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Mesentericin Y105 is a 37-residue bacteriocin produced by Leuconostoc mesenteroides Y105 that displays
antagonistic activity against gram-positive bacteria such as Enterococcus faecalis and Listeria monocytogenes. It
is closely related to leucocin A, an antimicrobial peptide containing �-sheet and �-helical structures. To an-
alyze structure-function relationships and the mode of action of this bacteriocin, we generated a collection of
mesentericin derivatives. Mutations were obtained mostly by PCR random mutagenesis, and the peptides were
produced by an original system of heterologous expression recently described (D. Morisset and J. Frère, Bio-
chimie 84:569–576, 2002). Ten derivatives were obtained displaying modifications at eight different positions in
the mesentericin Y105 sequence. Purified peptides were incorporated into lysophosphatidylcholine micelles
and analyzed by circular dichroism. The �-helical contents of these peptides were compared and related to
their respective bactericidal activities. Moreover, studies of the intrinsic fluorescence of tryptophan residues
naturally occurring at positions 18 and 37 revealed information about insertion of the peptides in micelles. A
model for the mode of action of mesentericin Y105 and related bacteriocins is proposed.

Bacteriocins are proteinaceous compounds produced by
many lactic acid bacteria. They generally display a narrow
spectrum of antibacterial activity against species closely related
to the producing strain. They have been classified on the basis
of their biochemical characteristics (29, 36). Class I peptides
are the lantibiotics, which are small posttranslationally modi-
fied peptides that contain unusual amino acid derivatives such
as lanthionine. The thermoresistant class II bacteriocins are
further subdivided into three classes, namely, IIa (anti-Listeria
peptides), IIb (two-component peptides), and IIc (sec-depen-
dent bacteriocins). Class III bacteriocins are thermosensitive
proteins. The fourth class, composed of complex molecules,
has been disputed (45) and is currently disregarded. Among
the class IIa bacteriocins, also known as pediocin-like bacte-
riocins, at least 24 anti-Listeria peptides were described previ-
ously (1, 3, 4, 9, 10, 16, 17, 20, 24, 26, 30–33, 39, 40, 46, 51, 53,
54, 56, 57, 60). These compounds share a YGNGVxCxxxxC
consensus and a conserved disulfide bond within the N-termi-
nal part of the peptide; they tend to differ mainly in their
C-terminal domains (15). It is commonly accepted that these
peptides exert bactericidal activity by forming pores in target
cell membranes (9). Class IIa bacteriocins are mostly secreted
from their producing cell by dedicated ATP-binding cassette
(ABC) transporters and their accessory proteins, with concom-
itant cleavage of their N-terminal leader sequence (25, 29).

However, some of these bacteriocins are exported by the gen-
eral secretory pathway (sec) with cleavage of their N-terminal
signal peptide (10, 32).

Mesentericin Y105 (MesY105) is a 37-amino-acid class IIa
bacteriocin produced by Leuconostoc mesenteroides Y105 (26).
Its sequence differs from that of leucocin A, isolated from
Leuconostoc gelidum, by only two residues (A22F and I26V)
(24), resulting in an enhanced bactericidal activity for MesY105
compared to that of leucocin A (21).

The three-dimensional structure, in an artificial membrane,
of MesY105 remains unknown. Nevertheless, a circular dichro-
ism (CD) study has shown that this bacteriocin is unstructured
in aqueous solution and becomes structured in the anisotropic
solvent trifluoroethanol (21). Moreover, structure predictions
for pediocin PA-1/AcH, another class IIa bacteriocin, showed
a �-sheet conformation in the N-terminal portion and an �-he-
lix conformation in the C terminus of the peptide (8, 59).
Finally, leucocin A (22), carnobacteriocin B2 (58), and sakacin
P (55) structures were analyzed using nuclear magnetic reso-
nance (NMR) spectroscopy with trifluoroethanol and phos-
pholipid micelles as membrane-mimicking environments. All
bacteriocins share a well-defined amphipathic �-helix (residues
19 to 39 for carnobacteriocin B2, residues 17 to 31 for leucocin
A, and residues 18 to 33 for sakacin P) followed by an unstruc-
tured C-terminal tail. This amphipathic helix could interact
with phospholipids and then disrupt the bacterial membrane
(15, 42). Surprisingly, the N terminus of carnobacteriocin B2
appears highly disordered (58) whereas the corresponding re-
gions in leucocin A and sakacin P form a well-defined antipa-
rallel �-sheet (22, 55) despite sharing a high level of sequence
similarity for the first 17 residues.

