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DESCRIPTION

Technical Field

[0001] The present invention relates to a hybrid protein used for vaccines for diseases caused
by bacterial toxins such as Shiga toxins, cholera toxins, and Escherichia coli heat-labile toxins,
and a DNA construct for producing the hybrid protein.

Background Art

[0002] Shiga toxins (Stxs, verotoxins) are proteinous exotoxins produced by
enterohemorrhagic Escherichia coli of pathogenic Escherichia coli species. The Shiga toxins
cause hemorrhagic enteritis, hemolytic uremic syndrome, encephalopathy, and the like.

[0003] The Shiga toxins are broadly classified into Stx1 and Stx2, each of which is further
classified into subclasses. An example of the Stx2 includes Stx2e which causes swine edema
disease. The swine edema disease is known to frequently occur in baby pigs one to two weeks
after weaning. A fatality due to infection with edema disease bacteria is 50 to 90%, which is
extremely high.

[0004] Further, cholera toxins (CTs) are proteinous exotoxins produced by Vibrio cholerae.
The CTs are known to cause severe diarrhea and emesis.

[0005] Still further, Escherichia coli heat-labile toxins (LTs) are proteinous endotoxins
produced by enterotoxigenic Escherichia coli. The LTs are known to cause diarrhea and
emesis.

[0006] The bacterial toxins, Stxs, LTs, and CTs are all known to include a B-subunit pentamer
involved in adhesion to cells and an A-subunit monomer having a toxicity. The LTs and the CTs
are also known to be similar structurally and functionally.

[0007] As a method of preventing the diseases caused by those bacterial toxins, methods of
administering a vaccine by an injection or a nasal spray and administering the vaccine orally
are known.

[0008] For example, a technology where an attenuated Stx2e protein is produced using
recombinant Escherichia coli and administered to pigs by an injection is known (Non-patent
Document 1). However, for example, an amount of the attenuated Stx2e protein produced by
the recombinant Escherichia coli is not sufficient and the administration of the vaccine by an
injection requires human labor. This has been a problem. Further, the method of administering
the vaccine orally draws increasing attention in terms of reducing the labor in a stockbreeding
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field. In such a context, a technology where the bacterial toxin protein is produced by plants
using a transgenic technology has been being developed. For example, a transgenic plant
containing DNA encoding an LT protein B subunit (LTB) and expressing the DNA has been
described (Patent Documents 1 and 2). A transgenic plant expressing DNA encoding the LT
protein or the CT protein has been also described (Patent Document 3). However, there has
been a problem that the amount of the produced protein is not sufficient in those technologies.
An example of producing the LTB in Lactuca sativa has been reported (Non-patent Document
2). In this study, a gene of the LT protein B subunit including modified codons is expressed in
Lactuca sativa using both a cauliflower mosaic virus 35S RNA promoter (CaMV35S) which is a
promoter expressed highly in a plant and Kozak sequence which is an enhancer. As a result, it
has been reported that the LT protein B subunit is accumulated in an amount of about 2.0% by
mass of a total soluble protein of Lactuca sativa. However, this extent of the accumulated
protein is thought to be insufficient to efficiently prevent a bacterial disease by utilizing the
transgenic plant. That is, it is necessary to efficiently produce and accumulate the target
bacterial toxin protein in plant cells. A hybrid bacterial toxin subunit is provided by WO
2005/011733. A further hybrid comprising the A-subunit of LT-A and the B-subunit of CT-B is
provided by WO 2001/89456. The immunogenicity of a hybrid comprising the B-subunit of
Shiga toxin 2 and the B-subunit of E. coli heat-labile enterotoxin has been studied by Ran
(2007) Veterinary Microbiology 127, no.1-2, pages 209-215.

[0009] The inventors of the present invention found that the Stx2e protein could be produced
efficiently in a plant such as Lactuca sativa and accumulated at a high concentration in a plant
body by expressing the Stx2e protein where a secretory signal peptide derived from a plant
had been added to its amino terminus, using a 5'-untranslated region (ADH 5'-UTR) of an
alcohol dehydrogenase gene derived from a plant, and filed the patent (Patent Document 4).

[0010]

[Patent Document 1] JP 10-507916 A
[Patent Document 2] JP 2000-166411 A
[Patent Document 3] JP 2002-533068 A
[Patent Document 4] WO 2009/004842 A1

[Non-patent Document 1] Makino et al., Microbial Pathogenesis, Volume 31, Number 1, July
2001, pp. 1-8(08)

[Non-patent Document 2] Kim et al., Protein Expression and Purification, Volume 51, Number
1, Jan 2006, pp. 22-27(06)

Summary of Invention
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[0011] It is an object of the present invention to more efficiently produce a Stx protein and
other bacterial toxin proteins having a conformation similar thereto using plant cells.

[0012] Through production of a hybrid protein in which two or three bacterial toxin proteins
such as Stx2e and CT are tandemly linked through a peptide having a particular sequence in
plant cells, the inventors of the present invention have succeeded in accumulating the bacterial
toxin protein at a high concentration in the plant cells and completed the present invention.

[0013] The present invention is as follows:

1. (1) A hybrid protein comprising
1. (a) two toxin proteins selected from the group consisting of Shiga toxin (Stx)
protein, cholera toxin (CT) protein or Escherichia coli heat-labile toxin (LT) protein,
wherein said toxin proteins are tandemly linked through a peptide having the
amino acid sequence represented by SEQ ID NO: 2, 82 or 84, and
2. (b) a peptide having the amino acid sequence represented by SEQ ID NO: 2, 82
or 84 linked to the C-terminus of the tandemly linked toxin proteins of (a),
wherein the Stx proteins is a STx2eB protein, wherein the CT protein is a CT protein B
subunit, and wherein the LT protein is a LT protein B subunit.

2. (2) The hybrid protein according to item 1, wherein said toxin proteins are tandemly
linked through a peptide having the amino acid sequence represented by SEQ ID NO: 2.

3. (3) The hybrid protein according to item 1 or 2, comprising an amino acid sequence
represented by SEQ ID NO: 14 or 16.

4. (4) The hybrid protein according to item 1, comprising an amino acid sequence
represented by SEQ ID NO: 90, 92, 98, or 100.

5. (5) The hybrid protein according to any one of items 1 to 4, wherein a secretory signal
peptide derived from a plant is added to is amino terminus.

6. (6) The hybrid protein according to anyone of items 1 to 5, wherein an endoplasmic
reticulum retention signal peptide is added to its carboxyl terminus.

7. (7) A DNA construct comprising DNA encoding the hybrid protein according to any one
of items 1 10 6.

8. (8) The DNA construct according to item 7, comprising DNA having a base sequence
represented by SEQ ID NO: 13, 15, 89, 91, 97, or 99.

9. (9) The DNA construct according to item 7 or 8, wherein DNA encoding a hybrid protein
is operably-linked to a 5'-untranslated region of an alcohol dehydrogenase gene derived
from a plant.

10. (10) The DNA construct according to item 9, wherein the 5'-untranslated region of an
alcohol dehydrogenase gene derived from a plant is derived from Nicotiana tabacum.

11. (11) The DNA construct according to item 10, comprising a base sequence represented
by any one of SEQ ID NOS: 28, 29, 101, 102, 103, 104, 108, 109, 110, or 111.

12. (12) Arecombinant vector comprising the DNA construct according to any one of items 7
to 11.

13. (13) A transformant transformed with the recombinant vector according to item 12.

14. (14) The transformant according to item 13, wherein the transformant is a transformed
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plant cell or a transformed plant.

15. (15) A seed, which is obtained from the transformant according to item 13 or 14.

16. (16) A peptide having an amino acid sequence represented by one of SEQ ID NO: 2, 82,
or 84.

[0014] The disclosure relates to:

1. (1) a hybrid protein, in which two or three of Shiga toxin proteins, cholera toxin proteins,
or Escherichia coli heat-labile toxin proteins are each tandemly linked through a peptide
having the following characteristics (A) and (B) :

1. (A) the number of amino acids is 12 to 30; and
2. (B) the content of proline is 20 to 35%;

2. (2) the hybrid protein according to Item (1), in which the peptide further has the following
characteristic (C):

(C) proline is allocated every two or three amino acids;

3. (3) the hybrid protein according to Item (2), in which the peptide has an amino acid
sequence represented by SEQ ID NO: 2, 82, or 84;

4. (4) the hybrid protein according to ltem (3), in which two of the Shiga toxin proteins,
cholera toxin proteins, or Escherichia coli heat-labile toxin proteins are tandemly linked
through the peptide having the amino acid sequence represented by SEQ ID NO: 2;

5. (5) the hybrid protein according to any one of Items (1) to (4), in which the Shiga toxin
proteins are Shiga toxin protein B subunits;

6. (6) the hybrid protein according to any one of Items (1) to (5), in which the Shiga toxin
proteins are Stx2e proteins;

7. (7) the hybrid protein according to any one of Items (1) to (4), in which the cholera toxin
proteins are cholera toxin protein B subunits;

8. (8) the hybrid protein according to Item (4), including an amino acid sequence
represented by SEQ ID NO: 10, 12, 14, or 16;

9. (9) the hybrid protein according to Item (3), including an amino acid sequence
represented by SEQ ID NO: 86, 88, 90, 92, 94, 96, 98, or 100;

10. (10) the hybrid protein according to any one of Iltems (1) to (9), in which a secretory
signal peptide derived from a plant is added to its amino terminus;

11. (11) the hybrid protein according to Item (10), in which an endoplasmic reticulum
retention signal peptide is added to its carboxyl terminus;

12. (12) the hybrid protein according to any one of Iltems (1) to (9), in which a chloroplast
transit signal peptide is added to its amino terminus;

13. (13) a DNA construct, including DNA encoding the hybrid protein according to any one of
ltems (1) to (12);

14. (14) the DNA construct according to Item (13), including DNA having a base sequence
represented by SEQ ID NO: 9, 11, 13, or 15;

15. (15) the DNA construct according to Item (13), including DNA having a base sequence
represented by SEQ ID NO: 85, 87, 89, 91, 93, 95, 97, or 99;

16. (16) the DNA construct according to any one of Items (13) to (15), in which DNA
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encoding a hybrid protein is operably-linked to a 5'-untranslated region of an alcohol
dehydrogenase gene derived from a plant;

17. (17) the DNA construct according to Item (16), in which the 5'-untranslated region of the
alcohol dehydrogenase gene derived from the plant is derived from Nicotiana tabacum;

18. (18) a DNA construct according to Item (17), including a base sequence represented by
any one of SEQ ID NOS: 24 to 29;

19. (19) a DNA construct according to Item (17), including a base sequence represented by
any one of SEQ ID NOS: 101 to 111;

20. (20) a recombinant vector, including the DNA construct according to any one of ltems

(13) to (19);

21. (21) a transformant transformed with the recombinant vector according to Item (20);

22. (22) a transformant according to Item (21), in which the transformant is a transformed
plant cell or a transformed plant;

23. (23) a seed, which is obtained from the transformant according to Item (21) or (22); and

24. (24) a peptide, having an amino acid sequence represented by SEQ ID NO: 2, 82, or 84.

Brief Description of Drawings

[0015] In the accompanying drawings:

FIG. 1 is a view illustrating a design of Stx2eB expression vectors, in which an arrow denotes a
translation initiation site, and an inverted triangle denotes a site to be cleaved after the
translation;

FIG. 2 is a photograph illustrating levels of accumulated Stx2eB obtained in a transient
expression experiment using Lactuca sativa protoplasts;

FIG. 3 is a photograph illustrating levels of accumulated CTB obtained in a transient
expression experiment using the Lactuca sativa protoplasts;

FIG. 4 is a view illustrating a design of DNA constructs encoding an Stx2eB-YFP fusion protein,
in which an arrow denotes a translation initiation site, and an inverted triangle denotes a site to
be cleaved after the translation;

FIG. 5 is a photograph illustrating localization of the Stx2eB-YFP fusion protein obtained in a
transient expression experiment using cultured tobacco cell protoplasts;

FIG. 6 is a photograph illustrating localization of the Stx2eB-YFP fusion protein obtained in a
transient expression experiment using the cultured tobacco cell protoplasts;

FIG. 7 is a photograph illustrating localization of vacuole-type GFP and the Stx2eB-YFP fusion
protein in co-expression of ARF1pWT and ARF1pDN obtained in a transient expression
experiment using the cultured tobacco cell protoplasts;
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FIG. 8 is a photograph illustrating the levels of accumulated Stx2eB obtained in a
transformation experiment using cultured tobacco cells (BY2), in which a numeral in each lane
denotes a clone number;

FIG. 9 is a photograph illustrating the levels of accumulated Stx2eB obtained in a
transformation experiment using the cultured tobacco cells (BY2), in which the numeral in each
lane denotes the clone number;

FIG. 10 is photographs illustrating the levels of accumulated Stx2eB obtained in a
transformation experiment using the cultured Tobacco cells (BY2), in which the numeral in
each lane denotes the clone number;

FIG. 11 is a graph illustrating the levels of accumulated Stx2eB obtained in a transformation
experiment using the cultured tobacco cells (BY2), in which each numeral denotes the clone
number;

FIG. 12 is a graph illustrating a relationship between mRNA levels of Stx2eB and the levels of
accumulated Stx2eB;

FIG. 13 is a view illustrating the design of DNA constructs encoding Stx2eB, in which A, B, and
C denote the designs of an endoplasmic reticulum type, a cytoplasm type, and a chloroplast
type of the DNA constructs, respectively;

FIG. 14 is a view illustrating the design of DNA constructs encoding CTB, in which A, B, and C
denote the designs of an endoplasmic reticulum type, a cytoplasm type and a chloroplast type
of the DNA constructs, respectively;

FIG. 15 is a photograph illustrating the levels of accumulated Stx2eB obtained in a transient
expression experiment using the Lactuca sativa protoplasts;

FIG. 16 is a photograph illustrating the levels of accumulated CTB obtained in a transient
expression experiment using the Lactuca sativa protoplasts;

FIG. 17 is photographs illustrating the levels of accumulated Stx2eB obtained in a
transformation experiment using the cultured tobacco cells (BY2), in which the numeral in each
lane denotes the clone number;

FIG. 18 is photographs illustrating the levels of accumulated Stx2eB obtained in a
transformation experiment using a tobacco plant body, in which the numeral in each lane
denotes the clone number;

FIG. 19 is a photograph illustrating the levels of accumulated Stx2eB obtained in a
transformation experiment using the tobacco plant body, in which the numeral in each lane
denotes the clone number;

FIG. 20 is a view illustrating the design of DNA constructs encoding Stx2eB;

FIG. 21 is a view illustrating the design of DNA constructs encoding CTB;
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FIG. 22 is photographs illustrating the levels of accumulated Stx2eB obtained in a
transformation experiment using the cultured tobacco cells (BY2); and

FIG. 23 is a photograph illustrating the levels of accumulated CTB obtained in a transformation
experiment using the cultured tobacco cells (BY2).

Description of Embodiments

[0016] In a hybrid protein of the present invention, two or three of Shiga toxin (Stx) proteins,
cholera toxin (CT) proteins, or Escherichia coli heat-labile toxin (LT) proteins are each
tandemly linked through a peptide having the following characteristics (A) and (B):

1. (A) the number of amino acids is 12 to 30; and
2. (B) the content of proline is 20 to 35%.

[0017] Shiga toxins (Stxs) are classified into type 1 (Stx1) and type 2 (Stx2). The Stx1 is
further classified into subclasses a to d, and the Stx2 is further classified into subclasses a to g,
respectively. The Shiga toxin includes one A subunit which is a toxin main body and five B
subunits involved in invasion into intestinal mucosa.

[0018] Of those, for example, Stx2e is known as a swine edema disease toxin, and its A
subunit (Stx2eA) is represented by an amino acid sequence of SEQ ID NO: 4 and its B subunit
(Stx2eB) is represented by an amino acid sequence of SEQ ID NO: 6.

[0019] In Stx2eA and Stx2eB, one or several amino acids may be substituted, deleted,
inserted, or added in the amino acid sequences represented by SEQ ID NO: 4 or 6 as long as
they can cause an immune response by administering to pigs. For example, the term "several"
means the number of preferably 2 to 30, more preferably 2 to 20, and still more preferably 2 to
10, in Stx2eA, and means the number of preferably 2 to 10, more preferably 2 to 5, and still
more preferably 2 to 3, in Stx2eB.

[0020] Further, Stx2eA and Stx2eB may be those having an identity of preferably 85% or
more, more preferably 90% or more, and still more preferably 95% or more to the amino acid
sequences represented by SEQ ID NOS: 4 and 6, and being capable of causing the immune
response by administering to the pig.

[0021] The cholera toxin (CT) includes one A subunit (CTA) which is the toxin main body and
five B subunits (CTB) represented by SEQ ID NO: 8 and involved in the invasion into intestinal
mucosa.
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[0022] In CTB, one or several amino acids may be substituted, deleted, inserted, or added in
the amino acid sequence represented by SEQ ID NO: 8 as long as CTB can cause the immune
response by administering to animals. The term "several" means preferably 2 to 10, more
preferably 2 to 5, and still more preferably 2 to 3.

[0023] Further, CTB may be those having an identity of preferably 85% or more, more
preferably 90% or more, and still more preferably 95% or more to the amino acid sequences
represented by SEQ ID NO: 8, and being capable of causing the immune response by
administering to the animals.

[0024] The Escherichia coli heat-labile toxin (LT) protein includes one A subunit which is the
toxin main body and five B subunits involved in the invasion into intestinal mucosa.

[0025] The Shiga toxin, the cholera toxin, and the Escherichia coli heat-labile toxin are also
collectively referred to as "bacterial toxins" herein.

[0026] The number of the amino acids in the peptide is preferably 12 to 25 and more
preferably 12 to 22. The content of proline in the peptide is preferably 20 to 27% and more
preferably 20 to 25%.

[0027] Further, proline is allocated preferably every two or three residues in the peptide. But,
in this case, the amino acids other than proline may be consecutive within 5 residues and
preferably 4 residues in the terminus of the peptide.

[0028] In addition, the total content of serine, glycine, arginine, lysine, threonine, glutamine,
asparagine, histidine, and aspartic acid in the amino acids other than proline is preferably 70%
or more, more preferably 80% or more, and still more preferably 90% or more in the peptide.
Further, the total content of serine, glycine, and asparagine in the amino acids other than
proline is preferably 70% or more, more preferably 80% or more, and still more preferably 90%
or more in the peptide. Still further, the total content of serine and glycine in the amino acids
other than proline is preferably 70% or more, more preferably 80% or more, and still more
preferably 90% or more in the peptide. This is because the peptide containing those amino
acids abundantly is hard to form a secondary structure (B-sheet structure and helix structure).

[0029] Meanwhile, the total content of alanine, methionine, and glutamic acid in the amino
acids other than proline is preferably 30% or less, more preferably 20% or less, and still more
preferably 10% or less in the peptide. This is because the peptide containing those amino
acids abundantly easily forms the helix structure. The total content of tryptophan, leucine,
isoleucine, tyrosine, phenylalanine, and valine in the amino acids other than proline is
preferably 20% or less, more preferably 10% or less, and still more preferably 5% or less in the
peptide. This is because the peptide containing those amino acids abundantly easily forms the
B-sheet structure and the helix structure.

[0030] The peptide is preferably selected from the peptide (PG12) having the amino acid
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sequence represented by SEQ ID NO: 2, the peptide (PG17) having the amino acid sequence
represented by SEQ ID NO: 82, and the peptide (PG22) having the amino acid sequence
represented by SEQ ID NO: 84.

[0031] In the hybrid protein of the present invention, two or three hybrid proteins of the A
subunit and the B subunit may be tandemly linked through the above peptide, or two or three A
subunits may be tandemly linked through the peptide, or two or three B subunits may be
tandemly linked through the peptide. When the hybrid protein contains the A subunit, the A
subunit is preferably attenuated. In the hybrid protein of the present invention, preferably two
or three B subunits are tandemly linked through the peptide. In the hybrid protein of the
present invention, preferably two B subunits are tandemly linked through PG12.

[0032] Further, in the hybrid protein of the present invention, the peptide is preferably added
to its C terminus. PG12 is particularly preferably added to its C terminus in the hybrid protein of
the present invention.

[0033] The hybrid protein of the present invention has the amino acid sequence represented
by SEQ ID NO: 10, 12, 14, 16, 86, 88, 90, 92, 94, 96, 98, or 100, for example. In the hybrid
protein having the amino acid sequence represented by SEQ ID NO: 10, two Stx2eBs are
tandemly linked through PG12. In the hybrid protein having the amino acid sequence
represented by SEQ ID NO: 12, two CTBs are tandemly linked through PG12. In the hybrid
protein having the amino acid sequence represented by SEQ ID NO: 14, two Stx2eBs are
tandemly linked through PG12 and further PG12 is linked to the C terminus thereof. In the
hybrid protein having the amino acid sequence represented by SEQ ID NO: 16, two CTBs are
tandemly linked through PG12 and further PG12 is linked to the C terminus thereof. In the
hybrid protein having the amino acid sequence represented by SEQ ID NO: 86, three Stx2eBs
are each tandemly linked through PG12. In the hybrid protein having the amino acid sequence
represented by SEQ ID NO: 88, three Stx2eBs are each tandemly linked through PG12 and
further PG12 is linked to the C terminus thereof. In the hybrid protein having the amino acid
sequence represented by SEQ ID NO: 90, two Stx2eBs are tandemly linked through PG17 and
further PG12 is linked to the C terminus thereof. In the hybrid protein having the amino acid
sequence represented by SEQ ID NO: 92, two Stx2eBs are tandemly linked through PG22 and
further PG12 is linked to the C terminus thereof. In the hybrid protein having the amino acid
sequence represented by SEQ ID NO: 94, three CTBs are each tandemly linked through
PG12. In the hybrid protein having the amino acid sequence represented by SEQ ID NO: 96,
three CTBs are each tandemly linked through PG12 and further PG12 is linked to the C
terminus thereof. In the hybrid protein having the amino acid sequence represented by SEQ ID
NO: 98, two CTBs are tandemly linked through PG17 and further PG12 is linked to the C
terminus thereof. In the hybrid protein having the amino acid sequence represented by SEQ ID
NO: 100, two CTBs are tandemly linked through PG22 and further PG12 is linked to the C
terminus thereof.

[0034] By using the peptide such as PG12, PG17, or PG22 as a linker for linking the bacterial
toxin proteins, the level of the bacterial toxin protein accumulated in the plant cell is increased.
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[0035] In the hybrid protein of the present invention, a secretory signal peptide derived from a
plant or a chloroplast transit signal peptide is preferably added to its amino terminus. Here, the
term "addition" is a concept including both the case where the secretory signal peptide is
directly bound to the amino terminus of the two or three bacterial toxin proteins linked through
the peptide and the case where the secretory signal peptide is bound thereto through another
peptide.

