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The present invention is related with the human and veterinary nedicine
field, in 5 particular, with new chineric antigens, which conprise the
virus subunits of Avian Influenza virusy coupled to co-stinulatory

nol ecul es that enhance both the hunoral and cellular i mune system
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The virus responsible of Avian Influenza pertains to the Ortomixoviridae family.
Influenza viruses are divided in A, B and C types based on its antigenic differences.

25 ts .genetic material is ribonucleic acid (ARN) of negative polarity, segmented.
Influenza viruses A and B, have 8 segments, while C influenza virus has 7 segments
only. The fact that the virus genome will be segmented favors genetic recombination,
originating a virus with characteristics different from the original (Capua; Alexander
(2004) Avian Influenza: Recent Developments. Avian Pathol. 33:393-404).

30 The virus envelope contains two main glycoproteins, hemagglutinin (HA) and
neuraminidase (NA). HA protein is the binding protein to the cellular receptor, it
mediates the fusion of the virus envelope with the cellular membrane, important for
the penetration of the virus to the target cell. This protein induces a response of

neutralizing antibodies. Mutations on the HA protein cause antigenic variants of



docunented in Hong Kong, in 1997, when H5NLl strain caused an acute
respiratory disease to 18 persons, fromwhich six died. Infection in those
i ndi vidual coincided with an epidem c of avian influenza highly pathogenic
on the avian population in Hong 10 Kong, produced by the sane strain. On
February, 2003, in Hong Kong, a new aleft was produced, when an outbreak of
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In general, each outbreak of Al, leads to the sacrifice of hundred millions of birds and
to the adoption of sanitary control rules, which as a whole means big economic
losses.
30  During an outbreak of Avian influenza among poultry, exists the risk that persons that
had contact with infected birds or surfaces contaminated with secretions and
excretions of such birds get contagious. Spreading of infection between birds
increases the opportunities of direct infection of humans. If more persons acquire the

infection, with the time increases also the risk, if persons infected by avian and human



I nfluenza strains, and in this manner dimnishing the risk to produce a
genetic exchange between both virus strains. Nowadays, for the prevention
of the disease not only in humans but also in birds, 15 procedures for the
production of vaccines against influenza are based on the propagation of
virus on chicken's enbryo. Subsequently, viruses produced by this way are
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production. The production of these vaccines additionally implies the manipulation of
25 pathogenic strains. Due to this is necessary the work under safety conditions BL3 with
the consequent enhancement of the process and the difficulties to carry out a scale up
in case of crisis.
It has been demonstrated that persons with acute allergies to egg can suffer
immediate reactions of hypersensitivity, due to the residual egg's protein on the
30 vacunal preparations against influenza. In 1976, vaccine against swine influenza was
associated to an increase in the frequency of Guillain-Barre Syndrome (Schonberger
et al. (1979) Syndrome following vaccination in the National Immunization Program,

United States, 1977-1977,- Am. J. Epidemio, 110-105-23). Until now, has been not



antigeni c changes on HA protein, resulting potentially on vaccines |ess
effective. (Meiklejohn et al. (1987) Antigen drift and efficacy of

i nfluenza virus vaccines. J Infect 20 Dis. 138:618-24; Robertson et al.
(1985) Alterations in the hemagglutiningassociated wth adaptation of
influenza B virus to growth in eggs Virol ogy 143: 166-74; Schild et al.
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25 production systems based on cellular culture are expensive and technically exigent.
Protection against influenza virus is the result of the immune response against HA
protein, from which exists 15 of different subtype, and in a lesser measure against NA
protein, from which exists 9 subtypes reported (Suarez, Schultz (2000) immunology of
avian influenza virus; a review. Dev. Comp. Immunol. 24:269-283;Swayne, Halvorson,
30 (2003) Influenza. In: Saif, Y.M., Barnes, H.J., Fadly, AM., Glisson, J.R., McDougald,
L.R., Swayne, D.E. (Eds). Diseases of Poultry, 11" edn. lowa State University Press,
Ames, 1A, pp. 135-160). Immune responses against internal proteins, such as

nucleus-protein or the matrix protein are not sufficient to guarantee protection on the



I muni zed with a fow pox vaccine. Avian Dis. 44: 132-137). Wen reconbi nant
virus 25 vectors are used in young chickens, then the effect of the naternal
anti bodi es can be variable depending on the type of the virus vector

enpl oyed, and the levels of the transfgrred maternal antibodies. Another
limtation of the use of live recombinant vectors is that the hosts range
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reach en%egt];rsf Qr%ulfsaerc]:ldlﬁ young chickens, then the effect of the maternal antibodies can be
variable depending on the type of the virus vector employed, and the levels of the
transferred maternal antibodies. Another limitation of the use of live recombinant
vectors is that the hosts range is restricted (for example, infectious laryngotracheitis is
not replicated in gooses), and in consequence these vaccines are restricted to
30 species in which efficacy has been demonstrated.
Generation of effective vaccine candidates against influenza requires significant
changes that guarantee a fast response in case of a possible pandemic. Employment
of subunit vaccines, based mainly on the use of recombinant HA, constitutes an

attractive alternative because this strategy does not involve manipulation of the



Therefore, an inportant problemin the prevention of Avian Influenza is that
do not 30 exist, until now, subunit vacci nes capable of producing a strong
and early imune response after vaccination, that at the sane tine allow a
cost/favorabl e benefit relation. 7 Degcription of the invention The
present invention solves the problem nentioned before, providing chineric
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segment obeén ERE&bed(SntituétealoUSHEE8368; Brhifte eDA. USBRA56B2)IHA podRiéd bhed on
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B t hat 8 multiple re-administrations. Due to these inconveniences, and in order to supply the
demand of an effective vaccine against Avian Influenza, very high volumes of
production ‘are required with the subsequent costs associated to any production
25 system based on culture cells. In addition to these limitations, it is necessary to have
in mind logistic complexity and the additional costs associated to the administration of
multiple doses in poultry, where the number of animals to be immunized in a single
unit can reach tens of thousands.
Therefore, an important problem in the prevention of Avian Influenza is that do not
30 exist, unti! now, subunit vaccines capable of producing a strong and early immune
response after vaccination, that at the same time allow a costfavorable benefit

relation.



I nfects humans, as well as the influenza viruses which infect others
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nol ecul es” (H I 1_54? enerating heterodi mers nol ecul es, which can
be j oilhedstraing ghinfuanza.iwhich legfs e bidueifieasy. HAL - HA2/ CD1 54. The anino 30
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bt of 551 oRETCZMGER A ENIPIRg G EDR b Bring et AERGEF renonce
rel eased Wwhidghhguiitapeskst HRABbtdiRMenaof hitth &rs afMdltrdliking Antibddidsoagainst
specificall Interacts with the CD40 receptors on the surface of the APC
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Conpl ex ( faiQontaining the Bninol acidsequepcest plethe extra-cellular segment of a CD134
molecule of avian, swine or human origin, identified on the sequence listing with the
Sequence Identification (Seq ID.) No. 6, Seq ID. No. 8 and Seq ID. No. 4,

25 respectively.
In an embodiment of the invention, the chimeric vaccine antigen is characterized for

containing, essentially, amino acid sequences of the extra cellular segment of HA of
virus subtypes H5 (Seq ID. No.2), H7 (Seq ID. No. 9) and H9 (Seq ID. No. 10).
In the context of this invention the term “essentially” refers that the amino acid
30 sequence which is part of the chimeric antigen has a high grade of homology with the
numbered sequences, but due to the high variability of this antigen, any amino acid
sequence from HA of avian influenza virus can be part of the chimeric antigens object
of the present invention. Such chimeric antigens include, but are not restricted to, the
prevalent A subtype (H5N1), subtype HIN1, isolates of viral subtype H7, type B that



bi nding of this chimeric protein to dendritic cells (DCs) induces increased
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conformation. '

25 The chimeric molecule HA-CD154 object of this invention can be a trimer constituted
by the non-covalent union of three polypeptides HA-CD154. Nevertheless, in
dependence of the expression system used, each monomers HA-CD154 could be
divided in two molecules (HA1 and HA2/CD154) generating heterodimers molecules,
which can be joined to conform trimers of heterodimers HA1-HA2/CD154. The amino

30 acid sequence correspondent to the CD154 exiracellular domain determines
trimerization on these molecules. The trimeric structure of the vaccine antigen object
of this invention is of great importance for the interaction of the chimeric molecule with
the CD40 receptor on the surface of professional antigen presenting cells (APC) of the
immune system.



hyperi mmune chi cken serum agai nst a HSN3 strain. Figure 2. Expression
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sequence coding for the desired protein is inserted under the control of promoters
specific for the mammary gland, or through the direct transformation of the mammary

25  glandular epithelium of non-transgenic animals by employing adenovirus vectors.

