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Bacteriocins, Growth Inhibitory Substances, of Lactic Acid Bacteria —Review—

Hiromi MaTtsusaki,! Kenji SonoMoTO,? and AYAAKI Isuizaki?* (The Institute of Physical and Chemical
Research (RIKEN), 2-1 Hirosawa, Wako, Saitama 351-01'; Department of Food Sctence and Technology,
Faculty of Agriculture, Kyushu University, 6-10-1 Hoakozaki, Higashi-ku, Fukuoka 812-81%) Seibutsu-
kogaku 75: 125-133, 1997.

Lactic acid bacteria have been traditionally used for the fermentation of foods and beverages
because of their contribution to flavor and aroma development and to spoilage retardation. The
preservative effect of lactic acid bacteria during the manufacture and subsequent storage of fermented
foods is mainly due to the acidic conditions that they create in converting carbohydrates to organic
acids (lactic acid and acetic acid) in the food during their development. Recently, it has become clear
that lactic acid bacteria can produce and excrete inhibitory substances, such as hydrogen peroxide,
diacetyl, and bacteriocins, in addition to organic acids. Bacteriocins can be biologically active pro-
teins or protein complexes displaying a bactericidal mode of action towards Gram-positive bacteria,
and particularly towards closely related species. Because bacteriocins are degraded and inactivated
in the human alimentary canal and lactic acid bacteria have been used in foods since ancient times,
bacteriocins are used as natural food preservatives. As such, they have been the subject of a con-
siderable amount of research. We outline here recent studies on bacteriocins, mainly nisin produced
by Lactococcus lactis subsp. lactis.
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FLEREE (lactic acid bacteria) v, WX HFEL, LEO
My EETAHMEORK TS D, BENDAROE
FEELBEHRLTER. mEuE, A (B K8,
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FEOFERC L R5RBHERED Y A7V 7H (Liste-
ria monocytogenes), & Y ) X A B (Clostridium botulinum),
BE TV v EKE (Staphylococcus aureus) 15 K &1L Uad &
1577 sBERERCE HEEREZRT 04 H

5. ZDXS5KkAZTF VAUV bOBBIDLN

LR X W BEIN BT TR, BENRENLD
IR BEMIEFIR I TREMRE = &b, KRO
BRI E LTI IhTu 5. LicdisT, X%
¥R FVF v vieonT, EEEDOAZ Y —=
VIZRG T K WEDOKRE - B - BT R LU
ZHEE O EF BT, £ ERRET OB &
HER - T v 2D TFHE s SRR BRERLUE
T fThhb X 5 - T&ie.

AT, ABED 277 ) 4> Ve oW TS L
To#8, Lactococcus lactis subsp. lactis WEETBHF A > v
RO DOHROERTY BN T 5.

1. RIFUALOHE

HBMEHLEET S 77V 4 > ViR FOBECHE
DBV LIOUTO L) 4B A Zh T
5.3
(I) 9vF¥E47 4 » 7 (lantibiotic) ; REIF7 3 /
B, SvFt=V, 3-AFATVvFt =V LORE
7 3/ B EURBMEELS F~ 7 F F (<5kDa).

nisin,® lacticin 481,% lactocin S,” carnocin UI499 /¢
EhB5.

() ZvFA=viEEnVHBEDOESTF7F

F(<10kDa) ; 2O~ 2 F VA>T v —4— it
Gly=2-Gly l-Xaat! DT v, v v 7#rr o, &
D2 FAREIBERIDDY T I — TR B L
TE5.

(ILa) NERHEMc = v+ v AEF] (-Tyr-Gly-Asn-
Gly-Val-Xaa-Cys-) ¥ BT 58V AT ) 7TEHRRTF
N.

pediocin PA-1,% sakacin A,!9 sakacin P,!) leucocin
A,Dcurvacin A e EA B 5.

(IIb) 243 FOX7F FVEEHEZR L CHEER
T,
lactococcin G,!¥ lactococcin M, %) lactacin F19) 75 & 53
H5.

(Ie) HEEHCBTEO YR T 1 vBRENNLE.
lactococcin B9
(I BRZHOB/HTF £ -7 H (>30kDa)
helveticin J,!?) helveticin V-1829,®) acidophilucin A,!®)

lacticin A, lacticin B2 7z 435 5.
(V) 2 v 7 BAHFLUS (BECKRE) He6hY
R L CHEEE 2 RT.

plantaricin $,%" leuconocin 8,22 lactocin 27,%% pedio-
cin SJ-1M 7n ENB 5.

