd du nt v & di L m nimoes f td
t t form nt hpt ti n p bablem nt

1l élul T ttéxi s qu dstuyn lo hpt it

inf td vy lvy nt fe nqu inhbe 1 d llod 1l

p a t

L nmun dd p e trocitai a d 1 plasmodium
mdiad enp t p los linf ¢t T que tin c nt
lp a@a t d latpd el higdo Estas élul s T d ben
e noc 1 pépt dos de ivdos el pa 4 ito n 1 s

élul dl huvéepd infctds n 1 nt xt d
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/2

ntigns c¢cmpl s d h t mptbl dad mayo L
nmun dad md d p élula T p re e como objet vo de
v ntigns d p ra it xp es dos du ante la
tp d espo it y dl higd d 1la infe i6tn Un

ume d tal s epitopos CTl presentes en d fe nte

p t in d 1 tap pe it eciti s h n
dnt £ d n human gqgu vvn n & endém ¢ s de
mal r y tan tr ngid un v 1iddd molécul s

ls 1HA( doM Udh y kum r V 2000 Fi 1d tudi of
ytotox T lympho yt in mal ria nfe tions
mpl t n f m la ia vaccin development P & tol

Tdy 16 50 56)

L élul s T it téx ca p in ip Im nt CD8

qu nl snd d p ent én dl1 ntign cl s 1

n pim mnt gn d P nf in m rb n
nt lul y hn id ma mpl £t inv t gds n
nf nsv 1 L viu mbin nt qu Xp n

1 pit p f é&n d d n p l tnt un
po ma 6n légc h l gn ién T t téx d

1l p £ d d se da
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Miy hi t 1 (Myh Y G ci s ¢t a
R d igu D Rdigue JR Mu t K Tujl M Pale P

Etbn M Zbl FNu enw g RS 1998 R mbin nt

v P S ng human mal ntig n n 1li ¢t
ptntally p tetv 1mmun CD8 resp nc n mce
P Natl Ac d Sc USA 95 3954 3959) han estud do n

nmdl d tén 1 nmunogen idad de un pit p CTL
l al d b CS5 de P f1 paum El pit po CTL
(DELDYENDIEKKICKMEKCS) 8 xp 6 n un gn d
nuamnd bcit én d 1 p d nflu n D L
v ni mb n nte n luy l gn CS mpl t qu
ntni tnt 1 pit p humo 1 s mo 1 CTL L
nmun ién d tne cnflu v ini 11 it n un
pu t d élul T CD8 CS p if mod ¢t
dt td p 6n d int £ é6nvyd 1 célul
nmu ndiv du 1 El nec d d 1 tns n 1
v flu ec mb nant y ayudand cn 1 v n

mb nt die n mo ult d un n 3

pr ndent 4 est e pul

Un vi de va naqu Xp § vros ntign
d P f lc parum se desa 110 y ut1 6 n un nsay

ln M ent as qu las respuestas inmunes celula es se

783
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1 t n br el 90% d 1p nt u p nd v du l

las spu t fu n gn almente pobre De lo 35

v lunt r no ul d s lo uno fui compl tam nt
p tagd unque hub un s gn fi tivo etr n 1
uf m nt d 1la p tem {p t mi (O k nhou

CF 5Sun PF Lan DE W 1lld BT may BT K ¢t K St ut
JA. Mgll A Xy hU Faley L Wrt RA S doff JC
K 1lw DC Kunm S Chu h I8N Crthr J Wi 1 B
H £fm § Llvn A HI1l AV Tn JA G t KP d
Ta n C And s R B 1ll u WR et al 19398 Ph I/1I

f ty mmun g nic ty and ffi c¢y tr 1 £ NYVAC Pf7

p v tod multi nt g n multistage vac in candid t
f Pl mdum f l¢p um mal | J Inf t D

177 1664 1673)

El v u S ndb ¢ mbin nt qu Xp un
mngn qu c¢cdf a 1 pitp d 1 <célul T CD8
SYVPSAEQI d 1 p tin CSdlp 4s tod 1 ml ia d

d Py 1l u nd in ul ub utdn am nt n
t ns ndujo una espuesta de célula T CD8+ espec f ca
de epit po g ande Est nmun zac 6n t na un p ot g do
nt la nf én p espo to (Tuyyi M B gmnn

CC T kit S nod Y Mu ta K R d igues EG Nus nw g

Isy
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RS Z vl F 1998 R c mb n nt Sindb v P S 1ng
yt t T lympho yt ptpe of amal a p as t
f nflu n v u 1 t pr tet n ga nst th

pndngpthgn nm JVrl 72 6307 6910)

Tamb én h mot d qu 1 tn nmuniz d

p una d mpl d un ad nov u cmbnnt qu
P l p tin Csd Py 1 l it un 1t g d
d t 1 nf én mdid p m amnt p

élul Ch8 T (Rd gqu EG Zvla F E hnge D

W1l ndM Tju M 1997 L d s d inmun é6n impl
d d nov u ec mb n nt nduj f ntm t
nmu ddp tet md d p élul T CD8 nt
mal J mmnl 158 1268 1274}

En dnd 1 omplejidad del pa 8 t y ucecl

d vd x t un nsns d qu un v un d m la
1t ment f tv qu i1 un mbn 6én d
tigen y/ epitop lves @d d fe entes tapa del
l d 1 vd ¥y qu 1 ndu én tnt d nmun d d
humo al com celular requle e pa a la eficacia 6ptima

Tl v un tamb én vit {1 ls p blms n 1
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t én g nét dl huépd y 1 vrablidd
nt gén n 1 d v una b s da n ntig no

mpl H t h n mb ¢ v 1 int nt P
lg nmun dd p t ¢t n d fe entes p epa cion s

d ntigns d v 1 s etpsno hnp duc do resultado

onv n nt

L t ma it o o] 1 ap oximac 6n
mult v 1 nt mo un ntigen mple on 1
dnt £ c én d ntig nos qu ndu rdn n spu t
(p Imnt ) p t ¢t n la may 1 o td 1l

p bl én oby t v l umnit d e to ntigns n
una form que e t mula la respuesta md p piday 1

itm d um n t debe permit r la p s nt 16én de

1 ntigns en una f ma qu t mule el si t ma
nm n El d olle dscrt aqui que utl
Flvv u p 1 P 6n d antigno / pit p d

Ptégn d fnidc db di igr 1 t mas de p es nt cidn
1l p bl ¢ én oby tiv Cn rel cién lsviu YF 17D

n vi us t madam nt inmun gén que indu e 1t
p P n d nv ién d nti uerpo n v una

d dfrnt nt d nt g néti

/56
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El s 1 ¢ tante de 1 p sente invn én
p rt cul rm nt 8 prob r la factib lidd 4 util a la
ep de v rus YF 17Dy 1 subsepas de 3stos no olc como
un v un nuy fe tiv prob da contra f eb e ama ill
s n tamb én mo un ve to pa ntig nos p otecto es

p t ul rm nte pit po p otecto es Estos saltaran el

ds 1] d un v un imultédneamente fect va cont a
£ b am rill vy ¢t enf rmed d s que pod i ou

n 1l m ma 4 as ge g &fica t les como mala i
d ngu n £flti 3pn ncefalitis p oducid »p
g pt nf on fungo tc

L p ncpl meta fue establecer una p oximaciédn
gnrl pr nse tr y Xpr sa antigen s mpl
d fin d g nlyn epitp nl sit os d ar

tutu lmnte d t nt ¢cn ido p int £ 1 n

1 tutu d 1 p tin E dl Flwiviu ¢t t1l

p ifi m nt n 1 ¢l fg o 1 ccl EF de 1
pot in E de un Fl vvius d do tal cmo f1 b

am 1il1l d nqu nc £f1¢til 7 p ne n ef litis

podu d p g pt qu e pued util ar omo una

/87



nu v v un viv qu indu e un pu ¢t inmune
p t ¢t d 1 g du cién Mis pa ticularm nt la
p ent invenciédn esta lacionada con una aproximacién
gen ral pa a expres r un epitopo defin d del c clo fg de

l prtin Edel v u YF 17D

Cm ut 11 qui l trmn Flav vi u
gn £ v u lv st vius atenudo y virus

mb n nt que n luye v us quimérico

L mnpul 1ié6n g néti dl g noma YF 17D 1l v
b ut 1l nd 1 cADN d YF inf cci © gin lm nte
d ll do p Rce t al (1989) qu con iste de d

plésm do den minad PYF5 3 IV y pYFM5 2 El1 gen ma YF

fu d v did n d plamd dbd 1 f lta d
tbldd d lgun uen as d v us n el 1lto
nlimer d op dl v cto plasmido pBR322 Sin

emb go en 1 ca del viu 2 d1 dngue cADN d
1 ngitud mplet fue nstantem nte ¢l nado n el mismo
plad mido (Kinn y RM But pet S8 Chang GJ T uchly KR
Ro hr g JT Bhama ap avati N & Gubler DJ 1997

Cntution £f nfectiou <CcDNA clones for dengue 2

1S¢%
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v u t in 16681 nd it ttenuat d v ccine de iv te
st an PDK 53 Vi logy 230 300 308) Cuando Be ot
P ls n ma d tr ci6bn p cif ca (Ap I N ily
AatII) 1 f gm nt d et i cién sp 1f a son
gn d 1 cul 1l 1lig ntituyn 1 gnnmn
YF mpl t nl frma d cADN L e tri 1ién de e t
frm d CADN n XhI lneaia 1 cADN y perm t
sinte s n vt d ARNcn uwet d 1 uenci
p mot SP6 T 1 ARN u ndo t nsf ¢t n é&lul
ltiv d d ign vi inf ci s El fen tipo d
t v h id n yd (Mrhvky RS Mrian J
F VS Alm da E C qui MJ C rvalh R
Psun J¢¥ T v so d R a APA SimSes MC Santos
CND F a II Muyl exrt IR Mann GF R ce CM y Galle
R 1995 Phenotypic anédlis 8 of yellow feve v us
de ved f om omplementa y DNA Am J Trop Med Hyg
52 75 80) y e tos stud ndic ron la nece idad de
mod fica 16n genétic d 1 CcADN pa a elaboa el v us
ultant ma t nuado E to se ha llevdo a cab po
Gall y Frie (US 6 171 854) y dio como resultado
nn v v n d PpYFS 3 IV y pYF5 2 d nom nada Gl/2
y T3/27 p ctiv mente El mapa fisi o d 1la s cuencia

de ambos plismidos se muestra en otra parte y estos

/181
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plasm d hn dp it do en ATCC (ATCC# 97771 y

ATCC#97772)

Hab end 1l gnom dividido en do plasmidos es
onv niente p P P to d clnecién d 1in c é6n
pe n s d 1lp la cup ién del v us Asi con
el fnd 1g run nfect vdd pecif a mds 1lta d
lo t n cr pt el slctnt d a l1lo un 1 n d
cADN d 1l ngitud mpl t p a el genm YF S
dnt £ n 1 plid mid de 1lit atu pACNR11B0 (Ruggli
n T tshn JD Mittelh iz C H fmann MA 1996 L
ecu nc d nucledtid d 1 spa dl viu de 1la
fi b ama lla swne cld ica Alfo t/187 y 1la
trn r p 16n de ARN nfeccloso de cADN longitud completa
clnd et bl ment J Vrol 70 3478 3487) qu t ne
un gnd eplica 6n d nom nado P15A qu permite ol
epl co6tnlmtd d1l plid mid redu iendo un num xro d
molé ul de ADN d plédsmid po c¢élulas bact rial Est
itmad pléadmid £ util d pr logs utr Pr
st bil l] gnma d1 v u d 1 fl br swin
lasi n un tamaflo de g noma cer ano aqu 1 del vi u

YF E te plasm do PpACNR1180 p opo ono p el Doct

}60O
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JD Tr t hn dl In titut de vi 1 gia

Inmun p f 1 xi d Su

Ad ma dl PACNR1180 ot s v cto qu

P P innl tab 11 cién d 1 gen ma del vi us YF s
pued n ut 1 pa a p epa los pléasmidos de la
P nt invn 6n Ejempl ep Iific n luyen
pldsmdo qu t n un o ign de eplic 16n qu p rmit
1 pli i6n limit @4 d 1 pléd mido r du 1 nd 1
num re d molé 1 de ADN de pléasmido por célula de
b t sdcr v trs que con isten d bajo numer
d P d plid mido t les omo el pB loBACll (Alma an
F Gn al JM Pn Z I taA Clv E Plan Du an

J Enjuns L 2000 Engin ing the 1 g t RNA vim

g nom 8 n infecti us b cterial a tif cial
h mo m ProcN tlA ads i1USA 97 5516 5521) Otr
p blid d el us de pla mid n 1lto ndm d

P st le c mo el pBR322

L neva v s8sién d 1 pACNR1180 se den mind
PACNR1180de/S L Se btuvo a2l emovr 1 myori de los

t d t cciétn 1nic d 1 pACNR1180 medi nte



dig t é6n con NdI/S1I 1llnndo n 1 ext mo al

t t n 1 nzm Klnw 1lgnd y t a formando

E C1 XLl blu

P gn PYF17D/14 ls f ¢gm nto
N tI(13 059) N 1iI (11 158) y 5 1I (3 389) Xh I (1951) del
plamd Gl1/2 (descr to n det 11 US 6 171 854) fu ron
lgd p mer 1 pACNR1180Nde /Sal digerido NotI/Xhol
El plimd r sultante se denom n NSK7 (mapa no
most ad ) y se utll zo para clona el rest del cADN YF
cntnd n el plism d T3/27 (de ¢ to en detalle en 1
US 6 171 854) m d nt dig st én n N I (11 158) Sall
(3 389) 1 1ig 16n de los fragmentos prop ad vy 1
t nfrm &énd 1 m mab cte El mpad n ima de
t ié6n nfirmd 1 tutu fisi sp d d un
pléd mid qu nt ni 1 cADN YF complet S anali on
un tot 1 de B cl nes se cup ro virus de 6 nsay s y 1
d termna 6n de €cu nci d nucledtido complet
nf rmé 1 cu n YF P d El plamd nti n

13449 pa e de b sey e d nom no pYF17D/14 (f gura 4)

(6%
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El pYF17D/14 ont n un gnd r itni al
ampi 1lin p venint de 1 p icién 13 196 545 y 1
P15A gnd 1 epli 6n (nt 763 1585) amb
d vd d1l pléasm do pACYC177 (Ruggli t al 1996) L
nu 1l 6t do 12 385 12 818 o sp nden al p motor SP6
El gnoma dl YFs t nsc ib en est plasm do de heb a
opuest en la medida en que el genoma completo se
xtiend sob e lo nuclebétid s 12 817 a 1951 Toda 1la
ns lons n lc lofgd 1 p teina E del vi us d
1 f£fib ama 1l n hch n el sitio EcoRV d 1
plé mid YFE200 y d alll in orpo ad dnto d1
PYF17D/14 m di nt int cambio de £ agm nt N iI/N tI

ot tio rep esentat vo s muestr n en la figura 4

L plasm dos G1/2 contienn 1l seuenca trmnl
YF 5 (nt 1 2271) ady cent a p omoto de la p lime asa
fags SP6 y 1 cuen 1 termnal 3 (nt 8276 10862)
dy nt al sit Xh I p P ducciébn d t n ¢ pto
d d v Pr prmtir la in e ién de 1 cenli
£ n dent dl 1 lo fg omo d f nio mdi nte 1
nali 1 d4d 1 tructu 3D d 1la pot ina E hamo
¢cr d po medio de mut génesis in wvit o un siti de

est cc én (E oRV) en el nuclebdbtido 1568 La creac 6n de

163



t ti nduj d amb n aminoda d n 1l
p tin E en 1s pscions E 19 y E 200(E-D T-I

r p t v mente)

E mp t nt nfat a dque la reciétn d1 it o
d tr én de g nc dpnd d la seuveni d
nu 1 6tido que h ce cada icl y va iledad de acu rdo con
1 unil d gnm dl Fl viv u l s util z da
cmo vectr Po 1 t nt 1l sitio de re t i ciétn
ut 1 ado pra n 1itio de Flav virus EcoRV es espec fic
P el sto fg de 1 f br ama lla pero {(corta )
pud n se Ut 1 par 1inserc én n el genoma d ot os

Fl vvru Aqu ll exprt s nl tcnca dentif a n

t d ud 1l util sp t 1l1légic d andall is
d un d nulétd cnvnlnal p el dis 11
d t 8§ 1t s d t1i 6n p pi do

E not bl que 1 amin &cid 200 s un K Asib T
ntd 1 v us 17D nl1li do y I n E200 El hech
E200 un pos 16n qu s lt a ntod 1los viu 17D
uge 1 qu aquell alt a ién pa ticul e 1impo tant

p a la at nuacién del virus 17D y las alteracion s

/61/
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pdin mp met t t Sin emb g 1 mut ién

nt du d p 1 ién 41 it d in é6n n
nduce 1 eve 6n del am nod ido o gin 1 y amb

s n muy dist nto en ca act Mas un es p obable que

la t nuac én del 17D s a mult fact l y n slo

lc nd n 1l gién tutu 1 mo sug 16 1

fEnotp d1 17D/JE Nak yama qumé ¢ en el mod 1 d

tén d n ef 1lit (Chambe 3 et al 1999) Adem4&

n ngun 1t 6n pinipl d 1l st uctu d l
p tein E ev dente cu ndo e modelan est s cambio de
aminoa id n 1 modl 3D p dih Fin 1lm nt 1

viusd iv do d 1 YF17D/G1/2 e 6 en ultivo de tejid
lo msmos nvles y fue tan neu ovli ulento pa a
tne como el v rus 204/DD pa ental de vado del

