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Description

Field of the Invention

[0001] The current invention relates to lantibiotics, in particular the lantibiotic nisin. More specifically the current in-
vention relates to derivatives of nisin exhibiting enhanced bioactivity and/or specific activity against a range of microor-
ganisms. The present invention further relates to the application of nisin derivatives as natural food additives. The
invention further related to the application of nisin derivatives as therapeutic agents.

Background to the Invention

[0002] Lantibiotics are gene-encoded, ribosomally synthesized derived peptides that have attracted widespread sci-
entific attention in recent years, not only as promising safe and natural food additives but also as potential chemother-
apeutic agents. Lantibiotics are produced by a large number of gram-positive bacteria and are as such considered
members of a group of bacterial toxins called bacteriocins. The original, and most intensively studied, lantibiotic is the
nisin lantibiotic.
[0003] Nisin is a polycylic, 34 amino acid peptide with antibacterial activity against a range of gram-positive bacteria
and a small number of gram-negative bacteria. These include food-borne pathogens such as staphylococci, bacilli,
clostridia and mycobacteria. Nisin is FDA approved with a long record of safe use (Delves Broughton, 1990) and is one
of only a few bacteriocins to have been applied commercially (Twomey et al., 2002). Nisin’s commercial use in the food
industry stems from its ability to suppress gram-positive spoilage and other pathogenic bacteria.
[0004] It also possesses low anti-gram negative activity, which increases when combined with other hurdles e.g. high
pressure.
[0005] Nisin has also been proven to inhibit the pathogenic bacteria responsible for bovine mastitis including Strep-
tococcus agalactiae, Strep. dysgalactiae, Strep. uberis and Staphylococcus aureus. Bovine mastitis is an inflammation
of the udder that is both persistent and costly to treat. Consequently, in recent years nisin has been incorporated into a
number of commercial products that are used as an alternative treatment for bovine mastitis (Sears et al., 1992; Wu et
al., 2007). For example, Immucell produce Wipe Out®, used to clean and sanitize the teat area before and after milking.
This successfully reduced levels of the mastitis pathogens Staph. aureus (99.9%), Strep. agalactiae (99.9%), E. coli
(99%), Step. uberis (99%) and Klebsiella pneumoniae (99%) in experimental exposure studies (J. Dairy Sci
75:3185-3192). Mast Out®, a nisin-based treatment for mastitis in lactating cows has been shown to give statistically
significant cure rates in an experimental field trial involving 139 cows with subclinical mastitis. Similarly, another lantibiotic,
lacticin 3147, has been successfully incorporated into a teat seal product with a view to protecting the seal during the
’drying-off period - nisin derivatives could be similarly employed.
[0006] Although not currently being used to treat any particular diseases, there is a great deal of potential for nisin
use based on the fact that it inhibits a number of pathogenic microbes. The effectiveness of nisin against enterococci
and staphylococci and mycobacteria has been shown, as has its activity against Clostridium difficile.
[0007] Lantibiotics are generally regarded as possessing poor anti-gram-negative activity. This insensitivity is thought
to due to an inability to passage across the outer membrane of the gram-negative cell wall, thus limiting access to lipid
II. However, this general trend is not always strictly true. In fact, it has been established that in its purified form, nisin Z
exhibits activity against other gram-negative microbes such as Escherichia coli and S. aureus. Both nisin A and Z
exhibited activity against two antibiotic resistant strains of Neisseria gonorrhoeae and Helicobacter pylori. Another gram-
negative bacteria that has shown susceptibility to nisin, whether alone or in combination with other antimicrobials, is
Pseudomonas aeruginosa. In yet another application nisin has also been shown to have potential as a contraceptive.
[0008] It has been demonstrated in laboratory settings that bacteria can become resistant to nisin, e.g. serial exposure
of a penicillin-susceptible strain of Strep. pneumoniae to nisin (1 mg/L) in liquid culture resulted in the rapid appearance
of stable nisin-resistant mutants in which the minimum inhibitory concentration (MIC) increased from 0.4 to 6.4 mg/L
(Severina, 1998). In these spontaneous mutants, resistance correlates with cell envelope changes such as alterations
in membrane charge and fluidity (Li, 2002; Verheul, 1997), cell wall thickness (Maisnier-Patin, 1996), cell wall charge
(Mantovani, 2001; Abachin, 2002; Bierbaum, 1987) and combinations thereof (Crandall, 1998), arising following direct
exposure to a low level of lantibiotic or as part of an adaptive response to another stress (van Schaik, 1999). The specific
mechanism(s) by which cells become resistant to nisin is not well understood although it is apparent that variations in
the lipid II content are not responsible (Kramer, 2004). Genetic loci associated with the development of enhanced nisin
resistance (Cotter, 2002; Gravesen, 2004; Gravesen, 2001), or an innate tolerance of nisin, have been identified (Peschel,
1999; Abachin, 2002; Cao, 2004). In the latter example the cell envelope charge would seem to be the most important
consideration. While this has not as yet impacted on the application of nisin in the food industry, it has implications for
applications in the future and the potential of nisin as a clinical antimicrobial. This however does point to the importance
of identifying further antimicrobials including variants of existing antimicrobials, to overcome resistance problems.
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[0009] US patent application 6153405A disclosed that Nisin-subtilin mutant and chimeric prepeptides were constructed
and expressed in a Bacillus subtilis strain that possesses all of the cellular machinery for making subtilin, except for the
presubtilin gene. The chimera SL-Nis1-11-Sub12-32 was prepared. The prepeptide has the subtilin leader sequence
(SL), the N-terminal portion of the structural region was derived from nisin, and the C-terminal portion of the structural
region derived from subtilin. This chimera was accurately and efficiently converted to the mature lantibiotic, as demon-
strated by a variety of physical and biological activity assays. In contrast, a (SL-Sub1-11-Nis12-34) chimera was proc-
essed into a heterogeneous mixture of products, none of which appeared to be the correct chimeric lantibiotic. The
mixture did, however, contain an active minor component with a biological activity that exceeded nisin itself.
[0010] Kuipers et al (1995) reported the lantibiotic nisin, produced by Lactococcus lactis, is an antimicrobial peptide
characterized by the presence of three unsaturated amino acid side chains (two dehydroalanines and one dehydrobu-
tyrine) and five (β-methyl)lanthionine rings, which are formed post-translationally. Nisin is widely used in the food industry
as a preservative, since it inhibits the growth of unwanted gram-positive bacteria. One of the objectives of our research
is to get insight in the complex biosynthesis and regulation of production of nisin. The structure and function of several
biosynthetic genes were studied by making gene disruptions and by subsequently investigating their effects on nisin
gene regulation, biosynthesis, secretion and immunity. An exciting finding is that nisin itself, when added to the culture
medium, can induce the transcription of its own structural gene. Another goal is to design and produce altered nisin
molecules with desirable properties by protein engineering. In addition to previously reported mutant nisins with improved
stability, solubility or activity, recent results on the protein engineering of residues Ile1, Dhb2, AlaS3, Lys12, AbuS13,
Met17, Asn20 and Met21 indicate that (i) residue 1 can be replaced without dramatic loss of activity; (ii) the presence
of a Thr residue at position 2 significantly lowers the antimicrobial potency, whereas the presence of a Dha residue at
position 2 improves activity; (iii) the replacement ofAlaS3 by AbuS leads to a dramatic loss of activity, probably due to
a conformational change in the first lanthionine ring; (iv) the integrity and hydrophobicity of ring 3 are important for
antimicrobial activity; and (v) the hinge region between rings 3 and 4 is important but not essential for antimicrobial activity.
[0011] Studies investigating the mode of action of lanitbiotics have revealed the membrane-bound peptidoglycan
precursor lipid II to be the docking molecule for the nisin lantibiotic. The binding of nisin to lipid II facilitates two bactericidal
activities, namely, membrane pore formation and the inhibition of peptidoglycan biosynthesis (Bonelli et al., 2006;
Breukink et al., 1999; Brotz et al., 1998; Wiedemann et al., 2001). The dual activity of nisin is thought to be due to the
presence of two-structural domains, located at the N- and C-termini respectively. The N-terminal domain contains three
post-translationally incorporated (β-methyl) lanthionine rings (rings A, B, and C) and is linked to the C-terminal rings
(rings D and E) by a flexible region, or hinge. This hinge consists of three amino acids (Asn20-Met21-Lys22; as illustrated
in Fig. 1). It has been established that the A, B and C rings of the N-terminal form a ’cage’, that facilitates binding to the
pyrophosphate moiety of lipid II, thus interfering with the process of cell wall synthesis (Hsu et al., 2004). This binding
in turn enhances the ability of the C-terminal segment, containing rings D and E, to form pores in the cell membrane,
resulting in the rapid efflux of ions and cytoplasmic solutes, such as amino acids and nucleotides, into the cell (Wiedemann
et a/., 2001).
[0012] To date, six natural variants of nisin have been identified. These variants are nisin A (Kaletta and Entian, 1989),
nisin Z (Mulders et al., 1991), nisin Q (Zendo et al., 2003) and nisin F (de Kwaadsteniet et al., 2007) which are produced
by Lactococcus lactis species, while nisin U and nisin U2 are produced by Streptococcus uberis (Fig. 1) (Wirawan et
al., 2006). The diversity of these natural variants highlights the ability of certain residues and domains within the molecule
to tolerate change. However, comparisons between closely (e.g. subtilin) and more distantly related (e.g. epidermin)
lantibiotics revealed that highly conserved elements, with essential structure/function roles, also exist. Despite the rel-
atively plastic nature of the nisin peptides, of the bioengineered derivatives of nisin that have been generated and
characterized to date, only two (T2S and M17Q/G18T) display increased activity against at least one gram-positive
bacteria, and even then, activity is enhanced only with respect to a limited number non-pathogenic indicator strains
(Micrococcus flavus or Streptococcus thermophilus) (Cotter et al., 2005a; Lubelski et al., 2007; Siezen et al., 1996). A
recent study by Rink et al, involving the randomization of an N-terminal domain fragment of the nisin peptide, reported
enhanced IC50s against specific indicator strains (Rink et al., 2007b). These, and indeed the majority of bioengineered
peptides generated to date, have resulted from site-directed approaches, with random bioengineering of the intact nisin
peptide have been carried out only on a relatively small scale only and furthermore, have been largely unsuccessful,
yielding derivatives with reduced or absent antimicrobial activity.
[0013] Nisin A is a cationic antimicrobial peptide due to the presence of 5 positively charged residues (Lys12, Lys22,
Lys34, His27, His31) and the absence of negatively charged residues. The consequences of charge manipulation to
date have been variable. Yuan et al, 2004 disclosed that the incorporation of negatively charged residues had a detrimental
impact (e.g. the hinge mutants N20E, M21E and K22E) and subsequently revealed that the introduction of positively
charged residues had a more beneficial outcome with respect to anti-gram-negative activity, (N20K and M21K). Intro-
duction of a glutamic acid into the hinge region also resulted in loss of bioactivity for M21E, and a lack of any detectable
production of a K22E peptide.
[0014] A further unusual feature of the nisin lantibiotic is the absence of aromatic residues. To date all aromatic residue-
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containing forms of nisin have been bioengineered derivatives and all have displayed reduced antimicrobial activity (i.e.
I1W, M17W, V32W, I30W, N20F and N20F/M21L/K22Q (Breukink et al., 1998; Martin et al., 1996; Yuan et al., 2004).
Hasper et al, and Widermann et al, both established that proline incorporation i.e. N20P/M21P, resulted in the generation
of a nisin peptide incapable of pore formation. A number of small amino acids have previously been introduced into the
hinge region of nisin Z, including M21G (slightly reduced activity), K22G (slightly reduced activity) and N20A/K22G (as
part of an epidermin-like hinge N20A/M21K/Dhb/K22G, greatly reduced activity; (Yuan et al., 2004). It has further been
reported by Yuan et al, that an N20Q substitution in nisin Z results in slightly diminished activity (Yuan et al., 2004).
[0015] The recognition of resistance to lantibiotics such as nisin is growing, a factor, which contributes to the urgent
need for alternative antimicrobial peptides that exhibit a superior antimicrobial activity towards gram-positive bacteria.
There is thus a need for additional anti-microbial agents, which would be effective against strains that are insensitive to
nisin A or other nisin forms.
[0016] The current inventors have generated randomly mutated nisin peptides and screened for enhanced antipath-
ogen activity. This approach, coupled to subsequent site-directed and site-specific saturation mutagenesis, yielded the
identification of derivatives of nisin with enhanced activity against specific gram-positive pathogens.
[0017] Nisin is a 34 amino acid peptide and the nomenclature use for the derivatives relate to the position of the amino
acid being altered. The two peptides that are already known to possess enhanced anti-gram positive activity are T2S
and M17Q/G18T i.e. a single and double mutant, respectively, of nisin Z (i.e. a natural variant of the nisin A used herein
which differs by having an N rather than H residue at position 27). The current derivatives are derived from nisin A and
also differ with respect the location and nature of the changes i.e. positions 20, 21 and 22.
[0018] The previously generated peptides possess enhanced activity against the non-pathogenic indicator strains
Micrococcus flavus and/or Streptococcus thermophilus only.
[0019] Potentially the derivatives of the invention find use in any infection involving bacteria including blood stream
infections, lesions, ulcers, dental plaque, bad breath, diseases of the colon, diarrheal disease, gastric disorders associated
with Helicobacter pylori, to name a few.

Object of the Invention

[0020] It is an object of the current invention to provide an alternative antimicrobial agent with enhanced bioactivity,
with respect to the inhibition of gram-positive pathogens. In particular, it is an object of the current invention to provide
derivatives of the lantibiotic nisin, displaying enhanced activity against gram-positive and/or gram-negative organisms,
particularly against strains of clinical or food relevance. A further aspect of the current invention is the use of the nisin
derivatives in the manufacture of a medicament to treat disease. The disease is selected from the group consisting of,
but not limited to, bovine mastitis, oral infections including dental plaque, gastric ulcers, CDAD (Clostridum difficile
associated diarrhoea), acne, etc.
[0021] In a further aspect of the invention there is provided the use of the nisin derivatives as food additives or
preservatives. It is a further aspect of the invention to provide a pharmaceutical composition comprising nisin derivatives
for use in the treatment and prevention of infections caused by gram-positive and/or gram-negative organisms. The
pharmaceutical composition can be adapted for use in food/cheese/beverages or it may be formulated with conventional
carriers or excipients as oral capsules, intravenously administrable compositions, suppositories, topical creams or oint-
ments or the like.

Summary of the Invention

[0022] Accoeding to the present invention there is provided an antimicrobial Nisin A, U, U2, Z, F or Q protein having
at least one amino acid substitution in the hinge region of the protein, the hinge region being identified as a region
corresponding to positions 20, 21 and 22 of the peptide sequence SEQ ID NO. 1,
wherein the substitutions result in
a proline, serine, glycine, alanine, histidine, glutamine, phenylalanine, arginine or a threonine at
a position corresponding to amino acid position 20 of SEQ ID NO. 1,
an alanine, valine, threonine, leucine, isoleucine, methionine, asparagine, glycine, serine, tyrosine, or histidine at a
position corresponding to amino acid position 21 of SEQ ID NO. 1, or
a threonine, lysine, valine, serine, alanine, leucine, methionine, glutamine, arginine, glycine, cysteine, or histidine, at a
position corresponding to amino acid position 22 of SEQ ID NO. 1, with the proviso that the Nisin protein does not have
a sequence in the hinge region of:

1) asparagine, methionine, lysine; or
2) proline, leucine, lysine; or
3) asparagine, leucine, lysine; or
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4) histidine, methionine, lysine; or
5) glutamine, methionine, lysine; or
6) phenylalanine, methionine, lysine; or
7) asparagine, glycine, lysine; or
8) asparagine, histidine, lysine; or
9) asparagine, methionine, glycine; or
10) asparagine, methionine, histidine; or
11) proline, methionine, lysine; and

wherein the protein has increased anti-microbial activity against gram-positive bacteria compared to wild type Nisin.
[0023] The following is the amino acid sequence of the leaderless propeptide (i.e. the initial nisin A peptide has a
leader region which is enzymatically cleaved to yield the peptide below - this peptide subsequently undergoes posttrans-
lational modification to become the final active peptide).
NisA: ITSISLCTPGCKTGALMGCNMKTATCHCSIHVSK
(Hinge region in bold font and underlined)
[0024] The nucleotide sequence of nisin A is as follows:

(Hinge region in bold and underlined i.e. aac atg aaa)
[0025] A skilled person in the art will appreciate, that the current invention also provides the equivalent nucleotide
substitution. The nisin derivative can comprise a combination of two or more of the above described substitutions or
maybe single amino acid substitution. In one embodiment of the current invention the hinge region contains a single
amino acid substitution or mutation. In a further embodiment of the current invention the hinge regions contains more
than one substitution or mutation.
[0026] In a preferred embodiment the current invention provides nisin derivatives with the following substitutions in
the hinge region. The nomenclature use for the derivatives relate to the position of the amino acid in the hinge region
that is being altered or substituted.
[0027] The NisinA K22T amino acid substitution results form a C to A point mutation (AAA to ACA). A person skilled
in the art will appreciate, that alternative nucleic acid substitution yielding a lysine 22 to threonine change are also
possible. Similarly the other derivatives of the current disclosure have the following point mutations as listed in the
following table, Table 14: -

Table 14. Mutations/substitutions of the Nisin derivatives of the current invention.

