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Polyclonal antibodies have been generated by immunization of rabbits with a chemically synthesized C-
terminal part of divercin V41 (DvnCt) conjugated to the carrier protein keyhole limpet hemocyanin (KLH).
The sensitivity and reactivity of the DvnCt-KLH-generated antibodies were evaluated by enzyme-linked im-
munosorbent assay (ELISA) using supernatant from cultures of 13 representative lactic acid bacterium
strains, and specificity was confirmed by Western blot analysis. Anti-DvnCt-KLH antibodies were able to
recognize not only divercin V41 but also enterocin P and piscicocin V1b, two other members of the class Ila
bacteriocins. Production and activity of DvnV41 were evaluated by ELISA and activity tests during the growth
of Carnobacterium divergens V41 in MRS medium containing or not containing Tween 80. Divercin V41,
enterocin P, and piscicocin V1b were therefore purified by a single-step immunoaffinity chromatography
method using a Sepharose matrix CNBr-activated directed binding of anti-DvnCt-KLH polyclonal antibodies.

Many lactic acid bacteria (LAB) are known to secrete small,
ribosomally synthesized antimicrobial peptides referred to as
bacteriocins (20-22, 29, 32). Bacteriocins are of major interest
to the food industry, as they can be used against pathogen and
spoilage flora such as Brochothrix spp., Clostridium spp., Bacil-
lus spp., and Staphylococcus spp. (11, 12, 20), and especially
against food-borne Listeria monocytogenes, which is responsi-
ble for serious listeriosis outbreaks (15, 31). Four classes of
bacteriocins have been defined on the basis of common char-
acteristics, mainly structural ones (22). Various reports indi-
cated that all class Ila bacteriocins have high-efficiency anti-
Listeria activity. Among these classes, the class Ila bacteriocins
contain the amino acid sequence YGNGV within their N-
terminal regions (13, 22, 34) and are heat-stable small peptides
(37 to 48 amino acids). Class Ila bacteriocins are promising
candidates for industrial applications due to their high biolog-
ical activity and their physicochemical properties (11, 14).

Increasing applications of class IIa bacteriocins as food pre-
servatives could be facilitated by development and use of poly-
clonal antibodies generated against these antimicrobial pep-
tides in sensitive and specific detection methods, such as
immunoblotting and enzyme-linked immunosorbent assay
(ELISA) (28).

Antibodies offer potential alternative methods of bacteriocin
purification based on immunoaffinity strategies (37). Several
reports describing generation of antibodies against class Ila
bacteriocins were focused on pediocin (6, 7, 25, 26, 27, 28),
while only one report dealt with enterocin A (27). Antibodies
generated by immunization using the whole class Ila bacteri-
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ocin molecule either alone or conjugated to carriers (5, 7) have
been scarcer than antibodies generated by using a chemically
synthesized fragment derived from the C- or N-terminal region
of the bacteriocin (25, 26, 27, 28). Our investigations are fo-
cused on divercin V41 as a model class IIa bacteriocin. It has
been reported that divercin V41 is produced by Carnobacte-
rium divergens V41 (33) and that the mature divercin V41 is a
43-amino-acid peptide with a molecular mass of 4,509 Da con-
taining two disulfide bonds (30). The cleavage of divercin V41
by endoproteinase Asp-N releases an inactive hydrophilic N-
terminal fragment and a hydrophobic C-terminal fragment ac-
tive against Listeria monocytogenes (4). Recently, we demon-
strated the role of divercin V41 in inhibition of Listeria
monocytogenes in smoked salmon (35).

This paper describes the generation of polyclonal antibodies
against a chemically synthesized C-terminal fragment of diver-
cin V41. Once these antibodies were characterized, they were
used to determine the production of divercin V41 during LAB
growth in MRS medium containing or not containing Tween
80. In this work, we describe the first immunologically based
method for the purification of class IIa bacteriocins. The tech-
nical approach developed here has been successfully used to
purify divercin V41, enterocin P, and piscicocin V1b.

