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ABSTRACT

The strainLactococcud’D14 isolated from cow’s fresh milk was identifi@slactococcus
lactis subsp. ctis. The bacteriocin produced by PD14 was isolatedpamidied by absorption-
desorption method described and then this bacteriwas purified by solid-phase extraction-
SPE and HPLC method with column C18. The resultricine- SDS-PAGE indicated the
molecular weight of bacteriocin was about 3.5 kiba,same as nisin.

The prenisin encoding gene was cloned and sequancedssfully for PD14. Thasgene
of the strain PD14 was 99 % homology witisA and nisZ while 98 % withnisF, 97 % with
nisQ The deduced amino acid sequence of prenisin et@srdined, which had minor difference
from published sequence pisAin one amino acid. At the position aminoacid -f&nisin of
PD14 had valine while the known prenisin A hadmpi@anine. The matured nisin of PD14
was completely similar to the known amino acid sege of nisA. Thus, the straimctococcus
lactis subsplactis. PD14 produced a bacteriocin which was identifiediam A.

Keywords: bacteriocin, nisin, identification, amino acid seqgce,Lactococcus lactissubsp.
Lactis, homology.

1. INTRODUCTION

Nisin is the first lantibiotic was discovered in2Bbut the structure was published by
Gross and Morell in 1971, it contains unusual angicid residues, namely dehydroalanine. Nisin
is a polypeptide of size 3.5 kDa, consisted by i3dha acids produced Hy. lactis subsplactis
[1, 2], which exhibits antimicrobial activity againa wide range of Gram-positive bacteria,
especially that associated with food spoilage, sag8. aureus, B. cereus, ClostridivandL.
monocytogene8, 4]. The unusual biosynthesis of nisin is bytgognslational modification of
serine and threonine to form dehydro amino acidg thact with cysteine to form thioether
lanthinine rings mades typical characteristics lois tbacteriocin class [4]. Many studies
published indicate that nisin is safe and grant&®AS& (generally recognized as safe) by the
FDA and allowed by the FAO and WHO to use as a fposkervative [1, 5, 6]. Nisin is
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worldwide used over than 50 countries for differfadtd preservation. The major use of nisin is
in dairy industry and canned vegetables and mé&atsapplication of nisin in food preservation
has been recently extending to active package dieldn antimicrobial packaging material [7, 8],
dehydrobutyrine, lanthionine, and 3-methyllanthienj1, 4, 9, 10].

The nis gene cluster for nisin biosynthesis has been duidiedetails. It is demonstrated
that the cluster is located in a conjugative trassp locates on the chromosome [1, 11, 7]. The
transposon also encodes for sucrose fermentatidnreduced bacteriophage sensibility. The
cluster consists by 11 genes, nésA, nisB, nisT, nisC, nisl, nisP, nisR, nisKFisiskE, nisG
arranged in three multi-cistronic operadXisB and nisC play the role for maturation of the
lantibiotic, whilenisTinvolved in transport across the cell membrayisl encodes an immunity
protein, nisP is responsible foa putative serine protease involving in processiigR, nisK
encode a putative regulatory protein and putatistdine kinase, respectiveljisF, nisk, nisG
encodeATP-binding cassette transporter, which are togethih nisl responsible for immunity
[12].

Several lantibiotics have been discovered, amoamtfive other natural variants of nisin
are A, Z, Q, Fand U [3, 13, 14]. The differenetvieen these nisins are from one to few amino
acids (aa) in their structure. Nisin A, Z, Q anthdve similar activities, but differ in a few aa.
Nisin A and nisin Z differ in a single one, whilésim A differs from nisin Q six aa [15, 16, 17]
and differs nisin F in two aa. Nisin F differs m<p in four amino acids [2].

A bacteriocin was produced by straiactococcudactis subsplactis strain PD14 isolated
from cow’s fresh milk in the farm at Hanoi outskithat was described in the previous paper
[18]. The properties of bacteriocin from PD14 shdweide antibacterial range and heat
resistance [19]. Thus, it has led to an interestatermine encoding gene sequence for PD14’s
bacteriocin and its deduced amino acid sequencemparison with known published nisins.

2. MATERIAL AND METHODS
2.1. Microbial strains and media
The strainLactococcu$*D14 and_actobacillus plantarundCM1149- indicator strain were
received from the collection of biomaterial tectogyt laboratory, Institute of Biotechnology.
These strains were cultured on MRS medium thoseposition is (g/l) peptone 10; meat extract
10; yeast extract 5; glucose 20; Tween 80 KO, 2; CHLCOONa 5; ammonium citrate 2;
MgSQO, .7 HO 0.2; MnSQ.H,O 0.05; pH = 6.5 + 6.8.

