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The Flaviviridae is a family of about 70 mostly arthropod-borne viruses many of which are major
public health problems with members being present in most continents. Among the most important are
yellow fever (YF), dengue with its four serotypes and Japanese encephalitis virus. A live attenuated
virus is used as a cost effective, safe and efficacious vaccine against YF but no other live flavivirus
vaccines have been licensed. The rise of recombinant DNA technology and its application to study
flavivirus genome structure and expression has opened new possibilities for flavivirus vaccine develop-
ment. One new approach is the use of cDNAs encopassing the whole viral genome to generate infectiou
RNA afterin vitro transcription. This methodology allows the genetic mapping of specific viral func-
tions and the design of viral mutants with considerable potential as new live attenuated viruses. The use
of infectious cDNA as a carrier for heterologous antigens is gaining importance as chimeric viruses are
shown to be viable, immunogenic and less virulent as compared to the parental viruses. The use of DNA
to overcome mutation rates intrinsic of RNA virus populations in conjunction with vaccine production in
cell culture should improve the reliability and lower the cost for production of live attenuated vaccines.
The YF virus despite a long period ignored by researchers probably due to the effectiveness of the
vaccine has made a come back, both in nature as human populations grow and reach endemic areas a
well as in the laboratory being a suitable model to understand the biology of flaviviruses in general and
providing new alternatives for vaccine development through the use of the 17D vaccine strain.

Key words: yellow fever virus - 17D vaccine - foreign gene expression - recombinant viruses -
vaccine development

The Flavivirus genus consists of about 70 vi-of flavivirus transmission has been accomplished
ruses mostly arthropod-borne, being transmitted tmainly by vector control measures and vaccina-
vertebrates by mosquitoes or ticks. These viruséisn. Approved vaccines are available only for YF
can be divided into eight serological subgroupssing the attenuated live 17D virus (Theiler &
based on cross neutralization tests and membe3mith 1937a,b), tick-borne encephalitis (TBE) and
of these groups exist in most continents being rdE both as inactivated virus. For DEN and JE vi-
sponsible for significant human disease in theswises candidate vaccines have been developed us-
areas. The mostimportant flaviviruses are yellovng serial passages in cultured vertebrate cells and
fever (YF) in the Americas and Africa (Monathtested in humans (Bhamarapravati & Yoksan 2000)
1999) dengue (DEN) virus with its four serotypedut so far none has been licensed.
and it; spreading throughout the tropics with ing g\ acciNE DEVELOPMENT
creasing frequency of the more severe forms of o )
this disease (dengue hemorrhagic fever and den- !N 1927 the Asibi strain (Stokes et al. 1928) of
gue shock syndrome, Halstead 1988) as well ydld YF virus was isolated frqm a young African
Japanese encephalitis (JE) with its epidemic artfmed Asibi by passage in Rhesus monkey

endemic profile in Asia (Monath 1988). Control(Macaca mulatta).In 1935 the Asibi strain was
adapted to growth in mouse embryonic tissue

(Lloyd et al. 1936). After 17 passages the virus,
named 17D, was further cultivated until passage

*Corresponding author. Fax: +55-21-590.3495 58 in whole chicken embryonic tissue and thereaf-
E-mail: rgaller@gene.dbbm.fiocruz.br ter until passage 114 in denervated chicken em-
Received 7 August 2000 bryonic tissue only. Atthis stage Theiler and Smith

Accepted 4 September 2000 (1937a) showed the marked reduction in viral
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viscero and neurotropism when inoculated intracsibly also cotranslational, proteolytic processing to
erebrally in monkeys. This virus was further subgenerate ten virus-specific polypeptides. From the
cultured until passages 227 and 229 and these vacierminus the order of the encoded proteins is the
cines without human immune serum were used following: C-prM/M; E, NS1, NS2A, NS2B, NS3,
immunize eight human volunteers (Theiler &NS4A, NS4B, NS5 (Rice et al, 1985; see Fig. 1).
Smith 1937b). With satisfactory results, as shown
by the absence of adverse reactions and serocon-
i ; i ; LS L X

version for YF in two weeks, larger scale immuni- — S —
zation was carried out in Brazil (Smith et al. 1938)

