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BACTERIOPHAGE DERIVED 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. PCT/US2009/065569
filed Nov. 23, 2009 and also claims priority of U.S. Provi-
sional Application Ser. No. 61/117,104 filed on Nov. 22,
2008, the subject matter of each above-mentioned applica-
tions are herein being incorporated by reference in their
entirety.

FIELD OF INVENTION

The present invention relates to novel antibacterial proteins
and nucleic acid sequences. Specifically. the invention
includes antibacterial protein compositions. methods of use,
and transgenic organisms encompassing the antibacterial
proteins.

BACKGROUND OF INVENTION

Bacteria are everywhere—from our intestinal tract, to
soils, rivers, and oceans. For the most part, bacteria are ben-
eficial, acting to degrade organic waste and recvcle 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
bacterial 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 often the bacterial species
that cause contamination are ubiquitous in the environment
and ichabit 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
bacterial contamination, 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 harm{ul antibiotic resistant bacteria 10 our environ-
ment. The present invention limits or eliminuates bacteria
growth and contamination, and provides a solation 1o the
threats of antibiotic resistance emergence at a rcasonable
cost.

SUMMARY OF THE INVEENTION

The prescnt invention relates 1o any population of cells,
whereby at Jeast 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 at least one antibacicrial protein. A
further object of the invention is to provide nucleie acid and
amino acid sequences encoding antibacterial proteins that
have been optimized for yeast expression. Specifically. the
bactericidal yeast of the invention expresses an antibacterial
protein. Preferably. a suitable antibacterial protein is encoded
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by an amino acid sequence 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 1D NO: 6, SEQ ID NO: 7.
SEQ ID NO: 8, SEQ 1D NO: 9. or SEQ 1D NO: 10. 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
0 SEQIDNO: 1. SEQIDNO: 2, SEQIDNO:3, SEQIDNO:
4, or SEQ ID NO: 5.

A suitable population of cells may be prokaryotic or
eukaryotic. Exemplary cell types include yeast. fungus. bac-
teria, insect, plant, or mammalian. Suntable yeast strains
include, but are not limited to, Kluyveromyces lactis, Saccha-
romyces cerevisige. Schizosaccharomyees pombe. and Can-
dida albicans. Further, a population of cells may comprise an
organism. Suitable organisms include yeast, plant. fungus,
bacteria, and non-human mammalians. Preferably the organ-
ism is yeast. A suitable organism of the invention expresses an
antibacterial protein. Preferably, the organism expresses at
least one antibacterial protein having 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 ID
NO: 1, SEQIDNO: 2, SEQIDNO: 3, SEQIDNO: 4, 0r SEQ
1D NO: 5. The organism may express at least one antibacierial
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: 6, SEQ 1D NO: 7, 8LEQ 11D NO: 8,
SEQIDNO: 9,0r SEQIDNO: 10. 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 sensi-
tivity may include, but 1s pot limited to, the presence of lactic
acid or ethanol.

The invention also provides methods of protecting against
bacterial contamination. A method of the invention 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 antibacterial
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 yeas! is added as a
fermentation ingredient.

BRIEF DESCRIPTION OF THE DRAWINGS

The following drawings form part of the present speeifica-
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.

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

F1G. 2 shows bacteria emitted luminescence in co-cultures
with wildtype or transgenic ycast

F1G. 3 graphically illustrates the area under the curves in
FIG. 2. The area under the curve is statistically significant by
T-test (p<0.05) for the first few cycles.

FIG. 4 graphical illustration ol antibacterial activity in AP
secreting yeast.

DETAILED DESCRIPTION

The present invention relates to novel antibacterial pro-
teins. Specifically. proteins having antibacterial activity once
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3
secreted from a population ol cells or organisms. As such, the
methods foruse of the antibacterial proteins are also contem-
plated.
1. Antibacterial Proteins

A. Nucleic Acids Encoding Antibacterial Proteins

Nucleic acids encoding antibacterial proteins (APs)
derived from bactcriophage genomes are disclosed. An AP
nucleotide sequence includes an open reading frame that
encodes at least a catalytic domain and a binding domain. In
particular. an AP nucleic acid is capable, under appropriate
conditions, of expressing a protein having antibacterial activ-
ity such as that illustrated by SEQ 1D NOs: 1-10.

AP nucleotides further include nucleic acid sequences that
hybridize under high stringency conditions to SEQ ID NQOs:
1-5 such as those that are homologous, substantially similar,
or identical to the nucleic acids of the present invention.
Homologous nucleic acid sequences will have a sequence
similarity of at least about 50%, 55%, 60%, 65%, 70%, 75%.
B0%, 85%, 90%, $1%. 92%, 93%, 94%, 95%, 96%, 97%,
98%, 99%. or 100% to any of SEQ ID NOs: 1-5 or the
respective complementary sequences. Sequence similarity
may be calculated using a number of algorithms known in the
art, suchas BLAST. described in Altschul, S.F., et al., J. Mol.
Biol. 215:403-10, 1990 (using default seftings, i.e. param-
eters 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 lugher
and 0.1x88C {15 mM sodium chloride/1.5 mM sodium cit-
rate). Another example is overnight incubation 2t 42°C. ina
solution of 50% formamide, 5xSSC (150 mM NaCl, 15 mM
trisodium citrate), 50 mM sodium phosphate (pH7.6),
SxDenhardt’s solution, 10% dextran sulfate, and 20 pg/ml
denatured, sheared salmon sperm DNA, followed by washing
mn 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 art and may also be employed to identify
homologs of the nucleic 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 nucleic
acids may be mutated to alter properties of the encoded pro-
tein such as cxpression propertics, folding properties, and
antibacterial activity. A skilled artisan will recognize that
proteins encoded by nucleic acids encoding homologues or
mutants may have the same antibacterial properties as those
encoded by SEQ 1D Nos: 1-5 or may have altered antibacte-
rial properties. The DNA sequence or protein product 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, insertions, deletions, or a combination thereof.
Technigues for mulagenesis of cloned genes are known in the
art. Methods for site specific mutagenesis may be found in
Gustin et al.. Biotechmiques 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-
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tory Manual. CSH Press 1989, pp. 15.3-15.108 and all incor-
porated herein by reference. Such mutated nucleic acid
derivatives may be used to study structure-function relation-
ships of a particular AP protein, or 1o 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: 1-5, and variants or mutants thereof. Also, the
invention encom passes the imtermediatary RNAs encoded by
the described nucleic acid sequences and that translates into
an AP of the invention.

1. Harmonization of Nucleic Acid Sequences Encoding
APs

Ta 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 puclcotide codons
encoding specific amino acids to those more likely to be used
in the specific host’s genes. For example, GGG, GGA. GGT,
and GGC all encode the amino acid Glycine: however, GGT
is morc often used to 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 to harmonize proleins are well
known 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: 1-5 have been
optimized using the preferred codons of yeast genes (Table
1-4) in order to increase protein translation in yeast systems.
One skilled in the art will recognize that coding sequences
may be optimized for use in any species through codon har-
monization.

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
worldwide web version of CUTG (Codon Usage Tabulated
from GenBank) developed and maintained by Yasukazu
Nakamura at The First Laboratory for Plant Gene Rescarch,
Kazusa DNA Research Institute, Japan. The KEGG (Kyoto
Encyclopedia of Genes and Genomes) Database is another
database and is described in Acki and Kanehisa, Current
Protocols in Bioinformatics, (2005) 1.12.1-1.12.54, which is
incorporated herem by reference.

TABLE 1

Preferred DNA Codons for Kluyreromyces lacnis,

Amino Acid Codon Number Frequency/ 1000
Gly GGG 788.00 525
Gly GGA 1727.00 11.50
Gly GGT 8335.00 33.54
Gly GGC 845.00 5.63
Giu GAG 2393.00 1594
Glu GAA 7124.00 47.46
Asp GAT 6116.00 40,74
Asp GAC 2762.00 1840
Val GTG 1636.00 10,90
Val GTa 1642.00 1094
Val GTT 3R93.00 2593
Val GTC 2138.00 14.24
Ala GCG 734,00 4.89
Ala GCA 2334.00 1355
Ala GUT 421700 2809
Ala GO 177800 11.84
Arg AGG 202.00 6.01
Armg AGA 3707.00 24.69
Ser AGT 1917.00 12.77
Ser AGC 95300 635
Lys AAG 507000 3377
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2-continued

Preferred DNA Codons for Kiuyreromyees lachs.

Preferred DNA Codons for Saccharomyees cerevisiae.

