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DESCRIPTION

PRIORITY

[0001] This PCT Application claims priority to U.S. Provisional Application No. 61/800,204 filed
March 15, 2013.

FIELD

[0002] Embodiments herein report compositions, methods, uses and manufacturing
procedures for dengue virus constructs and vaccine compositions thereof. Some embodiments
concern a composition that includes, but is not limited to, chimeric flavivirus virus constructs
that alone or in combination with other constructs can be used in a vaccine composition. In
certain embodiments, compositions can include constructs of more than one serotypes of
dengue virus, such as dengue-1 (DEN-1) virus, dengue-2 (DEN-2) virus, dengue-3 (DEN-3)
virus and/or dengue-4 (DEN-4) virus. In other embodiments, manufacturing strategy that can
improve the safety and genetic stability of recombinant live-attenuated chimeric dengue
vaccine (DENVax) viruses. Certain embodiments include at least one live, attenuated dengue
virus in combination with dengue virus chimeric constructs identified to be both safe and
effective in vaccine compositions where the constructs have undergone additional passages in
cell cultures.

BACKGROUND

[0003] Infection with dengue virus can lead to a painful fever of varying severity. To date, four
serotypes of dengue virus have been identified: dengue-1 (DEN-1), dengue-2 (DEN-2), or
dengue-3 (DEN-3) in combination with dengue-4 (DEN-4). Dengue fever is caused by infection
of a dengue virus. Other subtypes may be discovered in the future (e.g. DEN-5). Dengue virus
serotypes 1-4 can also cause dengue hemorrhagic fever (DHF), and dengue shock syndrome
(DSS). The most severe consequences of infection, DHF and DSS, can be life threatening.
Dengue viruses cause 50-100 million cases of debilitating dengue fever, 500,000 cases of
DHF/DSS, and more than 20,000 deaths each year. To date, there is no effective vaccine to
protect against dengue fever and no drug treatment for the disease. Mosquito control efforts
have been ineffective in preventing dengue outbreaks in endemic areas or in preventing
further geographic spread of the disease. It is estimated that 3.5 billion people are threatened
by infection with dengue virus. In addition, dengue virus is a leading cause of fever in travelers
to endemic areas, such as Asia, Central and South America, and the Caribbean.

[0004] All four dengue virus serotypes are endemic throughout the tropical regions of the world
and constitute the most significant mosquito-borne viral threat to humans in tropical regions,
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worldwide. Dengue viruses are transmitted to humans primarily by Aedes aegypti mosquitoes.
Infection with one dengue virus serotype results in life-long protection from re-infection by that
serotype, but does not prevent secondary infection by one of the other three dengue virus
serotypes. In fact, previous infection with one dengue virus serotype leads to an increased risk
of severe disease (DHF/DSS) upon secondary infection with a different serotype. The
development of an effective vaccine represents an important approach to the prevention and
control of this global emerging disease. Multiple immunizations make complete vaccine
coverage difficult both for public health efforts in dengue virus endemic countries as well as
travelers.

[0005] WO 01/60847 relates to the construction of avirulent, immunogenic flavivirus chimeras.
In particular, dengue-2 16681, PDK-53-E and PDK-53-V are used as a backbone into which
structural protein genes of the other flaviviruses are inserted, in particular from the dengue-1
strains 16007 or PDK-13, the dengue-3 strain 16562, the dengue-4 strain 1036, or the West
Nile strain NY99.

[0006] Huang et al. (2003, J of Virol, 77(21):11436-11447) relates to the development of
chimeric dengue viruses based on a dengue-2 backbone. In particular, wild-type dengue-2
16681 and the attenuated strains PDK-53-V and PDK-53-E were used as a backbone into
which structural protein genes from dengue-1, dengue-3, or dengue-4 strains were inserted.

[0007] Osorio et al. (2011, Vaccine, 29:7251-7260) is a review article relating to the
development of DENVax for protection against dengue fever.

[0008] Butrapet et al. (2000, J of Virol, 74(7):3011-3019) relates to the determination of
attenuation markers of PDK-53 in the 5 'noncoding region and nonstructural proteins 1 and 3.

[0009] Lee et al. (2011, Plos One, 6(10):e25800) relates to dengue type 4 live-attenuated
vaccine viruses passaged in Vero cells and corresponding effects on genetic stability and
dengue-induced hemorrhaging in mice.

SUMMARY

[0010] The invention is described in the claims.

[0011] Any references in the description to methods of treatment refer to the compounds,
pharmaceutical compositions and medicaments of the present invention for use in a method of
treatment of the human body by therapy.

[0012] Embodiments herein concern compositions, methods and uses of chimeric dengue
virus constructs. In some embodiments, a composition can include chimeric dengue virus
constructs having an attenuated dengue virus backbone with structural genes from at least one
other dengue virus serotype. Other embodiments concern at least one live, attenuated virus in
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combination with one or more chimeric dengue viruses. Other embodiments can include a
composition of chimeric dengue viruses having a modified DEN-2 backbone (e.g. PDK-53 as a
starting backbone in P1 (passage-1) and passage variability (after passage and growth in vitro
on a permissive cell line) as indicated for P2, P3,...P8..P10 etc.) and one or more structural
components of DEN-1, DEN-2, DEN-3 or DEN-4. In other embodiments, an immunogenic
composition is generated where when introduced to a subject, the composition produces an
immune response to one or more dengue viruses in the subject. Therefore, constructs
contemplated herein can be generated and passaged in vitro, and each of the passages
provides an attenuated dengue virus contemplated of use in a pharmaceutically acceptable
vaccine composition. In certain embodiments a live, attenuated virus can be a live, attenuated
dengue-2 virus alone or in combination with one or more chimeric dengue viruses.

[0013] In certain examples, chimeric dengue virus constructs of dengue virus serotypes can
include passage 7 (P7) live, attenuated viruses or chimeric viruses having nucleic acid
sequences identified by SEQ ID NOS: 1, 4, 7 and 10 or polypeptide sequences indicated by
SEQ ID NOS: 2, 3, 5, 6, 8, 9, 11 and 12. It is contemplated herein that any of the passages for
any of the live, attenuated viruses described herein can be used in an immunogenic
composition to induce immune responses to the represented dengue viruses (e.g. serotypes 1-
4). In accordance with these embodiments, an immunogenic composition that includes a P-8
isolated live, attenuated virus can be administered to a subject to induce an immunogenic
response against one or more dengue virus serotypes depending on the construct selected. In
addition, a live, attenuated virus can be combined with one or more of these chimeric viruses.
This is contemplated for each of the live, attenuated viruses isolated/produced in each
subsequent cell passages (e.g. African Green Monkey Vero cell production, hereinafter: Vero
cells). It is contemplated herein that any cell line (e.g. GMP-produced cell bank, FDA or EMA-
approved) capable of producing dengue viruses is of use to passage any of the viral constructs
at a manufacturing scale or as appropriate contemplated herein for subsequent use in a
vaccine or immunogenic composition against Dengue virus.

[0014] In other embodiments, compositions contemplated herein can be combined with other
immunogenic compositions against other Flaviviruses such as West Nile virus, Japanese
encephalitis or any other flavivirus chimeric construct and/or live, attenuated virus. In certain
embodiments, a single composition can be used against multiple flaviviruses.

[0015] In certain embodiments, an immunogenic composition of the present disclosure can
include chimeric dengue viruses against one or more of DEN-1, DEN-2, DEN-3 and/or DEN-4,
alone or in combination with a live, attenuated dengue virus composition.

[0016] In other embodiments, a construct can include a construct having adaptive mutations in
the structural or non-structural regions of the virus that increase growth or production without
affecting attenuation or safety of the virus when introduced to a subject. In certain
embodiments, any of the contemplated chimeric dengue virus constructs can include a live,
attenuated DEN-2 virus having specific mutations used as a backbone where the live
attenuated DEN-2 PDK virus further includes structural proteins of one or more of prM
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(premembrane) and E (envelope) structural proteins of the other dengue virus serotypes. In
addition, a DEN-2 backbone can include additional mutations in order to increase production of
or enhance the immune response to a predetermine composition in a subject upon
administration (e.g. chimeric Dengue virus 2/1, 2/3 or 2/4).

[0017] In some embodiments, structural protein genes can include prM and E genes of DEN-1,
DEN-2, DEN-3 or DEN-4 on a DEN-2 backbone having one or two mutations that are part of a
live, attenuated dengue virus. For example, a dengue construct, in certain embodiments can
include those constructs termed DENVax-1-A, DENVax-2-F, DENVax-3-F, and DENVax-4-F
(see Example section) where the DEN-2 backbone has one or more mutations (e.g. not found
in the P1 or other previous passaged virus or PDK-53) from the DEN-2 live, attenuated virus
previously demonstrated to be safe and effective to induce an immune response. The DEN-2
live, attenuated virus of the instant application is an improved version of the originally used
DEN-2 live, attenuated virus. A chimeric construct can include a modified attenuated DEN-2
PDK-53 backbone, having one or more structural proteins of the second dengue virus serotype
wherein the structural proteins can include additional mutations to increase an immunogenic
response to the chimeric construct. In some embodiments, certain mutations acquired by
attenuated DEN-2 PDK-53 can produce a conservative amino acid change or not in a
constructs different from the P1 construct which can result in desirable traits for production etc.

[0018] In other embodiments, a live, attenuated DEN-2 genome can be used to generate
constructs of dengue virus serotype 1 (DEN-1) and dengue virus serotype 3 (DEN-3), dengue
virus serotype 4 (DEN-4) where one or more structural protein genes of the DEN-2 viral
genome can be replaced by one or more structural protein genes of DEN-1, DEN-3 or DEN-4,
respectively. In some embodiments, a structural protein can be the C, prM or E protein of a
second dengue virus. In certain embodiments, structural protein genes include the prM and E
genes of DEN-1, DEN-3 or DEN-4. These hybrid viruses express the surface antigens of DEN-
1, DEN-3 or DEN-4 while retaining the attenuation phenotypes of the parent attenuated DEN-2.

[0019] Constructs disclosed herein can include chimeric constructs of DEN-4, DEN-2, DEN-1,
and DEN-3 expressing surface antigens of DEN-1, DEN-3 and DEN-4 using attenuated DEN-2
virus as a backbone.

[0020] In certain embodiments, compositions of the instant disclosure can include a
composition that comprises a single chimeric dengue virus construct disclosed herein and a
pharmaceutically acceptable carrier or excipient. Alternatively, compositions of the instant
disclosure can include a composition that comprises two or more, or three or more chimeric
dengue virus constructs disclosed herein, and a pharmaceutically acceptable carrier or
excipient. In accordance with these embodiments, a one or more dengue virus chimeric
constructs contemplated herein can be combined with one or more, live attenuated dengue
viruses. In certain embodiments, a live, attenuated virus can be a live, attenuated DEN-2 virus
wherein additional mutations in the NCR, NS1 regions or other regions increase the immune
response, increase viral growth or other improvement for an improved live, attenuated dengue
virus.
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[0021] In certain embodiments, the attenuation loci, nucleotide 5'NCR-57-T, NS1-53-Asp, and
NS3-250-Val, of the DENV-2 vaccine have been previously determined, and all of these
changes are shared by the common PDK-53 virus-specific genetic background of the four
DENVax viruses. The genetic sequence of the three attenuation loci as well as the previously
established in vitro and in vivo attenuation phenotypes of these vaccine candidates were
carefully monitored for the cGMP-manufactured DENVax seeds. This report describes
strategies used to generate master virus seeds (MVS) as well as their genetic and phenotypic
characterization of use in the manufacture of dengue virus vaccine compositions. These MVS
can be used for manufacture of clinical materials and ultimately commercial vaccine supplies.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] The following drawings form part of the present specification and are included to further
demonstrate certain embodiments. Some embodiments may be better understood by
reference to one or more of these drawings alone or in combination with the detailed
description of specific embodiments presented.

Fig. 1 represents an exemplary chart reflecting an exemplary chimeric construct of the instant
disclosure, DEN-2/DEN-4 compared to previously generated constructs and wild type dengue
viruses.

Fig. 2 represents an exemplary histogram plot comparing various responses using a live,
attenuated DEN-2 backbone (with additional mutations) and a second dengue virus serotype
as structural components substituted for the dengue-2 structural components (e.g. DENVax-1
MVS). This plot illustrates plaque sizes of the DENVax MVS. Wild-type Dengue viruses and
previously published research-grade vaccine candidate viruses were included for control and
comparison. This plot illustrates improved production of the dengue virus constructs compared
to control dengue virus chimeric constructs.

Fig. 3 represents an exemplary histogram plot that represents temperature sensitivities of
DENVax MVS (Master Virus Seed). Wild type dengue viruses and previously published
research-grade vaccine candidate viruses were included for comparison with the MVS grade.

Fig. 4 represents an exemplary histogram plot that represents viral growth of DENVax MVS in
C6/36 cells compared to controls. Wild-type dengue viruses and research-grade vaccine
candidate viruses were included for comparison with the DENVax MVS.

Figs. 5A-5C represent exemplary plots of neurovirulence in newborn mice. Pooled results of
several experiments summarizing the neurovirulence of wt DENV-2 16681 virus in CDC-ICR

(n=72) and Taconic-ICR (n=32) newborn mice challenged ic with 104 pfu of the virus (A).

Neurovirulence of DENVax MVS tested in Taconic-ICR mice with a dose of 10 pfu (B) or 103
pfu (C). The numbers of animals tested per group in one experiment (n=16) or two pooled
experiments (n=31 or 32) are indicated.
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Fig. 6 represents an exemplary histogram illustrating plaque size of the DENVax MVS, VWS,
and BVS. Mean plaque diameters + SD (error bars) of the virus plaques in Vero or LLC-MK>

cells under agarose overlay measured on day 9 pi. Wild type DENVs and previously published
research-grade vaccine candidate viruses were included for control and comparison.

Fig. 7 represents an exemplary histogram plot illustrating growth of DENVax MSV, VWS, and
BVS in C6/36¢cells at two incubation temperatures to verify their retention of this in vitro
attenuation marker after large scale manufacturing.

Fig. 8 represents an exemplary histogram plotting restricted growth of DENVax MVS, VWS,
and BVS in C6/36 cells. Mean titers £ SD (error bars) of the viruses replicated in C6/36 cells 7
days pi. The wt Dengue viruses and previously published research-grade vaccine candidate
viruses were included for comparison.

Figs. 9A-9B represent exemplary graphs of data of neurovirulence of DENVax MVS in
newborn ICR mice. (A) IC inoculations of the virus at dose of 104 PFU. (B) IC inoculation of the
virus at dose of 103 PFU.

Fig. 10 represents an exemplary chart comparing new live, attenuated viruses to previously
generated live, attenuated dengue viruses.

DEFINITIONS

[0023] As used herein, "a" or "an" may mean one or more than one of an item.

[0024] As used herein the specification, "subject” or "subjects” may include, but are not limited
to, mammals such as humans or mammals, domesticated or wild, for example dogs, cats,
other household pets (e.g. hamster, guinea pig, mouse, rat), ferrets, rabbits, pigs, horses,
cattle, prairie dogs, wild rodents, or zoo animals.
[0025] As used herein, the terms "virus chimera,” "
"chimeric flavivirus" can mean a construct comprising a portion of the nucleotide sequence of a
dengue-2 virus and further nucleotide sequence that is not from dengue-2 virus or is from a
different flavivirus. A "dengue chimera" comprises at least two different dengue virus serotypes
but not a different flavivirus. Thus, examples of other dengue viruses or flaviviruses include,
but are not limited to, sequences from dengue-1 virus, dengue-3 virus, dengue-4 virus, West
Nile virus, Japanese encephalitis virus, St. Louis encephalitis virus, tick-borne encephalitis
virus, yellow fever virus and any combination thereof.

chimeric virus," "flavivirus chimera" and

[0026] As used herein, "nucleic acid chimera” can mean a construct of the disclosure
comprising nucleic acid comprising a portion of the nucleotide sequence of a dengue-2 virus
and further nucleotide sequence that is not of the same origin as the nucleotide sequence of
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the dengue-2 virus. Correspondingly, any chimeric flavivirus or flavivirus chimera disclosed
herein can be recognized as an example of a nucleic acid chimera.

[0027] As used herein, "a live, attenuated virus" can mean a wild-type virus, mutated or
selected for traits of use in vaccine or other immunogenic compositions wherein some traits
can include reduced virulence, safety, efficacy or improved growth etc.

DESCRIPTION

[0028] In the following sections, various exemplary compositions and methods are described in
order to detail various embodiments. It will be obvious to one skilled in the art that practicing
the various embodiments does not require the employment of all or even some of the specific
details outlined herein, but rather that concentrations, times and other specific details may be
modified through routine experimentation. In some cases, well-known methods or components
have not been included in the description.

[0029] In accordance with embodiments of the present disclosure, there may be employed
conventional molecular biology, protein chemistry, microbiology, and recombinant DNA
techniques within the skill of the art. Such techniques are explained fully in the literature. See,
e.g., Sambrook, Fritsch & Maniatis, Molecular Cloning: A Laboratory Manual, Second Edition
1989, Cold Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y.; Animal Cell Culture, R.
I. Freshney, ed., 1986).

[0030] Embodiments herein concern compositions, methods and uses for inducing immune
responses against one or more dengue virus serotypes in a subject, individually or
simultaneously. In accordance with these embodiments, attenuated dengue viruses and
nucleic acid chimeras are generated and used in vaccine compositions disclosed herein. Some
embodiments concern modified or mutated dengue constructs or chimeras. Other
embodiments concern introducing mutations to modify the amino acid sequences of structural
proteins of dengue viruses wherein the mutation increase immunogenicity to the virus.

[0031] Live, attenuated dengue viruses of all four serotypes have been developed by
passaging wild-type viruses in cell culture. These are some of the most promising live,
attenuated vaccine candidates for immunization against flavivirus and in particular dengue
virus infection and/or disease. These vaccine candidates have been designated by a
combination of their dengue serotype, the cell line through which they were passaged and the
number of times they were passaged. Thus, a dengue serotype 1 wild-type virus passaged in
PDK cells 13 times is designated as DEN-1 PDK-13 virus. Other vaccine candidates are DEN-2
PDK-53, DEN-3 PGMK-30/FRhL-3 (e.g. thirty passages in primary green monkey kidney cells,
followed by three passages in fetal rhesus lung cells and DEN-4 PDK-48). These four
candidate vaccine viruses were derived by tissue culture passage of wild-type parental DEN-1
16007, DEN-2 16681, DEN-3 16562 and DEN-4 1036 viruses, respectively.
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[0032] In certain embodiments, live, attenuated dengue-2 PDK-53 vaccine virus contained a
mixture of viruses, with the population containing varying nucleotide differences. After genetic
characterization of the attenuating mutations, certain attenuating characteristics were outlined
and engineered into a cDNA infectious clone. RNA was transcribed from this infectious clone
and introduced into Vero cells as a passage 1 of the newly characterized and derived PDK-53-
Vero-DEN-2-P 1 virus (see for example, Table 1). This attenuated virus was created for each
DEN serotype, but for DEN-1, DEN-3 and DEN-4, the prM and E genes were engineered into 3
separate cDNA infectious clones, thus generating four separate PDK-53-Vero viruses (termed
herein as: PDK-53-Vero-DEN-2-P 1, PDK-53-Vero-DEN-1-P 1, PDK-53-Vero-DEN-3-P 1, and
PDK-53-Vero-DEN-4-P 1). These attenuated vaccine virus strains were passaged in Vero cells
10 times (Table 1), and each separate lineage acquired mutations upon their adaptation to
grow in Vero cells (Table 3). Certain embodiments here are directed to derivation and uses for
these live, attenuated dengue viruses.

[0033] Previous human clinical trials with these attenuated viruses have indicated that DEN-2
PDK-53 has the lowest infectious dose (50% minimal infectious dose of 5 plaque forming units
or PFU) in humans, is strongly immunogenic, and produces no apparent safety concerns. The
DEN-1 PDK-13, DEN-3 PGMK-30/FRhL-3 and DEN-4 PDK-48 vaccine virus candidates have
higher 50% minimal infectious doses of 10,000, 3500, and 150 PFU, respectively, in humans.
Although only one immunization with monovalent DEN-2 PDK-53 virus or DEN-4 PDK-48 virus
was required to achieve 100% seroconversion in human subjects, a booster was needed to
achieve the same seroconversion rate for DEN-1 PDK-13 and DEN-3 PGMK-30/FRhL-3
viruses, which have the two highest infectious doses for humans.

[0034] DEN-2 PDK-53 virus vaccine candidate, also abbreviated PDK-53, has several
measurable biological markers associated with attenuation, including temperature sensitivity,
small plaque size, decreased replication in mosquito C6136 cell culture, decreased replication
in intact mosquitoes, loss of neurovirulence for suckling mice and decreased incidence of
viremia in monkeys. Clinical trials of the candidate PDK-53 vaccine have demonstrated its
safety and immunogenicity in humans. Furthermore, the PDK-53 vaccine induces dengue
virus-specific T-cell memory responses in human vaccine recipients. Some embodiments
herein describe an improvement on the DEN-2 PDK-53 used in chimeric constructs disclosed
herein.

[0035] Immunogenic flavivirus chimeras having a dengue-2 virus backbone and at least one
structural protein of another dengue virus serotype can be used for preparing the dengue virus
chimeras and methods for producing the dengue virus chimeras are described. The
immunogenic dengue virus chimeras are provided, alone or in combination, in a
pharmaceutically acceptable carrier as immunogenic compositions to minimize, inhibit, or
immunize individuals against infection by one or more serotypes, such as dengue virus
serotypes DEN-1, DEN-2, DEN-3 and DEN-4, alone or in combination. WWhen combined, the
immunogenic dengue virus chimeras may be used as multivalent vaccines (e.g. bi-, tri- and
tetravalent) to confer simultaneous protection against infection by more than one species or
strain of flavivirus. In certain embodiments, the dengue virus chimeras are combined in an
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immunogenic composition useful as a bivalent, trivalent or tetravalent vaccine against the
known dengue virus serotypes or confer immunity to other pathogenic flaviviruses by including
nucleic acids encoding one or more proteins from a different flavivirus.

[0036] In some embodiments, avirulent, immunogenic dengue virus chimeras provided herein
contain the nonstructural protein genes of the attenuated dengue-2 virus (e.g. PDK-53), or the
equivalent thereof, and one or more of the structural protein genes or immunogenic portions
thereof of the flavivirus against which immunogenicity is to be induced in a subject. For
example, some embodiments concern a chimera having attenuated dengue-2 virus PDK-53
genome as the viral backbone, and one or more structural protein genes encoding capsid,
premembrane/membrane, or envelope of the PDK-53 genome, or combinations thereof,
replaced with one or more corresponding structural protein genes from DEN-1, DEN-3 or DEN-
4 or other flavivirus to be protected against, such as a different flavivirus or a different dengue
virus serotype. In accordance with these embodiments, a nucleic acid chimera disclosed herein
can have functional properties of the attenuated dengue-2 virus and is avirulent, but expresses
antigenic epitopes of the structural gene products of DEN-1, DEN-3 or DEN-4 in addition to
other flaviviruses and is immunogenic (e.g. induces an immune response to the gene products
in a subject). Then, these DNA constructs are used to transcribe RNA from an infectious clone,
this RNA is introduced into Vero cells again producing a new progeny virus at P1. These new
progeny viruses are distinguishable from PDK-53. (See e.g. P1-P10).

[0037] In another embodiment, a nucleic acid chimera can be a nucleic acid chimera having,
but not limited to, a first nucleotide sequence encoding nonstructural proteins from an
attenuated dengue-2 virus, and a second nucleotide sequence encoding a structural protein
from dengue-4 virus alone or in combination with another flavivirus. In other embodiments, the
attenuated dengue-2 virus can be vaccine strain PDK-53 having one or more mutated amino
acids (see Examples). These additional mutations confer desirable traits of use as live,
attenuated dengue-2 or as chimeric constructs described herein. Some embodiments include
structural proteins of one or more of C, prM or E protein of a second dengue virus.

[0038] Other aspects include that chimeric viruses can include nucleotide and amino acid
substitutions, deletions or insertions for example, in the control PDK-53 dengue-2 genome to
reduce interference with immunogenicity responses to a targeted dengue virus serotype.
These modifications can be made in structural and nonstructural proteins alone or in
combination with the example modifications disclosed herein and can be generated by
passaging the attenuated virus and obtaining an improved composition for inducing an immune
response against one or more dengue virus serotypes.

[0039] Certain embodiments disclosed herein provide for method for making the chimeric
viruses using recombinant techniques, by inserting the required substitutions into the
appropriate backbone genome. Other embodiments herein concern passaging a confirmed
(e.g. safe and effective) live, attenuated chimeric virus for additional improvements. In certain
embodiments, a dengue-2 backbone used herein can include one or more mutations
presented in Table 3. In other embodiments, a dengue-dengue chimera of the instant
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application can include one or more mutations as presented in Table 3. In yet other
embodiments, a dengue-dengue chimera can include all of the mutations for each chimera as
represented in Table 3 for Den-2/Den-1, Den-2/Den-3 or Den-2/Den-4. Pharmaceutical
compositions that include a live, attenuated virus represented by the constructs of Table 3 are
contemplated. For example, mono-, di-, tri- or tetravalent compositions are contemplated of
use herein using chimeras and live, attenuated dengue-2 viruses as presented in Table 3.

[0040] In certain embodiments, a live, attenuated DEN-2 variant contemplated herein can be
formulated into a pharmaceutical composition wherein the pharmaceutical composition can be
administered alone or in combination with dengue-dengue chimeras or dengue-flavivirus
chimeras. In certain embodiments, a bi-, tri or tetravalent compositions can be administered in
a single application or in multiple applications to a subject.

Flavivirus Chimeras

[0041] Dengue virus types 1-4 (DEN-1 to DEN-4) are mosquito-borne flavivirus pathogens.
The flavivirus genome contains a 5'-noncoding region (5'-NC), followed by a capsid protein (C)
encoding region, followed by a premembrane/membrane protein (prM) encoding region,
followed by an envelope protein (E) encoding region, followed by the region encoding the
nonstructural proteins (NS1-NS2A-NS2B-NS3-NS4A-NS4B-NS5) and finally a 3' noncoding
region (3'NC). The viral structural proteins are C, prM and E, and the nonstructural proteins
are NS1-NS5. The structural and nonstructural proteins are translated as a single polyprotein
and processed by cellular and viral proteases.

[0042] Flavivirus chimeras can be constructs formed by fusing non-structural protein genes
from one type, or serotype, of dengue virus or virus species of the flaviviridae, with protein
genes, for example, structural protein genes, from a different type, or serotype, of dengue
virus or virus species of the flaviviridae. Alternatively, a flavivirus chimera of the disclosure is a
construct formed by fusing non-structural protein genes from one type, or serotype, of dengue
virus or virus species of the flaviviridae, with further nucleotide sequences that direct the
synthesis of polypeptides or proteins selected from other dengue virus serotypes or other
viruses of the flaviviridae.

[0043] In other embodiments, avirulent, immunogenic flavivirus chimeras provided herein
contain the nonstructural protein genes of the attenuated dengue-2 virus, or the equivalent
thereof, and one or more of the structural protein genes, or antigenic portions thereof, of the
flavivirus against which immunogenicity is to be conferred. Suitable flaviviruses include, but are
not limited to those listed in Table 1.

[0044] Other suitable dengue viruses for use in constructing the chimeras can be wild-type,
virulent DEN-1 16007, DEN-2 16681, DEN-3 16562 and DEN-4 1036 and attenuated, vaccine-
strain DEN-1 PDK-13, DEN-2 PDK-53, DEN-3 PMK-30/FRhL-3 and DEN-4 PDK-48. Genetic
differences between the DEN-1, DEN-2, DEN-3 and DEN-4 wild type/attenuated virus pairs are
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contemplated along with changes in the amino acid sequences encoded by the viral genomes.

[0045] Sequence listings for DEN-2 PDK-53 correspond to the DEN-2 PDK-53-V variant,
wherein genome nucleotide position 5270 is mutated from an Ato a T and amino acid position
1725 of the polyprotein or amino acid position 250 of the NS3 protein contains a valine residue.
The DEN-2 PDK-53 variant without this nucleotide mutation, DEN-2 PDK-53-E, differs from
PDK-53-V only in this one position. DEN-2 PDK-53-E has an A at nucleotide position 5270 and
a glutamate at polyprotein amino acid position 1725, NS3 protein amino acid position 250. It is
understood that embodiments herein include modified PDK 53 that include one or more
passages in a separate host cell (e.g. Vero cells, see Table 1) where desirable traits of use in
vaccine compositions contemplated herein are generated.

[0046] In certain embodiments, designations of the chimeras can be based on the DEN-2
virus-specific infectious clone modified backbones and structural genes (prM-E or C-prM-E)
insert of other dengue viruses or other flaviviruses. DEN-2 for the dengue-2 backbone,
followed by the strain from which the structural genes are inserted. One DEN-2 backbone
variant is reflected in the next letter after the number designation. One particular DEN-2
backbone variant from which the chimera was constructed is indicated by the following letter
placed after a hyphen, parent 16681 (P), PDK-53-E (E), or PDK-53-V (V); the last letter
indicates the C-prM-E structural genes from the parental (P) strain or its vaccine derivative (V)
or the prM-E structural genes from the parental (P) or its vaccine derivative (V1). For example;
DEN-2/1-VP denotes the chimera comprising the attenuated DEN-2 PDK-53V backbone
comprising a valine at NS3-250 and the C-prM-E genes from wild-type DEN-1 16007; DEN-2/1-
W denotes the DEN-2 PDK-53V backbone with the vaccine strain of dengue-1, DEN-1 PDK-13;
DEN-2/1-VP1 denotes the DEN-2 PDK-53V backbone and the prM-E genes from wild-type
DEN-1 16007; DEN-2/3-VP1 denotes the DEN-2 PDK-53V backbone and the prM-E genes
from wild-type DEN-3 16562; DEN-2/4VP1 denotes the DEN-2 PDK-53V backbone and the
prM-E genes from wild-type DEN-4 1036. Other chimeras disclosed herein are indicated by the
same manner.

[0047] In one embodiment, chimeras disclosed herein contain attenuated dengue-2 virus PDK-
53 genome as the viral backbone, in which the structural protein genes encoding C, prM and E
proteins of the PDK-53 genome, or combinations thereof, can be replaced with the
corresponding structural protein genes from dengue-1, dengue-3 or dengue-4 virus and
optionally, another flavivirus to be protected against, such as a different flavivirus or a different
dengue virus strain.

[0048] In the nonstructural protein regions, a Gly-to-Asp (wild type-to-PDK-53) mutation was
discovered at nonstructural protein NS1-53 (genome nucleotide position 2579); a Leu-to-Phe
(wild type-to-PDK-53) mutation was discovered at nonstructural protein NS2A-181 (genome
nucleotide position 4018); a Glu-to-Val (wild type-to-PDK-53) mutation was discovered at
nonstructural protein NS3-250 (genome nucleotide position 5270); and a Gly-to-Ala mutation
(wild type-to-PDK-53) was discovered at nonstructural protein NS4A-75 (genome nucleotide
position 6599). The live, attenuated DEN-2 virus of the instant disclosure further includes
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mutations as presented in any chimera or live, attenuated dengue-2 virus of Table 3.

[0049] PDK-53 virus strain has a mixed genotype at genome nucleotide 5270. A significant
portion (approximately 29%) of the virus population encodes the non-mutated NS3-250-Glu
that is present in the wild type DEN-2 16681 virus rather than the NS3-250-Val mutation. As
both genetic variants are avirulent, this mutation may not be necessary in an avirulent chimera.

[0050] Previously, it was discovered that avirulence of the attenuated PDK-53 virus strain can
be attributed to mutations in the nucleotide sequence encoding nonstructural proteins and in
the 5' noncoding region. For example, a single mutation at NS1-53, a double mutation at NS1-
53 and at 5'NC-57, a double mutation at NS1-53 and at NS3-250 and a triple mutation at NS1-
53, at 5'NC-57 and at NS3-250, result in attenuation of the DEN-2 virus. Therefore, the
genome of any dengue-2 virus containing such non-conservative amino acid substitutions or
nucleotide substitutions at these loci can be used as a base sequence for deriving the modified
PDK-53 viruses disclosed herein. Another mutation in the stem of the stem/loop structure in the
5' noncoding region will provide additional avirulent phenotype stability, if desired. Mutations to
this region disrupt potential secondary structures important for viral replication. A single
mutation in this short (only 6 nucleotide residues in length) stem structure in both DEN and
Venezuelan equine encephalitis viruses disrupts the formation of the hairpin structure. Further
mutations in this stem structure decrease the possibility of reversion at this locus, while
maintaining virus viability.

[0051] Mutations disclosed herein can be achieved by any method known in the art including,
but not limited to, naturally-occurring or selected clones having additional features once
passaged in a cell line of interest (e.g. Vero cells). It is understood by those skilled in the art
that the virulence screening assays, as described herein and as are well known in the art, can
be used to distinguish between virulent and avirulent backbone structures.

Construction of Flavivirus Chimeras

[0052] Flavivirus chimeras described herein can be produced by splicing one or more of the
structural protein genes of the flavivirus against which immunity is desired into a PDK-53
dengue virus genome backbone, or other methods known in the art, using recombinant
engineering to remove the corresponding PDK-53 gene and replace it with a dengue-1,
dengue-3 or dengue-4 virus gene or other gene known in the art.

[0053] Alternatively, using the sequences provided in the sequence listing, the nucleic acid
molecules encoding the flavivirus proteins may be synthesized using known nucleic acid
synthesis techniques and inserted into an appropriate vector. Avirulent, immunogenic virus is
therefore produced using recombinant engineering techniques known to those skilled in the
art.

[0054] A target gene can be inserted into the backbone that encodes a flavivirus structural
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protein of interest for DEN-1, DEN-3, DEN-4 or other flavivirus. A flavivirus gene to be inserted
can be a gene encoding a C protein, a PrM protein and/or an E protein. The sequence inserted
into the dengue-2 backbone can encode both PrM and E structural proteins. The sequence
inserted into the dengue-2 backbone can encode all or one of C, prM and E structural proteins.