The YF 17D virus is one of the most success ™" |'|—F* I _*H“_ 1
ful vaccines developed to date. It has a well-de™™ e b noORE
fmed gnd efﬁm_entproducthn methpdology, there i e —im o'm
is strict quality control including monkey M HEL 1A R Al
neurovirulence testing, it induces long lasting iMeg 1. schematic of the flavivirus genome structure expres-
munity, it is cheap and single dose. Its use hamn. The top represents the whole flavivirus genome with the
been estimated use to be over 200 million doseguctural and nonstructural protein coding regions. The boxes
with an excellent record of safety. Here, only 2felow the genome represent precursors and the mature viral

g . " oteins generated by proteolytic processing. Shaded boxes
cases of post-vaccinal encephalitis have been present the structural proteins and open boxes the

corded after seed lot system implementation iRonstructural proteins. Black bars represent the stretches of
1945 with incidence on very young infants (< Shydrophobic amino acids and asterisks the N-linked

months; rate of 0.5-4/1000 ard9 months, 1/8 glycosylation sites. Asterisks represent cleavage by cellular
million; WHO 1993, Monath 1999). signalase; solid arrows, cleavage by the viral NS2B-NS3 com-

With h ch L l lex, including the cleavage of the anchored form of the capsid
ith such characteristics it was appealing _t‘grotein; the open arrow at the NS1/2A cleavage is a novel still
attempt to use of 17D as vector for the expressiQimknown proteolytic activity.

of heterologous antigens what might lead to the

development of new live vaccines.

YELLOW FEVER VIRUS GENOME STRUCTURE AND The first three proteins constitute the structural
EXPRESSION proteins, that is, form the virus together with the
The flaviviruses are spherical viruses with 40packaged RNA molecule and were named capsid
60 nm in diameter with an icosahedral capsi€C, 12-14kDa), membrane (M, and its precursor
which contains a single positive-stranded RNArM, 18-22 kDa) and envelope (E,52-54 kDa) all
molecule. Its replication is entirely cytoplasmicbeing encoded in the first quarter of the genome.
and budding in general occurs into the lumen ofhe remainder of the genome codes for the
the rough endoplasmic reticulum cisternae. Witmostructural proteins (NS) numbered in the order
the development of recombinant DNA technologyof synthesis from 1 through 5. Three large
novel approaches to understanding RNA virus getonstructural proteins have highly conserved se-
nome structure and expression were possible. Fguences among flaviviruses, NS1 (38-41 kDa),
flaviviruses the first studies appeared in the mitS3 (68-70 kDa) and NS5 (100-103 kDa). Arole
80’s and included the complete genome sequencesthe replication of the negative strand RNA has
of YF 17D (Rice et al. 1985) and West Nile vi-been assigned to NS1 (Muylaert et al. 1996, 1997,
ruses (WN; Wengler et al. 1985). Nucleotide andlindenbach & Rice 1997, 1999). NS3 has been
protein sequence data were subsequently obtaingidown to be bifunctional with a protease activity
by several laboratories and are the basis for oneeded for the processing of the polyprotein at sites
current knowledge of genome structure and expreghere the cellular proteases will not (Chambers et
sion. al. 1990b, Falgout et al. 1991, Yamshikov &
The YF virus RNA genome consists of 10,862ZCompans 1995, Yamshchikov et al. 1997, Stocks
nucleotides in length with short 5' (118 nucleotidesy: Lobigs 1998) and nucleotide triphosphatase/
and 3' (511 nucleotides) untranslated regions, al&licase activities (Gorbalenya et al. 1989, Wengler
cap structure and a nonpolyadenylated 3' en& Wengler 1993) being therefore also associated
Conserved RNA sequences and secondary strugith viral RNA replication. NS5, the largest and
tures which may be important for flavivirus repli-most conserved viral protein, contains several se-
cation and/or packaging have been identifieduence motifs believed to be common to viral RNA
(Chambers et al. 1990a). This single RNA is alspolymerases (Chambers et al. 1990a, O"Reilly &
the viral message and its translation in the infectddao 1998) and exhibits RNA-dependent RNA
cell results in the synthesis of a polyprotein prepolymerase activity (Steffens et al. 1999). A num-
cursor which undergoes postranslational, but poser of cis and trans acting elements in flavivirus
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RNA replication have been identified (KromykhTHE USE OF YF 17D VIRUS FOR THE EXPRESSION
et al. 2000). OF HETEROLOGOUS FLAVIVIRUS PROTEINS