In other preferred embodiment, chimeric antigens based on HA fused to the extra-
cellular domain of the CD154 molecule are produced in the culture of genetically
modified yeast, or in mammalian cell culture transduced with an adenovirus vector
containing the coding gene.

30 Also are object of this invention, the vaccine compositions capable of producing a
protective immune response against the influenza virus in birds and mammalians,
which contain the chimeric antigens previously described. In a paricular embodiment
of the invention, such vaccine compositions produce a protective immune response

against the influenza virus in birds, pigs and humans. The vaccine composition could
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Figure 4. Kinetics of the IHA antibodies. Vaccines were administered on the weeks
25 indicated by arrows. The discontinuous line indicates a titer of 1:80.

Examples

Example 1: Obtainment of gene segments encoding for the extraceliular
domains of hemagglutinin from the virus A/Viet Nam/1203/2004, and human,
swine and chicken CD154 molecule.

30 The coding sequence for the HA molecule derived from the highly pathogenic virus
AlViet Nam 1203/2004 was chemically synthesized. The primary protein sequence
was taken from the database of the National Center for Biotechnology Information,
(NCB), access number AY818135. Synthesis was made employing an optimized
codon’s usage for expression in Capra hircus, sequence identified on the Listing
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25 Example 2: Building of the hemaggiutinin expression cassette.
The artificial gene of HA was Kpn i/ EcoR V digested and then inserted in the
expression vector pAEC-SPT (Herrera et al. (2000) Biochem Biophys. Res, Commun.
279: 548-551) previously digested with the same enzymes. The resulting vector was
denominated pHA. Vector pHA was digested with restriction endonuclease EcoR |
30 (that cuts after the histidines tail just before the termination codon of HA) and with the
endonuclease Sal | (that cuts on the multiple cloning site of vector pHA to the 3’ of
HA). CD154 genes were removed from the plasmid vectors supplied by GeneArt with
the endonucleases Eco R! and Sal | and were cloned on the vector pHA. From these
cloning were generated three mammalian cells expression vectors: pHA-CDp



day 11 post infusion, wth an expression average of 0 94 g/L 0 86 o/ L, 0 78
g/L, 0.87 g/L for the HA, HACDp, HACDh, and HACDc proteins respectively,
during the first 7 days of collection. 30 Exanple 5: Construction of Pichia
pastoris expression vectors. The P. pasjpris expression vector pPS10 was
enzymatical ly digested with the restriction endonuci ease Nae |, and then
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at -70°C for its subsequent usage.
Example 4: Direct Transduction of the Goat Mammary Gland Epithelium:
Goats used were on the third month lactation and producing an average of 1.3 liters of
25  milk daily. On day 0, animals received a dose of 10 mg of diazepam, by intramuscular
route, to decrease the stress during treatment. Animals were extensively milked in
order to eliminate most of milk on cisterns; mammary glands were rinsed twice by
infusion with saline solution at 37°C and subsequent milking. All infusions were done
directly through the nipple’s channel using a catheter coupled to a peristaltic pump.
30 Infusions were made siowly while in a simultaneous way massages were applied on

the infused udders.

On goats, udder can be separated in two independent halves. A solution of PBS
supplements with 30 mM of EGTA and containing a virus load of 10° CFU/ml was



Exanpl e 6: Purification of HA, HACDp, HACDh, and HACDc antigens. For the
purification of HA, HACDh, HACDh and HACDc fromgoat m |k, the fat was
renoved by centrifugation at 10 000 rpm at 4C during 30 mnutes. Fat free
mlk was 15 diluted 1:5 (v/v) in buffer,Tris-HCl pH 8.0, CaCl2 10 mM After
one hour at 4C, the caseins were precipitated by centrifugation at 10 000
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once this t M8 B3 modty I boipbept Whaird (HAO and HAO-CD154) form, although it

can be observed also the presence of the domain HA1 in both molecules.

25 Quantification of HA variants was made by an H5-specific ELISA developed at CIGB.
In animals infused with a E1AE3 adenoviral vectors, variants of HA were detected until
day 11 post infusion, with an expression average of 0.94 g/L., 0.86 QIL, 0.78 g/L, 0.87
g/L for the HA, HACDp, HACDh, and HACDc proteins respectively, during the first 7
| days of collection.

30 Example 5: Construction of Pichia pastoris expression vectors.
The P. pastoris expression vector pPS10 was enzymatically digested with the
restriction endonucleasé Nae |, and then treated with alkaline phosphate for end
dephosphorylation and further insertion of HA, HACDp, HACDh, and HACDc¢ coding

genes.



chi ckens' erythrocytes at 0.5%in PBS were added to each well. Titers
I nhi bitors of hemagglutination were read 30 mnutes |ater. Antibodies
specific against H5 were determ ned by ELISA. Plates were coated with 0,5
pg /well of HA protein produced 5 and pyjified fromthe cell cultures
i nfected with AdHA vector. Titers obtained by ELISA were expressed as the
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simlar  Genes that encode for the different variants of HA are under the regulation of the
25  promoter AOX1, which is inducible through methanol. P. pastoris secretes only low
levels of own proteins and its culture medium does not need protein supplements, so
then, it can be expected that an heterologous protein that is secreted, constitutes the
majority of the total proteins in the culture medium (until the 80%). Production of
recombinant antigens was made on 5L fermentors by addition of methanol to the
30  culture and keeping culture’s pH in 8.0. As it is shown in Figure 2, the greater part of
HA produced in P. pastoris was glycosilated, and secreted to the culture medium.

Example 6: Purification of HA, HACDp, HACDh, and HACDc antigens.
For the purification of HA, HACDh, HACDh and HACDc from goat milk, the fat was

removed by centrifugation at 10 000 rpm, at 4°C during 30 minutes. Fat free milk was



amounts of initial conplenentary ADN on every reaction before eval uating
genes of interest. After PCR, 15 pl of the final reaction was anal yzed by
2% Agarose Gel 10 El ectrophoresis and sem quantified by densitonetry

anal ysis. Intensity of the bands was dggerm ned using the conputational
program of image anal ysis "Kodak 113". Results were reported as nean of the
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and t % twger?r];mune serum against H5. Both antigens were formulated in the oil adjuvant
Montanide ISA 720. For immunization, chickens of three weeks of age were used.
According to the dose used, 8 groups of 10 chickens each were created. Four of the
groups received the formulation based on antigen HA, while the others four received
the formulation based on HACDp. Animals were immunized by the administration of
25  1ug, 3 yg, 6 ug, or 12 pg of antigen through subcutaneous route, according to the
group, with 200 pl of the final formulation. A needle 18G coupled to a syringe of 1ml
was used for immunization. To this trial was incorporated a placebo group that does
not receive the antigen. Blood samples for the analysis of serofogical response were
taken on day 28 after vaccination.
30 Hemagglutination inhibition and ELISA: For inhibition of hemagglutination assay

(IHA), serums were serially diluted (initial dilution 1:2) in U-bottom microtitre plates. To
each well were added 4 hemagglutinin units of inactivated virus antigen AfViet
Nam/1203/2004 (previously determined by fitration against a suspension of chicken
erythrocytes at 0.5% in Phosphate Buffer Saline (PBS)). The mixture was incubated at



10 antigen to be received (HA or HACDh). On week O every volunteer was

I mmuni zed and 4 weeks later they received a second i muni zati on.

Adm ni stration was nade by intranmuscular injection of 0.5 m of
conposition. Blood sanples were taken aj_the tine of vaccination and during
the three followng weeks, with two weeks intervals. For determ nation of
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the induction of cytokine genes. Total RNA was purified by using the Tri-Reagent
25 (Sigma) method. Samples of RNA were suspended in water and quantified by
spectrometry at 260 nm.
With the aim of determining the relative levels of RNA messenger of interleukin 2 (IL-
2), Interferon Gamma (IFN-y) and glyceraldehyde-phosphodehydrogenase (GAPDH),
a reverse transcription assay and further PCR (RT-PCR) was made on triplicate, as
30 described Svetic and co-workers in 1991, (Svetic, A. et al. (1991), Cytokine Gene
Expression after in vivo primary immunization with goat antibody to mouse IgD
antibody. J. Immunol. 147:2391-2397). RNA was retrotranscripted by triplicate using a
Reverse Transcription System kit (Promega), according to the manufacturer's
specifications. In a previous study a profile of the amount of DNA amplified in each
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| mobi | i zegpradsiin higRlyahbikaidt of IFN-PEREARI12PMhen mononuclear cells of peripheral
blood were exposed to antigen HA (Table 1). This resuit shows that the fusion of
25 CD154 to HA is capable of inducing a strong response at the cellular level, specific
against the HA molecule.
Table 1: Celi-mediated immune response.

