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1 Introduction

The functions of more than one half of proteins in proteome are not annotated yet. The functions of
transmembrane (TM) protein, which corresponds to one fourth in a proteome, is known only a little,
because of difficulty in determining TM protein structure experimentally. Accordingly, a lot of efforts
have been made in an attempt to predict TM topology which is considered to correspond to the fold
in the case of globular protein. Because, it is known that TM protein function can be identified by its
TM topology, at least roughly.

We have developed a TM protein function identification method using the binary topology pattern
based on the number of segments and loop length [7]. The topology pattern is expressed as a sequence
of “17, “0” and “*”: “1” and “0” mean the long and short loop based on a defined threshold length,
respectively, and “*” means the binary loop length is not defined. The topology pattern of a query
TM protein is associated to a particular function when it corresponds to the topology pattern of a
TM protein having a known function.

In previous work, a common threshold length was used for all the loops. This time, we defined
different threshold lengths for individual loops to improve identification accuracy [8]. By using this
method, we identified comprehensively functions of putative TM proteins encoded within 39 microbial
genomes, classifying the TM proteins into defined functional groups. We also compared the accuracy
of our method in functional identification with one by BLAST.

2 Materials and Methods

We focused on TM proteins with up to 12-tms except 1- and 9-tms. The functional datasets of TM
proteins were obtained from SWISS-PROT 38.0, by classifying the intact (not fragmental) sequences
with defined TM topology into several functional groups according to the description in the DE, CC
and KW lines. For example, the functions of 12-tms TM proteins were classified into 5 groups: “sodium
transporter”, “sugar transporter”, “multidrug transporter”, “other transporters” and “others”. Then,
we determined a topology pattern for each functional group using these datasets.

ORFs of the 39 complete microbial genomes were obtained from Genbank [1]. We first identified
TM protein sequences of individual proteomes by SOSUI [2]. After applying the signal peptide de-
tection method (92.7% accuracy) [5, 6] to remove the signal peptide region from the sequence, The
TM topology was predicted by the consensus prediction method (67.7% accuracy with TM topology
prediction) [3, 4]. Finally, we carried out the comprehensive functional identification of putative TM
proteins by using the binary topology pattern.

3 Results and Discussion

We show here the results only for the case of 12-tms TM proteins. The binary topology patterns deter-
mined for the functional groups, “sodium transporter”, “sugar transporter”, “multidrug transporter”,
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“other transporters” and “others” are (*,0, 1, 1, *, *, 0,1, 1, * 1, 1, *), (*, *, 0,0, *, 0,0, 0, 0, *, *,
>l<7 *)’ (>|<7 >|<7 *7 *’ 17 *’ *’ O7 1’ *, 1’ >I<’ *), (>l<7 >|<7 *’ *’ *’ >l<7 >|<7 *’ *’ *’ >I<’ *7 O) and (*’ *’ 0’ >l<7 *’ *’ *’ 0, 1’
1, 0, *, 1), respectively, with the threshold lengths of (39, 12, 21, 13, 6, 28, 140, 29, 18, 13, 16, 14, 87).
And, the accuracies of functional identification are 0.991, 0.846, 0.943, 0.533 and 0.781, respectively.
The results of functional identification are summarized in Table 1 for 4 prokaryotic organisms. More
than 90 % of the protein sequences are classified into 5 functional groups by our method.

Next, we searched SWISS-PROT 38 for the sequence most similar to a putative TM protein
sequence to identify its function, by using BLAST (E-value, 1.0 x 107°). As shown in Table 2,
almost all the sequences were assigned the functions, in this case too. More than one half of the
assigned functions, however, are hypothetical or putative ones. It should be noted that there are some
discrepancies in functional identification between the two methods, e.g., with the number of sequences
in “sugar transporter” and “others”. This is remaining for the future work to clarify.

Table 1: Functional identification of 12-tms TM proteins in 4 organisms.

total sodium sugar multidrug other others not
transporter transporter transporter transporters identified
E. coli 95.70 (89 /93) 0.00 (0) 43.01(40) 9.68 (9) 43.01 (40) 0.00 (0) 4.30 (4)
P. aeruginosa  92.44 (110 / 119) 0.84 (1) 44.54 (53) 14.29 (17) 32.77 (39)  0.00 (0) 7.56 (9)
B. subtilis 95.83 (69 / 72) 0.00 (0) 43.06 (31) 13.89 (10) 38.89 (28) 0.00 (0) 4.17 (3)
B. halodurans  96.23 (51 / 53) 0.00 (0) 37.74 (20) 9.43 (5) 49.06 (26) 0.00 (0) 3.77 (2)
Table 2: Functional identification by BLAST
total sodium sugar multidrug other others not
transporter  transporter  transporter  transporters identified
E. coli 100.00 (93 / 93) 0.00 (0) 16.13 (15) 1.08 (1) 59.14 (55) 23.66 (22) 0.00 (0)
(54 / 93)” (0)* (5)" (0)* (30)* (19)*
P. aeruginosa  97.48 (116 / 119) 3.36 (4) 9.24 (11) 1.68 (2) 54.62 (65) 28.57 (34) 2.52 (3)
(59 / 116)* (1)* (@) (0)* (31)* (23)"
B. subtilis 95.83 (69 / 72) 8.33 (6) 9.74 (7) 4.17 (3) 45.83 (33) 27.78 (20) 4.17 (3)
(34 / 69)* (2)* (3)* (0)* (13)" (16)*
B. halodurans  94.34 (50 / 53) 7.55 (4) 1.89 (1) 11.32 (6) 26.42 (14) 47.17 (25) 5.67 (3)
(31 / 50)" (2)* (0" 0 (7" (22)°

*inside of parenthesis is the number of sequences of which function is hypothetical.
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