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Cloning of a nisin resistance gene from Lactococcus lactis and

its application in food-grade selection marker

GUO Ting-ting, KONG Wen-tao, KONG Jian" , JI Ming-jie
(State Key Laboratory of Microbial Technology, Shandong University, Jinan 250100, Shandong, China)

Abstract: Five nisin-resistant strains were isolated from fresh milk on GM17 plates supplemented with bromocresol purple and ni-
sin at a final concentration of 500 U/mL. By morphological, physiological, biochemical and 16S rDNA sequence analysis, all of
the isolates were identified as Lactococcus lactis . A pair of primers was designed on the basis of the DNA sequences of a reported
nisin resistance gene. PCR amplification was carried out with chromosome and plasmid DNA as templates from five strains, re-
spectively. An expected PCR product amplified from one of the five strains was obtained. After being sequenced, the amplicon was
confirmed as nsr by BLAST analysis. The nsr gene was cloned into the E. coli-L. laciis shuttle vector pTRKH, , resulting in the
plasmid pT-nsr. The construct was obtained when the plasmid pT-nsr was electroporated into L. lactis MG1614 competent cells.
When the medium contained a maximum of 500 U/mL nisin, the construct carrying pT-nsr showed the same growth curve as L. lac-
tis MG1614, which suggests that the nsr gene could be used as a marker for constructing a food-grade vector.
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1.1 ##
1.1.1 A#®S Ak

E. colt DH5a, FE.
MG1614 ¥ SE50 = LR AF o

pTRKH, , KT I — FLIR 1 2E M 80k, #5407
IR RPUE(Em') , 2R AT

pMD-18T, kAN [ Takara 23 F .

1.1.2 #BHE5EA

GM17 15373 . M17 5557 3£ (Oxoid) F 5 0.5% 1
WS S AL W N 10 pg/mL Y ZL
R

LB K536 5 10 g, BERRHY 5 o, EALEN 5 g,
K 1L, pH 7.2-7.4, 5 B0 AL & 1R E Ny 250
pg/mL LR R

PRI PE N DI . DNA % 42 . Tag DNA A5
JiE ISR & L PCR 2l iatn) & o $ U7 & 55
S TR B OMEGA,

1.2 FHik
1.2.1 nisin ARG 5 B REZ

PR A T B KB IX A=W () R S e A 21
A 500 U/mL nisin i) GM17 BARR; 33,30 CHE
F5% 16 h, U 50 pL B ER AT FE S I 0. 002 % {8 F 19
251 500 U/mL nisin 1 GM17 “F-4z | ,30 CH55% 24 h,
P EBASE ] L 355 7 20 €, Fh 578 B B %, FRIRAE L
R IR AL AR 0, R B AR . R E K
PR AR T4 22 (R 8, Baksr , 36 Hh BRI SR 1
SPGB, JE— 2 1,0, BRI, Tk H,0, i
P 1 TR 7%

XF ARG H AR IEAT 16S 1DNA %5 , PCR §™
RRT R 519k ZLER T 8 519, 8F: 5" AGAGTTT-
GATCCTGGCTCAG 3'; 1541R: 5' AAGGAGGTGATC-
CAGCCGCA 3" | LI 45 :94 CHIAEYE 3 min; 94 C
51 30 5,58 CIE 2k 40,72 CHEFH 1 min 30 s,30 4~
PEH 72 CCHEAH 10 min, SN R A BiAR 0.2 L,

