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Vaccination with Recombinant Yeast by Producing a Protective Humoral
Immune Response Against Defined Antigens

Field of the invention

The invention relates to recombinant yeasts of the species Kluyveromyces lactis,
which contain the VP2 antigen of the virus of infectious bursitis (IBDV), which is
encoded by a foreign gene integrated into the yeast genome to generate a humoral
immune response. The invention further relates to the production of these yeasts and
their use for protective vaccination against pathogens containing these antigens.

Prior art

Vaccines are used to prevent diseases (preventive vaccines) or to treat established
diseases (immunotherapeutic vaccines). Over the last 100 years or so, preventive
vaccination programmes have contributed significantly to the reduction of infectious
diseases. Immunotherapeutic vaccines have only been developed and used for
about 20 years, mainly to combat persistent infections with viruses, bacteria or
parasites or against carcinogenic diseases. The objective of vaccination is the
induction of a cellular (i.e. essentially T and NK cell-mediated) and/or humoral (i.e.
essentially B cell/antibody-mediated) immune response as well as an immunological
memory against antigenic components of pathogens or malignant (tumourigenic)
cells.

Traditional vaccines contain the entire pathogen in attenuated (inactivated) or killed
form, including its genetic material, nucleic acids in the form of DNA or RNA. These
traditional vaccines usually require special safety precautions and/or the use of
laboratory animals and/or the use of cell cultures for the production; furthermore, they
often require extravagant storage and transport solutions using cold chains.
Moreover, they carry the risk that substances from the production (e.g. from the
laboratory animal or from the cell culture) in the vaccinated individual produce side
effects or that unwanted re-activations of the pathogen occur. Problems also exist in
diagnostics: For example, after vaccination of livestock, vaccinated animals cannot
be distinguished from naturally infected animals, causing failure of the early warning
system, which is based on the detection of new infections. This led to the
development of so-called ‘subunit’ vaccines that contain only parts of the pathogen.

The prerequisite for this is that ‘main antigens’ of the respective pathogens are
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already known. Main antigens are mostly surface components of the pathogen that
can be recognised by the immune system, e.g. proteins of a virus envelope or the
virus capsid. Even in the absence of a complete virus particle, they can induce a
humoral and/or cellular immune response and an immunological memory in the host
against the virus. Since ‘subunit vaccination’ lacks typical components of the
pathogen, a differential diagnosis can be used to distinguish between vaccinated and
naturally infected individuals; this is therefore also referred to as ‘subunit marker
vaccination’. The disadvantages of many subunit vaccines are the elaborate
production and frequently insufficient immunogenicity: While the pathogens
themselves can be cultivated efficiently (with the limitations outlined above), their
major antigens must be genetically engineered and arduously purified using
expensive and usually inefficient processes. Subunit vaccines produced this way are
accordingly sensitive, must frequently be refrigerated for storage and transportation
and have short durability. Therefore much of the bulk vaccines are still based on the
traditional principle using complete pathogens. For example, most vaccines against
the widely spread infectious bursal disease (IBD) in poultry are currently mostly
based on attenuated (weakened) or inactivated viruses of the IBD-causing Infectious
Bursal Disease Virus (IBDV).

In an attempt to compensate for the problem of weaker immunogenicity in subunit
vaccines, adjuvants are used in addition. Adjuvants are substances that have been
empirically proven to stimulate the immune system. They amplify the immune
response non-specifically and often in a poorly understood way. So far, only very
few adjuvants have been approved for human use. For example, the only assistive
substances approved for human use in the United States are aluminium salts,
aluminium hydroxide and aluminium phosphate. However, aluminium salt
formulations cause additional complications in storing the vaccine in question.
Furthermore, these adjuvants do not exhibit sufficient efficacy with all antigens.
Genetically engineered foreign proteins, which include most subunit vaccines, can be
produced in various host cells. In addition to the intestinal bacterium Escherichia coll,
mammalian cells that can be propagated in cell cultures, plant cells and various fungi
have been established as host systems. Microbial systems such as bacteria and
fungi can be cultivated on a large scale in a very cost-effective manner. Yeast cells of
the yeast genera Saccharomyces, Pichia and Kluyveromyces have been used

routinely for decades for the expression of foreign proteins. The advantage yeast
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cells have over bacteria is that they are eukaryotes (i.e. they resemble animal cells in
many aspects), and eukaryotic proteins (i.e. proteins that are formed and/or must be
functional in animal cells) can be inexpensively produced in yeast in native or near-
native form (Bathurst, 1994, Gellissen & Hollenberg, 1997). Yeasts were initially only
used to produce the foreign proteins; then the proteins were purified from the yeast
cells and used as subunit vaccines. Only recently has it been attempted to administer
yeast itself or cell fractions of the yeasts as a vaccine.

For about 5 years, attempts have been made to use Saccharomyces cerevisiae
(‘brewer’s yeast’, S. cerevisiae) itself for vaccination: It has been shown that
subcutaneously applied, antigen-expressing S. cerevisiae cells can activate dendritic
cells and generate antigen-specific T cell immune responses, especially cytotoxic T
cell responses, against specific antigens. This cellular immune response proved to
be protective against the administration of certain tumour cells, i.e. fewer vaccines
were produced in vaccinated animals after vaccination than in control animals. This
method is currently also being tested in immunotherapeutic applications in tumour
diseases (Stubbs et al., 2001; Lu et al., 2004).
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Specialists know the following sources from the prior art, in which a yeast-based
vaccination is described:

A number of US patents, e.g. 20090304741, 5830463, 10738646 and 20070166323,
describe the use of S. cerevisiae containing at least one recombinant antigen in
immunotherapy. These yeasts have been shown to effectively stimulate an immune
response, particularly a cell-mediated immune response.

WO 90/15140 discloses immunisation of chickens with recombinant IBDV antigen. It
was derived from Kluyveromyces lactis, in which the antigen was expressed. However,
WO 90/15140 discloses only K. lactis strains in which the IBDV antigen is expressed by
means of plasmid vectors, not K. /actis strains, in which the antigen-expressing gene
is stably integrated in the genome and can be inducibly expressed (subject of the
application).

WO/2006/044923 discloses yeast (S. cerevisiae)) which recombinantly expresses
various proteins of the hepatitis C virus (HCV), and which can trigger an immune
reaction, especially a T cell response against these HCV proteins and should be
used as a vaccine against chronic hepatitis C.

WO/2007/092792 describes the possible use of recombinant S. cerevisiae against
influenza virus infections using a combination of different yeast strains whose
application leads to a T cell induction, i.e. to a cellular immune response.
WO/2011/032119 relates to a method for improving the efficacy of a yeast-based
immunotherapy in patients. This method comprises a yeast-based agent that
modulates the production or survival of CD4 + TH17 cells.

None of the available patents proves that yeast induces a protective humoral immune
response against infectious diseases or tumours (subject of this application).

Like S. cerevisiae, the ‘milk yeast’ Kluyveromyces lactis (K. lactis) also has GRAS
status (GRAS: generally regarded as safe), i.e. it is suitable for use in animals and
humans (van Ooyen et al. 2006). Although morphologically very similar to the
brewer’s yeast S. cerevisiae, the evolutionary lines of the two genera developed from
a common precursor more than 100 million years ago in different directions.
Therefore, K. lactis differs fundamentally from S. cerevisiae in many ways. Some of
these differences are of great importance for applicability in biotechnological
applications. The evolution of S. cerevisiae delivered the specialisation of the
metabolism for alcoholic fermentation and thus the loss of many genes of the
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precursors. Alcoholic fermentation is atypical for most yeasts. In S. cerevisiae it
occurs at high glucose concentrations even when oxygen is present and
mitochondrial respiration would actually allow a much more efficient energy yield
from the sugar conversion: The function of the mitochondria, the ‘power plants’ of the
cell, is largely suppressed through ‘glucose repression’. K. lactis differs significantly
from S. cerevisiae in the regulation of mitochondrial function (Chen and Clark-
Walker, 1995, Clark-Walker, 2007). In contrast to S. cerevisiae, K. lactis belongs to
the so-called ‘crabtree-negative’ yeasts. These types of yeasts generally do not form
ethanol under strictly aerobic conditions but completely degrade glucose to CO:2
through mitochondrial activity to produce ATP. This physiological property is of
fundamental importance, as it leads to a significant increase in biomass yield in large
scale fermentations, resulting in a significant cost reduction for the use of these
yeasts in producing recombinant proteins. Furthermore, K. lactis studies have shown
that mutations in the hexokinase-mediated insulin transduction pathway can enhance
the expression of heterologous genes (Donnini et al., 2004). Reduced glucose
repression, especially of respiratory genes, is a characteristic of ‘crabtree negative’
yeasts and could be related to the empirically observed better foreign gene
expression in such yeasts.

There are also significant differences between K. lactis and S. cerevisiae in the
composition of the cell wall glucans (Backhaus et al., 2011); these differences are
probably due to different glycosyltransferases in the Golgi apparatus involved in the
maturation of glycoproteins: Hence, glycoproteins in S. cerevisiae often contain
mannose phosphates, and the glycoproteins in K. lactis mainly contain terminal N-
acetylglucosamine (Raschke and Ballou, 1972). It can be assumed that these
differences between S. cerevisiae and K. lactis in the glycosylation and secretion of
proteins as well as in the cell wall biosynthesis have a considerable influence on the
intracellular localisation, protein folding as well as stability and thus also on the
immunogenicity of heterologously expressed foreign proteins (Uccelletti et al., 2004).
WO/2010/054649 describes the preparation of a recombinant system of K. /actis. In
its application examples, recombinant strains derived from strain VAK367-D4 were
used for mucosal or oral vaccination against various antigens. A disadvantage of
oral/mucosal vaccination, however, is that the vaccines must be used in large

quantities in order to achieve protective immunisation.
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Description of the figures

Fig. 1 schematically demonstrates the production of vaccine strain VAK887, which
carries the foreign gene IBDV VP2, via homologous recombination in the VAK367-D4
parent strain. Through transformation of the plasmid KIp3-MCS (SEQ ID No.: 10),
which contained the VP2 gene of the IBDV strain D78, the VP2 foreign gene was
inserted via homologous recombination into the chromosomal LAC4 gene site, which
was destroyed by insertion of the URA3 gene. During recombination into the host
genome, the URAS3 gene was replaced by the VP2 gene and the LAC4 gene was
restored; recombinant yeast strains could be obtained through selection on lactose
medium without uracil. Subsequently, the expression of LAC4 (B-galactosidase) is
controlled via the KIGAL80 promoter, and the expression of the VP2 gene is

controlled via the LAC4 promoter.

Fig. 2A illustrates the expression of IBDV VP2 by strain VAK887 compared to the
parent strain (VAK367) and compared to IBDV infected chicken cells through
Western analysis with a VP2-specific antibody. Fig. 2B demonstrates the expression
analysis of recombinant IBDV VP2 or mutated IBDV VP2-T2S in different VP2-
expressing K. lactis variants. The original K. lactis variant VP2 (VAK887) expressed
only moderate amounts of viral protein. VP2 protein expression was increased in the
K. lactis VP2-T2S strain (VAK888) by replacing threonine at amino acid position 2 of
the VP2 protein with serine. A further increase was achieved by increasing the
KIGAL4 gene dosage (VP2-T2S_GAL4 = VAK890) and/or by using a yeast codon-
optimised synthetic VP2 gene (0VP2-T2S = VAK910).

Fig. 3 shows that heat inactivation of the yeasts according to the invention at 90 °C
for 2 hours does not lead to a loss of the recombinant VP2-T2S protein (Fig. 3A).
Equal amounts of proteins from non-inactivated yeast, inactivated yeast and yeast
from a feed pellet were separated on SDS PAGE and tested in a Western blot with
an anti-VP2 antibody in contrast to cell lysates from poultry cells that were or were
not infected with IBDV. Fig. 3 further shows that the amount of VP2-T2S in variant
VAKS890 is approximately 0.7 fg of heterologous protein per yeast cell (Fig. 3B). In

this case, defined amounts of purified VP2-T2S in contrast to VP2 from a defined
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number of cells in the fermenter-cultivated K. lactis (strain VAK890) were stained in

the Western blot and the result was evaluated densitometrically.

