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Abstract
An attempt of sequence selection is made for multiple alignments of transmembrane proteins in order to detect the structural similarity in the protein families. Treatment for the sequence selection, which is based on the pairwise sequence identities, is applied to ten sequence data sets of functional group of transmembrane proteins extracted from SWISS-PROT. The treatment excludes the sequences with low sequence identity from the divergent data sets effectively. Obtained multiple alignments are evaluated using two newly developed indices. The selected sequences, which are well aligned with few inserted gaps, seem to contain enough information for extracting the structural features of transmembrane functional groups.
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1. Introduction

  Sequence alignments are required to find the structural information on the proteins of unknown structure. If satisfactory multiple alignments are achieved for transmembrane (TM) proteins, we may predict the TM topology and the functional similarity of the proteins with some transmembrane segments (TMSs) [1]. Indeed, a few interesting methods for multiple alignment of TM protein sequences have been proposed [2, 3]. However, sufficient multiple alignment in a conventional manner is difficult most likely because of diversities of the sequences in data sets. Sequence alignments and their analyses are dependent on the pairwise sequence identity in the data set. The twilight zone of 20–35 % sequence identity has been discussed [4, 5].

  In the present study, we attempt a sequence selection as a pre-treatment for the multiple alignments of TM protein data sets. Our immediate aim is obtaining the aligned sequences with less inserted gaps combined with TM topology prediction. The procedure of the treatment is developed using the pairwise sequence identities. The treatment is carried out for ten sequence data sets of functional group of polytopic TM proteins extracted from SWISS-PROT. Two new indices are introduced for the evaluation of multiple sequence alignments of TM proteins: the degree of TMS position diversity, P, and the degree of gap insertion into TMS, G.

  The treatment is effective in excluding the sequences with low sequence identity from the divergent data sets. If we can determine a suitable threshold value of sequence identity, the obtained data set seems to be worthwhile. The selected sequences must be valuable for extracting the structural features of polytopic TM functional groups. The properties of our sequence selection treatment and the resultant multiple alignments are discussed.
2. Materials and Methods
2.1 Data sets
  Ten data sets of TM proteins are examined in this study (see Table 1). These contain the sequences of four 4-tms (acetylcholine receptor, GABA receptor, gap junction, and hydrogen ion transporter), two 6-tms (photosystem II and ABC transporter), and four 12-tms (solute carrier, amino acid transporter, sodium dependent transporter, and sugar transporter) protein groups. The data are extracted from SWISS-PROT Release 41.00 [6], according to its functional descriptions in DE, KW and/or CC lines [7]. All extracted sequences are full-length ones.

  We focus on these 4-tms, 6-tms, and 12-tms protein groups, because they have a larger number of sequences than other ones registered in SWISS-PROT. These sequences were  investigated first by the prediction of signal peptide region with DetecSig [8], and then by the TM topology prediction with ConPred II [9]. These predictions about the signal peptide and the number of TMSs are used for checking the SWISS-PROT descriptions. The length of TMS regions predicted by ConPred II is adjusted to 21 residues.
2.2 Sequence selection procedure

  The method of sequence selection is efficiently carried out in the following two-step manner in order to make the pairwise sequence identities in the data set larger than a given threshold value. The sequence identities of all sequence pairs in the data set are calculated in advance. The pairwise sequence comparisons are performed using Clustal W 1.7 [10].

  In the first step, sequence pairs in the data set are checked beginning at the pair with the lowest identity. If the identity of the pair is lower than the threshold, one sequence of the pair is kept and another sequence is temporarily discarded from the data set. The remaining sequence is chosen to have higher average identity to the other remaining sequences in the data set. This procedure is repeated for the pairs with higher sequence identity as long as the pairs with the identity lower than the threshold remain in the data set.

  The second step is a comeback process. The sequences discarded temporarily in the first step are checked beginning at one with the highest average identity to all remaining sequences. If all identity values of the sequence to remaining ones are higher than the threshold, this sequence is replaced. This procedure is repeated for the discarded sequences as long as the sequences with an average identity higher than the threshold are detected.

2.3 Multiple alignments of TM protein and its evaluation

  Multiple sequence alignments for the data sets of TM proteins are carried out using Clustal W 1.7 with the default parameter settings (gap opening penalty, 10.00: gap extension penalty, 0.20: substitution matrix, Gonnet series). The quality of the multiple alignments of TMS regions is examined with two indices: the degree of TMS position diversity, P and the degree of gap insertion into TMS, G.

  The degree of TMS position diversity, P is represented by the standard deviation of center positions of TMS regions as follows: 
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where 
[image: image2.wmf]i

p

 is the average center position of i-th TMS of all sequences, and pij is the center position of the i-th TMS region (including inserted gaps) of sequence j. m and n are the number of TMSs in a sequence and the number of sequences in the data set, respectively.

  The degree of gap insertion into TMS, G is the average number of gaps inserted into i-th TMS region over all sequences in the multiple alignments as follows: 
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where gij is the number of gaps inserted into the i-th TMS region of sequence j.

