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J& i# i& Box—Behnken & it , #] Al Design—-Expert 4+ #t /7= )2 547 , R SR A RER T RE
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Screening of PVA-Degrading Strains and
Optimization of Degradation Conditions

LI Kun', LI Jianghua™?, LIU Long'?®, DU Guocheng'?*?*, CHEN Jian'*?
(1.School of Biotechnology,Jiangnan University, Wuxi 214122, China;2. National Engineering Laboratory for
Cereal Fermentation Technology,Jiangnan University, Wuxi 214122, China;3. Key Laboratory of Industrial
Biotechnology , Ministry of Education, Jiangnan University , Wuxi 214122, China)

Abstract. In order to achieve the biodegradation of PVA1799 in the textile industrial waste water,
an bacteria mixture with efficient degradation was screened and named as SH-TD. Three strains
with PVA-degrading ability were isolated from the mixed culture SH-TD and nasmed as SHI
(Aeromonas sp.),TD5 (Pseudomonas sp.),and TD33 (Acinetobacter sp.) ,respectively. The results
from the single factor and Plackett-Burman experiments showed that Yeast-Extract, (NH,),HPO, and
BaCl, constituents have the significant influence on PVA degrading rate. Through ascent and
Box-Behnken experiments,a response surface methodology (RSM) model was constructed. Data
were analyzed by use of Design-Expert software. The optimal concentrations (g/L)of the variables
were determined as (g/L): Yeast-Extract 0.04, (NH,),HPO4 48.42 ,BaCl, 0.06. Under the optimal
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conditions, the PVA degradation rate after 24 h increased from 30% to 80% .
Keywords: polyvinyl alcohol ,mixed bacteria , biodegradation , response surface methodology

F & I T (Polyvinyl alcohol , fif #X PVA), & H
B O R B ME— B A KM B # s Ry, A
AR Z A KA W Bk 5, ok B B FL Ak
PE CRLARE KR AT BLIES R S A P A
FEFLLEFRE PVA Iz B H T REE R ek 2Lk
F i AU G 2T, Tl b3 ) RS R O
I TR 28 0 2 Ak B R BT, PVA B AR AR PR 3R 22
(BOD / COD)= 0.07, 7E¥FZ TAkEKH&A K&
() PVA, FL 3R 2 X R BE 45 ok 1T M K5 e,
1973 4E H A B2 58 Suzuki 1 YK 438 2 Al LB 5%
it PVA 1 Pseudomonas O-3" i J5 JL+ 4 B [E N
HMEAT T ORI PVA FEAR A ) 0 07 8 56 DXL 7
TERESE TAESS, HArt IExUHRIE R PVA R il 42
AR WL PVA AR (PR ) (EC
1.1.3.30) \PVA R &l (EC 1.1.99.23) Fil 4 1k #!
PVA K (B-RUHH K f# ) (EC 3.7.1.7) , IE4FiA
R — Pk B i R i (% B i B PVA K%
BRAT CTRBREEN) PVA B, SR I 534 16 B b
A AE S SRR B AR BN Prn B R Y
PVA Jit &0l 512 i T A AR I A5 22 B 5t 0 it g
W BRI (PQQ)E A HE 32 AR T AE Toalk AR 7= b A 1R
KA JRy BRAE 1M PVA A Ak i I el s D) 4 Ak 224
A BB v R DRI 4y B R T PV A R Ff s A= )
HJE AT PVA AL B 0 B AR AT oy FEE

YEE NG BB g T 4 K |+ 5 K TS
Te ik th 1 Bk E %A PVAT799 IR G &, 5
M43 M 3 D Al 3R X T A5 TR D R R
fift PVA B35 = FE BT By 1 AL S 56, KOR & T
PVA [ fiff i 1) 7= 28 45 5 1 A st 1], kg it — 20 IR
AWFFEIZIR A P %) PVA PR ik it () b 28 K B A ML
PRERAL T B,

1 #rs7ma L

1.1 #F#
111 A&k WBEILTE RFEHEMERGL)
SR R K 3 R TS IR . PVAL799 (R & JE

1700, FEfERE 99%) . H1VLR K225 SRS F B 4
fit,
112 5%

1) & ER FFH P-Y (g/L):PVA1799 1, Yeast-
Extract 0.1, (NH,),S0, 0.5,KH,PO, 0.02,K,HPO,
1.6,MgSO, -7H,0 0.05,FeSO, -7H,0 0.02,CaCl, -
2H,0 0.01,NaCl 0.02;pH 7.5,

