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[ Abstract] Objective To explore the differences in transcriptional levels between mutant strains of csn2 gene of
CRISPR-Cas9 system of Streptococcus mutans (S. mutans) and wild-type strains. Methods The S. mutans UA159, csn2-
gene-deleted strains (Acsn2) and csn2-gene-covering strains (Acsn2/pDL278-csn2) of S. mutans were cultivated. Total
RNA was extracted, and high-throughput sequencing technology was used for transcriptome sequencing. Based on the
GO analysis and the KEGG analysis of the differentially expressed genes, the biological processes involved were
thoroughly examined. The qRT-PCR method was used to verify the transcriptome sequencing results. Results The
transcriptome results showed that, compared with UA159, there were 176 genes in Acsn2 whose gene expression changed
more than one fold (P<0.05), of which 72 were up-regulated and 104 were down-regulated. The GO enrichment analysis
and the KEGG enrichment analysis revealed that both the up-regulated and down-regulated differentially expressed genes
(DEG) were involved in amino acid transport and metabolism. In addition, the biological processes that up-regulated
DEGs participated in were mainly related to carbohydrate metabolism, energy production and conversion, and
transcription; down-regulated DEGs were mainly related to lipid metabolism, DNA replication, recombination and repair,
signal transduction mechanisms, nucleotide transport and metabolism. The functions of some DEGs were still unclear.
Results of QRT-PCR verified that the expressions of leuA, leuC and leuD (genes related to the formation of branched-chain
amino acids) were significantly down-regulated in Acsn2 when compared with UA159 and Acsn2/pDL278-csn2.
Conclusion Through transcriptome sequencing and qRT-PCR verification, it was found that the expression of genes
related to branched-chain amino acid synthesis and cell membrane permeability in Acsn2 changed significantly.
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Table1 Primers used in qPCR

Primer Sequence (5'-3")

16S rRNA-F AGCGTTGTCCGGATTTATTG
16S rRNA-R CTACGCATTTCACCGCTACA
leuA-F TTTCTTGACACAACGCTCCG
leuA-R ACGAGCCAGACCTGATACAG
leuC-F AGATGCTGGCTTTGAATGGC
leuC-R GCCTCCGGTAATTGACGAAC
leuD-F ACCGACAGATGAAGTAACCGT
leuD-R GCTTGGACGGTTTTGCTCAT
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Gene ontology enrichment analysis of the differentially regulated genes (P<<0.05)
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Fig 3 GO enrichment analysis of DEGs
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KEGG enrichment analysis of the differentially regulated genes (P<<0.05)
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Fig 4 KEGG enrichment analysis of DEGs

L5 e . rmutans UA159

== S.mutans Acsn2
w= S.mutans Acsn2/pDL278-csn2

Relavive expression level

leuA leuC leuD

B 5 TREIREUAISI, Acsn2FlAcsn2/pDL278-csm2 T B M X B E 1Y

qRT-PCRZER
Fig5 qRT-PCR assays for expression of genes related to acid tolerance

ability

*P<0.05, vs. S. mutans UA159 and S. mutans Acsn2/pDL278-csn2.
PHZ M MA P8 | S U815 S5 N 1 Z R AR W) 20
o HrfMalX, MalFAIMalG2 £ 3¢ 42 2 MBI ABC
Feim A, csn2 80 % TR v H: 4 it B PR R 8 i R Y
2.5

AR SRR T A9 2 AL (multiple sugar metabolism,
msm) (7 S A T — AN AEPTSHIR 5, T 534 10 .
BN 2E =B TR o S 4B iR
it msm ik 184 H Hagal . msmE, msmF, msmG.,
msmK., msmR. gtfAFdexBFRik [, BRILLISE, HiAthy
BRI A 56 A 3 AL FE SMU_636 . citB. SMU_870F1
galKIRIFE B . 5055 AW A A iy 3k K glg P Al
mal QB i FEVE T o 5 M Ah 224 1% I AH G 1 2 [
lngtfB. gtfC. gtfD. gbpBFIffL) K i¥ FLIR A it FE 1Y 32
BN IAn ) FRIB AT FEALRFFAE

HUALSIMALL, esn2ih 2R Bk -5 28 ZE MR Y & 1A Qi
FASCHY B RIAATE W] R IR 22 57 . TEAcsn2Mh, 5B AL
fiZ (branched-chain amino acid, BCAA )T 25 HIAH it 2k
KlleuA . leuCHlleuD 3 T I o RE A AR TN 2 R A RS 2R
Y LE W) B A AR AT A Y 43 SR A5 137 i (chorismate
mutase, CM), HAitE I SMU_531 N i, 7E@RFRAEY)