In attempts to elucidate the structure-function relationships
of class II bacteriocins, many studies analyzed either the bio-
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logical activity (5, 11, 18, 19, 21, 34, 41, 47) or the in vitro
binding to phospholipid vesicles (7) of bacteriocin derivatives.
It is generally observed that mutations are deleterious for
bactericidal activity, but in some cases, they reinforce the an-
tagonist potency (18, 34, 41). All these “enhancing” substitu-
tions involve an increase in the net positive charge, H12K,
T20K, and 44K in sakacin P (34). Binding of pediocin PA-1,
studied by tryptophan fluorescence (7), showed that the K11L-
H12L derivative bound weakly to the lipid vesicles. These
studies thus suggest that electrostatic interactions, in the N-
terminal half of bacteriocins, govern the initial peptide binding
to the target cell and influence the target cell specificity. It has
also been determined that target cell specificity is dependent
on both the C-terminal region (17) and the C-terminal disul-
fide bridge, which contributes to the widening of the antimicro-
bial spectrum as well as to higher potency at elevated temper-
atures (18).

Here, we present the results of tryptophan fluorescence and
CD analyses of MesY105 derivatives, obtained by randomized
mutagenesis or chemical synthesis, investigating the role of
specific amino acids in the binding to phospholipid vesicles, in
an attempt to determine the structure and mode of action of
bacteriocins.

MATERIALS AND METHODS

Strains, vectors, and growth conditions. Bacterial strains and plasmids used in
this study are listed in Table 1. Escherichia coli DH5� was grown in Luria-Bertani
broth (50) with vigorous shaking at 37°C. Lactic acid bacteria were grown in de
Man-Rogosa-Sharpe (MRS; Difco Laboratories) medium at 30°C. The Listeria
ivanovii Li4(pVS2) (2) indicator strain was propagated in brain heart infusion
(Difco Laboratories) at 37°C. Agar plates contained 1.5% (wt/vol) agar. Soft agar
was made with 1% (wt/vol) agar. Bacteriocin-producing strains were propagated
in MRS broth at 30°C. Antibiotics (Sigma-Aldrich) were added as selective
agents when appropriate: erythromycin (150 �g/ml) and ampicillin (50 �g/ml) for
E. coli and erythromycin (10 �g/ml) and chloramphenicol (10 �g/ml) for L.
mesenteroides and L. ivanovii.

Molecular techniques. Plasmid DNA was isolated from L. mesenteroides as
described by Hechard et al. (27). Restriction and modification enzymes from
various sources were used as recommended by the suppliers. Transformation of
L. mesenteroides by electroporation was done by the method of Raya et al. (48)
with a Gene Pulser apparatus (Bio-Rad; 0.2-cm cuvettes; settings, 25 �F, 2.5 kV,
and 200 �). Other DNA manipulations were carried out according to standard
procedures (50). PCR primers were purchased from Invitrogen Corporation.
Nucleotide sequences were obtained with the ABI Prism BigDye Terminator
Cycle Sequencing Ready Reaction kit (Perkin-Elmer) and analyzed with the ABI
Prism 310 genetic analyzer (Perkin-Elmer).

Mutagenesis procedure and plasmid construction. Base substitutions were
introduced as described by Miller et al. (41) with modifications as follows.
Mutagenesis reaction mixtures contained 50 U of Taq DNA polymerase (Pro-
mega) per ml; 2 ng of pFBYC04 (6) template per ml; 5 mM MgCl2; 1 mM
MnCl2; 1 mM (each) dATP, dCTP, and dTTP; 30 �M dGTP; and 0.6 �M (each)
primer. A 30-cycle protocol consisting of 90 s of strand denaturation at 96°C, 60 s
of primer annealing at 50°C, and 60 s of primer extension at 72°C was used, on
a Mastercycler personal system (Eppendorf), to amplify the mesYI codon encod-
ing pre-MesY105 and its immunity protein MesI, with tot13 (5�-CACATAACA
CTCATTATTCT-3�) and tot14 (5�-CGGAATTCATCATGTAGTTTCAT-3�)
primers. Amplified DNA fragments were introduced into the pGEM-T easy
vector (Promega) and sequenced. Then, the mutated mesYI operons were puri-
fied and transferred into the pMK4 vector (52), leading to pDMJF:YI plasmids.
These plasmids were individually transformed in L. mesenteroides DSM20484
(pDMJF01) (43), and transformants were plated on MRS agar containing chlor-
amphenicol and erythromycin.

Solid-phase synthesis of MesY105 tryptophan substitution derivatives.
[Phe18] MesY105, [Phe37] MesY105, and [1-36] MesY105, also named W18F,
W37F, and Mes36 peptides, respectively, were prepared by stepwise solid-phase
synthesis with 9-fluorenylmethoxy carbonyl polyamide active ester chemistry on
a 433A peptide synthesizer (Applied Biosystems) as described by Fleury et al. (21).