2) % B IR 4 P-Y (/L) :PVA1799 1,Yeast-
Extract 0.1, (NH,),S0, 0.5,KH,PO, 0.02,K,HPO,
1.6,MgSO, -7H,0 0.05,FeSO, -7H,0 0.02,CaCl, -
2H,0 0.01,NaCl 0.02, Bifig ¥y 20;pH 7.5, fr Pt
R A 15 mL B8 AR50, R OE R 10
min , W52 1R 7% J& [l i W Pl A 7= A 9 0L

3) PR R HE P-TY . 20% LB,P-Y,

)RR K R SR I P-Y Al B R R
1.2 WHEREFRFE
1201 ExiEabs e MM HAMEEK
BRI W R AR A R A A R R R R
EHWEWRE, WA TR IR T, 30 CHi 3 3
d, W), PRICA 7 B VB TV AE 25 0 B R 5P Al
PEAT 2 K RI 2R 4 5, B 2549 3 40 55 3% B ik B O 00 i
PR MR . BRI B AR TR R SR LR R R 18 h, L
3 ODgo B W £ 0> JC TR T ik 422 b & T 35 % Ak P-Y
LR YL I PVA & &,

WEEH BB AR TV B8 BER T SR A7 55 22 [
S u BB 16S rDNA Jf /¥, 78 NCBI L He X}
JIt 45 D 7 45 2R84 E B (hitp < //www.ncbi.
nlm.nih.gov/) ,

122 A-F3A& MWHIME P S0 pl Fl T4
A% 20 mL P=TY #5373 250 mL = f i, I 7F
30 °C.200 r/min F 5% 18 h,

1.2.3 A #3zd 250 mL = MM E 20 mL, 4%
Fi i 3 OD,30 °C 200 r/min 5 35 0 & PVA [ fif 2
Jo PV A 5 fiff T S TS

124 Mdg& 4 & BUORBEE 3R, 10 000 r/min
B0 8 min, A B IE BRI ML B AL 1, & 1iE
B A IR B 20 mmol/L . pH 7.5 PBS 2% th ik &
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B (400 W) AL BE 20 min, H PR RE 3 s B
5 1 s, BEEES 10 000 r/min #5.0> 8 min, TS |35 K
RIS B 2 5y 2 TRG4 0 1.2 BD O HL B
1.3 SWAE
131 @R HUR B B 2 A Ak 1 O
JEEE 600 nm Ab M H G
1.3.2 PVARE®MZ  BREK Finley 3512, I
400 pL KB EEWINA 10 mL HFE A A 3
mL 25 o/L IR WL, #5300 wL 0.1 mol/L 12—
KI%W, HEBFKERZR 10 mL, #OGR 10
min, DA K 4 A e B8 AR Sl 25 FxE IR DL & T i
B 32 FEAE N RRAERT IR 1 em JEFE 690 nm P KR
FEMWOCIE
PVA %f%?(%): PVA BT 0[)690_P\/vA KB 5 0D690 XIOO%
PVA i ovewo

1.3.3 PVA Mg 2 apE  BOHEER 2 mL, A
15 mL B0 H, SEMAE pH 7.5.20 mmol/L PBS
SERI T 2 o/ PVA B ARG, T 30 CH IR
Gtk 5 h 43 50 E BN IS 1A AE 690 nm B
PR OGRE B4 EP RO B T R 0.001 2 SR —A il
G RDAQIDLN
1.4 EFEMRML

FE 5 7 00 Ak SR ek 35 1T g 1z Te A A LA PRI
R T HeAl &R il i Plackett—-Burman S5 5 4%
X PVA B A W52 ma i DR 22 Pk B 3 Ak
N7 B PR 2R 1A T o B E 33 52 3, AR 3 2ok T 33 5 6
FEHUDEH A S 0 R, R T PO A A S
55 . ff ] Design—Expert #{4%F 52 50 25 R ik 47 e 1t
e

