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Plasma mutation breeding of Lactococcus lactis in producing Nisin
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Abstract . With Nisin-producing Lactococcus lactis as the starting strain, the strain with tolerance to 10 000 IU/mL Nisin is
selected on high-concentration Nisin medium. The Nisin titer of the strain is up to 1 680 IU/mL. As the starting strain, the
strain is further treated by atmospheric and room temperature plasmas (ARTP) and mutant strain for high yield of Nisin is
quickly selected with 24 well culture plate. At a survival rate of 3%, the positive mutation rate of the Lactococcus lactis is
27.3% compared with the starting strain. The results of shake flask culture further confirmed that one positive mutant strains

could produce 6 120 IU/mL Nisin.
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i 2 KA SES . b TAMBERERA SRR Bk, & G BRR Do g R BE 7L 2R B K A R 2R R, %o
AT RE TR TR A AR —F 322 2 f RAR B, B B8 TR ATk .

H AT, Nisin §F 58 P A7 1R B BRI Z — RSN 7= &, PR A 7= A . RAAREE EN TR
J7 AL I 1 Nisin 5= B — P8 TR 7= R0 . W LE Fh B BRI SN IR AT i BR 20 40 7 11K
BER FIEASHE LT MBARKRRS BBEHERS . BB MR — 28 EAERE S, BAFLZRCR,
Bl TR KR (AN Z 2 R .S58 74077 A B S AN TR T 3R & X B AR M g A5 9 i DNA
BRI, DR AE Y il B 8B RE RGE R L Y BT AT, DT 7 A e P AR, T LB 4 R T
R B S AR 2 B R R XA E BRI . 58 TR AR B 2 B — RO T A 28R BT
RMAEYEZEM BT HRARAREEZRSE FEEE, £ WA 50 L LIRS T 73 8
RV, ARk 2B AR CAE SN L Nisin A7 B PLER FLBRTE A A7 1 4 bk SR I 58 1 FEUS5 0 IE 1 1R Ak 38 HE T
FIEEE M, REMMIE L REWREM RIR& T 172 5, ABFRA & A & WK EE Nisin 59 B 4747 , 7 %
it 3% 155 W BE Nisin 9 FLER FLEK B Bk s 7E LR A b, DATE 42 K201 B9 % TR 238 %5 3 T R 75 28 /™ Nisin 19
FUBRFLER B RS bR » I 24 J7 FLIR LA 5% 28 T bR HEAT PR O 328 » F 1 — 2 108 3 08 L 4 188 2% 456 ) 25 ff i )
IE RARRR B9 Nisin S BEK A5 28 bk A KA

1 XBRHBERE

11 EHRXH

Nisin = A T Jy L BR FLBR T8 FLER .7 , o 35 38 00 A 0 TR P AR R 38 v O 3R A (R AP 45 ATCC11454) 5
R R 0 B Ay 4 B A IR T R R T R R B BRI A W o R R B 0 3R it (CICC R 5
10269) s FLER S5 ER B ZARE M . 9 A Sigma A ,1 000 1U/mg; 4 WE & E ik S AL (OB ah) L 2 (4
Braf) (B R E BB A 8 (AT dD LK G RBREE (AT al) (kiR 20 BERR — R M (aidD il g RigA
THYTRBERMS A RAF 24 FAERAR. WE EHHAEYREARAA.

1.2 EMERENG&

D WA IE L T 735 57 5

Wb 2N REDE, PR BERE 1% EAMR LY BRE M 1% 84b4h;0. 2% bR B R BRE:
0.02%, J7K 1000 mL, ¥ B A FREMA 250508, T 121 CKE 20 min,

2) Nisin & BEI%E 55 2

TEWE 200 BEREH - 1. 000 BRRR R 40 . 1 %0 &AL . 0. 2 %0 B /K AR EREE 0. 02% . fimsk 1 000 mL, F
121 ‘C KB 20 min,

3R 8 B I EE

A E 0. 3% A MR :0.5% ; @ Ab4N 0. 5% ; FEHE 0. 30 BEER R — 41 :0. 1% ;3 20:0. 05%;-E7k
ABBREE:0.02%.,

1.3 BEMEFEAIG S5 R E Nisin 59 218 213k 5 & #R0) 0F 1%

BAEB IR EEMEFT I WA RE N AEEEK 1 mL, §] B S, A A IS RS
BTG E RIS A B S A AR E (1 000~10 000 TU/mL) ILREHRE EWEAERE L, R 23
BREREENEK. EEME SR, EIMEH T 10 000 IU/mL A BRERBE R R F NI RAKBEE K.
1.4 EEEREETFHETHZE

FA®EEEZERES FIEREMILARTP) X LR AL BREHT B, LA N S, ARTP 5555 7K 5
SAEHEEN 10 L/min, EFHBEEN 2 mm, R K 120 W, BEFFHIRAREHEBRIOIBH T LELS R
SR E LM TTE AR TG ARTP 430 BIALHE 15~90 s, BB GRS A TEMEER £, F 37 ClE
Fr 48 h, B & HEG TR E,