MATERIALS AND METHODS

Microorganisms, media, and bacteriocin assays. The LAB strains used in this
work are listed in Table 1. Except for Listeria, the microorganisms were propa-
gated in MRS (De Man, Rogosa, Sharpe) medium (Biokar, Beauvais, France).
For experimental needs, the MRST™ medium (MRS without Tween 80) was
prepared by assembling the individual components. Listeria was grown in Elliker
broth (Biokar) for the agar diffusion test (ADT) or in brain heart infusion (BHI)
broth (Biokar) for the microtiter plate assay (MPA). For specificity studies,
microorganisms were propagated in MRST ™ at 30°C for 25 h. To carry out ADT
and MPA, each culture was centrifuged at 10,000 X g at 4°C for 10 min and the
resulting supernatant was heated at 100°C for 10 min and stored at —20°C until
use. For immunoaffinity purification, C. divergens V41 and Enterococcus faecium
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TABLE 1. Bacterial strains used in this study

: L Reference(s
Strain Description or sourcé )
C. divergens
NCDO 2763 Reference strain, not a bacteriocin 19
producer
\Z3! Divercin V41 producer 33
V41C9 C. divergens V41 mutant; divV41™ 35
C. piscicola V1 Piscicocin V1a and V1b producer 3,33
L. lactis 111403 Plasmid free, not a bacteriocin 39
producer
L. lactis subsp. lactis Nisin Z producer 1
ATCC 11454
P. acidilactici B5627 Pediocin PA-1 producer 2
E. faecium
CTC492/T136 Enterocin A and B producer 10
P13 Enterocin P producer 11
Lactobacillus Curvacin A producer 38
curvatus
LTH11747
Lactobacillus sakei
MI401 Bavaricin A producer 23
706 Sakacin A producer 17
Leuconostoc Mesentericin Y105 producer 16
mesenteroides
Y105
Listeria innocua F Indicator organism DSV«

“ DSV, Direction des Services Vétérinaires, Nantes, France.

P13 were grown in MRST ™ at 30°C for 25 h and Carnobacterium piscicola V1 was
grown at 22°C for 48 h. The cultures were centrifuged at 10,000 X g at 4°C for
10 min, and the resulting supernatant was stored at 4°C.

The ADT was performed as described by Pilet et al. (33). Briefly, 10-pl
aliquots of twofold serial dilutions of supernatants were spotted on soft Elliker
agar plates previously seeded with the indicator organism Listeria innocua F at
107 CFU/ml. The plates were incubated at 30°C for 16 h, allowing the growth of
Listeria innocua F, and inhibition zones were detected by inspection. The titer (in
arbitrary units per milliliter) was defined as the reciprocal of the lowest dilution
that did not show inhibition.

The MPA was performed as described by Holo et al. (18). In this procedure,
50 pl of a twofold serial dilution (in BHI medium) of cell-free supernatant
sample was added to 200 pl of a diluted (1:400 in BHI medium) fresh overnight
culture of Listeria innocua F in the wells of a microtiter plate; growth inhibition
was measured spectrophotometrically at 600 nm with a microtiter plate reader
(Bio-Teck, Winooski, Vt.) after incubation at 30°C for 10 h. One bacteriocin unit
(BU) was defined as the reciprocal of the dilution causing 50% growth inhibition
(50% of the turbidity of the control culture without bacteriocin).

Preparation of immunoconjugates and immunization. The amino acid se-
quence of the C-terminal fragment of divercin V41 (DvnCt) used for the gen-
eration of antibodies was NH,-DWGQASGCIGQTVVGGWLGGAIPGKC-C
OOH. Peptide DvnCt (residues 18 to 43 of divercin V41, 2,517.85 Da) was
chemically synthesized and cyclized by formation of disulfide bond C8-C26.
Cyclization was realized by slow oxidation of cysteine residues in Tris-dimethyl
sulfoxide buffer. The purity of the peptide was monitored by reverse phase
high-pressure liquid chromatography and was found to be higher than 95%;
peptide identity was confirmed by mass spectrometry. Peptide dvnCt was then
conjugated to keyhole limpet hemocyanin (KLH) by the glutaraldehyde method.