G1/2T3/27 cADN

Cn 1fnd 1 it E oORY n la ecu nci
YFno to ub lonamo n fr gm nto NotI/Ap I 4 G1/2 n
1 plosmd pAIt (P mg In) vy d 1lo 1
mut gén mo 1 ndi l fabi nt 4 1 pr ni
d ligun ¢l tid int tico mutag niz nte e p cifi ndo
el sit o EcoRV de eado Los mutantes que llevan el s tio

fu n d ntif do med nte ndl sis de enzima de

(68



t én d1 ADN plidmid y 1 f agm nto Apal/NotI

nt nid nun d lo ln se unli mpl tam nt
P nf rm qu 1 iti d st cciétn fue 1
mut 1idén 1 n 1 uni YF Al f gment

t l1nd n 1 pliamid G1/2 y el plé mido sult nte

denom no pYF200 cuyo mapa e muestra en la figu 5

El plésm do d rivo del pYF5 3 IV o ginalmente
ds 1t en Ric et 1 1989 modificado p G 11 y
F i {p tent num o US 6 171 854) in luido aqui
E t nt n 6905 nu 1 6tid y la gln 12271 qu

p nd 1 5 UTR C pM/M yv 1 gen E Est

gién fuin t v¢& d1 ito E RI n 1 gnE
(2271} t it E RI en 1 gen NS5 (p sic 6n 8276)
E 1 p i1 6n1l1l58 n lgnetk 6 1 1iti Ec RV 1

ul ut 11 6 p in iébn n 1 epitp dnt dl
iclo fgd 1 p ot ina E Est pla mido tamb én cons te
d un gn NS5 pue d 1 nucle tid 8276 hasta 1 ultimo
nucleét d del gnma YF (10 862) que c ntien po 1
tnt p t dlgn NS5y 3 UTR Lo nu leédtid 5022
5879 ¢ pndn lgndersitnia l ampicilin y
l 6086 al 6206 al rigen de 1 eplicac én amb

d vd del plasm do pBR322 ademds del pBR322 otros

66



v t s cnocdo p 1l epc 1 tas nl técn

pu den util ar tales como el pBR325 BR327 pBR328
pUC?7 pUCB pUC9 pUC19 A fago M1l3 fago etc 1ILa
1 1 ac 6n de 1 t s de en ma de st 6n

lvnt s muet nl figu 5

El plasmid YFE200 se dpos tc n 1 ATCC b J 1
ndm PTA2856 E1 PYFE200 utili P a podul
mold junt n el T3/27 que perm tié la cup c¢ién
del v ru YF que em ) l1 vru YFv5 2/DD (US 6 171 B54)

n popeddes de rec miento n v o y células CEF
tamfi d pl int d p tin y neu v lu nc¢
P t nes (dat P E200 y mbin nt d iv d

d t mo mu ¢t nls jempl s)

El mold 1 utili 4 p gn én d 1
viu YF 17D se p p a med nte digestitn d 1 ADN del
plasm d (YFE200 y T3/27) con NSiI v S 1I D pués de
dg t én n Xhl p 1 ne a l] ADN 1 gd 1
moldes se ut lizaon paa tranc pién n vto L
vl us se han recuperado después de la t anscripcién de

ARN de la células animales cultivad s

/67
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El cultiv d células an mal s util zada aqul puede
se u lquie célul h ta qu la sepa 17D d 1 v rus YF
s pueda epli Ej mplo e pecific s ncluyen Hel
{d wvad d1l cnm de ce vi uterino humano) CV 1
d vd d1 fin d mon) BSC1l (d v do del inén
d mon ) RK 13 (de vad d 1ibn de on J ) L929
(d vd d t jid on to de atén) célula CE
(mb 6n d poll ) CEF (fib bl ¢t de emb i6n d
p ll ) SW 13 (d vd d rinma ad n ti 1
human ) BHK 21 ( fibtn d ham t b be) V ( fibn d
mon Vv d fi n) LLCMK2Z (de ivad d 1 inén d 1

mon Rh ) t

En un mdlidd pr £ 1id d 1 P nt
nven 6n 1 células V o on n subst to p fe ido en
td 1 tp d p du 1i6n d 1los titul btenido
n dif nt uv d ultiv i omo también 1
st b lid d g néti di mj e sultad Lo cultivo
p m sd 1 f b obl st d emb 6n d p llo (CEF)
pu den se una sequnda scog nc a a ser utlilizada como

uwb t t n tdas las t pa de p duccidén n la med da
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qu t célul s han ut 11 do p a p odu cién d
v n de amp 6n dur nt afn on expe ien a
tnsv 4 u pep ac 6n y cont ol de ¢ 1 dad un
nim d P t ca de oper 1i6n sténda Stnd d
Op tng P ti (SOP ) t di p nibl Yy un
lic tud de patente que trabaja c n la p oduccién de

veun d YF n wultvs CEF e h p entado (EP

99915384 4)

P 1 tnt 1 tema d Fl v vru de t
gqi md p t ul rm nt 1 stem YF prp n un
mtdlgi potente p ra el des rroll de formulacidnes
n lmit d d v u mbin nt qu exp n
dif nt pit p S nt 1ip qu 1l f rmul éon
P p ad de v rios vi us recombinantes debe el citar 1la

pu t nmun Pp h ¢ fr nte 1 d ferent

tapa del pa &sito

Lo sigqu nt s Jemplos on lust ativos d 1la
inv ncién y repre ntan las modalidades prefe d s
Aqu 11 exp tos n 1 técn a podrian be se

apcs d en nt arl s utiliz ndo n da ma que la
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Xp mnt cién de rut na par empl r otro n teriale
ap p ados y técnicas tales Como los vecto es
nt rmnt mn ond las élulas del cult v lo

mét dsd t nfc 6n

E]mpl 1 Anadl 1 tutu 1 d 1 in ién d

pit p d p tin p if

] p duj on 10 model s p la ns i6n de
SYVPSAEQI n 1 eg n dl icl fg util and el
linamint m €t do nl figua 6 en 1l cul s hc
1 n én nt l E199 y T200 L s sdus d

ns i6én e d nomin an como 199 a 199I

L eud n gi d lo 5 mejor mod lo fu n

mp abl c n aquell del modelo nat vo YF  Sus
estructuras on v r ables como lo esperaria un expe t en
l técn ca de una inse cién de nuev s esiduos de
1l ng tud La v riac 6n en la e t uctura d 1 ¢ lo c nduce
a val 16n o elac on da en el ciclo vec no entre las

Bhebas K e I L caden de glutamina late 1 del
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d Gln 189H (p Jempl l octvo r ido d1
péptid n td ) n v os de los mej e modl

mu st una onf rmac 6n c mpatible con la formacién de
un enl d hdognop md d suN alc bonlod
V1244 d1 moném o pu t de man a im 1l aquel
h h P 1 N d His208 en tb Un mod 1
p nt tv teni un f t gn 1 G d 0 07
qu v 1 nt un tutur d meno 10 A d
1 6n y t ni un bun t quimi nl gién

d 1 ne i6tn L ntaidbn totl Ve £fy 3D p a 1

gnnt d 4 199 200 (in luynd 1l s nuv r idu

in t do} 369 (un v 1 medi d O0 34 p
e du) ndcndo que 1 s esiduos n el la o han sido
nst u d n ambi ntes quimico fv abl s Po

compa cién el valor medio po residuo paa el 1la o
quiv 1 nt n 1 tructur c il tal del tb

lam nte de 028 El 4 e de contacto p omed o po
m ném pa te model es d 1 460 A c mparable con
1 b wvd n 1 tutu citl d1 tb mo
nt cipd p 1 int odu 1ién de 1 1ins cién ce ¢ de

la nt fac h dréfog s p 6xima (Figura 7)

13
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[Fe

Du nt 1 contuccé6n dl sito d in rciébn do
uttuiln fu on h h 1 uni d
mna d E199D y T200I L necunili d ¢t1l

uttuin fu nli d n ef ncl l mod 1 L

uttu 6n EIY9 n sp ad P a qu t ng
n un i m u h vtiv nntu 1 8
bsevd entbh ypud 1ll v un punt d 1 n

K123 No h y un camb o ign f cativ en el indice de
al dad pa este res duo como se determino po WATIF L
uttu 6n T200 vy p ec a ptble a mdd que 1
n ién 11 v un tciébnd 1 adn 1 te 1 T200

d 1 100 mod 1 ult nd qu et di gid h 1

bol 11 hid ofébico C no W203 1 eglén lifatl a

dl R263 Y L245 La su t tu iétn también t n 1

am £ ¢ én b CA

Us ndo una en #fan dént ca 1 de ript

nt rment 1 ns 16n de DYENDIEKKI fue nt duc d

nl p tin yvE E Un 1l ne én dént a la
m t d nl £ qu 6 fu u d n t nl
x plénd 1 uni d in ion mi ma L mod 1l
fu n pr du do nd pr tocolos idéntic al d scr to

nt rm nt p l in i6n SYVPSAEQI y fu n d



ldd m1l Tipicament 1 s mod 1 o] ent n un d

1 f t PROCHECK G 01 (equ v lent 1
t tu itl noun lu 16n ent e 1 0 y 1 5 A)
y t nn 1 ddo 90% de 1 s duo dentr de 1la

g n mia fv abl s dl g 41 o Rama h nd n Aunqu
1 nf rma ons dl lao btend mu t nv i 6n
n d abl mu h suge n 1 p ibl p icién d
un nu v int cins nt uwbunidde qu pudn
fectar la st b lidad del dimer vy/ 1 influencia del
pH d pendiente del dim ro a 1 transicién trimero Los
p ent d 1l ptnc 1 ug d Ppr 1ls model s
ncluyen aquell s ent e Glul98C AsplS99E y7 Glul99G (el
terce o qu nto y séptimo es duvos de la ins rc 6n
sp tivam nt ) ¢ n Arg243 (num a ién nativa yf) de 1
ubunidd pu ta los mim que 1 Lys 199H cn 1
bnl d1 Lués d 1 ub unid d opu sta El puent
da lvit n lmodel y yfntv nt Arg263 d un
mnébm o Glu235 d1 t o es tnd En ningun de 1
mndl 1 LyslS99%H form un nl e de hid gen
qu v 1 nt qu l hch p el Hi1 206 d 1 ub un d d
pue t n tb pe un enl ce de hid 6geno potenc 1
bnl d Leué65 e po ble El1 Ly 1991 pu den f rma
un puente de sal con GlulS9 en la m sma sub unidad y tal

nte ¢ én d be fa 3 r fa t ble aunque después de una

2
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uttu 46n 4 id glutémic & d parti En 1
dmr a 6n dad sub unidad p rd un p med o d 1 483

A d 4e d supe fic accesible (b sad n t1l

mdl) mp bl n qull d1l1 tb P n p lmnt
dbd 1l n c¢cénd un laz g nde ent e hilos B £
Yg
D nt l hch qQu ningun d 1 d
n in d 1l d ¢ ¢t 1l van a un lp
té ent 1 ub unid de ellas pe van un
bu na ste eoquim 1l mismo que (en el aso de 1 s
m ) mod lo ) un p du idén nbl d amb nt

quimicos pa la cad na 1lat al de amin 4c d s d 1la

ins ¢ 6n Esto se 1l g sin un inc ement exagerado en

1l & d nt t ent los moném o© qu UuglL en n
qu n hy un ti 1i6n pecil al inse n
pu t
C mp d n 1l 1l b v do
p mnt lm nt nl t u tu itld 1 p t in

E p tirdl vru ¢tb 1 d in ion de rit
nt idiorm nt on tre esduos ma lag Est

e duo ad ion les on comodados en la mayo fa de
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mod 1 pr un p n p tr ién di onl 4 1
tutu b 1l up fic ext n { unqu n un

model un estiamint ¢ £t d la hélce 1f e

bevd)} Et ugi qu pued s p sibl mod

pépt d mA 1 rg dnt dl iti d in 1é6n

De mdel s fu n gene do para la inse c 6n GG

(NANP) GG ¥ un p otocolo déntico al descr to en los

nt 1 d Jempl A df ni d 1 d
Jempl nt 1 in mb ¢ ta 1 h ho de que
ta in én un epitop d élul B

n d ablemnt md g nd e incluy un t t péptid
ptd vy 1 n dusd p 1n En t3
p h qu l pitp d élul B db 1% t
xpu t ma p bl (p hce que 1 ntl u rpo se
sibl ) ydd 1 1lib t d conform ¢i n 1 adecu da 1
m mo qu en £ 1it U necién d nt o del la o £fg n
l frm d un 1 0 (L ynsk JF Ro GD 1986
Lo p In Gl bul P ten A Novl C tegoy Of
Scnd y St u tu Sc ce 234 849 855) dos es duos
d gl in ( p i do ) fu on g gdo tanto a 1 s
tmnl N y C d11 epitop (NANP) Debido 1

tam 0 duid 4 1 den 1lat al d glicina y a u
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36

at mo qu al Co un reg 6n mayor de sp ¢
Rmahnd n c ible u Angul s de caden
P n pl d éd al s Y ] increm ntando 1
p tundd d un nse 1ién x tosa que n
p Jud 1i 1 tutu le¢l en 1 gién d 1
in to E t nsefi na pod modele Qu pr ntn
te quim xc 1l nt (fact es PROCHECK G d 1 dn
d 01 qu v 1 nte 1 t uctu as ¢ tal de
resolucién 1 0 a 1 5 A) La insercién del lazo en si
mi ma t 1b d pa t e quim ¢ In st mo n
que t e el es lt do de lo e pa iadores de glic na
d trminl N y C qu 8 vnop 1 vant 11 o
lbed la supe f 1le ext rna de 1 p oteina En v rio
d 1 mod 1 un mi d t gli in dptnl
nf rma ion d st u tu pincipl 1 qu p hibi i
n t amin & id El t n gn 1lmnt
nf rm ion n ext n ién xt ndid (B) Et

fa to e dn énfas a la mpo tanc de su nclu ié6n

Aqu 11 v ado n la técnica podran sabe que
una pred cc 6n c nfiable de la estructura de tal lazo
tdn mé 114 de las nseflan a tedric s usuales Por

lo t nt xist ns d abl d t buclén en 1l
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nf ma i6n ult nt d 1 de mod lo gene d
(f gu 8) Et d t bu ién amplia de conform ¢ nes
(d aproximadamente = a seudo ene gia) no llev a un
1t 6n gn £ tiv d 1 st d la est uctu a

nft nd qu 1 1 o tien ab ces a un gran volumen

de esp cC omo se ds flo o ginalmente Est no
gnif ca qu 1l la i n s am nte n
t uctu m am nt ngqu muh P 1ble estructu s

n c bl 11z nc ment ndo la p sib lid d en

1 ul l v nt nmun lég ca ment y fue dopt d
un d nt al nt xt d u in é6n d nt d la
p t in E yf L £ qu 9 ilu t m )

cn de c1nsd volimen

L cunci (NANP) n 1l di z mod 1 s tiene una
mnda ltvw d 4 a d up fi i bl
{ mp d on u tutuan d rlld) d 63 7%
E t mp cn un v1 medi d 27 4% p 1

t utu gen l] demotand qQu la nser 6n t n
un abilid d 1l tivament muy g nd omo h
p pu t 5§ 1lo p id d gl cin on limin d s

t vlo paa 1 (NANP) cae a 53 6% demost ando que

los espaciado es t enen un papel en incrementar 1la
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Xpo 6n d 1 epit pe El1 xamen d 1 s modelos mu str
qu n mntnd la 1ng tud d1 P 1dr de gli in
ma 114 4 4d e 1dus pa ce i omoc que n t n
nngun v ntja di onl 1l d sp ne 1 pit pop
pu d P nta un t vntép op al t u tu

l qu 11v 1% ud tabilli a i6n L s d s glicin s

pa en erl é6ptmopa n t s

E un xp ttv onabl qu 1 p t in d
nv ltu dl viu d n flti Jpn y d ngu 2
mod i n 1 nterl e in cins des it
g lmnt b n gque 1 vru de fi br ama ill L
ln 6nd 1 figu 2 mu st qu uBn el min ién d
6 du ml td p nt n td 1 t
pr t in d nv ltu v 1 mp do n 1 tb L
mod 1 P l1jJ yvy1 p tin d2 p du d u nd un
pr t lo s milar pa aquel del yf frecu ntem nte
muest a n etuctua d epia B p a el la fg
e tab 1 zad como un enlace de hidrogeno de cad na
prnipl Un esp 8 simil también e observa n yf
i 1 t in d 1 ne én n rlajds
l dd d 1 re duos del 1 o fg mism Lsmodl s

pa a el je mu t an un puente de sal ainte subun dad

|78
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pot nc al ent e Lys201 con Glu243 (nume acién 37 ) 4 1
ub un 4@ d opuesta Est &c do glutém co n yf nte ta
n Arg263 qu h d ut tuid p vilin en je L
¢ nta to im 1la s aquell s d 1 yf tamb én s ob rvn
l dd dl it d nt £ d dimr ditl Un
mod 1 P nt tiv p l p tin E 3 t ne un

f t PROCHECK G de 01 89 9% de sduaos n 1l
gons mds fv bl s dl g4 o Ram hand n buen
st equimca n la egiétn d1 1 zo fg {(que adopt el
tp 1d 1 B) una buen ¢ 1 d d WHATIF d nt én
P 11 o £fg | du 203 212 d p du ién y un
P md d O0768) y nti un Ar d up f i

sble mdia d 1048 A po subumidd be 1
dim 1 ién R ult d im 1 n bt nid p d2
n 1 l1 11 fg dpt s l tipo 1 o el tip 2 d
nf rm ién de 1 B P e tos d to aqu 11
v d n 1l tén n pce d pli 1
st tegla d 1n e c 6n d script ante iorment pa a yf

n ot Flvviu tls moj y 14d2

El sitio que mp nde la gién de hilos B £ y ¢
nly 1 la fgoque f rmapat de las inco lamn s B

nt pa lel am fic das d 1 d min 2dl Flviv us d
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1l p teina de env ltu Fl viviru que comp nd 1
g 6n del aminodc do 196 a 215 con ef en la a la
un d vu d n fl¢t tckb ne de it n

la £ gu 2 Ma pa t ularmente 1l sit es el & dl

1 nt 1 hlo B8 £f y g que forman pa te d 1las
n lamn 8§ ntip 11 am fi1 da del dmnio 2 d

l p teina de nv ltu Flavivi u (amin &4c d 205

210 n £ n 1 uni d viu d n £ liti

t kb n d pt n la figur 2)

