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ABSTRACT 

NeW bacteriocins capable of inhibiting the groWth of bac 
teria are disclosed, along With methods of obtaining secre 
tion of proteins from lactic acid bacteria, and methods for 
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FIGURE 1 
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FIGURE 3 



Patent Application Publication Feb. 27, 2003 Sheet 3 0f 12 US 2003/0039632 A1 

q MEDQHE 



Patent Application Publication Feb. 27, 2003 Sheet 4 0f 12 US 2003/0039632 A1 

FIGURE 5 
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FIGURE 6 

FIGURE 7 
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FIGURE 9 
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FIGURE 1 l 

8i 

7 

‘2' 
E 
U 6 

E —-A—— Leuc. gelljdum 
O ——U—— Leuc. gelldum 

--~<>-—- Leuc. gelidum 
m 5 
O 
..3 

Time (weeks) 



Patent Application Publication Feb. 27, 2003 Sheet 10 0f 12 US 2003/0039632 A1 

FIGURE 12 

Eu Eu m3 

Time (weeks) 



Patent Application Publication Feb. 27, 2003 Sheet 11 0f 12 US 2003/0039632 A1 

FIGURE 13 
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NOVEL BACTERIOCINS, TRANSPORT AND 
VECTOR SYSTEM AND METHOD OF USE 

THEREOF 

[0001] This application claims priority from US. provi 
sional application No. 60/026,257, ?led Sep. 5, 1996, incor 
porated herein by reference in full. 

FIELD OF INVENTION 

[0002] This invention relates to novel polypeptides, bac 
teriocins, immunity genes obtained from lactic acid bacteria 
and a method of use thereof. 

BACKGROUND 

[0003] With the current consumer demand for fresh (i.e., 
never froZen) foods, it is important that methods be devel 
oped for safe storage of these products especially for fresh 
meats Which are manufactured locally but are marketed 
around the World. The lactic micro?ora (lactic acid bacteria) 
of vacuum packaged meats delays spoilage for Weeks or 
months, as opposed to meats packaged under aerobic con 
ditions Which develop a putrefactive micro?ora that causes 
spoilage Within days. 

[0004] Vacuum packaged meats have an extended but 
unpredictable storage life dependent on the types of Tactics 
that dominate the micro?ora. Meat Tactics can cause severe 
spoilage problems, such as sulphide odors or greening by 
some Lactobacillus species and gas or slime production by 
Leuconostoc species. Other Tactics exert a preservative 
effect, extending storage life and enhancing meat safety by 
competitive groWth, by producing organic acids, and by 
producing antagonistic substances knoWn as bacteriocins 
(peptides or proteins that inhibit the groWth of other, usually 
closely related, bacteria). 
[0005] Nisin is a bacteriocin produced by Tactics used for 
cheese manufacture, and is the only bacteriocin licensed for 
use as a food preservative. Nisin is unusual because it is 
active against a Wide range of gram-positive bacteria, 
including the spores of Clostridium botulinum; unfortu 
nately, its producer strain does not groW in chill-stored 
meats, and nisin does not function in meat systems. 

[0006] Class II bacteriocins are characteriZed as small, 
heat stable, hydrophobic peptides With a high isoelectric 
point. They are produced as precursors With an N-terminal 
extension of 18 to 24 amino acids. This extension is cleaved 
at the C-terminus side of tWo glycine residues to give the 
mature bacteriocin. Sequence alignment of the N-termini 
revealed a remarkable degree of similarity in their hydro 
pathic pro?les (Fremaux et al. 1993). 

[0007] The nucleotide sequences of the structural genes 
for several class II bacteriocins have been published, includ 
ing pediocin PA-1/AcH (Bukhtiyarova et al. 1994, Marugg 
et al. 1992), sakacin A and P (Holck et al. 1989, TichacZek 
et al. 1994), lactacin F (Fremaux et al. 1993, Muriana and 
Klaenhammer 1991), leucocin A (Hastings et al. 1991), 
lactococcins A, B, and M (Holo et al. 1991; Stoddard et al. 
1992; van Belkum et al. 1991; van Belkum et al. 1992), 
plantaricin A (Diep et al. 1994) and carno-bacteriocins A, 
BM1, and B2 (Quadri et al. 1994; Worobo et al. 1994). 
HoWever, the additional genes necessary for bacteriocin 
production have only been determined for the lactococcins 
and pediocin PA-1/AcH and, in the case of the some of the 
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lactococcins, the gene for immunity has also been con 
?rmed. The genetic characteriZation of the lactococcin and 
pediocin gene clusters indicates that they have similar 
features. They both have genes for bacteriocin production in 
an operon structure, although the structural and immunity 
genes for the lactococcins can be transcribed independent of 
the other genes in the operon. Furthermore, one of the genes 
in each of the lactococcin and pediocin operons encodes a 
protein Which belongs to the HlyB-family of ATP-binding 
cassette (ABC) transporters (Higgins 1992). This protein is 
thought to be involved in the signal sequence-independent 
secretion of the bacteriocins. Recently, genes encoding 
proteins Which resemble members of a tWo-component 
signal transduction system have been identi?ed Which are 
involved in the expression of plantaricin A and sakacin A 
(Axelsson et al. 1993; Diep et al. 1994). 