[0055] Suitable chimeric viruses or nucleic acid chimeras containing nucleotide sequences
encoding structural proteins of other flaviviruses or dengue virus serotypes can be evaluated
for usefulness as vaccines by screening them for the foregoing phenotypic markers of
attenuation that indicate avirulence and by screening them for immunogenicity. Antigenicity and
immunogenicity can be evaluated using in vitro or in vivo reactivity with flavivirus antibodies or
immunoreactive serum using routine screening procedures known to those skilled in the art.

Dengue Virus Vaccines

[0056] In certain embodiments, chimeric viruses and nucleic acid chimeras can provide live,
attenuated viruses useful as immunogens or vaccines. Some embodiments include chimeras
that exhibit high immunogenicity to dengue-4 virus while producing no dangerous pathogenic
or lethal effects.

[0057] To reduce occurrence of DHF/DSS in subjects, a tetravalent vaccine is needed to
provide simultaneous immunity for all four serotypes of the virus. A tetravalent vaccine is
produced by combining a live, attenuated dengue-2 virus of the instant application with
dengue-2/1, dengue-2/3, and dengue-2/4 chimeras described above in a suitable
pharmaceutical carrier for administration as a multivalent vaccine.

[0058] The chimeric viruses or nucleic acid chimeras of this disclosure can include structural
genes of either wild-type or live, attenuated virus in a virulent or an attenuated DEN-2 virus
backbone. For example, the chimera may express the structural protein genes of wild-type
DEN-4 1036 virus, its candidate vaccine derivative in either DEN-2 backgrounds.

[0059] Viruses used in the chimeras described herein can be grown using techniques known in
the art. Virus plaque titrations are then performed and plaques counted in order to assess the
viability and phenotypic characteristics of the growing cultures. Wild type viruses can be
passaged through cultured cell lines to derive attenuated candidate starting materials.

[0060] Chimeric infectious clones can be constructed from the various dengue serotype clones
available. The cloning of virus-specific cDNA fragments can also be accomplished, if desired.
The cDNA fragments containing the structural protein or nonstructural protein genes are
amplified by reverse transcriptase-polymerase chain reaction (RT-PCR) from dengue virus
RNA with various primers. Amplified fragments are cloned into the cleavage sites of other
intermediate clones. Intermediate, chimeric dengue virus clones are then sequenced to verify
the accuracy of the inserted dengue virus-specific cDNA.
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[0061] Full genome-length chimeric plasmids constructed by inserting the structural protein
and/or nonstructural protein gene region of dengue serotype viruses into vectors are
obtainable using recombinant techniques well known to those skilled in the art.

Nucleotide and Amino Acid Analysis

[0062] The NS1-53 mutation in the DEN-2 PDK-53 vaccine virus is significant for the
attenuated phenotype of this virus, because the NS1-53-Gly of the DEN-2 16681 virus is
conserved in nearly all flaviviruses, including the tick-borne viruses, sequenced to date. DEN-4
vaccine virus can also contain an amino acid mutation in the NS1 protein at position 253. This
locus, which is a GiIn-to-His mutation in DEN-4 PDK-48 vaccine virus, is Gin in all four wild
serotypes of dengue virus. This Gin residue is unique to the dengue viruses within the flavivirus
genus. The NS1 protein is a glycoprotein that is secreted from flavivirus-infected cells. It is
present on the surface of the infected cell and NS1-specific antibodies are present in the
serum of virus-infected individuals. Protection of animals immunized with NS1 protein or
passively with NS1-specific antibody has been reported. The NS1 protein appears to
participate in early viral RNA replication.

[0063] The mutations that occurred in the NS2A, NS2B, NS4A, and NS4B proteins of the DEN-
1, -2, -3 and -4 attenuated strains are conservative in nature. The NS4A-75 and NS4A-95
mutations of DEN-2 and DEN-4 vaccine viruses, respectively, occurred at sites of amino acid
conservation among dengue viruses, but not among flaviviruses in general.

[0064] The flaviviral NS3 protein possesses at least two recognized functions: the viral
proteinase and RNA helicase/NTPase. The 698-aa long (DEN-2 virus) NS3 protein contains an
amino-terminal serine protease domain (NS3-51-His, -75-Asp, -135-Ser catalytic triad) that is
followed by sequence motifs for RNA helicase/NTPase functions (NS3-196-GAGKT (SEQ ID
NO:147), -284-DEAH, -459-GRIGR). None of the mutations in the NS3 proteins of DEN-1,
DEN-2, or DEN-3 virus occurred within a recognized motif. The NS3-510 Tyr-to-Phe mutation
in DEN-1 PDK-13 virus was conservative. Since the wild-type DEN-2, -3 and -4 viruses contain
Phe at this position, it is unlikely that the Tyr-to-Phe mutation plays a role in the attenuation of
DEN-1 virus. The NS3-182 Glu-to-Lys mutation in DEN-1 PDK-13 virus occurred at a position
that is conserved as Asp or Glu in most mosquito-borne flaviviruses and it may play some role
in attenuation. This mutation was located 15 amino acid residues upstream of the GAGKT
helicase motif. As noted in previous reports, the NS3-250-Glu in DEN-2 16681 virus is
conserved in all mosquito-borne flaviviruses except for yellow fever virus.

[0065] Nucleic acid probes selectively hybridize with nucleic acid molecules encoding the DEN-
1, DEN-3 and DEN-4 viruses or complementary sequences thereof. By "selective" or
"selectively” is meant a sequence which does not hybridize with other nucleic acids to prevent
adequate detection of the dengue virus. Therefore, in the design of hybridizing nucleic acids,
selectivity will depend upon the other components present in a sample. The hybridizing nucleic
acid should have at least 70% complementarity with the segment of the nucleic acid to which it
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hybridizes. As used herein to describe nucleic acids, the term "selectively hybridizes" excludes
the occasional randomly hybridizing nucleic acids, and thus, has the same meaning as
"specifically hybridizing." The selectively hybridizing nucleic acid of this disclosure can have at
least 70%, 80%, 85%, 90%, 95%, 97%, 98%, and 99% complementarity with the segment of
the sequence to which it hybridizes, preferably 85% or more.

[0066] Sequences, probes and primers which selectively hybridize to the encoding nucleic acid
or the complementary, or opposite, strand of the nucleic acid are contemplated. Specific
hybridization with nucleic acid can occur with minor modifications or substitutions in the nucleic
acid, so long as functional species-specific hybridization capability is maintained. By "probe" is
meant nucleic acid sequences that can be used as probes or primers for selective hybridization
with complementary nucleic acid sequences for their detection or amplification, which probes
can vary in length from about 5 to 100 nucleotides, or preferably from about 10 to 50
nucleotides, or most preferably about 18-24 nucleotides.

[0067] If used as primers, the composition preferably includes at least two nucleic acid
molecules which hybridize to different regions of the target molecule so as to amplify a desired
region. Depending on the length of the probe or primer, the target region can range between
70% complementary bases and full complementarity and still hybridize under stringent
conditions. For example, for the purpose of detecting the presence of the dengue virus, the
degree of complementarity between the hybridizing nucleic acid (probe or primer) and the
sequence to which it hybridizes is at least enough to distinguish hybridization with a nucleic
acid from other organisms.

[0068] Nucleic acid sequences encoding the DEN-4, DEN-3 or DEN-1 virus (e.g. structural
elements) can be inserted into a vector, such as a plasmid, and recombinantly expressed in a
living organism (e.g. into a dengue-2 backbone) to produce recombinant dengue virus
peptides and/or polypeptides and/or viruses. Nucleic Acid Detection Methods

[0069] A rapid genetic test that is diagnostic for each of the vaccine viruses described herein is
provided by the current disclosure. This embodiment enhances analyses of viruses isolated
from the serum of vaccinated humans who developed a viremia, as well as enhancing
characterization of viremia in nonhuman primates immunized with the candidate vaccine
viruses.

[0070] These sequences include a diagnostic TagMan probe that serves to report the
detection of the cDNA amplicon amplified from the viral genomic RNA template by using a
reverse-transciptase/polymerase chain reaction (RT/PCR), as well as the forward and reverse
amplimers that are designed to amplify the cDNA amplicon, as described below. In certain
instances, one of the amplimers has been designed to contain a vaccine virus-specific
mutation at the 3'-terminal end of the amplimer, which effectively makes the test even more
specific for the vaccine strain because extension of the primer at the target site, and
consequently amplification, will occur only if the viral RNA template contains that specific
mutation.
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[0071] Automated PCR-based nucleic acid sequence detection system can be used, or other
known technology for nucleic acid detection. The TagMan assay is a highly specific and
sensitive assay that permits automated, real time visualization and quantitation of PCR-
generated amplicons from a sample nucleic acid template. TagMan can determine the
presence or absence of a specific sequence. In this assay, a forward and a reverse primer are
designed to anneal upstream and downstream of the target mutation site, respectively. A
specific detector probe, which is designed to have a melting temperature of about 10.degree.
C. higher than either of the amplimers and containing the vaccine virus-specific nucleotide
mutation or its complement (depending on the strand of RT/PCR amplicon that is being
detected), constitutes the third primer component of this assay.

[0072] A probe designed to specifically detect a mutated locus in one of the vaccine viral
genomes will contain the vaccine-specific nucleotide in the middle of the probe. This probe will
result in detectable fluorescence in the TagMan assay if the viral RNA template is vaccine
virus-specific. However, genomic RNA templates from wild-type DEN viruses will have
decreased efficiency of probe hybridization because of the single nucleotide mismatch (in the
case of the parental viruses DEN viruses) or possibly more than one mismatch (as may occur
in other wild-type DEN viruses) and will not result in significant fluorescence. The DNA
polymerase is more likely to displace a mismatched probe from the RT/PCR amplicon template
than to cleave the mismatched probe to release the reporter dye (TagMan Allelic
Discrimination assay, Applied Biosystems).

[0073] One strategy for diagnostic genetic testing makes use of molecular beacons. The
molecular beacon strategy also utilizes primers for RT/PCR amplification of amplicons, and
detection of a specific sequence within the amplicon by a probe containing reporter and
quencher dyes at the probe termini. In this assay, the probe forms a stem-loop structure. The
molecular beacons assay employs quencher and reporter dyes that differ from those used in
the TagMan assay.

Pharmaceutical Compositions

[0074] Embodiments herein provide for administration of compositions to subjects in a
biologically compatible form suitable for pharmaceutical administration in vivo. By "biologically
compatible form suitable for administration in vivo" is meant a form of the active agent (e.g.
pharmaceutical chemical, protein, gene, of the embodiments) to be administered in which any
toxic effects are outweighed by the therapeutic effects of the active agent. Administration of a
therapeutically active amount of the therapeutic compositions is defined as an amount
effective, at dosages and for periods of time necessary to achieve the desired result. For
example, a therapeutically active amount of a compound may vary according to factors such
as the disease state, age, sex, and weight of the individual, and the ability of antibody to elicit a
desired response in the individual. Dosage regima may be adjusted to provide the optimum
therapeutic response.
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[0075] In one embodiment, the compound (e.g. pharmaceutical chemical, protein, peptide etc.
of the embodiments) may be administered in a convenient manner, for example,
subcutaneous, intravenous, by oral administration, inhalation, intradermal, transdermal
application, intravaginal application, topical application, intranasal or rectal administration.
Depending on the route of administration, the active compound may be contained in a
protective buffer (e.g. FTA, F127/trehalose/albumin). In one embodiment, a composition may
be orally administered. In another embodiment, the composition may be administered
intravenously. In one embodiment, the composition may be administered intranasally, such as
inhalation. In yet another embodiment, the composition may be administered intradermally

using a needle-free system (e.g. Pharmajet®) or other intradermal administration system.

[0076] A composition may be administered to a subject in an appropriate carrier or diluent, co-
administered with enzyme inhibitors or in an appropriate carrier such as liposomes. The term
"pharmaceutically acceptable carrier" as used herein is intended to include diluents such as
saline and aqueous buffer solutions. It may be necessary to coat the compound with, or co-
administer the compound with, a material to prevent its inactivation. The active agent may also
be administered parenterally, or intraperitoneally. Dispersions can also be prepared in glycerol,
liquid polyethylene glycols, and mixtures thereof and in oils. Under ordinary conditions of
storage and use, these preparations may contain a preservative to prevent the growth of
microorganisms or other stabilizing formulation (e.g. FTA).

[0077] Pharmaceutical compositions suitable for injectable use may be administered by means
known in the art. For example, sterile aqueous solutions (where water soluble) or dispersions
and sterile powders for the extemporaneous preparation of sterile injectable solutions or
dispersion may be used. In all cases, the composition can be sterile and can be fluid to the
extent that easy syringability exists. It might be stable under the conditions of manufacture and
storage and may be preserved against the contaminating action of microorganisms such as
bacteria and fungi. The pharmaceutically acceptable carrier can be a solvent or dispersion
medium containing, for example, water, ethanol, polyol (for example, glycerol, propylene
glycol, and liquid polyetheylene glycol, and the like), and suitable mixtures thereof. The proper
fluidity can be maintained, for example, by the use of a coating such as lecithin, by the
maintenance of the required particle size in the case of dispersion and by the use of
surfactants. Prevention of microorganisms can be achieved by heating, exposing the agent to
detergent, irradiation or adding various antibacterial or antifungal agents.

[0078] Sterile injectable solutions can be prepared by incorporating active compound (e.g. a
compound that induces an immune response to one or more dengue virus serotypes) in the
required amount in an appropriate solvent with one or a combination of ingredients
enumerated above, as required, followed by filtered sterilization.

[0079] Upon formulation, solutions will be administered in a manner compatible with the
dosage formulation and in such amount as is therapeutically effective. The formulations are
easily administered in a variety of dosage forms, such as the type of injectable solutions
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described above. It is contemplated that compositions are especially suitable for intramuscular,
subcutaneous, intradermal, intranasal and intraperitoneal administration. A particular ratio may
be sought such as a 1:1, 1:2 or other ratio (e.g. PFUs of a given dengue virus serotype)

[0080] The active therapeutic agents may be formulated within a mixture predetermined ratios.
Single dose or multiple doses can also be administered on an appropriate schedule for a given
situation (e.g. prior to travel, outbreak of dengue fever).

[0081] In another embodiment, nasal solutions or sprays, aerosols or inhalants may be used to
deliver the compound of interest. Additional formulations that are suitable for other modes of
administration include suppositories and pessaries.

[0082] Certain formulations can include excipients, for example, pharmaceutical grades of
mannitol, lactose, starch, magnesium stearate, sodium saccharine, cellulose, magnesium
carbonate and the like.

[0083] A pharmaceutical composition may be prepared with carriers that protect active
ingredients against rapid elimination from the body, such as time-release formulations or
coatings. Such carriers include controlled release formulations, such as, but not limited to,
microencapsulated delivery systems, and biodegradable, biocompatible polymers, such as
ethylene vinyl acetate, polyanhydrides, polyglycolic acid, polyorthoesters, polylactic acid and
others are known.

[0084] Pharmaceutical compositions are administered in an amount, and with a frequency, that
is effective to inhibit or alleviate side effects of a transplant and/or to reduce or prevent
rejection. The precise dosage and duration of treatment may be determined empirically using
known testing protocols or by testing the compositions in model systems known in the art and
extrapolating therefrom. Dosages may also vary with the severity of the condition. A
pharmaceutical composition is generally formulated and administered to exert a therapeutically

useful effect while minimizing undesirable side effects. In general, dose ranges from about 102

to 108 PFU can be administered initially and optionally, followed by a second administration
within 30 days or up to 180 days later, as needed. In certain embodiments, a subject can
receive dual administration of a mono, bi-, tri or tetravalent composition disclosed herein
wherein the composition is a single composition mixture or has predetermined compositions of
different dengue virus serotypes. In some embodiments, a DEN2/4 chimera can be present in
higher concentrations than other dengue virus serotypes such as a live, attenuated dengue-1.

[0085] It will be apparent that, for any particular subject, specific dosage regimens may be
adjusted over time according to the individual need.

[0086] In one embodiment, a composition disclosed herein can be administered to a subject
subcutaneously or intradermally.

[0087] The pharmaceutical compositions containing live, attenuated dengue viruses may be
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administered to individuals, particularly humans, for example by subcutaneously,
intramuscularly, intranasally, orally, topically, transdermally, parenterally, gastrointestinally,
transbronchially and transalveolarly. Topical administration is accomplished via a topically
applied cream, gel, rinse, etc. containing therapeutically effective amounts of inhibitors of
serine proteases. Transdermal administration is accomplished by application of a cream, rinse,
gel, etc. capable of allowing the inhibitors of serine proteases to penetrate the skin and enter
the blood stream. In addition, osmotic pumps may be used for administration. The necessary
dosage will vary with the particular condition being treated, method of administration and rate
of clearance of the molecule from the body.

[0088] In certain embodiments, the subject may be a mammal such as a human or a
veterinary and/or a domesticated animal or livestock or wild animal.

Therapeutic Methods

[0089] In one embodiment, methods provide for inducing an immune response to dengue virus
serotype(s) using a mono, bi-, tri or tetravalent formulation of live, attenuated and/or chimeric
viral constructs contemplated herein.

EXAMPLES

[0090] The following examples are included to demonstrate certain embodiments presented
herein. Examples not referring to the dengue constructs as defined in the claims are for
illustrative purposes only. It should be appreciated by those of skill in the art that the
techniques disclosed in the Examples which follow represent techniques discovered to function
well in the practices disclosed herein, and thus can be considered to constitute preferred
modes for its practice.

Example 1

[0091] In some exemplary methods, compositions used to generate as referred to herein as
"master virus seeds (MVS)" are disclosed. These compositions may be derived from one or
more live, attenuated dengue viruses, such as DEN-1, DEN-2, DEN-3, and DEN-4. In certain
methods, compositions may be derived from one or more live attenuated Dengue viruses that
include but are not limited to, specific constructs disclosed herein referred to as DENVax-1,
DENVax-2, DENVax-3, and DENVax-4. In other exemplary methods, strategies used to
generate and characterize these compositions are provided. In yet other embodiments,
tetravalent dengue virus formulations and genetic and phenotypic characterization of these
formulations are provided.
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Production and analysis ofpre -master DENVax viruses

[0092] Certain procedures were performed to generate pre-master dengue virus seeds, such
as serial amplification and purification of dengue viruses (e.g. DENVax). First, DENVax viruses
were re-derived by transfection of viral RNA transcribed from the full-length recombinant
DENVax cDNA into production-certified cells (e.g. Vero cells), resulting in P1 (passage 1) virus
seed. The four P1 viruses from each of dengue-1 to dengue-4 were then amplified and plaque
purified to obtain the candidate pre-master vaccine P7 seeds (see Table 1). Certain tests were
performed to analyze passages of dengue viruses. For example, full-length genome
sequencing demonstrated that all four of the P2 (passage 2) seed viruses were genetically
identical to their homologous progenitor, research-derived, research-grade candidate vaccine
virus. The original plaque phenotypes were also retained in the P2 viruses. Six plaque purified
viruses (P3 A-F) were isolated for each serotype of dengue virus (e.g. DENVax1-4) from the P2
seeds, and each isolated plaque was directly plaque purified two more times. The third plaque
purification (P5) of each virus was amplified twice (P6 A-F and P7 A-F) in Vero cells to produce
the potential pre-master P7 DENVax seeds (Table 1).

Table 1 Example of a cGMP Rederivation of DENVax Viruses in WCB-Vero Cells

Passage Seed Characterizations
Production/Purification
P1 Transfect WCB-Vero Plaque titrate
with transcribed viral
RNAs
P2 Amplify P1 virus Full genome sequence
P3 Pick 6 plaques (A- Plaque purification

F)/serotype from P2
plaque assay

P4 Pick plaques A-F from  {Plaque purification
P3 plaque assay

PS5 Pick plaques A-F from  {Plaque purification
P4 plaque assay

P6 Amplify P5 A-F plaques {Plaque titrate

P7 Pre-master seeds: Full genome sequence, TagMAMA,
Amplify P6 A-F Plaque phenotypes

pP8* MVS: Amplify selected {Full genetic and phenotypic
P7 virus seed characterization

P9 VWS: Amplify P8 Full genome sequence, TagMAMA
Master Seed viruses

P10 BVS: Amplify P9 Full genome sequence, TagMAMA

Working Seed viruses

* One optimal P7 seed (A, B, C, D, E, or F) was selected based on the genetic and
plague analysis to make P8 MVS
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[0093] Some tests were further performed to characterize P7 DENVax seeds, such as analysis
of genome sequences and plaque phenotypes of the P7 seeds, and comparison with P2 seeds
(Table 2). Plaque phenotypes of the P7 viruses were generally similar to those of the P2 seeds.
In some exemplary experiments, virus titers were monitored. Virus titers reached over 6.0 log
pfu/ml for most of the P7 seeds, except for 5 viruses. Genome sequencing of more than 60
candidate vaccine virus seeds after 10 or more serial passages in Vero cells identified no
reversion event at NS1-53 and NS3-250 of the three major attenuation determinants of the
DENV-2 PDK-53 genetic vector, suggesting that these 2 loci are quite stable in candidate
vaccine virus seeds. All sequence chromatograms of the 24 candidate strains generated from
both forward and reverse sequencing for these two sites were homogenous without any minor
nucleotide populations evident at the NS1-53 and NS3-250 genetic loci. In contrast to the NS1
and NS3 sites, different levels of reversions at the 5'NCR-57 attenuation locus were identified
from multiple serially passaged research grade vaccine viruses, suggesting this locus might not
be as stable as NS1 and NS3 after multiple passages in cell culture. Therefore, a sensitive
mismatch amplification assay (TagMAMA) was developed to accurately measure the reversion
rate at the 5’NCR-57 locus by real-time RT-PCR. In some studies, the 5'NCR-57 reversion
rates of all 24 of the P7 seeds were measured by the TagMAMA. Depending on the
concentration of the input viral RNA for each virus in the assay, the sensitivity limit of the
TagMAMA ranged between 0.01% and 0.07% reversion, which is much more sensitive than the
10-30% reversion sensitivity limit detectable by consensus genome sequence analysis. The
resulting data illustrates that 15 of the 24 P7 viruses had minimal or undetectable reversion (<
0.07%), one virus (DENVax-3-D) had almost 100% reversion, and 8 viruses (1 DENVax-1, 1
DENVax-2, 2 DENVax-3, and 4 DENVax-4) had partial reversion ranging from 0.08% to 12.85%
(Table 2). Full-length genome sequencing was conducted for 16 of the 24 P7 viruses with low
levels of 5'NCR57 reversion as measured by TagMAMA. All the sequenced viruses maintained
the other two DENVax attenuation determinants (NS1-53, NS3-250), and all had acquired
additional mutations that were not present in the original, engineered recombinant cDNA
clones (Table 2). In one exemplary target vaccine composition, DENVax-1-A, DENVax-2-F,
DENVax-3-F, and DENVax-4-F were selected as target pre-master seed for each serotype
because their genotypes and plaque phenotypes most closely resembled those of the originally
designed vaccine recombinants. The DENVax-1-A, DENVax-2-F, and DENVax-4-F had two
non-synonymous mutations, and the DENVax-3-F had one. The evidence suggests these
additional mutations observed in these 4 pre-master seeds do not cause safety concerns or
immunogenicity alterations for the viruses. These pre-master seeds were further amplified to
generate the MVS (master seed, designated as P7, Table 1).

[0094] Exemplary methods provided herein used purified in-vitro transcribed viral RNA from
cloned cDNA plasmid as the pure source to transfect vaccine-certified Vero cells to generate
vaccine virus. Serial plaque purifications and full-genome sequence analyses were
incorporated into the manufacturing procedures to ensure manufactured vaccine seeds with
optimal purity and genetic stability. Six cloned viruses were prepared as potential pre-master
seeds for each serotype of DENVax. Through genomic analysis, including TagMAMA and
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complete genomic sequencing, as well as characterization of viral plaque phenotypes, pre-
master seeds were chosen to advance to master virus seeds production for each serotype
(serotypes 1-4). The selected pre-master seeds had undetectable reversions (<0.01% or
<0.07%) at the 5'NCR-57 locus, with 1 or 2 amino acid substitutions in their genomes, and
retained the small plaque phenotypes previously observed.

Table 2. Characterizations of pre-master (P7) seeds

Virus Clone? {TagMAMAP; Log1o Plaque¢ Mutations
pfu/ml identified in
genomeOI
DENVax-1 A ok 6.85 P2 NS2A-116 I-L,
NS2B-92 E-D,
one silent
B * 6.93 P2 nd¢
C * 6.93 D nd
D Hk 7.02 D C-67 K-A; one
silent
E 0.57% 7.28 P2 nd
F ok 7.18 P2 E473 T-M: one
silent
DENVax-2 A 0.03% 6.33 P2 NS1-341 K-N
B * 6.33 P2 E-305 K-T, two
silent
C * 5.84 L NS4A-18 T-A, four
silent
D 0.08% 6.20 P2 NS2B-99 I-L, one
3'NCR
E 0.03% 6.31 P2 prM-52 K-E, NS5-
412 1-V, two silent
F ok 6.15 P2 prM-52 K-E, NS5-
412 I-V
DENVax-3 A * 6.00 P2 NS5-200 K-N, one
silent, one 3'NCR
B 0.05% 6.27 P2 NS2A-33 I-T,
NS2A-59 M-T
C 0.30% 6.25 P2 nd
D 100.00% 6.27 P2 nd
E 0.31% 6.00 P2 nd
F ok 6.30 P2 E-223 T-S, one
silent
DENVax-4 A 0.47% 560 P2 E323 K-R/K,
NS2B-21 L-F/L,
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Virus Clone? {TagMAMAP{ Logig Plaque® jMutations
pfu/ml identified in

genomeOI
NS2B-39 T-S, one
silent

B * 5.65 D NS2A-126 A-V;
NS4A-5 N-D;NS5-
383 K-R, one
silent

C 4.50% 5.90 P2 nd
12.85% 5.97 D nd

E 0.52% 6.85 S prM-85 E-D,
NS2B-45 T-A,
NS5-320 M-T,
NS5-551 E-G, two
silent

F 0.02% 6.93 S NS2A-66 D-G,
NS4A-21 A-V,
four silent

o

@ Cloned viruses (by serial plaque purifications) selected for further development of
MV S are designated bold.

b* Reversion rate < 0.07% (detection limit). **: Reversion rate < 0.01% (detection
limit)

€ Plague phenotypes: P2: similar to P2 virus; L = larger than P2 virus, D = similar
size, but appear somewhat different in clearness of the plaques; S = smaller than
P2.

Substitutions differing from the engineered DENVax cDNA clones. Amino acid
mutations are listed with residue position of the virus protein and the changes (wt-
mutation). Total number of silent mutations in structural and non-structural genes of
each seed is listed. Mutations at non-coding region (NCR) are also noted.

€ nd = Not done. These clones had higher 5’NCR-57 reversion rates (by
TagMAMA) than other clones, so were excluded from further sequence analysis.

Example 2

[0095] In some exemplary methods, compositions of master virus seeds, working virus seeds
and bulk virus seeds as well as their genetic and phenotypic characterization are described.
These compositions are provided for manufacture of clinical materials and ultimately
commercial vaccine supplies. Serial plaque purifications and full-genome sequence analyses
were incorporated into the manufacturing process to ensure compositions of vaccine seeds
with optimal safety and genetic stability for manufacture of clinical trial materials.
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Production and manufacturing quality controls for MVS, WVS, and BVS

[0096] In some studies, MVS of the 4 DENVax were produced by amplifying the pre-master P7
seed in certified Vero cells. In other studies, MVS were used to make large amount of VWS in
cell factories. Further, the BVS stocks of DENVax were amplified from the VWS and were
formulated into tetravalent drug product mixtures to be used used for human clinic trials.
Quality controls for product release were performed in some exemplary methods, including,
but not limited to, testing all of the MVS, VWS, and BVS for identity, infectious titer, sterility,
mycoplasma, and in vitro and in vivo adventitious agents. All seeds passed the virus identity
test using serotype-specific RT-PCR assays, which showed positive amplification
corresponding to its serotype and negative for heterologous serotypes (data not shown). No
detectable mycoplasma or adventitious agents were detected in the MVS, VWS, or BVS stocks.

Genetic analysis of the MVS, WVS, and BVS

[0097] In certain exemplary methods, after generation of MVS from the selected pre-MVS (P7)
strains selected above were produced and the respective viral RNA was sequenced again.
Full-length genome sequencing revealed that the MVS for DENVax-1 was identical to its pre-
master seed, while the VWS and subsequent BVS acquired 2 additional substitutions at E-483
and NS4B-108 (see Tables 2 and 3). The Ala substitution at E-483 represented part of the
genotype in the MVS, but became the dominant genotype in BVS. DENVax-2 and DENVax-3
were identical to their respective pre-master seeds (Table 2 and 3). The DENVax-2 MVS was
identical to its pre-master seed, and the VWS and BVS had 2 additional mutations at NS4A-36
and NS4B-111. Both mutations were partial in VWS and were the major genotype in the BVS.
The MVS of DENVax-3 was again identical to the pre-master seed, but the VWS and BVS
contained an additional aa substitution at NS4A-23. The DENVax-4 MVS acquired an additional
amino acid mutation, at locus NS2A-99 (from Lys to Lys/Arg mixed genotype) during
production of the MVS (Table 3). Its VWS and BVS retained the NS2A-99 Lys/Arg mixed
genotype, and the BVS had an extra NS4B-238 Ser/Phe mixed genotype. Consensus
sequence results also confirmed that MVS, VWS as well as BV retained the three genetic
determinants of attenuation at the 5’'NCR-57, NS1-53, and NS3-250 loci. Analysis of the least
stable attenuating locus by TagMAMA demonstrated that the 5’NCR-57 reversion rate between
<0.7% to and 0.13% among MVS, <0.07% among VWS, and between <0.07 and 0.21% among
BVS. A 3% reversion at the 5'NCR-57 locus was considered the maximum permissible rate for
acceptance of a vaccine lot (Table 3).

Table 3. Nucleotide and amino acid substitutions in DENVax seeds

DENVax {Nucleotides Amino Acids Pre- Mvs? | wvs? | BVS?
master
DENVax- {2384 G-C E-483 Gly-Ala - - Gly/Ala{ Ala
1
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DENVax {Nucleotides {Amino Acids Pre- MVS2 i wvs2 | BvVS?
master
3823 A-C NS2A-116 lle-Leu Leu Leu Leu Leu
4407 A-T NS2B-92 Glu-Aspi Asp Asp Asp Asp
7148 C-T NS4B-108 Thr-lle - - lle lle
7311 A-G silent G G G G
TagMAMA 5'NCR-57 reversion -- - - -
%b
DENVax- {592 A-G prM-52 Lys-Glu Glu Glu Glu Glu
2
6481 G-C NS4A-36 Ala-Pro - - Ala/ Proi Pro
7156 C-T NS4B-111 Leu- - - Leu/Phej Phe
Phe
8803 A-G NS5-412 lle-Val Val Val Val Val
TagMAMA 5'NCR-57 reversion -- - 0.07% §{ 0.21%
%b
DENVax- {1603 A-T E-223 Thr-Ser Ser Ser Ser Ser
3
6436 G-A NS4A-23 Asp- - - Asn Asn
Asn
7620 A-G silent G G G G
TagMAMA 5'NCR-57 reversion -- - - -
%b
DENVax- {225 A-T silent T T T T
4
3674 A-G NS2A-66 Asp-Gly Gly Gly Gly Gly
3773 A-A/IG  {NS2A-99 Lys- - Lys/Argi Lys/Arg jLys/Arg
Lys/Arg
5391 C-T silent T T T T
6437 C-T NS4A-21 Ala-Val Val Val Val Val
7026 T-C silent TIC T/C TIC TIC
7538 C-C/T {NS4B-238 Ser- - - Ser/Phe {Ser/Phe
Ser/Phe
9750 A-C silent C C C C
TagMAMA 5'NCR-57 reversion - 0.13% - -

%b

4 Bold: Changes started at MVS stocks.

b n_n

<0.07% (detection limit)

indicates reversion rate < 0.01% (detection limit),

indicates reversion rate
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DENVax jNucleotides { Amino Acids Pre- MVS2 wvsa BVS?2
master

[0098] Full-genome sequence analysis revealed that an additional amino acid mutation
developed in the DENVax-4 MVS, while the other three DENVax MVS lots retained the
consensus genome sequence of their pre-master seeds. Overall, from deriving of the P1 seeds
to the pre-master (P7) seeds, only 1 or 2 non-synonymous mutations occurred in a given seed.
From P1 to MVS (P8) seeds, 2 to7 nucleotide substitutions were identified in any given
DENVax seed and only 2 to 3 of these substitutions resulted in amino acid changes. Thus,
minor changes occurred. RNA viruses are error-prone in their genome replication, so genetic
substitutions in flavivirus genome during cell passages are not unexpected. None of the silent
mutations in the MVS were within the 5' or 3'NCR that may affect virus replication. Only the
change in prM-52 Lys-Glu of the DENVax-2, and the substitution in NS2A-66 Asp-Gly of
DENVax-4 are not conservative changes. The NS2A-66 mutation of the DENVax-4 is in the
nonstructural backbone part of the DENV-2 PDK-53. Although NS2A-66 locus is usually Asp
among various strains of DENV-2, it is usually Gly for DENV-4. |t is possible that the Asp to Gly
change in the DENVax-4 is relevant for fithess of the DENVax-4 in Vero cells. The DENVax-2
prM-52 mutation resides in the C-terminal portion of the prM that is cleaved out from the
mature virus particles. In some exemplary methods, phenotypic characterization was
performed to confirm that none of the mutations in the MVS seeds significantly altered the
attenuation phenotypes of the vaccine.