Adi n lm nt 1 t pu de mp nd 1l reg on
E yF ada 1 h1l E y F que ncluye 1 1 o EF que

rmap t d1b i1 8 amif ad otavodl dmnod

Hh

P ot inha de env ltu a Flav virus que comp ende la

'—l

gbébn d amnaids 138 a 166 on ef nc 1
un d vu d n £ lit tikb n d pt n
1 f qu 2 MA p ticul rmnte el 1itli es el &4 ea d
l o ntr lo hlo E yF que fmnpart d1 br il 8
d 9 amifi n d domin l (amnoéd d 146 160
n f n l s un d vius d en £f1 ti

t Xb n d ipt nl f qgu 2)

/8D
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Ejempl 2
) De v ié6n d 1 pl4d mido pACNR1180ON de/Sal

El pACNR118ON d /S 1 1 nu va ver 1é6n del plésm do

PACNR1180 bt nd emovind 1 mayr p t d 1
t d t i ién dGni del Pa n 1180 por dig st 6n
n Nd I/S 11 11 n ndo n 1 xt emo po el

t tanm ento n nzima Kl nw lignd y tra formand el
E 1 XLl ul E ta nu va ve 1i6n de pACNR1180 fue

llam d pACNR118ONd /S 1

b) D v 6ndl pla mid Pyfl7d/14

P gn 1 Pyfl17d/14 f gmento d N¢tl

(13 059) N 1 (11 158) y S 1lI (3 389) XhoI (1951)
p tir d 1 plasm do Gl/2 (desc ipt en detall en 1
pat nte estadoun d nse US 6 171 854) fue on 1ligados
p m amnte 1 NotI/Xh I d ge do pACNR1180Nd /S 1 El
pla mid e ult nt fu 1llamado NSK7 (el mapa no e
mu t ) y u do par cl nar el rest d c¢DNA d 1 YF
nt ndo nelpliamd T3/27 (d sc to en d talle en la
US 6 171 854) p dgst &n con N Il (11 158) S 1I

(3 389) lig ién d lo f gm nt p opl do y

7
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trnf ma 6 4 1 b t i m ma El pldsmd cont ne

13449 p d baey fu llamad pYF17D/14 (figu a 4)

El pYFl7D/14 ntin un gen d siltn a 1
amp ln p t d 1 p 1 6n 13 196 545 y 1 pl5A
d ignd pl i6én (nt 763 1585) amb d ivd s
dl plamd PpACYC177 (Ruggli t 1  1996) L
nuilétd 12 385 12 818 o e pond n 1 promot SP6
El g n ma YF t s toen st plomdod de 1 h lo

pu t mdd qu 1 gnnmn mpl t b 1
nu 1 6t dol2 817 a 1951 T d s la ins cines dl 1 o
fgd 1 p tin Edlv u 17D son hech s n el sit

ECORV d 1l plia mido YFE200 y desd alli s in orp

d nt pYF17D1l4 p nt cambil d 1 fr gm ntos
N i1/N tI ot it p nt tiv mu t n nl
f qu 4

) D v c 6n del plasm do YFE200

P pd a Ec RV en la ecu ncia YF nosot s
ubcl nam un f gmento NotI/Apal del G1/2 n el
plAmd pAlte (P omega Inc) y llevamos a cabo la muta

géne mo nd 6 po 1l fabric nte n la p es ncia

/€2
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d 1 ligun 1 6tid intét d mut geni én
P f nd 1l it de ad E ORV Los mutant s
ll1vbn qu l sito fu n 1d nt fic dos po 1
al d n m d t 6n d 1 DNA d1l1 plamd vy
l1f gnnt Ap I/NtI ontnd nun de lo cl ne fu
unc d cmpl tamnt p nfirma l sto de
et 6n l mut 6n Un d 1 un ia YF
T1l f gnnts fu n 1 ndsd nuev en 1 plasmido
Gl/2 y 1 pla mid sult nt fu 1llamado YFE200 cuy

map mu ¢t nl figu 5

d) P pr 1i6n d ¢ ntid des gr ndes de DNA de

plamd

Pa a p epa ar los DNA de plasmados a pa tir de la

ba te ¢ ntidade d glicer 1 del E col: que lleva
d un d 1 s plasmidos YF pYFE200 y pYF17D/14 stén
d p nibl El gli l1 1508 Lui B th n mdio e
ud nl p p isGn d 1 ntidad d p rt da qu
Ima n d 70C Alfiuts ngld d 1 pDNA

también tén 4 pon bl

/93
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/ 3

L b t 1 n en 5 ml LB qu ¢ ntienn
mp lin (50pg/ml) pa 1l YFE200 y amp cilin
(50pg/ml) mas t t 1in (15pg/ml) du nt 1 n h a
37 Cp l b t que ll v 1l NSK14 E t s u d
p n ul 1100 d vilimns g nds d LB

{u u lmente 100 200ml) En OD de 08 s ag eg
cl nfencl a 250 pg/ml p ra la amplificac én del DN
del plésm do y ncubo d onalm nte dur nte la noche
El pldmdo s xtraldo 1 mét do 1li is 1lc lin El
P P t do del DNA f nal es esuspendido en TE (Tris
EDTA) y¢cl nod ¢ sio s g gado hasta que el indice
d £ én d 1 3890 l an ad El DNA del plasm do
e bnded p ult ent ifug o6én du nte 24 hor El
DNA b nd do upe d po mdod pinh 1 tub

ext lo n but nol y didli is t nsiv

Lo pod t on u al 1 mg d pDNA/litro d
¢ lt vo par 1 pYFE200 y 0 002 mg/litr pra 1

pYF17D/14

El pYFE200 fue dep sitado en diciembre 21 2000

b3 1l nim d c PTA 2856 on 1 Am 1 an Typ
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Cultu Cll t n (ATCC) 10801 Unive sity Buleva

Man v 20110 2209

Ej mpl 3

P p ién d plantill s d DNA

L plnt 11 1 ru d p 1 eg n ciétn d 1

v u YF17D s p p 4 bp l dgest 6n del DNA d 1

plism do (YFE200 y T3/27} n NsilL y Sall ( p omeg In )
en 1ls msms condic ne d amo tigu ién ¢ mo

om nd p 1 fab ant 10ug d cada plasm do on

digeridos con tanto enzimas (la cantidad requerida es

lculad n térmns del nim o de golpes de pool

pr s nte en cad PpDNA pa p de logra la digest 6n

ompl t n d h ) La dig t én verifi d
movi nd un aliut ( 200ng) y 16 d1l ob 0 8%
d g /TAE d gel Cuando 1 dig stién
mpl t 1 n im d t 1 1é6n n in tivd P
1

L 1lin i ién del DNA esultante d 1 1 g cién

de ambos NS I/S 1I plasmidos d ge dos se 1l va cabo

185
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P 1 o Xhol 11 vd b ¢n nd in d

amo t gu 1é6n 4 u d n l fab cnte (p mg)

Elp dut ult nt xt id n fnol 1 rof rmo ¥y
P iptd n tnl Elp ciptd s 1 vado ¢ n B0%
d tnl y eup ndid n RN e libr tér 1 cn
am tigu én d Ti EDTA Un 11 u t de plantill)

t mada del anal s del gel de ga osa Jjunto on los

ma cado e come ciales pa a el tamafio de bandas y la

unt £ ¢ é6n E1l t mplad e lmacen d 20 C hast
qu us nl t n ip 6n nvt
Ejemplo 4

Tr nsc pciétn d RNA p rtir de la plantilla DNA

d lapesnt nvncién

L pp 6n del la plant 11 @ DNA desde 1

1 ng tud mpl t del cln pYF17D/14 p la
t n ip 6n n v t méi mpl vy qu mn
pPONA u u lmnt 1 2 pg qu dig rid nXhIp

u ln 6n L dg tiétn limpi dl DNA vy 1

lidd d 1 plnt 1l n 1l vad a cab omo 8

ds bé ntr rment L t ns ipc 6n como S

[ 86
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|87~

ds ib6 n US 6 171 854 El1 RNA podu id del Xh I
lna zdo d1 pYF1l7D/14 de la plant 1lla d DNA de
et fue n hmogén s y 1l myo i n long tud ompl t
en nt t ¢cnls do sistemas de plAmd d vd

d RNA (d t n mot d s)
Ejempl 5

Transfeccién de RNA

L t an fe 6n d 1 RNA fue llevada a cab de un

man a s milar como se desc ib 6 en la US 6 171 854

(6 11 yF ) L t nfecc 6n d 1 t 1 RNA dio lugar al
v u 1 ul mlr 1 YFiv5 2/DD en su tam fio de
pl id n é&lul \'4 y CEF n ut 11 ién p
hip inmun YF y int d p tin

Ejmpl 6

Cntucédn d1 wviu YF17D/8 mbin nt qu

ep un ep top de élul B humo al
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P 1 exp én d 1 epitop humo 1 (NANP) d 1
Pfl prum (v tabl 1 mas ab jJo) d s gli in qu
d n fue n ag gdas sbe cda lad de modo qu s
mp p un formacién s mil de una el ce 8 n 1
pitpdd 1 pr nli d p 1lin ¢ n ecut v Yy
P gina ddo que el 1 zo tenia una st uctu ma
fl x bl P lo tanto 1la inse cién de oligundcleotldo
ntét n 1 st o EcoRV del plasm do pYFE200 qu
p nd 1 ecu nc d aminodc d lustrad en la

tbl 1d lug 1l plad mid pYFE200/8 Este plasm do fue
dp td ndi embe 21 2000Db J 1 nime o de cc s
PTA 2857 on 1 Amr ¢ n Type Cultu e Collet on (ATCC)

10801 Un v ty Bul var Mn sa Va 20110 2209

L lig cién t rm nad Blunt del ol gun cle tid
s ntétic rmpe 1 iti E RV ¥y t fue usad p
slc nr pladmid qu 11 vn 1 n rcidén Lo

pléd m do EcoRV fu ron cuenc do lr ddo de 1

gén d n i4n p v 1ifi 1 i nt ién del
n t L pla mid n la ientacién 4 1in t
ect fu n mnantenid s nt nc cn el ma d

l tu ab t fu nuad p al se uenc a dic onal

que 1l va la g 6n e tructu al complet conten da en

[§3
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199

t plasm d mé espe if am nt l a omp ndid
nt 1 t s NotI y N I El1 f gunnt d cDNA
N tI/N1I d 1951 bp fue l gdo c¢cn 1 f gment
N I/Mlul 4 1292 bp d1 plamd T3 y 1 t utu
P n pld1lNG¢tI/Mlul d 10256 bp del cl nd 1 ngitud
mpl ta pYF17D/14 L pld mid s ult nt fue n
P m tam d en cu nt tamafil y lu go pa 1
p du ién d t a it s nfccasos po t nsfc 6n d
RNA mdid po 1lipdoe d 1la célul s verc c lt vad
mo dsrib é (Galler v Frelt e U 6 171 854} El
v us ult nt fue 1llamada 17D/8 Lugo de 1
t nf én 1l YF 17D/8 tenia un t tulo (m dio po
pl b mon c p de élulas ve ) de d 40
lg PFU/ml]1 Depué d un pas je tn o 1 mater 1 d
p tid d élul v tni un titulo de 61 1 g
PFU/m1l L p nc dl n to n 1l gnmavi 1 fu
v fi d p uni ié6n d1 DNA h ho 1 viu
p nte n 1 b ndnte de ult vo de élul d 1iv do

d 1 t nf c 6n
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/90

Tbhbl 1 unil d am nod id Yy p 1fi dd
dl pitpo hum 1 (NANP) p 1 n rcién d 1

p tin Ed 1 YF

Secuenc a Ep topoanti Fuente Clén
geno

EMD GGNANPNANPGG CSP B Pl ip rum 17D/8
IES

E] mpl 7

Ep én pitp pr l viu e mbin nte YF

17D/8

P nv tg 1 xpr ién del pitop de 16
amino4d do en la p otelna E del vi us 17D/8 fu 1llev do
b un en ay d nmun flu n a indir ta us ndo

un nt u p mono 1l n l dirig do 1 pt 16n (NANP)
((MAb 2R10 2 bl F Cchan AHN din EH Nu n w ig
RS Nu nw g V 1983 Ci un poro oit p teins of

mal 1 pa sites cont i1n a s ngle immunodomin nt egion

wth two 0o mr dent al epitop s J Exp Med 157
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1947 1957) y un u hip inmun policlon 1 4 r t6n 1
YF 17D (ATCC) E1l IFA fu h h u nd célul v £ij
n glut 1d do nfect d du nt 48 ho con
YF17D/14 nun v u ombinante YF17D/8 que lleva el
ep t p (NANP) n la pa te (multiplic dad de infecclén)
d 1 L s met s fue on tratadas con dos diluciones de
1l fluado YF h pe nmune scético (ATCC) y 1 IgG de
tébn d r gido nta el epitpo de élul B

inmunodom n nte NANP d 1 P f lciparum de 1 proteina CS

pu if ad parti del anticuerp monoclon 1 2210 como
d ibé6 (2 v la t 1 1983 gft of D
MRd gqu E l] Pul £t d Mdiin) L s élul

p s tiva fuer n vidn ds p el leg d de IgG

nt tén njugd on FITC

S lam nt 1 élul \'4 infe t d con el viu
17D/8 fu on n d p mab 2A10 mi ntr qu 1
r hprnmun YF d tect loa ntigeno YF en ambos

(v f gu 10)

I8 7/4
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Ejempl 8
Rd m ién d inmun p
1 t fo s sd gel de poliacrilamida

Ev denc
pl modi 1
fu btnd p inmunop e pit 1i6n d

v 1 metabdli macd La célul

inf td
d 24 h

n [ 8]

cond ¢ ne
p viam nt
f o nmun pe ptd P 1 fluid
plilnl
mon cl n 1
al 1983)
P f lc p rum (2A10) Lo inmunop cipit do

£ ¢ nd

SDS PAGE

fluorog afica

d sod o y

t b 1 up fi i

nun multipli ddd 1 PFU/célula D spué

d inub i6n 1 élul

mtinn du nt un hor

n d natu al da como

ipit ¢ ne

dl v u

las p otein

y

adicional pa a la expresiétn de epitopo

17D/8

Ve fu on

fu n ma

y 1l1 das b j

d sc 1bidbé

(p st et al 1990) Los extractos de células

d tén 1 YF (ATCC)

nt l p tin vi 1 NS1 (S hle inge

8 ético nmun

ntl u rp

t

y el ant uerpo monoclonal especif co d 1

cn ga ad p tein A y anall ado

(L emmli 1370) P a

la det ccilén

ut diografiados (Chambe lain 1979)

fu on

los geles fueron tratados con salicilato

Los

/92
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/93

ult d mue t an en la figua 11 Lo p [fil d
nmun p ip t 1ién n btndo ap t d ext a to
dep tinad célul Ve nfetd d mok (p ta 1
2 3) 17D/14 (p ta 4 5 6) 17D/8 (pist 8 7 8 9)
d mon cap nfe t d del vi us Estos ext actos

df nt fu n inmun p pit d s on un sue
hp anmune d mu n conta 1 viu d 1la fieb
ama 11 p t d ATCC (p t 1 4 7) 1 ntiu p
mn lnl p if ptdo (NANP) o 2A10 (p ta 2
5 8y nd nt urp mon 1ln les d igido ont
1NS1 (p t 3 6 99 L mr drsd p mol cul r
n mo t d n 1 14d qu d d 1 figu L
P én d1 gl de 1lguna de las proteins 4 viu

am llos s n nd cad en 1 1dodrch

Tant v us pa ntal mo ec mbinant s

p dul] on los m smos pe £ les de p tein en donde 1 s
p t in fu np ipit das pr 1 suer hip rinmune de
tén yd s nti u rpos mono 1 nal a l prot ina YF 17D
NSl (figu 11 p t 4 6 7y 9) 8Sin emba g el Mab
210 p pt xclu vam nte 1 p ot ina E del viu
17D/8 mbnnt (pit 5 yv 8) con i tente con 1

nt p tecén d la xpe O&n correcta y exposicién
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b l suprfci d1 epitopos como prdij pr 1

nali tutu 1 (figu 11 13)

