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BACTERIOCIN BASED METHODS TO
CONTROL LACTIC ACID BACTERIAL
GROWTH

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a national stage application of PCT
International Patent Application No. PCTAJ.8.2009/065573
filed Nov. 23, 2009 and also claims priority of U.S. Provi-
sional Application Ser. No. 61/117,101 filed on Nov. 22,
2008, the subject matter of each above-mentioned applica-
tions are herein being incorporated by reference in their
eqtirety,

FIELD OF INVENTION

‘The present invention relates 1o antibacterial proteins and
nucleic acid sequences. Specifically, the invention includes
antibacterial protein compositions, methods of use, and trans-
genic organisms encompassing the antibacterial proteins.

BACKGROUND OF INVENTION

Bacteria are everywhere—from our imtestinal tract, 1o
soils, rivers, and oceans. For the most part, bacteria are ben-
eficial. acting to degrade organic waste and recycle nutrients
back into the food chain. Sometimes, however, bacteria cause
problems.

In order to prevent problems associated with bacteria, anti-
biotics are often added to an environment to suppress bacte-
rial growth. While this treatment can be effective, the USDA
has documented the emergence of antibiotic resistant bacte-
rial strains. Since there are limited ways to treat or prevent
bactenal contamination, antibiotic resistance would result in
frequent problems associated with contamination such as
spoilage. There is also a public health risk with the emergence
of antibiotic resistance, because ofien the bacterial species
that cause contamination are ubiguitous in the environment
and mhabit the intestinal tract of vertebrate animals, includ-
ing humans. These bacterial strains do cause human infec-
tions and such infections would be medically untreatable if
they involve antibiotic resistant bacteria.

There is a need to develop methods to limit or eliminate
baclerial conlamination, are not cost prohibitive, and do not
cause harm to the environment or potentially cause antibiotic
resistant bacteria. Current methods are costly and may even
introduce harmful antibiotic resistant bacteria to our environ-
ment. The present invention limits or eliminates bactena
growth and contamination, and provides a solution 10 the
threats of antibiotic resistance emergence al a reasonable
cost.

SUMMARY OF THE INVENTION

The present invention relates to any population of cells,
whereby at least one cell comprises an antibacterial protein.
One object of the present invention is to provide novel bac-
tericidal yeast that reduces or eliminates bacterial contami-
nation. Another object of the invention is to provide bacteri-
cidal yeast that expresses a bacteriocin. A further objectof the
invention is to provide nucleic acid sequences encoding bac-
teriocin proteins that have been optimized for yeast expres-
sion. Specifically, the bactericidal yeast of the invention
expresses an antibacterial protein. Preferably, a suitable anti-
bacterial protein is encoded by an amino acid sequence hav-
ing atleast 65.66.70, 75,80, 81, 82,83,84, 85.86,87.88. 89,
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90, 91, 92, 93, 94, 95, 96, 97, 98, 99%, or more identity to
SEQID NO: 13, SEQ ID NO: 14, SEQ ID NO: 15, SEQ ID
NO: 16. SEQIDNO: 17, SEQ IDNO: 18.or SEQIDNO: 19.
Also, a suitable antibacterial protein is encoded by a nucleic
acid sequence having at least 70,75,80.81.82, 83, 84. 85, 86.
87, 88, 89, 90, 91, 92, 93, 94, 95, 96. 97, 98. 99%, or more
identity to SEQ 1D NO: 1, SEQ 1D NO: 2, SEQ 1D NO: 3,
SEQIDNG: 4, SEQIDNO: 5. SEQID NO: 6,0r SEQIDNO:
7,SEQID NO:8, SEQIDNO Y, SEQ I3 NO 10, SEQIDNO
11 or SEQIDNO 12.

A suitable population of cells may be prokaryotic or
eukaryotic. Exemplary cell types include yeast, fungus, bac-
teria, insect, plant, or mammalian. Suitable yeast strains
nclude, but are not limited to, Kluyveromyces lactis. Saccha-
romyces cerevisiae, Schizosaccharomyces pombe, and Can-
dida albicans. Further, a population of cells may be contained
in an organism. Suitable organisms include yeast. plant, fun-
gus, bacteria, and non-human mammalians. Preferably the
organism is yeast. A suvitable organism of the invention
expresses an antibacierial protein. Preferably, the organism
expresses at least one antibacterial protein having a nucleic
acid sequence having atleast 70,75,80,81,82, 83, 84, 85, 86,
87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99%. or more
identity to SEQ 1D NO: 1, SEQ ID NO: 2, SEQ 1D NQ: 3,
SEQID NO: 4, SEQ ID NO: 5, SEQ ID NO: 6, SEQID NO:
7,SEQID NO:B,SEQIDNO9,SEQIDNO 10, SEQIDNO
11 or SEQ 1D NO 12. The organism may express at least one
antibacterial protein having at least 65, 66, 70, 75, 80, 81. 82,
83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98,
99%, or more identity to SEQ ID NO: 13, SEQ 1D NO: 14,
SEQ ID NO: 15, SEQ ID NO: 16, SEQ ID NO: 17, SEQ 1D
NO: 18, or SEQ 1D NO: 19. The organism may express one,
two, three, four, five, six, or more antibacterial proteins of the
invention. Further, the expression of the antibacterial protein
may be environmentally sensitive. A suitable sensitivity may
inchide, but is not limited to, the presence of Jactic acid or
ethanol.

The invention also provides methods of protecting against
bacterial contamination. A method of the vention includes
adding bactericidal yeast expressing at least one antibacterial
protein of the invention to an environment at risk of bacterial
contamination. Another method of the invention includes
adding bactericidal yeast expressing at least one antibacieria)
protein of the invention to a batch solution at risk of bacterial
contamination. The batch solution may be in preparation of
fermentation, whereby the bactericidal yeast is added as a
fermentation ingredient.

BRIEF DESCRIPTION OF THE DRAWINGS

The following drawings form part of the present specifica-
tion and are included to further demonstrate certain aspects of
the present invention. The invention may be better understood
by reference to one or more of these drawings in combination
with the detailed description of specific embodiments pre-
sented herein.

F1G. 1 shows the antibacterial activity of yeast expressing
the nisin transgene.

FIG. 2 demonstrates the pKS1 vector used to create pKS1-
suc.

F1G. 3 demonstrates graphic illustration of antibacterial
activity in the AP secreting yeast.

DETAILED DESCRIPTION

The present invention relates 1o antibaclerial proteins, bac-
tericidal organisms expressing antibacterial proteins, and
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methods of use. Specifieally, proteins having antibacterial
activity once secreted from a population of cells or organisms.
As such, the methods for use of the antibacterial proteins are
also contemplated.

1. Antibacterial Proteins

A. Nucleic Acids Encoding Antibactenal Proteins

Nucleic acids encoding antibacterial proteins (APs)
derived from bacterial genomes are disclosed. An AP nucle-
otide sequence includes an open reading frame that encodes a
bacteriocin. In particular, an AP nucleic acid is capable, under
appropriate conditions, of expressing a protein having anti-
hacterial activity such as that illustrated by SEQ I NOs:
SEQID NO: 1, SEQ ID NO: 2, SEQ 1D NO: 3, SEQ ID NO:
4, SEQ ID NO: 5, SEQ 1D NO: 6, SEQ ID NO: 7. SEQ ID
NO:g, SEQ ID NO 9, SEQID NO 10, SEQID NO 11, SEQ
IDNO 12, SEQIDNO: 13, SEQIDNO: 14, SEQIDNO: 15,
SEQIDNO: 16, SEQIDNO: 17, SEQIDNO: 18,0r SEQID
NO: 19.

AP nucleotides further include nucleic acid sequences that
hybridize under high stringency conditions to SEQ ID NOs:
SEQID NO: 1, SEQ ID NO: 2, SEQID NO: 3, SEQ ID NO:
4, SEQ ID NO: 5, SEQ ID NO: 6, SEQ 1D NO: 7, SEQ ID
NO:8, SEQIDNOS, SEQIDNO 10,SEQIDNO 11 or SEQ
1D NO 12 such as those that are homologous. substantially
similar, or identica) to the nucleic acids of the present inven-
tion. Homologous nucleic acid sequences will have a
sequence similarity of at least about 50%, 55%, 60%, 65%,
T0%, 15%, 80%, 85%, H0%, 1%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, 99%, or 100% to any of SEQ 1D NOs: SEQ
IDNOs: SEQ ID NOs: SEQ ID NO: 1, SEQ ID NO: 2, SEQ
IDNO: 3, SEQIDNO: 4, SEQIDNO: 5, SEQIDNO: 6, SEQ
IDNO: 7, SEQID NO:8, SEQIDNO 9, SEQIDNO 10, SEQ
IDNO 11 or SEQID NO 12 or the respective complementary
sequences. Sequence similarity may be calculaled using a
number of algorithms known in the art, such as BLAST,
described in Alischul, S. F., et al., 1. Mol. Biol. 215:403-10,
1990 (using default settings, i.e. parameters w=4 and T=17).
The nucleic acids may differ in sequence from the above-
described nucleic acids due to the degeneracy of the genetic
code. In general, a reference sequence will be 18 nucleotides,
more usually 30 or more nucleotides, and may comprise an
entire AP sequence for comparison purposes.

Nucleotide sequences that can express an AP, or related
protein, and hybridize to the listed nucleotide sequences are
contemplated herein. Stringent hybridization conditions
include conditions such as hybridization at 50° C. or higher
and 0.1xSSC (15 mM sodium chloride/1.5 mM sodium cit-
rate). Another example is overnight incubation at 42°C.ina
solution of 50% formamide, 5xSSC (150 mM Na(l, 15 mM
trisodium citrate), 50 mM sodium phosphate (pH7.6).
S5xDenhardt’s solution, 10% dextran sulfate, and 20 pg/ml
denatured, sheared salmon sperm DNA, followed by washing
in 0.1xSSC at about 65° C. Exemplary stringent hybridiza-
tion conditions are hybridization conditions that are at least
about 80%, 85%, 90%, or 95% as stringent as the above
specific conditions. Other stringent hybridization conditions
are known in the ant and may also be employed to identify
homologs of the aucleic acids of the invention (Current Pro-
tocols in Molecular Biology. Unit 6, pub. John Wiley & Sons,
N.Y. 1989).

Mutant nucleotides of the AP proteins may be used, so long
as mutants include nucleic acid sequences that encode func-
tional AP proteins as described herein. The subject nucleie
acids may be mulated to alter properties of the encoded pro-
tein such as expression properties. folding properties. and
antibacterial activity. A skilled anisan will recognize that
proteins encoded by nucleic acids encoding homologues or
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mutants may have the same antibactenal propertics as the
those encoded by SEQ 1D NOs: SEQ IDNO: 1, SEQ ID NO:
2,SEQIDNO:3, SEQINDNO: 4, SEQIDNO: 5, SEQIDNO:
6, SEQ IDNO: 7. SEQ ID NO:8, SEQID NO 9. SEQ IDNG
10, SEQ 1D NO 11 or SEQ 1D NO 12 or may have altered
antibacterial properties. The DNA sequence or protein prod-
uet of such a mutation will usually be substantially similar to
the sequences provided herein and will differ by one or more
nucleotides or amino acids. The sequence changes may be
substitutions. inscrtions. deletions, or a combination thereof,
Techniques for mutagenesis of cloned genes are known in the
ant. Methods for site specific mutagenesis may be found in
Gustin et al., Biotechniques 14:22. 1993; Barany, Gene
37:111-23, 1985; Colicelli et al., Mol. Gen. Genet. 199:537-
9, 1985; and Sambrook et al., Molecular Cloning: A Labora-
tory Manual, CSH Press 1989, pp. 15.3-15.108 and all incor-
porated herein by reference. Such mutated nucleic acid
derivatives may be vsed to study structure-function relation-
ships of a particular AP protein, or to alter properties of the
protein that affect its function or regulation. In summary, the
invention relates to AP coding sequences such as those of
SEQ 1D NOs: SEQ ID NOs: SEQ ID NO: 1, SEQ ID NO: 2,
SEQ ID NO: 3, SEQ ID NO: 4, SEQ 1D NO: 5, SEQ ID NO:
6, SEQ IDNO: 7. SEQ IDNO:8, SEQID NO 9, SEQ IDNO
10, SEQ ID NO 11 or SEQ ID NO 12 and varianis or mutants
thereof. Also, the invention encompasses the intermediatary
RNAs encoded by the described nucleic acid sequences and
that translates into an AP of the invention.

In one embodiment nisin, a commercial product used
widely in an array of industries, including the food and bev-
erage industry is cloned into the genome of the yeast. Com-
mercial grade nisin has the status of Generally Regarded As
Safe (GPAS) under US FDA regulations, and therefore its use
could provide immediale impact in many industries after
incorporation into the yeast. The unmodified nisin gene can
be constructed for incorporation into the yeast according to
standards discussed in this specification and known in the
industry. By incorporating the nisin info the yeast a nisin yeast
strain is created that has antibacterial activity properties.

1. Harmonization of Nucleic Acid Sequences Encoding
APs

To circumvent problems associated with poor translation
efficiency of non-mammalian derived mRNA in mammalian
systems, strategies to harmonize proteins are often used. Har-
monizing a protein involves optimizing the nucleotide codons
encoding specific amino acids to those more likely 10 be used
in the specific host’s genes. For example, GGG, GGA, GGT,
and GGC all encode the amino acid Glycine; however, GGT
is more often used 10 encode Glycine in Kluyreromyces lactis
genes than GGG (Table 1). To increase translation efficiency
in yeast cells, at the Glycine position, GGG should be
replaced with GGT. Strategies 1o harmonize proteins are well
knowa in the art and described herein in the Examples.

The present invention provides nucleic acid sequences
encoding AP proteins of the invention harmonized for expres-
sion in yeast. The nucleic acids SEQ ID NOs: SEQ ID NOs:
SEQIDNO: 1, SEQ ID NO: 2, SEQ ID NO: 3, SEQ ID NO:
4, SEQ 1D NO: 5, SEQ ID NO: 6, SEQ ID NO: 7. SEQ 1D
NO:8, SEQIDNG 9, SEQIDNO 10, SEQIDNO 11 or SEQ
1D NO 12 have been optimized using the preferred codons of
yeast genes (Table 1-4) in order to increase protein translation
in yeast systems. Ongc skilled in the art will recognize that
coding sequences may be optimized for use in any specics
through codon harmonization.