[0099] The DENVax viruses demonstrated high genetic stability during the manufacturing
process. The three defined DENV-2 PDK-53 attenuation loci located in 5’'NCR, NS1-53, and
NS3-250 remained stable in the consensus genome sequence upon serial passage of the
DENVax from pre-Master strains to bulk vaccine preparations. The highly sensitive TagMAMA
of the 5'NCR-57 locus demonstrated minimal or undetectable reversion in the MVS, VWS
(P9/Working), and BVS (Bulk Virus Seed for vaccines) of dengue virus serotypes. The 5'NCR-
57 reversion rates of the DENVax BVS preparations (P10-equivalent) were significantly lower
than the 5'NCR-57 reversion rates that evolved in research-grade vaccine candidates after 10-
serial passages in Vero cells (4-74% reversion). The strategy for large-scale manufacturing of
the DENVax seeds provided herein resulted in a genetically stable vaccine seed which retained
the attenuation markers in the candidate vaccine viruses.

Plaque phenotype of DENVax MVS

[0100] In one exemplary method, plaque phenotypes of the DENVax MVS were compared with
wild type Dengue viruses and their homologous research-grade chimeric viruses in Vero cells
(Fig. 2). All of the MVS of DENVax-1, -2, and -3 produced plaques that were significantly
smaller than their wild type homologs and very similar (within 0.4-mm differences) to their
homologous research-grade viruses in Vero cells. DENVax-4 MVS was also significantly
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smaller than the wild type DENV-4, but was slightly larger (0.9 mm difference) than the original
lab derived D2/4-V chimera.

[0101] Fig. 2 represents an exemplary histogram illustrating plaque sizes of the DENVax MVS
in contrast with control wild type viruses and research-grade vaccine candidate viruses. Mean
plaque diameters (mm) + SD (error bars) of the virus plaques in Vero cells under agarose
overlay measured on day 9 pi. The wild type DEN viruses, represented by black bars, and
previously published research-grade vaccine candidate viruses, represented by white bars,
were included for control and comparison to the DENVax master vaccine seeds represented by
grey bars.

Temperature sensitivity of DENVax MVS

[0102] In another exemplary method, temperature sensitivity was tested in Vero cells for the
DENVax MVS and compared with their homologous wild type and the original research-grade
chimeric vaccine virus. The wild type (wt) DENV-3 16562 was not temperature sensitive. The
wt dengue virus serotype 1 and dengue virus serotype-4 were moderately temperature
sensitive at 39°C (titers were approximately 1.0 log4q pfu/ml lower at 39°C than at 37°C, Fig.

3). Wt Dengue virus serotype-2 16681 was the most temperature sensitive of the wt Dengue
viruses tested, and resulted in a 100-fold titer drop at 39°C. DENVax-1, -2, and -3 were as
temperature sensitive as their original homologous research-grade chimeric vaccine viruses
(Fig. 2). Titers at 39°C dropped between 2.0 and 3.0 log4q pfu/ml for these DENVax strains.

DENVax-4 also was temperature sensitive, demonstrating a 5-fold reduction in titer. However,
the original research-grade D2/4-V demonstrated about a 10-fold reduction in titer. The final
stabilized DENVax-4 MVS contained F127 (and other agents known to stabilize these
formulations (FTA)), which was shown to enhance thermal stability of the Dengue viruses. The
presence of the F127 in DENVax-4 MVS likely contributed to the less pronounced temperature
sensitivity of the virus in the Vero culture assay. In a separate experiment, temperature
sensitivity of an MSV-derived DENVax-4 strain in the absence of F127 was further evaluated.
To remove the F127 from the strain, viral RNA was isolated from a DENVax-4 bulk virus
preparation and was transfected into Vero cells. This DENVax-4 virus appeared to be as
temperature sensitive as the D2/4 V research strain (titer reduced 1.5 log1g pfu/ml) on day 3 pi

in the absence of F127 (Fig. 3).

[0103] Fig. 3 illustrates an exemplary histogram illustrating temperature sensitivities of DENVax
MVS. The wild type Dengue viruses and previously published research-grade vaccine
candidate viruses were included for comparison. The DENVax-4 MVS contains additional F-
127 that can mask the temperature sensitivity results of the virus in this assay. A separate
experiment analyzing a surrogate DENVax-4 in the absence of F127 was also included. Mean
titers £ SD (error bars) of the viruses replicated in Vero cells at 37°C or 39°C.

DEN Vax MVS replication in mosquito C6/36 cells
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[0104] In some exemplary methods, the DENVax MVS were grown in C6/36 cells to verify their
retention of the in vitro attenuation phenotype, with the knowledge that the research-grade
chimeric vaccine viruses retained the attenuation phenotype of the backbone DENV-2 PDK53
virus in these mosquito cells. Compared to the wt Dengue viruses, DENVax-1, DENVax-2 and
DENVax-4 MVS showed significant growth reduction (at least 3 log{g pfu/ml reduction) in C6/36

cells on day 6 pi (Fig. 4). The DENVax-3 MSV also exhibited reduced growth compared to the
wt DENV-3 16562, but the reduction was not as marked (1-2 logio pfu/ml reduction). However,
the C6/36 titers of the DENVax-3 seed lots were similar (within 1 log1g pfu/ml difference) to the

C6/36 titer of the original research-grade chimeric D2/3-V vaccine virus.

[0105] Fig. 4 illustrates an exemplary histogram plotting restricted growth of DENVax MVS
(grey bars) in C6/36 cells in comparison with wt Dengue viruses (black bars) and research-
grade vaccine viruses (white bars). Mean titers £ SD (error bars) of the viruses replicated in
C6/36 cells 6 days pi.

Virus infection, dissemination, and transmission rates in whole mosquitoes

[0106] In some exemplary methods, the infection and dissemination rates of the DENVax were
compared with their parental wt Dengue viruses. In certain exemplary experiments, oral
infection experiments were conducted in Ae. aegypti mosquitoes. Infectious blood meals were
back-titrated to measure the virus titers and only the experiments with similar virus titers in the
blood meal (less than 1 logio pfu/ml differences) between parental Dengue viruses and
DENVax for each serotype were included for comparisons in Table 4. DENVax-1, DENVax-2,
and research-grade D2 PDK-53-VW45R did not infect mosquitoes through oral feeding, which is
significantly different (p < 0.0001) from their parental viruses, DENV-1 16007 (44% infection)
and DENV-2 16681 (43.3% infection). Because no mosquito was infected by DENVax-1 and -2,
there was little to no dissemination concern for these two vaccine viruses. While DENVax-4 did
infect some mosquitoes through oral feeding (2 out of 55), the infection rate was significantly
lower (p < 0.05) than its parental wt virus, DENV-4 1036 (8 out of 50). DENVax-3 did not infect
any mosquitoes in two experiments with blood meal viral titers of 5.2+0.02 log4g pfu/ml (Table

4), and in a separate experiment with blood meal viral titer of 6.0 log4g pfu/ml, only 1 out of 30

mosquitoes became infected (data not shown). However, wt Dengue virus-3 16562 also had a
very low infection rate (8%) at 5.2 logg pfu/ml, and the rate did not increase in a separate

experiment with a higher blood meal viral titer at 6.2 logqg pfu/ml (3%, 1 positive out of 30
mosquitoes, data not shown). Although the wild type (wt) Dengue virus-3 and Dengue virus-4
had significantly lower infection rates than the wt Dengue virus-1 and Dengue virus-2, the
mean virus titers in the infected mosquitoes were similar (3.1 to 3.9 log4g pfu/mosquito). In
contrast, the DENVax-4 titers from the two infected mosquitoes were both minimal (0.7 log¢g
pfu/mosquito), which was 1,000-fold lower than the titer from the mosquitoes infected by wt
Dengue virus serotype-4 1036 (3.9 £ 1.5 pfu/mosquito).
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[0107] For those mosquitoes that were infected, dissemination out of the midgut could be
assessed by determining whether virus was present in the legs. The four parental DENVs
resulted in dissemination rates ranging between 36.3% and 62.5%, and their mean virus titers
(in logqg pfu) from the legs were between 0.9+0.3 and 2.21+0.7 (excluding negative samples).

Neither of the two DENVax-4 infected mosquitoes resulted in virus dissemination to the legs
(Table 4). While disseminated virus was detectable in the legs, none of the four wt Dengue
viruses was detectable in saliva of orally infected mosquitoes, suggesting that oral feeding
conditions may not be sufficiently sensitive to measure the transmission rate of these DENVs.
Therefore, in other exemplary methods, highly stringent artificial mosquito infections by direct
IT inoculation were subsequently performed (Table 4). Except for DENVax-4, all viruses (wt
and DENVax) achieved 100% infection of the IT inoculated Ae. aegypti The DENVax-4
inoculum had a slightly lower viral titer than the other three viral inocula, but it still successfully
infected 70% of the inoculated mosquitoes. Despite the high body infection rates achieved by
T inoculation, all four DENVax viruses exhibited significantly lower (p < 0.005) or non-
detectable transmission rates (0-10%) compared to the wt Dengue viruses (43-87%, Table 4).
The DENVax viruses demonstrated little to no infection and dissemination after oral feeding,
and the highly stringent IT results affirmed the minimal transmission capacity of these DENVax
viruses in Ae. aegypti.

Table 4: Virus infection, dissemination, and transmission rates in whole mosquitoes

Virus Oral Feed IT inoculation

Blood| Infecti { Body Dissemi | Inoc | Infecti | Body | Saliva

Meal®{ onP |Titer® nation® {ulum} onb ITjter¢; f

Mean{ % iMean; pd ioy (p/N)fi pfu/ % {Meani % pd

+SD | (P/N) { *SD dosej (P/N) { +SD ; (P/N)
DENV-1 66 {440% 3.6+ 36.3% {53.9]{100% {4.7+} 43%
16007 (11/25)§ 1.5 (4/11) (30/30){ 0.48 §(13/30

)
DENVax-{ 6.9 0% NA {<0.0f NA 67.8{100% 3.4+ 10% §<0.0
1 (0/30) 001 (30/30){ 0.39 §{(3/30)§ 05
DENV-2 { 66 {43.3%{3.1% 38.5% {67.8{100% {52t} 87%
16681 (13/30)§{ 1.5 (5/13) (30/30)§ 0.34 §(26/30
)

D2 6.4 0% NA {<0.0{ NA 56.4{100% {40+ 0% {<0.0
PDK53- (0/30) 001 (30/30)§ 0.20 § (0/30) § 001
W45 R
DENVax-{ 6.4 0% NA {<0.0{ NA 527 {100% {35} 7% {<0.0
2 (0/30) 001 (30/30)§y 0.27 §(2/30) { 001
DENV-3 { 5.2 8% {38z 50% {340 100% {42+ 67%
16562 (2/25) { 0.2 (1/123) (30/30){ 0.50 §(20/30

)

DENVax-{ 52+ ] 0% | NA {010 NA {37.3|100% {3.3+{ 3% |<0.0
3 0.02 | (0/50) 8 (30/30)} 0.36 | (1/30) | 001
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Virus Oral Feed IT inoculation

Blood | Infecti { Body Dissemi| Inoc | Infecti | Body | Saliva

Meal®{ onP |Titer® nation® julum} onb |Titer¢} f

Meani % iMeani pd iop (p/N)fi pfu/ % {Mean} % p?

+SD | (P/N) { *SD dose] (P/N) { +SD § (P/N)
DENV4 {58+ 16% {3.9¢ 62.5% {694 100% {52+ 70%
1036 0.5 {(8/50)§ 1.5 (5/8) (30/30){ 0.45 §(21/30

)

DENVax-{ 54+ { 3.6% §0.7+£{0.03i0% (0/2)§ 118§ 70% §1.1+{ 0% {<0.0
4 04 {(2/55)§ 00 { 3 (21/30)§ 0.46 § (0/21) { 001

4 Virus titers or Meanz+standard deviation if from more than 1 experiment in blood
meal (logio pfu/ml) by back titration

b Rate of virus detected in mosquito bodies. PIN = positive/total mosquitoes

¢ Mean virus titers * standard deviation (log4g pfu/mosquito) in mosquito body, only
positive sample are included for calculation

d Statistic analysis of the differences between wt DENV and DENVax by Fisher
Exact probability

€ Rate of virus detected in legs of the positively infected mosquitoes

T Rate of virus detected in saliva of the positively infected mosquitoes. Used to
measure transmission efficiency

[0108] Vector competence is an important safety component for live-attenuated flavivirus
vaccine viruses. Previously, the research-grade DENV-2 PDK-53-W45R virus and wt
derivatives were tested in Ae. aegypti, and found that the NS1-53-Asp attenuating mutation
was the dominant determinant for impaired mosquito replication. The other two major
attenuation loci of the DENV-2 PDK-53 vaccine, nucleotide 5'NCR-57-T and NS3-250-Val, also
exhibited some inhibiting effect on replication in mosquitoes, thus providing additional,
redundant restrictions for mosquito vector competence. Some exemplary methods described
herein were used to test the mosquito oral and IT infection and replication for all four DENVax
strains. DENVax-1, -2, and -3 did not infect any Ae. aegyptimosquitoes through oral infection
(Table 4). The DENVax-4 infected only 3.6% of orally exposed mosquitoes, a level significantly
lower than that of the wt DENV-4 with a replicative mean titer in the mosquito bodies lower than
that of wt DENV-4 infected mosquitoes. Surprisingly, DENVax-4 was detected in the legs of the
infected mosquitoes, suggesting that DENVax-4 was not able to disseminate from the mosquito
midgut following oral infection. The infection rates for the DENVax-1, -2, and -4 were all
significantly less than their wt counterparts, but the difference was not significant between
DENVax-3 and wt DENV-3 16562 due to the very low infection rates for both viruses.
Compared to other wt strains of DENV assessed in Ae. aegypticollected from the same Mae
Sot Province, Thailand, the parental wt Dengue virus strains used for engineering DENVax
appeared to have lower infectious and dissemination rates by oral infection. The wt DENV-1
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PUO0359, DENV-2 PU0218, DENV-3 PaH881/88, and DENV-4 1288 used for engineering the
Yellow Fever (YF) 17D vaccine-based ChimeriVax-DEN vaccines had infection rates ranging
47-77%. In contrast, the YF 17D vaccine cannot infect Ae. aegypti. Although the ChimeriVax
strains contained the prM-E from these highly infectious wt DENV, the ChimeriVax retain the
mosquito attenuation phenotype of their YF 17D replicative backbone. Results provided herein
also indicated that the mosquito attenuation of DENV-2 PDK-53 backbone was maintained in
the DENVax strains. In addition, using the wt Dengue virus strains with lower mosquito-
infectivity in constructs included in compositions described herein provides an additional safety
feature.

[0109] The oral infection results illustrate that the DENVax had minimum mosquito infectivity
and dissemination capacity. In addition, the more sensitive and stringent IT infection
experiments were performed to further analyze the potential of DENVax to be transmitted by
Ae. aegypti. The IT results demonstrated that all four DENVax viruses had non-detectable or
minimal mosquito transmission potential compared to their wt counterparts. DENVax
transmission could only theoretically occur if (1) vector feeds on a vaccinee with a sufficient
viremia titer to infect mosquito midgut, (2) the virus is capable of replicating in the midgut
epithelium and able to subsequently disseminate out of the midgut, and (3) the disseminated
virus can replicate in salivary gland and expectorate sufficient virus in saliva for transmission.
The threshold of human viremia required to infect mosquitoes has not been established

adequately, but human viremia can be 105-108 mosquito infectious dosesy (MIDsg)/ml after
natural wt DENV infection. This MID5g was based on direct [T inoculation of mosquitoes with

diluted human plasma. Analysis of DENVax in nonhuman primates indicated that viremia titers
following DENVax immunization were very low (less than 2.4 logqg pfu/ml) and lasted for 2-7

days. Given the low viremia levels and the low mosquito infection, dissemination, and
transmission capacity of DENVax, it is unlikely that these vaccine viruses could be transmitted
by mosquitoes in nature or cause viremia.

[0110] Therefore, it is proposed that any of the passages of any of the serotypes (P1-P10)
could be used in a composition to generate a safe and effective vaccine against one, two,
three or all four dengue virus serotypes.

Aleurovirulence in suckling mice

[0111] The original research-grade vaccine viruses were highly attenuated for neurovirulence
in newborn ICR mice maintained in-house at DVBD/CDC. All of these mice survived ic

(intracerebral) challenge with 104 pfu of each vaccine virus. The wt Dengue virus serotype-2
16681 virus, on the other hand, resulted in 62.5% - 100% mortality in these CDC-ICR mice in
various experiments. In some experiments, commercial ICR mice obtained from Taconic Labs
(Taconic-ICR) were used to study neurovirulence in newborn mice. It was observed that
newborn Taconic-ICR mice were significantly more susceptible to Dengue virus serotype-2
infection than the previous CDC-ICR mice. Fig. 5A summarizes the neurovirulence of wt
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Dengue virus serotype-2 16681 in CDC-ICR colony and Taconic-ICR newborn mice challenged

ic with 104 pfu of the virus. The Taconic-ICR mice (100% mortality in 32 mice, average survival
time of 8.3 £ 0.5 days) were more susceptible to ic Dengue virus serotype-2 16681 challenge
than the previous CDC-ICR mice (91% fatalities in 72 mice, average survival time of 14.6 £ 2.3
days).

[0112] In other exemplary methods, in order to evaluate neurovirulence of the DENVax MVS,
the Taconic-ICR mice initially were challenged ic (intracerebrally)with a dose of approximately

104 pfu of wt Dengue virus serotype-2 16681, D2 PDK-53 W45R, D2/3-V, or DENVax 1-4 virus
in one (n=16) or two (n=31-32) experiments (Fig. 5B). At this dose, D2/3-V research grade
virus, as well as DENVax-1, and DENVax-3 MVS exhibited fully attenuated neurovirulence
phenotypes (no iliness or mortality). As expected, wt Dengue virus serotype-2 was found to be
"fatal", with average mouse survival time (AST) of 8.3 £ 0.8 days. In these Dengue virus
serotype-2-sensitive Taconic-ICR mice, the D2 PDK-53-W45R research grade virus resulted in
81.3% mortality. The DENVax-2 MVS and DENVax-4 MVS were uniformly fatal in the Taconic-
ICR, showing AST values 0f 9.8 £+ 1.7, 10.2 £ 1.4, and 11.3 £ 0.4 days, respectively.

[0113] In some exemplary methods, the neurovirulence of wt Dengue virus serotype-2 16681
virus was compared with that of D2 PDK-53 W45R, DENVax-2 MVS and DENVax-4 MVS, as

well as D2/4-V research grade virus, at a 10-fold lower dose (103 pfu, Fig. 5C). The wt Dengue
virus serotype-2 retained a uniformly fatal neurovirulent phenotype, with AST of 9.0 £ 1.4 days,
at this lower challenge dose. The other 4 viruses exhibited intermediate neurovirulence
phenotypes, and the degree of neurovirulence was serotype-specific. The D2 PDK-53-VW45R
virus and its DENVax-2 MVS cognate showed significant attenuation (32.3% survival with AST
of 13.1 £ 3.8 days and 31.2% survival with AST of 10.5 £ 3.4 days, respectively). Both the
DENVax-4 MVS and the research grade D2/4-V virus were highly attenuated for neurovirulence
(81.3% survival with AST of 18.8 £ 5.8 days and 100% survival, respectively). The results
suggested that MVS of DENVax-1 and -3 exhibited complete attenuation of neurovirulence,
while DENVax-2 and -4 MVS lots retained attenuation phenotypes that closely resembled their
homologous research-grade virus vaccine candidates.

[0114] Figs. 5A-5C represent exemplary graphs illustrating neurovirulence in newborn mice
tested with various compositions including wt Dengue virus serotype-2 and different attenuated
Dengue viruses. Pooled results of numerous experiments summarizing the neurovirulence of
wt Dengue virus serotype-2 16681 virus in CDC-ICR (n=72) and Taconic-ICR (n=32) newborn

mice challenged ic with 10% pfu of the virus (A). Neurovirulence of DENVax MVS tested in

Taconic-ICR mice with a dose of 104 pfu (B) or 103 pfu (C). The numbers of animals tested per
group in one experiment (n=16) or two pooled experiments (n=31 or 32) are indicated.

Plaque phenotype of WVS, and BVS

[0115] Certain studies were performed to compare plaque phenotypes of VWS and BVS with
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MVS, wt Dengue viruses and their homologous lab derived, research-grade chimeras in Vero
cells (Fig. 6). Mean plaque sizes were calculated from 10 plaques for each vaccine virus, but
from reduced numbers of wt DENV-1, -3, and -4. All of the MVS viruses of DENVax-1, -2, and
-3 produced plaques that were significantly smaller than their wt homologs and very similar
(within 0.4-mm differences) to their homologous research-grade viruses in Vero cells. DENVax-
4 MVS was also significantly smaller than the wt DENV-4, but was slightly (0.9 mm) larger than
the original lab derived D2/4-V chimera. With the exception of the DENVax-2, all of the VWS
and BVS of the DENVax-1, -3, -4 retained significantly smaller plaque sizes than those
produced from their wt homologs. The DENVax-2 VWS and BVS produced plaques that were
similar to the plaques of wt DENV-2 virus in Vero cells, but when tested in LLC-MK; cells all of

the DENVax-2 manufactured seeds produced plaques that were somewhat smaller than those
of the wt DENV-2 (1.4 £ 0.4) and similar to the lab derived D2 PDK-53-W45R (1.0 £ 0.3) (Fig.
6).

[0116] Evaluation of the phenotypic markers of viral attenuation, including small plaque
phenotype, temperature sensitivity, reduced replication in mosquito cells, reduced
infection/dissemination/transmission by mosquitoes, and reduced neurovirulence in newborn
ICR mice, were assessed for the compositions of MVS stocks. Results indicated that all of the
DENVax retained the expected attenuation phenotypes similar to the original research-grade
vaccine viruses. Given the mutations responsible for attenuation are conserved in all MVS,
VWS and BV, it can be expected the attenuated phenotypes to be retained in the material
manufactured for human clinical testing.

[0117] Fig. 6 represents an exemplary histogram illustrating plaque size of the DENVax MVS,
VWS, and BVS. Mean plaque diameters + SD (error bars) of the virus plaques in Vero or LLC-
MK, cells under agarose overlay measured on day 9 pi. The wt DENVs and previously

published research-grade vaccine candidate viruses were included for control and comparison.

Virus replication in mosquito C6/36 cells

[0118] Previous studies demonstrated that the research-grade PDK-53-based chimeric
vaccine viruses retained the attenuation phenotype of the backbone DENV-2 PDK53 virus in
C6/36 cells. In some exemplary methods, the DENVax MSV, VWS, and BVS were grown in
C6/36¢ells to verify their retention of this in vitro attenuation marker after large scale
manufacturing. Compared to the wt Dengue viruses, except for DENVax-3, the manufactured
seeds showed marked growth reduction (at least 3 logio PFU/mI reduction) in C6/36 cells on
day 6 pi (Fig. 7). The DENVax-3 seeds also exhibited reduced growth compared to the wt
DENV-3 16562, but the reduction was not as marked (1-2 logig PFU/mI reduction). However,

the titers of the DENVax-3 seed lots were similar (within 1 logg PFU/mI difference) to the

original research-grade chimeric D2/3-V vaccine virus.

[0119] Fig. 8 represents an exemplary histogram plotting restricted growth of DENVax MVS,
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VWS, and BVS in C6/36 cells. Mean titers + SD (error bars) of the viruses replicated in C6/36
cells 7 days pi. The wt Dengue viruses and previously published research-grade vaccine
candidate viruses were included for comparison.

Aleurovirulence in suckling mice

[0120] Additional experiments were performed to analyze neurovirulence in newborn ICR

mice. At an intracranial dose of 104 PFU, the survival rates for wt DENV-2 16681 and the D2
PDK-53-W45R were 0% and 18.8%, respectively (Fig. 9A) in the ICR mice, but were about
20% for wt DENV-2 16681 and 100% for the D2 PDK-53-W45R in the CDC ICR mice. In this
study, DENVax-1 and DENVax-3 MVS were attenuated (100% survival) for the mice at a dose

of 104 PFU, but the MVS of DENVax-2 and DENVax-4 caused 100% mortality at the dose of

over 104 PFU (Fig. 5A). However, when tested at a dose of 103 PFU of virus, the DENVax-2
(31.3% survival) and DENVax-4 (81.3% survival) showed reduced neurovirulence relative to wt
Dengue virus serotype-2 16681 (0% survival), and their survival rates were similar to those of
the research-grade vaccine candidates D2 PKD-53-W45R (32.3%) and D2/4-V (100%),
respectively (Fig. 9B). Although, wt DENV-1, -3, or -4 were not included for comparison in this
study, previous work demonstrated that wt DENV-1 16007 was attenuated in the CDC-ICR
mice by the ic route, while both wt DENV-3 16562 and DENV-4 1036 were highly virulent (0%
survival) for the CDC-ICR mice. It is likely that these 3 wt DENV would exhibit similar or greater
virulence in the more susceptible Taconic ICR mice. Therefore, inclusion of these wt Dengue
viruses for comparison with their homologous DENVax MVSs was considered to be
uninformative. This study indicated that all 4 DENVax MVSs and original laboratory derived
candidate vaccine viruses exhibit comparable mouse attenuation phenotypes relative to the wt
DENV-2 16681.

[0121] Figs. 9A-9B represent exemplary graphs of data of neurovirulence of DENVax MVS in
newborn ICR mice. (A) IC inoculations of the virus at dose of 104 PFU. (B) IC inoculation of the
virus at dose of 103 PFU

[0122] All seed lots of the DENVax were tested for the identity, sterility, and freedom from
undesirable agents. Full-genome sequence analysis revealed that one extra amino acid
mutation evolved in the DENVax-4 MVS, while the other 3 DENVax MVSs retained the
consensus genome sequence of their pre-master seeds. In VWS lots, the DENVax-3 acquired
an extra amino acid mutation and the other 3 serotypes accumulated 2 extra amino acid
substitutions, relative to their pre-master seeds. Genome sequences of all the 4 BVS lots were
identical to their VWS lots. Overall from the P2 seeds to the pre-master (P7) seeds, only 1 or 2
non-silent mutations occurred in a given seed. Between pre-master and BCS (P10) seeds, only
1 to 2 nucleotide substitutions were observed, all of which occurred in NS2A, 4A, or 4B, with
the exception of single nucleotide change resulting in a conserved glycine and alanine at
residue E-483. From P2 to BVS (P10) seeds, total 3 to 8 nucleotide substitutions were
identified in any given DENVax seed, and only 2 to 4 of these substitutions resulted in amino
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acid changes. None of the silent mutations in the BVS were within the 5'- or 3'-NCR region
which may affects virus replication. These results suggest that the DENVax viruses were
genetically highly stable during manufacture. The three defined DENV-2 PDK-53 attenuation
loci located in 5'NCR, NS1-53, and NS3-250 remained unchanged in the consensus genome
sequence upon serial passage of the DENVax to generate BVS stocks. The highly sensitive
TagMAMA of the 5'-NCR-57 locus showed minimal or undetectable reversion in the MVS,
VWS, and BVS of DENVax. The highest reversion rate of 0.21% was identified in the DENVax-2
BVS. The reversion rates of the P10-equivalent BVS (<0.07% to 0.21%) were significantly lower
than the reversion rates that evolved in other vaccine candidates after serial passages in Vero
cells (4-74% reversion by P10). This suggests that this strategy for large scale manufacturing
of the DENVax seeds is successful, regarding maintaining genetic stability and retention of
attenuation markers in the candidate vaccine viruses.

[0123] Since MVS stocks disclosed herein will be used for future manufacturing of VWS and
BVS lots, full panels of virus attenuation phenotype evaluations, including small plaque
phenotype, temperature sensitivity, reduced replication in mosquito cells, reduced
infection/dissemination/transmission in whole mosquitoes, and reduced neurovirulence in
newborn ICR mice, were conducted for all MVS or their equivalent surrogate stocks. For the
VWS and BVS stocks, plaque size, infectivity in mosquito cells, were also performed to confirm
their attenuations. Results indicated that all the MVS stocks of the 4 serotypes of DENVax
retained the expected attenuation phenotypes, such as small plaques, reduced replication in
C6/36 cells, and reduced mouse neurovirulence, similar to the original lab-derived vaccine
viruses (Figs. 6, 8, and 9). Except for the DENVax-4, all other 3 MVS stocks of DENVax were
TS at 39°C as shown in Figs 3 and 7.

[0124] For the VWS and BVS stocks, two attenuation phenotypes, small plaques and restricted
replication in C6/36 cells, were analyzed and confirmed. Since there are very little genetic
changes between the MVS and BVS, it was expected that they would retain the attenuation
phenotypes as MVS. In addition to the experiments described in this report, safety and
immunogenicity of the manufactured DENVax in Ag129 mice and nonhuman primate have
been tested.

[0125] Exemplary methods are provided herein to demonstrate manufacture of DENVax MVS,
VWS, and BVS stocks under cGMP. The BVS stocks were used to formulate the tetravalent
DENVax currently in human clinical trial evaluations. A unique manufacture strategy to optimize
the genetic stability and safety of the manufactured MVS was provided in some exemplary
methods. Since the main attenuation loci of the DENVax have been well characterized
previously and a highly sensitive and quantifiable SNP assay, TagMAMA was developed to
integrate genome sequence and the TagMAMA to identify optimal pre-master seeds for
making the MVS. The genetic and phenotypic characterizations of the MVS were fully analyzed
to confirm that these viruses retained desirable attenuations for safety of the vaccine. This may
be the only live, attenuated viral vaccine that can be efficiently analyzed for all the major
attenuation genetic loci during manufacturing from pre-master all the way to BVS stocks.
Results provided herein exemplified the advantage of strategically designed live-attenuated
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vaccines in vaccine safety.

[0126] Fig. 10 represents an exemplary table comparing new live, attenuated viruses to
previously generated live, attenuated dengue viruses. Mutations are indicated where different
from a control virus (e.g. 16681), or other live, attenuated dengue-2 viruses.

Materials and methods

Viruses and cells

[0127] DENV-1 16007, DENV-2 16681, DENV-3 16562, and DENV-4 1034 served as wild-type
(wt) DENV controls, and they were the parental genotype viruses for the four recombinant
DENVax vaccine candidates. DENVax progenitor research-grade viruses, designated as D2/1-
V, D2 PDK-53-W45R, D2/3-V, and D2/4-V, were prepared and characterized previously. Vero
(African green monkey kidney) cells used for making the master and working cell banks for
vaccine production were originated from the American Type Culture Collection (ATCC) CCL81
cell line that has been characterized by the World Health Organization (VWHO) for vaccine
manufacture (WCB-Vero cells).

Derivation of live recombinant DENVax viruses from cDNA clones

[0128] To re-derive the candidate vaccine viruses under cGMP manufacturing conditions, the
previously engineered DENV infectious cDNA clones, pD2-PDK-53-W45R, pD2/1-V, pD2/4-V,
and in vitro-ligated pD2/3-V containing the full genome-length viral cDNAs were used to make
fresh viral RNA transcripts by in vitro transcription as described previously. Briefly, Xbal-
linearized DENV genomic cDNAs were treated with proteinase K, extracted with
phenol/chloroform and precipitated in ethanol to remove any residual proteins, and then
suspended in RNase-free Tris-EDTA buffer prior to transcription. The in vitro transcription was
conducted using the AmpliScribe T7 High Yield Transcription kit (Epicentre Technologies)
following the manufacturer's recommended protocol. The RNA A-cap analog, m7G(5")ppp(5)A
(New England BiolLabs), was incorporated during the 2-hr transcription reaction to add the 5'-
terminal A-cap to the RNA transcript. The samples were then treated with DNase | to digest the
template cDNA, followed by low pH phenol/chloroform extraction and ethanol precipitation to
remove residual DNA and proteins. The purified RNA transcripts, suspended in RNase-free
water, were distributed in 20-pl aliquots and stored at -80°C until ready for transfection of cells.
The integrity and concentration of the RNA transcripts were analyzed by agarose gel
electrophoresis. Each 20-pl aliquot was estimated to contain sufficient genome-length viral

RNA to permit transfection of 0.4-1 x 107 production-certified Vero cells by electroporation.

[0129] Transfection of each RNA transcript into WCB-Vero cells was performed in the cGMP
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facility at Shantha Biotechnics. DENVax RNA transcripts were thawed, mixed with 400 pl of the

Vero cell suspension (1 x 107 cells/ml), and transferred to a pre-chilled sterile electroporation
cuvette (4-mm gap) for electroporation by a Gene Pulser Xcell total system (BioRad
Laboratories). Each sample was pulsed once at 250/« Ohms/500 uF, incubated for 10-15 min

at room temperature, transferred to a 75-cm? flask containing 30 ml of cell growth medium
(MEM with 10% FBS), and incubated at 36°C £ 1°C, 5% CO, for 6 to 11 days. The culture

medium was harvested, clarified by centrifugation, stabilized, and stored in small aliquots
below -60°C. The viral titers of candidate vaccine stocks (termed P1 for passage level 1)
resulting from transfection were determined by plaque titration assay in Vero cells and used for
further propagation of the DENVax seeds.

Manufacture of DENVax virus seeds

[0130] P1 virus seeds were used to propagate DENVax pre-master, master, working, and bulk
virus seed lots through a strategy designed to ensure the optimal genetic stability and safety of
the manufactured lots. This strategy included three serial plaque purifications, as well as
genetic analyses of viruses at various passage levels to select the optimal clonal virus
population for continued seed production (Table 1). Briefly, the P1 seeds harvested from
transfected cells were amplified once by infection of Vero cells at a MOI of 0.001 to generate
the P2 seeds. Aliquots of the P2 seed stocks were evaluated by plaque morphology and
complete viral genomic sequencing. The genetically confirmed P2 stocks were plated on Vero
cell monolayers with overlay medium as described in the plaque titration section below to
generate well-isolated plaques. After visualization with neutral red, six individual plaques from
each of the 4 serotypes of vaccine viruses were isolated (plaque clones Ato F) and mixed into
0.5 ml of culture medium (passage P3). Each of the six plaque suspensions was subjected to
two additional rounds of plaque purification, resulting in twice- and thrice-plaque purified virus
seeds at passages P4 and P5, respectively. The P5 viruses were amplified through two
sequential Vero passages to produce P7 seed stocks.