EJ mpl B9

Ensay d nut al a 6nv al po ser esp c f co

Un t njunt d exp m nt P mo t 1l
ep 6n d up f e d p tein E ¢ t dl
(NANP) pit p fu xamin 1 nut 1 iSn v 1 p
& pec fic N tr u amo n n y d
nut 1 cédn d r du én d pl n élul v
emb da un dniddd 65 000/cm br m ¢ opl
d 9 po s como 8 des rib 6 en lguna parte (Stefan et
al 1999) El antis ra neutr 1li nte incluyo un su ro
inmun d YF dlmico esu e ténd r en asa (L 13} y 1
mb 2A10 L s titulo de nut 1li clén de placa fue n
luld n 1l dilu i6n méa 1t del nticu po
du nd 508 4 1 s pla dl v us d ent ad
etmd po lpltind d unam cla de v us d luido

lm nt n u od c¢ vo £t 1l

19Y
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C mo ob v enl tabl 2 1 u nti YF L13
nut 1 6 amb viu n 1 misma fi ien ila
{ p mdam nt 1 3 500) El anticu rp mon ¢l n 1 2A10

n mb go l1 nut 12 1 viu opil nt 17D/8
n un titul xt em dament alto (1 181 000) nd cando

1l sp if dad d 1 neut ali ién

. Tbl 2 nut 1 6n del vru YF 17D por era
nmun
Suero YF 17D YF 17D/8
L 13 13 718 1 3 388
2 A10 <l 79 1 181 970
(4
A ’ En 1 d 1 xpr ién d 1 epitop pl mdil
(NANP) 1l anticuerp monoclonal conoce la se uenc a

lnel ens misma como se muest a po la P fidad d

1 nut 1i ién E t ug que 1 pitpo st bin
pu t n 1 1 fg v u e ono imi nt n t
ndd p u envl1vmli nto n ¢t t u tu d

ptpvi 1 Tamb én es la pim a demo t én d qu
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un pitplin 1 4 p tin E pud nut 1 do
P un Fl v viru
L fu 6n qu ambi nfrma n1l qu
fctnv epitop s d nut 1i c¢ién p inc palm nt

dentr del dmn cnt 1 I y el domini II Est

camba stén apa ent mente as clados con una
gn 6n d 1 s nte cc nes de ubunidad en la

up rf d v n n t ime s n nta to iend
tvr d n 1l frma pH b ja en cont st cnhn
nt ¢t d dim nl frmantiv L int f  nei
t gl tutu 1 P 1l 1 gad d

nt u p P nt unm nsmogqu pud 11 v 1l

nutal a 6n d1 v u (M nath y H inz 1996) La
nser 6ndl pitppl mod 1l enell d 1l domini II
tmb én 11 v 1 nut 1i ién vi 1 pe if
um ni t nd v dnc dec nl d 1 imprtani d

st & l] nfe tviddvi 1

196
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EJ mplo 10

At nucéndlv u omb n nte YF 17D/8B

P a pode demostra que el virus ecombinante

17D/8 n X de su printe vius YF 17D n
n inv bid d y n uropir len ia fueron llev dos
b ny b tn
En nu t nali 1 g up d 16 tn tip
d tr man d n d furnin uldo pr1l
ut n 30 log PFUd viru d v una 17DD un

DNA d viu d vd d 17D LS3 y virus 17D/8 L
tabla 3 pe nt el p omed de do expe imento
p d E vid nt qu 1 vi us 17D/8
n tntemnt mté mn nimal qu 1 t d
v u 17D 26 d 32 p 17D/8 n p sl on 31 de 32
p l vecun 170D y 1 vius LS3 El1 tiempo d
up vivni p mdi p 1 n mal in wulad cn
17D/8 fu n también c¢ nsiderablement mis 1 g
mp d nl vl obt nido pa lo t viru

17D (12 5 v us 101 10 6 spectivament )

197
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Tabla 3 Nu viluren ia en 1 tén de los vi u

YF17D
V ru IC
Do (PFU) & mortalidad Promedio de
(muarﬁ;g:valua u;:::z:azzxa
(dia )
Cnt 1 0 (0/32)
17DD 10° 96 9 (31/32) 10 6
17D LS3 10° 96 9 (31/32) 101
17D/8 10° 81 3 (26/32) 12 5
Rtn ul d ¢t man d n id

En 1 s v rus YF 17D fue n tamb én examin d n u

p dd d nv 6n d1 tema ne v o nt 1

d pué d 1 n ul iénp ifrl (nt p itn 1 ip)
n tn ulo 4 2 5 7y 9 di d n cid Como

mu t en l tabla 4 abaj el vi us 17D/8 nu vam nt s

mp ¢t fv abl ment en comp acién con 1 ot s

v § 17 usad en que ra meno neur nva Vv en los

tn de 2 vy 5 di

L ns énd pitp en ste tlo pu de afe ta

el umb 1 de 1 fus 6n de la actividad conformacional en

19
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1 camb d st p tin vy cncbibl qu un r t
mn d fus 6n pued et da la extens 6n de 1la
poducén del v us y por lo tanto llevar a un

nf cc 6n mds suve n 1 huésped resultando en un
fntp lg mis tenud del vi u r combinante n el

model d atén y un meno xtensidén de replicac 6n en

élula d ultivo

(19
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Tabl 4 Nuonv ividden ténd 1 v u YF 17D
V ru IP
D Dia 2 Prom d Dia 5 P om d Di 7 P medi Dia 9 P omedio
% d t empo % d t empo % d t emp 3 d t empo
m t lidad d mo t lidad d mortalid d d mo tal dd d
{n sup rviven {n up rvivn (n up rvivn (n sup rviven
mu rt /n cia mue fte/n ci mue t /n ci muert /n c
p bado) p bd) p b do) p ob do)
cont 1 0 (0/12) 0 (0/16) 0 (0/7) 0 (0/7)
17 DD 10° 75 (9/12) 11 1 87 5 (7/8) 11 7 0 (0/16) 0 (0/14)
17D LS3 10° 78 5 11 5 40 (4/10) 15 5 21 4 17 3 5 5(1/18) 18
(11/14) (3/14)
17D/8 10° 12 5 (1/8) 10 0 0 (0/19 0 (0/17) 0 (0/16)
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Ejempl 11

P oducc 6n vi al de YF 17D/8 en células cultivadas

En élul v 0 el viu YF 17D/8 produjo pl ca
pequefias (1 1+ 0 3 mm) cuando 8 compa o con el virus
YF5 2/DD (o YF 17D/14 4 2040 9 mm) y 1 pla p quefi
del v us de v do 17D/G1/5 2 (1 89+1 05 mm) XLa figu

12 mu ¢t t dt

Ls urv d r mintov 1fu ndt rxmind
P mono apas inf tad s d célul v ro © cultivo
p ma S d f bobl st de embrion s de pollo (CEF) at
m d l vy 2 0o tm 1 de 010002 y 0 002
espect vamente Las células fueron plateadas a una
d n 1dad de 62 500 células /cm e infe tad 24 ho
d pué L s muest s del medio fu ron recolectadas a
nt v1 d 24 ho 8 lueg d 1 inf cién L
p duc i n viral 8 fue on e timad P r titulacién d

pl s bre élul ve

rZd
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Con ba en la tap Gn ad cuva de e miento
en ve y célula CEF la d f nia fu on tamb én

b wvds nt l117D/8 ¥y 1 vi us de cont ol 17D/14

En 1 ult v CEF que s n tifi d pa
P du 6n d v un humn amb viu p duj n un
titul 48 h dspué d 1 Iinf e 6n (f gur 13A)
Snembrg 1 pr du n mixim s 41 17D/8 1lcn ran
510 m nt qu l vius pa ntal 17D/14 n 1
n ert l né 10 PFU/ml Est dif en d e d
20 v ¢ £ mnt nid hat 96 hr d pés d 1
inf 6n En 1 Célul v t do 1 vi u
pli on m jor que n 1 célul s CEF p ro nu vam nt
lwviar d ivdo 17D/14 r &6 h t 25 v d tit 1l s

may S qu 1l 17D/8 (f qu 13B)

Ejenmplo 12

P odu én d v us d wvaun YF 17D en élul

tif d
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De avuvedo con 1 presente la eficlen ia de
fb én y 1 titul wvi al pr dos s humana se
nce t un titulo de vi us in cial de po lo men s 6 0
l g PFU/ml S bt nd wun titulo de 61 1 g PFU/ml
p 17 D/8 n é&lul v P 1 £fbri cibn d 1
v un 1 d ©oénd stabili adoes en l maad vius

du 1l tituld n 03 1 g PFU/ml nunp C d
li1nd vy d p ng 1 én du t 06 lg
Pfu/ml un 03 1g PFU/ml e ple de n 1l t rmo

tabil dd 1 qu un regl 1l v ndo n
P P ibnd viu 1 st par su us omo Vv una n un
ttuld £fnld 39 1g PFU/ml Eta s 1 d sis
min m cmndd p la O0gni én Mund al de 1
S lud p v cun YF en humano (WHO 1995 Requl em nt

fo Yell w Feve Va cin )

Ej mpl 13

E t bl dad genética del v rus recombinante YF

17D/8

P 1 tant 1 S gulentes xpe imentos fueron

llevados a cabo para poder caracterizar la estabil dad
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2oy

g néti dl nuv viu (YF 17D/8) u ndo ult v d

élul P P P9 lv u

Cn p ct 1 tabilild dd n e to

L intg dd d1 net d be e lg d

uen ndo 1 produ to RT/PCR h ch b RNA d 1
v us b ndnt d1 ult v El p duct PCR es
s uen ad d e tam nte pa egu tod 1
ami 04 ido n lugar
S mu t P lviu YF 17DD/204 qu lgn
l1tsd sm1ll ecunda s tam das d m ns nad

pa a gener r producciétn de A unas por 1 mnos t es
P 1 on nc P ni a dsd el plasm do
¢l nad d cDNA (Us 6 171 854) Aunque los

lgonucl 6t ds que cod ficn 18 epitpos fu n

d 1d n don mida f untment utl ado en 1
gnma vi 1 p vit 1 p blemas d t adu 1i6n
ptn 11 mimo qu 1 n tabilddd 1 un

in td imp t nt xamin r el mant nimi nto d 1

n c¢itn n 1gnm d wviu YF 17D
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P t p pbdsit 5 se es d p saj s s par dos
ru YF 17D/8 en V y CEF fu on 11l vd a bo

l MOI con d (01 1 0 PFU/células) 1Lug n

Je 1 ndo (quint ydé m) 1 RNA vi 1 fu

letd vy mtd dtmn 6n d u nc d

nul 6t ad ( mo prdut RT PCR) ny lrddr dl

\'

t

t nt

P

d n iSnenl p t in E

Ls sult dos de tos nal 1s n célula CEF y
s mu £t nenl]l tabl 5 El nset fu p es ntado

nl pas J 5 y 10 sugl iendo u est bilid d

undo 1 v u ap d se Im nt p r célul v

o

n n cél la CEF

205
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Thbhl 5 E tabilidad genétic d 1 viruas YF 17D8

n tdo lugo d un pas je rial n células Ve o ¥y

CEF

Quinto P aj Insert Décimo p aj Insexto

CEF
17D/8 (5 a) 17D/8 (10a)
17D/8 (5 b) 17D/8 (10Db)
v
17D/8 (5 ) + 17D/8 (10 )
17p/8 (5 d) + 17D/8 (10 4d) +
17D/8 (5 e) + 17D/8 (10 ) +
17D/8 (5 f) + 17D/8 (10 f£) +
17D/8 (5 q) 17D/8 (10 g) +
L 1t y b p es ntan do pasaje
ind p ndi nt nl célul CEF mientras ¢ d fy

gl in o i ndpendi nt d psjs n célula -

VERO
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Anadl i d Tamaflo de plac

Cn 1 obJt d etabl ce un ma ¢ do in vit

P el v u ombin nt hemos e tudi do 1 tamaflo de
1 pl d viu f rmada b ls mon cap s de
élula VERO Un d 1 l naj s d los pas Jes se ial s
n CEF () élul V o(b}) p 1 uval s t ban
d sp nible 1 dts de euncia en la r glones de
n e to también fue on nalizad s en cuanto al fenotipo
d 1 tamafioc de pl ca jJunto con el pr ces de pas do La
f gu 14 mu ¢t 1 r ult 4 de t 1 nali Se
mu t qu l] tamfi d plc d1l1 YF17 D/8 e muy
P qu fio mp do n nue t a gran placa del v rus YF
170D/204 y do plc mids pqu fi 8 de vi us 17D G1/5 2 y
17D/E200 Tod s los cont ol 8 on d rivados d v ru
p rtir de c¢cDNA clonado y han ido dif ren 1 d

cuncy d nucledbt dos aqu on r l on d con 1

tamanl d placa en célula Vero

En adi 1é6n al tamafi de pl most do pa amb
v u t muy homogén o y 8 esp a qu l viu

d vd d1 DNA 1lon do
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Unod c da lin am1 nto d 1los pasajes e ale del
viu YF17D/8 en célula CEF (a) y Ve o (b) fue on
tamb én nal ad s en uant a su f notipos de tamaifl
d plca junto con el p ceso d p sajl (5 y 10
p 3 mu ¢t 5p v 10p r pe tivament ) Par 1
an4dll s de tamafio d placa omparative nt vi us 1

nt 1d pl c g ande del virus 17D/14 lecnt 1d
Pl a p quefia 17D/G 1 2 y un virus 17D/8 pre nt el
segundo pas j n células Ve o y el virus or ginal
recupe do t avé de la tran feccidén RNA fu ron usados
L s didm tro m 4d o8 d placa (mm)con las desviacione
estdnd r co espondientes fueron obtenida en pr 1lo

m nos a part de 10 plac s dife nte de cada vi us

En amb élul el tamafil d pl d lo wviu
p do s r alment tendie n inc ementar Como n el
Pp aJ d célula Vero no habli p rdida d in erto con
bs nlosdt de ecuncay 1Tf notipo d tamafl de
Pl ¢ n lv u YF 17D d pendiente d un o ma ambi
d amnid d (AV Jabr y R G 11 n publicds) s
p ibl que t os amb s d secuencla tuviera luga po

fue del A&4rea de 1insercién secuencliada Estamos

2°%
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t 1lm nt n 11 ndo £t po ibilid d por medio d
unli 1l g noma mpl to del virus YF 17D/8 p ro u

ecuenc a spe da se mue tra compa ativamente con ot os

vi us en la tabla 6

299



4

@

136
Tbl 6 cmp iénd 1 un d 1nd plamdo £ YF
NT/g n | YE vs 2 | 17D/DDP | F v5 2/b5°| 17078 17571 170713 NT-AA
1140/E T T c c T T TV I-CAL
1436 GA A G AG AG GA GA G AD-A GoS
1437/E
1946/E T T C T T C T-S-C<P
22222109/5: AC G T GT GT GT GT A CoT-G T-V
2356/E T T C C T T
2602/N51 T T c c T T
2677/881 c 13 T T c C
2681/N51 G 3 A A G G GABT
8656/N55 A Fy c c A A
8808/NS5 A G G G G G AN
9605/NS5 ¢ Y A A A A ADGoB
10454 G A A F A A
10722 G G A A G G
R t 1 (1989) 9 Du t ds snt t 1 1995 GT 11 F pat nt

st doun d ns

6 171 854

2lo
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Ejempl 14

Inmun genic dad en rat ne

L r sultad s des it s nte lorment ugirie n
qu 1l pitp p ent d nl nform 6n c¢cr ct
Yy a §bl 1 nticu rp sa n1l p tina
ntv E olubli d 1lo mimc qu 1 uprfci d1l
v u En te ejemplo e miré adicionalment a la

nmug n cid d del virus recombinante 17D/8 examinando su
p dd p t nt urp Et hi P
medi d nmut ton BALB/C s pa adament con hast 3
dos s (10 PFU/d 1is) po via intrape itoneal (IP) dadas
n d m n d sp 1 Do emanas d spué 1
iltima d d s ng fu l td p 8 ng ad
int btl El u od atétn fu inmer o yu dopr
nut 1 1l viu homél g n 1l n y d
nut 1 én p du én de pl d puntoe finl 1
508 La tabla 7 mu st a sto esultados obtenidos a
prtr de d xperimentos independient s La
noculac 6n int aperitoneal como la 3 corté un promedio
de titul d anticu rp del virus YF de 1 1 079 seqin s

m didé po PRNT

2\
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7 Inmngneidd d1 viru YF 17D/8 n
at n
Inmun acié con | Intra Pe itoneal
v u
PRNT P omedio PRNT
Cont 1 113 <10 - <]l 13
17D/E200 1166 1 1595 1181
17D/8 1 741 1 417 11079
El Ip ¢ d 1la d lucidén mi lt del u qu
ult n 150%d du i6n n 1 nim d pl 8
Est d dluc nes o esp nden 2 conjunt de
p mnto ind p nd nt
Ejy mpl 15
Cntu o6nd otros virus recombainante YF17D qu
P nun pitp d élul cit téx T
L v us e mbin nte n onst uid mo
d bi¢ n 1 7 mpl 6 p pdr expre r un
pitp d élul c t téx T L cupr 6nd 1