NisinA N20P point mutation: AAC to CCT.
NisinA N20F point mutation: AAC to TTT.
NisinA N20R point mutation: AAC to CGT.
NisinA N20H point mutation: AAC to CAT.
NisinA N20A point mutation: AAC to GCG.
NisinA N20T point mutation: AAC to ACG.
NisinA N20S point mutation: AAC to AGT.
NisinA M21V point mutations: ATG to GTT/GTG (2 codons identified).
NisinA M21A point mutation: ATG to GCT/GCG (2 codons identified).
NisinA M21G point mutation: ATG to GGT.
NisinA M21Y point mutation: ATG to TAT.
NisinA M21K point mutation: ATG to AAG.
NisinA M21I point mutation: ATG to ATT.
NisinA M21S point mutation: ATG to TCT.
NisinA M21N point mutation: ATG to AAT.
NisinA K22T point mutation: AAA to ACA/ACT (2 codons identified).
NisinA K22S point mutation: AAA to TCA.
NisinA K22A point mutation: AAA to GCA/GCG (2 codons identified).
NisinA K22G point mutation: AAA to GGT.
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(continued)

NisinA K22V point mutation: AAA to GTT.
NisinA K22L point mutation: AAA to CTG.
NisinA K22M point mutation: AAA to ATG.
NisinA K22Q point mutation: AAA to CAG.
NisinA PAL (i.e. N20P, M21A, K22L) point mutation: AAC ATG AAA to CCT GCT AAG.
NisinA HLT (i.e. N20H, M21L, K22T) point mutation: AAC ATG AAA to CAT TTG ACG.
NisinA QLT (i.e. N20Q, M21L, K22T) point mutation: AAC ATG AAA to CAG TTG ACG.
NisinA GLA (i.e. N20G, M21L, K22A) point mutation: AAC ATG AAA to GGT TTG GCT.
NisinA ALA (i.e. N20A, M21L, K22A) point mutation: AAC ATG AAA to GCT TTG GCG.
NisinA PLA (i.e. N20P, M21L, K22A) point mutation: AAC ATG AAA to CCT TTG GCT.
NisinA PAA (i.e. N20P, M21A, K22A) point mutation: AAC ATG AAA to CCT GCG GCT.
NisinA PTA (i.e. N20P, M21A, K22L) point mutation: AAC ATG AAA to CCT ACT GCT.
NisinA GVK (i.e. N20G, M21V, K22K) point mutation: AAC ATG AAA to GGG GTT AAG.
NisinA PMQ (i.e. N20P, M21M, K22Q) point mutation: AAC ATG AAA to CCT ATG CAG.
NisinA PML (i.e. N20P, M21M, K22L) point mutation: AAC ATG AAA to CCT ATG AAG.
NisinA PNR (i.e. N20P, M21N, K22R) point mutation: AAC ATG AAA to CCT AAT AGG.
NisinA PAK (i.e. N20P, M21A, K22K) point mutation: AAC ATG AAA to CCT GCG AAG.
NisinA PMT (i.e. N20P, M21M, K22T) point mutation: AAC ATG AAA to CCT ATG ACG.
NisinA PIA (i.e. N20P, M21I, K22A) point mutation: AAC ATG AAA to CCT ATT GCT.
NisinA PMM (i.e. N20P, M21M, K22M) point mutation: AAC ATG AAA to CCT ATG ATG.
NisinA PSL (i.e. N20P, M21S, K22L) point mutation: AAC ATG AAA to CCT TCG AAG.
NisinA PMC (i.e. N20P, M21M, K22C) point mutation: AAC ATG AAA to CCT ATG GCG.
NisinA PAT (i.e. N20P, M21A, K22T) point mutation: AAC ATG AAA to CCT GCT ACT.
NisinA SVA (i.e. N20S, M21V, K22A) point mutation: AAC ATG AAA to AGT GTT GCG.
NisinA PTL (i.e. N20P, M21T, K22L) point mutation: AAC ATG AAA to CCT ACG AAG.
NisinA PIM (i.e. N20P, M21I, K22M) point mutation: AAC ATG AAA to CCT ATT ATG.
NisinA PIT (i.e. N20P, M21I, K22T) point mutation: AAC ATG AAA to CCT ATT ACT.

However point mutations other than these, which also change the nature of the residue, are also relevant i.e.
NisinA N20P point mutation: AAC to CCC, CCG, CCA.
NisinA N20F point mutation: AAC to TTC.
NisinA N20R point mutation: AAC to CGC, CGA, CGG, AGA, AGG.
NisinA N20H point mutation: AAC to CAC.
NisinA N20A point mutation: AAC to GCT, GCC, GCA.
NisinA N20T point mutation: AAC to ACT, ACC, ACA.
NisinA N20S point mutation: AAC to TCT, TCC, TCA, TCG, AGC.
NisinA PGA (i.e. N20P, M21G, K22A) point mutation: AAC ATG AAA to CCT GGG GCG.
NisinA PIV (i.e. N20P, M21I, K22V) point mutation: AAC ATG AAA to CCT ATT GTG.
NisinA PAQ (i.e. N20P, M21A, K22Q) point mutation: AAC ATG AAA to CCT GTG CAG.
NisinA M21V point mutations: ATG to GTA, GTC.
NisinA M21A point mutation: ATG to GCC, GCA.
NisinA M21G point mutation: ATG to GGC, GGG, GGA.
NisinA M21Y point mutation: AAC to TAT.
NisinA M21K point mutation: ATG to AAA.
NisinA M21I point mutation: ATG to ATC, ATA.
NisinA M21S point mutation: ATG to TCC, TCA, TCG, AGT, AGC.
NisinA M21N point mutation: ATG to AAC.
NisinA K22T point mutation: AAA to ACG, ACC.
NisinA K22S point mutation: AAA to TCC, TCT, TCG, AGT, AGC.
NisinA K22A point mutation: AAA to GCC, GCT.
NisinA K22G point mutation: AAA to GGA, GGC, GGG.



EP 2 280 990 B1

7

5

10

15

20

25

30

35

40

45

50

55

(continued)

NisinA K22V point mutation: AAA to GTT.
NisinA K22L point mutation: AAA to CTT, CTC, CTA, TTA, TTG.
NisinA K22Q point mutation: AAA to CAA.
NisinA PAL (i.e. N20P, M21A, K22L) point mutation: AAC to CCT, CCC, CCA, CCG and ATG to GCT, GCC, GCA, 
GCG and AAA to CTT, CTC, CTA, CTG, TTA, TTG.
NisinA HLT (i.e. N20H, M21L, K22T) point mutation: AAC to CAT, CAC and ATG to CTT, CTC, CTA, CTG, TTA, 
TTG and AAA to ACT, ACC, ACA, ACG.
NisinA QLT (i.e. N20Q, M21L, K22T) point mutation: AAC to CAA, CAG and ATG to CTT, CTC, CTA, CTG, TTA, 
TTG and AAA to ACT, ACC, ACA, ACG.
NisinA GLA (i.e. N20G, M21L, K22A) point mutation: AAC to GGT, GGC, GGA, GGG and ATG to CTT, CTC, 
CTA, CTG, TTA, TTG and AAA to GCT, GCC, GCA, GCG.
NisinA ALA (i.e. N20A, M21L, K22A) point mutation: AAC to GCT, GCC, GCA, GCG and ATG to CTT, CTC, CTA, 
CTG, TTA, TTG and AAA to GCT, GCC, GCA, GCG.
NisinA PLA (i.e. N20P, M21L, K22A) point mutation: AAC to CCT, CCC, CCA, CCG and ATG to CTT, CTC, CTA, 
CTG, TTA, TTG and AAA to GCT, GCC, GCA, GCG.
NisinA PAA (i.e. N20P, M21A, K22A) point mutation: AAC to CCT, CCC, CCA, CCG and ATG to GCT, GCC, 
GCA, GCG and AAA to GCT, GCC, GCA, GCG.
NisinA PTA (i.e. N20P, M21A, K22L) point mutation: AAC to CCT, CCC, CCA, CCG and ATG to GCT, GCC, GCA, 
GCG and AAA to CTT, CTC, CTA, CTG, TTA, TTG.
NisinA GVK (i.e. N20G, M21V, K22K) point mutation: AAC to GGT, GGC, GGA, GGG and ATG to GTT, GTC, 
GTA, GTG and AAA to AAA, AAG.
NisinA PMQ (i.e. N20P, M21M, K22Q) point mutation: AAC to CCT, CCC, CCA, CCG and ATG to ATG and AAA 
to CAA, CAG.
NisinA PML (i.e. N20P, M21M, K22L) point mutation: AAC to CCT, CCC, CCA, CCG and ATG to ATG and AAA 
to CTT, CTC, CTA, CTG, TTA, TTG.
NisinA PNR (i.e. N20P, M21N, K22R) point mutation: AAC to CCT, CCC, CCA, CCG and ATG to AAT, AAC and 
AAA to CGT, CGC, CGA, CGG, AGA, AGG.
NisinA PAK (i.e. N20P, M21A, K22K) point mutation: AAC to CCT, CCC, CCA, CCG and ATG to GCT, GCC, 
GCA, GCG and AAA to AAA, AAG.
NisinA PMT (i.e. N20P, M21M, K22T) point mutation: AAC to CCT, CCC, CCA, CCG and ATG to ATG and AAA 
to ACT, ACC, ACA, ACG.
NisinA PIA (i.e. N20P, M21I, K22A) point mutation: AAC to CCT, CCC, CCA, CCG and ATG to ATT, ATC, ATA 
and AAA to GCT, GCC, GCA, GCG.
NisinA PMM (i.e. N20P, M21M, K22M) point mutation: AAC to CCT, CCC, CCA, CCG; ATG to ATG; AAA to ATG.
NisinA PSL (i.e. N20P, M21S, K22L) point mutation: AAC to CCT, CCC, CCA, CCG and ATG to TCT, TCC, TCA, 
TCG, AGT, AGC and AAA to CTT, CTC, CTA, CTG, TTA, TTG.
NisinA PMC (i.e. N20P, M21M, K22C) point mutation: AAC to CCT, CCC, CCA, CCG and ATG to ATG and AAA 
to TGT, TGC.
NisinA PAT (i.e. N20P, M21A, K22T) point mutation: AAC to CCT, CCC, CCA, CCG and ATG to GCT, GCC, GCA, 
GCG and AAA to ACT, ACC, ACA, ACG.
NisinA SVA (i.e. N20S, M21V, K22A) point mutation: AAC to TCT, TCC, TCA, TCG, AGT, AGC and ATG to GTT, 
GTC, GTA, GTG and AAA to GCT, GCC, GCA, GCG.
NisinA PTL (i.e. N20P, M21T, K22L) point mutation: AAC to CCT, CCC, CCA, CCG and ATG to ACT, ACC, ACA, 
ACG and AAA to CTT, CTC, CTA, CTG, TTA, TTG.
NisinA PIM (i.e. N20P, M21I, K22M) point mutation: AAC to CCT, CCC, CCA, CCG and ATG to ATT, ATC, ATA 
and AAA to ATG.
NisinA PIT (i.e. N20P, M21I, K22T) point mutation: AAC to CCT, CCC, CCA, CCG and ATG to ATT, ATC, ATA 
and AAA to ACT, ACC, ACA, ACG.
NisinA PGA (i.e. N20P, M21G, K22A) point mutation: AAC to CCT, CCC, CCA, CCG and ATG to GGT, GGC, 
GGA, GGG and AAA to GCT, GCC, GCA, GCG.
NisinA PIV (i.e. N20P, M21I, K22V) point mutation: AAC to CCT, CCC, CCA, CCG and ATG to ATT, ATC, ATA 
and AAA to GTT, GTC, GTA, GTG.



EP 2 280 990 B1

8

5

10

15

20

25

30

35

40

45

50

55

[0028] In yet a further aspect the current invention also provides derivatives of nisin Z, Q, F, U and U2 which contain
at least one amino acid substitution in the hinge region of the protein, for example, nisin derivatives which have a proline
(P), serine (S), glycine (G), alanine (A), histidine (H), glutamine (Q), phenylalanine (F), arginine (R), threonine (T), for
an asparagine (N) at amino acid position 20, an alanine (A), valine (V), threonine (T), leucine (L), isoleucine (I), methionine
(M), asparagine (N), glycine (G), serine (S), tyrosine (Y), histidine (H) for a methionine (M) at amino acid position 21, a
threonine (T), lysine (K), valine (V), serine (S), alanine (A), leucine (L), methionine (M), glutamine (Q), arginine (R),
glycine (G), cysteine (C), histidine (H) for a lysine (K) at position 22. In other words the invention provides other variants
of nisin with equivalent amino acids substitutions in the hinge region to those described above for nisin A.
[0029] In one embodiment, the invention provides use of a nisin derivative, for example, nisin Z M21G and K22G,
which have enhanced bioactivity, as a pharmaceutical composition, a disinfectant or as a food additive.
[0030] The nisin derivatives of the current invention display an increased antimicrobial activity against a range of
bacterial species compared to the wild type nisin. Suitably, the bacterial species are gram-positive organisms. Suitably,
the gram-positive organisms are selected from but not limited to bacilli, clostridia, mycobacteria, S. aureus including
met(h)icillin resistant (MRSA), vancomycin insensitive (VISA) and heterogeneous vancomycin insensitive (hVISA) forms,
enterococci including vancomycin resistant (VRE) forms and streptococci. Table 1 illustrates examples of nisin derivatives
of the current invention with enhanced bioactivity against the strains listed.

(continued)

NisinA PAQ (i.e. N20P, M21A, K22Q) point mutation: AAC to CCT, CCC, CCA, CCG and ATG to GCT, GCC, 
GCA, GCG and AAA to CAA, CAG.
NisinA PHT (i.e. N20P, M21H, K22T) point mutation: AAC to CCT, CCC, CCA, CCG and ATG to CAT, CAC and 
AAA to ACT, ACC, ACA, ACG.
NisinA PIH (i.e. N20P, M21I, K22H) point mutation: AAC to CCT, CCC, CCA, CCG and ATG to ATT, ATC, ATA 
and AAA to CAT, CAC.
NisinA PMA (i.e. N20P, M21I, K22H) point mutation: AAC to CCT, CCC, CCA, CCG and ATG to ATG and AAA 
to GCT, GCC, GCA, GCG.

Table 1: nisin derivatives with enhanced bioactivity.

Nisin Derivative Strain

N20F L. lactis CBC7

M21Y L.monocytogenes CBC2, CBC3, S. aureus CBC4, C. sporogenes CBC5, L. lactis 7

N20R C. sporogenes CBC5

N20H L. monocytogenes CBC3, S. aureus CBC4, C. sporogenes CBC5

M21K S. aureus CBC4, C. sporogenes CBC5

N20P L. monocytogenes CBC3, S. aureus CBC4, ST528, and DPC5425, C. sporogenes CBC5, L. 
lactis CBC7

M21I L. monocytogenes CBC2, S. aureus CBC4, C. sporogenes CBC5, L. lactis CBC7 + an 
additional 15 L. monocytogenes and 2 L. innocua

M21V L. monocytogenes 10403s, EGDe, CBC1, CBC2, CBC3, S. aureus CBC4, ST528, and 
DPC5425, C. sporogenes CBC5, L. lactis CBC7, L. lactis CBC8 + an additional 25 L. 
monocytogenes and 3 L. innocua

K22V L. monocytogenes CBC2, L. lactis CBC8

K22L L. lactis CBC8

K22M L. lactis CBC8

N20A C. sporogenes CBC5

M21G L. monocytogenes CBC2, S. aureus CBC4, ST528, and DPC5425, Strep. agalactiae ATCC 
13813, C. sporogenes CBC5 + an additional 7 L. monocytogenes and 3 L. innocua

M21A L. monocytogenes CBC1, L. lactis CBC7, CBC8, S. aureus ST528, and DPC5425
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[0031] Table 2 lists a number of nisin derivatives of the current invention, which contain substitutions at at least one
location within the hinge with enhanced bioactivity against the strains listed.

(continued)

Nisin Derivative Strain

K22G L. lactis CBC7, L. lactis CBC8, S. aureus ST528 and DPC5425, Strep. agalactiae ATCC 
13813.

K22A L. monocytogenes CBC2, L. lactis CBC8 + an additional 13 L. monocytogenes and 3 L. 
innocua, S. aureus ST528 and DPC5425, Strep. agalactiae ATCC 13813

N20T C. sporogenes CBC5

N20S L. monocytogenes CBC2, S. aureus CBC4, C. sporogenes CBC5

M21S L. monocytogenes CBC2, CBC3, S. aureus CBC4, C. sporogenes CBC5, L. lactis CBC8 + 
an additional 23 L. monocytogenes strains and 3 L. innocua

K22S L. monocytogenes CBC2, L. lactis CBC8, S. aureus ST528 and DPC5425, Strep. agalactiae 
ATCC 13813

K22T L. monocytogenes CBC2, S. aureus CBC4, ST528 and DPC5425, Strep. agalactiae ATCC 
13813, C. sporogenes CBC5, L. lactis CBC7, 8 + an additional 11 L. monocytogenes and 3 
L. innocua

M21N L. lactis CBC8

K22Q L. lactis CBC8

Table 2: nisin derivatives with enhanced bioactivity.