[EN-y _ | IL-12
Dose Relation Relation
(bg) |GAPDH {HA  |HACDp |HACD/HA |[HA  |HACDp |HACD/HA
1 19850 |3156  |17015 539  |2780  |9232  |3.32
3 22735 (3828 |19210 _|5,02 2505 11420 4,55
6 20173 |5985 |26525 14,43 3423 13395 [3,91
12 [21871 _[6215 28905 (4,65 3928 [16683  {4,24

The relative levels of IFN-y and IL-12 in vitro production are shown as the arithmetic mean of

all the animais in the group.



20 Adenovirus transfer vectors containing chimeric variants of HA from
viruses A/ Netherlands/33/03 (H7/N7) and Hong Kong/1073/99 (HON2) were

i ntegrated by honol ogous reconbi nation in the adenoviral genonme contai ned
on pAdEasy plasm d vector from which were generated and anplified
adenovirus vectors containing both protgins. 25 HA fromthe isol ates

nmenti oned before, fused to the extracellular domain of CD154, were produced
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t 99t cqkacgnfithes of hemagglutination, serum samples were treated with receptor-destroying
enzyme from Vibrio cholera, and subsequently heated at 65°C for the inactivation of
non-specific inhibitors. Antibodies inhibiting hemagglutination for the virus A
antigen/Viet Nam/1203/2004 were determined by the standard assay of microtitration
using chicken erythrocytes at 0.5%.

20 IgG immunoglobulin levels specific against H5 protein from virus A/Viet
Nam/1203/2004 were evaluated by ELISA. Plates were coated with HA protein
produced in cell cultures. Next, serial dilutions from each serum were made. After
washing extensively, an anti-human IgG antibody produced in rabbits and conjugated
with HRP was added to each well. Development was made with 3,3',5,5' Tetramethyl

25 Benzedine. ELISA titers ware expressed as the higher dilution to which the optical
density of the wells containing antigen was at least the double of corresponding well
without antigen.

Peripheral Blood Mononuclear Cells (PBMC) were isolated by separation on a Ficoll
Isopaque gradient (ICN Biomedical Inc. Aurora OH) and were cryopreserved for

30  immunological assays. After thawing, PBMC were used for a INF-y ELISPOT
(Ebioscience) according to the manufacture’s instructions. Briefly, plates were coated
overnight with the capture antibody. After two washing steps, plates were blocked with
RPMI-1640 medium during an hour. In every well HA antigen was added and 5%10°
cells were seeded. Culture was incubated at .3700' 5% CO0, during 48 hours. The cells
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548 <212 EXaRIple B dmmunogRAISHY fn Swing of vaceine Lomposifionsiased amHA and
(1)..(548)HALBDR ahtigdnsc6S000 sequence |isting <223> Ami no acid sequence

(starting by the start codon "ATG' gucleotide 18] of the seq ID. No 1).
<400> 2 Mdiandrace pigs weighing belweenclB-20 g Arese lused \Aningis weet distributegsingdx 1 5

ég 15 yshs Féxgeﬂm%h%l Qféudé, %cgopﬁir}r@' fo mes-afﬂigaenAgﬁd 'ﬁ?@ d§§é ,“')I' rf)re gl_aLI'uaqe& é/%ht 20 25
pigs were employed per experimental group. For HA and HACDc, doses of 20ug,
40 pg and 80 pg were evaluated. Both vaccine antigens were formulated as a water in

oil emulsion and inoculated by injection in the neck muscle with 2-m] doses. The
Placebo composed by adjuvant and phosphate saline solution 1:1 (viv), was
20 inoculated in a similar way.
Blood samples were taken at the moment of vaccination, and every 7 days during the
next three months. Before determining the antibody ftiters in iHA, serum samples were
treated with receptor-destroying enzyme from Vibrio cholera in order to inactivate non-
specific inhibitors. Antibody titers in IHA were determined by the standard assay of
25  microtitration using chicken erythrocytes at 0.5%. Immune response at the cell level
was evaluated through the relative estimation of RNA levels of IFN-y and IL-12, in
PBMC stimulated with the HA antigen.
Non alteration of the normal clinical parameters was observed in the immunized
animais which suggests that there is no adverse response to the vaccine composition.
30 Results showed that vaccines containing recombinant antigens HA and HACDc
produced a very liftie adverse reactions, of local character. In both groups, was
observed a dependence of the dose with 1HA antibody titers and the cell response
expressed as the capacity of the cells to proliferate and produce cytokines in
presence of HA antigen. In the groups immunized with HACDc chimeric antigen, a
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avian influenza viruses A/Netherlands/33/03(H7N7) (Seq ID. No. 9) and A/Hong
Kong/1073/99 (H9N2) (Seq ID. No. 10).

Both genes were designed with a codon's usage optimal for expression in Capra
hircus, and flanked by restriction sites Xho | (in 5') and EcoR | (in 3’). Both genes were
directly cloned on adenovirus transfer vector pAdtrack containing the extracellular
domain of swine CD154 molecule. The resulting recombinant clones were transfected
on the HEK-293T cell line and 72 hours later the expression of chimeric molecules
could be detected in the culfure medium. Both fusion proteins were mainly expressed
as trimers and could be purified from the culture medium by a single step of
Immobilized metal ion affinity chromatography.

Adenovirus transfer vectors containing chimeric variants of HA from viruses
A/Netherlands/33/03 (H7N7) and Hong Kong/1073/99 (HONZ2) were integrated by
homologous recombination in the adenoviral genome contained on pAdEasy plasmid
vector from which were generated and amplified adenovirus vectors containing both
proteins.

HA from the isolates mentioned before, fused to the exiracellular domain of CD154,
were produced at higher concentrations in goat milk. This strategy allowed to produce
several grams of chimeric variants of HA in a term shorter than 55 days from the
moment in which the synthetic genes were avalilable.

After the purification of both chimeric antigens, an immunogenicity experiment in pigs
was made using a fixed dose of 20 pg per animal, in a water in oil formulation
administered by intramuscular injection in the neck muscle with 2-ml doses. Adverse
reactions were not observed. Serological analysis demonstrated that both proteins
were capable of inducing a strong humoral immune response, reaching IHA
antibodies titers higher than 1:800 within the first 28 days post-vaccination.
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Gy Phe lle Qu Ay Ay Trp An Ay Mt Val Asp Ay Trp Tyr 355 360 365
Tyr Hs Hs Ser Asn Au An Ay Ser Gy Tyr Ala Ala Asp Lys 370 375 380
Ser Thr A n Lys Ala lle Asp Gy Val Thr Asn Lys Val Asn Ser 385 390 395
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His1530053B-580 H's Met Asn Ser 545 <210> 3 <211> 693 <212> DNA
sequence <220> <223> Artificial Sequence Description:
égg@that codicies for the extracellular domain of the CD154
€ 0 no Sapi ens containing a spacer peptide in its N-term nal
x16400Q® 3 gaattctggc ggcggctccg gagggggagg gagcggcgga gggggctcca

which codifies for the hemagglutinin of the
Nam/1203/2004 virus fused to a 6 histidines
and flanked by several restriction sites.
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Influenza A virus
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agaaagatcc ttatccttac tgaactgtga ggagattaaa agccagtttg aaggctttgt 180
gaaggat at a at gttaaaca aagaggagac gaagaaagaa aacagctttg aaat gcaaaa 240

aggt gat cag aatcctcaaa ttgcggcaca tgtcataagt gaggccagca gtaaaacaac 300
atctgtgtta cagtgcgctg aaaaaggata ctacaccatg agcaacaact tggtaaccct 360
ggaaaat ggg aaacagctga ccgttaaaag acaaggactc tattatatct atgcccaagt 420
caccttctgt tccaatcggg aagct begagstapaggidca tikatpgcca geectctgect 480
aaagteesL amgad agal t Rguagagast Ot n@dyCagagehrigeaasd accc acagttccge 540
caaacct t gc'Agggdaachkestide ddf calt tthe gipgag@adiva ttt gaattgc aaccaggtgc 600
ttcggt gtttl)gtcaat gtga ctgatccaag ccaagtgagc catggcactg gcttcacgtc 660
ctttggehl @ ctcaaactct gacccgggtc gac 693 Page 3 P857665600 sequence |isting
<210wme4 sUllys 238 vR21ier RRTP2A32 Hlenmisapr ars vad220s se221> PEPTIDE <222>
(1)..(225) <223> Amo acid sequencél(starting by thé codon "TCT"

