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7L HE B AP A B R RE B T ik
BREBEMHLEE

M Ak A B EHE BES

(hEAERBEYPR LR 100080)

# E AAASEKEEHEY nipnissue BEEHNEE, ERMASHEK. AR
PR e EEIEEE L, NESRESRENFRASEKT AR, HWBEBK L lacis
1409 HbE S RE P B0 41 BT 2 B RIS W SR KRR EERANEAER, ©
L RN, BN, 7 pH KSR T R RE, e HEELE oM
R, HEEwE4mEa RS FRSABEAMY, T 1409 BHRAERSHS L lacts
ATCCI1454 1 L lacus 7962 K, SBIMRBIE L lacis 1409 BB 2 — bR 10 FLEEH
BEF=%EH.

i PLAMTLRM, ABEME. TRENE. FUEE

S5 B AK (nisin) B X S AL RA R E 0 —F K2 ML ELKHEER@E
ERER. ﬁ]ﬁﬁ&ﬁﬁﬁ%@ﬁ%ﬁ%ﬁ%ﬁﬁﬁmﬁﬁﬁ)ﬁﬁﬁlmﬁﬁm. o
HEHFEZHZ BERB) MK ERATARNS. #HPRARS. ErxanRkR#EH
G0 B O AR 4%, R BRI E AME M —FERL EEYEREHFEANT, BEXK,
ATRE—HAREATRHERAESHREAAOHESTH A BRIOUABMARE
(Lactococcus lactis) 7962 K B 4f Bk, 2 E W BTSRRIk k.
o H A BEERA. 741 B R SR AL B AT T REAED T

WHesE sk, B —RTREHR THEE, 45 03 A B RO K R S5 MR A (nip")
S L R (nis”) R R A BER T (suc) BEEH, fLTF —AN K2 70kb 87T H
LEBHEET EEY, Bk, ROBGTT —WHEE. ERBHTE, TE—Fh kPR
A AR T B AR RN, A SO R xR k. PR
BEMmYHTIR.

1 A RAoy &
1.1 EE
LM EERLE L.
1.2 EHE
121 AEMARERGHE. THRAS, BEHTFRERERFE: HRMMIIGHESR

« FEAER AL EAHFRHD MM HRENAFARREATRERBRY,

oI FRBEAEE DR AEEEHRA.
AT 199652 A 7H Y.
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x1 XBAEG
Table 1 Strains used in this study
®H OB ® % BN * W
Strain Phenotype Plasmid (s) (kb) Source

FLELA, BR B 1409 NipNis' Suc” 25.5, 149 This study
Lactococcus lactis 1409
A BMBATCC 11454 Nip’ Nis' Suc” NA This lab.
Lactococcus lactis ATCC 11454
FMFLR 7962 Nip Nis'Suc” NA This lab.
Lactococcus lactis 7962
AMAREMG 1614 Nip Nis” Suc™ This lab,
Lactococcus lactis MG 1614
EWAHEAS 1.557 EXETRRARG
Lactobacillus plantarum AS 1.557
FRAHEAS 1.539 AT Rt
Lactobacillus casei AS 1.539
HEFRFEDB 104 This lab.
Bacillus subtilis DB104
EAFRITFEAS 1.940 This lab.
Bacillus pumilus AS 1,940
ARG R CU21 EXREHERE
Bacillus stearothermophilus CU21
B 6P NCIBR 66 This lab.
Micrococcus flavus NCIBB166
HEMETEBY WRNXPT ARG
Corynebacterium glutamicum B9
BEPIIEELT EREHRARM
Salmonella enteritidis LT2
RARGAS 2,182 IR PR Ot
Saccharomyces cerevisiae AS 2.182
BHBAS 2.1080 TS W A Rt
Geotrichum candidum AS 21080
KB ¥ DH5a This lab,
Escherichia coli DH5a
KEBHEV517 54, 13, 5.5, 5.1, This lab.

Escherichia coli V517

31 27, 21

Nip". 7<% 88 B Nisin producing; Nip . 7 7 ¥, & 8§ 8k Nisin negative; Nis'. FL&% B Bk HL# Nisin resistant;
Nis’, FLEEHH BC#U% Nisin sensitive; Suc’. RBFFERK Sucrose fermenting; Suc”. FBE S MEAEME Sucrose negative; NA.