Amino Acid Codon Number Frequency/ 1000 Amino Acid Codon Nurmber Frequency/1000
Lys AAA S629.00 37.50 Asn AAC 162199 00 24.82
Asn AAT 473500 31.54 Met ATG 136805.00 201.94
Asn AAC 3829.00 2551 Met ATA 11625400 17,79
Met ATG 3158.00 21.04 1le ATT 196893 .00 36,13
Met ATA 2368.00 1577 lle ATC 112176.00 17.17
Ile ATT 4123.00 27.46 10 Thr ACG 82045 00 756
ile ATC 3138.00 2090 Thr ACA 116084.00 1776
Thr ACG 74.00 382 Thr ACT 132322.00 20,28
Thr ACA 2282.00 15.2G Thr ACC R3207.00 12,73
Thr ACT 3444.00 2294 Trp TGG 67789.00 10.37
Thr ACC 1923.00 1281 Tmp TGA 4447 00 (.68
Trp TGG 1697.00 11.30 1s Cys TGT S2903.00 .10
Trp TGA £3.00 0.35% - Cys TGC kITLLEI] 4.76
Cys TGT 1433.00 955 End TAG 33200 .81
Cys TGC 483.0¢ 322 End TAA 6213.00 1.06
End TAG 55.00 0.37 Tyr TAT 122728.00 1R.78
End TAA 163.00 1.09 Tyr TAC S6596.00 14.78
Tyr TAT 3033.00 20.20 Leu TTG 177573.00 2717
Ter TAC 2557.00 17.03 20 Leu TTA 17088400 2618
Leu TTG 5083.00 33.86 Phe TTT 170666.00 2612
Leu TTA 3534.00 23.54 Phe TIC 120510.06 i8.44
Phe TIT 2929.00 19.51 Ser TCG S3931.00 8.5¢
Phe TTC 3534.00 23.54 Ser TCA 122028.00 18.67
Ser TCG 1150.00 7.66 Ser TCT 153557.00 23.50
Ser TCA 244500 16.29 25 Ser TCC Q2923.00 1422
Ser T 4012.00 26.73 Arg CGG 1135100 1.74
Ser TCC 1901.00 12.66 Arp COA 19562.00 299
Arg COG 22400 149 Arg CGT 41791.460 640
Arg CGA 31800 <02 Arg CGo 16993.00 2.60
Arg CGT 1001.00 6.67 Gin CAG 7912100 1211
Arg CGC 228,00 1.52 30 Gln CAA 178281.00 27.28
Gin CAG 1769.00 11.78 His CAT 89007 U 13.62
Gin CAA 4411.00 29.38 Hig CAC SO78S.00 71.77
His CAT 2130.00 14.19 Thr CTG 68494.00 10.48
His CAC 1043.00 695 Thr CTA R7619.00 1341
Thr CTG 770,00 5.13 Thr CIT BOHTE.00 12.38
Thr CTA 1766.00 11.76 35 Thr CTC 35545 U 3,44
Thr CTT 1779.0G 11.85 Pro CCG 34597.00 5.29
Thr CTC 649.00 4.32 Pro CCA 11964100 18.31
Pro cce 633.00 4.22 Pro CCT §8263.00 13.51
Pro CCA 3201.00 21.32 Pro CCC 4430900 6.78
Pro cCT 2020.00 13.46
Pro cee 573.00 3.82 40

TABLE 3
TABLE 2 Preferred DNA Codons for Schizesgcckaromyees pombe.
Preferred DNA Codons for Saccharomyces cerevisiae, 45 Amino Acid Codon Number Frequency

Amino Acid Codon Number Frequency/1000 Gly GGG 12611.00 4.41
Gly GGA 45350.00 15.86

Gly GGG 3935900 6.02 Gly GGT 61455.00 2149
Gly GGA 71216.00 10,90 Gly GGC 2381900 833
Gly GGT 156109.00 23.89 50 Giu GAG G189 GU 21.08
Gly GGC 63903.00 278 Giu GAA 12692400 44.39
Glo GAG 125717.00 1924 Asp GAT 10R632.00 3799
Giu GAA 29794400 45.60 Asp GAC 44K70.00 15.69
Asp GAT 245641.00 3759 Val GTG 2379900 B.32
Asp GAC 13204R.00 2021 Val GTA 38383.00 12.37
Val GTG F0337.00 10.76 55 Val GTT R2661.00 %.01
Val GTA 76921.00 11.77 Val GTC 30476010 10.66
Val GTT 144243,00 n0 Ala GCG 15400 1) 539
Vat GTC 76547,00 11.78 Ala GCA 45581.60 1594
Ala GC( A0358.00 £.18 Ala oCT R3195.00 29.79
Als GCA 105210.00 16.21 Ala GCC 3288200 11.50
Ala GCT 138388.00 21.17 60 Arg AGG 14555.00 S.08
Ala GCC 82357.00 12.60 Arg AGA 32175.00 11.25
Arg AGG 60289.00 9.23 Ser AGL 47887 .00 14.8%
Arg AlGA 139081.00 21.28 Ser AGC 26242 00 9.18
Ser AGT 92466.00 14.15 Lys AAG 011000 2452
Ser AGC 53726.00 9.75 Lys AAA TEARGU 00 3982
Lys AAG 201361 .00 30.82 Asn AAT G749 (10 34.10
Lys AAA 273618.00 41.87 65 Asn AAC S1U16.00 17.84
Asn AAT 233124.00 35.6% Met ATG 59444 ti0 20,79



US 8,679,821 B2

7
TABLE 3-continved

8
TABLI: 4-continued

Pre ferred DNA Codons for Sehizosaccharomyces pombe,

Preferred DNA Codons for Candida albicans.

Amino Acid Codon Number Frequency P Arnsno Ackd Codon Number Frequency/1000
Met ATA 38588.00 13.50 lle ATC 8590.00 1381
lle ATT 16027500 35.07 Thr ACG 2501.00 3.93
lie 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 10 Tp TGG 6942.00 1092
Thr ACC 30616.00 1071 Trp TGA 180.00 0.28
Trp TGG 31666.00 11.07 Cys TGT 5964.00 9.38
Trp TGA 1228.00 0.43 Cys T6GC 1135.00 1.79
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 .45 15 Tvr TAT 16146.00 2540
End TAA 3622.00 127 Tyr 1AL 6614.00 1041
Tyr TAT 63277.00 2213 leu TIG 21993.00 34.60
Tyr TAC 33662.00 177 Leu TTA 22928.00 36.07
Leu TTG 68803.00 24.06 Phe TTY 18958.00 29.83
Leu TTA 75328.00 26.34 Phe TTC 9899.00 15.57
Phe TTT 92872.00 3248 Ser TCG 4341.00 6.83
Phe TIC 37197.00 13.01 B Ser TCA 167581.00 2635
Ser TCG 23155.00 8.10 Ser TCT 13584.00 22.00
Ser TCA $1773.00 18.11 Ser TCC 6145.00 9.67
Ser TCT 86624.00 30.29 Arg GG 604,00 0.95
Ser TCC 34753.00 12.15 Arg CGA 2604.00 4.10
Arg CGG 8560.00 299 Arg ©GT 3791.00 5.96
Arg oGa 2291800 8.01 25 A cGe 523.00 0.82
Arg CGT 44685.00 15.63 Gln CAG 4163.00 6.55
Arg cGe 17213.00 6.02 Gln CAA 22696.00 350
Gln CAG 31063.00 10.86 His CAT 9373.00 14.75
Gln CAA 78435.00 27.43 His CAC 3578.00 5.63
His CAT 46721.00 16.34 Thr €16 2201.00 3.46
His CAC 18013.00 6.30 30 Jhr CTa 2782.00 4.38
Thr CTG 18453.00 6.45 Thr o 6456.00 10.16
Tor CTA 24965.00 873 Thr cTe 1636.00 251
Pro [{es 1721.00 271
Thr CTT 72340.00 25.30 .
Pro CCA 16709.00 26.29
Tor cre 207200 g Pro Cor 849500 13.36
Pro G 13034.00 436 35 Pro cee 2665.00 419
Pro CCA 36383.00 12.72 3
Pro CCT 61687.00 21.57
Pro cee 23151.00 8.10 B. Protein/Polypeptide Compositions
The invention contemplates antibacterial proteins (APs)
and mutants thereoi. which include those proteins encoded by
TABLE 4 40 the subject nucleic acids, as well as polypeptides comprising
A the antibacterial proteins. The isolated antibacterial proteins
Prefemcd DNA Codons for Candidg albicans. of the invention are exemp_hﬁed by the sequences of SEQID
NOs: 6-10. Further, the invention includes both the full-
Amino Acid  Codon Number Frequency/1000 length proteins. as well as portions or fragments thereof,
s Homologs or proteins (or fragments thereof) that vary in
3 GGG s 43 ; . .
gg GGA ;g?a% lg'zg sequence from the amino acid sequences SEQ ID NOs: 6-10
Gly GGT 18556.00 %19 are also included in the invention. By homaolog is meant a
Gly GGC 2818.00 4.43 protein having at least about 10%, usually at Jeast about 25%,
Glu GAG 7547.00 11.87 30%. 40%. 45%, 50%, 55%. 60%, 65%, 70%, 75%, 80%,
Gh GAA 31701.00 49.87 85%, 91%, 95%, 99% or higher amino acid sequence identity
Asp GAT - 27797.00 43.73 30" (o the proteins encoded by SEQ 1D NOs: 5-10, as determined
Asp GAC 8545.00 1344 b . :
Val GTG 661200 16,40 using MegAlign, DNAstar (1998) clustal algorithm as
Val GTA 5460.00 8.5 described in Higgins. D. G. and Sharp, P. M., Fast and Sen-
Val GTT 19155.00 30.14 sitive Multiple Sequence Alignments on a Microcomputer,
Val aTC 5713.00 9.08 CABIOS. 5: 151-153. 1989, both incosporated herein by
Ala GCG 1346.00 2.12 55 reference
Al GCA 10162.00 15.99 p . .
Al GOT 1739300 7736 APs of the invention may be mutated, or altered, to
Ala Gee 7453.00 11.73 enhance. or change. biological propenties of the protein. Such
Arg AGG 1834.00 2.89 biological properties include, but are not limited to, in vivo or
Arg AGA 13817.00 Z}JZ‘S‘ in vitro stability (e.g.. half-life} and antibactenial activity.
gz igg ! ;g?f:gg ! 465 60 Suitable mutations include single amino acid changes, dele-
Lys AAG 11660.00 1834 tions Qf one or more ar)nino ?cids, N-terminal truncations,
lys AAA 31114.00 48.95 C-terminal truncations. insentions, etc. Mutants can be gen-
Asn AAT 2?1621(10 4§'73 erated using standard techniques of molecular biology,
‘;4“2: ’:f:g ;:5gg£ ;g‘;z inchuding random mutagenesis and targeted mutagenesis as
Met ATA 917700 14.36 65 described in Current Protocols in Molecular Biology. Unit 8,
Tle ATT 25761.00 40.53 pub, John Wiley & Sens, Inc.. 2000 and incorporated herein

by reference.
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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 protcin 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 thereof. 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, abowt 75
aa, about 100 aa, about 125 aa, about 150 aa. about 208 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 biclogical property of the isolated protein.