Fig. 4 describes vaccination in mice with subcutaneously applied, heat-inactivated,
complete yeast cells of the K. lactis variant VAK890 in contrast to oral vaccination
with complete yeast cells of the K. lactis variant VAK890. Fig. 4A illustrates the
immunisation plan: Subcutaneous immunisation took place three times with a two-
week break; in comparison, it was fed twice for two weeks. Two weeks (arrow) after
the last yeast application, serum samples from the treated mice were tested for the
presence of anti-VP2 antibody in an IBDV-specific ELISA (Fig. 4B) and in an IBDV
neutralisation assay (Fig. 4C). Fig. 4D summarises that mice treated with VP2-
expressing K. lactis (strain KI VP2-T2S_GAL4 (VAK890)) have significantly higher
titres of antibody/neutralising antibodies than mice treated with wild type K. lactis
(strain VAKS367). It was also shown that subcutaneously applied K. lactis (strain
VAK890) have significantly higher titres of antibodies/neutralising antibodies than
mice fed with K. lactis (strain VAK890). However, mice that were orally immunised
with K. lactis (strain 890) also exhibited an increased antibody/neutralising antibody
titre compared to mice treated with K. lactis wild type (strain VAK367).

Fig. 5 shows oral and subcutaneous vaccination in chickens with heat-inactivated,
complete yeast cells of the K. lactis variant VP2-T2S_GAL4 (VAK890). Oral
vaccination was either administered via a short 1/1/1/1/1 regimen (1 week feeding, 1
week break, 1 week feeding, etc.) or a longer 2/2/2 regimen was used (Fig. 5A). After
a 1 or 2 week break following vaccination (Fig. 7A), all treated animals were infected
with IBDV (Edgar strain) at a concentration level of 100 EID50 per animal (virus
challenge, black bars). After oral vaccination, especially after application of the
extended regimen, increased titres of virus-neutralising antibodies could be detected
in several animals. Subcutaneous vaccination with recombinant K. lactis, on the other
hand, produced high titres of virus-neutralising antibodies in all treated animals (Fig.
5B, C, IBDV-specific ELISA, IBDV neutralisation assay). None of the animals treated
with recombinant K. lactis yeast died after infection with IBDV, regardless of which
treatment regimen was used. In contrast, the mortality rate in the control group was

10-35% (Fig. 5C). Analysis of the lesions in the bursae of the treated animals showed
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that about 10% of the orally treated animals showed no signs of viral infection
following inoculation with IBDV after the prolonged treatment regimen was applied: A
so-called ‘lesion score’ was used: scores 1, 2 indicate undamaged or hardly
damaged bursae; scores 3, 4 indicate damaged and severely damaged bursae. In
contrast, all animals in which the recombinant K. /actis strain VAK890 was

administered subcutaneously showed complete protection against IBDV (Fig. 5C).

Fig. 6 schematically shows the structure of the vector Klp3-MCS (SEQ ID No.:10).

Description of the invention:

The possibility of using recombinant yeasts for subcutaneous vaccination is known to
specialists from the prior art: Stubbs et al., (2001) Nat. Med. 7: 625-629; Stubbs and
Wilson (2002) Curr. Opin. Mol. Ther. 4: 35-40; Wansley et al., (2008) Clin. Cancer
Res. 14: 4316-4325; US 5,830,463, WO/2006/044923; WO/2007/092792 and
WO/2011/032119. In the design examples of these publications, however, the work
was done exclusively with the yeast Saccharomyces cerevisiae. ‘Yeast' is a collective
term for unicellular growing eukaryotic microorganisms with sometimes very different
properties due to divergent evolution over hundreds of millions of years (about 100
million years for S. cerevisiae and K. lactis). When S. cerevisiae and K. lactis are
used for vaccination in higher eukaryotes such as animals or humans, it can
therefore be assumed that an immune response triggered by S. cerevisiae differs
greatly from a K. lactis-induced immune response. This applies to both the immune
response against foreign antigens expressed in the yeast and to the immune
response to yeast-specific antigens. Subcutaneous immunisations with complete S.
cerevisiae cells generated a T cell induction, i.e. a cellular immune response. A
protective, humoral immune response against an antigen with recombinant S.
cerevisiae in a simple way (i.e. through direct application of a single antigen-

expressing strain) has not been demonstrated in ‘prior art’.

Based on the information above, the object was supposed to provide a method by
which a protective, humoral immune response against the VP2 antigen of the virus of
infectious bursitis (IBDV) can be generated. Another task was to produce a subunit

marker vaccine, which would make it possible to distinguish vaccinated individuals
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from naturally infected ones. Another task was to produce a subunit marker vaccine
that also has strong adjuvant properties and thus is highly immunogenic.
These tasks were solved by providing arecombinant yeast of the species
Kluyveromyces lactis which carries as a foreign gene a gene that codes for a VP2
antigen of the virus of infectious bursitis (IBDV), which is integrated into the yeast
genome, and which enables the expression of the VP2 antigen of the virus Infectious
Bursitis (IBDV) as a foreign protein, characterised in that this Kluyveromyces lactis
strain is selected from:

Kluyveromyces lactis DSM 25405,

Kluyveromyces lactis DSM 25406, and

Kluyveromyces lactis DSM 25407.
The starting strain VAK 367-D4 (DSM 23097) used for the production of these strains
permits targeted integration of the gene for expression of the VP2 antigen of the
Infectious Bursal Disease Virus (IBDV) as a foreign gene into the yeast genome.
Recombinant yeasts expressing this foreign gene can be produced rapidly (i.e. within
a few weeks) with this system. The yeasts can be increased in the fermenter in large
quantities (e.g. kilogram/kg range) at low cost. Through regulated expression and
fermentation in the fed-batch method, cytotoxic antigens can also be expressed in
this yeast system. After expression of the foreign gene, the yeast is heat-inactivated
and can then be stored and transported without refrigeration as a powder. The yeast
powder can be used directly (i.e. without further fractionation) either as an emulsion
or as a pellet (see design examples) as subunit marker vaccine. The antigen
formulation and the adjuvant effect necessary for the effective (i.e. protective)
immunisation are ensured by two factors: (i) through the possibility of targeted
genetic engineering of the expressed foreign protein, (i) through the expression of
the foreign protein in the yeast and the direct application of the yeast in oral or
subcutaneous form; the yeast itself has a strong adjuvant effect. subcutaneous
administration is preferred. A recombinant yeast strain was created; it expresses a
specific viral antigen and can be used for subcutaneous vaccination in the invention
procedure. Complete preventive protection against infection by the virus was
achieved. Only very small amounts of yeast (e.g. in the milligram/mg range for
subcutaneous application in poultry) were used. Only 2-3 applications were
necessary to achieve this protection level.
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The procedure according to the invention is suitable for use in both the human and
veterinary fields. The application of the method according to the invention in the
veterinary field is preferred.

The procedure according to the invention is carried out with the yeast Kluyveromyces
lactis.

The yeast K. lactis belongs to the so-called food grade’ yeasts, which have GRAS
status (GRAS: generally regarded as safe). Like the brewer’s yeast, which has been
tried and tested as a food additive over thousands of years, K. lactis, which is
frequently used in dairy products, is considered harmless by the food industry.

In addition to the possibility of fermentation described under ‘prior art’, the yeast K.
lactis has numerous advantages over S. cerevisae with regard to the expression of
heterologous genes. K. lactis belongs to the so-called ‘petite negative’ yeasts, which
means that the loss of mitochondrial DNA is lethal (due to the collapse of the
mitochondrial membrane potential (Chen et al.,, 1995; Clark-Walker, 2007)).
Mitochondrial function is closely linked to Ca2*-dependent signalling, the production
of reactive oxygen compounds, the stress response of the cell, protein glycosylation,
and cell wall integrity. Thus, the mitochondrial function significantly impacts the
production of recombinant glycoproteins and the composition of the cell wall.

In yeasts and mammals, the first steps of N-glycosylation of proteins taking place in
the endoplasmic reticulum are the same. However, the steps taking place within the
Golgi apparatus differ. The glycosyltransferases in the Golgi apparatus are different
in the various yeast species. This leads to differences in the composition of the
glycoproteins in the cell wall. In K. lactis, the glycoproteins contain terminal N-
acetylglucosamine, as opposed to mannose phosphate in S. cerevisiae. (Raschke
and Ballou, 1972). This could have a significant impact on the stimulation of the
immune system by the respective yeast species in vaccinations.

The improved secretion of recombinant proteins in K. lactis mutants with altered
al,6-mannosyltransferase  (KIOCH1) illustrates the link between protein
glycosylation/secretion and cell wall biosynthesis (Uccelletti et al., 2004). Changes in
protein glycosylation also affect the intracellular localisation of recombinant proteins
that are held back on the way to secretion due to defective folding.

K. lactis is one of the few yeasts that can process lactose as a carbon and energy
source. Lactose is a cheap sugar that is available in high quantities as a component
of whey (e.g. as a by-product in the dairy industry). K. lactis can achieve similar
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growth rates with lactose as with glucose. Regulation of the genes involved in lactose
metabolism has been extensively studied. The strong [B-galactosidase promoter
(LAC4) can be used to regulate the expression of heterologous genes and to
produce recombinant proteins. (van Ooyen et al., 2006, Breunig et al., 2000). Due to
the decreased glucose repression, the heterologous expression of genes in K. lactis
cultures cultivated in glucose-containing medium can be induced quickly and
efficiently by addition of lactose.

In accordance with the invention, the K. lactis strains mentioned in claim 1, which
represent variants of the strain VAK367-D4, are produced via genetic engineering
processes that permit the targeted integration of foreign genes at the LAC4 locus of
the yeast genome (Fig. 1). This integration requires only one step via a
correspondingly constructed plasmid; selection of recombinant strains is possible
without the use of antibiotic resistance genes, and foreign gene expression in the
recombinant strains can be induced via the LAC4 promoter by adding lactose to the
medium. Using this method, K. lactis cells with integrated foreign genes can be
generated and characterised in a few weeks. Both aspects of this system are of great
importance: On the one hand, it makes the reproducible cultivation of yeast cells
possible, with each containing defined amounts of a foreign protein (Fig. 2, 3).
Furthermore, the additional integration of genes of the KiGal4 transactivator into the
yeast genome can significantly increase the expression rate of the foreign gene
(Kuger et al., 1990).

In another design, the invention relates to the derivatives of the K. lactis strain
VAK367-D4 referenced in claim 1 for use in a method of subcutaneous vaccination.
A series (VAK) was generated on recombinant variants derived from the K. lactis
strain VAK367-D4. Generally, these variants inducibly express significant amounts of
a foreign protein, or domains of this foreign protein, or domains of this foreign protein
fused with foreign protein domains. The related foreign protein domains are used for
targeted stimulation of the immune response (adjuvant) or the targeted
compartmentalisation of the expressed foreign protein in the yeast cell. In addition to
adjuvant effects, the compartmentalisation of the expressed foreign protein is
important for the optimisation of the expression or the formulation of the expression
product.

In another design, the method of the invention is performed with derivatives of
VAK367-D4 for use as a subunit marker vaccine. The use of recombinant K. lactis
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that only express defined protein antigens (foreign proteins) as a vaccine in a
differential diagnosis enables the discrimination of vaccinated against naturally
infected individuals. One of these recombinant K. lactis strains (see design
examples) has been used successfully for oral and subcutaneous vaccination. After
subcutaneous administration, complete protection of the vaccinated objects was
achieved.

‘foreign protein’ in the context of this invention refers to the VP2 antigen of the
Infectious Bursal Disease Virus (IBDV), which is capable of generating a protective
immune response, preferably a protective humoral immune response, in humans or
in animals against a pathogen. In the most preferred design of the invention, the
foreign proteins are from members of the family Birnaviridae, such as the IBD virus,
and are capable of inducing a protective immune response, preferably a protective
humoral immune response.

