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BACTERIOPHAGE DERIVED !\1ETHODS TO 
CONTROL LACTIC ACID 8.-\CTERIAL 

GROWTH 

CROSS-REFJ::J{ENCE TO RELAIED 
APPLICATIONS 

This application is a national stage application of Per 
lnternatiorutl Patelll Application Nu. PCT/US2009/065569 
filed Nov. 23, 2009 and also claims priority of U.S. Provi
sional Application Ser. No. 61/J J 7J04 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 INVENTJON 

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 recycle nutrients 
back into the food chain. Sometimes. however. bacteria cause 
problems. 

2 
by an amino acid sequence having al 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 JD NO: 6, SEQ ID NO: 7. 
SEQ ID NO: 8. SEQ JD NO: 9. or SEQ ID 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 
to SEQ ID NO: I. SEQ ID NO: 2, SEQ ID NO: 3. SEQ ID NO: 
4, or SEQ ID NO: 5. 

10 A suitable population of cells may be prokaryotic or 
eukaryotic. Exemplary cell types include yeast. fungus. bac
teria, insect, plant, or mammalian. Suitable yeast strains 
include, but are not limited to, Kluyveromyces lac/is. Saccha-

15 romyces cerevisiae. &hizosaccharomyces 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. Preforably the organ
ism is yeast. A suitable organism of the invention expresses an 

20 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%,ormoreidentityto SEQID 
NO: 1, SEQ JD NO: 2, SEQ ID NO: 3, SEQ ID NO: 4. or SEQ 

25 ID NO: 5. The organism may express at least one antibacterial 
protein having at least 65, 66, 70, 75, 80,81,82, 83, 84. 85. 86, 
87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99%, or more 
identity to SEQ JD NO: 6, SEQ ID NO: 7, SEQ JD NO: 8, 
SEQ JD NO: 9, or SEQ ID NO: 10. The organism may express 

30 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 is not limited tu, the presence of lactic 

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 35 

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 

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 ofbacterial 
contamination. Another method of the invention includes of antibiotic resistance. because often the bacterial species 

that cause contamination are ubiquitous in the environment 
and inhabit the intestinal tract of vertebrate animals, includ
ing humans. These bacterial sir.tins do cause human infec
tions and such infections would be medically untreatable if 
they involve antibiotic resistant bacteria. 

40 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 ycasl is added as a 
fermentation ingredient. 

There is a need to develop methods to limit or eliminate 45 

bacterial contamination, are not cost prohibitive. and do not 
cause harm to the environment or potentially cause antibiotic 
resistant bacteria. Current methods arc costly and may even 
introduce harmful antibiotic resistant bacteria to our environ-
ment. The present invention limits or eliminates bacteria so 
growth and contamination, and provides a solution to the 
threats of antibiotic resistance emergence at a reasonable 
cost. 

BRIEF DESCRIPTION OF THE DRAWINGS 

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

SUMM.\RY OF TIIE INVENTION 
FIG. 1 shows the antibacterial activity of yeast expressing 

55 the nisin transgene. 
FIG. :Z shows bacteria emitted luminescence in co-cultures 

with wildtype or transgenic yeast 
FIG. 3 graphically illustrates the area under the curves in 

FIG. 2. Ibe area undc.:r the curve is statistically significant by 
60 T·test (p<0.05) for the first few cycles. 

The present invention relates to any population. of cells, 
whereby at least one cell comprises an antibacterial protein. 
One object of the present invention is Ill 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 antibacrcrial protein. A 
further object of the invention is to provide nucleic acid and 
amino acid sequences encoding antibaclerial proteins that 
have been optimized for yeast expression. Specifically. the 65 

bactericidal yeast of the invention expresses an antibacterial 
protein. Preferably. a suitable antibacterial protein is encoded 

FIG. 4 graphical illustnuion of antibacterial activity in AP 
secreting yeast. 

DETAILED DESCRIPTION 

The present invention relates to novel antibacterial pro
teins. Specifically. proteins having antibacterial activity once 

http:81,82,83,84.85,86,87,88.89.90,91,92,93,94.95.96.97
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secreted from a population of cells or organ.isms. As such, the 
methods foruse of the antibacterial proteins are also contem· 
plated. 
I. Antibacterial Proteins 

4 
torv Manual. CSH Press 1989. pp. l 5.3-l 5.I08and all incor
po~ted herein by reference. Such mutated nucleic acid 
derivatives may be used to study strncture-function relatiou
sbips of a particular AP protein, or to alter properties of the 

A. Nucleic Acids Encoding Antibacterial Proteins 
Nucleic acids encoding antibacterial proteins (APs) 

derived from bacteriophage 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 ID NOs: 1-10. 

5 protein that affect its function or regulation. In summary, the 
invention relates to AP coding sequences such as those of 
SEQ ID NOs: 1-5, and variants or mutants thereof. Also, the 
invention encompasses the intermediatary RNAs encoded by 
the described nucleic acid sequences and that translates into 

JO an AP of the invention. 

AP nucleotides further include nucleic acid sequences that 
hybridize under high stringency conditions to SEQ ID NOs: 

I. Harmonization of Nucleic Acid Sequences Encoding 
APs 

To circumvent problems associated with poor translation 
efficiem.')' of non-mammalian derived mRNA in mammalian 

l ·5 such as those that are homologous, substantially similar, 15 systems. strategies to harmonize proteins are often used. Har· 
monizing a protein involves optimizing the nucleotide codons 
encoding specific amino acids to those more likely to be used 
in the specific host's genes. For example, GGG, GGA. GGT, 
and GGC all encode the amino acid Glvcine: however. GGT 

20 is more often used to encode Glycine in ·Kluyreromyces lactis 
genes than (',GG (Table I). To increase translation efficiency 
in yeast cells, at the Glycine position, GGG should be 
replaced with GGT. Strategies to harmonize proteins are well 

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"/o, 75%, 
80%, 85%, 90%, 91%. 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. such as IJLAST. described inAltschul, S. F., et al., J. Mo!. 
Biol. 215:403-10, 1990 (using default settings, i.e. param
eters w=4 and T=17). The nucleic acids may differ in 25 

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. 

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. 

30 One skilled in the art will recognize that coding sequences 
may be optimized for use in any species through codon har-Nucleotide sequences that can express an AP, or related 

protein, and hybridize to the listed nucleotide sequences are 
contemplated herein. Stringent hybridization conditions 
include conditions such as hybridization at 50" C. or higher 
and 0.1 xSSC (15 mM sodium chloride/LS mM sodium cit· J5 

rate). Another example is overnight incubation at 42° C. in a 
solution of 50% formamide. 5xSSC ( 150 mM NaCl, 15 mM 
trisodium citrate), 50 mM sodium phosphate (pH7.6), 
5xDenhardt's solution, 10% dextran sulfate, and 20 µg/ml 
denatured. sheared salmon sperm DNA, followed by washing 40 

in OJxSSC at about 65° C. Exemplary stringent hybridiza· 
tion conditions are hybridization conditions that are at least 
about 80%, 85%, 90"/o. 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 45 

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- 50 

tional AP proteins as described herein. The subject nucleic 
acids may be mutated to alter properties of the encoded pro
tein such as expression properties, folding properties, and 
antibacterial activity. A skilled artisan will recognize that 
proteins eocode<l by nucleic acids encoding homologues or 55 

mutants may have the same antibacterial properties as those 
encoded by SEQ ID Nos: J. 5 or may have altered antibactc· 
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 60 

nucleotides or amino acids. The sequence changes may be 
substitutions, insertions, deletions, or a combination thereof. 
Techniques for mutagenesis of cloned genes are known in the 
art. Methods for site specific mutagcnesis may be found in 
Gustin et al.. Biotechniques 14:22, 1993; Barany, Gene 65 

37: 111-23. 1985: Colicelli et al., Mol. Gen. Genet. l 99:537-
9, J 985: and San1brook et al.. Molecular Cloning: A Laborn· 

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 ClITG (Codon Usage Tabulated 
from GenBank) developed and maintained by Yasukazu 
Nakamura at The First Laboratory for Plant Gene Research, 
Kazusa DNA Research Institute, Japan. The KEGG (Kyoto 
Encyclopedia of Genes and Genomes) Database is another 
database and is described in Aoki and Kanehisa, Current 
Protocols in Bioinformatics, (2005) I .l 2.l-J.12.54, which is 
incorporated herein by reference. 

TABLE l 

Preferred DSA Codons for Klui•reromrces lacti.s. 

Amino Acid Codon Number Frequency/1000 

Gly GOO 788.00 5.25 
Gly GGA 1727JJ(I It .50 
Gly GGT 5335.00 35.54 
Gly GGC 845.00 5.63 
Glu GAG 2393.00 15.94 
Glu GAA 7124.00 47.46 
Asp GAT 6116.00 40.74 
Asp GAC 2762.(J(l l8.40 
Val GTG 1636.00 10.90 
Val GTA 1642.00 10.94 
Va.I <ITT 3R93.0fl 25.93 
Val GTC 2138.00 14.24 
Ala GCG 734.00 4.89 
Ala GCA 2334.00 15.55 
Ala GCT 4217.W 28.1.19 
Ala (j{'(' 1ns.m 11.84 
.>\.r!! AGG 902.00 6.0t 
Arg AGA 3707 00 24.69 

s" AGT 1917.00 12.71 
Ser AGC 953.00 6.35 
Lys .'\Ml .>mn.nn :n.n 

http:1.12.1-1.12.54
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·1ABLE I-continued 

Preferred DNA Codons for Kluyreromyces /aciis. 

