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Side chain characteristic main chain conformations of
amino acid residues
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Main chain conformation characteristics of the respective side chains of the 20
naturally occurring amino acid residues were obtained by the analysis of (¢, Y)-
data from the crystal structures of 38 different globular proteins. The following
observations are of interest: (i) For amino acids other than Glu, Thr and ali-
phatic amino acids, at least one main chain conformation is stabilised solely by
side chain atoms. Such conformations are listed. (ii) In globular proteins, the
main chain conformations which are significantly destabilised by side chain
atom interactions are observed. The stabilising force for those conformations
seems to come from main chain atom interactions. (iii) A set of conformations
for which the main chain and side chain interactions are almost equal but in
opposite directions, is listed and these conformations will be taken by residues
mainly due to the effect of surroundings.

The results can be used to study the folding of polypeptide chains and they
also provide an insight into the role of the respective side chains on main chain
conformations of amino acid residues.

Key words: data analysis; protein crystal structure; side chain specificity of amino acid
residues.

In an attempt to understand the folding of non-bonded and electrostatic, have

repro-

polypeptides and proteins, we have analysed
the crystal structure data of a large number of
different globular proteins. It is our belief
that the wealth of information hidden in these
crystal structure data can be fruitfully used in
predicting the folding of polypeptide chains.
Several groups (1—7) are also concentrating
their efforts in this direction and have derived
very useful information.

In our first attempt (8) we derived the
torsional potential energy functions using these
data, which, when used along with other
accepted potential energy functions, such as

duced (¢, ¢)-dipeptide maps which are very
similar to the empirical map obtained by
Pohl (9). This has prompted us to analyse the
(¢, ¥)-probability maps obtained for indi-
vidual amino acid residues. The comparisons
of these probability maps have indicated that
the main chain conformational similarity is
as much an independent property of amino
acid residues as their secondary structure
forming capacities (10). We observed that the
(¢, ¢)-probability  distributions are unique
for Gly and Pro. And in other cases, though
the side chains are different, their effect on the
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respective (¢, ¥)-distributions seems to be less
than the effect of side chains of Gly and Pro.

There is thus a need to get information
on the conformations in (¢, y)-plane which
are significantly affected by the group of
atoms which form the respective side chains.
This can be done in two ways. One is by use
of semi-empirical potential energy functions
to calculate the dipeptide maps, as has been
done by several groups (11—-14) and to deduct
the contribution of the potential energy due to
the main chain atoms. Thus, one can arrive
at a set of conformations which are more or
less solely stabilised due to the presence of a
particular side chain. This approach has its
limitations since the potential functions used
by different groups are different and the
accuracy of them is doubtful (15),

The other approach, which we have followed,
is purely empirical, using the available (¢, y)-
data from crystal structures of different glo-
bular proteins. In order to find those con-
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FIGURE 1

Normalised (¢, y)-probability map obtained from
crystal structure data of 38 globular proteins at a grid
interval of 20°. Note that the individual normalised
(¢, Y)-probability maps of each of the 20 residues
were used. The regions A and B comprise ¢-variations
between — 140° and 0°, — 180° and 0° respectively
and y -variations between — 100° and 0° and 80°
and 180° respectively. These regions are marked
in the figure.
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formations in the (¢, ¢)-plane that are signi-
ficantly affected by respective side chains
of amino acid residues, via the above-mentioned
approach, we have developed an algorithm
based on the following logic. The (¢, ¥)-
distribution obtained for each residue from a
large number of globular proteins having
different three-dimensional structures and func-
tions represents the conformational property
of that amino acid residue. The environment
of a given residue taking up a particular con-
formation being different in different proteins,
the inter-residue interactions are masked in
this (¢, Y)-distribution. Thus, in short, though
the folding process of any polypeptide chain
may be assumed to be guided mainly by intra-
residue and inter-residue interactions, the
(¢, Y)-probability maps can be used to study
the intra-residue interactions, which are due
to the main chain and side chain atoms of a
given residue. In the present analysis, the
interactions from main chain atoms have
been deduced from the (¢, y)-probability
map of each residue and the conformations
which are affected only by side chain atoms
are derived. The conformations obtained in
this manner help us understand the role played
by each of these amino acid residues during
secondary and tertiary structure formations.

