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VACCINE COMPOSITIONS FOR PREVENTION AGAINST DENGUE VIRUS INFECTION

FIELD OF THE INVENTION

The present invention relates to vaccine compositions and uses of such

compositions in a method of protecting a human subject against dengue disease.

BACKGROUND

Dengue is the second most important infectious tropical disease after malaria with

approximately one-half of the world's population living in areas where there is a risk of
epidemic transmission. There are estimated to be 50-100 million cases of dengue disease
every year resulting in 500,000 patients being hospitalized for dengue hemorrhagic fever
(DHF) and resulting in approximately 25,000 deaths.

Dengue disease infections are endemic in more than 100 tropical countries and
dengue hemorrhagic fever (DHF) has been documented in 60 of these countries (Gubler,
2002, TRENDS in Microbiology, 10: 100-103).

Dengue disease is caused by four antigenically distinct, but closely related dengue
virus serotypes of the flavivirus genus (Gubler et al., 1988, in: Epidemiology of arthropod-
borne viral disease. Monath TPM, editor, Boca Raton (FL): CRC Press: 223-60; Kautner
et al., 1997, J. of Pediatrics, 131 : 516-524; Rigau-Perez et al., 1998, Lancet, 352: 971-
977; Vaughn et al., 1997, J. Infect. Dis., 176: 322-30).

Dengue disease is usually transmitted by injection of the dengue virus during the
blood meal of an Aedes aegypti mosquito infected by the virus. After an incubation period
of 4-10 days, the illness begins abruptly and is followed by three phases: febrile (2 to 7
days), critical (24-48 hours - during which severe complications may occur) and recovery
(48-72 hours). During the critical phase, life threatening complications such as
hemorrhages, shock and acute organ impairment may occur. A proper management of
these unpredictable outcomes can reduce the case fatality rate. Cure of dengue fever is
complete after 7 to 10 days, but prolonged asthenia is normal. Reduced leukocyte and
platelet numbers are frequently observed.

Dengue haemorrhagic fever (DHF) is a potentially deadly complication of dengue
virus infection. DHF is characterized by a high fever and symptoms of dengue disease,
but with extreme lethargy and drowsiness. Increased vascular permeability and abnormal
homeostasis can lead to a decrease in blood volume, hypotension, and in severe cases,
hypovolemic shock and internal bleeding. Two factors appear to play a major role in the
occurrence of DHF - rapid viral replication with a high level of viremia (the severity of the

disease being associated with the level of viremia; Vaughn et al., 2000, J. Inf. Dis., 181: 2-
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9) and a major inflammatory response with the release of high levels of inflammatory
mediators (Rothman and Ennis, 1999, Virology, 257: 1-6; Alan L. Rothman. 2011, Nature
Reviews Immunology, 11: 532-543)). The mortality rate for DHF can reach 10% without
treatment, but is < 1 % in most centres with access to treatment.

Dengue shock syndrome (DSS) is a common progression of DHF and is frequently
fatal. DSS results from generalized vasculitis leading to plasma leakage into the
extravascular space. DSS is characterized by rapid and poor volume pulse, hypotension,
cold extremities, and restlessness.

In Asia, DHF and DSS are observed primarily in children, with approximately 90%
of those with DHF being less than 15 years of age (Malavige et al., 2004, Postgrad Med.
J., 80: 588-601; Meulen et al., 2000, Trop. Med. Int. Health, 5:325-9). In contrast,
outbreaks in the Caribbean and Central America have predominantly affected adults
(Malavige et al., 2004, Postgrad Med. J., 80: 588-601).

The four serotypes of dengue virus possess approximately 60-80% sequence
homology. Infection with one dengue serotype provides durable homologous immunity but
limited heterologous immunity (Sabin, 1952, Am. J. Trop. Med. Hyg., 1: 30-50).
Accordingly, an individual that has been infected with one serotype of dengue may
subsequently become infected with a different serotype. In the past, it has been
considered that a second infection arising from a different dengue virus serotype is
theoretically a risk factor for the development of DHF, since the majority of patients that
exhibit DHF have been previously exposed to at least one of the other four serotypes of
dengue viruses.

To date, there is no specific treatment for dengue disease. Treatment for dengue
disease is symptomatic, with bed rest, control of the fever and pain through antipyretics
and analgesics, and adequate drinking. The treatment of DHF requires balancing of liquid
losses, replacement of coagulation factors and the infusion of heparin.

Since dengue prevention measures, such as mosquito control and personal
protection from bites, are limited in efficacy, difficult to enforce and expensive, a safe and
efficacious dengue vaccine would be the best mode of prevention. However, there is no
licensed vaccine of this type that is currently available.

It is therefore desirable to develop a vaccine composition that demonstrates

efficacy when used in a method of protecting a human subject against dengue disease.
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SUMMARY OF THE INVENTION

The present invention relates to a dengue virus serotype 2 vaccine composition

comprising:

(i a dengue antigen selected from the group consisting of:
(@) a live attenuated dengue virus;
(b) an inactivated dengue virus;
(c) a live attenuated or inactivated chimeric dengue virus;
(d) a dengue virus-like particle (VLP); and
(e) a combination of two or more of (a) to (d);

or

(i) a nucleic acid construct or viral vector which is able to express in a human

cell a dengue antigen which is a dengue VLP;

wherein said dengue antigen comprises a polypeptide having at least 90% identity to SEQ
ID NO: 12.

The present invention further relates to a vaccine composition comprising a dengue
antigen of serotype 2 selected from the group consisting of: (a) a live attenuated dengue
virus; (b) an inactivated dengue virus; (c) a live attenuated or inactivated chimeric dengue
virus; or (d) a combination of two or more of (a) to (¢); wherein said dengue antigen
comprises a nucleotide sequence encoding a protein comprising a polypeptide or

polypeptides as defined in the claims.

A vaccine composition comprising a dengue antigen of serotype 2 selected from the group
consisting of: (a) a live attenuated dengue virus; (b) an inactivated dengue virus; (¢) a live
attenuated or inactivated chimeric dengue virus; or (d) a combination of two or more of (a)
to (c); wherein said dengue antigen comprises a nucleotide sequence having at least 90%
sequence identity to a sequence selected from the group consisting of the RNA equivalent
of SEQ ID NO: 1, the RNA equivalent of SEQ ID NO: 4, the RNA equivalent of SEQ ID
NO: 5, the RNA equivalent of SEQ ID NO: 6, the RNA equivalent of SEQ ID NO: 7 and
SEQ ID NO: 25.
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The present invention further relates to pharmaceutical formulation comprising a vaccine
composition of the present invention and a pharmaceutically acceptable carrier, diluent or

excipient.

The present invention further relates to a vaccine composition of the present invention for

use in therapy.

The present invention further relates to a vaccine composition of the present invention for
use in a method of protecting a human subject against dengue disease caused by a

dengue virus of serotype 2.

The present invention further relates to a vaccine composition of the present invention for
use in a method of generating neutralising antibodies against a dengue virus of serotype
2.

The present invention further relates to vaccine composition of the present invention
which comprises a dengue antigen of serotype 1, a dengue antigen of serotype 2, a
dengue antigen of serotype 3 and a dengue antigen of serotype 4 for use in a method of

generating neutralising antibodies against the four serotypes of dengue.

The present invention further relates to the use of a vaccine composition of the present
invention for the manufacture of a medicament for protecting a human subject against

dengue disease caused by a dengue virus of serotype 2.

The present invention further relates to a method of protecting a human subject against
dengue disease caused by a dengue virus of serotype 2, wherein said method comprises
administering to said subject an effective amount of a composition according to the

present invention.

The present invention further relates to a kit comprising a composition according to the
present invention and instructions for the use of said composition in a method of
protecting a human subject against dengue disease caused by a dengue virus of serotype
2.

The present invention relates to a vaccine composition for use in a method of

protecting a human subject against dengue disease, wherein said composition comprises:
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(i a dengue antigen selected from the group consisting of:
(@) a live attenuated dengue virus;
(b) an inactivated dengue virus;
(c) a live attenuated or inactivated chimeric dengue virus;
(d) a dengue virus-like particle (VLP); and

(e) a combination of two or more of (a) to (d);

or

(iii) a nucleic acid construct or viral vector which is able to express in a human

cell a dengue antigen which is a dengue VLP.

The present invention further relates to the use of a vaccine composition of the
present invention for the manufacture of a medicament for protecting a human subject

against dengue disease.

The present invention further relates to a method of protecting a human subject
against dengue disease, wherein said method comprises administering to said human

subject an effective amount of a composition according to the present invention.
Additionally, the present invention relates to a kit comprising a composition
according to the present invention and instructions for the use of said composition in a

method of protecting a human subject against dengue disease.

Description of the Figure

Figure 1 illustrates the construction of the YF-VAX cDNA by RT-PCR and cloning

Definitions

The term “Dengue disease”, as used herein, refers to the clinical symptoms

exhibited by an individual following infection by any one of the four Dengue virus
serotypes. Since 1970, clinical dengue has been classified according to World Health
Organization guidelines as (i) dengue fever or (ii) dengue hemorrhagic fever (World
Health Organization. Dengue hemorrhagic fever: Diagnosis, treatment, prevention and
control 2" Ed. Geneva: WHO, 1997; ISBN 92 4 154500 3). In 2009, the WHO issued new

guidelines that classify clinical dengue as (i) dengue with or without warning signs or (ii)
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severe dengue. Both classifications are shown in Figures 1 & 2 of Srikiatkachorn et al.,
Clin. Infect. Dis. (2011) 53(6): 563. According to the earlier classification, dengue fever is
characterized by at least two symptoms selected from headache, arthralgia, retro-orbital
pain, rash, myalgia, hemorrhagic manifestations, and leucopenia, together with supportive
serology or occurrence at the same location and time as other confirmed dengue cases.
Progression to Dengue hemorrhagic fever is confirmed when fever, hemorrhagic
manifestations, thrombocytopenia and evidence of plasma leakage are all observed.
According to the more recent classification, diagnosis of dengue requires the presence of
fever and at least two clinical symptoms selected from nausea, vomiting, rash, aches and
pains, a positive tourniquet test, or any warning signs selected from abdominal pain and
tenderness, persistent vomiting, clinical fluid accumulation, mucosal bleed, lethargy or
restlessness, liver enlargement greater than 2 cm or an increase in hematocrit concurrent
with a rapid decrease in platelet count. Severe dengue is diagnosed when any of the
following events are observed: severe plasma leakage leading to shock or respiratory
distress, severe bleeding as evaluated by clinicians or severe organ involvement

The term “Dengue hemorrhagic fever or DHF”, as used herein, refers to

virologically-confirmed dengue disease wherein fever, hemorrhagic manifestations,
thrombocytopenia and evidence of plasma leakage are all observed. DHF, as used
herein, may be further defined on the basis of its severity. For instance, DHF may be
defined as being of Grade |, Grade Il, Grade lll or Grade IV (World Health Organization.
Dengue hemorrhagic fever: Diagnosis, treatment, prevention and control 2" Ed. Geneva:
WHO, 1997; ISBN 92 4 154500 3). Grade | is defined as fever accompanied by non-
specific constitutional symptoms; the only haemorrhagic manifestation is a positive
tourniquet test and/or easy bruising. Grade Il is defined as spontaneous bleeding in
addition to the manifestations of Grade | patients, usually in the form of skin or other
haemorrhages. Grade lll is defined as circulatory failure manifested by a rapid, weak
pulse and narrowing of pulse pressure or hypotension, with the presence of cold clammy
skin and restlessness. Grade |V is defined as profound shock with undetectable blood
pressure or pulse. As would be understood by a person of skill in the art, in the practice of
the present invention, e.g. a method of protecting against DHF, said DHF need not be
virologically-confirmed.

The term “virologically-confirmed dengue”, as used herein, refers to an acute

febrile episode which is confirmed to be induced by a dengue virus, e.g. by reverse
transcriptase polymerase chain reaction (RT-PCR) or by a dengue non-structural 1 (NS1)
protein enzyme-linked immunosorbent assay (ELISA). In the RT-PCR method, serum

samples are tested according to the method of Callahan et al, J. Clin. Microbiol. (2001)
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39: 4119. Briefly, RNA is extracted from the serum to discard potential Taqg polymerase
inhibitors or interfering factors, using a commercial kit. Then an RT-PCR reaction is
carried out with serotype specific primers from the dengue NS5 gene sequence. Results
are expressed as a concentration of log:cGEQ (genome equivalent)/mL, by comparison
with standards containing known concentrations of viral genomic serotype-specific nucleic
acid sequences integrated into plasmids. In the ELISA method, 50 uL of patient serum, a
positive control, a negative control, or a cut-off control are diluted 1:2 in sample diluent
and combined with 100 pyL of diluted horseradish peroxidase (HRP)-labeled anti-NS1
monoclonal Ab (MAb). The diluted serum and conjugate are added to capture anti-NS1
MAb-coated microwells, and plates are incubated for 90 minutes at 37°C. Capture
MADb/NS1/HRP-labeled-MAb complexes are formed when NS1 is present in the serum.
Complexes are detected via a colorimetric reaction in positive wells which is induced by
adding 160 yL of 3,3',5,5° tetramethylbenzidine (TMB) substrate and incubating for 30
minutes at room temperature in the dark. The reaction is stopped with the addition of 100
uL of stop solution (1N H,SO4) and the plate is read. A sample ratio is determined for
each sample by dividing the average optical density (OD) of the test sample by the
average OD of the cut-off control (tested in quadruplicate). Sample ratios of <0.5, 0.5-
<1.0, and 21 are indicative of negative, equivocal, and positive results, respectively.

The term “severe virologically-confirmed dengue”, as used herein, refers to

dengue haemorrhagic fever (DHF) as defined by the 1997 WHO classification and further
characterized by the following additional list of symptoms: haemorrhage requiring blood
transfusion, objective evidence of capillary permeability, signs of circulatory failure or
visceral manifestations.

The term “dengue shock syndrome”, as used herein, refers to the most severe

complications of DHF as defined above. According to the 1997 WHO classification, DSS
corresponds to DHF of Grades lll and IV.

The term “dengue fever viruses”’, “dengue viruses” and “DEN” are used

interchangeably. They refer to positive single-strand RNA viruses belonging to the
Flavivirus genus of the family of flaviviridae. There are four different serotypes of dengue
virus (serotypes 1, 2 3 and 4), which possess approximately 60-80% sequence homology.
The organization of the genome comprises the following elements: a ' non-coding region
(NCR), a region encoding structural proteins (capsid (C), pre-membrane (prM) and
envelope (E)) and a region encoding non-structural proteins (NS1-NS2A-NS2B-NS3-
NS4A-NS4B-NS5) and a 3' NCR. The dengue viral genome encodes an uninterrupted
coding region which is translated into a single polyprotein which undergoes post-

translational processing. The sub-sequences included in the prM-E sequences may be
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numbered in various ways: (i) the total prM-E protein sequence is numbered from position
1 to position 661, with the preM protein sequence designated as position 1 to position
90/91, the M protein sequence designated as position 91/92 to position 166 and the E
protein sequence designated as position 167 to position 661; (ii) the prM and M protein
sequences are numbered together, i.e. from position 1 to position 166 of the total
sequence and E is numbered separately from position 1 to position 495; (iii) the prM, M
and E sequences are numbered separately, i.e. prM is numbered from position 1 to 90/91,
M is numbered from 1 to 75/76 and E from position 1 to position 495. In the present
disclosure the E protein is always numbered from position 1 to position 495. For example,
a residue designated herein as E-154 refers to position 154 of the E protein.

In the context of the present invention, “vaccinal dengue virus” refers to a virus

which is capable of inducing neutralizing antibodies against the dengue virus serotype
from which the vaccinal dengue virus is derived, by the administration of such vaccinal
dengue virus to an immunocompetent subject. Examples of vaccinal dengue viruses
which may be used in a method of the present invention include inactivated dengue
viruses, live attenuated dengue viruses and live attenuated or inactivated chimeric dengue
viruses. Serotypes of vaccinal dengue viruses for use in the present invention include
serotypes 1, 2, 3, and 4. Preferably a vaccinal dengue virus for use in the present
invention is a live attenuated chimeric dengue virus.

The expression “inactivated virus®’, as used herein, refers to a virus that is

incapable of replication to any significant degree in cells permissive for replication of the
corresponding wild type virus. Viruses may be inactivated by a number of means well
known to those skilled in the art. Examples of methods for inactivating a virus include
chemical treatments, or radiation treatments (including heat or electromagnetic radiation
typically in the forms of X-ray or ultraviolet radiation).

The term “inactivated dengue virus”, as used herein refers to an inactivated wild-

type virus containing all the dengue structural proteins (env, premembrane/membrane and
capsid proteins) and inactivated viral RNA. An inactivated dengue virus may also refer to
an inactivated chimeric dengue virus. Inactivated dengue viruses are for instance
described in United States Patent No. 6,254,873.

The term “live attenuated virus or LAV”, as used herein, refers to a virus which is

not able to induce a disease state characterised by the same sets of symptoms
associated with the corresponding wild-type virus. Examples of live attenuated viruses are
well known in the art. A live attenuated virus may be prepared from a wild-type virus, for

example, by recombinant DNA technology, site directed mutagenesis, genetic
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manipulation, serial passages on replication-competent cells, chemical mutagenesis
treatment or electromagnetic radiation.

The term ‘“live attenuated dengue virus”, as used herein, refers to a live dengue

virus derived from a virulent wild-type dengue virus by genetic modification resulting in
attenuation of virulence and an inability to induce a disease state characterised by the
same sets of symptoms associated with the corresponding wild type dengue virus.
Examples of live attenuated dengue viruses useful in the practice of the present invention
include VDV-1, VDV-2, and the strains described for example in applications WO
02/66621, WO 00/57904, WO 00/57908, WO 00/57909, WO 00/57910, WO 02/0950075
and WO 02/102828. Live attenuated dengue viruses of serotype 1 which may be used in
the method of the invention include VDV-1. Live attenuated dengue viruses of serotype 2
which may be used in the method of the invention include VDV-2, and LAV-2.

“VYDV” and “Vero dengue vaccine” are used interchangeably herein and designate

a live attenuated dengue virus capable of replication in Vero cells and capable of inducing
a specific humoral response, including the induction of neutralizing antibodies, in a
human.

The DEN-1 16007/PDK13 strain, also called "LAV1", is derived from wild-type
DEN-1 (dengue virus serotype 1) 16007 strain which has undergone 11 passages through
primary dog kidney (PDK) cells (DEN-1 16007/PDK11). LAV1 has been described in
patent application EP1 159968 in the name of Mahidol University and has been filed with
the National Microorganisms Cultures Collection (CNCM) under number 1-2480. “VDV-1”
is a virus derived from LAV1 by subsequent adaptation to Vero cells; in this regard, the
RNA from LAV1 has been extracted and purified before being transfected into Vero cells.
The VDV-1 strain has subsequently been obtained by plate purification and amplification
in Vero cells. The VDV-1 strain has 14 additional mutations in comparison with the DEN-1
16007/PDK13 strain (13 passes through PDK cells). A process for preparing and
characterizing the VDV-1 strain has been described in international patent application filed
under number WO06/134433 in the names of Sanofi-Pasteur and the Center for Disease
Control and Prevention.

The DEN-2 16681/PDK53 strain, also known as “LAV2”, has been obtained from
wild-type strain DEN-2 (dengue virus serotype 2) 16681 which has undergone 50 passes
through PDK cells (DEN-2 16681/PDK50). LAVZ has been described in in patent
application EP1159968 in the name of Mahidol University and has been filed with the
National Microorganisms Cultures Collection (CNCM) under number 1-2481. “VDV-2" is a
strain derived from LAV2 by subsequent adaptation to Vero cells; in this regard, the RNA

from LAVZ2 has been extracted and purified before being transfected in Vero cells. The
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VDV-2 strain has subsequently been obtained by plate purification and amplification in
Vero cells. The VDV-2 strain has 10 additional mutations in comparison with the DEN-2
16681/PDK53 strain (563 passes through PDK cells), including 4 silent mutations. A
process for preparing and characterizing the VDV-2 strain has been described in the
international patent application filed under number WO06/134443 in the names of Sanofi-
Pasteur and the Center for Disease Control and Prevention. The complete nucleic acid
sequence of the VDV-2 strain is as shown in SEQ ID NO: 24. The sequence of the E
protein of the VDV-2 strain is as shown in SEQ ID NO: 26 and the sequence of the M
protein of the VDV-2 strain is as shown in the SEQ ID NO: 27.

The VDV 1 and 2 strains are prepared by amplification in Vero cells. The viruses
produced are harvested and clarified from cell debris by filtration. The DNA is digested by
treatment with enzymes. Impurities are eliminated by ultrafiltration. Infectious titers may be
increased by a concentration method. After adding a stabilizer, the strains are stored in
lyophilized or frozen form before use and then reconstituted when needed.

In the context of the invention, “dengue chimera or chimeric dengue virus” means
a recipient flavivirus in which the genetic backbone has been modified by exchanging the
sequences encoding the prM and E proteins of the recipient flavivirus by the
corresponding sequences of a dengue virus. Typically, the recipient flavivirus may be
attenuated. The recipient flavivirus may be a yellow fever (YF) virus such as the
attenuated YF 17D, YF 17DD and YF 17D204 (YF-VAX®) viruses; in that case, such
chimeras are referred to as YF/dengue chimeras. The recipient flavivirus may also be a
dengue virus and in that case, it is referred to as dengue/dengue chimera, the dengue
virus serotype characteristic of the prM and E proteins being identical or different from the
recipient dengue virus serotype characteristic of the genetic backbone. When the
serotypes are identical, the recipient dengue virus and the dengue virus from which the
prM and E protein encoding sequences originate, are two different virus strains of the
same serotype. For use in the present invention, chimeric dengue viruses are typically
YF/dengue chimeras. Chimeric dengue viruses are preferably inactivated or live
attenuated chimeric dengue viruses. Advantageously, the recipient flavivirus of a live
attenuated chimeric dengue virus of the present invention is YF 17D or YF 17D204 (YF-
VAX®). According to one embodiment dengue chimera is an inactivated virus. According
to an alternative embodiment the dengue chimera is a live attenuated virus. Dengue
Chimera that can be used in a vaccine composition of the present invention include
Chimerivax™ Dengue Serotype 1 (also known as CYD-1), Chimerivax™ Dengue
Serotype 2 (also known as CYD-2), Chimerivax™ Dengue Serotype 3 (also known as

CYD-3) and Chimerivax™ Dengue Serotype 4 (also known as CYD-4).
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Examples of chimeric dengue viruses useful in the practice of the present invention
include the dengue/YF chimeric viruses described in patent application WO 98/37911 and
dengue/dengue fever chimeras such as those described in patent applications WO
96/40933 and WO 01/60847.

In one embodiment, the chimeric YF/dengue virus comprises the genomic
backbone of the attenuated yellow fever virus strain YF17D (Theiler M. and Smith H.H.,
1937, J.Exp.Med., 65. 767-786), e.g. viruses YF17D/DEN-1, YF17D/DEN-2, YF17D/DEN-
3 and YF17D/DEN-4. Examples of YF17D strains which may be used include YF17D204
(YF-VAX(R), Sanofi-Pasteur, Swiftwater, PA, USA; Stamaril(R), Sanofi-Pasteur, Marcy
I'Etoile, France; ARILVAX(TM), Chiron, Speke, Liverpool, UK; FLAVIMUN(R), Berna
Biotech, Bern, Switzerland; YF17D-204 France (X15067, X15062); YF17D-204,234 US
(Rice et al., 1985, Science, 229: 726-733), or the related strains YF17DD (Genbank
access number U17066), YF17D-213 (Genbank access number U17067) and the strains
YF17DD described by Galler et al. (1998, Vaccines, 16(9/10): 1024-1028). In another
embodiment, the chimeric YF/dengue virus comprises the genomic backbone of the
attenuated yellow fever virus strain YF17D204 (YF-VAX®).

One example of a chimeric dengue virus particularly suitable for use in the practice

of the present invention is a “Chimerivax dengue virus”. As used herein, a “Chimerivax

dengue virus’, is a live attenuated chimeric YF/dengue virus which comprises the genomic
backbone of a YF17D or YF17D204 (YF-VAX®) virus in which the nucleic acid sequences
encoding the pre-membrane (prM) and envelope (E) proteins have been replaced by
nucleic acid sequences encoding the corresponding structural proteins of a dengue virus.
A preferred chimeric dengue virus for use in the present invention is a live attenuated
chimeric YF/dengue virus which comprises the genomic backbone of a YF17D virus in
which the nucleic acid sequences encoding the pre-membrane (prM) and envelope (E)
proteins have been replaced by nucleic acid sequences encoding the corresponding
structural proteins of a dengue virus. A preferred chimeric dengue virus for use in the
present invention is a live attenuated chimeric YF/dengue virus which comprises the
genomic backbone of a YF17D204 (YF-VAX®) virus in which the nucleic acid sequences
encoding the pre-membrane (prM) and envelope (E) proteins have been replaced by
nucleic acid sequences encoding the corresponding structural proteins of a dengue virus.
Construction of such Chimerivax viruses may be achieved in accordance with, or in
substantial accordance with, the teaching of Chambers, et al. (1999, J. Virology
73(4):3095-3101). The particular Chimerivax (CYD) dengue viruses described in the
examples have been generated by using prM and E sequences from strains DEN 1
PU0359 (TYP1 140), DEN2 PUO218, DEN3 PaH881/88 and DEN 4 1228 (TVP 980) and
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the genomic backbone of YF17D virus. Those particular Chimerivax strains are referred to
herein (see the present examples) as “CYD-1", “CYD-2”, “CYD-3” and “CYD-4"
respectively. The preparation of these particular CYD-1, CYD-2, CYD-3 and CYD-4
strains has been described in detail in international patent applications WO 98/37911, WO
03/101397, WO 07/021672, WO 08/007021, WO 08/047023 and WO 08/065315, to which
reference may be made for a precise description of the processes for their preparation.
Alternatively, other dengue fever virus strains may be used as a source of nucleic acids to
facilitate construction of chimeric viruses useful in the practice of the present invention, for
example in the construction of other Chimerivax dengue serotype 1 (CYD-1), Chimerivax
dengue serotype 2 (CYD-2), Chimerivax dengue serotype 3 (CYD-3) and Chimerivax
dengue serotype 4 (CYD-4) strains. Advantageously, a vaccine composition of the present
invention, e.g. a chimeric dengue virus, of serotype 2 may comprise prM-E sequences
having at least 90%, at least 95%, at least 98% or at least 99% identity to the prM-E
sequences from the serotype 2 strains LAV-2, BID-V585, PR/DB023 or MD1280 as
described in the examples or may comprise prM-E sequences having at least 90%, at
least 95%, at least 98% or at least 99% identity to the prM-E sequence shown in SEQ ID
NO: 2. Advantageously, a vaccine composition, e.g. a chimeric dengue virus, of serotype
2 for use in the method of the present invention may comprise prM-E sequences from the
serotype 2 strains LAV-2, BID-V585, PR/DB023 or MD1280 or the prM-E sequence from
SEQ ID NO: 2 as described in the examples. When the recipient genomic backbone of
such chimeric dengue viruses is derived from YF-VAX®, such strains are referred to
herein as CYD-LAV, CYD-BID, CYD-PR and CYD-MD. A vaccine composition of the
present invention comprising chimeric dengue virus of serotype 2 generated using the
prM-E sequences of the serotype 2 strains LAV-2 (SEQ ID NO: 8), BID-V585 (SEQ ID
NO: 9), PR/DB023 (SEQ ID NO: 10), MD1280 (SEQ ID NO: 11) or SEQ ID NO: 2, or
generated using prM-E sequences having at least 90%, at least 95%, at least 98% or at
least 99% identity to the prM-E sequences from the serotype 2 strains LAV-2, BID-V585,
PR/DB023, MD1280 or the prM-E sequence from SEQ ID NO: 2 may advantageously be
used in combination with CYD-1, CYD-3 and CYD-4 in a vaccine composition according to
the present invention. Examples of chimeric dengue virus of serotype 2 generated using
the prM-E sequences of the serotype 2 strains LAV-2 (SEQ ID NO: 8), PR/DB023 (SEQ
ID NO: 10) and MD1280 (SEQ ID NO: 11) include CYD-LAV, CYD-PR and CYD-MD
respectively.

An alternative embodiment of chimeric dengue virus usable in the method of
protection of the invention is a recipient flavivirus in which the genetic backbone has been

modified by exchanging (i) the sequence encoding the E protein of the recipient flavivirus
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by the corresponding sequence of a dengue virus and (ii) the sequence encoding the priM
protein of the recipient flavivirus by the corresponding sequence of a non-dengue
flavivirus, e.g. a JEV virus. Typically, the said chimeric virus may be a live attenuated virus
or an inactivated virus. Examples of such chimeric dengue viruses are described in
W02011/138586.

A vaccinal dengue virus of serotype 1 for use in a vaccine composition of the
present invention may, for example, be the strain VDV1, CYD-1 or a YF17D/DEN-1
chimeric virus comprising the prM and E amino acid sequences of the DEN-1
16007/PDK13 strain. A vaccinal dengue virus of serotype 2 for use in the method of the
present invention may, for example, be the strain VDV2, CYD-2, a YF17D/DEN-2 chimeric
virus comprising the prM and E amino acid sequences of the DEN-2 16681/PDK53 strain,
a chimeric virus comprising the prM and E amino acid sequences of the DEN-2 strains
LAV-2, BID-V585, PR/DB023 or MD1280 or a chimeric virus comprising prM-E sequences
having at least 90%, at least 95%, at least 98% or at least 99% identity to the prM-E
sequences from the serotype 2 strains LAV-2, BID-V585, PR/DB023 or MD1280 or at
least 90%, at least 95%, at least 98% or at least 99% identity to the prM-E sequence in
SEQ ID NO: 2. A vaccinal dengue virus of serotype 3 for use in the method of present
invention may, for example, be CYD-3 or an alternative YF17D/DEN-3 chimeric virus. An
example of a vaccinal dengue virus of serotype 4 is CYD-4 or an alternative YF17D/DEN-
4 chimeric virus.

A composition of the present invention comprises at least one dengue antigen.
Typically a composition of the present invention comprises a dengue antigen, e.g. a
vaccinal dengue virus, of each of serotypes 1, 2, 3 and 4. Dengue antigens, e.g. vaccinal
dengue viruses, of the present invention of each serotype may be as described herein.
For instance, a composition of the present invention may advantageously comprise any
one of the following combinations of dengue antigens: i) a dengue antigen comprising the
prM and E sequences of CYD-1, a dengue antigen comprising the prM and E sequences
of CYD-LAV, a chimeric dengue virus comprising the prM and E amino acid sequences of
CYD-3 and a dengue antigen comprising the prM and E sequences of CYD-4; ii) a dengue
antigen comprising the prM and E sequences of CYD-1, a dengue antigen comprising the
prM and E sequences of CYD-BID, a dengue antigen comprising the prM and E
sequences of CYD-3 and a dengue antigen comprising the prM and E sequences of CYD-
4; (iii) a dengue antigen comprising the prM and E sequences of CYD-1, a dengue antigen
comprising the prM and E sequences of CYD-PR, a dengue antigen comprising the prM
and E sequences of CYD-3 and a dengue antigen comprising the prM and E sequences

of CYD-4; (iv) a dengue antigen comprising the prM and E sequences of CYD-1, a
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dengue antigen comprising the prM and E sequences of CYD-MD, a dengue antigen
comprising the prM and E sequences of CYD-3 and a dengue antigen comprising the prM
and E sequences of CYD-4;. For instance, a composition of the present invention may
also advantageously comprise any one of the following combinations of dengue antigens:
i) CYD-1, CYD-LAV, CYD-3 and CYD-4; ii) CYD-1, CYD-BID, CYD-3 and CYD-4; (iii)
CYD-1, CYD-PR, CYD-3 and CYD-4 or (iv) CYD-1, CYD-MD, CYD-3 and CYD-4. A
composition of the present invention may also advantageously comprise the following
combination of dengue antigens: i) a dengue antigen comprising the prM and E
sequences of CYD-1, VDV2, a dengue antigen comprising the prM and E sequences of
CYD-3 and a dengue antigen comprising the prM and E sequences of CYD-4. For
instance, a composition of the present invention may advantageously comprise CYD-1,
VDV-2, CYD-3 and CYD-4. A composition of the present invention, as described herein,
may advantageously comprise a dengue antigen of serotype 2 which comprises the prM-E
sequence of CYD-LAV (SEQ ID NO: 8), CYD-BID (SEQ ID NO: 9), CYD-PR (SEQ ID NO:
10) CYD-MD (SEQ ID NO: 11) or SEQ ID NO: 2. A composition of the present invention,
as described herein, may advantageously comprise a dengue antigen of serotype 2 which
comprises a sequence having at least 90% identity to the prM-E sequence of CYD-LAV
(SEQ ID NO: 8), CYD-BID (SEQ ID NO: 9), CYD-PR (SEQ ID NO: 10) CYD-MD (SEQ ID
NO: 11) or SEQ ID NO: 2. For example, said sequence may be at least 91%, at least
92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98% or
at least 99% identical to the prm-E sequence of CYD-LAV (SEQ ID NO: 8), CYD-BID
(SEQ ID NO: 9), CYD-PR (SEQ ID NO: 10) CYD-MD (SEQ ID NO: 11) or SEQ ID NO: 2.

The term “virus-like particles or VLPs”, as used herein, refers to virus particles that

do not contain replicative genetic material but present at their surface a dengue E protein
in a repetitive ordered array similar to the virion structure. Typically, dengue VLPs also
contain dengue prM and/or M, and E proteins. VLPs may be produced in vitro (Zhang et
al, J. Virol. (2011) 30 (8):333). VLPs may also be produced in vivo. To that end, nucleic
acid constructs (e.g. DNA or RNA constructs) encoding prM and E dengue proteins may
be introduced into a cell of a subject, e.g. a human subject, via methods known in the art,
e.g. via use of a viral vector. Any viral vector may be used provided it is able to contain
and express both prM and E dengue virus sequences. Non-limiting examples of viral
vectors that may be used in the method of the present invention include the poxviruses
(e.g. the attenuated pox Ankara virus) and the measles virus. For use in the present
invention, a particular category of viral vector expressing VLPs in vivo includes replication-
deficient pseudoinfectious (PIV) viruses, e.g. according to the Replivax™ technology.
(Rumyantsev AA, et al. Vaccine. 2011 Jul 18;29(32):5184-94).
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The term “replication-defective pseudo-infectious virus”, as used herein, refers to a

virion particle that is replication-defective in vivo, owing to the absence in their genome of
an essential sequence of the replicative cycle, for example the sequence encoding a
capsid protein. However, the virion particles can propagate in a culture of helper cells that
provide for the essential sequence(s) in frans. Replication-deficient pseudoinfectious
viruses for use in the present invention include any virus according to the above definition
which is capable of expressing the prM and E proteins of a dengue virus of any serotype.
Examples include replication defective flavivirus / dengue chimeras such as replication
defective West Nile virus / dengue, Japanese Encephalitis virus / dengue and YF / dengue
chimeras.

The ability of a vaccine composition of the present invention to provoke an immune
response in a subject (i.e. induce the production of neutralizing antibodies) can be
assessed, for example, by measuring the neutralizing antibody titre raised against the
dengue virus serotype(s) comprised within the composition. The neutralizing antibody titre
may be measured by the Plaque Reduction Neutralization Test (PRNTs,) test. Briefly,
neutralizing antibody titre is measured in sera collected from vaccinated subjects at least
28 days following administration of a vaccine composition of the present invention. Serial,
two-fold dilutions of sera (previously heat-inactivated) are mixed with a constant
challenge-dose of each dengue virus of serotype 1, 2, 3 or 4 as appropriate (expressed as
PFU/mL). The mixtures are inoculated into wells of a microplate with confluent Vero cell
monolayers. After adsorption, cell monolayers are incubated for a few days. The presence
of dengue virus infected cells is indicated by the formation of infected foci and a reduction
in virus infectivity due to the presence of neutralising antibodies in the serum samples can
thus be detected. The reported value (end point neutralization titre) represents the highest
dilution of serum at which =50 % of dengue challenge virus (in foci counts) is neutralized
when compared to the mean viral focus count in the negative control wells (which
represents the 100% virus load). The end point neutralization titres are presented as
continuous values. The lower limit of quantification (LLOQ) of the assay is 10 (1/dil). It is
commonly considered that seroconversion occurs when the titer is superior or equal to 10
(1/dil). As PRNT tests may slightly vary from a laboratory to another the LLOQ may also
slightly vary. Accordingly, in a general manner, it is considered that seroconversion occurs
when the titre is superior or equal to the LLOQ of the test. Neutralising antibody titres
were considered in the following references, but the authors did not establish a correlate
of protection (Guirakhoo et al, J. Virol. (2004) 78 (9): 4761; Libraty et al, PLoS Medicine
(2009) 6 (10); Gunther et al, Vaccine (2011) 29: 3895) and Endy et al, J. Infect. Dis.
(2004), 189(6): 990-1000).
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The term “CCIDs," refers to the quantity of virus (e.g. vaccinal virus) infecting 50%
of the cell culture. The CCIDsy assay is a limit dilution assay with statistical titer calculation
(Morrison D et al J Infect Dis. 2010; 201(3):370-7)).

The term “human subject” is intended to mean males and females of various ages.
Preferably a human subject according to the present invention is less than 18 years of age
or less than 12 years of age. For example, a human subject according to the present
invention may be 0-17 years of age, 0-11 years of age, 4-17 years of age, 4-11 years of
age, 4-6 years of age, 6-8 years of age, 8-10 years of age, 2-8 years of age, 2-11 years of
age, 2-14 years of age, 9-16 years of age, 12-17 years of age or 18-45 years of age. More
preferably, a human subject according to the present invention is 4-11 years of age, 2-14
years of age or 9-16 years of age. A human subject according to the present invention
may be at least 9 months old or less than 9 months old. For instance a human subject
according to the present invention may be 9 months to 16 years of age, 9 months to 14
years of age, 9 months to 11 years of age or 9 months to 8 years of age. A human subject
according to the present invention may be at least 9 months old, with no history of severe
allergy to any component of the vaccine composition as defined herein, no congenital or
acquired immune deficiency, no symptomatic HIV infection and said subject should not be
pregnant or breast feeding.

As used herein, the expression “flavivirus-naive subject” refers to a subject who

has not been infected by a flavivirus nor previously immunized with a flavivirus vaccine,
i.e. a serum sample taken from said subject will produce a negative result in a flavivirus
ELISA or PRNT assay.

As used herein, the expression “dengue-naive subject” refers to a subject who has

not been infected by a dengue virus nor previously immunized with a dengue vaccine, i.e.
a serum sample taken from said subject will produce a negative result in a dengue ELISA
or PRNT assay.

As used herein, the expression “flavivirus-immune subject” refers to a subject who

has been infected or immunized by a flavivirus before administration of the vaccine
composition of the invention, i.e. a serum sample taken from said subject will produce a
positive result in a flavivirus ELISA or PRNT assay.

As used herein, the expression “dengue-immune subject” refers to a subject who

has been infected by a dengue virus or immunized by a dengue vaccine before
administration of the vaccine composition of the present invention, i.e. a serum sample

taken from said subject will produce a positive result in a dengue ELISA or PRNT assay.

In accordance with the present invention, a “method of protecting”, as used herein,

results in a reduction in the severity or in the likelihood of developing dengue disease in a
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human subject exposed to a dengue virus. Advantageously, said reduction is statistically

significant. For example, a method of protecting, according to the present invention, may

result in a reduction in at least one symptom of dengue disease as defined herein or a

reduction in a combination of any two or more of those symptoms. The protection may

result in any one or more of the following:

(i)

(ii)

(iii)

(iv)

(v)

(vi)

(vii)

(viii)

(ix)

(x)

a statistically significant reduction in the incidence or likelihood of, e.g. the
prevention of, symptomatic virologically-confirmed dengue disease caused
by dengue virus of any serotype;

a statistically significant reduction in the incidence or likelihood of, e.g. the
prevention of, symptomatic virologically-confirmed dengue disease caused
by dengue virus of any one of serotypes 1, 3 or 4;

a statistically significant reduction in the incidence or likelihood of, e.g. the
prevention of, symptomatic dengue disease caused by dengue virus of any
serotype;

a statistically significant reduction in the incidence or likelihood of, e.g. the
prevention of, symptomatic dengue disease caused by dengue virus of any
one of serotypes 1, 3 or 4;

a statistically significant reduction in the incidence or likelihood of, e.g. the
prevention of, severe virologically-confirmed dengue caused by dengue
virus of any serotype;

a statistically significant reduction in the incidence or likelihood of, e.g. the
prevention of, severe dengue disease caused by dengue virus of any
serotype;

a statistically significant reduction in the incidence or likelihood of, e.g. the
prevention of, dengue hemorrhagic fever cases of Grades | to IV caused by
dengue virus of any serotype;

a statistically significant reduction in the incidence or likelihood of, e.g. the
prevention of, DHF cases of Grade | caused by dengue virus of any
serotype;

a statistically significant reduction in the incidence or likelihood of, e.g. the
prevention of, DHF cases of Grade Il caused by dengue virus of any
serotype;

a statistically significant reduction in the incidence or likelihood of, e.g. the
prevention of, DHF cases of Grade lll caused by dengue virus of any

serotype;
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(xii)

(xiii)

(xiv)

(xv)

(xvi)

(xvii)

(xviii)

(xix)

18
a statistically significant reduction in the incidence or likelihood of, e.g. the
prevention of, DHF cases of Grade IV caused by dengue virus of any
serotype;
a statistically significant reduction in the incidence or likelihood of, e.g. the
prevention of, fever or a reduction in the mean duration and/or intensity of
fever;
a statistically significant reduction in the incidence or likelihood of, e.g. the
prevention of, plasma leakage as defined by a change in haematocrit or a
reduction in the mean value for plasma leakage as defined by a change in
haematocrit;
a statistically significant reduction in the incidence or likelihood of, e.g. the
prevention of, thrombocytopenia or a reduction in the mean value for
thrombocytopenia;
a statistically significant reduction in the incidence or likelihood of, e.g. the
prevention of, increases in the level of liver enzymes including alanine
aminotransferase (ALT) and aspartate aminotransferase (AST);
a statistically significant reduction in the incidence or likelihood of, e.g. the
prevention of, hospitalization due to virologically-confirmed dengue disease
caused by dengue virus of any serotype;
a statistically significant reduction in the incidence or likelihood of, e.g. the
prevention of, hospitalization due to dengue disease caused by dengue
virus of any serotype;
a statistically significant reduction in the length of hospital stay due to
virologically-confirmed dengue disease.
a statistically significant reduction in the length of hospital stay due to

dengue disease.

The duration and intensity of fever are monitored and recorded according to

standard hospital procedures. In a human subject, a fever (i.e. a febrile episode) is

defined as the observance of two temperature readings of at least 37.5°C measured twice

over an interval of at least 4 hours. Measurement of haematocrit, thrombocytopenia and

hepatic enzyme levels are standard tests well-known to the person of skill in the art, for

example as described in the pharmacopea.

Protection against dengue disease, for example as defined in points (i) to (xix)

above, may be demonstrated in respect of dengue disease caused by a particular dengue

virus serotype. For example, protection against dengue disease, as defined herein, may

be demonstrated in respect of dengue disease caused by a dengue virus of serotype 1, a
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dengue virus of serotype 2, a dengue virus of serotype 3 or a dengue virus of serotype 4.
Advantageously, protection against dengue disease, as defined herein, may be
demonstrated in respect of dengue disease caused by, for example, dengue virus of
serotype 1 or serotype 3, dengue virus of serotype 1 or serotype 4, dengue virus of
serotype 3 or serotype 4, dengue virus of serotype 1 or serotype 2, dengue virus of
serotype 2 or serotype 3, dengue virus of serotype 2 or serotype 4, dengue virus of
serotype 1, 2 or 3, dengue virus of serotype 1, 3 or 4, dengue virus of serotype 2, 3 or 4 or
dengue virus of serotype 1, 2, 3 or 4.

Protection against dengue disease, as defined herein, may advantageously be
demonstrated in particular sub-groups of human subjects. For instance, protection against
dengue disease may advantageously be demonstrated in a human subject who is less
than 18 years of age or less than 12 years of age. For example, a human subject
according to the present invention may be 0-17 years of age, 0-11 years of age, 4-17
years of age, 4-11 years of age, 4-6 years of age, 6-8 years of age, 8-10 years of age, 2-8
years of age, 2-11 years of age, 2-14 years of age, 9-16 years of age, 12-17 years of age
or 18-45 years of age. More preferably, a human subject according to the present
invention is 4-11 years of age, 2-14 years of age or 9-16 years of age. A human subject
according to the present invention may be at least 9 months old or less than 9 months old.
For instance a human subject according to the present invention may be 9 months to 16
years of age, 9 months to 14 years of age, 9 months to 11 years of age or 9 months to 8
years of age. A human subject according to the present invention may be at least 9
months old, with no history of severe allergy to any component of the vaccine composition
as defined herein, no congenital or acquired immune deficiency, no symptomatic HIV
infection and said subject should not be pregnant or breast feeding.

Protection against dengue disease, as defined herein, may advantageously be
demonstrated in particular countries, areas or regions of the world. For instance,
protection against dengue disease may advantageously be demonstrated in a dengue
endemic area. For instance, a dengue endemic area according to the present invention in
which protection may be demonstrated may comprise those American countries or parts
thereof which fall within the tropics and sub-tropics. A dengue endemic area in which
protection may be demonstrated according to the present invention may thus comprise
any one or more of the following: Brazil, Venezuela, Colombia, Ecuador, Peru, Bolivia,
Paraguay, Panama, Costa Rica, Nicaragua, Honduras, El Salvador, Guatemala, Belize,
Mexico, the USA and the islands of the Caribbean. In a particular embodiment, a dengue
endemic area of the present invention in which protection may be demonstrated may

consist of the following: Brazil, Colombia, Honduras, Mexico and Puerto Rico. A dengue
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endemic area in which protection may be demonstrated according to the present invention
may also include south Asian and Oceania countries within the tropics and sub-tropics. A
dengue endemic area according to the present invention in which protection may be
demonstrated may thus consist of any one or more of the following: India, Myanmar
(Burma), Thailand, Laos, Vietnam, Cambodia, Indonesia, Malaysia, Singapore, the
Philippines, Taiwan, Papua New Guinea and Australia. In a dengue endemic area in
which protection may be demonstrated according to the present invention, a particular
serotype, strain or genotype of wild type dengue virus may be the dominant circulating
strain. For example, a dengue virus of serotype 2 may be characterised as having an
Asian | or an Asian/American genotype. Asian/American genotype strains are
characterised by at least one of, at least two of, at least three of, at least four of, at least
five of or all six of the following residues Arg, Asn, Asp, Thr, Gly and His at positions prM-
16, E-83, E-203, E-226, E-228 and E-346 respectively (wherein prM-16 designates
position 16 of the prM protein and E-83 etc. designates position 83 of the E protein). Asian
| genotype strains are characterised by at least one of, at least two of, at least three of, at
least four of, at least five of or all six of the following residues lle, Lys, Asn, Arg, Glu and
Tyr at positions prM-16, E-83, E-203, E-226, E-228 and E-346 respectively (see Table 1
of Hang et al., PLoS NTD, 4(7): e757). A preferred dengue endemic area in which
protection may be demonstrated according to the present invention is one in which a
dengue virus having an Asian/American genotype is the dominant circulating strain, i.e. at
least 50%, at least 60%, at least 70%, at least 80%, at least 90%, at least 95% or 100% of
the cases of dengue disease in said dengue endemic area are caused by dengue virus
having an Asian/American genotype. A preferred dengue endemic area in which
protection may be demonstrated according to the present invention is one in which a
dengue virus of any one or more of serotypes 1, 3 or 4 is/are the dominant circulating
serotype(s), i.e. at least 50%, at least 60%, at least 70%, at least 80%, at least 90%, at
least 95% or 100% of the cases of dengue disease are caused by dengue virus of
serotypes 1, 3 or 4.

The term “RNA equivalent” of a given DNA sequence, as used herein, refers to a
sequence wherein deoxythymidines have been replaced by uridines. Since the DNA
sequences in question constitute the c¢cDNA sequences of the dengue viruses, the

equivalent RNA sequences constitute the positive strand RNA of those dengue viruses.

Overview of Several Embodiments

The present inventors have, for the first time, demonstrated the efficacy of a

vaccine composition in protecting a human subject against dengue disease.



10

15

20

25

30

35

WO 2014/016362 PCT/EP2013/065669

21

The present invention relates to a dengue virus serotype 2 vaccine composition

comprising:

(i a dengue antigen selected from the group consisting of:
(@) a live attenuated dengue virus;
(b) an inactivated dengue virus;
(c) a live attenuated or inactivated chimeric dengue virus;
(d) a dengue virus-like particle (VLP); and
(e) a combination of two or more of (a) to (d);

or

(i) a nucleic acid construct or viral vector which is able to express in a human

cell a dengue antigen which is a dengue VLP;

wherein said dengue antigen comprises a polypeptide having at least 90% identity to SEQ
ID NO: 12.

In preferred embodiments, said polypeptide has at least 92%, at least 94%, at
least 96%, at least 98%, at least 99%, at least 99.5% identity or 100% identity with SEQ
ID NO: 12.

Preferably, said dengue antigen is selected from the group consisting of a live
attenuated dengue virus and a live attenuated or inactivated chimeric dengue virus.
Preferably, said dengue antigen is selected from the group consisting of a live attenuated
dengue virus and a live attenuated chimeric dengue virus. Preferably, said dengue
antigen is a live attenuated chimeric dengue virus.

Preferably said dengue antigen according to the present invention comprises a
polypeptide having at least 90% identity to SEQ ID NO: 12, for example at least 92%, at
least 94%, at least 96%, at least 98%, at least 99%, at least 99.5% identity or 100%
identity to SEQ ID NO: 12 over the full length of SEQ ID NO: 12.

Preferably, said dengue antigen does not comprise the prM-E sequence of CYD-2,
as defined herein.

Preferably, said vaccine composition does not comprise CYD-2.

Preferably, said dengue antigen comprises a polypeptide which comprises a valine
residue at the position within the polypeptide that corresponds to position 251 of SEQ ID
NO: 12.
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Preferably, said dengue antigen comprises a polypeptide which comprises a
methionine residue at the position within the polypeptide that corresponds to position 6 of
SEQ ID NO: 12.

Preferably, said dengue antigen comprises a polypeptide which comprises a valine
residue at the position within the polypeptide that corresponds to position 129 of SEQ ID
NO: 12.

Preferably, said dengue antigen comprises a polypeptide which comprises an
isoleucine residue at the position within the polypeptide that corresponds to position 129
of SEQ ID NO: 12.

Preferably, said dengue antigen comprises a polypeptide which comprises an
isoleucine residue at the position within the polypeptide that corresponds to position 141
of SEQ ID NO: 12.

Preferably, said dengue antigen comprises a polypeptide which comprises an
isoleucine residue at the position within the polypeptide that corresponds to position 164
of SEQ ID NO: 12.

Preferably, said dengue antigen comprises a polypeptide which comprises an
aspartate residue at the position within the polypeptide that corresponds to position 203 of
SEQ ID NO: 12.

Preferably, said dengue antigen comprises a polypeptide which comprises an
asparagine residue at the position within the polypeptide that corresponds to position 203
of SEQ ID NO: 12.

Preferably, said dengue antigen comprises a polypeptide which comprises a
threonine residue at the position within the polypeptide that corresponds to position 226 of
SEQ ID NO: 12.

Preferably, said dengue antigen comprises a polypeptide which comprises a
glycine residue at the position within the polypeptide that corresponds to position 228 of
SEQ ID NO: 12.

Preferably, said dengue antigen comprises a polypeptide which comprises an
isoleucine residue at the position within the polypeptide that corresponds to position 308
of SEQ ID NO: 12.

Preferably, said dengue antigen comprises a polypeptide which comprises a valine
residue at the position within the polypeptide that corresponds to position 308 of SEQ ID
NO: 12.

Preferably, said dengue antigen comprises a polypeptide which comprises a
threonine residue at the position within the polypeptide that corresponds to position 478 of
SEQ ID NO: 12.
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Preferably, said dengue antigen comprises a polypeptide which comprises a valine
residue at the position within the polypeptide that corresponds to position 484 of SEQ ID
NO: 12.

Preferably, said dengue antigen comprises a polypeptide which comprises an
isoleucine residue at the position within the polypeptide that corresponds to position 484
of SEQ ID NO: 12.

Preferably, said dengue antigen comprises a polypeptide which comprises a
isoleucine residue at the position within the polypeptide that corresponds to position 485
of SEQ ID NO: 12.

Preferably, said dengue antigen comprises a polypeptide which comprises a
alanine residue at the position within the polypeptide that corresponds to position 491 of
SEQ ID NO: 12.

Preferably, said dengue antigen comprises a polypeptide having at least 90%
sequence identity to SEQ ID NO: 3.

In preferred embodiments, said polypeptide has at least 92%, at least 94%, at
least 96%, at least 98%, at least 99%, at least 99.5% identity or 100% identity with SEQ
ID NO: 3.

Preferably, a composition of the present invention comprises a polypeptide having
at least 90%, at least 92%, at least 94%, at least 96%, at least 98%, at least 99%, at least
99.5% identity or 100% identity with SEQ ID NO: 3. Preferably a dengue antigen
according to the present invention comprises a polypeptide having at least 90% identity to
SEQ ID NO: 12, for example at least 92%, at least 94%, at least 96%, at least 98%, at
least 99%, at least 99.5% identity or 100% identity to SEQ ID NO: 12 over the full length
of SEQ ID NO: 12. Preferably, said dengue antigen comprises a polypeptide which
comprises a glycine residue at the position within the polypeptide that corresponds to
position 15 of SEQ ID NO: 3.

Preferably, said dengue antigen comprises a polypeptide which comprises a
serine residue at the position within the polypeptide that corresponds to position 15 of
SEQ ID NO: 3.

Preferably, said dengue antigen comprises a polypeptide which comprises a
leucine residue at the position within the polypeptide that corresponds to position 24 of
SEQ ID NO: 3.

Preferably, said dengue antigen comprises a polypeptide which comprises an
isoleucine residue at the position within the polypeptide that corresponds to position 39 of
SEQ ID NO: 3.
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Preferably, said dengue antigen comprises a polypeptide which comprises a
methionine residue at the position within the polypeptide that corresponds to position 39 of
SEQ ID NO: 3.

Preferably, said dengue antigen comprises a polypeptide which comprises a valine
residue at the position within the polypeptide that corresponds to position 120 of SEQ ID
NO: 3.

Preferably, said dengue antigen comprises a polypeptide which comprises an
alanine residue at the position within the polypeptide that corresponds to position 120 of
SEQ ID NO: 3.

Preferably, said dengue antigen comprises a polypeptide which comprises a
threonine residue at the position within the polypeptide that corresponds to position 125 of
SEQ ID NO: 3.

Preferably, the polypeptides as defined herein (as comprised within the dengue
antigens as comprised within the vaccine compositions of the present invention) comprise
a threonine residue at the position within the polypeptide that corresponds to position 125
of SEQ ID NO: 3 and a valine residue at the position within the polypeptide that
corresponds to position 417 of SEQ ID NO: 3.

Preferably, the polypeptides which are encoded by the nucleotide sequences as
defined herein (i.e as comprised within the vaccine compositions of the present invention)
comprise a leucine residue at the position within the polypeptide that corresponds to
position 24 of SEQ ID NO: 3, a threonine residue at the position within the polypeptide
that corresponds to position 125 of SEQ ID NO: 3 and a valine residue at the position
within the polypeptide that corresponds to position 417 of SEQ ID NO: 3.

Preferably, a polypeptide (as comprised within a dengue antigen as comprised
within a vaccine composition of the invention) comprises (i) the sequence as set forth in
SEQ ID NO: 13 or a sequence having at least 1 and no more than 5 amino acid
substitutions with respect to the sequence as set forth in SEQ ID NO: 13; (ii) the sequence
as set forth in SEQ ID NO: 14 or a sequence having at least 1 and no more than 5 amino
acid substitutions with respect to the sequence as set forth in SEQ ID NO: 14; (iii) the
sequence as set forth in SEQ ID NO: 15 or a sequence having at least 1 and no more
than 5 amino acid substitutions with respect to the sequence as set forth in SEQ ID NO:
15; (iv) the sequence as set forth in SEQ ID NO: 16 or a sequence having at least 1 and
no more than 5 amino acid substitutions with respect to the sequence as set forth in SEQ
ID NO: 16; (v) the sequence as set forth in SEQ ID NO: 18 or a sequence having at least
1 and no more than 5 amino acid substitutions with respect to the sequence as set forth in
SEQ ID NO: 18; or (vi) the sequence as set forth in SEQ ID NO: 26 or a sequence having
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at least 1 and no more than 5 amino acid substitutions with respect to the sequence as set
forth in SEQ ID NO: 26. Preferably when said sequences comprise an amino acid
substitution, said sequences have at least 1 and no more than 4 amino acid substitutions,
preferably at least 1 and no more than 3 amino acid substitutions, preferably 1 or 2 amino
acid substitutions, preferably 1 amino acid substitution. Preferably at most two, preferably
one preferably none of the substitutions are high impact amino acid substitutions (i.e.
achieving a score of > 25 in the impact scoring method disclosed in Example 2);
preferably at most three, preferably two, preferably one, preferably none of the
substitutions are median impact amino acid substitutions (i.e. achieving a score of >10 to
25 in the impact scoring method disclosed in Example 2); preferably at most five,
preferably four, preferably three, preferably two, preferably one, preferably none of the
substitutions are low impact amino acid substitutions (i.e. achieving a score of >0 to 10 in
the impact scoring method disclosed in Example 2); preferably all said substitutions are no
impact amino acid substitutions (i.e. achieving a score of 0 in the impact scoring method
disclosed in Example 2). Preferably said substitutions do not occur at the positions within
said sequences corresponding to positions 226, 228 and 251 of SEQ ID NO: 12.
Preferably a dengue antigen comprising said polypeptide leads to a balanced immune
response when used in the context of a tetravalent composition. Preferably when a
vaccine composition comprising a dengue antigen comprising said polypeptide further
comprises a dengue antigen of serotypes 1, 3 and 4 as defined herein, said vaccine
composition produces a balanced immune response when administered to a mammal,
preferably a human.

Preferably said dengue antigen comprises a polypeptide comprising a sequence
selected from the group consisting of SEQ ID NO: 13; SEQ ID NO: 14, SEQ ID NO: 15
SEQ ID NO: 16; SEQ ID NO: 18 and SEQ ID NO: 26.

Preferably said dengue antigen comprises a polypeptide comprising a sequence
selected from the group consisting of SEQ ID NO: 13 and SEQ ID NO: 16.

Preferably a dengue antigen (as comprised within a vaccine composition of the
invention) comprises a polypeptide comprising: (i) the sequence as set forth in SEQ ID
NO: 19 or a sequence having at least 1 and no more than 5 amino acid substitutions with
respect to the sequence as set forth in SEQ ID NO: 19; (ii) the sequence as set forth in
SEQ ID NO: 20 or a sequence having at least 1 and no more than 5 amino acid
substitutions with respect to the sequence as set forth in SEQ ID NO: 20; (iii) the
sequence as set forth in SEQ ID NO: 21 or a sequence having at least 1 and no more
than 5 amino acid substitutions with respect to the sequence as set forth in SEQ ID NO:

21; (iv) the sequence as set forth in SEQ ID NO: 22 or a sequence having at least 1 and
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no more than 5 amino acid substitutions with respect to the sequence as set forth in SEQ
ID NO: 22; (v) the sequence as set forth in SEQ ID NO: 23 or a sequence having at least
1 and no more than 5 amino acid substitutions with respect to the sequence as set forth in
SEQ ID NO: 23 or (vi) the sequence as set forth in SEQ ID NO: 27 or a sequence having
at least 1 and no more than 5 amino acid substitutions with respect to the sequence as set
forth in SEQ ID NO: 27. Preferably when said sequences comprise an amino acid
substitution, said sequences have at least 1 and no more than 4 amino acid substitutions,
preferably at least 1 and no more than 3 amino acid substitutions, preferably 1 or 2 amino
acid substitutions, preferably 1 amino acid substitution. Preferably at most two, preferably
one preferably none of the substitutions are high impact amino acid substitutions (i.e.
achieving a score of > 25 in the impact scoring method disclosed in Example 2);
preferably at most three, preferably two, preferably one, preferably none of the
substitutions are median impact amino acid substitutions (i.e. achieving a score of >10 to
25 in the impact scoring method disclosed in Example 2); preferably at most five,
preferably four, preferably three, preferably two, preferably one, preferably none of the
substitutions are low impact amino acid substitutions (i.e. achieving a score of >0 to 10 in
the impact scoring method disclosed in Example 2); preferably all said substitutions are no
impact amino acid substitutions (i.e. achieving a score of 0 in the impact scoring method
disclosed in Example 2). Preferably said substitutions do not occur at the position within
said sequences corresponding to position 125 of SEQ ID NO: 3. Preferably a dengue
antigen comprising said polypeptide leads to a balanced immune response when used in
the context of a tetravalent composition. Preferably when a vaccine composition
comprising a dengue antigen comprising said polypeptide further comprises a dengue
antigen of serotypes 1, 3 and 4 as defined herein, said vaccine composition produces a
balanced immune response when administered to a mammal, preferably a human.

Preferably a dengue antigen (as comprised within a vaccine composition of the
invention) comprises a polypeptide comprising a sequence selected from the group
consisting of SEQ ID NO: 19; SEQ ID NO: 20, SEQ ID NO: 21; SEQ ID NO: 22; SEQ ID
NO: 23 and SEQ ID NO: 27.

Preferably a dengue antigen (as comprised within a vaccine composition of the

invention) comprises:

i) a polypeptide having the sequence as set forth in SEQ ID NO: 13 or a
polypeptide having at least 1 and no more than 5 amino acid substitutions

with respect to the sequence as set forth in SEQ ID NO: 13; and
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a polypeptide having the sequence as set forth in SEQ ID NO: 19 or a
polypeptide having at least 1 and no more than 5 amino acid substitutions
with respect to the sequence as set forth in SEQ ID NO: 19;
a polypeptide having the sequence as set forth in SEQ ID NO: 14 or a
polypeptide having at least 1 and no more than 5 amino acid substitutions
with respect to the sequence as set forth in SEQ ID NO: 14; and
a polypeptide having the sequence as set forth in SEQ ID NO: 20 or a
polypeptide having at least 1 and no more than 5 amino acid substitutions
with respect to the sequence as set forth in SEQ ID NO: 20;
a polypeptide having the sequence as set forth in SEQ ID NO: 15 or a
polypeptide having at least 1 and no more than 5 amino acid substitutions
with respect to the sequence as set forth in SEQ ID NO: 15; and
a polypeptide having the sequence as set forth in SEQ ID NO: 21 or a
polypeptide having at least 1 and no more than 5 amino acid substitutions
with respect to the sequence as set forth in SEQ ID NO: 21;
a polypeptide having the sequence as set forth in SEQ ID NO: 16 or a
polypeptide having at least 1 and no more than 5 amino acid substitutions
with respect to the sequence as set forth in SEQ ID NO: 16; and
a polypeptide having the sequence as set forth in SEQ ID NO: 22 or a
polypeptide having at least 1 and no more than 5 amino acid substitutions
with respect to the sequence as set forth in SEQ ID NO: 22;
a polypeptide having the sequence as set forth in SEQ ID NO: 18 or a
polypeptide having at least 1 and no more than 5 amino acid substitutions
with respect to the sequence as set forth in SEQ ID NO: 18; and
a polypeptide having the sequence as set forth in SEQ ID NO: 23 or a
polypeptide having at least 1 and no more than 5 amino acid substitutions
with respect to the sequence as set forth in SEQ ID NO: 23; or
a polypeptide having the sequence as set forth in SEQ ID NO: 26 or a
polypeptide having at least 1 and no more than 5 amino acid substitutions
with respect to the sequence as set forth in SEQ ID NO: 26; and
a polypeptide having the sequence as set forth in SEQ ID NO: 27 or a
polypeptide having at least 1 and no more than 5 amino acid substitutions

with respect to the sequence as set forth in SEQ ID NO: 27.

Preferably when said sequences comprise an amino acid substitution, said

sequences have at least 1 and no more than 4 amino acid substitutions, preferably at

least 1 and no more than 3 amino acid substitutions, preferably 1 or 2 amino acid
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substitutions, preferably 1 amino acid substitution. Preferably at most two, preferably one
preferably none of the substitutions are high impact amino acid substitutions (i.e.
achieving a score of >25 in the impact scoring method disclosed in Example 2); preferably
at most three, preferably two, preferably one, preferably none of the substitutions are
median impact amino acid substitutions (i.e. achieving a score of >10 to 25 in the impact
scoring method disclosed in Example 2); preferably at most five, preferably four,
preferably three, preferably two, preferably one, preferably none of the substitutions are
low impact amino acid substitutions (i.e. achieving a score of >0 to 10 in the impact
scoring method disclosed in Example 2); preferably all said substitutions are no impact
amino acid substitutions (i.e. achieving a score of 0 in the impact scoring method
disclosed in Example 2). Preferably said substitutions do not occur at the positions within
said sequences corresponding to positions 226, 228 and 251 of SEQ ID NO: 12 and the
position corresponding to position 125 of SEQ ID NO: 3. Preferably a dengue antigen
comprising said polypeptides leads to a balanced immune response when used in the
context of a tetravalent composition. Preferably when a vaccine composition comprising a
dengue antigen comprising said polypeptides further comprises a dengue antigen of
serotypes 1, 3 and 4 as defined herein, said vaccine composition produces a balanced
immune response when administered to a mammal, preferably a human.

Preferably a dengue antigen (as comprised within a vaccine composition of the
invention) comprises: i) a polypeptide of SEQ ID NO: 13 and a polypeptide of SEQ ID NO:
19; ii) a polypeptide of SEQ ID NO: 14 and a polypeptide of SEQ ID NO: 20; iii) a
polypeptide of SEQ ID NO: 15 and a polypeptide of SEQ ID NO: 21; iv) a polypeptide of
SEQ ID NO: 16 and a polypeptide of SEQ ID NO: 22; v) a polypeptide of SEQ ID NO: 18
and a polypeptide of SEQ ID NO: 23 or vi) a polypeptide of SEQ ID NO: 26 and a
polypeptide of SEQ ID NO: 27.

Preferably said dengue antigen comprises a polypeptide comprising a sequence
selected from the group consisting of SEQ ID NO: 8; SEQ ID NO: 9, SEQ ID NO: 10 and
SEQ ID NO: 11.

Preferably said dengue antigen comprises a polypeptide comprising a sequence
selected from the group consisting of SEQ ID NO: 8 and SEQ ID NO: 11.

Preferably a composition of the present invention comprises a dengue antigen
selected from the group consisting of: (a) a live attenuated dengue virus; (b) an
inactivated dengue virus; (c) a live attenuated or inactivated chimeric dengue virus; or (d)
a combination of two or more of (a) to (c¢); wherein said dengue antigen comprises a

nucleotide sequence encoding a polypeptide comprising a polypeptide as defined herein.
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The present invention is also directed to a vaccine composition comprising a
dengue antigen of serotype 2 selected from the group consisting of: (a) a live attenuated
dengue virus; (b) an inactivated dengue virus; (c) a live attenuated or inactivated chimeric
dengue virus; or (d) a combination of two or more of (a) to (c); wherein said dengue
antigen comprises a nucleotide sequence having at least 90% sequence identity to a
sequence selected from the group consisting of the RNA equivalent of SEQ ID NO: 1, the
RNA equivalent of SEQ ID NO: 4, the RNA equivalent of SEQ ID NO: 5, the RNA
equivalent of SEQ ID NO: 6, the RNA equivalent of SEQ ID NO: 7 and SEQ ID NO: 25.
References to at least 90% sequence identity to the RNA equivalent of SEQ ID NO: 1, the
RNA equivalent of SEQ ID NO: 4, the RNA equivalent of SEQ ID NO: 5, the RNA
equivalent of SEQ ID NO: 6, the RNA equivalent of SEQ ID NO: 7 or SEQ ID NO: 25 may
preferably be read herein as at least 92%, at least 93%, at least 94%, at least 95%, at
least 96%, at least 97%, at least 98%, at least 99%, at least 99.5% or 100% sequence
identity. When nucleotide sequences of this embodiment of the invention encode
polypeptides comprising one or more amino acid substitutions with respect to the
polypeptides encoded by SEQ ID NO: 1, SEQ ID NO: 4, SEQ ID NO: 5, SEQ ID NO: 6,
SEQ ID NO: 7 and SEQ ID NO: 25, preferably at most two, preferably one preferably none
of the substitutions are high impact amino acid substitutions (i.e. achieving a score of >25
in the impact scoring method disclosed in Example 2); preferably at most three, preferably
two, preferably one, preferably none of the substitutions are median impact amino acid
substitutions (i.e. achieving a score of >10 to 25 in the impact scoring method disclosed in
Example 2); preferably at most five, preferably four, preferably three, preferably two,
preferably one, preferably none of the substitutions are low impact amino acid
substitutions (i.e. achieving a score of >0 to 10 in the impact scoring method disclosed in
Example 2); preferably all said substitutions are no impact amino acid substitutions (i.e.
achieving a score of 0 in the impact scoring method disclosed in Example 2). Preferably
said substitutions do not occur at the positions within said polypeptides corresponding to
positions 226, 228 and 251 of SEQ ID NO: 12 and the positions within said polypeptides
corresponding to positions 24 and 125 of SEQ ID NO: 3. Preferably the vaccine
compositions comprising a dengue antigen of serotype 2 of this embodiment of the
invention lead to a balanced immune response when used in the context of a tetravalent
composition. Preferably a dengue antigen of serotype 2 according to this embodiment of
the invention further comprises a dengue antigen of serotype 1, a dengue antigen of
serotype 3 and a dengue antigen of serotype 4 as described elsewhere herein. Preferably
when a vaccine composition comprising a dengue antigen of serotype 2 according to this

embodiment of the invention further comprises a dengue antigen of serotypes 1, 3 and 4
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as defined herein, said vaccine composition produces a balanced immune response when
administered to a mammal, preferably a human. When a vaccine composition of the
present invention comprises a dengue antigen of serotype 2 which comprises a nucleotide
sequence having at least 90% identity to the RNA equivalent of SEQ ID NO: 7, said
vaccine composition is preferably either: (i) a vaccine composition comprising a dengue
antigen comprising a nucleotide sequence having at least 90% identity to the RNA
equivalent of SEQ ID NO: 7, wherein said dengue antigen is not CYD-MD or (ii) a vaccine
composition comprising a dengue antigen which is CYD-MD. Said vaccine composition is
also preferably either: (i) a vaccine composition comprising a dengue antigen comprising
a nucleotide sequence having at least 90% identity to the RNA equivalent of SEQ ID NO:
7, wherein said vaccine composition does not comprise prM-E sequences from MD1280
or (ii) a vaccine composition comprising prM-E sequences from MD1280. Said vaccine
composition is also preferably either: (i) a vaccine composition comprising a dengue
antigen comprising a nucleotide sequence having at least 90% identity to the RNA
equivalent of SEQ ID NO: 7, wherein said vaccine composition does not comprise a
dengue antigen comprising the M and E sequences of CYD-MD or (ii) a vaccine
composition comprising a dengue antigen comprising the M and E sequences of CYD-
MD. Said vaccine composition is also preferably either (i) a vaccine composition
comprising a dengue antigen comprising a nucleotide sequence having at least 90%
identity to the RNA equivalent of SEQ ID NO: 7, wherein said vaccine composition does
not comprise a chimeric dengue virus of serotype 2 generated using the prM-E sequences
of MD1280 (SEQ ID NO: 11) or (ii) a vaccine composition comprising a chimeric dengue
virus of serotype 2 generated using the prM-E sequences of MD1280 (SEQ ID NO: 11).
Said vaccine composition is also preferably either (i) a vaccine composition comprising a
dengue antigen comprising a nucleotide sequence having at least 90% identity to the RNA
equivalent of SEQ ID NO: 7, wherein said vaccine composition does not comprise a
dengue antigen comprising the prM and E sequences of CYD-MD or (ii) a vaccine
composition comprising a dengue antigen comprising the prM and E sequences of CYD-
MD. Said vaccine composition is also preferably either (i) a vaccine composition
comprising a dengue antigen comprising a nucleotide sequence having at least 90%
identity to the RNA equivalent of SEQ ID NO: 7, wherein said vaccine composition does
not comprise a dengue antigen comprising a polypeptide of SEQ ID NO: 16 and a
polypeptide of SEQ ID NO: 22 (or a dengue antigen comprising a nucleotide sequence
encoding a protein comprising said polypeptides) or (ii) a vaccine composition comprising
a dengue antigen comprising a polypeptide of SEQ ID NO: 16 and a polypeptide of SEQ

ID NO: 22 (or a dengue antigen comprising a nucleotide sequence encoding a protein
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comprising said polypeptides). Preferably, a vaccine composition of the present invention
which comprises a dengue antigen of serotype 2 which comprises a nucleotide sequence
having at least 90% identity to the RNA equivalent of SEQ ID NO: 7 does not comprise: (i)
a chimeric virus comprising the prM and E amino acid sequences of MD1280 or (ii) a
dengue antigen of serotype 2 which comprises the prM-E sequence of CYD-MD (SEQ ID
NO: 11). When a vaccine composition of the present invention comprises a dengue
antigen of serotype 2 which comprises a nucleotide sequence having at least 90% identity
to the RNA equivalent of SEQ ID NO: 4, said vaccine composition is preferably either: (i) a
vaccine composition comprising a dengue antigen comprising a nucleotide sequence
having at least 90% identity to the RNA equivalent of SEQ ID NO: 4, wherein said dengue
antigen is not CYD-LAV or (ii) a vaccine composition comprising a dengue antigen which
is CYD-LAV. Said vaccine composition is also preferably either: (i) a vaccine composition
comprising a dengue antigen comprising a nucleotide sequence having at least 90%
identity to the RNA equivalent of SEQ ID NO: 4, wherein said vaccine composition does
not comprise prM-E sequences from LAV2 or (ii) a vaccine composition comprising prM-E
sequences from LAVZ2. Said vaccine composition is also preferably either: (i) a vaccine
composition comprising a dengue antigen comprising a nucleotide sequence having at
least 90% identity to the RNA equivalent of SEQ ID NO: 4, wherein said vaccine
composition does not comprise a dengue antigen comprising the M and E sequences of
CYD-LAV or (ii) a vaccine composition comprising a dengue antigen comprising the M
and E sequences of CYD-LAV. Said vaccine composition is also preferably either (i) a
vaccine composition comprising a dengue antigen comprising a nucleotide sequence
having at least 90% identity to the RNA equivalent of SEQ ID NO: 4, wherein said vaccine
composition does not comprise a chimeric dengue virus of serotype 2 generated using the
prM-E sequences of LAV2 (SEQ ID NO: 8) or (ii) a vaccine composition comprising a
chimeric dengue virus of serotype 2 generated using the prM-E sequences of LAV2 (SEQ
ID NO: 8). Said vaccine composition is also preferably either (i) a vaccine composition
comprising a dengue antigen comprising a nucleotide sequence having at least 90%
identity to the RNA equivalent of SEQ ID NO: 4, wherein said vaccine composition does
not comprise a dengue antigen comprising the prM and E sequences of CYD-LAV or (ii) a
vaccine composition comprising a dengue antigen comprising the prM and E sequences
of CYD-LAV. Said vaccine composition is also preferably either (i) a vaccine composition
comprising a dengue antigen comprising a nucleotide sequence having at least 90%
identity to the RNA equivalent of SEQ ID NO: 4, wherein said vaccine composition does
not comprise a dengue antigen comprising a polypeptide of SEQ ID NO: 13 and a

polypeptide of SEQ ID NO: 19 (or a dengue antigen comprising a nucleotide sequence
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encoding a protein comprising said polypeptides) or (ii) a vaccine composition comprising
a dengue antigen comprising a polypeptide of SEQ ID NO: 13 and a polypeptide of SEQ
ID NO: 19 (or a dengue antigen comprising a nucleotide sequence encoding a protein
comprising said polypeptides). Preferably, a vaccine composition of the present invention
which comprises a dengue antigen of serotype 2 which comprises a nucleotide sequence
having at least 90% identity to the RNA equivalent of SEQ ID NO: 4 does not comprise: (i)
a chimeric virus comprising the prM and E amino acid sequences of LAV2 or (ii) a dengue
antigen of serotype 2 which comprises the prM-E sequence of CYD-LAV (SEQ ID NO: 8).

The present invention is also directed to a vaccine composition comprising a
dengue antigen of serotype 2 selected from the group consisting of: (a) a live attenuated
dengue virus; (b) an inactivated dengue virus; (c) a live attenuated or inactivated chimeric
dengue virus; or (d) a combination of two or more of (a) to (c); wherein said dengue
antigen comprises a nucleotide sequence having at least 1 and no more than 20
nucleotide substitutions with respect to a sequence selected from the group consisting of
the RNA equivalent of SEQ ID NO: 1, the RNA equivalent of SEQ ID NO: 4, the RNA
equivalent of SEQ ID NO: 5, the RNA equivalent of SEQ ID NO: 6, the RNA equivalent of
SEQ ID NO: 7 and SEQ ID NO: 25. When nucleotide sequences of this embodiment of
the invention encode polypeptides comprising one or more amino acid substitutions with
respect to the polypeptides encoded by SEQ ID NO: 1, SEQ ID NO: 4, SEQ ID NO: 5,
SEQ ID NO: 6, SEQ ID NO: 7 and SEQ ID NO: 25, preferably at most two, preferably one
preferably none of the substitutions are high impact amino acid substitutions (i.e.
achieving a score of >25 in the impact scoring method disclosed in Example 2); preferably
at most three, preferably two, preferably one, preferably none of the substitutions are
median impact amino acid substitutions (i.e. achieving a score of >10 to 25 in the impact
scoring method disclosed in Example 2); preferably at most five, preferably four,
preferably three, preferably two, preferably one, preferably none of the substitutions are
low impact amino acid substitutions (i.e. achieving a score of >0 to 10 in the impact
scoring method disclosed in Example 2); preferably all said substitutions are no impact
amino acid substitutions (i.e. achieving a score of 0 in the impact scoring method
disclosed in Example 2). Preferably said substitutions do not occur at the positions within
said polypeptides corresponding to positions 226, 228 and 251 of SEQ ID NO: 12 and the
positions within said polypeptides corresponding to positions 24 and 125 of SEQ ID NO:
3. Preferably the vaccine compositions comprising a dengue antigen of serotype 2 of this
embodiment of the invention lead to a balanced immune response when used in the
context of a tetravalent composition. Preferably a dengue antigen of serotype 2 according

to this embodiment of the invention further comprises a dengue antigen of serotype 1, a
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dengue antigen of serotype 3 and a dengue antigen of serotype 4 as described elsewhere
herein. Preferably when a vaccine composition comprising a dengue antigen of serotype 2
according to this embodiment of the invention further comprises a dengue antigen of
serotypes 1, 3 and 4 as defined herein, said vaccine composition produces a balanced
immune response when administered to a mammal, preferably a human.

When a vaccine composition of the present invention comprises a dengue antigen
of serotype 2 as defined herein which comprises a polypeptide having at least 90%,
at least 92%, at least 94%, at least 96%, at least 98%, at least 99%, at least 99.5% or
100% identity to SEQ ID NO: 12, wherein said polypeptide comprises an isoleucine
residue at the position within the polypeptide that corresponds to position 485 of SEQ ID
NO : 12 or an alanine residue at the position within the polypeptide that corresponds to
position 491 of SEQ ID NO : 12, said vaccine composition preferably (i) is not CYD-MD;
(i) does not comprise the prM-E sequence from MD1280; (iii) does not comprise a
chimeric dengue virus of serotype 2 generated using the prM-E sequences of MD1280
(SEQ ID NO: 11); (iv) does not comprise a dengue antigen comprising the prM and E
sequences of CYD-MD; (v) does not comprise a dengue antigen comprising a polypeptide
of SEQ ID NO: 16 and a polypeptide of SEQ ID NO: 22 (or a dengue antigen comprising a
nucleotide sequence encoding a protein comprising said polypeptides); (vi) does not
comprise a chimeric virus comprising the prM and E amino acid sequences of MD1280;
(vii) does not comprise a dengue antigen of serotype 2 which comprises the prM-E
sequence of CYD-MD (SEQ ID NO: 11) and/or (viii) does not comprise a dengue antigen
of serotype 2 which comprises the M and E sequences of CYD-MD. When a vaccine
composition of the present invention comprises a dengue antigen of serotype 2 as defined
herein which comprises a polypeptide having at least 90%, at least 92%, at least 94%, at
least 96%, at least 98%, at least 99%, at least 99.5% or 100% identity to SEQ ID NO : 12,
wherein said polypeptide comprises a methionine residue at the position within the
polypeptide that corresponds to position 6 of SEQ ID NO : 12 or a threonine residue at the
position within the polypeptide that corresponds to position 478 of SEQ ID NO : 12, said
vaccine composition preferably (i) is not CYD-LAV; (ii) does not comprise the prM-E
sequence from LAVZ2; (iii) does not comprise a chimeric dengue virus of serotype 2
generated using the prM-E sequences of LAV2 (SEQ ID NO: 8); (iv) does not comprise a
dengue antigen comprising the prM and E sequences of CYD-LAV; (v) does not comprise
a dengue antigen comprising a polypeptide of SEQ ID NO: 13 and a polypeptide of SEQ
ID NO: 19 (or a dengue antigen comprising a nucleotide sequence encoding a protein
comprising said polypeptides); (vi) does not comprise a chimeric virus comprising the prM
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serotype 2 which comprises the prM-E sequence of CYD-LAV (SEQ ID NO: 8) and/or (viii)
does not comprise a dengue antigen of serotype 2 which comprises the M and E
sequences of CYD-LAV.

Preferably said dengue antigen comprises a polypeptide which comprises no more
than 1, no more than 2, no more than 3, no more than 4, no more than 5, nor more than 6,
no more than 7, no more than 8, no more than 9, no more than 10, no more than 11 or no
more than 12 minor amino acid residues, wherein a minor amino acid residue at a given
position of a prM-E or E sequence is defined as an amino acid that appears in less than
15% of dengue virus prM-E or E sequences of serotype 2 at that position.

Preferably the dengue disease according to the present invention is virologically-
confirmed dengue disease.

Preferably a human subject according to the present invention is less than 18
years of age or less than 12 years of age. For example, a human subject according to the
present invention may be 0-17 years of age, 0-11 years of age, 4-17 years of age, 4-11
years of age, 4-6 years of age, 6-8 years of age, 8-10 years of age, 2-8 years of age, 2-11
years of age, 2-14 years of age, 9-16 years of age, 12-17 years of age or 18-45 years of
age. More preferably, a human subject according to the present invention is 4-11 years of
age, 2-14 years of age or 9-16 years of age. A human subject according to the present
invention may be at least 9 months old or less than 9 months old. For instance a human
subject according to the present invention may be 9 months to 16 years of age, 9 months
to 14 years of age, 9 months to 11 years of age or 9 months to 8 years of age. A human
subject according to the present invention may be at least 9 months old, with no history of
severe allergy to any component of the vaccine composition as defined herein, no
congenital or acquired immune deficiency, no symptomatic HIV infection and said subject
should not be pregnant or breast feeding.

A human subject to which a vaccine composition of the present invention is to be
administered is preferably a person at risk of infection, for instance a person travelling in
an area where dengue fever is present, i.e. a dengue endemic area, or a resident of such
an area. Preferably a human subject of the present invention resides in a dengue endemic
area. Dengue endemic areas according to the present invention include most of the
tropics and sub-tropics, for instance any country identified as an endemic country by the
WHO. For instance, a dengue endemic area according to the present invention may
comprise those American countries or parts thereof which fall within the tropics and sub-
tropics. A dengue endemic area according to the present invention may thus comprise
any one or more of the following: Brazil, Venezuela, Colombia, Ecuador, Peru, Bolivia,
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Mexico, the USA and the islands of the Caribbean. In a particular embodiment, a dengue
endemic area of the present invention may consist of the following: Brazil, Colombia,
Honduras, Mexico and Puerto Rico. A dengue endemic area according to the present
invention may also include south Asian and Oceania countries within the tropics and sub-
tropics. A dengue endemic area according to the present invention may thus consist of
any one or more of the following: India, Myanmar (Burma), Thailand, Laos, Vietnam,
Cambodia, Indonesia, Malaysia, Singapore, the Philippines, Taiwan, Papua New Guinea
and Australia. In a dengue endemic area according to the present invention, a particular
serotype, strain or genotype of wild type dengue virus may be the dominant circulating
strain. For example, a dengue virus of serotype 2 may be characterised as having an
Asian | or an Asian/American genotype. Asian/American genotype strains are
characterised by at least one of, at least two of, at least three of, at least four of, at least
five of or all six of the following residues Arg, Asn, Asp, Thr, Gly and His at positions prM-
16, E-83, E-203, E-226, E-228 and E-346 respectively (wherein prM-16 designates
position 16 of the prM protein and E-83 etc. designates position 83 of the E protein). Asian
| genotype strains are characterised by at least one of, at least two of, at least three of, at
least four of, at least five of or all six of the following residues lle, Lys, Asn, Arg, Glu and
Tyr at positions prM-16, E-83, E-203, E-226, E-228 and E-346 respectively (see Table 1
of Hang et al., PLoS NTD, 4(7): e757). A preferred dengue endemic area according to the
present invention is one in which a dengue virus having an Asian/American genotype is
the dominant circulating strain, i.e. at least 50%, at least 60%, at least 70%, at least 80%,
at least 90%, at least 95% or 100% of the cases of dengue disease in said dengue
endemic area are caused by dengue virus having an Asian/American genotype. A
preferred dengue endemic area according to the present invention is one in which a
dengue virus of any one or more of serotypes 1, 3 or 4 is/are the dominant circulating
serotype(s), i.e. at least 50%, at least 60%, at least 70%, at least 80%, at least 90%, at
least 95% or 100% of the cases of dengue disease are caused by dengue virus of
serotypes 1, 3 or 4.

A vaccine composition of the present invention may be administered to a flavivirus
immune subject, for example a dengue-immune subject, or a vaccine composition of the
present invention may be administered to a flavivirus-naive subject. Advantageously, a
vaccine composition of the present invention is administered to a flavivirus-immune
subject, for example a dengue-immune subject.