Amino Acid 

Lys 
Aim 
Asn 
Met 
Met 
lie 
lie 
Tur 
Tur 
Tur 
Tur 
Trp 
Trp 
Cys 
Cys 
End 
End 
Tyr 
Tyr 
Leu 
Leu 
Phe 
Phe 
Ser 
Ser 
Ser 
Ser 

Arg 

Ars 
Ars 
Arg 
Gin 
Gin 
His 
His 
lhr 
lhr 
lllf 
lhr 
Pro 
Pro 
Pro 
Pro 

Codon 

AAA 
AAT 
AAC: 
AfG 
ATA 
ATT 
ATC 
ACG 
ACA 
ACT 
AC:C 
TGG 
TGA 
TGT 
TGC 
TAG 
TAA 
TAT 
TAC 
TTG 
TTA 
TTT 
TTC 
TCG 
TCA 
TCT 
TCC 
CC,{} 
CGA 
CGT 
CGC 
CAG 
CAA 
CAT 
CAC 
CTG 
CTA 
CIT 
CTC 
CCG 
CCA 
CCT 
CCC 

Number 

5629.00 
4735.00 
3829.00 
3158.00 
2368.00 
4123.0(• 
3138.00 
874.00 

2282.00 
3444.00 
19aoo 
1697.00 

83.0(1 
1433.00 
483.00 

55.00 
163.00 

3033.00 
2551.00 
5083.00 
3534.00 
2929.00 
3534.00 
1150.00 
2445.00 
4011.0() 
1901.00 
224.00 
)18.00 

1001.00 
228.00 

1769.00 
4411.00 
2130.00 
1043.00 

770.00 
1766.00 
1779.00 
649.00 
633.00 

3201.00 
2020.00 
573.00 

TABLE2 

Frequency/!()(!) 

37.50 
JU4 
25.51 
21.04 
15.77 
27.46 
20.90 

5.82 
15.2() 
22.94 
12.81 
11.30 
0.55 
9.55 
3.22 
0.37 
l.09 

20.20 
11.03 
33.86 
23.54 
19.51 
23.54 

7.66 
16.29 
26.?3 
12.66 

1.49 
.1.12 
6.67 
1.52 

I J.78 
29.38 
14.19 
6.95 
5.13 

1176 
11.85 
4.32 
4.22 

21.32 
13.46 
3.82 

Preferred DNA Codons for Saccharomyces cerevisiae. 

Amino Acid 

Gly 
Gly 
Gly 
Glv 
GtU 
Glu 
Asp 
Asp 
Val 
Val 
Val 
Val 

Ala 
Ala 
Ala 
Ala 
Arg 
Arg 
Ser 
Sn 
Lys 
Lys 
Asn 

Codon 

GGG 
GGA 
G<.iT 
00{' 

GAG 
GAA 
GAT 
GAC 
GTG 
GTA 
OTT 
GTC 
C£G 
GCA 
GCT 
GCC 
ACi{J 
A(i" 
AOT 
AGC 
AAG 
AAA 
AAT 

Nwnber 

39359.00 
71216.00 

156109.00 
63903.00 

125717.0ll 
297944.0(1 
245641.0(• 
132048.00 
70337.0(1 
76927.00 

144243.0(J 
76947.00 
40358.00 

105910.00 
138358.00 

82357.00 
602M9.00 

IWOl\1.00 
92466.00 
63726.00 

20136}.00 
2736111.\lll 
233124.0fl 

Frequency/JO()() 

6.02 
10.90 
23.89 
9.78 

19.24 
45.60 
37.59 
20.21 
10.76 
I 1.77 
22.07 
l l.78 
6.18 

16.21 
21.17 
12.60 
9.23 

21.28 
14.15 
9.75 

30.82 
41.87 
35.6!1 

10 

15 

20 

30 

35 

40 

45 

50 

55 

60 

65 

6 
TABLE 2-continued 

Preferred DNA Codon_<;: for Sa<'<'hGtv!11\'Cl'S Cf"J'Cl'isiae. 

AminoAcjd 

Asn 

Met 
Met 
lie 
Ile 

Thr 
Thr 
Thr 
Thr 
Tip 
Tip 
Cys 
Cys 
End 
End 
Tyr 
Tyr 
Leu 
Leu 
Phc 
Phe 
Ser 
Ser 
Se.r 
Ser 
Arg 
Arg 

AfI! 
A'!! 
Gln 
Gln 
His 
His 
Thr 
Tlu 
Thr 
Thr 
Pro 
Pro 
Pro 
Pro 

Codon 

AAC 
ATG 
ATA 
ATT 
ATC 
ACG 
ACA 
ACT 
ACC 
TGG 
TGA 
TGT 
TGC 
TAG 
TAA 
TAT 
TAC 
TTG 
TTA 
TTT 
TIC 
TCG 
TCA 
TCT 
TC:C 
CGO 
COA 
CGT 
coc 
CAG 
CAA 
CAT 
CAC 
CTG 
CTA 
CTT 
CTC 
CCG 
CCA 
CCT 
CCC 

~umbl'r 

10219900 
1368llS.[lll 
116254.0fl 
196893.(Jl) 
112176.00 

!'2045 OU 
116084.(10 
1325:.?:?.00 

R32fl7.00 
67189.0(> 
4447(») 

52903.00 
3109'.tlO 

.331200 
6913.<.lO 

122728.0U 
96596.00 

177573.00 
1708840U 
170666.00 
12051<!.00 
55951.00 

l :12(128.00 
153557.00 
92923.00 
11351.00 
19562.00 
41791.rni 
16"9H10 
791:: l_()(J 

17825 J.(~l 
89fK.l7 j)(i 

5078).00 

68494.CKl 
87619.0IJ 
80076.00 
35'45.0U 
34597.(1(1 

11964 ! .00 

8826}.00 
443(19.(l(l 

TABLE3 

Frequency1JOOO 

24.82 
:?fl.94 

17.79 
,l0.13 
17.17 

7.96 
17.76 
:.'.(J.28 
I 2.73 
HJ.37 
0.68 
8.10 
4.76 
051 
1.06 

l R. 78 
14.78 
27.17 
26.15 
26.12 
18.44 
8.56 

18.67 
2350 
14.22 

1.74 
2.99 
6.10 
2.60 

I 2 11 
27.:!8 
13.62 
7.77 

10.48 
13.41 
12.25 
5.44 
5.29 

!8.11 
1351 
6.78 

Preferred DNA Codoru; for Schi~osacchoromrces pombe. 

AmilloAcid 

Gly 
Gly 
Gly 
Gly 
Glu 
Glu 
Asp 
Asp 
Vlll 
Val 
Val 

Val 
Ala 
Ala 
Al• 
Ala 

~ 
~ 
Ser 
Ser 
Lys 
Lys 
Asn 
Asn 
Met 

Codon 

GGG 
C..CTA 
GGT 
GGC 
GAG 
G."-l\ 
GAT 
GAC 
GTli 
GTA 
GTT 
GTC 
GCG 
OCA 
CiCT 
GC'C 
Alr(.J 
AGA 
AG! 
,-\GC 
AAG 
A.'\A 
A4.T 
AAC 
AT\i 

Numbrr 

l :'.6 ! I.OU 
45350.0(1 

614''·(!0 
23819.00 
60189.0lt 

126924,(>(• 
)(>8631.(J(l 

44870.00 
23799.(IU 
35383.00 
R2961.0\• 
31J476_! !fl 
1540:'.fllJ 
4:'581Jjil 

8~195.llO 

32882.0(I 
14555.(1(1 
1217~.00 

42:"57.UU 
16:?4:':.l!ii 
7fll JOOll 

1l3~6UJJ(I 

97491JJ(I 
5 ll.t16JJl_I 

"9444.rin 

Frequency 

4.41 
15.86 
2!.49 

8.33 
21.05 
44.39 
31.99 
15.69 

8.32 
12.37 
29.01 
10.66 
~39 

15.94 
29.79 
I UO 
5.(19 

l 1.25 
14.88 
9.18 

24.52 
19.82 
34.10 
17.84 
20.79 
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'!AHLE 3-continued TABLE 4-continued 

Prefe!Ted DNA Codons for Schizosaccharomyces pombe. Prefe1Ted DNA Codons for Candida albicans. 

Amino Acid Codon Nrnnber Frequency Amwo Acid Codon Number Frequencyi!OOO 

Met ATA 38588.00 13.50 Ile ATC 8590.00 1351 
lie ATT 100275.00 35.07 Tiu ACG 2501.00 3.93 
lie ATC 36129.00 12.64 ·1 hr .'ICA 11928.00 18.77 
Tiir 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 Trp TGG 6942.00 10.92 
Thr ACC 30616.00 10.71 Trp TGA 180.00 0.28 
T:rp TGG 31666.00 11.07 Cys TGT 5964.00 9.38 
Trp TGA 1228.00 0.43 Cys TOC I 135.00 1.79 
Cys TGT 25792.00 9.02 End TAG 336.00 0.53 
<..ys TCJC 15958.00 5.58 End TAA 632.00 0.99 
End TAG 1282.00 0.45 15 Tyr TAT 16146.00 25.40 
End TAA 3622.0U J.27 !yr "lA{' 6614.UU I0.41 
Tyr TAT 63277.00 22.13 J,t"ll TTG ?1993.00 34.60 
Tyr TAC 33662.00 11.77 Leu TTA 22928.00 36.07 
Leu TTG 68803.00 24.06 Phe TTT 18958.00 29.83 
Leu TTA 75328.00 26.34 Phe TTC 9899.00 15.57 
Phe TTT 92872.00 32.48 Ser rcG 4341.00 6.83 
Phe TTC 37197.00 13.01 20 Ser TCA 16751.00 26.35 
Ser TCG 23155.00 8.10 Ser TCT 13984.00 22.00 
Ser TCA 51773.00 18.ll Ser TCC 6145.00 9.67 
Ser TCT 86624.00 30.29 A.rg CGG 604.00 0.95 
Ser TCC 34753.00 12.]5 /\rg CGA 2604.00 4.10 
Arg CGG 8560.00 2.99 Arg CGT 3791.(l(J 5.96 
Arg CGA 22918.00 8.01 25 A.rg CGC 523.00 0.82 
Arg CGT 44685.00 15.63 Gln C.'\G 4163.00 6.55 

Arg CGC 17213.00 6.02 Gin CAA 22696.00 35.71 
Gln CAG 31063.00 10.86 His CAT 9373.00 14.75 
Gin CAA 78435.00 27.43 His CAC 3578.00 5.63 
His CAT 46721.00 16.34 Thr CTG 2201.00 3.46 
His CAC 18013.00 6.30 30 Thr CT"' 2782.00 4.38 

111r CTG 18453.00 6.45 Thr CTT 6456.00 10.16 

Thr CTA 24965.00 8.73 Thr CTC 1636.00 2.57 

Thr CTT 72340.00 25.30 Pro CCG 1721.00 2.7] 
Pre CCA 16709.00 26.29 

Thr CTC 20752.00 7.26 
Pro CCT 8495.00 13.36 

Pro CCG 13034.00 4.56 Pro ere 2665.00 4.19 
Pro CCA 36383.00 12.72 35 

Pro CCT 61687.00 21.57 
Pro CCC 23151.00 8.10 B. Protein/Polypeptide Compositions 

The invention contemplates antibacterial proteins (APs) 
and mutants thereoL which include those proteins encoded by 

TABLE4 
40 the subject nucleic acids. as well as polypeptides comprising 

the antibacterial proteins. The isolated antibacterial proteins 

Prefened DNA Codons for Candida olbicans. of !he invention are exemplified by !he sequences of SEQ JD 
NOs: 6-10. Further. 1he invention includes both the full-

AminoAcjd Codon Number Frequency/11)00 length proteins. as well as portions or fragments thereof. 

