Research Paper o

WA 224 Acta Microbiologica Sinica
50(11):1481 —1487; 4 November 2010
ISSN 0001 -6209; CN 11 -1995/Q
http ://journals. im. ac. en/actamicrocn

BEER/ARERSIAEEUMI AL pH HRZEM
Bk WA MR R A

(" BB R B2 e, AR 230036)
(R E R B e WS T, JEsT 100101 )

FE [ H 0 )38 i 258 28 HR B0AE ZLAE B IR (nisin) R 7 8 S0 BE 1R , K45 1 T el 36 1Y misin 872844, S 9
R Y B AR AR . [ J7 3k JAE MBS R 19 nisin BAZEAR (A M21K nisinZ () JEfili [, %) M21K nisZ 5& [
55 29 o 22 S8 IR B RS F HEAT A8 i A8 o L TR & FLIRR 1 3k AR pMG36e, I 7E Lactococcus lactis NZ9800
AT I8 s WA AR M21K/S29K nisinZ 28 43 25 2l A6 J5 A6 I 5 AE 90 B8 3% 4 L 300 b 1% A0 AR e M 46 0 T 19 A8 4.
[ 455 )5 g8 48 f& M21K nisinZ J% %5 4= %) nisinZ (wild-type, WT) #H [t , X 28 45 f& M21K/S29K nisinZ % 48 71
AT 300 B TG T AT T R (E X R R & pH () RS e A WA R R TR LA R 5 5 M21K nisinZ A [A],
AP A S BB, 97 R T WT BB o (4516 ]38 3 0028 nisin 43 7 48 8 0 1) &0 JL 2 7T DL k3% nisin

oy T BRAE I, A R] REAS BN A VS B )T Y nisin g Rl

KR FLEERE K REN; W, pH; AR
HESES: Q933 M ERARIRAT : A

FLEE TR IR (nisin) J& 32 2 il FLAR FLER I 7™ 4R,
I MRS O 28 B PR IS 1B W L B T 2K
Hoor THR S N 33k 3 ABC PRESH IR BCHEIX |
DE P45 A1 C o 32 7% B 55 JL#B 3o Nisin J&§
AT R R HANE R, ol A R ) 2 B2 9y 6 W A
o DR L BT AR A B R R . H R R B 6 Fif
nisin f K 4R 48 S, 43 5l 4 nisinA | nisinZ | nisinQ |
nisinF  nisinU Fl nisinU2, H A H T & 5 B8 5 59
nisinA I nisinZ P BT HEAKH B, H X AR S 27 fif
IR, 3 0| oy =R R AT . T nisin $0E
TR AR R S 22 TG P, 7R B K b
HL3) Al % (EDTA ) &b B 2% 448 A X o 2% [ )
A MR A5 E R AR AR pH & 1R 2 B 5
P 45 e P2 MR GE P 2 R P RBRPE £ 1 T LR
VAR AR DR A 23, 31X T B nisin 78 £ B ) 51

X E %S :0001-6209 (2010) 11-1481-07

(4 S BRI FH v Az ) — SRR . PR, AT A B AR
—25 T ## nisin 53 F 4589 5 D) RE OC R 0 LA 1, XF
nisin S FHEAT 2Rk, AR A M k3 L N Y R R T
) nisin J= i o

A% 5286 %8 7E LA FE X nisin 4 T B0 4E X 45 74 I AE
A 5T AR AS — A BRSO T A R v A R A
& M21K nisinZ , H X #5 >% (G BA 14 58 25 3040 & 1
F R BRI A AR E M TE I R R TR
f£ M21K nisinZ 43 7 19 3L il _E 6 H ok 47 ik — 25 ol
T, Ay SR ARAS I I PG Y mising 7T AR S0 50 % A
5% L BE W IR BT M &5 1 (NSR) AR AL iy o & b
B NSR & i 78 nisin 43 F C K65 29 (L £ R
2 2 i U1 nisin 3 & ¥ HUPEVE 69 R 45 29
I 22 R I J2: nisin B G F o ol — K 28 B IS &
T 1) 22 W% , 4 7% oAl B X nisin 19 Zh i A7 & 2 5

EETHE [HK 863 714" (2006AA10Z319) 5 it [ B2 e Sl P4 1157 2 77 [ 9 H (KSCX2-YW-G-016)

TMAEIEH . Tel: +86-10-64807401 ; E-mail : zhongj@ im. ac. cn

TEE B M8 (1979 -) B LM MR A, EEMNFARRE 5 T L2058 . E-mail:luyao_6@ hotmail. com

I 5 H #7:2010-05-04 ; #& [E] H #3:2010-05-20



1482

Yao Lu et al. /Acta Microbiologica Sinica(2010)50(11)

Wi o ABETERIXT M21K nisZ 25 29 fv 22 2 R 147 %E
SRR e AR S L HL AT PR AR, A P A
XGEARR M21K/S29K nisinZ 71 B {5 P4 ) 3 33 A1

