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DESCRIPTION

Technical Field

[0001] The invention relates to nucleic acid and protein variants of the wild-type E proteins of
Flaviviruses (e.g., a dengue or Zika virus) and binding molecules, such as complementary nucleic
acids or antigen-binding molecules, e.g., antibodies, specific thereto, as well as to compositions,
such as therapeutic, prophylactic or diagnostic compositions, kits, kit-of-parts, methods and uses
relating thereto, in particular for diagnosis of Flavivirus infection and for vaccines to immunise
against Flavivirus infection.

Background Art

[0002] The Flaviviridae are a family of positive, single-stranded, enveloped RNA viruses. They are
found in arthropods, (primarily ticks and mosquitoes), and can infect humans. Members of this
family belong to a single genus, Flavivirus, and cause widespread morbidity and mortality
throughout the world. Some of the mosquito-transmitted viruses include: Dengue Fever, Zika virus,
Yellow Fever, Japanese encephalitis and West Nile viruses. Other Flaviviruses are transmitted by
ticks and are responsible of encephalitis and hemorrhagic diseases: Tick-borne Encephalitis (TBE),
Kyasanur Forest Disease (KFD) and Alkhurma disease, and Omsk hemorrhagic fever.

[0003] Flaviviruses are small spherical virions encoding ten viral proteins: three structural (capsid,
precursor membrane/membrane, and envelope (E)) and seven nonstructural proteins. The E
protein has important roles in viral attachment to cells, fusion with endosomal compartments, and
modulating host immune responses. The ectodomain of the virus E protein folds into three
structurally distinct domains (DI, DII, and DIll) forming head-to-tail homodimers on the surface of
the virion. DI is the central domain that organizes the entire E protein structure. DIl is formed from
two extended loops projecting from DI and lies in a pocket at the DI and DIIl interface of the
adjacent E protein in the dimer. At the distal end of DIl is a glycine-rich, hydrophobic sequence
called the fusion loop, which encompasses residues 98-110, and is highly conserved among
flaviviruses. This region has been implicated in the pH-dependent type Il fusion event; during this
process it becomes exposed and reoriented outward, making it available for membrane contact.
DIIl forms a seven-stranded Ig-like fold, is the most membrane distal domain in the mature virion,
and has been suggested to be involved in receptor binding. A stem region links the ectodomain to a
two-helix C-terminal transmembrane anchor that is important for virion assembly and fusion.

[0004] Dengue disease is a mosquito-borne viral infection caused by dengue virus (DENV), one of
the most important human pathogens worldwide. The infection produces a systemic disease with a
broad spectrum of outcomes, ranging from non-symptomatic/mild febrile illness (Dengue Fever,
DF) to severe plasma leakage and haemorrhagic manifestations (Dengue Haemorrhagic Fever,
DHF) that can further evolve into potentially fatal conditions (Dengue Shock Syndrome, DSS).
DENV, is spread by Aedes spp. mosquitoes and is widely distributed throughout the tropical and
subtropical regions of the world. About 3 billion people, in over 100 countries, are estimated to be
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at risk of infection, with over 300 million infections, 500,000 episodes of DHF manifestations and
20,000 deaths reported each year. The spread and impact of Dengue disease has led the World
Health Organization to classify it as the "most important mosquito-borne viral disease in the world".

[0005] Four different serotypes of dengue viruses (DENV1, DENV2, DENV3 and DENV4) have
been identified to date; each serotype is pathogenic in humans. Infection with any one serotype
induces lifelong immunity against that specific serotype, with only transient cross-protection against
the three other serotypes. Severe manifestations of dengue infection are associated with
secondary infections involving different viral serotypes; this happens through a mechanism known
as antibody-dependent enhancement of infection (ADE). In ADE, recognition of viral particles by
cross-reacting, but weakly or non-neutralising antibodies, leads to an increased Fc receptor-
mediated uptake of immature or incompletely neutralised viruses by monocytes, macrophages and
dendritic cells (the primary targets of dengue virus infections in humans) resulting in increased
infectivity and deterioration of the patient's clinical condition. ADE is a critical consideration in
dengue vaccine development, because an immunogen that does not elicit fully-neutralising
antibodies to all four serotypes may contribute to disease, rather than prevent infection. Given the
lack of efficient treatment against the infection and the risk to human health, there is a need to
develop an efficient vaccine that provides a protective response without the potential to cause
antibody-dependent enhancement.

[0006] One dengue vaccine has been licensed, Dengvaxia® (CYD-TDV), developed by Sanofi
Pasteur. Approximately five additional dengue vaccine candidates are in clinical development, with
two candidates (developed by Butantan and Takeda) expected to begin Phase Il trials in early
2016.

[0007] In clinical trials, the Dengvaxia® vaccine was found to increase risk of hospitalization due to
dengue haemorrhagic fever (the very disease it is meant to prevent) in young children (<5 years).
As a result, Dengvaxia® vaccine has a limited license, i.e., only for persons of 9 years of age and
above. Given the antigenic cross-reactivity of Zika and dengue, there is concern that vaccination
with Dengvaxia® vaccine and other dengue vaccines under development may promote ADE of Zika
virus, increasing the incidence of Guillain-Barre' syndrome in adults and microcephaly in infants,
and that vaccines in development against Zika may likewise increase risk of dengue haemorrhagic
fever, as does Dengvaxia in some subjects.

[0008] Zika virus is a mosquito-borne flavivirus that was first identified in Uganda in 1947 in
monkeys, it was later identified in humans in 1952 in Uganda and the United Republic of Tanzania.
Outbreaks of Zika virus disease have been recorded in Africa, the Americas, Asia and the Pacific.
From the 1960s to 1980s, human infections were found across Africa and Asia, typically
accompanied by mild illness. The symptoms are similar to infections such as dengue, and include
fever, skin rashes, conjunctivitis, muscle and joint pain, malaise, and headache. These symptoms
are usually mild and last for 2-7 days. However, Zika virus infection may cause complications in
some subjects. Zika virus infection during pregnancy has been recognised as a cause of congenital
brain abnormalities, including microcephaly. Zika virus is a trigger of Guillain-Barre syndrome. Links
between Zika virus and a range of neurological disorders are being investigated.

[0009] Sanofi reported in 2016 its collaboration with the Walter Reed Army Institute of Research
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(WRAIR) in the United States and Fiocruz public health center in Brazil to develop a Zika vaccine
and reported in 2016 that immunization with a plasmid DNA vaccine or a purified inactivated virus
vaccine provided complete protection in susceptible mice against challenge with a strain of Zika
virus involved in an outbreak in northeast Brazil (Larocca et al.,, 2016 Nature 536, 474-478 (25
August 2016)

[0010] However, plasmid DNA vaccination in man requires 'gene gun' or similar technology (e.g.,
electroporation) for delivery and this approach is not considered to provide a global solution to the
problems of dengue and Zika. Also, both the DNA vaccine and inactivated virus vaccine
approaches in development contain dengue-Zika cross-reactive epitopes implicated in the
causation of ADE.

[0011] After infection, or vaccination, the body's immune system produces neutralizing antibodies
that bind to the surface proteins of a virus to block infection. Antibody-dependent enhancement
(ADE) occurs when antibodies elicited by one virus can bind to, but do not block (neutralise) the
infection of a similar virus.

[0012] ADE is most commonly observed for dengue virus. The 4 known serotypes of dengue virus
have distinct, but related surface proteins. Infection with a first dengue virus serotype typically
results in mild, or no, symptoms in the infected subject. If the subject is infected subsequently with a
second dengue serotype, the immune system will produce antibodies to the first serotype that bind
to the second serotype of virus, but will not always block infection and which have the potential to
cause ADE. As a result there is antibody-mediated uptake of virus into cells that dengue virus does
not normally infect (i.e., cells having receptors for the 'tail' or Fc region of the antibody). This can
result in a more severe form of disease such as dengue hemorrhagic fever or dengue shock
syndrome. Only young infants develop dengue haemorrhagic fever upon a first exposure to
dengue, as a result of transplacentally transmitted maternal anti-dengue antibodies. As such,
antibodies are equal partners with virus in (severe) disease causation in adults and infants alike.

[0013] Dengue virus antibodies not only promote ADE of other dengue virus serotypes, but also
enhance Zika virus infection. Dejnirattisai et al., (2016) Nature Immunology 17, 1102-1108.
"Dengue virus sero-cross-reactivity drives antibody-dependent enhancement of infection with Zika
virus". Dejnirattisai ef al. tested the effect of dengue neutralizing antibodies or serum from dengue
virus patients on Zika virus in cell culture. In the absence of antibody, Zika virus poorly infected the
cells, but when Zika virus was incubated with dengue serum or neutralizing antibodies, Zika virus
robustly infected these cells, indicating the operation of ADE. The physiological relevance of this
finding requires confirmation in epidemiological studies, but these findings pose an obvious risk for
current vaccine approaches. To date no satisfactory solution to this problem has been conceived or
advocated.

[0014] While vaccines in this field may transpire to have net benefit on a population basis, on an
individual basis the picture is different. In some subjects, tragically, preventing one disease may
increase the severity or risk of mortality from another. Paul LM et al. Clinical & Translational
Immunology (2016) 5, e117 "Dengue virus antibodies enhance Zika virus infection" have reported
that:

"For decades, human infections with Zika virus (ZIKV), a mosquito-transmitted Flavivirus, were
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sporadic, associated with mild disease, and went underreported since symptoms were similar to
other acute febrile diseases. Recent reports of severe disease associated with ZIKV have greatly
heightened awareness. It is anticipated that ZIKV will continue to spread in the Americas and
globally where competent Aedes mosquito vectors are found. Dengue virus (DENV), the most
common mosquito-transmitted human flavivirus, is both well-established and the source of
outbreaks in areas of recent ZIKV introduction. DENV and ZIKV are closely related, resulting in
substantial antigenic overlap. Through antibody-dependent enhancement (ADE), anti-DENV
antibodies can enhance the infectivity of DENV for certain classes of immune cells, causing
increased viral production that correlates with severe disease outcomes. Similarly, ZIKV has been
shown to undergo ADE in response to antibodies generated by other flaviviruses. We tested the
neutralizing and enhancing potential of well-characterized broadly neutralizing human anti-DENV
monoclonal antibodies (HMAbs) and human DENV immune sera against ZIKV using neutralization
and ADE assays. We show that anti-DENV HMAbs, cross-react, do not neutralize, and greatly
enhance ZIKV infection in vitro. DENV immune sera had varying degrees of neutralization against
ZIKV and similarly enhanced ZIKV infection. Our results suggest that pre-existing DENV immunity
may enhance ZIKV infection in vivo and may lead to increased disease severity. Understanding the
interplay between ZIKV and DENV will be critical in informing public health responses and will be
particularly valuable for ZIKV and DENV vaccine design and implementation strategies."

[0015] Dengue virus antibodies can promote ADE of Zika virus. Zika virus antibodies can promote
ADE of dengue virus. Thus, immunization against Zika virus could increase the incidence of dengue
hemorrhagic fever or dengue shock syndrome, or foster the development of these conditions in
individuals that would not otherwise have developed them, but for immunisation. Given the interval
between infections, which can be several years, it will be years before post-marketing surveillance
studies are able to inform if, and to what extent, new vaccines predispose to severe dengue
disease (haemorrhagic fever, shock syndrome) or severe Zika sequelae, such as Guillain Barre'
syndrome or microcephaly.

[0016] Accordingly, there is a clear need for vaccine approaches that are designed purposefully to
avoid the problem of antibody-dependent enhancement.

[0017] Specific diagnosis of Flavivirus infections using current serological testing is complicated by
the cross-reactivity between antibodies against other clinically-relevant flaviviruses. Cross-reactivity
is particularly problematic in areas where different flaviviruses co-circulate or in populations that
have been immunized with vaccines to Flaviviruses. The majority of cross-reactive antibodies are
raised against the immunodominant flavivirus envelope (E) protein target a conserved epitope in
the fusion loop at the distal end of domain II.

[0018] There is a need for a diagnostic approach that can differentiate between closely-related
Flaviviruses, to assess if an individual is seronegative and thus has not been exposed to dengue or
Zika, or if an individual is seropositive and has been exposed to Zika and / or dengue and for those
who are seropositive, to distinguish to which of Zika and / or the four dengue serotypes the
individual has been exposed. There is a need for a diagnostic approach that can be used to select
subjects for immunization, or assess seroconversion to determine if immunization has raised a
protective immune response against dengue or Zika. There is thus a need for diagnostic
approaches that enable interrogation of the immune response to distinguish antibodies against the
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dengue virus serotypes and against Zika virus.

[0019] WO2016012800 discloses identification and characterisation of cross-reactive neutralising
antibodies obtained from patients infected with dengue virus. The acute human antibody response
was found to be focused on two major epitopes; a known epitope on the fusion loop (FL FLE), and
a second epitope, said to be novel, which was found on intact virions or dimers of envelope protein
and which encompassed areas of domains I, Il and Ill. Antibodies reactive with the second epitope,
the Envelope Dimer Epitope, or EDE, were reported to fully neutralise virus made in both insect and
primary human cells in the low picomolar range. A subunit vaccine comprising a stabilized soluble
protein E dimer was therefore proposed as a dengue vaccine. WO2016012800 discloses that a
dengue virus envelope glycoprotein E ectodomain (sE; soluble envelope polypeptide/glycoprotein)
refers to the 1-395 amino acid fragment of the envelope glycoprotein E of the dengue virus
serotypes 1, 2 and 4, and to the 1-393 amino acid fragment of the envelope glycoprotein E of the
dengue virus serotype 3. WO2016012800 described the EDE as a stabilised dimer of sE, selected
from DENV-1 sE, DENV-2 s, DENV-3 sk, DENV-4 s and mutant s thereof having at least one
mutation (substitution) selected among H27F, H27W, L107C, F108C, H244F, H244W, S255C,
A259C, T/S262C, T/A265C, L278F, L292F, L294N, A313C (S313C in DEN3) and T315C, which
mutations are considered to contribute to increased stability in the dimer configuration. It is
disclosed that mutant sk thereof may further comprise at least one mutation (substitution) selected
from Q227N, E174N and D329N; preferably all three mutations Q227N, E174N and D329N, which
mutations are said to mask non-appropriate immunogenic regions and allow the stabilized
recombinant s dimer of the invention to preferentially elicit neutralizing antibodies directed to all
four dengue virus serotypes.

[0020] The sE dimer mutations described are said not to interfere with immunogenicity but to
provide a higher dimer affinity, by including cysteine mutations at the dimer contacts to provide
stabilization by cross-links, and/or by introduction of new glycosylation sites to allow chemical cross-
linking between adjacent sugars on the dimer by click chemistry, and/or by substitution of at least
one amino acid residue in the amino acid sequence of at least one sE monomer with at least one
bulky side chain amino acid to allow forming cavities at the dimer interface or in domain 1 (D1) /
domain 3 (D3) linker of each monomer.

[0021] WO2016012800 discloses that the envelope protein may be engineered such that an
improved EDE is generated, an EDE which is incapable of being recognised or raising anti-fusion
loop (anti-FL) antibodies was considered to be an improved EDE. It is disclosed that such
improvement may be accomplished by one or more mutations, deletions or insertions in the
envelope protein, by generating a hybrid protein wherein the specific epitope (without any antigens
which would raise anti-FL antibodies) is fused to a scaffold protein, or by engineering the envelope
protein by modifying the internal surface of the dimer (projecting to the inside of the virus) with
sugars to make it less immunogenic by adding N or O linked glycan sequences.

[0022] Roby et al., (2013, 2014) describe an approach to development of a vaccine candidates for
West Nile virus by introduction of large internal deletions within the capsid (C) gene of flavivirus
genomes to generate replication-competent RNAs that are unable to be packaged into virions, yet
maintain secretion of highly immunogenic subviral particles (SVPs) without generating infectious
virus. Such pseudoinfectious C-deleted vaccines are able to replicate and secrete large amounts of
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non-infectious immunogenic subviral particles (SVPs) from transfected cells and thus are said to
offer the combined benefit of the safety of noninfectious inactivated or subunit vaccines with the
robust immune response generated by the replication of live vaccines.

[0023] Roby et al.,, (2013) generated a construct, pKUNdC/C (KUNdC18-100/CMV-C), with C-
deleted CMV-promoter driven cDNA of West Nile virus Kunjin (KUNV) in which alpha helices 1, 2,
and 4 were removed in two separate segments and the hydrophilic alpha helix 3 was maintained. In
pKUNdC/C C-deleted WNV cDNA was placed under the control of one copy of the cytomegalovirus
(CMV) promoter and the C gene was placed under the control of a second copy of the CMV
promoter in the same plasmid DNA. The conservation of the larger cytosolic moiety (alpha helix 3)
led to a significant improvement in SVP secretion compared to that of constructs with deletions of
all alpha helices of C and dC44-59. Additional improvements to SVP secretion were also observed
upon the incorporation of an Asn-linked glycosylation motif at N154 of the E protein, a feature of
many circulating strains of WNV and recent isolates of KUNV, corresponding to an NYS motif at
amino acids 154 to 156 of the E protein. pKUNdC/C was shown to generate single-round infectious
particles (SRIPs) capable of delivering self-replicating C-deleted RNA producing SVPs to
surrounding cells. However, the amounts of both SRIPs and SVPs produced from pKUNdC/C DNA
were relatively low.

[0024] Roby et al., (2014) reported production of a second generation constructs with C-deleted
cDNA of West Nile virus Kunjin (KUNV) in which the CMV promoter was replaced by a more
powerful elongation factor EF1a promoter and different forms of C were used to attempt to
increase SRIP production by optimizing trans-C expression. A construct containing an elongation
factor EF1a promoter encoding an extended form of C was demonstrated to produce the highest
titres of SRIPs and was immunogenic in mice. SRIP and SVP titres were further improved via
incorporation of the N154 glycosylation motif in the envelope protein (corresponding to an NYS
motif at amino acids 154 to 156 of the E protein) which enhanced secretion of SVPs.

[0025] Davis et al., (2014) investigated the ability of West Nile virus (\WNV) to infect CD209-
expressing cells. Mammalian cell-derived West Nile virus preferentially infects cells expressing the
C-type lectin CD209L but not cells expressing CD209; by contrast, Dengue virus (DENV) infection is
enhanced in cells expressing either attachment factor. DENV and WNYV virions have very similar
structures. Their surfaces consist of a regular array of 180 envelope (E) protein subunits arranged
in an icosahedral lattice (36). The small membrane (M) protein, generated following furin-mediated
processing of pre-membrane protein (prM), is also present on the virion surface but is mostly
buried in the viral membrane. The major structural differences between DENV and WNV virions
stem from the number and location of N-linked glycosylation sites in the DENV viral E proteins.
Most DENV isolates contain glycosylation sites at residues 67 and 153, although the site at 153
may not always be utilized; WNV E proteins only contain an N-linked glycan at asparagine 154,
although this is absent in many virus strains. The presence of N-glycosylation on the WNV E protein
has been linked in some studies to increased neuroinvasiveness in mice and to altered cellular
tropism in vitro. Davis et al. introduced a glycosylation site at position 67 into West Nile virus E.
Reporter virus particles pseudotyped with this E protein infected cells using either CD209 or
CD209L. Glycosylation sites were introduced at several other positions. The VNV strain NY99 prM-
E expression plasmid pCBWN and a derivative of this plasmid lacking the N-linked glycosylation site
at E protein residue 154 (NY99-N154Q) were used as templates for the introduction of novel N-
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linked glycosylation sites into the WNV E protein by site-directed mutagenesis. The following amino
acid changes were introduced into NY99-N154Q: (i) Ala-54 to Thr (A54T) adds an N-linked
glycosylation site at Asn-52; (ii) D67N adds a site at Asn-67; (iii) K84T adds a site at Asn-82; (iv)
A173N and P174G (AP173NG) add a site at Asn-173; (v) Glu-182 to NGS (E182NGS) adds a site
at Asn-182 by mutating Glu-182 to Asn and inserting two amino acids (Gly-Ser) to complete the
sequon; (vi) S230N and V232T (STV230NTT) add a site at Asn-230; (vii) V279T adds a site at Asn-
277; (viii) T301N and G303S (TYG301NYS) add a site at Asn-301; (ix) T330N adds a site at Asn-
330; (x) K370T adds a site at Asn-368; (xi) G389N and Q391T (GEQ389NET) add a site at Asn-
389. All sites allowed CD209Lmediated infection, but only a subset promoted CD209 use. As seen
for other viruses, mannose-rich glycans on West Nile virus were required for its interactions with
CD209, however, mannose-rich glycans were not required for CD209Lmediated infection. Complex
glycans, particularly N-acetylglucosamine-terminated structures, were able to mediate reporter
virus particle interactions with CD209L. Davis ef al. proposed that that CD209L recognizes
glycosylated flaviviruses with broad specificity, whereas CD209 is selective for flaviviruses bearing
mannose-rich glycans and thus that the location of the N-linked glycosylation sites on a virion
determines the types of glycans incorporated, thus controlling viral tropism for CD209-expressing
cells.

Statement of Invention

[0026] The invention provides an isolated recombinant analogue of a flavivirus E-protein fusion
loop comprising at least one glycosylation site for an N-linked glycan that is not present in a natural
flavivirus E-protein fusion loop sequence, wherein the at least one glycosylation site is an N-linked
glycosylation sequon (Asn-X-Ser/Thr) and the Asn (N) residue of the sequon may occupy any of
positions 98-110 (SEQ ID NO: 1 DRGWGNGCGLFGK) of the natural flavivirus E-protein fusion loop
amino acid sequence, wherein X is any amino acid residue except proline and Ser/Thr denotes a
serine or threonine residue.

[0027] An isolated recombinant analogue of a flavivirus E-protein fusion loop according to the
invention may comprise two glycosylation sites that are not present in a natural flavivirus E-protein
fusion loop sequence.

[0028] The invention provides an isolated recombinant analogue of a flavivirus E-protein
comprising an analogue of a flavivirus E-protein fusion loop of the invention. In some embodiments
the only modifications to the sequence of the isolated recombinant analogue of a flavivirus E-
protein are the modifications of the invention in the fusion loop to introduce N-linked glycosylation
sequon(s) (Asn-X-Ser/Thr), in other embodiments one or more further modifications may be
introduced in flavivirus E-protein at residues outside the fusion loop.

[0029] An analogue of the invention having at least one additional glycan attached thereto is
provided. Preferably the at least one additional glycan is an N-linked glycan. Preferably an
analogue of the invention is the product of expression of a recombinant DNA or RNA sequence.
The at least one additional glycan may be present at one or more native glycosylation sites in the
flavivirus E-protein outside the flavivirus E-protein fusion loop.
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[0030] An analogue of the invention, may comprise an N-linked glycosylation sequon (Asn-X-
Ser/Thr) such that an Asn (N) residue of the sequon occupies any of positions 98-101 and / or 106-
110.

[0031] Preferably, in an analogue of the invention, X is any of the following 13 amino acid residues
Gly, His, Asn, GIn, Tyr, Val, Ala, Met, lle, Lys, Arg, Thr or Ser.

[0032] In preferred analogues of the invention, the flavivirus E-protein is a dengue virus E-protein
and the Asn (N) residue of a sequon occupies position 101, 108 or both 101 and 108 of the amino-
acid sequence of the analogue flavivirus E-protein fusion loop or the flavivirus E-protein is a Zika E-
protein and the Asn (N) residue of a sequon occupies position 100 of the amino acid sequence of
the analogue flavivirus E-protein fusion loop.

[0033] In a preferred analogue of the invention, the flavivirus is a dengue virus and the amino acid
sequence of the analogue flavivirus E-protein fusion loop 98-110 is selected from: SEQ ID NO: 2
DRGNGSGCGLNGS, SEQ ID NO: 3 DRGNGSGCGLFGK and SEQ ID NO: 4 DRGWGNGCGLNGS.

[0034] In another preferred analogue of the invention, the flavivirus is a Zika virus and the amino
acid sequence of the analogue flavivirus E-protein fusion loop 98-110 is SEQ ID NO: 5
DRNHTNGCGLFGK.

[0035] The invention further provides an isolated recombinant DNA or RNA sequence comprising a
sequence encoding an analogue of a flavivirus E-protein fusion loop according to the invention.

[0036] An isolated recombinant DNA sequence may be a plasmid or a linear DNA-based vaccine.
An isolated recombinant DNA sequence of the invention may encode an analogue of a flavivirus E-
protein according to the invention under control of a mammalian promoter.

[0037] The invention yet further provides a host cell comprising a DNA or RNA sequence according
to the invention. The host cell may be an eukaryotic host cell comprising a DNA sequence
according to the invention or a plasmid or linear DNA-based vaccine immunogen according to the
invention.

[0038] Preferably, a host cell of the invention is capable of expressing an analogue of the invention.
Further preferably, a host cell of the invention is capable of expressing and glycosylating an
analogue of the invention.

[0039] The invention provides a method of making an analogue of the invention comprising
culturing a host cell according to the invention in conditions suitable for expression of the analogue
and isolating the analogue.

[0040] Further provided is a composition comprising an analogue of the invention and a diluent.
[0041] A composition of the invention may be an immunogenic (vaccine) composition capable of

inducing an immunological response in a subject inoculated with said composition, the composition
comprising an analogue according to the invention together with a pharmaceutically acceptable
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diluent, adjuvant and / or carrier.

[0042] A composition of the invention may comprise one or more flavivirus analogues of the
invention selected from an analogue of DEN-1, an analogue of DEN-2, an analogue of DEN-3, an
analogue of DEN-4 and an analogue of Zika.

[0043] A composition of the invention may comprise four dengue analogues of the invention
representing each of the four dengue virus serotypes DEN-1 DEN-2 DEN-3 and DEN-4.

[0044] A composition of the invention may comprise a zika virus analogue of the invention.

[0045] A composition of the invention may comprise four dengue analogues of the invention
representing each of the four dengue serotypes DEN-1 DEN-2 DEN-3 and DEN-4 and a zika virus
analogue of the invention.

[0046] The invention also provides a binding molecule capable of binding specifically to an
analogue of the invention. The binding molecule may be an antibody or a fragment thereof, a
domain antibody, a protein scaffold, or an aptamer, provided that it is capable of binding specifically
to an analogue of the invention.

[0047] The invention provides an analogue, composition or binding molecule of the invention for
use as a medicament.

[0048] Further, the invention provides an analogue, composition or binding molecule of the
invention for use as a vaccine.

[0049] Also provided is an analogue, composition or binding molecule of the invention for use as a
medicament for the prophylactic or therapeutic treatment of a flavivirus infection or for use in the
manufacture of a medicament for the prophylactic or therapeutic treatment of a flavivirus infection.

[0050] The invention provides a method for the protection of a subject against infection by a
Flavivirus, comprising administering an analogue, composition of or binding molecule of the
invention to said subject.

[0051] In preferred embodiments the flavivirus infections is a dengue virus infection or a Zika virus
infection.

[0052] The invention provides an analogue, composition or binding molecule of the invention for
use as a diagnostic.

[0053] The invention provides a diagnostic kit comprising an analogue, composition or binding
molecule of the invention and a reagent capable of detecting an immunological (antigen-antibody)
complex which contains said isolated analogue or binding molecule.

[0054] A diagnostic test kit in accordance with the invention may further comprise one or more
control standards and / or a specimen diluent and/or washing buffer.
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[0055] In a diagnostic test kit of the invention, the analogue and / or binding molecule specific
thereto of the invention may be immobilized on a solid support. The solid support may be a
microplate well. In a diagnostic test kit according to the invention, an immunological complex which
contains said isolated analogue or binding molecule may be detected by ELISA or by lateral flow.

[0056] The invention provides vaccine approaches that are designed purposefully to avoid the
problem of antibody-dependent enhancement.

[0057] The invention provides diagnostic approaches that can differentiate between closely-related
Flaviviruses, to assess if an individual is seronegative and thus has not been exposed to dengue or
Zika, or if an individual is seropositive and has been exposed to Zika and / or dengue and for those
who are seropositive, to distinguish to which of Zika and / or the four dengue serotypes the
individual has been exposed. The invention provides diagnostic approaches that can be used to
select subjects for immunization, or assess seroconversion to determine if immunization has raised
a protective immune response against dengue or Zika. The invention provides diagnostic
approaches that enable interrogation of the immune response to distinguish antibodies against the
dengue virus serotypes and against Zika virus.

Detailed Description of the Invention

[0058] The invention is be described with reference to various embodiments of different aspects of
the invention. It is appreciated that certain features of the invention, which are, for clarity, described
in the context of separate embodiments, may also be provided in combination in one or more
embodiments or in a single embodiment. Conversely, various features of the invention, which are,
for brevity, described in the context of a single embodiment, may also be provided separately or in
any suitable sub-combination. All combinations of the embodiments are specifically embraced by
the present invention and are disclosed herein just as if each and every combination was
individually and explicitly disclosed. In addition, all sub-combinations are also specifically embraced
by the present invention and are disclosed herein just as if each and every such sub-combination
was individually and explicitly disclosed herein.

[0059] The invention provides modified Flavivirus nucleic acid and protein sequences in which the
natural (native, wild-type) E-protein fusion loop epitope, known to be associated with generation of
flavivirus cross-reactive, infection-enhancing antibodies has been modified to comprise one or
more (e.g., 2) glycosylation sites for glycosylation of the protein with an N-linked glycan that is not
normally present on the native fusion loop epitope. Such modification alters the fusion loop amino
acid sequence and the presence of a glycan further disguises the epitope. Thus the modified
Flavivirus nucleic acid and protein sequences of the invention are designed to generate a
protective response without concomitant generation of flavivirus cross-reactive infection-enhancing
antibodies, thereby intending to avoid the problems of antibody-dependent enhancement observed
with existing vaccine approaches. The modified Flavivirus nucleic acid and protein sequences of
the invention are also designed for diagnostic use, either as antigens for detection of a specific
Flavivirus or to generate binding molecules such as antibodies for detection of a specific Flavivirus.
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[0060] By antibody we include the meaning of a substantially intact antibody molecule, as well as a
chimeric antibody, humanised antibody (wherein at least one amino acid is mutated relative to a
non-human antibody , for example a naturally occurring non-human antibody or antibody
assembled from non-human antibody sequences), single chain antibody, bi-specific antibody,
antibody heavy chain, antibody light chain, homo-dimer or heterodimer of antibody heavy and/or
light chains, and antigen binding portions and derivatives of the same. When the compound is a
protein, for example an antibody or fragment thereof is administered to a human subject and if the
antibody is not a human antibody or fragment thereof, then it can be humanized in order to reduce
immunogenicity in human. Methods for producing humanized antibodies or fragments thereof are
known in the art.

[0061] A binding molecule of the invention is preferably an antibody or antigen binding portion
thereof. The antigen binding portion may be a Fv fragment, a Fab-like fragment (e.g. a Fab
fragment, a Fab' fragment, a F(ab)2fragment, Fv or scFv fragments); or a domain antibody. The
antibody binding portion may be derived from the linear amino acid sequence present in an intact
antibody, or may comprise a set of non-consecutive amino acids, optionally interspersed with other
amino acids, for example may comprise particular amino acids that are required for contact with an
epitope, but may for example not comprise the amino acids required for the framework of a native
antibody, which, in some cases, may be replaced by a heterologous scaffold protein, for example.
An antibody according to the present invention is obtainable by a method comprising a step of
immunizing a mammal, such as a human, a monkey, a rabbit or a mouse; and/or by an in vitro
method, for example comprising a phage display selection step, as will be well known to those
skilled in the art.

[0062] The term antibody also includes all classes of antibodies, including IgG, IgA, IgM, IdD and
IgE. The term antibody also includes variants, fusions and derivatives of any defined antibodies and
antigen binding portions thereof.

[0063] By neutralise we mean reduce the ability of the virus to infect previously uninfected cells.
The person skilled in the art will be well aware of suitable techniques to monitor viral neutralising
ability.

[0064] Methods for manipulation of nucleic acid sequences to introduce sequence changes as
described herein are well known in the art.

Table 1. Alignment of amino acids 98-110 of a group of wild-type sequences of flaviviruses and
recombinant analogue sequences of the invention.

1 ZIKV_H/PF/2013 DRGWGNGCGLFGK(SEQ ID
NO: 1)

2 ZIKV_MR766 DRGWGNGCGLFGK(SEQ ID
NO: 1)

3 DENV_1_SG/07K3640DK1/2008 DRGWGNGCGLFGK(SEQ ID
NO: 1)

4 DENV_2 16681 DRGWGNGCGLFGK(SEQ ID
NO: 1)

5 DENV_3_SG/05K863DK1/2005 {DRGWGNGCGLFGK(SEQ ID
NO: 1)
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6 DENV_4_SG/06K2270DK1/2005 DRGWGNGCGLFGK(SEQ ID
NO: 1)

7 WNV_NY99 DRGWGNGCGLFGK(SEQ ID
NO: 1)

8 JEV_SA14 DRGWGNGCGLFGK(SEQ ID
NO: 1)

9 YFV_Asibi DRGWGNGCGLFGK(SEQ ID
NO: 1)

10 pCR021 (dengue-1 HX) DRGNGSGCGLNGS(SEQ ID
NO: 2)

11 pCR022 (dengue-2 HX) DRGNGSGCGLNGS(SEQ ID
NO: 2)

12 pCR023 (dengue-3 HX) DRGNGSGCGLNGS(SEQ ID
NO: 2)

13 pCR024 (dengue-4 HX) DRGNGSGCGLNGS(SEQ ID
NO: 2)

14 pCR028 (Zika HX) DRNHTNGCGLFGK(SEQ ID
NO: 5)

15 pCR026 (dengue-1 HX) DRGNGSGCGLFGK (SEQ ID
NO: 3)

16 pCR027 (dengue-1 HX) DRGWGNGCGLNGS(SEQ ID
NO: 2)

17 pCR025 (Zika) DRGNGSGCGLNGS(SEQ ID
NO: 2)

18 pCRO029 (Zika) DRGWGNGCGNHTK(SEQ ID
NO: 6)

19 pCRO30 (Zika) DRGNGSGCGLFGK(SEQ ID
NO: 3)

20 pCRO31 (Zika) DRGWGNGCGLNGS(SEQ ID
NO: 2)

[0065] The fusion loop DRGWGNGCGLFGK (defined as residues 98-110, SEQ ID NO: 1) in the
wild type sequences (rows 1 to 9) is shown in bold. The residues changed to make the N-linked
glycosylation sequons in the modified analogue HX sequences are shown in bold in rows 10-20The
constructs pCRO21-24, 26, and 28 expressed well and were selected for further investigation. In
the case of dengue E-proteins, 4 residues were changed to make two glycosylation sites (pCRO21-
24). In the case of Zika E-protein, 3 residues were changed to make one glycosylation site
(pCRO28).

[0066] The constructs pCRO25, 29, 30 and 31 did not express well in the expression system
chosen, thus in some contexts the recombinant analogue sequences of the invention do not
comprise the following sequences:

pCRO25 CKRTLVDRGNGSGCGLNGSGSLVTCAKFA (SEQ ID NO: 7)
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pCRO29 CKRTLVDRGWGNGCGNHTKGSLVTCAKFA (SEQ ID NO: 8)
pCRO30 CKRTLVDRGNGSGCGLFGKGSLVTCAKFA (SEQ ID NO: 9)

pCRO31 CKRTLVDRGWGNGCGLNGSGSLVTCAKFA (SEQ ID NO: 10).

[0067] In an analogue of the invention, the N-linked glycosylation sequon (Asn-X-Ser/Thr) may be
present such that an Asn (N) residue of the sequon occupies any of positions 98-101 and / or 106-
110. That is, the N residue may occupy position a position selected from 98, 99, 100, and 101 and /
or a position selected from 106, 107, 108, 109 and 110.

[0068] Preferably, in an analogue of the invention, X is any of the following 13 amino acid residues
Gly, His, Asn, GIn, Tyr, Val, Ala, Met, lle, Lys, Arg, Thr or Ser, with Gly or His being particularly
preferred. In specific embodiments of the invention described herein for dengue viruses it is
preferred that X is Gly and for Zika is preferred that X is His.

[0069] In preferred analogues of the invention, the flavivirus E-protein is a dengue virus E-protein
and the Asn (N) residue of a sequon occupies position 101, 108 or both 101 and 108 of the amino-
acid sequence of the analogue flavivirus E-protein fusion loop or the flavivirus E-protein is a Zika E-
protein and the Asn (N) residue of a sequon occupies position 100 of the amino acid sequence of
the analogue flavivirus E-protein fusion loop.

[0070] In a preferred analogue of the invention, the flavivirus is a dengue virus and the amino acid
sequence of the analogue flavivirus E-protein fusion loop 98-110 is selected from:
DRGNGSGCGLNGS (SEQ ID NO: 2), DRGNGSGCGLFGK (SEQ ID NO: 3) and
DRGWGNGCGLNGS (SEQ ID NO: 4).

