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SAM 10% FDR - 973 negative genes

SAM 10% FDR - 898 positive genes 
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cyoA: cytochrome bo terminal oxidase subunit II

ACAGCTTCTTAAAATCAACCTGATATGTTTTGCAACATATGTGACCTGGCAGCCAAATCCAAGTAACAGG 

TGAA-CAT-T

Start End Strand PWM Score(s) SEP Score ATG-Distance Location

450955 450964 - 12.18 -6.68 121 intergenic

AGTAATCCTCCCGGATGCACCATCTCTTACTTGATACGGCTTTAGTAGCG ... (130)...

argQ: tRNAargQ

TCGAATCCTCCCGGATGCACCATCTCTTACTTGATATGGCTTTAGTAGC

TGAA-CAT-T

TTCGAATCCTCCCGGATGCACCATATTCTACGTACTTTCAGCGATGAAGG ... (124)...

argZ: tRNAargZ

CCCGGATGCACCATCTCTTACTTGATACGGCTTTAGTAGCGGTATC

TGAA-CAT-T

C-BOX

+

Start End Strand PWM Score(s) SEP Score ATG-Distance Location

2815943 2815952 - 12.04 -7.01 61 intergenic

2816217 2816226 - 12.04 -6.84 335 coding region

+

+

Start End Strand PWM Score(s) SEP Score ATG-Distance Location

2816217 2816226 - 12.04 -6.84 60 coding region

2816358 2816367 - 12.04 -6.96 201 coding region
+

+
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CCTCCCGGATGCACCATCTCTTACTTGATACGGCTTTAGTAGCGGTATCA

argY: tRNAargY

TGAA-CAT-T

AACTGGTCAATATGATTCAGGTGCAACGCGCTTACGAAATCAACAGTAAA ... (50)...

flgH: flagellar L-ring protein

CCACCGATCAGATGCTGCAAAAACTGACGCAACTCTAAGGCTTAACCGGT

TGAA-CAT-T

Start End Strand PWM Score(s) SEP Score ATG-Distance Location

1134706 1134715 + 12.16 -7.2 72 coding region

1134646 1134655 + 12.55 -7.55 132 coding region

Start End Strand PWM Score(s) SEP Score ATG-Distance Location

2816358 2816367 - 12.04 -6.96 62 intergenic+
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F-BOX

TTTACA TTTT

ATATTCGTGCTGCATTTACTTATTATCAATTAACTGTTATGCAAAACTAC

gadW: DNA-binding transcriptional dual regulator

CCGTAAATCAGATGCTACAAAATGTAAAGTTGTGTCTTTCTGGTGACTTA ... (100)...

htpX: heat shock protein, integral membrane protein

TTTTGTTAAACTGAGGTAAAAATGAAAATTATG

T TTACATTTT

Start End Strand PWM Score(s) SEP Score ATG-Distance Location

1910603 1910612 - 13.5 -6.42 3 intergenic

1910713 1910722 - 14.09 -7 113 intergenic

+
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glnK: nitrogen regulatory protein GlnK

ATTTCATCGTTGGTGCAAAAATGTAACGCACTGTGCACTGTCATAGTGCGTTTTCATTTTCAAACTTCTT

TTTACATTTT TTTACATTTT

Start End Strand PWM Score(s) SEP Score ATG-Distance Location

471669 471678 - 13.48 -7.01 144 intergenic

471702 471711 + 13.5 -7.01 111 intergenic

TCGTCAGGTCGGTAAAAAGGTAAACTTTGAGCCAGACAGC GCCTTCCGCG ... (310)...

yjfH (rlmB): 23S rRNA 2'-O-ribose G2251 methyltransferase

TAGTGCATCAGGCAAAACGTAAACAACGAGTACATTA ATG

TTTACATTTT

Start End Strand PWM Score(s) SEP Score ATG-Distance Location

4406507 4406516 - 13.59 -7.44 337 coding region

4406829 4406838 - 13.59 -7 15 intergenic
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•Wild type pH 7
•Wild type pH 5.5
•Genes KO pH 7
•Genes KO pH 5.5
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Supplementary figures and tables

Supplementary figure 1: Phenotype controls for the flow cytometry analysis

Flow cytometry analysis of living cells at pH 7 (quadrant left bottom) and dead cells, 

previously treated with EtOH (quadrant left up). Propidum Iodide and BOX were used 

as fluorescence dies on the Y and X axis respectively. These distributions were used 

in subsequent experiments to infer proportions of living and dead cells at various 

times after acidification.

