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ABSTRACT

Nisin is the most prominent and applied bacteriocin that serves as a model for class I lantibiotics. The
nisin leader peptide importantly determines interactions between precursor nisin and its modification
enzymes NisB and NisC that mature nisin posttranslationally. NisB dehydrates serines and threonines,
while NisC catalyzes the subsequent coupling of the formed dehydroamino acids to form lanthionines.
Currently, little is known about how the nisin leader interacts with NisB and even less is known about its
interactions with NisC. To investigate the nisin leader peptide requirements for functional interaction
with the modification enzymes NisB and NisC, we systematically replaced six regions, of 2-4 amino acids
each, with all-alanine regions. By performing NisB and NisC co-purification studies with these mutant
leader peptides, we demonstrate that the nisin leader regions STKD(-22-19), FNLD(-18-15) and PR(-2-1)
importantly contribute to the interactions of precursor nisin with both NisB and NisC, whereas the nisin

Dehydration
Dehydroalanine
Dehydrobutyrine

leader region LVSV(-14-11) additionally contributes to the interaction of precursor nisin with NisC.
© 2013 The Authors. Published by Elsevier B.V. on behalf of Federation of European Biochemical
Societies. All rights reserved.

1. Introduction

Nisin is a posttranslationally modified antimicrobial peptide en-
coded as precursor with a characteristic N-terminal leader and a C-
terminal core peptide part. Nisin is produced by some strains of Lac-
tococcus lactis and shows significant antimicrobial activity against a
wide range of Gram-positive bacteria, including Staphylococcus au-
reus, Bacillus cereus and the food borne pathogens Listeria monocyto-
genes and Clostridium botulinum. More than 50 years of usage of nisin
in food applications has led to little antimicrobial resistance [1,2].
Nisin contains unusual amino acids: dehydroalanines (Dha), dehy-
drobutyrines (Dhb), lanthionines and methyllanthionines, i.e. thio-
ether bridged amino acids (Ala-S-Ala; and Abu-S-Ala). The lanthionine
rings provide conformational rigidity to parts of the peptide and resis-
tance against breakdown by peptidases [3,4]. Posttranslational mod-
ification of precursor nisin is performed by the dedicated enzymes
NisB and NisC. NisB dehydrates Ser and Thr in the core peptide part
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to yield Dha and Dhb, respectively, and NisC covalently couples thiol
groups of Cys to Dha or Dhb (Fig. 1). In this way, the five lanthionine
rings of precursor nisin are formed (Fig. 1). Dehydration and cycliza-
tion reactions for classes I and II lantibiotics (see below) have been
shown to proceed from the N-terminal to C-terminal direction [5,6]
and alternating activity of NisB and NisC has been proposed [5,7]. The
molecular weight of NisB is 117.5 kDa and an N-terminal degradation
product of about 90 kDa has been reported [8,9]. Full length precur-
sor nisin consists of 57 amino acids, and comprises a 23 amino acid
N-terminal leader peptide followed by a 34 amino acid C-terminal
modifiable core peptide part. The nisin leader contributes to inter-
actions with the modification enzymes NisB and NisC, determines
interactions with the nisin transporter, NisT, and is cleaved off by a
protease, NisP [10,11]. Non-lantibiotic peptides can be modified by
the NisBTC machinery, provided the nisin leader peptide is present at
the N-terminus [12-14]. This demonstrates the broad substrate speci-
ficity of the modification enzymes (see also some recent reviews on
lantibiotics biosynthesis, regulation and engineering) [4,15-17].
Significant progress has also been made with respect to the elu-
cidation of the structural organization of the nisin modification en-
zyme machinery. Notably, a complex of nisin modification enzymes
has been isolated consisting of NisB, NisC and NisT [9]. Moreover,
NisB has been shown to have stronger interactions with precursor
nisin than NisC has [9]. The nisin leader plays an important role, since
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Fig. 1. Schematic representation of the nisin biosynthesis and the nisin leader regions that were substituted with alanines (Table 2). A precursor nisin consists of the leader
peptide part and a modifiable core peptide part. The leader peptide directs the precursor nisin to the nisin modification enzymes NisB and NisC and the transporter NisT. (A) The
specific Ser/Thr residues in the core peptide part (highlighted in pink) are dehydrated to dehydroalanines (Dha) and dehydrobutyrines (Dhb), resulting in a dehydrated precursor
nisin. (B) The dehydrated precursor nisin is a substrate for a cyclase NisC that catalyzes thioether bridges between the dehydrated amino acids and the downstream cysteines,
resulting in a modified precursor nisin. (C) The modified precursor nisin is secreted outside the cell by the transporter NisT and the leader peptide is cleaved off by an extracellular
protease NisP, liberating mature nisin. The figure demonstrates and is in accordance with recent recommendations for a universal nomenclature for ribosomally synthetized and
posttranslationally modified peptide natural products [32]. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this

article.)

