@.‘%sﬂ@h‘il

TR

Vol.37,No.07,2016

L.lactis KLDS4.0325 y=4ll A 2 KI¥EhE I8 Rl
M )2 1 AL

FEE,E B, FLE,x X, E=2HC
(FRRIKFHARBEZHFTRES ZHT, ZAIITARE 150030)

H O E 5B AWBREREAFNBRDPHLEILRE KLDSA0325 AMREM L, AXBAFA AR TH, AW E B
HRAE I, BT L HF LR (R . RR A LA FR) Plackett— Burman | 5 Bt e 4k 52 34 F= Box— Behnken 5% 3&4%.4L
LoEmi At PBERLERAN AWl E ST Y MBEZORZAEMRE . KO M IR0 ; 2 Box— Behnken
I HACG 3 F A B 4112899 o/L 45,1759 o/L & & B, 10 g/L 8 & &, 10 &/L Bk 5= 47,60 g/L Bk 45,
1.5 o/LELEE 45,149 o/ L IR i 4h,1.5 o/L B-H i BRER 40, LR 4h  RALAh FRER4E &4 1.0 o/L; i &4 TP B A
12 % 2476 mm, M5 5000 U/mL, )b R ALTT 3R &5 T 331 18, AL BERIEf i s T EE4ER 5 Rn{dn
A, B AR R By K T AT,

KR mE &, JLBRILRE w8 @ oA R

Optimization of fermentation medium for bacteriocin production of
L.lactis KLDS4.0325 by response surface methodology
WANG Na-na,LI Wan, YU Shang-fu,LIU Fei, HUO Gui-cheng"

(Key Laboratory of Dairy Science , Ministry of Education,Northeast Agricultural University , Harbin 150030, China)

Abstract; The fermentation medium composition of L.Lactis KLDS4.0325 isolated from self-made koumiss Xinjiang
were optimized for bacteriocin production by single factor experiment ( carbon source, nitrogen source, different
mixed nitrogen sources) , Plackett - Burman, The steepest grade test and Box - Behnken design double - plate
method.The inhibitory zone diameter(mm) was used as evaluation index and quantified against Escherichia coli
ATCC 25922.PB Experiment results showed that sucrose, peptone and sodium ascorbate had significant influence
on bacteriocin production.And finally the optimal combination of the medium constituents for bacteriocin production
was determined as: 128.99 g/L sucrose, 17.59 g/L peptone, 10 g/L casein peptone, 10 g/L K,HPO,,60 g/L
CaCO,,1.5 g/L MgSO, -7H,0,1.49 g/L sodium ascorbate,1.5 g/L B-glycerophosphate, CH, COONa-3H,0O,NaCl,
MnSQO, respectively 1.0 g/L.Under the optimal culture condition, the inhibitory zone diameter was 24.76 mm and the
bacteriocin inhibitory activity was increased by 3.31 times and reached up to 5000 U/mL.Meanwhile,the consistent
results between the prediction and experiments indicated the established model in this study is feasible.
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EIE/ T =Nl SN VNN (T (118 o = i W | A R4 E a4
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FLERZLEK A KLDS4.0325 J& AR Jb AR 2= 2 bk
Bl 22 2H A S == A D S R Z R Y
12 Db Ay B 1 — AR ZLER FLER A , T 2013 4F 58 sl 4
FLRZH I 7 345 77 51 | 4% F| Genbank IR 2, % 5%
39 NC_022593.17) , ZpHfr 4 LI 4 7 51 2 BRH o A
ANTA 3 A AL R 72, I 28 Al B 52 56 56 TR % PR AR A
ANTE 2 MR Ju. BNt AS W 5 3 3 e 8 T ks A Ak
KLDS4.0325 j= 4 b8 2= 1 5% 35 L 40 4, 42 v HO™ 4 o
FEBORE ST, AT A 32 B AR B9 Tk Ak AR = 2 I B 52 i
BB AR YE
1 HRET %