The four small proteins NS2A, NS2B, NS4A  Characteristics of YF17D viruses recovered
and NS4B are poorly conserved in their amino aciftom cDNA- The first aspect that has to be con-
sequences but not in their pattern of multiple hysidered when using a given flavivirus cDNA back-
drophobic stretches. NS2A has been shown to l@ne for the expression of heterologous proteins
required for proper processing of NS1 (Falgout 65 whether one can indeed recover virus with the
al. 1989) whereas NS2B has been shown to asssame phenotypic markers as originally present in
ciate with NS3 to constitute the active viral prothe virus population that gave rise to the cDNA
tease complex (Falgout et al. 1991, Chambers Kitrary. For YF 17D these analyses would be im-
al. 1993, Jan et al. 1995). NS4A has been sugortant to set the precedent for infectious clones
gested to interact with NS1 integrating it into thelerived vaccines given the well known safety and
cytoplasmic process of RNA replicationefficacy of YF 17D vaccine. It would also be im-
(Lindenbach & Rice 1999). Since viral RNA syn-portant to show that indeed attenuated virus can
thesis takes place in the cytosol in association withe recovered from the cDNA which is to be used
RER membranes it has been postulated that these a vector for heterologous antigens such as den-
hydrophobic proteins would be embebded in mengue. However, the virus recovered from the first
branes and through protein-protein interactiongersion of the infectious clone based on 17D-204
participate in viral replication complexes togethewirus (see Fig. 2) gave rise to virus with a slightly
with NS3 and NS5 (Rice 1996). higher clinical score in a monkey neurovirulence

Among the possibilities to apply moleculartest (Marchevsky et al. 1995). Although these re-
technigues to the development of new vaccines ogults showed the virus was not ideally attenuated
capability of recovering virus from cloned DNA for YF 17D vaccine it was the first demonstration
in which genetic modifications are made is of utfor a flavivirus that it was possible to develop from

most importance and described below. a few micrograms of DNA template a whole seed
INFECTIOUS CLONE TECHNOLOGY lot under good manufacturing practices (GMP) us-
ing current methodology for the production of YF

In order to manipulate RNA genomes, compleg 4 cine.

mentary DNAs corresponding to the complete ge- ajer et al. (unpublished) have approached the

nome must be available to allow introducing G€gecoyery of fully attenuated virus from YF cDNA

netic modifications at any particular site of the viy, engineering a number of mutations into the
ral genome. The pioneer study of Racaniello angigina| 17D-204 cDNA (Rice et al. 1989) based
Baltimore (1981) first showed the fea5|b!llty on the sequence of the 17DD substrain (Duarte dos
generate poliovirus from cloned cDNA. With theg,nos et al. 1995). This substrain has been used
development ofn vitro transcription systems it j, grasil for YF vaccine production since the late
became possible to synthesiaevitro full length 35 yith excellent records of efficacy and safety.
viral RNA with a much higher efficiency as com-yare “virus was recovered from the genetically-
pared to cDNA transcription in the cell. The deyqgifieq cDNA template through the transfection
velopment of more efficient transfection methodyt certified CEF cells under GMP. Altogether three
ologies such as cationic liposomes and elegzanstection lots were derived which gave rise to
troporation improved the efficiency of RNA trans-,, primary and three secondary seed lots all in

fection of cultured cells. The basic methodologyJy further passaging in CEF cells with all the rel-

for what is known today as infectious clone techayant quality controls as established for measles

nology was set. For a number of positive strandehcine production using this cell system. Aver-

viruses, infectious cDNA has been obtained ang e titer of formulated virus was 6.7 |gBFU/
can be used to understand the molecular basis @ * Fyrther analysis of viral genetic stability was

several biological phenomena such as: virulencgl ried out by: serial passaging in CEF cultures

attenuation, cell penetration, replication, hostrangén g stydying several parameters such as plague
conditional mutants and the design of mutants iQi;e mouse neurovirulence and nucleotide se-
genome regions for which no function is k.nowr.]quence determination with satisfactory results.
Conceivably development of new live vaccine Virhe fina| phenotypic analysis that requires the in-

ruses could or should include mutations in differsenationally accepted monkey neurovirulence test-
ent areas as to render reversion less likely and g is ongoing

fect one or more of the traits above. The Table ™ ; t51ows below the presentation of some

shows a list of infectious clones presently avail: rogress towards the development of new live

able and some of the studies which have been cgfsjyirys vaccines using YF 17D virus. The ex-
ried out using this technology.