212
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v u dl1 DNA p t nf cibn d 1 s élul s Vr fu
llev d cb m 1l Jempl 6 L v n e ult nt
YF 17D/1 y 17D/13 fu n p d di nlmnt d v
n élul s d V P la gen ra o6n de pa tid d
t b L in 6n de 1lig nucl 6tido ntético n
l iti E RV d1l ploamd YFE200 que ¢ r ©p nde 1
cun d min 4&c do most d nl tbl 8 mds b j
dolug a l s plasm do pYFE200/1 y pYFE200/13 E tos
plamid fu n dep td 121d di mbe d1l 2000
baj 1 nim d a PTA 2858 y PTA 2854
p tivam nt n 1 Am n Typ C 1ltu Cll t n

(ATCC) 10801 Univ rsity Blvd Man a v

L tbl 8 mu ¢t 1 g p dich ¥y 1l s punt
l1é t o) 1 pit p 1 int g do n 1
1z fgyen 1 ont xtod 1 protein E compl t C mo
pued ve e h y una v riacién consider ble en la c rga
net y 1 pl en cad contexto el epitope solo en el la
yen los ont to de 1l pr teina E completa Y qu la
gbn d ne 6n st inviluc da n 1 ¢t nsi 6n
nfrma onl dpnd nt de pH po fu 6n de 1

nv ltu nl mmb n ndo ma P sible qu 1
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pr p dad s de ste virus an influenciadas diferentes

g d p 1l s cuenc a en el epitope

L dt pelmnaes ug nqu el viru 17D/13
qu 1ll v l pitpe y 1ii CTL n mu st ti 1ins
d m nt b wvda pa 1 t viu (17D/8
yl7D/1) t nt n é&lul CEF y V (figqu 13) L
t bl 8 mu ¢t 1l 8 un d amin & id y 1

spcifi dd de 1 s epitop lec ndo p a 1la

n énenl p tein YFE

ziy
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Tabl 8 S un d aminod idos y pe fid d de
pPit p 1l nad o) 1l in ién d nt d 1
p tin YFE
[EMD
D EMD
La o YF GGNANPNAP
DYENDIEKK SYVAPSAEQ
fg 1 NANPGG
I IES I
IES
Epit p d
CSP CTL CSP B CSP CTL
ntign
P P
Fu nt f11ip ru|fal ip u |P yo 1lii
m n
Cln 17D/1 17D/6 17D/13
C /pépt do
9F 2 00/4 06 |0 00/5 97 1 01/3 30
pI
La o fg+ g
de 2 00/3 96 4 99/3 83 | 4 00/3 49 3 00/3 58
pit p /pI
P oteipa YF
E+ g d 7 45/5 83| 9 40/5 61 | 7 40/5 83 8 40/5 71
pit p /pI
B élul B
CTL pitp d élul c t téxica T

[ALN
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Ej mpl 16

P du n v 1 d YF 17D/1 y 17D/13 n

élul ult vd

L t iti s d mi nt n élul v
d YF 17D/1 y 17D/13 mp t vament t s v u d
t 1 17D in luy 1 omb n nte £t 17D/8 qu xp
el epit pe humo al s n nal ad s E t jemplo s
llev do de cuerdc al protocolo descrit en el ej mplo

11

L fgua 15 musta 1s uvs de e mient

mp tiv del 17D/14 17D/E200 y 1 virus ec mbin nte
d mal 17p/8 17D/1 y 17D/13 en célul a una moi d
1 pfu/ml E vdent que 1l s vru 17D/1 y 17D/8
c cen a titulos mads lent s y mid lentamente que nuestro
vi u de ntr 1 17D/14 P to lado 1 s v us
17D/E200 y 17D/13 c e ie n tan ef clent mente c¢ mo
nu t vra d nt 1 ug iend qu 1 in rcb6n dl
pit p SYVPSAEQI n tn imp ¢t nt n te p t
nl ta dsl furn Elmimotp d p fil d

r m nt n élul v fue bse vd un dife nte
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mo (0 02) y n élul CEF n amb mol (1 s dt n

h n mo £t ado)

N hy dif nc s gnif cativ n 1 g
gn ly 1punt i lé t n la p ot in mpl t E
qu ntin t pit p p 1l dif rn 1 pudn

P wvd nelnvldll o fg (ver tabl 8) qu

nt n n 1 pit po nt 1 e 1l hpodt si d
qu 1 g de 1l s pitp pud nfluni 1l fu ién
dpndint pH y p 1 tant 1llev modifi la
p p dds d e mi nto no pude e reglamentada en

t tp

Ej mpl 17
Etbldd g nét del v us e omb nant YF

17D/1 y YF 17D/13

Cnr pet 1 t biliddd1l in ¢

Como d ¢crbié6 n 1 3 mplo 3 ant rior p 1
YF 17D/8 e xamin6 1 e tab ladd d la nser ién en 1
g m del v us YF17D pr 1 naAl i d u nc d

nu 1l 6t do n el sitio de nse c én sobre 1 RNA d lo
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v u s mtid P 3 il P t p pd ¢t
d viu 17D/13 n V fu nllvds b n mo
n d (01 1 0 PFU/célul ) Ent es en p J

1 ind (5 y10) 1 RNA vi 1 fue e 1 t do y
ntd l dtrmncoén de e uen ia de nu 1 6tid
{om p dut RT PCR) en y 1 ded del sit o d

ns 6n nl p t in E

Los e ult do d e tos anadl sis n CEF y célul s
Vr n motads n 1 tabl 9 El n t tb
pesnt t nt n ls pa 3 5 y 10 ugli i nd u
tablldd undo 1 viu fue p do ialment n
célul s Vo po no n célul s CEF S milarment al YF
17D/8 1 pit po 1inse t do son e tabl s t vés de
td 1 p 23 11 d amb vru n élul V
E t ult do t dos junt sug nl tol ab lid d
prala nsr 6é&n d un ampl varled d @ epitop s y
on 11l va st s stema con un potenc al enorme pra 1l
e 6n de v us e mb nant que exp e n antig no de

t p tég n ngn 1

AP4
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Thbhl 9 Etbilldd gnét c de 1 in ertos de

v u mb n ntes YF 17D sob e pas je se ial en célul s
Vv
Qunt p J Ins to Décimo p s ] In t
17D/1 (5 h} 17D/1 (10 h) ND
17D/13 (5 ) + 17D/13 (10 1) +

Nd n dt rmind

Anéalis d tam 1 de pla

Com se mu str en el ejempl 13 nte 1 el vi u

e mb nante 17D/8 mostré un tamafio de placa pequefio en
fntip cmp d on nu tr pl a grand YF 17DD/204
v u (17D/14) y 1 dos pl ¢ pqufis inf cios d
1 v u d wvd d cDNA 17D G1/5 2 y 17D/E200 Lo
f n tip d tamfic d pl a p 1 nu vo vi us
mbin nt 17D/ y 17D/13 fu on ompr de lo via

P VvV am nte tri do (f gqu 15) tdo 1 vi u
p entn 1 sgund p aje en células Ve del vi u

gnl eup do de las tran fecciones RNA

Cm prab d su perfl d ¢ inmi nto n

élulas Vr (fgual5) 1 vius 17D/13 most 6 un tam fi

219
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L0

d pl mil l 17D/E200 y 17D/Gl 5 2 t dvi
p qu i mp n 1 17D/204 (17D/14) p ma
g nd qu 1 pl muy pequ i t indu d P 1

v u 170/1 y 17D0/8 (f gu  16)

Ej mpl 18

Atenu ¢ 6n del virus r combin nte YF 17D/1 y YF

17D/13

Aunqu 1 nu vi ul nc dl tébn n pr d 1

v uln tnm 6n p de 1s v u YF p
human fu mpo t nt demo t a qu ls vwviru
mb nnt 17D/ 1 y 17 D/13 no exceden a su pa 1 nte
lvrxra d YF 17D nl nu virul nc en atén La
v un dl1 YF 17D mu ¢t un grad de n urotrop smo par
1 tn pec med o d mat tdas las edds d

tn d pué d 1 noula 6n ntr erb 1 y u

u u lm nt n f1¢t ub lin n 1l m

(M n th 1999)

En 1 p nt nal 1 grup de 16 tn

u de 3 emana de nac dos fue n in cul dos p 1
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vi n 301g PFUdel v u d vacuna 170D 17Dl
17D/8 17D/13 y 17D/E200 L s esult dos mostrados en 1
t bl 19 ep entat v de dos expe m nto
o d
Tbl 10 Neu vi ul nci n tbn d el vi us YF
17D
V rus D s 5 (PFU) $ mortalidad Tiempo
(mue te/ens y promedio de
Sup rv venc
do)
(dias)
C ntrol 0 (1/32)
17DD 10° 96 9 (31/32) 96
17D/1 10¢ 81 3 (26/32) 15 6
17D/8 10° 71 9 (23/32) 11 7
17D/13 10° 53 1 (17/32) 15 3
17D/E200 10° 93 8 (30/32) 11 0
Rtn u d t sman d n idos
E vid nt qu ls viu 17p/8 y 17D/13

ns tentem nt mat n menos an mal 8 que los otros vir

17D 96 9% pr
17D/E200 ob Vv
upe v v n p mdi p

17DD y 81 3% pra 17D/1 y 93 8% p ra

pr viam nt

el ¢ti mp

de

nimales inocul d cn 1
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vi us 17D/8 fu también nsiderablemente ma 1 rg n
onmp én nl v ilo e bt nid P lsviu 17DD
y 17D/E200 (11 7 ont 96 11 0 sp t vament )
L v us 17D/1 y 17D/13 matar n ratones un vilo dd
mas 1 nt con AST de 15 4 y 151 respect vam nt pe
117D/l m té6 v tu lm nt tod lo t ne mi ntra ¢q
1 17D/13 fue mas atenuad Yy s lo maté 1l 75%

m 1l rm nt 1 17D/8

La n 6n d1 epitop n st t1 pu de
f t l1 umb 1 d 1 camb onforma ionl ctvd p
fu énd 1 p tin Eye cnebbl qu un vel ¢ dad
m lenta d fus 6n pude etarda la xt ns 6n de la
p ducibnd v u ypo lo tanto 11l va a un 1infec ién
ma uv dl1 huépd ultando n 1 fen tip g m
t nu do del v u mbin nt n lmod1l d tén y

d mneg xtnsién d pPlic cién n élula d cult vo

L ultad mo t do qui indi n qu 1 ns ¢t
d df nt tam f Y g n toler d y llo
mil m nt tan d pu t influn 1 1
P pildd v 1l nt 1 En n ngin n
nbargo 1 viu ombinante s volv &  més

ne ov r lento para los raton s que su ¢ nt aparte de

221
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225

va un nfi m nd di i n 1m nt l] ptenci 1l d us
t t p l ns r ién de los epitopo ext fis y 1

des llo de nuev s vacunas vivas atenuadas 17D

Ej mpl 19

At nu 6n del vi us combinante YF 17D/13 n

mL S

L nur vrul n i del ratén n habi id
¢ nsid ad mo un ma do confiabl p a 1 at nuacidn
d 1 vrxa YF p humano ha t qu ¢ entem nt

und Mnth t 1 (2002) e tudi 1 tenu ién d 1
v ud n f£f1¢t J p ne quimé YF 17D qu habi
p pu t S n emb rg l defini ién fin 1 p 1

tnu i6n d 1 s vi us YF deb vnir d 1lo n y d
nu viulen d m pt d nt n ci nalment

nndd p l Ognz i6n Mundi 1 d 1 Salud p

1 a ct aién d la nuva s milla YF y 1 v ru
v un (WHO 1998) Aqui el examen patolégl o
unt tat vo d 1 r bro y del t jid d médula espin 1
um n t un mét d sens tivo pa distingui s pa d 1l

m mo v u cn df en lgunas en n u vi ulenci
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(Lvnb k t 1 1987 M h vsky t al 1995 WHO

1998)

Hem amind 1 tnu 1i6n d 1l vi u YF 17D/13
l m £t nud n nuetr d modl d tébn en 1
en ayo d n u ov ulenci n 1l mc ¢ nt (WHO
1998) pa a estable e su s gur dad p eclin ca Aqui 20
mL s u bt nd prtir d 1 <colon d 1
fund 6n Owld Cu que p abn ent 27 y 6 4 kg
ndo 14 h mbr y 6 m ho fue n dst bud
gu lm nt n 2 gupo de 10 Un gupo d 10 mic
e bé un n ulcén Gtnc d1 YF 17DD d sem 11
s cund dl lot d vwvir (B oM nguinhos Fi ru ) n
l 1l6bul f£f ntl dl b y un 2 g up bé 1
v us p mental YF 17D/13 Cada 0 25 ml del in cul do
qu ntni 6 53 1g PFU/ml d1 viu 17DD 6 62
log PFU/ml de 17D/13 Lo mic fu on bs rvd
du nt 30 di Rg trosdel ob rv in clini
fu n bten d u nd 1 gui nt lgn s g do 1=
ubi t v ¢t n m g d 2= vo d tn 1t
n t vo mov m nt 1 nt g d 3= mov mi nt
t mbl os tembl movim nt s des ordin do

d bl dad d 1 hig do grado 4= inhab lidad pa pararse

224
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p &l tmb 1l m rt Unmloqu mur r b 1

m 4 d sd 1di d mu t h ¢t 1df 30

Los n veles de v rem a fue on medldo en los di
2 4y 6 luegq de la nocula ién po las pl cas n muest
d élul Ve d 1l sue o de m co La suero onv rsién
fu mdd P 1 P enc de los anticuerp
n t 1 nt n 1 dia 31 En ste di 1 animales
fu n utnl d yun n pil mpl t fu 11l v d
b S xamin n 1 b vy 1l u d pin 1
Y nea mo nd c6 (WHO 1998) Cin nvil d
b y 6 nvlisd cd un d los ¢gr ndamiv nt
lumb Yy vel fu n xamin do L niv 1 d
b nclui n Bl que I 1 st atumcrpusen 1l nvl
dl qu sm 6pt c bl que II 1 t lamus en 1 n vel d
1 cu rpos mamila ios bloque III en mesencefalon en el
nvel d1 ¢ lic lo upe r blque IV 1 ponse y el
bl en 1nvld 1 ol v s upe re el bloque

5 1 médul bl ng d n lnivlmdod 1 oliv s

nf {WHO 1998) L ma cin numé 1 s fu on
dd d hemi ién d 1 cu d y d 1l
tr ctu s n cda hem eccién del cerebro Las

1 10one fue on mar adas de acuerdo con el siguiente

A2
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tma de g du idn 1 {(minimo} 1l 3 p queflo
nf 1t ad s nflamato o fo 1 un p neu n
pudn hb amb d p dido 2 (mode do)
nf 1t dos inflamat s focales mas extens vos camb s
nu nl p did qu fe ta n mas de una ter e

p t 4 1 n ons 3 ( v o) ambio ne ron 1

p dd dl 33 1 90% d 1a nu nas n un
nf 1t 6n nflamato ia d fu a o foc 1 moder d Iv
(g ve) ma d1 90% 4 1 nuaoaon fu n ambi 4

p dd n un nfilt i6n inflam t ri wva 1 bl p

f nt ment vr

Td 1 v lu n neurop tolégica clinicas
h t lég fu n h h P un inv st gado 1nic vy
Xp im ntad qu n tb g 1 6dig d

tratam nto

T m ca n sp d fu ©n calcul das pa a

d mico Solam nt &r di ¢ im n tori clam nt

4 a objetiv y & as disc im natoria md objet v
(Lvnb k t 1 1987) El 4 ea Dbjetivo es la
u t nc neg a donde todos los vius 17D &eplcn

m nt qu 1 a s d mn to ia in luy n 1

226
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nulu ud t 1 p lidu gl b 1 putam n 1
nu lu t lami mdily nt i 1l nucleu t lami
1t 1 ls g ndam ent vecal s y lumba Yy

lam nt 1 v u nu v lu ntos induc perdid
nu nl gn £ t va Un mac d neu v ulen
fin 1 t dd prl ombin 1ién d 1 mar n amb
a (ma ¢ nbnd)

v m

L t bl 1] mu t 1 dt s b vi mi
git d P 1l m o in wulado ncad viu En

1 nf¢c 6n xpe ment 1 d 1 mi s us pr 1l ut
nt e bral en los v us 170D yl 7D/13 la v em de
su ro de mico difiere ent e los viru en solamente cinc
an mal 8 fu ron vi émicos en el dia dado (2 4 6) de pués
d la no ulac 6n con este Gltimo mientra que la vl emi
indu id ant o n 8 de 10 n mal L v emi fu
mid p v 1nt n mnb gupo en 1 di cu to despué
d 1 inf 6n u d 5 de 10 mi mo t rn viu
cul to io m dibl L micos que ecibi ron 1 vi us
17D/13 también p ent ron m no viremia n lo dias (5)
cmp do con el 17DD (9) En adicién al pico mad alt

d vrm pr 1l vi 17D/13 fu de 1 44 1 g PFU/ml

2L
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m nt qu p 170D fue ¢ de 10 v c may (2 42
l g PFU/ml) Snemb go ambo viu e tédn bin p

dbj d 1 s 1lim te tablec d p WHO(1998)