Bacteriocin activity assays. Antimicrobial activity in cultures was determined
and quantification of bacteriocins was performed using the well diffusion method
as described by Fleury et al. (21). Supernatants of overnight cultures obtained by
centrifugation at 12,000 � g for 10 min at 4°C were adjusted to pH 6.0 with 1 N
NaOH, heated for 30 min at 65°C, and stored at �20°C until used. Fifty-
microliter aliquots of supernatants containing MesY105 or its derivatives were
used to fill wells (6-mm diameter) cut in cooled soft agar plates seeded with
L. ivanovii Li4(pVS2) (2) (2% [vol/vol] of overnight cultures). After 2 h at 4°C,
plates were incubated at 37°C for growth, and 24 h later, the diameters of the
growth inhibition zones were measured. For quantification of bacteriocin activ-
ity, 50 �l of serial dilutions in MRS broth was added to each well. The MIC was
defined as the concentration of bacteriocin showing a 1-mm zone of inhibition
around the well. The bacteriocin activity values presented are the results of at
least three independent measurements.

Bacteriocin purification. Wild-type and mutant bacteriocins were purified by
applying the bacterial culture directly on a cation exchanger followed by reverse-
phase chromatography according to the three-step method of Guyonnet et al.
(23). The purity level of peptides was more than 95%, according to the high-
pressure liquid chromatography elution profile of the purified extracts (data not
shown). Molecular masses of the peptides were determined by mass spectrom-
etry with a Perkin-Elmer Sciex API 165 mass spectrometer equipped with an ion
spray source.

The concentration of purified bacteriocins was determined by measuring UV
absorption at 280 nm, which was converted to protein concentration with mo-
lecular extinction coefficients, calculated from the contributions of individual
amino acid residues.

Computer analysis. Multiple alignments of class IIa bacteriocins were made
using the Needleman-Wunsch algorithm (44) and the Blosum62 substitution
matrix from the PileUp software (University of Wisconsin Genetics Computer
Group package) (13). The mean hydrophobic moment of the putative helix from
native MesY105 and derivatives was calculated using the normalized amino acid

TABLE 1. Strains and plasmids

Strain or plasmid Characteristics Source or reference

Escherichia coli DH5� F� 	80dlacZ
M15 
(lacZYA-argF)U169 endA1 recA1 hsdR17 (rK
�mK

�) deoR thi-1
supE44 �� gyrA96 relA1

Invitrogen

Leuconostoc mesenteroides subsp.
mesenteroides Y105

Wild strain 26

Leuconostoc mesenteroides subsp.
dextranicum DSM20484

Wild strain DSMa

Listeria ivanovii Li4(pVS2) Indicator strain 2
pGEM-T easy Cloning vector; bla Promega
pMK4 Shuttle vector E. coli–gram-positive bacteria; bla cat 52
pFBYC04 mesYI mesCDE erm 6
pDMJF01 mesI mesCDE erm 43
pGEM-T easy:YI pGEM-T easy derivative; mesYI This work
pDMJF:YI pMK4 derivative; mesYI 43

a DSM, Deutsche Sammlung von Mikroorganismen und Zellkulturen.
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hydrophobicity scale and the calculation method of Eisenberg et al. (14). Am-
phipathy profiles and helical wheel representations were drawn using the hydro-
phobicity scale of Kyte and Doolittle (37). Personal computer tools were de-
signed for the graphic representation of both the hydrophobic moment and
amphipathy. The assigning of secondary structure of the leucocin A structures
was made with the Promotif tool of the Protein Data Bank server (http://
www.rcsb.org/pdb/). A MesY105 model was obtained by the fully automated
protein structure homology-modeling SWISS-MODEL server, accessible via the
ExPASy web server (http://swissmodel.expasy.org/).

CD analysis. Purified bacteriocins were added to an acetonitrile-water solution
(50%, vol/vol) or a dodecyl-lysophosphatidylcholine (LPC) preparation (molar
weight [MW], 495.6; concentration varying from 250 to 300 mM) buffered at pH
5.5 with 2-(N-morpholino)ethanesulfonic acid (MES buffer; Sigma) (10 mM). All
the lipid concentrations used were far above the critical micellar concentration of
7 �M (corresponding to a lipid/peptide molar ratio [Ri] around 1). The peptide
concentration was fixed at 25 mg/ml (approximately 6.5 �M). Spectra were
recorded between 190 and 250 nm, at 25°C, with an ISA Jobin Yvon CD6 CD
spectrophotometer (Jobin Yvon) calibrated with epiandrosterone. Data were
collected using a quartz cell with 1- and 3-mm path lengths for aqueous and LPC
solutions, respectively. All the spectra were recorded at least fivefold with a
bandwidth of 1 nm, a scan speed of 1 nm/s, and a time constant of 1s. In all cases,
baseline scans of acetonitrile-water solution were subtracted from the experi-
mental readings. Results are recorded in units of absorbance of variability be-
tween right circular and left circular polarized light (
A). Then, spectra were
converted in molar absorbance units per residue [
ε/n (square centimeters per
mole)] with the following equation: 
ε � 
A · MW/C · n · l, where MW is the
MW of the peptide (grams per mole), n is the residue number in the peptide, C is
the peptide concentration (grams per liter), and l is the path length.