amples include the creation of chimeric viruses
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TABLE
Flavivirus infectious clones and applications

YELLOW FEVER
E: changes in domains I, 11, lll. Vaccine (Galler et al. unpublished) and Asibi-related (C Rice, pers. commun.)
NS1: N-linked glycosylation mutants, charged-to-alanine mutants (Muylaert et al. 1996, 1997)
NS2A/2B: mutagenesis of cleavage site (Nestorowicz et al. 1994)
NS2B: changes in variable hydrophobic and conserved hydrophilic domains (Chambers et al. 1993)
NS3: mutagenesis at the catalytic triad of protease domain (Chambers et al. 1990b).
NS4A/4B: mutagenesis at the signalase cleavage site (Lin et al. 1994)
NS5: vaccine (Galler et al. unpublished) and Asibi-related (C. Rice, pers. commun.)
Construction of chimeric viruses: JE (Chambers et al. 1999, Guirakhoo et al. 1999, 2000, Monath et al. 1999,
2000). DEN-2 (Lindenbach & Rice 1999, Galler et al. in preparation)

DENGUE TYPE 2
Strains: New Guinea C (Kapoor et al. 1995), PDK53/16881 (Kinney et al. 1997), NGC/PUO218 (Gualano et
al. 1998)
E: reversion to virulence in mice (Gualano et al. 1998, Bray et al. 1998)
NS1: protein secretion and dimer formation (Pryor et al. 1998)
NS3: temperature-sensitive mutant (Kinney et al. 1997)
Construction of chimeric viruses: DEN-2/1 (Huang et al. 2000)
Mapping attenuation determinants (Butrapet et al. 2000)

DENGUE TYPE 4
E: virulence for mice (Bray et al. 1992)
NS1: N-linked glycosylation mutants (Pletnev et al. 1993)
5’ end: changes in conserved sequence (Cahour et al. 1995)
3’ end: deletions (Men et al. 1996)
Construction of chimeric viruses: Denl1-2-3, TBE, Langat (Lai et al. 1998)

JAPANESE ENCEPHALITIS
E: virulence in mice (Sumiyoshi et al. 1992)

OTHER FLAVIVIRUS INFECTIOUS CLONES
Den 1 cloned in yeast (Pur et al. 2000)
Kunjin (Kromykh & Westaway 1994)

TBE (Mandl et al. 1998)

through the exchange of prM/M/E genes (Fig. 3df infectious cDNA for dengue virus type 4 (Lai et
as first established for DEN-4 virus chimeras (Laal. 1991) allowed the construction of new chimeric
et al. 1998). This allows the removal of the majodengue viruses (Bray & Lai 1991, Lai et al. 1998,
immunogens of the vector thereby reducing theee Fig. 3). The prM/M/E genes of dengue virus
criticism on previous immunity to the vector. Itserotypes 1, 2 and 3 were inserted into the dengue
remains to be carefully established whether immut infectious clone resulting in chimeric virus with
nity to NS1 and NS3 proteins may hamper replireduced virulence for mice and monkeys (Lai et
cation of the virus and reduce its immunogenicityal. 1998). The same type of construction was
Construction of chimeric flaviviruseThe con- made for TBE and Langat viruses (Pletnev et al.
struction of chimeric viruses as an alternative t4992, 1993, Pletnev & Men 1998) resulting in
developing new vaccines based on the mapping efrus attenuated for mice. The main pitfall with
virulence determinants has become a reality. Thie development of such chimeras with dengue
rationale behind this approach is to have cDNAype 4 virus infectious cDNA is the fact that the
from a virus with well known vaccine propertiesDEN-4 backbone derives from a wild type virus.
and to use this cDNA as a carrier for heterologoudn the other hand, having the YF 17D virus gen-
antigens, once the virus recovered from it is alserated from infectious cDNA produced accord-
shown to be attenuated. The feasibility of this agng to GMP using current methodology for YF and
proach was first demonstrated for poliovirus (rehaving shown its attenuation, it would be worth
viewed in Rose & Evans 1990). The developmertying to construct chimeric viruses having the 17D
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backbone and prM/M/E genes of DEN virusesrom Rice et al. (1989) by the exchange of the prM/
fused in frame to it as to make up the complet®l/E genes with cDNA derived from JE SA14-14-
flavivirus genome and hopefully functional. The2 and Nakayama strains of JE virus. The former
production and testing of such chimeric virusesorresponds to the live attenuated vaccine strain in
could be carried out as determined for YF virus. use nowadays in China.

