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Effects of mesoporous bioactive glass on the composition

and function of dental plaque biofilm
Chen Yu,Wang Yufei,Zhang Linglin
(State Key Laboratory of Oral Diseases , National Clinical Research Center for Oral Diseases , Department of Conserva-

tive Dentistry and Endodontics , West China Hospital of Stomatology , Sichuan University)
[ Abstract] Objective : The composition and function of dental plaque biofilm are susceptible to alterations , potentially leading to vari-
ous oral diseases. Although mesoporous bioactive glass(MBG) has been widely used, how it affects the microbial composition and bio-
logical function of dental plaque biofilm remains unclear. This study aims to investigate the effects of MBG on the composition and bio-
logical function of viable bacteria in dental plaque in vitro. Methods : At first, MBG was synthesized and characterized. Subsequently,
the MBG was applied to dental plaque biofilm in vitro for a short term. The impact on biofilm biomass was assessed through colony—
forming unit(CFU) counting. MBG—treated samples were collected for metatranscriptomic analyses of species composition and differen-
tially expressed genes. Finally, reverse transcription quantitative polymerase chain reaction (RT-qPCR) was performed to validate the
expression of core DEGs. Results : The results of CFU counting showed that short—term MBG treatment reduced dental plaque biofilm
biomass in vitro by 44.25 %. The results of metatranscriptomics showed that MBG significantly changed the species composition of den-
tal plaque biofilm, where commensal Sireptococci and Klebsiella were predominant. The function of carbohydrate metabolism was up—

regulated, and the up—regulated genes were mainly enriched in the tricarboxylic acid (TCA) cycle. The results of RT-qPCR showed
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MBG FF & T — R L, AL REGERE % 28 -1 28
B A=) A5 S R e s O S K T Y
PURIVER . 4RI, MBG AE g —M i AR 2 By 1
JEEAA R, RT3 Wi 11 Js 2F TR 35 A 0 B 4 R K D) RE T
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FIVER, PE—25 2R FH 225 SR 41 2# B AR 43 MBG X {4
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1.1 KA

TS BESE = SR (3 E P ) L R S e (BThE
T ED EZUK(BIRLT, ) R LR (BTRL T, A ) LY
KR AS (BHEE , v ) F T MBG B4 . S0 % FHAK ¥ A
BT 7K (distilled deionized water, DDW) . SHI %5 3% 3 H T
il 8 A TR BE AR AT AR B 72 4 BB IR W (RS Z TR AL
H & 10 o/ L FREE FUIR .5 of LB % 25 1% (BD Difco, 55
) .5 o/ LEERHE B (Oxoid, BE[E ) |5 o/LEHE, 2.5 o/ 544k
B 2.5 of LR 11 (Sigma—Aldrich, 25 ) . 174 mg/L K &2
60 mg/L JR & . 10 mg/L. N— Z, Bt W BE /12 (Sigma-Aldrich, &
[E) .5 mg/LEALMAT K |1 mg/L 24 28 KO R g, i) Fn
50 mL/L 1L (D128, Fh ) o SHIS T 5 B BEAT AR 2R R A
KigR W AE SHIEE IR B h FEARAMINA 0.5% JEM . i — 015 1%
FEHE(Oxoid, B [H ) ; BiAR (BioFroxx , 75 ) M 2F 1L - 1L A
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1.2 MBG #4 &5 £ 4E

MBG B il % 2% I 8 R B Zhou L A5 iRFL W Bh i
W BT . 452,80 g ki = HUAEWAL 2 (cetyl trimethy]
ammonium bromide, CTAB) % fi# £ 132 mL DDW 1, 7£ 35 °C
M 30 min 2 CTAB S8 & i, ARG A 40 mL 21 21
(ethyl acetate, EA) 14} 30 min, FEATA 1 mol/L 27K 28 mL,
PEHEIR AW 15 min J5 A 14.40 mL B B2 £ 6 (tetraethyl
orthosilicate, TEOS) , I 4% 224 ££ 30 min, &5 A 6.52 ryu
IKAE R 5 (calcium nitrate, CN) , FiEFE 4 h ZIFREFL A QK
Ko 110 000 r/min #5.00 15 min YA KA BORL , ] DDW #0178
K CBERE R R 3 U WA I DLTEY) X 60 "CF T4 12 h, IF
BRI AR , L 2 °C/min B HI0ARGHE AR 2 700 °C JBebE 3 h,
VL EBRA LY SRR E:

i FH 1 4 B F 1 6L 8% (scanning electron microscope,
SEM, SU3500, Hitachi, H 7<) #1341 H, 7 . 73 5% (transmis-
sion electron microscope, TEM , JEM-2100F, JEOL, H 4% ) Wi %%
MBG 8 30O TE 5t , fifi FH 8 315 1Y (energy dispersive spectrom-
eter, EDS, Aztec X—Max20, Oxford , % [E ) 437 MBG G Z 41
B AR . IR, UGS B MBG B AR 73 T 1 mL G
K CEE AL IR T min JFIR A ASRR, H AR TS 7EH
FMME 4, AR SRS 10 e . JE BRI R 15 kV B A
BN SEM R KIS, BEALEL I 3 A MLEFHE4T EDS £
GEHT, RAERT ] 60 s 7RI AL IR 200 kV Z& AR T, i H]
TEM RAEEME, B4 HERN 0.24 nm, 243 HE3N 0.14 nm.

H 50 mg MBG Ky AR A AT S, 16 80 CHLZS ZRAF T
6 h DL BR R T W . 8 T4 A 3l b 2w AR B A
(brunauer—-emmett—teller, BET, MicroActive for ASAP 2460,
Micro, 2& [E ) il 7€ MBG 4 4 FL 45 #4) | b 3 1 AR K FL AR .
BET 3 76 AU -196 “C TR HEAT , AHXS 3 (P/P° )5 Rl
0.005~1.000, FLA= 735 R BIH #3157
1.3 ARSI F o 52 2 Ay BEBEAD 6933 Ik MBG 4L 22 55 14 52+ dik

RBENFWBE, T4 3 A W REURAF R, B4 5 01 22~
24 2 1 (it e D A B A (22 I 1 DR 2 A8 Y 11 s s B A B 2
BLEx i A 5 : WCHSIRB-D-2024-108) , HURF AT 22K i
P HT— R AR U A R A B AR AR ZE O K R RA
HEAT T AR T BORE 24 R 1 9:00 FITE AR K T8 1
T ARUES — B A A R DX, I 7 R T B R R R 2%
(phosphate buffer saline, PBS) H1, UK & B F7 . F A e BEAE AR
Wein 2O J EATIR AR PR 1 mL BOTR & 2 T REREAS 12
Bl 10 mL 1) SHIEEFR L, 948 37 "CIRE &4 T (85% N,,
10% H,,5% CO)R5F%. 24 hJ5khs37477.05(14 000 g,3 min)
DLHEH & T & A7 20% H 1 8 3 5 SHIRE % 2 I A7 T
~80 ° C VKR ] A TR BE VR A A , 70 B A 52 i e v )
—HEVRAFRE BEAT A= W) BB AR 15 5% , LA ke 6 K 9K 8 11 B 5 o ik
SR 7/

SBCHS ZF TR B R A7 R HEA T 2F TR BEAE MR B 31 24 4L
BB LA 10 WL A7 2F T BEAT 1 mL T &E SHIS B R
37 CIREHEFR 24 he F724 WAEYBIE UG, BOR B3 A

4 0.5 mg/mL MBG [t SHI 5555 1 mL, X BRZH HL7R i ik
(9 SHI 1 32 5L, Ab B 15 min. PBS PR 27K, £ £ 4 MBG,
TR AL 5 AL A PRI IUAR 2 TC W EP SN, 14 000 g 15
L5 min J5 22 B, A ZE 1 mL PBS, BU500 wL A4 PR
B IR R ST I 10450 R A, $EAT I T A %) 200 v 1 v
B, 53 4h 500 L AR W BRR B 25 1V S R B TR DLUE
WA B G RAE T -80 ‘CUKAR , F T J5 L 22 55 St e 43 72
AT EE 3 R,
14 R FAF AL R 555

