CLASSIFICATION OF TRANSMEMBRANE PROTEIN FAMILIES IN

CAENORHABDITIS ELEGANS AND IDENTIFICATION OF THEIR POTENTIAL

HUMAN ORTHOLOGS.

Maido Remm and Erik Sonnhammer

Center for Genomics Research, Karolinska Institute, Stockholm, SWEDEN

email: mremm@kisac.cgr.ki.se

========================================================================

Our goal was to find and group all proteins with seven membrane spanning domains from the fully

sequenced genome of Caenorhabditis elegans. The grouping of proteins would help to find new

evolutionarily conserved domains from nematode-specific protein sequences and would help to identify

orthologous proteins from mammalian genomes. To achieve the best possible result, we exploited

several hidden markov model (HMM) based methods. The profile- and HMM-based methods are often

more sensitive for finding information from biological sequences than single-sequence based methods.

To identify transmembrane proteins from C.elegans, we first narrowed the initial dataset (the

wormpep_oct98 database) by running all protein sequences through the transmembrane domain

prediction program TMHMM. The proteins with 6, 7 or 8 predicted transmembrane domains were used

to cluster similar sequences together. The clustering was done by single-linkage clustering algorithm in

multiple steps, with decreasing stringency. The sequences in each clustered group were aligned and

representative HMM of each group was created. The HMMER package was used to search for

additional C.elegans and mammalian homologs at cutoff level E=1e-5. Overall 49 groups/HMMs with

typical length of 200-600 amino acids were used in further studies.

The most abundant members of the multi-transmembrane proteins are various signal receptors,

particularly G-coupled protein receptors (GPCR). GPCR play the central role in intercellular signalling.

The two universal characteristics of the GPCR proteins are:

1) localization in cytoplasmic membrane with seven transmembrane segments and

2) the association with G-proteins that mediate signals by GTP-GDP exchange in response to agonist

binding to the receptor.

From 49 protein groups studied, 24 putative GPCR families were identified, with a total of 1363

members. Only 3 of these 24 families have mammalian homologs. Thus, about 90% of potential GPCR

proteins appear to be nematode-specific.

From the non-GPCR families, 18 of 25 families have mammalian homologs. Most of the non-GPCR

families can be identified as various ion, sugar or amino-acid transporters, excitatory receptors,

neurotransmitters, etc. Some protein families have unknown or unclear function.

To further characterize the transmembrane proteins in C.elegans, we tried to identify orthologs between

C.elegans and mammalian proteins present in current Swissprot and TREMBL databases. Two

methods were used:

1) BBB, Best-Best Blast, also named �reciprocal BLAST search�,

2) phylogenetic tree based method.

The results are shown in the following table:

Protein functions BBB orthologs Tree based orthologs

GPCR 27 15 groups, 30 worm proteins

Others 29 25 groups, 45 worm proteins

Unknown 4 5 groups, 12 worm proteins

The methods for identification of orthology for membrane proteins will be discussed.