Development of YF 17D/JE chimeric viruses  Guirakhoo et al. (1999) and Monath et al. (1999,
Chambers et al. (1999) have described the fir&000) have brought it closer to vaccine develop-
chimeric virus developed with the YF 17D cDNAment. Here, chimeric virus was recovered after

transfection of certified FRhL cells with five addi-

tional passages of the virus to produce seed lots
—_ Asbi and experimental vaccine lot (5th passage) all un-
der GMP in certified cells. Virus yields in this cell

e =;22 o] system were not provipled. _ . .

1 Chimeric virus retained nucleotide/amino acid

1., L sequences present in the original SA14-14-2 strain.
223 T This vaccine strain differs, in prM/M/E region,

==226 = from the parental virus in six positions (E-107;
997 E138; E176: E279; E315; E439). Mutations are
228 [cCoomaiss] stable across multiple passages in cell culture
229 L (Vero) and mouse brain but not in FRhL cells.
230 Despite previous data on the genetic stability of
231 such virus, one of the four changes in the E protein
232 = AB 237 related to viral attenuation had reverted, during the
233 FRASL(PIFL) USAS2 | passaging to produce the secondary seed.
ggg vsz(cchFi«)E VACCNE Initial phenotypic characterization of FRhL 5th

CEF FRG 8366 passage virus by inoculation in mice suggested it
236 VERO CEF S111269 . . . .
237 VERO  VERO WHO Si 21377 is not neurovirulent in contrast to the 17D vaccine
238 VERO  BHK  FloCRUZSL virus. Monkey neurovirulence test with YF 17D
239 SW13  BHK VACCNECER) virus and 17D/JE-FRhL-3rd passage resulted in low
240 [F04] SW13  [17D213 | viremia for both viruses and lower clinical and his-

A C 204 topathological scores for the chimeric virus as com-

1 243 pared to 17D.

T 279 Eprara In a dose-response study neutralizing antibod-
280 E749 ies specific for prM/M/E were elicited in all groups
281 E774 of monkeys with different doses even with as little
o i as 100 PFUs and conferred full protection against
284 IC challenge with wild type JE. However, the lower

_ _ . _ the chimeric virus dose the more residual histo-
Fig. 2: passage history of the original yellow fever (YF) As'b'pathological changes were noted in the SNC after

strain and derivation of YF 17D vaccine strain and it . : . .
substrains. The YF virus Asibi strain was subcultured in en?l-C chaIIenge with wild type JE virus. Thirteen/

bryonic mouse tissue and minced whole chicken embryo withixteen monkeys developed significant increase in
or without nervous tissue. These passages yielded the pardhtantibodies after challenge suggesting viral rep-
17D strain at passage level 180, 17DD at passage 195, and [fesation and booster immune response. It was con-

17D-204 at passage 204. 17DD was further subcultured ungilj \qed that Chimerivax 17D/JE SA14-14-2 virus
passage 243 and underwent 43 additional passages in embr

0- g - .
nated chicken eggs until the passage 284 which is currentﬁ)eets preclinical safety and efficacy requirements
the passage for vaccine batches in use for human vaccinatid®r & human vaccine, it appears safer than 17D vi-

The 17D-204 was further subcultured to produce Colombiaus but has a similar profile of immunogenicity and
88 strain which, upon passage in embryonated chicken eggsrotective efficacy.

gave rise to vaccine seed lots currently in use in France (I : : -
Pasteur, at passage 235) and in the USA (Connaught, at pas- Development of chimeric 17D/dengue viruses

sage 234). The 17D-213 strain was derived from 17D-204 when he first chimeric 17D/qengue virus developed
the primary seed lot (S1 112-69) from the Federal Republic diGuirakhoo et al. 2000) involved prM/M/E gene
Germany (FRG 83-66) was used by the World Health Organkeplacement (fusion at the signalase cleavage site,
zation (WHO) to produce an avian leukosis virus-free 17E‘:ig_ 3) with a den2 cDNA from PUO218 strain

seed (S1 213/77) at passage 237. This 213/77 seed was uge . -
to prepare a primary seed at the Oswaldo Cruz Foundati ild type virus from a DF case, Thailand 1980).

