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Effects of Acylase Treatment Episodes on Multispecies Biofilm Development
JiWon Lee, So-Yeon Jeong*, and Tae Gwan Kim*
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Acylases can have a significant effect on biofilm formation owing to their quorum quenching activity. In
this study, we investigated the effects of acylase treatment episodes on multispecies biofilm development.
A consortium composed of 9 species belonging to different genera was allowed to form biofilms for 5 days
under various treatment episodes (different treatment periods, 1, 2, 3, or 4 days; and two application tim-
ings, beginning or later) at 1, 5, 10, 20 and 50 mg-1"! acylase concentrations. The acylase treatment for 5 days
showed that acylase concentration was negative with biofilm development (linear regression, Y =-0.05-x +
2.37, p < 0.05, R% = 0.88). Acylase was more effective in reducing biofilm formation when it was applied in the
beginning (vs. in later development stage) at all acylase concentrations (p < 0.05). ANOVA indicated that
treatment period was significant on biofilm formation in both application timings at > 10 mg'I'* (p < 0.05).
Linearity test results showed that all slope values between period and biofilm were negative in both tim-
ings at > 10 mg'I" (p < 0.05, except for the later application at 20 mg-1"). When temporal biofilm dynamics
were monitored at 20 mg'1", biofilms gradually increased with time at all treatment episodes (p < 0.05), and
slope values in linear regression between biofilm and time were lower when acylase was applied in the
beginning (p < 0.05). Our findings suggest the importance of the acylase treatment period and application
timing on biofilm control.
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o] Hm AtY HobolA W EAE YA A FAH &4
< of7|5t7] Y& BELE 24357 Yot Ago] 2
AE ¥ Qloh(5, 6].

AET A2 B AsHY 248 AR T AF 4l
A AA quorum sensing (QS)f T AR QS=
ngEY] FH 52 EPS A4 5 AET 34 F23 ¢
F U7, 8). Aleto] Al 92 FH|st= autoinducer
e ATAdY B4 AZ 2= HEste SAEHY &4
o] £ = =EstH 1o tigt vk o ® fAA HE
o] ZAHTH9, 10]. Tt FHAEY YHoE EF A=
oA Aol AT g7t Matst=d F=2 F4 ol
HEAHQ A4 T sttelth7]. QS B2 IH S«
I FEat ZRolA LAY g AT AG £ Fol
ZF 2 N-acyl homoserine lactones (AHL)S 13 24 9l
A A3}, autoinducing peptide (AIP)= 13+ oAl ol



A ZAgst= Ao2 & gA qloh10, 11].

ATAY B4 £8E 7Ivte 2 EY FA4S JAs
= A7 EdstA JPEL U, 6, 12]. 2T B8-S
Z24357] A% g anti-QS HZF FolA quorum
quenching (QQ) QS T4 AzAY E4& E3listy
AET A4S At AAUSLEN QQ &aE QS—‘S‘—
zdsta aRAA BEY 4 AAE 7HesHA SrH1s,
14]. QQ B4 & AHLO| &89t #HAE e HEZQ &
A+ AHLY lactone ring® ester A¢L E3)sl=
lactonase®} lactone ring} acyl side chain A}6] 2] amide
S Eldh= acylase?t ATH15]. £3] acylase= &9
< A7 93 QQ AT oz N thFst Ao A o] &5
3 SltH12, 16]. dIE &1, A 71ed d2 AREI ¢
+= AEHES-7] (membrane bioreactor)o| A A-E2ro] 2] 3
YA 3= biofouling FA-E 2 A317] Y3 acylases A&
e A7F ohFSHAl A E L QlTh13, 14]. QQ BAE
2] o]&317] HiA = Bl& 2 S} 5 2A7 A2 H
ofok kvl QQe) B A Ag ALS 22U AHHE
ool Tt A77} A&H LR o) Fol Aof k. Acylase]
FEo AR opy et AEY P4 I oA DA of w
2 acylase®] 2] A7|E BT G4 29T FFL 0
2 % 9.

