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Abstract.

An analysis of the frequency of use of amino acids on the CDR-1 and CDR-2 of 1500
immunoglobulins showed that the frequencies of amino acids in different positions could be
fitted by two types of distributions. For some positions the frequencies were fitted by an
inverse power law, and for other positions by an exponential distribution. In order to see
whether the more frequently used amino acids for specific positions had physicochemical
properties or attributes in common, they were clustered using an algorithm normally
applied to artificial intelligence problems. It was found that the amino acids in those
positions fitted by the inverse power law have similar hydrophobicity and volume, which
are commonly attributes of amino acids in structural positions. Thus, if these positions are
critical to maintaining the structural features of the CDR domains, the rest of the positions
should be either properly involved in the recognition process or irrelevant. The frequencies
of amino acids in these recognition positions, were fitted by the exponential law, and it was
found by the clustering analysis that these amino acids share properties of a more general
type, such as capability to form hydrogen bonds, polarity, etc. This suggests that at least
part of the recognition mechanism requires general properties, rather than specific amino
acids. Amino acids sharing the required attributes for each one of these positions, are then
used with a random frequency.




INTRODUCTION

Immunoglobulins (Igs) are key proteins that mediate in the immune response, i.e.
Igs bind foreign epitopes blocking their ability to bind to receptors on target cells or
mark the invading microorganisms for destruction. A main challenge in immunology
has been to understand how the immune system recognizes the presence of foreign
epitopes.

Tt has been proposed that the number of main chain conformations of at least five
of the six hypervariable loops of the Igs is limited to a very few canonical
conformations (Chothia and Lesk, 1987). The adoption of specific backbone
conformations is believed to reflect the existence of a few key conserved residues in
the loop of the antibody molecule (Chothia and Lesk, 1987). This suggests that some
of the amino acids on the Complementary Determining Regions (CDRs) may have a
structural role, while the rest are either involved in the recognition function or are
irrelevant. Thus, Kabat et al. (1977) proposed that there must be evolutionarily
conserved residues within CDRs, and that a few hypervariable positions in the
immediate neighborhood of such conserved positions must determine antigen
specificity. Furthermore, Ohno et al. (1985) proposed that if some sites on the CDR-l
and CDR-2 are conserved for the shaping of the primordial antigen-binding cavity, the
remaining seven sites can generate 207 or 1.28 x 10° varieties of different amino acid
sequence combinations. However, a recent analysis (Mian et al., 1991) suggested that
there are some constraints on the wide range of possible and meaningful amino acid
sequence combinations in the recognition pocket, implying amino acids would have
non-random frequency distributions.

In order to explore the existence of these constraints, an analysis of the frequency
of amino acids in 36 sites in the CDRs ( its great majority) of the variable light domain
( Vy ), and of 42 sites of the variable heavy domain (Vg ), was performed in an
alignment of approximately 1500 sequences of Igs made by Kabat et al. (1991).

MATERIALS AND METHODS

Data Base. The variability of the amino acids in each site of the CDRs was
examined in the amino acid distribution table reported by Kabat et al. (1991).

Determination of the Degree of variability of each site. A compilation of structural
and variability data for each site was performed in the following manner. Each one of
the sites analyzed that are identified as responsible of the canonical conformations
(structural set) for some of the hypervariable loops are marked in the second column of
Tables 1 and 2 (Chothia and Lesk, 1987). The third column indicates the number of
antigen-antibodies complexes in which each site has been found in contact with the
epitope (recognition set), according to crystallographic data (Padlan and Kabat, 1991).
The following two columns mark the sites proposed as conserved by Kabat et al.
(1977) (Kabat's set) and the non-conserved set according with the present work,
respectively. Finally in the sixth column, the percent frequencies of the most used
amino acids for each site are calculated (composition column). Since there is not
established objective criterion to decide if an amino acid is or not conserved in a given
position, in the present work a site was classified as conserved if it was occupied by
the same amino acid in more than 42% of the examined sequences. This value is
obtained of the determination of the frequency distribution of the most used amino
acids in the sites that are buried in the core of a protein family (Lim and Sauer, 1989,
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Go and Miyasawa, 1980). As can be seen in Tables 1 and 2, this threshold identifies
the structural site set correctly in 16 of 18 cases.