Escherichia colDH5a was cultured in Luria-Bertani broth (LB) on a sealith speed of
220 rpm/min, overnight at 37 °C.

2.2. Isolation and purification of bacteriocin

The bacteriocin produced by PD14 was isolated amifigd by absorption-desorption
method described by Rongguang et al [20] and thisnblacteriocin was purified by solid-phase
extraction-SPE and HPLC method with column C18.

2.3. Determination the size and activity of bactedcin directly on SDS-polyacrylamide gel
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Tricine-SDS-polyacrylamid gel electrophoresis (PAGH#as conducted according to the
method of Schagger with some modification for deteation of size and activity of bacteriocin
[21]. Bacteriocin sample producing by PD14 straiaswoaded repeatedly into gel hole. The
electrophoresis was stopped running when the dgssappeared at the position less than 0.5cm
from the end of the gel. The gel then cut into peots as seen in Fig. 1, one half was dyed in
coomassie, the other half was washed with 35 %neth& % glycerol for 30 - 60 min and
rinsed with sterile distilled water 15 - 30 min. ellgel finally placed on a sterile pettri dish
available a layer of solid agar and then poured owe layer of semi-liquid agar contained
plantarumJCM1149. The dish was kept in the refrigerator4dr, and then transferred to 37 °C
incubation for further 24 h.

2.4. DNA extraction andCloning nis gene

Total DNA was prepared by Sambrook et al [22]. TG®BIA was isolated by using kit of
Promega Wiza® plus SV minipres DNA, A1330.

Nis gene was amplified by PCR using a couple of degéagrimers with the following
sequences: NisF1I33 ATGAGTACAAAAGATTTTNAACTT and NisR1l: 35
TTATTTNCTTACGTGAA

For the PCR, 2 of the total purified DNA and the two primers Ris NisR1 were taken.
Thermal cycle was performed by Kwaadsteniet [18haturation at 92C for 4 min, 35 thermal
cycles of 94 °C for 1 min, 48 °C for 30 sec, 72f&6€7 sec and one cycle for 7 min at 72 °C.

The PCR product was purified by QiaQuick PCR Peatiion (Qiagen, Hilden, Germany).
Ligation was conducted by ligation vector pGEM®{iGase (Takara) for 1 h at 16 °C. The
transformation of ligated product in competdat coli DH5a was performed as described
Sambrook et al [22]. The isolated recombinant pldsfrom transformed colonies (white
colonies) was then purified and cut by restrict yamz EcaRrl. The restricted sample was
analysed by electrphoresis fois gene discovery and it was used for sequence rgadime
reading was carried out on Beckam coulter CIQ TMBB9 using GenomelLab Dye Terminator
Cycle Sequencing (Quick Start Kit). Nucleotides wEsated by SeqEd1.03 and compared by
Blast of NCBI.

Sequencing gene nis of PD14 strain were comperdd thé sequences in GenBank by
sofwere Clustalw.

3. RESULT AND DISCUSION
3.1. Electrophoresis for determination of bacteriai size

The result of Tricine - SDS-PAGE was indicated ig. A, where gel A (haft A) showed
only one band with the size about 3.5 kDa. OngeékeB (haft B), at the same position was
appeared an inhibitory zone. It meant thatplantarium JCM1149 was inhibited by the
bacteriocin which was located on the gel at thdtiposas 3.5 kDa indicated by the marker.
Therefore, it can be concluded the bacteriocin peed by strains PD14 has a molecular weight
of about 3.5 kDa as nisin.
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Figure 1.Electrophoresis of bacteriocin producinglbyactisPD14; M: Marker MW-17S (Sigma),
A: first part of the gel dyed with comasie, B: sedgart of the gel with inhibition zone formation
(due toL. plantarumJCM1149 was inhibited).

3.2. Detection ofnis gene inLactococcus lactis subsp.lactis PD14

PCR product

Figure 2.Elecrophoresis afis gene amplified on gel agarose 0.8%
1. Marker Fermentas GeneRuler 1 kb Ldr. Plus RTM#$3
2. PCR product.

By PCR method, the use of a couple of degeneratges as above- mentioned designed
on sequences encoded for nisin A, nisin Z, nisian@ nisin F indicated the existimgs gene in
the strain PD14 (Fig. 2). The PCR product was a OhN@ment of 171bp (including 69 bp of
leader and 102 bp of nisin mature).

The pGEM®-T Easy Vector Systems are convenientesystfor the cloning of PCR(c)
products andsize 3.018 kb This Vector contains multiple restriction sitesthin the MCS.
These restriction sites allow for the release ef ittert by digestion with a single restriction
enzyme. In this study, the restriction enzyraesR| was used for the release of the insert by
digestion.
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Figure 3 A - pGEM@-T Eas\ Figure 3 B — Blue andwhite.

