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(57) Abrégé/Abstract:

Provided herein are DNA vaccines against Yellow Fever Virus, comprising the polynucleotide set forth in SEQ ID NO: 8, 9, 10, 11,
or 12, or a polynucleotide which encodes the polypeptide encoded by SEQ ID NO: 8, 9, 10, 11, or 12, the polypeptide
corresponding to Precursor of the M Protein / mature M protein and E protein PreM/ M-E fused to Lysosomal- Associated
Membrane Protein (LAMP). Also provided are antigens for use as a vaccine against Yellow Fever Virus characterized by being

encoded by one or more of the polynucleotides.
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ABSTRACT

Provided herein are DNA vaccines against Yellow Fever Virus, comprising
the polynucleotide set forth in SEQ ID NO: 8, 9, 10, 11, or 12, or a
polynucleotide which encodes the polypeptide encoded by SEQ ID NO: 8,
9, 10, 11, or 12, the polypeptide corresponding to Precursor of the M
Protein / mature M protein and E protein PreM/ M-E fused to Lysosomal-
Associated Membrane Protein (LAMP). Also provided are antigens for use
as a vaccine against Yellow Fever Virus characterized by being encoded

by one or more of the polynucleotides.
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DNA vaccine against the Yellow Fever Virus

Field of the Invention

The present invention 1is directed to a DNA vaccine
optimized based on the region encoding the envelope of the
Yellow Fever virus fused to an Association Protein to the
Lysosomal Membrane - LAMP, able to process the encoded
antigen and present it to the immune system through MHC II
route.
Background of Invention

The virus of Yellow Fever (YF) is consldered the
prototype of the Flaviviridae family, also represented by
several other medically important viruses that cause serious
diseases such as Dengue, Japanese Encephalitis and West Nile
Fever (Barrett, 2002). According to World Health Organization
(WHO) more than 200,000 cases of YF infection, including
30,000 deaths occur annually worldwide (90% of disseminated
cases 1in Africa). The safest strateqy for disease prevention
remains vaccination, whereas there is still no effective drug
against infection by YF. Over the past 70 years more than 400
million people globally were vaccinated with YF-attenuated
virus (l7DD), considered very safe and effective. Despite the
success of mass vaccination with 17DD, which is capable of
inducing both lasting response of neutralizing antibody as
cytotoxic T cell response (Poland, Calisher et al., 1981;
Reinhardt, Jaspert et al., 1998), adverse severe events (as a
result of vaccination) has been systematically reported in
the literature [reviewed in (Liu, 2003)]. In some cases,

immunization has been directly associated with increased
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severity of symptoms (Monath, Arroyo et al., 2002) and may
even lead to fatal reactions (Vasconcelos, Luna et al., 2001;
Lefeuvre, Marianneau et al., 2004). In this scenario the
development of new vaccination strategy, such as DNA vaccines
encoding specific wviral sequences (Donnelly, Ulmer et al.,
1997; TLewis and Babiuk, 1999; Robinson, 1999; Schultz,
Pavlovic et al., 2000) is of fundamental importance for the
development of even safer vaccine strategies.

The genome of YF Virus (YFV) 1is arranged in a positive
mRNA molecule, approximately 10.8Kb flanked by the structures
of 5 'cap and 3rd handle' terminal not poly adenilada. The
RNA of YFV encodes three structural genes (Capsid - C,
Membrane - M and Envelope - E) and 7 genes that encode non-
Structural proteins (NS1, NS2a, NS2b, NS3, NS4a, NS4b and
NS5) . During assembly of virus the carboxy-terminal domain of
protein C acts as a signal sequence for translocation of the
precursor PreM / M into the lumen of the endoplasmic
reticulum (ER) of the host cell, allowing proper maturation
of the M and E protein. Co-expression of proteins PreM / M
and flavivirus, in mammalian cells results in the formation
of pseudo-viral @particles capable of inducing humoral
response (Raviprakash, Kochel et al., 2000; Wu, Li et al.
2006), because the protein E is the major target for
neutralizing antibodies.

Co-expression of proteins PreM / M and E, as vaccine
strategy, has been described as being capable of inducing the
neutralizing antibodies productions against the virus of

Japanese Encephalitis and Dengue (Konishi, Yamaoka et al.,
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1998; Konishi, Yamaoka et al., 2000; Konishi, Ajiro. et al,
2003). However, these vaccines falled to induce long-term
response with appropriate titers of neutralizing antibodies
(Lu, et al Raviprakash., 2003). The inefficiency of these
formulations is probably related to the mechanism of
presentation of these antigens to the immune system of hosts.
Most of endogenously produced antigens, characteristic of DNA
vaccines, are kidnapped and presented to the host immune
system by MHC I molecules. For a satisfactory immune
response, with high neutralizing antiboedies production, it is
critical that the antigens are presented to cells of the T
helper CD4* type by MHC II molecules. The processing and the
antigen presentation by MHC II induces the activation of T
CD4* cells that 1s wvital to the functiconing of genetic
vaccines, as has already been demonstrated in studies of
deletion of MHC II (Raviprakash, Marques et al., 2001) and
CD4- depletion in mice (Lu et al Raviprakash., 2003). The
activation of CD4* cells 1is essential for the induction of
cD8* response, development of memory cells (Marques,
Chikhlikar et al., 2003) and clonal expansion of antigen-
specific B cell (De Arruda, Chikhlikar et al., 2004). So that
antigens endogenously produced are directed to molecules of
class II, instead <class I, 1t 1s necessary that these
proteins are fused to peptides signs which direct them for
the lysoscmal compartment of the cell.

The possibility of directing endogenously produced
antigens, for processing via MHC II was strongly increased

after the discovery of a type I transmembrane protein, called
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Lysosome-Associated Membrane Protein - LAMP (Chen, Murphy et
al. 19B5). LAMP is a protein that binds to the outer membrane
of the lysosome via 1its carboxy-terminal sequence YXX@,
present in a cytoplasmic tail of 11 amino acids {(Guarnieri,
Arterburn et al., 1993; Rohrer, Schweizer et al., 1996;
Obermiller, Kiecke et al., 2002). The LAMP intracellular
traffic includes specialized multilaminar compartments of
immature Antigen-Presenting Cells (APC), <called MIIC and
CIIV, where processing and formation of antigenic peptide-MHC
IT complex takes place (Kleijmeer, Morkowski et al. 1997;
Drake, Lewis et al., 1999; Turley, Inaba et al., 2000). The
finding of colocalization of LAMP and MHC II molecules allows
its use as support for chimeric antigen, containing the
sequences of LAMP targets, aimed at direction antigen
processing for MHC 1T compartment. Many works have
demonstrated that antigens fused to the LAMP (antigen / LAMP)
are capable of generating a higher proliferative activity of
specific antigen lymphocytes, high titers of antibodies and
intense cytotoxic T activity in relation to the wild non-
fused antigens to the LAMP {Rowell , Ruff et al., 1995; wu,
Guarneri et al., 1995; Ruff, Guarneri et al., 1997;
Raviprakash, Marques et al., 2001; Su, Vieweg et al., 2002;

Donnelly, Berry et al. , 2003; Anwar, Chandrasekaran et al.,

2005) .