Preferably, a composition according to the present invention, e.g. a composition for
use in a method according to the present invention, reduces the likelihood or severity of
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DHF) may be measured by comparing the number of cases of DHF in a group of subjects
who have received a vaccine composition according to the present invention and the
number of cases of DHF in a control group of subjects who have not received a vaccine
composition according to the present invention. A reduction in the severity of DHF may be
determined by calculating the number of subjects displaying DHF of each of Grades |, I,
[l or IV in a group of subjects who have received a vaccine composition according to the
present invention and comparing those numbers to the equivalent numbers from a control
group of subjects who have not received a vaccine composition according to the present
invention. For instance, a composition for use in a method according to the present
invention preferably reduces the number of cases of Grade | DHF, the number of cases of
Grade |l DHF, the number of cases of Grade Ill DHF and/or the number of cases of Grade
IV DHF in those subjects receiving the vaccine, when compared to the equivalent number
of cases Grade | DHF, Grade || DHF, Grade lll DHF and Grade IV DHF occurring in a
control group of subjects who have not received a vaccine composition according to the
present invention.

Preferably, a composition according to the present invention, e.g. a composition for
use in a method according to the present invention, reduces the incidence or likelihood of
symptomatic virologically-confirmed dengue disease. Advantageously, a composition
according to the present invention, e.g. a composition for use in a method according to the
present invention, reduces the incidence or likelihood of symptomatic virologically-
confirmed dengue disease caused by dengue virus of serotypes 1, 3 or 4.
Advantageously, a composition according to the present invention, e.g. a composition for
use in a method according to the present invention, reduces the incidence or likelihood of
symptomatic virologically-confirmed dengue disease caused by dengue virus of serotypes
1, 2, 3 or 4. Preferably, a composition according to the present invention, e.g. a
composition for use in a method according to the present invention, reduces the rate of
hospitalization due to virologically-confirmed dengue disease, i.e. reduces the incidence of
hospitalized virologically-confirmed dengue disease. For instance, a composition
according to the present invention, e.g. a composition for use in a method according to the
present invention, reduces the rate of hospitalization due to virologically-confirmed
dengue disease caused by dengue virus of serotypes 1, 3 or 4, i.e. reduces the incidence
of hospitalized virologically-confirmed dengue disease caused by dengue virus of
serotypes 1, 3 or 4.

Preferably, a composition according to the present invention, e.g. a composition
for use in a method according to the present invention, reduces the incidence or likelihood
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e.g. a composition for use in a method according to the present invention, reduces the
incidence or likelihood of dengue disease caused by dengue virus of serotypes 1, 3 or 4.
Advantageously, a composition according to the present invention, e.g. a composition for
use in a method according to the present invention, reduces the incidence or likelihood of
dengue disease caused by dengue virus of serotypes 1, 2, 3 or 4. Preferably, a
composition according to the present invention, e.g. a composition for use in a method
according to the present invention, reduces the rate of hospitalization due to dengue
disease, i.e. reduces the incidence of hospitalized dengue disease. For instance, a
composition according to the present invention, e.g. a composition for use in a method
according to the present invention, reduces the rate of hospitalization due to dengue
disease caused by dengue virus of serotypes 1, 3 or 4, i.e. reduces the incidence of
hospitalized dengue disease caused by dengue virus of serotypes 1, 3 or 4.

A vaccine composition according to the present invention may be administered in
multiple doses. Doses of a vaccine composition according to the present invention may be
administered in an initial vaccination regimen followed by booster vaccinations. For
example, a vaccine composition according to the present invention may be administered
in one, two or three doses or more than three doses, e.g. four doses. Preferably, the first
dose and the third dose are to be administered approximately twelve months apart. For
example, an initial vaccination regimen according to the present invention is administered
in three doses, wherein the first and third doses of said vaccination regimen are to be
administered approximately twelve months apart. Advantageously, a vaccine composition
according to the present invention is to be administered in a first dose, a second dose and
a third dose. In such an embodiment, said first dose and said third dose may be
administered approximately twelve months apart. For instance, a vaccine composition of
the present invention may be administered in a first dose, a second dose and a third dose,
wherein said second dose is to be administered about six months after said first dose and
wherein said third dose is to be administered about twelve months after said first dose.
Alternatively, the three doses may be administered at zero months, at about three to four
months (e.g. at about three-and-a-half months) and at about twelve months (i.e. a regimen
wherein the second dose of the composition is administered at about three-and-a-half
months after the first dose, and wherein the third dose of the composition is administered
at about twelve months after the first dose).

A vaccine composition according to the present invention may be administered in
two doses. Preferably, the first dose and the second dose are to be administered
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second dose is to be administered at eight months after the first dose. Preferably the
second dose is administered at about eight-and-a-half to nine months after the first dose.

A vaccine composition according to the present invention may be administered in a
single dose.

Dengue disease, as defined herein, may be caused by any one of two serotypes of
a dengue virus. For example, dengue disease is preferably caused by a dengue virus of
serotype 1 or serotype 3, a dengue virus of serotype 1 or serotype 4, a dengue virus of
serotype 3 or serotype 4, a dengue virus of serotype 1 or serotype 2, a dengue virus of
serotype 2 or serotype 3, a dengue virus of serotype 2 or serotype 4. Dengue disease, as
defined herein, is preferably caused by any one of three serotypes of a dengue virus. For
example, dengue disease is preferably caused by a dengue virus of serotype 1,2 or 3, a
dengue virus of serotype 1, 3 or 4, a dengue virus of serotype 1, 2 or 4, a dengue virus of
serotype 2, 3 or 4. In another embodiment, dengue disease is caused by a dengue virus
of serotype 1, a dengue virus of serotype 2, a dengue virus of serotype 3 or a dengue
virus of serotype 4.

A vaccine composition according to the present invention, e.g. for use in a method
according to the present invention preferably comprises a dengue antigen of serotype 1, a
dengue antigen of serotype 2, a dengue antigen of serotype 3 and a dengue antigen of
serotype 4. Such a composition may be described herein as a tetravalent composition.
For instance, a composition of the present invention, e.g. for use in a method of protecting
according to the present invention, may advantageously comprise any one of the following
combinations of dengue antigens of serotypes 1, 2, 3 and 4: i) a dengue antigen
comprising the prM and E sequences of CYD-1, a dengue antigen comprising the prM and
E sequences of CYD-LAV, a chimeric dengue virus comprising the prM and E sequences
of CYD-3 and a dengue antigen comprising the prM and E sequences of CYD-4; ii) a
dengue antigen comprising the prM and E sequences of CYD-1, a dengue antigen
comprising the prM and E sequences of CYD-BID, a dengue antigen comprising the prM
and E sequences of CYD-3 and a dengue antigen comprising the prM and E sequences
of CYD-4; (iii) a dengue antigen comprising the prM and E sequences of CYD-1, a dengue
antigen comprising the prM and E sequences of CYD-PR, a dengue antigen comprising
the prM and E sequences of CYD-3 and a dengue antigen comprising the prM and E
sequences of CYD-4; (iv) a dengue antigen comprising the prM and E sequences of CYD-
1, a dengue antigen comprising the prM and E sequences of CYD-MD, a dengue antigen
comprising the prM and E sequences of CYD-3 and a dengue antigen comprising the prM
and E sequences of CYD-4;. For instance, a composition of the present invention may

also advantageously comprise any one of the following combinations of dengue antigens:
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i) CYD-1, CYD-LAV, CYD-3 and CYD-4; ii) CYD-1, CYD-BID, CYD-3 and CYD-4; (iii)
CYD-1, CYD-PR, CYD-3 and CYD-4 or (iv) CYD-1, CYD-MD, CYD-3 and CYD-4. A
composition of the present invention may also advantageously comprise the following
combination of dengue antigens: i) a dengue antigen comprising the prM and E
sequences of CYD-1, VDV2, a dengue antigen comprising the prM and E sequences of
CYD-3 and a dengue antigen comprising the prM and E sequences of CYD-4. For
instance, a composition of the present invention may advantageously comprise CYD-1,
VDV-2, CYD-3 and CYD-4. A composition of the present invention, as described herein,
may advantageously comprise a dengue antigen of serotype 2 which comprises the prM-E
sequence of CYD-LAV (SEQ ID NO: 8), CYD-BID (SEQ ID NO: 9), CYD-PR (SEQ ID NO:
10) CYD-MD (SEQ ID NO: 11) or SEQ ID NO: 2. A composition of the present invention,
as described herein, may advantageously comprise a dengue antigen of serotype 2 which
comprises a sequence having at least 90% identity to the prM-E sequence of CYD-LAV
(SEQ ID NO: 8), CYD-BID (SEQ ID NO: 9), CYD-PR (SEQ ID NO: 10) CYD-MD (SEQ ID
NO: 11) or SEQ ID NO: 2. For example, said sequence may be at least 91%, at least
92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98% or
at least 99% identical to the prm-E sequence of CYD-LAV (SEQ ID NO: 8), CYD-BID
(SEQ ID NO: 9), CYD-PR (SEQ ID NO: 10) CYD-MD (SEQ ID NO: 11) or SEQ ID NO: 2.

A vaccine composition according to the present invention, e.g. for use in a method
according to the present invention, preferably comprises a dengue antigen of serotype 1,
a dengue antigen of serotype 2, a dengue antigen of serotype 3 and a dengue antigen of
serotype 4. Such a composition may be described herein as a tetravalent composition.
For instance, a composition of the present invention, e.g. for use in a method of protecting
according to the present invention, may advantageously comprise any one of the following
combinations of dengue antigens of serotypes 1, 2, 3 and 4: i) a dengue antigen
comprising the M and E sequences of CYD-1, a dengue antigen comprising the M and E
sequences of CYD-LAV, a chimeric dengue virus comprising the M and E sequences of
CYD-3 and a dengue antigen comprising the M and E sequences of CYD-4; ii) a dengue
antigen comprising the M and E sequences of CYD-1, a dengue antigen comprising the M
and E sequences of CYD-BID, a dengue antigen comprising the M and E sequences of
CYD-3 and a dengue antigen comprising the M and E sequences of CYD-4; (iii) a dengue
antigen comprising the M and E sequences of CYD-1, a dengue antigen comprising the M
and E sequences of CYD-PR, a dengue antigen comprising the M and E sequences of
CYD-3 and a dengue antigen comprising the M and E sequences of CYD-4; (iv) a dengue
antigen comprising the M and E sequences of CYD-1, a dengue antigen comprising the M
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CYD-3 and a dengue antigen comprising the M and E sequences of CYD-4;. For instance,
a composition of the present invention may also advantageously comprise any one of the
following combinations of dengue antigens: i) CYD-1, CYD-LAV, CYD-3 and CYD-4; ii)
CYD-1, CYD-BID, CYD-3 and CYD-4; (iii) CYD-1, CYD-PR, CYD-3 and CYD-4 or (iv)
CYD-1, CYD-MD, CYD-3 and CYD-4. A composition of the present invention may also
advantageously comprise the following combination of dengue antigens: i) a dengue
antigen comprising the M and E sequences of CYD-1, VDV2, a dengue antigen
comprising the M and E sequences of CYD-3 and a dengue antigen comprising the M and
E sequences of CYD-4. For instance, a composition of the present invention may
advantageously comprise CYD-1, VDV-2, CYD-3 and CYD-4. A composition of the
present invention, as described herein, may advantageously comprise a dengue antigen
of serotype 2 which comprises the E sequence of CYD-LAV (SEQ ID NO: 13), CYD-BID
(SEQ ID NO: 14), CYD-PR (SEQ ID NO: 15) CYD-MD (SEQ ID NO: 16) or SEQ ID NO:
18. In certain embodiments, a composition of the present invention which comprises a
dengue antigen comprising the sequence as set forth in SEQ ID NO: 18 is not a vaccine
composition of serotype 2 comprising the prM-E sequence from SEQ ID NO: 2. In certain
embodiments, a composition of the present invention is either a composition comprising a
dengue antigen comprising the sequence as set forth in SEQ ID NO: 18, wherein said
composition is not a vaccine composition of the present invention comprising chimeric
dengue virus of serotype 2 generated using the prM-E sequence of SEQ ID NO: 2, or itis
a composition comprising chimeric dengue virus of serotype 2 generated using the prM-E
sequence of SEQ ID NO: 2. A composition of the present invention, as described herein,
may advantageously comprise a dengue antigen of serotype 2 which comprises a
sequence having at least 90% identity to the E sequence of CYD-LAV (SEQ ID NO: 13),
CYD-BID (SEQ ID NO: 14), CYD-PR (SEQ ID NO: 15) CYD-MD (SEQ ID NO: 16) or SEQ
ID NO: 18. For example, said sequence may be at least 91%, at least 92%, at least 93%,
at least 94%, at least 95%, at least 96%, at least 97%, at least 98% or at least 99%
identical to the E sequence of CYD-LAV (SEQ ID NO: 13), CYD-BID (SEQ ID NO: 14),
CYD-PR (SEQ ID NO: 15) CYD-MD (SEQ ID NO: 16) or SEQ ID NO: 18.

A composition of the present invention, as described herein, (e.g. a tetravalent
formulation, e.g. for use in a method of the present invention), may advantageously
comprise a dengue antigen of serotype 2 which comprises a polypeptide selected from
the group consisting of SEQ ID NO: 19, SEQ ID NO: 20, SEQ ID NO: 21, SEQ ID NO: 22
or SEQ ID NO: 23. When a vaccine composition of the present invention comprises a
dengue antigen of serotype 2 which comprises a polypeptide having the sequence of SEQ
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comprising a dengue antigen comprising a polypeptide having the sequence of SEQ ID
NO: 19, wherein said vaccine composition does not comprise CYD-LAV or (ii) a vaccine
composition comprising CYD-LAV. Said vaccine composition is also preferably either: (i) a
vaccine composition comprising a dengue antigen comprising a polypeptide having the
sequence of SEQ ID NO: 19, wherein said vaccine composition does not comprise a
dengue antigen comprising the M and E sequences of CYD-LAV or (ii)) a vaccine
composition comprising a dengue antigen comprising the M and E sequences of CYD-
LAV. Said vaccine composition is also preferably either: (i) a vaccine composition
comprising a dengue antigen comprising a polypeptide having the sequence of SEQ ID
NO: 19, wherein said vaccine composition does not comprise a dengue antigen
comprising the prM and E sequences of CYD-LAV or (ii) a vaccine composition
comprising a dengue antigen comprising the prM and E sequences of CYD-LAV. Said
vaccine composition is also preferably either: (i) a vaccine composition comprising a
dengue antigen comprising a polypeptide having the sequence of SEQ ID NO: 19,
wherein said vaccine composition does not comprise a chimeric dengue virus of serotype
2 generated using the prM-E sequence of LAV-2 or (ii) a vaccine composition comprising
a chimeric dengue virus of serotype 2 generated using the prM-E sequence of LAV-2
(SEQ ID NO: 8). Preferably, a vaccine composition of the present invention which
comprises a polypeptide having the sequence of SEQ ID NO: 19 does not comprise: (i) a
chimeric virus comprising the prM and E amino acid sequences of LAV-2; (ii) a dengue
antigen of serotype 2 which comprises the prM-E sequence of CYD-LAV (SEQ ID NO: 8)
or (iii) a dengue antigen comprising the prM-E sequence from LAV-2. When a vaccine
composition of the present invention comprises a dengue antigen of serotype 2 which
comprises a polypeptide having the sequence of SEQ ID NO: 21, said vaccine
composition is preferably either: (i) a vaccine composition comprising a dengue antigen
comprising a polypeptide having the sequence of SEQ ID NO: 21, wherein said vaccine
composition does not comprise CYD-PR or (ii) a vaccine composition comprising CYD-
PR. Said vaccine composition is also preferably either: (i) a vaccine composition
comprising a dengue antigen comprising a polypeptide having the sequence of SEQ ID
NO: 21, wherein said vaccine composition does not comprise a dengue antigen
comprising the prM and E sequences of CYD-PR or (ii) a vaccine composition comprising
a dengue antigen comprising the prM and E sequences of CYD-PR. Said vaccine
composition is also preferably either: (i) a vaccine composition comprising a dengue
antigen comprising a polypeptide having the sequence of SEQ ID NO: 21, wherein said
vaccine composition does not comprise a chimeric dengue virus of serotype 2 generated
using the prM-E sequence of PR/DB023 (SEQ ID NO: 10) or (ii) a vaccine composition
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comprising a chimeric dengue virus of serotype 2 generated using the prM-E sequence of
PR/DB023 (SEQ ID NO: 10). Preferably, a vaccine composition of the present invention
which comprises a polypeptide having the sequence of SEQ ID NO: 21 does not
comprise: (i) a chimeric virus comprising the prM and E amino acid sequences of
PR/DB023; (ii) a dengue antigen of serotype 2 which comprises the prM-E sequence of
CYD-PR (SEQ ID NO: 10) or (iii) a dengue antigen comprising the prM-E sequence from
PR/DB023. When a vaccine composition of the present invention comprises a dengue
antigen of serotype 2 which comprises a polypeptide having the sequence of SEQ ID NO:
22, said vaccine composition is preferably either: (i) a vaccine composition comprising a
dengue antigen comprising a polypeptide having the sequence of SEQ ID NO: 22,
wherein said vaccine composition does not comprise CYD-MD or (i) a vaccine
composition comprising CYD-MD. Said vaccine composition is also preferably either: (i) a
vaccine composition comprising a dengue antigen comprising a polypeptide having the
sequence of SEQ ID NO: 22, wherein said vaccine composition does not comprise a
dengue antigen comprising the prM and E sequences of CYD-MD or (ii) a vaccine
composition comprising a dengue antigen comprising the prM and E sequences of CYD-
MD. Said vaccine composition is also preferably either: (i) a vaccine composition
comprising a dengue antigen comprising a polypeptide having the sequence of SEQ ID
NO: 22, wherein said vaccine composition does not comprise a dengue antigen
comprising the M and E sequences of CYD-MD or (ii) a vaccine composition comprising a
dengue antigen comprising the M and E sequences of CYD-MD. Said vaccine
composition is also preferably either: (i) a vaccine composition comprising a dengue
antigen comprising a polypeptide having the sequence of SEQ ID NO: 22, wherein said
vaccine composition does not comprise a chimeric dengue virus of serotype 2 generated
using the prM-E sequence of MD1280 (SEQ ID NO: 11) or (ii) a vaccine composition
comprising a chimeric dengue virus of serotype 2 generated using the prM-E sequence of
MD1280 (SEQ ID NO: 11). Preferably, a vaccine composition of the present invention
which comprises a polypeptide having the sequence of SEQ ID NO: 22 does not
comprise: (i) a chimeric virus comprising the prM and E amino acid sequences of
MD1280; (ii) a dengue antigen of serotype 2 which comprises the prM-E sequence of
CYD-MD (SEQ ID NO: 11) or (iii) a dengue antigen comprising the prM-E sequence from
MD1280. When a vaccine composition of the present invention comprises a dengue
antigen of serotype 2 which comprises a polypeptide having the sequence of SEQ ID NO:
23, said vaccine composition is preferably either: (i) a vaccine composition comprising a
dengue antigen comprising a polypeptide having the sequence of SEQ ID NO: 23,

wherein said vaccine composition does not comprise a chimeric dengue virus of serotype
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2 generated using the prM-E sequence SEQ ID NO: 2 or (ii) a vaccine composition
comprising a chimeric dengue virus of serotype 2 generated using the prM-E sequence of
SEQ ID NO: 2. Preferably, a vaccine composition of the present invention which
comprises a polypeptide having the sequence of SEQ ID NO: 23 does not comprise: (i) a
dengue antigen of serotype 2 which comprises SEQ ID NO: 2 or (ii) a dengue antigen
comprising the prM-E sequence from SEQ ID NO: 2.

Preferably a dengue antigen of serotype 2 of the present invention further
comprises a polypeptide selected from the group consisting of SEQ ID NO: 13, SEQ ID
NO: 14, SEQ ID NO: 15, SEQ ID NO: 16 or SEQ ID NO: 18. For instance, said dengue
antigen of serotype 2 preferably comprises: i) a polypeptide of SEQ ID NO: 13 and a
polypeptide of SEQ ID NO: 19; ii) a polypeptide of SEQ ID NO: 14 and a polypeptide of
SEQ ID NO: 20; iii) a polypeptide of SEQ ID NO: 15 and a polypeptide of SEQ ID NO: 21;
iv) a polypeptide of SEQ ID NO: 16 and a polypeptide of SEQ ID NO: 22; or v) a
polypeptide of SEQ ID NO: 18 and a polypeptide of SEQ ID NO: 23. When a vaccine
composition of the present invention comprises a dengue antigen of serotype 2 which
comprises a polypeptide having the sequence of SEQ ID NO: 13 and a polypeptide having
the sequence of SEQ ID NO: 19, said vaccine composition is preferably either: (i) a
vaccine composition comprising a dengue antigen comprising a polypeptide having the
sequence of SEQ ID NO: 13 and a polypeptide having the sequence of SEQ ID NO: 19,
wherein said vaccine composition does not comprise CYD-LAV or (ii) a vaccine
composition comprising CYD-LAV. Said vaccine composition is also preferably either: (i) a
vaccine composition comprising a dengue antigen comprising a polypeptide having the
sequence of SEQ ID NO: 13 and a polypeptide having the sequence of SEQ ID NO: 19,
wherein said vaccine composition does not comprise a dengue antigen comprising the
prM and E sequences of CYD-LAV or (ii) a vaccine composition comprising a dengue
antigen comprising the prM and E sequences of CYD-LAV. Said vaccine composition is
also preferably either: (i) a vaccine composition comprising a dengue antigen comprising
a polypeptide having the sequence of SEQ ID NO: 13 and a polypeptide having the
sequence of SEQ ID NO: 19, wherein said vaccine composition does not comprise a
dengue antigen comprising the M and E sequences of CYD-LAV or (ii)) a vaccine
composition comprising a dengue antigen comprising the M and E sequences of CYD-
LAV. Said vaccine composition is also preferably either: (i) a vaccine composition
comprising a dengue antigen comprising a polypeptide having the sequence of SEQ ID
NO: 13 and a polypeptide having the sequence of SEQ ID NO: 19, wherein said vaccine
composition does not comprise a chimeric dengue virus of serotype 2 generated using the
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virus of serotype 2 generated using the prM-E sequence of LAV-2 (SEQ ID NO: 8).

Preferably, a vaccine composition of the present invention which comprises a polypeptide
having the sequence of SEQ ID NO: 13 and a polypeptide having the sequence of SEQ ID
NO: 19 does not comprise: (i) a chimeric virus comprising the prM and E amino acid
sequences of LAV-2; (ii) a dengue antigen of serotype 2 which comprises the prM-E
sequence of CYD-LAV (SEQ ID NO: 8) or (iii) a dengue antigen comprising the prM-E
sequence from LAV-2. When a vaccine composition of the present invention comprises a
dengue antigen of serotype 2 which comprises a polypeptide having the sequence of SEQ
ID NO: 15 and a polypeptide having the sequence of SEQ ID NO: 21, said vaccine
composition is preferably either: (i) a vaccine composition comprising a dengue antigen
comprising a polypeptide having the sequence of SEQ ID NO: 15 and a polypeptide
having the sequence of SEQ ID NO: 21, wherein said vaccine composition does not
comprise CYD-PR or (ii) a vaccine composition comprising CYD-PR. Said vaccine
composition is also preferably either: (i) a vaccine composition comprising a dengue
antigen a polypeptide having the sequence of SEQ ID NO: 15 and comprising a
polypeptide having the sequence of SEQ ID NO: 21, wherein said vaccine composition
does not comprise a dengue antigen comprising the prM and E sequences of CYD-PR or
(i) a vaccine composition comprising a dengue antigen comprising the prM and E
sequences of CYD-PR. Said vaccine composition is also preferably either: (i) a vaccine
composition comprising a dengue antigen comprising a polypeptide having the sequence
of SEQ ID NO: 15 and a polypeptide having the sequence of SEQ ID NO: 21, wherein
said vaccine composition does not comprise a chimeric dengue virus of serotype 2
generated using the prM-E sequence of PR/DB023 (SEQ ID NO: 10) or (ii) a vaccine
composition comprising a chimeric dengue virus of serotype 2 generated using the prM-E
sequence of PR/DB023 (SEQ ID NO: 10). Preferably, a vaccine composition of the
present invention which comprises a polypeptide having the sequence of SEQ ID NO: 15
and a polypeptide having the sequence of SEQ ID NO: 21 does not comprise: (i) a
chimeric virus comprising the prM and E amino acid sequences of PR/DB023; (ii) a
dengue antigen of serotype 2 which comprises the prM-E sequence of CYD-PR (SEQ ID
NO: 10) or (iii) a dengue antigen comprising the prM-E sequence from PR/DB023. When
a vaccine composition of the present invention comprises a dengue antigen of serotype 2
which comprises a polypeptide having the sequence of SEQ ID NO: 16 and a polypeptide
having the sequence of SEQ ID NO: 22, said vaccine composition is preferably either: (i) a
vaccine composition comprising a dengue antigen comprising a polypeptide having the
sequence of SEQ ID NO: 16 and a polypeptide having the sequence of SEQ ID NO: 22,

wherein said vaccine composition does not comprise CYD-MD or (i) a vaccine
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composition comprising CYD-MD. Said vaccine composition is also preferably either: (i) a
vaccine composition comprising a polypeptide having the sequence of SEQ ID NO: 16
and a dengue antigen comprising a polypeptide having the sequence of SEQ ID NO: 22,
wherein said vaccine composition does not comprise a dengue antigen comprising the
prM and E sequences of CYD-MD or (ii) a vaccine composition comprising a dengue
antigen comprising the prM and E sequences of CYD-MD. Said vaccine composition is
also preferably either: (i) a vaccine composition comprising a dengue antigen comprising
a polypeptide having the sequence of SEQ ID NO: 16 and a polypeptide having the
sequence of SEQ ID NO: 22, wherein said vaccine composition does not comprise a
dengue antigen comprising the M and E sequences of CYD-MD or (ii) a vaccine
composition comprising a dengue antigen comprising the M and E sequences of CYD-
MD. Said vaccine composition is also preferably either: (i) a vaccine composition
comprising a dengue antigen comprising a polypeptide having the sequence of SEQ ID
NO: 16 and a polypeptide having the sequence of SEQ ID NO: 22, wherein said vaccine
composition does not comprise a chimeric dengue virus of serotype 2 generated using the
prM-E sequence of MD1280 (SEQ ID NO: 11) or (ii) a vaccine composition comprising a
chimeric dengue virus of serotype 2 generated using the prM-E sequence of MD1280
(SEQ ID NO: 11). Preferably, a vaccine composition of the present invention which
comprises a polypeptide having the sequence of SEQ ID NO: 16 and a polypeptide having
the sequence of SEQ ID NO: 22 does not comprise: (i) a chimeric virus comprising the
prM and E amino acid sequences of MD1280; (ii) a dengue antigen of serotype 2 which
comprises the prM-E sequence of CYD-MD (SEQ ID NO: 11) or (iii) a dengue antigen
comprising the prM-E sequence from MD1280. When a vaccine composition of the
present invention comprises a dengue antigen of serotype 2 which comprises a
polypeptide having the sequence of SEQ ID NO: 18 and a polypeptide having the
sequence of SEQ ID NO: 23, said vaccine composition is preferably either: (i) a vaccine
composition comprising a dengue antigen comprising a polypeptide having the sequence
of SEQ ID NO: 18 and a polypeptide having the sequence of SEQ ID NO: 23, wherein
said vaccine composition does not comprise a chimeric dengue virus of serotype 2
generated using the prM-E sequence of SEQ ID NO: 2 or (ii) a vaccine composition
comprising a chimeric dengue virus of serotype 2 generated using the prM-E sequence of
SEQ ID NO: 2. Preferably, a vaccine composition of the present invention which
comprises a polypeptide having the sequence of SEQ ID NO: 18 and a polypeptide having
the sequence of SEQ ID NO: 23 does not comprise: (i) a dengue antigen of serotype 2
which comprises SEQ ID NO: 2 or (ii) a dengue antigen comprising the prM-E sequence
from SEQ ID NO: 2.
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A composition of the present invention, as described herein (e.g. a tetravalent
formulation, e.g. for use a method of the present invention), may advantageously
comprise a dengue antigen of serotype 2 which comprises a polypeptide having at least
90% identity to SEQ ID NO: 19, SEQ ID NO: 20, SEQ ID NO: 21, SEQ ID NO: 22 or SEQ
ID NO: 23. Preferably said dengue antigen of serotype 2 further comprises a polypeptide
having at least 90% identity to SEQ ID NO: 13, SEQ ID NO: 14, SEQ ID NO: 15, SEQ ID
NO: 16 or SEQ ID NO: 18. For instance, said dengue antigen of serotype 2 preferably
comprises: i) a polypeptide having at least 90% sequence identity to SEQ ID NO: 13 and
a polypeptide having at least 90% sequence identity to SEQ ID NO: 19; ii) a polypeptide
having at least 90% sequence identity to SEQ ID NO: 14 and a polypeptide having at least
90% sequence identity to SEQ ID NO: 20; iii) a polypeptide having at least 90% sequence
identity to SEQ ID NO: 15 and a polypeptide having at least 90% sequence identity to
SEQ ID NO: 21; iv) a polypeptide having at least 90% sequence identity to SEQ ID NO:
16 and a polypeptide having at least 90% sequence identity to SEQ ID NO: 22; or v) a
polypeptide having at least 90% sequence identity to SEQ ID NO: 18 and a polypeptide
having at least 90% sequence identity to SEQ ID NO: 23. In preferred embodiments, the
references herein to at least 90% identity may be read as at least 91%, at least 92%, at
least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98% or at least
99% identity to the given sequence.

The dengue antigens of serotype 2 as described in the preceding paragraphs may
advantageously be combined with any of the dengue antigens of serotypes 1, 3 and 4 as
described elsewhere herein to form a tetravalent formulation comprising a dengue antigen
of serotype 1, a dengue antigen of serotype 2, a dengue antigen of serotype 3 and a
dengue antigen of serotype 4. For instance, the dengue antigens of serotypes 1, 3 and 4
may each be independently selected from the group consisting of a live attenuated
dengue virus, an inactivated dengue virus, a live attenuated or inactivated chimeric
dengue virus or a dengue virus-like particle (VLP). Preferably, said dengue antigens of
serotype 1, 3 and 4 are each independently selected from the group consisting of a live
attenuated dengue virus and a live attenuated chimeric dengue virus. Preferably, said
dengue antigens of serotypes 1, 3 and 4 are live attenuated chimeric dengue viruses of
serotypes 1, 3 and 4 respectively. Preferably, said live attenuated chimeric dengue
viruses of serotypes 1, 3 and 4 each comprise one or more proteins from a dengue virus
and one or more proteins from a different flavivirus. For example, each of said live
attenuated chimeric dengue viruses of serotypes 1, 3 and 4 is advantageously a
YF/Dengue chimera. Preferably, said dengue antigens of serotypes 1, 3 and 4 are each a

live attenuated chimeric dengue virus in which the genetic backbone of a recipient
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flavivirus has been modified by exchanging the sequences encoding the prM and E
proteins of the recipient flavivirus with the corresponding sequences of a dengue virus.
Preferably said recipient flavivirus is a yellow fever virus. For example, in an
advantageous embodiment, said live attenuated chimeric dengue viruses of serotypes 1,
3 and 4 are respectively a Chimerivax dengue serotype 1 strain (i.e. a CYD-1 strain), a
Chimerivax dengue serotype 3 strain (i.e. a CYD-3 strain) and a Chimerivax dengue
serotype 4 strain (i.e. a CYD-4 strain).

It is an aim of the present inventors to provide an optimized tetravalent dengue
vaccine composition (i.e. vaccine composition comprising a dengue antigen of each of
serotypes 1, 2, 3 and 4) which provides an improved neutralising antibody response
against dengue virus of serotype 2 when compared with the neutralising antibody
response generated by CYD-1, CYD-2, CYD-3 and CYD-4 as defined in Example 1.

Accordingly, in one aspect, the present invention advantageously provides a
vaccine composition which comprises a dengue antigen of each of serotypes 1, 2, 3 and
4, wherein said dengue antigens of serotypes 1, 3 and 4 are each a live attenuated
chimeric dengue virus and said dengue antigen of serotype 2 is a live attenuated dengue
virus which comprises a nucleic acid sequence having at least 90% sequence identity to
the sequence as set forth in SEQ ID NO: 24.

Accordingly, in another aspect, the present invention advantageously provides a
vaccine composition which comprises a dengue antigen of serotype 1, a dengue antigen
of serotype 2, a dengue antigen of serotype 3 and a dengue antigen of serotype 4,
wherein:

i) said dengue antigen of serotype 1 is a YF/dengue chimeric dengue virus (i.e. a
recipient yellow fever virus in which the genetic backbone of the YF virus has
been modified by exchanging the sequences encoding the prM and E proteins
of the YF virus by the corresponding sequences of a dengue serotype 1 virus);

ii) said dengue antigen of serotype 2 is a live attenuated dengue virus of serotype
2 which comprises a nucleic acid sequence having at least 90% sequence
identity to the sequence as set forth in SEQ ID NO: 24;

i) said dengue antigen of serotype 3 is a YF/dengue chimeric dengue virus (i.e. a
recipient yellow fever virus in which the genetic backbone of the YF virus has
been modified by exchanging the sequences encoding the prM and E proteins
of the YF virus by the corresponding sequences of a dengue serotype 3 virus)
and

iv) said dengue antigen of serotype 4 is a YF/dengue chimeric dengue virus (i.e. a

recipient yellow fever virus in which the genetic backbone of the YF virus has
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been modified by exchanging the sequences encoding the prM and E proteins
of the YF virus by the corresponding sequences of a dengue serotype 4 virus).

Preferably, said recipient YF virus (which forms the genetic backbone of the
YF/dengue chimeric viruses of serotypes 1, 3 and 4) is an attenuated YF virus. For
example, said recipient YF virus may be an attenuated YF virus selected from the group
consisting of YF 17D, YF 17DD and YF 17D204. Preferably, the YF/dengue chimeric
viruses of serotypes 1, 3 and 4 are respectively a Chimerivax dengue serotype 1 (i.e. a
CYD-1), a Chimerivax dengue serotype 3 (i.e. a CYD-3) and a Chimerivax dengue
serotype 4 (i.e. a CYD-4).

A reference herein to a nucleic acid sequence having at least 90% sequence
identity to the sequence as set forth in SEQ ID NO: 24 may preferably be read as a
nucleic acid sequence having at least 92%, at least 94%, at least 96%, at least 98%, at
least 99% or 100% sequence identity to the sequence as set forth in SEQ ID NO: 24.
Preferably the nucleotides at the positions within said nucleic acid sequences (that have
at least 90% sequence identity to the sequence as set forth in SEQ ID NO: 24) which
correspond to positions 736, 1619, 4723, 5062, 9191, 10063, 10507, 57, 524, 2055, 2579,
4018, 5547, 6599 and 8571 of SEQ ID NO: 24 are not mutated. Advantageously, a
dengue antigen of serotype 2 which is a live attenuated dengue virus for use in a
composition of the present invention (for example for use in combination with a dengue
antigen of serotypes 1, 3 and 4 as described above and elsewhere herein (e.g. dengue
antigens of serotypes 1, 3 and 4 which are live attenuated chimeric dengue viruses, e.g.
YF/dengue chimeric dengue viruses)) is a live attenuated dengue virus which comprises a
nucleic acid sequence having 100% sequence identity to the sequence as set forth in
SEQ ID NO: 24 or a live attenuated dengue virus which comprises at least one and no
more than 20 nucleotide substitutions when compared with the sequence as set forth in
SEQ ID NO: 24. Preferably said live attenuated dengue virus comprises at least one and
no more than 15, 14, 13,12, 11,10, 9, 8, 7, 6, 5, 4, 3 or 2 nucleotide substitutions when
compared with the sequence as set forth in SEQ ID NO: 24. Preferably the nucleotides at
the positions within said nucleic acid sequences which correspond to positions 736, 1619,
4723, 5062, 9191, 10063, 10507, 57, 524, 2055, 2579, 4018, 5547, 6599 and 8571 of
SEQ ID NO: 24 are not mutated. Advantageously, a dengue antigen of serotype 2 which
is a live attenuated dengue virus for use in a composition of the present invention
comprises a nucleic acid sequence that has no more than 20 base mutations, deletions or
insertions when compared with the sequence as set forth in SEQ ID NO: 24. In certain
cases said live attenuated dengue virus of serotype 2 comprises a nucleic acid sequence

that has no more than 15 or even no more than 12, 11, 10, 9, 8,7, 6, 5, 4, 3, 2 or 1 base
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mutations, deletions or insertions when compared with the sequence as set forth in SEQ
ID NO: 24. Preferably the nucleotides at the positions within said nucleic acid sequence
that correspond to positions 736, 1619, 4723, 5062, 9191, 10063, 10507, 57, 524, 2055,
2579, 4018, 5547, 6599 and 8571 of SEQ ID NO: 24 are not mutated.

It is also preferred that a dengue antigen of serotype 2 for use in a vaccine
composition of the present invention (e.g. a dengue antigen which is a live attenuated
dengue virus or a live attenuated chimeric dengue virus of serotype 2) is capable of
inducing neutralizing antibodies in humans and is capable of inducing a balanced immune
response when used in the context of a tetravalent dengue vaccine composition. It is also
preferred that a dengue antigen of serotype 2 for use in a vaccine composition of the
present invention (e.g. a dengue antigen which is a live attenuated dengue virus or a live
attenuated chimeric dengue virus of serotype 2) for use in a vaccine composition of the
invention results in low or absent viremia in humans. It is also preferred that a dengue
antigen of serotype 2 for use in a tetravalent vaccine composition of the present invention
(e.g. a dengue antigen which is a live attenuated dengue virus or a live attenuated
chimeric dengue virus of serotype 2) provides an improved neutralising antibody response
against dengue virus of serotype 2 when compared with the neutralising antibody
response generated by CYD-1, CYD-2, CYD-3 and CYD-4 as defined in Example 1.

Advantageously, a composition for use in the present invention comprises a
dengue antigen of each of serotypes 1, 2, 3 and 4, wherein: (i) said dengue antigen of
serotype 1 is a live attenuated chimeric dengue virus other than CYD-1 or said dengue
antigen of serotype 1 is CYD-1; (ii) said dengue antigen of serotype 2 is a live attenuated
dengue virus other than VDV-2 or said dengue antigen of serotype 2 is VDV-2; (iii) said
dengue antigen of serotype 3 is a live attenuated chimeric dengue virus other than CYD-3
or said dengue antigen of serotype 3 is CYD-3 and (iv) said dengue antigen of serotype 4
is a live attenuated chimeric dengue virus other than CYD-4 or said dengue antigen of
serotype 4 is CYD-4. In this context, the VDV-2 strain is the strain derived from the DEN-2
16681/PDK53 strain (LAV2) by subsequent adaptation to Vero cells, wherein said VDV-2
strain has 10 additional mutations in comparison with the DEN-2 16681/PDK53 strain
including four silent mutations.

Advantageously, a composition for use in the present invention comprises a
dengue antigen of each of serotypes 1, 2, 3 and 4, wherein said dengue antigens of
serotypes 1, 3 and 4 are each a live attenuated chimeric dengue virus and said dengue
antigen of serotype 2 is a live attenuated dengue virus which comprises a nucleic acid
sequence having at least 90% sequence identity to the sequence as set forth in SEQ ID

NO: 24 and wherein said dengue antigens of serotypes 1, 2, 3 and 4 are not CYD-1, VDV-
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2, CYD-3 and CYD-4 respectively or a dengue antigen comprising the M and E
sequences of CYD-1, VDV2, a dengue antigen comprising the M and E sequences of
CYD-3 and a dengue antigen comprising the M and E sequences of CYD-4 respectively.
Advantageously, a composition for use in the present invention comprises a
dengue antigen of each of serotypes 1, 2, 3 and 4, wherein: (i) said dengue antigen of
serotype 1 is a live attenuated chimeric dengue virus other than CYD-1 or said dengue
antigen of serotype 1 is CYD-1; (ii) said dengue antigen of serotype 2 is a live attenuated
dengue virus other than VDV-2 or said dengue antigen of serotype 2 is VDV-2; (iii) said
dengue antigen of serotype 3 is a live attenuated chimeric dengue virus other than CYD-3
or said dengue antigen of serotype 3 is CYD-3 and (iv) said dengue antigen of serotype 4
is a live attenuated chimeric dengue virus other than CYD-4 or said dengue antigen of
serotype 4 is CYD-4. In this context, the VDV-2 strain is the strain comprising the nucleic
acid sequence as set forth in SEQ ID NO: 24.
A preferred vaccine composition according to the present invention, e.g. for use in
a method according to the present invention, comprises a dengue antigen of serotype 1, a
dengue antigen of serotype 2, a dengue antigen of serotype 3 and a dengue antigen of
serotype 4, wherein:
i) said dengue antigen of serotype 1 is a YF/dengue chimeric dengue virus
other than a CYD-1 or said dengue antigen of serotype 1 is a CYD-1;
ii) said dengue antigen of serotype 2 is a live attenuated dengue virus of serotype
2 which comprises a nucleic acid sequence having at least 90% sequence
identity to the sequence as set forth in SEQ ID NO: 24, wherein said dengue
antigen of serotype 2 is not a live attenuated dengue virus of serotype 2 which
comprises a nucleic acid sequence having 100% sequence identity to the
sequence as set forth in SEQ ID NO: 24 or said dengue antigen of serotype 2 is
a live attenuated dengue virus of serotype 2 which comprises a nucleic acid
sequence having 100% sequence identity to the sequence as set forth in SEQ
ID NO: 24;
iii) said dengue antigen of serotype 3 is a YF/dengue chimeric dengue virus other
than a CYD-3 or said dengue antigen of serotype 3 is a CYD-3; and
iv) said dengue antigen of serotype 4 is a YF/dengue chimeric dengue virus other
than a CYD-4 or said dengue antigen of serotype 4 is a CYD-4.
Advantageously, a dengue antigen of serotype 2 which is a live attenuated
chimeric dengue virus for use in a vaccine composition of the present invention (for
example for use in combination with a dengue antigen of serotypes 1, 3 and 4 as

described above and elsewhere herein (e.g. dengue antigens of serotypes 1, 3 and 4
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which are YF/dengue chimeric dengue viruses)) comprises a nucleic acid sequence
having at least 90% identity to the sequence as set forth in SEQ ID NO: 25. Preferably
said nucleic acid sequence has at least 92%, at least 94%, at least 96%, at least 98%, at
least 99% or 100% sequence identity to the sequence as set forth in SEQ ID NO: 25.
Preferably the nucleotides at the positions within said nucleic acid sequence which
correspond to positions 524, 736, 1619 and 2055 of SEQ ID NO: 24 are not mutated (i.e.
maintain the nucleotide appearing in SEQ ID NO: 24 at those positions).

Advantageously, a dengue antigen of serotype 2 which is a chimeric dengue virus
for use in a vaccine composition of the present invention (for example for use in
combination with a dengue antigen of serotypes 1, 3 and 4 as described above and
elsewhere herein (e.g. dengue antigens of serotypes 1, 3 and 4 which are YF/dengue
chimeric dengue viruses)) comprises a prM-E sequence having at least 90%, at least
95%, at least 98%, at least 99% or 100% identity to the prM-E sequence from the LAV-2
strain (i.e. the RNA equivalent of SEQ ID NO: 4). Preferably the nucleotides at the
positions within said prM-E sequence which correspond to positions 524, 736, 1619 and
2055 of the RNA equivalent of SEQ ID NO: 24 are not mutated (i.e. maintain the
nucleotide appearing in the RNA equivalent of SEQ ID NO: 24 at those positions).

Advantageously, a dengue antigen of serotype 2 which is a chimeric dengue virus
for use in a vaccine composition of the present invention (for example for use in
combination with a dengue antigen of serotypes 1, 3 and 4 as described above and
elsewhere herein (e.g. dengue antigens of serotypes 1, 3 and 4 which are YF/dengue
chimeric dengue viruses)) comprises a prM-E sequence having at least 90%, at least
95%, at least 98%, at least 99% or 100% identity to the prM-E sequence from the
MD1280 strain (i.e. the RNA equivalent of SEQ ID NO: 7).

A composition of the present invention, as described herein, may advantageously
comprise a dengue antigen selected from the group consisting of: (a) a live attenuated
dengue virus; (b) an inactivated dengue virus; (c) a live attenuated or inactivated chimeric
dengue virus and (d) a combination of two or more of (a) to (c), wherein said dengue
antigen comprises a nucleotide sequence selected from the group consisting of SEQ 1D
NO: 4, SEQ ID NO: 5, SEQ ID NO: 6, SEQ ID NO: 7 and SEQ ID NO: 1.

A composition of the present invention, as described herein, may advantageously
comprise a dengue antigen selected from the group consisting of: (a) a live attenuated
dengue virus; (b) an inactivated dengue virus; (c) a live attenuated or inactivated chimeric
dengue virus and (d) a combination of two or more of (a) to (c), wherein said dengue
antigen comprises a nucleotide sequence encoding M and E sequences as described

herein.
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For instance, a composition of the present invention, e.g. for use in a method of
protecting according to the present invention, may advantageously comprise any one of
the following combinations of dengue antigens of serotypes 1, 2, 3 and 4: i) CYD-1, CYD-
LAV, CYD-3 and CYD+4; ii) CYD-1, CYD-BID, CYD-3 and CYD-4; (iii) CYD-1, CYD-PR,
CYD-3 and CYD-4 or (iv) CYD-1, CYD-MD, CYD-3 and CYD-4. A composition of the
present invention may also advantageously comprise the following combination of dengue
antigens: i) a dengue antigen comprising the prM and E sequences of CYD-1, VDV2, a
dengue antigen comprising the prM and E sequences of CYD-3 and a dengue antigen
comprising the prM and E sequences of CYD-4. For instance, a composition of the
present invention may advantageously comprise CYD-1, VDV-2, CYD-3 and CYD-4. A
composition of the present invention, as described herein, may advantageously comprise
a dengue antigen of serotype 2 which comprises the prM-E sequence of CYD-LAV (SEQ
ID NO: 8), CYD-BID (SEQ ID NO: 9), CYD-PR (SEQ ID NO: 10) CYD-MD (SEQ ID NO:
11) or SEQ ID NO: 2. A composition of the present invention, as described herein, may
advantageously comprise a dengue antigen of serotype 2 which comprises a sequence
having at least 90% identity to the prM-E sequence of CYD-LAV (SEQ ID NO: 8), CYD-
BID (SEQ ID NO: 9), CYD-PR (SEQ ID NO: 10) CYD-MD (SEQ ID NO: 11) or SEQ ID
NO: 2. For example, said sequence may be at least 91%, at least 92%, at least 93%, at
least 94%, at least 95%, at least 96%, at least 97%, at least 98% or at least 99% identical
to the prm-E sequence of CYD-LAV (SEQ ID NO: 8), CYD-BID (SEQ ID NO: 9), CYD-PR
(SEQ ID NO: 10) CYD-MD (SEQ ID NO: 11) or SEQ ID NO: 2.

A vaccine composition for use the present invention, e.g. for use in a method
according to the present invention preferably comprises a dengue antigen which is a
vaccinal dengue virus. Such vaccinal dengue viruses include, for example, inactivated
viruses, live attenuated viruses and live attenuated chimeric dengue viruses. Preferably,
the vaccinal dengue viruses are live attenuated chimeric dengue viruses. Preferably, a live
attenuated chimeric dengue virus according to the present invention comprises one or
more proteins from a dengue virus and one or more proteins from a different flavivirus.
Advantageously, said different flavivirus is a yellow fever virus, for example a yellow fever
virus of strain YF 17D. Preferably a chimeric dengue virus according to the present
invention comprises the prM-E amino acid sequences of a dengue virus, for example a
chimeric dengue virus according to the present invention comprises a yellow fever virus
genome whose prM-E whose prM-E sequence has been substituted with the prM-E
sequence of a dengue virus. Advantageously, a vaccine composition according to the
present invention, e.g. for use in a method of the present invention, comprises CYD-1,

CYD-2, CYD-3 and CYD-4. A composition of the present invention may advantageously
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comprise any one of the following combinations of dengue antigens i) a dengue antigen
comprising the prM and E sequences of CYD-1, a dengue antigen comprising the prM and
E sequences of CYD-LAV, a chimeric dengue virus comprising the prM and E sequences
of CYD-3 and a dengue antigen comprising the prM and E sequences of CYD-4; ii) a
dengue antigen comprising the prM and E sequences of CYD-1, a dengue antigen
comprising the prM and E sequences of CYD-BID, a dengue antigen comprising the prM
and E sequences of CYD-3 and a dengue antigen comprising the prM and E sequences
of CYD-4; (iii) a dengue antigen comprising the prM and E sequences of CYD-1, a dengue
antigen comprising the prM and E sequences of CYD-PR, a dengue antigen comprising
the prM and E sequences of CYD-3 and a dengue antigen comprising the prM and E
sequences of CYD-4; (iv) a dengue antigen comprising the prM and E sequences of CYD-
1, a dengue antigen comprising the prM and E sequences of CYD-MD, a dengue antigen
comprising the prM and E sequences of CYD-3 and a dengue antigen comprising the prM
and E sequences of CYD-4;. For instance, a composition of the present invention may
also advantageously comprise any one of the following combinations of dengue antigens:
i) CYD-1, CYD-LAV, CYD-3 and CYD-4; ii) CYD-1, CYD-BID, CYD-3 and CYD-4; (iii)
CYD-1, CYD-PR, CYD-3 and CYD-4 or (iv) CYD-1, CYD-MD, CYD-3 and CYD-4. A
composition of the present invention may also advantageously comprise the following
combination of dengue antigens: i) a dengue antigen comprising the prM and E
sequences of CYD-1, VDV2, a dengue antigen comprising the prM and E sequences of
CYD-3 and a dengue antigen comprising the prM and E sequences of CYD-4. For
instance, a composition of the present invention may advantageously comprise CYD-1,
VDV-2, CYD-3 and CYD-4. A composition of the present invention, as described herein,
may advantageously comprise a dengue antigen of serotype 2 which comprises the prM-E
sequence of CYD-LAV (SEQ ID NO: 8), CYD-BID (SEQ ID NO: 9), CYD-PR (SEQ ID NO:
10) CYD-MD (SEQ ID NO: 11) or SEQ ID NO: 2. Advantageously, a vaccine composition
of the present invention, e.g. a chimeric dengue virus, of serotype 2 may comprise prM-E
sequences having at least 90%, at least 95%, at least 98% or at least 99% identity to the
prM-E sequences from the serotype 2 strains LAV-2, BID-V585, PR/DB023 or MD1280 as
described in the examples or may comprise prM-E sequences having at least 90%, at
least 95%, at least 98% or at least 99% identity to the prM-E sequence shown in SEQ ID
NO: 2. Advantageously, a vaccine composition, e.g. a chimeric dengue virus, of serotype
2 for use in the method of the present invention may comprise prM-E sequences from the
serotype 2 strains LAV-2, BID-V585, PR/DB023 or MD1280 or the prM-E sequence from
SEQ ID NO: 2 as described in the examples. When the recipient genomic backbone of

such chimeric dengue viruses is derived from YF-VAX®, such strains are referred to
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herein as CYD-LAV, CYD-BID, CYD-PR and CYD-MD. A vaccine composition of the
present invention comprising chimeric dengue virus of serotype 2 generated using the
prM-E sequences of the serotype 2 strains LAV-2 (SEQ ID NO: 8), BID-V585 (SEQ ID
NO: 9), PR/DB023 (SEQ ID NO: 10), MD1280 (SEQ ID NO: 11) or SEQ ID NO: 2, or
generated using prM-E sequences having at least 90%, at least 95%, at least 98% or at
least 99% identity to the prM-E sequences from the serotype 2 strains LAV-2, BID-V585,
PR/DB023, MD1280 or the prM-E sequence from SEQ ID NO: 2 may advantageously be
used in combination with CYD-1, CYD-3 and CYD-4 in a vaccine composition according to
the present invention. A composition of the present invention, as described herein, may
advantageously comprise a dengue antigen of serotype 2 which comprises a sequence
having at least 90% identity to the prM-E sequence of CYD-LAV (SEQ ID NO: 8), CYD-
BID (SEQ ID NO: 9), CYD-PR (SEQ ID NO: 10) CYD-MD (SEQ ID NO: 11) or SEQ ID
NO: 2. For example, said sequence may be at least 91%, at least 92%, at least 93%, at
least 94%, at least 95%, at least 96%, at least 97%, at least 98% or at least 99% identical
to the prM-E sequence of CYD-LAV (SEQ ID NO: 8), CYD-BID (SEQ ID NO: 9), CYD-PR
(SEQ ID NO: 10) CYD-MD (SEQ ID NO: 11) or SEQ ID NO: 2.

The exact quantity of a vaccinal dengue virus of the present invention to be
administered may vary according to the age and the weight of the patient being
vaccinated, the frequency of administration as well as the other ingredients (e.g.
adjuvants) in the composition. The quantity of a live attenuated dengue virus of each of
serotypes 1 to 4 comprised in a vaccine composition of the present invention lies within a
range of from about 10° to about 10" CCIDs,. Generally, the quantity of a live attenuated
dengue virus of each of serotypes 1 to 4 comprised in a vaccine composition of the
present invention lies within a range of from about 10° to about 10° CCIDsy, for example
within a range of from about 5 x 10° to about 5 x 10° CCIDsy, for example within a range of
from about 1 x 10* to about 1 x 10° CCIDso, for example about 10° CCIDs,. The quantity of
a live attenuated dengue virus of each of serotypes 1 to 4 comprised in a vaccine
composition of the present invention may also lie within a range of from about 10* to about
10" CCIDsy, for example about 10° CCIDs,. The quantity of a live attenuated dengue virus
of each of serotypes 1 to 4 comprised in a tetravalent composition of the present invention
may be equal. For example a tetravalent composition of the present invention may
comprise about 10° CCIDs, of each live attenuated dengue virus of serotypes 1 to 4.
Alternatively, a tetravalent composition of the present invention may comprise about 10°
CCIDs, of each live attenuated dengue virus of serotypes 1 to 4. Generally, the quantity of
an inactivated dengue virus of each of serotypes 1 to 4 comprised in a composition of the

present invention lies within a range of from about 10* to about 10® CCIDs, equivalent,
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preferably within a range of from about 5 x 10* to about 5 x 10" CCIDs, equivalent,
preferably within a range of from about 1 x 10* to about 1 x 10° CCIDs, equivalent,
preferably about 10° CCIDs, equivalent. Generally, the quantity of a VLP of each of
serotypes 1 to 4 comprised in the composition lies within a range of from about 100ng to
about 100ug of VLP, preferably within a range of from about 100ng to about 50ug,
preferably within a range of from about 100ng to about 20ug, preferably about 1ug to
10pg. The amount of VLP can be determined by ELISA. Advantageously, a vaccine
composition according to the present invention comprises an effective amount of a
dengue antigen as defined herein.

A vaccine composition according to the present invention may further comprise a
pharmaceutically acceptable carrier or excipient. A pharmaceutically acceptable carrier or
excipient according to the present invention means any solvent or dispersing medium etc.,
commonly used in the formulation of pharmaceuticals and vaccines to enhance stability,
sterility and deliverability of the active agent and which does not produce any secondary
reaction, for example an allergic reaction, in humans. The excipient is selected on the
basis of the pharmaceutical form chosen, the method and the route of administration.
Appropriate excipients, and requirements in relation to pharmaceutical formulation, are
described in “Remington's Pharmaceutical Sciences” (19th Edition, A.R. Gennaro, Ed.,
Mack Publishing Co., Easton, PA (1995)). Particular examples of pharmaceutically
acceptable excipients include water, phosphate-buffered saline (PBS) solutions and a
0.3% glycine solution. A vaccine composition according to the present invention may
advantageously comprise 0.4% saline and 2.5% human serum albumin (HSA).

A vaccine composition for use in a method of the present invention may optionally
contain pharmaceutically acceptable auxiliary substances as required to approximate
physiological conditions, such as pH adjusting and buffering agents, tonicity adjusting
agents, wetting agents and the like, for example, sodium acetate, sodium lactate, sodium
chloride, potassium chloride, calcium chloride, sorbitan monolaurate, triethanolamine
oleate, human serum albumin, essential amino acids, nonessential amino acids, L-
arginine hydrochlorate, saccharose, D-trehalose dehydrate, sorbitol, tris (hydroxymethyl)
aminomethane and/or urea. In addition, the vaccine composition may optionally comprise
pharmaceutically acceptable additives including, for example, diluents, binders,
stabilizers, and preservatives. Preferred stabilizers are described in WO 2010/003670.

A vaccine composition of the present invention may comprise a dengue antigen
which is a dengue immunoprotein. A dengue immunoprotein, as used herein, is a dengue
envelope (E) protein, or derivative or fragment thereof, that when administered to an

immunocompetent subject induces neutralizing antibodies against a dengue virus of
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serotype 1, 2, 3 or 4. Dengue immunoproteins include native and derivatized forms of
dengue E proteins, including chemical conjugates, immunological fragments, and fusion
proteins thereof.

Dengue immunoproteins, or derivatives or fragments thereof may be conjugated to
carrier molecules. Such conjugation may be achieved by chemical conjugation techniques
or through the recombinant expression of fusion proteins comprising the dengue
immunoproteins or derivatives or fragments thereof and the carrier molecule. Examples of
carrier molecules which may be used for preparing conjugates include diphtheria toxoid,
tetanus toxoid, fragment C of tetanus toxin, mutants of diphtheria toxin including CRM
197, CRM 176, CRM228, CRM 45, CRM 9, CRM 45, CRM 102, CRM 103 and CRM 107,
pneumococcal pneumolysin, OMPC, heat shock proteins, pertussis proteins,
pneumococcal surface protein PspA or the toxin A or B of Clostridium difficile.

A vaccine composition of the present invention may comprise one or more
adjuvants to enhance the immunogenicity of the dengue antigens. Those skilled in the art
will be able to select an adjuvant which is appropriate in the context of this invention. An
adjuvant is preferably used in a vaccine composition of the invention comprising an
inactivated virus or a VLP or a dengue structural protein. An adjuvant may be used in a
vaccine composition of the invention comprising a live attenuated virus, as long as said
adjuvant does not impact replication.

Suitable adjuvants include an aluminum salt such as aluminum hydroxide gel,
aluminum phosphate or alum, but may also be a salt of calcium, magnesium, iron or zinc.
Further suitable adjuvants include an insoluble suspension of acylated tyrosine or
acylated sugars, cationically or anionically derivatized saccharides, or polyphosphazenes.
Alternatively, the adjuvant may be an oil-in-water emulsion adjuvant (EP 0 399 843B), as
well as combinations of oil-in-water emulsions and other active agents (WO 95/17210;
WO 98/56414; WO 99/12565 and WO 99/11241). Other oil emulsion adjuvants have been
described, such as water-in-oil emulsions (U.S. Pat. No. 5,422, 109; EP 0 480 982 B2)
and water-in-oil-in-water emulsions (U.S. Pat. No. 5,424,067; EP 0 480 981 B). Examples
of such adjuvants include MF59, AF03 (WO 2007/006939), AF04 (WO 2007/080308),
AF05, AF06 and derivatives thereof. The adjuvant may also be a saponin, lipid A or a
derivative thereof, an immunostimulatory oligonucleotide, an alkyl glucosamide
phosphate, an oil in water emulsion or combinations thereof. Examples of saponins
include Quil A and purified fragments thereof such as QS7 and QS21.

As appreciated by skilled artisans, a vaccine composition of the present invention
is suitably formulated to be compatible with the intended route of administration.

Examples of suitable routes of administration include for instance intramuscular,
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transcutaneous, subcutaneous, intranasal, oral or intradermal. Advantageously, the route
of administration is subcutaneous.

The vaccine compositions of the present invention may be administered using
conventional hypodermic syringes or safety syringes such as those commercially
available from Becton Dickinson Corporation (Franklin Lakes, NJ, USA) or jet injectors.
For intradermal administration, conventional hypodermic syringes may be employed using
the Mantoux technique or specialized intradermal delivery devices such as the BD
Soluvia(TM) microinjection system (Becton Dickinson Corporation, Franklin Lakes, NJ,
USA), may be used.

The volume of a vaccine composition of the present invention administered will
depend on the method of administration. In the case of subcutaneous injections, the
volume is generally between 0.1 and 1.0 ml, preferably approximately 0.5 ml.

Optionally, booster administrations of a vaccine composition according to the
present invention may be used, for example between six months and ten years, for
example six months, one vyear, three years, five years or ten years after initial
immunization (i.e. after administration of the last dose scheduled in the initial
immunization regimen).

According to one embodiment, the invention also provides a kit comprising a
vaccine composition of the invention and instructions for the use of said vaccine
composition in a method of protecting a human subject against dengue disease. The kit
can comprise at least one dose (typically in a syringe) of any vaccine composition
contemplated herein. According to one embodiment the kit may comprises a multi-dose
formulation (typically in a vial) of any vaccine composition as described herein. The kit
further comprises a leaflet mentioning the use of the said vaccine composition for the
prevention of dengue disease or the use of the said vaccine for the prophylaxis of dengue
disease. The leaflet may further mention the vaccination regimen and the human subject
population to be vaccinated.

The efficacy of a vaccine composition of the present invention in reducing the
likelihood or severity of dengue disease may be measured in a number of ways. For
instance the efficacy of a vaccine composition of the present invention in reducing the
likelihood or severity of symptomatic virologically-confirmed dengue disease may be
calculated by measuring after the administration of at least one dose of said vaccine
composition (e.g. after administration of one, two or three doses of said vaccine
composition):

(i the percentage of symptomatic virologically-confirmed dengue cases caused

by dengue virus of any serotype;



10

15

20

25

30

35

WO 2014/016362 PCT/EP2013/065669

58

(i) the percentage of severe virologically-confirmed dengue cases caused by
dengue virus of any serotype;
(iii) the percentage of dengue hemorrhagic fever cases of Grades | to IV caused by
dengue virus of any serotype;
(iv) the percentage of DHF cases of Grade | caused by dengue virus of any
serotype;
(V) the percentage of DHF cases of Grade Il caused by dengue virus of any
serotype;
(vi) the percentage of DHF cases of Grade Il caused by dengue virus of any
serotype;
(vii)  the percentage of DHF cases of Grade IV caused by dengue virus of any
serotype;
(viii) the annual incidence rate of hospitalized virologically-confirmed dengue
caused by dengue virus of any serotype; and/or
(ix) the length of hospital stay for symptomatic virologically-confirmed dengue
cases caused by dengue virus of any serotype;
in a group of subjects that has received said vaccine composition and comparing those
measurements with the equivalent measurements from a control group of subjects that
has not received said vaccine composition, wherein the subjects in both said groups are
resident in a Dengue endemic region. A statistically significant reduction in any one or
more of (i) to (ix) in the vaccinated group of subjects when compared with the
unvaccinated control group of subjects is indicative of the efficacy of a vaccine
composition according to the present invention. In a preferred embodiment, the efficacy of
a vaccine composition according to the present invention is demonstrated by a statistically
significant reduction of one or more of the measures as described above, wherein the
DHF cases or dengue cases are caused by dengue virus of serotypes 1, 3 or 4.

The efficacy of a vaccine composition according to the present invention in
reducing the severity or likelihood of dengue disease may also be calculated by
measuring after the administration of at least one dose of said vaccine composition (e.g.
after administration of one, two or three doses of said vaccine composition):

(i) the mean duration and/or intensity of fever;

(iii) the mean value for plasma leakage as defined by a change in haematocrit;

(iii) the mean value for thrombocytopenia (platelet count); and/or

(iv) the mean value of the level of liver enzymes including alanine

aminotransferase (ALT) and aspartate aminotransferase (AST);
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in a group of subjects that has received said vaccine composition and who have
developed virologically-confirmed dengue disease and comparing those measurements
with the equivalent measurements from a control group of subjects that has not received
said vaccine composition and who have developed virologically-confirmed dengue
disease. A statistically significant reduction in any one or more of (i) to (v) in the
vaccinated group of subjects who have developed virologically-confirmed dengue disease
when compared with the control group of subjects who have developed virologically-
confirmed dengue disease is indicative of the efficacy of a vaccine composition according
to the present invention in reducing the severity or likelihood of dengue disease.

Typically the efficacy of the method of protection of the invention against a dengue
disease, as measured e.g. by the method described in example 1 (VE=100*(1-
IDcvp/IDeontrar), Where 1D is the incidence density (i.e., the number of human subjects with
virologically-confirmed dengue divided by the number of person-years at risk) in each
group), is at least 50%, preferably at least 60%, wherein said dengue disease is caused
by serotype 1, 3 or 4. The efficacy of the method of protection being advantageously at
least 70%, preferably 80% against a dengue disease caused by serotype 3 or 4. The
efficacy of the method of protection being advantageously at least 90% against dengue
disease caused by serotype 4.

Percent identity between two amino acid sequences or two nucleotide sequences
is determined by standard alignment algorithms such as, for example, Basic Local
Alignment Tool (BLAST) described in Altschul et al. (1990) J. Mol. Biol., 215: 403-410, the
algorithm of Needleman et al. (1970) J. Mol. Biol., 48: 444-453; the algorithm of Meyers et
al. (1988) Comput. Appl. Biosci., 4: 11-17; or Tatusova et al. (1999) FEMS Microbiol. Lett.,
174: 247-250, etc. Such algorithms are incorporated into the BLASTN, BLASTP and
"BLAST 2 Sequences" programs (see www.ncbi.nim.nih.gov/BLAST). When utilizing such
programs, the default parameters can be used. For example, for nucleotide sequences
the following settings can be used for "BLAST 2 Sequences" : program BLASTN, reward
for match 2, penalty for mismatch-2, open gap and extension gap penalties 5 and 2
respectively, gap x~dropoff 50, expect 10, word size 11, filter ON. For amino acid
sequences the following settings can be used for "BLAST 2 Sequences" : program
BLASTP, matrix BLOSUM62, open gap and extension gap penalties 11 and 1
respectively, gap x~dropoff 50, expect 10, word size 3, filter ON.

It is understood that the various features and preferred embodiments of the
present invention as disclosed herein may be combined together.

Throughout this application, various references are cited. The disclosures of these

references are hereby incorporated by reference into the present disclosure.
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The present invention will be further illustrated by the following examples. It should
be understood however that the invention is defined by the claims, and that these
examples are given only by way of illustration of the invention and do not constitute in any

way a limitation thereof.

EXAMPLES

Example 1: One year follow-up in Thailand of patients vaccinated with a tetravalent
dengue vaccine (TDV) composition comprising Chimerivax™ DEN-1, DEN-2, DEN-3
and DEN-4

Methods

Study design and participants

An observer-blind, randomised, controlled, monocentre, Phase llb trial of the
efficacy of the tetravalent Chimerivax™ vaccine (i.e. a tetravalent vaccine comprising the
particular CYD-1 strain generated from the prM and E sequences of DEN1 PU0359 (TYP
1 140), the particular CYD-2 strain generated from the prM and E sequences of DEN2
PUQO218, the particular CYD-3 strain generated from the prM and E sequences of DEN3
PaH881/88 and the particular CYD-4 strain generated from the prM and E sequences of
DEN4 1228 (TVP 980), see WO 03/101397 and Guy et al., Vaccine (2011), 29(42): 7229-
41) against virologically-confirmed dengue disease is conducted. 4002 schoolchildren
aged 4-11 years who are in good health based on medical history and physical
examination are enrolled into the trial. The study is conducted at Ratchaburi Regional
Hospital (RRH), Ratchaburi province, Muang district, Thailand. Children with acute febrile
illness at enrolment, those with congenital or acquired immunodeficiency, and those
receiving immunosuppressive therapy or other prohibited treatments or vaccines are
excluded. Participants are randomly assigned 2:1 to receive three doses of dengue

vaccine or a control product at Months 0, 6 and 12.

Products

Each of the chimeric viruses are produced and cultured on Vero cells as described
in WO 03/10197, Guy et al, Hum. Vaccines (2010) 6 (9): 696; Guy et al, Vaccine (2010)
28: 632; Guirakhoo et al, J. Virol. (2000) 74 : 5477 ; Guirakhoo et al, J. Virol. (2001) 75
(16) : 7290 ; Guirakhoo et al, Virol. (June 20, 2002) 298: 146; and Guirakhoo et al, J. Virol.
(2004) 78 (9): 4761.
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The vaccine is presented as a lyophilized powder (previously stored at
temperature of between 2°C and 8°C), which is reconstituted with 0.5 mL of solvent for
injection (0.4% NaCl containing 2.5% human serum albumin). As reconstituted, each 0.5
mL dose of vaccine contains 5 £ 1 log4o CCIDs, of each chimeric dengue serotype (1, 2, 3
and 4) and excipients (essential amino acids, non-essential amino acids, L-arginine
chlorhydrate, saccharose, D-trehalose dehydrate, sorbitol, tris (hydroxymethyl)
aminoethane and urea). The control product is inactivated rabies vaccine (Verorab®,
Sanofi Pasteur, Lyon France) for the first injection of the first 50 children randomised to
the control group, and 0-9% NaCl saline placebo for all other injections. All products are

injected subcutaneously into the deltoid region of the upper arm.

Assessments

All children are actively followed to detect acute febrile illness based on daily
surveillance of school registers during school terms for absenteeism (followed by phone
calls or home visits to absentees), and twice-weekly home visits, phone calls or mobile
phone text-messages throughout school holidays. In any case of febrile iliness (defined as
illness with two temperature readings of 237.5°C at least 4 hours apart) parents are asked
to take their child to RRH for diagnosis and treatment. The surveillance system also
captures spontaneous consultations at RRH. Consecutive febrile episodes separated by a
symptom-free interval of 214 days are considered as separate episodes. Paired serum
samples are collected at presentation (i.e., acute sample, collected no later than 7 days
after fever onset) and 7-14 days later (convalescent sample) and sent to Sanofi Pasteur’s
Global Clinical Immunology (GCI) laboratory (Swiftwater, PA, USA) and to the Centre for
Vaccine Development (CVD, Mahidol University, Thailand). Acute samples are screened
for the presence of flavivirus using an initial RT-PCR assay which detects the presence of
any flavivirus (using primers composed of highly conserved flavivirus sequences). Positive
samples are tested for wild-type dengue virus with a serotype-specific quantitative RT-
PCR, as described herein. In parallel, all acute samples are tested for the presence of
dengue NS1 antigen using commercial ELISA kit (Platelia™, Bio-Rad Laboratories,
Marnes-La-Coquette, France). A virologically-confirmed episode of dengue disease is
defined as a positive result in either the serotype-specific RT-PCR, or the NS1 antigen
ELISA.

Active surveillance is maintained until each participant has been followed for at
least 13 months after the third vaccination and until the Independent Data Monitoring
Committee (IDMC) confirms that =27 cases have occurred in the per-protocol (PP)

population.
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All serious adverse events (SAE) are documented until the sixth month after the

last vaccination, and thereafter any fatal SAE or vaccine-related SAE.

Dengue immune responses are assessed in the first 300 enrolled children at RRH
in sera collected at enrolment and 28 days after each injection. Sera are also
prospectively collected from all participants on Day 28 after the third injection to assess
immune responses in children with virologically-confirmed dengue occurring from this
timepoint. Sera are sent to GCI for measurement of serotype-specific neutralizing
antibody titres against the CYD parental dengue viruses using the plaque-reduction
neutralization test (PRNTsy) as described herein. The assay’s quantitation limit is 10

(1/dil). Samples below this value are assigned the titre 5 and considered seronegative.

Statistical analysis

The primary objective is to determine vaccine efficacy (VE) against cases of
symptomatic, virologically-confirmed dengue occurring more than 28 days after the third
vaccination among children enrolled and vaccinated as planned, according to the
equation: VE =100*(1-1Dcyp/IDeontral), Where 1D is the incidence density (i.e., the number of
children with virologically-confirmed dengue divided by the number of person-years at
risk) in each group. With an assumed disease incidence of 1-:3%, a true VE of 70%, a
minimum follow-up period of 1 year after the third vaccination, and a per protocol (PP)
subject attrition rate of 7-5%l/year, 4002 subjects assigned with a 2:1 ratio to dengue
vaccine or control are needed to demonstrate, with more than 82% power, and 95%
confidence, that VE is not nul. Analyses are based on the two-sided 95% confidence
interval (Cl) of VE, calculated using the Exact method (Breslow NE, Day NE. Statistical
Methods in Cancer Research, Volume Il — The Design and Analysis of Cohort Studies.
International Agency for Research on Cancer (IARC scientific publication No. 82), Lyon,
France). The primary analysis is performed on the PP population, i.e. those who satisfy
the enrolment criteria, who correctly receive all three doses of the assigned vaccine at
Months 0, 6 (x15 days), and 12 (30 days), and for whom group allocation is not
unmasked. This analysis is repeated on the full analysis set for efficacy, in those who
receive three injections. As a secondary objective, VE against dengue is determined
before completion of the 3-dose vaccination regimen. In an analysis defined after
unblinding, VE against each serotype individually is investigated. Analyses for safety and

immunogenicity endpoints are descriptive, using 95%ClI.

Results
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Of the 4002 children enrolled, 95.9% complete the vaccinations and 91.8% are
included in the per protocol (PP) analysis set for efficacy. Vaccine and control groups are
comparable for age and gender. More than 90% of those sampled at baseline are positive

for antibodies against dengue or JEV.

Efficacy

During the study, 131 dengue cases (131 children had 136 episodes) are
virologically-confirmed. Of these, 77 occur more than 28 days after the third injection in
the PP population and are included in the primary analysis: 45 cases occurred during
2522 person-years at risk in the vaccine group, while 32 cases occurred during 1251
person-years at risk in the control group. The corresponding vaccine efficacy is 30-2%
(95%Cl: -13-4-56-6). This finding is confirmed in the full analysis set (see Table 1 below).
Efficacy after at least one injection is 33:4% (95%Cl: 4-1-53-5) and after at least two
injections is 35-3% (95%Cl: 3-3-56-5).

Table 1: Serotype-specific and overall efficacy of CYD tetravalent dengue vaccine

against virologically-confirmed dengue disease

Dengue vaccine Control Efficacy
Person- Cases or Person- Cases or % (95% CD)
years at  Episodes*  yearsat  Episodes™
risk risk
>28 days after 3 injections
(per-protocol analysis)
Cases 2522 45 1251 32 302 (-13:4-56-6)
Serotype 1 episodes 2536 9 1251 10 55-6  (-21-6-84-0)
Serotype 2 episodes 2510 31 1250 17 9-2  (-75-3-51-3)
Serotype 3 episodes 2541 1 1257 2 753 (-375-0-99-6)
Serotype 4 episodes 2542 0 1263 4 100 (24-8-100)
NS1 Antigen positive 2542 4 1265 0 ND ND
only episodes
>28 days after 3 injections
(Full analysis set)
Cases 2620 46 1307 34 325 (-8:5-57-6)
Serotype 1 episodes 2633 9 1308 10 553 (—22-5-83-9)
Serotype 2 episodes 2608 32 1307 19 156 (—57-6-53-6)
Serotype 3 episodes 2638 1 1312 2 75-1  (—378-99-6)
Serotype 4 episodes 2641 0 1320 4 100 (—24-3-100)
NS1 Antigen positive 2640 4 1322 0 ND ND
only episodes
>28 days after at least 1 injection
(Full analysis set)
Cases 5089 75 2532 56 334 (4-1-53-5)
Serotype 1 episodes 5139 14 2564 18 61-2 (17-4-82-1)
Serotype 2 episodes 5107 51 2560 26 1-7 (—64-3-39-8)
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Data are number except where indicated. ND: not determined. *A ‘case’ was defined as a first episode of dengue
fever virologically-confirmed by either serotype-specific PCRs, or NS1 antigen ELISA. Serotype-specific
efficacy was calculated including all episodes of that serotype; 5 children with two virologically confirmed
dengue episodes during the study were therefore included twice in the serotype-specific analysis.

Post-hoc analyses reveal differing efficacy by serotype (see Table 1). Efficacy
against DENV1, DENV3, and DENV4 after at least one injection is in the range 61-2%—
90-0%, compared with 1-7% against DENV2. Efficacy against DENV1, DENV3, and

5 DENV4 after three injections is in the range 55.3%-100%, compared with 15.6% against
DENV2.

In those subjects that acquired virologically-confirmed dengue, a statistically
significant reduction in the annual incidence rate of hospitalization was observed in the
vaccinated group when compared with the control group. The relative risk (RR) after three

10 doses was 0.523 (see Table 2).
Table 2: Incidence of hospitalized virologically-confirmed dengue during the trial
CYD Dengue Vaccine Group Control Group . .
(N=2666) (N=1331) Relative Risk
Annual Annual
Time M Ca Incidence n M Ca Incidence n RR  (95%CI)
period S¢S Rate Occurrences S¢S Rate Occurrences ’
(95%CI) (95%CI)
0.3 0.5 (0.181,
Year 1 | 2666 8 (0.1; 0.6) 8 1331 7 0.2; 1.1 7 0.571 1.85)
0.9 1.7 (0.283,
Year2 | 2557 24 (0.5, 13) 24 1282 23 (1.0; 2.5) 23 0.523 0.970)
Year 1 = D0 to injection 3 ; Year 2 = Injection 3 to the end of Active Phase
15

Table 3: Rate of hospitalisation by serotype

Vaccinee Group (%)

Control Group (%)

Serotype 1 8/14 (57.1) 9/18 (50%)
Serotype 2 20/52 (38.5) 15/27 (55.6)
Serotype 3 1/4 (25) 3/11 (27.3)
Serotype 4 0N 2/5 (40)




10

15

20

25

30

WO 2014/016362 PCT/EP2013/065669

65
No serotype 3/5 (60) 1/1 (100)
NS1 +ve
Total 32/76 (42.1) 30/62 (48.4)
Immunogenicity

Geometric mean titres (GMT) of neutralising antibodies against dengue serotypes
1-4 on Day 28 after the third injection in the per-protocol analysis set are, respectively,
146 (95%CI: 98-5-217), 310 (224-431), 405 (307-534), and 155 (123-196) in the vaccine
group. In the control group these values are 23-9 (14-0-40-9), 52-2 (26-8-102), 48-9
(25-5-93-9), and 19-4 (11-6-32-2). Post one year GMTs are respectively 76.5; 122; 94
and 153 for serotypes 1, 2, 3 and 4.

Safety

There are 584 SAEs during this phase of the study: 366 are reported by 11.8%
(315/2666) of participants in the vaccine group, and 218 are reported by 13.2%
(176/1331) of participants in the control group. There are no vaccine-related SAEs in the
dengue group and there is one in the control group. SAEs observed are medical
conditions consistent with the age group and showed no clustering within the 7- or 28-day

post-vaccination periods.

Virologically-confirmed dengue cases occurring as a breakthrough in vaccinees

were not more serious than those cases occurring in the control group.

Sequence of the prM-E region of circulating wild type serotype 2 strain in the trial

The nucleotide and amino acid sequence of the prM-E region of the wild type
serotype 2 strain that causes the DEN-2 cases in the trial is determined. These are set out
below as SEQ ID NO: 1 and SEQ ID NO: 2 respectively. The E and the M amino acid
sequences of the serotype 2 strain that causes the DEN-2 cases in the trial are described
in SEQ ID NOs: 18 and 23 respectively.

>nucleotide sequence (SEQ ID NO: 1)

ttccatctaaccacacgcaacggagaaccacacatgatcgtcggtatacaggagaaaggga
aaagtcttctgttcaaaacagaggatggtgtgaacatgtgcaccctcatggctatggacct
tggtgaattgtgtgaagacacaatcacgtacaagtgtcctcttctcaggcagaatgagecca
gaagacatagactgttggtgcaactccacgtccacgtgggtaacctatgggacctgtacca
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ctacgggagaacataggagagaaaaaagatcagtggcactcgttccacatgtgggaatggg
actggagacgcgaaccgaaacatggatgtcatcagaaggggcttggaaacatgcccagaga
attgaaacttggatcctgagacatccaggcttcaccataatggcagcaatcctggcataca
ccataggaacgacacatttccagagagtcctgattttcatcctactgacagectgtecgetece
ttcaatgacaatgcgttgcataggaatatcaaatagagactttgtagaaggggtttcagga
ggaagttgggttgacatagtcttagaacatggaagctgtgtgacgacgatggcaaaaaaca
aaccaacattggatttcgaactgataaaaacggaagccaaacagcctgccaccctaaggaa
gtactgcatagaagcaaaactaaccaacacaacaacagaatcccgttgcccaacacaaggg
gaacccagcctaaaagaagagcaggacaagaggttcgtctgcaaacactccatggtagaca
gaggatggggaaatggatgtggattatttggaaagggaggcattgtgacctgtgctatgtt
cacatgcaaaaagaacatggaagggaaaatcgtgcaaccagaaaacttggaatacaccatt
gtggtaacacctcactcaggggaagagcatgcggtcggaaatgacacaggaaaacacggca
aggaaatcaaagtaacaccacagagttccatcacagaagcagaactgacaggttatggcac
cgtcacgatggagtgctccceccgagaacaggcecctcgacttcaatgagatggtgttgectgecag
atggaaaataaagcttggctggtgcataggcaatggtttctagacctgccattaccatgge
tgcccggagcggataaacaagaatcaaattggatacagaaagaaacattggtcactttcaa
aaatccccatgcgaagaaacaggatgttgttgttttaggatcccaagaaggggccatgecat
acagcactcacaggagccacagaaatccaaatgtcgtcaggaaacttgctcttcactggac
atctcaagtgcaggctgagaatggacaagctacagcttaaaggaatgtcatactctatgtyg
cacaggaaagtttaaagttgtgaaggaaatagcagaaacacaacatggaacgatagttatc
agagtgcaatatgaaggggacggctctccatgtaaaattccttttgagataatggatttgg
aaaaaagatatgtcttaggccgcctgatcacagtcaacccaattgtaacagaaaaagacag
cccagtcaacatagaagcagaacctccattcggagacagttacatcatcataggagtagag
ccgggacaactgaagctcaactggttcaagaaaggaagttctatcggccaaatgtttgaga
caacgatgagaggggcgaagagaatggccattttgggtgacacagecctgggacttcggatce
cctgggaggagtgtttacatctataggaaaagctctccaccaagtctttggagcgatctat
ggggctgccttcagtggggtttcatggaccatgaaaatcctcataggagtcattatcacat
ggataggaatgaactcacgcagcacctcactgtctgtgtcactggtactggtgggaattgt
gacactgtatttaggagtcatggtgcaggcc

>amino acid sequence (SEQ ID NO: 2)

FHLTTRNGEPHMIVGIQEKGKSLLFKTEDGVNMCTLMAMDLGELCEDTITYKCPLLRONEP
EDIDCWCNSTSTWVTYGTCTTTGEHRREKRSVALVPHVGMGLETRTETWMS SEGAWKHAQR
IETWILRHPGFTIMAATLAYTIGTTHFOQRVLIFILLTAVAPSMTMRCIGISNRDEFVEGVSG
GSWVDIVLEHGSCVTTMAKNKPTLDFELIKTEAKQPATLRKYCIEAKLTNTTTESRCPTOG
EPSLKEEQDKREVCKHSMVDRGWGNGCGLEGKGGIVTCAMETCKKNMEGKIVQPENLEYTI
VVTPHSGEEHAVGNDTGKHGKEIKVIPOSSITEAERLTGYGTVTMECSPRTGLDENEMVLLO
MENKAWLVHROWFLDLPLPWLPGADKQESNWIQKETLVTFKNPHAKKQODVVVLGSQEGAMH
TALTGATEIOMSSGNLLETGHLKCRLRMDKLOLKGMSY SMCTGKEKVVKEIAETQHGTIVI
RVOYEGDGSPCKIPFEIMDLEKRYVLGRLITVNPIVTEKDSPVNIEAEPPEFGDSYITIIGVE
PGOLKLNWFKKGSSIGOMFETTMRGAKRMAILGDTAWDEFGSLGGVETSIGKALHQVEGATY
GAAFSGVSWIMKILIGVIITWIGMNSRSTSLSVSLVLVGIVTLYLGVMVQA

>amino acid sequence (SEQ ID NO: 18)

MRCIGISNRDFVEGVSGGSWVDIVLEHGSCVITMAKNKPTLDFELIKTEAKQPATLRKYCI
EAKLTNTTTESRCPTOQGEPSLKEEQDKREVCKHSMVDRGWGNGCGLEGKGGIVTCAMETCK
KNMEGKIVQOPENLEYTIVVTPHSGEEHAVGNDTGKHGKEIKVTPOSSITEAELTGYGTVTM
ECSPRTGLDENEMVLLOMENKAWLVHROWFLDLPLPWLPGADKQESNWIQKETLVTEFKNPH
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AKKQDVVVLGSQEGAMHTALTGATETIQOMS SGNLLFTGHLKCRLRMDKLOLKGMSY SMCTGK
FKVVKEIAETQHGTIVIRVQYEGDGSPCKIPFEIMDLEKRYVLGRLITVNPIVTEKDSPVN
IEAEPPEGDSYITIIGVEPGOQLKLNWEKKGSSIGOMEFETTMRGAKRMATILGDTAWDEGSLGG
VETSIGKALHOVFGATIYGAAFSGVSWIMKILIGVIITWIGMNSRSTSLSVSLVLVGIVTLY
LGVMVQA

>amino acid sequence (SEQ ID NO: 23)

SVALVPHVGMGLETRTETWMS SEGAWKHAQRIETWILRHPGFTIMAATILAYTIGTTHEFQRV
LIFILLTAVAPSMT

Discussion

The main finding from this study is that a safe, efficacious vaccine against dengue
based on the chimeric CYD viruses is possible. Estimated efficacy against DENV1, 3 and
4 is in a range consistent with the 70% hypothesis and is statistically significant after at
least one vaccination. Efficacy in a range consistent with the 70% hypothesis is not
observed against DENV2. Since DENV2 is the prevalent serotype in this study, overall

vaccine efficacy is diminished in this setting.

The vaccine’s safety and reactogenicity profile is good, and no vaccine-related
SAEs and no safety signals are identified during the review of AEs and SAEs collected
from over two years of active follow-up of more than 2600 vaccinees. Theoretical safety
concerns associated with the potential enhancement of the rate or severity of dengue
disease by an incomplete immune response against the four serotypes of dengue have
previously hampered vaccine development. In this trial, the absence of disease
enhancement in the presence of an incomplete immune response against the circulating
DENV2 viruses is an important and reassuring finding. For instance, cases in vaccinees
do not differ from cases in controls in terms of factors such as the duration of fever or in
terms of the classical clinical signs of dengue such as bleeding, plasma leakage or
thrombocytopenia. Furthermore, severe dengue was not more frequent among vaccinees

than controls at any point during the trial).