(nucl eot ide f e .5eq. | D,. 3)... <400Q> er, g Gy Ser dy Ay
Ay ds}% J§enr Ig yc%@ %/QGG?/Y %y§q§é5rNg1h.§ysAsnlA%' gar lei?? ﬂk‘pGéP ucaaisp G u Arg Asn Leu
Hs Gu Asp Phe Val Phe Met Lys Thr 20 25 30 Ile @n Arg Cys Asn Thr Gy

G u Asg Ber IleweSedlu bys 14sn YEInToyva13B46 43 1d @incGrer 11le Lys Ser G n Phe
Gu Ay Phe Yl Lys Asp Ile M Leu 50 55 60%°Asn Lys Gu G u Thr Lys Lys
Gu A SRT LPhe Gl i dREn Gy Ly L %8001 25 8B cRsRafiysAsn Pro dn e Ala
Ala Hs VAl 1le Ser Au Alsa Ser Ser”~ 85 906®5 Lys 'Thr Thr Ser Val Leu Gn
Trp Ala Qu Lys Ay Tyr Tyr Thr Met . 100 105 110 Ser Asn Asn Leu Val Thr
Leu @73 M&ht %eEy%'"gG“?agL a JHr V%’%\I"]Ey‘é;)sfllﬁp 156 li%m)b\r”ngl n dy Leu Tyr Tyr
Ile Tyr Ala A n Val Thr Phe cys Ser Asn ™ 130 135 140

Pro Met Cys Asp Glu Phe Ile Asn val Pro Glu Trp Ser Tyr Ile val
85 90 95

Glu Lys Ala Asn Pro val Asn Asp Leu Cys Tyr Pro Gly Asp Phe Asn
100 105 110

Asp Tyr Glu Glu Leu LyS His Lelu Leu Ser Arg Ile Asn His Phe Glu
115 120 125

Lys ITe GIn Ile Ile Pro Lys Ser Ser Trp Ser Ser His Glu Ala Ser
130 135 140

Leu Gly val Ser Ser Ala Cys Pro Tyr GIn Gly Lys Ser Ser Phe Phe
145 150 155 160

Arg Asn val val Trp Leu Iie Lys Lys Asn Ser Thr Tyr Pro Thr Ite
165 170 175

Lys Arg Ser Tyr Asn Asn Thr Asn Gln Glu Asp Leu Leu val Leu Trp
180 185 190

Gly Ile His His Pro Asn Asp Ala Ala Glu GIn Thr Lys Leu Tyr GlIn
195 200 205

Asn Pro Thr Thr Tyr 1le ser val Gly Thr Ser Thr Leu Asn GIn Arg
210 215 220

Leu val Pro Arg Ile Ala Thr Arg Ser Lys val Asn Gly GIn Ser Gly
225 230 235 240

Arg Met Glu Phe Phe Trp Thr Ile Leu Lys Pro Asn Asp Ala Ile Asn
245 250 255

Phe Glu Ser Asn Gly Asn Phe Ile Ala Pro Glu Tyr Ala Tyr Lys Ile
260 265 270

val Lys Lys Gly Asp Ser Thr Ile Met Lys Ser Glu Leu Glu Tyr Gly
275 280 285

Asn Cys Asn Thr Lys Cys GIn Thr Pro Met Gly Ala Ile Asn Ser Ser
290 295 300

Met Pro Phe His Asn ITe His Pro Leu Thr Ile Gly Glu Cys Pro Lys
305 310 315 320

Tyr val Lys Ser Asn Arg Leu val Leu Ala Thr Gly Leu Arg Asn Ser
325 330 335
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Arg Gu Ala Ser ser A n Ala Pro Phe Ile Al a ser Leu.Cys Leu.LYS 145 150 155

160
175
185
200
215

ser

dn Val

Ser

Phe Val

Hs Ay Thr Ay Phe Thr ser
<210> 5 $g3/esE@P seqhehed PR

Pro Ay Arg Phe Au Arg Ile Leu Leu Arg Ala Ala Asn Thr
Ser Ser Ala Lys Pro Cys Ay G n dn Ser
190 Phe Gu Leu dn Pro Ay Ala Ser Val
205 Ser
220 Leu 225

Ile Hs Leu Gy @y Val

Asn Val

Hs 165 170
180

Thr Asp Pro 195

Phe Ay Leu Leu Lys 210
13> Artificial

sequence

<220>Pre2@BP AAg tdThi rlarSequence LResawi pty anu MBgnthetile 1ikequence t hat

codifies for th&0extracel ul ar ddfhin
contqhgie

N-termn

gtgcé@da?%E

ct caaggg

gccgaifdaga agaggcagcc 3800

g0cte 43

ttctgtacca aggccgctgc 480

at ggagwagy aea
t gt gagct gc aga

gtga
cacg

aagt g

Bt'g3ia

B 0
A A LR
gggggct cca agat ggagga 60 gg
gieatjacegyAiRdluc
t ccaggacct 18 75

ttcgﬂﬂgaﬁﬂaEQ@Q&%aﬁ?BT

atgttc

agC ugt

Glu Asn
450

Tyr
465

ASp Lys

Asn Gly Cys

Ser val Arg

Arg Leu Lys

515
Gln

Ile Tyr

530
Met

His Asn

545

<210> 3

<211> 693
<212> DNA
<213>

<220>
<223>

gacccgg

val Arg

g

Glu Arg Thr Leu Asp Phe

Leu

at 360, gaccacctcc tacgcec cagctt

AR aibAEe Y Hhtdeh Y M Sl E (eag
cagcgccccc ttcaccctgt acafctacct
ot o Abd(riegatigaaggau £4rgQae do/GCMET &Jeacpag
At cag 600 ggagddeggc gt gttcgagctiYaggcaggg

& SRR AN

455

Gln Leu

470

Glu
485

rhe

Asn
500

Gly
Arg Glu
Ile Leu

ser

Phe

Thr

Glu

Ser

Tyr His

Tyr Asp

Ile Ser

520

Ile
535

Tyr

Artificial sequence

;ﬁ?&;%@ﬁi ]

His Asp Ser

Arg Asp Asn
© 475

Lys Cys

490

Asp

Tyr Pro Gln

505

Gly val Lys

ser Ala Ser

&

ca, cct

Asn val
460

Lys

Ala Lys Glu

Asn Glu Cys

Glu
510

Tyr Ser

Glu
525

Leu sSer

His His His

540

Artificial Sequence Description: Synthetic

sequence that codicies for_ the extraceljular
domain of the (D154 molecule of Homo sapiens
containing a spacer peptide in its N-terminal end.S

<400> 3

gaattctgge
tgaaaggaat
agaaagatcc
gaaggatata
aggtgatcag
atctgtgtta
ggaaaatggg
caccttctgt
aaagtcceccc
caaaccttge
tteggtgttt
ctttggctta

ggcggetccg
cttcatgaag
ttatccttac
atgttaaaca
aatcctcaaa
cagtgggctg
aaacagctga
tccaatcgygg
ggtagattcg
gggcaacaat
gtcaatgtga
ctcaaactct

gagggggagg
attttgtatt

tgaactgtga
aagaggagac
ttgcggeaca
aaaaaggata
ccgttaaaag
aagcttcgag
agagaatctt
ccattcactt
ctgatccaag
gacccgggrc

gagcggegga
catgaaaacg
ggagattaaa
gaagaaagaa
tgtcataagt
ctacaccatg
acaaggactc
tcaagctcca
actcagagct
gggaggagta
ccaagtgage
gac

Page 3

gggggctcca
atacagagat

agccagtttg
aacagctttg
gaggccagca
agcaacaact
tattatatct
tttatagcca
gcaaataccc
tttgaattgc
catggcactg

Asn Leu

Leu Gly

480
Met Glu
495

Giu Ala

Ile Gly

His His

agatagaaga
gcaacacagyg
aaggcrttgt
aaatgcaaaa
gtaaaacaac
tggtaaccct
atgcccaagt
gccretgect
acagrtccgc
aaccaggtgc
gcttcacgtc

of the CD15¥ nol ecul e of Gallus gallus

QHENGG hdSULNG s 3 SRAGER, peptide in its
ggc gdcggct ccgggaggogggag

st

gcagt gcaag gac

gagcggcgga
aacgagg actacatctt cctgaggaag
@cAtyyéspdast g
accg ccagcgagga
tt cgagat 96 aRRANBICEA AZ4001CAGHRIGOGT FRCAtgasdavic agaagga
catcgccacc g%cctggccg gcgt gatgag

t gagaaggt g
gct gcccaag
gaccagcgt c
caacaccact
cat cagct ac
ccaggt gt cc
gt acct gccc
caccgccctg
cgacat ggtg
ctacttcggc

S 12 prr

60

120
180
240
300
360
420
480
540
600
660
693



<213> @Gl lus gallus <220> <221> PEPTIDE <222> (1)..(236) <223> Am no acid
sequence(starting by the "TCT" codon (nucleotide 5] of the seq ID. No 5).