Determination of the non-random distribution of the amino acids in the
hypervariable sites. To analyze the nature of the frequency distribution of the
hypervariable site set, the existence of amino acids over-represented in the sample of
sequences was tested considering that: i) there are various sources of error in the data
base (Shenkin et al., 1991), ii) it is assumed that mutations at the codon level are
equiprobable, and consequently the frequency expected for each amino acid is equal to
the proportion of the number of codons that codify for this amino acid to the total
number of codifying codons (not considering the termination codons ). For example,
Ala is codified by 4 codons, and the total number of codifying codons are 61, thus, the
expected frequency for Alanine is P(ALA)= 4/61= 0.065. According to this
calculation, the distribution of observed frequencies for each site was contrasted to
that expected by means of a Student's t-test for proportions (Spiegel, 1975), with a
significant level of 1%. The over-represented amino acids are indicated in the
composition column. This over-representation of amino acids in some of the sites
should skew the use distribution frequency from a random. It is interesting then to try
to find the particular type of distribution of amino acid frequencies for each site on the
CDRs, and to interpret their behavior or function in terms of their distribution.

A type of skewed distribution, which has been found in different biological
phenomena ( West, 1985; Nicolis, 1987) (as well as non-biological; for instance, in
relation with linguistics ( Nicolis, 1986) ,social sciences ( Montroll and Badger, 1974),
and several processes of physics (Montroll and Shlesinger, 1983; Meyer ez al., 1981)),
is the inverse power law. This distribution was proposed by Pareto (1897) for the first
time, in relation with the annual income distribution of the wealthy. An improved
version of this relation proposed by Mandelbrot (1977) has the form

P(r)=K(r+p)P (1)

where K, p and B are parameters (B > 0) intrinsic to each system. In our system, P(r) is
the probability of appearance of each amino acid with rank order r.

The linearized form of relation (1) was plotted for 21 sites on the heavy chain and
18 sites on the light chain. These plots of log P(*) versus log (r + p) were statistically
tested for their fit to a straight line.

A characteristic of a skewed distribution, similar to equation (1), is that a small
group of objects (amino acids) with higher frequency may share one or more properties,
or have abilities in common, which explain their belonging to the group (Montroll and
Shlesinger, 1982). An algorithm usually applied in artificial intelligence (Quinlan, 1983)
was used to explore whether the more frequent amino acids may be clustered in terms of
common physicochemical properties or attributes. This algorithm takes objects of a
known class, described in terms of a fixed collection of properties or attributes, and
produces a decision tree over these attributes that correctly classifies all the given
objects. Each attribute has its own set of discrete values. For he present application, the
objects are amino acids, the class is the most frequent amino acid in a site, and the
attributes were defined in terms of the physicochemical properties of the amino acids
(Sneath, 1966).
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RESULTS

Tables 1 and 2 allow to visualize the likely rationality of the variability observed for
each site, based on the complementation of structural and variability data. As it has been
previously noted the 42% threshold criteria for conserved sites allowed the identification
of 16 of the 18 structural sites responsible of the canonical conformations. Likewise, this
criterion identified the majority of the sites proposed by Kabat ef al. (1977). The third
column of Tables 1 and 2, point to the existence of regularities in the sites responsible
for interaction in the antigen-antibody complexes. In this recognition set, there are a
group of sites that make contact in only one or two Of the eight complexes considered.
Nevertheless, there is another group of sites that are common to the majority of the
antigen-antibodies complexes. As can be seen in the same tables, these common contact
sites are distributed in the three CDRs of both chains. This observation has been
reported previously by Davies and Padlan (1990). Within this recognition set, 14 of the
20 sites in V. that are in contact with the epitope, and correspond to the non conserved
set (fifth column of Table 1); while, for Vg the frequency is 16 of 22. If the sites that are
in contact in only one of the eight complexes considered are not taken into account, the
data are 9 of 14 for V. and 13 of 17 for Vy;. Increasing the restriction to consider only
the sites with more than 2 of the 8 complexes in contact, it is obtained 7 of 8 for Vi,
and 11 of 12 for Vy are obtained.

If the sets of structural function (Structural and Kabat columns are joined and are
compared with the total number of sites that have one amino acid with frequency greater
than 42%, a total of 3 sites in Vy_ and 14 in Vi remain as unclassified. Within this group
there are sites like Vy-32, with composition of Tyr 65%, Phe 11%; Vy-52b with Lys
87% or Vy-100j with Phe 72%, Met 22%. That is, there are 17 sites in both chains that
have high conservation that has not been reported previously. Some of these sites are in
contact with the epitopes.