(Fiocruz S1) which was passed once more in cultured chickehll Virus regeneration and passaging was done in
embryo fibroblasts to produce experimental vaccine batché¢ero PM cells (a cell bank from Pasteur-Merieux)

at passage 239. allegedly certified for live vaccine virus produc-
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Fig. 3: schematic representation of proteolytic cleavages at the flavivirus polyprotein C-prM region. In (a) the flavivirus ge
nome structure is depicted. In (b) is shown the proposed spatial arrangement of the translational complex at the C-NS1 region
into the ER lipidic membrane. The solid vertical black bars represent hydrophobic transmembrane domains. In (c) the trans-
membrane domain between C and prM is represented and flanked on the left by the viral protease NS2B-3 cleavage that takes
place in the cytoplasm, and on the right by the signalase cleavage which occurs in the ER lumen. In (d) is shown theé amino aci
sequence present in this hydrophobic transmembrane domain for both YF and den2 viruses and (e) represents the genome
structure of a chimeric virus with a prM/M/E gene replacement with precise fusion at the signalase cleavage sites in C-prM and
E/NS1.

tion. Recombinant virus retained PUO218 prMActerized at the genomic level by RT/PCR with YF/
M/E sequences even after 18 serial passagesDen-specific primers and nucleotide sequencing
Vero cells but some variation was noted in YFover fusion areas and the whole DEN2-moieties.
genes. Phenotypic analysis of chimeric 17D/den®he polyprotein expression/processing was moni-
virus showed it does not kill mice even at high dosdsred by SDS-PAGE analysis of radiolabeled viral
(6 log; o PFU) in contrast to YF 17D which kills proteins immunoprecipitated with specific antis-
nearly 100% at 3 logPFU. Antibody response era, including monoclonal antibodies. Recogni-
and full protection were elicited by the 17D-DEN2tion of YF and DEN-2 proteins by hiperimmune
chimera in both YF immune and flavivirus-naiveantisera, and monoclonal antibodies was also ac-
monkeys. In a dose response study even at themplished by viral neutralization in plaque for-
lowest dose (2 logPFU) chimeric virus replicated mation reduction tests and indirect immunofluo-
sufficiently to induce a protective neutralizing an+tescence on infected cells. The growth of recom-
tibody response as no viremia was detected in thelsmant viruses was examined in several cell sub-
animals after challenge with a wild type dengue 3trates such as Vero, LLC-MK C6/36, MRC5,
virus. and CEF. Only YF virus grew in all of them to
Galler et al. (in preparation) have also develhigh titers but the chimeric viruses failed to repli-
oped a similar chimeric 17D-DEN-2 virus. How-cate in the vaccine-production certified cells (CEF
ever, the 17D backbone used was different sinceahd MRC5) similarly to DEN-2 virus. Therefore,
was the modified version of it (Galler et al. in prepait remains to be seen whether any other certified
ration, see above). In addition to using the DEN-2ell can be used for virus production and whether
prM//M/E genes of the DEN-2 PUO218 strain theyero cells will become an acceptable substrate for
have also derived a second chimeric virus contaithis purpose. Analysis of viral virulence was per-
ing the carboxi terminal third of E from a Brazil- formed by intracerebral inoculation of mice $10
ian strain of DEN-2 virus. These viruses were chaRFU) and the viruses turned out to be more attenu-
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ated in this system than the YF 17D virus. With of a candidate dengue type 2 vaccine virus, strain
regard to the immunogenicity, although no mon- 16681 (PDK-53), are defined by mutations in the
key studies were performed, as described by 5'n0n_coding region and nonstructural proteins 1 and
Guirakhoo et al. (2000), studies in the mouse modg| 3-J Virol 74: 3011-3019. _
indicate the chimeric virus does induce a protecz2NoUr A Pletnev AH Vaze."'e'(';%'coz M, Rosen L, Lai
tive response against an otherwise lethal dose of CJ 1995. Growth-restricted dengue virus mutants

. . . containing deletions in the 5'noncoding region of
mouse neurovirulent DEN-2 New Guinea C virus. the RNA genome.\/irologyzor 68-76. greg

CONCLUSIONS/PERSPECTIVES Chambers TJ, Hahn CS, Galler R, Rice CM 1990a.