The attenuated virus vaccine 17DD has been produced on
the campus of Manguinhos - FIOCRUZ / RJ since 1937, i.e. at
least 70 years. The mass immunization with the vaccine 17DD,

as well as the systematic fight against the transmission
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vector of Yellow Fever (Aedes aegypti), were and remains
crucial strategies for disease control 1in the country.
Despite the efficacy and safety of the wvaccine 17DD, it is
not recommended for infants, pregnant women, and people who
have immunodeficiencies and who are allergic to egg proteins
(substrate for wvaccine 17DD production). It is estimated that
approximately 5% of the population presents allergies and /
or side effects in response to the vaccine, ©possibly
culminating in rare cases of death caused by vaccination.

Recently, facing the death of monkeys in wildlife
regions where YFV circulates, the population began to panic
at the speculations of the re-introduction of urban Yellow
Fever 1in the country. Considering the risk of infection
prevalent in tropical areas, the invasion of the wurban
environment by the vector of the disease, global warming and
the lack of appropriate policies to combat the vector insect,
the risk of spread of the disease in urban areas cannot be
neglected. The chaos caused by dengue in the state of Rio de
Janeiro, which by the way is transmitted by the same vector
of Yellow Fever, illustrates the risk of a possible (but not
likely) outbreak of wurban Yellow Fever in the country.
Considering all these factors, the development of a
complementary vaccine strategy, and / or alternative against
Yellow Fever, can complement / replace the use of attenuated
virus vaccine version.

Although no DNA vaccine has been approved for human use,
this type of technology has been increasingly enhanced and

potentially shall replace the formulations based on living
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microorganisms. DNA-based formulations can be easily handled
and dosed, require no special temperature condition for
storage and distribution and even eliminate any possible risk
of infection by the 1live / attenuated agents. This type of
technology also allows the handling of immunogens able to
stimulate the immune system with specific epitopes and
biclogical signals, avoiding the wuse of unnecessary and
potentially harmful antigens / epitopes regarding to possible
cross-immune responses (main obstacle to the development of
an effective vaccine against dengue, due to cross-reaction
between 1its 4 serotypes). Finally, with the technological
advancements of tools for manipulation of microorganisms and
purification of molecules on a large scale, DNA vaccines
might be produced on a larger scale and with a lower final
cost when compared to the attenuated / inactivated
formulations.

It is important to note that before the encouraging
significantly results obtained by our group, using a genetic
vaccine based on the viral sequence ¢f the E protein fused to
the LAMP, and improving this vaccine by the optimization of
antigens for the expression in humans, we believe in the
possibility of developing and implementation of a DNA
vaccine, even more secure, able to confer immunity against
the virus of Yellow Fever in humans. This type of technology
might also serve as subsidy to the development of other viral

vaccines, especially against other flaviviruses such as

Dengue virus.

SUMMARY OF THE INVENTION
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The present invention, in its broadest aspect, 1is
directed to an optimized DNA vaccine based on the region
encoding the envelope of the Yellow Fever virus fused to the
Association Protein to the Lysosomal Membrane - LAMP, able to
process the encoded antigen and present it to the immune
system via MHC II.

Brief Description of the Figures and Tables

Figure 1: Schematic of the annealing regions for the
amplification of Wild PreM / M-E (for YFE) and PreM / M~E
fused to the LAMP (pL / YFE). Scheme represented the entire
genome of the virus of Yellow Fever, composed of 3 structural
genes (Capsid (C), Membrane (PreM / M) and Envelope (E)] and
7 nonstructural (NS1~NS5). The black arrows indicate the
annealing regions of the primers (Oligonucleotides) used for
the amplification of wild PreM / M-E (carboxy-terminal region
of the capsid X transmembrane region C-terminal of the
cnvelope). For the amplification of PreM / M-E, for the
fusion with LAMP, "reverse" primer used was designed to anneal
before the transmembrane region of the envelope (white
arrow) .

Figure 2: PCR PreM / M-E product of the YF virus. After
the amplification by PCR, using primers designed to the wild
PreM / M-E sequence (Table 1) was obtained a fragment of
approximately 2000pb as expected. The referred PCR product
was migrated in 1% agarose gel and visualized to the
transluminator of ultraviolet light. The 1kb plus ladder
(Invitrogen ®) was used as molecular weight marker (MW),

indicating as reference to the 1650 and 2000 base pairs

CA 2778893 2018-09-20
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bands.

Figure 3: PCR PreM / M-E products of YFV for fusion with
LAMP and C-LAMP (human). After amplification by PCR, using
primers designed for the PreM / M~E sequences for the fusion
with LAMP and human C-LAMP (Table 1), a fragment of
approximately 1800 bp (PreM / M-E)} and other of 125 bp (C-
LAMP) were obtained as expected. These PCR products were
migrated in 1% agarose gel and visualized to the ultravioclet
light transluminator. 1lkb plus ladder (Invitrogen ®) was used
as molecular weight marker (MW), indicated as reference to
the 100 and 2000 base pairs bands.

Figure 4: Digestion of plasmid DNA to confirm cloning of
the wild PreM / M-E sequence on the pGEMT-Easy vector. After
transformation with the connection pGEMT-Easy + wild PreM /
M-E, 3 white bacterial clones (screened by IPTG / X-Gal) were
inoculated in liquid medium for subsequent extraction of
plasmid DNA. The obtained minipreps were then digested with
the XhoI and Notl enzymes to confirm the cloning of wild PreM
/ M~E in the pGEMT-Easy vector. The digestion products were
then migrated in 1% agarose gel and visualized by ultraviolet
light transluminator. 1lkb plus ladder (Invitrogen ®) was
used as molecular weight marker (MW), indicated as reference
of 3000 and 2000 base pairs bands. Only clone 2, asterisk,
released a fragment of the expected size (2000pb).

Figure 5: Digestion of plasmid DNA to confirm cloning of
the PreM / M-E sequence for fusion with LAMP in the pGEMT-
BEasy vector. After transformation with the connection pGEMT-

Easy + PreM / ME for fusion with LAMP, 8 white bacterial
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clones (sorted by the IPTG / X-Gal) were inoculated in liguid
medium for subsequent extraction of plasmid DNA. The obtained
minipreps were then digested with the Nhel and Xhol enzymes
to confirm the cloning of PreM / M-E for fusion with LAMP in
the pGEMT-Easy vector. The digestion products were then
migrated in 1% agarose gel and wvisualized by ultraviolet
light transluminator. 1kb plus ladder (Invitrogen Q) was
used as molecular weight marker (MW), indicated as reference
the 1650 and 2000 bp bands. The clones 3, 5 and 8 (asterisks)
released fragments of the expected size (1900pb).

Figure 6: Digestion of plasmid DNA to confirm cloning of
C-LAMP in the pGEMT-Easy vector. After transformation with
the connection pGEMT-Easy + C-LAMP, 3 bacterial clones were
inoculated in 1liquid medium for subsequent extraction of
plasmid DNA. The obtained minipreps were then digested with
the XhoI and Xbal enzymes to confirm the cloning of C-LAMP in
the pGEMT-Easy vector. The digestion products were then
migrated in 1% agarose gel and visualized by ultraviolet
light transluminator. 1kb plus ladder (Invitrogen @) was
used as molecular weight marker (MW), indicated as reference
the 100 and 3000 base pairs bands. Out of the total 3 clones,
all released the fragments of the expected size (125bp,
asterisks).