[0036] The secretory signal peptide is derived from preferably a plant belonging to the family
Solanaceae, Brassicaceae, or Asteraceae, further preferably a plant belonging to the genus
Nicotiana, Arabidopsis, Lactuca, etc., and more preferably Nicotiana tabacum or Arabidopsis
thaliana, Lactuca sativa, etc.

[0037] Moreover, it is preferably derived from a [B-D-glucan exohydrolase of Nicotiana
tabacum or a 38-kDa peroxidase of Nicotiana tabacum (GenBank ACCESSION D42064).

[0038] An example of the secretory signal peptide includes a peptide that is derived from a -
D-glucan exohydrolase of Nicotiana tabacum and has the amino acid sequence represented
by SEQ ID NO: 18.

[0039] An example of the chloroplast transit signal peptide includes a chloroplast transit signal
peptide (transit peptide, T.P., SEQ ID NO: 79) derived from Lactuca sativa Rbcs (Rubisco small
subunit) (GenBank ACCESSION D14001). A base sequence of DNA which encodes the
chloroplast transit signal peptide derived from Lactuca sativa Rbcs is represented by SEQ ID
NO: 80. Herein, the hybrid protein including the chloroplast transit signal peptide added to its
amino terminus is also referred to as a chloroplast-type (Chl) hybrid protein, and a DNA
construct encoding the chloroplast-type (Chl) hybrid protein is also referred to as a chloroplast-
type DNA construct. The chloroplast-type hybrid protein is efficiently accumulated particularly in
a plant whose chloroplast is developed well such as Nicotiana tabacum.

[0040] The hybrid protein in which neither the secretory signal peptide nor the chloroplast
transit signal protein is added to its amino terminus is referred to as a cytoplasm-type (Cyt)
hybrid protein, and the DNA construct encoding the cytoplasm-type hybrid protein is referred to
as a cytoplasmic-type DNA construct. In the cytoplasm-type hybrid protein, particularly
preferably three bacterial toxin protein B subunits are tandemly linked through the peptide.

[0041] In the hybrid protein of the present invention, the signal peptide such as an
endoplasmic reticulum retention signal peptide and a vacuolar transport signal peptide may be
added to its carboxyl terminus. Here, the term "addition" is the concept including both the case
where the signal peptide is directly bound to the carboxyl terminus of the hybrid protein and the
case where the signal peptide is bound thereto through another peptide. Herein, the hybrid
protein in which the secretory signal peptide is added to its amino terminus and the
endoplasmic reticulum retention signal peptide is added to the carboxyl terminus is also
referred to as an endoplasmic reticulum-type (ER) hybrid protein, and the DNA construct
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encoding the endoplasmic reticulum-type hybrid protein is also referred to as an endoplasmic
reticulum-type DNA construct. The endoplasmic reticulum-type hybrid protein is efficiently
accumulated particularly in a plant such as Lactuca sativa.

[0042] In the hybrid protein of the present invention, the endoplasmic reticulum retention
signal peptide is preferably added to its carboxyl terminus. Examples of the endoplasmic
reticulum retention signal peptide include an endoplasmic reticulum retention signal peptide
including KDEL sequence (SEQ ID NO: 19), HDEL sequence (SEQ ID NO: 20), KDEF
sequence (SEQ ID NO: 21), or HDEF sequence (SEQ ID NO: 22).

[0043] The vacuolar transport signal peptide is derived from preferably a plant belonging to
the family Solanaceae, Brassicaceae, or Asteraceae, further preferably a plant belonging to the
genus Nicotiana, Arabidopsis, Armoracia, etc., and more preferably Nicotiana tabacum,
Arabidopsis thaliana, Armoracia rusticana, etc. In addition, the peptide is preferably derived
from a chitinase. The amino acid sequence of a vacuolar transport signal peptide derived from
a tobacco chitinase is represented by SEQ ID NO: 76. Meanwhile, the base sequence of DNA
encoding a vacuolar transport signal peptide derived from a tobacco chitinase is represented
by SEQ ID NO: 75, for example.

[0044] Moreover, the peptide is preferably derived from a horseradish peroxidase C1a
isozyme. The amino acid sequence of a vacuolar transport signal peptide derived from a
horseradish peroxidase C1a isozyme is represented by SEQ ID NO: 78. Meanwhile, the base
sequence of DNA encoding a vacuolar transport signal peptide derived from a horseradish
peroxidase C1a isozyme is represented by SEQ ID NO: 77, for example. Herein, the hybrid
protein in which the secretory signal peptide is added to its amino terminus, and the vacuolar
transport signal peptide is added to its carboxyl terminus is also referred to as a vacuole-type
(Vac) hybrid protein, and a DNA construct encoding the vacuole-type hybrid protein is also
referred to as a vacuole-type DNA construct.

[0045] The hybrid protein of the present invention may be synthesized chemically, or may be
produced by genetic engineering. A method of producing by the genetic engineering is
described later.

[0046] The DNA construct of the present invention is characterized by containing DNA
encoding the hybrid protein of the present invention.

[0047] That is, the DNA construct of the present invention includes DNA in which DNAs
encoding the two or three bacterial toxin proteins are tandemly linked through DNA encoding
the peptide. The DNA encoding the peptide is represented by, for example, SEQ ID NO: 1
(PG12), SEQ ID NO: 81 (PG17), and SEQ ID NO: 83 (PG22). Examples of the DNA encoding
the bacterial toxin protein include DNA (SEQ ID NO: 3) encoding Stx2eA, DNA (SEQ ID NO: 5)
encoding Stx2eB, and DNA (SEQ ID NO: 7) encoding CTB. The DNA encoding the peptide and
the DNA encoding the bacterial toxin protein are linked by matching their reading frames
except stop codons.
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[0048] The DNA encoding the bacterial toxin protein can be obtained by a common genetic
engineering technique based on the base sequence of SEQ ID NO: 3, 5, or 7, for example.
Specifically, a cDNA library is prepared from a bacterium which produces each bacterial toxin
according to a conventional method, and a desired clone is selected using a probe prepared
from the library based on the base sequence. Alternatively, the DNA can also be synthesized
chemically based on the base sequence, or synthesized by PCR with genomic DNA as a
template using a 5'- and 3'- terminal base sequence of the base sequence as primers, for
example.

[0049] The DNA encoding the hybrid protein of the present invention is represented by SEQ
ID NO: 9, 11, 13, 15, 85, 87, 89, 91, 93, 95, 97, or 99.

[0050] In the DNA encoding the hybrid protein, preferably a codon corresponding to an amino
acid which composes the hybrid protein is appropriately modified so that the amount of the
translated hybrid protein is increased depending on a host cell in which the hybrid protein is
produced.

[0051] As the method of modifying the codon, a method of Kang et al. (2004) may serve as a
reference, for example. And, the method of selecting the codon frequently used in the host cell,
the method of selecting the codon in which the content of GC is high, or the method of
selecting the codon frequently used in house keeping genes in the host cell is exemplified.

[0052] Further, the DNA encoding the hybrid protein may be DNA which hybridizes with DNA
having the base sequence of SEQ ID NO: 9, 11, 13, 15, 85, 87, 89, 91, 93, 95, 97, or 99 under
a stringent condition. The term "stringent condition" refers to the condition where a so-called
specific hybrid is formed whereas no non-specific hybrid is formed. There is exemplified the
condition where two DNAs with high identity, e.g., two DNAs having the identity of preferably
80% or more, more preferably 90% or more, and particularly preferably 95% or more are
hybridized with each other whereas two DNAs with lower identity than that are not hybridized.
Further, there is exemplified the condition of 2xSSC (330 mM NaCl, 30 mM citric acid) at 42°C
and preferably 0.1xSSC (330 mM NaCl, 30 mM citric acid) at 60°C.

[0053] In the DNA construct of the present invention, preferably the DNA encoding the hybrid
protein is operably-linked to an enhancer. The term "operably” refers to the fact that the hybrid
protein is produced in host cells when a vector obtained by inserting the DNA construct of the
present invention into a vector including a suitable promoter is introduced into suitable host
cells. In addition, the term "linked" refers to both a case where two DNAs are directly linked and
a case where two DNAs are linked via another base sequence.

[0054] Examples of the enhancer include Kozak sequence and a 5'-untranslated region of an
alcohol dehydrogenase gene derived from a plant. Particularly preferably, the DNA encoding
the hybrid protein is operably-linked to the 5'-untranslated region of an alcohol dehydrogenase
gene derived from a plant.



DK/EP 2287300 T3

[0055] The 5'-untranslated region of an alcohol dehydrogenase gene refers to a region
including a sequence between the base at the transcription initiation site of a gene encoding an
alcohol dehydrogenase and the base before the translation initiation site (ATG, methionine).
The region has a function to increase a translation level. The phrase "function to increase a
translation level" refers to a function to increase an amount of a protein produced by
translation when the information encoded in a structural gene is transcribed and then
translated to produce a protein. The region may be derived from a plant, and it is preferably
derived from a plant belonging to the family Solanaceae, Brassicaceae, or Asteraceae, further
preferably derived from a plant belonging to the genus Nicotiana, Arabidopsis, Lactuca, etc.,
and more preferably derived from Nicotiana tabacum, Arabidopsis thaliana, Lactuca sativa, etc.

[0056] The 5'-untranslated region of an alcohol dehydrogenase gene is particularly preferably
a region including the base sequence represented by SEQ ID NO: 23, which is the 5'-
untranslated region of an alcohol dehydrogenase gene (NtADH 5'-UTR) derived from Nicotiana
tabacum, for example.

[0057] The 5'-untranslated region of an alcohol dehydrogenase gene derived from a plant can
be isolated from an alcohol dehydrogenase gene of a plant cultured cell where an alcohol
dehydrogenase is highly expressed, for example (see JP 2003-79372 A). Meanwhile, in the
case of a region having a determined base sequence, such as the 5'-untranslated region of an
alcohol dehydrogenase gene derived from Nicotiana tabacum, the region can also be
synthesized by chemical synthesis, PCR using a genomic DNA as a template and using the
base sequences of the 5'- and 3'-termini of the region as primers, or the like. In addition, if a
part of the region having a determined base sequence is used as a probe, the 5'-untranslated
region of an alcohol dehydrogenase gene derived from another plant can be searched and
isolated.

[0058] The 5'-untranslated region of an alcohol dehydrogenase gene represented by the base
sequence of SEQ ID NO: 23 may have substitution, deletion, insertion, or addition of one or
several bases as long as the region has a function to increase a translation level. The term
"several" means the number of preferably 2 to 10, further preferably 2 to 5, and particularly
preferably 2 to 3.

[0059] In addition, DNA having an identity of preferably 85% or more and particularly
preferably 90% or more to the 5'-untranslated region of an alcohol dehydrogenase gene and
having an ability to increase a translation level may be used.

[0060] Whether the region has an intended function to increase a translation level or not can
be confirmed by, for example, a transient assay using a GUS (B-glucuronidase) gene or a
luciferase gene as a reporter gene in tobacco cultured cells, or an assay in transformed cells
engineered to carry those genes in a chromosome.

[0061] The DNA construct of the present invention has the base sequence represented by
any one of SEQ ID NOS: 24 to 29 and SEQ ID NOS: 101 to 111, for example.
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[0062] The DNA construct having the base sequence represented by SEQ ID NO: 24 is the
DNA construct in which DNA (SEQ ID NO: 9) encoding the hybrid protein in which two Stx2eB
proteins are tandemly linked through PG12 is linked to the 5'-untranslated region (NtADH 5'-
UTR, SEQ ID NO: 23) of an alcohol dehydrogenase gene derived from Nicotiana tabacum.
Further, the DNA construct having the base sequence represented by SEQ ID NO: 25 is the
DNA construct in which DNA (SEQ ID NO: 11) encoding the hybrid protein in which two CTB
proteins are tandemly linked through PG12 is linked to NtADH 5'-UTR.

[0063] The DNA construct having the base sequence represented by SEQ ID NO: 26 is the
DNA construct in which DNA encoding the hybrid protein in which two Stx2eB proteins are
tandemly linked through PG12, the secretory signal peptide is added to its amino terminus, and
the endoplasmic reticulum retention signal peptide is added to its carboxyl terminus is linked to
NtADH 5'-UTR. Further, the DNA construct having the base sequence represented by SEQ ID
NO: 27 is the DNA construct in which DNA encoding the hybrid protein in which two CTB
proteins are tandemly linked through PG12, the secretory signal peptide is added to its amino
terminus, and the endoplasmic reticulum retention signal peptide is added to its carboxyl
terminus is linked to NtADH 5'-UTR.

[0064] The DNA construct having the base sequence represented by SEQ ID NO: 28 is the
DNA construct in which DNA encoding the hybrid protein in which two Stx2eB proteins are
tandemly linked through PG12, the secretory signal peptide is added to its amino terminus,
PG12 is linked to its carboxyl terminus, and further the endoplasmic reticulum retention signal
peptide is added to its carboxyl terminus is linked to NtADH 5'-UTR. Further, the DNA construct
having the base sequence represented by SEQ ID NO: 29 is the DNA construct in which DNA
encoding the hybrid protein in which two CTB proteins are tandemly linked through PG12, the
secretory signal peptide is added to its amino terminus, PG12 is linked to its carboxyl terminus,
and further the endoplasmic reticulum retention signal peptide is added to its carboxyl terminus
is linked to NtADH 5'-UTR.

[0065] The DNA construct having the base sequence represented by SEQ ID NO: 101 is the
DNA construct in which DNA encoding the hybrid protein in which two Stx2eB proteins are
tandemly linked through PG12 and PG12 is linked to its carboxyl terminus is linked to NtADH
5-UTR.

[0066] The DNA construct having the base sequence represented by SEQ ID NO: 102 is the
DNA construct in which DNA encoding the hybrid protein in which two Stx2eB proteins are
tandemly linked through PG17 to NtADH 5'-UTR, the secretory signal peptide is added to its
amino terminus, PG12 is linked to its carboxyl terminus, and further the endoplasmic reticulum
retention signal peptide is added to its carboxyl terminus is linked to NtADH 5'-UTR. Further,
the DNA construct having the base sequence represented by SEQ ID NO: 103 is the DNA
construct in which DNA encoding the hybrid protein in which two Stx2eB proteins are tandemly
linked through PG22, the secretory signal peptide is added to its amino terminus, PG12 is
linked to its carboxyl terminus, and further the endoplasmic reticulum retention signal peptide is
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added to its carboxyl terminus is linked to NtADH 5'-UTR.

[0067] The DNA construct having the base sequence represented by SEQ ID NO: 104 is the
DNA construct in which DNA encoding the hybrid protein in which two Stx2eB proteins are
tandemly linked through PG12, the chloroplast transit signal peptide is added to its amino
terminus, and PG12 is linked to its carboxyl terminus is linked to NtADH 5'-UTR.

[0068] The DNA construct having the base sequence represented by SEQ ID NO: 105 is the
DNA construct in which DNA encoding the hybrid protein in which three Stx2eB proteins are
each tandemly linked through PG12 and PG12 is linked to its carboxyl terminus is linked to
NtADH 5'-UTR.

[0069] The DNA construct having the base sequence represented by SEQ ID NO: 106 is the
DNA construct in which DNA encoding the hybrid protein in which three Stx2eB proteins are
each tandemly linked through PG12, the secretory signal peptide is added to its amino
terminus, and PG12 is linked to its carboxyl terminus, and further the endoplasmic reticulum
retention signal peptide is added to its carboxyl terminus is linked to NtADH 5'-UTR.

[0070] The DNA construct having the base sequence represented by SEQ ID NO: 107 is the
DNA construct in which DNA encoding the hybrid protein in which three Stx2eB proteins are
each tandemly linked through PG12, the chloroplast transit signal peptide is added to its amino
terminus, and PG12 is linked to its carboxyl terminus is linked to NtADH 5'-UTR.

[0071] The DNA construct having the base sequence represented by SEQ ID NO: 108 is the
DNA construct in which DNA encoding the hybrid protein in which two CTB proteins are
tandemly linked through PG12 and PG12 is linked to its carboxyl terminus is linked to NtADH
5-UTR.

[0072] The DNA construct having the base sequence represented by SEQ ID NO: 109 is the
DNA construct in which DNA encoding the hybrid protein in which two CTB proteins are
tandemly linked through PG17, the signal peptide is added to its amino terminus, PG12 is
linked to its carboxyl terminus, and further the endoplasmic reticulum retention signal peptide is
added to the its carboxyl terminus is linked to NtADH 5'-UTR. Further, the DNA construct
having the base sequence represented by SEQ ID NO: 110 is the DNA construct in which DNA
encoding the hybrid protein in which two CTB proteins are tandemly linked through PG22, the
signal peptide is added to its amino terminus, PG12 is linked to its carboxyl terminus, and
further the endoplasmic reticulum retention signal peptide is added to the its carboxyl terminus
is linked to NtADH 5'-UTR.

[0073] The DNA construct having the base sequence represented by SEQ ID NO: 111 is the
DNA construct in which DNA encoding the hybrid protein in which two CTB proteins are
tandemly linked through PG12, the chloroplast transit signal peptide is added to its amino
terminus, and PG12 is linked to its carboxyl terminus is linked to NtADH 5'-UTR.
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[0074] The DNA construct of the present invention can be prepared by a general genetic
engineering technique, which includes the following procedures: digesting DNAs including the
5'-untranslated region of an alcohol dehydrogenase gene derived from a plant, a DNA
encoding a secretory signal peptide derived from a plant, a DNA encoding a chloroplast transit
signal peptide, a DNA encoding a bacterial toxin protein, and a DNA encoding an endoplasmic
reticulum retention signal peptide with suitable restriction enzymes; and ligating the resultant
fragments with a suitable ligase.

[0075] The recombinant vector of the present invention is characterized by including the DNA
construct of the present invention. The recombinant vector of the present invention may be a
vector obtained by inserting a DNA encoding a hybrid protein of the present invention into a
vector so that the DNA can be expressed in host cells to be introduced with the vector. The
vector is not particularly limited as long as it can replicate in host cells, and examples thereof
include a plasmid DNA and a viral DNA. In addition, the vector preferably includes a selective
marker such as a drug resistance gene. The plasmid DNA can be prepared from Escherichia
coli or Agrobacterium by the alkaline extraction method (Birnboim, H. C. & Doly, J. (1979)
Nucleic acid Res 7: 1513) or a modified method thereof. Commercially available plasmids such
as pBI221, pBI121, pBI101, and plG121Hm may be used. The viral DNA may be, for example,
pTB2 (Donson et al.,, 1991) (see Donson J., Kerney CM., Hilf ME., Dawson WQ. Systemic
expression of a bacterial gene by a tabacco mosaic virus-based vector. Proc. Natl. Acad. Sci.
(1991) 88: 7204-7208).

[0076] Promoters to be used in vectors may be appropriately selected depending on host cells
to be introduced with vectors. The promoters are preferably a cauliflower mosaic virus 35S
promoter (Odell et al., 1985, Nature 313:810), a rice actin promoter (Zhang et al.1991 Plant
Cell 3:1155), a corn ubiquitin promoter (Cornejo et al., 1993, Plant Mol. Biol., 23:567), etc. for
example. Meanwhile, terminators to be used in vectors may be appropriately selected
depending on host cells to be introduced with vectors. The terminators are preferably a
nopaline synthase gene transcription terminator, a cauliflower mosaic virus 35S terminator, etc.

[0077] The recombinant vector of the present invention may be prepared as follows.

[0078] First, a DNA construct of the present invention is digested with a suitable restriction
enzyme, or a restriction enzyme site is added to the DNA construct by PCR. Subsequently, the
DNA construct is inserted into the restriction enzyme site or multicloning site of a vector.

[0079] The transformant of the present invention is characterized by being transformed with
the recombinant vector of the present invention. The host cells to be used for transformation
may be eukaryotic cells or prokaryotic cells.

[0080] The eukaryotic cells are preferably plant cells, particularly preferably cells of plants
belonging to the family Asferaceae, Solanaceae, Brassicaceae, and Chenopodiaceae.
Moreover, the eukaryotic cells are preferably cells of plants belonging to the genus Lactuca,
particularly preferably Lactuca sativa cells. In the case of using Lactuca sativa cells as host
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cells, a cauliflower mosaic virus 35S RNA promoter or the like may be used in the vector.
[0081] The prokaryotic cells may be cells of Escherichia coli, Agrobacterium tumefaciens, etc.

[0082] The transformant of the present invention can be prepared by a general genetic
engineering technique by introducing a vector of the present invention into host cells. For
example, the transformant can be prepared by the introduction method using Agrobacterium
(Hood, et al., 1993, Transgenic, Res. 2:218,Hiei, et al.,1994 Plant J. 6:271), an electroporation
method (Tada, et al., 1990, Theor.Appl.Genet, 80:475), a polyethylene glycol method (Lazzeri,
et al., 1991, Theor. Appl. Genet. 81:437), a particle gun method (Sanford, et al., 1987, J. Part.
Sci. tech. 5:27), a polycation method (Ohtsuki), etc.

[0083] After introduction of the vector of the present invention into host cells, a transformant of
the present invention can be selected based on the phenotype of a selective marker. If the
selected transformant is cultured, the bacterial toxin protein can be produced. The culture
medium and conditions for culture may be suitably selected depending on the type of a
transformant.

[0084] In addition, in the case of using a plant cell as a host cell, culture of selected plant cell
in accordance with a conventional method can regenerate a plant and accumulate the bacterial
toxin protein in the plant cells or outside the cell membranes of the plant cells. The method
depends on the type of the plant cell, and examples thereof include the method of Visser et al.
(Theor.Appl.Genet, 78:594(1989)) for potato and the method of Nagata and Takebe (Planta,
99:12(1971)) for Nicotiana tabacum.

[0085] In the case of Lactuca sativa, a shoot can be regenerated in MS medium containing
0.1 mg/l NAA (naphthalene acetic acid), 0.05 mg/l BA (benzyladenine), and 0.5 g/l
polyvinylpyrrolidone, and culture of the regenerated shoot in a 1/2 MS medium containing 0.5
g/l polyvinylpyrrolidone may cause rooting.

[0086] The seed of the present invention can be obtained by collecting a seed from a plant
regenerated as above. If the seed of the present invention are sown and cultivated by a
suitable method, a plant capable of producing a bacterial toxin protein can be obtained and is
included in the transformant of the present invention.

EXAMPLES

<1> Transient expression experiment

(1) Construction of Stx2eB transient expression vector
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[0087] A vector containing a DNA construct in which DNA (SEQ ID NO: 5) encoding an Stx2e
protein B subunit (Stx2eB) was linked to a 5'-untranslated region (NtADH 5'-UTR) of a tobacco
alcohol dehydrogenase gene was prepared as follows.

[0088] A design of the vector is shown in FIG. 1.

[0089] 1xStx2eB (PG12) denotes a DNA construct containing DNA in which DNA encoding
PG12 is linked to DNA encoding Stx2eB. 2xStx2eB (PG12) denotes a DNA construct containing
DNA in which two DNAs encoding Stx2eB are linked using DNA encoding PG12 as a spacer.

