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Research into food preservation using a
bacteriocin produced by
Lactobacillus gasseri
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Bacteriocins are natural antibacterial peptides riboso-
mally biosynthesized by bacteria. Gassericin T which is a
bacteriocin produced by many strains of Lactobacillus gas-
seri has a broad antibacterial spectrum against food spoilage
and pathogenic Gram-positive bacteria; therefore, the bac-
teriocin and its producers are predicted for use as safe food
preservatives. However, probiotic Lb. gasseri strains show
poor growth and minimally produce gassericin T in food-
grade natural media such as reconstituted cheese whey,
unlike in MRS broth. The growth of Lb. gasseri in reconsti-
tuted cheese whey was improved by adding proteose pep-
tone as a nutrient factor. The production of gassericin T in
MRS broth was specifically inhibited by adding divalent
metal cations, and then the inhibition was removed using a
chelator of divalent cations, trisodium citrate dihydrate.
The production of gassericin T in reconstituted cheese whey
was also restored by adding trisodium citrate dihydrate, and
the activity was enhanced by a surfactant, Tween 80. In
addition, trisodium citrate dihydrate led to over-production
of and synergistic antibacterial effect with gassericin T. In
this study, we developed a cheese whey-based medium
containing proteose peptone, trisodium citrate dihydrate
and Tween 80 for gassericin T production. The developed
food-grade medium may contribute to the effective use of
some bacteriocins from probiotic lactic acid bacteria for
biopreservation of foods.
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RALFE K S N RAFR O AE ) 20 L, HEH 1258
CHuR SNBEMIZH L. 2 TEE, ECAHEISHL
EFNTERIRHRDHWE N A+ 7)) FNT 1 7 ]
ERHLRAEE TN TVHFR= 3 v ] BAAD
BLEEDTHL, 1Th, EREFRE DI OLE
LI TF N [N 7 UL 2 | \ZEMNENA T T
VHNT A TD1IDELTEZLNTEY, oA
HAPfE s T s, ZofERE LT, #7504 E
PLECHEH ST\ 5 Lactococcus lactis subsp. lactis
DEFET LN TV Y [HA 2 YAl 2520094125
HET O RN & L CH#lfae Sz 2 L IERLEIC
v,

N T, MR OBEEERICESWT) Ky
— A ETHEGHREN L WEITE T F FOKIRT, —
M9 pH R BRI 2 B AL, P TR LIRS
WERTIENRMONT VDY, IS OREIE, Bk
TN T A 5 5 SR BBV T, BRAND 2
EANSKHRIZFEET, FLRE N 7)) 2 OHFRF
HPRETHhH I xR L TWADH, F72, BIUTRIZHEL
BEHATESIIGHRINDLRTF NETH L LI, FLEE
W7 T)F Y OB EEDO TS 1 ODOERE %
5> TWh, 612, WENESF CHREEDOSHEICE A,
i VT O HBUBEE AR D TIRWY 2 &1, FLERR N2 7
VF T v OREWRESL LTEELRRL VM koTw
5.

t N REREOBNESEMTH S Lactobacillus  gas-
seri\d, FECOEHIUI X D EORBICHE R NR T S 72
OYRERTUNAF T4 7 AL LTALRMENRTY
b, %L D Lb. gasseri WikRlE, DN 7 7)) F
Y [#+EY 2 T (gassericin T, GT ; GatA, GatX) | #
AL, TOMMEHERIIROARIII-FEhTns 2
EDRHS PR > TWBEY, GT L, B pH IZIEFIZ%
ET, LMK 7215 T7% <, Bacillus cereus,
monocytogenes B & O Staphvlococcus aureus 7 & D 7
N TR S I ol DGR AR N FE S S A
ZEnL, BERNOFRMFHAPEFES A TYS, LaL,
Lb. gasseri 1%, #ILF — AR T — (reconstituted cheese
whey, RCW) 7 & OZAMC & 5 H W] RE 722 55 Hhh C A=
BAEET, GT EREEICZL W EMsNn LY, 22
TARMTETIL, Lb. gasseri DEFEM =3 L 72 RCW %
TR 2 I C, BRI R % GT AL 2 HEE 4 %
ZkE L7

