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E: CH Y o 5k D TR T B i bl 197 i i 422 oh 2 i B T 1l 6 9% 198 SR VNG ik [N Pk 0 3L 1R i 3K AT 3%
(nisin) £ Lactococcus lactis N8 H [ 335, B4R nisin (1977 25 W $2 5 B IR ) A misin (1097 5 445 5 1%
Ji e 0791 ¥ pfk JE DR e g i LA cAMP g 438 1) 2 1 008 i Ak 0 % JE DY) phaC 3 B 31 32 3K UKL pMG36e
A SR TR L lactis N8 o, { PfhopkaC 3P i it 46 3% . 7 5 4L BB L. lactis NS-pMG36e-
pfk-pkaC, I LE B 12 41 B PR L5 BB 2 01 01 A2 I ot 2k T PAY O 0t 2 SRR il P A I 3 AP T T R A Rk
s FH FE T KO0 M WK nisA K pfhpkaC W85k 2 5, LW B AE B 5 5 41 3 26 AS [°) 46 248 0 & 1 T B %

77 nisin 1) 45 1k

(45 R Y Pfk 58 Y5 phaC J DA 1) 3k 3 38 0 T 241 W7 A1 242 40t 32 v A WD Ak 1) 5% ) » 00 E e vy

LR ™ nisin (R L, 72K 10 h I nisin (7% 5 PO BP AR B3R e 1 20% , (819 A1 A 4 0 2 b BF AR TR K

21 VA AN [ 5 B R B IR R WY nisin 20 A WD S 0 AR AL

(4518 1 wEme g & 12 b 6B IR R
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T NisR H /& 8% B Ak I WG nisA A1 nisF J3 3) 7 J3 3))
Bl S35 HEAS T DN R 7 S 3R 0K e & K LRk nisin 4y
T:[4—5] 3

TERE AR R A7 T Pl S DR g B 6% 1 L B %
it » 1T AT T 1 — A PRI . O A7 SOk
pffe 5 DRUK HE e fie 1) Ol P8 A AR K 1 S ) I ROk prk
JEDRI AT LLAS 60 R AL B N I S ) B i A A O
7.1 U/OD 38 %) 14.5 U/OD,,,) » 40 W %5 % %5 5 1
e HC A A BV LG 4 1) 13 3 T8 s (AL 0.8 pumol /L
s 'egeCDW "1 %] 1. 7pmol /Les 'egeCDW ) 7,
T v 1 1 A 7K BE A DR R A 1 O
T4 85 4R 100 A T T3 o phaC 36 DR "7 45 1 L
cAMP Jhy 4Rt 1) B 1 1 4 A W R L AT DU B
pfk LDV SE 4 (AT A T fig . FRATTWESY T A6 N8 B bk
LRI pfk 5 phaC JEDR G HAE K FPIRI, LT
AN TR IS 0] B misin 7 5 K P 646 19 SRR I I
A A, FEAE e s KT A3 AT T 3L nisA % ¢ 5 B
A BRI DX A o T EE AT E A T A [ 2 B R R
Y A B S BB 7 nisin (AR AL

1 MR Ik

L1 w8

1.1.1 E#FMER: KW HE (Escherichia coli)
DHS5 o AL FLER B (Lactococcus lactis) N8« Ji 3% {5k
W ( Micrococcus luteus) Al NCIMB86166. Jit ki
pMG36e Hi A S5 % LR AF

1.1.2 $ExFERIEFEMHE: (1)L lactis: SGM17 £
FeH,30CHER 7Y (2) E. coli: LB B 57 %,
37CHEH RS 1 (3) M. luteus A1 NCIMB86166: S
B ge ik, 30CH BT . (4) I L E
W :GM17MC (GM17 +20 mmol/L MgCl, +2 mmol/L
CaCl) o (5) % E. coli " 21 % & W4 F ik &
150 pg/mL, 7E L. lactis T HIE R E 5 pg/mL.

