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Conservation analysis – HMM searches 16 

Protein sequences for SpoIIP, SpoIID and SpoIIM from B. subtilis (NP_390431.1, 17 

NP_391556.1 and NP_390234.1, respectively) and C. difficile (YP_001088983.1, 18 

YP_001086593.1 and YP_001087714.1, respectively) were used separately to search for 19 

orthologues amongst a set of 24 representative endosporeformers [1] using BLASTP [2]. 20 

Surprisingly, using CdSpoIIM retrieved only two orthologues during this search, despite the 21 

sequence conservation revealed in the sequence alignments (Fig. S1). A complete list of all 22 

orthologues was generated by combining the sequences retrieved in the BLAST searches 23 

and the Bacilli and Clostridia sequences were aligned separately using T-coffee [3]. This 24 

alignment was then used to produce a HMM profile in HMMBUILD [4] which was the basis 25 

for identifying orthologues of each protein in all Bacilli and all Clostridia as well as all 26 

bacteria with JackHMMER [5] within the HMMER3 web server [6]. The alignment of all 27 

Bacilli or all Clostridia SpoIID, SpoIIP and SpoIIM homologues retrieved from HMMER 28 

searches was then used to generate the final HMM profile from which motif conservation 29 

was analysed and weblogos created using Skylign [7]. As the alignment of all bacilli and all 30 

clostridial orthologues of SpoIID contained other LytB/PG hydrolysis protein families, as well 31 

as true SpoIID orthologues, we focused this particular conservation analysis on the 32 

alignment of the representative sporeformers after confirming domain architectures. 33 

 34 

Signal peptide and transmembrane helix predictions 35 

 In order to investigate the presence of signal peptides in B.subtilis and C. difficile DMP, the 36 

proteins sequences were analysed using the SignalP 5.0 [8] and Phobius [9] servers. 37 

Similarly, the protein sequences were analysed in the TMHMM [10], Phobius and PSIPRED 38 
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[11] servers for identification of putative transmembrane helices. Following the standard 39 

used for UniProt annotations, a signal peptide was considered to be present if predicted by 40 

both SignalP 5.0 and Phobius and a transmembrane helix if predicted by TMHMM and 41 

Phobius. If the prediction of the signal peptide and transmembrane covered the same 42 

residues, Phobius was used to discriminate between the two possibilities, if necessary.43 
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Fig. S1 – Multiple sequence alignment of DMP in representative endosporeformers 49 

Protein sequences of SpoIIP, SpoIID and SpoIIM from B. subtilis and C. difficile were aligned 50 

with the sequences of retrieved orthologues in the representative Bacilli and Clostridia [1], 51 

respectively, using T-Coffee [3]. Motifs identified after full HMM searches in all Bacilli and 52 

Clostridia as well as the proposed catalytic residues are labelled: SpoIIP – motif 1, light 53 

purple; motif 2, dark purple; SpoIID – motif 1, red; motif 2, dark orange; motif 3, light 54 

orange. Catalytic residues in SpoIID and SpoIIP are shaded orange. Strictly conserved 55 

residues are boxed in a white background, residues with similarity score above 0.7 (ESPript) 56 

are shaded black. Alignment figures were generated with ESPript 3.0 [12]. 57 
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Table S1 – DMP orthologues identification in representative endosporeformers 87 

 % identity to query 

BsIID CdIID BsIIP CdIIP BsIIM CdIIM 
Bacilli 

Bacillus subtilis subsp. subtilis str. 168  - 35.7 - 29.4 -  

Bacillus licheniformis ATCC 14580 70.9 37.7 71.2  79.2  
Bacillus halodurans C-125 48.3 34.5 42.2  54.4  

Bacillus clausii KSM-K16 44.9 33.9 42.6  52.8  

Bacillus cereus ATCC 10987 38.5 42.7 45.8  51.9  

Bacillus anthracis str. Sterne 53.2 43.4 45.4  49.8  
Lysinibacillus sphaericus C3-41  38.5 34.9 30.0     

Oceanobacillus iheyensis HTE831  45.8 40.4 44.1  42.2  

Geobacillus kaustophilus HTA426  58.1 39.7 51.4 26.9 56.3  
Anoxybacillus flavithermus WK1  53.4 34.7 48.5 30.1 54.3  

Brevibacillus brevis NBRC 100599  46.5 32.6 37.0 27.1 48.0  

Paenibacillus sp. JDR-2  47.4 39.3 33.9 28.2 38.7  

Clostridia 

Caldanaerobacter subterraneus subsp. 
tengcongensis MB4 

38.8 43.5 25.6 34.7 31.0  

Moorella thermoacetica ATCC 39073 44.0 37.7 31.3 29.6  39.6  

Carboxydothermus hydrogenoformans Z-2901  35.6 38.1  29.6 34.2  

Desulfitobacterium hafniense Y51  42.0 29.8 30.7 33.7 28.7  

Hungateilostridium thermocellum ATCC 27405  33.4 41.4  32.1 30.9  

Desulfotomaculum acetoxidans DSM 771  36.1 34.6 27.9 25.4 33.8  
Clostridium acetobutylicum ATCC 824  36.4 44.1 24.5  29.5 31.1 29.9 

Clostridium botulinum A str. ATCC 3502  35.1 37.6 26.0  33.8 28.9 31.5 

Clostridium perfringens str. 13 40.8 41.8 30.0 29.5 23.8  
Clostridium difficile 630 35.7 - 29.4 -  - 

Alkaliphilus oremlandii OhILAs  37.9 40.8 33.2 37.9 31.2  

Symbiobacterium thermophilum IAM 14863 35.3 33.5   26.7  
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