Listeria

MHRELVTE

EREYk, 5, BLIUHEERNG
GT &EWHIZIE, v b (6 7 Ali%) AL HEE
L7z Lb. gasseri JCM 11064% H\ 72, N7 7 )G ~
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TEHEE I 2 IBE R, Lb. delbrueckii subsp.
bulgaricus JCM 10027 % FHv 72, WiEMRIE, FLERARHH
D MRS ¥# (Difco) 12C37C, 18 hdfEfisaE% 3
To 722K 3B L 72, RCW (X D2EFLE) 1281
B EFED FERICATV, B IRER512130.5% (w/v) 71
FF+ — AT k> (proteose peptone, PP ; Difco) % H
Wio, MEROAF R, FEERO pH b L < 1& ODey 12
BUABEZAETLZ L2 ) BIgL .

NI TUF D 2 EERIE

INZ T F Y G PERIE X, JCM 10027 k& R &
L 72 ZERIEHGE (agar-well diffusion method)? 12 T4 -
7o, RERTL L 7 HEERE FIEIE, BRI 2 w00 BE (5,000
g, 10min, 4C) L72fkl2, T4 A2 74 V¥ — (L
0.205 L<130.45um, 7 KNV 7 v Z7HEE) %MW/
JEA WX ) B L 72, REBE OBEREAFUCIE, R
HH0mM 1) U ERFREE (pH6.8) W, NZ T I
Y OIEMEE, AFRIEM O SR b R ARRE
DL EFR L, TOHNM%E Arbitrary Unit (AU) T
L7.

HEVDOTEEICRIEETMERECF > DHE

GT BRI T M4E 1 4+ v O8I, Sl
&)@ 1 (CaCly, CaCOs, Ca(CHsCOO),, MgCly, MgSOy,
MnSOy B £ N FeSOy; 1 M) & F 2 iRhn L 7z 85
TJCM 11064k & F232 L, 556 72838 GO PR Gk
HUET LI EICE YRR L. F, ZliSE A 4 v
EEIZE B8, 1, 2, 3, 53X U10mM MgSO,
ML 7z MRS 55 v 2 2 & TiRER L 72,
HEUDCTEREICRET MEES T DEE

GTH M KIFd ZMli€)E A + > ogEIE, JCM
11064%k > MRS £r #5528 13 (GT i) %10 M MgSO,
Zord50mM ) o ERAR SR (pH6.7) 2 AN & L 72iE:
WEICAES 2 2 & THEBRL 72, ORI, 50 mM
) ERAREE (pH6.8) & HV 7.
JICB=FMNIILICERHEY D TEEDOREE

GT ApED WL, 10 M MgSO,% & T MRS K51 &
IO —MEmA F o FL—  EITHE LY
BE=7 N1 7 4 "M (trisodium citrate dihydrate ;
TSC) #dsins 5 Z &2 & L 72, 10, 20, 30, 508
L U100 mM TSC % 7 L 7255 Hi 12 € JCM 110644k % 55
LM, BEE (ERINEZED) O TSC #IEE 2100
nMICEREE L, B5 LIS oPiwiE 2 WE L7z,

GT & TSC oA 2 Prw s # 1%, JCM 110641k @
MRS i 22 Bif (GT ) (2#%=E10, 20, 30, 50
BLT100mM TSC #RmINT 5 Z LIZ X DRFEL 72,

TSC % i \» 72 PP-RCW 2 & & GT A i o [A1 15 14,
PP-RCW 1210, 508 £ U100 M TSC Zifishs 5 Z & T
1To7z. 3612, GTiHMEZED S BT, 100mM TSC
% & T PP-RCW (£ it IR I BAE o 45 4 FUTHT % P 7

(Tween 80, €/ A LA V7))V, £/ F LAV
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BRYVE S v BIELYF V) #0.1% (w/v) HEETH
L, JCM 11064%k% 5528 L 7.
in situ MBESEMAEICE D HEU > TOHRE
Foag BiER OB EEAREKA GT Th b Z Lid, Kid

3% % SDS-PAGE it L 72 D in sitw HUHE G VR &2
WX DHERR L 72, in sitw PURTEYERE T, F97, TKkEh
#%® SDS-PAGE 7 )V % [H5%E - PEi L 72, FEIC1F20%
(v/v) A% =VBILO10% (v/v) Bilk% &TRA
RV, PRI E WL kIS, Emo sy
IR JCM 10027 # % & A 72 MRS $RIER K M % T
J@L, 37C, 18h 5 L7z, ¥k, HEHOAFHIE
HOMBEIZL > TGCT OFEEZHEN L 7.