1. AP Characteristics

The proteins and polypeptides of the invention are charac-
terized by having antibacterial activity. Further. the APs of the
invention include at least 2 components: 1) a peptidoglycan-
digesting catalytic domain, and 2} a cell-wall associated pro-
tein domain. Suitable catalytic domains include those of bac-
teriophage proteins that have the ability to facilitate the
digestion, or destruction, of a peptidoglycan containing sub-
stance such as a bacterium cell wall. Exemplary catalytic
domains inchude those of lysine enzymes such as. but are not
limited to, the catalytic domain sequences of endo-beta-N-
acetylglucosaminidase, endopeptidase, N-acety Imuramy!-1.-
alanine amidase, and muramidase. Further a suitable catalytic
domain may be derived from any protein having a catalytic
domain with catalytic activity specific to chemical bonds
connecting molecules comprising bacterial cell walls. Pref-
erably, the catalytic activity is specific to chemical bonds
connecting molecules comprising Lactobacillaceae cell
walls. More preferably, the catalytic activity is specific to
bacteria cell walls and not yeast cell walls. More preferably,
the catalytic activity is specific to Lactobacillaceae cell walls
and not yeast cell walls. The catalytic domain of APs includes
the amino acid residues at about positions 1-222 found in
SEQ ID NOs: 6-10. A skilled artisan will appreciate that the
catalytic domain may be mutated to alter antibacterial prop-
erties.

The antibacterial activity also depends. in part, upon the
binding domain, which targets the protein to the cell wall ofa
bacterium. Once bound to the bacterium the catalytic domain
facilitates the destruction of the cell wall, ultimately destroy-
ing the bacteria. A suitable binding domain includes those
that cause the catalytic domain to attach to a cell wall so that
the catalytic domain can digest the molecules of the cell wall.
Exemplary binding domains include, but arc not limited to,
those derived from viral pathogens such as Lactobacillaceae
viral pathogens. The binding domain of the APs of the inven-
tion includes the amine acid residues al about positions 204~
280 found in SEQ 1D NOs: 6-10. A skilled antisan will appre-
ciate that the binding domain may be mutated to alter
antibacterial properties.

Further, the APs of the invention may contain sequence that
allows proper Jolding of the protein. Exemplary sequence
includes at least one amino acid or more such that the AP
retains antibacterial activity. The sequences of SEQ ID Nos:
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6-10 contain a [lexible hinge sequence that allows proper
folding. The flexible hinge sequence includes the amino acid
residues GGGGSGGGGSGGGGS positioned between the
catalytic domain sequence and the binding domain sequence.
A skilled artisan will recognize that any number of different
sequence compositions and lengths may be used 1o allow
proper folding of the catalytic domain and binding domain.

The APs of the invention may further include additional
components that enhance its expression. Such additional
components include promoters, enhancers. secretion signals.
etc. For example, the AP sequence may include a host specific
secretion signal. An exemplary secretion signal would
include, but is not limited to, a yeast signal peptide sequence
that mediates secretion of the AP gene product. Further, the
AP sequence may include, or be under the controf of an
inducible or constitutive promoter. Such promoters may be
environmentally-sensitive to specific substances. By way of
example, a promoter may be sensitive to lactic acid. such as
the LDH promoter. In the presence of lactic acid. the promoter
activates transcription of the downstream gene. Likewise, a
promoter may be activated by a transcription factor that is
sensitive to a substance, such as the alcohol dehydrogenase 1
promoter of Aspergillus nidulans. In the presense of ethanol,
the alcR transcription factor binds to 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
20010 500 residues and included herein are specific examples
that are about 244, 300, 303, 244, 451, 480, and 483 amino
acid residves in length. The subject proteins include both
shorter and longer variants that range in length from as short
as about 50, 100, 120, 140, 150, 155,160, 165, 170,175, 180,
185, 190, 200, or 205 to as long as about 230, 235, 240, 245,
250, 255, 260. 265, 270, 275, 280, 285, 290, 295 or even
longer. The subject proteins generally have a molecular
weight ranging from about 15 to 55 kDa, including specifi-
cally 19.2,.20.1, 26.4, 28 8, 32.5, 48.0, and 51.4 kDa.

2. AP Production

The present invention includes a method of producing an
AP by cultivating 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 containing host cell, and
isolation of the subject protein from the cell extract. The
expressed subject protein may or may not be linked 1o 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. lohn 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 muny 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
in the desired celltype, whether that cell type is prokaryotic or
eukaryotic. Many vectors comprise sequences allowing both
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prokaryotic vector replication and eukaryotic expression of
operably linked gene sequences.

Vectors useful according to the invention may be autono-
mausly replicating. that is. the vector exists extrachromo-
somally, and its replication is not necessarily directly linked
to the replication of the host genome. Alternatively, the rep-
lication of the vector may be linked to 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 10 a regulatory sequence as appropriate to obtain the
desired expression properties. These regulatory sequences
may include promoters (attached either at the §' end of the
sense strand or at the 3' end of the antisense strand), enhanc-
ers, lerminators, operators, repressors, and inducers. The pro-
moters may be regulated or constitutive. In some situations it
may be desirable to use conditionally active promoters, such
as environment specific promoters. In other words, the
expression vector will provide a transcriptional and transla-
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.

Expression vectors generally have convenient restriction
sites Jocated near 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 include, but are not
limited to, bacteriophage-derived vectors, viral veciors. 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 Cassettes

Expression casseties may include a transcription initiation
region, at least one polynucieotide of the invention. and a
transcriptional termination region. Of particular interest is the

use of sequences that allow for the expression of functional

epitopes or domains, usually at Jeast about 8 amino acids in
length, more usually at least about 15 amino acids in length,
to about 25 amino acids, and up to the complcte open reading
frame of the polynucleotides of the invention. After introduc-
tion of the DNA, the cells conlaining the construct may be
selected by means of a selectable marker, the cells expanded
and then are used for expression.

3. Constructs

The term “construct” as used herein refers to a nucleic acid
sequence containing at least 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 generate fusion
proteins as described herein. For example, a polynucleotide
may be operably linked or fused to a nucleotide sequence
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encoding a luciferase, Juciferin, fluorescence tag, or other
identifiable label known in the art,

4. Host Cells

Any cell into which a construct of the invention may be
introduced and expressed is usefu] sccording 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 2 host cell as sp extrachromosomal
element or be integrated into the host genome.

Host cells may be prokaryotic, such as any of a number of
bactenial 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-
strocts may be phenotypically normatl or oncogenically trans-
formed. It i1s 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, such as £. coli, B. subtilis, 8. cerevisige. insect cells
in combination with baculovirus vectors, or cells of a higher
organism such as vertebrates, e.g. COS 7 cells, HEK 293,
CHO, Xeropus Oocytes, etc., may be used as the expression
host cells. In some situations, it 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 to 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.

Ina preferred embodiment, the proteins of the invention are
expressed in yeast. Suitable yeast species include those
known in the art. Exemplary yeast species include, but are not
limited to, Saccharemyces species, Cryptococcus species,
Kluyveromyces species, Sporobolomyces species, Rhodot-
orula species, Brefianomyces species, Zygosaccharomyces
species, Aureobasidium species, and others known in the art.
Exemplary species types include Saccharomyces cerevisiae.
Kluyveromyces lactis, Schizosaccharomyces pombe, Can-
dida albicans. Saccharomyces pastorianus, Saccharomyces
exiguous, Yarrowia lipolytica, genetically engineered yeast
including those engineered to ferment xylose, Brettanomyces
bruxellensis, Candida stellata, Torulaspora delbrueckii,
Zygosaccharomyces  bailii,  Saccharomyces  boulardii.
Rhodotorula rubra, Rhodotorula glutinis, Rhodotorula
marina, Rhodotorula aurantiaca, Cryptococcus albidus.
Cryptococcus diffluens, Cryptococcus laurentii, Saccharo-
myces rosei, Saccharomvces pretoriensis, Saccharomyces
cerevisiae, Sporobolomyces rosues, Sporobolomyces odorus.
Kluyveromyces 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 fermenta-
tive properties.

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



US 8,679,821 B2

13

5. Introduction of Constructs 1o Host Cells

Constructs provided by the invention. including vectors,
plasmids, and cxpression 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
vectors 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 S. 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 lambda 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
introduce 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 & Sons,
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 Schoeider-2 cells (Drosophila melanogaster),
S1-9 and S{-21 cells (Spodoptera frugiperda) or High Five™
cells (Trichopilusia ni) may be transfected using any of 2
number 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.

I1. 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
AP proteins may be particularly useful in the science, food,
energy. and pharmaceutical indusiries. By further example,
the AP proteins may bc used for, but not limited to, the
following products: wine production, beer production, spirit
production (3.e. whiskey), beverages, carbonated beverages,
food. probiotic supplements, nutritional supplements, nutri-
tional yeast products, bioremediation, ethanol production, as
biosensors, screemng assays, human or animal pharmaceuti-
cals, medical purposes, dental purposes, such as preventionof
tooth decay, and other uses.

A method of the invention includes providing a bacten-
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 Jimited by the nutrients required by the
bactericidal organism. Preferably, the bactericidal organism
is yeast.
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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

As used 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
amino acids to those more likely to be used in the host cell or
orgamism 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 polymers
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 or 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 molecules.
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.

A “vector” is a replicon, such as plasmid, phage or cosmid,
1o which another DN A segment may be attached so as to bring
about the replication of the attached segment.

A “population of cells” includes any cell or group of cells.
A populution of cells may include one or more stem cells
and/or one or more progeny cells of a stem cell. Such popu-
lation of cclls 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 polvmeric 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 seeondary structure of the
molecule, and does not limit it to any particular tertiary forms.
Thus, this term includes double-stranded DNA found, inter
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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 reguiatory 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 w, prokaryotic sequences, cDNA
from eukaryotic mRNA, genomic DNA sequences from
eukarvotic (¢.g.. mammalian) DNA, and synthetic DNA
sequences. A polvadenylation signal and transcription termi-
nation sequence may be located 3" to the coding sequence.

