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Figure S1: Alignment of the roxP upstream region of eight strains. The strains represent 
the eight dominant roxP upstream sequences, covering the entire C. acnes population (see 
Figure S2). The upstream sequences contain the putative roxP promoter, underlined. This 
promoter was found using the tool BPROM (V. Solovyev and A Salamov, In Metagenomics 
and its Applications in Agriculture, Biomedicine and Environmental Studies, p. 61-78, 
2011.) (the confidence values, Linear discriminant function (LDF) scores, are given in brackets 
after the strain name). In addition, the C. acnes consensus promoter sequence (-10 region: 
T.A.n.n.n.T and -35 region: G/A.n.T/G.T/G.n.G), identified by Lin et al. (Lin YF, A DR, Guan 
S, Mamanova L and McDowall KJ, In BMC Genomics. Sep 14;14:620, 2013), was compared; 
all matching bases are highlighted in green. Type IA strains with the SLST type A and C carry 
a roxP upstream sequence with a perfect match to the consensus promoter. It is apparent that 
type II strains represented by strains 09-9 and ATCC 11828 carry mismatches in the -35 region.  
 

-35
09_9_type_II_K1      (1.37)AAGCCGGAAGGCAGATAAACCTCT-ACCCGGGACGCCGTCGTCTCCAACACCTTAGTGAC
ATCC_11828_type_II_K9(1.37)AAGCCGGAAGGCAGATAAACCTCT-ACCCGGGACGCCGTCGTCTCCAACACCTTAGTGAC
PMH5_type_III_L      (0.73)AAACCGAAAGGCAAACCCACCCCCTACCGGGCCTACCGTTGCCGCCGGCACGTCGATGAC
523_type_IA_G        (1.94)AAACCGAAAGACAGACCCACCCCCTACCGGACATACCGTTGCCGCCAACACTTCAATGAC
PA_12_1_L1_type_IA_A (3.11)AAACCGAAAGGCAGACCCACCCCCTACCGGGCATACCGTTGCCGCCGACACTTCGATGAC
PA_15_1_R1_type_IA_C (3.11)AAACCGAAAGGCAGACCCACCCCCTACCGGGCATACCGTTGCCGCCGACACTTCGATGAC
09_109_type_II_K5    (2.10)AAACCGAAAGGCAGACCCACCCCCTACCGGGCATACCGTTGCCGCCGACACTTCGATGAC
KPA171202_type_IB_H  (2.10)AAACCGAAAGGCAGACCCACCCCCTACCGGGCATACCGTTGCCGCCGACACTTCGATGAC

** *** *** ** *   *** *  *** *     **** * * **  *** *   ****
-10

09_9_type_II_K1            ACTATGCAGTGCTATGCTCCAAACGAAAGTCTAAATGATTTTCGCTAATTTCCATACGTA
ATCC_11828_type_II_K9      ACTATGCAGTGCTATGCTCCAAACGAAAGTCTAAATGATTTTCGCTAATTTCCATACGTA
PMH5_type_III_L            ACTATGCAGTGCTACGCTCTAGCAGAAAATTCATATGATTTTCGTCAATTCCCATACGTA
523_type_IA_G              ACTATGCAGTGCTACGCTCTAGTCGAGAATCTATATGATTTTCGTCAATTCCCATACGTA
PA_12_1_L1_type_IA_A       ACTATGCAGTGCTATACTTCAGCTGAAAGTCTATATGATTTTCGTCAATTCCCATACGTA
PA_15_1_R1_type_IA_C       ACTATGCAGTGCTATACTTCAGCTGAAAATCTATATGATTTTCGTCAATTCCCATACGTA
09_109_type_II_K5          ACTATGCAGTGCTACACTTCAACTGAAAATCTATATGATTTTCGTCAATTCCCATACGTA
KPA171202_type_IB_H        ACTATGCAGTGCTACACTTCAACTGAAAATCTATATGATTTTCGTCAATTCCCATACGTA