Preferred codons for protein expression for a wide variety
of organisms may be obtained from publicly available codon
usage databases. The Codon Usage Database is an extended
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worldwide web version of CUTG (Codon Usage Tabulated TABLE 2
from GenBank) developed and maintained by Yasukazu
Nakamura at The First Laboratory for Plant Gene Research. Preferred DNA Codons for Saccharomyces cerevisiae.
Kazusa DNA Resefarch Instm{te, Japan. The KEG_(: (Kyoto Amino Acid  Codon Number Frequency/1000
Lncyclopedia of Genes and Genomes) Database is another s .
database and is described in Acki and Kanehisa. Current Gly GGG 39355.00 602
Protocols in Bioinformatics. (2005) 1.12.1-1.12.54, which is Gly GGA 71216.00 10.90
incorporated herein by reference Oly 6aT 136109.00 2389
: Gly GGC 63903.00 9.78
Glu GAG 125871 7.00 19.24
TABLE 1 16 Glu GAA 297544 .00 45,60
Asp GAT 245641.00 37.59
Preferred DNA Codons for Kluyreromyces loctis. Asp GAC 13204R.00 021
Val GTG 70337.00 10.76
Amino Acid Codon Number Frequcncy/ 1000 Val GTA 76927.00 1177
Val GTT 144243.00 22.07
Gly GGG 788.00 525 15 Val GTC 76947 00 1178
Gly GGA 1727.00 11.50 Ala GCG A0358.00 618
Gly GGT $335.00 3554 Ala GCA 105910.00 16.21
Gly GGC 84500 5.63 Ala GCT 138358.00 217
Glu GAG 2393.00 15.94 Ala GCC 82357.00 12.60
Glu GAA 7124.00 47.46 Arg AGG 60289.00 9.23
Asp GAT 6116.00 4074 Arg AGA 139081 .00 21.28
Asp GAC 2762.00 18.40 20 Ser AGT 92466.00 14.15
Val GTG 1636.00 10.90 Ser AGC 63726.00 9.75
Val GTA 1642.00 1094 Lys AAG 201361.00 3082
Vai GTT 3893.00 25.93 Lys AAA 27361R.00 4187
Val GTC 2138.00 1424 Asn AAT 233124.00 35.68
Ala GCG 734.00 439 Asn AAC 162199.00 2482
Ala GCA 2334.00 15.55 25 Met ATG 136805.00 20.94
Ala GCT 4217.00 28.09 Met ATA 116254.00 17.79
Ala GCC 1778.00 11.84 Tle ATT 196893.00 3033
Arg AGG 902.00 6.01 e ATC 112176.00 17.17
Arg AGA 3707.00 24.69 The ACG 52045.00 796
Ser AGT 1917.00 12.77 Thr ACA 116084.00 17.76
Ser AGC 953.00 6.35 30 Thr ACT 132522.00 20.28
Lys AAG 5070.00 kxWal Thr ACC 83207.00 12.73
Lys AAA 5629.00 37.50 Trp TGG 67789.00 1037
Asn AAT 4735.00 31.54 Trp TGA 4447.00 0.68
Asn AAC 3829.00 25.51 Cys TGT 32903.00 §.10
Met ATG 3158.00 21.04 Cys TGC 31095.00 476
Met ATA 2368.00 15.77 15 End TAG 3312.00 0.51
lle ATT 4123.00 27.46 End TAA 6913.00 1.06
He ATC 3138.00 20.90 Tyr TAT 122728.00 18.78
Thr ACG 874.00 582 Tyr TAC 96596.00 14.7%
Thr ACA 2282.00 15.20 Leu TIG 177573.00 27.17
Thr ACT 3444.00 294 Leu TTA 170884.00 26.15
Thr ACC 1923.00 12.81 % Phe TIT 170666.00 26.12
Trp TGG 1697.00 11.30 Phe TTC 12051000 18.44
Trp TGA 83.00 0.55 Ser TCG 55951.00 4.56
Cys TGT 1433.00 9.55 Ser TCA 12202800 18.67
Cys TGC 483.00 322 Ser TCT 153557.00 23.50
End TAG 55.00 037 Ser TCC 92923.00 1422
End TAA 163.00 1.09 Arg CGG 11351.00 1.74
Tyr TAT 3033.00 20.20 45 Arg CGA 19562.00 299
Tyr TAC 2557.00 17.03 Arg CGT 41791.00 6.40
Leu TTG 5083.00 33.86 Arg cGe 16993.00 2.60
Leu TTA 3534,00 2354 Gin CAG 79121.00 12.11
Phe TIT 2929.00 19.51 Gin CAA 178281.00 2728
Phe TTC 353400 23.54 His CAT 8900700 13.62
Ser TCG 1150.00 7.66 50 His CAC SUTBS.00 7.77
Ser Tca 2445.00 16.29 Thr CTG 6849400 10.48
Ser Ter 4012.00 26.73 The 1A 87619.00 13.41
Ser TCC 1901.00 12.66 Thr COTT 80076.00 12 26
A oG 22440 1.49 Ty cTe 3364800 .44
Arg CGA 318.00 2.2 , .
Pro CCG 34597.60 529
Arg CGT 1601.00 6.67 I3
Arp GO 22800 152 : Pro CCA 119641.00 18.31
Gln CAG 176900 1178 Pro cCT BR263 .00 13.51
Gln CAA 4411.00 29.38 Pro CCe 44309 00 678
His CAT 2130.00 14.19
His CAC 1043.00 6.95
Thr CTG 77000 513
Thr CTA 1766.00 1176 60 TABLE 3
Thr CTT 1779.00 11.85
Thr c1C 649.00 4.32 Preferred DNA Codons for Schizosaccharmmyces pombe,
Pro CCG 633.00 472
Pro CCA 320100 21.32 Amino Acid Codon Number Frequency
Pro ccr 2020.00 13.46
Pro cce 573.00 3.82 65 Gy GGG 12611.00 441

Gly GGA 4538000 15.86
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TABLE 4-continued

Preferred DNA Codons for Schizosaccharomvces pombe.

Preferred DNA Codons for Candida albjcans.

Amino Acid Codon Number Frequency s Amine Acid Codon Number Frequency/1000
Gly GGT 61455.00 2149 Gl GAG 7547.00 1187
Gly GGC 23819.00 8.33 Giu GAA 31701.00 1987
Glu GAG 60189.00 21.08 Asp GAT 27797.00 43.73
Glu GAA 126924.00 4439 Asp GAC 545,00 13.44
Asp GAT 108632.00 37.99 Val GTG 6612.00 1040
Asp GAC 44870.00 15.69 10 val GTA 5460.00 £.59
val GTG 23799.00 832 Val GTT 19155.00 30.14
Val GTA 35383.00 12.37 Vat GTC 5773.00 9.08
Val GTT 82961.00 29.01 Ala GCG 1346.00 2.2
Val GTC 30476.00 10.66 Als GCA 10162.00 15.99
Ala GCG 15402.00 5.39 Ala GCT 17393.00 2736
Ala GCA 45581.00 15.94 15 Ala GCe 7453.00 1173
Ala GCT 85195.00 29.79 Arg AGG 1834.00 2,89
Ala Gee 32882.00 11.50 Arg AGA 13817.00 21.74
Arg AGG 14555.00 509 Ser AGT 11094.00 17.45
Asg AGA 32175.00 1125 Ser AGC 2955.00 4.65
Ser AGT 42557.00 1488 Lys AAG 11660.00 18.34
Ser AGC 26242.00 9.18 Lys AAA 31114.00 4895
Lys AAG 7011000 24.52 20 Asn AAT 27162.00 2.1
Lys AAA 113860.00 39.82 Asn AAC 11560.00 18.19
Asn AAT 97492.00 34.10 Met ATG 11591.00 18.24
Asn AAC 51016.00 17.84 Met ATA 9127.00 14.36
Met ATG 59444.00 20.79 Tie ATT 25761.00 40.53
Met ATA 318588.00 13.50 lle ATC 8590.00 13.51
Ite ATT 100275.00 35.07 25 Thr ACG 2501.00 193
Tle ATC 36129.00 12.64 Thr ACA 11928.00 18.77
Thr ACG 18756.00 6.56 Thr ACT 19438.00 30.58
Thr ACA 40864.00 14.29 Thr ACC 8567.00 13.48
Thr ACT 65826.00 23.02 Trp TGG 6942.00 1092
Thr ACC 30616.00 10.71 Trp TGA 180.00 0.28
Trp TGG 11666.00 11.07 10 Cys TGT 5964.00 9.38
Trp TGA 1228.00 0.43 Cys TGC 1135.0¢ 179
Cys TGT 25792.00 9.02 End TAG 336.00 0.53
Cys TGC 15958.00 5.58 End TAA 632.00 0.99
End TAG 1282.00 0.45 Tyr TAT 16146.00 25.40
End TAA 3622.00 127 Tyr TAC 6614.00 10.41
Tyr TAT 63277.00 2233 3 Leu TTG 2199300 34.60
Tyr TAC 33662.00 11.77 - Leu TTA 22928.00 36.07
Leu TTG 68803.00 24.06 Phe T 18958.00 29.83
Leu TTA 75328.00 26.34 Phe TIC $899.00 15.57
Phe TIT 92872.00 32.48 Ser TCG 4341.00 6.83
Phe TTC 37197.00 13.01 Ser TCA 16751.00 26.35
Ser TCG 2315500 8.10 Ser TCT 13984.00 2200
Ser TCA 51773.00 181 40 Ser TCC 6145.00 9.67
Ser TCT 86624.00 30.29 Arg CGG 604.00 0.95
Ser TCC 34753.00 12,13 Arg CGA 2604.00 4.10
Arg CGG 8560.00 2.99 Arg CGT 3791.00 596
Arg CGA 2291800 8.01 Arg €GC 523.00 0.82
Arg CGT 44685.00 15.63 Gln CAG 4163.00 6.55
Arg CGC 17213.00 6.02 435 Gin CAA 22696.00 35.71
Gln CAG 31063.00 10.86 His CAT 9373.00 14.75
Gin CAA 78435.00 27.43 His CAC 3578.00 5.63
His CAT 46721.00 16.34 The TG 2201.00 3.46
His CAC 18013.00 6.30 T CIA 2782.00 4.38
Th €16 18453.00 6.45 Thr orT 6436.00 10.16
Thr CTA 24965.00 8.73 50 T e 1636.00 257
Pro CcCG 1721.00 2n
The C1T 72340.00 25.30
- Pro CCA 16709.00 26.29
Thr cTC 2075200 1.26 Pro pubseh 245500 1336
Pro cCcG 1303400 456 Pro ccc 2665.00 e
Pm CCA 36383.00 1272
Pro ceT 61687.00 2157 .
Pro cee 2315100 .1¢ ’ B. Protein/Polypeptide Compositions
The invention contemplates antibacierial proteins (APs)
and mutants thereof, which include those proteins encoded by
TABLE 4 the subject nucleic acids, as well as polypeptides comprising
&0 the antibacterial proteins. The isolated antibacterial proteins
Preferred DNA Codons for Candida adbicans. of the invention are exemplified by the sequences of SEQ ID
Amiso Acid | Codon Number Frequency/1000 NOs: SEQ IDNO: 13, SEQIDNO: 14, SEQIDNO: 15, SEQ
NINO: 16, SEQIDNO: 17, SEQIDNO: 18, or SEQ ID NO:
giz gg’i g?l‘:g‘ég I;Zg 19. Further, the invention includes both the full-length pro-
Gly 66T 18556.00 29.19 65 1eins. as well as portions or fragments thereof, and optionally
Gly GGC 2RIB.O0 443 peptides. Additionally, the invention includes vanations of

the naturally occurring proteins. where such variations are
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homologous or substantially similar to the naturally occur-
ring proteins, and mutants of the naturally occurring proteins,
as described herein.

Homologs or proteins (or fragments thereof) that vary in
sequence from the amino acid sequences SEQ 1D NOs: SEQ
IDNO: 13, SEQIDNG: 14. SEQIDNO: 15, SEQ IDNO: 16,
SEQIDNO: 17. SEQ ID NO: 18. or SEQ 1D NO: 19 are also
included in the invention. By homolog is meant a protein
having at least about 10%, usually at least about 25%, 30%,
40%, 45%, 50%, 55%, 60%. 65%, 70%. 75%, 80%, 85%,
90%, 95%, 99% or higher amino acid sequence identity to the
proteins encoded by SEQ 1D NOs: 8-12, as determined using
MegAlign, DNAsiar (1998) clustal algorithm as described in
Higgins, D. G. and Sharp, P. M., Fast and Sensitive Multiple
Sequence Alignments on a Microcomputer, CABIOS, 5: 151-
153, 1989, both incorporated herein by reference.

APs of the invention may be mutated, or altered, to
enhance, or change. biological properties of the protein. Such
biological properties include, but are not limited to, in vivo or
in vitro stability (e.g.. hali-life) and antibacterial activity.
Suitable mutations include singfe amino acid changes, dele-
tiens of one or more amino acids, N-terminal truncations,
C-terminal truncations, insertions, etc. Mutants can be gen-
erated wsing standard techniques of molecular biology,
including random mutagenesis and targeted mutagenesis as
described in Current Protocols in Molecular Biology. Unit 8,
pub, John Wiley & Sons, Inc.. 2000 and incorporated herein
by reference.

Suitable mutants include an amino acid sequence encoded
by an open reading frame (ORF) of the gene encoding the
subject isolated protein, including the full length protein and
fragments thereof, particularly biologically active fragments
and fragments corresponding to functional domains, and the
like; and including fusions of the subject polypeptides to
other proteins or parts thereol. Fragments of interest will
typically be at least about 10 amino acids (aa) in length,
usually at least about 30, 40, or 50 aa in length, more prefer-
ably about 60, 70, 80, 90, 100, 110, 120, 130, 140, or 150 aa
in length and may be as long as about 160, 170, 180, 190, 200,
220, 240, 260, 280 or 300 aa in length or even longer, but will
usually not exceed about 450 aa in length, where the fragment
will have a stretch of amino acids that is identical to the
subject protein of at least about 10 aa, and usually at least
about 15 aa, and in many embodiments at least about 50, 60,
70, 80, 90, 100, 110, 120, 130, 140, or 150 aa in length. The
subject polypeptides can be about 25 aa, about 50 aa, about 75
aa, about 100 aa, about 125 aa, about 150 aa, about 200 aa,
about 210 aa, about 220 aa, about 230 aa, or about 240 aa in
length, up to and including the entire protein. A skilled artisan
will recognize that a protein fragment may retain all or sub-
stantially all of a biological property of the protein.

1. AP Characteristics

The proieins and polypeptides of the invention are charac-
terized by having antibacterial activity. Specifically, the pro-
teins of the invention are bacteriocins having antibacterial
activity. Bacteriocins are proteins made by bacteria that are
capable of forming pores in other bacteria, leading to the
bacteria’s destruction. Bacteria generate bacteriocins to com-
pete with other bacteria in an environment for nutrients.

The APs of the invention may further include additional
components that enhance their expression. Such additional
components include promoters, enhancers, secretion signals,
etc, For example. the AP sequence may include a host specifie
secretion signal. An exemplary secretion signal would
include, but is not limited 10. a yeast signal peptide sequence
that mediates secretion of the AP gene product. Further, the
AP sequence may include. or be under the control of, an
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inducible or constitutive promoter. Such promoters may he
environmentally sensitive to specific substances. By way of
example, a promoter may be sensitive 10 lactic acid, such as
the LD promoter. In the presence of lactic acid. the promoter
activates transcription of the downsiream gene. Likewise, a
promoter may be activated by a transcription factor that is
sensilive (o a substance, such as the alcohol dehydrogenase |
promoter of Aspergillus nidulans. In the presense of ethanol,
the alcR transcription factor binds 1o the alcA binding domain
in the alcohol dehydrogenase 1 promoter and activates tran-
scription of the downstream gene. Methods for using induc-
ible promoters are described in the art as well as in the
Examples herein.

The subject proteins typically range in length from about
50 10 200 residues and included herein are specific examples
that are about 40, 46, 47, 49, 71, and 73 amino acid residues
in length. The subject proteins include both shorter and longer
variants that range in length from as short as about 15, 20, 25,
30, 35, 40, 50, or 60 or even longer. The subject proteins
generally have amolecular weight ranging from about3t0 15
kDa, including specifically about 4.6. 5.0, 5.4, 7.5, and 7.7
kDa.

2. AP Production

The present invention includes a method of producing an
AP by cuhivating a host cell expressing an AP and then
isolating the protein. Such methods include the introduction
of an expression vector containing at least one protein coding
sequence of the invention into a host cell, as described herein,
cultivation of the subject protein contaming host cell, and
isolation of the subject protein from the cell extract. The
expressed subject protein may or may not be linked to another
protein of interest. Methods to cultivate host cells are known
in the art. Methods to express and isolate a subject protein are
described in Current Protocols in Protein Science, Units 5,
pub. Jobhn Wiley & Sons, Inc., 2002 and Current Protocols in
Protein Science, Units 6, pub. John Wiley & Sons, Inc., 2002
and both are incorporated herein by reference.

C. Expression System for APs

1. Vectors

Methods for introducing a DNA sequence into eukaryotic
cells are known in the art and typically include the use of a
DNA vector or plasmid. There are many vectors known and
available in the art that are useful for the polynucleotides of
the invention. One of skill in the art will recognize that the
selection of a particular vector depends upon the intended use
of the polynucleotide. Preferably, the DNA sequences are
introduced by a vector, or plasmid, capable of transforming
and driving the expression of the components of the construct
inthe desired cell type, whether that cell type is prokaryotic or
eukaryotic. Many vectors comprise sequences allowing both
prokaryotic vector replication and eukaryotic expression of
operably linked gene sequences.

In one embodiment a suitable shuttle vector was created
based on the plasmid pKS1 from Dual Biosystems (Basel,
Switzerland). The pKS1 plasmid was re-engineered (pKS1-
suc2) according to industry standards the resulting plasmid is
encoded by the nucleic acid sequence having at least 70, 75.
80,81,82,83,84,85,86,87.88.89,90,91,92.93, 94,95, 96,
97, 98, 99%, or more identity to SEQ 1D NO: 20 or 21. The
pKS1-suc2 included the fusion of a S cervisiue invertase
enzyme secretory leader peptide sequence suc2 10 the eight
amino acid strep 11 sequence (F1G. 2). Further. the bacieriocin
peptides and lysine enzymes were resynthesized with BamH]
5-prime and Sall or Xhol 3-prime termini for in frame cloning
with the suc2 secretory peptide and cleavage site. SEQIDNO
200r21.
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Vectors useful according to the invention may be autono-
mously replicating, that is, the vector exists extrachromo-
somally, and its replication is not necessarily directly linked
1o the replication of the bost genome. Alternatively, the rep-
lication of the vector may be linked 10 the replication of the
host chromosomal DNA. For example, the vector may be
integrated into a chromosome of the host cell as achieved by
retroviral vectors.