ABEDO% 1L, B ALARELTHHAShTE
b OR, B OBE» OIS NI LD ETH D,
BRI 2HMEORBIFAC Y, BB 4HET
LHHEMWENFE L TWHEELZLRD. Lichis T,
BT L 577V v v ERFOREERE
CHALLS LT 5R13MToRD Lo, A
2TV AYOHRThH S - &b EENCEECHE—E
AR TWBDR, SvFeELrT 4 572 (25A1)
CERTH5714 v (nisin)) TH5. 74>k, 1969
£ & FAO (Food and Agriculture Organization) &
WHO (World Health Organization) O & G ¥Ein#ic >
WITDHRAEREKESB TR T ARGRER L LTED
Hh, ™ HIEERS0 r BETRMRFRIE LT, TeteR
F—X, BESLRYOEEE, 17, =ax—Xgl
CERIRTV5.2

2. AL OEBREME

FAVVIBEDOR VB LR, TV E
V=L TSMEDT I VBRI DLIED T v —% -7 F
F (prenisin) & LTHERINDG. £DOTF v Hh —H—=
FTF YD) vERAVF = YHBKINT, FhEF
N, Fer¥e75=v, FebFasF)vikh, &
NOTEMT S VBV ATA VESFREELTH
d=—FNBR (£ AN7 4 FIER) 2FETHS v
A=Vl AFASVFE = VL ERERENRT D
EEZDLRTWS. 78 B N K#ElO ) — & —=
TF VIR T, ®34EOT I B LHERI R
HIERE > A v v (Fig. 1) BNEAN OB IR D, &
DEIIFA VOB, B vh—+—F4
VBB, TRRbLRET I BAEAGRERN I
VT vty v FRERID BT 5 R EE T TR
FiLd - LIBARTHLRT V5. FDOFE, Fig. 2
WRT LR FA Y VAR BREFIIA e v 2R
LT b, 355 I RRNER ST — & X — AR
ERDLEXOBENDKE I HiF T % (Table
). ¥l EHRoF1 vy rF A BELTF
ELTHEEL, 71 v vEBERET (nusd) OBELH
HINDZ LWL SR (Fig. 3).%0 L L
Nh, FBEZFA vV OEEREBHENIER IR T3
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prenisin A

NisT, NisP

nisin A A

('ZHz (I,‘HCHs
DHA: NH:-C~-COOH (dehydroalanine) DHB: NH:~-C~-COOH (dehydrobutyrine)
(I:HICH}
ABA: NH:~CH-COOH (2-aminobutyric acid)
(lsz S CIHz
Ala-S-Ala: NH:-CH-COOH NH2-CH~COOH (lanthionine)
S CH:

CH:C'H
ABA-S-Ala: NH:-CH-COOH

NH;—(':H—COOH (3-methyllanthionine)

Fig. 1. Biosynthesis of nisin A. The white arrow indicates processing of the leader peptide by the action of
NisP. Nisin Z differs in a single amino acid residue at position 27 (His in nisin A and Asn in nisin Z).

b T, EARERONBEREL W E IR
Th5.

3. 4 1L DR L BERT
R Lickdic, +1 o v ORISR

BLTWAb Tt LT, 71 v vDX
BIRET I )BESLT VFEST 4 o 2 OEERY
ET A8, BERETFEII»OHEREINDT
J BRI CRAT2TH D, BERWEOREE - &
BB ERRR S5 FOBERIT XTS5 - LA L
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' TITAINE >SS > E =072
nisA  nisB nisT nisC nisl nisP nisR nisk nisF nisE nisG
Fig. 2. Organization of the nisin A operon.3*-%)

£5. 74~ AL, 194751 Mattick & Hirsh?) &
Ibhzaemirankbtsrs — A CHHIR, BEEEX
nichd, b2 ~4 YOENRETH 1. F0HK,
FWTRCE R L U & T A B MM ELAV-LhTE
723840 = S ORI T A v v AUSADOW LD
DO HEG T TV 7cdy, Bailey & Hurst®d i,
Bl A v rsr <257 4 —, pHARZ n =+
7374 —TeE%T->T, BREBPCE—FHIX
NleF A vV AZBTVW5. B TR, ¥HROE
BEE e~ 757 4 —BAVAZ LD, BN
ETER T X5k 99
FAVDIORTVFEXT 4 v 7L, FOHF
REARERT 3/ BeF+=—FLVBNEETS. &
RO, = V=BT EL\ D, BB 7 3 /B> —
Vv —HWT, SVFEFT 4 » 2 DLHEEYH
B TAHIENTER . L, TECkE-
THHEELHB I, I5REBAIR (NMR) I© X
DREERT P BAC T D X 57 Y, epidermin,*
galidermin,*9) Pep5*) 7z & OREFE VB L it Tt