[0131] Genetic analysis of the three major DENVax attenuation loci using spot sequencing
and/or Tagman-based mismatched amplification mutation assay (TagMAMA) as previously
disclosed, and plaque phenotype analysis were conducted to screen all 24 P7 seeds. Seeds
possessing appropriate initial characteristics were then further characterized by full genomic
sequencing. As a result of these analyses, one of the 6 (clone A-F) P7 seeds of each DENVax
serotype was selected to be the pre-master seed, based on the presence of the DENV-2 PDK-
53 attenuating mutations, minimal genomic sequence alterations, and expected plaque
phenotype. Each selected pre-master seed was expanded to master virus seed (MVS or P8)

by a one-time passage of the virus at MOI of 0.001in multiple 175 cm? flasks of Vero cells.
Except for the DENVax-4 MVS, the master virus seeds were harvested at 8-10 days post
infection (pi). The MVS stocks were harvested at 6-10 days post infection (pi), clarified by
centrifugation, stabilized by the addition of sucrose/phosphate/glutamate solution (final
concentration 7.5 % sucrose, 3.4 mM potassium dihydrogen phosphate, 7.2 mM dipotassium
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hydrogen phosphate, 5.4 mM monosodium glutamate, respectively) and 0.95 to 1.90% FBS
(final concentration). DENVax-4 MVS was prepared differently to optimize its yield. Briefly,
multiple flasks of cells were infected with DENVax-4 pre-master seed at a MOI of 0.001 in the

presence of 0.1% F-127", poloxamer 407, (other EO-PO block copolymers have been
assessed and may substitute here, see issued patent ) that have been demonstrated to
enhance DENV virus thermal stability. Infectious media was harvested days 6-10 pi, and
stabilized with 17% FBS (final concentration), pooled, and frozen. All four DENVax MVS stocks
were stored as 1-ml aliquots below -60°C.

[0132] The DENVax working virus seeds (VWS) were prepared by one-time passage in Vero
cell culture of the MVS at a MOI of 0.001. The procedures were similar to the production of

MVS, except they were cultured in multiple-layer cell factories (6360 cm?). The VWS stocks
were filtered through 10 uM and 0.45uM filters, stabilized with the same stabilizers used for the
MVS, aliquoted into 30ml PETG bottles or 2.0 ml cryovials, and stored below-60°C.

[0133] In certain methods, bulk virus seeds (BVS) were produced by infecting multiple cell
factories (6360 cm? each) of confluent Vero cells with 90 mL of diluted VWS to attain a MOI of

0.001. A media used for dilution of the VWS inocula contained 0.1% F-127 ™ without serum.
After 1.5 hr adsorption, cells were washed 3 times with PBS, and 800 ml of serum-free DMEM
medium was added to each cell factory, and the factories were incubated at 36(x1)°C in
5(20.5)% CO,. After incubation for four days, small aliquots of medium were collected for

sterility testing. Viruses were harvested between day 5 and day 10 pi, and immediately clarified
by filtration through a 0.45 um pore size filter, and 1L of each clarified virus pool was stabilized

by addition of 500 ml of 3x FTA buffer (final concentrations of 15% trehalose, 1.0% Pluronic®

F-127™ poloxamer 407, 0.1% human albumin USP in PBS, pH 7.4). The stabilized virus was
distributed into 1-L PETG bottles and stored frozen below -60°C for subsequent pooling and

quality control testing. All stabilized virus harvests with a virus titer above 10° PFU/ml and an
acceptable level of residual DNA were rapidly thawed in a water bath at 32°C, then aseptically
pooled and mixed. Each pooled monovalent BVS was distributed into labeled PETG containers
and stored at below -60°C until further use.

Manufacture product quality controls

[0134] The MVS, VWS, and BVS seeds were tested for identity, sterility, and detectable
adventitious agents. The identity of each vaccine stock was confirmed by RT-PCR with DENVax
serotype-specific primers. The amplified cDNA fragments contained the E/NS1 chimeric
junction site to permit identification of each of the four DENVax serotypes. Each seed was
tested in all 4 serotype-specific RT-PCR reactions to confirm viral identity and freedom from
cross contamination with heterologous DENVax serotypes. Sterility testing was performed in
accordance with USP 71 (United States Pharmacopeia, section 71). Mycoplasma testing was
performed.
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[0135] The following in vitro and in vivo tests for viral contamination were all performed using
unclarified, unstabilized DENVax harvests collected during manufacture of the seeds.
Harvested infectious media were first neutralized with DENV rabbit polyclonal antiserum
(Inviragen) at 36 + 1°C for 1 hr to inactivate the DENV. For in vitro test, the neutralized seeds

were inoculated into three indicator cells lines, MRC5, VERO and MA104, in 25 cm? flasks.
Echo virus (CPE control) or mumps virus (hemadsorption control) were used as positive CPE
or hemadsorption control, respectively. All cells were monitored daily for CPE for a total of 14
days. At the end of 14 days, the culture supernatant was removed and replaced with 10 mL of
a guinea pig red blood cell (RBC) solution (3 mL of 0.5% guinea pig RBC in phosphate
buffered saline, made up to 10 mL with cell growth medium). The flasks were then incubated at
5 £ 3°C for 30 minutes followed by incubation at room temperature for 30 minutes. The
monolayers were washed with PBS and observed under 10 X magnification for the presence of
any star-shaped clumps of RBCs for hemadsorption.

[0136] /n vivo tests for adventitious agents were performed in suckling mice, post-weaning
mice and guinea pigs. Suckling mice were inoculated with 0.1ml or 0.01 ml (10 mice in each
dose group) of the DENV-antiserum neutralized seed sample through intraperitoneal (ip)
injection. Similarly, 10 post-weaning mice were each inoculated ip with 0.5 ml or 0.03 ml of the
sample. Guinea pigs (5/group) were each inoculated ip with 5.0 mL. Suckling mice were
observed daily for morbidity and mortality for a total of 14 days following inoculation. Post-
weaning mice were observed for a total of 28 days, and guinea pigs were observed for a total
of 42 days following inoculation. The test articles met the acceptance criterion if 280% of the
inoculated animals remained healthy throughout the observation period.

[0137] The in vivo testing for contaminants was also performed in embryonated chicken eggs
and was conducted. For every sample, 10 embryonated hen eggs (9 days old) were each
inoculated with 0.5 mL of the DENV antiserum-neutralized sample into the allantoic fluid and
incubated at 35°C for 3 days. The allantoic fluids from these 10 eggs were harvested, pooled
and passaged into the allantoic fluid of 10 fresh embryonated eggs (10-11 days old;
0.5mlL/egg) and incubated at 35°C for a further 3 days. Similarly, for each sample, 10
embryonated eggs (6-7 days old) were each inoculated with 0.5 mL per egg (DENVax-2
monovalent BVS) or 0.25 mL per egg (DENVax-1, DENVax-3 and DENVax-4 BVS ) by injection
into the yolk sac and incubated at 35°C for 9 days. The yolk sacs from these 10 eggs were
harvested and pooled, and a 10% suspension was passaged into the yolk sacs of 10 fresh
embryonated eggs (6-7 days old; 0.5 mL/egg) and incubated at 35°C for a further 9 days.
Eggs inoculated into the allantoic fluid (both initial and passage inoculations) were observed for
viability after 3 days incubation. Both pools of allantoic fluid were tested for hemagglutination
activity using chicken, guinea pig and human type O erythrocytes at 4°C and 25°C. Eggs
inoculated into the yolk sack (both initial and passage inoculations) were observed for viability
after 9 days of incubation.

Virus plaque assay and immunofocus assay
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[0138] Virus titers were measured by plaque assay or immunofocus assay using Vero cells.
Plague assays were performed in double agarose overlays in six-well plates of confluent Vero
cells as previously described, and they were also used to evaluate the plaque phenotypes of
the DENVax seeds. For accurate comparison, plaque sizes of all viruses were measured and
compared in the same experiment. After visualization with neutral red on day 9 pi, up to 10 well
isolated plaques for each virus were measured for mean plaque size calculation. Fewer
plaques were measured for wt DENV-1, -3, and -4, whose larger plaque sizes often did not
permit measurement of 10 well-separated plaques.

[0139] Because tetravalent DENVax contains all four DENV serotypes, a DENV serotype-
specific immunofocus assay was developed to quantitate each DENVax component in the
tetravalent formulations. Immunofocus assays of each individual DENVax MVS were compared
with the plaque assays to ensure virus titration results were comparable between the two
assays. The immunofocus assay was conducted in 6-well plates of confluent Vero cells
infected with serially diluted viruses. Cells were overlayed with a balanced salt medium
(BSS/YE-LAH medium) containing 0.7% high viscosity carboxymethyl cellulose (Sigma) and
incubated for 7 days at 37°C with 5% CO,. After removal of overlays, cell sheets were washed

3 times with PBS, fixed with cold 80% acetone for 30min at -20°C, washed once with PBS, and
blocked with a blocking buffer containing 2.5% (w/v) nonfat dry milk, 0.5% Triton X-100, 0.05%
Tween-20 in PBS at 37°C for 30 min. Blocked cells were incubated with diluted DENV
serotype-specific MAbs, 1F1 (DENV-1), 3H5 (DENV-2), 8A-1 (DENV-3), or 1H10 (DENV-4) in
blocking buffer at 37°C for 1 hour or 4°C overnight, washed 3 times with washing buffer (0.05%
Tween-20 in PBS), and incubated with alkaline phosphatase- or horse radish peroxidase
(HRP)-conjugated affinity-pure goat anti-mouse IgG (Jackson Immuno Research Laboratories)
at 37°C for 45-60 min. Plates were washed 3 times before the appropriate substrate, 1-Step
NBT/BCIP plus suppressor (Pierce) for alkaline phosphatase or Vector-VIP kit (Vector Labs) for
HRP, was added for color development. Color development was stopped by rinsing with water
when the foci were fully developed. Stained immunofoci were directly visualized and counted
on a light box.

Genetic sequence

[0140] Full length genomes of the MVS and VWS were sequenced (see below). Briefly, viral
RNA was extracted from DENVax seeds by using the QlAamp viral RNA kit (Qiagen), and
overlapping cDNA fragments covering the entire genome were amplified using the Titan One
Tube RT-PCR kit (Roche Applied Science, Inc.). The amplified cDNA fragments were gel
purified before sequencing with both forward and reverse primers using the BigDye Terminator
v3.1 cycle sequencing kit (Applied Biosystems). Sequence reactions were cleaned using the
BigDye XTerminator Purification kit (Applied Biosystems), and run on the 3130xl Genetic
analyzer (Applied Biosystems) at DVBD/CDC. The Lasergene SegMan software (DNAStar, Inc)
was used for genome analysis and comparison.
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Tagman based mismatch amplification mutation assay (TaqMAMA)

[0141] TagMAMA is a sensitive, quantitative single nucleotide polymorphism assay developed
to permit finer assessment of the level of reversion at the 5'NC-57 locus of attenuation, and
was further optimized for this study. Extracted viral RNA from MVS and VWS were analyzed by
the TagMAMA with both sets of primers/Tagman probe that are specific to wt or the vaccine
5'NC-57 region. The forward primers used to detect DENV-2 wt and vaccine sequences were
D2-41-GC and D2-40-TT, respectively. The 3'-terminal nucleotide of each forward primer
matched the specific 5’'NCR-57 nucleotide for each virus, while the nucleotide adjacent to the
3'-terminal nucleotide in each primer differed from the DENV-2 viral genomic sequence to
enhance the mismatch effect. The reverse primer, CD-207, and the Tagman probe, CD-169F,
for both wt and vaccine sets were identical. Sequences of the primers and probe as well as
cycling conditions were described previously. The real time RT-PCR was performed with the
iQ5 or CFX-95 system (BioRad), using a BioRad iScript RT-PCR (for probes) kit, in a 25-pl
reaction containing 5 ul of viral RNA template, 0.4 uM of each primer, and 0.2 uM of the probe.
Triplicate reactions for each wt- and vaccine-specific assay were conducted for each sample.
Genome copy numbers were determined relative to a standard curve prepared for each viral
genotype, where the RNA standards were transcripts derived from plasmids containing nt 1-
2670 of each genotype-specific cDNA. In addition, the specificity of the assay was confirmed by
testing each RNA standard with the heterologous genotype primer/probe sets to ensure
minimum cross-reactivity in every experiment. The results were reported as the percentage of
viral genomes showing reversion. Previously, due to higher cross-reactive backgrounds that
limited the input RNA levels for this assay, the original detection sensitivity was about 0.1%
reversion (discrimination power). Since then, the assay has been further optimized using
improved real-time PCR equipment and reaction kits, and the cross-reactive background was
decreased considerably at much high levels (7-8 logqg copies) of RNA template input. This

optimization resulted in significant improvement of the detection sensitivity, down to 0.01-0.07%
reversion.

Virus replication in mosquito C6/36 cells and temperature sensitivity in mammalian Vero
cells

[0142] The replication phenotypes of the four DENVax MVS stocks and wt DENV-1, -2, -3, and
-4 viruses were evaluated in C6/36 mosquito cells (Aedes albopictus). C6/36 cells grown in 6-
well plates were infected in duplicate with each virus at a MOI of 0.001 and incubated with 4
ml/well of DMEM medium containing 2% FBS in a 5% CO5 incubator at 28°C. Small aliquots of

the culture supernatant were collected for each virus on day 6 pi, mixed with an equal volume
of medium containing 40% FBS, and stored at -80°C until ready for virus plaque titration.

[0143] Temperature sensitivity was conducted by comparing viral growth at 39°C versus
growth at 37°C at five days pi of Vero cells in 6-well plates. Cells were infected in quadruplicate
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with each virus at a MOI of 0.001 at 37°C. Following adsorption of virus, the infected cultures
were incubated with 4 ml/well of DMEM medium containing 2% FBS in 2 separate 5% CO»

incubators, one set (duplicate plates) at 37°C and the other at 39°C. Aliquots (50-ul) of the
culture supernatant were collected on day 5 pi, mixed with an equal volume of DMEM
containing 40% of FBS, and stored at -80°C until ready for virus plaque titration. Incubator
temperatures were calibrated with NIST-traceable factory-calibrated thermometers (-1 to 51
°C; ERTCO).

Mosaquito infection, dissemination, and transmission

[0144] Aedes aegypti mosquitoes used for the study were from a colony established in 2002
from a village near Mae Sot (16' N, 33' E), Thailand. After emerging from larvae, adult
mosquitoes were maintained at 28°C at a 16:8 (light:dark) photoperiod with 10% sucrose
solution provided adlibitum. Five-to-seven day old female mosquitoes were used for infectious
blood meal feeding or intrathoracic (I'T) inoculations. Aliquots of freshly cultured DENVax and
wt DENV were used immediately upon harvest (without any freeze-thaw cycle) to make virus
blood meals as indicated below for oral infection. Remaining virus supernatants were
supplemented with FBS to a final concentration of 20%, and aliquots were stored at -80°C for
future virus plaque titration and IT inoculation experiments. The freshly prepared DENVax
seeds for these experiments were amplified from the pre-master seeds in Vero cells, and were
considered DENVax MVS equivalents.

[0145] Infectious blood meals were prepared by mixing fresh virus at a ratio of 1:1 with
defribrinated chicken blood (Colorado Serum Company) on the day of oral infection.
Mosquitoes were sugar-starved overnight and then offered the virus:blood mixture for 1 hour
using a Hemotek membrane feeding system (Discovery Workshops). A 50-ul aliquot of the
blood meal was retained at -80°C for back-titration of virus doses. Fully-engorged females
were sorted under cold anesthesia and placed into cartons with 10% sucrose solution provided
ad libitum. Cartons were placed at 28°C with a photoperiod of 16:8 h (light:dark). After 14 days,
25-30 mosquitoes from each virus group were anesthetized via exposure to triethylamine

(Flynap ®, Carolina Biological Supply Company) and one hind leg was removed and placed in
0.5 ml of DMEM with 10% FBS and 5% penicillin/streptomycin (100U/ml and 100ug/mi
respectively). Saliva was collected by inserting the proboscis of the anesthetized mosquito into
a capillary tube containing 2.5% FBS and 25% sucrose solution. Mosquitoes were allowed to
salivate for at least 15 minutes and then capillary tubes and bodies were placed into separate
tubes containing DMEM. Mosquito bodies, legs and saliva were stored at -80°C until they were
triturated and assayed for infectious virus. For I'T inoculation, mosquitoes were cold-
anesthetized and inoculated with approximately 50 pfu of virus in 0.34 yl inoculum. Inoculated
mosquitoes were kept for 7 days in the same conditions as described above. Mosquitoes were
then anesthetized, and their saliva and bodies were collected as described above. Samples
were stored at -80°C until further processing.
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[0146] To process the samples for virus titration, body and leg samples were homogenized
with copper coated BBs (Crossman Corporation, NY) at 24 cycles/second for 4 min using a
mixer mill, and then clarified by centrifuging at 3,000 x g for 3 min. Saliva samples were
centrifuged at 3,000 x g for 3 minutes to expel fluid from capillary tubes. Ten-fold dilutions of
the body and leg homogenates and saliva samples were tested for presence of infectious virus
by plaque assay. Results from bodies, legs, and saliva were used for determining the infection,
dissemination, and transmission rates, respectively.

Mouse neuro virulence

[0147] Timed pregnant female ICR mice were obtained from Taconic Labs, and monitored
several times each day to determine approximate birth times of pup litters. In a given
experiment, approximately 12-24 hours after birth, two litters of eight pups per virus (n=16),

was challenged with 103 to 104 pfu of virus in 20 pl of diluent by intracranial (ic) inoculation
using a 30-gauge needle. Animals were monitored at least 3 times daily for at least 32 days
following challenge. At the first sign of illness (rough fur, hunched back, weight loss, abnormal
movement, paralysis, or lethargy) animals were euthanized by lethal anesthetization with
isoflurane gas, followed by cervical dislocation. The post-infection day of euthanasia
represented the "time to illness/morbidity" or "survival time" for the animal. The animal
experiments were conducted following a DVBD/CDC IACUC-approved animal protocol.

Derivation of Master Seed Viruses

DENvax-1 Master Virus Seed (MVS)

[0148] Nucleotide sequence of the chimeric viral genome (SEQ ID NO: 13 in the sequence
listing) and deduced amino acid sequence of the translated protein (SEQ ID NO: 3 in the
sequence listing) are provided herein. Most of the prM-E gene (nt 457 to -2379, underlined) is
wild-type (wt) DEN-1 16007 virus specific; the remaining genome is DEN-2 PDK-53 virus
specific. All engineered substitutions differ from wt virus (D1 16007 or D2 16681), as well as
extra mutations (changes from engineered cDNA clone) detected in the MVS are marked.

Substitutions Included in the Genome and Protein:

[0149] Junction sites between D1 (prM-E) and D2 backbone:

1. a. Mlul (nt 451-456): engineered silent mutation, nt-453 A-to-G
2. b. NgoMIV (nt 2380-2385): engineered mutations, nt-2381/2382 TG-to-CC (resulted in
E-482 Val-to-Ala change)
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[0150] D2 PDK-53 virus backbone (change from wt D2 16681): all in bold

a. 5'-noncoding region(NCR)-57 (nt-57 C-to-T): major attenuation locus (in red)
b. NS1-53 Gly-to-Asp (nt-2579 G-to-A): major attenuation locus (in red)

c. NS2A-181 Leu-to-Phe (nt-4018 C-to-T)

d. NS3-250 Glu-to-Val (nt-5270 A-to-T): major attenuation locus (in red)

e. nt-5547 (NS3 gene) T-to-C silent mutation

f. NS4A-75 Gly-to-Ala (nt-6599 G-to-C)

*nt-8571 C-to-T silent mutation of PDK-53 is not engineered in the vaccine virus

[0151] DEN-1 prM-E (change from wt D1 16007)

1. a. Engineered nt-1575 T-to-C silent mutation to remove native Xbal site

[0152] Additional substitutions found in vaccine seed (0.03% nt different from original clone)

1. a. NS2A-116 lle-to-Leu (nt-3823 A-to-C, in bold)
2. b. NS2B-92 Glu-to-Asp (nt-4407 A-to-T, in bold)
3. ¢. nt-7311 A-to-G silent mutation (in bold)

WCR-57~T, D2 PDR~523 attenvation locus {(wt D2 18¢681: )

>5'-Noncdeding Region { >C
10 g] 3C 40 50 50 70 2] ) 100
AGTTCETTAGTCIACG T GGALCGACAARAGATAGATTCT TTGAGGEACITAAGCT CAATGTACTTCTAATAGT _ TTT TAAZ TAGAGAGCAGATCTCTCATGA
M N
112 120 13C 140 150 16C 170 180 18D 200

AUAACTAACGGAAAAAGGCEAAAAACACGI U 'CAAT AL GOTEAAACGCGACAGAAACCGEUGE. G
N 2 R KK A ¥ ¥ T F FNMIL K XX Z R N R

ACUTHI'CCAACAGD _ BACAAATAGALN C CACT
T v g ¢ L T K R E S5 L

21D 220 23C 240 250 26C 270 280 29D 300

TEEANTGCTECAFGEACGAGHEATCAT TANANNACT 3TTOATERCONTCATGECET TCCTTCETTTCCT ANCANT CCONCONNCHAGCAGEENTAT TEANGAGEN
G M .0 G R kK L F M AN T VAF R FT.T T P 2 T AN G T T K OE

10 330 340 350 350 370 280 320 407
TEGGEAACAAL _ AAANN AALAGCLIAT ARSI TCGABAGEGL CAGGAAAGACATL GEAAGGA LGOI GAACATCLYGAATAGGACACGTAGATC' G
W oG L < K g K oA 1 ¥ ¥ L Ik G L RoOK 2 L& R M L M LN R ORORR 3 A

>prM Beginning of D1 16007 sequence

410 420 43C £40 50 5C 470 480 490

CAGGCATGATCATTATGC . ZATTCCARCAGTGATGGCGT - CCATTTAACT 2EEr T, GEAGAGCCECATATCATAGTTACCAAGCACGAAAGA
G M 1 - M L 1 2> T v M A & H L T T™ R G ¢ E P 4 M Z V § K @ = R & K

I
Engineered Mlul splicing site (nt-453 A-to-G silent)

510 220 230 540 ah0 5&C 570 580 56D 600
GTCACTTTTGT - ZARE ECAGS CARCATZTGCACCCTCATTGCGATGGATTT GGGAGAGTTGT ST CAGGAZACEATGACCT ACAAAT SCCCE
g L L 2 K T 2 A ¢ YV N M C 'L _ A M D L & 4 L C ¢ DT M T Y K C 2

€19 620 53¢ 540 550 560 G0 €80 6C0 100
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fole

CGGTSCANTCCCACGGAZACNATGEGTGACCTATGGNC ETGCTCTIAANC TG ECGNNCACZ CGAC
w ¢ N~ T D T W ovVoT Y G T oS5 9 T G R OH O R

770
WCGTGEATGETCCT
Tow M3

<0

1) 820 33C 340 350 35C 870 &893 8gd 900
MACTAGNGACTTGEGCTCTGAGACATCOAGGNTTCACGETGNTASCCCTTT TTCTAGCASAT GCCNTAGGR .CATCCATCNCCOAGNN GGG T CATT
K vV . T W »n T R F P G F T V¥V 7T »~ . F - A 9 »~ T ¢ T s T T ¢ K G T T

410 9z0
TTCATTTTGCT ZATGITGGTAATACCATC
oL L oM Loy o2 3

50 950 970 G 3 1000
GAATAGGCAACAGACACTTCGTGGARAGGA ARCATGEGETGGE
L N R D F Vv 5 6 L 2 G A T W Vv D

1019 1020 103C 2040 Z050 106¢C 1070 1080 ;U‘;‘J 1100
ATGTGSTACTGEAGCATGGAAG  TGCSTCACCATOA T GGCALAAAR CARACT, ACTGCACAT TGAACTCTTCAAGACGGAGGTCACAAACCCTGCAGT
v v L FE G s C V T T M A K N P T L p I £ L L KTZEUY T N P &V
1112 1120 113C 214G 215G 116C 11748 1189 219D 1209
TCTGCETANT - 3TGEATTHANAECTANAN T ATCAANTACCANCCACCENTTCGAGNT CTCCANCACANAGERGANCTOACACTEGTGEANERNNACANGACGCH
T R K . ¢ T F A K T & W T T T R & R C P T ¢ O FR A T T, ¥V E F O I A
2240 260 70 1 J
C_GGGEECAAL TIALTCGEEAAAAGETAGICLAN T AACG _ GIGLCAAGT AR
G N s K G 8 L L 1T oA KoK

350 136¢C 1370 13890 2392 1400
AAARTATTCAGTCATAGT ACCAGGTEGGAAATSAGAC

T K L E G ]’f I \7 Q Y E N X ¥y 3 v I VvV T H LD ¢ H ¢ Vv G N E T
1410 1420 1430 240 450 1460 1470 1480 490 1500
TACAEANCATGENCANCTGCAACCATANCACCTCANGCT COTACCE T CEEAN TRCAGCT GACCGACTNCGEANCCCT TACAT TAGAT - GTTCACTTAGS
T E ¥ ¢ T T A T Z T I ¢© A [ T E I ¢ . T O Y I T L T L D < £ I E
_540 5%
AL LCORAATEG. CTECCT
' ¥ K L 2
(nl-157a 7= cemove Lhe nal.ive DIN=1 viras—-speas "oox»aT asile

1610 1
CTEGESFCTTCANSAT SCCANGASACT TGEAACASACAAGATTTACT SETCACA TTTANGR CAGCTCATGCANACTAGCAGEGANGTAGTOETACT NEEATC
a =

520 153C 40 550 1560 1670

2690 1700

o no 5 7 F ) T A N kK ¢ D L I, VvV T F K T A H A K K  F ¥V Vv ¥V T. O =8

1712 1770 1782 2780 1602
ACAACAAGGEAGTAAT! GACARCARTTTTCCECAGE: LV GOAGACTAARA
QO K G A M T L r oA G o4 L KOO R LK

1219

1835C 340 300 136¢C
CTCATTCAARGTTAGA 2%
L E K E Vv A = T Q

M D K - T L K G M 3 Y V M

40 2950 195¢C
ATTCCOTT TTCGACCTARCAT
I 0 F &8 T 9 D

1970 1989 1999 2000
CAGARACGACCAACCOACARATOINAGATTAATALRCADCCAR
F ¥ G A T @ K G R L I T A K

1919 1920 193C 5
TOCACOTTAAAT ATCAACCAACAROACICATCAT ICARG
o v K Y E ¢ T D A I C K

2019 2020 203C ”)GO 2050 206C 2070 2089 2080 2100
’“‘”V"CPTACTV"RCTuA’“ AGARAEMACTAGT CAATAT - GAGSCAGARZCACCCT TTGETGAGAGCTACAT CGTGC - AGGAGCAGGTGARAAAGCT T ZGAAA
P:VTDKEKPVNIZAEPPFGESYIVVGAGEI\ALK

2112

CTAAGCTGETT !
L 3 W = X

TCGGT

G

”GTrTﬂTGGﬂA T C
SVGT"TVHQVP@T/\VGVT‘

End of D1 16007 sequence
|

2310 2320 340 2350 2370 2380 2390 2400
GANANTASCANTASCONATTETGOTGACATOGCTASCATTANT TCANC AN A ATCOCT T TCOATCATOTOSATSOCAGCCOCOAT TOTOACANCT ITAT
kK - 1 5 - L L - w L 3 L N & R M T I L & M M < I A A G I vV T L ¥

|
Engineered NgoMIV splicing site, E-482 Val-to-Ala (nt-2381/2382 TG-to-CC)

2440 2450 2480 2490 25C0
» \! TECGETTETGAGCTGEARARACARA AN SATTTTCATCACREZACARCGTIZIACA
o G oy Moy o Q A D O3S G CoVoYVoOS W oK N K B - K oo o= 3 5 L 2 1 1 L N v A4 U

2580 253¢
CATGARGAGEACATTTS
E E ©p I C

!
D2 PDE-33 REL-33-aAsn atfenuation loous (wh D2 16481: Gly, no-25879-G)

CATGEFACAGAR!
w T E

TC Ar\lfx(*ﬁﬂb CTT
> E S P 5 K L A S
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2610
ARCAAGRITGGEAG! GATGTGGAARCARATAR
2K LB N L oMow K OO L LI

570
TGRGGTSGAASTTAACTATT
J\‘ BV K L ‘l‘ 1

2710 2
ABARGGARTCATGECD
K ¢ I M Q

Te0 2730 7740 7760 2T
CAGGAABACGATOTCTGCHGCOTCAGCCCACTEAGITGRAGTAT "TCATGCERAR
& K E & L R P @ B 2 E L K Y S W K

0 2780 2790
BCATGAREGCARAGCARARDTGOTCTOET L\(“»’A‘"
w3 K A K M L S5 T E

2810 23z0 2830 2840 2850 :
TCOCRTANCCAGACCTTTCT CAT 2GR TGGTCCTGAANCAGCAGANT ,C””C/‘R’“T"@AT/\ GG
3 N @ T £ L I > G P E T A B C P N T K R /\

2910 2970 2630 2940 2980 2950 2970 2380 2990 3000
TOORGTATTOACCATCARTAT A GG TARAATTOARASARARACATCAT GTATT ST(OOACTCARARCTOATOTOAGCIGCCAT ARAACACAACACAGAT
SV r T ronoTowolok LKk B ok @ D v LD 2D S KL MBS AATI K 3N R A

2010 9] 3030 3040 308 3060 070 3080 2030 3100
CGTCCRATCOCGRATATOOOTTATTOOATACARACTCIACTCALTCACEH (““7\‘.\’]AA ODTAL ./—«(‘AFF\\"(‘F‘T( TTTCATTOAAOTTARARACTOCCACTONTCAR
v ... A DM o Y W I I & A L K D T K I L K A ¢ [ I © VvV K N C II W I K

=

3140 21
ACAAACTCACATOATRAT
L ¢ B M I I

2180 Z100
CACARCTATAL
Q L N Y K

2210
CCATACRCAAATAAL
no-

SATGCERARCARCAGT
> rC ¢ > G T T WV

ABAGEAC ACATTAL

K ¢ ¢ 8 L K T 1T 1 S E K oL - B ow 1T L
2410 3430 E0 3450 2470 24320 35C0
ACGGETCITGGTAT ACACCATT S, WGAAAGARGRGAATTTGGTCAACT CCTTIGGCATAGT CATCGGCAGGTCGATRACTT
G C W Y R P L K E K £ E NN L v N &8 L V T A G E ¢ ¢ VvV D N 7

4530
TZCACTA e . BCTETTCCTGS.
s L 5 v L & ¥4 A L b Lot

: 3220 a0 3700
ACATCGATCACAGEGRACATGTCCT AT, GCECCACTATGRACGEA GTGARCTTATC
T L I T & ¥ M & F A T M T D T ¥ L

3710 3720 3730 3740 2780 3780 3770 3780
TOGCCCTACTAGCAGCCTT CAAAGT CAGACCARCTTTTGCAGCTGGACTACTCT IGAGAAAGCTGACCT CCARAGERAT TGATGATGACTACT ATAL

A L L & A F X ¥V KR P T = A A G L L L R K L T s K g L M ¥ T T I & Z

3810 3320
TGETACTCTTCTCCTAGAGCACCCTAT
v L L s 9 & T L P

2850

3I3C0

383 3850 3870
CRGA CAF‘CKTT”TTV-‘:ACTTC ACTGAZGCETTAGCCTTAGGCATGATGGTI TS : TATGGAR
e T I L E L T L AL AL GMMVY L K MV R N M E

2dditional NS2A-116 Ile-to-Leu (nt3823 A-to-C) mutation in master and pre-master seed

3910 3530

352 940 20E0 3950 2970 3380 2890 40C0
ANGTATCANTTOCGSACT GASTATCATGCOTATCT

TOCOTNCCONNNCTCASTONTATTASAANCCCATCOGANNITOAGT TGCACANTATTOOIATTCO
¥y ¢ LA vy T T M~ T TLC YV F N ANV T 7 ¢ N w K VoS T T TN VOV
4330 400 4050 4050 4C79 30 4100

STTCOTAACAZ CCTCACACCAAARARCACATTOCATACTAT _AGCATTOACTATCAAACTTCT CAAT (‘(“AA(‘A ‘("” ATTTTTCT

F L T &£ <& © ¥ T 0 » Z P L A L T I K & L W P T A I I L

D2 PDK-53 specific NS2A-181-Phe (wt D2 16681l: Leu, nt-4018-C)

>NS2B

4150 4150 4270 4180 <190 4200
\TTARATCAGGE CTCOCCATCOICAGIAT S TTASCCAGT TOTCTCCT ARRR
v oo M ¥ ¢ I L A S g L I K

AATGALS

= 1L IGGAACYT GACALCAG
oD Z P M T G = L

L E L E R &K A

2320 432 4330 4320 4350 4350 4379 4380 £380 42400
CCOATOTCAMATOCCARCACCACICATACATATCACGCAAGTCACTCCAATCC TG CAATAACTAATATCACARCATOOTACCAT STCOATARAARATCAARCA
>V K W R D Q N F T S G 5 838 2 T7T 717 & T T T 8§ % nh & s ¥V o5 T X N FOFR

4140 41250
B} AGGE GETGATC G
I R T ¢ L L Vv I S G

Additional NS2B-92 Glu-to-Asp (nt—-4407 A-to-T) mutation (in master and pre-master seed)

>NS3

<570 4530 450 4550 4570 4580 £5G0 4600
TZOCGARGT iy CCOAPACCITOARCTC AR ATGIAGTCTATACARTTAACT
w E ¥V K K © R L w D Vv 2 & P P K A Z L EBE D & A ¥ R I X

2620 4z 45630 465240 4660 46720 4680 4500
EALLAGGGATTCT GGATAT TCCCAGATCGGAGCCGGAGT TTACARAGAAGGARCATTCCATACRAT G TGGCATGTCATACGTIGGCGCTETTCTRATGCA