<400> 6 Ser Ay Ay Ay Ser dy dy Ay Ay Ser dy dy Ay Ay ser Lys 15
10 15 Met Qu Gu val Leu Ser Leu Asn Gu Asp Tyr he Phe Leu Arg Lys 20 25
30 Val On Lys Cys A n Thr Gy GQu Asp A n Lys Ser Thr Leu Leu Asp 35 40 45

Cys Gu Lys Val Leu Lys GypEmB%@b ,g\s_guéﬂ%g ﬁsq1@s Lys Asp Arg 50 55 60

Thr Ala Ser Gu GQu Leu Pro Lys Hs Arg Ay His Au 65 70 75 80
Hi s P?ZdOH% Leu Lys Ser Arg Asn Glu Thr ser Val Ala Gu Qu Lys 85 90 95
Any IIe Ala Thr H's Leu Ala dy Val Lys 5er Asn Thr Thr 100 105 110

Val Ang_g a_lombeghpw,ss Trp Met Thr Thr Ser Tyr Ala Pro Thr ser Ser 115 120 125
Phe IIe Ser Tyr His Qu Ay Lys Leu Lys Val GQu Lys Ala Gy Leu 130 135 140
Tyr T OTI e T ser An Val Ser Phe Cys Thr Lys Ala Ala Ala 5er 145 150 155
160 g;/egr Leu Tyr Ile Tyr Leu Tyr Leu Pro Met Qu Gu Asp 165 170
175 L@Hn!}&it"l equ¥Bc(¥td@UNngHY Thé doien Ser Thr Ser Thr Ala Leu 180
185 190 Q/SrcG‘u[nhehecGideSdr of [heAsgn @uU @Goy3Xdy Val Phe Qu Leu Arg A n 195
200 ﬁ:& Eﬁfge 5 P85766S000 sequence listing Ay Asp Met Val Phe Val Asn Val
ty e

Thr Gl egegzggyﬁa @561<211(52&§/ %%9 G@sg])}?rsgrqy% Asn Thr Tyr Phe

e Glu Asp Glu Arg Asn Leu His Glu Asp Phe val Phe Met Lys Thr
20 25 30

ITe GIn Arg Cys Asn Thr Gly Glu Arg Ser Leu Ser Leu Leu Ash Cys
35 40 45

Glu Glu Tle Lys Ser Gln Phe Glu Gly Phe val L%s Asp Ile Met Leu
50 55 0

Asn Lys Glu Glu Thr Lys Lys Glu Asn Ser Phe Glu Met GIn Lys Gly
65 70 75 80

Asp GIn Asn Pro Gin Ile Ala Ala His val Ile Ser Glu Ala Ser Ser
85 90 95

Lys Thr Thr Ser val Leu GIn Trp Ala Glu Lys Gly Tyr Tyr Thr Met
100 105 110

ser Asn Asn Leu val Thr Leu Glu Asn Gly Lys GIn Leu Thr val Lys
115 120 125

Arg GIn Gly Leu Tyr Tyr Ile Tyr Ala Gln val Thr Phe Cys Ser Asn
130 135 140

Arg Glu Ala Ser Ser GIn Ala Pro Phe Ile Ala Ser Leu Cys Leu LYyS
145 150 155 160

Ser Pro Gly Arg Phe Glu Arg Ile Leu Leu Arg Ala Ala Asn Thr His
165 170 175

Ser Ser Ala Lys Pro Cys Gly GlIn GIn Ser Ile His Leu Gly Gly val
180 185 190

pPhe Glu Leu GIn Pro Gly Ala Ser val Phe val Asn val Thr Asp Pro
195 200 205

ser Gln val ser His Gly Thr Gly Phe Thr Ser Phe Gly Leu Leu Lys
210 215 220

Leu
225

<210> 5

<211> 726

<Z212> DNA

<213> Artificial sequence

<220>
<223> artificial Sequence Description: Synthetic
sequence that codifies for the extracelular domain
of the ¢D154 molecule of Gallus gallus containing
Page 4



<211> 693 <212> DNA <213> Artificial sequence <220> <223> Artificial
Sequence Description: synthetic sequence that codifies for the extracel ul ar
domain of the CD154 of Sus scrofa containing an spacer peptide inits
N-term nal end. <400> 7 gaattctggc ggcggctccg gagggggagg gagcggcgga

gggggct cca agatcgagga 60 cgagaggaac ctgcacgagg acttcgtgtt catcaagacc

at ccagaggt gtaagcaggg 120 cgagoarcagcsegt ¢icwinggaact gt ga ggagat cagg
agccagt t cgdhgactt §eRtirgoin géag‘gﬁ@é'ﬁ@aétg%agca aggaggt gaa gaagaaggaa
aaaaggidcds agat gcacaa 240 gggcgaccag gacccccaga tcgccgecca cgtgattage
gagyCceRGeat §iraAgHaREe o6 3989gdbaaed a6 & (69U YPISAE (& CARIPEIA 6§ acacccty
agcacmcgt@gt‘gﬁi@wagﬁeﬁta agaacy g&ggaggcgagc&gygggcgicggaqa;g g%??gggcatc

ttcat ?ﬁégéﬁzﬁ@ Egﬁﬁg § gactﬁéggéégg E@@%%@égﬁd g§ égggt% ggcccct

g gagggcc
gccaachrgecAcageaa g@@@@hgaccggﬁc‘g& @gg;&ggcﬁg dit 9gycggegtg

ttcgagcmcgccugcm cca6©OtC®a Tt tcztgc B aac émaggt tcc

cacggeddeas g% @ t6693tc la’E% %? 693 <210> 8
<211>g #dagd ggggéqga 2> (1)..(225)
<223>g QOQ@CB G eg&’ﬁn‘i@ 46dcaged @y S/attg '39 ga@l@ Oﬁlac @i@\g 660 de 5] of the

Seq | DCCI@IOCQ?‘:)Q ax4p0xa g Segg@hyaCoyadnrggeratGryca@oy @rgadaggSei0 Gy dy Ay
Ay SBr%§s 1510 15 Ile du Asp Au Arg Asn Lea His Qu 2p Phe Val Phe
Ile Lys Thr 20 25 30 Ile dn Arg Cys Lys An Ay Qu Gy Ser Leu Ser Leu
Leu Astnosys 35 40 45 Gu Qu Ile Arg Ser G n Phe Gu Asp Leu Val Lys Ay
Il e Metlid 286 50 55 60 Ser Lys Qu Val Lys Lys Lys Qu Lys Ser Phe Qu Mt

1 2
H's LY%S‘? g’g%us gallus

<220>
<221> PEPTIDE
<222> (1)..(236)
<223> Amino acid sequence(starting by the
“TCT"” codon [nucleotide 5] of the Seq ID. No 5).

<400> 6
ser Gly Gly Gly Ser Gly Gly Gly Gly SeB Gly Gly Gly Gly Ser Lys
1 5 1 15

Met Glu Glu val Leu Ser Leu Asn Glu Asp Tyr Ile Phe Leu Arg Lys
20 25 30

val GIn Lys Cys GlIn Thr Gly G18 Asp GIn Lys Ser Thr Leu Leu Asp
35 4 45

Cys Glu Lys val! Leu Lys Gly Phe GIn Asp Leu GIn Cys Lys AsSp Arg
50 55 60

Thr Ala ser Glu Glu Leu Pro Lys Phe Glu Met His Arg Gly His Glu
65 70 75 80

His Pro His Leu Lys Ser Arg Asn Glu Thr ser val Ala Glu Glu Lys
85 90 95

arg GIn Pro Ile Ala Thr His Leu Ala Gly val Lys Ser Asn Thr Thr
100 105 110

val Arg val Leu Lys Trp Met Thr Thr Ser Tyr Ala Pro Thr Ser Ser
115 120 125

Phe Ile Ser Tyr His Glu Gly Lys Leu Lys val Glu Lys Ala Gly Leu
130 135 140

Tyr Tyr Ile Tyr Ser GlIn val Ser Phe Cys Thr Lys Ala Ala Ala Ser
145 150 155 160

ala Pro Phe Thr Leu Tyr Ile Tyr Leu Tyr Leu Pro Met Glu Glu Asp
165 170 175

Arg Leu Leu Met Lys Gly Leu Asp Thr His Ser Thr Ser Thr Ala Leu
180 185 190

Cys Glu Leu GIn Ser Ile Arg Glu Gly Gly val phe Glu Leu Arg Gin
195 200 205
Page 5



