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DNA manipulations. Standard nucleic acid recombinant protocols were use [1]. GoTaq®-DNA polymerase and Accuprime Pfx DNA polymerase were purchased from Promega (Madison, WI) or from Life technologies, respectively. PCR products were purified using Wizard® SV Gel and PCR Clean-Up System (Promega). Bacterial chromosomal DNA was extracted using the DNeasy® Blood & Tissue Kit (Qiagen). Oligonucleotides and gene fragments were synthesized by Integrated DNA Technologies, IDT (Coralville, IA). Sequencing was done by Eurofins Genomics (Louisville).
Gene deletion. All deletion mutants in S. gordonii or S. sanguinis derivatives as well as the deletion of spxB in S. cristatus, S. mitis, S. infantis and S. oralis was performed via allelic replacement as described earlier [2]. In detail, a fragment upstream and downstream to the respective gene as well as a resistance cassette were amplified by PCR using GoTaq Polymerase (Promega). Plasmids pDL278, pJH1 or pHS17 served as templates for amplification of the resistance cassettes aad9 (spectinomycin), aphA (kanamycin) or ermAM (erythromycin), respectively. Subsequently, the three fragments were introduced in an overlapping PCR reaction (Accuprime Pfx DNA Polymerase, Invitrogen). The resulting amplicons were transformed into S. gordonii / S. sanguinis derivatives as well as into S. infantis and S. oralis via natural competence or via electroporation into S. cristatus and S. mitis as described earlier with modifications [3, 4]. Sequences of the respective competence stimulating peptides and details on sequencing procedure of comC can be found below. Correct allelic replacement events were verified by PCR and sequencing. Please see below for detailed transformation protocols. Primers are given in Table S2 (supplemental material section). 
Complementation of ccpA. ccpA was restored via allelic replacement similarly to the procedure description above. Briefly, a fragment upstream of ccpA, ccpA itself, the kanamycin resistance cassette aphA and a downstream fragment of ccpA were amplified and subsequently introduced in an overlapping PCR. All used primers are listed in Table S2. The resulting amplicons were transformed into S. gordonii DL1 ccpA spxB and S. sanguinis SK36 ccpA spxB as described above. The resulting ccpA complemented strains S. gordonii DL1 spxB ccpAcomp and S. sanguinis SK36 spxB ccpAcomp were verified by PCR.
Transformation via natural competence. S. gordonii, S. sanguinis, S. infantis, S. oralis and their respective derivatives were transformed in accordance to a previous publication [3] with minor modifications. In detail, over-night-cultures of the respective strains were diluted in fresh BHI medium (1:40) and grown to an OD600 of 0.08 to 0.1. 1 ml of the culture was mixed with 8 l DNA (directly from overlapping PCR) and 2l competence stimulating peptide (CSP, 1 mg ml-1). The mixture was kept at 37 °C for two hours. Subsequently, cells were spread on BHI agar plates containing kanamycin (300 µg ml-1), erythromycin (10 µg ml-1) or spectinomycin (200 µg ml-1) for selection. Plates were incubated under anaerobic conditions for 48 hours at 37 °C. Transformants were sub-cultured, checked via PCR and verified by sequencing.
Transformation via electroporation. S. mitis and S. cristatus were transformed according to previous protocols [4]. In detail, Streptococcal species were grown to stationary phase in THY broth (Todd-Hewitt broth; supplemented with 0.5% yeast extract; Oxoid) under aerobic conditions (5% CO2) at 37 °C. Subsequently, over-night-cultures were diluted 1:20 in THY supplemented with glycine (250 mM for S. cristatus and 100 mM for S. mitis) and grown to an OD600 of 0.2 to 0.3. Cultures were chilled on ice for 10 min, washed twice in ice-cold electroporation buffer (0.3 M glucose), and suspended in 500 μl of electroporation buffer. For electroporation, 150 μl of competent cells were incubated on ice for 20 min in a 2-mm electroporation chamber (Bulldog Bio’s Bridge Electroporation Cuvettes, USA) with 1 μg of purified DNA. After electroporation (U = 1.75 kV, Eppendorf Eporator System, Germany) the cells were kept on ice for additional 3 min, diluted in 1 ml of THY, and incubated at 37 °C for 1 h. Subsequently, the cells were plated on THY agar supplemented with erythromycin (10 µg ml-1) and incubated at 37 °C anaerobically for 48 h. Transformants were sub-cultured, checked via PCR and verified by sequencing.