In one example, a K. lactis VAK367-D4 variant VP2 (VAK887) was generated which
expresses the capsid-forming VP2 antigen of the virus of infectious bursitis (IBDV
strain D78) as a foreign protein (SEQ ID NO.: 1 and 2). Especially preferred is a K.
lactis VAK367-D4 variant VP2-T2S (VAK888) in which the VP2 protein was mutated
at amino acid position 2 (exchange of threonine for serine) ; Jagadish et al. 1991)
and which exhibits the nucleotide or amino acid sequence according to SEQ ID NO.:
3 and 4.

In a particularly preferred design of the invention, an optimised K. lactis VAK367-D4
variant, VP2T2S_GAL4, was generated in which the VP2 protein was mutated at
amino acid position 2 (SEQ ID NO.: 3 and 4) and additionally contained at least two
KIGAL4 genes (VAK890). Particularly preferred is a K. lactis VAK367-D4 variant,
oVP2-T2S, in which the mutated VP2 antigen is encoded by the codon-optimised
nucleic acid sequence with SEQ ID NO.: 5 or in which the recombinantly expressed
mutant VP2 antigen exhibits the amino acid sequence according to SEQ ID NO.: 6.
The optimised K. lactis VP2-T2S_ GAL4 variant (VAK890) has the following
advantages:

- The mutation further stabilised the foreign protein.

- Overexpression of the transactivator and/or through codon optimisation of the

sequence led to a significant increase in VP2 expression (Fig. 2).
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- The integration of additional KIGAL4 genes also correlated with a higher
growth rate of this K. lactis variant.
- This K. lactis variant shows a particularly high reproducibility in the high cell

density fermentation and the amount of expressed VP2 protein (Fig. 3).

The K. lactis VP2-T2S_GAL4 variant produced according to the invention, which
recombinantly expresses the mutated VP2 antigen of the IBDV as a foreign protein
and contains further copies of the KIGAL4 transactivator gene (VAK890), was
recorded on 29 November 2011 at the Deutsche Sammlung von Mikroorganismen
und Zellkulturen GmbH (German Collection of Microorganisms and Cell Cultures),
DSMZ, Inhoffenstrasse 7B, 38124 Braunschweig, Germany, in accordance with the
Budapest Treaty under the number DSM 25405.

The K. lactis oVP2-T2S variant produced according to the invention, which
recombinantly expresses the mutated and codon-optimised VP2 antigen of the IBDV
as a foreign protein (VAK910), was recorded on 29 November 2011 at the Deutsche
Sammlung von Mikroorganismen und Zellkulturen GmbH, DSMZ, Inhoffenstrasse 7B,
38124 Braunschweig, Germany, in accordance with the Budapest Treaty under the
number DSM 25406.

The K. lactis oVP2-T2S variant produced according to the invention, which
recombinantly expresses the mutated and codon-optimised VP2 antigen of the IBDV
as a foreign protein and contains further copies of the KIGAL4 transactivator gene
(VAK911), was recorded on 29 November 2011 at the Deutsche Sammlung von
Mikroorganismen und Zellkulturen GmbH, DSMZ, Inhoffenstrasse 7B, 38124
Braunschweig, Germany, in accordance with the Budapest Treaty under the number
DSM 25407.

Another design regards the use of the recombinant yeasts according to the invention
in a method for producing protective immunisation, in particular protective humoral
immunisation.
Such a method comprises the following steps:
a) Cultivation and propagation of the recombinant yeasts according to the
invention,

b) harvest and inactivation of the yeasts,
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c) application of the recombinant yeasts pursuant to a defined immunisation
scheme,
d) titre determination of the formed antibodies and/or

e) evidence of immunisation.

According to the invention, the cultivation and propagation of the recombinant yeasts
can be carried out by any conventionally available method. Particularly preferred are
methods which lead to high cell yields at low cost. This includes fermentation
methods, in particular methods of high cell density fermentation. A particularly
advantageous method is to carry out the fermentation using a fed-batch fermentation

protocol.

In a preferred design, the protective humoral immunisation is achieved by
administering the recombinant yeasts orally/mucosally or subcutaneously. In a
particularly preferred design of the invention, the recombinant yeasts are
administered subcutaneously. A particularly preferred method according to the
invention is the use of the K. lactis strains mentioned in claim 1 for subcutaneous
administration.

In the method according to the invention, the recombinant yeast cells should be
inactivated/killed before use. Therefore, the yeast cells are dried after the cultivation
and expression of the foreign genes and then inactivated. Inactivation can be carried
out by any conventionally available method. Particularly suitable for use in the
method according to the invention is heat inactivation (e.g. heat inactivation for 2
hours at 90 °C).

Oral/mucosal vaccination can either be administered via a short 1/1/1/1/1
immunisation regimen (1 week feeding, 1 week break, 1 week feeding, etc.) or a
longer 2/2/2 regimen (2 weeks feeding, 2 weeks break, 2 weeks feeding, etc.). For
example, a two-fold or a three-fold application at intervals of two weeks may be used
for subcutaneous vaccination (Fig. 4 and 5)

All conventional methods are available to establish successful immunisation. In one
design of the invention, the titre of virus-neutralising antibodies is tested to
demonstrate immunisation. For example, specific ELISA tests or neutralisation
assays can be carried out for this purpose. A defined number of IBD viruses in the

neutralisation assay are offset with a defined amount of serum from an immunised
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animal or a control animal. Subsequently, the inhibition of the infection
(neutralisation) by the treated viruses in cell culture is tested. Whether an
immunisation was successful can also be tested in a ‘challenge’ experiment, e.g. in a
‘virus challenge’ experiment. To accomplish that, the treated animals are
administered a dose of a pathogenic microorganism or virus that would normally
cause disease in unimmunised animals. If the animals do not exhibit any signs of the
disease after such a challenge, proof of successful immunisation is provided (Fig. 5).
Finally, the detection of immunisation can also be provided by
immunohistochemistry. After the challenge, the target organs of the pathogen are
examined for infection or lesion (Fig. 5).

According to the invention, it was shown that recombinant K. /actis variants derived
from VAK367-D4 could be used successfully for vaccination by subcutaneous
administration. The strain variant VAK890, which is described in the design
examples, expresses the VP2 antigen of the Infectious Bursal Disease Virus (IBDV,
strain D78). The VP2 of IBDV is a viral capsid-forming protein. It is a known fact
about VP2 that the induction of a humoral immune response against this antigen is
sufficient to protect an infected organism from a subsequent infection by the virus in
question (IBDV). Triggering an effective humoral immune response could be indexed
via quantification of virus-neutralising antibodies. On the other hand, the detection of
a protective immune response via a ‘virus challenge experiment’ and
immunohistochemistry was performed after the virus challenge. According to the
invention, recombinant K. lactis, or recombinant K. lactis starting from strain VAK367-
D4, could be established in subcutaneous applications as effective, i.e. 90-100%
protective vaccine (90-100% corresponds to ‘gold standard’ in vaccination) (Fig. 4
and 5). The recombinant K. lactis, or recombinant K. lactis starting from strain
VAK367-D4, was thus established as ‘subunit marker vaccination against infectious
agents such as viruses. That means, a single immunogenic protein subunit of a virus
was used as the antigen. Use as a ‘subunit marker vaccine implies that using it
facilitates the distinction of vaccinated from non-vaccinated, infected organisms. This
is possible, for example, via the use of a differential diagnostic method that detects
both antibodies against the antigen used for vaccination, as well as antibodies
against another antigen of the infectious agent. Immunisation with the recombinant
K. lactisstrain VAK890 starting from the strain VAK367-D4 enables generation of

antibody titres against the corresponding viral antigen. These antibodies have been
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shown to have a virus neutralising effect. It can already be empirically deduced from
this property and the measured high titre that this humoral immune response is
sufficient to protect an organism from a subsequent infection with the relevant virus.
The final proof could be provided for the IBDV. The high titre of virus-neutralising
antibody produced in the chicken model correlated with complete protection of the
vaccinated animals against subsequent virus infection (Fig. 5).

The use of the K. lactis strains stated in claim 1, which are genetically engineered
variants of strain VAK367-D4, such as K. lactis VP2-T2S_GAL4 (VAK890), has the
following major advantages over conventional methods:

1. For use in foreign gene expression, K. lactis has substantial fundamental
advantages over S. cerevisiae, which are due to the divergent physiology of K.
lactis over millions of years of Scerevisae.

2. The foreign gene is not expressed via plasmid vectors as described in WO
90/15140, but after targeted and stable integration of the foreign gene in a
defined locus of the K. lactis genome. This enables high reproducibility of
protein expression under non-selective conditions. This aspect is essential for
the reproducible production of the vaccine by cultivating the yeast strain in the
fermenter. The principle of the strain VAK367-D4 and its derivatives have
already been described for oral vaccination (WO 20101054649 A2). The
present invention now demonstrates that the strain VAK367-D4 and its
derivatives, especially K. lactis VP2-T2S_GAL4, result in effective protection
against viral infections when administered subcutaneously using much lower
amounts of yeast.

3. The gene expression is inducible and can be further raised by increasing the
concentration of the transcriptional activator Gal4 and/or through codon-
optimisation of the nucleotide sequence of the foreign gene in adaptation to
the yeast host. The establishment of a fed-batch fermentation protocol
facilitates efficient production of cytotoxic antigens.

4. Integration of the foreign gene into VAK367-D4 and its derivatives is a ‘one-
step procedure’. This means that new recombinant strains can be produced in
about 3 weeks; this is particularly important for the rapid development of
efficient vaccines against mutated virus variants.

5. Through subcutaneous administration of recombinant yeast of type K. lactis,
specifically recombinant yeast of the strain VAK367-D4 and derivatives
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thereof, a protective immune response could be generated both in mice and in
chicken. The procedure is very simple: A defined quantity of inactivated (heat-
killed) yeast cells are injected under the skin into the inoculation recipient in a
2-3 time procedure. Two weeks after the last application, the inoculation
recipient’s vaccine serum is assayed to look for presence and functionality of
antigen-specific antibodies. Virus neutralisation tests have shown that this
immune response was predominantly, if not exclusively, based on the
production of neutralising antibodies (protective humoral immune response).
Thus, the immune response, inducible by K. lactis in subcutaneous
application, is fundamentally different from the immune response inducible by
S. cerevisiae, which mainly induces a T cell response. The possibilities of
subcutaneous application of K. lactis are therefore fundamentally different
from the possibilities of subcutaneous administration of S. cerevisiae: while K.
lactis may be used as a subunit vaccine in antigens capable of producing a
protective humoral immune response (e.g. viral antigens such as the VP2
antigen of the Infectious Bursal Disease Virus, IBDV or hemagglutinin HA
antigen of the influenza virus), S. cerevisiaemay be used as a subunit vaccine
in antigens capable of producing a protective cellular immune response (such
as the NS3 protein of the hepatitis C virus or tumour antigens such as Her-2).
These differences in the form of the induced immune response are likely due
to the very different characteristics of the S. cerevisiae and K. lactis cells

outlined above

Combined, the present invention makes a substantial contribution to the prior art and

provides numerous advantageous designs over the prior art:

The inventors managed to produce subunit marker vaccines with which it is
possible to distinguish vaccinated individuals from naturally infected ones.
Furthermore, subunit marker vaccines can be produced which also have
strong adjuvant properties and are thus highly immunogenic.

The subunit marker vaccines according to the invention can be used several
times.

The subunit marker vaccines of the invention produce a systemic

protective immune response and immunological memory in vaccine.
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e The present invention also makes it possible to produce vaccines against
cytotoxic antigens.

e The method according to the invention allows the fastest possible generation
of new vaccine variants.

e The vaccination methods are particularly cost-effective.

e For the production of the vaccine according to the invention, no laboratory
animals or animal/human cells cultures are necessary.

e The vaccines according to the invention are not temperature-sensitive; they
can be transported and stored without cooling.

e In the method of the invention, no living recombinant cells or organisms are
used.

e With the method according to the invention it is possible to limit both the
quantities of vaccine used and the number of applications necessary for

achieving protective immunisation to a minimum level.