65 70 75 80 Asp G@n Asp Pro Adn lle Ala Ala His Val Ile Ser Gu Ala Ser Ser
85 90 95 Lys Thr Ala Ser Val Lea G@n Trp Ala Pro Lys Ay Tyr Tyr Thr Leu
100 105 110 Ser Thr Asn Leu Val Thr Leu GQu Asn Gy Arg A n Leu Ala Val Lys
Page 6 P85766SQ00 sequence listing 115 120 125 Arg @ n dy Ile Tyr Tyr lle
Tyr Ala A n Val Thr Phe Cys Ser Asn 130 135 140 Arg Asp Ala Ala dy dn
Ala Pro Phe Ile Ala Ser Leu pgypsdseto Alefuerlcdd1iaindo5 160 Ser Pro Ser Ay
Ser Qu Arg Ile Leu Lea Arg Ala Ala Asn Thr H's 165 170 175 Ser Ser Ser Lys
Pro §Y ﬁ%"’@tn\f@ ﬁh%é/'ah\gﬁ MiE TheuAE jedTr\alla vaB@sngk1190 Phe G u Leu G n
Pro Gy Ser Val Phe Asn val Thr Pro 195 200 205 Ser dn Va

ser H& &y cibradd ynPher ToHe S8y MBRepHd Yydgyyleu Lys 210 215 220 Leu 225
<210>28 <211> 536 <2B2> PRT <213> | nkBuenza A virus <220> <221> PEPTI DE
<222> (1)..(536) <223> sequence of the extracellular domains of the
hemagg)tinin of the Avian Influenza virus A/ Netherlands/33/03(H7N7).
<400><H1Meto3Asn Thr A n Ile Leu Val Phe Ala Leu Val Ala lle Ile Pro Thr 15
10 15<21AsmMAl a Asp Lys Ile Cys Lea Ay H's His Ala Val Ser Asn Gy Thr 20 25
35 40

30 L§/2513‘?/a’1”“tA§hCTPHr5€L%'G”%r Gu Arg dy Val du Val Val Asn Ala Thr

45

<220>

<223> artificial Sequence Description:

Synthetic

Sequence that codifies for the extracelular domain
of the Cp1l54 of sus scrofa
peptide in its N-terminal end.

containi ng an spacer

<400> 7
gaattctggc ggceggctccyg gagggggagg gagcggceygga gggggercca agatcgagga 60
cgagaggaac ctgcacgagg acttcgtgtt catcaagacc atccagaggt gtaagcaggg 120
€gagggcagc ctgagcctcc tgaactgtga ggagatcagg agccagttcg aggacctggt 180
gaagggcatc atgcagagca aggaggtgaa gaagaaggaa aaaagcttcg agatgcacaa 240
gggcgaccag gacccccaga tcgecgecca cgtgattagc gaggccagea gcaagaccge 300
cagcgtgctg cagtgggecc ccaagggcta ctacaccctg agcaccaacc tggtgaccct 360
ggagaacggc aggcagctgg ccgtgaagag gcagggcatc tactacatct acgcccaggt 420
gaccttctgec tccaacaggg acgccgetgg ccaggeccct ttcatcgeca gectgtgect 480
gaggagcccc agegygcagey agcgcatcct gctgagggec gccaacacce acagcageag 540
caagccctgt ggecagcaga gcatccacct gggeggegtg ttcgagetge agectggege 600
cagcgtgttc gtgaacgtga ccgaccccag ccaggtgtce cacggcaccg gottcaccag 660
cttcggectyg ctgaagetgt gaccegggtc gac 693
<210> 8

<211> 225

<212> PRT

<213> Sus scrofa

<220>
<221> PEPTIDE

<222> (1)..(225)

<223> Amino acid Sequence(staring by the "TCT" codon

[nucleotide 5] of the Seq ID. No 7).

<400> 8
Ser Gly Gly Gly Ser Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser Lys

1 5 10 15
Ile Glu Asp Glu Arg Asn Leu His Glu Asp Phe val Phe Ile Lys Thr

20 25 30
Ile GIn Arg Cys Lys GIn Gly Glu Gly Ser Leu Ser Leu Leu Asn Cys
35 40 45
Glu Glu Ile Arg Ser GIn Phe Glu Asp Leu val Lys Gly Ile Met Gln
50 55 60

Ser Lys Glu val Lys Lys Lys Glu Lys Ser Phe Glu Met His Lys Gly

65 70 75 80
Asp GIn Asp Pro Gin Ile Ala Ala His val Ile ser Glu Ala Ser Ser

85 90 95
Lys Thr ala Ser val teu GIn Trp Ala Pro Lys Gly Tyr Tyr Thr Leu
100 105 110
Ser Thr Asn Leu val Thr teu Glu Asn Gly Arg GIn Leu Ala val Lys
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du
Arg
Pro
Au
du
Au
ser
160

Leu
Lys
Tyr
Asn
Asn
Pro
Au
dy
Al a
Leu
Arg

Thr Val Qu Arg Thr Asn Val Pro Arg Ile cys ser Lys Ay Lys 50 55 60

Thr Val Asp Leu Ay An Cys Gy Leu Leu Ay Thr Ile Thr Ay 65 70 75 80
Pro @n Cys Asp A n Phe Lea Gu Phe Ser Ala Asp Leu Ile Ile 85 90 95

Arg Arg Qu Gy Ser Asp Val Cys Tyr Pro Ay Lys Phe Val Asn 100 105 110
Qu Ala Leu Arg An Ile Lea Arg Qu Ser Gy Ay Ile Asp Lys 115 120 125
Thr Met Ay Phe Thr Tyr I1e Ar hr .Asn Ay Ala Thr 130 135 140
Ala Cys1A5g Arg Ser G yf’gééﬁﬁgé?fo ﬁﬁ%“"’l"yc% A 'u Met Lys Trp 145 150 155
Page 7 P85766S000 sequence listing Leu Leu Ser Asn Thr Asp Asn Ala Al a

he Pr*trgei%l@év TRr TYy gYBefle To5 A1705Th78al TPr RhesCysiseThisnArg Lys Asp Pro Al a

I1e Trp Ay Ile % 180 185 190 Hi'Q Ser Ay ser Thr Thr AQu A n Thr
Loy Ay AGhya1se61AcinASIR pA@Pha0De2RDa s leRUc)d @ edtrgval Gy Ser Ser Asn
G@n A@n ser Phe val Pro 210 215 220 Ser Pro Gy Ala Arg Pro dn Val
G4 An Ser Ay Algllle Asp 225 2385 235 240 Phe H& Trp Leu Ile Leu
P h T, r, Ph 2 . Ay Ala Phe Ile Ala
AE'EségL ﬁf(g Séféh]geﬁggﬁgu LQIL? i?eg %Sy;'{ “ygr‘&g‘gﬁ ‘ggSggﬁ?&ggA\Z#n' Met @ y Ile An Ser
Val dn Val Asp Ala Asn s Gu dy 275 280 285 Asp Cys Tyr H's Ser
QY TP SFre rasgys Ashy € gggosqﬂhQGHhsz@@ ?%GQEOVaWAsn Il e Asn Ser Arg
Val @y Lys &/s Pro Arg Tyr | Lys Adn 305 0 315 320 du Ser Leu

Lee &l@ LEbre1d yrdvetly Lyis Sen wWal prr 0aGadn I8 150 4385330 335 Lys Arg Arg
Arg Ayllku Phe Gy Ala P0® Ala Ay Phe 1206 Gu 340 345 350

Ser Gln val Ser His Gly Thr Gly pPhe Thr Ser Phe Gly Leu Leu Lys
210 215 220

Leu
225

<210> 9

<211> 536

<212> PRT

<213> Influenza A virus

<220>

<221> PEPTIDE

<222> (1)..(536)

<223> sequence of the extracellular domains of the
hemagglutinin of the Avian Influenza virus
A/Netherlands/33/03(H7N7).