Nisin Derivative Strain

PAL (i.e. N20P, M21A, 
K22L)

C. sporogenes UCC1, L. mono CBC2, S. aureus CBC4, L. lactis CBC7, L. lactis CBC8 + 
an additional 10 L. monocytogenes and 2 L. innocua

HLT (i.e. N20H, M21L, 
K22T)

S. agalactiae ATCC13813, L. mono CBC2, CBC3, S. aureus CBC4, L. lactis CBC7,

QLT (i.e. N20Q, M21L, 
K22T)

S. agalactiae ATCC13813

GLA (i.e. N20G, M21L, 
K22A)

B. cereus UCC1

ALA (i.e. N20A, M21L, 
K22A)

B. cereus UCC1, L. lactis CBC8

PLA (i.e. N20P, M21L, 
K22A)

B. cereus UCC1, S. aureus CBC4

PAA (i.e. N20P, M21A, 
K22A)

C. sporogenes UCC1, S. aureus CBC4

PTA (i.e. N20P, M21A, 
K22L)

C. sporogenes UCC1

GVK (i.e. N20G, M21V, 
K22K)

C. sporogenes UCC1, L. mono CBC3, S. aureus CBC4, L. lactis CBC7

SVA (i.e. N20S, M21V, 
K22A)

C. sporogenes UCC1, L. mono CBC2, CBC3, S. aureus CBC4, L. lactis CBC7, CBC8

PMQ (i.e. N20P, M21M, 
K22Q)

S. agalactiae ATCC13813, B. cereus UCC1, L. mono CBC3, S. aureus CBC4, L. lactis 
CBC7, CBC8

PTL (i.e. N20P, M21T, 
K22L)

C. sporogenes UCC1, L mono CBC3, 4, L. lactis CBC7
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[0032] The N20P strain displays enhanced bioactivity against Staph. aureus ST528 (125%), DPC 5425 (123%), and
CBC4, L. monocytogenes CBC3, C. sporogenes CBC5 and L. lactis CBC7. The N20P peptide was also 100% more
active than nisin A against Staph. aureus ST528. The N20F strain displays enhanced bioactivity against L. lactis CBC7.
The N20R strain displays enhanced bioactivity against C. sporogenes CBC5. The N20H strain displays enhanced
bioactivity against L. monocytogenes CBC3, S. aureus CBC4 and C. sporogenes CBC5. The N20A strain displays
enhanced bioactivity against C. sporogenes CBC5. The N20T strain displays enhanced bioactivity against C. sporogenes
CBC5 and the N20S strain displays enhanced bioactivity against L. monocytogenes CBC2, S. aureus CBC4 and C.
sporogenes CBC5.
[0033] The M21V strain displayed bioactivity against L. monocytogenes 10403 S, (147%), EGDe, (153%), 10403s,

(continued)

Nisin Derivative Strain

PML (i.e. N20P, M21M, 
K22L)

S. aureus RF122, L. mono CBC2, CBC3, CBC4, L. lactis CBC7

PNR (i.e. N20P, M21N, 
K22R)

S. aureus RF122

PAK (i.e. N20P, M21A, 
K22K)

S. aureus RF122, S. aureus CBC4, L. lactis MG1363, S. aureus DPC5246, NCDO1499, 
L. mono 10403S and EGDe

PMT (i.e. N20P, M21M, 
K22T)

S. aureus RF122

PIM (i.e. N20P, M21I, 
K22M)

B. cereus UCC1

PIA (i.e. N20P, M21I, 
K22A)

B. cereus UCC1

PMM (i.e. N20P, M21M, 
K22M)

B. cereus UCC

PSL (i.e. N20P, M21S, 
K22L)

C. sporogenes UCC1, S. aureus RF122

PMC (i.e. N20P, M21M, 
K22C)

L. mono CBC3, S. aureus CBC4, L. lactis CBC7

PAT (i.e. N20P, M21A, 
K22T)

S. agalactiae ATCC13813

PHT (i.e. N20P, M21H, 
K22T)

Strep. agalactiae ATCC 13813, L. lactis MG1363, S. agalactiae Strain B

PHM (i.e. N20P, M21H, 
K22M)

Strep. agalactiae ATCC 13813, S. agalactiae Strain B

PIT (i.e. N20P, M21I, 
K22T)

S. agalactiae ATCC13813, S. agalactiae Strain B S. aureus NCDO1499

PGA (i.e. N20P, M21G, 
K22A)

S. agalactiae ATCC13813, S. agalactiae Strain B S. aureus NCDO1499

PMA (i.e. N20P, M21M, 
K22A)

S. agalactiae ATCC 13813, S. aureus DPC5246

PIH (i.e. N20P, M21I, 
K22H)

S. agalactiae Strain B

PIV (i.e. N20P, M21I, 
K22V)

S. agalactiae ATCC13813, S. agalactiae Strain B S. aureus NCDO1499

PAQ (i.e. N20P, M21A, 
K22Q)

S. agalactiae ATCC13813, S. agalactiae Strain B S. aureus NCDO1499
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CBC1, CBC2, CBC3 and an additional 25 L. monocytogenes and 3 L. innocua, Staph. aureus ST528 (135%), DPC 5425
(156%), and CBC4, C. sporogenes CBC5, L. lactis CBC7 and CBC8. The M21V peptide displays a 100% increased
specific activity against Staph. aureus ST528, DPC5247, VISA 32679 and VISA 32652, Strep. agalactiae GrpB, L.
monocytogenes 10403S, EGDe, FH1848, 10403s and LO28ΔlisK and the vancomycin resistant enterococci strains
Ec538, Ec725, Ec533 and Ec748. The M21A strain displayed enhanced bioactivity against Staph. aureus ST528 (132.5%)
and DPC 5425 (135%), L. monocytogenes CBC1, and L. lactis CBC7 and CBC8. The M21G strain displayed enhanced
bioactivity against Staph. aureus ST528 (125%) and DPC 5425 (123%) and Strep. agalactiae ATCC13813 (115%). The
M21Y strain displayed enhanced bioactivity against L.monocytogenes CBC2, CBC3, S. aureus CBC4, C. sporogenes
CBC5 and L. lactis 7. The M21K strain displayed enhanced bioactivity against S. aureus CBC 4 and C. sporogenes
CBC5. The M21I strain displayed enhanced bioactivity against L. monocytogenes CBC2, S. aureus CBC4, C. sporogenes
CBC5, L. lactis CBC7 and an additional 15 L. monocytogenes and 2 L. innocua. The M21G strain displayed enhanced
bioactivity against L. monocytogenes CBC2, S. aureus CBC4, ST528, and DPC5425, Strep. agalactiae ATCC 13813,
C. sporogenes CBC5 + an additional 7 L. monocytogenes and 3 L. innocua. The M21S strain displayed enhanced
bioactivity against L. monocytogenes CBC2, CBC3, S. aureus CBC4, C. sporogenes CBC5, L. lactis CBC8 and an
additional 23 L. monocytogenes strains and 3 L. innocua. The M21N strain displayed enhanced bioactivity against L.
lactis CBC8. The K22T strain displayed enhanced bioactivity against Staph. aureus ST528 (146%), DPC 5425 (145%)
and CBC4, Strep. agalactiae ATCC13813 (153%), L. monocytogenes CBC2 and an additional 11 L. monocytogenes
and 3 L. innocua, C. sporogenes CBC5 and L. lactis CBC7 and CBC8. The K22T peptide possesses 100% greater
specific activity against Strep. agalactiae ATCC13813 and GrpB and Staph. aureus ST528 and VISA32679 than its wild-
type counterpart. The K22S strain displayed enhanced bioactivity against Staph. aureus ST528 (154%) and DPC 5425
(124%), Strep. agalactiae ATCC13813 (142%), L. monocytogenes CBC2 and L. lactis CBC8. The K22A strain displayed
enhanced bioactivity against Staph. aureus ST528 (126%) and DPC 5425 (117%), Strep. agalactiae ATCC13813
(137%),L. lactis CBC8 and L. monocytogenes CBC2, and an additional 13 L. monocytogenes and 3 L. innocua. The
K22G strain displayed enhanced bioactivity against Staph. aureus ST528 (118.5%) and DPC 5425 (112%), Strep.
agalactiae ATCC13813 (126%) and L. lactis CBC7 and CBC8. The K22V strain displayed enhanced bioactivity against
L. monocytogenes CBC2 and L. lactis CBC8. The K22L strain displayed enhanced bioactivity against L. lactis CBC8.
The K22M strain displayed enhanced bioactivity against L. lactis CBC8. The K22Q strain displayed enhanced bioactivity
against L. lactis CBC8.
[0034] The PAL (i.e. N20P, M21A, K22L) strain displayed enhanced bioactivity against C. sporogenes UCC1, S. aureus
CBC4, L. lactis CBC7 and CBC8, L. monocytogenes CBC2 and an additional 10 L. monocytogenes and 2 L. innocua.
The HLT (i.e. N20H, M21L, K22T) strain displayed enhanced bioactivity against S. agalactiae ATCC13813, L. monocy-
togenes CBC2 and CBC3, S. aureus CBC4 and L. lactis CBC7. The QLT (i.e. N20Q, M21L, K22T) strain displayed
enhanced bioactivity against S. agalactiae ATCC13813. The GLA strain (i.e. N20G, M21L, K22A) displayed enhanced
bioactivity against B. cereus UCC1. The ALA (i.e. N20A, M21L, K22A) strain displayed enhanced bioactivity against B.
cereus UCC1 and L. lactis CBC8. The PLA (i.e. N20P, M21L, K22A) strain displayed enhanced bioactivity against B.
cereus UCC1 and S. aureus CBC4. The PAA (i.e. N20P, M21A, K22A) strain displayed enhanced bioactivity against C.
sporogenes UCC1 and S. aureus CBC4. The PTA (i.e. N20P, M21A, K22L) strain displayed enhanced bioactivity against
C. sporogenes UCC1. The GVK (i.e. N20G, M21V, K22K) strain displayed enhanced bioactivity against C. sporogenes
UCC1, L. monocytogenes CBC3, S. aureus CBC4 and L. lactis CBC7. The SVA (i.e. N20S, M21V, K22A) strain displayed
enhanced bioactivity against C. sporogenes UCC1, L. monocytogenes CBC2, CBC3, S. aureus CBC4 and L. lactis
CBC7, CBC8. The PMQ (i.e. N20P, M21M, K22Q) strain displayed enhanced bioactivity against S. agalactiae
ATCC13813, B. cereus UCC1, L. monocytogenes CBC3, S. aureus CBC4, and L. lactis CBC7, CBC8. The PTL (i.e.
N20P, M21T, K22L) strain displayed enhanced bioactivity against C. sporogenes UCC1, L. monocytogenes CBC3 and
CBC 4, and L. lactis CBC7. The PML (i.e. N20P, M21M, K22L) strain displayed enhanced bioactivity against S. aureus
RF122, L. monocytogenes CBC2, CBC3, and CBC4 and L. lactis CBC7. The PNR (i.e. N20P, M21N, K22R) strain
displayed enhanced bioactivity against S. aureus RF122. The PAK (i.e. N20P, M21A, K22K) strain displayed enhanced
bioactivity against S. aureus RF122, CBC4, NCDO1499 and DPC5246, L. lactis MG1363, and L. monocytogenes 10403S
and EGDe. The PMT (i.e. N20P, M21M, K22T) strain displayed enhanced bioactivity against S. aureus RF122. The PIM
(i.e. N20P, M21I, K22M) strain displayed enhanced bioactivity against B. cereus UCC1. The PIA (i.e. N20P, M21I, K22A)
strain displayed enhanced bioactivity against B. cereus UCC1. The PMM (i.e. N20P, M21M, K22M) strain displayed
enhanced bioactivity against B. cereus UCC1. The PSL (i.e. N20P, M21S, K22L) strain displayed enhanced bioactivity
against C. sporogenes UCC1 and S. aureus RF122. The PMC (i.e. N20P, M21M, K22C) strain displayed enhanced
bioactivity against L. monocytogenes CBC3, S. aureus CBC4 and L. lactis CBC7. The PAT (i.e. N20P, M21A, K22T)
strain displayed enhanced bioactivity against S. agalactiae ATCC13813. The PHT (i.e. N20P, M21H, K22T) strain
displayed enhanced bioactivity against Strep. agalactiae ATCC 13813 and Strain B, and L. lactis MG1363. The PHM
(i.e. N20P, M21H, K22M) strain displayed enhanced bioactivity against Strep. agalactiae ATCC 13813 and Strain B.
The PIT (i.e. N20P, M21I, K22T) strain displayed enhanced bioactivity against S. agalactiae ATCC13813 and strain B
and S. aureus NCDO1499. The PGA (i.e. N20P, M21G, K22A) strain displayed enhanced bioactivity against S. agalactiae
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ATCC13813 and strain B and S. aureus NCDO1499. The PMA (i.e. N20P, M21M, K22A) strain displayed enhanced
bioactivity against Strep. agalactiae ATCC 13813 and S. aureus DPC5246. The PIH (i.e. N20P, M21I, K22H) strain
displayed enhanced bioactivity against S. agalactiae Strain B. The PIV (i.e. N20P, M21I, K22V) strain displayed enhanced
bioactivity against S. agalactiae ATCC13813 and strain B and S. aureus NCDO1499. The PAQ (i.e. N20P, M21A, K22Q)
strain displayed enhanced bioactivity against S. agalactiae ATCC13813 and strain B and S. aureus NCDO1499.
[0035] In a further aspect of the invention there is provided the use of nisin derivatives as a food or beverage additive,
preservative or shelf life extender. Such additives could be in liquid form/tablet form. The derivatives of the invention
could be incorporated into liquids (including milk or beer) or foods either alone or in combination with of a large variety
of other agents (or combined with high temp, high pressure etc.). In a further embodiment the current invention provides
a food additive comprising the nisin derivatives of the current invention.
[0036] According to a still further aspect of the invention there is provided use of nisin derivatives in the manufacture
of a medicament for the treatment or prevention of disease. The disease can be, but is not limited to, bovine mastitis,
oral infections including dental plaque, gastric ulcers, CDAD (Clostridum difficile associated diarrhoea), acne, and bac-
terial infections generally. The nisin derivatives may also find use as spermicides, surfactants or preservatives.
[0037] One embodiment of the current invention provides for a pharmaceutical composition for use in the treatment
and prevention of infections caused by gram-positive organisms comprising the nisin derivatives of the invention. One
embodiment of the current invention provides for a pharmaceutical composition for use in the treatment and prevention
of infections caused by gram-negative organisms comprising the nisin derivatives of the invention. The pharmaceutical
composition may be together with a carrier or excipient as appropriate. The invention also provides use nisin derivatives
of the current invention, such as M21G and K22G mutants of nisin Z, which have enhanced bioactivity, as a pharmaceutical
composition, a disinfectant, or a food additive, together with carriers or excipients, as appropriate.
[0038] According to another aspect of the present invention there is provided a vector/plasmid comprising a sequence
encoding the nisin derivatives as defined above. The sequence may be an amino acid sequence or a nucleotide sequence.
The present invention further provides a host cell, for example, a bacterium host cell, with a vector encoding the nisin
derivatives of the present invention. The present invention also relates to nisin derivatives or a host producing the nisin
derivatives of the current invention.
[0039] The invention also provides a method of treating or preventing a disease comprising the nisin derivatives of
the current invention. The disease may be caused by gram-positive or negative pathogens. The disease may be selected
from the group comprising bovine mastitis, dental plaque, gastric ulcers, CDAD (Clostridum difficile associated diarrhoea),
acne, and bacterial infections.
[0040] The molecular weights of some derivatives of the invention are as follows: -

N20P Mol. Weight = 3336.70 Da
M21V Mol. Weight = 3320.73 Da
K22T Mol. Weight = 3326.18 Da
K22S Mol. Weight = 3311.52 Da
PIV Mol. Weight = 3290.11 Da
PIT Mol. Weight = 3291.97 Da
PGA Mol. Weight = 3204.72 Da
PAK Mol. Weight = 3275.61 Da
PTL Mol. Weight = 3289.92 Da
PML Mol. Weight = 3320.51 Da
PNR Mol. Weight = 3346.85 Da
PMT Mol. Weight = 3308.32 Da
PIM Mol. Weight = 3320.40 Da
PMQ Mol. Weight = 3335.52 Da
PIA Mol. Weight = 3260.53 Da
PMM Mol. Weight = 3338.7 Da
PAL Mol. Weight = 3259.9 Da
PSL Mol. Weight = 3275.89 Da
PMC Mol. Weight = 3309.99 Da
PAT Mol. Weight = 3247.85 Da
HLT Mol. Weight = 3329.94 Da
QLT Mol. Weight = 3320.94 Da
GLA Mol. Weight = 3219.83 Da
ALA Mol. Weight = 3233.87 Da
PLA Mol. Weight = =3259.9 Da
PAA Mol. Weight = 3217.83 Da
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PTA Mol. Weight = 3247.85 Da
GVK Mol. Weight = 3262.89 Da
SVA Mol. Weight = 3235.84 Da

[0041] The invention further provides for primers or probes to detect or amplify the substitutions of the current invention.
The invention also provides use of M21G and K22G mutants of nisin Z, which have enhanced bioactivity, as a pharma-
ceutical composition, a disinfectant, or a food additive, together with carriers or excipients, as appropriate.
[0042] The term "nisin derivative" as used herein refers to a nisin peptide with at least one amino acid substitutions
in the region encoding the hinge region of the protein or an equivalent nucleotide substitution.
[0043] Unless otherwise defined, all terms of scientific terminology used herein are intended to have the meanings
commonly understood by those of skill in the art. In some cases, terms are defined herein for clarity and should not be
intended to limit the scope of the invention in any way. The current invention will now be described with reference to the
following examples and figures. It is to be understood that the following detailed description and accompanying figures,
are exemplary and explanatory only and are intended to provide a further explanation of the present invention, as claimed
and not to limit the scope of the invention in any way.

