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ABSTRACT: Lantibiotics are antibacterial peptides isolated from bacterial sources that exhibit activity toward
Gram-positive organisms and are usually several orders of magnitude more potent than traditional antibiotics
such as penicillin. They contain a number of unique structural features including dehydro amino acid and
lanthionine (thioether) residues. Introduced following ribosomal translation of the parent peptide, these
moieties render conventional methods of peptide analysis ineffective. We report herein a new method
using nickel boride (Ni2B), in the presence of deuterium gas, to reduce dehydro side chains and reductively
desulfurize lanthionine bridges found in lantibiotics. Using this approach, it is possible to identify and
distinguish the original locations of dehydro side chains and lanthionine bridges by traditional peptide
sequencing (Edman degradation) followed by mass spectrometry. The strategy was initially verified using
nisin A, a structurally well characterized lantibiotic, and subsequently extended to the novel two-component
lantibiotic, lacticin 3147, produced byLactococcus lactissubspecieslactisDPC3147. The primary structures
of both lacticin 3147 peptides were then fully assigned by use of multidimensional NMR spectroscopy,
showing that lacticin 3147 A1 has a specific lanthionine bridging pattern which resembles the globular
type-B lantibiotic mersacidin, whereas the A2 peptide is a member of the elongated type-A lantibiotic
class. Also obtained by NMR were solution conformations of both lacticin 3147 peptides, indicating that
A1 may adopt a conformation similar to that of mersacidin and that the A2 peptide adoptsR-helical
structure. These results are the first of their kind for a synergistic lantibiotic pair (only four such pairs
have been reported to date).

Bacteriocins are bacterially produced peptides that display
antimicrobial properties against other bacteria, often closely
related to the producer strain (1, 2). The first bacteriocin
was discovered in 1925 (3), and in the past 20 years there
has been an increasing interest in such compounds as
preservative agents for food and as potential supplements
or replacements for currently used antibiotics. The ribosomal
production of these small (2-6 kDa) antimicrobial peptides
by Gram-positive bacteria, especially lactic acid bacteria, as
a defense mechanism against other organisms is well
documented and represents an intensive area of research (4,

5). Among the known bacteriocins, two distinct families have
emerged: the nonlantibiotics and the lantibiotics (6, 7). The
latter contain the unusual amino acids lanthionine and
â-methyllanthionine present as intramolecular (thioether)
rings. Many lantibiotics also possess other modified residues
such as dehydro amino acids,D-alanine centers, N-terminal
R-keto amides (8), and C-terminal rings formed by oxidative
decarboxylation. Lantibiotics are ribosomally produced as
prepeptides, which are enzymatically modified (9) to yield
the structurally unique active species. Nisin A (Figure 1) is
the most highly studied lantibiotic (10-14) and illustrates
some of these structural features.

Both lantibiotic and nonlantibiotic bacteriocins are most
often found as single active peptides, but a unique class of
two-peptide systems, wherein both components act syner-
gistically and are required for full activity, is now known.
Two-component lantibiotic systems are rarer than their
nonlantibiotic counterparts (the first two-component lanti-
biotic was reported in 1996 (15)), and to date only four such
systems are described (16). Our efforts in this area have
focused on the structural characterization of a new two-
peptide lantibiotic, lacticin 3147, identified in the fermenta-
tion supernatant ofLactococcus lactissubspecieslactis
DPC3147 (17). When lacticin 3147 is applied at nanomolar
concentrations (1:1 stoichiometry), its synergistic peptides
display potent activity againstListeria monocytogenes, a
food-borne pathogen, and have proved to be effective as a
protective culture in cheese production (18). Lacticin 3147
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is also highly active against methicillin-resistantStaphylo-
coccus aureus(MRSA), vancomycin-resistantEnterococci
(VRE), penicillin-resistantPneumococcus(PRP),Propioni-
bacterium, andStreptococcus mutans(19).

