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Construction of nisin whole-cell biosensors

WU Xiao-Feng WANG Pu-Jie LI Jia-Wei ZHANG Shun JIA Xiao
YAO Rui-Lian  XIAO Yi’
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Abstract: [Background] Nisin is a small antibacterial peptide mainly produced by Lactococcus lactis. It is
the only natural food preservative approved for wide applications. However, its low biosynthesis yield, and
lack of simple and efficient detection methods limit its research and applications. [Objective] To develop a
simple and efficient method to detect nisin, the nisin controlled gene expression (NICE) system and a
visible red fluorescent protein were adopted for construction of a whole-cell nisin biosensor. The biosensor
was used to quickly screen for nisin-producing candidate strains. [Methods] A Golden-Gate cloning
method was used to construct a vector which contains a nisin-inducible promoter (Pnis) for regulating a
red fluorescent protein gene (7fp). Two rfp genes, identical in protein sequences but different in DNA
sequences, were tested. The constructed biosensor plasmids were transferred into Lactococcus lactis,
generating the whole-cell nisin biosensors and further used for the screening. [Results] Both of the two
whole-cell nisin biosensors could specifically and quantitatively respond to nisin varied from 2 to 200 ng/mL.
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Moreover, the biosensor was applied to screen candidate strains and identified a nisin-producing strain
Lactococcus lactis ATCC 11454. [Conclusion] The developed whole-cell nisin biosensor can specifically
respond to nisin, and can be used to simply and quickly identify nisin-producing strains.

Keywords: Nisin, Whole-cell nisin biosensor, Red fluorescent protein, Nisin-producing strain
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Figure 1 The molecular structure of nisin A
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MRS Ji550(g/L): EEM 10.00, EEEHZEY)
10.00 , #7 B BR — £ 2.00, #j % KE 20.00 ,
MgSO,7H,0 058 , 4+ W #& B % 10.00
K,HPO4-3H,0 2.00, ZR%H 5.00, MnSO44H,0
0.25, m:i%-80 (1 mL/L),
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Al; Bsa TRRWIMEANVIEGE A NEB (dta)A R
/N H] 5 Phusion DNA polymerase I H Thermo
Fisher /Al ; FLEEEAK(A ADIA A Macklin 28
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Table 1 Plasmids and strains used in this study

Ao BlEER . BESE . AW, RUTKEEM G A LI
o RAT R IR B A AT S . 2 D RE bR U A
Tecan 2\ H] .
1.3 SIM&it5EM

H 4 kL pNZ8148 Fll rfp . mrfp 3&KH(GenBank
o5 MT210047) M HIRIF I, &t TR 2 iy
P51, 251G R T A TAY TR
et A BT, mrfp FEH TG T I5 M 4 e
VR R A

PR B TURL ik HeIR

Strains or plasmids Description Source

pNZ8148 Plasmid, Cm', containing nisin A promoter Purchased from Wuhan Miaoling Biological
pNZ8148-RFP Plasmid, Cm', containing nisin A promoter, 7fp inserted into pNZ8148  This study

pNZ8148-mRFP Plasmid, Cm', containing nisin A promoter, mrfp inserted into pNZ8148 This study

E. coli MC1061 Cloning host (F) Purchased from Shanghai Weidi Biotechnology
E. coli MC1061-RFP  Cm', pNZ8148-RFP transformed into MC1061 This study