2 AFolAE 959 deziolE AH ALAAL A8
stof acylase?] A2 Al7]|(AHES FA DA W acylase
of &) & A 717H1-4%)o] F A= (multispecies
biofilm) B/l "|X= G FH5FA}. Acylase?] A2
Z2ZAAE Al71 E 717h0l w2t 107H4] episoded HAFR1S}
1 Z} episodeo| A Th3t acylase E%(1, 5, 10, 20,
50 mg 1ol ot A5 P4 5L E45tAT E3, 10
7FA] episodeol| Al AJ7tol| W& A& A EAE F95
%t

Table 1. Bacterial isolates used in this study.
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"}% o5 9 J3Fd
2 dFodA = BT A4S A H5de

deiohe THE ARAUE AHgsteom, 7 ot
thopst 2h4 0 2 HE Bajw|oith(Table 1) [17- 19] 7} vty
globz AHE AZEA 1g1'9 R2A ILAWA(MB cell,
KisanBio Co., Ltd. Korea)oﬂlﬂ & Z2Y AHE 2
Sk, vreelobe] &4 Hokele s S B2US
1 g1 R2A HAujA] o] FZ3 T 30T, 200 rpm R A
A o) 3642 F<E TS 7 o Mg S FF3
7] YA 1 g 19 R2A QA A] 60 mlof vjFH 1 ml&
A% T 30T, 200 rpm ZANA Ho 3647+ St wjok
gto] 9% 9] &4 HFHS g55Ath B E 2 1 media
bottleo]] ZF =4 WiFA-L o] 9% wh|2|otE L4H 2
2A9E Az BE AT 204 F AL UL
AL fleiA ARA Y AR A (dry cell weight)yS
24311 % 0.5 g1'9 AAAY-E 15 ml conical tube®]]
BFato] AR A7HA] 70T RSt ALY BE
Z279 AY 3 Al 5ToA 4A1ZF 30% F<F S Fdto] A

-

AL FFo] JEut FJA] EX

Acylase7} 7+ urelejole] AEat FAof vjRe JeFS B
Astgth ZF ¢4 FR2YE 1 g17"9 R2A AR Ao HF
3+ & 307, 200 rpm RANA | 36A]7} o} njoksly
ot Hj g Slpste] AAEY 3 ATHS AASIL 0.9%
NaCl solutiong o|&3}o] ettt ZF vjekole] 27| v}
olemiAg FASHA s17] 913 AZBAFE St 0%
BE AF FE 05 gl'2 Wil Foth 42T 342 9
3 "% 96 well plate (SPL Life Sciences Co., Litd.,

No. Isolate Source Culture collection Reference
1 Acinetobacter sp. YSO1 Wetland soil KCTC 82588 Noh et al. 2021
2 Bacillus sp. AS03 Activated sludge KCTC 43305 In this study
3 Escherichia coli KCTC? KCTC 2791 Noh et al. 2021
4 Enterobacter sp. YS02 Wetland soil KCTC 82586 Noh et al. 2021
5 Microbacterium sp. NM2 Soil KCTC 29496 Jeong et al. 2018
6 Sphingobium xanthum FBCCP FBCC 500366 In this study
7 Sphingopyxis sp. NM1 Soil KCTC 32429 Jeong et al. 2014
8 Staphylococcus warneri KCTC? KCTC 3340 Noh et al. 2021
9 Xanthomonas translucens FBCCP FBCC 500042 In this study

2 Korean Collection for Type Cultures (KCTC).
b Freshwater Bioresources Culture Collection (FBCC).
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Table 2. Different acylase treatment episodes.

Treatment episode Day 1 Day 2

Day 3 Day 4 Day 5

C

L1 No acylase

L2 No acylase
L3 No acylase

L4 No acylase

B1 Acylase

B2 Acylase

B3 Acylase

B4 Acylase

A

No acylase
Acylase
Acylase
Acylase
Acylase
No acylase
No acylase
No acylase
No acylase
Acylase

Acylase, acylase was added to a final concentration of 1, 5, 10, 20 or 50 mg-I".

No acylase, acylase was not added.