Brief Description of the Drawings

[0044]

Figure 1: Structures of natural variants nisin A and nisin Z and putative structures of variant nisins Q, U and U2.
Black circles indicate amino acid differences between the natural nisin variants. Post-translational modifications are
indicated in grey. Dha: dehydroalanine, Dhb: dehydrobutyrine, Abu: 2-aminobutyric acid, Ala-S-Ala: lanthionine,
Abu-S-Ala: 3-methyllanthionine.
Figure 2(a)(b):Growth inhibition of Strep. agalactiae ATCC13813 by the nisin A producing strains NZ9800pPTPL-
nisA and NZ9700 and by the mutants K22T expressed in trans from the plasmid pPTPL and K22S expressed from
a chromosomal replacement, (c) Growth inhibition of Strep. agalactiae ATCC13813 and L. lactis HP by N20P, M21V,
K22S and K22Y expressed from a chromosomal replacement.
Figure 3: Growth inhibition of St. aureus ST528, St. aureus DPC5245 and Strep. agalactiae ATCC13813 by
NZ9800pCI372nisAN20P, M21V and K22T and of L. monocytogenes 10403s and EGDe by
NZ9800pCI372nisAM21V.
Figure 4: (a) RP-HPLC of nisin A and derivatives thereof (b) Relative specific activity of purified nisin and nisin
variants (with wild type nisin at 100%).
Figure 5: Kill curve of Listeria innocua FH2051 in the presence of Lactococcus lactis M21V, K22T, N20P and nisin
A strain in GM17 at 30°C.
Figure 6: Kill curve of Listeria monocytogenes EDGe in the presence of Lactococcus lactis strain M21V compared
to wild type strain in GM17 at 30°C.
Figure 7: Effect of nisin mutant M21V against Listeria monocytogenes F2365lux.
Figure 8: Monitoring L. monocytogenes F2365lux survival in the presence of nisin-producing strains in skim milk
supplemented with glucose and yeast extract.
Figure 9: Monitoring L. monocytogenes F2365lux survival in the presence of nisin-producing strains in hot dog meat.
Figure 10: Comparison of the activity of the M21V, K22T and nisin A peptides, at 0.5 mg/ml, against Strep. agalactiae
GrpB.
Figure 11: Comparison of the activity the M21V and nisin A peptides (at 2.5 mg/ml and 7.5 mg/ml) against L.
monocytogenes EGDe.

Detailed Description of the Figures

Materials and Methods

Bacterial Strains and Growth Conditions

[0045] L. lactis strains were grown in M17 broth (Oxoid) supplemented with 0.5% glucose (GM17) or GM17 agar at
30°C and GM17 supplemented with K2HPO4 (36mM), KH2PO4 (13.2mM), Sodium Citrate (1.7mM), MgSO4 (0.4mM),
(NH4)2SO4 (6.8mM) and 4.4% glycerol (GM17 freezing buffer) without aeration. E. coli was grown in Luria-Bertani broth
or agar with vigorous shaking at 37°C. Staph. aureus strains were grown in Mueller-Hinton (MH) broth (Oxoid) or MH
agar at 37°C, Bacillus cereus and streptococci were grown in Tryptic soy broth (TSB) or TSB agar at 37°C, Listeria
strains were grown in Brain Heart Infusion (BHI) or BHI agar at 37°C. Clostridium sporogenes was grown in Thioglycolate
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Broth (TGB) at 37°C anaerobically. Lactobacillus plantarum was grown in deMan- Rogosa-Sharpe (MRS) broth at 30°C.
Antibiotics were used, when indicated, at the following concentrations: Chloramphenicol and tetracycline at 5 and 10
mg ml-1 respectively for L. lactis and at 20 and 10 mg ml-1 respectively for E. coli. Erythromycin was used at 150 mg ml-1
and 5 mg ml-1 for E. coli and L. lactis respectively. Ampicillin was used at 100 mg ml-1 for E. coli and X-gal (5-bromo-4-
chloro-3-indolyl-β-D-galactopyranoside) was used at a concentration of 40 mg ml-1.

Random Mutagenesis

[0046] DNA obtained from L. lactis NZ9700 (Hoffmann et al., 2004) was used as a template for the amplification of a
372 base pair (bp) fragment encompassing the nisA gene with KOD polymerase (Novagen) using the primers oDF101
and oDF102 (oligonucleotides utilised are listed in Table 5). PCR amplicons were purified using the QIAquick PCR
purification kit (QIAGEN Inc.) as per the manufacturers protocol. The PCR amplicons were digested with BglII and XbaI
(Roche) and cloned into similarly digested and Shrimp Alkaline Phosphatase (SAP; Roche) treated pPTPL. The plasmid
was transformed into E. coli MC1000, isolated from a single clone and sequenced (MWG Biotech, Germany) using the
primer TETK P1 to ensure the integrity of the plasmid. The introduction of this plasmid, pDF03, into competent L. lactis
NZ9800 successfully reinstated nisin activity. To provide sufficient quantities of template DNA for error-prone PCR (ep-
PCR), nisA was reamplified using pDF03 as template with KOD polymerase using the primers oDF101 and oDF103,
digested with Xba1 and EcoR1 and cloned into similarly digested pUC19. Following introduction into E. coli Top 10
(Invitrogen), plasmid was isolated from one clone and was sequenced (MWG Biotech, Germany) using the primers
M13FOR and M13REV to ensure its integrity. This plasmid, pDF04 was isolated from 100mls overnight culture using
the Maxi-prep plasmid kit (QIAGEN Inc.) to a concentration of approx 1,100 ng/ml. pDF04 was used as template for the
Genemorph II random mutagenesis kit (Stratagene) according to manufacturer’s guidelines. To introduce an average
of one base change in the 372 bp cloned fragment, amplification was performed in a 50 ml reaction containing approx-
imately 500 ng of target DNA (pDF04), 2.5 units Mutazyme DNA polymerase, 1 mM dNTPs and 200 ng each of primers
oDF101 and oDF102. The reaction was preheated at 96°C for 1 min, and then incubated for 22 cycles at 96°C for 1 min,
52°C for 1 min and 72°C for 1 min, and then finished by incubating at 72°C for 10 mins. Amplified products were purified
by gel extraction using the Qiaquick gel extraction kit (QIAGEN Inc), and reamplified with KOD polymerase before being
digested with BglII and XbaI (Roche), ligated with similarly digested and SAP treated pPTPL and introduced into E. coli
MC1000. To determine if the correct rate of mutation had been achieved recombinant plasmid DNA was isolated from

Table 3: Bioactivity of strains producing nisin ’hinge’ derivatives.

MRSA St. aureus Strep. agalactiae
ST528 DPC5245 ATCC13813
N20 M21 K22 N20 M21 K22 N20 M21 K22

N 100 95 X 100 90 X 100 98 X
Q X 92 82 X 94 77 X 98 82
C 0 0 X 0 0 X 0 0 X
G X 125 118.5 X 123 112 X 115 126
A 60.5 132.5 126 69 135 117 52 105 137
S 83.5 105 154 87.5 110 124 72 110 142
T 79 110 146 90 112 145 46 110 153
V 68 135 107 77 156 113 63 101 126
L 43 76 93.5 69.5 70 89 69 58.5 108
I 28.5 107 X 49 115 X 61 92 X
P 125 40 90 123 32 92 22 0 65
M X 100 77 X 100 79.5 X 100 104
F 11.25 20 29 20.5 21.5 56 15 0 57
Y 33.5 71 X 55 68 X 30.5 65 X
W 5.4 12 14.5 35.5 14 36 0 0 39
D 0 X 0 0 X 0 0 X 0
E X 0 0 X 0 0 X 0 0
R 0 56.5 42.5 53.5 61 45 19 66 56
H 74.5 X 97 95 X 97 59.5 X 104
K X 89 100 X 104 100 X 91 100
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selected clones using the QIAprep Spin miniprep kit (QIAGEN Inc) and sequenced (MWG Biotech). Transformants were
pooled and stored in 80% glycerol at -20°C. Plasmid DNA isolated from the mutant bank was used to transform L. lactis
NZ9800. Transformants (approx. 8000) were isolated from Q trays using the Genetix QPIX II-XT colony-picking robot
and inoculated into 96 well plates containing GM17 freezing buffer, incubated overnight and subsequently stored at -20°C.

Site-directed mutagenesis

[0047] First, a 774 bp product encompassing approx 300 bp either side of nisA was amplified with KOD polymerase
using the primers oDF105 and oDF106, digested with EcoR1 (Roche) and Pst1 (Roche) and ligated with similarly digested
pORI280. Following transformation into E. coli EC101 (RepA+) plasmid was isolated from one clone (pDF06) and
sequenced (MWG Biotech, Germany) using the primers pORI280FOR and pORI280REV to ensure its integrity. Muta-
genesis of the nisA gene was achieved using a combination of the Quickchange site-directed mutagenesis strategy
(Stratagene) and double crossover mutagenesis with pORI280 (RepA-, LacZ+) as described previously (Cotter et al.,
2003; Cotter et al., 2005b; Cotter et al., 2006) using the Quickchange protocol as per manufacturers guidelines and
using E. coli EC101 (RepA+) as host. To detect altered pORI280-nisA transformants, candidates were screened by PCR
using a specific ’check’ primer designed to amplify mutated plasmid template only and oDF106. Plasmid from one
candidate (pDF07) was sequenced to verify the deliberate mutation and to confirm no other changes had been introduced.
pDF07 was then introduced into NZ9800 pVe6007 by electroporation (Holo and Nes, 1995) and transformants were
selected by growth on GM17-Ery-X-gal plates at 30°C. Integration of pDF07 by single crossover recombination and
curing of the temperature sensitive plasmid pVe6007 was achieved by growth at 37°C in GM17-Ery broth and plating
on GM17-Ery-X-gal agar at the same temperature. Selected colonies were checked for their inability to grow on GM17-
Cm agar at 30°C and then subcultured in GM17 at 37°C. Each subculture was spread on GM17-X-gal plates to identify
candidates where pORI280 had excised and was lost (LacZ-) due to a second crossover event. Mutant and wild-type
revertants were distinguished by PCR using the check primer and oDF106 and also by deferred antagonism assay since
candidate mutants exhibited a Bac+ phenotype and wild-type revertants a Bac- phenotype. Bac+ candidates were ana-
lysed by Mass Spectrometry to verify production of the mutant nisin peptide.

Saturation Mutagenesis

[0048] To generate a template for mutagenesis, the 372 base pair fragment encompassing the nisA gene was amplified
with KOD polymerase using the primers oDF102 and oDF103, was digested and subsequently cloned into pCI372.
Following introduction into E. coli Top 10 cells, plasmid was isolated from one clone and was sequenced (MWG Biotech,
Germany) using the primer pCI372REV to ensure its integrity. Saturation mutagenesis of the hinge region of nisA was
carried out with pDF05 (pCI372-nisA) as template and using oligonucleotides containing an NNK codon in place of each
native codon as listed in Table 5. PCR amplification was performed in a 50 ml reaction containing approximately 0.5 ng
of target DNA (pDF05), 1 unit Phusion High-Fidelity DNA polymerase (Finnzymes, Finland), 1 mM dNTPs and 500 ng
each of the appropriate forward and reverse oligonucleotide. The reaction was preheated at 98°C for 2 mins, and then
incubated for 29 cycles at 98°C for 30 secs, 55°C for 15 secs and 72°C for 3 mins 30 secs, and then finished by incubating
at 72°C for 3 mins 30 secs. Amplified products were treated with Dpn1 (Stratagene) for 60 mins at 37°C to digest template
DNA and purified using the QIAquick PCR purification kit. Following transformation of E. coli Top 10 cells plasmid DNA
was isolated and sequenced to verify that mutagenesis had taken place. Approximately 150 transformants encompassing
each of the 3 hinge positions were chosen at random and inoculated into 96 well plates containing GM17 chloramphenicol,
incubated overnight and stored at -20°C after addition of 80% glycerol.

Saturation mutagenesis at multiple locations within the hinge

[0049] Saturation mutagenesis at multiple locations within the hinge-encoding region of nisA was carried out with
pDF05 (pCI372-nisA) as template and using oligonucleotides designed to randomly the residues at all three locations
within the hinge i.e. three NNK triplets (XXX) or to randomly alter residues 21 and 22 in a N20P background (N20PXX),
randomly alter residues 20 and 22 in a M21V background (XM21VX), and randomly alter residues 20 and 21 in a K22T
background (XXK22T; oligonucleotides employed are listed in Table 4). PCR amplification was performed in a 50 ml
reaction containing approximately 0.5 ng of target DNA (pDF05), 1 unit Phusion High-Fidelity DNA polymerase
(Finnzymes, Finland), 1 mM dNTPs and 500 ng each of the appropriate forward and reverse oligonucleotide. The reaction
was preheated at 98°C for 2 mins, and then incubated for 29 cycles at 98°C for 30 secs, 55°C for 15 secs and 72°C for
3 mins 30 secs, and then finished by incubating at 72°C for 3 mins 30 secs. Amplified products were treated with Dpn1
(Stratagene) for 60 mins at 37°C to digest template DNA and purified using the QIAquick PCR purification kit. Following
transformation of E. coli Top 10 cells, plasmid DNA was isolated and sequenced using the primers pCI372 For and
pCI372 Rev to verify that mutagenesis had taken place. Mutated plasmid DNA was then introduced into L. lactis NZ9800
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by electroporation (Holo and Nes, 1995). Approximately 750 transformants from each of the N20PXX, XM21X and
XXK22T banks were chosen at random and inoculated into 96 well plates containing GM17 chloramphenicol, incubated
overnight and stored at -20°C after addition of 80% glycerol. As the number of possible combinations of a completely
randomised hinge totals 8,000 (i.e. 3 variable positions giving 20X20X20 = 8,000), a Genetix Qpix2 automated colony
picker was employed to randomly pick transformants (8,064) and inoculate into 96 well plates containing GM17 chlo-
ramphenicol which were then incubated overnight and stored at -20°C after addition of 80% glycerol.

Nisin purification

[0050] L. lactis NZ9700 or the mutant nisin strain of interest was subcultured twice in GM17 broth at 1% at 30°C before
use. Two litres of modified TY broth were inoculated with the culture at 0.5% and incubated at 30°C overnight. The
culture was centrifuged at 7,000 rpm for 15 minutes. The cell pellet was resuspended in 300 mls of 70% isopropanol
0.1% TFA and stirred at room temperature for approximately 3h. The cell debris was removed by centrifugation at 7,000
rpm for 15 minutes and the supernatant retained. The isopropanol was evaporated using a rotary evaporator (Buchi)
and the sample pH adjusted to 4 before applying to a 10g (60ml) Varian C-18 Bond Elut Column (Varian, Harbor City,
CA) pre-equilibrated with methanol and water. The columns were washed with 100 mls of 20% ethanol and the inhibitory
activity was eluted in 100 mls of 70% IPA 0.1% TFA. 15 ml aliquots were concentrated to 2 ml through the removal of
propan-2-ol by rotary evaporation. 1.5ml aliquots were applied to a Phenomenex (Phenomenex, Cheshire, UK) C12
reverse phase (RP)-HPLC column (Jupiter 4u proteo 90 Å, 250 3 10.0 mm, 4mm) previously equilibrated with 25%
propan-2-ol, 0.1% triflouroacetic acid TFA. The column was subsequently developed in a gradient of 30% propan-2-ol
containing 0.1% TFA to 60 % propan-2-ol containing 0.1% TFA from 10 to 45 minutes at a flow rate of 1.2 ml min-1.

Mass Spectrometry

[0051] For Colony Mass Spectrometry (CMS) bacterial colonies were collected with sterile plastic loops and mixed
with 50 ml of 70% isopropanol adjusted to pH 2 with HCl. The suspension was vortexed, the cells centrifuged in a
benchtop centrifuge at 14,000 r.p.m. for 2 mins, and the supernatant was removed for analysis. Mass Spectrometry in

Table 4: Oligonucleotides used for saturation mutagenesis of the nisin hinge region

Primer name Sequence

N20PXX For

N20PXX Rev

XM21VX For

XM21VX Rev

XXK22T For

XXK22T Rev

XXX For

XXX Rev

pCI372FOR 5’ CGG GAA GCT AGA GTA AGT AG 3’

pCI372REV 5’ ACC TCT CGG TTA TGA GTT AG 3’
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all cases was performed with an Axima CFR plus MALDI TOF mass spectrometer (Shimadzu Biotech, Manchester, UK).
A 0.5ml aliquot of matrix solution (alpha-cyano-4-hydroxy cinnamic acid (CHCA), 10 mg ml-1 in 50% acetonitrile-0.1%
(v/v) trifluoroacetic acid) was placed onto the target and left for 1-2 mins before being removed. The residual solution
was then air-dried and the sample solution (resuspended lyophilised powder or CMS supernatant) was positioned onto
the precoated sample spot. Matrix solution (0.5ml) was added to the sample and allowed to air-dry. The sample was
subsequently analysed in positive-ion reflectron mode.