E. coli MC1061-mRFP Cm', pNZ8148-mRFP transformed into MC1061 This study

L. lactis NZ9000 Expression host, containing nisR and nisK

Purchased from Wuhan Miaoling Biological

L. lactis NZ9000-RFP Cm', pNZ8148-RFP transformed into NZ9000 This study

L. lactis NZ9000-mRFP Cm', pNZ8148-mRFP transformed into NZ9000 This study

L. lactis ATCC11454  Nisin A producing strain Purchased from ATCC

Micrococcu luteus Indicator strain sensitive to nisin Zhang lab

x2 AARPEAAGY

Table2 Primers used in this study

Gk EA s il &4
Primers name Sequences (5'—3") Modification
pNZ8148-F1 TTTTTGGTCTCACCATGGTGAGTGCCTCCTTATAATTTATTTTGTAGTTC Bsa |
pNZ8148-R1 TTTTTGGTCTCATGCTTAAATGGGTACTGCAGGCATGC Bsa 1
rfp-F1 TTTTTGGTCTCAAGCACCGGTGGAGTGAC Bsa |
rfp-R1 TTTTTGGTCTCAATGGCGAGTAGCGAAGACG Bsa |
PNZ8148-F2 TTTTTGGTCTCACCATGGTGAGTGCCTCCTTATAATTTATTTTGTAGTTC Bsa |
pNZ8148-R2 TTTTTGGTCTCAGGAGCTTAAATGGGTACTGCAGGCATGC Bsa |
mrfp-F1 TTTTTGGTCTCAATGGCTTCTTCAGAAGATGTTATTAAAGAATTTATGC Bsa |
mrfp-R1 TTTTTGGTCTCACTCCAGTTGAATGACGACCTTCTG Bsa 1
27F AGAGTTTGATCMTGGCTCAG -
1492R GGTTACCTTGTTACGACTT -

W FRILTFHI RGN Bsa T iRBI7 5.
Note: The underlined is the Bsa | site.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



ReEVAE A FUAE KA 2011 TR A Ry -5 O ]

4087

1.4 FHRMHIEE
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Figure 3  Schematic diagram of pNZ8148-RFP and
pNZ8148-mRFP vectors
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BRI GMI1T7 8557 50 EFHATALAATAL, 18
L B A K Bk A8 EIE 30 pL, fFoe4il
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¥ 1.6 TR KR MR 2] GM17 B
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GM17 §:373E, 30 °C. 200 r/min }53% & ODeoo N
0.4, SB35 500 uL ITAZF] 2 mL
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2 HR550
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Ll ESOCEAE RIS IRIC . T ZOBE N
T ELEIE T L. lactis 1ERIK, N T RS
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rfp FE AT (GHCO)mol% 7% &~ 41% 1 FE K mrfp
(modified rfp). K rfp KIET1E & KIGFFHE IR
IR 41, o 50%H9(GH+C)mol% & 433 K
FFHR(E. coli K12)FEH 4 50.8% 1) &% &t ; 1 FE A
mrfp A AP AIAE AR, H 4% 1
(G+C)mol% 1) % £ % i FL W& L 3K 1§ (Lactococcus
lactis CV56)IEHZ 35 2% &8N rp 5 mrfp 7
WEA T —2, [HZ7E DNA /KFEHA 81%

) —EE(E 4),

FIFH Bsa 1 lifft Golden-Gate J5lf rfp Al
mrfp JEEZFBIEA pNZ8148 FKikfmkidr, Mty
TR pNZ8148-rfp il pNZ8148-mrfp (£ 1), H:
o, A IEDR rp FI mrfp FE i 107 FUAE R K B4 )
¥ Pnis Flif. MIMAZLEERRRES, 53
SR RGE, BRGNS . BaEN
pNZ8148-rfp 1 pNZ8148-mrfp JF ki A F|FikTE
L. lactis NZ9000 ", 7=A T 414> F1L &% L.
lactis NZ9000-RFP F L. lactis NZ9000-mRFP
22 FEREBKMES FERSZNETE

W) A 5 e FLAE K A M oy AL A, K
5 ng/mL FLEER IKINAZ L. lactis NZ9000-RFP ik
1, 8 hJE M. S AFLEE IR A X IR HL A (R
NN ), BB A A EAR
K(ES), XFRIGEEEZ I

R THYE , ARIIMAZIKEE 0. 0.1, 1,
2. 5,10, 20, 50, 100, 200, 50011 000 ng/mL
MR R R EIL IR A, KDL 24 h POk
EE 24k, XF L. lactis NZ9000-RFP 148220
Jfl, HEERAE 6 FiR: 78 0-2 ng/mL ¥ (7L 5%E
WRSEE T, L B A0 I i 28 5 5 AR 55.(<30
BENAE); TI24IA 5 ng/mL kB A FLAE B KN
AT OIS SI I B A2 615 5 (2 100 2O0(H); W&
FLEE R KR BE (30, DORME S, Mk
JEILF] 50-200 ng/mL B, 2l 5k B im (4
800 »HMH); (HJE YUk IAF] 500 ng/mL B}, 2k
ERCRL S RTianrs 7 1l wb) s I = BV - S2l ki 2 i) )
F AR Z B0 ; 24 MA 1 000 ng/mL FLAEH Ik
i, (IR K e g, WA YOEE S