[0071] In another preferred analogue of the invention, the flavivirus is a Zika virus and the amino
acid sequence of the analogue flavivirus E-protein fusion loop 98-110 is DRNHTNGCGLFGK (SEQ
ID NO: 5).

[0072] The nucleic acid sequence encoding recombinant analogue E-protein fusion loop protein or
encoding recombinant analogue E-protein comprising such fusion loop protein can be generally be
expressed following the functional and operable insertion of the DNA sequence into an expression
vector containing control sequences and secretory signal sequences.

[0073] A suitable promoter for expression of nucleic acid sequences of the invention is CMV.
[0074] Host cells that may be employed in accordance with the invention include HEK and CHO cell
lines. The host may be genetically engineered to produce therapeutic glycoproteins with human-like

N-linked glycans.

[0075] The immunogenic composition of the invention may be administered with or without
adjuvant. Adjuvants can be added directly to the immunogenic composition or can be administered
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separately, either concurrently with or shortly after, administration of the vaccine. Such adjuvants
include but are not limited to aluminium salts (aluminium hydroxide), oil-in-water emulsion
formulations with or without specific stimulating agents such as muramyl peptides, saponin
adjuvants, cytokines, detoxified mutants of bacteria toxins such as the cholera toxin, the pertussis
toxin, or the E. coli heat-labile toxin.

[0076] The immunogenic composition of the invention may be administered with other
immunogens or immunoregulatory agents, for example, immunoglobulins, cytokines, lymphokines
and chemokines.

[0077] In specific embodiments described herein the adjuvant used was Alhydrogel®, which is an
acceptable adjuvant for human and veterinary use. However it should be apparent to a person
skilled in the art that other suitable adjuvants and adjuvantation and formulation strategies are
available for either (or both) nucleic acid and protein forms of the antigens. Alhydrogel requires
proteins to be negatively charged at neutral or near-neutral pH values (eg. pH 7.4) in order to be
maximally effective. This is because Alhydrogel has a net positive charge under such conditions of
pH. Aluminium phosphate, conversely has a net negative charge and is generally better for proteins
that are positively charged under physiological conditions of pH used for vaccine formulation. If
proteins have a near neutral isolectric point they may not bind well to Alhydrogel or aluminium
phosphate adjuvants, limiting the adjuvant effect, and would benefit from other adjuvantation
strategies.

[0078] For example vaccine adjuvants based on oil-in-water emulsions or liposome suspensions
have made considerable progress in licensed vaccine products and in clinical trials recently (Alving,
Beck, Matyas, & Rao, 2016). These adjuvant materials exploit either natural or synthetic versions of
monophosphoryl lipid-A, with and without other adjuvant materials such as QS21 saponin and CpG
adjuvant. Such strategies have allowed the development of a highly efficacious vaccine against
shingles and a promising malaria vaccine candidate (after 30 years of research) which is expected
to be licensed soon.

[0079] Other promising delivery and adjuvantation strategies have been developed, e.g.
Virosomes, which may be suitable for use with the glycosylated exodomain proteins of the present
disclosure. Likewise there are promising adjuvant materials and strategies in earlier stages of
development such as CD40 agonistic antibodies as stand-alone, conjugate or liposomal vaccine
components (Hatzifoti C, Bacon A, Marriott H, Laing P, Heath AW (2008) Liposomal Co-Entrapment
of CD40mAb Induces Enhanced IgG Responses against Bacterial Polysaccharide and Protein.
PLOS ONE 3(6): e2368). Compositions of the invention may be used in co-delivery strategies for
administration of protein and DNA vaccines, such as by liposomal formulation (Laing et al., 2006).

[0080] The practice of the present invention will employ, unless otherwise indicated, conventional
techniques of molecular biology, microbiology, recombinant DNA, and immunology, which are within
the skill of the art. Such techniques are explained fully in the literature. See e.g., Sambrook, Fritsch,
and Maniatis, Molecular Cloning: A Laboratory Manual, Second Edition (1989), Oligonucleotide
Synthesis (M. J. Gait Ed., 1984), Animal Cell Culture (R. |. Freshhey, Ed., 1987), the series
Methods in Enzymology (Academic Press, Inc.); Gene Transfer Vectors for Mammalian Cells (J. M.
Miller and M. P. Calos eds. 1987), Handbook of Experimental Immunology, (D. M. Weir and C. C.
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Blackwell, Eds.), Current Protocols in Molecular Biology (F. M. Ausubel, R. Brent, R. E. Kingston, D.
D. Moore, J. G. Siedman, J. A. Smith, and K. Struhl, eds., 1987), and Current Protocols in
Immunology (J. E. Coligan, A. M. Kruisbeek, D. H. Margulies, E. M. Shevach and W. Strober, eds.,
1991).

[0081] Standard three and one-letter terminology is used for amino acid residues.

[0082] As used herein, the term "recombinant" refers to the use of genetic engineering methods
(cloning, amplification) to produce an analogue, or a binding molecule such as an antibody or an
antibody fragment of the present invention.

[0083] The principal problem of dengue vaccine development, wherein the use of vaccines runs
the risk (in a finite number of cases) of giving rise to 'antibody dependent enhancement' of dengue
infection, making the illness worse rather than preventing it. The application relates quite generally
to flavivirus vaccines, because it applies to highly conserved sequences of the envelope protein 'E'
of this family of viruses. Enhancement is a feature of natural infection (where antibodies sent to
neutralize the virus are subverted to gain access to human myeloid cells), usually upon encounter
with a second 'serotype' of virus, resulting in more severe symptoms (Halstead, Rojanasuphot, &
Sangkawibha, 1983). Vaccination, while for the most part conferring protection, is also liable on
some occasions to predispose a recipient to severe dengue, including dengue haemorrhagic fever
(DHF), upon first exposure to a wild dengue virus: i.e., 'iatrogenic' cases of severe dengue or DHF,
which would not have occurred but for the vaccine. Furthermore, existing vaccine approaches also
have the potential to create a population of vaccinated individuals who develop severe iatrogenic
dengue, at some interval after the vaccine (or vaccine course) has been administered (e.g. a
decade). This is because, as immunity to dengue wanes, protective antibodies reach a
concentration where they 'enhance' rather than prevent infection. Also, the rate of decay of
'immunological memory' (where the immune system recalls encounter with a wild virus or vaccine
dose) is not synchronous for the four serotypes of the vaccine, such that immunity to each serotype
(at the antibody and memory level) of dengue is lost at different times, successively increasing the
risk of severe disease. This gradual failure of immune memory likewise creates a new population of
individuals who are now predisposed to severe dengue (when bitten by an infected mosquito),
instead of protected, as a result of previous vaccination. The solution is to make a vaccine that has
zero or minimal propensity to give rise to 'antibody dependent enhancement', while preserving
efficacy, in a manner amenable to incorporation into several of the various vaccine formats now in
existence (live vector, DNA vaccine, oral vaccine, subunit vaccine, virus-like particles etc.). The
invention of the present application avoids cases of vaccine-induced enhancement of disease by
dengue and/or Zika vaccines by creating novel immunogens that fail to produce antibodies that
facilitate infection. This is achieved by introducing one or more additional glycosylation sites (e.g. N-
linked glycosylation sites) into particular site(s) of recombinantly expressed E-proteins of dengue
and Zika viruses that are particularly associated with the generation of infection-enhancing
antibodies, thereby cloaking such sites, and preventing them from generating antibodies following
vaccination.

[0084] While current vaccines against dengue (licensed and in development) may meanwhile prove
to be of substantial 'net' benefit to public health, improved safety is still desirable in order to avoid
cases of vaccine-induced dengue (i.e., iatrogenically-caused severe dengue). The likely role of
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natural dengue infection in paving the way for pandemic Zika infection has been elaborated
recently by Philip K Russell of the Sabin Vaccine Institute (Russell, 2016). While no systematic
investigation has been conducted that would determine the risk of dengue vaccination predisposing
to Zika virus infection or of dengue vaccination giving rise to Zika infections of enhanced severity, it
is a logical extension of Russell's observations to expect such cases. Likewise although dengue-
vaccine-induced predisposition to severe dengue has not yet been reported or investigated 'as
such’, in a recent three-year follow-up study of the Sanofi-Pasteur vaccine there was an increased
rate of hospitalisation in children less than nine years of age (Hadinegoro et al., 2015) which could
be explained by vaccine-induced enhancement of susceptibility to severe dengue. These new
epidemiological developments, and laboratory data (below) indicate that there is a significant risk
that vaccines (unless designed to avoid enhancement) will cause, in some instances, enhancement
of disease: i.e. dengue vaccination will result in cases of severe dengue that would not otherwise
have happened. It is also possible that dengue vaccines could facilitate the spread of Zika virus
infection if used on a population-wide basis. The legitimacy of this concern is supported additionally
by in vitro experimental data which demonstrates that dengue virus antibodies enhance the
infection of human myeloid cells by Zika virus (Paul et al., 2016). Furthermore, it follows that a
stand-alone Zika vaccine could give rise to similar antibodies that would (conversely) enhance
dengue infection giving rise to cases of severe iatrogenic dengue, by generating anti-Zika
antibodies that cross-react with dengue virus, and that facilitate dengue infection. For the purposes
of this application, while not wishing to be bound by any particular hypothesis, Zika virus is
accorded the status of a 'fifth dengue serotype'. This is because dengue infection (and dengue
vaccines) have the potential to facilitate the spread of Zika by generating infection-enhancing
antibodies which also react with Zika virus facilitating its infection of bodily cells. In addition to novel
immunogens, the present disclosure has an additional safety feature which minimises any tendency
for vaccine to enhance dengue or Zika infection (upon being bitten by an infected mosquito), by
combining these vaccines in a single dose or course of vaccination, in the form of a pentavalent
vaccine representing the four serotypes of dengue, plus Zika virus.

[0085] The invention relates to vaccines to prevent flavivirus infections, in particular to vaccines to
prevent dengue and Zika infections. Since the advent of Zika as a pandemic phenomenon, its rapid
global spread apparently facilitated by dengue-infection (Russell, 2016), the problem of vaccination
(i.e. how to make a vaccine that does not, in some cases, worsen disease) has become more
complicated. A new vaccine design is required in order to avoid homologous enhancement
(whereby a dengue vaccine would facilitate, in some cases, dengue infection) and cross-
enhancement (whereby a dengue vaccine would facilitate, in some cases, Zika infection); and
moreover, whereby a Zika vaccine would facilitate, in some cases, dengue infection. Conventional
approaches to the antibody enhancement problem, which involve such stratagems as combining all
four serotypes of dengue in a single vaccine (Sanofi-Pasteur) or, for example, a subunit approach
using N-terminal regions of the E-proteins of dengue (Merck) have recognized the antibody
enhancement problem but have not provided a comprehensive solution appropriate to the Zika-
pandemic situation. The most advanced dengue vaccine (the licensed Sanofi-Pasteur live
attenuated tetravalent dengue vaccine), fails to deal with Zika, and from the epidemiological and in
vitro observations above may be capable of promoting cases of Zika virus infection by cross-
enhancement (even while having a net benefit community-wide by dint of herd immunity).

[0086] It is important to recognize that the distinction between enhancing epitopes and protective
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epitopes of flaviviruses is not 'binary' in character. Generally speaking, almost all anti-dengue-E
antibodies (for example) have the potential to be both neutralising and infection-enhancing, the
latter property emerging at lower antibody concentrations (Dejnirattisai et al.,, 2014), e.g. as
immunity to a vaccine or an exposure wanes. Moreover, Dejnirattisai et.al. also found that
antibodies against the fusion loop of the dengue E-protein (which comprise about half of all
antibodies generated convalescently) are markedly worse than antibodies against other sites on
the E-protein in terms of their propensity for antibody-dependent enhancement of infection.

[0087] The present disclosure provides a vaccine that deals with the issues of antibody-dependent
enhancement and cross-enhancement, by providing immunogens that have reduced capacity to
elicit or stimulate infection-enhancing antibodies. In order to ensure that infection-enhancing
antibodies are not generated, the present disclosure uses E-proteins with an additional glycan
planted in the fusion loop, by virtue of engineering an additional, novel, glycosylation site into the
nucleotide and amino acid sequence of recombinantly expressed E-proteins. The 'cloaking' effect
of the glycan prevents antibodies being generated against the fusion loop site, while preserving
other sites better situated to generate neutralising antibodies. In this way, glycans, which are
usually considered an impediment to the generation of neutralising antibodies (e.g. in the case of
HIV where they mask much of the protein surface with glycan structures that are substantially
identical to those of host glycoproteins) are used to advantageous effect, i.e. in the present
disclosure to mask a site on a vaccine immunogen that would otherwise give rise to problematic
antibody responses (in this case, infection-enhancing antibodies).

[0088] In the case of dengue, four vaccine antigens are needed, namely the E-proteins of the four
serotypes, suitably modified by glycoengineering to mask epitopes involved in antibody dependent
enhancement. However, because of the risk of mutual cross-enhancement of dengue and Zika
virus infections as a result of infection or vaccination, it is apparent that a Zika component is also
desirable, i.e. a 'pentavalent' vaccine covering the four serotypes of dengue 'and' Zika.

[0089] Fortunately, from the point of view of the present vaccine design, the E-protein of Zika virus
is highly homologous in terms of its amino acid sequence and three-dimensional structure, to that
of the dengue virus E-proteins. The recent cryo-EM 3.8 Angstrom structure of the Zika virion E-
protein clearly identifies (by analogy) the Zika E-protein fusion loop location (Kostyuchenko et al.,
2016; Sirohi et al., 2016). Indeed Sirohi et. al. catalogue the remarkable degree of homology
among diverse flaviviruses with respect to the fusion loop sequence "DRGWGNGCGLFGK"
(residues 98-110), which is perfectly preserved among diverse virus isolates of Zika, the four
dengue serotypes, West-Nile, Japanese encephalitis and yellow fever viruses (see supplementary
figure S2 of Sirohi).

[0090] There are notable differences between dengue and Zika E-proteins, such as a five amino
acid insert in the Zika E-protein, and the fact that Zika has a single N-linked glycan rather than two
per monomer, but these differences are highly permissive of the present vaccine design. In the
present disclosure it is anticipated that the E-protein fusion loop of Zika virus will be a site
recognized particularly by infection-enhancing antibodies capable of homologous and heterologous
enhancement of infection, i.e. a site against which antibody production during infection or
vaccination is not desirable.
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[0091] Methods for introducing additional glycosylation sites into proteins by site directed
mutagenesis are well known in the art. In particular the creation of Aranesp (darbepoetin alfa), a
modified form of the natural hormone erythropoietin, is a good example (Elliott ("EP0640619A1,"
2010), (Elliott et al., 2003). It is important in making suitable genetic constructs to ensure that the
leader sequence of the protein is incorporated into recombinant plasmid or other vector DNA
sequences, in order to direct the nascent polypeptide chain into the endoplasmic reticulum of the
host cell, allowing glycosylation and to facilitate protein folding. Various eukaryotic cell systems are
suitable for recombinant production - such as Chinese hamster ovary cells (CHO), as well as yeast
(e.g., Pichia pastoris) and other vector systems such as baculovirus (which has the added
advantage of equipping the viral protein immunogen with an insect glycan, as per the inoculum
form of the flavivirus). However, prokaryotic systems such as those based on E. coli are not
suitable, because they do not have the cellular apparatus required to effect glycosylation of
proteins.

[0092] In the case of Aranesp, the molecule has two additional N-linked glycosylation sites,
strategically placed to avoid hindrance of interaction of the glycoengineered molecule with the
erythropoietin receptor. The purpose of glycoengineering the earlier erythropoietin-based product
in this way was to improve the longevity of the molecule in circulation by increasing its size giving
rise to a product that can be administered once instead of thrice weekly (Elliott et al., 2003).
Glycoengineering is 're-purposed' in the present disclosure, to cloak a site on a vaccine
immunogen that would otherwise have adverse consequences of antibody dependent
enhancement of infection.

[0093] Viruses have been demonstrated to exploit the immune-evasion properties of glycans
thwarting the generation of neutralising antibodies. In the field of vaccine development (e.g. against
HIV glycoprotein gp160/120), glycans have generally been regarded as a problem (rather than an
aid to vaccine development), limiting the access of antibodies to the protein surface of a
glycoprotein antigen by forming a dense glycocalyx comprised of host glycans, to which the
immune system of the host is programmed to be immunologically tolerant. There are notable
exceptions that prove the generality of this rule: e.g. where the glycan itself or a minor variant is a
target or part thereof, which is the case for rare anti-HIV neutralising antibodies; and in the case of
insect-specific glycan epitopes on arboviruses, which are themselves targets in some vaccine
designs)(Dalziel, Crispin, Scanlan, Zitzmann, & Dwek, 2014). The present disclosure is different
from the prior art in exploiting the stealth qualities of glycans to advantageous effect in a vaccine
immunogen. In this novel application a glycan is used to cloak a troublesome site on a vaccine
immunogen, preventing antibodies from being generated that would recognise the equivalent
uncloaked site on the natural virion. Glycoengineering (unlike deletion or truncation of amino acid
sequence elements) allows this cloaking to be achieved while causing minimal interference with the
underlying structure of the protein part of the antigen. Preservation of protein structure by
employing glycoengineering rather than deletion or truncation protects remote neutralising epitopes
that might otherwise be altered to detrimental effect.

[0094] The glycoengineered flavivirus E-proteins of the present disclosure are amenable to
incorporation into various forms for the purpose of vaccination. These forms may be protein (i.e.
glycoprotein) or nucleic acid in character. They may be represented in a vaccine formulation as a
mixture of purified proteins (as a subunit vaccine, e.g. with aluminium hydroxide or aluminium
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phosphate as adjuvant), as virus-like particles (Frietze, Peabody, & Chackerian, 2016), or as
mammalian-expressible DNA constructs (e.g. plasmid DNA with cytomegalovirus promoter) for
administration as DNA vaccines using subunit (Tregoning & Kinnear, 2014) or infectious-attenuated
clone approaches as exemplified for the YFD strain of yellow fever virus (Tretyakova et al., 2014).
They are also amenable to incorporation into live attenuated virus vectors such as measles vector
vaccines as per the Chikungunya vaccine candidate by Themis Bioscience GmbH (Ramsauer et al.,
2015). Likewise the glycoengineered flavivirus E-proteins of the present disclosure would be
suitable candidates for advanced adjuvant strategies such as 'Co-Delivery' where mammalian-
expressible DNA and protein representations of the same immunogen are co-formulated in the
selfsame particles (e.g. liposomes) giving dramatic improvements in antibody responses compared
to protein or DNA immunogens used in isolation (Laing et al., 2006).

[0095] Since the present glycoengineering approach involves defined changes at multiple base
positions in the nucleic acid sequence of the E-protein, then live attenuated vaccines of the present
disclosure will have a high level of resistance to reversion by mutation to wild type, which is a
known problem in live attenuated approaches (e.g. the Sabin polio vaccine which was replaced by
the non-viable Salk version in the USA for this reason): i.e. they will be safer and less likely to give
rise to cases of disease by reversion to wild-type or de novo mutation to increased virulence
(Hanley, 2011). From the reasoning of Hanley, and given the present disclosure, it is now evident
that introduction of further glycosylation sites into viral proteins (i.e., more than is needed to
achieve cloaking of infection-enhancing epitopes) is a viable strategy to guard against adverse
mutation in live attenuated viral vaccines, and to guard against 'mosquito competence' whereby a
live attenuated flavivirus vaccine might be spread, allowing evolution to increased virulence enabled
via vector transmission in mosquitoes. Such additional glycosylation sites are best placed at non-
neutralising sites of the flaviviral E-protein.

[0096] In the case of flavivirus subunit vaccines of the present disclosure (as distinct from live
vector approaches) favoured sites for a second additional glycan would include sequence elements
comprising contact surfaces of E with the underlying M-protein of the virion. These highly soluble
hyperglycosylated E-proteins allow for monovalent engagement of antigen-specific B-cells,
favouring higher affinity neutralising antibodies by creating greater competition for antigen during
clonal selection and somatic mutation of antigen-specific B-cells.

Brief Description of Drawings

[0097] The invention will now be described with reference to the accompanying drawing in which:

Figure 1. Design of vaccine immunogens of the invention, to avoid generation of cross-reactive
fusion loop antibodies and the elicitation or stimulation of infection-enhancing antibodies.

Figure 1 'A' shows the effect of vaccination with a flavivirus vaccine, such as a live attenuated
vaccine known in the art comprising the four dengue serotypes DEN-1, DEN-2, DEN-3 and DEN-4.
Attenuated vaccine virions are shown as round structures with the E-protein moiety stem projecting
therefrom, the fusion loop is depicted as a small spur on the stem of the virion E-protein moiety;
antibodies are depicted as Y-shaped molecules, infection-enhancing antibodies are shown in solid
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black whereas neutralising antibodies are shown in white outlined in black, 'B' illustrates a vaccine
immunogen design of the invention. The novel immunogen contains an E-protein wherein the
fusion loop sequence has been substituted to include a glycosylation site for attachment of a glycan
(depicted as a crescent attached to the fusion loop spur, to generate neutralising antibodies against
the E-proteins of the vaccine without generating infection-enhancing antibodies. 'C' shows how
infection-enhancing antibodies against the fusion loop of the E-proteins, when bound to the E-
protein of a wild-type flavivirus virion, are able to engage with high affinity the Fc-gamma-receptor-
lla (depicted as a white rectangle outlined in black), facilitating infection of myeloid cells that carry
the Fc-gamma receptor lla. 'D' represents occasional failure of a vaccine to elicit a protective level
of antibody response in some subjects (e.g., the immunosuppressed). While not protected against
dengue, such immunocompromised subjects (immunized with the vaccine of the present
disclosure) are at least not predisposed to dengue by the novel vaccine because they have not
mounted an antibody response against the fusion loop. This may be contrasted to a vaccine of
conventional design containing an uncloaked fusion loop, where a subject might then be
predisposed to severe dengue infection by the conventional vaccine having elicited sub-neutralising
concentrations of fusion-loop antibody.

Figure 2. Recombinant expression of glycoengineered forms of dengue and Zika exodomain
proteins.

Figure 2a: Coomassie stained gel showing evaluation of expression of dengue and Zika constructs
in HEK293 cells, lanes shown as follows:

1: pSF236 transfected cells WT, 2: pCRO21 transfected cells, 3: pSF237 transfected cells WT, 4.
pCRO22 transfected cells, 5: pSF238 transfected cells WT, 6. pCRO23 transfected cells, 7: pSF239
transfected cells WT, 8: pCRO24 transfected cells, 9: pSF233 transfected cells WT, 10: pCRO25
transfected cells. 11: pSF236 transfected cells WT, 12: pCRO21 transfected cells, 13: pSF237
transfected cells WT, 14: pCRO22 transfected cells, 15: pSF238 transfected cells WT, 16: pCRO23
transfected cells, 17: pSF239 transfected cells WT, 18: pCRO24 transfected cells, 19: pSF233
transfected cells WT, 20: pCRO25 transfected cells. For lanes 1 to 10, the supernatant concentrate
was 1ul/ 1.1ml, for lanes 11 to 20 the supernatant concentrate Talon eluate concentration was 26ul
/ 400ul.

Figure 2b: Anti-his-tag Western blot showing further expression evaluation of dengue-1 and Zika
constructs. Lanes 1-8 show cell pellets, lanes 9-16 show raw (filtered) supernatants, lanes 17-24
show Ni-NTA eluates, as follows: 1: pSF236 cell pellet, 2: pCRO26 cell pellet, 3: pCRO27 cell pellet,
4: pSF233 cell pellet 5: pCRO28 cell pellet, 6: pCRO29 cell pellet, 7. pCRO30 cell pellet, 8:
pCRO31 cell pellet, 9: pSF236 filtered supernatant, 10: pCRO26 filtered supernatant, 11. pCRO27
filtered supernatant, 12: pSF233 filtered supernatant, 13: pCRO28 filtered supernatant, 14:
pCRO29 filtered supernatant, 15: pCRO30 filtered supernatant, 16: pCRO31 filtered supernatant,
17: pSF236 Ni-NTA eluate, 18: pCRO26 Ni-NTA eluate, 19: pCRO27 Ni-NTA eluate, 20: pSF233 NI-
NTA eluate, 21: pCRO28 Ni-NTA eluate, 22: pCRO29 Ni-NTA eluate, 23: pCRO30 Ni-NTA eluate,
24: pCRO31 Ni-NTA eluate. Three arrows indicate detected hyperglycosylated exodomain forms.

Figure 2c shows a Western blot of the hyperglycosylated forms pCRO21, pCRO22, pCRO23,
pCRO24 for dengue serotypes 1-4 (D1, D2, D3 and D4) respectively and pCRO28 for Zika. The left
lane of each pair shows the wild type (wt), whereas the right lane of each pair shows the
hyperglycosylated form of the dengue or Zika E-protein exodomain. +2 indicates two additional



DK/EP 3458471 T3

glycosylation sites / glycans, +1 indicates one additional glycosylation site / glycan.

Figure 2d shows Coomassie blue stained gels of the purified hyperglycosylated E exodomain
proteins D1, D2, D3, D4 and Zika, which correspond to plasmids pCRO21, pCRO22, pCRO23,
pCRO24 and pCRO28, respectively, in the sequence listings. The scale to the left is the migration
position of molecular weight markers in '000s.

Figure 3. Characterisation of glycans present on the glycoengineered dengue 2 and Zika
exodomain proteins and degree of occupancy of sequence-programmed N-linked-glycosylation-
sites

Figure 3a shows an SDS-PAGE analysis of dengue and Zika samples prior to and after PNGase
digestion.

Figure 3b shows analysis of glycans released from dengue-2 and Zika compared to reference
standards by HPAEC-PAD.

Figure 3¢ shows dengue-2 tryptic cleavage sites and peptide fragments.

Figure 3d shows Zika tryptic cleavage sites and peptide fragments.

Figure 3e shows Zika Endo-Lys-C cleavage sites and peptide fragments.

Figure 3f shows tryptic digestion of dengue-2 with and without PNGase F digestion.
Figure 3g shows tryptic digestion of Zika with and without PNGase digestion.
Figure 3h shows endo-Lys-C digestion of Zika with and without PNGase digestion.

Figure 4. Immunogenicity of select glycoengineered dengue proteins 1, 2, 3 and 4 and Zika in mice
measured by direct ELISA.

The x-axis shows the number of days after immunisation and the y-axis shows the IgG antibody
titre. Three doses were given on days 0, 14 and 21. Dosages are indicated in Table 9. Antibody
responses were measured in individual mice against all five antigens as wild-type VLPs on the
ELISA solid phase as indicted: top row left Den 1 VLP antigen, top row right Den 2 VLP antigen,
middle row left Den 3 VLP antigen, middle row right Den 4 VLP antigen, bottom row left Zika VLP
antigen. Immunogens (as distinct from antigens uses for assay above) were Penta-DNA (a
combination of each of the Den1-4 and Zika DNAs of the invention) shown as an open circle,
Penta-Prot (a combination of each of the Den1-4 and Zika proteins of the invention) is shown as an
filled square, Monovalent Zika is shown as a filled triangle, Penta VLP (a combination of each of the
Den1-4 and Zika VLPs of the invention) is shown as a filled inverted triangle. PBS control is shown
as an open inverted triangle.

Figure 5. Avoidance of recognition of the glycoengineered proteins by fusion loop antibodies and
retention of neutralizing epitopes.

In order to further characterize the hyperglycosylated antigens of the present disclosure, comparing
them to wild-type equivalent antigens, an ELISA assay was established to measure antibody
binding to diverse wild-type and recombinant exodomains (as distinct from the VLP antigens of Fig.
4). Unlike the ELISA used in Fig 4, which used only wild-type VLPs as antigens this assay used only
exodomain-type antigens (recombinant wild-type and recombinant hyperglycosylated forms 'HX' of
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the invention). In order to ensure the same orientation of each of these materially diverse (non-
glycosylated bacterial, insect-glycosylated and human-glycosylated) species, they were anchored
to the solid phase by a rabbit anti-His-tag monoclonal antibody, recognizing their C-terminal His
tags. Coated plates were blocked and exposed to a constant concentration of the various His-
tagged proteins in a 'post-coating' step and were then probed with monoclonal antibodies at
various concentrations (Fig. 5a, for 4G2) or at a constant concentration (Fig. 5b,c). Various dengue
and Zika antigens and probe antibodies were tested in Fig. 5b,c, including a human polyclonal anti-
Zika convalescent serum sample. Probe antibodies were followed by incubation with a rabbit anti-
mouse IgG Fc - horseradish peroxidase (or rabbit-anti-human IgG Fc - horseradish peroxidase)
conjugate (as appropriate) and tetramethylbenzidine substrate. A mouse monoclonal anti-human-
CD4 antibody served as a control for the mouse monoclonal antibodies.

Figure 5a represents fusion-loop antibody 4G2 (x-axis, ng/ml), which was raised against dengue-2
serotype but is highly cross-reactive among flaviviruses, binding to solid phase wild-type dengue
serotype-2 or dengue serotype-4 wild type exodomain antigens, or their hyperglycosylated
counterparts containing two additional programmed sequons in the fusion loop ('HX' for
hyperglycosylated exodomain). (Asterisks denote absorbance values higher than the read-
capability of the ELISA reader), Y Axis shows absorbance at 450nm. Points are mean of duplicate
determinations.

Figure 5b is a photograph of an ELISA plate result of the present assay design, wherein various
exodomains were screened for binding to antibodies, including a set of murine monoclonal
antibodies, (left to right columns 1 and 2: 4G2 (cross-reative fusion-loop antibody), columns 3 and
4: Aalto Bioreagents anti-Zika antibody AZ1176-0302156-Lot3889; columns 5 and 6: Z48 anti-Zika
antibody, wells 7 and 8: Z67 anti-Zika antibody (these are described as ZV48 and ZV67 Zika-
neutralizing antibodies by Zhao et al, Cell 2016 and were obtained from The Native Antigen
Company ZV67=MAB12125 and ZV48=MAB12124), wells 9 and 10: anti-human-CD4 control
Millipore 024-10D6.B3 2322501; wells 11 and 12: Zika human convalescent serum). Exodomains
(all having His-6 C-terminal tag) were as follows (top to bottom): 'Aalto insect’ = Sf9 insect-cell
produced wild-type recombinant Zika exodomain from Aalto Bioreagents, Dublin, Ireland; Prospec
Zika = bacterially produced recombinant wild-type exodomain from Prospec, Israel; NAC WT den-2
= HEK293-produced human wild-type dengue-2 exodomain (based on residues 280-675 of NCBI
ACA48859.1 followed by a glycine-serine linker of 7 or 8 amino acids in length followed by the His6
tag); 'Excivion HX den-1 (human) cloaked' represents the expressed product of plasmid pCRO21
from HEK 293 cells having two N-glycosylation sequons programmed into the fusion loop; likewise
for Excivion HX den-2 through den-4 , representing plasmids pCRO22, pCRO23 and pCRO24
respectively. 'Excivion HX Zika human (cloaked)' represents the protein product of plasmid pCRO28
expressed in HEK293 cells, having a single glycosylation programmed into the fusion loop.

Figure 5c¢ shows the absorbance values represented as Excel data bars as % values of the
maximum absorbance (which was 3.0 absorbance units), demonstrating the quality of replicates
(duplicates). Fig 5c is a graphical representation of the data in Fig 5b and has the same layout as
Fig 5b.

Figure 5d shows the ELISA plate depicted in Figure 5b in greater detail.

Figure 6. Avoidance of generation of fusion-loop antibodies by the glycoengineered proteins.
A further ELISA assay was developed, different to those used in Fig 4 and Fig 5, to detect
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antibodies in polyclonal sera from immunized mice, against the fusion loop. This was a competitive
binding assay in which biotin-labelled 4G2 was used as a label, and unlabeled 4G2 was used as a
standard. Top row left, unconjugated 4G2, x-axis concentration of 4G2 ng/mL; top row middle,
Penta DNA, Group 1, Day 42, x-axis dilution of serum; top row right Penta Prot Group 2, Day 42, x-
axis dilution of serum; bottom row left Mono Zika, Group 3 Day 42, X-axis dilution of serum; bottom
row middle Penta VLPs, Group 4 day 42, x-axis dilution of serum; bottom row right PBS, Group 5
Day 42, x-axis dilution of serum. In each instance the y-axis was %biotinylated (Bt)-4G2 bound.

Figure 7. Generation of neutralising antibodies by the glycoengineered proteins (PRNT).

Figure 7a shows Dengue PRNT responses for Sample groups 1 to 5 measured in pooled sera:
dose response curves against DENV, Top row left Penta DNA (Neutralisation of DENV by Group 1
pool); top row middle Penta Prot (Neutralisation of DENV by Group 2 pool); top row right Mono Zika
(Neutralisation of DENV by Group 3 pool); bottom row left Penta VLPs (Neutralisation of DENV by
Group 4 pool); Bottom row middle PBS (Neutralisation of DENV by Group 5 pool). In each instance
the x-axis is dilution factor and the y-axis shows percentage neutralisation.

Figure 7b shows PRNT responses for Sample groups 1 to 5 measured in pooled sera: dose
response curves against ZIKV, Top row left Penta DNA (Neutralisation of ZIKV by Group 1 pool);
top row middle Penta Prot (Neutralisation of ZIKV by Group 2 pool); top row right Mono Zika
(Neutralisation of ZIKV by Group 3 pool); bottom row left Penta VLPs (Neutralisation of ZIKV by
Group 4 pool); Bottom row middle PBS (Neutralisation of ZIKV by Group 5 pool). In each instance
the x-axis is dilution factor and the y-axis shows percentage neutralisation.

Figure 8. Reaction of convalescent dengue and Zika sera with immobilized Zika and dengue wild-
type (WT) and hyperglycosylated (HX) exodomain proteins

[0098] Upper panel shows ELISA reactivity of antibodies in a dengue convalescent serum with
immobilized Zika and dengue wild-type (WT) and hyperglycosylated (HX) exodomain proteins
oriented on the solid phase by capture with a rabbit anti-His-tag monoclonal antibody, in the
presence (grey bars, right of each pair) and absence (black bars, left of each pair) of competing
mouse monoconal flavivirus fusion loop antibody 4G2 (an anti-dengue-serotype-2 cross-reactive
monoclonal antibody) at a concentration of 10 ug/ml during serum incubation. Human sera were
tested at a constant concentration of 1/1000.

[0099] Lower panel shows ELISA reactivity of antibodies in a Zika convalescent serum with
immobilized Zika and Dengue wild-type (WT) and hyperglycosylated (HX) exodomain proteins in
the presence (grey bars) and absence (black bars) of competing mouse monoclonal flavivirus
fusion loop antibody 4G2. Conditions and labelling are the same as for the upper panel. Error bars
are standard error of duplicate determinations.

Examples

Example 1 Design of new vaccine immunogens designed to avoid the elicitation or
stimulation of infection-enhancing antibodies.
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[0100] Figure 1, 'A' shows the effect of vaccination with a flavivirus vaccine, such as a live
attenuated vaccine known in the art comprising the four dengue serotypes DEN-1, DEN-2, DEN-3
and DEN-4. The vaccine generates a mixture of antibodies capable of virus neutralisation and other
antibodies capable of antibody-dependent enhancement of infection. Antibodies capable of virus
neutralisation include those that recognise sites on the receptor-interacting surface of the virion E-
protein, i.e., that surface that binds to the DCSIGN lectin/receptor. (For simplicity of illustration, only
the DCSIGN receptor is shown, noting that there are other receptors for dengue and flaviviruses
generally). 'C' shows how infection-enhancing antibodies against the fusion loop of the E-proteins,
when bound to the E-protein of the virion, are able to engage with high affinity the Fc-gamma-
receptor-lla, facilitating infection of myeloid cells. Several types of Fc-gamma receptors have been
implicated in this phenomenon, even (paradoxically) including the low-affinity receptor Fc-gamma-
receptor-1lb, which is normally inhibitory to myeloid cells and B-cells (Bournazos S, Signaling by
Antibodies... Ann. Rev. Immunol 2017, 35:285-311). The result of vaccination with a live attenuated
vaccine (an example of a vaccine known in the art) is the net effect of two opposing populations of
antibody, one set that neutralises dengue virions, and a further set that is capable of infection
enhancement. In most subjects of vaccination, neutralising antibodies overcome the effect of the
infection-enhancing antibodies, such that the net effect of vaccination is protection against the four
dengue serotypes. However, in subjects who do not mount a balanced response to the four
serotypes, or who are immunosuppressed e.g., due to measles or HIV infection, flavivirus-infection-
enhancing antibodies prevail rendering such subjects predisposed to, rather than protected
against, severe infection with dengue and more prone to infection with other flaviviruses. Further,
infection-enhancing antibodies in some healthy (non-immunosuppressed) dengue-vaccinated
subjects cross-react with Zika virus. Those dengue-immunised subjects are now predisposed to
Zika infection upon first being bitten by a Zika-infected mosquito 'C'. Conversely, 'B' illustrates a
vaccine immunogen designed in accordance with the invention. The novel immunogen, containing
an E-protein wherein the fusion loop sequence has been modified and has been designed to be
substituted with a glycan with the aim to generate neutralising antibodies against the E-proteins of
the vaccine without generating infection-enhancing antibodies. 'D' represents occasional failure of
the vaccine of the invention to elicit a protective level of antibody response in some subjects (e.g.,
the immunosuppressed), however, unlike other vaccine designs known in the art, the vaccine of the
invention is designed to not render immunosuppressed subjects susceptible to enhanced infection
with dengue or Zika viruses. Immunogens and vaccines of the present design are thereby designed
to be safer on an individual subject basis and moreover to lack the potential to facilitate the
epidemic spread of Zika by creating a population of subjects that have Zika-infection-enhancing
antibodies, in the absence of neutralising antibodies. (WT = wild type).