It was also demonstrated that, in those subjects that acquired virologically-
confirmed dengue, a statistically significant reduction in the annual incidence rate of
hospitalization was observed in the vaccinated group when compared with the control
group. This reduction was seen in those subjects that acquired virologically-confirmed
dengue of serotype 2 (see Table 3).

The results observed in respect of DENV2 may be explained by a number of
contributing factors. For instance, there is a possible antigenic mismatch between the

CYD2 vaccine virus and the DENV2 virus that causes disease in the trial. In the 1990s,
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the Asian 1 genotype of DENV2 emerged in South-East Asia, replacing the previously

dominant Asian/American lineage of viruses. Several mutations identified in Domain 2 of
the E protein (E83, and in particular E226 and E228) are suggestive of changing viral
fitness and antigenicity. The donor wild-type virus for the CYDZ2 vaccine (and the
challenge strain used in the PRNT50) was a clinical isolate from Bangkok in 1980
(Guirakhoo F et al., J Virol 2000, 74: 5477-85). While this virus is also classified as
belonging to the Asian | genotype, the above-mentioned key amino acid residues in this
virus (and thus in CYD2) correspond to those of the Asian/American genotype (Hang et al
PLoS Negl Trop Dis. 2010 Jul 20;4(7):e757).

. Additionally, there are two extremely rare mutations in the prM-E sequence of the
CYD2 vaccine that may also contribute to a mismatched immune response. These
mutations are at positions prM24 and E251 (Guirakhoo et al, J. Virol. (2004) 78 (9): 4761).

The results observed against DENV2 are not associated with an absence of
immunogenicity in the PRNTs, assay. Neutralising antibody responses after vaccination
against DENV2 are higher than those against DENV1 and DENV3.

In conclusion, the present study constitutes the first ever demonstration that a safe
and efficacious dengue vaccine is possible and represents a major milestone in dengue

vaccine development.

Example 2: Identification of optimized dengue vaccinal strains of serotype 2

The objective of the present example is to identify dengue virus strains of serotype
2 which provide the basis for generating optimized dengue vaccine compositions against
dengue virus of serotype 2, wherein said optimized dengue vaccine compositions provide
improved efficacy in comparison to Chimerivax™ CYD-2 when used in a method
according to the present invention.

Criteria determining the selection of optimized strains for the determination of a
universal dengue 2 antigen include: (i) recently circulating strain; (ii) balanced selection
between Asian and American strains; (iii) an optimized strain should have a prM-E
sequence that is as similar as possible to a calculated global consensus sequence
generated by aligning the available prM-E sequences of dengue viruses of serotype 2; (iv)
amino acid variations that are predicted to impact antibody recognition should be avoided,;
(v) rare amino acids at a particular positions in the prM and E sequences should be
avoided, especially in the E protein ectodomain (a rare amino acid at a particular position
is defined as a amino acid that appears at that position in less than 15% of the aligned

sequences); (vi) optimized strains for which some previous laboratory experience exists
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are preferred and (vii) a dengue antigen that leads to a balanced immune response in a

tetravalent composition.

Criteria determining the selection of optimized strains for a local dengue 2 antigen (i.e.
that is especially effective against a wild type dengue virus circulating in a particular area)

are criteria (i) and (vii).

Methods

Databases

Sequence are retrieved from the National Center for Biotechnology Information
(NCBI) Dengue virus variation database

(www.ncbi.nlm.nih.gov/genomes/VirusVariation/Database/nph-select.cqi?tax_id=12637).

Sequence analyses

Sequence alignments are performed using the MUSCLE algorithm (Edgar, R. C.
(2004) MUSCLE: multiple sequence alignment with high accuracy and high throughput.
Nucleic Acids Res, 32(5):1792-1797).

Sequence alignment outputs are generated in Vector NTi version 9, module AlignX
(Invitrogen). Sequence similarity searches are carried out using the BLAST algorithm
(Altschul, S. F., Gish, W., Miller, W., Myers, E. W., and Lipman, D. J. (1990) Basic local
alignment search tool. J Mol Biol, 215(3):403-410).

Sequence numbering for prM-E sequences

The sub-sequences included in the prM-E sequences may be numbered in various
ways: (i) the total prM-E protein sequence is numbered from position 1 to position 661,
with the preM protein sequence designated as position 1 to position 90/91, the M protein
sequence designated as position 91/92 to position 166 and the E protein sequence
designated as position 167 to position 661; (ii) the prM and M protein sequences are
numbered together, i.e. from position 1 to position 166 of the total sequence and E is
numbered separately from position 1 to position 495; (iii) the prM, M and E sequences are
numbered separately, i.e. prM is numbered from position 1 to 90/91, M is numbered from
1 to 75/76 and E from position 1 to position 495.
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Results

Public sequences retrieval

All available dengue virus serotype 2 full length prM and E protein sequences are
downloaded from the NCBI Dengue database. Download of sequences takes place on
two separate occasions - on 4 October 2010 and in 2011. On the first occasion 669
sequences are downloaded and on the second occasion approximately 3200 sequences

are downloaded.

Global consensus sequence generation

On each occasion, all retrieved protein sequences are aligned to generate a global
consensus sequence for the prM and E proteins of dengue virus of serotype 2. By
definition, the global consensus sequence is an artificial sequence containing the most
frequently encountered amino acid at each position. The global consensus sequences for
the 2010 alignment and the 2011 alignment only differ by two amino acids. In the 2010
alignment, the global consensus sequence contains isoleucine and valine at positions 129
and 308 respectively of the E protein (by reference to the 1-495 E sequence numbering)
and, by contrast, in the 2011 alignment, the global consensus sequence contains valine
and isoleucine at positions 129 and 308 respectively of the E protein (by reference to the
1-495 E sequence numbering). The differences in the 2010 and 2011 global consensus
sequences is explained by the fact that the respective percentages of strains containing
valine or isoleucine at those positions is close to 50%. The global consensus sequence for

the prM-E sequence is therefore represented as follows:

fhlttrngephmivgrgekgksllfktedgvnmctlmaidlgelcedtitykcpllrgnep
edidcwecnststwvtygtctttgehrrekrsvalvphvgmgletrtetwmssegawkhvgr
ietwilrhpgftimaailaytigtthfgralifilltavapsmtMRCIGISNRDFVEGVSG
GSWVDIVLEHGSCVTTMAKNKPTLDFELIKTEAKQPATLRKYCIEAKLTNTTTESRCPTOG
EPSLNEEQDKRFVCKHSMVDRGWGNGCGLFGKGGIVTCAMEFTCKKNMEGKXVQPENLEYTT
VITPHSGEEHAVGNDTGKHGKEIKITPOSSITEAELTGYGTVTMECSPRTGLDENEMVLLO
MEDKAWLVHROQWFLDLPLPWLPGADTQGSNWIQKETLVTEFKNPHAKKQODVVVLGSQEGAMH
TALTGATEIQMSSGNLLFTGHLKCRLRMDKLQLKGMSY SMCTGKFKZVKETAETQHGTIVI
RVOYEGDGSPCKIPFEIMDLEKRHVLGRLITVNPIVTEKDSPVNIEAEPPEFGDSYITIGVE
PGOLKLNWEFKKGSSIGOMFETTMRGAKRMAILGDTAWDEGSLGGVETSIGKALHQVEGATY
GAAFSGVSWTMKILIGVIITWIGMNSRSTSLSVSLVLVGVVTLYLGVMVQA (SEQ ID
NO: 3)

The global consensus sequence for the E sequence is represented as follows:
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MRCIGISNRDFVEGVSGGSWVDIVLEHGSCVITMAKNKPTLDFELIKTEAKQPATLRKYCI
EAKLTNTTTESRCPTOQGEPSLNEEQDKREVCKHSMVDRGWGNGCGLEGKGGIVTCAMETCK
KNMEGKXVQPENLEYTIVITPHSGEEHAVGNDTGKHGKEIKITPQSSITEAELTGYGTVTM
ECSPRTGLDENEMVLLOMEDKAWLVHROWFLDLPLPWLPGADTQGSNWIQKETLVTFKNPH
AKKQDVVVLGSQEGAMHTALTGATETIQOMS SGNLLFTGHLKCRLRMDKLOLKGMSY SMCTGK
FKZVKEIAETQHGTIVIRVQYEGDGSPCKIPFEIMDLEKRHVLGRLITVNPIVTEKDSPVN
IEAEPPEGDSYITIIGVEPGOQLKLNWEKKGSSIGOMEFETTMRGAKRMATILGDTAWDEGSLGG
VETSIGKALHOVFGATIYGAAFSGVSWIMKILIGVIITWIGMNSRSTSLSVSLVLVGVVTLY
LGVMVQA (SEQ ID NO: 12)

In the above sequence, the global consensus prM sequence is shown in lower
case letters and the E sequence is shown in upper case letters. The amino acid positions
denoted as X (position 129 of the E sequence) and Z (position 308 of the E sequence) are
each independently Val or lle, i.e. the proportion of aligned amino acid sequences

including Val or lle at those positions is close to 50%.

Determination of minor amino acid residues and analysis of the Chimerivax™ CYD2

sequence

A list of variable amino acid positions is established from the global alignment
containing all amino acid positions varying in at least 5% of the aligned sequences. In
addition, any amino acid from the sequence of the prM and E proteins of Chimerivax™
CYDZ2 that do not match the global consensus sequence are also identified. The results
are shown in Table 4 (N.B., in the table, the prM and M protein sequences are numbered
together, i.e. from position 1 to position 166 of the total sequence and E is numbered

separately from position 1 to position 495).
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Table 4: Dengue virus serotype 2 variable residues and CYD2 comparison

A total of 41 amino acid positions are identified in the prM and E sequences which
either vary from the global consensus sequence in at least 5% of the aligned sequences
and/or differ from the sequence of the prM and E proteins in CYD2. Ten amino acid
positions in the sequence of the prM and E proteins in CYD2 differ from the global
consensus sequence (5 positions in E, 2 positions in M and 3 in its precursor part, see
Table 4). Five out of the ten differing residues present a variation distribution close to
50:50, suggesting a naturally variable position. Only three positions in the CYD2 prM-E
sequence appear as very minor variants (pr-24 Val, M-125 lle and E-251 Phe).

Impact analysis of variations in the E and M proteins
To gain further insight into the variable positions, changes in the E protein
ectodomain (amino acids 1-395), the most important domain for the seroneutralisation by

the immune system are further analysed.
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Using information available from a published 3D structure of the soluble
ectodomain of the E protein of a dengue virus of serotype 2 (Modis, Y., et al. (2003) Proc
Natl Acad Sci U S A, 100(12):6986-6991), a 3D model of the Dengue virus particle
surface is reconstructed. This allows a fine tuned assessment of the accessibility of each
amino acid from the E ectodomain, which in turn is used in association with the variability
level and the nature of the amino acid change to assess a potential impact of CYD2
variations on antibody recognition.

The analysis demonstrates that two variations in the Chimerivax™ CYD2
sequence from the global consensus sequence (Val 141 and Val 164 of the E protein) are
completely buried in the 3D structure and so cannot directly interact with an antibody at
the surface of the virion. Position 129 of the E protein is a 50:50 variable amino acid
position between Val (Chimerivax™ CYD2) and lle (global consensus sequence) and the
substitution is also a fully conservative change. The potential impact of these variations is
therefore considered as very limited.

The variation at position 203 of the E protein (Asn in Chimerivax™ CYD2 and Asp
in the global consensus sequence) could potentially have an impact (well exposed
residue, change of charge) but the distribution of the variation among strains is close to
50:50, suggesting a naturally variable position.

The variation at position 251 of the E protein of Chimerivax™ CYD2 (Phe in
Chimerivax™ CYD2 and Val in the global consensus sequence) is extremely rare among
retrieved strains. Such a variation could have some impact on recognition by an antibody,
as it is rare, rather well exposed at the surface of the virion (29%) and corresponds to a
non-conservative amino acid change.

The modeling analysis described above identifies two other position variations in
the E protein that could have a potential impact on antibody recognition (positions 226 and
228), although Chimerivax™ CYD2 does not vary from the global consensus sequence at
those positions. Therefore in identifying optimised serotype 2 strains, variations from the
global consensus sequence at those positions (i.e. Thr at position 226 and glycine at
position 228) are preferably avoided for a universal dengue 2 vaccine.

Without being bound by theory, the present inventors consider that the impact of
amino acid variations in dengue virus sequences can also be assessed using a scoring
method which takes into account a number of relevant factors. In particular this method
takes into account the genome location of the variation (G), the nature of the amino acid
change (B), 3D mapping (M) and known variants at the position in question (DB), wherein
the score is calculated as G x B x M x DB. A score of 0 would be classified as no

expected impact, a score of >0 to 10 would be classified as a low expected impact, a
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score of >10 to 25 would be classified as a median expected impact and a score of >25
would be classified as a high expected impact.

The genome location (G) score is 0 if the amino acid is located in the M part of the
prM/M protein (i.e. position 92 to 166 of the prM/M sequence) or in position 396 to 495 of
the E protein. The genome location score is 1 if the amino acid is located in prM part of
the prM/M protein (i.e. position 1 to 91 of the prM/M sequence) or in position 1 to 395 of
the E protein.

The score related to the nature of the amino acid change (B) is calculated as B =
100 — [(Blosum95 score + 6) x 10], wherein the Blosum95 score for different amino acid

substitutions is as shown in Table 5 below.

Table 5

31-11-3 -1 -1

5 342 -1 2
) 4 1 2
3 4 0 -2
1 4 5 3
1 14 -1
1 0 4 -2
1 2 3 3
3 100 -2
2 54 2
2 54 2
1 100 -1
2 R
3 54 2

-1

4

3|3 [3|5|4]3]4

1| 445233

15

20

N < (8= R = QO alT|Z2| R >

3 2 4 4 4 -1 0
1 -1 -1 0 5 4 4
1 02 2 2 3 -1 =2
6 6 -6 6 6 -6 -6

B = Asx, Z = GIx, X = Any and * = Stop

The M value depends on whether the amino acid is or is not located at the prM/E
interface. For example, for CYD2 as used in Example 1, the amino acids that are located
at the interface are prM residues 6, 7, 39, 40, 46-54, 56, 59-65, 67, 74 and 77 and E
residues 64-72, 82-84, 101-104, 106-108 and 244-247. Where an amino acid is located at

the interface, M equals 1. Where an amino acid is not located at the interface, M = Y x

-6
-6
-6
-6
-6
-6
-6
-6
-6
-6
-6
-6
-6
-6
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SAS %. Y is 1 if the amino acid is located in an “up” position (i.e. directed towards the
external environment); Y is 0.5 if the amino acid is located on the “side” of the molecule
(i.e. the amino acid is neither directed towards the external environment nor towards the
capsid) and Y is 0 if the amino acid is located in a “down” position (i.e. directed towards
the capsid). The solvent accessibility surface % (SAS %) value is generated using the
Discovery Studio 3D modeling software (Accelrys, Inc., CA, USA).

The DB value is 0 when the amino acid substitution results in an amino acid at the
substitution position which is the most common amino acid at that position in the dengue

sequences present in the GenBank database (hitp://www.ncbi.nim.nih.gov). The DB value

is 0.25 when the amino acid substitution results in an amino acid at the substitution
position which is found in more than 5% of the dengue sequences present in the database
(but is not the most common amino acid at that position). The DB value is 0.50 when the
amino acid substitution results in an amino acid at the substitution position which is found
in less than 5% of the dengue sequences present in the database (except unique
substitutions). The DB value is 1 when the substitution amino acid is unique.

During replication, viruses may acquire a mutation leading to an amino acid
substitution. The above-mentioned method provides a means to determine the effect of
such mutations on the progeny of the mutated viruses.

Preferred sequences (i.e. sequences that are considered to be satisfactorily close
to the identified consensus sequence) may have: (i) at most two, preferably one or no
high-impact amino acid substitutions; (ii) at most three, preferably two or one, or no
median impact amino acid substitutions; and/or (iii) at most five, four, three, two or one

low impact amino acid substitutions.

Identification of optimized serotype 2 strains

Optimised serotype 2 strains are identified on the basis of the selection criteria
described above.

A BLAST search is conducted to identify the strain having the closest sequence to
the prM-E global consensus sequence in all of the available sequences. No sequence that
is 100% identical to the prM-E global consensus sequence is found, but the best hit is a
sequence from strain BID-V585 (NCBI Protein ID no. ACA58343; Genome ID no.
EU529706; isolated from Puerto Rico in 2006) which shows only one variation from the
global consensus sequence, at position 91 (Val in the global consensus sequence and lle
in BID-V585). The BID-V585 prM-E sequence contains 13 variations from the
Chimerivax™ CYD-2 prM-E sequence.



10

15

20

25

30

35

40

WO 2014/016362 PCT/EP2013/065669

76

A further strain selection is made so as to provide geographical balance in strain
origin. Therefore a recently isolated Asian strain showing a good score in the BLAST
analysis (strain MD-1280; NCBI Protein ID no. CAR65175; Genome ID no. FM21043;
isolated from Viet Nam in 2004) is selected. Despite showing 6 variations with the global
consensus sequence across prM-E, 3 of the 6 variations are identified as versatile
positions naturally varying in more than 30% of the strains. The MD-1280 prM-E sequence
contains 15 variations from the Chimerivax™ CYD-2 prM-E sequence.

A further strain selection is made on the basis of a large amount of previously
accumulated experience with the strain. It is the PDK53-16681 strain, also known as the
LAV-2 strain, a live-attenuated virus derived from Dengue serotype 2 16681 strain from
Mahidol University (NCBI Protein ID no. AAA73186; Genome ID no. M84728; isolated
from Thailand in 1964; Blok,J., et al. (1992); Virology 187 (2), 573-590). The LAV-2 prM-E
sequence contains 10 variations from the global consensus sequence and 13 variations
from the Chimerivax™ CYD-2 prM-E sequence.

A further strain selected on the basis of the above-mentioned criteria is strain
PR/DB023 (NCBI Protein ID no. AEN71248; Genome ID no. JF804036; isolated from
Puerto Rico in 2007). The PR/DB023 prM-E sequence containg 3 variations from the
global consensus sequence and 13 variations from the Chimerivax™ CYD-2 prM-E
sequence.

None of the selected strains contain the rare amino acids present in the Chimerivax™
CYD-2 prM-E sequence, i.e. Val at pr-24, lle at M-125 and Phe at E-251.

PrM to E nucleotide sequences of the four selected strains

>LAV-2 prME nucleotide sequence (SEQ ID NO: 4)

ttccatttaaccacacgtaacggagaaccacacatgatcgtcagcagacaagagaaaggga
aaagtcttctgtttaaaacagaggttggcgtgaacatgtgtaccctcatggccatggacct
tggtgaattgtgtgaagacacaatcacgtacaagtgtccceccttctcaggcagaatgageca
gaagacatagactgttggtgcaactctacgtccacgtgggtaacttatgggacgtgtacca
ccatgggagaacatagaagagaaaaaagatcagtggcactcgttccacatgtgggaatggg
actggagacacgaactgaaacatggatgtcatcagaaggggcctggaaacatgtccagaga
attgaaacttggatcttgagacatccaggcttcaccatgatggcagcaatcctggcataca
ccataggaacgacacatttccaaagagccctgattttcatcttactgacagectgtcactcece
ttcaatgacaATGCGTTGCATAGGAATGTCAAATAGAGACTTTGTGGAAGGGGTTTCAGGA
GGAAGCTGGGTTGACATAGTCTTAGAACATGGAAGCTGTGTGACGACGATGGCAAAAAACA
AACCAACATTGGATTTTGAACTGATAAAAACAGAAGCCAAACAGCCTGCCACCCTAAGGAA
GTACTGTATAGAGGCAAAGCTAACCAACACAACAACAGAATCTCGCTGCCCAACACAAGGG
GAACCCAGCCTAAATGAAGAGCAGGACAAAAGGTTCGTCTGCAAACACTCCATGGTAGACA
GAGGATGGGGAAATGGATGTGGACTATTTGGAAAGGGAGGCATTGTGACCTGTGCTATGTT
CAGATGCAAAAAGAACATGGAAGGAAAAGTTGTGCAACCAGAAAACTTGGAATACACCATT
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GTGATAACACCTCACTCAGGGGAAGAGCATGCAGTCGGAAATGACACAGGAAAACATGGCA
AGGAAATCAAAATAACACCACAGAGTTCCATCACAGAAGCAGAATTGACAGGTTATGGCAC
TGTCACAATGGAGTGCTCTCCAAGAACGGGCCTCGACTTCAATGAGATGGTGTTGCTGCAG
ATGGAAAATAAAGCTTGGCTGGTGCACAGGCAATGGTTCCTAGACCTGCCGTTACCATGGT
TGCCCGGAGCGGACACACAAGGGTCAAATTGGATACAGAAAGAGACATTGGTCACTTTCAA
AAATCCCCATGCGAAGAAACAGGATGTTGTTGTTTTAGGATCCCAAGAAGGGGCCATGCAC
ACAGCACTTACAGGGGCCACAGAAATCCAAATGTCATCAGGAAACTTACTCTTCACAGGAC
ATCTCAAGTGCAGGCTGAGAATGGACAAGCTACAGCTCAAAGGAATGTCATACTCTATGTG
CACAGGAAAGTTTAAAGTTGTGAAGGAAATAGCAGAAACACAACATGGAACAATAGTTATC
AGAGTGCAATATGAAGGGGACGGCTCTCCATGCAAGATCCCTTTTGAGATAATGGATTTGG
AAARAAAGACATGTCTTAGGTCGCCTGATTACAGTCAACCCAATTGTGACAGAARAAGATAG
CCCAGTCAACATAGAAGCAGAACCTCCATTTGGAGACAGCTACATCATCATAGGAGTAGAG
CCGGGACAACTGAAGCTCAACTGGTTTAAGAAAGGAAGTTCTATCGGCCAAATGTTTGAGA
CAACAATGAGGGGGGCGAAGAGAATGGCCATTTTAGGTGACACAGCCTGGGATTTTGGATC
CTTGGGAGGAGTGTTTACATCTATAGGAAAGGCTCTCCACCAAGTCTTTGGAGCAATCTAT
GGAGCTGCCTTCAGTGGGGTTTCATGGACTATGAAAATCCTCATAGGAGTCATTATCACAT
GGATAGGAATGAATTCACGCAGCACCTCACTGTCTGTGACACTAGTATTGGTGGGAATTGT
GACACTGTATTTGGGAGTCATGGTGCAGGCC

UPPERCASE: E coding sequence; lowercase: prM coding sequence

> BID/V585 — prME nucleotide sequence (SEQ ID NO: 5)

ttccatttaaccacacgtaatggagaaccacacatgatcgttggtaggcaagagaaaggga
aaagtcttctgtttaaaacagaggatggtgttaacatgtgcaccctcatggccatagacct
tggtgaattgtgtgaagatacaatcacgtacaagtgccccecctectcaggcaaaatgaacca
gaagacatagattgttggtgcaactctacgtccacatgggtaacttatgggacatgtacca
ccacaggagaacacagaagagaaaaaagatcagtggcactcgttccacatgtgggcatggg
actggagacacgaactgaaacatggatgtcatcagaaggggcctggaaacatgttcagaga
attgaaacctggatcttgagacatccaggctttaccataatggcagcaatcctggcatata
ccataggaacgacacatttccaaagggctctgatcttcattttactgacageccgttgectece
ttcaatgacaATGCGTTGCATAGGAATATCAAATAGAGACTTCGTAGAAGGGGTTTCAGGA
GGAAGTTGGGTTGACATAGTCTTAGAACATGGAAGTTGTGTGACGACGATGGCAAAAAATA
AACCAACATTGGATTTTGAACTGATAAAAACAGAAGCCAAACAACCTGCCACTCTAAGGAA
GTACTGTATAGAAGCAAAGCTGACCAATACAACAACAGAATCTCGTTGCCCAACACAAGGG
GAACCCAGTCTAAATGAAGAGCAGGACAAAAGGTTCATCTGCAAACACTCCATGGTAGACA
GAGGATGGGGAAATGGATGTGGATTATTTGGAAAGGGAGGCATTGTGACCTGTGCTATGTT
CACATGCAAAAAGAACATGGAAGGAAAAGTCGTGCAGCCAGAAAATCTGGAATACACCATC
GTGATAACACCTCACTCAGGAGAAGAGCACGCTGTAGGTAATGACACAGGAAAGCATGGCA
AGGAAATCAAAATAACACCACAGAGCTCCATCACAGAAGCAGAACTGACAGGCTATGGCAC
TGTCACGATGGAGTGCTCTCCGAGAACGGGCCTCGACTTCAATGAGATGGTACTGCTGCAG
ATGGAAGACAAAGCTTGGCTGGTGCACAGGCAATGGTTCCTAGACCTGCCGTTACCATGGC
TACCCGGAGCGGACACACAAGGATCAAATTGGATACAGAAAGAGACGTTGGTCACTTTCAA
AAATCCCCACGCGAAGAAACAGGACGTCGTTGTTTTAGGATCTCAAGAAGGGGCCATGCAC
ACGGCACTTACAGGGGCCACAGAAATCCAGATGTCATCAGGAAACTTACTGTTCACAGGAC
ATCTCAAGTGTAGGCTGAGAATGGACAAATTACAGCTTAAAGGAATGTCATACTCTATGTG
TACAGGAAAGTTTAAAATTGTGAAGGAAATAGCAGAAACACAACATGGAACAATAGTTATC
AGAGTACAATATGAAGGGGACGGCTCTCCATGTAAGATTCCTTTTGAGATAATGGATTTGG
AAAAAAGACACGTCCTAGGTCGCCTGATTACAGTGAACCCAATCGTAACAGAAARAAGATAG
CCCAGTCAACATAGAAGCAGAACCTCCATTCGGAGACAGCTACATCATCATAGGAGTAGAG
CCGGGACAATTGAAACTCAATTGGTTCAAGAAGGGAAGTTCCATTGGCCAAATGTTTGAGA
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CAACAATGAGAGGAGCGAAGAGAATGGCCATTTTAGGTGACACAGCCTGGGATTTTGGATC
CCTGGGAGGAGTGTTTACATCTATAGGAAAGGCTCTCCACCAAGTTTTCGGAGCAATCTAT
GGGGCTGCTTTTAGTGGGGTCTCATGGACTATGAAAATCCTCATAGGAGTTATTATCACAT
GGATAGGAATGAATTCACGTAGCACCTCACTGTICTGTGTCACTAGTATTGGTGGGAGTCGT
GACACTGTACTTGGGGGTTATGGTGCAGGCT

>PR/DB023 prME nucleotide sequence (SEQ ID NO: 6)

ttccatttaaccacacgtaatggagaaccacacatgatcgttggtaggcaagagaaaggga
aaagtcttctgttcaaaacagaggatggtgttaacatgtgtaccctcatggccatagacct
tggtgaattgtgtgaagatacaatcacgtacaagtgccccecctectcaggcaaaatgaacca
gaagacatagattgttggtgcaactctacgtccacatgggtaacttatgggacatgtacca
ccacaggagaacacagaagagaaaaaagatcagtggcactcgttccacatgtgggcatggg
actggagacacgaactgaaacatggatgtcatcagaaggggcctggaaacatgttcagaga
attgaaacctggatattgagacatccaggctttaccataatggcagcaatcctggcatata
ccataggaacgacacatttccaaagggctctgatcttcattttactgacagccgtecgetece
ttcaatgacaATGCGTTGCATAGGAATATCAAATAGAGACTTCGTAGAAGGGGTTTCAGGA
GGAAGTTGGGTTGACATAGTCTTAGAACATGGAAGTTGTGTGACGACGATGGCAAAAAATA
AACCAACATTGGATTTTGAACTGATAAAAACAGAAGCCAAACAACCTGCCACTCTAAGGAA
GTACTGTATAGAAGCAAAGCTGACCAATACAACAACAGAATCTCGTTGCCCAACACAAGGG
GAACCCAGTCTAAATGAAGAGCAGGACAAAAGGTTCATCTGCAAACACTCCATGGTAGACA
GAGGATGGGGAAATGGATGTGGATTATTTGGAAAAGGAGGCATTGTAACCTGTGCTATGTT
CACATGCAAAAAGAACATGGAAGGAAAAGTTGTGCTGCCAGAAAATCTGGAATACACCATC
GTGATAACACCTCACTCAGGAGAAGAGCACGCTGTAGGTAATGACACAGGAAAACATGGCA
AGGAAATTAAAATAACACCACAGAGTTCCATCACAGAAGCAGAACTGACAGGCTATGGCAC
TGTCACGATGGAGTGCTCTCCGAGAACGGGCCTCGACTTCAATGAGATGGTGCTGCTGCAG
ATGGAAGACAAAGCCTGGCTGGTGCACAGGCAATGGTTCCTAGATCTGCCGTTACCATGGC
TACCCGGAGCGGACACACAAGGATCAAATTGGATACAGAAAGAGACGTTGGTCACTTTCAA
AAATCCCCACGCGAAGAAACAGGACGTCGTTGTTTTAGGATCTCAAGAAGGGGCCATGCAC
ACGGCACTTACAGGGGCCACAGAAATCCAGATGTCATCAGGAAACTTACTGTTCACAGGAC
ATCTCAAGTGTAGGCTGAGAATGGACAAATTACAGCTTAAAGGAATGTCATACTCTATGTG
TACAGGAAAGTTTAAAATTGTGAAGGAAATAGCAGAAACACAACATGGAACAATAGTTATC
AGAGTACAATATGAAGGGGACGGCTCTCCATGTAAGATTCCTTTTGAGATAATGGATTTAG
AAAAAAGACACGTCCTAGGTCGCCTGATTACAGTGAACCCAATCGTAACAGAAARAAGATAG
CCCAGTCAACATAGAAGCAGAACCTCCATTCGGAGACAGCTACATCATCATAGGAGTAGAG
CCGGGACAATTGAAACTCAATTGGTTCAAGAAGGGAAGTTCCATTGGCCAAATGTTTGAGA
CAACAATGAGAGGAGCGAAGAGAATGGCCATTTTAGGTGACACAGCCTGGGATTTTGGATC
CCTGGGAGGAGTGTTTACATCTATAGGAAAGGCTCTCCACCAAGTTTTCGGAGCAATCTAT
GGGGCTGCTTTTAGTGGGGTCTCATGGACTATGAAAATCCTCATAGGAGTTATCATCACAT
GGATAGGAATGAATTCACGTAGCACCTCACTGTCTGTGTCACTAGTATTGGTGGGAGTCGT
GACACTGTACTTGGGGGTTATGGTGCAGGCT

>MD1280 prME nucleotide sequence (SEQ ID NO: 7)

ttccatttaaccacacgaaatggagaaccacacatgatcgttggcagacaagagaaaggga
aaagccttctgtttaaaacagaggatggtgtgaacatgtgtaccctcatggccattgatcet
tggtgaattgtgtgaagatacaatcacgtacaagtgccccecctectcaggcagaatgaacca
gaagatatagattgttggtgcaactccacgtccacatgggtaacttatgggacgtgtacca
ccacaggagaacacagaagagaaaaaagatcagtggcactcgttccacatgtgggtatggg
actggagacacgaactgaaacatggatgtcgtcagaaggggcctggaaacacgctcagaga
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attgaaacttggatcttgagacatccaggctttaccataatggcagcaatcctggcatata
ccgtaggaacgacacatttccaaagggccctgattttcatcttactggcagetgtecgetece
ttcaatgacaATGCGTTGCATAGGAATATCAAATAGAGACTTTGTAGAAGGGGTTTCAGGA
GGAAGCTGGGTTGACATAGTCTTAGAACATGGAAGTTGTGTGACGACAATGGCAAAAAATA
AACCAACACTGGATTTTGAACTGATAAAAACAGAAGCCAAACAACCTGCCACTCTAAGGAA
GTACTGTATAGAGGCAAAGCTGACCAATACAACAACAGAATCTCGTTGCCCAACACAAGGG
GAACCCAGTCTAAATGAAGAGCAGGACAAAAGGTTCGTCTGCAAACACTCCATGGTAGACA
GAGGATGGGGAAATGGATGTGGATTATTTGGAAAGGGAGGCATTGTGACCTGTGCTATGTT
CACATGCAAAAAGAACATGGAAGGAAAAATCGTGCAACCAGAAAATTTGGAATACACCATC
GTGATAACACCTCACTCAGGAGAAGAGCACGCTGTAGGTAATGACACAGGAAAACATGGTA
AGGAAATTAAAATAACACCACAGAGTTCCATCACAGAAGCAGAACTGACAGGCTATGGCAC
AGTCACGATGGAGTGCTCTCCGAGAACGGGCCTTGACTTCAATGAGATGGTGCTGCTGCAG
ATGGAAGATAAAGCTTGGCTGGTGCACAGGCAATGGTTCCTAGACCTGCCGTTACCATGGC
TACCCGGAGCGGACACACAAGGATCAAATTGGATACAGAAAGAGACATTGGTCACTTTCAA
AAATCCCCACGCGAAGAAGCAGGATGTCGTTGTTTTAGGATCTCAAGAAGGAGCCATGCAC
ACGGCACTCACAGGGGCCACAGAAATCCAGATGTCATCAGGAAACTTACTATTCACAGGAC
ATCTCAAATGCAGGCTGAGAATGGACAAACTACAGCTCAAAGGAATGTCATACTCTATGTG
TACAGGAAAGTTTAAAATTGTGAAGGAAATAGCAGAAACACAACATGGAACAATAGTTATC
AGAGTACAATATGAAGGAGACGGCTCTCCATGTAAGATCCCTTTTGAAATAATGGATTTGG
AAAAAAGACATGTCTTAGGTCGCCTGATTACAGTTAATCCGATCGTAACAGAAAAAGATAG
CCCAGTCAACATAGAAGCAGAACCTCCATTCGGAGACAGCTACATCATTATAGGAGTAGAG
CCGGGACAATTGAAACTCAACTGGTTCAAGAAAGGAAGTTCCATCGGCCAAATGTTTGAGA
CGACAATGAGAGGAGCAAAGAGAATGGCCATTTTAGGTGACACAGCCTGGGATTTTGGATC
TCTGGGAGGAGTGTTTACATCTATAGGAAAGGCTCTCCACCAAGTTTTCGGAGCAATCTAT
GGGGCTGCCTTTAGTGGGGTTTCATGGACTATGAAAATCCTCATAGGAGTCATCATCACAT
GGATAGGAATGAATTCACGTAGCACCTCACTGTCTGTGTCACTAGTATTGGTGGGAATCAT
AACACTGTACTTGGGAGCTATGGTGCAGGCT

Corresponding protein prM to E sequences of the four selected strains

>LAV2 prME protein sequence (SEQ ID NO: 8)

fhlttrngephmivsrgekgksllfktevgvnmctlmamdlgelcedtitykcpllrgnep
edidcwecnststwvtygtcttmgehrrekrsvalvphvgmgletrtetwmssegawkhvgr
ietwilrhpgftmmaailaytigtthfgralifilltavtpsmtMRCIGMSNRDFVEGVSG
GSWVDIVLEHGSCVTTMAKNKPTLDFELIKTEAKQPATLRKYCIEAKLTNTTTESRCPTOG
EPSTLNEEQDKRFVCKHSMVDRGWGNGCGLFGKGGIVTCAMFRCKKNMEGKVVQPENLEYTT
VITPHSGEEHAVGNDTGKHGKEIKITPOSSITEAELTGYGTVTMECSPRTGLDENEMVLLO
MENKAWLVHROQWFLDLPLPWLPGADTQGSNWIQKETLVTEFKNPHAKKQODVVVLGSQEGAMH
TALTGATEIQMS SGNLLETGHLKCRLRMDKLOQLKGMSYSMCTGKEFKVVKETIAETQHGTIVI
RVOYEGDGSPCKIPFEIMDLEKRHVLGRLITVNPIVTEKDSPVNIEAEPPEFGDSYITIGVE
PGOLKLNWEFKKGSSIGOMFETTMRGAKRMAILGDTAWDEGSLGGVETSIGKALHQVEGATY
GAAFSGVSWTMKILIGVIITWIGMNSRSTSLSVTLVLVGIVTLYLGVMVQA

>LAV2 E protein sequence (SEQ ID NO: 13)

MRCIGMSNRDFVEGVSGGSWVDIVLEHGSCVITMAKNKPTLDFELTIKTEAKQPATLRKYCI
EAKLTNTTTESRCPTOQGEPSLNEEQDKREVCKHSMVDRGWGNGCGLEGKGGIVTCAMEFRCK
KNMEGKVVQPENLEYTIVITPHSGEEHAVGNDTGKHGKEIKITPOSSITEAELTGYGTVTM
ECSPRTGLDENEMVLLOMENKAWLVHROWFLDLPLPWLPGADTQGSNWIQKETLVTFKNPH
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AKKQDVVVLGSQEGAMHTALTGATETIQOMS SGNLLFTGHLKCRLRMDKLOLKGMSY SMCTGK
FRKVVKEIAETQHGTIVIRVQYEGDGSPCKIPFEIMDLEKRHVLGRLITVNPIVTEKDSPVN
IEAEPPEGDSYITIIGVEPGOQLKLNWEKKGSSIGOMEFETTMRGAKRMATILGDTAWDEGSLGG
VETSIGKALHOVFGATIYGAAFSGVSWIMKILIGVIITWIGMNSRSTSLSVILVLVGIVTLY
LGVMVQA

>LAV2 M protein sequence (SEQ ID NO: 19)

svalvphvgmgletrtetwmssegawkhvgrietwilrhpgftmmaailaytigtthfgra
lifilltavtpsmt

>BID/V585 prME protein sequence (SEQ ID NO: 9)

fhlttrngephmivgrgekgksllfktedgvnmctlmaidlgelcedtitykcpllrgnep
edidcwecnststwvtygtctttgehrrekrsvalvphvgmgletrtetwmssegawkhvgr
ietwilrhpgftimaailaytigtthfgralifilltavapsmtMRCIGISNRDFVEGVSG
GSWVDIVLEHGSCVTTMAKNKPTLDFELIKTEAKQPATLRKYCIEAKLTNTTTESRCPTOG
EPSLNEEQDKRFICKHSMVDRGWGNGCGLFGKGGIVTCAMFTCKKNMEGKVVQPENLEYTT
VITPHSGEEHAVGNDTGKHGKEIKITPOSSITEAELTGYGTVTMECSPRTGLDENEMVLLO
MEDKAWLVHROQWFLDLPLPWLPGADTQGSNWIQKETLVTEFKNPHAKKQODVVVLGSQEGAMH
TALTGATEIQMS SGNLLETGHLKCRLRMDKLOQLKGMSYSMCTGKFKIVKETIAETQHGTIVI
RVOYEGDGSPCKIPFEIMDLEKRHVLGRLITVNPIVTEKDSPVNIEAEPPEFGDSYITIGVE
PGOLKLNWEFKKGSSIGOMFETTMRGAKRMAILGDTAWDEGSLGGVETSIGKALHQVEGATY
GAAFSGVSWTMKILIGVIITWIGMNSRSTSLSVSLVLVGVVTLYLGVMVQA

>BID/V585 E protein sequence (SEQ ID NO: 14)

MRCIGISNRDFVEGVSGGSWVDIVLEHGSCVITMAKNKPTLDFELIKTEAKQPATLRKYCI
EAKLTNTTTESRCPTOQGEPSLNEEQDKREFICKHSMVDRGWGNGCGLEGKGGIVTCAMETCK
KNMEGKVVQPENLEYTIVITPHSGEEHAVGNDTGKHGKEIKITPOSSITEAELTGYGTVTM
ECSPRTGLDENEMVLLOMEDKAWLVHROWFLDLPLPWLPGADTQGSNWIQKETLVTFKNPH
AKKQDVVVLGSQEGAMHTALTGATETIQOMS SGNLLFTGHLKCRLRMDKLOLKGMSY SMCTGK
FKIVKEIAETQHGTIVIRVQYEGDGSPCKIPFEIMDLEKRHVLGRLITVNPIVTEKDSPVN
IEAEPPEGDSYITIIGVEPGOQLKLNWEKKGSSIGOMEFETTMRGAKRMATILGDTAWDEGSLGG
VETSIGKALHOVFGATIYGAAFSGVSWIMKILIGVIITWIGMNSRSTSLSVSLVLVGVVTLY
LGVMVQA

>BID/V585 M protein sequence (SEQ ID NO: 20)
svalvphvgmgletrtetwmssegawkhvgrietwilrhpgftimaailaytigtthfgra
lifilltavapsmt

>PR/DB023 prME protein sequence (SEQ ID NO: 10)

fhlttrngephmivgrgekgksllfktedgvnmctlmaidlgelcedtitykcpllrgnep
edidcwecnststwvtygtctttgehrrekrsvalvphvgmgletrtetwmssegawkhvgr
ietwilrhpgftimaailaytigtthfgralifilltavapsmtMRCIGISNRDFVEGVSG
GSWVDIVLEHGSCVTTMAKNKPTLDFELIKTEAKQPATLRKYCIEAKLTNTTTESRCPTOG
EPSTLNEEQDKRFICKHSMVDRGWGNGCGLFGKGGIVTCAMFTCKKNMEGKVVLPENLEYTT
VITPHSGEEHAVGNDTGKHGKEIKITPOSSITEAELTGYGTVTMECSPRTGLDENEMVLLO
MEDKAWLVHROQWFLDLPLPWLPGADTQGSNWIQKETLVTEFKNPHAKKQODVVVLGSQEGAMH
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TALTGATEIOMSSGNLLETGHLKCRLRMDKLOLKGMSY SMCTGKEKIVKEIAETQHGTIVI
RVOYEGDGSPCKIPFEIMDLEKRHVLGRLITVNPIVTEKDSPVNIEAEPPEFGDSYITIGVE
PGOLKLNWFKKGSSIGOMFETTMRGAKRMAILGDTAWDEFGSLGGVETSIGKALHQVEGATY
GAAFSGVSWIMKILIGVIITWIGMNSRSTSLSVSLVLVGVVTLYLGVMVQA

>PR/DB023 E protein sequence (SEQ ID NO: 15)
MRCIGISNRDEVEGVSGGSWVDIVLEHGSCVTTMAKNKPTLDFELIKTEAKQPATLRKYCI
EAKLTNTTTESRCPTQGEPSLNEEQDKRFICKHSMVDRGWGNGCGLFGKGGIVTCAMEFTCK
KNMEGKVVLPENLEYTIVITPHSGEEHAVGNDTGKHGKEIKITPOSSITEAELTGYGTVTM
ECSPRTGLDEFNEMVLLOMEDKAWLVHROWEFLDLPLPWLPGADTQGSNWIQKETLVTFKNPH
AKKQDVVVLGSQEGAMHTALTGATEIQMSSGNLLEFTGHLKCRLRMDKLOQLKGMSY SMCTGK
FRIVKEIAETQHGTIVIRVQYEGDGSPCKIPFEIMDLEKREHVLGRLITVNPIVTEKDSPVN
IEAEPPFGDSYITIIGVEPGOLKLNWEFKKGSSIGOMEFETTMRGAKRMATLGDTAWDEGSLGG
VFTSIGKALHQVFGATIYGAAFSGVSWIMKILIGVIITWIGMNSRSTSLSVSLVLVGVVTLY
LGVMVQA

>PR/DB023 M protein sequence (SEQID NO : 21)
svalvphvgmgletrtetwmssegawkhvgrietwilrhpgftimaailaytigtthfgra
lifilltavapsmt

>MD1280 prME protein sequence (SEQ ID NO: 11)

fhlttrngephmivgrgekgksllfktedgvnmctlmaidlgelcedtitykcpllrgnep
edidcwenststwvtygtctttgehrrekrsvalvphvgmgletrtetwmssegawkhaqgr
ietwilrhpgftimaailaytvgtthfgralifillaavapsmtMRCIGISNRDFVEGVSG
GSWVDIVLEHGSCVTTMAKNKPTLDFELIKTEAKQPATLRKYCIEAKLTNTTTESRCPTOG
EPSTLNEEQDKRFVCKHSMVDRGWGNGCGLFGKGGIVTCAMFTCKKNMEGKIVQPENLEYTT
VITPHSGEEHAVGNDTGKHGKEIKITPOSSITEAELTGYGTVTMECSPRTGLDENEMVLLO
MEDKAWLVHROQWFLDLPLPWLPGADTQGSNWIQKETLVTEFKNPHAKKQODVVVLGSQEGAMH
TALTGATEIQMS SGNLLETGHLKCRLRMDKLOQLKGMSYSMCTGKFKIVKETIAETQHGTIVI
RVOYEGDGSPCKIPFEIMDLEKRHVLGRLITVNPIVTEKDSPVNIEAEPPEFGDSYITIGVE
PGOLKLNWEFKKGSSIGOMFETTMRGAKRMAILGDTAWDEGSLGGVETSIGKALHQVEGATY
GAAFSGVSWTMKILIGVIITWIGMNSRSTSLSVSLVLVGIITLYLGAMVQA

>MD1280 E protein sequence (SEQ ID NO: 16)

MRCIGISNRDFVEGVSGGSWVDIVLEHGSCVITMAKNKPTLDFELIKTEAKQPATLRKYCI
EAKLTNTTTESRCPTOQGEPSLNEEQDKREVCKHSMVDRGWGNGCGLEGKGGIVTCAMETCK
KNMEGKIVOPENLEYTIVITPHSGEEHAVGNDTGKHGKEIKITPOSSITEAELTGYGTVTM
ECSPRTGLDENEMVLLOMEDKAWLVHROWFLDLPLPWLPGADTQGSNWIQKETLVTFKNPH
AKKQDVVVLGSQEGAMHTALTGATETIQOMS SGNLLFTGHLKCRLRMDKLOLKGMSY SMCTGK
FKIVKEIAETQHGTIVIRVQYEGDGSPCKIPFEIMDLEKRHVLGRLITVNPIVTEKDSPVN
IEAEPPEGDSYITIIGVEPGOQLKLNWEKKGSSIGOMEFETTMRGAKRMATILGDTAWDEGSLGG
VETSIGKALHOVFGATIYGAAFSGVSWIMKILIGVIITWIGMNSRSTSLSVSLVLVGIITLY
LGAMVQA

>MD1280 M protein sequence (SEQ ID NO: 22)

svalvphvgmgletrtetwmssegawkhagrietwilrhpgftimaailaytvgtthfgra
lifillaavapsmt
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>Consensus M sequence (SEQ ID NO: 17)

svalvphvgmgletrtetwmssegawkhvgrietwilrhpgftimaailaytigtthfgra
lifilltavapsmt

Example 3: Construction of the cDNA clones corresponding to the optimized
serotype 2 chimeric viruses and production of the encoded viruses

Construction of chimeric dengue viruses corresponding to the optimized serotype
2 strains is achieved using the Chimerivax™ technology substantially in accordance with
the teaching of Chambers, et al. (1999, J. Virology 73(4):3095-3101). Reference may also
be made to international patent applications WO 98/37911, WO 03/101397, WO
07/021672, WO 08/007021, WO 08/047023 and WO 08/065315, which detail the
analogous processes used to construct CYD-1, CYD2, CYD-3 and CYD-4. Briefly,
however, chimeric dengue viruses corresponding to the optimized serotype 2 strains are
constructed as follows (N.B. the optimized chimeric dengue viruses are constructed using
the genomic backbone of YF strain YF17D204 (YF-VAX(R), Sanofi-Pasteur, Swiftwater,
PA, USA).

Construction of plasmid pSP1101

Construction of the YF-VAX cDNA clone - pJSY2284.1 (pPACYC YF-Vax 5-3)
A full-length infectious cDNA clone of YF-VAX is constructed. The full-length

infectious cDNA clone is based on the sequence of YF-VAX. A low copy number plasmid
pACYC177 (New England Biolabs, Inc., Ipswich, MA, USA) is used to assemble the full-
length cDNA clone.

A DNA sequence named as SP6 YF-Vax 5-3 is synthesized by GeneArt®. The
sequence of SP6 YF-Vax 5-3 is designed in a way to facilitate an easy assembly of a full-
length YF-Vax cDNA clone. The sequence is 2897 bp long and comprises the Xma I-SP6
promoter, the YF-Vax 5’'UTR, the capsid, prM, M, part of E which extends to the Apa | site
followed by unique sites Miu I-Sap I-Ngo MI-Aat |I-Cla | for assembly, part of NS5 and
further extended to 3° UTR followed by an Nru | site, which is used for run-off. This
synthesized DNA sequence is flanked by EcoR V and Xho | sites. After digestion with
EcoR V/Xho I, this DNA fragment is then cloned into the Aat II/Xho | sites of low copy
number plasmid pACYC177 to replace the 1615bp Aat Il/Xho | fragment. The resulting
plasmid pJSY2284.1 (pACYC YF-Vax 5-3) is confirmed by sequence analysis.
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RT-PCR and cloning of the YF-Vax cDNA fragments spanning from the sites Apa I, Miu |,
Sap I, Ngo MI, Aat Il and Cla | and assembly of a full-length infectious cDNA clone of YF-
vax (pJSY2374.5)

The yellow fever vaccine YF-VAX is grown in Vero cells, and the virus particles are
concentrated. The viral RNA of YF-VAX is extracted from the concentrated virus and the
cDNA copy is made by reverse transcriptase. Five cDNA fragments as shown herein are
PCR amplified, TOPO cloned, sequenced and compared to the sequence of YF-VAX
2003. The PCR errors found in each fragment are corrected by either site-directed
mutagenesis or fragment switching. There are too many sequence differences found in
Ngo MI-Aat Il fragment after TOPO cloning, and therefore, this fragment is synthesized by
GeneArt®. After final sequence confirmation, the five DNA fragments; Apa I-Mlu I, Mlu I-
Sap I, Sap I-Ngo M1, Ngo MI-Aat Il, and Aat II-Cla | are isolated and stepwise cloned into
the unique sites Apa I, Mlu |, Sap I, Ngo MI, Aat Il and Cla | in the plasmid pJSY2284.1 to
obtain plasmid pJSY2374.5, which is confirmed to contain the correct sequence of YF-
VAX full-length cDNA.

Construction of cDNA for optimized chimeric dengue virus derived from the LAV2 strain
(pSP1101)

The strategy is to replace the prM and E genes of the YF-VAX® vaccine strain in
the pJSY2374.5 plasmid containing the YF-VAX genome with those of the LAV2 strain, as
done previously to build the CYD-1, CYD-2, CYD-3 and CYD-4 dengue vaccines, using
the Chimerivax™ technology. The resulting plasmid is pSP1101.

In pJSY2374, restriction sites used for cloning are Xma | and Mlu I. These sites
are located upstream and downstream of a 3000 bp fragment which contains: the SP6
promoter, YF17D 5'UTR, YF17D-capsid, YF17D-prM, YF17D-E and the N terminus of
YF17D-NS1. A sequence corresponding to this fragment but instead containing the prM
and E genes of LAV2 flanked by Xma | and Mlu | sites is synthesized by GeneArt® and
cloned into plasmid pMK-RQ (GeneArt®, Life Technologies Ltd, Paisley, U.K.) to create
plasmid pMK-RQ-Seq1. Plasmid pJSY2374.5 and pMK-RQ-Seq1 are digested by Xma |
and Mlu 1. The Xma |-Mlu | fragment from pMK-RQ-Seq1 is then inserted into plasmid
pJSY2374.5 to form plasmid pSP1101. XL-10 Gold Ultracompetent bacteria (Agilent
Technologies, CA, USA) are used for transformation, as they are suitable for large
plasmids. In a second step, positive clones are transferred into One Shot® TOP10 E. coli
(Life Technologies Ltd, Paisley, U.K.), which allows the amplification of large size
plasmids in significant amounts.

Plasmid pSP1101 thus allows the expression of LAV2 strain prM and E proteins
with a YF-VAX replication engine. The resulting chimeric virus is designated CYD-LAV.

Sequencing analysis shows no mutation as compared to the original sequences.
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Construction of corresponding plasmids for strains BID-V585, PR/DB023 and MD1280
An analogous strategy to that described above is used to build the plasmids

corresponding to the serotype 2 strains BID-V585, PR/DB023 and MD1280. These
plasmids are designated pSP1102 (BID-V585), pSP1103 (PR/DB023) and pSP1104
(MD1280). The resulting chimeric viruses generated from those plasmids are designated
CYD-BID, CYD-PR and CYD-MD. Sequence analysis of the generated plasmids shows

no mutations compared to the original sequences.

Generation of chimeric viruses from plasmids pSP1101, pSP1102, pSP1103 and
pSP1104

In vitro transcription of RNA and generation of viruses is carried out as previously
described (Guirakhoo F et al. J. Virol. 2001; 75:7290-304).

Example 4: Evaluation of the immunogenicity and viremia of the optimized
serotype 2 chimeric viruses in a monkey model

Evaluation of immunogenicity and viremia in monkeys

Design of the study
Four groups each containing four Cynomolgus monkeys are defined. The four groups

receive the following formulations (containing 5 log CCIDsy, of each CYD dengue

serotype):

1. Control tetravalent formulation, i.e. a formulation comprising CYD-1, CYD-2, CYD-3
and CYD-4.

2. CYD-LAV tetravalent formulation, i.e. a formulation comprising CYD-1, CYD-3, CYD-4
and CYD-LAV.

3. CYD-MD tetravalent formulation, i.e. a formulation comprising CYD-1, CYD-3, CYD-4
and CYD-MD.

4. CYD-PR tetravalent formulation, i.e. a formulation comprising CYD-1, CYD-3, CYD-4
and CYD-PR.
Monkeys receive two doses two months apart, as previously described (Guy B et al.,
Am J Trop Med Hyg. 2009; 80(2):302-11).

Results
Immunogenicity (SNsp neutralizing response) and viremia are determined as

described in the Materials and Methods section of Guy B., et al., Am. J. Trop. Med. Hyg.
2009; 80(2): 302-11.
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Table 6: SN;¢ neutralizing responses in monkeys immunized with optimized
chimeric dengue serotype 2 viruses

| PD1 | | PD2 |

DEN1 | DEN2 | DEN3 | DEN4 DEN1 | DEN2 | DEN3 | DEN4

responders | 4/4 2/4 1/4 4/4 4/4 1/4 4/4 4/4

GMT | 27 5 7 636 71 8 35 425

CYD-LAV TV responders |  4/4 2/4 4/4 4/4 4/4 4/4 4/4 4/4
GMT | 95 63 19 477 189 95 80 477

CYD-MD TV responders |  4/4 4/4 3/4 4/4 4/4 4/4 4/4 4/4
GMT | 33 100 8 63 35 63 16 100

CYD-PR TV responders |  3/4 4/4 1/4 4/4 4/4 4/4 4/4 4/4
GMT | 27 63 7 168 109 84 38 212

PD: Post-dose; TV: tetravalent formulation

No serotype 2 viremia is observed, regardless of the serotype 2 chimeric virus
administered. In respect of immunogenicity responses against DEN2, the tetravalent
formulations comprising CYD-LAV, CYD-MD and CYD-PR demonstrate a higher response
(both GMTs and number of responding animals) than the control formulation (see Table
6).

Example 5. Assessment of tetravalent dengue vaccine formulations in flavivirus-

naive adults in Mexico.

The objective of the present study was to compare the immunogenicity and viremia
of a blended tetravalent dengue vaccine comprising CYD-1 (i.e. the particular Chimerivax
dengue serotype 1 (CYD-1) strain generated from the prM and E sequences of DEN1
PU0359 (TYP 1 140)), VDV2, CYD-3 (i.e. the particular Chimerivax dengue serotype 3
(CYD-3) strain generated from the prM and E sequences of DEN3 PaH881/88) and CYD-
4 (i.e. the particular Chimerivax dengue serotype 4 (CYD-4) strain generated from the prM
and E sequences of DEN4 1228 (TVP 980)) with the immunogenicity and viremia of a
tetravalent dengue vaccine comprising CYD-1, CYD-2 (i.e. the particular Chimerivax
dengue serotype 2 (CYD-2) strain generated from the prM and E sequences of DEN2
PUO218), CYD-3 and CYD-4. See Example 1 for more detail concerning the particular
CYD-1, CYD-2, CYD-3 and CYD-4 used in this study.

The relevant nucleotide and protein sequences of the VDV2 strain are as follows:

>VDV2 nucleotide sequence (SEQ ID NO: 24)

AGUUGUUAGUCUACGUGGACCGACAAAGACAGAUUCUUUGAGGGAGCUAAGCUCAAUGUAG
UUCUAACAGUUUUUUAAUUAGAGAGCAGAUCUCUGAUGAAUAACCAACGGAAAAAGGCGAA
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AAACACGCCUUUCAAUAUGCUGAAACGCGAGAGAAACCGCGUGUCGACUGUGCAACAGCUG
ACAAAGAGAUUCUCACUUGGAAUGCUGCAGGGACGAGGACCAUUAAAACUGUUCAUGGCCC
UGGUGGCGUUCCUUCGUUUCCUAACAAUCCCACCAACAGCAGGGAUAUUGAAGAGAUGGGG
AACAAUUAAAAAAUCAAAAGCUAUUAAUGUUUUGAGAGGGUUCAGGAAAGAGAUUGGAAGG
AUGCUGAACAUCUUGAAUAGGAGACGCAGAUCUGCAGGCAUGAUCAUUAUGCUGAUUCCAA
CAGUGAUGGCGUUCCAUUUAACCACACGUAACGGAGAACCACACAUGAUCGUCAGCAGACA
AGAGAAAGGGAAAAGUCUUCUGUUUAAAACAGAGGUUGGCGUGAACAUGUGUACCCUCAUG
GCCAUGGACCUUGGUGAAUUGUGUGAAGACACAAUCACGUACAAGUGUCCCCUUCUCAGGC
AGAAUGAGCCAGAAGACAUAGACUGUUGGUGCAACUCUACGUCCACGUGGGUAACUUAUGG
GACGUGUACCACCAUGGGAGAACAUAGAAGAGAAAAAAGAUCAGUGGCACUCGUUCCACAU
GUGCGAAUGGGACUGGAGACACGAACUGAAACAUGGAUGUCAUCAGAAGGGGCCUGGAAAC
AUGUCCAGAGAAUUGAAACUUGGAUCUUGAGACAUCCAGGCUUCACCAUGAUGGCAGCAAU
CCUGGCAUACACCAUAGGAACGACACAUUUCCAAAGAGCCCUGAUUUUCAUCUUACUGACA
GCUGUCACUCCUUCAAUGACAAUGCGUUGCAUAGGAAUGUCAAAUAGAGACUUUGUGGAAG
GGGUUUCAGGAGGAAGCUGGGUUGACAUAGUCUUAGAACAUGGAAGCUGUGUGACGACGAU
GGCAAAAAACAAACCAACAUUGGAUUUUGAACUGAUAAAAACAGAAGCCAAACAGCCUGCC
ACCCUAAGGAAGUACUGUAUAGAGGCAAAGCUAACCAACACAACAACAGAAUCUCGCUGCC
CAACACAAGGGGAACCCAGCCUAAAUGAAGAGCAGGACAAAAGGUUCGUCUGCAAACACUC
CAUGGUAGACAGAGGAUGGGGAAAUGGAUGUGGACUAUUUGGAAAGGGAGGCAUUGUGACC
UGUGCUAUGUUCAGAUGCAAAAAGAACAUGGAAGGAAAAGUUGUGCAACCAGAARAACUUGG
AAUACACCAUUGUGAUAACACCUCACUCAGGGGAAGAGCAUGCAGUCGGAAAUGACACAGG
AAAACAUGGCAAGGAAAUCAAAAUAACACCACAGAGUUCCAUCACAGAAGCAGAAUUGACA
GGUUAUGGCACUGUCACAAUGGAGUGCUCUCCAAGAACGGGCCUCGACUUCAAUGAGAUGG
UGUUGCUGCAGAUGGAAAAUAAAGCUUGGCUGGUGCACAGGCAAUGGUUCCUAGACCUGCC
GUUACCAUGGUUGCCCGGAGCGGACACACAAGAGUCAAAUUGGAUACAGAAGGAGACAUUG
GUCACUUUCAAAAAUCCCCAUGCGAAGAAACAGGAUGUUGUUGUUUUAGGAUCCCAAGAAG
GGGCCAUGCACACAGCACUUACAGGGGCCACAGAAAUCCAAAUGUCAUCAGGAAACUUACU
CUUCACAGGACAUCUCAAGUGCAGGCUGAGAAUGGACAAGCUACAGCUCAAAGGAAUGUCA
UACUCUAUGUGCACAGGAAAGUUUAAAGUUGUGAAGGAAAUAGCAGAAACACAACAUGGAA
CAAUAGUUAUCAGAGUGCAAUAUGAAGGGGACGGCUCUCCAUGCAAGAUCCCUUUUGAGAU
AAUGGAUUUGGAAAAAAGACAUGUCUUAGGUCGCCUGAUUACAGUCAACCCAAUUGUGACA
GAAAAAGAUAGCCCAGUCAACAUAGAAGCAGAACCUCCAUUUGGAGACAGCUACAUCAUCA
UAGGAGUAGAGCCGGGACAACUGAAGCUCAACUGGUUUAAGAAAGGAAGUUCUAUCGGCCA
AAUGUUUGAGACAACAAUGAGGGGGGCGAAGAGAAUGGCCAUUUUAGGUGACACAGCCUGG
GAUUUUGGAUCCUUGGGAGGAGUGUUUACAUCUAUAGGAAAGGCUCUCCACCAAGUCUUUG
GAGCAAUCUAUGGAGCUGCCUUCAGUGGGGUUUCAUGGACUAUGAAAAUCCUCAUAGGAGU
CAUUAUCACAUGGAUAGGAAUGAAUUCACGCAGCACCUCACUGUCUGUGACACUAGUAUUG
GUGGGAAUUGUGACACUGUAUUUGGGAGUCAUGGUGCAGGCCGAUAGUGGUUGCGUUGUGA
GCUGGAAAAACAAAGAACUGAAAUGUGGCAGUGGGAUUUUCAUCACAGACAACGUGCACAC
AUGGACAGAACAAUACAAAUUCCAACCAGAAUCCCCUUCAAAACUAGCUUCAGCUAUCCAG
AAAGCCCAUGAAGAGGACAUUUGUGGAAUCCGCUCAGUAACAAGACUGGAGAAUCUGAUGU
GGAAACAAAUAACACCAGAAUUGAAUCACAUUCUAUCAGAAAAUGAGGUGAAGUUAACUAU
UAUGACAGGAGACAUCAAAGGAAUCAUGCAGGCAGGAAAACGAUCUCUGCGGCCUCAGCCC
ACUGAGCUGAAGUAUUCAUGGAAAACAUGGGGCAAAGCAAAAAUGCUCUCUACAGAGUCUC
AUAACCAGACCUUUCUCAUUGAUGGCCCCGAAACAGCAGAAUGCCCCAACACAAAUAGAGC
UUGGAAUUCGUUGGAAGUUGAAGACUAUGGCUUUGGAGUAUUCACCACCAAUAUAUGGCUA
AAAUUGAAAGAAAAACAGGAUGUAUUCUGCGACUCAAAACUCAUGUCAGCGGCCAUAARAG
ACAACAGAGCCGUCCAUGCCGAUAUGGGUUAUUGGAUAGAAAGUGCACUCAAUGACACAUG
GAAGAUAGAGAAAGCCUCUUUCAUUGAAGUUAAAAACUGCCACUGGCCAAAAUCACACACC
CUCUGGAGCAAUGGAGUGCUAGAAAGUGAGAUGAUAAUUCCAAAGAAUCUCGCUGGACCAG
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UGUCUCAACACAACUAUAGACCAGGCUACCAUACACAAAUAACAGGACCAUGGCAUCUAGG
UAAGCUUGAGAUGGACUUUGAUUUCUGUGAUGGAACAACAGUGGUAGUGACUGAGGACUGC
GGAAAUAGAGGACCCUCUUUGAGAACAACCACUGCCUCUGGAAAACUCAUAACAGAAUGGU
GCUGCCGAUCUUGCACAUUACCACCGCUAAGAUACAGAGGUGAGGAUGGGUGCUGGUACGG
GAUGGAAAUCAGACCAUUGAAGGAGAAAGAAGAGAAUUUGGUCAACUCCUUGGUCACAGCU
GGACAUGGGCAGGUCGACAACUUUUCACUAGGAGUCUUGGGAAUGGCAUUGUUCCUGGAGG
AAAUGCUUAGGACCCGAGUAGGAACGAAACAUGCAAUACUACUAGUUGCAGUUUCUUUUGU
GACAUUGAUCACAGGGAACAUGUCCUUUAGAGACCUGGGAAGAGUGAUGGUUAUGGUAGGC
GCCACUAUGACGGAUGACAUAGGUAUGGGCGUGACUUAUCUUGCCCUACUAGCAGCCUUCA
AAGUCAGACCAACUUUUGCAGCUGGACUACUCUUGAGAAAGCUGACCUCCAAGGAAUUGAU
GAUGACUACUAUAGGAAUUGUACUCCUCUCCCAGAGCACCAUACCAGAGACCAUUCUUGAG
UUGACUGAUGCGUUAGCCUUAGGCAUGAUGGUCCUCAAAAUGGUGAGAAAUAUGGAAAAGU
AUCAAUUGGCAGUGACUAUCAUGGCUAUCUUGUGCGUCCCAAACGCAGUGAUAUUACAAAA
CGCAUGGAAAGUGAGUUGCACAAUAUUGGCAGUGGUGUCCGUUUCCCCACUGUUCUUAACA
UCCUCACAGCAAAAAACAGAUUGGAUACCAUUAGCAUUGACGAUCAAAGGUCUCAAUCCAA
CAGCUAUUUUUCUAACAACCCUCUCAAGAACCAGCAAGAAAAGGAGCUGGCCAUUAAAUGA
GGCUAUCAUGGCAGUCGGGAUGGUGAGCAUUUUAGCCAGUUCUCUCCUAAAAAAUGAUAUU
CCCAUGACAGGACCAUUAGUGGCUGGAGGGCUCCUCACUGUGUGCUACGUGCUCACUGGAC
GAUCGGCCGAUUUGGAACUGGAGAGAGCAGCCGAUGUCAAAUGGGAAGACCAGGCAGAGAU
AUCAGGAAGCAGUCCAAUCCUGUCAAUAACAAUAUCAGAAGAUGGUAGCAUGUCGAUAAAA
AAUGAAGAGGAAGAACAAACACUGACCAUACUCAUUAGAACAGGAUUGCUGGUGAUCUCAG
GACUUUUUCCUGUAUCAAUACCAAUCACGGCAGCAGCAUGGUACCUGUGGGAAGUGAAGAA
ACAACGGGCCGGAGUAUUGUGGGAUGUUCCUUCACCCCCACCCAUGGGAAAGGCUGAACUG
GAAGAUGGAGCCUAUAGAAUUAAGCAAAAAGGGAUUCUUGGAUAUUCCCAGAUCGGAGCCG
GAGUUUACAAAGAAGGAACAUUCCAUACAAUGUGGCAUGUCACACGUGGCGCUGUUCUAAU
GCAUAAAGGAAAGAGGAUUGAACCAACAUGGGCGGACGUCAAGAAAGACCUAAUAUCAUAU
GGAGGAGGCUGGAAGUUAGAAGGAGAAUGGAAGGAAGGAGAAGAAGUCCAGGUAUUGGCAC
UGGAGCCUGGAAAAAAUCCAAGAGCCGUCCAAACGAAACCUGGUCUUUUCAAAACCAACGC
CGGAACAAUAGGUGCUGUAUCUCUGGACUUUUCUCCUGGAACGUCAGGAUCUCCAAUUAUC
GACAAAAAAGGAAAAGUUGUGGGUCUUUAUGGUAAUGGUGUUGUUACAAGGAGUGGAGCAU
AUGUGAGUGCUAUAGCCCAGACUGAAAAAAGCAUUGAAGACAACCCAGAGAUCGAAGAUCA
CAUUUUCCGAAAGAGAAGACUGACCAUCAUGGACCUCCACCCAGGAGCGGGAAAGACGAAG
AGAUACCUUCCGGCCAUAGUCAGAGAAGCUAUAAAACGGGGUUUGAGAACAUUAAUCUUGG
CCCCCACUAGAGUUGUGGCAGCUGAAAUGGAGGAAGCCCUUAGAGGACUUCCAAUAAGAUA
CCAGACCCCAGCCAUCAGAGCUGAGCACACCGGGCGGGAGAUUGUGGACCUAAUGUGUCAU
GCCACAUUUACCAUGAGGCUGCUAUCACCAGUUAGAGUGCCAAACUACAACCUGAUUAUCA
UGGACGAAGCCCAUUUCACAGACCCAGCAAGUAUAGCAGCUAGAGGAUACAUCUCAACUCG
AGUGGAGAUGGGUGAGGCAGCUGGGAUUUUUAUGACAGCCACUCCCCCGGGAAGCAGAGAC
CCAUUUCCUCAGAGCAAUGCACCAAUCAUAGAUGAAGAAAGAGAAAUCCCUGAACGCUCGU
GGAAUUCCGGACAUGAAUGGGUCACGGAUUUUAAAGGGAAGACUGUUUGGUUCGUUCCAAG
UAUAAAAGCAGGAAAUGAUAUAGCAGCUUGCCUGAGGAAAAAUGGAAAGAAAGUGAUACAA
CUCAGUAGGAAGACCUUUGAUUCUGAGUAUGUCAAGACUAGAACCAAUGAUUGGGACUUCG
UGGUUACAACUGACAUUUCAGAAAUGGGUGCCAAUUUCAAGGCUGAGAGGGUUAUAGACCC
CAGACGCUGCAUGAAACCAGUCAUACUAACAGAUGGUGAAGAGCGGGUGAUUCUGGCAGGA
CCUAUGCCAGUGACCCACUCUAGUGCAGCACAAAGAAGAGGGAGAAUAGGAAGAAAUCCAA
AAAAUGAGAAUGACCAGUACAUAUACAUGGGGGAACCUCUGGAAAAUGAUGAAGACUGUGC
ACACUGGAAAGAAGCUAAAAUGCUCCUAGAUAACAUCAACACGCCAGAAGGAAUCAUUCCU
AGCAUGUUCGAACCAGAGCGUGAAAAGGUGGAUGCCAUUGAUGGCGAAUACCGCUUGAGAG
GAGAAGCAAGGAAAACCUUUGUAGACUUAAUGAGAAGAGGAGACCUACCAGUCUGGUUGGC
CUACAGAGUGGCAGCUGAAGGCAUCAACUACGCAGACAGAAGGUGGUGUUUUGAUGGAGUC
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AAGAACAACCAAAUCCUAGAAGAAAACGUGGAAGUUGAAAUCUGGACAAAAGAAGGGGAAA
GGAAGAAAUUGAAACCCAGAUGGUUGGAUGCUAGGAUCUAUUCUGACCCACUGGCGCUARAA
AGAAUUUAAGGAAUUUGCAGCCGGAAGAAAGUCUCUGACCCUGAACCUAAUCACAGAAAUG
GGUAGGCUCCCAACCUUCAUGACUCAGAAGGCAAGAGACGCACUGGACAACUUAGCAGUGC
UGCACACGGCUGAGGCAGGUGGAAGGGCGUACAACCAUGCUCUCAGUGAACUGCCGGAGAC
CCUGGAGACAUUGCUUUUACUGACACUUCUGGCUACAGUCACGGGAGGGAUCUUUUUAUUC
UUGAUGAGCGCAAGGGGCAUAGGGAAGAUGACCCUGGGAAUGUGCUGCAUAAUCACGGCUA
GCAUCCUCCUAUGGUACGCACAAAUACAGCCACACUGGAUAGCAGCUUCAAUAAUACUGGA
GUUUUUUCUCAUAGUUUUGCUUAUUCCAGAACCUGAAAAACAGAGAACACCCCAAGACAAC
CAACUGACCUACGUUGUCAUAGCCAUCCUCACAGUGGUGGCCGCAACCAUGGCAAACGAGA
UGGGUUUCCUAGAAAAAACGAAGAAAGAUCUCGGAUUGGGAAGCAUUGCAACCCAGCAACC
CGAGAGCAACAUCCUGGACAUAGAUCUACGUCCUGCAUCAGCAUGGACGCUGUAUGCCGUG
GCCACAACAUUUGUUACACCAAUGUUGAGACAUAGCAUUGAAAAUUCCUCAGUGAAUGUGU
CCCUAACAGCUAUAGCCAACCAAGCCACAGUGUUAAUGGGUCUCGGGAAAGGAUGGCCAUU
GUCAAAGAUGGACAUCGGAGUUCCCCUUCUCGCCAUUGGAUGCUACUCACAAGUCAACCCC
AUAACUCUCACAGCAGCUCUUUUCUUAUUGGUAGCACAUUAUGCCAUCAUAGGGCCAGGAC
UCCAAGCAAAAGCAACCAGAGAAGCUCAGAAAAGAGCAGCGGCGGGCAUCAUGAAARACCC
AACUGUCGAUGGAAUAACAGUGAUUGACCUAGAUCCAAUACCUUAUGAUCCAAAGUUUGAA
AAGCAGUUGGGACAAGUAAUGCUCCUAGUCCUCUGCGUGACUCAAGUAUUGAUGAUGAGGA
CUACAUGGGCUCUGUGUGAGGCUUUAACCUUAGCUACCGGGCCCAUCUCCACAUUGUGGGA
AGGAAAUCCAGGGAGGUUUUGGAACACUACCAUUGCGGUGUCAAUGGCUAACAUUUUUAGA
GGGAGUUACUUGGCCGGAGCUGGACUUCUCUUUUCUAUUAUGAAGAACACAACCAACACAA
GAAGGGGAACUGGCAACAUAGGAGAGACGCUUGGAGAGAAAUGGAAAAGCCGAUUGAACGC
AUUGGGAAAAAGUGAAUUCCAGAUCUACAAGAAAAGUGGAAUCCAGGAAGUGGAUAGAACC
UUAGCAAAAGAAGGCAUUAAAAGAGGAGAAACGGACCAUCACGCUGUGUCGCGAGGCUCAG
CAAAACUGAGAUGGUUCGUUGAGAGAAACAUGGUCACACCAGAAGGGAAAGUAGUGGACCU
CGGUUGUGGCAGAGGAGGCUGGUCAUACUAUUGUGGAGGACUAAAGAAUGUAAGAGAAGUC
AAAGGCCUAACAAAAGGAGGACCAGGACACGAAGAACCCAUCCCCAUGUCAACAUAUGGGU
GGAAUCUAGUGCGUCUUCAAAGUGGAGUUGACGUUUUCUUCAUCCCGCCAGAAAAGUGUGA
CACAUUAUUGUGUGACAUAGGGGAGUCAUCACCAAAUCCCACAGUGGAAGCAGGACGAACA
CUCAGAGUCCUUAACUUAGUAGAAAAUUGGUUGAACAACAACACUCAAUUUUGCAUAAAGG
UUCUCAACCCAUAUAUGCCCUCAGUCAUAGAAAARAUGGAAGCACUACAAAGGAAAUAUGG
AGGAGCCUUAGUGAGGAAUCCACUCUCACGAAACUCCACACAUGAGAUGUACUGGGUAUCC
AAUGCUUCCGGGAACAUAGUGUCAUCAGUGAACAUGAUUUCAAGGAUGUUGAUCAACAGAU
UUACAAUGAGAUACAAGAAAGCCACUUACGAGCCGGAUGUUGACCUCGGAAGCGGAACCCG
UAACAUCGGGAUUGAAAGUGAGAUACCAAACCUAGAUAUAAUUGGGAAAAGAAUAGAARAAA
AUAAAGCAAGAGCAUGAAACAUCAUGGCACUAUGACCAAGACCACCCAUACAAAACGUGGG
CAUACCAUGGUAGCUAUGAAACAAAACAGACUGGAUCAGCAUCAUCCAUGGUCAACGGAGU
GGUCAGGCUGCUGACAAAACCUUGGGACGUUGUCCCCAUGGUGACACAGAUGGCAAUGACA
GACACGACUCCAUUUGGACAACAGCGCGUUUUUAAAGAGAAAGUGGACACGAGAACCCAAG
AACCGAAAGAAGGCACGAAGAAACUAAUGAAAAUAACAGCAGAGUGGCUUUGGAAAGAAUU
AGGGAAGAAAAAGACACCCAGGAUGUGCACCAGAGAAGAAUUCACAAGAAAGGUGAGAAGC
AAUGCAGCCUUGGGGGCCAUAUUCACUGAUGAGAACAAGUGGAAGUCGGCACGUGAGGCUG
UUGAAGAUAGUAGGUUUUGGGAGCUGGUUGACAAGGAAAGGAAUCUCCAUCUUGAAGGAAA
GUGUGAAACAUGUGUGUACAACAUGAUGGGAAAAAGAGAGAAGAAGCUAGGGGAAUUCGGC
AAGGCAAAAGGCAGCAGAGCCAUAUGGUACAUGUGGCUUGGAGCACGCUUCUUAGAGUUUG
AAGCCCUAGGAUUCUUAAAUGAAGAUCACUGGUUCUCCAGAGAGAACUCCCUGAGUGGAGU
GGAAGGAGAAGGGCUGCACAAGCUAGGUUACAUUCUAAGAGACGUGAGCAAGAAAGAGGGA
GGAGCAAUGUAUGCCGAUGACACCGCAGGAUGGGAUACAAAAAUCACACUAGAAGACCUAA
AAAAUGAAGAGAUGGUAACAAACCACAUGGAAGGAGAACACAAGAAACUAGCCGAGGCCAU
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UUUCAAACUAACGUACCAAAACAAGGUGGUGCGUGUGCAAAGACCAACACCAAGAGGCACA
GUAAUGGACAUCAUAUCGAGAAGAGACCAAAGAGGUAGUGGACAAGUUGGCACCUAUGGAC
UCAAUACUUUCACCAAUAUGGAAGCCCAACUAAUCAGACAGAUGGAGGGAGAAGGAGUCUU
UAAAAGCAUUCAGCACCUAACAAUCACAGAAGAAAUCGCUGUGCAAAACUGGUUAGCAAGA
GUGGGGCGCGAAAGGUUAUCAAGAAUGGCCAUCAGUGGAGAUGAUUGUGUUGUGAAACCUU
UAGAUGACAGGUUCGCAAGCGCUUUAACAGCUCUAAAUGACAUGGGAAAGAUUAGGAAAGA
CAUACAACAAUGGGAACCUUCAAGAGGAUGGAAUGAUUGGACACAAGUGCCCUUCUGUUCA
CACCAUUUCCAUGAGUUAAUCAUGAAAGACGGUCGCGUACUCGUUGUUCCAUGUAGAAACC
AAGAUGAACUGAUUGGCAGAGCCCGAAUCUCCCAAGGAGCAGGGUGGUCUUUGCGGGAGAC
GGCCUGUUUGGGGAAGUCUUACGCCCAAAUGUGGAGCUUGAUGUACUUCCACAGACGCGAC
CUCAGGCUGGCGGCAAAUGCUAUUUGCUCGGCAGUACCAUCACAUUGGGUUCCAACAAGUC
GAACAACCUGGUCCAUACAUGCUAAACAUGAAUGGAUGACAACGGAAGACAUGCUGACAGU
CUGGAACAGGGUGUGGAUUCAAGAAAACCCAUGGAUGGAAGACAAAACUCCAGUGGARAACA
UGGGAGGAAAUCCCAUACUUGGGGAAAAGAGAAGACCAAUGGUGCGGCUCAUUGAUUGGGU
UAACAAGCAGGGCCACCUGGGCAAAGAACAUCCAAGCAGCAAUAAAUCAAGUUAGAUCCCU
UAUAGGCAAUGAAGAAUACACAGAUUACAUGCCAUCCAUGAAAAGAUUCAGAAGAGAAGAG
GAAGAAGCAGGAGUUCUGUGGUAGAAAGCAAAACUAACAUGAAACAAGGCUAGAAGUCAGG
UCGGAUUAAGCCAUAGUACGGAAAAAACUAUGCUACCUGUGAGCCCCGUCCAAGGACGUUA
AAAGAAGUCAGGCCAUCAUAAAUGCCAUAGCUUGAGUAAACUAUGCAGCCUGUAGCUCCAC
CUGAGAAGGUGUAAAAARAUCCGGGAGGCCACAAACCAUGGAAGCUGUACGCAUGGCGUAGU
GGACUAGCGGUUAGGGGAGACCCCUCCCUUACAAAUCGCAGCAACAAUGGGGGCCCAAGGC
GAGAUGAAGCUGUAGUCUCGCUGGAAGGACUAGAGGUUAGAGGAGACCCCCCCGAAACARA
AAACAGCAUAUUGACGCUGGGAAAGACCAGAGAUCCUGCUGUCUCCUCAGCAUCAUUCCAG
GCACAGAACGCCAGAAAAUGGAAUGGUGCUGUUGAAUCAACAGGUUCU

>VDV2 prME nucleotide sequence (SEQ ID NO: 25)

UUCCAUUUAACCACACGUAACGGAGAACCACACAUGAUCGUCAGCAGACAAGAGAAAGGGA
AAAGUCUUCUGUUUAAAACAGAGGUUGGCGUGAACAUGUGUACCCUCAUGGCCAUGGACCU
UGGUGAAUUGUGUGAAGACACAAUCACGUACAAGUGUCCCCUUCUCAGGCAGAAUGAGCCA
GAAGACAUAGACUGUUGGUGCAACUCUACGUCCACGUGGGUAACUUAUGGGACGUGUACCA
CCAUGGGAGAACAUAGAAGAGAAAAAAGAUCAGUGGCACUCGUUCCACAUGUGCGAAUGGG
ACUGGAGACACGAACUGAAACAUGGAUGUCAUCAGAAGGGGCCUGGAAACAUGUCCAGAGA
AUUGAAACUUGGAUCUUGAGACAUCCAGGCUUCACCAUGAUGGCAGCAAUCCUGGCAUACA
CCAUAGGAACGACACAUUUCCAAAGAGCCCUGAUUUUCAUCUUACUGACAGCUGUCACUCC
UUCAAUGACAAUGCGUUGCAUAGGAAUGUCAAAUAGAGACUUUGUGGAAGGGGUUUCAGGA
GGAAGCUGGGUUGACAUAGUCUUAGAACAUGGAAGCUGUGUGACGACGAUGGCAAAARACA
AACCAACAUUGGAUUUUGAACUGAUAAAAACAGAAGCCAAACAGCCUGCCACCCUAAGGAA
GUACUGUAUAGAGGCAAAGCUAACCAACACAACAACAGAAUCUCGCUGCCCAACACAAGGG
GAACCCAGCCUAAAUGAAGAGCAGGACAAAAGGUUCGUCUGCAAACACUCCAUGGUAGACA
GAGGAUGGGGAAAUGGAUGUGGACUAUUUGGAAAGGGAGGCAUUGUGACCUGUGCUAUGUU
CAGAUGCAAAAAGAACAUGGAAGGAAAAGUUGUGCAACCAGAAAACUUGGAAUACACCAUU
GUGAUAACACCUCACUCAGGGGAAGAGCAUGCAGUCGGAAAUGACACAGGARAAACAUGGCA
AGGAAAUCAAAAUAACACCACAGAGUUCCAUCACAGAAGCAGAAUUGACAGGUUAUGGCAC
UGUCACAAUGGAGUGCUCUCCAAGAACGGGCCUCGACUUCAAUGAGAUGGUGUUGCUGCAG
AUGGAAAAUAAAGCUUGGCUGGUGCACAGGCAAUGGUUCCUAGACCUGCCGUUACCAUGGU
UGCCCGGAGCGGACACACAAGAGUCAAAUUGGAUACAGAAGGAGACAUUGGUCACUUUCAA
AAAUCCCCAUGCGAAGAAACAGGAUGUUGUUGUUUUAGGAUCCCAAGAAGGGGCCAUGCAC
ACAGCACUUACAGGGGCCACAGAAAUCCAAAUGUCAUCAGGAAACUUACUCUUCACAGGAC
AUCUCAAGUGCAGGCUGAGAAUGGACAAGCUACAGCUCAAAGGAAUGUCAUACUCUAUGUG
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CACAGGAAAGUUUAAAGUUGUGAAGGAAAUAGCAGAAACACAACAUGGAACAAUAGUUAUC
AGAGUGCAAUAUGAAGGGGACGGCUCUCCAUGCAAGAUCCCUUUUGAGAUAAUGGAUUUGG
AAAAAAGACAUGUCUUAGGUCGCCUGAUUACAGUCAACCCAAUUGUGACAGAAAAAGAUAG
CCCAGUCAACAUAGAAGCAGAACCUCCAUUUGGAGACAGCUACAUCAUCAUAGGAGUAGAG
CCGGGACAACUGAAGCUCAACUGGUUUAAGAAAGGAAGUUCUAUCGGCCAAAUGUUUGAGA
CAACAAUGAGGGGGGCGAAGAGAAUGGCCAUUUUAGGUGACACAGCCUGGGAUUUUGGAUC
CUUGGGAGGAGUGUUUACAUCUAUAGGAAAGGCUCUCCACCAAGUCUUUGGAGCAAUCUAU
GGAGCUGCCUUCAGUGGGGUUUCAUGGACUAUGAAAAUCCUCAUAGGAGUCAUUAUCACAU
GGAUAGGAAUGAAUUCACGCAGCACCUCACUGUCUGUGACACUAGUAUUGGUGGGAAUUGU
GACACUGUAUUUGGGAGUCAUGGUGCAGGCC

>VDV2 E protein sequence (SEQ ID NO: 26)

MRCIGMSNRDFVEGVSGGSWVDIVLEHGSCVITMAKNKPTLDFELTIKTEAKQPATLRKYCI
EAKLTNTTTESRCPTOQGEPSLNEEQDKREVCKHSMVDRGWGNGCGLEGKGGIVTCAMEFRCK
KNMEGKVVQPENLEYTIVITPHSGEEHAVGNDTGKHGKEIKITPOSSITEAELTGYGTVTM
ECSPRTGLDENEMVLLOMENKAWLVHROWFLDLPLPWLPGADTQESNWIQKETLVTEFKNPH
AKKQDVVVLGSQEGAMHTALTGATETIQOMS SGNLLFTGHLKCRLRMDKLOLKGMSY SMCTGK
FRKVVKEIAETQHGTIVIRVQYEGDGSPCKIPFEIMDLEKRHVLGRLITVNPIVTEKDSPVN
IEAEPPEGDSYITIIGVEPGOQLKLNWEKKGSSIGOMEFETTMRGAKRMATILGDTAWDEGSLGG
VETSIGKALHOVFGATIYGAAFSGVSWIMKILIGVIITWIGMNSRSTSLSVILVLVGIVTLY
LGVMVQA

>VDV2 M protein sequence (SEQ ID NO: 27)

SVALVPHVRMGLETRTETWMS SEGAWKHVORIETWILRHPGFTMMAATLAYTIGTTHFQORA
LIFILLTAVTPSMT

Study design
In an open, randomised, controlled, phase lla trial, 150 healthy adults aged 18-45

years were enrolled at two centres in Mexico City, which is a dengue non-endemic area.
Main exclusion criteria were: pregnancy or breast-feeding, human immunodeficiency
virus, hepatitis B or C seropositivity, immunodeficiency or any other chronic illness that
could interfere with the results, previous residence in or travel of >2 weeks to areas with
high dengue endemicity, a history of flavivirus infection or previous vaccination against
flavivirus disease. Women who were capable of conceiving were required to use an
effective method of contraception or abstinence for at least 4 weeks before the first
injection until at least four weeks after the last injection.