{# FH RNeasy Kits for RNA Purification {5 & ( Qiagen , {&
VEEAT A R BEAR MR RE A B0 RNA AR . AP 19 Brlshiie
JIE HL KRR BE A3 BT A 3R 4t (Agilent5300), Agilent, 35 [ ) 5 1]
RNA By 52 %M . 18 i RiboCop rRNA #5157 £ (Lexogen,
USA) [ rRNA, $#8 mRNA, i llumina® Stranded mRNA
Prep, Ligation (Ilumina, 3% = ) T H #5 RNA, H-4-HiHLE 1)
5 mRNA B Ab A0 5 SRR OAE AT, SU5% 6 Bi—4i% cDNA,
Bl AT 5B B, TE R S 0 XU S5 48, X IX 26 cDNA 1
Traifl BRI E & M PCR Y19, 3775 ¢DNA S0 . i
Mumina NovaSeq™ X Plus (Iumina, 3% F)#ETI0F . 2 414
AR EATIR G T , 51 ASREE I I THCRIE Uk , (8 S D4
% ORF T B 253 M1 (B H0H : 95% identity ,90% cover-
age) AR TURFE IR . HOUAL G 5 AR TU R B R AR i 47
LEXF , 8 F RSEM 345 3 (K] 32 14 5 TPM {H (transcripts per mil-
lion reads) . i1 DESeq2 % 2 4B 5 i TPM {ELIEAT Hed , 11
R B (fold change , FC) , DL 2 4HRE i 22 18] 4 ik 2
22 53 3R FEH (differential expressed genes, DEGs) , [iirprit (i
A Padjust<0.05 H.llog,FFCI=1. F ] NR B 12t 95 7T A3 FE A
RHATYIRNE R TR AP Y 43 22K Egeit s b
TE2 MR FRIEZ T, FIH GO . KEGG I EggNOG £ 4%
JEXT DEGs BEAT T fE I B M GO B KEGG 38 % 5 4250 Hr .
1.5 DEGs # RT-qPCR 3&4iE

HRAE GO F1 KEGG & £ 45 3% 1k £ )C i DEGs i# 17 RT-
qPCR B IE , XF A4S T B A ) R iR A7 15 97 A MBG Ak 34, i
£ B0 R R B AR UL BT mRNA A9 $2 5, A 300 pl
TRIz0l®(Thermo Fisher Scientific, 35 [E ) &b T A DLTE , Peik
FFE30s g dksfdi RNApure Bacteria 50 & (i
40, v ) $2 B mRNA, i F PrimeScript™ 36 4% 5 i 71 &
(RRO47A, Takara, H 4% ) & & ¢cDNA, fifi i Primer—-BLAST
(https://www.ncbi.nlm.nih. gov/) W FE ST (£ 1) .
25 WL PCR W AR & H & A 12.5 wL SYBR® Premix Ex Taq
TM Il (RR820A, Takara) .80 ng ¢DNA .1 pLIE [ 5[ #H1 1 pL
KB, 519 10 wmol/L. R ¢ 2 PCR Y
(LightCycler 480 I , Roche, i 1) , #4780 4™ 1 ¥ 19 #4976 24
(95 ‘CIIL 5 5,60 ‘CIIE 30 s) o LA 16S rRNA 8 [K 5% sk
TN S M 2 T RS R R R A SO e, T =
REE Y,
1.6 “it®r %

K1 GraphPad Prism 9.0 G 3+ MR 748X B4 it A 74011
SEANFE S EORER IR + ARvE2E (x £ ) FoR 241l
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F1 EAHARSFRMESIY
A ST HI(IE)5—3’ 51951 ()3°—5’
acekl TCCGTCCGCTGCTGGAAGAG AGGTTGTTGGTGCTGTAAGAAGTCG
acelF’ GGCGGTTGCTTCACTATCTCCAG CATCACCAGGCGGCGAATGTC
acnA TGGTGGTCGCCTACGCTCTG GGTGAGATGTGGTCGGTGGTAAC
acnB GACCTGCTGATTAACCGTGTACCG CCTGCTTAGCGTGCTCGTTACC
frdA CTCTTCCAGTCCTCCCTCCAGTTC ATGCCGCCGTTGGTGTTATAGC
frdB GGCATCAAGGTGGAGGCATTGG GACAGGCGGCATAGCACAGC
frdC TGACGACTAAACGCAAACCCTACG ACAGGGCGACAAACAGAATCACTAC
SfumA GTTCCGCCGACCGCAACATC GCCACGATAATAGTGCCGCTCAG
gltA GGCACTCTCGGTCAGGATGTTATTG ATCTGCTCGTGAATCATGGTGTGG
ied CGCCGCCATCGAATACGCTATC GCAATACCGATACCGCCAACCTG
mdh ATCTTCATCCGATGTTGAGGTTCCG CAATAGGCTGACGCTGCTCTACG
nif] CGCTCAGCCACGATCAGATGC CACAGTTGCTCCGCCACTTCC
pckA TGGCGATGATGAACACGGTTGG CGTCGGCGGTCAGGAAGATAAC
pdhB GCGTATTCCGTGCGACTGAAGG TGATACCAGGCTGTTGTGCGATAAG
pdhD CAACAATCTTCGCTCGCAGTAAACG AGTGGTGTTGAGGTGTAAGCATCAC
sdhA AAGGCTCGCTGGACCGTCTC TGTTGAACTCGCTGGAAGTATCGTC
sdhB TCCGTCCGCTGCCAGGATTAC CGCTCGCTGGTTTCGGTATCG
sucA TCATCAACGCATACCGCTTCCG CCAATGGAGCCGCAATAGGTCTG
sucB AGTGAAGGCGACACAGTAGAAGTTG GCATATCGACGAGCAGAAGGTGTAG
sucC GGTAAAGCGGGCGGTGTGAAG CTTGTGGATCAGATGCGGAGTCTC
sucD GATCGCTTACGGCACTCAGATGG TCACTTTCACGGTCAGCATATCCAG
16S rRNA AGAGATCTGGAGGAATACCG TCCACGATTACTAGCGAT TC