1 A %
L1 ##

T P A5 5 T A2 A o L1 Rk B JoORE : AR5 i FH o A B ok DL 3% 1,
x1 BHRSRH
Table 1 ~ Strains and plasmids
Strains and plasmids Characteristics Reference
Escherichia coli JM109 recA, supEdd | endA, A (lac-proA13)F’ Our lab
Lactococcus lactis NZ9800 Tn5276, AnisA, non-nisin producer NIZO"™
Micrococcus flavus NCIB 8166 Gram-positive bacteria Our lab
Staphylococcus aureus 26071 Gram-positive bacteria Our lab
Streptococcus pnenmoniae 1. 1692 Gram-positive bacteria CGMCC
Salmonella typhimurium 1. 1174 Gram-negative bacteria CGMCC
Salmonella choleraesuis 1. 1859 Gram-negative bacteria CGMCC
Shigella flexneri 1. 1868 Gram-negative bacteria CGMcCC
Shigella dysenteriae 1. 1869 Gram-negative bacteria CGMCC
pMG36e 3.6 kb,Em", expression vector for L. lactis J Kok’
pYWM21K pUC19 carrying the M21K nisZ gene, Amp" Our lab"™’
pHJ201 pMG36e carrying the nisZ gene, Em' Our lab'”
pYJM21K pMG36e carrying the M21K nisZ gene, Em’ Our lab"*
pLY21K29 pUCI9 carrying the M21K/S29K nisZ gene, Amp' This study
pLY2129K pMG36e carrying the M21K/S29K nisZ gene, Em' This study

112 $rgedk T H Kl K #F i 35 97 1 LB
Br AR AR 75 ZE A 100 mg/ L ampicillin( Amp) &%
erythromycin ( Em ) . Z. /& W 85 38 F GM17 ¥ 3%
8 , MBI 5 mg/L Em, Micrococcus flavus
NCIB 8166 i S1 i%%’%%mo Staphylococcus aureus
26071 3532 FH LB 15 32 3L Streptococcus pnenmoniae
1. 1692 | Salmonella typhimurium 1. 1174 | Salmonella
choleraesuis 1. 1859 . Shigella flexneri 1.1868 7#l
Shigella dysenteriae 1. 1869 fif F % 3% % 2 I vp [H ¥
AR W) T b DR B A0 (CGMCC) T A B 5k
DNA 5 & H | BR 0 8 D) B T, DNA % 42 i 1 A
TaKaRa 2\ @], Nisin F5#E & % B Sigma 2 &), H 4
5 Ay [ 7 o3 B 4l
1.2 DNA #1E

KT B8 BRL DNA ) 4 BRI Ak 53 531l 41 1] sl
Uk A CaCl, 31 Ok L o B 10 FL R 1R S TR
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A% S 28 E I A P LLBORE pM G366 Sk
AR A TP AR R nisinZ f1 M21K nisinZ [ 32
ik kL pHI2017 R pYIM21K' | e v 3% 3k 5 KL
pYIM2IK #4 # [ LL pUCI9 y F B [ 5% 4% Jit K
pYWM21K"' (JFki pUCL9 ) EcoR I il Hind Il {3
[E) 4 A M21K nisZ JrBt) o

ARWEFE o M21KnisZ FE K 1 7€ w5 72

W

'8

WRU 5, L pYWM21K S & 2 FT 8 F 51k
ST . RAEIS E A M21K/S29K nisZ F& [H 1 %
A ki pLY21K29, M3k 7E L. lactis NZ9800 i
23K nisin ZEAR MR 3K R pLY2129K, H] EcoR 1
5 Hind Il 3R] 5848 Bkr, [n] i & 58 748 5 R 1Y i B
(457 bp ), 5 [F # X B U)JIF Bl 8y 2F % BT OkL
pMG36e Jikr fr B (3354 bp) ¥4z, i 42 W) #e 4L E.
coli IM109 B2 A 40 M, FI& 100 mg/L Em fY LB T
PR A i 1o B 20 SRy PPk e R . Ji4H SR pLY2129K
SRS AL L lactis NZ9800, A HF5E 514
B S G I 1 R i AR A R S A .
®2 EARETFAY

Table 2 Primers used for site-directed mutagenesis

Primers  Sequence (5'—3")"

FS ATTCACGTAAGCAAATAACC

RS TGTTTTCATGTTACAACCCA

FT GCAACTTGTAATTGTAAAATTCACGTAAGCAAATAACC
RT TTTACAATTACAAGTTGCTGTTTTCATGTTACAACCCA

*, Bold indicating the code of mutant amino acid.
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S WSCHR[13] 97 4k, W 4 L. lactis NZ9800/
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2 DU L. lactis NZ9800/pHJ201 fE Jy 2 18, 5006 4
3,
1.5 RELEEREFWHLEWL

Nisin %A% (4R 5 ) il £ 2 BESCwk [ 14 ] 09 Jr ik
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Fig. 1

Identification of recombinant plasmids. A :digestion of the plasmids by endonuclease; B:colony PCR. 1:pLY2129K; 2.

pHJ201; 3:L. lactis NZ9800/pHJ201; 4: L. lactis NZ9800/pLY2129K; 5: L. lactis NZ9800/pYJM21K; M:Marker.
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Fig. 2
lactis NZ9800/pHJ201; M : L. lactis NZ9800/pYJM21K; @ : L.
lactis NZ9800/pLY2129K.