[0090] In addition, a DNA construct, 3xStx2eB (PG12) in which three DNAs encoding Stx2eB
are linked using DNA encoding PG12 as a spacer, and a DNA construct, 4xStx2eB (PG12) in
which four DNAs encoding Stx2eB are linked using DNA encoding PG12 as a spacer were
prepared as well.

[0091] Specific techniques are shown below.

[0092] PCR using a Kozak-stx2eb-F primer (SEQ ID NO: 30) and an stx2eb-R primer (SEQ ID
NO: 31) was performed to amplify a DNA fragment encoding a mature region (except for a
secretory signal peptide to periplasm, Ala 19 to Asn 87) of Stx2eB. The resulting DNA fragment
was cloned into an EcoRV gap in pBluescript Il SK. The resulting plasmid was cleaved with
Hindlll, and treated with T4 DNA polymerase, followed by self-ligation to convert a Hindlll site
to a Nhel site (plasmid 1).

[0093] Stx2eB was inserted as follows into the multicloning site (MCS) of a transient
expression vector in plant cells, pBl221 (Clontech).

[0094] In order to introduce Sall, Kpnl, and Smal sites into the MCS, SalKpnSma-F (SEQ ID
NO: 32) and SalKpnSma-R (SEQ ID NO: 33) were annealed and phosphorylated with T4
polynucleotide kinase (T4 PNK) (TaKaRa) and inserted into the Sacl gap of pBI221 (plasmid
2). Stx2eB was cleaved out from plasmid 1 using Xbal and Kpnl to insert into plasmid 2, and
the resultant product was arranged between a cauliflower mosaic virus 35S RNA promoter
(35S pro.) and a nopaline synthase gene transcription terminator (NOS-T) (plasmid 3).

[0095] The 5'-untranslated region (NtADH 5'-UTR, SEQ ID NO: 23) of a tobacco alcohol
dehydrogenase gene was amplified by PCR with ADH-221 (Sato et al., 2004, (see below)) as a
template using ADH Xbal-F primer (SEQ ID NO: 34) and ADH Nsil-R primer (SEQ ID NO: 35).
A DNA region (SEQ ID NO: 17) encoding a secretory signal peptide (SEQ ID NO: 18) of -D
glucan exohydrolase (GenBank ACCESSION AB017502) was amplified with a tobacco
genomic DNA as a template using BD Nsil-F primer (SEQ ID NO: 36) and BD BamHI-R primer
(SEQ ID NO: 37). The obtained respective DNA fragments of NtADH 5'-UTR and the secretory
signal peptide were treated with Nsil (manufactured by Toyobo Co., Ltd.), ligated using Ligation
High (manufactured by Toyobo Co., Ltd.), followed by being blunted, and cloned into the
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EcoRV gap in pBluescript Il SK (manufactured by Stratagene) (plasmid 4).

[0096] Satoh et al., The 5'-untranslated region of the tobacco alcohol dehydrogenase gene
functions as an effective translational enhancer in plant. J. Biosci. Bioeng. (2004) 98,1-8

[0097] Plasmid 4 was treated with Nsil, and blunted with T4 DNA polymerase (manufactured
by Toyobo Co., Ltd.), followed by performing self-ligation to be ligated so that the initiation
codon (atg) of NtADH was matched to the initiation codon of the secretory signal peptide
(plasmid 5).

[0098] A DNA obtained by ligating an NtADH 5'-UTR fragment and a secretory signal peptide
was amplified using plasmid 5 as a template and using ADH Xbal-F primer (SEQ ID NO: 34)
and BD BamHI-R primer (SEQ ID NO: 35). The resultant DNA fragment was treated with Xbal
and BamHI and inserted into the Xbal-BamHI gap of plasmid 3 (plasmid 6).

[0099] In order to add an endoplasmic reticulum retention signal (SEQ ID NO: 38), an HDEL-F
primer (SEQ ID NO: 39) and an HDEL-R primer (SEQ ID NO: 40) were annealed and
phosphorylated with T4 PNK, and the resultant product was inserted into the Bglll gap of
plasmid 6, which had been dephosphorylated with alkaline phosphatase (AP) (TakaRa)
(plasmid 7).

[0100] An HA tag was added as a peptide tag for detecting Stx2eB. In order to add the HA
tag, an HA-F primer (SEQ ID NO: 41) and an HA-R primer (SEQ ID NO: 42) were annealed
and phosphorylated with T4 PNK. The resultant phosphorylated HA fragment was inserted into
the Bglll gap of plasmid 7 (plasmid 8) .

[0101] APG12 spacer (SEQ ID NO: 2) was inserted between Stx2eB and the HA tag. APG12-
F primer (SEQ ID NO: 43) and a PG12-R primer (SEQ ID NO: 44) were annealed and
phosphorylated with T4 PNK. The resulting phosphorylated DNA fragment was inserted into
the Bglll gap of plasmid 8 (1xStx2eB (PG12)).

[0102] 2xStx2eB (PG12) was obtained by cleaving a 2eB-PG12 fragment out from 1xStx2eB
(PG12) with BamHI and Bglll and then inserting the fragment into the BamHI gap of the
1xStx2eB (PG12). 3xStx2eB (PG12) was obtained by cleaving an Stx2eB-PG12 fragment out
from 1xStx2eB (PG12) with BamHI and Bglll and then inserting the fragment into the BamHI
gap of 2xStx2eB (PG12). Further, 4xStx2eB (PG12) was obtained by cleaving a 2x (Stx2eB-
PG12) fragment out from 2xStx2eB (PG12) with BamHI and Bglll and then inserting the
fragment into the BamHI gap of the 2x5tx2eB (PG12).

(2) Construction of CTB transient expression vector

[0103] A vector containing a DNA construct (2xCTB (PG12)) in which DNA encoding a CT
protein B subunit (CTB) had been linked to the 5'-untranslated region of a tobacco alcohol
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dehydrogenase gene was prepared as follows.

[0104] A DNAfragment (SEQ ID NO: 7) encoding the mature region (except for the secretory
signal to the periplasm, Thr 22 to Asn 124) (SEQ ID NO: 8) of CTB was prepared. First, the
following ten primers were prepared.

CTB1: SEQ ID NO: 45
CTB2: SEQ ID NO: 46
CTB3: SEQ ID NO: 47
CTB4: SEQ ID NO: 48
CTB5: SEQ ID NO: 49
CTB6: SEQ ID NO: 50
CTB7: SEQ ID NO: 51
CTB8: SEQ ID NO: 52
CTB9: SEQ ID NO: 53

CTB10: SEQ ID NO: 54

[0105] PCR using the primers synthesized above was performed under the condition
described in Kang et al. (2004). That is, PCR was performed in combination of CTB1 and
CTB2, CTB3 and CTB4, CTB5 and CTB6, CTB7 and CTB8, and CTB9 and CTB10, and DNA
fragments of 72 bp (1+2), 74 bp (3+4), 67 bp (5+6), 82 bp (7+8) and 68 bp (9+10) were
synthesized, respectively. Subsequently, the second PCR was performed in combination of
CTB1+2 and CTB3+4, CTB3+4 and CTB5+6, CTB5+6 and CTB7+8, and CTB7+8 and
CTB9+10, and DNA fragments of 135 bp (1+2+3+4), 132 bp (3+4+5+6), 138 bp (5+6+7+8),
and 141 bp (7+8+9+10) were synthesized, respectively. Then, the third PCR was performed in
combination of CTB1+2+3+4 and CTB3+4+5+6, and CTB5+6+7+8 and CTB7+8+9+10, and
DNA fragments of 194 bp (1+2+3+4+5+6) and 198 bp (5+6+7+8+9+10) were synthesized,
respectively. Finally, PCR was performed in combination of CTB1+2+3+4+5+6 and
CTB5+6+7+8+9+10, and a DNA fragment of 315 bp in which a BamHI site and a Bglll site were
added to a CTB coding region was synthesized.

[0106] The DNA fragment prepared above was treated with BamHI and Bglll, and inserted
into a BamHI-Bglll gap in plasmid 8 (plasmid 9).

[0107] The PG12 spacer (SEQ ID NO: 2) was inserted between CTB and the HA tag. A PG12-
F primer (SEQ ID NO: 43) and a PG12-R primer (SEQ ID NO: 44) were annealed and
phosphorylated with T4 PNK. The resulting phosphorylated DNA fragment was inserted into



DK/EP 2287300 T3

the Bglll gap of plasmid 9 (1xCTB (PG12)).

[0108] A CTB-PG12 fragment was cut out from 1xCTB (PG12) using BamHI and Bglll, and
inserted into the BamHI gap of 1xCTB (PG12) (2xCTB (PG12)).

(3) Transient expression test using Lactuca sativa protoplast

[0109] A leaf of potted Lactuca sativa (green wave) (about 1 g) was cut into 0.5-cm square
pieces using a surgical knife, to thereby prepare leaf discs. The leaf discs were immersed in
500 mM mannitol, and shaken for 1 hour. The leaf discs were immersed in 50 ml of a
protoplastization enzyme solution (1.0% cellulose RS (Yakult Honsha Co., Lid.), 0.25%
macerozyme R-10 (Yakult Honsha Co., Ltd.), 400 mM mannitol, 8 mM CaCly, and 5 mM Mes-

KOH, pH 5.6), and the whole was shaken at room temperature for 2 hours. The protoplast
suspension was passed through meshes of 100 um and 40 ym to remove the leaf discs. The
protoplast suspension was centrifuged at 60 g for 5 minutes to precipitate the protoplast. The
protoplast was resuspended in an aqueous solution containing 167 mM mannitol and 133 mM
CaCly, and the suspension was centrifuged at 40 g for 5 minutes. The protoplast was

resuspended in an aqueous solution containing 333 mM mannitol and 66.7 mM CacCl,, and the

suspension was centrifuged at 40 g for 5 minutes. The protoplast was suspended in W5
solution (154 mM NaCl, 125 mM CaCly, 5 mM KCI, 2 mM Mes-KOH, pH 5.6), and the

suspension was allowed to stand on ice for 1 hour. The protoplast suspension was centrifuged
at 40 g for 5 minutes, and the protoplast was suspended in an MaMg solution (400 mM
mannitol, 15 mM MgCl,, and 4 mM Mes-KOH, pH 5.6) to have a protoplast concentration of

2x108 cells/ml.

[0110] Each of the Stx2eB transient expression vector and the CTB transient expression
vector prepared above was mixed with 120 yL of a protoplast suspension, subsequently 140
pL of PEG solution (400 mM mannitol, 100 mM Ca(NO3)» and 40% PEG) was added thereto,
and the resulting mixture was blended gently and incubated for 7 minutes. Then, 1 mL of W5
solution was added to the protoplast suspension over about 20 minutes. A solution (1 mL)
obtained by mixing 400 mM mannitol and the W5 solution at a ratio of 4:1 was added to the
protoplast precipitated by centrifugation. LS medium (1 mL) containing 1% sucrose, 400 mM
mannitol, and 0.3 mM carbenicillin was added to the protoplast precipitated by centrifugation,
and the mixture was then cultured in a dark place at 25°C for 24 hours.

(4) Western analysis

[0111] To the protoplast collected by centrifugation were added 30 ul of SDS-sample buffer
(4% (w/v) SDS, 20% (w/v) glycerol, 0.05% (w/v) bromophenol blue, 300 mM -
mercaptoethanol, 125 mM Tris-HCI, pH 6.8), followed by thermal denaturation at 95°C for 2
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minutes, to thereby prepare samples. Proteins were separated using a 15% acrylamide gel
and blotted on a PVDF membrane (Hybond-P; Amersham) using an electro transfer system.
An anti-HA antibody (No. 11 867 423 001, Roche) was used to detect Stx2eB and CTB.

(a) Effects of linking number of Stx2eB

[0112] A result is shown in FIG. 2. When 1xStx2eB (PG12) was expressed, a signal was
detected at a position of about 8.5 kDa. When 2x5tx2eB (PG12) was expressed, a signal was
detected at a position of about 17 kDa at the same level as when 1xStx2eB (PG12) was
expressed. When 3xStx2eB (PG12) was expressed, a signal was detected at a position of
about 26 kDa, the signal being smaller than that when 1xStx2eB (PG12) was expressed.
These corresponded to the molecular weights estimated from the design of the DNA
constructs. When 4xStx2eB (PG12) was expressed, the specific signal was below a detection
limit.

[0113] From the above result, it was demonstrated that when 2x5tx2eB (PG12) and 3xStx2eB
(PG12) were expressed, hybrid proteins in which multiple Stx2eB proteins were linked could be
produced.

[0114] Since each of the above DNA constructs contains one molecule of the HA tag (see
FIG. 1), it is conceivable that a protein amount corresponding to about 2 times an Stx2eB
protein amount when 1xStx2eB (PG12) is expressed is accumulated when 2xStx2eB (PG12) is
expressed. That is, it has been found that when two DNAs encoding the Stx2eB protein are
linked through DNA encoding PG12, the Stx2eB protein can be produced with very high
efficiency.

[0115] Meanwhile, it has been also found that when three DNAs encoding the Stx2eB protein
or four DNAs encoding the Stx2eB protein are linked through DNA encoding PG12, the amount
of the produced Stx2eB protein is equal to or less than the amount when one Stx2eB protein is
linked to PG12.

[0116] It has been found that the level of accumulated proteins tends to be higher in the
Stx2eB protein (1xStx2eB (PG12)) having PG12 added at its carboxyl terminus prepared in this
experiment, compared with the Stx2eB protein having no PG12. This speculates that it is a
favorable form that PG12 is added to the carboxyl terminus in the hybrid protein of the present
invention.

(b) Effects of linking number of CTB

[0117] The results are shown in FIG. 3.
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[0118] When 1xCTB (PG12) was expressed, a signal was detected at the position of about
20kDa. When 2xCTB (PG12) was expressed, a larger signal than that when 1xCTB (PG12)
was expressed was detected at the positions of about 33 kDa and about 35 kDa.

[0119] From the above results, it was demonstrated that the hybrid protein in which two CTB
proteins were linked could be produced when 2xCTB (PG12) was expressed. These
corresponded to the molecular weights estimated from the design of the DNA constructs.

[0120] Since each of the above DNA constructs contains one molecule of the HA tag, it is
conceivable that the protein amount corresponding to the CTB protein amount which is larger
than two times the protein amount when 1xCTB (PG12) is expressed is accumulated when
2xCTB (PG12) is expressed. That is, it has been found that when two DNAs encoding the CTB
protein are linked through DNA encoding PG12, the CTB protein can be produced with very
high efficiency.

(5) Analysis of localization of Stx2eB

[0121] In order to analyze the localization of Stx2eB in the cell, a transient expression vector
for the hybrid protein of Stx2eB and a yellow fluorescent protein YFP was prepared. The
design for the vector is shown in FIG. 4. 1xStx2eB (PG12)-YFP denotes a DNA construct in
which DNA encoding the Stx2eB protein is linked to DNA encoding YFP. 2xStx2eB (PG12)-YFP
denotes a DNA construct in which DNA encoding the hybrid protein in which two Stx2eB
proteins are linked through PG12 is linked to DNA encoding YFP. 2xStx2eB (RS)-YFP using RS
(Arg Ser) in place of PG12 as a spacer was also prepared.

[0122] A specific technique is shown below.

[0123] First, a DNA fragment of YFP was amplified by PCR with pEYFP (Clontech) as a
template using a YFP-F primer (SEQ ID NO: 55) and a YEP-R primer (SEQ ID NO: 56). The
resulting DNA fragment was treated with BamHI and Bglll, and inserted into the BamHI-Bglll
gap of plasmid 8 (ER-YFP).

[0124] An Stx2eB fragment was cleaved out from plasmid 1 with BamHI and Bglll and then
inserted into the BamHI gap of the 1xStx2eB (PG12) (2xStx2eB (RS)).

[0125] An Stx2eB-PG12 fragment, a 2x(Stx2eB-RS) fragment, and a 2x(Stx2eB-PG12)
fragment were cleaved out from 1xStx2eB (PG12), 2xStx2eB (RS), and 2xStx2eB (PG12) with
BamHI-Bglll, respectively, and each fragment was inserted into the BamHI gap of ER-YFP
(1xStx2eB (PG12)-YFP, 2xStx2eB (RS)-YFP, and 2xStx2eB (PG12)-YFP).

[0126] Meanwhile, an expression vector for a red fluorescent protein (mRFP, Campbell R. E.
et al., 2002, (see below)) localized in the endoplasmic reticulum was prepared as a vector for
visualizing the endoplasmic reticulum. PCR was performed using an mRFP-F primer (SEQ ID
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NO: 57) and an mRFP-R primer (SEQ ID NO: 58). The resulting DNA fragment was treated
with BamHI and Bglll, and inserted into the BamHI-Bglll gap of plasmid 8 (ER-mRFP).
Campbell R. E. et al., A monomeric red fluorescent protein (2002), Proc. Nat. Acad. Sci., 99:
7877-7882.

[0127] The Stx2eB expression vector and the mRFP expression vector were introduced into
the protoplasts of cultured tobacco cells (BY2) in the same way as the above methods, and
observed using a confocal microscope observation system (LSM510, Zeiss).

[0128] The results are shown in FIGS. 5 and 6.

[0129] FIG. 5 shows the localization of the hybrid protein of Stx2eB-YFP. When 2xStx2eB
(PG12)-YFB was expressed, it was observed that the hybrid protein of Stx2eB-YFP was
localized granularly at about 100 granules/cell. When 1xStx2eB (PG12)-YFP and 2xStx2eB
(RS)-YFP were expressed, no granule was observed.

[0130] In FIG. 6, an image A in a leftmost column shows the localization of mRFP in a certain
protoplast. The localization of mRFP reflects the location of the endoplasmic reticulum. An
image B in a middle column shows the localization of the hybrid protein of Stx2eB-YFP in the
identical protoplast. An image in a rightmost column is a composite image of the image A and
the image B. It is found from this composite image that the hybrid protein of Stx2eB-YFP is
localized granularly in the endoplasmic reticula.

(6) Effect of vesicular transport function

[0131] It was examined in which process after the protein translation the accumulation and
aggregation of 2xStx2eB (PG12) occur.

[0132] 2xStx2eB (PG12)-YFP was co-expressed with an Arabidopsis vesicular transport
regulation protein ARF1 or a dominant negative mutant thereof ARF1 (Q71L) (ARF1DN). As a
reporter for inhibition of protein transport to Golgi apparatus by the co-expression with
ARF1DN, vacuole-GFP was co-expressed with each ARF1. An expression vector for each
ARF1 was constructed as follows. An expression vector for the vacuole-GFP can be prepared
with reference to the following document.

[0133] Di Sansebastiano et. al., Specific accumulation of GFP in a non-acidic vacuolar
compartment via a C-terminal propeptide-mediated sorting pathway. Plant J. (1998) 15, 449-
457

[0134] As the vesicular transport regulation protein, expression vectors for Arabidopsis ARF1
(GenBank ACCESSION No. M95166) and for the dominant negative mutant thereof ARF1
(Q71L) (Misaki Takeuchi et al., 2002, (see below)) were constructed. PCR using cDNA
prepared from Arabidopsis embryo plant as a template was performed using an ARF1-F
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primer (SEQ ID NO: 59) and an ARF1-R primer (SEQ ID NO: 60). The resulting DNA fragment
was subcloned into the EcoRV gap in pBluescript (Stratagene). Another PCR was performed
using an ARFQL-F primer (SEQ ID NO: 61) and an ARFQL-R primer (SEQ ID NO: 62) to
substitute a glutamine residue at position 71 with a leucine residue. Each resulting ARF1
fragment was subcloned into a transient expression vector pBI221,

[0135] Each of the vectors prepared was introduced into the protoplast of the cultured tobacco
cell in the same manner as that described above, and the respective proteins were co-
expressed to examine the localization of 2xStx2eB (PG12).

[0136] The result is shown in FIG. 7.

[0137] Both when 2xStx2eB (PG12)-YFP was co-expressed with ARF1 and co-expressed with
ARF1 (Q71L), granules were formed as observed in an expression of 2xStx2eB (PG12)-YFP
alone. On the other hand, co-expression of ARF1 (Q71L) inhibited the exit of vacuole-GFP
from ER. It was speculated from these that the granule formation is not dependent on vesicular
transport process from the ER to Golgi apparatus.

<2> Transformation experiments using cultured tobacco cells

(1) Construction of vectors for transformation

[0138] 1xStx2eB (PG12), 2xStx2eB (PG12), 3xStx2eB (PG12), and 4xStx2eB (PG12) were
prepared in the same way as above.

[0139] Further, by using RS (Arg, Ser), PG7 (SEQ ID NO: 63), or SG12 (SEQ ID NO: 64) as a
spacer instead of PG12, DNA constructs, 2xStx2eB (RS), 2xStx2eB (PG7), and 2xStx2eB
(SG12) were prepared by the following methods.

[0140] A PG7 spacer (SEQ ID NO: 63) was inserted between Stx2eB and the HA tag in the
plasmid 8. A PG7-F primer (SEQ ID NO: 65) and a PG7-R primer (SEQ ID NO: 66) were
annealed and phosphorylated with T4 PNK. The obtained phosphorylated DNA fragment was
inserted into the Bglll gap of plasmid 8 (plasmid 10) .

[0141] An SG12 spacer (SEQ ID NO: 64) was inserted between Stx2eB and the HA tag. An
SG12-F primer (SEQ ID NO: 67) and an SG12-R primer (SEQ ID NO: 68) were annealed and
phosphorylated with T4 PNK. The obtained phosphorylated DNA fragment was inserted into
the Bglll gap of plasmid 8 (plasmid 11).

[0142] An Stx2eB fragment was cleaved out from plasmid 1 with BamHI and Bglll and then
inserted into the BamHI gap of 1xStx2eB (PG12) (2xStx2eB (RS)). An Stx2eB-PG7 fragment
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was cleaved out from plasmid 10 with BamHI and Bglll and then inserted into the BamHI gap of
1xStx2eB (PG12) (2xStx2eB (PG7)). An Stx2eB-SG12 fragment was cleaved out from plasmid
11 with BamHI and Bglll and then inserted into the BamHI gap of 1xStx2eB (PG12) (2xStx2eB
(8G12)).

[0143] In order to produce Stx2eB using a stable transformant of the plant, each of the DNA
constructs of the above Stx2eB was subcloned into a vector for transformation (for the design
of the vectors, see FIG. 1). Each of 1xStx2eB (PG12), 2xStx2eB (PG12), 3xStx2eB (PG12),
4xStx2eB (PG12), 2xStx2eB (RS), 2xStx2eB (PG7), and 2xStx2eB (SG12) was inserted into
pBI121 (Clontech) using Xbal and Sacl, and allocated between a cauliflower mosaic virus 35S
RNA promoter (35S pro.) and a nopaline synthetase gene transcription terminator (NOS-T).