Korea)E AFE3FE 2, well® A A1} =ol= Z+Z 6.9 mm
92} 10.8 mmyth. E2Yo 2K Z} v 100 ulo] acylase
(porcine kidney acylase I, Sigma-Aldrich, USA)E 50 mg1?!
L2 533519 plate wello] 53 & 257, 40 rpm 2A
oA viFstGtt. AcylaseE ESHA] B viFA 100 plE
2202 AFL3IATH 2447 B0 7| & AFE AL A7
5t T A WS 2A57] Yal) acylaseE 50 mg 12 &3
2 SR 2 1 g 1" R2A Wi 100 pl & BF3HH S
48A17F A3 Aol e B4 EAE EAET =
AP 3REOE 35}

of

fln & o

107}#] episodeo]|A] acylase =¥ =T JA EA
Acylase e ZARE A7 L 717e] HE 10744
episode®]| Al acylase =9 (1, 5, 10, 20, 50 mg-1'!) A &9}
B4 B4E BHT. 7I1E 9T 208 ez yun
B4 JAIE el 5= U5 AR5 eH & At
A AFE3F acylase(porcine kidney acylase I, Sigma-
Aldrich) 1, 5, 10, 20, 50 mg1'= A RAF AP A 7|E0 2
Z+z- A9 1,500, 7,500, 15,000, 30,000, 75,000 unit-1'2]
ad A4S vl A2 FA4S Yol HTHeEHN 1]
RAE ALAY 100 plof| acylaseS FEH2 Egste]
= 96 well plateo] 253 & 257, 40 rpm XA A vk
ShlTh 2447 ZHA 02 A viA & wAEH] S8 71 A
2 AAS T 249 wet acylaseE FEHE 23 &
EHA P 111 R2A WA 100 12 BFSHH o
54 ot HIESIF T Acylase HX(1, 5, 10, 20,
50 mg 1ol THE ABY BH EHS BAS] G4 B
A3 9] episode A9 episode C ZIE &34 71 £4
SHchFig. 1. BE AHS OB ST,

[e)

=

4

of\ rlo ofd
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107}A] episodecf|A] A|7to] w2 Y ET P4 EA

Acylase 2= 20 mg1'2 A3} acylase A 274
(A2 Al7] 9 7]17hol Z 107}A] episodeo| A A7k wh
£ 42T 94 S48 BAssT 48 948 9190 3
Zdo2 N n]YE ALA Y 100 plo] acylaseS 20 mg1!
SEE E95te] HAdE 96 well plateo] £33 3 25T,
40 rpm 27O A wj skt 24Xt HA o2 A WA E
LA 7] Bl 71E AL AAT & 249 wet acylase
£ 20 mgl' =2 9 T2 TEEHA] ¢ 1 g 1" R2A Hj
A 100 plE Estglen & 59 S wHES ZE A
2 3RtECo 2 235kt

3
§ @® Episode A
O Episode C
2 4
o
83
()]
o
1 4
0

1 5 10 20 50
Concentration (mg'l'1)

Fig. 1. Biofilm developments under the treatment episodes
A and C with different acylase concentrations. Error bars rep-
resent standard deviation of the mean (n = 3).
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AET F4 B4 #£4517] 93l crystal violet (CV) 4
Aoz YEuE A=stHT20]. 24 AolA BET 3
do] A=Y 4 800 ml A2 11HA plateE &
7HA BEL-E washingdt & E7]& A|A sttt Plated] Zt
wello] 0.1% CV & (Sigma Aldrich) 200 pul& 535 &
25CoA 15& F¢ AE9S AT B¢ 800 ml&
A& 11 v[A| plateE "H7HA Holdle CV &9S
washing?t ¥, plateg F|F ol A 24417 S A=A Z T
ZF wellof] 30% acetic acid &9 (Duksan pure chemicals
Co., Ltd., Korea) 200 pl& #53}3 25Co A 158 <t
CVE &3 A AT UV-1800 240 V £33 = 7| (Shimadzu
Corp., Japan)& ©]-§3}9] 550 nm T4 CV FHE=E
273t5ic.

