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Purification and Functional Analysis of Recombinant Nisin
Resistance Protein (NSR) Expressed in Escherichia coli
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Abstract: Nisin is a cationic antimicrobial peptide produced by some lactic acid bacteria. However, expres-
sion of nisin resistance protein (NSR) could confer nisin resistance on some non-nisin-producing Lactococ-
cus lactis. To deeply elucidate molecular mechanism underlying NSR-mediated nisin resistance, an NSR
mutant with N-terminal 38 amino acid residues deleted (NSRA38) was overexpressed in Escherichia coli by
fusion with GST. Purified NSRA38 was obtained through glutathione (GSH) affinity chromatography fol-
lowed by cleavage of GST tag. Putative proteolytic activity of NSRA38 was determined in vitro against nisin.
Antimicrobial activity analysis revealed that nisin lost its bactericidal activity after incubation with NSRA38.
Further reversed-phase high performance liquid chromatography (RP-HPLC) analysis indicated that
NSRA38 displayed proteolytic activity against nisin, thus inactivating the antimicrobial peptide. The current
study paves the way for in-depth functional studies on NSR.
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(Nisin) NSR
(Lactococcus lactis) (Streptococcus NSR(NSRSD)
uberis) , Nisin , Nisin
28 29 ( ¥ ,
, , 50 NSRSD , (
[1.2] ) , NSR
Nisin R NSR
Nisin Nisin , N- 38
(Nisin immunity), NSR(NSRA38) E. coli
Nisin Nisin (Nisin , NSRA38
resistance gene, nsr) Nisin Nisin )
(Nisin resistance)m s Nisin (NisI NSR NSR Nisin
NisEFG)
5 nsr Nisin
(4 1 FORRs ¥
nsr 318 aa  Nisin NSR, 11 RIHR
Blast NSR c LL1 BE#SHR:  pGEX-6P-1 E. coli
(C-terminal conserved tail-specific BL21(DE3) E. coli IM109 NCIBR166
proteases, TSPc) ,
. (Micrococcus flavus NCIB8166)
(5] NSR Nisin , E. coli BL21(DE3) E. coli IM109
Nisin LB Y 37°C ,
, NSR Nisin , ; (Amp)
el , 100 pg/mL. M. flavus NCIB8166 S1

Nisin Z + H,0 7’4
COOH (3330.6 D)

NSRSD

(2697.0 D)

29 34
+ HN-EOOEW@K-coon (651.6D)

1 NSRSD f#1{L nisin P& R 77 2 E'®
Fig. 1 Proteolysis of nisin catalyzed by NSRSD'"®!
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(0.8% Tryptone, 0.5% Yeast extract, 0.5% Glucose,
0.5% NaCl, 0.2% Na,HPO,, 0.75% Tween 20),

30°C
1.1.2 E5ikF: Pyrobest DNA

(BamHI1 Xhol) T, DNA dNTP
TaKaRa R
OMEGA , Tryptone Yeast extract Oxoid
, SDS Tris Acrylamide Bisacrylamide
Sigma ; Glutathione sepharose 4B
PreScission GE Healthcare;
(GSH) Roche;
C-18 SinoChrom ODS-BP (10 um
10 mmx250 mm) R
, (TFA) Merck Nisin
(nisinZ)

1.2 REHZE
1.2.1 GST-NSRA38 R & ERRIEHIMFHIMER K
A E RN nsr
nsr5'(5'-cge gga tee cag aag tat gtt cga gtt gee-3')
nsr3’(5'-cgg ctt gag tta ctt tat ttg aga ttt-3'),
BamH 1 Xho | , nsr
39 aa~318 aa nsrA438
PCR :94°C 5

min; 94°C 30 s, 58°C 30 s, 72°C 1 min, 30 ;
72°C, 10 min

PCR BamH1 Xhol
pGEX-6P-1 , E. coli IM109
Amp , PCR
, DNA
( ), GST-NSRA38

pGEX-6P-NSRA38
pGEX-6P-NSRA38
E. coli BL21(DE3),

5[ 7]

