Prediction of T ransmem brane Helical Regions b y

Three-stage Mo del

Seah Bo on-Chien Shigeki Mitaku

seah@cc.tuat.ac.jp mitaku@cc.tuat.ac.jp

Department of Biotechnology , T okyo Universit y of Agriculture and T ec hnology

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

The formation of transmembrane helices is the �rst pro cess of the folding of membrane

proteins. Because of the hydrophobic environmen t of membrane, transmembrane helices are

usually quite hydrophobic. This fact leads to a simple metho d for the prediction of transmem-

brane segments, in which only one parameter, the average hydrophobicit y of partial sequences,

is used for the determination of such amino acid regions. Howev er, it is p ointed that this simple

metho d is not go o d enough for the next pro cess of the tertiary structure prediction, b ecause

not only some helices are missing but also the p osition of ends is sometimes erroneous in the

simple analysis.

The metho ds for the prediction of transmembrane helical regions should satisfy three con-

ditions: (1) F alse p ositive prediction, that is the transmembrane helix in a soluble protein,

has to b e as rare as p ossible. (2) The transmembrane helix in a membrane protein should b e

predicted certainly: T rue p ositive prediction should b e high and the false negative one should

b e zero. (3) The end p osition of transmembrane helices should b e as accurate as p ossible.

W e hav e develop ed a new metho d under physico chemical consideration, trying to satisfy

all three requirements by assuming three-stage mo del of transmembrane helix formation: the

binding to membrane surface, the formation of transmembrane core region, and the maturation

of helix due to the tertiary structure formation in membrane.

Binding to membrane: As suggested from the amino acid sequences of signal p eptides and

v enom p eptides such as melittin, the existence of p olar groups app ears imp ortant for the binding

to membrane. Therefore, the di�erence b etw een the maximum and the minimum hydropath y

in a window of nine residues was used as a parameter of the binding signal.

F ormation of transmembrane core region: The most imp ortant interaction for the for-

mation of transmembrane helices is apparently the hydrophobic interaction. Therefore, among

the segments that may bind to membrane we hav e selected segments with the hydrophobic-

it y higher than some threshold v alue. Complementary assumptions were made in this stage.

� 184 � 2-24-16

(1)Ev en when the hydrophobicit y of the segments is not high enough, they may b ecome trans-

mem brane core, if they include a long noncharged segment. (2) Even when the hydrophobicit y

of the segments is su�ciently high, they may not b ecome transmembrane core, if they include

large num b er of charges. These assumptions seemed physically sound and actually improv ed

the results of the analysis.

Maturation of transmembrane helix: T ransmem brane helices bind with each other through

the p olar interactions in the native structure.[1] Therefore, some part of a transmembrane he-

lix, b ecome more p olar than the core regions, particularly near the ends of helices. In other

w ords, some part of a transmembrane helix has amphiphilicity and b ecome stable in membrane

through the formation of the tertiary structure. In this stage, we hav e taken tw o factors into

accoun t for the determination of the ends of helices. First, the amino acid segments neighb or-

ing the core region and having p erio dicity of ab out 3.6 residues b ecome helical in membrane.

Second, the total length of a transmembrane helix including the core and the extended regions

is not so di�erent from the thickness of membrane. The p ow er sp ectral density of helical p e-

rio dicity was calculated by a maximum entrop y metho d of F ourier transformation and used

for the extension of the transmembrane core. In order to set the limit of the total length, a

�lter corresp onding to the thickness of membrane was multiplied to the sequence of the p ow er

sp ectral density around the transmembrane core. Then, the ends of transmembrane helices

w ere determined by the following equation,

(Av er ag eH y dr ophobicity ) + (F il ter ) � (H el ical P er iodicity ) > (T hr eshol d): (1)

This system was applied to the amino acid sequences of membrane proteins whose atomic

co ordinates are given in protein data bank (p db): bacteriorho dopsin, photoreaction center and

ligh t harvesting complex I I. Amino acid sequences of soluble proteins in p db were also analyzed

as reference. The results were satisfactory: All transmembrane helices were predicted correctly

and the error in the ends of helices was ab out only tw o residues in av erage. F alse p ositive

prediction was observed for several soluble proteins. How ever, the ratio of such examples was

smaller than the results by other systems.

The present system is based on the physico chemical mechanism of transmembrane helix for-

mation, i.e. the three-stage mo del, and may b e applied to any amino acid sequence, providing

the transmembrane helical regions with accuracy of ab out tw o residues.

Reference

[1] S. Mitaku, K. Suzuki, S. Odashima, K. Ikuta, M. Suw a, F. Kukita, M. Ishik a w a, and

H. Itoh, PROTEINS: Structure, F unction, and Genetics, 22 (1995) 350-362.