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In order to prolong the lifetime of protein bioregulators in blood it is possible to engineer analogs with
protected sites of limited proteolysis. To determine the sites, primarily accessible to trypsin-like proteases,
a computer procedure has been developed, including a prediction algorithm, to produce the residue diagram
of a globular protein and a discriminant algorithm to determine the sites most liable to proteolysis. The
accuracy of prediction of amino acid residue exposure is characterised by correlation coefficients between
experimental and theoretical exposure values, the coefficients being about 0.7 as calculated for 10 globular
proteins. The classification of Arg and Lys residues into two groups, susceptible or insusceptible to protease,
has an error percentage of about 25.

Protein structure; Limited proteolysis; Protein bioregulator

1. INTRODUCTION

Many protein bioregulators circulating in blood
have relatively short half-lives — usually a few
minutes. This is quite adequate for the
physiological function of native bioregulators, but
if they are used as drugs it is often necessary to
protect them from breakdown, caused by
numerous proteases, especially by the most active
one — the trypsin-like protease plasmin. An ob-
vious way to solve this problem is to determine the
sites most susceptible to attack by proteases, and
to modify selectively the appropriate residues. Of
course, there also exists the risk that such residues
belong to the active site of the bioregulator and
therefore that the modified protein will lose its
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biological activity; if the active center remains in-
tact, the action time of the analog will be
significantly greater.

Enzymatic cleavage of a peptide bond depends
on different characteristics of interacting
molecular surfaces in the substrate protein and en-
zyme [1]. Here, we discuss a particular aspect of
this problem, considering the degree of exposure
of the residues attacked by trypsin-like proteases
(Lys or Arg) and their nearest neighbors in the
polypeptide chain as factors of their susceptibility
to proteolysis.

2. PREDICTION OF THE DEGREE OF
AMINO ACID RESIDUE EXPOSURE

The degree of exposure individual residue in
globular protein is determined here as the share of
free volume (i.e. not filled with atoms) in an 8§ A
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radius sphere with the center placed in the
geometrical center of the residue.

The degree of exposure of g; of the i-th residue
in an amino acid sequence is supposed to be linear-
ly dependent on gi.; values of its nearest
neighbors, on the share of the /-th type residues in
an amino acid composition Z; and on the number
of residues in a given protein, N.

4

=X dqi+gs, (1)
j=-4
Ji#0

where
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The multiple regression equation coefficients
d®, by*, ¢ and d** for each k-th type of amino
acid residue and s-th type of secondary structure
were obtained using the data on 60 non-
homologous proteins [2]. The system of eqns 1 for
all residues in a protein may be rewritten in matrix
form

0=A4A0+Gor (E-A)Q=0G Q)

where E is the unity matrix and the evaluation of
vector Q is the solution of the linear equation
system, eqn 2.

The procedure described above was tested by
calculation of the exposure diagrams for 10 pro-
teins of known tertiary structure not included in
the above set of 60 proteins; the location of secon-
dary structure elements was determined using the
algorithm of Ptitsyn and Finkelstein [3]. Predicted
values g; were compared with experimental ones by
calculating the correlation coefficients between
two of these sets; these correlation coefficients
range from 0.60 to 0.80.

3. EVALUATION OF THE SUSCEPTIBILITY
OF BASIC RESIDUES TO THE ATTACK BY
TRYPSIN-LIKE PROTEASES

Having found the reliability of the prediction
algorithm to be moderately satisfactory, we used it
in a procedure that permitted us to evaluate the
susceptibility of a given basic residue containing
sites to the attack of trypsin-like proteases. This
susceptibility is supposed to depend on the steric
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conditions in the vicinity of the i-th basic residue,
which are determined by g;.« values of the residue
in question and its neighboring residues; in our
calculations the number of neighboring residues k&
ranged from -3 to 3.

Two sets of exposure degree values for residues
Lys or Arg and its neighbors in sites susceptible
(group A) and insusceptible (group B) to limited
proteolysis were formed using experimental data
on the location of such sites in 9 proteins of known
three-dimensional structure (chymotrypsinogen A
[4], concanavalin [5], cytochrome ¢ and myoglobin
[6], elastase [7], insulin [8], ribonuclease S [9],
staphylococcal nuclease [10] and trypsin [11]); the
cases when Arg or Lys residues preceded the Pro
residues are not considered. These sets were used
to obtain the parameters of a discriminant analysis
algorithm in the form described in [12]. This
algorithm provides an accuracy of classification in-
to groups A or B of about 75%.

To test the procedure as a whole, we have
predicted the basic residues accessible to trypsin-
like enzymes in two proteins, where the sites of
limited proteolysis have been determined ex-
perimentally: proinsulin and somatotropin. Such
sites in proinsulin are residues Args; and Arges
[13]; in somatotropin — Arg;ss and Lysyes [14]. In
both cases the calculation correctly revealed the
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Fig.1. Predicted exposure degree diagram of
somatotropin. Residues Arg and Lys are indicated by
circles; the unfilled and filled arrows show the predicted
and experimentally found [13] sites of trypsin attack.
Symbols at the bottom indicate the conformational
states predicted by the method [3]): (=) a-helix, (\WV)
G-sheet, (——) turns or undefined structure.
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above residues, but in addition, some other
residues were also qualified as possible sites of the
primary enzyme attack. In proinsulin the errors
concern the nearest neighbors of the attacked
residue Args;, i.e. Lysyg and Args; in
somatotropin the erroneously determined residues
are Arges, Lys7o and Lys;¢s. For the last protein
the calculated exposure diagram and localization
of sites of limited proteolysis — both calculated and
experimentally found — are given in fig.1.

Many proteins, being the subject of intensive at-
tention in modern biotechnology, are not available
in quantities sufficient for the experimental deter-
mination of limited proteolysis sites; therefore, we
hope that the approach we have developed, though
not quite perfect as yet, can be useful in such cases.
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