Participants were randomised into two groups and vaccinations were performed on

Day 0 and Day 105 (15 days). The groups received the following formulations:

Group 1: Blended CYD/VDV2 tetravalent formulation, i.e. a formulation
comprising CYD-1, CYD-3, CYD4 and VDV2.
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Group 2: Control tetravalent formulation (CYD-TDV), i.e. CYD-1, CYD-2, CYD-3
and CYD-4.

The formulations contained 10° CCIDy of each serotype of the CYD viruses and

the formulation administered to Group 1 contained 10* CCIDs, of the VDV-2 virus.

Viremia

To evaluate the safety of the vaccines, the presence of CYD-1-4 or VDV-2 was
assessed in serum collected 7, 14 and 21 days after each injection. Analyses were
performed by the Global Clinical Immunology laboratory (Sanofi Pasteur, Swiftwater, PA,
USA).

Analyses for CYD-1-4 viremia were performed in two steps, as previously
described in Poo et al., Pediatr Infect Dis J (2011) 30: €9. Briefly, a first, non-serotype-
specific, reverse transcriptase-polymerase chain reaction (RT-PCR) was used to detect
the presence of any of the four CYD viruses. Samples that were positive in this first test
were then analysed using four CYD serotype-specific quantitative RT-PCRs. In the non-
serotype-specific RT-PCR, RNA was extracted from the serum using a commercial kit and
an RT-PCR was carried out with primers from the yellow fever core gene sequence. In
the serotype-specific RT-PCRs, RNA was again extracted from the serum using a
commercial kit and an RT-PCR was carried out with serotype-specific primers from the
envelope non-structural protein 1 junction gene sequence for each serotype. A dengue
RT-PCR for serotype 2 was performed in group 1 since the tetravalent blending

formulation administered to this group contained the VDV-2 virus.

Immunogenicity

Antibody levels to each of the four dengue virus serotypes were determined by
50% plaque reduction neutralisation test on serum collected 28 days after each injection
as well as on day 365 after the first injection. Briefly, serial 2-fold dilutions of heat-
inactivated serum were mixed with a constant challenge dose of each dengue serotype
DEN-1, -2, -3, or -4 (expressed as plaque forming unit [PFU}/mL). The mixtures were
inoculated into wells of a 24-well plate of confluent VERO cell monolayers. After
incubation for several days, dengue virus infection is indicated by formation of plaques.
The neutralising antibody titre is calculated as the highest reciprocal dilution (1/dil) of
serum at which 250% reduction in viral plaque count is observed (PRNT50). The lower
limit of quantitation of the dengue PRNT50 is 10; samples with titres 210 were considered

seropositive.
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Results

Formulations were administered to participants in Groups 1 and 2 on day 0 and
day 105 of the study. There were no marked differences between the two groups with
regard to the injection site or systemic reactogenicity after either the first or the second
vaccination. Viremia was assessed in serum collected 7, 14 and 21 days after each
injection (Table 7). The neutralising antibody titres were measured 28 days after each

injection and on day 365 after the first injection (Table 8).

Table 7. Vaccine virus viremia 7, 14, or 21 days after first and second injections (n

(%) with detectable and quantifiable viremia)

First injection Second injection

Group 1 Group 2 Group 1 Group 2
Blended Tetravalent Blended Tetravalent
CYD/VDV CYD-TDV CYD/VDV CYD-TDV

Non-serotype specific

N 29 31 28 29
Detectable viraemia 27 (93%) 25 (81%) 1 (4%) 1 (3%)
Quantifiable viracmia 1 (3%) 2 (6%) 0 0
DENV-1
Detectable viraemia 1 (3%) 4 (13%) 0
Quantifiable viracmia 0 2 (7%) 0
DENV-2
Detectable viraemia 0 2 (6%) 0
Quantifiable viracmia 0 0
DENV-3
Detectable viraemia 8 (28%) 7 (23%) 1 (4%) 0
Quantifiable viracmia 0 0 0 0
DENV-4
Detectable viraemia 24 (83%) 21 (68%) 0 0
Quantifiable viracmia 0 3 (1%) 0

After the first injection, detectable viremia, as determined by the non-serotype
specific RT-PCR test, was observed in a similar proportion of participants in both groups
(see Table 7). In the majority of cases, viremia was below the lower limit of quantitation.
Analysis with the serotype-specific assays showed that CYD-4 was the most commonly
detected serotype, followed by CYD-3. After the second injection of the blended CYD/VDV
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vaccine in Group 1 or the CYD-TDV vaccine in Group 2, viremia was only detected in one
participant per group by the non-serotype-specific assay.

Accordingly, there was no significant difference between the levels of viremia
induced by the blended CYD/VDV and CYD-TDV.

Table 8. Geometric mean titres (95% confidence interval) of dengue antibodies 28

days after the first and second injections and 365 days after the first injection

Group 1 Group 2
CYD/VDV CYD-TDV
blended
First injection
Serotype 1 15 (9;28) 17 (10;31)
Serotype 2 17 (8;33) 32 (16;65)
Serotype 3 64 (31;133) 23 (13;39)
Serotype 4 552 (299;1019) 468 (226;968)
Second injection
Serotype 1 54 (30;96) 28 (15;50)
Serotype 2 152 (79;293) 43 (23;79)
Serotype 3 127 (71;229) 46 (29;73)
Serotype 4 246 (159;382) 173 (97;307)
365 days post-dose 1
Serotype 1 14 (9;22) 18 (10;30)
Serotype 2 55 (32;94) 16 (9;29)
Serotype 3 36 (20;64) 11 (7;16)
Serotype 4 103 (69;155) 72 (44;117)

It can be seen from Table 8 that the second injection of the blended CYD/VDV
vaccine (Group 1) induced higher GMTs against serotype 2 of dengue virus than the
CYD-TDV vaccine (Group 2). An improved response to serotype 2 in the blended
CYD/VDV group was also observed 365 days after the first dose.

Furthermore, the second injection of the blended CYD/VDV vaccine (Group 1)
resulted in an improved neutralising antibody response against all serotypes of dengue
virus when compared with the group receiving the CYD-TDV vaccine (Group 2).
Importantly, the blended CYD/VDV formulation group demonstrated a more persistent
neutralising antibody response against dengue virus than the CYD-TDV group on day 365
after the first injection.

The example therefore shows that, overall, the blended CYD-1, 3, 4/VDV2 vaccine
formulation induces stronger and longer lasting immune responses against the dengue
virus serotypes than the CYD-TDV vaccine while showing a similar safety profile, as

determined by the levels of viremia.
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Sequence Listing

SEQ ID NO. Sequence

prM+E CYD23 circulating strain nucleotide sequence
prM+E CYD23 circulating strain protein sequence
prM+E consensus serotype 2 protein sequence
prM+E LAV2 nucleotide sequence

prM+E BID/V585 nucleotide sequence

prM+E PR/DB023 nucleotide sequence

prM+E MD1280 nucleotide sequence

prM+E LAV2 protein sequence

prM+E BID/V585 protein sequence

prM+E PR/DB023 protein sequence

prM+E MD1280 protein sequence

E consensus serotype 2 protein sequence

E LAV2 protein sequence

E BID/V585 protein sequence

E PR/DB023 protein sequence

E MD1280 protein sequence

M consensus serotype 2 protein sequence

E CYD23 circulating strain protein sequence

M LAV2 protein sequence

M BID/V585 protein sequence

M PR/DB023 protein sequence

M MD1280 protein sequence

M CYD23 circulating strain protein sequence

Entire nucleotide sequence of VDV2 (RNA equivalent)
prM+E VDV2 nucleotide sequence (RNA equivalent)
E VDV2 protein sequence

M VDV2 protein sequence

NINININININDINDIN R aaaa -
N oo || RN | S|wo|m|N|o|o| R | w N = |o|@R(N|e| O AW =

In the listed nucleotide sequences, where a nucleotide sequence is DNA, the nucleotide T
may be replaced with the nucleotide U to give the RNA equivalent of that DNA sequence.
Similarly, where a nucleotide sequence is RNA, the nucleotide U may be replaced by the
nucleotide T to give the equivalent DNA sequence. The DNA sequences listed above
constitute the cDNA sequences of the noted dengue viruses and therefore the equivalent

RNA sequences constitute the positive strand RNA of those dengue viruses.
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CLAIMS

1. A dengue virus serotype 2 vaccine composition comprising:
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(i a dengue antigen selected from the group consisting of:
(@) a live attenuated dengue virus;
(b) an inactivated dengue virus;
(c) a live attenuated or inactivated chimeric dengue virus;
(d) a dengue virus-like particle (VLP); and

(e) a combination of two or more of (a) to (d);

or

(iii) a nucleic acid construct or viral vector which is able to express in a human

cell a dengue antigen which is a dengue VLP;

wherein said dengue antigen comprises a polypeptide having at least 90% identity
to SEQ ID NO: 12.

. A composition as claimed in claim 1, wherein said polypeptide comprises a valine

residue at the position within the polypeptide that corresponds to position 251 of
SEQ ID NO: 12.

. A composition as claimed in claim 1 or claim 2, wherein said polypeptide

comprises a methionine residue at the position within the polypeptide that
corresponds to position 6 of SEQ ID NO: 12.

. A composition as claimed in any preceding claim, wherein said polypeptide

comprises a valine residue at the position within the polypeptide that corresponds
to position 129 of SEQ ID NO: 12.

. A composition as claimed in any preceding claim, wherein said polypeptide

comprises an isoleucine residue at the position within the polypeptide that
corresponds to position 141 of SEQ ID NO: 12.
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A composition as claimed in any preceding claim, wherein
comprises an isoleucine residue at the position within the
corresponds to position 164 of SEQ ID NO: 12.

A composition as claimed in any preceding claim, wherein
comprises an aspartate residue at the position within the
corresponds to position 203 of SEQ ID NO: 12.

A composition as claimed in any preceding claim, wherein
comprises a threonine residue at the position within the

corresponds to position 226 of SEQ ID NO: 12.

A composition as claimed in any preceding claim, wherein

PCT/EP2013/065669

said polypeptide
polypeptide that

said polypeptide
polypeptide that

said polypeptide
polypeptide that

said polypeptide

comprises a glycine residue at the position within the polypeptide that corresponds

to position 228 of SEQ ID NO: 12.

10. A composition as claimed in any preceding claim, wherein

comprises an isoleucine residue at the position within the
corresponds to position 308 of SEQ ID NO: 12.

11. A composition as claimed in any preceding claim, wherein

comprises a threonine residue at the position within the
corresponds to position 478 of SEQ ID NO: 12.

12. A composition as claimed in any preceding claim, wherein

comprises an isoleucine residue at the position within the
corresponds to position 484 of SEQ ID NO: 12.

13. A composition as claimed in any preceding claim, wherein

comprises an isoleucine residue at the position within the
corresponds to position 485 of SEQ ID NO: 12.

14. A composition as claimed in any preceding claim, wherein

comprises an alanine residue at the position within the
corresponds to position 491 of SEQ ID NO: 12.

said polypeptide
polypeptide that

said polypeptide
polypeptide that

said polypeptide
polypeptide that

said polypeptide
polypeptide that

said polypeptide
polypeptide that
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A composition as claimed in any preceding claim, wherein said dengue antigen

comprises a polypeptide having at least 90% identity to SEQ ID NO: 3.

A composition as claimed in any one of claims 1 to 14, wherein said polypeptide
has at least 90% identity to SEQ ID NO: 3.

A composition as claimed in claim 15 or 16, wherein said polypeptide comprises a
glycine residue at the position within the polypeptide that corresponds to position
15 of SEQ ID NO: 3.

A composition as claimed in any one of claims 15 to 17, wherein said polypeptide
comprises a leucine residue at the position within the polypeptide that corresponds
to position 24 of SEQ ID NO: 3.

A composition as claimed in any one of claims 15 to 18, wherein said polypeptide
comprises an isoleucine residue at the position within the polypeptide that
corresponds to position 39 of SEQ ID NO: 3.

A composition as claimed in any one of claims 15 to 19, wherein said polypeptide
comprises a valine residue at the position within the polypeptide that corresponds
to position 120 of SEQ ID NO: 3.

. A composition as claimed in any one of claims 15 to 20, wherein said polypeptide

comprises a threonine residue at the position within the polypeptide that
corresponds to position 125 of SEQ ID NO: 3.

A composition as claimed in any one of claims 1 to 21, wherein said polypeptide
comprises: (i) the sequence as set forth in SEQ ID NO: 13 or a sequence having at
least 1 and no more than 5 amino acid substitutions with respect to the sequence
as set forth in SEQ ID NO: 13; (ii) the sequence as set forth in SEQ ID NO: 14 or a
sequence having at least 1 and no more than 5 amino acid substitutions with
respect to the sequence as set forth in SEQ ID NO: 14; (iii) the sequence as set
forth in SEQ ID NO: 15 or a sequence having at least 1 and no more than 5 amino
acid substitutions with respect to the sequence as set forth in SEQ ID NO: 15; (iv)
the sequence as set forth in SEQ ID NO: 16 or a sequence having at least 1 and
no more than 5 amino acid substitutions with respect to the sequence as set forth
in SEQ ID NO: 16; (v) the sequence as set forth in SEQ ID NO: 18 or a sequence
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having at least 1 and no more than 5 amino acid substitutions with respect to the
sequence as set forth in SEQ ID NO: 18 or (vi) the sequence as set forth in SEQ
ID NO: 26 or a sequence having at least 1 and no more than 5 amino acid

substitutions with respect to the sequence as set forth in SEQ ID NO: 26.

A composition as claimed in claim 1, wherein said dengue antigen comprises a
polypeptide comprising a sequence selected from the group consisting of SEQ ID
NO: 13; SEQ ID NO: 14, SEQ ID NO: 15, SEQ ID NO: 16, SEQ ID NO: 18 and
SEQ ID NO: 26.

A composition as claimed in claim 23, wherein said dengue antigen comprises a
polypeptide comprising a sequence selected from the group consisting of SEQ ID
NO: 13 and SEQ ID NO: 16.

A composition as claimed in claim 22, wherein said dengue antigen further
comprises a polypeptide comprising: (i) the sequence as set forth in SEQ ID NO:
19 or a sequence having at least 1 and no more than 5 amino acid substitutions
with respect to the sequence as set forth in SEQ ID NO: 19; (ii) the sequence as
set forth in SEQ ID NO: 20 or a sequence having at least 1 and no more than 5
amino acid substitutions with respect to the sequence as set forth in SEQ ID NO:
20; (iii) the sequence as set forth in SEQ ID NO: 21 or a sequence having at least
1 and no more than 5 amino acid substitutions with respect to the sequence as set
forth in SEQ ID NO: 21; (iv) the sequence as set forth in SEQ ID NO: 22 or a
sequence having at least 1 and no more than 5 amino acid substitutions with
respect to the sequence as set forth in SEQ ID NO: 22; (v) the sequence as set
forth in SEQ ID NO: 23 or a sequence having at least 1 and no more than 5 amino
acid substitutions with respect to the sequence as set forth in SEQ ID NO: 23; (vi)
the sequence as set forth in SEQ ID NO: 27 or a sequence having at least 1 and
no more than 5 amino acid substitutions with respect to the sequence as set forth
in SEQ ID NO: 27.

A composition as claimed in claim 23, wherein said dengue antigen further
comprises a polypeptide comprising a sequence selected from the group
consisting of SEQ ID NO: 19; SEQ ID NO: 20, SEQ ID NO: 21, SEQ ID NO: 22,
SEQ ID NO: 23 and SEQ ID NO: 27.
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27. A composition as claimed in claim 22, wherein said dengue antigen comprises:

i)

vi)

a polypeptide having the sequence as set forth in SEQ ID NO: 13 or a
polypeptide having at least 1 and no more than 5 amino acid substitutions
with respect to the sequence as set forth in SEQ ID NO: 13; and

a polypeptide having the sequence as set forth in SEQ ID NO: 19 or a
polypeptide having at least 1 and no more than 5 amino acid substitutions
with respect to the sequence as set forth in SEQ ID NO: 19;

a polypeptide having the sequence as set forth in SEQ ID NO: 14 or a
polypeptide having at least 1 and no more than 5 amino acid substitutions
with respect to the sequence as set forth in SEQ ID NO: 14; and

a polypeptide having the sequence as set forth in SEQ ID NO: 20 or a
polypeptide having at least 1 and no more than 5 amino acid substitutions
with respect to the sequence as set forth in SEQ ID NO: 20;

a polypeptide having the sequence as set forth in SEQ ID NO: 15 or a
polypeptide having at least 1 and no more than 5 amino acid substitutions
with respect to the sequence as set forth in SEQ ID NO: 15; and

a polypeptide having the sequence as set forth in SEQ ID NO: 21 or a
polypeptide having at least 1 and no more than 5 amino acid substitutions
with respect to the sequence as set forth in SEQ ID NO: 21;

a polypeptide having the sequence as set forth in SEQ ID NO: 16 or a
polypeptide having at least 1 and no more than 5 amino acid substitutions
with respect to the sequence as set forth in SEQ ID NO: 16; and

a polypeptide having the sequence as set forth in SEQ ID NO: 22 or a
polypeptide having at least 1 and no more than 5 amino acid substitutions
with respect to the sequence as set forth in SEQ ID NO: 22;

a polypeptide having the sequence as set forth in SEQ ID NO: 18 or a
polypeptide having at least 1 and no more than 5 amino acid substitutions
with respect to the sequence as set forth in SEQ ID NO: 18; and

a polypeptide having the sequence as set forth in SEQ ID NO: 23 or a
polypeptide having at least 1 and no more than 5 amino acid substitutions
with respect to the sequence as set forth in SEQ ID NO: 23; or

a polypeptide having the sequence as set forth in SEQ ID NO: 26 or a
polypeptide having at least 1 and no more than 5 amino acid substitutions

with respect to the sequence as set forth in SEQ ID NO: 26; and
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a polypeptide having the sequence as set forth in SEQ ID NO: 27 or a
polypeptide having at least 1 and no more than 5 amino acid substitutions

with respect to the sequence as set forth in SEQ ID NO: 27.

28. A composition as claimed in claim 26, wherein said dengue antigen comprises: i) a

polypeptide of SEQ ID NO: 13 and a polypeptide of SEQ ID NO: 19; ii) a
polypeptide of SEQ ID NO: 14 and a polypeptide of SEQ ID NO: 20; iii) a
polypeptide of SEQ ID NO: 15 and a polypeptide of SEQ ID NO: 21; iv) a
polypeptide of SEQ ID NO: 16 and a polypeptide of SEQ ID NO: 22; v) a
polypeptide of SEQ ID NO: 18 and a polypeptide of SEQ ID NO: 23 or vi) a
polypeptide of SEQ ID NO: 26 and a polypeptide of SEQ ID NO: 27.

29. A composition as claimed in claim 15 or claim 16, wherein said dengue antigen

30.

31.

32.

33.

comprises a polypeptide comprising a sequence selected from the group
consisting of SEQ ID NO: 8; SEQ ID NO: 9, SEQ ID NO: 10 and SEQ ID NO: 11.

A composition as claimed in claim 29, wherein said dengue antigen comprises a
polypeptide comprising a sequence selected from the group consisting of SEQ ID
NO: 8; and SEQ ID NO: 11.

A composition as claimed in any preceding claim, wherein said dengue antigen is
selected from the group consisting of: (a) a live attenuated dengue virus; (b) an
inactivated dengue virus; (c) a live attenuated or inactivated chimeric dengue virus;
or (d) a combination of two or more of (a) to (c); wherein said dengue antigen
comprises a nucleotide sequence encoding a protein comprising a polypeptide as

defined in any one of claims 1 to 30.

A vaccine composition comprising a dengue antigen of serotype 2 selected from
the group consisting of: (a) a live attenuated dengue virus; (b) an inactivated
dengue virus; (c) a live attenuated or inactivated chimeric dengue virus; or (d) a
combination of two or more of (a) to (¢); wherein said dengue antigen comprises a
nucleotide sequence encoding a protein comprising the polypeptide or

polypeptides as defined in any one of claims 1 to 30.

A vaccine composition comprising a dengue antigen of serotype 2 selected from
the group consisting of: (a) a live attenuated dengue virus; (b) an inactivated

dengue virus; (c) a live attenuated or inactivated chimeric dengue virus; or (d) a



10

15

20

25

30

35

WO 2014/016362 PCT/EP2013/065669

34.

35.

36.

37.

38.

39.

40.

41.

101
combination of two or more of (a) to (¢); wherein said dengue antigen comprises a
nucleotide sequence having at least 90% sequence identity to a sequence
selected from the group consisting of the RNA equivalent of SEQ ID NO: 1, the
RNA equivalent of SEQ ID NO: 4, the RNA equivalent of SEQ ID NO: 5, the RNA
equivalent of SEQ ID NO: 6, the RNA equivalent of SEQ ID NO: 7 and SEQ ID
NO: 25.

A composition as claimed in any preceding claim, wherein said composition

comprises a live attenuated chimeric dengue virus.

A composition as claimed in claim 34, wherein said composition comprises one or
more proteins from a dengue virus and one or more proteins from a different

flavivirus.

A composition as claimed in claim 35, wherein the different flavivirus is a yellow

fever virus.

A composition as claimed in claim 36, wherein the yellow fever virus is YF-Vax.

A composition as claimed in any preceding claim, wherein the composition further
comprises a dengue antigen of serotype 1, a dengue antigen of serotype 3 and a

dengue antigen of serotype 4.

A composition as claimed in claim 38, wherein said dengue antigens of serotypes
1, 3 and 4 are each independently selected from the group consisting of a live

attenuated dengue virus and a live attenuated chimeric dengue virus.

A composition as claimed in claim 39, wherein said dengue antigens of serotypes
1, 3 and 4 are each a live attenuated chimeric dengue virus in which the genetic
backbone of a recipient flavivirus has been modified by exchanging the sequences
encoding the prM and E proteins of the recipient flavivirus with the corresponding

sequences of a dengue virus.

A composition as claimed in claim 40, wherein the recipient flavivirus is a yellow

fever virus.
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A composition as claimed in any one of claims 38 to 41, wherein said dengue
antigens of serotypes 1, 3 and 4 are each a live attenuated chimeric dengue virus
and the dengue antigen of serotype 2 is a live attenuated dengue virus of serotype

2 which comprises a nucleic acid sequence having at least 90% sequence identity
to SEQ ID NO: 24.

A pharmaceutical formulation comprising a composition as claimed in any

preceding claim and a pharmaceutically acceptable carrier, diluent or excipient.

A composition as claimed in any one of claims 1 to 42 for use in therapy.

A composition as claimed in any one of claims 1 to 42 for use in a method of
protecting a human subject against dengue disease caused by a dengue virus of

serotype 2.

A composition as claimed in any one of claims 38 to 42 for use in a method of
protecting a human subject against dengue disease caused by a dengue virus of

serotype 1, serotype 2, serotype 3 or serotype 4.

A method of protecting a human subject against dengue disease caused by a
dengue virus of serotype 2, wherein said method comprises administering to said
subject an effective amount of a composition according to any one of claims 1 to
42.

A method of protecting a human subject against dengue disease caused by a
dengue virus of serotype 1, serotype 2, serotype 3 or serotype 4, wherein said
method comprises administering to said subject an effective amount of a

composition according to any one of claims 38 to 42.

A kit comprising a composition according to any one of claims 1 to 42 and
instructions for use of said composition in a method of protecting a human subject

against dengue disease caused by a dengue virus of serotype 2.

A kit comprising a composition according to any one of claims 38 to 42 and
instructions for use of said composition in a method of protecting a human subject
against dengue disease caused by a dengue virus of serotype 1, serotype 2,

serotype 3 or serotype 4.
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Figure NS1
Figure 1: Construction of the YF-VAX - (2948)

¢DNA by RT-PCT and cloning
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FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

This International Searching Authority found multiple (groups of)
inventions in this international application, as follows:

1. claims: 1-14(completely); 31-50(partially)

Invention 1 relates to a dengue virus serotype 2 vaccine
composition comprising a dengue antigen in the form of (a) a
live attenuated dengue virus, (b) an inactivated dengue
virus, (c) a live attenuated or inactivated chimeric dengue
virus, or (d) a dengue virus Tike particle or a nucleic acid
construct or viral vector encoding the same in human cell,
wherein the dengue antigen comprises a polypeptide having at
least 90% identity to SEQ. ID. NO: 12; and uses thereof in
the prevention of human subjects against dengue disease
caused by a dengue virus serotype 2, and kit comprising said
vaccine composition.

2. claims: 15-21, 29, 30(completely); 31-50(partially)

Invention 2 is identical to invention 1 when said dengue
antigen comprises a polypeptide having at least 90% identity
to SEQ. ID. NO: 3.

3. claims: 22-28, 31-50(all partially)

Invention 3 is identical to invention 1 when said dengue
antigen comprises a polypeptide having at least 90% identity
to SEQ. ID. NO: 13.

4. claims: 22, 23, 25-28, 31-50(all partially)

Invention 4 is identical to invention 1 when said dengue
antigen comprises a polypeptide having at least 90% identity
to SEQ. ID. NO: 14.

5. claims: 22, 23, 25-28, 31-50(all partially)

Invention 5 is identical to invention 1 when said dengue
antigen comprises a polypeptide having at least 90% identity
to SEQ. ID. NO: 15.

6. claims: 22-28, 31-50(all partially)

Invention 6 is identical to invention 1 when said dengue
antigen comprises a polypeptide having at least 90% identity
to SEQ. ID. NO: 16.

7. claims: 22, 23, 25-28, 31-50(all partially)
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Invention 7 is identical to invention 1 when said dengue
antigen comprises a polypeptide having at least 90% identity
to SEQ. ID. NO: 18.

8. claims: 22, 23, 25-28, 31-50(all partially)

Invention 8 is identical to invention 1 when said dengue
antigen comprises a polypeptide having at least 90% identity
to SEQ. ID. NO: 18.

9. claims: 29-50(partially)

Invention 9 is identical to invention 1 when said dengue
antigen comprises a polypeptide having at least 90% identity
to SEQ. ID. NO: 8.

10. claims: 29, 31-50(all partially)

Invention 10 is identical to invention 1 when said dengue
antigen comprises a polypeptide having at least 90% identity
to SEQ. ID. NO: 9.

11. claims: 29, 31-50(all partially)

Invention 11 is identical to invention 1 when said dengue
antigen comprises a polypeptide having at least 90% identity
to SEQ. ID. NO: 10.

12. claims: 29-50(partially)

Invention 12 is identical to invention 1 when said dengue
antigen comprises a polypeptide having at least 90% identity
to SEQ. ID. NO: 11.
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(e) (a)-(d) WIPIFHEE ZMIHE |

&%

(111) REfEAE N AR AR 204 8 B AT I A IR A R B BRIk, I 5 o AT D A
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I NMAAZ T 5 AR IR Z K A
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HAZ T 5 N FERIR I Z K

28. BUFIE R 26 WZHEY), Kb iR & A PiE a5 1) SEQ ID NO: 13 K2 ikl
SEQ ID NO: 19fJZJk ;ii) SEQ ID NO: 14FIZ KFISEQ ID NO: 20 £k ;iii) SEQ ID
NO: 15 I KA1 SEQ 1D NO: 21 FIZ K siv) SEQ ID NO: 16 2 KA SEQ 1D NO: 22 [
%k ;v) SEQ ID NO: 18 UZIkAI SEQ ID NO: 23 £ fikak vi) SEQ ID NO: 26 [ Jik Al
SEQ ID NO: 27 (£ k.

29. BUFIZER 15 BUBCRIEER 16 A G, K prid S E MR a8 S HEH U T T
Y2 ik :SEQ ID NO: 8.SEQ ID NO: 9.SEQ ID NO: 10 £1 SEQ ID NO: 11,

30. BURIZER 29 A EY), KPR § B _GUR A5 S HEA U FFAI 2K :SEQ
ID NO: 8 F1SEQ ID NO: 11.

31, FUIRKCRE R AL — T HEY), P prid B ERGURIEE : (a) WK EE S5
PO EE s (b) KGRI E RN 5 (o) WHIREBCKIENIRE S EHNE ;8 () (@) (c)
(9 A BB 2 P2 A 5 L b BT IR B T R AL g S L BRI B3R 1-30 AT — TR
aﬁzﬂkm%amﬁwmrﬂ

L MBI AAY), AR S DURMER 2 B EGUR : (a) TR S R

(b) KGRV EERIREE ; (o) W EBUKIERIR & S RPN EE 8 (D) (@) -(c) MW
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A~
=

FhEREE 2 Fh 20 A 5 e Hp BT B B ST i B B g B B BRI 2 2R 1-30 FR AT — Tl B e 1 —
Ve EA NIk S Vil S = il

33. —FEHAEY), HAEIE A DTGS2 8 S AGUR  (a) 1E IS B0
B 5 (b) KIGMEERGE 5 (o) IHAIREEBUKTE IR G S BN ;80 (d) (@) -(c) MM
FRETE Z MG s P TR S SRR A8 S5k 8 DUF 175 B A 2 90% 741 [F — 1
FIRZEER 741 :SEQ 1D NO: 1 ffJRNAZE[F#.SEQ ID NO: 4 FJRNA Z5[R47.SEQ ID NO: 5]
RNA %5 @4, SEQ ID NO: 6 f#) RNA Z5[E47). SEQ ID NO: 7 f RNA 2[4 SEQ ID NO: 25,

34, HRAURZ R A AE — T H A4, o e 20 & W0 80 5 3 B9 6k 25 ik A 38 ViR
EFo

35. BURIZELR 34 A EY), K iR A -GSk &R RIR R —FhEZ Fi & A
JB ISR H AN [R] B0 25 1 — AP el 22 A 5

36. BUHIER 35 A -G, Horh Bk AN [7] (1) 3695 B 28 AV I 55

37. BURIEER 36 A G, Horh Frik s #5572 YF-Vax.

38, HIRAUHZ R AR — T A A4, Horb Frid A& Pie 8 Mg 8 1 B& s APt
JR M52 3 8 BT R AN IS Y 4 1 8 AP .

39. BURIELR 38 FIHAYD, H prid s A 1.3 A1 4 198 AP 25 B Mok 5 iE )
IR B AR B ANE IR B IR A B A

40, BURIZER 39 HIH-AY, Hd prid g AL 1.3 F1 4 198 AU 5 B NS FIEE iR
A28 RV B, HA S AR T B 18 AR B ALIE I g 0D 2 AR B B prM AT E SR RS B
BT B A NP B A B B AZ 1

41, BURZER 40 BIH-EYD, o Birads 52 44 58 05 55 2 55 I i B2

42. BUFIER 38-41 AE—IHIA-GY, Hrb iR g 2 1.3 M 4 B8 4 $T5E & B
NS IR R A B AR R, BTR IS 2 RS ERGUE A5 SEQ 1D NO: 24 HAf
2 /0 90% 3 A [F] — PR R 13 21 0 T3 284 2 FR03E 98 6 S 3 25

43, — PR35, HAL B TR BRI B SR A AT — T 4 S R 24 5 b i 52 R AR
M e A BRI 1) o

44. HTIFRBCRIE SR 1-42 AR —TIAEY) .

45. AT N2 IR T g Y 2 18 5 309 15 51 0 28 5 0 1 77 VR AL
FIE R 1-42 PAE—TRIHED

46. BUF|ER 38-42 AL —TIHIH &Y, A TR AL ZRHE o T HiliE A 1. i
A2, MG A 3 BMmiE AL 4 ()58 5 R 85 5| RS ) 28 S R I 7 %

47, — MR N2 E o T H s Y 2 098 008 25 5 | S 1 8 B 3 1 v, Lrp
Frid ik AFE 4G T iR 2 iR A B AR 2R 1-42 AT — T4 59

48, — RPN RE b T H ISR 1SR 20 iR 3 BSR4 ()% 2 55
B 76 1B R 1 7 7, Ho BT D7 AR T TR 52 A R B RUR R SR 38-42
E—IHIHEY

49. —MZE, TR AR SRR 1-42 P AE— T4 S FT R 4H-& e R4
N o T MG AL 2 198 B3 55 5 S 1) 38 B 3 1) 7 4 s FH Ul B

50. —FhZhEr, Tk 2 B SRR B SR 38-42 H AT — TR 24 W A ik 2H & W AE AR 4
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N2 o T i MiER 1L M8 2, 8 3 BRI AY 4 ()8 25 05 25 51k 1) B 5
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RAFRIEEERFERENERESY

7 BB &g

[0001] ARV R A AR R id H A A PR N K323 0 T8 S s ity vk

1 I

[0002] A N=ps

B IGEIRIETR 2 Ja 1 ER b B R A, AN R R — R AR VE R
AT IRALIE RS X o Al 5 T 5 — 1 A2B8 534099, T2 500, 000 44 2 R & 4
e (DHF) T B, I 5 2& 25, 000 FIFET:,
[0003] B HERVFIRGLRAT T 100 2 AFH [E K, IXEL[H 5 A 60 A Tk SEA 5 H i A
(DHF) (Gubler, 2002, TRENDS in Microbiology, 10: 100-103).
[0004] 5V 2 BB R 1 4 PRAEPUIE B Al SR A [RH 25 ) AH O 1 38 9 740 75 1ML
RIEER] (GublerZE, 1988, # T : Epidemiology of arthropod-borne viral disease.
Monath TPM %w%5 , Boca Raton (FL): CRC Press: 223-60 ;Kautner 2, 1997, J. of
Pediatrics, 131: 516-524 ;Rigau—Perez %%, 1998, Lancet, 352: 971-977 ;VaughnZ§,
1997, J. Infect. Dis., 176: 322-30).
[0005] & s PRt 0 I A8 B T R IR L () 3 S AR (Aedes aegypt 1) WML N %
TREFT AL . 78 4-10 RGN, TIR RRTFER, IFEEE LUT 3 M B Rk # (2-7T R ).
fa 2 (24-48 /NS —JU I AT BE H ™ B ) I R E ) AR (48-T2 /N ) o fEfE 2, AT e
PR S S A B RE , 48140 HY L AR e A S M A B PR o 0 S AN AT P ) 5 S ]
RIRIER . 15 7-10 R )5 FE S ARG  H2 KW 55 2 15 % 10 . Gl W 2] H 41 i
AR E D
[0006] 55 H ML (DHF) s & 5 R 5 B YL T 7 B0 I AORE o A W 2 1 e 0 TR £
PLAL, DHF [RRFAEIEAE T 1 loe AE S RO IR o I A8 3875 1k 39 I AN RS = o mT S Bl 2%
2 R AR L, BLRAE ™ B UL MR 2R AR s A H 1. PN ERI R AE DHF 1) % A2 vh
ALh P2 3 AR P — PR s 75 S M) A e 7K B8 B ILE - (320 1) 7 EERE B 5 0 7 IfLE 7K P
A% ;Vaughn %5, 2000, J. Inf. Dis., 181: 2-9) A= %5 P N A s /K 8 A i
Feit (Rothman Fl Ennis, 1999, Virology, 257: 1-6 ;Alan L. Rothman. 2011, Nature
Reviews Immunology, 11: 532-543). {EJCIRJT WG, DHF MIZET- R AJ ik 10%, (H7ER]
PAFIEIT IR ZH A0 IX, FETE < 1%,
[0007]  EEPIRTELEENE (DSS) 72 DHF 1) WLk R, 7f H i 5 2 8L . DSS P4 T3 2
M3 B IR EEN ML A B )72 P 46 o DSS HIAFAE A2 ik Bk H. 22 K I % DY i A v
U o
[0008]  7£ V9, & EE{E JL = o W %2 ) DHF F1 DSS, 4 DHF JL Z 1 £ 90% /T 15 %
(Malavige &, 2004, Postgrad Med. J., 80: 588-601 ;Meulen Z5, 2000, Trop. Med.
Int. Health, 5:325-9). AHLLZ T, FEANHN LLHERI L INIR R F 2 R KN (Malavige
& 2004, Postgrad Med. J., 80: 588-601) .
[0009] B HVH R 4 FRLE T B A 29 60-80% 7 A [FI YR M. B — 8 B I v R JE

7
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PR AL AN EVR e BB BRI YR 4% (Sabin, 1952, Am. J. Trop. Med. Hyg., 1:
30-50) o PRI, #¢— P& 5 RAUMTE BB GL I AMA 2 J5 AT REAE AN [F] B s Bk gt . 7Eid 2, 1
NN F= AR T AN [R]85 A8 53 I3 28 1 28 BGRB8 2 A DHF B XU IR 38, EROR i
75 DHF [0 7 B3 2 il il T e 4 Mg i s s R &0 —Fh
[0010] &4, WA E A B B HURIRERGGIT « 0 B 5 HOF 116 I7 2 £ XREIR 1, BNARAR
S, 10 e AR T2 U 24 45 I R P AT S K K . DHF 6T 75 28 A 25 2k L B i
EEIM R A E AT & .
[0011]1 T EF ARG (] anise gz g FnAS KB i T ) B 80h B, AT 52
1M H & 51, PRt 22 2 A4 25 1) 6 o A v T e e S A R 1t 7 =X SR80, 1A H RiAT3R1S 1)
VAT IS B
[0012] PR TE ZI R S TR A3 T T 8 55 B0 1) 77 VR IR SE 22 A D) 2% 1 7%
HAEAE.
[0013] X HHMEIA

ARV K8 R B S &Y 2 e A6, HAas .

(1) EH LT HE SRR -

(a) W HIIRER & R

(b) KiGHIEFERIRE 5

(c) ¥ ek 25 BRI R & 8 R RVR EF

(d) BHMFEEFERRL (VLP) 0

(e) (a)-(d) WIPIFEE ZMIHE |

&%

(11) BEWSAE NAHME R IE G 5 TP R B A% B AL B A B B 38U, T iR & 5 b i 22
BHAVLP

Hrh iR s SRS R 55 SEQ 1D NO: 12 HA E /D 90% [F—E 112 ik
[0014]  AKEW AESEE LT IER 2 MEERGURNZEHHEHEY : (@) &R
BEHEAIRE ;(b) KIEREFEHEE ; (o) 1& M BURIE Bk & 8 S A6 5 50 (d)
(a)—(c) MIPIMEE ZFhFIZH-G s H A BT id & AT S A0 25 g S A 5 BRI 2R rh R e 1) —
Ve EA NIk S Vil S = il
[o015] A&k H LA TGS 2 K& R PR K A A : (a) 7 K 5 R N 5
(b) KIEWIEERIREE ; (o) FEBIREEBCREFIRE & 1A E ;50 (d) () —(c) BIPIMrER
BEZFEHE s Hh R & S8R5 5kl U7 FEA 20 90% Fr 41 R — M 1%
HILFF5 :SEQ ID NO: 1 HJRNA ZE[FE%).SEQ ID NO: 4 HJ RNA Z£[FE%).SEQ ID NO: 5 HJ RNA
S£[E)4). SEQ ID NO: 6 f) RNA Z5[F4. SEQ ID NO: 7 i RNA Z&[F4 41 SEQ ID NO: 25.
[0016] A BHIR U5 Jo A8 AR i B [958 1 2E 5 0 RN 24 2 L i) 3252 R 4 s 0 8 711 BRI T 77
255 .
[0017]  ARIEW K TRIT A K A E A EY) .
[0018]  AKRBIEYW KA TR AR E T H MG R 2 )6 5385 55 5| ) & 5234
T TR A & B H S
[0019] AR BHIRPS A FH T 72 AR xS Iy 28 2 (1) 80 55 3 25 1 TR RN AR 19 7 VR AR Ok

8
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B A
[0020] AR BRI KA R B R T A0 A FLA & BT 7 AR BT B B A 4 s 2 1)
HRORILAR I 7 V2 A LS TR 1 0 8 S A B IS 7R 2 () 8 B AT B L IS Y 3 1) B 2 A IR
MR 4 {5 AP
[0021] AR IR B AR W ()92 1 A1 & 0AE BT 1 & R4 N RS20 T i Iy 2 2
[ 5 8 5 5 | RS I B AR R I 25 I IS
[0022] AR BHIEVS RS NISAZ A T i 35 Y 2 (1) 8 4 #0551 RS 1 280 B A 1)
Tk, o TR AR T TR R E A R AR A EY.
[0023] ANk BIE VS Fe AL FE A R B 1) 4G W0 R0 BT I 20 D AE AR NS S2 i e T el i v
R 2 (15 A 5 5 | RS I B 98 114 7 2 b 1 A8 0 B 5 ) 24
[0024] AR K TR AN RE T B BRI L AEY, b prdk A
HMAE

(i) EAUTHEERGUR

(a) TGRS EHIRTT

(b) KiGMBFEHIRE ;

(c) E MR BUK IS IR & B R HR T

(d) BHRAIFEEFEMRL (VLP) A1

(e) (a)—(d) BIPIFREEE Z R4

o

(111) BEBSTE N2 A H 30 B B AT IR I R R A S AR B B3 3, TR B B AL I 2
B VLD,
[0025] ANk BHIER WS B A R B 9% A S 0 AE T & AR N2 e T B AR N
2y
[0026] AR BIEP K ARY N2 E T B HR 1 71%, Hodh rid 7 i 345 7 Frid
NEZREHHUENARHIAED .
[0027] 346, AU B K ALFE Ak B I A S P RTE RS N R R#E T T B E #m 1 1
S BT 2H & P S A i B P I 2

[0028] [t &I ik
B 1168 YF-VAX cDNA i# i RT-PCR #J &A1 7o
[0029] iE X

A FARTE “ B PR 7 R TREWE 4 FhG o Hm 5 75 L AR AT — MU gL 2 5 M4k
IR AR . H 1970 DAR, $2 HE 5 T AR ZUAE N, I RE S 3 3208 - (1) B i
(dengue fever),dk (ii) BHHE H MMM (World Health Organization. Dengue hemorrhagic
fever: Diagnosis, treatment, prevention and control Zf2hK. Geneva: WHO, 1997 ;
ISBN 92 4 154500 3) . 2009 4, WHO AT 1 Bt AOHEN, Kol R & = A0y - (1) REHVES
PREBLE S FRERE SRR, B (11) PEEFEHR AR W Srikiatkachorn 55, Clin.
Infect. Dis. (2011) 53(6): 563 Ml 1 Al 2. 4ZHREF 1502, B HAIRFE N IE H DA
TR A PIPREIR SR T HE SR B2 WU I GORT E gn ak2D DL R SRR
M3 57 AR 5 H B Uik S 1 8 5 R 1 10 AH [R) b SORIESH R) R 0 o 24 s R i 30 4« ofi /)

9
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AR el /D I V2 R AT UEF P 7 3K e 4 g WL B N, UE S R F8 RSO B B L i b, 42 BRROHT
(R 432, 8 FE AR A2 W B SR A AE R AR B %0 IR I | B2 95 08 1A 42 /0 T b I AR IR BH
P Lk i 7 3RS Bl DR AT T2 A 2 < R I A AR R K o | I PRI A 5 B
FEL L AL WE AR B L P48 K I 2 om BRI 40 A B 248 n 1R B £ af /SO SO PRI . 24
WL B DL N ATAT S AR, 12 W 3 B B A - B SR s BP0 1™ B IR S FR I R
B ARV N E B E A B R

[0030] AL ARAE “ B A H i el DHE 7 Fi8 958 85 2 b CLIE SE A 8 BB, Hodh ok #4 H
ISR MR k2 R I 3 Y2 U R UEBE A ER A R 2] o AR ™ B AR FE n] gk — 2P e AR
SC T ) DHF o 51030, DHF 7] 5 SO T 9% 1T 2% T1T 248k IV 4% (World Health Organization.
Dengue hemorrhagic fever: Diagnosis, treatment, prevention and control 28 2hk.
Geneva: WHO, 1997 ;ISBN 92 4 154500 3). I Z%3E X NK R AER: 4 BEiR o ifE—
FR) 0 B0 5 S B L a5 AR EGAT / BR SR o 1T 4 5€ SUNBR T R IR LMY B R
HR I 38 5 R R A i . TTT e XOAER I A ik 0k ik 55 1 bk s 4 /)N BRI 1L
PG IR T2 , £F DAAAAE A AT . TV 2 g XORTE Rl R if i Bl k38 AR FE AR g . A
S AR N LR T TEAS R B B S R, 51 4n s ik DHE %) 75925, BT DHE AN 2 5522
CUIESE

[0031]  ACHTHARTE “FaEsE b OAIE S s BB 7 i i 3 49 2 Jse 4 s Ty 5% 45 Wl e =X
RN (RT-PCR) BICG HEIAESS ) 1 (NS1) & EI BRI S W B e v (ELISA) HIE SEH & H5 4
JREETS TS R ARAE . 76 RT-PCR J732:H, MyEFF @it Cal lahan 8 N5 5K (J.
Clin. Microbiol. (2001) 39: 4119). faj 5, 14 H /5 HIRF &, MG 2 E RNA DA
FFRIAE) Taq A BEANHIFIE I T S8 )5 FH R B 8 5 NS5 JE B 7 41 1 I35 L 5
PESI W4T RT-PCR Mo 45 RRIRN NS & H ORI S 09586 22 FORL 9 25 28 R 20 i v 2
eSS PEAZ IR TP 51 bR AE i LU T 1og GEQ (JEFIZH M) /mL IVKEE . 75 ELISA J7vkH, B
50w L A £ ILIR < PH P 5 L B P B B G R (cut—of £ control) 1:2 Bk T4
MR, 3E5 100w L M BBUAR I Al (HRP) Fric 9Pt NS1 HogfE Ab - (MAb) VG .
TN 0 T35 R85 0 LAAF 3RPT NST MAb A8 3L, AR TE 37°C R E 90 0%, 24 NS1
AFAE T 37 I, JE A% 3R MAb/NS1/HRP FRic it MAb & &4, it BH 1 FL A ) BL €2 s S A
M EW, Bk MaEE i 160 wL 3,37 ,5,5  PYH IR (TMB) JEMIELE = E
TEEEIER 30 P RIFES . IIN 100 L ZbE (IN H,S0,) 20k On, FEER o il ik
ISR ST 5% B (0D) B DA E(E XS RE A3 0D (—aRP0 43k ) , SR H 254 i R o
Eb . FE S HEEE <0, 5.0. 5—<1. 0 F1= 1 43 5o % AN B w0 E 42 &5

[0032]  ASCHTHARIE “PEE T CUE ST B B R AR U 1997 WHO 433858 A& &
Hifi# (DHF) , HHHE— 0 BIRIE RN R 51 55 41 45 PIREIR < 75 250 I A H I 6 40 if 7 @ 2%
P B 2 W AIE 4 978 A 355 o TR i IR BN R

[0033]  ASCHTHARGE “ BHERM T LZEEAE” JE 48 0w 5™ HE ¥ DHF H &0, iR
1997 WHO 432K, DSS #H24F 111 2440 1V 25 /¥) DHF .

[0034]  RIE “ B HVHER . BB EE N CDEN” v BHfEH . BT E T RN R
Bb (flaviviridae) T EEJE I IE B8 RNA i EE. A 4 MO FEIME R A0S B HVR T (I
B 1.2.3 81 4) , BENTEA L 60-80% /7 F [R5 . ZEFARKHAME S THTeH 5 gL X

10
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(NCR) e gty EE E (K7 (O) VAT (prM) FIEE (E)) WX SmgmiddEssitE e (NS1-N
S2A-NS2B-NS3-NS4A-NS4B-NS5) F{IX Al 3° NCRo & A 55 Fik K 20 2 F AN (R T 4 A X
HRPE AT B 5 N TR s — 2 8 1 o prM-E 780 A BT B 45 103 5 51 AT A TR S 5
(1) 2B prM-E EEFFAIMM 1 A22)] 661 frdw's, H preM EEFFHIFRE N 1 A22] 90/91 £z, M
EAPAFERE N 91/92 £ -166 £i7, E AT HI48 %N 167 AL -661 £i7 5 (i1) prM A M &
FAE—Edm s, RIS FIH 1 AL —166 A7, E AR 1 A7 —495 figm'5 5 (iii) prM M AIE
FF50 53 545, B prM A 1 452 -90/91 245, M M 1 423 75/76 fidm*5, E M 1 23] 495 if
W5, EANTART, EEASEMN 1AL -495 745 . Fltn, 434 4 BE-154 5k L
JE1E E AN 154 £,

[0035]  FEAKEAMIIENL S, “EH S AR 57 2 i 1l R % 1 B R IR B2 T e ST
AR BE 15 TN BT IR % 1 S e A B R B T A 5 A B IO A R AT
Wi ] T AR B 5 1 I 9% 1 A A B 1) S L K B A B T IR R
T B A PR B BOK G BR A 8 A B o BT AR B 928 e 6 o AV 2 1) IS 28 60, % 1L v
A 1.2.3 F 40 ARG T 2% B 9% 1 8 3 55 T IR I 5 R I B

[0036]  ASCHTH R “ KIEWEE” & Fa 15 501V 5 i AH 7 1 B A 28905 53 1) 48 A e AS e R
FEATA SRR EE P B o 3 5 0] I AR GURE AR T3 BN 2 R 07 K g . T KTE R &
() 5 12 1R S L6 A 22 A B B S A 3 (B FAEIE T 5 X S R B AR S T ) H
9

[0037]  AHTHMIAIE“ KIEEEPIRE "R T A RS ERAEMED (env HIE / 1
FEAMAKFEA ) FKIEHEE RNA [RGB AR RS . K 108 5 2008 50 T 8 KT ik
HE R KIES RN R T o Wk E L RS 6, 254, 873,

[0038] AT AR TE “ I ) U 75055 B B LAV S TR N BE 175 SRFAEAE T 5 40 N 1 B 25 AL 5 75
FHIC A [FIZELAE IR R i A IR B3 o 5 PR IR 93 253 1 A9 e A I8 AR P J8 RN Ko AT e et
5] 401 2 2H DNA 52 AR A7 15 5 ) 528 L SBtAR R4 L B2 1 B 40 i 1) R AR AR A 25 5 A0 b B s v
TdAm S, B A A5 B ) AT P DRk B R
[0039]  ASCHTHARILE “] SRR e TR IS T U kS A A S AR AR
T 5 FH L) B AR R 5 R B AT OC B AR [R) DR IR 5 00 RS IR B AB A, SRR T 25 1 7
ARG 5 A B IS IS A R o AT FH T AR e B S R P BRI PRk B A A 1 S48
5 VDV-1.VDV-2 FIFH IR T 2 LA B ) B #k WO 02/66621.W0 00/57904.WO 00/57908.
WO 00/57909.W0 00/57910.W0 02/0950075 F1WO 02/102828. 7] F A & BH J7 3 i) 1Ly &Y
1 BE I a8 S B B ARG VDV-1. v T AR B VA IS 2 2 (35 R8T B 8 A0
FAFE VDV-2 I LAV-2,

[0040]  “VDV” l “Vero& AR " FEA S Hh A B, If a4 NBERELE Vero 4R
SR E N R AR N (ST TR AIPUR ) BT IR S S A
[0041]  DEN-1 16007/PDK13 Z4k, JRFR “LAVL”, B i@ i JF A (PDK) 4 HEAT 11
YA B AR DEN-1 (B FEHURFIMIERL 1) 16007 FFk (DEN-1 16007/PDK11) o LAVI
IF Mahidol University % FHIEFIHE EP1 159968, H-HE 22 45 [H K A W15 7 V{4 8k
10y (National Microorganisms Cultures Collection, CNCM), Zw5 A~ 1-2480, “VDV-1"
S XT Vero YA H i S8 M i RIR T LAVL A998 ;761X — J7 TH , A LAV $2HX RNA F:40

11
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)G, ¥ L% Vero Al . B J5 il AR 44k, 78 Vero 4438, 3845 VDV-1 Ftk. 5 DEN-1
16007/PDK13 &k (i@t PDK 401 13 XA&AX) #HLEL, VDV-1 Btk B A 14 MR AMIRAE . H
Tl 2 AR AE VDV-1 ER AR I 7 ¥R T Sanofi—Pasteur AR 15 1] 5 Fiph 0> (Center
for Disease Control and Prevention) %4 VA% 5 WO06,/134433 #2232 B & L& F H i .
[0042]  DEN-2 16681/PDK53 Ekk, JRFRN“LAV2”, 3k [ BF A AU 55 Fk DEN-2 (& 3 B 25 1M1
1Y 2) 16681, Hidid PDK 41 i #k4T 50 (X f£4K (DEN-2 16681/PDK50) - LAV2 $ii& T~ Mahidol
University 4 T HI%EF Hi EP1159968, 1222 45 [H o A= Wy 55 35 W A5 oty (CNCM) , 2
5N 1-2481. “VDV-2"Ei@ 1% Vero A1 f5 £238 BT KR IE T LAV2 Bk fEX —J7 1,
H LAV2 $2HL RNA FF2lifb )5, #9%3 Vero 4. B 5@ IR AL FITE Vero 44 3 k3R
3 VDV-2 ##k. 5 DEN-2 16681/PDK53 Btk (it PDK 4 53 A&4X ) #HEL, VDV-2 Btk
HA 10 N AR, A 4 NMUTBRRAR . T & FIERAE VDV-2 BEik I 75 L3R T+ UL
Sanofi-Pasteur AEIR M| 510G 0> (Center for Disease Control and Prevention)
()44 X LA 5 WO06/ 134443 $2 52 (1) [ b L R FiiE » VDV-2 TPk I 58 BE A% R 7 41 i SEQ 1D
NO: 24 7R, VDV-2 BikkI E B4 0 SEQ 1D NO: 26 Fiizx, VDV-2 ik M 25 1
FE#4n SEQ ID NO: 27 Ffizs.

[0043]  EILAE Vero U4 1514 VDV 1 A1 2 Fkk. WOERFTF= A K 5%, HEiEad i g M
YHRRE R TR VTS . I ERACEE S AL DNA. B R IETE R A . AT IE R R 4E T VAR e B
WL ENIAFRE G » BEARAE H BT AR T B0 R B R A, SR 5 7 75 ZEI F A

[0044]  FEARKBHMEOL T, 8BRS AEUHR & B BRI E” B FE S22
L P A B B T S A A2 A B 75 1 prMURT E B 1 1 51 FH B S A B AR B 1) A8
BBl o S AR T BRI IS . AR TR R AT LU s RVl (YF) g, B andsk s 1 YF
17D, YF 17DD A1 YF 17D204 (YF-VAX®) JiE; ; W0 SLXFE B, Tk ik SRR YE/ B 5
PERA R . AR BORERIE AT DU S VR B, WP, BN E R / Bk G
A, REAE 9 prM AT E B 1A S0 A0 B I3 28 5 SRR IR R 8t % B B 1) 52 A 360 B A 15 1L 375 2
FHRI AN [E] o 24 37 2 A2 AH R T, 32448 SR Ao 22 80 prM H E B 1 7 21 R8T Horp
()6 A B B 2 AH A TS B I P M R R Bk . 9 7 T AR R W, ik & 8 R A 5l
T YR/ GRG0 B AYR BRI KR BOE IR R IR & 8 A E . AR
T A B IS VR ER IR G 38 S A B 1) 2 AR B B2 YF 17D B YF 17D204  (YF-VAX®) ,
FE R — AN TT R, B IR A R KGR 5« % IR IS0 7 2, B IR S A 2V 1
IEEI R 1T A B T 4 & 0 ) 58 B R A R B G Chimerivax ™ME B HMIE A 1
( JRFRN CYD-1) .Chimerivax ™& I MIERL 2 (JRFRA CYD-2) Chimerivax ™& i i
#93 (JRFRA CYD-3) Al Chimerivax ™&HEIIMIFER 4 (IFFR A CYD-4) .

[0045] W] FH T~ A & B 1 S i A 1 iR A B O RO B I SE ) B AR R R T R A H S WO
98/37911 B B+ /YF ik A 8 85 B 3 A / 5 4 B A& 48, B an 45 3R T & ) #1385 WO
96/40933 A1 WO 01/60847 HARLL,

[0046]  7E— NSt 7 S, kA YF/ B FA0 5 60 2 ok 25 78 AU i B B 0k YRL7D [ 2%
Y5 %8 (Theiler M. 1 Smith H.H., 1937, J.Exp.Med., 65. 767-786), 1 i1/ &%
YF17D/DEN-1. YF17D/DEN-2. YF17D/DEN-3 A1 YF17D/DEN-4. W] LLA# F ff) YF17D 25 £k ) 52
{6045 YF17D204 (YF-VAX(R), Sanofi-Pasteur, Swiftwater, PA, USA ;Stamaril (R),
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Sanofi-Pasteur, Marcy I’ Etoile, France ;ARILVAX(TM), Chiron, Speke, Liverpool,
UK ;FLAVIMUN(R), Berna Biotech, Bern, Switzerland ;YF17D-204 France (X15067,
X15062) ;YF17D-204, 234 US (Rice %%, 1985, Science, 229 :726-733) mk #H 5% & £k
YF17DD (Genbank % %5 U17066) .YF17D-213 (Genbank & 3%'5 U17067) Al Galler ¢ A\ H
WAEERE YF17DD (1998, Vaccines, 16(9/10): 1024-1028) . fE% —ANSehi )y &, &
YF/ & B R B A 5 DR EE 3 A R B2 Bk YF17D204 (YF-VAX®) [RERIZH B 28

(00471 HF & A T4 s BH <2 B A ) kA 850 B HV B8 1) — AN S22 “ Chimerivax 8 8 34
TR AT “Chimerivax B 0 8 7 IE I E IR & YF/ B340, HE & YFLTD
B YF17D204 (YF-VAX®) JiE; ) BE R B 48, Horh gm i pi i (prM) A (B) S E MR T
HIRE i h 6 A B B3 B A N 454 B AR IR P A1 B e o T A R W BT 0k i i 6 8 B RV
BT AR S YR/ SRR, A5 YFITD IR E AR R AT 28, Hod dm g i e (prM)
MAE (B) &E R T Y mAEE SRR RN S E AR ES . HTAK
AL ik & 8 B AR B R TR FRER I A YF/ B3 A5, S YF17D204 (YF-VAX®)
T B ) JE R A 20, b g mi i (prM) AL (B) 8 BB ER 17 51 4t G B 250 g 25 1Y)
FE S G5 A6 B [ AR R T 91 B #e . T Chimerivax 75 5% IR 2 ] 42 R B A 3% I Chambers
45 (1999, J.Virology 73(4):3095-3101) (ISP, @i s K HFEFk DEN 1 PU0359
(TYP1 140). DEN2 PU0218. DEN3 PaH881/88 A1 DEN 4 1228 (TVP 980) i prM 1 E %]
A1 YF17D i B (1) 2 R AH B B8, 7= AR i T St 49 A () B A Chimerivax  (CYD) B HHWii B¢
Fr iR K¢ BRI Chimerivax BEMRAEAS L ( Z WA K ISR ) 43 7 Ky “CYD-17.“CYD-2",
“CYD-3” F1“CYD-4", IXLE&HFRRIK] CYD-1. CYD-2. CYD-3 FiI CYD—-4 F5kk & VE4u ik T [E
&A1) H35 WO 98/37911. WO 03/101397. WO 07/021672, WO 08/007021. WO 08/047023 Al
WO 08/065315, AT 5| FH H Al & ik RS M iR . 83, Hoe B HoiR s d ek v FERZ IR K
P CAME T 0] T 28 B S 1) ik S 25 A 2, a0 A T H 8 Chimerivax BB HiE A 1
(CYD-1) « Chimerivax &M MIFER 2 (CYD-2) . Chimerivax FHEMAMMIFR 3 (CYD-3) Al
Chimerivax FHIMMIFR 4 (CYD-4) FEHRAIME T . G R, A K B )2 w54, i
MIEA 2 B & 8 B A R ] B & 5ok B 5L fe] - #d (1) My A 2 Bk LAV-2.BID-V585,
PR/DB023 B MD1280 f] prM-E 7 514 2 /b 90%. /1> 95%., 5 71> 98% 1l %= /b 99% [7]— 14 ) prM-E
JrHlen] B &5 SEQ 1D NO: 2 flizn prM-E 7414 /0 90%. 2270 95%. %220 98% B %/ 99%
[F—ER) prM-E 5751 ARIFZE, B &9, Bl T4 & B 7% G 2 2 Bk &8
POR A A SR E MyER! 2 #:4k LAV-2, BID-V585. PR/DB023 &Y MD1280 f] prM-E 415k
H SLt ] R IR ) SEQ 1D NO: 2 1) prM-E J¥ 41, ZFTiR i A 8 5 A0 85 1 52 AR L R 28
SRR T YF-VAX® I, TR BERRE A SCHFR A CYD-LAV. CYD-BID. CYD-PR #I CYD-MD. fEA
KR AAED, B E M MER 2 FPk LAV-2 (SEQ ID NO: 8). BID-V585 (SEQ 1D
NO: 9).PR/DB023 (SEQ ID NO: 10).MD1280 (SEQ ID NO: 11) 8% SEQ ID NO: 2 HJ prM-E
A= A EAd 5ok B IS &Y 2 Fkk LAV-2. BID-V585. PR/DB023. MD1280 ] prM-E JF %1
2R H SEQ 1D NO: 2 ) prM-E JFF1 5A 22/ 90%. 227> 95% 22 /D 98% B & /b> 99% [F]— 11
prM-E 78 A B TG B 2 ik & 5 5 B 3 AR & w4 &Y A Rl 5 CYD-1.
CYD-3 A1 CYD-4 B . Zr ol B A 2 Epk LAV-2 (SEQ ID NO: 8). PR/DB023 (SEQ ID
NO: 10) FIMD1280 (SEQ ID NO: 11) [ prM-E & 5172 A4 () I 28 2 PRk 2 38 3 s 35 1 S

13
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414,45 CYD-LAV. CYD-PR #I CYD-MD.

[0048]  HJ T A& B PRI 5 15 ik £ 50 B 1 B 1) 45 046 STt 7 8 A A 1) S2 A4 S5
B, Hh BB 4t (1) i3zt 5 E 2 P 51 8 5 208 55 I AH B 7 9158 i, A
(i1) mbS 325 prM S E W PP H ARG R GE R s (B0 JEVIRER ) HIAHR T Z11 58 #t
M. BE, Frid x5 m 55 0] L2 is KR E R SRR & . Tk iRE 8 RVR N
SR T W02011/138586.

[0049] FHFARHFIZERHAY MG | A2 w8 509 55 0T LU B i &8k VDV,

CYD-1 B f4 % DEN-1 16007/PDK13 Z5#k (K] prM Al E & K88 /7 51 1] YF17D/DEN-1 X &% 55 -
FH T AR B 74 ) LG B 2 1% 1 36 o 74 25 1T LA 491 a5 #k VDV2, CYD-2. £ & DEN-2
16681/PDK53 FE#k [ prM A1 B & J: 82 7 51 ) YF17D/DEN-2 % 595 5 « £ & DEN-2 Ak LAV-2.

BID-V585. PR/DB023 B MD1280 f) prM I E 2 JE ML 7 41 ik 95 B Bl AL & 5ok B s &Y 2
Btk LAV-2.BID-V585.PR/DB023 B MD1280 1) prM-E 751 B A 227D 90% 22 /b 95%. %2 /b 98%
B 20 99% [F—PE ek 5 SEQ ID NO: 2 [ prM-E 41 B A Z /0 90%. 27D 95%., %/ 98% 5 &
B> 99% [A]— P prM-E Ak & EE . H T AR BT A G R 3 (% i & R IR EE ]
DA {540 CYD-3 Bl £ 1% i) YF17D/DEN-3 Hk &0 8. IMLVE 1Y 4 1) 9% B 36 o T 25 1 S 49 =2
CYD-4 B#%3E 1 YF17D/DEN-4 &5 5 -

[0050]  AKHIMASE ST EZD—MERERGUR. RARKUNHASYE T Q5 EERI0
J, BN MyE Y 1.2.3 F 4 R — PR o 8 = A 5. B APUE, 1 b i ig AL Ak
HFY PR 28 T 6 A B3 T A0 AR i B AR B — o 4510, AR B B 2H 6 P RT A R A 6 A
PR BT HHE FAE—H 1) B7 CYD-1 {) prM 1 E F¢ 21 8 SR A5 B & CYD-LAV 1)
prM Al B 1 (1) 8 B AT R LS CYD-3 1) prM Al B S 82 7 51 i k& 8 B O 2 A &
CYD-4 ) prM Al E Fp A A8 FE BT sii) A5 CYD-1 {9 prM A1 E FP 51 i 8 BB R &
CYD-BID [ prM F1 E J 41 [f) & = T IR AL 8 CYD-3 1) prM Al E 5 1) 1 8 2 3t JE R A
CYD—4 1) prM A E JP AR S B ARBUR s (111) BF CYD-1 /) prM A E JF A B & RS A
5 CYD-PR [J prM F1 E J3 51 (1) & HEABTR L7 CYD-3 [ prM A1 E 3 51 (1) & H AT R A &5
CYD—4 1) prM #1 E J¥ #I ) 38 S 8BL IR 5 (iv) A CYD-1 /) prM AT E 75 B & AP E &
5 CYD-MD [] prM F1 E J3 51 (1) 28 HE BT L7 CYD-3 [ prM A1 E 32 51 (1) & H AT IR A &5
CYD-4 (] prM A1 E Fp ¥ B & S BT IR o 10, A% 7% B B9 206 Wik ol A Rl AL 2 8 5 3R
R H 44 B4FE—Fh :1) CYD-1. CYD-LAV. CYD-3 £ CYD-4 ;ii) CYD-1.CYD-BID. CYD-3 Fll
CYD-4 ; (iii) CYD-1.CYD-PR.CYD-3 1 CYD-4 5§ (iv) CYD-1.CYD-MD.CYD-3 1 CYD-4, #<
R A Pk T A A5 8 BRI T AIAE 1) B CYD-1 1Y prM A E FP A1 K&
FIAPUE VDV2 L5 CYD-3 1Y prM A E 751 B8 5 AT S AL CYD-4 () prM 1 E 41 (1)
BHEHRYUR Blan, AR A S A RIS CYD-1. VDV-2. CYD-3 fl CYD-4, WA
B, A B IS0 v] B R A S S A 2 i 8 S A, 2L CYD-LAV (SEQ 1D NO:

8) .CYD-BID (SEQ ID NO: 9).CYD-PR (SEQ ID NO: 10).CYD-MD (SEQ ID NO: 11) ¥ SEQ
ID NO: 2 ) prM-E @31, WA HTR, AR FIH-EY T AR 5 G 2 18 5349
Ji, HoAu & 5 CYD-LAV (SEQ ID NO: 8). CYD-BID (SEQ ID NO: 9).CYD-PR (SEQ ID NO:

10) .CYD-MD (SEQ ID NO: 11) B¢ SEQ ID NO: 2 K prM-E 7451 B4 2/ 90% [F]— i) 41

f5i 4, TR 31 AT 5 CYD-LAV (SEQ ID NO: 8).CYD-BID (SEQ ID NO: 9).CYD-PR (SEQ ID
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NO: 10). CYD-MD (SEQ ID NO: 11) @ SEQ ID NO: 2 ] prM-E F44 &b 91%. /b 92%.
Z/1> 93%., Z2 /b 94%. F /b 95%. E /b 96%. E /D 97%. F 2 98% B E /b 99% [F] 1.

[0051]  ASCHTHARIE “J5 BEEE MR Bl VLD A& 5 A3 & il AL Y (B e L3R i 1 AR
BL T B A 45 40 ) B A 7 I PRSI AR AE 5 SR E SR L R B R0RL. 8, B VLP ik
THEER/ prM A/ BMAIE 8EH. VLP 0[RS =4 (Zhang %, J. Virol. (2011) 30
(8) :333) o VLP R 7= A2 o SNtk H Y, R I8 AR A0k O 0 5 v, 48] e ot A S BE
P25 prM A1 E B AR AR R A g4 (451101 DNA B RNA 9 30k ) SN (4
WNEZRE ) KA. AT AR aE A, R Z B RS & A MR IA prM AT E &8k
R AN o« T T AR B D7 1 I B 8 1) AR FR A 1 S e 5 E i 2 (1 9k Es pox
AnkaraJiiE; ) MBERZIREE N T H T A K B, 44 N 3528 VLP #95 25 38044 19 B AR 2 ) A0 45 41
$% 18 Replivax ™F7 AR il Bk BB B G (PIV) %5 (Rumyantsev AA, 2%, Vaccine.
2011 Jul 18;29(32):5184-94) .

[0052] AT ARTE 52 il B b RO P SRR L R R 75 7 A A el T 0 5 IR 4 v s = 43 ) 3
(106 75 17 21, B AN i A 58 B B 71 5 AT I A2 A PR 52 o) 50 o 2R P AR SR o AR, 76 B3
AR SURE P 7E A S 2000 75 7 40 1R Al B 40 0 4 55 0 b S o T A R W R A A e o AR e
TR 60 4 BE 8 AT A LT AL () 8 AR A EE 1Y prM A E B I BB E SR T
BEo S ELHE SRR E AL SN RS / B R AR, I i E sk E AL T e B R / BRI H
AW A IREE / B FHAFN YF/ B F R AR

(00531 W] e gt 43 ) 0o 5 7 2L W P ) 6 R B LIRS Y 5 ) AR R AR R
KV A & B i A S WE 2 h ol e v g (G S A4 ) Bigeds.
A4 B m] 38 o i Bt g/ Hp RS (plaque—reduction neutralization test, PRNT.,)
WM&, i, 74 TAKWEZE R HEY G 20 28 R, 1 IR 3213 rh i B i) I i
HR B UARTR RE o JE A K (2T ERVKTE ) 12 £ R AR S 1E e B 5
ERIMER 1.2.3 804 K& EHE=REE (R34 PRU/nL) 1RE . BIREVEMERGILS
(1) Vero 40 58 2 AR R AL P o FEMRBN ) (R A5 20 & LR .l R gu bt R ik
HF 360 5 A3 3 SR L R 4 B R A7, DRL stk mr sl pl T I 385 45 ot A e R AR AR A7 A B 5 1S 1)
BRI VR PR AT A B (&P AR ) RS 5L (AR 100% i &
WE) THFR R RO R, SRR R (R BRI ) = 50% R A
MG A B A . 24 i rh AR B2 OB S e it . i Ie R )€ & TR (LLOQ) A 10 (1/
dil) o —MNN, SGWEN T T 10 (1/dil) ’RAEME®EI. T PRNT R A fELE
SIS = (] WA AN [R], PRt LLOQ 19 ] BERS A AN o BRI, 85 IA N, 243 BEA T B T 58 (1)
LLOQ I, KA MG #eAk o 72 N NS HE IR H I8 T rh RIS, (H AR B A @ LR 1
I (Guirakhoo &5, J. Virol. (2004) 78 (9): 4761 ;Libraty 5, PLoS Medicine
(2009) 6 (10) ;Gunther %%, Vaccine (2011) 29: 3895 Fl Endy 2%, J. Infect. Dis.
(2004), 189(6) : 990-1000) »

[0054] R ¥H “CCID;," A= F5 4L 50% 40 M 3% =M w55 (I wi Wi s ) . CCID,,
W VA2 & gevh i T 5L A IR W BRI e v (Morrison D, J Infect Dis. 2010;
201 (3) :370-7)).

[0055] ARG “ AKZAE” BIAFFERT B Lotk kAR IHINEZ XS N T
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18 ZE/NT 12 5o Hilun, RPN RZIAE A 0-17 £ .0-11 £ .4-17 & . 4-11 ¥ .4-6
% .6-8 %.8-10 4 .2-8 ¥ .2-11 £ .2-14 % .9-16 % .12-17 H 5 18-45 & . FEA KW
INRZIRE N 4-11 B .2-14 B 9-16 ¥ . KKK AEZRE T NED 9 AR e T
9 Hitd. BlIARKHPINEZKET NI NH -16 .9 MH -14 £ 9MH -11 ZE I A
H-8% . ARMPMNESZRE T A9 A, WA e S A AV AT 253 T ™
AR NS, TGS R A BORAS I S B R, JRREAR I HIV RSy, HLAT IR 5238 R R PR 42 B
W 7L o
[0056]  ATCHTHRIA “ B BEMIME AR 7 248 A W B B R L 2 TR F R R
B SRR 32, BV E BT 521038 1 L3749 b b 7E 3096 55 ELTSA B PRNT Wl s v = AR 9]
PEESR,
[0057] AL R IAR “ BRI HEZARE 7 A8 A 0l 6 I TR L L 2 R R B
PP R IE R AR S BVEE BT IR 523803 10 0375 B i K 78 20 55 44 ELTSA B PRNT J 52 %+ 7=
ARG R
[0058]  AICHTHEIA “ 3R B AR 2 7 R TR E LS T A K I I B 6 W) L HiTAE B
BRI B g% (1) 2R, RO BT IR 52 6035 1 LI A R 76 3003 25 ELTSA B8 PRNT U 72
A B PR A SR
[0059] A SCHTH R “ B G 2 IR R AR T AR K R T A& W 2w s
BRI B R L BN B AR T e 1 AR BV B TR A2 R 1 I A T B A A
ELTSA 8% PRNT Il 52 5 A= AE BH 45 3
[0060] R AR, AT ) “ LRI S BHE F g T B R PIRFMARZIAE TR
A R IR B R B BT BEMERRAR . BRI, TR B it B M. ldn, AR B
PRAP 715 AT T B S e SCI 28 A A0 114 2 — i bR Dok 4 B0 i bR (1) A e 7 A B B %2
PR A IR . R AT FECL T FE—FP e 2 Fh -

(1) FHATAR] L7 28 f 26 5 R B 51 S 1) A E PR (0908 55 2% b O AE S 1 80 o R0 (1) R AR
RO AT MG T I 3 1 s B A, 49 an JL T

(11) HHifyER 1.3 5L 4 PR —FP S R0 2 5 R A R B 55 E IR &
B 1 R AR ZR BT B I T v S PR B R AR, 5 an FL TR

(111)  FHATART A3 2 1) 6 o R 25 5 | S AR R 1R 80 o A0 1) R A ZR BT Re it e vt
325 M B AR, 91 D L TR

(iv) FHIMFERL 1.3 B 4 BAE— PP 5 5 2008 25 51 RS AT R IR 1R 6 8 s 1) i A 2R
Al AETE G T I 2 M B AR, 9 an L TR

(v)  EHATAR] L7 2 1 260 5 R B 51 S ()3 55 2% b O IE SIC 1) B 8 o R i AR e sl
REPEGE it 535 PR M A, B G L 75

(vi)  FH AT ] 7 20 ) 6 8 A B 5| R 1) B R 6 A W 1 R AR R BOPT RE M e T I 3
Hh BEAR, 451 an F BT

(vii) EHATAA] L3 7Y ) 8 G 55 51 L T-1V 208 2 H i #0991 () & 26 3 B AT A
G I 2 1 1 B AR, 91 TR

(viii) EHARAT IS 2L A 2 AR 25 51 S T 2% DHF Ji 9 i) R A2 R B mT REME G it i 3%
PEHB A, B an s
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(ix) FHAEAAT I 33 2 1 8 5 A0 25 51 AR Y 1T 2% DHF 95 9 1 A 2R B AT Bk e 1 0 3 1tk
Hh BEAR, 451 a0 H BT

(x)  HATA] 375 B ) B 5 P 785 5 EE AR T1T 2% DHF 96 9 1) A A2 R B AT R e 1 & 35 1k
Hh BEAR, 451 G0 F BT

(xi) HHAEAAT I35 B ) 2 e O 25 51 AR Y TV 2% DHF 95 9 1) A A2 R B AT R e 1 0 35 1k
Hh BEAR, 451 G0 F BT

(xii) RIRE RS AT REME S TE 52 PR B AR, 9 an FL TRy , B A H T 25 S s it
(2R RGN/ BY5E FE Rk 55 5

(xiii) oA AR b 25 A A8 A R e 1A ISR VB0 1) R A 2R B AT Rt Gt v 2 35 PR H B A,
40 FE PR, B EH 24 A b 25 A0 A8 A BIR 5 1 ISR 2 s 1R P 3548 AR

(xiv) /NI D 1 A A 2 BRRT e G v S 255 1 b BAAEG, 8 an L 757, Bt /N A ik 2>
(R~ SR AR

(xv) QAFENEREIEE B (ALT) FIRA RSB (AST) 15 1B ZKF-F+
R AR R AT R G i I T S B ARG, 9 an L TR

(xvi) A EH A AR L7 28 P 5 5 A8 B 1 R 11003 753 5 b T UE S 1) 8 5 A3 B 804 e 1)
R A F BT REMEGE T I3 PR A, 5 an L A

(xvii) PR EH AT AT I3 2R 1Y) %6 o s 55 1 | AT 1Y) 6 o i Pl B850 o 1) i AR 2 B ] R 4
THE R PR, 1 B 1k

(xviii) PRURERS: b COUE S8 8 A B 3500 e i (R B e T h 2 2 1 b 2

(xix) [RIEHE B I SOR B I 1)K i 4 1 3l 3 P 4
(00611 42 HEU A v 4 B MR IS I 910 S R I I R SR N (R RN 5 i . 72 N K238 vh, Rk
(BPRARIAE ) 8 SONAE A/ 4 /IS ) B A [ P 0 £ 1 2220 37, 5°C 1 2 YRR FE 1R Wt
82, IMAH AR L EE | I /INBR /D A0 I A T PR 2 A2 4] T 245 B m BT 3R 1 AR A AR N 53 AR
FI J&] S i b v X
[0062] A 5% pH LA 1) 8 8 RO 25 137 28 5| S i 8 5 A0, b S an iR (1) - (xix) &R
S SCIVER 28 B LR o B0, A5 5% B M 2 1 28 B 23 Iy 2 2 1 80 A0 25
MiE AL 3 B8 A BRI TE B 4 (1) 8 S R 55 5| D IR 8 5 A0, M IE S A S e SCR
BHEIFIRY . BRI, G IRBFaniE R 1 s 3 18 A g2 1 s
TEA A BB RVR R MG A 3 UM AL 4 8 B A0 B IS AL 1 8y 2y 2 108 3
BE MG A 2 BRMIEAY 3 A8 e A0 85 5 24 2 By 2L 4 8 3 55 5 A 1.2 B¢
3 BB MG A 1.3 B 4 B8 SRR IS A 2.3 B 4 198 Py sl 2 1.
2.3 B 4 W8 H IR T 51 S 8 B AR, RTIE SEAR ST SRR o 28 B AR AR
[0063]  W7E A2 E BURE E WA P A R HE S A SC @ SRR 8 5 30 1R Y.
i, AIFE/NT 18 B Ei/INT 12 B 1 N2 i R HLIE S X 5 5 O I OR Y . i, AR
KRN ZRE TN 0-17 £ .0-11 % .4-17 % . 4-11 % .4-6 % .6-8 % .8-10 ¥ .2-8 %,
2-11 % .2-14 % .9-16 % .12-17 H 8{ 18-45 %, WAREA R WK ANRZIRE N 4-11 %,
2-14 B8 9-16 %« ARAMANIZRE T NEAD 9 HEEEUNT 9 ARS . BlunARIERA
KZRETTNINH-16 2 .9MH -14 2 . 94MH -11 B 9INH -8 8. AR NKZ
WA AN AR 9 s, XA 9% A YD AT AT 20 53 o 7™ AR S OB S, Te e R

17



CON 104812408 A i MR P 12/62 7

BRSPS B BRI, T IR HIV R Ge, HLFTIR 52483 N A PR 22 Bl 7L
[0064] ] 7EHH S Rr e B 5K X I EHE XA IR SEAS SO E SCRER 6 55 3 B IR 3
B4, T AE 6 A B0 XA R IR SR 8 55 A AR 37 o 45140, Ferb R 37 AT R S R AR B
1) 26 B g X AT A, 2 B N AR BT s (10 8 6 S i [ S Bl L S 79 o R R i R AR i BH AR 3
AT A UE S ) 8 B B X PR AT B S DU AR — AN e 2 A B RN L BB LE T JE R
Z IR EAE BRI AEE L R S B BRI e N I kAR L R OR L2 St
fr AAFIZE S5 V0 EF 5% E AN b 05 . AR A BARI SE T 2, A DR AT A IR SE )
AR R 8 B A DX T LS - B L BRAG B L R G R 2 A R iR IR A R
HH OR3P AT I S PR 6 B AW [X 3 WA 43% 7E Fariy AIE Bty PN ) i SRR P I [ 5 e fR
AT A UE S AR R B ) 26 55 B X DR PTG DR B4 — AN B2 A (ERFE . 4fi i) (Myanmar/
Burma) « 7% [\ Z 5l B RG  oROH 2E L B JE VU SR PG R i3 L SRR S B AR I BT
JUN EAMBE RN o 7 Hrb 42 B AR B AR 37 AT 45 00E S 1) 6 o 208 X, B9 AR B S Ao 25
FRARE A LTS B B AR R DRI Y ] Dy = B AL Rtk . 40, VS A 2 18 S R B8 nT PR A
A T B/ SEPNEERI Y . TP/ S8R R B B bk AR AR AE T T AR B 22 1A
22020 3N B AN 2D 5 AT 6 4 9 HIE pri-16. E-83, E-203. E-226.
E-228 i1 E-346 {7 |-f#) Arg.Asn.Asp.Thr.Gly #l His ( A" prM-16 %R prM B E K 16
£, E-83 RN E EEAMIEE 83 %% ) o WP T FERI R SRR IVFHIELE T R AR 2D 14,
22020 3N B AN 2D 5 AT 6 4 9 HIFE pri-16. E-83. E-203. E-226.
E-228 Fl1 E-346 fif_F i) I1e.Lys.Asn.Arg.Glu #1 Tyr (&, Hang %%,PLoS NTD,4(7) :e757
(12 1) o HorAr 4 A i B DR 47 T4 IE SE H LI 8 B R X 2 Horp oA I/ S8 ik A
Y 8 A B A T AR RE R R I 8 A X, RILTE BT 28 4 0 [X R 222D 50%. 22 /b
60%-~ 557> 70%- 5271 80%- 42/ 90%- £2/0> 95% BY 100% & = #4395 (51 Fh E A LI / &3 PR 7Y
PG AR EE T o A 42 R A B DR AT Bl S ) AR a0 1) 28 o s X e L My Y 1.3
B 4 AR — Pl 2 Fh 56 55 200 5 02 35 B R 5 B 0 8 5 B X, B 2220 50%. 4270 60%.
Z D 70% F /0 80%- F /0 90%. F /0 95% B, 100% 118 # i i 491 B L5 BY 1.3 B 4 (198 4
T EE T
[0065] A< ST 36 5E DNA 41 B AE “ RNA £ [a] 472 45 H v i S0 E7 40 R 6 B e 1) )
Fllo PIANTIAR DNA 7 51 KA) B8 55 B B2 1) cDNA 31, DR H 2% ] 1) RNA J7 2710 K i 0K 2 2 8
I3 £ 11 IEBE RNA
[0066] SEJ

ARRWNE DAUESE T — M A EUER NEZE o T8 R RYHE P DR
[0067]  AKBHW JOE B RREEIMTE R 2 T m A e, HAEH .

(1) EH LT HE SRR -

(a) W HIIRER G IR

(b) KiGHIEFERIRE 5

(c) ¥ ek 25 BRI R & 8 R HVR EF

(d) BHMFEEFERPRL (VLP) 1

(e) (a)-(d) WIPIFEE ZMIHE |

&%
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(11) BEWEAE N4 A 204 8 B AT I P A IR A S AR B B 4 A, Pk B R i 2 %
HHCVLP

Hrh iR s SRS R 55 SEQ ID NO: 12 HA E /D 90% [F—E K12 ik
[0068]  FEALIEMISLHE )T 2, A 2 k5 SEQ ID NO: 12 HA &/ 92%. &/ 94%., & /b
96%. Z271> 98%. £ /1> 99%. /b 99. 5% [Fl—PEEK 100% [F—1 .
[0069] Izt Pfr it 36 A AR Jir 3k 151 3 ) 98 6 A 3 R ) 2 BOK TS R 6 8 R A
Bho MLIEFTIA B B T I I B v 1 Bl 25 280 B RV B AT (PR R iR & B R AR . IRIERTIR
G HEIPF R TE PR G S R A
[0070]  ARide AR B B ik & = APt J5 A & 78 SEQ ID NO: 12 4K N5 SEQ ID NO: 12
A%/ 90% [ —PERIZ Ik, il hn 5 SEQ ID NO: 12 B A %/ 92%, & /0 94%., & 71> 96%. & /b
98%. Z /1> 99%. Z /1> 99. 5% [F]— 5L 100% [F]—14: .
(00711  ARIEFTIA G FRGURA A SCE LK CYD-2 | prM-E JF 31,
[0072]  fRIEFTIRZE A EWIAF CYD-2,
[0073]  ARIEFTIR & RG-S FEA 2T SEQ ID NO: 12 ff) 251 A2 kN AL B F A
AR IR REE ) 2 K
[0074] Dk T id & T JF AL S EAE S T SEQ ID NO: 12 f) 6 Ari 2 Ik N A B ALsy
R 2 B TR L 1 22 JIK
[0075] ARk FTIR & R R A S FEA 24 T SEQ 1D NO: 12 f1) 129 A2 kN AL B A
AR IR IREE ) 2 K
[0076] ARk FTiR &R A S FEA 24 T SEQ ID NO: 12 f1) 129 A2 kN AL B A
AR Z K
[0077]  ARIEFTIR & RGOS FEA 2T SEQ ID NO: 12 ff) 141 A2 kN AL B F A
AR Z K
[0078]  ARiE TR &R S FEA 2T SEQ ID NO: 12 ) 164 A2 kN AL E F A
AR Z K
[0079]  ARIEFTIR &R RS FEA 2T SEQ ID NO: 12 1) 203 A2 kN AL B A
TRARIREAERZ K
[0080] ik ik & i A S #EAH 24 T SEQ 1D NO: 12 ) 203 Az 2 Ik N AL B A
R AW iR R B 2 K o
[0081] 4RI FTiR &R RS FEAH 24 T SEQ ID NO: 12 f¢) 226 A2 kN AL B A
TR IRIREE N 2 K
[0082]  FLIEFTIAE HEMPUFEZTIEF YT SEQ ID NO: 12 (19 228 LRI KN AL E L
TrHRRREEM Z K
[0083] ARk FTiR &R RS FEA 24 T SEQ ID NO: 12 ) 308 Az 2 Ik N AL B A
AR Z K
[0084]  FLIEFTIA G HEMPUFEEZTEF T SEQ ID NO: 12 (19 308 S22 kN AL E L
AR IR REE ) 2 K
[0085] ik iR B A R A S AEAH 24 T SEQ 1D NO: 12 fl) 478 A2 kN AL B A
TR IRIREE M Z K
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[0086] ik ik & A A S FEAH 24 T SEQ 1D NO: 12 ff) 484 A 2 kN AL B A
AR IR REE ) 2 K

[0087]  ARiEFTIR & RG-S FEA 2T SEQ ID NO: 12 ff) 484 A2 kN AL B A
AR Z K

[0088] ik ik & A R A S FEAH 24 T SEQ 1D NO: 12 f¢) 485 A2 kN AL B A
AR Z K

[0089] i iR & i A S FEAH 24 T SEQ 1D NO: 12 ) 491 A2 kN AL B A
TN IRREL M Z K

[0090]  ARIEFTIR &R S H SEQ ID NO: 3 EA £/ 90% F 41 [F— 2 ik .
[0091]  ZEAREAI 9L 7 =, iR £ k5 SEQ ID NO: 3 Ef &/ 92%. /b 94%. £ /b
96%. Z=71> 98%. £ /1> 99%. /b 99. 5% [Fl— Pk 100% [F—1 .