G B R E FH 0 6 SRR T trp ERtrp GRIK T
W ZE5RAREY A SR argC. argBRlarg LRl FE
T TR R S BB AR cysK 1

ComEAJE— i 5 DNA R A & 2 455 1 1R R
I, BEREAE I DN AR SRR, 5 S 21 25 5 s Hodh
R IR . H SDNAME R, =4 585
FHIEAYFEE H, ZifiBComYA . ComYB, ComYC, ComYD,
ComX1 14 ZE A [RIRE T .

BEAh, X AR AS | AR 3R N HAT A E R Y
AL AL B FE P SMU_1392cFISMU_6391H . T i
A WiE v 2R 20 T KSR — SRR AL S R
A KHISMU_1343cFISMU_1344c . 4 i MR 1 Y
FERISMU_1286¢. SMU_1365¢., bacA2 N

CRISPR-Cas Z 4t O UF B 2 5 BRSO A TR AE B 1 122,
BITMDNAMBE | BT ", B R E 2 R ER
CHUE AR IRIF R DN A 444 T, kR CRISPR1
Z 45 CasE 1 HICRISPR1, CRISPR2Z 45 CasiE [ H41# A bR
)72 S R B BRI AR A G R I R B MR R, JIE A Cas 2R 14
TEDNAB S A BN BWAE ™ csn2 PR 948 M s
R R K 5SDNAK |, EAMBEE YRR KL T
I, Y271 csn2 BE PR 1 5l 2 7T BE 52 e 25 S B B A U DN A
HIhe. Ak, BFFE K IAFTE CRISPRA 1 Y A A X G4
PR e AR DA R e T 36 P9 9 5 T ) e B
BT SZ PR, AT i IS & B esn2 BE PR 1) it

S 7S S BEBRTA TN BR BE 7, [F) I 2 S 20 235 2R 7 %o &
TR RSy EL A T B ) 0 Tk s o il 1) i i R 1)
BRI, 5N 52 5T A L ERIDNAZS & | 7K
it R I A L R [RIRE T 08 BRI A A esm2 35 PRI 11 it
% P REARL AR S K TR 1) B AN RE ) LA R R L e
FEAIR . BETERFSE 3R B ELA WA CRISPRAV 44 1948 5+
BEBREATE A IR = A BA 2 R RE ) B R TR
CRISPR{ S A BRR™M . csn2 LR 2 AR BREL S 2 45 9 B R
KA 5K E YR 2 AT fE R A A AL L &



80 PR AE2A A (B 2R

5 524

R BETR e 1 FVRCIHAH DG A0 G i ik [ 22 S R0k, Tk 644
Yy e 5 20 TR M A0 20 W 9 7 A LA R A= W BB 18 DITAH
K, 3K AT BEMFRE T RTHIBIETE P con2 2 DR SRR TR R A RE
IO Ji A= W R K A 22 W 5 B A AR SR

SERE A 2N IS5 A8 K il o3 e 200 A A4 4R L A= i T 2l
PR, 7R 20 TR 1 AR A A R 4R R N SO B i RS
JrTHEAT E A 0 AR SR BB TR A B WS R IR
JHO RS E PR B 5 TR AR L X S A4 5 i 7 S
i B PRI T 30 o P R AR 6 R — BRI (H -
translocating adenosine triphosphatase, H'-ATPase ) [ {f
PR DL A IRAR SR AR TR AL ™ . AN
BTS2 5645 SR 71 Acsn2 P 240 0 JIE 108 325 1 1 i, T S 2
L5 R AT BT 5%t AEF1FO- AT Paseft HE R A7
A 2E S, (AL 5 1 B9 2E N SMU_1286¢, SMU_1365¢.
bacA23E T, 7350, 5 SR B 5 W) & UG
P4 DR [ A R B0 T 8], R0 T BE R con2 RE DA K Je it
S T A A6 A B4 o e T 52 4 T 4 B 235 4 A i
Pho [FImE, ZMEACTENR IR & it e ok 5 24 JH ™Y,
200 ) FH R 5 TR A 5 22 AN RN TR 2 i T TR
BN EE Rz BRI AR AT LA
Wy A B XS T2 0 Jo 30 3 1 8 ) 42 i 30 5 5 e HE -
ATPaselifi P50 57138 5, 10 52 00 240 B T R k)
TERRVEPRIE T, 748 S B SR T L FEAN A A0 i T 14 Jo
02 ST DA T 3% AR 2 7 R 14 J5 e 2 P LR X PR S5 R
R BT, FA T csn2 5 R A SRR B2 T T RESR 2 1
FUAR IR 1A 1, S B0 B IR p B R 3 BURk B 1k
ARAIHE N A pHAE