1.1 HR5EE

FLRRFLBR A KLDS4.0325  ZRAbAlk RA¥F=HH #
e S = TV AR ) AR P (KLDS-DICC)
AR s K7 A Escherichia coli ATCC 25922  HAJpVT.
BTN

HERth & W 7R 0k . 20 o/L HE R 100 g/L A5 4
B 10 o/ L RS 81 .0.5 ¢/ FilREE .60 o/ L. FkMR
5 KRB %4115 °C, KB 20 min, PRI ES Bl
KB 121 °C,15 min; LB ¥53%3£.10 o/L BRE H IE .
5 g/ LIgERER Y (10 o/ L & fbih .

Nisin A5 i 5 i A AL 2B 55 [E sigma 28 A5
GL-21ME AR EL DAL i T 3O LA 5T 9T 5
TE VRIS FEIR G %% ZHWY -100B SPX—-150B A= {k 3% 3%
o VARSI T A BR S F] ; CHRISTALPHAL -4
BT HL  MarinChrist fE£[F
1.2 XLWH*E
1.2.1  BEERIIIE 1L S KLDS4.0325 A= K it 2k (1 0 22

LR FLERTH KLDS4.0325 i& L AL, LA 2% e Fp &
A M B3R BT 30 CIEFRfE 3R, 2 h
AR —3R, M5 ODg, I X 5 pH
122 ZeHrilsE  4H BE 2R 30 B I 5 - AR 4 Cabo
2 B I7 B LA K I KT B ATCC25922 g 45 715 1, 2 7
PR TR S
123  AMEIETEME S5 TSNS 0T s
T4 i A 1% LW W, BB W 10000 r/min, 4 °C &5 .00
15 min, Y4 F¥5 W, JH 6 mol/L NaOH ¥ pH #] 6.5,
AHEBSRA BILER 09 T s T A 3 4 4 &l o L 2 vk i
4 5.0 mg/mL,37 C/K¥% 2 h, DLHEG i AL & A0 T
o, SRIG L5 0.22 pm PRSI U8, 25 PR AS S H e 4R,
IRJE VS ORI AR e 45 o SR SUZ A il w2
TG4 L W I Y VRV AT R A
1.2.4 AL T B ER S50 5k B A A 19
¥ege i, with pH SR 7.0, ¥R 2% B2 Rh &,
120 r/min,30 °C %1 20 h, 4F3I¥EH 100 g/L (h3
ZENE LS FLBE SR SR AR AR R S
Fr B AR A BEAE Sy ME— Rk R 38 o 0 PR SR, A
T AR s FER AR BR IR 0 3l i — 20 8 S AR A
W, TERAEEUR A 5l - U F T &0 &2 e, 33t 12
20,5350 (1) 25 R S SR R4 10 ¢/ L (2) 42
RS 4R 10 ¢/L;(3)15 /L B +5 g/L ks

138 56 morm

T

FIMR; (4)15 o/L MR +5 o/ L ;5 (5)18 ¢/L 3
PR +2 g/L BRI (6)18 /LR +2 o/L 4
R 5 (7) BB AR B FUR VAR B 4350 6.67 ¢/ L
(B)HEHE FENMFE. A RTFTHN 10.5.5 o/L;
OEAM BEEAR. ARTHHN 12.4.4 g/L;
(10) AR BB L FE AR50 16 .2.2 g/L;
A HEAMR E AR S RETFSN 14 4.2 g/L;
(12) AR B AR R 559028 12.6 .2 ¢/L,
fifi e feAE L] A o

1.2.5 Plackett— Burman 525 B ¥E 80 [R] &5 52 56 4%
AL, 3 H RE M 2R R DA B B R 24T Plackett —
Burman SCEG T, I35 B IR A BT R R BE L S Ak
N B- H B IR AN BRSBTS LR £ | 2L TR M — [H]
SRPEEERT G SLE I T L3R 1, 358 B X H B B E AR 5
Mg L R 3