E N2 Not applicable.
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', EEEREMMA 1.5% AR,
122 HEmFE (R AERKTEEA): MI7EHRE, DI (0.5%) KRB, Rt
B H 0.004% ¥ H By M S0TU/mI FLEE AKX,
1.23 ZLEERERBCMN ISR 5 HEk [4].
1.3 AH

VE xR MR ALR X E Aplin & Barrett 23 6] /& Nisaplin, «-HEFLED
K32 Sipma A8 =5, HA&BHEMS S a2l
1.4 ABRRTEENHE

BEEN 4 MRS L 10% EHBEMHT T 200U0/m ZLEEKK MITGHES, B
30T A 24h, BI0Nl WEIEHBORA T REFIEFE L, 30C BMAIEF 240, BN
HRAEEFRTRNEYE, BREEEERE VRS BHEE, HAEEERATHE
HEELE, RESH.
1.5 ARAREBEYERE

W XEk(11].
1.6 FAEHMEANKNEE

e SCHR (121347
1.7 AWERKRHrMZE

WEHESRXERUI, WEZHRENE AR B (Moococeus flavus)
NCIB8166, Al Nisaplin #5 3 BEE S,
1.8 ZRIB|HNE

AP I
1.9 FiE DNA B14 3 B RIS B AR IR ik

ECHR (ST HE.
LYW RABERERER X

& UMK [16] B

2 %R
2.1 AERRERABER

Empisk, AN HAHSHEASHEKITEMER ipH M TERE, HE, BE
HALREMEBEME nip U T —PTESREMNHEETL, ASAHERKAEEER
(nis ) MMM ERE R (suc’) BEEY, O HESHELRIEE, 8, RIMYH—
AMEE, BE, FREFLE KR ARG, BZEREEE BB R IS LILsE Rk
WMIZTHRRELE, RMURPBEAEERN, R TEEEDASERAARE, X
RAEAEE, NMEFEERRNEREREARTHEG. BESHNRMUHER, &
GRMIEHEERT A A,

Mt AR EBH + Dia it T ARR S R AN 150 e S PEA D, KR
BIBUEEREFE AR, FEEFROETROERE. X 7 FEKNZEBER W
F ¥ ke NCIBS166 fEIE R BRI TH &, Hr-EEwEE, RBMEER
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K BEH (H5h 14094 i — B 35

22 BHNEERBEFHE

221 BEHMEE: SH-BMETAEEHTEY o 1409 BEk#TWE LS E. G2Y
18~24h 1409 Mtk # M Y HR R A e, F2CREHE. R R80T,
£ pH7.0 B IKIEFR 2P 18~24h, pHERER 4.0~4.5. BB A H LR AEEN.
RITHRBET B KBEREIK (4:1:2), BEAM0.05% KRB EEEHER, EHAK. #
— SRR 1409 WHR AT £ S 4% AW REFER, KBHBEMRTE, A3
B, HEENARERTE. KIECARBEEEFM", K9 1409 bk 8 L8 AR
W, &N Lactococcus lactis 1409,

2.2.2 1409 BERRMEERRYE: BT HERR 1409 BBR E LR E R A ABBERSE RIS T
M, HIBERZHABRARERIAT FREAHRBM B EE, RINMKET
1409 B BR 59 TR DNA, [REFLL L. lactis ATCC11454 /1 L. lactis 7962 fE 388, M |
WL 1409, 11454 M 7962 S AR, HEMFMERERA T FEYAHME. 1409
WHEH2MRN, 46T REEENIG, W
¥ HE 5 F 845 4 14.9kb A1 25.5kb.  $ B
1400 kR 5 11454 f1 7962 B Hk R E B — 8
FLMFLERE.

23 EMTFPNNHEERERAR

231 ABEYHMENE. BEHE CW
1409 B Bk % B 2 3 2 R B NCIBR 166 A M il
M. AfaE 1409 HEAE UMM ELE, &
MEZKRER. F2RPHNN. HBEAER
ER MR B, FFRY BN E T &k 1409
Py AR, SRGE XM,
1409 WHM AR Y ERHEZRKPHEEAR
FIMEER, M &2 KHARE. SR . BAR
FHEERMABARE LY, KPEiEsH
Nisaplin ¥, P BBk BB 3K

232 REESYMMERITR: N T 1400 gigk ] Asiros ael clecophoresis of plasmids

isolated from L lactis 1409, L lactis

REEFYELRIEEOEATRIERRTE  aroci14ss ant 1. ot 196

1 2 3 4

kb

Chr

BB, WHMEEKEREE, RIOUAGHER 1. AUBTLEREE ATCC 11454;
B NCIBS1661EfR /Rl #HAT T 1A%, &R RA 2. L. lactis ATCC11454;
TEMA 1409 bk R BEAY NCIBS 166 BHeh, B 2 TRIAE o

EHFHEOER, EEEENBLEETE. T e’ o
BREWHE ERPERTREANELE. B L faenr 1a05;
MEEELREABAKRBENS, LB AEK 4. KEHH VSITROR 5 T RAFHE.