L def ni ibén pue t d lante p r 1 WHO (1998) d
Vs t p m del vi us 17D lim ta 1 nt dd de v u
ulat 1 po dbj d4 500 tn LD /0 03 ml p

td (10d 10) n u y may igual a 100 LD /0 03
ml nld 10 u d mco n 1l 10 de dilu ién A es
p t 1 v emi mi4 1t ob rvdafued 242 1l g
PFU/ml p 1l mi 810 in culado n 1 virus 17DD

E t p nd 164 LD /0 O3ml p l tanto bin
p deb 3 d 1 limit s t ble do Adic nalment

el ng de titulos ob rvdos aqui e s mila aqul

bs vd p 1 m o eu n uld n 1 17 D/JE

SA 14 142 17D dn2 quimé 1 y 1 17D 204 (Month t 1

2000 2002 Gu akh et al 2000)

Marcacién ¢lin ca

La tabla 11 mu str 1l ma on clinic

nd vidu 1 s de pué d 30 di d p d d

229
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b v 4n Et gl t s lpomediod lo v 1
dds ncd di du ante e te pe do S mu tr nl
t bl 11 qu olament 2 mico (6U y 46) inoculad s on
el vi us 17D/13 most on cu lesquie sign s clin cos n
c mpa ac 6n n 5 mi s n uld n 1 v us 17DD
{114 240 303 810 y 031) El hech d qu va os
n mal most a n viema y tods fue on ue
vert dos spcif camente a YF n 18 nsays d
n utr 1 c 6n d edu cién d pl a (t bl 11) confirma
qu 1 nmales fu n en fe t nf tado p 1
vi n p tiv in ul do De 1 s mc in ul d
n viu 170D 1 mi s 114 810 y 240 t nin 1
v ema mi 1t s pero t davi un s marca ne min mas
(0 07 0 014 y O o4 p t vament ) Pa 1 17p/13 el
mi 253 n mo t 6 n ngiin ign linl o y t dvi t ni

l vieni m& 1t n 1 g upo (tabl 11)

L g to 1lin os st dd en la tabl 12
junt n 1 gi t h tolégi El gi t
lin p medio p lviu d v un YF 17DD fu d
011 ment as que paa el 17D/13 fue d 0 17 Un

eg st lg mids 1t pa este Gltimo s debido un mic

inico que p e ento algunos s gnos de encefalit s (el mico

229
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6U) Et mi prti 1l rn mo tré v rem ym trd un

u nv ién l1 YF y n p nt 1t n
h t lég n 1 stema n v so cent al comp t ble
cn 1 ud clinic (t bla 12) Ultimamente los

g t s p amb v u n mp abl s n u nto
1 egi t lin o ob rv d P roto grupo o)
t v u 17D (M chviky t 1 1995 Mnth t 1

2000 2002) sug nd 1 at nu énd 1l v rus YF 17D/13

Reg tro h tolégico

Tds 1s 200m os su in ulad s 1 cn los
v us 17DD y 17D/13 de 0oll on les ones hist légq s
(t bl 12) n 1 1itm n v nt 1 (CNS) Pr

td 1 an male n hub norm lidades n cu lqui

d 1s 6gn t nu 1 qu pud e ug i da
fun ién d b 1 n ead N nguno de los an male
d 11 ningun 1 16n h stolébgic n 1l hig do
rfin d 1n r ©én pulmones Como e pr pu
o) Lvnbok t 1 (1987) 1 & bj tiv n 1 CNs d
1l m o eu pa div so viu de wvacun es la
ustanc a neg a En este e tud o la sustancia neqg a

p € ntad nls r gist h tolég cos mas alt s p

z50
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1 mi in 1ldo 1{ ¢ n ambo vi us C n base en
los valo nd v du les mo trados en la tabl 12 el
viru 17DD tenia un regist o p omedio en esta &rea de
175y t fu 140 p lviu 17D/13 En 5 ns yos

d nu viulni cmplt p als vius d1 1 te d

m 11 170D 102/84 l rgltr d1 A4&r bjet v
p med o fue de 149 (RS Mzxrch vsky v R G lle n
P ep ién})

Ent 1l a di iminat 1 en 1 CNS el

put men el globos palidus y el nucleus caudatu fu n
1 ae mid af tad s pr 1l glst s d 1 én n
dnd nnapo nimade 2 nningnod 1 v ru El
mi 6U in ul d n 1 vius 17D/13 y qu p nté 1

ma cién clind mad alt (1 00) ntr lo 20 nimal s

mo t 6 l t e g tr ma b j n 1l a
d min t 1 (0 33 tabl 12) El a
d ¢ min t p mdi p l vrus 17DD fu de 0 78 y

0 53 pa el vi u 17D/13 val res que son erc nos uno
l t y pa el val p omedio obse v do p 102/84
a tavés d ot os nsay s de neurovirulencia completa

(0 67 RS Ma hev ky yYR G lle enp pa cidn)

23|
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El grd d nu virulni d un viru d do 1l
P mdi d 1 4 s objet vo/dis imin to i
mbind d tds los mics Paa 1 viu 17DD ste
g st mbnd fue de 121 mientras qu pra 1
17D/13 fue de 0 96 Ls val res pa a 1 s glstros de
n virulencia combinados n 5 ensayos completos con el
v u 102/84 v nt 0 96 y 1 37 nun p mdo d
107 p a el v us YF 17D 204 1 4 a objtvw
di min t y ¢ mbin d fu nd 163071 y117

p tivam nt (Mon th et 1 2002)

L b v 6n d ign lini s minimo d
inf én ningun lt r n d 6gn Xt aneu le
g t h stolég CNS de nimale in wulado
d nt dl ng ep ad y la vi emla limit da wugl
un f n tip tnud p 1 YF 17D/13 4 «viu
mb nant El he ho de que tods 1 s nimal s
mont ron un re puest de nt uerpo YF antineutral z nte
l viu 17D/13 ug qu también n p mat s n
human 1 v u ombin nt h mant nido u
inmun g n ¢ dad pea de l in e clén d epitope en u

ub tadep tein E

pAL~
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L ultad most do aqui ind an que 1

n ¢t de d f nt s tamafil s y ¢ gas son t le dos y

qu 11 P 8 blem nt tdn d pu st nfluen 1

p pidd vi 1 t1l mo un bj fu 6n d
v ltu v l dpendi nt d PpH En ningin c in

mb g 1 v ¢ mbin nt n yd v lv n

mad nu vil ul nt o) t nes qu su nt p t d

vacuna Lo en yo de uno de t le v us combinant s

(17D/13) p l nu v ulnil demc tamb én ugl o6

qu 1 n 6n n 11 fgd 1 p tin E 41l 17D
no omprom ti fntpo t nu do mé 114 d
nf rma l u pot n ial de est sitio pa 1

n itn d pPit p xt y el de 0ll d nuvs

v n 17D viva t nu d

- 35
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Thl 11 P &amt o g t d p l ny d u v ul ¢ d m dlv u YF
17 D
tro Ragy to
Viru Mico V remia Reg Histolégi Saro
Clin 0 | combinado |CODVer &n
2d 4to 6t P Pt
170D 114 <<0 6 183 <0 6 0 07 110 <447 95471
116 06 <0 6 <0 6 0 0 96 <447 30124
159 <0 6 <0 6 1 08 0 0 35 <447 41210
162 120 120 <0 6 0 151 <447 35872
249 1 68 <0 6 <0 6 0 64 139 <447 141947
303 <0 6 <0 6 <0 6 017 144 <174 46773
810 09 2 42 <0 6 014 1 38 <174 72028
934 <0 6 <0 6 <0 6 ] 1 32 <100 100000
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U <0 6 1 20 <0 6 0 145 <100 100000
031 <0 6 09 <0 6 010 1 26 100 16999
17D/13 178 <0 6 06 <0 6 0 0 79 <a47 50646
253 <0 6 144 <0 6 0 0 61 <174 3770
423 <0 6 06 <0 6 0 0 69 <174 32393
520 <0 6 09 <0 6 ) 109 <174 13375
540 <0 6 <0 6 <0 6 0 073 <174 8511
558 <0 6 09 <0 € 0 1 28 <174 646
[ <0 6 <0 6 <0 6 0 133 <100 40179
6U <0 6 <0 6 <0 6 1 00 0 67 <100 10448
46 <0 6 <0 6 <0 6 0 67 142 <100 7154
T23 <0 6 <0 6 <0 6 0 102 <100 1136




’ 162 ’

Tbl 12 Nu v 1lni d lo v u YF17Dp l n u

VvV ru Mico Reg tro Area Area Reg tro
Clin co D oriminatorias Objet vo Comb nado

114 0 07 07 15 110

116 0 0 42 15 0 96

159 0 0 21 05 0 35

162 0 1 03 2 1 51

17DD 240 0 64 0 78 2 1 39

303 0 17 0 88 2 1 44

810 0 14 0 76 2 1 38

934 0 0 64 2 1 32

4U 0 0 91 2 1 45

031 010 0 52 2 1 26

PROMEDIO 0 112 0 78 175 1 216

178 0 0 59 1 079

253 0 0 23 1 0 61

423 0 0 38 1 0 69

520 0 0 69 15 109
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540

0 0 47 1 0 73
17D/13 558 0 0 57 2 1 28
4R 0 0 67 2 1 33
6U 1 00 0 33 1 0 67
46 0 67 0 84 2 142
T23 0 0 54 15 1 02
PROMEDIO 0 167 0 53 1 40 0 963
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LISTADO DE SECUENCIAS

I ) 1 it nt Fund co O w 1ld Cru

I b) D 6n Avnd B il 4365 C t1
Muli 1l 05 M nguinh 21045 Ri d Ini
RJ

II) Inv nc 6n us d1l Flavivirus pa 1

P 6n d pitop d p tein y des oll d nuevos

vi d va na v vo tnudspr nmuni cnta 1
Flvv usy trs gnt nfec ios
III) Nime o de secuenc as 0 1 (uno)

1) INFORMACION PARA LA SEQ ID NO 1

I) Ca teit s8d 1 secuenci
I ) 1 ng tud 10862 pa b 8
IDb) tp 4 d nul

I ) am fi dons dn

Id) tplagl lin 1



I )

I £f)

Yfiv5 2/DD

I gl

165

t po d molécul CcDNA
fu nt o gin 1l
d cipcénd 1 s uen ia

sl do indiv du 1

SEQ ID NO 1
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1 AGTAAATCCT GTGTGCTAAT TGAGGTGCAT TGGTCTGCAA ATOGAGTTGC

5) TAGGCAATAA ACACATITGG ATTAATTTTA ATCGTTOGTT GAGCGATTAG
101 CAGAGAACTG ACCAGAACAT GTCTGGTCGT AAAGCTCAGG GAAAAACCCT
151 GGGOGTCAAT ATGOGTACGAC GAGGAGTTCG CTCCTTGTCA AACAAAATAA
201 AACAAAAAAC AAAACAAATT GGAAACAGAC CTGGACCTTC AAGAGGTGTT
251 CAAGGATTTA TCTTTTTCTT TTTGTTCAAC ATTTTOACTG GAAAAAAGAT
301 CACAGCCCAC CTAAAGAGGT TGTGGAAAAT GCTGGACCCA AGACAAGGCT
351 TGGCTATITCT AAGGAAAGTC AAGAGAGTGG TGGCCAGTTT GATGAGAGGA
401 TTGTCCTCAA GGAAACGOCG TTCCCATAAT ATTCTUACTG TGCAATTCCT
451 AATTTTGGGA ATACTGTTGA TGACGGGTGG AGTGACCTTG GTGCGGAAAA
3501 ACAGATGGTT GCTCCTAAAT GTGACATCTA AGGACCTCGG GAAAACATTC
551 TCTOTGGGCA CAGGCAACTO CACAACAAAC ATTTTGGAAG CCAAGTACTO
601 GTOCCCAGAC TCAATGGAAT ACAACTGTCC CAATCTCAGT CCAAGAGAGG
651 AGCCAGATGA CATTGATTGC TGGTGCTATG GGGTGGAAAA OGTTAGAGTC
70! GCATATGGTA AGTGTGACTC AGCAGGCAQO TCTAGGAGGT CAAGAAQGQGC
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751 CATTGACTTG CCTACGCATG AAAACCATGG TTTGAAGACC CGGCAAGAAA
801 AATGGATGAC TGGAAGAATO GGTGAAAGQC AACTCCAAAA GATIGAGAGA
851 TGGTTCGTGA GGAACCCCTT TTTTGCAGTG ACGGCTCTGA CCATTGCCTA
901 CCTTGTGGGA AGCAACATGA CGCAACGAGT CGTGATTGCC CTACTGGTCT
951 TAGCTGTTGA TCCGGOCTAC TCAGCTCACT GCATTGGAAT TACTGACAGG
1001 GATTTCATIG AGGGGGTOCA TGGAGGAACT TGGGTTTCAG CTACCCTGGA
1051 GCAAGACAAG TGTGTCACTG TTATGGCOCC TGACAAGCCT TCATTGGACA
1101 TCTCACTAGA OACAGTAGCC ATTGATAGAC CTGCTGAGGC GAGGAAAGTG
1151 TGTTACAATO CAGTTCTCAC TCATGTGAAG ATTAATGACA AGTGCCCCAG
1201 CACTOGAGAG GOCCACCTAG CTGAAGAGAA CGAAGUGOAC AATGCGTGCA
1251 AGCGCACTTA TICTGATAGA GGCTGGGGCA ATGGCTGTGG CCTATTTGGG
1301 AAAGGGAGCA TTGTGGCATG CGCCAAATTC ACTTGTGOCA AATCCATGAG
1351 TTIGTTTGAG GTTGATCAGA CCAAAATTCA GTATGTCATC AGAGCACAAT
1401 TGCATGTAQG GOCCAAGCAG GAAAATTGGA ATACCAGCAT TAAGACTCTC
1451 AAGTTTGATG COCTGTCAGG CTCCCAGGAA GTCGAGTTCA TTGGGTATGG
1501 AAAAGCTACA CTGGAATGCC AGGTGCAAAC TGCGGTGGAC TTTGGTAACA
1551 GTTACATCGC TOAGATGGAA ACAGAGAGCT GGATAGTGQA CAGACAGTGG
1601 GOCOCAGGACT TGACCCTGCC ATGGCAGAGT GGAAGTGGOA GGATGTGGAG
1651 AGAGATGCAT CATCTTGTCG AATTTGAACC TCCGCATGCC GCCACTATCA
1701 GAGTACTGGC CCTGGGAAAC CAGGAAGACT CCTTGAAAAC AGCTCTTACT
1751 GGCGCAATGA OGGTTACAAA GGACACAAAT GACAACAACC TTTACAAACT
1801 ACATGGTOGA CATGITICTT GCAGAGTGAA ATTGTCAGCT TTGACACTCA
1851 AGGGQACATC CTACAAAATA TGCACTGACA AAATGTTTTT TGTCAAGAAC
1901 CCAACTGACA CTGGOCATGG CACTGTTGTG ATGCAGGTGA AAGTGCCAAA
1951 AGGAGCCCCC TGCAGAATTC CAGTGATAGT AGCTGATGAT CITACAGCGG
2001 CAATCAATAA AGGCATTTTO GTTACAGITA ACCCCATCGC CTCAACCAAT
2051 GATUATGAAG TGCTGATTGA GGTGAACCCA OCTTTTGGAG ACAGCTACAT
2101 TATCGTTGGG AGAGGAGATT CACGICTCAC TTACCAGTGG CACAAAGAGG
2151 GAAGCTCAAT AGGAAAGTTG TICACTCAGA CCATGAAAGG CGTGGAACGC
2201 CTGGCCGTCA TOGGAGACGT CGCCTOGAAT TTCAGCTCCO CTGGAGGGTT
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2251 CTTCACTTCG GTTGGGAAAG GAATTCATAC GATOTTTOGC TCTGCCTTIC
2301 AGGGGCTATT TGGOGGCTTG AACTAGATAA CAAAGATCAT CATGGGGGCA
2351 GTACTCATAT GOGTTGGCAT CAACACAAGA AACATGACAA TGTCCATOAG
2401 CATGATCTTG GTAGGAGTGA TCATGATGTT TTTGTCTCTA GGAGITGGGG
2451 CGGATCAAGG ATGCGCCATC AACTTTGGCA AGAGAGAGCT CAAGTGCGGA
2501 GATGGTATCT TCATATTTAG AGACTCTGAT GACTGGCTGA ACAAGTACTC
2551 ATACTATCCA GAAGATCCTG TGAAGCTTGC ATCAATAGTG AAAGCCTCTT
2601 TOGAAGAAGG GAAGTGTGGC CTAAATTCAG TTGACTCCCT TGAGCATGAG
2651 ATGTGOAGAA GCAGOGCAGA TGAGATTAAT ACCATTTTTO AGGAAAACGA
2701 GGTGAACATT TCTGTTGTCG TGCAGGATCC AAAGAATGTT TACCAGAGAG
2751 GAACTCATCC ATTTTCCAGA ATTCGGGATG GTCTGCAGTA TGGTTGGAAG
2801 ACTTOGGGTA AGAACCTTOT GTTCTCCCCA GGGAGGAAGA ATGGAAGCTT
2851 CATCATAGAT GGAAAGTCCA GGAAAGAATG CCCGTTTTCA AACCGGGTCT
2901 GGAATTCTIT CCAGATAGAG GAGTTTOGGA CGOGAGTGTT CACCACACGC
2951 GTGTACATOG ACGCAGTCTT TAAATACACC ATAGACTGCG ATGGATCTAT
3001 CTTGGGTOCA GCGGTGAACT GAAAAAAGAG TGCCCATGGC TCTCCAACAT
3051 TTTOGATOGG AAGTCATGAA GTAAATGGGA CATGCATGAT CCACACCTTG
3101 GAGGCATTAG ATTACAAGGA GTGTGAGTGG CCACTGACAC ATACGATTGG
3151 AACATCAGTT GAAGAGAGTG AAATGTTCAT GCCGAGATCA ATCGGAGGCC
3201 CAGTYAGCTC TCACAATCAT ATCCCTOGAT ACAAGGTTCA GACGAACGUA
3251 CCTTGGATGC AGGTACCACT AGAAGTGAAG AGAGAAGCTT GCCCAGGGAC
3301 TAGOGTGATC ATTGATGGCA ACTGTGATGG ACGGGGAAAA TCAACCAGAT
3351 OCACCACGOGA TAGCGGGAAA GTTATTCCTG AATGGTOTTG CCGCTCCTGC
3401 ACAATGCCGC CTGTGAGCTT CCATGGTAGT GATGGOTGTT GGTATCCCAT
3451 GOAAATTAGG CCAAGGAAAA CGCATGAAAG CCATCTGGTG CGCTCCTGGG