1.5 Nisin H~EME 24 75 FL R 7L BRI 0 1%

BHREEEMBIEA 3 mL KEEFFREMN 24 FFABEARF, T 37 C 83 150 r/min #FF 10~12 h,

4 000 r/minB.0» 10 min, B VEWR (8 B HOE W € EWE W+ Nisin 354,
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1.6 IRASH BUENE Nisin 2

K PRI 4 7o B TR B B B KB MRS SR P, T 32 °C LB 150 r/min 53R K2 3 h, H ODgoo K2
0. 5(WREAH 1. 76 10" CFU/mL) . ¥ 600 poL BB fARR B B R 21 30 mL SR [ fb B [ {433 57 2 (IR
B2 45 Ty R EPER. Fref R AL , AT FLAR 3T 4L, A Nisin % 535125 10,40,70,100,200,
400 U/mL AYHRHE S BN 20 AR BER A BE LIS RGBT 4 COKBH Y #L 1.0 he FIMARERTES
VHUR . BETIRER 30 CHEEMB BN 24 h, MERRIN R EE B2, M Nisin % B # X EUE 5 1 5
ELARAE I, 2 S Am o il 2k, 5 R 15F DU FF i 59 Nisin (514
1.7 \EBEXE

PR IR MOF AR _E PRI B v » A0 30 mL JAARN 735 R, T 36 C A 150 r/min FEIRIFFF L4 h
JG (ODsoo 2524 1. 0) ¥ 4 o MR B AN 2 100 mL R EESEFRE:, T 36 °C 5% 150 r/min REEHE IR K2 12
he ZEBEIRES M 1 h B — K185 618 ODso M Nisin # 4k .

2 HREWR

2.1 W3R E Nisin B9 7] B 715K & & k9 I L

FLERFLER T B89 JR 46 B AR B AR T LUK B A Nisin, (B2 R B RALRAE, RF 600 IU/mL 24 , H L=
Jifi e i Nisin B9 7 BIMR . Nisin B ™ BbR L6 SR 75 2T A2 1 W B2 Nisin, B 1 A A LR FLBR B o 4 05 3L AR
B R4 B9 222 R (nip+) 5 FL 8% B AR B0 122 ) (nis +)
AR R B ) (sue ) BB E BV R 5, TELLRERE A
ME—BR IR AN IR R LB R MR R BN
JRU 4R B Rl FR AT RE 2 5 1) O 32 Y R 32 78 Wk B Nisin B9
BRI A . BA CHRIRIE W 3 Nisin f
FLERFLER TG A T 3 4 ¥ & B A 7= Nisin™
#14h Nisin BB N B R 500~3 000 IU/mL, {{#E
WEART 2 000 IU/mL B AR EARAK. XL
AR BT T TP Bk A R BE R L T 9 KT A 9 Y

PR AR B & B R Nisin % B B9 B 4O A b, 3 — B 1 @ 10000 IU/mL Nisin 3 & &
A I e 3 v B Nisin A FLIRFLERBE E bk, @il ABMARBEE
3 B B 5, 4 F 0 18 48 2] A] fif 3% 10 000 IU/mL Fig.1 Lactococcus lactis strain with tolerance
Nisin I BRI ABAKREEHR. WE 1 Frn, BB 2 to 10 000 IU/mL Nisin
HE B, REDEHE GH BT
2.2 FERFKEAEKHLS Nisin KBTI 12 251

45,10 50 00 22 7 B Nisin (0 9L PLR 1 2ol _—
PR R B, B 0 LR AR A R R B A2 7 Nisin 1§ 0L .
B2 RIARAREHNERM L ARARFLELA E L5r

3 b BREAR LR » HE AR A 1K 09 v L S
B .26 bR A KA ECE KR .75 h R

HEARRAES .9 h R E AWK E SR K. ARA B
BR A0 2 I 2% 5 SORRAR I 45 R — B, —
FEl 3 2 O 9 LR LR T A 98 25 I 7= N L S

sin #i{ 2%, Nisin & A R EAR SE KK ER 2,
KW 10 h JF kBl /2 1 680 IU/mL, EA B
FEARER Y Nisin & THRAH >, =P8
7R B A B B IR A SR BRI AR A K
AR B » R B Nisin 00 BEH 40 5 A9 BRI Pogt g i, iR A KRB EN G . Bk EMN
Nisin M &R EA R B R K. FJE  BAR B RWEBEREA AL, W Nisin M M2 T EEE . XTRSEA R

B2 SUBRSLAR T a9 ALE K W &5

Fig. 2 Growth curve of Lactococcus lactis in triangle bottle
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F&f# Nisin A0,

BRI T 5 70 A — B R T AR /D L AR DR A B — BB 40 6 [R] A AR U A B I B — R O 440 R BE A3
IR e I B LER B R B A R R I A MR AT AL B . RIBK SR BEM AR T h AR IR
FLERB ST A MR W E .
2.3 EBEFHRLEXNBIERNRM