AT K R B R TP IE T A B T PREE R )
HIZ RS2 AL o X T2 S B R TR A TR PR R U R U, B
T I HIF1FO- ATPHE AN I3 1 SMHEZORE T 7 BURRZE W) o HE
AN . e 20 R O A0 R R i e P LA, i m]
DA b 19 AR o1 A R T AN 5 1, B LR PR
O HE R 3138 AR T 7. FEAcsn2, SGBCAAJE N
A FEF leuA | leuCHlleuD I 35 T 1, L5 R 9k qPCRFF
WHIE . T SRR R IR N A A 2N BR FINADH 1)
25, WG SR AR AT LLVH FE N B R FINADHIY
() Bsf 9 20 R R Y 5 T R A R P 5 T LR AN 2 1R,
P IEBCA AW 5 Bk TR sk T 5 1o PR A AR A 267
Py, SOAT i 3o A N B P 200 S5, AT 9 2 R 3
A0 A s o g RS SR A W ALY G I ) ik
argC. arglFlargBt ], K 20 il L3 1 4 22 18 7 220
ity v 4% (ADD) AR 7 4 NH, HRTILIN BT 5, [ 7 2 1Y
ATPif i ATPaseé Il P4 5715 H 40 A1 DA T 2. 25 328 =i

pH™ . X SEELIR (4 1 2 F IR AT REAE PR A KR Rl
MRT> Acsn 2B (IR A TR R o

1 B BRI A B K A W A R, 70819 1 i 25
SpHP R EHEEMEH, A s R IR, 258 sk
R BHIE (carbon catabolite repression, CCR) £ 4t i %
b WL, PTSHImsmBER I B LIH . XL
IR esn2 BB S B0 SRR TR T AR ) Fn i s Oy
BT IR A G A, DA T 52 e A5 S B R BT ) A 2t
A FRPEL =Y R I 538, W LR AR i Ry 32
BIE D AR5 SRR ORAF AL 5 T 92560 K Bl Acsn2 Y
FERRRE I AR R I R 22 AR o PRI AT DN 4
T B K A B P BRI 5 A R e P R B DR ek AR A ] BE A
BB A A, PRI A I B2 7 A Y W Sk B 3, 5 A7 AE
TR B 35 P42 1T LURMEE % s 20 b W 3 i B ]
Rk,

25 LR, AT 8 o 5 s I PR R S AR A B
BT csn2 PRITE A8 S K A v ) 425 110 22 S 3R A R A
It HHE— 20007 1 S W 22 S BRI T RES 5 A=)
b e csn2BERIBRR TR bR TR B B R Rk R AR T
FAA, ERAEPEROKAC S VIR s FIACs | R
iz AR RE A VAL | BT R i3 AR A5 7
T o b, SOBE SRR G AR LA B 240 0 5300 375 P 484 2
A B T & I Acsn2ifit BN R0 FE2ALH

2 % x o

[1] WIEDENHEFT B, STERNBERG $ H, DOUDNA ] A. RNA-guided
genetic silencing systems in bacteria and archaea. Nature, 2012,
482(7385): 331-338.

[2] KOONIN E V, MAKAROVA K S. CRISPR-Cas: evolution of an RNA-
based adaptive immunity system in prokaryotes. RNA Biol, 2013, 10(5):
679-686.

[3] BARRANGOU R, MARRAFFINI L A. CRISPR-Cas systems: prokaryotes
upgrade to adaptive immunity. Mol Cell, 2014, 54(2): 234-244.

[4] VAN DER OOST ], WESTRA E R, JACKSON RN, et al. Unravelling
the structural and mechanistic basis of CRISPR-Cas systems. Nat Rev
Microbiol, 2014, 12(7): 479-492.

[5] BARRANGOU R, FREMAUX C, DEVEAU H, et al. CRISPR provides
acquired resistance against viruses in prokaryotes. Science, 2007,
315(5819): 1709-1712.

[6] VAN DER PLOEG J R. Analysis of CRISPR in Streptococcus mutans
suggests frequent occurrence of acquired immunity against infection by
M102-like bacteriophages. Microbiology (Reading), 2009, 155(Pt 6):
1966-1976.