SUMMARY OF THE INVENTION 

[0008] One aspect of the invention is a neW bacteriocin, 
brochocin-C: peptide A (SEQ ID NO:23), peptide B (SEQ 
ID NO:25) and its corresponding immunity peptide (SEQ ID 
NO:27). Another aspect of the invention is a polynucleotide 
encoding the brochocin-C operon (SEQ ID NO:21), peptide 
A (SEQ ID NO:22), peptide B (SEQ ID NO:24), or immu 
nity (SEQ ID NO:26). 
[0009] Another aspect of the invention is a polynucleotide 
encoding a neW bacteriocin enterocin 900 (SEQ ID NO:28), 
a polynucleotide encoding the ?rst enterocin 900 peptide 
(SEQ ID NO:29), and the enterocin 900 peptide (SEQ ID 
NO:30). 
[0010] Another aspect of the invention is a method for 
inhibiting pathogenic bacteria by providing a bacteriocin 
selected from the group consisting of brochocin-C and 
enterocin 900, either as a composition or by providing a 
bacterial source of brochocin-C or enterocin 900. For 
example, one may inhibit spoilage bacteria in foodstuffs, 
such as meat, inhibit pathogenic bacteria topically on ani 
mals, including humans, and inhibit bacteria infection of 
fermentation reactors. 

[0011] Another aspect of the invention is an expression 
vector for obtaining secretion of proteins from Tactics, 
comprising a promoter functional in the lactic host, a poly 
nucleotide encoding a divergicin signal peptide (SEQ ID 
NO:19), and a structural gene. Another aspect of the inven 
tion is the vector Which comprises a plurality of structural 
genes, each operably linked to a polynucleotide encoding a 
divergicin signal peptide. 
[0012] Another aspect of the invention is a method to 
attach bacteriocin structural and immunity genes to a signal 
peptide or leader peptide gene so that the bacteriocins can be 
exported from the host cell. 

[0013] Another aspect of the invention is a novel food 
grade plasmid that can be used as a plasmid vector for genes 
including, but not limited to, bacteriocins, other polypep 
tides, enZymes or proteins in organisms for use in food 
products or as a probiotic. 

[0014] Another aspect of the invention is a method to 
preserve food by adding bacteriocin-producing bacteria. 

BRIEF DESCRIPTION OF FIGURES 

[0015] FIG. 1. Deferred inhibition tests against C. pisci 
cola LV17C (A) and C. divergens LV13 (B) by divergin A 
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and carnobacteriocin B2. 1.C. piscicola LV17C containing 
pMG36e; 2.C. piscicola LV17C containing pRW19e; 3. C. 
piscicola LV17C containing pJKM14. 

[0016] FIG. 2. Schematic representation of the 12.3 kb 
HindIII insert of pMJ4 and its subclones. Partial restriction 
maps of some of the inserts are shoWn. Not all of the HpaII 
restriction sites on the insert of pMJ6 are indicated. The 
positions and direction of transcription of lcaA. lcaB. lcaC. 
lcaD. and lcaE on the insert of pMJ6 are shoWn. The 
asterisks on pMJ20 and pMJ26 indicate frameshift muta 
tions of lcaB and lcaE, respectively. 

[0017] FIG. 3. Deferred inhibition of leucocin A transfor 
mants With C. piscicola LV17C as the indictor strain (A) and 
lactococcin A transformants With L. lactis IL1403 as the 
indicator strain (A) a. L. gelia'um UAL1877-22; b. L. 
lactis IL1403; c. L. gelia'um UAL187-13; d. L. lactis IL1403 
(pMJ6); e. L. gelia'um UAL187013 (pMJ6). APT Was used 
as solid medium. (B) a. L. geliduin UAL187-22) pMB553); 
b. L. gelia'um UAL 187-13 (pMB553); c. L. gelia'um 
UAL187-22; d. L. gela'um UAL187-13. Glucose-M17 Was 
used as solid medium. 

[0018] FIG. 4. Schematic representation of the tWo-step 
PCR strategy to replace the signal peptide of divergicin A 
With the double-glycine type leader peptides of leucocin A, 
lactococcin Aor colicin V. In the ?rst PCR step, the leucocin 
A (A and B) or lactococcin A (A) gene Was used as a 
template to obtain a megaprimer containing the leucocin A 
(A), the lactococcin A (A), or the colicin V leader peptide 
(B). These megaprimers Were used to amplify the divergicin 
structural and immunity gene in a second PCR step. Diver 
gicin AWithout a leader or signal peptide Was constructed by 
?rst amplifying the region upstream of the leucocin A gene 
(C) and using the resulting PCR product to amplify the 
diverigicin gene in the second PCR step. Further informa 
tion is detailed in the teXt. Abbreviations: L.P.: DNA encod 
ing the double-type glycine leader peptides; BAC: DNA 
encoding the mature part of leucocin A or lactococcin A; 
S.P.: DNA encoding the signal peptide of divergicin A; DIV: 
DNA encoding the mature part of divergicin A; IMM: 
immunity gene for divergicin A; S: SacI restriction site; H: 
HindIII restriction site. 

[0019] FIG. 5. Antagonistic activity of L. gelia'um 187-22 
(A), L. lactis IL1403(pMB500) (B), and E. COli MC4100 
(pHK22) (C) transformed With pLED6 (a), pLAD6 (b), 
pCOD1 (c) or pMG36e In panel (B) also antagonistic 
activity of L. lactis IL1403 transformed With pLAD6 (e). C. 
divergens UAL278 Was used as indicator strain. 

[0020] FIG. 6. Detection of antagonistic activity by diver 
glcin A fused to the lactococcin A leader peptide in a 
tricine-SDS-polyacrylamide gel. C. divergens UAL278 Was 
used as the indicator strain by the overlay test. Lane 1: 
supernatant of L. gelia'um 187-22 carrying pLED1. Lanes 
2,3 and 4: lysates of E.coli BL21(DE3) containing plasmids 
pHK22 and pTLA1, pTLA1, pTLA1, or pT713 and pHK22, 
respectively. Abbreviations: M: mature divergicin A; P: 
divergicin A precursor containing the lactococcin A leader 
peptide. 