HRHLUEBE

BRF—AKRI—ICHTB Lb. gasseri JCM 110640
BHEHEU DO TEEM

RCW IZBWT Lb. gasseri JCM 11064i1x BUFIZAET
L7Zero722%, PP A2RMT A2 LI12L ) MRS 53t & [6]
HORFUAES L (F—FITRL TR, £
I, BilE, B €Y IVBLUIATIVE RCW IC
WML CHLEBFEOLEIIR SN R0 - 7225 PP L[H
FRICART T FRGOIREM TH AT X A 2R L 72
BEORMEBHORENRLN: (F—F IR LT
W), NS0T, Lb. gasseri JCM 1106404 F |2,
WEEET I VTR, RTF FEILHATHLZ L%
R L C\We, FEEOMEMNI, Lb. gasseri D7 BRER
B OO EHRIBER BV T Aohi:

(F=FIIRL T W),

— 5T, B aEFREIMERE SN -b 0D, PP-RCW
BEEFICEGTIEESITEAERIB I N o/, 2
DERIZIE, GTAED L IIMEHIZBIT B0 5 DDk
PHRREL TS, FEME OG0 ZNs 2 HE
LTWAUWEENE Z 5N, £2°C, GT g%+
WZHR T 5 MRS ¥ Hp 5 % PP-RCW IZRIN$ 5 2 &
TGTAEED L IIMEHORIEZ AT, UL, B
FHICGTIEMoO R SN e o7 (F— IR
LTwhw), ZofFRIE, GTAEED L IfEMAR
PP-RCW H DA & D2 & o THE I N TS 2
EERIRIEL T,

“MEBA A NCKBZA VDO TEEDHEE

MRS Hs#h & Ib#z L C PP-RCW I Z & IC& T 5
i A 4 > O GT EEANDREZRHRDL 72012,
MRS 552 A4 E3R 2 dm L, Lb. gasseri JCM 11064
FREFELZ (WTMOZfiEERORMOY & b W oA
BICAERZEIBOON L o72). ZOMEE, CaCO; %
B < A& E 1 (CaCly, Ca(CH,COO),, MgCly, MgSOs,
MnSO, B L U FeSO, ; 1 M) DFEIIC & T, B LE
HFo GT iEMIX19-37% 1WA T2 EBHLRE L5
72 (Fig. 1). L2 L, KRANOEBYED w2 <, Al
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Fig. 1 Effect of divalent metal salts on GT production.

Lb. gasseri JCM 11064 was cultivated in MRS broth alone
or MRS broth containing 1mM of the metal salts indi-
cated.

S A& ¥ EWEEELIZ v CaCO;s DFINTI, GT itk
0% HEFEE N (Fig. 1), 2O EHs, GT AE#ED
L IIEH OB EL, NE%Eo ZMMiaEEcldz <,
BHOTMEBA A+ L IZLoTRIAZ EPRBER
7o. Fi, WINML-ZAGEE A 4 v (MgCl) #EEO L
FAHE o TR LIEO GTIHEMET L2 &2, =
fi4m A A+ 12X 5 GT HEILRERFENTH L Z LW
oo/ (Fig. 2). i@ A+ > (Na" BLU
K \C&2E5% GT lHEIIMRA SN o7 (7—%
R LTV,

Wi, A& A A+ v OMEN GT £EICHT A0
7, GTERICKT 5 0 O 572012, MRS B
# B (GT 3 I fli4g A4 4+ >~ (10 M MgS0,) %
WL, WEHWIEEIT > 72, COMEE, GT GBI
13753 (F=ZIIRLTwZA W), GTEHIZ 4 A
T AEESN R, D%, GTEENZMEE A 4
X DHEEINLZEPHLRE o7
JIVB=FPMIILICEDARV D TAEEDORE