LRI

21 H#IEESEE

NS I YIS S S o U R R &
FHAE B AR K R R I RV O R AR
P-Y 155 £ F 200 v/min 30 CHEF#, W [a] [A] Wy BURE
WiE PVA W BER 84k, BRE RN 6 d, &4 3
AR & £ 55— RETE 4 d R P-Y K
FRHE2E PVA IR G FR R dr 4 8 SH-TD, iX
WA G W TAER B S . TR G 8 R R
B3 B B TR A oy B S A, 4 Finley ¥ i (4
Jo  BREUAT B B ) A Vs Z IR RS B B R i B R R
ke, M3 T 3ANEELEANFYLAEE >
a4 o8 SHI,TD5,TD33, K 1 24 TD5 % W IE & ,
DL = R TR A S DR 21 AR, LA 27F (1492R 3@ FH 519
PCR 73 %145 %) H: 16S tDNA 3741, W /5 )5 43 W) £E
NCBI b 47 e X, = #k 4058 53 93l 48 % N A eromonas
sp., Pseudomonas sp.,Acinetobacter sp., X 3 BREEH4
HAGKEW, WE 2,

1 TDS HERERIEHE
Fig. 1 Colonial morphology and transparent circle of TD5

43] Pseudomonas monteilii

Pseudomonas mosselii

100

53" TDS

4gﬂ{ Pseudomonas plecoglossicida
38 Pseudomonas taiwanensis
Pseudomonas putida

Acinetobacter baumannii

100 Acinetobacter beijerinckii

95 Acinetobacter venetianus

100 TD33
Aeromonas hydrophila subsp. proteolytica
Aeromonas hydrophila subsp. ranae
100 Aeromonas hydrophila subsp. anaerogenes
100| || Aeromonas punctata
Aeromonas caviae
Aeromonas aquariorum
Aeromonas hydrophila subsp. dhakensis
63| Aeromonas taiwanensis

5 SH1

B2 3KPVARBENRZLEN
Fig. 2 Phylogenetic tree of three isolated PVA—-degrading bacterium
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22 BEZERXW

TELEBRAIED P-Y T, AR 2R (A AL
RUE A ITCHLAR , P B Fh 2R & /4 0.2
o/L) RFEAREIEXT PVA B R = B R R, s
B LA TR 58 Yeast—Extract . 2 H R4
B W0y e AL A Fh 26 43 iy (NH,).S0, NHLCL
(NH,),HPO, ,CH;COONH, , (NH,),C.0, FF R = 8 |
NHHCO;, HFFP A IR =447, 55 5% 48 h, Wl E &%
AbFE PVA (¥R IE, & 3 AT WL, (NH,),HPO, A
PR

¥ Wi B kg g
IR S R
B3 REREEEX PVA ARSI (48 h)
Fig. 3 Effects of different nitrogen sources on enzyme
activity (48 h)

2.3 Plackett—-Burman 323&

VE 2 15 52 56 I B N=12 1Y Plackett—Burman
ST, X 8 NIRRT H L, 25N Yeast—
Extract, (NH,),HPO,, KH,P0,, K,HPO,,MgS0, - 7H,0,
FeS0,+7H,0,CaCl,-2H,0 ,NaCl, &4~ F E 4347k
-, A BUR K- 1.5 75, MR (E A SR 12 h
JE R TR PVA YRR (%) o SER BT R a5 531 WL
1, FIH Design—Expert #X {4 %} Plackett— Burman
S AP RN T A L2 2, thg 2 T,
Yeast —Extract . (NH,),HPO, .CaCl, -2H,0 #1 KH,PO,
XA PR R 0 AE FEARAE 95% VA b HoAR AN &=
()R] {5 BE BT 95% , [ Bt 2 5 2] 7 308 45 W) 97 T 43
Breek, P2 AT 3 A 2l S0 00 OBk I 3 B i e
DI 4 A8 ERE T KHPO, 5 i A X 25 — 8k |
i H CaCl,-2H,0 A g5 PVA [ fifk () W B % fige ML 2L
K, WILHIE Yeast—Extract . (NH,),HPO, CaCl,-
2H,0 Ry F B A R FEAT T — L
2.4 B8