Figure 7: Digestion of plasmid DNA to confirm the
cloning of the wild PreM / M-E sequence in the p43.2 vector.
After transformation with the connection p43.2 + wild PreM /
M-E, 3 bacterial clones were inoculated in liquid medium for

subsequent extraction of plasmid DNA. The obtained minipreps
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were then digested with the XhoIl and NotI enzymes to confirm
the cloning of wild PreM / M-E in the p43.2 (p / YFE) vector.
The digestion products were then migrated in 1% agarose gel
and visualized by ultraviolet light transluminator. 1lkb plus
ladder (Invitrogen ®) was used as molecular weight marker
(MW), indicated as reference the 2000 and 5000 bp bands. All
the clones released fragments of the expected size (2000bp,
asterisks).

Figure 8: Digestion of plasmid DNA to confirm cloning of
the p43.2-PreM/ME sequence for fusion with LAMP in the p43.2
vector. After transformation with the connection p43.2 + PreM
/ M-E for fusion with LAMP, 8 bacterial «clones were
inoculated in 1liquid medium for subsequent extraction of
plasmid DNA. The obtained minipreps were then digested with
the Nhel and XhoI enzymes in order to confirm the cloning of
p43.2-PreM/M-E for fusion with LAMP in the p43.2 vector. The
digestion products were then migrated in 1% agarose gel and
visualized by wultraviolet 1light <transluminator. 1lkb plus
ladder (Invitrogen ®) was used as molecular weight marker
(MW), indicated as reference the 2000 and 5000 bp bands. Out
of the total of 8 «clecnes, 7 released fragments of the
expected size (1900bp, asterisks).

Figure 9: Digestion of plasmid DNA to confirm cloning of
C-LAMP in the p43.2-PreM/ME vector for fusion with LAMP.
After transformation with the connection p43.2-PreM/ME + C-
LAMP, 7 bacterial clones were inoculated in liquid medium for
subsequent extraction of plasmid DNA. The obtained minipreps

were then digested with the Xhol and XbaTl enzymes to confirm

10
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the cloning of C-LAMP in the p43.2-PreM/ME/LAMP (pL / YFE)
vector. The digestion products were then migrated in 1%
agarose gel and visualized by ultraviolet light
transiuminator. 1lkb plus ladder (Invitrogen ®) was used as
molecular weight marker (MW), indicated as reference the 100
and 7000 base pairs bands. Out of total of 7 clones, all
released the fragments of the expected size (125bp,
asterisks) .

Figure 10: Cells 293 transfected with the constructions
p/YFE to plL / YFE. Validation of the expression of proteins
encoded by plasmids p/YFE and pL / YFE, as well as the
intracellular localization therecf, was carried out by
immunofluorescence assay. Both E protein and E / LAMP were
detected using polyclonal antibody, anti-YEV. The expected
distribution of the wild E wviral ©protein, typically
associated with reticular membrane, was confirmed (A). In
additicn, the chimeric protein E / LAMP (present in cells 293
transfected with pL / YFE) presented distributed by the
reticular membrane more particularly associated with the
lysosomal membranes (as was also expected due to the presence
of LAMP).

Figure 11: Digestion of plasmid DNA, in endotoxin-free
conditions, to confirm the identity of the vectors (p / YFE
and plL / YFE). After transformation with constructions p /
YFE and pL / YFE, isolated colonies of each construction were
inoculated into liquid medium for subsequent extraction of
plasmid DNA. The obtained Gigapreps were then digested. The

construction of wild (w / YFE) was subjected to two digestion

11
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tests. The first with the Xhol and Xbal enzymes, in which
there was linearization of construction (1) and with the Xhol
and Notl enzymes that generated the release of the fragment
encoded by p / YFE. The construction with LAMP (pL / YFE) was
also subjected to two digestion tests. The first with the
XhoI and Xbal enzymes, in which there was release of LAMP
{asterisk), and with the NheI and Xbal enzymes which
generated the releasing of the fragment coded by plL / YFE.
The digestion products were migrated in 1% agarose gel and
visualized by ultraviolet 1ight transluminator. 1kb plus
ladder (Invitrogen ®) was used as molecular weight marker
(MW), indicated as reference the 1650 and 100 base pairs
bands.

Figure 12: Comparison of induced cellular responses in
Balb / C mice, using the 17DD vaccine and the constructions
p/ YFE and pL / YFE. Balb / C mice were immunized on days 0
and 21 with: (A) 10% Colony Forming Units - PFU of the 17DD
vaccine, (B) 50ug of the pL / YFE vaccine or (C) 50ug of the
p / YFE vaccine. 7 to 10 days after the last immunization
splenocytes samples of the mice were isolated for testing the
ELISPOT - IFN-vy, using a library of synthetic peptides, 15
amino acids each with "overlapping"™ of 11 amino acids between
them, covering the entire E protein of YFV. This figure
represents an average of 2-4 experiments performed with
"pools" of 3-5 mice each.

Figure 13: Neutralizing antibody levels detected in BALB
/ ¢ and C57Bl / 6 mice, after immunization with 17bDb, pL /

YFE and p / YFE vaccines. Mice of both species were immunized

12
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with conventional or DNA vaccines on days 0, 30 and 45 and
its immune sera were obtained on days 15, 45 and 60. Sera
were tested individually by plaques reduction neutralization
- PRNT, compared with monkey serum containing neutralizing
antibodies against YEV 1in a known concentration. The
construction pL / YFE, although inducing the production of
neutralizing antibodies approximately 3.5 times smaller than
the 17DD vaccine, 1s <capable of inducing neutralizing
antibody titers at least 7 times higher than the titers
induced by p / YFE.

Figure 14: Evaluation of protection against YFV, through
intracerebral injection testing in mice previously immunized
with 17DD and pL / YFE. The protection assays were performed
using the model of immunization / challenge, by injecting 105
PFU of the 17DD wvaccine virus ({intracerebrally) in mice
previously immunized with the 17DD vaccine and with plL / YFE
vaccine. Animals were immunized 3 times {days 0, 30 and 45)
and challenged 15 days after the last immunization. Both the
17DD vaccine and the pL / YFE vaccine were able to protect
100% of the challenged animals. Table 2 adds the information
of this figure, regarding to the number of challenged
animals, as well as comparing the efficiency of DNA vaccines
in both species.

Table 1: Oligonucleotides (primers) used to generate the
vaccine constructions p / YFE and pL / YFE. For the design of
nucleotide capable of amplifying the wild PreM / M-E and PreM
/ M-E-LAMP sequences was used the public domain software Ape

[developed by Dr. M. Wayne Davis].

13
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Table 2: Results of protection test in BALB / ¢ and
C57B1 / 6 mice compared with the 17DD vaccine with DNA plL /
YFE vaccine. Mice immunized with 17DD vaccine, and with the
DNA pL / YFE construction were challenged intracerebrally
with the YEV 17DD. Both lineages of mice were 100% protected
by the conventiocnal vaccine and DNA vaccine. As a negative
control, mice underwent the same immunization schemes with
the empty p43.2 vector and PBS.