TAEE A A Sk B GT A EME % LT 5720
12, ¥ L — F#ITSC %10, 20, 30, 508 & UF100 mM i
£ T10 M MgSO, % & ts MRS B 128 hn L 72, 0%
H, 30mM TSC OFMZ LY, MgSOs ZiRML T
MRS Hi#th & % F CA R mE L2 (Fig. 3). 20
Lk, GTAED, MieEA+ 2k ) HEES N,
FL— M TSC OB & Y EES 5 2 & AHER S
7z, F72, 50mM TSC 2R L7282 BT, @winL
TWhRWEAED 2 /0 GT iEM» il s 7z (Fig. 3)
s, —EmL ED TSCfINT GT oA A5
CAHIEHREENT, THIUL, WINL 7 Mg 72T
% <, MRS 55 #1270 4 F71E L T 724355 7 AN 4R A
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Fig. 2 Effect of divalent metal cation (Mg*) concentration on
GT production.
Lb. gasseri JCM 11064 was cultivated in MRS broth alone
or MRS broth containing 1, 2, 3, 5, or 10 mM MgSO;,.
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Fig. 3 Effect of TSC on restoration of GT production.
Lb. gasseri JCM 11064 was cultivated in MRS broth
alone, MRS broth containing 10 mM MgSO,, or MRS broth
containing 10 M MgSO, and 10, 20, 30, 50, or 100 mM
TSC. Before assays, each culture supernatant was
adjusted to a final TSC concentration of 100 mM.

F 2% TSC ¥ L — b L7272012, GT AEDIREDE
EhbobkEZONL, F72, TSCIZ X Y AEFER JCM
11064 DRI O E B\ EAS L F- L, 212 GT 2955 L 72
TREMED £ 2 SNz, 72721, 100 M TSC % s L 7255
HCix, TSC BEOHEEA 1L D JCM 1106404 F
DPARTFIC% Y (F=F IR LT aw), #RIIC GT
DEEROK TR SN (Fig. 3). ZM&E A 4> &
TSC 2 & AGT AFEDHE & H{1EI1X, SDS-PAGE %D
i situ FUETETERIZE I B VWO S 7 (Fig. 4 a).

AMEIE A A S X BEEREIIMOW L OrDNT T
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Fig. 4 In situ bacteriocin activity assay after SDS-PAGE of the culture supernatants of Lb. gasseri JCM 11064 cultivated in modified

MRS broth (A) and PP-RCW (B) .

Lanes : M, molecular weight markers; 1, MRS culture supernatant (GT control); A2, MRS+ 10 mM MgSO, culture supernatant ;
A3, MRS+10mM MgSO,;+30nM TSC culture supernatant ; A4, MRS+10mM MgSO,+50mM TSC culture supernatant ; B2,
PP-RCW culture supernatant ; B3, PP-RCW +100 mM TSC culture supernatant ; and B4, PP-RCW +100 mM TSC+0.1% (w/v)
Tween 80 culture supernatant. Clear zones at approximately 5,500 Da show that GT inhibits the growth of indicator strain.

GatA and GatX are gassericin T components.

VT U TERIZHE SN TV B, Zsidvneid
BEDA L v (Mg*, Ca** b L {1x Mn*) IZBRE ST
By, AR L -eToMligE 1 + >~ (Mg*, Ca’, Mn*
BLOFe*) ICAEREL ST 72601 GT 2 TTH
B, TMEEAF X BN T F Y VEFERED X
B = AL L TIIAHTH 55, Salmonella sp. 2R
SN5E LD BLTMHEEA A+ ISk AT HIERE AL
7ER BRI O REEAE 2 5D, Salmonella sp. T
i, MBSO ZMiEsEA A+ R TT5E, £y —0
HEZH) e XA F Y v X F—+ PhoQ BNENEIEHL,
LARYALF¥ a2l —4%—PhoP 21 YEEILL, Tt
BT OEEEEAL 2R3, i, MESo isE A+
VBN LR B L, PhoQ At PhoP @) ¥ b % 1E L
TAH5ILILoT, TROBBZETFEHESHHI S NS, B
16, @ PhoP-PhoQ 2% Z#12, GT IZB1F 5 AR
ANZZALEHLPIZLE ) ERHA TS,

TSC XV AH 5 bPHEEEEZ R T 2 LA SN T
Wn", ZZT, GT & TSC OMFEREZ T 5 720
(2, JCM 11064 %% MRS 55 H k53¢ R (GT i) 12
TSC ML, PLRiGHIEEITo72. ZORE, 508
L U100 mM TSC % GT W2 7235812 BWT, Wi
DT FEAFER S 7z (Fig. 5 5 100 mM TSC D A DL
R ER IR ittt Sk o 72) . 2 OMERD
H1Z, TSCIZ & v ek L - il oia .z, L
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Fig. 5 Synergistic antibacterial activity of GT and TSC.
The tested solutions on the agar-well diffusion assay were
prepared by adding TSC to GT solution (the culture
supernatants of Lb. gasseri JCM 11064 cultivated in MRS
broth) to final concentrations of 10, 20, 30, 50, or 100
mM. No antibacterial activity was detected for TSC by
itself at concentrations up to 100 mM.

