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Abstract: Vibrio parahaemolyticus biofilm matrix was used as the target, and cellulase, lipase and protease K were screened and selected
as single enzymes by the crystal violet staining assay using 96-well plates. These single enzymes were combined to form composite enzymes.
On the basis of single factor experiments, response surface methodology was used to optimize the concentration of the combined enzymes. The
inhibitory actions of the combined enzymes against Vibrio parahaemolyticus biofilm on 304 stainless steel were evaluated by the crystal violet
staining assay, colony counting and scanning electron microscopy. The composite enzymes obtained by response surface optimization with 1.00
mg/mL of cellulase, 1.10 mg/mL of lipase and 1.50 pg/mL of protease K exhibited the highest inhibition rate (89.73%). The rate of inhibition for
the composite enzyme against the Vibrio parahaemolyticus biofilm significantly increased compared with the single enzyme, which was
generally in accordance with the predicted value. These results indicated that the model fitted well and the concentration of each enzyme in the
composite enzyme was accurate and feasible. The optimized composite enzymes inhibited effectively the growth of Vibrio parahaemolyticus
biofilm on 304 stainless steel with the inhibition rate as 59.35%. Examinations by scanning electron microscopy also confirmed the inhibitory
effect of the composite enzymes. The composite enzymes can effectively increase the rate of inhibition against biofilm, which provides new
ideas for the degradation and elimination of pathogenic bacterial biofilms.
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Table 2 Experimental data and results

AT A RSN I . R A E A
iz k BT TCAHLL, AWTTE R IR AN kR e —
S BUE A AR A I, (B TR A0 AR

AN k REERERARE, Fit, EAHT ke

WG k REE SR AUA 1.50 mg/mL.

22 HEEERER

221 & EERT 5 SRR I E 5N

Y5 FHEFA)Y(mgmL) BEFEEB)(mgmL) EE 5 KC)(ug/mL) AEITHEIE/%
1 1.50 1.50 2.00 89.27
2 1.50 2.00 1.50 87.25
3 1.00 1.00 2.00 89.36
4 1.00 1.50 1.50 89.13
5 1.50 1.00 2.50 87.94
6 1.50 1.50 2.00 89.32
7 2.00 1.00 2.00 87.86
8 2.00 1.50 2.50 88.00
9 1.50 1.00 1.50 89.32
10 2.00 2.00 2.00 87.16
11 1.00 2.00 2.00 87.70
12 1.00 1.50 2.50 89.21
13 1.50 1.50 2.00 88.89
14 1.50 1.50 2.00 89.09
15 1.50 1.50 2.00 88.98
16 1.50 2.00 2.50 87.86
17 2.00 1.50 1.50 88.10
+3 HENER
Table 3 Analysis of variance
EHR ki AdE ¥y 75 Ae F1h P1h
AR 9.63 9 1.07 34.65 <0.0001
A-F 4 E s 229 1 229 74.13 <0.0001
B-fis Fr g 2.54 1 2.54 82.31 <0.0001
C-Eafsk 0.078 1 0.078 2.53 0.1560
AB 0.23 1 0.23 7.46 0.0293
AC 8.100E-003 1 8.100E-003 0.26 0.6244
BC 0.99 1 0.99 32.05 0.0008
A? 0.35 1 0.35 11.17 0.0124
B’ 272 1 272 88.06 <0.0001
C? 0.19 1 0.19 6.23 0.0413
HKE 0.22 7 0.031
PEDE 0.018 3 0.027 0.80 0.5568
Yhiz % 0.14 4 0.034
Bt 9.85 16
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