3. Results and Discussion
3.1 Properties of the sequence selection
  The qualities of the alignment of ten data sets are listed in Table 1 (‘before’ treatment columns). These examinations reveal the qualitative differences between the data sets.
Table 1. Qualities of the multiple alignments for ten data sets of TM protein sequences before and after the sequence selection treatment
	Number of TMSs
	Functional group
	Before
	
	after

	
	
	Minimun identity

(%)
	Number of sequences
	P
	G
	
	Minimun identity

(%)
	Number of sequences
	P
	G

	4
	Acetylcholine 

    receptor
	21.7
	57
	1.4
	0.0
	
	_
	_
	_
	_

	4
	GABA receptor
	24.9
	38
	1.3
	0.2
	
	_
	_
	_
	_

	4
	Gap junction
	5.8
	70
	5.5
	0.3
	
	17.6
	58
	1.6
	0.1

	4
	Hydrogen ion 

    transporter
	4.1
	27
	34.3
	2.2
	
	16.3
	7
	1.7
	0.0

	
	
	
	
	
	
	
	
	
	
	

	6
	Photosystem II
	19.4
	23
	1.3
	0.5
	
	_
	_
	_
	_

	6
	ABC transporter
	9.1
	19
	205.3
	3.5
	
	21.4
	10
	1.7
	0.1

	
	
	
	
	
	
	
	
	
	
	

	12
	Solute carrier
	8.0
	29
	53.3
	5.2
	
	21.7
	15
	2.1
	0.5

	12
	Amino acid 

    transporter
	9.5
	35
	6.5
	1.4
	
	23.2
	8
	2.0
	0.3

	12
	Sodium dependent 

    transporter
	8.6
	39
	16.9
	1.3
	
	30.9
	35
	1.9
	0.0

	12
	Sugar transporter
	6.5
	66
	22.0
	3.2
	
	22.3
	16
	2.0
	0.1


  Three data sets (acetylcholine receptor, GABA receptor, and photosystem II) have sufficiently high values of minimum sequence identity (around or above 20 %), and low values of P and G. In these cases, the data sets already have well ordered multiple alignments.

  In the other seven data sets, there are many sequence pairs with identities lower than 20 % and relatively high P and G values. For example, the percentages of pairs with an identity lower than 20 % are 81.5 %, 59.6 % and 70.9 % within the data set of hydrogen ion transporter, ABC transporter and solute carrier, respectively. These are the targets of the following trials of sequence selection.

  As shown in Fig. 1, the dependences of P and G indices on minimum pairwise identity are investigated. Both P and G decrease rapidly as the minimum identity increases up to around 20 %, and then level off for each group. Thus, we can assume the tentative minimum pairwise identity to be around 20 % for obtaining well-aligned sequences.

3.2 Improvements of multiple alignments by sequence selections
  The results of multiple alignments after sequence selections are presented in Table 1 (‘after’ treatment columns). The minimum sequence identities around 20 % give small enough P and G values at the expense of fewer sequences as expected. In the case of sodium 
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Fig. 1. The degree of TMS position diversity, P (open circle, left axis) and the degree of gap insertion, G (filled square, right axis) versus minimum pairwise sequence identity: A, hydrogen ion transporter; B, ABC transporter; C, solute carrier.
dependent transporter, there is no sequence pair whose identity is between 10.3 % and 30.9 % in the original data set.

  In Fig. 2, the alignment results for four functional groups (A, hydrogen ion transporter; B, ABC transporter; C, solute carrier, and D, acetylcholine receptor) are shown with the color patterns of TM topologies. Except for acetylcholine receptor, the results before and after sequence selection are represented.

  Before sequence selections, multiple alignments of three protein data sets frequently show a few stretched gaps in particular TMS regions. These gaps make TMS positions greatly dislocated. It looks as if gap insertion into the loop region, and not into the TMS region, helps to make the TMS regions well aligned. In the case of acetylcholine receptor, four TMS regions are well aligned without gaps, while many gaps are inserted in the loop regions.
[image: image5.emf]
Fig. 2. Schematic representation of the sequence multiple alignment results for four data sets (A, hydrogen ion transporter; B, ABC transporter; C, solute carrier, and D, acetylcholine receptor). The alignment results are shown both before and after the sequence selection, except for the acetylcholine receptor. Loop, TMS, and signal peptide regions are colored with red, green, and blue, respectively.

  Due to the removal of these gaps by sequence selection, rather neat multiple alignments are achieved in each case (Fig. 2, A–C ‘after’). Even in these restricted number of successful alignments, we can observe that long loops (containing both tails) are generally length-variable and that short connecting loops are length-conservative. These observations seem consistent with the facts that functional or structural domains of TM proteins are on long loop regions [11, 12] and consecutive TMSs connected by short intervening loops can be regarded as a conserved structural unit [13].

  We show a simple and reasonable way of improving multiple alignments for TM protein data sets by the pre-treatment of sequence selection at the expense of fewer sequences. In the process, the indices on the location of TMS and on the gap insertion are valuable as long as the TMS regions can be predicted correctly. We can assume that the selected proteins have high structural similarity to each other.

  The sequence selection seems to be necessary in the preparation of the data set for the conventional multiple alignment at the present time. The sequence identity around 20 % seems to be significant in the comparison of TM protein sequences, although the number of examined data sets is not sufficient yet. The results, partly containing the sequences in twilight zone, on the sequence alignments of TM proteins merit further study. More examinations and refinements of the method are required.
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