[0021] FIG. 7. Colicin V production in L. lactis. Deferred 
inhibition test by L. lactis IL1403(pMB500) transformed 
With (a) pLEC1 or (b) pMG36e using E.c0li DHSO. as the 
indicator strain. 
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[0022] FIG. 8. TWo restriction site maps plasmid pCD3.4. 
The location of the Divergicin structural and immunity 
genes are marked in B as dvnA and dviA respectively. 

[0023] FIG. 9. Bacteriocin activity and groWth of Lacto 
bacillus sake 1218 in miXed culture With variants of Leu 
conostoc gelia'um at 25° C. in mAPT With 0.1% glucose and 
the initial pH adjusted to 5.6. (a) Bacteriocin activity in 
arbitrary units (AU) per milliliter of supernatant for miXed 
cultures of L. sake 1218 and L. gelidum UAL187 (A) and 
miXed cultures of L. sake 1218 and L. gelia'um UAL187-22 
(C). (b) GroWth of L. sake 1218 With L. gelia'um 
UAL187(A), L. gelia'um UAL187-22(0), and Leuc. gelia'um 
UAL187-13(III). 
[0024] FIG. 10. Bacteriocin activity and groWth of Lac 
tobacillus sake 1218 in miXed culture With variants of 
Leuconostoc gelia'um at 2° C. in mAPT With 0.1% glucose 
and the initial pH adjusted to 5.6. See FIG. 9 for de?nitions 
of symbols. 

[0025] FIG. 11. Log1O CFU of variants of L. gelidum 
groWn in miXed culture With L. sake 1218 per square 
centimeter of vacuum-packaged beef stored at 2° C. (A), L. 
gelia'um UAL187; (III), UAL-187-13; (o), UAL187-22. The 
data represent the means of three trials. 

[0026] FIG. 12. Log1O CFU of L. sake 1218 shoWing 
groWth and survival in miXed culture With variants of L. 
gelia'um per square centimeter of vacuum-packaged beef 
stored at 2° C. (C), L. sake 1218 alone; (A), L. sake With L. 
gelia'um UAL187; (El), L. sake With UAL187-13; (o), L. 
sake With UAL187-22. The solid arroW indicates the sam 
pling time at Which a sul?de odor Was ?rst detected in 
samples inoculated With L. sake 1218; the open arroW 
indicates the sampling time at Which a sul?de odor Was ?rst 
detected in samples inoculated With L. sake 1218 and L. 
gelia'um UAL187-13 or UAL187-22. The data represent the 
means of three trials. 

[0027] FIG. 13. The method of use of this invention is 
illustrated by the folloWing schematics. The signal peptide 
gene or leader peptide gene(s) is illustrated as vertical or 
horiZontal hatching. As schematic A indicates, a signal or 
leader peptide is attached to a bacteriocin gene devoid of its 
natural leader peptide or signal peptide gene. Aplasmid can 
contain a single bacteriocin With its immunity gene. The 
spacing betWeen the structural gene and the immunity gene 
is not important and the immunity gene does not necessarily 
have to folloW the structural gene providing the immunity 
gene is also expressed and pr/events the bacteriocin from 
killing its host. As schematic B illustrates a plasmid can 
contain more than one copy of a bacteriocin or more than 

one type of bacteriocin. The vector can contain many 
bacteriocins. In scheme B, the leader or signal peptide genes 
can be different or the same providing that leader peptide or 
signal peptide is compatible With the transport system in the 
cell. If the transport system is not compatible With the leader 
then a transport system can also be introduced into the vector 
or plasmid (C) or For multiple bacteriocins or proteins 
each structural gene needs to be attached to a leader or signal 
peptide. 

[0028] FIG. 14. Examples of other leader or signal pep 
tides that could be used in this invention and names of other 
bacteriocins that could utiliZe these signal peptides or other 
signal or leader peptides included herein. The best host for 
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a vector containing a bacteriocin gene With a leader or signal 
peptide gene attached is the organism from Which the leader 
peptide Was derived but other closely related organisms 
frequently also Work With particular leader peptides. Addi 
tional information about these bacteriocins and leader pep 
tides can be obtained from Quadri and associates (1994) or 
references therein. Comparisons of the sequence similarities 
is also provides. The vertical arroW indicates the cleavage 
site in the prebacteriocins. 

[0029] Abbreviations 

[0030] The abbreviations in the nucleotide sequences are 
cytidine (c); adenosine (a); thymidine (t); guanosine (g); and 
in amino acid sequences alanine (A); arginine (R); aspar 
agine (N); aspartic acid (D); cysteine (C); glutamine (Q); 
glutamic acid glycine (G); histidine isoleucine (I); 

leucine (L); lysine methionine (M); phenylalanine proline (P); serine (S); threonine tryptophan tyrosine (Y) and valine 

[0031] Other abbreviations used include: carnobacteriocin 
26 (cbn 26); carnobacteriocin A (cbnA); carnobacteriocin B 
(cbnB); Leucocin A (Leu A); Brochocin-C (Broch C) 

DETAILED DESCRIPTION 

[0032] De?nitions 

[0033] The term “gene” used herein refers to a DNA 
sequence including but not limited to a DNA sequence that 
can be transcribed into mRNA Which can be translated into 
polypeptide chains, transcribed into rRNA or tRNA or serve 
as recognition sites for enZymes and other proteins involved 
in DNA replication, transcription and regulation. These 
genes include, but are not limited to, structural genes, 
immunity genes and secretory (transport) genes. 

[0034] The term “vector” used herein refers to any DNA 
material capable of transferring genetic material into a host 
organism. The vector may be linear or circular in topology 
and includes but is not limited to plasmids, food grade 
plasmids, DNA bacteriophages or DNA viruses. The vector 
may include ampli?cation genes, enhancers or selection 
markers and may or may not be integrated into the genome 
of the host organism. The term “secretion vector” refers to 
a vector designed to provide secretion of a protein from the 
host organism. 