TEYHISE T, L. lactis NZ900O-RFP {4 /8e%
Y BEXT 2-200 ng/mL ¥ BE (YL EE R KA MR .
I, RBUBZOEREMLS 10 h MPOEES, 15X
I %€ BE R ] Hill equation £ fHZRALA(E 7). U4
BB BTl y=735x>"0/(162+x>"%), HIAFLEEAR
(R*>0.99). XA FERER I TRES: FhRLBE B K0 E
R
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rfp ATGGCGAGTAGCGAAGACGTTATCARAGAGTTCATGCGTTTCARAGTTCGTATGGAAGGT
mrfp ATGGCTTCTTCAGAAGATGTTATTARAGAATTTATGCGTTTTARAGTTCGTATGGAGGGA
L s A A KA AR AR AR AR A AR AR A AR A AOROR AR AR R AR R KA oA
fp TCCGTTAACGGTCACGAGT TCGARATCGAAGGTGAAGGTGAAGGTCGTCCGTACGAAGET
mrfp TCAGTTAACGGTCACGAGT TCGAGATTGAGGGAGAGGGTGAGGGTCGTCCTTACGARGGA
A RRRRR R AR R R R R R R R R R KR KR AR KA RO AR R R R R KRR L )
i ACCCAGACCGCTARACTGAAAGTTACCARAGGTGGTCCGCTGCCGTTCGCTTGGGACATC
mrfp ACACRAACTGCTARATTARAAGT TACAARGGGAGGACCTCTTCCATTCGCATGGGATATT
rfp CTGTCCCCGCAGTTCCAGTACGGTTCCAAAGCTTACGTTARACACCCGGCTGACATCCCG
mrfp TTATCACCACAATTTCAATATGGATCTAAGGCTTACGTTAAGCACCCAGCTGACATTCCA
s A oA ) oA A oA oA oA oA RO A R AR KRR A A AR A A R A
rfp GACTACCTGARACTGTCCTTCCCGGAAGGTTTCARATGGGAACGTGTTATGAACTICGAA
mrfp GATTACCTTARGCTTTCATTCCCAGAGGGATTCARGTGGGAGCGTGTARTGAACTICGAG
A AR A A oA oA A A AR A oA oA AR AR A A AR KA AR R AR A A A A A
b GACGGTGGTGTTGTTACCGTTACCCAGGACTCCTCCCTGCARGACGGTGAGTTCATCTAC
mrfp GACGGAGGAGTTGTTACTGTTACACAAGATTCATCTTTACAAGATGGTGAATTTATTTAT
L A AOROR A AR AR AR AR oA oA A A & AR KA AR A KA A A oA
rfp ARAGTTARACTGCGTGGTACCAACTTCCCGTCCGACGGTCCGGTTATGCAGARRARAACT
mrfp ARAGTTARATTACGTGGTACTAACTTCCCATCTGACGGTCCAGTTATGCAGAAGAAGACA
AR AR AR AR LS AR AR A A A AR AR A A A " A AR AR KA A AOROR AR AR A A A A L )
) ATGGGTTGGGAAGCTTCCACCGAACGTATGTACCCGGARGACGGTGCTCTGARRGGTGAR
mrfp ATGGGATGGGAGGCTTCTACAGAACGTATGTACCCAGAGGACGGAGCACTTARAGGTGAA
A A AR A A A A A A KA oA AR AR R AR A AR AR A A A A KA A oA AR A AR A KA
rfp ATCRARATGCGTCTGARACTGARAGACGGTGGTCACTACGACGCTGAAGT TARRACCACC
mrfp ATTAAAATGCGTCTTAAGCTTARGGACGGAGGACACTACGACGCTGAAGTTARAACAACA
A AR A AR AR A AR A A oA AR A A A A AOARR AR AR R AR R R R R R R AR AR oA
rfp TACATGGCTARARAACCGGTICAGCTGCCGGGTGCTTACARAACCGACATCARACTGGAC
mrfp TATATGGCTARARAACCAGTTCAACTTCCGGGAGCTTATARAACAGATATTARACTTGAT
A AR R R kR R R R K KA LI AR ARk R A LI AR R KA L oA LI L
b ATCACCTCCCACAACGAAGACTACACCATCGTTGAACAGTACGAACGTGCTGAAGGTCGT
mrfp ATTACATCTCATAATGAAGATTATACTATTGTAGAGCAGTACGAGCGTGCAGRAGGTCGT
A A A A AR oA oA LI L AR A A AR A A AR AR A AR AR A AR AR R KKK KA
rfp CACTCCACCGGTGCTTAA
mrfp CATTCAACTGGAGCTTAA

