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Dispersion and inhibition effect of oo —amylase combined with D —arginine against multispecies biofilms of
periodontitis—associated pathogenic bacteria
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(1.Department of Endodontics, Hospital of Stomatology, Tianjin Medical University, Tianjin 300070, China; 2.Department of Stomatol—
ogy, Tianjin Hospital, Tianjin 300211, China)

Abstract Objective: To evaluate the dispersion and inhibition effect of a—amylase in combination with D—arginine on periodontal
pathogens and multispecies biofilms. Methods: Minimum biofilm clearance concentration (MBEC) and minimum biofilm inhibitory
concentration (MBIC) of a—amylase and D-arginine against the major periodontal pathogens (Streptococcus gordonii, Fusobacteri—
umnucleatum, and Porphyromonas gingivalis ) were determined by crystalline violet staining. The micro checkerboard dilution method
was applied to determine the concentration of drug combination that was equivalent to the effect of 0.2% chlorhexidine (CHX). Com—
bined with confocal laser scanning microscopelaser (CLSM ), its dispersion and inhibition effect on multispecies biofilms was assessed.
Results: The MBEC and MBIC of ao—amylase were 10 g/L for both single—species biofilm and multispecies biofilm. D—Arginine had
MBEC and MBIC values of 128 mmol/L for single-species biofilm. D—Arginine had MBEC values of 128 mmol/L, and MBIC values
of 256 mmol/L for multispecies biofilm. The dispersion effect of the combined application of 1.0 g/L. a—amylase with 32 mmol/L. D-
arginine and the inhibition effect of 0.5 g/L. aa—amylase with 32 mmol/LL D-arginine were comparable to the effect of 0.2% CHX. In
the dispersion and inhibition study of CLSM assay, the combined application of aa—amylase and D-arginine resulted in the lowest vi—
able bacterial count compared to either agent alone (F=781.3, 362.5, P<0.001), with no statistically significant difference from the
0.2% CHX group (P>0.05). Conclusion: The combination of a—amylase and D—-arginine significantly enhances the dispersion and
inhibition efficacy against multispecies biofilms of periodontal pathogens.
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JZ A R RG-S A= R B, SR, 2 A A AR
A A= W IBEER 58 5 5 0 200 TR 7 A T 24728 S, 1 i H:
B RYFRIBIFHRPTIG FABERAET, S E XS ANA]
HAPVE 22 57 K, 5 S BORRER AT, HoME LS 3 )
ARG, T AR TR T2 A0 TR SCRAT BRI, %o X SRS
AWFIES L DLAE YA S IR TR R G, TEA AL
TR SR 2 TR £ A B A T i, 3 G B DS R 2B A
o—VE T TWE K R AR , RE SR S MK
fiff B ) B A1 SR 6 W 5L 5 (EPS) v 1) Z2 85 1043, I
TR A= W I 45 4 52 B ), EPS th 28
[T JfAh DNA LA N NESE55 22 il o34 i =24 R AR 25
o, T o-TERBHXER T EPS HR AR — T,
KME A4 THIRBEOR LA 2 454 , PRt Bt £ P I B A
PIIERRCRAT B, 5 35 3 1) HoA e o3 19 25 LA 3
S M RSOV o DK Z R A2 — /N AR W
FR A3 S A 0 T B ) 2 R Al A 5
B, 4 EPS IR AR E A AR, NI T4 A )
R PRI ASBIFFE 56 G B Ve AT D—
KR , o B ] LR W EPS v AR L4, B AR
PRVT B BRA Al AR B0 1 S R & A
YRS o i S AM ] T AR HT R R — M B 2 4 i AR
BUAEW G T AW, LI S i 58 55 A W IEAH 56 1Y
R
1 MRE5FEE
1.1 4
1.1.1 SCERFbk ﬁ%%ﬁf*%(&reptococcus gor—
donii, S.gordonii, ATCC10558 ) . BAZ AT T ( Fusoba—
cterium nucleatum , F.nucleatum , ATCC25586 ) Fl1 7 it
W Bbk A 10 B ( Porphyromonas gingivalis , P.gingivalis ,
ATCC33277).
112 FZEGIRGER o T8 EE DA ( L
MR AE MR R A T ), IR0 12 R 7
(BHI AR ARARTAE A ), BHE IR
FeAA (R HE HDPN-11-256 A1) , i i B0 AL (55
Sigma A H] ), fifitR Y (3£ [E ThermoFisherScientific
2w, FAMIOLETT (SEE BECKMAN 24 H]),
Axio—Imager_LSM-800 FIBHOEIL R £ B i35 (CLSM,
Tl R IRZE R o w] ), 1 A A TR e 63070 G (g D
AR R A RN A 2 SR R (Jb i RS
FHECARAH] ).,
1.2 7k
1.2.1  Z5¥pEe]  FH BHI 3537 50K o it i i
B 40 /L BIEERE, K DG 2R BC il i 512 mmol/L
M REVR , 28 0.22 wm I8 M3 0E T 35 5 6 A7 T 4°C
# e