METHODS

The (¢, ¥)-values of amino acid residues were
collected from the crystal structure data of
38 different globular proteins. These (¢, ¥)-
values were supplied on micro-fiche by Richard
Feldmann (16). The proteins considered,
together with the resolution of their crystal
structures, are given in our earlier paper (10).
The observed (¢, y)-probability maps were
prepared individually for the 20 amino acid
residues at a grid interval of 20°. This interval
was chosen since the (¢, ¢)-values obtained
from crystal structure data are accurate only
up to 20° for most of the cases. The observed
probability map of each residue was normalised,
P! representing the normalised probability of
jth grid in (¢, ¥)-plane of the ith residue.
Thus, the index j varies over all the 324 grid
points in the (¢, ¢)-map of each residue. Using
these P! values, the probability PER is obtained



using the relation:

pon = M

The (¢, y)-map, thus obtained, is hereafter
referred to as “general L-residue” (¢, ¥)-
probability map and is given in Fig. 1. This
“general L-residue” is made up of normal
main chain atoms and a fictitious side chain.
This side chain is the resultant effect of all 20
side chains getting 0.05 weightage from each
individual side chain. In other words, this
“general L-residue” (¢, ¥)-probability map
represents main chain atom interactions with
unit weightage, while the interactions among
side chain atoms themselves or interactions
among side chain-main chain atoms of any
individual residue with very low weightage.
The normalised (@, y)-probability maps of
individual residues, excepting that of Gly,
were compared grid-wise with the “general
L-residue” map. The comparison with Gly
(¢, y)-map was done after suitably altering
the “general L-residue” map, since Gly (¢, ¥)-
probability map possesses an inversion sym-

metry. The “difference probability” is re-
presented by:

AP} = P} —PP® )
These “‘difference probability” maps were

computed for each residue. Standard deviation
of AP} was obtained for each residue using
the following relation.

— 3% :
APL = Y AP}/324 (32)

i=1

(APi—AP)/323  (3b)

Each AP‘ was compared with 2¢; and if |AP‘| >
203, then only P} value is considered to be sig-
nificantly dlfferent from P]GR value and the
corresponding  (¢;, ¥;)-grid was assumed to
have a significant contribution from the side
chain of the residue and these conformations
are referred as ‘“side chain characteristic”

conformations.

Main chain conformations
RESULTS AND DISCUSSION

As mentioned APji values are indicators of
contribution to intra-residue interactions due
to the side chain atoms of a particular residue,
as they are obtained by taking out the effect
of other influences on main chain conform-
ations in the form of “general L-residue”
probability. However, conformations having
|AP}j > 20; can only be considered with 95%
confidence limit as the conformations having
major contribution from side chain atoms.
These conformations for each of the 20 amino
acid residues, along with corresponding APj
values, are listed in Table 1. Table 1 shows that
only a small portion of the allowed conform-
ational space is significantly affected by side
chain atoms and this effect is different for
different side chains, which can be intuitively
perceived. It can be seen from Table 1 that
AP} values are not always positive. AP‘>O
mdlcates that the corresponding main cham
conformation is stabilised by interactions due
to respective side chain atoms. Similarly, the
respective side chain atoms destabilise the
main chain conformations if AP!< 0. Thus,
the data given in Table 1 can be categorised
into four types, namely:

(a) Side chain and main chain stabilised
conformations

P!> 205 PPR > 203

(b) Side chain stabilised — main chain in-
different conformations

API>0

Pi>20;; PPR <20;; AP{>0
(c) Side chain destabilised — main chain
stabilised conformations
Pi>2¢g;; PR >20;; API<O
(d) Side chain destabilised — main chain
indifferent conformations
Pi<20; PER>20; AF<O

Conformations of each residue falling under
each of these categories are listed respectively
in the four rows (a) to (d) of Table 1. These
are further illustrated below.