2 o

g g5o) g 94 54

Acylase?} 2} Hie|2fore] AEd Ao mAl= 3= &
25t tH(Table 3). Acylase 50 mg1'S HHPL o & 9%
9] ghg|g|o} & Acinetobacter, Enterobacter, Sphingobium
359 AEY FAo] AAFHAUTHp < 0.05). Acinetobacter=
24 A7k 73k Aol acylaseo] o3l o= thH] 25.4% Ay
=9 A o] AAE NS, Enterobacter®t Sphingobium-
48A17F AT A Ho] B el 22} 62.7%, 80.8% A gat
FAol A=A
Acylase F=°) 2 JE9 FA E4

Acylase 5%=(1, 5, 10, 20, 50 mg'1™")ol| T2 YE9} FA4

54 24T (Fig 1). 2L o2H 5Y 5 acylase

Table 3. Characteristics of bacterial isolates used in this study.
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= A5k && %A (episode C)oA BAE AE4te] OD
B 2.37(2.12-2.66)0] ¢t} ZF S =R acylaseS 5
59k A3 27 (episode A)olA FAE HELLS 1 mgl?
acylase SZ A OD Zk 2.68, 5 mgl! HZoA 2.19,
10 mg 1t EE oA 1.75, 20 mg1! EE oA 0.86, 50 mg1t i
Lol 0.110]%{t}. Acylase 5=7F F7Hd4-5 Y& 34
L A= UH(Y = -0.05-x + 2.37, R? = 0.88, p < 0.05).

107}4] episodec]|A] acylase 59 AET JA EA4

Acylase A2 279 & 107}A4] episodeo]A] acylase &
T(1, 5, 10, 20, 50 mg 1o W2 5T A EHE 24
5} ¢ th(Fig. 2, Table 3). AcylaseE 59 ot A3 =4
(episode A)Y} A 2|8HA] & =7 (episode C)ollA FAH A
Bt aeylase 5 mgl! 03} HE oA FAQl 2}po]E el
WA &2 ¥t (p > 0.05) 10 mg 1" 0] 49| acylase A ]
2G4 BED P42 AR = AP < 0.05). FEIL FA
A2 A O A acylaseE A 2| g F--(B1-B4)= =0l
FAE ol acylases A 2T Z--(L1-La)el HlsjA H&E
o Aol o anpyoer A HrhL1-L4 vs. B1-B4,
p <0.05). Acylase 5= 1 mg1'2 A3t L1-L49} B1-B4
ZANA FAE AET OD BAHS 42 2.87, 2.05%
th. AcylaseZ 5 mg 1! X 2gt L1-L49} B1-B4 AN A &
A" AETO OD BH#HS ZH2F 2.90, 1.89 P21 acylase
£ 10 mg1'2 A3t L1-L49} B1-B4 RANA FAE A
E79] OD H#42 42 2.59, 1.710]9th. Acylase s=7}
20 mg'1" ¥ o L1-L49} B1-B4 2 A g4 BEL]
OD HA4FL 247 240, 1.19992H acylase =7}
50 mg1" & 1 L1-L4¢} B1-B4 27AA FA4H B9t
OD B2 Z+Z 1.60, 0.44% T}

Z} acylase = E HEY FA A2 @A o) acylaseE

No. Genus Phylum Colony growth on R2A agar AHL signal? Acylas;e
Color Shape effect

1 Acinetobacter Proteobacteria Cream Irregular Yes [23] Yes

2 Bacillus Firmicutes Greyish white Irregular No No

3 Escherichia Proteobacteria Cream Circular Yes [24] No

4 Enterobacter Proteobacteria Cream Irregular Yes [24] Yes

5 Microbacterium Actinobacteria Light yellow Irregular No No

6 Sphingobium Proteobacteria Yellow Circular Yes [26] Yes

7 Sphingopyxis Proteobacteria Yellow Circular Yes [26] No

8 Staphylococcus Firmicutes Cream Circular No No

9 Xanthomonas Proteobacteria Light yellow Irregular Yes [25] No

2 It has been known to sense the N-acyl homoserine lactones (AHL) molecules.
b Effect of 50 mg-l” acylase on biofilm development in this study. Yes, biofilm inhibition (p < 0.05).
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Fig. 2. Biofilm developments under different acylase treatment episodes. (a) 1 mgI" acylase; (b) 5 mg-™" acylase; (c) 10 mg-I"
acylase; (d) 20 mg-|" acylase; and (e) 50 mg-I"" acylase. Error bars represent standard deviation of the mean (n = 3). Treatment episodes

were described in Table 2.