Bioassays for antimicrobial activity

[0052] Deferred antagonism assays were performed by replicating strains on GM17 or GM17 x-gal agar plates and
allowing them to grow overnight before overlaying with either GM17/BHI/TS/MH agar (0.75% w/v agar) seeded with the
appropriate indicator strain. Zone size was calculated as the diameter of the zone of clearing minus the diameter of
bacterial growth (5 mm). For higher throughput screening of N20PXX, XM21VX, XXK22T and XXX banks deferred
antagonism assays were performed by replicating strains using a 96 pin replicator (Boekel) or spotting 5 ml of a fresh
overnight culture on GM17 agar plates and allowing them to grow overnight. Following overnight growth the strains were
subjected to UV radiation for 30 minutes prior to overlaying with either GM17/BHI/TS/MH agar (0.75% w/v agar) seeded
with the appropriate indicator including Strep. agalactiae ATCC 13813, Staph. aureus DPC 5246, Listeria monocytogenes
EGDe, B. cereus UCC1, C. sporogenes UCC1, Staph. aureus RF122 or L. lactis HP, in addition to the non-pathogenic
nisin sensitive indicator L. lactis MG1363. Additional sets of indicators were employed to further assess/reassess the
bioactivity of a number of strains. These included set 1: L. monocytogenes CBC1, CBC 2 and CBC3, S. aureus CBC4,
C. sporogenes CBC5, L. plantarum CBC6, L. lactis CBC7 and L. lactis CBC8; set 2: L. lactis MG1363, Strep. agalactiae
ATCC13813 and strain B, Staph. aureus RF122, DPC5246, and NCDO1499 and L. monocytogenes 10403s and EGDe;
and set 3 (a collection of Listeria strains): Listeria monocytogenes strains EDGe, CD83, CD1038, LO28, F2365, 33013,
33233, 33411, 33077, 33115, 33068, 33007, 33226, 33015,33083,33423, 33116, 33176, 33090, 33037, 33008, 33028,
33186, 33225, N3008, NRRLB 33038, SLCC 4949, SLCC 6793, SLCC 7194 and F6854 as well as Listeria innocua
CLIP, FH2117, FH2051. For well-diffusion assays molten agar was cooled to 48°C and seeded with the appropriate
indicator strain. The inoculated medium was rapidly transferred into sterile Petri plates in 50 ml volumes, allowed to
solidify and dried. Wells (4.6 mm in diameter) were then made in the seeded plates. Purified nisin and mutant nisins
were resuspended in 0.005% acetic acid, serially diluted, 50 ml volumes were dispensed into the aforementioned wells
and the plates incubated at 37°C overnight. Bioactivity was expressed as arbitrary units/ml (AU/ml) and calculated as
the reciprocal of the highest dilution that gave a definite zone multiplied by the conversion factor (i.e. 20 when 50 ml was
used) (Ryan et al., 1996).

Antimicrobial ability of Lactococcus lactis variant strains

[0053] Another approach employed to assess if a variant strain possesses enhanced bioactivity was to employ a co-
cultivation assay. The indicator used for this trial was Listeria innocua FH2051 or L. monocytogenes EGDe. GM17 was
co-inoculated with Listeria and the nisin variant producer being tested. Controls containing L. innocua FH2051 alone
and in combination with the nisin A producer were employed. The culture preparations were incubated at 30°C. Listeria
numbers were determined on the basis of viable counts. For this purpose a dilution series were prepared at specific
time intervals and plated onto Listeria selective agar base (Oxford formulation) (Oxoid Ltd.).

Effectiveness of nisin variants in food systems

[0054] Dairy - Milk was prepared by reconstituting skimmed milk powder (RSM) in water (10% w/v) or by preparing
10% (w/v) RSM supplemented with 1% glucose and 0.5% yeast extract and autoclaving at 110°C for 10 minutes. Milk
was co-inoculated with L. monocytogenes F2365lux (a light-emitting derivative of L. monocytogenes F2365) and L. lactis
as previously described and the survival of Listeria was monitored by serial diluting and plating.
[0055] Hot Dog - 10g of hot dog meat (78% pork meat and 12% pork fat) was weighed asceptically into a sterile
stomacher bag and homogenised with 10ml sterile water at 260rpm for 5 minutes (Stomacher Circular 400, Seward).
The bacterial strains were prepared in PBS. The homogenate was transferred to sterile containers and co-inoculated at
a 1:1ml ratio. Survival of Listeria was monitored by serial dilution and plating.

Results

Creation and screening of a bank of random nisin derivatives

[0056] A DNA fragment containing the nisA gene and its native Pnis promoter was amplified, and cloned into pPTPL
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(a reporter vector with a promoterless lacZ) to generate pDF03. This was subsequently introduced into L. lactis NZ9800.
NZ9800 is derivative of a nisin-producing strain, L. lactis NZ9700, from which the nisA gene has been deleted (Table
1). The heterologous expression of nisA from pDF03 successfully restored nisin production to wildtype levels, confirming
that this system is suitable for expressing randomly mutagenized nisA genes. A second plasmid, pDF04 (pUCI9-nisA),
was used as a template for the generation of randomly mutated nisA fragments via mutazyme II PCR amplification (using
conditions designed to achieve one nucleotide change on average per copy of nisA). These fragments were cloned into
pPTPL and ultimately introduced into L. lactis NZ9800 as before. To increase the likelihood of identifying mutants with
enhanced activity, a bank consisting of approximately 8000 potential variants was generated. In all cases the bioactivity
of each variant was assessed by the size of the zone of inhibition in a deferred antagonism assay against various indicator
strains. Increased zone sizes could result from improved production, enhanced solubility or a higher specific activity,
but these possibilities were not discriminated at this point, since strains with enhanced bioactivity are most likely to be
industrially useful regardless of the underlying mechanism. It was established that approximately 20% of the blue colonies
(indicative of effective Pnis promoter activity) tested displayed reduced bioactivity (smaller zones) as compared to the
pDF03-containing control when assessed against the sensitive indicator strain L. lactis spp cremoris HP. Sequencing
of a number of these revealed that mutations had occurred at the desired rate of between 0 and 3 mutations per gene
and at random locations throughout nisA including structural (e.g. I1F, T23I, and S28F) and leader (e.g. R-1C and G-
5D) regions. These initial results confirmed the creation of a bank of randomly altered nisA genes. Colonies exhibiting
a greatly reduced, or lack of, activity (in addition to those which had a white/light blue appearance on GM17-Xgal
suggesting promoter mutations) were excluded. The remaining clones were screened against the indicator strains HP,
Enterococcus faecium DPC 1146 and Strep. agalactiae ATCC 13813. Only one derivative exhibited an enhanced bio-
activity (approx. 50% increase in zone size compared to the corresponding positive control) against Strep. agalactiae
ATCC 13813 (Fig. 2A).
[0057] Colony mass spectrometry (CMS) revealed that the peptide produced differed by 27 amu from wild type nisin
A. DNA sequence analysis revealed a C to A point mutation (AAA to ACA) resulting in a lysine22 to threonine (K22T)
change within the hinge region of the mature nisin A molecule. This change is consistent with the Δ27 amu difference
identified by CMS.

Creation of a K22S nisin mutant

[0058] It is notable that the K22T change introduces a hydroxylated residue, which could act as a substrate for the
lanthionine modification machinery (the 5 threonines in the native pro-peptide are all modified to dehydrobutyrines or β-
methyllanthionines). CMS revealed that such modifications do not occur in this instance. To determine whether the
beneficial consequences of the K22T change were specifically due to the introduction of a threonine or whether any
hydroxylated amino acid would suffice, site-directed mutagenesis was undertaken to generate a K22S equivalent. The
nisAK22S gene (generated by PCR based mutagenesis) was inserted at the appropriate location in the L. lactis NZ9800
chromosome via double crossover recombination to generate L. lactis NZ9800::nisA-K22S. Results of deferred antag-
onism assays with Strep. agalactiae ATCC 13813 established that bacteriocin production was not only restored but was
in fact enhanced relative to that of L. lactis NZ9700 (Fig. 2B). CMS analysis confirmed the production of a peptide with
a mass corresponding to a K22S change (3312 amu).

Creation and analysis of a bank of nisin hinge derivatives through saturation mutagenesis at single locations.

[0059] As a consequence of the enhanced activities of K22T and K22S, a more in-depth investigation of this region
was carried out. Saturation mutagenesis was undertaken to create a bank of nisin A hinge derivatives containing the
vast majority of possible amino acid substitutions for each position. Although pPTPL was used successfully for random
mutagenesis, its relatively large size of approx 10.5 kb was considered unsuitable for the complete plasmid PCR am-
plification approach utilized for saturation mutagenesis. A smaller (approx 6 kb) E. coli - L. lactis shuttle vector pCI372
was considered to be potentially more useful. Its suitability with respect to the in trans expression of nisA was confirmed
by the ability of pDFO5 to restore the nisin positive phenotype. Saturation mutagenesis was performed on each codon
using pDF05 and oligonucleotides (Table 5) that replace the specific codon with a NNK triplet, potentially encoding all
20 standard amino acids. Following complete plasmid amplification and introduction into the intermediate Top10 host,
sequence analysis of a pooled bank of pDF05 derivatives confirmed randomization. Introduction of these variants into
L. lactis NZ9800 allowed the expression of mutant nisin A peptides for further analysis. The bioactivity of approximately
150 L. lactis NZ9800 pDF05 derivatives was assessed for each of the three codons, again using deferred antagonism
assays against several indicator organisms, including Strep. agalactiae ATCC 13813, Staph. aureus DPC 5245 and
Staph. aureus ST 528(a MRSA isolate) (Table 6) Further analyses in the form of CMS and gene sequencing was carried
out to determine the extent of amino acid substitution at each position. 46 residue conversions were isolated. All strains,
regardless of bioactivity, were assessed with a view to comprehensively assessing the consequences of each individual
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hinge alteration. The relative bioactivity was determined by deferred antagonism assays and compared to that of NZ9800
pCI372nisA, in the context of the nature (i.e. aromatic, charged etc.) of the newly incorporated residue against Staph.
aureus DPC5245 and ST528 and Strep. agalactiae ATCC13813 initially (Table 6) and subsequently against L. mono-
cytogenes CBC1, CBC 2 and CBC3, S. aureus CBC4, C. sporogenes CBC5, L. plantarum CBC6, L. lactis CBC7 nd L.
lactis CBC8 (Table 7).
[0060] Table S1: Oligonucleotides used in the study.

Table 5: Oligonucleotides used in this study.

Primer name Sequence

oDF101 5’TCAGATCTTAGTCTTATAACTATACTG 3’
oDF102 5’ TGTCTAGATTATTTGCTTACGTGAATA 3’
oDF103 5’ CGGAATTCTAGTCTTATAACTATAGTGA 3’
oDF105 5’ AACTGCAGTATAGTTGACGAATA 3’
oDF106 5’ TAGAATTCAACAGACCAGCATTA 3’
M13FOR 5’ GTAAAACGACGGCCAGTG 3’
M13REV 5’ GGAAACAGCTATGACCATG 3’
nis K22S FOR 5’ CTCTGATGGGTTGTAACATGTCAACAGCAACTTGTCATTGTA 3’
nis K22S REV 5’ CTACAATGACAAGTTGCTGTTGACATGTTACAACCCATCAGAG 3’
nisK22ScheckFOR 5’ TGATGGGTTGTAACATGTC 3’
nisN20degFOR 5’ Pho TGATGGGTTGTNNKATGAAAACAGCAACTTGTCATTGTAGT 3’
nisN20degREV 5’ Pho GCTGTTTTCATMNNACAACCCATCAGAGCTCCTGTTTTACA 3’
nisM21degFOR 5’ Pho TGGGTTGTAACNNKAAAACAGCAACTTGTCATTGTAGTATT 3’
nisM21degREV 5’ Pho GHGCTGTTT7MNNGTTACAACCCATCAGAGCTCCTGTTTT 3’
nisK22degFOR 5’ Pho GTTGTAACATGNNKACAGCAAC7TGTCATTGTAGTATTCAC 3’
nisK22degREV 5’ Pho CAAC-TTC-CTGTMNNCATGTTACAACCCATCAGAGCTCCTGT 3’
pCI372FOR 5’ CGGGAAGCTAGAGTAAGTAG 3’
pCI372REV 5’ACCTCTCGGTTATGAGTTAG 3’
pORI280FOR 5’CTCGTTCATTATAACCCTC
pORI260REV 5’CGCTTCCTTTCCCCCCAT
TETK P1 5’AGTCCGTTAAATCGACTG 3’

Underlined sequence represent restriction sites. Boldface represents randomised nucleotides (N = A+C+G+T, K=
G+T, M= A+C).

Table 6: Bioactivity of strains producing nisin ’hinge’ derivatives.

MRSA St. aureus Strep. agalactiae
ST528 DPC5245 ATCC13813
N20 M21 K22 N20 M21 K22 N20 M21 K22

N 100 95 X 100 90 X 100 98 X
Q X 92 82 X 94 77 X 98 82
C 0 0 X 0 0 X 0 0 X
G X 125 118.5 X 123 112 X 115 126
A 60.5 132.5 126 69 135 117 52 105 137
S 83.5 105 154 87. 5 110 124 72 110 142
T 79 110 146 90 112 145 46 110 153
V 68 135 107 77 156 113 63 101 126
L 43 76 93.5 69. 5 70 89 69 58.5 108
I 28.5 107 X 49 115 X 61 92 X
P 125 40 90 123 32 92 22 0 65
M X 100 77 X 100 79.5 X 100 104
F 11.25 20 29 20. 5 21.5 56 15 0 57
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[0061] Values are an average of duplicate experiments and represent zone size (diameter of zone minus diameter of
bacterial growth (i.e. 5mm) relative to that of the NZ9800 pCI372nisA control. X = Mutants not identified.

(continued)

MRSA St. aureus Strep. agalactiae
ST528 DPC5245 ATCC13813
N20 M21 K22 N20 M21 K22 N20 M21 K22

Y 33.5 71 X 55 68 X 30.5 65 X
W 5.4 12 14.5 35. 5 14 36 0 0 39
D 0 X 0 0 X 0 0 X 0
E X 0 0 X 0 0 X 0 0
R 0 56.5 42.5 53. 5 61 45 19 66 56
H 74.5 X 97 95 X 97 59.5 X 104
K X 89 100 X 104 100 X 91 100
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Incorporation of aromatic residues

[0062] An unusual feature of nisin is the absence of aromatic residues. The current inventors have reported that that
the introduction of aromatic residues at any position in the hinge had a negative impact on nisin bioactivity. N20W, M21W
and K22W all gave decreased zone sizes against Strep. agalactiae ATCC 13813 (0-39%), Staph. aureus DPC 5245
(14-36%) and Staph. aureus ST528 (5 - 14.5%) (Table 6). N20F, M21F and K22F changes also negatively impacted on
the bioactivity of the producing strains against all indicators tested (ranging from 0% to 57%; Table 6), although N20F
did show enhanced activity against L. lactis CBC7 (Table 7). The bioactivity of NZ9800 N20Y resembled that of its N20F
counterpart while the M21Y equivalent was even less dramatically affected; i.e. it retained approx 70% bioactivity against
Staph. aureus strains and 65% bioactivity against Strep. agalactiae ATCC13813affected when tested against Staph.
aureus DPC5245 and MRSA ST528 (approx 70% bioactivity) and Strep. agalactiae ATCC13813 (65% bioactivity) (Table
6). Indeed, enhanced activity was apparent against L. monocytogenes CBC2 and CBC3 as well as Staph. aureus CBC4,
C. sporogenes CBC5 and L. lactis CBC7 (Table 7).

Consequences of the incorporation of charged residues

[0063] The current inventors have confirmed the detrimental impacts of introducing negatively charged residues into
the hinge region, reporting that N20D and K22D strains were devoid of bioactivity. A peptide corresponding to a K22D
substitution could not be detected by CMS, indicating a negative impact on peptide production. This observation is
consistent with a theory suggesting that the introduction of a negatively charged residue at K22 in nisin Z may result in
steric hindrance during the thioether bridge formation of ring D (Yuan et al., 2004). Similarly, N20D production is apparently
reduced as a peptide of expected mass (3353.47 Da; Table 8) was only identified following small-scale purification prior
to mass spectrometry analysis. Introduction of glutamic acid into the hinge region also resulted in loss of bioactivity for
M21E, and a lack of any detectable production of a K22E peptide was consistent with previous findings (Yuan et al.,
2004; Table 6).