Gly GGG 4945.00 7.78 45 Homologs or proteins (or fragments thereof) that vary in 

Gly GGA 8710.00 13.70 
sequence from the amino acid sequences SEQ ID NOs: 6-10 

Gly GGT 18556.UO 29.19 are also included in the invention. By homolog is meant a 
Gly GC:iC 2818.0fJ 4.43 protein having al least about 10%, usually at least about 25%, 
Glu GAG 7547.00 11.87 30%, 40%. 45%, 50%, 55%. 60%, 65%, 7<:1'/u, 75%, 8<:1'/u, 
Glu GAA 31701.00 49.87 85%, 90"/o. 95%, 99% or higher amino acid sequence identity 
Asp GAT 27797.00 43.73 50 to the proteins encoded by SEQ IDNOs: 5-10, as determined 
Asp GAC 8545.00 13.44 

using Meg.Align, DNAstar (1998) clustal algorithm Val GTG 6612.00 10.40 as 

Val GTA 5460.00 8.59 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 GTC 5773.00 9.08 CABJOS. 5: 151-153. 1989. both incorporated herein by 
Ala GCG 1346.00 2.12 55 reference. 
Ala OCA 10162.00 15.99 

APs of the invention may be mutated, or altered, to 
Alli OCT 17393.00 27.36 
Ala GCC 7453.00 11.73 enhance. or change. biological properties of the protein. Such 
Arg AGG 1834.00 2.89 biological properties include, but are not limited to, in vivo or 
A.rg AGA 13817.00 21.74 in vitro stability (e.g., half-life) and antibacterial activity. 
Ser AGT 11094.00 17.45 60 Suitable mutations include single amino acid changes, dele-
Ser AGC 2955.(l(> 4.65 
Lys AAG 1166t>.oo 18.34 tions of one or more amino acids, N-terminal truncations, 
1.ys AAA 31114.00 48.95 C -tenninal tnmcations. insertions. etc. Mutants can be gen-
Asn AAT 27162.00 42.73 erated using standard techniques of molt!eular biology, 
Asn AAC 11560.00 J8.J9 including random nmtagenesis and targeted mutagenesis as 
Met ATG 11591.00 18.24 
Met ATA 9127.\lll 14.36 65 described in Current l'rolocols in Molecular Hiology, Unit 8. 
lie ATT 2~761.00 40..53 pub, .lolrn Wiley & Sons. lnc .. 2000 and incorporated herein 

by reference. 
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Suitable mutants include an .imino acid sequence encoded 
by an open reading frame (ORF) of the gene encoding the 
subject isolated protein, including the full length protein and 
fragments thereof, particularly biologically active fragments 
and fo1gments corresponding to functional domains, and the 5 

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 le.isl about 30, 40, or 50 aa in length. more prefer
ably about 60, 70, 80, 90, 100, 110, 120, 130. 140, or 150 aa 10 

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 450aa in length, where the frdgment 
will have a stretch of amino acids that is identical to the 
subject protein of at least about JO aa, and usually at least 15 

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 50aa, about 75 
aa, about 100 aa, about 125 aa, about 150 aa. about 200 aa, 
about 210 aa, about 220 aa, about 230 aa, or about 240 aa in 20 

length, up to and including the entire protein. A skilled artisan 
will recognize that a protein fragment may retain all or sub
stantially all of a biological property of the isolated protein. 

1. AP Characteristics 
The proteins and polypeptides of the invention are charac- 25 

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 30 

digestion, or destruction, of a peptidoglycan containing sub
stance such as a bacterium cell wall. Exemplary catalytic 
domains include those of lysine enzymes such as. but are not 
limited to, the catalytic domain sequences of cndo-bcta-N
acetylglucosaminidase, endopeptidase, N-acetylmuramyl-L- 3.5 

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 40 

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 45 

the amino acid residues at about positions 1-222 found in 
SEQ JD NOs: 6-10. A skilled artisan will appreciate that the 
catalytic domain may be mutated to alter antibacterial prop
erties. 

10 
6-10 contain a flexible hinge st:quence 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 dilTcrent 
sequence compositions and lengths may be used to allow 
proper folding of the catalytic domain and binding domain. 

111e 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 control 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 LIJH promoter. In the presence oflactic 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 l 
promoter of Aspergillus nidulans. ln the presense of ethanol, 
the alcR transcription factor binds to the alcA binding domain 
in the alcohol dehydrogenase I promoter and activates Iran· 
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 
200 to 500 residues and included herein are specific examples 
that are about 244, 300, 303, 244, 451, 480, and 483 amino 
acid residues in length. The subject proteins include both 
shorter and longer variants that range in length from as short 
asabout50, 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 to another 
protein of interest. Methods to cultivate host cells are known 

The antibacterial activity also depends. in part, upon the 
binding domain, which targets the protein to the cell wall of a 
bacterium. Once bound to the bacterium the catalytic domain 
facilitates the destruction of the cell wall, ultimately destroy-

50 in the art. Methods to express and isolate a subject protein are 
dt."Scribed in Current Protocols in Protein Science, Units 5. 
pub. John Wiley & Sons, Inc., 2002 and Current Protocols in 
Protein Science, Units 6, pub. John Wiley & Sons, Inc., 2002 

ing the bacteria. A suitable binding domain includes those 
that cause the catalytic dom.iin to attach to a cell wall so that 55 

the catalytic domain can digest the molecules of the cell wall. 
Exemplary binding domains include, but arc not limited to, 
t110se derived from viral pathogens such as Lactobacillaceae 
viral pathogens. The bindingdoill<lin oftheAPs of the inven· 
tion includes the amino acid residues at about positions 204- 60 
280 found in SEQ ID NOs; 6-10. A skilled anisan will appre
ciate that the binding domain may be mutated to alter 
antibacterial propenies. 

Funher, the All's of the invention may contain sequence that 
allows proper .!Olding of the protein. Exemplary sequence 65 

includes at least one amino acid or more such that the AP 
retains antibacterial activity. The sequences of SEQ ID Nos: 

and both are incorporated herein by reference. 
C. Expression System for .l\Ps 
1. Vectors 
Mcthods for introducing a DNA sequence into eukaryotic 

cells are known in the an and typically include the use of a 
DNA vector or plasmid. There are many vectors kuown 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 panicularvector depends upon the intended use 
of the polynucleotide. Preferably, the DNA sequences an.· 
introduced by a vector or plasmid, capable of transforming 
and driving the expression of the components of the construct 
in the desired cell type, whether that cell type is prokaryotic or 
eukaryotic. Many vectors comprise sequences allowing both 

http:nidulans.ln
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prukaryotic vector replication and eukaryotic expression of 
operably linked gene sequences. 

Vectors useful according to the invention may be autono
mously replicating. that is. the vector exists extrachromo
somally, and its replication is not necessarily directly linked 
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. 10 

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 

15 
is linked to a regulatory sequence as appropriate to obtain the 
desired expression properties. These regulatory sequences 
may include promoters (attached either at the 5' end of the 
sense strand or at the 3' end of the antisense strand). enhanc
ers, terminators, operators. repressors, and inducers. The pro- 20 

rooters 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- 25 

live, where the coding region is opernbly linked under the 
transcriptional control ofthetmnscriptional 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 30 

derived from exogenous sources. 
Expression vectors genemlly have convenient restriction 

sites located near the promoter sequence to provide for the 
insertion of nucleic acid sequences encoding heterologous 
proteins. A selectable marker operative in the expression host 35 

may be present. Expression vectors may be used for, among 
other things, the production of fusion proteins. as is known in 
the art. 

12 
encoding a luciferase, luciferin. fluorescence lag, or other 
identifiable label known in the art. 

4. Host Cells 
Any cell into which a constrnct of the invention may be 

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

Host cells may be prokaryotic, such as any of a number of 
bacterial stmins, 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 kemtinocytes, or may be an established 
cell line, such as NIH3T3, 293T or CHO cells among others. 
Further, mammalian cells useful for expression of the con
structs may be phenotypically normal or oncogenically trans
formed. It is assumed that one skilled in the art can readily 
establish and maintain a chosen host cell type in culture. 

For large scale production of the protein, a unicellular 
organism, suchasE. coli, B. subtilis, S. cerevisiae. insect cells 
in combination with baculovirns vectors, or cells of a higher 
organism such as vertebrates, e.g. COS 7 cells, HEK 293, 
CHO, Xenopus Oocytes, etc., may be used as the expression 
host cells. In some situations, it is desimble 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. 

Jn a 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, Saccharomyces species, Cryplococcus species. 
Kluyveromyces species, Sporobo/omyces species. Rhodol-
orula species, Breltanomyces species, Zygosaccharomyces 
species, Aureobasidium species, and others known in the art. 
Exemplary species types include Saccharomyces cerevisiae. 