Example 2 (Fig. 2) Recombinant expression of glycoengineered (hyperglycosylated) forms
of dengue and Zika exodomain proteins.

[0101] Plasmid inserts encoding various novel recombinant forms of the natural wild type (WT)
exodomain sequences representative of the four dengue serotypes and of Zika and containing an
E. coli origin of replication and a cytomegalovirus (CMV) promoter, as well as a hexahistidine C-
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terminal tag, were made by de novo gene synthesis (Thermofisher, GeneArt). Where two
glycosylation sequons were inserted in the DNA sequence, the sequence was changed 'manually’
to avoid the creation of direct DNA sequence repeats that might otherwise allow undesirable
homologous recombination events.

[0102] Plasmid expression vectors pCRO21 (SEQ ID NO: 13), pCRO22 (SEQ ID NO: 14), pCRO23
(SEQ ID NO: 15), pCRO24 (SEQ ID NO: 16) and pCRO28 (SEQ ID NO: 17), coding for the mutated
exodomain of the Envelope proteins of DENV1, DENV2, DENV3, DENV4 and ZIKV, respectively,
were ultimately selected and produced by The Native Antigen Company, Oxford, as follows:
expression cassettes were synthesized de novo to contain a 5' Notl site followed by a consensus
Kozak sequence followed by the coding sequence for the first 17 amino acids of the influenza-A
virus haemagglutinin protein acting as secretion signal. The Envelope protein coding sequences
used, (numbering relative to the polyprotein), were 280-675 (NCBI ACA48859.1), 281-676 (NCBI
ADK37484.1), 281-673 (NCBI AIH13925.1), 280-675 (NCBI ANK35835.1) and 291-696 (NCBI
ARB07957.1), respectively. [Elsewhere, for ease of reference, numbering is expressed according to
residue number in the E-protein, with W at 101 of the fusion loop as a reference point]. Each
construct contained coding sequences for a glycine-serine linker 7 to 8 amino acids in length
followed by a 6x His-tag and a stop codon. The stop codon is followed by a Nhel site in each
expression cassette. The mammalian expression vector pSF-CMV (Oxford Genetics, Oxford) was
digested with Notl and Nhel, and the 4.2kb fragment was ligated to the 1,3kb Notl and Nhel
fragments of the expression cassette harbouring maintenance vectors (pUC57). In each case, one
or two additional sequons of the general formula (NXS/T) was introduced into the fusion loop of the
E-protein exodomain, capable (theoretically) of encoding a functional N-linked glycosylation site.
The wild-type dengue proteins naturally already have two glycosylation sites, and Zika one. None of
the natural glycans are found in the fusion loop.

[0103] For small-scale preparation 15ml aliquots of HEK293FT cells at 3e6/ml were individually
transfected with pCRO21, pCRO22, pCRO23, pCRO24 or pCRO25 (SEQ ID NO: 18), 4 control
transfections were performed using pSF233, pSF236, pSF237, pSF238 or pSF239. After a day,
15ml of rescue medium was added to each transfection. At day 3 after transfection each of the 10
transfections was treated the same way as follows: 30ml of suspension was spun at 4,000g for 7
minutes. The resulting supernatant was filtered using a 0.22um disc filter. The pellet was
resuspended in 1ml of PBS. The filtered supernatant was then concentrated using a Vivaspin20
(30,000Da cutoff) as per manufacturer's instructions. Concentrate volumes ranged from 0.6ml to
1.2ml. All concentrates were brought up to 1.2ml with PBS. The concentrated supernatants were
subjected to Talon purification as per manufacturer's instructions using Talon HiTrap Spin (GE).
Buffers for Talon capture were: Equilibration Buffer: 50mM phosphate pH7.8, 300mM NacCl; Wash
Buffer: 50mM phosphate pH78, 300mM NaCl, 5mM imidazole; Elution Buffer: 50mM phosphate
pH7.8, 300mM NacCl, 150mM imidazole.

[0104] Characterisation of the resulting proteins by coomassie-blue staining (Figure 2a, Figure 2d)
and by western blot (Figure 2b, Figure 2c) of SDS electrophoresis gels is shown in Figure 2.

[0105] Figure 2c shows a Western blot with anti-His-tag monoclonal antibody of chosen constructs
pCRO21 (D1), pCRO22 (D2), pCRO23 (D3), pCRO24 (D4) (for dengue serotypes 1-4 respectively)
and pCRO28 for Zika, which gave rise to secreted hyperglycosylated proteins. Molecular weight
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increments due to glycosylation are apparent, higher for the +2 glycan dengue constructs than for
the Zika +1 glycan construct, demonstrating the practical attainment of select theoretically designed
constructs as expressible proteins. Wild type forms are shown on the left of each pair.

[0106] Figure 2d shows Coomassie blue stained gels of the purified proteins, hyperglycosylated E
protein exodomains from the four dengue virus strains D1, D2, D3, D4 and Zika after cobalt chelate
(TALON) chromatography using cobalt chelate. Hyperglycosylated exodomains D1, D2, D3, D4 and
Zika correspond to plasmids pCRO21, pCRO22, pCRO23, pCRO24 and pCRO28, respectively.

[0107] For scale-up production, the novel hyperglycosylated proteins were expressed
recombinantly in human embryonic kidney cells (HEK 293) by transient transfection with linear
polyethyleneimine (PEI), and purified by metal chelate affinity chromatography with a cobalt chelate
(TALON®, Clontech/GE), as described as follows for the dengue-1 hyperglycosylated construct
based on pCRO21. 20x 1L of HEK293 cells were transfected with DENV1_Eexo_2xglyco
expression vector pCRO21. 3 days post transfection, the supernatant was harvested by
centrifugation, and the cleared supernatant was 0.2um filtered and concentrated to ~200ml by
tangential flow filtration (TFF). Immobilised metal affinity chromatography (IMAC) was performed
on the TFF retentate using 5ml HiTRAP Talon pre-packed column (GE) according to
manufacturer's instructions using 20mM sodium phosphate pH7.8 based buffer systems.
DENV1_Eexo_2xglyco protein containing fractions were pooled and dialysed against 20mM TRIS-
HCI pH7.8 10mM NaCl. lon exchange chromatography was performed using a pre-packed 5ml
HiTrap Q HP column according to manufacturer's instructions. DENV1_Eexo_2xglyco were pooled
and dialysed against DPBS pH7.4. The dialysed solution was 0.22um filtered and vialled under
sterile conditions. BCA assay and SDS-PAGE were performed according to manufacturer's
instructions (Bio-Rad).

[0108] Note that three of the hyperglycosylated constructs express at levels much higher than wild
type (these are the hyperglycosylated dengue serotypes 2, 3 and 4 corresponding to plasmids
pCRO22, pCRO23 and pCRO24). Zika plasmid, pCRO25 did not give rise to detectable secreted
protein (Figure 2a, lane 20), although significant amounts of cell-associated protein were found (not
shown).

[0109] Therefore a further round of constructs was made (see Figure 2b) seeking to improve levels
of expression of dengue-1 and Zika hyperglycosylated forms. In this instance nickel chelate
chromatography was used for purification. Further constructs of dengue (pCRO26 (SEQ ID NO:
19), and pCRO27 (SEQ ID NO: 20)) and of Zika (pCR0O28 (SEQ ID NO: 17), pCRO29 (SEQ ID NO:
21), pCRO30 (SEQ ID NO: 22) and pCRO31 (SEQ ID NO: 23)) were expressed and purified.
Favourable expression of the plasmid construct pCRO28 was demonstrated by anti-His-tag
Western blot (Figure 2 ¢) and coomassie staining (Figure 2 d).

[0110] The hyperglycosylated forms chosen were pCRO21, pCRO22, pCRO23, pCRO24 (for
dengue serotypes 1-4 respectively) and pCRO28 for Zika. Hyperglycosylated exodomains D1, D2,
D3, D4 and Zika correspond to plasmids pCRO21, pCRO22, pCRO23, pCRO24 and pCRO28,
respectively (SEQ ID NO: 24, 25, 26, 27 and 28 respectively). Molecular weight increments due to
glycosylation are apparent, higher for the +2 dengue constructs than for the Zika +1 construct.
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[0111] In all, eleven plasmid constructs were made and tested for protein expression and five were
selected for further investigation, based on equivalent or (in most cases) superior levels of
expression compared to wild type (pCRO21, pCRO22, pCRO23, pCRO24 representing the four
serotypes of dengue, and pCRO28 representing Zika).

[0112] Surprisingly, given the extremely hydrophobic nature of the fusion loop (which features the
residues W, F and L exposed at the tip of the E protein in close juxtaposition at its distal end in
three dimensional space) in the case of dengue, all four representative serotypes tolerated
substitution of two glycans (which are hydrophilic, and radically transform the topography of this
part of the protein to an extent that mere amino-acid substitutions cannot) with no penalty to levels
of expression (i.e., all expressed as well as the wild type sequence, in some cases markedly
better). An objective had been set of 'no less than wild type' for levels of expression in order to
ensure that the proteins were not misfolded which would have resulted in eradication from the
endoplasmic reticulum via the ERAD channel for proteasomal degradation. Examples of the
dengue serotype-1 sequence with a single glycan in the fusion loop were also made, but it did not
express any better than wild type or the species with two glycans. In the case of Zika, attempts to
generate variants with two glycosylation sites into the fusion loop (following the method established
for dengue) were not successful, resulting in less secretion of the recombinant protein into the
culture medium than for wild type.

[0113] In the case of the Zika E-protein exodomain we therefore explored the generation of
variants with a single glycan at various sites in the fusion loop. Substitution of the tryptophan
(W101), as for one of the dengue sequons, with an asparagine (the N of the sequon at 101 in place
of W), resulted in a level of expression of the construct that was less than for wild type. Likewise,
insertion of a glycan at F108 (i.e. the N of the sequon at 108, in place of F), resulted in a level of
expression of the construct that was less than for wild type. We concluded that the Zika fusion loop
was less tolerant to glycan insertion, and sought a more conservative way to allow it.

[0114] Having established, in the case of Zika, that neither the W101 nor the following F of the
fusion loop could be replaced with the N of an N-linked glycosylation sequon, an alternative
strategy was developed, which was not modeled on the approach taken for dengue. We sought to
place a single glycan as near as possible to the end of the fusion loop (based on the 3D structure
PDB 5IRE). Rather than go through the process of systematically making and testing the hundreds
of possible variants that might allow glycan insertion (which would have been arduous by gene
synthesis or by library technologies), we contrived a hypothetical solution and tested it. We
contrived to straddle the W at the apex of the fusion loop with an N-linked glycosylation sequon.
However, we reasoned that may have been infeasible by insertion of the classical NXS/T sequon,
because W is not tolerated at the X position of a sequon. However, although W is not tolerated in
the 'X' position in the centre of a sequon, H (histidine, a relatively conserved replacement for W,
having a hydrophobic-aromatic/cationic dual character) can be tolerated in the X-position. We
therefore substituted the 100 position with an N, used a H in place of the W for the X-position, and
used a T (which we find works better with H than S), to make a single sequon that read 'NHT' (i.e.
residues 100, 101, 102, using the E-protein numbering convention rather than the polyprotein
numbering convention). The resulting protein, made from plasmid pCRO28, was found to express
as well as wild type, and gave greater yield on purification than wild type, indicating no impediment
to expression. The other variants of Zika that we explored gave rise to low level or no secreted



DK/EP 3458471 T3

protein in the expression systems used.

Example 3 (Figure 3) Characterisation of glycans present on the glycoengineered dengue
serotype-2 and Zika proteins.

[0115] Glycan compositional analysis (GlycoThera, Germany) was performed on two of the
selected proteins from Example 2, the dengue-2 serotype product of pCRO22 (representative of
the selected dengue constructs that were all designed to carry two glycans in the fusion loop) and
that of Zika (the product of pCRO28, designed to carry one glycan in the fusion loop) obtained from
transfections of HEK 293.

[0116] The results of SDS-PAGE analysis of dengue and Zika samples prior to and after digestion
with polypeptide N-glycosidase F (PNGase, Prozyme Inc.) are shown in Figure 3a. The samples
were reduced in 50 mM DTT for 5 min at 95°C prior to SDS-PAGE analysis (15% polyacrylamide
gel after coomassie blue staining) Lane 1: CV94 (pCRO22 protein, dengue-2) prior to PNGase
digestion; Lane 2: CV94 after PNGase digestion; Lane 3: CV95 (pCRO28 protein, Zika) prior to
PNGase digestion; Lane 4. CV95 after PNGase digestion; Lane 5: molecular weight standard. In
this case the degree of decrease in apparent molecular weight (as distinct from the increment in
Fig. 2c¢ relative to WT) conforms to theoretical expectation based on the number of additional
glycans introduced into the sequence: i.e. dengue-2 has lost four glycans in this digestion (two
natural, and two introduced by sequence programming of additional sequons), whereas Zika has
lost two glycans (one natural, and one introduced by sequence programming of one additional
sequon). Enzymatic digestion with PNGase was conducted according to Tarentino and Plummer,
Methods in Enzymology, 1994, 230; 44-57.

[0117] Glycans were released from the hyperglycosylated protein products and quantified by high-
performance anion-exchange chromatography with pulsed amperometric detection (HPAEC-PAD)
and normal-phase HPLC with fluorescence detection of 2-AB-labelled N-glycans, along with specific
exoglycosidase treatment (Figure 3b). Table 2 summarizes the results of this analysis.

Table 2

Sample IE\)EI_\IV2._ENV_2xGlyco recombinant Zika_ENV_recombinant
ntigen; Lot #20161026 Antigen; Lot #20161213

Structure mol (%) mol (%)

neutral 16.9 17.0

monosialylated {30.7 36.9

disialylated 26.6 32.0

trisialylated 15.0 8.4

tetrasialylated {9.5 5.1

sum 100.0 100.0
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[0118] Quantitative HPAEC-PAD analysis of native oligosaccharides was performed on an ICS
5000+ ion chromatography system of the Thermo Fisher Scientific Inc. (Waltham, MA, USA;
GlycoThera device-ID: HPAEC-7) using high resolution CarboPac PA200 columns. Injection of
appropriate oligosaccharide reference standards was included in the analytical sequence.

[0119] N-glycans were detected via electrochemical detection. The data were collected and the
chromatograms were acquired by using Chromeleon Chromatography Management System
Version 6.8. Native N-glycans were analyzed via HPAEC-PAD revealing mainly neutral,
monosialylated, disialylated and trisialylated oligosaccharides in both preparations according to
GlycoThera's reference oligosaccharide standards. (Fig. 3b, Table 3).

[0120] Desialylated N-glycans were analyzed via NP-HPLC after 2-AB labelling revealing
predominantly complex-type N-glycans with significant permutational diversity, having proximal a
1,6-linked fucose in both samples (CV94=dengue-2, and CV95=Zika) according to GlycoThera's
reference oligosaccharide standards. HPAEC-PAD mapping of native N-glycans released from
dengue and Zika preparations CV94 (dengue 2 pCRO22 protein) and CV95 (pCRO28 protein) Zika
(as shown in Table 2) revealed the presence of predominantly neutral (16.9% and 17.0%,
respectively), monosialylated (30.7% and 36.9%, respectively), disialylated (26.6% and 32.0%,
respectively) and trisialylated (15.0% and 8.4%, respectively) oligosaccharides in both samples.
Significant amounts of tetrasialylated N-glycans (9.5% and 5.1%, respectively) as well as low
proportions of pentasialylated / sulphated oligosaccharides (1.3% and 0.6%, respectively) were
found in dengue and Zika samples CV94 and CV95; phosphorylated N-glycan structures such as
oligomannosidic Man5-6GIcNAc2 glycan chains with one phosphate residue were not detected in
either of the samples analyzed.

Table 3. N-glycan mapping of 2-AB labelled desialylated N-glycans, according to standard
procedures at GlycoThera, from Dengue and Zika preparations CV94 and CV95 after sialidase
treatment using normal-phase HPLC with fluorescence detection revealed the following
compositions for the two proteins.

Sample code Cvo4 CV95
DENV2_ENV_2x Zika_ENV_recombinant

Sample code Glyco recombinant |Antigen; Lot #20161213
# N-glycan structure jmol (%) mol (%)

complex-type N- 61.4 56.6

glycans
1 diantennary w/o 2 3- {0.1 0.2

Gal w/o 1 GIcNAc

with a1,6-Fuc
2 diantennary w/o 2 3- {0.9 1.2

Gal with a1,6-Fuc
3 diantennary w/o 1 3- {3.1 44

Gal with a1,6-Fuc
4 diantennary w/o 1 3- (0.4 0.8

Gal w/o a1,6-Fuc
5 diantennary with a1,6-{8.1 8.8

Fuc
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Sample code Cvo4 CV95
DENV2_ENV_2x Zika_ENV_recombinant

Sample code Glyco recombinant }Antigen; Lot #20161213

# N-glycan structure jmol (%) mol (%)

6 diantennary with a1,6-{5.0 6.1
Fuc with 1x a1,3-Fuc

7 triantennary w/o 3 3- {0.6 0.4
Gal with a1,6-Fuc

8 triantennary w/o 2 3- {1.6 2.9
Gal with a1,6-Fuc

9 triantennary w/o 1 3- {3.9 7.5
Gal with a1,6-Fuc

10 triantennary with 8.8 7.3
a1,6-Fuc

1" tetraantennary w/o 4 {1.0 1.9
B-Gal with a1,6-Fuc

12 tetraantennary w/o 3 {1.4 2.7
B-Gal with a1,6-Fuc

13 tetraantennary w/o 2 {3.8 6.0
B-Gal with a1,6-Fuc

14 tetraantennary w/o 1 (4.9 3.3
B-Gal with a1,6-Fuc

15 tetraantennary with 15.8 2.6
a1,6-Fuc

16 tetraantennary with 20 0.5
one LacNAc repeat
oligomannosidic N- {0.1 0.8
glycans

17 Man5GIcNAc2 0.1 0.8
hybrid-type N- n.d.* n.d.*
glycans
not identified 38.5 42.6

X1 - 0.1 0.1

X2 - 04 1.5

X3 - 1.0 23

X4 - 3.9 8.8

X5 - 4.0 8.2

X6 - 25 6.5

X7 - 1.1 1.1

X8 - 24 3.7

X9 - 7.4 4.4

X10 - 12.9 5.0
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Sample code Cvo4 CV95

DENV2_ENV_2x Zika_ENV_recombinant
Glyco recombinant jAntigen; Lot #20161213

Sample code

# N-glycan structure jmol (%) mol (%)
X11 - 2.8 1.0
sum 100.0 100.0

*n.d. = not detected.

Site Occupancy Analysis of the glycans:

[0121] Site occupancy was determined by LC-MS measurement of tryptic peptides. The analysis
was based on the LC-MS measurement of tryptic or Endo Lys-C generated peptides liberated from
proteins de-N-glycosylated enzymatically by PNGase F. Since PNGaseF is a glycoamidase, the
asparagine (N) becomes converted to an aspartic acid residue (D). Quantification was done by
creation of extracted ion chromatograms (EICs). The EICs were generated using the theoretical
m/z values of differently charged target peptides within a mass window of +/- m/z of 0.01. In order
to compare the peptide intensity with the specifically modified counterpart generated by de-N-
glycosylation, the area of the peak of the EIC was used. The ratio / extent of modification was then
calculated as follows: extent of modification = [area under EIC of modified peptide] / ([area under
EIC of modified peptide] + [area under EIC of unmodified peptide]).

[0122] Sequence numbering is by protein rather than the polyprotein sequence numbering
convention, with W101 (at the very tip of the fusion loop) as a useful reference point. Sites are
numbered according to their appearance in the linear sequence starting at the N-terminus, such
that in dengue (pCRO22, GlycoThera sample number CV94) there were two additional sequons
comprising sites 2 and 3. The Occupancy of the natural WT N-glycosylation sites was confirmed to
be 100% and 99% for site 1 and site 4, respectively. The added N-glycosylation sites 2 and 3 (in the
fusion loop) are located on one tryptic peptide (T15) and the occupancy was 38% (both sites) and
additional 51% where only one of the two sites were N-glycosylated. In all 89% of the fusion loops
had at least one glycan.

[0123] In the case of Zika, the occupancy of the N-glycosylation sites was confirmed to be 99.5%
and 100% for the added 'site1' (residue 100, fusion loop) and site 2 (residue 154 the glycan
naturally present), respectively. Site occupancy of the programmed glycosylation sequons was
deduced from PNGase digestion and its effects on the mass of tryptic peptide fragments (whereby
the amide NH, group of the asparagine side chain is lost and converted to a hydroxyl group). (In

the following sequences programmed sequons are in bold). In the hyperglycosylated dengue 2

exodomain the relevant tryptic peptide was T15, ie., the 15t tryptic peptide
(GN101GSGCGLN1ggGSGGIVTCAMFTCK 22 (SEQ ID NO: 35) - containing the substituted N
residues at 101 and 108. In the hyperglycosylated Zika exodomain (with a single introduced
glycosylation sequon 'NHT') the relevant peptide was T10 (N1goHTNGCGLFGK1¢ (SEQ ID NO:



DK/EP 3458471 T3

36)).

[0124] These findings of efficient introduction of large and complex glycans into the fusion loop of
dengue and Zika exodomain proteins strengthened our expectation that these proteins would
neither bind to the fusion loop, nor elicit fusion-loop antibodies, giving confidence that B-cells or
antibodies capable of recognising the wild type versions of the fusion loop would not engage with
the glycosylated forms of the invention. This scenario is markedly different from mere introduction
of mutations into the fusion loop, because by imposing one or more large additional glycan
structures into the fusion loop, the resulting variant fusion loop cannot bind antibodies or B-cell
receptors or generate fusion loop antibodies reactive with the wild type versions of the fusion loop.
This was fully confirmed in later examples. This strategy may also be contrasted to deleting
domains | and Il from the structure of the protein, as these domains also contribute neutralising
epitopes and T-cell epitopes useful for anamnestic immune responses upon encounter with
flaviviruses in the wild, while preconditioning the immune system in such a way as to avoid the
dangerous dominance of the fusion loop in immune responses to natural virus infections or to other
vaccines.

Table 4. list of m/z values used for creating Extracted-lon-Chromatograms (EIC) for N-
glycosylation-site occupancy for dengue-2

ID {Amino jAmino acid sequence Theor. {m/z values
Acid mass in jused for EIC
Range Da [M+ n H]™

Site 1

T10 {[65-73] {L65TN67TTTESR73 (SEQ ID NO: 37) 1022.511 {1022.511;

T10 {[65-73] {L65TD67TTTESR73(SEQ ID NO: 38) 1023.495{1023.495;

Site 2+3

T15{[100- {G100N101GSGCGLN108GSGGIVTCAMFTCK122{2304.983}1152.995;
122] {(SEQID NO: 39) 768.999

T15{[100- {G100D101GSGCGLN108GSGGIVTCAMFTCK122{2305.967 ;1153.487;

1x {122] {(SEQID NO: 40) OR 769.327

’c\lle- G100N101GSGCGLD108GSGGIVTCAMFTCK122

(SEQ ID NO: 41)

T15{[100- {G100D101GSGCGLD108GSGGIVTCAMFTCK122{2306.951}1153.979;

2x §122] {(SEQID NO: 42) 769.655

de-

N

Site 4

T18{[129-}{V129VQPENLEYTIVITPHSGEEHAVGN153DTGK157{3133.544{1567.276;
157] {(SEQ ID NO: 43) 1045.186;

784.142;
627.515

T18§[129-{V129VQPENLEYTIVITPHSGEEHAVGD153DTGK157{3134.528{1567.768;

de- {157] {(SEQ ID NO: 44) 1045.514;

N 784.388;

627.712

Table 5: list of m/z values used for creating Extracted-lon-Chromatograms (EIC) for N-
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Amino Theor.
ID {Acid Amino acid sequence mass in mlé values uﬁfd for
Range Da EIC [M+ n H]
Site 1
L4 [94_110] RO4ATLVDRIYONIOOHTNGCGLEGKL 1944 .9 19449897299648992,
10 (SEQ ID NO: 45) 82 5; 9;
RS4ATLVDRIOD]1 00HTNGCGLFGK1
L4 [94-110] Lo 1945.9 1945.96973.48
de-N 66 649.326; 7; 7,
(SEQ ID NOQ: 45)
Site 2
T1:eMLSVHGSOHSGMIVN 5, DTGHE
T16 {[139-164] |[romnmc 2864.3 1432.65955.44716.836,
] 05 0; 2
(SEQ ID NO: 47)
T16 [139-164] T1:sMLSVHGSQESGMT VD15 DTGHE, 2865.2 1433.14955.76717.078;
de-N TDENRies (SEQ ID NO: 48) 89 8; 8;

Table 6: site occupancy (% occupation) for dengue-2 (sites 2 and 3 are in the fusion loop)

Rate of N_glycosylation site occupancy [%]

N-glycosylation site [peptide]
Sample c((;)-g-e Site 1 N67 Site 2+3 N101s Site2o0r3 N101 Site 4 N153
[T10] N1og [T15] or Nqos [T15]
DENV2_ENV { CV94 100 51 99

(collectively, 89% of molecules have a glycan or two in the fusion loop. N101 replaced
W101 of the WT sequence; N108 replaced F108 of the wild type sequence)

Table 7: site occupancy (% occupation) for Zika (site 1 is in the fusion loop)

Rate of N-glycosylation site occupancy [%]

N-glycosylation site [peptide]
Sample GT-code - -
Site 1 N100 [L4] Site 2 N154 [T16]
Zika_ENV CV95 99.5 100

(99.5% of molecules have a single glycan in the fusion loop; N100 replaced G100 of
the WT sequence)
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Example 4 (Fig. 4) Immunogenicity of select glycoengineered dengue proteins 1, 2, 3 and 4
and Zika in direct ELISA.

[0125] Female Balb-c mice were immunized with PBS (negative control) and various dengue and
Zika formulations of the hyperglycosylated exodomain proteins on Alhydrogel, alone (Zika mono)
and in combination (Penta-) and as naked DNA (DNA). Alhydrogel formulations of proteins were
injected subcutaneously (s.c.) in a total volume of 200 ul and naked DNA (comprising plasmids
pCRO21, pCRO22, pCRO23 and pCRO24 of dengue plus pCRO28 representing Zika) was injected
intramuscularly (i.m.) in a total volume of 50 ul for pentavalent DNA (representing 5 micrograms of
each plasmid immunogen). Pentavalent protein combinations contained 5 ug amounts per dose of
each hyperglycosylated exodomain, and monovalent (Zika) contained 10 ug per dose. Mice were
dosed three times, once at each of day 0, day 14 and day 21. The legend at the bottom right of
figure 4 denotes the composition of each immunogen. The title of each panel denotes the antigen
used on the solid phase ELISA plate. (Wild type recombinant VLPs were used both as
immunogens, Group 4, and as antigens in Figure 4). Mice were bled retro-orbitally at the intervals
indicated and serum was collected for ELISA and PRNT assays.

[0126] The Balb-c Mice were immunized with DNA and protein representations of the
glycoengineered exodomains and with the corresponding VLPs (i.e. VLPs representing the wild
type sequences) from The Native Antigen Company Ltd, Oxford, UK (with no extra glycans, and
exposed fusion loops) as positive control. These VLPs (see Table 8, used as both immunogens and
also as test antigens in the ELISA tests of Figure 4) also contain multiple additional epitopes not
present in the exodomains, notably epitopes of the pre-membrane protein prM.

Table 8.

Group {Immunogen Route of jDoe Injectate; Alhydrogel*
(n=5) immun- volume {adjuvant (2% w/v
female ization aqueous alhydrogel
Balb-c suspension)(ul)
mice
1 Pentavalent i.m., in 50ug of {50 ul None
glycoengineered 10mM Tris-jeach
DNA ('Penta-DNA' in {HCI pH 7.4 {plasmid
figures) (250 ug
total)
2 Pentavalent S.C. Sugof {200 ul 50
glycoengineered each
proteins (Penta-Prot) protein
(25 ugin
total)
3 Monovalent Zika S.C. 10 ug of {80 ul 20
glycoengineered Zika
protein (Zika-mono) protein
4 Pentavalent wild type is.c. Sugof {200 ul 50
VLP (Penta VLP) each VLP
(25ugin
total)
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Group {Immunogen Route of {Doe Injectate i Alhydrogel*

(n=5) immun- volume {adjuvant (2% w/v
female ization aqueous alhydrogel
Balb-c suspension)(ul)
mice

5 PBS S.C. 0 200 ul none

[0127] There was little antibody response to naked DNA representing the five exodomains - as
expected in the absence of delivery assistance from liposomal formulation, gene-gun or
electroporation technology. Antibody responses to naked DNA were evident against dengue 1, 2
and 3 native VLPs, and not against Zika and dengue 4 VLPs. However these results served to
demonstrate the potential utility of these DNA encoded antigens (all of them) with appropriate
delivery systems. The assay is naturally more sensitive to detect immune responses to VLPs, due
to the presence of additional epitopes (noted above), such that, as expected, antibody responses
to the VLP antigens were uniform and very strong in the VLP-immunised 'Group 4'. However, so
too were responses to the novel glycoengineered exodomain proteins of the present invention,
which gave strong, balanced immune responses against all five components (dengue serotypes
1,2,3 and 4 plus Zika) with the pentavalent immunogen formulation. Responses were uniformly
high to the exodomain immunogens (pentavalent protein and monovalent Zika) and there were no
non-responders. Also, the response to Zika in the monovalent-Zika-hyperglycosylated-exodomain-
immunized group (10ug dose) was modestly higher than that in the pentavalent protein group
where the same exodomain was used at half the dose. This finding indicates a favorable lack of
competition among the serotypes in the generation of type specific immune responses (this is a
known problem with live attenuated flavivirus vaccine approaches, such as Dengvaxia, where
immune responses to dengue serotype 2 are problematically low).

[0128] For direct ELISA (Figure 4) to measure murine antibodies against dengue and Zika viruses
Nunc™ Flat 96-Well Microplates, Thermoscientific, Cat. No. 269620, were coated with VLPs (from
The Native Antigen Company (Oxford)) at a concentration of 0.5 ug/ml in bicarbonate-carbonate
buffer (pH 9.4 - 9.6) containing sodium bicarbonate at 4.43g/l and sodium carbonate at 1.59g/l, at
100ul/well for 2h at room temperature. Plates were aspirated and blocked with 2% neutral BSA
(SigmaAldrich A7906) in Dulbecco's phosphate buffered saline (PBS, ThermoFisher-Gibco
14190136) (PBS-BSA). The blocking buffer was used as diluent for the testing of mouse sera
diluted at concentrations of 1/100 and 1/10,000 (duplicates at each concentration). Plates were
washed with PBS containing 0.05% Tween-20 detergent (Sigma-Aldrich) (PBS-Tween) after each
incubation (blocking, diluted serum incubation, conjugate incubation) by filing and emptying the
wells five times with PBS-Tween. After serum incubation and washing, a secondary antibody
conjugate was applied in PBS-BSA (goat anti-mouse IgG HRP conjugate BioRad 103005) at a
dilution of 1:4000. After washing the plate a final time, substrate for horseradish peroxidase (HRP)
was added (3,3',5,5'-tetramethylbenzidine, TMB, Sigma-Aldrich T00440), and stopped with 0.16M
sulfuric acid after 20min incubation at room temperature. Incubations were conducted on a mixer
(Grant Bio, PMS-1000 at 500rpm approx.). Absorbance of the stopped reaction was read at
450nm.

[0129] Antibody responses were calibrated against fusion loop antibody 4G2 (The Native Antigen
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Company Ltd, Oxford) with dengue VLP representing serotype 2 on the solid phase at 0.5
micrograms per ml coating concentration. Units of antibody measurement "lgG antibody titre" are
micrograms per ml 4G2-equivalent in undiluted serum, determined by interpolation of the standard
curve using a four-component polynomial regression fit (AssayFit, IVD Tools). At day 42, antibody

responses reached 104-10° for the hyperglycosylated exodomain immunogens (a notional 10 mg
per ml - 100 mg per ml in neat serum). These concentrations (taken literally) are unattainably high
since the IgG concentration of mouse serum is only 2-5 mg per ml, and probably reflect the higher
affinity or avidity of the antibodies generated compared to the antibody, 4G2, used for
standardization, or may reflect better epitope exposure (4G2's fusion loop epitope being semi-
crytpic in the structure of VLPs and virions). Nevertheless the 4G2 calibration serves a useful
purpose allowing the assay to be run from time to time, controlling for such variables as batch to
batch variation in the conjugate - (an anti-IlgG-Fc horseradish peroxidase conjugate made from
polyclonal antibodies which vary by batch). This is more reliable than quoting antibody 'titres' based
on a threshold absorbance value which are very conjugate-batch and antigen-batch dependent,
and may vary further among conjugates sourced by different manufacturers.

[0130] A further aspect of these observations is that the antibodies generated are of the IgG class
demonstrating class-switching (even at day 14) from IgM, for all of the protein immunogens. This is
an essential component of the B-cell memory response, important for the development of vaccines.
A further aspect of these findings is that the antibodies generated by exodomain protein
immunogens (and to some extent the DNA immunogens) strongly recognize the native form of the
VLP antigens, which also lack His tags, ruling out the possibility of false positives due to anti-His-tag
responses. This proves that both the dengue and Zika exodomain materials represent native
epitopes of the exodomain proteins that are immunogenic in generating anti-viral (VLP) antibodies.
These results suggest that other nucleic acid encoded forms of the hyperglycosylated exodomain
species, e.g., liposomal RNA or lipoplex RNA, would also generate desirable antibody responses
against virions (VLPs) and viruses.

[0131] There was specificity in the immune response to the Zika monovalent hyperglycosylated
exodomain, which generated higher antibody titres against the homologous Zika VLP than to other
VLPs, despite the known cross-reactivity of these various viruses with antibodies. This is a
favourable result since type-specific anti-Zika antibodies are known to have better neutralizing
activity generally than dengue-cross-reactive ones. Also, as seen in the antibody-responses to the
Zika-monovalent hyperglycosylated exodomain at the later time points (after two or three doses),
there was a degree of cross-reactivity against dengue strains that developed over time, raising the
potential for generation of beneficial cross-reactive neutralizing responses, excluding the fusion
loop epitope (which was not recognized by antibodies generated by hyperglycosylated exodomain
species as demonstrated in the data that follows in later examples).

Example § (Fig. 5) Avoidance of recognition of the glycoengineered proteins by fusion loop
antibodies, and retention of neutralizing epitopes.

[0132] An ELISA test (of Fig. 5) was devised employing oriented capture of His-6-tagged
exodomain proteins on the solid phase (the VLPs of Fig. 4 do not have His-tags). Unless otherwise
specified, conditions were the same as for the ELISA test of Example 4 and Fig. 4. 8-well strip
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ELISA plates (Dynex) were coated with rabbit monoclonal anti-His-6 tag (Anti-6X His tag® antibody
[HIS.H8] (ab18184) Abcam) for 1h at room temperature and then overnight at a concentration of 1
pg/ml in bicarbonate-carbonate coating buffer. Plates were washed and then exposed to Starting
Block (ThermoFisher 37538) 30min at room temperature, and then to the various exodomain
proteins, all having a C-terminal hexahistidine tag, at a concentration of 0.5ug/ml, for 2h at 37
degrees then at 4 degrees overnight. Antibodies were added to appropriate wells in 0.4% BSA in
PBS-Tween and incubated for 2h at 37 degrees. Next a secondary antibody conjugate (rabbit-anti-
mouse-HRP IgG H&L, Abcam ab97046), for mouse antibodies, was applied in 0.4% BSA in PBS-
Tween, at a dilution of 1/10,000. For human serum, the dilution factor was 1/1000 in PBS-Tween
0.4% BSA followed by goat anti-human IgG Fc (HRP) preadsorbed (Abcam ab98624) at 1/20,000.
Secondary antibody HRP conjugates were incubated for 2h at 37 degrees. The plate was washed
between exposure to successive reagents. Finally TMB substrate was added and stopped after 10
min at room temperature.