A vector will comprise sequences operably linked to the
coding sequence of the subject polypeptide that permit the
transcription and translation of the components when appro-
priate. Within the expression vector, a subject polynucleotide
is linked 1o a regulatory sequence as appropriate to obtain the
desired expression properties. These regulatory sequences
may include promoters (attached either at the 5' end of the
sense strand or at the 3' end of the antisense strand), enhanc-
ers, terminators, operators, repressors, and inducers. The pro-
moters may be regulated or constitutive. In some situations it
may be desirable to use conditionally active promoiters, such
as environment specific promoters. In other words, the
expression vector will provide a transcriptional and transia-
tional initiation region, which may be inducible or constitu-
tive, where the coding region is operably linked under the
transcriptional control of the transcriptional initiation region,
and a transcriptional and translational termination region.
These control regions may be native to the subject species
from which the subject nucleic acid is obtained, or may be
derived from exogenous sources.

In one embodiment the pKS1-sucZ plasmid was designed
to include regulatory sequences such as promoters. The pro-
moters are designed to ensure expression such that is in an
“on” state. The use of promoters are encoded by the nucleic
acid sequences having al least 70, 75, 80, 81, 82, 83, 84, 85,
86,87, 88,89, 90,91, 92,93, 94, 95,96, 97, 98, 99%, or more
identity to SEQ ID NOs: 22-27. These include the promoter
regions that are the most highly expressed genes of S. cerevi-
siae. In one embodiment these include, but are not limited to
PMA1 Plasma membrane H+-ATPase; TDH2 Glyceralde-
hyde-3-phosphate dehydrogenase, isozyme 2; ILV5 Aceto-
hyvdroxyacid reductoisomerase; FBA1 Fructose 1,6-bisphos-
phate aldolase; DLD1 D-lactate dehydrogenase; CWP2
Covalently linked cell wall mannoprotein. These regions
comprise approximately 1200 base pairs immediately
5-prime of the transcription start site for the given genes. The
sequences were determined by promoter analysis using the
UCSC Genome Browser. The promoter sequences have Sacl
S-prime and Spel 3-prime sites to allow substitution of the
ADH2 promoter of pKS1.

Expression vectors generally have convenient restriction
sites located pear the promoter sequence to provide for the
insertion of nucleic acid sequences encoding heterologous
proteins. A selectable marker operative in the expression host
may be present. Expression vectors may be used for, among
other things, the production of fusion proteins, as is known in
the art.

A skilled artisan will recognize that the choice of vector for
use with the invention is dependent on the host with which the
invention will be utilized. Suitable vectors inchude, but are not
limited 1o, bacteriophage-derived vectors, viral vectors, ret-
roviral vectors, adenoviral vectors, adeno-associated viral
vectors, herpesviral vectors, and insect vector systems. Such
vectors are well known in the art.

2. Expression Casseties

Expression cassettes may include a transcription initiation
region, at least one polynucleotide of the invention. and a
transcriptional termination region. Of particular interest is the
use of sequences that allow for the expression of functional
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cpitopes or domains. usually at least about 8 amino acids in
Iength, more usually at least about 15 amino acids in length,
1o about 25 amino acids, and up to the complete open reading
frame of the polynucleotides of the invention. After introduc-
tion of the DNA| the cells containing the construct may be
selected by means of a selectable marker, the cells expanded
and then used for expression.

3. Constructs

Theterm “construct” as used herein refers 1o a nucleic acid
sequence containing at Jeast one AP polynucleotide of the
invention operably linked or fused to additional nucleic acids.
Such constructs include vectors, plasmids, and expression
cassettes encoding at least one polynucleotide of the inven-
tion. Constructs may be polynucleotides of the invention
fused to other protein coding sequence to gepnerate fusion
proteins as described herein. For example, a polynucleotide
may be operably linked or fused to a nucleotide sequence
encoding a luciferase, huciferin, fluorescence tag, or other
identifiable label known in the art.

4. Host Cells

Any cell into which a construct of the invention may be
mtroduced and expressed is useful according to the invention.
That is, because of the wide variety of uses for the constructs
of the invention. any cell in which a construct of the invention
may be expressed, and preferably detected, is a suitable host.
The construct may exist in a hostcell as an extrachromosomal
element or be integrated into the host genome,

Host cells may be prokaryotic, such as any of a number of
bacterial strains, or may be eukaryotic, such as yeast or other
fungal cells, insect, plant, amphibian, or mammalian cells
including, for example, rodent, simian or human cells. Host
cells may be primary cultured cells, for example primary
human fibroblasts or keratinocytes, or may be an established
cell line, such as NIH3T3, 293T or CHO cells among others.
Further, mammalian cells useful for expression of the con-
structs may be phenotypically normal or oncogenically trans-
formed. It is assumed that one skilled in the art can readily
establish and maintain a chosen host cell type in culture.

For large scale production of the protein, a unicellular
organism, suchas . coli, B. subtilis, 5. cerevisiae, insect cells
in combination with baculovirus vectors, or cells of a higher
organism such as veriebrates, e.g. COS 7 celis, HEK 293,
CHO, Xenopus Oocytes, elc., may be used as the expression
host cells. In some situations, il is desirable to express the
construct in eukaryotic cells, where the expressed protein will
benefit from native folding and post-translational modifica-
tions. Small peptides may also be synthesized in the labora-
tory. Polypeptides that are subsets of the complete protein
sequence may be used 10 identify and investigate parts of the
protein important for function. Specific expression systems of
interest include bacterial, yeast, insect cell, and mammalian
cell derived expression systems such as those described in
U.S. Pat. No. 6,969,597 and incorporated herein by reference.

Inapreferred embodiment, the proteins of the invention are
expressed in yeast. Suitable yeast species include those
known in the an. Exemplary yeast species include, but are not
limited to, Saccharomyces species, Cryptococcus species,
Kluyveromyces species, Sporobolomyces species, Rhodot-
orula species, Brettanomyces species, Zygesaccharomyces
species, Aureobasidium species, and others kaown in the an.
Exemplary species types include Saccharomyces cerevisiae,
Khoveromyces lactis, Schizosaccharomyces pombe, Can-
dida albicans, Saccharomyces pastorianus. Saccharomyces
exiguous, Yarrowia lipolytica, genetically engineered yeast
including those engineered 10 ferment xylose, Bretianomyces
bruxellensis, Candida stellata, Torulaspora delbrueckii,
Zygosaccharomyees  bailii,  Saccharomyces  boulardii,
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Rhodotorula rubra, Rhodotorula glutinis, Rhodotorula
marina, Rhodotorula aurantiaca, Cryptococcus albidus,
Cryptococcus diffluens. Criptoceccus laurentii, Saccharo-
myces rosei, Saccharomyces pretoriensis, Saccharomyces
cerevisige. Sporobolomyces  rosues, Sporobolomyces.
odorus, Kluvweromyces veronae, Aureobasidium pollulans
and others known in the art. A skilled artisan will recognize
that the choice of yeast species depends upon the intended use
since each yeast species has different physiological and fer-
mentative properties.

When any of the above host cells, or other appropriate host
cells or organisms, are used to replicate or express the poly-
nucleotides or nucleic acids of the invention, the resulting
replicated nucleic acid, RNA, expressed protein or polypep-
tide, 1s within the scope of the invention as a product of the
host cell or organism. The product may be recovered by any
appropriate means known in the art.

5. Introduction of Constructs to Host Cells

Constructs provided by the invention, including vectors,
plasmids, and expression cassettes containing polynucle-
otides of the invention, may be introduced to selected host
cells by any of a number of suitable methods known to those
skilled in the art. Constructs may be inserted into mammalian
host cells by methods including, but not limited to, electropo-
ration, transfection, microinjection, micro-vessel transfer,
particle bombardment, biolistic particle delivery, liposome
mediated transfer and other methods described in Current
Protocols in Cell Biology, Unit 20, pub. John Wiley & Sons,
Inc., 2004 and incorporated herein by reference.

For example, for the introduction of a construct containing
veclors into yeast or other fungal cells, chemical transforma-
tion methods are generally used (as described by Rose et al.,
1990, Methods in Yeast Genetics, Cold Spring Harbor Labo-
ratory Press, Cold Spring Harbor, N.Y. and incorporated
herein by reference). For transformation of 8. cerevisiae, for
example, the cells are treated with lithium acetate. Trans-
formed cells are then isolated on selective media appropriate
to the selectable marker used. Other methods known in the art
may be used as well as those described in the Examples
herein.

Constructs may be introduced to appropriate bacterial cells
by infection, as in the case of E. coli bacteriophage vector
particles such as Jambda or M13, or by any of a number of
transformation methods for plasmid vectors or for bacte-
riophage DNA. For example, standard calcium-chloride-me-
diated bacterial transformation is still commonly used to
ntroduce naked DNA to bacteria (Sambrook et al., 1989,
Molecular Cloning, A Laboratory Manual, Cold Spring Har-
bor Laboratory Press, Cold Spring Harbor, N.Y., incorporated
herein by reference), electroporation may also be used (Cur-
rent Protocols in Molecular Biology, pub. John Wiley & Souns,
Inc., 1993 and incorporated herein by reference).

For the introduction into insect cells, liposome-mediated
transfection is commonly used, as is baculovirus infection.
Cells such as Schneider-2 cells {Drosophila melanogaster),
S1-9 and S£-21 cells (Spodopiera frugiperda) or High Five™
cells (Trichoplusia ni) may be transfected using any of a
nurmber of commercially available liposome transfection
reagents optimized for use with insect cells. Additionally,
particle bombardment, biolistic particle delivery, and micro-
injection are widely used to transform insects.

11. Methods of Use

A skilled artisan will recognize that the AP proteins of the
invention have many potential uses. Specifically, the expres-
sion of the AP proteins by host cells is useful in situations in
which the environment of the host cell has the potential of
becoming contaminated by bacteria. By way of example, the
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AP proteins may be particularly useful in the science, food,
energy. and pharmaceutical industries. By further example,
the AP proteins may be used for. bul not limited to, the
following products: wine production, beer production, spirit
production (i.e. whiskey), beverages, carbonated beverages,
food, probiotic supplements, nutritional supplements, nutri-
tional yeast products, bioremediation. ethanol production. as
biosensors, screening assays, human or animal pharmaceuti-
cals, medical purposes, such as prevention of 1ooth decay and
other uses.

A method of the invention includes providing a bacteri-
cidal organism to an environment at risk of bacterial contami-
nation. Suitable environments include those in which the
organism is viable. A skilled artisan will recognize that the
environment may be limited by the nutrients required by the
bactericidal organism. Preferably, the bactericidal organism
1s yeast.

Another method of the invention includes providing a bac-
tericidal organism to a batch solution. Suitable batch solu-
tions include those in which the organism is viable. Exem-
plary batch solutions include, but are not limited to, solutions
prepared for fermentation processing and solutions at risk of
contamination. A skilled artisan will recognize that the envi-
ronment may be limited by the nutrients required by the
bactericidal organism. Preferably, the bactericidal organism
is yeast.

DEFINITIONS

Asused herein, the term “bactericidal” refers to the expres-
sion of an antibacterial protein. The term is used herein to
describe populations of cells and organisms that express at
least one antibacterial protein of the invention.

The term “harmonization” or “harmonizing” or their vari-
ants refer to altering the nucleotide codons encoding specific
arpino acids to those more likely to be used in the host cell or
organism without altering the encoded amino acid.

An “amino acid (aminocarboxylic acid)” is a component of
proteins and peptides. All amino acids contain a central car-
bon atom to which an amino group, a carboxyl group, and a
hydrogen atom are attached. Joining together amino acids
forms polypeptides. “Polypeptides™ are molecules containing
up to 1000 amino acids. “Proteins™ are polypeptide polymcrs
containing 50 or more amino acids.

A “gene” is a hereditary unit that has one or more specific
effects upon the phenotype of the organism: and the gene can
mutate to various allelic forms. The gene is generally com-
prised of DNA.

The term “variant” relates to nucleotide or amino acid
sequences which have similar sequences and that function in
the same way.

A “host™ is a cell ar organism that receives a foreign bio-
logical molecule, including a genetic construct or antibody,
such as a vector containing a gene.

A “nucleotide sequence™ or “nucleic acid molecule” is a
nucleotide polymer including genes. gene fragments. oligo-
nucleotides, polynucleotides, and other nucleic acid
sequences. “Nucleic acid” refers to the monomeric units from
which DNA or RNA polymers are constructed, wherein the
unit consists of a purine or pyrimidine base, a pentose, and a
phosphoric acid group.

“Plasmids” are double-stranded, closed DNA molecuics.
Plasmids or “expression vectors” can contain coding
sequences for expression machinery such as promoters,
poly-A tails. stop codons. and other components necessary
for expression of an inserted gene. Plasmids are used as
vectors for transfecting a host with a nucleic acid molecule.
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A “‘vector” 1s a replicon, such as plasmid, phage or cosmid.
to which another DNA segment may be attached so as 10 bring
about the replication of the attached segment.

A “population of cells” includes any cell or group of cells.
A population of cells may include cne or more stem cells
and/or one or more progeny cells of a stem cell. Such popu-
lation of cells can comprise a cell in culture, comprise in vitro
tissue, or comprise a lissue within a living organism. The
population of cells may be mammalian and includes, but is
not limited to, yeast, murine, human, bovine, porcine, equine.
ovine, or canine.

A “DNA molecule” refers 1o the polymeric form of deox-
yribonucleotides {adenine, guanine, thymine, or cytosine) in
either single stranded form or a double-stranded helix. This
term refers only to the primary and secondary structure of the
molecule, and does not limitit to any particular tertiary forms.
Thus, this term includes double-stranded DNA found. inter
alia, in linear DNA molecules (e.g., restriction fragments),
viruses, plasmids, and chromosomes.

A DNA “coding sequence” is a DNA sequence which is
transcribed and translated into a polypeptide in vivo when
placed under the control of appropriate regulatory sequences.
The boundaries of the coding sequence are determined by a
start codon at the 5' (amino) terminus and a translation stop
codon at the 3' {carboxyl) terminus. A coding sequence can
include, but is not limited to, prokaryotic sequences, cDNA
from eukaryotic mRNA, genomic DNA sequences from
eukaryotic {c.g.. mammalian) DNA, and synthetic DNA
sequences. A polyadenylation signal and transcription termi-
nation sequence may be located 3" to the coding sequence.

As used herein, the term “hybridization™ refers 1o the pro-
cess of association of two nucleic acid strands to form an
antiparallel duplex stabilized by means of hydrogen bending
between residues of the opposite nucleic acid strands.

The term “oligonucleotide” refers to a short (under 100
bases in length) nucleic acid molecule.

“DNA regulatory sequences”, as used herein, are transcrip-
tional and translational control sequences, such as promoters,
enhancers, polyadenylation signals, terminators, and the like,
that provide for and/or regulate expression of a coding
sequence 1n a host cell.

A “promoter sequence” is a DNA regulatory region
capable of being bound by RNA polymerase, whereby the
polymerase initiates transcription of a downstream (3' direc-
tion) coding sequence. For purposes of defining the present
invention, the promoter sequence includes the minimum
number of bases or elements necessary to initiate transcrip-
tion at levels detectable above background. Within the pro-
moter sequence will be found a transcription initiation site, as
well as protein binding domains responsible for the binding
of RNA polymerase. Various promoters, including inducible
promoters, may be used to drive the various vectors of the
present invention.

As used herein, the terms “restriction endonucleases” and
“restriction enzymes” refer to enzymes that cut double-
stranded DNA at or near a specific nucleotide sequence.