A skilled artisan will recognize that the choice of vector for 
use with the invention is dependent on the host with which the 40 

invention will be utilized. Suitable vectors include. but are not 
limited to, bacteriophage-derived vectors, viral vectors. ret
roviral vectors, adenoviral vectors, adeno-associated viral 
vectors, herpesviral vectors, and insect vector systems. Such 
vectors are well known in the art. 45 Kluyveromyces lac/is, Schizosaccharomyces pombe, Can

dida albicans. Saccharomyces paslorianus, Saccharomyces 
exiguous, Yarrowia lipolytica, genetically engineered yeast 
including those engineered to ferment xylose, Breltanomyces 

2. Expression Cassettes 
Expression cassettes may include a transcription initiation 

region, at least one polynucleotide of the invention. and a 
transcriptional termination region. Of particular interest is the 
use of sequences that allow for the expression of functional so 
epitopes or domains, usually at least 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 complete open reading 
frame of the polynucleotides of the invention. Alier introduc
tion of the DNA, the cells containing the construct may be 55 
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 60 

invention opcrably 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 65 

proteins as described herein. For example, a polynucleotide 
may be operably linked or fused to a nucleotide sequence 

bru:xe/lensis, Candida stellata, Torulaspora delbrueckii. 
Zygosaccharomyces bailii. Saccharomyces boulardii. 
Rhodotoru/a rubra, Rhodotorula glutinis, Rhodowrula 
marina, Rhodotorula aurantiaca.. Cryptococcus albidus. 
Cryptococcus di.ffiuens, Cryptococcus /aurentii, Saccharo
myces rosei, Saccharom.vces 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 physiologic(.!} 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
nucleotides or nucleic acids of the invention, the resulting 
replicated nucleic 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 
appropriate means known in the art. 
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5. lntroduclion ofConstrucls lo Host Cells 
Constructs provided by the invention, including vectors, 

plasmids, and expression cassettes containing polynucle
otides of the invention, may be introduced to selected host 
cells by any of a number of suitable methods known to those 5 

skilled in the art. Constructs may be inserted into mammalian 
host cells by methods including, but not limited to, elcctropo
ration, lransfection. microinjection, micro-vessel transfer, 
particle bombardment, biolistic particle delivery, liposome 
mediated transfer and other methods described in Current io 
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., 15 

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 20 

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 25 

particles such as lambda or MJ3, 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, 30 

Molecular Cloning, A Laboratory ManuaL Cold Spring Har
bor Laborntory 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). 35 

For the introduction into insect cells, liposome-mediated 
transfection is commonly used, as is baculovirus infection. 
Cells such as Schneider-2 cells (Drosophila melanogaster), 
Sf-9 and Sf-21 cells (Spodopterafrugiperda) or High Five™ 
cells (Trichoplusia ni) may be transfected using any of a 40 

number of commercially available liposome transfection 
reagents optimized for use with insect cells. Additionally, 
particle bombardment, biolistic particle delivery, and rnicro
injection are widely used to transform insects. 
11. Methods of Use 45 

A skilled artisan will recognize that the A.P proteins of the 
invention have many potential uses. Spedfically. the expres
sion of the AP proteins by host cells is useful in situations in 
whieh the environment of the host cell has the potential of 
becoming contaminated by bacteria. By way of example, the 50 

AP proteins may be particularly useful in the science, food, 
energy, and pharmaceutical industries. By further example, 

14 
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. lbe 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 
organism without altering the encoded amino acid. 

An "amino acid (aminoearboxylic 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 I 000 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. 
10 which another DNA segment may be anached so as to bring 
about the replication of the attached segment. 

A "population of cells" includes any cell or group of cells. 
A population of cells may include one or more stem cells 
and/or one or more progeny cells of a stem cell. Such popu
lation of cells can comprise a cell in culture, comprise in vitro 
tissue, or comprise a tissue within a living organism. The 
population of 1:ells may be man;unalian and includes, but is 

the AP proteins may be used for, but not limited to, the 
following products: wine production, beer production, spirit 
production (i.e. whiskey), beverages, carbonated bever.iges, 55 

food. probiotic supplements. nutritional supplements, nutri
tional yeast products, bioremcdiation, ethanol production, as 
biosensors, screening assays, human or animal pharmaceuti
cals, medical purposes, dental purposes, such as prt."Ventionof 
tooth deeay, and other uses. 

A method of the invention includes providing a bacteri
cidal organism to an environment at risk of bacterial contami
nation. Suitabk <..'llvironments include those in which the 
organism is viable. A skilled artisan will recognize that the 
environment may be limited by the nutrients required by the 65 

bactericidal organism. Preferably, the bactericidal organism 

60 not limited to, yeast, murine, human, bovine, porcine, equine. 
ovine, or canine. 

is yeast. 

A "DNA molecule" refers to the polymeric form of deox-
yribonucleotides (adenine, guanine, thymine, or 1..·ytosirn:) in 
either single stranded fom1 or a double-slranded helix. This 
term refers only to the primary and secondary structure of the 
molecule, and does not limit it to anyparticulartertiary fom1s. 
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 
plm.:ed under the control of appropriate regulatory sequences. 
ll1e boundaries of the coding sequence are determined by a 
start codon at the 5' (amino) terminus and a translation stop 
codon at the 3' (carooxyl) terminus. A coding sequence can 
include. but is not limited to, prokaryotic sequences, cDNA 
from eukaryotic mRNA, genomic DNA sequences from JO 

eukaryotic (e.g .. mammalian) DNA, and synthetic DNA 
sequences. A polyadenylation signal and transcription termi
nation sequence may be located 3' to the coding sequence. 

As used herein. the term "hybridization" refers to the pro
cess of association of two nucleic acid strands to form an 15 

antiparallel duplex stabilized by means of hydrogen oonding 
between residues of the opposite nucleic acid strands. 

The term "oligonucleotide" refers to a short {under JOO 
bases in length) nucleic acid molecule. 

"DNA regulatory sequences", as used herein, are transcrip- 20 

tional and translational control sequences, such as promoters, 
enhancers. polyadenylation signals, terminators, and the like, 
that provide for and/or regulate expression of a coding 
sequence in a host cell. 

A "promoter sequence" is a DNA regulatory region 25 
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- 30 

lion at levels detectable above background. Within the pro
moter sequence will be found a transcription initiation site, as 
well as protein binding domains responsible for the binding 
of RNA polymerase. Various promoters, including inducible 
promoters, may be used to drive the various vectors of the 35 

present invention. 
As used herein, the terms "restriction endonucleases" and 

"restriction enzymes" refer to enzymes that cut double
stranded DNA at or near a specific nucleotide sequence. 

A cell has been "transformed" or "transfected" by exog- 40 

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- 45 

ment such as a plasmid. With respect to eukaryotic cells, a 
stably transformed cell is one in which thetransfonning 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 5o 
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. 55 

A "heterologous" region of the DNA construct is an iden
tifiable segment of DNA within a larger DNA molecule that is 
not found in association with the larger molecule in nature. 
Thus. when the heterologous region encodes a mammalian 
gene. the gene will usually be flanked by DNA that does not 60 

flank the mammalian genomic DNA in the genome of the 
source organism. Jn another e;i:ample, heterologous DNA 
includes coding S""iuence in a construct where ponions of 
genes from two different sources have been brought together 
so as to produce a fusion protein product.Allelic variations or 65 

naturally-occurring mutational events do not give rise to a 
heterologous region of DNA as defined herein. 

16 
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: cystcinc; D: aspartic acid: E: 
glutamic acid: F: phenylalanine: G: glycine: H: histidine: I: 
isoleucine; K: lysine: L: Jeucine: M: methionine; N: aspar
agine: P: proline: Q: glutamine: R: arginine: S: serine: T: 
threonine: V: valine: W: tryptophan; Y: tyrosine: X: any resi
due). 

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

As used herein the term "isolated" is meant to describe a 
polynucleotide, a nucleic acid, a protein, a polypeptide, an 
antibody, or a host cell that is in an environment different from 
that in which the polynucleotide, nucleic 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, butto 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 in excess at Tm, 50% of the probes are 
occupied at equilibrium. Typically, stringent conditions will 
be those in which the salt concentration is less than about 1.0 
M sodium ion, typically about O.oJ 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 shon probes, primers or oligonucleotides 
(e.g., I 0 nt to 50nt) 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 ar least about 65%, 70%, 75%, 85%, 90'%, 95%. 
98%, or 99% homologous to each other typically remain 
hybridized to each other. 

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

"Similarity" between two amino acid sequences is definoo 
as the presence of a series of identical as well as conserved 
amino acid residues in both sequences. 11Je higher the degree 
of similarity between two amino acid sequences, the higher 
the correspondence, sameness or equivalence of the two 
sequences. "Identity between two amino acid sequences" is 
defined as the presence of a series of exactly alike or invariant 
amino acid residues in both sequences. TI1e percentage of 
s""iuence identity is 1.-alculated by comparing two optimally 
aligned sequences over a pa11icular region. determining the 
number of positions at which the identical base occurs in both 
sequence in order to yield the number of matched positions, 
dividing the number of such positions by the total number of 
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homologous or substantially similar to the n;.itur;.illy occur
ring protein, and mutants of the naturally occurring 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 to demons1rate pre
ferred embodiments of the invention. It should be appreciated 

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 
computer programs which implement the relevant algorithms 
(e.g., Clustal Macaw Pileup, FASTDB (lntelligenetics), 
BLAST (National Center for Biomedical Information; Alts
chul ct al., Nucleic Acids Research 25:3389 3402 (1997)), 10 

PJLEUP (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.) 15 

by those of skill in the art that the techniques disclosed in the 
examples which follow represent techniques discovered by 
the inventor to function well in the practice of the invention, 
and thus can be considered to constitute preferred modes for 

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 20 

conditions, to form a double helix. Jn 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 25 

greater the ability to form hybrid duplexes between the 
strands of the two DNA segments. 

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 from the 
spirit and scope of the invention. 