[0064] Of the novel mutants, in which a positive residue was introduced into the hinge, it was established that N20H
and K22H displayed wild type bioactivity levels against a number of strains (e.g. 95% and 97% retention of relative
bioactivity respectively against Staph. aureus DPC5245; Table 6), but that the bioactivity of N20H was relatively enhanced
against others (i.e. L. monocytogenes CBC3, S. aureus CBC4 and C. sporogenes CBC5; Table 7). M21K exhibited

Table 8: Mass analysis of bioengineered nisin A hinge mutants

Amino acid N20 Predicted Actual M21 Predicted Actual K22 Predicted Actual

N WT 3353.66 3336 3336.05 3338 X
Q 3367 X 3350 3349.26 3353 3351.89
C 3342 3341.34 3325 3324.41 3328 X
G 3296 X 3279 3278.33 3282 3281.15
A 3310 3309.53 3293 3292.37 3296 3296.12
S 3326 3325.22 3309 3308.48 3312 3311.52
T 3340 3340.31 3323 3322.69 3326 3326.18
V 3338 3338.56 3321 3320.73 3324 3322.73
L 3352 3351.51 3335 3334.91 3337 3337.29
I 3352 3351.70 3335 3334.58 3337 X
P 3336 3336.70 3319 3320.49 3322 3320.76
M 3369 X WT 3353.66 3356 3355.36
F 3386 3385.79 3369 3368.47 3372 3371.67
Y 3402 3401.60 3385 3386.11 3388 X
W 3425 3424.76 3408 3408.13 3411 3409.92
D 3354 3353.47 3336 X 3340 ND
E 3368 X 3351 3350.93 3354 ND
R 3395 3394.50 3378 3378.05 3381 3380.21
H 3376 3374.88 3359 X 3362 3362.06
K 3367 X 3350 3350.02 (WT) 3353.66

X = mutants were not identified; ND= not detected
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close to wild-type bioactivities against the first collection of three targets (Table 6) but enhanced bioactivity against Staph.
aureus CBC4 and C. sporogenes CBC5 was apparent (Table 7). The introduction of arginine into the hinge (NZ9800
pCI372nisAN20R, M21R and K22R resulted in greatly reduced bioactivities in general although the bioactivity of N20R
was enhanced against C. sporogenes CBC5 (Table 7). It is thus apparent that although the introduction/exchange of
positively charged residues within the hinge is generally tolerated, there are also structural considerations, with the
bulkier arginine residues having the most negative influence.

Incorporation of hydrophobic residues

[0065] Various hydrophobic amino acids are naturally found within the hinge region of natural forms of nisin (i.e. nisinA,
nisinZ - Met21; nisinQ - Leu21; nisinU/U2 - Pro20/Leu21; Fig. 1) suggesting that manipulations resulting in the intercon-
version or introduction of hydrophobic residues might be particularly successful. The introduction of leucine (N20L, M21L,
K22L), isoleucine (N20I) or methionine (K22M) resulted in the retention of relatively high levels of bioactivity (Table 7),
with the obvious exception of the N20I-producing strain, which displayed particularly reduced activity against ST528
(Table 6). Notably, the bioactivity of the producer of M21L is somewhat decreased (58-76%). This observation is inter-
esting as nisin Q, nisin U and nisin U2 naturally possess a leucine residue at this location, suggesting that this residue
at this location may contribute to the variation in activity of natural variants. Indeed, a similar change i.e., M21I, resulted
in bioactivity against L. momocytogenes CBC2, Staph. aureus CBC4, C. sporogenes CBC5, L. lactis CBC7 and CBC8
being enhanced (Table 7). The consequences of the incorporation of valine residues varied very dramatically. As has
been reported previously with respect to nisin Z (Yuan et al., 2003), it was apparent that a N20V strain exhibits reduced
bioactivity levels (Table 6). In contrast the K22V-producing strain exhibited increased bioactivity levels against Staph.
aureus DPC 5245(113%) Staph. aureus ST528(107%) Strep. agalactiae ATCC 13813 (126%; Table 6), L. monocy-
togenes CBC2 and L. lactis CBC8 (Table 7). The M21V strain was particularly notable in that, although wild-type bioactivity
was apparent against L. lactis ssp cremoris HP (data not shown) and Strep. agalactiae ATCC13813, an increase in
relative bioactivity was evident with respect to Staph. aureus ST528 (135%) and DPC 5245 (156%; Table 6 and Fig. 3).
The M21V-producing strain was as active as the control against L. plantarum CBC6 and demonstrated enhanced activity
against L. monocytogenes CBC1, CBC2 and CBC3, Staph. aureus CBC4, C. sporogenes CBC5, L. lactis CBC7 and L.
lactis CBC8 (Table 7). Visual records (photos) of overlay assays show M21V consistently better than wild type bioactivity
against C. difficile and M. avium subsp. paratuberculosis strains. As a consequence of these observations, the M21V
peptide was selected for purification and specific activity studies. The single N20P strain displayed enhanced bioactivity
against Staph. aureus ST528 (125%) and DPC 5425 (123%)(Table 6, Fig. 3) and CBC4 (Table 7) as well as L. mono-
cytogenes CBC3, C. sporogenes CBC5 and L. lactis CBC7 (Table 7). In contrast, this strain displayed greatly reduced
activity against Strep. agalactiae ATCC13813 (22%; Table 4). The strain variable nature of these results indicates that
increases in bioactivity are not simply due to a general increase in production or enhanced rates of diffusion rate through
the agar matrix, and must therefore be as a consequence of a greater specific activity against the target strain. For this
reason N20P was one of three peptides selected for purification with a view to specific activity determination.

Incorporation of small and nucleophilic residues

[0066] The current inventors discovered that the consequence of introducing M21G and K22G changes to nisin A
resulted in strains exhibiting a slightly increased relative bioactivity (in general, approximately 120% against Staph.
aureus DPC5245 and ST528 and Strep. agalactiae ATCC 13813; Table 6). The M21G-producing strain also exhibited
enhanced bioactivity against L. monocytogenes CBC2, Staph. aureus CBC4 and C. sporogenes CBC5 (Table 7) while
the K22G-producer exhibited enhanced bioactivity against L. lactis CBC7 and CBC8 (Table 7). This disparity, with respect
to previous publications, could be as a consequence of indicator strain differences (in previous studies Micrococcus
flavus and Strep. thermophilus were employed (Yuan et al., 2004), could represent a nisin A-specific phenomenon
(previous studies having focused on nisin Z (Yuan et al., 2004) or could be as a consequence of relying on relative
bioactivity rather than specific activity. Following site saturation mutagenesis, the impact on bioactivity of the N20A
alteration in isolation was assessed and was found to result in decreased levels against all indicator strains (e.g. 60.5%,
52% and 69% against Staph. aureus ST528, Strep. agalactiae ATCC 13813 and Staph. aureus DPC5245, respectively;
Table 6), except C. sporogenes CBC5 (Table 7). In contrast the other alanine-containing hinge mutants, M21A and
K22A, had varying degrees of increased bioactivity (105-137%) against all the strains tested initially (Staph. aureus
ST528, Strep. agalactiae ATCC 13813 and Staph. aureus DPC5245; Table 6), therefore establishing that for positions
21 and 22 the presence of small amino acids can have a positive impact on the function of the hinge region. Additional
investigations established that the M21A strain also exhibited enhanced bioactivity against L. monocytogenes CBC1
and L. lactis CBC7 and CBC8 (Table 7) and that the K22A strain also exhibited enhanced bioactivity against L. mono-
cytogenes K22A and L. lactis CBC8 (Table 7).
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Incorporation of potentially modified residues

[0067] The most common post-translational modifications of lantibiotics involve the dehydration of serine to dehy-
droalanine (Dha) and of threonine to dehydrobutyrine (Dhb). These dehydrated residues interact with cysteine to form
intramolecular lanthionine and β-methyllanthionine bridges, respectively. Considering the key role of cysteine residues,
it is perhaps unsurprising that the inclusion of additional cysteine residues generally impacts significantly on lantibiotic
production and activity; i.e. the majority (8/11) of previously generated nisinZ derivatives incorporating cysteine are not
produced (van Kraaij et al., 2000). Similarly, two strains generated in this study, N20C and M21C, did not produce a
sufficient quantity of peptide to be detected by CMS analysis. However, small-scale purification revealed that small
quantities of peptide were indeed produced and that the masses corresponded to N20C and M21C substitutions (Table
8). The activities of concentrated preparations of N20C and M21C were assessed and found to be drastically reduced
against L. lactis HP and undetectable against Strep. agalactiae ATCC13813 and Staph. aureus DPC5245 relative to
the wild-type peptide (data not shown).
[0068] The roles of serine and threonine residues in post-translational modification their contribution to lantibiotic
structure/function has been extensively investigated through site-directed approaches (Bierbaum et al., 1996; Cotter et
al., 2006; Kuipers et al., 1992; Wiedemann et al., 2001). In general, any attempt to alter serines or threonines involved
in (β-methyl)lanthionine formation impacts negatively on activity, although exchanging one for another is frequently
tolerated (Kuipers et al., 1992; Rollema et al., 1995). The current inventors have already shown that the mutants containing
additional hydroxylated residues (K22T, K22S) both exhibit enhanced bioactivity against at least some target organisms.
K22T and K22S mutants were found to exhibit enhanced activity against Strep. agalactiae ATCC13813, Staph. aureus
ST528 and Staph. aureus DPC5245 (Table 6, Fig. 3). Enhanced bioactivity was also apparent against L. monocytogenes
CBC2 (K22S and K22T), S. aureus CBC4 (K22T), C. sporogenes (K22T), L. lactis CBC7 (K22T) and CBC8 (K22S and
K22T; Table 7).
[0069] Strains producing N20T, N20S, M21T, and M21S derivatives were also identified, all having either slightly
increased, wild-type or decreased bioactivity (Tables 6 and 7) Follow up studies established that the N20S and M21S
producers both displayed enhanced bioactivity against a number of strains including, in the case of N20S, L. monocy-
togenes CBC2, Staph. aureus CBC4 and C. sporogenes CBC5 and, in the case of M21S, enhanced bioactivity against
L. monocytogenes CBC2, CBC3, Staph. aureus CBC4, C. sporogenes CBC5 and L. lactis CBC8 (Table 7). It was noted
that the N20T producer was particularly poor against Strep. agalactiae ATCC13813; Table 6). Therefore, while it is
apparent that the incorporation of a hydroxylated residue into the hinge can have beneficial consequences, this is not
universally the case. In all situations where a serine, threonine or cysteine residue was introduced, CMS indicated that
the newly incorporated residue remained in an unmodified form (Table 8).

Incorporation of other residues.

[0070] The M21Q and K22Q substitutions in nisin A results in slightly diminished bioactivity in general although K22Q
does display enhanced bioactivity against L. lactis CBC8 (Table 6 and 7). With respective to asparagine, it was also
established that a M21N mutant has approximately wild type bioactivity against all strains tested (Table 6) with enhanced
bioactivity again being apparent against L. lactis CBC8 (Table 7).

Anti-listerial activity of ’hinge’ mutants.

[0071] As a consequence of the risk associated with the survival and growth of L. monocytogenes in food, the bioactivity
of a selection of ’hinge’ mutants, i.e. against multiple strains from this species and from its non-pathogenic relative L.
innocua was assessed It was consistently apparent that M21V displayed greatest bioactivity against this pathogen
(relative zone size - L. monocytogenes 10403S, 147%; L. monocytogenes EGDe, 153%) (Fig. 3), further justifying the
selection of the corresponding peptide for specific investigation. Assessment of bioactivity against a greater selection
of 30 L. monocytogenes and 3 L. innocua strains established that the M21V strain displays enhanced bioactivity (relative
to the control) against 28 of these strains and equal levels of bioactivity in the remaining 5 cases. The M21S strain
displays enhanced bioactivity (relative to the control) against 26 of these strains and equal levels of bioactivity in the
remaining 7 cases. The M21I strain displays enhanced bioactivity (relative to the control) against 17 of these strains,
equal levels of bioactivity against 15 and reduced activity against 1. M21G displays enhanced bioactivity (relative to the
control) against 10 of these strains, equal levels of bioactivity in 19 cases and reduced activity in 4 instances. The K22T
strain displays enhanced bioactivity (relative to the control) against 14 of these strains, equal levels of bioactivity in 17
cases and reduced activity in 2 instances. The K22A strain displays enhanced bioactivity (relative to the control) against
16 of these strains and equal levels of bioactivity in the remaining 17 cases (Table 9).
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Table 9: Effect of nisin variants against Listeria strains. Activity was scored as: -, no inhibition; (+), clear 
zone directly above the colony; +, 1-5mm zone; ++, 6-10mm zone; +++, <10mm zone.

Indicator Strain Nisin Strains

Listeria 
monocytogenes

WT M21V M21S M21I M21G K22T K22A

EDGe + ++ ++ + - + +

CD83 + + + + + + +

CD1038 - ++ ++ ++ + + +

LO28 - +++ +++ ++ + ++ +

F2365 + ++ ++ + + + +

33013 + ++ + + + + +

33233 + + + + - - +

33411 + ++ ++ + + + +

33077 - ++ ++ + + + +

33115 - (+) (+) - - + +

33068 - + + - - - -

33007 + ++ ++ ++ + + +

33226 + ++ + + - + +

33015 - + + + - + +

33083 - + + + - - +

33423 + + + + + + +

33116 + ++ ++ ++ + + +

33176 + ++ ++ + + + +

33090 + + + + + + +

33037 + ++ ++ ++ + + +

33008 - + + - - - -

33028 - ++ ++ + - + +

33186 - + + + + + +

33225 - +++ ++ + + + +

N3008 - ++ ++ + - + +

NRRLB 33038 + ++ ++ + + + +

SLCC 4949 - + + + + + +

SLCC 6793 + ++ +++ +++ ++ ++ ++

SLCC 7194 - + + + - - +

F6854 + + + + - - +

Listeria innocua

CLIP (+) + + - + ++ +

FH2117 - + + + + + +

FH2051 - + + + + + +
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Further demonstration of the anti-Listeria activity of the M21V-producing variant.

[0072] Assessment of the ability of nisin-variant producing lactococci to inhibit the growth of Listeria in broth: The
ability of Listeria to survive in the presence of nisin-producing L. lactis strains was examined using a co-cultivation
approach. Initial trials employed Listeria innocua FH2051 as a target. The results (Fig 5) show that all four bacteriocin-
producers are impacting on the growth of FH2051. Although the K22T producer halted the growth of FH2051 and the
N20P producing strain reduced its numbers, neither strain performed more successfully than that producing nisin A. In
contrast, however, M21V had the greatest impact on FH2051 growth showing a 2.0 log greater reduction in Listeria
numbers than that achieved by the nisin A producer and a 5.0 log reduction relative to the Listeria only control. Based
on this finding M21V was selected for further co-culture studies using L. monocytogenes EGDe as a target. The results
show that the M21V is again outperforming the nisin A-producing strain by reducing EGDe numbers by approximately
2 log units more than the nisin A-producing control (Fig 6). The ability of nisin producing strains to control a lux-tagged
(light-emitting) derivative of L. monocytogenes F2365 was also assessed using a co-culture approach. This facilitated
quantification of target numbers by either enumeration on an agar plate following serial dilution or through quantification
of luminescence using an IVIS100 imager. The resultant data again demonstrated that the M21V-producing strain more
efficiently controlled the pathogen i.e. M21V reduces luminescence by the pathogen slightly more efficiently than the
nisin A producer (Fig 7). These results mirrored those generated when the cultures were serially diluted, plated and
enumerated (Fig 7). To determine if the protective effect observed was also apparent in dairy products, milk was prepared
by reconstituting skim milk powder in water and supplementing with 1% glucose and 0.5% yeast extract. The milk was
co-inoculated with L. monocytogenes F2365lux and L. lactis M21V or nisin A producer and the survival of the F2365lux
strain was monitored by enumeration and bioluminenscence. The results show that although F2365lux grew for the first
6 hours after this time point the L. lactis strains grow sufficiently to produce levels of nisin that begin to reduce Listeria
numbers. This decrease was greater in the presence of M21V- than nisin A-producer (Fig. 8). The second food model
examined was hot dog meat, which has been associated with outbreaks of listeriosis. From these results it can be seen
that the M21V-producer acts to control F2365lux in hot dog meat. This is achieved more successfully by the M21V
producer than the corresponding nisin A producer (Fig. 9).

Specific activities of nisin A N20P, M21V and K22T.

[0073] The basis for the enhanced relative bioactivity of the three strains generated (i.e. does increased zone size
result from greater production and/or specific activity) was investigated. For this reason, with respect to each location
within the hinge, peptide was purified from a selection of strains that exhibited enhanced bioactivity, i.e. those producing
N20P, M21V and K22T. Identical purification steps were employed to facilitate a comparison of production levels, which
were found to be very similar in each case (Fig. 4A). Using equimolar concentrations of purified peptide, the specific
activities of the wild-type nisin A, M21V, N20P and K22T peptides were determined (Fig. 4B). The data confirmed that
the M21V peptide displays a 100% increased specific activity against Staph. aureus ST528, L. monocytogenes 10403S
and L. monocytogenes EGDe but has wild-type like activity against Strep. agalactiae ATCC13813 (Fig. 3). The N20P
peptide was also 100% more active than nisin A against Staph. aureus ST528 but was 75% less active against Strep.
agalactiae ATCC13813. The enhanced activity (albeit strain specific) of N20P was surprising given the generally restrictive
nature of proline residues with respect to conformational flexibility and its position within the ’flexible’ hinge. The K22T
peptide possesses 100% greater specific activity against Strep. agalactiae ATCC13813 and Staph. aureus ST528 than
its wild-type counterpart. This finding refutes the theory that the presence of a positively charged residue at position 22
(K22, H22) is required for the maintenance of a structure required for efficient pore formation (Yuan et al., 2004).
[0074] Additional investigations with the purified M21V peptide confirmed that the peptide possesses enhanced specific
activity, relative to nisin A, against S. agalactiae ATCC13813 and strain B, L. monocytogenes EGDe, FH1848, 10403S,
LO28ΔlisK (a nisin resistant mutant of strain LO28), Staph. aureus DPC5247 and the vancomycin intermediate Staph.
aureus VISA 32679 and 32652 as well as the vancomycin resistance enterococci VRE Ec538, Ec725, Ec533 and Ec748
(Table 10). Purified K22T exhibited enhanced specific activity against S. agalactiae ATCC13813 and strain B as well as
VISA 32679. Further studies were carried out to ensure that these trends were also apparent when the peptides were
assessed in other ways, i.e. growth curves in the presence of 5 mg/ml peptide. It was established that this was indeed
the case in that M21V and K22T successfully inhibit the growth of Strep. agalactiae strain B when assessed in this way
(Fig. 10). Because of the potency of the M21V peptide, it was also the focus of studies to determine if it has enhanced
bacteriocidal as well as bacteriostatic activity (relative to nisin A). In this instance L. monocytogenes EGDe was the
target strain. It was apparent that M21V outperforms nisin A at both bacteriostatic (2.5 mg/ml) and bactericidal (7.5 mg/ml)
concentrations (Fig. 11).
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Creation of producers of N20P, M21V and K22T variants through homologous recombination

[0075] The strategy employed to create and then insert the nisAK22S gene (generated by PCR based mutagenesis)
into the L. lactis NZ9800 chromosome via double crossover recombination to generate L. lactis NZ9800::nisA-K22S.
This strategy also employed to generate L. lactis NZ9800::nisA-N20P, L. lactis NZ9800::nisA-M21V and L. lactis
NZ9800::nisA-K22T. Results of deferred antagonism assays with L. lactis HP and S. agalactiae ATCC 13813 established
that bacteriocin production was not only restored but was in fact enhanced relative to that of L. lactis NZ9700 (Fig. 2B).