As used herein. the term “hybridization” refers to the pro-
cess of association of two nucleic acid strands to form an
antiparalle] duplex stabilized by means of hydrogen bonding
between residues of the opposite nucleic acid strands.

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

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

promaters, may be used to drive the various vectors of the :

present invention.

As vsed herein, the terms “restriction endonucleases™ and
“restriction enzymes” refer 1o enzymes that cut double-
stranded DNA at or near a specific nucleotide sequence.

A cell has been “transformed” or “wransfected” 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 prokaryotes, yeast, and mammalian cells for example, the
transforming DNA may be maintained on an episomal ele-
ment such as a plasmid. With respect to eukaryotic 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 3

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
ancestor 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-
tifiablc scgment of DNA within a larger DNA molecule that is
not found in association with the larger molecule in pature,
Thus. when the heterologous region encodes 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 organisni. In apother example, heterologous DNA
includes coding sequence in a construct where ponions of
genes from two different sources have been brought together
$0 as 1o produce a fusion protein product. Allelic variations or
naturally-occurring mutational events do not give rise 10 a3
heterologous region of DNA as defined herein.
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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: cystcine: D: aspartic acid: E:
glutamic acid; F: phenylalanine: G: glycine: H: histidine: 1:
isoleucine; K: lysine: L: leucine: M: methjonine; N: aspar-
agine: P: proline; : 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 1o binding of an antibody to the antigen to which the
antibody was raised, but not other. unrelated antigens.

As used herein the term “isolated” is meant (o 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 acid, 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 to 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
target sequence at equilibrium. Since the target sequences are
generally present m 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 0.0] to 1.0 M sodium ion (or
other salts) at pH 7.0 to 8.3 and the temperature is at least
about 30° C. for short probes, primers or oligonucleotides
(e.g., 10 ntto 50 nt) 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%, 90%, 95%.
98%, or 99% homologous to each other typically remain
hybridized 10 each other.

Theterm “identity” in the context of sequences refersto the
relatedness of two sequences on a nucleotide-by-nucleotide
basis or amino acid-by-amino acid basis over a particular
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
IDNA segments or the primary structure of two polypeptides.

“Similarily” between two amino acid sequences is defined
as the presence of a series of identical as well as conserved
amine 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
amine acid residues in both sequences. The percentage of
sequence identity is calculated by comparing two optimally
aligned sequences over a particular 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 nomber of
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positions 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, J.
Mol. Biol. 48:443 (1970), by the method of Pearson & Lip-
man, Proc. Natl. Acad. Sci. (USA) 85:2444 (1988) and by
compuler programs which implement the refevant algorithms
(e.g., Clustal Macaw Pileup, FASTDB (Intelligenetics),
BLAST (National Center for Biomedical Information; Alis-
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. Jt is determined by measuring the ability of the
sense strand of one DNA segment to hybridize with the anti-
sense strand of the other DNA segment, under appropriate
comlitions, to form a double belix. 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 ability to form hybrid duplexes between the
strands of the two DNA segments.

The terms “homology”, “homologous,” “substantially
similar,” and “corresponding substantially” are used inter-
changeably. They refer to sequence fragments, nucleic acid or
amino acid, wherein changes in one or more bases or residues
does not affect the ability of the fragmeni to resultin a specific
functional protein. These terms also refer 1o 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 fuactional 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
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 a coding sequence when itis
capable of regulating the expression of that coding sequence
(i.e., that the coding sequence is under the transcriptional
contro] 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 nol compro-
mised. Generally, operably linked means that the nucleic acid
sequences being linked are contiguous and, where necessary
1o join two protein coding regions, contiguous and in the same
reading frame.

The term “expression”, as used herein, refers 10 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 sequencc identity to any of these sequences of
at least about 80%, 85%. 90%, 95%, and usually at least about
99% over the entire length of the nucleic acid.

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

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 1o demonsirate 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 1o function well in the practice of the invention,
and thus can be considered to constitute preferred modes for
its practice. However, those of skill in the art 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 [rom the
spirit and scope of the invention.

Example 1
Generation of Antibactenal Proteins

The amino acid sequences of the APs were designed based
on multiple alignments of bacteriophage genes. There are
four families of lysin catalytic domains found in enzymes of
Lactobacillaceae specific bacteriophages. At least one AP of
the invention was derived from each of the four families of
catalytic domains.

The amino acid sequences were derived from between 8
and 20 full-length protein sequences containing catalytic
domains, obtained from the public domain PFAM database.
Each sequence was truncated from the caroboxy terminus so
that only the catalytic domain sequence remained. If the
sequence contained a bacterial secretion leader sequence, it
was also truncated from the catalytic domain. The catalytic
domain sequence sets were computationally aligned using a
dynamic programming implementation ofthe ClustalW algo-
rithm in the licensed software package CL.C Combined Work-
bench (CLC bio) with default settings (FIGS. 6, 8, and 10).
The resulting consensus sequence lor each of the four cata-
Iytic domain families was used as the basis for each antibac-
terial protein of the invention. The consensus sequences were
analyzed for secondary protein structure, also using the CL.C
program with default settings. Where a consensus sequence
contained an ambiguity or gap. knowledge of the secondary
protein structure was used to choose an amino acid for that
position that would preserve the integrity of the secondary
structure. The catalytic domain sequernces are shown in FIGS.
5,7,9,and 1.

In addition to a catalytic domain, a carboxy terminal bind-
ing domain was also added to cach AP of the invention. The
binding domain provides a means for the AP to aftach to the
cell wall of a bacterium so that the catalytic domain can digest
the molecules of the cell wall. A consensus sequence for a
binding domain derived from Lactobacillaceac bacterioph-
ages was constructed as described above for the catalytic
domain. LysM is the common domain pattern found in Lac-
tobacillaceae bacteriophages. Again. where the consensus
sequence contained an ambiguity or gap. knowledge of the
secondary protein structure was vsed to choose an amino acid
for that position that would preserve the integrity of the sec-
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ondary structure. The binding domain consensus sequence
was added to the carboxy terminus of the catalytic domain
CONSENnsus sequeEnces.

The constructed amino acid sequences were then reverse
translated using the codon frequency table for the yeast
Kluyveromyces lactis (Table 1). Further adjustments to the
nucleotide composition were made to optimize CG %, elimi-
nate repeated nucleotides, and minimize secondary nucleic
acid structure. Restriction enzyme sites were added for clon-
ing purposes including a 5 prime Xhol site and a 3 prime Bglli
site. The optimized sequences were commercially synthe-
sized and cloned into pUCS7 plasmids. DNA was isolated
from the pUCS7 plasmids, digested with Xbol and Bg!l!, and
cloned into the yeast expression plasmid pKLAC].

Example 2
Nisin Protein Synthesis

Nisin is an antibacterial bacteriocin substance that is
secreted by some strains of Lactococeus 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
to 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. It
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 Kluyveromyces lactis. Because
yeast do not have the enzymes necessary to 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 antibacterial activity when tested in a
bacterial killing assav. Specifically, nisin A yeast preparations
killed the target Enterococcus faecalis bacteria in a dose
dependent manner, while preparations from non-engineered
yeast did not.

The unmodified nisin gene was constructed using oligo-
nucleotides that were commercially syntbesized 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 cnds. The open reading frame of the
nisin peptide was codon harmonized according to Kfupvero-
myces laciis codon usage frequency (Table 1, SEQ ID NO.
10). The oligos were annealed, phosphorylated, ligated, and
then the single double-stranded molecule was ligated into the
commercial pKIAC! yeast expression vector.

Example 3
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 pKLAC1
shuttle vector was used. An AP to be expressed was cloned
into the multiple cloning site of the pKLACI plasmid at the
Xhol and BGL! restriction sites. The APcodons were placed
in frame with both the KEX protease recognition site (amino
acids lysine-arginine) and the preceding alpha mating factor
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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 Sacli. which exposed the DNA
sequence homologous with the K. Jactis LAC4 at both the 5
prime and 3 prime termini of the vector. Specifically, 2 ug of
pKLACT DNA containing an AP of interest was digested with
20 units of Sacli in 50 ul of 1x NEBuffer at 37° C. for 2 houss.
The digested DNA was desalied using a commercially avail-
able DNA fragment purification kit.

Introduction of the linearized expression cassette into X.
{actis cells was achieved by chemical transformation using X.
lactis GG799 Competent Cells and NEB Yeast Transforma-
tion Reagent. Specifically, 620 nl of NEB Yeast Transforma-
tion Reagent was added 10 K. [actis competent cells on ice.
About 1 pg of hinearized pKLACI DNA containing the AP of
interest was added 1o 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 supematant was discarded. The
cell pellet was resuspended in 1 mL of sterile deionized water.
The cells were again microcentrifuged at about 7000 r.p.m.
for 2 minutes and the supernatant was discarded. The cells
were then resuspended in 1 ml. YPGlu medium and trans-
ferred 10 a sterile culture tube and incubated at 30° C. while
shaking for 30 minutes. The cells were pelleted by microcen-
trifugation as described above and resuspended in 1 mb 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 homolo-
gous recombination, were able to utilize acetamide as a nitro-
gen source due 1o the presence of the acetamidase enzyme
transgene in the vector. AP expression was driven by the
constitutive expression of the LAC4 gene in the yeast.

To determine if the cloned yeast expressed the inserted AP,
supernatants were extracted from three separate yeast colo-
nies. The supernatants were analvzed 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 misin transgene product (FIGS.
2.3, and 4). The MS peak at 701 indicates the presence of the
expressed nisin transgene in the supernatant. The 697 peak is
a non-transgenic natural product of the yeast. Further, the
small peaks closc to 701 are the radioisotope variants that arc
commonly observed.