L 1.3 EZ|RAFMLIF LB hpril s RN a5
FE R AL A B2 W) BRI E A VTG, DNA marker,
S B s A & M PCR 2¢Ot € 5k 71 & )W A TaKaRa
2] PCR 77 4y [l Wl 71 £ T4 DNA S 4 i W 1
Fermentas 24 ] 5 JFURL PR 34 /) 42 1% 1) 6, 40 w7 2 PR 41
PR A & S RNA PRl $12 IO 7 6 0 15 R AR A2 4
B2 w) PEK P 5E W0 & 08 B 98 N RS A2 HoR
H MR A ; Nisin b5 #E i & Sigma 2 5] 7= §ho L4

P s ) 19 752 #4606 i, BioRad MicroPulser
(25uF,200Q) HL#% 4k 1% . NanoDrop #% & & (1 4 #r
1%, BioRad PCR {¥, BioRAD %5 & PCR {¥.
L1.4 514 AW S e AR TR
JBe A AT PR 2 w5 (1)
F1.BEFHA®ER qRT-PCR 3|4
Tablel. The primers of gene cloning and qRT-PCR

Primer Sequence (5" —37)

pfk F CCCGAGCTCGTATTTTTGCTATGTATCTCAATT
pfkR CCCGTCGACTTAGTTAAGGTTAAGATTGTTGAGT
pkaC+ CCCCTGCAGATTTCACTGTCGCAAATG
pkaC-R CCCGGTACCAAAGTTATTTAGAAGCTTAAATT
Q46S¥ AGAGTTTGATCATGGCTCAG

Q46SR TAGGGTTACCTTGTTACGACTT

Q-nisA-¥+ CGGCTCTGATTAAATTCTGA

Q-nisA-R TTGTAATGCGTGGTGATG

Q-pkaC—+F CAAGTACCGTAACTGGAA

Q-pkaCR GAAATAGGTGTCGTTGGA

1.2 DNA #1%&

1.2.1 DNA WiZER.BEV)EER BT SMEMEH &:
KT B TORE DNA- ) 312 A R AR 24w Ui 9 - 2847
DNA alift, J 3% $5 2 W 4% Fermentas 23 w] ¥ 1t B 45 1
7o DNA W) S 3 45 A1 4% TaKaRa 23 =] Ut W] 45 347 -
FLIR B FORLE BT F U7 v 2 OCHk 1 ] E. coli &%
AL % K AR CaCl, A SR 5L L 5L
123 T JEK 2 25 40 M o 46 0 vl e B 40 2 ROk 13 ]
1.2.2 pMG36e-pfk, pMG36e-pkaC, pMG36e—pfk—
pkaC FEHRA B E R EEL DL L. lactis N8 JEPA 4]
Jy BER 43 B pfeF IR R phaC—F IR 4 4% pfl %
pkaC JE N o W 46 £4:94°C 2 min; 94°C 30 s, 56°C
30 5,72°C1 min,30 MG ;72°C5 mino A# ] Sacl
Sall 43 J3| B D) ok pMG36e 5 pfle J& (K v BL, A H] T4
DNA & 2 i 7% $2 J5 % 1k DHS« 52 25, IF 38 kL 56
iEo #F pMG36e Az 4 £ IF # (1) pMG36e-pfk Jit Fi Al
phaC JEIN 5350 F Pstl M1 Kpnl XUBE D)5 J& 73 0 3 $2 5%
1t DHS o Jg& 52 25, 42 JFORE 30 UE 2R 15 15 1 0 H ) F0RE
pMG36e-pkaC Fll pMG36epfkpkaCo. ¥ # # 41 19
pMG36e-pfk , pMG36e—-pkaC, pMG36e-pfk-pkaC i ki [ 5%
JikE pMG36e B N N8 JHZ 2. 2.0 wL (80 ng) JFhi
A 50 L N8 J& A2 &40 v A1 Ja N 0.2 em HLFEALAL,
E2.4 kV N EEAL. a7 BN A800 L FE{k
IR SGMITMC, i 57 Ji W H UK 10 min, SR )5 & 1
0CHFRAHE 5 1 h, IR T 4855 pg/mLf¥) SGM17
B FE W 49 3) 4 N8-pMG36e—pfk, N8-pMG36e—
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pkaC, N8-pMG36e-pfk—pkaC f N8-pMG36e.
1.3 BHRERMBEKEKMZONE