NMR & X 550871k, BEMBOY Y IATfTo o &
NTEDOHBHLDOD, —BBTEI—KTO H-
NMR TZ 2 B mg DFRY LEL L, ZKRTHH
LiehE10mgi3ERET. LT, #1 v v
BROBEYWE OBERERT 5B, SHRHENT S
DERBD. Fl, TOBEMITLREEL vEMTH
5. Lh Listit, B Meyer 535 v F €A T
4w IR VFA - R ACCEIMET S - &
b, = V= vaRraRELind s X RV,
CHIZXD, BEamol D7 VFEFXT 4 » 7 T K=
VIR X HREERENTIRE L T o T

4. T4 OHHE

FAYVARRRBRERE L TH—ERLINT
WABARIZTIVAYVYTHD,DELD ST ABREC
xUTHEIERAYRT. TOFRBFEIBS 4 v#o
FEESEANOFERAC L b, MEOMIRERECE L,
B THLMEC/ERA LT, L2, ATPOX
VY aAq A vig ERIRBRME ORI, FRIEEOE

Table 1. Genes and sequence characteristics of nisin A operon.
Feature Putatl\{e nurr}ber of Description
amino acids

nisA 57 Structural gene for nisin A precursor.

nisB 993 117 kDa protein homologous to SpaB and EpiB, several C terminal amphipathic
transmembrane helices and associated with membrane fractions.3?

NisB provides an essential processing/maturation function; dehydration reac-

tion.

nisT 600 64 kDa ATP-dependent membrane translocator with homology to HlyB.30

nisC 418 43.7 kDa protein with homology to SpaC and EpiC, essential for biosynthesis
of subtilin and epidermin.3®

nisl 245 Lipoprotein that confers nisin immunity.39

nisP 683 Subtilisin-like serine protease thought to cleave the nisin precursor to form
mature nisin.3?

nisR 229 Transcriptional regulatory protein belonging to the family of two component
regulators.32-34 ,

nisK 447 Regulatory protein belonging to the same family of two component regulators as
NisR.

NisK shows similarity to the histidine kinases of two component regulatory

systems. 3%

nisF 225 NisF and NisE show strong homology to members of the family of the ATP-

nisk 247 binding cassette (ABC) transporter.3%

nisG 214 NisF, NisE and NisG are involved in immunity to nisin.?9
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Fig. 3. Model for nisin biosynthesis and regulation.3

BIOMBEEOHS B R 3.4 75 slatt
BT, =v~u—7 (envelope) DHENF 1 > v D
MR~ DEA X TE D, BERELTH v it
HrERT. L, £BHEENE > rvbid Tk
75 £, Cutter & Siragusa® (X Escherichia coli 0157 : H7
CFA v vREMTSE, 74 YU EHEMLIVBE
EHART, HAERPERFERLED 2 r = — KRBT
BLERRLTWS. EbIK, 74 v Y% EDTAD
IonFr—rHlEEdies s sARBECIERIRS
L, NHED Y REBECHFETH /X a4 F VR
F v —tbLEh, SEOEEEI T DT, >+ 1~
VIR R LTy, A v RAT AR
ZFHYETC EHBHBR T 5. 459

T4 VOBRBEIpHRERELSEKEFEL, 1 v v
AR F\TpH2.5 T12%, pH5.0 Tix 4% & HED
KEVWD, FUEBIVTAI VHETIRZEAERNET
B5H. O RERLEMELPEAEL T, pH2.5D
L & 115.6°C TOA — } 7 V— 7 X 5 BB
LEFETH DN, pHS5.5 Tiii40%, pH 6.8 Tii#y
0% LAENKEL, pH7 U ETRER THEET
5.9I0X5K, 4 v VITBEEIRTOXBEE
DEL, RETHHLD, FOFERAOARISGDEE
AHBIXNTV 3.9 74 >~ v A DKROBEERGE
ThBFA vV ZiEFA > ADHis27I BBEDE
WAsn27 CE#BLTWBRd, 714V ALbdh
¥ pH TOBBENE L, Lo bAZRHEA~N”
PR IOHBEEEYRT Z 05, RN
Xhb. Fh, FVvAs7HATHOFECLY, 2L
Flor A vV ZHREEIMERI N, P pH TORR
ks L OREHOMEARL LR TV 5.0 Z DR,
FA4 VO NKBRHUOIED T I /8, nisin-(1-19)
By, HEEHC LB R/ MEETH LD, D F 1

ERA, EARLSCESHARIRAE V. ok
2 X, staphylococci I3 U CHEEMEI B &0 b,
HETFHC BT 5 WEXH~OFA, REAREDR
RTH5LEKAMEE (£ 5> ) VRHRET FYR
B OBRBHILENEZ LR TWA.