Estimation of protein helical content for each bacteriocin was done using the
following formula: H� � 100 · (
222nm � 3,000)/�39,000 (
 � 3,298 
ε), where
H� is the �-helical content and 
 is the molar ellipticity per residue (degrees ·
square centimeter · decimole�1).

Measurements of binding of MesY105 and derivatives. The binding to lipids of
MesY105 and its derivatives was tested by monitoring changes in the fluores-
cence of tryptophan residues, when the peptides were exposed to LPC micelles.
Tryptophan fluorescence was measured with a spectrofluorometer (Fluoromax;
Spex Industries). Emission spectra from 300 to 400 nm, with an increment of
1 nm, were recorded upon excitation at 295 nm. LPC from a stock solution (5 g/
liter, i.e., 10 mM) was added in a stepwise manner to a 6.5 �M MesY105 solution
in 50% (vol/vol) acetonitrile-water, until a lipid/peptide molar ratio (Ri) of 40
was reached. The peptide-lipid mixture was continuously stirred in cuvettes, and
the fluorescence emission spectra were recorded after each lipid addition. For
each lipid concentration, equilibrium was rapidly reached since emission spectra
were the same after 1 and 3 min of incubation. The baseline of fluorescence
measured for the acetonitrile-water solution in the absence of peptide was
subtracted from each fluorescence spectrum.

The tryptophan emission spectrum was analyzed to determine the maximum
emission wavelength (�max) and the fluorescence intensity (F). The intensity
value was obtained by integrating the emission curve and was corrected for
dilution effects. Fluorescence titration curves relate blueshift (
�max � �max0 �
�max, in nanometers), or relative intensity variation (F � F0/F0), to the lipid/
peptide concentration ratio (Ri) (the subscript zero denotes the value obtained
without lipid).

RESULTS

Production and purification of MesY105 derivatives. Our
heterologous expression system was used to produce and se-
crete MesY105 derivatives (43) (Fig. 1). Mutations were intro-
duced into the operon mesYI encoding MesY105 and MesI by
a PCR random mutagenesis procedure derived from the work
of Miller et al. (41). The conditions used generate about one
substitution per 100 bp of DNA. The DNA region of the mesYI
operon was sequenced from 47 independent pGEM-T easy
recombinant plasmids. Only 12 displayed a single codon re-
placement in the mesY gene. These 12 modified mesYI operons
were introduced independently into pMK4 (52), an E. coli-
lactic acid bacterium shuttle vector, leading to the pDMJF:YI
plasmids, and then transferred into L. mesenteroides DSM20484

(pDMJF01) (43). The pDMJF01 plasmid expresses the MesY105
dedicated transport system, allowing the secretion of the bac-
teriocin if the mesY gene is expressed from a second plasmid
(43). The L. mesenteroides DSM20484 transformants harboring
the two plasmids, pDMJF01 and pDMJF:YI, were grown at
30°C, and bacteriocins were purified from the culture super-
natant as described previously (23).

Bacteriocin gene modifications involving a cysteine codon
(Y3C, C14Y/S, R28C, and W37C) lead to an absence of pep-
tide production. We assume that these substitutions could be
responsible for an incorrect maturation activity or an altered
secretion. In contrast, the seven other variants were produced
and the resulting high-pressure liquid chromatography reten-
tion times varied from 22 to 25 min, depending on the substi-
tution. The mass spectrometry analyses of these bacteriocin
variants showed that all of them had an observed mass 2 Da
lower than that of the corresponding theoretical reduced mol-
ecule, suggesting that all cysteine residues were in the disulfide
form as in MesY105 (data not shown).

Computer analysis. The amino acid sequences of the 24
class IIa characterized bacteriocins are shown in Fig. 2, high-
lighting their relatively well conserved residues. This figure
shows a grouping of the bacteriocins, in three main groups, on
the basis of the dendrogram produced by the PileUp software.
Pediocin PA-1 is representative of the first group composed of
43- and 44-amino-acid bacteriocins (except bifidocin B) with
the characteristic residues Asp17, Ile25, Asn27-Asn28, and
Thr35. The second group, corresponding to mesentericin-like
bacteriocins, is composed of shorter peptides (36 to 37 amino
acids) with Asn17, Gly25, Arg28 or His28, Ala30, Gly33, and
Gly35 as characteristic residues. The third group is formed by
peptides with elongated N termini. The residues Tyr8, Lys13,
Ile25, and Gly32 are typical of this group. Two bacteriocins,
carnobacteriocin B2 and lactococcin MMFII, appeared atypi-
cal and could not be classified in any group.