Two rabbits (New Zealand White) were immunized with DvnCt-KLH by the
following scheme: (i) 500 g of DvnCt-KLH in complete Freund’s adjuvant (1:1)
by intradermic injection on day 1, (ii) 500 pg in incomplete Freund’s adjuvant
(1:1) by subcutaneous injection at multiples sites on days 7 and 21, and (iii) 250
wg in incomplete Freund’s adjuvant by subcutaneous injection on day 42. Rabbits
were bled on days 35, 49, and 63. The conjugation, immunization, and bleeding
processes were realized at Qbiogen Company.

ELISA. Microtiter plates (Maxisorp; Nunc) were coated overnight at 37°C with
100 pl of culture supernatant diluted in 100 mM phosphate-buffered saline (PBS;
pH 7.4). After this and each subsequent step, the coated microtiter wells were
washed three times with PBS containing 0.05% (wt/vol) Tween 20 (PBS/T).
Unoccupied sites in the wells were blocked by adding 250 .l of PBS/T containing
2% (wt/vol) freeze-dried low-fat milk (PBS/T/M) to each well and incubating at
37°C for 1 h. Each well was then filled with 100 pl of serum diluted 1:2,000 in
PBS/T/M and incubated at 37°C for 90 min. Alkaline phosphate-conjugated goat
anti-rabbit immunoglobulin G (IgG; A-8025; Sigma, St. Louis, Mo.) was diluted
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1:3,000 in PBS/T/M; 100 pl was added to each well, and the plates were incu-
bated at 37°C for 1 h. Bound antibodies were detected with 150 pl of p-nitro-
phenyl phosphate (N-2765; Sigma) per well at 1 mg/ml in 1 M Tris-HCI (pH 9.8).
After incubation at 37°C for 30 min, the absorbance (405 nm) of each well was
read with an automated ELISA reader. Samples were analyzed in duplicate, and
each test was repeated twice.

For reactivity studies, plates were coated with culture supernatant dissolved in
PBS at 2 mg of protein/ml as measured with the BCA protein assay reagent (kit
23225; Pierce, Rockford, Ill.). For the immunopurification sample, culture su-
pernatants were initially diluted 1:10 in PBS. Flowthrough, wash, and eluate
samples were used undiluted for coating plates.

Western blot analysis. Proteins of cell-free supernatant were separated under
reducing conditions, as described by Schagger and von Jagow (36); the gel system
consisted of a 16.5% separating gel, a 10% spacer gel, and a stacking gel, each
made with acrylamide-bisacrylamide at a 32:1 ratio. Each sample of supernatant
was prepared by adding an equal volume of 2X loading buffer (250 mM Tris-HCI
[pH 6.8], 2% [wt/vol] sodium dodecyl sulfate [SDS], 10% [vol/vol] glycerol, 10%
[vol/vol] 2-mercaptoethanol, 0.01% [wt/vol] bromophenol blue). Thirty microli-
ters was loaded into each well of the Tricine-SDS-polyacrylamide gel electro-
phoresis (PAGE) gel. After electrophoretic separation, half of the gel was
stained with silver nitrate, as described by Blum et al. (8), and the proteins on the
other half of the gel were transferred to nitrocellulose sheets (0.2-pm pore size;
Sartorius) in Tris (25 mM)-SDS (0.1%, wt/vol)-glycine (192 mM)-ethanol (20%,
vol/vol) buffer at 250 mA for 45 min. After transfer, nitrocellulose sheets were
saturated with PBS containing 5% (wt/vol) freeze-dried low-fat milk for 1 h at
room temperature. After three washes with PBS/T, the nitrocellulose sheets were
incubated with anti-DvnCt-KLH serum diluted 1:50 in PBS for 1 h at room
temperature. The nitrocellulose sheets were then washed three times with PBS/T
and incubated for 1 h at room temperature with alkaline phosphatase-conjugated
goat anti-rabbit IgG (Sigma; A-8025) diluted 1:3,000 in PBS. Finally, after three
washes, the nitrocellulose sheets were equilibrated with 0.1 M Tris-HCI (pH 9.5)
for 5 min, and substrate was added according to manufacturer recommendation
(kit 170-6432; Bio-Rad, Hercules, Calif.). The reaction was stopped by adding
0.01 M acetic acid, and the sheets were then dried.