M5 Plackett—Burman )45 B 8f € T — 4 S 6
() fe BE TC 3 6 4% . 38 3 PB S 56 43 #r A 1, Yeast—
Extract A AL, W Ik 2 ; (NH,),HPO, ,CaCl, - 2H,0
A E ERON, NI, AR R B = AN PR ZE AN R

# 1 Plackett—-Burman 32 38 i% i1 F0 i Bz {&
Table 1 Plackett—-Burman experiment design and its response

Yd/%

1 -1 1 -1 1 1
2 -1 -1 -1 1 -1
3 1 -1 1 1 1
4 1 1 1 -1 -1
5 1 1 =il -1 -1
6 -1 1 1 1 -1
7 1 -1 -1 -1 1
8 -1 -1 -1 -1 -1
9 1 -1 1 1 =1
10 1 1 -1 1 1
11 -1 1 1 -1 1
12 il -1 1 -1 1

1 1 1 -1 -1 27.20
1 -1 1 1 1 25.01
-1 -1 1 -1 1 20.50
1 -1 1 1 -1 25.09
-1 1 1 -1 1 26.36
-1 1 -1 1 1 26.18
1 1 -1 1 1 25.67
-1 -1 - -1 -1 26.26
1 1 -1 -1 -1 21.50
1 -1 -1 1 -1 25.58
1 -1 -1 -1 1 27.58
-1 1 1 1 -1 25.06
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% 2 Plackett-Burman 3£3& F =7k F & H £ 88 45 7

Table 2 Levels of variable and analysis of the main effect for Plackett—Burman

Yeast—Extract

X, (NH,),HPO, 10

X;  CaClL-2H,0 0.01
X,  KHPO, 1

Xs  MgS0,-7TH,0 0.1

Xe  FeSO,-7TH,0 0.01
X,  KHPO, 0.01
X5 NaCl 0.1

1 E A T AT AR A T ) LA BB HoA A I

F s AR AT S, S BT M4
W3, NERART Al R A TR AL T4 8
RS 9 2], LASE 8 251 e S s iy
O S HEAT W S 18T 23T

x3 ECHEXLHEITRER

Table 3 Experimental design and result of ascent

Y east—Extract (NH,),HPO, CaCl,-2H,0 i Ydio
TR IE (L) | TR (L) | By |

1 0.10 10 0.010 35.54
2 0.09 15 0.015 37.29
3 0.08 20 0.020 3843
4 0.07 25 0.025 39.12
5 0.06 30 0.030 41.61
6 0.05 35 0.035 43.25
7 0.04 40 0.040 47.34
8 0.03 45 0.045 53.23
9 0.02 50 0.050 51.21
10 0.01 55 0.055 45.24

25 MEESHEERZENSRAREREKT
251 k@R ERMES R G E5H RIE
Plackett—Burman 5255 i i T 5210 PVA B fiff o 2% B
el g 3 ZE | Box—Behnken 52 55 4% K 25 /K SF L
T4, LB MR WNE S,
#* 4 Box—Behnken 3£38 F =7k F
Table 4 Experimental variables and levels for BB design

A5

m

44 e ElEE

Yeast—Extract it 7 Ji/(g/L) X, 001 003 005
(NH.),HPO, 5 fk e /(g/1) X, 10 45 80
CaCly-2H,0 [ it ¥k B /(g/L) X, 001 0045 0.08

__
X

35 e

p-value>F

0.15 0.020 0 2
15 0.015 0 1
0.015 0.035 3 3
1.5 0.036 4 4
0.15 0.696 6 7
0.015 0.946 3 8
0.015 0.502 0 5
0.15 0.533 0 6

®5 BBIXHEITEER

Table 5 Design and results of BB experiment

SE4e | Yeast—Extract (NH4),HPO, CaCl,-2H,0 Ydi%

Fe5 | e B /(L) | TR Et vk BE/(e/L) | T vk B /(L)
1 0.03 10 0.01 0.525 0
2 0.05 45 0.01 0.630 4
3 0.03 45 0.04 0.797 1
4 0.01 80 0.04 0.563 0
5 0.01 45 0.01 0.674 5
6 0.03 45 0.04 0.798 9
7 0.01 10 0.04 0.570 5
8 0.03 45 0.04 0.789 7
9 0.05 45 0.08 0.630 9
10 0.05 10 0.04 0.515 8
11 0.05 80 0.04 0.515 5
12 0.03 80 0.01 0.550 2
13 0.03 10 0.08 0.513 7
14 0.03 45 0.04 0.799 2
15 0.03 80 0.08 0.540 2
16 0.03 45 0.04 0.785 0
17 0.01 45 0.08 0.592 9

