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Fermentation Medium Optimization for Arginine Deiminase Production from
Recombinant Escherichia coli by Response Surface Methodology

ZHANG Long, SI Haiming, NIYe"
(School of Biotechnology , Jiangnan University , Wuxi 214122, China)

Abstract: Response surface methodology was used to optimize the fermentation medium of
recombinant E. coli for arginine deiminase production on the basis of single factor optimization.
Five medium factors were optimized by SAS software combined with Plackett-Burman and
Box-Behnken design. The optimized fermentation medium contains 11.16 g/L tryptone, 20 g/L yeast
extract,6.3 g/L glycerol, 16.38 g/L K,HPO,,and 2.31 g/L KH,PO,. Using the optimized medium, the
activity of ADI reached 5.7 U/mL broth,which was 1.53-fold higher than that of in the initial
medium (3.72 U/mL )and 2.01-fold of that in LB medium (2.83 U/mL). In a 3-L bioreactor, ADI
activity of 15.17 U/mL broth was attained using optimized medium , which was remarkably enhanced
compared with that of LB medium (4.32 U/mL).
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% 1 Plackett—-Burman X & F 2= i% i1+ & Wi 5z &
Table 1 Experimental design and response values of Plackett—Burman (N=12)

N

. . . . ADI 1%/
1 1 =l 1 =l =l =I 1 1 3.48
2 1 1 -1 1 -1 -1 -1 1 2.97
3 —1 1 1 —1 1 -1 -1 —1 5.33
4 1 =l 1 1 =l 1 =l =l 4.07
5 1 1 -1 1 1 -1 1 -1 4.94
6 1 1 1 =1 1 1 =1 1 4.32
7 =l 1 1 1 =1l 1 1 =l 4.00
8 -1 -1 1 1 1 -1 1 1 4.58
9 = =l =l 1 1 1 =l 1 5.77
10 1 -1 -1 -1 1 1 1 -1 5.57
11 =il 1 =1 =1 =1 1 1 1 4.32
12 = =l =l =l =1 -1 =l =l 527

% 2 Plackett-Burman £ EEKFERFEDH
Table 2 Range of values of Plackett—Burman and ANOVA

BT T

G EES fiE(-1) 5 (+1) HF31
X, JERZE 1 R (/1) 16 24 11.587 92 18.603 04 -4.313 12 0.022 953 2
e P RE AR ) (o/L) 20 30 6.084 813 9.768 452 -3.125 45 0.052 25 4
X; H“?IH(g/L) 10 15 7.009 974 11.253 69 -3.354 65 0.043 907 3
X, iR — S8 (¢/1) 2.31 3.47 2.925 037 4.695 804 -2.166 98 0.118 793 5
Xs @%@ﬁﬁ:@(gﬂ) 12.54 18.82 30.713 16 49.306 37 7.021 85 0.005 933 1
Xe 1.645 333 2.641 39 1.625 235 0.202 582
X, 0.523 564 0.840 521 -0.916 8 0.426 855
X3 10.495 35 16.849 06 -4.104 76 0.026 17

HHI KRB R? 97.43%
5 R 5.781 098

TE 1 X6 X7 X R BRIA KR AU S50 Prob>F (B /N T 0.05 380 R 28 sl 21 HA7 I 1 52 060 ; Prob>F {E /N T 0.01 U 158 A 5w
ETE N
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Lo FE A7 B 280, 0 A PR AE R, Won R EE A
JiR (X 0) i (XG) FIBE R R 81 (X)) 1X = a o3
S0 ADI B 1 322 3R (Prob>F {H<0.05) , [ i
BEALT7 22 03 BT AT A5 8 R?=0.974 3, TEWTZAEAL
FE

M1 2 P IR A KNS, R F R AH
T XT ADI Al HA SR , TR = — A1 B A IE 2K
IO, JF 0 BREE R CH O B R A = A R AT
N,
22 EEEMREKIXE

Xf PB a0 45 SR E 0 = I R L Y R gk
FTNESE Sy, ol e P R 5 i e A /K P (i X
OACTIL 54 0 37 T X ) R 1 R AR BE T
T8 A 106 PR R A D A, AR 7K P AR
€3 Tr ey, Hh TR R H 6O B o
g R IO A I A 5 Wl TR L o 7 (B AE R
Y JEE L AZ I N, AR X =4 DO 8 R /R S H
AR K B T7 1) LUHAR K F 9 4% FOR L, Al A2
A [7] Fp IBOR L AR KT, S e B AR WA 3

x3 EBERKEKERITRER

Table 3 Experimental design and results of steepest ascent

B 14 B 4

S| B R (/L) | WREE/(g/L) | BT R B /(g/L) (U/mlL)

1 16 10 12.54 4.85

2 14 8 13.94 5.21

3 12 6 15.33 5.33

4 10 4 16.73 5.47

5 8 2 18.12 5.12

6 6 1 19.51 4.80

HY 285 ] DL TG e iR (RS 3 4550 4 25
Bz M, Jf B 4 Ay R m B DE#E L
55 4 WIS AEAE Ry a2 o vk B 1 A B T AR
R 2w 1 R A O a5 BIBEER PR 10 /L
Hih 4 o/ RS 8 16.73 ¢/L.