Table 3: Compariscon of expression levels of the envelope
proteins of Yellow Fever, wild and optimized, by flow
cytometry. Cells 293 were transfected with 1 ug of each DNA
vaccine, using lipofectamine, and stained with anti-envelope
rabbit serum of Yellow Fever. Transfection of the cells was
normalized, using as an internal control a plasmid enceding a
fluorescent protein, and in relation to the 1level of
expression of the protein encoded by the encoding
construction of the native seguence of the envelope (number
2). The plasmid optimized (number 6) showed an expression
level 6.5 times higher than the plasmid encoding the native
segquence (number 2).

Detailed Description of the Invention

The present inventors have developed and evaluated the
expression efficiency and ability to induce the immune
response of two genetic vaccines, both based on the strategy
of co-expression of the proteins PreM / M and E of YFV (one
wild and the other fused to the LAMP) . Both constructions,
wild (p / YFE) and with LAMP (pL. / YFE), were used to

transfect human cell and the respective proteins encoded by

14
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them were detected by immunofluorescence. Then the vectors p
/ YFE and pL / YFE were inoculated into mice and the immune
responses, 1induced by each construction, were analyzed in
terms of cellular and humoral responses. Results were
considered excellent since the two constructions are capable
of inducing T cell response against the same epitopes induced
by the 17DD vaccine, and PL / YFE was also able to induce
high titers of neutralizing antibodies. These vectors were
also inoculated into mice then were challenged against YFEV,
in order to assess whether these constructs are able to
protect these animals against FA. Despite the construction pL
/ YFE have been able to generate higher neutralizing antibody
titers than the wild construction p / YFE in both Balb / ¢ as
in immunized C57Bl1 / 6, both constructions conferred 100% of
protection to the mice challenged. These results are
considered excellent.

The vaccine pL / YFE was further optimized, generating
the construction pL / YFEopt, using the genetic algorithm of
the LETC 1.0 (Entelechon ®) program. Factors were taken into
consideration in the optimization process, such as: codon
usage, mRNA secondary structure, presence of repetitive DNA
motives, GC content, presence / absence of restriction sites,
cryptic sites of "splicing™, etc.. The optimized sequences
were sent to the commercial synthesis (Geneart ®) and then
sub cloned 1into the wvector 8L, wild and with LAMP. The
optimized vaccine constructions, as well as wild p / YFE and
pL / YFE, will be inoculated into conventional and transgenic

mice (expressing human HI1As) and evaluated for its

15



immunogenicity using ELISPOT assays, virus neutralization by
plaque reduction (PRNT) and defiance against YFV.
The invention will be now described using examples. The
following examples are illustrative of the invention and
5 represent preferred embodiments, those skilled in the art
know or are able to find, using nothing more than routine
experimentation, how to use other materials and appropriate
techniques.
PCR Amplification
10 The primers designed (Table 1) for the amplification of
wild PreM / M-E, PreM / M-E for fusion with LAMP and C-
terminal domain of LAMP, allow the obtaining of the
respective sequences with the expected molecular weights. The
wild sequence PreM / M-E was amplified using primers flanking
I5 the N-terminal region of PreM / M (more specifically at the
level of the carboxy-terminal region of the capsid) and the
C-terminal trans membrane region of the envelope. For the
amplification of the PreM / M-E sequence, aiming to merge the
C-terminal domain of LAMP, the "forward" primer used was
20 designed to anneal with the same region of the capsid.
Moreover, the used "reverse"” primer was designed to more
internally anneal within the region that encodes the envelope.
Thus, the sequence PreM / M-E (for fusion with LAMP) 1lacks
the C-terminal trans membrane domain of the envelope, aiming
25 at its replacement by the C-terminal domain of LAMP (Figure
1).
The PCR product PreM / M-E for fusion with LAMP has

approximately the same size of the wild PreM / M-E product,

16
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as the region removed from the envelope has only 100 base
pairs (bp). To replace this C-terminal trans membrane domain
of the envelope, we design primers capable of amplifying the
C-terminal region of LAMP-1 human (C-LAMP). The “forward”
primer allows the merger (in phase) of PreM / M-E with C-
LAMP, while the “reverse” ©primer has the translation
termination codon. The PCR product of the wild PreM / M-E
sequence, approximately 2000 base pairs (bp), can be seen in
Figure 2. PCR products, PreM / ME for fusion with LAMP (1900
bp) and C-LAMP (125 bp), can be seen in Figure 3.
Cloning of PCR products obtained in the pGEMT-Easy vector
Once confirmed the expected sizes of the wild PCR PreM /
ME products, PreM / M-E for fusion with LAMP and C-LAMP,
these were cloned in the pGEMT-Easy vector. To facilitate
screening of positive clones, clones containing the insert
inserted into the lacZ fragment of B-galactosidase gene, only
white clones of each construction were selected. 3 clones
were selected from the plate containing the bacteria
transformed with the connection pGEMT-Easy + wild PreM / ME.
These clones were inoculated in growth liquid medium for
subsequent preparation of plasmid DNA (miniprep) and
digestion proof to confirm the cloning. Out of the 3 selected
clones only 1 released of the expected insert of 2000bp on
the construction of wild PreM / M-E (Figure 4). Regarding the
connection pGEMT-Easy + PreM / ME for fusion with LAMP, 8
white clones were selected. These clones were also subjected
to plasmid extraction and digestion proof. Out of the 8

selected clones, 3 released the insert of 1900 expected,

17



10

15

20

CA 02778893 2017-01-13

relative to the construction PreM / M-E for fusion with LAMP
(Figure 5). 3 clones were selected from the connection pGEMT-
Easy + C-LAMP, all of which released the insert after
digestion (Figure 6).
Sub cloning of the fragments cloned in the pGEMT-easy in the
vector p43.2

For the sub cloning of PreM / M-E in the p43.2 vector,
this fragment was cleaved from pGEMT-Easy vector and inserted
into p43.2 vector. To facilitate screening of positive
clones, 3 different concentrations of insert were connected
in a p43.2 vector constant concentration (a connecting in the
absence of insert was performed as negative control). Thus
the plate was selected with the highest number of clones,
comparing the plates with different concentrations of insert
with the negative control for the selection of clones. 3
clones were selected from this plate containing bacteria
transformed with the connection p43.2 + wild PreM / M-E.
These clones were inoculated in growth liquid medium for
subsequent preparation of plasmid DNA and digestion proof to
confirm the cloning. Out of the 3 selected clones all
released the insert of expected 2000bp on the construction P
/ YFE (Figure 7). Regarding the construction p43.2 + PreM /
M-E / LAMP an intermediate vector was necessary to construct,
containing PreM / M-E for the fusion with lamp, for the
subsequent fusion of LAMP. Thus, the PreM / M-E fragment for
the fusion with LAMP was cleaved from the PGEMT-Easy vector
and sub cloned in the p43.2 vector, generating the

intermediate construction p43.2-PreM / M-E for the fusion
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with LAMP. B8 clones were selected from this connection, of
which 7 have released the insert of 1900bp expected after the
digestion proof (Figure 8). To fuse LAMP to the fragment
pd3.2-PreM/ME for fusion with LAMP, C-LAMP was cleaved of the
PGEMT-Easy/C~LAMP vector and purified. Then the p43.2-pM/ME
vector for fusion with LAMP was c¢leaved with the same
enzymes, allowing the insertion of LAMP in its C-terminal,
generating the construction pL / YFE. To confirm the
insertion of lamp LAMP in the p43.2-PreM/ME to Fusion with
LAMP, 7 clones were digested of which all released the
fragment of expected 125bp (Figure 9).
Sequencing of the constructions p / YFE and pL / YFE