[0035] The term “plasmid vector” herein refers to a vector 
that has been genetically modi?ed to insert one or more 

genes. 

[0036] The term “signal peptide” herein refers to a N-ter 
minal amino acid sequence Which, When attached to a target 
polypeptide, permits the eXport of the target polypeptide 
from the cell and cleavage of the signal peptide. The signal 
peptide accesses the general protein secretion pathWay. An 
example of a signal peptide is the Divergicin A signal 
peptide described in amino acid SEQ ID NO:7. Other signal 
peptides can be used and are knoWn to those skilled in the 
are. See SEQ ID N019, SEQ ID NO:11, and SEQ ID NO:13. 

[0037] The term “leader peptide” herein refers to a N-ter 
minal amino acid sequence Which, When attached to a target 
polypeptide, permits the eXport of the target polypeptide 
from the cell and cleavage of the leader peptide. The leader 
peptides include but are not limited to a sequence of 15-24 
amino acids that are able to be direct eXport of polypeptides 
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from the cell using the cell’s dedicated transport system. The 
leader peptide sequences shares similarity on their primary 
structure and contain a conserved processing site of glycine 
glycine residues or glycine-alanine residues at positions —2 
and —1 of the processing site. The dedicated transport system 
includes but is not limited to the ATP binding cassette (ABC) 
transporter required for leader peptide-dependent transport. 
There are many different leader peptides that could be used 
including, but not limited to, leucocin A, Colicin V, carno 
bacteriocin A, carnobacteriocin B2, enterocin 900 or carno 
bacteriocin BMl. 

[0038] A “processing peptide” includes both leader pep 
tides and signal peptides, and may refer to both simulta 
neously, as used herein. 

[0039] The term “cassette” herein refers to a DNA 
sequence containing a series of bacteriocin genes and if 
necessary their respective immunity genes, appropriate pro 
moters, ribosomal binding site (RBS) and terminating 
sequences and if necessary other regulatory DNA sequences. 
The cassette consists of tWo or more nucleotide sequences 

encoding a structural (bacteriocin or other substrate) gene 
linked directly to an N-terminal signal peptide DNA 
sequence compatible for eXport through the cell’s general 
eXport pathWay or linked to the leader peptide DNA 
sequence compatible for eXport through the dedicated trans 
port system of the cell or through a compatible dedicated 
transport system also inserted into a vector used to transform 
the cell. 

[0040] The term “food-arade” herein refers to the origin of 
the DNA material. Food-grade indicates that a regulatory 
agency Would consider the substance as coming from a 
“food” source and therefore suitable for inclusion in food or 
food products. Organisms that are food-grade, such as lactic 
acid bacteria and other established genera of starter organ 
isms, can be added directly to food Without concern for 
pathogenicity. 

[0041] The term “bacteriocin” herein refers to polypep 
tides and proteins that inhibit one or more bacterial species. 
This includes, but is not limited to, polypeptides or proteins 
that Were derived from speci?c strains of bacteria, proteins 
that Were derived from other types of organisms or proteins 
developed through genetic engineering. The bacteriocin can 
be bacteriostatic or bactericidal. 

[0042] The term “class II bacteriocin” herein refers to a 
bacteriocin Which includes but is not limited to small or 
moderate siZed polypeptides. This includes but is not limited 
to heat resistant polypeptides and heat sensitive polypeptides 
that do not undergo post-translational modi?cation eXcept 
for cleavage of the leader or signal peptide and in some cases 
formation of disul?de bridges. This protein must have 
suitable siZe and properties so that it can be exported from 
a cell. Class II bacteriocins include, Without limitation, 
carnobacteriocin UAL26, leucocin A, brochocin-C, entero 
cin 900, divergicin A, carnobacteriocins A and B2. 

[0043] The term “class II protein” herein refers to a small 
protein or polypeptide Which does not undergo post-trans 
lational modi?cation eXcept for cleavage of the leader or 
signal peptide and in some cases the formation of disul?de 
bridges. This protein must be a suitable siZe and physico 
chemical properties so that it can be eXported from a cell. 
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Many such proteins or polypeptides are known. One of 
ordinary skill in the art can determine Which proteins Would 
be suitable Without undue experimentation. These proteins 
include, but are not limited to, enzymes, inhibitors that are 
polypeptides or other regulatory polypeptides or proteins. 

[0044] The term “immunity gene” herein refers to a gene 
that produces a protein that protects the host organism 
against the bacteriocin that it produces. 

[0045] The term “host organism” herein refers to a living 
bacterium or microorganism capable of taking up the plas 
mid vector, expressing the genes and producing the desired 
peptide(s). If the secretion of the desired polypeptide is 
required, the host organism must have functional transport 
proteins compatible With the signal or leader peptide 
attached to the polypeptide to be exported or it must be able 
to incorporate the dedicated transport protein(s) necessary 
for the leader peptide-dependent export of the substrate 
generated from vector DNA. Host organism capable of 
utiliZing the divergicin A signal peptide use the general 
secretory (sec-) pathWay of the cell (for additional informa 
tion see Pugsley (1993) and Simonen and Palva (1993) and 
references therein). 
[0046] The term “transport proteins” herein refers to pro 
teins that are in most cases are incorporated into the cell 
membrane of the host organism and facilitate the export of 
protein(s) With a signal or leader peptide speci?c for the 
transport protein to the outside of the organism. Additional 
regulatory components, binding sites or enZymes may also 
be required for the functioning of the transporter. The ABC 
transporter of a speci?c protease can cleave the signal or 
leader peptide. 

[0047] The term “homologous transporter system” indi 
cates that the transport system and the leader peptide or 
signal peptide used to export polypeptides arise from the 
same host. 