122 LEBWMPE IR S5EHE K S.gordonii JF.
nucleatum F P.gingivalis 75 J5 &R0 T BHI [E{A RS
FIEHHATRE SR, S.gordonii & T T A (5% 0,.85%
N,.10% CO,) 5%, F.nucleatum 1 P.gingivalis ‘& T
JRA(80% N,,20% CO,) I T 37°CHEFR , WAL 7%
TEARIFMIA M LR IR , PR B 75 T BHL RS 57
FErP RS E R 2 0B KT, 3 000 1/min, 5 min
B B, HECH AL 1x107 CFU/mL B B A4
e

123 N5E o-TEWEEA DS ZMR 10 e/ MR T
BRUCE 96 FLH N EESL 48 h BT Fh (S.gordonii | F.
nucleatum F P.gingivalis ) F1 22 B8 Fp A= 9 5 (b A B8
Bl 1:1:1384),48 h J5 PBS il SCu6H 20 5n
A 200 pL AR EE o TER B IR (20 B : 20,10,
5.2.5.1.0.5.0.1 g/L), FHPEXTREZH N 0.29% A&,
BT HRA Ry BHI 5975, g% 3 M EfL. EXE
LIRSS, W o-TEMEECA DAEEIRIA R (A
F.512.256.128.64.32.16.8 .4 mmol/L) , kL1355
30 min J& , % EEE E 30 min, W TR, AEFLN
200 pL 25 SRR IRGL (4 20 min, 28 PBS w5 A0
A 200 WL 95% LT, #HE 5 min. fiz)m T 600 nm
AIAE OD fH. S48t b7, OD {1 fe/ NI 25 1)
) B AP B R Ay e/ INA RS v 2 (MBBEC ) o
1.2.4 5E o—TEREEA D-AS 2R 0 B/ N By A
filHe s A 96 fLtkrh, BFLFEIA 100 WL S.gor-
donii F.nucleatum . P.gingivalis MREREE®R(1:1:
1), BEJESEEA5MA 100 pl AR E a-FER)
i 25 9 (2R :20,10.,5.2.5.1,0.5.0.1 g/L), BHPE
TR R 0.2% SACE , BIPEXTIRAT R BHI Ki 5L,
BB 3 NEFL, HE LAY B o-TEMEHA TR
el DG PRI W (MR :512.256.128.64 .32,
16.8 .4 mmol/L) & 15 9% 48 h Ji7 PBS ik, 44 i 4%
Yo 000 58 4520 AE W IFAE 600 nm AbRY OD . £&58
THA AT, OD B S5 /0N JIr Xof 1 245 Y8 1 e ARG ik 38 By de
/N BRI R B2 (MBIC) o

1.2.5 WA XT Z AR A EIER 4
e 96 FLARHEEST 48 h Z AWM .48 h J5 PBS
VLo SR RO B AR B, D-RS &M B HEIIA
o= VE R NIAHIE NI, 22 % P55 A 32 vt v A0 01l o
A 100 pL 253, BHEEXTIEZH R 0.2% S %, B
PEXTREZHAEFL A BHI 55 37 5L R R A 100 pl.
THEE 3K, ISR AR 600 nm &b
1) OD 18, I3 2 WA A PR bR 38 A W ST B
F=(FPEXT BEZH ODgoo— 5250 2H OD oo )/BA A XoF HR 20
ODigox 100% ., i 3565 PR B 20 (0.2% 8.6 % )i K
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FARIE 2GR GV B T 5% B N PR 25 4 B
IVE RIS BRASCR E T LR .
1.2.6  WHZJHRA X Z WA EDRIEIER  7E 4
e 96 FLA H, A FLAREEFLEINA 100 pL IR A H &
W, B e R A B AR B N 2, DS R K
HEMA , a—VE R BENAHEIA | Fe v BEAA B el o 22
A HIIMAASS 100 WL 253 . FHPEXTRRZH R 0.2% A&
CE, FIPEXT IR R BHI 355 3L f & 4 100
wL, FE B R 48 h 5 PBS Pk, SCEGE A 3K,
T4 B YL 46 A 600 nm AL B OD i, It E %
PAAN A W BB . A P BRI R R = (B M X B2
OD o~ S50 ZH 0D )/BHRT BEZH ODgyx100% ., Fifi it
55 PR X R ZH (0.2% S0 2 ) Il R AT 1Y) 24 4 Bk
BRI S BT WA 2 Bk A B o A
FHHEFT LA
1.2.7  CLSM PPl P 25 505 G 1y X 22 B R A P B
ORI B i wE oY, 7E
RN AN A 1000 pL 4G @ &FR, T
37°C AL P E 1T 5% 48 h, #E 5 Z AP A YA
PR BN R 5 4 (n=3) : a~JENITRFLE . D-AEEERAL |
A 252 (MR : 1 /L a—TER AT 32 mmol/L
DG &R ) PHMEXTIEZH (0.29% A2 5E ) B xT g
H(FHEAIMLT 2 - Vk B P BHI 853738 1/ 3 41
PRAHR B T RS, AN
R 3% 30 min, 20 UG I 4% 20 XF 22 B b A ) S35 4k
A