[0092] fRiEAKRIHEYE S5 SEQ ID NO: 3 HA %7 90%. F /0 92%. %71 94% ., & /b
96%- 457> 98% %27 99%. /b 99. 5% [F]l— LBk 100% [ — M2 k. ARk A & BE 1) 8 it
JR AL 76 SEQ ID NO: 12 4K M 5 SEQ ID NO: 12 HA &=/ 90% [F—1: i 2 ik, flin 5
SEQ ID NO: 12 HA E /b 92%. /b 94%. &/ 96%. F /b 98%. Z /b 99%. /b 99. 5% [F]— 15k,
100% [A]— 1% o Pl firid & 5 3P 5 A & 7EAH 24T SEQ 1D NO: 3 /) 15 A Z Ik A & 1
BEHARKENZIK.

[0093] ARk FTIR & RG-S FEA 2T SEQ ID NO: 3 ) 15 M HIZ KN B E Fa s
22 F IR I Z K

[0094]  ARIEFTIR & RGOS FEMAH 2T SEQ ID NO: 3 ) 24 ML KN RIAT B Fa s
SCRRIRFIERI Z K

[0095] A3 iR & G R A S FEAH 24 T SEQ 1D NO: 3 I 39 I Z Ik N HIAr B Fa
e m IRREE ) 2 K

[0096] A3k iR & A A S FEAH 24 T SEQ 1D NO: 3 I 39 M I Z Ik N HIAr B Fa
R 2 B TR L 1 22 JIK

[0097]  RIE Tk B B BT R S AE A 24T SEQ ID NO: 3 f 120 SR RN KA B B
AR IR IREE ) Z K

[0098] 03k FTidk B L BT R S AE A 24T SEQ ID NO: 3 f 120 AR IR N K4 B B
TN IRREL M Z K

[0099] 03k FTidk B AL BT IR S AE A 24 F SEQ ID NO: 3 f 125 MR Ik N KA B B
TR IRIREE N 2 K

[0100]  PRIEAR S U Z K (AR B (1) 9% i 406 0 P BT &5 1) 8 SR AL R 9 Pl &%
[f)) 5 {EAI =T SEQ ID NO: 3 [y 125 AL 2 ik AL E F 75l MRS RITERH =4 T SEQ
ID NO: 3 /417 AL Z Ik AL B b ) S FR vk 5k

(01011 flik A S X R IT A gah (1) 2 Ik ( RIS & B (1) 9% i 4 -6 M W Bl &%
(1)) A& AT SEQ ID NO: 3 |y 24 A Z KN AL B F IR 2 R Ak s FEAH 4 T SEQ 1D
NO: 3/ 125 f7 2 IR B4 B B TR A BR AR FE AILEAH 241 SEQ ID NO: 3 /417 S i 2 Ik
P B AR R i 2

[0102]  PLEZ MK (WA KHFZEEAEN TS RS ERSUE NS ) B8 (1)
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SEQ ID NO: 13 frzFeAlsiAint T 1 SEQ ID NO: 13 FrnFEslBfa £/ 1 MPHAZ T 54
RPN 5 (i1) SEQ ID NO: 14 FionJPAIsiAixt+ SEQ ID NO: 14 s ol A
EMIADNHEARLF 5 ANRIERBUCHI A ; (111) #0SEQ ID NO: 15 7~ 41 B AH XS T SEQ
ID NO: 15 il BB 20 1 ANHAZ T 5 AR IERBUCHIFS1 ; (iv) SEQ ID NO: 16
Fos P A B 3 SEQ ID NO: 16 Fosfral A 240 1 AN HAZ T 5 NI 7
% ;(v) SEQ ID NO: 18 Fr/nfEAlEiAs T SEQ ID NO: 18 fiRFal A E/ 1 NHAZ
T 5 N IEREBUCHF S 58 (vi) SEQ ID NO: 26 Fron 4 eiAExt T SEQ ID NO: 26 fiffm
ARG RD 1 ANEAZ T 5 DNEIERBUCH P DLk 24 ik e Z1 A & 2 B i AR,
Frid e 5 BAG 2/0 1 AN BAZ T A NEERI ER D 1 MEHAZ T 3 MR BRI
PRk 1 86 2 NI Uik 1 MEEBRIUR. RiEkE 2 2 A ik 1 AN IR T — R
JE R S SRR AR (BPAESEHE] 2 H AFF R Eor O Is 2 > 25 PPy ) stk
% 3L 2 AN VHRIE 1A P TG — AR TR S R S SR AR ( BPAESEifs) 2 Hh A
RIFZMAPE 2 7 i IA B >10-25 BIPEsr ) sRIER 2 5 N ik 4 A ik 3 ARk 2 A~
% 1A RIE TS — B AR R i  E R B ( BIFE Sty 2 i A FF B s2 0 vF 2 75 v s )
>0-10 P4y ) e B A BT ik B2 Te 2 S R R AR (RPPE Sty 2 o A F s 174y
TNHEHIER] 0 73 ) o P I BRA K A FEAH 24T SEQ ID NO: 12 [ 226,228 Fl 251 £ )
Frid P A AL E b P S T U H AR O T I, A8 Birid 2 JIK 1) 38 2 #v Ji 3
BT G2 N o AR 0 B S BTl 22 K 5 e AL R ) B 2B D L B AR S X
fIMIE R 1.3 F1 4 (8 FERBURR, Frid i a2 Ty (RIEN) ’r=4F
17 (1) S 9% N2 o

[0103] fRIETAEFERGUR O TS HEA LT FAIRZ L :SEQ ID NO: 13.SEQ ID NO:
14.SEQ ID NO: 15.SEQ ID NO: 16.SEQ ID NO: 18 I SEQ ID NO: 26.

[0104] kiR & SRR ESHIEH UL T AR 20K :SEQ ID NO: 13 I SEQ ID
NO: 16.

[0105] REZEHEAGUE (MAKAREHAESMEER) A8 SAUTFTRZIK (1)
SEQ ID NO: 19 FrasPaleiAixtF SEQ ID NO: 19 fisFAlEE 20 1 NHAZ T 5 AE
FERRBRH P51 5 (1) SEQ ID NO: 20 Frs /3 #IaiAHxS T+ SEQ 1D NO: 20 FianFhl B &
M1 ANEAZLTF 5 NEFEBRBURKIFS) 5 (i1i) SEQ ID NO: 21 fnF e A%t F SEQ 1D
NO: 21 s fP Rl B 20 L N EAZ T 5 MR IURIIFS 5 (iv) SEQ ID NO: 22 iR
FPAI AT SEQ 1D NO: 22 s P8 BA 20 1 AHAZ T 5 MR FS 5 (v)
SEQ ID NO: 23 FrsPalei#ixtF SEQ ID NO: 23 il B 20 1 NEHAZ T 5 AE
BRI RIF A 58 (vi) SEQ ID NO: 27 Frs P AIEAHT T SEQ 1D NO: 27 Fis/F 4l B A
201 NEAZT 5 ANEEBRIRAITF . AL AT IR T 5 8 & Z SRR BRI, frid 7 51
HEZDIANEAZ FANEERIRRIEZE D 1 NEALZ T 3 ADRERIUR IE 1 5%
2 NEIERIAC AL | NMEIERIUR . kSR L 2 Ak 1 AN ik T — B SRR
FERREUAR CHPLESZHE] 2 R AFF IS VE 2 i His 2] > 25 vEsr ) ik E 2 3 i
1% 2 AR 1A VR TG — B2 Fh A s e 2 A R AR ( BIE STt ] 2 v AT B2 v 4y
TR E] >10-25 HIPE4r ) SRR E L 5 AN 0iE 4 S RIE 3 ANk 2 AN ik 1A
I TE— BRI Z L IR AR (BIAESLt ] 2 o AFF IR vr-2 772 I8 2 >0-10 1
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55 ) P B Bk SRR e sz 3R R B ( BOFE SEHEfs] 2 /R A I R2 VP43 7 1 Rk
04 ) . REFTIRBUCA K AELEM 2T SEQ ID NO: 3 [ 125 AL HIFTIRFE 51 A FIAL B AL .
PRIk 2 T DUAN S DI DL T B, LB BT 22 IR 1 B S IR S ECP AT R e N .
e 45 S TR 2 K 8 S BT R W L AW IE S AR S e SR LIS Y 1.3 A1 4 f) %
HARPUERS, Frid AV 4 TS (PRIEN ) B = AP 1 S e B2
[0106]  fRIEZHEMBUR (WAKAPZETHAEMIIEEH) 855 HEE U FFHIH
%Ik :SEQ ID NO: 19.SEQ ID NO: 20.SEQ ID NO: 21.SEQ ID NO: 22.SEQ ID NO: 23 fi
SEQ ID NO: 27.
[0107]  fRIEEFEMGUR (AR HRE A EIE SR ) B .

i) HA SEQ ID NO: 13 Fronfrai i) 2 IKERAE T SEQ ID NO: 13 Fspal i 20
L NHAZ T 5 NAERBRH Z K 1

HA5 SEQ 1D NO: 19 fizn 781 i 2 BREAH T SEQ 1D NO: 19 s ol G &0 14
HAAZF 5 MR ZIK ;

ii) HAASEQ ID NO: 14 Frn/F 4 2 IKEEXS T SEQ 1D NO: 14 B 74 HA 20
L NHAZ T 5 DNAERICH Z K 1

HA5 SEQ ID NO: 20 fizs 781 i 2 Bk EAH T SEQ 1D NO: 20 fios 4 G &b 14
HAAZF 5 MR ZIK

iii) HA SEQ ID NO: 15 Fran/F oI 2 IKEAHXS T SEQ 1D NO: 15 FiR/F Al RA &2
SIANEARZT 5 ANRAERIURZ K s F1

HA7 SEQ ID NO: 21 o P81 i 2 KB 1+ SEQ ID NO: 21 FroRfe | A 20 14
HAAZF 5 MEFEBERIIZIK ;

iv) HAASEQ ID NO: 16 Frn/7 41 2 IKEAES T SEQ 1D NO: 16 Fi /74 HA 20
L NHAZ T 5 DNAERIRK Z K 1

HA5 SEQ 1D NO: 22 Ffzn 781 i 2 Bk EAH*F SEQ 1D NO: 22 s Fal g &0 14
HAAZF 5 MEEBRERIIZIK ;

v) HA SEQ ID NO: 18 Fiin/F I 2 IKEiAEXT T- SEQ ID NO: 18 Frn/F ol B 2 /b
L NHAZ T 5 NAERICH Z K 1

HA5 SEQ ID NO: 23 fzn 78 i 2 Bk EAH %+ T SEQ 1D NO: 23 fnFal g &0 14
HAAZF 5 MEIEREUR M Z K 5L

vi) BEATSEQ ID NO: 26 Fin/7 41 2 IKEAHXT T SEQ 1D NO: 26 frn /74l B 2/
L NHAZ T 5 DNAERIRH Z K 1

HA7 SEQ ID NO: 27 o P41 i 2 KBS - SEQ ID NO: 27 FrRfpd A 2/ 14
HAAZF 5 NMEEBREURM Z K.
[0108]  fRRI%E AT 7 1 AL S AR EUVRES, Frid A B 20 1| MEAZ T 4 MEER
BRI E D I AN EAZ T SANRERBUC L 1 82 ML L iE 1 MR IEFREL
Ko RIEZRZ 2 A4 ik 1 A PR T —BUE Sz R U (BIFE S 2 R AT
FUMAPEA T ik B 525 VESy ) SRR EZ 3 Ak 2 ik 1 Ak — B
LR EE IR IR (RIFESERER] 2 A FF I PE 7 77 iA B >10-25 1IPEsY ) IRk R
Z 5 LIk 4 A RIE 3 ANV 2 N RIE 1 AN VIE T — BRI R i SR BR A (P
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FE S 2 oA TR SEE S Ik ) >0-10 HIBESr ) Ik T BT ik BUAR & TC 50 2
BRI (BRFESLHf] 2 A FFRIREMTE 2 75 IA R 0 7 ) o RIEFT IR BCRAS K A TEAH
%1 SEQ ID NO: 12 ) 226,228 A 251 AT ik FE 8 N AL B FAIAE 241 SEQ ID NO: 3
(1) 125 AL A E b Pk 2 F T DU A& s Ol T IS, B9 25 i 22 Ik ) 6 5 A )R 2 2
ST SR E LT o DL 4B B BT 2 K 1 8 A I S R 1 A S I L AR U
MiER 1.3 Al 4 B8 FRAGURR, Frid i HAEY G TR (PLEN ) =41l
) e N2

[0109]1  RIEEFEHRGUR (AR HFPEHAEGWITESH) B% 1) SEQ ID NO: 13 )
Z kA SEQ ID NO: 19 (£ ik ;ii) SEQ ID NO: 14 FJZJIkAISEQ ID NO: 20 £k ;iii)
SEQ ID NO: 15MJZ kM SEQ ID NO: 21 B2 ik ;iv) SEQ ID NO: 16 [ ZikHMISEQ ID NO:
22 (2 ik ;v) SEQ ID NO: 18 AZ2 kA1 SEQ ID NO: 23 [ kel vi) SEQ ID NO: 26 f%
kA% SEQ ID NO: 27 % ik,

[0110]  RiEAEFERGUR ST EHEA T FAIRZE :SEQ ID NO: 8. SEQ ID NO:
9.SEQ ID NO: 10 A1 SEQ ID NO: 11,

(01111 ARIEFTIREERGUR S EHFIEE LT FHI 20k :SEQ ID NO: 8 MISEQ ID NO:
11,

01121 fREARKHPIHEY A IE B LIRS SRS : () 7RIS EREE ; (b)
KGR 5 (o) TEPIREEECKTE P& BB AR ;50 (d) () (o) FIWFEE 2
PR G s H A Frid & 3T 5 A g A & A S E ) 2 KB 2 Ik A% B R 7 41
[0113] ARG RAEIEE LT IMER 2 8 FERPURZE R AHEY : () 75
BB ; (b) KGN B FEHIEEE 5 (o) 36 MR E BCKIE ik & 2 RUE 50 (d)
(a)—(c) BIPF BT ZFh 4G s = A TR S SR i S S5k 3 DU F 8 EA 20 90%
FFF[E— P IR R 751 :SEQ ID NO: 1 f¥) RNA 2% [H4). SEQ ID NO: 4 ¥ RNA 2% &4 SEQ
ID NO: 5 ) RNA Z5 @4, SEQ ID NO: 6 f#) RNA Z5 %), SEQ ID NO: 7 ff) RNA %5 [ 4 Al SEQ
ID NO: 25, $& %5 SEQ ID NO: 1 fJ RNA Z%[F]#).SEQ ID NO: 4 [ RNA Z[F]#).SEQ ID NO:
5 f RNA Z5 47 SEQ 1D NO: 6 fJ RNA Z5[A#7. SEQ ID NO: 7 f) RNA Z5 [R5 SEQ 1D NO:
25 4 220 90% ¥ H1 [ —PEARIE AT AR A SR A 222 92%. 22 93%. 22D 94%. 2D 95%. &
> 96%. ZE 7 97%. F /0 98%. ZE /b 99%. ZE /> 99. 5% BY, 100% /7 51 [F]— 1k 244 A B 1% S i
77 E WAL B 7 g A A0 4 A T F1 SEQ ID NO: 1.SEQ ID NO: 4.SEQ ID NO: 5.SEQ ID
NO :6. SEQ ID NO: 7 #1 SEQ ID NO: 25 Zwhdhi) 2 ki — Bl 2 AN LRV 2 Ik, i
HEARZ 2 AN RIE 1A Ik TG — BURUE M R A TR AR (BOFE St 2 Hh A FF 1 52 e oY
ITERIEE] >25 BV ) kR 2 3 Ak 2 AN ik 1A VRIE TS — B R & RS
RIERRHAR (RPFESLH ] 2 F A FF s 2 ik Rk ) >10-25 P4 ) ik 22 54,
PRIk 4 > Ak 3 AN ik 2 AN ARIE 1A ARIE T — B RAR R i S R AR ( RPAE S i)
2 ARV 73 71k 2 >0-10 IPE ) sk B A Brid A2 T 52 i 2 22 R B AR
( BIFESERERE) 2 th A TR TR/ kR IA 2] 0 4 ) o ARIE AT IR BURA K A 7EA 24 F SEQ
ID NO: 12 {226,228 F1 251 A7 (iR 2 kN 9467 BEAIAH 24T SEQ ID NO: 3 [ 24 1 125
NLEIFTIR 22 KN BT B Lo A3 5 AR R BH 112 S it 7 8 4D LY 2R 2 1) 8 A AT D ) 2
AW T VU S DS LT B 3 200 1) 9% N o LIge AR s BRI St 7 58 1) afiL.
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B 2 B EAGUR IS S A e FIR RIS S 1 f S AP g8 3 8
PUEFNMIE R 4 FPEERPUR « IR S AR B2 SETt 7 SIS AL 2 )8 Pt
55 ()28 T 2EL A DA By AR S SIS 28 1.3 1 4 (1) 8 35 3 S N, TR 25 1 4 S 4 24
TN (RIEN ) B 724 PE R R N . AR H SR &S H 5 SEQ 1D
NO: 7 1) RNA &5 [RI9) EA 2220 90% [F]—PEAZ IR T 51 B M5 B 2 18 e AL i, Bk 9%
HMAAYRIERNLLTE—A (1) BE & F 5 SEQ ID NO: 7 # RNA 25 R EA 20 90% [H
— P IR R 7 51 ()8 S I R R B A, A B B AR AN 2 CYD-MD, B (11)
Q%'E CYD-MD (& PR & A 4. ik i & Iie it AU FAE—14 (1) &
HH 5 SEQ ID NO: 7 ) RNA Z:[E4 B 2/ 90% [Fl—VERIH R 51 1) & BT R 1
f%ﬁéﬂA¢%,EqﬂFﬁLf¢ﬁéﬂA¢%Tﬁ MD1280 H prM-E ¥ %1, 8¢ (i) £7 MD1280 ) prM-E
JFHI R A G . ik i Al Ee ik h b ~ME—A : (1) B8 &H 5 SEQ 1D NO: 7
) RNA S5 [FI B A7 22 /0 90% [F]— 4 B A% B R 13 21 1) 38 B 3 S R i 464, b ik 9%
HAHAEYA G E CYD-MD ) M H E oI HE - P, 5 (1) BE A CYD-MD [ M A1 E
FEAN IS ERPUR IR A A . TR EHHEWIERIENL T () BESHES
SEQ ID NO: 7 [ RNA Z5[E4) BA Z /0 90% [F— M e 51 1) & BT R B m 4 &
W, o vk 2 v A AN B 8 MD1280 () prM-E %1 (SEQ ID NO: 11) f#AERIMiE A 2
(R &8 SRR B, B (11) A& dF MD1280 ) prM-E 41 (SEQ ID NO: 11) r@ﬁﬁmuﬁ
B2 P& SRR EREHAEY . TR EmAEWIemiE el ME—1 (1) BF
A5 SEQ ID NO: 7 [ RNA &5 [R ¥ B A 20 90% [ — P HRRT ﬁJEﬁWEWnJ@Eﬁf i
QHA% Hrh TR A S YA S-S CYD-MD [ prM F1 E 7 51 1) 8 PR, 50 (i) B
A CYD-MD 1y prM A1 E J7 51 1) & SR PR (2 T 4G40 B % w4 & e ik LA
FE~/\ (1) A& &7 5 SEQ 1D NO: 7 [ RNA 25 [ 4 F A5 270 90% [A)— M IR H R 7 51
()28 B APUR B T A, o ik A S A& A8 SEQ 1D NO: 16 HI 2 kAl SEQ
ID NO: 22 M2 BRI ERAGUR (B &S a8 Fnid 2 Bk & B R IAZ B R T 51 1 8 4
AP ), 80 (11) BEEH SEQ 1D NO: 16 2 KA1 SEQ 1D NO: 22 12 Ik 18 B #v i
(&@Aéﬁﬁ%@/‘ﬁﬁﬁﬁzﬂmﬁﬁElfﬁ’iﬁ%?ﬁ@a?ﬁmﬁ FEAPUR ) FEEHEY. Ef
S5 SEQ ID NO: 7 ) RNA Z:[A# B 2/ 90% [F— MR H R 71 1 M 7Y 2 18
E%MMEE’JZISK%W“ HEVAS (1) A5 MD1280 [ prM F1 E 1R /7 51 FIHik 50 B »
8¢ (i1) A7 CYD-MD HJ prM-E £ %1 (SEQ ID NO: 11) fIfiER 2 g hiif . 244K i
I T EWAS 5765 SEQ 1D NO: 4 ff) RNA 25 R4 B A /0 90% [F]— 1 A%t e 41
g AL 2 B8 B APURR, FridE Wl -a e bl FME—4 (1) BE&EH 5 SEQ 1D
NO: 4 [ RNA Z [R5 A 2220 90% [F]— 1 FIAZ 1 R T 41 1 8 B JAhe I i T 205, Serp Bl
B HERPUEAIE CYD-LAV, 58 (i1) A5 72 CYD-LAV & ERGUR R HEY . ik
wAHAEYIEIIE N L A (1) B EH 5 SEQ ID NO: 4 1 RNA ZE[FPEA %7 90%
— Pk R BT 1 I 8 B BT R R T A G0, R iRy i A A 7 LAV2 [ prM-E
JEA, 8% (1) A7 LAV2 (1) prM-E [P AR G . Frid g H a6k b~ E—
A () BEEHA S SEQ 1D NO: 4 ) RNA Z: AW B A 52/ 90% [F]—VE R 7 51 1) & 4
PR G, Horb ik i A S &8 CYD-LAV (1) M AH E [P 1 i 5 e i
8¢ (1) B& & CYD-LAV ) M AT E 75 1) & BB M AL &4, B % i 46 ik

24
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kL TAE—A : (1) 54 H5 SEQ ID NO: 4 [ RNA 28 R HA 20 90% [F— 1t k%
TR T H & ERPUR A &Y, K iR & i H-a A & H LAV2 §) prM-E /7%
(SEQ ID NO: 8) F=AERIIMIE Y 2 Mk & 8 EHVREE, B (11) &4 H LAV2 (1) prM-E /75
(SEQ ID NO: 8) F=AEMIMIER 2 WA B R RN RERE A &Y. Frid A aviciit
RULTFAE—A (i) A5 5765 SEQ ID NO: 4 [ RNA 25 [F)4) B A /0 90% [7)— 1 A% R
JF A IS S APUR B A E8, Forp Brid 2 i A A A & 8 F CYD-LAV [#) prM #1 E 731
[ B, B (1) B8 & CYD-LAV 1) prM M E P2l & = AR R A &Y. P
I HEWILRIE L TAE—A (1) WA EH 5 SEQ ID NO: 4 1) RNA RV HA 20
90% [A]—M: FAZ B R 77 51 1) 8 e AP R 2 T A &4, b BT id 72 T A1 & A & B & SEQ
ID NO: 13 B2 IR SEQ 1D NO: 19 W Z KB ERGTRE (Bl F it & prid 2 Ik &
B R IR 7 A & SR ), 58 (11) &3 SEQ ID NO: 13 2 Ik SEQ ID NO:
19 P Z KRS R (B S il 2 BT il 22 KA 8 1 08 A% B R 270 1) 5 S LR )
(IR H-A Y. Rk E45 SEQ ID NO: 4 [ RNA 25 A4 B A3 2/ 90% [F]—PE A%
R 7 A1 IS 2 2 B8 R B IR AR R B B T LA A« (1) B8 LAV2 1) prM F1 E &
SRR AR & 8, 5 (1) 5 CYD-LAV ) prM-E J¥°%1 (SEQ 1D NO: 8) HIIMiEHY 2 (1)
FHEIAPUE

[0114] ARG H RAEIEE LT IER 2 8 ERPURKZEHAHEY : () 75K
BB ; (b) KGN B FEHIEEE 5 (o) 36 MR E BCKTE ik & 2 RUE & 50 (d)
(a)—(c) BIPMECE ZMAEE s HP R SR AGUR SN TIEA L N FI RS
MAIANEANZT 20 MEHIRIR LT IR T4 :SEQ 1D NO: 1 [ RNA %5 [FA4%.SEQ 1D NO:
4 [F) RNA Z£[E)47).SEQ 1D NO: 5 [ RNA Z5[A#.SEQ 1D NO: 6 ] RNA Z%[F4).SEQ 1D NO: 7
(1) RNA ZE[F4)F0 SEQ 1D NO: 25. AR B SLIE T S AZ B IR T 21 9wt AH X T SEQ
ID NO: 1.SEQ ID NO: 4. SEQ ID NO: 5. SEQ ID NO :6. SEQ ID NO: 7 #1SEQ ID NO: 25
[ gm b 1) 2 KL & — DN ELE DN R IR R IR Z IR, it 2= 2 2 ARk 1 AN i Je—HL
AAE R R SRR AR (BPAE STt 2 A A FF R vE o 7 ik s 2 525 MIvEsyr ) stk
22 3k 2 ARk 1A R TG — B S s AR R AR (BPAESETtf] 2 R
FEIF VR 75 IS E >10-25 BIPES ) kR 2 5 AN ik 4 AN Rk 3 AN RIE 2 4.
ik 1A e T — B R AR S e 2 SRR AR ( RPAE STt 2 A AR vF-43 7 i ik
F >0-10 IV ) sARIE T A BT IR B T6 52 2 R AR ( RIAE St ] 2w A FF B2
PO EHIRE] 0 7 ) o TR ECRA KA AEA 24T SEQ 1D NO: 12 1 226,228 Fl 251
BRI 22 Ik A A7 BAAE 24 T SEQ ID NO: 3 [ 24 F11 125 A7 TR Z kN A B . 1R
36 A AR i BH ) S T R R I B 2 ) 8 R AR R T AL A S T IR A
&L T I BT ) G N2 o AR IR AS R BH 112 St 7 58 B LY 2 2 ) 8 AR T IR A
ASCH R MR 1 A E R RGUR B 3 B8 ARG R A ML TS B 4 () 8 HE 3
U Lk A8 AR R 0% S 77 Z RIS T 2 (8 B ABUR R A A YiE B8 AR S
SESCHMIEAY 1.3 A 4 W8 S AGUERE, Brid a6 4% T AL (kN ) wf =
A T R S B

[0115] MAKAKZEHHAEYASEA S5 SEQ ID NO: 12 BA =0 90%., /b 92%., F /b
94%. %= /b 96%. Z= /b 98%. F /> 99%. F /1> 99. 5% B 100% [7]— 1 i) 22 ik i A< S e SR Ly 7Y 2
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[R& F PRI, R BTk 2 B S EAI 24T SEQ ID NO: 12 f) 485 AR K HIAL & b
) R IR R L B AE AN 24T SEQ 1D NO: 12 [ 491 S22 kA2 B B R R IR L, Frik
AL (1) AN CYD-MD ; (11) A5 MD1280 K prM-E FE 41 5 (iii) A& 1# FH MD1280
(1) prM=E J7 %1 (SEQ 1D NO: 11) F=ARIliE M 2 ik & 8 AR s (iv) A EE& CYD-MD
f) prM A E B0 RS SRR - (v) A48 SEQ 1D NO: 16 AZ2 ik Al SEQ ID NO: 22 [ %
IREEERBUR (B & i & B 2 I & B R M RRT A RS B8R ) s (vi)
ANE AL MD1280 1Y prM I E 2 LR P I I #k- G B 5 (vii) ANE L CYD-MD ) prM-E ¥
%) (SEQ ID NO: 11) FyimiER 2 W ERGrE, A1/ 8 (viii) ANEAF CYD-MD () M A E
JEAIRIMLIE R 2 8 BB . AR RHE A EWE &S H 5 SEQ ID NO: 12 A=
/> 90%. Z /b 92%. F /b 94%. FE 71> 96%. /b 98%. F /b 99%. F /b 99, 5% Y, 100% [7]— 1 ) 2 fik
AR S U I 2 2 (8 e AL i, AR Brid Z K540 24 T SEQ 1D NO: 12 (1) 6 £
(22 Ik AT B ) B R A e ik L A 24 T SEQ 1D NO: 12 9 478 A HIZ Ik HIAT B i
TR, Frid A EME (1) A& CYD-LAV ; (ii) A& LAV2 () prM-E /541 5 (ii1)
ANEAEF LAV2 (] prM-E J¥%1 (SEQ ID NO: 8) F2AEMImiE R 2 Wik & & F#MVnEE ; (iv) A
AL CYD-LAV ) prM A1 E R E B 5 (v) A& SEQ 1D NO: 13 B2 kAl SEQ
ID NO: 19 W2 k& EASUR (BE S gmiD S it 2 KR & B R H R T 51 I 5 5
WP ) 5 (vi) ANEAE LAV2 1 prM A E ZIERRT AR &8 5 (vii) AE A CYD-LAV
[¥) prM-E J¥%1 (SEQ ID NO: 8) MyIfiE R 2 P& F AP / 88 (viii) AFE CYD-LAV
1) M AT E FEA R Mg AL 2 18 A5 .

[o116] fRETRBEIIFEEETEEAZ T I DN AZT 2N AL T INALZTF 44,
AL TFENALT 6N ALZT TN ALZTENAZLTINAZLT 0N AZT LA
WAZ T 12 ND B IR 2 Ik, A 7E prM-E 8 E F# 31 B FlE A & B r)/b B2k
IRk & SO BL/NTIMIE Y 2 ()8 B R0 25 prM-E B E P21 156% HHINAE AL B b s
iz .

(01171 ARIEA K B 18 A0 i 85 5 b COUESE ) & R0

[0118]  RIEARKHM ANRZIRE/NT 18 e/ T 12 . filhn, A RN RE 7]
N O0-17 % .0-11 % .4-17 % 411 % .46 % .6-8 % .8-10 %/ .2-8 %/ .2-11 %/ .2-14 %/ .9-16
% 12-17 58 18-45 % . BAREAK MM AR ZIAE N 4-11 £,2-14 B 9-16 & . KK
B NRZRE T AZE D 9 ARBUNT 9 . BlanA KM ARZIRE T NI NH -16
ZPI9ONMH 14894011 B89 NH -8 5. ARHMANRZRE NED 9 HiEk, XF
AL S A D AT AR 2H 43 T 7 B AR S e B S, e o R A BORAS M S B, R
FEPR T HIV JEGY, HLBT IR 5203 A PR B8R 7L o

(01191 [ High T A BH ()92 P AL A I N 52k I e A Tk g IR RN, 91 A A7 A 5
BRI (RIS ERVE X ) TRAT PN B X Ja R il A4k B 1) N 521038 33 BE 7
BHEBRIX o AR B R XA K 22 G R AT, 491 G0 FH WHO i e S 7
FIEATE 5K o 40, 2% B 8 8 03 DXn] A 2 1) N By BI0TE A0S (17 J00 8 5 i [ 2K e
B3 o AR BH 1) 8 SR X R T B G DL AR — DB E A B RN b BHE ETE. G
JRZ IR R ORI B4 = B B B BTk B2 Je IR I L kb W 5 R L2 | S
ok AAFIZE S5 TE A S E AN Eh L s . 7E— AN EAR RSt T R, AR B 8 R
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X AT HE < T VY BHAG LU by B SR PR BRI 2 B8 % . AR R B IR 6 s B XA T A 4
FEIAHT P Ry PN R 1 SR [ 2K o AR B 4 6 9 A0 X IR ol vl 04 DA B4R — A B
ZA BV A (Myanmar/Burma) 2= B 24 Bl L RO 28 | BB JE 7 5 R P 0 B
I AR R BV A L AT O RINE o 757 R B IR 8 B A X, B A 7R 8 B A
[P AE LTS B L BE AR R DRI B ] Dy = B AL R Btk . a0, TS A 2 (8 S 5 AT R AE N
BAWM T B0 / FLMEER B W / SR SR R T R AR AR R 22 14
22020 3B AN 2D 5T 6 4 9 BIfE pri-16. E-83, E-203. E-226.
E-228 i1 E-346 {7 |-f#) Arg.Asn.Asp.Thr.Gly il His ( A prM-16 %R prM R EH K 16
£, E-83 FKon ERARIEE 83 155 ) . Wil T IR BB HEFHESE T R AR 2D 1 A4
22020 3N B AN 2 5 AT 6 9 B E pri-16. E-83., E-203. E-226.
E-228 Fl1 E-346 fif_F i I1e.Lys.Asn.Arg.Glu #1 Tyr (&, Hang %%,PLoS NTD,4(7) :e757
(R 1) o AR BRI 1 280 B A (X L LA S/ 55 N 2 R 20 1) 26 o o 22 A%
TR EE IR I 5 B B (X, BDTE P 280 A 0w [X R &2 2 50%. 2220 60%- 2270 70%. 2270 80%. 22 /b
90%-+ Z= /b 95% B, 100% & 5 HOp i B th B A W / SEPNIE R R & ERR R 5 2. AR
P (1) 8 F R X g Ho A IS Y 1.3 B 4 AT —Fh Bl 22 Fh 1) 6 5 05 B e T BEAL 3 a3 2
)8 S 5 [X, B 7D 50%. 270 60%- F 7 70%. 270 80%- 257> 90%. /0 95% B, 100% F) &
ORI B S R 1.3 B 4 8 AR EE 5]

[0120] PG AN & W B2 v AH B W0 1 B0 B3 e R 32 R, 9 0 8 o A B 32 R, BT
BRI HE % T E RIS E . AR, AR ARZE A S T3
BRI AT 9 a0 8 A 32

01211 fLikA & B EIH-E ), a0 H T AR W 715 2 &40, BEAIK DHE 1 AT e 5™ =
FERE . AT b 52 A e B )2 Ve AH S ) () 32 2HL 1) DHF R 491 B0 5 R 2 52 A R W 7%
B H AP 327 0 REZEL 1) DHE J5 451 280K I & DHEF AT et R FRAIC ( RIS GY DHF HMEE (1)
FEAC ) o T RAE R A K A B A S H R E A Bos TLITLIIT 58 IV 2045 5 Y
DHF f) 521 % £ I LU IR Lo 8y 5 ok B AR 4252 A8 I W 2 1 2H 6 10 1 52 3K 1R R 2 7 5 4
£, AR E DHF PSR B PRAK . 10, 255 R AR AE R332 32 AN e W% v AH B 0 ) 32 Gk
FEZH () T 2% DHF. 11 2% DHF. 111 2% DHF A1 1V 2% DHF f#)25 2800 W B0M L ist, 45 & B 7
5B A e ek 42 52 2 v I IR S 324 TR ) T 2 DHF I 5%k, 1T 2 DHF FRp 9 451 %
I1T 2% DHF F9p 51 450F / % TV 2% DHF 195 511 45

[0122]  RiEA KB G, Bl a0 T A KA ITE A -G, FACESER KR & 2
ESE 8 R B R AR 2R BT BE It o BRI A2, AR BIH-E1, 1 T4 B 71 21
G, AR IS 2 1.3 80 4 B985 5040 5 51 A RE R BR B8 % b OOk SE R 8 S I 1)
KRBT RN . ARIHIRE, A KW HEY, Bl H T AR ITEERAEE Y, FRAK IS
A 1.2.3 B 4 8 5 R B3 5| R A RE IR 198 B 5 b LR SE 0 38 o JA0 1 R A 23R BT g
Mo AR K BRI A, B T A & BT RS9, FRAR v 557 L COESE ) 8 5 74
I8 BT AR B %, B PRI AT Bt R 25 2 b COUE SE R B 3 i R AR 26 . Bl AR Jk B I 4H &
W, a0 T AR R B 7R R A W) BRAKIR By 2 1.3 84 8 AR B 5 R 1R R
L IE S AR 80 2 95 T S50 e 26, B BRI F Iy 28 1.3 B 4 0 8 5 00 2 5| kS AR e A
Erie S A R MRS S i e e <
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[0123] R A KB G, Bl a0 T A K BT ER A -GV, FRAR G 53O0 1) & A2 22 85
arRetE. AR, AR B A A, Gl T 4K BT LR A9, BEAR B I 4 1.3 B¢
4 W R S I S BRI R AR ZR BT Re e . AR, AR BRI -E W, il an T
AR AT A, AR IS Y 1,223 B 4 {028 B30 55 5 T 1 80 5 20 1 R AR R B
ATAEME . RIE A R IR H &4, Bl an T A K W 7R A B4, AR ERT 36 B 34 P SR B
2, BV FRARAE B S B AR R AR 2. WA R B9, Blan T4 &K BT E A A4,
FRAR T FH Iy AL 1.3 B 4 198 S0 55 5| S 1) 8 S 2 Fr Sl (R Be 28, B FRIC Fl iy 2 1
3 B 4 BRG] BB S R R AR R

[0124]  AKRHFPIEEHAYI T LAZFIES T AR B T AP 057 & n] AT aGEe
TR T A N Bert . 90, AR BB A -G T L 17712 55053 5K 3 1 LA 5]
= (Bl 45) 7. LS 1 FIAIEE 3 FIMHMRL 12 M HS T Filhn, 4K B 1A 46 3
JTZLL 3T, Horh Fridk B hh 7 R B2 1 AIAIEE 3 ARG L) 12 M H G 7. AFIEZ, &
KRR AYIUEE 17728 2 FIRIEE 3 A4 T TEIXRSETT 2, Ik 56 1 AIAFTiA
53 AITTAHMEZ) 12 M H G T B, AR EHEYI T LIS 1728 2 A5 3 774
T, TR 2 2 FAITERTIR SR 1 RG24 6 M AT, HH AR S 3 FITERTIASE 1 /54 12
MNAGT. 8,3 NFIEAAEZH N EL 3-4 DA (FIUEL) 3 A H ) FAEL) 12
MABG T (RPHAHEGPIMEE 2 FIESE 1 G4 3 ANSG T, HH S-S 3
FIESE 1 FEL 12 NANATFHITR)

[0125]  AKREIREHHAGYI L 2 ST IR 1 FIFEE 2 FIEE 1754 6-12 4
HeT. IS 2 FIEHE 17 8 MHE T MIEH 2 FIEH 1 FELA8 M EHEINA
IR

[0126] AR BRI H A0 LLRFI RS T

[0127] R0 SCA 3 B 303 ] B B 8 S VR BRI 2 By 2 AR —Fh g2 . o, e
O Ot th I Y 1 B iE AL 3 A S R AV B MG 8L 1 BUMIE AL 4 18 B 2V B2 75 8L
3 BRIMIE A 4 FE AR G AL 1 BliE Y 2 8 VR B G 1Y 2 Bufiig & 3 &
WA EE MR 2 B Y 4 P8 B IGR EE T AN S0 U S 5 200, 0% 8 A
B 3 PP IMTE B AT —Fh 5182 . 9, B B D0 ph iy 2 1.2 BY 3 1038 B H 1 L I3
1.3 804 BEERYREEE MG AL 1.2 B 4 B8RV 5 | 5 2Y 2.3 B 4 (18 B 85
HCo TR 5 —ASEHE 7 b, B A HIME R 1 8 ERVE R ME R 2 108 E YRR I
TE 3 B ERAREBUNER 4 B ERRE T,

(01281 T A & B 7 VA A R B I 2 S e e B 3 Iy Y 1 1 28 A AT It I
TE 2 8 G R L IIE RS 3 8 AT R A I 7Y 4 (8 BB . FTiA S WITE AL
AR VU H -G . BN BRI ZH-E4, B a0 T2 R BRI AR S 5 L R4, v A A
L MIE A 1.2.3 A1 4 8 B RGUR M T A A FAE— 1) 7 CYD-1 (1) prM A1 E /7
FIE RGP L7 CYD-LAV [ prM A E FP 81 i & 534 3 CYD-3 ) prM A E 751
[Pk A5 RV EE AL CYD—4 1) prM 1 E P A1 S G 511) 5% CYD-1 ) prM f1 E
JP A8 FIAPUR LS CYD-BID ) prM A E J7 51 1 %8 H AT J5 B & CYD-3 1 prM F1 E 77
FIE R RPURFEL E CYD-4 1) prM A E P A B & PR 5 (111) B CYD-1 §J prM 1 E
Jr A0 18 FE ARG L7 CYD-PR 1) prM A E 52 41 19 8 S 3BT A5 CYD-3 [ prM A1 E 751

28



CON 104812408 A i MR P 93/62 T

()6 SR LR AL & CYD—4 () prM A E FR A1 B8 S AT E 5 (iv) A7 CYD-1 [ prM AT E J7
HIEE B IGTR ALE CYD-MD [ prM Al E 37 51 1 58 S T I A 7 CYD-3 1Y prM A1 E JE 31 1)
FAERPGUSE M CYD-4 1) prM M1 E FEFI G E G . B0, AR B2 & 4038 T A )
Hi 2 B B ILR 1 R A H S AF—Fh :1) CYD-1. CYD-LAV. CYD-3 F1 CYD—4 ;ii) CYD-1.
CYD-BID. CYD-3 1 CYD-4 ; (iii) CYD-1. CYD-PR. CYD-3 F11 CYD-4 8% (iv) CYD-1. CYD-MD.
CYD-3 F1 CYD—4. A Jx B 4H G930 vl A R LB & 8 B ABUR ) R A A 1) 67 CYD-1 /)
prM Al E 41 {8 BT JR L VDV2. 405 CYD-3 [ prM Al E 5471 () %8 2 i SR RN, & CYD-4
(1) prM A E F7 21 )38 AT 5, A B 410 ml A R A 7 CYD-1.VDV-2.CYD-3 1
CYD—4 . QIASCHTIR , A A W B 20 A0 o] 6 F A5 IS Y 2 A8k 2 3t 5L, A8 CYD-LAV
(SEQ ID NO: 8). CYD-BID (SEQ ID NO: 9). CYD-PR (SEQ ID NO: 10). CYD-MD (SEQ ID
: 11) BUSEQ ID NO: 2 Yy prM-E J¥ 4. G0A ORIk, A B 264 o] A R Hb A 3 i i
93;2 (& PR, Hfl 45 CYD-LAV (SEQ ID NO: 8).CYD-BID (SEQ ID NO: 9).CYD-PR
(SEQ ID NO: 10). CYD-MD (SEQ ID NO: 11) B SEQ ID NO: 2 ] prM-E 75| HA £ /D> 90%
— VT H . 440, BT F A AT 5 CYD-LAV (SEQ ID NO: 8).CYD-BID (SEQ ID NO: 9).
CYD-PR (SEQ ID NO: 10). CYD-MD (SEQ ID NO: 11) B¢ SEQ ID NO: 2 i prM-E 4| H &
/D> 91% Z /0 92%. =/ 93%. F /0 94%. F /1> 95% . F /D 96%. 2 97%. FE /b 98% B FE /b 99% [
— k.
(01291 B FH T A & B 7 VA A R B I B 2H S e e B 3 I i 28 1 1 28 A ARt Dt I
B 2 BB AGUR ME R 3 B ERAGURAIME R 4 8 ERBURE. FriRd AR
SCAT R VU A - 90 A K B B LG, 490 a0 FH T AR BR R ORGP VA LA, WA
FIHLAL B IS 1.2.3 A1 4 B8 5 AGT R S HAH G FAE—F 1) B8 CYD-1 FIM A E 7
FIE RGP L7 CYD-LAV () M AN E 21 (1) 8 R LR (5 CYD-3 (9 M A E 7 31 ik
HEERIR RS CYD-4 B M AL E R A S B0 E 511) A5 CYD-1 i M AN E J7 41 (1) %
FIAPUR B CYD-BID B M A E JP 21 & S bR B9 & CYD-3 1) M A E [7° 91 (1) 6 = 23t
JRFEL T CYD-4 ) M A E P B E S GTE 5 (111) A7 CYD-1 B9 M A E P 1 1) & H 3t
Ji& B9 E CYD-PR B M A1 E 3 41 (1) 38 B3 S L AL 8 CYD-3 B M A E 3 91 1) 36 2 v Ji A
B CYD-4 M A E 72 51 18 BT <1v> 15 CYD-1 B M A E FP 21 (1) 8 Bt i
CYD-MD f¥) M 1 E /7 51) [ 8 B BT A2 CYD-3 [ M A E 5 %71 (0 8 5 4 J5 A6 2 CYD-4
fR)M I E FP EJE’JZEE%MAJEOﬁJzﬁzu,ZIK?;ZEU%B’JéHé\%LTﬁ AL 5 B ARSI S A A
fRJ4F—Fh :i) CYD-1.CYD-LAV.CYD-3 I CYD-4 ;ii) CYD-1.CYD-BID.CYD-3 F CYD—4 ;(iii)
CYD-1. CYD-PR. CYD-3 Al CYD-4 B{ (iv) CYD-1.CYD-MD. CYD-3 Al CYD-4. A K HIHIZL-&W)
AT R A5 S B RGUR I T AIAE A 1) A8 CYD-1 B M AN E F7 31 i 35 2 T 5 VDV 2,
£ CYD-3 Y M Al E FP 21 ) 8 SR AT R AL CYD-4 1 M A1 E 2 51 1 8 LR . 4,
AR HILL-E Y] A R A& CYD-1. VDV-2. CYD-3 1 CYD-4. A SCHTR, A K B4 &
YT A A S ISR 2 B8 F TR, HA A CYD-LAV (SEQ ID NO: 13) .CYD-BID (SEQ
ID NO: 14).CYD-PR (SEQ ID NO: 15). CYD-MD (SEQ ID NO: 16) B SEQ ID NO: 18 {9 E
FEA . AEHEESEi T R, 5 A SEQ ID NO: 18 FTom Ff A1) i 8 2 St J5 A A o B ) 2
EYAREERKE SEQ 1D NO: 2 1 prM-E FHI R ITER 2 W H G, 1R estif )y
FErh, KRS NS5 SEQ ID NO: 18 Fffom 4l i & B i JR R 4L &4, Herp
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Frid HEA R EEIH SEQ ID NO: 2 () prM-E FRAl A ISR 2 (i & & = AR 5
(A A BH PR T AL &4, B e B & {8 AT SEQ 1D NO: 2 1 prM-E 4= A= (R & A 2 4k
GEERRTFRHAEY . WARSIHTIR, A% BIRA-E V)P A F AL 5 s Y 2 18 5 34900
J5, HA 45 CYD-LAV (SEQ ID NO: 13).CYD-BID (SEQ ID NO: 14).CYD-PR (SEQ ID NO:
15) .CYD-MD (SEQ ID NO: 16) B{SEQ ID NO: 18 f{] E 41| BA & 2> 90% [7]—1k i FE 41 . 14
i, Firik 41 A 5 CYD-LAV (SEQ ID NO: 13) .CYD-BID (SEQ ID NO: 14).CYD-PR (SEQ ID
NO: 15).CYD-MD (SEQ ID NO: 16) 8¢ SEQ ID NO: 18 ] E FE4IA £/ 91%. &b 92%, & /1>
93%+ 2270 94%. /b 95%. 22 /b 96%. Z2 /0 97%. F2 /0 98% B A /b 99% [F]— 1.

[0130]  UNA SRR, A ARG (Blan T4 K B 73 DU il 551 ), w7 A A 5
MIER 2 B8 SR, A& % 1 SEQ ID NO: 19, SEQ ID NO: 20.SEQ ID NO: 21. SEQ
ID NO: 22B{SEQ ID NO: 232 fik. uA KA & &H EA SEQ ID NO: 19
()7 51 ) 22 IR B IS B 2 1) 8 S R, Brid i s A e AL FAE—A - (D) &S
A HA SEQ 1D NO: 19 WyF 4 2 K& S APUR 1 A4, HoA Frid & i 4 64
P CYD-LAV, 8% (i1) f7 CYD-LAV B A AW FridZ mdd & Wic it UL FAE— -
(1) A& EA BEASEQ ID NO: 19 BIJF 41 I 2 K I 8 S 3 5 i y% i 41640, e i 9% 1
HEAE AL CYD-LAV I M AN E R S PR, 80 (1) A& &4 CYD-LAV By M A1 E
FPA IS ERPUR R AAY . TR HEYEMRIE N LT () BETH A
A SEQ ID NO: 19 f/F 41 2 Ik 18 3P JF % A &4, K ik i i & &6
¥ CYD-LAV ) prM #1 E FE A& RS, 80 (11) 55 CYD-LAV (1 prM A E P41 1)
ERGURPEEAEY . FridZE A iE L ME—A (1) A% E&H A SEQ 1D
NO: 19 JFFI I 2 A BB B RGUR R A5, K iR Al WA S LAV-2 1
prM-E FF A= A G B 2 (k& & E AR EE, 8 (11) B8 LAV-2 () prM-E J¥ %1 (SEQ
ID NO: 8) MAERIMIER 2 kG S EHREIE A EY . it HAaE B4 SEQ 1D NO:
19 WP H1 ) 22 IR A R BRI s A AN« (1) B8 LAV=2 1) prM AT E 2 EE R 7 21 1) ik
E T s (11) A8 CYD-LAV ¥ prM-E /5% (SEQ ID NO: 8) I & A 2 (K& i i, 8%
(ii1) BF LAV-2 1) prM-E A& MG . SA R R A6 aS &F A SEQ
ID NO: 21 WP 2 IR 2L 2 (8 AT IR I, Frd % i SR IE N L R AE—A -
(1) BE&EHEA SEQ ID NO: 21 P A I 2 KB & i e w4l &4, Horb plrids 7%
B EYIAE CYD-PR, B (i1) BL5& CYD-PR & H AW . FridiZE A &mic it LA T
A (1) BE&HHRA SEQ 1D NO: 21 W7 F1I [ 2 BRI 8 BT R 9% i 4 &4, Hor
Pk BT H B A E L F CYD-PR (1) prM A1 E JEAIEFAPUR, 8 (11) B&&H CYD-PR
(1) prM Al E J5 21 [ 38 SR % T S B e i A e i N L MME—A - (1) &
TEAEA SEQ 1D NO: 21 BIFAIRI 2 K S B PR R s A 61, K iR A s
YA 18 PR/DB023 () prM-E £ %1 (SEQ ID NO: 10) P24 fIfiig Ay 2 i & 8 ik 5%,
8¢ (i1) AL5 14 PR/DB023 ) prM-E %1 (SEQ ID NO: 10) F=AEHIMLIE AL 2 ) Hx & 8 4
TREEHE TH AL k5 B SEQ ID NO: 21 FFE A A 22 Ik ) A % B ) T 4 & R
(1) f7 PR/DB023 (1) prM F E 2 B/ 7 4 ik & i 8 s (11) A7 CYD-PR ) prM-E /341
(SEQ ID NO: 10) fyfnyis A 2 g sy, 58 (111) £57% PR/DB023 Y prM-E 3 #1] [ 5 B i
FoF . SRR AS S5 B4 SEQ 1D NO: 22 FIFF1 £ Ik s 7Y 2 ()%
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HINPUERS, Frid A A RE R UL FAE—A : (1) B8 &F 2 SEQ 1D NO: 22 ()74
1) 2 JOK () 38 B AT S B 9% v AL A, oA B 9% T S A 2 CYD-MD, B (1) A7 CYD-MD
I H AT iR W H Gk AL FAE—A (1) B& &G HA SEQ ID NO: 2211
AR 2 KIS B AR R B A1), K iR s A6 A & A& CYD-MD ) prM A1 E
FEA RS SRR, 58 (i) B854 CYD-MD () prM Al E 41 i & TR R i 4L &0
Frid 1A YERIE N L R AE— (1) BESHEA SEQ 1D NO: 22 BFHIRI 2 KK
FHEIAGUFE R AW, Hod Bk i A SN E AL CYD-MD 19 MR E 32 41 ) 38 B Hdt
i, 8 (1) A& CYD-MD ) M Al E JF I S SRS RE A EY . FridZEma a9
AL TFAE—A - (1) B EH EH SEQ 1D NO: 22 f5 51 1 22 ik ) 25 2 4070 J ) 2%
WA, Horb R 2 v A S ARS8 B MD1280 1) prM-E /5%1 (SEQ ID NO: 11) A [
TE 2 MR A B AR EE, B (11) B EH MD1280 f) prM-E /541 (SEQ ID NO: 11) F=4=
ISR 2 [k &8 ERVR B A A . B4 B4 SEQ 1D NO: 22 /741 1% ik
A R B H SRS - (1) A5 MD1280 ) prM Al B &I RR 75 ik &0 2  (11)
& CYD-MD [ prM-E /%1 (SEQ ID NO: 11) PILyER 2 i 8 i, 8 (i11) A8 MD1280
(1) prM-E JE A S AP . YA K B A YA &F B SEQ 1D NO: 23 HI/741
2 RIS Y 2 )8 HEIPURERT, frid B i amtiE ML FME—A4 (1) BESHEE
SEQ ID NO: 23 FIFHIM 2 KA & AU M A A, KA prid i -A6 A & 41 H
SEQ ID NO: 2 [¥] prM-E JFFI= AR MTER 2 Wik & &S HNE, 8 (11) &4 SEQ 1D
NO: 2 ) prM-E FHI = A G 2 2 ik & 8 B AR SR a 6. ik &H BA SEQ
ID NO: 23 WFFAIM Z KA K I A S A S - (1) £ SEQ 1D NO: 2 fyIfiER 2
(% BGRB8 (1) A5k E SEQ 1D NO: 2 i) prM-E FE A i & iR

(01311 ARIEA KR BRI IMIE R 2 B8 AU A B &% 5 SEQ 1D NO: 13.SEQ ID NO: 14,
SEQ ID NO: 15, SEQ ID NO: 16 B% SEQ ID NO: 18 Mk, fllu, Fridk i Ay 2 fr) & 4
PUREMIEE S 1) SEQ ID NO: 13AJZKAISEQ ID NO: 19fJZ ik ;11) SEQ ID NO: 14
Z kA SEQ ID NO: 20 fZ2 ik ;iii) SEQ ID NO: 15 HIZ kAT SEQ ID NO: 21 %k ;iv)
SEQ 1D NO: 16 JZ JIKF1 SEQ 1D NO: 22 [ ik ;8¢ v) SEQ ID NO: 18 [JZ kAT SEQ 1D
NO: 23 HIZ K. UA K I A G S &F 2 A SEQ 1D NO: 13 K4l 2 Ik A
SEQ ID NO: 19 BIF 412 IR LI 2 2 (1) 585 S AT IR I, B 9% i G i S DA R AT —
A () AEEHAEBEASEQ 1D NO: 13M T4 2 KA1 EA SEQ 1D NO: 19 BIF 41 1 2 ki
FAERYUR B A A, Hod ik B v & AN & CYD-LAV, 5% (i1) 97 CYD-LAV fRE v
HEW. R EdH G E » L E—A (1) B8 & A SEQ 1D NO: 13 /741
12 KA EA SEQ 1D NO: 19 ()7 51 1) 22 JIk 1) 6 . v S i % 1 4640, b i 28 1 4.
B E AL CYD-LAV 1) prM AT E A B & P E, 58 (11) A& & CYD-LAV ) prM 1
E P o8 PR S A i A A Ye i N T E—4 () B8 5H A
A SEQ ID NO: 13 [I/FHI M2 kA EA SEQ ID NO: 19 R 51 1 22 Jik (1) 8 2 P Ji (28
WA, Hod TR WS A S 402 CYD-LAV [ M A E B8 (8 s, 58 (1) sy
A CYD-LAV B M A E R & AR R A Frid i a6 via ity el M E
—A (D) B EH A SEQ ID NO: 13RFFIMZ KA A SEQ 1D NO: 19 KIF I 2 Ik
(P8 ARG TG, KA Frid Al YA S8 H LAV-2 1) prM-E J7 51 7= A= 1 1fi
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TE 2 MR A B AR EE, B (11) A LAV-2 [ prM-E £ %] (SEQ ID NO: 8) F=/EH)
MR 2 W& EERRERE A G . ka5 B4 SEQ ID NO: 13 fJJF 51K 2 kA1
HATSEQ 1D NO: 19 B HI ) 2 KA K B i A A & - (1) B8 LAV-2 1) prM T E
GBI IR AW EE 5 (11) B8 CYD-LAV 1 prM-E /%1 (SEQ 1D NO: 8) MIIiEH 2 1)
BAEAPUR, B (111) BE LAV-2 1 prM-E JP A5 BB . 294k I 195 i 40 A 08
FE&HHEA SEQ 1D NO: 15 FPAIRZ B A SEQ 1D NO: 21 HIFFFI Y 2 Ik i iy 24 2
[R& SR BLR IS, iR A EWIE N U M E—A (1) BE & HAHEA SEQ ID NO: 15 1)
JPHI R 2 KA EA SEQ 1D NO: 21 FIF A 2 K & AR M A4, Hoh Brid
HHEYIAE CYD-PR, B, (i1) BL7& CYD-PR & H AW . FridiZE A &Mttt LT
E—A - (1) & BEASEQ 1D NO: 15 /541 2 A1 8 BAA SEQ 1D NO: 21 (P4 %
JUR ) 68 B AT % T 45, L i 9% v A A AN B B CYD-PR (1) prM R E [ 51 1) %
BPFE, B (11) AL & CYD-PR ) prM A1 E 581 i & 3 A R IS BT 5. BTk
HAHEPIBRILE AL FAE—A (1) BESHEA SEQ ID NO: 15 /741 2 KA1 B A SEQ
ID NO: 21 [P 2 BRI 8 BT R 2 A &9, Forh ik & Wl & YA & 1 PR/
DB023 ) prM-E /%1 (SEQ ID NO: 10) FEAERMERY 2 ik & 8 EHVRE, B (11) &
F PR/DB023 F] prM-E 541 (SEQ ID NO: 10) F=A= A% 7Y 2 it & 2 e fom B i Al &
Y. fRik & B SEQ ID NO: 15 WP AR 2 IKFIEA SEQ ID NO: 21 H /741 () 2 Ik 4
RHE R AAEMAS - (1) A5 PR/DB023 Y prM Al E R A ik & d s (11) 85
CYD-PR HJ prM-E /%1 (SEQ ID NO: 10) HyMyER 2 & sdi)siek (iii) & PR/DB023
(1) prM-E P E FERABUR . AR RS H S &5 F HA SEQ 1D NO: 16 (174
ff)Z KA EA SEQ ID NO: 22 P A Z KR MG AL 2 )8 TR, Brid w64
ik LA FAE—A (1) B&E&HF EA SEQ 1D NO: 16 FIFHFIZ kAR SEQ 1D NO: 22
(1) 7 51 1) 22 IR () 6 S 3G SR % i L 64, Horb iy i G904 & CYD-MD, B (11) B
CYD-MD [ H &) o Pk v 2 &I ARk 9 L AE—A (1) B H A SEQ ID NO: 16
P HI 2 BRI AL A SEQ 1D NO: 22 [/7 H1 1) 2 Bk 1) 8 B3 R 9% i 41 &, o
PR B T A S WA E B S CYD-MD (1) prM A1 E JR A& AT, 80 (11) BE&E&H CYD-MD
(1) prM F E 7 51 008 FERGUR KR A G . iR ZE Al A ek N L AR —A : ()
BWEEHEA SEQ 1D NO: 16 KIFF A% IKATLEA SEQ 1D NO: 22 HIFF 51 I 22 Ik Fl 8 o 4
PR E A A, b iR w6 YA &8 CYD-MD i M A E JE 21 i) 36 SR i, 8-
(i1) A& A CYD-MD f M A1 E R S AU PR A A FridEmaamiciiit
HULTFAE—A : (1) &4 B4 SEQ ID NO: 16 KIFFIH £ kA E A SEQ ID NO: 22 ()%
FIR 2 IO ) 268 B AT i )% Ve L6040, G ok 9% i A S AN 5 48 FH MD1280 1 prM-E J72 471
(SEQ ID NO: 11) /ARG A 2 ik &8 E PR EE, 5L (11) A& MD1280 i prM-E J¥
Z (SEQ ID NO: 11) /7AERIMIER 2 K& & m AR m A6 . ikt &HA SEQ
ID NO: 16 FJFFAIR) 2 BKAIEAS SEQ 1D NO: 22 i 7 51 i 2 Ik A & BH B i AL A AR
(1) H57 MD1280 [#) prM M E Z B P FI Ik & 55 5 (11) B47 CYD-MD [#) prM-E /541 (SEQ
ID NO: 11) RYMLIERY 2 B SEHGR, 8 (111) F175 MD1280 HJ prM-E F& 51 it & 2 0 Jii
YRR SR HE & 4A B4 SEQ ID NO: 18 (IFFI £ Ik EA SEQ ID NO: 23
()7 51 1) 22 K B IS 2L 2 08 S R R, i i Al e i R UL FE—A (1) BE A
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A SEQ ID NO: 18 [/FHI 2 kA EA SEQ ID NO: 23 [¥)F 51 1 22 ik (1) 8 2 H Ji (28
WEY), Hoh iR i H-E YA &8 H SEQ 1D NO: 2 ) prM-E 1A (i &Y 2 (k&
BIAEPVFEE, B (11) A& SEQ ID NO: 2 F prM-E FE A1 7= A i I 7 2 f ik & 8 4
TREERIE A . ka8 BA SEQ ID NO: 18 fFE 4 £ ik A1 B A5 SEQ ID NO: 23 f¥)
JFHI R 2 KA K B2 A A S - (1) A7 SEQ 1D NO: 2 F i AY 2 )8 i,
8% (i1) M2k E SEQ ID NO: 2 [#) prM-E JF 51 {8 3P 5

[0132]  ARSCHTR A K BRI -EY) (a0 T4 B 5 1L B DA il 551 ), AT A R A 5
MIER 2 B8 B HG R, Hfu &5 SEQ ID NO: 19.SEQ ID NO: 20.SEQ ID NO: 21.SEQ ID
NO: 22 8¢ SEQ ID NO: 23 HA %/ 90% [F—1ER 2 k. MLidkprid gy 2 )8 iR
WALE 5 SEQ ID NO: 13.SEQ ID NO: 14.SEQ ID NO: 15.SEQ ID NO: 16 8¢ SEQ ID NO:
18 A2/ 90% [ — MM 2 k. #lhn, Frid i 2 g S f it i) 5 SEQ 1D
NO: 13 B ZE /D 90% 4 [E— M) 2 Bk A1 5 SEQ 1D NO: 19 B %70 90% 751 [F] — i £
ik ;i1) 5 SEQ ID NO: 14 BEA3 %/ 90% JF 2 [F—MEM 2 IkF15 SEQ 1D NO: 20 Hf %D
90% FE I [Fl—PEI 2k s11i) 5 SEQ ID NO: 15 H A E /> 90% 741 [F 1k 112 Ik Fl 55 SEQ
ID NO: 21 HAZE/D 90% &5 [F—PEKZ /K ;iv) 5 SEQ ID NO: 16 FA5 %70 90% 751 [F]—
PRI Z KA SEQ 1D NO: 22 B £/ 90% 41 [ — MR ik ;8 v) 5 SEQ ID NO: 18 E
A 20 90% A —PERI 2 kA1 5 SEQ ID NO: 23 BoA 270 90% FE A — eI 2 ik . 7240
R S HtE 7 e, AN SCHE K A2 /b 90% [R]— PRI AT R SN S5 i A B0 91%. 20 92%. &
/b 93%. 2 /0 94%. 22 /b 95%. Z2 /0 96% /0 97% 2 98% B 2 /b 99% [F]— 1M,

[0133]  7EHY [ Bt vk i 1 M3 2 2 (0 38 5 AT il m A R b 5 AR S e 38 40 s 1) 1t 37
A 1.3 A4 B S R ASUR B — R AT B A IS A 1 RS R AR L IS 2 2 i
PR M52 3 BB B AP JE AT I 2 4 (08 BB A DU 77 i, 3 28 1.3 A0
4 5 B AT IR T 25 [ T M )R T A B KO TS R B TR P R R UK
[P R 8 R HR B BB S AR B AR ORL (VLP) o RIEFTIAMIERY 1.3 F1 4 )8 ST %
HST% H % BREE S 5 A 2 A0S sk i & 8 Vi B . DL Pl g 2 1.3 F0 4 19
G AGUR S0 2 AR 1.3 A 4 B3 S ik & 8 R A B M prid Mg & 1.3
4 TG IR EE R & G R PIR TR & B SR B B R RYR R — M a2 Bl B B s AR B AN A
R — R E R R A B, FrRmE R 1.3 A1 4 BTSSR S B RS EA
RN YF/ B E ARG IR MER 1.3 F1 4 102 3 APUR S B IS ik &
BAERIREE, Ho S R TR B R B AR B AR IS SRS 2 AR O B prM AT E BRI A B B
I BE A L7 S A e A2 1 . D0 BT 2 /R B0 B8 2 s A 55 . 9, 7 — N R
(RS g ZEH, TR S Y 1.3 F 4 B3E IR B ik & 5 3 #4008 55 70 )2 Chimerivax B
PUmERY 1 FHk (B CYD-1 F4k ) « Chimerivax ZIAERUMIER 3 80k ( BI CYD-3 Ffk ) F1
Chimerivax EHFHMMIER 4 Btk (HP CYD-4 Btk ) o

[0134]  AKARH BRI TN R A (RIS Mg 1.2.3 F1 4
FHPEERPUREEAEY ), 15 mserEs] 1 FRE R CYD-1. CYD-2. CYD-3 Al CYD-4
P A R R AT S A B, AR ARG I 5 Y 2 1 8 B A8 B 1 et 1 e AR s R
[0135]  [KIUk, —7J5 1, A K A R gt i A &4, K prid - & g 1.2.3
A4 % H SRR, P TR 2 1.3 Al 4 {8 EHGR & B3 SR &8
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PO Es, HrR Mg A 2 B8 5 AU E NG ke & v 5, He & 5 SEQ ID NO: 24 fir
NP HEA 2D 90% FP A Rl — M IR FF 51 .
(01361  [Kutk, 55 —J7 T, A KA R B H S, HAE iEa 1 B8 ERGUR.
MR 2 (P& BTG MY 3 IS B AP RN s 2 4 8 B, Horb

i) FriRiig Ay 1 P8 AP 2 YE/ Bk & B A (RIS YF a0 s s
B2 gD YF 5 EE Y prM AN E B8 I P A1 S SR IE B 1 99 5 I AH B 810 58 e 1T 4
A 2 AR S AR R )

i1) PR MR 2 @8 E AT JF R i I E s Y 2 8 o 88, &5 SEQ 1D
NO: 24 Fion 4 BA 2/ 90% 741 Rl — M A% IR FE 1)

iii) Pl MmyER 3 i s AP EE YR/ B RR A S R R (RPH A YF 3 A8t
e BRI gAY YF R 8 prM A E B2 E B9 21 & AUMTE B 3 95 B IR AH N 271 58 H6ee 1y
WAB IR B 2 AR T BRI R ) A

iv) FrRMyES 4 pIEERAGUE R YF/ B8RS B A s (R YF R B st
e BRI g Y YF R 5 1 prM A E B2 E B9 21 G S AUMLTE B 4 95 55 IR AH N 271 58 $te 1y
PAB IR H AR BRI ) .
[0137]  ARIEFTIR 2R YF s ag (HIE RS R 1.3 F1 4 1) YF/ B & MRS 8 1A E
B JRUREE YF W EE. B0, Frif 244k YF i n] LAA2ie | YF 17D\YF 17DD F1 YF 17D204 [
JREE YF iEg. fREMmIE AL 1.3 A1 4 ) YE/ Bk 5 70 8 Chimerivax B3 LTE
A4 1 (HP CYD-1) \Chimerivax ZHEHIMIERS 3 (HI CYD-3) Al Chimerivax B EHMFER 4
( B CYD-4) ,
[0138]  AICHEM 5 SEQ ID NO: 24 s 41 AT 270 90% v 41 [A] — 1 i % ey 21 T4 e
fifti52 N 5 SEQ 1D NO: 24 Flion 4 B4 F /0 92%., F /0 94%. Z /b 96%. %70 98%. & 71> 99% &Y,
100% &4 [F]—PE IR 41 . A0IEAE 24T SEQ ID NO: 24 ff) 736.1619.4723.5062.9191.
10063.10507.57.524.2055.2579.4018.5547.6599 1 8571 7 { ik &R %1 ( 5 SEQ 1D
NO: 24 Fon A EA 20 90% o [El—1 ) WIIALE B ERR AR . BRI, 2 H
TR R A B3 B9CEE B AR B R Y5 2 2 8 LR (a5 b SCRIAR S
HE BRI IME A 1.3 F0 4 K8 5 G5 () a2 7% BREE ik -G 5 5 70 25 1 5 284
1.3 A1 4 W BB, B0 YF/ B S ivin G 8 5 Hu s ) A ) 285 SEQ 1D NO: 24
B F 50 B A 100% J7 41 [5] — P4 FIAZ B 21 FR) 3 FR U8 s 8 SR #8584 5 SEQ 1D NO: 24
iR HI LR 5 20 1 AN EARZ T 20 MEHRBURKE I3 5 EH0R . ik
5 SEQ ID NO: 24 isfeAl LA, Frid i fidE & - lvm s e & 20— P EAZ T 15,
14.13.12,11.10.9.8.7.6.5.4.3 8L 2 ML H IR LI #EAH 24T SEQ ID NO: 24 1) 736
1619.4723.5062.9191.10063.10507.57.524.2055.2579.4018.5547.6599 F1 8571 i ] filf
BIERR T AN AL E R RRA R . ARIFZE, 245 SEQ 1D NO: 24 Fiw 741 LT,
e T AR A AP s R S RVR B TGS 2 KIS SRR EAZ T 20
AL RAR | R B AN AL IR 7 91 AE LB UL T, 245 SEQ 1D NO: 24 7 e 81 LA
R 7GR 2 MG IR E SRR RS AZ T I5 A EEEAZ T 12.11.10.9.8.7.6,
5.4.3.2 B 1 ML R AR B R BE AN IR P 1. ARIGFEAH 24T SEQ ID NO: 24 1 736.
1619.4723.5062.9191.10063.10507.57.524.2055.2579.4018.5547.6599 F1 8571 fir. I 1]
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BRI LR 7 51 9 I AL B L I IR AN RAR
[0139]  AAMRERI A, T A K B A B i 2 2 f 8 i (o i
T 2 VS B8RS 6 A B B IR R A S R AR BRI S AU ) A AE DA B
S A GRS OL N, e 5 5 N TR AR O B BRSSP R S N . A
PRIERIE, T ARKHZE A SR IMNER 2 8 SRR (B2 iimiE i 2 s
JBCEE B A 55 BOE R B IR & B AR B I B AU ) RN A AR B LA B
REEMUAE . N AMRIE R, 245 B SEhtif 1 BRE ) CYD-1. CYD-2, CYD-3 HI CYD-4 j= Ay rh
R s AR BRSBTS R B (A DO A0 2 T 2H A 0 I iy 28 2 1 8 e i st (A9 s I 3
AU 2 [ ) ok B 5 e A B B IR B iR & B R R BRI B R U ) SR i iE Y 2
F10) 365 B A 2 1) 50t R R R P AAR SR
(01401 AR, HTAKHMAEGDE S MER 1.2.3 F1 4 % 8BRS EHR/PUEE, H .
(i) FridifiE AL 1§08 SR 2 CYD-1 CAAM IS F 9T ik & 8 2 1 2 B AT I s 7Y 1
(P8 F PR SE CYD-1 5 (11) FTiRMIER 2 8 AP VDV-2 DLAMFIIE I8 6 5 4
TREE TR TS AL 2 B8 AT E A2 VDV-2 5 (111) Prifiig A 3 & St JiF & CYD-3 LA
AN AR R R & 8 IR SR BT IR MIE Y 3 (18 AP AL CYD-3, F1 (iv) Fridifig iy
4 3 B RAPUR AE CYD—4 DAY HTE I B A 5 5 AU BR B AT Iy 2 4 1 8 R i 2
CYD-4, FEXFENL R, VDV-2 FEAk 2 Xt Vero 40 i i 4238 M 1M K ¥ T DEN-2 16681/
PDK53 gtk (LAV2) [IEEME, HAh 5% 4 MUTBRRAS ¥ DEN-2 16681/PDK53 #EtkAH L, Frik
VDV-2 Bk EA 10 N AR .
(01411 HRIFE, HTARKHPAEGDEEIMES 1.2.3 F14 & B S SRR, b
AR 1.3 F 4 (158 B3 5 5 B OIS FIREE i & B R HVi B8, B s 2y 2 i 8
PP E 5 SEQ 1D NO: 24 s 7 A1 BAT 2270 90% F7 41 [7] — 14 AR IR 1 71 (1) 7% A1 ek 25
FAEPVREE, HH PR MER 1.2.3 A1 4 18 BT 730 A 72 CYD-1, VDV-2, CYD-3 Fi
CYD-4 54 AN 2 & CYD-1 19 M A1 E Fe 81 B8 5 APt )5 VDV2 &5 CYD-3 /) M A E 751
)2 BT RN 2 CYD—4 O M AN E 3 471 5 2 A I
(01421 AR, HTARKHAEGDE S MER 1.2.3 F1 4 % 8BRS ER/PUEE, Hd .
(i) FridiiE AL 1§08 SR 2 CYD-1 LAAM IS F 9 ET ik & 8 2 i 5 B AT I s 7Y 1
P8 F PR CYD-1 5 (11) FTiRMIER 2 8 AP VDV-2 DLAM IS U8 6 5 4
TREE TR TS AL 2 18 AT E A2 VDV-2 5 (111) Prifiig i 3 & St JiF & CYD-3 LA
AN TS FIIREE R A8 A BV B Bl TR A Y 3 BB AP A CYD-3 A1 (iv) FITidifi i 2
4 [ B RAPUR AL CYD-4 DAY HTE I B A 5 AU BRI I3 2 4 1 8 R i 2
CYD-4, FEXFEHL T, VDV-2 Btk 2 E & SEQ 1D NO: 24 FrostZ IR 71 2k o
[0143]  AKRIRIERZEE A SV, Bl H T AR 8777, B8 G4 1 58 5 APTR
MR 2 (P& EIAGTE  MIE2Y 3 IS B AL s 2 4 8 PR, Hor

i) FTRMER 1§ E P SE CYD-1 DLAMNE YR/ B 8 i A 5 B om 2 o Ak 1
BB ERGUEZ CYD-1

ii) PrRIMIERL 2 i & PR 5 5 SEQ 1D NO: 24 Fion 41 B 270 90% 74
5] — P AR T A1) B s B9 LIS AL 2 1) 8 R i B, FLrp BT I 284 2 (1) 38 B3 JR AN
W E 5 SEQ ID NO: 24 Fian 411 BA 100% 7 51 [5] — 14 HOAZ R > 1) 40475 AR ek 75 1375 784 2 7).
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GHEIA TR MG 2 ()8 SRS E S SEQ 1D NO: 24 FiR/F 4 EA 100% /7
HI A — 1 AL R P 51 B35 R EE YA 2 2 (R38R PR E5

ii1) FriR MG A 3 f8 SE IR AL CYD-3 LAAME YF/ & 3 Hitk & 8 Ui F 2 ik
MyE A 3 B G 2 CYD-3 ;4

iv) FTRIMLIERL 4§ 8 S P SE CYD-4 LAANE) YF/ %2 B iR A 5 e P00 25 B AT I
B A EERPUEZ CYD-4.
[0144]  HRIFE, & H T ARKHPZEEHEYH FERE R A S R AR BN MEE 2 1
BHEHRPUR (Han5 ESCRARSCH S HB 0 fHR 5 1.3 A1 4 108 B IGTE (a2 YF/
FAERIRA G R ISR 1.3 M4 P8R RGER ) B ) ©5 5 SEQ ID NO: 25 fi
NP HVEA 2D 90% [F— MK EE P A1 . DI P IRAZ IR P 5115 SEQ ID NO: 25 /741l A
HZD 92%. F /0 94%. /0 96%. F /0 98%. 220 99% B 100% J7 41 [F]— M . it fEAH 24T SEQ
ID NO: 24 [ 524.736.1619 F1 2055 A i A IR 7 5 N A B E I H IR AR (RIfR
B P IX AT B F A SEQ ID NO: 24 FHHIHR ) o
(01451  HRIE, & H T ARKHPEHHEYH Rk SRR R MG R 2 18 B
PrIE (S B SRR SCH B R f Mg Y 1.3 A1 4 B8 s AR (B YF/ B8
WA G ARG S 1.3 M4 P& RGUR ) B ) B85 LAV-2 TR prM-E ¥
5 (HPSEQ ID NO: 4 ¥ RNA SR ) HA Z /> 90%. 270 95%. 22/ 98%. &=/ 99% B 100% [H]
— M) prM-E 3. ARG AEA ST SEQ ID NO: 24 f RNA 25 [EI41) 524.736.1619 F1 2055
AL EIFTIR prM-E FEAI N AL B F IR IR A RA: (RIFEX L)y B FORFFH 178 SEQ ID NO:
24 1] RNA 2 [P H IRZ IR )
[o146]  ARIE, B H T ARKHPZEEHHEYH Rk SRR RN MG R 2 185 B
PR (S B SRR SCH B H - R g 2 1.3 A 4 B8 s AR (B0 YF/ B8
PHRA G R ARG S 1.3 /4 B8 s 4gts) A ) B85 MD1280 FAk ) prM-E ¥
H (B SEQ ID NO: 7 [ RNA &E[F# ) BHA /0 90%. 220 95%. 2220 98%. 22/ 99% B 100%

— 1) prM-E 31,

[0147]  WIARSCHTR, A KB H -G A R A &k H LT EERGUR : (a) H1
IR AN EE 5 (b) KIEM B E RN EE ; (o) W MIREBUKIEM IR G SRR EM (d)
(a)—(c) B FhEEE Z MG, Hod prid & = A lE 5% 5 SEQ 1D NO: 4.SEQ ID NO:
5.SEQ ID NO: 6.SEQ ID NO: 7 F1SEQ ID NO: 1 HIZERFS.
[0148] WA HrR, A KK H G AR A &k H UL T EERSUR : (a) HH)
RS AN EE 5 (b) KIEM B E R EE ; (o) W MIREBUKIEM IR G SRR EAM (d)
(a) = () HIPEFPERTE 2 Pl (1) 20 A, o rp BT I 280 B AT R AL 35 Y RS AR ST AT I () MR E 7 871 PRI A%
HIRIT
(01491 M UnA & B HIZH -G, 19 a0 FH T A% B B OR 37 07 V5 B 4064, T A8 AL 35 1L i
A 1.2.3 Fl 4 {8 SR T SN A AE—F :1) CYD-1.CYD-LAV.CYD-3 Fl CYD—4 ;ii)
CYD-1. CYD-BID. CYD-3 #11 CYD—4 ; (iii) CYD-1. CYD-PR. CYD-3 1 CYD—4 B (iv) CYD-1.
CYD-MD.CYD-3 F1 CYD-4. AKMAHIHEWIERT AR EFRGURK FIIAE 1) B
CYD-1 F) prM Al E 51 {8 BB IR L VDV2 2 CYD-3 ) prM Al E 37 51) ) 8% 2 Hh i IR A
B CYD—4 1 prM Al E J¥ 41 i 8 AL IR o 4540, 4% K B 1) 46 4y ml 5 1 A CYD-1.VDV-2,
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CYD-3 1 CYD-4. WIASHR, A& A GV T A RS G S 2 B8 587, K4
& CYD-LAV (SEQ ID NO: 8).CYD-BID (SEQ ID NO: 9).CYD-PR (SEQ ID NO: 10).CYD-MD
(SEQ ID NO: 11) B SEQ ID NO: 2 [ prM-E 4. WAL IR, AR B (44 ml A R A
HIMIER 2 (& BB, A4 5 CYD-LAV (SEQ ID NO: 8).CYD-BID (SEQ ID NO: 9).
CYD-PR (SEQ ID NO: 10). CYD-MD (SEQ ID NO: 11) B¢ SEQ ID NO: 2 f] prM-E F#%| B
20 90% [F—MERIF A, a0, Brid %) a 5 CYD-LAV (SEQ ID NO: 8) .CYD-BID (SEQ ID
NO: 9) .CYD-PR (SEQ ID NO: 10).CYD-MD (SEQ ID NO: 11) & SEQ ID NO: 2 [ prM-E
FIA5 20 91%. 70 92% F /D 93%. =/ 94% . F /D 95%. £/ 96% /D 97%. £ 98% B E D
99% [7]— 14 .

[0150] AT AKRHKEEAESY), HlnH T A K\ I ERE A &GS 2 Ew &
HRVRERIE ERAGUR o IR v S R R A A 0 R I B I P el B A T
BIA T RN UL G R B TS IR & 5 R R B IR A & B 35 )
JRER R & 8 R AR RS OR B B S HOR EE I — M el 2 M R AR B AN R 2 B ) — PRk
ZMEH. AR, IR A F R 30 5 2 31 YRR R, sk YE 17D B3 A .
P AR IR & 8 SR PR B 5 R RIR T I prM-E IR 71, 91 an A & B 1) ik & 5
FIR R A prM-E P AIHE S AR EE Y prM-E 1 B R () s iR B AR R . A )
T, AR A S, Bl WA T A KL E A EY A CYD-1. CYD-2, CYD-3 A
CYD-4. AR AP A A 5 8 5 BT E B T A H A BE—H 1) B85 CYD-1 1Y
prM A1 E 7 51 (1) 36 B AT AL 2 CYD-LAV [#) prM A E 7 51 () 8 s B JR L7 CYD-3 1) prM
A E P A HR & & B AR EE AR & CYD-4 1 prM A1 E JP A1 [ B BT si1) A5 CYD-1
() prM Al E 731 ) %2 B TR L& CYD-BID [ prM AT E 351 ()8 = 41 L AL 8 CYD-3 [
prM A E 41 (18 B R AL S CYD-4 () prM A1 E B4 A& 2GR 5 (111) A7 CYD-1
[ prM A1 E F7 20 (1) 8 TR B CYD-PR 1) prM Al E 21 () 8 TR B & CYD-3 [
prM FIE 7 51) 8 2 3t JE AL CYD—4 [ prM Al E 31 () & B BT JR 5 (iv) 8 CYD-1 [
prM Al E 7 41 () 8 FE AT VL5 CYD-MD 9 prM Al E 741 i 8 B 3BT iR L 32 CYD-3 ) prM
FE 75 8 FAPUR S CYD-4 B prM AT E 8 i B S RGT R B, A&k 45
Wik T A R AL & 8 - AGPURE I R I H A A —Fh 1) CYD-1. CYD-LAV. CYD-3 1 CYD—4 ;
ii) CYD-1.CYD-BID.CYD-3 #1CYD-4 ;(iii) CYD-1.CYD-PR.CYD-3 I CYD-4 &{ (iv) CYD-1.
CYD-MD.CYD-3 11 CYD-4. A& BHHIZHAPie vl A R 5 & SRR THIAHE 1) B
CYD-1 ) prM Al E Ff 51 {8 B BT L VDV2 5 CYD-3 1) prM Al E F7 41 ) 8 B i R A
B CYD—4 (1) prM A E 7 51 (& 5 AP o 9140, A8 B 20 -G 40T A Rl AL £ CYD-1.VDV-2,
CYD-3 1 CYD-4. WIASIR, A& A YT A R HAL S G A 2 B8 547, K4
& CYD-LAV (SEQ ID NO: 8).CYD-BID (SEQ ID NO: 9).CYD-PR (SEQ ID NO: 10).CYD-MD
(SEQ ID NO: 11) 8 SEQ ID NO: 2 [ prM-E J¥ %1, H R =2, Ak B 1% B 2069, 49 i
B 2 RGBS IR B T 5 R B S b s 1 I B 2 FE Ak LAV-2.BID-V585.PR/
DB023 B, MD1280 F] prM-E 514 27> 90%. 27> 95%., %= /b 98% ml 27> 99% [F]— ) prM-E
JrHlen] B &5 SEQ 1D NO: 2 flizn prM-E R4 /0 90%. 2270 95%. /b 98% B %/ 99%
[ prM-E 741 A RIHZ, AW, Bl T AR ITER G 2 Kk a5
PR AT A SR A gAY 2 #:4k LAV-2, BID-V585. PR/DB023 B MD1280 f] prM-E 415k
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H SEHtA R R ) SEQ ID NO: 2 B prM-E J¥ 8o 4 Flrad ik & 36 5 Vi B 1) 52 A4 s R 40 B 4
VR T YF-VAX® I, FriR #5:6k A6 A STk CYD-LAV. CYD-BID. CYD-PR i1 CYD-MD. 021
My R 2 Fkk LAV-2 (SEQ ID NO: 8).BID-V585 (SEQ ID NO: 9).PR/DB023 (SEQ ID NO:
10) . MD1280 (SEQ ID NO: 11) 8% SEQ ID NO: 2 [¥] prM-E /3417 A4 5 fdi H 5k 3 1 jE & 2
Btk LAV-2. BID-V585. PR/DB023. MD1280 [#] prM-E J¥ %K H SEQ ID NO: 2 [¥] prM-E J¥
HI B E D 90%. /0 95%. &/ 98% B & /b 99% [F]— 1) prM-E B4 AR B s Y 2 ik
BB BB B AR R B 2 T A S W] S RS CYD-1.CYD-3 M1 CYD-4 214 FH A & BH 1)
FEHH BT . WARSTTIR, A% I &P A Rl A & s 2 2 18 g, Hed
5 CYD-LAV (SEQ ID NO: 8).CYD-BID (SEQ ID NO: 9).CYD-PR (SEQ ID NO: 10).CYD-MD
(SEQ ID NO: 11) = SEQ ID NO: 2 f) prM-E F¢ 51 HA 2 /b 90% [F— M/ 751, Blan, Frik
J¥ %A 5 CYD-LAV (SEQ ID NO: 8).CYD-BID (SEQ ID NO: 9).CYD-PR (SEQ ID NO: 10).
CYD-MD (SEQ ID NO: 11) 8% SEQ ID NO: 2 ] prM-E JFFIH £ /> 91%. £/ 92%. 5/ 93%.
2/ 94%. &2/ 95%. 270 96%- 222D 97%. /b 98% B A /> 99% [F]l—1 .