(2) Transformation of cultured tobacco cells

[0144] The produced vector for transformation was introduced into Agrobacterium
tumefacience EHA105 using an electroporation method. An Agrobacterium medium (100 pL)
cultured in 5 mL of LB medium containing 100 mg/L of kanamycin at 28°C for 2 nights was
mixed with 5 to 10 mL of a suspension of cultured tobacco cells (Nicotiana tabacum, cv BY2)
on the fourth day of the culture in a petri-dish, and the mixture was co-cultured by being left to
stand in a dark place at 25°C for 2 nights. In order to remove Agrobacterium, the medium in
the petri-dish was transferred into a 15-mL centrifuging tube, which was then centrifuged
(1,000 rpm, 5 minutes, 4°C), and a supernatant was removed. A modified LS medium was
charged, and the tube was centrifuged (1,000 rpm, 5 minutes, 4°C) to wash the cells. This
washing operation was repeated four times to remove Agrobacterium. The resultant BY2 cells
were then placed in a modified LS agar medium containing kanamycin (100 mg/L), and
cultured by being left to stand in the dark place at 25°C. After about 2 to 3 weeks, cells which
has formed a callus were transferred to a new plate, and a growing clone was selected.

(3) Semi-quantification of Stx2eB protein using western analysis

[0145] Cultured tobacco cells cultured in a plate medium were collected in a centrifuging tube,
and 1 L of SDS sample buffer per mg of cell weight was added. The cells were denatured at
95°C for 2 minutes to make a sample for electrophoresis. Proteins were separated using 15%
acrylamide gel, and then blotted onto a PVDF membrane (Hybond-P; Amersham) using an
electrotransfer apparatus. An Stx2eB protein was detected using an anti-HA antibody (No. 11
867 423 001, Roche). Serial dilution of Stx2eB having the HA tag at known concentrations was
prepared, and loaded on the gel. A calibration curve was prepared based on their signal
intensities, and the amount of Stx2eB proteins in each sample was calculated.

[0146] The results are shown below.

(a) Effects of linking number of Stx2eB
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[0147] The results are shown in FIGS. 8 and 9.

[0148] When 1xStx2eB (PG12) was expressed, signals were detected at the positions of
about 10 kDa and about 17 kDa. They are presumed to be Stx2eB in which the signal peptide
was cleaved and Stx2eB in which the signal peptide is not cleaved, respectively. When
2xStx2eB (PG12) was expressed, a signal was detected at the position of about 19 kDa at the
similar level to that when 1xStx2eB (PG12) was expressed. When 3xStx2eB (PG12) was
expressed, a signal was detected at the position of about 26 kDa, the signal being smaller than
that when 1xStx2eB (PG12) was expressed. These corresponded to the molecular weights
estimated from the design of the DNA constructs. When 4xStx2eB (PG12) was expressed, a
specific signal was below the detection limit (data not shown).

[0149] It has been found from the above that 2xStx2eB (PG12) accumulates the larger
amount of Stx2eB than 1xStx2eB (PG12) and 3xStx2eB (PG12).

(b) Effects of spacer

[0150] The results are shown in FIGS. 10 and 11.

[0151] Based on the intensity of the signal corresponding to Stx2eB, the level of accumulated
Stx2eB was the highest when PG12 was used as a spacer. The levels were secondly high
when PG7 and SG12 were used, which were in the similar degree. The level was lowest when
RS was used. This indicates that the length and the amino acid sequence of the spacer
between two Stx2eBs affect the level of the accumulated 2xStx2eB protein.

(4) Quantification of mRNA by real-time PCR

[0152] It was examined whether the level of the accumulated protein was influenced by a
transcription level or not.

[0153] RNA was prepared using RNeasy Mini Kit (Qiagen) from each of the transformed BY2
cells obtained above. The resulting RNA was treated with DNase, and then reversely
transcribed using Transcriptor Reverse Transcriptase (Roche). Real-time PCR was performed
using SYBR Green PCR Master Mix (Applied Biosystems). A primer set (SEQ ID NO: 69 and
SEQ ID NO: 70) which amplified the region containing NtADH 5'-UTR and the signal peptide
which were common in the respective constructs was used for the quantification of Stx2eB
mRNA. The amount of an expressed BY2 ubiquitin gene was quantified using a UBQ-F primer
(SEQ ID NO: 71) and a UBQ-R primer (SEQ ID NO: 72) to compensate the mRNA level of an
Stx2eB gene. Note that the mRNA level of 1xStx2eB (PG12) was calculated by multiplying a
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quantified value by 1/2.
[0154] The results are shown in FIG. 12.

[0155] The accumulation levels of Stx2eB protein per mRNA tend to be higher in cells
expressing 2xStx2eB (PG12) than those in cells expressing 2xStx2eB (RS) or 1xStx2eB
(PG12). This indicates that the difference of the spacer does not influence on the transcription
level but influences on a translation level or stability of the protein after the translation.
Considering together the result that the 2xStx2eB protein was localized granularly, it is
conceivable that the spacer influences on the stability of the protein after the translation.

<3> Transient expression experiments

(1) Construction of Stx2eB transient expression vectors

[0156] Transient expression vectors for 1xStx2eB (PG12), 2xStx2eB (PG12), 3xStx2eB
(PG12), and 4xStx2eB (PG12) were constructed by the method in above <1> (1) (FIG. 13-A).
These vectors are referred to as ER-1xStx2eB (PG12), ER-2xStx2eB (PG12), ER-3xStx2eB
(PG12), and ER-4xStx2eB (PG12), respectively. Note that "ER" means the endoplasmic
reticulum type.

[0157] Further, transient expression vectors containing the cytoplasm (Cyt) type of DNA
construct (FIG. 13-B) and expression vectors containing the chloroplast (Chl) type of DNA
construct (FIG. 13-C) were constructed by the following method. These DNA constructs were
designed to contain DNA encoding the endoplasmic reticulum retention signal peptide, for the
purpose of expressing the hybrid protein having as close a structure as possible to that of the
endoplasmic reticulum type of hybrid protein. But, since these DNA constructs do not contain
DNA encoding the secretory signal peptide, the endoplasmic reticulum retention signal peptide
does not exert its function (retention of the protein in the endoplasmic reticulum) in the
produced hybrid protein.

[0158] An NtADH 5'-UTR fragment was amplified by PCR using an ADH Xbal-F primer (SEQ
ID NO: 34) and an ADH BamHI-R primer (SEQ ID NO: 112), and the resulting DNA fragment
was treated with Xbal and BamHI. The Xbal-BamHI fragment of NtADH 5'-UTR was inserted
into the Xbal-BamHI gap of each of ER-1xStx2eB (PG12), ER-2xStx2eB (PG12), ER-3xStx2eB
(PG12), and ER-4xStx2eB (PG12) to prepare Cyt-1xStx2eB (PG12), Cyt-2xStx2eB (PG12),
Cyt-3xStx2eB (PG12), and Cyt-4xStx2eB (PG12) which were cytoplasm type Stx2eB vectors.

[0159] The NtADH 5'-UTR fragment was amplified by PCR using an ADH Xbal-F primer (SEQ
ID NO: 34) and an ADH Nsil-R primer (SEQ ID NO: 35). A DNA fragment (SEQ ID NO: 80)
encoding the transit signal peptide, the chloroplast being derived from Lactuca sativa Rbcs
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(Rubisco small subunit) (GenBank ACCESSION D14001) (transit peptide, T.P.), was amplified
by PCR with cDNA of a Lactuca sativa leaf as a template using a TP Nsil-F primer (SEQ ID NO:
113) and a TP BamHI-R primer (SEQ ID NO: 114). Each resulting DNA fragment of NtADH 5'-
UTR and each DNA fragment of the secretory signal peptide was treated with Nsil
(manufactured by Toyobo Co., Ltd.), ligated using Ligation High (Toyobo Co., Ltd.) followed by
being blunted, and cloned into the EcoRV gap of pBluescript I SK (manufactured by
Stratagene) (plasmid 12). Plasmid 12 was treated with Nsil, blunted with T4 DNA polymerase
(Toyobo Co., Ltd.), and then self-ligated to be fused so that the initiation codon of NtADH and
the initiation codon of Rbcs were matched (plasmid 13). An NtADH 5'-UTR-T.P. fusion fragment
was cut out from plasmid 13 using Xbal and BamHI, and inserted into the Xbal-BamHI gap of
each of ER-1xStx2eB (PG12), ER-2xStx2eB (PG12), ER-3xStx2eB (PG12), and ER-4xStx2eB
(PG12) to prepare Chl-1xStx2eB (PG12), Chl-2xStx2eB (PG12), Chl-3xStx2eB (PG12), and
Chl-4xStx2eB (PG12), which were chloroplast type Stx2eB vectors.

(2) Production of CTB transient expression vectors

[0160] Transient expression vectors for 1xCTB (PG12) and 2xCTB (PG12) were constructed
by the method in above <1> (2) (FIG. 14-A). Hereinafter, these vectors are referred to as ER-
1xCTB (PG12) and ER-2xCTB (PG12).

[0161] Transient expression vectors containing the cytoplasm (Cyt) type of DNA construct
(FIG. 14-B) and expression vectors containing the chloroplast (Chl) type of DNA construct
(FIG. 14-C) were constructed by the following methods.

[0162] A CTB-PG12 fragment was cut out from ER-1xCTB (PG12) using BamHI and Bglll, and
inserted into the BamHI-Bglll gap in Cyt-1xStx2eB (PG12) and the BamHI-Bglll gap in Chl-
1xStx2eB (PG12) produced in above <3> (1) to prepare cytoplasm type of 1xCTB (PG12) and
chloroplast type of 1xCTB (PG12) (Cyt-1xCTB (PG12), Chl-1xCTB (PG12)).

[0163] Subsequently, a 2x(CTB-PG12) fragment was cut out from ER-2xCTB (PG12) using
BamHI and Bglll, and inserted into the BamHI-Bglll gap of Cyt-1xStx2eB (PG12) and the
BamHI-Bglll gap of Chl-1xStx2eB (PG12) to prepare cytoplasm type of 2xCTB (PG12) and
chloroplast type of 2xCTB (PG12) (Cyt-2xCTB (PG12), Chl-2xCTB (PG12)).

(3) Transient expression experiments and western analysis

[0164] Transient expression experiments were carried out using Lactuca sativa protoplasts in
the same way as in above <1> (3). Subsequently, Stx2eB and CTB were detected in the same
way as in <1> (4).

(a) Effects of linking number of Stx2eB
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[0165] The results are shown in FIG. 15.

[0166] When ER-1xStx2eB (PG12) was expressed, a signal was detected at the position of
about 10 kDa. When ER-2xStx2eB (PG12) was expressed, a signal was detected at the
position of about 19 kDa, the signal being larger than that when ER-1xStx2eB (PG12) was
expressed. When ER-3xStx2eB (PG12) was expressed, a signal was detected at the position
of about 27 kDa, the signal being larger than that when ER-1xStx2eB (PG12) was expressed.
These corresponded to the molecular weights estimated from the design of the DNA
constructs. When ER-4xStx2eB (PG12) was expressed, a specific signal was below the
detection limit.

[0167] When Cyt-1xStx2eB (PG12) was expressed, a specific signal was below the detection
limit. When Cyt-2xStx2eB (PG12) was expressed, a signal was detected at the position of
about 20 kDa. When Cyt-3xStx2eB (PG12) was expressed, a signal was detected at the
position of about 30 kDa. These corresponded to the molecular weights estimated from the
design of the DNA constructs. Further, when Cyt-4xStx2eB (PG12) was expressed, a specific
signal was below the detection limit.

[0168] When Chl-1xStx2eB (PG12) was expressed, a signal was detected faintly at the
position of about 14 kDa. When Chl-2xStx2eB (PG12) was expressed, a signal was detected at
the position of about 22 kDa, the signal being at the similar level to that when ER-3xStx2eB
(PG12) was expressed. When Chl-3xStx2eB (PG12) was expressed, a signal was detected at
the position of about 30 kDa, the signal being at the similar level to that when Chl-2xStx2eB
(PG12) was expressed. These corresponded to the molecular weights estimated from the
design of the DNA constructs. When Chl-4xStx2eB (PG12) was expressed, a signal was
detected faintly at the position of about 34 kDa.

[0169] Since each of the above DNA constructs contains one molecule of the HA tag (see
FIG. 13), when DNA encoding two Stx2eBs is expressed and when DNA encoding three
Stx2eBs is expressed, the amounts of the accumulated proteins are thought to correspond to
about two times and about three times, respectively, the amount when DNA containing one
Stx2eB is expressed.

[0170] Therefore, it has been found that when any of the endoplasmic reticulum type (ER),
cytoplasm type (Cyt), and chloroplast type (Chl) of DNA constructs is expressed, the Stx2eB
protein can be more efficiently accumulated when the protein in which two or three Stx2eBs
are tandemly linked through the spacer is expressed than when one Stx2eB protein is
expressed.

(b) Effects of linking number of CTB
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[0171] The results are shown in FIG. 16.

[0172] When ER-1xCTB (PG12) was expressed, a signal was detected at the position of
about 17 kDa. When ER-2xCTB (PG12) was expressed, a larger signal than that when ER-
1xStx2eB (PG12) was expressed was detected at the positions of about 28 kDa and about 30
kDa. These corresponded to the molecular weights estimated from the design of the DNA
constructs.

[0173] When Cyt-1xCTB (PG12) was expressed, a signal was faintly detected at the position
of about 14 kDa. When Cyt-2xCTB (PG12) was expressed, a signal was detected at the
position of about 26 kDa, the signal being at the similar level to that when ER-2xCTB (PG12)
was expressed. These corresponded to the molecular weights estimated from the design of
the DNA constructs.

[0174] When Chl-1xCTB (PG12) was expressed, a signal was detected at the position of
about 14 kDa. When Chl-2xCTB (PG12) was expressed, a signal was detected at the position
of about 26 kDa, the signal being at the similar level to that when ER-2xCTB (PG12) was
expressed. These corresponded to the molecular weights estimated from the design of the
DNA constructs.

[0175] From the above, it has been found that when any of the endoplasmic reticulum type
(ER), cytoplasm type (Cyt), and chloroplast type (Chl) of DNA constructs is expressed, CTB
proteins can be more efficiently accumulated when the protein in which two CTBs are tandemly
linked through the spacer is expressed than when one CTB protein is expressed.

<4> Transformation experiments using cultured tobacco cells

(1) Construction of vectors for transformation

[0176] Transformation experiments were performed using ER-2xStx2eB (PG12), Cyt-
1xStx2eB (PG12), Cyt-2xStx2eB (PG12), and Cyt-3xStx2eB (PG12) prepared above.

[0177] Vectors for transformation were prepared in the same way as the method in above <2>

(1).

(2) Transformation and western analysis of cultured tobacco cells

[0178] Transformation experiments and the western analysis were carried out in the same
ways as the methods in above <2> (2) and (3).
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[0179] The results are shown in FIG. 17.

[0180] When ER-2xStx2eB (PG12) was expressed, a signal was detected at the positions of
about 19, 21, and 23 kDa. When Cyt-1xStx2eB (PG12) was expressed, a specific signal was
below the detection limit. When Cyt-2xStx2eB (PG12) was expressed, a signal was detected at
the position of about 19 kDa. When Cyt-3xStx2eB (PG12) was expressed, a signal was
detected at the position of about 27 kDa, the signal being larger than that when Cyt-2xStx2eB
(PG12) was expressed.

[0181] From the above, it has been found that also in the transformant of the cultured tobacco
cell, Stx2eB proteins can be more efficiently accumulated when the protein in which two or
three Stx2eBs are tandemly linked through the spacer is expressed than when one Stx2eB
protein is expressed. It has been also found that when the cytoplasm type of DNA construct is
expressed in the transformant of the cultured tobacco cell, in particular when the protein in
which three Stx2eBs are tandemly linked through the spacer is expressed, the Stx2eB proteins
can be efficiently accumulated.

[0182] It has been also found that in the transformant of the cultured tobacco cell, the Stx2eB
proteins can be more efficiently accumulated when the endoplasmic reticulum type of DNA
construct is expressed than when the cytoplasm type of DNA construct is expressed.

<5> Transformation experiments using tobacco plant body

(1) Construction of vectors for transformation

[0183] Transformation experiments were performed using ER-2xStx2eB (PG12), Chl-
1xStx2eB (PG12), Chl-2xStx2eB (PG12), and Chl-3xStx2eB (PG12) prepared above.

[0184] Vectors for transformation were prepared in the same way as the method in above <2>

(1).

(2) Transformation of tobacco plant body

[0185] Tobacco plant bodies were transformed by the following method using the vectors
prepared above.

[0186] Seeds of the tobacco plant body (Nicotiana tabacum L. cv. Petit habana SR1) were
sterilized and seeded on an MS medium. A leaf portion of the sterilized Nicotiana tabacum was
cut into pieces each having a size of about 1x1 cm without including leaf veins, and placed to
face up the backside of the leaf in a petri-dish containing sterile water. An Agrobacterium
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suspension cultured for two nights in the LB medium containing 100 mg/L of kanamycin and
obtained in above <2> (2) was poured in the petri-dish, and the leaf piece was immersed
therein for 3 to 5 minutes. The leaf piece was picked up, and an extra bacterial medium on the
leaf piece was wiped with sterile kim-towel. The leaf piece was placed on a callus formation
medium and cultured at 25°C. After 2 to 3 days, when Agrobacterium became visible on the
medium, the leaf piece was transferred into a 50-mL tube, washed five times with sterile water,
placed on a callus formation medium (containing 100 mg/L of kanamycin and 250 mg/L of
carbenicillin), and cultured at 25°C for 1 to 2 weeks. When the leaf piece curled up compared
with the original and showed a concavoconvex surface, the leaf piece was transferred into a
shoot formation medium (containing 100 mg/L of kanamycin and 250 mg/L of carbenicillin).
After additional 4 to 6 weeks, a shoot having a developed stem and leaf portion was cut off,
transferred to a root formation medium (containing 100 mg/L of kanamycin and 250 mg/L of
carbenicillin), and cultured at 25°C until rhizogenesis was observed. A plant body grown to a
certain size was grown as a pot plant.

(3) Western analysis

[0187] The leaf of the genetically engineered tobacco plant body produced above was
sampled, and an SDS sample buffer was added thereto in the proportion of 1L of SDS to 1
mg of leaf. The sample was thermally denatured at 95°C for 2 minutes to serve as the sample
for electrophoresis. Proteins were separated using 15% acrylamide gel, and then blotted onto
a PVDF membrane (Hybond-P; Amersham) using an electrotransfer apparatus. The Stx2eB
protein was detected using an anti-HA antibody (No. 11 867 423 001, Roche).

[0188] The results are shown in FIGS. 18 and 19.

[0189] Clones in which Stx2eB was accumulated with high efficiency were obtained in the
plant body transformed with one of ER-2xStx2eB (PG12), Chl-1xStx2eB (PG12), Chl-2xStx2eB
(PG12), and Chl-3xStx2eB (PG12). Also in the chloroplast type of DNA constructs, it has been
found that the clone accumulating Stx2eB efficiently is obtained with a higher probability when
the protein in which two or three Stx2eBs are tandemly linked through the spacer is expressed
than when one Stx2eB protein is expressed.

[0190] When ER-2xStx2eB (PG12) was expressed, signals were detected at the positions of
about 15 kDa, about 19 kDa, and about 22 kDa. When Chl-1xStx2eB (PG12) was expressed, a
signal was detected at the position of about 12 kDa. When Chl-2x5tx2eB (PG12) was
expressed, a signal was detected at the position of about 19 kDa. When Chl-3xStx2eB (PG12)
was expressed, a signal was detected at the position of about 27 kDa. These corresponded to
the molecular weights estimated from the design of the DNA constructs.

<6> Transformation experiments using cultured tobacco cells
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(1) Construction of vectors for Stx2eB transformation

[0191] ER-2xStx2eB (PG12) was prepared by the method in above <1> (1). ER-2xStx2eB
(PG17) and ER-2xStx2eB (PG22) were prepared by the following method. The design of the
DNA constructs is shown in FIG. 20.

[0192] APG7-F primer (SEQ ID NO: 65) and a PG7-R primer (SEQ ID NO: 66) were annealed
and phosphorylated with T4 PNK. The resulting phosphorylated DNA fragment was inserted
into the Bglll gap of ER-1xStx2eB (PG12) obtained in <1> (1) (plasmid 14) .

[0193] A PG12-F primer (SEQ ID NO: 43) and a PG12-R primer (SEQ ID NO: 44) were
annealed and phosphorylated with T4 PNK. The resulting phosphorylated DNA fragment was
inserted into the Bglll gap of ER-1xStx2eB (PG12) (plasmid 15).

[0194] An Stx2eB-PG17 fragment was cut out from plasmid 14 using BamHI and Bglll, and
inserted into the BamHI gap of ER-1xStx2eB (PG12) (2xStx2eB (PG17)). An Stx2eB-PG22
fragment was cut out from plasmid 15 using BamHI and Bglll, and inserted into the BamHI gap
of ER-1xStx2eB (PG12) (ER-2xStx2eB (PG22)).

[0195] In order to produce Stx2eB using the stable transformant of the plant, each of the
above DNA constructs for Stx2eB was subcloned into a vector for transformation. That is, each
of ER-2xStx2eB (PG12), ER-2xStx2eB (PG17), and ER-2xStx2eB (PG22) was inserted into
pBI121 (Clontech) using Xbal and Sacl, and allocated between the cauliflower mosaic virus
35S RNA promoter (35S pro.) and the nopaline synthetase gene transcription terminator
(NOS-T).

(2) Construction of vectors for CTB transformation

[0196] ER-2xCTB (PG12) was prepared by the method in above <1> (2). ER-2xCTB (PG17)
and ER-2xCTB (PG22) were prepared by the following method. The design of the DNA
constructs is shown in FIG. 21.

[0197] APG7-F primer (SEQ ID NO: 65) and a PG7-R primer (SEQ ID NO: 66) were annealed
and phosphorylated with T4 PNK. The resulting phosphorylated DNA fragment was inserted
into the Bglll gap of ER-1xCTB (PG12) obtained in <1> (2) (plasmid 16). A PG12-F primer
(SEQ ID NO: 43) and a PG12-R primer (SEQ ID NO: 44) were annealed and phosphorylated
with T4 PNK. The resulting phosphorylated DNA fragment was inserted into the Bglll gap of
ER-1xCTB (PG12) (plasmid 17).

[0198] A CTB-PG17 fragment was cut out from plasmid 16 using BamHI and Bglll, and
inserted into the BamHI gap of ER-1xCTB (PG12) (ER-2xCTB (PG17)). A CTB-PG22 fragment
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was cut out from plasmid 17 using BamHI and Bglll, and inserted into the BamHI gap of ER-
1xCTB (PG12) (ER-2xCTB (PG22)).