Immunoaffinity purification of the bacteriocins divercin V41, enterocin P, and
piscicocin V1b. Sera were purified by affinity chromatography using a protein
A/G column (Pierce). Each purified IgG fraction was desalted and concentrated
with 30-kDa-cutoff centrifugal concentrators (Millipore, Bedford, Mass.) and
stored at —20°C. Purified antibodies were quantified by the method described by
Lowry et al. (24) and the Rc Dc protein assay (Bio-Rad). The anti-DvnCt-KLH
polyclonal antibodies were then coupled to 0.3 g of CNBr-activated Sepharose 4
Flow (Pharmacia, Amersham Biosciences) as recommended by the manufac-
turer. In this procedure, the matrix was washed 15 times with ice-cold 1 mM HCl
and 5 times with coupling buffer (0.2 M NaHCOs3, 0.5 M NaCl) and then 17 mg
of anti-DvnCt-KLH antibodies dissolved in 0.5 ml of coupling buffer was added
to 1 ml of matrix and incubated with gentle agitation at 4°C overnight. The
remaining active groups were deactivated by five washes with 1 M ethanolamine
and incubation at 4°C for 4 h. The matrix was then washed six times alternately
between alkaline buffer (50 mM Tris, 1 M NaCl, pH 8) and acidic buffer (50 mM
glycine, 1 M NaCl, pH 3.5). Finally, the matrix was washed with PBS, loaded in
a column, and stored in 0.02% (wt/vol) sodium azide at 4°C. Coupling efficiency
was determined by quantification of antibodies before and after coupling.

The performance of the immunocolumn was assessed by using 5 ml of culture
supernatant. After application of each sample, the column was washed with 20 ml
of PBS and bacteriocins were eluted by two 5-ml volumes of 6 M urea—0.1 M
formic acid. All these steps were carried out at 6°C with 1-ml/min flow.

RESULTS AND DISCUSSION

Attempts to purify divercin V41 from C. divergens V41 as
previously described (30) were unsuccessful since the amount
of purified divercin V41 was not enough to be used as an
immunogen. To overcome this situation, we have chemically
synthesized DvnCt for use in the generation of polyclonal
antibodies. The peptide of 26 amino acids generated was cy-
clized by the disulfide bond to have the same structural con-
formation of native bacteriocin, since this bond is necessary for
bacteriocin activity (4). Production of antibodies against small
peptides (such as the C-terminal part of divercin V41) requires
enhancement of their immunogenicity by coupling these pep-
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TABLE 2. Reactivity of anti-DvnCt-KLH serum polyclonal
antibodies against culture supernatants of LAB as determined by

ELISA
Cross-
Microorganism Bacteriocin (class) reactivity
(%)
P. acidilactici B5627 Pediocin PA-1 (IIa) 0.3
C. divergens NCDO 0
2763
L. lactis subsp. lactis Nisin Z (I) 0
ATCC 11454
L. lactis TL1403 0
C. divergens V41 Divercin V41 (I1a) 100
C. divergens V41C9 Not a divercin V41 producer 0
C. piscicola V1 Piscicocin Vla (ITa) and V1b (Ila) 34
E. faecium P13 Enterocin P (IIa) 14.6
E. faecium CTC492/ Enterocin A (ITa) et B (II) 0
T136
Lactobacillus Curvacin A (ITa) 0
curvatus
LTH11743
Lactobacillus sakei Sakacin A (ITa) 0
Leuconostoc Mesentericin Y105 (IIa) 0
mesenteroides
Y105
Lactobacillus sakei Bavaricin A (ITa) 0
MI401

“ Cross-reactivity is calculated as follows: (absorbance produced by a culture
supernatant above the absorbance produced by MRST ™ /absorbance produced
by the supernatant of C. divergens V41 above the absorbance produced by
MRST) X 100.

tides to protein carriers. After formation of the disulfide bond,
the peptide DvnCt was conjugated to KLH through the C-
terminal cysteine group of the peptide, and the conjugate was
used in the immunization of rabbits. In the present study, we
have used KLH as the carrier protein because of its immuno-
genicity, and this strategy allowed an efficient detection of
divercin V41 by the antipeptide antibodies generated.