Example I 

Generation of Antibacterial Proteins 

The amino acid sequences of the APs were designed based 
on multiple alignments of bacteriophage genes. There are 
four families oflysin 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 

The terms "homology", "homologous;' "substantially 
similar," and "corresponding substantially" are used inter
changeably. They refer to sequence fragments, nucleic acid or 30 

amino acid, wherein changes in one or more bases or residues 
does not affect the ability of the fragment to result in a specific 
functional protein. These terms also refer to 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 35 

residues that do not substantially alter the functional proper
ties of the resulting sequence relative lo 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. 40 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 of the ClustalW algo-

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 it is 45 

capable of regulating the expression of that coding sequence 
(i.e., that the coding sequence is under the transcriptional 
control of the promoter). Coding sequences can be operably 
linked to regulatory sequences in a sense or antisense orien
tation. ln another example, two proteins can be operably 50 

linked, such that the function of either protein is not compro
mised. Generally, operably linked means that the nucleic acid 
sequences being linked are contiguous and, where necessary 

rithm in the licensed software package CLC Combined Work
bench (CLC bio) with default settings (FIGS. 6, 8, and 10). 
The resulting consensus sequence for each or the four cata-
lytic 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 CLC 
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 inlegrity of the secondary 
structure. The catalytic domain sequences are shown in FIGS. to join two protein coding regions, contiguous and in the same 

reading :lhune. 55 5, 7, 9, and 11. 
1be tem1 "expression'', as used herein. refers to the pro

duction of a functional end-product. 
By "substantially the same length" is meant that any dif

ference in length does not exceed about 20%, usually does not 
exceed about 10% and more usually does not exceed about 60 
5%; and have sequence identity to any of these sequences of 
at least about 80"Ai, 85%, 9()"/.,, 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- 65 

ments thereof. Also included in this term are variations of the 
naturally occurring protein, where such variations are 

In addition to a catalytic domain, a ca.rboxy tenuinal bind
ing domain was also added to e<ich AP of lhc invention. The 
binding domain provides a means for the AP to al1ach to the 
cell wall of a bacterium so that the catalytic dom<iin can digest 
the molecules of the cell wall. A consensus sequence for a 
binding domain derived from Lactobacillaceac bactcrioph-
ages was constructed as described above for the catalytic 
domain. LysM is the common domain patlt:rn found in Lac
tobacillaceae bacteriophages. Again. where 1hc consensus 
sequence contained an ambiguity or gap. knowledge of the 
secondary protein structure was used lo choose an amino acid 
for that position that would preserve the integri1)1 of the sec-
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umlary structure. The binding domain consensus sequence 
was added lo the carboxy terminus of the catalytic domain 
consensus sequences. 

The constructed amino acid sequences were then reverse 
translated using the codon frequency table for the yeast 
Kluyveromyces I act is (Table I}. Further adjustments lo 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 Bglll 
site. The optimized sequences were commercially synthe
sized and cloned into pUC57 plasmids. DNA was isolated 
from the pUC57 plasmids, digested with Xhol and Bglll, and 
clonw into the yeast expression plasmid pKLACl. 

Example2 

Nisin Protein Synthesis 

Nisin is an antibacterial bacteriocin substance that is 
secreted by some strains of Lactococcus lactis (L. lactis) 
bacteria. Ni sin 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 secretw 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 ofbacterio
cins secretw by genetically engineered yeast in protecting 
against bacterial contamination, the nisin A gene was cloned 
into the genome of the yeast Kluyveromyces Jactis. 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 assay. Specifically, nisin A yeast preparations 
killed the target Enterococcus faecalis bacteria in a dose 
dt.j>endent marmer, while preparations from non-engineered 
yeast did not. 

20 
secretion peptide so that tht: yeast would correctly process 
and secretetheAP.Aftercloning1heAP geneintopKLACJ in 
frame. the plasmid was amplified in£. coli host cells using 
ampicillin selection. Extracted plasmid was then linearized 

5 with tl1e restriction enzyme Saeli. which exposed the DNA 
sequence homologous with the K lactis LAC4 al both the 5 
prime and 3 prime termini of the vec1or. Specifically, 2 µg of 
pKLAC 1 DNA containing an AP ofinterest was digested with 
20units ofSacll in 50µ1 oflx NEBufferal 37° C. for2 hours. 

10 The digested DNA was desalted using a commercially avail
able DNA fragment purification kit. 

Introduction of the linearized expression cassette into K. 
lactis cells was achieved by chemical transformation using K. 
lactis GG799 Competent Cells and NEB Yeast Transforma-

15 tion Reagent. Specifically, 620 111 of NEB Yeast Transforma
tion Reagent was added to K. lactis competent cells on ice. 
About I µg of linearized pKLAC J DNA containing the AP of 
interest was added to the cell mixture. which was then incu
bated at 30° C for 30 minutes. The cell mixture was heat 

20 shocked by incubating it at 3 7° C. for I hour in a water bath. 
The cells were pelleted by microcentrifugation at about 7000 
r.p.m. for 2 minutes and the supernatant was discarded. The 
cell pellet was resuspended in I mL of sterile deionized water. 
The cells were again microcentrifuged at about 7000 r.p.m. 

25 for 2 minutes and the supernatant was discarded. The cells 
were then resuspended in I ml, YPGlu medium and trans
ferred to 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 I mL of 

30 sterile deioniz.ed 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-

35 gous recombination, were able to utilize acetamide as a nitro
gen source due to the presence of the acetamidase enzyme 
transgene in the vector. AP expression was driven by the 
constitutive expression of the LAC 4 gene in the yeast. 

To determine if the cloned yeast expressed the inserted AP, 
40 supematants were extracted from three separate yeast colo

nies. The supernatants were analyzed by Liquid chromatog
raphy-mass spectrometry (LC-MS} analysis. The LC/MS 
chromatograms of three yeast cell supematants showed that 
the yeast were expressing the nisin transgene product (FIGS. The unmodified nisin gene was constructed using oligo

nucleotides that were commercially synthesized where the 
nisin peptide open reading frame was flanked with a 5 prime 
Xhol-Kex cleavage site and a 3 prime Stu! site using internal 
overlapping cohesive ends. The open reading frame of the 
nisin peptide was codon harmonized according to Kluyvero
myces /actis codon usage frequency (Table l, SEQ ID NO. 50 

I 0). The oligos were annealed, phosphorylated, ligated, and 
then the single double-stranded molecule was ligated into the 
commercial pKLACI yeast expression vector. 

45 2, 3, and 4). The MS peak at 701 indicates the presence of the 
expressed nisin tr<1nsgene in the supernatant. The 697 peak is 
a non-transgenic natural product of the yeast. Further, the 
small peaks close to 701 are the radioisotope variants that arc 
commonly observed 

Example 4 

Antibacterial Activity in AP Secreting Yeast 

Example 3 

General Cloning and Expression of AP Proteins 

The antibacterial proteins of the invention were clonw into 
a yeast expression system and analyzed for antibacterial 
activity. The commercial yeast expression system (New 
England Biolabs) for Kluyveromyces lacliswith the pKLACl 
shuttle vector was used. An AP to be expressed was cloned 
into the multiple cloning site of the pKLACl plasmid at the 
Xhol and BGLII restriction sites. Tbe AP"codons were placed 
in frame with both the KEX protease recognition site (amino 
acids lysine-arginine) and the preceding alpha mating factor 

55 Antibacterial ac1ivity in yeast culture supematants was 
tested against 3 target strains oflactic acid bacteria including 
Enterococcufaecalis 32. Lal1obacillus acidophilus (ATCC), 
and Pediococcus pemosaceus. The method was a modifica
tion of the protocol described in Bei:jeaud et al. Appl Micro-

60 biol. Biotechol. 57:757-763. 2001. Each species was trans
formed with pLSYC02. a plasmid carrying the JuxA::B 
fosion proteins controlled by the lactococcal p59 promoter 
and an erythromycin resistance gene. The JuxA:B fusion pro
tein causes luminescent light emission when living bacteria 

65 are exposed to nonaldehyde. Killed bacteria do not emit light. 
Bacteria were grown in phosphate buffered (pH 7) Terrific 
Broth with glycerol containing I 50 ~tg/mL er:;1bromycin 
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(TBG). Single colonies from agar plates were used lo seed 
overnight cultures, which were incubated at 3 7° 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 
3xl07 per well in 50 µL of phosphate buffered saline pH 7 into 
96 well opaque plates. Next, 50 µL of test supernatant or 
diluted authentic nisin peptide was added to each well in 
triplicate. Luminescence was measured in a BMG Lumistar 
Optima luminometer after three baseline measurements, 1 
second integration at a gain of 4000, and injeclion of 2 
µUwell 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. lad is supematants from cells bearing an integrated copy of 
the empty pKLACI expression cassette or expressing the 
maltose binding protein from the pKLACl-malE expression 
cassette (New England Bio labs) were used. For positive con
trols, nisin reagent (MP Biologicals), or nisin peptide synthe
sized by Genscript, was used. As shown in FIG. 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 expressing the glu
cosamidase derived antibacterial protein, transgenic yeast 
were co-cultured with pLSYC02 transformed Pediococcus 
penlosaceus bacteria. Again, pLSYC02 carrying bacteria 
em.it luminescent light while alive when exposed to nonalde
hyde, but killed bacteria do not emit light. Transgenic and 
wild type K. lad is yeast clones were grown in I 0% yeast 
extract, 20% bacto peptone, 2% galactose (YPG) for 3 6 hours 
at 300 C. with shaking. Galactose was used as the carbon 
substrate to activate the transgenic galactosidase promoter 
which drives expression of the transgene. Transgenic Pedio
coccus pentosaceus bacteria carrying the pLSYC02 plasmid 
were grown overnight in terrific broth with I% glycerol and 

22 
rogen. The assay uses Micrococcus cell walls over-labeled 
with fluorescein isothiocyanate. The excess tluorescein label 
causes diminished fluorescence signal because of tluorophore 
proximity. When lysozyme activity causes molecular units to 
detach from the cell wall, the units carry fluorescein mol
ecules with them, which lessens tluorophore proximity and 
increases overall fluorescence. 

The assay was performed in 96 well plates, with each 
condition tested in duplicate. Test supematants were samples 

10 of .'\P 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-

15 fold dilution series was carried out six times with Iysozyme 
standard or test supernatant as follows: 25 µL of PBS was 
added to all wells. In the first column of wells, 25 µL of 
Iysoryme standard or test supernatant was added. After mix
ing, 25 µL were transferred to the next well. Ibis set was 

20 repeated five more times to result in six, two-fold dilutions. 25 
µL were removed from the last well and discarded. Then 25 
µL ofFITC-labeled Micrococcus cell walls (substrate), at ] 00 
µgfml was added to all wells.A final set of2 wells contains 25 
~IL PBS and 25 µL substrate to serve as a no enzyme control. 

25 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 FJTC filters and attenuation settings of 114, 
1/6 and 1/s. After subtracting the fluorescence of the no enzyme 
control from each well, the corrected fluorescence values 

30 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 
35 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. I 0 µg/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- 40 

pensed into flat bottom, opaque microtiter plates in I 00 µL 
aliquots (final total volume). After 3 cycles of measuring 
background luminescence, 5 ~tL nonyl aldehyde (Acros 
Organics, 95%) was injected into each well except for blank 
wells, and luminescence was measured for 20 cycles with 45 

shaking between each cycle in a 37° C. thermostatted BMG 
Lumistar Optima luminometer. 

