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Background: Weissellicin 110 is the only bacteriocin reported in Weissella cibaria up to now. This bacteriocin represents
several unique features. This is the first report on the gene sequence that encodes for the bacteriocin.
Objectives: Providing a rapid detection method to isolate the weissellicin 110 encoding gene and determination of the bacteriocin distribution were the objectives.
Materials and Methods: Bacteriocin from W. cibaria 860106 was purified and analyzed using mass spectrometry for proteins sequencing. The draft genome sequence of W. cibaria 860106 was generated using next generation sequencing. PCR
was applied to detect the weissellicin 110 encoding gene.
Results: The molecular weight and partial protein sequence were obtained for the bacteriocin from W. cibaria 860106. An
open reading frame (ORF) was identified as weissellicin 110 from the draft genome sequence. PCR primers were designed
to amplify the weissellicin 110 encoding gene and these primers detected sequences from other 27 BLIS-producing W.
cibaria strains previously isolated from either various Taiwanese fermented foods or the respective raw materials.
Conclusions: The genetic information of weissellicin 110 was obtained, enabling rapid detection of the weissellicin 110
encoding gene. Results suggest that weissellicin 110 producing W. cibaria strains are widely distributed inTaiwanese fermented foods.
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1. Background
Bacteriocins are natural peptides produced by bacteria that display antimicrobial activities. Much recent
research has focused on the bacteriocins produced by
lactic acid bacteria (LAB). These peptides have potential use as food preservatives (1-3). The classification
of LAB bacteriocins has been addressed in many
schemes (4-5). Generally, lantibiotics (containing
post-translationally modified amino acids such as lanthionine and β-methyllanthionine) are assigned to
Class I (5). ClassII bacteriocins are defined as non-lanthionine-containing bacteriocins and are further subdivided into 4 groups (classes IIa, IIb, IIc, and IId) (5).
Many bacteriocins are synthesized as precursors containing leader peptides. Michiels et al. (6) demonstrated the secretion of some bacteriocins requires the
activity of a dedicated ATP-binding cassette (ABC)
transporter. The activity of this type of transporter typ-

ically includes cleavage of the pre-bacteriocin to
release a leader peptide (the double-glycine leader
sequence) and subsequent translocation of the mature
bacteriocin across the cytoplasmic membrane.
Bacteriocins have been frequently reported from
Lactobacillus, Enterococcus, Lactococcus, and
Leuconostoc (3, 7). However, relatively little information is available about bacteriocins from Weissella. A
limited number of bacteriocins, such as weissellicin
110, weissellin A, weissellicin Y, weissellicin M, and
weissellicin L, have been reported previously from
Weissella spp. (8-12). The lengths of these bacteriocins
range from 42 to 52 amino acid residues and these
sequences are highly diverse, thus it is impracticable to
design degenerate primers to amplify the bacteriocins
of Weissella spp. Among these, weissellicin 110 is the
only bacteriocin reported in Weissella cibaria. This
bacteriocin represents several unique features; it is sta-
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ble after high-temperature treatment and has a arrow
spectrum of inhibition of other LAB. Additionally,
unlike most class II bacteriocins produced by LAB,
weissellicin 110 had no activity against Listeria monocytogenes.However, the genetic information was not
available in the previous study (8). W. cibaria 860106,
isolated from the yan-dong-gua (fermented wax
gourd), is able to produce a bacteriocin but not fully
characterized (13). In this study, we identified the W.
cibaria 860106 bacteriocin as weissellicin 110.