| 3501 TTACAGCTOO AGAAATACAT GCTGTCCCTT TTGGTTTGAT GAGCATGATG
3551 ATAGCAATGG AAGTGGTOCT AAGGAAAAGA CAGGGACCAA AGCAAATGTT
3601 GGTTGOAGGA GTAGTGCTCT TGGGAGCAAT GCTGGTCAGG CAAGTAACTC
3651 TCCTTGATTT GCTGAAACTC ACAGTGGCTA TGGAATTGCA TITCCATGAG

| 3701 ATGAACAATG GAGGAGACGC CATGTATATG GCGTTGATIG CTGCCTITIC

l 3751 AATCAGACCA GGGCTGCTCA TOGGCTTTGG GCTCAGGACC CTATGGAGCC

|



169 Z‘/}

3801 CTCGGGAACO CCTTGTGCTG ACCCTAGGAG CAGCCATGGT GGAGATTGCC
3851 TTGGGTGGCG TAATGGGCGG CCTGTAGAAG TATCTAAATG CAGTTICTCT
3901 CTGCATOCTO ACAATAAATG CIGITGCTTC TAGGAAAGCA TCAAATACCA
3951 TCYTGOCCCT CATGGCTCTG TTGACACCTG TCACTATGGC TGAGGTGAGA
4001 CTTGCCGCAA TGTTCTTTTG TGCCGTGGTT ATCATAGGGG TCCTTCACCA
4051 GAATTTCAAG GACACCTUCA TGCAGAAGAC TATACCTCTG GTGGCCCTCA
4101 CACTCACATC TTACCTGGGC TTGACACAAC CTTTTTTGGG CCTGTGTGCA
4151 TTTCTGGCAA COCGCATATT TOGGCGAAGG AGTATCCCAG TGAATGAGGC
4201 ACTCGCAGCA GCTGGICTAG TGGGAGTGCT GGCAGGACTG GCTTTICAGG
4251 AGATGGAGAA CTTCCTTGGT CCGATTGCAG TTGGAGGACT CCTGATGATG
4301 CTGGTTAGCA TGGCTGOGAG GGTGGATOGG CTAGAGCTCA AGAAGCTTGG
4351 TAGAAGTTTCA TGGGAAGAGG AGGCGGAGAT CAGCGGGAGT TCCGCCCGCT
4401 ATGATGTGGC ACTCAGTGAA CAAGGGGAGT TCAAGCTGCT TTCTGAAGAG
4451 AAAGTGCCAT GGGACCAGAT TGTOATGACC TOGCTGGCCT TGGTTAGAGC
4501 TGCCCTCCAT CCATTTGCTC TTCTGCTGGT CCTTGCTGGG TAGCTGTTIC
4551 ATOTCAGOGG AGCTAGGAGA AGTGGGGATG TCTTGTGGGA TATTCCCACT
4601 CCTAAGATCA TOGAGGAATG TGAACATCTG GAGGATGGGA TTTATGGCAT
4651 ATTCCAGTCA ACCTTCTTGG GGGCCTOCCA GCGAGAAGTG GGAGTGGCAC
470! AGOGAGGGGT GTTCCACACA ATGIGGCATG TCACAAGAGG AGCTTTCCTT
4751 GTCAGGAATG GCAAGAAUTT GATTCCATCT TGGGCTTCAG TAAAGGAAGA
430! CCTTGTOGCC TATGGTGGCT CATGGAAGTT GGAAGGCAGA TGGOATGGAG
4851 AGGAAGAGGT CCAGTTGATC GOGGCTGTIC CAGGAAAGAA CGTOGTCAAC
4901 GTCCAGACAA AACCGAGCTT GTTCAAAGTG AGGAATGGGG GAGAAATCGO
4951 GGCTGTCGCT CTTGACTATC CGAGTGGCAC TTCAGGATCT CCTATIGITA
5001 ACAGGAACGG AGAGGTGATT GGGCTGTACG GCAATGGCAT CCTTGTCGGT
5051 GAGAACTCCT TOGTGTCOGC CATATCCCAG ACTGAGGTGA AGGAAGAAGG
5101 AAAGGAGGAG CTCCAAGAGA TOCCGACAAT GCTAAAGAAA GUAATGACAA
5151 CTGTCCTTGA TTTTCATCCT GGAGCTGGGA AGACAAGACG TTTCCTCCCA
5201 CAGATCTTGG COGAGTGCGC ACGGAGACGC TTGCGCACTC TTGTGTIGGC
5251 CCCCACCAQQ GTTGTTCTTT CTGAAATGAA GGAGGCTTTT CACGGCCTGG
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5301 ACGTGAAATT CCACACACAG GCTTTTTCCO CTCACGGCAG CGGGAGAGAA
5351 GTCATTOATG CCATGTGCCA TGCCACCCTA ACTTACAGGA TGTTGGAACC
5401 AACTAGGGTT GTTAACTGGG AAGTGATCAT TATGGATGAA GCCCATTTIT
5451 TGGATCCAGC TAGCATAGCC GCTAGAGGTT GGGCAGCGCA CAGAGCTAGG
550! GCAAATGAAA GTGCAACAAT CTTGATGACA GCCACACCGC CTGGGACTAG
5551 TGATGAATIT CCACATICAA ATGATGAAAT AGAAGATGTT CAAACGGACA
5601 TACOCAGTGA GCCCTGGAAC ACAGGGCATG ACTGGATCCT AGCTGACAAA
5651 AGGCCCACOQ CATOGTTCCT TCCATCCATC AGAGCTGCAA ATGTCATGGC
5701 TOCCTCTTTG CGTAAGGCTA GAAAGAGTOAT GGTGOTOCTG AACAGOAAAA
5751 CCTTTGAGAQG AGAATACCCC ACGATAAAGC AGAAGAAACC TGACTTTATA
5801 TTAGOCACTO ACATAGCTGA AATGGGAGCC AACCTTTGOG TGGAGCOAGT
5851 GCTGGATIGC AGGACGGCTT TTAAGCCTGT GCTTUTGGAT GAAGGGAGGA
5901 AGGTGGCAAT AAAAGGGCCA CTTOGTATCT CCGCATCCTC TGCTGCTCAA
5951 AGGAGOAGGGC GCATTGGGAG AAATCCCAAC AGAGATGGAG ACTCATACTA
600) CTATTCTGAG CCTACAAGTG AAAATAATGC CCACCACGTC TGCTGGTTGG
6051 AGGCCTCAAT GCTCTTGGAC AACATGGAGG TGAGGGGTGG AATGGTCGCC
6101 CCACTCTATO GOGTTGAAGG AACTAAAACA CCAGTTTCOC CTGGTGAAAT
6151 GAGACTGAGG GATGACCAGA GGAAAGTCTT CAGAGAACTA GTGAGGAATT
6201 GTGACCTGOC CAGTTTGACTT TCGTGACAAG TGGCCAAGGC TGATTTGAAG
6251 ACOGAATGATC.GTAAGTGATG TTTTOAAGGC CCTAAGGAAC ATGAGATCTT
6301 GAATGACAGC OGTGAAACAG TGAAGTGCAQG GGCTCCTGOA GGAGCAAAGA
6351 AGCCTCTICA CCCAAGOTGA TGTGATUGAAA GGOTOTCATC TOACCAGAGT
6401 GCGCTGTCTG AATTTATTAA GTTTGCTGAA GGTAGUGAGGQ GAGCTGCTGA
6451 AGTGCTAGTT GTOCTGAGTG AACTOCCCTGA TTTCCTGGCT AAAAAAGGTG
6501 GAGAGGCAAT GGATACCATC AGTGYGTTTC TCCACTCTGA GGAAGGCTCT
6551 AGQGGCTTACC GCAATGCACT ATCAATGATG CCTGAGGCAA TGACAATAGT
6601 CATGCTGTTT ATACTAGGCTG GACTACTGAC ATCGGOAATG GTCATCTTTT
6651 TCATUTCTCC CAAAGOCATC AGTAGAATGT CTATOGOGAT GGGCACAATG
6701 GCOGGCTGTG GATATCTCAT GTTCCTTGGA GGCGTCAAAC CCACTCACAT
6751 CTCCTATATC ATGCTCATAT TCTTTGTCCT GATGGTGGTT GTGATCCCCA
6801 AGCCAGGOCA ACAAAGGTCC ATCCAAGACA ACCAAQTQAC ATACCTCATT
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6851 ATTGGCATCC TGACGCTGGT TTCAGCGGTG GCAGCCAACG AGCTAGGCAT
6501 GCTGGAGAAA ACCAAAGAGO ACCTCTTIGG GAAGAAGAAC TTAATTCCAT
6951 CTAQTGCTTC ACCCTGGAGT TAGCCGUATC TTGACCTGAA GCCAGAAGCT
7001 GCCTGAACAG TGTACGTTGO CATTGTTACA ATGCTCTCTC CAATGTTGCA
7051 CCACTGGATC AAAGTCGAAT ATGGCAACCT GTCTCTGTCT GGAATAGCCC
7101 AGTCAGCCTC AGTCCTTTCT TICATGGACA AGGGOGATACC ATTCATGAAG
7151 ATGAATATCT COGTCATAAT GCTGCTGGTC AGTGGCTGGA ATTCAATAAC
7201 AGTGATGCCT CTOCTCTATG GCATAGOGTG CGOCATGCTC CACTGGTCTC
7251 TCATTTTACC TGGAATCAAA GCOCAGCAGT CAAAGCTTGC ACAGAGAAGO
7301 GTOTTOCATG GCATTGCCAA GAACCCTATG GTTGATGGGA ATCCAACAGT
7351 TGACATTGAG GAAGCTCCTG AAATGCCTGC CCTTTATGAQ AAGAAACTGG
7401 CTCTATATCT CCTTCTIGCT CTCAGCCTAG CTTCTGTIGC CATGTGCAGA
7451 ACOCCCTTTT CATTGGCTGA AGGCATTGTC CTAGCATCAG CTACCTTAGG
7501 GOCACTCATA GAGOGAAACA CCAGOCTTCT TTGGAATGGA COCCATOGCTG
7551 TCTCCATGAC AGGAGTCATG AGGGGGAATC ACTATGCTTT TGTGGGAGTC
7601 ATOTACAATC TATOGAAGAT GAAAACTGGA CGCCGGGGGA GOGCGAATAG
7651 AAAAACTTIG GGTGAAGTCT GGAAGAGGGA ACTGAATCTG TTGGACAAGC
7701 GACAGITTGA GTTGTATAAA AGGACCGACA TTGTOGAGGT GGATOGTGAT
7151 ACGGCACGCA GGCATTTGGC CGAAGGAAAG GTGGACACOG GGGTAGOGGT
7801 CTCCAGGGGG ACCGCAAAGT TAAGGTGGTT CCATGAGCGT GGCTATGTCA
7851 AGCTGGAAGG TAGOGTGATT GACCTGGAGT GTGGOCGCGG AGGCTGGTOT
7901 TACTACGCTG CTGCGCAAAA OGAAGTGAGT GGGGTCAAAG GATTTACTCT
7951 TOGAAGAGAC GGCCATGAGA AACCCATGAA TGTGCAAAGT CTAGGATGGA
8001 ACATCATCAC CTTCAAGGAC AAAACTGATA TCCACCGCCT AGAACCAGTG
2051 AAATGTGACA CCCTTTIGIG TGACATTGQAA GAGTCATCAT CGTCATCGGT
8101 CACAGAGGGG GAAAGAGACCQO TGAGAGTTCT TGATACTGTA GAAAAATGGC
2151 TGOCTTGTOG GGTIGACAAC TICTGTGTOA AGGTGTTAGC TCCATACATG
8201 CCAGATGTTC TOGAGAAACT GGAATTGCTC CAAAGGAGGT TTOOCGGAAC
§25] AGTGATCAGG AACCCTCTCT CCAGGAATTC CACTCATGAA ATGTACTACG
8301 TGTCTGAAGC CCGCAGCAAT GTCACATTTA CTGTGAACCA AACATCCCGC
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8351 CTCCTGATGA GGAGAATGAG GCGTCCAACT GGAAAAGTGA CCCTGGAGGC
840! TGACGTCATC CTCCCAATTG GGACACGCAG TGTTGAGACA GACAAGGOAC
8451 CCCTGGACAA AGAGGCCATA GAAGAAAGGG TTGAGAGGAT AAAATCTGAG
8501 TACATOACCT CITGGTTTTA TGACAATGAC AACCOCCTACA GGACCYGGCA
8551 CTACTGTGGC TOCTATGICA CAAAAACCTC AGGAAGTGCG GOGAGCATGO
8601 TAAATOGTGT TATTAAAATT CTGACATATC CATGGGACAG GATAGAGGAG
8651 QTCACCAGAA TGGCAATGAC TGACACAACC CCTTTTGGAC AGCAAAGAGT
8701 GTTTAAAGAA AAAGTTOACA CCAGAGCAAA GGATCCACCA GCGGGAACTA
8751 GAAAGATCAT GAAAGTTGTC AACAGGTGGC TGTTOCGCCA CCTOGOCAGA
$801 GAAAAGAGOC CCAGACTGTG CACAAAGGAA GAATTTATTG CAAAAGTCCG
8851 AAGTCATGCA GCCATTGOAG CTTACCTGGA AGAACAAGAA CAGTGGAAGA
2901 CTGCCAATGA GGCTGTOCAA GACCCAAAGT TCTGGGAACT GGTGGATGAA
8951 GAAAGGAAGC TGCACCAACA AGGCAGGTGT CGGACTTUTG TGTACAACAT
9001 GATOGGGAAA AGAGAGAAUA AGCTGTCAGA GTTTOGGAAA GCAAAGGGAA
9051 GCCGTGCCAT ATOGTATATO TOGCTGOGAG CGCGATATCT TGAGTITGAG
$10]1 GCCCTGGGAT TCCTOAATGA QGACCATTIGG GCTTCCAGGG AAAACTCAGG
9131 AGGAGOAGTG GAAGGCATTO GCTTACAATA CCTAGGATAT GTGATCAGAG
9200 ACCTGGCTGC AATGGATGGT OGTGGATICT ACGCGGATGA CACCGCTGGA
9251 TOGGACACGC GCATCACAGA GGCAGACCTT GATGATGAAC AGGAGATCTT
9301 GAACTACATG AGCCCACATC ACAAAAAACT GGCACAAGCA GTGATGGAAA
9351 TGACATACAA GAACAAAGTG GTGAAAGTGT TGAGACCAGC COCCAQAQAGGG
9401 AAAGCCTACA TGGATGTCAT AAGTCGACGA GACCAGAGAG GATCCGGOCA
9451 GGTAGTGACT TATGCTCTGA ACACCATCAC CAACTTGAAA GTCCAATTGA
9501 TCAGAATGGC AGAAGCAGAG ATGGTGATAC ATCACCAACA TGTTCAAGAT
9551 TATGATOGAAT CAGTTCTGAC CAGGCTGGAG GCATUGCTCA CTGAGCACGG
9601 ATGTAACAGA CTGAAGAGGA TGGCGATGAG TGGAGACGAC TGTGTGGTCC
9631 GAOCCATCGA TGACAQGTTIC GGCCTOGCCC TGTCCCATCT CAACGCCATG
9701 TCCAAGGTTA GAAAGGACAT ATCTGAATGG CAGCCATCAA AAGGGTGGAA
9751 TGATTGGOAG AATGTGCCCT TCTGTTCCCA CCACTTOCAT GAACTACAGC
9801 TGAAGGATGG CAGGAGGATT GTGATGCCTT GCCOAGAACA GGACGAGCTC
9851 ATTOGUAGAG GAAGUGTGTC TCCAGGAAAC OGCTGOATGA TCAAGAAAAC