A cell has been “transformed” or “transfected” by exog-
enous or heterologous DNA when such DNA has been intro-
duced inside the cell. The transforming DNA may or may not
be integrated (covalently linked) into the genome of the cell.
In prokaryetes, yeast. and manunalian cells for example, the
transforming DNA may be maintained on an episomal cle-
ment such as a plasmid. With respect to eukaryolic cells, a
stably transformed cell is one in which the transforming DNA
has become integrated into a chromosome so that it is inher-
ited by daughter cells through chromosome replication. This
stability is demonstrated by the ability of the eukaryotic cell
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to establish cell lines or clones comprised of a population of
daughter cells containing the transforming DNA. A “clone” is
a population of cells derived from a single cell or common
anceslor by mitosis. A “cell line” is a clone of a primary cell
that is capable of stable growth in vitro for many generations.

A “heterologous” region of the DNA construct is an iden-
tifiable segment of DNA within a larger DNA molecule that is
not found in association with the larger molecule in nature.
Thus. when the heterologous region encedes a mammalian
gene, the gene will usually be flanked by DNA that does not
flank the mammalian genomic DNA in the genome of the
source orgamsm. In another example, heterologous DNA
includes coding sequence in a construct where portions of
genes from two different sources have been brought together
50 as to produce a fusion protein product. Allelic variations or
naturally-occurring mutational events do not give rise to a
heterologous region of DNA as defined herein.

The amino acids described herein are preferred to be in the
“L” isomeric form. The amino acid sequences are given in
one-letter code (A: alanine; C: cysteine; D: aspartic acid; E:
glutamic acid; F: phenylalanine; G: glycine; H: histidine; I:
isoleucine; K: lysine; L: leucine; M: methionine; N: aspar-
agine; P: proline; Q: glutamine; R: arginine; S: serine; T:
threonine; V: valine; W: tryptophan: Y: tyrosine; X: any resi-
due).

The term “specific binding,” in the context of antibody
binding to an antigen, is a term well understood in the art and
refers to binding of an antibody to the antigen to which the
amibody was raised, but not other, unrelated antigens.

As used herein the term “isolated” is meant to describe a
polynucleotide, a nucleic acid, a protein, a polypeptide, an
antibody, or a host cell that is in an environment different from
that in which the polynucleotide, nucleic acikd, protein,
polypeptide. antibody, or host cell naturally occurs. In refer-
ence to a sequence, such as nucleic acid or amino acid, “iso-
lated” includes sequences that are assembled, synthesized,
amplified, or otherwise engineered by methods known in the
art.

As used herein, the phrase “stringent hybridization condi-
tions™ refers to conditions under which a probe, primer or
oligonucleotide will hybridize 1o its target sequence, but to no
other sequences. Stringent conditions are sequence-depen-
dent and will be different in different circumstances. Longer
sequences hybridize specifically at higher temperatures than
shorter sequences. Generally, stringent conditions are
selected to be about 5° C. lower than the thermal melting point
(Tm) for the specific sequence at a defined ionic strength and
pH. The Tm is the temperature (under defined ionic strength,
pH and nucleic acid concentration) at which 50% of the
probes complementary to the target sequence hybridize to the
rarget sequence at equilibrium. Since the target sequences are
generally present in excess at Tm, 50% of the probes are
occupied at equilibrium. Typically, stringent conditions will
be those in which the salt concentration is less than about 1.0
M sodium ion, typically about 0.01 to 1.0 M sodium ion (or
other salts) at pH 7.0 to 8.3 and the temperature is at least
about 30° €. for short probes, primers or oligonucleotides
(e.g., 10 nt 1o 50 n1) and at least about 60° C. for longer probes,
primers and oligonucleotides. Stringent conditions may also
be achieved with the addition of destabilizing agents, such as
formamide. Preferably, the conditions are such that
sequences at least about 65%, 70%, 75%, 85%, 9004, 95%,
98%, or 99% homologeus 1o each other typically remain
hybridized to each other.

The term “identity” inthe context of sequences refers to the
relatedness of two sequences on a nucleotide-by-nucleotide
basis or amino acid-by-amino acid basis over a particular
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comparison window or segment. Thus, identity is defined as
the degree of sameness, correspondence, or equivalence
between the same strands (either sense or antisense) of two
DNA segments or the primary structure of two polypeptides.

“Similarity” between two amino acid sequences is defined
as the presence of a series of identical as well as conserved
amino acid residues in both sequences. The higher the degree
of similarity between two amino acid sequences, the higher
the correspondence, sameness or equivalence of the two
sequences. “ldentity between two amino acid sequences” is
defined as the presence of a series of exactly alike or invariant
amino acid residues in both sequences. The percentage of
sequence identity is calculated by comparing two optimally
aligned sequences over a panticular region, determining the
number of positions at which the identical base occurs in both
sequence in order to yield the number of matched positions,
dividing the number of such positions by the total number of
pusitions in the segment being compared and multiplying the
result by 100. Optimal alignment of sequences may be con-
ducted by the algorithm of Smith & Waterman, Appl. Math.
2:482 (1981), by the algorithm of Needleman & Wunsch, 1.
Mol. Biol, 48:443 (1970), by the method of Pearson & Lip-
man, Proc. Natl. Acad. Sci. (USA) 85:2444 (1988) and by
computer programs which implement the relevant algorithms
(e.g., Clustal Macaw Pileup, FASTDB (Intelligenetics),
BLAST (National Center for Biomedical Information; Alts-
chul et al., Nucleic Acids Research 25:3389 3402 (1997)),
PILEUP (Genetics Computer Group. Madison, Wis.) or GAP,
BESTFIT, FASTA and TFASTA (Wisconsin Genetics Soft-
ware Package Release 7.0. Genetics Computer Group, Madi-
son, Wis.). (U.S. Pat. No. 5.912,120.)

For purposes of the present invention, “complementarity”
is defined as the degree of relatedness between two DNA
segments. It is determined by measuring the ability of the

sense strand of one DNA segment to hybridize with the anti- 3

sense strand of the other DNA segment, under appropriate
conditions, to form a double helix. In the double helix,
adenine appears in one strand, thymine appears in the other
strand. Similarly, wherever guanine is found in one strand,
cytosine is found in the other. The greater the relatedness
between the nucleotide sequences of two DNA segments, the
greater the abilitv to form bybrid duplexes between the
strands of the two DNA segments.

The terms “homology”., “homologous,” “substantially
similar”” and “corresponding substantially” are used inter-
changeably. They refer 10 sequence fragments, nucleic acid or
amino acid, wherein changes in one or more bases or residues
does not affect the ability ofthe fragment to result in a specific
functional protein. These terms also refer 10 modifications of
the nucleic acid or amino acid sequences of the instant inven-
tion such as deletion or insertion of one or more nucleotides or
residues that do not substantially alter the functional proper-
ties of the resulting sequence relative to the initial, unmodi-
fied sequence. It is therefore understood, as those skilled in

the art will appreciate, that the invention encompasses more 5

than the specific exemplary sequences.

The term “operably linked” or “operatively linked™ refers
to the association of nucleic acid sequences on a single
nucleic acid fragment so that the function of one is regulated
by the other or is not hindered by the other. For example, a
promoter is operably linked with 2 coding sequence when it is
capable of regulating the expression of that coding sequence
(i.e., that the coding sequence is under the transcriptional
control of the promoter). Coding sequences can be operably
linked to regulatory sequences in a sense or antisense orien-
tation. In another example, two proteins can be operably
linked, such that the function of either protein is not compro-
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mised. Generally. operably linked means that the nucleic acid
sequences being linked are contignous and, where necessary
10 join two protein coding regions, contiguous and in the same
reading frame.

The term “expression”, as used herein, refers to the pro-
duction of a functional end-product.

By “substantially the same length” is meant that any dif-
ference in length does not exceed about 20%, usually does not
exceed about 10% and more usually does not exceed about
5%; and have sequence identity 1o any of these sequences of
at least about 80P%, 85%, 90%, 95%, and usually at least about
99% over the entire length of the nucleic acid.

The term “polypeptide composition™ as vsed herein refers
to both the full-length protein, as well as portions or frag-
ments thereof. Also included in this term are vaniations of the
naturally occurring protein, where such varations are
homologous or substantially similar to the naturally occur-
ring protein, and mutants of the naturally occurring proteins,
as described herein.

The term “bacteriocin” refers 10 proteinaceous toxins pro-
duced by bacteria to inhibit the growth of similar or closely
related baclerial straips.

The term “effective amount” refers to the amount neces-
sary to elicit a change in the environment or solution. For
example, an effective amount of bactericidal yeast added to
an environment would result in a reduction, elimination, or
prevention of contamination.

EXAMPLES

The following examples are included to demonstrate pre-
ferred embodiments of the invention. It should be appreciated
by those of skill in the art that the techniques disclosed in the
examples which follow represent techniques discovered by
the inventor to function well in the practice of the invention,
and thus can be considered 1o constitute preferred modes for
its practice. However, those of skill in the ant should, in light
of'the present disclosure, appreciate that many changes can be
made in the specific embodiments which are disclosed and
still obtain a like or similar result without departing from the
spirit and scope of the invention.

Example 1
Nisin Protein Synthesis

Nisin is an antibacterial bacteriocin substance that is
sccreted by some strains of Lactecoccus lactis (L. lactis)
bacteria. Nisin A (or nisin Z, which differs by a single amino
acid from nisin A) is synthesized as a precursor peptide but
then undergoes extensive, covalent, enzymatic modification
10 become an antibiotic molecule. The antibiotic final form of
nisin is secreted by L. lactis to kill competing lactic acid
bacteria in their local environment. Nisin is a commercial
product used widely in the food and beverage industries. t
has Generally Regarded As Safe (GRAS) status under US
FDA regulations.

To demonstrate proof of principle for the use of bacterio-
cins secreted by genetically engineered yeast in protecting
against bacterial contamination, the nisin A gene was cloned
into the genome of the yeast Kluyveromyees lactis. Because
yeast do not have the cnzymes necessary 10 convert nisin
peptide into the antibiotic chemical form, it was not antici-
pated that the nisin A peptide would have antibacterial activ-
ity. However, preparations from the nisin A containing yeast
were found to have amtibactenrial activity when tested in a
bacterial killing assay. Specifically, nisin A yeast preparations
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killed the 1arget Emterococcus faecalis bacteria in a dosc
dependent manner, while preparations from non-engineered
yeast did not.

The unmodified nisin genc was construcied using oligo-
nucleotides that were commercially synthesized where the
nisin peptide open reading frame was flanked with a 5 prime
Xhol-Kex cleavage site and a 3 prime Stul site using internal
overlapping cohesive ends. The open reading frame of the
nisin peptide was codon harmonized according to Kluyvero-
myces lactis codon usage frequency (Table 1, SEQ 1D NO.
16). The oligos were annealed, phosphorylated, ligated, and
then the single double-stranded molecule was ligated into the
commercial pKLLAC] yeast expression vector.

Example 2
General Cloning and Expression of AP Proteins
The antibacterial proteins of the invention were cloned into

a yeast expression system and analyzed for antibacterial
activity. The commercial yeast expression system (New

England Biolabs) for Kluyveromyces lactis with the
pKLACI shuttle vector was used. An AP to be expressed was

cloned into the multiple cloning site of the pKILAC] plasmid
at the Xho! and BGLII restriction sites. The AP codons were
placed in frame with both the KEX protease recognition site
{amino acids lysine-arginine) and the preceding alpha mating
factor secretion peptide so that the yeast would correctly
process and secrete the AP. After cloning the AP gene into
pKLAC! in frame, the plasmid was amplified in £. coli host
cells using ampicillin selection. Extracted plasmid was then
linearized with the restriction enzyme Sacll, which exposed
the DNA sequence homologous with the K. lactis LAC4 at
both the 5 prime and 3 prime termini of the vector. Specifi-

cally, 2 pg of pKLAC1 DNA containing an AP of interest was 35

digested with 20 units of Sacll in 50 pl of 1 x NE Buffer at 37°
C. for 2 hours. The digested DNA was desalted using a com-
mercially available DNA fragment purification kit.
Introduction of the linearized expression cassette into X.
lactis cells was achieved by chemical transformation using K.
lactis GGT799 Competent Cells and NEB Yeast Transforma-
tion Reagent. Specifically, 620 pl of NEB Yeast Transforma-
tion Reagent was added 10 K. Jactis competent cells on ice.
About 1 ug of linearized pKLAC] DNA containing the AP of
interest was added to the cell mixture, which was then incu-
bated at 30° C. for 30 minutes. The cell mixture was heat
shocked by incubating it at 37° C. for 1 hour in a water bath.
The cells were pelleted by microcentrifugation at about 7000
r.p.m. for 2 minutes and the supernatant was discarded. The

cell pellet was resuspended in 1 mL of stenile deiomized water.

The cells were again microcentrifuged at about 7000 r.p.m.
for 2 minutes and the supematant was discarded. The cells
were then resuspended in 1 mL YPGlu medium and trans-
ferred 10 a sterile culture wbe and incubated at 30° C. while

shaking for 30 minutes. The cells were pelleted hy microcen. :

trifugation as described above and resuspended in 1 mL of
sterile deionized water. The resuspended cells were plated
onto separate YCB Agar Medium plates containing 5 mM
acetamide and incubated at 30° C. for 3 to 4 days until colo-
nies formed. Only the yeast that recombined the AP vector
sequence into the endogenous LAC4 promoter. via homelo-
gous rccombination, were able to utilize acetamide as a nitro-
gen source due to the presence of the acetumidase enzyme
transgene in the vector. AP expression was driven by the
constitutive expression of the LAC4 gene in the yeasl.

To determine if the cloned yeast expressed the inserted AP,
supernatants were extracted from three separate yeast colo-
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nics. The supernatants were analyzed by Liquid chromatog-
raphy-mass spectrometry (LC-MS) analysis. The LC/MS
chromatograms of three yeast cell supernatants showed that
the yeast were expressing the nisin transgene product (FIGS.
2,3, and 4). The MS peak at 701 indicates the presence of the
expressed nisin transgene in the supematant. The 697 peak is
a non-trapsgenic natural product of the yeast. Further, the
small peaks close 10 701 are the radicisotope variants that are
commonly observed.

Example 3
Antibacterial Activity in AP Secreting Yeast

Antibacterial activity in yeast culture supernalanis was
tested against 3 target strains of lactic acid bacteria including
Enterococcu faecalis 32, Lactobacillus acidophilus (ATCC),
and Pediococcus pentosaceus. The method was a modifica-
tion of the protocol described in Berjeaud et al. Appl Micro-
biol. Biotechol. 57:757-763, 2001. Each species was trans-
formed with pLSYCO02, a plasmid carrying the luxA:B
fusion protein controlled by the lactococcal pS9 promoter and
an erythromycin resistance gene. The luxA:B fusion protein
causes Juminescent light emission when living bacteria are
exposed to nonaldehyde. Killed bacteria do not emit light.
Bacteria were grown in phosphate buffered (pH7) Terrific
Broth with glycerol containing 150 pg/ml. erythromycin
(TBG). Single colonies from agar plates were used to seed
overnight cultures, which were incubated at 37° C. with shak-
ing. The next day, the cultures were diluted 1:3in TBG, grown
for one hour and then placed on ice. For the antibacterial
activity assay, cells were washed in saline and aliquoted
3x107 per well in 50 pL. of phosphate buffered saline pH7 into
96 well opaque plates. Next, 50 pL of test supernatant or
diluted authentic nisin peptide was added to each well in
triplicate. Luminescence was measured in a BMG Lumistar
Optima luminometer after three baseline measurements, 1
second integration at a gain of 4000, and injection of 2
pL/well of the bacterial luciferase substrate nonaldehyde.
Twenty subsequent measurements were made and Jumines-
cence was compared for all wells at the cycle showing peak
signal, usually cycle 10 after injection. For negative controls,
K. lactis supernatants from cells bearing an integrated copy of
the cmpty pKLAC! expression cassette or expressing the
maltose binding, protein from the pKLACI-malE expression
cassette (New Lingland Biolabs) were used. For positive con-
trols, nisin reagemt (MP Biologicals), or nisin peptide synthe-
sized by Genscript, was used. As shown in FIG. 5, synthetic
nisin that had not been modified exhibited antibacterial activ-
ity. Contrary to what is known in the art, nisin does nol need
10 be modified 1o elicit antibacterial activity.

Example 4
Vector (reation

A re-engineered pKS1 plasmid (pKS1-suc) was created by
having DNA commercially synthesized that contains the S.
cerevisiae invertase enzyme secretory leader peptide
sequence suc2, fused to the eight amino acid strep I
sequence. The fragment was ligated into the Spel/BamHl
sites of pKS1 (FIG. 2).