XoF A W P o) )00 S A 9, E R SR AR R SR L
A 500 WL IRA FEETIFIR, DL R 5 A (n=3):
a-JEM L DK R IR B A FH 25 4 (R %
0.5 g/L a—JEMEEHI 16 mmol/L DAEE R ) . BHIEXS
MR (0.2% FA ) HMEXT R4 (& A AL 21 %% -
Vk %R BHI B55758) o 1 3 2Rk
IR, 7E 37°C REME T HE 3G 48 h, 77
VRSN A5 2H T 2 TR A RS B A IR

W RS HREAR R 3, B EMA 1 mLSYTO-
O/PLIRA YL, ] PBS 0% 2 ¥k, ffi il CLSM W%
B BRI O, B REA K BEL R 3 L
PSS, MEES BN SYTO-9 BIHOE L SR
488/525 nm, PI BP0 & ST R 561/642 nm., v
Image J A EIG A0 = (SO )
1.3 it 4 R SPSS 26.0 i AN A K
WG B 45 R AT b, IEA A i H i 5
Fxzs R, KB ZE ANOVA J5 2500, BRI
FLEE N LSD—t K90 751k, P<0.05 W ERH it

2 R

2.1 a-EH B D-AE RIS B BIR A BORA E
ey o AR R a—TERI X S.gordonii F.nuclea—
tum P.gingivalis X Z PRSP MBEC #1784
10 g/Lo B 0.1 /L AHAh , HApR S 22 o—TERY Y BE
HRER S.gordonii \F.nucleatum . P.gingivalis IEA: ]
b Ak W) S (F=768.1.397.5.282.7 .285.8, ¥ P<0.05,
Kl 1), D-¥SEFRXS S.gordonii . F.nucleatum P.gingi—
valis FMIZBERIEYIIER MBEC ¥4 128 mmol/L. B
4 mmol/L 4141, HARA 4] DK & MR RE A AL
4380 S.gordonii  F.nucleatum F1 P.gingivalis = ¥ 5
(F=502.1.304.9.832.7, ¥4 P<0.05); F& 2 mmol/L £
Hb, HAAS AL DA R MR REA & 2 WA
WK (F=817.7,P<0.05,1K 2).

22 o B DA R IR AT B BR A BORA
JEEGIRAER  o«—JERBEXT S.gordonii  F.nuclea—
tum \P.gingivalis X Z W FRA AP MBIC ¥4
10 ¢/L, U TE ) o=@ B T ] Fonucleatum =
YIE IE i(F=114.1,P<0.05). B& 0.1 o/L 2041,
RAEWIEN o-TER M BEA AV H] S.gordonii P.
gingivali T2 WA A PRI L (F=122.4 .833.1 .
176.9,% P<0.05, 8 3). D-¥ER BN} S.gordonii F.
nucleatum 1 P.gingivalis = %) B B9 MBIC &y 128
mmol/L, X Z WA A PR MBIC 4 256 mmol/L. B
2 mmol/L 44k, HARA WL DK AR BEA 2L
i S. gordonii A1 F.nucleatum =) B ) TE 1l ( F=
162.8.331.3, ¥ P<0.05), Bk 4 mmol/L 041, HAv 4%
WL D-AEZ R REA AN P.gingivalis T2
Tl 2 MR 0T 1 (F=708.5 .824.1, 34 P<0.05, K 4).
23 WBIBEAIN LA AW AR M
X HREH 0.29% 58T 28 XF 2 0 R A 0 FEE 1) 3 B 2
(54.04+0.41)% . AT 3455 HAR STH BRI IRARER 5 H
U N a—TERIEEF(1.0 o/L)F1 D452 R (32 mmol/
L), EBRF N (54.18+0.12)% (£ 1), HE G251
A= Wy RS VR FH S 3 O TR 285 (F=997.8, P<
0.001,1# 5).

