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Abstract : In order to optimize the expression of antifreeze protein SF-

A R W

P, using Nisin as the inducer to induced the expression of

recombinant Lactococcus lactis. The expression conditions of
induction time, induced pH. induced temperature and inducer Nisin
concentration were optimized. The optimal expression conditions
were determined by SDS-PAGE and Western blot. Furthermore, the
physiological characteristics of recombinant bacteria under freezing
stress were investigated by comparing the growth status, the acid

production of bacteria and the changes of sodium and potassium con-
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tents before and after freezing stress. The results showed that the op-
timal expression conditions were determined: pH of 7.0, Nisin con-
centration of 15 ng/mL, temperature of 25 ‘C, and incubation time
of 6 h. The recombinant strain SF-P2 could significantly improved
the growth of Lactococcus lactis in the logarithmic phase and the sta-
ble growth lag following freezing. and had a significant improvement
in fermentation of L. lactis following freezing. It also could
effectively reduced the effect of freezing stress on the permeability of
cell membrane, which played a role in protecting the physiological
function of cells. The results showed that the recombinant strain SF-
P2 had significant protective effects against cold stress.

Keywords: Antifreeze peptide; Lactococcus lactis; Recombinant ex-

pression; Antifreeze activity; Freezing stress; Physiological function
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Ty g R TG ) R 2 R Bk 4 v 2L 1R L BR B A R B
JEPE 1 R S SR B LR A O T AR b i T 2 N R R At
FEATE S RMEILS %,
1 #5054
1.1 #RSiRH

0 G 7L R LR T 3R 5K T Mk NZ3900 (& ml 45 T KL
pNZ8149-SF-P) . 556 % (R 77 5

M17 V7« 5 & o Rk A P B AR A BRA 7 5

Nisin, il 4t % 1 Marker Page Ruler Prestained Protein
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ST OEIE Y AAS0O Y, 35 [® PE A+ .
1.3 Ak
1.3.1 HAWKMWFESF RIS EEHIRIARE
FkPr v A SF-P AR B, X iE S R (3,6, 9, 12,
15 h) .pH (3,4,5,6,7) i & (20,25,30,35,37 C ) flifs T
#) Nisin ¥ B (15,25,50,75,100 ng/mL) 43 5 i 17 7 3% , I
FIF Western blot ¥l 8 2 @ SF-P fl %5 #% @ NZ3900 F ik
IR 2 S5 s LA 58 BCAT I 2R84 1

BRI Ak 0E % SF-P EAHKEM T 54 0.5%
AR ML7 AR E RN H &R 1 mL/100 mL,
30 C HE IR K5 1 mL/100 mL B3 F M T
BTEER B 0.5 00 A AR IY MLT WA B 3R 36 0t AL 8 IR
THERSE 2~3 h EXEAEKFIOD {5 0.4~0.5,
K ZERVE T =LA pH L I A Ak 28 Mk BE (9 15 2 1) Nisin,
ERAFFERETHREHERAEZRALFESHE. FRE
IKJGAE 6 000 r/min 4 ‘C A fF T B0 10 min, 4 4, 1
pH 7.4,0.02 mol/L #§ & £k 2% i (PBS) ¥ 1k 2 ¥k, 3+ 7E pH
8.0 W ZL % 2 v Wi (1 2 mol/L JR %, 50 mmol/L Tris,
300 mmol/L &1L 48,1 mmol/L DL-—#% 7 i i (DTT),
0.01% VABEGFI 0.2% TritonX-100 41 %) A F 8 75 I 40 g
T RE AU BE (T 32 400 WL 3 s, [B]FE 3 s, M 80 10, 4R
JGTE 12 000 r/min 4 C4AFT #5010 min, U5 FIHRK.
FHRGSRTY BCA H i B2 e 120700 &0 I 1 30 R v i 2 ok
JZ . F FH Western-Blot % 5& Hhr 8 1 HYF L6,