Creation and analysis of banks of nisin hinge derivatives through saturation mutagenesis at multiple locations.

[0076] Three additional banks of nisin hinge variants were generated by carrying out mutagenesis, in a random manner,
of two of the hinge residues in a nisin variant already known to enhanced i.e. N20P, M21V and K22T. Another bank,
containing nisin variants in which all three hinge residues were simultaneously altered, was also generated. These were
screened using a selection of target strains including Strep. agalactiae ATCC 13813, B. cereus UCC1, C. sporogenes
UCC1, Strep. agalactiae ATCC 13813, and L. lactis HP. Nisin variant producers that exhibited enhanced bioactivity
relative to the nisin A-producing control (or, in the case of L. lactis HP, strains which exhibited bioactivity greater or equal
to the control) against one or more of these strains was selected for closer inspection. The hinge variants selected for
closer inspection contained the following amino acids within their hinge regions: PAT, HLT, QLT, GLA, ALA, PLA, PAA,
PTA, GVK, SVA, PTL, PML, PNR, PAK, PMT, PIM, PIA, PMM, PAL, PSL, PMQ, PMC, PHT, PHM, PIT, PGA, PMA,
PIH, PIV and PAQ (Table 11). All of these contained at least one hinge alteration deemed to be beneficial based on the
single-site saturation results presented above. The bioactivity of the strains producing these variants was subsequently
tested against a wider range of targets. The bioactivity of the strains producing variants containing PAT, HLT, QLT, GLA,
ALA, PLA, PAA, PTA, GVK, SVA, PTL, PML, PNR, , PMT, PIM, PIA, PMM, PAL, PSL, PMQ and PMC was tested against
L. monocytogenes CBC1, CBC 2 and CBC3, S. aureus CBC4, C. sporogenes CBC5, L. plantarum CBC6, L. lactis CBC7
and L. lactis CBC8 (Table 12) while the bioactivity of the strains producing variants containing PHT, PHM, PMA, PIV,
PIT, PGA, PAQ and PIH was tested against L. lactis MG1363, Strep. agalactiae ATCC13813 and strain B, Staph. aureus
RF122, DPC5246, and NCDO1499 and L. monocytogenes 10403s and EGDe (Table 13). The bioactivity of the strain
producing the variant containing PAK was tested against all of these targets (Tables 12 and 13). These studies revealed
that the 8 additional targets tested, the SVA strain exhibited enhanced activity against 5 targets, the PAL, HLT, PMQ,
and PML strains all exhibited enhanced activity against 4 targets, the GVK, PTL, PMC, PHT, PIV, PIT, PGA and PAQ
strains all exhibited enhanced activity against 3 targets, the PHM strain exhibited enhanced activity against 2 targets
and that the ALA, GLA, PMA, PIH strains all exhibited enhanced activity against 1 target. The PAK strain exhibited
bioactivity against 7 of the 16 strains that it was tested against (Tables 12 and 13).

Table 10: Specific activities of the purified M21V and K22T peptides against a selection of strains

Strain MIC mM MIC mM MIC mM

WT M21V K22T

S. agalactiae ATCC13813 0.039 0.019 0.019

S. agalactiae GrpB 0.078 0.039 0.039

L. mono EGDe 3.75 1.875 3.75

L. mono FH1848 3.75 1.875 3.75

L. mono 10403S 3.75 1.875 3.75

L. mono LO28Δ lisK 3.75 1.875 3.75

VISA 32679 0.75 0.375 - 0.187 0.375 - 0.187

VISA 32652 0.75 0.375 0.75

VRE Ec538 1.25 0.625 1.25

VRE Ec725 0.312 0.156 0.312

VRE Ec533 0.625 0.312 0.625

VRE Ec748 0.625 0.312 1.25 - 0.625

S. aureus DPC5247 0.0625 0.0312 0.0625 - 0.0312
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Table 12: XX and XXX hinge mutants selected on the basis of exhibiting enhanced or, in the case of L. lactis 
HP, enhanced or equal levels of bioactivity relative to a nisin A-producing control against specific target 

strains.

Target Hinge

Strep. agalactiae ATCC 13813 PAT

Strep. agalactiae ATCC 13813 HLT

Strep. agalactiae ATCC 13813 QLT

B. cereus UCC1 GLA

B. cereus UCC1 ALA

B. cereus UCC1 PLA

C. sporogenes UCC1 PAA

C. sporogenes UCC1 PTA

C. sporogenes UCC1 GVK

C. sporogenes UCC1 SVA

C. sporogenes UCC1 PTL

Staph. aureus RF122 PML

Staph. aureus RF122 PNR

Staph. aureus RF122/L. lactis HP* PAK

Staph. aureus RF122 PMT

Staph. aureus RF122 PIM

Staph. aureus RF122 PIA

Staph. aureus RF122 PMM

C. sporogenes UCC1 PAL

C. sporogenes UCC1/Staph. aureus RF122 PSL

Strep. agalactiae ATCC 13813/B. cereus UCC1 PMQ

B. cereus UCC1 PMC

Strep. agalactiae ATCC 13813 PHT

Strep. agalactiae ATCC 13813 PHM

L. lactis HP* PIT

L. lactis HP* PGA

Strep. agalactiae ATCC 13813 PMA

L. lactis HP* PIH

L. lactis HP* PIV

L. lactis HP* PAQ

Table 13: Further assessment of the bioactivity of a selection of XX and XXX hinge mutants relative to a nisin 
A-producing control against specific target strains.

PAL HLT QLT GLA ALA PLA PAA PTA GVK SVA PAT

L.mono 
CBC1

- - - - - - - - - - -
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Discussion

[0077] Following the initial site-directed mutagenesis of lantibiotics in the early 1990s (Kuipers et al., 1992; Liu and
Hansen, 1992), the tolerance to change of regions of these peptides led researchers to speculate that these peptides
may ultimately come to be regarded as primitive antibodies, potentially even containing essential and random domains
(Liu and Hansen, 1992). The existence of such domains has become evident in recent years through comparison of the
amino acid sequence of closely (and distantly) related lantibiotics (Cotter et al., 2005a), through structural analysis (Hsu
et al., 2004), and through site-directed (Chatterjee et al., 2005; Lubelski et al., 2007; Siezen et al., 1996) and alanine-
scanning mutagenesis strategies (Cotter et al., 2006). The comparison between lantibiotics and antibodies is inaccurate
in at least one sense, in that the producer does not normally generate a diverse population of these peptides (although
it could be argued that a somewhat diverse population of lantibiotics exists as a consequence of evolution). It has been
suggested that it may be possible to compensate for a strain’s inability to randomize these peptides by devising ways

(continued)

PAL HLT QLT GLA ALA PLA PAA PTA GVK SVA PAT

L. mono 
CBC2

+ + - - - - - - - + -

L. mono 
CBC3

- + - - - - - - + + -

S. aureus 
CBC4

+ + - - - + + - + + -

C. 
sporogenes 
CBC5

- - - - - - - - - - -

L. plantarum 
CBC6

- - - - - - - - - - -

L. lactis 
CBC7

+ + - - - - - - + + -

L. lactis 
CBC8

+ - - - + - - - - + -

PSL PMQ PTL PML PNR PAK PMT PIM PIA PMM PMC

L.mono 
CBC1

- - - - - - - - - - -

L. mono 
CBC2

- - - + - - - - - - -

L. mono 
CBC3

- + + + - - - - - - +

S. aureus 
CBC4

- + + + - + - - - - +

C. 
sporogenes 
CBC5

- - - - - - - - - - -

L. plantarum 
CBC6

- - - - - - - - - - -

L. lactis 
CBC7

- + + + - - - - - - +

L. lactis 
CBC8

- + - - - - - - - - -

+ = Enhanced bioactivity relative to control; - = Bioactivity equal to or less than control
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to generate large populations of variants using genetic engineering or directed evolution approaches (Liu and Hansen,
1992). Despite this initial optimism, random and site saturation approaches have not been applied extensively to the
bioengineering of lantibiotics or lantibiotic-derived peptides, with only a few notable exceptions (Field et al., 2007; Rink
et al., 2007b; Siezen et al., 1996).
[0078] The current inventors have identified nisin derivatives with enhanced bioactivity with respect to the role for
which nisin is most renowned i.e. the inhibition of gram-positive bacteria. While the identification of derivatives with
enhanced anti-Gram negative activity has been reported previously, the specific activity of these peptides was still below
the range required to make clinical/commercial applications viable (Yuan et al., 2004). Nisin does have potential anti-
gram negative activity but usually only when combined with other treatments/agents. There have been some rare suc-
cesses resulting in enhanced activity against the non-pathogenic M. flavus and Strep. thermophilus_using the T2S and
M17Q/G18T derivatives of nisin Z. However, the focus of the current invention was on the identification of nisin derivatives
with enhanced activity against strains of clinical or food relevance. Of the approximately 8,000 mutants initially screened,
one mutant (the K22T producer) was discovered that displayed enhanced antimicrobial activity against Strep. agalactiae
ATCC13813, a pathogen associated with early perinatal human infections and bovine mastitis. Further site-directed and
site-saturation investigations lead the current inventors to the isolation of strains producing K22S, N20P, M21V, N20F,
M21Y, N20R, N20H, M21K, M21I, K22V K22L, K22M, N20A, M21G, M21A, K22G, K22A, N20T, N20S, M21S, K22S,
M21N, K22Q, PAL, HLT, QLT, GLA, ALA, PLA, PAA, PTA, GVK, SVA, PMQ, PTL, PML, PNR, PAK, PMT, PIM, PIA,
PMM, PSL PMC, PAT, PHT, PHM, PIT, PGA, PMA, PIH, PIV, PAQ and the associated peptides.
[0079] The current inventors have therefore greatly increased the total number of nisin mutants known to possess
enhanced anti-gram positive activity.
[0080] While the identification of nisin derivatives with enhanced activity is in itself rare event, the current inventors
are the first to establish that nisin derivatives can possess enhanced activity against gram-positive bacteria of clinical
significance. The strain- and species-specific nature of this enhanced activity again raises the antibody analogy and it
would seem that the possibility exists that a selection of nisin derivatives might ultimately be generated, each dedicated
to specific, distinct purposes. The antimicrobial activities of the newly generated derivatives support this theory. More
specifically, the enhanced activity of M21Y, N20H, N20P, M21I, M21V, M21G, N20S, M21S, K22T, K22S, PAL, HLT,
PLA, PAA, GVK, SVA, PMQ, PML, PNR, PAK, PMT, PSL, PMC, PIT, PGA, PMA, PIV, and PAQ against S. aureus, and
of M21Y, N20R, N20H, M21K, N20P, M21I, M21V, N20A, M21G, N20T, N20S, M21S, K22T, PAL, PAA, PTA, GVK,
SVA, PTL and PSL against C. sporogenes, and of GLA, ALA, PLA, PMQ, PIM, PIA, PMM against B. cereus and of
M21V, M21Y, N20H, M21K, N20P, M21I, K22V, M21G, M21A, K22A, N20S, M21S, K22S, K22T, PAL, HLT, GVK, SVA,
PMQ, PTL, PAK and PMC against L. monocytogenes could make these more preferable options than nisin A for some
food biopreservation applications (Sobrino-Lopez and Martin-Belloso, 2007). This latter set of results is particularly
significant as L. monocytogenes are among the most naturally nisin resistant gram-positive pathogens. The similar
production levels of M21V to wild-type nisin indicate that standard nisin purification/fermentation methods can be utilized,
thus enabling its concentration and addition as a biopreservative analogous to nisin. The fact that such derivatives can
be generated through the alteration a single amino acid also means that the use of strains such producing bioengineered
peptides may be accepted by food regulators since they do not involve the introduction of heterologous DNA and could
be considered as ’self-cloned’. From a veterinary perspective, K22T, K22S, K22A, K22G, M21A, M21G, N20P, M21Y,
N20H, M21I, M21V, N20S, M21S, PAL, HLT, QLT, PLA, PAA, GVK, SVA, PMQ, PML, PNR, PAK, PMT, PSL, PMC,
PIT, PGA, PMA, PIV, PAT, PHT, PHM, PIH and PAQ strains and corresponding peptides may have great potential in
the treatment of bacteria that are responsible for bovine mastitis (staphylococci, but not streptococci, in the case of
N20P). Nisin has been shown to be inhibitory to the principal Gram-positive mastitic pathogens (Broadbent et al., 1989)
and as a result has been incorporated as the active ingredient in a number of commercial products that are used as an
alternative treatment to antibiotics (Ross et al., 1999). The specific activities of the N20P, K22T and M21V nisin A
peptides towards Staph. aureus and Strep. agalactiae, respectively, make them excellent candidates for the treatment
of bovine mastitis. Similarly, the enhanced activity of the N20P, M21V and K22T peptides towards the MRSA strain
ST528, the enhanced activity of the K22T peptide towards the VISA strain 32679 and the enhanced activity of the M21V
peptide towards the VISA strains 32679 and 32652 and the VRE strains Ec538, Ec 725, Ec533 and Ec748 are of particular
note with implications for human biomedical applications. The enhanced activity of M21Y, N20H, M21I, M21G, N20S,
M21S, K22S, PAL, HLT, PLA, PAA, GVK, SVA, PMQ, PML, PNR, PAK, PMT, PSL, PMC, PIT, PGA, PMA, PIV, and
PAQ against S. aureus strains and of M21V against C. difficile are also relevant from a human biomedical application
perspective.
[0081] The fact that such derivatives can be generated through the alteration of merely a maximum of three amino
acids and in come cases only a single amino acid, means that the use of such strains producing bioengineered peptides
may be accepted by food regulators since they do not involve the introduction of heterologous DNA and could be
considered as ’self-cloned’.
[0082] The words "comprises/comprising" and the words "having/including" when used herein with reference to the
present invention are used to specify the presence of stated features, integers, steps or components but does not
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preclude the presence or addition of one or more other features, integers, steps, components or groups thereof.
[0083] It is appreciated that certain features of the invention, which are, for clarity, described in the context of separate
embodiments, may also be provided in combination in a single embodiment. Conversely, various features of the invention,
which are, for brevity, described in the context of a single embodiment, may also be provided separately or in any suitable
sub-combination.
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<110> University College Cork, National university of Ireland Cork.

