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Figure S1. Oxygen consumption of cells grown in chemically defined medium with glucose (blue 

circles) or pyruvate (red circles) as major carbon source. Cells from an exponential overnight culture 

were transferred to fresh prewarmed medium to yield a start OD500 nm of 0.075 and grown to an 

OD500 nm of 0.5 at 37 °C with agitation (120 rpm). At an OD500 nm of 0.5 seven ml of the culture were 

transferred to seven ml airtight screw tubes equipped with oxygen sensor spots (PreSens, Germany). 

Cells were statically incubated at 37 °C. O2-saturation of the cell culture was monitored in 2.5 min 

intervals for a total of 25 min, within which the oxygen was completely used by the cells. Using 

information provided by the manufacture, O2 saturation was converted into µmol O2 l-1 values. Error 

bars show standard deviation of four independent biological replicates. 

 



 

Figure S2. Carbon source-, oxygen- and ccpA-dependent growth of S. aureus. Growth of wild type 

S. aureus COL (squares, triangles) and the isogenic ccpA mutant (circles) in chemically defined medium 

cultured under aerobic conditions (closed symbols) or after a shift to hypoxic conditions at an 

OD500 = 0.5 (open symbols). Cells were grown on glucose (squares) or pyruvate (triangles) as major 

carbon source.  OD values are means with standard deviations of three biological replicates. 



 

Figure S3. E. coli AdhP based homology model of S. aureus Adh1. Adh1 model predicted by Phyre2 

using the E. coli ethanol-inducible MDR ethanol dehydrogenase/acetaldehyde reductase AdhP (PDB 

code: 4GKV) as template (1–4). 334 residues of Adh1 (99% sequence) were successfully modelled with 

high confidence (RSMD 0.606, over entire sequence). A) superimposition of Adh1 and AdhP showing 

high structure similarity: Adh1 colored cyan, AdhP colored green, NAD colored yellow and Zn colored 

violet. B) Active site of superimposed structures with residues critical for substrate binding shown as 

sticks. C) Sequence alignment of Adh1 and AdhP using the Clustal Omega web server and is displayed 

by ESPript 3 software (5). Invariant residues are highlighted in red. Overall sequence conservation is 

68.7% identity and 88.6% similarity. Secondary structures of AdhP are shown. Boxes below the 

sequence indicate substrate (black) and coenzyme (blue) binding residues.   



 

Figure S4. Changes in extracellular amino acid concentrations. (A) Concentrations profiles of amino 

acids supplements during anaerobic cultivation of S. aureus with either glucose (red line) or pyruvate 



(green line) as major carbon and energy source. Results are mean values of five independent biological 

replicates. Corresponding standard deviation are shown as shade in transparent color. Values are 

means with standard deviation from four independent biological replicates. Statistics for amino acid 

profiles are summarized in Table S2. 

  



 

Figure S5. Model of carbon source-dependent anaerobic gene regulation in S. aureus. (A) A drop of 

the cellular redox potential leads to de-repression of Rex-regulated genes. If glucose is the major 

carbon source (red lines), lactate dehydrogenase 1 is by far the most abundant fermentation enzyme 

and the main secretion product is lactate, while only reduced amounts of acetate are produced. In the 

absence of a carbon source that can be anaerobically metabolized via glycolysis (turquois line), 

glycolytic enzymes are not induced but Pfl is strongly upregulated in a Rex- and CcpA-dependent 

manner and acetate becomes the major secretion product. In addition, no ethanol is produced since 

this would divert valuable acetyl-CoA required for ATP production via Pta and AckA. Important 

regulatory proteins are indicated and motifs bound by Rex are shown in (B) with highlighted bases that 



deviate from a perfect palindromic sequence. The question mark indicates potential indirect regulatory 

effects by CcpA. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Supplementary tables 

Table S1. Summary of proteome data. 

Table S2. Summary of exometabolome data. 

Table S3 Oligonucleotides used in this study. 

Table S3 Oligonucleotides used in this study. 

Name Sequence (5’-3’) 

ackA_for 

ackA_rev_T7 

adh1_for 

adh1_rev_T7 

adhE_for 

adhE_rev_T7 

GATGGGTATTCGTGCTTTCC 

CTAATACGACTCACTATAGGGAGAATTCTCGCAGCATATGATCC 

GTCTATCGCTTGGATGTTCG 

CTAATACGACTCACTATAGGGAGACCGTCAAGCACTAATCTTGG 

ATGCTCTAGCTGACAAAGGG 

CTAATACGACTCACTATAGGGAGATGTGCACTTGGATGGAATGC 

budB_for 

budB_rev_T7 

butA_for 

butA_rev_T7 

gapA2_for 

GTTAGGTGGCCAAGTGAAAC 

CTAATACGACTCACTATAGGGAGACTTGATTGCGGAATAAGCCC 

CATTAGTAACTGGCGGAGCA 

CTAATACGACTCACTATAGGGAGACAGGTTTACCTGCTTCTTCG 

GGGTAGAATTGGAAGAATGG 

gapA2_rev_T7 CTAATACGACTCACTATAGGGAGACCCCATTCATTATCATACCA 

ldh1_for CATGCCACACCATATTCTCC 

ldh1_rev_T7 CTAATACGACTCACTATAGGGAGAGCTGATACAGTCAATACGGC 

ldh2_for GGATCAAGCTATGCCTTTGC 

ldh2_rev_T7 CTAATACGACTCACTATAGGGAGAGCTTGTGACCAAACTGCAAG 

ldhD_for CGCGTGATTATGAGAAAGAG 

ldhD_rev_T7 CTAATACGACTCACTATAGGGAGAGCGTTTAAACCACCTTCAAC 

pdhA_for GGTTTCTATGCACCAACTGC 

pdhA_rev_T7 CTAATACGACTCACTATAGGGAGAGCGGTCACGTGCTTCTTTAG 

pflB_for GGTGCAGCAATGAGTTTAGG 

pflB_rev_T7 CTAATACGACTCACTATAGGGAGATTTGGACCAACTTGTGCACC 

pta_for CGACGTAAAGGTAAAGCGAC  

pta_rev_T7 CTAATACGACTCACTATAGGGAGAGCAACACCTGGTACAATCGC 
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