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N Bz 7 3£ X% Bacillus natto TK-2 F% -5 & 8
(y-PGA) & ERE R E R

e, Em AR BRF EHF
(RRMEASRETBSEWHAREE RETAAERTR2EALRE, KH,300457)

# E #it Plackett-Burman #& it fo ) S @4 47 % B. natto TK-2 K8 > vPGA WX X HE T THhE. ¥4
# i¢ Plackett-Burman Rt A 6 ME X P H AN T HEF U HANGH AW .CaCl, £3MER RGBT RB
R o Box-Behnken & it # — F A, F A A SASK##TE P2 BHAULIANAE RO RERELH H(g/
L) :%&#%21.4,%%25.1,CaCl, 2.6, ERAEHERET,»vPGARFRURANRE T 34.01%.

E@i@ % B W%, Bacillus natto TK—2,y-PGA, # &

B-v-4 & B (y-polyglutamic acid, y-PGA) & —
MOBMAEN ARG EEMEAY, Eh A BM Ak
o BEM y-REKBOYRXE S TR —FKE
HEENEREERY, ALY TREE, TRA
B AERMFETHEED,
HEBmEER S RS EYREY K@,
PR S ER AN AZBRMTEXE, B
XERAM™ v-PGA P ETHEFRITE, A XEH
BR¥AMRETLEE EXRIBTERGER
Bacillus natto TK-2(f5# TK-2), UAHVMEH
BFBERVRRBEE R, 5 v-PGA T T B4
L, HHOIAEMBRARSREANETTEE,
KM 5 Fa Liang®™ SR80, EHERM L, RA
R R KRB RS-SRS
y-PGA W= &,

1 #HBmF %

1.1 # #
1.1.1 & #
Bacillus natto TK-2, A\ B A B Hi BRI T4
FHATRTAERN TRERK.
L1.2 3%
FEEFEQ/L: AT S0, ZERK 10.0,
NaCl 5. 0, 3 g ¥ 20.0 ,pH7.2~7.4,
- B FERE(Q/L . FRES0, HHH
10. 0, & H ik 10. 0,NaCl 5. 0,pH7. 0,
ZHRRMFHAEE (/L -EEE 2.0, EAK

E—fEE ML M8,
W% B #2007 —07—~09, 3 [ B 3§ :2007—10—12
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W, LK v-PGA K -

10. 0, MgSO, « 7H,0 0.5, K;HPO, « 3H,0 2.6,
pH7.0,

MR EEERE (/L) . HEHE 25.0, EA K
30. 0, BE ¥§ 20.0, MgSO, + 7H,0 3.5, K,HPO, -
3H,0 3.5,CaCl, 4. 0,pH7. 5,

1.2 /5 &

12,1 3EH A4t

1.2.1.1 Plackett-Burman & it

BERERRE R, W Bacillus, nattoTK 2
FYPGAREIRAEZA -BEOK, HEWE, i, Mg-
SO, ,K,HPO,,CaCl,., F Plackett-Burman &t %} 4
Le6ANMHRHRTLEEE, H N=12 i P-B i&it,
mE 1R, ARSERAH SASKEGHTRES.
1.2.1.2 BB e i i 0 8 5 8 K Wl i T (X35,

B4 Plackett-Burman i 2 M4 R i &
i yPGAFBMBERE FUSBERENE
AR E T —H B REERE R (LEELY
FAMEAER), REMNBESERS. RBZITX
HRRF2HES,
1.2.1.3 wpmEikRit

i#53 Plackett-Burman iR E L T W v-
PGAFRMTERE, #it BECHE TR T E
YL A X 38 B E R E W, 3 T R F I Box-Be-
hnken Rit#—F R, HER R K 4. BIHESR
3SAKEEHLRLEFEIANEE, U vPGA =R
o n R EIER SAS KRG #HTELHAEAS
, iﬁit@ﬂm“Fﬁ@]—Aﬁgﬁ@?W“ﬁﬁﬁ%"ﬁ
H_MERER.

—BO+EBI+ZB,I + ZB.I,.

AH,Y K HswE N (E Bp y-PGA =& ,8 HET

A¥ .z NEZEMEBRAKF, C5AFE X ZHH



*§E=Ii=(xi_xio)/axi
HP  XoAXBRPLEALHEEREAXH
BEBRMELEK.
1.2.2 s#4é#H
. BB E S FE 8 B. natto TK-2 WHEEF 20
‘mL —Z& BT 100 mL =K S,37C,170
r/min, {¥FHF 24 h, A—FFFEFHFEFR I mL
BEABIRA S0 mL ZRF FHEFREMN 250 mL = £
HAH,37C,170 r/min R FHIEFF 12 h, ENFHFFRP
B2 mL #EARRA S50 mL M1 REESE FREMN 250
mL =4 H,37°C,170 r/min FHHEEF 24 h,
'1.2.3 yPGA#®E
RESEFE B A 10 mL 7£ 12 000 r/min,
4CHEMTEL 20 min, ZLFEBFR@MA 5 F&k
FH SR IEER, WEAYRSEEL

