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Strain used in this study was isolated from homemade cheese manufactured by
household in Tebriz city of Iran. Phenotypic identification was carried out by Gram staining,
catalase production test and microscope examination of the cell morphology. 16S rRNA
fragment sequencing resulted in identification of strain as Lactobacillus sakei. Strain T54
showed the strong antilisterial activity against Listeria innocua. The activity was totally
disappeared after 1 h incubation with proteolytic enzymes, which indicate the proteinaceous
nature of active substance. Several primers specific for bacteriocins of Lactobacillus sakei
were used for screening of bacteriocin genes in the genome of studied strain. PCR am-
plification resulted in detection of sakacin P structural gene in the genom of Lactobacillus
sakei T54. Lactobacillus sakei T54 is a producer of bacteriocin which is most probably
sakacin P. and could be used as natural bioconservant in food industry.
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Introduction

Lactic acid bacteria (LAB) are known for their production of antimic-
robial compounds, including bacteriocins and bacteriocinlike peptides [2].
Bacteriocins of LAB are defined as ribosomally synthesized proteins or
protein complexes usually antagonistic to genetically closely related orga-
nisms [2, 8]. They are generally low molecular weight proteins that gain entry
into target cells by binding to cell surface receptors. Their bactericidal me-
chanisms vary and may include pore formation, degradation of cellular DNA,
disruption through specific cleavage of 16S rRNA, and inhibition of peptidog-
lycan synthesis [2, 4, 5].

Sakacins are bacteriocins produced by Lactobacillus sakei strains, that
show high inhibitory activities towards Listeria monocytogenes, a common
food-borne pathogen isolated from milk and milk products, meat and meat
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products, and vegetables. Because of this capability, strains able to produce
sakacins have been often investigated for their use as bioprotection agents in
food fermentations [15]. Several types of sakacins have been identified and
characterized: sakacin A [6], sakacin M [12], sakacin P [13], sakacin G [11],
and sakacin X [16]. Among these bacteriocins, the molecule that has been
most intensively investigated is sakacin P. Sakacin P (sakP) is a 43-amino-
acid, hydrophobic, class Ila bacteriocin produced by Lactobacillus sakei [3].
The expression is regulated by a three-component system consisting of an
induction factor, a histidine kinase and a response regulator. The induction
factor for sakP synthesis is a bacteriocin-like peptide secreted by the
production organism itself and serves as the signal for transcriptional
activation of the genes necessary for bacteriocin production [1].

The objective of this study was to identify the type of bacteriocin
produced by Lb. sakei strain T54 isolated from Iranian cheese, with the aim of
using this strain as a bio-preservative culture in food industry.

Material and methods
Isolation and Identification. Strain used in this study was isolated from
homemade cheese manufactured by household in Tebriz city of Iran. Phe-
notypic identification was carried out by Gram staining, catalase production
test and microscope examination of the cell morphology. Purified isolate was
reconstituted in sterile skim milk (12.5%, w/v) supplemented with 30% (w/v)
glycerol and stored at —80 °C. Before using strain was propagated twice in de

Mann-Rogosa-Sharpe (MRS) media (Biokar diagnostics, France) at 37 °C. Geno-

typic identification was carried out by 16 S rRNA fragment sequencing with
universal primers fD1 (5-AGAGTTTGATCCTGGCTCAG-3) and rD1 (5-
TAAGGAGGTGATCCAGGC-3) [17]. Genomic DNA was isolated by DNeasy
purification kit (Qiagen, Hilden, Germany) from a 3 mL overnight culture
inoculated with a single colony according to the manufacturer and stored at -
20 °C until use. DNA sequencing was carried out by MilleGen sequencing
service (Labege, France). The blast algorithm (http://blast.ncbi. nlm. nih.
gov/Blast. cgi?CMD=web& PAGE_TYPE=BlastHome) was used to deter-
mine the most related sequence relatives in the NCBI nucleotide sequence
database.