1409 REEFME MM D AMAREE, GARW 5 ol VSIT7 size standard plasmide
WA, TRATEAA. MY kSRR SR TR R, Rk WL
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F2  1409M t R BT e MR L

Table 2 Inhibitory spectra of the products from L lacds 1409

Indicator strain

MWHMEE (mm)*
Diameter of inhibition zone
14090 fx R BE= 9
The products from L. lactis 1409

Bacillus subrilis DB104

Bacillus pumilus AS 1.940
Racillus stearothermophifus CU21
Micrococcus flavus NCIBB166
Corynebacterium glutamicum B9
Lactobacillus plantarum AS 1.557
Laciwbacithe casei AS 1,539
Lacwcoceus lactis MGI614
Lactococcus lactis ATCC 11454
Lactocaccus lactis 7962
Escherichia coli DH5a

Salmonella enteritidis LT2

+
+
+++
++
+
++
+
++

Saccharomyces cerevisiae AS 2.182 -

Geotrichum candidum AS 2.1080

*MEMA®E Diameter of inhibition zone (mm): +. 10.0~15.0; ++ 15.1~200; +—+ >200; —. Er&PEERA No

iohibition.

EW Y Number of viable cell/CFU mi™’

2

Fig.? Effect of the fermentation product from L lacris 1409
on growth of M flavus NCIB 8166
1. 38 Control; 2. B3 Nucleic acid content; 3. HTA 1409 #
RBEEWEEME Number of viable cell after addition of the

fermentation product from L. lactis 1409.

10!1

—
(=]
]

10’

1¢?

—
L=
3

ERHE-PUELT 1409 BB E

O ERERA

YR RETEAT IR S 4RIBER http:/

- BEYWER T ARRTAY
| 50T L.

poomaq I 24 ABFAMELLR
/9 : 241 EAFpHPHRBE
m HEH 0 Bt A RENS B
/ o’ 25 pHZE2, 4, 6, 8 10, 12, ¥
SO EsastRENELE. &
Ne? w  REW, GEpHABT, HE
e ead B OBERENBE, TS 1IST
oo ® R 120C i 30 min IR
W EE&pHEMH T HKE.
1400 BBk BBt M. flavus NCIB 8166 K KEM B 454 5 B B K 5 pH2.0.

R LA W, TR
Wk RATEN, UERS
Liv % AR — 2007,
242 3 o-BOEHLE QNN E
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1000+ 20C 60min 180T 30min r 1157 30min L 121C 30min
- 800t o L L
h I o
: -
:*5 - 1
2z i 2
] ~
£ L
# - L
m o =
Ls 1 1 A L 1 Fl i 1
0 12 2 4 6 8 10 12 2 46 8 10 12 2 4 6 B 10 12

pH
B3 1409 Bk K B WA A FpHAH TR EH
Fig.3 Smbility of the fermentation product from L lactis 1409 a1 various conditions of pH
1. Nisaplin; 2. 140998k X B¥ 7% The fermentation product from L. lacris 1409,

B 1409 bk ABEM S M Ac-REAEAM. BEOMASEEAMK, ® 37C
28 th. ABEI4LERATN, 409 EHER e BEAEOBHRER, MHEEAQAN. &

P

B4 1409 Bk & BE 4 0 o REE FL 2R H B8 RO OB

Fig4 The fermentation product from L. lactis 1409 inactivated by a—chymotrypsin
. 30pl Nisaphin® M+30uIB3 88 2 P HE 3041 Nisaplin solution+30ul phosphate buffer;
. 30l MNisaplin®#i+30pl «-BESEFLF AW 30ul Nisaplin solution+30p] a—chymotrypsin,
. 30ul Nisaplin¥s ®+30u185 B E M 30u! Nisaplin solution+30p) pronase;
. 30p) NisaphnZF ¥ -+30ul8E 5 M 30p] Nisaplin solution +30ul trypsim;
. 30p] 14098 bk & BE M+ 301 BB P A 30u] fermentation broth from L. iacris 1409+30ul phosphate buffer;
. 30l E409BEHE BB RE+30p] a-BEBEFLE I M 30ul fermentation broth from L. factis 1409+30u] a—chymotrypsin,
. 30p] 140975 ¥k B BEH+30u] B E LW 30ul feomentation broth from L./achs 1409+30pl pronase;
. 30pl 140984k B BEH-+30p] BEEE M 30p) fermentation broth from L. lacris 1409+30p] trypsin;
. 60ul WEETPRE 60pl phosphate buffer.