E-3
=]

R

(10 000 r/min,10 min) , YA X B FKE®, B
ne~4 FURBRHBAHNEER. WEADRGES
(10 000 r/min, 10 min) , JFLEY F 105°CH & 2h
ERXFE,

GRE AN

2.1 Plackett-Burman i it §f i ¥ 3 y-PGA =R &)
EERE

BREAREARERY vPGA=BEEHE 6
TER . BITHERERKZAKE, AR 2, HPEK
FRAGAKFE 1. 25 15, LA v-PGA #97= B 2 v R (&
(V). RREHRERNE 1R (EARBE IS
BE,UFHERE . A ESERRN, H#T
HEEHITIN . ERAE 2,

2

%1 Plackett-Burman R R G RE R

Be X, X: X3 X, Xs Xs X: © Xs Xs X0 Y f(y-PGA) /g - L™}
1 1 — -1 -1 7 -1 1 1 1 —1 19.75
2 1 - 1 -1 -1 -1 1 1 1 18,02
3 -1 1 1 -1 1 -1 -1 -1 1 1 - 18.35
4 1 -1 1 1 -1 1 -1 -1 71 1 17. 85
5 1 1 -1 1 1 -1 1 -1 -1 -1 16.73
6 1 1 1 -1 1 1 -1 1 -1 -1 16. 59
7 -1 1 1 1 -1 1 1 -1 1 -1 17. 68
8 -1 -1 1 1 1 -1 1 1 -1 1 20. 45
9 -1 -1 -1 1 1 1 -1 1 1 -1 17.93
10 1 -1 -1 -1 1 1. 1 -1 1 1 17.35
11- -1 1 -1 -1 -1 1 1 1 -1 1 16.55
12 —1 —1 —1 -1 —1 —1 —1 —1 —1 —1 17. 65
% 2 Plackett-Burman R K E R R & 44
L *¥ th Pe> 1] B
%8 BxEY/% fiK(—=) ®w(+H)
X, F A=) 3 3 3.75 —4.163 64 0. 150 058 5
X; kL] 2.5 3.125 —12.7818 0. 049 705 1
X3 % W 2 2.5 11.654 35 0. 054 491 3
Xq MgSO, 0.35 0.4375 4. 345 455 0. 143 995 4
Xs K:HPO, 0.35 0.4375 —0. 236 36 0. 852 238 6
Xs CaCl, 0.35 0.4375 —12.6727 0. 050 132 2

% 2 9 &, X} Bacillus nattoTK-2 = y-PGA
FEEEYMEEE>OWMERAEHERE %
¥& CaCl,, Hp, ¥ & A CaCl, B 8 & 7 B,
EEAREERN. B FEMNKREEERY 3
AMHEEBNYELHEMEESE. BOEEERA
CaCl, HERE.

2.2 BRBENEH IR I8 5 A K e R T [X 3

Mk 2 AT, ZE W v-PGA Rt S E R K
OB RER CaCly BERARM. KHEABEFEN
B, MIEX 3 AMEERBR KN HARECTINE

KrmasK. RpERRIHNRE BOEATE
AR, KERITRERLE 3.

£3 BERHABREHRER
B WEW/Y% SKH/% CaClh/% Y H(rPGAY/g- L'

1 2.5 2.0 0.35 18. 68
2 2.3 2.2 0.30 19. 23
3 2.1 2.4 0.25 24.18
4 1.9 2.6 0.20 21.06
5 1.7 2.8 0.15 16. 39
6 1.5 3.0 0.10 13.17
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HRIABEIANEERRNARZEL, v
PGAWMPFEMEABHEEELAB TR K+ 3
HAEFEMNMORBER™ v-PCA - REB KX
{6, vl R 78 B 50 55 K el T (X 4, BT LA A SR 3 4 R A

HEFEH R =0.958 8, B IFj5 9 R*=0.884 7,138
BERITTLAf % 95. 88U MY IA K BT 18 v-PGA WL,
YWERZEH CV=1.664 577, 8 /K, EA KR A
BUERR. SLEARBAES TK2 R EE” v