[7] SERBANESCU M A, CORDOVA M, KRASTEL K, et al. Role of the
Streptococcus mutans CRISPR-Cas systems in immunity and cell

physiology. ] Bacteriol, 2015, 197(4): 749-761.


http://dx.doi.org/10.1038/nature10886
http://dx.doi.org/10.4161/rna.24022
http://dx.doi.org/10.1016/j.molcel.2014.03.011
http://dx.doi.org/10.1038/nrmicro3279
http://dx.doi.org/10.1038/nrmicro3279
http://dx.doi.org/10.1126/science.1138140
http://dx.doi.org/10.1099/mic.0.027508-0
http://dx.doi.org/10.1128/JB.02333-14
http://dx.doi.org/10.1038/nature10886
http://dx.doi.org/10.4161/rna.24022
http://dx.doi.org/10.1016/j.molcel.2014.03.011
http://dx.doi.org/10.1038/nrmicro3279
http://dx.doi.org/10.1038/nrmicro3279
http://dx.doi.org/10.1126/science.1138140
http://dx.doi.org/10.1099/mic.0.027508-0
http://dx.doi.org/10.1128/JB.02333-14

ERE

AT IGEHESS:: 22 57 5 BK 8 CRISPR-Cas9 5 Gt csn 2.k R RAT R ) e s AL 2 3 81

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

BURMISTRZ M, DUDEK B, STANIEC D, et al. Functional analysis of
Porphyromonas gingivalis W83 CRISPR-Cas systems. ] Bacteriol, 2015,
197(16): 2631-2641.

BURLEY K M, SEDGLEY C M. CRISPR-Cas, a prokaryotic adaptive
immune system, in endodontic, oral, and multidrug-resistant hospital-
acquired Enterococcus faecalis. ] Endod, 2012, 38(11): 1511-1515.

TONG Z, DU Y, LING], et al. Relevance of the clustered regularly
interspaced short palindromic repeats of Enterococcus faecalis strains
isolated from retreatment root canals on periapical lesions, resistance to
irrigants and biofilms. Exp Ther Med, 2017, 14(6): 5491-5496.

CHENJ, LIT, ZHOU X, et al. Characterization of the clustered
regularly interspaced short palindromic repeats sites in Streptococcus
mutans isolated from early childhood caries patients. Arch Oral Biol,
2017, 83: 174-180.

GONG T, ZENG]J, TANG B, et al. CRISPR-Cas systems in oral
microbiome: from immune defense to physiological regulation. Mol Oral
Microbiol, 2020, 35(2): 41-48.

ZHANG A, CHENJ, GONGT, et al. Deletion of csn2 gene affects acid
tolerance and exopolysaccharide synthesis in Streptococcus mutans. Mol
Oral Microbiol, 2020, 35(5): 211-221.

ZHENG X, ZHANG K, ZHOU X, et al. Involvement of gshAB in the
interspecies competition within oral biofilm. ] Dent Res, 2013, 92(9):
819-824.

AJDIC D, CHEN Z. A novel phosphotransferase system of Streptococcus
mutans is responsible for transport of carbohydrates with a-1,3 linkage.
Mol Oral Microbiol, 2013, 28(2): 114-128.

WEBB A J, HOMER K A, HOSIE A H. Two closely related ABC
transporters in Streptococcus mutans are involved in disaccharide and/or
oligosaccharide uptake. ] Bacteriol, 2008, 190(1), 168-178.

SALZER R, KERN T, JOOS F, et al. The Thermus thermophilus
comEA/comEC operon is associated with DNA binding and regulation of
the DNA translocator and type IV pili. Environ Microbiol, 2016, 18(1):
65-74.

LOUWENR, STAALSRH, ENDTZ H P, et al. The role of CRISPR-Cas
systems in virulence of pathogenic bacteria. Microbiol Mol Biol Rev,
2014, 78(1): 74-88.

LEBLANCDJ, LEELN, ABU-AL-JAIBAT A. Molecular, genetic, and

functional analysis of the basic replicon of pVA380-1, a plasmid of oral

[20]

[21]

[22]

[23]

[24]

(25]

(26]

(27]

(28]

[29]

(30]

(31]

streptococcal origin. Plasmid, 1992, 28(2): 130-145.

LEMOS ] A, ABRANCHES J, BURNE R A. Responses of cariogenic

streptococci to environmental stresses. Curr Issues Mol Biol, 2005, 7(1):

95-107.