Design examples

1. Creation of the K. lactis strain VAK367-D4 (metA ura3-5 lac4::ScCURAS3).

The starting strain VAK367 for the heterologous expression of foreign proteins has
the following characteristics: It facilitates cultivation to a high cell density without any
intracellular proteins being verifiably released. In that regard, this strain differs from
many closely related K. lactis strains. Strain VAK367 was derived from strain CBS
2359 (Centraalbureau voor Schimmelcultures
http://www.fungalbiodiversitycentre.com) through two rounds of mutagenesis and is
auxotrophic for the amino acid methionine and the nucleobase uracil. The strain
VAK367-D4 (filed on 18/11/2009 with the Deutsche Sammlung von Mikroorganismen
und Zellkulturen GmbH (DSMZ) in Braunschweig under accession number DSM
23097) was derived from the strain VAK367 through genetic engineering, whereby
the sequence of +358 to +1181 of the LAC4 gene was replaced by the SCURAS gene
with the aid of the plasmid pD4-2. The strain VAK367-D4 now allows integration of
foreign genes at the LAC4 locus without additional markers by selecting lactose
growth. Using a suitable integration vector, such as Klp3-MCS (Fig. 6), the disruption
cassette is replaced through homologous recombination so that an intact LAC4 gene
is reconstituted with loss of the SCURA3 marker. (Fig. 1)
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2. Generation of an integration vector that allows the inducible expression of foreign
genes.

Vector: KIp3

Vector: KIp3-MCS (SEQ ID No.: 10)

Vector Klp3-MCS (SEQ ID No.: 10) (Fig. 6) is an E. coli vector based on YRp7 that
can not autonomously replicate in yeasts because the ARS1 sequence has been
deleted. Klp3-MCS (SEQ ID No.: 10) contains the K. lactis LAC4 promoter and
sequences that allow integration at the LAC4 locus through homologous

recombination.

A DNA segment containing the TEFT1 terminator and the KIGAL80 promoter was inserted
between the LAC4 promoter and transcription start. After reconstitution, this allows the LAC4
reading frame to be expressed via homologous recombination under the control of the
KIGAL80 promoter. The KIGAL80 promoter is co-regulated via transcription factor KiGal4
with the LAC4 promoter (Zenke et al. 1993). This design makes it possible to follow the
induction of foreign gene expression by measuring the LAC4-encoded B-galactosidase. Klp3-
MCS (SEQ ID No.: 10) facilitates insertion of the foreign gene between LAC4 promoter and
TEF1 terminator via one of the unique interfaces in the multiple cloning site (MCS) (Fig.
6). For integration, the resulting plasmid is digested with suitable restriction enzymes, so that
the expression cassette is separated from the E. coli vector sequences. After transformation
into K. lactis VAK367-D4, the expression cassette is chromosomally integrated; the resulting
strains do not contain any bacterial sequences.

3. K. lactis variant expressing the VP2 antigen of the Infectious Bursal Disease Virus
(IBDV variant D78).

Production of the recombinant yeast strain

The cDNA encoded for IBDV D78 VP2 was amplified from plasmid pD78A (lcard et
al., 2008) using the following oligonucleotides:

IBDV_Ascl_fwd (5-GGCGCGCCGATGACAAACCTGCAAGATC-3') (SEQ ID NO.:
7), containing an Ascl restriction cleavage site, and

VP2_Notl_rev (5'-ATAAGAATGCGGCCGCTCACACAGCTATCCTCCTTATG-3)
(SEQ ID NO.: 8), containing an Notl restriction cleavage site, and

The following oligonucleotide pair was used to generate VP2-T2S:
IBDV_S:T_Ascl_fwd (5-GGCGCGCCGATGTCTAACCTGCAAGATCAAACCCA-3Y)
(SEQ ID NO.: 9) , and VP2_Notl_rev (see above).
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The amplified DNA fragments were cloned after checking and confirming the
nucleotide sequences on the Ascl and Notl interfaces in the vector Klp3-MCS (SEQ
ID NO.: 10) (Fig. 6). This was followed by integration into the genome (Fig. 1).
Specifically, the integration plasmid was digested with the restriction enzyme EcoR|,
and the digested fragments were then transformed into VAK367-D4 cells. The
transformed cells were plated on YEPD medium and incubated overnight at 30 °C.
To find positive colonies, the transformation plate was duplicated on SM medium
containing lactose as a carbon source and incubated for 2 days at 30 °C. The
positive clones identified in this procedure were further investigated.

Genome integration of additional KIGAL4 gene copies was performed with a
conventional method (Kuger et al. (1990). The codon optimisation followed a
Saccharomyces cerevisiae algorithm (mr.gene.com, Raab et al., 2010). The codon-
optimised DNA fragments were synthesised directly. During the synthesis, the 5' Ascl
and 3' Notl restriction sites were already incorporated (mr.gene.com, Regensburg,
Germany). Subsequently, the cloning was performed in vector Klp3-MCS (SEQ ID
No.: 10).

Western blot analysis.

Cell pellets were resuspended in B60 buffer (50mM HEPES-KOH pH 7.3; 60mM
potassium acetate; 5SmM magnesium acetate; 0.1% Triton X100; 10% glycerol; 1mM
sodium fluoride; 20mM glycerol phosphate; 10mM MgClz; 1mM DTT; protease
complete inhibitor [Roche]) and disrupted by vigorous mixing with glass beads. The
extract was centrifuged (14,000 rpm, 20 min. at 4 °C) and the protein concentration
was determined. 40 ug of the protein extract were separated with SDS-PAGE in a
12% gel. Then the proteins were transferred to a membrane. Western blot analyses
were performed with rabbit a-IBDV antiserum (1:15,000, Granzow et al., 1997) and
goat-a-rabbit HRP-coupled antibodies (1:3000, Santa Cruz Biotechnology, Inc.) using

conventional methods.
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Northern blot analysis.

5 ml of a yeast culture was cooled on ice for complete extraction of the RNA. Cell
lysis was performed in Prot K buffer (100 mM Tris/HCI pH 7.9, 150 mM NaCl, 25 mM
EDTA, 1% SDS) and 50 mg proteinase K (Fermentas) under vigorous shaking with
glass beads. The samples were incubated for 1 h at 35 °C, and the RNA was
extracted, precipitated with ethanol and resuspended in DEPC water. Northern
analysis was performed as described in Engler-Blum et al., 1993, but with slight
deviations. 5 ug of total RNA was separated on a 1% formaldehyde agarose gel and
transferred to a nylon membrane (Amersham Hybond™ N+, GE Healthcare). The
membrane was incubated at 68 °C with a DIG-labelled RNA probe, which was
created by in vitro transcription of PCR fragments in the presence of DIG-NTPs
(Roche). The blot was treated with a blocking solution and incubated with an anti-DIG
alkaline phosphatase-conjugated antibody (Roche). The determination of the alkaline

phosphatase activity was carried out with conventional methods.

Quantification of heterologously expressed VP2.
A modified protocol (according to Saugar et al., 2005, 2000 ODE) of a yeast culture
transformed with an episomal VP2 plasmid (pADH1-P VP2-T2S) was used on
selective medium (0.67% YNB, 2% glucose and

the following additions: 11 mg/l Ade; 14 mg/l Tyr; je 38 mg/l His, Trp, Arg, Met; 48
mg/l

Phe; each 58 mg/l Leu, lie, Lys, Val, Thr) cultivated overnight. After harvesting and
washing the cells with distilled water, they were broken down with glass beads in
lysis buffer (10 mM Tris [pH 8.0], 150 mM NaCl, 20 mM CaCl 2, 1 mM EDTA,
protease complete inhibitor [Roche], pH 8.0). The resulting protein extract was
centrifuged (10,000 g for 1 h at 4 °C) and the soluble fraction was layered on a 20%
(w/v) sucrose cushion in sucrose buffer (10 mM Tris pH 8.0, 150 mM NaCl, 20 mM
CaClz; contained protease complete inhibitor [Roche]). After centrifugation at 170,000
g for 3 h at 4 °C, the pellet was dissolved in 200 pl of sucrose buffer and centrifuged
for another 17 h at 114,000 g in a 20 to 53% sucrose gradient in sucrose buffer. The
gradient was collected in 700 pl fractions and analysed using SDS-PAGE and

Western blot. Oligomeric protein complexes of the heterologously expressed VP2
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was concentrated and purified in this way. The protein could be demonstrated and
the amount of protein determined via SDS PAGE and Coomassie staining in
comparison to a standard protein (not shown). The purified VP2 was then used as
standard in a comparative Western blot with anti-VP2 antibody. The VP2 amount of a
defined number of yeast cells from different fermentations was compared (Fig. 3).

Yeast fermentation and heat inactivation.

All experimental fermentations were performed in a DasGip parallel bioreactor
system (DasGip AG, Julich, Germany) with four fully equipped 2L fermenters.
Production scale fermentations were carried out by the company Organobalance
GmbH (Berlin, Germany) or in our own laboratory in a Biostat ED Bioreactor (B.
Braun Biotech, Melsungen, Germany) with 10 | workload capacity. All production
processes were performed with the fed-batch process. A complex culture medium
with 2% yeast extract, 1% peptone and a 20% lactose feed solution was used. The
temperature of the yeast culture was maintained at 30 °C and the pO2 was controlled
to 30% saturation. The pH value was maintained at 5.0 during the fermentation by
adding 2M NaOH or 2M HzPOa.

For in vivo experiments in mice and chickens, the yeasts were freeze-dried and then
heat-inactivated for 2 h at 90 °C. Using this method, less than 10 cells per gram of
dry cell weight were viable.

4. Subcutaneous administration in mice

For subcutaneous administration of a K. lactis variant expressing the VP2 antigen of
the Infectious Bursal Disease Virus (IBDV variant D78) (VAK890) in mice, the dried
and powdered yeast for the first application was mixed with complete Freund's
adjuvant (CFA); in other applications, the yeast was mixed with incomplete Freund's
adjuvant (IFA) (100 pg of yeast material per 200 pl of CFA or IFA). 200 pl of the
emulsions (containing 100 pg of yeast) were injected for each immunisation/boost
per individual. Thus, the amount of VP2 administered per subcutaneous
immunisation of an individual mouse was approximately 18 ng (Fig. 3). After the
initial injection (day 0), the mice received ‘boosters’ twice at two-week intervals (on
days 14 and 28; Fig. 4). After another two weeks, the animals were killed under
anaesthesia to draw the blood serum.
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5. Subcutaneous application in chickens

For subcutaneous administration in chickens, 5 mg of the dried and powdered K.
lactis variant expressing the VP2 antigen of the Infectious Bursal Disease Virus (IBD
variant D78) were dissolved (VAK890) in 750 pl of phosphate buffer/saline (PBS) and
500 ul of sterile distilled water, and an emulsion of 1.25 ml of IFA was prepared. 500
Ml of this emulsion (containing 1 mg of yeast) were injected on days 0, 14 and 28
(Fig. 5). Thus, the amount of VP2 administered per subcutaneous immunisation of

an individual chicken was about 180 ng (Fig. 3, 4).

6. Virus ‘challenge’

After vaccination (Fig. 5), vaccinated chickens were infected on day 42 through oral
administration with 100% EID50 of the IBDV strain ‘Edgar’ and mortality rates were
determined after six days. After subsequent killing of the animals under anaesthesia,
the sera were recovered and the bursae of the animals were removed. They were
initially fixated in 10% neutral buffered formalin for 24 hours and then embedded in

paraffin.

7. Enzyme-linked immunosorbent assay (ELISA).

The IBDV-specific antibody titres in the sera of the vaccined objects were determined
via a commercial ELISA assay: IDEXX FlockChek® IBD ELISA kit (IDEXX
Laboratories, Inc.). For the sera from vaccinated mice, a non-proprietary secondary
antibody was used (Sigma Aldrich).

8. Neutralisation assay.
The neutralisation assay for determining the concentration of virus-neutralising

antibodies was carried out according to the protocol of Schréder et al., 2000.

9. Immunohistochemistry.

4 micron thick organ sections were prepared from the paraffin-embedded bursae.
After removal of the paraffin, they were stained with hematoxylin and eosin in
accordance with standard procedures. The samples were examined microscopically

and the ‘lesion score’ was determined on a scale of 1-4 (1 = normal to 10% follicular
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atrophy; 2 = 10-30% follicular atrophy; 3 = 30-70% follicular atrophy; 4 => 70%
atrophy).