coli XL1-Blue, L. lactis

8F 0.8 pul., 1541R 0.8 pL, ANTP 1.6 pL, 10 x Buffer
2 plL, Tag i 0.2 L, il ddH, 0 M2 20 L, PCR =4
ZBE I alifb S5, B Invitrogen 23 BN ¥ o 7 51 [FA)
JEAVES3 BT A BLAST 3P 7E 26 XS Chttp s //www . ne-
bi. nlm. nih. gov/blast/Blast. cgi)
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HRAfE OV 238 nisin BT JE AL A T J0C D 52 AE A )i
X — XS PES 1Y) nsrF: 5’ -TGATTATATC-
CTTATCACTTAGAGACAC-3" il nsrR: 5'-TGACTAG-
CAAAAAAGACTTACCATAT-3", 43 51 DAt 1 T ok A
o4& DNA SR DNA it , i 47 PCR 973, X
N 25294 CHIAEPE 4 min; 94 CAETE 305,53 “CiR k.
30,72 CZEH 1 min 30 s, 30 NE ¥R 72 °C %E fifi
10 min, SRR A AR 0.75 L, nsrF 1 pl, nsrR
1 L, dNTP 2 pLL, 10 x Buffer 2.5 plL, Tag fitt 0.2 pL,jJ[I
ddH,0 %M & 25 pl. ¥ PCR 779 V) g [ i, i A
OMEGA #lifbidi &t f74lifb., Faifb/5 1% DNA K
Bt pMDI18-T i%4% , ML AL E . coli DH5as
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A b PR 5 AT, SR OTORL R D) B IE . ) FH
P AL F 3% 28 Invitrogen 2> B ¥, Iy 45 R 5
NCBLUEL 5 e U X o
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pTRKH, % %, # H: W % b E. coli XL1-Blue,
FES A LR (AT R 250 pg/mL) Y LB P-4l
PR AT SR S B B D) 96 1iE Sy 5 20 JBTA
pT-nsro PG R FELL L. lactis MG1614, HL
AL SN B TR 2 000 V, HLZE 25 uF, HiBH 400 Q.
LT R AR N 10 pg/mL ) GM17 - b
IR RV BV EZH FLBK T MG1614/pT-nsr .

B RIS E L FLER T MG1614/pT-nsr HEFP 5] 25
4 0.100,200,300.,400.500 U/mL nisin [f] GM17 ;5%
Ferr OEAN [R] B () B A LBk R i AR KN O, OF
MG1614 MG1614/pTRKH, 7 AH [R] 35 75 5 i A= K A
DUHEAT H AL o
1.2.5 nisnAMABRSLELRELARANEHRAE

¥ 497

2 W MG1614/pT-nsr FEAE] 544 500 U/mL ni-
sin A GM17 K533, [A] B MG1614/pT-nsr 127 E)
A LTRWIE N 10 pg/mL ZI 8 R ) GM17 K555
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2.1 nisn IERKHTESERE

FEDN IR H B 48 | nisin A9 GM17 BEHERE 3% Lo
BRI B 5 AR i FE S R A SRR TR T
=N AN P AN LS RS U = R AN oal I e
FFLERTE . 43t 168 rDNA 41 b X % 8l FL IR 3
BRTA , 44 A N1.N2 N3 N4 Fl N5,
2.2 nisin UEEFEZE

SRR 5 BRFLER A Y S /K DNA Fl AL
DNA, Q& 1(a) 1 1(b) , 2R )5 LLEAT A, PCR 37
B nisin PUMESE A, 25 578 DLTA R N1 9 28 €8 {4 A
MrEAR3] T H 0547, KN 1.2 kb, &5 R A
2o PCR WP 5 25 5 3, % DNA J¥51 5 Liu
CQ % N &R BPT nisin F [ (Accession No: U25181)
Feo R EE 989% 7, B AL 5 957 bp BTV IR AE
A nsr FEK FEH BUEA SR RAE X,
2.3 nor BEEIIKE MGl614 HEIRIE

W nsr RS RKGFFH - FLBR A FREE pT-
RKH, i 4%, FT 3k A5 1 F 24 FOL pT-nsr HLFE AL FLIR
FER B MG1614, 3K 15 5 2 LBk # MG1614/pT-nsr o
76 GM17 55 35 3L vh 43I0 nisin, 88 243 51 0,100,
200,300,400, 500 U/mL, % Ff 55 41 ZL BR 7 MG1614/
pT-nsr, 5535 AN A1 0SS 8], 0 2 HEXT nisin (O HTPE TS O,
[ L FLER R MG1614, 24 I MG1614/pTRKH, [
A RAEXT IR, 25 R 3,

M1 2 3 4S5

R ) b | b

(a) (b)
Bl 1 NI-N5 Je AR Bk DNA

(a)M:A- HindIIl marker; 1-5:N1-N5 F{ 4L o {4

(b)M: A-EcoT141 marker;6-10: N1-N5 {1 5k
Fig.1 DNA of the chromosome and plasmid isolated from

the strains N1-N5
(a)M: A-HindIll marker; 1-5: the chromosome of N1-N5
(b)M: A-EcoT14I marker; 6-10: the plasmid of N1-N5

