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Optimization of Two—Step Enzymatic Degradation of Polyvinyl Alcohol
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(1. Key Laboratory of Industrial Biotechnology , Ministry of Education, Jiangnan University , Wuxi 214122, China ;
2.School of Biotechnology , Jiangnan University , Wuxi 214122, China )

Abstract: As one of the most important pollutants in textile and paper industries, polyvinyl alcohol
(PVA) has caused much attention. To improve the degradation efficiency, the reaction conditions of
PVA degradation by using polyvinyl alcohol dehydrogenase (PVADH) and oxidized polyvinyl
alcohol hydrolase (OPH) were optimized. Based on the Box-Behnken design and response surface
strategy ,optimal conditions were set as follows:PVA 1 g/L,PVADH 123 U/mL,OPH 12 U/mL,pH
7.7 ,reaction temperature at 41 ‘C ,Ca** 1 mmol/L,PQQ 6 wmol/L. Under these conditions,the
degradation efficiency can reach over 95% after PVADH and OPH 4 h reaction. These results
indicated that PVADH and OPH can co-degrade PVA efficiently, which will promote industrial
applications of enzymatic degradation of PVA.

Keywords: polyvinyl alcohol,polyvinyl alcohol dehydrogenase,oxidized polyvinyl alcohol
hydrolase , Box-Behnken , response surface methodology
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Fig. 1 Conjectural PVA degradation pathways
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111 @ PVA AW (PVADH) ™4 P.
pastoris GS115/pPICOK/tPVADH ™}z S L1 PVA /K
fift W (OPH) 7= £ 1 E. coli BL.21 (DE3)/pET20b (+)/
soph2Ay A 5206 22 4y i T 75

1.1.2 340k YPD MRIKSEFRAE . M40 20 o/L,
FE I 20 o/L, BEREEREUY) 10 o/L;

YPD [E b 55 5 A A% 20 o/L, 8 P11 20 ¢/L,
TR HLY 10 o/, Bilig 20 ¢/L;

BMGY AR #2356  Hil 10 g/L, 5 % 20 g/L,
B HE K 10 o/L, YNB 13.4 /L, 100 mmol/L 2 £ 2%
MR pH 6.0, 4R 4x107° ¢/L;

BMMY & 4 55 5% 3k . 2 PR 20 o/L, BB 10
g/LL,YNB 13.4 g/L.,100 mmol/L W 2 #1 2% vh % pH
6.0, EME 4x107 o/L, B EERFL 5L 1%

LB 5553k . BE RN 5 o/L, A 10 g/L,NaCl
10 g/L;

R LB Bi 32356 Bt Ry S5 o/L, IR 10 g/L,
NaCl 10 g/L,3Efg 20 ¢/L;

TB 55373  BERE R 24 /L, B I 12 o/L, BE R
TR 2.3 o/l IR A AP 12.5 o/L, Hl 5 /L,
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Table 1 Factors and levels of response surface experiments
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Fig. 2 Effect of PVADH concentration, OPH concentration,enzymatic temperature,pH ,Ca’* concentration and substrate

concentration on PVA degradation efficiency

WE 2 () Frn , SR E T+ 5 2 47 CHF PVA %
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TRE, BE 2(d) AT, PVA S B pH 9 9, Ca®
AL DI by WA S 7 1) 35396 790 RN AR ), 0~1 mmol/L
1) Ca™ &/ T PVA W2 BE M3, if — P & Ca®
fli PVA FEAR IR T RE (B 2(e) ), iUdRcis Ca® Wk 2
7 1 mmol/L, 1£ VA L1 UH s S 254 F ,PVADH F1
OPH REA ZLF&f# 1 o/L PVA 327 PVA JRE W E S
R T (R 2()

2.2 LIS

T UL EBRR RS, % PVADH # &t pH .,
fiff 2 17 3 3 A4 5 W 3 ) PR 2R AT A BE E 3 S
55, R 2 KRG e 55 3 41 PVA FRff i,
PRI St i) SO TR £ P 0 R 3 AR LB I 7 AR, BDLER 3
SR e S S i P ST AT
23 MM ERA