¥ ok % Ok FE  N8, N8-pMG36e—pfk. N8-
pMG36e-pkaC. N8pMG36e Fl N8pMG36e—ptk—pkaC
5 A 1% 1 L A1) 5 42 07 6 () SGMI1T 8% % kv,
B2 h 5 IR BURE RSB 5E OD gy » BERG 2 h
WE UGB AR 3 ASPAT
1.4 Nisin 30 4R B 2 RO BB R & B R BB U
B9 E
141 #WFHAE S E: 75 50 mL = f i 2E AN
20 mL S K FE Ak, K JE TN 55°C K@ B s In
400 wL 50% fmki - 20 i (ZRE N 1%) , 3
BEWAL RGN 500 wL IR (0D, =
0.4) , ] N 42 90 mm [ ¥R} 85 9% ML o, 15 77 ML
F OGN TO T A EE A S 15 77 L 3R & 2 K 1
BEFSOT- 10T b A7 O LA 1S BN 4°C VKA i E 2
b KA 2 AR S SR A
1.4.2 Nisin F58 & B B 50 FAAROE B e 89 046
Jioy 2 — W PR (AB104N HL 7 K7 FREL 20 mg
oA AR E o 5T R K v TC R 28 3k B2 2 1000
U /mL 47 #E 3 » Nisin 200 W BELE 5 - 100 TU /mL, 3L
X B 5 0 P AR R e R I E I 0. 02
mol /L HC 4% X F BE ik 10.25.50.75 1 100 1U/mL.
ECEIT LIS PRI FL P 2 AN 5 Bl B 1) b
HEVA R 150 WL CREAS IR JBE 23 50l 50 3 AP AT AL) 5 B
FEJG I BRAE B 6 kL AR5 8108 T 37°C A8
5% 78 20 ho
1.4.3 =4 E N8pMG36epfkpkaC & B 4 Bk
N8 A [5] B 8] B & B% i L& nisin 30 B9 ZE - 53
HUEF 75 4.6.8.10.12 H1 14 h (¥ & 9%, FH 0. 02 mol /L
HCL K5 5 9020 53 B B¢ 100 1%, 12400 x g 0> 4 min,
HU B35 W . 80°C /KM AL BE 10 min, £ ©L 24T FLIW S
SRR IR L P9 23 0 A U RE % 150 L (R AN 3R FE 4y
Gl 23 APAT AL > A mRE S TR AR R i S R
T, 8K 5 (8 T 37°C A T B 95 20 he
.44 MEMITE: KR FEM PG, H
0. 02 mm 3 bk -~ RO &40 B B8 E AR K. Sk BLAR
HERE S 1 U™ — 3005 Pl B A R A v ot L R
FHARE 1 22 20 0 vk S5 H A5 00 R 6t 0 R
1.5 XEZEZE PCR &M nisA 5 pfkpkaC £ FH 3%
RIKTE

PL 16StRNA 2 2 AL (5]4) Q46SF/R) , k&

W nisA (514 QisAF/R) K pkaC (5] QpkaCF/
R) K& X ) % 5. $2HL N8 K N8-pMG36e-pfkpkaC
A RNA, i NanoDrop %} RNA 52 &, #% [ [ 4% 363 7
G AT ) e, ) JE T B EEAT %E Ok 52 & PCR.
AN R DR A A B T BB AR AR S0 4 ) 8 3 AP AT A
Ji 27 22T a0 S 0 K di
1.6 ¥4 H N8 5 = A H N8-pMG36e-pfk-pkaC
R A 6% BS SR AR I BE EG IE AU L

F P 6t 1 SR W I I 1 W 2 4% B PRK ) 2 3R
F G UL P A B AL I SR T AN
BT L AE SO A R H AR A B AR A T nmol 645 1R LB
F11 nmol ATPO %% {k 4 1 nmol 1,6-—ff iR % i Al
1 nmol ADP 3 XK 1 NG HA7 .
1.7 H 4 E N8 X = ¢HE N8-pMG36e-pfk-pkaC
EXRREE S E T 1557 nisin BTk

B SGMI1T B 37 Kk v 4 45 85 10 & = 4) A
M17 80 0.5% 5 1. 0% , 1. 5% (¥ %] %5 i £5 75 N8
pMG36e-pfkpkaC & N8, HU 5% 10 h 1) & I35
3 A AT SIZ 56 S 00 00 BT B 1) KD 5 A 4 S Al 3
AT .

