A computer system for

predicting membrane protein structure

T ak atsugu Hiroka wa Seah Bo on Chieng Makiko Suwa

hirokawa@cc.tuat.ac.jp seah@cc.tuat.ac.jp suwa@cc.tuat.ac.jp

Shigeki Mitaku

mitaku@cc.tuat.ac.jp

F aculty of T echnology , T oky o University of Agriculture and T echnology

Nak acho 2-24-16, Koganei, T oky o 184, Japan

There are tw o kinds of approaches to the analysis of amino acid sequences. One is to relate particular

sequences to v arious characteristics of proteins, such as structure and function, by the statistical

calculation of biological databases. The other approach is the simulation of physico chemical pro cesses

such as the protein folding and the functioning. The present system is adopting the latter approach,

particularly fo cusing to membrane proteins, b ecause the mechanism of the folding of membrane proteins

is simpler than that of soluble ones.

There are tw o stages in the folding of membrane proteins: the p enetration of p olyp eptide segments

into membrane, simultaneously forming transmembrane helices, and the formation of tertiary structure

in membrane. The two pro cesses in membrane proteins are driven by characteristic nonb onded inter-

actions. The p enetration of p olyp eptide segments is mainly due to the hydrophobic interaction, and

the segments burried in membrane simultaneously form a-helices. The tertiary structure in membrane

is formed by several factors: the p olar interactions, the length of lo op segments and the e�ect of lipids.

Therefore, physicochemical metho d for the prediction of membrane protein structure should b e based

upon the dominant interactions.

Here, we are developing a new software system for the structure prediction of membrane proteins,

which comprises of three parts. First part deal with the discrimination of membrane proteins from

other types of proteins and the secondary structure prediction of membrane proteins. Second part is the

tertiary structure prediction, which is equiv alent to the prediction of the p ositioning of transmembrane

helices. Third part connects the molecular structure to the function. The �rst tw o parts are already

complete, and the discrimination of membrane proteins, the secondary structure prediction and the

determination of helix p ositioning are p ossible for amino acid sequences by the present system.

The �rst part is the analysis of the hydrophobicity of amino acid sequences [1, 2]. It comprises

of two mo dules: (1) the discrimination of membrane proteins from other kinds of proteins and (2)

the secondary structure prediction. An amino acid sequence is �rst conv erted to the sequence of

hydrophobicit y , from which tw o parameters are calculated: the average value of the total sequence and

the p ower sp ectral density for the p erio d b eyond 30 or 20 residues. When many protein are plotted

in a disp ersion diagram of the av erage hydrophobicit y versus the p ow er sep ectral density b eyond 30

residues, membrane proteins are lo cated at the area of high hydrophobicit y and high long p erio dicity .

Z-ªh� £ı�…ı�;�-º�3�V�QVQ�m 184 �3Ø1uE=?e 2-24-16

The system correctly distinguishes multihelical membrane proteins with the reliability of 99 %. The

second mo dule of the secondary structure also uses the averagy hydrophobicity and the p ower sp ectral

density

. In this case, howev er, the window of 7 residues was used for the calculation of average. The

power sep ctrum is calculated by a maximum entrop y metho d with the window of 15 residues, and

the helix p erio dicity around 3.6 residues is used for the secondary structure. The predictability of the

region of transmembrane helices is as go o d as 90 %.

The second part of the prediction system deals with the p ositioning of transmembrane helices.

When amino acid sequences of transmembrane segments are given, they may b e folded into a-helices

in a graphic workstation. Then, the interaction b etween the helices is calculated by using the energy

calculation software, QUANT

A and CHARMm, on a workstation, IRIS 4D/35. Howev er, the exact

calculation of all pairs of helices is to o elab orate that the pro cedure for the estimation of the binding

energy b etween helices was simpli�ed from tw o asp ects. First, it is assumed that the p olar interactions

are dominant, which is physically sound b ecause the dielectric constant in membrane is very low.

Second, the p olar interaction �elds are calculated by a prob e helix metho d, and the binding energy

between helices are estimated from the pro duct of the p olar interaction �eld of two helices. In the prob e

helix metho d a transmembrane helix and a prob e helix of p oly-serine-p oly-alanine are constructed on

the graphic workstation and the p olar interactions are calculated. Rotating the transmembrane helix by

15 degrees and changing the lo cation of p oly-serine in the prob e helix, 48 numbers were obtained for the

polar interaction �eld. The pro duct of the �elds of two transmembrane helices was roughly prop ortional

to the binding energy by the exact calculation. Consequently

, the use of the p olar interaction energy

�eld by the prob e helix metho d greatly reduces the computational time of the binding energy .

The software mo dule for the helix p ositioning was develop ed for two cases. When we hav e a

tw o-dimensional electron density map of low resolution, the problem b ecomes the combination of

transmembrane segments in amino acid sequence and the electron density p eaks that lead to the free

energy minimum of the system [3]. On the other hand, the p ositioning of helices has to b e completely

simulated, if we have no information ab out its structure. Two factors are taken into account in the

former case, the p olar interactions and the length of lo op segments, whereas three factors are necessary

for the simulation adding the interaction b etween helices due to the entropy decrease by the b oundary

lipids. The applicability of the metho ds was tested for bacteriorho dopsin, whose three dimensional

structure has b een rep orted [4]. The mo dule of the former problem gave go o d results. When the

e�ect of a prosthetic group, retinal, was considered, the lateral and the rotational p ositioning of the

transmembrane helices of bacteriorho dopsin could b e reconstructed by the theoretical calculation [3].

Therefore, our algorithm is exp ected to b e applicable to other membrane proteins. The latter mo dule

for the complete simulation is not yet �nished.

W e will show the system for the structure prediction of membrane proteins at the workstation

session of the Genome Informatics W orkshop. This work was partly supp orted by the Grant-in-Aid

for the Priority Area "Genome Informatics" from the Ministry of Education, Science and Culture.

References

[1] Y anagihara, N. Suw a, M. and Mik aku, S, Biophys. Chem, 34, 69{77, 1989.

[2] Suwa, M. Mikaku, S. and Kuro da, Y, Bio chem. Biophys. Research Communications, 191, 782{789,

1993.

[3] Suwa, M. Hiroka wa, T. and Mitaku, Proteins, 1994 submitted.

[4] Henderson, R., Baldwin, J. M. Cheka, T. A., Zemlin, F., Beckman, E., Downing, K. H., J. Mol.

Biol, 213, 899{929, 1990.