The extensive modifications present in lantibiotics as well
as limited production of the active species by most producing
organisms present significant challenges to the determination
of primary structures. Standard analytical techniques, such
as Edman degradation, are often unsuccessful when inves-
tigating lantibiotics. Lanthionine bridges sequence poorly,
and dehydro amino acid residues within the peptide prevent
sequencing once exposed at the N-terminus (presumably due
to rapid deamination leading to an N-terminally blocked
peptide). Also, the N-terminalR-keto amide moiety found
in some lantibiotics prevents any N-terminal sequencing. No
two-peptide lantibiotics and only a small number of single-
peptide lantibiotics discovered to date have had their primary
structures assigned. With the exception of nisin A and its
derivatives, in all cases the final structural assignments have
relied on multidimensional NMR (14, 20-26). In situations
where the producing organism does not generate the mil-
ligram quantities of peptide required for NMR analysis,
structure determination can be very difficult.

Early work on the structure elucidation of nisin A and
other lantibiotic peptides relied upon enzymatic or chemical
cleavage strategies (11, 27-29). Such approaches are often
specific for the particular peptide and lack generality. A very
limited number of general methods have been developed
(30), most often relying on thiol addition to convert both
dehydro amino acid and lanthionine moieties to sequencer-
friendly amino acids for Edman degradation. Although such
techniques are valuable, they are unable to give specific in-
sights into the exact location of dehydro amino acid residues
and the specific bridging patterns of lanthionine linkages.
The chemical modification strategies developed in the present
work make use of nickel boride (Ni2B), a reducing and desul-
furizing agent when used in the presence of hydrogen or
deuterium gas. Forming rapidly in situ when nickel chloride
is treated with sodium borohydride in protic solvent (Scheme
1), nickel boride has been used previously for thioether
desulfurization (31) and olefin reduction (32). Although a
detailed structure of nickel boride is unknown, its elemental
composition is consistent with the formula Ni2B and contains
hydrogen that is gradually released upon heating (33).

We now report that application of a deuterating variant
of the process, using NaBD4 in deuterated solvent, to

lantibiotics leads to lanthionine desulfurization with the
concomitant incorporation of a single deuterium atom at each
of the residues participating in the sulfur bridge. Conversely,
dehydro amino acid residues are reduced with incorporation
of two deuterium atoms. Using this approach, it is possible
to identify and distinguish the original locations of dehydro
side chains and lanthionine bridges by use of peptide
sequencing (Edman degradation) followed by mass spec-
trometry. This methodology has been successfully applied
on minute quantities (micrograms) of nisin and both of the
lacticin 3147 peptides and should make partial structure
elucidation on the microscale viable for most lantibiotics.

The utility of the nickel boride modification strategy was
confirmed by determination of the primary structures of the
lacticin 3147 peptides by multidimensional NMR spectro-
scopy. After amassing quantities of material suitable for
NMR analysis, we determined the primary structures, includ-
ing the specific lanthionine bridging patterns, of both lacticin
3147 peptides. As well, solution conformations of both
peptides were attained by NMR and shed further light on
their proposed synergistic mode of action.

EXPERIMENTAL PROCEDURES

Material and Methods.All reagents employed were of
American Chemical Society (ACS) grade or finer and were
used without further purification unless otherwise stated.
Nisin was purchased (Sigma) as a 2.5% purity preparation
requiring HPLC purification prior to use (see Supporting
Information for isolation protocol). After isolation, the
identity of nisin A was confirmed by MALDI-TOF mass
spectrometry (see Supporting Information). The isolation of
the lacticin 3147 peptides and growth conditions for the
producing organism are also included in the Supporting
Information.

Amino Acid Analysis.Peptides for amino acid analysis
were hydrolyzed in an inert gas atmosphere (N2) in 6 M HCl
at 110°C for 16 h in sealed glass vials. Following subsequent
removal of HCl under vacuum, the amino acid composition
of the samples was determined aftero-phthaldialdehyde
derivatization by a previously described method specifically
optimized for the identification of Lan and MeLan (34). The
presence and quantitation ofD-alanine was determined by
gas chromatography (GC)-MS following a previously
described method (35).