Example6 

Ethanol Inducible System 

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

Yeast strains expressing the glucosamidasc derived anti· 
bacterial protein showed antibacterial activity when co-cul
tured withPediococcus pel'llosaceus bacteria (FIGS. 2 and 3). 50 

Over the course of about 3 cycles, luminescence detection 
significantly decreased indicating a decrease in live bacteria. 
In the co-culture containing the glucosam.idase derived anti
bacterial protein expressing yeast compared to the culture 
containing wildtype yeast. These results indicate the antibac- 55 
terial protein effectively killed bacteria. 

Example 5 

The alcohol dehydrogenase I 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: I) the alcohol dehydrogenase l 
promoter of Aspergillus nidulans (derived from Genbank 
M 16916.1) 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 to, SEQ 
rD NO: 1-5: and 4) a cell wall-associated protein domain 
SJlel:ific to bacteria of the order Lactobacillaceae derived from 

Antibacterial Activity in AP Secreting Yeast 

Antibacterial activity in yeast culture supernatants was 
tested against lysozymes of known enzyme a1:1ivity found in 
hen egg whites. The test is designed 10 determine the activity 
of the bacteriophage lysine enzyme discussed in the present 
application. The methodology for the assay was based on the 
EnzChekLysozymeAssay Ki1 (e-22013) produced by lnvit-

60 the cell wall lytic enzyme genes of phages that infect lactic 
acid bacteria. The second sequence component consists of the 
following DNA sequences. fused together, in five prime to 
three prime order. I) a cons1itu1ive promoter such as SY 40; 2) 
an open reading frame forthe alcR transcription factor protein 

65 that is derived from the gene of that function in Asperigillus 
nidulans. The two DNA sequence components may be syn
thesized using oligonucleotides with overlapping cohesive 
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ends. The two DNA sequence componenls may be codon 
harmonized according lo the codon usage frequency for the 
desired host to optimize expression propenies. 

In this system, the trnnscription factor transgene. alcR. will 
be constitutively expressed. When ethanol is present in the 
envirorunent, the alcR transcription factor will activate tran
scription of the transgenic 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 10 
claimed herein can be made and executed without undue 
experimentation in light of the present disclosure. While the 
compositions and methods of this invention have been 

described in tenns 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, spirit and scope of the invention. 
More specifically, it will be apparent that certain agents which 
are both chemically and physiologically related may be sub
stituted for the agents described herein while the same or 
similar results would be achieved. All such similar substitutes 
and modifications apparent to those skilled in the art are 
deemed to be within the spirit. scope and concept of the 
invention as defined by the claims. 

SEQUENCE LISTING 

<1£0> NUMBER OF SEQ ID Nos. 10 

<210> SEQ ID NO l 
<211> LENGTH• 911 
<212"> TYPE• DNA 
<213> ORGANISM. Artificial 
<220> FEATURE• 
<223> OTHER INFORMATION• Alanine Amidase Genescript 

<400> SEQUENCE• l 

ctcgagaaaa gaatgattat 9ttg9tt9ca ggtcatggtt acaatgatcc aggtgctgtt 60 

99taatggta caaatgaaag agact ttatc agaaaataca taacaccaaa cattgctaag 120 

tatttgagac acgccggtca tgaagttgct ctatatggtg gttcatcaca atctcaggat J.80 

atgtaccaag atactgctta cggtgtcaac gtaggaaaca acaaagatta tggtttgtac 240 

tgggttaaat ctcatggtta cgatatagtt cttgaaatcc atcttgacgc agctggtgaa 300 

tctgccagtg gtggtcatgt aattatttcc tcacaattta acgctgatac tatcgataaa 360 

tctatccaag atgtcattaa gaataactta 99tcaaatta gaggtgttac ccctagaaat 420 

gatttgctaa acgttaatgt tccgctgaga ttaatattaa ctatagatta tcagaactag 490 

gttttattac taataagaat gacatggatt ggataaagaa aaactatgat ttgtattcaa S40 

agttgattgc tggtgctatt catggtggtg gtggtggttc cggaggtggt ggatctggtg GOO 

gtggaggttc ttatatagtg aaacaaggtg atactttaag tggtattgct tcaaattggg 660 

gtaccaattg gcaagaacta gctagacaaa atagtctttc taatccaaat atgatctata 720 

caggtcaagt gatcagattc acaggtggtc agtctggtgc taccgctaga acctacacag 790 

tttcatcagg tgataatttg tcctcaatag catccagatt gggtacaaca gttcaatctt 840 

tggtatccat gaatggtatc tccaacccaa acttaattta tgccggacaa acccttaact 900 

attaaagatc t 9J.l 

<210> SEQ IO NO 2 
<211> LENGTH, J.047 
<212> TYPE' DNA 
<213> ORGANISM, Artificial 
<220> FEATURE• 
<223> OTHER INFORMATION' Glucosaminidase Genescript 

<400> SEQUENCE, 2 

ctcgagaaaa gaatgcaagg taaggccttc gctgaagctt gtaagaagaa taatatcaat 60 

gaaatttatt taattgctca cgcctttttg gaatcaggtt acggtacttc ta at ttcgca 120 

tctggtagat acggtgggta taactatttc ggtatcggtg catttgataa caatccaaac J.80 

tacgctatga ctttcgctaa gaataagggt tggacatctc ctgctaaagc tattatggga 240 
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-continued 

ggtgcttcat ttgttagaaa agattatatt aatagggtca aaacactttg tatagaatca 300 

gatggaaccc aaagaaccca gctacacacc aatatgctac tgcaattgaa tggtgtcaac 360 

atcaagctag tactatagct aagctttata agggtggtgg aggttctggt ggtggtggaa 420 

gtggtggtgg tggttcctac atcgttaaac aaggtgatac tttgtctggt attgcttcaa 480 

actggggtac aaattggcaa gaattggcta gacaaaatag tttatctaat ccaaacatga 540 

tttacactgg tcaagttatc agatttactg gaggtcaatc tggtcccact gccagaactt 600 

atactgtttc atccggtcat aatttgtctt ctattgctag tagattggga caactgtgca 660 

atctcttgtt tctatgaatg gtattagtaa tccaaactta atttacgccg gtcaaacatt 720 

aaactattga agatctgtgg aggttcttat atagtgaaac aaggtgatac tttaagtggt 780 

attgcttcaa attggggtac caattggcaa gaactagcta gacaaaatag tctttctaat 840 

ccaaatatga tctatacagg tcaagtgatc agattcacag gtggtcagtc tggtgctacc 900 

gctagaacct acacagtttc atcaggtgat aatttgtcct caatagcatc cagattgggt 960 

acaacagttc aatctttggt atccatgaat ggtatctcca acccaaact t aatttatgcc 1020 

ggacaaaccc ttaactatta aagatct 1047 

<210::.> SEQ ID NO 3 
<211> LENGTH' 979 
<212> TYPE, DNA 
<213> ORGANISM' Artificial 
<:220:> FEATURE, 

<223> OTHER INFORMATIONo Lysozyme Genescript 

<400> SEQUENCEo 3 

gatcaagcca cttacgagac tcaagtcgct tccgcaatag ctcaa99aaa aagagctcat 60 

acatatattt ggtatcaagt tggaggttct caagaagttg ctaaagcagc ccttgataga 120 

tatttgccaa aaattcaaac tccaaagaat agtatagtgg ctttagatta cgaatccggt lSO 

gctagtggag ataaacaagc taacacagat gctatcttat atggtatgag aagagttaaa 240 

gctgctggtt atactccaat gtattactca gataaaccat acactct tgc caacgtcaat 300 

tataaacaga ttattaaaga gtttccaaac tctctatgga ttgctgctta tccaaactac 360 

gaagttaccc cagttcctaa ttattctttc ttcccttcaa tggatggtat ctcagtattc 420 

caattcacta gtacttatgt tgcLggtggt ttagatggaa atgtggactt gactggtatc 480 

aca9acaacg gttatggtaa gcaaaaagga caagaagtta agcctgatac cgctactcct 540 

gctattgaga atggtaaaga agcaaatgaa gttaaggtaa cgacgttgag gttggtatga 600 

cagtaaaagt taactttggt gccaagaatt acgctacagg tgaaacaatt cctcaatggg 660 

taaagggtca accacataaa ataatccaaa agaacggtga tactgttttg ctagatggta 720 

ttatgtcatg gttgtcagtt catgatgttg aaaccattga tgcttcaacc tcccaaccaa 780 

ctaccccagc aaagagtggt ggtggtggaa gtggtggtgg tggttctggt ggtggtggat 840 

catat.atcgt taagc'1aggt g.atact<.:ttt caggtatcgc t:tctaactgg ggtacaaatt 900 

gg<oaagagtt ggctagacaa aatagtt tat ctaatccaaa cat:gatctat accggtcaag 960 

tcattagatt taccggtgg 979 

<210> SEQ ID NO 4 
<:211> i..ENGTH' 1050 
<212> TYPE' DNA 
<213 > Oi~GANISMo Artificial 
<220:> FEATUREo 