[0133] Antigens were as follows: wild type dengue exodomains representing dengue serotypes 2
and 4 were from The Native Antigen Company (DENV2-ENV, DENV4-ENV); 'HX' designated
exodomains (hyperglycosylated exodomains) were the selected set of Excivion exodomains of the
present disclosure (pCRO21-24 for dengue, pCRO28 for Zika). Prospec Zika was a non-
glycosylated bacterial exodomain from Prospec of Israel (zkv-007-a), and Aalto Zika was an insect
(Sf9 cell) derived Zika exodomain (AZ6312- Lot3909). Mouse monoclonal antibodies against Zika
virus exodomain were as follows: Aalto Bioreagents AZ1176-0302156-Lot3889; Z48 and Z67 were
neutralizing antibodies described by Zhao et al, Cell 2016 (The Native Antigen Company ZV67
MAB12125 and ZV48 MAB12124). Antibody 4G2 is an anti-dengue-serotype-2 antibody
recognizing the fusion loop (The Native Antigen Company AbFLAVENV-4G2).

[0134] Fig 5a demonstrates the sensitive detection of wild type exodomains of dengue 2 and 4 by
antibody 4G2, giving a signal significantly above background even at very low concentrations (250
pg/ml). In contrast, the hyperglycosylated exodomains gave no detectable signal at any of the
concentrations tested (5a). This side-by-side comparison of the wild-type and fusion-loop-
glycosylated (HX) exodomains demonstrates that the latter fail to react with this classical fusion
loop antibody (which is highly dependent on Leucine 107, Stiasny K et al., J Virol 2006 80:19 9557-
68, intolerant of D,T or F at that position), even despite the presence of 11% of non-glycosylated
(albeit mutated) fusion loop in the dengue-2 HX exodomain used (refer to example 3 for
glycosylation site occupancy data). This demonstrates that the mutations employed, even without
the glycans, are sufficient to prevent the binding of this particular fusion loop antibody (4G2).
However, given the clonal diversity of human antibodies, ultimately it will be preferable to employ
the glycosylated forms as an additional layer of surety that fusion loop antibodies capable of
recognizing wild type fusion loops of flaviviruses will not be generated in man with these novel
immunogens when used as vaccines.

[0135] The data of Fig 5b&c also demonstrate that, in the case of Zika, the HX version of the
exodomain reacts with all three Zika monoclonal antibodies, including the two neutralizing epitopes
Z\48 (Z48) and ZV67 (Z67). This demonstrates that the Zika HX exodomain has retained these
neutralizing epitopes, plus the Aaalto antibody epitope, despite the drastic changes wrought to the
structure of the fusion loop by glycan insertion. Moreover, this Zika HX exodomain fails to react with
4G2, as do the four dengue HX exodomains, confirming that this epitope has been effectively
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cloaked in all five HX proteins.

[0136] The data of Fig 5b&c, with respect to the Zika human convalescent serum tested are also
diagnostically informative. This serum was a gift from Mark Page of NIBSC selected for its high
PRNT activity against Zika and its high levels of Zika NS1 antibody. The data of Fig 5b&c
demonstrate that this Zika convalescent serum strongly recognizes, indeed prefers the dengue-2
wt exodomain over other antigens in the test. This observation demonstrates the diagnostic utility of
the HX series of proteins, and indicates that this patient had previously also been exposed to
another flavivirus other than Zika. In fact it suggests that that other flavivirus was not dengue
because the Zika convalescent serum (unlike the dengue convalescent serum) fails to react with
the hyperglycosylated exodomain forms of dengue. The fusion loop antibodies in the Zika
convalescent serum must therefore have originated from exposure to a third flavivirus, such as
yellow fever (by vaccination or infection) or West Nile virus, both of which are prevalent in Trinidad
where this serum was collected.

[0137] A further aspect of the data of Fig 5b&c are that the Zika HX antigen has the capacity to
selectively inform the presence of neutralizing antibodies, since the 4G2 fusion loop epitope has
been effectively cloaked, while neutralizing epitopes noted above, have been retained.

[0138] The HX Zika exodomain protein and likely therefore the dengue HX exodomain proteins will
therefore have the capacity to inform the development and deployment of Zika and dengue
vaccines. In the case of the latter, the HX antigens of the test will be useful in identifying persons
that are naive to dengue and who might be spared vaccination with the currently licensed
DengVaxia® anti-dengue vaccine, in order to reduce the risk of predisposition to subsequent
dengue haemorrhagic fever (whereby the vaccine acts as a silent primary dengue infection). Such
test may extend the utility of DengVaxia to younger persons (currently it is only licensed to children
greater than 9 years of age), or to naive persons in non-endemic territories such as Europe and
the USA (e.g. for use in traveller populations in whom DengVaxia vaccination is not currently
advocated).

Example 6 (Fig 6) Avoidance of generation of fusion-loop antibodies by the
glycoengineered proteins.

[0139] An ELISA test was established to measure the binding of polyclonal antibodies against the
fusion loop (represented in this example by dengue serotype-3 VLP on solid phase ELISA plates).

[0140] A competition ELISA was set up using biotinylated 4G2 (Integrated Biotherapeutics) which
was detected using streptavidin-horseradish peroxidase conjugate. Dengue serotype 3 VLP (The
Native Antigen Company) which reacts with 4G2 slightly better than the immunizing serotype
dengue-2 VLP was used as antigen coated at 0.5 ug per ml on the solid phase. Pooled sera (from
the groups of Fig. 4) or unlabeled 4G2 (as standard) were titrated at various dilutions (from 1/10 as
the top concentration of the serum pools) to determine their capacity to compete with biotinylated
4G2 for binding to the fusion loop. Similar standard curves were generated (not shown) using Zika
VLP and dengue-2 VLP wild type recombinant materials as antigen, underscoring the generality of
this phenomenon (cross-reactivity of fusion loop antibodies) across the flaviviruses of interest.
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[0141] In this assay (Figure 6) the ability of unlabeled 4G2 to compete for binding to solid phase
antigen was demonstrated using biotinylated 4G2 and streptavidin-HRP conjugate (Kirkegaard and
Perry KPL KPL 14-30-00 at 1/3000). Unless otherwise specified, conditions were as for Example 4.
First, a sample of 4G2 was biotinylated according to manufacturer's instructions using the BioRad
EZ-link NHS-PEG4 biotinyation kit (21455) using a molar ratio of reactants of 30:1. Unlabelled
antibody and biotinylated antibody were allowed to compete in an overnight room temperature
incubation for binding to solid phase antigen. Antigen-coated plates were exposed in parallel to
dilutions of standard antibody (four or five-fold serial dilutions of 4G2, unlabeled). Biotinylated
antibody was used at a concentration of 100 ng/ml.

[0142] Figure 6 demonstrates that antibodies raised against pentavalent VLPs on Alhydrogel,
containing VLPs of all four dengue serotypes plus Zika, generate abundant fusion loop antibodies.
It can be calculated from these data (assuming similar affinities of 4G2 and raised antibodies) that
the VLP-immunised sera contain approximately 100 micrograms per ml fusion loop antibody, which
is the maximum amount generally for viral antibodies in a polyclonal antiserum. In contrast, none of
the other groups generate significant amounts of fusion loop antibodies whose binding is mutually
exclusive with 4G2. In particularly the pentavalent (HX) exodomain proteins of the present
disclosure do not generate fusion loop antibodies as assessed in this test, and neither does the
monovalent Zika (HX) protein, despite generating very substantial antibody responses to the VLP
antigens used in the competition ELISA test. In the case of Zika, inhibition was detectable only at
the highest concentration tested, indicating a >1000 fold advantage in avoidance of fusion loop
antibodies compared to VLP immunogens, if this single point at 1/10 serum dilution is (for the sake
of argument) deemed to be significant.

[0143] The data of Figure 6 demonstrate that a dengue vaccine (or a Zika vaccine) of the invention
would not prime for antibody responses to the conserved fusion loop. This is in contrast with natural
primary dengue infections that prime for subsequent haemorrhagic fever upon encounter with a
second serotype of dengue. Such antibody responses to natural primary dengue infections are
poorly neutralizing or non-neutralizing at physiological concentrations of antibody and are
particularly implicated in the causation of antibody-dependent enhancement of dengue infection
and disease by allowing antibody-complexed virions to enter and infect myeloid cells via Fc-
receptors, while failing to prevent them infecting other host cells.

Example 7 (Figure 7) Generation of neutralising antibodies by the glycoengineered dengue
and Zika proteins.

[0144] Serum pools from Example 4 were tested for their ability to neutralize dengue serotype 2
and Zika viruses using Vero cells in plaque reduction neutralization tests (PRNT).

[0145] In the case of dengue, the dengue serotype 2 strain used to infect the Vero cells (D2Y98P)
was a different serotype-2 strain (non-homologous) from the sequence of the immunizing dengue 2
strain of the VLPs and exodomains. In the groups expected (from Example 4) to generate dengue
neutralizing antibodies (namely pentavalent protein and pentavalent VLPs, Groups 2 & 4) there was
potent neutralization of the 'off target' dengue test virus. In the case of Zika there was significant



DK/EP 3458471 T3

(albeit partial) neutralization as expected from the results of Example 4, in groups shown to contain
antibodies that recognized native Zika VLPs (namely pentavalent protein and pentavalent VLPs,
Groups 2, 3 & 4). Due to limitations on sample volume, the maximum concentration of serum that
was tested was 1/50, such that in interpreting these results this factor needs to be taken into
consideration (i.e. that there would be higher neutralizing capability in the blood of the immunized

animals).

Table 9. Immunogenicity Study Design

Group {Vaccine* Vaccine {Dosage Bleeds Readout

(n=5) Schedule

1 Pentavalent On days 0, {250ug total { Test bleed for  {Measurement of
glycoengineered {14, & 21 DNA (50ug iserum on Days jantibodies against
DNA via IM of each) 14 & 21. ZIKV & DENV 1-4

5 Pentavalent route 25,9 total Terminal bleed jvia ELISA
glycoengineered protein on Day 42.
proteins on (5ug each)
Alhydrogel

3 Monovalent Zika 109
glycoengineered protein
protein on
Alhydrogel

4 Pentavalent wild 25ug total
type VLP on VLPs (5ug
Alhydrogel each)

5 PBS -

[0146] PRNT Assay was performed as follows. Five mouse serum samples were pooled by taking
an equal volume of individual samples in each group (sample description in next slide) and were
then tested against ZIKV and DENYV, respectively. Twelve two-fold serial dilutions of each serum
sample in duplicates starting at 1:50 were prepared for the two-hour inoculation with virus. The
serum-virus mix was then added to Vero cells seeded in 24-well culture plates and incubated at
37°C in a humidified 5% CO, atmosphere. The Vero cells were fixed on 3 days post incubation

(dpi) for ZIKV PRNT and 4 dpi for DENV PRNT. Viral plaque was determined by crystal violet
staining.

[0147] Potent inhibition of infection by dengue was observed in the group immunized with
hyperglycosylated exodomain proteins of the present disclosure (Penta-prot). Zika immunized
animals generated antibodies that did not prevent dengue infection of Vero cells, illustrating the
type-specific nature of antibodies generated by these novel immunogens. These Zika antibodies
(from the Zika monovalent group and from the pentavalent proteins group) were significantly
protective of infection of Vero cells by Zika virus. As expected, PBS-sham-immunised animals did
not give rise to protective antibodies, nor did pentavalent DNA administered intramuscularly. This
latter result may have been due to the low concentrations of antibodies generated by naked DNA,
as expected from intramuscular injection (as distinct from gene-gun or electroporation strategies, or
strategies incorporating encoded proteins as molecular adjuvants).
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[0148] The results of Example 6 (generation of neutralizing antibodies) combined with those of
Example 5 (lack of recognition by or generation of fusion loop antibodies) by the hyperglycosylated
Exodomain proteins of the invention strongly suggest that these proteins can form the basis of a
protective vaccine for dengue or Zika viruses (or, in combination, for both viruses) without the
generation of fusion loop antibodies, which are particularly implicated in antibody-dependent
enhancement of infection.

Example 8 (Figure 8) Reaction of convalescent dengue or Zika serum with immobilized Zika
and dengue wild-type (WT) and hyperglycosylated (HX) exodomain proteins

[0149] The ELISA reactivity of antibodies in a dengue convalescent serum with immobilized Zika
and dengue wild-type (WT) and hyperglycosylated (HX) exodomain proteins oriented on the solid
phase by capture with a rabbit anti-His-tag monoclonal antibody (Figure 8, upper panel), in the
presence (grey bars, right of each pair) and absence (black bars, left of each pair) of competing
mouse monoconal flavivirus fusion loop antibody 4G2 (an anti-dengue-serotype-2 monoclonal
antibody) at a concentration of 10ug/ml during serum incubation. Human sera were tested at a
constant concentration of 1/1000.

[0150] The ELISA reactivity of antibodies in a Zika convalescent serum with immobilized Zika and
Dengue wild-type (WT) and hyperglycosylated (HX) exodomain proteins (Figure 8, lower panel) in
the presence (grey bars) and absence (black bars) of competing mouse monoclonal flavivirus
fusion loop antibody 4G2. Conditions and labelling are the same as for the upper panel. Error bars
are standard error.

[0151] The results show that:

1. 1) the HX Zika antigen of the invention is not susceptible to the off-target recognition of WT
Zika exodomain by the convalescent dengue serum.

2. 2) The off-target recognition of WT Zika exodomain (Aalto) by dengue serum is a fusion-loop
directed phenomenon because it is abolished by 4G2 (anti-fusion loop monoclonal antibody)
in solution phase at a concentration that causes 80% inhibition against VLPs (10 micrograms
per ml). (The antigen on the solid phase in this instance is exodomain rather than VLP).

3.3) The 'Zika' convalescent serum does not recognize any of three Zika exodomains, but it
strongly recognizes WT dengue 2 and WT dengue 4. In the Example 6 the HX Zika antigen
of the invention and Aalto's Zika exodomains exhibit reaction with conformation-dependent
anti-Zika neutralising antibodies). This demonstrates that this particular Zika serum (positive
for Zika plaque neutralisation and Zika NS1 antibodies) is from a subject also exposed to
another flavivirus. Because the Zika convalescent serum (unlike the dengue convalescent
serum) does not recognize the fusion-loop-cloaked exodomains, it can be concluded that this
other flavivirus is not dengue.

4. 4) The off-target recognition of WT dengue-2 and dengue-4 exodomains by the human Zika
convalescent serum is not seen with the HX-cloaked dengue exodomains of the invention.
This suggests that it is fusion loop directed and would show false positive in other flavivirus
diagnostic tests that do not use glycan-cloaked proteins in accordance with the invention.

5. 5) The off-target recognition of WT dengue-2 and dengue-4 exodomains by the human Zika
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convalescent serum is blocked completely by 4G2 showing that it is a fusion loop directed
phenomenon.

6. 6) The dengue convalescent serum recognizes WT 2 & 4 indiscriminately, but clearly prefers
the d2 exodomain out of the set of 4. This demonstrates that the fusion loop antigens of the
invention have superior selectivity (compared to their wild type equiavalent forms) to
discriminate between dengue serotypes, due to the glycan cloaking of the fusion loop.

Sequence Listing Free Text

[0152]

SEQ ID NO: 1 DRGWGNGCGLFGK

SEQ ID NO: 2 DRGNGSGCGLNGS,

SEQ ID NO: 3 DRGNGSGCGLFGK

SEQ ID NO: 4 DRGWGNGCGLNGS

SEQ ID NO: 5 DRNHTNGCGLFGK.

SEQ ID NO: 6 DRGWGNGCGNHTK

SEQ ID NO: 7 pCRO25 fragment CKRTLVDRGNGSGCGLNGSGSLVTCAKFA
SEQ ID NO: 8 pCRO29 fragment CKRTLVDRGWGNGCGNHTKGSLVTCAKFA
SEQ ID NO: 9 pCRO30 fragment CKRTLVDRGNGSGCGLFGKGSLVTCAKFA
SEQ ID NO: 10 pCRO31 fragment CKRTLVDRGWGNGCGLNGSGSLVTCAKFA
SEQ ID NO: 11 DRGWGNNCTLFGK

SEQ ID NO: 12 DRGWGNNCSLFGK
pCRO21 (SEQ ID NO: 13)
ORIGIN
1 GCGATCGCGG CTCCCGACAT CTTGGACCAT TAGCTCCACA GGTATCTTCT
TCCCTCTAGT
6L GGTCATAACA GCAGCTTCAG CTACCTCTCA ATTCAAAARA CCCCTCAAGA

CCCGTTTAGA

121 GGCCCCAAGG GGTTATGCTA TCAATCGTTG CGTTACACAC ACAAAAARCC
AACACACATC

181 CATCTTCGAT GGATAGCGAT TTTATTATCT AACTGCTGAT CGAGTGTAGC
CAGATCTAGT

241 AATCAATTAC GGGGTCATTA GTTCATAGCC CATATATGGA GTTCCGCGTT
ACATAACTTA

301 CGGTARAATGG CCCGCCTGGC TGACCGCCCA ACGACCCCCG CCCATTGACG
TCAATAATGA

361 CGTATGTTCC CATAGTAACG CCAATAGGGA CTTTCCATTG ACGTCAATGG
GTGGAGTATT

421 TACGGTAAAC TGCCCACTTG GCAGTACATC AAGTGTATCA TATGCCAAGT
ACGCCCCCTA

481 TTGACGTCAA TGACGGTAAA TGGCTCGCCT GGCATTATGC CCAGTACATG
ACCTTATGGG

541 ACTTTCCTAC TTGGCAGTAC ATCTACGTAT TAGTCATCGC TATTACCATG
CTGATGCGGT



601
CCAAGTCTCC
661
TTTCCAAAAT
721
TGGGAGGTCT
781
CTACCATCCA
841
tgctgtgtge
901
ttgtagaagg
961
tgaccacgat
1021
caaaccctge
1081
atagccgetyg
1141
tgtgtegeeg
1201
gttcecttact
126l
agtatgagaa
1321
ttgggaacga

1387
gcgaaattea
1441
tagactttaa
1501
agtggttcet
1561
ggaacaggca
1621
tggttctggy
1681
agaccaglyg
1741
agttgaccct
1801
aagtggccga
1861
caccatgtaa
1921
tgataacage
1981
caccettagg
2041
ggtttaagaa
2101
TGACTGACTG
216l
TTGGACAAAC
2221
CTATTGCTTT
2281
ITCATTTTAT
2341
ICTACAAATG
2401
TAAACGGGIC
2461
GCGCAGAARA
2521
CAGCAACGGA
2581
TTTATCCTTA
2641
CTTTARTGGT
2701
CTCCCTAATC
276l
ACTTGGCGAG
2821
GATCTGGTCC

TTTGGCAGTA
ACCCCATTGA
GTCGTAACAA
ATATAAGCAG
CTCGACACAC
ccttgcggeg
actatctggt
ggctaaggat
tgtgectecge
ccceacccaa
gactttegtyg
gacttgcgece

cttaaaatac

aacgacagag
gctgacagac
cgagatggtg
tgatcttcca
ggacttgcte
gagtcaggaa
aacaaccact
gaaaggtatg
aacccagcat
aataccctte
caatccaatc
cgaaagctac
aggtagcacg
AGATACAGCG
CACAACTAGA
ATTTGTAACC
GTTTCAGGTT
TGGTATTGGC
TTGAGGEGTT
AAATGCITGA
TACGGCTTCC
AGGTCGICAG
CTTTTCIGGA
TCATTGCTTA

ATCGACTTGT

CATCAATGGG
CGTCAATGGG
CTCCGCCCCA
AGCTGGTTTA
CCGCCAGCgg
gcagatgcca

gccacgtggg
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aagccgacct
aagctgtgea
ggcgaggcga
gaccgcggta
aaatttaagt

teggtgatag

cacgggacaa
tacggtgcac
ctcctgacta
ttgeoctgga
gtgacatteca
ggcgcotatge
attttegecy
tcetatgtga
ggsacagtac
agcgcacaag
gtcaccgata
atcgtggteo
ggeggeggca
TACCTTCAGC
ATGCAGTGAA
ATITATAAGCT
CAGGGGGAGE
CCATCTCTAT
TTTTGTGCCC
TGCGACGCTG
CCAACTTGCC
CTATCCTGCA
CACCACTAGG
CCTTGGGCTA

CTGCEGTTTCG

CGTGGATAGC GGTTTGACTC ACGGGGATTT
AGTTTGTTTT GGCACCAARA TCAACGGGAC
TTGACGCAAA TGGGCGGETAG GCGTGTACGG
GTCAACCGTC AGATCACATC TTTGTCGATC
ccgecaceat gaaggccaat ctactggtgt
tgcggtgcegt ggggatcgge aatcgcgatt
tcgatgtagt tottgaacac gggtcatgeg
tggacatcga actactgaaa accgaggtca
tcgaggctaa gatttccaac acaactactg
ccctecgttga agagcaggac agcaactteg
atgggtcegg atgcggactt aacggatctg
gcgtgactaa gttagagggg aaaatcgtte
ttaccgtgca cacaggegac cagcatcaag
tagcgaccat taccccacag gotccaacga
tcaccctgga ctgtacooca cggacaggace
tgaaggaaza gtcatcgttyg gtgcacaagce
cetetggoge ttcgacetca caagagactt
aaacggcetea cgctazaaag caagaggtey
ataccgegtt aacaggggct acagagatcc
ggcatcttaa gtgtaggcty aagatggata
tgtgcaccgg tagtttcaaa ctggagaaaqg
tggtgcaag: caaatatgag ggcaccgatg
acgagaaggg agttacccag aacggtagge
aggagaaacac agtaaacatc gaaaccgagc
gcgectggega gaaagcactt aagctgaget
gcecatcatcea ccatcatcac tgagctagCT
TCACAGACAT GATAAGATAC ATTGATGAGT
APAAATGCTT TATTTGTGAA ATTTGTGATS
GCAATARACA AGTTAACAAC ARCAATTGCA
TGTGGGAGGET TTTTTAAACC AAGTANNCT
CGGTATCGTA GCATAACZCCC TTGGGGCCTC
CTCGGGECCCC ATTGCTATCT ACCGGCATTE
CGCGTCTTAT ACTCCCACAT ATGCCAGATT
CACTTCCATA CGTGTCCTCC TTACCAGAARL
GGCGATCTCT CGATTTCGAT CAAGACATTC
GGTCAGAAGT AGTTCATCAA ACTTTCTITCC
TCGAAACTTA ATTAACCAGT CAACTCACCT
ACTACGCTCA GAATTGCGTC AGTCAAGTTC



2881
CAAARAGGCCA
2841
GGCTCCGOCC
3001
CGACAGGACT
3061
TTCCGACCCT
3121
TINCICATAG
3181
GCTOTGTGCA

3241
TTGAGTCCAA
3301
TTAGCAGAGC
3361
GCTACACTAG
3421
AAAGAGTTGG
3481
TTTGCAAGCA
3511
CTACGGGGTC
3601
TATCAAAANG
3661
AARGTATATA
3721
TCTCAGCGAT
3781
SGGCCCTCGTC
3841
ACGAACTATC
3901
TICGCCAGGTA
3861
CCTACATCCT
4021
GGTGTACCGA
4081
TCAGCCAGTC
4141
GCCTGGTCAC
4201
ACGTATAATC
4267
TTTCGCATGA
4321
CTTCCTGTTT
4381
GGTGCGCGAG
4441
CGCCCCGAAG
4501
TTATCCCCTA
4561
CGACTTGGTTG
4621
CAATTATGCA
4681
ACGATTGGAG
4741
CGCCTTGATC
4801
ACGATGCCTG
4861
CTAGCTI'CCC
4921
CTGCGCTCGG
4981
GLGICICGLE
5041
ATCTACACGA

5101
GGTGCCTCAC

TTGCTATTGC

GCARARAGGCC

CCCTGACGAC

ATARAGATAC

GCCCCTTACC

CTCACGCTGT

CGAACCCCCC

CCCCCTAACA

GAGGTATGTA

MNN\GAACAGTA

TAGCTCTTGA

GCAGATTACG

TGACGCTCAG

GATCTTCACC

TGAGTAAACT

CTGTCTATTT

GGAAAATCTT

GCAAGTCTCT

TTACTCCAAT

CAATCCCGAT

GAACGATCCT

GGAATCCAG

GGCAGCGTAC

GAGTCCTAGE

GTATTCAACA

TTGCTCACCC

TGGGTTACAT

AACGCTTTCC

TTGACGCCGG

AGTATTCACC

GTGCTGCCAT

GACCGAAGGA

GTTGGGAACC

TASCAATGGC

GGCAACAGTT

CCCTTCCGGC

GTATCATTGC

CGGGGAGTCA

ACCCGTTCTC

AGGRACCGTA

CATCACANN

CAGGCGTTTC

GGATACCTGT

AGGTATCTCA

GTTCAGCICCG

CACGACTTAT

GGCGGTCCTA

TTTGGTATCT

TCCEGCRAAC

CGCAGAAARA

TGGAACGAAA

TAGATCCTTT

TGGICTGACA

CGTTCATCCA

CAAACCTTTC

TGGCCEGCECT

CCCGAATATC

CTATCCGAGA

CTCAGTGCGA

TTGGGACCCA

CGATCIGTTT

TTTTGCAAAC

TTTCCGTGTC

AGAANCGCTG

CGAACTGGAT

AATGATGAGC

GCRAAGAGCAA

AGTCACAGAA

AACCATGAGT

GCTAACCGCT

GGAGCTGAAT

ABRCAACCTTG

GATASACTGE

TGGCTGGTTT

AGCACTGGGG

GGCAACTATG

CGATTACGAG

AAAAGGCCGEC

ATCGACGCTC

CCCCTGGAAG

CCGECTTZCT

GTTCGGTGTA

ACCGCTGCGC

CGCCACTGGC

CAGAGTTCTT

GCGLICTGEIT

AAACCACCSC

AAGGCATCTCA

ACTCACGTIA

TARATTAARA

GTTACCAATG

TAGTTGCATT

GTCCGATCCA

TGCGCCTTGE

CGAGATCGGG

TCCGAGGAAT

GTCTCGACGA

GGAAGTCCAA

AAACCTAGAT

ATCTATCAAG

GCCCTTATTC

GTGAAAGTAA

CTCAACACCG

ACTTTTARAG

CTCGGTCGEC

ARGCATCTTA

GATARACACTG

TTTTTGCACA

GAAGCCATAC

CGTAAACTAT

ATGGAGGECGG

ATTGCTGATA

CCAGATGGTA

GATGCAACGAA

TTTCATTTAR ATCATGTGAG
GTTGCTGGCG TTTTTCCATA
AAGTCAGAGG VGGLGARACC
CTCCCTCGTG CGCTCTCCTG
CCCTTCGGGA AGCGETGGCGET
GGTCGTTCGC TCCAAGCTGG
CTTATCCGCT AACTATCGTC
AGCAGCCACT GGTAACAGGA
GAAGTGGTGG CCTAACTACG
GAAGCCAGTT ACCTTCGGARA
TGGTAGCGGT GGTTTTTTTG
AGRAGATCCT TTGATCTTTT
AGGGATTTTG GTCATGAGAT
ATGAAGTTTT AAATCAATCT
CTTAATCAGT GAGGCACCTA
TAAATTTCCG AACTCTCCAA
TCTTGCAGGC TACCTCTCGA
CTATTGCTITG GCAGCGCCTA
ATCACCCSAG AGAAGTTCAA
ATCGAAATCG GGGCGCGCCT
TCCATATCGT TGCTTGGCAS
TCGTCAGATA TTGTACTCAA
ATTGATAGTC TGATCGGTCA
AGACAGGATC AGCACCACCC
CCTTTTTTGC GGCATTTTGC
AAGATGCTCA ACATCAGTTG
GTAAGATCCT TGAGAGTTTT
TTCTCCTATS TGGCGCGGTA
GCATACACTA TTCTCAGAAT
CGGATGGCAT GACAGTAAGA
CGGCCAACTT ACTTCTGACA
ACATGGGGGA TCATGTAACT
CAARCGACGA GCGTGACACC
TAACTGGCGA ACTACTTACT
ATARAGITGC AGGACCACTT
AATCTGCGAGC CGGTGAGCGT
AGCCCTCCCG TATCGTAGTIT
ATAGACAGAT CGCTGAGATA
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516l
CCTGATGCGA
5221
CTTCCCCAAC
5281
CCGAATCGTT
5341
ACAGCCGTGG
5401
CTTTTTGGCA
546l

PCRO22
ORIGIN

(SEQ

1
TCCCTCTAGT
6l
CCCGTTTAGA
121
AACACACATC
181
CAGATCTAGT
241
ACATAACTTA
301
TCAATAATGA
361
GTGGAGTATT
421
ACGCCCCCTA
481
ACCTTATGGG
541
CTGATGCGGT
601
CCAAGTCTCC
661
TTTCCAAAAT
721
TGGGAGGTCT
781
CTACCATCCA
841
tgctgtgtge
901
ttgtggaagyg
961
tgaccactat
1021
agcagcccge
1081
aatcacggtyg
1141
tctgcaagca
1201
ggggcattgt
1261
agccagadaa
1321
tcggcaacga

1381
ccgaggceaga
1441
tggatttcaa
15C1
aatggtttct
1561
ggattcacaa
1621
tggtcctegyg
15661
aaatgteoate
1741

TGATTAAGCA
CGCTGCGCGT
TTGCCCACTT
TAAACTCGAC

CGCTCATTTG

ID NO: 14)
GCGATCGCGG
GGTCATAACA
GGCCCCAAGG
CATCTTCGAT
AATCAATTAC
CGGTARATGG
CGTATGTTCC
TACGGTAAAC
TTGACGTCAA
ACTTTCCTAC
TTTGGCAGTA
ACCCCATTGA
GTCGTAACAA
ATATAAGCAG
CTCGACACAC
ccttgeggeg
agtcagcggce
ggcaaagaat
aactctgagg
cccgacccaa
ctecaatggty
gacttgegea

cetggaatac

cactggaaaa
actcaccggg
tgagatggtyg
cgacctgeeg
ggaaacgetyg
ctaogecaagaa

aggcaaccte

TTGGTAACCG
CTTATACTCC
CCATACGTGT
TCTGGCTCTA

CTCGTCGGGC

CTCCCGACAT
GCAGCTTCAG
GGTTATGCTA
GGATAGCGAT
GGGGTCATTA
CCCGCCTGGO
CATAGTAACG
TGCCCACTTG
TGACGGTAAA
TTGGCAGTAC
CATCAATGGG
CGTCAATGGG
CTCCGCCCCA
AGCTGGTTTA
CCGCCAGCgg
gcagatgcca
ggatcatggg
aagccgactc
aagtactgcea
ggcgaaccga
gaccggggga
atgttcacct

accattgtca

cetgggaagg

DK/EP 3458471 T3

tacggeacte
ctectacaga
ctgecettgge
gtcacgtteca
ggagctatge

ctgttcactg

ATTCTAGGTG CATTGGCGCA GARAAARAATG
CACATATGCC AGATTCAGCA ACGGATACGG
CCTCCTTACC AGRAATTTAT CCTTAAGATC
TCGAATCTCC GTCGTTTCGA GCTTACGCGA
ATCGAATCTC GTCAGCTATC GTCAGCTTAC
CTTGGACCAT TAGCTCCACA GGTATCTTCT
CTACCTCTCA ATTCARARARA CCCCTCAAGA
TCAATCGTTG CGTTACACAC ACRARARACC
TTTATTATCT AACTGCTGAT CGAGTGTAGC
GTTCATAGCC CATATATGGA GTTCCGCGTT
TGACCGCCCA ACGACCCCCG CCCATTGACG
CCAATAGGGA CTTTCCATTG ACGTCAATGGE
GCAGTACATC AAGTGTATCA TATGCCAAGT
TGGCCCGCCT GGCATTATGC CCAGTACATG
ATCTACGTAT TAGTCATCGC TATTACCATSG
CGTGGATAGC GGTTTGACTC ACGGGGATTT
AGTTTGTTTT GGCACCAARA TCAACGGGAC
TTGACGCAAA TGGGCCCTAG GCGTGTACGG
GTGAACCGTC AGATCAGATC TTTGTCGATC
ccgccaccat gaaggccaat ctactggtgt
tgcgetgeat cgggatcaga aatcgegact
tggacatcgt gettgageac ggcagctgeg
tggattttga actcattaaa accgaggcga
tcgaggccaa actgactaac actaccaccyg
gcctgaacga agagcaggat aagagattty
atggatccgg dtgcggactyg aacggatctg
gtaaaaagaa catggagggc aaggtcgtge
ttactccaca ttccggagag gaacacgccg
aaattaagat cacccocgeay tcgtcaatta
tcactatgga gtgctcacecy agaastgggt
tggagaacaa ggcatggcete gtgcaccgge
tcecetgggge cgacactcaa ggctagaatt
agaaccceca tgecaagaaqg caagacgtgg
acaccgetet gacoogoegay accgaaatcce
gccacctcaa atgcecggety agzatggata



agcLgcedeacu
801
agategotga
2361
caccctgcaa
1921
tgatcaccgt
1981
ctecegttegg
2041
ggttcaaaaa
2101
TGACTGACTG
216l
TTGGACAAAC

2221

CTATTGCTTT
2281
TTCATTTTAT
2341
TCTACARATG
2401
IARACGGGTC
2461
GCGCAGRAARR
2521
CAGCAACGGA
25881
TTTATCCTTA
2641
CTTTAATGGT
2701
CTCCCTAATC
2761
ACTTGGCCAG
2821
GATCTGGTCC
2881
CAAAACGCCA
2941
GGCTCIGCCC
3001
CGACACGACT
3051
TTCCGACCCT
3121
TTTCTCATAG
31381
GCTGTGTGCA

3241
TTGAGTCCAA
3301
TTAGCAGAGC
3361
GCTACACTAG
3421
AAAGAGL'IGG
3481
TTTGCAAGCA
3541
CTACGGGGTC
3601
TATCAAAANG
3661
AMRGTATATA
3721
TCTCAGCGAT
3781
ZGCCCTCGTC
3841
ACGAACTATC
3901
TCGCCAGGTA
3861
CCTACATCCT
4021
GGTGTACCGA
4081

gaaaggtatyg
zactcagcac
aatcccette
taacccgatce
cgacagctac
ggggteccage
AGATACAGCG
CACNMNNACTNGA
ATTTGTAACC
GTTTCAGGTT
TGGTATTSEGC
TTGAGGGSET'!
AAATGCCIGA
TACGGCLLCC
AGGTCGTCAG
CITTTCTGGA
TCATTGGTTA
ATCGACTTGT
TIGCTATTGC
GCAARAGGCT
CCCTGACGAS
ATAAAGATAC
GCCGCTTACC

CTCACGCTGT

CGAACCCCCC
CCCGGTAAGA
GAGGTATGTA
AAGAACAGTA
TAGCTCTTGA
GCAGATTACG
TCACGCTCAG
GRTCTTCACC
TGAGTAAACT
CTGTCTATTT
GGAAAATCTT
GCAAGTCTCT
TTACTCCAAT
CAHATCCCGAT

CAACGNTCCT

tcotactega
ggtaccatcg
gaaatcatygg
gtgacegaga
atcattateg
¢gcggcggea
TACCTTCAGC
ATGCAGTGAA
ATTIATAAGCT
CACGGGGAGG
CCATCTCTAT
LrrETeECe
TGCGACGCTG
CCAACTTGCC
CTATCCTGCA
CACCACTAGG
CCTTGGGCTA
CTGGGTTTCG
ACCCGTTCIC
AGGAACCGTA
CATCACARAA
CAGGCGTTTC
GGATACCTGT

ACGTATCTCA

GTTCAGCICCG
CACGACTTAT
GGCGGTCGCTA
TTTESGTATCT
TCCEGCRAAC
CGCAGARARA
TGGAACGARA
TAGATCCTTT
TGGICTGACA
CGTTCATCCA
CAAARCCTTTC
TGGCCGGCCT
CCCGAATATC
CTATCCGAGA

CTCAGTGCGA

tgtgcaccgg
tecateagggt
acctcgaaaa
aagacagcca
gcgtggaacc
gccatecatca
TCACAGACAT
AAAAATGCLT
GCAATARACA
TGLGEGCAGST
CGGTATCGTA
CTCGGGCCEGE
CGUGTCTTAT
CACTTCCATA
GGCGATCTCT
GGTCAGARGT
TCCAAACTTA
ACTACGCTCA
CGATTACGAG
ARRRGCCCGL
ATCGACGCTC
CCCCTGGAAG
CCGCCTTTCT