Tn the composition column of both chains (Tables 1 and 2) it is observed a strange
repetitive pattern in CDR-3. In the light chain Tyr is highly used in 4 of 9 sites and the
combination Ser/Tyr within the same site is present in 3 sites. In the heavy chain, Tyr is
highly used in 9 of 11 sites, and the combination Tyr/Gly is present in 6 sites.

The results of the Students t-test reported in the first and last columns of Tables 1
and 2, shows that all the sites that have been identified previously as non-conserved
present at least one amino acid over-represented in the sample. As it can be seen in the
last column, some amino acids that have apparently high percentage frequencies are
not identified as over-used, because they have a great number of codons assigned in
the genetic code. That is the case of Ser, Leu and Gly.

The results of plotting the logarithm of the probability of use of each amino acid
versus the In(r + p), i.e. the linearized equation (1), are illustrated in Figure 1 for some
of the positions analyzed. The Figure shows a good fit with a straight-line.

On the other hand, certain positions fit an exponential distribution of the form

P(r) = hexp.(-Ar) (2)

with correlation coefficients greater than 0.95. In relation (2) A represents a parameter;
and the other variables have the same meaning as in equation (1). The results of these
plots are shown in Figure 2.

By application of the Quinlan (1983) algorithm, to cluster the more frequently
used amino acids in terms of their common attributes for each position, it is found that
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there are two distinct groups: positions in which the more frequently used amino acids
have similar physicochemical properties of hydrophobicity and volume, and positions
in which the attributes of the most abundant amino acids are of a more general type,
such as polarity, volume, or hydrogen bonding capacity (see Table 3). Generally, the
positions of the former group fit equation (1), and those of the latter adjusted with
equation (2). There were three exceptions( site 31 in V, and sites 35 and 54 in Vg ),
which showed an almost equal fit to both the linearized inverse power plot and the
exponential distribution. The correlation coefficients of these plots are shown in Table
4. These sites however were not considered as belonging to the inverse power-law
group, because their more abundant amino acids did not have similar hydrophobicity
and volume, and their frequencies of use were not as high as those of the amino acids
of the positions belonging to the inverse power law distribution.

For the exponential distribution group the clustering in terms of attributes of a
general type was possible for all the positions on Vi, with the exception of three cases
(see Table 3). For Vg, the clustering was possible only for three cases (Table 3).

DISCUSSION

The results describe some regularities in the recognition pocket, both at structural
and sequence level. This type of study has been proposed by Kabat et al. (1977),
Dildrop (1984), Ohno et al. (1985), Tainer et al. (1985), Chothia and Lesk (1987),
Padlan (1990), Davies and Padlan (1990) and Mian et al. (1991).

Analysis of the data obtained from the crystallography of antigen-antibody
complexes reaffirm the existence of common sites in the different specificities (Tables 1
and 2). But the vision is completed only by the observation that these common sites
agree with hypervariable sites in almost all the cases. It is important that the contact
sites are distributed in the six CDRs, as it does compete to the discussion about the
relative role of each one of the CDR's in the genetic organization of immune
recognition (Ohno e al., 1985).

The results of plotting the logarithm of the probability of use of each amino acid
reveal that apparently there are two different types of positions, at least on the CDR-1
and CDR-2, of the Igs ( this plot was not attempted in the present work for the CDR-
3, this study is in development and will be published elsewhere): those which better fit
the inverse power law, and those which obey an exponential distribution. The more
frequently used amino acids in the positions of the first group have similar properties
of hydrophobicity and volume (Table 5), and those of the second group share different
attributes depending on the position (Table 3).

The relative frequencies of use of the predominant amino acids for each position
fitted by the inverse power law are shown in Table 5. From this data it can be observed
that some amino acids are highly conserved, strengthening the suggestion that these
sites should play fundamentally a structural role. For some positions, the frequencies of
some amino acids is as low as 43 % (see site 63 of V; in Table 5), nonetheless in these
cases an amino acid second or third in order of abundance (secondary amino acids),
with similar properties of hydrophobicity and volume, can be found in the same site.
That is, these secondary amino acids have the same physicochemical capabilities for
maintaining the general structure of the CDRs, which gives additional support to the
suggestion of a structural role for these positions. Moreover, a comparison of our
results with crystallographic data studies ( Chotia, et al., 1977), which propose the
sites to be responsible for the canonical conformations for some of the hypervariable
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loops shows 16 of the 18 structural sites to be the same ( Table 5). Furthermore, the
majority of sites proposed as structurals by Kabat e al. (1977) are also coincident
with those listed in Table 5.