<223> OTHER INFORMATION: Peptidase Genescript 
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-continued 

actgcttacg gtcatatgtg ggatgctttc gcaacaggat tgagacaagg tcagagagtc 

gaagctggtc agttaattgc ttacgtcggt accaacggtc aatctacagg tcctcatctt 

catttcgagg tccatccaac tgtttggaga caaggttctc aaatcgatcc aaaaccatgg 

ttggctaatg ctagaaaccc aggtgatcca gcacctgccc cagcaccacc aaaaggtggt 

actttagcta ccttgactga tccttttact ggagaacttt ggtctccaaa cagataccat 

ccaagaggtc ttggtgatcc aagatggatt gttgttcaca ctcaagaagg tggtagaact 

gctagagatt tggctgctta tcttgctcaa aagtcttctc aagtttcata ccatgtggtt 

gtagatgaca gagaagttct aaaagttgtt gccgaaggtg atgctccatg ggcagctgct 

ggtgctaaca aatacgcatt ccatatctgt atggctggtt cttatgcctc ctggagtaga 

aacaagtggt tggatgtcga taccagtgac ggtaagaatg aggatttgca attgaccaaa 

actgctcatg tgatcgcatg gtggtgcgat aagtatggta taccaccagt ttggatcggt 

ggtagaaata ttcctccatg gggattggat 99tgttt9tg gtcatgtcga cttaggtgca 

tggggtggag gacacacaga tcctggacca aactttccta gagacgaatt aatgagaaga 

gtttctcaat ttttggctgg tacagaatta ccaccactac caaccccacc acctgtaaca 

gttccaggta ccaaaccaga tcaatatggt gattggatgt tgtacagagg taatggtgga 

ggaggttctg gtggaggagg tagtggaggt ggtggtagtt acatcgttaa acaaggtgat 

actctttctg gtattgcatc taactggggt acaaactggc aagaattggc tagacaaaac 

tccttgtcta atccaaatat gatctatact 

<210> SEQ ID NO 5 
<211> LENGTH, 600 
<212> TYPE, DNA 
<213> ORGANISM' Artificial 
<220> FEATURE, 
<223> OTHER INFORMATION, Synthetic Nisin Gene Cloned 

<400> SEQUENCE, 5 

60 

120 

180 

240 

300 

360 

420 

480 

540 

600 

660 

720 

780 

840 

900 

960 

1020 

1050 

aaactgacat cgacgatctt ccaatatcgg ttccagaaga agccttgatt ggattcattg 60 

acttaaccgg ggatgaagtt tccttgttgc ctgttaataa cggaacccac actggtattc 120 

tattcttaaa caccaccatc gctgaagctg ctttcgctga caaggatgat ctcgagaaaa 190 

gaatgattac ttctatttct ttgtgtactc caggttgtaa aactggtgct ttgatgggtt 240 

gtaatatgaa aactgctact tgtcattgtt ctattcatgt ttctaaataa aggccttgaa 300 

tcgagaattt atacttagat aagtatgtac ttacaggtat atttctatga gatactgatg 360 

tatacatgca tgataatatt taaacggtta ttagtgccga ttgtcttgtc cgataatgac 420 

gttcctatca aagcaataca cttaccacct attacatggg ccaagaaaat attttcgaac 490 

ttgtttagaa tattagcaca gagtatatga tgatatccgt tagattatgc atgattcatt 540 

cctacaactt tttcgtagca taaggattaa ttacttggat 9ccaataaaa aaaaaaaaca 600 

<210> SEQ IO NO 6 
<211> LENGTH: 303 
c212> TYPE, PRT 
<213> ORGANISM, Artificial 
<220> FEATURE, 
<223> OTHER INFORMATION, Alanine Amidase Genescript 

Leu Glu Lys Arg Met Ile Met Leu Val Ala Gly His Gly Tyr Asn Asp 

28 
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-continued 

5 10 15 

Pro Gly Ala Val Gly Asn Gly Thr Asn Glu Arg Asp Phe Ile Arg Lys 
20 25 30 

Tyr !le Thr Pro Asn Ile Ala Lys Tyr Leu Arg His Ala Gly His Glu 
35 40 45 

Val Ala Leu Tyr Gly Gly Ser Ser Gln Ser Gln Asp Met Tyr Gln Asp 
so 55 60 

Thr Ala Tyr Gly Val Asn Val Gly Asn Asn Lys Asp Tyr Gly Leu Tyr 
65 70 75 so 

Trp Val Lys Ser His Gly Tyr Asp Ile Val Leu Glu Ile His Leu Asp 
85 90 95 

Ala Ala Gly Glu Ser Ala Ser Gly Gly His Val Ile Ile Ser Ser Gln 
100 105 110 

Phe Asn Ala Asp Thr !le Asp Lys Ser Ile Gln Asp Val !le Lys Asn 
115 120 125 

Asn Leu Gly Gln Ile Arg Gly Val Thr Pro Arg Asn Asp Leu Leu Asn 
130 135 140 

Val Asn Val Ser Ala Glu Ile Asn !le Aan Tyr Arg Leu Ser Glu Leu 
145 150 155 160 

Gly Phe !le Thr Asn Lys Asn Asp Met Asp Trp Ile Lye Lys Asn Tyr 
165 170 175 

Asp Leu Tyr Ser Lys Leu Ile Ala Gly Ala !le His Gly Gly Gly Gly 
180 185 190 

Gly Ser Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser Tyr !le Val Lys 
195 200 205 

Gln Gly Asp Thr Leu Ser Gly !le Ala Ser Asn Trp Gly Thr Asn Trp 
210 215 220 

Gln Glu Leu Ala Arg Gln Asn Ser Leu Ser Asn Pro Asn Met !le Tyr 
225 230 235 240 

Thr Gly Gln Val Ile Arg Phe Thr Gly Gly Gln Ser Gly Ala Thr Ala 
245 250 255 

Arg Thr Tyr Thr Val Ser Ser Gly Asp Asn Leu Ser Ser !le Ala Ser 
260 265 270 

Arg Leu Gly Thr Thr Val Gln Ser Leu Val Ser Met Asn Gly Ile Ser 
275 280 285 

Asn Pro Asn Leu Ile Tyr Ala Gly Gln Thr Leu Asn Tyr Arg Ser 
290 295 3 00 

<210> SEQ IO NO 7 
<211> LENGTH, 246 
<212> TYPE, PRT 
<213> ORGANISM' Artificial 
<220> FEATURE, 
<223> OTHER INFORMATION, Glucosaminidaee Genescript 

<400> SEQUENCE, 7 

Leu Glu Lys Arg Met Gln Gly Lye A.la Phe Ala Glu Ala Cys Lys Lye 
1 s 10 15 

Asn Asn !le Asn Glu Ile Tyr Leu Ile Ala His Ala Phe Leu Glu Ser 
20 25 30 

Gly Tyr Gly Thr Ser Asn Phe Ala Ser Gly Arg Tyr Gly Ala Tyr Aan 
35 40 45 

Tyr Phe Gly lle Gly Ala Phe Asp Asn Asn Pro Asn Tyr Ala Met Thr 
SO SS 60 

Phe Ala Lys Asn Lys Gly Trp Thr Ser Pro Ala Lys Ala Ile Met Gly 
65 i 0 75 80 

30 
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Gly Ala Ser Phe Val Arg Lys Asp Tyr Ile Asn Lys Gly Gln Asn Thr 
85 90 95 

Leu Tyr Arg Ile Arg Trp Asn Pro Lys Asn Pro Ala Thr His Gln Tyr 
100 105 110 

Ala Thr Ala Ile Glu Trp cys Gln His Gln Ala Ser Thr lle Ala Lys 
llS 120 125 

Leu Tyr Lys Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser Gly Gly Gly 
130 135 140 

Gly Ser Tyr Ile Val Lys Gln Gly Asp Thr Leu Ser Gly Ile Ala Ser 
145 150 155 160 

Asn Trp Gly Thr Asn Trp Gln Glu Leu Ala Arg Gln Aon Ser Leu Ser 
165 170 175 

Asn Pro Asn Met Ile Tyr Thr Gly Gln Val Ile Arg Phe Thr Gly Gly 
180 185 190 

Gln Ser Gly Gly Ala Thr Ala Arg Thr Tyr Thr Val Ser Ser Gly Asp 
195 200 205 

Asn Leu Ser Ser Ile Ala Ser Arg Leu Gly Thr Thr Val Gln Ser Leu 
210 215 220 

Val ser Met Asn Gly Ile Ser Asn Pro Asn Leu Ile Tyr Ala Gly Gln 
225 230 235 240 

Thr Leu Asn Tyr Arg Ser 
245 

<210> SEQ ID NO 8 
<211> LENGTH: 450 
<212> TYPE PRT 
<213> ORGANISM: Artificial 
<220> FEATURE: 
<223> OTHER INFORMATION: Lysozyme Genescript 

<400> SEQUENCE 8 

Leu Glu Lys Arg Met Lys Lys Leu Ile Lys Lys Ser Ala Ile Gly Met 
l 5 10 15 

Phe Ala Phe Phe Val Val Ala Ala Ser Gly Pro Val Phe Ala Ala Val 
20 25 30 

Gly Asp Gln Gly Val Asp Trp Ser Lys Tyr Asn Gly Thr Tyr Gly Asn 
35 40 45 

Phe Gly Tyr Ala Hie Aep Lys Phe Ala Phe Ser Gln Ile Gly Gly Thr 
50 55 60 

Tyr Gly Gly Thr Phe Val Asp Gln Ala Thr Tyr Glu Thr Gln Val Ala 
65 70 75 BO 

Ser Ala He Ala Gln Gly Lys Arg Ala His Thr Tyr Ile Trp Tyr Gln 
95 90 95 

Val Gly Gly Ser Gln Glu Val Ala Lys Ala Ala Leu Asp Arg Tyr Leu 
100 105 110 

Pro Lys Ile Gln Thr Pro Lye Asn Se;r; Ile Val Ala Leu Asp Tyr Glu 
115 120 125 

Ser Gly Ala Ser Gly Asp Lys Gln Ala Asn Thr Asp Ala Ile Leu Tyr 
130 135 140 

Gly Met Arg Arg Val Lys Ala Ala Gly Tyr Thr Pro Met Tyr Tyr Ser 
145 150 155 160 

Asp Lys Pro '!yr Th;r; Leu Ala Asn Val Asn Tyr Lys Gln Jle Ile Lys 
165 170 175 

Glu Phe Pro Aon Ser Leu Trp·lle Ala Ala Tyr Pro Aon Tyr Glu Val 
180 185 190 

32 
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Thr Pro Val Pro Asn Tyr Ser Phe Phe Pro Ser Met Asp Gly Ile Ser 
195 200 205 