- - - Y I S
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B 5 140988k & B I ARLHE S 0 30 73 40 19k PR G JRE P

vk B A 7 43 B R R TS ARG

Fig.5 Polyacrylamide gel electrophoretic pattern of the crude
extraction from L Jacris 1409 and antibacterial activity

of various molecular weight proteins

1. Nisaplin; IL 1409tk ZB =P MHERY The crude

extraction from L. fuctis 1409.

45 F& 5 Nisaplin H R # B/ EAHRAAMEEHE.

BEEAE 1409 EEk K BB S
A LW,

243 STFEME: RFWFE 1409
EHnREAEFYHNS TE,
Cheeseman Fi Berridge i i& il &
FLEEH KMk, AERBEMN
NaCl 1 #1 #1409 B8 ¥k & B W
BB 2K, BRAAEAERH
1409 Bk A BEP- WA ML H &,
BHARRER M 1409 F
AU HG H W
Nisaplin /£ g % B, HIKZ5 R (H
SAYER, 1409 Bk KB YH
HEMELH o RERN, 2T
B/ — & E AW 5 Nisaplin
4+ F & (3500} Mia). H#E 1409
HeRARSYHE AP REEY
EHNEAE, B4R2EEER
H BT NCIBSl66 H bk EHR =~
MEmE, %R (@ sBRM, B

GA MOOREBARSYHDEERERAFR. FRpHAHTHRRE

., *o—BEILEQ SN BE
HHEMs TR, R2EMH
0O Bk AR~ U A & 7L i
WAk, 1409 #k W B L BF W A
i 7= A g o,
2.5 1409 BB EB NERHE
BCHR (41 R R e 2
MERERMGE, TIRT 1409 Bk A&
KR BERO = E L, A
6 hal LLE 1, 1409 FBHEA
WA M, FUAE WK IEH AP &
B (10361U / ml), Mz, BEEE
FPHEAREH, BEHERAE TR
1409 1 ¥k 89 % BE 3 ) # 45 (E 5 30k
B EMABEEKE WKL
lactis AL2 S H ML,

& M %2 Number of viable cell/ CFU* mi™!

107 -

10]2

lull

10]0

10°

108

EE Activiny/ TU ml™!

2 4 6 B 1012 1416 18 20 22 24
t/h

BEle 1409FBRAE K SR EEKN ™%
Fig.6 The growth curve of L. lactis 1409
' strain and noisin yield
1. TEEE Number of viable cell;
2. B Activity,
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3 ittt

50 R L% B BK 74 AR B P nip s’ suct BAESIN R, EREMILAEK.
BREPRMENRBEARE LRI RS R AT Bk, (TR
e B R e DA AR LB R A N A M, KAMLT
BRF. AREROEKIEN T nip* nis suc’ 3 = -3 F i 52 5 % % 8119,

TN 1400 BAR K-V iR, — TS HRANMRAT R AN TR, TR
B, RELRMMYR, HAETALENELKBUHEA —CHMHAER, 24
Wk R RAE .

BRI CRITE, HERREATREALEMIKSF, B nisin A nisin Z. S48
SFEMINAE AEEROER, HERBRENSETREMT BEEH%EH RES,
HABRHEREA — T, 1409 BB AL 00 JLREBE IR AN T & nisin A B R nisin Z, B
75 4347 SRR AL IR P 4 BT 0 A
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DIRECTIONAL SCREENING OF NISIN-PRODUCING
LACTOCOCCUS LACTIS AND IDENTIFICATION OF ITS PRODUCT

Huan Liandong Chen Xiuzhu Cai Ying
Zhuang Zenghui Xue Yugu
(Institute of Microbiology, Academia Sinica, Beijing 100080)

Abstract According to which the genetic loci for nisin—producing ability (Nip"), nisin
resistance (Nis) and sucrose—fermenting  ability (Suc’) are linked closely,
nisin—producing Lactococcus lactis strains were directionally screened from fresh milk
on a selective medium (M17) supplemented with nisin, sucrose and bromocresol purple.
Analysis of the fermentation product from L. lachs 1409 revealed that it showed
antimicrobial activity against a range of Gram positive bacteria, did not inhibit Gram
negative bacteria, yeasts and fungi. Antimicrobial activity was stable at low pH and
sensitive to digestion by a-chymotrypsin. The molecular weight of protein band having
antimicrobial activity is identical with Nisaplin, while plasmid profiles of L. lactis
1409 are different from L. Jlactis ATCC 11454 and L. lactis 7962. These results
indicated that L. lactis 1409 was a new nisin—producing strain.

Key words Lactococcus lactis, Nisin, Directional screening, Identfication
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