5. T4 4&EMOMRL

IDXA K, T4 VIRARMREERLEESHEAD
AR EIR TV BY, 71 v vOKBEERKO
LD RRRTHS. ABEDOL 20D~ 77 Y+
D4 K‘_%L "C , %fﬁ&ﬂ,ﬁf)) Jé pH’64-—67) ﬁiﬁ' 64,68)
ERFE,9 ) VEOOKE, ILIILBRE, YT
7 BR, 70 RETEHFISD) 7x F OB A DOTMB R s &
KR Sh, TOEERORMEABRDLRTVA. 4
BENEETDLFA YV ERILDELTA 2TV F
vOEL, AEEOMME L IAEESHh, —BY
ERAKEGED L ZCRANAEEYRT.0 3
by, LFEFEOEMC ST AREREY, ~77 V4
VVEECRTARBRRE LEZ bR TELN, LT
LdZ ) Tidiel, BEEERE XD OB VRE
DHFPEEBEI BN EIHSH. Ei, pHIZ 7
FTIVIAYVEELEVWTL- EEERRTTH
b, 6N B ir pH (I — AN ISMETH D, T,
FA Y VAEERY pH6.8 THRYITH &, £EIH
Ter 4 v v D80% L EAEARECATE LT\ ids,
pH 6.0 AT Tix, 80% A EDF 1 v viikERK b
P EETSZ ENRVWEERT V5721 - hug,
ik pH T2 DA TV F Y v ABKETH B
HEEROBEGERICERE LT, EpH TiXth
DERET B D THD. ™

A7 FYF v VEELETLREFEPLPERFEOPE
oW ToOREGAI . BEABREOER I
MRS ¥ /s S DSELEWA AR E. hix, #
BEORBERMEINER TH 5100, SREHTIIE
BOEBFIRBTHELLTHS. COWHEI, ~7
FTIVAYVOEEIRAMEEL TS, LEHA-T, X
D EEIEM CORBERENEIND. 1 v VEE
BT, A7 r— ARMECETIRIETHFA VY
EERREFERULINF VARY v ERELTWS
725,751 2 7 v — A3 RIFHOLMIRERE LD
B%. %¥1-, Lactococcus lactis D% DRI, F o w —
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Nisin Z activity (x 106 AU/)
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n >
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Fig. 4. Influence of the type of carbon source on nisin

Z production by Lactococcus lactis IO-1. Cultivation
was done at 37°C in 300-ml conical flasks contain-
ing 100 ml medium with 5 g// CaCO; and 10 g/!

carbon source. Symbols: ®, glucose; O, xylose;

A, fructose; A, galactose; W, sucrose.

AL RERETHENTER A, L lactis10-113%, 7
na—RA LR F YR - ALLERD -ABEYE
EL 7T IXILEK, F1a—ARLRA I re—ATHT
HREERENEDLSODF A v v ZREFET S (Fig.
). F e - A TEBEREEYTHL~I LR —R
DERSTHY, 20Xt AKMER>BRHFH T
iE, L oEflic T I v ZNEEIRD D LA
HIhsd EBRFL LTI, BR=FA0MHEER
METHA Y VIR BRFREEINT V.9 51 v v
ZAETRNT, 73 BROEMERING X 5 HENR
HEINTEDH, 080 + 1 v vOESRIHEER (VA
TAY, AFA=vigd) OFECEIKETLH L
RE LM EINT V5.8 RETESFITH D Tween 80
X, NI TFVAYVOEERYR EXRES .40 h
3, REEERSA27 T A vOBRE, Tiibbil
BEHOETYHTUWA 0L Bhbh 5.
TDEOR, AT VA Y VRBERECOVWTIE
¥ PEIBN IR, FosEHEOREAREIR
TWb. L Lsn, 27579 4> vEEICOWT
AR OISR Lzl is ., EEHI L
lactis IO-1 . X B F 4 v v Z HEEAEE L, BEEMES
AR L OBERYRN LR, 2oy Al
VINEBROMB L HBEEICIR LA L EY 5T,
FAVVZEEROAZAEIRL ERPELMC
L, 7MYV ZEERE»HWIFTETCEDL L

R L. ™M ¥k, 74 Y VitEGOMME LI
HEINDZ LD, B ERBRIC—KRBED DL
A RT.08 UL Linhin, 4 v v ZEEREG
DEBEEIIBEECKT ARERE LR - T
oo TR, FAVVYDT VI —H—TF VAR
post-translational modification 75 & D 4 & BBR I ¥
T A5 BRBEGEVIABEEDBE LRI -TWHI LY
TETHLDOTH .

