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Abstract: In order to enhance the concentration of e-polylysine (e-PL) with Streptomyces albulus ZC7,
response surface methodology were used to optimize the fermentation medium. A Plackett-Burman de-
sign was used to evaluate the influence of eight factors firstly. Results showed that the concentration of
glucose, yeast extract and (NHy4),SO,4 played important roles in influencing the content of &-PL. Then,
the path of steepest ascent and the Box-Behnken design were adopted for further optimization, and the
optimum concentration levels and the relationships among these factors was found out by quadratic re-
gression model equation with Design-Expert statistic methods, the optimal concentration of the vari-
ables were determined as: glucose 37.22 g/L, yeast extract 6.9 g/L, (NH4),SO4 6.55 g/L. Under such
conditions, the concentration of &-PL was increased to 8.11 g/L, which was 24.6% higher than the
maximum value in the single factor tests.
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1.1.1 &M HOBEE W Streptomyces albulus ZC7

P A S 60 2 0 45 IO

1.1.2 EFRE: (1) VURRghRhm 8 3R 3k A A b
1.0%, HHWM 0.2%, BEEHRHE 0.1%, B 1.5%,
1x10° Pa K4 20 min, pH 7.5, (2) WK 33 (g/L):
#i % BE 20, BEREE 5, Na,HPO, 0.8, KH,PO, 1,
MgSO47H,0 0.25, (NH,),SO, 5, ZnSO,7H,0 0.05,
FeSO47H,0 0.01, pH 7.0, 1x10° Pa K # 30 min,
1.1.3  EZERAF: ®WAe. B B A8 A
B R S, — 0 Sy v I 2 (B AT ) vt ) 2 R 7
Tk T e 1 PR S Sy v 4 LA T (V)

1.2 E®AH*

R RHIIG LG, MRHI B 572 1 H— 3R
FHEAF 40 mL (9 R EEE 73 (250 mL =),
30 °C ¥R KSR 24 h, B2 mL A3 B A2 3
A=A, 30 °C $RIRKESE 72 he W =fMAih &
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P R
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R B — 2 BUR T 465 nm 4T OD {H7),
1.4 REI”IT

1.4.1 Plackett-Burman i3 1% it: Plackett-Burman
W IE — R AR Ie B T 7 ik, 1S T AR
2 2 5% R 2 v b A 30 gk Y R A LA A
2, U H SR 0 R BGR B R 2R A F RO 3]
JATRERE B A TE X T N IR SE I8 2 2 BFFE(N-1)
MHER, HPWN-HMEBREER, 3 SRR
iR 20 A HZ B E AR A K, EA &R
FRKE B 22 EANBE T K, DA s T Hh &R

© PEMERMEMFRTEATIBRSHEER http://journals. im. ac. cn



SRR AE: IR 0L AT G A - SRR A e B A

643

M, AR P SE SO MR AR 2 5. AR
P b R S g R, BeH 8 AhEEIRIE Iy, HEAT 12
WL, WRAEN e-PL P ht, AACH
HEWLE 1,

2t i A1 7K SF-

% 1 Plackett-Burman 1% it E T 7K F % 4R 45
Table 1 The two levels of variables used in the
Plackett-Burman design

it p% fRGk K
Variables Factor (g/L) Low level (=) High level (+)
X, Glucose 20.00 40.00
X ZnS047H,O 0.02 0.04
X5 Na,HPO, 1.00 2.00
Xu KH,PO, 1.00 2.00
Xs Yeast extract 8.00 16.00
X (NH4)>SO4 8.00 16.00
X7 MgSO47H,0 0.50 1.00
Xz FeSO4-7H,O 0.01 0.02
Xy, X10, X11  Virtual variables - +

142 sBEMRHKIRLE: Mis PB XIS R el
TES IR AR, $5— i O L Uok /> o B 18 PR
TESESRIE U, I — 5 B L 8 Jon A 76 £
BigR B Bz, Hox 5 ANINRBIAIIGRKRE, K
ML LT e- BB W= R 122 1e, A INTa &
e 3 PR 3R A e R S R

1.4.3 Box-Behnken i¥it: Box-Behnken %111 H
T 2-5 NMHEEMAIRE . UL PB g ik 5 200
PR e-PL =it se i 2 I R AR AR E,
D) S5 BE T i 06 A5 A o B R S v 5, AR IR
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B2 SR AT R O 1 AU O 2)
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Table 2 Levels of variables used in the Box-Behnken design

Level (g/L)

Variables
=l 0 1
(A) Glucose 30 36 42
(B) (NH4),SO4 3 6 9
(C) Yeast extract 3 6 9

2 5R505W

2.1 Plackett-Burman i{ I8 i&it45 R 5 49

Plackett-Burman {5 it 45 R WK 3. KM
Design-Expert 504X 3% 3 H1 Y e-PL 7 5 £l i 47 0]
PSRBT, 49 3045 52 Wi DX 19 O [ 051 28 250 8 I 3
(F 4). GRRY], HWENE . WebEH FGER BT e-PL
FRESCIAK . Horh, A DY FEXT e-PL 7 B
SN SR E AR, PR B R R A R B2 X e-PL 7= it
RS M) S B RENE o