e 842 B 2ALI-LYT acylaseS 2|3 24 (B1-
B4)o| Al acylase 2] 7|7t BE9 A4 Aol AF 3
BxS 433} th(Table 4). Acylase ¥% 5 mgl! o]3}
L1-L4¥} B1-B4 2 E XA A acylase®] Az 7]7te] F7}
o= Est e P2 AAEHA Fkthe > 0.05).
Acylase ¥ = 10 mg1! 0|49 L1-L49} B1-B4 2 E =4
o Al acylase®] | 7]7to] F7tete] wtet a9 A4S
A =] A th(acylase 20 mg1" 9] B1-B4 27 A 9]). £3],
acylase 327} 10 mg- 1) A 50 mg 1182 &7} 42 Li-
L4 27 A acylase®] A& 7]7to] F7tstd HET B4
2 F435HA A = 3 th(slope value, -0.120] 4 -0.622 3
42). ANOVA Z3}o| W= acylased] A7 Al7|(FE9 3
4 dAC TWE acylased] A z)of AHQlol acylase
10 mg 1™ o4 FEoA] acylase?] A 7|7he A& F4
of fogt F3FZ UHTG (@ < 0.05).

http://dx.doi.org/10.48022/mbl.2208.08015

107}4] episodedl|A] A|7be]| w2 JET 4 E4
Acylase 20 mg1'E ©]-8-5}%] 107}7] episodec]A] A|Zte]
o0& AEY 4 54 £ H(Fig. 3). 107HA] 2&
2 A e Az et S718HETHp < 0.05). AJZE
o] Zag] W} episode C2} episode AAl A& OD 3t
© 7}7F 1.129)A] 2.80, 0.820)14 2.457FA] Z7Fgch. Lio]A
9] OD 32 1.039] 4] 3.15, L22] OD #t2 1.03¢]A] 2.98,
L39] OD 72 1.1090A4 3.02, L42] OD k2 1.169A] 3.05
7HA] F7FgTh. B1oj| A 9] Ajzte] whE A& OD g 0.89
o A 2.50, B29] OD Ft2 0.939] 4 1.91, B3¢ OD Z2
0.97°]4 2.01, B42] OD Zt2 0.920]4 2.177HA] Z7}13itt.
Z} episodeo| A Bl AJZEI} AEH FA Afolo A 3
A BHE £3P% T, Z4Z9] slope valueS EA3IATH
(Fig. 4). Episode C%} A9] slope value= 2% 0.42% T}
L1-L43} B1-B4 270 A 9] B slope value= 22} 0.48
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Table 4. Linearity test results between biofilm development and acylase treatment period (Fig. 2). The symbol * indicates statis-
tical significance (p < 0.05). Treatment episodes were described in Table 2.

R2

Concentration (mg-I™) Treatment a b p value
L1-L4 -0.0336 2.9493* 0.1337
1 p < 0.05
B1-B4 0.0155 2.0093* 0.0324
L1-L4 -0.0293 2.9747% 0.0663
5 p < 0.05
B1-B4 -0.0288 1.9613* 0.0742
L1-L4 -0.1179* 2.8880* 0.6205
10 p < 0.05
B1-B4 -0.2749* 2.3987* 0.9411
L1-L4 -0.1835*% 2.8573*% 0.6465
20 p < 0.05
B1-B4 -0.1155 1.4747% 0.2189
L1-L4 -0.6205* 3.1507* 0.9482
50 p < 0.05
B1-B4 -0.1109* 0.7160* 0.6646
4
(@) (b)
0
() (d)
[ )
2 ]
0
(e) ®)
o
8
a 2 [
O °
0
9 (h)
2 ]
t/o/'/./. ¢
0 — ,
(i) 1)
?] /.
0 : : : : :
1 2 4 5 1 2 4 5
Day