1 T IR)RE 2% 4 35 37 28 2 Ak NZ3900 1R ) 4 .
1.3.2 FEHEWHREMEER T ARSI S5
SF-P1 ki S B 41 W (SF-P 5 41 B AU % 557 Nisin) ,SF-
P2 5 41T Al NZ3900 25 4R 5y F 58 % 5 7648 V4 W i1 Ak
YRHT G AT AR I RE R M 5 . E S RSB R
MR 22 A KWW, 7E 6 000 r/min 4 C /T E L
10 min , W AE B RZMAE . 0.02 mol/L PBS ¥k 2 i , 5% 35 3t
St PSD HH B B A 41 L i A P B T PSB R Y B A
[ OD oo o fH o 43 1 HL 10 mL T 8 WK AT ¥ U5 1 38 AT 1Y
TEPEME, KRR T ERE T —20 CR VR 24 h G
.37 CHEVR 10 min, K5 ATV VR 8 IS M 16 MR & . ¥
i B 38 PR TR 08 A 3 0 R e M 0 AT A 4 A R R 1
4Py KT Na® i B 254k

(1) ¥ Mol 380 7 J A Kl 2 0 00 5 - 40 0 BB I 3 o 4% 1
SF-P1,SF-P2 1 NZ3900 B £k 0.5 mL 5K it 1 i M17 5%
FRAEA 10 100 /¥ B2 il a5 i & FE Wb, Z R AR 100 fLAR 43
ST 300 oL f d5e ZAF i s BN RE M S SR AT R L R
FHRCE P AR 26 8 340 B 4000 5 A w i A i L. Rl
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5K A T PR ICTE FLRR FL R AP 208 S TR I P 5

W 37 °CL K 600 nm, FrE K, AR 24 h, F ¥ A
30 min K —WK.

(2) FRARTE 7 0 I 5 R T pH 3T 482 00 2 3L 1R 7T 1) R
fEiE J1 . 2 BB E A ] & i SF-P1,SF-P2 1 NZ3900 B &
W1 mL BER T 1020 MY IR NE AL G SR 3 b 3= O 1024, &
F 37 CHrEREFR, ARl EsEs;R3n pH . A% pH
5.5 W45 1L 52 i St B R A e

(3) A PY K" Na® 3 B8 4k A0 2 < KO SR F IR
FE TG R Ve R A AT S ALER I AN M P KT Na® &, 43
SIEL R ] 45 /Y SF-P1.SF-P2 il NZ3900 &% 2 mL, il
A 2 mL W82, 1 mL XK, 7 BIH 4 L 120 Cab s
90~120 min, FREME A E 50 mL . SO EF % Ok
W E KT Na’ iR &0 2% 1.

1 NEFRFREXIEZNE K Na' EEH
Table 1  Flame atomic absorption spectrometry conditions

for determination of potassium and sodium

- W/ PR/ JTHIWE/ BRbeds PRI i/
= nm nm mA )8 /mm (L s min~ 1)
K+ 766.5 0.7 8 7.0 2.0
Na 589.0 0.2 8 7.0 2.0

2 RS0

2.1 BEASFPREMRMIABIAKBEFTSRIEZHENRL
21,1 FEA XN EHAFEPENEARSENZW
pH 7. Nisin ¥ 25 ng/mL.25 C F % & KN [ % 5 0 8] %}
SF-P 4k A RIX N, B 1 Al A, Bl A 17550
WK BRYEE SF-P Rk RIS LIS RALA BH 1
PFu | 4353k 3,6,9 hif HIEH SF-P R B K,
Hi%AS 6 h kS kikm . MR 40T a5 208 NZ3900
KWFRK . HIL, LTS IEIRERY 6 h, lbi H &G
B 238 BB

1. Wit Marker  2~6. 43513597 3,6,9,12,15 h (Y WAL B SF-P
T~11. 9l kE3% 3.6,9,12.15 h iy a5 # B NZ3900

A1 FR#EFHAEHKRKALRGE G Western blot 24
Figure 1 Western blot analysis of target proteins expressed

by strains at different induction times

2.1.2 ¥5J% pHEXT EA WA S RIEHE D RER 78
Nisin #J& 25 ng/mL 5 25 ‘C T3¢ 6 h 2R [F%E S pH X
SF-P HiRsE ARB . m & 2 7ML BR85S pH BTt
. HEE R SF-P Rk 2 WBH BT @ H#  7e %5 pH
J9 6 A7 Wp SE-P Rk B, HiE S pH 7 A R m Y
FkdE . MR ME T 28 30 NZ3900 R W&k . Pt i flb iy
P IEIR pH O 7. 00 B B E H R B .