# 1 PBEPR 5K

Table 1 Factors and levels of PB experiment

Ar o K-

g PREY TR AT+
A EWE 55 110
B HAW 10 15
C T 28 11 M 10 15
D B 10 15
E AR B 1.5 3.0
F R 0.5 1.5
G B-H iR 1.0 2.0
H TR 0.5 1.0
J BUIR LR A 0.5 15
K LR 0.5 1.5

1.2.6 HEENRYSCE  HR4E Plackett— Burman 5256 45
SR, A% R 3R 0 A 3 M R A% T 3 TR R Y O B RN,
Tt B I3 2 46 i AR fh A 5 AR A 2B

1.2.7 g A RYE B Sige g R e
S A 22 J% HOK P 47 Box— Benhnken 5280 5531, IF
FH Design—Expert {4453 Hr 325650 ¥ o

%2 BBD SRR KK

Table 2 Factors and the level table of BBD experiment

SIS
H# (g/L) T 0 |
X, R 90 110 130
X, | 12 15 18
X5 PR ML AR Bl 1.2 15 1.8

1.2.8  BUESCE: b TSR AL T nl AT, DL
DL % B W J7 806 Uk S 56, R A = Uk, A5 R BT
YIfH.

1.2.9 Hdlageitsrtr  SCh A S bty — Ik
e, SO E R ] Excel 2003 B fF#EAT 22 5 %K
P A EER FH SPSS 4R {F il Design— Expet $X{F 1748
L= T

2 H#R5WE

2.1 KLDS4.0325 fy& K 2k
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[H], 7% PR B BEASER A , 1L oY B S A 2 10T, 4 i A i 7
W Rk B e 0, SR AR P R A 5 7 20~24 h 1)
[A), 15 B EFE A TR, BLI B = T/, B AR ODgy, A8
A H 5 IE BT BB AR —3, pH F#I4h 7.0 18
18 FRE,7E 8 h A TR fa e, LI kA K B
BEAFaEW . £5 B, R 20 h SHBERRAY A BELK S,

10 -3
9l 125
= .
® gl —o— 3% P R AU 12
o <
= —A— i g
= , pH 1.5 8
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K1 KLDS4.0325 (4= ihsk
Fig.1 The grow curve of KLLDS4.0325
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B UM AR fE R £ DL 2, i & 2 AT, B
PO S RS BB B AR LR MEARSG, MIH R Y =
6.021X +10.62,Y R/ M BB B AL, X R EL M X5
{8, AHHICF 2 0.994 , 555 — 2 S0 g 2Rk
40 y=6.021x+10.62
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Fig.2 Standard titer curve
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=, Ee A mr s SR LT R B Bk IR, E 3
AT, R A U s 0 B B L AR e K (2347 mm) L, %
45 5 V.Suganthi'" ) 8hE " S A BOBIT ST 45 SR AH—
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Fig4 Effect of different nitrogen sources

on inhibitory zone diameter

2.3.3  AEIFEENC SSRGS IR H RIS 40 5 R
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10 o/LIYEE HIRS 10 o/ L B9 1E &5 R A0 TC LU RO B
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AT AR R T S5 TR B IR 0T, AT A i2F 4 B 3
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Table 4 Regression analysis table of Plackett—Burman design

E| FI7 A F & 77 F g pia wEE
FEEY 125.91 10 12.59 558.77 0.0329 *

A 64.22 1 64.22 2849.92 0.0119 *

B 26.11 1 26.11 1158.62 0.0187 *

C 0.30 1 0.30 13.35 0.1701

D 0.026 1 0.026 1.16 0.4764

E 1.94 1 1.94 85.92 0.0684

F 0.065 1 0.065 2.86 0.3398

G 245 1 2.45 108.64 0.0609

H 0.012 1 0.012 0.53 0.5982

J 27.36 1 27.36 1214.25 0.0183

K 3.43 1 343 152.43 0.0515 *

. FTRTEp <0.05 KP LEFBE,
bk, AR ILER 3, B W 4, il F KK
BrASE IR i 20, 2 Prob > F {EH /T 0.05 i, Wiz K 3
o AT TR B AR AT W 2, B (O SR AN 122 R 3R X
PR EAAR I, MR T, BHE A B.J X
PR P AR w2 s, H A 3 A T 0 B R
ARem R, ok R B & A M A 2 T Bk
R, TR EANRE, FHE E.F. .G XEEERN
S AR, HOe 3 S IE RN . BRI, B4 A K
B B PR T PO I e e HE AT B BE I 3% S 56 18 1,
AL HHG &