To confirm the identity and quality of the sequences sub
cloned in p43.2 vector, the respective vectors were sequenced
using internal primers designed for annealing at each 400bp of
the cloned inserts (meaning "forward" and “reverse"). The
obtained sequences were analyzed by the ApE® and Lasergene®
programs. In the construction p / YFE, 2 non-silent punctual
mutations were found, i.e., which change the amino acid are
in a total of 644 amino acids, The changes were from an
alanine (A) to a valine (V) at position 250, and serine (S)
to an aspartic acid (D) at the position 349. These mutations
were also the only ones found in the construction pl / YEE,
indicating that the mutations did not occur at the level of
PCR but were already present in the DNA template used for
amplification. Considering the E protein has several epitopes
for B cells (because only the E and NS1 protein are capable

of generating neutralizing antibodies), as well as T cells
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(data not shown, obtained by employees of our group), these
mutations were considered irrelevant to our study of vaccine
development.

Detection of proteins E and E / LAMP by immunofluorescence

To evaluate the expression of the proteins E and E /
LAMP encoded by the constructions p / YFE and pL/ YFE
respectively, human cells 293 were transfected with these DNA
vaccines. Despite the low efficiency of expression (about
40%), both proteins were detected in the appropriate cell
compartment. As expected, 1t was confirmed the characteristic
reticular distribution of the wild antigen E (Figure 10A), as
well as the characteristic lysosomal distribution of the E-
LAMP protein Fig. 10B).

Evaluation of the immune response induced in mice immunized
with p / YFE and pL / YFE vaccines.

For the immunization testing, the DNA wvaccines, p / YFE
and pL / YFE were initially prepared on a large scale free of
endotoxins. The obtained preparations were submitted to
digestion proofs with specific enzymes in order to ensure the
guality / identity of the vectors. The p / YFE vector was
digested with the XhoI and Xbal enzymes and ¥XhoI and Notl
enzymes, whereas the pL / YFE vector was digested with the
XhoI and Xbal enzymes and Nhel and Xbal enzymes. All
digestions released DNA fragments in the expected size
(Figure 11). Next, the constructions p / YFE and pL / YFE
were used for experimental tests of immunization in mice.

The p / YFE and plL / YFE plasmids, free of endotoxins,

were then inoculated in BALB / ¢ and C57Bl / 6 mice, using as
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positive control and negative control the 17DD vaccine and
saline solution negative controls and empty p43.2 vector. The
immune responses, induced by each construction were analyzed
in terms of cellular response (by testing "Enzyme-Linked
Immunosorbent SPOT - ELISPOT™) and humoral (by wvirus
neutralization tests - PRNT). The obtained results were
considered excellent because the +two constructions are
capable of inducing T cell response against the same epitopes
induced by conventional attenuated virus vaccine (Figure 12),
and the construction pL / YFE was still capable of inducing
neutralizing antibodies at a concentration considered quite
satisfactory. The construction pL / YFE, although inducing a
production of neutralizing antibodies approximately 3.5 times
smaller than <the 17DD vaccine, 1is capable of inducing
neutralizing antibody titers at least seven times higher than
p / YFE (Figure 13).

The pL / YFE vector was then inoculated 3 times
(50ug/immunization) in BALB / ¢ and C57BL / 6 mice. Again,
17DD vaccine was used as positive control, and both the empty
p43.2 vector and saline solution (1X PBS) were used as
negative controls. Two weeks after the last immunization, the
animals were challenged by inoculation against YFV by the
inoculum of 10° Plaques Forming Units (PFU) of the 17DD
vaccine (intracerebrally). The 17DD vaccine and the DNA pL /
YFE (E-LAMP) vaccine conferred 100% protection to challenged
mice (Figure 14 and Table 2).

Optimization of the plL / YFE vaccine generating constructions

pL/YFEoptl and pL/YFEopt2.
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To improve the efficiency of E antigen expression in
eukaryotic cells, aiming at the experiment in primates, the
DNA sequence enceding the E protein was optimized. This
sequence was analyzed / optimized with respect to features
such as "codon usage", secondary structure of messenger RNA
(mRNA), distribution of the GC content, DNA repetitive
motions, restriction sites, "splicing" cryptic sites, etc.
The optimization process takes into account the various
parameters mentioned above, while seeking a balance between
them.

Two optimized versions were generated of the plL / YFE
vaccine, called pL/YFEoptl and pL/YFEopt2. The optimized
constructicns were then used to transfect human cells 293,
with the objective of evaluating the expression efficiency of
optimized E-LAMP antigen (E-LAMPopri-z) with respect to wild E-
LAMP antigen. By immunofluorescence assay, the expression of
E-LAMP was considered at least 20 times greater (data not
shown) . Although, quantitative assays of "Western blot" have
not been performed to evaluate, more accurately, how many
times E-LAMPOPT1 are more expressed in relalion to wild E-
LAMP, we can say that the expression of these E-LAMPOPTI1
antigens 1is significantly superior to the wild antigen
expression.

Considering the greater efficiency of p43.2/E-LAMPopri-z
expression relative to wild p43.2/E-LAMP, we believe that
possibly the optimized DNA vaccine is deemed to be even more
efficient than the wild vaccine previously tested. The higher

efficiency of expression is likely to be accompanied by a
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higher neutralizing antibody titer, increasing the potential
of the optimized vaccine with respect to the number of doses
and concentration of DNA in each dose. Although p43.2 vector
have Dbeen optimized for the expression in eukaryotic cells
(by combining specific promoters, transcription factors,
signal sequences for polyadenylation, resistance markers,
etc.), some DNA seguences contained therein (such as for
example that one encoding the ampicillin resistance mark) are
not allowed by "Food and Drug Administration-FDA" for use in
humans. On the other hand, other expression vectors, such as
the 8L vector, for example, do not present these undesirable
sequences and, therefore, are not restricted by the FDA.
Thus, the E-LAMPopri-2z antigens were still cloned in the 8L
vector generating the p8L/E-LAMPopri-z constructions that will
be initially evaluated in mice, and later in monkeys.
EXAMPLE 1: Construction of the transfection vectors: p43.2-
PreM/M-E (p / YFE) and p43.2-PreM/M-E-LAMP (pL / YFE);
l.1-Amplification and purification of PCR products