A

The colonies of Ecoli containing the recombinant plasmid were selectadsolid LB
medium containing ampicillin, X-gal and IPTG. Thelexted eight colonies in which six were
white and two were blue colonies. Isolation of mabmant plasmid DNA was described in
Promega's Protocols and Applications Guide. Theultreanalyzed by 0.8 % agarose gel
electrophoresis illustrated as in Fig. 4.
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Figure 4 A. Lane: 1, 2, 3, 4, 5, 6: genés selected from white colonies; lane: 7 from bluon@s):
Marker Biolabs (0.1 — 10 kb).

B. Lane: 1, 2, 3, 4, 5, 6, 7 plasmid from coloniestamingnisgene in which (1, 2, 3, 4,5, 6 from
white colonies while 7 from blue colonies) aftegeltion withEcoR I: Marker Biolabs (0.1 — 10 kb).

To confirm thenis gene was inserted into vector, plasmid productsewtested with
restriction enzymes digestion wiitaRl. The results cut with restriction enzymes wasatied
on 0.8 % agarose gel electrophoresis (Fig. 4A).

Observation of the electrophoresis image as sedfigiiB showed that plasmide ADN
products after digestion witecaRl which appeared two bands. A band was correspgrtdithe
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size of plasmids isolated from blue colonies. Theep band has size appropriate the band of
PCR products. The obtained results indicated te 1, 2, 3, 4, 5, 6 containimis gene from
the strain PD14.

The plasmid DNA products were purified by QiaQuiRER Purification (Qiagen, Hilden,
Germany). Fornis gene sequencing, it was use of Genome Lab Dey iaton Cycle
Sequencing Kit (Quick Start Kit), reading on Beckaaulter CIQ TM8000. Nucleotides were
treated by SeqEd1.03 Programme and compared &idseof NCBI.

The result of homology comparisianis gene of strain PD14 was carried out with gene
nisA (AY526091.1) nisZ (AB375441.1), nisf (EU057979.1) andnisQ (AB100029.1) by
CLUSSTAL (1.81). The obtained results indicatedt,tmis gene of strain PD14 was 99 %
homology withnisA andnisZ while with nisF and nisQ was 98 % an®7 %, respectively as
below:

PD14  ATGAGTACAAAAGATTTGAACTTGGATTTGGTATCTGT TTCGAAGAAAGATTCAGGT GCA
NI SA  ATGAGTACAAAAGATTTTAACTTGGATTTGGTATCTGI TTCGAAGAAAGATTCAGGT GCA
NI SZ  ATGAGTACAAAAGATTTTAACTTGGATTTGGTATCTGT TTCGAAGAAAGATTCAGGT GCA
NI SF ATGAGTACAAAAGATTTCAACTTGGATTTGGTATCTGI TTCGAAGAAAGATTCAGGT GCA
NI SQ  ATGAGTACAAAAGATTTGAACTTAGATTTGGTATCTGT TTCAAAAACAGATTCTGGCCCT

hkhkkdhkhkkhhkhhhdhhhhdhkd dhdhddx *dxkddrFddhkddrdkdhrdhhkdx *kx *x *xkkhkkk K*k k%

PD14 TCACCACGCATTACAAGTATTTCGCTATGIACACCCGGT TGTAAAACAGGAGCTCTGATG
NI SA TCACCACGCATTACAAGTATTTCGCTATGTACACCCGGT TGTAAAACAGGACCTCTGATG
NI Sz TCACCACGCATTACAAGTATTTCGCTATGIACACCCGGT TGTAAAACAGGACGCTCTGATG
NI SF TCACCACGCATTACAAGTATTTCGCTATGTACACCCGGT TGTAAAACAGGACCTCTGATG
NI SQ TCAACACGITATTACCAGCATTTCGCTTTGTACACCAGGT TGTAAAACAGGIGI TCTGATG

kkkhk Khhkkkh Fhkhkkhkk hk khkhkhkhkhkhkkh KAhkhkhkhkhkhkhk khxkkhkkhkhkFdhkhkhkhkkk Kk Kkhkkkkkk

PD14 GGTTGTAACATGAAAACAGCAACTTGTCATTGTAGTATTCACGTAAGCAAATAA
NI SA GGTTGTAACATGAAAACAGCAACTTGTCATTGTAGTATTCACGTAAGCAAATAA
NI SZ GGTTGTAACATGAAAACAGCAACTTGTAATTGTAGTATTCACGTAAGCAAATAA
NI SF GGTTGTAACATGAAAACAGCAACTTGTAATTGTAGCGT TCACGTAAGCAAA- - -