Antimicrobial activity assay. The antimicrobial activity of cell-free
supernatants was determined by well diffusion method [10] with slight
modification. Cell-free supernatants of overnight (16-18h) cultures were
obtained by centrifugation at 10000g for 15 min at 4°C, adjusted to ph 6.5
with IN NaOH. To investigate the antibacterial activity by well diffusion
assay, 100pl-culture of one of the test bacteria, grown to the early stationary
growth phase in nutrient medium, was added to 20 ml of soft nutrient agar
(0,8%, wi/v). Wells were made in the lawn of hardened soft agars in Petri
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dishes. Aliquots (50 ul) of supernatants of overnight culture were poured in
the wells. The plates were left for 40 min at room temperature in sterile
conditions before incubating them at the adequate temperature of growth of
the test microorganism. A clear zone of inhibition of at least 2mm in diameter
was recorded as positive. As a test organism the strain of Listeria innocua was
used.

Effect of enzymes. To test biochemical nature of active substance, the
supernatant of the strain culture was treated with the following enzymes (final
concentration 0.1mg/ml and 1 mg/ml): protease TypeX (from Bacillus
thermoproteolyticus rokko) and o-Chymotrypsin Type 1l (from bovine
pancreas) and trypsin in 0.05 M Tris HCI (pH 7); Protease Type VIII (from
Bacillus licheniformis) in 0.05 M Tris HCI(pH 8); Lipase Type VII(from
Candida rugosa, Sigma) in 0.05 M Tris HCI (pH 8); Catalase (from bovine
liver, Sigma) in 0.01 M phosphate buffer (pH 7); Amylase (Sigma) in 0.01 M
Tris HCI (pH 7). Reaction mixtures were incubated at 37°C for 2 h. After 2 h
of incubation at 37°C enzyme activity was stopped by heating in 100°C for 10
min. Untreated supernatant and mixture of media with enzyme-buffer in the
same concentration (also incubated at 37°C for 2 h) were used as controls.
The remaining activity was tested by the agar-well diffusion assay against
indicator strain.

PCR amplification and sequencing of the bacteriocin genes. The
primers used for the screening of bacteriocin genes are listed in Table 1.

Table 2.3
Primers used for detection of bacteriocin genes
Target Primer (5" - 3’) Product size Ann. Refer.
gene (bp) T(°C)

Sak GA1 | F: TTA GAA CTA CAC TGA TCG TG 186 38 [14]
R: TGG AAG AAT GAG TACTTG TT

Sak GA2 | F: CGT TAC AAC AGA ACT TCA AG 186 38 [14]
R: TGG AAG AAT GAG TACTTG TT

Sak P F: ATGGAAAAGTTTATTGAATTA 186 40 [9]
R: TTATTTATTCCAGCCAGCGTT

Sak Q F: CAAGATCGTTAACCAGTTT 1238 44 [7]
R: CCGTTGTTCCCATAGTCTAA

Sak X F: GCTATGAAAGGTATTGTCGGG 156 46 [7]
R: TAAGATTTCCAGCCAGCAGC

For all sets of primers, a reaction mixture, in a final volume of 25 pl,
containing 10 mM Tris—HCI, 50 mM KCI, 1.5 mM MgCI2, pH 8.3, 200 nM
deoxyribonucleotide triphosphates, 200 nM each primer, 0.125 U Taq
polymerase (Applied Biosystems, Milan, Italy), and 100 ng DNAwas prepa-
red. DNA thermal cycler model (Techno, Barloworld scientific, Cambridge,
UK) was used for the amplification, and 35 repetitions of 95°C for 1 min,
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appropriate annealing temperature depending on primer for 45 s, and 1 min at
72°C were performed. An initial denaturation at 95°C for 5 min and a final
extension at 72°C for 7 min were carried out as well. Agarose gels (2%
[wt/vol] in Tris borate ethylenediamine tetraacetic acid, pH 8, containing 0.5
ug/ml ethidium bromide, Sigma, Milan, Italy) were used to visualize the PCR
products under UV light.

Results and discussion
The source of the natural isolate T54 was a semi-hard white cheese
manufactured from cow’s milk by addition of 1% (v/v) homemade rennet to
pasteurized milk. Cheese ripened for 1.5 month in the presence of 3% NacCl.
Isolate was phenotypically identified as catalase negative Gramm-
poitive bacilli. After several steps of purification by streaking on MRS agar,
the pure culture was used for detection of antimicrobial activity. Strain T54
showed the strong antilisterial activity against Listeria innocua (Fig. 1) and
was preliminarly identified as bacteriocin producer.