Mass Spectrometry.Samples for MALDI mass analysis
were prepared using sinnapinic acid as matrix. Solutions
containing the sample peptide were mixed in even part with
a stock solution of sinnapinic acid (10 mg/mL) in 60%
acetonitrile (0.1% TFA). A thin layer of sinnapinic acid was

FIGURE 1: Nisin.

Scheme 1 : Formation of Nickel Boride in Methanol

3050 Biochemistry, Vol. 43, No. 11, 2004 Martin et al.



deposited on the surface of the gold target plate by delivery
of a small droplet (0.7µL) of a solution containing sinnapinic
acid (4 mg/mL) in 50% acetone/50% methanol. After
evaporation of the acetone/methanol, a 0.3µL droplet of the
solution containing the sample peptide-matrix mixture was
deposited on top of the fresh matrix layer on the plate. The
solvent was evaporated at 1 atm prior to analysis. Mass
spectra were recorded with a single-stage reflectron, MALDI-
TOF mass spectrometer (Applied BioSystems, Foster City,
CA; API QSTAR Pulsar with an oMALDI source) (36).

Lacticin A2 N-Terminal Deblocking.Unlike the other
lantibiotics to be desulfurized and reduced, the lacticin A2
peptide has its N-terminus blocked by anR-keto amide
moiety. It was therefore necessary to chemically remove this
group prior to treatment with nickel boride. This was
accomplished via the method of Dixon and co-workers (37,
38). Briefly, purified A2 peptide (100µg, 0.04µmol) was
dissolved in 3.5 mL of a strong acetic acid/sodium acetate
buffer (4.0 M, pH 4.8) containing 1,2-diaminobenzene at a
concentration of 40 mM (3500-fold excess relative to the
peptide). The mixture was stirred at 38°C for 12 h, after
which MALDI-TOF mass analysis revealed the desired
deblocked species as the major product (MW) 2680; see
Supporting Information). The peptide was then isolated by
reverse-phase HPLC using a steel-walled column (Vydac,
10 × 250 mm, 5µm). A method employing a 1.0 mL
injection loop was used with a gradient of water and
2-propanol (0.1% TFA): 24% 2-propanol for 5 min, climbing
to 44% in 20 min, returning to 24% in 0.5 min, and
remaining at this concentration for an additional 5 min (flow
rate 2.25 mL/min, detection at 220 nm). The desired peptide
was isolated as a single broad peak (tR ) 23.0 min).

Ni2B Desulfurization/Reduction of Lantibiotic Peptides.
The lantibiotic peptide (0.5 mg) and nickel chloride (1 mg)
were dissolved/suspended in 2.0 mL of CD3OD/D2O (1:1)
This mixture was then transferred via pipet into a screw-
cap flask containing NaBD4 (1.0 mg) with rapid resealing
of the reaction vial. A black precipitate (Ni2B) formed imme-
diately with the evolution of deuterium gas. The mixture was
then stirred for 1 h at 50°C, followed by removal of the
Ni2B by centrifugation. After removal and retention of the
supernatant, fresh CD3OD/D2O (2.0 mL) was added to the
Ni2B precipitate, and the mixture sonicated and recentrifuged
to recover any residual peptide. After the supernatants were
combined, the methanol was removed by rotary evaporation
and the aqueous solution, containing the modified peptide,
submitted for automated Edman degradation analysis.