This subgrouping is in agreement with previously published
works (15, 17, 19, 42), which were also based on sequence
similarities in the C-terminal portion of the peptide. Neverthe-
less, in the work of Fimland et al. (19) (i) lactococcin MMFII
and carnobacteriocin B2 are not atypical peptides and (ii) the
first group includes enterocin A and divercin V41. So, all three
groups proposed herein are better defined, and the few typical

FIG. 1. Overview of MesY105 mutants characterized in the present
work. The W18F, W37F, and Mes36 peptides were obtained by solid-
phase chemical synthesis. The other peptides were obtained by PCR
mutagenesis and then expressed and secreted by L. mesenteroides
DSM20484.
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positions (Fig. 2) are sufficient to classify a new class IIa bac-
teriocin in one of these groups.

The five group 2 bacteriocins can be sorted into two sub-
groups based on the number of disulfide bridges (one or two).
MesY105 and leucocin A have one disulfide bridge and have
highly similar sequences, as they differ by only two residues.
The MesY105 variants G13E, S15F, W18F, and A21V affect
conserved residues within group 2, while the derivatives H8Y/L,
A24P, and W37F concern specific positions of the group 2 bac-
teriocins with one disulfide bridge. In the peptide R28H, the
mutation involves one of the residues that characterize the
group 2 peptides.

Solution structures of leucocin A (22), analyzed by NMR
spectroscopy in membrane-mimicking environments, indicated
that the region encompassing residues 2 to 31 adopts a well-
defined tertiary structure, including a three-stranded antipar-
allel �-sheet (residues 2 to 16) followed by an amphiphilic helix
(residues 17 to 31). Analysis of the leucocin A Protein Data
Bank structure files 1cw6, 3leu, and 2leu by Promotif shows a
residue 19 to 29 helix for the two former sequences and a
residue 18 to 29 helix for the latter. Due to the slight discrep-
ancies in secondary structure allocations, we used an �-helical
segment spanning residues 18 to 30. The same helix segment
was attributed to the putative MesY105 structure because (i)
there was high sequence similarity between MesY105 and leu-
cocin A (94% identity), (ii) predictions of MesY105 secondary
structure suggested that the peptide could be configured as an
amphipathic helix spanning residues 17 to 31 (37), and (iii)
automatic molecular modeling with the use of 2leu and 1cw6 as
templates provided a satisfactory MesY105 model preserving

the �-helical structure (C-alpha root mean square values: 2leu-
1cw6 � 3.60 Å, MesY105-1cw6 � 3.52 Å, and MesY105-2leu �
0.41 Å).

Hydropathy profiles of MesY105 and its derivatives calcu-
lated according to the method of Kyte and Doolitle (37) are
presented in Fig. 3A. Both the N terminus and the C-terminal
tails appear to be hydrophilic, and the H8L, W18F, S15F, and
W37F substitutions seem to make the peptides more hydro-
phobic. In contrast, the helical segment of the peptide is more
hydrophobic. The helical wheel projection (Fig. 3B) clearly
shows the amphipathic character of the �-helix segment, with
one nonpolar half-surface and one polar half-surface. For the
variants of the helix segment, no dramatic changes in the hy-
drophobic moment (Fig. 3C) were observed, except for the
R28H peptide, which showed a 20° change in orientation in the
lipid-water interface plan (angle value); also, a significant de-
crease in its amphipathic character was revealed by the hydro-
phobic moment value (4.46 compared to 5.64 for the native
bacteriocin).

CD analysis in aqueous buffer and LPC micelles. In ace-
tonitrile-MES-buffered water solutions, the CD spectra of
MesY105 and its derivatives displayed an important negative
value of molar absorbance at 200 nm that is characteristic of a
highly unordered structure. Upon addition of dodecyl-LPC
micelles and except for R28H, most of these spectra presented
characteristics of a helicoid structure with negative maxima
between 208 and 222 nm and positive maxima between 195 and
197 nm (Fig. 4).

The CD spectra were also analyzed to estimate the quanti-
tative distribution of secondary structure in aqueous and mi-

FIG. 2. Multiple sequence alignment of known class IIa bacteriocins. Residues conserved �90% are underlined. Residues conserved �65% are
highlighted. Characteristic residues of each group are underlined with an asterisk. Only a partial sequence is shown for plantaricin 19C, indicated
by a superscript “a.”
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cellar solutions (Table 2). Analysis shows that, in aqueous
solution, a large part of the peptides was unstructured (45 to
77%), depending on their sequence. Generally, upon binding
to micelles, the percentage of unordered structure decreased,
except for G13E, A24P, and above all R28H, whereas the
helical structure increased, except for R28H. In LPC micelles,
the helix content of the R28H, Mes36, and A24P derivatives
greatly differed, since it was only 9, 14, and 15%, respectively,
compared to 24% for MesY105.

