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Materials and Methods 
Database searching  
The C-terminal sequences of MAEL from several species were used as queries for PSI-BLAST 

searches [1] against the protein non-redundant (NR) database at National Center for Biotechnology 

Information (NCBI) with a profile inclusion expectation (E) value threshold of 0.005. A substitution 

matrix of BLOSUM62 and the gap penalty (existence: 11 and extension: 1) were utilized for scoring. 

The searches were iterated until convergence. Other homologous sequences were also identified 

through BLAST searching in Ensembl database [2] and TBLASTN searching in NCBI translated 

database with default parameters. Furthermore, for other protist homologues, we searched the 

database of the GeneDB project [3]. A total of 47 homologous sequences have been collected in 

these searches by May 1, 2008. Some more homologous sequences can be retrieved from NCBI 

database (July, 2008) when we prepare this manuscript. However they are not included in the current 

analysis since new sequences do not influence our result.  

 

Sequence analysis  

In order to construct the multiple alignment of MAEL domain sequences, we first utilized the Muscle [4] 

and Promals [5] programs. The logomat-p program [6] was also used to align sequence profiles of 

vertebrates, insects, nematodes, sea squirts and protists. Careful manual adjustments were 

conducted to avoid introducing gaps into the sequences where consensus secondary structures are 

occupied. The final alignment is colored using Chroma [7]. The putative secondary structures for most 

MAEL domains were predicted by PSIPred program [8]. A consensus-deriving secondary structure 

prediction program, SYMPred, was also utilized for some specific predictions 

(http://zeus.cs.vu.nl/programs/sympredwww/). In the SYMPred prediction, PSIPred [8], SSPro [9], 

YASPIN [10], and PROFsec (Rost, unpublished) programs were considered and dynamic 

programming was used as a consensus deriving scheme. Domain composition was deduced by 

searching protein domain databases Pfam [11] and SMART [12]. 

 

Phylogenetic inference 
Based on the final multiple sequence alignment of MAEL domains (additional file 1), an unrooted 

phylogenetic tree was constructed with maximum likelihood (ML) analysis implemented in PhyML 

program [13] and Bayesian analysis implemented in MrBayes 2.1 program [14]. The ML tree was 

determined under a Jones-Taylor-Thornton (JTT) model for amino acids substitution with a discrete 

gamma distribution (four categories), a proportion of invariant and an initial BIONJ tree. A bootstrap 

analysis with 100 repetitions was performed to assess the significance of phylogenetic grouping. For 
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Bayesian phylogenetic inference, firstly we used ProtTest 1.3 [15] to determine the best fitting model 

of amino acid substitution for the data under the maximum likelihood assumption. A WAG model with 

a gamma distribution (four rate categories), a proportion of invariable sites, and observed amino acid 

frequencies (WAG+G4+I+F) turned out to be the best model and was utilized in Bayesian analysis 

subsequently. The Metropolis-coupled Markov chain Monte Carlo (MCMCMC) sampling approach was 

used to calculate posterior probabilities. Four Markov chains were run 10,000,000 times. The chain 

was sampled every 100th generation, and burn-in values were determined from the likelihood values.  

The final unrooted tree diagram was generated using MEGA Tree Explorer [16].  

 

Fold recognition and structure modeling 
Protein fold assignment was conducted using meta Server (http://meta.bioinfo.pl/), which assembles 

different state-of-the-art fold recognition programs including meta-BASIC [17], ORFeus-2 [18], and 

FFAS03 [19] and further evaluates the modeled three-dimensional structures based on a consensus 

scoring computed by a 3D-JURY system [20]. The domain and structural fold annotation was then 

assigned for all the candidate hits by checking Pfam domain database [11] and the Structural 

Classification of Proteins (SCOP) database [21]. Structure-based multiple sequence alignment was 

built using CE-MC server [22]. The final sequence and secondary structure alignment of MAEL 

domains with several DnaQ-H domains was established carefully by hand on the basis of CE-MC 

results, alignment in fold recognition, published literature information, and predicted secondary 

structures. The final alignment was then used for structural homology modeling, which was performed 

via Modeller9v1 program based on multiple templates [23]. Structural alignment was conducted by 

MultiProt server [24]. Non-homologous regions were predicted by Loopy [25]. Disulfide bond prediction 

was conducted by an artificial neural network method [26]. Structural visualization and manipulations 

were performed using VMD program [27].  
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