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genetic engineering. It is generally recognized as safe (GRAS) by the Food and Drug Administration

(FDA). In the past two decades, L. lactis has been widely used as a carrier in presenting viruses and

bacterial antigens, playing an important role in different fields. In this review, we introduced the

nisin-controlled expression (NICE) system from the aspects of composition, functional characteristics,

and the application in food, vaccines, animal husbandry, and veterinary medicine. We summarized the

features and improvements and then predicted the development prospects of NICE system.

Keywords: Lactococcus lactis; host bacteria; nisin-controlled expression system (NICE); application
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o BAARPE TR, 38 [ A2 4 A
JA(FDAYIA N 2 224 I (GRAS AW, % T
TR 2 IR IS L. lactis
HAARKEER. &) TEAEMBLE 52
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Figure 1

Nisin induces nis4 promoter transcription through NisK and NisR. Nisin: induction factor;

NisK: histidine-protein kinase; NisR: response regulator protein; P,;4: nisA promoter.
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MG1363 ffiTA 9t Hirf, NZ9700 ., NZ9800
NZ9000 . NZ3900 Fl NZ3000 /& NICE &% th i
FHEY 5 FhiE EHEEER 1). NZ9700 J&—Fha] L™=
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Table I Commonly used host bacteria for NICE system
Host strains  Characteristics Reference
NZ9700 Conjugated by Tn5276 and MG1614. Used as a source of nisin to induce NICE system [20-22]
NZ9800 A derivative of NZ9700. One of the early host strains of the NICE system [16,21]
NZ9000 Most commonly used host strain. Obtained by integrating the nisK and nisR genes into the pepN  [23]

gene of MG1363
NZ3000 The lacF deletion mutant of MG5267 [24]
NZ3900 Developed for food grade applications of the NICE system [8,25]
%2 NICE A% ERRK
Table 2 Commonly used plasmids in NICE system
Plasmids Characteristics Reference
pNZ8048 Most commonly used plasmids for fusion expression [23,27]
pNZ8148 Deletion of a 60 bp DNA fragment from Bacillus subtilis to avoid the disadvantage generated by [28]

the obligate use of Nco I site
pNZ8150 Sca 1 site used for creating an accurate nisA4 translational fusion [25]
pNZ8149 The lacF gene as food grade selection marker [29]
pNZ8021 Used for transcription fusion [29]
pNZ8110 Used for protein secretion [29]
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##(porcine epidemic diarrhea virus, PEDV)/Z5]|
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W 23K 5 1 A TR R R AT N BUR N PR, S5 2R
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(Campylobacter jejuni)f2: 5| N & IE: R 1)
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L. lactis Rg B TR FF P Cjad T 1gY
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Moo XU L. lactis "TAE NPT C. jejuni REFARY
BRI Shirdast SFHEE T R R E T
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AT IR IR T i) o S5 R R, 4l L. lactis
IR 7 5 AN RN R DR SR L A< ST B
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(foot-and-mouth disease virus, FMDV)4E5F 46
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L. lactis X A R PUA AN G2 85 7 FH B 4
FLEREE A TR IR P PR A L. lactis X DSS
WSS i RN R g E G e R AEH
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AR S O K EEe D BV R
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PR PR B i T D v X g T X AT A T R 3
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FEL R 7SI R AH L. lactis , I X HAE N 3G AR Y
P NRGHEAT T PEM o AR S W) SC e A5 R R,
T L. lactis TEX 718 P 5% H (R B H AH R
P, ATRAEAR AL AR ). Pakbaten 2571 1
L. lactis TJEE T — PR EAG A7 Hl W2 B v 71 1) &
W L. lactis , & HFR B WRE  F uspd5
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RIS R A R fa MR T e . A
A W3 R B i 9 i NICE R4, AMURIE
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FERFRIRCY 3) #|E T L. lactis FiIEWMEN
J R E L WD T MR (R R R . (4) A
H MY FLFF B (Lactobacillus plantarum) . # 1
K H (Enterococcus faecalis). i 9 X ER
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IR R G AR M X AN R O EA T4 008 5
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— AR R LAME K E T heeA, BESHE
PREGACE R, AR T, RAREAH
BN A 2 T AR5, RS IERL L. lactis
KBRS WM E R A
L. lactis VAAMHFN K 8 11 B BT R A5 A9 25 1
Ko R ARTE F 5B S WIER AR
[fls B L. lactis B4 RE B H ALAR 58 B R AT
AME DNA SRR A ZE L. lactis HE—14
FORMER ; NICE RGEAREAR L b T Tl
Az RS I g ] AR T DA A
(1) XPXUSHRL NICE RSB, #2054 Kk
JE RN IR A, (AR P B o Wb rp s ] &
(2) FBAFH CRISPR-Cas9 Z 4¢ v JL P 41 47
ENSNINE I Rli LI G S & NP A ]
B R (3) BN EREER AN hrd FEH)
PEAT R LAE AR L. lactis BTy EHE AR
FEfte s (4) DL EF IR IR 4510, B46 pH. IR
B IR S AR RS A, (R R
WEL AR R IRE 0L, F 3B 5 PR 31 fe
FELLIE R BEAR AN A (1 A 5 (5) A ARG
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TPl & IR SRATs (6) XA DNA S A H]
L A AT AR, L RR S A R A
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JRsh T, YTl A = B R R
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ELRAE W 2 5 (i 1 B8 M ™ b A 0 4
T gl TIBKMIER. BT NICE &
LAk, L. lactis F 2 TR B RE L OFEA TR
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P P05 FE T 45 258 UL A iz 18 R 02 2 9
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T HE A — 255 S5 A AR OB SR AR TR /b, Bl 2k
N TR & ', NICE R 44 Sk B i Fo AR
Ji73 1 R e i S 8 o (AN A S ) Y — AT
RO REGRRYE, BAE A4 T
J"f NICE RGAAIRKISHZS ], 1ERE
HAE EWW L. lactis RIE A N FHET 5,
RETE A RS AP B2l . B Tl &
Bl A Hr A R e
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