Cuse (a) (side and main stabilised)
Pi>20; PSR >20;; AP{>0
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TABLE 1

“Side chain characteristic” conformations from protein

crystal structure data. These conformations are divided

into four categories (for details see text) and the corre-

sponding APJ' values are given beneath. 2o; (o; = standard

deviation) is also given together with residue. All grid
values are in degrees

Ala 20; = 0.76

(a) Side and main stabilized
(-80, —60) (-60,-60) (—40,—-60) (-80,—40)
1.78 3.49 1.43 2.00
(-60,-40) (-80,-20) (-160,160)
2.07 0.89 1.05
(b) Side stabilised — main indifferent
(c) Side destabilised — main stabilised
(—-140,120) (-120,120) (-140,140)
—1.38 —1.44 —1.38
(d) Side destabilised — main indifferent
(-120,100) (-140,160)
-1.6 -1.09

Arg 20 = 0.74
(a) Side and main stabilised
(-80,-60) (-80,-20) (-100,120) (-120,140)
3.01 0.77 2.11 1.29
(-140,160) (-60,160)
1.10 0.95
(b) Side stabilised — main indifferent
(20, --80) (-140, -20) (-160,60)
0.90 1.04 0.76
(c) Side destabilised — main stabilised
(-60, —-40) (-140,120) (-120,120)
-0.92 -1.78 -1.65
(d) Side destabilised — main indifferent
(-100, 0) (—60, 120) (-80, 140)
-1.06 -1.38 -1.2

(-100, 140)
-0.81

Asn 20y = 0.92

(a) Side and main stabilised
(b) Side stabilised — main indifferent
(-140, -160) (-120,0) (80, 0) (-120, 20)
1.04 1.29 1.24 1.24
(-100,20)  (40,20) (40, 40) (-140, 80)
1.88 1.56 2.04 1.17
(c) Side destabilised — main stabilised
(—-60,—-80) (-80,-60) (-60,-60)
—-1.48 -1.90 —4.24
(-140,120) (-120, 140)
-1.29 -1.52
(d) Side destabilised — main indifferent
(160, 140) (-80,140) (-100, 160)
-1.39 -1.11 -1.02

(-80, —40)
-1.55

Asp 20; = 0.64
(a) Side and main stabilised
(-40,-80) (-80,-60) (-120,~20) (-100,-20)
0.89 0.89 0.70 1.96
(b) Side stabilised — main indifferent
(-160,0) (-140,160) (-100, 80) (-80, 80)
0.81 0.69 0.66 1.01

(c) Side destabilised — main stabilised

(-60, —60) (-120,100) (-140,120) (-120,120)
-0.72 -0.69 -1.31 -0.71
(—80,120) (-140, 140) (-120, 140) (100, 140)
-1.07 -1.74 -0.75 -1.08