2 SR HI

2.1 EHEEFEE NS EKMZEILE

LI AEREW (K 1), 78 12 h N BF A B N8 1
AR R T A TORL IR 4 bR AL B LR AT B
ST H T TORL 8 51 N FH A0 5k BT IR 2258 19 1 40 i 1)
S, TS B0 KO B R A e Y . SRS NS-
pMG36e A Lk, N8pMG36e-pfk, N8pMG36e—pkaC,
N8-pMG36e-plk-pkaC 1] A= & 14 FE I ¥ A 1R 3 i 1
%5t VW] pfks pkaC K pfk-pkaC & [N ) i 35 % N8
PR A TR AT ) S ) 5 1
2.2 HEESEHEABALFNEREMLER
2.2.1 4HEHLHBEWKS F L E IS5 HE A E & B
BEBFBIMERRB R A T B pMG36e,
pMG36e-pfk Fl pMG36e-pkaC Jii i Xf nisin 7= 4 [¥) 5%
Wi, 43 G 7% 10 h (1) 4 R 4B A N8 i b
WA B ES (& 2) , RSBl 3 AP AT (LA
1AL &) o SO0 45 R AR 72 8] 10 h i, %%
A pMG36e Fl pMG36e-pkaC JIUkE (1] 14 1k 5 N8 4 Lt
00 P e AT WY K D), A B AR N8-pMG36e-ptk
P00 BT [l s K T B A= B N8, 11 N8 pMG36e-pfk—pkaC
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Figurel. Growth curve of wild strain N8 and recombinant strains.
A P B W) K T B AR T AN HE R T pfk R
pkaC LR J 25 ikl pMG36e X N8 ;= nisin [f] 5% 0 o
o J 1 S e 4 I it

2. BEAEEHEEEF O AB EERNES
WMIkE A1 NCIMBS6166 A #) & 3 2

Figure 2. Antibacterial activity of supernatants of wild strain and

four recombinant strains against Micrococcus  luteus Al
NCIMB86166 after fermentation 10 h. M, 0. 02mol/LHCI; 1, N8;
2, N8pMG36e; 3, N8-pMG36e—pkaC; 4, N8pMG36e—pfk; 5,

N8 pMG36e-pfk—pkaC.

2.2.2 N8 5 N8-pMG36e-pfk-pkaC 7[5 &4 ¢ B [d]

REAEENMEBRA LR 2.2, 1 525245 3
16 HHTE pfkpkaC DI TE I A 2367 N8 [0 18 2%
A WY S R 52 5 A5 DL BRI 7 op Bk B A 28 A
N8 K 5 2H 1 ¥k N8-pMG36e-pfk—pkaC A [A] I 6] Bk K
P b3 1 4 B g Pk A b (] 3) o N8 K N8-
pMG36e—pfk-pkaC [0 1 Bl A% B A5 15 77 I8 1) (¥ 184 0
TEIG R 71 10h IS P9 25 1) 4100 587 Pl A0 22 Dol ik 31 e K
R KL 2B AR 11 5. BEE B IR )
FR) 20k 282 358 o1 9 2 0 TRT BB F 22 Dl o1 32 T 4 /) A TR R
AR S ) A A R A LT —
A W AE N8 ik R GA pfkpkaC BE A AT LL S PR
nisin (1742, (H AN GEHG DN nisin 2455 .

E3.png EHEESHERBERARNERE LIFRE
100 FERMEEM

Figure 3. Antibacterial activity of diluted 100 times supernatants

after fermentation for different time. M, 0. 02mol/L HCI; A, NS§;
B, N8pMG36e—pfkpkaC; 6, 8, 10, 12 and 14 are different

fermentation time.

2.3 N8-pMG36e-pfk-pkaC 5 N8 A [F i |8 4 B
&7 nisin 340 89 LI

F10.02 mm (1 3% b - RO & 40 B B AR OK
(%2) @1k nisin Rk i 26 (B 4) 23 5 oF 5 4
DAL S A TR I ) B K 9 b3 9 misin 2500 (1 5D &
E RO B RT3 TR () 19 0, A R BT AR
BRI O 2 A kR OK, 78 10h 22 A I8 B e K (P =
7.01E-07 <0.01, 2 5 M & 3%) , #) 14 h ¥ 3 (1 3%
JLTAHZ (P =0.05124 >0.05, Z R A B3E) . x5
2.2.2 SR IR 45 R — 3
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®2. FARREARNEBREZHNER BN BITE (N=3,X+SD)
Table 2. Inhibition zone and titer of L. lactis N8 and L. lactis N§pMG36e—pfk—pkaC