After 63 days of the immunization process and four doses of
the immunogen, the animals had apparent serum titers of
1:3,000 to 1:15,000 against the synthesized peptide DvnCt. The
sensitivity of the anti-DvnCt-KLH antibodies for divercin V41
was then checked by ELISA (data not shown). Reactivity of
anti-DvnCt-KLH antibodies against different antigens was
tested. These antibodies displayed high recognition of KLH
and purified divercin V41 (30), as well as of heated supernatant
of a 25-h C. divergens V41 culture, whereas they did not show
any recognition of samples in MRST ™ medium. The highest
serum immunogen titers against C. divergens V41 culture su-
pernatant were then used in this work.

Reactivity of anti-dvnCt-KLH antibodies with different bac-
teriocins. The reactivity of polyclonal antibodies was tested
against heated supernatants obtained from 25-h cultures of 13
representative LAB strains by ELISA (Table 2). Prior to
ELISA, the presence or absence of bacteriocin activity in each
supernatant was determined by the ADT using Listeria innocua
F as the indicator organism. As expected, the anti-DvnCt-KLH
antibodies showed a high reactivity with the supernatant from
C. divergens V41 cultures, but no cross-reactivity was detected
with supernatants from cultures of C. divergens V41C9
(divV41™), a mutant strain deficient in divercinV41 production
(35). As noted previously (25), the use of mutant strains devoid
of bacteriocin synthesis is useful in evaluating the specificity
and immunoreactivity of polyclonal antipeptide antibodies,
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FIG. 1. Tricine SDS-PAGE and immunoblotting of culture super-
natant from four class IIa LAB producer strains. (A) Silver-stained gel
on which was loaded 25-h culture supernatants from P. acidilactici
B5627 (lane 1), C. divergens V41 (lane 2), C. piscicola V1 (lane 3), and
E. faecium P13 (lane 4). (B) Immunoblotting analysis of the gel. Lanes
M, (A) and M, (B), stained Tricine SDS-PAGE gel and nitrocellulose,
respectively, showing ultra-low-range molecular mass standards
(M3546; Sigma).

since the only difference between the wild-type and mutant
strains is the presence or absence of bacteriocin activity in their
supernatants.

It is noteworthy that antibodies generated against divercin
V41 were also able to cross-react with supernatants from C.
piscicola V1 and E. faecium P13 cultures, with estimated per-
centages of cross-reactivity of 34 and 14.6%, respectively (Ta-
ble 2). A very weak reaction with a specificity of 0.3% was
obtained with supernatant from Pediococcus acidilactici B5627
(pediocin PA-1 producer) cultures, whereas no cross-reaction
was observed with supernatants from Lactococcus lactis 1L-
1403 (not a bacteriocin producer), L. lactis subsp. lactis ATCC
11454 (nisin Z producer), E. faecium CTC492/T136 (enterocin
A and B producer), Lactobacillus curvatus LTH11743 (curva-
cin A producer), Lactobacillus sakei 706 (sakacin A [curvacin
A] producer), Leuconostoc mesenteroides Y105 (mesentericin
Y105 producer), and Lactobacillus sakei MI401 (bavaricin A
producer) cultures (Table 2). As expected, the anti-DvnCt-
KLH antibodies did not cross-react with supernatant from C.
divergens NCDO 2763, a reference strain that lacks bacteriocin
activity. Furthermore, the cross-reactivity between the class Ila
bacteriocins (pediocin, divercin V41, enterocin P, and piscico-
cin V1b) and anti-DvnCt-KLH-generated antibodies detected
by ELISA was confirmed by Western analysis. As shown by
silver staining of Tricine-SDS-PAGE gel (Fig. 1A), superna-
tants from 25-h cultures of P. acidilactici B5627 (lane 1), C.
divergens V41 (lane 2), C. piscicola V1 (lane 3), and E. faecium
P13 (lane 4) revealed the presence of many proteins, and the
immunoblotting results (Fig. 1B) indicate that only one band
per supernatant of each culture, divercin V41 (4,509 Da) (lane
2), piscicocin V1b (4,527 Da) (lane 3), and enterocin P (4,630
Da) (lane 4), was detected, while no band corresponding to
piscicocin Vla (4,418 Da) (lane 3) was detected. Overall, these
results demonstrate the specificity of generated antibodies.
Despite a weak cross-reactivity observed in ELISA with super-
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Bacteriocin Sequence Nb % piscicocinVia
piscicocinVla DWSKAIGIIGNNAAANLTTGGAAGWNKG 28 30.8 bavaricind
bavaricinaA DWGTAIGNIGNNAAANXATGXNAGG--- 25 36.0 dioci
pediocinPa-1 DWGKATTCIINNGAMAWATGGEQGNEKC 28 34.6 pediocinPA--1
divercinv4l DWGQASGCIGQTVVGGWLGGAIPGKC-- 26 100 diverciny4 1
enterocinA DWAKATTCIAGMSIGGFLGGAIPGKC-— 26 61.5 _.[
piscicocinVib NKAENKQATTGIVIGGWASSLAGMGH-- 26 19.2 enterocind
enterocinP NWGEAKENIAGIVISGWASGLAGMGH-- 26 30.8
sakacinA NRGEATQSIIGGMISGWASGLAGM---- 24 25.0 piscicocinV1b
mesentericin¥l05 NWGEAASAGIHRLANGGNGFW~~~-——— 21 23.8 X

