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Supplementary Material 

1 Supplementary Figures 

 

Figure S1 | Aerobic fermentor growth of ΔssaACB and WT strains. Representative charts for fermentor 

growth of S. sanguinis (A) ΔssaACB and (B) WT cells. Each color represents a different parameter: 

cyan - air flow (liters per min; lpm), pink - optical density (840-910 nm; absorbance units; AU), dark 

green - pH, light green - base input (KOH), purple - media input (mL; total volume). Each color 

represents a different parameter as labeled at the top of the figure. The scale for each parameter is 

indicated by the values under each respective parameter label (minimum at the bottom, maximum at 

the top). The time scale is indicated by the bar in the bottom right portion of each chart. Cells were 

grown under aerobic conditions with EDTA added 80 mins (T0) after the media input and output pumps 

were turned on and the air flow was set to 0.5 lpm. Each sample time point is labeled. 
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Figure S2 | Addition of metals to fermentor-grown ΔssaACB cells post-EDTA. Fermentor growth of 

ΔssaACB with the addition of 100 µM EDTA at T0 as described previously, with 100 µM of either 

Mn2+ (A) or Fe2+ (B) added at T70. Colors and labels are as in Fig. S1. The time scale is indicated by 

the bar in the bottom right portion of the each chart. Each chart is representative of at least three 

replicates. 
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Figure S3 | Metal content of fermentor-grown ΔssaACB cells post-EDTA and metal supplementation. 

Samples of ΔssaACB cells were collected from the fermentor at each time point and analyzed for 

cellular metal content using ICP-OES. The T80 time point is 10 mins after the addition of 100 µM of 

either Mn2+ (A) or Fe2+ (B) added at T70 as depicted in Figure S2. Means and standard deviations of 

three replicates are shown. Significance was determined for each metal by repeated measures ANOVA 

or one-way ANOVA if matching was not effective. A Tukey-Kramer multiple comparisons test was 

used for comparison to T-20 for each metal; *P ≤ 0.05, ***P ≤ 0.0001. 
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Figure S4 | Validation of RNA-Seq trends using qRT-PCR. (A) The average log2 fold change values 

of select genes of interest from the DESeq2 RNA-Seq analysis, comparing each post-EDTA time point 

to T-20. The average is from four biological replicates. (B) Log2 fold change values of the same genes 

as determined by qRT-PCR of two additional ΔssaACB fermentor run samples. Mean and standard 

error for each time point are depicted. Horizontal dashed lines indicate log2 fold changes in expression 

of ± 1. 
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Figure S5 | Aerobic fermentor growth of the ΔsodA mutant. The ΔsodA mutant grown under aerobic 

fermentor conditions as described previously, without EDTA. Each color represents a different 

parameter, labeled at the top of the figure. The scale for each parameter is indicated by the values under 

each respective parameter (minimum at the bottom, maximum at the top). The time scale is indicated 

by the bar in the bottom right portion of the chart. Representative chart from three replicates. 
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Figure S6 | Impact of Mn depletion on amino acid transport and synthesis genes. Expression of amino 

acid transport and synthesis genes in the ΔssaACB mutant are depicted with their average TPM at T-20 

and log2 fold change values for each post-EDTA time point. Only genes with |log2 fold change values| 

≥ 1 are depicted in this chart. For expression of all amino acid transport and synthesis genes, see Table 

S1. TPM values greater than 1000 are full saturation (green). Positive log2 fold change values (red) are 

upregulated in post-EDTA samples as compared to T-20, while negative values (blue) are 

downregulated. Values in bold are significant by adjusted P-value (≤ 0.05). 
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Figure S7 | Transcriptomic heatmap of ΔssaACB aerobic fermentor grown cells. Heatmap displaying 

the log2 fold change values of each gene at the time indicated as compared to T-20. Positive log2 fold 

change values (red) are upregulated in later samples as compared to T-20, while negative values (blue) 

are downregulated. Select genes are depicted with their average TPM at T-20 and log2 fold change 

values for each post-EDTA time point. TPM values greater than 1000 are full saturation (green). Log2 

fold change values follow the same color scale as depicted in the heatmap. Values in bold are 

significant by adjusted P-value (≤ 0.05).  



  Supplementary Material 

 
8 

2 Supplementary Methods 

Fermentor set up 

BHI was prepared in a polypropylene carboy to a final volume of 5 L. Antifoam (Sigma) was added to 

25 ppm and the carboy was autoclaved for 2 h at 128°C. Aeration was achieved by the controlled 

addition of compressed N2 and air delivered through a ring sparger, augmented by stirring at 250 rpm; 

vessel temperature was controlled via an external heating blanket. The DO, OD, and temperature were 

also measured by indwelling probes. Constant volume in the vessel was maintained by the placement 

of the opening of a harvest tube at the 800 mL level. Detailed protocol is described in Puccio and Kitten 

(2020). 

Quantitative reverse transcriptase polymerase chain reaction 

RNA was collected as described in the main text. cDNA libraries were created using SensiFAST cDNA 

Synthesis Kit (Bioline). Control reactions without reverse transcriptase were conducted to confirm the 

absence of contaminating DNA in all samples. qRT-PCR was performed using SYBR Green Supermix 

(Applied Biosystems) on an Applied Biosystems 7500 Fast Real Time PCR System using the primers 

listed in Table S3. Relative gene expression was analyzed using the 2-ΔΔCT method (Livak and 

Schmittgen, 2001) with gapA serving as the internal control (Rodriguez et al., 2011). 

Heatmap generation 

The heatmap was generated in GraphPad Prism1 using the log2 fold change values of the RNA-Seq 

data calculated using DESeq2 in Geneious2, as described in the main text.  

Putative cre site identification 

Putative cre sites identified in the SK36 genome by RegPrecise3 (RRID:SCR_002149) (Novichkov et 

al., 2013) and listed within the “propagated regulon” collection4 were collected. Further analyses were 

performed by obtaining non-overlapping sequences ≤ 250 bp in length upstream of all SK36 genes 

using RSAT5 (RRID:SCR_008560) (van Helden et al., 2000; Nguyen et al., 2018), then searching for 

putative Streptococcus suis pseudopalindromic cre and cre2 motifs (Willenborg et al., 2014) in these 

sequences using FIMO from MEME Suite6 (RRID:SCR_001783) (Grant et al., 2011). Motifs used for 

each search, as well as scores given for the RegPrecise and FIMO outputs, are listed in Table S2. Due 

to the variable length of the crevar sites (Yang et al., 2017), seqinR v. 3.6-1 (Charif and Lobry, 2007) 

was used for this search. The FIMO cutoff was set to P-value ≤ 10-4. Putative sites located within 10 

bp of the start site of the corresponding gene were removed from the list. 

                                                 

1 https://www.graphpad.com/ 

2 https://www.geneious.com/ 

3 https://enigma.lbl.gov/regprecise/ 

4 http://regprecise.sbpdiscovery.org:8080/WebRegPrecise/regulon.jsp?regulon_id=35148 

5 http://rsat.sb-roscoff.fr/ 

6 http://meme-suite.org/doc/fimo.html 
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