[0048] The term “heterologous transporter system” indi 
cates that the transport system and the leader peptide or 
signal peptide used to export polypeptides arise from the 
different hosts. Divergicin A, for example of a signal peptide 
that can be used in heterologous transport systems. Homolo 
gous transporter systems can used in homologous or heter 
ologous bacteria if the transport system is introduced into 
the host organism. 

[0049] The term “meat” herein refers to muscle and fat 
tissue obtained from animal, ?sh, foWl or seafood including, 
Without limitation, poultry, cattle, sWine, sheep, deer, moose, 
?sh and shell?sh. The meat can be accompanied by bones, 
skin or internal organs. Meat can include other additives 
including but not limited to ?llers, dyes, preservatives, 
natural or arti?cial ?avoring. Meat can be raW, cooked, 
froZen, cured or canned. The meat Would normally but not 
necessarily be packaged under vacuum or in a modi?ed 
atmosphere containing elevated levels of carbon dioxide, i.e. 
vacuum or modi?ed atmosphere 

[0050] The term “susceptible bacteria” refers to a species 
or strain of bacteria that is inhibited by the presence of one 
or more bacteriocins in its environment. Preferred suscep 
tible bacteria are inhibited by brochin-C and/or enterocin 
900. 

[0051] The term “antibody” refers to antisera, monoclonal 
antibodies, antibody fragments, single chain antibodies and 
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other functional equivalents capable of binding a bacteriocin 
of the invention. Preferred antibodies of the invention are 
capable of binding speci?cally to a bacteriocin of the 
invention Without signi?cant cross-reactivity With other bac 
teriocins. Antibodies of the invention are prepared by con 
jugating the polypeptide to a suitable carrier, such as keyhole 
limpet hemocyanin, and immuniZing a suitable mammal (for 
example, mouse, rat, horse, goat, rabbit, and the like). It is 
preferred to employ an adjuvant to obtain an enhanced 
immune response. After time is permitted for antibodies to 
develop, they may be fractionated from blood. If desired, 
monoclonal antibodies may be prepared by generating 
hybridomas from splenocytes obtained from the immuniZed 
animal. Similarly, one may sequence antibodies and deter 
mine the sequence of the speci?c binding domain, for 
preparation of single-chain antibodies and the like. 

[0052] The term “mutein” as used herein refers to a 
conservative variation of a bacteriocin of the invention. In 
general, a mutein Will have an amino acid sequence that 
differs from the native sequence by 1-4 amino acid residues 
(including insertions and deletions). Muteins are easily 
prepared using modern cloning techniques, or may be syn 
thesiZed by solid state methods. All muteins must exhibit 
bacteriocinogenic activity of at least a substantial fraction of 
the native sequence bacteriocin’s activity (although not 
necessarily against the same susceptible bacteria), and may 
be tested using the methods described beloW. 

[0053] General Methods 

[0054] We have studied the fundamental characteristics 
and genetics of bacteriocin production and applied aspects 
of bacteriocins in meats. We have studied eight neW bacte 
riocins from meat Tactics Which shoW promising antagonis 
tic activity. We have also developed “bacteriocin cassettes” 
(a series of DNA fragments encoding tWo or more bacte 
riocins) that Would be equivalent to or better than nisin. The 
ability to do this is limited by fragment siZe at present due 
to dif?culties of cloning large fragments of DNA. 

[0055] By using the tools and techniques described herein, 
We have developed a system Whereby one can select a range 
of bacteriocins against target bacteria, using the producer 
bacterium to deliver the antagonistic effect. This is appli 
cable anyWhere that lactic acid bacteria can groW Without 
harming the environment to Which they are added. 

[0056] An important area of application for this innovative 
technique is in the preservation of meats and meat products. 
This advance Will alloW production of vacuum packaged 
meats and meat products With a predictable and longer 
storage life. 

[0057] The carnobacteriocins disclosed herein are geneti 
cally complex and involve as much as 10 kb of DNA for 
their production. In contrast, leucocin A, produced by Leu 
conostoc gelidum, involves 4.5 kb of DNA. Leucocin 
producing L. gelia'um stops the spoilage of meat by sul?de 
producing Lactobacillus sake; it inhibits the groWth of 
pathogenic Listeria monocytogenes; and, When added to 
commercially produced ground beef, extends the color and 
odor storage life of retail ground beef. 

[0058] Bacteriocins are synthesiZed in the cells as prepep 
tides consisting of a leader component of 15 to 24 amino 
acids that is cleaved to release the mature bacteriocin. In 
addition to this structural protein, bacteriocins like leucocin 
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Arequire an immunity protein for protection of the cell from 
its oWn bacteriocin and tWo dedicated secretion proteins for 
export of the bacteriocin from the cell. 

[0059] Most bacteriocins have dedicated bacteriocin 
secretion systems and if their genes are incorporated into 
another host organism they usually can not secrete the 
polypeptide or can only secrete the polypeptides to a lesser 
extent. Using the methods described herein an expanded 
antibacterial spectrum can be achieved by producing mul 
tiple bacteriocins in one bacterium such that the bacteriocins 
can be secreted. 

[0060] We have also identi?ed an important bacteriocin, 
divergicin A, produced by the meat lactic Carnobacterium 
divergens. The production of divergicin involves only 0.5 kb 
of DNA, because the leader peptide of divergicin accesses 
the general pathWay for protein export from the cell. By 
fusing the structural and immunity genes of other bacterio 
cins behind the signal peptide of gene sequence of divergicin 
A, We have achieved production of bacteriocin(s) by host 
and heterologous bacteria. UtiliZing the cell’s secretory 
mechanism means that the dedicated secretory proteins of 
other bacteriocins do not need to be included in the bacte 
riocin cassette and leucocin A and other bacteriocins can be 
produced With only 0.5 kb of DNA each instead of 4.5 kb of 
DNA. This is an important breakthrough for the success of 
the bacteriocin cassette strategy. 