enterocinP
sakacind

mesentericiny105

FIG. 2. C-terminal sequence homologies of class Ila bacteriocins used in ELISA. Multiple alignment (A) and the generated dendrogram
(B) were obtained by the CLUSTALW program (GenomeNet CLUSTALW of the Kyoto Center) for piscicocin V1a (piscicolin 126; gi|1346723),
bavaricin A (gi|2493155), pediocin PA-1 (gi|548575), divercin V41 (gi|3849841), enterocin A (gi|7023945), piscicocin V1b (carnobacteriocin
BM1; gi|584889), enterocin P (gi|2612870), sakacin A (curvacin A; gi|1363367), and mesentericin Y105 (gi|1709151). The accession number of
each bacteriocin is in parentheses. The numbers of C-terminal amino acids aligned (Nb) and the percentages of homology between divercin V41

and other bacteriocins are shown.

natant from the P. acidilactici B5627 culture, the anti-DvnCt-
KLH antibodies did not detect pediocin in the Western blot
assay (Fig. 1B, lane 1).

Previously, Martinez et al. (27) synthesized polyclonal anti-
bodies against the C-terminal fragment of enterocin A, a class
ITa bacteriocin produced by E. faecium T136. The analysis
revealed that the antibodies were very specific since no cross-
reactivity between the antipeptide polyclonal antibodies and
class Ila bacteriocins other than enterocin A (e.g., sakacin P,
sakacin A, enterocin P, and pediocin PA-1) was observed.
According to these authors, the absence of cross-reaction is
due to the high sequence diversity present in the C-terminal
regions of class IIa bacteriocins tested. Homologies between
C-terminal protein sequences of class Ila bacteriocins used in
ELISA have been analyzed by multiple sequence alignment
with the CLUSTALW program (Fig. 2A), and the resulting
dendrogram showed that the C-terminal regions of the bacte-
riocins displaying cross-reactivity in ELISA (i.e., enterocin P
and piscicocin V1b) are phylogenetically distant from that of
divercin V41 (Fig. 2B). In contrast, the C-terminal region of
enterocin A revealed high sequence similarity to that of diver-
cin V41 (61.5%), whereas the DvnCt-KLH-generated antibod-
ies did not react with supernatants derived from enterocin A
producer E. faecium CTC492/T136. This difference in interac-
tion between the antibodies and the bacteriocin could be as-
cribed to the structural conformation adopted by enterocin A,
which might limit access of the antibodies to the epitope.
Previous studies established that polyclonal antibodies gener-
ated against the C-terminal region of sakacin P and pediocin
PA-1, class Ila bacteriocins produced by Lactobacillus sakei
LTH 673 and P. acidilactici 347, were able to recognize pedi-
ocin PA-1 but not sakacin P, despite the 100% similarity be-
tween the sequences chosen for antibody production (27).
These authors explained this reactivity by the preferential
structure adopted by this part of the sakacin P molecule.