(—80, 140)
-0.73
(d) Side destabilised — main indifferent
(—160,120) (-160,140) (-140,160) (-120,160)
-1.04 -0.91 -0.91 -0.89
Cys 20; = 0.84
(a) Side and main stabilised
(—120, -20) (-90,-20) (-60,120) (—80, 120)
1.29 1.20 1.59 1.65
(~160,140) (-140,140) (-120,140) (-100,140)
2.63 0.98 1.89 2.79
(—140, 160)
2.30
(b) Side stabilised — main indifferent
(—160, -180) (-120, —60)
1.7 1.38
{c) Side destabilised — main stabilised
(—60, -80) (-80,—-60) (-60,-60) (-—120,120)
-1.52 -1.11 -1.15 -0.85
(d) Side destabilised — main indifferent
(—-80, -80) (-100,100) (-80, 140)
-0.86 -1.23 -1.13
Glu 205 = 0.82
(a) Side and main stabilised
(—80,—-80) (-40,-80) (-100,-60) (-80,—-60)
0.85 2.63 1.10 2383
(-60, -60) (-40,-60) (-100, -40) (-80,-40)
191 0.9 1.03 231
(=100, -20) (-60,-20) (-80,140)
1.18 0.95 1.99
(b) Side stabilised — main indifferent
(c) Side destabilised — main stabilised
(—140,120) (-100,120) (-140,140) (-120, 140)
-1.07 —1.54 -1.05 -1.29
(d) Side destabilised — main indifferent
(—100,100) (-160,140) (-140,160)
-0.95 -1.39 -0.83
Gln 205 = 0.68
(a) Side and main stabilised
(—60, -80) (—40, —80) (~-100, —40) (—80, —40)
0.94 1.10 1.44 1.19
(—120, -20) (-140,100) (-140,120) (-100,120)
0.79 1.16 0.83 1.58
(—-60, 120) (-140,140) (-100, 140)
0.79 1.14 1.44
(b) Side stabilised - main indifferent
(—140,0)
1.34
(c) Side destabilised — main stabilised
(-80, -60) (-120,100) (-120,140)
—1.10 -1.19 -1.26
(d) Side destabilised — main indifferent
(—120, —-40) (-100,0) (—160, 140)
-0.77 -1.06 -1.03




Gly 20, = 1.3

(a) Side and main stabilised ——
(b) Side stabilised — main indifferent

(—100, —-180) (100, —40) (60, —-20) (100, —20)
1.64 1.60 1.47 1.58
(60, 0) (80.0) (100, 0) (60, 20}
2.20 2.20 1.46 2.76
(c) Side destabilised — main stabitised
(d) Side destabilised — main indifferent
(-120, 160) (80, 40) (60, 60) (80, 60)
-1.50 -1.70 -2.70 -1.91
(-140,120) (-120,120)
—1.50 —1.5§
His 20; = 0.86
(a) Sidc and main stabilised
(—80, —-60) ( -60,-60) (-100,-20) (-100,0)
1.86 1.28 2.15 2.45
(-80, 100) (-160, 140) (-80, 140) (-120, 160)
1.89 i.53 1.22 1.21
(b) Side stabilised — main indifferent
(—~120, -180) (-80, —160) (-160,0) (100, 20)
1.06 1.08 1.01 1.10
(—120,40)
0.91
(c) Side stabilised — main stabilised
(~140,120) (-120,120) (-100,120) (-120,140)
-1.02 -1.98 -1.22 —-1.54
(d) Side destabilised — main indifferent
(=100, -60) (—100, -40) (-120,100) (-160,120)
-1.17 -1.22 -1.33 —1.28
(—60, 140)
-0.87
Ile 20i =0.88
(a) Side and main stabilised
(—-60, —60)  (-120,100) (-160,120) (-140,120)
1.81 2.55 1.34 4.31
(-120,120) (-140, 140)
4.2 0.94
(b) Side stabilised — main indifferent
(c) Side destabilised — main stabilised
(-100, —20)
-0.89
(d) Side destabilised — main indifferent
(--80, 140)
-1.44
Leu 20; = 0.64
(a) Side and main stabilised
(-80, -80) (-100,-60) (-60,-60) (-80,—40)
0.97 1.21 1.92 0.72
(-120,100) (-100,100) (-160,120) (-120,120)
1.20 1.70 0.73 0.88
(-100,120) (-100,140) (-120,160)
2.19 1.30 0.70

(b) Side stabilised — main indifferent

(c) Side destabilised — main stabilised

(—60, —40)  (-120,140) (-140,160)
—0.90 -1.06 -0.67

Main chain conformations

(d) Side destabilised — main indifferent
(-120,-180) (—120, -20)
-0.70 -0.83

Lys 20i =0.52
(a) Side and main stabilised

(—120, —180) (-60, —80)  (—40,-80) (-80,-60)
0.58 1.35 0.76 0.58
(—40, —60)  (-60,—-40) (-100,0) (-140, 160)
0.63 1.65 0.58 2.20