Peptide Sequencing and LCMS Characterization of PTH
Amino Acids.Peptide sequencing was performed using a
Hewlett-Packard G1000A protein sequencer coupled to a
Hewlett-Packard series II 1090 HPLC instrument for online
PTH identification. Hewlett-Packard routine 3.0 was utilized
in the automated Edman chemistry involving phenylisothio-
cyanate derivatization and TFA cleavage. HPLC character-
ization of the PTHs made use of a steel-walled C18 analytical
column (Agilent, Hypersil C18, 2.1× 250 mm, 5µm) at 40
°C. The method employed a two-component gradient,
component A (15% acetonitrile buffered to pH 5.2; Agilent
Technologies, Palo Alto, CA) and component B (31%
2-propanol, 0.2% buffer; Agilent Technologies). The gradient
was 100% A, changing to 100% B over 16 min (flow rate
300µL/min, detection at 269 nm). PTH alanine was isolated

as a single peak (tR ) 10.7 min), as was PTH aminobutyric
acid (tR ) 12.9 min). For each cycle of the Edman
degradation generating a PTH derivative incorporating an
unknown amount of deuterium, a manual collection of the
PTH species was performed (a reliable and practical auto-
mated system could not be achieved). Deuterium incorpora-
tion was quantified using an 1100MSD single-quadrupole
instrument from Agilent Technologies (formerly Hewlett-
Packard). This low-resolution ESI system was equipped with
an HPLC interface and variable-wavelength detector for
LCMS analysis. Standards of PTH alanine and PTHR-ami-
nobutyric acid were used for establishing an appropriate
HPLC method (see Supporting Information) using a steel-
walled column (Phenomenex Luna, 2.1× 50 mm, 5µm, at
50 °C). In the method employed, a 5-µL injection was
applied and a gradient of water and methanol (0.1% TFA)
was used to isolate each PTH amino acid: 10% methanol,
climbing to 95% in 5 min, remaining at this concentration
for an additional 5 min (flow rate 0.25 mL/min).

NMR Spectroscopy.NMR spectra were acquired on a
Varian Inova 600 spectrometer at 27°C; data matrixes of
2048 detected and 1024 indirect data points with 64 scans
were recorded and processed using a 90°-shifted sine bell
window function (unshifted for DQF-COSY). Solvent signal
suppression was achieved by transmitter presaturation.
Samples of the A1 peptide were prepared in either 90%
H2O-10% D2O (for amide analysis) or 100% D2O at a
peptide concentration of 2 mM. All experiments with the
A1 peptide were performed at pH 2 (H2O containing 0.1%
TFA). Under these conditions, the solubility of the peptide
was greatly improved, likely due to reduced peptide ag-
gregation via protonation of cationic side chains. Samples
of the more hydrophobic A2 peptide were prepared in either
100% CD3OH (for amide analysis) or 100% CD3OD at a
peptide concentration of 2 mM. The assignment of1H
resonances was performed using standard two-dimensional
DQF-COSY (39), TOCSY (40) (mixing time 75 ms), and
NOESY (41) (mixing time 200 ms) experiments.

Structure Calculations.Structures for lacticin A1 and A2
peptides were calculated from 301 and 381 unique NOEs,
respectively, using CNS 1.1 (42). For preliminary structure
determinations, the stereochemistry of the dehydrobutyrine
residues and lanthionine andâ-methyllanthionine bridges was
assigned to beZ, (2S,6R), and (2S,3S,6R), respectively, in
accord with those reported for all known lantibiotics.
Topology and parameter files for these nonstandard amino
acids were graciously supplied by Shang-Te Hsu (43).