Analysis of the antagonistic activity of the MesY105 deriv-
ative peptides. The antimicrobial activity of the purified bac-
teriocins was determined against the indicator strain L. ivanovii
Li4(pVS2) (2). Each derivative exhibits lower antagonistic ac-
tivity than that of MesY105 (Table 2). Three groups of mutants
can be distinguished according to their MICs. The first one is
composed of peptides A24P, R28H, and Mes36, whose MICs
are dramatically high (from 9.7 to 27 �M) compared to that of
MesY105 (1.6 nM). The second group (W18F, H8Y, W37F,

A21V, H8L, and G13E) consists of peptides with low activity
(MICs from 20 to 130 nM). Only S15F has a moderately
reduced activity (Table 2).

MesY105 and Mes36 MICs (1.6 nM and 27 �M, respec-
tively) are quite different from the previously published values
(34 nM and 6 �M, respectively) (21). Such differences could be
related to the use of two different indicator strains for the MIC
determination, i.e., L. ivanovii BUG496 in the previous study
(21) and L. ivanovii Li4(pVS2) in this work.

Binding of MesY105 and derivatives to lipid micelles. Bind-
ing of MesY105 derivatives was monitored by determining the
changes in the tryptophan fluorescence parameters, F and
�max, when LPC was added to a peptide solution in order to
form micelles.

When LPC was omitted, the emission spectrum of MesY105
(25 mg/ml, MES buffer, pH 5.5) displays a maximum emission
wavelength of 356 nm. The two peptides, W37F and Mes36,
devoid of tryptophan at position 37, present a maximum emis-

FIG. 3. Hydrophobicity analysis of MesY105 and derivative peptides. (A) Hydropathy profiles drawn, with use of the Kyte and Doolittle table,
with a seven-residue mobile window. Negative and positive values are for hydrophilic and hydrophobic regions, respectively. The MesY105 profile
is shown as a continuous line without any symbol (the helix segment is extra thick). Only changes in the hydropathy profile of mutated peptides
are shown. (B) Helical wheel representation of the putative MesY105 helix. The curve shows the hydropathy for a three-residue window moving
on the wheel surface and with use of the Kyte and Doolittle scale. The inner circle is for the hydropathy zero. Full squares indicate the hydrophobic
helix surface. (C) Hydrophobic moment value and angle for an ideal MesY105 W18-A30 �-helix. Calculations, with use of the hydrophobicity scale
of Eisenberg et al. (14), were made for MesY105 and the variants mutated in the W18-A30 segment. The y axis shows the moment value and is
used as the reference for the moment angle (origin � helix center; direction � first residue in the helix, i.e., W18).
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sion wavelength of 355 nm (data not shown). Interestingly,
W18F, which lacks the tryptophan at position 18, displayed a
maximum emission wavelength of 361 nm (data not shown).
These results show that, in the W18F variant, tryptophan 37
was probably fully exposed to water as revealed by the impor-
tant shift in �max while, in the Mes36 and W37F peptides, Trp18
was less exposed to water. Moreover, in MesY105, it seems
that both tryptophan residues were in an aqueous environment
but not fully exposed to water. One hypothesis would be that,
in the native bacteriocin, both tryptophans were partially shield-
ed from the solvent.

Upon addition of the lipid micelles, the emission intensity of
MesY105 slightly increased and the �max shifted to a lower wave-
length (blueshift) (Table 2). This decrease in emission wave-
length and increase in emission intensity are characteristic of
the translocation of tryptophan(s) from a hydrophilic and polar
to a hydrophobic and nonpolar solvent (38). This result means
that MesY105 bound to the lipid micelles and that the trypto-
phan residue(s) integrated into the hydrophobic phase of the
lipid bilayer. The W18F peptide behaved similarly to MesY105
upon the addition of lipids (Table 2), with a lower fluorescence
intensity because only one tryptophan residue was present
(data not shown). In contrast, Mes36 had a slightly weaker
blueshift (compared to MesY105) and a very weak increase in
fluorescence intensity. The W37F peptide shows a significant
blueshift (14 nm) but a moderate increase in emission inten-
sity. These results suggest that both tryptophans have different
locations in the membrane.

The binding of the other MesY105 derivatives to LPC mi-
celles was also monitored (Table 2). The R28H, A24P, and
G13E peptides seemed to bind weakly to the micelles com-
pared to MesY105, as they displayed a very slight blueshift in
tryptophan fluorescence. The H8Y, H8L, and S15F peptides
bound to the micelles in a way similar to that of MesY105, and
in contrast, A21V penetrated deeper in the micelles (
�max �
13 instead of 9 nm for MesY105).