MR FIREE R B = Fh SC g R W = KF
18, g bR MoK PE WL 4,

2.3 Box-Behnken iX & it B &R 5

Box—-Behnken /&3 F = /K 3F 89 — B i %1% 11,
SRR L A B U e, 5 HA T A
P, SEge OB RCREGE HR S BBD O dH A
BEE I 5 e R A BT AR ZS G, LR W T ADI g %
kv AR, BT 15 20 S5k 20 Ui Ak B A R
Hh, BEfRE A =AW R ek, By

I Hk HAWZH 73 o B vk B2 S W) i s 3R B AR ] | 15 2H 52
Borh 12 AT R SRS 3 2 Ry b s SE R A
B3 AP AT S8 S5 SR IO M, S2 g Bt b &b
RIS,

#& 4 Box-Behnken I8 F & Kk F
Table 4 Experimental variables and levels for Box —

Behnken design

8 10 12

W IR R (L) X,
IR v B/ (/L) X, 2 4 6
MR A MR ERE (L) X, 1568 1673 17.77

i I SAS # {1 %) BBD e i 52 4 45 R it 47 05
22900 I 2 o0 R B AU T 22 B A R LR 6,
ERRWFAH (5.05) [ B T SR D7 B B A R
FE RO, S A R B R {H 2 0.901, 15 B 52 50 K i
XTSRRI AR m G R, ER R CY
{60 7.49 UEBZ 07 B FLSE ROV T S B Bt . X 52
S RALIEAT B WA A5 20 [ 5 R

Y=5.674 22+0.580 319X ,+0.576 494X+
0.029 006X5-0.496 055X ,~0.055 579X X+
0.174 909X X 3-0.267 015X,+0.216 15X ,X 5~

0.180 052X
% 5 Box-Behnken ¥ i%it R &R
Table 5 Design and results of Box-Behnken

ADI B/
A= X X, X
(U/L)
1 -1 -1

eng

0 3.54
2 -1 1 0 4.064
3 1 -1 0 5.30
4 1 1 0 6.18
5 0 =1 =1 4.16
6 0 =l 1 4.98
7 0 1 =1 591
8 0 1 1 5.86
9 -1 0 -1 4.98
10 1 0 =1 5.30
11 = 0 1 4.35
12 1 0 1 5.38
13 0 0 0 5.74
14 0 0 0 5.62
15 0 0 0 5.68
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Table 6 Analysis of variance (ANOVA )for the quadratic model

SR A
Xy 1 2.694 162
X, 1 2.668 762
X3 1 0.006 731
X*X, 1 0.908 569
X*X, 1 0.123 56
X *¥X5 1 0.122 373
X, *X, 1 0.263 25
X*X5 1 0.186 883
X3*X;5 1 0.119 7
T 9 6.843 219
1% 22 it 5 0.751 81
JI A it 14 7.595 029
B KRB R 90.10%
KIEfS R? 72.28%
R CV 7.493 886

R LA 105 43 A7 &5 SR 22 i A L — 4 o 1 1]
DL 1~ 8] 3 AR Ry iff o 25 PR 2% S 0 v B ) AR A0 A, T
DL M A AR e P A AR R, 7RI
LD 5N O W o S R el 21 B i S
FIAH .5 25, W3R 6 Y28 B.T0 & 35 P A (prob>F {E >
0.1) W AT A3, (H IR A A AEAE B AR A BB 251, RO AE
AESE FH TAT 014 f5c v i Ak

Xf [l AT R R A, 43 K B AR B A X =0.578 6,
X,=1.153 1,X,=-0.330 5, XF Jij A 5 56 21 49 Jo ok
J R F R 11.157 2 /L, H il 6.306 2 g/L, # iR &
816379 6 g/, TN I KNG AT LAk E] 6.14 UmlL
R

El1 ADIMESEEZBRK(X)MHEH(X,)HXE(X=0)
Fig. 1 Response surface plot of the combined effect of

tryptone (X;) and glycerol (X;) on ADI activity (Y)

2.694 162 17.917 84 0.008 225
2.668 762 17.682 4 0.008 448
0.006 731 0.044 765 0.840 791
0.908 569 6.042 541 0.057 358
0.123 56 0.082 177 0.785 868
0.122 373 0.813 857 0.408 336
0.263 25 1.750 776 0.243 056
0.186 883 1.242 888 0.315 613
0.119 7 0.796 082 0.413 143
0.760 358 5.056 847 0.044 523
0.150 362

X,

3

B2 ADIBESBEELRX)MBERE_H (XG)HWXE
(X;=0)
Fig. 2 Response surface plot of the combined effect of
tryptone (X;) and K,HPO, (X;) on ADI activity (Y)

2.4 D&IFSRIE

DA S 55 R 118 i DR B o vk B o) A R 9 AT 50 UE
S B LR AR LA Ay O AR A R 11.16 o/L, Bk
FEEUY) 20 o/, Hilh 6.3 o/L, B2 & — 4 16.38 g/L,
WL — A4 2.31 ¢/L, SRR MiAb)E B3R A4
K W, ADI BTG A E) 5.7 Uil KB, HLRI4R BE
IR 5 (3.72 UL R BEW ) $& % T 1.53 i, b LB &5
IR (2.83 U/mL A FEERO)$&m 1 2.01 £, X oy
T £ A 7 B ADI i35 8 6.14 U/ml, & BEVL
CTTOI{E 5 S PR 1R 25 02 -5. 7%, XG5 RRW], &
1o Wi R T AR S (R 7 ADI ) S A 8 IR A R A
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3 ADIEESHb (X,) MBIRE 4 (X,) WX & (X=0)
Fig. 3 Response surface plot of the combined effect of
glycerol (X;) and K,HPO, (X;) on ADI activity (Y)
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Fig. 4 Comparison of recombinant ADI fermentation
using RSM optimized medium (a) and LB
medium (b)
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