RESULTS AND DISCUSSION

Preliminary Characterization of Lacticin 3147 and Amino
Acid Composition.Early attempts at sequencing the lacticin
peptides by Edman degradation (44) gave limited information
about the A1 peptide (12 of 30 residues) and no data for the
A2 peptide (N-terminally blocked). The preliminary sequence
data obtained did, however, provide a tentative confirmation
of the structural genes identified earlier (45). Amino acid
analysis revealed that, in both peptides, many of the hydroxy
side-chain residues (serine and threonine) predicted were
absent in the mature peptides. Also quantified in both
peptides was the presence ofD-alanine, lanthionine, and
â-methyllanthionine (Table 1). On the basis of the number
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of dehydrations required and the number of lanthionine or
â-methyllanthionine residues present in each peptide, predic-
tions for the masses of the mature peptides were made. In
the case of A1, the ribosomal peptide predicted by the
structural gene has a mass of 3430.88 Da. Invoking seven
dehydrations (-126.14 Da) and one reduction, leading to a
new D-alanine center (+2.02 Da), a mass of 3306.76 Da is
suggested, agreeing well with the experimental value of
3306.69( 0.5 Da (Figure 2a). The A2 ribosomal peptide
predicted by the structural gene has a mass of 2986.44 Da.
In this case, eight dehydrations (-144.16 Da), two reductions
leading to newD-alanine centers (+4.04 Da), and a N-
terminal deamination to anR-keto amide (+1.01 Da)
suggests a mass of 2847.33 Da, also agreeing well with the
experimental value of 2847.40( 0.5 Da (Figure 2b). These
preliminary calculations and the number of lanthionine or
â-methyllanthionine residues detected suggest the presence

of two dehydro amino acid side chains in each mature
lantibiotic peptide.

Deuterating Desulfurization/Reduction of Lantibiotics with
Ni2B. Prior to our work with the lacticin 3147 peptides, nisin
A was used as a model lantibiotic and treated with nickel
boride under deuterating conditions. The product peptide was
subjected to Edman sequencing, and those residues (within
the first 20) known to be dehydrated, or to be part of the
lanthionine bridges in the native peptide, were collected for
mass analysis. The results clearly allow for distinction of
those residues involved in lanthionine bridges and those that
are dehydrated in the native peptide (Scheme 2). With the
successful deuteration of nisin A, the focus became the
modification of the lacticin 3147 peptides. The A2 peptide
was not immediately amenable to the nickel boride modifica-
tion strategy. Initial sequencing work with the native peptide
returned no data, suggesting an N-terminalR-keto amide
moiety (blocking N-terminal sequencing (13)). Using the
dinucleophile 1,2-diaminobenzene in strong acetic acid/
sodium acetate buffer, the two N-terminal residues were
removed to provide a free amino terminus. Nickel boride
treatment of the lacticin 3147 peptides, followed by the same
analysis protocol used with nisin, provided similar deuterium
incorporation results (Figure 3).

While this methodology does not reveal all aspects of a
lantibiotic peptide’s structure (precise lanthionine bridging
patterns in particular), it remains a valuable tool. The
microscale capability of this approach is especially valuable
when dealing with quantities of peptide too small for
conventional approaches such as multidimensional NMR and
crystallography. Nickel boride chemistry as well as Edman
sequencing are reliably used with submilligram quantities
of peptide, and mass spectrometric analysis of the PTH
derivatives is routinely performed on the nanogram scale.

NMR Spectroscopy.After milligram quantities of both
peptides were amassed, the structure elucidation of the
lacticin 3147 peptides turned to the use of NMR spectro-
scopy. The most important structural challenge still remaining
was that of the lanthionine bridging patterns in both peptides.
A number of two-dimensional NMR experiments were

Table 1: Amino Acid Analysis of A1 and A2 Peptides

A1 peptide A2 peptide

amino acid predicteda detected predicteda detected

Ser 3 0.7 3 0.1
Thr 4 0.0 8 2.3
L-Alac 2 2.3 4 4.3
D-Alac 0 1.1 0 2.1
Cys 4 ndb 3 ndb

Lan/MeLan 0 3.2 0 2.9

a Predicted from gene sequences.b Not detected.c D/L-alanine ratio
by chiral GC-MS of hydrosylate.

FIGURE 2: (a) MALDI-TOF mass spectrum of lacticin 3147 A1.
(b) MALDI-TOF mass spectrum of lacticin 3147 A2.