without the leader only extremely low amounts of NisB could be co-
purified with precursor nisin and no isolation of the enzyme complex
was possible [18]. Based on the leader sequences and the number of
modification enzymes, lantibiotics can be divided into two classes, i.e.
class I and class II. Class I prelantibiotics contain a nisin-like leader
peptide with a conserved FNLDL-like consensus sequence and are
modified by two modification enzymes, LanB and LanC. On the other
hand, class II prelantibiotics possess a different leader peptide [19]
and are modified by one bifunctional enzyme LanM that is able to
perform both the dehydration and the cyclization reaction. From the
engineering point of view, the advantage of class I lantibiotics lies in
the possibility to dissect the dehydration reaction from the cyclization
reaction. Hence peptides with dehydroamino acids can be produced
by bacteria [20] followed by in vitro cyclization catalyzed by LanC
[21].

Some progress has also been made with respect to the identifica-
tion of the functional domains of the nisin leader peptide. The impor-
tance of the FNLD(-18-15) region for the functionality of the leader
has been well established [9,10,19]. This region determines the initial
recognition and binding of precursor nisin to NisB [22]. Thus far no
relevance of the C-terminal part of the leader peptide for interaction

with NisB has been discovered. Since even a 6His-tag could be in-
troduced at residues -13 to -8 without loss of functionality, a spacer
function has been proposed for leader peptide region -14 to -1 [19].
Notably, a minimal leader peptide, consisting of MSTKDFNLD, has
been proposed and has been shown to be partial functional, resulting
in up to 3- and 4-fold dehydrated precursor nisin [19].

Here we investigate the relevance of short regions covering the
whole nisin leader peptide for interaction with either NisB or NisC,
as measured by our previously reported pull-down assay [9]. Im-
portantly, it is currently unknown which particular regions of the
leader are involved in which modification process. By constructing
region-specific substitutions of four consecutive amino acids in the
nisin leader and performing co-purification studies with the result-
ing precursor nisin leader mutants, we here identify leader regions
important for functional precursor nisin-NisB and NisC interactions.

2. Materials and methods

2.1. Bacterial strains and growth conditions

Strain L. lactis NZ9000 [23] was used as an expression host in this
study (Table 1). In brief, cells were grown as described previously
[9] at 30°C in M17 medium (Difco) supplemented with 0.5% (w/v)
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Fig. 2. Co-purification assay of NisB and NisC with precursor nisin and the precursor
nisin leader mutants. (A) SDS-PAGE analysis. NisB is about 117.5 kDa. (B) Western blot
with Anti-NisB antibodies. (C) Western blot with anti-NisC antibodies. The upper band
corresponds to NisC bound to NisA [9]. Lane 1: Strain expressing wild-type enzymes
NisBTC and a NisA-Hg STKD(-22-19)AAAA. Lane 2: strain expressing wild-type enzymes
NisBTC and a NisA-Hg FNLD(-18-15)AAAA. Lane 3: strain expressing wild-type enzymes
NisBTC and a NisA-Hg LVSV(-14-11)AAAA. Lane 4: strain expressing wild-type enzymes
NisBTC and a NisA-Hg SKKD(-10-7)AAAA. Lane 5: strain expressing wild-type enzymes
NisBTC and a NisA-Hg SGAS(-6-3)AAAA. Lane 6: strain expressing wild-type enzymes
NisBTC and a NisA-Hg PR(-2-1)AA. Lane 7: strain expressing wild-type enzyme NisBTC
and a NisA-Hg.

glucose and antibiotics 5 ng ml~! chloramphenicol and erythromycin
5 ug ml~! where appropriate. When both antibiotics were used simul-
taneously, 4 pgml~! chloramphenicol and 4 ugml~! erythromycin
were applied.