The synthetic bacteriocin peptides and lysine enzymes
were resynethsized with BarnHI 5-prime and Sall or Xhol
3-prime termini for in frame cloning with the suc2 secretory
peptide and cleavage site. SEQ ID NO. 16. Additionally,
promoter sites were integrated into the vector. SEQ 1D NO.
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16. In this examplc a series of six promoter regions taken from
the most highly expressed genes of S. cerevisiae: PMALI
Plasma membrane H+-ATPase; TDH2 Glyceraldehyde-3-
phosphate debydrogenase, isozymc 2; 1LV5 Acetohydroxy-
acid reductoisomerase; FBAI Fructose 1,6-bisphosphate
aldolase; DI.D1 D-lactate dehydrogenase; CWP2 Covalently
linked cell wall mannoprotein were incorporated. These
regions compnse approximately 1200 base pairs immediately
S-prime of the transcription stan site for the given genes. The
exact sequences were determined by promoter analysis using
the UCSC Genome Browser. The promoter sequences have
Sacl 5-prime and Spel 3-prime sites to allow substitution of
the ADH2 promoter of pKS1. At the S-prime end, just after
the Sacl site, and EcoRl site was added. Then a spacer
sequence of 20 random base pairs {10 promote efficient cut-
ting) will precede a Pstl. That Pstl site was used 1o target the
Pst! site at position 2952 for directional cloning when the
vector is converted to the integrating type. The natural 5

o

0

prime promoter sequence will follow the Pstl site for 300-600 -

base pairs. Then midway in the promoter, the restriction sitcs
Xbal followed by EcoRI was inserted. The EcoRl site was
followed by the remaining 3-prime portion of the promoter,
also comprising 300-600 base pairs. Insertion of the recom-
binant protein leaves only one Pstl site in the plasmid, just
outside of the G418 selection gene,

‘To convent the vector from the plasmid type to the integrat-
ing type, the following steps were taken: i) the plasmid was
cut with EcoR] and the two fragments were separated and
collected by gel electrophoresis; ii) the cut plasmid were
re-circularized by ligating the two EcoR1 ends together. This
left the 3-prime promoter region intact relative to the tran-
scriplion start site; i1i) then the S-prime promoter fragment
and the re-circulanized plasmid were cut with Pst] and Xbal,
and these two fragments were joined in 3 directional ligation
reaction. lnserting the Psti/Xbal promoter fragment
destroyed the IDNA that controls plasmid replication in yeast,
but the DNA required for replication and selection in E. coli
remained intact, so the resulting pSK1-suc was a viable
shuttle vector.

Using the shuttle vector S. cerevisiae, can be transformed.
The new shuttle vector (pSK1-suc) need only be cut with
Xbal and Sacl, removing the E. coli related DNA, and gen-
erating a linear piece of double stranded DNA whose S-prime
and 3-prime ends are perfectly homologous with the endog-
enous promoter of the selected gene, S. cerevisiae cells can
then be made chemically competent using the Zymo
Research kit and transformed with the linear fragment. Then
using the same DNA repair mechanism as with the pK LAC]
vector in K. lactis. the fragment should become integrated

into the endogenous promoler, creating a hybrid promoter ¢

(part from the vector, pan from the chromosome) of com-
pletely correct sequence 1o drive expression of the transgenic
protein, and a similarly hybrid promoter 1o drive expression
of the endogenous gene in situ. The transformed yeast pro-

duced can then be used for further testing to confirm the S

desired antibacterial properties.
Example 5
Antibacterial Activity in AP Secreting Yeast

Antibacterial activity or bacteria growth inhibition was
determined in yeast culture where bacteriocins are integrated
into the genome. Further, concentrations of nisin were also
tested 10 determine the antibacterial activity.

The test reviewed eight {8) different examples including:
bacteria only: bacteria with no yeast: WT: unmodified
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Kluyveromyces lactis yeast cells. KLN1, KLN4, K[.Né: three
different clones of K. lactis with the same expression cassetle
for nisin peptide integrated into the genome; CIB: one K.
lacris clonc with an expression cassette for a mundticin-like
bacteriocin integrated into the genome: nisin: nisin compo-
nent concentration of a commercial nisin preparation. (See
FIG. 3)

An amount of 20 Jactic acid bacteria cells containing an
erythromycin resistance plasmid were added to each well of a
48 well microplate, containing zero or 10,000 yeast cells. 10
ug/ml erythromycin, and 0.5 ml yeast peptone medium with
2% galactose. Cells were grown 8-10 hours at 30 degrees C.
with vigorous shaking. 100 pl samples from each well were
then transferred 1o 200 pl tubes and centrifuged to pellet all
cells. After removing the supematant. 100 pl of water con-
taining 5 uM/L Syto 9 (lovitrogen Cat. No. $-34854) was
added, and cell pellets were resuspended and transferred to a
96 well Fluodia fluorescence plate reader (Photon Technol-
ogy Inc). The fluorescence was then measured using FITC
excitation and emission filters. The assays were completed in
triplicate with the results provided in FIG. 3 (Bacteria spe-
cies: L. Acid=Lactobacillus acidophilus; P.
Pen=Pediococcus pentosaceus)

As can be seen from the results the veast culture that
contained an amount of the bacteriocin or nisin compound
demonstrated a marked reduction in fluorescence, which can
be correlated 10 the breakdown of the cellular walls of the
lactic acid bacteria cells and thus bacteria inhibition or anti-
bacterial activity.

Example 6
Ethanol Inducible System

Methods to control lactic acid bacterial growth during fer-
mentation include using inducible promoter systems. One
such system that may be employed is the alcohol dehydroge-
nase I promoter system derived from Aspergillus nidulans.

The alcohol dehydrogenase 1 promoter system consists of
two DNA sequence components. The first component con-
sists of the following DNA sequences, fused together, in five
prime 1o three prime order: 1) the alcohol dehydrogenase |
promoter of Aspergillus mdulans (derived from Genbank
MI6916.1) containing the alcA binding site for the alcR
transcription factor, 2) a yeast signal peptide sequence to
mediate secretion of the gene product; 3) the open reading
frame of the gene for any of bacteriocins, such as, but not
limited 10, nisin or those encoded by SEQ 1D NOs: SEQ 1D
NO: 1, SEQ ID NO: 2, SEQ ID NO: 3, SEQ 1D NO: 4, SEQ
1D NO: 5, SLEQ IDNO: 6, SEQIDNO: 7, SEQ ID NO:8, 8EQ
IDNO 9, SEQIDNO 10. SEQIDNG 11 or SEQIDNO 12
a cell wall-associated protein domain specific to bacteria of
the order Lactobacillaceae derived from the cell wall lytic
enzyme genes of phages that infect lactic acid bacteria. The
second sequence companent consists of the following DNA
sequences, fused together, in five prime to three prime order:
1) a constitutive promoter such as SV40; 2) an open reading
frame for the alcR transcription factor protein that is derived
from the gene of that function in Asperigiltus nidulans. The
two DNA sequence components may be synthesized using
oligonucleotides with overlapping cohesive ends. The two
DNA sequence components may be codon harmonized
according to the codon usage frequency for the desired host o
oplimize expression properties.

In this system. the transcription factor transgene, alcR., will
be constitutively expressed. When ethanol is present in the
environment. the alcR transcription factor will activate tran-
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scription of the transgenic enzyme and the transgenic host
cells will synthesize and secrete the lylic enzymes that are
targeted to competitive bacteria in the environment.

All of the compositions and methods disclosed and
claimed herein can be made and executed without undue
experimentation in light of the present disclosure. While the
compositions and methods of this invention have been
described in terms of preferred embodiments. it will be appar-
ent to those of skill in the art that variations may be applied to
the compositions and methods and in the steps or in the

5
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sequence of steps of the method described herein without
departing from the concept. spirit and scope of the invention.
More specifically, it willbe apparent that certain agents which
are both chemically and physiologically related may be sub-
stituted for the agents described herein while the same or
similar results would be achieved. All such similar substitutes
and modifications apparent to those skilled in the an are
deemed to be within the spint, scope and concept of the
invention as defined by the claims.

SEQUENCE LISTIRG

«160> NUMBER OF SEQ 1D NOS: 27
«210>
«211>
<212>
«213>
«220>
«223>
<220
<221>»

SEQ 1D NO 1

LENGTH: 76%

TYPE: DRA

ORGANISM: Artificial
FEATURE :

FEATURE:
MNAME/KEY: misc_feature

OTHER INFORMATION: Synthetic Nisin Gene Cloned

<222> LOCATION: (762} ..(762}

«223> OTHER INFORMATION: n is a, ¢, g, or t

<400> SEQUENCE: 1

aaactgacat cgacgatctt ccaatatcgg ttecagaaga agocttgatt ggattcattg 3]
acttaaccgyg ggatgaagit tocttgttge ctgttaataa cggaacccac actggtattc iz20
tattcttaaa caccaccatc getgaagetg ctttegoeiga caaggatgat ctogagaaaa 180
gaatgattac ttctatttet ttgtgtacte caggttgtaa aactggtget ttgatgggtt 240
gtaatatgaa aactgctact tgtcattgtt ctattcatght tictaaataa aggocttgaa 300
tcgagaattt atacttagat aagtatgtac¢ ttacaggtat atttctatga gatactgatg 360
tatacatgca tgataatatt taaacggtta ttagtgeega ttgtotigtc Cgataatgac 420
gttcctatca aagcaataca cttaccacct attacatggy ccaagaaaat attttcgaac 480
ttgtrtagaa tattagcaca gagtatatga tgatatoogt tagattatge atgattceatt %40
ccracaactt tttogtagca taaggattaa ttacttggat gecaataaaa aaaazaaaaca 600
tcgagaaaat trcagoargt cagasacaat tgeagtgrtat caaagtaaaa asaagatutt 660
cactacatgt tccttttgaa gaaagaaaat catggaacat tagatttaca aaaatttaac 720
caccgotgat taaccgatta gaccgttaag cgcacaacag gnttattag 6%
<210> SEQ 1D NO 2

<211> GLENGTH: 227

<212> TYPE: DNA

«213> ORGANISM: Artificial

<220» FEATURE:

<223> OTHER INFORMATION: C1A ORF 210

<400> SEQUENCE: 2

ctcgagaaaa gaatgtataa ggaattaact gtagatgaat tagotttgat tgacgatggt €0
aaaaagaaga agaagaaaglt tgctrgtact tggggtaatyg cltgeaactyge ¢geagoLtgld 120
ggagergtga aaggtattit agatggtoca acoggitgoct tggoaggage tatttggggt 180
gttteecagt gtgettocaa taacttacat ggtatgrati aaagatc 227

«210>
<211>
<212>
«213>

SEQ ID NO 3

LENGTH: 155

TYPE: DNA

ORGANISM: Artificial
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«220» FEATURE:
<223> OTHER INFORMATION: (1B ORF

«400> SEQUENCE: 2
ctcgagaaga gaatggctac cagatcatac
tgttgggtga attggggtga acccaaccag

getagrggat tggcaggtat gggtcattaa

«210> SEQ ID NO 4

<211> LENGTH: 143

<212> TYPE: DNA

«213> ORGANISM: Artificial

«220> FEATURE:

<223 > OTHER INFORMATION: C1C ORF

«400> SEQUENCE: 4
ctcgagaaga gaatgaaata ttatggtaac
gttaattggg gtgaagettt ctetgetggt

ttttggtaaa gatcttagac gecg

<210> SEQ ID NO &

«211> LENGTH: 229

<212> TYPE: DNA

«213> ORGANISM: Artificial

«220> FEATURE:

<223> OTHER INPFORMATION: (23 ORF

<400> SEQUENCE: &
ctcgagaaaa gaatggceaaa ggaatttgge

acgtogitga agerggaggt tgggttacaa

gtggtggrtt gtotrtgett geedgetygety

aggaaatcaa gaagaaagga aaaagagerg

<210> S8EQ 1D HO 6

«211> LENGTH: 229

«212> TYPE: DNA

<213> ORGANISM: Arcificial

«220> FEATURE:

«223> OTHER INFORMATION: C2B ORF

<400> SEQUENCE: 6

ctecgagaaaa gaatggcaaa ggaatttggt
acgtcogtiga agotggagygt tgggttacaa
gtggrgygttt gtetttgett gecgorgerg

Aggaaarcaa gaagaaagga aaaagagcety

<210» SEQ ID NO 7

<211> LENGTH: 250

«<212> TYPE: DNA

«213» ORGANISM: Artificial
<220> FEATURE:

139

ggtaacggty tgtactytaa taattcraaa
aatattgecg gtatagtgat ctctggttgg

agatc

ggagtacatt gtactaagtce tggatgtuct

gtacatagac ttgecaatgg tggtaacggt

attgetgcoty tgteogeeggt accgttitga
crattgtaktc tatgtttgacc geocgtaggta
gtagagaatc tatcaaagcet tatttgaaga

tcatageotg gtaaagatc

136

attgctgetg tgteogeeggt accgtittga
ctattgtate tattttgace geoegtaggta
drtagagaatc tatcasaget tattitgaaga

tcatagootg gtaaagate

«223> OTHER INFORMATION: Enterocin-like

2400> SEQUENCE: 7
actagtaaaa atgatgcttt tgcaagettt
aatatcrgea tctatgatgt ggagccacee
cgcaaagttg gttgctaagt trtggttggeco

gecaattcatc ggggaaggat gggecattaa

ccttttectt rtggetggte

ttgcagecaa
gcagttcgaa aaaggatcca Lgggegerat
aatagtcaaq aaatactata agcagattat

caaaatcara gattggatta agaaacatat

60

120

155

&0

120

143

80

120

180

229

60

120

180

229

&0

120

180

240
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ctaactogag

«210> SEQ 1D NO 8

<211> LENGTH: 268

<«212> TYPE: DNA

«213 > ORGANISM: Arrificial
«220> FEATURE:

<223> OTHER INFORMATION: Mundticin-like

<400> SEQUENCE: 8

actagtaaaa atgatgcetit tgcaagettt
aatatctgca tcotatgatgt ggagocaccece
tgtaggtgga aagtactatg gtaatggtgt
rtggggcaag gecataggaa tcattggtaa
ggcagetggt tggaaatcat aactegag
<210> SEQ ID NO B

<211> LENGTH: 237

«212» TYPE: DNA

<213> ORGANISM: Artificial
«<220> FEATURE:

Ccertttectt ttggotggtt ttgcagecaa
gcagttcgaa aaaggatcca tgagtcaagt
ctettgcaac aagaaaggcet gttocgttga

caactcagca gcotaatcttg ccacaggcygg

<223> OTHER INFORMATION: Baca-like

<400> SEQUENCE: 9

ggatecatga agaagaaagt attgaaacac
ttagcaggta taggaaccgg catgsaagtc
tattgtaaca aagagaagtg ttgggtggat
attarcgtta acqggttgggt taatcatggt
«210> SEQ ID NO 10

<211> LENGTH: 216

<212> TYPE: DNA

«213>» ORGANISM: Artificial
<220> FEATURE:

tgtgttattc taggtattct tgggacttge
gatgergeta catactacgy caacggattg
tggaatcaag ¢caagggaga aatcggcaag

cctigggoge caagaagata actcgag

<223> OTHER INFORMATION: 23612 pyll7 Plasmid Bacteriocin-like

<400> SEQUENCE: 10

ggatccatga agaagaaact cgtcatttge
ggcacaaacg tlgaagcage cacctattac
tgttgggttyg attggaacas agctictaga
gtacaacatg gaccatggge toctagatas
<210> SEQ ID NO 11

<211> LENGTH: 250

«212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

ggeattatcg gtatcggatt cactgcattg
ggtaaltggtc titactgtaa caaacaaaag
gagattggaa agataatcgt gaatggotgg

ctegag

250

&0

120

180

240

268

60

120

180

237

60

120

180

216

«223» OTHER INPORMATION: 33608 Nigin Peptide with 5-Prime Strep I1 Tag

<400> SEQUENCE: 11

atgtggagec acocgeagtt cgaaaaaact
tttecttttg gotggtertg cagecaaaat
gttcgaaaaa ggatecatga taacttccat
agetutgatrg ggetgtaaca tgaaaacage

ataact¢gag

agtaaaaatyg atgettetge aagcettteet
apcrgeatcor atgatgtgga gocaccegea
cagtttatgt acgcocaggit gcaagacagg

aactrgeaatl tguretatec atgtitcaaa

60

1290

i80

240

250
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«210> SEQ ID NGO 12

<211> LENGTH: 161

<212> TYPE: DNA

<213> ORGANISM: Axtificial

<220> FEATURE:

«223> OTHER INFQRMATION: ClA ORF 210

<400> SEQUENCE: 12
ctcgagaaaa gaatgggtygg taagtactat ggtaacggag ttacctgtgy taagcatagt 60
tgttcagtty attggggtaa agcaacaaca tgtataatta ataacggtge tatggectgg 120

ccaaccggag gtcatcaagg taatcataag tgttgaagat ¢© 161

«210> SEQ ID NO 13

«<211> LENGTH: 235

«212> TYPE: PRT

«213> ORGANISM: Artificial

<220> PEATURE:

<223> OTHER INFORMATION: Synthetic Nigin Gene Cloned

<400> SEQUENCE: 13

Asn His Arg Arg Ser Ser Asn Ile Gly Ser Arg Arg Ser Leu Asp Trp
1 5 10 15

Ile Hio Leu Asn Arg Gly Ser Fhe Leu Val Ala Cyp Arg ARon Pro Hie
20 25 30

Trp Tyr Ser Ile Leu Lys Hig His Hig Arg Ser Cys Phe Arg Gln Gly
35 40 45

Ser Arg Glu Lys Asn Asp Tyr Phe Tyr Phe Phe Val Tyr Ser Arg Leu
S0 55 &0

Asn Trp Cye Phe Asp Gly Leu Tyr Glu Asn Cys Tyr Leu Ser Leu Phe
65 70 75 80

Tyr Ser Cys Phe Ile Lys Ala Leu Asn Arg Glu Phe Ile Leu Arg Val
85 80 95

Cys Thr Tyr Arg Tyr Ile Ser Met Arg Tyr Cyo lle Hioc Ala Tyr Leu
100 105 11¢

Asn Gly Tyr Cys Arg Leu Ser Cye Ala Ile Met Thr Phe Leu Ser Lys
115 120 125

Gl Tyr Thr Tyr His Leu Leu His Gly Pro Arg Lys Tyr Phe Arg Thr
130 135 140

Cye Leu Glu Tyr His Arg Val Tyr Agp Asp Ile Arg Ile Met His Asp
145 150 155 160

Sexr Phe Leu Gln Leu Phe Arg Ser Ile Arg Ile Asn Tyr Leu Asp Ala
165 170 175

Asn Lye Lys Lys Lys His Arg Glu Asn Phe Ser Met Leu Arg Asn Asn
180 185 1%0

Cys $er Val Ser Lys Lys Lys Awp Phe His Tyr Met Phe Leu Leu Lys
198 200 205

Lys @lu Asn His Gly Thr Leu Asp Leu Gln Lys Phe Agn Hig Arg Leu
210 218 220

Thr Acp Thr Val Lys Arg Thr Thr Gly Leu Leu
225 230 438

«210> SEQ ID NO 14

«211> LENGTH: 75

«212» TYPE: PRT

«213> ORGANISM: Axtificial

<220> FEATURE:

<22%> OTHER INFORMATION: C1A ORF 210

<400> SEQUENCE: 14
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Leu

1le

Agn

Gly

Ala
65

Glu Lys Arg Met Tyr Lys Glu Leu

W

Asp Gly Gly Lys Lys Lys Lys Lys
20 25

Ala Ala Thr Ala Ala Ala Ser Gly
35 40

Pro Thr Gly Ala Leu Ala Gly Ala
50 55

Sex Agn Asn Leu His Gly Mer His
70

«210s SEQ ID KO 15

«211> LENGTH: 51

<212> TYPE: PRT

<213 > ORGAN1ISM: Arvificial

<220> FEATURE:

«<223> OTHER INPORMATION: C1B PRF 139

<400> SEQUENCE: 15

Thr
10

Lys
Ala

Ile

Arg

Val Asp Glu Leu Ala Leu

Val Ala

Val Lys

Trp Gly
&0

Ser
15

Leu Glu Lys Arg Met Ala Thr Arg Ser Tyr Gly Asn

1

Asn

5

10

Asn Ser Lye Cys Trp Val Asn Trp Gly Glu Ala
20

25

Ala Gly Ile Val Ile Ser Gly Trp Ala Ser Gly Leu

His

35 40

Arg Serx
50

«210> SEQ ID NO 16

<211> LENGTH: 4¢

<212> TYPE: PRT

<213> ORGANISM: Artificial

«<220> FEATURE:

«223> OTHER INFORMATION: C1C ORFP 118

«400> SEQUENCE: 16

1

10

Leu Glu Lys Arg Met Lys Tyr Tyr Gly Asn Gly Val
5

Ser Gly Cys Sex Val Asn Trp Gly Glu Ala Phe Ser

20 25

Arg Leu Ala Asn Gly Gly Asn Gly Phe Trp Arg Ser

35 40

«210> SEQ ID NO 17

<211> LENGTH: 76

<212> TYPE: PRT

<213> CRGANISM: Artificial

«220> FEATURE:

«223»> OTHER INFORMATION: C2A ORF 214

«400> SEQUENCE: 17

Leu
1

Gly
Val

Ala

Lys
65

Glu Lys Arg Met Ala Lys Glu Phe
£

Thr Val Leu Asn val Val Glu Ala
20 25

Ser Ile Leu Thr Ala Val Gly Ser
3s 40

Ala Gly Arg Glu Ser Ile Lys Ala
50 55

Lys Gly Lys Arg Ala Vval Ile Ala

Gly
10

Gly
Gly

Ty

Trp

1le Pro

Gly Trp

Gly Leu

Leu Lye

&0

Arg Ser
s

Cys
Gly
45

Val

Gly

Lys

Ala
45

Hise

Ala

Thy

Ala

val

ser

45

Lys

15

Thr Trp Gly
30

Ile Leu Gly

Ser Gln Cys

val Tyr Cys
15

Gln Asn Ile
3Q

Gly Met Gly

Cys Thr Lys
15

Gly val His
30

Arg

Ala val Ala
is

Thy Thr Ile
30

Leu Leu Ala

Glu lle Lys
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«210> SEQ ID HNO 18

«211>»

LENGTH: 50
<«212> TYPE:

PRT

«<213> ORGANISM: Artificial

<220

FEATURE:

<223> OTHER INFORMATIOM: (2B ORF 136

<400> SEQUENCE: 18

1

Lys His Ser Cys Ser Vval Asp Trp Gly Lys Ala I1le Gly

Asn Agn Ala Ala Ala Asn Trp Ala Thr Gly Gly Asn Ala

35

Arg Ser
50

<210>
«211>
<212>
«213>
«220>
«223>

<400 >

Leu Glu Lys Arg Met

1

Gly Lys His Ser Cys Ser Val Asp Tryp Gly Lys Ala

Ile Asn Asn Gly Ala

35

20

SEQ ID NO 19
LENGTH: 53

TYPE:
ORGANISM: Artificial
FEATURE:
OTHER INFORMATION: C2C ORF 145

: PRT

SEQUENCE: 19

5

20

His Lys Cys Arg Ser

50

<210>
«211>
«212>»

SEQ ID RO 20
LENGTH.
TYPE:

6745
DNA

40

40

<213> ORGANISM: Artificial

«220>
«223>

FEATURE:
OTHER INFORMATION: pkel-suc2/ST

<400> SEQUENCE: 20

caatacgcaa
ggagctcaaa
agaactotaa
gtgtaactga
gtcttcatta
ceateccacty
ttggagaaat
gagagcat ag
tagagtgcca
ttttratcac
tcaactatca
certtroctt

gcagttcgaa

accgootete
acgtagggge
ceagtetrat
ttaatccrge
acggettteg
cacgagactg
aagagaattt
aaatggggrt
gragegactt
tretrgette
actattaact
ttggergget

aaaggatcec

ceegogegtt
aaacaaacgy
ctaaaasattg
ctrecraate
ctcataaaaa
atctectety
cagattgaga
cactrrrrgy
ttttcacact
ttcttggt aa
atategraat

ttgragecaa

cogggetgoa

Leu Glu Lys Arg Met Gly Lys Tyr Tyr Gly Asn Gly Val
5

10

25

25

ggecgatteca
aaaaatcgtt
cerrargate
accattctaa
tgttatgacg
cecggaacace
gaatgaasaa
taaagcetata
cgaaatactc
atagaarate
actagtaaaa
aatatctgea

ggaattcgat

30

45

45

ttaatgcage
tcteaaattt
cgretetecy
tgtrttaart
cttrgecoge
gygcatctoo
saaaaaadaa
gcatgectat
Ltactactge
sagetacaaa
atgargetet
tctatgatgt

atcaagetta

Hig Cys Gly

is

Ile Ile Gly

Gly Trp Lys

Gly Gly Lys Tyr Tyr Gly Asn Gly Val Thr Cyse
10

15

Thr Thr Cye Ile
30

Met Ala Trp Ala Thr Gly Gly His Gln Gly Asn

tggcacgaca
tctgatgeca
gttacagect
aagggattct
agycgggaaa
aacttataag
aaaggcagag
cacatataaa
tetertgtig
aagcatacaa
tgcaagette
ggagcracce

tegatacegt

&80

120

180

240

300

360

420

480

540

&G0

6560

720

780
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cgacctogag tcatgtaatt agttatgtca cgotbacatt Cacgoootec coceacatcee 840
gctctaaccy aaaaggaagg agttagacaa cctgaagtcot aggtocctat ttatttttte $00
atagttatgt tagtattaag aacgitalttt atatttcaaa tttttctttt ttttotgtac 60
agacgogtgt acgcatgtaa cattatactg aasacctige ttgagaaggt tttgggacge 1020
tcgaaggett taatttgegyg coggtaccca attcegeccta tagtgagtcg tattacgoege 1080
gctcactgge cgtogtttta caacgtcogtyg actgggaaaa coctggegtt acccaactta 1140
atcgocttge agoacatcgg coctttogeoca gotggogtaa tagogaagag gocogeacoy 1200
atcgccoctte ccaacagttyg cgeagectga atggogaatg gacgegooct gtageggoge 1280
attaagegey gogyggratgg tggttacgcog cagogtgace gcetacactig ccagogeoot 1320
agegeooget cottiogott totrocctre ctitoetegoe acgliogoeg gettiooccg 1380
tcaagetcta aatcggggge tooctttagg gttocgattt agtgetttac ggoacctcoga 1440
ceecaaaaaa cttgattagyg gtgatggttc acgtagtggg ccatcgeoct gatagacggt 1560
trttcgeeet ttgacgttgg agtcecacgtt ctttaatagt ggactotigt tcocaaactgg 1560
aacaacacte aaccctatct cggtcetatte tritgattta taagggattt tgoogattrc 1620
ggcctattgg ttaaaaaatg agetgattta acaaaaatit aacgcogaatt ttaacaaaat 1680
attaacgttt acaatttocet gatgoggtat ttietoctla cgeatcotgtg cggtatttea 1740
caccgcatag ggtaataact gatataatta aattgaaget c¢raattigtg agtrtagtat 1800
acatgcattt acttataata cagtttctgg atggeggegt tagtatcgaa tcgacagceag 1860
tatagcgace agcattcaca tacgattgac gcatgatatt acttictgeg cacttaactt 1920
cgeatctggg cagatgatgt cgaggcgaaa aaaaatataa atcacgctaa catttgatta 1980
aaatagaaca actacaatat aaaaaaacta tacaaatgac aagttcttga aaacaagaat 2040
ctrtttattg tcagtactga ttagaaaaac tcatcgagca tceaaatgaaa ctgcaattta 2100
ftcatatcag gattatcaat accatattlit tgaaaaagcoc gtttctgtaa tgaaggagaa 2160
aactcaccga ggcagttcca taggatggca agatccotgygt atcggictge gatteocogact 2226
cgtccaacat caatacaace tattaatltte coctogtean aaataaggtt atcaagtgag 2280
aaatcaccat gagtgacgac tgaatcooggt gagaatggea aaagottatg cattretute 2340
cagacrLtglt <aacaggeea gocattacge togtcatcaa aatcactcge atcaaccaaa 2400
cegttattea ttcgtgattg cgoctgageg agacgaaata cgogatcegol gttaaaagga 2460
caattacaaa caggaatcga atgraaccgyg cgcaggaaca clgcoagoge atcaacaata 2520
tttteacctg aatcaggata ttcttetaat acctggaatg ctgttttgoc ggggatcgoa 2580
gtggtgagta accatgcatc atcaggagta cggataaaat gottgatggt cggaagagge 2640
ataaattcceg tcagocagtt tagtetgacce atctcatcetg taacatcatt ggoaacgeta 2700
cctttgecat gtttcagaaa caaciolgge goealegggot teccatacaa tcogatagart 2760
gregeacetg attgoeccgac attategega gocecatttat acccatataa atcagcatcc 2820
atgriggaat ttaatogeogyg cctcgaaacg tgagtetttt cottacccat ggtigtitat 2880
gtteggatgt gatgtgagaa cigtatocta gcaagatlit aaaaggaagl atatgaaags 2940
agaacctcag tggcaaatcc Ltaacctitta Latitetcta ©caggggegeyg gcgeggggac 3000
aattcaacge gtotglgagy ggagegtite cotgoetogea ggtetgcayge gaggagoogt 2060
aatttttget togageegtg cggccatcas aatgtatgga tgcaaatgat tatacatggg 3120
gatgtatggg craaatgtac gggcegacagt cacalcatgce coctgagetg cgcacgtcaa 3180
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gactgtcaag gagggtattc taggccttgg tatggtgeac tctcagtaca atctgetcotg 3240
atgeegcata gtraagecag ceccgacace cgecaacace ¢gotgacgoeg coctgacggg 3300
cttgtctget cooggoatce gottacagac aagcotgtgac cgtetccggg agctgceatgt 3360
gtcagaggtt ttcaccgica tcaccgaaac gegrgagacyg aaagggcctc gtygatacgeo 3420
tatttttata ggttaatgtc atgataataa tggtttcotta gtatgatcca atatcaaagg 3480
aaatgatage attgaaggat gagactaatc caattgagga gtggcagcat atagaacagce 3540
taaagggtag tgctgaagga agcatacgat acccogeatg gaatgggata atatcacagg 3600
aggtactaga ctaccriica tectacataa atagacgeat ataagtacge atttaagceat 3660
@&aacacgcac tatgccogttc ttotcatgta tatatatata caggcaacac gcagatatag 3720
gtgogaegtg aacagtgage tgtatgtgeg cagetegegt tgceatiticyg gaagogoteg 3780
titreggaaa cgottitgaag ttectattce gaagttccra tteictagaa agtataggaa 3840
cttcagagcg cttitgaaas ccaaaagege totgaagacg cactttcaaa aaaccaaaaa 3800
cgcaccggac tgtaacgage tactaaaata ttgegaatac cgcettcecaca aacattgete 3960
Aaaagratct cttigctata tatctetgtg ctatatcecet atataaccta cocatccace 4020
LLLogeteot tgaactigea totaaaclecg acctotacat trtttatgtt tatcuctagt 4080
attactcoitt agacaaaaaa attgtagtaa gaactalttca tagagtgaat cgaaaacaat 4140
acgaaaatgt aaacatttcce tatacgtagt atatagagac aaaatagaag aaaccgttea 4200
taattrtotyg accaatgaag astcatcaac gctatcactt totgttcaca aagtatgoge 4260
aatccacatc ggtatagaat ataatcgggg atgcoctttat cttgaaaaaa tgracccgea 4320
gcttegeotag taatcagtaa acgcgggaag tggagtcagg cttttittat ggaagagaaa 4380
atagacacca aagtagcott ctictaacct taacggacct acagrLgeasa aagttatcaa 4440
gagactgcat tatagagege acaaaggaga aaaaaagtaa tctaagatge tttgttagaa 4500
aaatagcget ctogggatge atttttgtag aacaaaaaag aagtatagat totttgrtgg 4560
taaaatagcg ctctegogtt goartictgt totgtaaaaa tgcagetcag attetttget 4620
tgaaaaatta gcgctetcge gttgeatttt tgttttacaa aaatgaagca cagattotte 4680
gttggtaaaa tagegottto gogttgeatt tetgttetgt aaaaatgeag cteagartct 4740
rrgtttgaaa aattageget crogogtige atttttgttc tacaaaatga agcacagatg 4800
cltogticag gtggeactit tcoggggaaat gtgoegeggaa cooctatttg trratrteee 4860
taaatacatt caaatatgta tccgctcatg agacaataac cctgataaat gcottcaataa 4920
tattgaaaaa ggaagagrat gagtattcaas cattrcogtg tegoggitat toccttrert 4980
goggeatttt gocticeotgt tittgolecac ccagaaacyc tggrgaaagt aaaagatget 5040
gaagateagt tgggtgeacg agtgggttac atcgaactgg atctcaacag cggtaagares $100
cttgagagtt ttogecoaga agaacygtilt ccaatgatga gracttttaa agricigeta 5160
tgtggegegg tattatocog tattgacgec gygeaagage aactoggteg cegeatacac 5220
tarrctcaga atgactiggt tgagtacteca ccagtcacag aaaageatct tacggatgge sz280
atgacagtaa gagaattatg cagigclgcce ataaccatga gtgataacac rgeggecaac 5340
ttacttciga caacgatcgy aggaccgaay gagotaacceg crrrertgea caagatgggy 5400
gatcatgraa ctogeocttga tegttgggaa coggagotga atgaagocat accaaacgace 5460
gagegtgaca ccacgatgee tgtagcaatg gcaacaacgt tgcgraaact attaactggce 5820
gaactactta ctetagcttc coggcaacaa ttaatagact ggaltggagyc ggataaagtt 5580
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gcaggaccac
gecggtgage
cgratcgtag
atcgergaga
tatatacttu
cttrrtgata
gacceegtag
tgcrtgcaaa
ccaactertt
ctagrgtage
getctgetaa
ttggactcaa
tgcacacage
ctatgagaaa
agggtcggaa
agtectgteg
gggcggagec
tggeetttg
acegecotitg

gtgagegagg

ttetgegote
gtgggtctcg
tratctacac
taggrgeocte
agattgatit
atctcatgac
aaaagatcaa
Caaaaaaacce
treegaaggt
cgtagrtagg
tectgttace
gacgatagrt
ccagettgga
gegecacget
¢aggagagceg
ggrtregeca
tatggaaaaa
cteacargtt
agtgagctga

aagcggaaga

<210> SEQ 1D NO 21
<211> LENGTH: 6718

«212> TYPE:

DHRA

ggcocttccg
cggtarcatt
gacggggagr
actgattaag
aaaacttcat
caaaatccct
aggatcttet
accgetacea
aactggette
ccaccactte
agtggerget
accggataag
gogaacgace
tccegaagygy
cacgagggag
cetetgactt
cgevagcaac
ctttcctgeg

taccgetege

gegee

<213> ORGANISM: Artificial
<220> FEATURE:
<223 » OTHER INFORMATION: pksi-suc 2/lack

<400> SEQUENCE: 21

caatacgcaa
ggagctcaaa
agaactctaa
gtgtaactga
gieroecaca
cgatceagcrt
ttggagaaat
gagagcatag
tagagtgcca
ttrttatcas
tcaactatca
corrtieatt
gcaggaattc
tcacgettac

caacctgaay

accgectetce
acgtaggygc
ceagtettat
ttaateorge
acggctLteg
cacgagactg
aagagaartt
aaarggggtt
gtagcgactt
trettgtrtce
actattaact
tLggotggee
gatatcaage
attcacgoeoe

totaggtoee

ceegegogtt
aaacaaacgg
ctaaaaattyg
crrtcraate
ctcataaaaa
atctectetg
Lagattgaga
cactrrtrgy
trtecacact
ttertggtaa
atatcgtaat
trgeagecaa
ttatcgat ac
tcocooceaca

tatttatreg

getggetggt
gcagcactgg
caggcaacta
cattggraac
tittaattta
taacgtgagt
tgagatectt
geggtggtet
agcagagegce
aagaactcetyg
geecagrggeg
gogeagoggt
tacaccgaac
agaaaggcgg
cttecagggy
gagcgtogat
gcggectttt
ttatcecctyg

cgecagecgaa

ggeegattea
aaaaatcgtt
cettatgatce
accattotaa
tgttatgacy
ccggaacace
gaatgaaaaa
taaagcrata
cgaaatacte
atagaatate
actagtaaaa
aatatctgoa
cgtegacete
tccgotctaa

trtatagtta

ttattgetga
ggccagatyg
tggatgaacg
tgteagacca
aaaggatcta
trtegtreca
trtttetgeg
gttrgecgga
agataccaaa
tagcaccgec
ataagtegtg
cgggetgaac
tgagatacct
acaggtatce
gaaacgeetg
trttgtgatg
tacggttect
attctgrgga

cgaccgageg

ttaatgeage
tctcaaatrt
cgrotocteey
tgttttaatt
ttetgeeege
gggcatctoc
aaaaaaaaaa
gcatgcctat
ttactactge
aagctacaaa
atgatgettt
tctatgggat
gaglcatgta
cogaaaagya

tgttagtatt

taaatctgga
taageccrce
aaatagacag
agtttactca
ggtgaagatc
ctgagcegtca
cgraatctge
tcaagagcta
tactgtecett
tacatacctc
tcttaceggg
993999t teg
acagcgtgay
ggraagegge
gtatctitat
ctegtceagag
ggeetttige
taaccgtatt

cagegagtca

tggcacgaca
tctgatgeca
gttacagcet
aagggattet
aggcgggaas
aacttataag
aaaggcagag
cacatataaa
tctetrgteg
aagcatacaa
tgoaageottt
ceeoccgggot
attagttatg
aggagtlaga

aagaacgtta

5640

5700

5760

5820

5880

5940

€000

6060

6120

6180

€240

6300

6360

6420

6480

6540

6600

6660

8720

5745

&0

120

180

240

300

360

420

480

540

600

660

720

780

840

900
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tttatatttc aaatttttot tttititctg tacagacgeg tgtacgcatg taacattata 960
ctgaaaacct tgottgagaa ggttttggga <gctegaagg ctttaatttg cggecggtac 1020
ccaattegec ctatagtgay togtattacyg ¢gogoteact ggeogtogtt ttacaacgtc 1080
gtgactgggs aaaccctgge gttacccaac ttaatcgoct tgeagcacat cococttreyg 1140
ceagotggeyg taatagegaa gaggeoegea ccgatogece ttoccaacag trgogoageco 1200
tgaatggcga atggacgcge octgtagegy cgeattaage goeggoggyty tggtggttac 1260
gcgeagegtg accgetacac tigocagege o<ragegoce goteetiiog ctttettoce 1320
trectticte gocacgttog ¢oggetitee cogteaaget ctaaateggg ggotoocttt 1380
agggttocga titagtgell £acggeacet cgacccocaaa aaacttgatt agggtgatgg 1440
ttcacgtagt gggecateoge octgatagas ggtttitege cctttgacgt tggagtecac 1500
gttctttaat agtggactct tgttccaaac tggaacaaca ctcaaccota totoggteota 1560
ttocttttgat ttataaggga ttttgecgat ttoggoctat tggttaaaaa atgagetgat 1620
ttaacaaaaa tttaacgcga attttaacaa aatattaacg trtacaattt cctgatgegg 1680
tatiticioe ttacgeatot gtgoggtatt teacaccgca tagggtaata actgatataa 1740
ttaaartgaa gcotctaatlit gtgagittag tatacatgea trtacitata atacagtrtic 1800
tggatggegy cgttagtatce gaatcgacag cagtatageg accagcatic acatacgatt 1860
gacgcatgat attacttiet gegeacttaa cttcogeatet gggcagatgs tgtegaggey 1820
aaaaaaaata taaatcacgc taacatttga ttaaaataga acaactacaa tataaaaaaa 1380
ctatacaaat gacaagttct tgaaaacaag aatcttttta ttgtcagtac tgattagaaa 2040
aactcatoga geatcaaatyg aaactgcaat trattcatat caggattatc aataccatat 2100
ttttgaaaaa gcogtttctg taatgaagga gaaaactcac cgaggcagtt ccataggatg 2160
gcaagatcot ggtateggto tgegattcoog actogiocaa catcaataca acctattaat 2220
ttccectegt caaaaataag gttatcaagt gagaaatcac catgagtgac gactgaatce 2280
ggtgagaatyg gcaaaagctt atgceatrttct ttecagactt gticaacagg ccagecatta 2340
cgctegtoat caaaatcact cgcatcaacc aaaccgttat tcattogtga ttgegectga 2400
gcgagacgaa atacgcgatc gctgttaaaa ggacaattac aaacaggaat cgaatgcaac 2460
cggogeagga acactgecag cgcatcaaca atattttcac ctgaatcagg atattcttet 2520
aatacctgga atgetgtitt gecggggate goagtggtga gtaaccatgce atcatcagga 2580
gtacggataa aatgettgat ggtoggaaga ggeataaatt cogtcageca gttragtetg 2640
agcatcrcat ctgtaacate atrggeaacyg ctacctitge cargtricay azagaagtcet 2700
ggcgeatogg gottcocata caatcgatag attgtegeac cigattgoeoce gacattareg 2760
cgagcoceCatt tatacccata taaatcagcea tcocatgttgg aatttaatcg cggoctegaa 2820
acgtgagtet tttceettace catggttgtt tatgticgge tgrgatgtga gaactgtate 2880
ctagcaagat {ttaaaagga agratatgaa agaagaacct cagtggcaaa roectaacctt 2%40
tratatttct ctacagggqae goggogtggy gacaattcaa cgogtetgtyg aggggagogt 3000
ttcocctgote geaggtetdae agcgaggage cgtaatttir gottegegee gtgoggecat 3060
caaaatgtat ggatgcaaat gattatacat yggggatgtat gggetasatg tacgggoyac 3120
agtcacatca tgeocotgag ctgegeacgt caagactgte aaggagggra riorgggect 3180
tggtatggtg cactctcagt acaatctget ctgatgooge atagttaage cagcooccgac 3240
accogecaae accegorgac gegecctgac gggetrgtet getoccggea toegottaca 3300
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gacaagetgr
aacgegegag
taatggtitc
arccaattga
gatacecoge
taaatagacg
gtatatatat
gcgoageteyg
tecgaagtte
cgetetgaag
atattgcegaa
gtgetatate
tegacctota
taagaactat
agtatataga
aacgctatca
gggatgectt
aagtggagte
ccrtaacgga
agaaaaaaagy
tagaacaaaa
tgttctgtaa
trrrgretra
atttetgttc
tgcatttitg
aatgtgegceg
atgagacaat
caacatttec
cacccagaas
tacatcgaac
ttrecaatga
gecgggceaag
tcaccagtca
gccataacca
aaggagcetaa
gaaccggage
atggcaacaa
caattaatag
ccggetggot

attgcageac

gacegtetee
acgaaagggce
ttagtatgat
ggagtgygcag
atggaatgygg
catataagta
atacaggcaa
cgttgeattt
ctattereta
acgcactLtc
taccgetucoc
cctatataac
carrtrreat
tcatagagtg
gacaaaatag
ctttetgrttc
tatctrgaaa
aggetteett
cetacagtge
taatctaaga
aagaagtata
aaatgcagct
caaaaatgaa
tgtaasaaatg
tiotacaaaa
gaacccctat
aacccrgata
gtgtegeecot
cgectggtgaa
tggatcicaa
tgagcacttt
agcaactogy
cagaaaagca
tgagtgaraa
cegerrrert
tgaatgaage
cgt tgegeaa
actggatgga

ggtttatrtge

tggggccaga

gggagctgoa
ctegrgatac
ccaatatcaa
catatagaac
ataatatcac
cgcartraag
cacgcagata
tecggaagege
gaaagtatag
aaaaaaccaa
acaaacattg
ctacccatce
gtrtateret
aatcgaaaac
aagaaaccgt
acaaagtatg
aaatgcacce
tatggaagag
aaaaagttat
tgetttgtta
gattcrrgt
cagattcttt
geacagatte
cagcteagat
tgaagcacag
ttgtrtatet
aatgcrtcaa
tarcecoeorry
agtaaaagat
cageggtaag
taaagrictg
regeegeata
tettacggat
cactgeggee
gcacaacatyg
catacgaaac
actattaacr
ggcggaraaa
tgataaatct

tggtaageec

tgtgtcagag
gectattret
aggaaatgat
agctaaaggg
aggaggtact
<cataaacasg
taggtgcgac
tegtrrtegg
gaacttcaga
aaacgcaccyg
ctcaaaagta
acctrteget
agtattacte
aatacgaaaa
tcataatttt
cgcaatccac
gcagetteoge
aaaatagaca
caagagactg
gaaaaatage
tggtaaaata
gtttgaaaaa
tregtrggta
tcrrgttty
atgettegrt
ttctaaatac
taatattgaa
tttgeggeat
gctgaagate
atccttgaga
cratgtggeg
cactattcteo
ggcatgacag
aacttacttc
ggggatcarg
gacgagegtg
ggcgaactac
grrgcaggac
ggageoggty

tecegtatey

gttttcaccyg
ataggttaat
agcattgaag
tagtgctgaa
agactaccrt
cactatgeeg
gtgaacagtg
asacgctity
acgcttttga
gactgtaacg
terertrget
ccttgaactt
tttagacaaa
tgtaaacatt
ctgaccaatyg
atcggtatag
ragtaatcag
ccaaagrage
cattatagag
gctoreggga
gegetetoge
ttagegetet
aaatagcgct
aaaaattagc
caggtggeac
attcaaatat
aaaggaagag
trtgocttec
agttgggtge
grrtegeee
cggtattate
agaaggactt
taagagaatt
tgacaacgat
taactegect
acaccacgat
ttactctage
cacrrorgeg
agegtgggrc

tagtrtatcta

tcatcaccga
gtcatgataa
gatgagacta
ggaagcatac
tcatcctaca
tterrcrcat
agctgratgr
aagttcctat
aaaccaaaag
agctactaaa
atatatctet
gcatctaaac
aaaattgtayg
tectatacgt
aagaatcatg
aatataatcg
taaacgegayg
ctrertctaa
cgcacaaagg
tgcattttty
gttgcattte
cgegttgeat
ttogogtge
geotcoregegt
ttttegggga
gtatcegerce
tatgagtatt
tgtrerget
acgagtgggt
cgaagaacgt
cegtattgac
ggrrgagrac
atgcagtget
cggaggaccy
tgatcgttyg
geetgtagea
ttcoeggeaa
cLoggecett

tcgoggtate

cacgacgyyy

33¢0

3420

3480

3540

3600

3660

3720

3780

3g40

3900

3960

4020

4080

4140

4200

4260

4320

4380

4440

4500

4560

4620

4680

474G

4800

4860

4920

4980

5040

5106

5160

5220

5280

5340

5400

5360

5520

5580

5640

5700
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agtcaggcaa
aagcattggt
catttttaat
ccrtaacgtg
tcttgagatc
ccageggtgg
ttcagcagag
ttcaagaact
gctgccagtg
aaggcgcage
acctacaceg
gggagaaagg
gagottocag
crrtgagogte
aacgoggeoct
gocgttatcce

cgeegeagee

ctatggatga
aactgtcaga
ttaaaaggat
agrtttegtt
crrrettret
trtgritgee
cgcagatacc
ctgtageacce
gcgataagte
ggtcgggety
aactgagata
cggacaggta
ggggaaacyc
gatttrigtg
tttracggtt
ctgattctgt

gaacgaccga

«210> SEQ 1D RO 22
«211> LENGTH: 2202

<212> TYPE: DNA

acgaaataga
ccaagtttac
ctaggtgaag
cractgagoyg
gegegtaatc
ggatcaagag
aaatactgtc
gectacatac
gtgtcttacc
aacgggggat
cctacagegt
tccoggtaage
ctggtatont
atgctegtea
cerggeettt
ggataaccgt

gegeagegayg

<213> CRGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 22

gagctcgaat
tggagactga
tectegatce
acaacagaaa
ctratcgtac
cgoccaagta
trrtecttaa
aaagaaaagy
gatgegatga
gggaagacge
gctoggacga
vaaaactgtt
Qaaaaaaaaa
gaaaaagcct
aagaacaaay
cgcatatacy
ageocgoget

aagagaattyg

tecrgrygggty
tgtaaatata
tacactgcac
agagagatta
aactgrtact
ggcgcaaaac
tttcagaaat
gaggat t agca
gatggeaace
acaaaactty
atccggraga
tenetereeg
aaaagyggaaa
ccatogggte
aatttatcet
taaaacacag
tatgaagrea

aaatattict

accageogge
crtgaageeg
catataacga
attagaaaaa
gacattttta
tagagaagtc
atagttaaaa
aacaaagaaa
agegagatga
gtratgrttyg
getgtgucta
teattrgrt
aagaaagasa
tttaaacgyg
gataaactgce
aarcacarce