SO, AR EOBRREEY OBBRRN~DOBRE
BERROG 7T Y > VBEREOBRRE &\ o TS
BT¥IMRLBERINDZRETH Y, Bff, HElES
BES 2 = NEHIRAARAAF VT 22 2Bk
FA v vEREED CEELCES YAV v v
HFESD IR EABE IR TV 5.

6. NITFVAL  EEBOXY)—=2 4

BRFEFRE LTERH IR TV A5 1 v YO AR
LD LEZABLNT VWS, LiediaT, 4V ED
LIFEF LVCHERYETIRARE A 77V 4 v v OBK
Db Tnb., ~A2F7 V4 VEEBODRA 7Y —=
vZ/EE LT, BERELMEELRD 5. fiE,
Kékessy & Piguet®® O + & £ (cross-streak method),
Gratia® @ spot-on-the-lawn assay % Tagg ©58) O 7k
RERDB. Thbi, FHEO 2w = —CRREHE
(BREW) *ER LY THAETHEY, WTFhid
FHBEI EETS I F I MMEYEOREYE
BLTwinw. ABMPHR, 7 et B oFH
BB LK R S EYE CH S 0D, HE
BT 7 70 A4 v VIR ER T b M IR [ 2 TR
THZENLELERZS. #20C, IBEYOREL
THERE LB, v 7 rofflafT 5 MBS E 2
bhic. FEBE»OABEY BT S iz, HEW
BETHD. REAIN VY 2% EARERERTYH
T, AMEEZ A7) —=v 7/ ThiI, AME=2r=—
DRYDOAE (R YT L) NEEINDIMC
IOBBLC2 VT V-V EBETS. 2V T V-V
R Licare = —%aREL, BBRYT-1H%, 58
W pH ¥t 35, # &5 — €A X bBERL
KELTETS, tEOMBETS. Z0X51LT,
A7 7Y A YV HAOHBILEYEOBEY R Y
VINEREEDLR > R (well) ICERINT % Tagg
& McGiven®® OB BEN LIELIERVWHBR TV 5,87
IOHERA 2TV F v VABOHEEROERI D
AubhTus., LaLshb, - OMEEEREN
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FEHTH DD, HiFcRs ) —= v 7EOMENE
FhTwsd., —20RRE LT, BREHYEELL
THEROVE AR cTh, BEEET/ 7704
VVEEBEEY BT A LNTELY, BERLLT
WL X T\ B Micrococeus luteus D X 5 LB X3
HREFUVBVCHELDD, LT LIAREAT LR
. EE B, TGC (Thioglycollate medium w/o dex-
trose, Difco) KEEM T, ~ 77T YA~ VEEBEDOS
BEXWBETHDZ LRV L GRER). ok
Mz 72— Al EOREREA T\, ABRE
REELTCLIAMEYGEALEELR. ChiC LD,
ATV AV REETIHBE Y HECRETSC
LB L.

¥ b Y IC

FA v VEBLEERRBTHEN L LS, &l
DHBMED <7 7 VA vieBT AR, BHEZR
EHLOMNED. LHLEHAD, BAETOZ OS5
DRI, BRCKELSKEDTHRTVS. KH,
B EDOEHMRERR R EDXRMOABE OB IH
TR E TR Y 5 AT RIS T 5. ok 2,
BEER\ TR ERNT SR ABE ORISR S L
THEETHS. FB, ELELIFHR/ 277 V4>V
B R PET % FLBRER B Pediococcus sp. ISK-1 7y RBEL, ~°
77V A/ OEBEYTET LT BRELOWEDR
EBET->TW5A. COAMEIL, BRXLETTHIh
- HBHE L OB S o DR » R
BRLE. ¥, QKR ETE, BELI /TR —
SHERINTED, FO7r—F a2 v e — L iEHE
EEWE OBIRA LRI SR X h T e, Bl
A7 F VA AR RTBEYEGEZYEN O
BXhTRD,®IFXFh7a—5aybe— 18
BoOBA IV CLIERCHRE NS DTHS. S,
a7 04y vieonT, B Ui X 5 it
HOAZ ) —=v /e F ¥4, 2 F4EY
FRPRGEIS G T, A2 TV A Y v RBAEER BT
HHEBE R OB, BAREE - 1 4V 7 7 X —DOHEE,
OB HER R T ADBRI L ORBETHFIMR L £
BL, FB4E% 4D Lactate industry world A3
WIREBRBE R T Z e R L.
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