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SUPPLEMENTAL EXPERIMENTAL PROCEDURES 
 
Protocol for Sequence Analysis 

To investigate the conservation of specific amino acids in rhomboid sequences from various 
organisms, we analyzed three datasets that were extracted from the PF01694 rhomboid family 
from the PFAM domain database (version 23.0; Finn et al., 2008).  PFAM is a database of 
multiple alignments of protein domains or conserved protein regions.  The PFAM database can 
be used to identify key residues by examining multiple alignments, to gain insight into the 
possible the architectures of protein domains, and their distribution across species.  

There are two main sets of PFAM sequence alignments. Pfam-A are accurately crafted, 
hand-curated multiple alignments; the Pfam-B alignments are automatically generated by taking 
alignments from the ADDA database (Heger and Holme, 2003), and removing any Pfam-A 
residues from them.  The only available data for rhomboid proteins proceed from PFAM-B_1399 
(release 4.1). The PF01694 family from the PFAM domain database describes the rhomboid 
family.  The average length of the rhomboid domain is 149.0 aa, the average identity of the full 
alignment is 22%, and the average coverage of the sequence by the rhomboid domain is 
48.19%.  We note that the PFAM alignment does not include the first transmembrane helical 
segment (TM1).  Only TM2-TM6 are common to all rhomboid families and constitute the so-
called rhomboid domain.  

The PF01694 family provides a PFAM seed alignment of 65 sequences, and a PFAM full 
alignment with 1582 sequences. The PFAM seed alignment is a set of representative 
sequences, in this case 65, from Archea, Bacteria, Plants, and Eukaryotes.  We analyzed 
separately the seed and the full sequence datasets.  In addition to analyzing the seed and the 
full sequence datasets, we analyzed the Enterobacteriacea sequences from the PFAM 
database.  The Enterobacteriaceae dataset is a subset of 46 sequences containing only the 
Enterobacteriaceae sequences, which are the closest relatives to the E. coli rhomboid proteins.  
Because some Pfam-B families are composed of low complexity regions and may not reflect 
true relationships between sequences, for the seed and for the Enterobacteriaceae alignments 
we also used BLAST and manual inspection to check the relationship between sequences.  

The PFAM seed alignment is used in the PFAM database to generate a profile Hidden 
Markov Model (profile HMM) (Eddy, 2001). The HMM is used to generate a full alignment, which 
are all related sequences with score higher than the manually set threshold values for the 
HMMs of a particular PFAM entry, in this case the rhomboid family. The curation, details, and 
the threshold values for the HMM of the PF01694 family are described on the PFAM website 
(http://pfam.sanger.ac.uk/family?acc=PF01694). The full alignment contains 1582 sequences 
from all Phyla, all of them containing the rhomboid domain. 

Conservation analyses, paying special attention to the conservation of hydrophobicity, were 
generated following the color scheme from (Kyte and Doolittle, 1982). According to this scheme, 
the most hydrophobic residues are colored in red, and the most hydrophilic residues in blue. 
From the alignments, we extracted the conservation of specific amino acids discussed in the 
main text. The data on the conservation of specific amino acids is summarized in Tables S1-S3. 
To illustrate the conservation of the functional properties of the amino acids (e.g., H-bonding), 
we use for the sequence analysis the color scheme from (Kyte and Doolittle, 1982) with the 
following color codes: the hydrophilic residues D, E, K, R, H, N, and Q, are colored in blue; Y 
and P - violet; G, S, W, and T - pink; A and M - violet; L and V – red; I – deep red.  
The sequence alignment tables were prepared using Jalview (Clamp et al., 2004), a Java 
multiple alignment editor and analysis tool. The amino acid histogram representation for each 
position in the alignment was performed using a java implementation of LogoBar (Perez-Bercoff 
et al., 2006). 
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SUMMARY OF SUPPLEMENTARY INFORMATION TABLES 
Tables S1-S3.  Conservation of specific amino acids analyzed from three datasets. The 
conservation of specific amino acids was extracted from the sequence analysis of 
Enterobacteriaceae (46 sequences; Table S1), the seed sequences of the PFAM database (65 
sequences; Table S2), and from the full PFAM database (1582 sequences; Table S3). In each 
table, ‘position’ gives the position of the amino acid in the PFAM database sequence, and 
‘position in E. Coli’ indicates the position of the amino acid from the GlpG rhomboid sequence. 
For example, the GlpG Thr130 amino acid is the second amino acid in the PFAM sequence 
database. The amino acids are colored according the color scheme of (Kyte and Doolittle, 1982) 
(see Protocol for Sequence Alignments). The ‘gap’ gives the insertion/deletion mutations. 
Tables S4-S5.  Full names and accession codes of the sequences from the Enterobacteriaceae 
(Table S4) and PFAM seed datasets (Table S5). 
Tables S6-S8. Sequence alignments for the Enterobacteriaceae (Table S6), PFAM seed (Table 
S7), and for the complete rhomboid domain from the PFAM database (Table S8).  Table S8 is 
available from our web site: http://blanco.biomol.uci.edu/download/GlpG_Table_S8.zip. 
 



  

 

 

Table S1.  The Conservation of Specific Amino Acids Was Extracted from the Sequence 
Analysis of Enterobacteriaceae (46 Sequences) 

   
In the table, ‘position’ gives the position of the amino acid in the PFAM database sequence, and 
‘position in E. Coli’ indicates the position of the amino acid from the GlpG rhomboid sequence. 

 



  

Table S2. The Seed Sequences of the PFAM Database (65 Sequences)   

 
In the table, ‘position’ gives the position of the amino acid in the PFAM database sequence, and 
‘position in E. Coli’ indicates the position of the amino acid from the GlpG rhomboid sequence.



  

Table S3. Seed Sequences from the Full PFAM Database (1582 Sequences)  

 
In the table, ‘position’ gives the position of the amino acid in the PFAM database sequence, and 
‘position in E. Coli’ indicates the position of the amino acid from the GlpG rhomboid sequence.



  

Table S4. Full Names and Accession Codes of the Sequences from the 
Enterobacteriaceae Dataset 

 



  

Table S5. Full Names and Accession Codes of the Sequences from PFAM Seed Dataset 

 
 



  

Table 6A. Sequence Alignments for the Enterobacteria 

 



  

Table 6B. Sequence Alignments for the Enterobacteria 

 



  

Table 6C. Sequence Alignments for the Enterobacteria 

 



  

Table 7A. Sequence Alignments for the PFAM Seed 

 



  

Table 7B. Sequence Alignments for the PFAM Seed 

 



  

Table 7C. Sequence Alignments for the PFAM Seed 

 



  

Table 7D. Sequence Alignments for the PFAM Seed 

 



  

Table 7E. Sequence Alignments for the PFAM Seed 

 


