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[Abstract] Objective To investigate the mechanisms by which D-methionine (D-Met) eradicates Porphyromonas
gingiwalis biofilms by suppressing cyclic dimeric GMP (c-di-GMP) levels. Methods Cell viability, minimum inhibitory
concentration (MIC) and minimum bactericidal concentration (MBC) were measured to determine the effective concentra-
tions of D-Met, which were subsequently used in the following experiments. During the P. gingivalis biofilm formation
inhibition experiment and the mature biofilm disassembly experiment, biofilm biomass, exopolysaccharide (EPS), biofilm
morphology, integrity of the cell membrane, and the level of ¢c-di-GMP were determined. Results D-Met < 40 mmol/L
was biocompatible. During the biofilm formation inhibition and mature biofilm disassembly experiments, D-Met = 20
mmol/L. decreased the biofilm biomass and the production of EPS. SEM analysis showed that the extracellular matrix

and bacterial density were drastically reduced by D-Met = 20 mmol/L. TEM detection showed that 35 mmol/L. D-Met

[¥eFs BHI] 2021-11-15; [f&EBHA] 2021-12-07

[BE&TE) BEAARAIESIE (81571007) 5 7% M8 RHEIT I H (20200404108YY )

(#EE®IA ] W, B0, W1, Email : dentistxll@163.com ; JF 51 55 —F & . SR &L &, BRI, Wi -1, Email : 731439742@qq.com
[BEEE] H4eit, 2042, 1, Email : mengwy@jlu.edu.cn , Tel : 86-431-88796025




b

O EFRE 2022F58 #3055 H£5H

Journal of Prevention and Treatment for Stomatological Diseases, May 2022, Vol.30 No.5 http://www.kqjbfz.com

- 315 -

ruptured the cell membrane during biofilm formation and increased the permeability of the cell membrane in the disas-
sembly phase of mature biofilms. C-di-GMP levels decreased with increasing concentrations of D-Met in a concentration-

dependent manner. Conclusion D-Met = 20 mmol/L could eradicate P. gingivalis biofilms by suppressing c-di-GMP

levels.

[Key words] biofilm; Porphyromonas gingivalis; D-Methionine; cyclic diguanosine monophosphate; periodon-

titis;  peri-implantitis;  exopolysaccharide; cell membrane;
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a: cytotoxicity of the D-Met to L929 cells, measured at OD 450 nm; b: effects of D-Met on bacterial growth and MICs of P. gingivalis, mea-

sured at OD 600 nm; c: effects of D-Met on bacterial colonies growing on the BHI agar plate with D-Met. *: vs. control group, P < 0.05

Cytotoxicity of different concentrations of D-Met to L929 cells and P. gingivalis
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a: effects of D-Met on inhibiting biofilm formation; b: effects of D-Met on disassembling mature biofilm; ¢: standard curve of glucose; d:

effects of D-Met on EPS production during biofilm formation; e: effects of D-Met on eradicating EPS in mature biofilm; *P < 0.05; EPS:

exopolysaccharide; D-Met: D-Methionine
Figure 2 Effects of different concentrations of D-Met on inhibiting biofilm formation and disassembling mature biofilm of

P. gingivalis
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Inhibition Disassembly

1,35 mmol/L D-Met {7 4t i B 24, 248 o v 1) P9 25
)38 o 20 PR %) S LS 5 TR A A A
fif Sy v | 35 mmol/L D-Met 2H P 40 il N 25 W0 e
R S 241 L P G e R % I RS a7 M X, R i
@R AN AT, WLIE 4,
2.5 D-Met & F #Relobk 0 £ M IE A c-di-GMP
3% vR)

&l 5a A c-di-GMP BYRIE RN 2k 5 764 W BSOE i
il S50 B A E W R S g, ST IR AR EE, D
-Met = 20 mmol/L s} 7] BF i AR AE WL c-di-GMP
F) i (P < 0.05) , H BRI, WL Sbeo

303 g

ANGEN-RE N e S E L PR T S P
A, B0A5 2 R RSP TR 147 5 8 R e A A A B 2
FREY . BN 50 FH S, R R
AR~ A0 A PR R, S B A LA ) L 45 4
BEIR W T AT 2 B A I S A 2
LA TGS 0 B 1146 2 1 P LA B 240 B T ) 7 A J
VRS QRS 2 W kR I R 7/ K X & 5 e SRS QU KT S
USHEAIUEEE7/ I S

8 40 B PN R B9 LA 0, D- %3 R R AE X
DUk A A= Wy 7 1 55 4 e 25 A AR o X )
D-28 3Kl A0 3 B AR 3 3l kA IR
3B, T ER) i S R T A 2B R OE
BRI, DL 2 B R TR A SRR IS I A R 3

a: effects of D-Met on inhibiting biofilm formation, the
biofilm of the control group was dense and multilayer,
g and the extracellular matrix formed a network struc-
; ture, the density of bacteria in 20, 25 and 30 mmol/L
¢ groups decreased, and the bacteria were connected
B through sparse extracellular matrix, the integrity of bio-
film in 35 mmol/L group completely disappeared and
¥ the cell membrane ruptured; b: effects of D-Met on dis-
assembling mature biofilm; the density of biofilm de-
creased with the increase of d-met concentration; espe-
cially in the 35 mmol/L group, the extracellular matrix
was completely lost, the cell surface became smoother,
and there were no visible extracellular appendages. D-
Met: D-Methionine

~ Figure 3  Effects of different concentrations of D-
Met on biofilm morphology of P. gingivalis were

observed under scanning electron microscope
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a: bacterial cells in the control group (X 50 k); b: bacterial cells in the control group (X 100 k); c: bacterial cells in 35 mmol/L of D-Met in

mature biofilm disassembly experiment, the arrows indicated intracellular contents overflowing through the perforation on the cell membrane

(X 50 k); d: bacterial cells in 35 mmol/L of D-Met in biofilm inhibition experiment, the arrows indicated the intracellular contents overflowing

through the perforation on the cell membrane (X 100 k); e: bacterial cells in 35 mmol/L of D-Met in mature biofilm disassembly experiment,

the massive intracellular staining (X 50 k); f: bacterial cells in 35 mmol/L. of D-Met in mature biofilm disassembly experiment, the massive

intracellular staining (X 100 k); D-Met: D-Methionine

Figure 4  Effects of D-Met on the integrity of cell membrane in biofilm was observed under transmission electron microscope
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a: standard curve of c-di-GMP; b: HPLC chromatogram of 5
nmol/mL of standard c-di-GMP, the values of S represented
the peak area under the main peak between the two triangles;
¢: HPLC chromatogram of 30 mmol/L of D-Met during inhibi-
tion; d: effects of D-Met on the c-di-GMP level in biofilm inhi-
bition experiment; e: effects of D-Met on the c-di-GMP level
in mature biofilm disassembly experiment. *P < 0.05, vs. con-
trol group; D-Met: D-Methionine; c-di-GMP: cyclic diguano-
sine monophosphate

Figure 5 Effects of different concentrations of D-Met
on the c-di-GMP level in the biofilm of P. gingivalis
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