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Abstract: The fermentation conditions of marine Arthrobacter protophormiae CDA2-2-2 were optimized to enhance the
production of chitin deacetylase. Different process variables such as carbon sources, nitrogen sources, temperature, metal
ions, time, volume, initial pH, rotate speed, and inoculum size were evaluated by one parameter at-a-time strategy. A
significant influence of MgSO,, fermentation temperature and glucose on chitin deacetylase production was noted with
Plackett-Burman design. Then, a three-level Box-Behnken design was employed to optimize the medium composition and
culture conditions to produce the chitin deacetylase in shake-flask. Using this methodology, the quadratic regression model
of producing chitin deacetylase was built and the optimal combinations of media constituents and culture conditions for
maximum chitin deacetylase production were determined as MgSO, 0.01%, fermentation temperature 38 °C, glucose
0.57%. Chitin deacetylase production obtained experimentally coincident with the predicted value and the model was
proven to be adequate. The optimization of these parameters in flask experiments allowed us to increase the production of

chitin deacetylase to 14.58 U/mL, which was increased by 2.5 times than that of before optimization. These results support
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the potential use of A. protophormiae CDA2-2-2 to produce chitin deacetylase, which would be applied to prepare chitosan

with enzymatic deacetylation route.

Key words: chitin deacetylase; optimization; response surface method; Arthrobacter protophormiae
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Table 1 Test factor level of Plackett-Burman
K

v SES . .
X, HiEIBE(100%) 0.6 0.4
X, TR (100%) 12 0.8
X, MgS0,(100%) 0.02 0.01
X, RESTE] (h) 96 72
X RBEREE(C) 38 32
Xq FiFR ARG PH 8 6
X, I (100%) 45 35
Xq R0 (100% ) 4 2
X, 38 (r/min) 140 120

1.2.5 mBECH e TR KR ZRILILSE 5 AT PB I
B T, X R BRI w3 N, R
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%2 Box-Behnken i35 [H 2K 3%
Table 2 Test factor level of Box-Behnken

K = o
A-MgS0,(%) B-EREHE (C) C-HIEHE (%)
-1 0.01 32 0.4
0 0.015 35 0.5
1 0.02 38 0.6

1.2.7 BPagb BReH s 3 AT, EE SN
3 WK, S EE FH AR UETT 22 (n=3) o, fHiH]
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Fig.1 Standard curve of p-nitroaniline
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Fig.2 Effect of carbon source on enzyme production of
strain CDA2-2-2
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Fig.3 Effect of nitrogen source on enzyme production of
strain CDA2-2-2
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Fig.4 Effect of inorganic salt on enzyme production of
strain CDA2-2-2
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Fig.5 Effect of inoculum size on enzyme production of
strain CDA2-2-2
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Fig.6 Effect of loaded volume on enzyme production of
strain CDA-2-2-2
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Fig.7 Effect of fermentation temperature on enzyme
production of strain CDA-2-2-2
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WRIGHT R[S, 35 °C By il =, TG >l 5.435 U/mL,
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TeARIGT, RIS BN, DRI X Rk & I = it A
SRR
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sEMANE 8, BEFRFLMWILE pH o~ 5.0 8¢ 8.0 A, AH
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Fig.8 Effect of initial pH on enzyme production of
strain CDA-2-2-2

2.2.8 FLGIRXIEREAR CDA2-2-2 PRl SEI %5 H %)
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Fig.9 Effect of the speed of centrifugal on enzyme production
of strain CDA-2-2-2

2.2.9 REERTTEINT AR CDA2-2-2 FERFHISEZIN A&
B A X B Rk CDA2-2-2 & B =i s i an &l 10,
WE & & W Esk ] g E— 2B 0m , AEXT R 2 e &
TRERaF . KEERTIE] 84 h PE it i, i BTSN
5.61 U/mL, KA WERT Al E S 84 he
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Fig.10 Effect of ferrnentation time on enzyme
production of strain CDA-2-2-2
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MgSO,,. AMERTa], KR . BERitwits pH. 28
. B E. SN B ERER, N EREITT &)
K (=12 7K (£ 1), iz HH Design-Expert V8.0.6
AFSEST 12 R PB R G (LR 3), 435t 9 A
RIZR A TR 534, 5/ 5 MR X Bl R/ Ny Sl 254
RIZEP,

2% 3 Plackett-Burman i{ 5 15 11545
Table 3  Plackett-Burman experimental design and results

wEOX X X5 X X X X Xg X )F(H IX ggi{)ﬁ
1 -1 -1 1 -1 -1 1 -1 1 1 2.09
2 1 1 1 -1 -1 -1 1 -1 -1 3.81
3 -1 -1 1 -1 1 1 | 3.41
4 -1 1 -1 -1 1 -1 1 1 1 2.12
5 -1 1 1 1 -1 -1 -1 1 -1 1.89
6 1 1 -1 -1 -1 1 -1 -1 1 2.01
7 -1 -1 -1 1 -1 -1 1 -1 1 1.29
8 1 -1 -1 1 -1 1 1 1 -1 1.35
9 1 1 1 1 1 1 1 1 4.44