Fig. 3. Temporal biofilm variation at each acylase treatment episode. (a) C episode; (b) L1; (c) L2; (d) L3; (e) L4; (f) B1; (g) B2; (h) B3;
(i) B4; and (j) A. Temporal biofilm dynamics were monitored at an acylase concentration of 20 mg-I". Error bars represent standard devi-

ation of the mean (n = 3).
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Fig. 4. A slope value in linear relationship between biofilm

development and time under the acylase treatment epi-
sodes (Fig. 3).

o 0.300.2 A9 FA A2 DA )M acylased] 2= Al
2ol W& A= 7 " A sHAthp < 0.05).

2 Ao et S o FH A 225t 771
S
bacteria) 2 24| 6% 9] I3 S/ 3% 19 FH+S
Aestol ALE 3519t (Table 3). 0|52 TF ES. &
&R T ogE FHoA FE8L ASS €+ U
s &0, e e EUY nBELHNA Acinetobacter,
Enterobacter, Staphylococcus7} 3Z3}1 glglon, EA4&
YR | EZA A Acinetobacter, Bacillus, Enterobacter,
Sphingopyxis7} &&st= A7 B ETH21, 22].

2 Aol AREE TRZAAL AP 65Y &
(genus)2 AEZAY EZQ N-acyl homoserine lactones
(AHLyZ #AE 4= Qlvpar Bd vf §lr}[23-26]. & dA
Zito] wWEW 6FY AFSAT F acylaseo] 93|
Acinetobacter, Enterobacter, Sphingobium 3%9] AJ&Edt
F4o] dAH UG p < 0.05). o] & T3l 3FY = FA
2 AHLO] ¢J3t quorum sensing (QS)S £33 2 A HUS
RAolgt FZHr}. Acylase 50 mg1tof ot AE FA4
A Bite A AR F 48417 o|Hof 7HE A YErs
o o]% 72, 9647 AT} Ao acylaseol| o3t A= B
4 AA 53t= FAs Tt ddF AEY FA A=
acylase®] @2 thFst 37 2o wet b 4= gl
o o]Fo] thE T TE A4 FAHE = A=A
9] acylase Y2 & o2 S Uetd 4 Qo

Acylase®] A& Al7] & 7|7ke] 2 107}A] episode®] A]

http://dx.doi.org/10.48022/mbl.2208.08015

t}okst acylase B%E(1, 5, 10, 20, 50 mg-1Y)o] wha} o A
B g4 SAS BASIT 4 =R acylases 5Y
ot A8t A (episode A A acylase?] HE7} 1 mg1'9
A 50 mg'7HA] Z7ael wiek 4B 4L oA s g0
o (Y = -0.05-x + 2.37, R? = 0.88, slope value, p < 0.05),
acylaseE A 2|5}x] ¢F2 X4 (episode C)o A BET 4
2 FHOR A WA GITh(Y =-0.01 x + 2.46, R* =
0.10, p > 0.05). Acylase 5 mg-1! 0|3} F=oA AHE}S
FHo 2 AR @2 Qo (episode A vs. episode C,
p>0.05) acylase 10 mg-1! o]} FZo A AEd 42 o
A= AcHp < 0.05). Acylase 10, 20, 50 mg-1*! 2] F=of A
RNEY YL g2 v 22 33%, 59%, 95% A= 3
ThFig. 1). o2 A+ Ao GE2W 5 mgl' acylase:
Aeromonas®}t Pseudomonas©l] && AA = AETS
270 mg 1ol vlal 2+ 60%2t 73% FHAAFTH12].
02 dtdAe 5T QAT & ME acylases
15 mg 1t B 150 mg1! E¢3F & 1A17F B 22417 5
G AELS FAHA A 2 i Y BEL FA
o] ZtZ} 10%2}F 40% A H Ach27]. Tt 8= Foll ¢
AT YL AYE FE Y 21 T A9 #FHaQ
o whel W3S ATt acylase= T F 9T =29 F
AR bt T AT F4E BHHOR AT 5 9
s eg,