[0151] g T HAS i BH IR 1 260 o 105 25 A A U0 o T B A e P 1) R 3 I AR W AR L L &
2 DL R A A e B (BIHnVEsR] ) ARk . AR B 5992 1 4064 vh B B2 1) I
TR 14 % E S 98 85 8 A B I = AT R 20 10°- 29107 CCIDg. — &1 & A8 & B
(R T A PR BT LT B 14 5% 03 Pk 23 28 2 B B2 I IV LA ) 107 4
10° CCIDs,, BIUITEHEINZ) 5 x 10°- 415 x 10° CCID,BItnTEE N2 1 x 10™-41 x 10°
CCIDso~ 1 U%) 10° CCID500 AR BH LW LA R T 25 B 2 1-4 2% (95 o 5 2
BB B B TG BBl T 920 10" £ 107 CCID.,, 1 4n%) 10° CCID.,. A% % B UM 2054
HRRT LS IS Y 1-4 25 E FE RGeS S AR B I E T A S . B WA R B DU 2059
AL 21107 CCIDso M IMIE AL 1-4 %% H HITE IR B RO 5 808, AR DU &4
AL 29 10° CCIDLo M i B 1-4 % H B3SRBS i 8. — M &, AR BINA S
BT AL RIS Y 14 8% F BRI B 25 A 25 (1 = B O Z) 107 25 10° CCID, 24 &,
MAEFEFE AL 5 x 1045 x 10" CCID, 45, fRIETEEINZA 1 x 10" 411 x 10° CCID;,
M8, kL 10° CCID, & . — B, AW e & mER 1-4 % H 1 VLP &
[R)7E 92 100ng— 2 100Kg  VLP, fiLiE 5 FI N2 100ng— £ 50kg ik JE A% 100ng- £
20ug ik 2] 1ug-100g, VLP HE AT ELISA W& . A R, A% B S w &0 &
A RE IR E G ERBLR

[0152] AR B T AP0k vl A 7 25 5 b T2 i B B 7l . AR B 255 1
A 422 52 R B AR BT 7] B 4B A A s 770 B0 40 O o 55, 0 FH T 24 W0 R0 92 T 1) ) 2% R DABR
T PR R B RS E L G TR BE AN I I B T, HAE N AN AARATT B S B, 51 a0 AR A O BE o FR A
Fride 1 25900 3 25 25 J7 15 M AR B O . & 18 IR I O¢ 25 1 1175 1 22 SR 4
AT “Remington’ s Pharmaceutical Sciences” (%8 19 ik, A.R. Gennaro Zw%H , Mack
Publishing Co., Easton, PA (1995)). #4§% b nJ$552 TR 75 ) 2 A4 S0 A 657K L B I
Z2 gLk (PBS) WWURN 0. 3% H 2 RIETR . AR R W A -GV ml AR AL 2 0. 4% FhoK R
2.5% NG HEH (HSA) .

[0153]  Fe M), T A K B 77 B w A& W T AR IR A 255 B nT 352 B4k B g LA
3T AR B A5 A, 0 a0 pH A ATZE PR 5K TR A, B LR A FLER N &AL
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BN EALAT RS R H AR LB IR = AR NS AR A L TR IR R AR TR A I
1R\ L- ¥R Sh IR £ I o7K D- ¥R (D-trehalose dehydrate) . IIAUHEEE, = (2 H
5 s AR/ Bk, A6, A A Y ARG S 255 B AT EES2 B IR, AdE ) o A
BT RGE 7 FR e FRIANBE . ik rIFS e AR T WO 2010/003670.

[0154] AR BH I 20 A 0 AL B 8 B A B i 0 8 AR o AR SO 8 A 34
RIEE AR B SN () & ABGATAEYEN B 925 T s v 2 ol 3 i i S 4
MR 1.2.3 8L 4 B FERR B P APUE, BHEAREE AR EEREEANRA
FATAATE R BHE HAL 2 AW )% Fr BRRIR G B 1

[0155] &Rt i s HAT A E R BOT 5 86 0 4806 - I 886 mTil a1 7 4%
PR B L B A A B R B AT AR B BRI AR RS BRI AR
IR . W] T 24 S A ) AR 2 ) S AL EE ISR AR A R R R X B
T BE CL 4% CRM 197, CRM 176, CRM228. CRM 45, CRM 9. CRM 45, CRM 102, CRM 103 FlI
CRM 107 £ N [ I M5 B 25 1) 58 AR i 2 BREE VS L ZR - OMPC\ VR BR . A H B 1 i %8
FRFE R EE PspA 8RR E (Clostridium difficile) HE: 2 A B B,

(01561  AXJ B 9% 1 4B W0 P A 2 — ot 22 e 77 DA v 6 B I SR 1 028 JiR A2 o AR 40
AR N A RLREHE R AR AR R GO N 2 A IE Ml e T8 KigE i e
VLP BRGS0 T A K B B A6 . e o] T 60808 BO9RCEE s 25 1 Ak B 1Y
P AL A, B TR FIA s S

[0157] & 3& B AL FE AR Th 01 fn S S8 AL AR B e L Bl R 40 sl I L, (L3 T DL A& 406 L6 L Bk Bl
BER)ER . HUBAIE B4 TR ELHE I A IR 2 R B BE AL B PH B BB B A A AR B SR B A 1
ANEPEIR S . B, eI AT DL /K A AL i 77 (EP 0 399 843B) , BA K /KA ity FL 77 A
EOEMEFIAIZHA (WO 95/17210, WO 98/56414. WO 99/12565 1 WO 99/11241) . #hik 7 H:
BV FLIRAE R, Bl anim A KAL) (EEEL RS 5, 422, 109, EP 0 480 982 B2) FI/KALilM L
KL (EEEFS 5,424,067 EP 0 480 981 B) o Frid i S 45 MF59. AF03 (WO
2007/006939) \AF04 (WO 2007,/080308) AF05.AF06 A HATAEY) . 17k a] LL2 k. g i
ABCHATAEYD o RITE FEAZ HIR S e R B BRI B Bt % (alkyl glucosamide phosphate) .
KA AR A . BRASLEIEERS Quil A FHAi i) F B, B QS7 A1 QS21.

[0158]  AR4UIRF AR N G E], & B ALK S TUE 46 2B RS AR R E A5
BIEMNA A BN LB TG NIN R R T BN ORI . BRI, A2k
NN

[0159] W] fifi FI & M R T v 5 2% 5K 22 4 v 5T 85 9] 40 77 W 7T 3K H Becton Dickinson
Corporation (Franklin Lakes, NJ, USA) 5T #8 B0 iE ST 2845 T A & BH I 1 40
B ST R N5 2, AT R Mantoux $5 A ) B0 Rz T VR 5T A BT 5 B Mk i Rz Py 3
EEEE BN BD Soluvia (M) EHUEST RS (Becton Dickinson Corporation, Franklin
Lakes, NJ, USA).

[0160]  Ffr2h T HIA K BH )% i A S R B B T 45 250738 TERE P s oL T,
R —REAT 0.1 F1 1.0 ml ZJal, Hi%%) 0.5 ml.

(01611  ATERIERIIX S fa (RIFELS TG e e i a IR MG 22 5 ) filin
A F 6 AN HA 10 208, 140 6 D H 1 4.3 4.5 481 10 4R, 43 F A & B R T 41 -S40 )
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TNBRLE 24
[0162]  FZHR—/NSTiti 7 8, AN BHIR FR A A 75 A i B (1) 28 T 266 0 R ik 928 v 4H & 0 (e
RN R T BRI RO R 25 & . 25 80T 8 A SO R AT AT 7%
WAAYMZED 1 H] CREEESAET) o B — S0 &, 25808 & A SCHTR AT %
HAAYM 2 FER CGAEFEENEY ) . AEIRE SRR T A T Wil %
FRIP IR FH I BB IR 925 7 FH T TR B A0 ) P I RV T o ¥ DI R 8 S 3 b g SR FNARE b
[R5z NHE
(01631 W] DA Fh 5 vk & A W 1A 98 1 2 A AR 8 AR A0 1) R RE M B ™ R AR 7
I DIR . BlammidfEss T2 /0 1 R A A5G (FIfEss 7 1.2 8¢ 3 FIBTR % i
HEVG ), MEREZ TR ZE A SV E R E A B LT 71, Rt HA K A A S
WIAE BEAR AR B B 2% L COUE S 10 8 B H8 1 AT Re PR BI™ B AR B R D RK -

(1) FHATAR] L7 28 1 80 5 A B 1 2 ) I R ) s 5327 b O IE S ) B 5 A 9 1
I3

(11)  EHARAR] I i5 2 1 %6 o A 2 5| A D 75 2% b IR S8 1Y) 3 R 8 s Vi 451 1) |
t

(111) HHARA IS B 8 SRR B 51 AR ) T-1V 206 55 i s 91 1 B 43 L

(1v)  HHAEART I35 2 5 e 20 B8 512 T 2% DHF i 1 & 3 L

(v) AT 37 2Y () 38 B R 25 5 EE ) 1T 2% DHF i 1 & 3 L

(vi) HHARATITE AL )8 R Hm B3 5| &8 T1T 2% DHF Jo 51 1 B 40 B

(vii) HHAFAA IR B 8 S R B2 51 ARSI TV 2% DHF J5i 5 1 B 40

(viii) FHAEART I3 2 5 o A 25 5 RS A Be (1008 25 5 | IR SE B 8 S 3 4 R 2R
2 M/ B

(ix)  FHATAR] L7 28 PR 6 o 5 B 5 | RS PR RE R (1003 25 5 L E S 1Y) %8 2 1 491 PR 4
SNICIRS R

FXT i i Wl 55 AR 49252 iR 9% 1 A -G 0 ) 52 K3 TGt R 2L 1 4 (R DN Bk AT bR AR, e
TERTIR PR 1) 523 AT AL B S T X o 2 5 AR BFh 52 3038 I A Dt e,
ZikFHF () -Gix) E—ADEEANRG T T KR A K HFZE A ST
FE— MR RS2 77 %8, i oWl & 1) — N B AN G h B 25 VR R, SRAIESE A Kk B
[ T 20 -A D ) DA, R DHF o3 8 B808 S 0 ] ] i 2 1.3 BX 4 B R RV a5 A
[0164] IEHIEAES TR I FIFTREHAEYE (HIWES T 1.2 583 FIFTiR 4l
EWE ), B2 ik & w4 A9 B Ok AR 852 b CUOIESE 0 28 3 3 1 32 3 41 DA
NI SR AR R B 9 AL A AR AR B R 1) 7 B R R B AT RE 1 R R Th AR

(1) KIS RFEER AN / BEREE

(11) o L2 A bl 25 AR AR B s 1 R 2 e 1T 354

(1ii) I/ Cifi ot 20) 3848 A0/ BY

(iv) BIENEARDELEE (ALT) MR IR AL EE (AST) 78N KRR ZK-F 1
FIME

FEXt ik & 5 R B iR B T A A H 2R AR R 2 b COIE SR8 R A 1) 32K
F P IR 0 S5 R AT LU . 25 TR AR 55 2 b R SI2 ) 8 A W 1) 23R ot R

40



CON 104812408 A i MR P 35/62 T

LIS, R AR TS IR S B RR M 2 E A (D) -) =82 H
G I 2 1 R SR B A B 11028 1 2H A D PR AR 8 B A 1 ™ B A 2 B ] e R R D R
[0165] %, B AniE SEhEd] 1 ATid 5 (VE=100% (1-1Dgy/ 1Dy ) » Fod ID Ry 54 A ()
R R (R 82 COUE S8 SR NS S2 303 A H B DA XU N — 4R (1%
H (number of person—years at risk))) &1, A% BER 5 RGH AR 71 TR
A 50%. LIk 2 D 60%, Fo b TR B A G A 1.3 B 4 51k, &FxJ g Al 3 5 4
5] P B e HOR AR O VR R D RE R o 2 2D 70% A3 80%. T Xt H MG AL 4 Bl #L i) &
BRI I ORA 7 VI Th 3 R oA 22D 90%.

[o166] 2 NEIEER T HIEL 2 ML E R T 51 0 E 4 b R — e ad o br i b B0 e, a0
iR T Altschul 2% (1990) J. Mol. Biol., 215: 403-410 fyFEmt R LA T H (Basic
Local Alignment Tool, BLAST) ;Needleman Z& (1970) J. Mol. Biol., 48: 444-453 K
Bk Meyers 28 (1988) Comput. Appl. Biosci., 4: 11-17 8¢ Tatusova Z¢ (1999) FEMS
Microbiol. Lett., 174: 247-250 55k ¥ FTiA 5584 3 BLASTN.BLASTP F1“BLAST
2 Sequences” F&fFH (&, www. ncbi. nim. nih. gov/BLAST) o 45 FH TR #2515, 7] fd
BRIANSE Blan, ST ER A2, v]{#FH “BLAST 2 Sequences”H) NA & & F£/5 BLASTN,
VERC 2 J) 2, 5P 31 70 =2, FFICEAL (open  gap) FHIEA AL 7073 7 08 5 AT 2, A3 x~ &
W50, T 10, 74K 11, ik (filter) ONo XFT&IEBRFF 4, vl {8 F )T 5% B “BLAST 2
Sequences” :#£J7 BLASTP, % BLOSUM62, FF it 2547 (open gap) AlHEK 24711 4343 514 11
1, 2300 x~ ZEE 50, T 10, =K 3, ffiik (filter) ON.

[0167]  ZZ [ AR, A SCAFFHIA K B I SRR AL (0 St 77 S8l LA fE— e
[0168]  FEAHIIES, 5| H T £#FSE TR, XESE TR AT WAL @D 5 5 &
BIARANFAEF

[0169] i it T F1) St 9 6 A K BIAEHE— 20 Ui . SRTRI L 1, A5 J B B AR 223K 3[R
€ » XL s AR AR B R Ut BHES HE 5 HEAS AT AR 7 R Rt FL R R )

S hte {1
[0170]  SHfiff] 1:7F 22 (B % 4 F0 40 2 Chimerivax ™ DEN-1.DEN-2. DEN-3#1 DEN-4f#1 PU 4/
BHENEE (TOV) HEVIHI B E T 1AERE )

Wi Z 5%

B0 B 2% b COUE SR B A, X DA Chimerivax ™ (HPAL{ H DEN1 PU0359
(TYP 1 140) 1 prM A E FE 824 (FE 52 CYD-1 B kK FH DEN2 PU0218 [ prM 1 E JE 51724
(R4 58 CYD-2 F5#%. B DEN3 Pal881/88 [ prM F1 E 517 4= (4% 5 CYD-3 F:Ak 1 i DEN4
1228 (TVP 980) F prM Al E #4177 4= {4 & CYD-4 FEAk A DA 218, 2 0L WO 03/101397 Al
Guy %%, Vaccine (2011), 29(42): 7229-41) BIThRGHAT 7 MEZE A FI1E HIBEALXGT FE Fp A
O TTb JHEe . $H 55 4002 44 AR 405 s A0 B A4 25 4@ BORAS R IF AR 4-11 & 12 # it
N5 . WFFLE Ratchaburi Regional Hospital (RRH), Ratchaburi province, Muang
district, Thailand #4T. ANEFEHE SR SRR 1)) LE A o R I EGR1GE G
SR BE ) ) LB AN 52 S S AT VA B B I YR JT (prohibited treatment) BT L
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H, Z2H5EDL2:1 BENLTED, 7E25 0.6 A1 12 N H K452 3 5718 1 088 Ty ot BRI A
(01711 ffil 54

¥ UL SCHR TR, 72 A SRR A B R AE Vero 4 B85 3% :WO 03/10197 ;Guy %%,
Hum. Vaccines (2010) 6 (9): 696 ;Guy %%, Vaccine (2010) 28: 632 ;GuirakhooZs, J.
Virol. (2000) 74: 5477 ;Guirakhoo &%, J. Virol. (2001) 75 (16): 7290 ;Guirakhoo
& Virol. (June 20, 2002) 298: 146 ;DL K GuirakhooZs, J. Virol. (2004) 78 (9):
4761,
[0172]  JZ P AR TR 3t (AT ERAFE 2°CHI 8°C 2 [ IR T ), B 0. 5 mL 3 44 FH ¥4 57
(&H 2.5% NJEEHEER 0. 4% NaCl) . HIHEN, £ 0.5 nL fIEMZEESAH S £ 1
log,, CCIDs &tk A 8 FMIMIER (1.2.3 1 4) FIREF (L FHEER . JEVLTEIER.
L FE 2R AR h R L 7K D- MR L (L AN . = (R HEE ) &AL ke iR ) o X e
e KIEHIIE R EEH (Verorab®, Sanofi Pasteur, Lyon France), H BN HC 2% B8
AT 50 24 JLEIEE 1 IRIEST, 0 <9% NaCl Eh/KZEFIH T HedEst. gl g T
TR FE = AANLX
[0173] VP4

MR W R A S D T PR BB H IR B (a8 IRE T MK U7 ), HEA
B RE A P IR 2K U 4T AT B A2 Bl R REAT , 3l AT ) L3 DU I St & e i« 1E
RIS (€ UM Z > 4 /N R FE 323 = 37, 5 CHIBRIR ) BEATE L T, 225K
S EEAABATTH %7 2 RRHZWiANG YT . AL R S 4 32 7E RRH i H K 2212 (spontaneous
consultation) o #= 14 K HIICRERIN 6] (8] BG40 B& (1) 2 R RN E A 9 R R A 7E
KA (RIFE R B EAZ T 7 RIER SRS ) 1 7-14 R (IREBIRES ) ik
BERCXT MLIEFE &, 7% 4F Sanofi Pasteur” s Global Clinical Immunology (GCI) S2I&=
(Swiftwater, PA, USA) FliZ4EIEH & 0> (Centre for Vaccine Development) (CVD,
Mahidol University, Thailand). SRHIHI4A RT-PCR MIE %, 10} 55 25 47 7 0t 126 Sk
SR 5 200 5 A AR APT B 25 IR AE. (B B s JE DR ST SR 2 P Z0 IR 5190 ) « AR
SCRTIR s FH I3 B4 e M 28 7 RT-PCR 1% B AR B 5 A o BRI BHVERE o AT 3, A8
F Ak ELIS 5 &5 (Platelia™, Bio—Rad Laboratories, Marnes—La—Coquette, France) , 4}
X NS T PR FIAEAEN T A SRR S . B R IR 8 5 L RS R B SON
FE 375 4% S RT-PCR B NS1 4% ELISA o g A 45 5
[0174] RFFNMAWEBAEL 3 REMERESSEEZ 2D 13 H HERIMAL
¥ s M 2 51 425 (Independent Data Monitoring Committee, IDMC) iIF 5 1 £F & 5 &
(per—protocol, PP) AHEH kA= 27 Bl
[0175]  fEf)a— IREEM G, XA ™ E A R S4F (SAE) HRIZ 6 N H, 2 fFid 4T
A58 SAE B FE AHOC SAE.
[0176]  7£ RRH, 7E 1 300 44 N1k JLEE 1, PP 1 A H8 2 I FIAE A 0T 5 )5 1) 28 R WA 1 If
TEHE RSN, RS 3 IEST G A 28 K, IR RTREMHL AR T e 2 5 & 1 iyE LA
PP AAZIS [B] s & A R 5 b CUUESE R 8 R 1)) LB I S B o LT kAT GCT LA
K A SR iR ph B ek /D A Ss: (PRNT,,) W B X CYD 215 AR08 B Hvis 25 1) L AL o e Ve vp
AMPTARTEE . W EERAN 10 (1/di1) « KT ZEREE ST 2 AT 5, FH o8
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T SON B
[01771  Giit ot

T AR A I LU A5 2, FE 1% TE R A S A M ) L A B E R AE S 3 IRk
T J5 B i 28 IR R AR B IR B B A b OUE S 8 s 2O 91 16 % 1 D R (VE) <VE
=100% (1=ID¢yp/ IDyyy ) » e ID NS A A Y AR % B (BB 5 5 b CIE S i & S A )
JLEEER DA X RIN - F8EH ) o« HABRE AN 1. 3%, H L VE O 70%, 7E5 3 k4%
i /D BRERIN () 148, HAFE 7% (PP) 2B HH# (attrition rate) A 7. 5%/ 4,
TRELLL 211 e e 380 280 5 PP 1 BlOx HRLE) 4002 44 3238 LB IS 82% 24 BEFH 95% B A5 &
HAESE VE 5% . 703k TN LR RS #7775 (Exact method) THEELH VE BIXUIN 95% B A5
X[a] (CI) : (Breslow NE, Day NE. Statistical Methods in Cancer Research, Zf 11 #:
— The Design and Analysis of Cohort Studies. International Agency for Research
on Cancer (IARC BHiHihS 82), Lyon, France). X PP ANFEBEAT T FFE 0¥, prid PP
AR S AR, HIEFHTESS 0.6 (15 K ) Ff112 (£30 K) R THA 3
AR, B AP BCA R AR R332 3 YGRS AT, XU &t EE T
2o VEJNEE — H I, 258 B 3 AR T S AT, U 10 & 21 I VE. 72485 Jm FRE 170
BT e, 23 T X 2 I35 24 1 VE 64T 1B FE o A8 95%C T, o 22 4 1 A e 2 S A 2 i AT A
SR YER o
[0178] #ER

4002 4 HHZELE A, 95. 9% SERGEER, 91. 8% WIRIEINMIFF &7 % (PP) A3 Hidkrh.
8 VE AN R AL AR R ATV AE 20 0T BT R 8 B IR JEV BIFUAK, 1B SRR B I 90%
FRIRE i A FEAE
[0179] ik

FEREFUIAIA], 131 15 RG] (131 44 LA 136 RORAE ) 2% ECIEsEr). 4
s, 72 PP NBE, 77 B AEAE S 3 RIS e il 28 K, - EddfE £ 2t 4561 K 4E
TERE T b 1A AU (1) 2522 N — SRR, 10 32 451 % A= 7556 HRZH rp A XU 1 1251 N - 4F
W], AR ARETE ThA 30 « 2% (95%CT := 13 « 4-56 « 6) o 1% K UAE 4o M4 Fp IR S
(ZHTED. B 1 IRESFHIDIRBON 33 « 4% (95%CT <4 « 1-53 < 5) , fE £/ 2 IKIELY
JE R 35« 3% (95%CI :3 » 3-56 + 5) .
[0180] 3% 1. Iy 2 A S 11 A0 CYDPU B 365 B AT B B 5008 753 2 L AE S R 365 B A FE L
(LNPIE
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A A R T
R mu] AR #mE % (93% CI)
B9 A  NE A A
* f*  F ik
JieME>28 A
(A& F Ea47)
# 15 2522 45 1251 32 302 (=134-56:6)
sl A ] %4 2336 9 1251 10 356 (-2146-84:0)
fik A 2 KA 2510 31 1250 17 92 (-75:3-31-3)
Al 3 KAk 2541 1 1257 2 753 (-375-0-99-6)
sl 4 & 4E 2542 0 1263 4 100 (24:8-100)
NS #R 2542 4 1265 i ND ND
{3 % AE
JEMER E
(g k)
#4 2620 46 1307 34 325 (—%35-576)
kA | KA 2633 9 1308 10 553 (-22-5-839)
f R 2 K4 2608 32 1307 19 156 (=37-6-33:6)
fo A 3 K 4k 2638 1 1312 2 75:1  (—378-99-6)
kAl 4 % 4k 2641 0 1320 4 100 (—24-3-100)
NSI #L fald 2640 4 1322 0 ND ND
2% A%
EF 1 HEERE>R A
(A4 k)
4 14] 5089 75 2532 36 334 (4-1-33-5)
de i | R AE 5139 14 2564 18 612 (17-4-82:1)
o i AS 2 K0k 5107 51 2560 26 17 (—64-3-39-8)
do iR 3 KA 5144 4 2565 10 80-1  (309-95-4)
R 4 K AE 5149 1 2577 5 900 (10-5-99-8)
NS1 B fai 5147 5 2579 I =150- (=11750-72:(0)
1% 1% 5
B R SR, FetPA M, ND: kmlg, * # # 1 #

T it kA4 EM PCR & NSI 42/ ELISA ¢85 & % F A ie ey B ey %

. e A e oh R LA b AL A0 R A, BLAR A A M sk ki

LA ERE G S L ILEML DAE A il R A RGP

HIEHERMBERKIAR TR (ZRE 1) . 556 DENV2 (1) 1. 7% A, fEE /0 1 Ik

VEST fEEE X DENVILDENV3 A1 DENV4 HIZhREHITEFE N 61 «2%-90 «0%. S%FXF DENV2 f#) 15. 6%
FHEG, 76 3 YRVEST %L DENVL. DENV3 1 DENV4 (1 5h 2k (178 B A 55. 3%-100%.

(01811 FEFRTFE 5 b ARSI & F i) IS Ee 3243 v, 24 550 HEZH AH B I, 7E B i
T 2H AR S B AEAE B R AR R Gt B PR, 3 S AR XU (RR) 2 0.523 (&L
2) .
[0182] 3% 2.6 Y] IW) A B 0 75 5% b CL IR SE 8 B i) A A 2
| CYD A% bl i | *F BR 0 | farf K
{N=2666) (N=1331)
B i) M e AR n M ey Aola n RR (95%0T)
(9590 1) £ {95%0CT) £3
H1F | 2660 % 0.3 8 1331 3 03 7 0571 (0181,
(0.0 0.6) 0.2 L1 1.85)
#29 | 2557 4 [E] X 1282 23 1.7 23 0523 (0283,
(0.5 1.3) (1.0: 2.5) 0970}
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B1E= 50 REH 3 IKIES 56 2 4 = 55 3 LS BNE R4
22 3 AL ALIE R X 2 AT i R

3 A A(%) 1 58 40 (%)
dr i A 8/14 (57.1) 9/18 (50%)
dn A 2 20/52 (38.5) 15/27 (55.6)
dr A 3 1/4 (25) 3/11 (27.3)
A 4 0/1 2/5 (40)
. fn i A 3/5 (60) 1/1 (100)
NSI +ve
it 32/76 (42.1) 30/62 (48.4)
o e SR

TERF G RN, TR W A, 7E58 3 RS G 28 28 KA B A A i B 1-4
F e M0 AR B8 L AR S 2000 (GMT) 73 g3 9 146 (95%CT :98 « 5-217) \310 (224-431) .
405 (307-534) A1 155 (123-196) . fEXFHELHH, XLE{E K 23+ 9 (14 + 040+ 9) 52 » 2
(26 +8-102) 48«9 (255-93+9) f1 194 (116-32+2). 14E)5, MIEM 1.2.3 Fl 4
[¥) GMT 435124 76. 5.122.94 F1 153,
[0183] 4t

£ 1Z W 0t 5T W1 18] A5 584 Bl SAE - £ 2 v A vh 4k & 1 366 Bil, 5 25 [0 11. 8%
(315/2666) , fEXTHEH R T 21841, S 5H K 13. 2% (176/1331)  fEFFEMA DT
HIAHOE SAE, TEXS HRZE A 1 Bl AWl S 301 SAE /2 540 4 —BUR B S0 1, s 1EHz
PSS 7 A1 28 RN BRI (clustering) .
[0184]  {E4 3R #H P AR N R AL B B o b R S Y 8 4 280 7] AN B AE X AL o
AR 5 451 7™ B
[0185] (42 1 fE1E L7 A4 2 M 2 2735 KT prif-EIX H41/7 5

M 7 AEERES 5 62 DEN-2 3 5] (%) B A= Y M35 AL 2 B4R I prM-E X 38 (A% 1 IR FH 2 ik
W7 4. X855 LA SEQ ID NO: 1 F1 SEQ ID NO: 2 ffizr. iR56H 51 &S DEN-2 51 i)
IR 2 SRR BN M &R IR 741 73 Jl ki ik T SEQ 1D NO: 18 AT 23,
[0186]  >i%HERFr41 (SEQ 1D NO: 1)

ttccatctaaccacacgcaacggagaaccacacatgatcgtcggtatacaggagaaagggaaaagtcettct
gttcaaaacagaggatggtgtgaacatgtgcaccctcatggetatggaccttggtgaattgtgtgaagacacaatce
acgtacaagtgtcctcttctcaggcagaatgageccagaagacatagactgttggtgcaactceccacgtecacgtgggt
aacctatgggacctgtaccactacgggagaacataggagagaaaaaagatcagtggcactcgttccacatgtgggaa
tgggactggagacgcgaaccgaaacatggatgtcatcagaaggggecttggaaacatgeccagagaattgaaacttgg

atcctgagacatccaggcttcaccataatggcagcaatcctggecatacaccataggaacgacacatttccagagagt
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cctgattttcatcctactgacagectgtecgeteccttcaatgacaatgegttgcataggaatatcaaatagagactttg
tagaaggggtttcaggaggaagttgggttgacatagtcttagaacatggaagetgtgtgacgacgatggcaaaaaac
aaaccaacattggatttcgaactgataaaaacggaagccaaacagcectgecaccctaaggaagtactgecatagaage
aaaactaaccaacacaacaacagaatcccgttgcccaacacaaggggaacccagectaaaagaagagcaggacaaga
ggttcgtctgcaaacactccatggtagacagaggatggggaaatggatgtggattatttggaaagggaggecattgty
acctgtgctatgttcacatgcaaaaagaacatggaagggaaaatcgtgcaaccagaaaacttggaatacaccattgt
ggtaacacctcactcaggggaagagcatgcggtcggaaatgacacaggaaaacacggcaaggaaatcaaagtaacac
cacagagttccatcacagaagcagaactgacaggttatggcaccgtcacgatggagtgetcccecgagaacaggectce
gacttcaatgagatggtgttgctgcagatggaaaataaagettggetggtgecataggcaatggtttectagacctgee
attaccatggctgecccggageggataaacaagaatcaaattggatacagaaagaaacattggtcactttcaaaaate
cccatgcgaagaaacaggatgttgttgttttaggatcccaagaaggggecatgecatacagecactcacaggagecaca
gaaatccaaatgtcgtcaggaaacttgectcttcactggacatctcaagtgcaggetgagaatggacaagetacaget
taaaggaatgtcatactctatgtgcacaggaaagtttaaagttgtgaaggaaatagcagaaacacaacatggaacga
tagttatcagagtgcaatatgaaggggacggctctccatgtaaaattccttttgagataatggatttggaaaaaaga
tatgtcttaggccgectgatcacagtcaacccaattgtaacagaaaaagacageccagtcaacatagaagecagaacce
tccattcggagacagttacatcatcataggagtagageccgggacaactgaagetcaactggttcaagaaaggaagtt
ctatcggccaaatgtttgagacaacgatgagaggggecgaagagaatggecattttgggtgacacagectgggactte
ggatccctgggaggagtgtttacatctataggaaaagetctccaccaagtectttggagegatectatggggetgeett
cagtggggtttcatggaccatgaaaatcctcataggagtcattatcacatggataggaatgaactcacgecagecacct
cactgtctgtgtcactggtactggtgggaattgtgacactgtatttaggagtcatggtgecaggcec

>EIEMT ) (SEQ ID NO: 2)

FHLTTRNGEPHMIVGIQEKGKSLLFKTEDGVNMCTLMAMDLGELCEDTITYKCPLLRQNEPEDIDCWCNST
STWVTYGTCTTTGEHRREKRSVALVPHVGMGLETRTETWMSSEGAWKHAQRIETWILRHPGFT IMAATLAYTIGTT
HFQRVLIFILLTAVAPSMTMRCIGISNRDFVEGVSGGSWVDIVLEHGSCVTTMAKNKPTLDFELTIKTEAKQPATLRK
YCIEAKLTNTTTESRCPTQGEPSLKEEQDKRFVCKHSMVDRGWGNGCGLFGKGGIVTCAMETCKKNMEGK IVQPENL
EYTIVVTPHSGEEHAVGNDTGKHGKEIKVTPQSSITEAELTGYGTVTMECSPRTGLDENEMVLLQMENKAWLVHRQW
FLDLPLPWLPGADKQESNWIQKETLVTFKNPHAKKQDVVVLGSQEGAMHTALTGATETQMSSGNLLFTGHLKCRLRM
DKLQLKGMSYSMCTGKFKVVKETAETQHGT IVIRVQYEGDGSPCKIPFE IMDLEKRYVLGRLITVNPIVTEKDSPVN
TEAEPPFGDSYTTIGVEPGQLKLNWFKKGSS IGAMFETTMRGAKRMATLGDTAWDFGSLGGVETSIGKALHQVFGAT
YGAAFSGVSWTMKILIGVITTWIGMNSRSTSLSVSLVLVGIVTLYLGVMVQA

>EIEM 7S (SEQ ID NO: 18)

MRCIGISNRDFVEGVSGGSWVDIVLEHGSCVTTMAKNKPTLDFELIKTEAKQPATLRKYCIEAKLTNTTTE
SRCPTQGEPSLKEEQDKRFVCKHSMVDRGWGNGCGLFGKGGIVTCAMFETCKKNMEGK TVQPENLEYTIVVTPHSGE
EHAVGNDTGKHGKE TKVTPQSSITEAELTGYGTVTMECSPRTGLDFNEMVLLOMENKAWLVHRQWFLDLPLPWLPGA
DKQESNWIQKETLVTFKNPHAKKQDVVVLGSQEGAMHTALTGATE IQMSSGNLLEFTGHLKCRLRMDKLQLKGMSYSM
CTGKFKVVKETAETQHGTIVIRVQYEGDGSPCKIPFEIMDLEKRYVLGRLITVNPIVTEKDSPVNIEAEPPFGDSY I
T TGVEPGQLKLNWFKKGSSTGOQMFETTMRGAKRMATLGDTAWDFGSLGGVFTSIGKALHQVFGATYGAAFSGVSWTM
KILIGVITTWIGMNSRSTSLSVSLVLVGIVTLYLGVMVQA

YRR T (SEQ 1D NO: 23)
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SVALVPHVGMGLETRTETWMSSEGAWKHAQRIETWILRHPGFT IMAATLAYTIGTTHFQRVLIFILLTAVAPS
MT

it i

AT B R TR S CYD MR B N B A 2 A A TS T RE R . &
X DENVIL3 A1 4 Bflivh DIRAE S 70% (B — B ia B W, FE HAE 2D 1 IREEM G 24T
EMER . RS BTEE ST DENV2 (15 70% s — S TE I A T3 R4 DENV2 7EiZAF 7T
AT G AL (prevalent serotype) , FEIXMHEHLT , S ARTE T DRSS o
(01871 & T [ % 4= P AN B2 I MR AIE (reactogenicity profile) R 4F, Jo¥ i AH oK
SAE, 3f HAEVFH A E BN ERERHE I 2600 44 2 B 42 b 2 M9 4 [B] B W S 16 AE A1 SAE IR [A], R
BB ARG T IERXT 4 Fhog e R i 2 1A 76 4 S e L2 I 8505 560 B 040 1) e AR R B
PEEIREIRE IR M A RIS Z RS 2 AT WiG TR W R . ke, AL R
DENV2 Jp 25 (AN 58 42 S5 BL B AR AE T VA 593 15 o B ZE I AN N 22 JRE &6 2R - 9, sghi A5
IR AR S I TR) 45 (R 2210 5 BR8] 4 H L I 5 98 U B L /N i /0 45 5 A ) 248 L i PR AGE
RIS, B2 0 B ] 5 0 B A (R 05 AN TR o e Ak, S5l BA TR AT b X B
FREE, BE52 P8 1 2 I B R 8 AN T L
[0188]  ILUESE [ 450 REAHAH LU, 75 384599 B8 7 b CUUIE SE I 8 s A IS e 32 303
RPN T A P SR B R B R A R G h B 3 R . 7E3RAB IS AL 2 i 8 5 b CE s
[R5 AP AR e 7 4 TP R BX PR R (S K 3) -
[0189] A% DENV2 AT L& 2 45 SRl ad it 2 AN e F B DR 2R AR: . 94, 7510568 H 5
HECPE TP 1) CYD2 8 i3 B A DENV2 i B Z (B AFAE T BEF DL IR A5 L. 7E 1990 AKX, HHINAEZR
A V1) DENV2 [N 1 FE PR AL, B AR T 2 A HARARE Y / RIRETFIE R £ EEARNS
Ryl 2 Fh % e i JLANRAR (B83, BRIl S2 E226 1 E228) W AR Ak v (1 5538 & F Al 5
PE. CYD2 P A S A A5 &5 (FIF T PRNTS0 (X 8 bk ) 42 1980 415 H 248 Kl
IRy BS#k (Guirakhoo F 4%, J Virol 2000, 74: 5477-85). BARIZmEFWMIAKNE T
PN T BRI AL, (B AR B (RIUGAE CYD2) A ) ik SCHR S SRR ik H ) B TP / SR P FE A
FURIWELE (Hang 2%, PLoS Negl Trop Dis. 201047 H 20 H ; 4(7): e757).
[0190]  F34b, 7E CYD2 TG I prM-E JF I H A 2 AN 27 WL 2848, HoAl w5 PR T 45 e 1
G PERLET o XL TARAL T prM24 FE251 fikb (Guirakhoo %5, J. Virol. (2004) 78 (9):
4761) .
[0191] %15 DENV2 BTl 82 21| 45 IR 5 7 PRNT ol 2 v AN AE S B 1t 5 R Bk . FE B
JE TN DENV2 ) AT A4 S B vy 4156 DENVL A1 DENV3 1) H AR 4A S v o
[0192]  ZF R, AHF FURA B 0BG 22 0E B, 22 4RI S0 B R A 1 A2 T e Y, AR
T BRI R ) L R
[0193]  SEjfs] 2: M3 28 2/ DL A0 28 S Ze T B AR ) S e

ASETG] B B B %8 MG 2 18 5 B B RE iR, O AR IS Y 2 (1) 8 R
o B A B R T A AR AR, A S T AR KB VAR, 5 Chimerivax ™
CYD-2 FHEL, BT P A4 1 5 o s 1 4H & DR AL XdE I D R
[0194] A T-#fE 0 28 3 00 2 o AL B RRE B AR HE L H - (1) Bali AR FE I EAK
(i1) P YHAISEPFE IR 2 6] P e 4 5 (Gi1) PRALTERR R B X FER prM-E 541, HLa]
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REHIR LT iHE S IEH P51 (global consensus sequence) , TRy 2138 it by
AL RAF A MG A 2 B8 FERIREE R prM-E P07 A4 5 (Dv) S G FiUil 52 i oA R ) 28 2k
FRAZ 5 5 (v) Wi S prM A E ol rh e 2 B E A & 5 IR, JUH &7 E Sl E A M
(FEFF AT E EFE R IEMR 2 UNTE/NT 16% I EE X e 5 iz A B E I &= LR )
(vi) ik —2e 2 4 Sie = 2 5 A7 e KL sk, A1 (vii) fEDUMH &b S BOP ) ez
N E G S IAGTR o Af 8 M7 VB A 2 PR RIS IR SR B0 AR i CRP A 4 Hu X A%
& 0 B A RS SRR B A AL ) brdE (1) 1 (vii) o
[0195]  J7i&

b3

F A3 M E XA E REE F O (National Center for Biotechnology
Information, NCBI) & #: # i &5 A% S 20 #5 & 5 & (www. ncbi. nlm. nih. gov/genomes/
VirusVariation/Database/nph-select. cgi?tax i1d=12637) .
[0196]  /FAY 7 Hr

¥ 51 Ee e 3 B MUSCLE $333847 ( Edgar, R. C. (2004) MUSCLE: multiple sequence
alignment with high accuracy and high throughput (MUSCLE :E.AG =i Al il &
12 FFHIEEX} ). Nucleic Acids Res, 32(5):1792-1797) .
[0197]  F 4L X5y HU7E Vector NTi %5 9 i, 58k AlignX (Invitrogen) /74, FF4
KB 4G 2 B BLAST 58353847 (Altschul, S. F., Gish, W., Miller, W., Myers, E.
W. F1 Lipman, D. J. (1990) Basic local alignment search tool (F&ht &S ELXTHEZR
T.H ). J Mol Biol, 215(3):403-410) .
[0198]  pril-E/FZYHT/7 24 5

PrM-E 781w Bt G35 0 7 81 AT AN [E] 7 35« (1) &) prM-E S EHFFIM 1 Az 2]
661 £/ %5, H preM 2 A7 AR €N 1 A25] 90/91 iz, M EEHFHIFEE N 91/92 £ -166
1, E ERAFHIFE T A 167 i1 —661 fi7 5 (1) prM A M & HFHIE—iLdw 5, B FHI 1
H-166 fir, E B 17 —495 i g5 s (111) prM MAIE P53 45, B prM A 1 £7 -90/91
frgw 5, M 1T ALE] 75/76 fiidw 5, E A 1 ALE] 495 795

[0199] #i%
AL Yol

A5 T3R5 6 U B IS A 2 42K prM HIIE 85 1541 [ NCBI 3 85 HE 4 P T %5
FEA T8RP B AT A] — 2010 4F 10 H 4 HAI 2011 4F. £ —TH T T 669
AP, AR IS B R 3 T 2 3200 740
[0200]  BLAEH /T

TE25 /N B Ta], 064350 Bk 2% 1) B 1 U A R AT bEOGE BAP= AR I35 2 2 B BBV 22 1 prM
MEE&EARSILEFH . RPEE X SIEF TS MIE 5 s EB | ) 2R
NP3 2010 L AT 2011 EEXF R IEH PP RA 2 MR AR 2 2. 1E 2010 EEXH L E
T EFEIEH T3 B 129 F1 308 ff & F T B R AA IR (Z=H 1-495 E?ﬂﬁév)
FHHZ T, £E 2011 bk, E S AR IE 5150 A e 129 #1308 A7 b & 4 e F1
FWE (S8 1-495 EJFEA9S ) » 2010 F1 2011 st A Fe 4 v i 22 53 5 G ) 3 S T
Frid i B E & A HA R T AR P B S H B E 7 il 50%. Rkl N RR prM-E J7
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IR RIS

fhlttrngephmivgrgekgksl1lfktedgvnmctlmaidlgelcedtitykepllrgnepedidewenst
stwvtygtctttgehrrekrsvalvphvgmgletrtetwmssegawkhvqrietwilrhpgftimaailaytigtt
hfqralifilltavapsmtMRCIGISNRDFVEGVSGGSWVDIVLEHGSCVTTMAKNKPTLDFELIKTEAKQPATLRK
YCIEAKLTNTTTESRCPTQGEPSLNEEQDKRFVCKHSMVDRGWGNGCGLFGKGGIVTCAMETCKKNMEGKXVQPENL
EYTIVITPHSGEEHAVGNDTGKHGKEIKITPQSSITEAELTGYGTVTMECSPRTGLDFNEMVLLQMEDKAWLVHRQW
FLDLPLPWLPGADTQGSNWIQKETLVTFKNPHAKKQDVVVLGSQEGAMHTALTGATETQMSSGNLLFTGHLKCRLRM
DKLQLKGMSYSMCTGKFKZVKETIAETQHGTIVIRVQYEGDGSPCKIPFEIMDLEKRHVLGRLITVNPIVTEKDSPVN
TEAEPPFGDSYITIGVEPGQLKLNWFKKGSS IGQMFETTMRGAKRMAILGDTAWDFGSLGGVFTSIGKALHQVFGAT
YGAAFSGVSWIMKILIGVITITWIGMNSRSTSLSVSLVLVGVVTLYLGVMVQA (SEQ ID NO: 3)

WTF IR E FPA RS H 3

MRCIGISNRDFVEGVSGGSWVDIVLEHGSCVTTMAKNKPTLDFELIKTEAKQPATLRKYCIEAKLTNTTTESR
CPTQGEPSLNEEQDKREFVCKHSMVDRGWGNGCGLFGKGGIVTCAMFTCKKNMEGKXVQPENLEYTIVITPHSGEEHA
VGNDTGKHGKEIKITPQSSITEAELTGYGTVTMECSPRTGLDFNEMVLLQMEDKAWLVHRQWFLDLPLPWLPGADTQ
GSNWIQKETLVTFKNPHAKKQDVVVLGSQEGAMHTALTGATEIQMSSGNLLFTGHLKCRLRMDKLQLKGMSYSMCTG
KFKZVKEIAETQHGTIVIRVQYEGDGSPCKIPFEIMDLEKRHVLGRLITVNPIVTEKDSPVNIEAEPPFGDSYITIG
VEPGQLKLNWFKKGSS IGQMFETTMRGAKRMATLGDTAWDFGSLGGVFTSIGKALHQVFGATYGAAFSGVSWTMKIL
IGVIITWIGMNSRSTSLSVSLVLVGVVTLYLGVMVQA (SEQ ID NO: 12)

1E iR e o, B prM A VNG A BEOR E FR A LR G5 R BN X (E
Fealiy 129 62 ) 17 (B 51 308 i) MR FEBRA B %% ALY Val Bl Tle, RIFEIX
A B BRI EIER Y] (A Val 5 Tle) HIHLEIHEEIR 50%.
[0201]  Chimerivax ™ CYD2/FLHI b g 57 Z 0 56 T 1T i & 57 B

M5 BLZE /D 5% B R 21 A8 A R P A 2 3 R o7 B AR S R, S ] AR s R IR v B 71
To N IEEE T ALK EILE P A Chimerivax ™ CYD2 1) prM Al E & H 5 41 FIAE AT 2
Big. SRNE 4 (B, EiZRF, prM A M FE A FFILFG S, BN SR 1AL -166
g5, E BN 147 -495 fide s ) o
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privi E

i) ¥ e o

u £ & e =18 20

B = = £ i o =
15|G 78!S o let 52|0 8 Hi5, E2, Lo
16|R 7% A D4 61[1 o2 Vi, M-K-F-To|
24[L BV 71|E 7 An; Ds; P
D 9 Mg E-V-He1 83N 7 | K5 Vi S-A-Dd
31|V 94 T4; 12 M-Det o1|V &7 131, L]
D L2 120]1 50}V 50 F-T«|
52K 91 Na; Tei] 1310 &3 ; L7, E-H-P 1|
55|L 91 F7, Rat TS La|
57[R 92 K 149 [H 20 | N, Y-R-0-P-5-T-1|
§2(T 30 Ag, 81, Vet 160 (K 34 | Q3 Ez ML R-Nq|
120|V 55N 42 Aas 1621 %4 - Ve, L1

125|7 99{ 1 N-S.| 1641 55V 45

12711 3¢ Ve, Fat 203D 49N © Es; St K-G4|
134|T a5 As; -8« 226|T o K%, -E-Pal
148[H 90 Ya, N-Doi| 228|G 8 Ew
152 |A& 70 g Tt Lo 251V 38 F < a1
J08|v 52 lig; Lo
340[M 20 T FA-Lal
346 [H 74 Yzg, Q-Lal
3507 95 A4 12 M-P o
[(Om=a WL VaTq
milves lag F-AL-Tay|
[ E w2 Feutsg 185V 8 i - L4
191}V 52 A G-Laj

[0202] 3R 4: B F ARG 27 AFFRIEF CYD2 LU

7E prM Rl E [ 2 He 4 5 s e 41 N RR A B, 3 DA A /D 5% (1 LX) 3 F i AN ) 1 e 3
HEHIF/ BSAET CYD2 ) prM A1 E & HF 4. CYD2 H prM A E & HFHIHT 10 M
FmAL B AR T BIHEy) (Eh 5 M E, M 2 MEE, HETEE ST 34N, 2R E 4) .
10 MAFFREE A 5 AN BIEL 50:50 483 734 (variation distribution), & T
RARATARHINI B . CYD2 prM-E JF A H AN 3 Mz B LAAEH A HIL (pr-24 Val., M-125
Ile M1 E-251 Phe) .
[0203]  E Fl M & 1 A U 5200 43

N TSR AL B, i — B T E A MAMR (RIER 1-395) (Gdid
RGHAT M ORI 1) s BB I S5 R I) 1AL
[0204]  FIF W3R A MG AL 2 ()8 S A8 E B Al PER M O AR 3D 411G
B (Modis,Y. % (2003) Proc Natl Acad Sci U S A,100(12) :6986-6991) , H 4 | & #Hk
T3 BERURLR T 1) 3D A8 o X SRV R B E BN &N SRR 1 0T S P-4, ax gk i
5GBS AR B PEAKCE RO BRI LAPEARY CYD2 A8 S X5 o A i il (1 38 52 1
[0205]  ZpHFIESEOR E 3L 51 Chimerivax ™ CYD2 JE4 i 2 a8 (E & A Val
141 1 val 164) 5E43AE 3D £k, LA REAE R Bkl R S P B EAERH . E&
FIf 129 A7/ T Val (Chimerivax™ CYD2) Ml Ile (AILHFH) ZIHHI 50:50 A ARE
SR E, BRI e T 2. DR X S AR B (3B 7R S M B A R A R .
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[02061 E &EHT 203 i A25%5) (Chimerivax ™ CYD2 HHf) Asn Al 3 4 #) Asp) A
Re AR (e R ERnIaRE, WA ARLL ), (HEEARIE) 2R 3l ¥ 20 A 23 50: 50, R B T KRR
AR E

[0207] Chimerivax™ CYD2 ) E 2R Y 251 f7 /1255 (Chimerivax ™ CYD2 1 ff] Phe Fll L
HHFHIFHI Val) fERR B EER AR I BTl 28 306 3 HrpA R ) vl ge A —Le52m, RN
B, A7 o b R R AR B AR IR (29%) » HLAH Y T AR IR S & SR AR AL

[0208]  _IREAHTAE E B A 4 e H T R LR R ) B A VE L S i e 2 AN B AR
5 (226 A1 228 A7 ), BAR Chimerivax ™ CYD2 fEIXEENL & %A AR T HILEFF]. Fit
TELE e A IS AL 2 PR T, ATt v B 4k 2 8 0, AR ket S /e vk o7 B b 5 a3ty
PR S (R 226 AL Thr AT 228 A HZRR ) -

[0209]  EEANAZ BEAR R4, (HA KR A NN NIE AT K B4 5 12, VRN B 3 3O 37 41
BB, %715 G2 AR R . Rl i 1% 07 1EF I8 T A B A (6)
QIR AR (B) 3D AER (W) FFEFTR A E i C Ak (OB), Hd#% 6 x B x M x
DB &P 0 43TV TR, >0-10 FIEFE4 7T VA28 SR TR S0, > 10-25 1134
AL AN TR, >25 HIPE4 v VA & TR R I

[0210] W REEEIR AT prM/M EE B M7 (BRI prM/M 7511 92-166 £z ) H1Ek E HH
[ 396-495 firdr, MIFEFR AL E () ¥E4r 09 0. W IERRAL T prM/M 5 ) prM 3543 (P
prM/M JPF I 1-91 £37 ) HEk E B R 1-395 frr, MZER AL EVE0 N 1o

[0211] 4% B = 100 - [(Blosum95 V¥4 + 6) x 10] i+ S ERMEF ML B) A 1M
PEo, HAP AN E R SRR B 1 Blosum95 W1 R 2 5 Fiw.

[0212] %5

AR | N |D|C Q|E[([G | H]|I L P w| Y| v B £ X =
[A~ I EE R A - 4 |3 [l <1 <l =4
'R | -2 A A E S Bl2TZ 5 F = 2 =1 < &
EREAE A0 [1 |-L[0 = |-5 Ao [ |5 [3[4|4 -1 2 =5
D |-3 -3 5 - FIERERAE F|-l |2 |6 |55 0 2 46
e - FREAEIEAEAES ottt aa s 5
Q-1 (oo [-1[=4 ' ERE AN IENE N A R
E: [=[=1]4 jl -6 314 |4 SlAl-2ald]2][Sl4]3]0 4 2 6
e b [ |« P | % 3|6 S [ |[A[T |3 |5 |[5[5]|-2 -3 3 4
H |3 |1 |0 |2 |5 -3 FIEIER JEI EEEIER |-l 0 2 5
O T R & |4 I T I N i i x4 3 &
L |2 5 |3 5[4 3 0 (Al3|2 [ [=2[0]s 4 2 =
R R T e T T T 4 6 . %
M |-2 5| =3 | -1 -1 | -3 -2 =1 [ -3 -3 | (=2 | -3 |0 |4 -2 2 -6
F | -3 304 5 -5 ]2 | -1 |0 <4 | -1 -5 L) (0 EL . L, T
P |-l S|2[2[A[F|A[A[2[F]5 2 2 | 5 3 a2 3 &
5 2 A2 3]3]-1]3 X - B T T B
T 20-1 (-2 |-3]|-2 | 2 -2 -1 -1 3|-2 : -1 -1 -2 -1 6
w A[F[S[S|F|A[3|S[2|0 5| £ 4 4 4
Y |3 1A ER N FRENENEN N 4 4 3 %
T T I T 3|4 G a0 (2|13 |-3 $ 4 .3 8
B -3 2 4 - - I o 2 -1 45 5 -1 4 5 -1 1 6 4 X 0 -2 b
s -1 1 -1 0 -5 4 i =3 0 -+ - 0 -2 = . | 2 - 4 ] -] <
X =l = @ @ <3 =l 2 % @& 3 3 A 203 & [ QS (S, T o I £

» R T T T T - T O N | R S . S . TR G = I 1 R T iy

B = Asx, Z = Glx, X = fFff], * =&k
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M B B R T R 2 15 62 T prM/E Fhifl . a0, X T an s fil 1 s st g oY, 7 T-1%
L B IR 9 prM BRI 6.7.39.40.46-54.56.59-65.67.74 F1 77 FI1 E 5% Ik 64-72.82-84,
101-104.106-108 1 244247, MZEFERRA TS AT, M T 1. WREIEBR AN T1Z 5
MMM = Y x SAS%. @SRRI T “ L7 40 (BIFRRIAMTIAEL ), W Y 8 1 an R LR
RLT5r 0 (BPE FERRREANTE Rl MR B AN TR R AR5 ), U Y 4 0. 5, W SR BE IR A T
“TUAL (BPFRIAIARTE ), Y N 0. M Discovery Studio 3D %4+ (Accelrys, Inc.,
CA, USA) J7AE¥5ImT S MESRTHT % (SAS%) fH .
[0213]  HEIERIR S A ZEA B R IR A AFAE T GenBank $(d5 )% (http://
www. ncbi. nlm. nih. gov) HF ST FIHZAL B 1 B LR EERI, DBAE N 00 MR
BT B AR B ) 2 R LU I 5% BIAEAE T 80R P S B 38U7 5] (EAR AL
B R W IER ) FEAERT, W DBAE A 0. 25, 4 R B S B Z BV AT B R R
PAZNT 5% FOAEAE T 5000 2 R i 8 87 51 (ME—HUABRAM ) AEAERS, W DB 0. 50, 4
BURE R BR A2 ME—1, T DB {EM 1,
(02141 S HATE, 3 8 0] 3R1G R EE LR IR RS . FIR T LR AL i Pk RAE X R
955 B AR E I B
[0215]  fRIERIFH ( RIBAE A4 N e Bz O S e 3 a ol e sl ) B A (1)
B EZWAN ML — DT E LRI s (11) 22 3D RER A B — BTG & 5200
FHERRBUR 0/ 5L (111) &£ 5.4.3.2 B 1 MM LRI o
[0216] LA HTIMIET 28320 S 2

PR b e R i 4 e LAk ) I i 2 2 Btk .
[0217] 347 1 BLAST ¥ &R DL A TG v A5 17 5 5 prM-E 238 7 51 B ik
P B RERR . R AL prM-E S 3555 FE 514 100% [A]— 15 41, (B et i o 45 H Bk
BID-V585 (NCBI 5 [ i g5 ACA58343 s JE:[KI 41 4w 5 EU529706 ;2006 4F H Ik L 2L %715 ) [
P, %A R s 5 S8 1 P PILE 91 S b ) — A2 3 (385 P Hh i) Val F1 BID-V585
) I1le) . BID-V585 prM-E %15 Chimerivax ™ CYD-2 prM-E FEAIAHEL &F 13 AR5,
[0218]  #HAT 13— DR EE MR AR AL SR AR AT YR Y B P4 . [RGB AE BLAST 43#r
BN RUFPE B Bl 43 B N FE 0k ( S50k MD-1280 sNCBI 2 A Jiidw 5 CAR65175 ;3 [ 41
Y5 FM21043 ;2004 4 HBkFE 735 ) « R WoRTE prM-E F B A LILHFHIR 6 N3850, H
6 MNMEZH Y 3 MK NTEREIT 30% BRI RN Z A8 B . MD-1280 prM-E J¥
HEAYE Chimerivax ™ CYD-2 prM-E FA1IX 43 15 NEEN,
[0219]  RIEKEZ AT RIAE KBRS KT — P HEEIER. &2 PDK53-16681
BERR, JRFRN LAV-2 38k, —FioRJE T3k B Mahidol University B MG 2 16681 75
PREE U 3% 55 (NCBT & (1B 4w 5 AAAT3186 ;FE PRI ZH 45 M84728 51964 4F H £ H 45 ;
Blok, J. %% (1992) ;Virology 187 (2),573-590). LAV-2 prM-E ¥ &A 5834 75
X 43 10 NAFZ), 5 Chimerivax ™ CYD-2 prM-E B4 [X 40 13 NAEZ) .
[0220] BT BalSARMEIE SRR I3 — D EEMRAS EEAk PR/DB023  (NCBI 25 [ Jii 45 AENT1248 ;
FRH S5 JF804036 ;2007 4F I £ 2 %7055 ) . PR/DB023 prM-E 4 & 5 B da E5
X 43 3 AN3EF), 55 Chimerivax ™ CYD-2 prM-E JEI[X 431 13 A8 .
[0221] PRI EEbk G — S A EAET Chimerivax ™ CYD-2 prM-E J@ A HIMiA 2 £, R
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£ prM-24 4bf Val  M-125 4bff) T1e #1 E-251 AL Phe.
[0222]  DUASFIrik dG PRI PrM-ERZ B2 7 51

PLAV-2 prMERZHIRF 41 (SEQ 1D NO: 4)

ttccatttaaccacacgtaacggagaaccacacatgatcgtcagcagacaagagaaagggaaaagtcttet
gtttaaaacagaggttggcgtgaacatgtgtaccctcatggecatggaccttggtgaattgtgtgaagacacaate
acgtacaagtgtccccttctcaggcagaatgagecagaagacatagactgttggtgcaactctacgteccacgtgggt
aacttatgggacgtgtaccaccatgggagaacatagaagagaaaaaagatcagtggcactcgttccacatgtgggaa
tgggactggagacacgaactgaaacatggatgtcatcagaaggggcctggaaacatgtccagagaattgaaacttgg
atcttgagacatccaggcttcaccatgatggcagcaatcctggecatacaccataggaacgacacatttccaaagage
cctgattttcatcttactgacagetgtcactccttcaatgacaATGCGTTGCATAGGAATGTCAAATAGAGACTTTG
TGGAAGGGGTTTCAGGAGGAAGCTGGGTTGACATAGTCTTAGAACATGGAAGCTGTGTGACGACGATGGCAAAAAAC
AAACCAACATTGGATTTTGAACTGATAAAAACAGAAGCCAAACAGCCTGCCACCCTAAGGAAGTACTGTATAGAGGC
AAAGCTAACCAACACAACAACAGAATCTCGCTGCCCAACACAAGGGGAACCCAGCCTAAATGAAGAGCAGGACAAAA
GGTTCGTCTGCAAACACTCCATGGTAGACAGAGGATGGGGAAATGGATGTGGACTATTTGGAAAGGGAGGCATTGTG
ACCTGTGCTATGTTCAGATGCAAAAAGAACATGGAAGGAAAAGTTGTGCAACCAGAAAACTTGGAATACACCATTGT
GATAACACCTCACTCAGGGGAAGAGCATGCAGTCGGAAATGACACAGGAAAACATGGCAAGGAAATCAAAATAACAC
CACAGAGTTCCATCACAGAAGCAGAATTGACAGGTTATGGCACTGTCACAATGGAGTGCTCTCCAAGAACGGGCCTC
GACTTCAATGAGATGGTGTTGCTGCAGATGGAAAATAAAGCTTGGCTGGTGCACAGGCAATGGTTCCTAGACCTGCC
GTTACCATGGTTGCCCGGAGCGGACACACAAGGGTCAAATTGGATACAGAAAGAGACATTGGTCACTTTCAAAAATC
CCCATGCGAAGAAACAGGATGTTGTTGTTTTAGGATCCCAAGAAGGGGCCATGCACACAGCACTTACAGGGGCCACA
GAAATCCAAATGTCATCAGGAAACTTACTCTTCACAGGACATCTCAAGTGCAGGCTGAGAATGGACAAGCTACAGCT
CAAAGGAATGTCATACTCTATGTGCACAGGAAAGTTTAAAGTTGTGAAGGAAATAGCAGAAACACAACATGGAACAA
TAGTTATCAGAGTGCAATATGAAGGGGACGGCTCTCCATGCAAGATCCCTTTTGAGATAATGGATTTGGAAAAAAGA
CATGTCTTAGGTCGCCTGATTACAGTCAACCCAATTGTGACAGAAAAAGATAGCCCAGTCAACATAGAAGCAGAACC
TCCATTTGGAGACAGCTACATCATCATAGGAGTAGAGCCGGGACAACTGAAGCTCAACTGGTTTAAGAAAGGAAGTT
CTATCGGCCAAATGTTTGAGACAACAATGAGGGGGGCGAAGAGAATGGCCATTTTAGGTGACACAGCCTGGGATTTT
GGATCCTTGGGAGGAGTGTTTACATCTATAGGAAAGGCTCTCCACCAAGTCTTTGGAGCAATCTATGGAGCTGCCTT
CAGTGGGGTTTCATGGACTATGAAAATCCTCATAGGAGTCATTATCACATGGATAGGAATGAATTCACGCAGCACCT
CACTGTCTGTGACACTAGTATTGGTGGGAATTGTGACACTGTATTTGGGAGTCATGGTGCAGGCC

KEFRE B Gl EF] /NG F B prl 45

> BID/V585 — prMEAZHELFF41 (SEQ ID NO: 5)

ttccatttaaccacacgtaatggagaaccacacatgatcgttggtaggcaagagaaagggaaaagtcttet
gtttaaaacagaggatggtgttaacatgtgcaccctcatggeccatagaccttggtgaattgtgtgaagatacaate
acgtacaagtgccceccecctectcaggcaaaatgaaccagaagacatagattgttggtgcaactctacgtceccacatgggt
aacttatgggacatgtaccaccacaggagaacacagaagagaaaaaagatcagtggcactcgttccacatgtgggea
tgggactggagacacgaactgaaacatggatgtcatcagaaggggcctggaaacatgttcagagaattgaaacctgg
atcttgagacatccaggctttaccataatggcagcaatcctggecatataccataggaacgacacatttccaaaggge
tctgatcttcattttactgacagecgttgctecttcaatgacaATGCGTTGCATAGGAATATCAAATAGAGACTTCG
TAGAAGGGGTTTCAGGAGGAAGTTGGGTTGACATAGTCTTAGAACATGGAAGTTGTGTGACGACGATGGCAAAAAAT
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AAACCAACATTGGATTTTGAACTGATAAAAACAGAAGCCAAACAACCTGCCACTCTAAGGAAGTACTGTATAGAAGC
AAAGCTGACCAATACAACAACAGAATCTCGTTGCCCAACACAAGGGGAACCCAGTCTAAATGAAGAGCAGGACAAAA
GGTTCATCTGCAAACACTCCATGGTAGACAGAGGATGGGGAAATGGATGTGGATTATTTGGAAAGGGAGGCATTGTG
ACCTGTGCTATGTTCACATGCAAAAAGAACATGGAAGGAAAAGTCGTGCAGCCAGAAAATCTGGAATACACCATCGT
GATAACACCTCACTCAGGAGAAGAGCACGCTGTAGGTAATGACACAGGAAAGCATGGCAAGGAAATCAAAATAACAC
CACAGAGCTCCATCACAGAAGCAGAACTGACAGGCTATGGCACTGTCACGATGGAGTGCTCTCCGAGAACGGGCCTC
GACTTCAATGAGATGGTACTGCTGCAGATGGAAGACAAAGCTTGGCTGGTGCACAGGCAATGGTTCCTAGACCTGCC
GTTACCATGGCTACCCGGAGCGGACACACAAGGATCAAATTGGATACAGAAAGAGACGTTGGTCACTTTCAAAAATC
CCCACGCGAAGAAACAGGACGTCGTTGTTTTAGGATCTCAAGAAGGGGCCATGCACACGGCACTTACAGGGGCCACA
GAAATCCAGATGTCATCAGGAAACTTACTGTTCACAGGACATCTCAAGTGTAGGCTGAGAATGGACAAATTACAGCT
TAAAGGAATGTCATACTCTATGTGTACAGGAAAGTTTAAAATTGTGAAGGAAATAGCAGAAACACAACATGGAACAA
TAGTTATCAGAGTACAATATGAAGGGGACGGCTCTCCATGTAAGATTCCTTTTGAGATAATGGATTTGGAAAAAAGA
CACGTCCTAGGTCGCCTGATTACAGTGAACCCAATCGTAACAGAAAAAGATAGCCCAGTCAACATAGAAGCAGAACC
TCCATTCGGAGACAGCTACATCATCATAGGAGTAGAGCCGGGACAATTGAAACTCAATTGGTTCAAGAAGGGAAGTT
CCATTGGCCAAATGTTTGAGACAACAATGAGAGGAGCGAAGAGAATGGCCATTTTAGGTGACACAGCCTGGGATTTT
GGATCCCTGGGAGGAGTGTTTACATCTATAGGAAAGGCTCTCCACCAAGTTTTCGGAGCAATCTATGGGGCTGCTTT
TAGTGGGGTCTCATGGACTATGAAAATCCTCATAGGAGTTATTATCACATGGATAGGAATGAATTCACGTAGCACCT
CACTGTCTGTGTCACTAGTATTGGTGGGAGTCGTGACACTGTACTTGGGGGTTATGGTGCAGGCT

>PR/DB023 prMERZH L4 (SEQ 1D NO: 6)

ttccatttaaccacacgtaatggagaaccacacatgatcgttggtaggcaagagaaagggaaaagtcttet
gttcaaaacagaggatggtgttaacatgtgtaccctcatggeccatagaccttggtgaattgtgtgaagatacaate
acgtacaagtgccceccecctectcaggcaaaatgaaccagaagacatagattgttggtgcaactctacgtceccacatgggt
aacttatgggacatgtaccaccacaggagaacacagaagagaaaaaagatcagtggcactcgttccacatgtgggea
tgggactggagacacgaactgaaacatggatgtcatcagaaggggcctggaaacatgttcagagaattgaaacctgg
atattgagacatccaggctttaccataatggcagcaatcctggcatataccataggaacgacacatttccaaaggge
tctgatcttcattttactgacagecgtegetecttcaatgacaATGCGTTGCATAGGAATATCAAATAGAGACTTCG
TAGAAGGGGTTTCAGGAGGAAGTTGGGTTGACATAGTCTTAGAACATGGAAGTTGTGTGACGACGATGGCAAAAAAT
AAACCAACATTGGATTTTGAACTGATAAAAACAGAAGCCAAACAACCTGCCACTCTAAGGAAGTACTGTATAGAAGC
AAAGCTGACCAATACAACAACAGAATCTCGTTGCCCAACACAAGGGGAACCCAGTCTAAATGAAGAGCAGGACAAAA
GGTTCATCTGCAAACACTCCATGGTAGACAGAGGATGGGGAAATGGATGTGGATTATTTGGAAAAGGAGGCATTGTA
ACCTGTGCTATGTTCACATGCAAAAAGAACATGGAAGGAAAAGTTGTGCTGCCAGAAAATCTGGAATACACCATCGT
GATAACACCTCACTCAGGAGAAGAGCACGCTGTAGGTAATGACACAGGAAAACATGGCAAGGAAATTAAAATAACAC
CACAGAGTTCCATCACAGAAGCAGAACTGACAGGCTATGGCACTGTCACGATGGAGTGCTCTCCGAGAACGGGCCTC
GACTTCAATGAGATGGTGCTGCTGCAGATGGAAGACAAAGCCTGGCTGGTGCACAGGCAATGGTTCCTAGATCTGCC
GTTACCATGGCTACCCGGAGCGGACACACAAGGATCAAATTGGATACAGAAAGAGACGTTGGTCACTTTCAAAAATC
CCCACGCGAAGAAACAGGACGTCGTTGTTTTAGGATCTCAAGAAGGGGCCATGCACACGGCACTTACAGGGGCCACA
GAAATCCAGATGTCATCAGGAAACTTACTGTTCACAGGACATCTCAAGTGTAGGCTGAGAATGGACAAATTACAGCT
TAAAGGAATGTCATACTCTATGTGTACAGGAAAGTTTAAAATTGTGAAGGAAATAGCAGAAACACAACATGGAACAA
TAGTTATCAGAGTACAATATGAAGGGGACGGCTCTCCATGTAAGATTCCTTTTGAGATAATGGATTTAGAAAAAAGA
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CACGTCCTAGGTCGCCTGATTACAGTGAACCCAATCGTAACAGAAAAAGATAGCCCAGTCAACATAGAAGCAGAACC
TCCATTCGGAGACAGCTACATCATCATAGGAGTAGAGCCGGGACAATTGAAACTCAATTGGTTCAAGAAGGGAAGTT
CCATTGGCCAAATGTTTGAGACAACAATGAGAGGAGCGAAGAGAATGGCCATTTTAGGTGACACAGCCTGGGATTTT
GGATCCCTGGGAGGAGTGTTTACATCTATAGGAAAGGCTCTCCACCAAGTTTTCGGAGCAATCTATGGGGCTGCTTT
TAGTGGGGTCTCATGGACTATGAAAATCCTCATAGGAGTTATCATCACATGGATAGGAATGAATTCACGTAGCACCT
CACTGTCTGTGTCACTAGTATTGGTGGGAGTCGTGACACTGTACTTGGGGGTTATGGTGCAGGCT

PMD1280 prMEAZHILFF41 (SEQ 1D NO: 7)

ttccatttaaccacacgaaatggagaaccacacatgatcgttggcagacaagagaaagggaaaagecttet
gtttaaaacagaggatggtgtgaacatgtgtaccctcatggecattgatcttggtgaattgtgtgaagatacaate
acgtacaagtgccceccecctectcaggecagaatgaaccagaagatatagattgttggtgcaacteccacgteccacatgggt
aacttatgggacgtgtaccaccacaggagaacacagaagagaaaaaagatcagtggcactcgttccacatgtgggta
tgggactggagacacgaactgaaacatggatgtcgtcagaaggggcctggaaacacgetcagagaattgaaacttgg
atcttgagacatccaggctttaccataatggcagcaatcctggecatataccgtaggaacgacacatttccaaaggge
cctgattttcatcttactggecagetgtegetecttcaatgacaATGCGTTGCATAGGAATATCAAATAGAGACTTTG
TAGAAGGGGTTTCAGGAGGAAGCTGGGTTGACATAGTCTTAGAACATGGAAGTTGTGTGACGACAATGGCAAAAAAT
AAACCAACACTGGATTTTGAACTGATAAAAACAGAAGCCAAACAACCTGCCACTCTAAGGAAGTACTGTATAGAGGC
AAAGCTGACCAATACAACAACAGAATCTCGTTGCCCAACACAAGGGGAACCCAGTCTAAATGAAGAGCAGGACAAAA
GGTTCGTCTGCAAACACTCCATGGTAGACAGAGGATGGGGAAATGGATGTGGATTATTTGGAAAGGGAGGCATTGTG
ACCTGTGCTATGTTCACATGCAAAAAGAACATGGAAGGAAAAATCGTGCAACCAGAAAATTTGGAATACACCATCGT
GATAACACCTCACTCAGGAGAAGAGCACGCTGTAGGTAATGACACAGGAAAACATGGTAAGGAAATTAAAATAACAC
CACAGAGTTCCATCACAGAAGCAGAACTGACAGGCTATGGCACAGTCACGATGGAGTGCTCTCCGAGAACGGGCCTT
GACTTCAATGAGATGGTGCTGCTGCAGATGGAAGATAAAGCTTGGCTGGTGCACAGGCAATGGTTCCTAGACCTGCC
GTTACCATGGCTACCCGGAGCGGACACACAAGGATCAAATTGGATACAGAAAGAGACATTGGTCACTTTCAAAAATC
CCCACGCGAAGAAGCAGGATGTCGTTGTTTTAGGATCTCAAGAAGGAGCCATGCACACGGCACTCACAGGGGCCACA
GAAATCCAGATGTCATCAGGAAACTTACTATTCACAGGACATCTCAAATGCAGGCTGAGAATGGACAAACTACAGCT
CAAAGGAATGTCATACTCTATGTGTACAGGAAAGTTTAAAATTGTGAAGGAAATAGCAGAAACACAACATGGAACAA
TAGTTATCAGAGTACAATATGAAGGAGACGGCTCTCCATGTAAGATCCCTTTTGAAATAATGGATTTGGAAAAAAGA
CATGTCTTAGGTCGCCTGATTACAGTTAATCCGATCGTAACAGAAAAAGATAGCCCAGTCAACATAGAAGCAGAACC
TCCATTCGGAGACAGCTACATCATTATAGGAGTAGAGCCGGGACAATTGAAACTCAACTGGTTCAAGAAAGGAAGTT
CCATCGGCCAAATGTTTGAGACGACAATGAGAGGAGCAAAGAGAATGGCCATTTTAGGTGACACAGCCTGGGATTTT
GGATCTCTGGGAGGAGTGTTTACATCTATAGGAAAGGCTCTCCACCAAGTTTTCGGAGCAATCTATGGGGCTGCCTT
TAGTGGGGTTTCATGGACTATGAAAATCCTCATAGGAGTCATCATCACATGGATAGGAATGAATTCACGTAGCACCT
CACTGTCTGTGTCACTAGTATTGGTGGGAATCATAACACTGTACTTGGGAGCTATGGTGCAGGCT

VU I ide B oA 2 ) 2] 1 prM-EFy 471

PLAV2 prMEZEH 41 (SEQ 1D NO: 8)

fhlttrngephmivsrgekgksl1lfktevgvnmetlmamdlgelcedtitykepllrgnepedidewenst
stwvtygtcttmgehrrekrsvalvphvgmgletrtetwmssegawkhvqrietwilrhpgftmmaailaytigtt
hfqralifilltavtpsmtMRCIGMSNRDFVEGVSGGSWVDIVLEHGSCVTTMAKNKPTLDFELTIKTEAKQPATLRK
YCIEAKLTNTTTESRCPTQGEPSLNEEQDKRFVCKHSMVDRGWGNGCGLFGKGG IVTCAMFRCKKNMEGKVVQPENL
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EYTIVITPHSGEEHAVGNDTGKHGKEIKITPQSSITEAELTGYGTVTMECSPRTGLDENEMVLLQMENKAWLVHRQW
FLDLPLPWLPGADTQGSNWIQKETLVTFKNPHAKKQDVVVLGSQEGAMHTALTGATETQMSSGNLLFTGHLKCRLRM
DKLQLKGMSYSMCTGKFKVVKETAETQHGTIVIRVQYEGDGSPCKIPFEIMDLEKRHVLGRLITVNPIVTEKDSPVN
TEAEPPFGDSYITIGVEPGQLKLNWFKKGSSIGOMFETTMRGAKRMATLGDTAWDFGSLGGVEFTSIGKALHQVFGAT
YGAAFSGVSWTMKILIGVIITWIGMNSRSTSLSVTLVLVGIVTLYLGVMVQA

>LAV2 EEEFFP41 (SEQ ID NO: 13)

MRCIGMSNRDFVEGVSGGSWVDIVLEHGSCVTTMAKNKPTLDFELIKTEAKQPATLRKYCIEAKLTNTTTE
SRCPTQGEPSLNEEQDKRFVCKHSMVDRGWGNGCGLFGKGGIVTCAMFRCKKNMEGKVVQPENLEYTIVITPHSGE
EHAVGNDTGKHGKEIKITPQSSITEAELTGYGTVTMECSPRTGLDFNEMVLLQMENKAWLVHRQWFLDLPLPWLPGA
DTQGSNWIQKETLVTFKNPHAKKQDVVVLGSQEGAMHTALTGATE TQMSSGNLLFTGHLKCRLRMDKLQLKGMSYSM
CTGKFKVVKETAETQHGTIVIRVQYEGDGSPCKIPFEIMDLEKRHVLGRLITVNPIVTEKDSPVNIEAEPPFGDSY I
TTGVEPGQLKLNWEFKKGSSIGQMFETTMRGAKRMATLGDTAWDFGSLGGVFTSIGKALHQVFGATYGAAFSGVSWTM
KILIGVITTWIGMNSRSTSLSVTLVLVGIVTLYLGVMVQA

>LAV2 MEFFP41 (SEQ ID NO: 19)

svalvphvgmgletrtetwmssegawkhvqrietwilrhpgftmmaailaytigtthfqralifilltavtps
mt

>BID/V585 prMEZE /741 (SEQ ID NO: 9)

fhlttrngephmivgrgekgksl1lfktedgvnmctlmaidlgelcedtitykepllrgnepedidewenst
stwvtygtctttgehrrekrsvalvphvgmgletrtetwmssegawkhvqrietwilrhpgftimaailaytigtt
hfqralifilltavapsmtMRCIGISNRDFVEGVSGGSWVDIVLEHGSCVTTMAKNKPTLDFELIKTEAKQPATLRK
YCIEAKLTNTTTESRCPTQGEPSLNEEQDKRF ICKHSMVDRGWGNGCGLFGKGGIVTCAMFTCKKNMEGKVVQPENL
EYTIVITPHSGEEHAVGNDTGKHGKEIKITPQSSITEAELTGYGTVTMECSPRTGLDENEMVLLQMEDKAWLVHRQW
FLDLPLPWLPGADTQGSNWIQKETLVTFKNPHAKKQDVVVLGSQEGAMHTALTGATETQMSSGNLLFTGHLKCRLRM
DKLQLKGMSYSMCTGKFKIVKETAETQHGTIVIRVQYEGDGSPCKIPFEIMDLEKRHVLGRLITVNPIVTEKDSPVN
TEAEPPFGDSYITIGVEPGQLKLNWFKKGSSIGOMFETTMRGAKRMATLGDTAWDFGSLGGVETSIGKALHQVFGAT
YGAAFSGVSWTMKILIGVIITWIGMNSRSTSLSVSLVLVGVVTLYLGVMVQA

>BID/V585 E&EFI)7°41 (SEQ ID NO: 14)

MRCIGISNRDFVEGVSGGSWVDIVLEHGSCVTTMAKNKPTLDFELIKTEAKQPATLRKYCIEAKLTNTTTE
SRCPTQGEPSLNEEQDKRF ICKHSMVDRGWGNGCGLFGKGGIVTCAMETCKKNMEGKVVQPENLEYTIVITPHSGE
EHAVGNDTGKHGKEIKITPQSSITEAELTGYGTVTMECSPRTGLDFNEMVLLQMEDKAWLVHRQWFLDLPLPWLPGA
DTQGSNWIQKETLVTFKNPHAKKQDVVVLGSQEGAMHTALTGATE IQMSSGNLLFTGHLKCRLRMDKLQLKGMSYSM
CTGKFKIVKETAETQHGTIVIRVQYEGDGSPCKIPFEIMDLEKRHVLGRLITVNPIVTEKDSPVNIEAEPPFGDSY I
TTGVEPGQLKLNWEFKKGSSIGQMFETTMRGAKRMATLGDTAWDFGSLGGVFTSIGKALHQVFGATYGAAFSGVSWTM
KILIGVITTWIGMNSRSTSLSVSLVLVGVVTLYLGVMVQA

>BID/V585 ME&E 17741 (SEQ 1D NO: 20)

svalvphvgmgletrtetwmssegawkhvqrietwilrhpgftimaailaytigtthfqralifilltavaps
mt

>PR/DB023 prMEZE [ F¥%1 (SEQ ID NO: 10)

fhlttrngephmivgrgekgksl1lfktedgvnmctlmaidlgelcedtitykepllrgnepedidewenst
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stwvtygtctttgehrrekrsvalvphvgmgletrtetwmssegawkhvqrietwilrhpgftimaailaytigtt
hfqralifilltavapsmtMRCIGISNRDFVEGVSGGSWVDIVLEHGSCVTTMAKNKPTLDFELIKTEAKQPATLRK
YCIEAKLTNTTTESRCPTQGEPSLNEEQDKRF I CKHSMVDRGWGNGCGLFGKGGIVTCAMFTCKKNMEGKVVLPENL
EYTIVITPHSGEEHAVGNDTGKHGKEIKITPQSSITEAELTGYGTVTMECSPRTGLDENEMVLLQMEDKAWLVHRQW
FLDLPLPWLPGADTQGSNWIQKETLVTFKNPHAKKQDVVVLGSQEGAMHTALTGATETQMSSGNLLFTGHLKCRLRM
DKLQLKGMSYSMCTGKFKIVKETAETQHGTIVIRVQYEGDGSPCKIPFEIMDLEKRHVLGRLITVNPIVTEKDSPVN
TEAEPPFGDSYITIGVEPGQLKLNWFKKGSSIGOMFETTMRGAKRMATLGDTAWDFGSLGGVEFTSIGKALHQVFGAT
YGAAFSGVSWTMKILIGVIITWIGMNSRSTSLSVSLVLVGVVTLYLGVMVQA

>PR/DB023 EEEH 41 (SEQ 1D NO: 15)

MRCIGISNRDFVEGVSGGSWVDIVLEHGSCVTTMAKNKPTLDFELIKTEAKQPATLRKYCIEAKLTNTTTE
SRCPTQGEPSLNEEQDKRF ICKHSMVDRGWGNGCGLFGKGGIVTCAMFTCKKNMEGKVVLPENLEYTIVITPHSGE
EHAVGNDTGKHGKEIKITPQSSITEAELTGYGTVTMECSPRTGLDFNEMVLLQMEDKAWLVHRQWFLDLPLPWLPGA
DTQGSNWIQKETLVTFKNPHAKKQDVVVLGSQEGAMHTALTGATE IQMSSGNLLFTGHLKCRLRMDKLQLKGMSYSM
CTGKFKIVKETAETQHGTIVIRVQYEGDGSPCKIPFEIMDLEKRHVLGRLITVNPIVTEKDSPVNIEAEPPFGDSY I
TTGVEPGQLKLNWEFKKGSSIGQMFETTMRGAKRMATLGDTAWDFGSLGGVFTSIGKALHQVFGATYGAAFSGVSWTM
KILIGVITTWIGMNSRSTSLSVSLVLVGVVTLYLGVMVQA

>PR/DB023 MEE 41 (SEQ 1D NO: 21)

svalvphvgmgletrtetwmssegawkhvqrietwilrhpgftimaailaytigtthfqralifilltavaps
mt

>MD1280 prMEZE /741 (SEQ 1D NO: 11)

fhlttrngephmivgrgekgksl1lfktedgvnmctlmaidlgelcedtitykepllrgnepedidewenst
stwvtygtctttgehrrekrsvalvphvgmgletrtetwmssegawkhaqrietwilrhpgftimaailaytvgtt
hfqralifillaavapsmtMRCIGISNRDFVEGVSGGSWVDIVLEHGSCVTTMAKNKPTLDFELIKTEAKQPATLRK
YCIEAKLTNTTTESRCPTQGEPSLNEEQDKRFVCKHSMVDRGWGNGCGLFGKGGIVTCAMFTCKKNMEGKTVQPENL
EYTIVITPHSGEEHAVGNDTGKHGKEIKITPQSSITEAELTGYGTVTMECSPRTGLDENEMVLLQMEDKAWLVHRQW
FLDLPLPWLPGADTQGSNWIQKETLVTFKNPHAKKQDVVVLGSQEGAMHTALTGATETQMSSGNLLFTGHLKCRLRM
DKLQLKGMSYSMCTGKFKIVKETAETQHGTIVIRVQYEGDGSPCKIPFEIMDLEKRHVLGRLITVNPIVTEKDSPVN
TEAEPPFGDSYITIGVEPGQLKLNWFKKGSSIGOMFETTMRGAKRMATLGDTAWDFGSLGGVEFTSIGKALHQVFGAT
YGAAFSGVSWTMKILIGVIITWIGMNSRSTSLSVSLVLVGIITLYLGAMVQA

PMD1280 EXEH P41 (SEQ ID NO: 16)

MRCIGISNRDFVEGVSGGSWVDIVLEHGSCVTTMAKNKPTLDFELIKTEAKQPATLRKYCIEAKLTNTTTE
SRCPTQGEPSLNEEQDKRFVCKHSMVDRGWGNGCGLFGKGGIVTCAMETCKKNMEGKIVQPENLEYTIVITPHSGE
EHAVGNDTGKHGKEIKITPQSSITEAELTGYGTVTMECSPRTGLDFNEMVLLQMEDKAWLVHRQWFLDLPLPWLPGA
DTQGSNWIQKETLVTFKNPHAKKQDVVVLGSQEGAMHTALTGATE TQMSSGNLLFTGHLKCRLRMDKLQLKGMSYSM
CTGKFKIVKETAETQHGTIVIRVQYEGDGSPCKIPFEIMDLEKRHVLGRLITVNPIVTEKDSPVNIEAEPPFGDSY I
TTGVEPGQLKLNWEFKKGSSIGQMFETTMRGAKRMATLGDTAWDFGSLGGVFTSIGKALHQVFGATYGAAFSGVSWTM
KILIGVITTWIGMNSRSTSLSVSLVLVGIITLYLGAMVQA

PMD1280 MEH 41 (SEQ 1D NO: 22)

svalvphvgmgletrtetwmssegawkhaqrietwilrhpgftimaailaytvgtthfqralifillaavaps
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mt

>HA MFF (SEQ ID NO: 17)

svalvphvgmgletrtetwmssegawkhvqrietwilrhpgftimaailaytigtthfqralifilltavaps
mt

S 340 2 T OCA IS AL 28R 5995 25 19 cDNA B [ (144 2 AN g i i 25 1 7= A2

FE K ¥ 8 Chambers 25 A (1999, J. Virology 73(4): 3095-3101) ) % &, %
Chimerivax ™ ASRSZHUA Y FARAME R 2 AR A S EHVRRRIRE. TS RE
&A1) H35 WO 98/37911. WO 03/101397. WO 07/021672. WO 08/007021. WO 08/047023 Al
WO 08/065315, FHVEAHEIA T HFHy & CYD-1.CYD2.CYD-3 Fll CYD—4 FISAL T V%0 SR 1T fi B
HUE, 40 R RS S TR A TS B 2 BRI A S R AR B (LR & 8 R E AT
FH YF 4k YF17D204 (YE-VAX(R), Sanofi-Pasteur, Swiftwater, PA, USA) Ff)Jk K 41 22
g ) .