K ¢ - 1. G ¥ 35 0 G A G vV Y ¥ . 5 - F F T ™M N H vV T R G A V T M H
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4740 4750 4772 4780 i 4300
GACGTCARGRAASACCTAATATCATATGER SECTEEARGT TAGARAGCAGAAT GEAAGEAACCAGAR

o0V K K B Lo L o8 Y &6 5 &6 AN K - B G 22 9w K B G E

132C 1330 1870 43830 1850 4870 1880 ol 1500
,cuTAT GGTACIGGAGCCI GGARAARATCTARAGAGCCGTCCARACCAAAL CCAAAACCAACECCGHAACARTAGGTGCTETAT
E Vv ¢ v L n L E P G K N P R A ¥V Q T X T N N G T I G A V S

4930 4980
ACGTCAZGAT CTCIAATTA' VTG
I Pl G

5020 592¢C 5030 5070 5050 5080 5C70 5080 5C390 5100
AZATGTGACTGCTATASCCCAGATTGAARAAAGCATT GAAGACAACCTAGAGAT CGRAGA - GACATT I T CCEARASAGRACACTGACCATCATGCACCTT

vy s A - A QT E K s Z E DN VFE I EDTCCIFRIEKIRRIL T I M DL
5120 51zC R'77) 5180 51490 5200

CACCCACGAROC
I P G A

APRCATCARTD ‘n(‘

A ATCTTOCCCCCCACTACRALTTO
K T K R Y L F A I V 3

CO AL,
A L R G

D2 PDR-EZ VE3-ZB0-Val attehuabion locus {(wi D2 18681

330 5380 E270
L WARCTRACAR ATTATCATGE!
s P v RV P N ¥ N L I I ¥ D

LOACTTA

T © T

5420 522C 5440 5450 5450 £472
B \GCTAGAGGATACATCTCAACT CGAGTGEAGAT GGETGAGGCAGCTGGEATTTTTATGACACTCACT ”‘CCvCGZ GRAGC
T A AR G Y T S TR V EM G ® A A G T OFNVOT AT P F = 8 R

D : 540 2550
,"‘AW‘AZ\FT“RTA‘ w[‘\Thur\h AART wAGAZ\nT‘"(‘(‘TITAA(‘(“CTf‘
¥ N A P I I D E E R E I P = R

=70 E
ACATCAATOCCTCATD
s G H == W v T D 7 K &

il 55600
VACACTCTTTS
T vV W

D2 PDK-53 silent mutation nt-5547-C (wt D2 16681: T)

10 5520 5650 EE50 56770 QT 0 5700
OO CAA L AANAD IAGDAAAARTGCAAADAAAG DAUACAACT CACTACTAAGACCL T ISATCIGAG
FV P S5 I K M X K N 6 K K Vv I O L o R K T = D 2 bk

L1 NN 0'{30 5740 LY LO L /60 LyYO 08O Lroc LEOD

TATG CARCACTAGAACCAATGATT GGGACT TCCTGGTTACAACT GACATT TCAGAR ATG\"CTHC"R WV TTCAAGCGCTGACAGCGT - ATAGACCCCAGAT
Yy ¥ K T R T ¥ 2 W D F vV V T - I I 3 E M A ¥ F K A BE R ¥ I D P R R
Lelu LBLZO 0e30 L840 LELD L8560 1=l w880 La9ce LIOD
GCTGCATGAAACCAGT CATACTAACAGAT GETGAAGAGCGGEG - GATTCTGGCACGACCTATGCCACTGATCCACT CTAGTCTCACCACARAGARGAGGGAT

¢ M K P vV I L T > G & E R V¥V I L A ¢ P M P V T E 5 8 A 2 ¢ R R G R

591 29 54930 5940 5950 £950 5970 5880 £95¢C 5009
AATAJGPDCF AATCCAAARAAT GAGAATGACCACTACATATACTATGGGGGAACCTCT CGRAARATGAT GAAGACT CTGCACACTCGAAAGAASCTAARATG
R ¥ P K N E N T ¢ Y I ¥ Mm ¢ E P L EN D E > ¢ A H W K E A X M

i

€010 5050
CCAGAAGGARTCATTCCTAGCATGTTCS
P

Ca0 5070 5080 ¢09
CCGTGAARAGGETGIAT GCCATTGAT GGCGARTA CTTGAGAG

6010 6020
CTCCTAGATAACATCAATAT

- L D N I N T E ¢ I I P & ¥ & E P E R EBE X ¥V L A - L G I Y G

6210 6120 5130 €140 3150 €150 5170 5180 €19C 5200

GAGAAGCAAGLEAAAACT I I'FLIAGAT I AAL GACAAGAGGAGACC I'ACTAG 'CL GG GGUCTACA ARG 'GEUACT G i CAG
4 A R K U b ¥V D L M K R G D L PV W L A Y R V A A t ¢ L N A R

6210 6200 5230 G240 6750 €260 5240 5280 i
CJETTTTGATEEASTCARNGAACNACCAPNTCOTNGANGAAANC GT GGANGT TGANATC WCANAAGIAGEGERT (GANGE J\ ATTGANACTO
vV K NN ¢ I L = 2 N V EV E I W T K E G E K K K L = 2

>NS4A

6310 6320 5330 €340 5350 €260 5370 5380 €35C 5400
ASATICT ZCCATCGCTATSATCTATTCTCACCTACTCCTCCTARAASAAT T TAACCARTTTCC? COCARCARACTCTCTCACCCTCARTCTAATCAC
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D2 PDK-53 specific NS4A-75-Ala (wt D2 16681: Gly, nt-6599-G)

e
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CACAGTGEIGECCGECARTCATGECARACT TTTCCTAGAARPAACEART
2OV vV A A T M A N E
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52680 7000
CCAATCETTCAGRCATAGCATT GRARATT
M L E 4 8 1 4 N B8

63910 6920
CAZCCTCGGRACATAGATCTACETCOT
M1 L L 1L D L kK P

QL0 1020 1030 1040 ) FC80 7096
CCTCAGT GRATGTGTCOOTANCAGC T AT AGCCANCCANGCCACNGTGT TRATG CATTGTCANNGNTGENCATCEGR
s ¥ NV 5 L T A - A N ¢ A T V L M > L ¢ K M D - C ¥V D
T.10 7129 7140 7150 7160 7170 7180 715C 7200
COTTOTCOCCATTOOATOCTACTCATAARSTCARCOCCATARCT CTTACAGE (‘F"”WTTTT"‘TT‘Z\T*W’”“M CRCATTATCCCATCAT AGTOTTAGGACTC
T T2~ T oo Y S gov. Ny T T IL T A A T F ! YA " Y AT T G PO
rEan T230 7240 7250 7260 1270 7280 7250 7300

CARCGTARAARCCAACCATAGALRCTTCAGAARAGAC CAGCCCCGTOCATCATGAAARRACTCAACTOTOOAT SOAATAACACTCATTCGACCTACAT CCAATAC
@ A K A T R E A ¢ K R A A A = I M K ¥ p T Vv C© 3 I 7 VvV I I+ L D B I P

710 7320 7340 T3B0 7EE0 7370 780 7400

CTTATGATCCGAAGTT T OARRASCASTTOGCACRARCTAATOCT OO AGT CCTCTOCC TCACTCARI TAT TCATCATGAGGECTACAT GGICTOTOTOTOA
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Additional silent mutatien (nt-7311 A-te-G, in master and pre-master seed)

7410 7440 7450 Td5 7470 74970 7500
GGCT_TAAC CACATTCTGGSARGGRARTCCAGGGACCTT JTGCAACRCTATCA! TGTCAATGGCTAACATTTTT
AL 1 L ow B S N P T3 KR B oW N 1 1 A v o8 M A N1 F
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580 FEEN] 7500
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Trdn TeT0 0 T690 7500

ARARACETGAAT TOCAGATCTATARGAR ARG TGERRT I TAGARCCITTAGCARRAEZAAGE

K &8 E F ¢ I ¥ K K 3 R T L A K E G
1 ] 1L0 /1869 710 780 /80 /800
CATCACGCTGTSTCCCGAGGITCAGCAARATTGACATGSTTCETT G ARPCATCSTCACACCAGRAGGGRA
I AV 5§ 26 85 A KL R W T V L R ¥ MV T F L G K

7810 7820 783C 7840 7350 7850 7870 7€80 78390 7900
GTGGACCTCGGE™ TETEGCAGAGEAGGITGETCATACT ATTHTEGEAGEGACTANAGAAT CTAAGACNG TCRAANGGECT AN IANAGENGGNCCNGGRTACE
v . n L5 ¢ = R G G W s ¥Y Y oc 5 G K N V R F VYV K G T - K G G P G T R

T910 K T33cC 7940 230 Ta70 TaRD
AAGRACCCATCTICCAT HT(,A}&("ATAT GGGETGGRATCTAGT S TTGACGITTTCTTCATCCLGCTAGRARARR CACA

= ¢ I P M 3 T ¥ 3 W N L ¥V R L s ¢ v DV v F - P P E K ¢ L T L L

50190 8030 8040 8ULU 8CoY 070 3080 3099 3100

GTGTCACATAGEGGAETCATCACCARATCCCACAGT CGAAGCAGGA

CGAACACTCAGAGTCCTTAACTTAG AGRAAR_ TGGTTCAACAACAACRCTCAA
con 1T G FE S S B N P TV = A G R T T

R v 1.y 17T ¥V B N W I. N N N T O

31190 8120 813C 8140 8150 8160 8270 31890 31460 3200
TTTTECATAMEGTTOTCANCCOATATATCCCC TCRGTCATAGAANANT GEAAGCACT A AANGGANNT AT GERGEREICT TAG T GAGGANTCCAITCT
r ¢ 1 # v L N P Yy M P S5 vV I L K M L A L 9 R K Y & G & L V R N L 3

g2 0240 g250 LZT70 4300

CRCATGAGATCETACT o SGAACATAGTGT CAT CAGTGAAZATGATTIC SATETTGATCAACAGATTTAL
LN 3 O E E M Y ow v ¢ N A B3 G N L vV 2 3 ¥V N M _ £ K M L 1 N R U
8320 833¢C 8340 8350 83560 8370 3 33990 3700
ALTGAGATACRAGEAAGCCACT T ACGAGCCGGATGT T GACTTCGGAAGCGGAACCCCTAATATCGGGAT TGRAAACTGACATACCAAACCTAGATATAATT
M R ¥ K K. AT Y E P DD V D L & 5 ¢ T R NI G - E S E I P N L D I I
2470 8420 850 &40 3480
AARACGAATACAAAARATARRCGCAACGAC CA TACAARACCTGO TACCA
¥ R 2 E K I K @ E H E T & W H Y r ¥ ¥ T A A Y H

0510 8530 8540 8550 E50 &570 ST 3560 3600
CARRACAGACTC CCATGCETCAACGEAGT GGTCAGGCTGCTSACAARACITTCGGAZGTCETCCCCAT GEGTGACACAGATGGECAATGAC
L2 7T v ~ 6 vV vV R L L ° K p W 2> V v P MV T 0 M A M T

€e70 80 36590 3700
CEAAAGAAG CAAGAARTTAAT GAARRTL AACAH
K B ¢ T £ K L M K I T

863C 8540 8550
ACAGCECE T JAAAGAGAAATE ' GGAC
R vV & K = E V D

8710 8770 8730 8740 8750 e77n 3780 3760
STCOCTI TCCAARCARTT ACCTAACAARAACACACCCALTCATCTCCACCACACARSAAT TCACAACAAACCTCATARAD ‘(“z—AT(T‘A(‘(‘“I TCU

Ww L W K L L G K K K T P M ¢ T R L B Fr T R X V R & N A A L 43 A

arld BosC fadn 3300

CUATALNCAC WG AGAAT AN GEAAG . CGETACELGABGU G § NUTSULITer:y
L ¢ 7T bk N £ 4 K S5 A K E AV ;‘ L‘ S R E ' W E L v b K E R N L L B

88190 8920 833C 8940 8950 8
AGGARAGTGTGAAACATGT GTGT ACAACAT GAT SGGARAARGAGAGARAGARGCETAGE
\7 o FRoT OV Y K M M GO X R R K K TG

$53 €970 9000
CGRAATTCGGCARGGCARPAGGUAGCAGAGCCATATSGTACATG
¥ OE OK A ¥ O 358 R A T W ¥ WM

3010 9nzn gn3c endn 90kN0 SCal an7n 3080 20490 97100
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GGCT TGGAGCACGC . TCTTAGAGTT JGARGCCCTACGAT TICTTAAATGAAGATCACTGGE T TCT CCASAGAEZAACTCCITGAGT CGAGTGGAAGGA

G A R F L E ¥ E A L ¢ FP L M E 32 32 " F & K E N ¢ L & ¢ V E &G = &

9119 9120 913C 140 9150 2189 9270 3189 3190 9200
GECTCCACRAGCTAGETTACAT . CTARGACACG T GACCAAGAAAGAGGGAGGAGCAATGT ATGCCGAT GACACCCCAGEATGEGATACAAGAAT CACACT
-~ 1 K L ¢ ¥ I L R D ¥ 8§ K KUE GG A M ¥ A D2 D - A ¢ W O T R I T L

9270 9230 G240 9300
CGAAGPARTGGTARCRAR CCACAT GRAR CARGGT=

L . ¥ %v T N I M LC IS
933C 9340 9350 9370 9400
GlECEIET AARGAGS AL ClrCAnlA

CAAGAGGCACAGTAATGEACATCA AT CLAGARG,
1

‘L roG oL N

VoKW K ¢ 1T v M O 1 S R OR R G
9419 9420 S440 9450 9450 9470 9490 9300
CTTTCACCAATATGGEN 7\@(“\“(‘/“\7\""?/‘7\’?(‘7\‘?”‘“,7\G/“TGG,“GGGRG/“J\'“-,G,“\GTT‘,“TT/\ AARGCATTCAGCACTTANS TOACAGRAGANNTCHCTETGCR
- TN v kR A ¢ . - R QM F O OV F K S5 T g 49 L T T T R S T A YV OQ
93530 eh4n 50 354! 95670
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Xk K L 03 R M A _ 2 5 D 2 C VvV VO OK 2 4 L R
9619 9520 9530 ¢540 98L 0 $659 46'/0 4680 9690 9700
TTAACAGCTCTRAAAT CACATHGEARAGAT AGHAAAGACATACARCAATGRGAACCT TCRARGAGHAT GLRRAT GAT PGGAIACRAG GCCCTTOTGT TCAL
L T A~ L ¥ D MGG K I R KD I 9 ¢ W E P & R ¢ W N D =W - @ V 2 F ¢ 35 H
9710 97 97 G740 9750 30 a770 1780
ACCATTTCCATZAGT CAATCATCARARSACCGTCECG. ACTCGITGT TCCATGT AGARRCCARGATGARC TGAT T CECA
T r nr L r ¥ KD e RV LWV Y B Z R N © D E L Z ¢ L
9610 98LZ0 983C &340 9350 ¢860 9c70 2680 9300
AGGGTEGTCT T GCGEGAGAC CTETTCGGEEAACTCT TACGCCCARATGTGGACTTT GATCTAC I TCCACACACGTFACCTCAGGCTGGCGGCARAT
5 W & _ R E T A C L 6 K 8 ¥ a ¢ MM W s L M ¥ F E R R DL R L A A N

95190 9920 993¢C 99440 9950 9¢8] 9870 9480 9999 13000
GETATTTACPCOOCAITACCATCACR T TGCOTTECCRAACARITEIARCAACTTOOTCCATACATCETARACAE CAATOCATCACARCOGARCGACATCOTOA
vV P S I W YV P 7" £ R T T W 3 I o A K II T wW ¥~ T T L > M L T

A I C 3

1003cC 1co40 1CCsd 10070 100 12100
GRATTCAAGAARARC TGGAATCATGEGAGEAARTC AL SGAAARGACAAGR

VoW N R Y WL E N B oW M E O < U oy 4 8 W oL P Y L & £ R OE D
101190 20120 1013¢C 1¢140 101580 1¢169D 10270 10180 20190 135200
CCAATGGTGCGECTCATTGATTEGGET “AACARGTAGCGCCACTTGGGCAARGAACAT CCARAGCAGCAATAARTCAAGT _AGATCCTTTATAGGCARATGAR
g W C G 85 L I L T & R »An T W A K N I ¢ »n A - N ¢ V R 8 L I G N B

>3'-Noncoding Region

T h2en 13300
SUTCTG L EGTACAAAGCAABACT AR TATGAAATALCHCO'A
vVooLoow*

10210 02 10230 1C240 10250 1
GAATACACAGA T'ACATGUCATCCAL GAANAGA "'CAGAATAGAAGAGGAAGAAGT,
Eoy 0 b oy ¥ P 3 M K K b R K B B B R A

10319 20320 1033C 1C340 10350 1C: 1 380 223990 10200
GRAGT CAGGTCEGAT ZAAGCCAT AGTACGCAAAAAACTAT GCTACCTGTGRAGCCCC GCRCGT TDJ-@_H\JPA GTCAGGCCATCATRAATGCCATAG

10410 0470 10030 10440 10480 10470 10480 “07a0 10500
CTTCACTAAACTATCIACCITCT AGC 2CCACCT SAGARCOTCTAAAARAT CCOCCAC T CCACARACCAT CCAAGCTOTAZCCATC SCOTAGTOOACTAGT

10510 ~0 1C540 50 10570
GETTASGAGEAGACCCITC CAACRAATSGEGE ARGGCGAGATGAAGCTGETAST

10610 20620 1063C 1C5840 10850 1Ce5D 10€70 10€80 23690 10700
CCCCCTGRAACARARRAACAGCAT ATTGACCCTGEGAARGACCASAGATCCTGCTGTCTICCTCACCAT CATTCCACGCACAGAACCICAGAARATGEAATG

10719 20720
CTOCTOTTCAATCAATACITICT

DENvax-2 Master Virus Seed (MVS)

[0153] Nucleotide sequence of the recombinant viral genome (SEQ ID NO: 14 in the sequence
listing) and deduced amino acid sequence of the translated protein (SEQ ID NO: 6 in the
sequence listing) are provided herein. The engineered virus is based on D2 PDK-53 virus. All
engineered substitutions that are different from wild-type DEN-2 16681 virus (also the parental
virus for PDK-53), as well as extra mutations (changes from engineered cDNA clone) detected
in the MVS are marked.
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Substitutions Included in the Genome and Protein:

[0154] D2 PDK-53 virus backbone (change from wt D2 16681): all in bold

1. a. 5-noncoding region (NCR)-57 (nt-57 C-to-T): major attenuation locus (in red)
2. b. prM-29 Asp-to-Val (nt-524 A-to-T)

3. ¢. nt-2055 C-to-T (E gene) silent mutation

4.d. NS1-53 Gly-to-Asp (nt-2579 G-to-A): major attenuation locus (in red)

5. e. NS2A-181 Leu-to-Phe (nt-4018 C-to-T)

6. f. NS3-250 Glu-to-Val (nt-5270 A-to-T): major attenuation locus (in red)

7. g. nt-5547 (NS3 gene) T-to-C silent mutation

8. h. NS4A-75 Gly-to-Ala (nt-6599 G-to-C)

* nt-8571 C-to-T silent mutation of PDK-53 is not engineered in the vaccine virus

[0155] Engineered clone marker (silent mutation):

1. a. nt-900 T-to-C silent mutation: infectious clone marker

[0156] Additional substitutions found in vaccine seed (0.02% nt different from original clone)

1. a. prM-52 Lys-to-Glu (nt-592 A-to-G), in bold
2. b. NS5-412 lle-to-Val (nt-8803 A-to-G), in bold

HCR-57-T, D2 PDR-53 abtenusiion locus {wb D2 16681: ¢}
>5"-NC i >C
10 20 0 4c 50 &n 0 e Ele 100 110 12c
AGTTGTTACTC TACETEGACCGAC AAAGACACGAT CTT T GASGGASC TAAGCTCAATGTASTTCTARCAGT T I TTAATTACAGAGCACATC TCTGA TGAATAAC CAACSGARARAAGECG
¥ ¥ N Q R K K A

ac 140 150 16c 1/0 8 190 200 21 220 213 240
AARARCACCCCTTTCAATATGC TCAAACGC GAGAGARACCECGTE TCGACTGTGCAACAGC TCACARAGAGA TIC TCAC T CGAATGC TGCACGSACGAGCACCATTARRAACTGTICATE
K ¥ T " ¥ ¥ M L ¥ EFE ERY~ERKVY S TVY¥ ¢ QL T ¥ RTF S L ML ® G E G P L K L F M

2H0 260 277 28 290 00 310 3270 330 540 L] 560
GCCCTEGETEECGTTCCTTCGTT OCC TAACAATC CCACCAACAGCAGGGA TATTGAAGAGATGCGGAACAAT TAARAAATC AAAZGC TATTAATGTTTTSACGAGGCT TCAGSARAGAGATT
A L VvV A F L R 7L T P2 T2AGILEKU ER®WSGTII-ZEKZ K EKATIDNYVY I RS T EEKETI

>prM

37C 280 3390 40C 110 120 130 447 450 160 173 80
CCAACCATCCTCANCATC TTGAATASCACARCCCACATCTCCACCCATCATCAT TATCCTCATTC CAACACTSATCOCCTTCCAT T TAACCASACITANC CCASANCCACACATCATCSTC
G kR M - N I L N2ERIRS:&aAGMI I I 2 T™V MATZTHTILTT 2N G EBE 2 E M I ¥V

A1¢c £00 510 52¢ E30 544 350 583 57¢C 580 530 600
ACCAGACAAGAGAAAGCGAARAGTC T CTETTTAARACAGASGTTEGCETEAACATETCTACCCTCATSGCCATGEACCTIGGTGAATTC TGTGRAGACACAATCACGTACGAGTGTCCC
s » ¢ F W 5 K & L, . F K T F ¥ 5 ¥ N ¥ O T 0oL ¥ A M D L & F .. ¢ F T ™ T ™Y E O P

i
D2 PDK-53 specific prM-29 Val (wt D2 16681 Asp, nt-524-3) Additional prM-52 Lys-to-Glu mutation (nt-592 A-to-G)
>M

e1c 520 €20 64c 670 6430 630 700 710 7z0
CTTCTCAGECAGAATSAGCCAGAAGACATAGAC TGTTGGTECAAT AACTTATGGGACGTGTACCACCATGGCAGAACATAGAACASARARAAGATCAGTGEIA
L R ¢ N R P = O T L O W C N 7™ Y s -7 T M G FH KR OR R YOS VA

730 740 7C3 76C 770 780 790 8Ll g81¢c 520 837 340

CTCGTTCIACATCT GEEAATGGGAC TGEAGACACGAACTGAARCATGCGATETS
L v P Loy i M &= L L o1oR 7oL LW Mg

AAGGEGCCTEEARACATY

CAGAGAATTGARRCTTSGATC TTGAGACATCCAGGC TTCACC
LA W KLV <

¢ K oL LW 1oL R WP GG

>E
85C €60 872 88cC €90 200 910 S22 93C 340 98T 960
ATGATGGCAGCAATCCTGSCATACACCATAGSARCGACACAT T TCCARRGAGLUCCTGATCT T CATC TTAC THACAY CACTCCTTCAATGACAATGCETTGCATAGEART STCARAT
Mm MM s A1 L A Y TTI G TT*®F 2 R A1 I F I J L 7 A YV TPS3SMTU¥¥RIDOIG&GMS3S N
|

Engineered silent clone marker: nt-900 T-to-C silent mutation

a7c 980 Rl 100cC 1C10 1020 1330 2049 105C 1060 1073 1380
ACAGACT TGTGEAAGCGSTTTCAGGACGAACC TGGE TTGACATAGTCTTAGRACATGCAAGCT STGT SACSACGATCGC AARR AACAAACCARCATTSCGATTTTGAACTSATAAAARCA
R DFV EGV S GG 8§ wWwv DI VL 2 HGS CCV T ”MAZEKDNI KZ®PTTILIDIDF I L Z KT
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10¢c 1100 2119 112¢ 1130
ARGTAC TGTATAGAGGCAARGC TA,
Koo F oA ' L2 koY oL bk A K L

1z1c 1420 1239 1z4¢C 1230 1270 1280 12¢cC 1300 1319 1320
CTCTCCAMACACTCCATCGTACACACASCATSCOCAATGOATCTCCAC TATT TG CALAGCSAGCCAT TS TCACC TG TCC TATGTTCASATCCAMMANCAACATSCARCCAAAL
¢ K I S M vV oL R 3 W GG NGCC 1 F & % 6 6 I VvV T CAMTIE 22 CKKNMMTE G K
133¢C 1340 380 360 1270 1380 ZACa 14118 1420 1139 1710
GTTETECAACCAGARAAC TTGEAATASACCATTSTGA TARCAC CTOAGEGERAGA CGEAAATHACACAGGRAARTDATHECARGERARATCRAARRTARCAC AGRGT
vVov Qo P E N L o< vy 1l v L1 P H Z G R E 4 A YV G ND TG K H G L B - K L WP D3

145C 1480 2473 l148C 1490 1500 1310 153C 1540 1552 15360
TCCATCACAGAAGCARAA 1" GATAGE "I'A'GECAC TS ICACAATEGEARTGC T CCAAGRACEGHCCT CEACT TCAATTAGATEE G GUITECAGA T EFEABAATAAAGC ' GG G
s 1 T E & E L T G Y e T VvV T M ECS PF RT G L L F N 2 M ¥V L L @ ¥ E N X 2 W L V

157¢C 1280 2530 160C 1610 1620 1630 a 165C 1360 1673 1680
CACAGECAATR'CCLIARACC CCCE T TACCA 16 MGCCCEGAGCETACACACAAGEETCAAALLT (; RAA(:A(:A(,} PHFLCAT I T ARAAA T CCCA L GUZAATTAAACAL
H R Q W F L D L L »pw<L P GADT TG 3 N WI 2 K= T 1LV T KNPHAZEKZKQ

16 1700 2712 172¢ 1730 1740 1750 177¢C 1780 17

S LG ATREA TCCCAAGAARGFECCAL GUACACAGC AL - C FAAA TOCAAA LT AL CAGIZAAAD WA C I CACACGACA T LCAAL

Vv L & 8 @Q 2 g A M I TALTGA®-TETI QMBS 3 6 N L L F T H L X C

1g1¢ 1€20 2920 1g4cC 1€30 137 1882 l1gsc 1300 19132 1920
ATBEACAACCTACA S TCAAAGGARTETCATAC TCTA TG U ACAGRASACTT TARAG CAAGHAAATAGUAITAARUACAATATGEAATAA AT ATCAGAG I'GCAAT ANGAAGE

M DK L ¢ L KGM S ¥ 3§ M C T 6 K 7 K E - A ETG¢HGTTVV Z RV Q Y E G
940 188D 196C 1270 1580 1990 2002 201¢ 2020 2020 2340
GALCCOM ARATAAT (55A']L L“l‘%(wﬁ_ﬁ.Ar.AAfwA(,A‘,‘f P AT BCC " CAAMGFLGACAGAAARAGA, A(w( CUAGIUAACATATRAA
I 2 * E - M 2> FE KU&RHV G ES— P I VvV T Z K D S Vv N I E
2030 2060 2070 230 2090 z1ac 211¢ 2127 2130 2110 2150 2180
GCASAACCTCCATTTGGAGACAGCTACATCATCATACGAGTAGASCCGSGACRAC TGARGCTCAACTGG T TARGAARGSARCTTCTATCGECCAAAT G TTTCAGACARCAATGACGEGS
A E T P F C D S Y I Z I € WV r < ¢ L KL N W F K K C S 5§ T ¢ oM F E 7 T ¥ R C

|
D2 PDK-53 nt-2055-T silent mutation (D2 166381: C)

30 2247 2250 2Z60 2270 2280
TATAGGAAACGC TCTCCACCAAGTCTTTGGASCAATCTATGSAGC TGCCTTC
I ¢ K A L H ¢V ¥ ¢ A I ¥ O A A F

2130 2150 2190 2230 2210 2220 2z
GCGRAAGAGRATCCCCATT TTAGSGTEACACAGCC TGGEATT T TGEATCC TTGGGAGGAGTSTTTAZATC
A K EM A» I L C DT AN WD F GC S L G S ¥ F T 8

30 2300 2510 2220 22350 2240

ks 0 2340 2400
AGTSEECETTTCATGGACTATGARAATCCTCATASGAGTCATTATCACATSGAT Aq(‘u’l TSAATTZAC G, AGCRCCT

280
CRCTGTC TSTC CACTAGTATTGSTGEGAAT TETSACRCTGTAT

s v s W~ MK I LI VY - I T%W- &M NS =3 TS L 5 v T L VvV L V 6 I V 7 L Y
SNS1
2410 2430 2440 24350 2460 2470 2487 2490 2820 2510 2570
TTGIIACTCATCCTGS, CATAROTGOTTCCSTTL CCTSSANNNACAMNSANC TOAMATC OO CAGTCSOATTTTCATCACAL ACAAC G TCCACACAT SCACKCANCANTACHT
L YoMy D oA DB G CYW oy S5 W K N K L L K C 0S5 & L 1L ' I N \/ mworow s gy J<
2807 2810
GAARGC VA T CCCECTCAGTAACAAGAC TGGAGRATY A TA

FQPESPSKL&SA:OKA S‘v”f‘P\EEN

(Wt D2 1888B1:

2 2860 2570 23530 & 2730 2740 2730 2760
GARTTGAATCACAT T OTATCAGRAAATGAGETGEAGT AR TAT TATGACAGGAS vAf‘AT\"kAA(—:wAAT‘ ETGORAGECAGHAAAACGATOTOT GO RGO TOAGC N TACTRASC TGAAGTAT
E L W HTI L & E N~ 2V K1 TTI1IMT DI K G- MoQ=2 G X R S5 L 2 P OF 7 2 I K Y

2670 zg10 zgz2a
ACARGACTCTCATARCCAFRCTTTOTCATGAT!
T E & H N ¢ T F L I C

Z€60
ACBARATAGA

2890 2310 23520 23350 2540 Q 2520 3cco
GARSTTGAAGACTATGGC AGTATTCACCAZCAATATATSGCTARAATT GAALGARAAN TSTATTCTGCGACTCARAAC TCAT GTCAGC GGCCATAAAAGACAACAGAGCC
E v E D ¥ G v ¥ T T W - W L K L K E K ¢ C ¥V F T 2> s K - M & A A I N R 2

3010 302 3030 0 5060 3070 30070 3110 3120
SCAAGATAGRSARAGICTC TTTCATTCARGT TARARAC AAATCACACRCCCTCTGGAGT

CCCGATATGGGTTATT GGATAC&AACTGC‘N‘
v 4 A D K G ¥ W I = S A L K I E K ~ 5 F I E V K N K 8 H T 1 W £
3140
ACAANGTGAGATT
(RS B T | |

Q 3130 3z 3240
AGLS ICTCAASACAAS LA TACACCACGUCTACCATATACAANT ANCAGE RECTANGCL T
vVos Qo 1N Y R P &Y [N | e T L

Y 0
CZ\C’\T"C’\CTTTCA’T’_‘TF TS’_‘C n TCC WG CAC TS CTCCCOCAZ TCTTTCACAAC AACC AL
E ¥ oD F I F C I & T E b C 3 X RGP S L R T T T

ACAATCCTCCTCC

I W C C

>NS2A
3230 34700 3410 34 3450 3441 3450 34€0
MIGUACATATCAL : A G AEA T (50 MIGETACGEEATSEARATTAL AN ITAAGGAGAAARZAAZAGAATT \(-r(-, I AA"‘ TACAC (-
¢ T - P P L R R % ED GoC W Y 3 M E I R P L K Z K EE N L V N S L V T A G
3490 3530 3250 3570

3580
AEATCCTTAGGACCCGACTAGGAACGRAACATGC.
FEFEM LR T RV G 7 K

IR0

3 L0 3710 320
CATGTCCTTTAGAGA GTAGGCGCIATTATGAZGGA TCACATAGCTAT

CGTGACTTATCTTCC OO TAC TAGCAGCCTT
TLITGN MSFBDLGR 2 G A& T ¥ T D D I G M v T v L A L L A A F
3730 3760 3770 3730 3607 3810 20
GUTEGACTACTC MIGAGAAAG ' GACTTCCAAGRAAT T FATEAGAC AT AT AGGAA " GIATTTETE CCCAGAGUACCATA
K )\ [ U A AT L I Lk K I ! i K ' Mo I | & | o |

3860
TTAGCCTT?
AL

CTATCAT
Y o AV T I M

3930 IR0 3990 4000 4010 4020
CAARACGCATGGEAPAGTCAGTTGCACAATATTECCAGTGSTETCCETT TCCCCACTETTC TTAR A
QN A W K ¥V - C T

4047 4050 4060 070 4CE0
CTCACRZCARR RAA(,PNA'"I“JJATAT CATTRSCATTGACGATCARAGETCTE
L 2% ¥ 85 VvV &5 p L F L T 3 3 Q@ @ X 7 D WA L A L T I K 3 L

1
D2 PDK-53 specific NS2A-181-Phe (wt D2 16681: Leu, nt-4018-C)

>NS2B
4090 4100 ATT0 AT20 ATE3 4140 4150 ATE0 A170 ATED 4130 ArCa
AR TR ACAICT MO TA X2 RO CTOTAR Z A2 R COA RO KL TA AR B AR GO TRACEA T D L IR R AT BT A TRAN B AT A E M (32 A 3 MMM 2O AR TS Mo A B %
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4270 4210
SAGCAGBCCEATET CAAANT (1‘7AA( AL
2 A A D V W E T

4210 5 : 270 42
AMA ATIUCCATGACAFEACH ”\\”\A( EECT FEAG GRS COTTACT T PG GO AR RADGA ')
N Do I P K 2 & P L ¥V A 3 & L L 2V C Y L L T & R 5 A

2

4 1310 1360 1270 1290 44303 1110 1120 1130 11410
CAGSCAGAGATATCAGGAASCAGICCAATCCLG ICAA T AACAATA (CAGAAGH AAAAANTCARGAGGAAGAACAAAUAL IGACUATAC TCA'L TAGAACALGATT
¢ A~ E I £ G 8 s pP I L 8 I T TI 8§ E L K N E = E E ¢ 7T T I - I 2 T o C

>NS3

4450 4420 4470 4480 4497 0 4549 4
CTGETGATCTCAGGACTTT T CC TETATCAATACCAATCACCGIAGCAGCATGETA ATTGTEGGATSTICCTTCATCTCCACCC.