2. Materials and Methods
2.1. Bacterial Strains and Culture Conditions
Weissella cibaria strains 860106 and 110, and the
main indicator strain Weissella paramesenteroides
BCRC 14006T, were grown in de Man Rogosa and
Sharpe (MRS) medium (BD, Franklin Lakes, NJ,
USA) at 30ºCs under aerobic conditions without shaking.Inhibitory activity was determined using agar-well
diffusion assay described by Srionnual et al. (8). The
same culture conditions were used for the propagation
of another 19 W. cibaria strains isolated from fermented ginger (2), 5 isolated from fermented cummingcordia or its cummingcordia (14), and 3 isolated from
pickled peaches (15).
2.2. Bacteriocin Purification
The supernatant containing the bacteriocin was
initially harvested using the method described by Yang
et al. (16). The harvested cell-free supernatant was
desalted and purified using a C18 cartridge (Sep-Pak
C18; Waters, Milford, MA, USA) following Chen et al.
(17). Antimicrobial activity of the peptide fractions
was tested using agar-spot diffusion assay (18). The
bacteriocin activity of each fraction was determined
against W. paramesenteroides BCRC 14006T. The
active eluted fractions were freeze-dried and stored at
-20°C.
2.3. Mass Spectrometry
The molecular mass of the purified bacteriocin
was determined by matrix-assisted laser desorption/
ionization time-of-flight (MALDI-TOF) mass spectrometry (MS) using a SCIEX QSTAR Elite system
(Applied Biosystems, Foster City, CA, USA) with
CHCA (α-cyano-4-hydroxycinnamic acid) as the
matrix.
2.4 N-terminal Amino Acid Sequence Analyses
The partial N-terminal amino acid sequence of the
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purified bacteriocin was determined using an Applied
Biosystems protein sequencer (model 494, Applied
Biosystems). The amino acid sequence obtained was
compared with previously reported sequences in the
NCBI database (http://blast.ncbi.nlm.nih.gov/).
2.5. Genetic Analysis
The draft genome sequence of W. cibaria 860106
was generated using next generation sequencing (data
not shown). All contigs (159 contigs) were submitted
to the Rapid Annotation using Subsystem Technology
(RAST) Prokaryotic Genome Annotation Server
(http://rast.nmpdr.org/) and 2395 protein-encoding
genes were predicted. The partial N-terminal amino
acid sequence, SDKNNVFFQIG was applied to search
against the predicted protein-encoding genes and
located a gene encoding a peptide containing SDKNNVFFQIG. This result identified a contig sequence of
809258 base pairs containing the complete open reading frame (ORF) and the flanking regions of the putative structural gene of weissellicin 110. Homology
search was performed using NCBI BLAST
(http://blast.ncbi.nlm.nih.gov/) and showed no
detectable sequence homology with the ORF identified here.
2.6. Weissellicin 110 Gene-Specific PCR
Since the nucleotide sequences of weissellicin
110 and the flanking regions were obtained from the
genetic analysis of W. cibaria 860106 as discribed in
2.5. Weissellicin 110-specific oligonucleotide primers
were designed from 5′ and 3′ flanking sequences of the
weissellicin 110 structural gene sequence using NCBI/
Primer-BLAST tool (www.ncbi.nlm.nih.gov/tools/
primer-blast/). The primer sequences were WC_Bac_F
(5′-CTGGGAACATGGACGCAGAA-3′) and WC_ Bac_
R (5′-GGACAAGATCGTATGCCGGT-3′). The oligonucleotides were synthesized by Genomics BioSci and
Tech Ltd. (New Taipei City, Taiwan). Amplification
was started with an initial denaturation for 3 min at
95ºC that followed with 30 cycles of 30 sec at 95ºC, 30
sec at 61ºC, and 90 sec at 72ºC; and a final extension
for 10 min at 72ºC. The PCR products were visualized
on a 2% agarose gel in 1× TAE. A 100 bp DNA ladder
marker (Genomics BioSci and Tech Ltd., New Taipei
City, Taiwan) was used as the size standard. Besides W.
cibaira 860106, strain W. cibaria 110 (8) was used as
the positive control. Strains W. hellenica 4-7 (weissellicin L producer) (11) and W. cibaira I042209 and
I042210 (no bacteriocin-producing ability) (19) were
used as the negative controls.
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3. Results
An isolated peak with bacteriocin activity was
observed in the second purification step of reversephase chromatography (Figure 1A). Analysis by
MALDI-TOF-MS revealed a clear main peak at
3492.21 Da (Figure 1B). To determine the sequence of
this peptide, N-terminal amino acid analysis of the
purified bacteriocin was performed, yielding the following partial sequence: NH2-SDKNNVFFQIG.
The N-terminal sequence was employed to search
against a translation of the draft genome of W. cibaria
860106 (unpublished). The nucleotide sequences
encoding the putative structural gene for this bacteriocin and its flanking region were identified as
described in Materials and Methods 2.5 and 2.6
(Figure 2A). The deduced bacteriocin comprised 52
amino acid residues in the full-length precursor pep-