**************  **  *   ** * *  * **********  **** *********
09_9_type_II_K1            CGACATATCGGGAGACCATCATG
ATCC_11828_type_II_K9      CGACATATCGGGAGACCATCATG
PMH5_type_III_L            CGACATATCAGGAGATCGTCATG
523_type_IA_G              CGACATATCGGGAGATCGTCATG
PA_12_1_L1_type_IA_A       CGACATATCGGGAGATCGTCATG
PA_15_1_R1_type_IA_C       CGACATATCGGGAGATCGTCATG
09_109_type_II_K5          CGACATATCGGGAGATCGTCATG
KPA171202_type_IB_H        CGACACATCGGGAGATCGTCATG

***** *** ***** * *****



 
Figure S2: Analysis of the roxP upstream region containing the putative promoter. 155 
sequenced C. acnes genomes were screened for the roxP upstream region (200 nt). All C. acnes 
genomes carried this region. Eight dominant sequences were found; representative strains 
carrying each an individual roxP upstream sequence are shown. The respective upstream 
regions were phylogenetically compared. Most sequenced genomes carried the version 
represented by strain PA_12.1.L1: 81 genomes; the other strains represented: PA_15.1.R1, 24 
genomes; 09-109, 8 genomes; KPA171202, 11 genomes; PMH5, 4 genomes; 523, 3 genomes; 
09-9, 2 genomes; ATCC_11828, 20 genomes. The respective type names IA, IB, II, III as well 
as the SLST types A, C, G, H, K, L of the strains are given in the figure. Please notice that type 
II strains can be found in different clusters. 
 
 

 
Figure S3. Tolerance to oxic conditions is strain- and RoxP- dependent in C. acnes. Fifteen 
different strains of C. acnes were cultured in TSB under anaerobic (solid line) or aerobic 
(dashed line) conditions for 5-7 days. Certain strains (A) showed no significant difference 
between oxic and anoxic growth, (B) were favoring aerobic growth mainly in the late 
exponential phase, or (C) had an increased lag time in aerobic conditions. Lines colored in 
black represent strains expressing the most common RoxP homologue, and gray lines represent 
strains expressing the less common protein variant. The Y-axis describes OD600 and the X-axis 
represents time (days).  
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Figure S4. Phylogenetic tree of RoxP sequences from C. acnes separates RoxP into three 
main types. Amino acid sequences of RoxP from the investigated C. acnes strains were aligned 
using a ClustalW algorithm. Strains were colored based on their C. acnes phylotype 
correspondence (e.g. type I-III).  
 
 
 
 

 
Figure S5. RoxP-based molecular imprint cryogel matrix can affinity-purify RoxP from 
bacterial supernatant to high purity. Ammonium sulphate precipitated (80%) and re-
buffered (100 mM sodium phosphate pH 7.0) supernatant from C. acnes type II strain AD24 
(lane 2) were run over a RoxP-based molecular imprint cryogel matrix. The flow through was 
collected (lane 3), and bound proteins eluted with 500 mM imidazole (lane 4). PageRuler 
Prestained Protein Ladder was used as a molecular weight determinant (lane 1).  
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Figure S6. Calibration curve for determination of RoxP concentrations in skin swab 
samples using a capacitive biosensor. The contents of aerated skin swabs, not applied to skin 
or other solid surfaces, was diluted in a 10 mM sodium phosphate buffer pH 7.0 supplemented 
with ranging concentrations of RoxP. Samples were injected into the system and the resulting 
change in capacitance plotted against logarithmic protein concentrations.  
 
 

 
Figure S7. RoxP is prevalent in patients with BCC. Individuals with either basal cell 
carcinoma (grey) or actinic keratosis (black) were swabbed at diseased (affected) and healthy 
(non-affected) regions of the skin. Absolute quantity of RoxP was determined by RoxP-MIP 
capacitive biosensor measurements. The analysis includes only those individuals from whom 
two matching data points could be successfully computed.  
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Figure S8. Dysbiosis of the skin microbiome in AK and BCC on individual patient level. 
Relative abundance of the ten most abundant genera (all other genera clustered in the “Other” 
group) in the four groups: AKC (actinic keratosis: healthy skin site), AKS (actinic keratosis: 
affected skin site), BCCC (basal cell carcinoma: healthy skin site), and BCCS (basal cell 
carcinoma: affected skin site).  
 
 
Table S1. Patient characteristics and selected baseline values. Patient groups were compared 
using a one-way ANOVA test. 
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