S O R AT I R T A AT PGA Rt T AEMHER,
2.3 Box-Behnke RK @I HREERENT R K £6 ERAKBHFENF
o3 ' Wik BREY  FHREEZ KF Ff
, clL, =4 % x5 0Ty wrm ' H ik
CAS & B R B CaCle f PEERRR ‘QE X 1 0.122513  0.122513  0.868339  0.394188
R, EHERBKFME 4 fin. Box-Behnke {5 - X: 1 1445000  1.455000 1024181  0.023988
\ p — Xs 1 0.324013  0.324013  2.296522  0.190098
B RRBESROE S iR, X2 1 10.12351 10.12351  71.75299  0.000377
% 4 Box-Behnke KR E KK FE X:2 1 1,946025  1.946025  13.79295  0,045338
T X2 1 1 S 7.087758  0.021996
BEEY we XiX; 1 0992010  0.992010  7.031129  0.13799
—1 0 L X Xs 1 0.018225  0.018225  0.129174  0.044791
wEE/ % X 1.9 2.1 2.3 X:Xs 1 1516310 1.516310  10.74724  0.73397
¥/ % X; 2.2 2.4 2.6 #E 9 16.427113 1.825237  12.93684  0.005774
CaCl,/% X, 0. 20 0.25 0. 30 BEBR 5 0.705442 0.141088
BAER 14 17.13257
%5 Box—Behnke XBGIHRER s
FE X X2 X; Y (y-PGA)/g+ L~} ®1 REMFTEESH
1 -1 -1 0 21.01 ¥ EE 22.565 33
2 -1 1 0 22. 94 HHEXAKR/% 95, 88
3 1 -1 0 22. 24 KIEGE®H R/ % 88, 47
4 1 1 0 21.38 ERBEENTHR 0.375 617
5 0 -1 -1 22. 84 YHEREBCY 1. 664 577
6 0 -1 -1 21. 81
7 0 1 -1 23.87 -
. o 1 11 2.4 MEESHRRERRAABE
9 -1 0 -1 22.39 AR SAS B {4 % [ Y3 45 7Y 3 17 0 B 1 43 47, 18
10 ! o Tl 21.06 BISMBIE R E, RE LA 2. 83, AR
11 -1 0 1 21. 48
i Lo 15 ROEASBTAT, EE R A 0 B 54T
13 0 0 0 24.02 MX, X, Xs WRBBMEDHNHR (—o0.182 23,
14 0 0 0 24.04 0.533 82,—0.204 51), BN % & ¥, ok 4§, CaCl, K B
15 0 0 0 24,14

Hon=(X1—2.1)/0.2y22=(X;—2.4)/0. 2,23 =(X3—0. 25) /0. 05

Ll y-PGA &y7= & Jywa pi {8 , FI A SAS ¥ ix3 %
S5HMERMTEENM, BIZREPFEN.

Y = 24.066 67 — 0.123 75X, + 0.425X, —
0.201 25 X; — 1.655 833X,> — 0.697 5X,X, +
0.5X,X; — 0.518 333X,* + 0.067 5X,X, —
0. 890 833X,?

FOMETHHNRZEIFHBEN 500 f
BWAEESN. AR 2ARBTLUEHR, KFF
N 0. 005774, P BRI VT {5 BERE |, ]
LIE#%. R, ZEEEZSHP,B X, X 71 X, X,
Xt v-PGA B EZ W, Kb E MY FHEEH
B (A5 EE>9004) .,

WA WERTIEE SR T P BAEHXER
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kA B H (g/L) 21, 4,25.1 1 2.6, LA, U5
HY BB EKME, B yv-PCGAMERE S, 5 24. 2069

g/L. IR ER B LB RE, AR K ZBHTR
BRI, 58 vPGA™RIMHER 23.99 ¢g/L, X §
B {E 24. 2069 g/L BREAYIEH. R, 5MHE
BSR4 M v PGA HLRB T 34.01%,

O ¥ B

E 1 Y=f(X| sz)mejﬂ:ﬁﬁm



CaCl, 2.6,pH7.5, ZMMAIEFRET ,y-PGA B9
Bk 24. 20g/L, AR LA R T 34. 01 %,
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Medium Optimization by Response Suface Methodology for
Poly-y-glutami Acid Production from Bacillus natto TK-2

Cao Xiaohong, Ha Zhirui, Wang Chunling,Liao Zhenyu,Lu Meifang

(Tianjin Key Laboratory of Food Nutrition and Safety,College of Food Engineering and Biotechnology,
Tianjin University of Science and Technology, Tianjin 300457 ,China)

ABSTRACT By using Plackett-Burman and response surface methodology, we studied the medium optimiza-
tion of poly-y-glutamic acid production from Bacillus natto TK-2, A Plackett—Burman design was first used
to evaluate the influence of six related factors,and glucose, glutamine, CaCl2 were affirmed the important
factors in the medium. Then, the path of steepest ascent and the Box-Behnken design were used for further
optimization on these three factors. By solving the quadratic regression model equation, the optimal concen-
trations of the variables were determined as: glucose2. 14%, glutamine 2. 51%, CaCl, 0. 26 %. Under the op-
timal culture condition, the yield of the y-PGA increased by 34. 01%. Key words Response Surface Methodol-
ogy,Bacillus nattoTK-2,y-PGA,Optimization

Key words Response Surface Methodology,Bacillus nattoTK-2,y-PGA ,optimization
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