. . . Flavivirus genome organization, expression and evo-
YF 17D virus has several characteristics which | tion. Anng Rev Micrgbi0¥14: 649_628_

are desirable for vaccines in general and that hagambers TJ, Nestorowicz A, Amberg SM, Rice CM

attracted the interest of several laboratories in de- 1993. Mutagenesis of the yellow fever virus

veloping it further to be used as a vector for heter- nonstructural polyportein: a catalitically active NS3

ologous antigens. The application of molecular proteinase domain and NS2B are required for cleav-
techniques to the study of flavivirus genome struc-  ages at dibasic site3.Virol 65: 6797-6807.

ture and expression led to new approaches to uabambers TJ, Nestorowicz A, Mason PW, Rice CM
derstand viral biology. The development of infec-  1999. Yellow fever/Japanese encefalitis chimeric
tious clone technology has allowed the genetic viruses: construction and biological propertiés.

manipulation of YF 17D genome towards the eXg a\/r:]rglezg_reaog\?v-gilr%b Grakoui A McCourt DW

pression of foreign genes. It has_ been shown tha Bazan JF, Fletterick RJ, Rice CM 1990b. Evidence
the preparation of clinical grade viral seed lots suit-  that the N-terminal domain of nonstructural protein
able for vaccine production from cDNA is feasible  NS3 from yellow fever virus is a serine protease re-
and that was a first step forward to scale up such sponsible for site-specific cleavages in the viral
development. In this regard, infectious clone tech- polyproteinProc Natl Acad Sci USA 88898-8902.
nology allowed the construction of new chimericPuarte dos Santos CN, Post PR, Carvalho R, Rice CM,
live flaviviruses which appear attenuated and im- Galler R 1995. Complete nUCl.eOtlde sequence of the
munogenic in experimental animal models and 9enome from yellow fever virus 17DD and 17D-

: s : 213 vaccine straind/irus Research3s: 35-41.
should in a short term undergo clinical testing. Falgout B, Channock R, Lai CJ 1989, Proper process-

Infectious clone technology has already 3 - :

nreveled some mechanisms gf¥ch may lead ){[0 ing qf dengue V|rus.nonstructural glyc;oproteln NS1
unrev lanisms wnl ay requires the N-terminal hydrophobic signal sequence
viruses altered at specific points of the viral cycle.  and the downstream nonstructural protein NSPA.
Attenuation can be effected by introducing mul-  virol 63:1852-1860.
tiple changes and making the mutant less prone Falgout B, Pethel M, Zhang YM, Lai CJ 1991. Both
reversion given the high mutation rate of RNA vi-  nonstructural proteins NS2B and NS3 are required
ruses. These mutants could be used for experi- for the proteolytic processing of dengue virus
mental infections if the appropriate animal models honstructural proteing. Virol 65: 2467-2475.
are available and may result in viruses with poter@orei/'le%gg“% Koor;url %V’ Donfche_rll_ko Af ' Btllrt1_0v
tial as new live vaccine. Infectious clone technol- . g W? rg ate ?uper amilies %. putative
ogy has a huge potential to generate new viruses, Nelicases involved in rep ication, recombination re-

2 . ; . . air and expression of DNA and RNA genontascl
Itis likely that by the time we realize that chimeric 2clids Re;(q.'74713-4730. g

viruses may not be the ideal vaccine enough dag,alano RC, Pryor MJ, Cauchi MR, Wright PJ,
will have accumulated on several viral functions pavidson AD 1998. Identification of a major deter-
that will allow the rational development of viruses  minant of mouse neurovirulence of dengue virus type
bearing multiple mutations. This is turning into a 2 using stably cloned genomic-length cDNKGen

major trend in flavivirus research. Virol 79: 437-446.
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