bp M 1

1500 —
1000 —

K12 nsr B PCR =4
M:250 bp Marker; 1: nsr FA B PCR 724
Fig.2 PCR product of nsr gene
M:250 bp Marker; 1:PCR product of nsr gene
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Kl 3 459 TR, A \B.C.DE.F J;F# 3 H Y nisin
235124 0.100,200,300,400.,500 U/mL, fEA & nisin
B EE 72 B, B BE MGl614, MG1614/pTRKH, F1
MG1614/pT-nsr ARKAGFHIEH , K597 3 h FF IRt A TR
BRI, 9 h 5 #E AR E W15 A 100 U/mL nisin
J& L Bk MG1614 . MG1614/pTRKH, ~E K52 23, 7
0~ 18 h WEEA WA K18 h )i, B F I n 21 57
FErp ) nisin SR PR 2R, HAR MG1614,MG1614/
pTRKH, i ¥lA: K % M bk MG1614/pT-nsr £ K
AZ RS HE T nisin B FZ W, U 3% R R A nisin
ik, 768 A 200,300,400,500 U/mL [ nisin )55
e 3tk A K2 5 & 100 U/mL nisin [
A RAGFOUIEA A . B UL nsr JE PR 2B A9 B 1
B ETEFLBR R 21 3R55 T R XT nisin 77 2E 50
PE, W DU F IR AR
3.0 500 U/mL
2.5
2.0
1.5
1.0

0.5
0

)

9 12 15 18 21 24
t/h
Kl 4 nsr 5 Em" fEREFEIRICH LR
MG1614/pT-nsr Al nisin( ) ; MG1614/pT-nsr Il Erm(A)
Fig.4 Comparison with nsr and Erm" as selective marker
MG1614/pT-nsr added nisin(A ) ; MG1614/pT-nsr added Erm( &)

2.4 nsr BEEEARMGHIZIFIC S LB R
o] a2

AR pTRKH, AR RZPIMARC, 2 ner FEH
A pTRKH, 1) £ 5 B AV S5, 159 3 5 4 5Ok pT-
nsr, R FE KL pT-nsr bR #5715 75 2185 2 Pk %
Ko R TR nsr K& PR S 280K 0 36 A 10 109 AT 47
Pk, FYLH MG1614/pT-nsr 2280 5] &4 500 U/mlL ni-
sin ) GM17 3535 3 v, X B4 MG1614/pT-nsr $2 Ff
ISR IT R A 10 pg/mlL LI FE K GM17 K5
Fer M R RARTE 2 FhEpR SRR A A O, 25
R 4.

SHRAS RN, AP B nisin A A 205
K MG1614/pT-nsr A4 M & AR [, 1569
MG1614/pT-nsr I 7 Py it 21 85 R B3 85 s 7 1fi
A 5k 25 9 AT 25 £ X5 nisin BIPLYE, B LA nsr BT LA
Brife Erm” PR SRR R LRI

0 3 6

3 it

ARSER M F A nisin = 4018 F 4 (500 U/mL)

(RS IR, R 2R A S e 21 5 AR AT ni-
sin HUPE AR , V120 T8 S OUERN A= B A A 52 56 55 0
X5 FRA M FLEREE, AT LA T nisin HU0E 2 B 58
e HRTHRIEY nisin Poikmo 3 RN 2060 T Foks 1
DACHRIEW nsr R P A5 149, FIH 5 sRBirE
PRI BUR. DNA S ASAR , 340 PCR ¥ 358 A 1521 H
(LR =), i AE AR TR RR N1 i) 3 (o 14 R AR
B 3RAS B B4 HOR/N 5 FUH A5 RAE R, 38 5 41
LTS8 0 nisin FUPEIED . A 555 40 4 BRI ni-
sin HUHEALH] , A FTBEN nisin P45, WA A BB ni-
sin /AL T Y SR 4% 8 RIS , AN A2 nisin T4

FLURTE B fh & 2 PE A Y, B FLIR 1/ %5
U B2 T g R ) LA 7 LK R B i A BRI RE
FE T & FLUBR B N (A e . (H2: H ATF i sl
HIRE L 40t T it B, fE e Z 2Ryt R
ok, A R A H 2 BRI . P Ak
FGE TR o E 2 2L R TR Vs AE I A T AT R
HATEMNANE A B Bk FErric i f o FUR
B R W R E Y thyA T A
VERRbRIC ™ S ARGE , 1T nisin HUPESERR B TEL
FRTA B, V5 2L R T 2 o R0 8 i S A L
AL nsr PUIEFE RIS 8 AR pT-nsr, A
FLER 5 BE IR T TR ARAR R Y nisin $TIE, S48 R T
PEFRIC AL, P 0 E E AR K R IR 25 5, B
PR KA R R B T B TR RERR E , A 5
Po BB, AT LK 3K pT-nsr LA 8 R PrPESLH
R, LA nsr FERACHES O — 1 HA NS 10 &
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