RE acylase %(1, 5, 10, 20, 50 mg- 1o A &9 §
4 A& A ol acylaseE A 23 - -(B1-B)= B=2o]
BE Fol| acylases Aotz B (L1-LoyEct =2 3
o] © A A= YCHLI-L4 vs. B1-B4, p < 0.05). T}2
A7 Ae] wEW Zof W] HEYWS FAsHe
Streptococcus mutans®] chitosans AP o AEL §
A DA et e A a37F h2A Welbgth28]. A
E9 g4 27] DANA chitosans AT H-¢ HE2o]
43| AAE v BET FAo] IPYH Fol= o =

2 29k 71 4 Azbo] L7 HdIckzs). ANHO R 4B
so] Eelo] BT 42 W Hud F2AS Y4t
wA 95 2o] et Aol EolA7] o] Yt g
He AR SN AR FY A BN B
& 285 Aol ©% ARAY Rolt thE AEY §4

A& A A acylase®] *E]& active colonizer E+
stimulator®] 9&-& = 54 T 2T A AT
2= Qloha E=Hr) Acylase’b TFE (multispecies)d] A& A
g 4oy 259 A2 AE 5ol vAle 9FE 15
JAAL 27HHe A7t B ashy BuEn 7 e
acylase®] A2 A]7](L1-L4 T B1-B4)oA] acylase] %]
2] 7|7ko] A& Aol vl = FFS +4 5 th(Fig. 2
and Table 4). Acylase 5 mg1! 0|3} HL oA acylased]



2] Al7]e AEglol Ag 7|7ko] Srste = ELstal A&
o P AAHA gAdthe > 0.05). t+F BEL FES
AA517] YA E ol A 0|49 acylase F=7F &
= 5 mgl?! o]ate] st Al 7|7EETH A A acylase
o] A2l A717F e B4 A o afFYdS & 5 A
t}. BhH O acylase 10 mgl! oJA == BE L1-L49}
B1-B4 ZA 9 A acylase?] X g 7]|7to] Z7}3t ol wat A
E9 A2 JA = AP < 0.05, 20 mg 1" B1-B4 A 9).
Acylase FE=7F ®OoHPd4E(10 mg 1o A 50 mgl'C2 F
7h L1-L4 2794 acylase®] A2 7|7to] wheh a1 3
AL FZ35HA A = ATt Acylase 10 mg1! 0]AY] H&
+ acylase®] 2] A|7]8#5 ob et A2 7|7t AEY F
4 AR Fagh QQoR A8 Y5S &+ Ut &
g, oju] Eute] FAH T acylase?] FEL A2 7]
& F7H7IE 2 o2 AEY A4S dAT 5= s
< BYFQrh B Ao+ 50 mgl'Y BEE gRF
v A2 A 95%7HA] AAAZ] ALE Hot acylase
7t A s=o TEstH e A4 AA 2t A
o =g¥ oz moHEHg ¢ A Zio =l
borosilicate glass EHO|A A= Aeromonase] =L
5 mg119 acylase X oA hZZ(0 mgl!) tjr] HET
Aol 15% TAEAoH 6 mgl'oA 36%7F 74gh HHd
of I o]AY FEAA= ¢ ol e A axrt et
U] ekokth12]. 5Y3% borosilicate glass FEH A
Pseudomonas©l| & FAE MELL 11 mg119 acylase
FEoA 2 tiv] BEY FAo] 23% JAEHALeH 1
o] FEoAE= T ol JA| ATt yEtA] §skth
[12]. o]¢} Zro| theket 2 S o what e 4 o
AE A% A Y acylase F=7F tt=A Ued T wEbA
A% acylase 5% 274 #HAE =29 I =24
= $I3 acylase®] A& AHE AgE AAE = & A
olt}.