2¢3  Plackett—Burman SCIG 45 5

Table 3 The results of Plackett—Burman experimental design

K e R B AR
A B CDEF G (mm)
-11 1 -11 1 1 16.41
1 -1-1-11-11 1 -11 19.05
1 -11 1 -11 1 1 -1-1 18.96
-11 1 1 -1-1-11 -11 19.49
11 -11 11 -1-1-11 22.70
-1-11 -11 1 -11 1 1 18.43
1 -11 1 1 -1-1-11 -1 22.25
111 -1-1-11-11 1 25.99
-1-1-11 -11 1 -11 1 18.13
-11 -11 1 -11 1 1 -1 19.33
1 1 -1-1-11-11 1 -1 25.51
-1-1-1-1-1-1-1-1-1-1 14.91

2.5 HEEMHE LG

I B8 T 3% 92 56 7T R 41 45 TR 38 i AR L B A2 B 28 K
ThE A PR Ol , SC8 T s SRR 5, i T
2 A B J X590 B B B A5 00 5 i 34 Sk IE 508, B
oM NEITC, RTINS RERE B8R R AP IR i
T2 S T R AT M R, 100 BT B A A Y R R U
NP EATA SIS 4 RIVEEONE LB R RN BT R I R £ D
Ay 110 .15 F1 1.5 o/L B, 311 B BBl B 4% f K
PR IR B S 56 4 45 KT S o B 3E AT R S SE 50
it

140 516207

H J K
-1-1-1

2.6 Box-Benhnken LI it 594

LA B BENC 3 552 36 25 HL 45 PR 2R 7K S R (B,
i1t Box—Benhnken S5, SEgG T G5 R AN 6, 45
Mras R LER 7, ia [ F A A my 2 5 W 2, [
TR Y = 2383 + 1.37X, + 0.71X, — 0.31X, +
0.60X,X, +0.035X,X; +0.21X,X,-0.99X,>-0.74X,” —
1.20X,7, Hor Y Samp R AR, X, (X, (X S o R
R R PUIR LR 4, X ] U A5 A 9E 47 7 22 500,
R’ (B>} 0.9530, Jy 22 M 4230T 1 3R 715 52 56 {81 85 22 307 T
PR, 10 B[] 0 7 A A0 FL A R R B4 Sk LI
0.4139 ,KF 0.05, FH UL PIABIAE &% 7 9 F(E
AT A R ER A S, FOE RO, W R R,
e B — R I X, (X, WEE L X RN A I XX,
WX X VXX, AR R XX X B
2, BRI R B FE, U B AL A Il 4 2 T 1T 1)
T LA RAE AT, ARG BTy AR A4S Y i i RE R
24.79 mm , B FEERE 128.99 o/ L, & [ I 17.59 ¢/, i
IRIMAREN 1.49 o/ L, YRENE (85 R FIBTIR L AR 5 0
LA R By D E T R AR AR S AR N

KRS RBENEY SR KR
Table 5 Experimental design and results of

the steepest ascent path

.- K- B ER

A J (mm)
1 50 0.6 16.33
2 70 9 0.9 17.31
3 90 12 12 21.82
4 110 15 15 24.66
5 130 18 1.8 2437
6 150 21 2.1 23.43
7 170 24 24 23.25

&l 6a~ 5] 6¢ A R AT S REE L HE U BUR
LT 1A 1) = 24 2 ] g o2 T P, bl 11 6 T 4% [ 3% 52