Sequencing of comC. To synthesize competence stimulating peptide (CSP) for transformation of S. sanguinis SK49, S. infantis LZ2, S. oralis ssp. tigurinus J22 and S. mitis 12261 the respective gene (comC) was sequenced. Therefore, the sequences of 6 S. sanguinis strains, 5 S. infantis strains, 6 S. mitis strains and 5 S. oralis strains were aligned to generate degenerated “wobble” primer (Table S2). Strain names including the respective GenBank accession numbers (given in brackets) are as follows: S. sanguinis SK36 (CP000387.1), S. sanguinis NCTC7863 (LS483385.1), S. sanguinis NCTC11085 (LS483346.1), S. sanguinis NCTC11086 (LS483364.1), S. sanguinis NCTC10904 (LR134002.1), S. sanguinis 133-79 (GU943505.1), S. infantis SK348 (AF498314.1), S. infantis ATCC 700779 (AEVD01000011.1), S. infantis X (AFUQ01000012.1), S. infantis SK970 (AFUT01000007.1), S. infantis UC6950A (JYOV01000002.1), S. mitis B6 (FN568063.1), S. mitis KCOM 1350 (CP012646.1), S. mitis SVGS_061 (CP014326.1), S. mitis NCTC10712 (AJ240795.1), S. mitis isolate Hu8 (AJ000866.1), S. mitis isolate B5 (AJ000871.1), S. oralis COL19 (AJ240794.1), S. oralis Uo5 (FR720602.1), S. oralis strain S.MIT/ORALIS-351(CP019562.1), S. oralis (AB501215.1), S. oralis subsp. tigurinus osk_001 (AP018338.1). The comC locus was amplified and subsequently sequenced (Eurofins Scientific, USA). The resulting sequences have been deposited at GenBank. The respective accession numbers are given in the main text. 
Competence stimulating peptides. Sequences of mature competence stimulating peptides (CSP) were identified by translating the respective comC genes and in accordance to previously identified peptides sequences as shown elsewhere [5]. All peptides have been synthesized by ELIM Biopharmaceuticals (Hayward, USA) in purity of >95%. The amino acid sequences are as follows: DLRGVPNPWGWIFGR (S. sanguinis SK49 (identical to CSP of S. sanguinis SK36)), EIRKENNFLFYFFKRK (S. oralis ssp. tigurinus J22), DKRLTYFITNLFPKRKK (S. infantis LZ2) and EMRKPDGALFNLFRRR (S. mitis 12261).
Transposon mutagenesis. Randomized mutants of S. sanguinis spxB were generated utilizing a MarC9/magelan6 based in vitro transposition system as previously described in detail [6]. Briefly, S. sanguinis spxB chromosomal DNA was extracted from an over-night-culture and mixed with a plasmid based transposon (magelan6), which was modified by replacing the original spectinomycin resistance cassette by a kanamycin resistance cassette. Subsequently, the mixed DNA was treated with purified transposase (MarC9) and further processed as previously described [6]. The transposed DNA was then transformed back into S. sanguinis spxB, generating a pool of mutants each containing a single transposon insertion in its genome. Transformants were selected on agar solidified BHI plates supplemented with kanamycin. 
Screening for a decreased protective capacity against H2O2 mediated killing. All colonies derived from transposon mutagenesis were tested based on the following principle: S. sanguinis spxB is able to produce an unknown substance, which protects surrounding bacteria from H2O2 mediated killing. A successful mutation in a gene, which is responsible for the production/release of that substance should result in a reduced protective effect. Thus, a H2O2 challenged indicator strain can only survive and form visible colonies in close proximity to S. sanguinis spxB. In case a protection related gene was successfully hit in S. sanguinis spxB, the protective effect should be reduced or fully eliminated. Thus, the H2O2 challenged indicator strain cannot survive and no visible colonies can be found around the respective candidate colony. 
Hence, all colonies derived from transposon mutagenesis were sub-cultured on plain agar solidified BHI plates for subsequent screening and numbered. Additionally, all mutants were also sub-cultured on kanamycin supplemented BHI agar plates and numbered accordingly for later strain maintenance and also for identification. 
The next day, according to the previously described H2O2 protection assay, an over-night-culture of S. epidermidis F (indicator strain) was washed with PBS and adjusted to an OD600 of 0.5. Molten BHI-soft-agar (4 ml, 0.6% agar, 60 °C) was added to 200 l of the indicator species cell suspension, mixed thoroughly and immediately poured over the plain agar plate containing the colonies to be tested. After solidification (30 min), a second layer was added to challenge the indicator strain: BHI soft agar (4 ml) containing 15 mM H2O2 was added and allowed to solidify for 30 minutes at room temperature. After 24 hours of growth the plates were inspected. The majority of transposed mutants was surrounded by a halo of indicator strain colonies. In case of the absence or a reduced size of the respective halo (compared to the average size on that specific plate), which indicates a reduced protective effect, a copy of the respective transposed S. sanguinis spxB colony was taken from the grit plate and prepared for long term storage as well as for an additional H2O2 protection assay.