Results

Production and optimisation of the K. lactis strain expressing IBDV VP2

Different K. lactis variants with integrated IBDV VP2 gene were produced. For the
vaccination experiments, an optimised variant was used in which the VP2 protein
was mutated at amino acid position 2 (exchange threonine for serine; Jagadish et al.,
1991), and which contained an additional tandem integration of at least two KIGAL4
genes (variant VP2-T2S_GAL4; strain VAK890). The mutation further stabilised the
foreign protein; overexpression of the transactivator led to a significant increase in
VP2 expression (Fig. 2). The integration of additional KIGAL4 genes also correlated
with a higher growth rate of this K. lactis variant. The growth conditions for the
respective VP2-expressing K. lactis strain VAK890 were optimised so that the yeast
could be fermented in high densities and with reproducible quantity of expressed
VP2. After preparation, the yeast was freeze-dried and inactivated at 90 °C for 2
hours. Proof of inactivation was carried out: Each gram of inactivated yeast material
contained less than 10 living yeast cells. The quantity of VP2 per yeast cell was
determined: It was about 0.7 fg heterologous VP2 protein per yeast cell for the strain
VAKB890 (Fig. 3)

Subcutaneous administration in mice and chickens

The immunisations were implemented as described above; two weeks after the last
application, the sera of the treated vaccinated objects were examined for presence of
neutralising antibodies. An IBDV-specific ELISA was used and an IBDV
neutralization assay was performed (Fig. 4 and 5). Moreover, a ‘virus challenge’
experiment was performed with the vaccinated chickens. For this task, the animals
received a virus dose of 100 EID50 per animal of the highly virulent IBDV strain
‘Edgar’, a concentration that leads to significant bursitis in non-vaccinated poultry
with a mortality rate of about 10-35% (Fig. 5D). After the ‘virus challenge’
experiment, the bursae of the vaccinated objects were examined for signs of infection
and lesions in the bursae using immunohistochemistry and assessed using the so-

called ‘lesions score’ (Fig. 5).
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Both the experiments with mice and the experiments with chickens demonstrated
that subcutaneous application of K. lactis strain VAK890 produced high titres of virus-
neutralising antibodies in virtually all treated animals (Fig. 4B, 4C; Fig. 5B, 5C). It
was also shown that virtually all vaccinated chickens were protected against virus
challenge and showed virtually no signs of viral infection in their bursae (Fig. 5). All
animals that were inoculated subcutaneously with K. /actis strain VAK890 showed a
significant humoral immune response against VP2. This immune response was
observed after a single boost, suggesting that two injections, which can also be
carried out with incomplete Freund's adjuvant (immunisation and boost), are already
sufficient to provide protection. In addition, all chickens that were inoculated with K.
lactis strain VAK890 were protected against subsequent viral infection (Fig. 5).
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Abbreviations

ARS1

Asc |
CFA
DNA
DEPC
DIG-NTP
DSMZ

autonomously replicating sequence; nucleotide sequence on DNA at
which replication is initiated

Restriction endonuclease Asc |

complete Freund's adjuvant

Deoxribonucleic acid

diethylpyrocarbonate

Digoxigenin nucleotide triphosphate

Deutsche Sammlung von Mikroorganismen und Zellkulturen GmbH

(German Collection of Microorganisms and Cell Cultures)

DTT

E. coli
EcoRl
EDTA
EID50

ELISA
GAL4
GRAS
HEPES
Hpa |
HRP
IBDV
CFA

K. lactis
KIGAL4
KIGAL80
LAC4
Not |
ODE
PBS
PCR
RNA

dithiothreitol

Escherichia coli

Restriction endonuclease EcoR |
ethylenediaminetetraacetic acid

Egg or embryo infectious dose - the number of infectious viruses
necessary to cause infection in 50% of infected eggs
Enzyme-linked immunosorbent assay

yeast-specific transcriptional activator

generally regarded as safe

2-(4-(2-Hydroxyethyl)- 1-piperazinyl)-ethane sulphonic acid
Restriction endonuclease Hpa |

horseradish peroxidase

Infectious Bursal Disease Virus

incomplete Freund's adjuvant

Kluyveromyces lactis

K. lactis gene encoding the KlGal4/Lac9 protein

K. lactis gene encoding the KlGal80 protein

K. lactis gene encoding a 3-galactosidase enzyme
Restriction endonuclease Not |

Optical density unit

phosphate buffer/saline

Polymerase chain reaction

Ribonucleic acid

S. cerevisiae Saccharomyces cerevisiae
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SDS
SDS-PAGE
TEFA1

VP2
VP2-T2S
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restriction endonuclease Sal |

sodium dodecyl sulphate

Polyacrylamide gel electrophoresis using SDS

Arxula adeninivorans gene

encoding translation factor EF-1 alpha

Capsid-forming virus protein of the IBDV

VP2 with an amino acid exchange of threonine against serine at
position 2

vaccine strain

Yeast extract peptone dextrose

S. cerevisiae-E.coli shuttle vector, Gene bank Accession U03501
(Botstein et al., 1979)
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SEQUENCE LISTING
110> Martin-Luther-Universitadt Halle-Wittenberg

<120> Vaccination with Recombinant Yeast by Producing a Protective Humoral
Immune Response Against Defined Antigens

<13@» MLU Breu_ 1
160> 19
<170> BISSAP 1.8

218> 1

<211>» 1371

<212> DNA

213> Birnaviridae

220>

<221y source

<222» 1..1371

<223> /mol_ type="DNA"
forganism="Birnaviridae”

giggZaiacc tgcaagatca aacccaacag attgitcegt tcatacggag cettetgatg 68
ccaacaaccg gaccggegte cattecggac gacacccetgg agaagcacac tctcaggtea 128
gagacctcga cctacaattt gactgigege gacacagggt cagggetaat tgtotttttc 180
cetggatice ctggetcaat tgtgggtget cactacacac tgcagggeaa tgggaactac 240
aagttcgate agatgetocet gactgeccag aacctaccgg ccagttacaa ctactgeagsg 300
ctagtgagtc ggagtcteac agtgagptca agcacactic ctgglggegt ttatgeacta 360
Jacggcacca taaacgeegt gaccttecaa ggaagoctga glgaactgac agatgitage 428
tacaatgget tgatgtctge aacagcecaac atcaacgaca aaattgggaa cgltectagta 486
ggggaaggeg tcaccgteet cagettacce acatcatatg atctigggta tgtgaggcett 540
getgacceea tteccgeaat agggetigac ccaaaaatgg tagccacatg tgacagcagt 6060
gacaggccca gagtctacac cataactgea gocgatgatt accaaticte atcacagtac 660
caaccaggtg gggltaacaat cacactglite tcagecaaca tigatgecat cacaagectc 728
agegttgege gagagetegt gtttcaaacs agegtecacg goctigtact gggegoecace 780
atctacctca taggetiiga tgggacasacg gtaatcacca gggotgtgege cgeaaacaat 8406
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gggetgacga
ataacccage
gcaggggatc
aactatccag
teegtegtta
aagaacctgg
atactgagtg
gactitecgtg
gcattegget
<218> 2
<211 456
<2312> PRY
<213
<220>
221>

<222>
<223>

cCcggeacega
caatcacatc
agatgtcatg
gggeecteeg
cgglegetee
ttacagaata
agagggaccg
aatactteat

tcaaagacat

Birnaviridae

SOURCE
1..456
/mal_type=“protein”

caaccttatg
catcaaactyg
gtcggeaaga
tcecegtecacg
ggtgageaac
cggecgattt
tettggeate
ggaggtggec

aatccgggec

/organism="Birnaviridag"

<408> 2

Met Thr Asn Leu

1
Ser Leu
Lett Glu
35
Val Gly
5@
Gly Ser
65
Lys Phe

Asn Tyr

Leu Pro

Leu
Lys
Asp
Ile
Asp
Cys

Gly

5
Met Pro T
20
His Thr L

Thiy Gly

Val Gly

Gln Met L
85
Arg Ley
160

Gly val

115

Phe Gln
139
Met Ser

145

Gly

Ala

Ser Leu S

Thr Ala

Gln Asp

Ser

Ala

Val

Tyr

Asn

Gin Thr
b
sy Arg Ser
49

Gly teu
55

His Tyr
78
eu

Leu Thr

Ser
126
er

135

15

Gln
Thr Gly Pro Ala
Glu
Ile
Thr
Ala
Arg Ser Leu
Ala Leu Asn Gly
Glu Leut Thr Asp

Ile Asn Asp Lys

ccattcaate
gagatagtga
ggeagectag
ctagiggect
ttcgagetga
gacccaggag
aagaccgtet
gacctcaact

ataaggagga

Gln Ile
1@
Sepr
25
The Ser

Val Phe

Gin
75
Asn

Leu

Glin
a0

Thr

185

Thr

Val

Ile
155

Seite 2

tigtgattce
cetecaaaag
cagtgacgat
acgaaagagt
teecaaatee
ccatgaacta
ggrraacaag
cteccctgaa

tagctgigte

Val Pro Phe

Ile Pro Asp
36
Thr Tyr Asn
45
Phe Pro

60

Gly

Gly

Asn Gly

Ley Pro Ala

Val Ser
110
Ala

Arg
Ile Asn
Ser Asn
140

Gly Val

DK/EP 2844759 T3

aacaaacgag
tggtggtcag
ccatggtgge
ggcaacagga
tgaactagea
cacaaaattg
ggagtacact
gattgcagga

a

Iie
15
Asp

Arg
Thye

Leu Thr

Phe Pro

Asn Tyr
88
Ser Tyr
95
Ser Thr

Val Thr

Gly Leu

Val
168

Leu

96a

968

1020

1889

1149

1260

1260

1320

1371



Gly
Tyr
Met
Thr
Val
225
Ser
Leu
The
Leu
Ile
385
Ala
Ile
Ala
ser
Thr
385
ile
Arg

Asn

Arg

Glu Gly Val Thr Val Leau Ser Leu Pro Thr
165 179
Val Arg Leu Gly Asp Pro Ile Pro Ala Ile
180 185
Val Ala Thr Cys Asp Ser Ser Asp Arg Pro
185 200
Ala Ala Asp Asp Tyr Gln Phe Ser Ser Gln
210 215
Thr Ile The Leu Phe Ser Ala Asn Ile Asp
238 235
Val Gly Gly Glu Leu val Phe Gln Thr Ser
245 258
Gly Ala Thr Ile Tyr Leu Ile Gly Phe Asp
260 265
Arg Ala Val Ala Ala Asn Asn Gly Leu Thr
275 289
Met Pro Phe Asn Leu Val Ile Pro Thr Asn
299 285
Thr Ser Ile Lys Leu Glu Ile Val Thr Ser
31e 315
Gly Asp Gln Met Ser Trp Ser Ala Arg Gly
325 330
His 6ly Gly Asn Tyr Pro Gly Ala Leu Arg
340 345
Tyr Glu Arg Val Als Thr Gly Ser Val Val
355 360
Asn Phe Glu Leu Ile Pro Asn Pro Glu Leu
376 375
Glu Tyr Gly Arg Phe Asp Pro Gly Ala Met
396 395
Leu Ser Glu Arg Asp Arg Leu Gly Ile Lys
4085 410
Glu Tyr Thr Asp Phe Arg Glu Tyr Phe Met
429 425
Ser Pro Leu Lys Ile Ala Gly Ala Phe Gly
435 446
Ala Ile Arg Arg Ile Ala Val
450 455

218> 3

<211> 1371

<212> DNA

<213> Birnaviridas

$220>

<221> squrce

222> 1..1371

223> /mol_type="DNA"

/erganism="Birnaviridae”