2.2. Recombinant DNA techniques
Standard genetic manipulations were essentially performed as

described by Sambrook et al. [24]. The round PCR method with 5'-
phosphorylated primers was performed as described earlier [25].

Plasmid isolation was performed by means of the Plasmid DNA Isola-
tion Kit (Roche Applied Science). Restriction analysis was performed
with restriction enzymes from Fermentas. DNA ligation was per-
formed with T4 DNA ligase (Fermentas) and round PCR amplification
was done with Phusion DNA polymerase (Finnzymes).

2.3. Protein overexpression

Cells were grown until an ODggg of 0.6 and induced with
0.5ng ml~! nisin. Subsequently, cells were grown for 2 h, the OD was
normalized and cells were harvested by centrifugation, and washed
once with 50 mM Tris-HCI, pH 7.4. Cells were resuspended in the
same buffer and treated with lysozyme (10 mgml-1). After 30 min
at 30°C, 10mM MgSO,4 and 100 ug ml~! of DNase were added, the
suspension was passed twice through a French press cell (15,400 psi).
Cell debris was removed by two centrifugation steps at 13,000 x g
(15min at 4°C).

2.4. Ni-NTA purification

For Ni-NTA purification 1.5 ml of 50% superflow Ni-NTA column
resin (Qiagen)was equilibrated twice with 38.5 ml lysis buffer (50 mM
NaH,PO4, 300 mM NaCl, 10 mM imidazole, pH 8) in a 50 ml tube by
mixing on a rotor for 30 min. Subsequently, column material was
resuspended in a 4-8 ml cytoplasmic fraction, transferred intoa 15 ml
tube, lysis buffer was added to a final volume of 12 ml and His-tagged
protein was allowed to bind to the column material on a rotor in the
cold room at 4 °C for 2 h. Subsequently, the column was washed twice
with 35 ml of wash buffer (50 mM NaH;PO4, 300 mM NacCl, 20 mM
imidazole, pH 8). Elutions were collected in four fractions of 0.5 ml
each with elution buffer (50 mM NaH;PO4, 300 mM NaCl, 250 mM
imidazole, pH 8). Fractions were analyzed by SDS-PAGE and Western
blots.

2.5. SDS-PAGE and Western blot

Western blots were performed using anti-NisB, anti-NisC or anti-
leader antibodies. SDS-PAGE was performed using standard molec-
ular biology techniques. Samples were not boiled before applying to
SDS-PAGE.

2.6. Mass spectrometry analysis

Mass spectrometric analysis of the produced peptides was per-
formed with crude supernatants or Ni-NTA purified fractions. Prior
to the analysis, samples were ZipTipped (C18 ZipTip, Millipore), es-
sentially as described before [9]. In short, ZipTips were equilibrated
with 100% acetonitrile and washed with 0.1% trifluoroacetic acid. Sub-
sequently, the supernatant containing the peptides was mixed with
0.1% trifluoroacetic acid and applied to a ZipTip. Bound peptides were
washed with 0.2% trifluoroacetic acid and eluted with 50% acetonitrile
and 0.1% trifluoroacetic acid. The eluent was mixed in a 1:1 ratio with
matrix (10 mgml~! «-cyano-4-hydroxycinnamic acid) and 1 ul was
spotted on the target and allowed to dry. Mass spectra were recorded
with a Voyager-DE Pro (Applied Biosystems) MALDI-time-of-flight
mass spectrometer. In order to increase the sensitivity, external cal-
ibration was applied with six different peptides (Protein MALDI-MS
Calibration Kit, Sigma).

3. Results

To investigate which regions of the nisin leader are relevant for
the interaction with NisB and NisC, we substituted five regions of
four amino acids and one region of two amino acids with alanine
residues (Fig. 1, Table 2). Substitutions were made in leader sequences
which are genetically fused to the wild type core peptide with the
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Table 1