PLYd R e, MR4E5% 5 1 Box— Behnken #
THI LI 45 4, Bl Design—Expert #{4 %} H 45
A7 WAl 53 B A5 S 1 )35 A D

Yd=0.263 25+9.336 51X,+0.013 011X+
5.004 58X:+2.602 86x107X  X,+29.327 86X X+
2.681 63x107*X,X5-190.829 50X >~1.438 32x107X,?
-69.583 9X?

W5 53 6 ] LUE th BEATE a=0.01 7K
- b 1A R — RSP A SO
M) SO A 40 35 Mk S o), RA AT BE A WLk 7, Herp
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SIS BT R2= 0.989 5., 3 WML AT L f %7 BROAREHH
98.95% 5L 56 FIr 15 PVA B R 28k, 22 10 J7 248l Table 7 Fit statistics for the model
BB AV T CV=279 % B, B L5
PR S 28 UL IR 7 B 45 PVA BR324
R T D E AR,

HK R R 0.989 5
x6 BEFENW
Table 6 NOVA for the full quadratic model RIESE Y R? 0976 1
FValue | Pvalue BRI R 22 1 - 7 AR 0.018
- prob> F
i 021 9 7348 <0.000 1 Yd B2 5k R B CVI% 279
& a0 0% oy 252 MAEAMARREAGAR AR
- A0XI07 : : A JPAE! 1
X, 1 31510° 1 a17 0.080 4 J5 A8 53 BT A5 B0 AR A AE T X Ry 32 R R XI\XZ\X;‘ I
XX, 1.33%10° 1 0.042 0.843 1 Yeast—Extract . (NH,),HPO, 1 CaCl,-2H,0 19 it =
XX, 1.69x10° 1 536 0.053 8 FE 5510 0.04 ,48.42 .0.06 /L, 1A 24 h J5 ) PVA
XX, 432x107 1 137x10° 09715 W A i, o 80.84% ., AT A i 32 BN K T f ik
XX, 0.025 1 7796  <0.000 1 FERCHI R TR EE 43 = HEK ,24 h PVA BEff2F- 200
XX, 0.13 1 41538 <0.000 1 79.76% , 5 WM B A KA FT . PVA B fif il i 1% R K
XX, 0.031 1 9722 <0.000 1 P W A 40 2 36 h A,

004 0P :
X, 0.03 o p03 X, 0.01 0.01 0.02 0.02 0.03 0.03 0.04 0.04 0.05 0.05

Yd

31 38 45 52 59 66 73 80
X,

2

4 e Rz TE ST 6 43 A B R 3o R 4 4k B

Fig. 4 Response surface plot and contour plot of central composite experiment
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| 3 = i TR, BIL R B Bos

Behnken % i1 fll Design—Expert X ﬁ‘ﬁ’*ﬁ i o ) 3
W E YL, A5 B A PR R i 8 TR R BRI R B O R 15 B e A R A IR R Oy
PVA1799 41531 A P 5 SH-TD, A rp 4355 1 —F (g/L) 4 :PVA1799 1,Yeast-Extract 0.04, (NH,),HPO,
afi @w o, B4 5 & SH1 (Aeromonas sp.),TD5 48.42 ,KH,PO, 0.02,K,HPO, 1.6,MgSO,-7H,0 0.05,
(Acinetobacter sp.) 1 TD33 (Pseudomonas sp.) . FeSO, -7H,0 0.02,CaCl, -2H,0 0.06,NaCl 0.02;pH
K FH O 37 18T 43 MT %) PVA BB PVA 19 7.5, BGES 24 h 510 PVA R R 4 80.0%., I
RS SRR IEAT AL, 518 H Plackett— Burman — f# 203 5 R 00 4 & BE RS R SEAH L T 17 %
L E H Yeast-Extract, (NH,),HPO, Fl CaCl,-2H,0  PVA BRSBTS KR, ik — 2R 4T T T
hy LS R ZR 5 AR i I A G T 4 S 56 AL 2 RS LA
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