24 WAL LA EHEGIFAER  FHE
X B 0.29% S8 78 X 22 0 A 0 JEE 1) 410 o 23 oy
(66.52+0.21) % AT ARAS55 FHAH 24001 32 1) e IRk
A HZWE R o-TEREF(0.5 ¢/L) Al DK &R
(32 mmol/L) , # il % 4 (68.69+0.22)% (£ 2), HEx
A 25 0 A= ) TR )41 o 7 FH S 25 0 T B FH 25
(F=633.9,P<0.001,[& 5).
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Fig.1 Dispersion effect of different concentrations of a—amylase on diverse pathogenic bacterium and multispecies biofilms
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Fig.2 Dispersion effect of different concentrations of D-arginine on diverse pathogenic bacteria and multispecies biofilms
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Fig.3 Inhibition effect of different concentrations of a—amylase on diverse pathogenic bacterium and multispecies biofilms
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Fig.4 Inhibition effect of different concentrations of D-arginine on diverse pathogenic bacteria and multispecies biofilms
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Tab.1 The clearance rate of multispecies biofilms by the combined application of a—amylase and D-arginine ( % )

a-TERIE(o/1)

D-AHZ 2 (mmol/L) 02%ECE
10 5 1 0.5
128 66.81+0.09 67.01+0.03 65.810.15 61.29+0.07 59.81+0.12 54.04£0.41
64 58.11x0.03 57.11+0.09 55.46+0.12 54.62+0.06 54.28+0.03
32 58.37+0.12 56.300.10 55.72+0.12 54.18+0.12 38.390.14
16 44.30+0.06 36.31x0.18 34.33£0.54 29.2020.87 25.98+0.36
8 36.53+0.17 28.62+0.51 25.58+0.21 22.32+0.07 20.50+0.16
4 36.91+0.07 26.72+0.21 20.76+0.07 20.04+0.48 16.23+0.68

R2 o-EMEM D-BEBERA AN SEMEYRMINFE(%)

Tab.2 The inhibitory rate of multispecies biofilms by the combined application of a—amylase and D-arginine ( % )

a-TEHF(e/L)

D422 (mmol/L) 02%%CE
10 5 1 0.5
256 87.37+0.06 86.87£0.08 85.18=0.03 84.37+0.03 84.35+0.06 66.52+0.21
128 83.96:0.06 81.0320.11 80.72+0.03 80.09+0.03 77.74=0.03
64 81.70=0.03 79.35+0.05 78.19+0.03 76.64+0.05 72.39+0.03
32 80.74+0.08 77.00=0.06 76.80+0.19 73.46+0.14 68.69+0.22
16 78.19+0.11 76.06+0.12 74.11x0.03 69.03+0.09 58.75:0.06
8 72.30+0.09 70.51=0.06 37.76£0.22 35.00=0.19 20.81+0.24
A oor B aor »
*
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15+ E 15F
sksk
sksk r
*
Qg 1.0 : ns é 10F
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Fig.5 Dispersion and inhibition effect of multispecies biofilms by selected drug concentrations
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PR 2R Ak FREH 35 AT DA BRTHICEE 53 A1 o 7R3 B E T

559, 5 1.0 /L a—TEHEEZH AT 2 mmol/L D-KE Z FRZH.
AL, P25 A A BRREAS 5 A6 20 B i /D (F=781.3,
P<0.001), H5 02% A e dl kst it2r 255 P>
0.05, & 6) . FEMHITERIFFEH, 5 0.5 o/La—JE K
ZH A 32 mmol/L D—AE R FRALA HL , Wi 25 K& A PR
A S5 T 20 B e /D (F=362.5,P<0.001) , H.50.2%
ACEH M ZERTLI2=E X (P>0.05,1& 6).



T, 5. o-TEMREIE S DRSO T TR S O BHR £ LE WA SR 533

A [P HE 20 o—GEH

PR IR 2H o-TEA T

P21 X 22 TR o A W IS A A

AN o—JEMTEA DK =L

02%HEE

P2 X 22 TR o A W S A 3
D-¥EE R

a-TER AN DRSS R 0.2%FAEE

B 150 15-
§ 10+ E 10f
2 S
X X
b H
i -
sk 2 5t H
0 ’f‘ '—‘ 0 . = ﬁ
\ i
f\& @“ié@ A @% f@ %é@ %@
Q\Q@\B\) < ‘} \3\/
oF “9'@
Xof Z2 TR AR LA 431 Xof Z2 R AR R o 4

1 :A:CLSM B, SYTO-9/PI 48, 200x, FAEAFR AL 50 wm; B 1G4 SR Ge 224007 , Curl : BN BBLH ; 5 BAPEXT FRLE AR 1L, *P<0.05 ; 21

[A] EL 3, ##P<0.001 , ns FRrn Jo2E 57

B 6 ZYEBERNAMNSEMEYERINN CLSM B REFHREHITFEN T

Fig.6 CLSM images of the effect of drug co—application on multispecies biofilms and statistical analysis of viable bacterial counts
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FUR 7s 3 T 4 1 85 4 0 A O 58 B R AE AR 3R
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