The PreM / M-E sequence of YFV, including the carboxy-
terminal sequence of the capsid (responsible for the
translocation of PreM / M to the endoplasmic reticulum) was
amplified by PCR, from a plasmid containing the entire genome
of the YFV [infectious clone kindly provided by Dr. Ricardo
Galler (Biomanguinhos-IOC/FIOCRUZ)]. PreM / M-E was amplified
with two separate pairs of primers for obtaining the wild
sequence (extending from the nucleotide 392 wuntil the
nucleotide 2452 of the genome of Yellow Fever, based on the

sequence of accession number NC 002031 in the Genbank -
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NCBI), as well as from a seguence of fusion incorporating
LAMP in the carboxy-terminal region (extending from the
rucleotide 392 to the nucleotide 2323 of the genome of Yellow
Fever, based on the sequence of access number NC 002031 in
the Genbank - NCBI). The C-terminal sequence of LAMP was
amplified from a plasmid containing the N-terminal and C-
terminus regions of LAMP-1 human, p43.2 hLAMP / GAG [kindly
provided from Dr. Ernesto Marques (LavViTE- CPgAM / FIOCRUZ
})]. Specific primers were used that allowed the incorporation
of: specific restriction sites, translation initiation ATG
codon (in context with the Kozak sequence) and termination
codon of the translation (see Table 1). PCR reactions were
performed in final volume of 50uL containing: 1X buffer Tgo
(Roche ®); 0.2mM dNTP (Invitrogen®); 0.6uM of each primexr; 1
unit of the polymerase DNA Tgo enzyme (Roche ®); 10ng of
template DNA. The samples were amplified in a Mastercycler
gradient (Eppendorf ®) thermocycler programmed as follows: 1-
94 °C for 2 min (denaturation); 2 - [94 °C for 1 minute
(denaturation); 55 °C for 30 seconds (annealing); 68 ° C for
75 seconds (extension) - 30 cycles (amplification)] 3 - 68 °C
for 10 minutes (extension and completion of incomplete
fragments). The PCR products were migrated on agarose gel for
subsequent purification using the QIAEX II commercial kit
(Qiagen ®), according to the manufacturer's recommendations.

1.2-Cloning of the PCR products in replication vector

The purified PCR products were then subjected to
treatment with the Taq DNA polymerase (Invitrogen®) enzyme,

for adding adenines free in their ends. This reaction was
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performed in a final voclume of 10pl containing: 1x Tagq
polymerase buffer (Invitrogen ®); 1.5mM MgClz; 2mM dATP
(Invitrogen ®); 5 Tagq DNA polymerase units (Invitrogen ®);
SuL of the purified PCR product. The samples were incubated
at 72 °C, during 20 minutes in a Mastercycler Gradient
(Eppendorf ®) thermocycler. After treatment with Tag DNA
polymerase (Invitrogen ®), adenylate PCR products were used
for cloning in pGEMT-easy (Promega ®) vector. The connection
reactions were performed using the pGEMT-Easy vector system I
kit (Promega ®) in a final volume of 10uL containing: 1X
buffer "Rapid Ligation”; 50ng of the pGEMT-Easy vector; 0.4
units of T4 DNA ligase; 2uL of treated PCR products. The
connection reaction was performed at 4 °C for about 15 hours.
Connections were then used to transform competent cells in
order to confirm the cloning. Transformations were performed
in a final volume of 80pL containing: 50upl of competent cells
(Escherichia coli TGl); 25ul of transformation buffer (5 mM
MgClZ; 5 mM Tris-HCl pH 7.4); 5ul. of each connection product.
The transformation reactions were incubated for 30 minutes on
ice, and then subjected to thermal shock (37 °C - 5 minutes)
and cooled again on ice. The cells were seeded on plates with
solid culture medium Luria-Bertani (LB), containing
ampicillin in 50upg/mL concentration and IPTG / X-Gal (10 mM
IPTG; 0.1 mg X-Gal). The plates were incubated, for
approximately 15 hours at 37 °C, and then incubated at 4 °C
for 1 hour to facilitate discriminating between empty clones
(blue) and clones containing the insert (white) .

1.3~Preparation of plasmid DNA

25



20

25

CA 02778893 2017-01-13

In order to confirm the cloning, whité colonies were
selected, from each connection, for preparing plasmid DNA and
digestion proof. The colonies were inoculated in 2mL of
ligquid LB medium, containing ampicillin (50ug/mL), and grown
for approximately 15 hours at 37 °C. Then 1.5 mL of each
culture was centrifuged (13,200 rpm - 5 minutes) to obtain
bacterial sediment. The extraction of plasmid DNA was
performed from these "pellets"™ using the QIAprep spin
miniprep kit (Qiagen®), according to the manufacturer's
recommendations. The plasmid DNAs, 50ulL each, was then used
for the confirmation of cloning by the digestion tests. The
digestion reactions were performed in a final volume of 10uL
containing: 1X digestion buffer; 1.5ul, plasmid DNA. All
digestions were carried out at 37 °C for about 4 hours. The
pGEMT-Easy vector containing the PreM / M-E fragment was
digested with 0.01 units of XhoI enzyme and 0.0l units of
Notl enzyme. The pGEMT-Easy vector, containing the same
sequence, but with different restriction site allowing the
subsequent insertion of LAMP, was digested with 0.005 units
of Nhel enzyme and 0.01 units of Xhol enzyme. Since the
pPGEMT-Easy vector containing the C-LAMP fragment was digested
with 0.01 units of the XhoI enzyme and 0.01 units of the Xbal
enzyme. From the results of the digestion, verified on
agarose gel, positive clones of each construction was
digested on a large scale for further purification of the
fragments. The digestion reactions on large scale were
carried out in a final volume of 50uL  containing: 1X

digestion buffer; 15uL of plasmid DNA. All digestions were
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carried out at 37 °C for about 4 hours. The pGEMT-Easy vector
containing the PreM / M-E fragment was digested with 0.1
units of XhoI enzyme and 0.05 units of NotI enzyme. The
PGEMT-Easy vector containing the PreM / M-E fragment for
fusion with LAMP was digested with 0.05 units of the Nhel
enzyme and 0.1 units of XhoI enzyme and the pGEMT-Easy vector
containing the C-LAMP fragment was digested with 0.1 units of
Xhol enzyme and 0.1 units of the Xbal enzyme. Then each
fragment was purified by extraction of agarose gel, using the
QIAEX kit II Gel Extraction Kit (Qiagen ®).

1.4- Sub cloning wild PreM / M-E and PreM / M-E-LAMP in the

pd43.2 vector

The p43.2 vector was subjected to digestion reactions to
create restriction sites, compatible with the sites of the
wild PreM / M-E and PreM / M-F fragments for the fusion with
LAMP. The digestion reactions were carried out in two steps,
first with an enzyme and then with other. For the cloning of
wild PreM / M-E (p / YFE), the first digestion reaction was
carried out in a final volume of 50ulL containing: 1X
digestion buffer; 15uL of the sample of vector and 0.05U of
the NotT (Biolabs®) enzyme. Digestion was performed at 37 °C,
for about 4 hours. After the digestion, it was verified
whether the linearization of the vector occurred by comparing
the size between the digested sample and the intact vector,
both migrated under the same conditions on agarose gel.
Verified the linearization, the sample was precipitated with
ethanol and resuspended in a final volume of 40uL. The second

digestion reaction was carried out in a final volume of 50ulL
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containing: 1X digestion buffer; 40uL of the vector sample
and 0.1 units of XhoI enzyme. As for the cloning of PreM / M-
E for the fusion with LAMP, the p43.2 vector was subjected to
a digestion scheme, very similar to that used for cloning the
wild fragment, and using the NheI and Xhol enzymes. The
digestions were performed at 37 °C for approximately 6 hours.
The reactions connection of both fragments, to the p43.2
vector, was carried out in a final volume of 10pL containing:
1X T4 DNA ligase buffer (New England Biolabs ®); 100ng of
p43.2 vector (cleaved with Xhol / NotI or Nhel / XhoI); 0.4
units of T4 DNA ligase (New England Biolabs ®); 3pL of each
purified fragment. The connection reactions were performed at
16°C for about 20 hours. Connections were then used to
transform competent cells in order to confirm the cloning.
The procedures of transformation, preparation and digestion
of plasmid DNA were the same as described above. Finally, for
the insertion of the C-terminal fragment of LAMP (C-LAMP), in
the p43.2-PreM/M-E vector for the fusion with LAMP, both the
vector and the fragment C-LAMP were digested with the Xhol
and Xbal enzymes (to obtain the construction pL / YFE).