408> 3
atgtctaacc tgeaagatca aacccaacag attgticecgt teatacggag ccttotgatg 68

Seite 3

Sep
Gly
Arg
Tyr
220
Ala
Val
Gly
The
Glu
368
Lys
senr
Pro
Thr
Ala
389
Asn
Thr
Glu

Phe

Typ
Ley
Val
265
Gln
Ile
His
Thr
Gly
285
Ile

Sep

Val
Val
365
Lys
Tyr
Val
Val

Lys
445

Asp
ASp
190
Tyr
Pro
Thr
Gly
The
278
Thi
Thr
Gly
Ala
Thr
358
Ala
Asn
Thr
Trp
Ala

430
Asp

Leu
1758
Pro
Thr
Gly
Ser
Leu
255
Val
Asp
Gln
Gly
Val
335
Loy
Gly
Leuy
Lys
Pro
415
Asp

Ile

DK/EP 2844759 T3

Gly
Lys
Ile
Gly
Leu
248
Val
Ile
Ash
Pro
Gln
328
Thr
Val
val
Val
Leu
4080
Thr

Leu

Ile



ccaacaaceg
gagacctega
cetggatice
aagttcgate
ctagtgagtc
aacggcacca
tacaatggpt
EE688a3888E
ggtgacccca
gacaggeeca
caaccagglg
agcgttgegs
atctacctea
gggotgacga
ataacccage
gcaggggatc
aactatccag
tcegtegtta
aagaacctgg
atactgagtg
gactttegtg
gcattcgget
<23108>» 4
211> 456
<212> PRT
<2135

2285

gaccggegtce
cctacaattt
ctggeteaat
agatgetect
ggagtetcac
taaacgeegt
tgatgtcige
tcacegltecet
ttocegeaat
gagtctacac
gggtaacaat
gagagetegt
taggettiga
ccggeaccga
caatcacate
agatgtcatg
gggccctocg
cggtegetgg
ttacagaata
agaggegaccy
aatacttcat

tcaaagacat

Birnaviridae

cattccggac
gactgtgess
tgtgggtect
gactgeccag
agtgaggtcea
gaccttccaa
aacagccaac
cagettacec
agggcttgac
cataactgca
cacactgttc
gtttcaaaca
tgggacaacg
caaccttatg
catcaaactg
glcggcaaga
teeegteacg
ggtgageaac
cggeegattt
tcttggeate
ggaggtggec

aateecggegec

gacaccctgg
gacacagggt
cactacacac
aacctaccgg
agcacactic
ggaagcctga
atcaacgaca
acatcatatg
ccaaaaalgg
geegatgatt
tcagccaaca
agcgteeacg
gtaatcacca
ccattcaatc
gagatagtga
gggagcctag
ctagtggecet
ttcgagetga
gacccaggag
aagaccgtet
gacctcaact

ataaggagga

Seite 4

agaagcacac

cagggctaat

tgcagggceaa
ccagttacaa
ctggtggest
gtgaactgac
aaattgggaa
atctigggta
tageeacatg
accaattcte
ttgatgccat
geetigtact
gegetgtgge
ttgtgattec
cctcecaaaag
cagtgacgat
acgaaagagt
tcecaaatec
ccatgaacta
ggccaacaag
cteccctgaa

tagctgtgtg

DK/EP 2844759 T3

tcteaggica
tgtettttte
tgggaactac
ctactgeagg
ttatgeacta
agatgttage
cgtectagta
tgtgapgett
tgacageagt
atcacagtac
cacaagectc
gggcgecace
cgecaaacaat
aacaaacgag
tggtggtcag
ccatggtgge
ggcaacagga
tgaactagca
cacaaaattg
ggagtacact
gattgcagga

a

128

180

248

300

368

420

480

548

660

669

72@

780

8406

908

968

1820

1880

1140

1200

1268

1326

1371



<221> SOURCE
222> 1..4586

€223> /mol_type="protein”
Jorganism="Birnaviridae”

<480> 4

Met
1
Sep
Leu
Val
Gly
65
Lys
Asn
tey
Phe
Met

145
Gly

Met
Thr
Val
225
Ser
Leuw
Thr
Leu
Ile
385
Ala
Tle

Ala

Sep
Ley
Glu
Gly
58

Ser
Phe
Tyr
Pro
Gln
136
ser
Glu
Val
val
Ala
218
Thr
Val
Gly
Arg
Met
258
Thr
Gly
His

Tyr

Asn
Ley
Lys
35

Asp
Ile
Asp
Cys
Gly
115
Gly
Ala
Gly

Arg

Ala

185
Ala

ile

Gly
Ala
Ala
275
Pro

Ser

Asp

Gly

Glu

355

ey
Met
28

His
The
Val
Gln
Arg
108
Gly
Ser
Thr
Val
Leu
188
Thr
Asp
Thr
Gly
Thr
266
Val
Phe
Ile
Gin
Gly

348
Arg

Gln
5
Pro
The
Gly
Gly
Met
8%
Ley
Val
Leu
Ala

Thr
165

Gly

Cys
Asp
Leu

Glu

245

Ile
Ala
Asn
Lys
Met
325

Asn

Val

Asp Gln Thr Gln Gln lle
19

The Thr Pro Ala Ser

25

Glu

Gly

Ser Thv Ser
49

Leu

Lteu Arg

Ser Gly Ile Val Phe

55
His Gln
75
Asn

Ala Thr
79

Leu

Tyr Ley
Gln
S0
Leuy

Leu Thr Ala

Val Sepr The
185

Asn Gly

Sere Arg

Ala Leu The
120

Leu Thr Asp

Tyr

Glu Val
i35

Tle Asn Asp Lys

Ser

Tle
155
The

Asn
150
Val Leu Ser Leu Pro
i7e
Asp: Pro Ile Pro Ala Ile
185
Asp Ser Ser Asp Arg Pro
200
Tyr Gln Phe Ser Ser Gln
215
Phe Ser Ala Asn Ile Asp
238 235
Leu Val Phe Gln Thr Ser
250
Tyr Ley Ile Gly Phe Asp
265
Ala Asn Asn Gly Leu Thr
280
Leu Val Ile Pro Thr Asn
295
Leu Glo Ile Val Thr Ser
316 315
Ser Trp Ser Ala Arg Gly
336
Tyr Pro Gly Ala Leu Arg
345
Ala Thr Gly Ser val Val
360

Seite &

Val
Ile
Thi
Phe

60
Gly
Leu
Val
Tle
Ser
146
Gly
Ser
Gly
Arg
Tyr
220
Ala
Val
Gly
Thr
Glu
309
Lys
Sep

Pra

Thr

Pro
Pro
Typr

45

Pro

Asn

Leu
Val
285
Gln
1le
His
Thr
Gly
285
I1le
Sep
Leu
Val

Val
365

Phe
Asp

30
Asn
Gly
Gly
Ala
Sep
116
Ala
Asn
Val
Asp
Asp
196
Tyr
Pro
The
Gly
Thr
278
Thr
Thr
Gly
Ala
Thr

359
Ala

Ile

15
Asp
Leu
Phe
Asn
Ser

95
Sepr
Val
Gly
Leu
Leu
175
Pro
Thr
Gly
Sep
Leu
255
Val
Asp
Glin
Gly
Val
335

Leu

Gly

DK/EP 2844759 T3

Arg
Thr
Thr
Pro
Tyr
89
Tyr
Thr
Thr
Leu
Val
168
Gly
Lys
Ile
Gly
Leu
240
Val
Ile
Asn
Pro
Gln
320
The
Val

Val
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Ser Asn Phe Glu Leu Ile Pro Asn Pro Glu Leu Ala Lys Asn Leu Val
3760 378 3806
Thr Glu Tyr Gly Arg Phe Asp Pro Gly Ala Met Asn Tyr Thr Lys Leu
385 396 385 409
Ile Leu Ser Glu Arg Asp Arg Leu Gly Ile Lys Thr Val Trp Pro Thr
495 419 415
Arg Glu Tyr Thr Asp Phe Arg Glu Tyr Phe Met Glu Val Ala Asp Leu
438 425 438
Asn Ser Pro Leu Lys Ile Ala Gly Ala Phe Gly Phe Lys Asp 1le Ile
435 440 445
Arg Ala Yle Arg Arg Ile Ala Val
450 455

£218> 5

211> 1371

<212> DHA

<213> Biprnaviridae

<2203

<221> source

€222» 1..1371

<223> /mol_type="DNA"
lorganism="Birnaviridae”

gizizczact tacaagacca aacccaacas atcglcectt ttatcagate cttattaatg 650
cctactaceg gteetgette tattoctgat gacaccttgg aaaaacacac ctigagatee 120
gaaacttcaa cctataactt gactgteggt gacactggtt ctgegtttaat cgttttettc 180
cctggtittc ctggttcaat tgteggtgee cactatacct tacaaggtaa cggtaactat 248
aagticgatc aaatgtiglt gaccgeccaa aatttgectg cctectataa ctattgtaga 389
ttggtttclia gatctitaac cglcagatca tccactitge ciggtggtegt ctatgetitg 369
aacggtacaa tcaacgetgt cacatitcaa ggttccttgt ccgaattgac cgatgltetec 429
tataacgpgtt taatgtccge tactgecaat gleaatgaca aaattggtaa cgtcettagte 480
ggtgaaggheg ttactgtttt gagttigeca acctcttatg acttgggtta tgtcagattg 548
ggtgacccta ttectgetat cggtitagac ccaaaaatgg tigecacttg tgactctagt 6600
gatagaccaa gagictatac catcactget geocgatgact atcaattete cteccaatat 668
caacciggtg gtgtcactat cacctiglic tctgecaaca tegacgetat aacatcttig 729
teegteggte gtgaattggt attccaaacc tecgtecatg gtttagtatt gggtgecace 780
atctatttga ttggtttcga cggtacaace gtcattacta gageocgttge tgccaacaat 849
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ggtttaacca ctggtactga caacttgatg ccattcaact tggtaatcce taccaacgaa 909
atcacacaac caatcacatc catcaaattg gasattgtca ccleeaaate cggtgegteaa 2137
geeggtgace adatgteatg gagtgctaga ggttcattag ccgtaaccat ccacggtget 1820
aactatcctyg glgecttgag accigtceact tlagtcgect atgaaagagt tgctactggt 1080
teegtegtta ctglttgecgy tguttcaaac ttcgaattga tcccaaacce agaattggee 1140
aaaaactigg ttaccgaata tggtagattc gaccctgg{g ctatgaacta tacaasattg 31200
atcttatccg aaagagacag attgggtatc aaaactgtel ggectactag agaatatacce 1260
gactttagag aatattteat ggaagtcgee gacttaaatt ccccattgaa aatcgccggt 1328

geetttggtt ttaaggacat cattagagee atlagaagaa tagecgtctg a 1371

<210> 6

<211> 456

<2123 PRT

¢213» Birnaviridae

<2285

<221> SOURCE

<222> 1..456

<223> [mol_type=“protein"
/organism="Birnaviridae”

<486 6
Met Ser Asn Leu GIn Asp Gln Thr GIn Gln Ile Val Pro Phe Ile Arg
1 5 1@ 15
Ser Leu Leu Met Pre Thr Thr Gly Pro Ala Ser Ile Pro Asp Asp Thre
28 25 39
Leu Glu Lys His Thr Leu Arg Ser Gly Thr Ser Thr Tyr Asn Leu Thr
35 40 45
Val Gly Asp Thr Gly Ser Gly Leu Ile Val Phe Phe Pro Gly Phe Pro
50 55 60
Gly Ser Ile Val Gly Ala His Tyr Thr Leu Gln Gly Asn Gly Asn Tyr
65 79 75 80
Lys Phe Asp Gln Met Leu Leu Thr Ala Gln Asn Leu Pro Ala Ser Tyr
85 o8 95
Asnn Tyr Cys Arg Leu Val Ser Arg Ser Leu Thr Val Arg Ser Ser Thr
100 105 11
Leu Pro Gly Gly Val Tyr Ala Leu Asn Gly Thr Xle Asn Ala val Thr
115 ' 128 125
Phe Gln Gly Ser Leu Ser Glu Leu Thr Asp Val Ser Tyr Asn Gly Leu
138 135 148
Met Ser Ala Thr Ala Asn Ile Asn Asp Lys Ile Gly Asn Val Leu Val
145 150 } 155 160
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Gly
Tyr
Met
Thr
Val
225
Ser
Leu
The
Ley
Ile
305
Ala
Ile
Ala
Ser
Thy
385
Ile
Arg

Asn

Arg

<2310
211>
<212
<213y

Glu
Val
Val
Ala
218
Thr
Val
Gly
Arg
Met
290
Thr
Gly
His
Tyr
Asn
379
Gly
Leu
Glu

Ser

Ala
4508

7
28
DN

<228>

<221>
222>
223>

400>

1.