Fig. 1. Agar plate indicating the antimicrobial activity against Listeria innocua

In order to determine the nature of antimicrobial substance, the cell
free supernatant from the studied strain was treated with catalase, a-amylase,
lipase and proteolytic enzymes (Fig. 2).

Fig. 2. The effect of enzymes on antimicrobial activity
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The activity was totally disappeared after 1 h incubation with proteolytic
enzymes, which indicate the proteinaceous nature of active substance. From
this we can suppose that it is bacteriocin. Catalase, lipase and a-amylase have
no effect on the antimicrobial activity. Antimicrobial activity didn’t decrease
in the presence of catalase, which excludes inhibition by hydroxide peroxide.

The obtained isolate was identified to species level by 16S rRNA
fragment sequencing. For this reason the DNA from fresh cultures of obtained
isolates was extracted (Fig.3 a) and used as template for 16S rRNA fragment
amplification. PCR amplification resulted in detection of amplicon with
expected size of 16S rRNA on the agarose gel (Fig. 3b). The results of
sequencing showed that isolate T 54 belong to Lactobacillus sakei species.

Several primers specific for bacteriocins of Lactobacillus sakei were
used for screening of bacteriocin genes in the genome of studied strain (Table
1). PCR amplicon of the expected size (186 bp) was obtained only with the
pair of primers that targets the structural gene of sakacin P (sak P) (Fig. 4).

M 1kb M 1kb

Fig. 3. DNA extraction (a) and amplification of 16S r RNA (b)
M 100b

Fig. 4. Amplification of sakacin P structural gene in Lactobacillus sakei T 54
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Lactobacillus sakei T54 is a producer of bacteriocin which is most pro-

bably sakacin P. This bacteriocin has strong antilisterial activity. The strain
could be used as natural bioconservant in food industry.

=

12.
13.
14,
15.
16.

17.

REFERENCES
Brurberg M.B., Nes L.F., Eijsink V.G.H. // Mol Microbiol, 1997, v.26, p.347-360.
De Vuyst L., Vandamme E. // Bacteriocins of lactic acid bacteria. London, United
Kingdom Blackie, 1994, p.539.
Eijsink V.G.H., Skeie M., Middelhoven P.H., Brurberg M.B., Nes I.F. // Appl Environ
Microbiol, 1998, v.64, p.3275-3281.
Heu S., Oh J., Kang Y., Ryu S., Cho S.K., Cho Y. // Appl Environ Microbiol, 2001, v.67,
p.4105-4110.
James R., Lazdunski C., Pattis F. // Bacteriocins, microcins and lantibiotics. New York:
Springer-Verlag, 1991, p.519.
Larsen A.G., Vogensen F.K., Josephsen J. // J Appl Bacteriol, 1993, v.75, p.113-122.
Mathiesen G., Huehne K., Kroeckel L., Axelsson L., Eijsink V.G.H. // Appl Environ
Microbiol, 2005, vol.71, p.3565-3574.
Nes I.F., Johnshorg O. // Curr Opin Biotechnol, 2004, v.15, p.100-104.
Remiger A., Ehrmann M., Vogel R. //System.Appl. Microbiol., 1996, v.19, p.28-34.

. Schillinger U., Lucke F. // Appl.Environ.Microbiol, 1989, v. 55, p.1901-1906.
. Simon L., Fremaux C., Cenatiempo Y., Berjeaud J.M. // Appl Environ Microbiol, 2002,

v.68, p.6416-6420.

Sobrino O.J., Rodriguez J.M., Moreira W.L., Fernandez M.F., Sanz B., Hernandez P.E. //
Int J Food Microbiol, 1992, v.16, p.215-225.

Tichaczek P.S., Vogel R.F., Hammes W.P. // Microbiol, 1994, v.140, p.361-367.

Todorov S., Furtado D., Saad S. et al. // J.Appl.Microbiol, 2011, v.110, p.971-986.

Urso R., Rantsiou K., Cantoni C., Comi G., Cocolin L. // Int J Food Microbiol, 2006,
v.110, p.232-239.

Vaughan A., O’Mahony J., Eijsink V.G.H., O’Connell-Motherway M., van Sinderen D. //
FEMS Microbiol Lett, 2004, v.235, p.377-384.

Weisburg W., Barns S., Pelletier D., Lane D. // J. Bacteriol, 1991, v.173, p.697-703.