Production measurement and bacteriocin activity of diver-
cin V41 during growth in MRS and MRST ™. The growth of C.
divergens V41 in both MRS and MRST™ was monitored by
measuring the absorbance at 600 nm. The growth experiments
showed that the lag phase and logarithmic phase were reached
two times more rapidly in MRST™ (5 and 2.5 h, respectively)
(Fig. 3A2) than in MRS (10 and 5 h, respectively) (Fig. 3A1)
and that the optical density (OD) at the stationary phase was

at least twofold higher when cells were grown in MRST ™ than
when they were grown in MRS. Thus, the growth of C. diver-
gens V41 in MRST™ was more efficient than growth in MRS
(Fig. 3A1 and A2). This is the first evidence of a correlation
between cell growth and the presence of Tween 80 in the
culture medium of C. divergens V41. As reported in Materials
and Methods, bacteriocin activity was determined by MPA
during growth of C. divergens V41 in MRS (Fig. 3B1) and
MRST"™ (Fig. 3B2). The bacteriocin activity during the growth
in MRS is negligible (<50 BU/ml) in comparison to that ob-
served when C. divergens V41 is grown in MRST ™ (up to 11 X
10> BU/ml). The production of divercin V41 by C. divergens
V41 grown in MRS (Fig. 3C1) and MRST™ (Fig. 3C2) was
measured by ELISA. Remarkably, the quantity of bacteriocin
per unit of OD at 600 nm between 10 and 32 h of growth is
twofold higher in MRST™ than in MRS (data not shown); this
difference could not be attributed to the difference in cell
number (Fig. 3A1 and A2).

In MRST ", bacteriocin activity started after 5 h of logarith-
mic growth and increased until the beginning of the stationary
phase before starting to taper off. Production of divercin V41
in MRST ™ started earlier, just at the beginning of logarithmic
phase (Fig. 3C2), while in MRS this production was delayed
for 3 h (Fig. 3Cl). The quantification of divercin V41 was
carried out by ELISA during growth of C. divergens V41 in
MRST; the results indicated that production of divercin V41
started 8 h after the propagation of the strain, and the MPA
enabled detection of an increase in bacteriocin activity at 11 h
after inoculation. In MRS, the amount of divercin V41 seemed
to increase during the logarithmic phase and decrease during
the stationary phase, whereas in MRST ™ the quantity of di-
vercin V41 seemed to increase until it reached a stable level.
The increase in bacteriocin activity and in bacteriocin produc-
tion observed during the C. divergens V41 logarithmic phase is
in good agreement with previous observations made by
Worobo et al. (40) and Quadri et al. (35). The observed de-
crease in bacteriocin activity in MRST™ is not due to degra-
dation of divercin V41, as its level appeared to be quite stable
during stationary phase (Fig. 3B2 and C2). We speculate that
the decrease of bacteriocin activity when cells were grown in
MRS could be attributed to divercin V41 degradation or to a
conformational modification of the epitope of this antimicro-
bial peptide (Fig. 3B1). This hypothesis is supported by our
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FIG. 3. Growth, divercin V41 activity, and ELISA detection during growth of C. divergens V41 in MRS medium containing Tween 80 (MRS)
or not containing Tween 80 (MRST ™). Shown are growth experiments for C. divergens V41 in MRS (A1, B1, and C1) and MRST™ (A2, B2, and
C2). The growth was determined by measuring absorbance at 600 nm (Al and A2). (B1 and B2) Bacteriocin activity obtained by MPA during
growth of C. divergens V41 in MRS or in MRST ™. (C1 and C2) Divercin V41 measurement by ELISA during growth of C. divergens V41 in MRS
or in MRST ™. The results were obtained from three independent cultures (m, culture 1; @, culture 2; A, culture 3) of C. divergens V41 during 32 h.