(b) Side stabilised — main indifferent
(=20, —60) (-100, 60) (—180,100) (—40,100)
1.04 0.58 0.73 0.75
(c) Side destabilised — main stabilised
(-120,100) (—60,120) (—-160,140) (-140, 140)
~0.63 —0.65 -0.66 -1.55
(-120, 160)
-0.58
(d) Side destabilised — main indifferent
(—60, 100)
-0.56
Met 2¢; = 1.32
(a) Side and main stabilised
(—60, —60)  (—40,—60) (-140,140) (-120,140)
9.06 1.51 2.34 3.06
(-140, 160)
1.49
(b) Side stabilised — main indifferent
(-100, 80)
1.36
(c) Side destabilised — main stabilised
(d) Side destabilised — main indifferent
(=100, ~20) (-100, 140)
~1.94 -1.81
Phe 205 = 0.58
(a) Side and main stabilised
(-60, —80) (~100, ~-60) (—40,—-60) (—120, —-40)
0.87 0.80 0.59 0.80
(-120, -20) (-120,100) (-180,140) (-160,160)
1.74 1.24 0.59 1.62
(—120, 160)
1.23
(b) Side stabilised — main indifferent
(—80, —100) (-180, 60) (—~180, 120)
0.66 0.71 0.76
(c) Side destabilised — main stabilised
(—60, —60)  (-100, -20)
—0.81 -1.15
(d) Side destabilised — main indifferent
(—40, -80)  (-60, -20) (—100, 160)
-1.07 -0.76 -0.63
Pro 26y = 1.76
(a) Side and main stabilised
(-60,-80)  (-60, —40)
2.79 2.87
(b) Side stabilised — main indifferent
(-80, —180) (-60,-20) (—60,100) (-60, 120)
2.01 4.71 2.65 5.37
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(-80, 140) (-60, 140) (-80, 160) (-60, 160)
6.01 5.56 2.89 4.91
(c) Side destabilised — main stabilised
(d) Side destabilised — main indifferent
(=80, —60)  (—140,120) (-120,120) (-140,140)
-2.7 -2.78 -3.15 -2.15
(=120, 140)
-2.38
Ser 2¢; = 0.58
(a) Side and main stabilised
(—120,0) (-160,140) (-140,140) (-120,160)
1.16 1.46 1.74 0.67
(—100,160)
0.93
(b) Side stabilised — main indifferent
(—160, —180)
0.70
(c) Side destabilised — main stabilised
(-60, -80) (-60,-60) (-80,—-40) (—120, 100)
-1.77 -1.97 -0.62 —-1.31
(—120,120) (-80,120)
-1.50 -0.60
(d) Side destabilised — main indifferent
(-60, 120) (-120,80)
-0.93 —0.68
Thr 20; = 0.66
(a) Side and main stabilised
(-120,-40) (-100,-20) (-160,120) (-140,120)
0.87 1.76 0.77 0.92
(-120,120) (-120,140) (-120,160) (-100, 160)
2.39 1.40 1.13 1.24
(-80, 160)
0.79
(b) Side stabilised ~ main indifferent
(c) Side destabilised — main stabilised
(-80,-60) (-60,-60) (—60,—40)
-2.34 -1.60 -1.07
(d) Side destabilised — main indifferent
(—-100, —60) (-40, —60)
-0.76 -0.76
Trp 26y = 0.92
(a) Side and main stabilised
(160, —180) (-100, -40) (—60, —40) (—80, 100)
1.7 1.13 1.49 1.17

Conformations listed in row (a) of Table 1
are stabilised by interactions from main chain
atoms (PR > 0) and side chain atoms (AP} >
0). The global energy minimum conformation
for the dipeptide map for a residue having
type (a) conformations is expected to be one
among these conformations. For example,
the observed probability maps of Ala and Ile
residues show that the global energy minimum
for these residues are respectively at (— 60°,
—60°) and (— 120°, 120°) grids.