Lactococcus lactis strains and plasmids used in the study.
Strain Characteristics References
NZ9000 nisRK [23]
Plasmids
pNZnisA-E3 nisA [12]
PNZnisA-Hg nisA, encoding precursor nisin NisA-Hg, C-terminally extended with codons for GSIEGRHHHHHH [9]
pIL32BTC nisBTC, encodes nisin modification machinery [9]
pNZnisA-Hg STKD(-22-19)AAAA nisA encoding NisA-Hg with STKD(-22-19)AAAA substitutions This study
pNZnisA-Hg FNLD(-18-15)AAAA nisA encoding NisA-Hg with FNLD(-18-15)AAAA substitutions This study
pNZnisA-Hg LVSV(-14-11)AAAA nisA encoding NisA-Hg with LVSV(-14-11)AAAA substitutions This study
pNZnisA-Hg SKKD(-10-7)AAAA nisA encoding NisA-Hg with SKKD(-10-7)AAAA substitutions This study
pNZnisA-Hg SGAS(-6-3)AAAA nisA encoding NisA-Hg with SGAS(-6-3)AAAA substitutions This study
pNZnisA-Hg PR(-2-1)AA nisA encoding NisA-Hg with PR(-2-1)AA substitutions This study

C-terminal extension GSIEGRHHHHHH. All the nisin leader mutants
were successfully expressed (Fig. 2A). The previously described nisin-
modification enzyme binding assay, based on this His-tagged pre-
cursor nisin [9], was used to pull down NisB and NisC through co-
purification with NisA-H6 leader mutants.

3.1. Co-purification of NisB with the nisin leader mutants

In a first step we evaluated the interaction of the leader region
precursor nisin mutants with NisB on the basis of the amount of
NisB co-purified in His-tagged precursor nisin pull down experi-
ments (Fig. 2A and B). The substitution in the nisin leader peptide
region NisA-Hg SGAS(-6-3) (lane 5) by 4 Ala residues resulted in
wild-type amounts of NisB co-purified. The leader region mutants
NisA-Hg LVSV(-14-11) (lane 3) and NisA-Hg SKKD(-10-7) (lane 4),
also by 4 Ala residues each, resulted in lower amounts of purified
NisB and on the basis of the amount of co-purified NisB, the order
of binding of the leader mutants to NisB was the following: wild-
type ~mutant NisA-Hg SGAS(-6-3)AAAA > mutant NisA-Hg SKKD(-
10-7)AAAA > mutant NisA-Hg LVSV(-14-11)AAAA. The other leader
mutants NisA-Hg STKD(-22-19), NisA-Hg FNLD(-18-15) and NisA-Hg
PR(-2-1) hardly show any co-purification of NisB. Taking together the
results of the SDS-PAGE and Western blot analysis (Fig. 2A and B), the
nisin leader regions that mainly determine the interaction with NisB
are the regions NisA-Hg STKD(-22-19), the region NisA-Hg FNLD(-
18-15) and the region NisA-Hg PR(-2-1), since their corresponding
alanine substitutions resulted in highly decreased levels of NisB co-
purification.

3.2. Co-purification of NisC with the nisin leader mutants

Interestingly, the nisin pull-down assay, together with the anti-
NisC immunoblot analysis, indicated that only the substitution in the
nisin leader region NisA-Hg SGAS(-6-3)AAAA allows co-purification
of NisC (Fig. 2C). Hence only this region of the leader peptide does
not significantly contribute to interaction with NisC. Extremely low
amounts of NisC were co-purified applying the nisin leader region
NisA-Hg SKKD(-10-7)AAAA mutant. No detectable levels of NisC are
co-purified with the nisin leader alanine substitutions in the regions
NisA-Hg STKD(-22-19), NisA-Hg FNLD(-18-15), NisA-Hg LVSV(-14-
11) and NisA-Hg PR(-2-1) (Fig. 2C), indicating that all these regions
play a significant role in the interaction with NisC, or that NisC is not
co-purified when no NisB can be bound. In the latter case only region
-14-11 can be directly responsible for the loss of NisC binding.

3.3. Influence of the leader regions on the dehydration efficiency

The wild-type precursor nisin is efficiently modified by the nisin
modification enzymes NisB and NisC. Initial methionine (Met 1) is oc-
casionally cleaved off by methionine aminopeptidase. In case of NisA-
H6, an additional Ser in the C-terminal extension GSIEGR is also dehy-
drated resulting in peaks corresponding to 8 and 9 dehydrations on
the matrix-assisted laser desorption/ionization time-of-flight mass
spectrometry (MALDI-TOF MS). The leader substitutions resulted in
partially modified precursor nisin (Fig. S1, Table 3). In some cases,
i.e. the leader mutants NisA-Hg STKD(-22-19)AAAA, NisA-Hg SKKD(-
10-7)AAAA, NisA-Hg SGAS(-6-3)AAAA and NisA-Hg PR(-2-1)AA both
partially modified precursor nisin and much less intense peaks of fully
modified precursor nisin were observed (Fig. S2B and E-G). The NisA-
Hg mutants FNLD(-18-15)AAAA and LVSV(-14-11)AAAAresulted only
in partially modified precursor nisin (Fig. S2C and D).