M RS . T s S 19 DEGs 20 R DESeq2, 115
Padjust, GO i # X KEGG il [ & 42 73 BT K [ Fisher K o £62
5 K56 /K M =0.05,

2 & R

2.1 MBG 48814 22 34 24 h AR S T ) 5 A 4 I B — &89
e AE A

A FE A L MBG 2 ¥ 5 BRIE , Rid2 29 (180 + 15) nm
(F1A) , EDS 25 5 7% Si Fl Ca A B 1 43 HL 249K 43.58%
5.14% (F1B) , f5 A WK MBG B9 MOt ZE A . WnE
1C 7R , AHIFE A3 1Y MBG FLAE B M EAECIRIT . BET
WA I MR g IV AU S M 2R B A Il 2, e R AR 2
9323.46 m¥g, FLIRFRZ)H 0.57 em’/g(EI 1D) . FIRIES TG
RYUE A ALESHRAF LR SL MBG AR o i —2 i,
I PR B V5 TS (B 1E) R W MBG 41 AHXT T Control 41
FIANFEBOR 2% F M 129 0.26, 9 — 2354845 MBG 8 1) 4b
TG A A 28 R B A RS T R R 2 44.25% , 5 5% R4 L
XSG E X (1=3.817,P=0.019) , iX 3275 MBG 4G 1
ABENT 24 h RSN B BE A W ELA — R W E BRAE o
22 MBGREARET T H#AEDBG DA LIRLEH

PG AR TUAR S 4 55 NR B4 B2 E A7 X, 2k NR %)
NI A2 2 A DR PEAR A P e 2 L I FH o) iz
B N = B AT S A G R . Bl 2A R 7EJE K
VL MBGCAIA 21 A & , 7 1L 24 33.33%, TERIKF
b, MBG A 54 A TR, ZE S BRI & H R 30.17% (]

2B) . F|JH PCoA &3 BT MBG 41 & Control £ 2 [H] fY £ A< A
U, 5 SR 4N 2C T /) , MBG 4111 Control 4175 /K F- -
SRR A W A S, B 2 41 B b 4 G R EL A A
KRES.

PE— 231 2 AL W R oA, O LS 2 AL W v 2 2
AN 3A B, 2 A4S FEASLE R KT L35 LLBEBR TR (Streptococ-
cus) A T B GF, & HELY D 80% L L, MBG 4 N FEA 5+
TR FRLH A B kS i, MBG 2 A 2 FEAS B0 R Sl AT 1
(Acinetobaccter baumannii) LA J 3 FEAIR T 1% 1 181 Fh BH . 3%
o R T RR R E A K TR (181 3B) , MBG 20 1A R 10 3¢
BEER A X B A TR AR , MBG 4 P9 1 b4 s AR ik R T £
$5 HSISS2 ¥ 48 ER 7 (Streptococcus sp. HSISS2) . SR4 B4 BR 1
(Streptacoccus sp- SR4) . Z hY#E 3R H (Streptococcus plurani-
malium) . W& 5k Bk (Streptococcus thermophilus) o 1t A,
MBG 2H N 1Y 75 55 1A B & (Klebsiella sp.) A.baumannii B
B
2.3 MBG Y RI43& T F 884 M B0 BRAL S AR