Scheme 2 : Deuterating Nickel Boride Modification of
Nisina

a Deuterium incorporation (in red) identifies original location of
dehydro and lanthionine residues. Also, methionine 17 desulfurized to
yield aminobutyric acid (Abu) with indicated deuterium incorporation.
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performed with each of the lacticin 3147 peptides. The spin
systems in the TOCSY spectra of lacticin A1 and A2 (see
Supporting Information) were assigned to the respective
residues by taking into consideration the characteristic
frequencies and numbers of resonances. Sequential assign-
ment of the peptides agreed completely with results from
the Edman degradation and was achieved using thedRN-
(i,i+1) anddNN(i,i+1) connectivities in the NOESY spectra.
Finally, intrabridge NOEs were used to establish the con-
nectivities of the lanthionine andâ-methyllanthionine link-
ages in each peptide (see Supporting Information). The most
useful correlations detected in this analysis were theR/â and
â/â interactions in all the bridges as well as theR/γ andâ/γ
interactions present forâ-methyllanthionine moieties (Figure
4).

The NMR spectra acquired for the lacticin 3147 peptides
not only allowed for identification of the lanthionine bridges,
they also indicated that the peptides were structured. Broad
spectral dispersion, with very little degeneracy of chemical
shifts, was observed for the amide protons in both the A1
and A2 peptides (see Supporting Information), and a number
of medium- and long-range NOEs were present in the
NOESY spectra of each peptide. Therefore, full structure
determination for both lacticin A1 and A2 has been initiated.

In methanol, residues Ala7 to Ile15 of the A2 peptide form
an R-helix. The C-terminal half of the peptide, containing
the three lanthionine bridges, is in an extended conformation.
Future studies will determine whether formation of the
R-helix is induced by membrane-mimetic solvent, as is the

case for many antibacterial peptides (43, 46-48). Lacticin
A1 was found to be unstructured and aggregated in methanol,
as evidenced by broad line widths and poor spectral
dispersion of the amide protons. In water, however, the
structure of the polypeptide is well-defined. Many NOEs are
observed between hydrophobic side chains in the C-terminal
half of the molecule, indicating it forms a globular domain
similar to that observed for mersacidin (43). The N-terminus,
from residues Lan1 to Leu8, is in an extended conformation.

SolVed Structures.The structures and bridging patterns
suggested by the NMR spectroscopy results are in complete
agreement with all data obtained for the peptides via the
nickel boride desulfurization/reduction and Edman degrada-
tion (Figure 5). Comparison with the structures of known
lantibiotics indicates that the lanthionine bridging pattern of
the A1 peptide is very similar to that of mersacidin (22).
Mersacidin (Figure 6) is a small (20 residue), globular type-B
lantibiotic with a lipid II-mediated mode of action (43, 49).
The A2 peptide is a member of the elongated type-A family
of lantibiotics and may have similarity to lactocin S. Lactosin
S is the only other lantibiotic proven to containD-alanine
(50), although a full structure elucidation has yet to be
reported. Refinement of the preliminary 3D structures
obtained for each of the lacticin peptides is underway,
including solvent effects, conformational mobility, and
chemical studies to determine structure-activity relation-
ships. Future studies will focus on the interaction of the two
peptides in the presence and in the absence of lipid II.

Proposed Mode of Action.The solution conformations of
the lacticin 3147 peptides obtained by NMR (Figure 7)
support a proposed dual mode of action for the synergistic
peptide pair (51). The globular A1 peptide could be expected
to adopt a conformation similar to that of mersacidin (43)
upon contact with lipid II. It is noteworthy that many of the
residues common to the A1 peptide and mersacidin have been
shown to undergo conformational changes in NMR experi-
ments with mersacidin in the presence of DPC micelles (used
to mimic cell membranes) with and without lipid II.
Specifically, two-step15N-1H HSQC titration revealed that

FIGURE 3: Dehydro residue and lanthionine bridge location in lacticin A1 and A2 peptides. Deuterium incorporation, indicated in red,
shows likely positions of lanthionine linkages and dehydro side chains in the mature lantibiotic peptide. Alanines in blue indicate likely
site(s) ofD-alanine residues produced by enzymatic reduction of dehydroalanine. Note that the A1 peptide is clipped by one residue at the
N-terminus; for the A2 peptide two residues are removed by 1,2-diaminobenzene N-terminal deblocking.