Wild strain

Recombinant strain
Titer/ (1U/mL)

inhibition zone (mm)

t/'h Titer/ (1U/mL)
inhibition zone/mm

2 6.68 £0.06 124 +1.8

4 9.76 £0. 04 260 +3.1

6 14.44 +0. 11 800 +21.3

8 16.86 +0. 12 1430 +41.3

10 19.14 +0. 12 2480 +£61.5

12 19.88 +0. 10 2960 +48.2

14 20.2 +0.08 3200 +£54. 1

6.78 +0.08 127 £2.9
10.36 0. 10 300 5.5
15.36 +0.08 1000 £17.2°
17.6 £0. 06 1710 +24. 47
20. 08 0. 05 3100 +39. 7
20.18 £0.07 3178 £53.5"
20.26 0. 04 3243 +27.3

" indicates the difference is significant at the 0. 05 level between wild strain and recombinant strain; **

level between wild strain and recombinant strain.

%2 ] ¥=9.5842x + 5.7837
24 R=0.9987
23 SD=0.1347
22 4
21
20
19
18
17
16
15 T ‘ .
0.8 1 12 1.4 1.6 1.8 2

lgIU ml.

Inhibition zoon/mm

[ 4. Nisin ZU 46 ) 57 A i 2%

Figure 4. Standard curve of Nisin titer.
3500 -
3000 A
2500 4
2000

1500 A

Titer/(IU/mL)

1000

—4— N8

5007 —0— N8-pMG36¢-pfk-pkaC

Bl S. BFERMELEE SGMI7 EFERIEFRM
AN 2%

Figure 5. Titer curve of L. lactis N8 and L. lactis N8-—
pMG36e—ptk-pkaC in SGM17 medium.

2.4 N8 5 N8-pMG36epfkpkaC nisA X pfk-
pkaC B FH ¥ RKFEH LR

WL qPCR 5250, N7 F/KF L R EA W Y
B E B nisA ] pfh-phaC 8 KPR K 3 o sk
Yo 4 JmT WL, 7E 10 h B, FAL B nisA 1§ 5% 1 4 02

indicates the difference is significant at the 0. 01

PR 1.5 45, 48 12 h I 3 1 2= AR SRR
/Ny nisA [ e K LT 80 (B 6-A) o B 2 1 R
HYL R AR R IR 8,10 Al 12h I8, pfkphaC K& DA (1) 3 5%
YeRFAE— AR E 7KK 1 B W pfhpkaC 1) 5%
B AR 6 5 (K 6-B) .

W N8  [IN8-pMG36e-pfk-pkaC

(A)< 354 P<0.05
= P<0.01%* —
:é 304 e
T 254
'E
5 204 P<0.05*
= | —
= 1.54
; 1.0
E 05-

L
(=
0-
P<0.0]%*
< P<0.01%* —

Bz 77 — -
2 o
E 67 P<0.01%*

Q 1

2 54

[

2 4

£

=]

z 37

=

S 24

g

1 O_

= :
8 10 12

t/h

6. N8 5 N8pMG36epfk—pkaC 7£ 8h,10h,12 h nisA
(A) #0 pfkpkaC (B) 5 Fok T i b 8%

Figure 6. Real-ime qPCR analysis of the expression of nisA (A) and
pfkpkaC (B) at 8h, 10h and 12 h.” indicates the difference is
significant at the 0. 05 level between wild strain and recombinant
strain; ™ indicates the difference is significant at the 0.01 level

between wild strain and recombinant strain.
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2.5 N8 5 N8-pMG36epfk-pkaC Bl i 6k fig £
B ER B R LB

HY S0 45 3 (£ 3) , 7] WL N8 J N8 pMG36e-pfk-
pkaC 7ER5F2 2 10 h iF iy 64 B2 50k il il 3 i
B dg e > B 5 AR A — AN ARE KP4 R AE 3
AN AN TR] B TR) A5 T 3% A0 A8 3 T M 2R T NS,
pfkpkaC JE DA ) Ik 28 52 42 var T 41 B L ) 64
T SR W Y T . X 5 2. dpf R R 3K 1 4y

Hr— 3
2.6 N8 5 N8-pMG36epfk-pkaC 7£ K [E & & 1&
R E T 1235 T 7 nisin B9 EE 3R

HSE o6 25 (% 4), AT K IL N8 & N8-
pMG36e-ptk-pkaC 7£ 3 Fh AN [m] 4 25 i ¥k B 5% 7% T 10
AN B0 RN AL o B TR AR S
2.3 IR SR — .

