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Preface

The rapid progress in biotechnology that has occurred during the past few years has
advanced our understanding of the antigenicity and uses of synthetic peptides in
biology and medicine. This development has also created new novel progress and
demands and challenges within the field of biotechnology. Research scientists have
to spend more and more time and effort simply in trying to follow the work done by
colleagues all over the world. An effective and pleasant way to learn about the latest
advances in the field is to meet colleagues in scientific meetings. The present
volume covers the presentations from one such symposium; a very pleasant and
memorable one that was held in Hotel Aulanko, Hidmeenlinna; Finland, in June 6-8,
1985 by Labsystems, a high-tech company actively engaged in research and
development on synthetic peptides. This first Labsystems Research Symposium col-
lected top biomedical scientists and protein biochemists who summarized the very
latest state of the art in the field of synthetic peptides and their applications. A deci-
sion was therefore made to publish the proceedings volume of the symposium in a
quick and well edited format available for the scientific coinmunity.

The program of the Labsystems symposium covered a wide range of modern
research on peptides: segsions were held on protein structure and antigenicity, syn-
thesis and immunology of peptides, synthetic peptides in microbiology, synthetic
peptides in cell biology and in peptide hormone research. Both theoretical and
practical aspects of prediction of antigenicity, biological activity, peptide synthedis
procedures, usefulness &'pepndes as vaccines, monoclonal antibodies against syn-
thetic peptides, and regulatory and hormonal peptides were covered. Comparisen
was also made betweefi recombinant DNA techniques and peptide synthesis tech-
niques in production of specific peptides and ptoteins.

The proceedings should be highly useful for basic researchers in the areas of
modern medicine, analytical biochemistry, immunology, and hormone research.
Ot part ;area where the m peptides will prove to be of unprecedented
6 X edearch, as is also apparent from this volume: Evidegitly, con-

g ’ iy has been genetated for the use of peptidesas com-
ponents of futufe vaceines aiadis diaghostic reagents. The international standard of
the meeting; the wide variety of areas discussed, together with-a highly-quality
publication make this beek pagticularly valuahle. We wish to thank ail authors of the
present volume and various:members of Labeystems Ressarch. Department and
dbpecially Ms. Aira Haloaen for their contnbunons to the sympoaﬁm ar;d fdtmakmg
tlns volume poss:bla
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PREDICTION OF PROTEIN SURFACES AND INTERACTION SITES FROM AMINO
ACID SEQUENCES

THOMAS P. HOPP

Department of Protein Chemistry, Immunex Corporation, 51 University
Street, Seattle, WA 98101 U.8.A.

The peptide chemist is often faced with a difficult problem:
given only the amino acid sequence of a protein, how can one
determine the critical sites for synthetic peptide studies? Where
are the most immunogenic sites on a protein antigen? Wwhich segments
of a protein hormone are involved in receptor binding? If large
quantities of the protein are available, these questions can be
answered by X-ray crystallography or by chemically dissecting the
molecule. However, many interesting antigens and hormones are
available in very small quantities and in impure preparations.
Often, through molecular cloning, an amino acid seguence is
determined from nucleotide sequence data, making it possible to
develop chemically synthesized peptides that possess the desired
antigenicity or hormone activity. However, because antigenic sites
and other interaction sites usually comprise only a minor portion
of a given protein., it is essential to limit the amount of
experimentation required by selecting segments of the protein that
are most important for antigenicity or other interactions. To this
end, we have developed a method of computerized protein topological
analysis that relates amino acid sequence to the distribution of
surface oriented or buried portions of a protein, and selects the
segments most likely for interactions vith‘otﬁ'nt_ proteins.

This analysis, which we call PROTO (for PROtein fOpology). is
based on a simple averaging algorithm that requires very little
computer time, but yields a surprising wealth of information about
a protein’'s structure and interactions. in our procedure, each
amino acid in a sequence is assigned two values, an acrophilicity
value, and a hydrophilicity value (Table 1). When the acrophilicity
values are averaged in groups of six, they yield an acrophilicity
profile for the protein (see Figure 1). The hydrophilicity values
may also be averaged to yield a similar profile (Figure 2). These
two profiles are related, but emphasize two different aspects of
the protein sequence. The acrophilicity profile is an accurite