% 3 Plackett-Burman iR 38T R

Table 3 Plackett-Burman experiment design and response values

Serial number X X, X; X, X5 Xs X7 Xs Xy Xio Xy e-PL (g/L)
1 + + - + + + - - - + - 0.87
2 - + + - + + + - - - + 0.77
3 4 = A 4 = A 4 4 = = - 2.67
4 = 4 = 4 +* = 4 4 4 = - 1.51
5 - - + - + + - + + + - 0.68
6 = = = 4 = A 4 = +* s 4 1.97
7 + - - - + - + + - + 3 2.65
8 + + - - - + - + + = 3 2.48
9 + + + - - - + - + + - 5.03
10 - + + + - - - + - + 3 2.87
11 + - + + + - - - + = 3 2.53
12 - - - - - - - - - - - 2.12
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Table 4 Partial regression coefficients and analyses of
their significance
Variables Ijgegfrgisiiiltl E (x1) Cont(r;/t) )u slgrm Significance
X 0.530 1.050 21.030 3
X> 0.075 0.150 0.430 7
X3 0.240 0.490 4.570 5
Xy —0.110 —0.220 0.930 6
Xs —0.680 —1.360 35.010 1
X —0.610 -1.210 28.090 2
X7 0.260 0.510 4.990 4
Xs —-0.036 —-0.071 0.097 8

2.2 FULiRIE R EIRE

mFE 5 PR, WG AR . BEREE R PR
JEAELL, KBS e-PL PR EE ETHE R, 24
HIAGHE | T BRE RNGRIRR Sk BE 4351 36, 6 Fl 6 g/L
Bb, BEXE R G & B Y e-PL P IR B i KA, LA
PR BEAE Ry bt i, AT T — iR

®5 EBERKRERITRES

Table 5 The path of steepest ascent experiment design
and response values

(NH.):S04

Serial Glucose Yeast

number (g/L)  extract (g/L) (g/L) ePL (L)
1 30 8 8 2.88
2 33 7 7 3.63
3 36 6 6 4.83
4 39 5 5 4.01
5 42 4 4 3.86
6 45 3 3 3.13

23 mEABEFENHRTE

DA . BEREE MR 3 M EEE R A
A, AN R IS KEINFR 2 7R, Box-Behnken iz,
BT RN 6 i

TR0 B 1 H Design-Expert #0/4-3E 47 ¥k 0115
AR, SEILLTEIE R Y, p=8.1+0.724+
0.13B+0.34C+1.054B—0.79A4C+0.81BC—1.664%~
1.62B%-0.54C*, H:, 4. B Hl C 23 SR 2w
i R Bl RN BB IOVR 2, PR g/L(R 7)o I 2247
Br i ZPER IR R W, R*=97.71%, J5F2mIAt: w2,
U ASE Y B e FH A% A R AR 3045 g/L . BR B
3-8 g/L. BEREE 3-8 g/L, TEILAAF T Al LAY
R BT Y e-PL 7= g4 T 0
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Table 6 Box-Behnken experiments design and response

values
mmber B exmeri) CTEED)
1 =l =l 0 4.65
2 1 -1 0 4.27
3 =i 1 0 3.27
4 1 1 0 7.09
5 =i 0 =il 4.19
6 1 0 -1 6.94
7 -1 0 1 6.44
8 1 0 1 6.03
9 0 -1 =l 6.51
10 0 1 =l 4.69
11 0 -1 1 5.57
12 0 1 1 6.99
13 0 0 0 7.81
14 0 0 0 8.27
15 0 0 0 8.47
16 0 0 0 8.19
17 0 0 0 7.75

x7 EEASITER
Table 7 Results of regression equation analysis

Sum of Mean

Source — m—— F value Prob(P)>F
Model 40.85 4.54 33.15 <0.0001
A 4.19 4.19 30.60 0.0009
B 0.14 0.14 1.01 0.3492
Cc 0.91 0.91 6.63 0.0368
A 4.42 4.42 3231 0.0007
B’ 2.51 2.51 18.34 0.0036
c 2.63 2.63 19.20 0.0032
AB 11.59 11.59 84.66 <0.0001
AC 11.00 11.00 80.33 <0.0001
BC 1.22 1.22 8.93 0.0203
Lack of fit 0.58 0.19 2.02 0.2536

F1I FH Design-Expert #4465 [l ISR 7Y 3447 e 1 7
G303 e 0 18 S A4S A (B 1181 3), % [l
7 RESR A, AFRIRUA AR A, BDRG A HE . B R R
BEFF 0 eA HR BE 20 90l 37.22. 6.55 F1 6.9 g/L i,
Wi S Y IR 3 e KA, B R R Y e-PL 7= i fie s
8.23 g/L.
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Fig. 1 Surface (A) and contour plots (B) of mutual-influence for glucose and (NH4),SOj4 on the yield of e-PL
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Fig. 2 Surface (A) and contour plots (B) of mutual-influence for glucose and yeast extract on the yield of &-PL
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Fig. 3 Surface (A) and contour plots (B) of mutual-influence for yeast extract and (NH4):SOj4 on the yield of e-PL
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