MATSUI R, CVITKOVITCH D. Acid tolerance mechanisms utilized by

Streptococcus mutans. Future Microbiol, 2010, 5(3): 403-417.

COTTER P D, HILL C. Surviving the acid test: responses of gram-

positive bacteria to low pH. Microbiol Mol Biol Rev, 2003, 67(3):

429-453.

FOZO E M, QUIVEY R G. Shifts in the membrane fatty acid profile of

Streptococcus mutans enhance survival in acidic environments. Appl

Environ Microbiol, 2004, 70(2): 929-36.

CROSBY H A, HEINIGER E K, HARWOOD CS, et al. Reversible N

epsilon-lysine acetylation regulates the activity of acyl-CoA synthetases

involved in anaerobic benzoate catabolism in Rhodopseudomonas

palustris. Mol Microbiol, 2010, 76(4): 874-888.

KOHLI G S, JOHN U, VAN DOLAH F M, et al. Evolutionary

distinctiveness of fatty acid and polyketide synthesis in eukaryotes. ISME

J, 2016, 10(8): 1877-1890.

BOYD D A, CVITKOVITCH D G, BLEIWEIS A S, et al. Defects in D-

alanyl-lipoteichoic acid synthesis in Streptococcus mutans results in acid

sensitivity. ] Bacteriol, 2000, 182(21): 6055-6065.

LUP, MAD, CHENY, et al. L-glutamine provides acid resistance for

Escherichia coli through enzymatic release of ammonia. Cell Res, 2013,

23(5): 635-644.

BAKERJ L, ABRANCHES J, FAUSTOFERRIR C, et al. Transcriptional

profile of glucose-shocked and acid-adapted strains of Streptococcus

mutans. Mol Oral Microbiol, 2015, 30(6): 496-517.

KANAPKA J A, KLEINBERG I. Catabolism of arginine by the mixed

bacteria in human salivary sediment under conditions of low and high

glucose concentration. Arch Oral Biol, 1983, 28(11): 1007-1015.

HUANG X, ZHANG K, DENG M, et al. Effect of arginine on the

growth and biofilm formation of oral bacteria. Arch Oral Biol, 2017, 82:

256-262.

WELIN-NEILANDS J, SVENSATER G. Acid tolerance of biofilm cells of

Streptococcus mutans. Appl Environ Microbiol, 2007, 73(17): 5633-5638.
(2020 - 12 - 024itfi, 2020 — 12 - 23f& 1)

ETLi /]