NI SQ GGATGTAACCT GAAAACAGCAACTTGTAATTGTAGCGT TCACGTAAGCAAATAA

%k khkkhkkhk khkkhkkhkkhkhkkhkkhkhkkhkkhkkhhkkhk *xkhkkhkkk*kx kkkkkkhkkhkkhkkkhkk*

The deduced amino acid sequencegarge of strain PD14 by CLUSTALW (1.81) and its
comparison witmisA, nisZ, niskandnisQwere as follows:

-18 -8 -2 +1 15 21 27 30
PD14 VSVSKKDSGA 3PRI TSI SLC TPGCKT M GC TAT(QH] CSTHVSK
Ni s_A VSVSKKIDSGA SPRI TSI SLC TPGCKT M GCl TATQH| CSI HVSK
Nis_Z VSVSKKIDSGA SPRI TSI SLC TPGCKT M GC TATAN| CYI HVSK
Ni s_F VSVSKKIDSGA SPRI TSI SLC TPGCKT M GCl TATAN|[ CSVHVSK
Nis_Q VSVSK[TDSGA STRI TSI SLC TPGCKT M GC TATAN| CSVHVSK
* k Kk k% * k% * * %k Kk kk k% *******' * * k% ****_;_ * k|- ¥k k%

andnisZ while 98 % withnisF, 97 % withnisQ. The deduced amino acid sequence of prenisin

Nis gene of the straihactococcus lactisubsplacti. PD14 was 99 % homology witiisA

from PD14 differechisA by one amino acid at -18 position (its L: valinbile F: phenylalanine
in prenisin A), and there were 98 % homology withA 96 % withnisZ 94 % withnisF and

7 % with nisQ The final sequence consideration demonstratechtb@ene of the strain PD14
was completely homology withisA and the strain had already identifiedLastococcus lactis
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subsp.lactis. Therefore, it can be confirm that the bacteriodiadoiced by the strain PD14 is

nisin A.
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TOM TAT

NGHIEN CUU PINH TEN BACTERIOCIN DOqCHUNG LACTOCOCCUS
LACTISSUBSPLACTISPD14 TONG HOP

Hoa Thi Minh Td, Nguyen La Anf Le Thanh Binh
ién Cong ngh sinh tyc, Vien HLKHCNVN, 18 Hoang Qie Viét, Cau Gidy, Ha Ni
2Vi¢n Cong nghip thec phim, Thanh Xuan, Had

"Email: hoathiminhtu@gmail.com

Chang vi khuin lactic LactococcusPD14 phandp tir sia bo troi dd duoc dinh tén 1a
Lactococcus lactisubsplactis [19]. Chung nay sinhdng hyp bacteriocin qua phan tideén di
Tricine - SDS- PAGE cho #ly c6 kich thréc khaing 3,5 kDa, ding nhr nisin. Bacteriocin nay
c6 phd tac ding chi yéu v6i cac vi khuiin Gram arong, trongdoé dac biét ¢ ché manh nhém vi
khuin gay nh, gay ng doc thuc prim nhr B. cereus, S. areus, L. monocytogemgoai ra,
cacdac tinh chu nhigt, bén axit, nfliy cam v6i proteaseét twong dong Wi nisin.

Viéc nghién ¢u xacdinh tén ndt hoat chit sinh hoc ludn 1a nét vu tién hangtau, lam ©
s& cho céac béc tiép theo,dic biéet cho nhiing nghién ¢u tng ding.Véi viéc tach va tinh sh
thanh céng geneis ma héadng hyp nisinda my ra @ hoi dé xacdinh trinh tr genenis, trinh
axit amin trong \éc xac dinh tén bacteriocin nay.&qua giai trinh ty genenis cia ching PD14
cho thy 99 % trong ddng Wi nisAva nisz, 98 % \6i nisF va 97 % i nisQ Ngoai ra, phan
tich trinh tr axit min dia prenisind chang PD14 cling © né ch khac i nisin A badi chi mot
axit aming vi tri -18 (pHin du) va c6do twong dong 98 % i nisA, 96 % \6i nisZ, 94 % \6i
nisF va 87 % ¥i nisQ.

424



Identification of a bacteriocin producing by lactococcus lactis subsp. Lactis pd14

Ngoai ra, cing PD14da dugc xacdinh laLactococcus lactisubsplactis. Vi vay, voi tat
ca cac Kt gua nay la nlirng king ching c6 tl¢ khang dinh bacteriocin do aimg PD14 tng hop
[a nisin A.

Tuwr kh6a amino acid sequence bacteriocin, nisin, idemtifan, Lactococcus lactisubspLactis
homology.
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