W 4 B B A FLRR FLER B % M5 7 U BER , S5 BY T RAL B 30 s 2B 85 MY BRSBTS b B
45 s JEBFERMIL 90905 AL FH 90 s B HIKB] 10006, SCHRIRE K B, S0 R AL 3 A9 40 J A7 T8 3B B 100~
1026 B, 40 0 9 15 R S0 53R o PR b, AR SRR R B 60 s FF Ay 40 b 3 B )
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Fig. 3 Processing curve of fermentation in in triangle bottle Fig.4 Curve of ARTP to Lactococcus lactis lethal rate

2.4 FLERTLBRE Y PRIE 5 1

0 38 B O e R R AR A AR B B B P PR — AR SCHEESL T — AT ARG fR] 8B 77 26 5 7 Nisin B9 FLER
FLERBER k. B RER TR 60 s MFLMRILBREIRE A 6 000 IU/mL Nisin f)F AR IEFRE b, &4
FARAER H 10~50 MR . K EVEEFN B 24 J7 FLIERFLAR TS 3% 5 DA SE BH 5% A8 MR A9 B 07 328

B 5 45 TR IR B AR R AL BARTE 24 O FLIRFLAR H 85 9% 10 h )5 U %E A5 SR 2 Nisin B9TE %, 4 12
BRI 7S B R BE Nisin G PEIE N T 1.2 f5 LA B IERABERLR 27.3%,

20

1.5

NisinH X 35
=

0.5

B MR
BS5 SLBRILRE MR E A 44 BiFTHRAE 24 FILRIM P4 10 h 5 #9483 Nisin &%

Fig.5 Nisin relative activity of the starting strains of Lactococcus lactis and 44 mutant strains after 10 h in the 24 hole plate
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2.5 B Nisin ARAKREFETEHNES %

18 Ao R 8 T 3 L W 28 S M 8 Bk 7 Nisin
HRIARENERTEK. b TX 8 MW HR/AE
R T R P O T RE AT TR IR AL A TR MR LRI
RE BB PR R BT LAY T 3075 5 AR A 5
S B 77 Nisin LRI E LR, £ F BT BMAE
B SLE XX L) 0 E S R W ARE R . BER
i e S5 R NI 6 s » ™ Nisin & P 5 000 U/
mL B FLERFLER A AR 15 B6 L E1 Fl H3 AL #k.
2.6 W= Nisin LB 73K B TE KA R B4 1T

ARG 9 32 B 4 % A T AR B 3 R A A E
A9 Nisin 0, BE47 T =AM A B R0 T 3 1
FLERFLBR 75 728 bk A 240 i A Nisin 204 BE i 18] )
AACHE, WA 7 FiR . BRERILRAKE S ER
R o B AR O, (EL WS DR TR IR B bR . Nisin B4

7 000
6 000

0 Conrol A4 B6 C4 D5 EI F2 GI H3
BB RS

LB LR WA T kA 8 B

% BRI AL B Nisin #9 % 1

Starting strains of Lactococcus lactis and 8 mutant

A 6

Fig. 6

strains fermentation activity of Nisin

BREEZW R TEAE K, 10 h J5, Nisin 24 kB & =6, HoH B6 & B Nisin MR, B8 6 120
IU/mL, 7 Nisin B4 b & BRI T 3. 64 £%, LA 8, W05 HBIR — ZFE X AR AL IR W kAT
PAALHE, 7= Nisin B L ERRTIRE T 2. 13 £, 2 PRS0 R AR MM RS ER 10 ZLER FLBR T
R RS HARA T, R B R Bbk Nis-123, LR A" 88 5 250 U/mL, BHARHKER T 4. 3 15,
PRt DR AR RE AU TR ARSRONR IR A0 7 S R e B AL AR B A AR W, 45 SRR B AR W Bk 7 Ni-
sin ZUH L R BRALIR B T 32,300, LRGSR RU,RAEEEREE FAEBEEEOR, W LKA HAA K

BOR .
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Fig. 7 Growth curve of strains Lactococcus lactis and

3 mutant strains in shake flask
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Fig. 8 Nisin activity curve of starting strains of Lactococcus

lactis and 3 mutant strains in shake flask fermentation

K7 Nisin B9 ZLERFLER B 0 H A& B bk » X9 0 6 A9 Tt 32 10 000 TU/mL Nisin, & B A7 3K 3] 1 680
IU/mL MARIAKERAF EZREE THRAZ, F8 THRUIIN U, EFRESN 10 L/min, FEFEE

BN 2 mm,JERK 120 W,

xR B AR R 24 J7 FLIRFLAR PR 7 26 . 45 R R B R MR RO FEIE R0 3U R R T IR AR

PRIGIERARRRF] 27. 3%, BB K BEHE — B E &

¥4 0% 6 9 IE 28 A Bk 9 Nisin K BEKF, XA 3 4

RAR R & B Nisin BYTEHEBERE T 5 000 TU/mL, R m K BERM ATk 6 120 TU/mL,
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