<120> Nisin derivatives and the use thereof

<130> PQ680PCT

<150> 2008/0365
<151> 2008-05-09

<160> 33

<170> PatentIn version 3.5

<210> 1
<211> 34
<212> PRT
<213> Artificial Sequence

<220>
<223> NisA

<400> 1

<210> 2
<211> 105
<212> DNA
<213> Artificial Sequence
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<223> Nisin A

<400> 2

<210> 3
<211> 41
<212> DNA
<213> Artificial Sequence

<220>
<223> N20PXX For

<220>
<221> misc_feature
<222> (15)..(16)
<223> n is a, c, g, or t

<220>
<221> misc_feature
<222> (18)..(19)
<223> n is a, c, g, or t

<400> 3
tgatgggttg tcctnnknnk acagcaactt gtcattgtag t 41

<210> 4
<211> 40
<212> DNA
<213> Artificial Sequence

<220>
<223> N20PXX Rev

<220>
<221> misc_feature
<222> (13)..(14)
<223> n is a, c, g, or t

<220>
<221> misc_feature
<222> (16)..(17)
<223> n is a, c, g, or t

<400> 4
caagttgctg tmnnmnnagg acaacccatc agagctcctt 40

<210> 5
<211> 41
<212> DNA
<213> Artificial Sequence

<220>
<223> XM21VX For
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<220>
<221> misc_feature
<222> (12)..(13)
<223> n is a, c, g, or t

<220>
<221> misc_feature
<222> (18)..(19)
<223> n is a, c, g, or t

<400> 5
tgatgggttg tnnkgttnnk acagcaactt gtcattgtag t 41

<210> 6
<211> 41
<212> DNA
<213> Artificial Sequence

<220>
<223> XM21VX Rev

<220>
<221> misc_feature
<222> (13)..(14)
<223> n is a, c, g, or t

<220>
<221> misc_feature
<222> (19)..(20)
<223> n is a, c, g, or t

<400> 6
caagttgctg tmnncaamnn acaacccatc agagctcctg t 41

<210> 7
<211> 41
<212> DNA
<213> Artificial Sequence

<220>
<223> XXK22T For

<220>
<221> misc_feature
<222> (12)..(13)
<223> n is a, c, g, or t

<220>
<221> misc_feature
<222> (15)..(16)
<223> n is a, c, g, or t

<400> 7
tgatgggttg tnnknnkact acagcaactt gtcattgtag t 41

<210> 8
<211> 41
<212> DNA
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<213> Artificial Sequence

<220>
<223> XXK22T Rev

<220>
<221> misc_feature
<222> (16)..(17)
<223> n is a, c, g, or t

<220>
<221> misc_feature
<222> (19)..(20)
<223> n is a, c, g, or t

<400> 8
caagttgctg tagtmnnmnn acaacccatc agagctcctg t 41

<210> 9
<211> 41
<212> DNA
<213> Artificial Sequence

<220>
<223> XXX For

<220>
<221> misc_feature
<222> (12)..(13)
<223> n is a, c, g, or t

<220>
<221> misc_feature
<222> (15)..(16)
<223> n is a, c, g, or t

<220>
<221> misc_feature
<222> (18)..(19)
<223> n is a, c, g, or t

<400> 9
tgatgggttg tnnknnknnk acagcaactt gtcattgtag t 41

<210> 10
<211> 41
<212> DNA
<213> Artificial Sequence

<220>
<223> XXX Rev

<220>
<221> misc_feature
<222> (13)..(14)
<223> n is a, c, g, or t

<220>
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<221> misc_feature
<222> (16)..(17)
<223> n is a, c, g, or t

<220>
<221> misc_feature
<222> (19)..(20)
<223> n is a, c, g, or t

<400> 10
caagttgctg tmnnmnnmnn acaacccatc agagctcctg t 41

<210> 11
<211> 20
<212> DNA
<213> Artificial Sequence

<220>
<223> pCI372 FOR

<400> 11
cgggaagcta gagtaagtag 20

<210> 12
<211> 20
<212> DNA
<213> Artificial Sequence

<220>
<223> pCI372REV

<400> 12
acctctcggt tatgagttag 20

<210> 13
<211> 27
<212> DNA
<213> Artificial Sequence

<220>
<223> oDF101

<400> 13
tcagatctta gtcttataac tatactg 27

<210> 14
<211> 27
<212> DNA
<213> Artificial Sequence

<220>
<223> oDF102

<400> 14
tgtctagatt atttgcttac gtgaata 27

<210> 15
<211> 28
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<212> DNA
<213> Artificial Sequence

<220>
<223> oDF103

<400> 15
cggaattcta gtcttataac tatagtga 28

<210> 16
<211> 23
<212> DNA
<213> Artificial Sequence

<220>
<223> oDF105

<400> 16
aactgcagta tagttgacga ata 23

<210> 17
<211> 23
<212> DNA
<213> Artificial Sequence

<220>
<223> oDF106

<400> 17
tagaattcaa cagaccagca tta 23

<210> 18
<211> 18
<212> DNA
<213> Artificial Sequence

<220>
<223> M13FOR

<400> 18
gtaaaacgac ggccagtg 18

<210> 19
<211> 19
<212> DNA
<213> Artificial Sequence

<220>
<223> M13REV

<400> 19
ggaaacagct atgaccatg 19

<210> 20
<211> 42
<212> DNA
<213> Artificial Sequence
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<220>
<223> nis K22S FOR

<400> 20
ctctgatggg ttgtaacatg tcaacagcaa cttgtcattg ta 42

<210> 21
<211> 43
<212> DNA
<213> Artificial Sequence

<220>
<223> nis K22S REV

<400> 21
ctacaatgac aagttgctgt tgacatgtta caacccatca gag 43

<210> 22
<211> 19
<212> DNA
<213> Artificial Sequence

<220>
<223> nisK22ScheckFOR

<400> 22
tgatgggttg taacatgtc 19

<210> 23
<211> 41
<212> DNA
<213> Artificial Sequence

<220>
<223> nisN20degFOR

<220>
<221> misc_feature
<222> (12)..(13)
<223> n is a, c, g, or t

<400> 23
tgatgggttg tnnkatgaaa acagcaactt gtcattgtag t 41

<210> 24
<211> 41
<212> DNA
<213> Artificial Sequence

<220>
<223> nisN20degREV

<220>
<221> misc_feature
<222> (13)..(14)
<223> n is a, c, g, or t

<400> 24
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gctgttttca tmnnacaacc catcagagct cctgttttac a 41

<210> 25
<211> 41
<212> DNA
<213> Artificial Sequence

<220>
<223> nisM21degFOR

<220>
<221> misc_feature
<222> (12)..(13)
<223> n is a, c, g, or t

<400> 25
tgggttgtaa cnnkaaaaca gcaacttgtc attgtagtat t 41

<210> 26
<211> 41
<212> DNA
<213> Artificial Sequence

<220>
<223> nisM21degREV

<220>
<221> misc_feature
<222> (13)..(14)
<223> n is a, c, g, or t

<400> 26
gttgctgttt tmnngttaca acccatcaga gctcctgttt t 41

<210> 27
<211> 41
<212> DNA
<213> Artificial Sequence

<220>
<223> nisK22degFOR

<220>
<221> misc_feature
<222> (12)..(13)
<223> n is a, c, g, or t

<400> 27
gttgtaacat gnnkacagca acttgtcatt gtagtattca c 41

<210> 28
<211> 41
<212> DNA
<213> Artificial Sequence

<220>
<223> nisK22degREV
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<220>
<221> misc_feature
<222> (13)..(14)
<223> n is a, c, g, or t

<400> 28
caagttgctg tmnncatgtt acaacccatc agagctcctg t 41

<210> 29
<211> 20
<212> DNA
<213> Artificial Sequence

<220>
<223> pCI372 FOR

<400> 29
cgggaagcta gagtaagtag 20

<210> 30
<211> 20
<212> DNA
<213> Artificial Sequence

<220>
<223> pCI372 REV

<400> 30
acctctcggt tatgagttag 20

<210> 31
<211> 19
<212> DNA
<213> Artificial Sequence

<220>
<223> pORI280FOR

<400> 31
ctcgttcatt ataaccctc 19

<210> 32
<211> 18
<212> DNA
<213> Artificial Sequence

<220>
<223> pORI280REV

<400> 32
cgcttccttt ccccccat 18

<210> 33
<211> 18
<212> DNA
<213> Artificial Sequence

<220>
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<223> TETK P1

<400> 33
agtccgttaa atcgactg 18

Claims

1. An antimicrobial Nisin A, U, U2, Z, F or Q protein having at least one amino acid substitution in the hinge region of
the protein, the hinge region being identified as a region corresponding to positions 20, 21 and 22 of the peptide
sequence SEQ ID NO. 1,
wherein the substitutions result in
a proline, serine, glycine, alanine, histidine, glutamine, phenylalanine, arginine or a threonine at a position corre-
sponding to amino acid position 20 of SEQ ID NO. 1,
an alanine, valine, threonine, leucine, isoleucine, methionine, asparagine, glycine, serine, tyrosine, or histidine at a
position corresponding to amino acid position 21 of SEQ ID NO. 1, or
a threonine, lysine, valine, serine, alanine, leucine, methionine, glutamine, arginine, glycine, cysteine, or histidine,
at a position corresponding to amino acid position 22 of SEQ ID NO. 1,
with the proviso that the Nisin protein does not have a sequence in the hinge region of:

1) asparagine, methionine, lysine; or
2) proline, leucine, lysine; or
3) asparagine, leucine, lysine; or
4) histidine, methionine, lysine; or
5) glutamine, methionine, lysine; or
6) phenylalanine, methionine, lysine; or
7) asparagine, glycine, lysine; or
8) asparagine, histidine, lysine; or
9) asparagine, methionine, glycine; or
10) asparagine, methionine, histidine; or
11) proline, methionine, lysine; and

wherein the protein has increased anti-microbial activity against gram-positive bacteria compared to wild type Nisin.

2. Non-therapeutic use of an antimicrobial Nisin protein as defined in claim 1 as an antimicrobial agent against gram
positive or gram negative bacteria.

3. The use of claim 2 wherein the wherein the gram positive bacteria are selected from group consisting of: L. mono-
cytogenes, MRSA, S. aureus, C. dificile. L. Iactis, C. sporogenes, B. cereus, and Strep. Agalactiae.

4. An antimicrobial nisin protein as defined in claim 1, for use in the treatment or prevention of disease involving a
bacterial infection caused by gram positive or negative pathogens.

5. The antimicrobial nisin protein for the use of claim 4, wherein the disease is bovine mastitis, dental plaque, gastric
ulcers, CDAD (Clostridum difficile associated diarrhoea), acne, or bacterial infections.

6. A pharmaceutical composition, comprising a nisin protein as defined in claim 1 together with a pharmaceutically
acceptable carrier or excipient.

7. A food additive comprising an antimicrobial nisin protein as defined in claim 1.

8. Non-therapeutic use of an antimicrobial nisin protein as defined in claim 1 in an application selected from the group
consisting of cheese pasteurisation, as a shelf-life extender in food products, in beverage production, as a spermicide,
as a surfactant or as a disinfectant.

9. A nucleotide sequence encoding an antimicrobial nisin protein as defined in claim 1.

10. An expression vector comprising a nucleotide sequence encoding an antimicrobial nisin protein as defined in claim 1.
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11. A host cell comprising the expression vector as claimed in claim 10, or expressing an anti-microbial nisin protein as
defined in claim 1.

Patentansprüche

1. Anti-mikrobielles Nisin-A-, U-, U2-, Z-, F- oder Q-Protein, das mindestens eine Aminosäuresubstitution in der Ge-
lenkregion des Proteins aufweist, wobei die Gelenkregion als eine Region identifiziert wird, die den Positionen 20,
21 und 22 der Peptidsequenz SEQ ID NO:1 entspricht,
wobei die Substitutionen
ein Prolin, Serin, Glycin, Alanin, Histidin, Glutamin, Phenylalanin, Arginin oder einem Threonin an einer Position zur
Folge haben, die der Aminosäureposition 20 von SEQ ID NO:1 entspricht,
ein Alanin, Valin, Threonin, Leucin, Isoleucin, Methionin, Asparagin, Glycin, Serin, Tyrosin oder Histidin an einer
Position zur Folge haben, die der Aminosäureposition 21 von SEQ ID NO:1 entspricht oder
ein Threonin, Lysin, Valin, Serin, Alanin, Leucin, Methionin, Glutamin, Arginin, Glycin, Cystein oder Histidin an einer
Position zur Folge haben, die der Aminosäureposition 22 von SEQ ID NO:1 entspricht,
mit der Maßgabe, dass das Nisin-Protein keine Sequenz in der Gelenkregion aufweist von:

1) Asparagin, Methionin, Lysin; oder
2) Prolin, Leucin, Lysin; oder
3) Asparagin, Leucin, Lysin; oder
4) Histidin, Methionin, Lysin; oder
5) Glutamin, Methionin, Lysin; oder
6) Phenylalanin, Methionin, Lysin; oder
7) Asparagin, Glycin, Lysin; oder
8) Asparagin, Histidin, Lysin; oder
9) Asparagin, Methionin, Glycin; oder
10) Asparagin, Methionin, Histidin; oder
11) Prolin, Methionin, Lysin; und

wobei das Protein erhöhte anti-mikrobielle Aktivität gegen gram-positive Bakterien im Vergleich zum Wildtyp-Nisin
aufweist.

2. Nicht-therapeutische Verwendung eines anti-mikrobiellen Nisin-Proteins wie in Anspruch 1 definiert als anti-mikro-
bielles Agens gegen gram-positive oder gram-negative Bakterien.

3. Verwendung nach Anspruch 2, wobei die gram-positiven Bakterien ausgewählt sind aus der Gruppe bestehend
aus: L. monocytogenes, MRSA, S. aureus, C. dificile, L. lactis, C. sporogenes, B. cereus und Strep. Agalactiae.

4. Anti-mikrobielles Nisin-Protein wie in Anspruch 1 definiert, zur Verwendung bei der Behandlung oder Vorbeugung
einer Erkrankung, die eine durch gram-positive oder -negative Pathogene verursachte bakterielle Infektion beinhaltet.

5. Anti-mikrobielles Nisin-Protein zur Verwendung nach Anspruch 4, wobei die Erkrankung Euterentzündung beim
Rind (bovine Mastitis), Zahnbelag, Magengeschwüre, CDAD (Clostridium difficile-assoziierte Diarrhöe), Akne oder
bakterielle Infektionen ist.

6. Pharmazeutische Zusammensetzung, die ein Nisin-Protein wie in Anspruch 1 definiert zusammen mit einem phar-
mazeutisch verträglichen Träger oder Exzipienten umfasst.

7. Lebensmittelzusatz, der ein anti-mikrobielles Nisin-Protein wie in Anspruch 1 definiert umfasst.

8. Nicht-therapeutische Verwendung eines anti-mikrobiellen Nisin-Proteins wie in Anspruch 1 definiert in einer Anwen-
dung, die ausgewählt ist aus der Gruppe bestehend aus Käsepasteurisierung, als Haltbarkeitsverlängerer in Le-
bensmittelprodukten, bei der Getränkeherstellung, als ein Spermizid, als ein Tensid oder als ein Desinfektionsmittel.

9. Nucleotidsequenz, die ein anti-mikrobielles Nisin-Protein wie in Anspruch 1 definiert codiert.

10. Expressionsvektor, der eine Nucleotidsequenz umfasst, die ein anti-mikrobielles Nisin-Protein wie in Anspruch 1
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definiert codiert.

11. Wirtszelle, die den Expressionsvektor wie in Anspruch 10 beansprucht umfasst oder ein anti-mikrobielles Nisin-
Protein wie in Anspruch 1 definiert exprimiert.

Revendications

1. Protéine de nisine antimicrobienne A, U, U2, Z, F ou Q ayant au moins une substitution d’acides aminés dans la
région charnière de la protéine, la région charnière étant identifiée comme étant une région correspondant aux
positions 20, 21 et 22 de la séquence peptidique SEQ ID N° 1,
dans laquelle les substitutions résultent en
une proline, une sérine, une glycine, une alanine, une histidine, une glutamine, une phénylalanine, une arginine ou
une thréonine à une position correspondant à la position 20 de l’acide aminé de SEQ ID N° 1,
une alanine, une valine, une thréonine, une leucine, une isoleucine, une méthionine, une asparagine, une glycine,
une sérine, une tyrosine, ou une histidine à une position correspondant à la position 21 de l’acide aminé de SEQ
ID N° 1, ou
une thréonine, une lysine, une valine, une sérine, une alanine, une leucine, une méthionine, une glutamine, une
arginine, une glycine, une cystéine, ou une histidine, à une position correspondant à la position 22 de l’acide aminé
de SEQ ID N° 1,
avec la réserve que la protéine de nisine n’a pas de séquence dans la région charnière de :

1) asparagine, méthionine, lysine ; ou
2) proline, leucine, lysine ; ou
3) asparagine, leucine, lysine ; ou
4) histidine, méthionine, lysine ; ou
5) glutamine, méthionine, lysine ; ou
6) phénylalanine, méthionine, lysine ; ou
7) asparagine, glycine, lysine ; ou
8) asparagine, histidine, lysine ; ou
9) asparagine, méthionine, glycine ; ou
10) asparagine, méthionine, histidine ; ou
11) proline, méthionine, lysine ; et

dans laquelle la protéine a une activité antimicrobienne accrue à l’encontre de bactéries gram positives par rapport
à la nisine de type naturel.

2. Utilisation non thérapeutique d’une protéine de nisine antimicrobienne selon la revendication 1 en tant qu’agent
antimicrobien à l’encontre de bactéries gram positives ou gram négatives.

3. Utilisation selon la revendication 2, dans laquelle les bactéries gram positives sont sélectionnées dans le groupe
constitué des bactéries suivantes : L. monocytogenes, SARM, S. aureus, C. dificile, L. lactis, C. sporogenes, B.
cereus et Strep. Agalactiae.

4. Protéine de nisine antimicrobienne selon la revendication 1, destinée à être utilisée dans le traitement ou la prévention
d’une affection impliquant une infection bactérienne provoquée par des pathogènes gram positifs ou gram négatifs.

5. Protéine de nisine antimicrobienne destinée à être utilisée selon la revendication 4, dans laquelle l’affection est la
mammite bovine, la plaque dentaire, les ulcères gastriques, la DACD (diarrhée associée à Clostridium difficile),
l’acné, et des infections bactériennes.

6. Composition pharmaceutique, comprenant une protéine de nisine selon la revendication 1 ainsi qu’un porteur ou
un excipient pharmaceutiquement acceptable.

7. Additif alimentaire comprenant une protéine de nisine antimicrobienne selon la revendication 1.

8. Utilisation non thérapeutique d’une protéine de nisine antimicrobienne selon la revendication 1 dans une application
choisie dans le groupe constitué de la pasteurisation d’un fromage, l’allongement de durée de conservation dans
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des produits alimentaires, dans la production de boissons, un spermicide, un tensioactif, ou un désinfectant.

9. Séquence nucléotidique codant une protéine de nisine antimicrobienne selon la revendication 1.

10. Vecteur d’expression comprenant une séquence nucléotidique codant une protéine de nisine antimicrobienne selon
la revendication 1.

11. Cellule hôte comprenant le vecteur d’expression selon la revendication 10, ou exprimant une protéine de nisine
antimicrobienne selon la revendication 1.
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