IRAN PENDIRINDON iZOLYA OLUNMUS LACTOBACILLUS
SAKEI T54 STAMINDA SAKASIN P GENINIiN AMPLIiFIKASiYASI

T.B.MiRHADiZADIi, N.A.ABDULLAYEVA, A.9.QULIYEV
XULASO

Todgigatda istifade olunmus stam Iranm Tobriz soharinda ev soraitinds istehsal olun-

mus pendirdon alimmigdir. Fenotipik identifikasiya Gram test, katalaza testi vo hiiceyro morfo-
logiyasinin mikroskopik tadqiqat: vasitaSile aparilmigdir. 16S rRNT fragmentinin sekvensiyasi
stamin Lactobacillus sakei kimi identifikasiyasi ilo naticalondi. Stam antilisterial aktivlik ni-
mayis etdirdi. Antimikrob aktivlik proteolitik fermentlarin tosiri noticasinds tamamils itmisdir.
Bu aktiv substansiyanin ziilal tabistli olduguna dolalot edir. Lactobacillus sakei ndviins aid
olan bakteriosinlarin praymerlori vasitasils tadqiq edilon stamda bakteriosin geninin skriningi
aparllmigdir. PCR amplifikasiya naticasinda Lactobacillu sakei T54 stammin genomunda
sakasin P geni miayyan edilmisdir. Lactobacillus sakei T54 bakteriosin produsentidir vo gida
sonayesinds tobii biokonservant olaraq istifads oluna bilor.

Acar sozlor: siid tursusu bakteriyalari, antilisterial aktivlik, iran pendiri, PZR.
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AMIININOUKALINA CAKAIIUH P KOJUPYIOIIETO I'EHA Y HITAMMA
Lactobacillus SAKEI T54 U30JIMPOBAHHOI'O U3 UPAHCKOI'O CbIPA

T.MAPXAIN3AIU, HA.ABIYJJIAEBA, A.A.KYJIUEB
PE3IOME

[IItam, KCIIOJIBb30BaHHbIN B JaHHOM HMCCJIEIOBAHUU, OBUI H30JIMPOBAH U3 CHIPA, [IPOU3-
BEJICHHOTO B JIOMAITHUX YCIOBHUSX B Topoje Te6pn3. MeHoTuIHIecKas HASHTHPHUKAIHS ObIIa
TIPOBEJICHA TIPH ITOMOIIK [ paMM OKpaIllnBaHus, TECTa Ha MPOIYKIMIO KATala3sl H MHKPOCKO-
MIMYECKOTO UCCIIEAOBAaHMS KIIETOUHOM MOp(oIorni. B pesynbTaTe ceKBeHUpOBaHUs (GparMeH-
ta 16S pPHK 6510 ompeeneHo, uto mrtamm oTHocuTes K Buay Lactobacillus sakei. Jlanwbrii
[ITAMM TIPOSIBUJI aHTHJINCTCPHAIBHYIO AKTHBHOCTH, KOTOpash TOJHOCTBIO WCYE3Na TpH
JCHCTBUH MTPOTCONUTHUCCKAX (DEPMEHTOB. ITO yKa3bIBACT Ha OEIKOBYIO MPUPOLY AKTHBHOTO
KOMITOHEHTA. Psi mpaiimepoB, criermuuHbix 11 O6akTepronuHoB Buga Lactobacillus sakei,
OBbLIN MCIIOIB30BAHBI IS MACHTU(HUKAIINK THIIA GaKTEPUOIMHA, IPOAYLUPYEMOIO UCCIIEye-
MbIM mtamMmoM. B pesynerare TP ammmudukannn B reHome mramma Lactobacillu sakei
T54 6buT naeHTUUIIMPOBAH CTPYKTYPHBIN reH cakanuua P. Lactobacillus sakei T54 ssnstercs
HPOJIYIEHTOM GaKTEPUOIIMHA K MOXKET ObITh UCIIONB30BaH B KAUECTBE HATYPAIBHOIO OMOKOH-
CepBaHTa B MUIEBON IPOMBIILUICHHOCTH.

KnioueBble ciioBa: MOJIOYHOKHCIBIE OaKTepuM, AHTWINCTEPUYECKas aKTHBHOCTb,
upasckuii ceip, ITLP.
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