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U A (plantaricin) Z4 S % Z & 2B 5MIC
L. ZNEDOMEEIZ T 238K 22 kb 57524
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BONT TV F 2 URGEEIR T IMEES B0, NT
T2 VO - SIS B EHEEEI N, HU
75 AR — LICAFET % D& plnGH #A{s 1 (PInG
& ABC b >~ AR—%—_ PInH & PInG D7 7 &4
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T XD VI ERR O 2RI 2 Hi5 L. PUK6 &
@ PInG/H OFEREMEHT 2 171>, PUKE FROD 2 77/
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1) L. plantarum PUK6 D¥EE/NT T ) A >
WX Z >IN EBEF pInG BIEHEDIER

PUK6 #£D 7"/ Is DNA Z #7512 LT PCR Z171\>,
Apal 3 XU Xhol izt U7z pInIFEGH 81517
BUHIEEY % pUCLIS R Z—~ 0 —= 7 L
TFS5 A3 K pUCAX54 BRI L7z, . pUCAX54
Ty T L—hkE L, pinG BIETO LR E FFRO
SRR E DT I A~ — =Gt L, chk
Mz inverse PCR BL TV TS 47— 3 ViC
XV pinG BAn 772 R E Tz pUCAXS4AG 72 Kif
Lize ¥iWT. TDT T A FD 3.6-kb Apal-Xhol
W Fr 72 IR Z N 7 &2 — pG+HHOST9 (Em") @
Apal X T Xhol HNLICHIA U, pInG B {nF ik
VEBI 75 X 2 R pGAX54AGC R L 12, 75 3.
CDTIAIREF, 28CTIIEBMRETSH % M,
ITCLETIFHEITER,

PGAX54AG % PUK6 i~ L% F o EL—2 5
> (715 kV/em) ICTEA LT, R, =TV ABY
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Gene Designation Gene Designation
BmQ1 branched-chain amino acid transport protein pinC  response regulator PInC
NapA1-like putative cation:proton antiporter pinD  response regulator PInD
pINCSES plantaricin NC8 beta peptide precursor pinl immunity protein pinl
pINC8a plantaricin NC8 alpha peptide precursor pinF  two-peptide bacteriocin plantaricin EF subunit PInF
NC8c putative immunity protein (plantaricin NC8) pinE  two-peptide bacteriocin plantaricin EF subunit PInE
Orft (PUK6a) Similar with orf3 of strain J51 pinG  peptide cleavage/export ABC transporter PInG
Orf2 (PUK6B) Similar with orf4 of strain J51 pinH  bacteriocin secretion accessory protein PInH
orf3 Similar with orf5 of strain J51 pinS  plantaricin biosynthesis protein PInS
orf4 Similar with orfZ3 of strain Z3 pinT  integral membrane protein PInT (protease CAAX family)
pinR-like putative plantaricin biosynthesis protein PInR  pinlJ  integral membrane protein PInU (protease CAAX family)
pinL bacteriocin immunity protein pinV  integral membrane protein PInV (protease CAAX family)
orfs hypothetical protein pinW integral membrane protein PInW (protease CAAX family)
pinQ plantaricin biosynthesis protein PInQ orf6  similar with UL4orfZ1 of strain UL4
pInA plantaricin A precursor helD  DNA helicase gene (AAA family ATPase)
pinB histidine kinase PInB

1 Lactiplantibacillus plantarum PUK6 0 pin locus EDEIEF & 715 DHEERERE ?

4> (Em) & MRS Hillic T, PUK6 BV EE
TE, TIAIFHWEUTE RV 42CTHET S
C LT, EmMtEEzF269 %75 A3 K7z PUK6
DT L AtHERBZ I K DALz (Ist
crossover), RIC. EmiiflEz/RUicthz 75 A R
MBI REZR 28 C T E LTz, HEWRZH LWV
MRS FHIIC 1% (v/v) $:Ad LT 24 RERTRG#E U 7e,
Oz 3O IR L G100 D, MAES
#2175 LT REEKIHASNIZT I A FES
77210 LT, Bk 2 MRS FER VA it i B
Ou=—%BKT 5 KD ICHifREME L, 42°CTH
#BIDTELTTIAI FERERICHEET L (2nd
crossover), mRIC, Em M2/ RLizan=—Ic
DT, au=—PCR Z1T> T pinG E1n1WEk
(PUK6ApInG) 7=tk « HiG LTz,