[0061] We have also been able to produce and export a 
variety of bacteriocins or other proteins by placing their 
respective gene sequence(s) behind the divergicin signal 
peptide sequence in a plasmid and inside meat lactic organ 
isms. This protocol has been tested and demonstrated to 
Work using Divergicin Asignal peptide as a leader to several 
polypeptides including but not limited to Carnobacteriocin 
B2, collcin V, Leucocin A, Brochocin-C and alkaline phos 
phatase. 

[0062] Carnobacteriocin B2 is a Well characteriZed class II 
bacteriocin produced by a 61-kb plasmid from Carnobac 
terium piscicola LV17. Export of this bacteriocin depends 
on a speci?c ABC (ATP-binding cassette) secretion protein. 
Divergicin A is a strongly hydrophobic, narroW spectrum 
bacteriocin produced by a 3.4-kb plasmid from C. divergens 
LV13 With a signal peptide that utiliZes the general secretory 
pathWay for export (Worobo et al., 1995). Fusion of the 
carnobacteriocin B2 structural gene (devoid of its natural 
leader peptide) behind the signal peptide of divergicin A 
permitted production and export of active carnobacteriocin 
B2 in the absence of its speci?c secretion genes. The 
immunity gene for carnobacteriocin B2 Was included imme 
diately doWnstream of the structural gene. Correct process 
ing of the prebacteriocin occurred folloWing the Ala-Ser-Ala 
cleavage site of the signal peptide. Carnobacteriocin B2 Was 
produced by the Wild type strain of C. divergens LV13 and 
in C. piscicola LV17C, the nonbacteriocinogenic plasmid 
less variant of the original carnobacteriocin B2 producer 
strain and other heterologous hosts. Both of the host strains 
are sensitive to carnobacteriocin B2 and they both acquired 
immunity When they Were transformed With this construct. 

[0063] An alternative approach to the use of signal peptide 
Divergicin AWas also tested. Many nonlantibiotic bacterio 
cins of lactic acid bacteria are produced as precursors With 
a N-terminal leader peptide that share similarities in amino 
acid sequence and contain a conserved processing site of 
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tWo glycine residues in positions —1 and —2 of the cleavage 
site. A dedicated ATP-binding cassette (ABC) transporter is 
responsible for the proteolytic cleavage of the leader pep 
tides and subsequent translocation of the bacteriocins across 
the cytoplasmic membrane. To investigate the role that these 
leader peptides play in the recognition of the precursor by 
the ABC translocators, the leader peptides of leucocin A, 
lactococcin A or colicin V Were fused to divergicin A, a 
bacteriocin from Carnobacterium divergens that is secreted 
via the cell’s general secretion pathWay. Production of 
divergicin Was monitored When these fusion constructs Were 
introduced into Leuconostoc gelidum, Lactococcus lactis 
and Escherichia coli that carry the secretion apparatus for 
leucocin A, lactococcins and colicin V, respectively. The 
different leader peptides directed the production of divergi 
cin in the homologous hosts. In some cases production of 
divergicin Was also observed When the leader peptides Were 
used in heterologous hosts. 

[0064] For ABC transporter-dependent secretion in E. 
coli, the outer membrane protein TolC Was required: this is 
not found in lactic acid bacteria. Using the leader peptide 
strategy, colicin V Was produced in L. lactis by fusing this 
bacteriocin behind the leader peptide of leucocin A. By 
fusing colicin V, Which is normally produced by the Gram 
negative bacterium E. coli, behind the Leucocin A leader 
peptide and inserting the plasmid into lactic acid bacteria, 
We have been able to get lactic acid bacteria to produce and 
export active colicin V. Similarly, by fusing other bacterio 
cins behind the leucocin leader, We have used the leucocin 
leader to direct the secretion of other bacteriocins by the 
leader’s dedicated transport system. This is an important 
accomplishment because it enables the use of bacteriocins of 
Gram-negative origin in Tactics (Gram-positive bacteria) or 
other Gram-positive organisms. For example, this enables 
the design of Food-Grade organisms to target Gram-nega 
tive pathogens such as Salmonella and E. coli. or for the 
design of organisms With speci?c fairly narroW or broad 
spectra of antibacterial activity. 

[0065] The small amount of genetic material required 
using either the leader peptide or the signal peptide approach 
for independent bacteriocin expression permits the addition 
of multiple bacteriocins into the vector. 

[0066] Chill stored, vacuum packaged beef inoculated 
With sul?de-producing Lactobacillus sake strain 1218 devel 
oped a distinct sulfurous odor Within three Weeks of storage 
at 2° C., at Which time the bacteria had reached maximum 
numbers of 106 CPU cm_2. Co-inoculation of the meat With 
the Wild type, bacteriocinogenic (Bac+) strain of Leuconos 
[0c gelia'um UAL187 delayed the spoilage by Lb. sake 1218 
for up to 8 Weeks of storage. Co-inoculation of meat samples 
With an isogenic, sloW groWing Bac+ variant UAL187-22 or 
With the Bac‘ variant UAL187-13 did not delay the onset of 
spoilage by Lb. sake 1218. The study shoWed that spoilage 
of chill stored, vacuum packaged beef by a susceptible target 
organism could be dramatically delayed by the Bac+ Wild 
type strain of Leuc. gelia'um UAL187. Inoculation With Lb. 
sake 1218 can be used as a model system to determine the 
ef?cacy of biopreservation of vacuum packaged meats 
(Leisner et al., 1996). Using the methods described herein, 
other bacteriocins and a food-grade vector, the breadth of 
antibacterial activity can be increased and the temperature 
range of protection broadened for this and other food 
applications. 
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[0067] The use of the methods described herein Will 
enable the meat industry to reliably predict the storage life 
of vacuum packaged fresh meats. 