1.5-DNA Sequencing

The buildings p / YFE and pL / YFE were subjected to the
automatic sequencing for the certification of identity /
quality of the cloned sequences. The sequencing reaction was
performed in a final volume of 10uL containing: 1X buffer
"Save money" (200mM Tris-HCl/pH 9.0, 5 mM MgClz2); 0.32uM of
each primer (a total of six internal primers); O0.5uL of

"Bigdye" solution (Applied Biosystems ®); 200 ng of DNA. The
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samples were incubated at 95 °C for 5 minutes, in a Gene AMP
PCR System 9700 (Applied Biosystems @) thermocycler, for
denaturation. Then these samples were subjected to the
following cycles of PCR for seguencing: 1 - 94 °C for 2
minutes (initial denaturation); 2 - [94 °C for 15 seconds
(denaturation); 50 °C for 10 seconds (annealing); 60 ° C for 4
minutes (extension) - 45 cycles]. The samples were
precipitated in 65% isopropanol, washed with 60% ethanol and
resuspended in 15uL of formamide (Applied Biosystems ®).
Samples were sequenced in Integrated Core technology (NIT) of
the CPgAM, using the automatic sequencer of DNA ABI Prism
3100 (Applied Biosystems ®) in accordance with previously
established standards in this unit.
EXAMPLE 2: Cultivation, infection and transfection of
eukaryotic cells

Eukaryotic cells 293 were grown in DMEM (Invitrogen®)
medium supplemented with: 10% fetal bovine serum (Gibco®); 1%
penicillin / streptomycin (Gibco®); 1% L-glutamine (Sigma ®).
These cells were used for both assays of viral infection, and
for the transfection experiments. After reaching an
approximately 90% confluence, cells were infected with a
viral extract of YFV in the concentration of 0.36 x 10¢
Plaque Forming Units - PFU, kindly provided by Dr. Marli
Tenério (CPgqAM / LaViTE). For the infection, the cells were
initially incubated with the pure YFV extract (1 hour / 37 °C
/ 5% of CO;}) and then added complete DMEM medium for cell
maintenance. The infected cells remained in the same

conditions of incubation (37 °C / 5% of CO;) for 48 hours,
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until they present the cytopathology effects caused by the
viruses. For transfection tests, cells 293 were grown under
the same above conditions. They were then incubated with
0.8ug of each DNA (p / YFE and pL / YFE), using as a negative
control the empty p43.2 and as positive control the reporter
gene of the p-galactosidase. The transfection reactions were
performed using the Lipofectamine 2000 (Invitrogen ®) kit,
following the manufacturer's recommendations. Transfected
cells were incubated (48 hours / 37 °C / 5% of CO2) and
processed for evaluation of transfection efficiency, by the
activity of reporter gene expression. For the reaction of B-
gal coloring, cells were initially washed in 1X PBS and fixed
in solution 0.2% glutaraldehyde / PBS. Then, the fixed cells
were incubated in a final volume of 1 mlL of a solution
containing: 20 mg of X-Gal; 0.005M of potassium ferriciamide;
0.005M of potassium ferriciamide; 0.002M of MgCl, in 1X PBS,
for developing the coloring for B-gal activity.

EXAMPLE 3: Transfection and expression analysis by
immunofluorescence.

Cells 293 were grown on coverslips and transfected with
the obtained vaccine constructions, using the Lipofectamine
2000 kit (Invitrogen Life Technologies®). The empty p43.2
vector was used as negative control. Transfections were
performed in culture plates of 24 wells with 2.5u9 of each
plasmid and 10ul of lipofectamine, according to the
manufacturer's instructions. The cells were incubated 48
hours and then fixed in 100% methanol at -20 °C for §

minutes, blocked in 1% BSA / PBS solution for 30 minutes, and
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incubated with the anti-Yellow Fever polyclonal (produced in
mice in the CPgAM vivarium) at a dilution of 1:200. It was
used the anti-IgG secondary antibody of conjugated mouse to
the fluocromo Alexa 488, produced in goat, at a dilution of
1:500 {Molecular Probes, Seattle, USA). Then, the coverslips
were mounted on slides wusing the "Prolong gold" normal
(Molecular Probes, Seattle, USA) and viewed by confocal
microscopy. Images were obtained by TLeica SPIT-AOBS confocal
microscope (Leica Microsystems, Hm®) using the 63 x NA 3.1
objective lens immersed in immersion oil. The fluocromo Alexa
488 was excited using the laser Arkr at a wavelength of 488nm
and the digital image captured using the Leica software, in
the 24-bit RGB format, in an area of 1024 x 1024 pixels. The
capture fields were selected according to the dispersion and
morphology of the cells.
EXAMPLE 4: Evaluation of the immune response induced in mice
immunized with p / YFE and pL / YFE vaccines
4.1- Acquisition of large-scale vaccine vectors

The constructions encoding the wild viral E broteins (p
/  YFE) and protein E fused to the Lysosome-Associated
Membrane Protein - LAMP (pL / YFE), were submitted to the
preparation of plasmid DNA on a large scale. Aliquots of each
DNA  were wused to transform competent cells (E.coli TG1).
Then, a single colony from each plate was chosen to be
inoculated in 12 ml of liguid LB medium, containing
ampicillin (50pg/ml), and grown for approximately 8 hours at
37 °C under vigorous stirring. After this time, each culture

was inoculated in 2.5 liter of LB / ampicillin medium and
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grown at 37 °C for 16 hours under vigorous stirring. Then,
the culture was centrifuged (8,000 RPM - 15 minutes) to
obtain the bacterial sediment. From this "pellet", it was
performed the extraction of the plasmid DNA (endotoxin-free
conditions) using the commercial kit, Endofree Plasmid Giga
Kit (Qiagen®), according to manufacturer's recommendations.
The plasmid DNAs were subjected to digestion tests in a final
volume of 10uL containing: 1X digestion buffer, 1uL of each
plasmid DNA and specific restriction enzyme. The digestions
were performed at 37 °C for approximately 4 hours.
4.2-Animals and immunization protocols

For tests of neutralization and protection, BALB / ¢ and
C57B1 / 6 female mice with 3 weeks old were immunized on days
0, 30 and 45. One day before each immunization serum samples
were collected from each animal. The mice were immunized at
the tail base with the 17DD attenuated virus vaccine at 104
PFU/50ul (positive control), DNA p / YFE and pL / YFE
vaccines (both in the concentration of 50ug/50ul), as well as
with empty vector and PBS (negative controls). All procedures
were performed in accordance with the requirements of the
Ethics Committee on Animal Use (CEUA), according to the
protocol P-0259-05 approved by this committee.
4.3- Plague neutralization tests

For analysis of induced neutralizing antibody titers, by
the vaccinations with 17DD and with the constructions p / YFE
and pL / YFE, tests were performed for virus neutralization
by plagques reduction (PRNT). These tests were performed using

serum samples of Balb / ¢ and C57BL / 6 mice collected before
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and after vaccination. The neutralization tests were
evaluated by reduction of the plaque formation of the Yellow
Fever virus, grown in Vero cells. After inactivation of the
serum (30 min/56 °C), serial dilutions of serum were
incubated with 50-100 PFU of virus for 30 min at 37 °C, and
added in 6-well plates containing Vero cells. After 1 hour
incubation, the inoculum was removed and added to semi-solid
medium containing agarose. After 8 days incubation the plates
were fixed, and the formation of viral plaques was detected
by immune-peroxidase assay. The neutralization test by
plaques reduction was defined by the dilution at which the
number of plaques was reduced by 50%, PRNT50, when compared
with the control.