246
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9501 AGCTTOCCTC AGCAAAGCCT ATOCCAACAT GTGGTCACTG ATGTATTTIC
9951 ACAAAAGGGA CATGAGGCTA CTGTCATTOG CTGTTTCCTC AGCTGTTOCC
1000! ACCTCATGGG TTCCACAAGG ACGCACAACA TOGTCGATTC ATGGGAAAGG
10051 GGAGTGGATG ACCACGGAAG ACATGCTTGA GGTGTGGAAC AGAGTATGGA
10101 TAACCAACAA CCCACACATO CAGGACAAGA CAATOGTGAA AAAATGGAGA
10151 GATGTCCCTT ATCTAACCAA GAGACAAGAC AAGCTGTACG GATCACTGAT
10201 TGGAATGACC AATAGGGCCA CCTGGGCCTC CCACATCCAT TTAGTCATCC
10251 ATOGTATCCA AACGCTGATT GGACAGGAGA AATACACTGA CTACCTAACA
10301 GTCATGGACA GOTATTCTGT GGATAGCTGAC CTGCAACTGG GTGAGCTTAT
10351 CTGAAACACC ATCTAACAGO AATAACCAGG ATACAAACCA CGGGTOGAGA
10401 ACOCGAACTCC CCACAACCTG AAACCGAGAT ATAAACCACG GCTGGAGAAC
10451 CGGACTCOGC ACTTAAAATG AAACAGAAAC COGGATAAAA ACTACGGATO
10501 GAGAACCGGA CTCCACACAT TGAGACAGAA GAAGTTGTCA GCCCAGAACC
10551 CCACACGAGT TITGCCACTO CTAAGCTGTG AGACAGTGCA GGCTGGGACA
10601 GCCAACCTCC AGGTTGCGAA AAACCTGGTT TCTGGGACCT CCCACQCOCAG
1065} AGTAAAAAGA ACGGAGCCTC CGCTACCACC CTCCCACGTG GTGGTAGAAA
10701 GACGGGGTCT AGAGGTTAGA GAAGACCCTC CAGOGAACAA ATAGTGGOGAC
10751 CATATTGACG CCAGGGAAAG ACCGGAGTGG TTCTCTGCTT TTCCTCCAGA
10801 GGTCTGTGAQ CACAGTTTGC TCAAGAATAA GCAGACCTTT GGATGACAAA

10851 CACAAAACCA CT
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REIVINDICACIONES

1 Un Mét do pa 1l p du cidén de Flaviv us como
un v ¢t pa a ntigen s het 6log s qu comprend 1
int duc ény xp e 16n de e uen i d genes £ é&ne
dent d s ti d n i5n n lnivl de l p ¢t in
d nv ltu de u lqu Flav vi us en dond 1lo it
tén P t tutualmnt d 1s &r a c¢ n clda
p nt £ on la st uctu de la p tin E d1

Fl v virus gene al y omprende
(1) Sitio que des an an sobre 1 sup fi i
externa del virus suministrando accesibll dad al

ant cuerpo

(1i) No hay roturas o desestabili acién
ignif cat v d 1l tuctua t idim nsi nal de 1

p tin E

( JN hy nte fe nc nl forma ién 4 1

ddel p teina d nt d 1 env ltu vi al

2 El mét do d cue do nl ivindic cién 1
en dond un satio omp nd la egiébn de hilos B8 £ y g

qu ncluye el lazo fg que forma parte de la lamina B
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nt p 1l de 5 ram fc¢ on d domin o II de 1

pr t in d nvoltu dl Fl vivi u

3 El mét dode u do n la ivindl cidén 2 n
dond 1 iti la dl ent lo hil B fyg
qu frman p t de la ldamna 8 nt pa alela de 5

mif cac ne del d min II de la p ot ina de nvoltu a

dl F1l v v ru

4 E]l mét d de ue do nl re vindicacién 2 n

dond 1 u nc extr i h ido in rtad en 1l gién
d 1 amin 4&c d s 196 a 215 con efeen i 1
e uen d v u de ncef l tis tick bon des it n
la £f gqgu a2

5 El mét do d ue d nl r ivind cac 6n 2 en
dnd 1 e u nc xt A h id in td nl gién
d 1 aminoécid s 205 210 n fe nci a 1

un d v u d en £1lti tickbon d sc it en

1l figqu 2

6 El mét d d u d nl ivndl cién 1 n

dnde to it comprend la eg 6n de los hiles E y F

Y9
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qu n luy l laz E F que form p t d4d1 tv d1

ba 1 8de 8 amif ac on S del dm nio I

7 Elmétd d au d on la eivindic cién 6 n
d nd 1l t s 1 a d 1 o ntre 1l hil E F

qu frma p t d1l1l b l A d 8 amifi n dl

dmni I

8 Elmétd d u d conl vindic cién 6 n
dnd laseuen a xt i ha 1d in ert da en la g én
d 1ls am noa id 138 a 166 con efe nc a la
seun ia de vi u d enc falitis tick bon desc ta en

1 fgu 2

8 Elmétd d u d onl evindic 6n 7 n
dnd las uen ia xt dfla h do nsxtd nl gién
d 1 amn & dos 146 160 n f en 1

un d viu d nceflitr t kXxb n ds it n

1 f gu 2
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10 El mét d d u d onla eivndec 6nl n

dnd el Fl viv us le n prti d1 gup qu
n t de wualqu Fl viv u qu nluye 1 v u d
f eb e amarilla l vi us d encefal tis t ck borne el

vru dldngu yel viusd ncef litis japones

11 E1 mét do de cu do cn 1l e vindica 16n 10
n d nd lv u un v u ombin nt o tenu do del

tp ntu al

12 El1 métod d u d nl ivindic 6n 10 y

11 ndnde 1 Flavviu es un vi u de f ebre amar lla

13 El mét d d u d nl vindl cién 12
n dnd 1 v ru un viru d f bre amar 11
r mb n nt

14 El1 mét d d u d nl iv ndi i6n 13
n d nd lviu d f£fi1 bre amarill s 1 p d viu

YF17D y 1l s ubsep s d 1l m smo

18
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15 E1 mét d d u d ¢cnl rivindc 6n 1

14 n d nd 1l pitp xt # un cun dlgn

mal 1

16 El mét d d u d n 1l ivindi i6n 15

n dnd la se uen a de gen mala ial es el epitope

humo al (NANP)

17 E1l mét do de curd con 1 r vind ¢ én 15
ndnd 1 uen la de gen mal i1 1 e el DYENDIEKKI

del pitop de 1l nfoc tos T cltotédxicos (CTL}

18 El mét 4 d curd ecn l r vind cac 6n 15
ndnd 1 uni 4 gnmal ri 1 1l SYVPSAEQI del

Ppitp d 1linf t T citoté i (CTL)

19 El mét d de cu d on la iv ndic 1i6n 1 en
dond un mids es duo de glic na on ing rt d nl
eq 6n 1inmed atamente aguas ar ba y aguas abajo del

pit p xt flo
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283
20 Un on truccién o DNA qu cn t
snc lmnt de un v cto un gnom d Flvvwviau
st bl g nét ament Y cuen 1i d gn xt A
int odu id n un s t o de nsercién d uerd c¢cn
u lqu d 1 v nd ne 1 19
21 La nst ucc én d DNA d a u rdo n 1
rivaind c ¢ 6n 20 n donde 1 Fl vivirus s 1 ccion a
p ta dl gup que cns st de nualquie Flavviu
n luy nd l vu d f b ama ill l v u de

nc £f1¢t t kb ne lvir dldngu y 1 viru de

en f lit Jpn

22 L ntuc é6n d DNA d u d on 1l
vind i6n 20 n d nd l v ct e 1l 1 n do

p t1 dl gup qu ecn t de plasmid s d nim d

by c¢cp

23 L cntuc 6n d DNA de acue do n 1
e vind ién 20 en d nde 1 v cto 8 sSel cc onado a

p ti1 d1 g upo de pACNR1180 y Bel BACl1
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24 L const uc 6n de DNA de cuerdo on la
iv nd ¢ 6n 20 n dnd 1l vect l ¢ na
pa t dl gqup qu nsi te de pld mid s d nime d

1t p

25 L on t ucc 6n de DNA de acue do con 1la
evndi ¢ é6n 20 n dond l genma de Fl viv us

t bl g nét anm nt drv d wualquir p YF 17D

26 L ntu i6n 4 ©DNA d u d n 1
v nd én 25 n dond el gnoma de Fl viv u
t bl g néticam nt s l genma YF que 1l va la
un mpl t stabl id en 1 SEQ ID NO 1 o

n g v 1 nt func on 1lm nt d 1 misma

27 L onst uc én de DNA de <curdo on 1

vnd ¢ 6n 20 ndnd lo cuncl d gn xt an

d vd d 1 ml i fi b ama illa d nqu
n £l¢tas jpn n £1ti tikbon

nt n s fung le
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28 L con t uc 6n de DNA d a ue do on 1
e v nd c 6n 27en d nde la secuenc a de gen ext aflo es

na se uenc d gen mala 1

29 L ontu i6n de DNA d ue do on 1la
vind én 26 y 28 n dnd 1 cuenci d 1 gn

ml l1 s 1 pit pe humo 1 (NANP)

30 La construccién de DNA de acuerdo con la
ivnd c¢cén 26 ndnd la s un d gnmal i1
1 DYENDIEKKI d 1 epitop d 1linf cit s T citotédx

(CTL)

31 L ntu 1ién d DNA d u d n 1
iv nd ién 26 n d nd 1la uni d gnml i1l
1 SYVPAEQI d 1 pitp de 1l nf ito T totéxic

(CTL)

32 L onst uce 6n d DNA d ue d cn 1

evnd ac én 29 que s el plasmid pYF17D/8
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33 L ntu i6nd DNA que tin 1 tutu

d1l 1 plasm d pYFE200

34 L ntu O6nd DNAgQqu ten la st uctua

dl1lplamd pYFE200/1

35 La ontu i6n d DNA qu t nel e t uctu a

dl )l pliamd pYFE200/13

36 L ntu iénd DNA Qqu tin 1 t u tu

d 1l 1 plasmid pYFE200/8

37 Un Fl v vi us mo un ve to pr ntig n

ht 6lgs qu omp nd u nci d gn xt
n td nl t n lnvl d u pot in d
nvoltu en dnd 1 s tios estén e t u tu 1lm nt

p t d 1 are n ida pr int rfrir c¢n 1

tutu de la p ot ina E del F1l viv u g ne al

38 Bl Flvv us d au d on la r ivind ca 6n
37 ndnd 1 unil d gnext afio e int du d
nl gién de h lo A f vy g que ncluy el laz f£fg qu
f ma p t d 1 1l4min 8 ntip lela de &
am f on d dominioc II d4 1la prot ina d envoltu

dl Fl v v us



183

257

39 E1 F1 v v us de acuerdo con la eiv nd cacibn
33:. ndnd el st s la4de delao nt 1lo hlo
B8d fygqu £frmap t d 1 lémin B nt pa lel d
5 am fi in d dmin o II d 1 pr t ina 4

nv ltu dl Flvwviu

40 El1 Fl viv u d cu d cnl re vind ca 6n
38 ndndel s uen i xt 1 ha sid in tda nl
gén d 1 am n acid 196 215 cn efe encia a l

cun d v u d n flti t kb n de it en

1 £ gu 2
41 El Fl vviu d ue do nl vind ¢ én
39 ndnde 1 unli xt i h id n td nl

gétn d 1 am n 4 1do 205 210 n fe nci 1

v u de encefal tis tick bo ne d sc ita en la figura 2

42 El Fl vv u de cue do con 1l vindicac 6n
37 n d nde otr ti ocmp nd 1 egébn d lo h1l
E F ncluyend 1 20E F que forma pat dl brrl 8

d 8 am ficac ones del dom nio I
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43 El Flaviv rus de curd con 1 re vind cacidn
42 n donde el s tio es el &rea de lazo ent e los h los
E Fqu frm p t d1b 1i18d 8 amf ¢ ne del

dmnol

44 El Flav vi us de cuerdo con la reivindica i6n

33 ndnd 1 un xt A h d n td nl
génd lo am nod d 138 215 con ref renci 1

ni d viu d n £fl¢ti tikb ned cit n

l fiqu 2

45 E1l Flvv u d u do onlar vind a 6n
43 en donde 1 seun xt afi ha id 1ins tad nl
egbn d 1 aminodcldos 146 a 160 con efe encia a la

cu nc d viu de n fal tis t ck bon des ta n

l fgu 2

46 El Flavviu d au do nl rivindli cién
37 en donde 1 Fl viv rus se selecc ona a pa tir del
gupo qu cn 8t de ualquie Flav virus que n luye el

v u d £ Db ama 11 l] viu de necfl¢ti t ck

258
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b ne l v us dl1 dngu Yy el vi us d encefaliti

3 pon sa

47 El Flvv u de cu do nl rivind clén
46 n d nd l vi us un vi u mbinant © t nu do

dltp s lv) ntu 1

486 E1l Fl vv u d u d nl vind 6n
46 y 47 n d nd 1l Fl vivi us un viru de fieb
ama 111

49 El Fl viviu d u d nl rivindi cilén
48 n dnd l viu um viu d fieb ama 1l1

mb n nt

50 El Flav vl us de acte d con la r vind cac én
49 n dond el viu de fi br ama 1lla 1 p d

v us YF 17D y las sub sepas del m smo

289
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Z6éo

51 El Fl v viru d u d n 1l
v nd n 37 50 n dnde 1 pitop xt A
un ecunc dlgnnl 1
52 Un mp 1 6nd v un pr inmuni ont
Fl viv u Y t g nt nf io qu nsi t
sen lalment d n virus de acuerdo con las
v ndi in 37 51
53 L mp 1ié6n d v un de cu d n 1l
vndi c¢cién 52 n dnde 1 Flvivrus s un viru d
f be ama 11 y 1s to agnte inf ci n
gnte cu tivsd mal 1
54 L omp i6n d wvaun d acu do n l
v nd 6n 53 n dnd 1 cunci d gnmal 11

l pit p humo al (NANP)

55 L compol 6n d v cuna de acue do con 1
v ndic 6n 15 en dond 1la cuen la de gen mala 1

1 DYENDIEKKI d 1 pitp d lnaf 4t T ¢t toxi
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56 L mp 1i6n d vecun d acue d n la
v nd é6n 53 n dnd 1la se uen ia de gn mal 11

1 SYVPSREQI d 1 pit pe de linf cit s T citotéxico

57 L mp én d va un de u d n l
iv nd n 37 51 que mp end un ntid d

uf cent d1l1 wviru y un vehiculo farmacéutica mente

ept bl
56 Un Fl viv u como un v cto p ntig n
ht 6lg n dnd 1l Fl viviu obt nido d cu do

n ulqu d 1 v ndi in 1 19

26
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RESUMEN

L p ent inven 6n se el cilona ¢cn un Vv un
nt a nfc n us das p Flaviv us M4
t cul rmente con el us d vi us para vacunas YF (17D)
aep n lnvlad sucubet L pit p d
p tin d t p tég n 1l ul eli ¢ n n

pu t inmun p ifi lptégn p ent 1l
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Como resultado del examen de forma, realizado con fundamento el el articulo 38 de la Declsion 486 de la
Comis:on de la Comunidad Andina, articulo 27 del Tratado de Cooperacién en Materia de Patentss (PCT)
regia 51 bis del Reglamento y Circular Urca de la Superintendencia de Industria y Comercio e le comunica
que:

0 La solicitud no contiene la fraduccidn de los anexos del reporte de examen preliminar ntemacional (Art.
36.2.b) del tratado PCT)

0 La solictud no conbene la copla del documenio en que consia la ceelén del derecho a la patents del
Inventor el solictants o a su causants (Art. 26-k) Decisidn 486)

0 E solictante debe aclarar o la soliciud comesponde al capftulo | 0 H del PCT por que la ndicacion en el
petitorio no es concordants con los documentos del expediente en caso necesaro aduntar los
documentos respectivos.

En cumplimiento de lo dispuesio por el articulo 39 de la Decisin 486 se le requiere para que dentro del
témino de dos meses sigwentes a la fecha de nobficacxdn del presente oficio, complete los requistos

anterioments enunciados. En caso de no dar cumplimiento al presante requerdimiento, la solictud se
considerard abandonada y perderd su prelaciin

Notifiquese al presents oficlo conforme a lo dispuesto en el numeral 5.2 iteral ¢) del capfuo quinto del
titulo primeso de la Circudar Umca N° 10 de 2001

ALIX CARM DE VERGEL.
Jefede la de Nuevas Creaciones.

B anterior requerimiento fue noblicado por fiackn en istade fecha, .1 8 JB 200