4. Discussion

Lantibiotics represent an important and promising class of antibi-
otics for the replacement of conventional antibiotics. Knowledge on
the biosynthesis of lantibiotics is of crucial importance for generating
novel lantibiotics. In particular, it will enable the rational engineering
of therapeutically relevant lanthionine-containing peptides. Delin-
eating the functions of different regions of the nisin leader may allow
the subtle modulation of dehydration and/or cyclization reactions.
Here, by substitution of leader regions and co-purification studies,
we reveal regions within the nisin leader peptide that are important
for the interactions with the nisin modification enzymes NisB and
NisC.

Studies on the nisin leader [10,19], the Pep5 leader [26], the
nukacin A leader [27], the mutacin Il leader [28], and the lacticin 481
leader [26] demonstrated that apart from a few conserved residues,
single point mutations are well tolerated by lantibiotic modification
enzymes. Our approach to simultaneously replace all residues within
a certain region by alanines successfully distinguishes the importance
of various regions within the nisin leader peptide.

The FNLD region has already been shown to be important for in-
teractions with both the nisin modification enzymes NisB and NisC
[9,19,22]. This study indicates that in addition to the FNLD(-18-15)
region, the substitutions NisA-Hg STKD(-22-19)AAAA and NisA-Hg
PR(-2-1)AA lead to significantly decreased interactions with NisB and
completely abolished interactions with NisC, demonstrating the rel-
evance of the corresponding regions for their interactions with NisB
and NisC. The region -14 to -11 (LVSV) appeared to be relevant for
interaction of the leader with NisC. However, in a previous study re-
placement of residues -13 to -8 (VSVSKK) by a 6His-tag still allowed
production of functional nisin [19]. Together this might suggest that
the Leuat-14is also rather important, so that FNLDL rather than FNLD
determines interaction of the leader with NisC.

Co-purification assays (Fig. 2) together with the MALDI-TOF MS
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Table 2

The nisin leader mutants used in this study and the amounts of the co-purified nisin medication enzymes NisB and NisC.

The nisin leader mutant Sequence Substitution Interactions with
NisB NisC

Wild type leader MSTKDFNLDLVSVSKKDSGASPR +++ +++
Leader 1 mutant MAAAAFNLDLVSVSKKDSGASPR STKD(-22-19)AAAA + -
Leader 2 mutant MSTKDAAAALVSVSKKDSGASPR FNLD(-18-15)AAAA + -
Leader 3 mutant MSTKDFNLDAAAASKKDSGASPR LVSV(-14-11)AAAA + -
Leader 4 mutant MSTKDFNLDLVSVAAAASGASPR SKKD(-10-7)AAAA ++ +
Leader 5 mutant MSTKDFNLDLVSVSKKDAAAAPR SGAS(-6-3)AAAA +++ +
Leader 6 mutant MSTKDFNLDLVSVSKKDSGASAA PR(-2-1)AA + -

+ denotes the reduced levels of co-purification of the nisin modification enzymes NisB and NisC.

Table 3

Dehydration of the leader mutants by NisB in L. lactis containing pIL3BTC, isolated by Ni-NTA purification and analyzed by MALDI-TOF mass spectrometry.