tcglraacgaa

cggygracgat

cagatcgetyg
tcatatatac
atccttttg
tcagaccooy
tgotgottge
craccaacte
ctrotagtgt
ctegototge
gggttggact
tecgtygcacac
gagctatgag
ggcagggteg
tatagtccotg
499999<499a
tgetggoett
attaccgect

tcagtgageg

33851 PMAlL

agcrgcagea
ggcaataata
atggtettgg
gacatttgre
ttttaagaag
gcagatgcat
tgaaaaacaa
agtccaataa
gagcatagga
tagtaaatat
gectoaataa
tgaagettgr
tcatatgeee
cgtatacatrg
gtaat aagte
tagtcaggee
teagatettt

acgacatttt

agataggtgce
tttagattga
ataatctcat
tagaaaagat
aaacaaaaaa
teretocegaa
agccgtagtt
taatcergtt
caagacgata
agccecageott
aaagegecac
gaacaggaga
tegggtireg
geotatggaa
ttgctcacat
ttgagtgage

aggaagcgga

agaataagat
taagcaccgt
actatggaay
gagagaaaaa
ctaaacccre
ccacccactt
ggacaagaaa
aatgatcaca
rrrrcatecet
agaaaagaaa
gtttgecgea
tetgttaget
aatggagtac
crraccacac
aatcaattge
casgeegtat
ccaactgcta

ttctrtacat

ctcactgatt
tttaaaactt
gaccaaaatc
caaaggatct
accaccgeta
ggtaactgge
aggwca(;ca(:
accagtgget
gttaccggat
ggagcgaacg
getteccgaa
gegeacgagg
ccaccretga
aaacgeocage
gtrctrrect
tgataccget

agagogee

aaaacaacta
gagecgatoo
gcagtaacca
aagtaaagac
attattageg
tttgecttat
agaacgggaa
gacagcattg
agetgeteta
acaasaaagt
tttggraaat
tagggaaats
gagaattggg
tccegtaage
tetatatacy
agggoegaaas
tegeatacgt

trctttacta

5760

5820

5880

5940

6000

6060

63120

6180

6240

6300

6360

6420

6480

6540

6600

6660

6718

60

iz¢

180

240

300

380

420

480

540

£00

660

720

780

840

300

9&0

1020

1080
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aacccgacgg
acacagagat
ccatcgeotga
rtecttectga
trrtgectga
gataattacc
gaaacteotg
actrecagge
atccatatge
gtttatccat
tagtagaact
aaattgttac
ggtgacgaaa
tataaaaagg
atttcuctta
trtectatater
aatcgttaat
caaaagaaag

agataagaaa

cacgggaaag
tttecgagat
cggggaaaaa
aacggagaaa
certttecyy
gcagaaataa
cgagaattte
gtcgagacct
crrteggget
tgotttitg
atgagetttt
tetcacacte
cgtggtegat
ccaaatartyg
aatterrict
acaaaaactt
aattaattaa
aaaaaaaata

gatttaatta

<210> SEQ ID NO 23
<211> LENGTH: 776

«212> TYPE:

DNA

aagatgagac
taactcaget
acaaaacaag
cataaacagg
taatttgaaa
acccatacac
gtaaactcge
ctgacatgcet
ttrgtecete
ttgtotrret
trtgtttctg
tttagttegt
ggtgggtacc
tattvattreg
crrrerLroc
trrerreera
ttggaaaata
tacccoaget

tcaaacaata

«213> ORGANISM: Axtificial
«220> PEATURE:

<223> OTHER INFORMATION:

«400> SEQUENCE: 23

gagcetcegaat
ttegagttta
gattttecta
tgeocaaaat
gttrattect
aaaaaagaat
Trcrettage
aatggagtga
aatgatgaca
rracerterg
gaaattattc
tgtaaatcta

ttaaaacacq

«210> SEQ

tetgtgggry
tcattatcaa
actttattta
agggyg9c99y
ggcatccact
cecageacca
geaactacag
tgcaacctgg
caaggcaatt
crectoctetga
ccetacttga
tttcttaaac

aagaactiag

ID RO 24

«211> LENGTH: 1134

«212> TYPE

: DNRA

accageeogge
tactgecatt
gtcaaaaaat
tracacagaa
aaatataatg
aaatartgre
agaacaggygyg
tctagatgty
gacccacgca
tttggaaaaa
ctaataagta
ttcttaaatrt

tLicgaataa

<213> ORGANISM: Artificial

tcggaacgga
ttgctaaagt
tctagatgty
cattgotggg
acaaaccegg
gagacgtaga
gcgcattgea
tttgacagyga
ctrrtecate
cectegtica
ttrtoctitt
ttgritgree
gettatgete
aaatgtccta
tataacacca
tcaacctegt
accatcrLtt
agttaaagaa

tcaataacta

33852 TDH2

agctgcagaa
tcaaagaata
tagectirta
tatataacat
gageeegort
trcteacca
cacaaacagy
ggt gaccage
tgtatctatc
gcrgaaaaaa
tataaagacg
ctactrrrat

acacacataa

agctagaaga
gcaaaaagtc
ggtgaccagc
atcacccata
tctcgaagey
accagccgca
tetgtattee
atagacattt
atgaaaaatc
cagaaagtet
ttrttttret
tgtttattce
coetccatta
Lcattatcegt
atagtgaaaa
tgataasattt
croetttta
aatcattgaa

gt

taaaaaacac
cgtaaataat
arrctgetger
cgtaggtgrc
tttaagctgy
accatcagtt
caaaaaacgg
cggcaggaat
tcatttiert
aaggtrgaaa
gtaggtattg
agttagtett

achaacaaaa

aaaaggaagy
gttracgtca
cggoraggaat
catcactotg
gagatccgge
catggccgga
ctaatgeggc
tcagaatgtt
tetegacace
gaagaagcta
acctetgtgg
aattatgacc
gtttcgatta
ctaacatcta
tcrrreerte
trtettraac
tacacacatt

aagaataaga

gcrittrtcay
taatagtagt
aacccegtaca
tgggtgaaca
catccagaaa
cataggtoca
gcacaacere
tecctggagta
acaccricta
ceagtroect
attgtaattc
rertrragee

ECKBQK

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2202

60

120

180

240

300

360

420

480

540

600

660

720

778
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«220> PEATURE:

<223> QOTHER INFORMATION:

<400 SEQUENCE: 24

gagctcgaat
tgaagtagta
rtrgecttte
ctgtatecct
aacggccagt
acgtggtgaa
taaggageet
aaatcgogtyg
ttectatgaa
tgecectate
tgtcactgaa
cgaatgatga
ataaattcaa
ctcagtagga
gtgcgegtge
ctgtaggacy
attrtgtata
ttrccttgtt

gagttatatt

tctgtgggtg
agtgataagc
aaaaaaggat
aaataactcec
agccaagace
ctccaagace
acatcaggac
aacaccttat
taagaatact
tgrtettecg
ctaaaacaat
acttgcttge
accggrtata
gtcagaacct
acatrrogec
caaaazaaaa
aaagggatga
tgttacaatt

trrttaccen

«210> SEQ 1D NO 25
<211> LENGTH: 711

<212> TYPE:

DNA

accagcagge
Qaatttgget
taaatggagt
cttacccgac
aaataatact
aatatacaaa
agtagtacca
ataacttage
tcagacgtga
ctetacegLyg
aaggctagut
tgtcaaactt
goggtetoot
ctgoggtgyge
cgtteceget
ataattaatc
cctaacttga
atagaagcaa

accagcaata

«213> ORGANISM: Artificial
«220> FEATURE:

<223> OTHER INPORMATION:

<400 > SEQUENCE: 25

gagcrcgaat
aataattgeo
gacagcagga
gtaaataaty
ggaaaacgtg
Tettiecata
craaaaaagt
Trrgretgit
gcrtrcaarta
cocteatygtt
acrrcretat

rrtrgteata

tctgtgggty
tactiggett
ttatcgtaat
ataggaatgg
gcatcctote
tetaacaact
atrggatgge
ctettergae
cygccctcaca
gtcraacgga
castttcagt

tataaccata

<210» SEQ ID NO 26
<211l> LENGTH: 674

accagecgge
cacatacgtt
acgtaatagt
gattcrtcta
teLegyggcte
gagcacgtaa
taatctagat
trrgactect
aaaacrrtrt
cerotgeact
tartgttett

accaagtaat

33853 ILVS

agctgeagat
aagaacgttg
taatcattga
dggaaggcac
agagttaact
atatcgataa
ttectecagag
ccgrtattga
taaazaattta
agaaataaag
ctagatgtgg
crtgagtrgec
coggracagg
tgtcagtgac
catcttgcag
gtacaagaat
cteaatggcet
gacaaaaaca

L aagtaaaaa

23854 FBAL

agcrgeagaa
gcatacgteg
tgaaaatctc
ttrrrescet
aattggagtc
Ccaatggaaa
grgggtgacc
CRasaaaaaa
Legrreret
tgartratta
gcltgogtta

acatattcaa

gtrrtractt
taagtgaaca
gatttagtet
aaaagactty
gatggtetra
gttattettyg
aagaggrata
gctaaaaaac
cttretaact
catcgagtac
gtgaccageeo
goetgatgtga
tretgecace
tcatcegegt
caggrgaaat
cttggsaaaa
tttacaceca
tatagacaac

ataaaacaac

taacaatact
atatagataa
aaaaatgtgt
ttceatieta
acgertgecg
agcatgaget
agcoyggeagy
aaatcracaa
tegeecaegt
taaaaayaca
trorrergtt

aatggactag

ctgtatatcyg
agggacctcet
tegttagatt
aataatagca
aacaggcatt
cecaccaatt
cataacaaga
cttgeaaszat
cttctcacgo
ggcagticge
ggcaggaatt
cactgtgaca
tccaatagac
ttcgtaagtt
tttcatcacy
aaattgaaaa
gtattticce
ctattectag

tagt

gacagtacta
taatgataat
gggteattac
goagoegteog
gagcatcctco
tagoegttget
aattertacea
L¢aacagatc
taaatrorat
aagacataat

¢treotrtite

L

60

120

180

240

300

180

420

480

540

600

660

720

840

500

2960

1020

1080

1134

60

120

180

2490

300

360

420

480

540

600

£60
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<212> TYPE: DNA

«213» ORGANISM: Artificial
«220> FEATURE:

«223> OTHER INFORMATION:

<400> SEQUENCE: 26

gagcrogaat
crgeraacqc
teagcetttt
gtrataaagy
ggctectcaa
gcgecgacgg
ctctagatgt
cegeatceca
cgatccageg
gaactacata
tecogtygttat

aagaacaaac

tctgtgggtg
tgotgetget
tgacataagc
aactcgteotg
ctetercaat
tegotgrete
gagrgaccag
ctetcttoete
tagttggecec
tgtatatata
agtgcaattt

tagt

«210> SEQ 1D NO 27
<211> LENGTH: 1482

<212> TYPE:

DNA

accagoogge
trtgctcata
caccgetety
gttacaacaa
gttgrtecgeo
trggageott
ceggeaggaa
cgaccaccte
caactggtge
tatgtgtgtg

aaatattgta

<213> ORGANISM: Artificial
<220> FEATURE:

«223%> OTHER INFORMATION:

«400> SEQUENCE: 27

gagctcgaat
ctggaaccta
ttgeccttta
aatgagcaaa
tgaaaargge
agcaacgaaa
agagatgceta
gacaatcaget
ceertertat
aagcataacg
tctttetity
tgtgcaacta
ggatgtragg
tacegegrie
cecacgecty
cgccaaagag
gaactgaact
ggoccaaaag
acgggecata

cracccraga

tergrgggry
tgtttacata
tegtttrgtt
atcggtcaaa
aaggettaac
gattcogott
ctaaaagatg
atgcattcca
tttgtgoggt
tacgoccateo
acgaccctet
atggcasaca
gegecaagte
tgegeecacty
trttacgtet
aagcgaaagt
goccitagetco
gogrggaata
taataagrtt

aattgcggaa

accageogge
cgtacaaacyg
aaccaatrtgt
gtaaatagct
tactttgcaa
gcacttggte
accatgegat
tttetaatag
caccgcaagg
cctagacata
agatgugggt
accacatagt
tqtcatgaag
atatgctagg
ccagggeact
gggeotggye
cgaagaguraa
tgcgegttt
ttractetea

arttcgegoet

33855 DLDY

agotgoagac
tgettocatt
tcagggtaac
ygaaatatca
tggtcacaca
caagetcetrg
ttcgataaaa
cctegaagte
agtaataacc
tgrgtgtggg

catcattccy

33856 CWp2

agctgeagat
gtatttaaaa
tgrttttact
aaatatttgg
tagrgratat
aatcatttac
tacaatttac
acaaggtget
gacaaagctt
ttaataatge
gaccagoeoegy
atcacagtat
catgtrecty
cagcagcaac
tgaaacaaty
ggceteagee
ttecacagye
ggggecataa
agaatggtaa
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-continued
tccterrtet tgeattrecee tttocgtatt attgocatte tttaactgea tttggggaac 1260
cgragacgcaa aagccaaaca gagaaatgta acgttctaaa aaaaaaacaa <Cgaaasaatt 1320
gaaaaataag atacaataat cgtatataaa tcaggettcet tgttcatcat titcaattct 1380
cttetigeca toeCttttec tatctitytt cttricottct cataatcaag aataaataac 1440
ttcatcacat tcgetacaca ctaacaagaa aaaaaaacta gt 1482
What is claimed is: 8. The isolated bactericidal yeast of claim 7. wherein the

1. An isolated cell that expresses at least one anubacienal
protein having a nucleic acid sequence comprising SEQ 1D
NO: 1., wherein the isolated cell that expresses at least one
antibacterial protein is a yeast cell that is selected from the
group consisting of Kluvveromyces lactis, Saccharomyces
cerevisiae, Schizesaccharomyces pombe. and Candida albi-
cans.

2. An isolated microscopic transgenic eukaryotic organ-
ism, wherein the isolated microscopic transgenic eukaryotic
organism expresses at least one antibacterial protein having a
nucleic acid sequence comprising SEQ 1D NO: 1.

3. 'The isolated microscopic transgenic eukaryolic organ-
ism of claim 2, wherein the antibacterial protein is expressed
in response to lactic acid.

4. The isolated microscopic transgenic eukaryotic organ-
ism of claim 2, wherein the antibacterial protein is expressed
in response to ethanol.

8. The isolated microscopic transgenic cukaryotic organ-
ism of claim 2, wherein the organism is a yeast strain.

6. The isolated microscopic transgenic eukaryotic organ-
ism of claim S, wherein the yeast strain is selected from the
group consisting of Kluyveromyces lactis. Saccharomyces
cerevisiae, Schizosaccharemyces pombe, and Candida albi-
cans.

7. Anisolated bactericidal yeast, wherein the isolated bac-
tericidal yeast expresses at least one amibactenal protein
having a nucleic acid sequence comprising SEQ 1D NO: 1.
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isolated bactericidal yeast is selected from the group consist-
ing of Kluyveromyces lactis. Saccharomyees cerevisiae.
Schizesaccharomyces pombe. and Candida albicans.

9. The isolated bactericidal yeast of claim 7. wherein the
antibacterial protein is expressed in response 1o lactic acid.

160. The isolated bactenicidal yeast of claim 7. wherein the
antibacterial protcin is expressed in response to ethanol.

11. A method of protecting against bacterial contamina-
tion, the method comprising adding an effective amount of
bactericidal yeast to an environment to be protecied. wherein
the bactericidal yeast express at least one antibacterial protein
having a nucleic acid sequence comprising SEQ IDNO: 1.

12. The method of claim 11, wherein the antibacierial
protein is expressed in the presence of lactic acid.

13. The method of claim 11. wherein the antibacterial
protein is expressed in response to ethanol.

14. A method of protecting against bacterial contamination
of a batch solution comprising: a. preparing a batch solution:
and, b. adding an effective amount of transgenic yeast to the
batch solution, wherein the transgenic yeast express an anti-
bacterial protein, and further wherein the antibacierial protein
expressed by the transgenic yeast has a nucleic acid sequence
comprising SEQ ID NO: 1.

15. The method of claim 14, wherein the antibacterial
protein is expressed in the presence of lactic acid.

16. The method of claim 14, wherein the antibacterial
protein is expressed in response 10 ethanol.
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