FIGURE 4: Intrabridge NOEs used in Lan/MeLan bridging pattern
assignment.
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the addition of DPC micelles strongly affects Gly7, Abu 13,
Abu15, and Glu17 in the1H dimension and indeed most of
the C-terminal residues in the15N dimension. Subsequent
addition of lipid II is associated with perturbation of Gly7,
Abu13, and Glu17 in both dimensions (43). The important
nature of this conserved region was further demonstrated with
the observation that a Glu17Ala alteration in mersacidin
abolishes antimicrobial activity (52). It is thus likely that
the corresponding amino acids in lacticin A1 play a role in
its interaction with the cell membrane and suggest interaction
with lipid II. It may also emerge that the junction between

Ala19 and Abu20 in the A1 peptide serves as a hinge for
the opening and closing of ring structures, as is the case with
the corresponding region in mersacidin (43). The A2 peptide
is clearly a more elongated species potentially capable of
pore formation in target membranes.

Earlier specific activity investigations (51) demonstrated
that it is necessary for the A1 peptide to be bound to cells
prior to the A2 peptide in order to induce cell death. This
observation, in combination with the solution conformations
of both peptides, suggests a model for the mode of action of
lacticin 3147 in which the A1 peptide may initially bind to

FIGURE 5: (a) Lacticin 3147 A1. (b) Lacticin 3147 A2.

FIGURE 6: Comparison of mersacidin and lacticin 3147 A1. Highlighted in red are the structural similarities between the two globular
type-B peptides.

3054 Biochemistry, Vol. 43, No. 11, 2004 Martin et al.



lipid II (possibly also inhibiting cell wall biosynthesis through
the prevention of transglycosylation). The killing activity of
the A1 peptide is significantly enhanced by the presence of
the A2 peptide, which we propose may elicit or stabilize
possible pore formation and depolarization of the cell
membrane (substantiated by earlier potassium ion release
experiments). The partial activity of the A1 peptide alone
and the fact that the A1 peptide combined with the A2
peptide causes cell death at single nanomolar concentration
support this suggestion (51).

Thus, lacticin 3147 may have a mode of action similar to
that of nisin; however, in the case of nisin the killing effect
is elicited by a single bifunctional peptide, whereas in the
case of lacticin 3147, cell wall inhibition and pore-forming
functions may be separated across two peptides (51). The
dual functionality of nisin, and potentially lacticin 3147,
seems to be the basis of the very high specific activity relative
to eukaryotic antimicrobial peptides, many of which exert
their effect at higher concentrations without the involvement
of a docking molecule. Thus, the dual functioning peptides
may provide better candidates for the treatment of human
pathogens of clinical significance.

Summary and Conclusions.Most often, structure elucida-
tions of lantibiotic peptides are plagued by incompatibility
with standard analysis methods such as the Edman degrada-
tion. The combined use of nickel boride desulfurization/
reduction chemistry using deuterium followed with Edman
degradation and mass spectrometry represents a novel and
general method that should work with any lantibiotic peptide.
With the successful determination of the primary structures
of both lacticin 3147 peptides, further NMR studies are
possible.

Following the recent work of others with the lantibiotics
nisin A (10, 53, 54), mersacidin (43), and mutacin 1140 (55),
the interaction of the lacticin peptides with their proposed
cellular target (lipid II) will next be examined. Such studies
should help shed further light on the mechanism of action
of lacticin 3147. It is likely that the A1 peptide is responsible
for interaction with lipid II in a manner similar to that of
mersacidin, and that the A2 peptide then recognizes the A1-

lipid II association complex, causing or enhancing pore
formation in the membrane of the target bacteria. No other
two-component lantibiotic has been fully characterized. The
structural characterization of lacticin 3147 presents a unique
opportunity to expand understanding of its potential pore-
forming abilities and antimicrobial effects.
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