<400> 9
Met Asn Thr Gln I]g Ley val phe Ala Leu val Ala Ile Ile Pro Thr
1 10 15

Asn Ala Asp Lys Ile Cys Leu Gly His His Ala val ser Asn Gly Thr
20 25 30

Lys val Agn Thr Leu Thr Glu Arg Gly val Glu val val Asn Ala Thr
5 4 45

Glu Thr val Glu Arg Thr Asn val Pro Arg Ile c%s Ser Lys Gly Lys
50 55 0

Arg Thr val Asp Leuw Gly GIn Cys Gly Leu Leu Gly Thr ITe Thr Gly
65 70 75 80

Pro Pro GIn Cys Asp GIn Phe Leu Glu Phe Ser Ala Asp Leu Ile Ile
85 90 95

Glu Arg Arg Glu Gly Ser Asp val Cys Tyr Pro Gly Lys Phe val Asn
100 105 110

Glu Glu Ala Leu Arg GIn Ile Leu Arg Glu Ser Gly Gly Ile Asp Lys
115 120 125

Glu Thr Met Gly Phe Thr Tyr Ser Gly Ile Arg Thr Asn Gly Ala Thr
130 135 140

ser Ala Cys Arg Arg Ser Gly Ser Ser Phe Tyr Ala Glu Met Lys Trp
145 150 155 160
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Asn
Asn
Al a
400
415
425
440
455
465
Asn
Ile
Hi s
Met

Gy Trp Qu dy Leu lle Asp Gy Trp Tyr Ay Phe Arg Hs Gn 355 360 365
Ala @dn dy Au @y Thr Ala Ala Asp Tyr Lys Ser Thr A n Ser 370 375 380
Ile Asp An Ile Thr Ay Lys Leu Asn Arg Leu Ile Qu Lys Thr 385 390 395

Asn Gn A@n Phe Gu Leu Ile Asp Asn Gu Phe Thr Au val Gu Lys 405 410
Gnlle Ay Asn Val Ile Asn Trp Thr Arg Asp Ser Met Thr du Val 420

430 Trp Ser Tyr Asn Al a RBPUCGA0 | saquefade Aistimot A u Asn G n His Thr 435
44 LFFeSEAS‘ﬁf %EJ';A?IS& ASpALRA G EII_;'. o AR ‘E%Tllédigyﬁe@ u Arg Val Lys 450
460 Arg Gn LEUArg Gu Asn Ala u G@u Asp dy'Thr Ay Cys Phe du

479r 45 A80Thrl laeg Rlyes ks Pby sa1@yselAspe ASe AspcOystiehisAl a Ser [le Arg Asn
485 490 495180Thr Tyr Asp His!8Ser Lys Tyr Argl®u Au Ala lle Gn Asn Arg

BH0e%5 WsrueaBbo Tehibans THaty iy 5T o BB S i s W Hs

Asn Ser 530 535 <210> 10 <211> 537 <212> PRT <213> Influenza A virus

<220>Lk52§§% PePTDEaT ©325en pr ASHITYr €22 FInSeeru€hee/adf Pethe extracel | ul ar

donmi ns

the hemaggl ut n of the Aviarf?fnfluenza virus A Hong

Kong/ 1073/ 99 (HON2). <400> 10 Met GQu Thr Ile Ser Leu Ile Thr Ile Leu Lea

Val
Thr

Vadr Pho AlyaaBenrgIprs dh Y51 AencB aldsserLyby ke 1Opsadpe Ay Hs A n Ser
A3# Ser Thr u 230 235 240

Phe His Trp Leu Ile Leu Asn Pro Asn Asp Thr val Thr pPhe Ser Phe
245 250 255

Asn Gly Ala Phe ITe Ala Pro Asp Arg Ala Ser Phe Leu Arg Gly Lys
260 265 270

ser Met Gly Ile GIn Ser Glu val GIn val Asp Ala Asn Cys Glu Gly
275 280 285

Asp Cys Tyr His Ser Gly Gly Thr Ile ITe Ser Asn Leu Pro Phe Gln
290 295 300

Asn Ile Asn Ser Arg Ala val Gly Lys Cys Pro Arg Tyr val Lys Gln
305 310 315 320

Glu Ser Leu Leu Leu Ala Thr Gly Met Lys Asn val Pro Glu Ile Pro
325 330 335

LYS Arg Arg Arg Arg Gly Leu Phe Gly Ala Ile Ala Gly Phe Ile Glu
340 345 350

Asn Gly Trp Glu Gly teu Ile Asp Gly Trp Tyr Gly Phe Arg His Gln
355 360 365
Asn Ala GIn Gly Glu Gly Thr Ala Ala Asp Tyr Lys Ser Thr GlIn Ser
370 375 380

Ala Ile Asp GIn Ile Thr Gly Lys Leu Asn Arg Leu Ile Glu Lys Thr
385 390 395 400

Asn Gln GIn Phe Glu Leu Ile Asp Asn Glu Phe Thr Glu val Glu Lys
405 410 415

GIn Ile Giy Asn val Ile Asn Trp Thr Arg Asp Ser Met Thr Glu val
420 425 430

Trp Ser Tyr Asn Ala Glu Leu Leu val Ala Met Glu Asn Gln His Thr
435 440 445

Ile Asp Leu Ala Asp Ser Glu Met Asn Lys Leu Tyr Glu Arg val Lys
450 455 460

Arg GIn Leu Arg Glu Asn Ala Glu Glu Asp Gly Thr Gly Cys Phe Glu
465 470 475 480

Ile Phe Mis Lys Cys Asp Asp Asp Cys Met Ala Ser Ile Arg Asn Asn
485 490 495

Thr Tyr Asp His Ser Lys Tyr Arg Glu Glu Ala ITe GIn Asn Arg Ile
500 505 510

Gln Ile Asp Pro val Lys Leu Ser Ser Gly Tyr Lys Asp Ala Ser His
Page 8



20 25 30 Thr Val Asp Thr Leu Thr Ju Thr Asn Val Pro Val Thr H's Al a Lys

35 40 45 Au Leu Lea H's Thr Qu H's Asn Gy Met Lea Cys Ala Thr Ser Leu 50
55 60 Gy His Pro Leu Ile Leu Asp Thr Cys Thr Ile Qu Gy Leu Val Tyr 65
70 75 80 dvy Asn Pro Ser Cys Asp Leu Leu Leu Gy Gy Arg Gu Trp Ser Tyr 85
90 95 Ile Val GQu Arg Ser ser Ala Val Asn Ay Thr Cys Tyr Pro Ay Asn 100
105 110 Val du Asn Leu Gu .Phe Ser Ser Al a ser ser 115
120 125 Tyrs16n Arg Ile G np?ﬁ e&%ﬁ%@ﬁgggﬁpkﬁfﬁghr Trp Asn Val Thr Tyr 130
135 140 Thr Ay Thr Ser Arg Ala Cys Ser Gy Ser Phe Tyr Arg Ser Met Arg
145 1%0 %% MB0™" STHR® (M &fn LyS Ser Ay Phe Tyr Pro Val Gn Asp Ala G n
Tyr 165 175 Thr Asn Asn Arg Ay Lys Ser Ile Leu Phe Val Trp Ay Ile H's
Hs 180 185 190 Pro Pro Thr Tyr Thr Qu G@n Thr Asn Leu Tyr Ile Arg Asn Asp
Thr 48%>280) 205 Thr Thr Ser Val Thr Thr @ u Asp Leu Asn Arg Thr Phe Lys
Pro @%%21%215 220 Ile dy Pro Arg Pro Leu Val Asn Ay Leu dn Gy Arg Ile
Asp Tyi13:221489-2385v#%4Q Tyr Trp ser val Leu Lys Pro Gy Gn Thr Leu Arg
Val Arg ser Asn 245 250 255 Ay Asn Leu Ile Ala Pro Trp Tyr Ay H's Val Leu
Ser & O@Iy Ser Page 9 P85766S000 sequence listing 260 265 270 Hs Ay
Arg | f %geé;@%ggar Asp Lea Lys Gy Gy Asn Cys Val Val 275 280 285 G n Oys
A n Thi38 shh¥Rcddoy HeY ekOhcBSNIROr doMRfind &4 B Phe His 290 295 300 Asn Ile
Ser Lys Tyhemdhgl RHeiGof The ACysn Bnéllepga wiruyal Arg Val 305 310 315 320