2) L. plantarum PUK6ApInG DIEE 45 B&

PUK6 #i5 & U PUK6ApInG ¥k7% MRS JE P ES
AL C 30°C Tl E L e an=—n
IR Z BE T 2 N\A A7 v A 21T o Tz, 5k
i 1& Lactococcus lactis subsp. lactis ATCC 19435",
Latilactobacillus sakei subsp. sakei JCM 1157" 5 X U
Loigolactobacillus coryniformis subsp. coryniformis
JCM 1164" O 3 Mz IV Tz, TN D IEIEE 7z it
IR C — Wik U 7o il 2 1.2 %K 7%2 38 MRS
B 5mLIC 1% (v/v) #REL (FHaficiafiE L, 50°C
BMEIHE U TH LR, Bilk, 25% MRS %
KPR Foan=—o RISRUIAATZ, EEL
TR E L L 727, 30°CT—Hik&E L, an
Z— A OREER DA FHIEM 285 L, HlEE T
22 ATz,
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3) pinGH B=FENV T VXY VB LEFD
HERKRDIER

PUK6 #k® PInGH & 4 TR D/ 7 7V F 2 > D
&R fRIA T B 728, PUK6 #0277V A
VUBETEZORBEZ VNV EABILTELT
pInGH 81772 BRI H OE F I8 A LI HH
BIMkDE# 5 A2 7o pInGH & fn 1 7% FLEE B FH N
22— pMG36e (Em") IZHfiA L 7z pMG36e-pinGH
R LTz, RIC, PInG WY in vitro FEERIC K > T 2
5T RTF RNT 7V A2 2D plantaricin EF O
preplantaricin E DV — X —XTF Fz2YJlid 5 &
DHEEN TV T &5 Y, plantaricin EF OfjE
2N E#In T (pinD) 72 & pInEFl 815172
pMG36e & I3 BTN 75 2 AR FH R BN 7
2 —pNZ7021 ICHA LT 7T A X R OREHEZ i H
Tzo 9. pUCAX54 Z7 > T L— k& LT, plnEFI
a7 &8 DNA i Z PCR THIE L. Th7%
pUCI18 XY Z—lc/a—=57 1L, 75 A2 K pUC-
PInEF] Z2K8E LTz, RIS, pUC-pInEFI 0 1.2-kb Sacl-
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A LT pNZ7021-pInEFI ORERAE 7=,
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PCR %4712 & T A, pInG 38 {n THHEERR ORI 4
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BT, PUK6 B & A UK E E DHIEEY) &
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LTWAZ ENEZ BN, T T, EHifkZ MRS
FEROPHEE N EfER L T oo ——L L, Thk
Em &8 OFER PG E HE L (LTY A),
Z DR, 3D Em BEZ 2R LTz, Thb
DaAR=—ICDNT, fAHEDLEDEKS 3 FEHD
T5A—ZHVTHEIT=—PCR Z{1> I,
ZORER, pnG BlnrhEI N EZIEN5
BED LRSS, DNAY =2 2>y v 7Iic &> T
pInG BInFOWIE 2R LTz, Tz PUK6ApInG
&t Uiz,

2) L. plantarum PUK64pInG DINEE M
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Hc gl L CAER Lican = —o Rz
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REIRFGEAEEODALONGN -T2 (K 3)e X
Tz, PUKGApInG bk Bt U Tei5# BiG L. sakei
subsp. sakei JCM 1157 1 hf U CHIEREMEZ R L,
Btk (PUKG) OFIRTENE L IZIEF U TH - 7.
PInG I ABC h TV AR—2—LHEEIN, 20T
NTF F)N7 7V 4> plantaricin EFOHY 7 1=
k PInE D 7L RXTF RoTaty > 71 PInG A
59 % & Din vitro MBRORERIHE TN T3 Y
LIeW> T, 2N TV VDS BHEE
¢ plantaricin EF (& PInGH (PInH (& PInG ® 7" 7 &
V)—=22R08) Ic&k-oT Ty y ()—
H—XTF FOYIW) 2% THRENNEREE NS
EHEE S ND D, ARIEA R 5 &, PUK6ApInG
RGN T T F o U HEFERE 2 > TR O ATREMED
ZEZ BN, PUK6 RDZHIT/NT TV A > > Dk -
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3 Lactiplantibacillus plantarum PUK6ApInG DITEEMER
PUK6 #k & PUK6APING D30 =—D EITEIZE & LT Lactococcus lactis subsp. lactis ATCC 194357 (A). Latilactobacillus sakei subsp. sakei JCM 1157" (B)
$ & U Loigolactobacillus coryniformis subsp. coryniformis JCM 1164 () Df&&ER (BXSH) #EELT.