-1 -1 1 -1 2.81

1

10 I -1 1 1 1 -1 -1 -l 1 5.37
1
1 1 -1 -1 -1 1.83

iz A Design-Expert V8.0.6 14 X ¥ 3 v %k
o HEAT W2 e, S5 2R WLk 40 i 3k 4 W,

2 4 Plackett-Burman iR %117 204

Table 4 Plackett-Burman analysis of variance of test design

(] ARtk i P HEHHEL
X, A HE(100% ) 3.47 0.0152 3
X, B (100%) -0.11 0.9256 8
X, MgS0,(100%) 4.65 0.0069 1
X, R (h) 1.07 0.2599 9
Xs R (C) 3.65 0.013 2
X R HA HpH -1.05 0.2701 6
X, W (100%) 0.2 0.8566 7
Xq HeFhiE (100%) -1.46 0.1475 4
X, 3% (r/min) -0.04 0.9744 5

©
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MgSO,, . KRIRE | AR AT S S/ N2 )
2, H B ZEMHR/NHETF S MgSO,(X,) >k I iR
(X )>F 2 (X ) 5 At PR 2 X AH X B G N 5200
AN, FEEE MgS0,(X;) . KR (X)) .
2RI (X)) AVE A i 7 THIASE R (R 5 S8 R 2R
2.4 EHBEMCHKILEER I

Plackett-Burman SE56 ] DAGEEE H T & K S5
i) S 35 A PR, (B AN BE T A = (W i KO, TR,
i AR BEINEIE 5206, DL e 552 N 3R i me AR /K14
Y, SLIG AR LR 5. 3 MNEERELLELS 2 4K
S, BilgE R B A, Bl B SO B R, BE 4
TR, I, BEREER 2 2] R EAKSEE T R R o

5 IRBECH I T S
Table 5 Experimental design of steepestascent and
corresponding results

J¥5 MgS0,(%) RREHREE(C)  H#iME(%)  AHMEHE (U/mL)
1 0.01 32 0.4 9.87
2 0.015 35 0.5 12.65
3 0.03 38 0.6 10.25
4 0.045 41 0.7 5.79

2.5 MNESERKERE CDA2-2-2 21T Rk 2 EtEs

MR BRI
2.5.1 mARZE BT AR MR PB4 R

RBERYT MgSO,(A) . EIFEEEE(B) . #i#EHH(C)3 ~&HE
R R AE i, DABETE K/ R W AE , iz ] Design of
Experiments ¥ 31 3 2 3 /KSF3L 17 356 25189
Box-Behnken Wi [ 73 Hr izl (2 6) o

# 6 Box-Behnken iR ¥ i1 K 45
Table 6 Box-Behnken test design and results

- KA .
TRER YRR % (U/mL)
A B
1 0.01 32 0.5 6.34
2 0.02 32 0.5 8.83
3 0.01 38 0.5 10.65
4 0.02 38 0.5 10.95
5 0.01 35 0.4 6.85
6 0.02 35 0.4 7.68
7 0.01 35 0.6 10.57
8 0.02 35 0.6 9.78
9 0.015 32 0.4 5.82
10 0.015 38 0.4 9.04
11 0.015 32 0.6 8.15
12 0.015 38 0.6 14.76
13 0.015 35 0.5 12.76
14 0.015 35 0.5 13.13
15 0.015 35 0.5 11.93
16 0.015 35 0.5 13.15
17 0.015 35 0.5 13.02

2.5.2 EEPE T X HE I T R 5T, 15

TR IR
Y=12.8+0.35A+2.03B+1.73C—0.55AB—0.41 AC+

0.85BC—2.16A*—1.44B*—-1.91C?

2 7 AT N F AR R/INAT IAS 3], — kI
R XL T 5 R 2 P i I TS A0 R e I Y
B>C>A. XHJL T 5 2 BB BES 1) 7 2553 AT il A5A5
7 P<0.01, FAHIZ 7 AR TR, ) 2387, AS[a] AbBH[E] 1 2=
SRR 55 2R LI P>0.05, 2 B AR TR e #2350 A i
2 BIRIMY R? 2R 0.965, ULHHIZARBIREMERE 96.5% M
MAR AR AL, PRITTIZAR AL AR R AT, 108125/,
T LI et 2 B A S 5000

7 LT b LR ) el 37 22 00k

Table 7 Regression analysis of variance of chitinic deacetylase

activity
FERIE ERM HBE ¥ FE PE  mEH
(e 111.69 9 12.41 2145  0.0003 ok
A 1 1 1 173 0.2298
B 33.05 1 33.05 57.12  0.0001 o
C 24.05 1 2405 4156  0.0004 o
AB 1.2 1 12 207  0.1932
AC 0.66 1 0.66 113 0.3223
BC 2.87 1 287 497  0.0611
A? 19.72 1 1972 34.08  0.0006 o
B? 8.75 1 875 15.12  0.0060 o
C? 15.42 1 1542  26.66 0.0013 ok
Gk 4.05 7 0.58
R 3.01 3 1 387 0.1121
R 1.04 4 0.26
BB 115.74 16

e -FRREF AR, *FREF L, P<0.05; **FREFW R E, P<0.01,
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