ELISA results (Fig. 3B2), which indicate a decrease in bacte-
riocin quantity during stationary phase. It should be noted that
anti-DvnCt-KLLH antibodies enabled, for the first time, the
detection and the measurement of divercin V41 production
during cell growth by ELISA. This approach could be extended
to study production of other class Ila bacteriocins.
Immunoaffinity chromatography purification of divercin
V41, enterocin P, and piscicocin V1b. The supernatants of C.
divergens V41, C. piscicola V1, and E. faecium P13 were loaded
onto columns containing 1 ml of matrix coupled to 11 mg of

anti-DvnCt-KLH polyclonal antibodies. Only trace amounts of
bacteriocins were detected in flowthrough and wash fractions.
The bacteriocins were largely retained by the columns and
recovered in the first elution step (73.8, 72.1, and 67.3%, re-
spectively), and the remainder was recovered in the second
elution step (Fig. 4A). The bacteriocin activity of the elution
fraction was evaluated by ADT, which revealed smaller levels
of activity (21.5 X 103, 1.5 X 10?, and 1.75 X 10? arbitrary units
[AU]) than those detected in culture supernatants from C.
divergens V41, C. piscicola V1, and E. faecium P13 (192.0 X
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FIG. 4. (A) Results of ELISA for bacteriocin detection in super-
natant diluted 1:10 in PBS (row A), flowthrough (row B), wash fluid
(row C), and first (row D) and last (row E) 5-ml elution fractions
during the immunoaffinity chromatography purification of divercin
V41, piscicocin V1b, and enterocin P from culture supernatant of C.
divergens V41 (rows 1 and 1"), C. piscicola V1 (rows 2 and 2'), and E.
faecium P13 (rows 3 and 3'), respectively. (B) Bacteriocin in 1-ml
aliquots was quantified during elution of divercin V41 (solid line),
piscicocin V1b (dashed line), and enterocin P (dotted line). Note that
each supernatant was immunopurified twice and that each sample was
tested twice.

10%, 16.0 X 10° and 4.0 X 10> AU, respectively). Elution
fractions were collected in 1-ml aliquots, and the quantity and
activity present in each aliquot were measured by ELISA and
ADT. The purification of three antimicrobial peptides re-
vealed the maximum of bacteriocin quantity (Fig. 4B) and
activity (data not shown) in the second aliquot. The results of
ELISA (Fig. 4A and B) confirmed the efficiency of the immu-
nocolumn developed in this study for purification of divercin
V41, piscicocin V1b, and enterocin P using polyclonal antibod-
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ies generated against divercin V41 despite a weak cross-reac-
tivity to piscicocin V1b and enterocin P. The weak activity of
the three bacteriocins detected in the elution fraction was due
to glycine-hydrochloride buffer, which can affect their activities
necessitating the use a soft elution buffer. Development of
rapid purification methods for class ITa bacteriocins is of major
interest, and to our knowledge this is the first report in which
three bacteriocins of class Ila (divercin V41, enterocin P, and
piscicocin V1b) have been purified by an immunological
method.

In this study, antibodies against divercin V41 were obtained
by immunization of rabbits with a synthetic peptide designed
from the C-terminal amino acid sequence of divercin V41.
These anti-DvnCt antibodies recognized divercin V41, piscico-
cin V1b, and enterocin P, and immunopurification of these
three bacteriocins was achieved

Anti-DvnCt antibodies showed the absence of correlation
between quantity and activity of divercin V41 when C. diver-
gens V41 was grown in MRS medium containing or not con-
taining Tween 80. Furthermore, these antibodies could be used
for immunolocalization of divercin V41 in bacterial strains and
in foods in which this bacteriocin has been naturally produced
or added (1, 9), and they may be applied to ELISA of divercin
V41 in foods or used as a tool to study bacteriocin production
and activity. Taken together all these results led us to conclude
that these antibodies could be used for the rapid identification
and isolation of strains producing divercin V41, enterocin P, or
piscicocin V1b from many sources (2, 13).
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