It has been shown that there exists a parallel between an inverse power law and a
deterministic chaotic dynamics, with multiple coexisting attractors ( Nicolis, 1991). This
chaoticity evolves in time, and consequently for a long time a regular motion in the state
space, suddenly interrupted by randomly distributed bursts of strong chaoticity, can be
observed. Such dynamics results from an external noise which is instrumental in shifting
an initial condition from a basin, where it normally belongs, to some other basin. In our
case, the initial state is characterized by the physicochemical properties of a prototype
amino acid, which due to an external noise (maybe an antigen) is drawn intermittently
from attractor to attractor until an energy minimum is reached, or the external
perturbation disappears, being then trapped by some other attractor. These attractors are
separated by fractal basin boundaries, and the transition probabilities Pj; of jumping from
attractor j to attractor i are proportional to the area of the basin attractor i, and the
shape of the separatrices. These properties of the phase space generate two distinct
types of memory ( Nicolis, 1991): a global memory, resulting from a slow diffusion from
one part of the attractor to another, and a memory resulting from the connectivity and
communication among independent global memories (coexisting attractors). In the latter
case, the magnitude of the noise should be enough to induce the transition between
attractors (memories). In our particular case of antigen-antibody interaction, the
perturbation possibly throws the initial state, characterized by the properties of a
prototype amino acid, to a new state of the phase space, in which a new amino acid is
that which minimizes the energy, and the system is trapped by a new attractor. This
means that there exists a restricted trajectory which constitutes a memory and assures a
strict function for these positions. This conservativity assures in our case the maintaining
of structural features in the CDRs which are critical for the antigen-antibody interaction.

The above type of dynamics has been shown (Nicolis, 1991) to lead to a 1/f noise
spectrum These fluctuations are time-scale analogous to the shapes of fractals, which
have the property of self-similarity. Very recently, these types of patterns were also
found in the intron sequences of DNA ( Yam, 1992). A characteristic of these
distnbutions is that the elements maintain a long range interaction, a feature expected
among elements coherently involved in a structural function; given that, to maintain a
specific spatial structure a long range coherence among the key building blocks of the
structure should be necessary .

That the aforementioned sites mainly play a structural role is a striking finding,
since it has usually been considered that sites 26-30 and 53-55 of Vg , and 26-32 and
50-56 of V| were part of the recognition positions, being located in the loop region.
With these findings, it can be proposed that the concept of a recognition site should be
based not only on whether it is on a loop, but on the type of distribution followed by the
amino acids in the site.

What arises from the above results is that if the discussed positions are critical in
maintaining the canonical structures of the family, then the rest of the positions of the
analyzed CDRs are those properly responsible for the recognition process. That is, those
positions which better fitted an exponential distribution are those which should really be
involved in the recognition processes. This experimental frequency distribution confirms
the traditional view of random variation (Ohno ef al., 1985). Apparently, however there
are some general restrictions which limit the range of amino acids allowed in the
recognition sites of the hypervariable regions on the CDRs. The importance of these
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restrictions resides not in the frequency of use of the allowed amino acids, but in the fact
that they reduce the possible recognition solutions to those with similar attributes, as
indicated in Table 5.

The above findings suggests that the recognition process, at least for those sites
listed in Table 5 requires only general properties or attributes, rather than specific
complementary amino acids. The general attributes, or physicochemical properties
required for each site are satisfied by a reduced set of amino acids with a random
selection.

The importance of having these general properties in specific positions may be
illustrated by the case where large amino acid residues are the more frequently used.
These may cover large spaces, facilitating their participation in a wide variety of van der
Waals and electrostatic interactions to bind a range of epitopes (Mian, ef al.,, 1991).
Another case is when the common attribute is a great flexibility which facilitates
secondary interactions of macromolecules brought about by specific epitope binding or
facilitating the molding of the Igs to different but closely related pathogens, and favoring
the immune response. In this way amino acids with flexible side chains may generate
structurally plastic regions able to mold themselves around the antigens, improving the
interacting surfaces complementary.

The above finding seems to conciliate the proposals that the recognition positions
may generate a wide number of solutions, given by a random selection of amino acids in
these positions (Ohno ef al., 1985), with proposals of the existence of general
interactions which constrain the amino acid selection to those sharing similar
physicochemical properties (Mian ef al., 1991).

Finally, there are also those sites for which it was not possible to characterize the
amino acids in terms of general attributes. In these cases, either the specificity of the
amino acids in these sites play a fundamental role in the recognition process or there was
a lack of identification of the appropriate attributes shared by the elements of the cluster.