[0199] In order to produce CTB using the stable transformant of the plant, each of the above
DNA constructs for CTB was subcloned into a vector for transformation. That is, each of ER-
2xCTB (PG12), ER-2xCTB (PG17), and ER-2xCTB (PG22) was inserted into pBI121
(Clontech) using Xbal and Sacl, and allocated between the cauliflower mosaic virus 35S RNA
promoter (35S pro.) and the nopaline synthetase gene transcription terminator (NOS-T).

(3) Transformation experiments and western analysis

[0200] Transformation experiments and western analysis were carried out by the methods in
above <2> (2) and (3).

(a) Effects of length of spacer on tandem linking of Stx2eB

[0201] The results are shown in FIG. 22.

[0202] When one of ER-2xStx2eB (PG17) and ER-2xStx2eB (PG22) was expressed, a signal
was detected at the similar level to that when ER-2xStx2eB (PG12) was expressed. This
indicates that any of PG17 and PG22 exhibits the same effect as PG12.

[0203] When ER-2xStx2eB (PG12) was expressed, signals were detected at the positions of
about 19 kDa and about 22 kDa. When ER-2xStx2eB (PG17) was expressed, signals were
detected at the positions of about 19 kDa and about 22 kDa. When ER-2xStx2eB (PG22) was
expressed, signals were detected at the positions of about 20 kDa and about 23 kDa. These
corresponded to the molecular weights estimated from the design of the DNA constructs.

(b) Effects of length of spacer on tandem linking of CTB

[0204] The results are shown in FIG. 23.

[0205] When one of ER-2xCTB (PG17) and ER-2xCTB (PG22) was expressed, a signal was
detected at the similar level to that when ER-2xCTB (PG12) was expressed. This indicates that
any of PG17 and PG22 exhibits the same effect as PG12.

[0206] When ER-2xCTB (PG12) was expressed, signals were detected at the positions of
about 32 kDa, about 34 kDa, and about 36 kDa. When ER-2xCTB (PG17) was expressed,
signals were detected at the positions of about 32 kDa, about 34 kDa, and about 36 kDa.
When ER-2xCTB (PG22) was expressed, signals were detected at the positions of about 32
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kDa, about 34 kDa, and about 36 kDa. These corresponded to the molecular weights
estimated from the design of the DNA constructs.

INDUSTRIAL APPLICABILITY

[0207] The hybrid protein of the present invention is highly stable and accumulated at a high
level in plant cells. Besides, by producing the hybrid protein of the present invention in the plant
using the DNA construct of the present invention, it is possible to efficiently produce oral
vaccines for Shiga toxin, cholera toxin, and Escherichia coli heat-labile toxin.

[0208] The present invention enables to express a bacterial antigen in the plant at the level
which is enough to induce immunity. The present invention enables to give the immunity
against the bacterial antigen to the animal at low cost by giving a transgenic plant as food to
the animal. For example, the present invention is useful for developing swine edema disease
vaccine and cholera vaccine.

SEQUENCE LISTING

[0209]
<110> IDEMITSU KOSAN Co., Ltd.
<120> BACTERIAL TOXIN VACCINE
<130> S3062 EP S3

<150> JP 08/120573
<151>2008-05-02

<160> 114
<170> Patent In version 3.5

<210> 1
<211> 36
<212> DNA
<213> Artificial

<220>
<223> an artificially synthesized DNA

<400> 1
agatcccctg gttetggtee tggttctect agatece 36

<210> 2



<211>12
<212> PRT
<213> Artificial

<220>

<223> an artificially synthesized peptide

<400> 2

Arg Ser Fro Giy

1
1

<210> 3

<211> 959

<212> DNA
<213> Escherichia coli

<400> 3

atgaagteta

tatteccage
agtatacgea
tccgttatta
gtitaicage

gotgpatitg
catteceegey

gtgtcgeage
atctgecgtt
tgcetitiat
gtctggeact
ctetgaacig
gagieggrag

tgaattgeca

P + o rpe b
agigicagat

atacageage

<210>4

<211> 304
<212> PRT
<213> Escherichia coli

<400> 4

et Lys
i
Ser §

I

r

Gin Ser
His |
Pra Gly
Glu Arg
Phe Val
Hiz [le
Ser Tyr
Gln 1le
145

Asn Thr
Val Thr
Leu Ala

Thr Leu
210

Cys

et
Alz
Leu

195
Asn

aact

e

Glu
180
Ser

Trp

tattgttaay
agtttacgat
cagegatalc
atcatacacce
agegtiiiga
ftaatacgac
tgtgacaact
gctggaacgt
gatggagtic
cacigtcaca
gtotgaaact
ggggagaatc
aatatceiil
tcatcaggge
gRCEEC
agegttteig

Leu Lau Lys

vr Ser

Ala

Ser
Ala
Sar
Leu
The
Gly
Gin
Ser
Asp

Leu

Arg i

giggatacte
agactttteg
gaccectett
gCCagRasgt
ceatcttegt
aacaaatact
attteccatea
tecggaatge
aglggtaata
geagaagect
getootgttt
ageaatglge
agtaatatdt
geacgtictyg
BgECLegita
aacagaaagt

Gln Glu

Leu

Thr

Pro
200

Ser A

Ser Giy Pro Giy Ser

Br
E8y

tgtetgtiac
actcaacaaa
gaacatatat
tatatttceg
cigatiatig
ftctacagat
caacggacag
aaatcagicg
caatgaccag
tacggttcag
atacgatgac
ttceggagta
cagegatact
ttegrgeegt
tagazataaa
cacagcettt

Leu
14

Thr i

Ala
Ser
Arg
ile

90
Tyr

Ala
Ala
Ala
170
Gin

Tyr

o Arg Ser

tgggttitic

gttatgtate

ctcagggage
tagglatacg
asacgaaataa

tticagatit
cagftatace

tcactcactg
agatgcatca
geaaatacag
groggaagac

icgeggagag
tggtactagts
gaalgaagag

caatacatta

atatacaact

Ser
Ife
Leu
Arg
Phe

r Met

Glu
140
Met
Lay
Gin
Met

Pro
220

Leu i

- Phe

Thr
45
Asn

Asp

Arg

Thr
205
Glu

Phe

Val
175

i Phe

Asp

Arg G

ticggtatee
ttegitaaat
tacategetla
agggettgat
fttatatgig
geacafatat
actetecaac
gittecateat
agagcagttc
agagaattic
gtggacctea
getgetgtea
geggitatac
agtcaaccag
tgggaaagtia
getgaatea

780

959
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Glg Afa Gly Val Arg V¥al Gly Arg

225 230

fie Leu Gly Thr Val Afa val lie

245
Arg Ser Val Arg Ale Glu Ser Gin
280

Arg Pro Val lie Lys e Asn Asn
215 280

Ala Ala Phe Leu Asn Arg Lys Ser

290 285

<210>5

<211> 210

<212> DNA

<213> Escherichia coli

<400> 5

grggoggatt gtgctaaage taagattgag
actgtgange tgtcageaag agaztactey
caaagtgetc apcigacage gatgactigta
teaggelite cocaggtesa glitaactien
<210> 6

<211> 69

<212> PRT

<213> Escherichia coli

<400> 6

Ala Ala Asp Cvs Ala Lys Gly Lys

i 5

Asp Asn Thr Phe Thr Val Lys Val

20

Are Trp Asn Lew &ln Pro Ley Lsu
35 40

Thr Val Thr tie tfe Ser Asp Thr

50 55
Gin Val Lys Phe Asn
§5

<210>7

<211> 312

<212> DNA

<213> Vibrio cholerae

<400>7

accccccaga acatcacega cetotgegee
aacgacaaga ttitcageota caccgagage
accticaage acggogooal cliccageic

cagaggaagr CCatcgagag gatgaaggat
aaggtegaga agetetgeet cteggaacaac
atggreaact ga

<210> 8

<211> 103

<212> PRT

<213> Vibrio cholerae

<400> 8
{hr Pro Gln Asn lle Thr Asp Leu
5
{{e Tyr Thr Leu Asn Asp Lys lle
20

Gly Lys Arg Glu Met Ala Ile lle
TR Af

gAgEEcTacs acaccrdaat clavaccolc
> clcgecogees agagggagat ggecatcate
. gaggteoocg goagecagea catecgacage

i1e Ser Phe Asn Asn e Ser Ala

235 748

Lew Asn Cys His His Gia Gly Ala
250 255

Pro Giu Cys Gin tle Thr Gly Asp

o

rp Glu Ser Asp Thr Ala

i Glu

Thy Leu

Gin Pro L

o
-
4
<
=
—
o=
=
-
P
5
o
g

ftitccaagt ataatgagea taataccitt
acgaacagat ggaattlera gecatigita
acaatcatat ctaatacctg caghtcagge

tle Glu Phe Ser Lys Tyr Asn Glu
10 15
Ser Gly Arg Glu Tyr Trp Thr Asn
25 30
Gin Ser Ala Gin Leu Thr Gly Met
5
Cys Ser Ser Gly Ser Giy Phe Ala
60

L~

acccicagga tegcctacct caccgagect
aagarcecce acgeeatege cgetatoage

Cys Ala Glu Ser His Asn Thr Gln
10 15

Phe Ser Tyr Thr Glu Ser Lsu Ala

25 30

Thr Phe Lys Asn Gly Ald {fe Phe

60
120
180

BET

Ly

n
84

120
180

240
300
312
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Gin Val Glu Val Pro Gly Ser Gin His fle Asp Ser Gin Lys Lys Ala
50 55 60
Ple Glu Arg Met Lvs Asp Thr Leu Arg ile Alg Tyr Leu Thr Gly &la
65 70 75 80
Lys Val Glu Lys Leu Cys ¥Yal Trp Asn Asn Lys Thr Pro His Alg ils
85 ‘ 90 95
Az Atz Lie Ser Wet Ala Asn
100
<210>9
<211> 453
<212> DNA
<213> Artificial
<220>
<223> an artificially synthesized DNA construct
<400> 9
gegecgeatt glgctagage tasaaltgag tittccaagt atazigages tagtaccit
acigigadpe tglcaggasg ageatactgy acgascagat geaafttped grcattght
caaagigetc agotgacagy gatgactigta acaatcatat ctastaccty cagtteagg

tcaggetttg cecagotean gttiaacaga teccetggtt ctggiectey tictectaga
tccgeggege atigtgctaa agglisasatt gaghtifcea agtataatee ggaiaalace
tttactgtea aggtgtcags aagagaatac fggacgaaca gatggaattt geagecatig
ttaczaagtg cteagolgac agggatgact ghaacaatea tatclastac ctgeaglitca
gectoagget ttgocraget gaagtitaac tes

<210>10

<211> 150

<212> PRT

<213> Artificial

<220>

<223> an artificially sinthesized protein

<400> 10
Ala Ala Asp Cys Ala Lys Gly Lys lle Glu Phe Ser Lys Tyr Asn Glu
1 5 10 15
Asp Asn Thr Phe Thr Yal Lys Val Ser Gly Arg Glu Tyr Trp Thr Asn
28 25 30
Arg Trp Asn Léu Gin Pro Lew Lew Gln Ser Ala Gla Leu Thr Gly Met
35 40 45
The Vat Thr tle tle Ser Asn Thr Lys Ser Ser Gly Ser Gly Phe Ala
56 55 60
Gln YaF Lys Phe Asn Arg Ser Pro Gly Ser Gly Pro Gly Ser Pro Arg
65 70 75 80
Ser Ala Ala Asp Cys Alta Lys Gly Lys lie Glu Phe Ser Lys Tyr Asn
85 90 45
Glu Asp Asn Thr Phe Thr Val Lys Vai Sér Giy Arg Glu Tyr Trp Thr
160 105 11g
Asn Arg Trp Asn Ley Gin Pro teu Leuw Gin Ser Als Gin Lau Thr Giy
Tt 120 128
Met Thr Vai Thr {ie iie Ser Asm Thr Cys Ser Ser Giy Ser Gly Phe
130 135 140
Ala Gin Val Lys Phe Ass
145 150
<210> 11
<211> 657
<212> DNA
<213> Artificial

<220>
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<223> an artificially sinthesized DNA construct

<400> 11

accerroage acetcacega colclecgee gagageoaca acacooaaal clacaceeic 60
aatgacaaga ttttcageta caccgagage ctegeegeea agagegagat ggecatcate 120
accitcaaga acggegecat cttccaggir gaggtcecceg geagecagea catcgacage 180
cagaagaagg Ccatcgagag galgaaggac accclcagga Icgcctacct caccgaggse 240
aaggicgaga agofotgegt ciggaacaac aagacccece acgecatege cgecatcage 300
atggrcaaca gatecootgy ttetgetect gettotcota gatceaceoe coagagcate 360
accgaccict gcegccgagag ccaceacace cazatotaca cooteaacga caagatitic 420
agctacatcg agagectege cgeraagagg gagatggeca teatcacet! naagaacgge 480
gegatetice agglcgdargt Ccccggeage cagcacalcg acagecagaa gaaggocalc 540
gagaggatga aggacaccect caggalcger tacctoaccy agececaaggl cmpagaageic 600
tgegtctgga acaacaagac cecccacges ategoeogeea teageatgge caactgd 857

<210>12
<211> 218

<212> PRT
<213> Artificial

<220>
<223> an artificially sinthesized protein

<400> 12
Thr Pro Gin Asn ble Thy Asp Leu Tys Ala Gilu Ser His Asn Thr Gin
i 5 10 15
ite Tyr Thr Leu Asn Asp Lys fie Phe Ser Tyr Thr Giu Ser Leu Ala
28 28 ki

Gly Lvs Arg Glu Met Ala lle |

35 4
Gln ¥al Gly Val Pro Gly Ser Gin Hi

g Glu Arg Met Lys

T3 I

la Ala lle Ser Met Ala Asn Arg Ser Pro Gly Ser Gly Pro Gly Ser
r Thr Pro Gla Asn [le Thr Asp Leu Cys

i ar Leu Asn Asp Lys 1ie Phe
130 135 140
Giu Met A Thr Phe Lys Asn
i Val Pro G His {le Asp Ser
Glu Arg Met Lys Asp Thr Leu Arg iie Ala Tyr Leu

1
at Glu Lys Leu ©

ATE ¥ FoTrg f
5 200 205

Met Ala Asn

<210> 13
<211> 489
<212> DNA
<213> Artificial

<220>
<223> an artificially sinthesized DNA construct

<400> 13
gegpeppatt gigctaange taasattgag ttttccaagl ataatpagega taataccttt 60
actgtgasge tgtcapggang agaztactey acgaacagsl geaatttecs gecatiglis 12¢

cazagtgete agetgacagg gatgactgta acaatcatat ctaatacctg cagttcagee 180
tcaggettte cccaggteaa gittaacaga tccectggtt ciggtoctge tictectaga 240
tccgeepree attgtgetaa aggtazaatt gagtiticca agtataatga ggataatace 300
tttactgliga aggtgtcage aapagaatac fggacgaaca gatgeaatit gragccatty 360

tEanAnnidbn mhhannbins AmmaatRant AlaneAaish FatRFaafan abednet beo AN



LLaLVaaap L b;bagusav ApgEalEdLl 5iaaLdaluvdg 1l tadtas LIRLagtliva
ggetcagget tigeccargt gaagtitaac agatcccctg gtictggtee tggitotect

agatctiga

<210> 14
<211> 162
<212> PRT
<213> Artificial

<220>
<223> an artificially sinthesized protein

<400> 14

Ala Atg Asp Cys Ala Lys Gly Lys He Gilu Phe Ser
i 5 10
Asp Asn Thr Phe Thr Val Lys Val Ser 6ly Arg Glu
pat, 25
Arg Trp Asn Leu Gln Pro Leu Leu Gin Ser Ala Gin
35 40
Thy Valb Thr tie tle Ser Asn Thr Cys Ser Ser Giy
50 55 60
Gln Val Lys Phe Ash Arg Sér Pro Gly Ser Giy Pro
5 70 75
Ser Atz Ala Asp Cys Al
85 94
Giu Asp Asn Thy Phe Thr Val Lys Val §er Gy Arg
100 105
Asn Arvg Trou Asn Leu Gin Pro Leu Leu Gln Ser Alz
1

)
<o

L
. :
Yal Thr lie ile Ser Asp Thr Cys

€
P
- SE
=
ey e
o
i o (D
W S

in Val Lys Phe A
1

&
@
-
X
i
=)
o

-

et 873

Py

Gy
i

<210>15
<211> 693
<212> DNA
<213> Artificial

<220>

a Lys Gly Lys tle Gly Phe §

Tyr

Tyr
Trp
Thr

Gy

<223> an artificially sinthesized DNA construct

<400> 15

accccccaga acatosctga cotets
aacgacaaga titicageta caccgag
accttoaaga acggegecat citecage

gagagi

¢ gagagivala agacocaaat ¢
gc CICECORECS agagggapat
tc gaggleceoog geagecagea

cagaagaagg ccatcgagag gatgaaggac accetragga togectacet
adggicgaga ageletgegt rigraacaas dagaccocoe acgecatege
atggccaaca gatcecctge tictgrtect gritctecta gatecaccee
accgacetct gegoogagag tcacaacacc caaatctaca cooicaacga
agciacacce agageolrgr cggcaagape gagatggeca teatcacctt

gocatctiice aggicgaget cecCEpcagl Cageacatcg acag

—
ctagas

gagaggatea ageacaccct caggateger taccicaccg aggceaagat
tgegtotgga acagcaagac coocoacges ategecgers reageatgge

cotggticte gicetggtte teotagatct tga

<210> 16
<211> 230
<212> PRT
<213> Artificial

<220>
<223> an artificially sinthesized protein

Asn Glu
15

Thr Asn
Gly Met

Phe Ala

Lo ]
L
-2
oy
@

et Pro
160

ggecateate
catcgacage
Lactgagges
cgceatcage
ccagaacatce
caagatttic
caagaacges
gazgercate
cgagaageic
caacagaice

4Ly
480
489

£0

120

§93
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<400> 16

Thy Bro Gin Asn 1le

Ite Tyr Thr
Gly Lys Arg
Gln Vat Glu

{le Glu Arg Me

Lys Val Giu

Ala Ala lle
Pro Arg Ser

Asn Thr Gln
130

Ser Leu Ala G

Ala [le Phe

His Ata lle

Pro Gly Ser
225

<210> 17
<211>72

Gin
ile
180
Lys Val
Ala Ala

Pro Arg

<212> DNA
<213> Nicotiana tabacum

<400> 17

<210> 18
<211> 24

<212> PRT
<213> Nicotiana tabacum

<400> 18

Lys

Ser

Thr

Asn

Asn

Leu
135

H

HE)

Met

+Lys

& Ser

215

200
et

Ala
10

Ser
Phe

ite

Asn Asn

Cys

Ala

90
Pro

[ead
et

Tyr
Lys
Asp
Ala
5

Lys

Thr
Asn
Ser
Tyr
Thr

Ser

Arg |

Ser
220

Asri
205

Pro

hsn

Thr
15

Ley
e
Lys
Glu
Ala
Gly
Ser
Thr
Asn

Ser
175

Fyr i

Thr

Pro

Gly

Met Gly Arg Met Ser ile Pro Met Met Giy Phe Val Vai Leu Cys Leu
5 15

1
Trp Ata Val Val Ala Glu Gly Ser
20

<210>19
<211>4

<212> PRT
<213> Artificial

<220>

13

<223> an artificially sinthesized peptide

<400> 19

Lys Asp Giu Leu
1

DK/EP 2287300 T3



DK/EP 2287300 T3

<210> 20
<211>4
<212> PRT
<213> Artificial

<220>
<223> an artificially sinthesized peptide

<400> 20
His Asn Glu Ley

1

<210> 21
<211>4
<212> PRT
<213> Artificial

<220>
<223> an artificially sinthesized peptide

<400> 21
Lys Asp Glu Phe

<210> 22
<211>4
<212> PRT
<213> Artificial

<220>
<223> an artificially sinthesized peptide

<400> 22

His Asp Glu Phe
]

<210> 23

<211> 91

<212> DNA

<213> Nicotiana tabacum

<400> 23

tatttaactc agtaticags aaceacaaas gitettetet asataaaatt ttectatttt 80
aglgatcagt saaggaaals aagazaaala 2 9
<210> 24

<211> 547

<212> DNA

<213> Artificial

<220>
<223> an artificially sinthesized DNA construct



<400> 24

tatttaacte agtattcaes aacaacazaa gilcttotel arataaaatt ftectatitt
agigatcagl gadggaaatc aagaaaaata aatggroggcg patigtgcts aagetaaaal
fgagttticc aagtataate aggataatac ctttactgtg aadggigtcag gaagagaata
ctggpacgaac agategaatt tgcageratt gitacazagl gotoageotes cagpeatgac
tgtaacaatc atatctaata cctgcaghttc aggeteoagee titgoccagg tgaagtttaa
cagalcecct gettctgele ctggtictéc tagatccgry goggaltgty claaaggias
aatigagtit tocasgtats atgaggalaa tacotttact gieaadggletl capgpaagags
atactgeacy aacagatgea ati{tgeages attettacae aglectoage tgacagegat
gactgtaaca atcatatcta atacctgeag ticaggetoe ggetiigrer aggtgaagtt
taactga

<210> 25
<211>751
<212> DNA
<213> Artificial

<220>
<223> an artificially sinthesized DNA construct

<400> 25
tatttaacte agtaticaga adcadcadan gitcttcotot acatdaaatt ticetatttt
aglgatcagt gaaggasatc aagadasata aatgacecoss caeaacatea cogacetote

cgecgagage cacaacacce aaglctacar coteaacgac zagalititos gotacaceme
gagerteger geeaagagge agatgeccat catcaecctte aagaacgery ccatetteea
getogaggte cccggeagee ageacatoga cagocagaag aaggecatog agaggatgas
ggacaccctc aggatcgect acctcaccea ggocaagetc gagaagefict grgtctggaa
caacaagace coccaogeca togeogoeat cageoategce aacagatene cltggticige
teetggttet coctagateoa ceccecagas calcaccgac clctergcey agagooacaa
cacccaaate tacaccctca acgacaagat tttcagetac accgagagee fegeeggeaa
gagggagatyg gecatecatca ccttcaagaa cggegeeatc ticcaggtog aggtoocopy
cagccagcac alcgacagee agaagasgegc catcgagagg atgaaggaca ccctoaggat
cgcectaccte accgagecca agglogagas goietgeglie tggaacaacs agaccoccca
cgecateges ghoatcagea tggecaactiy 2

