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Abstract ized by a combination of amphiphilic side chains at the helix

Summary: The system SOSUI for the discrimination ofénds as well as high hydrophobicity in the central region.
membrane proteins and soluble ones together with th&hen polar interactions are also found in the center of a pri-
prediction of transmembrane helices was developed, fary helix, their existence is usually for the stabilization of
which the accuracy of the classification of proteins was 999%ansmembrane helices. For our software, we have used four
and the corresponding value for the transmembrane helihysicochemical parameters: the hydropathy index of Kyte

prediction was 97%. and Doolittle (Kyte and Doolittle, 1982), an amphiphilicity
Availability: The system SOSUI is available through internetndex, an index of amino acid charges, and the length of each
access: http://www.tuat.ac.jp/~mitaku/sosui/. sequence. The second parameter expresses the amphiphilic-
Contact: sosui@biophys.bio.tuat.ac.jp. ity of polar side chains and was devised by the calculation of

the transfer energy of the hydrocarbon part of a polar side

While genome sequencing has resulted in a huge increas%Hhin. The values of this parameter are finite for large polar
the number of sequences available for analysis (Fleischmapiliy es: 3.67 Lys; 2.45, Arg; 1.45, His; 1.27, Glu; 1.25
et al, 1995; Fraseet al, 1995; Bultet al, 1996; Mewe®t |- 6 93 'I:rp'15.061 T)./r. oI T o ey e

al., 1996; Tombet al, 1997), a significant percentage still A oy entide can become a membrane protein if it contain

havetrr]lo ho?]ollogy mtf&arg (:tger kr;?jwn prgtemihT hereforey \east one transmembrane helix. Membrane proteins are
new theoretical methods that do not depend on the SEqUEIEE.jnminated from soluble ones in the present method by
alignment, but on the physicochemical properties of amin

> ) g X redicting the existence of a primary transmembrane helix
acid sequences, still play an important role. For this purpo

- Jor each sequence. Analysis of the three-dimensional struc-
we planned to construct a structure prediction system wi re of membrane proteins indicated that about one-third of
three modules for_: (i) th_e discrimination between so!uple aNflansmembrane helices are very hydrophobic helices. Those
Sr:ﬁl%?éa;n% ?;Zﬁlgrsa,n(g)sﬁggg?sqa(l% f';z;tr;r;rﬂgsg'ggI&ery hydrophobic helices could be discriminated from false

. X AT - fandidates of transmembrane segments by using two para-
tion. Here, we describe an application called SOSUI Wh|cﬁ,1 9 y g P

RN . eters: the average hydrophobicity and the average amphi-
distinguishes between membrane and soluble proteins frogﬂilicity index in the end region of helices. The remaining

ﬁ‘mm? ?fr;d ?erqr#epgl?hsi, and I[iaret?lcntshthevtranzimﬁmbra?e &hsmembrane helices were predicted, adding the informa-
ces for the Tormer. 1hiS application has very Nigh accuracy,, , the distribution of polar residues without electric
for prediction and can be calculated very quickly. charges

There are three basic assumptions in the SOSUI systeMr. 2 sosul system is a WWW-based tool and users can
First, membrane proteins are characterized by at least OIinut their query sequence on the submission. Results are

gzgg:#ézrly Eyg:gpr?icl)iglilra%rsmnﬁ%b:;njmimz?nriaheg)l(s’%pica"y returned in 1 min. Two predictions and two graphs
fy nyarop Yy al30e presented in the output page: (i) the type of protein; (ii)

existin muI_ti;pa_nn_ing mem_br_ane proteins even thoggh thet'ﬁe region of transmembrane helices when the protein is a
hydrophobicity is in fact similar to the hydrophobic S0~ cmbrane type: (i) a graph of the hydropathy plot: (i)

ments of soluble proteins. The possible role of seconda%lical wheel diagrams of all transmembrane helices (Figure
transmembrane helices is the formation of active sites of pro: 9 9

teins. Third, the primary transmembrane helices are stabi ) !nput sequence length is I'.m'ted to the range of 20-5000
amino acids. Diagrams are displayed by a Java Applet pro-

gram. SOSUI is available at http://www.tuat.acjpitaku/

sosuli/.
To test SOSUI, we applied it to two kinds of data sets: 101
To whom correspondence should be addressed membrane proteins from Fariselli's data set (Fariselli and
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Fig. 1. (a) Output page of the SOSUI system on the WWW. A simple description of properties, the average hydrophobicity and length of the
query sequence are first shown together with the result of the prediction for transmembrane helixlsegidysir¢pathy plot of the amino
acid sequence and helical wheel diagrams for predicted transmembrane helical segments.

Casadio, 1996) and 502 soluble proteins (Hobohm arfideferences
Sander, :.I_99'4)'f0r evaluatlon_of system performance. O.llg’ult,C.J.et al. (1996) Complete genome sequence of the methano-
system discriminated all proteins correctly, except for one in

. genic archaeon, Methanococcus jannaschii Science 273
each set of data. In other words, one soluble protein was;ysg 10972

falsely predicted to be a membrane protein, and one mefyrisellip. and Casadio,R. (1996) HTP: a neural network-based
brane protein was assigned as a soluble protein. This resultfethod for predicting the topology of helical transmembrane
in an accuracy >99%. The data set of 101 membrane proteingomains in proteinsComput. Applic. Biosgil2, 41-48.
contained 393 transmembrane helices, and the present sytsischmann,R.Det al. (1995) Whole-genome random sequencing
tem correctly predicted 373 of them, corresponding to anand assembly ofHaemophilus influenzaeRd. Science 269
accuracy of B7%. 496-512. .

Distribution of binary execute files of the SOSUI systendraser,.C.Metal.(1995) The minimal gene complemeniyfcoplas-
for analysis of large data sets are now being prepared. Thé"2 genitaliumScience27Q 397-403.

e-mail address for comments about SOSUI is Sosui@bigl_obohm,u. and Sander,C. (1994) Enlarged representative set of
protein structurerotein Sci. 3, 522.

phys.bio.tuat.ac.jp. Kyte,J. and Doolittle,R.F. (1982) A simple method for displaying the
hydropathic character of a proteih.Mol. Biol, 157, 105-132.
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