Supplementary figure 2: Variability between samples at pH 7 in continuous 

culture experiments

The above graph shows plots of control pH 7 culture collected after reaching steady 

state as described in materials and methods at a) 0min, b) 15min, c)30min and 

d)1hour of growth at pH7 in a microarray experiment. On the X-axis the mean log 

signal intensity across the four time points is plotted against the log signal intensity of 

each replicate subtracted from the mean divided by the mean log signal intensity. 

The graphs clearly show that the variation between replicates is about 5%. The 

median of coefficient of variation between the control replicates is 10%.

Supplementary figure 3: Identification of the genes modulated during acid 

adaptation at operon level

We have considered the most modulated functions: S2 (A) Oxidative 

phosphorylation, with some of the representative enzymes; S2(B) Anaerobic 

respiration; S2 (C) Glycolysis/Gluconeogenesis; S2(D) ABC transporters. In the 

figure are shown some of the components belonging to the modulated functions and 

their regulation at the operonlevel. The red arrows are indicative of up-regulation, 

viceversa for the green arrows.

Supplementary figure 4-(1-7): Identification of the pathways modulated in 

response to acid adaptation

The figures represent the genes for each considered pathway, which are modulated 

in response to acid. In red the genes up-regulated and in green the genes down-

regulated.

Supplementary figure 5: SAM analysis of the three replicates at pH 7 and pH 

5.5 of the wild type strain, 15 minute time point

The SAM analysis (10% FDR) found 973 genes down-regulated and 898 genes up-

regulated. After a functional annotation analysis, we have found that most of the 

functions down-regulated are involved in the energy metabolism and the up-

regulated are characterised by genes coding for membrane transporters.

Supplementary figure 6: Gene expression profiles of selected genes in the 

three replicates 

Expression levels of each gene are shown at pH 7 and at pH 5.5. The error bars 

represent standard deviations of the three replicates.

Supplementary figure 7 (1-4): Binding site analysis of potential OmpR target

The potential binding sites of the OmpRare shown in figure 1-3, which were detected 

in the base of the similarity with ompC-box. For each gene considered, the genome 

sequence, the statistical relevance of the similarity and the relative operon are 

shown. Figures 7 (4-5) are related to the same analysis, but considering ompF-box. 

PWM scores and SEP scores were determinant for the selection of the targets.



Supplementary figure 8: Principal component analysis of the gene KO

The three replicates of the wild type are indicated in blue for the pH 7 and in red for the pH 

5.5. The mutants at pH 7 are represented by the light blue dots, at pH 5.5 by the pink dots. 

The first component, which defines the shift following acid exposure, is on the X axis.

Supplementary figure 9-(1-7): Identification of the pathways modulated in response to 

acid adaptation for the genes predictive of the phenotype outcome

The figures represent the genes for each considered pathway, which are modulated in 

response to acid. In red the genes up-regulated and in green the genes down-regulated.

Supplementary figure 10: Schematic representation of the genes involved in the 

regulation of the osmotic response

The proteins expressed on the inner membrane (IM) and periplasmic membrane (PM) are 

represented in the figure. The green arrows indicate the effect of down-regulation, the red 

arrows instead are for the up-regulation after acid adaptation. 

Supplementary table 1: Selection of the genes from the wild type time course

Supplementary tables 2-3: Mutant strains showing a significant acid response 

phenotype

The tables show, for each mutant, the p-values obtained from the Fisher exact test. p-values 

were computed on the percentages of healthy cells as defined by the flow cytometry. Where 

two p-values are present, two biological replicates were considered. Supplementary table 2 

shows the values of the not adapted mutants; in supplementary table 3 are shown the values 

of the adapted samples.

Supplementary table 4: Functions enriched by the genes differentially expressed 

between the three phenotypic groups

The analysis performed between the three groups considering log2 ratios of gene expression 

values gave us a list of 221 genes. We have performed a functional annotation analysis, 

which results are shown in this figure. We have selected the functions more represented and 

the representing genes.

Supplementary table 5: SAM comparison performed considering DompR at pH 7, 5.5 

and the wild type

The functions enriched by the genes differentially expressed between the wild type at pH 7 

and the mutant at pH 7 (column 1), wild type pH 5.5 and mutant at pH 5.5 (column 2) and 

wild type at pH 7 and pH 5.5 (column 3) are represented. In the tables the functions are also 

represented that for each analysis were found up and down-regulated.

Supplementary table 6: FNR target genes modulation in response to acid exposure

FNR target genes were selected on the acid adaptation time course. A functional analysis was 

performed with DAVID, finding pathways that are up and down-regulated in response to pH 5.5, 

which