L v I 3§ ¢ L F F ¥ 8 Z B I T A A AW ¥ I W =2 ¥V K K O 2 A 5 L Ww L VvV F P

45‘2‘ 4590 1600 1510 4627 1640 L1650 4660 1270
AACT CCTATAGAATTAAGCARRAACGGATICT TGGA' CCAGATCGGAGCCGGAGTTTACAAASAACGAACATICCATACAATGTSGCAT G CACA
1L 3 D C— A7 R I K ¢ K ¢ I L & O I & A G VYV ¥ K E ¢ 7  H - M % H '\] T
4103 4120 4730 4140 4150 4160 L1100 4790 4790 4800
ANTEFAACCATCANGE! 0 FAAAGATCT AATATCATA G A GAAGEATTAA TGHEAAGLAAGGACAA

CETHEEECTE T CTAR GOA AAAG

GEARRCG
R = A ¥V L ¥ II K & =

L P 3 W R D K DL - 85 ¥ @& L T & L w K [ L

4813 4822 483¢ 4840 850 4853 48730 4880 4890 4900 4310 4
GAA GTZCAGGTATTGGCACTGCEASCT TGGA ARARATC CAAGRGCCCTC! AAA"“Z&AACL‘T\JGT” TTTTCARRACCARCGCCGGAACEATACGTECTGTATC TC IGSACTT T TCTC CTGGA
v ¢ Vv L A 1L E N P R A YV 2 T K 2 & . F T N A % T I ¢ A vV 5 L L F 35 P G

19413 495C 1960 5000 5010 20 5230 5047
ACGTCAGEATC TCCAATTATCCACA? LZ&AAP\{'AAF LG TGTGEETCTTTATEE TAAT GGTG T TG TTACAASSACTGSAGCATATETGAGT ATAGCICAGACTSALARARGTATTCAR
T8 G & P T T T % G ¥ ¥y v 5 7 ¥ &N GV ¥V " R S G6GA Y VYV S A2 T A Q™" F K S8 T F

220 5130 5140 5130 5133
ACATACCT 'CCCCUCALAL ICACAGAACC T A AARL
E Yy L P A _ vV R L A L K

5082 50862 507C
CACAACCCALAGATCSAACN CACAT 1" " CCOAMMA
L T & A {

030 5 5117
ANCATTBACCTCCACCUACGALUSGCANAGAC
B - Y O -

-

5177 5182
CGGEFTTTGATAACATTARTCT TS
R & L R T L I L

5240 5250 5260 5270 5
TCCAATRAGATACCAGACCCCAGC CATC ACAGCTGTGCACACCEG:
T P A I R A ¥V I T G

i
D2 TDK~-53 N83-250~Val attenuation locus (D2 16681: Glu, ab-3370-2)

5295 20 20
CiG! R\JATT‘JTL:\J VATJAJ\:LTL:’ TATC?
n F v Mo T P8
5410 5477 5430 3440 5450 5430 54770 5480 5490 5500 5810
TT’\"“"7\(‘(‘T/\" GCATACATCTOCARC TCCGACTOCACATCOC TOAGCCATCTCOSATT I TTATCACACCOAC TOCCOCGOCANGTANATACCCATTTCETNCARASSAATODACCAATCAT A
- AA R & Yy I 8 TRV EM GG L ARAR I M TATU?P =2 & 35 FED = F 2 ¢ & N A F I T
5542 5560 3560 S570 GT80 5600 610 5620 5230 GE4T
GAGARATCCCTGAACSCTCETEGAATTZCGCACAT CARTGGET CATGGAT T TA. rxACGG T-JA(‘T’“T'_‘TCGTT"FTTCC\ WGTATARAACCAGSAAATGATATASIACCT
L B R EFTI F L X & W N 3 G I L w v I 2T K KTV WwTr v B 5 I ¥ 2 &5 N DI A& A

|
D2 PDK-53 silcent mutation nt-5517-C (D2 16681: T)

5EED 56E7 567C 2680 £350 5700 5712 5720 5730 5740 5750 5737
TGOCTGACGRAAAATEGAARGAARGTHAT ACAACTCAGTACHARGRCCTTTERA TTETGAGTATGTCAAGAC TACRACCARATFATTHGHRAC T TCARTEGTTACRACTGACAT TCAFAAAT G
c 5 R K N 3 K kK ¥V L QO L & R K T Y D 8 L ¥ ¥ K " R TN D oW Do L S I B R A

57735 57872 574C 3800 810 5823 5840 5360 5E70 5BET
GETGICAATTTCAAGEITCAGAGEGT TATAGATCCCAGACCCTGCATGAAACC AQ’_‘r“l’lAl‘fA} AGATGSETGARGAEG JUTATGCCASTGAT z
G A N F K A E K VvV I 2 P R EROCUW¥ K P? VvV I L T D E Z R VYV I L A s 2 M P Vv T H 5 3

589 5302 591C 3920 0 5549 BERN] 5960 4973 5980
G BCARAGAACAGGGRAGEATAGEAAGAALTCCAL L\AAAATLTAGP} GTACATATACATGCGGEAACC T TGGAARATCATSARCACTGT GCA!
A A2¢ RPERBR R I G ERNUPFKDNIDE®NUDOQY I ¥ G L P L E N I O Cc A

6013 6027 603C 50 5030 €073 6080 6090 5100 5110 :
CHCC TALATAACATCAACAULLCA A AGEA ST AN FAACCAGARCETITAAAAGET (1rh PSCCA T EATSEUEAA PACCED A TA AT A AL AALEAARATC!
L., N T N T T oG T T T F 2 R ¥V DAT DI E Y 2 L 2 CF A RK T F

6120 614Z 2 260 6170 6210 5220 6220 624
GTAGECTTAATGACAAGAR ACCTA AG”"‘TFVJT’_‘(‘F‘(‘K"T»-\(“(\GA~rN‘ GETEGTETTT TEAT GIACTCARGAACAACCARATCCT?
v D L M R 2 & P Vv W L A Y E V w2 Z D G ¥ K N XN ; I 1

6253 627C 6280 5200 €313 6320 6330 5340 5230 6383
GAAGRAMACETGGAR TFACAMAAGAAGGGGARL TZRAACCCAGAT ZGTTGRATEC E ATTTAAGZRAATTT
E BE N ¥V E I woT E 5 E I K 2 R W1 DA 33 I 7T 8 D 2 L A 1 E E F K E E

>NS4An
63540 6380 6390 6400 5410 €430 6440 6450 3260 5470
COGEAAGAAAG IO GRACUCTGAACCAATCATAGA A A TEEGEA GE FIMCA NMGACTUARAACGUAARASATEC AL (0 AACT TAGCATT G GUAC ACK
AA GO IL K s I N I | TR [ N L b tOF L& DR A oA I TN LA W I 4
6560 5380
oG 1L A

L F L F

|
D2 PDK-53 spacific M$4a-75-Ala (wt D2 16681: Gly, nt-6599-G)

5537 670 53700 5710 6721
CTAGCATCCTCCTATCCTASCCACAANTIC MGG NOCTTCANTIATACTGCAGTTTTICTC
A8 T LW Y A o T Q P H W T P A& - T L R F F T
>Ns54B

S0 6840
CGAGATGSGTTTC
M5 F

G20
ATA‘JI""TTGCT ATTCT
vonL LT 2

v 2 A T M AN

5300 €913 6920 6930 5940 6530
CAACCCSAGAGCAACATICTGGACATAGE TACGTCCTSC. WCGCTGTATECCGTGS:

6820 686D
CTAGARKAARPLCGAAGRAAC,

L kB K 1" K £ D G s L AT Q F E S5 N L L b - 3 L KR F A worLoY A VA
5372 6987 5990 1000 7010 7040 T0545 7360 7070 7081
ACATTTETTACACCRATETTHAGRCA TAGCATTGARAATTCCTUACTGAATET: CAACCRAGCCATAGTGTTRATHHETCTS T HERTHGCCATTETCR
R A L | k8 | KNN85 05 v N Y H LA | AN O A (R L N L S ' A O TR
JCal Ton EARIS ERAY) J1E0 T140 T1R0 7150 7170 7180 Tiac F200
AAGATGGACETCGRAGTTCCDCTTE TOGOCAT TEEATGCTACTCANRASTCAROCCCATAACTC TCACAGCAGR T TTTTCT TATTHETAGC ACATTATECCATC A TAGGIE CACEASTC
K T 1T 66 v = 1L AT 0 vy 3 9 VNPT TTLTAARATL S LY A HY 27 T G P G T
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[ fan [ERIN pran e 12U P ) 131 Qs [R¥AV
CAACCAANNG CARCCAGALARGCTCACARARCACCATC ATCAAMMCCCANC TS TCCATCOANTAACAGTCAT T SACC TACATCCARTACC TTATSATCCAAASTTTUAL
oA K& Y R oADK R A A M < NP oo (5 | R no_.n Foy bk K I

J22C 1340 I35C P2e0 310 1380 7280 [EAN] 1410 1429 fase 7440

TGO TCCTAGTCO-CTECSTCAC TCAR vTAﬁTG,’S.TGA’TGAGGACTACATGSGCTC‘TSTGTGAGGCT TTAACCTTAGCTACCESGCCOATCTCCACATTETGE
L L ¥ L ¢c¥ T oV L MMERTT®WATLTCT?Z=Z2aTILTL AT FI g 7" W
71“' 747t 748“ 7490 7300 7810 7549 755C 7560
"‘A’_‘TTTTAGRJGCrGT’—ALTT‘JGCKGJAG‘ TSSALTTC’_‘LTTTT\,TLT’_‘PTJ GAACATAACTARC
L 7 85 I M N 7 T N
TERO T¢ 7670 G0

GATCTACAASARAAGTCGAATCCAGGAACTSGAT
I ¥ ¥ K 5 & I ¢ E ¥V D

771C 7720 7750 7750 7800
CATTARAACASGABAARCEEACT, e AAARCTSACATSGTTC CAGRGARACATECTCACACCAGAAGESARAGTA
z E R 5 E T 2 K L R W F V ERDNMV&V T F E G K V

TEIT 820 7830 €4n 3850 7360 7870 7880 7890 7500 Tt 7920
S FEACCTCREFN G EGOAGAGEATEDHEGE ITAAC \/* "G 1'SEA STACT ARAGAA T IAAGATAAGTCAAAGSICTAATAAA L GFACGATCAGIACACTEAAEARCOCATCIECA S CA
\/ oL Cc 3 2 G F w8 oYy ¥ o C 3 o3 L o< NV R LKV K G L U K 3 & P G UL oLoP I P K S

(R f940 rane 7 9e0 1910 7980 7350 3007 8010 8020 8I5¢C 3040
ACATATGGGTGEAATC TACTEC CTL TTCAARGT CCASTTGACETT ITTC T TCATUCCGL CAGARAACTG TGACACATTATTGTE T CACATAGGCGASTCATCACCAAATCCT ATAC TEGAA
T Yy 69 N L V R L ¢S ¢V vV #» F I PEPEEKCDTZLTULTCHDTIGZZS 535 F N F 7 ¥V E

80 8070 g8y 090 2100 €110 3120 81 8140 815 60
ACTCACACTICTTARSTTASTACAARATTG STTCAACARCAACACTCAAT TTTUCATAAAC G T TC TCANCCCATATATICCC TCACTC ATACAN A AAT S UAACCACTA
L R ¥ L ¥ L ¥ kb N W L N N N 1T Q¥ C 1 K V LN P ¥ K PP s VvV 1 b E MM E A L

Gl gLy UL=0 gz G20 220 LEial 3240 H2h0) Uz2e) gzre 230
CAALGGAAATATGGAGGAGC ZTTAGTGAGGAATCC nCTCTCACGAkRC?CCA ACATGAGATSTACTGSGTATCCAATGC TTCC G3GARACATAGTSTCATCACTGAACATRATTTCRAGG
¢ B K ¥ & 5 A L ¥ R N F - 8 R N 3 T HEM YT WV 3 N A S 5 NI VvV 3 5 ¥V XN M I 5 R

g 8300 831¢C 8220
ATCTTCATCRACAGAT TACAATCASATACAACANT
M L I > R F T M R ¥ K K

30 B340 €350 3330 8370 8382 839cC 3400
CCCATCTTO CTARCATE CATTCAANCTCACA T IACCTACATATRATT

> v piL S ¢CT RN 3 I E S E I TN L DI I

£412 8470 8430 fd4n 5450 ELED £470 2460 8490 8500 851¢ 9520
AERARARGAATAGRAAAAATAAAGCAAGAGIATERARCATC ATAEN AN T ATEA A ARACCACCCATA CARA AN RGN ATAC MR CATAGC TATEA A ACAA RACARAC TRREATCARCA
G K R I E K I K QEHET 8 WHUYD¢gDHZEPTYEKTWA2TYHES VY ETEKSG QTGS A

855C 8E¢
GETCAGGCTGCTGACARA
v R L L T K

8380 g8520 8610 8E20 863C 3640
STCGTICCCATGETGACACACATCGCRATCACAGACACGACTCCATT TGEACRACAGC GCGTT T TARAGAG
v v P MV T MA2MTTITTTZP G ¢ Qg R ¥V F K E

67C 8680 £700 €710 8730 8740 g75¢C 3760
DAGANCK "‘G\\\j\]\CCC\&.Cu SAAMCTAATCALAATIACACCASACTCZCTT TS SAMCAAT TASSCALSAAANASACACCCAGCATCTCC ACCACAGAR
[F Koo o< K LM < AW e K oo K K <0 [ S I
3880
CACAAS
o K

Additional N$5-412 Ile-to-Val (nt-8803 A-to-G) mutation in master and pre-master seed

€en 8900 €940 €350 8270 8580 8900 2000
GAAAGGAA UL CAAGEAAAG! L CLEAAACATGT A IGECAAAAAGAGACAR SAALL GCAAGGCAAAAGEC AGCAGALLL AUGETACATE
K N Lo I CoFo K oo oy Y N M M R KR K Ko (1 oo KA <008 Kk [ 1 Wy oM

G Q020 Qa0ie Qcdn 9050 ENIAY S0 EOEN] Q090 9100 EANEN a9 20
TGGCTTGGAGTACGITTC TTZvaAGTT'_‘GAAS’JC‘C TAGGATTCTTARATSAAGATCACTGET TCTCCAGAGAGRAAC TCCCTGAST G3ACTSGAAGGAGAATSGC TECACARGTTACETTAC
w1l G AR F L EF X . G L NEDHU®WEFSREUNSTLS 33V E G E 1 T Lo&c Y

g13% 9140 915¢C 3160 9170 3180 8150 XN 9210 9220 3 9240
ATTCTARGAGACGT SAGCARG FAGEEASGACCARTETATSCC GATSACAC CECAGGAT GESATACRAGARTCACRC T‘AbAquA(,L TAAMARATGAACAAA TS TARCAAACCACATE
-7 m DV 5 X X F s &5 A MY A ODDDTA GG WDHT R T L F D K NF RV Y TNHM

a2 9280 9290 2500 G210 G520 9350 9349 ERETH 9360

IANCACAN TAAACTACCCOACCCCAT T TTCAMAACTAACC TACC AMNACAACTTOC TOC CTCT T CAANDAZCANC ACCAADAC CCACACTAATC CACATCATATC U ACAN CACAC

T K KL 2 E A I F K1 ~° ¥ QN KVV RY 2 2P T?PZRTCE”U¥ MUDIZITI S RZETD

e

93 932C 3400 9420 3420 34 €443 94150 9480 917¢C 9480
CAARGAGGTAGTGGACKACTTCCCACCTATSCGACTCAATAC TCTCACCAATATGEAAGT ACTAATCAGACACATCGAGGEASAACCACTC TTTAAMASC, CCACCTARACAATC
¢ K G £ G 9 ¥ G U ¥ i - W 1T F rN M FE A C L LR QM S G B OC OV oS K 5 _ Q H L T 1

R G501 95716 GEAN 9530 G340 50 G530 9570 9567 9590 9600

SRAGARATGO TETGCARAACTEGT TASIAXGESTEEGEOG FAAAGGT TATC ARGAATHEACCATCAGT GEAGATGATT ZT 5T CTEAA AN TTTACATCATASET TN GIARGLGOT
T E F I A Vv ¢ N W L A RV 6 R Z R L 3 RMATI 3 G D D C K = L 0 D R F A S A

- 2620 9700 971cC 9720
: CTARATZACATZGE, TEAS T TRATC
L T 2 L N D ¥ G E - I

9740 975¢C 9779
CSTACTZCTTSTOCCATY CATSIACTCATTY
| Voo P K 1 v ! G R A I \

9 SEe0 987D EXae agan a E 993C §340 99E)
TACGCC AAAT STGSACC TTGATETACTTCCACAGAL GOGALCTC AGGCTEGT GCLAAATU(“T“ TITECTCGGIAGTACCATCACATTCGETTCCAACAACTC GARCARCCTGLTC
Yy A 9 M W 5 L M Y FE H R r . R L A A N I C S AV 2 5 H WV 2 TS RTT WS I

997C G0 D] 1Io0c Lcio 13020 10330 10047 10050 10060 10073 1coso
CATGCTAAACATCA. Zs’_‘C ATGR ARGACATGC TG, GTCTGGRACAGGETGTCGATTC AAGARAAT CCATGCEATGEALGACAAARC TCCACT 3GARTCATGGGASGARATCCCA
H A KEEBE®%»MXTTZETLMTLTV WXN2VY WI QEDNTDP®WMEDEKT>V E S W E E I D

1008C 0100 0119 1oi1ze ZC1E0 19240 10150 1017/cC 10180 10143 2o

TACTTCGGCARAAGAGAA JAC(‘AAT‘JGTGK GECTCATTGATTGEETTARCARGCAGGGCCACCT SGGCARAAGARC RﬁC( CCAGCAATARATCAACTTAGATCCCTTATAGGCAATCAR
¥y L KR EDOQWCGS LI GLTSEATWAZEKWDNTIOGOCQA-MATINSOQV Y RS L I G N E

19z21¢ 20220 10229 12z4¢C Zczs0 102
GAATACACAGATTACATGCCATCCATGARAACATTCAGAAGAGAAGAGEARGAAGCAGEAL
Loy ' by MoP o4 MoK R LA R LKOLE LKL oA GOV LW

10310 1c320
GTCGGATTAAGC

1333C 20240 10350 12360 Zc2i0 10380 1
CATACTACCCAAMAMMC TATGC AL

0 104C3o 1041cC 10420 10437 10440
CPCTOACCCCCOTCCAACCACCT TAMANCARG TCACCCCATCATANATSCCATACCTTSACTAMC TATICACCCTCTACCTCCACCTOSACANGC

1450 0460 10477 12480 Ze490 19500 1to10 10
TETARARAATCCCGSACGCCACARRCCATGGAAGCTE TACSCATSGCGTACTGG.

10530 10540 10550 1lo60
TACCEETTAGAGGAGACCCC TCCCTTACARATCGCACCAACAATCGEGCCCCARSGCTAGATGA
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10%7¢C 20280 10930 12600 €610 10620 1630 10640 10650 10560 10670 1630
AGCTGTAGTCTCCEC TSCAAGGACTAGACGTTAGRGGAGACT CCCC CGARACARAARACAGCATATTGACGC TGSGAAAGACCAGACATCC TGC TS TCTCCTCAGCATCATTCCAGGCACA

12640 0700 10710 17720
GAAZGCCAGARAATSGAATGGTGC TG TTGAATCAACASGTTIT

DENvax-3 Master Virus Seed (MVS)

[0157] Nucleotide sequence of the chimeric viral genome (SEQ ID NO: 15 in the sequence
listing) and deduced amino acid sequence of the translated protein (SEQ ID NO: 9 in the
sequence listing) are provided herein. Most of the prM-E gene (nt-457 to -2373, underlined) is
wild-type (wt) DEN-3 16562 virus-specific; the remaining nucleotide sequence is DEN-2 PDK-
53 virus-specific. The E protein of DEN-3 virus has two fewer amino acids than the E protein of
DEN-2. Therefore, nt position starting from NgoMIV is 6 nt less than the original DEN-2 PDK-53
nt position. All engineered substitutions differ from wt virus (DEN-3 16562 or DEN-2 16681), as
well as extra mutations (changes from engineered cDNA clone) are marked.

Substitutions Included in the Genome and Protein:

[0158] Junction sites:

1. a. Mlul (nt 451-456): engineered silent mutation, nt-453 A-to-G
2. b. NgoMIV (nt 2374-2379): engineered mutations, nt-2375/2376 TG-to-CC (resulted in
E-480 Val-to-Ala change)

[0159] D2 PDK-53 virus backbone (change from wt D2 16681): in bold

. a. 5'-noncoding region(NCR)-57 (nt-57 C-to-T): major attenuation locus (in red)
. b. NS1-53 Gly-to-Asp (nt-2573 G-to-A): major attenuation locus (in red)

¢. NS2A-181 Leu-to-Phe (nt-4012 C-to-T)

d. NS3-250 Glu-to-Val (nt-5264 A-to-T): major attenuation locus (in red)

e. nt-5541 (NS3 gene) T-to-C silent mutation

f. NS4A-75 Gly-to-Ala (nt-6593 G-to-C)

I N

* nt-8565 C-to-T silent mutation of PDK-53 is not engineered in the vaccine virus

[0160] Engineered mutation in DEN-3 prM-E (change from wt D3 16562)

1. a. Engineered nt-552 C-to-T silent mutation: clone marker
2. b. Engineered E-345 His-to-Leu (nt-1970 A-to-T) for efficient replication in cultures
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[0161] Additional substitutions found in vaccine seed (0.02% nt different from original clone)

1. a. E-223 Thr-to-Ser mutation (nt-1603 A-to-T, in bold)
2. b. nt-7620 A-to-G silent mutation (in bold)

NCR-57-T, DZ PDE~-3Z attenuation loous (wh D2 16681:C)

> §'-Noncoding Region { > C
12 0 3C 40 50 a2 102
ACTTCTTACTCZACCTOCACCCACAARCATAGATTCI TTCACCTACTTAACCT CAATOT TTTTTAATTA ATCTCTICATCA
M N
140 200
TTTCARTAT SO CACT

FONOM L
294 270 Z280 2¢0 300
7 CGACCATS r\nﬁl\V‘TSTTCATGGW‘CTW‘TGGCG’“““"TTCGTTTCCTPACF—P,TCCCACCAACAGCAGLC TATTGRAGAGA

X & P L K L P M A»L VYV A F L R F L T I P 2 T A &G Z L K E
570 370 %?O 340 350 360 370 380 360 400
TIOCCAACAATTARAARAT CARARAGC  ATTAATSTTT TCASACSOT TCACOARACACATT GCARACCATOCTIAAL AT(‘TT(‘AZ\TA SOAZRCCTACATCT D
w o T I K K ¢ K A I NV L L ¢ I R K z I 3 R M L N I - N L R R L 3 A
> prMd Beginning of D3 16562 sequence

470 440 450 |4€’ 470 480 44an 500
CABGCATGALCAT AL GULOCAT I TAACCACGCE I GEAGATS AL GATTGIGGEEAABAA L GAAAGABGAAA

= M Z I M A ## H L T T R D G E P M I ¥V G K N = R & K

|
Engineered Mlul splicing site (nt-453 A-to-G silent mutation)

e} 5zC 530 540 550 550 580 539 G600

AT RCCTACT TTTOAASKACASCCTCTGEANTCARSATCTGCACASTOATAGCTAT GGNTCTCEGGT \’%V\G,’\TFTCT A TGRACACGETCACTTACANATECCCT

s . F < 7T A3 G - N MM TTLT AM D T, R M O D DT VT Y K C 2
|
Silent C-to-T nt mutation as clone marker

620 550 6650
CACATTACT SCAACTACANCGACAT'G \
H I T NLTSTW‘/TY

> M
720 7zC 730 740 750 750 770 730 7380 i ele]

SCGATHRAGRGATCNG” GHECETTAGCTOCCCATG T TGECATZGEGACT GGACACACCCACTCANALCTGEATGTCGECTGANGEAGC TTGERGASANGTCGN
r K R & v A T, A~ P F VvV ¢ ¢ T, - TR T ¢ T WM S n F G A W R 5V KR

EL a40 350 g50 870 <R~ 0]

CAMGEUAGASACAL A 1L ACCAACAG CUAL LG ACTACALA CCCAGAARG MGG 'S L
K % & 1" W A L K E 226G ¢ T 1 L A o F o A = ¥ 1 Y2 KoY oow 1
> E

S0 9zC 930 940 9L0 980 970 LI} 9¢0 1009
T TATECTATTARTGOTGGE TACCCCATCCATGACARTRAGATATGTAGGAGTAEGAAACAGACATT TTGTAEARGGCETAT CAGRAGITACATGRETTH
= T L. LM TV T 5 M - VM E C ¥V G ¥V & N R D F ¥V =T G 7 S G oA T WO Von

1070 1340 1350 C 1070
GITCG ACCATGGCTAAGARCAAGICCACGUTGGACAT AGAGCTT

v V. L L I G & = M A K N

P 7 L D I L L

1120 11z2C 2130 1140 1150 1150 117 1189 1189 1200
CCTARAG SCTATGCATTEAGGGAARAATTACCAACATAACAACCGACT CAAGATCTCCTACT AR ﬂTG?A AGUGATTTTACCT GAGEACCAGGACCAT
L. R ¥ 1,2 T F G ¥ ~T"TWw T T T ILH & R C P T ¢ & KK A T L. P FE F O D O

Z.0 12 1250 1260 1270 1289 2¢9 1300
ARCTACGTETIGTARGTAT CEETTGTGGTTTETTT SGCRAAGGGARGTTTEGTGACAT GCGIGARATTICAATGTT
N Y ¥ T K H G ¢ ¢ L F 3 K G s L v T' C n E 7 ¢ C L

1570 1380 1370 380 13¢0 1400
TACAATCARTACACCT \ Al C OTCATCATCACACT GCATACA CARCACCASCTCCCAAATSARAAT
T ¢ - L G X vV OV Q I . ¥ L K ¥ T vV - I T VvV I T I ¢ v G ¥ L T

1450 L2
AAGCCATN ACCT (ZAA
E A I L =2

1520 L5‘7C 1230 1540 155¢ 1550 1570 1580 1589 16090
T-GGATTTCAATGAANT G CTCAT TEACANT GG CANAGTATGEAT GGTACHT MGNCAAT GGT TCT T TEACT TACCCCINCOAT EGACHT CNGGNG
-~ > Fr N E ¥ I $ - TMKINK KA WMV 4 R ¢ X F = DL Z L P W T 5 0 A

1550 169 1700
CATTTAAARARTCC CGTTCT_CCATCATARACA
¥oT L K N VoL & S L
|
Additional E-233 Thr-to-Ser mutation (wt D3 16562: nt-1603 A) in master and pre-master seed
1720 i7zC Z73C 740 1750 1750 1750 1789 1799 1800
CEGAGCAAT GCATACAGCACTGACAGEAGCTACAGACATCCAAACCTCAGGAGGCACAAGTATCTTT GCGGGECACTTARARTGTAGACTCALRGAIGGAT
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830 1340 1350
GULACGCAAD GG GO L EAS T AL G L L GAA )y &,
Yy A M < L & 3 F V L X K L v o2 E T ¢ H T I - I =X Vv

FYNNITTS
K L

1970 19580
E 3 WVECLCTCAALGETAGA 4 !
I3F‘STEDGQUI\ALNGRLITA}J

|
Engineered E-345 His-to-Leu (wt D3 16562: nt-1970-A) for efficient growth

191c 1820
I'TGAGTACAAAGGEEAAGATGUACTUCL GO

E vy X ¢ BE I A P C

203D 205C 0 2070 2080 aNely
UG CAATALGAC UL AACA AG CAATGOARL GG AAAATCAAC
v T K K % N T = Z E & N I YV I G I O - N

2300
AG TAL G & ALCALCARAAL
I v G 5 A Y - A L F G G VvV 858 WM M K I

z31¢C 2330 234cC 238C 2360 2 3 90 2400
TGGANTAGGTIGTCC TF‘TTN \CCTGEATAGGETTCANCTCANINNNTACT _CTATGTCATTTT CATECAT CGCEGECEGCATTETGRCACTGTNATT TGGGEA
G T G Y 1L T W T G . N 3 K N T vV s F & C T A A G T VvV T T ¥ I G
|
Engineered NgoMIV splicing site, E-480 Val-to-Ala (nt-2375/2376 T&-to-CC)

f/)\

> NSl
24100 2420 2430 7440 2470 2480 2440 7HOO
GTCATGGTGCAGGT GCSTTGTGAGCT SGAARRACAAAGRAACT GART CAGTGGEATT TCATCACAGACRACG T GCATACATGEA
v« vV ¢ A D2 5 5 0V vV ¢ W K N K L L 5 ¢ I r Z T D VoI T woT

251C : 2540 255C 2570 2580
CAGAACAAT Als CCAATCACAA TCAAAACTAGULT'CAGU _ATTCC, CALGAASAGERUAL "G GEAAT
8 K L A 85 A 1 Q K & H K K D L C G L =
|
DZ PDE~53 N81-5332-Asp attenuation locus {(wt DZ 16681: Gly, nt-Z573-3)

2590 2600
CICAGTAACAAG

1c 2630 2640 265C 2680 2690 2700
ACTGENGNANTCTGNA T GT GGANANCANNTANCACCAGANT TGRANT! ] v WNAGTTANCT AT ATGNACAGEAGNCAT CAANGGEN
L B N L M W K ¢ I TP < L NHI I & E K E YV EL T I M TS D Z K G

2760 2770 2780 2790 7800
CATGGAAAACATGESGCARAZ TARANATGLTCT CTACAGAGTCTC
S W £ T W 4o K A K M L & T E & H

2620
ATAAT L‘nL—:Af CTTTCTCATTGATGGECC
Moo 1T oF L L D G

ﬁ(nﬂlA‘Th "‘(-‘TW-,LJ
w NoE L B

2970 2980
GTCAGCEGCTATAAARAGACAACAGRETICCTCCAT
s A A I K D N R A V E

Z91cC 20 29390 7940 295
ATTCACCACCAS ATATAT AGCTAAAATTGARAGRAARACAGSATGTATT ACTCAAANCTCA
F T T KW I W - K L K 2 X g L v F T D g <L

301¢C 3020 3030 30410 305C 3060 3070 3080
GUCGATATGCEGTTATTGGATAGARAGTGCACT CAATGACACATGGAAGA AGAGAALGCCTCITTCAT . GRAASTTAARARLCTG
A DM G Y W I = s A 1L K DT WK I E XK A 35 F I E V KN C

311¢C 3120 3139 3140 315C 3160 3170 3180 3140 3200
ACACOCTCTEGNAGCANTGGAGTECTAGAANGT GAGAT AT AATTCCAREANT CTCECTEEASCACTGT CTCARCACAACTATAGACCAGGITACCATAC
T L w & N & v L L & B M I I Z K N L A & F V ¢ @ II W Y R P G Y I T
'321(. Jzﬁ) 3240 3270
CAAALAAS SO GAGATGEACT S (= AATAATAG. GELAG _
¢ s P W H L G K L o< M Lk L ¢ O D G ooV oV oV U oE DT 9 N R G
331¢ 5340 3350 3360 3340 3380 3400

AACTCATAATAGAATGGT ZCTECCCATCTTGTACATTACCAT G"ThﬁGAT’\T‘AGT«GJTGAHGATCG‘-:T
L L E wcCc ¢ Kos v L o2 P L R Y K G E D & C

> NS2A
341C 3420 3430 3440 345C 34¢0 3470 3480 3490 3500
GCTGETACGEGATGEAARATCAGACCAT TGAAGGAGARAGAACAGAATTT EGTCAACTCCTTGETCACACCTGEACATGEGCAGGT CGACARCTT- TCACT
w Yy 6 M E I KR P L X E K EE YN L VvV ¥ s L Vv 7 ~n G H G @ V D N F s L
361c 3820 3530 2540 355C 3560 3570 3580 3590 600
ACCAOTCTTCOCAATOGCATTOTT CCTOCACCARATONTTACCATCIGATTACCAATCARACATOIART ACTACTANT CCAGTTTCT " TTETGACATTS
s v L & Mm A L ¥ L E - M L R T R ¥V = T K L A I L L ¥V A V 3 [ V T L

3610 3670 3530 3540 3350 3660 3670 3680 3690 3700
ATCACAGGGRACATGTCCTTTACAGAZCTEGGAAGATTGATGGT TATGGTAGCCGCCACTATGACGGAT GACATAGGTATGEZGCGTGACTTATCT ZGCCC
I T ¢ ¥ M S$ F R DL &R VMY M Y ¢ T™™M - O DI & M = vV T Y L A L

T

3710 2740 3750 2760 20D
TACTASCAL CTGEEACTACTITTGAGRARGCTGR GAATTETACT
L A A A ¢ L L L R K L = L ¥ M T T =Z I v L

EYSRIR 2men ane ERVI ERING AR Qi EXSeR) QRGN QU
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EAGAZCAITCTTIGACTTGACTGAT GCGTTACCCTTAGCCATCATGGTCITCARAATGETE %LAAATDTGG%ﬂHTAT
g T I - E - r o »n L L G MMV L KMV R N M E

AAAAAATAGALTGEATA l“l Al wnl‘l’t—rz—g GAL Lnﬁf\l:rb LTCVCANTCTAATAGCTA ‘L‘ NN
s o 09 KoY Db W L P L oA L1 1 K & L N P T A _ b

L? PDK-53 specific NS2A-181-Phe (wt D2 16681: Leu, nt-4012-C)