GTTCGGTGTA

ACCGCTGCGC
CGCCACTGGC
CAGAGTTCTT
GCGCTCTGIT
AAACCACCSC
AAGGATCTCA
ACTCACGTTA
TARATTAARA
CTTACCANTG
TAGTTCCATT
GTCCGNTCCA
TGCGCCTTGG
CGAGATCGGG
TCCGAGGAAT

GTCTCGACGA

taaatttaaa
gcagtacgag
gagacacgty
ggtgaatatt
gggccagetyg
ccatcatcac
GATAAGATAC
TATTTGTGAR
AGTIAACAAC
TTTITAAAGC
GCATAACCCC
ATTGCTATCT
ACTCCCACAT
CGTGTCCTCC
CGATTTCGAT
AGTTCATCAA
ATTAACCAGT
GAATTGCGTC
TTTCATTTAA
GTTGCTGGECG
AAGTCAGACG
CTCCCTCGTG
CCCTTCGGGA

GGICGTTCCC

CTTATCCGET
AGCAGCCACT
GAAGTGGTGG
GAAGCCAGT™
TGGTAGCGGT
AGAAGATCCT
ACCCATTTTG
ATGAAGTTTT
CTTAATCAGT
TAAATTTCCG
TCTTGCAGGC
CTATTGCTTG
A'CACCCSGAL
ATCGAAATCG

TCCATATCGT

DK/EP 3458471 T3

gtygtgaaag
ggagacggce-
ctgggcegeeo
gaagcggaac
aagcttaatt
tgagctagCT
ATTGATGAGT
ATTTGTGATS
AACAATTGCA
ARGTAARACT
TTGGGGCCTC
ACCGGCATTC
ATGTCAGATT
TTACCAGAAA
CAAGACATTC
ACTITCTTCC
CAACTCAGCT
AGTCAAGTTC
ATCATGTGAG
TTTTTCCATA
TGGCGAAACT
CGCTCTCCTG
AGCGTGGCGC

TCCAAGCTGCG

AACTATCGTC
GGTAACAGGA
CCTAACTACC
ACCTTCGGAA
CCTTTTTTTG
TTGATCTTTT
GTCATGAGAT
AAATCAATCT
GAGGCACCIA
AACTCTCCAA
TACCTCTCGA
GCAGCGCCTA
AGAAGTTCAA
GGGCGCGCCT

TGCTTGGCAS



TCAGLLAGLL
4141
GCCTGGTCAC
4201
ACGIATAATC
4261
TTTCGCATGA
4321
CTTCCTGTTT
4381
GGTGCGCGAG
4441
CGCCCCGAAG
4501
TTATCCCGTA
4561
GACTTGGTTG
46271
GAATTATGCA
4681
ACGATTGGAG
4741
CGCCTTGATC
4801
ACGATGCCTG
4861
CTAGCTTCCC
4921
CTGCGCTCGG
4981
GGGTCTCGCE
5041
ATCTACACGA

5101
GGTGCCTCAC
516l
CCTGATGCGA
5221
CTTCCCCAAC
5281
CCGAATCGTT
5341
ACAGCCGTGG
5401
CTTTTTGGCA
5461

pCRO23
ORIGIN

(SEQ

1
TCCCTCTAGT
61
CCCGTTTAGA
121
ARCACACATC
181
CAGATCTAGT
241
ACATAACTTA
301
TCAATAATGA
361
GTGGAGTATT
421
ACGCCCCCTA
481
ACCTTATGGG
541
CTGATGCGGT
601
CCAAGTCTCC
661
TTTCCAAAAT
721
TGGGAGGTCT

GGAATCCAGC
GGCAGCGTAC
GAGTCCTAGC
GTATTCAACA
TTGCTCACCC
TGGGTTACAT
BACGCTTTCC
TTGACGCCGG
AGTATTCACC
GTGCTGCCAT
GACCGAAGGA
GTTGGGAACC
TASCAATGGC
GGCARCAGTT
CCCTTCCGGC

GTATCATTGC

CGGGGAGTCA
TGATTAAGCA
CGCTGCGCGT
TTGCCCACTT
TAAACTCGAC

CGCTCATTTG

ID NO: 15)
GCGATCGCGE
GGTCATAACA
GGCCCCAAGG
CATCTTCGAT
AATCAATTAC
CGGTARATGG
CGTATGCTTCC
TACGGTAAAC
TTGACGTCAA
ACTTTCCTAC
TTTGGCAGTA
ACCCCATTGA

GTCGTAACAA

TTGGGACCCA

CGATCIGTTT

TTTTGCAAAC

TTTCCGTGTC

AGAAACGCTG

CGRACTGGAT

AATGATGAGC

GCAAGAGCAA

AGTCACAGAA

AMCCATGAGT

GCTAACCGCT

GGAGCTGAAT

AACAACCTTG

GATAGACTGG

TGGCLGG "L

AGCACTGGGG

GGCAACTATG

TTGGTAACCG

CTTATACTCC

CCATACGTGT

TCTGGCTCTA

CTCGTCGGGC

CTCCCGACAT

GCAGCTTCAG

GGTTATGCTA

GGATAGCGAT

GGGCTCATTA

CCCGCLTGGL

CATAGTAACG

TGCCCACTTG

TGACGGTAAA

TTGGCAGTAC

CATCAATGGG

CGTCAATGGG

CTCCGCCCCA

GGAAGTCCAA

AAACCTAGAT

ATCTATCAAG

GCCCTTATTC

GTGAAAGTAA

CTCAACACGCG

ACTTTTARAG

CTCGGETCGCC

AAGCATCTTA

GATAACACTG

TTTTTGCACA

GAAGCCATAC

CGIAAACTAT

ATGGAGGCGSE

ATTGCTGATA

CCAGATGGTA

TCGTCAGATA

ATTGATAGTC

AGACAGGATC

CCTTTTTTGC

APGATGCTGA

GTAAGATCCT

TTCTGCTATS

GCATACACTA

CGGATGGCAT

CGGCCAACTT

ACATCGGGGA

CAARCGACGA

TAACTGGCGA

ATARAGITGC

AATCTGCAGC

AGCCCTCCCG
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TTGTACTCAA

TGATCGGTCA

AGCAGGAGGC

GGCATTTTGC

AGATCAGTTG

TGAGAGTTTT

TGGCGCGGTA

TTCTCAGAAT

GACAGTAAGA

ACTTCTGACA

TCATGTAACT

GCGTGACACT

ACTACTTACT

AGGACCACTT

CGGTGAGCGT

TATCGTAGIT

GATGARCGAA

ATTCTAGGTG

CACATATGCC

CCTCCTTACC

TCGAATCTCC

ATCGAATCTC

CTTGGACCAT

CTACCTCTCA

TCAATCGTTG

TTTATTATCT

GTTCATAGCC

TGACCGCCCA

CCAATAGGGA

GCAGTACATC

TGGCCCGCCT

ATCTACGTAT

CGTGGATAGC

AGTTTCTTTT

TTGACGCAAR

ATAGACAGAT

CATTGGCGCA

AGATTCAGCA

AGAARTTTAT

GTCCTTTCGA

GTCAGCTATC

TAGCTCCACA

ATTCAAAARAA

CGTTACACAC

AACTGCTGAT

CATATATGGA

ACGACCCCCG

CTTTCCATTG

AAGTGCTATCA

GGCATTATGC

TAGTCATCGC

GGTTTGACTC

GGCACCARAAA

TGGGCGGTAG

CGCTGAGATA

GAMAANRATG

ACGGATACGG

CCTTAAGATC

GCTTACGCGA

GTCAGCTTAC

GGTATCTTCT

CCCCTCAAGA

ACAAAARACC

CGAGTGTAGC

GTTCCGCGTT

CCCATTGALCG

ACGTCAATGG

TATGCCAAGT

CCAGTACATG

TATTACCATG

ACGGGGATTT

TCAACGGGAC

GCGTGTACGG



781
CTACCATCCA
841
tgctgtgtge
901
ttgtcgaagg
961
tcacaaccat
1021
ctcagctgge
1081
actcgaggtyg
1141
tttgtaaaca
1201
gttccctagt
126l
agtacgagaa
1321
ttggaaacga

1381
ctattttgeo
144Z
ttaatgagat
150
tctttgatet
1561
gaaaagaget
1621
ttggctccea
1681
caggaggecac
1741
aactgaaagg
1801
ccgagactca
1861
gtaagatccc
1921
cagcgaatce
1981
tcggtgagle
2041
aaaagggacc
2101
ACTGAGATAC
216l
AAACCACAAC
2221
CTTTATITGT
2281
TTATGTTTCA
2341
AATGTGGTAT
2401
CGTCTTGAGG
246l
AAAARAATSC
2521
CGGATACGEC
2581
CTTAAGGTCG
2647
TGGTCTTTIC
2701
AATCTCATTG
2761
CGAGATCGAC
2821
GTCCTTGCTA
2881
GCCAGCARAA
2941
GCCCCCCTGA
3001
GACTATAAAG
R0AT

ATATAAGCAG
CTCGACACAC
ccttgcggeyg
attaagtggce
ggccaagaac
tacactgecge
tcccacacag
tacttatgta
cacatgcgct

tcttaagtac

gacccaagga
ggagtatggy
gattctgetyg
gccactgeocg
gctggteaca
ggaaggtgee
ttctatttte
tatgtegtac
goacgggaca
cttctctact
agtggttaca
aaacattgte
Lagegyegygce
AGCGTACCTT
TAGAATGCAG
AACCATTATA
GGTTCAGGGG
TGGCCCATCT
GGTTTTTTGT
CTGATGCGAC
TTCCCCAACT
TCAGCTATCC
PV'GGACAZCAC
GITACCTTGCG
TTGTCTCGGT
TTGCACCCGT
GGCCAGGAAC
CGAGCATCAC

ATACCRAGENG

AGCTGGTTTA
CCGCCAGCgg
gcagatgcea
gcgacetggyg
aagoccaccc
aagctgtgcea
ggtgaagcgg
gacagggggda
aagttccagt

accgtgatca

gtzactgccg

cacTgggac
acaatgaaga
tgggecagey
ttcaaaaacqg
atgcacactg
gccggccace
gcaatgtgca
atactgatta
gaggatggtc
aagaaggagg
atcggtateg
ggcagccatce
CAGCTCACAG
TGARRAALAT
AGCTGCAATA
GAGGTGTGGG
CTATCGGTAT
GCCCCTTGGE
GCTGCGLCGTC
TCCCCACTTC
TGCAGGCGAT
TAGGGGTCAG
GCTATCGAAA
TTCZACTACG
TCTCZCGATTA
CGTAAARAGG
ARARATCGAC

TTTCCCCCTG
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GTGAACCGTC AGATCAGATC
cegecaceat gaaggccaat
tgagatgtgt  gggogtgggg
taqacgtcgt gctggageac
ttgacattga acttcaaaag
tagagggaaa aatcaccaac
tcttgecetga agaacaggat
atggatcecgg gtgcggtctyg
gcctcgageca tatcgaaggt
tcacggteca tacaggagat
aaatcacacc gcaggccage acgacggagqg
tggaatgcte ccctaggacy ggactagatt
acaaggdcotyg gatggtgeat cgtcaatggt
gegeeacgac agagacccoca dcctggaate
cacacgccea aaagcaagaa gtggtagtge
cactcacagy ggctactgaa attcagaatt
tcaaatgcoeyg gttaazgatg gacaagctgg
ctaatacatt tgtgctaaag aaggaagtct
aggtggaata caaaggtgag gatgctecet
agggcaaagce tcataatggt cggttgatca
ageccagtgaa Lalcgaagca gaaccoteces
gagataacgc tcttaagata aactggtaca
atcaccatca tcactgagcet agCTTGACTG
ACATGATAAG ATACATTGAT GAGTTTGGAC
GCTTTATTTG TGAAATTTGT GATGCTATTG
AMCAACGTTARA CAACAACAAT TSCATTCATT
AGGTTTTTTA AAGCRAGTAA AACCTCTACA
CGTAGCATAR CCCCTTGEGEGEE CCTCTAAACS
CCGGATTGCT ATCTACCGGC ATTGGCGCAS
TTATACTCCC ACATATGCCA GATTCAGCAA
CATACGTGTC CTCCTTACCA GAAATTTATC
CTCTCGATTT CGATCAAGAC ATTCCTTTAA
AAGTAGTTCA TCARACTTTC TTCCCTCCCT
CTTAATTAAL CAGTCAAGTC AGCTACTTGG
CTCAGAATTG CGTCAGTCAA GTTCCGATCTG
CGAGTTTCAT TTARATCATG TGAGCAAANG
CCGCGTIGLT GGCGTTTTTC CATAGGCTCC
GCTCAACTCA GAGGTGGCGA AZCCCGACAG
GAARGCTCCCT CGTGCGCTCT CCTGTTCCGA

TTTGTCGATC
ctactggtgt
aaccgcegact
ggagggtgcyg
acagaagcta
ataactacgyg
cagaattatg
aacggatctg
aaagtggtcc

caacaccadyg



CCCTGCCGCT
3121

ATAGCTCACG
3181

TGCACGAACC

3241
CCAACCCGGET
3301
GAGCGAGGTA
3361
CTAGAAGAAC
3121
TTGGTAGCTC
3481
AGCAGCAGAT
341
GGTCTGACGC
3601
AAAGGATCTT
3661
TATATGAGTA
3721
CGATCTGTCT
3781
CGTCGGAARA
3841
TATCCCANGT
3901
CGTATTACTC
3561
ICCTCAATCC
4021
CCGAGRACGA
4081
AGTCGGAATC
4747
TCACGGCAGC
4201
AATCGAGTCC
4261
ATGAGTATTC
4321
GTTTTTGCTC
4381
CGAGTGGGTT
4441
GAAGAACGCT
4501
CGTATTGACG
4561
GTTGAGTATT
41621
TGCAGTGCTG
4681
GGAGGACCGA
4741
GATCGTTGGG
4801
CCTGTAGCAA
4861
TCCCGGCAAL
4921
TCGGCCCTTC
4981
CGCGCTATCA
5041
ACGACGGGGA

5101
TCACTGATTA
5161
GCGACGCTGC
5221
CAACTTGCCC
5281
CGTTTAAACT

FAaa

TACCGGATAC

CTGTAGGTAT

CCCCGTTCAG

AACACACCAC

TGTAGGCGGT

AGTATTTGGT

TTGATCCGGC

TACGCGCAGA

TCAGTGGAAC

CACUTAGALC

AARCTTGGTCT

AITTCGTTCA

TCTTCAAACC

CTCTTGGCCG

CAATCCCGAA

CGATCTATCC

TCCTCTCAGT

CAGCTTGGGA

GTACCGATCT

TAGCTTTTGC

AACATTTCCG

ACCCAGAAAC

ACATCGAACT

TTCCAATGAT

CCGGGCAAGA

CACCAGTCAC

CCATAACCAT

AGGAGCTAAC

AAZCGGAGCT

TGICAACAAC

AGTITGATAGA

CCECTGGCTG

TTGCAGCACT

GTCAGGCAAC

AGCATTGGTA

GCGTCTTATA

ACTTCCATAC

R AT AT S

CTGTCCGCCT

CTCAGTTCGG

CCCGACTGLT

TTATCGCCAC

GCTACAGAGT

ATCTGCGCLC

AAACAARCCA

AAAANAGGAT

GAAAACTCAC

CTTITAAATT

GACAGTTACC

TCCATAGTTG

TTTCGTCCGA

GCCTTGECGCCR

TATCCGAGAT

GAGATTCGAG

GCGAGTCTCG

CCCAGCAAGT

GTTTARACCT

AAACATCTAT

TGTCGCCCTT

GCTGGTGAAR

GGATCTCAAC

GAGCACTTTT

GCAACTCGGT

AGAAAACCAT

GAGTGATRAACT

CCCTTTTTITG

GAATGAAGCC

CTTGCGTAAA

CTGGATGGAG

GTTTATTGCT

GGGGCCAGAT

TATGGATGAA

ACCGATTCTA

CTCCCACATA

GTGTCCTCCT

MAmA M e T AT

TTCTCCCTTC

TGTAGGTCGT

GCGCCTTATC

TGGCAGCAGC

TCTTGRAGTG

TGCTGARGIC

CCGLTGGTAG

CTCAAGAAGA

GTTAAGGGAT

AAARATGARG

AATGCTTAAT

CATTTAAATT

TCCATCTTGC

TTGGCTATTG

CGGGATCACC

GAATATCGAA

ACGATCCATA

CCAATCGTCA

AGATATTGAT

CAAGAGACAG

ATTCCCTTTT

GTAARAGATG

AGCGGTAAGA

AAAGTTCTCC

CGCCGCATAC

CTTACGGATG

ACTGCGGCCA

CACAACATGG

ATACCAAACG

CTATTAACTG

GCGGATAARAG

GATARATCTG

GGTAAGCCCT

CGAAATAGAC

GGTGCATTGG

TGCCAGATTC

TACCAGAAAT

A A AT AT

GGGRAGCGTG GCGCTTTCTC
TCGCTCCAAG CTGGGCTGTG
CGGTAACTAT CGTCTTGAGT
CACTGGTARC AGGATTAGCA
GTGGCCTARC TACGGCTACA
AGTTACCTTC GGAARAAGAG
CGGTGGTTT™ TTTGTTTGCA
TCCTTTGATC TTTTCTACGG
TTTGGTCATG AGATTATCAA
TTTTAAATCA ATCTAAAGTA
CAGTGAGGCA CCTATCTCAG
TCCGAACTCT CCAAGGCCCT
AGGCTACCTC TCGAACGAAC
CTTGGCASCG CCTATCGCCA
CGAGAGAAGT TCAACCTACA
ATCGGGGCGC GCCTGGTGTA
TCCTTGCITG GCAGTCAGCT
GATATTGTAC TCAAGCCTGC
AGTCTGATCG GTCAACGTAT
GATCAGCACUT ACGLTTTCGC
TTGCGGCATT TTGCCTTCCT
CTCAACATCA GTTGGGTGCG
TCCTTGAGAS TTTTCGCCCE
TATGTGGCGT GGTATTATCC
ACTATTCTCA GAATGACTTG
GCATGACAGT AAGAGAAL'LA
ACTTACTTCT GACAACGATT
GGGATCATGYL AACTCECCTT
ACGAGCGTGA CACCACGATG
GCGRACTACT TACTCTAGCT
TTGCAGCACC ACTTCTGCGC
GAGCCCCETGA GCETGGGTCT
CCCETATCGET AGTTATCTAC
AGATCGCTGA GATAGGTGCC
CGCAGAAAAA AATGCCTGAT
AGCAACGGAT ACGGCTTCCC
TTATCCTTAA GATCCCGAAT

MAAT Amm o
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03410 LGALTU T BB TULIALTUEART [ IRV CHN TUBAGLLTAL BLGAALALLL
GTGGCGCTCA
5401 TTTGCTCGTC GGGCATCGAA TCTCGTCAGC TATCGTCAGC TTACCTITTT GGCA
/7
pCRO24 (SEQ ID NO: 16) ORIGIN
1 GCGATCGCGG CTCCCGACAT CTTGGACCAT TAGCTCCACA GGTATCTTCT
TCCCTCTAGT
61 GGTCATAACA GCAGCTTCAG CTACCTCTCA ATTCAAAARA CCCCTCAAGA
CCCGTTTAGA
121 GGCCCCAAGG GGTTATGCTA TCAATCGTTG CGTTACACAC ACAAARAAACC
AACACACATC
181 CATCTTCGAT GGATAGCGAT TTTATTATCT AACTGCTGAT CGAGTGTAGEC
CAGATCTAGT
241 AATCAATTAC GGGCTCATTA GTTCATAGCC CATATATGGA GTTCCGCGTT
ACATAACTTA
301 CGGTAAATGG CCCGCCTGGL TGACCGCCCA ACGACCCCCG CCCATTGACG
TCAATAATGA
36l CGTATGTTCC CATAGTAACG CCAATAGGGA CTTTCCATTG ACGTCAATGG
GTGGAGTATT
421 TACGGTAAAC TGCCCACTTG GCAGTACATC AAGTGTATCA TATGCCAAGT
ACGCCCCCTA
481 TTGACGTCAA TGACGGTAAA TGGCCCGCCT GGCATTATGC CCAGTACATG
ACCTTATGGG
541 ACTTTCCTAC TTGGCAGTAC ATCTACGTAT TAGTCATCGC TATTACCATG
CTGATGCGGT
601 TTTGGCAGTA CATCAATGGG CGTGGATAGC GGTTTGACTC ACGGGGATTT
CCAAGTCTCC
661 ACCCCATTGA CGTCAATGGG AGTTTGTTTT GGCACCAAAA TCAACGGGAC
TTTCCAARAAT
721 GTCCTAACARA CTCCGCCCCA TTGACGCAAA TGGGCGCTAG GCGTGTACGG
TGGGAGGTCT
781 ATATAAGCAG AGCTGGTTTA GTCGAACCGTC AGATCAGATC TTTGTCGATC
CTACCATCCA
841 CTCGACACAC CCGCCAGCgY cogeocaccat gaaggccaat ctactggtgt
tgetgtgtyge
901 ccttgecggeg gcagatgcca tgcgatgcgt gggggtggge aatagagatt
tcgtggaagg
961 ggtgtctgga ggggeatggg tggatctggt getggageac ggcggatgtyg
tcacaactat
1021 ggcccagyggyg aagccaacce tggatttcga gctaactaag accacagcta
aggaggtage
1081 cctgettegg acttactgta ttgaggcate catctctaac atcaccaccg
ccacgagatg
1141 cccgacacag ggcgaaccct acttgaagga agaacaggat cagcagtaca
tttgceggeg
1201 cgatgttgtt gatagaggca atggctccgg gtgtggccte aacggctctg
gtggggtggt
1261 cacctgtgcce aagttcaget gttctggcaa gatcacggga aatctggtge
aaattgaaaa
1321 tttggaatat acggtcgttyg tgactgtcca caatggcgat acacgatgctyg
tgggcaacga
1381 taccagtaac cacggcegtea ccgegatgat aactcccogy agcccatcetyg
ttgaagttaa
1441 actgcccgat tacggagagt tgacactcga ctgcgaaccy aggtctggaa
tagatttcaa
1501 cgagatgata cttatgaaas tcaagaaaaa gacctggceto gtacacaagco
agtggt-ttt
1561 ggatttgccc cktcccttgga ccgzagggygc cgatacecagce gacgtgcatt
ggaattacaa
1621 agagcgcatg gtgactttca asgtgecocca cgcaaagedy caagatgtga
ctgtattagg
1661 atcacaggaa ggcgetatgce attccgecct ggezcgtgeo acggaggtgg
attcaggaga
2741 cggtaaccat atgtttgetyg gocaccteaa atgteaqggtc cgcalyggaaa
aacttcgcat
~301 taaaggaatg tcctacacya tgtgctcagy aaagttctcet atcgacaagyg
aaatggcega
1861 gactcagecat ggaacgacty tagtecaaggt gaaatatgaa gglygccecgygyy
cgccttgcaa
1921 ggtgccaatc gaaatccgag acgttsacaa ggagaaggty gttgggagga
ttataagtag
1981 cacteccgete ccagagaaca ccaatagegt gaclaacata gaactggage

ccecttllygg
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2041
ggttcagaaa
2101
TGACTGACTG
2161
TTGGACAMAT
2221
CTATTGCTTT
2281
TTCATTTTAT
2341
TICTACAAATG
2401
IAAACGGGTC
2461
GCGCAGAARA
2521
CAGCAACGGA
2581
TTTATCCTTA
2641
CTTTAATGGT
2701
CTCCCTAATC
2761
ACTTGGCGAG
2821
CATCTIGTCC
2881
CARAAGGCCA
2941
GGCTCCGCCC
3001
CGACACGACT
30561
TTCCGACCCT
321
TTTCTCATAG
3281
GUTGTGTGCA
3241
TTGAGTCCAA

3301
TTAGCAGAGC
336l
GCTACACTAGL
3421
ARAGAGTTGG
3481
1TI''GCAAGCA
3541
CTACGGGGTC
3601
TATCARADAG
3661
ARAGTATATA
3721
TCTCAGCGAT
3781
GGCCCTCGTC
3841
ACGAACTATC
3901
TCGCCAGGTA
3961
CCTACATCCT
4021
GGTGTACCGA
4081
TCAGCCAGTC
4141
GCCTGGTCAC
4201
ACGTATAATC
4261
TTTCGCATGA
4321
CTTCCTGTTT

ggatagctec
agcgtcttea
AGATACACCG
CACAACTAGA
ATTTGTANCC
GTTTCAGSETT
TGGTATTSEGC
TTGAGGGETT
AARIGCCLIGA
TACGGCTTCC
AGGTCGTCAG
CITTTCTGGA
TCATTGGTTA
ATCGACTTGT
TTGCTATTGC
GCAARAGGCT
CCCTGACGAG
ATAAAGATAC
GCCGCTTACC
CTCACGCTGT

CGAACCICCC

CCCGGTAAGA
GAGGTATGTA
AAGAACAGTA
TAGCTCTTGA
GCAGATTACG
TGACGCTCAG
GATCTTCACC
TGAGTAAACT
CTGTCTATTT
GGAAAATCTT
GCAAGTCTCT
TTACTCCAAT
CAATCCCGAT
GAACGATCCT
GGAATCCAGC
GGCAGCGTAC
GAGTCCTAGC

GTATTCAACA

attgtgattyg

ggcggeggea

TACCTTCAGC

ATCCAGTGAA

ATTATAAGCT

CAGGGGGAGG

CCATCTCTAT

TTTTETGECC

TGCGACGCTG

CCAACTTSGCC

CTATCCTGC

CACCACTAGG

CCTTGGGCZTA

CTGGGTTTCG

ACCCGTTCTC

AGGAACCCETA

CATCACARAR

CAGGCGTTTC

GCATACCTGT

AGCGTATCTCA

GTTCAGCCCS

CACGACTIAT

CCCCGTGCTN

TTTGGTATCT

TCCGGCARAL

CGCAGAAAAR

TGGARCGAAA

TAGATCCTTT

TGGTCTGACA

CGTTCATCCA

CAAACCTTTC

TGGCCGGCCT

CCCGAATATC

CTATCCGAGA

CTCAGTGCGA

TTGGGACCCA

CGATCTGTTT

TTTTGCAAAC

TTITCCGTIGTC

gagtagggas
gccatcatca
TCACAGACAT
AAARATGCTT
GCAATARAACA
TGTGGGAGST
CGGTATCGTA
CTCGGGLCEG
CGCGTCTTAT
CACTTCCATA
GGCGATCTCT
GGTCAGAAGT
TCGARACTTA
ACTACGCTCA
CGRTTACGAG
ADAAGGCCGC
ATCGACGCTC
CCCCTGGAAG
CCGCCTTTCT
GTTCGGTGTA

ACCGCTGCGC

CGCCACTGGC
CAGAGTTCTT
GCGCTCTGCT
AAACCACCGC
AAGGATCTCA
ACTCACGTTA
TAAATTAAAR
GTTACCAATG
TAGTTGCATT
GTCCGATCCA
TGCGCCTTGG
CGAGATLGGG
TCCGAGGAAT
GTCTIGACGA
GGAAZTCCAA
AAACCTAGAT
ATCTATCAAG

GCCCTTATTC

tagtgcacta

ccatcatcac

GATAAGATAC

TATTTGTGAA

AGTIAACAAC

TTTTTAAAGC

GCATAACCCC

ATTGCTATCT

ACTCCCACAT

CGTGTCCTCC

CGATTTCGAT

AGTTCATCAA

ATTAACCAGT

GAATTGCGTC

TTTCATTTAA

GTTGCTGGECG

AAGTCAGAGG

CTICCTCGETG

CCCTTCGGGA

GGICGTTCGC

CTTATCCGGT

AGCAGCCACT

GAASTGGTGGE

GAAGCCAGTT

TGGTAGCGGT

AGAAGATCCT

AGGGATTTTG

ATGAAGTTTT

CTTAATCAGT

TAAATTTCCG

TCTTGCAGGC

CTATTGCTTG

ATCACCCGAG

ATCGARATCG

TCCATATCGT

TCGTCAGATA

ATTGATAGTC

AGACAGGATC

CCTTTTTTGC

DK/EP 3458471 T3

acactgract
tgagctaglCT
ATTGATGAGT
ATTTGTGATG
AACAATTGCA
AAGTAAAACC
TTGGGGCCTC
ACCGGCATTG
ATGCCAGATT
TTACCAGARA
CAAGACATTC
ACTITCTTCC
CAAGTCAGCT
AGTCAAGTTC
ATCATGTGAG
TTTTTCCATA
TGGCGRAACC
CGCTCTCCTG
AGCCTCCCCC
TCCAAGCTGG

AACTATCGIC

GGTAACAGGA
CCTAACTACG
ACCTTCGGAA
GETTTTTTTG
TTGATCTTTT
GTCATGAGAT
AAATCAATCT
GAGGCACCTA
AACTCTCCAA
TACCTCTCGA
GCAGCGCCTA
AGAAGTTCAA
GGGCGCGCCT
TGCTTGGCAG
TTGTACTCAA
TGATCGGTCA
AGCAGGAGGE

GGCATTTTGC



4381
GGTGCGCGAG
44471
CGCCCCGAAG
1501
TTATCCCGTA
4561
GACTTGGTTG
4621
GAATTATGCA
4681
ACGATTGGAG
4741
CGCCTTGATC
4801
ACGATGCCIG
4861
CTAGCTTCCC
4921
CTGCGCTCGG
1981
GGGTCTCGCG
5041
ATCTACACGA
5101
GGTGCCTCAC

5161
CCTGATGCGA

5221
CTTCCCCAAC

5281
CCGAATCGTT

5341
ACAGCCGTGG

5401
CTTTTTGGCA

5461
/7

pCRO28
ORIGIN

(SEQ

1
TCCCTCTAGT
61
CCCGTTTAGA
121
AACACACATC
181
CAGATCTAGT
241
ACATAACTTA
301
TCAATAATGA
361
GTGGAGTATT
421
ACGCCCCCTA
481
ACCTTATGGG
541
CTGATGCGSET
601
CCAAGTCTCC
661
TTTCCAAAAT
721
TGGGAGGTCT
781
CTACCATCCA
841
tgctgtgtge
901
TCGTCGAAGG
961

ek Walelal ekl

TTGCTCACCC
TGGGTTACAT
AACGCLICT
TTGACGCCGG
AGTATTCACC
GTGCTGCCAT
GACCGAAZGA
GTTGGGAACC
TAGCAATEGC
GGCAACAGTT
CCCTTCCEGL
GTATCATIGC

CGGGGAGTCA

TGATTAAGCA
CGCTGCGCGT
TTGCCCACTT
TAAACTCGAC

CGCTCATTTG

ID NO:r 17)
GCGATCGCGG
GGTCATAACA
GGCCCCAAGG
CATCTTCGAT
AATCAATTAC
CGGTAARTGG
CGTATGTTCC
TACGGTAAAC
TTGACGTCAA
ACTTTCCTAC
TTTGGCAGTA
ACCCCATTGA
GTCGTAACAA
ATATAAGCAG
CTCGACACAC
ccttgegygeg

CATGTCCGGC

AGAAACGCTG
CGAACTGGAT
AATGCATGAGC
GCAAGAGCAA
AGTCACAGARA
AACCATGAGT
GCTAACCGCT
GGAGCTGAAT
AACAACCTTG
GATAGACTGG
TGGCTCGTTT
AGCACTGGGE

GGCAACTATG

TTGGTAACCG
CTTATACTCC
CCATACGTGT
TCTGGCTCTA

CTCGTCGGGC

CTCCCGACAT
GCAGCTTCAG
GGTTATGCTA
GGATAGCGAT
GGGGTCATTA
CCCGCCTGGC
CATAGTAACG
TGCCCACTTG
TGACGCTRAAR
TTGGCAGTAC
CATCAATGGG
CGTCAATGGG
CTCCGCCCCA
AGCTGGTTTA
CCGCCAGCygg
gcagatgcch

GGCACCTGGG

GTGARAGTAA

CTCANCAGCG

ACTTTTAAAG

CTCGGTIGEC

ARGCATCTTA

GATAACACTG

TTTTTGCACA

GAAGCCATAC

CGTAAACTAT

ATGGAGGCGG

ATTGCTGATA

CCAGATGGTA

GATCAACGAA

ATTCTAGGTG
CACATATGCC
CCTCCTTACC
TCGAATCTCC

ATCGRATCTC

CTTGGACCAT
CTACCTCTCA
TCAATCGTTG
TTTATTATCT
GTTCATAGCC
TGACCGCCCA
CCAATAGGGA
GCAGTACATC
TGGCCCGCCT
ATCTACGTAT
CGTGGATAGC
AGTTTGTTTT
TTGACGCAAA
GTGAACCGTC
ccgcecaccat
TCAGGTGCAT

TGGATGTGGT

ARAEATGCIGA

DK/EP 3458471 T3

AGATCALGLTG

GTRAGATCCT TGAGAGTTTT
TTCTGCTATG TIGGLGCGGTA
GCATACACTA TTCTCAGAAT
CGGATGGCAT GACAGTAAGA
CGGCCAACTT ACTTCTGACA
ACATGGGGGA TCATGTAACT
CAAACGACGA GCGTGACACC
TAACTGGCGA ACTACTTACT
ATARAGTTGC AGGACCACTT
AATCTGGAGC CGGTGAGCGT
AGCCCTCCCG TATCGTAGTT
ATAGACAGAT CGCTCACATA
CATTGGCGCA GAAAAARATG
AGATTCAGCA ACGGATACGG
AGAAATTTAT CCTTAAGATC
GTCGTTTCGA GCTTACGCGA
GTCAGCTATC GTCAGCTTAC
TAGCTCCACA GGTATCTTCT
ATTCAAARAA CCCCTCAAGA
CGTTACACAC ACAAARAARCC
AACTGCTGAT CGAGTGTAGC
CATATATGGA GTTCCGCGTT
ACGACCCCCG CCCATTGACG
CTTTCCATTG ACGTCAATGG
AAGTGTATCA TATGCCAAGT
GGCATTATGC CCAGTACATG
TAGTCATCGC TATTACCATG
GGTTTGACTC ACGGGGATTT
GGCACCAAAA TCAACGGGAC
TGGGCGGTAG GCGTGTACGG
AGATCAGATC TTTGTCGATC
gaaggccaat ctactggtgt
TGGAGTCAGC AACAGGGACT
CCTCGAACAC GGCGGATGCG



Lo T L L
1021
GCAACATGGC
1081
ATTCCAGATG
1141
TCTGCARAAG
1201
GCAGCCTCGT
1261
AGCCCGAGAA
1321
TGATCGTCAA
1381
CCAACAGCCC

1441
AACCCAGGAC
1501
GGCTGGTGCA
1561
CCGGCACACC
1621
ABAGACAGAT
1681
GAGCTCTGGA
1741
3CAGGECTCAA
1801
CTTTCACCTT
1861
AATACGCCGS
1921
CCCTCACACT
1981
ACAGCAAGAT
2041
TGGGCGAGAR
2101
gtagcggagg
2161
CGTACCTTCA
2221
GAATGCAGTG
2281
CCATTATLAAG
2341
TTCAGGEGGA
2401
GCCCALCTCT
2461
TTTTTTGTEC
2521
CATGCGACGC
2581
CCCCAACTTG
2641
AGCTATCCTG
2701
GACACCACTA
2761
TACCTTGGGEC
2821
GTCTGGGTTT
2881
GCACCCGTTIC
2941
CCAGGAACCG
3001
ASCATCACRA
3061
ACCAGGCGTT
3121
CCGBATACCT
3181
GTAGGTATCT
3241
CCGTTCAGCC

