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ihat part of the prglc_in is located on onc side of the
membrane, part is within the membrane, and part is on the
(,ppnsitc side of the membrane. Transmembrane proteins
onen cross back and forth through the membrane scveral
ames and have short loops immersed in the different
ailicy on cach sidc of the membrane. The length of cach
ransmembranc domain and cach loop or other non-
yransmembrane  arca  are  usually different.
Transmembrane proteins perform functions such as
«nsing the preseace of certain chcmicals or certain
J+imuli on anc side of the membrane and transporting
~hemicals or transmitting signals 1o the other side of the
mombranc. Understanding thc behavior of
ransmembrane proteins requires identification of their
gansmembranc domains,

Biological membranes are of hydrophobic (water-hating)
composition. The amino acids in the transmembrane
domain of a protein that are exposed to the membrane
therefore have a pronounced tendency to be hydrophobic.
This tendency toward hydrophobicity is an overall
distributional characteristic of the entire protein segment
(not of any particular one or two amino acids of the
segment). Many transmembrane domains are a-helices,
so all the residues of the helix are exposed 1o the
membrane (and are therefore predominantly
hydrophobic). Although some transmembrane domains
are B-strands (50 that only some residues that are actually
cxposed 10 the membrane), very few such ransmembrane
domains are annotated in the computerized databases.
Thus, as a practical matter, our discussion here is limited
10 a-helical ransmembrane domains.

Consider, for example, the 161-residue mouse peripheral
myelin protein 22 (identified by the locus name
"PM22_MOUSE" in release 27 of the SWISS-PROT
computerized database of proteins (Bairoch and
Boeckmann 1991).  The four transmembrane domains of
this protein are located at residues 2-31, 65-91, 96-119,
and 134-156.
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category. Scven of the 24 residues of scgment (1p ) (i Cc

two Gs, two Ts, two Y5, and one S) are in the category

consisting of G, T, S, W, Y, P (which the know!cdgcabz

human wouid cluster into a neutral category). Only onc

residue of segment (1) (ie., the Q at position 103) is in

the category consisting of H, @, N, E, D, K, R (which the
knowledgeable human would clusier into a hydrophilic
category). Even through there are some residues from al)

three categories in segments(l), scgment (1) is
prcdominantly hydrophobic and is, in fact, a
transmembrane omain of PM22_MOUSE. .
In contrast, 13 of the 27 (about half) of the residues of
scgment (2) are ncutral, eight (about a quarter) are
hydrophobic, and six (about a quarter) are hydrophitic.
This distribution is very different from that of segment
(1). Segment (2) is, in fact, a non-transmembrane area of
PM22_MOUSE.

Background on Genetic Programming

John Holland's pioneering 1975 Adaptation in Natural
and Artificial Systems described how the evolutionary
process in nature can be applied to artificial systems using
the genetic algorithm operating on fixed length character
strings (Holland 1975, 1992). Additional information on
current work in genetic algorithms can be found in
Goldberg (1989), Forrest (1993), Davis (1987, 1993), and
Michalewicz (1992).

Genetic programming is an extension of the genetic
algorithm in which the genetic population consists of
computer programs (that is, compositions of primitive
functions and terminals). As described in Genetic
Programming: On the Programming of Computers by
Means of Natural Selection (Koza 1992), genetic
programming is a2 domain independent method that




