tide and 31 residues in the mature peptide.The translated full amino acid sequence of the mature peptide was
as follows: NH2-SDKNNVFFQIGKRYVAPVLYWFGKGAEGIKG. The mature 31-amino-acid peptide
was predicted to have a molecular weight of 3490.02
Da using the Compute pl/Mw tool on the ExPASy
Proteomics Server (http://web.expasy.org/compute
_pi/), and was consistent with the result obtained by
MALDI-TOF-MS.
Comparing W. cibaria 860106 peptide with other
Weissella bacteriocins, both the N-terminal protein
sequence and the molecular weight match weissellicin
110 (8). However, the nucleotide sequence of weissellicin
110 was not reported and no sequence was observed via
BLAST. Thus, the sequence determined in this study was
defined as weissellicin 110 and deposited in the DDBJ
(accession number LC010242; (Figure 2A).

Figure 1. A: C18 reverse-phase chromatography profile of the bacteriocin from W. cibaria 860106. The peak of bacteriocin
activity, observed at 23 min, is indicated by a black arrow. B: MALDI-TOF mass spectrum analysis of the purified bacteriocin from W. cibaria 860106 shows the mass (m/z) of 3492.21 Da
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Figure 2. A: Nucleotide sequence of the weissellicin 110-encoding gene and the deduced amino acid sequence. An asterisk
indicates the translation stop site. The mature weissellicin 110 peptide is highlighted in grey. B: Ethidium bromide-stained
2% agarose gel of PCR products using weissellicin 110-encoding gene-specific primers. Lane M, 100-bp DNA ladder; Lane
1, W. cibaria 860106; Lane 2, W. cibaria 110; Lane 3, W. hellenica 4-7; Lane 4, W. cibaria I042209; Lane 5, W. cibaria
I042210

Primers specific for the weissellicin 110 encoding
gene were designed and used for PCR amplification.
Single fragments of the expected size (490 bp) were
amplified from the genomic DNA of W. cibaria strains
860106 and 110. However, no PCR product was generated from W. hellenica 4-7 or from W. cibaria strain
I042209 or I0422010 (Figure 2B). Sequencing of the
PCR product derived from W. cibaria 860106 yielded
nucleotide sequences identical to those obtained from
the genomic sequence. Additionally, the same single
490 bp fragment was obtained from each of the other
27 W. cibaria strains tested by the PCR assay.

4. Discussion
Weissellicin 110 is the only bacteriocin reported
in Weissella cibaria. We successfully determined the
nucleotide sequence of weissellicin 110 and the information was used to detect the distribution of the bacteriocin.
Primers specific for the W. cibaria weissellicin
110 encoding gene were generated to perform PCR. As
shown in (Figure 2B), a single amplified PCR productwas obtained from each of the W. cibaria 860106 and
110 strains. To verify the specificity of the PCR for the
weissellicin 110 encoding gene, different Weissella
species (with and without the demonstrated ability to
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produce bacteriocins) were used as negative controls.
Notably, PCR of genomic DNA from strains W. hellenica 4-7 (a weissellicin L producer) and W. cibaria
I042209 and I042210 (not weissellicin producers) did
not yield amplicons. We propose that PCR for the presence of the weissellicin 110 encoding gene may be
useful in screening of W. cibaria strains for their capability of producing the weissellicin.
Another 27 W. cibaria strains with known bacteriocin producing ability were screened by PCR; all 27
yielded products of the expected size upon amplification with primers corresponding to sequences flanking
the weissellicin 110 encoding gene. These strains had
been isolated from any of four different Taiwanese fermented foods (or from the raw materials used in those
fermentations). The results suggested that each of
these strains encodes a bacteriocin identical to weissellicin 110. It is interesting that these independent strains
isolated from different fermented foods and geographical locations (14, 19). However, the role of these
weissellicin 110 producing W. cibaria strains in the
fermented foods or the related vegetables remains elusive.
In conclusion, our study provided the full amino
acid sequences of weissellicin 110 and the nucleotide
sequences encoding the bacteriocin. These sequences
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permitted the design of primers for use in a PCR-based
screen for the presence of the weissellicin 110 encoding gene. Our results showed that weissellicin 110 producing W. cibaria strains are widely distributed in
Taiwanese fermented foods.
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