KA Kk Ak KA KKAKKKA

4 E& rfp 0 mrfp B DNA tb3F
Figure 4 Comparing rfp and mrfp genes’ DNA sequences
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Figure S Cell biosensor responds to nisin and presents red Figure 6 Time course of cell biosensor L. lactis NZ9000-RFP
fluorescence to various concentrations of nisin within 23 hours
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Figure 7 Responses of cell biosensor L. lactis NZ9000-RFP
to various concentrations of nisin
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Figure 8 Time course of cell biosensor L. lactis NZ9000-
mRFP to various concentrations of nisin within 24 hours
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Figure 9 Responses of cell biosensor L. lactis

NZ9000-mRFP to various concentrations of nisin
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Table 3 The selected nisin-producing candidate strains

No. Sample The most similar strain Name Accession No.
T9 Sweet garlic Lactobacillus buchneri JCM 1115(T) MT192646
T14 Sweet garlic Lactobacillus buchneri JCM 1115(T) MT197392
T15 Sweet garlic Lactobacillus buchneri JCM 1115(T) MT197395
N1 Fresh milk Lactobacillus casei BL23(T) MT197397
N5 Fresh milk Lactobacillus rhamnosus JCM 1136(T) MT197400
N13 Fresh milk Lactobacillus pentosus DSM 20314(T) MT197401
F4 Yogurt baking powder Lactococcus lactis subsp. lactis JCM 5805(T) MT197405
F5 Yogurt baking powder Lactococcus lactis subsp. lactis JCM 5805(T) MT197492
F1 Yogurt baking powder Lactobacillus acidophilus CIP 76.13(T) MT197493
F2 Yogurt baking powder Streptococcus thermophilus ATCC 19258(T) MT197482
BX-3 Fresh milk Lactococcus lactis subsp. lactis JCM 5805(T) MT211277

10 FARIRAEY AL 2L B AR =L E Ak

Figure 10 Testing nisin-producing candidate strains by agar diffusion method
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Table 4 The normalized fluorescence of the biosensor to
fermentation broth of different strains

Strains Normalized fluorescence
Control 1.9+1.1

N1 4.0+1.3

N5 3.7£1.2
N13 4.0+2.4

T9 4.842.4
T14 4.94+0.4
T15 3.3£1.0

F1 1.6+0.6

F2 1.9+0.8

F4 1.9£0.7

F5 1.9£1.0
BX-3 3.540.7
ATCC 11454 232.4436.0

£S5 MATRE LG BX-3 A B iRAE RSN KA
Table 5 The normalized fluorescence of the biosensor to
BX-3 fermentation broth with different proportions
Proportions (%)

Normalized fluorescence

0 1.0£1.0
5 1.8+0.8
10 2.0+0.7
15 3.8+1.2
20 3.5+0.7
25 4.3+0.1
30 1.0+0.9
35 2.9+1.4
40 2.8+1.0
45 3.7+0.1
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FEGIN Oy 6 . RN ER, A o LB TR K Y
RSt 7 —Fp iRy Bl A O . [REE, FRATE
B A F(GHC)mol% 1 1t I L1 A5 L i A B R 7
G BT 7 A 1 B R o D' B RS T R TR AT B RN
[, mRFP BEiG A4 E(10-200 ng/mL)FLA%H
BRAGEEIN, T RFP SIS 5 AR B2 (2-50 ng/mL) T

PRSI, 33X kg T 2 AN [ 208 0 A N5 Pl 1 4 i
AR RAR R T T B

IEAl, AWFIR IR IRIT T %A% s 18 T 1k KR
FLBE B KA PR B bR L AT REME . AR IR AR T e T
DA o 43 85 H ) AL L B AR AR PR R . (AR
TR MIE, TESIR YOk T RE 2B 40 B L ) A P
BX-3 WA S S Ryt E N, mrlaE
KA = HRk ATCC 11454 P2 A MERBIFE S T4
OEI A, TR AUl B A I o T IR AR AT
B A RS, LA R R 5 7 e L B A AR A
PRIAR I T o

BEE AT S A AR AT H 25, 3L
B TR R AE S — Fh et AR IR 35 2 42 T0 3 162 i 7
R, AT RSN R, SRS, ATR
Wz TAE G 5 m L S ARG G i —
b, T 0 LB P TR A 7 R AR ) e 3 0 2
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