Example 4
Antibactcrial Activity in AP Secreting Yeast

Antibacterial activity in yeast culture supernatants was
tested against 3 target strains of lactic acid bacteria including
Enterococeu faecalis 32, Lactobacillus acidophilus (ATCC),
and Pediococcus pentosaceus. The method was a modifica-
tion of the protocol deseribed in Berjeaud et al. Appl Micro-
biol. Biotechol. 57:757-763. 2001. Each species was trans-
formed with pL8YCO02, a plasmid carrying the JuxA::B
fusion proteins controlled by the lactococcal p59 promoter
and an erythromycin resistance gene. The luxA:B fusion pro-
tein causes luminescent light emission when living bacteria
are exposed to nonaldehyde. Killed bacteria do not emit light.
Bacteria were grown in phosphate buffered (pH 7) Terrific
Broth with plycero! containing 150 pg/mL erythromycin
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(TBG). Single colonies from agar plates were used 1o seed
overnight cultures, which were incubated at 37° C. with shak-
ing. The next day, the cultures were diluted 1:5 in 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 pH 7 into
96 well opaque plates. Next, 50 uL of test supematant or
diluted authentic nisin peptide was added to each well in
triplicate. Luminescence was measured in a BMG Lumistar
Opiima luminometer after three baseline measurements, 1
second integration at a gain of 4000, and injection of 2
nL/well of the bacterial luciferase substrate nonaldeyde.
Twenty subsequent measurements were made and lumines-
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 emptly pKLAC] expression cassette or expressing the
maltose binding protemn from the pKI.AC1-malE expression
cassette (New England Biolabs) were used. For positive con-
trols, nisin reagent (MP Biologicals), or nisin peptide synthe-
sized by Genscript, was used. As shown in F1G. 12, synthetic
nisin that had not been modified exhibited antibacterial activ-
ity. Contrary to what is known in the art, nisin does not need
to be modified to elicit antibacterial activity.

To evaluate transgenic yeast strains cxpressing the glu-
cosamidase derived antibacterial protein, transgenic yeast
were co-cultwred with pLSYCQ2 transformed Pediococcus
pentosaceus bacteria. Again, pLSYCO2 carrying bacteria
emit luminescent light while alive when exposed to nonalde-
hyde, but killed bacteria do not emit light. Transgenic and
wild type K. lactis yeast clones were grown in 10% yeast
extract, 20% bacto peptone, 2% galactose (YPG) for 36 hours
at 30° C. with shaking. Galactose was used as the carbon
substrate to activate the transgenic galactosidase promoter
which drives expression of the transgene. Transgenic Pedio-
cocceus pentosaceus bacteria carrying the pL.SYCO2 plasmid
were grown overmight in temific broth with 1% glycerol and
10pg/mL erythromycin (TBGE)at 37° C. with shaking. Yeast
and bacteria were pelleted and resuspended in YPG. Twenty
million bacterial cells and two million yeast cells were dis-
pensed into flat bottom, opaque microtiter plates in 100 pL
aliquots (final total volume). Afier 3 cycles of measuring
background luminescence, 5 pl. nony! aldehyde (Acros
Organics, 95%) was injected into each well except for blank
wells, and luminescence was measured for 20 ¢ycles with
shaking between each cyele in a 37° C. thermostatted BMG
Lumistar Optima luminometer.

Yeast strains expressing the glucosamidase derived anti-
bacterial protein showed antibacterial activity when co-cul-
tured with Pediococcus pentosaceus bacteria (FIGS. 2 and 3).
Over the course of about 3 cycles, luminescence detection
significantly decreased indicating a decrease in live bacteria.
In the co-culture containing the glucosamidase derived anti-
bucterial protein expressing yeast compared o the culture
containing wildtype yeast. These results indicate the antibac-
terial protein effectively killed bacteria.

Example 5
Antibactenial Activity in AP Secreting Yeast

Antibacterial activity in yeast cullure supemnatanis was
tested against lysozymes of known enzyme activity found in
hen egg whites. The test is designed 1o determine the activity
of the bacteriophage lysine enzyme discussed in the present
application. The methodology for the assay was based on the
EnzChek Lysozyme Assay Kit (e-22013) produced by Invit-
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rogen. The assay uses Micrococcus cell walls over-labeled
with fluorescein isothiocyanate. The excess fluorescein label
causes diminished fluorescence signal because of fluorophore
proximity. When lysozyme activity causes molecular units to
detach from the cell wall, the units carry fluorescein mol-
ecules with them, which lessens fluorophore proximity and
increases overal] fluorescence.

The assay was performed in 96 well plates, with each
condition tested in duplicate. Test supernatants were samples
of AP secreting recombinant yeast culture that have been
centrifuged at 16,000xg for 5 minutes to completely remove
cells and debris. The Lysozyme standard used as a control or
comparative was hen egg white lysozyme dissolved in phos-
phate buffered saline pH 7 (PBS) at 1,000 units/ml. A two-
fold dilution series was carried out six times with lysozyme
standard or test supernatant as follows: 25 pl. of PBS was
added 1o all wells. In the first column of wells. 25 pl of
lysozyme standard or test supernatant was added. Afier mix-
ing, 25 pl. were transferred to the next well. This set was
repeated five more times to result in six, two-fold dilutions. 25
ul. were removed from the last well and discarded. Then 25
pl. of FITC-labeled Micrococcus cell walls (substrate), at 100
pg/ml was added 1o all wells. A final set of 2 wells contains 25
puL PBS and 25 pl. subsirate to serve as a no enzyme control.
The plate was incubate at 37 C for 30 minutes, and then the
fluorescence was read on a Fluodia plate reader (Photon Tech-
nologies Inc)using FITC filters and attenvation settings of Y4,
V6 and ¥&. After subtracting the fluorescence of the no enzyme
control from cach well, the corrected fluorcscence values
were recorded and expected to reflect the maximum reaction
velocity (Vmax) achieved under the assay conditions. Data
was plotted as Vmax as a function of lysozyme standard
activity units.

As shown in FIG. 4 the AP secreting yeast display activity
similar to the lysozyme. The results demonstrate that the AP
secreting yeast will cause breakdown of the cellular walls,
and can be correlated with the potential breakdown of bacte-
rial cell walls.

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 dehvdroge-
nase I promoter system derived from Aspergillus nidulans.

The alcoho) 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 to three prime order: 1) the alcohol dehydrogenase 1
promoter of Aspergillus nidulans (derived from Genbank
M16916.1) 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 the bacteriophage peptidoglycan-
digesting catalytic domains including, but not limited 10, SEQ
ID NO: 1-5: and 4) a cell wall-associated protein domain
specific to bacteria of the order Lactobacillaceae derived from
the cell wall tytic enzyme genes of phages that infect lactic
acid bacteria. The sccond sequence component consists of the
following DNA sequences. fused 1ogether, in five prime to
three prime order: 1) 2 constitutive promoter such as SV40; 2)
anopenreading frame for the alcR transcription factor protein
that is derived from the gene of that function in Asperigilius
midulans. The two DNA sequence components may be syn-
thesized using oligonucleotides with overlapping cohesive
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ends. The two DNA sequence components may be codon
harmonized according Lo the codon usage frequency for the
desired host 10 optimize expression properties.

In this system, the transcription factor transgene. aicR. will

be constitutively expressed. When ethanol is present in the s

environment, the alcR transcription factor will activate tran-
scription of the trapsgenic enzyme and the transgenic host
cells will synthesize and secrete the lytic 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
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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
sequence of steps of the method described herein without
departing from the concept, spint and scope of the invention.
More specifically, it will beapparent 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 art are
decmed to be within the spirit, scope and concept of the
invention as defined by the claims.

SEQUENCE LISTING

<160> NUMBER OF SEQ 1D NOS: 10

<210> SEQ ID NO 1

<211> LENGTH: 911

«212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

«223> OTHER INFORMATION: Alanine Amidase CGenescript

406> SEQUENCE: 1

ctegagaaaa gaatgattat gttggttgca ggtcatggtt acaatgatce aggtgotget 60
ggtaatggyta caaatgaaay agactttatc agaaaataca taacaccaaa cattgctaag 120
tatttgagac acgccggtca tgaagttgct ctatatggtg gttcatcaca atctcaggat 180
atgtaccaag atactgotta cggtgtcaac gtaggaaaca acaaagatta tggtttgtac 240
tgggttaaat ctceatggtta cgatatagtt cttgasatcee atettgacge agoetggtgaa 300
tctgecagtyg gtggtcatgt aattatttcoce tcacaattta acgotgatac tatcgataaa 360
tcratccaag atgtcattaa gaataactta ggtcaaatta gaggtgttac ccctagaaat 420
gatttgetaa acgttaatgt tocgetgaga ttaatattaa <tatagatta tcagaactag 480
gttttattac taataagaat gacatggatt ggataaagaa aaactatgat ttgtattcaa 540
agttgattge tggtgotatt catggtggtyg gtggtggite cggaggtyggt ggatcetggty €00
gtggaggttc ttatatagty aaacaaggty atactitaag tggtattget tcaaattggg 680
gtaccaattg gcaagaacta gctagacaaa atagtctttc taatccaaat atgatctata 720
caggtcaagt gatcagattc acayggtggtc agtotggtge taccgctaga acctacacag 180
tttcatcagyg tgataatitg toctcaatag catccagatt gggtacaaca gttcaatect 840
tggtatceat gaatggtatc tcocaacccaa actiaattta tgocggacaa accettaact 900
attaaagate t 811
«210> SEQ 1D NOC 2

<211> LENGTH: 1047

«212> TYPE: DNA

<213> ORGANISM: Artificial

«220> FEATURE:

