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Abstract:
Lactococcus lactis ATCC 11454 was improved by overexpression of Nisin A structural gene nisA through introducing a
shuttle expression vector pMG36¢ek-nisA and an integrated vector pDG780-nisA into the host strain. The differences of

Nisin is an antimicrobial peptide widely used in food industry. In this study, Nisin A production in

growth profiles and Nisin A production level between the two obtained genetic engineering strains FMM1/FMM2 and the
parent strain were investigated. Our results show that while the growth profile (the growth rate, biomass and pH) of FMM1
was similar to the parent strain, its Nisin A production increased 31%. In contrast, the biomass of FMM2 was notably lower
than the parent strain, while its yield of Nisin A enhanced slightly. The transcription level of genes involved in Nisin A
biosynthesis in both engineering strains was further detected by RT-PCR. We found that all the 11 Nisin A biosynthetic
genes in FMM1 and FMM2 had a higher transcription level than those in the parent strain, and these genes exhibited more
significant increasing degree of transcription level in FMMI1 which hosted the autonomous replicating nisA gene. These
data suggest that expression of nisA may act as a rate-limit factor in Nisin A biosynthesis. In conclusion, this work provides
a new method to improve Nisin A production by increasing the transcription level of nisA, paving the way to further
large-scale industrial production of Nisin A.

Keywords: Nisin A, nisA, Lactococcus lactis ATCC 11454, overexpression
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*1 AWMRPETAR PCR3I4Y
Table 1  Primers used in this study

Primer name Primer sequence (5'-3") Size (bp)
P32-F TCCCCCGGGAATTCAGATTAATAGTTTTAGCTAT
P32-R GTTAAAATCTTTTGTACTCATTTCAAAATTCCTCCGAATAT 187
nisA-F ATATTCGGAGGAATTTTGAAATGAGTACAAAAGATTTTAAC
nisA-R CCATCGATTTATTTACTTACGTGAATACTACAATGAC 202

*Regions highlighted in bold represent restriction sites; The overlapping region in SOE primers are underlined.

nisA B HALL L. lactis ATCC 11454
DNA A#iHz, nisA-F Fl nisA-R M54y, [V
fF: 95 CHIAEME 5 min; 94 CA8ME 455, 42 CiR
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By 1 Ll pMG36ek Tk A5AR , P32-F fil P32-R
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MG LA PCR 4ifb ™ 1) 1A , P32-F il nisA-R
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(LR P32-nisA. § 38 2.5% B i BRE I
MUK R, Jf gl fk [l fi . PCR %) 5 i ki
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Fig. 1 PCR analysis of P32 promoter, nisA gene and
their SOE product. 1: P32, a strong constitutive
promoter; 2, 4, 5: 100 bp DNA ladder marker; 3:
PCR product of nisA gene; 6: SOE-PCR product of
P32-nisA.

Smal

pDG7810-nisA
5195 bp

Er

nisA

Fig. 2 Map of the recombinant plasmid for nisA overexpression. (A) Shuttle expression vector pMG36¢ek-nisA. (B)

Integrated expression vector pDG780-nisA.
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Fig. 3 Cell density (ODgg) and pH value of FMMI,
FMM2 and L. lactis ATCC 11454 culture over a 24 h
time period of fermentation.
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Fig. 4 Comparison of Nisin A production of FMMI,
FMM2 and L. lactis ATCC 11454.
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#2 NisinAF=ERILLE
Table 2 Comparison of Nisin A production among the three strains in the different time

Nisin A production (IU/mL)

t (h)

. IaﬂIZSI}lTCC FMMI incrgahszg Ei:rrlc;?é?liztion FMM2 incrga};::(g) ?Irlc[f?(:?hglition
18 1250.53+0.02° 1299.29+0.01° 4 1353.8140.07° 8
20 1261.35+0.03° 1405.32+0.03° 11 1336.35+0.04° 6
22 1226.30+0.08" 1532.45+0.04° 25 1303.09+0.02° 6
24 1221.20+0.05° 1599.78+0.04° 31 1322.56+0.01° 8

The different letters represent significant difference (P<0.05) according to t-test (Student’s test) analysis after oneway

ANOVA.
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Transcription concentration (ng/puL)

nisAnisBnisTnisCnislInisPnisRnisKnisFnisEnisG

Nisin A biosynthesis genes

5 FMM1.FMM2#AL. lactis ATCC 11454 B9 Nisin
A EEFRIEERK TR

Fig. 5 Comparison of the transcription of Nisin A
biosynthesis genes of FMMI1, FMM2 and L. lactis
ATCC 11454.
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S, 25 AR R B nisA 1Y I 25 Al ist i SRA X Nisin A
P RAFRRCR , AT RERR 4 & nisA 5 DL AR
AEAZAILIN T 224 Nisin A AR, I 7E—E R
EHEINT Nisin A (7=, 5540, nisA B4 AT

HRINEEM Nisin A PP A K, HE
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— N o AL, SEERAE AR R nisA 3k R
fib Nisin A ZEH) 6 BAH SCSE R 9 22 58 AT DR IR) 2
IV, IXTE Nisin A A4 G 5T ih 2 5 ol
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