DISCUSSION

Ten MesY105 derivatives were produced, purified, and then
characterized for their bactericidal activity, secondary struc-
ture, and membrane binding to phospholipid micelles. The
substitutions occurred along the bacteriocin amino acid se-
quence and included partially or well-conserved (Gly13, Trp18,
Ala21, and Trp37) as well as nonconserved (His8, Ser15,
Ala24, and Arg28) amino acids among class IIa bacteriocins
(Fig. 2).

In an aqueous environment, MesY105 and its derivative
peptides were mainly in an unordered structure (more than
45%), as shown previously for class IIa bacteriocins (21, 22, 58,
59). In contrast, in LPC micelles, folding of MesY105 was
clearly observed by CD (Table 2); this phenomenon was pre-
viously detected by NMR studies of leucocin A in dodecylphos-
phocholine micelles (22).

All the derivatives displayed a weaker bactericidal activity
than that of MesY105, and most of them harbored modifica-
tions in their helix content wherever the mutations were local-
ized. Two weakly defined linear relationships are observed
between the helix content and either the activity expressed by
log(1/MIC) (Fig. 5A) or the fluorescence emission shift (Fig.
5B). The former suggests that the length of the �-helix would
be one of the main factors leading to biological activity, while
the latter would be correlated with the interactions of the lipid
micelles with Trp18 localized in the putative helix segment
since Trp18 (W37F shift, 14 nm) would be more deeply buried
in the hydrophobic environment of the lipid chains than would
Trp37 (W18F shift, 9 nm) (Table 2).

The A24P substitution led to one of the most altered activ-
ities (Table 2). Since proline is well known as a helix breaker,
a deep change in helix content was expected and evidenced by
the CD data (Table 2). This structural change leading to a very
weak binding to the micelles (Table 2) would be sufficient to
explain the biological response of the A24P derivative.

Despite the fact that serine 15 is quite conserved in bacte-

FIG. 4. CD spectra of MesY105 and its derivatives in the presence
of LPC micelles. 
ε/n is the variation of molar absorbance per residue.

TABLE 2. Ellipticity, tryptophan fluorescence emission shift,
and activities of MesY105 and its derivativesa

Peptide

% by CDb

Fluorescence
emission shift
(
�max

c [nm])

Biological
activity

(MICd [nM])

Aqueous
buffer

C13-LPC micelles
(Ri � 40)

Unstructured H� Unstructured H�

MesY105 68 7 26 24 9 1.6
H8Y 50 10 59 17 11 31
H8L 64 9 31 22 10 83
G13E 45 13 46 19 6 130
S15F 58 8 37 23 10 4.1
W18F 76 5 27 24 9 21
A21V 61 6 37 24 13 73
A24P 58 9 60 15 4 9,700
R28H 66 8 73 9 1 20,000
W37F 77 4 37 21 14 47
Mes36 76 6 52 14 6 27,000

a Standard deviations are less than 5%.
b Percentage of amino acid residues in unstructured or �-helix state.
c Change in the maximum fluorescence emission wavelength observed upon

addition of LPC micelles.
d MIC data were obtained with at least three independent activity assays

against L. ivanovii Li4(pVS2) (2).
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riocin groups 1 and 2 (10 peptides among 15) (Fig. 2), the S15F
mutation resulted in the least pronounced effect on the bio-
logical activity (Table 2). Such a limited effect from replacing
a polar residue with a hydrophobic and aromatic residue was
unexpected, but in most of the sequences of group 3 bacterio-
cins, tryptophan, another aromatic amino acid, is present at the
same position (Fig. 2).

Among the substitutions localized in the N-terminal moiety,
G13E exhibits the most deleterious effect on the activity. Its
helix content would be sufficient to account for both its low
biological activity and the emission shift in fluorescence. The
G13E substitution introduces a negative charge in the positive
segment of the N-terminal half of the bacteriocins that is pro-
posed to be involved in the primary binding of the peptide to
the membrane (8, 34).

The mutations H8L and H8Y, which completely eliminate
the positive charge at position 8, were less deleterious than the
G13E mutation, which introduces a negative charge. As pre-
viously suggested (34), it appears that a positive charge at
position 8 is not required for optimal biological activity. This is
consistent with the fact that only 5 of the 24 bacteriocins (Fig.
2) display a positive charge at position 8. However, all peptides
possess an N-terminal eighth amino acid with polar properties.
The activity of H8Y, which is double that of H8L, demon-
strates the requirement of a polar residue at this position.

Four mutations are localized in the amphipathic helix, which
is considered a major element in target selectivity and antag-
onistic activity. Indeed, this helix is supposed to penetrate the
membrane and promote leakage of the cytosolic material, ei-
ther by forming channels through the membrane or by locally
disrupting the bilayer (15, 17, 19, 42).

