
Supplemental Material 

Strain construction 

Streptococcus mutans YN101: The Smu1405c locus encodes cas9, the deletion of which has 

no effect on biofilm formation of S. mutans (3). To terminate the transcription of smu1405, 

Bacillus subtilis rpsD terminator was fused to the region downstream of the 5ʹ region of 

smu1405. The 5ʹ region of smu1405 and the B. subtilis rpsD terminator were PCR-amplified 

using smu_1405 F1/1405_rpsD-term 2 and 1405_rpsD-term 1/rpsD-term_tetR 2 primers sets, 

respectively. These two PCR products were ligated by overlap PCR using the smu_1405 F2 

and rpsD-term_terR 2 primers. The terR-Ptet region was PCR-amplified using the rpsD-tetR 

1 and Ptet_nonA 2 primers from pWH353 (1). The nonA-spoVG terminator region was PCR 

amplified using the Ptet_nonA 1 and spoVG-term_erm 2 primers from B. subtilis TAY3203 

(6). PCR products of the tetR-Ptet and nonA-spoVG terminator regions were ligated by 

overlap PCR using the rpsD-term_tetR 1 and spoVG-term_erm primers. The erythromycin 

resistance gene (erm) was PCR amplified using the spoVG-term_erm 1 and erm_1405 2 

primers from pJIR418 (4). The 3ʹ region of smu1405 was PCR amplified using the erm_1405 

1 and smu_1405 R1 primers, and the resultant PCR products were ligated by overlap PCR 

using the spoVG-term_erm 1 and smu_1405 R2 primers. The 5ʹ-smu1405-rpsD term, tetR-

Ptet-nonA-spoVG term, and 3ʹ-erm-smu1405 regions were ligated by overlap PCR using the 

smu_1405 F3 and smu_1405 R3 primers, and the PCR product was introduced into the 

smu1405 locus of S. mutans UA159 to generate S. mutans YN101 by natural competence 

transformation (2) (Table S1). 

S. mutans YN102:  

Using the S. mutans YN101 strain constructed above, we changed the Ptet promoter to the 

constitutive promoter Pldh and nonA to ZsGgreen. The ldh gene is the most highly expressed 

constitutive gene (5). The 5ʹ region of smu1405, Pldh region, and 3ʹ region of smu1405 were 



PCR amplified using the smu_1405 F 1 / rspDterm_Pldh_2, rspDterm_Pldh_1 / Pldh-

ZsGreen-2, and ZsGreen-erm-1 / smu_1405 R 3 primers sets, respectively.  

The ZsGreen fragments were PCR amplified using the Pldh-ZsGreen-1 and ZsGreen-erm-2 

primers from a pZsGreen Vector (Takara Biotechnology Co., Ltd., Shiga, Japan). These four 

PCR products were ligated by overlap PCR using smu_1405 F 2 / smu_1405 R 2 primers. 

The resultant PCR product was introduced into the smu1405 locus of the S. mutans UA159 to 

generate S. mutans YN102 by natural competence transformation (2).  

  



 

 

 

 

Fig. S1 

Viable cell counts within the multi-species biofilms: brain heart infusion (BHI) agar plates 

were incubated anaerobically, with or without 10 μg/ml erythromycin, at 37°C for 48 h, to 

measure only the S. mutans viable cells (white bars) or to measure the total viable cells (black 

bars) in the biofilms.  

The same data as fig. 2E are used for the CFU value of S. mutans (white bars). The average 

values with standard error from at least three independent experiments are shown.  
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Fig. S2 

Viable cell counts. Cells were cultured on brain heart infusion (BHI) agar plates 

anaerobically, with (white bars) or without (black bars) 0.1 μg/mL penicillin-G, at 37°C for 

48 h. To detect only Aa, penicillin-G was added to the plates for selection of Aa.  

Same data as Fig. S1 is used for S. mutans and S. mutans-Aa biofilms for reference (black 

bars). The average values with standard error from at least three independent experiments are 

shown. 
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Fig. S3 

Viable cell counts of S. mutans within mono-the multi-species in biofilms. The S. mutans 

viable cells with (white bars) or without (black bars) the CHX treatment are shown. The 

survival ratio calculated from this result is shown in Fig. 2E. The average values with 

standard error from at least three independent experiments are shown.  
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Fig. S4 

Streptococcus mitis and Lactobacillus casei were resistant to chlorhexidine (CHX) treatment. 

Mono-species biofilms of S. mitis, Aggregatibacter actinomycetemcomitans, and L. casei on 

hydroxyapatite discs were anaerobically grown in brain heart infusion (BHI) medium for 24 h 

at 37°C. After exposure to 0.05% CHX for 5 min, the biofilms were washed with PBS twice 

and subjected to the CFU assay. We use same data of the black bars of Aa with fig. S2.  The 

average values with standard error from at least three independent experiments are shown. 
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Table S1. Streptococcus mutans strains used in this study 
Strain name Description 

S. mutans UA159 WT 

S. mutans YN101 S. mutans UA159 (smu1405::Ptet-nonA, ermBP) 

S. mutans YN102 S. mutans UA159 (smu1405::Pldh-ZsGreen, ermBP) 

 

  



Table S2. Primers used in this study 
Primers Sequence 5ʹ→ 3ʹ 
1405_rspD-term 1 gagcgtgaagattttctaagTAATCGTTTTAAAAACCCCT 
1405_rpsD-term 2 AGGGGTTTTTAAAACGATTActtagaaaatcttcacgctc 
rpsD-term_tetR 1 TCTTGCTGGCCAACACTATgttaactcgacatcttggtta 
rpsD-term_tetR 2 taaccaagatgtcgagttaacATAGTGTTGGCCAGCAAGA 
Ptet_nonA 1 gagtataattaaaataagctAAACATTCGAAAGGAATGAA 
Ptet_nonA 2 TTCATTCCTTTCGAATGTTTagcttattttaattatactc 
spoVG-term_erm 1 TTTCAAACTTAGTTGCACTCCAGGAAACAGCTATGACAT

G 
spoVG-term_erm 2 CATGTCATAGCTGTTTCCTGGAGTGCAACTAAGTTTGAA

A 
erm_1405 1 TCGAAGTGGGCAAGTTGAAAaaagcaacgtacctttgaca 
erm_1405 2 tgtcaaaggtacgttgctttTTTCAACTTGCCCACTTCGA 
smu_1405 F 1 aaaaccttactctattggacttgatattgg 
smu_1405 F 2 tgttgtgacagatgactacaaagttcctgc 
smu_1405 F 3 ctgggaaatacagataaaagtcatatcgag 
smu_1405 R 1 aaccggatgttctttaagaatttgacttcc 
smu_1405 R 2 aacctttcaaacgttgctgtgaatttcgtc 
smu_1405 R 3 attttcaggttgatgtcccataattttgac 
rspDterm_Pldh_1 CTCTTGCTGGCCAACACTATTTAAAGAGCCCGAGCAAC

AATAA 
rspDterm_Pldh_2 TTATTGTTGCTCGGGCTCTTTAAATAGTGTTGGCCAGCA

AGAG 
Pldh-ZsGreen-1 AAGGAGATGTTTAGAACATGgctcagtcaaagcacggtct 
Pldh-ZsGreen-2 agaccgtgctttgactgagcCATGTTCTAAACATCTCCTT 
ZsGreen-erm-1 ccggatctgcattgccctgaAAAATAACCAAAAAGCAAGG 
ZsGreen-erm-2 CCTTGCTTTTTGGTTATTTTtcagggcaatgcagatccgg 
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