Acylase 20 mg1'E ©]-85}%] 107}7] episodec]A] A|Zto]
02 e 4 545 £45Ath(Fig. 3). 10714 EE
episodeo| A AET saturation$lo] 5Y Ft Al7kol| whet
7182 (p < 0.05), acylase®] A Al7]= HELS] F
7HEEE 2ET 5 SS AR vk Al A E
9 g4 Abele AF 3] 4 Aol A slope ghs Bl L3
B AE9 4 A& A o acylaseE A2 e Z-*(B1-
B4)7} BET B4 & DA A acylaseF A2t 4--(L1-
La)o] ®l3 © 22 k& UeEdth(B1-B4 vs. L1-14,
p<0.05). o] = AET FA A DdANA acylase] A
= Azl 2 AE9Y A F7E HUA # £ deS
ojuj gttt &ASHA A EHFS-7] (membrane bioreactor)ol]
acylaseE A2t ¢ Eojute] 9 e o] aglon He

Effects of Acylase on Multispecies Biofilm 555

ok Apol o] g F7H7h A AEE Ayt EaE Q13
Acylaseo] 9J3F AHL®Q] quorum quenching®] & &]u}o]
biofoulings AAE 4 Stk BuEgom © toprt
acylase®] 2] Al7]o| wet HEdro] F7tHE &8 23
T4 Aot oL 5839 AlAH 90| 7HeE Aot

2 AT A acylased] A Al7|(BET B4 dA A o
£ acylase®] A2])= acylase &= A#glo] A= 4
o] H3L nFHchB1-B4 vs. L1-L4, p < 0.05). HFHo
acylase®] A2 717-& 10 mg 1! olike] FEoIAH HET 3
ol G v Hh AET FA4 AZF dA A acylases
At JELS o Aoz A = A|qt ofn] A
Edto] FAEH Zo|= acylased] ==& A 7|7+ 7}
AZIE g gAo] JA =t AT acylase 5= 9]
3t ST AEY SR 3 24 wet HEL F
4 IAE A HFH 9 st AT Aojgt FEH 2
Aol A= acylased] A Al7] 9 7|7t b A=
o T3 FFE UL Y5 A A

(@] OF
4 =

Quorum quenching A4S YEH= acylase 4= A&
o FAol gt FFE vtk £ AFoA = acylase A
2] ZZ(acylase A Al7] L 7|7ho] oF AEL
(multispecies biofilm) FAJol m]X]= F&FS FHIIATE A
2 OE $(genus)oll &3t 959 vy glotz A" AL
A& AHES8He] acylase A2 279 wE 107HA] episode
of| A k3t acylase E%=(1, 5, 10, 20, 50 mg-1'M)o] whz}
59 B¢ AELS FHAAHY. 4 s=EE 59 ¢
acylaseg A 2gt 27 A acylased] F=7} F7Feel ot
AET AL oA EQich(linear regression, Y = -0.05-x +
2.37, p < 0.05, R? = 0.88). L E acylase 5= ZZ A
acylaseE A E2to] FAE Fof A g H-L1-La)o] H]
A BET F4 AR DA A2d % ¢-(B1-B4) BETL
FPAol o Ao R AR EtHp < 0.05). ANOVA A1}
o] W2 acylase 10 mg-1"! o] =0 A acylase & 7]
ZF(period)y acylase #|2] A]7](application timings, beginning
or later)ol] Adglo] A& F4ol FF= vFTHp < 0.05).
7t =4 A9 A7|(L1-L4 B B1-BayollA A 7|7tz
AET F4 AtolY A3 39 £4 Ao EH acylase
10 mg 1! o] FE=o)A] acylase A2 7]7ko] F7Fste] whet
RBET P2 AA = Athp < 0.05, 20 mg1! FE= 9| L1-L4
A Q). Alztel| wE FEY A Ao = 2E 107H4]
episodeo| Al BETE A7t wet HA} F7HPem(p <
0.05), Wi A7tk AT F4 Atolo] A7 3 £4 7%
7] #& acylaseE = B4 A2 dA A2 o ¢
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A deEbthp < 0.05). & AF 2= 2% F4 94
o] I3t acylase®] A A]7] D 7|7Fe] 2 QAL A AL}
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