122 EHEEBEMESERIEA: E.
coli BL21(DE3)/pGEX-6P-NSRA38 1:100
5 mL Amp LB , 37°C
180 r/min (ODgoo 0.6),
-B-D- (IPTG)

0.6 mmol/L, 16°C 2h 4h

6h ,4°C 10000 r/min 10 min
) (PBS)
0.5 mL , 4°C 10000
r/min 10 min s PBS
12% SDS- (SDS-PAGE)
GST-NSRA38
GST-NSRA38 ,
1 L, IPTG
6 h,
1.2.3 RiEFHRI D BaEL: GSH
5 PBS
Glutathione Sepharose s
(0.22 um) , 10
PBS 3
10 PreScission

[50 mmol/L Tris-HCI (pH 7.0), 150 mmol/L NaCl,
1 mmol/L EDTA, 1 mmol/L DTT]

PreScission [80 uL (160 ) Pre-
Scission 920 uL PreScission ]
4°C , PreScission
GSH GST
PreScission GSH [
10 mmol/L GSH 50 mmol/L Tris-HCI (pH
8.0) ] 3~4

1.2.4  FRAEFYRIRINE AL NSRA38
Nisin : Nisin Z [2 mg/mL,
50 mmol/L Tris-HCI (pH 6.0) 125 pL, NSRA38
5 pL, 50 mmol/L Tris-HCI (pH 6.0) 20 pL,
50 uL; NSRSD  Nisin
Nisin Z [2 mg/mL, 50 mmol/L Tris-HCI (pH 6.0) ]

25 pL, NSRSD 5 pL, 50 mmol/L Tris-HCI
(pH 6.0) 20 pL, 50 puL!®; Nisin Z
50 mmol/L Tris-HCI (pH 6.0)
3 30°C 6 h |,
(RP-HPLC) NSRA38  NSRSD
Nisin
1) : o
M. flavus NCIB8166 S1 , 30°C
4°C 10 d
) ( 6
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mL) 200 mL ki M L2 3 4
’ ’ 170 == |
3] 130 ——
) > 95—
T2 — -
; — GST-NSR(61 kD)
NSRA38 55— S —
Nisin , 1 uL  NSRA38 Nisin 43 ——pS— ~—
- —
9 puL 0.02 mol/L HCI , 34
1 uL 49 uL 0.02 I/L HC1 : —
i 9 uL 0.02 mol/L HC 4 - _
, 50 pL : NSRSD
Nisin s Nisin -‘
, 2 GST-NSR £ E. coli HiFSRIER A D
7 Fig. 2 Solubility analysis of inducible expression of
° mm GST-NSR in E. coli
M. ﬂavus NCIB&166 Note: M: Molecular weight marker; 1, 2: Soluble and insoluble
fractions of uninduced E. coli BL21(DE3) cells transformed with
P 50 HL > GST-NSR expression vector; 3, 4: Soluble and insoluble fractions
0.5h 4°C of E. coli BL21(DE3) cells transformed with GST-NSR expression
’ ’ vector induced by 0.6 mmol/L IPTG at 16°C for 6 hours.
2h 30°C 24 h
5-
2) RP-HPLC 30 uL “DAS” TM-segment prediction
12000 r/min 20 min , A
(H,0+0.1% TFA), B (  +0.1% TFA),  0.45 pum 4-

Waters 600 HPLC
C-18 SinoChrom ODS-BP 5 pm 4.6 mm X 250 mm

RP-HPLC  ( ) ,
10%~50% B [Va/Via+s)] 15 min
90% B 5 min 1 mL/min,
220 nm (8]
2 % R
2.1 nsr GwmESFEHI AT
nsr NSR s
C- (107 aa~303 aa) TSPc
) NSR Nisin Nisin
NSR
, E. coli NSR  GST
GST-NSR ,
, GST-NSR (
2 ),
NSR N-
« 3,
GST-NSR ,
NSR ,
E. coli N- 38
NSR(NSRA38) GST GST-NSRA38