AR D& 5 GT BMER L7272 EZ 55,

BRI, EamAHTEEZ: PP-RCW 28T % GT &
REBTLH7-912,10, 508 £ 8100 M TSC # PP-RCW
WL, JCM 110648k %2 5538 L 72, 5 &, 100 mM TSC
ZIRINL 72 & & 12 MRS 85 Huds 2805 0 21255 O 15 T AT 28
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Fig. 6 Restoration of GT production in PP-RCW.
Lb. gasseri JCM 11064 was cultivated in MRS broth,
PP-RCW alone, PP-RCW containing 10, 50 or 100 mM
TSC, or PP-RCW containing 100mM TSC and 0.1%
(w/v) Tween 80.

FEMOBABI SN, 512, FEEEFO0.1% (w/v)
Tween 80 % BN L 72 & & 12 MRS 5 #3531 & [
LFEoiEESIIEE 7z (Fig. 6 BBRICHW7-Atho 5L
HERNIRI R A L T ho7z). PP-RCW Ki2E|Z
BT 5 GT OILERE & TSC IR X 5 GT A [I1E
1%, SDS-PAGE % in situ PUATETERIZEIZB VT HIE
e/ (Fig. 4b). YLEX Y, PP-RCW I2B1F 5 £%
7% GT AEERERFPMESEA A THE I LIRS
M, TSC (& 512 Tween 80) DEFMIZ L > T PP-RCW
PEMFIAT R GT AR E 22 2 LA SN
7o. REEHE, GT o EMAIHZIT TR, F— Ak
OBEDORIEWTH 5 5£FO RCW 2 GRIEHTE 5 L n
JEIKI AL E L CTwb. Tz, PP-RCW H1o> ffi
FBEA A DGT EELHETH 2 &2 A L7z,

GT ONAF T YHFNT 4 7L LTORHEZWEEIC L7
72T, GTEFEW Lb. gasseri D7 HaANA T T 4 7
AL L TOMMAMZEDOL I LIZERLEEZ NS,

RS, GTHEED T Y bu— Vs, SEARSTT
DAY — 5 —FLEEW & GT EER (FTuNA + 714 7 R)
DOIFEREWEEIZT 2005 Th b, EBIZ, GT EER
Lb. gasseri SBT 20557%, Streptococcus thermophilus,

Lb. delbrueckii subsp. bulgaricus 3 & O Bifidobac-
terium longum & OILFAEORZI, BOBI T MEE
WCHEBE L7z & v o) Wi hid 51— T, SBT 205584
IR 3 ORI & U 2 2L S, BEOM-IEE

L7z ilEaid 52, 2o SBT 205580 in vivo
RFIL, HEEEPICGT SN Lozl e, B
WTHE S 72 GT 12 X 2 MR #EN OB S L

HEVENITUFS > ORGFIA 69

TWLHREMENEZ HILD.

ARG TIE, 7aNA T 1 v 7 F W Lb. gasseri D
N Ty (GT) HEPAN4E A 4 212 X - Tl
HMENTWDLZ WML, F72, FLEER A
THEEI N H -7 GT %=, Lb. gasseri EE MR T
074 —=2ZAX_T b ftigEm A4+ > F L — FFH TSC
DRI L o T, RCW HTHIAEESE L T LI
TyL7z. ARWIFECHI% L 72 &Ry o512 v
HZlIZEoT, GTBLUZOEEREZNA 4T
INTF 4T LCEMFET A2 EDEEE o 7. R
FeCTH SN LZHA R X OB S, %o 7 anx
AF T4y 7IBEEZONT 7)) F 3 v OFBAIEKRIZ
HikT 55D MFL TV A,

AWFFEIL, HALRFRKEB R TE R 0% - 5 T
B X OHEBE - NH#EELO TfRED F Tirbi/:
BOTHD, WRITIZZ ZICEHE L LIFET.
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