[0068] This same technology can be applied for preserva 
tion of animal feeds such as silage; as animal and human 
probiotics; as a control for Salmonella in poultry intestines; 
and for human therapy against infections of mucosal tissue 
Where Tactics are acceptable micro?ora. 

[0069] We have identi?ed bacteriocins With a spectrum of 
antagonistic activity against both Gram-negative and Gram 
positive organisms. Described herein is a method to prepare 
and use gene cassettes With a broad spectrum of antagonistic 
activity. Using methods described herein a plasmid contain 
ing a cassette of genes containing tWo or more bacteriocin 
genes can be constructed and transformed into a host organ 
ism, resulting in eXport of the bacteriocins from the cell. The 
leader peptide can be speci?c for the dedicated secretion 
system(s) of the host organism or a common signal peptide 
suitable for a broader spectrum of host organisms (i.e. 
Divergicin A signal peptide). 

[0070] Using these strategies, the antibacterial spectrum of 
the producer strain can be tailored to target a range of 
spoilage or pathogenic bacteria, including E. coli and Sal 
monella. Producer strains that groW in the target environ 
ment can be selected and speci?c bacteria can be targeted. 
Broad range bacteriocins that have been identi?ed and 
characteriZed Will be used as Well as other bacteriocins that 
target speci?c organisms. 

[0071] This invention refers to the tailoring of speci?c 
lactic acid bacteria that groW in hospitable environments, 
including human/food, animal feed, the mouth, the gas 
trointestinal tract of humans and animals, and the female 
genital tract. Using the technology of multiple bacteriocin 
production and delivery using lactic acid bacteria, a range of 
bacteriocins Will be produced by the bacteria in situ. The 
principle of multiple bacteriocin production is based on 
using signal sequence of divergicin A produced by Carno 
bacterium divergens LV13 or leader peptides from other 
bacteria and fusing structural components of bacteriocin 
genes and their immunity genes behind the signal peptide or 
leader peptide. The bacteriocins that can be eXported 
include, but are not limited to, several from lactic acid (or 
closely related) bacteria and colicin V from Escherichia coli. 

[0072] This invention includes, but is not limited to the 
folloWing: 

[0073] A method to eXport bacteriocins from cells using 
Divergicin A as the signal peptide sequence. This method 
involves fusing the signal peptide sequence of divergicin A 
produced by Carnobacterium divergens LV13 to the struc 
tural component of a bacteriocin gene devoid of its leader 
peptide folloWed for most bacteriocins by a region contain 
ing its immunity gene, inserting this into a vector then 
transforming a host organism. For most bacteriocins, its 
immunity gene must also be included in the plasmid or 
vector but its does not have to be directly attached to either 
the structural protein or the signal peptide. 

[0074] A plasmid vector consisting of four DNA 
sequences operably linked together. The ?rst sequence 
encodes a plasmid replication and maintenance sequence, 
the second DNA sequence encodes a signal peptide or leader 
peptide sequence Which is attached directly to a third DNA 
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sequence Which encodes the polypeptide sequence of a 
bacteriocin protein devoid of its leader sequence, the fourth 
sequence encodes the immunity gene speci?c for said bac 
teriocin protein. 

[0075] A method to prepare the plasmid vector described 
above and insert the vector into the host organism. The host 
organism possesses a transport pathWay Which utiliZes the 
signal peptide encoded by the signal peptide sequence. 

[0076] Aplasmid vector, pCD3.4 (SEQ ID NO: 14), Which 
is a food-grade plasmid and method of use thereof. 

[0077] A plasmid vector as described above Wherein the 
signal peptide sequence is SEQ ID NO:7. 

[0078] A plasmid vector as described above Wherein the 
bacteriocin and immunity gene are class II bacteriocin. 

[0079] A plasmid vector consisting of three DNA 
sequences operably linked together. The ?rst sequence 
encodes a plasmid replication and maintenance sequence, 
the second DNA sequence encodes a signal peptide or leader 
peptide sequence Which is attached directly to a third DNA 
sequence Which encodes the polypeptide sequence of a Class 
Type II protein or polypeptide devoid of its leader sequence. 

[0080] An insertion vector as described above Wherein the 
third DNA sequence encodes an enZyme. 

[0081] A plasmid vector containing at least ?ve DNA 
sequences operably linked together. The ?rst sequence 
encodes a plasmid replication and maintenance sequence, 
the second DNA sequence encodes a signal peptide Which is 
attached directly to a third DNA sequence Which encodes the 
polypeptide sequence of a bacteriocin protein, the fourth 
sequence encodes the immunity gene speci?c for said bac 
teriocin protein and the ?fth sequence encodes a polypeptide 
sequence for a transport protein system compatible With the 
signal peptide. 
[0082] A method as described above Wherein the plasmid 
contains more than one bacteriocin. 

[0083] A plasmid vector as described above Wherein the 
sequence encoding for the transporter system is the Leuco 
cin A transporter system and the leader is from Leucocin A. 

[0084] The signal peptide or leader peptide for the meth 
ods described above can be selected from leucocin A, 
lactococcin A, divergicin A, colicin V or other sequences 
described herein or any other dedicated secretion proteins 
that are compatible With the host organism. 

[0085] A novel plasmid pCD3.4 (SEQ ID NO:14) for 
transforming food grade bacteria. 

[0086] A method to preserve beef by adding Leuconostoc 
gelia'um UAL187. 

[0087] A method of preserving meat using food grade 
bacterium genetically modi?ed With an plasmid vector con 
taining one or more bacteriocins. 

[0088] A method Wherein plasmid vector is pCD3.4 (SEQ 
ID NO:14) is used as a vector. 

[0089] A method for using food grade bacterium for the 
protection or preservation of food. 

[0090] A method for using food grade bacterium trans 
fected With a vector containing one or more bacterium for 
the protection or preservation of food. 
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[0091] A method for treating bacterial infections in ani 
mals or humans using food grade bacterium containing a 
naturally occurring bacteriocin. 