A paper in the literature ( Shenkin, 1991) reports that the relative use frequencies
of amino acids on the CDRs of immunoglobulins fit reasonably with a log-linear
frequency-rank distribution. Nonetheless, the main objective of that paper was to
propose the use of information thermodynamical concepts to measure variability of the
CDRs rather than to analyze the origin of the distribution and its deviations.

The results of this study seems to indicate that the codification for the preferential
use of certain amino acids with analogous physicochemical properties in the recognition
sites is indeed a feature of the Igs, suggesting the existence of a general mechanism for
the recognition process, based in general properties instead of specific interactions Of
course additional mechanisms involved in the complicated process of antigen-antibody
recognition should be considered, such as the somatic hypermutation, which is very
possibly the origin of specific or more fine interactions. The undoubtable existence of
these and other mechanisms may explain the difficulties to classify clearly some of the
sites within one of the two identified groups.
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Table 1. Variable domain light chain
Site(n) Structural(B) Recognition(C) Kabat (D} Non-conserved(E) Composition(F)
CDR-1 24 + R48, S21, K16
25 + + ASS, S30, G10
26 + 587
27 + Q51, s21
27a + 581, Gil
27b L47, v19, 112, All
27c v42, L32, D8
274r 1 + H39*, N18*, Y15+, S12
28¢ 1 + N25+, D21*, S13, T8, VB
29 1 + + Gi0r, I23+, S21
30+ 4 + §27+, N24r, V13, K12+
31 2 + S3ie, N27*, T23*
32 5 + Y72
33 + + L58, M17, Vio
34¢ 1 + A24®, H23t, D21*, S9
CDR-2 50+ 4 + G1l6, D15*, K13+, Y13+
51+ + A34r, T30+, V1S
52 2 ¥ 579, N8
53+ 2 + K29+, T24%, 516, R13
54 .+ R48, LA48B
S5+ 1 + + A37+, E13*, P12, Fi2*
S6* 1 + 572, P8 '
CDR-3 B89 Q53, AlC, LB
90 + 1 + Q70
91+ 6 + W22+, Y17+, G17*, 515
92¢ 4 + 820, Y17+, Dle*, N15*
93¢ 4 + 540*, H14+*, E12*
94+ + 4 + S18, Y16*, Nid4r, L14,vid
95 + 2 + P71
96* 5 + L21, Y20*, W19*, Ri2
97 + T8, Vil
FR 2 + I66, V15
48 + Y84
49 2 - 194
64 + G97
71 +

F52, Y28, Al4d
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Tabla 2. Variable domain heavy chain

sice(A) scructural(B) Recognicion(C) Kabat (D) Non-conserved{E) Composition(F}
CDR~-1 26 + G98
27 + F48, Y42
28 T62, S22
29 + F76, L11 '
30 2 TS50, 541
31 4 S48, D25
32 3 Y&5, Fll
33 5 + Y32, W22%, G21*
34 + + M61, Il4, VB
35* 1 + H26%, N24°*, 520, E9
CDR-2 sov 2 + + ¥20%, R12, Vi0, Al0, E9
51 2 + ige
52r¢ 6 + N28¢, S14, Y13+, R12, DLl=*, W8*
52a + P56, N15, 510
52b 1 K87
53+ 3 + G26%, N21*, Y13+, D9, AB
54+ 2 + + N27%, G277, S23*, Dl4*
55 + 1 G6l1, Sid4, Y13
6" 4 + s23, Y17+, T16, G13, N9, DB
57 1 776, Il0
58+ 3 + N22*, Y19*¢, K16*, EL0
59 + Y94
60 N48, AZ1l, S12
61¢ + E27%, Pl8t, D157, N14*, AL3
62¢* W K40+, S37*, A9
63 + F46, V28, L1S
64 K77, N9
65 G611, S23, D9
- CDR=-3 g5+ 4 & pid4*, Gl4, 513, Y10
S6* 3 + Y20*, G17*, RSB
97+ 4 + ¥33r, G19t
9g* 3 + Y30+, -G21*
Qg+ 3 + G265+, Y18*, S13
100¢ 1 + S20, G19*, Y13¢
100ar + §25*, G15, Y12~
1003 Y49, A26, Wid
100k F72, M22
101 : + D73, Al7
102 Y72, vii
FR 47 2 wWe2 4
7L + +
94

R39¢, V30*, Al2, K10
RB1
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Table 1. Variable domain light chain