<223> OTHER INFORMATION: Glucosaminidase Genescript

<400> SEQUENCE: 2

ctegagaaaa gaatgcaayg taaggecoltc gotgaagceit gtaagaagaa taatatcaat (3¢
gaaatttatt taattgotca cgectttttg gaatcaggtt acggtactte taatttogea 120
tctggtagat acggtgggta taactatttc ggtatcggtg catttgataa caatccaaac 180
tacgetatga ctttogotaa gaataagggt tggacatctc ctgcetaaage tattatggga 240
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-cont inued

ggtgcrtoat
gatggaacce
atcaagctag
gtggtggtgg
actggggtac
titacactyg
atactgttte
atctcttgtt
aaactattyga
attgcttcaa
ccaaatatga
gctagaacct
acaacagttc

ggacaaaccc

ttgttagaaa
aaagaaccca
tactataget
tggttcetac
aaattggcaa
tcaagttatc
atceggicat
tctatgaatg
agatctigtgg
attggggtac
totatacagg
acacagtttc
aatctttggt

ttaactatta

<210> SEQ ID NG 23
<211> LENGTH: 979

<212> TYPE: DNA

agattatatt
gctacacace
aagctttata
atcgttaaac
gaattggcta
agatttactg
aatttgteott
gtattagtaa
aggttcttat
caattggcaa
tcaagtgatc
atcaggtgat
atccatgaat

aagatct

«213> ORGANISM: Artificial
«220» FPEATURE:
<223> OTHER INFORMATION: Lysozyme Genescript

«400> SEQUENCE: 3

gatcaagecea
acatatatet
tatttgccaa
gctagtagag
getgeotggtt
tataaacaga
gaagttacce
caattcacta
acagacaacyg
getattgaga
cagtaaaagt
taaagggtca
ttatgtcatg
ctaccccagc
catatataegt
ggeaagaget

tcattagatt

cttacgagac
ggtatcaagt
aaattcaaac
ataaacaagc
atactccaat
ttattaaaga
cagttoctaa
gtacttatgt
gttatggtaa
atyggtaaaga
taactttggt
accacataaa
grtgtcagtt
aaagagtgyt
taagcaaggt
ggctagacaa

taccggtyg

«210> SEQ ID NO 3
<211> LENGTH: 1050

<212> TYPE

: DNA

tcaagtcget
tggaggrtct
tccaaagaat
taacacagat
gtattactca
gtttocaaac
ttattettee
tgctggtgge
gcaaaaagga
agcaaatgaa
gecaagaatt
ataatccaaa
cartgatgttyg
ggrggrggaa
gatactettt

aatagtttat

<213> ORGAENISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: Peptidase Genescript

aatagggtca
aatatgetac
agggtggtgy
aaggtgatac
gacaaaatag
gaggtcaate
ctattgetag
tccaaactta
atagtgaaac
gaactagcta
agattcacag
aatttgtoct

ggtatcteoca

tcoygcaatag
caagaagtty
agtatagtyg
getatettat
gataaaccat
tetetatgga
tteccttcaa
ttagatggaa
caagaagtta
gttaaggtaa
acgctacagg
agaacggtga
aaaccattga
grgatgdargg
caggtatcgc

ctaatccaaa

aaacactttg
tgcaattgaa
aggttetggt
ttrgretggt
tttatctaat
tggteccact
tagattggga
atttacgcey
aaggtgatac
gacaaaatag
gtggtcagtc
caatageatc

acecaaactt

ctcaaggaaa
ctaaagcagc
crttagatta
atggtatgag
acactcttgo
trgetgetta
tggatggtat
atgtggactt
agccetgatac
cgacgttgag
tgaaacaatt
tactgttity
tgcttcaacc
tggrtctggt
tteotaactgy

cargatctat

tatagaatca
tggtgtcaac
ggtggtggaa
attgcttcaa
ccaaacatga
geccagaactt
caactgtgea
gtecaaacatt
tttaagtggt
tctrictaat
tggtgctace
cagattgggt

aatttatgee

aagagctcat
cettgataga
cgaatccggt
aagagttaaa
caacgtcaat
teccaaactac
cteagtatte
gacrtggtatc
cgeractect
grtggtatga
ccteaatygyg
ctagatggta
teccaaccaa
ggtggtggat
ggtacaaatt

accgytcaag

300

360

420

480

540

600

660

720

780

840

900

980

1020

1047

80

120

180

240

380

420

480

540

800

660

720

780

840

900

960

279
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-cont inued
<400> SEQUENCE: 4
actgettacg gtcatatgtyg ggatgettic gcaacaggat tgagacaagg tcagagagte €0
gaagctggtc agttaatige ttacgtcggt accaacggtce aatctacagg toctcatett 120
catttcgagg tcocatccaac tgtttggaga casggtictc aaatcgatce aaaaccatgy 180
trggctaaty ctagaaacce agytygataca geacctgeoce Cagcaccace aaaaggtyggt 240
actttagota octigactga LOCLiLtact ggagaactit ggtctccaaa cagataccat 300
ccaagaggtc ttggtgatcc aagatggatt gttgttcaca ctcaagaagg tggtagaact 360
gctagagatt tggotgcotta tcttgetcaa aagtoticte aagtttcata ceatgtggrtt 420
gtagatgaca gagaagttct aaaagttgtt gocgaaggtg atgotcocatyg ggcoagotget 480
ggtgctaaca aatacgcatt ccatatcotgt atggctggtt cttatgocte ctggagtaga 540
aacaagtggt tggatgtcga taccagtgac ggtaagaatg aggatttgca attgaccaaa 600
actgetcatg tgatcgealy gtggtgegat aagtatggta taccaccagt ttggatcoggt €60
ggtagaaata ttoctecatg gggattggat ggtgtttgrtg gtcatgtoga cttaggtgea 720
tggggtggag gacacacaga toctggacea aactttocta gagacgaall aatgagaaga 780
gtttcteaat ttlitggotygg tacagaatta ¢Caccactac ¢aacccecace agctgrtaaca 840
gttocaggta ccaaaccaga tcaatatggt gattggatgt tgtacagagg taatggtgga 800
ggaggttctg atggaggagyg tagtggaggt ggtggtagit acatcegttaa acaaggtgat 960
actetttcotyg gtattgeate taactgaggt acaaactygge aagaatlggce tagacaaaac 1020
tecttgtota atccaaatat gatctatace 1050
«210> SEQ 1D NO 5
<211> LERGTH: 600
«212> TYPE: DNA
<213> ORGANISM: Artificial
<220> FEATURE:
«223> OTHER INFORMATION: Synthetic Nisin Gene Cloned
<400> SEQUENCE: &
aaactgacat cgacgatctt ccaatatcgy ttccagaaga agocttgatt ggattcattg €0
acttaacocgg ggatgaagtt teotigtuge ctgttaataa cggaacccac actggtatte 1290
tattcttaaa caccaccatc gcotgaagetg ctticgetga caaggatgatl ctcogagaaaa 180
gaatgatLac LrIctartict tigtgtacic caggttgtaa aactggtgcet ttgatgyggte 240
gtaatatgaa aactgotact tgtcattgtt ctattcatgt ttctaaataa aggecttgaa 100
tcgagaattt atacttagat aagtatgtac ttacaggtat attteratga gatactgatg 260
tatacatgea tgataatall taaacggtta ttagtgecga trgtotigte cgataatgac 420
gttcctatca aagcaataca cttaccaccet attacatggg ccaagaaaat attticgaac 480
ttgtttagaa tattagcaca gagratatga tgatatccgt tagartatge atgattcatt 540
cctacaactt tttegtagea raaggattaa ttacttggat gecaataaaa aaaasaaaca $00

<210> SEQ ID NO &
<211> LENGTH: 303

«212> TYPE

PRT

<213> ORGANISM: Artificial
«220> FEATURE:
«223> OTHER INFORMATION: Alanine

<400> SEQUENCE: §

Amidage Genescript

Leu Glu Lys Arg Met lle Met Leu Val Ala Gly His Gly Tyr Asn Asp
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-continued

30

Pro

Tyr

Val

Thr

€5

Trp

Ala

Phe

Asn

Val

145

Gly

Agp

Gly

Gln
228
Thr
Arg

Arg

Asn

<210
<211»>
«212>
«213>
«220>
<223

Gly

Ile

Ala

50

Ala

val

Ala

Asn

Leu

130

Asn

Phe

Leu

Ser

Gly

210

Glu

Gly

Thr

Leu

Pro
250

Ala

Thr

35

Leu

Tyr

Lys

Gly

Ala

118

Gly

Val

Ile

Tyr

Gly

185

Asp

Leu

Gln

Ty

aly

275

Asgn

Val

20

Pro

Tyr

Gly

Ser

Glu

100

Asp

Gln

Sexr

Thr

Ser

184

Gly

Thr

Ala

val

Thr

260

Thr

Leu

SEQ 1D KO
LENGTH :
TYPE: PRT
ORGANISM: Artificial
FEATURE:
OTHER INFORMATION: Gluccsaminidage Genegcript

<400> SEQUENRCE:

Leu Glu Lys Arg

1

Asn Asn

Gly

Tyr

Phe
&5

Tyr

Phe
50

Ala

Ile
Gly
a5

Gly

Lys

Asn

20

Thr

1le

Asn

Gly

Asn

Gly

Val

His

85

Ser

Thr

1le

Ala

Asn

165

Lys

Gly

Leu

Arg

Ile

245

Val

Thr

Ile

i

246

9
Met

s

Glu

Ser

Gly

Lys

Asn

Ile

Gly

Asn

70

Gly

Ala

Ile

Arg

Glu

180

Lys

Leu

Gly

Ser

Gln

230

Arg

Ser

val

Tyr

Gly

Ala

Ser

val

Tyr

Ser

Asp

Gly

13%

Ile

Asn

1le

Ser

Gly

215

Asn

Phe

Ser

Gln

Ala
29%

Thr
Lys
40

Ser
Gly
Asp
Gly
Lys
120
Val
Asn
Asp
Ala
Gly
200
Ile
ser
Thr
Gly
Ser

280

Gly

Asn

25

Tyr

Gln

Asn

1le

Gly

105

Ser

Thr

Ile

Met

Gly

18%

Gly

Ala

Leu

Gly

Asp

265

Leu

Gln

Gln Gly Lys Ala

Ile

Asn

Ala

Gly
70

Tyxr Leu Ile

25

Phe Ala Ser

40

Phe Asp Asn

55

Trp Thr Ser

10

Glu

Leu

Ser

Asn

Val

80

His

Ile

Pro

Aan

Asp

170

Ala

Gly

Ser

Ser

Gly

250

Asn

Val

Thr

Phe
10
Ala

Gly

Pro

ATy

Gin

Lys

75

Leu

val

Gln

Arg

Tyr

155

Trp

Ile

Gly

Asn

Agn

23%

Gln

Leu

Ser

Leu

Ala

His

Arg

Pro

Ala
75

Asp

His

Asp

€0

Asp

Glu

1le

Asp

Aen

140

Arg

Ile

Hig

ser

Trp

220

Pro

fer

Ser

Met

Aegn
300

Glu

Ala

Tyr

Asn

€0

Lysa

Phe

Ala

45

Met

Tyr

Ile

1le

val

128

Asp

Leu

Lys

Gly

Tyr

205

Gly

Asn

Gly

Ser

Asn

285

Tyr

Ala
Phe
Gly
45

Tyr

Ala

lle
30

Gly

Gly
His
Ser
110
lle
Leu
Ser
Lys
Gly
150
Ile
Thr
Met
Ala
Ile
270

Gly

Arg

Cys
Leu
30

Ala

Ala

Iile

15

Arg

His

Gln

Leu

Ley

95

Ser

Lys

Leu

Glu

Asn

178

Gly

Val

Asn

1le

Thr

26%

Ala

Ile

Ser

Lys
15

Glu

Tyr

Met

Met

Lys

Glu

Asp

Tyr

80

Asp

Gln

Asn

Asn

Leu

180

Gly

Lys

Trp

Tyx

240

Ala

Ser

Ser

Lys

Ser

Aan

Thr

Gly
80
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-continued

32

Gly

Leu

Ala

Leu

Gly

145

Agn

Asn

Gln

Asn

Val

225

Thr

<210>
<211l>»
«212>
<213>
«220>
«223>

Ala

Ty

Thr

Tyr
130
Ser
Trp
Pro
Sex
Leu
21¢

Sex

Leu

Sex
Arg
Ala
11%
Lys
TYr
Gly
Asn
Gly
195
Ser

Met

Aen

Phe

Ile

100

Gly

Ile

Thr

Met

180

Gly

Ser

Asn

Tyr

Val

Arg

Glu

Gly

val

Asn

165

Ile

Ala

Ile

Gly

Arg
245

SEQ 1D NO 8
LENGTH:
TYPE: PRT
ORGANISM: Artificial
FEATURE:
OTHER INFORMATION: Lysozyme Genescript

450

«4G0> SEQUENCE: 8

Leu Glu Lys Arg

1

Phe

Gly

Phe

Tyr

€5

Ser

Val

Pro

Ser

Gly

145

Asp

Glu

Ala

Asp

Gly

Gly

Ala

Gly

Lys

Gly

130

Met

Lys

Phe

Phe

Gln

35

Tyr

Gly

Ile

Gly

lle

115

Ala

Arg

Pro

Pro

Phe

20

Gly

Ala

Thr

Ala

Ser

100

Gln

Ser

Arg

Tyr

Aon
180

Met

5

val

Val

Hie

Phe

Gln

8%

Gln

Thr

Gly

val

Thr

165

Serx

Trp

Trp

Gly

Lys

150

Trp

Tyr

Thr

Ala

Ile

230

Ser

Lys

Val

Asp

Asp

Val

76

Gly

Glu

Pro

Asp

Lys

156

Leu

Leu

Lys

Asn

Cys

Gly

135

Gln

Gln

Thr

Ala

Ser

21%

Ser

Lya

Ala

Txp

Lys

55

Aep

Lys

Val

Lys

Lys

135

Ala

Ala

Trp.

Asp

Pro

Gin

120

Ser

Gly

Glu

Gly

Arg

200

Arg

Asn

Leu

Ala

Ser

40

Phe

Gln

Arg

Ala

Asn

120

Gln

Ala

Asn

Ile

Tyx

Lys

105

His

Gly

Asp

Leu

Gln

188

Thr

Leu

Pro

Ile

Ser

25

Lys

Ala

Ala

Ala

Lys

105

Ser

Ala

Gly

Val

Ala
185

Ile

90

Asn

Gln

Gly

Thr

Ala

170

val

Tyr

Gly

Agn

Lys
16

Gly
Tyr
Phe
Thr
His
90

Ala
Ile
Asn
TyT
Asn

170

Ala

Asn

Pro

Ala

Gly

Leu

1585

Arg

Ile

Thr

Thr

Leu
235

Lyw

Pro

Agn

Ser

Tyxr
75

Thr
Ala
Val
Thr
Thr
155

TyTr

Tyr

Lys

Ala

Ser

Gly

140

Ser

Gin

Arg

val

Thr

220

Ile

Ser

Val

Gly

Gln

80

Glu

Tyr

Leu

Ala

Asp

14¢

Pro

Lys

Pro

Gly Gln Asn

Thr

Thx

128

Ser

Gly

Aon

Phe

Ser

208

val

Tyr

Ala

Phe

Thr

45

Ile

Thr

Ile

Asp

Leu

125

ARla

Met

Gin

Asn

His

110

Ile

Gly

Ile

Ser

Thr

1380

Ser

Gln

Ala

Ile

Ala
30

Tyr

Gly

Gln

Trp

Arg

110

Asp

1le

Tyr

Ile

Tyr
120

95

Gln

Ala

Gly

Ala

Leu

175

Gly

Gly

Ser

Gly

Gly

Ala

Gly

Gly

Val

Tyr

85

TyY

Tyxr

Leu

Tyx

Ile

178

Glu

Thr

Tyr

Lys

Gly

Ser

160

Ser

Gly

Asp

Leu

Gln
240

Met

Val

Asn

Thr

Ala

80

Gln

Leu

Glu

Ser
140

Lys

Val
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-continued

34

Thr

Val

Val

225

Glin

Glu

Lys

Gln

Thr

305

Glu

Gly

Ile

Thr

Met

385

Ala

Ile

Gly

Arg

<2105
«211>
<2l2>
«213>
<220>
<223>

Pro

Phe

210

Asp

Glu

Ala

Val

Trp

290

Val

Thr

Gly

Val

Asn

370

Ile

Thr

Ala

Ile

Ser
450

Val

195

Gln

Leu

Val

Asn

Asn

275

Val

Leu

Ile

Gly

Lys

355

Trp

Tyx

Ala

Ser

Ser
435

Pro

Phe

Thr

Lys

Glu

280

Phe

Lys

Leu

Agp

Gly

34¢

Gln

Gln

Thr

Arg

Arg

420

Asn

Asn

Thr

Gly

Pro

245

Val

Gly

Gly

Asp

Ala

328

Ser

Gly

Glu

Gly

Thr

405

Leu

Pro

SEQ 1D RO 9
LENGTH:
TYPE: PRT
ORGANISM: Artificial
FEATURE :
OTHER INPRORMATION: Peptidase Genescript

482

<400> SEQUENCE: 9

Leu Glu Lys Axg

1

Gly

Asp

Gly

Ala

&5

Ala

Ala

Pro
Gly
Arg
50

Asp

Thr

TYY

Arg
Thr
35

Ala
Cly

Gly

Val

Trp

20

Pro

Asp

Gly

Leu

Gly

Met

5

Gly

Ile

Gly

Gly

Arg

Thx

Tyr

Ser

Ile

230

Asp

Lys

Ala

Gln

Gly

310

Ser

Gly

Asp

Leu

Gln

390

Gly

Asn

Arg

Ser

Phe
Thr
70

Gln

Asn

Ser

Thx

21%

Thr

Thyr

Gly

Lys

Pro

29%

Ile

Thr

Gly

Thr

Ala

375

Val

Thr

Thr

Leu

Ala

Gln

Rla

Gly

S5

Thr

Gly

Gly

Fhe
200

TYY

Asp

Ala

Asn

Asn

280

His

Met

Ser

Gly

Leu

360

Arg

Ile

Val

Thr

Ile
440

Gly

His

Ala

40

Gln

val

Gln

Gln

Bhe

Val

Asn

Thr

Asp

265

Tyr

Lys

ser

Gln

Gly

245

Ser

Gln

Arg

Ser

val

425

Tyr

Thr

Arg

Gln

Try

Ty

Ser

Pro

Ala

Gly

Pro

250

Val

Ala

Ile

Trp

Pre

330

Ser

Gly

Asn

Phe

ser

410

Gln

Ala

TyT
10

Gly
Gly
Ile
Gly
val
90

Thr

Ser

Gly

Tyt

235

Ala

Glu

Thr

Ile

Leu

315

Thr

Gly

Ile

Ser

Thr

395

Gly

Ser

Gly

Thr

Leu

Gly

Val

Hig

75

Glu

Gly

Met

Gly

220

Gly

Ile

Val

Gly

Gln

300

Ser

Thr

Gly

Ala

Leu

isg

Gly

Asp

Leu

Gln

Asp
Thr
Ile
[34]