Gly
Arg
Ala
195
Ala

Ile

Ala
275
Pro
Sep
Asp
Gly
Glu
355
Phe
Typr
Ser
Tyr
Pro

435
Ile

A

.28

Val
Leu
188
Thy
Asp

Thr

y Gly

The
268
Val
Phe
Iie
Gin
Gly
348
Arg
Glu
Gly
Glu
Thr
A28

feu

Arg

synthetic

source

Leu
Gluy
245
Ile
Ala
Asn
Lys
Met
325
Asn
Val
Ley
Arg
Arg
495
Asp
Lys

Arg

Val teu Ser Leu Pro Thr
17@e
Asp Pro Ile Pro Ala Ile
185
Asp Ser Ser Asp Arg Pro
200
Tyr Gln Phe Ser Ser Gln
215
Phe Ser Ala Asn Ile Asp
2308 235
Leu Val Phe Gln Thr Sepr
258
Tyr Leuy Ile Gly Phe Asp
265

Ala Asn Asn Gly Lteu The

280
Leu Val Ile Pro Thr Asn
295
Leu Glu Ile val Thr Ser
310 315
Ser Trp Ser Ala Arg Gly
330
Tyr Pro Gly Ala Leu Arg
345
Ala Thr Gly Ser Val Val
369
Ile Pro Asn Pro Glu Leu
375
Phe Asp Pro Gly Ala Met
398 395
Asp Arg Leu Gly Ile Lys
410
Phe Arg Glu Tyr Phe Met
425
Ile Ala Gly Ala Phe Gly
440
Ile Ala Val
455

constiruct

Jmol_type="DNA"

Ser
Gly
Arg
Tyr
228
Ala
Val
Gly
The
Glu
306
Lys
Sepr
Pro
Thr
Ala
389
Asn
Thr
Gluy

Phe

Typ
Leu
Val
285
Gin

Ile

Leu
Val
Val
365
Lys
tyr
Val
Val

Lys
445

/note="0ligonucleotide for PCR amplification”
[erganism="synthetic construct”

7

Seite 8

Asp
Asp
19¢
Tyr
Pro
Thr
Gly
Thr
278
Thr
The
Gly
Ala
Thr
358
Ala
Asn
The
Trp
Ala

430
Asp

Leuy
175
Pro
The
Gly
Sep
Ley
2558
Val
Asp
Glin
Gly
Val
33%
Leu
Gly
Leu
Lys
Pro
4315
Asp

Ile
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Gly
Lys
Ile
Gly
Leu
248
Val
Ile
Asn
Pro
Gln
320
The
Val
Val
Val
Leu
400
The

Leu

Ile
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ggcgegeega tgacaaacct geaagatce 28
218> B
<211> 38
<212> DNA
<2133 synthetic construct
<228>
221> source
222> 1..38
<223y /mol type="DNA"
/note="0ligonucleotid filr PCR Amplifikation®
forganism="synthetic construct”
<48@> 8
ataagaatgc ggecgeteac acagcetatee tecttatg 38
218> 9
<211>» 35
<232> DNA
<213> synthetic construct
<220>
221> source
<222%> 1..35
<223» /mol_type="DNA"
/note="0ligonucleotid fiir die PCR-Amplifikation”
Jorganism="synthetic construct"
<408> 9
ggegegecga tgtetaacct geaagatcaa acccea 35
218> 10
<211> 8157
<232> DNA
213> synthetic construct
<2283
4<221>» source
222> 1..8157
€223> /mol_type="DNA"
/note="plasmid vectar”
/organism="synthetic construct”
<408> 18
aggtggecact tttcggegaa atgtgegegg aacccctatt tgtitatttt tctaaataca 68
ttcaaatatg tatccgetea tgagacaata accclgatas atgcettcaat aatattgaaa 129

Seite 9



naggaagagt
ttgeettect
gtigggtgea
ttttcgeece
ggtattatecce
gaatgacttg
aggagaatta
gacaacgate
aactegectt
caccacgatg
tactetaget
acttetgege
gegteggtet
agttatctac
gataggtgec
ttagatitgat
taatctcatg
agaaaagatc
aacaaaaaaa
ttttecgaag
geegtagtia
aatcctgtta
aagacgatag
geecagettg
dagcgrcacg

aacaggagag

atgagtatic
gtrtttgete
cgagtgggtt
gaagaacgtt
cgtattgacg
gttgagtact
tgecagtgetg
ggaggaccga
gatcgttggg
cctgtageaa
tcececggeaac
teggecette
cgeggtatca
acgacgegga
teactgatta
ttaaaacttic
accaaaatcec
aaaggatctt
ccaccgetac
gtaactggcet
ggecaccact
ccagtggctg
ttaccggata
gagcgaacga

cttccecgaag

CECaCEaggs

aacatiteeg
acccagaaasc
acatcgaact
ttccaatgat
ccgggcaaga
caccagtcac
ccataaccat
aggagctaac
aaccggaget
tggeaacaac
aattaataga
cggetgpetg
ttgeageact
gtcaggcaac
agcattgeta
atttttaatt
cttaacgtga
cttgagatcc
cageggtggt
tcagcagage
tecaagaactc
ctgecagtgy
aggegeageg
cctacaccga
ggagaaaggce

agettecagg

tgtcgcéctt
getggtgaaa
ggatcteaac
gagcacttitt
gcaacteggt
agaaaagcat
gagtgataac
cgettttttyg
gaatgaagec
gttgcgeaaa
ctggatggag
gtttattget
ggggccagat
tatggatgaa
actgtcagac
tagaaggatc
gtittegttc
tttttttctg
ttgtttgccg
gcagatacca
tgtageaccg
cgataaglteg
gtcgggetga
actgagatac
ggacaggtat

gggaaacgec

attcecctttt
gtaaaagatg
agcggtaaga
aaagtletge
cgeecgratac
cttacggatg
actgeggecea
cacaacatgg
ataccaaacg
ctattaactg
gcggataaag
gataaatctg
gegtaagecet
cgaaatagac
caagtttact
taggtgaaga
cactgagegt
cgegtaatet
gatcaagage
aatactgtac
cetacatacc
tgtettaceg
acggegegtt
ctacagegtg
ccggtaageg

tggtatettt
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ttgecggeatt
ctgaagatca
tecttgagag
tatgtggege
actattctea
gcatgacagt
acttactict
gggatcatgt
acgagegtega
gcgaactact
ttgcaggacce
gagcegptga
ceegtategt
agatcgctga
catatatact
tectttitga
cagacccegt
gectgettgea
taccaactct
ttetagtgta
tegeterget
ggltlggacte
cglgeacaca
agctatgaga
gcaggglegg

atagtcetgt

ige

248

300

368

420

4860

548

600

669

720

780

848

900

960

1620

1880

1140

1268

1269

1320

1388

1449

1568

1569

1620

1689



cgggittege
cctatggaas
tgctecacatg
tgagtgaget
ggaagcggaa
atgcagetgg
tgtgagttag
gttgtgtgga
CgCCaagege
ctaaccattce
aatcaggagg
caaagategt
gagagttaac
ggatgtittg
catcattatt
ttteccttacc
gcaatccact
ctgetgtetce
tttecatgacc
tatcagaagg
cegtgtectt
thgttacaga
Caaggeccgyg
catggaccic
cagtactaac

ggtaaaactt

cacctetgac
aacgccagea
ttectitectg
gataccgctc
gagcgeccaa
cacgacaggt
cteactcatt
attgtgageg
gcaattaacc
aaatgattca
ctgatatteg
gtacttctga
cglgactaca
cttcattaaa
cgtiggaggt
cttgaccttt
ggattcaact
tgtaacaaaa
tgectitaga
aatagtaaca
gtegataaac
teegltgegea
agtaggatta
ttcettaaag
atcttcgaat

cteetigtag

ttgagegleg
aggeggectt
cgttatecce
gCegeageeg
tacgcaaacc
Ltecegactg
aggeacceca
gataacaatt
cteactaaag
taactatcte
ccagtaaget
acagictcaa
getagagaac
tcaatattgt
cteecagaaag
aggetttcas
gagacataac
tegggtacct
acaccagcat
gattcttetg
agtaagtggt
attttaatat
tgctecactgt
tcaccaccat
tcaataccgt

aacaactctt

atttttgtga
tttacggtic
tgattctgtyg
aacgaccgag
geectctecee
gaaagCgeec
ggctttacac
tcacacagga
ggaacaaaag
ctagccagaa
tcatagaagt
acccatagta
cattagaacc
acttctteca
tgattgaaga
ttttacccaa
gtttaccgte
tcaatggaag
catctticaa
gcrttaaaga
ctgtegtaat
gaacgggtte
tacacaaacc
aagcataage
gatttgeeca

gatattettt

tgctegteag
ctggeetttt
gataaccgls
CgCagegagt
gegegttigee
agtgagcgea
tttatgetec
agcggctatg
ctgggtaceg
ttcgtacces
gttcaagttt
aaatacaact
tttttcgaca
gticttaaag
accectcaaac
caatttgtce
gttgatettc
tTtcagettgg
cacggecaaca
tggaacgteg
gaagtcgtge
aataacctic
atccatgatg
tttatgcaac
ttceccagata

caaagageca
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EBEBECEEag
getggecttt
ttaccgecett
cagtgagega
cgattcatta
acgcaatiaa
cggeregtat
accatgatta
ggeccegegac
actcttggga
attttgttag
ggggatatac
ctcactecat
tcectaggtt
ttgetggaaa
aagataaaat
geagettttt
ccccaggeaa
acataagttg
attgtctitc
ttatttgtga
ttatactcta

aacactecegt

ttaccatctg

aagccacctt

ggaccgttac

1742
1868
1860
1920
198¢
2048
2106
2160
2220
2288
2346
2400
2460
2528
2588
2640
2769
2769
2820
2380
2549
3680
3860
3128
3186

3246



ccattgeatg
tgtggttctt
ctgecactcaa
taattaactt
agataataat
acgegacctce
tittagtalc
catgagttte
acaccttagg
ttagaatcaa
gatcatgtet
cetteaacte
cagatccaat
ctggggeett
taaattcttt
cgtaaacttt
aaccctggac
tigtagtgac
ctctgtaaat
actigaaaac
attcageece
¢gtaacaatt
aatctaattc
tgtcgattgg
cctgaagtte

ctaaattett

geegtactca
cctecacett
agegttcaag
gtacatggct
cgaaggatga
gtactctgga
tggatattca
aagatctgec
atggtitgega
gtccctaaca
gttgacacct
cacttgtctg
taaatccaac
gacgttgatc
agttgaaaaa
agatcceatet
atcaacttte
cctaacgtet
accagagagc
cttgacgacce
gttacgggac
gtecacacce
adaagitcta
gatagggtac
ccaatgggat

agcatecgga

cacaagatca
tccataatit
tcaccctcat
ttgtggttic
ttgacatete
ttatctgata
gcctecaagt
tegteaatga
taatgcgagt
acdaaatcta
ctagagagaa
aaaccaacat
tggtactigt
ttgaaagetg
gtegtgttec
tcaggttegt
acagaaagcet
tcaatatggg
caccattgat
actaagtttt
cccttattga
tcaaatctea
gcataaacac
tgtacgtteg
ggcacagaaa

gegtcaagag

aaggettttc
caaatgtigg
aatgcacaag
tgecataaca
ttaggacaag
agtaatggec
tegtatgacg
cccagaagee
tacgaacagc
atggcacage
tgtcttigec
ggtgcttaat
acaaagtagg
tttettegtt
cattctecte
aaagtgtgaa
ctgeatcetyg
ccttecttagg
cttggtecte
cgeecteaga
aacccacata
atctgtgetce
cagtaggatt
tgtaaattgg
tggtgeteca