A FEICIE PInGH DI Ot Dk 22 > /8 7 H & B 59
5T EEMETEREN T 51413 PUK6ApInG
WERETZNI TV Ve - ETST LT
PInG/H OFFEMEZIHSMICT 2 40H D H %,

3) pinGH BRFENT T VXY VELFD
HEBROIER

pInG B a1 8k (PUK6ApInG) DIGEW ik
BIEEEEZA LTS EEZ N EN D,
PUK6 kD A FHE DO NI T VA2 2 DT XTH
PINGH ZN L CTHFEESNZ DI TR EVWELEZD
NTzo T T, PInGH ORHERMEZIS NI B 720,
PInGH &8/ 7V 4 ¥ VL FORMHEEICK S
HRE B 2 il # 7o pInGH 38 A5 T 72 pMG36e (Em")
ANJ Z—IcHfi A LTz pMG36e-pInGH 7ZREER LTz, i
W T, in vitro s BRIC X D PInG 7Y preplantaricin E
DY =R =T F R2YKT 5 EMREEN T
‘T &b, £33 plantaricin EF FEBIFkD EHLIC
#% T U7z, plantaricin EF O %y% % > /% 7 Bl 1
(pInD) 72 & pInEFl #1n+ % pNZ7021 (Cm") I
AL Z A2 R pNZ7021-pInEFI DREHE 72 5K
T=o BITE % TIC plnEFI W45 7% pUCL18 R 2 —
WA L7275 A2 K pUCpInEFI 72 K4 U 7= H3,

pUC-pInEFT O 1.2-kb Sacl-Kpnl Wi i 7 pNZ7021 @
Sacl 5 X U Kpnl BRI ICHH A U 72 pNZ7021-pInEFI
DHFITEE>TVAEY, T T IAI FHED
i EICHW B RIGEICRI Ul 2 87 B etz
R EEABN, £ T, KR (25°C) ToOHG#E
RTF L a v ra—Z T ERBIEN, R
WKIFES TN - T,

LY

AWIZ2Cl&. L plantarum PUK6 DZ L5\ 7 T
) 4> > (plantaricins A, EF, NC8 ¥ & U PUK6)
DEFEREEZMIHT 2 ZHBEL T, NV T UL
VUEBBGEIR 7 T A% — (pin locus) ITHiiE
§ 5 HEE ABC kT > AR —%— PInG DFEHE = st
U7z plnlocus RICHEMENS M TV AR—2—H#
(ET& pInG UDEWD, T DEIR FHIER O &
W EREEPEEEEZE LTS EEZ 5N, PInG D
fic & N7 7 1) AT > Ok H 5 2 X7 E DA
b vRE NI,
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Production mechanism of multiple bacteriocins of the lactic acid
bacterium isolated from traditionally fermented and preserved foods

Hiromi MATSUSAKI

Division of Food and Health Environmental Sciences,
Department of Environmental and Symbiotic Sciences,
Faculty of Environmental and Symbiotic Sciences,
Prefectural University of Kumamoto

Bacteriocins, which are antibacterial peptides produced by lactic acid
bacteria, are expected to serve as natural food preservatives in the food
industry due to their high safety. Lactiplantibacillus plantarum PUKG6 isolated
from misozuke-tofu (tofu pickled in miso), which is made in the Kuma district
of Kumamoto Prefecture in Japan, produces multiple bacteriocins (plantaricins
A, EF, NC8, and PUK®6). In previous studies, the p/n locus (ca. 22 kb) containing
the plantaricin structural genes was determined, and a biosynthetic mechanism
was proposed. The aim of this study was to determine the mechanism of
production of multiple bacteriocins in the PUKG6 strain. A database web analysis
indicated that the p/nG gene on the pin locus in the PUK6 strain most likely
encodes the transporter that exports bacteriocins extracellularly, while the
plnH gene encodes its accessory protein. In this study, we prepared the p/nG-
knockout strain (PUK6A4pInG) to elucidate the function of PInG. The
antimicrobial activities of the PUK6A4pInG strain against three target strains
(Lactococcus lactis subsp. lactis ATCC 19435, Latilactobacillus sakei subsp.
sakei JCM 1157", and Loigolactobacillus coryniformis subsp. coryniformis JCM
1164") were nearly the same as those of the PUK6 strain. This result suggests
that any of the four bacteriocins produced by the PUK6 strain may be exported
extracellularly via transporters other than PInGH.



