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Optimization of acrylonitrile biodegradation by
acrylonitrile-degrading bacterium Rhodococus rhodochrous BX2

WANG Shu-Ting WEN Lu-Ming AN Xue-Jiao LIU Wan-Jun
DU Xiao-Peng LI Chun-Yan"

(College of Resource and Environment, Northeast Agricultural University, Harbin, Heilongjiang 150030, China)

Abstract: [Objective] To improve acrylonitrile biodegradation efficiency, we studied acrylonitrile
degradation characteristics of a nitrile-degrading bacterium Rhodococus rhodochrous BX2 isolated by
our laboratory. [Methods] Single factor test and response surface methodology were used to optimize
the biodegradation conditions. At the same time, the effects of various additional carbon and nitrogen
resources on cell growth and acrylonitrile degradation were studied, as well as cell growth and
degradation rate of strain BX2 in acrylonitrile synthetic wastewater. [Results] The maximum
biodegradation rate (95.1%) was obtained under optimal degradation conditions (substrate
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concentration 403.51 mg/L, pH 7.44, temperature 34.46 °C). The cell growth and degradation
effectiveness can be obviously improved by addition of carbon sources (glucose) or nitrogen source
(ammonium chloride). The degradation rate of acrylonitrile in acrylonitrile synthetic wastewater
reached 89.4% after 30 h. [Conclusion] The acrylonitrile biodegradation efficiency of Rhodococus
rhodochrous BX2 in acrylonitrile synthetic wastewater was enhanced by optimizing biodegradation
conditions and the addition of exogenous substance. This work provides technical support for the
development and application of new techniques in biological treatment of acrylonitrile wastewater.

Keywords: Acrylonitrile, Rhodococus rhodochrous BX2, Response surface methodology, Degradation
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Na,HPO4 9.8 MgS0O,0.1 MgO 0.010 75 FeSO47H,0O 55 6.0 65 70 7.5 80 85 pH
0.000 9 ZnSO47H,O 0.001 44 CuSO45H,0 1.5% ( )

0.000 25 H;BO; 0.000 06 pH 7.2 100 mL 400 mg/L
35°C 180 r/min 42 h
LB (g/L) 5.0 10.0 ODggo
NaCl110.0 pH7.0 4)
(g/L) 0.3 NH4CI 0.5% 1.0% 1.5% 2.0% 2.5%
0.040 1 KH,PO4 0.009 2 CaCl, 0.010 7 MgSO,4 3.0% ( )
0.008 FeSO4 0.000 11 100 mL
400 mg/L 400 mg/L 35 °C pH
1.3 A% 7.5 180 r/min 42 h
131 HERGHE: ODgoo
Rhodococus rhodochrous BX2 %)
LB 30 °C 180 r/min 20 25 30 35 40°C
10 mL 6 000 r/min 1.5% ( ) 100 mL
2 min 0.2 mol/L 400 mg/L pH
3 7.5 180 t/min 42 h
600 nm ODgpo
ODgoo 2.0+0.1 3
1.3.5
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Table 1 Factors and levels of response surface experiments of strain BX2

Factors Name Low (1) Middle (0) High (1)
Xi Substrate concentration (mg/L) 200 400 600
X5 Temperature (°C) 30 35 40
X; pH 7.0 7.5 8.0
RSM GC-14C
FID
1.5% ( ) BX2 150 °C 80 °C FID 180 °C
50 kPa
30 mL/min 4.46 mL/min
3 96.7 mL/min 74.3 cm/s
3.0 mL/min 1 min 80 ms
133 SMNEEFYRMEK BX2 £ KEEBRRAE 20:1 1L

FERIRZAR

1% 100 mL

1.5% ( ) 100 mL
403.51 mg/L
345°C pH7.44 180 r/min

30 h

1.3.4 Etk BX2 ERGEIRE KK PR G ERERE
REAARM:  1.5% BX2

35 °C
180 r/min 6h

3
1.3.5 AERBREEERNE:

50 150 250 350 450 550 650 750 mg/L
[15]

Rhodococus rhodochrous BX2
[16]

X=(4-B)/Ax100%

X A
(mg/l) B
(mg/L)
2 RS540
2.1 BEZRRE
1 BX2
1A
BX2
BX2 200-1 200 mg/L
200 mg/L BX2
0.687 85.6%
400 mg/L BX2 0.983
91.1% BX2
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Figure 1 The effect of different factors on the growth and acrylonitrile degradation rate of strain BX2
A B C pH D E
Note: A: Substrate concentration; B: Temperature; C: pH; D: Inoculation biomass; E: Time.
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1.5% BX2
400 mg/L 1B 1.5%
20-35°C BX2 35°C 1E BX2
BX2 42 h
BX2 1.071 91.9%
35 °C
BX2 42 h BX2
35°C BX2
1C 2.2 M ERE
BX2 pH BX2 2
pH 5.5-6.0 BX2 Box-Behnken 17
5
pH 7.5 2 3
92.8% BX2
pH @) (X)) pH(Xy)
BX2 pH 7.5
1D 0.5%-1.5% Y=96.38+1.91 .X; — 1.60 X, — 1.26 X5 — 1.95 X.X, —
BX2 1.03 XX —0.85 X,X; — 5.93 X, —3.55.X," —4.78 X5°

F2 WEERERITSER

Table 2 Experimental design and results of RSM

Factors
No Xi X X; Degradation rate (%)
1 0 0 0 93.3
2 =l 0 =l 82.7
3 1 0 1 82.6
4 1 0 =l 88.3
5 =l 1 0 83.7
6 0 0 0 93.1
7 0 0 0 93.2
8 1 1 0 83.5
9 0 0 0 93.5
10 =I -1 0 82.5
11 0 1 1 81.5
12 1 -1 0 90.4
13 -1 1 87.7
14 1 =1 85.8
15 =Il 0 1 80.7
16 0 0 92.9
17 -1 =1 87.4
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3 Design-Expert 8.0 0.002 2 <0.01 3 P
> >pH
F pH
F F P pH P 0.000 6 0.017 2
P<0.05 0.0420
P>0.05
P<0.01
P<0.01 pH pH
[17-18] P 0.05
3 R*=0.996 1
R’%4=0.991 1 Design Expert 8.0 3D
[19-20]
3D 2
P<0.000 1 (Lack of fit) 3D 3D
P 0.3549 3
pH 3D
pH P <0.000 1 0.000 6
*3 MWEESHREESER
Table 3 Results of the regression analysis of RSA of strain BX2
F P
Items Sum of squares Degrees of freedom Mean square F value P value Significant
Model 571.12 9 63.46 199.60 <0.000 1 Significant
Xi 28.88 1 28.88 90.84 <0.000 1
X5 10.81 1 10.81 34.01 0.000 6
X3 7.03 1 7.03 22.12 0.002 2
XiXa 11.22 1 11.22 35.30 0.000 6
XX 3.06 1 3.06 9.63 0.017 2
XX 1.96 1 1.96 6.16 0.042 0
X’ 282.08 1 282.08 887.25 <0.000 1
X’ 103.59 1 103.59 325.81 <0.000 1
X’ 74.63 1 74.63 234.73 <0.000 1
Residual 2.23 7 0.32
Lack of fit 1.16 3 0.39 1.45 0.3549 Not significant
Pure error 1.07
Cor total 573.34 4 0.27
R 0.996 1 16
R 0.991 1
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Figure 2 Response surface plot of the mutual effect on acrylonitrile degradation rate of strain BX2

A B pH C

pH.

Note: A: Substrate concentration and temperature; B: Substrate concentration and pH; C: Temperature and pH.
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Figure 3 The effect of additional carbon source on the
growth and acrylonitrile degradation rate of strain BX2
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