#
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Fig. 1. Acrophilicity profile for myoglobin. The bars lettered A
through H represent the 8 helices of myoglobin. The peaks on the
acrophilicity profile occur between the helices and at their highl

exposed ends. The five major acrophobic valleys are associate

with the five largest helices of myoglobin (dark bars) that,
together, constitute the core of the molecule. The three shorter
helices C, D and P (light bars) are not as tightly associated with
the center of the molecule, and are correspondingly less acrophobic.
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Fig. 2. Hydrophilicity profile for myoglobin. The locations of
antigenic sites are indicated at the top of the profile.  Vertical
lines represent single antigenic residues; bars represent groups of
contiguous antigenic residues. All of the largest hydrophilicity
peaks have been associated with important antigenic sites.
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representation of the degree of surface exposure along a polypeptide
chain, while the hydrophilicity 'profile indicates the locations of
important interaction sites (\antibody binding sites., receptor
binding sites, proteolysis sites, etc.). By combining the
information from the two profiles, it is possible to begin to
understand the critical active sites of a protein, and their
structural contexts as well.

ACROPHILICITY

The term acrophilicity (literally, ' "height-loving”) refers to
the frequency of occurrence of the amino ié‘ids‘ in highly exposed,
protruding portions of the folded structures of proteins. The
acrophilicity scale (Column 1, Table.1) was determined by analysis
of 49 protein X-ray structures, to find all protruding regions,
then identifying the amine acids present at the apex of each
protrusion (T.P. Bopp and J.E. Merriam, submitted). The resulting
scale is similar €o the p-bend acale of Chou & Fasman (1) but is
TABLE 1
COMPARISON OF ACROPHILICITY AND HYDROPHILICIFY VALUES

Acrophilicity . Bydrophilicity
Gly 3.0 Asp 3.0
. Pro . 2.6 Gl“ 319
- Ash S 2.3 Lys 3.9
Asp 2.1 Arqg §.0
Ser 1,8 Ser . 0.8
Lys 1,4 . . " Ash 0.2
Gl . 0.8 a o Gln 0.3 s
Arg - 0.3 .Y Gly .. 0.0
e -, -0.1 Pro 0.0
Glh ~0.2 Thr ~0.4
His -0.4 His -0.5
Ala -0.5 Ala -0.5
val. . -0.17 : Cys -1.0
Met -1.8 . . Met ~-1,3
™vE %0 ' val -1.5
Leu - -2.5 Lk s icLem -1.8
Ile .. =3.8 . e -Ile. -1,8
Cys -2.6 oo Tyr -%,3
-, Phes (s =3.aT : t- . .Phe& - -2:5

#rp -3.0 Trp -3.4




more successful in our averaging procedure, probably because it is
not limited to p-bends or any other secondary structure.
Acrophilicity profiles contain within them an unexpectedly large
amount of useful information that becomes apparent when they are
correctly interpreted. The peaks on the profiles represent the
most highly exposed projections of proteins, as expected. In
additi®n, we have observed that the lowest valle&s are almost
always found in the core of a protein. PFurthermore., these
"acrophobic” segments usually identify B-stranded or a-helical
segments of a protein (Fig. 1, Fig. 3). Although the profile cannot
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Fig. 3. Acrophilicity profile for concanavalin A. The 3 dimensional
structure of this protein incorporates two large p-pleated sheets.
The individual strands of these sheets are indicated by the bars
below the acrophilicity plot. Most of the internal strands of the
sheets (dark bars) have deep acrophobic valleys associated with
them. The edge strands (light bars) are further from the core and
are less acrophobic.’ The most acrophilic regiotis comprige highly
exposed portions of the folded structure that connect the p=ptrands.

indicate which of these two secondary structures is present, it
seems sufficient to know that an acrophobic segment nmust be in
the packed core of a molecule. Interestingly the ends of helices
and the end-strands of p-sheets are usually &cfophilie. This is
appropriate, because ghese are usually high Trelief fen@urea_of

proteins. A
Acrophilicity profiles are also capable of idohtifying membrane
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spanning segments of proteins. Thus, both signal peptide and
transmembrane "anchor” segments of membrane proteins are clearly
seen as long, low regions of the profiles. These membrane spanning
acrbphobic valleys can be enhanced by giving special treatment to
Gly and Ser residues occurring in them. The PROTO program lowers
the values of Gly and Ser when they occur in likely membrane spanning
regions, but not in other parts of a protein. Using this procedure,
we consistently get longer, lower membrane spanning valleys than is
possible by other methods, including the *hydropathy” method of
Kyte and Doolittle (2), thus improving the reliability of our
analysis.