<210> 26
<211> 637

<212> DNA
<213> Artificial

<220>
<223> an artificially sintesized DNA construct

<400> 26

tatttaactc agtaticaga 2acaacaaaa ghicticict acataagatt itectatift
agtpatcagt gasggaaatc aagaazaata astgegesgs atglcaatac ccatgatese
ttttgtgetg ttatgtotal gogeagiget agragaages iccgegeegy atigigotiaa
aggtaaaatt gagiiticca agtataaigs peataatace tttacigiga aggleglcage
aagagaatac fggacgaaca gatggaaitt gcagcecattg ttacaaagle ctcageigac
aggeatgact gtaacaatca taifctaatar ctgeagltica ggrtcagget figocceape?
gaagtitaac agatcececte giictggtee tgglttecicet agatccgeee tegatiglee
taaagetaas attgagttit coaeglatan tgaggataal acctitacig imasgmigic
aggaagagaa tactgeacga acagatggaa tttgoageea ttgttacasa glectcaget
gatagegatg acigtaacaa teatafctas taccimgcagt tcaggotcag getitgccca
getgaagitl aacagatclyg aacateatea attgles

<210> 27
<211> 841
<212> DNA
<213> Artificial

<220>

60
120
180
240
300

4728
480
5408
547

60
120

180
240
300
360
420
480
546
600
669
728

fod

60
120
180
240
300
360
420
430
540
600
§37
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<223> an artificially sinthesized DNA construct

<400> 27

tatttaactc agitaitcaga aacaacaaaa gitettotet
agigatcagt gaaggasaly aagaazaaaia aafgeggaga
ttttgtggte ttatgtetat gegcagtget agcagaagga
cgacctetge gocogagagee ataacaccca aalctacade
clacacegag agtctogecg ptaagageea gatgeecate
catettccag gtogaggltcr ccggecageea gracatcgac
gaggatgaag gacacccted ggatcgeota ccicaccgag
cgtcigegaac dacaagacee cocacgccatl cgoueocale
tggttcteet cotegtictc ctagattcac cocccagaac
gagecacaac accczaatet acaccctcaa cgacasgatt
cgreggcaap agggagatge ccateateac cticasgaac
ggtecccgge agccageaca tegacageea gadgaaggcce
cofcaggate gectacctca ccgaggecaa ggtcgagaag
gaccceccac gecategeeg ceatcageat ggocaacaga
a

<210> 28
<211> 667
<212> DNA
<213> Artificial

<220>

<223> an artificially sinthesized DNA construct

<400> 28

tatttaactc agtattcaga asacaacaana giicitctot
agtgatcagt gasggaaalc aagsaznata astgegeaga
tttteteggty ttatetctat gegcagisel ageagengge
aggtaaadtt gagitiinota agtataatgs ggataatace
aagagaatar tgeacgaaca gatgeaattl geagecattg
agggatgact graacaatea tatitzafac clgeagiica

gaagtitaac agatceoectg gltictggteor fgegtictect
tazaggteas attgagtitt ccasglatas tgaggataat
agpaagagas tactggacga acagatggaa tttgeagoca
gacagegaty actgtaacas tcatatctas tecctgeagt
ggtgaagttt aacagatece ctggttetes tootpgtict
atigtea

<210> 29

<211> 871

<212> DNA

<213> Artificial

<220>

<223> an artificially sinthesized DNA construct

<400> 29

tatitzacic sglattcags aacaacazas gliclictol
agigatcagt ganggazalc asgeaaaate aatggggaga
ttttgtgete ttatgtetat pggoagiggt agcagaaggs
cgatctotge googagagec ataacatcca aatétacace
ctacaccgag agectcglcg grasgagega gategccale
catcttccarg gicgagglce cocggeageca geacategat
gaggatgaag gacaccctca ggatcgeeta ccicaccgag
cgtctgpaac aacaagacce cccacgecat cgeegeoeate
tggttciget ccteggtlcic ctagatccac cocctagrac
gageoacaar acgcazatot acaccctcaa cgacaagatt
cgotgeeaag agggagatgg ceateateac cticaagaac
gghcroogege agecageaca tcpacageca gaagaaggce
coteagrate gectacctca cogagecoaa pgetcgagaag
gaceccccac gecategecg ceatcageat ggocaacaga
ttctcctaga totgaacaty atgaatigig 2

<210> 30

acataaaati
atgigaaiac
fceaccecce
cicadcgacs
atcaccitca
dgeragaaga
gecaaggiceg
agcatggcea
atcaccgace
tteagetaca
ggegecatet
atcgagagga
ctetgegict
fctgaacatg

atalaaas
atglecaat
fcogerge
Fttactgtae
ftacasagte
ggctcaggnt

agatccgegg
acctttactg
ttgttacaaa
tcaggeteag
cetagatety

dcatdaaatt
atgteaatac
tegaccoeoe
cteracgaca
ateaccitca
agccagaaga
gocaaggticg
agecatggoca
atcaccgace
ttcagotaca
ggegecatet
atcgagagga
ctetgegtet
teccctggtt

ttectatiit
ctatgatgey
agaacatcac
agattiteag
agaacggret
aggecatoga
agaagetoig
acagaisies
fotecgeega
ccgagageet
tecaggtega
tgaaggacac
ggaacaacaa
atgaattgie

ftectatttt
ceatgatges
attglgctas
aggtgtoagy
ttcagetgac
ttgcccagat

cggattgtec
tgaagetgte
gtgeoteaget
gcttigecea
aacatgatega

ttoctatttt
ceatgalang
agaacatcac
agattitcag
agaaCcgECRe
aggocatega
agaagetetg
agagatcece
tetgegeega
ccgagageet
frcaggtega
tgaaggacac
gegaacaacaa
ctggtectag

60
1720
180
240

&0
488

841

60
K un
At

180
240
300
360

420
480
540
600
660
567

60
120

248
300
360
420
480
540
600
664
120
780
840
87
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<211> 38
<212> DNA
<213> Artificial

<220>
<223> an artificially sinthesized primer

<400> 30
tatctagagc caccatggga tccgeggegg attgtgcet

<210> 31
<211> 30
<212> DNA
<213> Artificial

<220>
<223> an artificially sinthesized primer

<400> 31
ttcaagatct gttaaacttc acctgggcaa 30

<210> 32
<211> 23
<212> DNA
<213> Artificial

<220>
<223> an artificially sinthesized primer

<400> 32
gtcgacggta ccceecgggga get 23

<210> 33
<211> 23
<212> DNA
<213> Artificial

<220>
<223> an artificially sinthesized primer

<400> 33
cceegggggt accgtegaca get 23

<210> 34
<211> 41
<212> DNA
<213> Artificial

38

DK/EP 2287300 T3



<220>
<223> an artificially sinthesized primer

<400> 34
aatctagagt ctatttaact cagtattcag aaacaacaaa a

<210> 35
<211> 30
<212> DNA
<213> Artificial

<220>
<223> an artificially sinthesized primer

<400> 35
aaatgcatta ttttictiga tticcttcac 30

<210> 36
<211> 30
<212> DNA
<213> Artificial

<220>
<223> an artificially sinthesized primer

<400> 36
aaatgcatgg ggagaatgtc aatacccatg 30

<210> 37
<211> 30
<212> DNA
<213> Artificial

<220>
<223> an artificially sinthesized primer

<400> 37
tataggatcc cattattitt cttgatttce 30

<210> 38
<211>7
<212> PRT
<213> Artificial

<220>
<223> an artificially sinthesized peptide

<400> 38

Gly Ser Glu His Asp Glu Leu

41
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1

o

<210> 39
<211>21
<212> DNA
<213> Artificial

<220>
<223> an artificially sinthesized primer

<400> 39
gatctgaaca tgatgaattg t 21

<210> 40
<211>21
<212> DNA
<213> Artificial

<220>
<223> an artificially sinthesized primer

<400> 40
gatcacaatt catcatgttc a 21

<210> 41
<211> 33
<212> DNA
<213> Artificial

<220>
<223> an artificially sinthesized primer

<400> 41
gatcttatcc ttatgattat cctgattatg cig 33

<210> 42
<211> 33
<212> DNA
<213> Artificial

<220>
<223> an artificially sinthesized primer

<400> 42
gatccagcat aatcaggata atcataagga taa 33

<210> 43
<211> 30
<212> DNA
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<213> Artificial

<220>
<223> an artificially sinthesized primer

<400> 43
gatcccectgg ttetggtect ggttetecta 30

<210> 44
<211> 30
<212> DNA
<213> Avrtificial

<220>
<223> an artificially sinthesized primer

<400> 44
gatctaggag aaccaggacc agaaccaggg 30

<210> 45
<211> 40
<212> DNA
<213> Artificial

<220>
<223> an artificially sinthesized primer

<400> 45
ttggatccac cccccagaac atcaccgacc tctgegecga

<210> 46
<211> 39
<212> DNA
<213> Artificial

<220>
<223> an artificially sinthesized primer

<400> 46
cattgagggt gtagatttgg gtgttgtggce tetcggege

<210> 47
<211> 40
<212> DNA
<213> Artificial

<220>
<223> an artificially sinthesized primer

39

40
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<400> 47
ccctcaacga caagattttc agctacaccg agagcectcgce

<210> 48
<211> 40
<212> DNA
<213> Artificial

<220>
<223> an artificially sinthesized primer

<400> 48
cttgaaggtg atgatggcca tctcectctt gccggegagg

<210> 49
<211> 32
<212> DNA
<213> Artificial

<220>
<223> an artificially sinthesized primer

<400> 49
caccttcaag aacggcgcca tcttccaggt cg 32

<210> 50
<211>45
<212> DNA
<213> Artificial

<220>
<223> an artificially sinthesized primer

<400> 50

cttctggctg tcgatgtgcet ggetgecggg gacctecgacce tggaa

<210> 51
<211>45
<212> DNA
<213> Artificial

<220>
<223> an artificially sinthesized primer

<400> 51

agccagaaga aggccatcga gaggatgaag gacaccctca ggatc

<210> 52

40

40

45
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<211> 43
<212> DNA
<213> Artificial

<220>
<223> an artificially sinthesized primer

<400> 52
gcagagcttc tcgaccttgg cctcggtgag gtaggcegatce ctg

<210> 53
<211> 30
<212> DNA
<213> Artificial

<220>
<223> an artificially sinthesized primer

<400> 53
aagctctgcg tctggaacaa caagaccccce 30

<210> 54
<211>45
<212> DNA
<213> Artificial

<220>
<223> an artificially sinthesized primer

<400> 54
aaagatctgt tggccatgct gatggcggceg atggegtggg gggte

<210> 55
<211> 31
<212> DNA
<213> Artificial

<220>
<223> an artificially primer

<400> 55
tttggatcca gcaagggega ggagctgtic a 31

<210> 56
<211> 33
<212> DNA
<213> Artificial

43

45
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<220>
<223> an artificially sinthesized primer

<400> 56
tttagatctc ttgtacagct cgtccatgece gag 33

<210> 57
<211> 30
<212> DNA
<213> Artificial

<220>
<223> an artificially sinthesized primer

<400> 57
aaaggatccg cctcctccga ggacgtcatc 30

<210> 58
<211> 30
<212> DNA
<213> Artificial

<220>
<223> an artificially sinthesized primer

<400> 58
aaaagatctg gcgeeggtgg agtggeggcec 30

<210> 59
<211> 30
<212> DNA
<213> Artificial

<220>
<223> an artificially sinthesized primer

<400> 59
gatcaaaatg gggttgtcat tcggaaagtt 30

<210> 60
<211> 30
<212> DNA
<213> Artificial

<220>
<223> an artificially sinthesized primer

<400> 60
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attccatcta tgccttgctt gcgatgtigt 30

<210> 61
<211> 24
<212> DNA
<213> Artificial

<220>
<223> an artificially sinthesized primer

<400> 61
ctagacaaga tccgtccatt gtgg 24

<210> 62
<211> 24
<212> DNA
<213> Artificial

<220>
<223> an artificially sinthesized primer

<400> 62
acccccaaca tcccacacgg tgaa 24

<210> 63
<211>7
<212> PRT
<213> Artificial

<220>
<223> an artificially sinthesized peptide

<400> 63
Arg Ser Pro Gly Ser Arg Ser
i §

<210> 64
<211>12
<212> PRT
<213> Artificial

<220>
<223> an artificially sinthesized peptide

<400> 64
Arg Ser Gly Ser Gly Ser Gy Ser Gly ?3( Arg Ser
1 5 !

<210> 65
<211>15
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<212> DNA
<213> Artificial

<220>
<223> an artificially sinthesized primer

<400> 65
gatcccectgg ttcca 15

<210> 66
<211>15
<212> DNA
<213> Artificial

<220>
<223> an artificially sinthesized primer

<400> 66
gatctggaac caggg 15

<210> 67
<211> 30
<212> DNA
<213> Artificial

<220>
<223> an artificially sinthesized primer

<400> 67
gatccggttc tggttctggt tetggticea 30

<210> 68
<211> 30
<212> DNA
<213> Artificial

<220>
<223> an artificially sinthesized primer

<400> 68
gatctggaac cagaaccaga accagaaccg

<210> 69
<211>25
<212> DNA
<213> Artificial

<220>

30
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<223> an artificially sinthesized primer

<400> 69
gtgatcagtg aaggaaatca agaaa 25

<210>70
<211> 23
<212> DNA
<213> Artificial

<220>
<223> an artificially sinthesized primer

<400>70
cataacacca caaaacccat cat 23

<210> 71
<211> 22
<212> DNA
<213> Artificial

<220>
<223> an artificially sinthesized primer

<400> 71
ccaagccaaa gaagatcaag ca 22

<210>72
<211> 24
<212> DNA
<213> Artificial

<220>
<223> an artificially sinthesized primer

<400>72
ccctgaatca tcgaccttgt agaa 24

<210>73
<211>700
<212> DNA
<213> Artificial

<220>
<223> an artificially sinthesized DNA construct

<400>73

tatttaactc agtattcaga aacaacazaa gtictictet acataaaat{ ttcctatitt
agtgatcagt gaaggaaatc aagadaaata aantgegegaga atglcaatac ccatgatgsg
fittgtgglg ttatgictal gggcagigegt agcagaagga iccgoggpegg attgtgcotaa

L —

» OO M3y
D EDCD
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dggidddutl HaAgU{L1E00d dEldiddlEd BEAL4ddLd0l (L VdCTETEY dEETELVUEE
aagagdatac tggacgaaca gatggaatit geoagecatig tiacasagig ctcageigar

s b e b il wmmban ot smbantas b ~ 2
aggmatgact grascaatca falctantas cigeaglica ggoicageel tigooedpgt

gaagtitaac agatccectg gtictgeicee tggitetect agatccgege cggatigiac

tagaggiaaa at%gagt%tg Ecéagtgtaa tgaggataat acclttacty tgaageiglc
aggaagagas tacltegdcea acagalggas tttegcagocs tigttacasza gigoteaget
gacaggealeg actgiaacea tcatatotas tacctgeag! tcagecleoag goltigceca

m ko b ko

ggipaagilt aacagatece cigghictey tectggttel cotagatett atocttatas
ftatoetgat tatgelgeat ctegaacatgs tgaattgiga

<210> 74

<211> 904

<212> DNA

<213> Artificial

<220>
<223> an artificially sinthesized DNA construct

<400> 74

tattiaactc aglaticaga aacaacazaa gtteticict acataagatl ttectatttt
agtgatcagt gaagegaaatc aagasaaata aatgegeaga atglcaatac ccatgatgee
tittgteete ttatgtctat gegcagteel sgcsagaagea tecaccceos agaacatoac
cgacctclgs gCogagagoe acaacaccoa aatclatace clicaacgacs agatiticag
ctacaccgag agectcgecy goaagagega gatggocate afcacctica agaacggere
catcticeag glegageice ceggeageca geacategae agevagaaga agpueatega
pageaigaar gacacecica geatcgecta ccicaccgag gecaaggicg agaagctcty
cgtetggaac aacaagacce cccacgecat cgocgecate ageaiggeca acagatccce

tggttctget ;E%éé?gcic ctagatccac cocgragaac atcaccgace tctgegecga
grgecacaac acccaaatot acaccotosa cgacaagalt ticagolaca cogagagesot
cgreggeaag agggagatege ccalcateac cticamgaac ggcgecatet toeagglcga
gglcocogle dgccagcaca togacagoca gadgaaggoe atcgagagga fgaaggacac
cctcaggatc geetacctca cogapgccaa getcgagaag cteotgcgict ggaacaacaa
gaccccecae gocategece ccatcageat geecascaga fccoctgelit ctgeteocieg
ttotoctaga tettatectt atgattates tgattatget ggatcigaac atgatgaatt
glga

<210>75

<211> 21

<212> DNA

<213> Nicotiana tabacum

<400>75
gatttgttgg ttgatactat g 21

<210> 76

<211>7

<212> PRT

<213> Nicotiana tabacum

<400> 76
Asp Leu Leu Val Asp Thr Mat
i 5

<210> 77

<211>45

<212> DNA

<213> Armoracia rusticana

<400> 77
ctactccatg atatggtgga ggtcgttgac tttgttagct ctatg 45

704

60
120
180
24
300
160
420
480
54
600
560
720
780
840
9040
904

DK/EP 2287300 T3



<210>78

<211>15

<212> PRT

<213> Armoracia rusticana

<400> 78

Leu Leu His Asp Met Val Gy Val Val Asp Phe Val Ser Ser Mst
1 i0 15
<210> 79

<211>75

<212> PRT

<213> Lactuca sativa

<400>79
#et Alz Ser {ié Ser Ser Ser Ala lle Ala Thr Yal Asn Arg Yhr Thy
i 5 10 15
Ser Thr Gin Ala Ser Leu Ala Ata Pro Phe Thr Gly Leu Lys Ser Asn
g 25 i
Val Ala Phe Pro Val Thr Lys Lys Ala Ash Asn Asp Phe Ser Ser Leu
3% 40 45
Pro Ser Asn Gly &y Arg val Gin Cys Mel Lys Val Trp Pro Pro ile
50 55 &0
Gly Lew Lys Lys Tyr Glu Thr Leu Ser Tyr Leu
70 I
<210> 80
<211> 225
<212> DNA

<213> Lactuca sativa

<400> 80

atggocicca tetoctecte agocategee accglcaace g
ageitggrag ctocativac cggecteaag totaacglag ¢
griaacaatg @cttttcate cotacocage aacggiggaa g
fggeracoaa ttgggtigas paagtacgag actetiicat a

cacclc cacccaaget
cccagl tatcaagaag
caatg catgaagele

<210> 81
<211> 51
<212> DNA
<213> Artificial

<220>
<223> an artificially synthesized DNA

<400> 81
agatcccctg gttectggtec tggttctect agatcecctg gttccagate t

<210> 82
<211>17
<212> PRT
<213> Artificial

<220>
<223> an artificially synthesized peptide

PRSI
faeRe R hiar]
PRy o Wl ]

51
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<400> 82

Arg Ser Pro Gly Ser Gy Pro Gly Ser Pro Arg Sér Pro Gly Ser Arg
1 5 16 15
Ser

<210> 83

<211> 66

<212>DNA

<213> Atrtificial Sequence

<220>
<223> an artificially synthesized DNA

<400> 83

agatceecte gttotegter tgettolect agatccocis gtictgetes tgstictect
agatet

<210> 84

<211> 22

<212> PRT

<213> Artificial

<220>
<223> an artificially synthesized peptide

<400> 84

Arg Ser Pro Giy Sér p Pro G
1 5 10
_r}‘

Pro Giy Sar Pro
PU ey SUr T iU 5

1T
o3
)
o
-
=3
Foie
3
T
@
-
o
-
=)
2w
oy
1
[
el
e
0
-
=
=
>
- ery

<210> 85

<211> 696

<212>DNA

<213> Atrtificial Sequence

<220>
<223> an artificially sinthesized DNA construct

<400> 85

gogeeggatt gtectaaagy tazaattgag ttticcaagt ataatgages tagtaccttt
acigigdage itgicaggaay agaalactge acgadcagat ggaatltitgea gocatigtia
caaagtgctc agetgacagg gatgactgte acaatcatal ctaatacctg cagttcagee
teaggoitty cocaggtgan glitaacaga toooctgett clggtectge thetootags
tccregecogr attgiectaa aggtagaatt gagttiticca aglataatpa ggataatace
titactgtga agetgicagg aagagaatac tggacgaaca galggastit goagreatite
ttacaaagtg cicagoigar agggatgact gleacaalca taictaatar cigeoaglica

ggctcageet tigoccaget saagttiaac agatccecty ghictgetoe tgeitotost
agatccgegg cgeattgler tasamgtasa aftgagitil ccaagtatas tgaggafaat
accittactg tgaagetetc aggaagagas taciggacga acagatggaa titgragoca
ttgtiacada gtgcetcagel gacagggaty actgtaacaa tcatatctas tacctgeagt
teaggeteae gottimccoon grigaagiii maciga

<210> 86
<211> 231
<212> PRT
<213> Artificial

50
66

60

180
oy

180
240
300

420
480
540
600
660
696
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<220>
<223> an artificially sinthesized protein

<400> 86

Ala Ata Asp Cys Ala Lys Gly Lys lle §lu Phe Ser Lys Tyr

1 5

Asp Asn Thr Phe Thr Val Lys Val Ser Gly Arg Glu Tyr Trp
20 25 38

Arg Trp Asn Leu Glw Pro Leu Leu Gin Ser Alz Gin Leu Thr &}

Thr Val Thr tle Ite Ser ‘Asn Thr Cys Ser Ser Gly Ser Gly
Gln Val Lys Phe Asn Arg Ser Pro Gly Ser €ly Pro Gly Ser
Ser Ala Ala Asp Cys Adla Lys Gly Lys fle Glu Phe Ser Lys
Giu Asp Asn Thr gge Thr ¥al Lys 2

r Val Thr Ile tle Ser Asn Thr Cye Ser Ser Gly Ser
130 135 140
o .