HAE XS4 B Pl AT B 52 0, g D AT 3 R AR SE , D)
2 PR 28 0T 110 B Pl LA S i i I 2 T 6a SRR S IR

A E IR S RS I AN S 4006 Pl B A Bl
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Table 7 Variance analysis for regression equation
i H T Fl 75 F{H pia B
Model 36.19 9 4.02 1577 0.0007 ok
X, 14.93 1 14.93 58.56 0.0001 %
X, 3.98 1 3.98 15.59 0.0055 ok
Xs 0.78 1 0.78 3.04 0.1248
X, X, 1.45 1 1.45 5.69 0.0484 *
X, X, 4.900E-003 1 4.900E-003 0.019 0.8937
X, X, 0.18 1 0.18 0.71 0.4278
X’ 4.15 1 4.15 16.26 0.0050 * %
X,’ 227 1 2.27 8.92 0.0203 *
X,? 6.98 1 6.98 27.37 0.0012 * %
k22 1.79 7 0.26
E=80] 0.85 3 0.28 3.11 0.4139 R
a2z 0.94 4 0.23
BIRE 37.98 16

T RORTE p <0.05 KV B2 WA, o« FORTE p <0.01 /KF EZFHREBEA
REEPH IS B G385 OB A A AN AR 1
JIER YR B9 %S AL, S0 R Pl B ARt ss GO (R B
FriEl 6b (6¢, % BL M [ A T DAL 28 A% 58 HL 0T 5 53] R AN

W
2¢ 6 Box—Benhnken 526G 563 A 4%
Table 6 Design and experimental results of
Box—Benhnken
sn x N < WEEAE

(mm)
1 1 -1 0 21.91
2 1 0 1 23.10
3 0 -1 1 20.37
4 0 0 0 23.53
5 0 0 0 23.57
6 -1 0 -1 20.07
7 -1 0 1 19.83
8 0 -1 -1 21.87
9 0 1 1 22.17
10 0 0 0 23.35
11 0 0 0 24.41
12 -1 1 0 21.09
13 0 1 -1 22.82
14 0 0 24.29
15 1 0 24.56
16 -1 -1 0 20.85
17 1 0 -1 23.20

2.7 WIESKE

ARG 8 M N7 TT 925 T A5 ST 46 498 R B T AE MR, DL AR
PEREFRILBCTT IS e T2 96, B A2 3 U, A4 il LA
FIME R 24.76 mm, 5 TP FAS— 3, PR IE T %

I7 SEAA R By IR B S RO T R 1Y, %07
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W T2 £ 26 IS 7 7 7V 2 5 e ok
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Fig.6 Response surface stereo analysis diagram
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TE ca HLALRT b AL o
i3 B ¥ %% 2 Mt 4k @) T M FLAT B OHDLY 77
Paracinl.7 #9855 32 358, 04k )5 &~ 141.648 U/mlL,
P T 1O A% HAH T 2= 800 Y U AR T A S 56 B
#r, H5 KLDS4.0325 A LL, $2 s B aefik .
3 #ig
AW FE I 4 £ R 2R S5 | Plackett— Burman | % B

&Y 52 4 F1 Box — Behnken 52 56 {4k 7L 1% FL Bk 14
KLDS4.0325 7= 4 B 22 19 15 F7 L 4 o1, e 4 i ==
M h S0001U/ mLL, FeAiAb i # 5 1 3.31 1%, Jifb /s
W FREENE J7 o 128.99 o/ L HEHE, 17.59 g/L #H H Kk,
10 o/ LPKEE F1 R, 10 o/L B R A 81, 60 o/L kIR
B5,1.5 o/L B R BE, 1.49 o/L PLIR MR HM, 1.5 ¢/L
B—HIMBEIR N, L2 EN AN BRI AR 2~ 1.0 g/L,
I 200 TE S 56 TIE B A2 AR U G B ] & [R) I L S I
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