Mass (M +H* )-Met (Da)

Mutant Dehydration extent Observed (Da) Calculated (Da)
NisA-Hs (wild type) 9 7091.45 7092.28
8 7109.20 7110.28
NisA-Hg STKD(-22-19)AAAA (leader 1) 9 7075.18 7076.34
8 7096.76 7094.34
NisA-Hg FNLD(-18-15)AAAA (leader 2) 1 7026.92 7027.42
2 7009.18 7009.42
3 6991.71 6991.42
4 6975.74 6973.42
NisA-Hg LVSV(-14-11)AAAA (leader 3) 0 7156.84 7140.09
3 7088.88 7086.09
NisA-Hg SKKD(-10-7)AAAA (leader 4) 0 7079.32 7080.08
1 7062.59 7062.08
3 7022.85 7026.08
4 7003.24 7008.08
NisA-Hg SGAS(-6-3)AAAA (leader 5) 0 7234.39 7236.30
1 7217.26 7218.30
4 7166.25 7164.30
5 7148.55 7146.30
7 7107.16 7105.30
8 7089.70 7092.30
NisA-Hg PR(-2-1)AA (Leader 6) 0 7145.28 7143.12
1 7129.08 712513
3 7087.43 7089.13
4 7070.08 7071.13
7 7019.38 7017.13
8 7001.58 6999.13

data (Table 3, Fig. S2) indicate that the N-terminal part of the nisin
leader is crucial for binding to the modification enzymes and the sub-
sequent posttranslational modifications. This suggests that shorter
versions of the leader, containing only the N-terminal part of the
leader, are functional, consistent with the functionality of an N-
terminal leader fragment observed by Plat et al. [19]. However, to
prevent any possible adverse effect of a shorter leader sequence, we
preserved the length of the leader intact. Our results demonstrate that
for efficient modification, the full-length leader without long substi-
tutions in its sequence is optimal.

The substitution of the nisin leader STKD(-22-19) to AAAA leads
to very low amounts of co-purified NisB (Fig. 2A and B), but still re-
sults in 8 and 9-fold dehydrated precursor nisin (Table 3, Fig. S2). This
suggests that the STKD(-22-19) in the leader sequence is important
for the binding of NisB and possibly complex formation, but not for
the dehydration reaction itself. It is tempting to speculate that the
STKD(-22-19) is the initial sequence that interacts with NisT and pos-
sibly NisB is recruited to the nisin biosynthesis complex through NisT
which would explain the relatively low amounts of NisB co-purified
in the absence of the STKD motif (Fig. 2A and B). The interactions of
NisB and NisT are in line with previous studies, where it has been
shown by the yeast two-hybrid system that NisB and NisT form a
complex [29] and second, the presence of NisB significantly enhances
export by NisT [30]. The region PR(-2-1) also results in low amounts
of co-purified NisB (Fig. 2A and B) and in a combination of partially

and fully modified precursor nisin. The Pro at the position -2 is con-
served (Fig. S1) and has been demonstrated to play an important role
in nisin biosynthesis [10]. The FNLD motif is a highly conserved re-
gion in class I lantibiotics (Fig. S1). It has been well described and
shown before to be important for nisin biosynthesis [9,10,19,22]. As
expected, the substitution of this region results in very low amounts of
co-purified NisB (Fig. 2A and B) and only partially dehydrated precur-
sor nisin (Table 3, Fig. S2). For the regions LVSV(-14-11), SKKD(-10-7)
and SGAS(-6-3)AAAA by 4 Ala, the higher efficiency of binding to NisB
is concomitant with higher efficiency of in vivo dehydration (Table 3,
Fig. S2).

Notably, the alterations we applied to the leader sequence have
a more prominent effect on the co-purification of NisC than that of
NisB. NisB seems to be less affected by the leader substitutions since at
least three regions LVSV(-14-11), SKKD(-10-7) and SGAS(-6-3) could
be replaced with alanines, while still resulting in significant amounts
of NisB co-purified (Fig. 2B).

Previously, it has been suggested that the leader might interact
with the modification enzymes through its secondary structure [26].
Introduction of stretches of alanines into the leader sequence might
change a possible secondary structure of the nisin leader and thus
might decrease the interactions with the nisin modification enzymes
NisB and NisC. However, by NMR studies no secondary structure was
observed in any of the studied lantibiotics in aqueous solutions, al-
though o-helix formation in trifluoroethanol has been observed [31].
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Analogously, interaction with the modification enzymes might induce
a functional structure into the leader peptide.

Dissection and manipulation of the recognition motifs within the
leader peptide that direct the interaction of precursor nisin with the
nisin modification enzymes can ultimately guide the modification of
non-lantibiotic peptides such as medically important peptide hor-
mones. The data obtained in our study provide novel insights into
nisin peptide maturation and provide the basis for subtle modula-
tion of the interaction of precursor lanthipeptides with lanthionine-
introducing modification enzymes.
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