4.4-Tests of security assessment

Balb / ¢ and C57BL / 6 mice immunized 3 times with the
17DD vaccine, or DNA vaccines, were used in protection tests.
The animals were challenged by intracerebral inoculum,
containing 10,000 PFU of 17DD virus, 15 days after the last
immunization. The animals were monitored for 21 days to
evaluate symptoms of neurovirulence and mortality. Dying
animals were sacrificed by exposure to CO:.

EXAMPLE 5: Optimization of pL / YFE vector through the
genetic algorithm.

To improve the efficiency of expression of the antigen
encoded by the pL / YFE vaccine in eukaryotic cells, aiming
at future experiments in primate models, the DNA sequence
encoding the PreM / M-Env protein was optimized wusing the

genetic algorithm. This sequence was analyzed / optimized
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with respect to features such as "codon usage", secondary

structure
content,
"Splicing"

sub cloned

of messenger RNA (mRNA) , distribution of GC
repetitive DNA motives, restriction sites,
critical sites, etc.. The optimized seguence was

in 8L vector, generating p8L/YFEopt construction.
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Table 2 - Results of protection test in BALB / c and C57B1

/ 6 mice comparing the 17DD vaccine with the DNA pL / YFE

vaccine.
Immunization / BALB / ¢ C57B1l / 6
Challenge Mortality (Dead / Mortality (Dead /
(10> PFU / 17DD Inoculated) Inoculated)
vaccine)
17DD vaccine 0/10 0/10
pL / YFE 0/10 0/10
p43.2/empty or PBS 8/10 10/10

Table 3

envelope proteins of Yellow Fever,

Comparison of the expression levels of the

wild and optimized, by

flow cytometry.

Plasmid Expression normalized by the Wild
2. (%)

1. p43.2/empty 0.03

2.p43.2/ENV/c-LAMP/wild 100

3. p43.2/ENV/c-LAMP/OPT~-GA 450

1. p43.2/ENV/c-LAMP/OPT~-LT 465

5. p8L/LAMP/empty 0.00

6. p8L/ENV/c-LAMP/OPT-GA 625

7. p8L/ENV/c-LAMP/OPT-LT 350
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The 17DD attenuated virus vaccine is the only
formulation available to protect humans against infection
caused Dby Yellow Fever Virus (YFV), major source of
morbidity and mortality in tropical areas of the world.
Despite the success of mass vaccination with the 17DD
vaccine, which is capable of inducing durable response by
neutralizing antibodies as cytotoxic response by T cells,
adverse severe cases in consequence of the wvaccination
against Yellow Fever has been systematically reported in
the literature. In some cases, the vaccination was directly
associated with increasing severity of symptoms and may
even lead to fatal reactions. In this scenario the
development of new vaccination strategy, such as DNA
vaccines encoding specific wviral sequences, is of
fundamental importance for the development of even safer
vaccine strategies.

The DNA vaccine against Yellow Fever, according to the
present invention, 1is based on the sequence encoding the
envelope protein of YFV (p / YFE). In addition to wild
construction p / YFE, the E sequence was also fused to the
sequence encoding the human Lysosome-Associated Membrane
Protein (h-LAMP), generating the construction (pL / YFE).
The fusion with LAMP aims at directing the antigen to the
antigen degradation / presentation MHCII pathway, as
several works have demonstrated that the antigens fused to
the LAMP (antigen / LAMP) are capable of generating a

higher proliferative activity of specific antigen
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lymphocytes, high titers of antibodies and intense T-
cytotoxic activity relative to wild non-fused antigens to
the LAMP.

This invention aims at optimizing the DNA vaccine
against YFV, p8L/YFEopt, to make it capable of protecting
humans against infection caused by YFV. The development of
this kind of technology aims at generating a vaccine even
safer than the 17DD vaccine, which could revolutionize the
vaccination strategy against YFV in Brazil and worldwide.
Finally, the strategies used for the construction of this
DNA vaccine mighty also serve as a subsidy for the
development of other viral vaccines, especially against

other flaviviruses such as Japanese encephalitis, West Nile

Fever and Dengue virus.
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What is claimed is:

1. A DNA vaccine against Yellow Fever Virus
characterized by comprising the polynucleotide set forth in
SEQ ID NO: 8 or a polynucleotide which encodeg the
polypeptide encoded by SEQ ID NO: 8, said polypeptide
corresponding to Precursor of the M protein / mature M
protein and E ©protein PreM/M-E fused to Lysosomal-

Associated Membrane Protein (LAMP).

2. A DNA vaccine against Yellow Fever Virus
characterized by comprising the polynucleotide set forth in
SEQ ID NO: 9 or a polynucleotide which encodes the
polypeptide encoded by SEQ ID NO: 9, said polypeptide
corresponding to Precursor of the M protein / mature M
protein and E protein PreM/M-E fused to Lysosomal-

Associated Membrane Protein (LAMP) .

3. A DNA vaccine against Yellow Fever Virus
characterized by comprising the polynucleotide set forth in
SEQ ID NO: 10 or a polynucleotide which encodes the
polypeptide encoded by SEQ ID NO:10, said polypeptide
corresponding to Precursor of the M protein / mature M
protein and E protein PreM/M-E fused to Lysosomal-

Associated Membrane Protein (LAMP) .

4. A DNA vaccine against Yellow Fever Virus
characterized by comprising the polynucleotide set forth in
SEQ ID NO: 11 or a polynucleotide which encodes the
polypeptide encoded by SEQ ID NO: 11, said polypeptide
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corresponding to Precursor of the M protein / mature M
protein and E protein PreM/M-E fused to Lysosomal-

Associated Membrane Protein (LAMP).

5. A DNA vaccine against Yellow Fever Virus
characterized by comprising the polynucleotide set forth in
SEQ ID NO: 12 or a polynucleotide which encodes the
polypeptide encoded by SEQ ID NO: 12, said polypeptide
corresponding to Precursor of the M protein / mature M
protein and E ©protein PreM/M-E fused to Lysosomal-

Associated Membrane Protein (LAMP).

6. An Antigen for wuse as a vaccine against
Yellow Fever Virus characterized by being encoded by one or
more of the polynucleotides defined in any one of claims 1

to 5.
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Figure 6
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Figure 9
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