RIHEEREHAFERA R RENBEEMILK (N=3,X£SD)

Table 3. The difference of 6-phosphofructokinase activity in wild strain and the recombinant strain

PFK activity of wild strain

PFK activity of recombinant strain

t/h Relative increase of PFK activity /%
(U/10*cell) (U/10*cell)

8 0.00102 0. 00013 0. 00201 +0. 00008 97.10

10 0.00159 +0.00017 0. 00258 +0. 00015" 62.30

12 0. 00154 +0. 00007 0.00247 =0. 00018" 60. 10

* indicates the difference is significant at the 0. 05 level between wild strain and recombinant strain;

level between wild strain and recombinant strain.

** indicates the difference is significant at the 0. 01

F4 FRAEEBRREEFENHTER R EHE 7 nisin E MM (N =3,X £SD)

Table 4. The effects of different concentrations of glucoseon production of nisin

Wild straininhibition

Recombinant straininhibition

¢ (Glucose) /% Titer/ (IU /mL) Titer/ (IU /mL)
zone /mm zone /mm
0.5 19.08 +0. 04 2439 +24.2 20.08 +0.02 3100 +10. 4
1.0 19.1 +£0.02 2451 +11.1 20. 04 +£0. 05 3071 £19.3
1.5 19.1+£0.03 2451 +16.620. 06 £0. 04 3087 +30.7
P>0.05 P>0.05

P >0.05 indicates the difference is not significant; P <0. 05 indicates the difference is significant.

3 g

AHIFFUE i o 3 3 B T A A v PR N 6ok
R R BESEd  T L. lactis N8 (7 I ] Y nisin [
Fei e U BEAE BBR T nisin AR 3 R B S
JO1 T A I R R K I 2 R T AN B (HE
LR SR [ nisA 1) 9 0 € B PCR 73 A, d 4L
nisin f{) 7 B 78 B A KR AR e 035 (10h) st 153 LA
P v I R AL B e K AR L [ I ) B A T R e T
20% » T 4K B T A D B AT R . T pfk
PR S AR AR I 1A PR R DR S prke DAL A
B IL T LUSR re MO A 6~ 1R SR B S R I I PR L TR
FUERTE N8 fig & (177 28, B 5 11 5 i P 45 ko
SR pfe KD e 3 AN SCBEMEE DA AP i 1 A, 3R
I JEAS B 56 4 SO R S AR R A 11 R D RO OK $RE

nisin {77 42 4 B o ACHIE ST T4 T OF B W 4R
f misin (1), Dby TR A R I PR
T 2 nisin AR JAT 4RO AE MIT s n ¥
0.5% ~1.0% F1 1. 5% I¥) % %5 % 2 K 7% N8-pMG36e-
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Effect of 6-phosphofructokinase gene-pfk overexpression
on nisin production in Lactococcus lactis N8

Duolong Zhu, Kai Zhao, Haijin Xu, Yanling Bai, Xiuming Zhang, Mingqgiang Qiao"
College of Life Sciences, Nankai University, Tianjin 300071, China

Abstract: [Objective] To accelerate the formation of nisin through overexpressing 6-phosphofructokinase gene pfk in
nisin-producer Lactococcus lactis N8. [Methods] The genes of pfk and pkaC encoding the catalytic subunit of cAMP-
dependent protein kinase were cloned into the vector pMG36e andtransformed into L. lactis N8, resulting in the
recombinant strain L. lactis N8pMG36e—pfk-pkaC. Several biochemical and physological factors, including growth
profiles, activity of 6phosphofructokinase, expression of nisA, antibacterial activity of supernatants and nisin titer, were
monitored to investigate the differences between the recombinant strain and the parental strain. [Results] No significant
difference was observed with respect to the growth patterns of the recombinant strain and the wild type. As expected, the
biological activity of PFK in recombinant strain was increased for all examined samples. Correspondingly, the yield of
nisin was increased by 20% in the recombinant strain after fermentation for 10 hours, which could be attributed to the
accelerated biosynthesis of nisin. As a result, the fermentation cycle was reduced about 2 hours. Meanwhile, different
concentration of glucose did not affect the formation of nisin. [Conclusion] The overexpression of pfk and pkaC genes in
the nisin—producer strain can effectively accelerate nisin biosynthesis.

Keywords: Lactococcus lactis, nisin, 6-phosphofructokinase gene pfk, antimicrobial activity, titer
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