Genome Informatics 14: 545-546 (2003) 545

Transmembrane Protein Evolution by Internal GGene

Duplication
Hironori Mitsuke' Keisuke Noto!
mitsuke@si.hirosaki-u.ac.jp gs024140si.hirosaki-u.ac. jp
1,2 1

Masafumi Arai Toshio Shimizu

d01603@si.hirosaki-u.ac. jp slsimi@si.hirosaki-u.ac. jp

Department of Electronic and Information System Engineering, Faculty of Science

and Technology, Hirosaki University, Hirosaki 036-8561, Japan
Department of Developmental Biology and Neuroscinece, Graduate School of Life

Science, Tohoku University, Sendai 980-8577, Japan

Keywords: internal gene duplication, transmembrane protein, transmembrane topology, partial se-
quence

1 Introduction

Recent studies reveal that transmenbrane (TM) topology (the number of TM segments (TMSs), the
TMS position and the orientation of TMS to the membrane lipid bilayer) evolves by internal gene
duplication [1, 6]. A large number of TM proteins, such as Bacteriorhodopsin, Na*/Ca?* exchanger
and the major facilitator superfamily, have been recognized to have internal repeats that presumably
has arisen from the duplication event [5, 6, 7]. In this study, we search comprehensively for sequences
with internal repeat by comparing partial sequences (PSs) within a single sequence in prokaryotic
genomes, and investigate evolutionary pathways of TM topologies by analyzing duplication patterns
obtained.
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2 Materials and Methods
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Out of 239,359 ORFs in 87 prokaryotic (72
bacterial and 15 archaean) genomes reg- g 60 |
istered in GenBank, we predicted 52,686 e
TM protein sequences ( 22%) and their TM (;',40 |
topologies by using SOSUI [2], DetecSig
[4] and ConPred [3]. Next, PSs containing 20 |
one or consecutive 2-6 TMSs (1-6tms) were
extracted from all the predicted TM pro- 0l R = I
teins. For detecting candidate sequences 23456780 NN RBVUBETEONN D DUBRY BB DN
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Figure 1: The distribution of the 377 detected TM pro-

tein sequences with internal repeat over the number of
TMSs, black bars, “diploid- type”; gray bars, “quasi-
diploid-type”; white bars, others.

with internal repeats in these TM pro-
teins, threshold values of sequence identi-
ties with enough statistical significance for
homologous relationship were determined
for 1-6tms PSs (detailed procedure not de-
scribed here). The thresholds thus obtained are 48.4, 33.8, 29.8, 28.2, 27.1 and 26.2% for 1tms, 2tms,
3tms, 4tms, btms and 6tms, respectively. The same-sized PSs were compared one another within a
single TM protein sequence to find internal repeats which satisfy the defined conditions, i.e., larger
sequence identity between them than the thresholds determined above.
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3 Results and Discussion

Finally, 377 TM protein sequences
seemed to have evolved by internal du-
plication were obtained, which were dis-
tributed over 70 out of 87 genomes
(Fig. 1). Among the detected se-
quences, various duplication patterns are
recognized. Ome duplication pattern is
“diploid-type”, which holds 99.4, 8.3,
34.4, 54.3 and 21.8% in the detected TM
protein sequences with 4, 6, 8 10 and
12 TMSs, respectively. Putting “diploid-
type” and “quasi-diploid-type” together,
these fractions increase to as much as
99.4, 41.6, 75.8, 64.9 and 70.1%.

Other duplication patterns than
“diploid-type” are prevailing in the TM
protein sequences with the odd numbers
of TMSs. The case of Ttms TM protein
is interesting in particular. There are
mainly three duplication patterns recog-
nized: from 4tms primordial sequence
with the duplication of 3tms element,
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Figure 2: Schematic presentation of three duplication pat-
terns for the evolution of 7TM proteins.The function of the
sequences with the first pattern is assigned to “rhodopsin
pump” [7], and the second is reported as “zinc transporter”.
A similar evolutionary pathway to the second one was re-
ported earlier for “lysosomal cystine transporter” [8]. The
function of the third one is not known yet at this stage,
being remained for future research.

from 3tms one with the duplication of 3tms element and the generation of a new TMS, and from
5tms to 7tms, as depicted schematically in Figure 2.
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