Substitution R28H-induced dramatic changes in LPC mi-
celle interaction as well as in peptide folding (Table 2) could
probably account for the pronounced reduction in the biolog-
ical activity. However, the effects of this conservative mutation
were rather surprising, since similar conservative mutations
(i.e., H8K and H12K) slightly affected the sakacin P activity

(34). Moreover, a modification of Arg28 was expected to have
an impact on activity. At this position, Arg or His residues are
present only in group 2 bacteriocins; furthermore, Arg is
present solely in peptides with one disulfide bridge while His is
observed in those with two bridges. The R28H mutation in-
duced a decrease in the helix hydrophobic moment value, a
probable 20° rotation of the helix in the membrane plane (Fig.
3C), and, above all, the loss of the long hydrophobic arginine
side chain. Indeed, Arg is known as a membrane-anchoring
and positioning residue in several transmembrane �-helical
peptides (12, 35, 49). In MesY105, Arg28 could exhibit a sim-
ilar behavior referred to as “snorkeling,” which involves both
electrostatic and hydrophobic interactions between arginine
and phospholipids.

Both the A21V and W18F peptides, mutated at highly con-
served positions, were among the most strongly active deriva-
tives. These derivatives fully conserved their helical structure
and their ability to bind to lipid micelles (Table 2). This result
was expected for the first derivative because the A21V muta-
tion is conservative, whereas the W18F derivative lost the hy-
droxyl group, but this substitution maintained the local bulk
and the aromatic property. In these peptides, the hydropho-
bicity of the N-terminal half of the helix is increased, so that
the two helix moieties have similar hydrophobicities (Fig. 3).
Thus, the A21V and W18F helices would be oriented parallel
to the membrane plane and the Trp18 or Phe18 residue would
sink deeper into the lipidic phase, respectively, as suggested for
the A21V peptide by the increase in the fluorescence shift
(Table 2). Such an orientation would be less favorable for the
subsequent formation of transmembrane channels, suggesting
that the helix extent is not sufficient per se to explain the
antagonist activity. Moreover, the comparison of the MesY105,
W18F, and A21V peptides indicates that an increased N-ter-
minal helix hydrophobicity results in a reduction in biological
activity, as long as aromaticity is preserved. This is in accor-
dance with the suggestion that at position 18 (and also 41) in

FIG. 5. Relation between the helix content and the biological activity (A) or the fluorescence emission shift (B). The antilisterial activity is
expressed as the inverse of the MIC.
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sakacin P, aromaticity is more important for bactericidal activ-
ity than is hydrophobicity (19).

A tryptophan is conserved at position 41 or 37 of the group
1 or group 2 peptides, respectively, among the bacteriocins
with one disulfide bridge. In MesY105, the W37F substitution
resulted in a greater reduction in bactericidal activity in com-
parison to that for W18F (Table 2) as observed with the W37F
and W18F sakacin P derivatives (19). The W37F peptide was
not significantly affected in its helical structure, in contrast to
Mes36, which had a very weak �-helical content and also ex-
hibited a dramatic fall in antagonistic activity (Table 2). This
confirmed that Trp37 would be not essential for helix promo-
tion but would play a critical role in helix stabilization in the
membrane.

Fimland and coworkers (19) proposed a hairpin structural
model for all the group 1 bacteriocins. This model was con-
firmed by NMR studies on sakacin P (55) and was also sug-
gested for group 2 bacteriocins (19). The results presented
herein are in general agreement with such a hairpin-like struc-
ture stabilized by Trp18 and either a C-terminal disulfide
bridge or a C-terminal Trp. This suggests that some modifica-
tions are required to adapt this model to group 2 bacteriocins.
like MesY105. The oblique orientation of the helix at the
hydrophobic-hydrophilic membrane interface at an angle of 30
to 50° (19) would allow positioning of both Trp18 and Trp37 in
this interface. Trp18 is more deeply buried than Trp37 in the
apolar phase of the membrane as suggested by its predicted
position in the hydrophobic face of the helix and according to
its observed higher fluorescence shift. The location of the C-
terminal Trp37 could be stabilized by hydrophobic interactions
between Phe36 and the membrane core. Moreover, positioning
the C-terminal end of the helix would involve the Arg28 resi-
due by a snorkeling process.

In conclusion, the present work shows that all the studied
residues in MesY105 are important for bacteriocin activity but
that their contribution varies in terms of magnitude. Trp37 and
Arg28 are the most important, presumably because they con-
tribute to stabilizing the helical portion in a position crucial for
antimicrobial activity. All of the mutations localized in the
N-terminal half of the peptide decrease the helix content to
various extents. Further structural and biological studies are
required to understand the antibacterial activity of MesY105,
and other class IIa peptides, since the mode of action on target
bacterial cells may require an initial specific interaction of the
bacteriocin with a proteinaceous docking molecule (28).
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