Val Phe Gln Phe Thr Ser Thr Tyr Val Ala Gly Gly Leu Aop Gly Aon 
210 215 220 

Val Asp Leu Thr Gly Ile Thr Asp Asn Gly Tyr Gly Lys Gln Lys Gly 
225 230 235 240 

Gln Glu Val Lys Pro Asp Thr Ala Thr Pro Ala !le Glu Asn Gly Lys 
245 250 255 

Glu Ala Asn Glu Val Lye Gly Asn Asp Val Glu Val Gly Met Thr Val 
260 265 270 

Lys Val Asn Phe Gly Ala Lys Asn Tyr Ala Thr Gly Glu Thr Ile Pro 
275 280 285 

Gln Trp Val Lys Gly Gln Pro His Lys Ile Ile Gln Lys Asn Gly Asp 
290 295 300 

Thr Val Leu Leu Asp Gly Ile Met Ser Trp Leu Ser Val Hia Aop Val 
305 310 315 320 

Glu Thr Ile Asp Ala Ser Thr Ser Gln Pro Thr Thr Pro Ala Lys Ser 
325 330 335 

Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser Tyr 
340 345 350 

Ile Val Lys Gln Gly Asp Thr Leu Ser Gly Ile Ala Ser Asn Trp Gly 
355 360 365 

Thr Asn Trp Gln Glu Leu Ala A:rg Gln Asn Ser Leu Ser Asn Pro Asn 
370 375 380 

Met Ile Tyr Thr Gly Gln Val Ile A:rg Phe Thr Gly Gly Gln Ser Gly 
385 390 395 400 

Ala Thr Ala A:rg Thr Tyr Thr Val Ser Ser Gly Asp Asn Leu Ser Ser 
405 410 415 

Ile Ala Ser Arg Leu Gly Thr Thr Val Gln Ser Leu Val Ser Met Asn 
420 425 430 

Gly Ile Ser Asn Pro Asn Leu Ile Tyr Ala Gly Gln Thr Leu Asn Tyr 

Arg Ser 
450 

435 440 445 

<210> SEQ ID NO 9 
<211> LENGTH: 482 
<212> TYPE: PRT 
<213> ORGANISM: Artificial 
<220> Fli!ATURE: 
<223> OTHER INFORMATION, Peptidase Genescript 

<400> SEQUENCE 9 

Leu Glu Lys A:rg Met Arg Ala Gly Thr Tyr Thr Leu Ser Ser Gly Phe 
5 10 15 

Gly Pro A:rg Trp Gly Ser Gln His A:rg Gly Leu Asp Phe Ala Ala Lys 
20 25 30 

Asp Gly Thr Pro Ile Tyr Ala Ala Gln Gly Gly Thr Val Ala Tyr Ile 
35 40 45 

Gly A:rg Ala Asp Gly Phe Gly Gln Trp Ile Val Ile A Gp His Pro Ala 
50 55 60 

Ala Asp Cly Gly Gly Thr Thr Val Tyr Gly His Met Trp Asp Ala Phe 
65 70 75 so 

Ala Thr Gly Leu Arg Gln Gly Gln Arg Val Glu Ala Gly Gln Leu Ile 
85 90 95 

Ala Tyr Val Gly Thr Asn Gly Gln Ser Thr Gly Pro His Leu His Phe 

34 
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-continued 

100 105 110 

Glu Val His Pro Thr Val Trp Arg Gln Gly Ser Gln Ile Asp Pro Lys 
115 120 125 

Pro Trp Leu Ala Asn Ala Arg Asn Pro Gly Asp Pro Ala Pro Ala Pro 
130 135 140 

Ala Pro Pro Lys Gly Gly Thr Leu Ala Thr Leu Thr Asp Pro Phe Thr 
145 150 155 160 

Gly Glu Leu Trp Ser Pro Asn Arg Tyr His Pro Arg Gly Leu Gly Asp 
165 170 175 

Pro Arg Trp lle Val Val His Thr Gln Glu Gly Gly Arg Thr Ala Arg 
180 185 190 

Asp Leu Ala Ala Tyr Leu Ala Gln Lys Ser Ser Gln Val Ser Tyr His 
195 200 205 

Val Val Val Asp Asp Arg Glu Val Leu Lys Val Val Ala Glu Gly Asp 
210 215 220 

Ala Pro Trp Ala Ala Ala Gly Ala Asn Lys Tyr Ala Phe His Ile Cys 
225 230 235 240 

Met Ala Gly Ser Tyr Ala Ser Trp Ser Arg Asn Lys Trp Leu Asp Val 
245 250 255 

Asp Thr Ser Asp Gly Lys Asn Glu Asp Leu Gln Leu Thr Lye Thr Ala 
260 265 270 

His Val Ile Ala Trp Trp Cys Asp Lys Tyr Gly Ile Pro Pro Val Trp 
275 280 285 

Ile Gly Gly Arg Asn Ile Pro Pro Trp Gly Leu Asp Gly Val Cys Gly 
290 295 300 

His Val Asp Leu Gly Ala Trp Gly Gly Gly His Thr Asp Pro Gly Pro 
305 310 315 320 

Asn Phe Pro Arg Asp Glu Leu Met Arg Arg Val Ser Gln Phe Leu Ala 
325 330 335 

Gly Thr Glu Leu Pro Pro Leu Pro Thr Pro Pro Pro Val Thr Val Pro 
340 34 5 350 

Gly Thr Lys Pro Asp Gln Tyr Gly Asp Trp Met Leu Tyr Arg Gly Asn 
355 360 365 

Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser Tyr 
370 375 380 

Ile Val Lys Gln Gly Asp Thr Leu Ser Gly Ile Ala Ser Asn Trp Gly 
385 390 395 400 

Thr Asn Trp Gln Glu Leu Ala Arg Gln Asn Ser Leu Ser Asn Pro Asn 
405 410 415 

Met Ile Tyr Thr Gly Gln Val Ile Arg Phe Thr Gly Gly Gln Ser Gly 
420 42~ 430 

Ala Thr Ala Arg Thr Tyr Thr Val Ser Ser Gly Asp Asn Leu Ser Ser 
435 440 445 

Ile Ala Ser Arg Leu Gly Thr Thr Val Gln Ser Leu Val Ser Met Aan 
450 455 460 

Gly Ile Ser Asn Pro Asn Leu Ile Tyr Ala Gly Gln Thr Leu Asn Tyr 
465 470 475 480 

Arg Ser 

<210> SEQ ID NO 10 
<211> LENGTH 235 
<212> TYPE, PRT 
<213> ORGl\NlSMo Artificial 
<220> PEATUREo 
<223> OTHER INFORMATION, Synthetic Nisin Gene Cloned 

36 
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<400> SEQUENC!L 10 

Aon Hie Arg Arg Ser Ser Aon Ile Gly Ser Arg Arg Ser Leu Asp Trp 
1 5 10 15 

I le His Leu Asn Arg Gly Ser Phe Leu Val Ala Cys Arg Asn Pre Hie 
20 25 30 

Trp Tyr Ser Ile Leu Lys Hi:o His His Arg Ser Cys Ph .. Arg Gln Gly 
35 40 45 

Ser Arg Glu Lys Asn Asp Tyr Phe Tyr Phe Phe Val Tyr Ser Arg Leu 
50 55 60 

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

Tyr Ser Cys Phe Ile Lys Ala Leu Asn Arg Glu Phe Ile Leu Arg Val 
85 90 95 

cyo Thr Tyr Arg Tyr Ile Ser Met Arg Tyr Cys I le Hio Ala Tyr Leu 
100 105 110 

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

Gln Tyr Thr Tyr His Leu Leu His Gly Pro Arg Lye Tyr Phe Arg Thr 
130 135 140 

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

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

Asn Lye Lys Lys Lys His Arg Glu Asn Phe Ser Met Leu 
190 185 

Cys Ser Val Ser Lys Lye Lys Asp Phe His Tyr Met Phe 
195 200 205 

Lye Glu Aen His Gly Thr Leu Asp Leu Gln Lys Phe Asn 
210 215 220 

Thr Asp Thr Val Lye Arg Thr Thr Gly Leu Leu 
225 230 235 

What is claimed is: 
1. An isolated nucleic acid sequence encoding an antibac

terial protein, the isolated nucleic acid sequence comprising 
SEQ ID NO: 5. 

2. An isolated amino acid sequence comprising an antibac
terial protein, the isolated amino acid sequence comprising 
SEQ ID NO: IO. 

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 ID 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 Kluvveromyces lactis, 
Saccharomyces cerevisiae, Schizosaccharomyces pombe, 
and Candida alhicans. 

6. A population of cells, wherein at least one cell expresses 

175 

Arg Asn Asn 
190 

Leu Leu Lys 

His Arg Leu 

9. An isolated microscopic transgenic organism, wherein 
the isolated microscopic organism expresses at least one anti-

45 bacterial protein that is encoded by a nucleic acid sequence 
comprising SEQ 1D NO: 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-
50 bacterial protein is expressed in response to 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 yeast 
strain is selected from the group consisting ofKluyveromyces 

ss lactis, Saccharomyces cerevisiae, Schizosaccharomyces 
pombe. and Candida alhicans. 

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

at least one antibacterial protein having an amino acid 60 

sequence comprising SEQ ID NO: 10. 
15. The isolated bactericidal yeast of claim 14. wherein the 

yeast is selected from the group consisting of Kluvveromvces 
lactis. Saccharomvces cerevisiae, Schizosaccharomvces 7. The population of cells of claim 6. wherein the popula

tion of cells art: yeast. 
8. The popuJ;,tion of cells of claim 7. wherein the yeast is 

selected from the group consisting of Klu_weromyces lactis, 
Saccharomyces cerevisiae, Schizosaccharomyces pombe, 
and Candida alhicans. 

pomhe. and Candida albicans. . 
16. The isolated bactericidal yeast of claim 14, wherein the 

65 antibacterial protein is expressed in response to lactic acid. 
17. TI1e isolated bactericidal yeast of claim 14. wherein the 

antibacterial protein is expressed in response to ethanol. 
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18. An isolated bacleriddal yeast, wherein the yeas! 
expresses at least one antibacterial protein having an amino 
acid sequence comprising SEQ JD NO: JO. 

19. The isolated bactericidal veast of claim 18, wherein the 
yeast is selected from the group consisting of Kluyveromyces 
lactis, Saccharomw·es cen:•·isiae. Schiwsaccharomyces 
pombe, and Candida albica11s. 

20. The isolated baclericidal yeast of claim 18, wherein the 
antibaclerial protein is expressed in response to lactic acid. 

21. The isolated bactericidal yeas! of claim 18, wherein the 10 

antibacterial protein is expressed in response to ethanol. 

* * * * * 
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