Growth curve of strains of nisin and its mutants. A : L.
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S. choleraesuis 1. 1859, S. flexneri 1. 1868 F1 S.
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Table 3 Antibacterial spectrum of nisin and its mutants
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Fig. 3  Purification of M21K/S29K nisinZ. A :Sephadex CM-25;
B:Sephadex G-25; C.RP-HPLC.

M21K/
M21K
Strains Characters nisinZ S29K
nisinZ
nisinZ
Micrococcus flavus NCIB 8166 G* + + +
Staphylococcus aureus 26071 G* + + +
Streptococcus pnenmoniae 1.1692  G* + + +
Escherichia coli JM109 G~ - - -
Salmonella typhimurium 1. 1174 G~ - + +
Salmonella choleraesuis 1. 1859 G~ - + +
Shigella flexneri 1. 1868 G~ - + +
Shigella dysenteriae 1. 1869 G~ - + +
+ :inhibition, - :without inhibition.
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Fig. 4 Stability of nisin and its mutants. A;25%C for 10 min; B

55°C for 10 min; C:100°C for 5 min. A :nisinZ; Il :M21K nisinZ;

@ :M21K/S29K nisinZ.
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Improving heat and pH stability of nisin by site-directed
mutagenesis
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Abstract ;[ Objective ] The aim of this study was to optimize the property of nisin through altering its specific amino acid
by site-directed mutagenesis method. [ Methods ] On the basis of M21K nisinZ, a former reported nisinZ mutant that
exhibited antimicrobial activity against Gram-negative bacteria, the 29" amino acid of it was mutated from serine to lysine.
The mutant M21K/S29K nisZ gene was cloned into vector pMG36e and the recombinant plasmid was introduced into
Lacotococcus lactis NZ9800. The resulting M21K/S29K nisinZ was then isolated and purified, and its antibacterial
activity, antibacterial spectrum and stability were analyzed and compared to those of M21K nisinZ and nisinZ. [ Results ]
Compared with wild-type nisinZ and M21K nisinZ, the M21K/S29K nisinZ displayed reduced antimicrobial activity, but
showed significantly increased stabilities to heat and pH stress. Moreover, M21K/S29K nisinZ also exhibited antimicrobial
activity against Gram-negative bacteria as M21K nisinZ did. [ Conclusion] By changing the 29" amino acid of nisin, we
can optimize the property of nisin, especially its stability to heat and pH stress.

Keywords: nisin; stability; heat; pH; site-directed mutagenesis

(AL % KBEm)

Supported by the National High Technology Research and Development Program of China (863 Program) (2006AA10Z319) and by the Program of
Knowledge Innovation, Chinese Academy of Sciences ( KSCX2-YW-G-016)

" Corresponding author. Tel: +86-10-64807401 ; E-mail:zhongj@ im. ac. c¢n

Received :4 May 2010/Revised :20 May 2010

N A N A N N AN P AN R AN R AN R AR AR AN AR AN AR AN AR AN

RAKXATHIYR D %

P R G2 T 5 B PR I 43 28 2 b O, A R B Y s f . BAREESR T

1 S SE TR Y 16S tRNA 75138 32 GenBank, ] Blast #C/F 8 ZAH 8L A9 168 rRNA SR J5 — 2 HI B

2. R ATRE B RL 23 SR BE B BAE (AN NT 35 ) , 3 il Boostrap {H 20 T3 30 R F B R 1 .

3. F B e A 3 19— BE g4 J5 5, U Neighbour — Joining 253X FE 45 AL TE R 4, 50,

4. TR IR S BARBOR TR [ S 0L A 24 41,2004 ,44(2) 143, ]

O RGEW b 408 A FR, ELJR RN 2 R 24 BRSNS N A RS

@ B (AT R BRI CEAE) R R TR BN A B A5 S P BT 5 0 30 R ECT R 2.0, 01 {3k
LN

@ VR TR 2R 3K B BRI M, 7448 “ Time New Roman” , 5250y “8p” o H] Lk JH W Ah J5 X ——(A) SO0 =
Tif” , 73 B g 600 £k 5 (B) SCAFA% 2 “word” i HY B i A SC 7