Identification of affected genes. All candidates identified by the above described screening were verified by an additional H2O2 protection assay as described in the main text and the supplemental material section. The parental SK36 spxB strain served as reference on each plate. The respective affected genes were then identified by a modified SiteFinding-PCR, which had been described in detail elsewhere [7]. Basically, the SiteFinding-PCR allows the identification of an unknown sequence neighboring a known sequence (also known chromosome walking). This technique utilizes primers binding within a known sequence and a degenerated primer binding randomly all ~250 nucleotides. Combined, DNA fragments can be amplified, which cover parts of the known sequence as well as its neighboring sequence of interest. Subsequently, the unknown sequence can be sequenced after performing a nested PCR utilizing a primer binding within the known sequence. A detailed protocol can be found below. 
SiteFinding-PCR. In a first amplification step (SiteFinging PCR I) 30 ng of chromosomal DNA were mixed with 0.25 µl of 10mM dNTP mix; 2 µl of SiteFinder_A or SiteFinder_B (1 nM); 4 µl 5 x HF buffer and 0.4 units Phusion enzyme (Phusion High-Fidelity PCR). The reaction volume was filled up to 20 µl with water and incubated for 150 seconds at 98 °C followed by 60 seconds at 25 °C to allow the degenerated primers to bind. Subsequently, the temperature was raised to 72 °C with a ramp temperature of 0.2 °C per second, kept at 72 °C for 4 minutes and then cooled down to 4 °C. This procedure allows the extension of the degenerated primer stabilizing its binding to the respective DNA sequence. In a second PCR (SiteFinging PCR II) the previously mentioned known and unknown sequences were amplified. Therefore, 1 µl of SFinderPrimer1 (100 µM), 1 µl of the primer Kana_seq_out_dn (100 µM), 1 µl of 5 x HF buffer as well as 2 µl of water were added on ice to the mixture of SiteFinging PCR I. The PCR was started with the following conditions: 98 °C, 25 seconds; 56 °C, 25 seconds; 72 °C; 45 seconds; 40 cycles; and finally 72 °C for 7 minutes. The reaction mixture was diluted 1:500 and 4 µl were used for a subsequent nested PCR (SiteFinging PCR III). Therefore, the primer pair SFinderPrimer2 / TMG_SF_dn_NotI was used in combination with the Phusion High-Fidelity PCR system according to manufacturer instructions. The amplified fragments were purified and sequenced directly. All used primers are listed in Table S2. The SiteFinding-PCR was adapted from a previous published work [7].
Enzymatic elimination of pyruvate. 200 l of extracts were added to 800 l buffer enzyme mixture (resulting in a 1:5 dilution of the extract). The final reaction solution contained 50 mM potassium phosphate (pH 5.7), 1 mM EDTA, 10 mM MgCl2, 10 μM FAD (flavin adenine dinucleotide), 0.2 mM TPP (thiamine pyrophosphate), 4 U pyruvate oxidase (PoxB, MP Biomedicals). After 1 hour of incubation at 37 °C, 400 l were placed at -20 °C for later analysis. To eliminate H2O2, which derived from the PoxB catalyzed reaction (pyruvate -> acetate + H2O2) and would influence later measurements 540 l of the mixture were treated with catalase by adding 60 l of 10 x PBS containing 3000 U/ml catalase followed by incubation overnight at 37 °C. Subsequently, samples were heated to 98 °C for 30 minutes to eliminate catalase activity, allowed to cool down at room temperature and stored at 4 °C. 
H2O2 depletion assay with treated and untreated extracts. Untreated extracts ere diluted 1:5 to mimic the extract concentrations in the PoxB treated samples. 50 l of treated and untreated extracts were mixed with 50 l of a 2 mM H2O2 solution and kept at room temperature for 30 minutes. Samples were stored at 4 °C for later analysis.
Enzymatic determination of H2O2, pyruvate and acetate concentrations. Measurements were performed with the Amplex Red Peroxide/Peroxidase Assay (Invitrogen), EnzyChrom Pyruvate Assay (BioAssays Systems), and EnzyChrom Acetate Assay (BioAssays Systems), following manufacturer’s instructions. The 1:2 dilution of the sample resulting from H2O2 depletion assay was considered; all measured concentrations were multiplied by 2 to refer to the pre-H2O2-depletion-assay concentrations.
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