38 o e B SE 86 1 %E T Box—Behnken SE 56 (1) F
L5 PVADH it 125 U/mL .pH 7.5, B0 iR
FE 41 °C, WHEH O 4, Box—Behnken iR 465 11 M 45
F L2 3, FIH Design—Expert V 8.0.6 # 1 %} % 3
FR BB HEAT 2 oc A BLE  PVA BEfESR (R)XT
PVADH Rt (A) .pH(B) (i S Il (C) ) Ik %
T[] )5 5 AR K
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Table 2 Design and results of path of steepest ascent

experiment
- 4 o B c PVA [f#
1 75 6.5 37 15.36
2 100 7 39 26.68
3 125 7.5 41 33.26
4 150 8 43 30.84
5 175 8.5 45 24.48
6 200 9 47 4.42
7 225 9.5 49 321
8 250 10 51 242

XPRERIHEAT 7 22500, R 4 AT AR I i
THEEAL P<0.000 1, RPiZ A8 HAT g B 1Y) 1 35 1 5 A
R A ZE R B .C X PVA B 50 500
FLACHTAB X PVA B 26 (52 i 4 B 2, K
A2 B J C* X PVA B2 m i . M FE
AL, BRI K PVA R 58 19 52 i U 4 B (pH) >
C(IRJZ)>A (PVADH Bt ), HBIALR KU RAh
0.071 1, Ui LA B mHA 75 B AT A L PRIG Ol . AH G
FHR=0.98 41, K 1E R EL Ry =0.963 8, BRI AE
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% 3 Box—Behnken % itk 38 77 3 & 0 b (&
Table 3 Box —Behnken design and the corresponding

results
. PVA F it
PVADH it/ -

(U/mL) R
1 -1 -1 0 18.82
2 1 -1 0 21.3
3 -1 1 0 31.54
4 1 1 0 27.32
5 -1 0 -1 24.77
6 1 0 -1 26.44
7 -1 0 1 22.95
8 1 0 1 22.29
9 0 -1 -1 21.48
10 0 1 -1 26.68
11 0 -1 1 17.19
12 0 1 1 2425
13 0 0 0 33.26
14 0 0 0 34.03
15 0 0 0 32.85
16 0 0 0 33.82
17 0 0 0 32.54

x4 EEARBWHTESHT
Table 4 Analysis of variance results for response surface

quadratic model

HE | H i " )
v e L on | |

Model 487.264 1 9 54.140 45 48.281 65 < 0.000 1 3
A 006661 3 1 0.066613 0.059 404 0.814 4
B 120125 1  120.125 107.1257 < 0.000 1
C 2012951 1 2012951 17.9512 0.0039
AB 112225 1 112225 10.008 06 0.015 8
AC 1357225 1 1357225 1210353 0.307 7
BC 08649 1 08649 0.771305 0.4089
A2 4928401 1 49.284 01 43.950 74 0.000 3
B> 1109701 1 110970 1 98.961 44 < 0.000 1
C> 1399985 1 139.998 5 124.848 6 < 0.000 1
5% 7.849 425 7 1.121 346
JAUT 6.264 425 3 2.088 142 5.269 758 0.0711 A@FH
4R 1585 4 039625

S 495.1135 16
AR R E R?=0.984 1, K IE &L Ry, =0.963 8

WA R AT fff R A R i 2 L 5 A 3.62%, X 3R
RIS IR 15 52 DR DU AU R B4, AT IR B3 PV A B
fifp AR PEAT S AT

Sy L UR bl R AR S0 TR R X PV A B i R 11 5
M, F|H Design—Expert V 8.0.6 {4153 T — K I
TR B = i o T PR, NP 3 T, R R kA R
UANE T VN G 2 | BN (Y R TE
[RIE 1 45 5 M R 2805 S8 M 22 BAE A
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Fig. 3 Response surface showing the effects of AB,AC
and BC on PVA degradation efficiency

FIH Design—Expert V 8.0.6 {4 Fl i 4 X fif fif
RS PVA B iR % T2, . PVADH 122.54 U/mL,
pH 7.69, fi} ) W 8 B 40.77 °C, #EML4M4F ,PVA 1
R AR 34.15% ., HR4E S BRN &L, Wz S g 1.2
ZAMFVEATEIE . PVADH 123 U/mL,pH 7.7 , B i i 5
41 C,AEMARAE TR B 3047 3 IS5 )i 1 h, 15
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Fig. 4 Comparison of degradation effects
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