Arg Ser ‘Ala Ala Asp Cys Ala Lys Gly Lys
165 170
Asn Giu Asp Asn Thr Phe Thr Val Lys Val $er Giy Arg Giuy
188 185 190
Thr Asn Areg Tro Asn Leu Gin Pro Leu Leu Gin Ser Ala
195 200 205
Gly Met Thr Vai Thr fie iie Ser Asan Thr Cys Ser Ser
15 220
Phe Ala Gfn Vat Lys P $
225 2

<210> 87
<211>732
<212> DNA
<213> Artificial

<220>
<223> an artificially sinthesized DNA construct

<400> 87

goggegeatt gtectanage taaqatigag tiitccaagt ataatgagga
actgtgaagr tglceggasy sgaatacieg acgaacagal geaalitges
casagtgetc agetgacagy gatgactgta acaatcatal claataccig
tcaggcttteg cccagetgan gtttaacaga tococtgrit ctegtectge
tcegbggcgg attgigetaa agglagaatt gaglittora agtataatega
tttactgtes aggiglcageg aagagaatac tggacgaaca gatggaattt
ttacagagteg cicagetgac agggaigact glaacaatca tatctaatac
geetcageet tigococaget gaagiitaat agatccccig gitoigstee
agatccgegg cggattetege taaagztaas attgagittt ccaagtataz
acctttacteg tgaageigic aggaagagaa taciggacga acagatggaa
ttgttacaaa gtecteaget gacaggeatg actglaacaa tcatatctaa
tcaggetoag goittgrods getgasptit agcagatooe cigglttictes
coctagateet ga

<210> 88
<211> 243
<212> PRT
<213> Artificial

<220>
<223> an artificially sinthesized protein

<400> 88

Ala Ala Asp Cys Ala Lys Giy Lys lle Glu Phe Ser Lys Tyr A
A i .

i 5 10

r Giy Arg Glu Tyr 1
: i
u Gin Ser Ala Gin Leu Th

Gly Pro Gly §

Giu Phe Ser Lys

Asn Glu
15
Thr Asn

Phe Ala

taatacettt
gecatigita
cagiicaggc
ftotectaga
ggatastace
geagocattlg
ctgcagltea
tgeitotect
tgaggataat
titgcagcea
facctigeagt
tectggtict

n Glu

@y e

der Ben The Bha The Wal Tue Wal Rer Olu Are Ol Tur Trn Thy Aen

60
120
180
240
360
360
420

480
540
600
660
720

oy
{34
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MOW UM TECE ERe TEIE ¥ AF MY M PO UNd WY FSE 5 MW F

2 25 10

WooeT paw

Arg Trp Asn Leu Gin Pro Leu Leu Gin Ser Ala Gln Leu Thr Gly Met
Thr Val Thr lle Ile Ser Asn Thr Cys Ser Ser Gly Ser Gly Phe Ala
Giw Val Lys Phe Asn Arg Ser Pro Gly Ser Gly Pro Gly Ser Pro Arg
Ser Ala Ala Asp Cys Ala Lys Gly Lys fle Glu Phe Ser Lys Tyr Asn

Glu Asp Asn Thr Phe Thr Val Lys Val Ser Gly Arg Glu Tyr Trp Thr
100 105 110
Asn Arg Trp Asn bLew Gia Pro Leu Leu Gin Ser Ala Gin Leu Thr Giy
115 120 125
Met Thr Val Thr lle 1ie Ser Asn Thr Cys Ser Ser Gly Ser Gly Phe
130 135 140
Ala Gln ¥al Lys Phe Asn Arg Ser Pro Gly Ser Giy Pro Gly Ser Pro
145 150 155 160

Arg Ser Ala Ala Asp Cys Ala Lys Gly Lvs e Glu Phe Ser

o
o

S e
o
=)

S e £

1
Asrn Glu Asp Asn T Lys ¥alb Ser Gly Arg Glu
180 185 180
The Asn Arg Trp Asn Leu Gln Pro Lew Lau Gl Ser Ala Gla Leu Thr
185 200 205
Gly Met Thr ¥al Thr {le {le Ser Asn Tar Cys Ser Ser Giy Ser Gly
210 215 220
Phe Ala Gin Val Lys Phe Asm Arg Ser Pro Gly Ser Gly Pro Gly Ser
225 230 235 240
Pro Arg Se

]

<210> 89
<211> 504
<212> DNA
<213> Artificial

<220>
<223> an artificially sinthesized DNA construct

<400> 89
geggrggatt gtgctazagy taaaatigag fiticcaagt atastgeggs taatacottl 34
actgiganage tgtcaggaag agaatactgg acgaacagal geaaittgea geealigiia 120
cagagtgete agcigacagg pafgactela acaaicatal ctaataccii caslicagge 180
tcapgetite <ocagetgas gtitaacags toccotpet! clggtocten ttelootaga 240
tecectggtt ceagatetige groegratigt gotasaggia aaatigagtt {iccaagtatl 300
aatgaggata ataccitiac tptgasggle tcaggaagag aatacipggac gaacagatge 360
setiigcage catigitacs sagteolcag cigacages teaciglaac gateatated 420
aatacctges ghtcaggetic apgotitece vaggleasgt iladcagate cootggttet 480
geicotggtt ctectagate tiga 504
<210> 90
<211> 167
<212> PRT
<213> Artificial
<220>
<223> an artificially sinthesized protein
<400> 90
Ala Ala Asp Cys Als Lys Gly Lys lie Glu Pne Ser Lys Tyr Asn Giu
i § i 15
Asp Asn Thr Phe Thr Val Lys Vai Ser Giy Arg Glu Tyr Trp Thr Asn
20 25 10
Arg Trp Asn Leu Gin Pro Leu Leu Gin Ser Ala Gin Leu Thr Gly #et
35 40 45
Thr Val Thr fle Ile Ser Ass Thr Cys Ser Ser Giy Ser Gly Phe Ala
50 55 50
Gin Val Lys Phe Asn Arg Ser Pro Gly Ser Gly Prao Gly Ser Pro Arg
65 74 75 80
Ser Pro Gly Ser Arg Ser Ala Ala Asp Cys Ala Lys Gly Lys e Glo
85 $0 95
Phe Ser Lys Tyr Asn Glu Asp Asn Thry Phe Thr Val Lys Yal Ser Gly



LUy

Arg Gy Tyr Trp Thr Asp Arg Trp Asn

115
Gip Leu Thr

T
£

130
Ser Gly Ser Gly
145

Gly Pro Gly Ser

i

<210> 91
<211> 519
<212> DNA

Gty Met Thr Vai Thr

120

135

Phe Ala Gln Val

150

Pro Arg Ser

165

<213> Artificial

<220>

(5]

5.

158

[ R

140

Leu Gin Pro Leu Leu Gin Ser

fie tie Ser Asn Thr Cys Ser

Lys Phe Asm Arg Ser Pro Gly Sar

160

<223> an artificially sinthesized DNA construct

<400> 91

gegecgpatt gtectagagy tdaaattgag
actglgasge tgicaggaay agaatacisg
cazagtgetic agotgacagg gatgacisgta
tcaggcttlieg ¢ccagglgan gittaacaga
tecoectgett clegtoctey tietontaga
gagtittera agtataatea geataatane
fggargaaca gatggaattt gragicatiyg
gtaacaafca tatctaatac clgeagttca
agaiccecte grtctggtes teggttotect

<210> 92
<211>172
<212> PRT

<213> Artificial

<220>

ttttocaagt
acgaacagat
acaatcatat
feecotrgtt
totgegecer
fitactetea
t{acaaagte
ggetcageet
agafcitea

atastgagga
gzaatitges
ctaataccig
ctggicctege
attgtgctaa
aggtetcage
cteagotgac
ttgcccaggt

<223> an artificially sinthesized protein

<400> 92
Ala Ata Asp Cys

Asp Asn Thr Phe

Arg Trp Asn Leu
35

Thr ¥at Thr fle

fi ¥§i Lys Phe
r Pro Gly Ser
Lys Gly Lys {le
Vab Lys Val Ser
it5
Pro Leu Leu Gin
130

Ser Asn Thr Cys
145

Arg Ser Pro Giy

<210> 93
<211>1002
<212> DNA

165

<213> Artificial

[1e Giu Phe §

i
Ser Giy Arg

Thr Gly Met

Gly Phe Ala
15%
Ser Pro Arg

{op]

[
L L -
LR Sy By '
- -
& el
e -

o
a

taataccttt
gccatigtia
cagilcagge
ftctectaga
aggtaaaatt
aagagaatac
agggatgact
gaagtitaac

%
@
-
—

N
v
—

ret
=
T
s
bt
o
§ o)

=4
=
o
[ops
,
=
@
-

60
120
180
240
306

420
480
519
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<220>
<223> an artificially sinthesized DNA construct

<400> 93

acectcoaga acateacegs coictgogee gagageocaca acacccagat ctagaccecte 60
apcgacaage Liticageta caccgegage ctepocpeca agaggeagal ggecalcate 126
accttcaaga acggegecat cticcageic gaggleccote geagoragea catcracage 180
cagadgaage ccatcgagag patgaaggac acectcagga fcgectacel caccgaggee 240
aagetegaga agehetgest clgeascaac aagacceece acgrcatese cgecafeage 300
atggrcaaca gatcocoipe ftotpgleot ggitciecta gatocancor coagaacate 360
accgacetet glgergagag ccacaacact cagatdtaca cectcdacga caagatttte 420
agctacaceg agagcclcge cgeraagaey gagatgegceca tcatcacctt caagaacgge 480
getatettec aggtogagrt ccocgecage cageacatcg acagccagaa gaaggoeate 540
gagaggatpa aggacaccct caggatcgee facctcaccg aggocaaggl cgagaagofc 600
tgtgtctgga acaacaagac ¢ctredcges alcgotglca tedageatggs caacagatce §60
cotggttetg glectgettc tectagatee accocccaga acateaccga cototgegee 720
gagagecaca acacccaaat ctacaccett aacgacaage ttticageta caccgagage 780
ctcgeeggea agagggagat ggocatcale accticasga acgmegecat ¢ttccaggte 840
gaggtoonog goagecagea calrgacage cagaagazge ccatogagag gatgaaggac 900
acceicagea fcgoctatel caccpageot ddgptegaga agcicigopt ciggaacaac 960
aggacceooe acgecatege cgreatcage aiggecaact ga 1002
<210> 94

<211> 333

<212> PRT

<213> Artificial

<220>

<223> an artificially sinthesized protein

<400> 94

The Pro Gin Asn |le Thr Asp Leu Cys Ala Giu Ser His Asn Thr Gin
1 5
tte Tyr Thr Leu Asn Asp Lys |le Phe H |

20 25 30
Gly Lys Arg Glu Met Ala Lie Ite Thy Phe Lys Asn Gly Alz [le Phe

35 40 45
GEn Vad Ghu Vat Pro Gly Ser Gin His fle Asp Ser Gin Lys Lys Ala
30 55 60

Iie Glu Arg Met Lys Asp Thr Leu Arg ife Ata Tyr Leu Thr Glu Ala

Lys ¥al Glu Lys Lew Cvys Val Trp Asa Asn Lys Thr Pre His Ala lle
s 50 95

Eta Ala Ve Ser Met Ala Asn Arg Ser Pro Gly Ser Giy Pro Gly Ser

Pro Arg Ser Thr Pro Gld Asp i Thr Asp Leu Cys A

gu Asn Asp Lys lie Phe Ser Tyr Thr G

35 140

lu et Ala Ile Lle Thr Phe Lys Asn G
1

I Glu VYal Pro Gly Ser &in His lle Asp Ser &

5 170 175

i 2t Lys Asp Thr Leu Arg lie Alg Tyr Leu

Thr Glu Lys Val Glu Lys Leu Cys Val Trp Asn Asn Lys Thr Pro

His Ala Ser Met Ala Asn Arg Ser Pro Gly Ser Gly

218 215 220

Fro Giy Ser Pro Arg Ser Thy Pro Gl Asa {ie Thre Asp Leu Oys Als

225 230 235 246

Gly Ser His Asp Thr Gin Ile Tyr Thr Leu Asn Asp Lys lle Phe Ser
245 250 255

Tyr Thr Gty Ser Lew Al i

o
[#x]
=2
=
B
@
b
-

o
[« ]
o
=
[
P
b
i
L4
—f
k=3
-
o
o
o

Lys Asn Ala e Phe Gin Val Glu Val Pro Gly
Asp Ser ¥ Ash
290 295 300
Ala Tyr Leu Thr Glir Ala Lys Val GHy Lys Leu Cys Yab Tro Ase Asn
305 310 315 320
Lys Thr Pro His Ada 1te Ala Ala ile Ser Met Ala Asn

3 i3
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<210> 95
<211> 1038
<212> DNA
<213> Artificial

<220>
<223> an artificially sinthesized DNA construct

<400> 95

accccccaga acatcaccga ccicigegee gagagecaca acacccaaat ciacacccte 60
aacgataaga titicageta caccgagage cicgccgrca agagegagat gaccateate 120
accttcaaga acggegeeat cltocaggtc gagegicecorg geagecagea catogacage 180
tagaagaagg cratcgagag gatgaaggac accctcagga tegcctacet caccgaggee 240
aaggtcgaga ageiclgegt ciggaachac @agaccorooy atgecatege cgecateage 300
atggccaaca gatcecctgg ttetggtoct getictecta gatecaccce ceagaacate 360
atcgacctel .gogeegagag ccacaacace caaatctaca cecicaacga caagafttte 47{)
agotacaccg agagoctege cgetaagagg gagalgeeca fcatcacclt casgmacgec 480
gocatetice agegtegaget cercggears cagtatalcg acagecagas gaaggoesic 540
gagaggatga aggavaccct caggatcger taccivacceg ageccaagel cgageaagcic 600
tgogtotgga acaacaagde cccocacger atcgocgeca teageaigee caacagatce 660
cetgettctg glectggllic toctagatet dceccccaga acateaccgs coictgoges 720
gagagtcacs acacccasat clacactetic gatgacaags tiitcagels caccpagage 780
ctrgccegca agagegagat geccateatc accticaaga acggegecat cticcaggte 840
gagglicectg goagoeagea catrgatage cagaagaagg ceategagag gatgaaggac 500
atcctcagga tcogectfacet caccgaggece aagglcgaga ageictgegl ciggaacaac 960
aagaccooce acgocatege cgocatcage atgegcraaca gatococtgg tiotggioot 1020
gettctecta gatelige 1338
<210> 96

<211> 345

<212> PRT

<213> Artificial

<220>

<223> an artificially sinthesized protein

<400> 96

Thr Pro Gln Asn ile Thr Asp Leu Cys Ala €
] 5

f
Gy
<0
pi
-
«
b
(73
3
—t
i
=
&
=

fie Tyr Thr Leu Asn Asp Lys [le Phe Ser Tyr Thr Glu

Giy Lys Arg Gly Met Ata ile lle Thr Phe Lys Asn Gy
4

Gin Val Glu Yal Pro Gy Ser Gin His tie Asp Ser Gin Lys Lys Ala

sp Thr Len Arg tle Aba Tyr Leu Thr Glu Ala
0 75 80
vy

ys Yal Trp Asn Asp Lys Thr Pro His Ala lie

Thr Pre Glin Asn

{
1 ;
Asn Thr Gln [le Tyr Thr Leu Asn Asp Lys ile Phe Ser Tyr Thr Glu
130 135 140
Ser Leu Ala Gly Lys Arg Glu Met Ala tie Tht Phe Lys Asn Gly

i
1 18
Ala 1te Phe Gin Val Glu Val Pro Gly Ser Gin His Tle Asp Ser Gln
165 170 175
Lys Lys Ala iie Giu Arg Met Lys Asp Thr Leu Arg 1le Ala Tyr Leu
i
Thr Gtu Afa Lys Yal Glu Lys Leu Cys Val Trp Asn Asn Lys Thr Pro
195 200 205
His Ala lle Alz Ata lle Ser Met Ala Asn Arg Sar Pro Gly Ser Gly
210 215 220
Pro Gly Ser Pro Arg Ser Thr Pro Gln Asn tle Thr Asp Leu Cys Ala
275 230 235 245
Gluy Ser His Asn Thy Gln {le Tyr Thr Leuy Asn Asp Lys tlg Phe Ser
245 258 255
Leu Ala Gly Lys Arg Glu Met Ala 1le

1
z
Lys Asn Gly Val Glu Yal Pro Gly Ser G
275 788 285
ny

faa Oau Plw fwa Tiw K1a Fia PR Bl T oaew Anii The P RAes tda

Tyr Thr Glu

a
@
3
a
I



ASD 28T il LYS LYS Ald LiE il
50

{

Lys Thr Pro His Ala [le

<210> 97
<211>70

325

8

<212> DNA
<213> Artificial

<220>

£d
Ala Tyr Leuw Thr Glu Ala Lys Val
3

AKla Ala

AT
Glu
lie

Ser

Met
Lys

Ser
338

LY S
Leu
315
Met

ASE
100
EitY

Cys

(RIS

Val

LEUW ALY tig

Trp Asn Asn
320

Alz Asn Arg Ser Pro

s
a5

<223> an artificially sinthesized DNA construct

<400> 97

aacgacaaga
accticaaga
cagaagaage
aaggicgaga
atggecaaca
geeccccaga
aR0gacaags
acciicaaga
cagagganyy
aaggtcgaga
atggeceaaca

<210> 18
<211> 23

acatcaccea
titicageta
acggegecat
ccatcgagag
agrtetecat
gatcceoctag
acateaccga
titteageota
ccategagag
ageictgeet
gatceectes

5

<212> PRT
<213> Artificial

<220>

cctotgcace
caccgagage
cticeaggtic
gatgaaggac
ctggaacaac
ftctgetect
cetetgegee
caccgagage
citccaggic
gatgaageac
ctggaacaac
ttetggtent

snmacnr
gagagce

aca

ciegeoggea
gagglccceg
accctcagga
aggaceecet
ggtictects
gagagecaca
cicpreggea
gagglcoccg
accctragea
ARBACCLLLT
ggittctceta

acacccaaal ctacaccote
agagegagat gogecatcate
gragecagea catcgacage
fegeotace! caccgaggces
acgecategr cgeeateage
gatcccotge tlocagatet
acacccaaat ctacacccic
agaggpagat ggceateate

‘gtagecagta catcgatage

tegectacet cacoraggce
acgecatege cgecatcage

gatetiga

<223> an artificially sinthesized protein

<400> 98

Thr Pro Gin Asn tle 7

i

le Tyr Thr

Giy Lys

L

Fn Val
50

Ple Giu Arg Met Lys

65

Lys Vai Glu Lys Leu

hr Asp Leu €

eu Asn Asp Lys fle !

u Yal Pro Gly Ser Gln

T
Thi

vs ¥al Trp

Afla Atd Tle Ser Met Ala Asn Arg

Pro Arg Ser Pro Gly Ser Arg Ser

120

Cys Ala Glu Ser His Asno Thr Gin

Phe Sar Tyr Thr Glu

145

Thr Phe Lys Asn

His 1te Asp Ser

180

Arg 1le Ala Tyr Leu Thr Glu Ala
195
Asn Asn Lys Thr Pro His Ala ile

210

215

Ser Pro Gly Ser Giy Pro Gly Ser

225

<210> 99

Asn

Ala

Ser

Glu

Ser
220

125
Asn

it Thr Glo Ala

80
His Aia e

Met Al

Pro

t Lys

Leu
205
et

Asg Thr Leu
Cys Yal Trp

Ala Asn Arg

60
170
180
240
300
360
420
480

540

600
660
708
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<211>723
<212> DNA
<213> Artificial

<220>

<223> an artificially sinthesized DNA construct

<400> 99
accepccaga acatcaccga ceictgeges
adcgacaaga fittcageta caccgagage

accticaaga acggegoeat cticeaggte
cagaagaagg ccalcgagag gatgaapgac
aaggtcgags agetotgegt ctggaacaac
atggercaaca gatccoctiegg tictegtect
ggtictecta gatctacoes ¢oagaacatlc
cagafcfaca ccctcaagga caagatttic

gagatggcca tcatcace

it caagaacgse

cageacatcg acageragad paaggscate
tacctcacce aggccaagel cgagaagelc
atcgoggees teageatege caacagatod

tga

<210>100
<211> 240
<212> PRT
<213> Artificial

<220>

gaggteecce
acccteagga
338aLCCCLe
ggticiecta

cegagetct
agectacaccg
geeatettee
gagaggatga
tgegtetega
cotggticte

ECagLCagta
tcgectacet
acgeeatege
galecccotgs
gegecgagag
agagcctege
aggtceaget
aggacaccct
acaacaagac
gieetggtlic

<223> an artificially sinthesized protein

<400> 100
Thr Pro Gln Asn ile
1 5

I
tie Tyr Thr Leu Asa
20
Gly Lys Arg Glu Met
35

Gin Val Glu Val Pro G

Ite Glu Arg Met Lys

Lys Yal Glu Lys Leu €

Ala Ala 1ie Ser Met
160

Met Lys

Lys Leu

5
21

<210> 101
<211> 583
<212> DNA
<213> Artificial

Ser Met Afa Asn Arg Ser

Asp Lys lle

Ala tle lle

Cys Ala Glu
Phe Ser Tyr
25

Thy Phe Lys
His 1le Asp
Areg [le Ala

Asn Asn Lys

Ser Pro Gy §

105
Giy Ser Pro

Ser His Asn

vr The Glu Ser

Asn Gly Ala

Ser Gin Lys Ly

185
Tyr Leu Thr

catcgacage
cacegaggee
cgeeatcage
ttetaeteet
ccacaacace
cggraagage
CeeCggeage
caggategee
CCeLCacgee
teetagatet

Ser His Asn Thr Gin

15

Tar Glu Ser Leu Ala

Asn Gly Ala lle Phe

Ser Gin Lys Lys Ala

Tyr teu Thr Glu Ala

[Tl Pt
Pougy

u Arg

tys Val Glu

6 Giy Ser Pro Arg JSer

240

680
120

180
240
300
360
428
480
540
660
660
72

723
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<220>
<223> an artificially sinthesized DNA construct