L Wi H Marker  2~6. 43 5I7E pH 2y 3.4.5,6.7 & AF FHi 919
AW SF-P 7~11. 4517 pH H 3.4.5.6,7 & T HHM &
NZ3900

B2 RF pHiFEFHEkALRHEGH Western blot 5 #
Figure 2 Western blot analysis of target proteins expressed

by strains at different induction pH

2.1.3 EFREEXNFEHEKFSREAWEONZWE &
Nisin ¥ £ 25 ng/mL.pH 7 24 T 535 6 h %% AR5 2R
BEXT SF-P i AR A ME M., HE 3, MEHE TR
BRI T E . BB SE-P Y R 35 2 90 % W7 B AR 10 a3, 76
VIR 4 B R 20,25,30 CHY SF-P R K . HA&E
25 °C WA M Rk R A I R FLRR T g — s
FRok R A RS0 B AR R L DU R R A TE K
TR R T L, SRS 8 AW A . (RIR A 2R
A% N3k B 20 °C, N4 — 0 B2 B A i ARl ™ 2R S i g
M) o DATIT 559 2 O A R . MR 4 4R TR A BB NZ3900
Rk, B, BALHIESREIRERE N 25 C, i) A iR &
ERES SN

2.1.4 PSR Nisin WREXN EBARKBERRZIANEDMN
i 7E pH 7.25 C TR 3857 6 h %@ KA Nisin ¥ JEX]
SF-P Bk E H R AWM, i & 4 7725 557 Nisin ¥
B4y 5 9 15,25 ng/mL W} SF-P {1y % ik & 4% » HoAh i &
R E T BRI B ME AW B RS, T 6858w is 57

1. WijeE H Marker 2~6. 4} HI7E 20.25.30,35, 37 C &4 F 5%
B ELLE SF-P 7~11. 4 9I4E 20,25,30,35,37 °C &0 F 3550025
#HE NZ3900

B3 REBAEFFEHKELBDWEGH Western blot 547

Figure 3 Western blot analysis of target proteins expressed

by strains at different induction temperature

40 kDa

35kDa
25 kDa

15 kDa

1~5. 43 54E 100,75,50,25,15 ng/ml Nisin ¥ J& T 55 3% i) 25 2%
NZ3900  6~10. 4+ #7E 100,75.50,25,15 ng/ml Nisin i i F £ 3
W FLHH SF-P 11, HiYe & [ Marker
B4 FRAFFANREAFARKLEBNEGH
Western blot 4 #7
Figure 4 Western blot analysis of target proteins expressed

by strains under different inducers concentrations
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Nisin B A — & B &/ A 56 76 Nisin K & ¥ BE R X5 14 1Y
A FRE P — o A DT S i B B A R s
HFHBEA SF-P 7 15 ng/mL B} HLFE 25 ng/mL [#)3K ik
S R O 5 S R A R R &R D 15 ng/mL, A [
AT & B NZ3900 A& WLk
2.2 EBAIBRIAKREAFPERFEKME S W

& TR A0 A B A A AN A 1 AR K T %R TR AN 41 A v R
Jo 3T Y — A 48 BR . 18 HRCEL R 1A Y R RO B BT A x4
A KRR E AR AT (L0 b 1 g B 52 00 G % o W0 7 bk
B4R R v AN A R AT T e . e B S AT ¥ R
Jip 38 AL FLRT Y SF-P2 T 41 B Ak 5 NZ3900 75 # B Ak 19 A= K
3500 TG 2 25 5 o B4 2 A [RD B ] 380 3 o 50 A K0 A AR S AR K
W HASFPL RBESEAWRA B BAMMLWRE., 20
24 h WA VR A AL IS , 55 40 R AT A L, 45 T 1A A I B
R T —EMEF. BACRYE, &3 —20 CHRZRME24 h
JG I SF-P1 % 5 5 # 41 B bk . SF-P2 i 5 T 21 @ fl NZ3900
25 B IR 5 HON B2 K S W A S T 0.5,1.5,2.5 h, 3
HL B v VR b 38 S T R YRR E A K R I SF-P BT
MR TC R A K SE W, T NZ3900 25 8 W Ak 19 Fa & AR K SE
WG IN T 3 h I H AR ECE K E R K R B
WA Mg, LRSI, 5 RFET T AL M 8%
ME.SFP2 G EHAEMKITURE EXNEAREH TEZ
7 VR W 30 5 3004 Sk AR K AT i RN AR AR K HE A 1
e TR B v Ve R I 38 S AR A R Y TR D R R s
Ml AR 7 e BRI B A R ) AR DR B B AR AR TR LA