gtgcatcaaa

aaacttacca
gtacatgaaa
tctggtagga
agcticgtta
ttgggaaget
attaacateg
attaaatgge
cagcttateg
attgatgtta
tetaccgaac
attaacagta
agatigaatc
attttctgeg
ctttttggts
gttcaacaaa
attgatgtga
atactgagag
caattttagt
gatataagtg
aacgtacttt
ttgaccatta
gaacgactca
tacagtggga
tttacegtac
tttetitgee

caacgcagaaa
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ttttcateag

tccaatigtt
cccaaggace
ctgtctaagt
tagagtttat
toettgaacac
aagaggtcat
aacticttca
cttggatggt
atgttacegt
acactgecat
gtececaatgtt
gagaaggaaa
gagctigeat
tcataagaag
tccacaaaag
Jaagaaacgt
gaatcggacc
tggatatcaa
acataaagct
atcgatitceg
ggatttgega
ttecagtett
gttteccagt

geccaaggee

3300

3360

3429

3488

3540

3600

3668

3720

3780

3848

3960

3968

4020

46806

4149

4208

4260

4320

4380

4449

4509

4569

4628

4680

47490

4868



cattgagaga
cgtgaacctt
geegagatat
tgtcccaaga
atgaaagtac
gactgtactg
ctigaattga
ataatgtacg
cctggtigac
gtagatatag
teattttaaa
titttgtttt
aacactttte
gcggegttag
tgatattact
aatataaatc
aaatgacaag
ctggecaccec
tttatttttt
ctigttatece
cataacaaaa
ggaagaacat
tcgaaatete
aaatcatacc
ccaatgtcaa

aatttceget

ttcgaaaata
tttggggtte
tgtgtacact
tatactatag
aaacacaaac
attcgacgga
gaggaacaaa
attcggaaga
aagagtagtc
ttaaaaagaa
caattgataa
agttggtttg
atctecceee
tatcgaatcg
tlctgegeac
acgctaacat
ttcttgaaaa
gggtctagag
ttitattttt
geteacaatt
gaataataat
cttctcteat
aagtaaaaca
cttcacactc
ccaagltaacc

acacttttca

tcctgatcat‘
cttaaattet
ggatcaaata
ctetetgttt
acaaacacaa
gttttatttg
gagtggataa
ctatgageeg
atgtaataca
gaagaagaat
cttgggitaa
ttcaatagta
getaatcacc
acagcagtat
ttaacttege
ttgattaaaa
caagaatctt
gegegeegtce
ttigccaaat
ccagetttig
tctectaaga
gatacacatt
gcaatgaaaa
gacttcaagt
gaccgeacta

caactatact

agfagtaagc
caggaataag
ataacacttt
aacctttata
tggaagggag
atttcegttga
aataacggaa
gctgaacetg
aacgtaaatg
agaaagaata
agctcgaagt
taaggttaca
tagtcgagag
agcgaccage
atctggpcag
tagaacaact
tttattgtea
gacggtacag
tetgetottt
tetetteacc
aacacaagec
gattcgagcet
cattacgtaa
agtgaatget
ctagaaaaag

gaagatacaa

cctagtaggce
gcaagecatg
caaagtgact
ttgtcaaaaa
tetccagegst
agtggttaas
tggagaggtce
aggttatgga
tgatatttaa
agggtattag
tttgttgata
gggtgcgaga
ctegtttteg
attcacatac
atgatgtcga
acaatataaa
gtactgagtc
cttctegatg
cctaaatttce
ttttecaact
tcatatacct
attaaatacc
ctaaaggtgt
gtagcaacaa
acgetgitge

daaacgtgteg
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aatctatttt
gtgccgteet
agatcacaat
gggacaatga
ggtgattect
gtgaataatt
¢gagegatga
ccactaacgt
tagaatataa
gaatttagag
gtagttittt
caagacgttgt
acactggatg
gattgacgca
ggcgaaaaaa
aaaactatac
SaBECLRCCE
agtatgtgty
gagtetigag
acaagcgeaa
ttegagttag
titttctcaa
tcaccactag
agtccaaata

tecggaccaca

tgggtatgge

4868

4920

4989

5040

5160

5169

5228

5280

5349

5400

5468

5529

5580

5648

5760

5768

582@

5880

59246

6099

6860

6120

6189

62406

6308

6368



tggctaccag
aagcctagcec
aagcaaagea
ttecgeaaca
actgtigtce
gaaaageegt
ttcaaactga
ctagcaglac
ttetctattt
teccectete
catcctetec
cteagtgaaa
ggeeanagga
tcaaaccagg
gaagattcge
gegtggaaaa
tggagaagea
gaaaaagcaa
tggtagtcaa
getccaatte
gtcgtpactg
tegecagetg
gcetgaatesg
tggttacgeg
tetteeettce

tccctttagg

gtegeetggt
taagtttcge
aagaccaacc
tatctgagga
gtaaatatga
tccaaaagee
cacactaacg
ttgectacct
ctacctggee
geetgecoea
aatctcatac
gatccttoct
ctatcgeatg
cagcaaacca
ggagetaget
gtegattagg
actggctaaa
gctgaatteg
tagatacgca
gecectatagt
ggaaaaccet
gegtaatage
cgaatggege
cagegtgace
ctitctegee

gttccgattt

taaaccaagt
ctcacagget
gaaacccace
taccatgate
ccaaattcet
agtccacagt
gtgtggaatg
acctactcta
tggatggete
taataattaa
gatteccectt
geeetecety
attattcgec
ggtgaacaca
acccacgega
atcttgeage
ttegacacaa
aagaagggasg
ttagaaggtt
gagtcgtatt
ggegttacec
gaagaggecc
gacgcgeecet
getacacttg
acgttegeeg

agtgetttac

caacgtgata
aggctattat
agagcaccet
tegtttteet
acctigatte
ccatcaattg
cgaagagtga
ctacgetgee
cgtetegeec
acaagttaac
tcatcegact
tectgttgtet
gggaaccege
ctctgatgta
atgtaacaaa
acagaaactg
acgaaaactg
aattcegect
actattttat
acgegegete
aacttaatcg
gecaccgateg
gtageggege
ccagegecect
gctitececeg

gecacctega

catatgtacg
taacatgcaa
gaactttgeg
actccatatg
ctcacgaata
gtatgatgat
gcttacectt
atattgtcta
geetecacaca
saaaggegtt
tacccaacaa
actctacatg
gagticectg
gtgeagtece
agaacatita
cgcaggggtt
daaaatggas
tetgeaacea
gagtcgatcc
actggcegte
ccttgeagea
cectteecaa
attaagegeg
agegeceget
tcaagctcta

ceecaaaaaa
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ttccaacact
gacaagggag
gtgaacagaa
ggaatcacee
atcgeagtec
tgtttttttg
ctectettts
acattegget
catacattece
acetettecg
gatacaggat
cgactiggaa
ctettttett
taagtcettt
cttttgtgeg
ttittcatet
aataaaaaat
cactaatggt
ccgegglgga
gttttacaac
catcecectt
cagttgegea
gcgeetetgg
cetttegett
aatcgggggc

cttgattagg

6429

6489

6546

66008

6664

6720

6789

6840

6900

6960

7626

70892

7140

7280

7260

7320

7380

7440

7508

7560

7620

7686

7746

78088

7868

7920



DK/EP 2844759 T3

gigatggtte acgtagtggg ccategeccet gatagacggt ttttegecct ttgacgtteg 7538
agtccacgtt cttiaatagt ggactetigt tecagactgg aacaacacte aaccetatet 8049
cggtetatte ttttgattta taagggattt tgecgatite ggcctatigg ttaaaaaatg 8100
agctgattta acaasasaattt aacgegastt ttaacaaaat attaacgett acaattt 8157
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PATENTIKRAYV

1. Rekombinant gaer af arten Kluyveromyces lactis, der barer et gen, som koder for
et VP2-antigen af smitsom bursitisvirus (IBDV), som fremmedgen, der er integreret i geer-
genomet, og som muligggr udtrykkelsen af VP2-antigenet af smitsom bursitisvirus (IBDV)
som fremmedprotein, kendetegnet ved, at denne stamme af Kluyveromyces lactis
er udvalgt blandt:

Kluyveromyces lactis DSM 25405;

Kluyveromyces lactis DSM 25406, og

Kluyveromyces lactis DSM 25407.

2. Rekombinant geer ifglge krav 1, kendetegnet ved, at fremmedgenudtryk-
kelsen sker konstitutivt, eller at fremmedgenudtrykkelsen er inducerbar.

3. Rekombinant geer ifglge krav 1 eller 2, kendetegnet ved, at fremmedgen-
udtrykkelsen kan kvantificeres indirekte via udtrykkelsen af et endogent rapportgrgen.

4. Rekombinant geer ifglge et eller flere af de foregdende krav til anvendelse i en
fremgangsmade til subkutan vaccinering.

5. Rekombinant geer ifglge krav 4, kendetegnet ved, at de rekombinante
gaerstammer anvendes som subunit-markgrvacciner.

6. Rekombinant geer ifglge krav 5 kendetegnet wved, at subunit-
markgrvaccinerne anvendes til at skelne vaccinerede individer fra naturligt inficerede indi-
vider.

7. Rekombinant geer ifglge krav 5 eller 6, kendetegnet ved, at subunit-
markgrvaccinerne desuden udviser staerke adjuvansegenskaber.

8. Rekombinant geer ifglge krav 5 til 7, kendetegnet ved, at subunit-
markgrvaccinerne er steerkt immunogene.

9. Rekombinant geer ifglge krav 1 til anvendelse i en fremgangsmade til subkutan
vaccinering ved hjeelp af hele geerceller af en rekombinant geer, kendetegnet ved,
at der fremkaldes en beskyttende humoral immunisering mod udtrykt fremmedprotein, og
at fremgangsmaden omfatter fglgende trin:

a) dyrkning og opformering af den rekombinante geer,

b) hgst og inaktivering af geeren,

¢) anvendelse af den rekombinante geaer ifglge et fastlagt immuniseringsskema,

d) titerbestemmelse af de dannede antistoffer og/eller

e) pavisning af immunisering.

10. Rekombinant geer til anvendelse ifglge krav 9, kendetegnet ved, at der
ved hjeelp af subkutan indgivelse af hele geerceller af en rekombinant geer af arten
Kluyveromyces lactis fremkaldes en beskyttende humoral immunisering mod udtrykt
fremmedprotein.

11. Oligonukleotidpar, som udviser en nukleinsyresekvens ifglge SEQ ID NR. 8 og
SEQ ID NR. 9.

12. Ekspressionsvektor Klp3 eller KIp3-MCS ifglge SEQ ID NR. 10, som beerer et
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fremmedgen, kendetegnet ved, at fremmedgenet udviser nukleinsyresekvensen
ifalge SEQ ID NR. 3 eller SEQ ID NR. 5, til integration i udgangsstammen VAK367-D4 af
Kluyveromyces lactis, deponeret under DSM 23097.

13. Ekspressionsvektor ifglge krav 12, kendetegnet ved, at fremmedgenet
koder for proteinet IBDV VP2-T2S med aminosyresekvensen ifglge SEQ ID NR. 4 eller pro-
teinet IBDV oVP2-T2S med aminosyresekvensen ifglge SEQ ID NR. 6.
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Drawings
Figure 1
£12 flac ea , B
Mﬁiﬁfi&se Permease) LACA { F-Golactosidpse)
VAK367 B L it Y
LACIZ : sdocd
vAk3sT-Da S URAZ e
} Ve TreriPon :
Kip3-vector : VP2 a0 Eg
Ecoft! EcoRi
ﬂ selection for Lact Ura:
32 T Toern AR
_ a2 [Pz [imfem tact

VAK8R7 =
{vp2) o



- DK/EP 2844759 T3

Figure 24
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Figure 2B
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Figure 34
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Figure 3B
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Figure 4A
immunization scheme
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Figure 4B
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Figure 4C
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Figure 4D
’ Yirus neutralization
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Figure 54
Immunization scheme
Age, weeks
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Serum neutralisation assay
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Figure 3C
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