http://dx.doi.org/10.1128/JB.00261-15
http://dx.doi.org/10.1016/j.joen.2012.07.004
http://dx.doi.org/10.3892/etm.2017.5205
http://dx.doi.org/10.1016/j.archoralbio.2017.07.023
http://dx.doi.org/10.1111/omi.12279
http://dx.doi.org/10.1111/omi.12279
http://dx.doi.org/10.1111/omi.12308
http://dx.doi.org/10.1111/omi.12308
http://dx.doi.org/10.1177/0022034513498598
http://dx.doi.org/10.1111/omi.12009
 https://doi.org/10.1128/JB.01509-07
http://dx.doi.org/10.1111/1462-2920.12820
http://dx.doi.org/10.1128/MMBR.00039-13
http://dx.doi.org/10.1016/0147-619X(92)90044-B
http://dx.doi.org/10.2217/fmb.09.129
http://dx.doi.org/10.1128/AEM.70.2.929-936.2004
http://dx.doi.org/10.1128/AEM.70.2.929-936.2004
http://dx.doi.org/10.1111/j.1365-2958.2010.07127.x
http://dx.doi.org/10.1038/ismej.2015.263
http://dx.doi.org/10.1038/ismej.2015.263
http://dx.doi.org/10.1128/JB.182.21.6055-6065.2000
http://dx.doi.org/10.1038/cr.2013.13
http://dx.doi.org/10.1111/omi.12110
http://dx.doi.org/10.1016/0003-9969(83)90055-9
http://dx.doi.org/10.1016/j.archoralbio.2017.06.026
http://dx.doi.org/10.1128/AEM.01049-07
http://dx.doi.org/10.1128/JB.00261-15
http://dx.doi.org/10.1016/j.joen.2012.07.004
http://dx.doi.org/10.3892/etm.2017.5205
http://dx.doi.org/10.1016/j.archoralbio.2017.07.023
http://dx.doi.org/10.1111/omi.12279
http://dx.doi.org/10.1111/omi.12279
http://dx.doi.org/10.1111/omi.12308
http://dx.doi.org/10.1111/omi.12308
http://dx.doi.org/10.1177/0022034513498598
http://dx.doi.org/10.1111/omi.12009
 https://doi.org/10.1128/JB.01509-07
http://dx.doi.org/10.1111/1462-2920.12820
http://dx.doi.org/10.1128/MMBR.00039-13
http://dx.doi.org/10.1016/0147-619X(92)90044-B
http://dx.doi.org/10.2217/fmb.09.129
http://dx.doi.org/10.1128/AEM.70.2.929-936.2004
http://dx.doi.org/10.1128/AEM.70.2.929-936.2004
http://dx.doi.org/10.1111/j.1365-2958.2010.07127.x
http://dx.doi.org/10.1038/ismej.2015.263
http://dx.doi.org/10.1038/ismej.2015.263
http://dx.doi.org/10.1128/JB.182.21.6055-6065.2000
http://dx.doi.org/10.1038/cr.2013.13
http://dx.doi.org/10.1111/omi.12110
http://dx.doi.org/10.1016/0003-9969(83)90055-9
http://dx.doi.org/10.1016/j.archoralbio.2017.06.026
http://dx.doi.org/10.1128/AEM.01049-07
http://dx.doi.org/10.1128/JB.00261-15
http://dx.doi.org/10.1016/j.joen.2012.07.004
http://dx.doi.org/10.3892/etm.2017.5205
http://dx.doi.org/10.1016/j.archoralbio.2017.07.023
http://dx.doi.org/10.1111/omi.12279
http://dx.doi.org/10.1111/omi.12279
http://dx.doi.org/10.1111/omi.12308
http://dx.doi.org/10.1111/omi.12308
http://dx.doi.org/10.1177/0022034513498598
http://dx.doi.org/10.1111/omi.12009
 https://doi.org/10.1128/JB.01509-07
http://dx.doi.org/10.1111/1462-2920.12820
http://dx.doi.org/10.1128/MMBR.00039-13
http://dx.doi.org/10.1128/JB.00261-15
http://dx.doi.org/10.1016/j.joen.2012.07.004
http://dx.doi.org/10.3892/etm.2017.5205
http://dx.doi.org/10.1016/j.archoralbio.2017.07.023
http://dx.doi.org/10.1111/omi.12279
http://dx.doi.org/10.1111/omi.12279
http://dx.doi.org/10.1111/omi.12308
http://dx.doi.org/10.1111/omi.12308
http://dx.doi.org/10.1177/0022034513498598
http://dx.doi.org/10.1111/omi.12009
 https://doi.org/10.1128/JB.01509-07
http://dx.doi.org/10.1111/1462-2920.12820
http://dx.doi.org/10.1128/MMBR.00039-13
http://dx.doi.org/10.1016/0147-619X(92)90044-B
http://dx.doi.org/10.2217/fmb.09.129
http://dx.doi.org/10.1128/AEM.70.2.929-936.2004
http://dx.doi.org/10.1128/AEM.70.2.929-936.2004
http://dx.doi.org/10.1111/j.1365-2958.2010.07127.x
http://dx.doi.org/10.1038/ismej.2015.263
http://dx.doi.org/10.1038/ismej.2015.263
http://dx.doi.org/10.1128/JB.182.21.6055-6065.2000
http://dx.doi.org/10.1038/cr.2013.13
http://dx.doi.org/10.1111/omi.12110
http://dx.doi.org/10.1016/0003-9969(83)90055-9
http://dx.doi.org/10.1016/j.archoralbio.2017.06.026
http://dx.doi.org/10.1128/AEM.01049-07
http://dx.doi.org/10.1016/0147-619X(92)90044-B
http://dx.doi.org/10.2217/fmb.09.129
http://dx.doi.org/10.1128/AEM.70.2.929-936.2004
http://dx.doi.org/10.1128/AEM.70.2.929-936.2004
http://dx.doi.org/10.1111/j.1365-2958.2010.07127.x
http://dx.doi.org/10.1038/ismej.2015.263
http://dx.doi.org/10.1038/ismej.2015.263
http://dx.doi.org/10.1128/JB.182.21.6055-6065.2000
http://dx.doi.org/10.1038/cr.2013.13
http://dx.doi.org/10.1111/omi.12110
http://dx.doi.org/10.1016/0003-9969(83)90055-9
http://dx.doi.org/10.1016/j.archoralbio.2017.06.026
http://dx.doi.org/10.1128/AEM.01049-07