GGCCCAGGAC

CGAAGTGAGA

CCCCACACAG

AACCCTGGTG

GACATGTGCC

CCTGGAATAC

CGATACCGGC

TAGAGCCGAA

CGGCCTGGAT

CAAGGAATGG

TCACTGGAAC

CGTGGTGGTG

AGCCGAGATG

GATGGACAAG

TACCARGATC

ANCCGATGGA

CGTCGGCACGG

GATGCTcGAG

GAAGATCACC

tagccatcac

GCTCACAGAC

AAAAAAATGC

CTGCAATAAA

GGTGTGGGAG

ATCGGTATCG

CCCTCGGGCC

TGCGCGTCTT

CCCACTTCCA

CAGGCGATCT

GGGGTCAGAA

TATCGAAACT

CGACTACSCT

TCCGATTACG

TAAAAAGCCT

AAATCGACGT

TCCCCCTGGA

GTCCGCCTTT

CAGTTCGGTS

AAGCCTACCG

AGCTACTGCT

GGAGAGGCTT

GACAGAaacc

AACTTCGCCT

AGGATCATGC

CACGAGACCG

DK/EP 3458471 T3

GCTACACTGG

TTCAGCGACC

TTCCACGACA

AATARGGAAG

CTGGGAAGCLC

GATGCECGCCA

CTGACGGCTGA

CCTGCCGAGA

CCTTGCARAG

CTGATCACCG

CTCGATCCCC

CACCATIGGC

caccetcacc

ATGATARGAT

TTTATTTGTG

CAAGTTAACA

GTTTTTTAAA

TAGCATAACC

GGATTGCTAT

ATACTCCCAC

TACGTGTCCT

CTCGATTTCG

GTAGTTCATC

TAATTNAACCA

CAGAATTGCG

AGTTTCATTT

GCGTTGECTGGE

TCAAGTCAGA

AGCTCCCTCG

CTCCCL'ICGE

TAGSTCGTTC

TCGATATTGA GCTGGTGACC ACCACAGTGA
ATGAGGCCTC CATCAGCGAT ATGGCTTCCG
ATCTGGACAA ACAGTCCGACT ACCCAGTACG
acaccAACGG ATGCGGCCTE TTCGGCAAAG
GCAGCAAARA GATGCACCGGL AAGTCCATCC
TGTCCGTGCA TGGATCCCAG CACTCCGGCA
ACGAGAACAG GGCTAAAGTG GAGATCACCC
GCGGLTTCGE AAGCCTGGGEC CTGGATTGCG
TGTATTACCT GACCATGAAC AATAAGCACT
TCECCCTGECC TTGECATGCT GGCGCCCATA
CCCTGGTCGA GTTTAAGGAC GCCCACGCCA
AGGAGGGAGC TGTCCACACA GCCCTCCCCs
AGGGCAGGCT GAGCTCCGGC CACCTGAAAT
AGGGCGTGAG CTACAGCCTGC TCCNACCGCCE
CACTGCACGG CACCGTCACC GTGGAGGTGC
TGCCTGCCCA GATGGCTGTG GATATGCAGA
CCAATCCCGT CATTACCGAG TCCACCGAGA
CCTTTCGCGN CAGCTACATT GTGATCGGCG
ACAGAAGCGG CTCCACAgYY ggtagcggty
actgagctag CTTGACTGAC TGAGATACAG
ACATIGATGA GTTTGGACAA ACCACAACTA
ARATITGTGA TGCTATTGCT TTATTTGCTAA
ACAACAATTG CATTCATTTT ATGTTTCAGG
GCAAGTAARR CCTICTACARA TGTGGTATTG
CCTTGGLGCC TCTAAACGGG ICTTCAGGGG
CTACCGGCAT TGGCGECAGAA AARAATGCCT
ATATGCCAGA TTCAGCAACG GATACGGCTT
CCTTACCAGA AATTTATCCT TAAGGTCGTC
ATCAAGACAT TCCTTTAATG GTCTTTTCTC
ARACTTTCTT CCCTCCCTARA TCTCATTGGT
GTCARAGTCAG CTACTTGGCG AGATCGACTT
TCAGTCRAAGT TCGATCTGGET CCTTGCTATT
ARATCATGTG AGCARARGGL CAGCAARAAGG
CGTTTTTCCA TAGGCTCCGC CCCCCTGACG
GG SCCGARA CCCGACAGGA CTATAAAGAT
TGECCCTCTCC TETTCCGACC CTGCCGCTTA
GAACCGTGGC GCTTTCTCAT AGCTCACGCT
GCTCCAAGCT GEGCTGTGTG CACGRACCLC



3301
GACACGACTT
3361
TAGGCGETGC
3421
TATTTGGTAT
3181
GATCCGGCAR
3541
CGCGCAGAAA
3601
AGTGGAARCGA
3661
CCTAGATCCT
3721
CTTGGTCTGA
3781
TTCGTTCATC
3841
TTCAAACCTT
3801
CTTCCCCGGT
3961
ATCCCGAATA
4021
NTCTATCCGA
4081
CTCTCAGTSC
4141
GCTTGGGACC
4207
ACCGATCTET
4261
GCTTTTGCAA
4321
CATTTCCGTG
4381
CCAGAAACGC
44471
ATCGAACTGG
4501
CCAATCGATGA
4561
GGGCAAGAGC
4621
CCAGTCACAG
4681
ATAACCATGA
4741
GAGCTAACCE
4801
CCGGAGCTGA
4861
GCAACAACCT
4521
TTGATAGACT
4981
GCTGGCTEET
5041
GCAGCACTGG
5101
CAGGCAACTA

5lel
CATTGGTAAC
5221
GTCTTATACT
5281
TTCCATACGT
5341
ACTCTGGCTC
5401
TGCTCGTCGG

CGACCGCTGC

ATCGCCACTG

TACAGAGTTC

CTGCGCTCTG

ACAARCCACC

ARRMAGGATCYL

AARCTCACGT

TTIAAALTAA

CAGTTACCAA

CATAGTTGCA

TCGTCCGATC

CTTGCGCCTT

TCCGAGATCG

GATCCGAGGA

GAGTCTCGAC

CAGGRAGTCC

TTAAACCTAG

ACATCTATCA

TCGCCCTTAT

TGGTGARAGT

ATCTCAACAG

GCACTTTTAA

AACTCGGTCG

AAAAGCATCT

GTGATAACAC

CTTTTTTGCA

ATGAAGCCAT

TGCCTAAACT

GGATGGAGGC

TTATTGCTGA

GGCCAGATGG

TGGATGAACG

CGATTCTAGG

CCCACATATG

GTCCTCCTTA

TATCGAATCT

GCCTTATCCG

GCAGCAGCCA

TTGAAGTGGT

CTGAAGCCAG

GCTGGTAGCG

CAAGAAGATC

TAAGSGATTT

AAATCAAGTT

TGCTTAATCA

TTTARATTTC

CATCTTGCAG

GECTATTGCT

GGATCACCCG

ATATCGAAAT

GATCCATATC

APTCGTCAGA

ATATTGATAG

AGAGACAGGA

TCCCTTTTTT

AAAAGATGCT

CGGTAAGATC

AGTTCTGCTA

CCGCATACAC

TACCCATCCC

TGCGGCCAAC

CAACATGGGG

ACCRAAACGAC

MATTANCTGGC

CGATAAAGTT

TAAATCTGGA

TAAGCCCTCC

AAATAGACAG

TGCATTGGEG

CCAGATTCAG

CCAGAAATTT

CCGTCGTTTC

GTAACTATCG

CTGGTRACAL

GGCCTAACTA

TTACCTTCGG

GTGGTT-TTT

CTTTGATCTT

TGGTCATGAG

TTAAATCAAT

GTGAGGCACC

CGAACTCTCC

GCTACCTCTC

TGGCAGCGCT

AGAGAAGTTC

CGGGGCGCET

GTTGCTTGGS

TATTGTACTC

TCTGATCGGT

TCAGCAGGAG

GCGGCATTTT

GAAGATCAGT

CTTGAGAGTT

TGTGGCCCOC

TATTCTCAGA

NTGNCNGTAA

TTACTTCTGA

GATCATGTAA

GAGCGTGACA

GAACTACTTA

GCAGGACCAC

GUCLGLIGASC

CGTATCGTAG

ATCGCTGAGA

CAGAARARARNA

CARCGGATAC

ATCCTTAAGA

GAGCTTACGC

TCTTGAGTCC AACCCGGTAA
GATTAGCAGA GCGAGGTATG
CGGCTACACT AGAAGAACAG
AARRARGAGTT GGTAGCTCTT
TGTTTGCAAG CAGCAGATTA
TTCTACGGGG TCTGACGCTC
ATTATCARAA AGGATCTTCA
CTAAAGTATA TATGAGTAAN
TATCTCAGCE ATCTGTCTAT
AAGGCCCTCG TCGGAARATC
GAACCAACTA TCGCAAGTCT
TATCGCCAGG TATTACTCCA
AACCTACATC CTCAATCCCS
CTGGTGTACC GAGAACGATC
AGTCAGCCAG TCGGAATCCA
AAGCCTGGTC ACCCCACCCT
CAACGTATAA TCGAGTCCTA
GCTTTCGCAT CAGTATTCAN
GCCTTCCTGT TTTTGCTCAC
TCCCTCCGLG AGTGGGTTAC
TTCGCCCCGA AGAACGCTTT
TATTATCCCG TATTGACGCC
ATGACTTGGT TGAGTATTCA
GAGAATTATG CAGIGCLIGCC
CAACGATTGG AGGACCGAAG
CTCGCCTTGA VCGTTEGGAA
CCACGATGCC TGTAGCAATG
CTCTAGCTTC JCGGCAACAG
TTCTGCGCTC GGCCCTTCCG
CTGGGTCTCG CGGTATCATT
TTATCTACAC GACGGGGACT
TAGGTGCCTC ACTGATTAAG
TGCCTGATGC GACGCTGCGC
GGCTTCCCCA ACTTGCCCAL
TCCCGAATCG TTTAAACTCG
GAACAGCCGT GGCGCTCATT

5461 GCATCGAATC TCGTCAGCTA TCGTCAGCTT ACCTTTTTGG CA

pCRO25
;

(3EQ ID NO:

18)

[alalak U talalalalel

ORIGIN

lahilalalalear WalkN il

(Glul atab . Nalak N

MACTMOT AR

DK/EP 3458471 T3

oM AmMommom



TCCCTCTAGT
61
CCCGTTTAGA
121
AACACACATC
181
CAGATCTAGT
241
ACATAACTTA
301
TCAATAATGA
361
GTGGAGTATT
421
ACGCCCCCTA
481
ACCTTATGGG
541
CTGATGCGGT
601
CCARAGTCTCC
66l
TTTCCARAAT
721
TGGGAGGTCT
781
CTACCATCCA
841
tgctgtgtge
901
tcgtegaagy
961
tgaccgtcat
1021
gcaacatgge
1081
attccagatg
1141
tctgcaaaag
1201
gcagcctegt
1261
agoccgagaa
1321
tgatecgtcaa
1381
ccaacageac
1441
aacccaggac

1501
ggctggtgcea
1561
ccggcacacc
1621
aaagacagac
1681
gagctcectgga
1741
gcagygctcaa
1801
ctttcacctt
1361
aztacgcogg
1921
ccctocacaco
1981
acagcaagat
2041
tgggagagaa
2101
gtageggagy
2l1lel
CGTACCTTCA
2221

GGTCATAACA
GGCCCCAAGG
CATCTTCGAT
AATCAATTAC
CGGTAAATGG
CGTATGTTCC
TACGGTAAAC
TTGACGTCAA
ACTTTCCTAC
TTTGGCAGTA
ACCCCATTGA
GTCGTAACAA
ATATAAGCAG
CTCGACACAC
ccttgcggceg
catgtccggce
ggcccaggac
cgaagtgaga
ccccacacag
aaccctggtyg
gacatgtgecc
cctggaatac
cgataccggc

tagagcecgaa

cggeotggat
caaggaatgyg
tcactggaac
cgtggtggtyg
agccgagatg
gatggacaag
taccaagatce
aaccgatgga
cgteggeagg
gatgctcgag
gaagatcace
tagccatcac

GCTCACAGAC

GCAGCTTCAG
GGTTATGCTA
GGATAGCGAT
GGGGTCATTA
CCCGCCTGGC
CATAGTAACG
TGCCCACTTG
TGACGGTAAA
TTGGCAGTAC
CATCAATGGG
CGTCAATGGG
CTCCGCCCCA
AGCTGGTTTA
CCGCCAGCgg
gcagatgcca
ggcacctggg
aagcctaccyg
agctactget
ggagaggctt
gacagaggeca
aagttcgecet
aggatcatgc
cacgagaccg

gctacactgg

ttcagcgace

ttccacgaca
aataaggaag
ctgggaagece
gatggcgeca
ctgaggctga
cctgccgaga
ccttgcaaaqg
ctgatcaccyg
ctocgatcooc
caceattgge
caccatcaca

ATGATAAGAT

oL LTI L

P VCION RV Ny

DK/EP 3458471 T3

[CICEY RN RN

CTACCTCTCA ATTCAAAANA CCCCTCAAGA
TCAATCGTTG CGTTACACAC ACAAAAMACC
TTTATTATCT AACTGCTGAT CGAGTGTAGC
GTTCATAGCC CATATATGGA GTTCCGCGTT
TGACCGCCCA ACGACCCCCG CCCATTGACG
CCAATAGGGA CTTTCCATTG ACGTCAATGG
GCAGTACATC AAGTGTATCA TATGCCAAGT
TGGCCEGCCT GGCATTATGC CCAGTACATG
ATCTACGTAT TAGTCATCGC TATTACCATG
CGTGGATAGC GGTTTGACTC ACGGGGATTT
AGTTTGTTTT GGCACCAAAA TCAACGGGAC
TTGACGCAAA TGGGCGGTAG GCGTGTACGG
GTGAACCGTC AGATCAGATC TTTGTCGATC
ccgecaceat gaaggccaat ctactggtgt
tcaggtgcat tggagtcagce aacagggact
tggatgtggt gctcgaacac ggcggatgeg
tcgatattga gctggtgace accacagtga
atgaggcecte catcagcgat atggcttecyg
atctggacaa acagtccgac acccagtacg
atggatccgg atgecggcctyg aacggctcetyg
gcagcaaaaa gatgaccgge aagtccatce
tgtccgtgea tggatcccag cactccecggcea
acgagaacag ggctaaagtyg gagatcaccc
geggcettegg aagcctggyce ctggattgeg
tgtattacct gaccatgaac aataagcact
tcoccoetgee ttggcatgcet ggcgcogata
ccctggtcega gtttaaggac gcccacgeca
agcagggagco tgtccacaca gocctggeey
agcgcaggcet gagcteogge cacctgaaat
agggcg=cayg ctacagoetg tgcaccgecg
cactgcacgyg cacegtcacce gtggaggz=cc
tgcctgacca gatggctgtyg gatatgcaga
craatccegt cattaccgag tccaccgaga
cxtttggcga cagctacatt gtgatcggey
acagaagcygg cteccacagyy ggtagcggtyg
actgagctag CTTGACTGAC TGAGATACAG
ACATTGATGA GTTTGGACAA ACCACAACTA



GAATGCAGTG
2281
CCATTATAAG
2341
TTCAGEGGGA
2401
CCCCATCTCT
2461
ITTTTTIGTGC
2521
GATGCGACGC
2581
CCCCAACTTG
2641
AGCTATCCTG
2701
GACACCACTA
2761
TACCTTGGGC
2821
GTCTGGGTTT
2881
GCACCCCTTC
2941
CCAGGAACCG
3001
AGCATCACAA
3061
ACCAGGCGTT
3121
CCGGATACCT
3187
GTAGGTATCT
3241
CCGTICAGCC
3301
GACACGACTT

3361
TAGGCGGTGC
3421
TATTTGGTAT
3481
GATCCGGCAA
3541
CGCECAGAAA
3601
AGTCGAACGA
3661
CCTRGATCCT
3721
CTTGGTCTGA
3781
TTCGTTCATC
3841
TTCAAACCTT
3901
JTTGGEICGGC
3961
ATCCCGAARTA
4021
ATCTATCCGA
4081
CTCTCAGTGC
4141
GCTTGGGACC
4201
ACCGATCTGT
4261
GCTTTTGCAA
4321
CATTTCCGTG
4381
CCAGAAACGC
1441
ATCGAACTGG
4501
CCRAATGATGA
4561

ARPARNATGC

CTGCANTAN

GGTGTGGGAG

NTCGGTATCG

CCCTCGGGCC

TGCGCGTCT'L

CCCACTTCCA

CAGGCGALCT

GGGGTCAGAA

LTATCGAARCT

CGACTACGCT

TCCGATTACG

TAAAARGGCC

AAATCGACGC

TCCCCCTGGA

GTCCGCCTTT

CAGTTCGGTG

CGACCGCTGL

ATCGCCACTG

TACAGAGTTC

CTGCGCTCTG

ACAPACCACC

AARAGGATCT

AAACTCACGT

TTTAAATTAA

CAGTTACCAA

CATAGTTGCA

TCGTCCGATC

CTTGCGCCTT

TCCGAGATCG

GATCCCACCA

GAGTCTCGAC

CAGGMNGTCC

TTAAACCTAG

\CATCTATCA

TCGCCCTTAT

TGGTGAARG!

ATCTCAACAG

GCACI'I'I'LAA

TTTATTTGTG

CAAGTTAACA

GTTTTTTAAA

TAGCATAACC

GGATTGCTAT

ALACTCCCAL

TACGTGTCCT

CTCGATTTCS

GTAGITCATC

TAATTAACCA

CAGAATTGCC

AGTTTCATTT

GCGTTGCTGG

TCARGTCAGA

AGCTCCCTCG

CTCCCTTCGG

TAGGTCSTTC

GCCTTATCCG

GCAGCAGECCA

TTGAASTGGT

CTGAAGCCAG

GCTGGTAGCG

CAAGAAGATC

TAAGGGATTT

AAATGAAGTT

TGCTTAATCA

TTTAAATTTC

CATCTTGCAG

GGCTATTCCT

GGATCACCCG

NTNTCGAAAT

GATCCATATC

AATCGETCAGA

ATATTGATAS

AGAGACAGGA

TCCCITTTTI

AMAACATGCT

CGGTAAGATC

AGTTCTGCTA

AAATTTGTGA

ACAACAAI'IG

GCAAGTAAAA

CCLIGGEGCT

CTACCGGCAT

ATATGCCAGA

CCTTACCAGA

ATCAAGACAT

ARACTTTCTT

GTCAAGTCAG

TCAGTCAAGT

AAATCATGTG

CGTTTTTCCA

SCTGGTGARAA

TGCGCTCTCC

CGAAGCCTGGC

GCTCCAAGCT

GTAACTATCG

CTGGTAACAG

GGCCIAACTA

TTACCTTCGG

GTGGTTTTTT

CTTTGATCTT

TGGTCATGAG

TTAAATCAAT

GTGAGGCACC

CTAACTCTCC

GCTACCTCTC

TCGCAGTGCC

AGAGAAGTTC

CGGGGCECGC

GTTECTTGEC

TATTGTACLC

TCTSATCGGT

TCASCAGGAL

GCGGCATTTT

GAAGATCAGT

CTTGAGAGTT

TGTGGIGCEG

TGCTATTGCT

CATTCATTTT

CCTCTACAAL

TCTAAACGGG

TGGCGCAGAA

TTCAGCARCG

AATTTATCCT

TCCTTTAATG

CCCTCCCTAA

CTACTTGGCG

TCGATCTGGT

AGCAAAAGGC

TAGGCTCCGC

CCCGACAGGA

TGTTCCGACC

GCTTTCTCAT

GGGCTGTGETG

TCTTGAGTCC

GATTAGCAGA

CGGCTACACT

AAARAGAGTT

TGTTTGCAAG

TTCTACGGCC

ATTATCAARA

CTARACTATA

TATCTCAGCG

MGGCCCTCG

GAACGARCTA

TATCGCCAGG

RAACCTACATC

ClGEIGLIACC

AGTCAGCCAG

AAGCCTGGETC

CAACGTATAA

GCTTTCGCAT

GCCTTCCTGT

TGGGETGCGCG

TTCGCCCCGA

TATTATCCCG

DK/EP 3458471 T3

TTATTTGTAA

ATGTTTCAGG

TGTGGTAITG

TCTTEAGEGG

AMAAATGCCT

GATACGGCTT

TAAGGTCGTC

GTCTTTTCTS

TCTCATTGGT

AGATCGACTT

CCTTGECTATT

CAGCAAAAGG

CCCCCTGACG

CTATAAAGAT

CTGCCGCTTA

AGCTCATGCT

CACGAACZCCC

AACCCGETAN

GCGAGGTATG

AGAAGAACAG

GGTACITCTT

CAGCAGATTA

TCTGACGCTC

AGGATCTTCA

TATGAGTAAN

ATCTGTCTAT

TCGGAAAALC

TCGCAAGTCT

TAITACTCCA

CTCAATCCCG

GAGAACGATC

TCGGAATCCA

ACGGCAGCET

TCGAGTCCTA

GAGTATTCAR

TTTTCCTCAC

AGTGCEGTTAL

AGAACGCUTTT

TATTGACGCC



GGGCAAGAGC
4621
CCAGTCACAG
4681
ATAACLCATGA
4741
GAGCTAACCG
4801
CCGGAGCTGA
4861
GCAACAACCT
4921
TTGATAGACT
4981
GCTGGCTGGET
5041
GCAGCACTGG
5101
CAGGCAACTA
5161
CATTGGTAAC

5221
GTCTTATACT
5281
TTCCATACGT
5341
ACTCTGGCTC
5401
TGCTCGTCGG

5461 GCATCGAATC

PCRO26
ORIGIN

(SEQ

1
TCCCTCTAGT
6l
CCCGTTTAGA
121
AACACACATC
181
CAGATCTAGT
241
ACATAACTTA
301
TCAATAATGA
361
GTGGAGTATT
421
ACGCCCCCTA
481
ACCTTATGGG
541
CTGATGCGGT
601
CCAAGTCTCC
661l
TTTCCAAAAT
721
TGGGAGGTCT
781
CTACCATCCA
841
tgctgtgtge
9501
ttgtagaagg
961
tgaccacgat
1021
caaaccctgce
1081
atagccgetyg
1141
tgtgtcgecg
1201

AACTCGGTCG
AARAGCATCT
GTGATAACAC
CTTTTTTGCA
ATGAAGCCAT
TGCGTAAACT
GGATGGAGGC
TTATTGCTGA
GGCCAGATGG

TGGATGAACG

CGATTCTAGG
CCCACATATG
GTCCTCCTTA

TATCGAATCT

ID NO: 19)
GCGATCGCGG
GGTCATAACA
GGCCCCAAGG
CATCTTCGAT
AATCAATTAC
CGGTAAATGSE
CGTATGTTCC
TACGGTARAC
TTGACCTCAA
ACTTTCCTAC
TTTGGCAGTA
ACCCCATTGA
GTCGTAACARA
ATATAAGCAG
CTCGACACAC
ccttgeggeg
actatctggt
ggctaaggat
tgtgctccge
ccccacccaa

gactttegtg

CCGCATACAC
TACGGATGGC
TGCGGCCAAC
CARCATGGGGE
ACCAAATGAC
ATTARACTGGEC
GGATAAAGTT
TAAATCTGGA
TAAGCCCLCC

AAATAGACAG

TGCATTGGCG
CCAGATTCAG
CCAGAAATTT

CCGTCGTTTC

CTCCCGACAT
GCAGCTTCAG
GGTTATGCTA
GGATAGCGAT
GGGGTCATTA
CCCGCCTGGC
CATAGTAACG
TGCCCACTTG
TGACGGTARA
TTGGCAGTAC
CATCAATGGG
CGTCAATGGG
CTCCGCCCCA
AGCTGGTTTA
CCGCCAGCgg
gcagatgcca
gccacgtggg
aagccgacct
aagctgtgca
ggcgaggega

gaccgcggta

TATTCTCAGA

ATGACAGTAA

TTACTTCTGA

GATCATGTAA

CAGCGTGACA

GAACTACTTA

GCAGGACCAC

GCCGGTGAGC

CGTATCGTAG

ATCGCTGAGA

DK/EP 3458471 T3

CAGARAAARA
CAACGGATAC
ATCCTTAAGA

GAGCTTACGC

CTTGGACCAT
CTACCTCTCA
TCAATCGTTG
TTTATTATCT
GTTCATAGCC
TGACCGCCCA
CCAATAGGGA
GCAGTACATC
TGGCCCGLCCT
ATCTACGTAT
CGTGGATAGC
AGTTTGTTTT
TTGACGCARA
GTGAACCGTC
cegcecaccat
tgcggtgegt
tcgatgtggt
tggacatcga
tcgaggctaa
ccetegttga

atgggteccgg

'CGTCAGCTA TCGTCAGCTT ACCTTTTTGG CA

ATGACTTGGT TGAGTATTCA
GAGAATTATG CAGTGCTGCC
CAACGATTGG AGGACCGAAG
CTCGCCTTGA TCGCTTGEGAA
CCACGATGCC TGTAGCAATG
CTCTAGCTTC CCGGCAACAG
TTCTGCGCTC GGCCCTICCE
GTGGGTCTCG CGGTATCATT
TTATCTACAC GACGGGGAGT
TAGGTGCCTC ACTGATTAAG
TGCCTGATGC GACGCTGCGC
GGCTTCCCCA ACTTGCCCAC
TCCCGAATCG TTTAAACTCG
GAACAGCCGT GGCGCTCATT
TAGCTCCACA GGTATCTTCT
ATTCAARAAA CCCCTCAAGA
CGTTACACAC ACAAAAAACC
AACTGCTGAT CGAGTGTAGC
CATATATGGA GTTCCGCGTT
ACGACCCCCG CCCATTGACG
CTTTCCATIG ACGTCAATGG
AAGTGTATCA TATGCCAAGT
GGCATTATGC CCAGTACATG
TAGTCATCGC TATTACCATG
GGTTTGACTC ACGGGGATTT
GGCACCAARAA TCAACGGGAC
TGGGCGETAG GCGTGTACGG
AGATCAGATC TTTGTCGATC
gaaggccaat ctactggtgt
ggggatcgge aatcgcgatt
tcttgaacac gggtcatgeg
actactgaaa accgaggtca
gatttccaac dcaactactyg
agagcaggac agcaacttcg
atgcggactt TTTGGANAGY



gttccttact
1261
agtatgagaa
1321
ttgggaacga
1381
gcgaaattca
1441
tagactttaa

1501
agtggttccet
1561
ggaacaggca
1621
tggttetggg
le8l
acazcagtgg
1741
acttgaccct
1801
acglygceecyga
1861
caccactgtaa
1921
tgataacagc
1981
caccettegg
2041
ggtttaagaa
2101
TGACTGACTG
2161
TTGGACAAAC
2221
CTATTGCTTT
2281
TTCATTTTAT
2341
TCTACAAATG
2401
LAAACGGGETC
24561
CCGCAGARAA
2521
CAGCAACGGA
2581
TTTATCCTTA
2641
CTTTAATGGT
2701
CTCCCTAATC
2761
ACITGGCGAG
2821
GAICTGGLCC
2881
CARAAGGCCA
2941
GGCTCCGLCT
3001
CGACAGCACT
3061
TTCCGACCCT
3121
TTTCTCATAG
3181
GCTGTGTGCA
3241
TTGAGTCCAA
3301
TTAGCAGAG

3361
GCTACACTAG

3421
AAACAGTTGG

3481

gacttgcgcce
cttaaaatac
aacgacagag

gctgacagac

cgagatggtyg
tgatectteca
ggacttgetc
gagtcaggaa
aacaaccact
gaaaggtatg
aacccagcat
aatacccttc
caatccaate
cgaaagctac
aggtagcacyg
AGATACAGCG
CACAACTAGA
ATTTCTAACC
GTTTCAGGTT
TCGTATTGGC
TTGAGGGGTT
AAATGCCTGA
TACGGETTCC
AGGTCGTCAG
CTTTTCTGGA
TCATTGGTTA
ATCGACTTGT
TTGCTATTGC
GCAARAGGCC
CCCTGACGAG
ATAAAGATAC
GCCGCTTACC
CTCACGCTGT
CGAACCCCCC

CCCGGTAAGA

GAGGTATGETA
AAGAACACTA

TAGCTCTTGA

aaatttaagt
tcggtgatag
cacgggacaa

tacggtgcac

ctcectgecta
ttgccctgga
gtgacattca
ggcgetatce
attttogecyg
tcatatgtga
ggaacagtec
agcgcoacaag
gtcaccgata
atcgtggtcyg
ggeggedggea
TACCTTCAGC
ATGCAGTGAA
ATTATAAGCT
CAGGGGGAGG
CCATCTCTAT
TTTTGTGCCC
TGCGACGCTE
CCAACTTGCC
CTATCCTGCA
CACCACTACS
CCTTCGGCTA
CTGGCTTTCC
ACCCETTCTC
AGGARCCGTA
CATCACAARA
CAGGCGTTTC
GGATACCTGT
AGGTATCTCA
GTTCAGICCG

CACGACTTAT

GGCGRGTGCTA
TTTGGTATCT

TCCGGCAAAL
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gcgtgactaa gttagagggg
ttaccgtgcea cacaggecgac
tagcgaccat taccccacag
tecaccectgga ctgtagccca
tgaaggaaaa gtcatggttyg gtgcaceagce
cctetggege ttegacctcea caagagactt
aaacggctca cgctaaaaag caagaggtcg
ataccgegtt aacaggggel aeagagatee
ggcatcttaa gtgtaggectyg aagatggata
tgtgcaccgy taygytttcaaa ctgdagaaaqg
tggtgcaagt caaatatgag ggcaccgatyg
acgagaaggg agttacccag aacggtagge
aggagaasacc agtaaacata gaaaccgaga
gegetggcga gaaagcactt aagctgaget
gzcatcatca ccatcateac tgagclaglCT
TCACAGACAT GATAAGATAC ATTGATGAGT
AAADMATGCTT TATTTGTGAA ATTTGTGATG
GCAATABLCA AGLIIAACAALC AACAATTSCA
TCETGGGAGGT TTTTTARAGC AAGTAAANCC
CGGTATCGTA GCATARACCCC TTGGGGCCTC
CTCGGGCCGG ATTGCTATCT ACCGGCAITG
CGCGTCITAT ACTCCCACAT ATGCCAGATT
CACTTCCATA CGTGTCCTCC TTACCAGAARA
GGCGATCTCT CGATTTCGAT CAAGACATTC
GGTCZAGNAGT AGTTCATCAA ACTTTCTTCC
TCGAAACTTA ATTAACCAGT CAAGTCAGCT
ACTACGCTCA GAATTGCGTC AGTCAAGTTC
CGATTACGAG TTTCATTTAA ATCNIGTGAG
ARAAGGCCGC GTTGCTGGCG TTTTTCCATA
ATCGACGCTC AAGTCAGAGG TGGCGAAACC
CCCCTSEGAAG CTCCCTCGTG CGCTCTCCTG
CCGCCITTCT CCCTTCGGGA AGCGTGGECGC
CTTCGCTGTA GGTCGETTCGC TCCAAGITGG
ACCGCTIGCGC CTTATCCGGT AACTATCGTC
CGCCACTGGC AGCAGCCACT GGTAACAGGA
CAGAGCTTCTT GAAGTGGTGG CCTAACTACG
GCGCTCTGCT GAAGCCAGTT ACCTTCGGRA
AAACCACCGC TGETAGCEGET GGTTTTTTTG

aaaatcgtte
cagcatcaag
gctccaacga

cggaccggge



TTTGCAAGCA
3511
CTACGGGGTC
3601
TATCAAARAG
3661
AARGTATATA
3721
TCTCAGCGAT
3781
GGCCCTCGTC
3841
ACGAACTATC
3%01
TCGCCAGGTA
3861
CCTACATCCT
4021
GGTGTACCGA
4081
TCAGCCAGTC
4141
GCITGGTCAC
4201
ACSTATAATC
4261
TTTCGCATGA
4321
CTICCTGTTT
4381
GGTGCGCGAG
4441
CGCCCCGAAG
4501
TTATCCCGTA
4561
GACTTGGTTG
4621
GAATTATGCA
4681
ACGATTGGAG
4741
CGCCTTGATC
4801
ACGATGCCTG
4861
CTAGCTTCCC
4921
CTGCGCTCGG
4881
GGGTCTCGCG
5041
ATCTACACGA
5101
GETGCCTCAC
5161
CCTGATGCGA

5221
CTTCCCCAAC
5281
CCGAATCGTT
5341
ACAGCCGTGG
5401
CTTTTTGGCA
5461

pCRO27 (SEQ
RIGIN
1
TCCCTCTAGT
6l
CCCGTTTAGA
121
AACACACATC
181

GCAGATTACSG
TGACGCTCAG
GATCTTCACC
TGAGTAAACT
CTGICIALT
GGAAARTCTT
GUAACTCTCT
TTACICCAAT
CAATCCCGAT
GAACGATCCT
GGEAATCCAGC
GGCAGCGTAC
GAGTCCTAGC
GTATTCAACA
TTGCTCACCC
TGGGTTACAT
AACGCTTTCC
TTGACGCCGGE
AGTATTCACC
GTGCTGCCAT
GACCGAAGGA
GTTCGGAACC
TAGCAATGCC
GGCRACAGTT
CCCTTCCccC
GTATCATTGC
CCGGGNGTCA

TGATTAAGCA

CGCTGCGCGT

TTGCCCACTT

TARACTCGAC

CGCTCATTTG

ID NO: 20)
GCGATCGCGG
GGTCATAACA
GGCCCCAAGG

CATCTTCGAT

CGCAGAAAAA

TGGAACGAAA

TAGATCCTTT

TGGTCTGACA

CGTTCATCCA

CAAACCTTTC

TGGCCGEGECCT

CCCGAATATC

CTATCCGAGA

CTCAGTGCGA

TTGGGACCCA

CGATCTGTTT

TTTTGCARAC

TTTCCCGTGTC

AGAAACGCTCG

CGAACTGGAT

AATGATGAGC

GCAAGAGCAA

AGTCACAGAA

AACCATGAGT

GCTAACCCCT

GGAGCTGAAT

ARCAACCTTG

GATAGACTGG

TGGCTGGTTT

AGCACTGGGG

GGCAACTATG

TTGGTAACCG

CTTATACTCC

CCATACGTGT

TCTGGCTCTA

CTCCTCGGGE

CTCCCGACAT

GCAGCTTCAG

GGTTATGCTA

GGATAGCGAT

AAGEATCTCA

ACTCACGTTA

TAAATTAARAR

GTTACCAATG

TAGTTGCATT

GTCCGATCCA

TGCGCCTTGG

CGAGATCGGG

TCCGAGGAAT

GTCTCGACGA

GGARAGTCCAA

AAACCTAGAT

ATCTATCAAG

GCCCTTATTC

GTGAAAGTAA

CTCAACAGCG

ACTTTTAAAG

CTCGGTCGCC

ARGCATCTTA

SATAACACTG

TTTTTGCACA

GAAGCCATAC

CGTAAACTAT

RTGGAGGCGG

ATTGCTGATA

CCAGATGGTA

GAL'GAACGAR

ATTCTAGGTG

CACATATGCC

CCTCCTTACC

TCGAATCTCC

ATCGAATCTC

CTTGGACCAT

CTACCTCTCA

TCAATCGTTG

TTTATTATCT

AGAAGATCCT TTGATCTTTT
AGGGATTTTG GTCATGAGAT
ATGAAGTTTT AAATCAATCT
CTIAATCAGT GAGGCALCCTA
TARATTTCCG AACTCTCCAA
TCTTGCAGGC TACCTCTCG.
CTATTGCTTG GCAGCGCCTA
ATCACCCGAG AGAAGTTCAA
ATCGAAATCG GGGCGCGCCT
TCCATATCGT TGCTTGGTAG
TCGTCAGATA TTGTACTCAA
ATTGATAGTC TGATCGGICA
AGACAGGATC AGCACCAGCT
CCTTTZTTGC GGCATTTTGC
AAGATGCTCA ACATCMAGTTS
GTAAGATCCT TGAGAGTTTT
TICTGCIATG TGGCGECGGTA
GCATACACTA TTCTCAGAAT
CCGNATGCCAT GACAGTAAGA
CGGCCAACTT ACTTCTGACA
ACATGGGGGA TCALGLIAACY
CAAACGACGA GCGTGACACC
TAACTGGCGA ACTACTTACT
ATAAAGTTGC AGGACCACTT
AATCTGGAGC CGGETGAGCGT
AGCCCTCCCG TATCGTAGTT
ATACACAGAT CGCTGAGATA
CATTGGCGCA GAARADDATG
AGATTCAGCA ACGGATACGG
AGAAATTTAT CCTTAAGATC
GTCGTTTCGA GCTTACGCGA
GTCAGCTATC GTCAGCTTAC
TAGCTCCACA GGTATCTTCT
ATTCAAAARAA CCCCTCAAGA
CGTTACACAC ACAAARAAACC
AACTGCTGAT CGAGTGTAGC
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CACATCTAGT
241
ACATAACTTA
301
TCAATAATGA
361
GTGGAGTATT
421
ACGCCCCCTA
481
ACCTTATGGG
541
CTGATGCGGT
601
CCAAGTCTCC
661
TTTCCAAAAT
721
TGGGAGGTCT
781
CTACCATCCA
841
tgctgtgtgce
901
ttgtagaagg
961
tgaccacgat
1021
caaaccctgce
1081
atagccgctg
1141
tgtgtegeeg
1201
gttcecttact
1261
agtatgagaa
1321
ttgggaacga
1381
gcgaaattca
1441
tagactttaa