Site(A) Structural(3) Reccgnition(C} Kabat (D} Mon-conserved(E) Composition{F)
CDR-1 24 + Rd8, S21, Klé6
25 + + A35, Ss30, Gl0
26 + 587
217 + Qcl, s21
272 + S81, G1il
27o L47, v1i9, 112, All
27c¢ v4z, L3I2, D8
274+ 1 + H39+, NiB*, Y15+, S12
28¢ 1 + N25*, D21*, S13, T8, VB
29+ 1 + + Gi0+, I23+, s21
30" 4 + §27+, N24*, V13, K12°*
RN 2 + S3i+, N27*, T23*
32 5 + Y72
i3 + + L58, M17, V10
34 i + A24r, H23*, D21+, S9
CDR-2 SR 4 ¥ Gl6, D15%, K13+, Y13+
51¢ + Al4+, T30*, ViS
52 2 + 579, N8B
53¢ 2 + K29+, T24*, S16, R13
S4 + R48, L48
5% 1 + + Al7*, E13*, P12, Fl2°*
S6* 1 + 572, P8
CDR-3 89 Q53, Al0, L8
90 + 1 + Q70
oM g 6 + W22+, Y17+, @17+, si5
92+ 4 + s20, Y17*%, Di6é*, N1S*
93¢ 4 + 5S40+, Hl4+, E12*
04+ ¥ 4 + 518, Y15*, Nl4+, L14,V14
95 + 2 + P71
96 5 + L21, Y20*, Wig9r, R12
97 + 778, V13
FR 2 + I66, V15
48 + Y84
49 2 194
64 + G97
71 + FS52, Y28, Ald
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Table 2. Varlable demain heavy chain
Sice(A) Structural(B) Recognicion(C) Kabat (D} Non-conserved(E) Ccompositlon(F)
CDR-1 26 + Gos
27 + F48, Y42
28 T62, S22
29 * F76, L11 :
30 2 T50, S41
31 : q §48, D25
32 i 3 Y65, Fl1
33 5 + Y32*, W22*, G21°*
34 + + M61, Il4, V8
3s5* 1 . + H26', N24*, 520, E9
CDR-2 50¢ 2 + + Y20+, R12, V10, Al0, ES
51 2 + 188
52« 6 + NZ28%, S14, Y13+, R12, Dl1l*, wWB*
52a + . P56, N15, 510 ;
52b 1 KB7
53+ 3 + G26*, N21*, Y13+, D9, A8
54+ 2 + + N27+, G27*, S23*, D14+
58 + 1 G61, s14, Y13
Se* 4 + 823, Y17+, T16, G13, N9, D8
57 1 T76, I10
SB* 3 + N22¢, Y¥19*, Kl6t, El10
59 + Y94
60 N4B, A21, Si2
61¢ + E27+, P18*, D1S~*, Nl4*, All
62+ + K40+, S37+, A9
63 + Fd46, v2B, L1S
64 K77, N9
65 G6l, 523, D9
CDR-3 g5+ 4 + Did4*, G14, s13, Y10
96+ 3 i Y20*, G17*, RSB
97¢ 4 + Y33+, G19+*
9B+ 3 + Y3i0*, G21¢*
99+ 3 + G25*, Y18*, S13
100* 1 + 520, G19*, Y13*
100at + §25*, G15, Y12+
1007 Y49, A26, W14
100k Fi2, M22
101 ’ .+ D73, Al7
102 Y72, v17
FR 47 . 2 Woz2
71+ + + R39*, v30*, Al2, K10
94

N R81




Table 3. Attributes which identify the cluster of the more frequently used amino acids
for those positions which fitted the exponential distribution. The sites were clustered
using the algorithm proposed by Quinlan ( 1983). For the classification, nine
physicochemical properties or attributes, were considered: composition, polarity,
volume, bulk, molecular weight, charge, hydrogen bonding capacity, aromatic ring.
The amino acids were grouped in a discrete way for each one of these attributes. For
sites 33, 53, 58 on Vyy, and for site 28 on V|, , only one attribute was necessary to
characterize the cluster. For the other sites two attributes were necessary.

Site* Attributes

Vu

33 VOLUME

35 VOLUME, COMPOSITION
53 BULK**

54 VOLUME, COMPOSITION
56 POLARITY, COMPOSITION
58 BULK

61 BULK, H-BONDING

Vi

28 COMPOSITION

31 VOLUME, H-BONDING**
53 VOLUME, POLARITY**

*Site numeration according to Kabat ez al (1977).
**In these sites, an amino acid was included in the final clusters which was not one of
the more frequently used.
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