Asn Ser LetrHops Howa/JM73/94I(HENZ) Lea Arg Asn Val Pro Ala Arg Ser

<400> 10
Met Glu Thr Ile Seg Leu Ile Thr Ile Leu Leu val val Thr Ala Ser
1 10 15

Asn Ala Asp Lys Ile Cys Ile Gly His Gln Ser Thr Asn Ser Thr Glu
20 25 30

Thr val Asp Thr teu Thr Glu Thr Asn val Pro val Thr His Ala Lys
35 40 45

Glu Leu Leu His Thr Glu His Asn Gly Met Leu Cys Ala Thr Ser Leu
50 55 60

Gly His Pro Leu Ile Leu Asp Thr Cys Thr Ile Glu Gly Leu val Tyr
65 70 75 80

Gly Asn Pro Ser Cgs Asp Leu Leu Leu G;y Gly Arg Glu Trp Sgr Tyr
5 0 5

ITe val Glu Arg Ser Ser Ala val Asn Gly Thr Cys Tyr Pro Gly Asn
100 105 110

val Glu Asn Leu Glu Glu Leu Arg Thr Leu Phe Ser Ser Ala Ser Ser
115 120 125

Tyr GIn Arg Ile Gln Ile Phe Pro Asp Thr Thr Trp Asn val Thr Tyr
130 135 140

Thr Gly Thr Ser Arg Ala Cys Ser Gly Ser Phe Tyr Arg Ser Met Arg
145 150 155 160

Trp Leu Thr Gln Lys Ser Gly Phe Tyr Pro val Gin Asp Ala GIn Tyr
165 170 175

Thr Asn Asn Arg Gly Lys Ser Ile Leu Phe val Trp Gly Ile His His
180 185 190

pPrg Pro Thr Tyr Thr Glu GIn Thr Asn Leu Tyr Ile Arg Asn Asp Thr
195 200 205

Thr Thr ser val Thr Thr 6lu Asp Leu Asn Arg Thr Phe Lys Pro val
210 215 220

I7e Gly Pro Arg Pro Leu val Asn Gly Leu Gln Gly Arg Ile Asp Tyr
225 230 235 240

Tyr Trp Ser val teu Lys Pro Gly GIn Thr Leu Arg val Arg Ser Asn
245 250 255

Gly Asn Leu Ile Ala Pro Trp Tyr Gly His val Leu Ser Gly Gly Ser
Page 9



325
340
355
370
385
Asn
Tyr
Au
Al a
Tyr
Ay
dn
Lea
Page
viru
pr ot

330 335 Ser Arg Ay Leu Phe Gy Ala lle Ala Ay Phe Ile u dy Ay Trp
345 350 Pro Ay Leu Val Ala Gy Trp Tyr Gy Phe A n H's Ser Asn Asp An
360 365 Gy Val Ay Met Ala Ala Asp Arg Asp ser Thr G@n Lys Ala Ile Asp
375 380 Lys Ile Thr Ser Lys Val Asn Asn Ile Val Asp Lys Met Asn Lys G n
390 395 400 Tyr Au lle lle Asp Hs Qu Phe ser Qa val Qu Thr Arg Lea
405 410 415 Met Ile As . nlle dn Asp Val Trp Al a
420 425 43@oAsn Ala G b8 egé‘ eﬁS%ﬁ”ﬁgﬁﬁﬁgﬁ u Asn A n Lys Thr Lea Asp
435 440 445 His Asp Ala Asn Val Asn Asn Lea Tyr Asn Lys Val Lys Arg
IHea %YoA;%éMelcﬁu &y TQérAggsheWLéfsl\@tY & uAa8p0d Yaly@tdy Cys Phe Gu Leu
Hs 465"470 475 480 Ly®%ys Asp Asp G f%¢ys Met Gu Thr Ile Arg Asn
Thh dy s mha8alAds 439 cAr gedNiBnlys Tk LALOPd Bh&HisSer Arg Leu Gu Arg
Lys 290 G u 500 5052930 dy Val Lys Bew Gu Ser Au 01y Thr Tyr Lys Ille

Th 0 525  Hs Hs Hs Hs Hs . H Ser 530 53
B S ReDT RErRer o VRE R yan i AL i an 1 nf | uonea

s, characterized for containing the extracellular segnent of the HA
eisn $erohtd he's aviuanla el uehyz sev \WrgussrewklPoperlandrg Iserext racel | ul ar

segnent of the CD13%4 nol ecul e. 5 23VChineric vacci 8% antigen according to

cl ai
of t
6),

ant i
t he

Bel, Al BT RGLET breed1§ QaCPU ﬂﬁi‘@%&ﬁ%?@t&@' &y kg 13 no aci d sequences

he extracel34gl ar segnent of 3ghe nol ec3doe from avian (Seq 10. No.
swine (Seq ID. No._ 8) or_hunman gSe ID, No. 4). 3. Chineric vaccine
JéR %Hcéggji\fﬁ& 46 EPaiTRP1TY[cRaY SOF et inz Bte f-;«gg ASnesR fillg 10 essentially
am no acid sequences of %%e extracel | ul ar "segnent of HA fromthe

Gly val Gly Met Ala Ala Asp Arg Asp Ser Thr Gln Lys Ala Ile Asp
370 375 380

Lys Ile Thr Ser Lys val Asn Asn Ile val Asp Lys Met Asn Lys GIn
385 390 3095 400

Tyr Glu Ile ITe Asp His Glu Phe Ser Glu val Glu Thr Arg Leu Asn
405 410 415

Met ITe Asn Asn Lys Ile Asp Asp GIn Ile Gin Asp val Trp aAla Tyr
420 425 430
Asn Ala Glu Leu Leu val Leu Leu Glu Asn GIn Lys Thr Leu Asp Glu
435 440 445

His Asp Ala Asn val Asn Asn Leu Tyr Asn Lys val Lys Arg Ala Leu
450 455 460

Gly Ser Asn Ala Met Glu Asp Gly Lys Gly Cys Phe Glu Leu Tyr His
465 470 475 480

Lys Cys Asp Asp GIn Cys Met Glu Thr Ile Arg Asn Gly Thr Tyr Asn
485 490 495

Arg Arg Lys Tyr Arg Glu Glu Ser Arg Leu Glu Arg Gin Ile Glu

Lys
500 505 510

Gly val Lys Leu Glu Ser Glu Gly Thr Tyr Lys Ite Leu Thr Ala Ser
515 520 525

His His His His His His Metl Ash Ser
530 535
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virus subtypes H5 (Seq ID. No. 2), H7 (Seq ID. No.9) and H9 (Seq ID. No.10).
4. Chinmeric vaccine antigen according to claim1, obtained by reconbi nant
way, synthetic way or through chem cal conjugation. 5. Chineric vaccine
antigen according to claim1, obtained Hhjomthe mlk of 15 genetically

nodi fied mammal i ans. 6. Chineric vaccine antigen according to claim§5,
obtained fromthe mlk of non transgﬁﬁhﬁwgannalians, by direct genetic
transformation of the mammary gl and. 7. meric vacci ne antigen according

to claim g, . di genetic transformatio of the ma r | and is
nmade by e?r‘;jl %ﬁ%“’ad}é‘ﬁ%?r ﬁnﬁéﬁgt ggaipsly V&fbtlinﬁﬂ‘?"zfo %F“Sm%ﬁ%ﬁ%%cfphe
anti gen accocghtaipirigothel axtradeliulabsagimest bf 68 HReprotékh Pém heARGER Hiienza
manmal i ans. 9. Chineric v &ICI ne antigen according to claim4, obtained from

genetical |y YBE §VePP & exyrgeeliiar segmastpbibe GRS amoteaule. pr oduce a
P Ot CCS1 v 2. OFHETic! G863 ot Bbodingt Thaitn™), UHAFAUlP o cBhiaiind !

manmmal i ans, characterized by “contalnin e chiméric antrlgens
claims 1-9. assephaly e aminsoatidissquencasr of the extrackbular ségment ef the PDtBRICe a

Purmns. - 12, \BEREle fGRRRRTE(SIAL N, &Y. e ed e BiatFungegdn. Rof™ 7
preventivel y4).30 adm nistered to animals, by system c or nucosal route.
3. Chimeric vaccine antigen according to claim 1, characterized for containing
10 essentially the amino acid sequences of the extracellular segment of HA from the
virus subtypes H5 (Seq ID. No. 2), H7 (Seq ID. No.9) and HS (Seq ID. No.10).
4. Chimeric vaccine antigen according to claim 1, obtained by recombinant way,
synthetic way or through chemical conjugation.
5. Chimeric vaccine an:tigen" a{ccording to claim 1, obtained from the mik of
15 genetically modified mammalians.
6. Chimeric vaccine antigen according to claim 5, obtained from the milk of non
transgenic mammalians, by direct genetic transformation of the mammary gland.
7. Chimeric vaccine antigen according to claim 6, where direct genetic transformation
of the mammary gland is made by employing adenoviral vector transduction.
20 8. Chimeric vaccine antigen according to claim 5, obtained from the milk of
transgenic mammalians.
8. Chimeric vaccine antigen according to claim 4, obtained from genetically modified
yeasts.
10.Vaccine composition able to produce a protective immune response against Avian
25 Influenza virus in birds and mammalians, characterized by containing the chimeric
antigens described on claims 1-9.
11.Vaccine composition according to claim 10, able to produce a protective immune
response against Avian Influenza virus in birds, pigs and humans.
12.Vaccine composition according to claim 10, which can be preventively
30 administered to animals, by systemic or mucosal route.