[0223]  JGiti pSP1101 A%

YF-VAX cDNA 7Zf% —pJSY2284.1 (pACYC YF-Vax 5-3) FIH)%E

FAEE T YP-VAX 2K B et cDNA T . 4 KBt cDNA Fof% DL YR-VAX 1) /7 51y 2

fil. {RF% LTk pACYC177 (New England Biolabs, Inc., Ipswich, MA, USA) FHk3E
fic 4K cDNA 5% .
[0224] @IS GeneArt® & MR N SP6 YF-Vax 5-3 [ DNA F£41l. DA T42 K YF-Vax cDNA
T 2 B I ) 5 Bt SP6 YR-Vax 5-3 HIFF41. 414K 2897 bp, 7 Xma 1-SP6 A
¥ sYF-Vax 5" UTR sAK5% sprM M sE BIE6 7, HAEMP 2 Apa T 437 s 3255 F T 360 1R AL
AiMIu I-Sap I-Ngo MI-Aat I1-Cla I ;NS5 R4 ;FF@t— D e % 37 UTR$%%5 Nru 147
R HH T IXFhE B DNA R 3 A& EcoR VAl Xho T fzsi. 7EAH EcoR V/Xho
L VHASE SR 5K 1% DNA v B e B A1 H% DUEUBTRL pACYCL77 ) Aat 11/Xho T s bAEH#
1615bp Aat II/Xho I A Bt. FTfRiKL pJSY2284. 1 (pACYC YF-Vax 5-3) i#id /75143 #TilE
[0225]  FBEE(/ k5 Apa [ Mlu I, Sap I.Ngo MI.Aat IIFI Cla [/ YF-Vax cDNAS BT
RT-PCRAIZEEER YF-vax 9 KRS cONATEFERTFER] (0 JSY2374. 5)

15 38 B 28 T YP-VAX 7E Vero A AR, FF MR 403 B2 000N MR 4 1103 55+ 2 L
YF-VAX F/9% 5% RNA, il 5 75 5= A2 cDNA #5 UL. ASSCHTR 5 4 cDNA FBX4: PCR 4738
TOPO v /77, 35 YF-VAX 2003 fJF AL 2% Be b R I PCR B R IE IS AL € 11155
A B A 0k . fE TOPO v b f5 A K2 P HIARIAEAE T Ngo MI-Aat IT B, B,
Zh BUA T GeneArt® & . FEBRARITFHIESL)S, 4385 5 4~ DNA J Bt sApa 1-Mlu I, Mlu
I-Sap I.Sap I-Ngo M. Ngo MI-Aat II FlAat II-Cla I,3fiZ# % ik pJSY2284. 1
R MU A7 A Apa T MLu I.Sap I.Ngo MI.Aat II flCla I d7LAf33)5k: pJSY2374. 5, H
BIESE & YR-VAX 42K cDNA I IER 41
[0226]  FHTRIET LAV2 BpRRAIRAG IR A S AU B cDNA % (pSP1101)

S S K B Chimerivax ™A, 78 &4 YF-VAX EERZH 1 pISY2374. 5 ki FH LAV2
PRIR) prM A1 E 2[R B #: YF-VAX® S BRI prM A E HL DR, Wi FT 24T DA 2 CYD-1.CYD-2,
CYD-3 1 CYD-4 FH IS . I3 ii iy pSP1101.
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[0227]  7E pJSY2374 1, i FE B FRHIAL oA Xma T FIMIu T. 3XE47 5 47F 3000 bp
FrBER Fs A R W, Bk RS :SP6 JB 1+ YF17D 57 UTR. YF17D- & 5%. YF17D—prM.
YF17D-E A1 YF17D-NS1 {9 N Ruigo A4 T B HEUMARZ ZE M 52 Xma T F1Mlu I iz
S LAV2 |19 prM A E JER A1 I GeneArt® & 1%, 3 78 % 2 Fi ki pMK-RQ  (GeneArt®,
Life Technologies Ltd, Paisley, U.K.) 91 PLr=A JFiki pMK-RQ-Seql. JFiki pJSY2374.5
A1 pMK-RQ-Seql A Xma I A1 Mlu 1VHf. SRJ5¥4 K H pMK-RQ-Seql i) Xma I-Mlu I Jy Bt
NJFRL pJSY2374. 5 1 LA i FikE pSP1101. XL-10 Gold Ultracompetent ZHPE (Agilent
Technologies, CA, USA) HT-#Ak, BRUAEATE T R IIBIRL. 7658 0, Mg BRI e B i 7%
% One Shot® TOP10 KgATFH (£ coli) (Life Technologies Ltd,Paisley,U.K.) H,iX
RVFREY G KR kL
[0228]  JFUKL pSP1101 RISk fu i/ YF-VAX & 1] 51 3K 1A LAV2 Fbk prM A1 E B (. Fifdk
EIREEAT 4 N CYD-LAV. M7t Bon 5 IR P AL R AR .
[0229] M FZZ#Hfk BID-V585, PR/DBO23FI MD128O0KIF I #7191

K F AT B ST ) S ms DA 6 87 F 1 2 2 #: 4% BID-V585.PR/DB023 A1 MD1280
) SR o 1 2 5 R Ay 44 4 pSP1102  (BID-V585) «pSP1103  (PR/DB023) F1pSP1104 (MD1280) -
NI L8 T = A ) BITASH A993 25 i 44 A CYD-BIDLCYD-PR A1 CYD-MD.  F /=5 () UKL A 7 51
i SRR P A A B E R AR
[0230] A /G #7 pSP1101. pSP1102, pSP1103F] pSPI110477 i & W %

RNA PR I e s A B 1) 77 AR 3% 2 /T P iR 84T (Guirakhoo F 4§ J. Virol. 2001 ;
75:7290-304) .
[0231] S5 4 7EMEAR AR PR SRR A0 A I3 78 240 595 B 0 a2 LM AR5 2 ILE

A TPV G P A L
BB

e 7 &% 4 R (Cynomolgus monkey) 94 AN, 4 HE oG (57 5
log,, CCID. 4% CYD B fiE Ry ) »

1. XTHRDO4r 50, BE4L2 CYD-1. CYD-2. CYD—3 F1 CYD—4 f51.
[0232] 2. CYD-LAV PU4/4il55), BR404 CYD-1. CYD-3. CYD-4 F1 CYD-LAV fi 51
[0233] 3. CYD-MD DY), BN & CYD-1. CYD-3. CYD—-4 FI CYD-MD 5]
[0234] 4. CYD-PR DY/l 7], EI45& CYD-1. CYD-3. CYD—4 FI CYD-PR F 7).
[0235] QI HGHr IR, MEAHFG 2 > H #5322 57 (Guy BE, Am J Trop Med Hyg. 2009 ;
80(2) :302-11) .
[0236] 45IR

FZGuy B., &, Am. J. Trop. Med. Hyg. 2009 :80(2): 302-11 Hiiktkl 57
5, M52 G JEPE (SNSo AT SN ) AR B ILJE
[0237] 3R 6 FHMALHIHR & B HEHUMIE R 2 55 B S I A 1 SN, HH R s o
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PD1 PD2

DE | DE | DE | DE DE | DE | DE | DE
_ NI | N2 | N3 | N4 N1 N2 | N3 | N4
A CYD | EAE | 44| 24 | 1/4 | 44 4/4 | 1/4 | 4/4 | 4/4

vV

GMT 27 5 7 | 636 71 8 | 35 | 425

CYD-LAV | &% | 4/4 | 2/4 | 4/4 | 4/4 44 | 4/4 | 4/4 | 4/4
TV

GMT 95 [ 63 19 | 477 189 | 95 | 80 | 477

[ CYD-MD | m&% | 4/4 | 4/4 | 3/4 | 4/4 4/4 | 4/4 | 4/4 | 4/4
TV

GMT | 33 (100 | 8 | 63 | | 35 | 63 | 16 | 100

CYD-PRTV | %% | 314 | 4/4 | 1/4 | 4/4 4/4 | 4/a | 4/a | 4/4
GMT 27 63 7 168 109 84 | 38 212

PD 25245 )5 TV U4 155

TR LS T I IMTE B 2 k608 B8 QAT , AR R B MG AL 2 s 55 ML « A5 OCEH XS DEN2 1) 4
25 JE A I N, 5 50) R TS5 AE B, 62 CYD—LAV. CYD-MD A1 CYD-PR P DU A/ il 751) 2 B 28 v 60 2
(GMT MM B2 Zh ) I8 H = ) (S K 6) .
[0238]  SIZjififf] 5. 7E 527G BF (BN EE —4OHE RN HR PO DU 5 o R T 157

AHFFE) H B RXT 8 CYD-1 (HP M DEN1 PU0359 (TYP 1 140) K prM A E FE41=4
(453K 1Y Chimerivax BB HAUMIEAY 1 (CYD-1) k) .VDV2.CYD-3 (Bl )\ DEN3 PaH881/88
(1) prM A1 E 52 5172 A R R ) Chimerivax B AERIMIE AL 3 (CYD-3) itk ) AICYD-4 (HPM
DEN4 1228 (TVP 980) [¥) prM #1 E J¥ 5172 A )RR H) Chimerivax B HEMMIER 4 (CYD-4)
BEAR ) BOVRA VU A 5 I AR 1 1) S % iR 14 AR08 B IfLE 568 & CYD-1. CYD-2 (B[l | DEN2
PU0218 1] prM A E 541 72 2 B #R I Chimerivax B EHMIBEA 2 (CYD-2) FE#%) .CYD-3 Al
CYD—4 [ VU9 265 B AP T 1) G 28 D P R 25 IMURE 1B 47 EL A A O FH T A ST 47 2 CYD-14
CYD-2. CYD-3 Fl CYD~4 5 L V152 WSt 1.
[0239]  VDV2 FEARHIAH R B IR M E E BT AT -

SVDV2HZ H 741 (SEQ ID NO: 24)

AGUUGUUAGUCUACGUGGACCGACAAAGACAGAUUCUUUGAGGGAGCUAAGCUCAAUGUAGUUCUAACAGUUU
UUUAAUUAGAGAGCAGAUCUCUGAUGAAUAACCAACGGAAAAAGGCGAAAAACACGCCUUUCAAUAUGCUGAAACGC
GAGAGAAACCGCGUGUCGACUGUGCAACAGCUGACAAAGAGAUUCUCACUUGGAAUGCUGCAGGGACGAGGACCAUU
AAAACUGUUCAUGGCCCUGGUGGCGUUCCUUCGUUUCCUAACAAUCCCACCAACAGCAGGGAUAUUGAAGAGAUGGG
GAACAAUUAAAAAAUCAAAAGCUAUUAAUGUUUUGAGAGGGUUCAGGAAAGAGAUUGGAAGGAUGCUGAACAUCUUG
AAUAGGAGACGCAGAUCUGCAGGCAUGAUCAUUAUGCUGAUUCCAACAGUGAUGGCGUUCCAUUUAACCACACGUAA
CGGAGAACCACACAUGAUCGUCAGCAGACAAGAGAAAGGGAAAAGUCUUCUGUUUAAAACAGAGGUUGGCGUGAACA
UGUGUACCCUCAUGGCCAUGGACCUUGGUGAAUUGUGUGAAGACACAAUCACGUACAAGUGUCCCCUUCUCAGGCAG
AAUGAGCCAGAAGACAUAGACUGUUGGUGCAACUCUACGUCCACGUGGGUAACUUAUGGGACGUGUACCACCAUGGG
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AGAACAUAGAAGAGAAAAAAGAUCAGUGGCACUCGUUCCACAUGUGCGAAUGGGACUGGAGACACGAACUGAAACAU
GGAUGUCAUCAGAAGGGGCCUGGAAACAUGUCCAGAGAAUUGAAACUUGGAUCUUGAGACAUCCAGGCUUCACCAUG
AUGGCAGCAAUCCUGGCAUACACCAUAGGAACGACACAUUUCCAAAGAGCCCUGAUUUUCAUCUUACUGACAGCUGU
CACUCCUUCAAUGACAAUGCGUUGCAUAGGAAUGUCAAAUAGAGACUUUGUGGAAGGGGUUUCAGGAGGAAGCUGGG
UUGACAUAGUCUUAGAACAUGGAAGCUGUGUGACGACGAUGGCAAAAAACAAACCAACAUUGGAUUUUGAACUGAUA
AAAACAGAAGCCAAACAGCCUGCCACCCUAAGGAAGUACUGUAUAGAGGCAAAGCUAACCAACACAACAACAGAAUC
UCGCUGCCCAACACAAGGGGAACCCAGCCUAAAUGAAGAGCAGGACAAAAGGUUCGUCUGCAAACACUCCAUGGUAG
ACAGAGGAUGGGGAAAUGGAUGUGGACUAUUUGGAAAGGGAGGCAUUGUGACCUGUGCUAUGUUCAGAUGCAAAAAG
AACAUGGAAGGAAAAGUUGUGCAACCAGAAAACUUGGAAUACACCAUUGUGAUAACACCUCACUCAGGGGAAGAGCA
UGCAGUCGGAAAUGACACAGGAAAACAUGGCAAGGAAAUCAAAAUAACACCACAGAGUUCCAUCACAGAAGCAGAAU
UGACAGGUUAUGGCACUGUCACAAUGGAGUGCUCUCCAAGAACGGGCCUCGACUUCAAUGAGAUGGUGUUGCUGCAG
AUGGAAAAUAAAGCUUGGCUGGUGCACAGGCAAUGGUUCCUAGACCUGCCGUUACCAUGGUUGCCCGGAGCGGACAC
ACAAGAGUCAAAUUGGAUACAGAAGGAGACAUUGGUCACUUUCAAAAAUCCCCAUGCGAAGAAACAGGAUGUUGUUG
UUUUAGGAUCCCAAGAAGGGGCCAUGCACACAGCACUUACAGGGGCCACAGAAAUCCAAAUGUCAUCAGGAAACUUA
CUCUUCACAGGACAUCUCAAGUGCAGGCUGAGAAUGGACAAGCUACAGCUCAAAGGAAUGUCAUACUCUAUGUGCAC
AGGAAAGUUUAAAGUUGUGAAGGAAAUAGCAGAAACACAACAUGGAACAAUAGUUAUCAGAGUGCAAUAUGAAGGGG
ACGGCUCUCCAUGCAAGAUCCCUUUUGAGAUAAUGGAUUUGGAAAAAAGACAUGUCUUAGGUCGCCUGAUUACAGUC
AACCCAAUUGUGACAGAAAAAGAUAGCCCAGUCAACAUAGAAGCAGAACCUCCAUUUGGAGACAGCUACAUCAUCAU
AGGAGUAGAGCCGGGACAACUGAAGCUCAACUGGUUUAAGAAAGGAAGUUCUAUCGGCCAAAUGUUUGAGACAACAA
UGAGGGGGGCGAAGAGAAUGGCCAUUUUAGGUGACACAGCCUGGGAUUUUGGAUCCUUGGGAGGAGUGUUUACAUCU
AUAGGAAAGGCUCUCCACCAAGUCUUUGGAGCAAUCUAUGGAGCUGCCUUCAGUGGGGUUUCAUGGACUAUGAAAAU
CCUCAUAGGAGUCAUUAUCACAUGGAUAGGAAUGAAUUCACGCAGCACCUCACUGUCUGUGACACUAGUAUUGGUGG
GAAUUGUGACACUGUAUUUGGGAGUCAUGGUGCAGGCCGAUAGUGGUUGCGUUGUGAGCUGGAAAAACAAAGAACUG
AAAUGUGGCAGUGGGAUUUUCAUCACAGACAACGUGCACACAUGGACAGAACAAUACAAAUUCCAACCAGAAUCCCC
UUCAAAACUAGCUUCAGCUAUCCAGAAAGCCCAUGAAGAGGACAUUUGUGGAAUCCGCUCAGUAACAAGACUGGAGA
AUCUGAUGUGGAAACAAAUAACACCAGAAUUGAAUCACAUUCUAUCAGAAAAUGAGGUGAAGUUAACUAUUAUGACA
GGAGACAUCAAAGGAAUCAUGCAGGCAGGAAAACGAUCUCUGCGGCCUCAGCCCACUGAGCUGAAGUAUUCAUGGAA
AACAUGGGGCAAAGCAAAAAUGCUCUCUACAGAGUCUCAUAACCAGACCUUUCUCAUUGAUGGCCCCGAAACAGCAG
AAUGCCCCAACACAAAUAGAGCUUGGAAUUCGUUGGAAGUUGAAGACUAUGGCUUUGGAGUAUUCACCACCAAUAUA
UGGCUAAAAUUGAAAGAAAAACAGGAUGUAUUCUGCGACUCAAAACUCAUGUCAGCGGCCAUAAAAGACAACAGAGC
CGUCCAUGCCGAUAUGGGUUAUUGGAUAGAAAGUGCACUCAAUGACACAUGGAAGAUAGAGAAAGCCUCUUUCAUUG
AAGUUAAAAACUGCCACUGGCCAAAAUCACACACCCUCUGGAGCAAUGGAGUGCUAGAAAGUGAGAUGAUAAUUCCA
AAGAAUCUCGCUGGACCAGUGUCUCAACACAACUAUAGACCAGGCUACCAUACACAAAUAACAGGACCAUGGCAUCU
AGGUAAGCUUGAGAUGGACUUUGAUUUCUGUGAUGGAACAACAGUGGUAGUGACUGAGGACUGCGGAAAUAGAGGAC
CCUCUUUGAGAACAACCACUGCCUCUGGAAAACUCAUAACAGAAUGGUGCUGCCGAUCUUGCACAUUACCACCGCUA
AGAUACAGAGGUGAGGAUGGGUGCUGGUACGGGAUGGAAAUCAGACCAUUGAAGGAGAAAGAAGAGAAUUUGGUCAA
CUCCUUGGUCACAGCUGGACAUGGGCAGGUCGACAACUUUUCACUAGGAGUCUUGGGAAUGGCAUUGUUCCUGGAGG
AAAUGCUUAGGACCCGAGUAGGAACGAAACAUGCAAUACUACUAGUUGCAGUUUCUUUUGUGACAUUGAUCACAGGG
AACAUGUCCUUUAGAGACCUGGGAAGAGUGAUGGUUAUGGUAGGCGCCACUAUGACGGAUGACAUAGGUAUGGGCGU

61



CON 104812408 A i MR P 56,62 T

GACUUAUCUUGCCCUACUAGCAGCCUUCAAAGUCAGACCAACUUUUGCAGCUGGACUACUCUUGAGAAAGCUGACCU
CCAAGGAAUUGAUGAUGACUACUAUAGGAAUUGUACUCCUCUCCCAGAGCACCAUACCAGAGACCAUUCUUGAGUUG
ACUGAUGCGUUAGCCUUAGGCAUGAUGGUCCUCAAAAUGGUGAGAAAUAUGGAAAAGUAUCAAUUGGCAGUGACUAU
CAUGGCUAUCUUGUGCGUCCCAAACGCAGUGAUAUUACAAAACGCAUGGAAAGUGAGUUGCACAAUAUUGGCAGUGG
UGUCCGUUUCCCCACUGUUCUUAACAUCCUCACAGCAAAAAACAGAUUGGAUACCAUUAGCAUUGACGAUCAAAGGU
CUCAAUCCAACAGCUAUUUUUCUAACAACCCUCUCAAGAACCAGCAAGAAAAGGAGCUGGCCAUUAAAUGAGGCUAU
CAUGGCAGUCGGGAUGGUGAGCAUUUUAGCCAGUUCUCUCCUAAAAAAUGAUAUUCCCAUGACAGGACCAUUAGUGG
CUGGAGGGCUCCUCACUGUGUGCUACGUGCUCACUGGACGAUCGGCCGAUUUGGAACUGGAGAGAGCAGCCGAUGUC
AAAUGGGAAGACCAGGCAGAGAUAUCAGGAAGCAGUCCAAUCCUGUCAAUAACAAUAUCAGAAGAUGGUAGCAUGUC
GAUAAAAAAUGAAGAGGAAGAACAAACACUGACCAUACUCAUUAGAACAGGAUUGCUGGUGAUCUCAGGACUUUUUC
CUGUAUCAAUACCAAUCACGGCAGCAGCAUGGUACCUGUGGGAAGUGAAGAAACAACGGGCCGGAGUAUUGUGGGAU
GUUCCUUCACCCCCACCCAUGGGAAAGGCUGAACUGGAAGAUGGAGCCUAUAGAAUUAAGCAAAAAGGGAUUCUUGG
AUAUUCCCAGAUCGGAGCCGGAGUUUACAAAGAAGGAACAUUCCAUACAAUGUGGCAUGUCACACGUGGCGCUGUUC
UAAUGCAUAAAGGAAAGAGGAUUGAACCAACAUGGGCGGACGUCAAGAAAGACCUAAUAUCAUAUGGAGGAGGCUGG
AAGUUAGAAGGAGAAUGGAAGGAAGGAGAAGAAGUCCAGGUAUUGGCACUGGAGCCUGGAAAAAAUCCAAGAGCCGU
CCAAACGAAACCUGGUCUUUUCAAAACCAACGCCGGAACAAUAGGUGCUGUAUCUCUGGACUUUUCUCCUGGAACGU
CAGGAUCUCCAAUUAUCGACAAAAAAGGAAAAGUUGUGGGUCUUUAUGGUAAUGGUGUUGUUACAAGGAGUGGAGCA
UAUGUGAGUGCUAUAGCCCAGACUGAAAAAAGCAUUGAAGACAACCCAGAGAUCGAAGAUCACAUUUUCCGAAAGAG
AAGACUGACCAUCAUGGACCUCCACCCAGGAGCGGGAAAGACGAAGAGAUACCUUCCGGCCAUAGUCAGAGAAGCUA
UAAAACGGGGUUUGAGAACAUUAAUCUUGGCCCCCACUAGAGUUGUGGCAGCUGAAAUGGAGGAAGCCCUUAGAGGA
CUUCCAAUAAGAUACCAGACCCCAGCCAUCAGAGCUGAGCACACCGGGCGGGAGAUUGUGGACCUAAUGUGUCAUGC
CACAUUUACCAUGAGGCUGCUAUCACCAGUUAGAGUGCCAAACUACAACCUGAUUAUCAUGGACGAAGCCCAUUUCA
CAGACCCAGCAAGUAUAGCAGCUAGAGGAUACAUCUCAACUCGAGUGGAGAUGGGUGAGGCAGCUGGGAUUUUUAUG
ACAGCCACUCCCCCGGGAAGCAGAGACCCAUUUCCUCAGAGCAAUGCACCAAUCAUAGAUGAAGAAAGAGAAAUCCC
UGAACGCUCGUGGAAUUCCGGACAUGAAUGGGUCACGGAUUUUAAAGGGAAGACUGUUUGGUUCGUUCCAAGUAUAA
AAGCAGGAAAUGAUAUAGCAGCUUGCCUGAGGAAAAAUGGAAAGAAAGUGAUACAACUCAGUAGGAAGACCUUUGAU
UCUGAGUAUGUCAAGACUAGAACCAAUGAUUGGGACUUCGUGGUUACAACUGACAUUUCAGAAAUGGGUGCCAAUUU
CAAGGCUGAGAGGGUUAUAGACCCCAGACGCUGCAUGAAACCAGUCAUACUAACAGAUGGUGAAGAGCGGGUGAUUC
UGGCAGGACCUAUGCCAGUGACCCACUCUAGUGCAGCACAAAGAAGAGGGAGAAUAGGAAGAAAUCCAAAAAAUGAG
AAUGACCAGUACAUAUACAUGGGGGAACCUCUGGAAAAUGAUGAAGACUGUGCACACUGGAAAGAAGCUAAAAUGCU
CCUAGAUAACAUCAACACGCCAGAAGGAAUCAUUCCUAGCAUGUUCGAACCAGAGCGUGAAAAGGUGGAUGCCAUUG
AUGGCGAAUACCGCUUGAGAGGAGAAGCAAGGAAAACCUUUGUAGACUUAAUGAGAAGAGGAGACCUACCAGUCUGG
UUGGCCUACAGAGUGGCAGCUGAAGGCAUCAACUACGCAGACAGAAGGUGGUGUUUUGAUGGAGUCAAGAACAACCA
AAUCCUAGAAGAAAACGUGGAAGUUGAAAUCUGGACAAAAGAAGGGGAAAGGAAGAAAUUGAAACCCAGAUGGUUGG
AUGCUAGGAUCUAUUCUGACCCACUGGCGCUAAAAGAAUUUAAGGAAUUUGCAGCCGGAAGAAAGUCUCUGACCCUG
AACCUAAUCACAGAAAUGGGUAGGCUCCCAACCUUCAUGACUCAGAAGGCAAGAGACGCACUGGACAACUUAGCAGU
GCUGCACACGGCUGAGGCAGGUGGAAGGGCGUACAACCAUGCUCUCAGUGAACUGCCGGAGACCCUGGAGACAUUGC
UUUUACUGACACUUCUGGCUACAGUCACGGGAGGGAUCUUUUUAUUCUUGAUGAGCGCAAGGGGCAUAGGGAAGAUG
ACCCUGGGAAUGUGCUGCAUAAUCACGGCUAGCAUCCUCCUAUGGUACGCACAAAUACAGCCACACUGGAUAGCAGC
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UUCAAUAAUACUGGAGUUUUUUCUCAUAGUUUUGCUUAUUCCAGAACCUGAAAAACAGAGAACACCCCAAGACAACC
AACUGACCUACGUUGUCAUAGCCAUCCUCACAGUGGUGGCCGCAACCAUGGCAAACGAGAUGGGUUUCCUAGAAAAA
ACGAAGAAAGAUCUCGGAUUGGGAAGCAUUGCAACCCAGCAACCCGAGAGCAACAUCCUGGACAUAGAUCUACGUCC
UGCAUCAGCAUGGACGCUGUAUGCCGUGGCCACAACAUUUGUUACACCAAUGUUGAGACAUAGCAUUGAAAAUUCCU
CAGUGAAUGUGUCCCUAACAGCUAUAGCCAACCAAGCCACAGUGUUAAUGGGUCUCGGGAAAGGAUGGCCAUUGUCA
AAGAUGGACAUCGGAGUUCCCCUUCUCGCCAUUGGAUGCUACUCACAAGUCAACCCCAUAACUCUCACAGCAGCUCU
UUUCUUAUUGGUAGCACAUUAUGCCAUCAUAGGGCCAGGACUCCAAGCAAAAGCAACCAGAGAAGCUCAGAAAAGAG
CAGCGGCGGGCAUCAUGAAAAACCCAACUGUCGAUGGAAUAACAGUGAUUGACCUAGAUCCAAUACCUUAUGAUCCA
AAGUUUGAAAAGCAGUUGGGACAAGUAAUGCUCCUAGUCCUCUGCGUGACUCAAGUAUUGAUGAUGAGGACUACAUG
GGCUCUGUGUGAGGCUUUAACCUUAGCUACCGGGCCCAUCUCCACAUUGUGGGAAGGAAAUCCAGGGAGGUUUUGGA
ACACUACCAUUGCGGUGUCAAUGGCUAACAUUUUUAGAGGGAGUUACUUGGCCGGAGCUGGACUUCUCUUUUCUAUU
AUGAAGAACACAACCAACACAAGAAGGGGAACUGGCAACAUAGGAGAGACGCUUGGAGAGAAAUGGAAAAGCCGAUU
GAACGCAUUGGGAAAAAGUGAAUUCCAGAUCUACAAGAAAAGUGGAAUCCAGGAAGUGGAUAGAACCUUAGCAAAAG
AAGGCAUUAAAAGAGGAGAAACGGACCAUCACGCUGUGUCGCGAGGCUCAGCAAAACUGAGAUGGUUCGUUGAGAGA
AACAUGGUCACACCAGAAGGGAAAGUAGUGGACCUCGGUUGUGGCAGAGGAGGCUGGUCAUACUAUUGUGGAGGACU
AAAGAAUGUAAGAGAAGUCAAAGGCCUAACAAAAGGAGGACCAGGACACGAAGAACCCAUCCCCAUGUCAACAUAUG
GGUGGAAUCUAGUGCGUCUUCAAAGUGGAGUUGACGUUUUCUUCAUCCCGCCAGAAAAGUGUGACACAUUAUUGUGU
GACAUAGGGGAGUCAUCACCAAAUCCCACAGUGGAAGCAGGACGAACACUCAGAGUCCUUAACUUAGUAGAAAAUUG
GUUGAACAACAACACUCAAUUUUGCAUAAAGGUUCUCAACCCAUAUAUGCCCUCAGUCAUAGAAAAAAUGGAAGCAC
UACAAAGGAAAUAUGGAGGAGCCUUAGUGAGGAAUCCACUCUCACGAAACUCCACACAUGAGAUGUACUGGGUAUCC
AAUGCUUCCGGGAACAUAGUGUCAUCAGUGAACAUGAUUUCAAGGAUGUUGAUCAACAGAUUUACAAUGAGAUACAA
GAAAGCCACUUACGAGCCGGAUGUUGACCUCGGAAGCGGAACCCGUAACAUCGGGAUUGAAAGUGAGAUACCAAACC
UAGAUAUAAUUGGGAAAAGAAUAGAAAAAAUAAAGCAAGAGCAUGAAACAUCAUGGCACUAUGACCAAGACCACCCA
UACAAAACGUGGGCAUACCAUGGUAGCUAUGAAACAAAACAGACUGGAUCAGCAUCAUCCAUGGUCAACGGAGUGGU
CAGGCUGCUGACAAAACCUUGGGACGUUGUCCCCAUGGUGACACAGAUGGCAAUGACAGACACGACUCCAUUUGGAC
AACAGCGCGUUUUUAAAGAGAAAGUGGACACGAGAACCCAAGAACCGAAAGAAGGCACGAAGAAACUAAUGAAAAUA
ACAGCAGAGUGGCUUUGGAAAGAAUUAGGGAAGAAAAAGACACCCAGGAUGUGCACCAGAGAAGAAUUCACAAGAAA
GGUGAGAAGCAAUGCAGCCUUGGGGGCCAUAUUCACUGAUGAGAACAAGUGGAAGUCGGCACGUGAGGCUGUUGAAG
AUAGUAGGUUUUGGGAGCUGGUUGACAAGGAAAGGAAUCUCCAUCUUGAAGGAAAGUGUGAAACAUGUGUGUACAAC
AUGAUGGGAAAAAGAGAGAAGAAGCUAGGGGAAUUCGGCAAGGCAAAAGGCAGCAGAGCCAUAUGGUACAUGUGGCU
UGGAGCACGCUUCUUAGAGUUUGAAGCCCUAGGAUUCUUAAAUGAAGAUCACUGGUUCUCCAGAGAGAACUCCCUGA
GUGGAGUGGAAGGAGAAGGGCUGCACAAGCUAGGUUACAUUCUAAGAGACGUGAGCAAGAAAGAGGGAGGAGCAAUG
UAUGCCGAUGACACCGCAGGAUGGGAUACAAAAAUCACACUAGAAGACCUAAAAAAUGAAGAGAUGGUAACAAACCA
CAUGGAAGGAGAACACAAGAAACUAGCCGAGGCCAUUUUCAAACUAACGUACCAAAACAAGGUGGUGCGUGUGCAAA
GACCAACACCAAGAGGCACAGUAAUGGACAUCAUAUCGAGAAGAGACCAAAGAGGUAGUGGACAAGUUGGCACCUAU
GGACUCAAUACUUUCACCAAUAUGGAAGCCCAACUAAUCAGACAGAUGGAGGGAGAAGGAGUCUUUAAAAGCAUUCA
GCACCUAACAAUCACAGAAGAAAUCGCUGUGCAAAACUGGUUAGCAAGAGUGGGGCGCGAAAGGUUAUCAAGAAUGG
CCAUCAGUGGAGAUGAUUGUGUUGUGAAACCUUUAGAUGACAGGUUCGCAAGCGCUUUAACAGCUCUAAAUGACAUG
GGAAAGAUUAGGAAAGACAUACAACAAUGGGAACCUUCAAGAGGAUGGAAUGAUUGGACACAAGUGCCCUUCUGUUC
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ACACCAUUUCCAUGAGUUAAUCAUGAAAGACGGUCGCGUACUCGUUGUUCCAUGUAGAAACCAAGAUGAACUGAUUG
GCAGAGCCCGAAUCUCCCAAGGAGCAGGGUGGUCUUUGCGGGAGACGGCCUGUUUGGGGAAGUCUUACGCCCAAAUG
UGGAGCUUGAUGUACUUCCACAGACGCGACCUCAGGCUGGCGGCAAAUGCUAUUUGCUCGGCAGUACCAUCACAUUG
GGUUCCAACAAGUCGAACAACCUGGUCCAUACAUGCUAAACAUGAAUGGAUGACAACGGAAGACAUGCUGACAGUCU
GGAACAGGGUGUGGAUUCAAGAAAACCCAUGGAUGGAAGACAAAACUCCAGUGGAAACAUGGGAGGAAAUCCCAUAC
UUGGGGAAAAGAGAAGACCAAUGGUGCGGCUCAUUGAUUGGGUUAACAAGCAGGGCCACCUGGGCAAAGAACAUCCA
AGCAGCAAUAAAUCAAGUUAGAUCCCUUAUAGGCAAUGAAGAAUACACAGAUUACAUGCCAUCCAUGAAAAGAUUCA
GAAGAGAAGAGGAAGAAGCAGGAGUUCUGUGGUAGAAAGCAAAACUAACAUGAAACAAGGCUAGAAGUCAGGUCGGA
UUAAGCCAUAGUACGGAAAAAACUAUGCUACCUGUGAGCCCCGUCCAAGGACGUUAAAAGAAGUCAGGCCAUCAUAA
AUGCCAUAGCUUGAGUAAACUAUGCAGCCUGUAGCUCCACCUGAGAAGGUGUAAAAAAUCCGGGAGGCCACAAACCA
UGGAAGCUGUACGCAUGGCGUAGUGGACUAGCGGUUAGGGGAGACCCCUCCCUUACAAAUCGCAGCAACAAUGGGGG
CCCAAGGCGAGAUGAAGCUGUAGUCUCGCUGGAAGGACUAGAGGUUAGAGGAGACCCCCCCGAAACAAAAAACAGCA
UAUUGACGCUGGGAAAGACCAGAGAUCCUGCUGUCUCCUCAGCAUCAUUCCAGGCACAGAACGCCAGAAAAUGGAAU
GGUGCUGUUGAAUCAACAGGUUCU

>VDV2 prMERZHRFF 1 (SEQ ID NO: 25)

UUCCAUUUAACCACACGUAACGGAGAACCACACAUGAUCGUCAGCAGACAAGAGAAAGGGAAAAGUCUUCU
GUUUAAAACAGAGGUUGGCGUGAACAUGUGUACCCUCAUGGCCAUGGACCUUGGUGAAUUGUGUGAAGACACAAUC
ACGUACAAGUGUCCCCUUCUCAGGCAGAAUGAGCCAGAAGACAUAGACUGUUGGUGCAACUCUACGUCCACGUGGGU
AACUUAUGGGACGUGUACCACCAUGGGAGAACAUAGAAGAGAAAAAAGAUCAGUGGCACUCGUUCCACAUGUGCGAA
UGGGACUGGAGACACGAACUGAAACAUGGAUGUCAUCAGAAGGGGCCUGGAAACAUGUCCAGAGAAUUGAAACUUGG
AUCUUGAGACAUCCAGGCUUCACCAUGAUGGCAGCAAUCCUGGCAUACACCAUAGGAACGACACAUUUCCAAAGAGC
CCUGAUUUUCAUCUUACUGACAGCUGUCACUCCUUCAAUGACAAUGCGUUGCAUAGGAAUGUCAAAUAGAGACUUUG
UGGAAGGGGUUUCAGGAGGAAGCUGGGUUGACAUAGUCUUAGAACAUGGAAGCUGUGUGACGACGAUGGCAAAAAAC
AAACCAACAUUGGAUUUUGAACUGAUAAAAACAGAAGCCAAACAGCCUGCCACCCUAAGGAAGUACUGUAUAGAGGC
AAAGCUAACCAACACAACAACAGAAUCUCGCUGCCCAACACAAGGGGAACCCAGCCUAAAUGAAGAGCAGGACAAAA
GGUUCGUCUGCAAACACUCCAUGGUAGACAGAGGAUGGGGAAAUGGAUGUGGACUAUUUGGAAAGGGAGGCAUUGUG
ACCUGUGCUAUGUUCAGAUGCAAAAAGAACAUGGAAGGAAAAGUUGUGCAACCAGAAAACUUGGAAUACACCAUUGU
GAUAACACCUCACUCAGGGGAAGAGCAUGCAGUCGGAAAUGACACAGGAAAACAUGGCAAGGAAAUCAAAAUAACAC
CACAGAGUUCCAUCACAGAAGCAGAAUUGACAGGUUAUGGCACUGUCACAAUGGAGUGCUCUCCAAGAACGGGCCUC
GACUUCAAUGAGAUGGUGUUGCUGCAGAUGGAAAAUAAAGCUUGGCUGGUGCACAGGCAAUGGUUCCUAGACCUGCC
GUUACCAUGGUUGCCCGGAGCGGACACACAAGAGUCAAAUUGGAUACAGAAGGAGACAUUGGUCACUUUCAAAAAUC
CCCAUGCGAAGAAACAGGAUGUUGUUGUUUUAGGAUCCCAAGAAGGGGCCAUGCACACAGCACUUACAGGGGCCACA
GAAAUCCAAAUGUCAUCAGGAAACUUACUCUUCACAGGACAUCUCAAGUGCAGGCUGAGAAUGGACAAGCUACAGCU
CAAAGGAAUGUCAUACUCUAUGUGCACAGGAAAGUUUAAAGUUGUGAAGGAAAUAGCAGAAACACAACAUGGAACAA
UAGUUAUCAGAGUGCAAUAUGAAGGGGACGGCUCUCCAUGCAAGAUCCCUUUUGAGAUAAUGGAUUUGGAAAAAAGA
CAUGUCUUAGGUCGCCUGAUUACAGUCAACCCAAUUGUGACAGAAAAAGAUAGCCCAGUCAACAUAGAAGCAGAACC
UCCAUUUGGAGACAGCUACAUCAUCAUAGGAGUAGAGCCGGGACAACUGAAGCUCAACUGGUUUAAGAAAGGAAGUU
CUAUCGGCCAAAUGUUUGAGACAACAAUGAGGGGGGCGAAGAGAAUGGCCAUUUUAGGUGACACAGCCUGGGAUUUU
GGAUCCUUGGGAGGAGUGUUUACAUCUAUAGGAAAGGCUCUCCACCAAGUCUUUGGAGCAAUCUAUGGAGCUGCCUU
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CAGUGGGGUUUCAUGGACUAUGAAAAUCCUCAUAGGAGUCAUUAUCACAUGGAUAGGAAUGAAUUCACGCAGCACCU
CACUGUCUGUGACACUAGUAUUGGUGGGAAUUGUGACACUGUAUUUGGGAGUCAUGGUGCAGGCC

>VDV2 EE 741 (SEQ ID NO: 26)

MRCIGMSNRDFVEGVSGGSWVDIVLEHGSCVTTMAKNKPTLDFEL IKTEAKQPATLRKYCIEAKLTINTTTE
SRCPTQGEPSLNEEQDKRFVCKHSMVDRGWGNGCGLEGKGGIVTCAMFRCKKNMEGKVVQPENLEYTIVITPHSGE
EHAVGNDTGKHGKEIKITPQSSITEAELTGYGTVTMECSPRTGLDFNEMVLLQMENKAWLVHRQWFLDLPLPWLPGA
DTQESNWIQKETLVTFKNPHAKKQDVVVLGSQEGAMHTALTGATEIQMSSGNLLETGHLKCRLRMDKLQLKGMSYSM
CTGKFKVVKEIAETQHGTIVIRVQYEGDGSPCKIPFEIMDLEKRHVLGRLITVNPIVTEKDSPVNIEAEPPFGDSY I
L IGVEPGQLKLNWFKKGSS IGQMFETTMRGAKRMATLGDTAWDFGSLGGVFTSIGKALHQVEGATYGAAFSGVSWIM
KILIGVIITWIGMNSRSTSLSVTLVLVGIVTLYLGVMVQA

>VDV2 MEF 741 (SEQ ID NO: 27)

SVALVPHVRMGLETRTETWMSSEGAWKHVQRIETWILRHPGFTMMAATLAYTIGTTHFQRALIFILLTAVTPS
MT

Wi st ikit

TEFF I BE LA BE TTa BAGRES A, 76 55 P8 B AN 0 4E 55 150 S50 18-45 %
[RIfg FE RN » 5 P B B H AT0IR X o EELHEBRARHE N < IR YRESR 7L« N P2 B P06 B
LAY BN BY 98 37 FH A S 2 B B B AT BE T4 45 R BT ART FL e 1B 0 L 2 A e
i 7 AT P B X R AT B AT >2 8 | B B R G S BN e R ) R AT R A . EOR AR
2 ZA 0 A A R A R B 2 7 VR ERTE S 1 RS AT &b 4 BT AR E B i G — S e 2
4 14,
[0240] S 5EHHMALTECR] 2 4, 7228 0 RMEE 105 (£15 K ) RATEM. SHERZ
T

14984 CYD/VDV2 DY iilsl, BP9 CYD-1. CYD-3. CYD4 1 VDV2 [yl 5]
[0241] &5 240 T HRPU4 57 (CYD-TDV) , B CYD-1. CYD-2. CYD-3 Al CYD—4.,
[0242]  #I5FIEF 10° CCID, M CYD FREF AU A MIE R, Hoks 545 101 CCID, Y VDV-2 i 5
[RilR2e 755 1 4.
[0243]  JHEEIAE

N TR R A, AR S 7214 A 21 R UCEE B I TS R YA CYD-1-4
gy, VDV-2 W A2 7E 1 . 18 1t Global Clinical Immunology SE 36 = (Sanofi Pasteur,
Swiftwater, PA, USA) AT ¥T-
[0244]  #NZFi Poo 25, Pediatr Infect Dis J (2011) 30: e9 thHfdiR, 70 W4T
CYD-1-4 25 MAE AT 7o T BRI, 55—, SR FH AR L3 B ARs e M 1) S e Sl — SR il =C
SR (RT-PCR) PAKSIN 4 Ff CYD 5 2 AL — PP IIAEAE . SRJE K 4 A CYD i i BY s = 14
& RT-PCR X AE 1% 88—l 5a Hp S FHPE AL L db AT 0o 7E R M35 BURE 5% RT-PCR H, A
P FH AR 0, ML AR 2 RNA, 3 R B 38 0% 036 B8 7 F10 ) 5 4033847 RT-PCR. 7 L3
RUHR 1% RT-PCR A, P VR A FH 7 FH R o ALY A B B RNA, £F 06 AN 5 2, F Sk B g
ELEM B 1 | R DR 9 () 37 s S M 51 AT RT-PCR. 7E26 1 ZH b & X ifn g &Y 2 13t
1T BB/ RT-PCR, KA T A WU R A HI 7 & VDV-2 Jil
[0245] 9% R
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X AERR RS S 1 28 R A RAESS 1 RIS 5 56 365 RWCER B LA 1 50% ThIRE IR
D e RS, W E 4 Fh 8 5 AR B LG T — P PR /Ko T S, 4 2 F% RPURMREI
ORI P ML 55 18 e B R 1 % B S MY 2 DEN-1, -2, -3 B 4 1R A ( Rn N
FEAAT [PFUD /L) o IR S0 (EIC & ) VERO ZH B8 2 1) 24 FUARK & FLr . FERERR )L,
K, WP 2 8 R R e . UMTE I s BB (1/dil) 5 Al
PURT R, 62 T W Z2 395 25 rh BT+ 4= 50% Ji /> (PRNT50) . & &4 PRNT50 ()2 & FIR N
10 53 FE = 10 FRE S Bl A0 A I35 BH 2
[0246] 4R

FERFFTIES 0 AN 105 RIGHIFIL T35 L HME 2 WS 5. 75 1 IREEE 2 1k
PP 5 i A SR B A B S N SR T, AR R B E R . [ERRIRES G 714 F1 21
R MIE P PPR TR AE (R 7) o FERFICEST S 28 RANESS 1 IKVES 5 25 365 K,
MEHFPAEREE (K 8),
[0247] 7. TR LIRAES 2URVESTE 7 485 21 K% 192 W90 B (108 T 100E CRR A A )
[RAA] E E R EIER 0 (%))

# 1 kEH #240EH
# 14 # 214 # 14 #24
P iy A4 g
CYD/VDV CYD-TDV CYD/VDV CYD-TDV

AF do i AL A F

N 29 31 28 29

WirmehmAfg 27 (93%) 25 (81%) | (4%) 1 (3%)

TEFHMmERE 1(3%) 2 (6%) 0 0
DENV-1

iR s dfeE 1(3%) 4 (13%) 0 0

o] 6 6 0 2 (7%) 0 0
DENV-2

] #9695 I f 0 2 (6%) 0 0

] 5 W &Y o dn 0 0 0 0
DENV-3

AR b s dfagE 8 (28%) 7(23%) 1 (4%) 0

o] 6 6 B R 0 0 0 0
DENV-4

THrmegmddE 24 (83%) 21 (68%) 0 0

T 5 6 4% o E 0 3(1%) 0 0

TEER 1 RIS 2 )5, FE P20 2 5 2 AR DLARARLI LA 08 252 1) mf ke 0 (1) 99 25 IAE , e
&RV 7P RT-PCRIREGIE (S WEE 7)o RIS B FI b, 7 8 MUK T € B R R,
FH 0375 7R A S P 0 S VR R A TR B, CYD—4 R B MG HE A IS 7Y, 236 & CYD-3. 7E55 1 41
FRAESS 2 YESTIR A CYD/VDV B 1 G aRAE S 2 4L rhyESS CYD-TDV B2 14 Jo , 8k R ifn &5 7 4
SN E D, RAERH — NS 58 ke w5 MLE .

[0248]  [XIith, IS VR4 CYD/VDV A1 CYD-TDV 7 5 (998 #5 IUAE K 2 [ % B 2 5.
[0249] 3K 8. FHIMPUALES LIRSS 2000 G 28 R MIFE S 1R 2 5 365K )L
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]~ 25 . (95% ELAS X [A] )

%14 24

ita CYD/VDY CYD-TDV
F 1 KiES
dn Al 15 (9; 28) 17 (10; 31)
ﬁmﬂﬂ‘."l 17 (8: 33) 32 (16; 65)

do i & 3 64 (31: 133) 23 (13; 39)

Ao HF A 4 552 (299:; 1019) 468 (226; 968)
% 2 AL S
% il 54 (30; 96) 28 (15; 50)
d i A 2 152 (79; 293) 43 (23; 79)
d A 3 127 (71; 229) 46 (29: 73)
dn A 4 246 (159; 382) 173 (97; 307)
%17z 365 &
o A 14 (9; 22) 18 (10: 30)
A 2 55(32; 94) 16 (9; 29)
dr iy A 3 36 (20: 64) 11(7; 16)
do i 7 4 103 (69; 155) 72(44; 117)

MR 8 HET I, 5 CYD-TDV #1 (28 2 20) #ALL, JEA CYD/VDV 3 h (28 140) MI%E 2
URIE S5 S0 B B AR BTS2 2 A3 S 1 GMT. 7258 1 575 365 K, fEVR & CYD/VDV
ZH PR W2 2 LY Y 2 F) s S et
[0250] b4k, 245352 CYD-TDV T I (28 2 28 ) #HLLRT, VB & CYD/VDV R h (25 14H)
HIZE 2 U0 5 5 B0 X 5 B A0 55 1 BT A LTS R B A AR e B et . s R, 58 1
YIRS J5 55 365 K1 CYD-TDV ZHAH EL, R & CYD/VDV i 77I2H K 7~ 1 o 25 2 s 7 50 FF A1)
P IEAR LN T
(02511 [l Seiti i) sk F 3R BH, V-5 1 CYD—1.3.4/VDV2 2 1 1] 57175 S 4T hf B o s 25
LR B ) Ha s W 25 b CYD-TDV 925 1 5E 5 R s =5 A, Hﬁﬂ‘ﬂmﬁﬁjﬂﬁﬁ@%ﬁ& [IpGiBNR g
HIRE 7K P Bl 5 1)

[0252] J35I#%

SEQ ID NO. izl

prM+E CYD23 1&4& 1 B kA% IR 7 51
prM+E CYD23 fE4E M8k &R LU 7
prM+E JEA5 5 R 2 8 574
prM+E LAV2 %82 %)

prM+E BID/V585 IR F 4]

prM+E PR/DB023 #% 1% 5 %)

prM+E MD1280 ¥%H E& /7 41

prM+E LAV2 2 [ 5 /4

prM+E BID/V585 & )i /5 4

prM+E PR/DB023 & 15 )57

prM+E MD1280 & 4 Jiii ¥ 5]

E LA 5 R 2 5 i)

E LAV2 & 5751

E BID/V585 & [ 5 341
E PR/DB023 & A i £ 51
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16 E MD1280 2 [ i [+ 5]

17 M LA IfER 2 AT

18 E CYD23 &% I Bk & 157 41

19 M LAV2 & H i 751

20 M BID/V585 & H i ¥ 4l

21 M PR/DB023 & [ Jii J7- 4

22 M MD1280 £ H Jifi 5 )

23 M CYD23 A% 1t 5 0k 2 4 )5 /7 &)

24 VDV2 [ 5¢ A% TR 7 51 (RNA S5 (R4 )
25 prM+E VDV2 L HIR7 51 (RNA Z5[F4 )
26 E VDV2 & i 7 %)

27 M VDV2 & i T4

TEFT A IR 5, A% R 7 518 DNA I, i H R T R A% IR U B 4 LTS 2
DNA J7 %1/ [#) RNA S5 [RIV). [FIFE, 4% HBRIT 510N RNA I, A H IR U I % B R T B4 LIS 2
SE R DNA [ 41 151 DNA J7 5146 T R 26 2 #0525 (1) DNA 7471, ERLH S5 [R] 1) RNA 7 41144
FSIX G 5 B B (1) IR BE RNA
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[0001]
FPa R

<110> Sanofi Pasteur

120> HTHIEBERR SRR ZEAEY)

<130> P39479W0

<150> EP12305911.5

161> 2012-07-25

<150> EP12305908. 1

<151> 2012-07-24

<160> 27

<170> PatentIn version 3.5

210> 1

211> 1983

<212> DNA

213> AFLFF

220>

223> IRIRIALTEREAR

<400> 1

ttccatctaa ccacacgcaa cggagaacca cacatgatcg tcggtataca ggagaaaggg 60

aaaagtctte tgttcaaaac agaggatggt gtgaacatgt gcaccctcat ggctatggac 120

cttggtgaat tgtgtgaaga cacaatcacg tacaagtgtc ctcttctcag gcagaatgag 180

ccagaagaca tagactgttg gtgcaactcc acgtccacgt gggtaaccta tgggacctgt 240

accactacgg gagaacatag gagagaaaaa agatcagtgg cactcgttcc acatgtggga 300

atgggactgg agacgcgaac cgaaacatgg atgtcatcag aaggggettg gaaacatgcec 360

cagagaattg aaacttggat cctgagacat ccaggcttca ccataatggce agcaatcctg 420

gcatacacca taggaacgac acatttccag agagtcctga ttttcatcct actgacagcet 480

gtcgetectt caatgacaat gegttgecata ggaatatcaa atagagactt tgtagaaggg 540
[0002]
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[0003]

gtttcaggag

gCaaaaaaca

accctaagga

ccaacacaag

tccatggtag

acctgtgcta

ttggaataca

acaggaaaac

ctgacaggtt

gagatggtgt

gacctgccat

gaaacattgg

tcccaagaag

ggaaacttge

aaaggaatgt

acacaacatg

attccttttg

aacccaattg

gacagttaca

ggaagttcta

ttgggtgaca

gctetecace

gaagttggegt

aaccaacatt

agtactgcat

gggaacccag

acagaggatg

tgttcacatg

ccattgtggt

acggcaagga

atggcaccgt

tgctgecagat

taccatggct

tcactttcaa

gggeccatgeca

tcttcactgg

catactctat

gaacgatagt

agataatgga

taacagaaaa

tcatcatagg

tcggecaaat

cagcctggga

aagtctttgg

tgacatagtc ttagaacatg gaagctgtgt

ggatttcgaa

agaagcaaaa

cctaaaagaa

gggaaatgga

Caaaaagaac

aacacctcac

aatcaaagta

cacgatggag

ggaaaataaa

gCcccggageyg

aaatccccat

tacagcactc

acatctcaag

gtgcacagga

tatcagagtg

tttggaaaaa

agacagccca

agtagagccg

gtttgagaca

cttecggatce

agcgatctat

ctgataaaaa

ctaaccaaca

gagcaggaca

tgtggattat

atggaaggga

tcaggggaag

acaccacaga

tgeteceega

gettggetgg

gataaacaag

gcgaagaaac

acaggagcca

tgcaggctga

aagtttaaag

caatatgaag

agatatgtct

gtcaacatag

ggacaactga

acgatgagag

ctgggaggag

ggggetgecet

70

cggaagccaa

caaCaacaga

agaggttcgt

ttggaaaggg

aaatcgtgca

agcatgeggt

gttccatcac

gaacaggcct

tgcataggcea

aatcaaattg

aggatgttgt

cagaaatcca

gaatggacaa

ttgtgaagga

gggacggcete

taggccgecet

aagcagaacc

agctcaactg

gggcgaagag

tgtttacatc

tcagtggggt

gacgacgatg

acagcctgee

atcccgttge

ctgcaaacac

aggcattgtg

acCagaaaac

cggaaatgac

agaagcagaa

cgacttcaat

atggtttcta

gatacagaaa

tgttttagga

aatgtcgtca

gctacagett

aatagcagaa

tccatgtaaa

gatcacagtc

tccattecgga

gttcaagaaa

aatggccatt

tataggaaaa

ttcatggacc

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860
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[0004]

atgaaaatcc tcataggagt cattatcaca tggataggaa tgaactcacg cagcacctca

ctgtctgtgt cactggtact ggtgggaatt gtgacactgt atttaggagt catggtgcag

gce

<210>
MR
L2
<213>

220>
223>

<400>

2
661
PRT

AFEF5

I AR B A3 B R

Phe His Leu

1

Gln

Met

Ile

Asp

65

Thr

Pro

Glu

Cys

Thr

50

Cys

Thr

His

Lys

Thr

35

Tyr

Trp

Thr

Val

Thr

Gly

20

Leu

Lys

Cys

Gly

Gly
100

Thr

Lys

Met

Cys

Asn

Glu

85

Met

Arg

Ser

Ala

Pro

Ser

70

His

Gly

Asn

Leu

Met

Leu

55

Thr

Arg

Leu

Gly

Leu

Asp

40

Leu

Ser

Arg

Glu

Glu

Phe

25

Leu

Arg

Thr

Glu

Thr
105

Pro

10

Lys

Gly

Gln

Lys
90

Arg

71

His

Thr

Glu

Asn

Val

5

Arg

Thr

Met Ile

Glu Asp

Leu Cys

45

Glu Pro

60

Thr Tyr

Ser Val

Glu Thr

Val

Gly

30

Glu

Glu

Gly

Ala

Trp
110

Gly
15

Val

Asp

Asp

Thr

Leu

95

Met

Ile

Asn

Thr

Ile

Cys

80

Val

Ser

1920

1980

1983
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[0005]

Ser

Arg

Gly

145

Val

Phe

His

Phe

Tyr

225

Pro

Val

Leu

Glu

His

130

Thr

Ala

Val

Gly

Glu

210

Cys

Thr

Cys

Phe

Gly

115

Pro

Thr

Pro

Glu

Ser

195

Leu

Ile

Gln

Lys

Gly
275

Ala

Gly

His

Ser

Gly

180

Cys

Ile

Glu

Gly

His

260

Lys

Phe

Phe

Met

165

Val

Val

Lys

Ala

Glu

245

Ser

Gly

Lys

Thr

Gln

150

Thr

Ser

Thr

Thr

Lys

230

Pro

Met

Gly

His Ala Gln Arg

Ile

135

Arg

Met

Gly

Thr

Glu

215

Leu

Ser

Val

Ile

120

Met Ala

Val Leu

Arg Cys

Gly Ser

185

Met Ala
200

Ala Lys

Thr Asn

Leu Lys

Asp Arg

265

Val Thr
280

72

Ala

Ile

Ile

170

Trp

Lys

Gln

Thr

Glu

250

Gly

Cys

Ile

Ile

Phe

165

Gly

Val

Asn

Pro

Thr

235

Glu

Trp

Ala

Glu

Leu

140

Ile

Ile

Asp

Lys

Ala

220

Thr

Gln

Gly

Met

Thr

125

Ala

Leu

Ser

Ile

Pro

205

Thr

Glu

Asp

Asn

Phe
285

Trp

Tyr

Leu

Asn

Val

190

Thr

Leu

Ser

Lys

Gly

270

Thr

Ile

Thr

Thr

Arg

175

Leu

Leu

Arg

Arg

Arg

255

Cys

Cys

Leu

Ile

Ala

160

Asp

Glu

Asp

Lys

Cys

240

Phe

Gly

Lys
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[0006]

Lys

Ile

305

Thr

Thr

Pro

Asn

Pro

385

Glu

Val

Ala

Leu

Asn

290

Val

Gly

Glu

Arg

Lys

370

Trp

Thr

Val

Thr

Lys
450

Met

Val

Lys

Ala

Thr

355

Ala

Leu

Leu

Leu

Glu

435

Cys

Glu

Thr

His

Glu

340

Gly

Pro

Val

Gly

420

Ile

Arg

Gly

Pro

Gly

325

Leu

Leu

Leu

Gly

Thr

405

Ser

Gln

Leu

Lys

His

310

Lys

Thr

Asp

Val

Ala

390

Phe

Gln

Met

Arg

Ile Val Gln Pro

295

Ser

Glu

Gly

Phe

His

375

Asp

Lys

Glu

Ser

Met
455

Gly

Ile

Tyr

Asn

360

Arg

Lys

Asn

Gly

Ser

440

Asp

Glu

Lys

Gly

345

Glu

Gln

Gln

Pro

Ala

425

Gly

Lys

73

Glu

Val

330

Thr

Met

Trp

Glu

His

410

Met

Asn

Leu

Glu

His

315

Thr

Val

Val

Phe

Ser

396

Ala

His

Leu

Gln

Asn

300

Ala

Pro

Thr

Leu

Leu

380

Asn

Lys

Thr

Leu

Leu
460

Leu

Val

Gln

Met

Leu

365

Trp

Lys

Ala

Phe

445

Lys

Glu

Gly

Ser

Glu

350

Gln

Leu

Ile

Gln

Leu

430

Thr

Gly

Tyr

Asn

Ser

335

Cys

Met

Pro

Gln

Asp

415

Thr

Gly

Met

Thr

Asp

320

Ile

Ser

Glu

Leu

Lys

400

Val

Gly

His

Ser
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[0007]

Tyr

465

Thr

Ser

Val

Ser

Ile

545

Gly

Arg

Gly

Ile

Ile
625

Ser

Gln

Pro

Leu

Pro

530

Ile

Ser

Met

Val

Tyr

610

Gly

Met

His

Cys

Gly

515

Val

Gly

Ser

Ala

Phe

595

Gly

Val

Cys

Gly

Lys

500

Arg

Asn

Val

Ile

Ile

580

Thr

Ala

Ile

Thr

Thr

485

Ile

Leu

Ile

Glu

Gly

565

Leu

Ser

Ala

Ile

Gly

470

Ile

Pro

Ile

Glu

Pro

550

Gln

Gly

Ile

Phe

Thr
630

Lys Phe Lys Val

Val

Phe

Thr

Ala

535

Gly

Met

Asp

Gly

Ser

615

Trp

Ile Arg

Glu Ile
505

Val Asn
520

Glu Pro

Gln Leu

Phe Glu

Thr Ala

585

Lys Ala

600

Gly Val

Ile Gly

74

Val

490

Met

Pro

Pro

Lys

Thr

570

Trp

Leu

Ser

Met

Val

475

Gln

Asp

Ile

Phe

Leu

555

Thr

Asp

His

Trp

Asn
635

Lys

Tyr

Leu

Val

Gly

540

Asn

Met

Phe

Gln

Thr

620

Ser

Glu

Glu

Glu

Thr

525

Asp

Trp

Arg

Gly

Val

605

Met

Arg

Ile

Gly

Lys

510

Glu

Ser

Phe

Gly

Ser

590

Phe

Lys

Ser

Ala

Asp

495

Arg

Lys

Tyr

Lys

Ala

575

Leu

Gly

Ile

Thr

Glu

480

Gly

Tyr

Asp

Ile

Lys

560

Lys

Gly

Ala

Leu

Ser
640
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Leu Ser Val Ser Leu Val Leu Val Gly Ile Val Thr Leu Tyr Leu Gly
645 650 655

Val Met Val Gln Ala
660

210> 3
211> 661
212> PRT

213> AFLFEA

<220>
<223> prM+E i@ HfmiE R 2

220>

921> AFfk
<222>  (295).. (295)
223> Xaa AJLLAE Val 8¢ Tle

220>

221> ARk

222> (474).. (474)

223> Xaa AJLLAE Val 8¢ Tle

<400> 3

Phe His Leu Thr Thr Arg Asn Gly Glu Pro His Met Ile Val Gly Arg

1 5 10 15

Gln Glu Lys Gly Lys Ser Leu Leu Phe Lys Thr Glu Asp Gly Val Asn
20 25 30

Met Cys Thr Leu Met Ala Ile Asp Leu Gly Glu Leu Cys Glu Asp Thr
35 40 45

Ile Thr Tyr Lys Cys Pro Leu Leu Arg Gln Asn Glu Pro Glu Asp Ile
[0008]

75



CN 104812408 A

3

8/71 |

[0009]

Asp

65

Thr

Pro

Ser

Arg

Gly

145

Val

Phe

His

Phe

Tyr

50

Cys

Thr

His

Glu

His

130

Thr

Ala

Val

Gly

Glu

210

Cys

Trp

Thr

Val

Gly

115

Pro

Thr

Pro

Glu

Ser

195

Leu

Ile

Cys

Gly

Gly

100

Ala

Gly

His

Ser

Gly

180

Cys

Ile

Glu

Asn

Glu

85

Met

Trp

Phe

Phe

Met

165

Val

Val

Lys

Ala

Ser

70

His

Gly

Lys

Thr

Gln

150

Thr

Ser

Thr

Thr

Lys

55

Thr

Arg

Leu

His

Ile

135

Arg

Met

Gly

Thr

Glu

215

Leu

Ser Thr

Arg Glu

Glu Thr
105

Val Gln
120

Met Ala

Ala Leu

Arg Cys

Gly Ser

185

Met Ala

200

Ala Lys

Thr Asn

76

Ala

Ile

Ile

170

Trp

Lys

Gln

Thr

Val

75

Arg

Thr

Ile

Ile

Phe

155

Gly

Val

Asn

Pro

Thr

60

Thr

Ser

Glu

Glu

Leu

140

Ile

Ile

Asp

Lys

Ala

220

Thr

Tyr

Val

Thr

Thr

125

Ala

Leu

Ser

Ile

Pro

205

Thr

Glu

Gly

Ala

Trp

110

Trp

Tyr

Leu

Asn

Val

190

Thr

Leu

Ser

Thr

Leu

95

Met

Ile

Thr

Thr

Arg

175

Leu

Leu

Arg

Arg

Cys

80

Val

Ser

Leu

Ile

Ala

160

Asp

Glu

Asp

Lys

Cys
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[0010]

225

Pro

Val

Leu

Lys

Ile

305

Thr

Thr

Pro

Asp

Pro

385

Glu

Thr

Cys

Phe

Asn

290

Val

Gly

Glu

Arg

Lys

370

Trp

Thr

Gln

Lys

Gly

275

Met

Ile

Lys

Ala

Thr

355

Ala

Leu

Leu

Gly

His

260

Lys

Glu

Thr

His

Glu

340

Gly

Trp

Pro

Val

Glu

245

Ser

Gly

Gly

Pro

Gly

325

Leu

Leu

Leu

Gly

Thr

230

Pro

Met

Gly

Lys

His

310

Lys

Thr

Asp

Val

Ala

390

Phe

Ser

Val

Ile

Xaa

295

Ser

Glu

Gly

Phe

His

375

Asp

Lys

Leu

Asp

Val

280

Val

Gly

Ile

Tyr

Asn

360

Arg

Thr

Asn

Asn

Arg

265

Thr

Gln

Glu

Lys

Gly

345

Glu

Gln

Gln

Pro

7

Glu

250

Gly

Cys

Pro

Glu

Ile

330

Thr

Met

Trp

Gly

His

235

Glu

Trp

Ala

Glu

His

315

Thr

Val

Val

Phe

Ser

395

Ala

Gln

Gly

Met

Asn

300

Ala

Pro

Thr

Leu

Leu

380

Asn

Lys

Asn

Phe

285

Leu

Val

Gln

Met

Leu

365

Asp

Trp

Lys

Lys

Gly

270

Thr

Glu

Gly

Ser

Glu

350

Gln

Leu

Ile

Gln

Arg

255

Cys

Cys

Tyr

Asn

Ser

335

Cys

Met

Pro

Gln

Asp

240

Phe

Gly

Lys

Thr

Asp

320

Ile

Ser

Glu

Leu

Lys

400

Val
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[0011]

Val

Ala

Leu

Tyr

465

Thr

Ser

Val

Ser

Ile

545

Gly

Arg

Val

Thr

Lys

450

Ser

Gln

Pro

Leu

Pro

530

Ile

Ser

Met

Leu

Glu

435

Cys

Met

His

Cys

Gly

515

Val

Gly

Ser

Ala

Gly

420

Ile

Arg

Cys

Gly

Lys

500

Arg

Asn

Val

Ile

Ile

405

Ser

Gln

Leu

Thr

Thr

485

Ile

Leu

Ile

Glu

Gly

565

Leu

Gln

Met

Arg

Gly

470

Ile

Pro

Ile

Glu

Pro

550

Gln

Gly

Glu

Ser

Met

455

Lys

Val

Phe

Thr

Ala

535

Gly

Met

Asp

Gly

Ser

440

Asp

Phe

Ile

Glu

Val

520

Glu

Gln

Phe

Thr

Ala

425

Gly

Lys

Lys

Arg

Ile

505

Asn

Pro

Leu

Glu

Ala

78

410

Met

Asn

Leu

Xaa

Val

490

Met

Pro

Pro

Lys

Thr

570

Trp

His

Leu

Gln

Val

475

Gln

Asp

Ile

Phe

Leu

555

Thr

Asp

Thr

Leu

Leu

460

Lys

Tyr

Leu

Val

Gly

940

Asn

Met

Phe

Ala

Phe

445

Lys

Glu

Glu

Glu

Thr

525

Asp

Trp

Arg

Gly

Leu

430

Thr

Gly

Ile

Gly

Lys

510

Glu

Ser

Phe

Gly

Ser

415

Thr

Gly

Met

Ala

Asp

495

Arg

Lys

Tyr

Lys

Ala

575

Leu

Gly

His

Ser

Glu

480

Gly

His

Asp

Ile

Lys

560

Lys

Gly



CN 104812408 A ﬁ 5” i"% 11/71 71

580 985 590

Gly Val Phe Thr Ser Ile Gly Lys Ala Leu His Gln Val Phe Gly Ala
595 600 605

Ile Tyr Gly Ala Ala Phe Ser Gly Val Ser Trp Thr Met Lys Ile Leu
610 615 620

Ile Gly Val Ile Ile Thr Trp Ile Gly Met Asn Ser Arg Ser Thr Ser
625 630 635 640

Leu Ser Val Ser Leu Val Leu Val Gly Val Val Thr Leu Tyr Leu Gly
645 650 655

Val Met Val Gln Ala
660

210> 4
211> 1983
<212> DNA

Q213> AILFH|

220>
223> prM+E LAV2

<400> 4

ttccatttaa ccacacgtaa cggagaacca cacatgatcg tcagcagaca agagaaaggg 60
aaaagtcttc tgtttaaaac agaggttgge gtgaacatgt gtaccctcat ggccatggac 120
cttggtgaat tgtgtgaaga cacaatcacg tacaagtgtc cccttctcag gcagaatgag 180
ccagaagaca tagactgttg gtgcaactct acgtccacgt gggtaactta tgggacgtgt 240
accaccatgg gagaacatag aagagaaaaa agatcagtgg cactcgttcc acatgtggga 300
atgggactgg agacacgaac tgaaacatgg atgtcatcag aaggggcctg gaaacatgtc 360

[0012]

79
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[0013]

cagagaattg

gcatacacca

gtcactcctt

gtttcaggag

gCaaaaaaca

accctaagga

ccaacacaag

tccatggtag

acctgtgcta

ttggaataca

acaggaaaac

ttgacaggtt

gagatggtgt

gacctgeegt

gagacattgg

tcccaagaag

ggaaacttac

aaaggaatgt

acacaacatg

ateeettttg

aacccaattg

gacagctaca

aaacttggat

taggaacgac

caatgacaat

gaagctgggt

aaccaacatt

agtactgtat

gggaacccag

acagaggatg

tgttcagatg

ccattgtgat

atggcaagga

atggcactgt

tgctgeagat

taccatggtt

tcactttcaa

gggecatgea

tcttcacagg

catactctat

gaacaatagt

agataatgga

tgacagaaaa

tcatcatagg

cttgagacat

acatttccaa

gcgttgeata

tgacatagtc

ggattttgaa

agaggcaaag

cctaaatgaa

gggaaatgga

Ccaaaaagaac

aacacctcac

aatcaaaata

cacaatggag

ggaaaataaa

gCCcCcggagey

aaatccccat

cacagcactt

acatctcaag

gtgcacagga

tatcagagtg

tttggaaaaa

agatagccca

agtagagccg

ccaggcttca

agagccctga

ggaatgtcaa

ttagaacatg

ctgataaaaa

ctaaccaaca

gagcaggaca

tgtggactat

atggaaggaa

tcaggggaag

acaccCacCaga

tgctetccaa

gcttggetgg

gacacacaag

gcgaagaaac

acaggggceca

tgcaggetga

aagtttaaag

caatatgaag

agacatgtct

gtcaacatag

ggacaactga

80

ccatgatggce

ttttcatctt

atagagactt

gaagctgtgt

cagaagccaa

CaaCaacaga

aaaggttcgt

ttggaaaggg

aagttgtgca

agcatgcagt

gttccatcac

gaacgggcct

tgcacaggca

ggtcaaattg

aggatgttgt

cagaaatcca

gaatggacaa

ttgtgaagga

gggacggetce

taggtcgect

aagcagaacc

agctcaactg

agcaatcctg

actgacagct

tgtggaaggsg

gacgacgatg

acagcctgee

atctcgetge

ctgcaaacac

aggcattgtg

acCagaaaac

cggaaatgac

agaagcagaa

cgacttcaat

atggttecta

gatacagaaa

tgttttagga

aatgtcatca

gctacagete

aatagcagaa

tccatgcaag

gattacagtc

tccatttgga

gtttaagaaa

420

480

940

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680
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[0014]

ggaagttcta

ttaggtgaca

geteteedace

atgaaaatcc

ctgtctgtga

gee

210> 5

211>

21z
<213>

DNA

220>

223>

<400> 5
ttccatttaa

aaaagtctte

cttggtgaat

ccagaagaca

accaccacag

atgggactgg

cagagaattg

gcatatacca

gttgctectt

gtttcaggag

gcaaaaaata

1983

A&

tcggeccaaat

cagcctggga

aagtctttgg

tcataggagt

cactagtatt

]l

prM+E BID/V585

ccacacgtaa

tgtttaaaac

tgtgtgaaga

tagattgttg

gagaacacag

agacacgaac

aaacctggat

taggaacgac

caatgacaat

gaagttgggt

aaccaacatt

gtttgagaca acaatgaggg gggcgaagag

ttttggatcc ttgggaggag tgtttacatc

agcaatctat ggagctgecct tcagtggggt

cattatcaca tggataggaa tgaattcacg

ggtgggaatt gtgacactgt atttgggagt

tggagaacca

agaggatggt

tacaatcacg

gtgcaactct

aagagaaaaa

tgaaacatgg

cttgagacat

acatttccaa

gcgttgeata

tgacatagtc

ggattttgaa

cacatgatcg

gttaacatgt

tacaagtgcce

acgtccacat

agatcagtgg

atgtcatcag

ccaggcttta

agggctctga

ggaatatcaa

ttagaacatg

ctgataaaaa

81

ttggtaggca

gcacccteat

ccetecteag

gggtaactta

cactecgttec

aaggggecetg

ccataatggce

tcttcatttt

atagagactt

gaagttgtgt

cagaagccaa

aatggccatt

tataggaaag

ttcatggact

cagcacctca

catggtgcag

agagaaaggsg

ggccatagac

gcaaaatgaa

tgggacatgt

acatgtgggc

gaaacatgtt

agcaatcctg

actgacagcc

cgtagaaggg

gacgacgatg

acaacctgcce

1740

1800

1860

1920

1980

1983

60

120

180

240

300

360

420

480

540

600

660
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[0015]

actctaagga

ccaacacaag

tccatggtag

acctgtgcta

ctggaataca

acaggaaagc

ctgacaggct

gagatggtac

gacctgecgt

gagacgttgg

tctcaagaag

ggaaacttac

aaaggaatgt

acacaacatg

attccttttg

aacccaatcg

gacagctaca

ggaagttcca

ttaggtgaca

getetecace

atgaaaatcc

ctgtectgtgt

agtactgtat

gggaacccag

acagaggatg

tgttcacatg

ccatcgtgat

atggcaagga

atggcactgt

tgctgecagat

taccatggct

tcactttcaa

gggccatgea

tgttcacagg

catactctat

gaacaatagt

agataatgga

taacagaaaa

tcatcatagg

ttggccaaat

cagcctggga

aagttttcgg

tcataggagt

cactagtatt

agaagcaaag ctgaccaata caacaacaga

tctaaatgaa

gggaaatgga

Ccaaaaagaac

aacacctcac

aatcaaaata

cacgatggag

ggaagacaaa

acccggagceg

aaatccccac

cacggcactt

acatctcaag

gtgtacagga

tatcagagta

tttggaaaaa

agatagccca

agtagagcecg

gtttgagaca

ttttggatce

agcaatctat

tattatcaca

ggtgggagte

gagcaggaca

tgtggattat

atggaaggaa

tcaggagaag

acaccacaga

tgcteteega

gcttggetgg

gacacacaag

gcgaagaaac

acaggggcca

tgtaggctga

aagtttaaaa

caatatgaag

agacacgtcc

gtcaacatag

ggacaattga

acaatgagag

ctgggaggag

ggggetgett

tggataggaa

gtgacactgt

82

aaaggttcat

ttggaaaggg

aagtcgtgca

agcacgctgt

gctecatcac

gaacgggect

tgcacaggca

gatcaaattg

aggacgtcgt

cagaaatcca

gaatggacaa

ttgtgaagga

gggacggcete

taggtcgecet

aagcagaacc

aactcaattg

gagcgaagag

tgtttacatce

ttagtggggt

tgaattcacg

acttgggggt

atctcgttge

ctgcaaacac

aggcattgtg

gccagaaaat

aggtaatgac

agaagcagaa

cgacttcaat

atggttccta

gatacagaaa

tgttttagga

gatgtcatca

attacagctt

aatagcagaa

tccatgtaag

gattacagtg

tccattegga

gttcaagaag

aatggccatt

tataggaaag

ctcatggact

tagcacctca

tatggtgcag

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980



CN 104812408 A FF 3l 15/71 7
get 1983
210> 6
211> 1983
<212> DNA
213> AHF7
220>
<223> prM+E PR/DB023
<400> 6
ttccatttaa ccacacgtaa tggagaacca cacatgatcg ttggtaggca agagaaaggg 60
aaaagtcttc tgttcaaaac agaggatggt gttaacatgt gtaccctcat ggccatagac 120
cttggtgaat tgtgtgaaga tacaatcacg tacaagtgcc ccctcecctcag gcaaaatgaa 180
ccagaagaca tagattgttg gtgcaactct acgtccacat gggtaactta tgggacatgt 240
accaccacag gagaacacag aagagaaaaa agatcagtgg cactcgttcc acatgtggge 300
atgggactgg agacacgaac tgaaacatgg atgtcatcag aaggggcctg gaaacatgtt 360
cagagaattg aaacctggat attgagacat ccaggcttta ccataatggc agcaatcctg 420
gcatatacca taggaacgac acatttccaa agggctctga tcttcatttt actgacagcee 480
gtcgetectt caatgacaat gegttgcata ggaatatcaa atagagactt cgtagaaggg 540
gtttcaggag gaagttgggt tgacatagtc ttagaacatg gaagttgtgt gacgacgatg 600
gcaaaaaata aaccaacatt ggattttgaa ctgataaaaa cagaagccaa acaacctgcce 660
actctaagga agtactgtat agaagcaaag ctgaccaata caacaacaga atctcgttgce 720
ccaacacaag gggaacccag tctaaatgaa gagcaggaca aaaggttcat ctgcaaacac 780
tccatggtag acagaggatg gggaaatgga tgtggattat ttggaaaagg aggcattgta 840
acctgtgcta tgttcacatg caaaaagaac atggaaggaa aagttgtgct gccagaaaat 900
ctggaataca ccatcgtgat aacacctcac tcaggagaag agcacgctgt aggtaatgac 960

[0016]
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acaggaaaac atggcaagga aattaaaata acaccacaga gttccatcac agaagcagaa 1020
ctgacagget atggcactgt cacgatggag tgctctcecga gaacgggect cgacttcaat 1080
gagatggtge tgctgcagat ggaagacaaa gecctggetgg tgcacaggea atggttccta 1140
gatctgecegt taccatgget acccggageg gacacacaag gatcaaattg gatacagaaa 1200
gagacgttgg tcactttcaa aaatccccac gcgaagaaac aggacgtcgt tgttttagga 1260
tctcaagaag gggccatgca cacggecactt acaggggcca cagaaatcca gatgtcatca 1320
ggaaacttac tgttcacagg acatctcaag tgtaggctga gaatggacaa attacagctt 1380
aaaggaatgt catactctat gtgtacagga aagtttaaaa ttgtgaagga aatagcagaa 1440
acacaacatg gaacaatagt tatcagagta caatatgaag gggacggctc tccatgtaag 1500
attccttttg agataatgga tttagaaaaa agacacgtcc taggtcgect gattacagtg 1560
aacccaatcg taacagaaaa agatagccca gtcaacatag aagcagaacc tccattcgga 1620
gacagctaca tcatcatagg agtagagccg ggacaattga aactcaattg gttcaagaag 1680
ggaagttcca ttggccaaat gtttgagaca acaatgagag gagcgaagag aatggccatt 1740
ttaggtgaca cagcctggga ttttggatce ctgggaggag tgtttacatc tataggaaag 1800
gctctccace aagttttcgg agcaatctat ggggctgett ttagtggggt ctcatggact 1860
atgaaaatcc tcataggagt tatcatcaca tggataggaa tgaattcacg tagcacctca 1920
ctgtctgtgt cactagtatt ggtgggagtc gtgacactgt acttgggggt tatggtgecag 1980
get 1983
210> 7
211> 1983
<212> DNA
213> AtFF
220>
223> prM+E MD1280

[0017]
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<400> 7

ttccatttaa ccacacgaaa tggagaacca cacatgatcg ttggcagaca agagaaaggg 60
aaaagccttec tgtttaaaac agaggatggt gtgaacatgt gtaccctcat ggccattgat 120
cttggtgaat tgtgtgaaga tacaatcacg tacaagtgcc ccctectcag gcagaatgaa 180
ccagaagata tagattgttg gtgcaactcc acgtccacat gggtaactta tgggacgtgt 240
accaccacag gagaacacag aagagaaaaa agatcagtgg cactcgttcce acatgtgggt 300
atgggactgg agacacgaac tgaaacatgg atgtcgtcag aaggggccetg gaaacacgcet 360
cagagaattg aaacttggat cttgagacat ccaggcttta ccataatggce agcaatcctg 420
gcatataccg taggaacgac acatttccaa agggccctga ttttcatett actggecaget 480
gtcgeteectt caatgacaat gegttgecata ggaatatcaa atagagactt tgtagaaggg 540
gtttcaggag gaagctgggt tgacatagtc ttagaacatg gaagttgtgt gacgacaatg 600
gcaaaaaata aaccaacact ggattttgaa ctgataaaaa cagaagccaa acaacctgcec 660
actctaagga agtactgtat agaggcaaag ctgaccaata caacaacaga atctcgttge 720
ccaacacaag gggaacccag tctaaatgaa gagcaggaca aaaggttcgt ctgcaaacac 780
tccatggtag acagaggatg gggaaatgga tgtggattat ttggaaaggg aggcattgtg 840
acctgtgeta tgttcacatg caaaaagaac atggaaggaa aaatcgtgceca accagaaaat 900
ttggaataca ccatcgtgat aacacctcac tcaggagaag agcacgctgt aggtaatgac 960
acaggaaaac atggtaagga aattaaaata acaccacaga gttccatcac agaagcagaa 1020
ctgacaggct atggcacagt cacgatggag tgctctcecga gaacgggect tgacttcaat 1080
gagatggtge tgctgcagat ggaagataaa gcttggetgg tgcacaggea atggttecta 1140
gacctgeegt taccatgget acccggageg gacacacaag gatcaaattg gatacagaaa 1200
gagacattgg tcactttcaa aaatccccac gcgaagaage aggatgtcegt tgttttagga 1260

[0018]
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tctcaagaag gagccatgca cacggcactc acaggggceca cagaaatcca gatgtcatca 1320
ggaaacttac tattcacagg acatctcaaa tgcaggctga gaatggacaa actacagctc 1380
aaaggaatgt catactctat gtgtacagga aagtttaaaa ttgtgaagga aatagcagaa 1440
acacaacatg gaacaatagt tatcagagta caatatgaag gagacggctc tccatgtaag 1500
atcccttttg aaataatgga tttggaaaaa agacatgtct taggtcgect gattacagtt 1560
aatccgatcg taacagaaaa agatagccca gtcaacatag aagcagaacc tccattcgga 1620
gacagctaca tcattatagg agtagagccg ggacaattga aactcaactg gttcaagaaa 1680
ggaagttcca tcggccaaat gtttgagacg acaatgagag gagcaaagag aatggccatt 1740
ttaggtgaca cagcctggga ttttggatct ctgggaggag tgtttacatc tataggaaag 1800
gctetecace aagttttegg agcaatctat ggggetgect ttagtggggt ttcatggact 1860
atgaaaatcc tcataggagt catcatcaca tggataggaa tgaattcacg tagcacctca 1920
ctgtctgtgt cactagtatt ggtgggaatc ataacactgt acttgggagc tatggtgcag 1980
gct 1983
<210> 8
211> 661
212> PRT
213> A3
220>
223> prM+E LAV2
<400> 8

[0019]

Phe His Leu Thr Thr Arg Asn Gly Glu Pro His Met Ile Val Ser Arg

1

5

10

15

Gln Glu Lys Gly Lys Ser Leu Leu Phe Lys Thr Glu Val Gly Val Asn
25

20

86
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[0020]

Met

Ile

Asp

65

Thr

Pro

Ser

Arg

Gly

145

Val

Phe

His

Cys

Thr

50

Cys

Thr

His

Glu

His

130

Thr

Thr

Val

Gly

Thr

35

Tyr

Trp

Met

Val

Gly

115

Pro

Thr

Pro

Glu

Ser
195

Leu

Lys

Cys

Gly

Gly

100

Ala

Gly

His

Ser

Gly

180

Cys

Met

Cys

Asn

Glu

85

Met

Trp

Phe

Phe

Met

165

Val

Val

Ala

Pro

Ser

70

His

Gly

Lys

Thr

Gln

150

Thr

Ser

Thr

Met Asp Leu Gly

Leu

55

Thr

Arg

Leu

His

Met

135

Met

Gly

Thr

40

Leu Arg

Ser Thr

Arg Glu

Glu Thr
105

Val Gln
120

Met Ala

Ala Leu

Arg Cys

Gly Ser

185

Met Ala
200

87

Gln

Trp

Lys

90

Arg

Ala

Ile

Ile

170

Trp

Lys

Glu

Asn

Val

5

Arg

Thr

Ile

Ile

Phe

1565

Gly

Val

Asn

Leu

Glu

60

Thr

Ser

Glu

Glu

Leu

140

Ile

Met

Asp

Lys

Cys

45

Pro

Tyr

Val

Thr

Thr

125

Ala

Leu

Ser

Ile

Pro
205

Glu

Glu

Gly

Ala

Trp

110

Trp

Tyr

Leu

Asn

Val

190

Thr

Asp

Asp

Thr

Leu

95

Met

Ile

Thr

Thr

Arg

175

Leu

Leu

Thr

Ile

Cys

80

Val

Ser

Leu

Ile

Ala

160

Asp

Glu

Asp
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[0021]

Phe

Tyr

225

Pro

Val

Leu

Lys

Ile

305

Thr

Thr

Pro

Asn

Glu

210

Cys

Thr

Cys

Phe

Asn

290

Val

Gly

Glu

Arg

Lys
370

Leu

Ile

Gln

Lys

Gly

275

Met

Ile

Lys

Ala

Thr

355

Ala

Ile

Glu

Gly

His

260

Lys

Glu

Thr

His

Glu

340

Gly

Trp

Lys

Ala

Glu

245

Ser

Gly

Gly

Pro

Gly

325

Leu

Leu

Leu

Thr

Lys

230

Pro

Met

Gly

Lys

His

310

Lys

Thr

Asp

Val

Glu Ala Lys

215

Leu

Ser

Val

Ile

Val

295

Ser

Glu

Gly

Phe

His
375

Thr

Leu

Asp

Val

280

Val

Gly

Ile

Tyr

Asn

360

Arg

Asn

Asn

Arg

265

Thr

Gln

Glu

Lys

Gly

345

Glu

Gln

88

Gln

Thr

Glu

250

Gly

Cys

Pro

Glu

Ile

330

Thr

Met

Trp

Pro

Thr

235

Glu

Trp

Ala

Glu

His

315

Thr

Val

Val

Phe

Ala

220

Thr

Gln

Gly

Met

Asn

300

Ala

Pro

Thr

Leu

Leu
380

Thr

Glu

Asp

Asn

Phe

285

Leu

Val

Gln

Met

Leu

365

Asp

Leu

Ser

Lys

Gly

270

Arg

Glu

Gly

Ser

Glu

350

Gln

Leu

Arg

Arg

Arg

255

Cys

Cys

Tyr

Asn

Ser

335

Cys

Met

Pro

Lys

Cys

240

Phe

Gly

Lys

Thr

Asp

320

Ile

Ser

Glu

Leu
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[0022]