Met

Ala

Pro

Asp

205

Leu

Lys

Glu

Gly

Glu

285

Lys

Val

Pro

Gly

Ser

3685

Ser

Gly

Asn

Val

Thr
445%

Ser

Phe

Val

45

Asp

TIp

Gly

Hig

Gly

Asp

Gln

Asn

Mer

270

Thr

Asn

Hig

Ala

Gly

350

Asn

Asn

Gln

Leu

Ser

430

Leu

Sexr

Ala

Ala

His

Asgp

Gln

Leu

1le

Gly

Lys

Gly

255

Thr

Ile

Gly

Asp

Lys

335

Ser

Trp

Pro

Ser

Ser

415

Met

Asn

Gly
15

Ala

Ty

Pro

Ala

Leu

95

Hig

Serx

Asn

Gly

240

Lys

Val

Pro

Asp

Val

320

Serx

Tyr

Gly

Asn

Gly

400

Ser

Asn

Tyr

Fhe

Lys

lle

Ala

Phe

80

Ile

Phe
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36

Glu

Pro

Ala

14%

Gly

Pro

Asp

Val

Ala
2258

1le

Him

305

Gly

Gly

Gly

Ile

385

Thr

Met

Ala

Ile

Gly

465

Arg

«210>
«211>
«212>
«213»
<220
223>

Val

Trp

130

Pro

Glu

Arg

Leu

val

210

Pro

Ala

Thr

Val

Gly

290

Val

Phe

Thr

Thr

Gly

370

Val

Asn

Ile

Thr

Ala

450

Ile

Ser

Hisg

115

Leu

Pro

Leu

Trp

Ala

185

Val

Trp

Gly

Sex

lle

275

Gly

Asp

Pro

Glu

Lys

358

Gly

Lys

Trp

Tyx

Ala

435

Sex

Ser

100

Pro

Ala

Lys

Trp

lle

i8¢

Ala

Agp

Ala

Ser

Asp

REQ

Ala

Axg

Leu

Arg

Leu

340

Pro

Gly

Gln

Gln

Thr

429

Arg

Arg

Asn

Thr

Asn

Gly

Sexr

165

Val

Asp

Ala

Tyr

24%

Gly

Trp

Asn

Gly

Asp

325

Pro

Asp

Ser

Gly

Glu

405

Gly

Thr

Leu

Pro

SEQ ID NO 10
LENGTH :
TYPE: PRT
ORGANISM: Artificial
FEATURE:
OTHER INFORMATION: Synthetic Nisin Gene Cloned

235

val

Ala

Gly

150

Pro

Vval

Leu

Arg

Ala

230

Ala

Lys

Trp

Ile

Ala

310

Glu

Pro

Gln

Gly

Asp

390

Leu

Gln

Tyr

Gly

hsn
470

Trp Arg
120

Arg Asn
138

Thr Leu

Asn Arxrg

His Thr

Ala Gln

200

Glu Val
2158

Gly Ala

Ser Trp

Asn Glu
Cys Asp
280

Pro Pro
295

Trp Gly

Leu Met

Leu Pro
Tyr Gly
360

Gly Gly
375

Thr Leu

Ala Arg

val Ile

Thr val
440

Thr Thr
4558

Leu 1le

10%

Gln

Pro

Ala

Gin

185

Lys

Leu

Asn

Ser

Asp

265

Lys

Trp

Gly

Arg

Thr

345

Asp

Gly

Ser

Gln

Arg

425

Ser

val

Tyr

Gly

Gly

Thr

His

170

Glu

Sex

Lys

Lys

Arg

250

Leu

Tyx

Gly

Gly

Arg

330

Pro

Trp

Ser

Gly

Asn

410

Phe

Ser

Gln

Ala

Ser

Asp

Leu

155

Pro

Gly

Ser

val

Tyr

235

Asn

Gln

Gly

Leu

His

315

val

Pro

Met

Gly

Ile

395

Ser

Thr

Gly

Ser

Gly
475

Gln

Pro

140

Thr

Arg

Gly

Gln

val

220

Ala

Lys

Leu

1le

Asp

300

Thr

Ser

Pro

Leu

Gly

380

Ala

Leu

Gly

Asp

Leu

460

Gln

Ile

125

Ala

Asp

Gly

Arg

val

205

Ala

Phe

Trp

Thr

Pro

285

Gly

Asp

Gln

val

Tyr

365

Gly

Ser

ser

Gly

Asgn

445

val

Thr

110

Asp

Pro

Pro

Leu

Thr

190

Ser

Glu

Hig

Leu

Lys

270

Pro

Val

Pro

Phe

Thr

35¢

Arg

Gly

Asn

Aen

Gln

420

Leu

Ser

Leu

Pro

Ala

Phe

Gly

17%

Ala

Gly

Ile

Agp

255

Thr

Val

Cys

Gly

Leu

338

val

Gly

Ser

Trp

Pro

418

Ser

Ser

Met

Asn

Lys

Pro

Thr

160

Agp

Arg

His

Asp

Cys

240

Val

Ala

Trp

Gly

Pro

320

Ala

Pro

Asn

Gly
400
Agn
Gly

Ser

Asn

Tyr
480
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37

38

-continued

<400> SEQUENCE: 10

Ile Ser Ser

10

Asn Hip Arg Arg
1

Ser Ser Aon Gly Arg Arg

lle His Leu Asn Arg Gly Ser Phe Leu Val Ala Cys Arg

Ile His Mis

40

Ser Hig

35

Trp Tyr Leu Lys Arg Ser (ys Phe

Glu Phe Phe Phe val

60

Arg
50

Lys Asn Asp Tyr

55

Tyr Tyr

Asn Phe Leu Glu Asn Leu

65

Trp Cys Asp Gly

70

Tyr Cys

75

Tyr

Phe 1le

85

Tyr Ser Cys Lys Ala Leu Asn Arg Glu Phe 1le

90

Cys Thr Tyr Arg Jle Ser Met Tyr Cys lle Hio

100

Tyr Arg

105

Ala Ile Met Thr Phe

125

Asn Gly Tyr Leu Ser

115

Cys Arg Cys

120

Thr His Leu His Pro

13%

Gln Tyr Leu

13¢

TYT Gly Arg Lys

140

Tyr

Val Ile

185

Cys Leu Glu His Ile

145

Tyx Arg

150

Tyr Asp Asp Arg

Phe Gln Leu Phe Ser Ile Ile Asn

165

Ser Leu Arg Arg

170

ky's

Glu Asn Phe

188

Lys Lys His Sex Met Leu

180

Lys Lys Arg

val
195

Phe Phe

205

Cys Ser Ser Lys Lye Lys Asp Hise Met

200

Glu
210

Thr Gln Phe

220

Asn His Gly Leu

215

Lye Asp Leu Lys Asn

Val Thr Thr Leu Leu

235

Thy
225

Asp Lys Arg

230

Gly

Leu

Asn

30

Axg

Ser

Ser

Leu

Ala

110

Leu

Phe

Met

Leu

Arg

180

Leu

His

Agp
1s

Trp
Pro His
Gln Gly
Leu

Arg

Phe
80

Leu

Arg Val

95

Tyr Leu

Ser Lys

Arg Thr

His Asp

160
Rsp Ala
175

Asn Asn

Leu

Lys

Arg Leu

What is claimed is:

1. An isolated nucleic acid sequence encoding an antibac-
terial protein, the isolated nucleic acid sequence comprising
SEQID NOG: 5.

2. An isolated amino acid sequence comprising an antibac-
terial protein, the isolated amino acid sequence comprising
SEQID NO: 10.

3. A population of cells, wherein at least one cell expresses
at least one antibacterial protein that is encoded by a nucleic
acid sequence comprising SEQ 1D NO: 5.

4. The population of cells of claim 3, wherein the popula-
tion of cells are yeast.

5. The population of cells of claim 4. wherein the yeast is
selected from the group consisting of Kluyveromyces lactis,
Saccharomyces cerevisiae, Schizosaccharomyces pombe,
and Candida albicans.

6. A population of cells, wherein at least one cell expresses
at least one antibacterial protein having an amino acid
sequence comprising SEQ 1D NQO: 10.

7. The population of cells of claim 6. wherein the popula-
tion of cells are yeast.

8. The population of cells of claim 7. wherein the yeast is
selected from the group consisting of Kluvveromvees lactis,
Saecharomyeces cerevisiae, Schizosaccharomvces pombe.
and Candida albicans.

60

9. An isolated microscopic transgenic organism, wherein
the isolated microscopic organism expresses at Jeast one anti-
bacterial protein that is encoded by a nucleic acid sequence
comprising SEQ 1D NQO: 5.

10. The transgenic organism of claim 9, wherein the anti-
bacterial protein is expressed in response to lactic acid.

11. The transgenic organism of claim 9, wherein the anti-
bacterial protein is expressed in response o ethanol.

12. The transgenic organism of claim 9, wherein the iso-
lated transgenic organism is a yeast strain.

13. The transgenic organism of claim 12, wherein the ycast
strain 1s selected from the group consisting of Kliyveromyces
lactis, Saccharomyces cerevisiae, Schizosaccharomyces
pombe, and Candida albicans.

14. An isolated bactericidal yeast, wherein the ycast
expresses at least one antibacterial protein that is encoded by
a nucleic acid sequence comprising SEQ 1D NO: 5.

15. The isolated bactericidal yeast of claim 14, wherein the
yeast is s¢lected from the group consisting of Kluvveromyvees
lactis. Saccharomyces cerevisiae, Schizosaccharomyces
pombe. and Candida albicans. :

16. The isolated bactericidal yeast of claim 14, wherein the
antibacterial protein is expressed in response to lactic acid.

17. The isolated bactericidal yeast of claim 14, wherein the
antibacterial protein is expressed in response to ethanol.
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18. An isolated bactericidal yeast, wherein the yeast
expresses at least one antibacterial protein having an amino
acid sequence comprising SEQ 1D NO: 10.

19. The isolated bactericidal veast of claim 18, wherein the
yeast is selected from the group consisting of Kluiveromyces 5
lactis, Saccharonivces cerevisiae, Schizosaccharomyvces
pombe, and Candida albicans.

20. The isolated bactericidal yeast of claim 18, wherein the
antibacterial protein is expressed in response 1o lactic acid.

21. Theisolated bactericidal yeast of claim 18, wherein the 10
antibacterial protein is expressed in response 1o ethanol.

* K K k%