Xt E MBG ZH 11 Control £H 1 ) fig 4 X 23k % 5L, MBG 21
FHEL T Control ALY - IREERAG 764 4>, N IR AR A 424~ (&
4A) . BEECMBG AW & 138 DEGs #E472hAEHBE . COG 2
AETE R /AT 105> DEGs 9 K b iz K ARG (car-
bohydrate transport and metabolism) (4] 4B) . KEGG YjgE ¥
FE(IE 4C) NS5 AL, DEGs 43 fie 22 138 I J b K A6 &)
ftiﬁf(carhohydrate metabolism) o1& HUE BRI B K AL S W18
U3 B 1Y) 276 1~ DEGs dE 47 JE—22 GO DI RETE B (151 4D) , 45
R DEGs 43 77 fw 22 (1) 38 3% 4 A HLIER 1R i 43 72 (organic
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200 nm

A. MBGIHFIH LT B EE
"1 emm - mE Y,
% 3001 MBG#4
o0
E 200+
Eﬂm 100 4 2
&= Sper=323.46 m/g .
= V,20.57 em/g
OOAOO OA’ZS 0.‘50 0.‘75 LbO
MXHES (pp° )
D. MBG ) 50=W R/ 0 Bi 45T 2k
Sy ICRHLRTTRL, V (CEALIR
&1
X HRZH MBG#H
S
g
— " 2
A TR BRI H I H g
(=W
papilcka:) MBGZH

B. FR_E IR R E B ol A OO

-0.05

-0.15+

[ Vo R TR A RV TR TRUAVR TR RIS RRH) NIy

B. MBGIIJGR A S A 705K & i

104

0.2+

0.154

0.1

0.05

-0.14

-0.2+

9.0
2 T
= P=0.019 [
874 <%
=] F
£
O 844
1 1
SR g
108 N\ »

. MBGZHL I HALT f) i P B0 v AR 4 A i
FHETEIE R (CFU) %

MBG M & RIER A5 F EBEE R B NIRK

® MBGHA
O XTI

o
¥

IR
NERNCNN

PO N ® O PN oD P
D7 Y TP O N o7 ¥

PC1(65.85%)

C. PCoA B B R 2AEFI K L B Z2HEME, BEESS B Mbinary jaccard

2 EFTNREIRENWMERER

acid metabolic process ) Flfifk 7K b & # 4G if i 72 (carbohydrate
metabolic process) o

MBG 4 3 DEGs (1 GO & 573 Hr s 2R s = RIR G 2
(Tricarboxylic acid eycle) i) & £ [L 24 0.92(P,,,<0.001) , &
R (BI5A) . KEGG B 845 RN 5B s, 3% W
B B T 3 0L 38 73 ) D =R IR I PR [TCA cycle, (P,y,.<
0.001)], H! ¢ X #4f [methane metabolism, (P, ,<0.001)], J&#%
A=W H BB ] X2 385 2 [carbon fixation pathways in prokaryotes,
(P y<0.001)]. b3 4R 73 A 25 SR 4275 , MBG 4b B nl fE B
WA T R A Y ORGSR g —

RE , i
S E o

24 MBGBiL3gRIAMLE £ R T WA DI
ZHBAEIR

22 = R BRAE P 5 T (TR 6 ) DA 7R 7 i S 21 4 R
T e A RS S 45 5 s MBG 4 JLF i T TCA
FRIAEBERY o HE— 25 LA 2 4 TCA IR FREL P 4 TPM 18 (&
6B) , 25 R 21 A B R B, aceF Fl pdhB #£ MBG
20 FIGT R 21 v 2 0 S 26 3k, H MBG 20 v (1% 2 35 B X R
o HARFE R X B2 L AN 3R, 76 MBG 41 FR 38 T
S BRI 21468 IR B R AT RT-qPCRIBHIE , 25 3 an &l
6C iz , 354 O JE N AE MBG 4 rh ki, JERESS T MBG
XoF ZF RBEA MRS = RIRAG R P OGS EE IR ) IR
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W Streptococcus sp.

I Streptococcus vestibularis
W Streptococcus salivarius

B Streptococcus thermophilus
|| Enterococcus faecalis

W Acinetobacter baumannii
Enterococcus sp.

B Streptococcus dysgalactiae
B Streptococcus sanguinis

others

Caudoviricetes sp.
Clostridioides difficile
Enterococcus sp. -
Enterococcus faecalis -
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