[0092] Amethod for treating bacteria infections in animals 
or humans using food grade bacterium Which has been 
genetically modi?ed as described herein using one or more 
bacteriocins. 

[0093] Amethod for treating bacteria infections in animals 
or humans using a food grade bacterium Which has been 
genetically modi?ed as described herein. 

[0094] A method to inhibit the groWth of gram-negative 
and/or gram positive bacteria using one or more bacterio 
cins. 

[0095] A method to inhibit the groWth of gram-negative 
and/or gram-positive bacteria using a genetically modi?ed 
host organism. 

[0096] Brochocin-C bacteriocin genes and methods of use 
thereof. 

[0097] Enterocin 900 bacteriocin genes and methods of 
use thereof. 

[0098] A method to export class II polypeptides using a 
leader peptide sequence. 

[0099] A method to export class II polypeptides using a 
signal peptide sequence. 

[0100] Novel bacteriocins and leader peptides and a 
method of use thereof. 

[0101] Method of using Leucocin A transporter genes. 

[0102] A food-grade plasmid and method of use thereof. 

[0103] A method to increase the shelf life of meat. 

[0104] A method to test organisms for preservation of 
meat, dairy products or other food products. 

[0105] A method to purify certain bacteriocins. 

[0106] A method to export bacteriocins using a leader 
peptide sequence. 

[0107] A method to export other polypeptides using a 
leader peptide sequence. 

[0108] A method to introduce immunity to particular bac 
teriocins into host organisms. 

EXAMPLES 

[0109] The folloWing examples are provided as a guide for 
those of skill in the art, and are not to be construed as 
limiting the claimed invention in any Way. 

Example 1 

(Bacteriocins, Sources, Methods of Propagation) 

[0110] Table 1 describes many different bacterial strains 
and plasmids, the bacteriocins they contain and references 
Which provide additional information about the bacterocin 
or bacterial strain. For information on the best method to 
groW a particular organism refer to the appropriate reference 
or reference therein. 
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Example 2 

(Use of Signal Peptide to Direct the Secretion of 
Substrates) 

[0111] Example using Divergicin A signal peptide and 
Carnobacteriocin B2 as substrate: 

[0112] Bacterial Strains and Media. 

[0113] Bacterial strains and plasmids used in this study are 
listed in Table 1. Carnobacteria Were groWn in APT broth 
(Difco Laboratories, Detroit, Mich.) at 25° C. Without agi 
tation. E. coli Was groWn in Luria Bertani (LB) medium at 
37° C. on a rotary shaker. Agar plates Were made by addition 
of 1.5% (Wt/vol) agar to broth media. Antibiotics Were added 
as selective agents When appropriate, as folloWs: erythro 
mycin 200 pig/ml and ampicillin 100 pig/ml for E. coli and 
erythromycin 10 pig/ml for carnobacteria. Stock cultures of 
the bacterial strains Were stored at —70° C. in the appropriate 
broth containing 20% (vol/vol) glycerol. 

[0114] Oligonucleotide Primer Synthesis and Ampli?ca 
tion Reactions: 

[0115] In the 3‘ region of the nucleotide sequence encod 
ing the signal peptide of divergicin A there is a HindIII 
restriction site located 10 nucleotides upstream of the 
sequence encoding mature divergicin A (Worobo et al, 
1995). A 35-mer oligonucleotide designed to facilitate an 
in-frame fusion betWeen the signal peptide of divergicin A 
and the structural gene of carnobacteriocin B2 Was synthe 
siZed on a DNA synthesizer (Applied Biosystems 391 PCR 
Mate) for use as a PCR primer (JMc7; 5‘-CCCAAGCTTCT 
GCTGTAAATTATGGTAATGGTGTT-3‘)(SEQ ID NO:40). 
The ?rst 9 nucleotides of JMc7 regenerate the HindIII 
restriction endonuclease cleavage site folloWed by nucle 
otides encoding the carboxy-terminus of the divergicin A 
signal peptide. The last 21 nucleotides of the primer are 
complementary to the 5‘ sequence corresponding to the 
N-terminal sequence of the carnobacteriocin B2 structural 
gene (cbnB2) immediately folloWing the Gly-Gly cleavage 
site of the leader peptide. The reverse primer for the PCR 
ampli?cation (ImmR) Was based on the 3‘ nucleotide 
sequence of the immunity gene for carnobacteriocin B2 
(cbiB2) and contains an overhang of 9 nucleotides to accom 
modate an XbaI restriction endonuclease site (Pugsley, 
1993). DNA Was ampli?ed in a 100 pl reaction using a 
temperature cycler (OmniGene, InterSciences Inc., 
Markham, Ont.). PCR mixtures contained 1.0 pM of each 
primer, 200 pM of dNTPs, 5 mM MgCl2, 2.5 units of Tli 
DNA polymerase (Promega) and 1x reaction buffer 
(Promega). pLQ24 Was used as template DNA for the 
reaction (Pugsley, 1993). DNA Was ampli?ed With 36 cycles 
(denaturation, 93° C., 1 min; annealing, 48° C., 1 min; 
extension, 75° C., 2 min) folloWed by a ?nal extension step 
at 75° C. for 5 min. 

[0116] DNA Isolation, Manipulation and Sequence Deter 
mination: 

[0117] Isolation of plasmid DNA from E. coli and carno 
bacteria Was done using the methods described by Sambrook 
et al, 1989, and Worobo et al, 1994. Miniprep plasmid 
extractions for E. coli MH1 included a phenol-chloroform 
step Which Was necessary for restriction endonuclease analy 
sis. Standard methods Were used for restriction enZyme 
digestion, ligations, gel electrochoresis and E. coli transfor 






















































































