—~SF-P1
—~SF-P2
=~ NZ3900

0 2 4 6 8 10 12
B 1]
Time/h

(a) ¥ URIEET

2.3 EHEIBIAKRELEMENERULEASNT

B2 AT T B0 LR TR & I LB R Y RE T L K AR I T
PRAEF TR NE LB S b B T O IR B T AT 5 . AR
Rigedk pHAE T FEZE 5.5 I it i ()R K, ) 26 7R B 00 R 1k 7%
FyREERT T RN VR W 38 R LR T R AT E i
Vo R T TV VR I B E] 25 8 B pH T B #, BT & R [
7 T TR B 1 PR VR BE T

3 A T A 1) R A 3 A5 SR LR 6. R 1B 6 T
Y VR0 40 B AT SE-P2 17 3 5 AL R I NZ3900 25 35 74 Bk 1 R
s B E R pH R ZE 5.5 Muf 43 514 18,22 h,
SF-P1 *B‘%%%@%%%%ﬂ?ﬁﬂwﬁ{tﬁﬁ,ﬁ 12 h Bk
| pH 5.5, SEAWRMATE T M Nisin B — @ MEEMNA
K. KWRHEME 24 h 5,3 ﬂw%fwl TP 34 3R B A [m) A E Y
Hﬂt jmz%'%ﬂu% SF-P1 A7 5 H 41 I Al SF-P2 355 T 40 16
PR A TG 7 98355 e B A AT NZ3900 25 3 T 14 TR Ak 15 17 i 33
S W], A R W) W8 B0 s R AL R D SR . YR R A S
SF-P1 K15 S E AW . SF-P2 5 5 5 41 B Al NZ3900 %5 2R 5 1)
W53 pH {E & 2 5.5 BB R[22 34 15.5,19.0,25.0 h, 5% 7%
i 368 Ak 35 AE LG TR Ak B[R] 43 B 3G T 8.5,1.0,3.0 h, K
SF-P2 15 5 3 41 B8 ) LA W 35 0005 FLIBR TR 28 8 VR Ik 3 Ak B 1Y)
R T3 B — R ML Il et 7R
2.4 BEMENEEAIBRIAREHAMA K,

T

A0 FH O T O 3 2 D (/\(‘kﬂﬂ i 5 LR
VAN P K™ Na™ i vR A4k M e 45 SR LB 7. Bl 7 7T
ﬁu,i’%YZEHi}iﬂ_ﬁﬁE3$¢ﬁilﬂ"J*%H@W%K"Na*%éﬁfﬂﬂﬁdz
1.6
1.4
121
1.01
0.8F
0.6
0.4+

0.2+
0.09
0

Na' REH

ODﬁﬂﬂ nm

— SF-P1
——SF-P2
-=-NZ3900

TR

2 4 6 8 10

12
i [A]
Time/h

(b) WURaE

B S AW An e ke AKX

Figure 5

- SF-PI
- SF-P2
-=-NZ3900

0 5 15 20 25
PR} i)

. Time/h
(a) ¥ URIEHIAHT

Growth curve of strains before and after freezing stress

-+ SF-P1
— SF-P2
- NZ3900

5 15 20 25

i [a]
Time/h
(b) WURIMAE

B 6 Ak EaE s H Ak e AL E A

Figure 6 Acid production of strains before and after {reezing
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Figure 7 Changes of intracellular K" and Na concentrations before and after freezing stress
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2552V VR W 38 5 B X AR K T T AR E R K I T Y
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o L R AT 2 A 50 5 M 1 R . BT VR AR P 7 L RR T O 1Y
TR T LUA ARV VR I 8kt LR B AR I I A8 11 1
FRBE L PG vl S FLIR B VR T8 P & SR B — R i T2 T
Be I R POV IR TE £ & I R R A SRR R B R 5 ik
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