HYDROPHILICITY

Ever since Tanford established the rotién of amino acid
hydrophobicity (3), it has been recognized as a major contributing
factor to the folding patterns of proteins. There is a tendency
for hydrophobic amino acids to be buried inside a protein, away
from contact with water, while hydrophilic amino acids coat the
surface of a protéin. However, attempts’ “to predlct protein

3-dimensional wstructures based on hydzophobicitylhydrophilicity
have been of 1imited usefulness (2,4,5). This is p:obably due to the
fact that such methods generally ignore the ability of partially
buried amino acids to extend their side chains inward or outward,
dcpondlhg ‘on " their hydrophilic or hydtophobic nature.; Por this
reasoh,” the hydr@phillclty analysis in PROTO is not used for

-dinehsidﬁtl information, but only to locate Ehe aubaet of surfhce
sites that havt eenecntratlons of cha:ged and polaz amino acids.
It is these sites that were shown to be the most i-nunogonlc parts
of proteins (6) as can be seen in Figure 2. We have rehently found
‘that thése are also the most likely sites for other types of p:otein
interactions (T.P. Bopp and K.R. Woods, in prepazation).

Our ongoing survey of proteins indicates strongly that the most
hydrophilic sites on a protein are thé preferisd: locations for a

' number of types of protein binding sites -and resctive sites 7).

Interaction ~sites. correlated with hydrophilicity include:
phosphorylation . sites (S8er, Thr, ?Pyr), acetylation sites,
glycosylation sites, sites of limised protediysis and sulfation
sites and probably many other sites wliers one protein setves-as‘a
substrate for another (an example of proteolysis at hydrophilic



sites is given in Figure 4). Proteins often bind other macro-
molecules via their most hydrophilic segments, even when no direct
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Fig. 4., Hydrophilicity profile for preproalpha-factor. Four
tandem copies of the yeast mating pheromone, alpha-factor, occur at
the C-terminus of the primary translation product, preproalpha-
factor. These mature hormone segments (bars) are released from the
precursor by proteolytic processing that is initiated by cleavage
at the hydrophilic sites between the copies of the hormone (arrows).

catalytic activity is involved. For exémple. apolipoprotein E is
bound by its cellular receptor by its most hydrophilic segment. A
nutation there causes type III hyperlipoproteinemia.,_Immunoglobuliﬁ
binds complement at its most hydrophilic site. DNA poiymerase

binds DNA at géq most hydrophilic segment. These, and many othes-

examples not cited here, emphasize that hydrophilicity analysis as
‘carried out by PROTO is potentially very useful in finding critical
interaction sites in the sequences of proteins.

A DISTINCTION BETWEEN ACROPHILICITY AND HYDROPHILICITY

We initially:developed the acrophilicity scale in :an attempt to

improve our abiligy to identify antigenic sites and-other sites of
protein interactions. We were therefore surprised- that. the
acrophilicity method. which is better at iecating highly  sxposed
sites, is.less acecurate in locating protein interaction kites than
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the hydrophilicity method. This probably reflects the fact that
bonding between chirged and polar amino acide are major sources of
binding energy when proteins interact with each other, vhile other,
leu well characterized forces dictate the folding of. an individual
protein. Gnt efﬁcct that may be ikportant to pxotbin folding "is
apparent ih’ thg ai::bphilicity gcale. As is sédn in Table 1,
acrophilicityli_t. with minor exceptions, a séze scale. Glycine,
the smallest amino acid, is most often higi:ly exposed on proteins,
and tryptophan, the largest, is most often buried. While it is
likely . tget the greater hydrophobicity of the larger. amino acids
plays some part in this, ‘the simple size eonel&tien also may be
important. This is apparent when members of groups of similar

amino acids are considered, for example, among the charged amino-

acids (Asp, Lys, Glu, Arg). The smallest, Asp, is the most
acrophilic while the largest, Arg, is the most acrophobic. It
seems possible that protein stability may depend on packing of
large side chhinl in low relief and -internal regions while smaller
side chaina are moré appropriate where the ngin chain loops outward

) into’ hithy exposed segments. " Regardless ‘of the .answer to this

queition, it is probable that the distinetton between acrophilicity
and hydrophilicity in some way rcflects the diffe:ont ﬁo:ces that
dictate protein folding and protéin interacttdhs. :

In light of the fo:egoing discussion we: huve begun to use the
PROTO program to- gemrate plots 1ike Piguuf S. where proﬂles for
boti acrophilicity and hyd:ophilicity are ptea.nted In such a
plot, it is possible to identify a large number of features,
including probable surface sites and interaction sites, as well
as the signal and transmembrane segments. With these capabilities,
the PROTO program should be a most useful ‘gourfcé of information

for identifying important regions of proteins to be studied by'

chemical peptide synthesis.
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