4150
T AGECTATCRTY
2 LN BE A _ M
4240 4250 426C e}

SGGUTCOTCATTGTGT SCTACGT GCTCACT GGACGAT GG TUGAT TTGGAAS 1
L L. T v ¢ ¥ v L T G R & A D L E L E

4310
TCARATOCOA
< W E

4340 4350 4360 4370 1399 2400
BAGCAC TCORATCCT STCARTARCAATAT CAGRAGATCATAGCATATCOAT ARRARR GAACACTIARCA
E 5 ¢ s ¥ £ I K N I E E E

L

4410 £4z0
ACALACACIGATCAIACTCAT AGAATAGE
g - L T I L I R T G L L v I :

4450 4450 4470 30 4450 2500
ACTL M CCNELATCAALATCAAT CATEECAGCAGCAT GG ACCE I S56AA
L r 2 v 38 I F I T A AW Y L W E

4510

4590 2600
SEOTENCTEERNGRT TATAGRAT TANGOANALIG
3f AN E L E DG oA Y R OI K QX G

4550 467570 4680
TRACARTGTEGCATE GCTGTTCTAATGE
LM oW H Vv Y R G A ¥V L M

A7170 4/a0
CAAGTTASARCEAGAATGE!
£ L B ¢ E W K E

4€190 433C 4340 4350 436C 4870 4880 4892 £500
CNEGTATTEECNITEE] ANNANT COANGAECCHETCOANDEANNCCTHGTOTT TTCANNCCAACGCOEEGNNCANTAGETGOTETATCTOTES

¢ v L A L L P G K N 22 R A Y ¢ T K P & L I K T ¥ A = T - G A ¥V 5 L L[

16130 1920 A93C 1940 1350 49580 1970 89 1985
: 7 AT AICGACAAAAANGEARAAG L ST GEETC I T AT GETAA NEEL ST EL T ATAAGEAG - GEALL
- 1 L K K 6 £ v vV & L ¥ ¢ N G v vV 1T K 5 G

50190 5020 503C 5040 5050 505G 50740 50890 5(70“ 5100
GRAGTGCTATAGCZCAGACTGAARMAAGCAT TGARGACAACTCAGACATCGRACATGACAT TTTCCGARAGAGARCACTGACTATCATGEACCTCCATCCA
S A T A Q T R K & T R O N P ER T R D DT F 2 K E R - T T M T\ T H 7

5150 5150 5170 5180 5140 2200
L 2 ATAARACGEGETTTGAGARD : AZ GT3GCAG
v K BE A I K R ¢ L R T - I L 2 ¢ T R V ¥V HE A

5250 E26C

“l"(J'AG(J'Aw ILCCAALTAACAT ALCAGACTCCAGCCAL CAGACT A SACCIAATCELETCA
R 6L P - R Y ¢ T P & I R 2 v I T v > L M C

D2 PDR~33 NE3-2B50-Val abtenuation locus (D2 16681: Glu, nt-5270-2)

5310 5
TGECCAZATTTAZTATGA

”/O 5350 5350

CAACCTGATTATCATCE

o

3390 5400
CCATTTCACARACCEAZCARG T ATAGCA

ﬂ
m
3
)]
]
=3
o
3

A T F T M R L L ¢ P V R ¥V P N Y N L I I M > E A H P T D> P A S I 2

5110 5120 LA30 5440 2150 LA60 5170 24180 Hoto
CCTACAGGATACATCT CAACTCCAGTGGAGATGEGTCAGCCACCT 3GGATT TTTATGACAGCCACT CCCCCGEGRAAGCAGRGACCCATTTCCTCACAGCA
A2 R G Y Z & T R V B ¥ ¢ E 2 &2 3 I F M T T P P s R o P F F ¢ 3 XN

5510 5320 5530 £54C 5550 5560 5580 EB5aC 55C0

ATGCACCARAT CATAGATGAAGARACAGARATCCOTGARCGCTCGTEEAAT T COGEACATGART GG pat TTTTAAAGGGAAGACTCTT - GETTCET
A:IIDEEREIPEP,SWI(SGEEWVTDEKGI\TVWFV
|
D2 PDK-53 silent mutation nt-5541-C (D2 16681: T)

)

5610 4c DE! B 5670 563 5700
TCCANGETATANANGE CAGERANAATGEANDEANANGTGEAT NCANCT C TTGATTCTENETATGE™ O
r = I X K N G K K v I ¢ L > 8 E Y W

5710 5770 5780 57a0 5300
AACACTACAR ATCATTCC TIAGACGCITTATACGAC TCCA
K T R T oL w o rF v v 7T T D I 3 E R V I [ oM

Q 5870 5
CTCACCCACT CTAZ TGTA 7
P M P VvV T I 2 3 A A 2 R R

R v I L A G
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AAGAAATCCAARAAAT GAGAATCACCAGTACATATACATCGGCGAACCTCTGGARAATGAT GAAGACTCTGCACACTGSARAGAAGCTARAATGCT CCTA
R ¥ P X ¥ E ¥ L ¢ Y I Yy M ¢ E P L EN > E > ¢ A H W K E A K M L _C

&010 6020 6030 €04C 0 &060 6070 5080 605C 51C0
GATARCATCARCACGCCAGAACCAATCATTCCTAGCATGTTCGAA AGCGTGAARAGGTGGAT GCCATTCATGGCEAATACTGCTTCAGAGGAGAR:

p ~ I ~ 7 F E ¢ I I F & M F E R E K vV 2 A I L G E Y R L R G = A

c11¢ 6120 6130 614C 5150 €160 6170 5180 613C 5ZC0
CANGENANNACTT T TGT AGACTTANT GAGNAGAGEAGACCTACCAGTCTGET TGECCTACAGAGTGECACCTGNNGGCAT CANCT ACCCACNCAGANGGT G

v > L MR X GG D L 2V WL XY KV A A B G I KN Y A DR R W

=

c210 6220 6230 c24C 5250 €260 6270 5280 5300
CTGTTTTGATZGAGTCAAGAACRACTARDTCOTAGR AGHAAGRALTTGARACCCARATGCS
Cc F D 2V K ¥ N g I - E E NV Z ¥V E I W T K E G E R K KL K 2 R W

G320
ATCTATTOTCR

5580

ATCTTTTZATT ZTTGATI

C L r . - L M
D2 PDK-53 specific NS4Aa-75-Ala (wt D2 16681: Gly, nt-6599-G)
G610 31 €64c 5650 66570 5680 £6aC 57C0
ATACCCARCATOACCCTCOCAATCTCCT SCATAATCACQCCTACGCATCCTCOTATCOTACCCACAAATACACCCACACTOCATATGCACCT TCAATAATAC
1 ¢« K M - L &G ¥ o Cc o L - 1 AN =2 L L L oW Yy N2 - 9 F H a~ L A A 35 1 1 L
&/10 6710 &5'/30 &6/4C 5750 & /50 &0 5780 &iaC o2L0
TGGACTTTTTICT CATAGTTTICCTTAT TCCAGAACCTGAARAACAGAGAACLACCCCARGACALACCARCTGACCTACGTITGTCATACCCATCCTCACACT
E . 1 v L L I 2 E 2 E K ¢ K T P ¢ D N~ ¢ L T Y ¥V ¥ I A I L - V
> NS4B
€810 6820 6830 €84cC &8ac 53C0

CGCARCCATCGCARL GATGSGTITCCTRAGARARARAL
v A~ A T M » ¥ FE M Z & L E =X T

AGCAACCCGRAGAGCARACATC
Q@ P E S N I

¢910 G920

c94c 960 6970 5980 7ac0
CUGCACATAGATCTACGEICCICUATCAGUAL GEACGUIFLATCCCET GECCACAAUA L ' T ACACCAL TG L TGAGATAT AGCA T GAALATI'CUTCAL
e o RPA S AW LYy A v oA kYo P Ml ROH S 1 RN 8 5 Y
J010 0 7080 T070 7080
THAPTCTILTC CTCCIOCARARG \GATCCAC

NV oS T TG K G M D T & vV P T
7160
TCTTTTCT TATTS

7110
CRATTEGATECTACTC

A - ¢ Yy 8 ¢g v N P I TTL T AALF - LV A E Y ATI I G F G L @ A
7210 7230 7240 7250 7279 7280 7299 7300

ANRGOAACCAGAGANGCTCAGANANGAGCAGCGECGEECATCATGAANNCCCANCT GTCHATGEAA TANCAGTEATTEACCTAGATCCAATACCT TATE

K A T 2 E A Q K RAAACTIMEKWNTDPT YV D CI T Y I DL D 2 2 2 Y D

73210 733C 7340 7350

ATCCAARGTTTZAR ) TCTGEEET S,
2 < B K v oM L o v LoCo v oo v o M M R O1

7410 7420 1430 14449 1440 1463 1473 7480 14990 1000

AACCTTAGCDACCGGECCCATCT CCACAT T GTGGGAAGGAAAT CCAGGGAGGT TTTCRCAACACTACCATTGUGGT GTCAATGGCTAACAT T TTTACGAGGE
T L A T G P I T L W E G N P GG K F W HNT T - A Y S M A NI F K G
> Nsb

TE10 TAZ0 7230 7540 7550 7553 TETI 7 75480 7500
AGTTACTTGGCIGGASCTGEACT TCTCTTT TCTATTATGAAGAACACARACTARCACRAAGRAGGCSAACTGGTAACAT AGAGACGCTTGGAGACRAAT
s ¥ L A O A L - ¢ & - M K N T T N T R R € T G N I E T - 4 Z X W

0 TH3C 7540 7550 TeED 7670 7
CGTTCEGGRAAARGTGART T CCASAT CTACAAGAAAAGTGEAAT CCAGGARGT GEATAGAA ST TAGCARAR
L ¢ K & E F ¢ I ¥v £ K s ¢ I ¢ E VvV D E T I A X

Additional nt-7260 A-to-G silent mutation in master and pre-master seeds

7710

7750 7750 7770
AARACTCACATGOTTOCOT TCACAGARACA
K 1I- R W T V I R N M ¥

Al CAARTOCATC
R ¢ L T O

TELlD 783C T340 7350 7250 TE70 7e80 7590
'CATACTAL "GLCGAGSATIAAAGANT G I AAGAEAAGTCAAAG ACCAGGACATG

L G C G s Y ¥ ¢ ¢ L K N V R E V K G T K 2 G P G H
7910 7920 793C 7940 7980 7967 7973 7480 75990 3000
CCATCCCCATG-CAATATATGGETGGAATCTAGGCETCT TCAAAGT GGAGTTGACEITT JCTTCATSC! CACAARASTGTGRCACAT TATTGTGTGA
T P M s T Y O W N T,V R . S5 4oV L V F = T P T F K C DT T T C D

8030 8040

80 3090 3100
CAACAACAACACCAATLTIGT

s070
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31190 3120 813¢C 8140 8150 8160 &’ 3180 31460 3200
ATARNGETTCTOANCICATATAT GCCOTCAGTCATAGHANANN T GEANGCACT ACAARGEANAT ATGENGENGCCTTASTGAGEANTCOACTOTCATEAN
I ¥ v L ¥ r ¥y M 2 3 ¥V - E K M E AL ¢ R K Y ¢ &6 A L ¥V R N 2 L 5 X XN

5 1 H Moy w v 3 N A 2 G N 1 voo3 3 v b 3 R oM L 1 N Xk MR

BE10 3370 8350 83110 8300 : RE80 33490 34400
ATACAAGAAAGTCACTTACGAGCTUGGATG. TGACCTCGGAAGTGGAACCCETAACAT CGGEAT T GARAGT GAGATACCAAACCT AGATATAATTGCEAAR
yoOK K AT Y R OF DV DL &G S & T BN T G T R S F T 2 N T T T G K

3410 3420 3430 84410 8450 84570 e47n 3487 3447 3500

ACAATACAPAARAPATAARCCARCROCATCARACATCAT GUCACTATCAC ATCOTATCTATCAARCARAAAT
R 1 L X I K ¢ LB II E T S5 W ¥ D Q D Y KT W A Y I g & Y E T < &

4510 8540 8550 89 3590 00
AGAC_EGAL'C. CAITCATCCALE 1 GG CAGGC LG GACAAAACCIL CGE Z AlGETGATACAGATL BGUAAGACACACAT

S 5 M

A CC
T & 8 v R L L T K F W D V V P ,V, v T o M A M T D T
8€10 3620 863C 85640 85650 8660 &e7d 80 3699 3700
GMCTCOATTTGENCANCAGCROETTT T TANGAGANAGT GENCACGAGARCCOANGANCCENANGANGGCATEANT AOTANTCANANT AACAGCRGAG
T r r G Q ¢ R ¥ F K E K Vv L T R T © E P £ E & T K K L M K I T A E

8710 8757 8775 3
TEECTTTEEAARGRAT TR GAGAAGARTTCACARGARAGCET ZAGAAG !
W oW £ B L R B =2 L SO ROK OV R3S N

3¢10 3820 8340 8350 8860 €e70 2£80

TCACTOATCACRACAACTCTAAC TCC‘\.f‘nC"‘TqAC CTOTTCAACATACTACSTTTTCOGCACCTOCT JCACAACCAARAZOAATCTICCATCTTOARCTAAR
TDENKP‘IKSAREAVE]SRFE\EAVDt\EP.NLHLEGK

5910 3970 8930 89410 8950 83950 &a7n 3480 3940 g000
GTOTCAAACATETGT ITACAACATOATCCCAAAAAGACACANIANGCTACOCOANTT COGIAACOCANNANCGOCAC CACGASCCATATGCGTACATOTCOCTT

o LT ¥V Y B4 KR XK K L G L X G X A K G S R A I w Y M W L

5019 9020 903¢C 2940 9050 2Cs9 079 2089
GEAGCACGLTTOTTASGAGT TTGRAGCTCTAGGATTCT TAARTGARGATCACT 3GTTCTCCAGRCAGARCT COCTCAGT S 5A
[T F S R F R A T, F T.Nn F D HWH W F & R F W s T. & T VYV F O R O T

9110 91 913C $140 9150
AGGT-ACATTCTARGAGACSTGAGCRAGARAGASGEAGCAGCAATSTATC
5 Y L L < b Vv 8 K K E G G A& M Y A

3180 3190 9200

SGGATACAACARTCACATTACARGR

3219 9220 923C 210 9250 9279 3289 9300
CTARRAADTGARGADATGGTARCAAACCRACAT GGALGGAGAACACARGALATTAGCT GASGCCATTTTV ARACTRAACETACCARAACAAGGTGGTGCGT
T K~ ® ™M VY "~ N HMFGHRHK ¥ L A F AT F K T Y ¢ N K ¥V V R
3310 9320 9330 9340 9

FLGCANAGACCAACATCAATGAGECACAR AN G CALALTCEAR CAATACH ‘1“\‘( A

v ¢ R P T F K ¢ T VvV M L - I 3 K N T B T

9419 9420 9L30C 4440 9450 ©467) 9470 3480 9000
CCARTATGGAACCCCAACTAATCAGACAGAT GGAGGCAGAAGEAGT CTTTAAAAGCATTCAGCACCTAACAAT CACAGAAGARAT CGCTGTGCARAACTG

¥y M E 2 ¢ L I R QQ¥¥E GE GV F K S I 9 H L T - T EEE I AV Q N W

951D 9570 9530 Gh4an 9550 GRB0 aR7h IRRD 95490 A500

CTTACCANGAGT GOCOCGCOAANGOT TATCAANARTCOCCATEAGTGOAGATOATTCTOT "OTCARNICTT - AGATORSAGOTTCOEANCCCTTTT ALCEA
r A kR ¥V G L R L 8 R Mm A I 8 G 2> D <V ¥V K F L D D2 R I A & A L T

3610 9620 9630 5640 9650 ’ 9670 3680 9690 9700
GUTCTALATGATATGEGARPAGAT TAGGARAGACATACAACAAT GGGARCCTTCARGACGATGGAATGATTGEACACAACTGCCLT ZOTGTICACACTATT
A L N D M 3 K I R K D Z ¢ ¢ W E 2 3 R w N D W T ¢ v P F C 3 d I F

T30 9740 9750 9760 g770
CCTCCCCTACTCOT TOT TCCATCTACARACCAACATOARCT CAT TOOCACACT

lf7 Z L. - M K b & R vV L v ¥V p C R N ¢ D Z L I G R 2
9619 9820 9850 ¢a4y 9851 2eloN] L] Jc8l 9300
GUCT_ TGCHGGAGACSTGOT G I GEEGAAGTT "IACGCCUAAATG ' GEAGC I 'GAL ETAT I CCACAGACECGATUCT CAGGEU CHCGECAAA TGO ALY

s L R E T A C L G K S8 Y A ¢ M W & L MY F HER E D L R L A A N A I

9920 993C 9940 9950 Ecion) 9973 3989 12000
ST CCAACRACTCOAATAACCTCGOTCCATACAT CCTARACATCAATCTATCACART CTTACADTCT

v P T S R T T w s I 4 A K H E W M T T T Vv W

lonsc 1e04d 1006 10070 a0 12100

0
GTGEGAAT CAT GGGAGGARPATCTCATACT T 5GGGAARAGAGARGACCAATG
voE &2 oW E E 1L F Y L G K X o D QO W

AGARAACTCAT GGATGGAAGATARAN
~ N F W M B D K UL

10119 10120 1013¢C 1¢140 10150 1C1865 102790 10180 22190 10200

GTGCERCTOAT T GAT TGGGTTANCANGCACHGOUNCCTEGECANNGANCATCOANGCAGOANT ANAT OANG T TACNTCOOTTAT A GGCANTGANGANT NG
coCcoe -1 L. 8 K oA WA K N L D A A L N QO Y K S L L O N E B OY

> 3'-Noncoding Region

10Z10 1 10230 1cz4a 10250 50 102730 102 12300
ACAGATTACATZCCATCC ,TGA}\ ARGATTCAGARAGACAAGAGSAAGARGCAGS. CTGTGGTAGAAAGCAAARCTAATATGARACAAGGCTAGARGTC
T b Y M S M K R 2 < R bBE F bk EBE A G ¥V L W *

12<00
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ACCTOICATTARCCCATAGTACC OARAARARCTATCGCTACCTOT SAGCCCCOTCCAACTACOTTARAASARC T CACCCCATCATARATCCCATACCT TGAD

10419 10420 10£3C 1C440 10450 10450 10470 10480 20490 139500
TAARCIATGCAZCCISTAGUICCACC I GACAAG S TG AARAAA ' CCGGEEALGGUCACARACTAT'CLAAGUTG _ACCUAT E5CETAL MGEAC Y ALCGEL" AL

10510 10520 1033C 10540 10550 1CE5D 10570 10580 205890 19600

NEEAENCCCOT

TOCCT TACAMTCGCAGUANCAN T GHEEGGCOCANGECEAGATSANGCTGTAGTCTOEOTGGANGENCTASAGET TAGAGEAGNCCCQITCT

10610 12520 10583C 1C340 103850 1C0es8D 106730 10682 20690 127500
GARACAARRALACAGCATAT TGACGCT 3GGARAGACCAGAGATCOTGCTGT CTCCTCACCATCAT TCCAGGCACACARACT CAGARRAT GEGART GET GCTE

L0719
TTGAATCARCAGGTZCT

DENvax-4 Master Virus Seed (MVS)

[0162] Nucleotide sequence of the chimeric viral genome (SEQ ID NO: 16 in the sequence
listing) and deduced amino acid sequence of the translated protein (SEQ ID NO: 12 in the
sequence listing). Most of the prM-E gene (nt-457 to -2379, underlined) is wild-type (wt) DEN-4
1036 virus-specific; the remaining nucleotide sequence is DEN-2 PDK-53 virus-specific. All
engineered substitutions differ from wt virus (DEN-3 16562 or DEN-2 16681), as well as extra
mutations (changes from engineered cDNA clone) are marked.

Substitutions Included in the Genome and Protein:

[0163] Junction sites:

1. a. Mlul (nt 451-456): engineered silent mutation, nt-453 A-to-G
2. b. NgoMIV (nt 2380-2385): engineered mutations, nt-2381/2382 TG-to-CC (resulted in
E-482 Val-to-Ala change)

[0164] D2 PDK-53 virus backbone (change from wt D2 16681)

. a. 5'-noncoding region(NCR)-57 (nt-57 C-to-T): major attenuation locus (in red)
. b. NS1-53 Gly-to-Asp (nt-2579 G-to-A): major attenuation locus (in red)

. €. NS2A-181 Leu-to-Phe (nt-4018 C-to-T, in bold)

d. NS3-250 Glu-to-Val (nt-5270 A-to-T): major attenuation locus (in red)

e. nt-5547 (NS3 gene) T-to-C silent mutation (in bold)

f. NS4A-75 Gly-to-Ala (nt-6599 G-to-C, in bold)

I N

* nt-8571 C-to-T silent mutation of PDK-53 is not engineered in the vaccine virus

[0165] Engineered substitutions in cDNA clone

1. a. Engineered C-100 Arg-to-Ser (nt-396 A-to-C): may improve viral replication in culture
2. b. Engineered nt-1401 A-to-G silent mutation
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3. ¢. Engineered E-364 Ala-to-Val (nt-2027 C-to-T): may improve viral replication in culture
4.d. Engineered E-447 Met-to-Leu (nt-2275 A-to-C): may improve viral replication in
culture

[0166] Additional substitutions found in vaccine seed (0.06% nt different from original clone)

1. a. nt-225 (C gene) A-to-T silent mutation (in bold)

2. b. NS2A-66 Asp-to-Gly (nt-3674 A-to-G) mutation (in bold)

3. ¢. NS2A-99 Lys-to-Lys/Arg mix (nt-3773 A-to-A/G mix, in bold)
4.d. nt-5391 C-to-T (NS3 gene) silent mutation (in bold)

5. e. NS4A-21 Ala-to-Val (nt-6437 C-to-T, in bold)

6. f. nt-7026 T-to-C/T mix silent mutation (in bold)

7. g. nt-9750 A-to-C silent mutation (in bold)

WCR~-57-T, D2 PDE~53 attenuation loocus {wb D2 16681: O}
> 5'-Nonecoding Regien { >C
10 20 30 19 50 60 70 80 90 100
AGITGITAGTCTACGIGGACCEACAAAGACATATL T 'GALGEALC _AAGU 'CAATGI'AG . I'CTAATA

M N

16 120 130 140 50 a0
ATARCCARCGGAARARGGLGAARARCACECCTTTCAATATCITGAR CGAGAGAARCCGEI
N 9 R K K K N T F ¥ M L K R E K N R

210 230 249 Z U 210
TEGAATGCTGCAGGER! SACCTTTARAACTGT TCATGCOCCTEG T-TCCTARCARZZC

s M L ¢ 6 R 3 P L K L ¢ M A L V L F L R F L T I 2
|
Additional nt-225 A-to-T silent mutation in master and pre-master seeds

310
THGEGAACANTTAN

w G T I K

330 340 350 260 270 B
GAGAGEST T UAGREAAAGAGA T T GEANGEA, GCETEAACATT MG

I N~ v L 2 & F R K E - G R M L N I

Enginesred C-100 Arg-to-3er (at 395 A-tc-Cj

> prM Beginning of D4 1036 sequence
410 20 430 4490 1450 /0 480
CAGGCATCATCATTAT GRTTCCRACAGTGA CETTCCAT CTARUCACGCCTGATGGUS TCATGAZRGZGGC
¢ ¥4 7T T M 7T 27T ¥V M A F H T - T E DG FR P LM T V AK OH % R 4GR

1
Engineered MI1uIl splicing site (nt-453 A-to-G silent)

210 527
ACCICICLTGT ' AAGAL
F oL L v KT

£50 270 580
CICCAZLGCTAT S GEELSAAANG L S 'GABGATAC 3T/
-~ 1L A M L L &5 B M C E O U v oY K

610 c290 €30 €10 650 GEe0 670 €80
TTACTGGT CAATACCGAAZCT EAACACATTGATTCCTGETCIAATCTCACGT CTACC T GGGTCATGTAT GG EACATGCACCTAGA G
L . v Hy T =~ FPF E DI D CWCNTLT S - w Vv MY G T C T Q

710 740 750 T5G 770 TG0 G0

CAGACAAGLGC TIACGCAAT SGCATT SCARACRAGACCTCACACATGLATITCA S CTTGTAACGCATICTCA
L L R g ¢ M ¢ L X T R A L T W M & & L G A W < II A Q

€190 3C 340 350 86C 870 €80 G20 900

GAGAC 'AGAGAEUTGEATACTCAGAAACCTAGEAT ' CECETTCLTCECAGEAL AL GGCY" A AYGAL” GCAAACAGGAATCTAGUGAAT ' GUCTIC

R v E ¢§ W I L R ~N P G F A L L A G F M AY M I & ¢ T 6 I ¢ R T ¥V =

> E
919 520 a3cC 940 950 95C 970 980 9¢D 1000
TTTG CCTAANTENTGCTGETCGICCCATCOTACHGANTGCSATGCE T NGEAGT AGGANCAGACNACTTTGE . GEANGEAGTCT CAGETGERNGCATGEGTCR
FV LM M7 vV A > 5 Y oJvYV R C VYV OGNV ONRDF YV oS OV S G G A W VD

1010 1020 103C 040 050 106¢C 1070
ATCTCSTGITAZARCATGE: ATGCSTCACARZCAT GGCUCAGGEARARACCAACCT TGEATTT TGARCT S ACTAAGAL
- ¥ L K B G G v - ' M A Q G £ P ' L L < E L 1 K UV
1110 1120 113C 144 115¢C 1170 1189 2199 1200

GTTAAGAACCTATTGCAT TGAACZRCTCAAT ATCARATATARCCACES CARGATGTCCAACGCAAG AGCOTTATCTAAAAGAGZARCARGACCAR
r R T ¥y ¢ I B A g I &§ N I T 7T A~ T R C P T ¢ G E P ¥ L K E E ¢ D ¢
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12132
CAGIACATIIGTCGGEAGAGA
cC ¥ I ¢ R R D

23C 1240 2 2
GELAGATAGAGGE . GEEECAATCECIGLGETIICL L BEAAAAGGAGEALL L _EGE0 ‘L—rhAH‘l“L““‘ 'CATG
vV 2 R & w &N CGCC G L F G KG GV VvV T T A K 7 5 C 3

13192 1320 133C 234G 2350 135( 1374 13890 20 1400
CHHGCAAGATAAZ‘ GGCAATTTEGTCTAARTTGAGAACCT TGAATACACAGTCGTTCTAACAGT CCACAAT GGA CACZ‘CDTGCACTAHCA%TJACAC
G % T G N ¥ 3 ° R N L R Y T V V V T VoOH O ON G T\' T H AV G N T

1410 1420 143C Z440 Zib0 1466 1470 1480 2480 1h0D

GTCCAATCATGGAGT TACAGCCACGATAACZTCICAGGTCACCATC GGAACTCAAATTGCCEGACTAT EGACAACTARCACTCGAT - GTGAACICAGG
S N kG VoA L 1 ks 2 R &5 P 2 VvV kB vV K L O L L LR

|

Silent nt-1401 A-to-G mutation in engineered clone

15190 L& 133¢C 2540 1350 155¢ 1570 1589 25890 160
TCTGEAATTGACT TTANTGAGAZ GAT TCTEATGNANN T GANANNGANNNCATCECTTGTCCATANGCANT EGTT T T TGGATCTACCTCTACCATGENCNG
s ¢ 7T D F N R M T T,M K ¥ K ¥ K T W I. ¥V B W ¢ W F T, It T, P T oW T A

16130 50 17
CAGGASCASACATIATE L STGACATTTAR =z
G A D - 2 E YV H AN N Y K E KR M Vv T F K Vv 2 H A K R @ b v UV =
1719 1972 2740 _750 178¢C 177a 17890 27¢2 1800

TCAGCAAGGAGTTATGCATTCTECCCTCGITGGAGCTACASARAGTCGACT CCESTGATGECAAAT CACATG. TTETAGGACAT CTCAAG- GCARAGTCCGT
o E G A M s A~ L A G AT E VYV D &8 ¢ D N I M FP A G i L K I K V R

1810 ‘\33(‘ 340 350 1860 “87!"
ATGGAZAAAT" STCATACACGATGT STTCACGAAAGTTOTCAATT GACARAGAGA
M L K M 5 Yy I M & 8 ¢ K I 3 I I K L M
1912 192 1940 350 19sC 1970 1989 2580 2000
TGAAASTCRAAGIATGAAGGTGCIGGASCTICGT STARAGT CCCCATAGAGATAAGACATCTGARCAAGGAAARACT CGGTTGEGCGTAT CATCTCATCCALC
v K Y B G A & A F C K YV P I 2 I R DV N KX 2 K Vv v ¢ R - I 3 3 T
2100

019 20z0 2030 2240 2050 2050 2073 2080
CCCT-TGGCTGNAIANTACCNCAGTGT AN CINCATAGAGT TAGANCECCCCT . TGGEGACNGCTACATAC TG 7\CGAGT’@GN\AU\HTFRLsTTuﬁC]\
P A KR NT N & V TN T = . W P P F G > 3 Y T vV T 6 V¥V G N S n T, T
|
Engineered E-364 Ala-to-Val (nt-2027 C-to-T) to improve viral growth in culture

3 > 2200
'TAGGTF‘MwdeCT GGGATT
 E T A W D F

2112 2120 C 214 2150 zlsc
CTCCATTGGETTCAGGARAGGGAL TTCAATfGGC%GZ\TGTTTCL\CT”"‘A CATFCT\GPHCTULA]“\A
L H W = 2 K & s s I 6 K F E & T Y 2 G A K

221D 2 "’740 2250 22740 80 2300
11'EG PCCHETT ST EEACLIGET T CACATCA _T'GGEAAAGGCIGLGCATCAGE L "I CEAAG TG GUATACAACCC LG I'CEAGGAGL CICAL'GEAT GAL
G 8 v & ¢ . T s Lg KAV H OV FGe S VY T T L OF G G VoS W MOT

|
Engineered E-447 Met-to-Leu (nt-2275 A-to-C) mutaticn

End of D4 1036 sedquence
240 2350 2350 ”’5’() | 2390 2400
ACGAACTCAAGGAACACTTCARTCGCTATGS CAZAGCTGCCGGCATTGTGATACTGTAT
s M A M T 1 A A G L v 1l L Y

|
Engineered NgoMIV splicing site, E-482 Val-to-Aala (nt-2381/2382 TG-to-CC)

330
( CTAGTCEITGTGGATTZG!
K - L I & 2 L v L w - = 1 Kk & K N

2410
TTGGGAGT CAT GGTGCAG
L 6 v M Vv © A T

7450 FLT0 7480 2490
GARPRACAPAGAACTGAAATGTGECAZTGGZATT TTCAT CACACACAACG ZGCA
W K o L K ¢ ¢ & ¢ I [ I - D KN ¥ II T

2430 2440
GOCSATAGTGETTICET TETGAGT TG

oG VoV 3w

J 2530 2240
CATGEGACAGRACARTACAAGT JCCRACCAGAATCOCCT TCARRACTASCT TIAGTTA
wWwolroo- ¢oY K oF Q 2 o 3 P 3 K L A = A

90
ATCCGCTC
1

X 3 v

D2 PDR-53 NS1-53-Asp attenuation loocus {(wt D2 166Ul: Gly, nt-25378-G}

2610 2620 2€30 2€40 2650 2650 2670 2680 2690 2700
ADCAAGACTGGAGAATCTGAT GTGCARACAARTARCACCAGAATTGAATCACATTCTATCAGAADAT GAGE TGARGT T ARCTAT ATCZ&FACVJACACPTF‘
T R L E N MWK @ - - F ELUNHI UL S ENEV K TTITMT G I Z
2710 2750 27380 2790
ARDACCAAT CF GAAGTATCTCATOG PRARRT

K & I M © A & K T Z L K Y & W K T W & K A K M L & T L

2810

2830 2640
o EAPACAGUAGAA
T - 1L o G F BT A B

22910 2620 2930 2¢40 2950

oG
CACCAATATATGCCTARAATTGRAACAAAMACAGGATGT ATTCTGS

ACTCAARACTCATGTCAGCSGCTATRAS
S

50 2970 2980
G

TEGAGTATTCAC

F v P T T N I W L K L K E K ¢ D V F C L[ K L ¥~ & A A I
3030 3C40 3050 3060 ”'OW’ 3¢90 3204
JCH NOAGNAAGTGIACT CAN 2 GACACATGEANGNAT AGNGNALG GCCAN
v i A I M G Y W - E & A L N D T W K I E K A & = I = V K N ¢ E W I K

3140 3
GARAGTEAGATGATAATTCO
5 % B M 1 - P K N L A

3.50
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3210 H500) 3230 3240 3250 32560 3270 3240 3290
CCATACACHAATARCACGACCATGECATCTAGGETAAGCTTGAGATGGACT . TGATT T CTGT GATGGAACAAL GTAGTGACTGACGACTGCEGARAT

JTQITGPWHLSKLEMD?)FCDGTfV‘JVTEDCGN

3310 3240 3350 3350 3370 3380 3390 3400
AGAGGACCOTCTTTGAGANCANCCACTGUOT O TGEALANNCT CATARCAGANTGETECTRCOGATCTTSCASATTACC, FOTANGAT ACAGRGETGNGG
o > s 72 7T T " A S G ¥ T T % W O T R & 0 T T. P DT R ¥ K G0 F D

3450

TGGARAT UL A SRAGRATTTY
EI R P L K E K E E N L

3E10 3530 3540 3550 35560 3570 3&580 3E90
TTCACTACGAGTCTTGCGAAT SGCATTGTTCOTGEAGCAAATGCTTAGGACCCGAG . AGGAACGAARCATCCAAACTACTAGT _GCAGTTTCT_TTCTG
s 1 ¢%vL¢HMMAL PP 1 EEMILRTERVY GGT KHAI I L ¥ AV S F V
3650 365 3670 3680 90 3700

GTGACTTATC
v T Y L

GATIGTTATGGTA
M Vv M V

Additional NS2A-66 Asp-to-Gly (nt-3674 A-to-G mutation) in master and pre-master seeds