http://journals.im.ac.cn/wswxtbcn

Loose cutoff ------
Strict cutoff ——

" DAS " profile score

0 T T T T T T 1
0 50 100 150 200 250 300 350

Query sequence

3 NSR BIBRK 547
Fig.3 Hydrophobic analysis of NSR

2.2 GST-NSRA38 F*iZ#H K pGEX-6P-NSRA38

HMERERE

nsr438
pGEX-6P-NSRA38,

5 kb

pGEX-6P-1
BamH]1  Xhol
0.8 kb , ,
pGEX-6P-NSRA38
E. coli BL21(DE3) GST-NSRA38
2.3 GST-NSRA38 gt & ERMIFERIX
37°C , ODgo 0.6 |,
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0.6 mM IPTG 16°C , GSH 2 GST
, PreScission
SDS-PAGE 4 , IPTG 2.5 NSRA38 89K REAE
GST-NSRA38 NSRA38 NSR TSPc ,
( 1 3 5), Nisin ,
) Nisin  NSRA38 ,
6h GST-NSRA38 RP-HPLC NSRA38 Nisin
( 2 4 0) ; (
ODgy 0.6 IPTG 0.6 mmol/L 16°C) 251 REZPHIBIHNE & MEAE N : Nisin
6 h GST-NSRA38 M. flavus NCIB8166 . M. flavus
NCIB8166 ( 6

El4 GST-NSRA38 % E. coli FiF SR AR A
Fig. 4 NSR protein without N-terminal 38 aa expressed in
E.coli BL21(DE3) was induced with IPTG in different time
Note: M: protein marker; 1 and 2: Soluble and insoluble fractions
of E. coli BL21(DE3) cells transformed with GST-NSRA38 expres-
sion vector induced by 0.6 mM IPTG at 16°C for 2 hours; 3 and 4:
Soluble and insoluble fractions of E. coli BL21(DE3) cells trans-
formed with GST-NSRA38 expression vector induced by 0.6 mM
IPTG at 16°C for 4 hours; 5 and 6: Soluble and insoluble fractions
of E. coli BL21(DE3) cells transformed with GST- NSRA38 ex-
pression vector induced by 0.6 mM IPTG at 16°C for 6 hours; 7 and
8: Soluble and insoluble fractions of uninduced E. coli BL21(DE3)
cells transformed with GST-NSRA38 expression vector.

2.4 NSRA38 EHHIH B4k

GST , GST
GSH ,
GST
GST NSRA38 ,

GST PreScission GST

, NSRA38 GST
PreScission GSH

, GSH

5A GSH
GST NSRA38 SDS-PAGE
( 2), (31.4 kD) 5B

B

5 GST ¥XMAgNUYIBRRERMELER NSRA38 5
GST

Fig. 5 Purification by GST-affinity column with PreScission
protease

Note: A: M: Protein marker; 1: NSRA38 purification by
GST-affinity column; B: M: Protein marker; 1: First GST by glu-
tathione elution buffer (10 mmol/L); 2: Second GST by glutathione
elution buffer (10 mmol/L).

Bl 6 x84 Nisin % # NSRSD 5 NSRA38 {Ef 5 Nisin
HIE R MR E

Fig. 6 Antimicrobial activity of control nisin and that after
incubation with NSRSD or NSRA38

Note: 1: Control nisin (0.1 pg); 2: Nisin after incubation with
NSRSD (0.1 pg); 3: Nisin after incubation with NSRA38 (0.1 pg);
M. flavus NCIB8166 was selected as indicator strain.
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1) S Nisin NSRSD NSRA38 S RP-HPLC R 7 R Nisin
M. flavus NCIB8166 163 min( 7 A), Nisin
( 6 2 3) NSRA38 NSRSD NSRA38 R 9.8 min
Nisin 17.2 min ( 7B), NSRSD
252 KNP H RP-HPLC 43 #f: Nisin RP-HPLC (81 ,
NSRA38 Nisin NSRA38 Nisin R Nisin
NSRA38  Nisin , NSRSD
167 A * 167 B
1.24 1.2
< 03] < 03 |
4 <
0.4 0.4
A~
0.0 : . : 00225 : : : ,
4 8 12 16 20 4 8 12 16 20

t (min) t (min)

B 7 B Nisin(A) % H 4 NSRA38 {E /5 7= 4)(B)&7 RP-HPLC 4 #f
Fig. 7 RP-HPLC profiles for nisin and the products of NSRA38 cleavage of nisin
: Nisin; Nisin .
Note: 2 ug purified protease in a 50 pL reaction buffer at 30°C for 6 h. A: control nisin. Asterisk indicates intact nisin; B: The products of
NSRA38 cleavage of nisin. Arrows indicate degraded products of nisin by NSRA38.
GST NSRA38
, NSRA38 NSRSD
Nisin , Nisin Nisin NSRSD , NSRA38
GST ,
, Nisin ; NSRA38 ( )

Nisin . NSR

3 Wi

[9-12]
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Nisin (NSR)
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