1501
agtggttcct
15561
ggaacaggca
1621
tggttctggyg
181
acazcagtgg
1741
acttgaccct
1801
azgtggcega
1861
caccazgtaa
1921
tgataacagc
1981
caccettegg
2041
ggtttaagaa
2101
TGACTGACTG
216l
TTGCACAMNC
2221
CTATTGCTTT
2281
TTCATTTTAT
2341
TCTACAAATG
2401
TAAACGGGTC

AATCAATTAC
CGGTAAATGG
CGTATGTTCC
TACGGTAAAC
TTGACGTCAR
ACTTTCCTAC
TTTGGCAGTA
ACCCCATTGA
GTCGTAACAA
ATATAAGCAG
CTCGACACAC
ccttgeggcey
actatctggt
ggctaaggat
tgtgcteoege
ccccacccaa
gactttegtyg
gacttgegee
cttaaaatac
aacgacagag

gctgacagac

cgagatggtyg
tgatctteca
ggacttgcte
gagtcaggaa
aacaaccact
gaaaggtatg
aacccagcat
aataccctte
caatccaate
cgaaagetac
aggtagcacyg
AGATACAGCG
CACAACTAGA
ATTTGTAACC
GTTTCAGGTT

TGGTATTGGC

GGGGTCATTA
CCCGECTGGC
CATAGTAACG
TGCCCACTTG
TGACGGTAAA
TTGGCAGTAC
CATCAATGGG
CGTCAATGGG
CTCCGCCCCA
AGCTGGTTTA
CCGCCAGCgg
gcagatgcca
gccacgtgygyg
adgccgacct
aagctgtgca
ggcgaggcga
gaccgcggtT
aaatttaagt
teggtgatag
cacgggacaa

tacggtgcac

ctcctgacta
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ttgcecctgga
gtgacattca
ggcgctatge
attttegecg
tcatatgtga
ggaacagtac
agcgcacaag
gtcacegata
atcgtggteg
ggcggeggea
TACCTTCAGC
ATGCAGTGAA
ATTATAAGCT
CAGGGGGAGG

CCATCTCTAT

GTTCATAGCC CATATATGGA GTTCCGCGTT
TGACCGCCCA ACGACCCCCG CCCATTGACG
CCAATAGGGA CTTTCCATTG ACGTCAATGG
GCAGCTACATC AAGTGTATCA TATGCCAAGT
TGGCCCGCCT GGCATTATGC CCAGTACATG
ATCTACGTAT TAGTCATCGC TATTACCATG
CGTGGATAGC GGTTTGACTC ACGGGGATTT
AGTTTGTTTT GGCACCAAAN TCARCGGGAC
TTGACGCAAA TGGGCGGETAG GCGTGTACGGC
GTGAACCGTC AGATCAGATC TTTGTCGATC
ccgccaccat gaaggccaat ctactggtgt
tgcggtgcgt ggggatcgge aatcgcgatt
tcgatgtggt tcttgaacac gggtcatgeg
tggacatcga actactgaaa accgaggtca
tcgaggetaa gatttccaac acaactactyg
cccteogttga agagcaggac agcaactteg
GGGGGAATgg atgcggactt aacggatctyg
gcegtgactaa gttagagggg aasaatcgtte
ttaccgtgceca cacaggcgac cagcatcaag
tagcgaccat taccccacag gctccaacga
tcaccctgga ctgtagccca cggaccggygc
tgaaggadaa gtcatggttg gtgcaceage
cctetggege ttcgacctea caagagactt
aaacggctca cgetaaaaag caagaggtcyg
ataccgoegtt aacaggggct acagagatcc
ggcatcttaa gtgtaggetg aagatggata
tgtgcaccygg tagtttcaaa ctggagaaag
tggtgcaagt caaatatgag ggcaccgatyg
acgagaagdgyg agttacccag aacggtagge
aggagaasacc agtaaacate gaaaccgage
gagctggcga gadagecactt aagctgaget
gccatcatea ccateatecac tgagctaglT
TCTACAGACAT GATANAGATAC ATTGATGAGT
AARAATGCTT TATTTGTGAA ATTTGTGATG
GCAATAAACA AGTTAACAAC AACARTTSCA
TCTGGCAGGT TTTTTAAAGC AAGTAAAACC
CGGTATCGTA GCATAACCCC TTGGGGCCTC



2461
GCCGCAGARARA
2521
CAGCAACGGA
2581
TTTATCCTTA
2041
CTTTAATGGT
2701
CTCTCCTAATC
2761l
ACITGGCGAG
2821
GATCTGGTCC
2881
CARAAGGCCA
2941
GGCTCCGCCC
3001
CGACAGGACT
3061
TTCCRACCCT
3121
TTTCTCATAG
3181
GCTGTGTGCA
3241
TTGACTCCAA
3301
TTAGCAGAGC

3361
GCTACACTAG
3421
ARAGAGL'LGG
3481
TTTGCAAGCA
3541
CTACGGGGETC
3601
TATCAAARAG
3661
AARGTATATA
3721
TCTCAGCGAT
3781
GGCCCTCGTC
3841
ACGAACTATC
3901
TCGOCAGGTA
3%¢l
CCTACATCCT
4021
GGTGTACCGA
4081
TCAGCCAGTC
4141
GCCTGGTCAC
4201
ACSTATAATC
4261
TTICGCATGA
4321
CTICCTGTTT
4381
GGTGCGCGAG
4441
CGCCLCGAAG
4501
TTATCCCGTA
4561
GACTTGGTTG
4621
GAATTATGCCA
4681
ACGATTGGAG
4741
CCCCTTGATC

TTGAGGGGTT

AAATGCCTGA

TACGGLCTTCC

AGGTCGTCAG

CTTTTCTGGA

TCATTGGTTA

ATCGACTTGT

TTGCTATTGC

GCAARAGGCC

CCCTGACGAG

ATAAAGATAC

GCCGCTTACC

CTCACGCTGT

CGAACCCCCC

CCCGGTARGA

GAGGTATGTA

AAGAACACZTA

TAGCTCTTIGA

GCAGATTACG

TGACGCTCAG

GATCTTCACC

TGAGTAAACT

CTGTCTATTT

GGAAAATCTT

GCAACTCTCT

TTACICCAAT

CAATCCCGAT

GAACCATCCT

GGAATCCAGC

GGCAGCGTAC

GAGTCCTAGC

GTATTCAACA

TTGCTCACCC

TGGGI'IACAT

AACGCTTICC

1'IGACGCCEE

AGTATTCACIC

GTGCTGCCAT

GACCGAAGGA

TTTTGTGCCC

TGCGACGLTS

CCAACTTGCC

CTATICTGCA

CACCACTAGSE

CCTTCEGGCTA

CTGGETTTCE

ACCCCETTCTC

AGGARACCGLA

CATCACAAAA

CAGGCGTTTC

CCATNACCTGT

AGGTATCTCA

GTTCAGCCCG

CACGACTTAT

GGCEGTGCTA

TTTCGTATCT

TCCGGCARAC

CGCAGAARAAA

TGGAACGAARA

TAGATCCTTT

TGGTCTGACA

CGTTCATCCA

CAAACCTTTC

TGGCCGGELCT

CCCGAATATC

CTATCCGAGA

CTCAGTGCGA

TTGGGACCCA

CGATCTGTTT

TTTTGCAAAC

TTTCCGTGTC

AGARACGCTC

CGAACTGGAT

AATGATGAGC

GCAAGAGCAA

AGTCACAGAA

AACCATGAGT

GCTAACCGCT

CTCGGGCCGG

CGCGETCTTAT

CACTTCCATA

GGCEATCTCT

GGTCAGAAGT

TCGAAACTTA

ACIACGCTCA

CGATTACGAG

AARAGECCGC

ATCCACGCTC

CCCCTSGAAG

CCGCCTITTCT

CTTCGCTGTA

ACCGCIGCGC

CGCCACTGGC

CAGAGTTCTT

GCGCTCTGCT

AAACCACCGC

AAGGATCTCA

ACTCACGTTA

TARATTAARA

GITACCAATG

TAGTTGCATT

GTCCGATCCA

TGCGCCTTGG

CGAGATCGGG

TCCEAGGAAT

GTCTCGACGA

GGAAGTCCAA

AAACCTAGAT

ATCTATCAAG

GCCCTTATTC

GTGAAAGTAA

CTCAACAGCG

ACTTTTAAAG

CTCGGTCGCC

AAGCATCTTA

SATAACACTG

TTTTTGCACA

ATTGCTATCT

ACTCCCACAT

CGTGTCCTCC

CGATTTCGAT

AGI'TCATCAN

ATTAACCAGT

GAATT

GCGTC

TTTCATTTAA

GTTGCTGGCG

AAGTCAGAGS

CTCCCTCGTG

CCCTTCGGGA

GGTCGTTCGC

CTTATCCGGT

AGCAGCCACT

GAAGTGGTGG

GAAGCCAGTT

TGETAGCGEGET

AGAAGATCCT

AGSGATTTITG

ATCGAAGTTITT

CTTAATCAGT

TARATTTCCG

TCTTGCAGGC

CTATTGCTTG

ATCACCCGAG

ATCGAAATCG

TCCATATCGT

TCGTCAGATA

ATTGATAGTC

AGACAGGATC

CCTTTTTTGC

AAGATGCTGA

GTAAGATCCT

TTCTGCTATG

GCATACACTA

CCGATGCCAT

CGGCCARCTT

ACATGGGGGA

DK/EP 3458471 T3

ACCGGCAITG

ATGCCAGATT

TTACCAGAAA

CAAGACATTC

ACTTTCTTCCT

CAAGTCAGCT

AGTCAAGTTC

ATCATCTGAC

TTTTTCCATA

TGGCGAAACC

CGCTCTCCTG

AGCGTGLECGE

TCCAAGITGG

AACTATZIGTC

GGTAACAGGA

CCTAACTACG

ACCTTCGGRA

GGTTTTTTTG

TTGATCTTTT

GTCATGAGAT

AARTCAATCT

GAGGCACCTA

ARCTCTCCAA

TACCLCITGA

GCAGCGCCTA

AGAAGTTCAA

GGGLCGCGTCT

TGCTTGGIAG

TTGTACTCAA

TGATCGGICA

AGCAGGAGGT

GGCATTTTGC

AGATCAGTTS

TGAGAGTTTT

TGGCGCGGTA

TTCTCAGAAT

GACAGTAAGA

ACTTCTGACA

TCATGTAACT



4801
ACGATGCCTG
4801
CTAGCTTCCC
4921
CTGCGCTCGG
4981
GGGTCTCGCG
5041
ATCTACACGA
5101
GETGCCTCAC
516l
CCTGATGCGA

5221
CTTCCCCRAC

5281
CCGAATCGTT

5341
ACAGCCGTGG

5401
CTTTTTGGCA

5461
/e

PCRO29
ORIGIN

(SEQ

1
TCCCTCTAGT
6l
CCCGTTTAGA
121
AACACACATC
181
CAGATCTAGT
241
ACATAACTTA
301
TCAATAATGA
361
GTGGAGTATT
421
ACGCCCCCTA
481
ACCTTATGGG
541
CTGATGCGGT
601
CCAAGTCTCC
661
TTTCCAAAAT
721
TGGGAGGTCT
781
CTACCATCCA
841
tgctgtgtge
901
TCGTCGAAGG
961
TGACCGTCAT
1021
GCAACATGGC
1081
ATTCCAGATG
1141
TCTGCARAAG
1201
GCAGCCTCGT
1261
AGCCCGAGAA
1321
TGATCGTCAA

1201

GTTCGGAACC
TAGCAATGCC
GGCRACAGTT
CCCTTCCGGC
GTATCATTGC
CGGGGAGTCA

TGATTAAGCA

CGCTGCGCGT
TTGCCCACTT
TAAACTCGAC

CGCTCATTTG

ID NO: 21)
GCGATCGCGG
GGTCATAACA
GGCCCCAAGSE
CATCTTCGAT
AATCAATTAC
CGGTAAATGG
CGTATGTTCC
TACGGTAAAC
TTGACCTCAA
ACTTTCCTAC
TTTGGCAGTA
ACCCCATTGA
GTCGTAACAA
ATATRAGCAG
CTCGACACAC
ccttgeggey
CATGTCCGGC
GGCCCAGGAC
CGAAGTGAGA
CCCCACACAG
AACCCTGGTG
GACATGTGCC

CCTGGAATAC

CRATACCIT

GGAGCTGART
AACAACCTTG
GATAGACTGG
TGGCTGGTTT
AGCACTGGGG
GGCAACTATG

TTGSTAACCG

CTTATACTCC
CCATACGTGT
TCTGGCTCTA

CTCCTCGGGL

CTCCCGACAT
GCAGCTTCAG
GGTTATGCTA
GGATAGCGAT
GGGGTCATTA
CCCGCCTGGL
CATAGTAACG
TGCCCACTTG
TGACGGTARA
TTGGCAGTAC
CATCAATGGG
CGTCARTGGG
CTCCGCCCCA
AGCTGGTTTA
CCGCCAGCYg
gcagatgeccA
GGCACCTGGG
ARGCCTACCG
AGCTACTGCT
GGAGAGGCTT
GACAGAGGCT
AAGTTCGCCT
AGGATCATGC

CDCCAGACT:

GAAGCCATAC

CGTAAACTAT

ATGGAGGCGG

ATTGCTGATA

CCAGATGGTA

GATGAACGAA

ATTCTAGGTG

CACATATGCC
CCTCCTTACC
TCGAATCTCC

ATCGARATCTC

CTTGGACCAT
CTACCTCTCA
TCAATCGTTG
TTTATTATCT
GTTCATAGCC
TCACCGCCCA
CCAATAGGGA
GCAGTACATC
TGGCCCGLCT
ATCTACGTAT
CGTGGATAGC
AGTTTGTTTT
TTGACGCRAAA
GTGAACCGTC
cecgeccaccat
TCAGGTGCAT
TGGATGTGGT
TCGATATTGA
ATGAGGCCTC
ATCTGGACAA
GGGGARACGG
GCAGCAAAAN
TGTCCCTGCA

ACCAGRRACAG
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CAAACGACGA GCGTGACACC
TAACTGGCEA ACTACTTACT
ATARAGTTGC AGGACCACTT
AATITGGAGC CGGTGAGCGET
AGCCCTCCCG TATCGTAGTT
ATACGACAGAT CGCTGACATA
CATTGGCGCA GAAAADPATC
AGATTCAGCA ACGGATACGG
AGAAATTTAT CCTTAAGATC
GTCGTTTCGA GCTTACGCGA
GTCAGCTATC GTCAGCTTAC
TAGCTCCACA GGTATCTTCT
ATTCARARAA CCCCTCAAGA
CGTTACACAC ACAAARARCC
AACTGCTGAT CGAGTGTAGC
CATATATGGA GTTCCGCGTT
ACGACCCCCG CCCATTGACG
CTTTCCATTG ACGTCAATGG
AAGTGTATCA TATGCCAAGT
GGCATTATGC CCAGTACATG
TAGTCATCGC TATTACCATG
GGTTTGACTC ACGGGGATTT
GGCACCAAAA TCAACGGGAC
TGGGCGGTAG GCGTGTALGSE
AGATCAGATC TTTGTCGATC
gaaggccaat ctactggtgt
TGGAGTCAGC AACAGGGACT
GCTCGAACAC GGCGGATGCG
GCTGGTGACC ACCACAGTGA
CATCAGCGAT ATGGCTTCCG
ACAGTCCGAC ACCCAGTACG
ATGCGGCaac cacacchAAG
GATGACCGGC AAGTCCATCC
TGGATCCCAG CACTCCGGCA
GGOETARAGTG GAGATCACCC



CCAACAGCCC
1441
AACCCAGGAC

1501
GGCTGGTGCA
1561
CCGGCACACC
162l
AAMGACAGAC
1681
GAGCTCTGGA
1747
GCAGGCTCAA
1801
CTTTCACCTT
1861
AATACGCCGE
1921
CCCTCACACCT
1981
ACAGCAACAT
2041
TGGGCGAGAA
2101
gtageggagg
2161
CGTACCTTCA
2221
GAATGCAGTG
2281
CCATTATAAG
2341
TTCAGGGGGA
2401
GCCCATCTCT
2461
Ll eT e
2521
GATGCGACGC
2581
CCCCAACTTG
2641
AGCTATCCTG
2701
GACACCACTA
2761
TACCTTGGGEC
2821
GTCTGGGTTT
2881
GCACCCGTTC
2941
CCAGGAACCG
3001
AGCATCACAA
3061
ACCAGGCGTIT
3121
CCGGATACCT
3181
GTAGGTATCT
3241
CCGTTCAGCC
3301
GACACGACT™

3361
TAGGCGGTGEC
3421
TATTTGGTAT
3481
GATTCGGCAA
3541
CGCECAGAAA
3607
AGTCGAACGA
36617

AT LN U

TAGAGCCGAA

CGGCCTGGAT
CAAGGAATGG
TCACTGGAAC
CGTIGGTEGTG
AGCCGAGATG
GATGGACAAG
TACCAAGATC
AACCGATGGA
CGTCGGCAGG
GATGCTcGAG
GRAGATCACC
tagccatcac
GCTCACAGAC
ARARMARATGC
CTGCAATARA
GGTGTGGGAG
ATCGGTATCG
CCCTCGGGEC
TGCGCGTCTT
CCCACTTCCA
CAGGCGATCT
GGGGTCAGAA
TATCGAAACT
CGACTACGCT
TCCGATTACG
TAARANGGCC
AAATCGAZGC
TCCCCCTGGA
GTCCGCCITT
CAGTTCGCTG

CGACCGCTGC

ATCGECECACTG
TACAGAGTTC
CTGCGCTCTG
ACAAACCACC
AARAGGATCT

ARACTCACGT

Nt pad as a s

GCTACACTGG

TTCAGCGACC

TTCCACGACA

AATARGGAAG

CTGGGAAGCC

GATGGCGCCA

CTGAGGCTGA

CCTGCCGAGA

CCTTCCAAAG

CTGATCACCG

CTCGATCCCC

CACCATTGGC

caccatcaca

ATGATAAGAT

TTTATTIGTG

CAAGTTAACA

GTTTTTTAAA

TAGCATRAACC

GGATTGCTAT

ATACTCCCAC

TACGTGTCCT

CTCGATTTCG

GTAGTTCATC

TAATTAACCA

CAGAATTGCG

AGTTTCATTT

GCGTTGCTGG

TCARAGTCAGA

AGCTCCCTCG

CTCCCITCGG

TAGGLCGLLC

GCECTTATCCG

GCAGCAGCCA

TTGAAGTGGT

CTGAASCCAG

GCTGGTAGCG

CAAGAAGATC

TAAGGGATTT

DK/EP 3458471 T3

GCCGCTTCGG AAGCCTGGGC
TGTATTACCT GACCATGAAC AATAAGCACT
TCCCCCTGCT TTGECATGCT GGCGCCGATA
CCCTGGTCGA GTTTARGGAC GCCCACGCCA
AGGAGGGAGC TGTCCACACA GCCCTGGCCG
AGGGCAGGCT GAGCTCCGGC CACCTCAAAT
AGGGCGTGAG CTACAGCCTG TGCACCGCCG
CACTGCACLGG CACCGTCACC CTICGAGGTGC
TGCCTGCCCA GATGGCTGTG GATATGCAGA
CCAATCCCCT CATTNACCGAG TCCACCGAGA
CCTTTGGCGA CAGCTACATT GTGATCGGCG
ACACAAGCGC CTCCACAGgY ggtagcggtyg
actgagctag CTTGACTGAC TGAGATACAG
ACATTGATGA CTTTGGACAA ACCACAACTA
ARATTTGTGA TGCTATTGCT TTATTTGTAA
ACRACZANTTG CATTCATTTT ATGTTTCAGG
GCAACTAAAR CCTCTACAAA TGTGGTATTG
CCTTEGGGCT TCTARACGGG TCTTGAGGGG
CTACCGGCAT TGECGCAGAA AARAAATGCCT
ATATGCCAGA TTCZAGCAACG GATACGGCTT
CCTTACCAGA AATTTATCCT TAAGGTCGTC
ATCAAGACAT TCCTTTAATG CTCTTTTCTG
ARACTTTCTT CCCTCCCTAA TCTCATTGGT
GTCAAGTCAG CTACTTGGCG AGATUGACTT
TCAGTCRAGT TCGATCTGGET CCTTGCTATI
ARATCATIGTG AGCAAAAGGC CAGCAAMAGG
CGTTTTICCA TAGGCTCCGC CCCCCTGACG
GGTGGCCARA CCCGACAGGA CTATAAAGAT
LGCECICTCL TGTTCCGACC CTGCCGCTTA
GAASCGTGGC GCTTTCTCAT AGCTCACGCT
GCTICRAAGCT GGGCTGTGTG CACGAACCCC
GTAACTATCG TCTTGAGTCC ARCCCBGTAA
CTGGTAACAG GATTAGCAGA GCGAGGTATG
GGCCTAACTA CGGCTACACT AGAAGAACAG
TTACCTTCGG AAAMAGAGTT GGTAGCTCTIT
GTGGTTTTTT TGTTTGCAAG CAGCACGATTA
CTTTGATCTT TTCTACGGGG TCTCACCCTC
TGGTCATGAG ATTATCAARA AGGATCTTCA

CTGGATTGCG
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CCTRGATCCT
3721 TTTAAATTAA AAATGAAGTT TTAAATCAAT CTAAAGTATA TATGAGTAAN
CTTGGTCTGA
3781 CAGI'IACCAA TGCTTAATCA GTGAGGCACC TATCTCAGCG ATCTGTICTAT
TTCGTTCATC
3841 CATAGTTGCA TTTAMATTTC CGAACTCTCC AAGGCCCTCG TCGGARAATC
TTCAAACCTT
3901 1TCGETCCGATC CATCTTGCAG GCTACCTCTC GCAACGCAACTA TCGCAAGTCT
CTTGGCCGGC
3961 CTTGCGCCTT GGCTATTGCT TGEGCAGCGCC TATCGCCAGG TATTACTICA
ATCCCTANTA
4021 TCCGEAGATCG GGATCACCCG AGAGAACTTC AACCTACATC CTCAATCCCG
ATCTATCCGA
4081 GATCCGAGGA ATATCGAAAT CGGLEGCELCET CTGGTGTACC GAGAACGATC
CTCTCNGTGC
4141 GAGTCTCGAC GATCCATACC GTTGCTTGGC AGTCAGCCAG CGGAATCCA
GCTTGGGACC
4201 CAGGAAGTCC AATCGSTCAGA TATTGTACTC AAGCCTGGTC ACGGCAGCGT
ACCGATCTGT
42671 TTARACCTAG ATATTGATAS TCTZATCGGT CARCGTATAA TCCACTCCTA
GCTTTTGCAA
4321 ACATCTATCA AGAGACAGGA TCAGCAGGAG GCTTTCGCAT GAGTATTCAA
CATTTCCGTG
4381 TCGCCCTTAT TCCCITTTTT GCGGCATTTT GCCTTCCTCT TTTTCCTCAC
CCAGRAACGC
4441 TGGTGAAAGT AAAAGATGCT GAAGATCAGT TGGGTGCGCG AGTGEGTTAC
AT'CGAACTGG
4501 ATCTCAACAG CGGTRAAGATC CTTGAGAGTT TTCCCCCCGA AGANCGCTTT
CCAATGATGA
4561 GCACTTTTAA AGTTCTGCTA TGTGGCGLGG TATTATCCCG TATTGACGCC
GGGCAAGAGC
4621 AACTCGGTCG CCGCATACAC TATTCTCACA ATGNACTTGGT TGAGTATTCA
CCAGTCACAG
4681 AAAAGCATCT TACGGATGGC ATGACAGTAA GAGAATTATG CAGTGCTGCC
ATAACLCATGA
4741 GTGATAACALC TGCGGCTANC TTACTTCTGA CAACGATTGG AGGACCGAAG
GAGCTAACCG
4801 CTTTTTTGCA CAACATSEGGG GATCATGTAA CTCGCCTTGA TCGTTGEGAA
CCGGRAGCTGA
4861 ATGAAGCCAT ACCAAATGAC CAGCGTGACA CCACGATGCC VGCTAGCAATG
GCAACAACCT
4921 TGCGTAAACT ATTAACTGGEC GAACTACTTA CTCTAGCTTC CCGGCAACAG
TTGATAGACT
4981 GGATCCAGTC GGATAAAGTT GCAGGACCAC TTCTGCGLTC GGCCCTICCGE
GCTGGCTGGT
5041 TTATTGCTGA TAAATCTGGA GCCGGTGAGC GTGGGTCTCG CGGTATCATT
GCAGCACTGG
5101 CCCCNAGNTGG TAAGCCCTCC CGLATCGTAG TTATCTACAC GACGGGGAGT
CAGGCAACTA
5161 TGGATGAACG AAATAGACAG ATCGCTGAGA TAGGTGCCTC ACTGATTAAG
CATTGGTAAC
5221 CGATTCTAGG TGCATTGGCG CAGAAARNAAN TGCCTGATGC GACGCTGCGC
GTCTTATACT
5281 CCCACATATG CCAGATTCAG CAACGGATAC GGCTTCCCCA ACTTGCCCAC
TTCCATACGT
5341 GTCCTCCTTA CCAGAAATTT ATCCTTAAGA TCCCGAATCG TTTAAACTCG
ACTCTGGCTC
5401 TATCGAATCT CCGTCGTTTC GAGCTTACGC GAACAGCCGT GGCGCTCATT
TGCTCGTCGG
5461 GCATCGAATC TCGTCAGCTA TCGTCAGCTT ACCITTTTGG CA
/7
pCRO30 (3EQ ID NO: 22)
CRIGIN
1 GCGATCGCGG CTCCCGACAT CTTGGACCAT TAGCTCCACA GGTATCTTCT
TCCCTCTAGT
61 GGTCATAACA GCAGCTTCAG CTACCTCTCA ATTCAAAADA CCCCTCAAGA
CCCGTTTAGA
121 GGCCCCAAGG GGTTATGCTA TCAATCGTTG CGTTACACAC ACAAAAAACC
AACACACATC
181 CATCTTCGAT GGATAGCGAT TTTATTATCT AACTGCTGAT CGAGTGTAGC
CAGATCTAGT
241 AATCAATTAC GGGGTCATTA GTTCATAGCC CATATATGGA GTTCCGCGTT
ACATAACTTA
301 CGGTAAATGG CCCGCCTGGC TGACCGCCCA ACGACCCCCG CCCATTGACG

MAANTA AMAR



LAl l R
361
GTGGAGTATT
421
ACGCCCCCTA
481
ACCTTATGGG
541
CTGATGCGGT
601
CCAAGTCTCC
661
TTTCCAAAAT
721
TGGGAGGTCT
781
CTACCATCCA
841
tgetgtgtgce
901
TCGTCGAAGG
961
TGACCGTCAT
1021
GCAACATGGC
1081
ATTCCAGATG
1141
TCTGCAAAAG
1201
GCAGCCTCGT
1261
AGCCCGAGAA
1321
TGATCGTCAA
1381
CCAACAGCCC
1441
AACCCAGGAC

1501
GGCTGGTGCA
1561
CCBGCACACE
1621
AARGACAGAC
1681
GAGCI'CTGGA
1741
GCAGGCTCAR
1801
CTTTCACCTT
1861
ABTACGCCGE
1921
CCCTCACACC
1981
ACAGCAAGAT
2041
TGEGCGAGAR
2101
gtageggagg
2161
CGTACCTTCA
2221
GAATGCAGTC
2281
CCATTATARG
2341
TTCAGGGGEGEA
2401
GCCCATCTCT
2461
TTTTTTGETGC
2521
GATGCGACGC
2581

CGTATGTTCC
TACGGTAAAC
TTGACGTCAA
ACTTTCCTAC
TTTGGCAGTA
ACCCCATTGA
GTCGTAACAA
ATATAAGCAG
CTCGACACAC
ccttgeggcy
CATGTCCGGC
GGCCCAGGAC
CGAAGTGAGA
CCCCACACAG
AACCCTGGTG
GACATGTGCC
CCTGGAATAC
CGATACCGGC

TAGAGCCGAA

CGGCCTGGAT
CAACCAATCG
TCACTGGAAC
CCTGGTGEGTG
AGCCGAGATG
GATGGACAAG
TACCAAGATC
ARCEGATGGA
CGTCGGCAGE
GATGCTCcGAG
GARAGATCALC
tagccatcac
GCTCACAGRC
AAARDRPATGC
CTGCAATARA
GGTGTGGGAG
ATCGGTATCG
CCCTCGGGCTC

TGCGCETCTT

CATAGTAACG
TGCCCACTTG
TGACGGTAAA
TTGGCAGCTAC
CATCAATGGG
CGTCAATGGG
CTCCGCCCCA
AGCTGGTTTA
CCGCCAGCgyg
gcagatgccA
GGCACCTGGG
AAGCCTACCG
AGCTACTGCT
GGAGAGGCTT
GACAGAGGCa
AAGTTCGCCT
AGGATCATGC
CACGAGACCG

GCTACACTGG

TTCAGCGACC
TTCCACGACA
AATAAGGAAG
CTGGGAAGCC
GATGGCGCCA
CTGAGGCIGA
CCTGCCGAGA
CCTTGCAAAG
CTGAICACCG
CTCGATCZCCC
CACCATTGGC
caccatcace
ATGATAAGAT
TTTATTIGTG
CAAGTTEACA
GTTTTTTAAA
TAGCATAACC
GGATTGCTAT

ATACTCCCAC

CCAATAGGGA
GCAGTACATC
TGGCCCGCET
ATCTACGTAT
CGTGGATAGC
AGTTTGTTTT
TTGACGCAAA
GTGAACCGTC
cegcecaccat
TCAGGTGCAT
TGGATGTGGT
TCGATATTGA
ATGAGGCCTC
ATCTGGACAA
acggatccGG
GCAGCAAARA
TGTCCGTGCA
ACGAGAACAG

GCGGCTTCGG

CTTTCCATTG
AAGTGTATCA
GGCATTATGC
TAGTCATCGC
GGTTTGACTC
GGCACCAAAA
TGGGCGGTAG
AGATCAGATC
gaaggccaat
TGGAGTCAGC
GCTCGAACAC
GCTGGTGACC
CATCAGCGAT
ACAGTCCGAC
ATGCGGCCTG
GATGACCGGC
TGGATCCCAG
GGCTAAAGTG

AAGCCTGGGC
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ACGTCAATGG
TATGCCAAGT
CCAGTACATG
TATTACCATG
ACGGGGATTT
TCAACGGGAC
GCGTGTACGG
TTTGTCGATC
ctactggtgt
AACAGGGACT
GGCGGATGCG
ACCACAGTGA
ATGGCTTCCG
ACCCAGTACG
TTCGGCAAAG
AAGTCCATCC
CACTCCGGCA
GAGATCACCC

CTGGATTGCG

TGTATTACCT
TCCCCCTGCC
CCCTGGTCGA
AGBAGGGAGL
AGGGCAGGCT
AGEGUGTGAG
CACTGCACGG
TGCCTGCCCA
CCAATCCCGT
CCTTTGGCGA
ACAGAAGCGGE
actgagctag
ACATTGATGA
APATTTGTGA
ACRATANTTG
GCAACTAAAA
CCTTCGGGCC
CTACCGGCAT

ATATGCCAGA

GACCATGAAC
TUGBCALGCT
GTTTAAGGAC
TGTCCACACA
GAGCTCCGGC
CTACAGCCTG
CACCGTCAGT
GATGGCTGTG
CATTACCGAG
CAGCTACATT
CTCCACAGYY
CTTGACTGAC
CTTTGGACAA
TGCTATTGCT
CATTCATTTT
CCTCTACAAR
TCTARACGEE
TGECGCAGAA

TTCAGCAACG

AATAAGCACT
GLCGCCGATA
GCCCACGCCA
GCZCCTGGCCG
CACCTGAAAT
TGCGACCGCCG
GTGGAGGTGC
GATATGCAGA
TCCACCGAGA
GTGATCGGLG
ggtagcggtryg
TGAGATACAG
ACCACAACTA
TTATTTGTAA
ATGTTTCAGG
TGTGGTATTG
TCTTGAGGGG
ARRARTCCCT

SATACGGCTT



CCCCAACTTG
26471
AGCTATCCTG
2701
GACACCACTA
2761
TACCTTGGGC
2821
GTCTGGGTTT
2881
GCACCCCTTC
2941
CCAGGAACCSG
3001
AGCATCACAA
3061
ACCAGGCGTT
3121
CCGGATACCT
3187
GTAGGTATCT
3241
CCGTTCAGCC
3301
GACACGACTT

3361
TAGGCGGTGC
3421
TATTTGGTAT
3481
GATZCGGCAA
3541
CGCECAGAAA
3601
AGTCGAACGA
3661
CCTRGATCCT
3721
CTTGGTCTGA
3781
TTCGTTCATC
3641
TTCAAACCTT
3901
CTTGGICGGC
3961
ATCCCSAATA
4021
ATCTATCCGA
4081
CTCTCAGTGC
4141
GCTTGGGACC
4201
ACCGATCTGT
4261
GCTTTTGCAA
4321
CATTTCCGTG
4381
CCAGAAACGC
1441
ATCGAALTGG
4501
CCAATGATGA
4561
GGGCAAGAGC
4621
CCAGTCACAG
4681
ATAACCATGA
4741
GAGCTAACCC
4801
CCGGBAGCTGA
4861
GCAACAACCT
4921