3710 2720 3730 3740 3750 =0 3770 3780 3790 3600
TTCCCCTACTACGCAGCCTTCARACTCACACCARCTTTC! OCTOCACTACTCTTOACARACCTCACCTCIAGCCAAT TCATCAZCACTACTATACGAAT
A L L A A T ¥ VvV R r 791 Aa s o L L L R K L T 3 KL L MM T T I o CZ

|
Additional NS2A-99 K to R/K (mix) (nt-3773 A-to-G/A) mutation in master seced

3810 2E20 3830 3840 3eL0 3860 3870 3860 3890 32040
TETACTC T CLATRCCAGAGACCATTCTTGAGTTGACTGATGCET TAGCITTAGSCATGAT T CAPRAT EGTCAGARATATGEAR
3 I L &9 & 7T I P B 7 Z L B L T D A L A L G M X K M \7 R N ¥ E
3919 3970 39350 3940 3950 3980 3 ) 480 3 000
ARGTATCART AOTGACTAT CATOOCT AT TG GCOTCOCARACGCAGTOATATTACAARACGOATC O ARAGTGASTTOCATAATATTOOCATTON

Koy © L vl moA L L ¢y P N A YV L L g N oA W £ v oI o C 'l L L A Vv V

L0109 4040 42050 45D 4072 4080 éO“"l 4100
LSO AGCAAARAACAGAT T GEATACTAT "AGCAT GACEHATCARAAGETC L TAATCCARC AT ICT
5 v 5 F L F LT3 5 0 Q KOTW A o | Ko NP A | B
1
D2 PDK-53 specific NS2A-181-Phe (wt D2 16681: Leu, nt-4018-C)
> NS2B
21190 2120 4130 4140 4150 41850 4770 4180 21469 4200
ARCEACCCTCTIAACRACCACCAAGAARACGACITCGCCCATTAAATCACGTTATCAT CGCAGTCOGCATOC T GACCAT T TTAGCCACTTCTCTCCTARAR
T - L S R T S K R 5 W F L N B A I M A Vv o M v 5 I L A S5 & L L K
2210 1250 1300
AATGATATY HCACTGE G SC 1 GEARC AGAGCAG

L O N S I G R ¢ L oLorovoCoy L K o b ,\‘ A A
2319 2320

13 13410 1350 17
CGAT GTCARATGGGAAGACCACGCAGA

TAT CAGCAAGCAGTCCAATCCTG T CAATARCA
s G 8§ 8 P I L & I T

1389 7390 14200
ACATCGTACZCATGTCSATAAAARATCAAGR
L ¢ 8§ M 8 I X N E B

@U\
o

D v K w E D © & E

4470 4500
TTTCCTOTATCAR CATCOTACCTO
O 2oL oA W Y L
> NS3
£510 L520 453C 4540 4550 4560 4570 4580 2590 4500

TGEGAAGTGARCZARA T AACEGGCIGGAGTATT G I GGEATGTTEOTTCACCCCTACCCATGEGAAAGE!
W L V X K Q R A GV L Ww DV P S 2 P P M 3 K

J Nl
CTGRACTCGARZATGGACTCTATAGARTTAAGT
A 2 L B D G A Y R I X @
46190 2620 483C 4540 4550 4¢60 4¢70 4680 £690 4700
GTTOTANTGCN
¢ n 6 VY XK = 6 - F i 7T M W H Y T R G ANV T M H

ANARNGGGNTTOTTGEATATTCCOCAGATCEGAGECGENGT TTACAAAGANGEANCAT TCCATACANT GTEEONATCTCATNCETGEIEC
< o T L. G Y 3 Q

4740 4770 47820 G40 4000
CAAGRARGAL CTGGAAGTTAGARSGAGAAT GGAAGGARGEAGAR
£ K L L L 38 Y G G G oa K o B 3 B a K E G B

1689 §890 1900
NWACCANCECCGEARCATAGGTGCT GTAT

T ¥ A ¢ T I &G A V S

Z€10 2820 183¢C 1340 13510 1850 1&
GMAGTZ CCAGGTATTGECNCTGGAGCCTIGEGANANAT CCANSAGTCG T CCANACGANACCT SGTCTTT

EV Q v - 2L E 2 G KN P E AV QT X F 5 L F

2870 2950 4930 4940 49R0 4850 4970 4480 30 5000
CTCTCOACTT T CTCITCCOARCC TCADCAT CTCCART TATCCATARARARCCAARACTT T2TATZCOTAATCCTCTTCT CACAAGCACTCDAGT

s P GT S 3 &5 P OT T OO K W oGOWOV Yo NG vVoyoT s G A

5019 50 503C 5940 5350 sce2 5079 5080 5090 5100
AlATCEIGAGUGOIATAGCCCAGAT ' GAAAAAARTAL. GAAGATAACK FAGA ' CGAAGA 'GACA" "'CCZAAAGAGAAGATD ' CACCAL'CALGGATCLT
Yy v g A I A QT FE K3 I 2 CHNTFETIE ) 0D I FR KR XL I M DL

31190 5120 513C 2140 5150 5160
CAGGAGCEGGARAGACGARGAGATACCTT CCGECCATAGT CAGAGARGETATARARCGGCEET

H > ¢ A G K T K R Y L P A I vV R E A I K R C

3210 5270 5230 5240 5250 507

8] 5
TEECAGCTGAARATGGAGGAAGCCCTTAGACGAC T TCCAATARGATACCAGACTCCAGTCATCACGAGC
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A A BE M B E A L KR ¢ L P I R Y g 1T F A 1 R A ¥ E T G R = 1 Vv D L M
!

D2 PDR-53 N83-250~Val attenuation locus (DI 1668L. Glu,

5310 5320 533C £340 5350 53520 3 : 5400
GTGTCATGCCACATT TACCATGNGGC T GCT AT CACCAGT TAGAGTGCCANCTACAACCT SATTNATC NCGINGCTCATTTCACAGNATCCAGCAAGT
o nmn A T [ T M R L L S IV R V I K Y N L I I E A I I - D I A 5

|
Additional nt-5391 C-to-T silent mutation in mater and pre-master seeds

5L3¢C £440 5450 24570 ] 5300
CTCARCTCGAGTGEAGATGGETSAGGCAGCTGEGATT TTTATGACAG ACCCATTTCCTC
R v E M ¢ E A A G I F M T P - P Q
53¢ E540 5550 EEBD 5570 35890 3580 5600
ARAGAGAAAT CCCTGAACGCTCG T GGAATTCCGEACAT GARTGGGTCACGGAT T TTAARAGGGAAGACTCETTTG

<

¢ H E W Vv T D & K o x T vV W

D2 PDK-53 specific silent mutation nt-5547-C (D2 1668l: T)

2 0 L68C He'Y0 0680 /00
WGERARAAT GCAAAGAAAGTGATACAACT CACTACGAAGACC TGATTCTGAG
¢ L R K N ¢ K K VvV I ¢ . 53 KR E T = D 8 E

L5610
CTTCGTTCCAAG - ATAAR
r v p 8 I K

~ L I A

5710 5720 £730 7 1(} 5750 5770 2780 £78C
TATCTCAAGACTAGAACCAATCATIGCGACTITCETGET ACTCACATTTCAGA AZTTCAACECT GACAGGGT A
Yy v K. T R - N D W D F v v °- 7 [H I & 3 M G A N F K A E R ¥V I D

5810 5820 584¢C 5850 £85¢C 5870 5880
CCTCCATGAARCTAGT CATACTAAC AFPTGCTGA%VJP FGTGATTCTGGCAGGACCTATGCCACTGACCCACT CTAGTCCAGH ‘ACPr@\-thg
¢ ¥~ K 22 v I L T DG E = R VvV I L A & =z M F V -7 E ¢ & A A ¢ R R

5910 5920

5970 3980 £95C 5000
PN TGRATGANGACT CTGCACACT GGAANGANGT TN AT G
N n R D O AN H W K R O AK M

T G R N P h ‘~I

&010 6070 an7d 5080 @ 3 2100
CTCCTAGATANCATCANCACGCOCACNAGEANTCATT NAEGTEGNATG NTTEAT GGCGEGRNTAL OTTEAGNG
T L N N T P F G T - F & M F FR P % R F ¥ ¥ D N T L 3 = ¥ R T, R (3

8170 &130
« SOOAAARCTINIC AG FIAATT
F A R K T T ¥V O M

az1lo 6 m240 £250 a0 3200

PACFTFCT(‘.TTT‘fﬂ’\ﬁ"f‘ﬂ\.T‘(‘Z\,—\FDHFZ\Z\"‘P‘MAZKT‘(“”T‘AF‘N PAAP‘ aTo .“l\FfT(“AZ\mTf‘T('CF\"ZK/—\PA"AZ\( F\".\’ﬂl\hﬂﬂpﬁlmﬂlﬂ‘ ORRRCTC
R W o r o &5 v K XN N ¢ T S T N Y RY R T W T K L G R K K T K 2

€430
SRTGRCTCRG, e \CALCT TAGUAGTGLTGCAC
M T ¢ K VvV K b » L D N - 2~ ¥V L H T I

£b9C
A N (3
L LM

&L10 6LZ0 €530 £bac 5550 eLet 5L/ 0
CUALGOITOCAG . BAAC T GTUCEGACACT AL L ACTGACATLTC. GECTACAG . CACGEGEA
mw A L & 4 - P s 1T Lok L oL L Lo LA Y G

D2 PDK-53 specific NS4A-75-Ala (wt D2 16681l: Gly, nt-6599-3)

€610 6620 GE30 5610 5650 G65C 5670
AGGCGCATAGGGAAGATGACCCTGCGRATGTGCT GCATAAT CA TAGCATCCTCCTATGCTACGCACA

€55C 3700
‘CACACTGCATAGCAGCTTCAA

R eI ¢ K ~MTLeMc o - - 7 A S I L L W ¥ A O H W I A A 3 I
€710 6720 6730 574C 5750 675C 5770 5780 ¢79C 3800
'IAHIACT‘”-:CAHT TTﬁT( TCATL\GLTITGCTTA TCCAGAACCT GAARARACAGAL ACCCCARCGACRACCAACTGACCTACGTTCTCATAEZCATCIT
I - & ¥ ¥ L I vV ., L I P E 2 E K OR T F oI NCCL - Y VvV V - A I L

5810 5850 5C
T TTCCTAGRRARDL AGATCT

LB KT

5950 e
CTCTATGCCGETEECCAC
L ¥ A V & T T v T P M L R

2970 HE80 : 000
NTZEANANTT

I E N &

7010 7020 7030 704C 7050 7070 705C 7100
CCTCACTGANT STGT CCCT ANCAGZ CATAGCCANCCANGCCACAGTGT TANT A GGCOATTGTCAMNGATC SF\XPKTCSGPGTTCC
5 vV NV s T A T AR N O A T V TI.M w o r 1. & K M Ti IS A B

Additional nt-7026 T-to-C/T mix silent mutation in master and pre-master seeds

7110 71z0 7130 714cC 7150 715C 7170 780 715C 7200
COTTCTCECCAT - EGATGCTACTCACANGTCAAT CCATANCTCTCACAGCAGITCT TTT CTTATT GGTAGCACATTATGCOATCATAGE "“T\HGAQ TC

L L »n I & Y 8 v N B I T L T A A L I L L ¥V Il Y A I I Pz o
210 7220 7230 7240 TZR0 725C 7280 725C 73002
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CAACCAAAACCAACCACACAACTTCACAAARACAT CACCCCCCCCCATCATOARANACCCARCTCTCCAZCOARTARCACTCATTCACCTACAZ CCAATAC

¢ A K A - R L A ¢ K R A A A ¢ I M Kx®¥ P TV D I T v I DL D P I P
7310 /320 1330 1344 1304 /350 /3 1399 #7200
CTTATCATCCARACTTTCARAACCACTTCCCACAAGT AATSCTCCTACTCCTC TGCCTCAT TCPACTATTCZ\T”PTMA\ SACTACATCCCCTCTCTOTCA

LA DR O T S [ e T L L L L L A [N
7410 7420 TLE0 7440 7450 7450 7470 7480 72a0 7500

GGEOT-TAACCT AGCTACCEGGCICATCTCCACATTETGGESAAGGAARTCCAS CCETT O TGEARCACTAZCATTGCEETGETCAATGGCTAACATTTTT
A L T - A T P I 5 T L W E 5 N P % R F W N 7 T I A ¥V S M A N I F
> NS5
L1 SLZ0 o030 /40 /b fs1e] SRS} L8 jslel fe00

GTTACTTGSCCGGAGCTGGACT - CTCTTT- CTATTATGAAGAACACAACCAACACRAGAAGGGCAACT GGCAACATACSAGAGACGCTT GGAG

v.. A ¢ A G L L F & I MK HNTTXNTRERKGT s NI ¢ E 7 L 53 E
TE10 7620 7630 7540 7850 7660 7¢70 7680 7690 7700
AT GGANARGCCEAT T GANCGCA T TGEEANMANCTGANT PCCAGATCTASANGAN NG TGENT CCACEARCTGEGATAGHN O T TAGCANALGNGE
¥ W K & kN A T ¢ K 5 W@ T Y K K O3 G T ¢ F YV DR T L. A K T G

7730
ACCATCACGCTGET S TC

EAVSR’GSP

5710
CATTABAAGAC
I K R G

775\"\ 7759
CAMMACTERCEATGETTCETT A L 02
KT R W EVETRTINHMRNYTEERG GEV

1840 1850 /860 [A-Nas]

GTGG, SGCAGAGEAGGUTGETCATACT ATT STGSGAGGACTARAGAAT C TARGACAAGZCARAGGCT
v D L & C 3 R G G W s ¥ ¥ C & GG L KNV R E V G L
7910 7920 7930 7940 7950 79570 7972 7980 3000
ARCERACCCRTCOCCATOTCARCATAT OO GGRATCT AGTOCOTCT T CARAGTOOACTTOACOT TTTOTTCATCOCOCTAGARRARDTOTOACACAT TATT
= r I r M s T Y I WX L V R L ¢ 3 < V¥V DV F F - I I E K < [ T L L
Q010 Q03c 2040 2080 acad CO70 2080 3090 2100

\JTHTCL\PPTAGCSGASTCATC‘(""APATC_LA"‘ACTCHAPJF‘“q SACGAACACTCACGAGT CCTTAAC T TAC _AGPAART TGGTTCAACAACAACACTCAR
¢ n 1 G E S S P NPTV <A G RTULERY L N1 VYV EN WL N NN T Q

5110 3120 813C 8140 81850 8160 €70 89 3190 3200
TTTTCCATAAACGTTCTCAACCCATATATCCCCTCACTCATAGARAAAAT GGAAGCACTACARAGGARATA T GGAGGACCCTTACTGAGGAATCCACTCT
Fr ¢ 1 ¥ v L. N P Y M™MUPDP S Y I EKMEATL QR K Y O O AL YV R N 2 L S

8210 20 8240 a2h0 8280 §270
CACGALDACTCCACACATGAGATCTACTGGETAT CCAATGCTT COGGEAACATAGTGT CATCAGT GAACATCATTTI
LN o8 o L MY o ow Vo8 N A B e A
3310 8340 8350 8260 €370

AATGAGATACARGARAGCC CGGEATGT T GACCTOGGAAGCGEAACCCETARCATCGEGEATTCRAAAG TGA\, y

M R Y K K A T b v p L & 8 G T RN I G Z FE S E
3410 3420 8L30C 8440 8450 8460 €470 3480 3£99
GRGANNAGRATAGANNANNTARNGCAAGACCAT SAAACAT CATGGCACTATGACCAAGACIACCCAT ACAA M CETGGEIATACCATGETAGE TR
G ¥ R 7 F K T ¥ ¢ F H E T & W H ¥ 5 ¢ L H P Y ¥ T W 2 Y H G 5 ¥

SCARRACTTTC

K P W
: 8540 8550 8650 £6D 5680 R 00
M COATT TGRS AAC AGCOGT TTT " ARRGACARRITGGACANGAGRACCCRACAACOGARRC ARGE CACRAGRARCTARTGAR AMAACA
> FP & 9 R Y KT KV DTS RT3 P KTF & T X KTILMEK I T
8710 3720 8730 9740 8750 M) C'Wi 3749 2800
COAGANTGOOTT TGORARGAATT AGGIARCARAARGACACICRIGATTTGOACCAGA] CRATGCAGCOTTONG
A E W L W K E L & K K K - P R M C T X E E F T R X N A A L 0O A
BE1D 59 EETD 3590 3900

8340 ‘835U 88650
' A FGARAACTAAL AT GA
E RN L H L k

CUATATTCACT ZATGAGAA
L ¢ 1T D E N

R B A v 4 L 3 KR b W B L VvV

854910 3820 8930 894110 8950 886U €970 34980 39490 9000
AGHRAAAGTGTGRLLCATATETGT ACAACAT GATGGGARARRGAGAGAAGALGETAGEEGARTTCLRGCARGEIARRAGGIAGCAGAGCCATATRETATATR
s K ¢ B T ¢V ¥ N M M ¢ ¥ R E K K L ¢ E F G K A2 K G 3 R A I W ¥ M

o070 a9nz0 9030 an4an ansn ans0 acTn 3080 anan 9100
SOCTTCOAGCAZCCTTCTTACRITT ZC TACCATTCTTAAATCGARACAT CACTCGO T TCT CCASACATARCTCCOTCACTC IACTGOARGCAL
G A R I L B X L A L ¢ ' L N I D J " r ¢ R Z N S L S5 & ¥V L G I G

Ql 99 9200
CAAGAATCACACT

9119 91 91
CAAGUIAGE I IACAL. TIAAGY

rG oW oY T T T T

9300
CAARACAALGTG

973C Zé‘f 9250 G280 9279 282
AARAAA LN AA\-:AAA‘J GG AACAAACCACATGGAAGGAGAACACAAGAAAC Y AGCUGAGECCA "L .

ALAACAL 2 HEH
E D L K N Z2 BE MM V T M HME S E E K KL A E A I & KL T Y @ N K V

9319 9320 933¢C g340 9350 S350 93990 9200
GTGCETGT WNCNACCANGAGGCACASTANTGEGNCATCAT AT CONAGANGNENC T .:J\GJTJ WG oGENCANETTGGCACCTATGGNCTCANT
v RV ¢ R T P R G T ¥V » 5 T T S R X I g R G S5 O ¢ G T Y G N T

9730 G140 9150 G450 9472 341870 9500
CACTIAATCAA CACAGAAGAAA 'CECTETGCA



DK/EP 4129330 T5

- T N M B A QL - R OMEGE SV FKsSs I 4 L T I T E =2 I 2V Q
9510 95720 9330 ghan 9550 9E8D 9570 3580 9540 9500
ARACTOCTTACTAACGACGTCICCCOCOAARCOTTATCARCAATSGCCATCACT S CACFT( ATTCTICTTOTCAARCCTTTATATCACACCTTCGTARCCGCT

N w L A R ¥V 3 X E R L 53 R M A T =2 L o < v vV K 2 L D B R F A S &

3¢19

955 3699
T ARCAGOTCTARAT SACATSCEARASATT AGGARRCACATACAACART GOGRACCT

GGACTACAACTG

|

L T A L ¥ b M6 K I R K DI 2 @ W E P Qv
9713 9720 4 9773 9790 9300
ACCATTTCCATEZAGTTAAT CATC! 2C CGRACTGATTG GAGCCCGAATCTCCCAACEAGT
1l r nr L 1 M KD R YV LV YV F T R N Q LD B L - ¢ k A R I & A

Additional nt-9750 A-to-C silent mutation in master and pre-master seeds

96190 340 9350 €850 g¢ 26890 9 @300
AGGEGTGGTCTTC n‘-‘xGAbGL CCT"TTTG‘JGSA{’—\GTCTTASSC&C]-\AATGTGGAGCTTSATGTAC?TL CAGGCTGGIGGCARAT
G w s R = T A C TG K 3 Y A o¢g M W S .M Y F OH R R T. A~ & M

9950 @50 10
CCACACA GAACAACT] S CALTATALC AGATATCEDTGA
A P S H W v P v B2 R I 1T W 3 1 H A l‘\', fi = ‘m Moo E D> Mo Lo
10010 10020 1003¢ 1C040 1000 1c¢Cso 10070 10u80 20099 10100

CAGTCTGGNNCAGGGETGTGENAT T CANGAANCCCATCGAT GGANGACIMANNCT CCACTGEANT CAT GEGNAC EANNT CCCATACT T GGEENANNGAGNAAGI
¥ W N R YV W T O F N P W M ¥ 35 % T P VYV S S W = ¥ T P ¥ . G % R F D

10110 121z0 1013C 1c140 10150 10182 10272 10180 10192
& HE' GO AT TEATTCEET T AACAAGTAGES IGEECAAAGAACAL CCAAGCAGUAAIAAATCAAGL _AGATCCT I IATAGS
C L L = L 1T s R A ' W A K N L ¢ A A _ N O V X 35 L 1 G

> 3'-Noncoding Region

102190 10220 1C240a 10250 10260 10270 10280 20290 10300
GAATACACAGRT TACATCGCTCATCCATIARALRCATTCACARTSATARGACGRRCRACT AOTTCTOTOOTACARRCOCARRACTARTATCARATARCOCTA
E Y T D Y M I § M K R F R KR E E E E A C ¥V L W *

103272 103870
TAAGCACGE I'AAAAGAAGT TAGGTUCA

2 12L00
JCATAARIGCCATA

10210
GAAG. CAGHEUCEEAL 'AAGT

1033C 1340 10350
CA_AGIACGEAAAAAACTAT SCIACC GIGAGT

10419 104z0 1043C 1¢440 10450 1C4e0 10470 10489 20290 10500
CTTGAGTARAC_ATGCAGCITG-AGCTCCACCT GAGAAGGTGTARAAAAT CCGGGAC! CAAACCATGCAAGCTGTACGCATCSCGTAGTSGACTAGT
10330 1Ch40 T0RBD 1 107D 10580 “05a0 13600

[ain] TTACAAATCC CAGTARACAR i CGCOCCAGATGAAGCTOTASTCTCOC A OCGACTASACGOTTATACCACAL

19€19 10620 1063¢ 1C8410 106540 1Ce60 1060 10680 20680 10700
CCCCCOGARACAAAARACAGCAT ATTGACCCTGEGARAGACCASAGATCCTGCTGTCTCCTCAGCATCATT CCACGCACAGAACCICAGARAATGCAATG

10710 10720
GTGCTETTGAATCAATAGETTCT

REFERENCES CITED IN THE DESCRIPTION

Cited references

This list of references cited by the applicant is for the reader's convenience only. It does not
form part of the European patent document. Even though great care has been taken in
compiling the references, errors or omissions cannot be excluded and the EPO disclaims all
liability in this regard.

Patent documents cited in the description



DK/EP 4129330 T5

o USS1800204 IRG01
o WODI60847A [0008]

Non-patent literature cited in the description

» HUANG et al.J of Virol, 2003, vol. 77, 2111436-11447 [3308]

¢ OSORIO et al.Vaccine, 2011, vol. 29, 7251-7260 [$8871

« BUTRAPET et al.J of Virol, 2000, vol. 74, 73011-3019 [GG48]

» LEE et al.Plos One, 2011, vol. 6, 10e25800- {333}

« SAMBROOK, FRITSCHMANIATISMolecular Cloning: A Laboratory ManualCold Spring
Harbor Laboratory Press19890000 [GG2%}

* Animal Cell Culture19860000 [§&2%1



10

15

20

25

DK/EP 4129330 T5

Patentkrav

1. Polynukleotidmolekyle, der koder for et modificeret levende, svackket kimeert
dengue-1/dengue-2-virus-polypeptidmolekyle, hvilket polynukleotidmolekyle omfatter
en forste nukleotidsekvens, der koder for ikke-strukturproteiner fra en modificeret
levende, svaekket dengue-2-virusstamme PDK-53-V, og en anden nukleotidsekvens,
der koder for mindst ét strukturprotein fra dengue-1, hvor polynukleotidmolekylet
omfatter:

en mutation fra adenin til cytosin i position 3823, der koder for en leucin i stedet

for en isoleucin i dengue-1/dengue-2-polypeptidkimaeren i aminosyreposition

1243 svarende til NS2A-116;

en mutation fra adenin til thymin i position 4407, der koder for en asparaginsyre

i stedet for en glutaminsyre i dengue-1/dengue-2-polypeptidkimaeren i

aminosyreposition 1437 svarende til NS2B-92; og

en mutation fra adenin til guanin i position 7311.

2. Polynukleotidmolekyle ifglge krav 1, hvor polynukleotidmolekylet, der koder for
dengue-1/dengue-2-polypeptidkimaeren, yderligere omfatter:
en mutation fra cytosin til thymin i position 7148, der koder for en isoleucin i
stedet for en threonin i dengue-1/dengue-2-polypeptidkimaeren i
aminosyreposition 2351 svarende til NS4B-108; og
en mutation fra guanin til cytosin i position 2384, der koder for en alanin i stedet
for glycin i dengue-1/dengue-2-polypeptidkimeeren i aminosyreposition 763
svarende til E-483.

3. Polynukleotidmolekyle ifglge krav 1, hvor polynukleotidmolekylet, der koder for
dengue-1/dengue-2-polypeptidkimaeren, omfatter polynukleotidet, der er angivet ved
SEQ ID NO: 13.
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4. Polynukleotidmolekyle ifalge krav 1 eller 3, hvor polynukleotidmolekylet koder for
dengue-1/dengue-2-polypeptidkimaeren, der er angivet ved SEQ ID NO: 3.

5. Polypeptidmolekyle, der kodes for af et polynukleotidmolekyle ifglge et hvilket som
helst af kravene 1-4.

6. Dengue-1/dengue-2-kimeaere,
der omfatter polypeptidmolekylet ifalge krav 5 eller
er angivet ved et polynukleotidmolekyle ifalge et hvilket som helst af kravene 1-
4.

7. Farmaceutisk sammenseetning, der omfatter et polynukleotidmolekyle ifglge et
hvilket som helst af kravene 1-4, et polypeptidmolekyle ifalge krav 5 eller en dengue-
1/dengue-2-kimeere ifglge krav 6 og et farmaceutisk acceptabelt hjaelpestof.

8. Farmaceutisk sammensaetning ifglge krav 7 til anvendelse som et medikament.

9. Farmaceutisk sammensaetning ifalge krav 7 til anvendelse i en fremgangsmade til
inducering af en immunrespons hos et individ, hvilken fremgangsmade omfatter

administration af en farmaceutisk acceptabel maengde af sammensaetningen.

10. Vektor, der koder for et polynukleotidmolekyle ifalge et hvilket som helst af kravene
1-4.

11. Cellelinje, der omfatter polynukleotidmolekylet ifalge et hvilket som helst af kravene
1-4 eller vektoren ifglge krav 10.

12. Immunogen sammensaetning, der omfatter en dengue-1/dengue-2-kimaere, der er
angivet ved et polynukleotidmolekyle ifalge et hvilket som helst af kravene 1-4, og en
farmaceutisk acceptabel baerer.
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13. Immunogen sammensaetning ifelge krav 12, der endvidere omfatter en dengue-
3/dengue-2-kimeere, der er angivet ved et polynukleotidmolekyle, der koder for en
dengue-3/dengue-2-polypeptidkimaere, idet polynukleotidmolekylet omfatter en forste
nukleotidsekvens, der koder for ikke-strukturproteiner fra en modificeret levende,
svaekket dengue-2-virusstamme PDK-53-V, og en anden nukleotidsekvens, der koder
for mindst ét strukturprotein fra dengue-3, hvor polynukleotidmolekylet omfatter:

en mutation fra adenin til thymin i position 1603, der koder for en serin i stedet

for en threonin i dengue-3/dengue-2-polypeptidkimaeren i aminosyreposition

503 svarende til E-223; og

en mutation fra adenin til guanin i position 7620.

14. Immunogen sammenseetning ifelge krav 13, hvor polynukleotidmolekylet, der koder
for dengue-3/dengue-2-polypeptidkimeeren, yderligere omfatter en mutation fra guanin
til adenin i position 6436, der koder for en asparagin i stedet for en asparaginsyre i
dengue-3/dengue-2-polypeptidkimaeren i aminosyreposition 2114 svarende til NS4A-
23.

15. Immunogen sammenseetning ifelge krav 13, hvor polynukleotidmolekylet, der koder
for dengue-3/dengue-2-polypeptidkimeeren, omfatter polynukleotidet, der er angivet
ved SEQ ID NO: 15.

16. Immunogen sammenseetning ifelge krav 13 eller 15, hvor polynukleotidmolekylet
koder for dengue-3/dengue-2-polypeptidkimaeren, der er angivet ved SEQ ID NO: 9.

17. Immunogen sammenseetning ifglge et hvilket som helst af kravene 12 til 16, der
endvidere omfatter en dengue-4/dengue-2-kimaere, der er angivet ved et
polynukleotidmolekyle, der koder for en dengue-4/dengue-2-polypeptidkimaere, idet
polynukleotidmolekylet omfatter en forste nukleotidsekvens, der koder for ikke-

strukturproteiner fra en modificeret levende, sveekket dengue-2-virusstamme PDK-53-
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V, og en anden nukleotidsekvens, der koder for mindst ét strukturprotein fra dengue-4,
hvor polynukleotidmolekylet omfatter:
en mutation fra adenin til thymin i position 225;
en mutation fra adenin til guanin i position 3674, der koder for en glycin i stedet
for en asparaginsyre i  dengue-4/dengue-2-polypeptidkimaeren i
aminosyreposition 1193 svarende til NS2A-66;
en mutation fra cytosin til thymin i position 5391;
en mutation fra cytosin til thymin i position 6437, der koder for en valin i stedet
for en alanin i dengue-4/dengue-2-polypeptidkimeeren i aminosyreposition 2114
svarende til NS4A-21,
en mutation fra adenin til cytosin i position 9750 og
eventuelt en mutation fra thymin til cytosin i position 7026 og eventuelt en
mutation fra adenin til guanin i position 3773, der koder for en arginin i stedet for
en lysin i dengue-4/dengue-2-polypeptidkimaeren i aminosyreposition 1226
svarende til NS2A-99.

18. Immunogen sammenseetning ifelge krav 17, hvor polynukleotidmolekylet, der koder
for dengue-4/dengue-2-polypeptidkimaeren, yderligere omfatter en mutation fra cytosin
til thymin i position 7538, der koder for en phenylalanin i stedet for en serin i dengue-
4/dengue-2-polypeptidkimeeren i aminosyreposition 2481 svarende til NS4B-238.

19. Immunogen sammenseetning ifelge krav 17, hvor polynukleotidmolekylet, der koder
for dengue-4/dengue-2-polypeptidkimaeren, omfatter polynukleotidet, der er angivet
ved SEQ ID NO: 16.

20. Immunogen sammenseetning ifalge et hvilket som helst af kravene 17 eller 19, hvor
polynukleotidmolekylet koder for dengue-4/dengue-2-polypeptidkimeeren, der er

angivet ved SEQ ID NO: 12.

21. Immunogen sammenseetning ifalge et hvilket som helst af kravene 12 til 20, der
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endvidere omfatter en modificeret levende, sveekket dengue-2-virusstamme PDK-53-
V, der er angivet ved et polynukleotidmolekyle, der koder for et modificeret levende,
sveaekket dengue-2-virusstamme PDK-53-V-polypeptidmolekyle, hvor
polynukleotidmolekylet omfatter:
en mutation fra adenin til guanin i position 592, der koder for en glutaminsyre i
stedet for en lysin i polypeptidmolekylet i aminosyreposition 166 svarende il
prM-52; og
en mutation fra adenin til guanin i position 8803, der koder for en valin i stedet
for en isoleucin i polypeptidmolekylet i aminosyreposition 2903 svarende til NS5-
412.

22. Immunogen sammensaetning ifglge krav 21, hvor polynukleotidmolekylet, der koder
for det modificerede levende, svaekkede dengue-2-virusstamme PDK-53-V-
polypeptidmolekyle, yderligere omfatter en mutation fra guanin til cytosin i position
6481, der koder for en prolin i stedet for en alanin i polypeptidmolekylet i
aminosyreposition 2129 svarende til NS4A-36.

23. Immunogen sammensaetning ifglge krav 21, hvor polynukleotidmolekylet, der koder
for det modificerede levende, svaekkede dengue-2-virusstamme PDK-53-V-
polypeptidmolekyle, omfatter polynukleotidet, der er angivet ved SEQ ID NO: 14.

24. Immunogen sammenseetning ifglge krav 21 eller 23, hvor polynukleotidmolekylet
koder for det modificerede, levende sveekkede dengue-2-virusstamme PDK-53-V-
polypeptidmolekyle, der er angivet ved SEQ ID NO: 6.

25. Immunogen sammenseetning ifalge et hvilket som helst af kravene 12 til 24, hvor
sammenseetningen indeholder alle fire denguevirusserotyper, hvilket er en tetravalent

sammenseaetning.

26. Immunogen sammenseetning ifalge et hvilket som helst af kravene 12 til 25, der
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endvidere omfatter en immunogen sammenseetning mod andre flavivira sasom

vestnilvirus eller japansk encephalitis-virus.

27. Sammenseetning, der omfatter én eller flere dengue-1/dengue-2-kimeerer ifolge

krav 6 og en farmaceutisk acceptabel baerer.

28. Sammensatning ifglge krav 27, hvor sammenseetningen er en tetravalent
denguevirussammensaetning, der er i stand til at inducere en immunrespons hos et
individ mod alle fire denguevirusserotyper.

29. Vektor ifglge krav 10, hvor vektoren er en plasmidvektor.

30. Vektor ifalge krav 10, hvor vektoren er en infektios cDNA-klon.
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Fig. 2
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Fig. 3
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Fig. 4
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Fig. 6
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Fig. 7
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Fig. 8
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Fig. 9
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SEKVENSLISTE

Sekvenslisten er udeladt af skriftet og kan hentes fra det Europeaeiske Patent Register.

The Sequence Listing was omitted from the document and can be downloaded from the European
Patent Register.
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