<400> 101

tatttaactc agtattcaga aacaacadas ghtettetet acataaantt treetatttt 60

agitgatiagt ghaggaaatlc aagadaadla salggceecs gallgtgets gagetaasat 120

fgagttttce aagtataate aggataatac ctttactptyg asggietcag gaagagaata 184

ctggacgaac agateggaatt tgveeccatl gitacasag! getcagetea caggsatgac 240

tptaacaatc atatctaata cobgeagttc aggetcaggr tttgeccage tgaagtitaa 300

cagatcctel gritctgetc cigetteliee tagatoceger gegpatiety claaseriad 360

aattgagttt tcraagtats atgaggataa tacctttact gigaaggtet caggaagaga 420

atactgeace aavagaiges atiigragee altigitacaa aetgcicage teavagegal 480

gactgtasca atcatatcta ataccigeag ticaggotca geetitgecs aggtgaagtt 540

taacagatce ceiggitcty glectgetie toctagaice tga 583

<210>102

<211> 682

<212> DNA

<213> Artificial

<220>

<223> an artificially sinthesized DNA construct

<400> 102

taittasctc agtatlcaga aacaacaaas eilctictet acatasaatt ttocctattts §0

agigaltcagt gasggaaaic aagaaaaats astgeegaga atglcaalac ccatgatgeg 126

tritgteete tlatetctal gegcagtest agcagaagea tccgcggoge atipigeiaa 180

aggtaaaatt gagtittcca agtataatea egataatace titactgtgs agetgicage 240

aagagadtac tggacgaaca gatgpaattt gcagecatte tiacazaglg ctcagetgac 300

agggpatgact glaacaatcd tatctaatac ctecagtica gecteageet ftgoocaget 360

gaagttlaac agatceecty gtictgetee fggttetoct agatecccty gliecagate 420

tecegegeat tetectaaag gtasaatiga giititccaag tataatgage ataatacctt 480

taciglgaag glelcageas gagaatacty gacgaacaga tggaatitge agocattigit 540

acaaagiget cagoteacay gratgactgt aacaatoata totaatacct geagttcag 500

cteaggett! goccaggtge agtitaacag atoooctaet tetggtecty gttclectag 660

atctgascat gatgaattet ga §82

<210>103

<211> 697

<212> DNA

<213> Artificial

<220>

<223> an artificially sinthesized DNA construct

<400> 103

tattiaacte agtattcags aacaaransa giteitelel agataaaatl vicclatitt &0

agtgatcdgt gaaggaaate aagaamaata aafgggeaga atglcaatac ctatgatgee 120

ttitgtegtg tlatgiciat gegcagtegt agcagaagra lcocgcgecgg attgigciaa 180

aggtaaaatt gaghtticca aglataatga ggataatace titactgtea agetgteoass 240

aagagaatal tgeacgaaca gatggaattt geagecatig ttacaazgtg cteagetgac 300

aggeatgact gtaacaalca tatctaatac cigragiica gecteagert ttgeceagetl 360

gaagtttaae agalcecotg gitetgaice tggtiotoct agateoccctg glictgeice 420

tggtictoet agatctgceg cggatigltee taaaggtaan attgagtitt ccaagtatan 480

tpaggataatl acotttacte tegsamgleglc apgaagagaa taclgeacgs arcapaiggaz 540
ttgcagors tigtiacazs glgctoage! gacagegeatly actglaacas fcaiatctiaa 600

tacctgeagt tcaggetcag golttgoera getgaaghtt aacagatece ctgeltotge 560

teciggtict cotagatety aacatgatga attglga 887

<210>104

<211> 805

<212> DNA

<213> Artificial



<220>

<223> an artificially sinthesized DNA construct

<400> 104

tatitaacic
agigatcagt
caccgicasc
gictaacgia
caacgetega
gactofttca
tgaggataat
tttgcageca
fectrgtict
faatgaggat
gaattigrag
tagtaccige
tegtectegt

agtattcags
gagggazate
tggaccacct
getiicocag
agagtacaat
tacctagegg
acctttacte
ttettacass
icaggeicag
cctagatceey
aatacctita
ceattgttac
agitcagect
tctectagat

aacaacaaaa
azgadazata
ctacccaage
ttaccaagas
geatgaaggt
cggattgtec
tgaagetglc
gigeteaget
goittgecea
cggcgeatis
ctgtgaaget
agagtgetca
caggeltige
cctega

gticttetct
aatggeectoo
tagcttpgea
ggetaacaat
giggecacca
taaaggtaaa
aggaagagad
gacagegate
ggigaagtil
tgctaaaggt
glcaggnagd
getgacagee

ccagglgaag

acatanaatl
gictecteet
getccattca
gacttiteat
attggetiga
attgagttiti
tactggacgs
actglaacaa
aacagatcce
adaatigagt
gaalactggs
atgactgtaa

tttaacagat

tectatttt
cageeatege
ccgeectoaa
coetacceag
agagglacga
craaglataa
acagalggas
tcatatctaa
ciggtictee
tttecqagtla
¢gaacagale
caatcatate

coeetgeite

<210> 105
<211> 826
<212> DNA
<213> Artificial

<220>
<223> an artificially sinthesized DNA construct

<400> 105

tatttaacte
agitgatcagt
tgagtitice
ctggacgaal
tgtaacaate

cagatecoet

cagalecoe
aaltgagtit
atactggacg
gactgtaaca
taacagatce
tagaattgag
agaatacigg

gtttaacaga

agtaticagd
gaaggaaate
agglataaty
agatggaatt
atatctaata
gglicigaic
tccaagiata
dacagatgga
atoatatcts
cotgettctsg
ttticcaagt
acgaacagat
acasteatat

teecotaett

aacaacadas
aagaaaaata
aggataatac
tgeagecatt
coigeagtic
ciggitotee
atgaggataa
atttgeagee
atacctgoag
gteectggtie
atsatgagga
ggaatitgea
claatacele

ctggiccige

gitctictet
aatggeggey
ctttactglg
gitacaaagt
aggctcagec
tagatecger
tacctitact
attgttacaa
ticaggetca
teetagates
taataccttd
greatigtia
ragltcagge
ttotcetaga

acatagaatt
gattgtgeta
aaggligicag
geicageten
tttgcreagg
peggaltglieg
gigaaggigt
agtgcfcage
gegctttgece
geggrggatt
actglgaage
caaagigctc
tcaggetttyg

sot
teetes

ttcctattitt
aaggtaaaat
gaagagaata
cagegatgac
fgaagittaa
clapaggtaa
Caggaagaga
tgacagggat
aggtgaagit
glgotaaage
tgtraggaag
agctgacagg
cocaggtgaa

<210> 106
<211>910
<212> DNA
<213> Artificial

<220>
<223> an artificially sinthesized DNA construct

<400> 106

tatttaacte
agtgatcagt
tittgtgetg
aggtaaaatt
zagagaatac
agggatgact
gaagtitaac
tasaggtaaa

P
s aotet
tay-ad

ggtgaagtit
fgctaaaggt
gitaggasga
gelgacagee
tcaggtgaag
tgaatigiga

agtatticags
gaaggaaatc
bratgictal
gagtittcca
tggacgaaca
gtaacaaica
agatcecctg
attgagtttt
tactggaces

ST

aacagatc
aaaaftgagt
gaafactgga
atgactgtas
{itaacagat

aacaarazaa
aagaaazata
gegragtegt
agtataatga
gatggaatit
tatctaatac
gttetegtoc
ccaagtataa
acagatggaa
teatatclas
ggtictee
tticeaagta
cgaacagaty
caatcatate
ceeetgeiic

gticttcict
aatggegaga
agragaagga
ggataatacc
geragecattg
ctgeagtica
tggtictect
tgaggataat
ttigcagccn

tootgetict
taatgaggal
gaatttegcag
taatacetge
tgptectggl

acatagaait
atgtcaatac
teegegeeeg
titactgtea
ttavasagig
gecleageot
agateogegg
acctttactg
tigitacaas
teagget
cetagatecg
aataccttita
ccattegttac
agttcagget
tcicctagat

ticetatitt
ccatgateeg
attgtgetaa
aggtgtcage
cicagctgac
tigcccaggt
cegatigtec
tgaagetgtc
pigctcaget
gottigeocs
cggegeatig
cigtgaagegl
aaagtgcetca
caggettige
cogaacaiga

60
120
180
240

360
420
480
540
500
660
720
780
80%

o6
i+

120
180
240

160
160
420
480
540
500
660
720
780
828

&0
120

240
300
360
420
480
540
§00
660

780

840
300

R'Y

910
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<210> 107
<211> 1048
<212> DNA
<213> Artificial

<220>
<223> an artificially sinthesized DNA construct

<400> 107

tatttaactc agtatfcaga aacaacaaan glitcitcict dcatanaatt
aglgatcagt gaagganatc aagaaaaata aatggectee atctcctect
caccgtcaac cggaccacct ccacecaage tagetiggea getecatica
gtctaacgta getticccag tiaccaagaa ggctaacaat gacliitcat
cadcggtega sgaptacaat gratgasggt gtegeccacca attgegtiga
gactotitea tacclageeg cggatigiee teaaggiasa atigaglitt
tgaggataat gectttacty tzeageietc ageaagagas ltacigracea
tttgeageea trottacass glecteaget gacagegaty acigtaacaa
tatctgeagt tcaggcetecag goitigoora ggtpaagttt aacagaicce
tootggtiot coctagatceg cggegegatty tgetazagelt aasatigagt
tadtgageat aataccttts clgteaaeet gleageaags gaatactera
gaatttgeag ceattettac agagtgctea goleacageg atgaciglaa
taatacetge agttcagect cagecttiee ccaggtgraeg titaacagat
tggtoctget fetootagatl cogegecega ttgtgotaaa ggtaaaattg
gtataatgdg gataatacct ttactgtegaa ggtetcagga agagaatact
atggaatiig cagcratigl facaasglge fragclgaca gEgatgaciyg
atctaatace tpeagticag goteaggett tgcccaggte aaglttaaca
ttectggtect ggttctecta gatectga

<210>108
<211>787
<212> DNA
<213> Artificial

<220>

ftoctattit
cagecatcge
ccggectcad
ccptacecag
agaagtacga
ccagaglataa
acagatggas
tcatatctaa
ciggticige
tticcaagta
cgagcagaty
cagtoatate
ceeotggtic
agftifccaa
ggacgaacay
taacasicat
gatecccteg

<223> an artificially synthesized DNA construct

<400> 108

tatitaacic agtaticaga sacuarsasa gitoltotot aratasaaty
agtgatcagt gaaggaaatc sagaadagla aaltgaccood cagaatatca
CgCCgagage cacaacacee aaatctacac coteaacgae adgatittea
gagccotogce ggcaagages agatrggccat catvaccite zagaacegceg
gelcgagetc cocgecagee agcacatogd cagcragaag aagecCatcy
ggacaccectc agrategoct acctcacecga geecaagegte gagaagetct
Cagcaagace tecoacgoea tegecgeeat cageatgpee aacagatese
tectggtict cctagatcta ceccccagna catcdcemgac ctclgigece
cacccaaate facaccotca acgacaagat tiicagetac accgagagee
gagggagate geogteateos ccottcaagas cgpgepccate tlecagets
cagcraglac dfcgatagce agaagaagge calcgagage atgaaggaca
cgcctacote acogageecce agglogagas gotoigogle tggaacanca
cgeecategee geratoagcy tggocaacag ateocctget tetggtecty
ateciga

<210>109
<211> 886
<212> DNA
<213> Artificial

<220>

ttectatttt
ccgacctetg
griacaccga
coatetloca
agaggatgaa
gegtotggaa
ctgetictige
agagecacaa
tegeoggeaa
aggteeccee
cccicageat
agacecccea
gttctcotag

<223> an artificially synthesized DNA construct

<400> 109

tatttaacte agtalticaga ascaacaaas glitctictel acatamaatt
agtgatcagt gaaggasatc aagaaasata aatgegeaga atglcaatac
tttigigetg ttatgtcotat gggeaglgel dgcagaagga bocagisgoc
cgaccteige gecgagagee acaacaccca aatciacace cicaacgaca

ftectattin
ccatgatgee
agaacatcac
agatittcag

60
120

aan

240
300
360
420
480

660
780
40
900
364
1020
1048

120

187

[NCTU
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gag agooicgoeg glas aicacottea agaacegoge 300
catcticcag glogagater cogge sat agocagaaga aggecatcga 360
gaggatgady gacaccrtica grategcota cotoaccgas gocaaggiog agaagetotly 4290
cgtetggasc aacaagaces coeaggecat cgecgccate agratggoea acagateoce 480
tegttoteet citgetictic ctagatocco tggtfccaga trtaccecos agaacatoac 540
cgacetctge gecgagages acgacacceca aatctacace cloaacgaca agattitoag 500
ctacaccegag ageotogecy graagageea gatgpccate atracctica agaacggnge 660
cabcticrag gtogaggtec coggoagoca geacatcgac agreagaaga aggecatcga 7ze
gageatgaarg gacacecica ggategeeta coicacegag gloaangics agaageictlg 780
cgtetggaac aacaagacce crcacgecat cgeepeeate agratgegeca acagafccdc 840
fgettciget cetgglticte clagatctga acalgatgaa tigtga 886
<210> 110
<211> 901
<212> DNA
<213> Artificial
<220>

<223> an artificially synthesized DNA construct

<400> 110

tatitaactc agtaticaga aacaacaaasd giitcltelictl goataaantt ftoctgittt 60
agigatcagt gaaggaaaic azgaasaata aalgggegaga atgicaatac ccargalges 28
Ptitetegte ttateltctat gggcagtipet agcagaagga focacccocce agaacaicac 180
cgacetotge gecgagager acaacaceca aatctacace ctcaacgaca agatiticas 240
clacacCgag agccicgecy graagaggga gatggeratc atcacctica agaacggoge 380
tatcticcay slcgagglcs cogmeagora goacalcgac agroagaaga aggeoealoga 360
gaggatgaag gacaccctca ggategccta cotcaccgag gecaageticg agaaecicte 420
cgtetgease ascgagacce cocacgccat cgecgecate ageatercoa acagaloooe 480
tegttctegt cotggttote ctagatecce tgegtictget cotgettcie ctagatetac 540
coocragase afcaccgace totgogcrga gagecacaac accecdaatet acaccctcda 600
cgaczagatt ttcagctacs ccgagagect cgecggoaag agegdgatge ceateafcac 660
cticaagaac ggegecaict tccaggicga ggiccccgee agcocageaca togacageca 7Z8
gaagaaggce atrgagagga tgaaggacac cotcaggatec goctaccica cggaggecaa 786
petcpagaag cltetecgtct pgascadcad gaccocotac goocatogocy cratoagrat 840
goceancagy toocotgett nigelectge Ytofeciaga totgascate atgaatighe 904
a 901
<210> 111

<211> 1009

<212> DNA

<213> Artificial

<220>

<223> an artificially synthesized DNA construct

<400> 111

tattteactc agtaticega zacaaczass ghictietct acataazatl ttectatilt 60
agtgatcagt gaagganatc aagaaaaata aatggoetce afctectect cagecatose 120
caccgbeaac cggacracct coaccoaage fageiiggea gctcocattra cegrectcaa 180
gtotaacgta getticorag ttaccaagaa gectaacaat gacttitecal ccctacecag 240
caacggtgga agagtacaat gtatgaaget gtggrcacca attgegtiga agaaglacga 300
gactctitca tacctaacce cecagaacat caccgaccic igegeogaga gocacaacac 360
ceaaatclae accctcaacy acaagetttt vagetacace gagageoiog CORRCazRAR 420
ggagatggee atcatoacct tcaagascgg cgecatette caggicgage tocoogecag 480
ccageacatc gacagrrags agaaggecat cgagagpalg aaggacacce tcaggatoge 540
ctacctcace gaggecaary togaraaget clgegtekge aacaacaaga coceocacge 600
categecgoe atoageatgg crazcagate coclgettot getectgett ctectagatle 560
catcocccag aatatcaccg atcicligoge cgagagecac aatdcccara {etacaccet TZ0
cgacgacaag attitcagel acaccgagag cotcgecgge aagagegags tggccatcat 780
cacciteadg aacggegeea teffccaggt cgaggicecc ggragocage acatogacag 840
ccagaagaag geoatogaga ggatgaseges caccoicage afcgectace tcagcgagge 90

caaggicgag aagetetgeg tcigraacaa caagacclce cacgecateg cegteateag 960
catggecdac agateccctg ghictggtoe toettetect agatectea 1009
<210> 112

<211> 30

<212> DNA

DK/EP 2287300 T3



<213> Artificial

<220>
<223> an artificially sinthesized primer

<400> 112
tataggatcc cattattitt cttgatttce 30

<210> 113
<211> 30
<212> DNA
<213> Artificial

<220>
<223> an artificially sinthesized primer

<400> 113
aaatgcatgg ccctccatctc ctectcagece 30

<210> 114
<211> 30
<212> DNA
<213> Artificial

<220>
<223> an artificially sinthesized primer

<400> 114
tttggatcct aggtatgaaa gagtctcgta 30

DK/EP 2287300 T3
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PATENTKRAV

1. Hybridprotein omfattende

(@) to toksinproteiner valgt fra gruppen bestadende af Shigatoksin (Stx)-protein,
choleratoksin (CT)-protein- eller Escherichia coli varme-labilt toksin (LT)-
protein, hvor toksinproteinerne er serieforbundet via et peptid med
aminosyresekvensen repraesenteret ved SEQ ID NO: 2, 82 eller 84, og

(b) et peptid med aminosyresekvensen repraesenteret ved SEQ ID NO: 2, 82 eller
84 forbundet med C-terminus pa de serieforbundne toksinproteiner ifalge (a),

hvor Stx-proteinet er et STx2eB-protein, hvor CT-proteinet er en CT-protein B

subenhed og hvor LT proteinet er en LT protein B subenhed.

2. Hybridprotein ifglge krav 1, hvor toksinproteinerne er serieforbundet via et peptid

med aminosyresekvensen repraesenteret ved SEQ ID NO:2.

3. Hybridprotein ifglge krav 1 eller 2, omfattende en aminosyresekvens repraesenteret
ved SEQ ID NO: 14 eller 16.

4. Hybridprotein ifglge krav 1, omfattende en aminosyresekvens repraesenteret ved
SEQ ID NO: 90, 92, 98 eller 100.

5. Hybridprotein ifglge ethvert af kravene 1 til 4, hvor et sekretorisk signalpeptid afledt

fra en plante er tilfgjet til dettes aminoterminus.

6. Hybridprotein ifglge ethvert af kravene 1 til 5, hvor et endoplasmisk reticulum-

tilbageholdelsessignalpeptid er tilfgjet til dettes carboxylterminus.

7. Et DNA-konstrukt, som omfatter DNA, som koder for hybridproteinet ifglge ethvert af

kravene 1 il 6.

8. DNA-konstrukt ifglge krav 7, omfattende DNA med en basissekvens repreesenteret
ved SEQ ID NO: 13, 15, 89, 91, 97 eller 99.
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9. DNA-konstrukt ifglge krav 7 eller 8, hvor DNA'et, som koder for et hybridprotein, er
funktionsmaessigt forbundet med en 5'-ikke-translateret region af et

alkoholdehydrogenasegen afledt fra en plante.

10. DNA-konstrukt ifalge krav 9, hvor den §'-ikke-translaterede region af et alkohol-

dehydrogenasegen afledt fra en plante er afledt fra Nicotiana tabacum.

11. DNA-konstrukt ifglge krav 10, omfattende en basissekvens repraesenteret ved
enhver af SEQ ID NOS: 28, 29, 101, 102, 103, 104, 108, 109, 110 eller 111.

12. Rekombinant vektor omfattende DNA-konstruktet ifglge ethvert af kravene 7 til 11.

13. Veertscelle transformeret med den rekombinante vektor ifglge krav 12.

14. Veertscelle ifglge krav 13, hvor transformanten er en transformeret plantecelle eller

en transformeret plante.

15. Fr@, som er opnaet fra transformanten ifalge krav 13 eller 14.

16. Peptid med en aminosyresekvens repraesenteret ved én af SEQ ID NO: 2, 82 eller
84.



DK/EP 2287300 T3

DRAWINGS

L Ol

\, (21D % 7

(ZIDDIITIS % |



DK/EP 2287300 T3

o
Q

F



DK/EP 2287300 T3

€ Ol




DK/EP 2287300 T3

¥ Old

WIS G TS g 1AV dAALZIDETIS X T

dHA-HRTXIS X T



DK/EP 2287300 T3

dAAZIDDETIS X T

dAA-(SHIERTIS X T

dHATIDd)ETIS X T




DK/EP 2287300 T3

aZ1ow

4

|
]
dAA-(T1Od)FTIS X |

JAA(TIDDETAS X T

drdw ¥

dddW HH




DK/EP 2287300 T3

Nadiddy 1w diddy

ddAATL w&%m&m X7 |
|
m

Nadiddy  Lmdidyy
mm@-&oso@\w




DK/EP 2287300 T3

£l

B

- 10T

0¢

L9 ¥ €7 1 0l 89 S ¥
(TIDPgeTsx 7 (21D)ETxIS x |

g8 Ol



DK/EP 2287300 T3

‘:\

L9 S ¥ € 9 % 0l 9

(Z1DHd) (Z1Dd)
(T1OdEPTXIS % € gozXIS x 7 ge7XIS x |

6 Old



312

o
)

1wy

-

DK/EP 2287300 T3

kDa

12~ 10 11

11

10

5
]
20.1
14.3

kD

IG. 10

F



DK/EP 2287300 T3

_—
<~
LL
e
s
0
By
&3
.
S’
26!
b
LU
2
= O
NS
-
2
=
[
o~
&
fag]
- | B4
o

== -
_—

ZAd 9/gerxs 91



DK/EP 2287300 T3

¢l Old

[9A9] VNRIW 27205 9ATR[Y

A %

¢ 1

(LODIITHIE X T O
(SPFTNIS X T
(Z1ODFTIS X T ®
(Z1DDITIS X [ O

£
1 I *t

L
o

a8

¥y

[oA9] uj0id gogxas



DK/EP 2287300 T3

¢l 9l

DEPTXIS x p-1UD

Z1OHDI2T38 x ¢-1UC
(T19EI7XIS X T-1UD

{ZIDDFPTIS x -1

HAY (LIS x #-14D)
(Z1DDEI7T¥I8 % £-340)
(ZI9D)IITXIS x T34y

(19 DGTXIS x T34D

ay (Q1ndgeris x -ud
HAY (Z19D90798 % £-d1
HAY (Z19d)9°7098 x 781

HAV (1989798 x 1-44



DK/EP 2287300 T3

vl Old

ZIDDALD x 714D

@I9DILD X 14D

(TIDDILD X T35

@IODILD x 114D

HAV (ZiodD9LD x 7-9H

Tagi VH 91 , ,m,< ZIODILD x TN

¢1Dd

J

d

v



DK/EP 2287300 T3

B
§'9

£l

roe

Hqoouwr x ¢ xX¢ x T x1 X Xg x 7 ] X { xX¢g X 7 x 1

(1DDEPZXIS “1UD  (ZIDEPTX¥IS 918D (ZIDDLETXIS ¥4

gl Old



DK/EP 2287300 T3

e

4

1€
8¢

F > o Al N
PO L A SIS
}MVU \/.vwv JMU iu.m y yv\u P o
@&\ \muﬁv \MUQ.V \wj& V b w b4
\./0 ﬁuw }MU )rﬂu /O i“.n
NN N O

gl Old



DK/EP 2287300 T3

L1 Old

e
3

~ MY

Qe f
oneny (N

Len TR e v = S o o

e}
f~

Leti

-~ St

-8
4

L
o

-~ 1t
I~ 8t




DK/EP 2287300 T3

8l "Old

0L 6 8

41/90 A%
A,,.Erm,v\r 7 voﬂu&c
T po?®




DK/EP 2287300 T3

6l Ol

ED@er o1 0D €DE@ 11 GDED 71 1

~f
B

A

FA( +/

Pt © aie)
o™ ¢

o Ko

e
o
o2
O

oF

%
A9

e

N
2
-
(O



DK/EP 2287300 T3

0Z 9l

HITXIS X T-UH

1od  TTOd
A0

L13d
10

10d



DK/EP 2287300 T3

L¢ Old

2I9d WO
J0

L1Dd
10

10d

i

LD x T-dd



DK/EP 2287300 T3

alk|

Al

Nird

ot

114

B

£v1)

Lot

T ol 6 < a1 ¢ 3 6 f ¢
CHd L1Dd 2iDHd

cchd L19Dd id
d7XI§ x ¢-dd

¢

¢ 9Ol



DK/EP 2287300 T3

3

4

aeHd

L1Dd

4

H1LD x 7-dd

€¢ Old



	BIBLIOGRAPHY
	DESCRIPTION
	CLAIMS
	DRAWINGS