CCCACTTCCA

CAGGCGA'LCT

GGGGTCAGAA

LTATCGAAACT

CGACTACGCT

AAATCGAZGC

TCCCCCTEGA

GTCCGCCITT

CAGTTCGCTG

CGACCGCTGT

ATCGCCACTG

TACAGAGTTEC

CTGCGCTCTG

ACARACCACC

AAARAGGATCT

AAACTCACGT

TTTAAATTAA

CAGTTACCAA

CATAGTTGCA

TCGTCCGATC

CTTGCGCCTT

TCCGAGATCG

GATCCCACCA

GAGTCTCGAC

CAGGANGTCC

TTAAACCTAG

NCATCTATCA

TCGCCCTTAT

TGGTGAAAGY

ATCTCAACAG

GCACI'I'I'LAA

AACTCGGTCG

AMAAGCATCT

GTGATAACAC

CTTTTTTGCA

ATGAAGCCAT

TGCGETAARCT

TACGTGTCCT

CTCCATTTCG

GTAGTTCATC

TAATTRACCA

CAGAATTGCG

AGTTTCATTT

GCGTTGCTGG

TCAAGTCAGA

AGCTCCCTCG

CTCCCTITCGSE

TAGGTCGTTC

GCCTTATCCG

GCAGCAGCCA

TTGAASTGGT

CTGAASCCAG

GCTGGTAGCG

CAAGAAGATC

TAAGGGATTT

AAATGRAAGTT

TGCTTAATCA

TTTAAATTTC

CATCTTGCAG

GGCTATTGCT

GGATCACCCG

ATATCGARAT

GATCCATATC

AATCGTCAGA

ATATTGATAS

AGAGACAGGA

TCCCITTTTI

AAAACATGCT

CGGTAAGATC

AGTTCTGCTA

CCGCATACAC

TACGGATGEC

TGCGGCCAAC

CAACATHGGG

ACCAAACGAC

ATTAACTGGC

CCTTACCAGA

ATCAAGACAT

AAACTTTCTT

GTCAAGTCAG

TCAGTCAAGT

ABATCATGTG

CGTTTTTICCA

GGTGGCGAAA

TGCGCTCTCC

GAAGCGTGGC

GCTZCAAGCT

GTAACTATCG

CTGGTAACAG

GGCCTAACTA

TTACCTTCGG

GTGGETTTTTT

CTTTGATCTT

TGGTCATGAG

TTAAATCAAT

GTGAGGCACC

CIZAACTCTCC

GCTACCTCTC

TGGCAGTGCC

AGAGAACTTC

CGGGGCECGC

GTTGCTTGGC

TATTGTACLC

TCTSATCGGT

TCASCAGGAG

GCGGCATTIT

GAAGATCAGT

CTTGAGAGTT

TCTGGOGOGG

TATTCTCAGA

ATGACAGTAA

TTACTTCTGA

CATCATIGTAA

CAGCGTIGACA

GAACTACTTA

AATTTATCCT

TCCTTTAATG

CCCTCCCTAA

CTACTTGGCG

TCGATCTGGT

AGCAAANGGC

TAGGCTCCGE

CCCGACAGGA

TGTTCCGACC

GCTTTCTCAT

GGGCTGTGTG

TCTTGAGTCC

GATTAGCAGA

CGGCTACACT

AAARAGAGTT

TGTTTGCAAG

TTCTACGGCC

ATTATCAARAA

CTAAACTATA

TATCTCAGCG

M\GGCCCTCG

GRACGAACTA

TATCGCCAGG

AACCTACATC

ClGGEIGTACC

AGTCAGCCAG

AAGCCTGGETC

CAACGTATAA

GCTTTCGCAT

GCCTTCCTGT

TGGGETGCGCG

TTCGCCCCGA

TATTATCCCG

ATGACTTGGT

GAGAATTATG

CAACGATTGGE

CTCGCCTTGA

CCACGATGCC

CTCTAGCTTC
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TARGGTCGTC

CTCTTTTCTG

TICTCATTGGT

AGATCGACTT

CCTTGCTATT

CAGCAAAAGG

CCCCCTGACG

CTATAAAGAT

CTGCCGCTTA

AGCTCACCCT

CACGAACCCC

AMCCCGCTAN

GCGAGGTATG

AGAAGAACAG

GGTACITCTT

CAGCAGATTA

TCTGACGCTC

AGGATCTTCA

TATGAGTAAN

ATCTGTCTAT

TCGGAAAATC

TCGCAAGTCT

TATTACTCCA

CTCAATCCCG

GAGAACGATC

TCGGAATCCA

ACGGCAGCGET

TCGAGTCCTA

GAGTATTCAA

TTTTCCTCAC

AGTGCEGTTAC

AGAACGCTTT

TATTGACGCC

TGAGTATTCA

CAGTGCTGCC

AGGACCGAAG

TCGTTGEGAR

TGTAGCAATG

CCGGCARACAG



TTGATAGALT

DK/EP 3458471 T3

4981 GGATGGAGGC GGATAAAGTT GCAGGACCAC TTCTGCGCTC GGCCCTICCG
GCTGGCTGGT
5041 TTATTGCTGA TAAATCTGGA GCCGGTGAGC GTGGGTCTCG CGGTATCATT
GCAGCACTGG
5101 GGCCAGATGG TAAGLCCLCC CGTATCGTAG TTATCTACAC GACGGGGAGT
CAGGCAACTA
5161 TGGATGAACG AAATAGACAG ATCGCTGAGA TAGGTGCCTC ACTGATTAAG
CATTGGTAAC
5221 CGATTCTAGG TGCATTGGCG CAGADARAAR TGCCTCATGC GACGCTGCGL
GTCTTATACT
5281 CCCACATATG CCAGATTCAG CAACGGATAC GGCTTCCCCA ACTTGCCCAC
TTCCATACGT
5341 GTCCTCCTTA CCAGARATTT ATCCTTAAGA TCCCGRATCG TTTRAACTCG
ACTCTGGCTC
5401 TATCGAATCT CCGTCGTTTC GAGCTTACGC GAACAGCCGT GGCGCTCATT
TGCTCGTCGG
5461 GCATCGAATC TCGTCAGCTA TCGTCAGCTT ACCTTTTTGG CA
//
pCRO31 (SEQ ID NO: 23)
RIGIN
1 GCGATCGCGE CTCCCGACAT CTTGGACCAT TAGCTCCACA GGTATCTTCT
TCCCTCTAGT
6l GGTCATAACA GCAGCTTCAG CTACCTCTCA ATTCAAAARA CCCCTCAAGA
CCCGTTTAGA
121 GGCCCCARGE GGTTATGCTA TCAATCGTTG CGTTACACAC ACAAARAAACC
ARCACACATC
181 CATCTTCGAT GGATAGCGAT TTTATTATCT AACTGCTGAT CGAGTGTAGC
CAGATCTAGT
241 AATCAATTAC GGGGTCATTA GTTCATAGCC CATATATGGA GTTCCGCETT
ACATAACTTA
301 CGGTAAATGG CCCGCCTGGC TGACCGCCCA ACGACCCCCG CCCATTGACG
TCAATAATGA
361 CGTATGTTCC CATAGTAACG CCAATAGGGCA CTTTCCATTG ACGTCAATGG
GTGGAGTATT
421 TACGGTARAC TGCCCACTTG GCAGTACATC AAGTGTATCA TATGCCAAGT
ACGCCCCCTA
481 TTGACGTCAA TGACGGTAAA TGGCCCGCCT GGCATTATGC CCAGTACATG
ACCTTATGGG
541 ACTTTCCTAC TTGGCAGTAC ATCTACGTAT TAGTCATCGC TATTACCATG
CTGATGCGGT
601 TTTGGCAGTA CATCAATGGG CGTGGATAGC GGTTTGACTC ACGGGGATTT
CCARGTCTCC
661 ACCCCATTGA CGTCAATGGG AGTTTGTTTT GGCACCAAAA TCAACGGGAC
TTTCCAARAT
721 GTCGTAACAA CTCCGCCCCA TTGACGCAAA TGGGCGGTAG GCGTGTACGG
TGGGAGGTCT
781 ATATAAGCAG AGCTGGTTTA GTGAACCGTC AGATCAGATC TTTGTCGATC
CTACCATCCA
841 CTCGACACAC CCGCCAGCgy cegecacceat gaaggccaat ctactggtgt
tgetgtgtge
901 ccttgeggeg  geagatgcchA  TCAGGTGCAT  TGGAGTCAGC — AACAGGGACT
TCGTCGAAGG
961 CATGTCCGGC GGCACCTGGG TGGATGTGGT GCTCGARCAC GGCGGATGCG
TGACCGTCAT
1021 GGCCCAGGAC AAGCCTACCG TCGATATTGA GCTGGTGACC ACCACAGTGA
GCAACATGGC
1081 CGAAGTGAGA AGCTACTGCT ATGAGGCCTC CATCAGCGAT ATGGCTTCCG
ATTCCAGATG
1141 CCCCACACAG GGAGAGGCTT ATCTGGACAA ACAGTCCGAC ACCCAGTACG
TCTGCAAAAG
1201 AACCCTGGTG GACAGAGGCT GGGGARAACGG ATGCGGCCTG aacggatecis
GCAGCCTCGT
1261 GACATGTGCC AAGTTCGCCT GCAGCAAAAA GATGACCGGC AAGTCCATCC
AGCCCGAGAA
1321 CCTGGAATAC AGGATCATGC TGTCCGTGCA TGGATCCCAG CACTCCGGCA
TGATCGTCAA
1381 CGATACCGGC CACGAGACCG ACGAGAACAG GGCTAAAGTG GAGATCACCC
CCAACAGCCC
1441 TAGAGCCGAA GCTACACTGG GCGGCTTCEG AAGCCTGGGC CTGGATTGCCG

AMACCCAGGAC



1501
GGCTGETGCA
1561
CCGGCACACC
1621
AAAGACAGAC
1681
GAGCTCTGGA
1741
GCAGGCTCAA
1801
CTTTCACCTT
1861
AATACGCCGG
1921
CCCTCACACC
1981
ACAGCAAGAT
2041
TGGGCGAGAA
2101
gtageggagy
2161
CGTACCTTCA
2221
CGANTGCAGTC
2281
CCATTATAAG
2341
TTCAGGGGGA
2401
GCCCATCTCT
2461
TTTTTTGLGC
2521
GATGCGACGC
2581
CCCCAACTTG
2641
AGCTATCCTG
2701
GACACCACTA
2761
TACCTTGGGC
2821
GTCTGGGTTT
2881
GCACCCGTTC
2941
CCAGGAACCG
3001
AGCATCACAA
3061
ACCAGGCGTT
3121
CCGGATACCT
3181
GTAGGTATCT
3241
CCGTTCAGCC
3301
GACACGACT™

3361
TAGGCGGTGC
3421
TATTTGGTAT
3481
GATCCGGCAA
3511
CGCCCAGAAA
3601
AGTGGAACGA
3661
CCTAGATCCT
3721
CTTGGTCTGA
3781

CGGCCTGGAT

CAAGGAATGG

TCACTGGAAC

CGTGGTGGTG

AGCCGAGATG

GATGGACAAG

TACCAAGATC

ARACCGATGGA

CGTCGGCAGG

GATGCTCGAG

GAAGATCACC

tagccatcac

GCTCACAGAC

AARAARAATGC

CTGCAATARA

GGTGTCGGGAG

ATCGGTATCG

CCCTCGGGLT

TGCGCCTCTT

CCCACTTCCA

CAGGCGATCT

GGGGTCAGAA

TATCGAAACT

CGACTACGCT

TCCGATTACG

TAARAAGTCC

AAATCGATGC

TCCCCCTSGA

GTCCGCCITT

CAGTTCGCTG

CGACCGCTGC

ATCGCCACTG

TACAGAGTTC

CTGCGCTCTG

ACARACCACC

AARRAGGATCT

AAACTCACGT

TTTAAATTAA

CAGTTACCAA

TTCAGCGACC

TTCCACGACA

AARTAAGGAAG

CTGGGAAGLT

GATGGCGCTA

ClGAGGLTGA

CCTGCCGAGA

CCTTGCCAAAG

CTGATCACCG

CTCGATZCCC

CACCATTGGC

caccatcacc

ATGATAAGAT

TTTATTIGTG

CAAGTTAACA

GTTTTTTAAA

TAGCATRAACC

GGATTGCTAT

ATACTCCCAC

TACGTGTCCT

CTCGATTTCG

GTAGTTCATC

TAATTAACCA

CAGAATTGCG

AGTTTCATTT

GCGTTGCTGGE

TCAAGTCAGA

AGCTCCCTCG

CTCCCITCGG

TAGGTCGTTC

GCCTTATCCG

GCAGCAGCCA

TTGAAGTGGT

CTGAABCCAG

GCTGGTAGCE

CARGAAGATC

TAAGGGATTT

AAATGAAGTT

TGCTTAATCA

TGTATTACCT
TCCcCeersee
CCCTGGTCGA
AGGAGGGAGT
AGGGCAGECT
AGGGCGTGAG
CACTGCACGG
TGCCTGCCCA
CCAATCCCGT
CCTTTGGCGA
ACAGAAGCGE
aclgagctay
ACATTGATGA
ARATTTGCTGA
ACAAZANTTG
GCAACTRAAA
CCTTCEGGGCC
CTACCGGCAT
ATATGCCAGA
CCTTACCAGA
ATCAAGACAT
AAACTTTCTT
GTCAAGTCAG
TCAGTCAAGT
ARATCATGTG
CGTTTTTCCA
GGTGGCGARA
TGCGCTCLICC
GAAGCGTGGC
GCLUCCAAGCT

GTARCTATCG

CTGGTAACAG
GGCCTIAACLA
TTACCTTCGG
GTGGTTTTTT
CTTTGATCTT
TEGTCATGAG
TTAAATCAAT

GTGAGGCACC

GRCCATCAAC
TTGECATGCT
GTTTAAGGAC
TGTCCACACA
GAGCTCCGGC
CTACAGCOTG
CACCGTCACC
GATGGCTGTG
CATTACCGAG
CAGCTACATT
CTCCACAYYY
CTTGACTGAC
CTTTGGACAA
TGCTATTGCT
CATTCATTTT
CCTCTACARR
TCTARACGEG
TGICGCAGAA
TTCAGCAACE
AATTTATCCT
TCCTTTAATG
CCCTCCCTAR
CTACTTGGCG
TCGATCTGEL
AGCAARRGGC
TAGECLCCET
CCCGACAGGA
TGTTCCGACE
GCTTTCTCAT
GEGCTETETG

TCTTGAGTCC

GATTAGCAGA
CGGCTACACT
AAAAAGAGTT
TGTTTGCARG
TTCTACGGGG
ATTATCAARA
CTAAAGTATA

TATCTCAGCG
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AATAAGCACT
GECGCCGATA
GCCCACGCCA
GOCCTGGCCGE
CACCTGAAAT
TGCACCGCCG
GTGGAGGTGC
GATATGCAGA
TCCACCGAGA
GTGATCGGCG
ggtageggty
TGAGATACAG
ACCACAACTA
TTATTTGTAA
ATGTTTCAGG
TGTCCTATTC
TCTTGAGGGG
AANRAATGCCT
GATACGGCTT
TANGGTCGTC
CTCTTTTCTG
TCTCATTGGT
AGATCGACTT

CCTTGCTATT

CTATAAAGAT
CTGCCGCTTA
AGCTCACGCT
CACGAACCCC

ARCCCGGTAA

GCGAGGTATG
AGARAGRACAG
GGTAGCTCTT
CAGCAGATTA
TCTGACGCTC
AGGATCTTCA
TATGAGCTAAN

ATCTGTCTAT



TICGECATE
3841
TTCAAACCTT
3901
CTTGGCCGGEC
3961
ATCCCGAATA
4021
ATCTATCCGA
4081
CTCTCAGTGC
4141
GCTTGGGACC
4201
ACCGATCTGT
4261
GCTTTTGCAA
4321
CATTTCCGTG
4381
CCAGAAACGC
4441
ATCGAACTGG
4501
CCAATGATGA
4561
GGGCAAGAGC
4621
CCAGTCACAC
4681
ATAACCATGA
4741
CACCTAACCG
4801
CCGGAGCTGA
4861
GCAACAACCT
4921
TTGATAGACT
4981
GCTGGCIGEL
5041
GCAGCACTGG
5101
CAGGCAACTA
5161
CATTGGTAAC

5221
GTCTTATACT
5281
TTCCATACGT
5341
ACTCTGGCTC
5401
TGCTCGTCGG

CATAGTTGCA

TCGTCCGATC

CTTGCGCCTT

TCCGAGATCG

GATCCGAGGA

GAGTCTCGAC

CAGGAAGTCC

TTAAACCTAG

ACATCTATCA

TCGCCCTTAT

TGGTGAARGT

ATCTCAACAG

GCACTTTTAA

AACTCGGTCG

AMAAAGCATCT

GTGATAACAC

CTTTTTTGCA

ATGAAGCCAT

TGCGTAAACT

GGATGGAGGC

TTATTGCTGA

GGCCAGATGG

TGGATGAACG

CGATTCTAGG

CCCACATATG

GTCCTCCTTA

TATCGAATCT

TTTAAATTTC

CATCTTGCAG

GGCTATTGCT

GGATCACCCGE

ATATCGAAAT

GATCCATATC

AATCGTCAGA

ATATTGATAS

AGAGACAGGA

TCCCITTTTT

ARAACATGCT

CGGTAAGATC

AGTTCTGCTA

CCGCATACAC

TACGGATGGC

TGCGGCTAAC

CAACATSGGG

ACCAAATZGAC

ATTAACTGGC

GGATAAAGTT

TAAATCTGGA

TAAGECCTCC

AAATAGACAG

TGCATTGGCG

CCAGATTCAG

CCAGAAATTT

CCGTCGTTTC

CGAACTCTCC

GCTACCTCTC

TCGCAGTGCC

AGAGAACTTC

CGGGGCECET

GTTGCTTGGC

TATTGTACTC

TCTSATCGET

TCAGCAGGAG

GCGGCATTTT

GAAGATCAGT

CTTGAGAGTT

TGTGGCGCGGE

TATTCTCAGA

ATGACAGTAA

TTACTTCTGA

CATCATIGTAA

CAGCGIGACA

GAACTACTTA

GCAGGACCAC

GCCGGTGAGC

CGTATCGTAG

ATCGCTGAGA

CAGAAARARA

CAACGGATAC

ATCCTTAAGA

GAGCTTACGC
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AAGGCCCTCG TCGGAAAATC
GAACGAACTA TCCCAAGTCT
TATCGCCAGG TATTACTCZCA
AACCTACATC CTCAATCCCG
CTGGTGTACC GAGAACGATC
AGTCAGCCAG TCGGAATCCA
AAGCCTGGTC ACGGCAGCGT
CAACGTATAA TCGAGTCCTA
GCTTTCGCAT GAGTATTCAA
GCCTTCCTGT TTTTCCTCAC
TGGGETGECGCE AGTGCGTTAC
TTCGCCCCCA ACAACGCTTT
TATTATCCCG TATTGACGCC
ATCACTTCGT TGAGTATTCA
GAGAATTATG CAGTGCTGCC
CAACGATTGG AGGACCGAAG
CTCGCCTTGA TCGTTGEGAA
CCACGATGCC TGTAGCAATG
CTCTAGCTTC CCGGCAACAG
TTCTGCGCTC GGCCCTICCG
GTGGGTCTICG CGGTATCATT
TTATCTACAC GACGGGGAGT
TAGGTGCCTC ACTGATTAAG
TGCCTGATGC
GGCTTCCCCA
TCCCGAATCG
GAACAGCCGT

5461 GCATCGAATC TCGTCAGCTA TCGTCAGCTT ACCTTTTTGG CA

’/

GACGCTGCGC

ACTTGCCCAC

TTTAAACTCG

GGCGCTCATT

Hyperglycosylated exodomain D1 (from pCRO21) (SEQ ID NO: 24)

Hyperglycosylated exodomain D2 (from pCR0O22) (SEQ ID NO: 25)

Hyperglycosylated exodomain D3 (from pCRO23) (SEQ ID NO: 26)

Hyperglycosylated exodomain D4 (from pCRO24) (SEQ ID NO: 27)

Hyperglycosylated exodomain Zika(from pCRO28) (SEQ ID NO: 28)
SEQ ID NO: 24 >DENV1 Eexo = pCRO21
MRCVGIGNRDEVEGLSGATWVDVVLEHGSCVTTMAKDKPTLDIELLKTEVINPAVLRKLCIEAKISNTTTDSRC
PTOGEATLVEEQDSNEFVCRRT FVDRGNGSGCGLNGSGSLLTCAKFKCVTKLEGKIVOYENLRKYSVIVTVHTGDO
HOVGNETTEHGTIATITPQAPTSEIQLTDYGALTLDCSPRTGLDEFNEMVLLTMKEKSWLVHKOWEFLDLPLPWTS
GASTSQETWNRODLLVTFKTAHAKKQEVVVLGSQEGAMHTALTGATEIQTSGTTTIFAGHLKCRLKMDKLTLKG
MSYVMCTGSFKLEKEVAETQHGTVLVOVKYEGTDAPCKIPFSAQDEKGVTONGRLITANPIVTDKEKPVNIETE
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PPFGESYIVVGAGEKALKLSWFKKGSTGGGSHHHHHHE

SEQ ID NO: 25 >DENVZ Eexo = pCRO22
MRCIGISNRDFVEGVSGGSWVDIVLEHGSCVITMAKNKPTLDFELIKTEAKQPATLRKYCIEAKLTNTTTESRC
PTQGEPSLNEEQDKREVCKHSMVDRGNGSGCGLNGSGGIVICAMEFTCKKNMEGKVVQPENLEYTIVITPHIGEE
HAVGNDTGKHGKEIKITPQSSITEAELTGYGTVIMECSPRTGLDENEMVLLOMENKAWLVHROWELDLPLEPWLP
GADTQGSNWIQKETLVTFRNPHAKKQDVVVLGSQEGAMHTALTGATEIQMS SGNLLFTGHLKCRLRMDKLQLKG
MSYSMCTGKEFKVVKEIAETQHGTIVIRVQYEGDGSPCKIPFEIMDLEKRHVLGRLITVNPIVTEKDSPVNIEAE
PPEGDSYIIIGVEPGQLKLNWFKKGS SGGGSHHHHHH

SEQ ID NO: 26 >DENV3 Fexo = pCRO23
MRCVGVGNRDEVEGLSGATWYDVVLEHGGCVTTMAKNKPTLDIELOQKTEATQLATLRKLCIEGKITNITTDSRC
PTQGEAVLPEEQDONYVCKHTYVDRGNGSGCGLNGSGSLVTCAKFQCLEPTIEGKVVOYENLKYTVIITVHTGDQ
HOVGNETQGVTAEITPQASTTEAILPEYGTLGLECSPRTGLDEFNEMI LLTMKNKAWMVHROWEFDLPLPWASGA
TTETPTWNRKELLVTFRNAHAKKQEVVVLGSQEGAMHTALTGATEIQNSGGT SIFAGHLKCRLKMDKLELKGMS
YAMCTNTEVLEKKEVSETQHGTILIKVEYKGEDAPCKI PFSTEDGQGKAHNGRLITANPVVTKKEEPVNIEAEPP
FGESNIVIGIGDNALKINWYKKGSSGGGSHHHHHE

SEQ ID NO: 27 >DENV4 Eexo = pCROZ4
MRCVGVGNRDFVEGVSCCAWVDLVLEHGGCVTTMAQGKPTLDFELTKTTAKEVALLRTYCIEASISNITTATRC
PTQGEPYLKEEQDQQYICRRDVVDRGNGSGCGINGSGGVVTCAKFSC3GRKITGNLVQIENLEYTVVVTVHNGDT
HAVGNDTSNHGVTAMITPRSPSVEVKLPDYGELTLDCEPRSGIDFNEMI LMKMKKKTWLVHKQWE LDLPLPWTA
GADTSEVHWNYKERMVTFKVPHAKRQDVTVLGSQEGAMHSALAGATEVDSGDGNHMFAGHLKCKVRMEKLRIKG
M3YTMCSGKEFSIDKEMAETQHGTTVVKVKYEGAGAPCKVPIEIRDVNKEKVVGRILIS3TPLAENTNSVINIELE
PPEGDSYIVIGVGNSALTLHWFRKGSSGGGSHHHHHHE

SEQ ID NO: 28 >ZIKV _Eexo = pCRQ25
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVTTTVSNMARVRSYCYEASTISDMASDSRC
PTQGEAYLDKQSDTQYVCKRTLVDRGNGSGCGLNGSGS LVICAKFACSKKMTGKSIQPENLEYRIMLSVHGSQH
SGMIVNDTGHETDENRAKVEITPNSPRAEATLGGEGS LGLDCEPRTGLDEFSDLYYLTMNNKHWLVHKEWFHDIP
LPWHAGADTGTPHWNNKEALVEFKDAHAKRQTVVVLGSQEGAVHTALAGALEAEMDGAKGRLS 3SGHLKCRLKMD
KLRLKGVSYSLCTAAFTEFTKIPAET LHGTVIVEVQYAGTDGPCKVPAOMAVDMOTLTPVGRLITANPVITESTE
NSKMMLELDPPEFGDSYIVIGVGEKKITHHWHRSGSTGGSGGSGGSHHHEHHE

SEQ ID NO: 29 >DENV1 Eexo 2.1 (single sequon W10IN;N1033) [= insert for
PCRO26 plasmid]
MRCVGIGNRDFVEGLSGATWVDVVLEHGSCVITMAKDKPTLDIELLKTEVTNPAVLRKLCIEAKXISNTTTDSRC
PTQGEATLVEEQDSNFVCRRTFVDRGNGSGCGLFGKGSLLTCAKFKCVTKLEGKIVQYENLEYSVIVTVHTGDQ
HQVGNETTEHGTIATITPQAPTSEIQLTDYGALTLDCSPRTGLDENEMVLLTMKEKSWLVHKQWELDLPLPWTS
GASTSQETWNRODLLVTEFKTAHAKKQEVVVLGSQEGAMHTALTGATEIQTSGTTTI FAGHLKCRLKMDKLTLKG
MSYVMCTGSFRKLEKEVAETQHGTVLVQVKYEGTDAPCKI PFSAQDERKGVTONGRLITANPIVTDKEKPVNIETE
PPFGESYIVVGAGEKALKLSWFKKGSTGGGSHHHHEH

SEQ ID NO: 30 >DENV1 Eexo 2.2 (single sequon F108N;K1103) [= insert for
pCRO27 plasmid]
MRCVGIGNRDEFVEGLSGATWVDVVLEHGSCVITMAKDKPTLDIELLEKTEVINPAVLREKLCIEAKISNTTTDSRC
PTQGEATLVEEQDSNFVCRRTFVDRGWGNGCGLNGSGSLLTCAKFKCVTKLEGKIVQYENLEYSVIVTVHTGDY

HOVGNETTEHGTIATITPQAPTSEIQLTDYGALTLDCSPRTGLDEFNEMVLLTMKEKSWLVHKQWEFLDLPLPWT S
GASTSOETWNRODLLVIFKTAHAKKQEVVVLGSQEGAMHTALTGATEIQTSGTTTIFAGHLKCRLKMDKLTLKG
MSYVMCTGSFKLEKEVAETQHGTVLVQVEYEGTDAPCKIPEFSAQDEKGVTONGRLITANPIVIDKEKPVNIETE
PPECESYIVVCAGEKALKLSWEKKGSTCCGGCSHHHHEE

SEQ ID NO: 31 >ZIKV Eexo 2.1 (single sequon GLOON;WLOlH;Gl02T) = insert
for pCRO28 plasmid]

TRCTIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDI ELVTTTVSNMAEVRSYCYEASTSDMASDSRC
PTQGEAYLDKQSDTQYVCKRTLVDRNHTNGCGLEGKGSLVTCAKFACSKKMTGKSIQPENLEYRIMLSVHGSQH
SGMIVNDTGHETDENRAKVEITPNSPRAEATLGGFGSLGLDCEPRTGLDESDLYYLTMNNKHWLVHKEWFHDI P
LPWHAGADTGTPHWNNKEALVEFKDAHAKROTVVVLGSQEGAVHTALAGALEAEMDGAKGRLSSGHLKCRLKMD
KLRLKGVSYSLCTAAFTFTKIPAETLHGTVTVEVQYAGTDGPCKVPAQMAVDMOTLTPVGRLITANPVITESTE
NSKMMLELDPPFGDSYIVIGVGEKKITHHWHRSGSTGGIGGSGGSHHHEHH

SEQ ID NO: 32 »ZIKV Eexo 2.2 (single sequon L107N;F108H;Gl09T) [= insert
for pCRO29 plasmid]_
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVTTTVSNMAEVRSYCYEASI SDMASDSRC
PTOGEAYLDEQSDTOYVCKRTLVDRGWGNGCGNHTKGS LVTCAKFACSKEMTGRKSIQPENLEYRIMLSVHGSQH
SGMIVNDTGHET DENRARKVEITPNSPRARAT LGGFGSLGLDCEPRTGLDEFSDLYYLTMNNKHWLVHKEWFHDT P
LPWHAGADTGTPEWNNKEALVEFKDAHAKRQTVVVLGSQEGAVHTALAGALEAEMDGAKGRLSSGHLKCRLEKMD
KLRLKGVSYSLCTAAFTFTKIPAETLHGTVIVEVQYAGTDGPCKVPAQMAVDMOTL.TPVGRLITANPVITESTE
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NOAMMLELDPPFODSY LV LIOVOERKLITHAWARKS LS T0LoLLOLOIHAARAR

SEQ ID NO: 33 >2TIKV_Eexo 2.3 (single sequon W101N;N1038) [= insert for
PCRO30 plasmid]

TRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDRKPTVDI ELVTTTVSNMAEVRSYCYEAST SDMASDSRC
PTQGEAYLDKQSDTQYVCKRTLVDRGNGSGCGLFGKGSLVTCAKFACSKKMTGKSIQPENLEYRIMLSVHGSQH
SGMIVNDTGHETDENRAKVETTPNSPRAEATLGGFGSLGLDCEPRTGLDFSDLYYLTMNNKHWLVHKEWEFHDT P
LPWHAGADTGTPHWNNKEALVEFKDAHAKROQTVVVLGSQEGAVHTALAGATLEAEMDGAKGRLS SGHLKCRLKMD
KLRLKGVSYSLCTAAFTFTKIPAETLHGTVTVEVQYAGTDGPCKVPAQMAVDMQTLTPVGRLITANPVITESTE
NSKMMLELDPPEFGDSYIVIGVGEKKITHHWHRSGSTGGSGGSGGSHHIHHHE

SEQ ID NO: 34 >ZIKV_Eexo 2.4 (single sequon FLl08N;K110S) [= insert for
PCRO31 plasmid]
IRCIGV3SNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVTTTVSNMAEVRSYCYEASISDMASDSRC
PTQGEAYLDKOSDTOYVCKRTLVDRGWGNGCGLNGSGSLVTCAKFACSKKMTGKSIQPENLEYRIMLSVHGSQOH
SGMIVNDTGHETDENRAKVEITPNSPRAEBATLGGFGSLGLDCEPRTGLDFSDLYYLTMNNKHWLVHKEWFHDIP
LEWHAGADTGTPHWNNKEALVEFKDAHAKROTVVVLGSQEGAVHTALAGALEAEMDGAKGRLSSGHLKCRLKMD
KLRLKGVSYSLCTAAFTETKIPAETLHGTVIVEVQYAGTDGPCKVPAQMAVDMOTLTPVGRLITANPVITESTE
NSEMMLELDPPFGDSYIVIGVGEKKITHHWHRSGSTGGSGGSGGSHHHHHHE
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Patentkrav

1. Isoleret rekombinant analog af en flavivirus-E-protein-
fusionsslegjfe ifglge SEQ ID NO: 1, hvilken analog omfatter
mindst ét glycosyleringssted for en N-bundet glycan, som ikke
er til stede i en naturlig flavivirus-E-protein-
fusionsslgjfesekvens ifglge SEQ ID NO: 1, hvor det mindst ene
glycosyleringssted er en N-bundet glycosylerings-sequon Asn-X-
Ser/Thr, der er substitueret sadledes, at Asn (N)-resten 1
sequon'en forefindes i en hvilken som helst af positionerne
98-110 DRGWGNGCGLFGK 1 den naturlige flavivirus-E-protein-
fusionsslgjfe-aminosyresekvens ifglge SEQ ID NO: 1, hvor X er
en hvilken som helst aminosyrerest bortset fra prolin, og

Ser/Thr angiver en serin- eller threoninrest.

2. Isoleret rekombinant analog af en flavivirus-E-protein-
fusionsslegjfe 1ifelge krav 1, hvilken analog omfatter to
glycosyleringssteder, som ikke er til stede 1 en naturlig

flavivirus-E-protein-fusionsslgjfesekvens (SEQ ID NO: 1).

3. Isoleret rekombinant analog af et flavivirus-E-protein,
som omfatter analogen af en flavivirus-E-protein-fusionsslgjfe

ifeglge krav 1 eller krav 2.

4, Analog ifelge et hvilket som helst af de foregadende krav,

som har mindst én N-bundet glycan bundet til sig.

5. Analog ifelge et hvilket som helst af de foregadende krav,
som er produktet af ekspression af en rekombinant DNA- eller
RNA-sekvens.

6. Analog ifelge et hvilket som helst af de foregadende krav,
som omfatter en N-bundet glycosylerings-sequon Asn-X-Ser/Thr,
sdledes at en Asn (N)-rest i sequon'en forefindes i en hvilken

som helst af positionerne 98-101 og/eller 106-110.

7. Analog ifglge et hvilket som helst af de foregaende krav,

hvor X er en hvilken som helst af de fezlgende 13
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aminosyrerester Gly, His, Asn, Gln, Tyr, Val, Ala, Met, Ile,
Lys, Arg, Thr eller Ser.

8. Analog ifelge et hvilket som helst af de foregadende krav,
hvor flavivirus-E-proteinet er et dengue-virus-E-protein, og
Asn (N)-resten 1 en sequon forefindes 1 position 101, 108
eller bade 101 og 108 i aminosyresekvensen for flavivirus-E-
protein-fusionsslgjfen, eller flavivirus-E-proteinet er et
zika-E-protein, og Asn (N)-resten 1 en sequon forefindes 1
position 100 i aminosyresekvensen for flavivirus-E-protein-

fusionsslgjfen.

9. Analog ifelge et hvilket som helst af de foregadende krav,
hvor flavivirusset er et dengue-virus, og aminosyresekvensen
for analog-flavivirus-E-protein-fusionsslgjfen 98-110 er valgt
blandt: DRGNGSGCGLNGS, DRGNGSGCGLFGK og DRGWGNGCGLNGS, eller

hvor flavivirusset er et zika-virus, og aminosyresekvensen for

analog-flavivirus-E-protein-fusionsslgjfen 98-110 er
DRNHTNGCGLFGK.

10. Isoleret rekombinant DNA- eller RNA-sekvens, som
omfatter:

(a) en sekvens, som koder for en analog af en flavivirus-E-
protein-fusionsslejfe 1ifolge et hvilket som helst af kravene
1-9,

(b) en isoleret rekombinant DNA-sekvens 1ifwglge krav 10 (a),
som er en vaccine pa plasmidbasis eller linesxr DNA-basis,
eller

(c) en isoleret rekombinant DNA-sekvens ifelge krav 10 (a)
eller 10 (b), som koder for en analog af en flavivirus-E-
protein-fusionsslejfe 1ifolge et hvilket som helst af kravene

1-9 under en pattedyrpromotors kontrol.

11. Vertscelle:

(a) som omfatter en DNA- eller RNA-sekvens ifglge krav 10,

(b) som er en eukaryot vartscelle, der omfatter en DNA-sekvens
ifeglge krav 10 (a) eller et vaccineimmunogen pa plasmidbasis

eller lineer DNA-basis ifelge krav 10 (b) eller en isoleret
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rekombinant DNA-sekvens ifglge 10 (c), eller

(c) som er en vaertscelle ifglge krav 11 (a) eller 11 (b), der
er 1 stand til at:

(i) udtrykke en analog ifolge et hvilket som helst af kravene
1-9 eller

(ii) udtrykke og glycosylere en analog ifglge et hvilket som

helst af kravene 1-9.

12. Fremgangsmade til fremstilling af en analog ifelge et
hvilket som helst af kravene 1-9, hvilken fremgangsmade
omfatter dyrkning af en veartscelle ifglge krav 11 under
betingelser, som er egnede til ekspression af analogen, og

isolering af analogen.

13. Sammensatning:

(a) som omfatter en analog ifwlge et hvilket som helst af
kravene 1-9 og et fortyndingsmiddel, eller

(b) som er en immunogen (vaccine-) sammensatning, der er 1
stand til at fremkalde et immunologisk respons hos et individ,
der har faet indgivet sammensatningen, hvilken sammensatning
omfatter en analog ifwlge et hvilket som helst af kravene 1-9
sammen med et farmaceutisk acceptabelt fortyndingsmiddel, en
farmaceutisk acceptabel adjuvans og/eller en farmaceutisk

acceptabel be&rer.

14. Sammensatning ifglge krav 13, som omfatter:

(i) en eller flere flavivirus-analoger valgt blandt en analog
af DEN-1, en analog af DEN-2, en analog af DEN-3, en analog af
DEN-4 og en analog af zika,

(ii) fire dengue-analoger, som reprasenterer hver af de fire
dengue-virus-serotyper DEN-1, DEN-2, DEN-3 og DEN-4,

(iii) en zika-virus-analog eller

(iv) fire dengue-analoger, som reprasenterer hver af de fire
dengue-serotyper DEN-1, DEN-2, DEN-3 og DEN-4, og en zika-

virus-analog.

15. Bindingsmolekyle, som er 1 stand til at binde sig

specifikt til en analog ifelge et hvilket som helst af kravene
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1-9, hvor bindingsmolekylet er wvalgt blandt et antistof eller
et fragment deraf, et domzneantistof, en proteingrundstruktur

0g en aptamer.

16. Analog, sammensatning eller bindingsmolekyle 1ifglge et
hvilket som helst af kravene 1-9, 13, 14 eller 15 til
anvendelse:

(a) som laegemiddel,

(b) som wvaccine,

(c) wved profylaktisk eller terapeutisk behandling af en
flavivirus-infektion,

(d) til fremstilling af et lzgemiddel til profylaktisk eller
terapeutisk behandling af en flavivirus-infektion,

(e) til Dbeskyttelse af et 1individ mod infektion med et
flavivirus,

(f) som diagnostikum.

17. Diagnostisk kit, som omfatter en analog, en sammensatning
eller et Dbindingsmolekyle 1fglge et hvilket som helst af
kravene 1-9, 13, 14 eller 15 og et reagens, der er i stand til
at pavise et immunologisk (antigen-antistof-) kompleks, som
indeholder den isolerede analog eller det isolerede
bindingsmolekyle, hvilket kit eventuelt endvidere omfatter en
eller flere kontrolstandarder og/eller et
preovefortyndingsmiddel og/eller en vaskebuffer; eventuelt hvor
analogen og/eller bindingsmolekylet er immobiliseret pa en
fast barer, f.eks. en mikropladebrend; eventuelt hvor et
immuncologisk kompleks, som indeholder den 1isolerede analog
eller det isolerede bindingsmolekyle, pavises ved hjalp af

ELISA eller lateral stremning.
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Western blot of wild type (left of each pair} and
hyperglycosylated forms of dengue and Ziks E-
protein exodomains, +2 = plus two additional
glycans, +1 = plus one additional glycan
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Dengue convalescent serum
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Fig. 8
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