Pro

385

Glu

Val

Ala

Leu

Tyr

465

Thr

Ser

Val

Ser

Ile
545

Trp

Thr

Val

Thr

Lys

450

Ser

Gln

Pro

Leu

Pro

530

Ile

Leu

Leu

Leu

Glu

435

Cys

Met

His

Cys

Gly

515

Val

Gly

Pro

Val

Gly

420

Ile

Arg

Cys

Gly

Lys

500

Arg

Asn

Val

Gly

Thr

405

Ser

Gln

Leu

Thr

Thr

485

Ile

Leu

Ile

Glu

Ala Asp Thr Gln Gly

390

Phe

Gln

Met

Arg

Gly

470

Ile

Pro

Ile

Glu

Pro
550

Lys

Glu

Ser

Met

455

Lys

Val

Phe

Thr

Ala

535

Gly

Asn

Gly

Ser

440

Asp

Phe

Ile

Glu

Val

520

Glu

Gln

Pro

Ala

425

Gly

Lys

Lys

Arg

Ile

505

Asn

Pro

Leu

89

His

410

Met

Asn

Leu

Val

Val

490

Met

Pro

Pro

Lys

Ser

3956

Ala

His

Leu

Gln

Val

475

Gln

Asp

Ile

Phe

Leu
555

Asn

Lys

Thr

Leu

Leu

460

Lys

Tyr

Leu

Val

Gly

540

Asn

Trp

Lys

Ala

Phe

4435

Lys

Glu

Glu

Glu

Thr

525

Asp

Trp

Ile

Gln

Leu

430

Thr

Gly

Ile

Gly

Lys

510

Glu

Ser

Phe

Gln

Asp

415

Thr

Gly

Met

Ala

Asp

495

Arg

Lys

Tyr

Lys

Lys

400

Val

Gly

His

Ser

Glu

480

Gly

His

Asp

Ile

Lys
560
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[0023]

Gly

Arg

Gly

Ile

Ile

625

Leu

Val

Ser

Met

Val

Tyr

610

Gly

Ser

Met

210>
211>
al2>
213>

220>
223>

<400>

Ser Ile

Ala Ile
580

Phe Thr
595

Gly Ala

Val Ile

Val Thr

Val Gln
660

9
661
PRT
NHEFF

Gly

565

Leu

Ser

Ala

Ile

Leu
645

Ala

Gln Met Phe Glu Thr

Gly Asp

Ile Gly

Phe Ser
615

Thr Trp
630

Val Leu

prM+E BID/V585

Thr Ala
585

Lys Ala

600

Gly Val

Ile Gly

Val Gly

570

Trp

Leu

Ser

Met

Ile
650

Thr Met Arg Gly

Asp Phe Gly Ser
590

His Gln Val Phe
605

Trp Thr Met Lys
620

Asn Ser Arg Ser
635

Val Thr Leu Tyr

Ala

575

Leu

Gly

Ile

Thr

Leu
655

Lys

Gly

Ala

Leu

Ser

640

Gly

Phe His Leu Thr Thr Arg Asn Gly Glu Pro His Met Ile Val Gly Arg

1

5

10

15

Gln Glu Lys Gly Lys Ser Leu Leu Phe Lys Thr Glu Asp Gly Val Asn

90
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[0024]

Met

Ile

Asp

65

Thr

Pro

Ser

Arg

Gly

145

Val

Phe

His

Cys

Thr

50

Cys

Thr

His

Glu

His

130

Thr

Ala

Val

Gly

Thr

35

Tyr

Trp

Thr

Val

Gly

115

Pro

Thr

Pro

Glu

Ser

20

Leu

Lys

Cys

Gly

Gly

100

Ala

Gly

His

Ser

Gly

180

Cys

Met

Cys

Asn

Glu

85

Met

Trp

Phe

Phe

Met

165

Val

Val

Ala

Pro

Ser

70

His

Gly

Lys

Thr

Gln

150

Thr

Ser

Thr

Ile

Leu

55

Thr

Arg

Leu

His

Ile

135

Arg

Met

Gly

Thr

Asp

40

Leu

Ser

Arg

Glu

Val

120

Met

Ala

Arg

Gly

Met

25

Leu

Arg

Thr

Glu

Thr

105

Gln

Ala

Leu

Cys

Ser

185

Ala

91

Gly

Gln

Trp

Lys

90

Arg

Arg

Ala

Ile

Ile

170

Trp

Lys

Glu

Asn

Val

75

Arg

Thr

Ile

Ile

Phe

155

Gly

Val

Asn

Leu

Glu

60

Thr

Ser

Glu

Glu

Leu

140

Ile

Ile

Asp

Lys

Cys

45

Pro

Tyr

Val

Thr

Thr

125

Ala

Leu

Ser

Ile

Pro

30

Glu

Glu

Gly

Ala

Trp

110

Trp

Tyr

Leu

Asn

Val

190

Thr

Asp

Asp

Thr

Leu

95

Met

Ile

Thr

Thr

Arg

175

Leu

Leu

Thr

Ile

Cys

80

Val

Ser

Leu

Ile

Ala

160

Asp

Glu

Asp
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[0025]

Phe

Tyr

225

Pro

Ile

Leu

Lys

Ile

305

Thr

Thr

Pro

Asp

Glu

210

Cys

Thr

Cys

Phe

Asn

290

Val

Gly

Glu

Arg

Lys

195

Leu

Ile

Gln

Lys

Gly

275

Met

Ile

Lys

Ala

Thr

355

Ala

Ile

Glu

Gly

His

260

Lys

Glu

Thr

His

Glu

340

Gly

Trp

Lys

Ala

Glu

245

Ser

Gly

Gly

Pro

Gly

325

Leu

Leu

Leu

Thr

Lys

230

Pro

Met

Gly

Lys

His

310

Lys

Thr

Asp

Val

Glu

215

Leu

Ser

Val

Ile

Val

295

Ser

Glu

Gly

Phe

His

200

Ala

Thr

Leu

Asp

Val

280

Val

Gly

Ile

Tyr

Asn

360

Arg

Lys

Asn

Asn

Arg

265

Thr

Gln

Glu

Lys

Gly

345

Glu

Gln

92

Gln

Thr

Glu

250

Gly

Cys

Pro

Glu

Ile

330

Thr

Met

Trp

Pro

Thr

235

Glu

Trp

Ala

Glu

His

315

Thr

Val

Val

Phe

Ala

220

Thr

Gln

Gly

Met

Asn

300

Ala

Pro

Thr

Leu

Leu

205

Thr

Glu

Asn

Phe
285

Leu

Val

Gln

Met

Leu

365

Asp

Leu

Ser

Lys

Gly

270

Thr

Glu

Gly

Ser

Glu

350

Gln

Leu

Arg

Arg

Arg

255

Cys

Cys

Tyr

Asn

Ser

335

Cys

Met

Pro

Lys

Cys

240

Phe

Gly

Lys

Thr

Asp

320

Ile

Ser

Glu

Leu
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[0026]

Pro

385

Glu

Val

Ala

Leu

Tyr

465

Thr

Ser

Val

Ser

Ile

370

Trp

Thr

Val

Thr

Lys

450

Ser

Gln

Pro

Leu

Pro

530

Ile

Leu

Leu

Leu

Glu

435

Cys

Met

His

Cys

Gly

515

Val

Gly

Pro

Val

Gly

420

Ile

Arg

Cys

Gly

Lys

500

Arg

Asn

Val

Gly

Thr

405

Ser

Gln

Leu

Thr

Thr

485

Ile

Leu

Ile

Glu

Ala

390

Phe

Gln

Met

Arg

Gly

470

Ile

Pro

Ile

Glu

Pro

375

Asp

Lys

Glu

Ser

Met

455

Lys

Val

Phe

Thr

Ala

535

Gly

Thr

Asn

Gly

Ser

440

Asp

Phe

Ile

Glu

Val

520

Glu

Gln

Gln

Pro

Ala

425

Gly

Lys

Lys

Arg

Ile

005

Asn

Pro

Leu

93

Gly

His

410

Met

Asn

Leu

Ile

Val

490

Met

Pro

Pro

Lys

Ser

395

Ala

His

Leu

Gln

Val

475

Gln

Asp

Ile

Phe

Leu

380

Asn

Lys

Thr

Leu

Leu

460

Lys

Tyr

Leu

Val

Gly

540

Asn

Trp

Lys

Ala

Phe

445

Lys

Glu

Glu

Glu

Thr

525

Asp

Trp

Ile

Gln

Leu

430

Thr

Gly

Ile

Gly

Lys

510

Glu

Ser

Phe

Gln

Asp

415

Thr

Gly

Met

Ala

Asp

495

Arg

Lys

Tyr

Lys

Lys

400

Val

Gly

His

Ser

Glu

480

Gly

His

Asp

Ile

Lys



=

CN 104812408 A ﬁ 5” 26/71 7L
545 550 5565 560
Gly Ser Ser Ile Gly Gln Met Phe Glu Thr Thr Met Arg Gly Ala Lys

565 570 575
Arg Met Ala Ile Leu Gly Asp Thr Ala Trp Asp Phe Gly Ser Leu Gly
580 585 590
Gly Val Phe Thr Ser Ile Gly Lys Ala Leu His Gln Val Phe Gly Ala
595 600 605
Ile Tyr Gly Ala Ala Phe Ser Gly Val Ser Trp Thr Met Lys Ile Leu
610 615 620
Ile Gly Val Ile Ile Thr Trp Ile Gly Met Asn Ser Arg Ser Thr Ser
625 630 635 640
Leu Ser Val Ser Leu Val Leu Val Gly Val Val Thr Leu Tyr Leu Gly
645 650 655
Val Met Val Gln Ala
660
<210> 10
211> 661
<212> PRT
213> AFEFF
220>
<223> prM+E PR/DB023
<400> 10

[0027]

Phe His Leu Thr Thr Arg Asn Gly Glu Pro His Met Ile Val Gly Arg

1

5

94

10

15
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[0028]

Gln

Met

Ile

Asp

65

Thr

Pro

Ser

Arg

Gly

145

Val

Phe

Glu

Cys

Thr

50

Cys

Thr

His

Glu

His

130

Thr

Ala

Val

Lys

Thr

35

Tyr

Trp

Thr

Val

Gly

115

Pro

Thr

Pro

Glu

Gly

20

Leu

Lys

Cys

Gly

Gly

100

Ala

Gly

His

Ser

Gly
180

Lys

Met

Cys

Asn

Glu

85

Met

Trp

Phe

Phe

Met

165

Val

Ser

Ala

Pro

Ser

70

His

Gly

Lys

Thr

Gln

150

Thr

Ser

Leu Leu Phe Lys

Ile

Leu

55

Thr

Arg

Leu

His

Ile

135

Arg

Met

Gly

25

Asp Leu
40

Leu Arg

Ser Thr

Arg Glu

Glu Thr

1056

Val Gln

120

Met Ala

Ala Leu

Arg Cys

Gly Ser
185

95

Gly

Gln

Trp

Lys

90

Arg

Ala

Ile

Ile

170

Trp

Thr

Glu

Asn

Val

5

Arg

Thr

Ile

Ile

Phe

1565

Gly

Val

Glu

Leu

Glu

60

Thr

Ser

Glu

Glu

Leu

140

Ile

Ile

Asp

Asp

Cys

45

Pro

Tyr

Val

Thr

Thr

125

Ala

Leu

Ser

Ile

Gly

30

Glu

Glu

Gly

Ala

110

Trp

Tyr

Leu

Asn

Val
190

Val

Asp

Asp

Thr

Leu

95

Met

Ile

Thr

Thr

Arg

175

Leu

Asn

Thr

Ile

Cys

80

Val

Ser

Leu

Ile

Ala

160

Asp

Glu
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[0029]

His

Phe

Tyr

228

Pro

Ile

Leu

Lys

Ile

305

Thr

Thr

Pro

Gly

Glu

210

Cys

Thr

Cys

Phe

Asn

290

Val

Gly

Glu

Arg

Ser

195

Leu

Ile

Gln

Lys

Gly

275

Met

Ile

Lys

Ala

Thr
355

Cys

Ile

Glu

Gly

His

260

Lys

Glu

Thr

His

Glu

340

Gly

Val

Lys

Ala

Glu

245

Ser

Gly

Gly

Pro

Gly

325

Leu

Leu

Thr

Thr

Lys

230

Pro

Met

Gly

Lys

His

310

Lys

Thr

Asp

Thr Met Ala Lys

Glu

215

Leu

Ser

Val

Ile

Val

295

Ser

Glu

Gly

Phe

200

Ala

Thr

Leu

Asp

Val

280

Val

Gly

Ile

Tyr

Asn
360

Lys

Asn

Asn

Arg

265

Thr

Leu

Glu

Lys

Gly

345

Glu

96

Gln

Thr

Glu

250

Gly

Cys

Pro

Glu

Ile

330

Thr

Met

Asn

Pro

Thr

235

Glu

Trp

Ala

Glu

His

315

Thr

Val

Val

Lys

Ala

220

Thr

Gln

Gly

Met

Asn

300

Ala

Pro

Thr

Leu

Pro

205

Thr

Glu

Asp

Asn

Phe

285

Leu

Val

Gln

Met

Leu
365

Thr

Leu

Ser

Lys

Gly

270

Thr

Glu

Gly

Ser

Glu

350

Gln

Leu

Arg

Arg

Arg

255

Cys

Cys

Tyr

Asn

Ser

335

Cys

Met

Asp

Lys

Cys

240

Phe

Gly

Lys

Thr

Asp

320

Ile

Ser

Glu
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[0030]

Asp

Pro

385

Glu

Val

Ala

Leu

Tyr

465

Thr

Ser

Val

Ser

Lys

370

Trp

Thr

Val

Thr

Lys

450

Ser

Gln

Pro

Leu

Pro
530

Ala

Leu

Leu

Leu

Glu

435

Cys

Met

His

Cys

Gly

515

Val

Trp

Pro

Val

Gly

420

Ile

Arg

Cys

Gly

Lys

500

Arg

Asn

Leu

Gly

Thr

405

Ser

Gln

Leu

Thr

Thr

485

Ile

Leu

Ile

Val

Ala

390

Phe

Gln

Met

Arg

Gly

470

Ile

Pro

Ile

Glu

His Arg Gln Trp

375

Asp

Lys

Glu

Ser

Met

455

Lys

Val

Phe

Thr

Ala
535

Thr

Asn

Gly

Ser

440

Asp

Phe

Ile

Glu

Val

520

Glu

Gln

Pro

Ala

425

Gly

Lys

Lys

Arg

Ile

505

Asn

Pro

97

Gly

His

410

Met

Asn

Leu

Ile

Val

490

Met

Pro

Pro

Phe

Ser

396

Ala

His

Leu

Gln

Val

475

Gln

Asp

Ile

Phe

Leu

380

Asn

Lys

Thr

Leu

Leu

460

Lys

Tyr

Leu

Val

Gly
540

Asp

Trp

Lys

Ala

Phe

445

Lys

Glu

Glu

Glu

Thr

525

Asp

Leu

Ile

Gln

Leu

430

Thr

Gly

Ile

Gly

Lys

510

Glu

Ser

Pro

Gln

Asp

415

Thr

Gly

Met

Ala

Asp

495

Arg

Lys

Tyr

Leu

Lys

400

Val

Gly

His

Ser

Glu

480

Gly

His

Asp

Ile
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[0031]

Ile

545

Gly

Arg

Gly

Ile

Ile

625

Leu

Val

Ile

Ser

Met

Val

Tyr

610

Gly

Ser

Met

210>
211>
212>
213>

220>
223>

<400>

Gly Val

Ser Ile

Ala Ile
580

Phe Thr
595

Gly Ala

Val Tle

Val Ser

Val Gln
660

11
661
PRT
NHEFP3

Glu

Gly

565

Leu

Ser

Ala

Ile

Leu

645

Ala

prM+E MD1280

11

Pro Gly Gln Leu Lys

550

Gln Met

Gly Asp

Ile Gly

Phe Ser
615

Thr Trp
630

Val Leu

Phe Glu

Thr Ala
585

Lys Ala

600

Gly Val

Ile Gly

Val Gly

Thr

570

Trp

Leu

Ser

Met

Val
650

Leu
555

Thr

Asp

His

Trp

Asn

635

Val

Asn

Met

Phe

Gln

Thr

620

Ser

Thr

Trp

Arg

Gly

Val

605

Met

Arg

Leu

Phe

Gly

Ser

590

Phe

Lys

Ser

Tyr

Lys

Ala

575

Leu

Gly

Ile

Thr

Leu
655

Lys

560

Lys

Gly

Ala

Leu

Ser

640

Gly

Phe His Leu Thr Thr Arg Asn Gly Glu Pro His Met Ile Val Gly Arg

98
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[0032]

Gln

Met

Ile

Asp

65

Thr

Pro

Ser

Arg

Gly

145

Val

Phe

Glu

Cys

Thr

o0

Cys

Thr

His

Glu

His

130

Thr

Ala

Val

Lys

Thr

35

Tyr

Trp

Thr

Val

Gly

115

Pro

Thr

Pro

Glu

Gly

20

Leu

Lys

Cys

Gly

Gly

100

Ala

Gly

His

Ser

Gly

Lys

Met

Cys

Asn

Glu

85

Met

Trp

Phe

Phe

Met

165

Val

Ser Leu

Ala Ile

Pro Leu
55

Ser Thr
70

His Arg

Gly Leu

Lys His

Thr Ile
135

Gln Arg
150

Thr Met

Ser Gly

Leu Phe
25

Asp Leu

40

Leu Arg

Ser Thr

Arg Glu

Glu Thr

105

Ala Gln

120

Met Ala

Ala Leu

Arg Cys

Gly Ser

99

10

Lys

Gly

Gln

Trp

Lys

90

Arg

Arg

Ala

Ile

Ile

170

Trp

Thr

Glu

Asn

Val

75

Arg

Thr

Ile

Ile

Phe

155

Gly

Val

Glu

Leu

Glu

60

Thr

Ser

Glu

Glu

Leu

140

Ile

Ile

Asp

Cys

45

Pro

Tyr

Val

Thr

Thr

125

Ala

Leu

Ser

Ile

Gly

30

Glu

Glu

Gly

Ala

Trp

110

Trp

Tyr

Leu

Asn

Val

15

Val

Asp

Asp

Thr

Leu

95

Met

Ile

Thr

Ala

Arg

175

Leu

Asn

Thr

Ile

Cys

80

Val

Ser

Leu

Val

Ala

160

Asp

Glu
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[0033]

His

Phe

Tyr

225

Pro

Val

Leu

Lys

Ile

305

Thr

Thr

Pro

Gly

Glu

210

Cys

Thr

Cys

Phe

Asn

290

Val

Gly

Glu

Arg

Ser

195

Leu

Ile

Gln

Lys

Gly

275

Met

Ile

Lys

Ala

Thr

180

Cys

Ile

Glu

Gly

His

260

Lys

Glu

Tht

His

Glu

340

Gly

Val

Lys

Ala

Glu

245

Ser

Gly

Gly

Pro

Gly

325

Leu

Leu

Thr

Thr

Lys

230

Pro

Met

Gly

Lys

His

310

Lys

Thr

Asp

Thr

Glu

215

Leu

Ser

Val

Ile

Ile

295

Ser

Glu

Gly

Phe

Met

200

Ala

Thr

Leu

Asp

Val

280

Val

Gly

Ile

Tyr

Asn

185

Ala

Lys

Asn

Asn

Arg

265

Thr

Gln

Glu

Lys

Gly

345

Glu

100

Lys

Gln

Thr

Glu

250

Gly

Cys

Pro

Glu

Ile

330

Thr

Met

Asn

Pro

Thr

235

Glu

Trp

Ala

Glu

His

315

Thr

Val

Val

Lys

Ala

220

Thr

Gln

Gly

Met

Asn

300

Ala

Pro

Thr

Leu

Pro

205

Thr

Glu

Asp

Asn

Phe

285

Leu

Val

Gln

Met

Leu

190

Thr

Leu

Ser

Lys

Gly

270

Thr

Glu

Gly

Ser

Glu

350

Gln

Leu

Arg

Arg

Arg

255

Cys

Cys

Tyr

Asn

Ser

335

Cys

Met

Asp

Lys

Cys

240

Phe

Gly

Lys

Thr

Asp

320

Ile

Ser

Glu
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[0034]

Asp

Pro

385

Glu

Val

Ala

Leu

Tyr

465

Thr

Ser

Val

Ser

Lys

370

Trp

Thr

Val

Thr

Lys

450

Ser

Gln

Pro

Leu

Pro

355

Ala

Leu

Leu

Leu

Glu

435

Cys

Met

His

Cys

Gly

515

Val

Trp

Pro

Val

Gly

420

Ile

Arg

Cys

Gly

Lys

500

Arg

Asn

Leu

Gly

Thr

405

Ser

Gln

Leu

Thr

Thr

485

Ile

Leu

Ile

Val

Ala

390

Phe

Gln

Met

Arg

Gly

470

Ile

Pro

Ile

Glu

His

375

Asp

Lys

Glu

Ser

Met

455

Lys

Val

Phe

Thr

Ala

360

Arg

Thr

Asn

Gly

Ser

440

Asp

Phe

Ile

Glu

Val

520

Glu

Gln

Gln

Pro

Ala

475

Gly

Lys

Lys

Arg

Ile

505

Asn

Pro

101

Trp

Gly

His

410

Met

Asn

Leu

Ile

Val

490

Met

Pro

Pro

Phe

Ser

395

Ala

His

Leu

Gln

Val

475

Gln

Asp

Ile

Phe

Leu

380

Asn

Lys

Thr

Leu

Leu

460

Lys

Tyr

Leu

Val

Gly

365

Asp

Trp

Lys

Ala

Phe

445

Lys

Glu

Glu

Glu

Thr

925

Asp

Leu

Ile

Gln

Leu

430

Thr

Gly

Ile

Gly

Lys

510

Glu

Ser

Pro

Gln

Asp

415

Thr

Gly

Met

Ala

Asp

495

Arg

Lys

Tyr

Leu

Lys

400

Val

Gly

His

Ser

Glu

480

Gly

His

Asp

Ile
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[0035]

Ile

545

Gly

Arg

Gly

Ile

Ile

625

Leu

Ala

530

Ile

Ser

Met

Val

Tyr

610

Gly

Ser

Met

210>
211>
212>
213>

220>
223>

Gly

Ser

Ala

Phe

595

Gly

Val

Val

Val

12
495
PRT

Val

Ile

Ile

580

Thr

Ala

Ile

Ser

Gln
660

AFLFF

E @A

Glu

Gly

565

Leu

Ser

Ala

Ile

Leu

645

Ala

Pro

550

Gln

Gly

Ile

Phe

Thr

630

Val

535

Gly

Met

Asp

Gly

Ser

615

Trp

Leu

Gln

Phe

Thr

Lys

600

Gly

Ile

Val

Leu

Glu

Ala

585

Ala

Val

Gly

Gly

102

Lys

Thr

570

Trp

Leu

Ser

Met

Ile
650

Leu
555

Thr

Asp

His

Trp

Asn

635

Ile

540

Asn

Met

Phe

Gln

Thr

620

Ser

Thr

Trp

Arg

Gly

Val

605

Met

Arg

Leu

Phe

Gly

Ser

590

Phe

Lys

Ser

Tyr

Lys

Ala

575

Leu

Gly

Ile

Thr

Leu
655

Lys

560

Lys

Gly

Ala

Leu

Ser

640

Gly
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[0036]

220>
Q21>
<2225
223>
220>
21z
222>
223>
<400>
Met Arg

1

Gly Gly

Thr Met

Glu Ala

50

Leu Thr

65

Ser Leu

Val Asp

Ile Val

AR

(129).. (129)
Xaa AT L& Val 8% Tle

AR

(308) .. (308)
Xaa AT L& Val 8% Tle

12

Cys

Ser

Ala

35

Lys

Asn

Asn

Arg

Thr
115

Ile

Trp

20

Lys

Gln

Thr

Glu

Gly

100

Cys

Gly

Val

Asn

Pro

Thr

Glu

85

Trp

Ala

Ile Ser

Asp Ile

Lys Pro

Ala Thr

55

Thr Glu

70

Gln Asp

Gly Asn

Met Phe

Asn

Val

Thr

40

Leu

Ser

Lys

Gly

Thr
120

Arg

Leu

25

Leu

Arg

Arg

Arg

Cys

105

Cys

103

Asp

10

Glu

Asp

Lys

Cys

Phe

90

Gly

Lys

Phe

His

Phe

Tyr

Pro

5

Val

Leu

Lys

Val

Gly

Glu

Cys

60

Thr

Cys

Phe

Asn

Glu

Ser

Leu

45

Ile

Gln

Lys

Gly

Met
125

Gly

Cys

30

Ile

Glu

Gly

His

Lys

110

Glu

Val

15

Val

Lys

Ala

Glu

Ser

95

Gly

Gly

Ser

Thr

Thr

Lys

Pro

80

Met

Gly

Lys
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[0037]

Xaa

Ser

145

Glu

Gly

Phe

His

Asp

225

Lys

Glu

Ser

Met

Val

130

Gly

Ile

Tyr

Asn

Arg

210

Thr

Asn

Gly

Ser

Asp
290

Gln

Glu

Lys

Gly

Glu

195

Gln

Gln

Pro

Ala

Gly

275

Lys

Pro

Glu

Ile

Thr

180

Met

Gly

His

Met

260

Asn

Leu

Glu

His

Thr

165

Val

Val

Phe

Ser

Ala

245

His

Leu

Gln

Asn

Ala

150

Pro

Thr

Leu

Leu

Asn

230

Lys

Thr

Leu

Leu

Leu Glu Tyr Thr

135

Val

Gln

Met

Leu

Asp

215

Trp

Lys

Ala

Phe

Lys
295

Gly

Ser

Glu

Gln

200

Leu

Ile

Gln

Leu

Thr

280

Gly

Asn

Ser

Cys

185

Met

Pro

Gln

Asp

Thr

265

Gly

Met

104

Asp

Ile

170

Ser

Glu

Leu

Lys

Val

250

Gly

His

Ser

Ile

Thr

165

Thr

Pro

Asp

Pro

Glu

235

Val

Ala

Leu

Tyr

Val

140

Gly

Glu

Arg

Lys

Trp

220

Thr

Val

Thr

Lys

Ser
300

Ile

Lys

Ala

Thr

Ala

205

Leu

Leu

Leu

Glu

Cys

285

Met

Thr

His

Glu

Gly

190

Trp

Pro

Val

Gly

Ile

270

Arg

Cys

Pro

Gly

Leu

175

Leu

Leu

Gly

Thr

Ser

255

Gln

Leu

Thr

His

Lys

160

Thr

Asp

Val

Ala

Phe

240

Gln

Met

Arg

Gly
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[0038]

Lys

305

Val

Phe

Thr

Ala

Gly

385

Met

Asp

Gly

Ser

Trp
465

Phe

Ile

Glu

Val

Glu

370

Gln

Phe

Thr

Lys

Gly

450

Ile

Lys

Arg

Ile

Asn

355

Pro

Leu

Glu

Ala

Ala

435

Val

Gly

Xaa

Val

Met

340

Pro

Pro

Lys

Thr

Trp

420

Leu

Ser

Met

Val

Gln

325

Asp

Ile

Phe

Leu

Thr

405

Asp

His

Trp

Asn

Lys

310

Tyr

Leu

Val

Gly

Asn

390

Met

Phe

Gln

Thr

Ser
470

Glu Ile Ala Glu

Glu

Glu

Thr

Asp

375

Trp

Arg

Gly

Val

Met

455

Arg

Gly

Lys

Glu

360

Ser

Phe

Gly

Ser

Phe

440

Lys

Ser

Asp

Arg

345

Lys

Tyr

Lys

Ala

Leu

425

Gly

Ile

Thr

105

Gly

330

His

Asp

Ile

Lys

Lys

410

Gly

Ala

Leu

Ser

Thr

315

Ser

Val

Ser

Ile

Gly

395

Arg

Gly

Ile

Ile

Leu
475

Gln

Pro

Leu

Pro

Ile

380

Ser

Met

Val

Tyr

Gly

460

Ser

His

Cys

Gly

Val

365

Gly

Ser

Ala

Phe

Gly

445

Val

Val

Gly

Lys

Arg

350

Asn

Val

Ile

Ile

Thr

430

Ala

Ile

Ser

Thr

Ile

335

Leu

Ile

Glu

Gly

Leu

415

Ser

Ala

Ile

Leu

Ile

320

Pro

Ile

Glu

Pro

Gln

400

Gly

Ile

Phe

Thr

Val
480
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[0039]

Leu Val Gly Val Val Thr Leu Tyr Leu Gly Val Met Val Gln Ala

<210>
211>
212>
2132

220>
223>

<400>

13
495
PRT

AFEFF

E LAVZ

13

Met Arg Cys

1

Gly

Thr

Glu

Leu

65

Ser

Val

Ile

Gly

Met

Ala

50

Thr

Leu

Asp

Val

Ser

Ala

35

Lys

Asn

Asn

Arg

Thr
115

Ile

Trp

20

Lys

Gln

Thr

Glu

Gly

100

Cys

485

Gly

Val

Asn

Pro

Thr

Glu

85

Trp

Ala

Met

Asp

Lys

Ala

Thr

70

Gln

Gly

Met

Ser

Ile

Pro

Thr

55

Glu

Asp

Asn

Phe

Asn

Val

Thr

40

Leu

Ser

Lys

Gly

120

Arg

Leu

25

Leu

Arg

Arg

Arg

Cys

105

Cys

106

490

Asp

10

Glu

Asp

Lys

Cys

Phe

90

Gly

Lys

Phe

His

Phe

Tyr

Pro

75

Val

Leu

Lys

Val

Gly

Glu

Cys

60

Thr

Cys

Phe

Asn

Glu

Ser

Leu

45

Ile

Gln

Lys

Gly

Met
125

Gly

Cys

30

Ile

Glu

Gly

His

Lys

110

Glu

495

Val

15

Val

Lys

Ala

Glu

Ser

95

Gly

Gly

Ser

Thr

Thr

Lys

Pro

80

Met

Gly

Lys
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[0040]

Val

Ser

145

Glu

Gly

Phe

His

Asp

225

Lys

Glu

Ser

Met

Val

130

Gly

Ile

Tyr

Asn

Arg

210

Thr

Asn

Gly

Ser

Asp
290

Gln

Glu

Lys

Gly

Glu

1956

Gln

Gln

Pro

Ala

Gly

275

Lys

Pro

Glu

Ile

Thr

180

Met

Gly

His

Met

260

Asn

Leu

Glu

His

Thr

165

Val

Val

Phe

Ser

Ala

245

His

Leu

Gln

Asn

Ala

150

Pro

Thr

Leu

Leu

Asn

230

Lys

Thr

Leu

Leu

Leu Glu Tyr Thr

135

Val

Gln

Met

Leu

Asp

215

Trp

Lys

Ala

Phe

Lys
295

Gly

Ser

Glu

Gln

200

Leu

Ile

Gln

Leu

Thr

280

Gly

Asn

Ser

Cys

185

Met

Pro

Gln

Asp

Thr

265

Gly

Met

107

Asp

Ile

170

Ser

Glu

Leu

Lys

Val

250

Gly

His

Ser

Ile

Thr

1565

Thr

Pro

Asn

Pro

Glu

235

Val

Ala

Leu

Tyr

Val

140

Gly

Glu

Arg

Lys

Trp

220

Thr

Val

Thr

Lys

Ser
300

Ile

Lys

Ala

Thr

Ala

205

Leu

Leu

Leu

Glu

Cys

285

Met

Thr

His

Glu

Gly

190

Trp

Pro

Val

Gly

Ile

270

Arg

Cys

Pro

Gly

Leu

175

Leu

Leu

Gly

Thr

Ser

255

Gln

Leu

Thr

His

Lys

160

Thr

Asp

Val

Ala

Phe

240

Gln

Met

Arg

Gly
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[0041]

Lys

305

Val

Phe

Thr

Ala

Gly

385

Met

Asp

Gly

Ser

Trp
465

Phe

Ile

Glu

Val

Glu

370

Gln

Phe

Thr

Lys

Gly

450

Ile

Lys

Arg

Ile

Asn

355

Pro

Leu

Glu

Ala

Ala

435

Val

Gly

Val

Val

Met

340

Pro

Pro

Lys

Thr

Trp

420

Leu

Ser

Met

Val

Gln

325

Asp

Ile

Phe

Leu

Thr

405

Asp

His

Trp

Asn

Lys

310

Tyr

Leu

Val

Gly

Asn

390

Met

Phe

Gln

Thr

Ser
470

Glu Ile Ala Glu

Glu

Glu

Thr

Asp

375

Trp

Arg

Gly

Val

Met

455

Arg

Gly

Lys

Glu

360

Ser

Phe

Gly

Ser

Phe

440

Lys

Ser

Asp

Arg

345

Lys

Tyr

Lys

Ala

Leu

425

Gly

Ile

Thr

108

Gly

330

His

Asp

Ile

Lys

Lys

410

Gly

Ala

Leu

Ser

Thr

315

Ser

Val

Ser

Ile

Gly

395

Arg

Gly

Ile

Ile

Leu
475

Gln

Pro

Leu

Pro

Ile

380

Ser

Met

Val

Tyr

Gly

460

Ser

His

Cys

Gly

Val

365

Gly

Ser

Ala

Phe

Gly

445

Val

Val

Gly

Lys

Arg

350

Asn

Val

Ile

Ile

Thr

430

Ala

Ile

Thr

Thr

Ile

335

Leu

Ile

Glu

Gly

Leu

415

Ser

Ala

Ile

Leu

Ile

320

Pro

Ile

Glu

Pro

Gln

400

Gly

Ile

Phe

Thr

Val
480



CN 104812408 A ﬁ 5” % 41/71 1L

Leu Val Gly Ile Val Thr Leu Tyr Leu Gly Val Met Val Gln Ala
485 490 495

210> 14
211> 495
212> PRT

213> AFLFA

220>
<223> E BID/V585

<400> 14
Met Arg Cys Ile Gly Ile Ser Asn Arg Asp Phe Val Glu Gly Val Ser

1 5 10 15

Gly Gly Ser Trp Val Asp Ile Val Leu Glu His Gly Ser Cys Val Thr
20 25 30

Thr Met Ala Lys Asn Lys Pro Thr Leu Asp Phe Glu Leu Ile Lys Thr
35 40 45

Glu Ala Lys Gln Pro Ala Thr Leu Arg Lys Tyr Cys Ile Glu Ala Lys
50 55 60

Leu Thr Asn Thr Thr Thr Glu Ser Arg Cys Pro Thr Gln Gly Glu Pro
65 70 %9 80

Ser Leu Asn Glu Glu Gln Asp Lys Arg Phe Ile Cys Lys His Ser Met
85 90 95

Val Asp Arg Gly Trp Gly Asn Gly Cys Gly Leu Phe Gly Lys Gly Gly
100 105 110

[0042]

109
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[0043]

Ile

Val

Ser

145

Glu

Gly

Phe

His

Asp

225

Lys

Glu

Ser

Val

Val

130

Gly

Ile

Tyr

Asn

Arg

210

Thr

Asn

Gly

Ser

Thr

115

Gln

Glu

Lys

Gly

Glu

195

Gln

Gln

Pro

Ala

Gly
275

Cys

Pro

Glu

Ile

Thr

180

Met

Trp

Gly

His

Met

260

Asn

Ala

Glu

His

Thr

165

Val

Val

Phe

Ser

Ala

245

His

Leu

Met

Asn

Ala

150

Pro

Thr

Leu

Leu

Asn

230

Lys

Thr

Leu

Phe Thr Cys Lys

Leu

135

Val

Gln

Met

Leu

Asp

215

Trp

Lys

Ala

Phe

120

Glu Tyr

Gly Asn

Ser Ser

Glu Cys
185

Gln Met
200

Leu Pro

Ile Gln

Gln Asp

Leu Thr

265

Thr Gly
280

110

Thr

Asp

Ile

170

Ser

Glu

Leu

Lys

Val

250

Gly

His

Lys

Ile

Thr

165

Thr

Pro

Asp

Pro

Glu

235

Val

Ala

Leu

Asn

Val

140

Gly

Glu

Arg

Lys

Trp

220

Thr

Val

Thr

Lys

Met

125

Ile

Lys

Ala

Thr

Ala

205

Leu

Leu

Leu

Glu

Cys
285

Glu

Thr

His

Glu

Gly

190

Trp

Pro

Val

Gly

Ile

270

Arg

Gly

Pro

Gly

Leu

175

Leu

Leu

Gly

Thr

Ser

255

Gln

Leu

Lys

His

Lys

160

Thr

Asp

Val

Ala

Phe

240

Gln

Met

Arg
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[0044]

Met

Lys

305

Val

Phe

Thr

Ala

Gly

385

Met

Asp

Gly

Ser

Asp

290

Phe

Ile

Glu

Val

Glu

370

Gln

Phe

Thr

Lys

Gly
450

Lys

Lys

Arg

Ile

Asn

355

Pro

Leu

Glu

Ala

Ala

435

Val

Leu

Ile

Val

Met

340

Pro

Pro

Lys

Thr

Trp

420

Leu

Ser

Gln

Val

Gln

325

Asp

Ile

Phe

Leu

Thr

405

Asp

His

Trp

Leu

Lys

310

Tyr

Leu

Val

Gly

Asn

390

Met

Phe

Gln

Thr

Lys Gly Met Ser

295

Glu

Glu

Glu

Thr

Asp

375

Trp

Arg

Gly

Val

Met
455

Ile Ala

Gly Asp

Lys Arg
345

Glu Lys
360

Ser Tyr

Phe Lys

Gly Ala

Ser Leu

425

Phe Gly
440

Lys Ile

111

Glu

Gly

330

His

Asp

Ile

Lys

Lys

410

Gly

Ala

Leu

Tyr

Thr

315

Ser

Val

Ser

Ile

Gly

396

Arg

Gly

Ile

Ile

Ser

300

Gln

Pro

Leu

Pro

Ile

380

Ser

Met

Val

Tyr

Gly
460

Met

His

Cys

Gly

Val

366

Gly

Ser

Ala

Phe

Gly

445

Val

Cys

Gly

Lys

Arg

350

Asn

Val

Ile

Ile

Thr

430

Ala

Ile

Thr

Thr

Ile

335

Leu

Ile

Glu

Gly

Leu

415

Ser

Ala

Ile

Gly

Ile

320

Pro

Ile

Glu

Pro

Gln

400

Gly

Ile

Phe

Thr
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[0045]

Trp Ile Gly Met Asn Ser Arg Ser Thr Ser Leu Ser Val Ser Leu Val

465

470

475

Leu Val Gly Val Val Thr Leu Tyr Leu Gly Val Met Val Gln Ala

<210>
211>
212>
213>

220>
223>

<400>
Met Arg

1

Gly Gly

Thr Met

Glu Ala
50

Leu Thr
65

Ser Leu

Val Asp

15
495
PRT

A5

485

E PR/DB023

15

Cys

Ser

Ala

35

Lys

Asn

Asn

Arg

Ile

Trp

20

Lys

Gln

Thr

Glu

Gly
100

Gly

Val

Asn

Pro

Thr

Glu

85

Trp

Ile Ser

Asp Ile

Lys Pro

Ala Thr

99

Thr Glu
70

Gln Asp

Gly Asn

Asn

Val

Thr

40

Leu

Ser

Lys

Gly

Arg

Leu

25

Leu

Arg

Arg

Arg

Cys
105

112

490

Asp
10

Glu

Asp

Lys

Cys

Phe

90

Gly

Phe

His

Phe

Tyr

Pro

75

Ile

Leu

Val

Gly

Glu

Cys

60

Thr

Cys

Phe

Glu

Ser

Leu

45

Ile

Gln

Lys

Gly

Gly

Cys

30

Ile

Glu

Gly

His

Lys
110

495

Val
15

Val

Lys

Ala

Glu

Ser

95

Gly

480

Ser

Thr

Thr

Lys

Pro

80

Met

Gly
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[0046]

Ile

Val

Ser

145

Glu

Gly

Phe

His

Asp

225

Lys

Glu

Ser

Val

Val

130

Gly

Ile

Tyr

Asn

Arg

210

Thr

Asn

Gly

Ser

Thr

115

Leu

Glu

Lys

Gly

Glu

1956

Gln

Gln

Pro

Ala

Gly
275

Cys

Pro

Glu

Ile

Thr

180

Met

Trp

Gly

His

Met

260

Asn

Ala

Glu

His

Thr

165

Val

Val

Phe

Ser

Ala

245

His

Leu

Met

Asn

Ala

150

Pro

Thr

Leu

Leu

Asn

230

Lys

Thr

Leu

Phe

Leu

135

Val

Gln

Met

Leu

Asp

215

Trp

Lys

Ala

Phe

Thr

120

Glu

Gly

Ser

Glu

Gln

200

Leu

Ile

Gln

Leu

Thr
280

Cys

Tyr

Asn

Ser

Cys

185

Met

Pro

Gln

Asp

Thr

265

Gly

113

Lys

Thr

Asp

Ile

170

Ser

Glu

Leu

Lys

Val

250

Gly

His

Lys

Ile

Thr

1565

Thr

Pro

Asp

Pro

Glu

235

Val

Ala

Leu

Asn

Val

140

Gly

Glu

Arg

Lys

Trp

220

Thr

Val

Thr

Lys

Met

125

Ile

Lys

Ala

Thr

Ala

205

Leu

Leu

Leu

Glu

Cys
285

Glu

Thr

His

Glu

Gly

190

Trp

Pro

Val

Gly

Ile

270

Arg

Gly

Pro

Gly

Leu

175

Leu

Leu

Gly

Thr

Ser

255

Gln

Leu

Lys

His

Lys

160

Thr

Asp

Val

Ala

Phe

240

Gln

Met

Arg
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[0047]

Met

Lys

305

Val

Phe

Thr

Ala

Gly

385

Met

Asp

Gly

Ser

Asp

290

Phe

Ile

Glu

Val

Glu

370

Gln

Phe

Thr

Lys

Gly
450

Lys

Lys

Arg

Ile

Asn

355

Pro

Leu

Glu

Ala

Ala

435

Val

Leu

Ile

Val

Met

340

Pro

Pro

Lys

Thr

Trp

420

Leu

Ser

Gln

Val

Gln

325

Asp

Ile

Phe

Leu

Thr

405

Asp

His

Trp

Leu

Lys

310

Tyr

Leu

Val

Gly

Asn

390

Met

Phe

Gln

Thr

Lys Gly Met Ser

295

Glu

Glu

Glu

Thr

Asp

375

Trp

Arg

Gly

Val

Met
455

Ile Ala

Gly Asp

Lys Arg
345

Glu Lys
360

Ser Tyr

Phe Lys

Gly Ala

Ser Leu

425

Phe Gly
440

Lys Ile

114

Glu

Gly

330

His

Asp

Ile

Lys

Lys

410

Gly

Ala

Leu

Tyr

Thr

315

Ser

Val

Ser

Ile

Gly

396

Arg

Gly

Ile

Ile

Ser

300

Gln

Pro

Leu

Pro

Ile

380

Ser

Met

Val

Tyr

Gly
460

Met

His

Cys

Gly

Val

365

Gly

Ser

Ala

Phe

Gly

445

Val

Cys

Gly

Lys

Arg

350

Asn

Val

Ile

Ile

Thr

430

Ala

Ile

Thr

Thr

Ile

335

Leu

Ile

Glu

Gly

Leu

415

Ser

Ala

Ile

Gly

Ile

320

Pro

Ile

Glu

Pro

Gln

400

Gly

Ile

Phe

Thr
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[0048]

Trp Ile Gly Met Asn Ser Arg Ser Thr Ser Leu Ser Val Ser Leu Val

465

470

475

480

Leu Val Gly Val Val Thr Leu Tyr Leu Gly Val Met Val Gln Ala

210> 16
211> 495
212> PRT
213>

220>
GRS

<400> 16

Met Arg Cys
1

Gly Gly Ser

Thr Met Ala
35

Glu Ala Lys
50

Leu Thr Asn
65

Ser Leu Asn

AFEFF

E MD1280

Ile

Trp

20

Lys

Gln

Thr

Glu

485

Gly Ile

Val Asp

Asn Lys

Pro Ala

Thr Thr

70

Glu Gln
85

Ser Asn Arg

Ile Val Leu

25

Thr Leu
40

Pro

Thr
55

Leu Arg

Glu Ser Arg

Asp Lys Arg

115

490

Asp Phe
10

Glu His

Asp Phe

Lys Tyr

Cys Pro

5

Phe Val
90

Val Glu Gly

Gly Ser Cys

30

Glu Leu Ile
45

Cys Ile
60

Glu

Thr Gln Gly

Cys Lys His

495

Val
15

Ser

Val Thr

Lys Thr

Ala Lys

Glu Pro
80

Ser Met

95
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[0049]

Val

Ile

Ile

Ser

145

Glu

Gly

Phe

His

Asp

225

Lys

Glu

Asp

Val

Val

130

Gly

Ile

Tyr

Asn

Arg

210

Thr

Asn

Gly

Arg

Thr

115

Gln

Glu

Lys

Gly

Glu

195

Gln

Gln

Pro

Ala

Gly

100

Cys

Pro

Glu

Ile

Thr

180

Met

Trp

Gly

His

Met
260

Trp

Ala

Glu

His

Thr

165

Val

Val

Phe

Ser

Ala

245

His

Gly

Met

Asn

Ala

150

Pro

Thr

Leu

Leu

Asn

230

Lys

Thr

Asn Gly Cys

Phe

Leu

135

Val

Gln

Met

Leu

Asp

215

Trp

Lys

Ala

Thr

120

Glu

Gly

Ser

Glu

Gln

200

Leu

Ile

Gln

Leu

105

Cys

Tyr

Asn

Ser

Cys

185

Met

Pro

Gln

Asp

Thr
265

116

Gly

Lys

Thr

Asp

Ile

170

Ser

Glu

Leu

Lys

Val

250

Gly

Leu

Lys

Ile

Thr

165

Thr

Pro

Asp

Pro

Glu

235

Val

Ala

Phe

Asn

Val

140

Gly

Glu

Arg

Lys

Trp

220

Thr

Val

Thr

Gly

Met

125

Ile

Lys

Ala

Thr

Ala

205

Leu

Leu

Leu

Glu

Lys

110

Glu

Thr

His

Glu

Gly

190

Trp

Pro

Val

Gly

Ile
270

Gly

Gly

Pro

Gly

Leu

175

Leu

Leu

Gly

Thr

Ser

255

Gln

Gly

Lys

His

Lys

160

Thr

Asp

Val

Ala

Phe

240

Gln

Met
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[0050]

Ser

Met

Lys

305

Val

Phe

Thr

Ala

Gly

385

Met

Asp

Gly

Ser

Asp

290

Phe

Ile

Glu

Val

Glu

370

Gln

Phe

Thr

Lys

Gly

275

Lys

Lys

Arg

Ile

Asn

355

Pro

Leu

Glu

Ala

Ala
435

Asn

Leu

Ile

Val

Met

340

Pro

Pro

Lys

Thr

Trp

420

Leu

Leu

Gln

Val

Gln

325

Asp

Ile

Phe

Leu

Thr

405

Asp

His

Leu

Leu

Lys

310

Tyr

Leu

Val

Gly

Asn

390

Met

Phe

Gln

Phe

Lys

295

Glu

Glu

Glu

Thr

Asp

375

Trp

Arg

Gly

Val

Thr

280

Gly

Ile

Gly

Lys

Glu

360

Ser

Phe

Gly

Ser

Phe
440

Gly

Met

Ala

Asp

Arg

345

Lys

Tyr

Lys

Ala

Leu

425

Gly

117

His

Ser

Glu

Gly

330

His

Asp

Ile

Lys

Lys

410

Gly

Ala

Leu

Tyr

Thr

315

Ser

Val

Ser

Ile

Gly

395

Arg

Gly

Ile

Lys

Ser

300

Gln

Pro

Leu

Pro

Ile

380

Ser

Met

Val

Tyr

Cys

285

Met

His

Cys

Gly

Val

365

Gly

Ser

Ala

Phe

Gly
445

Arg

Cys

Gly

Lys

Arg

350

Asn

Val

Ile

Ile

Thr

430

Ala

Leu

Thr

Thr

Ile

335

Leu

Ile

Glu

Gly

Leu

415

Ser

Ala

Arg

Gly

Ile

320

Pro

Ile

Glu

Pro

Gln

400

Gly

Ile

Phe
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[0051]

Ser Gly Val Ser Trp
450

Trp Ile Gly Met Asn
465

Leu Val Gly Ile Ile
485

210> 17
211> 75
212> PRT

Q213> AL
220>

223> M ILHFH
<400> 17

Ser Val Ala Leu Val

1 5

Glu Thr Trp Met Ser
20

Glu Thr Trp Ile Leu
35

Leu Ala Tyr Thr Ile
50

Ile Leu Leu Thr Ala
65

<210> 18

Thr Met Lys Ile Leu Ile Gly Val Ile Ile Thr
455 460

Ser Arg Ser Thr Ser Leu Ser Val Ser Leu Val
470 475 480

Thr Leu Tyr Leu Gly Ala Met Val Gln Ala
490 495

Pro His Val Gly Met Gly Leu Glu Thr Arg Thr
10 15

Ser Glu Gly Ala Trp Lys His Val Gln Arg Ile
25 30

Arg His Pro Gly Phe Thr Ile Met Ala Ala Ile
40 45

Gly Thr Thr His Phe Gln Arg Ala Leu Ile Phe
55 60

Val Ala Pro Ser Met Thr
70 75

118
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[0052]

211>
212>
213>

220>
223>

<400>

495
PRT

NI

E kbR

18

Met Arg Cys

1

Gly

Thr

Glu

Leu

65

Ser

Val

Ile

Ile

Gly

Met

Ala

o0

Thr

Leu

Asp

Val

Val
130

Ser

Ala
35

Lys

Asn

Lys

Arg

Thr

115

Gln

Ile

Trp

20

Lys

Gln

Thr

Glu

Gly

100

Cys

Pro

Gly

Val

Asn

Pro

Thr

Glu

85

Trp

Ala

Glu

Ile Ser

Asp Ile

Lys Pro

Ala Thr

55

Thr Glu

70

Gln Asp

Gly Asn

Met Phe

Asn Leu
135

Asn

Val

Thr

40

Leu

Ser

Lys

Gly

Thr

120

Glu

Arg

Leu

25

Leu

Arg

Arg

Arg

Cys

1056

Cys

Tyr

119

Asp

10

Glu

Asp

Lys

Cys

Phe

90

Gly

Lys

Thr

Phe

His

Phe

Tyr

Pro

75

Val

Leu

Lys

Ile

Val

Gly

Glu

Cys

60

Thr

Cys

Phe

Asn

Val
140

Glu Gly

Ser Cys
30

Leu Ile
45

Ile Glu

Gln Gly

Lys His

Gly Lys
110

Met Glu
125

Val Thr

Val

15

Val

Lys

Ala

Glu

Ser

95

Gly

Gly

Pro

Ser

Thr

Thr

Lys

Pro

30

Met

Gly

Lys

His
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[0053]

Ser

145

Glu

Gly

Phe

His

Asp

225

Lys

Glu

Ser

Met

Lys
305

Gly

Ile

Tyr

Asn

Arg

210

Lys

Asn

Gly

Ser

Asp

290

Phe

Glu

Lys

Gly

Glu

1956

Gln

Gln

Pro

Ala

Gly

275

Lys

Lys

Glu

Val

Thr

180

Met

Trp

Glu

His

Met

260

Asn

Leu

Val

His

Thr

165

Val

Val

Phe

Ser

Ala

245

His

Leu

Gln

Val

Ala

150

Pro

Thr

Leu

Leu

Asn

230

Lys

Thr

Leu

Leu

Lys
310

Val Gly Asn Asp

Gln

Met

Leu

Asp

215

Trp

Lys

Ala

Phe

Lys

295

Glu

Ser

Glu

Gln

200

Leu

Ile

Gln

Leu

Thr

280

Gly

Ile

Ser

Cys

185

Met

Pro

Gln

Asp

Thr

265

Gly

Met

Ala

120

Ile

170

Ser

Glu

Leu

Lys

Val

250

Gly

His

Ser

Glu

Thr

1565

Thr

Pro

Asn

Pro

Glu

235

Val

Ala

Leu

Tyr

Thr
315

Gly

Glu

Lys

Trp

220

Thr

Val

Thr

Lys

Ser

300

Gln

Lys

Ala

Thr

Ala

205

Leu

Leu

Leu

Glu

Cys

285

Met

His

His

Glu

Gly

190

Trp

Pro

Val

Gly

Ile

270

Arg

Cys

Gly

Gly

Leu

175

Leu

Leu

Gly

Thr

Ser

255

Gln

Leu

Thr

Thr

Lys

160

Thr

Asp

Val

Ala

Phe

240

Gln

Met

Arg

Gly

Ile
320
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[0054]

Val

Phe

Thr

Ala

Gly

385

Met

Asp

Gly

Ser

Trp

465

Leu

Ile

Glu

Val

Glu

370

Gln

Phe

Thr

Lys

Gly

450

Ile

Val

Arg

Ile

Asn

355

Pro

Leu

Glu

Ala

Ala

435

Val

Gly

Gly

Val

Met

340

Pro

Pro

Lys

Thr

Trp

420

Leu

Ser

Met

Ile

Gln
325

Asp

Ile

Phe

Leu

Thr

405

Asp

His

Trp

Asn

Val
485

Tyr

Leu

Val

Gly

Asn

390

Met

Phe

Gln

Thr

Ser

470

Thr

Glu Gly Asp Gly

Glu

Thr

Asp

375

Trp

Arg

Gly

Val

Met

455

Arg

Leu

Lys

Glu

360

Ser

Phe

Gly

Ser

Phe

440

Lys

Ser

Tyr

Arg

345

Lys

Tyr

Lys

Ala

Leu

425

Gly

Ile

Thr

Leu

121

330

Tyr

Asp

Ile

Lys

Lys

410

Gly

Ala

Leu

Ser

Gly
490

Ser

Val

Ser

Ile

Gly

3956

Arg

Gly

Ile

Ile

Leu

475

Val

Pro

Leu

Pro

Ile

380

Ser

Met

Val

Tyr

Gly

460

Ser

Met

Cys

Gly

Val

365

Gly

Ser

Ala

Phe

Gly

4435

Val

Val

Val

Lys

Arg

350

Asn

Val

Ile

Ile

Thr

430

Ala

Ile

Ser

Gln

Ile

335

Leu

Ile

Glu

Gly

Leu

415

Ser

Ala

Ile

Leu

Ala
495

Pro

Ile

Glu

Pro

Gln

400

Gly

Ile

Phe

Thr

Val
480
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[0055]

210>
211>
212>
213>

220>
223>

<400>

Ser Val Ala Leu

1

Glu Thr Trp Met

Glu Thr Trp Ile

Leu Ala Tyr Thr

50

Ile Leu Leu Thr

65

210>
211>
212>
213>

220>
223>

<400>

Ser Val Ala Leu Val Pro His Val Gly Met Gly Leu Glu Thr Arg Thr

1

19
5
PRT

AFLFF

M LAVZ

19

5

20

35

20
75
PRT

AFEF5

M BID/V585

20

5

70

55

40

25

122

Val Pro His Val Gly Met

10

Ser Ser Glu Gly Ala Trp

Leu Arg His Pro Gly Phe

Ile Gly Thr Thr His Phe

Ala Val Thr Pro Ser Met

10

Gly Leu Glu Thr Arg Thr

Lys His Val Gln Arg Ile

Thr Met Met Ala Ala Ile

Gln Arg Ala Leu Ile Phe

Thr
75

60

45

30

15

15
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[0056]

Glu Thr Trp Met Ser Ser
20

Glu Thr Trp Ile Leu Arg
35

Leu Ala Tyr Thr Ile Gly
50

Ile Leu Leu Thr Ala Val
65 70

210> 21
211> 75
<212> PRT
213> AT

220>
<223> M PR/DB023

400> 21
Ser Val Ala Leu Val Pro

1 5

Glu Thr Trp Met Ser Ser
20

Glu Thr Trp Ile Leu Arg
35

Leu Ala Tyr Thr Ile Gly
50

Ile Leu Leu Thr Ala Val

Glu

His

Thr

55

Ala

His

Glu

His

Thr

55

Ala

Gly Ala Trp
25

Pro Gly Phe
40

Thr His Phe

Pro Ser Met

Val Gly Met
10

Gly Ala Trp
25

Pro Gly Phe

40

Thr His Phe

Pro Ser Met

123

Lys

Thr

Gln

Thr
75

Gly

Lys

Thr

Gln

Thr

His Val Gln Arg Ile
30

Ile Met Ala Ala Ile
45

Arg Ala Leu Ile Phe
60

Leu Glu Thr Arg Thr
15

His Val Gln Arg Ile
30

Ile Met Ala Ala Ile
45

Arg Ala Leu Ile Phe
60
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[0057]

65

210>
211>
A
213>

220>
X223>

<400>

Ser Val Ala Leu

1

Glu Thr Trp Met

Glu Thr Trp Ile

Leu Ala Tyr Thr

50

Ile Leu Leu Ala

65

210>
211>
212>
213>

220>
<223>

<400>

Ser Val Ala Leu Val Pro His Val Gly Met Gly Leu Glu Thr Arg Thr

70

22
75

PRT
NI

M MD1280

22

5

20

35

55

70

23

75

PRT
NI

M IRPRIATE AL RERR

23

40

25

124

10

5

Ala Val Ala Pro Ser Met Thr

75

60

45

30

Val Pro His Val Gly Met Gly Leu Glu Thr Arg Thr

15

Ser Ser Glu Gly Ala Trp Lys His Ala Gln Arg Ile

Leu Arg His Pro Gly Phe Thr Ile Met Ala Ala Ile

Val Gly Thr Thr His Phe Gln Arg Ala Leu Ile Phe



F

&

CN 104812408 A 5” 57/71 T
1 b 10 15
Glu Thr Trp Met Ser Ser Glu Gly Ala Trp Lys His Ala Gln Arg Ile
20 25 30
Glu Thr Trp Ile Leu Arg His Pro Gly Phe Thr Ile Met Ala Ala Ile
35 40 45
Leu Ala Tyr Thr Ile Gly Thr Thr His Phe Gln Arg Val Leu Ile Phe
50 55 60
Ile Leu Leu Thr Ala Val Ala Pro Ser Met Thr
65 70 75
210> 24
211> 10723
<212> RNA
213> AFEFF
220>
223> VDV2
<400> 24
aguuguuagu cuacguggac cgacaaagac agauucuuug agggagcuaa gcucaaugua 60
guucuaacag uuuuuUaauu agagagcaga lucucugalga auaaccaacg gaaaaaggceg 120
aaaaacacgc cuuucaalau gcugaaacge gagagaaace gegugucgac ugugecaacag 180
cugacaaaga gaulucucacu uggaaugcug cagggacgag gaccaluaaa acuguucaug 240
geeeuggugg cguucculcg Uuuccuaaca aucccaccaa cagecagggau auugaagaga 300
uggggaacaa uuaaaaaauc aaaagcualuu aauguuulga gaggguucag gaaagagaul 360
ggaaggauge lugaacaucuu gaauaggaga cgcagaucug caggcaugau cauuaugeug 420
auuccaacag ugauggcguu ccauuuaacc acacguaacg gagaaccaca caugaucguc 480

[0058]
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agcagacaag agaaagggaa aaguclUucug uUluuaaaacag agguuggegu gaacaugugu 540
acccucaugg ccauggaccu uggugaauug uglgaagaca caalcacgua caaguguccce 600
cuucucagge agaaugagcc agaagacaua gacuguuggu gcaacucuac guccacgugg 660
guaacuuaug ggacguguac caccauggga gaacauagaa gagaaaaaag aucaguggca 720
cucguuccac augugcgaau gggacuggag acacgaacug aaacauggau gucaucagaa 780
ggggeeugga aacaugucca gagaauugaa acuuggaucl ugagacaucc aggcuucacce 840
augauggcag caauccuggc auacaccaua ggaacgacac auuuccaaag agcccugauu 900
uucaucuuac ugacagcugu cacuccuuca augacaauge guugcauagg aaugucaaal 960
agagacuuug uggaaggggu uucaggagga agcuggguug acauagucuu agaacaugga 1020
agcuguguga cgacgauggc aaaaaacaaa ccaacauugg auuuugaacu gauaaaaaca 1080
gaagccaaac agccugcecac ccuaaggaag uacuguauag aggcaaagcu aaccaacaca 1140
acaacagaau cucgcugccc aacacaaggg gaacccagcec Uaaaugaaga gcaggacaaa 1200
agguucgucu gcaaacacuc caugglagac agaggauggg gaaauggaug uggacuauuu 1260
ggaaagggag gcauugugac cugugcuaug uucagaugca aaaagaacau ggaaggaaaa 1320
guugugcaac cagaaaacul ggaauacacc auugugauaa caccucacuc aggggaagag 1380
caugcagucg gaaaugacac aggaaaacalu ggcaaggaaa lUcaaaauaac accacagagu 1440
uccaucacag aagcagaauu gacagguuau ggcacugluca caauggagug cucuccaaga 1500
acgggccucg acuucaauga gaugguguug cugcagaugg aaaauaaage uuggcuggug 1560
cacaggcaal gguuccluaga ccugccguua ccaugguuge ccggagegga cacacaagag 1620
ucaaauugga uacagaagga gacauugguc acuuucaaaa auccccaugc gaagaaacag 1680
gauguuguug uuuuaggauc ccaagaaggg gccaugcaca cagcacuuac aggggecaca 1740
gaaauccaaa ugucaucagg aaacuuacuc uucacaggac auclcaagug caggcugaga 1800

[0059]
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auggacaagc uacagcucaa aggaauguca uacucuaugl gcacaggaaa guuuaaaguu 1860
gugaaggaaa lagcagaaac acaacaugga acaauaguua ucagagugca auaugaaggg 1920
gacggcucuc caugcaagal cccuuuugag auaauggaul uggaaaaaag acaugucuua 1980
ggucgecuga uuacagucaa cccaauugug acagaaaaag auagcccagu caacauagaa 2040
gcagaaccuc cauuuggaga cagcuacauc aucauaggag uagagccggg acaacugaag 2100
cucaacuggu ulaagaaagg aaguucuauc ggccaaaugu Uugagacaac aaugagggesg 2160
gcgaagagaa uggccauuuu aggugacaca gccugggauu uuggauccuu gggaggagug 2220
uuuacaucua uaggaaagge uclccaccaa gucuuuggag caaucuaugg agcugccuuc 2280
agugggguuu cauggacual gaaaaluccuc auaggaguca uuaucacaug gauaggaaug 2340
aauucacgca gcacclcacl gucugugaca cuaguauugg ugggaauugu gacacuguau 2400
uugggaguca uggugcagge cgauaguggu ugcguuguga gcuggaaaaa caaagaacug 2460
aaauguggeca gugggauuuu caucacagac aacgugcaca cauggacaga acaauacaaa 2520
uuccaaccag aauccccuuc aaaacuagceu Ucagcuauce agaaagcecca lUgaagaggac 2580
auuuguggaa uccgclucagu aacaagacug gagaaucluga uguggaaaca aauaacacca 2640
gaauugaauc acauucuauc agaaaaugag gugaaguuaa cuauuaugac aggagacauc 2700
aaaggaauca lugcaggcagg aaaacgaucu cugcggcecuc agceccacluga gcugaaguau 2760
ucauggaaaa cauggggcaa agcaaaaaug cluclucuacag aguclucauaa ccagaccuuu 2820
cucauugaug gccccgaaac agcagaauge cccaacacaa auagagcuug gaauucguug 2880
gaaguugaag acuauggcuu uggaguauuc accaccaaua uauggcuaaa auugaaagaa 2940
aaacaggaug luauucugcga cucaaaacuc augucagcgg ccauaaaaga caacagagec 3000
guccaugccg auauggguua uuggauagaa agugcacluca augacacaug gaagauagag 3060
aaagccucul ucauugaagu Uaaaaacuge cacuggcecaa aalcacacac ccucuggage 3120

[0060]
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[0061]

aauggagugc

cacaacuaua

gagauggacu

agaggaccclu

cgaucuugca

gaaaucagac

caugggeagsg

augcuuagga

acauugauca

gccacuauga

aaagucagac

augaugacua

gaguugacug

aaguaucaau

Caaaacgcau

Uuaacauccu

aauccaacag

uuaaaugagg

aaugauauuc

cucacuggac

caggcagaga

augucgauaa

uagaaaguga

gaccaggeua

uugauuucug

cuuugagaac

cauuaccacc

cauugaagga

ucgacaacuu

ccecgaguagg

cagggaacau

cggaugacau

caacuuuugce

cuauaggaau

augcguuage

uggcagugac

ggaaagugag

cacagCaaaa

Ccuauuuuucu

cuaucaugge

ccaugacagg

gaucggceega

uaucaggaag

aaaaugaaga

gaugauaaul ccaaagaauc uUcgcuggacc

cCauacacaa

ugauggaaca

aaccacugec

gcuaagauac

gaaagaagag

uucacuagga

aacgaaacau

guccuuuaga

agguaugggc

agcuggacua

uguacuccuc

cuuaggeaug

uaucauggeu

uugcacaaua

aacagauugg

aacaacccuc

agucgggaug

accauuagug

uuuggaaclug

caguccaauc

ggaagaacaa

auaacaggac

acagugguag

ucuggaaaac

agaggugagg

aauuugguca

gucuugggaa

gCaauacuac

gaccugggaa

gugacuuauc

cucuugagaa

ucccagagca

augguccuca

aucuugugceg

uuggcagugg

auaccauuag

ucaagaacca

gugagcauuu

gcuggaggsce

gagagagcag

cugucaauaa

acacugacca

128

cauggcaucu

ugacugagga

ucauaacaga

augggugeug

acuccuuggu

uggcauuguu

uaguugcagu

gagugauggu

uugecccuacu

agcugaccuc

ccauaccaga

aaauggugag

ucccaaacgce

uguccguuuc

cauugacgau

gcaagaaaag

uagccaguuc

uccucacugu

ccgaugucaa

caauaucaga

uacucauuag

agugucucaa

agguaagcuu

cugcggaaau

auggugcuge

guacgggaug

cacagcugga

ccuggaggaa

uucuuuugug

uaugguaggce

agcagccuuc

caaggaauug

gaccauucuu

aaauauggaa

agugauauua

cccacuguuc

caaaggucuc

gagecuggeca

ucuccuaaaa

gugcuacgug

augggaagac

agaugguagc

aacaggauug

3180

3240

3300

3360

3420

3480

3540

3600

3660

3720

3780

3840

3900

3960

4020

4080

4140

4200

4260

4320

4380

4440
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cuggugaucu caggacuuuu uccluguauca auaccaauca cggcageage augguaccug 4500
ugggaaguga agaaacaacg ggccggagua uugugggaug uuccuucacc cccacccaug 4560
ggaaaggcug aacuggaaga uggagccuau agaauuaagc aaaaagggal ucuuggauau 4620
ucccagaucg gagccggagu uuacaaagaa ggaacauluce alacaaugug gcaugucaca 4680
cguggecgeug uucuaaugca Uaaaggaaag aggauugaac caacauggge ggacgucaag 4740
aaagaccuaa uaucauaugg aggaggcugg aaguuagaag gagaalggaa ggaaggagaa 4800
gaaguccagg uauuggcacl ggagccugga aaaaauccaa gagccgucca aacgaaaccu 4860
ggucuuuuca aaaccaacgc cggaacaaua ggugcuguau cucuggacul uucuccugga 4920
acgucaggau cuccaauual cgacaaaaaa ggaaaaguug ugggucuuua ugguaauggu 4980
guuguuacaa ggaguggage auaugugagu gcuauagcecc agacugaaaa aagcauugaa 5040
gacaacccag agaucgaaga ucacauluuc cgaaagagaa gaclugaccau cauggaccuc 5100
cacccaggag cgggaaagac gaagagauac cuuccggcca lUagucagaga agcuauaaaa 5160
cgggguuuga gaacauuaau CUUgECCCCC acuagaguug uggcagcuga aauggaggaa 5220
gecccuuagag gacuuccaal aagauaccag accccageca ucagageuga gecacaccggg 5280
cgggagauug uggaccuaau gugucaugcc acauuuacca uUgaggcugcu aucaccaguu 5340
agagugccaa acuacaaccu gauuaucaug gacgaagcce auuucacaga cccagcaagu 5400
auagcagcua gaggauacal cucaacucga guggagaugg gugaggcage ugggauuuuu 5460
augacagcca cucccccggg aagcagagac ccauuuccuc agagcaauge accaaucaua 5520
gaugaagaaa gagaaauccc lUgaacgcucg uggaauuccg gacaugaaug ggucacggau 5580
uuuaaaggga agacuguuug guucguucca aguauaaaag caggaaauga uauagcagcu 5640
ugccugagga aaaauggaaa gaaagugaua caacucagua ggaagaccuu ugauucugag 5700
uaugucaaga cuagaaccaa lugauugggac uucgugguua caacugacau uucagaaaug 5760

[0062]
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ggugccaaul ucaaggcuga gaggguuaua gaccccagac gcugcaugaa accagucaua 5820
cuaacagaug gugaagagcg ggugauucug gcaggaccua lugccagugac ccacucuagu 5880
gcagcacaaa gaagagggag aauaggaaga aauccaaaaa augagaauga ccaguacaua 5940
uacauggggg aaccucugga aaalgalgaa gacugugcac acuggaaaga agcuaaaaug 6000
cuccuagaua acalcaacac gccagaagga aucauuccua gecauguucga accagagegu 6060
gaaaaggugg augccauuga uggcgaauac cgcuugagag gagaagcaag gaaaaccuuu 6120
guagacuuaa ugagaagagg agaccuacca gucugguugg ccuacagagu ggcagcugaa 6180
ggcaucaacl acgcagacag aagguggugu uuugauggag ucaagaacaa ccaaauccua 6240
gaagaaaacg uggaaguuga aaucuggaca aaagaagggg aaaggaagaa auugaaacce 6300
agaugguugg augcuaggau cuauucugac ccacuggege uaaaagaaul uaaggaauul 6360
gcageccggaa gaaagucucl gacccugaac cuaalcacag aaalggguag gceucccaacce 6420
uucaugacuc agaaggcaag agacgcacug gacaacuuag cagugeugcea cacggeugag 6480
gecagguggaa gggeguacaa ccaugcucuc agugaacuge cggagacccu ggagacauug 6540
cuuuuacuga cacuucuggc uacagucacg ggagggaucu uuuuauucuu gaugagcgea 6600
aggggcauag ggaagaugac ccugggaaug ugcugcaluaa ucacggcuag cauccuccua 6660
ugguacgcac aaauacagcc acacuggaua gcagcuucaa uaauacugga guuuuuucuc 6720
auaguuuuge uuauuccaga accligaaaaa cagagaacaC cccaagacaa ccaaclgacce 6780
vacguuguca uagccaucclu cacaguggug gccgecaacca uggcaaacga gauggguuuc 6840
cuagaaaaaa cgaagaaaga uclucggauug ggaagcauug caacccagca acccgagage 6900
aacalccugg acalagaucl acguccugca ucagcaugga cgcuguauge cguggecaca 6960
acauuuguua caccaauguu gagacauagc allgaaaauu ccucagugaa ugugucccua 7020
acagcluauag ccaaccaagc cacaguguua augggucucg ggaaaggaug gccauuguca 7080

[0063]
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aagauggaca ucggaguucc ccuucucgcc auuggaugcu acucacaagu caaccccaua 7140
acucucacag cagcucuuuul cuuauuggua gcacauuaug ccaucauagg gccaggacuc 7200
caagcaaaag caaccagaga agcucagaaa agagcagcgg cgggcaucau gaaaaaccca 7260
acugucgaug gaauaacagl gauugaccua gauccaauac cuuaugaucc aaaguuugaa 7320
aagcaguugg gacaaguaal gcuccuaguc clucugcguga cucaaguaul gaugaugagg 7380
acllacauggg cucuguguga ggcuuuaacc uuagcuaccg ggcccaucuc cacauugugg 7440
gaaggaaauc cagggagguu uuggaacacu accauugcgg ugucaaugge uaacauuuuu 7500
agagggaguu acuuggecgg agclggacuu cucluuulcua uualgaagaa cacaaccaac 7560
acaagaaggg gaacluggcaa cauaggagag acgcuuggag agaaauggaa aagccgauug 7620
aacgcauugg gaaaaaguga auuccagauc lacaagaaaa guggaaucca ggaaguggau 7680
agaaccuuag caaaagaagg caulaaaaga ggagaaacgg accaucacgec ugugucgcga 7740
ggcucagcaa aacugagaug guucguugag agaaacaugg ucacaccaga agggaaagua 7800
guggaccucg guuguggecag aggaggcugg ucauacuauu guggaggacu aaagaaugua 7860
agagaaguca aaggccuaac aaaaggagga ccaggacacg aagaacccal ccccauguca 7920
acauaugggu ggaalucuagu gcguculucaa aguggaguug acguuuucul caucccgceca 7980
gaaaagugug acacauuauu gugugacaua ggggagucau caccaaalcc cacaguggaa 8040
gcaggacgaa caclcagagu ccuuaacuua gluagaaaauu gguugaacaa caacacucaa 8100
uuuugcauaa agguucucaa cccauaualg cccucaglca uagaaaaaau ggaagcacua 8160
caaaggaaau aluggaggagc cuuaglugagg aauccacucl cacgaaacuc cacacaugag 8220
auguacuggg uauccaaugc uuccgggaac auagugucau cagugaacau gauuucaagg 8280
auguugauca acagauulac aaugagauac aagaaagcca culacgagcc ggauguugac 8340
cucggaagcg gaacccguaa caucgggauu gaaagugaga uaccaaacclu agauauaauu 8400
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gggaaaagaa uagaaaaaal aaagcaagag calugaaacal cauggcacua ugaccaagac 8460
cacccauaca aaacgugggc auaccauggu agcuaugaaa caaaacagac uggaucagca 8520
ucauccaugg ucaacggagu ggucaggcug cugacaaaac cuugggacgu uguccccaug 8580
gugacacaga uggcaaugac agacacgacu ccauuuggac aacagcgegu uuuuaaagag 8640
aaaguggaca cgagaaccca agaaccgaaa gaaggcacga agaaacuaau gaaaauaaca 8700
gcagagugge uuuggaaaga auuagggaag aaaaagacac ccaggaugug caccagagaa 8760
gaauucacaa gaaaggugag aagcaaugca gccuuggggg ccauauucac ugaugagaac 8820
aaguggaagu cggcacguga ggcuguugaa gauaguaggu uuugggagcel gguugacaag 8880
gaaaggaauc uccaucuuga aggaaagugu gaaacaugug uguacaacau gaugggaaaa 8940
agagagaaga agcuagggga auucggcaag gcaaaaggca gcagagccau augguacaug 9000
uggcuuggag cacgcuucuu agaguuugaa gcccuaggau ucuuaaauga agaucacugg 9060
uucuccagag agaacucccu gaguggagug gaaggagaag ggcugcacaa gcuagguuac 9120
auucuaagag acgugagcaa gaaagaggga ggagcaaugl augccgauga caccgceagga 9180
ugggauacaa aaaucacacu agaagaccla aaaaaugaag agaugglaac aaaccacaug 9240
gaaggagaac acaagaaacl agccgaggee auuuucaaac Uaacglacca aaacaaggug 9300
gugcguguge aaagaccaac accaagaggc acaglaaugg acaucauauc gagaagagac 9360
caaagaggua guggacaagu uggcaccual ggacucaala cuuucaccaa uauggaagcc 9420
caacuaaluca gacagaugga gggagaagga guculuaaaa gcauucagca ccluaacaauc 9480
acagaagaaa lcgcugugca aaacugguua gcaagagugg ggcgcgaaag guuaucaaga 9540
auggccauca guggagauga uuguguugug aaaccuuuag augacagguu cgcaagcegeu 9600
uuaacagcuc uUaaaugacau gggaaagauu aggaaagaca uacaacaalg ggaaccuuca 9660
agaggaugga augauuggac acaagugccc uucuguucac accauuucca ugaguuaauc 9720

[0065]
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augaaagacg

gcecegaaucu

uacgcccaaa

gcuauuugeu

caugcuaaac

auucaagaaa

vacuugggga

accugggcaa

gaauacacag

guucuguggu

cauaguacgg

ggccaucaua

uguaaaaaau

gguuagggega

agcuguaguc

cauauugacg

gaacgccaga

210>

211>

212>
213>

25

RNA

220>

£223>

<400> 25

1983

A3

gucgeguacu

cccaaggage

uguggagcuu

cggecaguacc

augaauggau

acccauggau

aaagagaaga

agaacaucca

auuacaugcce

agaaagcaaa

aaaaaacuau

aaugccauag

ccgggaggce

gaccccuccecce

ucgcuggaag

cugggaaaga

aaauggaaug

Gl
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cguuguucca

aggguggucu

gauguacuuc

aucacauugg

gacaacggaa

ggaagacaaa

ccaauggugce

agcagcaaua

auccaugaaa

acuaacauga

gcuaccugug

cuugaguaaa

acaaaccaug

uuacaaaucg

gacuagaggu

ccagagaucc

gugcuguuga

uguagaaacc

uugcgggaga

cacagacgeg

guuccaacaa

gacaugcuga

acuccagugg

ggcucauuga

aaucaaguua

agauucagaa

aacaaggcua

agccccgucce

cuaugcagcce

gaagcuguac

cagcaacaau

uagaggagac

ugcugucucce

aucaacaggu
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aagaugaacu

cggceuguuu

accucaggcu

gucgaacaac

cagucuggaa

aaacauggga

uuggguuaac

gaucccuuau

gagaagagga

gaagucaggu

aaggacguua

uguageucca

gcauggcgua

g8g8L8CCCaa

ccececgaaa

ucagcaucau

ucu

gauuggcaga

ggggaagucu

ggcggeaaau

cugguccaua

cagggugugg

ggaaauccca

aagcagggcce

aggcaaugaa

agaagcagga

cggauuaagc

aaagaaguca

ccugagaagg

guggacuagc

ggcgagauga

Caaaaaacag

uccaggcaca

9780

9840

9900

9960

10020

10080

10140

10200

10260

10320

10380

10440

10500

10560

10620

10680

10723
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uuccauuuaa ccacacguaa cggagaacca cacaugaucg ucagcagaca agagaaaggg 60
aaaagucuuc uguuuaaaac agagguuggc gugaacaugu guacccucal ggccauggac 120
cuuggugaau ugugugaaga cacaaucacg uacaaguguc cccuucucag gcagaaugag 180
ccagaagaca uagacuguug gugcaacucu acguccacgu ggguaacuua ugggacgugu 240
accaccaugg gagaacauag aagagaaaaa agaucagugg cacucguucc acaugugcega 300
augggacugg agacacgaac ugaaacaugg augucaucag aaggggccug gaaacauguc 360
cagagaauug aaacuuggau cuugagacau ccaggcuuca ccaugaugge agcaauccug 420
gcauacacca uaggaacgac acauuuccaa agageccuga uuuucaucul acugacageu 480
gucacuccuu caaugacaal gcguugcaua ggaaugucaa auagagacuu uguggaaggg 540
guuucaggag gaagcugggu ugacauaguc uuagaacaug gaagcugugu gacgacgaug 600
gcaaaaaaca aaccaacaul ggauuuugaa cugallaaaaa cagaagccaa acagecugece 660
acccuaagga aguacuguau agaggcaaag cuaaccaaca caacaacaga aucucgeuge 720
ccaacacaag gggaacccag cclaaaugaa gagcaggaca aaagguucgu cugcaaacac 780
uccaugguag acagaggalug gggaaalgga uglggacuau uuggaaaggg aggcauugug 840
accugugcua uguucagalg caaaaagaac auggaaggaa aaguugugea accagaaaac 900
uuggaauaca ccauugugau aacaccucac lucaggggaag agecaugceagu cggaaaugac 960
acaggaaaac auggcaagga aaucaaaalla acaccacaga guuccaucac agaagcagaa 1020
uugacagguu auggeacugu cacaauggag ugcucuccaa gaacgggecu cgacuucaal 1080
gagauggugu ugcugcagau ggaaaauaaa geuuggeugg ugcacaggea augguuccua 1140
gaccugcegu uaccaugguu geccggageg gacacacaag agucaaauug gauacagaag 1200
gagacauugg ucacuuucaa aaauccccau gegaagaaac aggauguugu uguuuuagga 1260
ucccaagaag gggeccaugea cacageacuu acaggggeca cagaaalcca aaugucalca 1320
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[0068]

ggaaacuuac

aaaggaaugu

acacaacaug

auccecuuuug

aacccaauug

gacagcuaca

ggaaguucua

uuaggugaca

gcucuccace

augaaaaucc

cugucuguga

gee

210>

211>
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26
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<400> 26

At

ucuucacagg

cauacucuau

gaacaauagu

agauaaugga

ugacagaaaa

ucaucauagg

ucggccaaau

cagccuggga

aagucuuugg

ucauaggagu

cacuaguauu
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acaucucaag

gugcacagga

uvaucagagug

uuuggaaaaa

agauagccca

aguagagccg

guuugagaca

uuuuggaucce

agcaaucuau

cauuaucaca

ggugggaauu

ugcaggcuga

aaguuuaaag

caauvaugaag

agacaugucl

gucaacauag

ggacaacuga

acaaugaggg

uugggaggag

ggagcugecu

uggauaggaa

gugacacugu

gaauggacaa

uugugaagga

gggacggcuc

uaggucgecu

aagcagaacc

agcucaacug

gggcrgaagag

uguuuacauc

ucaguggggu

ugaauucacg

auuugggagu

gcuacageuc

aauagcagaa

uccaugcaag

gauuacaguc

uccauuugga

guuuaagaaa

aauggccauu

vauvaggaaag

uucauggacu

cagcaccuca

cauggugcag

Met Arg Cys Ile Gly Met Ser Asn Arg Asp Phe Val Glu Gly Val Ser

1

5
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Gly Gly Ser Trp Val Asp Ile Val Leu Glu His Gly Ser Cys Val Thr
25

20
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Thr Met Ala Lys Asn Lys Pro Thr Leu Asp Phe Glu Leu Ile Lys Thr
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[0069]

Glu

Leu
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Ser

Val

Ile

Val
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145

Glu

Gly

Phe
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Ala
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Thr

Leu
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Val
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130
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Ile
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Lys
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Thr

115
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Glu

Lys

Gly
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195
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Thr

Glu

Gly

100

Cys

Pro

Glu

Ile

Thr

180

Met

Trp

Pro

Thr

Glu

85

Trp

Ala

Glu

His

Thr

165

Val

Val

Phe

Ala Thr
55

Thr Glu

70

Gln Asp

Gly Asn

Met Phe

Asn Leu

135

Ala Val

150

Pro Gln

Thr Met

Leu Leu

Leu Asp

40

Leu

Ser

Lys

Gly

Arg

120

Glu

Gly

Ser

Glu

Gln

200

Leu

Arg

Arg

Arg
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Cys

Tyr

Asn

Ser

Cys

185

Met

Pro

136

Lys

Cys

Phe

90

Gly

Lys

Thr

Asp

Ile

170

Ser

Glu

Leu

Tyr

Pro

75

Val

Leu

Lys

Ile

Thr

155

Thr

Pro

Asn

Pro

Cys

60

Thr

Cys

Phe

Asn

Val

140

Gly

Glu

Arg

Lys

Trp
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Ile
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Lys

Gly

Met
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Ile

Lys

Ala

Thr

Ala

205

Leu

Glu

Gly
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Lys
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Glu

Thr

His

Glu

Gly
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Trp
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Ala

Glu
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Gly
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Gly
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Pro
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Met
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His
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Asp

Val
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[0070]

Asp

225

Lys

Glu

Ser

Met

Lys

305

Val

Phe

Thr

Ala

Gly
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Thr

Asn

Gly

Ser

Asp

290

Phe

Ile

Glu

Val

Glu

370
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Gln

Pro
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Gly
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Lys

Lys

Arg

Ile

Asn
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Leu
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260

Asn

Leu
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Val
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340
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Pro
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245

His

Leu

Gln

Val

Gln

325

Asp

Ile

Phe

Leu

Asn

230

Lys

Thr

Leu

Leu

Lys

310

Tyr

Leu

Val

Gly

Asn

215

Trp

Lys

Ala

Phe

Lys

295
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Glu

Glu

Thr
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Trp
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Leu
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280

Gly

Ile

Gly

Lys

Glu

360
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Phe
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Thr
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Gly

Met
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Arg
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Tyr
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Val
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Ser

Glu
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Ile

Lys

Glu
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Val
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Leu

Tyr

Thr
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Val
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Ile

Gly

220

Thr

Val

Thr

Lys
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300

Gln

Pro

Leu
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Ile
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Leu
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Glu
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Gly

Val
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Ser

Val

Gly

Ile
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Gly

Lys
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350

Asn
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Ile

Thr

Ser

255
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Glu
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Phe
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[0071]
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Phe

Thr
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Gly

450

Ile

Val

<210>
211>
212>
213>

220>
L2232

<400>

Glu Thr

Ala Trp
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Phe Gly Ser Leu
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Thr Met Lys Ile
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Ser Arg Ser Thr
470
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Lys
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Arg Met

Gly Val
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Ile Gly
460

Leu Ser
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Val Met

Ala

Phe
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445

Val
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Ile

Thr
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Ile

Thr

Gln
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Ser
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Tle
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400

Gly

Ile

Phe

Thr

Val
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Ser Val Ala Leu Val Pro His Val Arg Met Gly Leu Glu Thr Arg Thr

1

5
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15

Glu Thr Trp Met Ser Ser Glu Gly Ala Trp Lys His Val Gln Arg Ile
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Glu Thr Trp Ile Leu Arg His Pro Gly Phe Thr Met Met Ala Ala Ile
35 40 45

Leu Ala Tyr Thr Ile Gly Thr Thr His Phe Gln Arg Ala Leu Ile Phe
50 55 60

Ile Leu Leu Thr Ala Val Thr Pro Ser Met Thr
65 70 75
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