6

(-160,120) (-140,120) (-120,120)
1.66 2.37 2.73
(b) Side stabilised ~ main indifferent
(—~140, —180) (-160, 20) (—-120,20)
1.78 1.26 1.66
(—140, 80) (-160,100) (-180,160)
1.59 0.97 1.05
(c) Side destabilised — main stabilised
(60, —60)
—-2.65
(d) Side destabilised — main indifferent
(-40, -60)  (-100, -20) (-100,100)
-1.38 -1.21 -1.23
(-160,160) (-100, 160)
-1.13 -1.02

(—100, 20)
0.97

(—80, 120)
—-1.06

Tyr 20; = 0.90

(a) Side and main stabilised
(-120,100) (-140,120)
1.69 1.90
(—140,140) (-120,140) (-160,160)
1.13 3.41 1.74

(b) Side stabilised - main indifferent
(-120, —140) (-140,-20) (-120,80)
0.97 0.98 1.11

(c) Side destabilised — main stabilised

(--60, —60)  (-80,-40) (-80,-20)
-2.01 -2.07 -1.15

(d) Side destabilised — main indifferent

(-40, -60) (-100, —-40) (-160,120)
-1.02 -1.09 -0.92

(-120,120)
1.52

(-180, 140)
1.93

(—80, 80)
0.98

(—80, 140)
~0.98

Val 2¢; = 0.86

(a) Side and main stabilised
(—-100, —60) (-120, 80)
0.97 0.96
(~140,120) (—120,120)
1.50 3.26
(—140,140) (-120,140) (-140,160)
1.97 1.73 1.89
(b) Side stabilised — main indifferent
(c) Side destabilised — main stabilised
(=60, -60)  (-80,-20)
-1.06 -1.08
(d) Side destabilised - main indifferent
(—100, —-40) (-100,-20) (-100,0)
—1.15 -1.12 -1.06

(—140,100)
1.79
(-100,120)
1.23

(-120, 100)
3.52
(—160, 140)
1.07

(—80, 140)
—1.05

Table 1 also shows that residues Asn and Gly
do not possess type (a) conformation. This
means that the main chain and side chain
atom interactions are never in phase for these
two residues when both the interactions are
contributing significantly.

The analysis of AP; values for conformations
listed in row (a) for residues which prefer
secondary structures such as a-helix or f-sheet
indicates certain interesting features. For ex-
ample, the AP} values are maximum in a-



helical region for the a-helix preferrers, Ala,
Glu, Met, GIn, His, Leu and Lys for the con-
formations in the grids (— 60°, —60°), (— 80°,
—60°), (—60°, —60°), (—100°, —40°)
(—100°, —20°), (—60°, —60°) and (—60°,
—60°) respectively. This indicates that al-
though for most of these residues the con-
tribution for stabilisation from the respective
side chains is significant for the a-helix con-
formation, namely the (—60°, —60°) grid,
it is not maximum for this conformation for
alt the preferrers. Thus, this analysis helps
explain the spread of conformations charac-
teristic of the side chains, in this «-helical
region occurring either in the same protein
or different proteins. This point is further
illustrated by considering a specific case of
Glu residue occurring in the e-helix. It is found
that Glu occurs 152 times in the o-helix in
the sequences of the 38 proteins considered.
Out of 152 times, it occurred 18 times in the
(—80°, —60°) grid, 25 times in the (—60°,
—60°) grid, 17 times in the (—80°, —40°)
grid and a similarly considerable number of
times in other grids of the a-helical region.

Observation of conformations occurring in
row (a) reveals that although residues are not
preferrers of a particular secondary structure,
their side chain and main chain atom inter-
actions can be in phase for conformations
which lie in that secondary structural region of
(¢, y)-plane. For example Trp and Thr are
known respectively as indifferent to and a
breaker of the a-helix (17). However, the
(—60°, —40°) conformational grid of Trp
and the (—100°, —20°) grid of Thr are sta-
bilised by side chain as well as main chain
atoms.

Cuse (b) (side stabilised — main indifferent)
Pi>20;; PR <20;; API>O0

These conformations mentioned in row (b)
of Table 1 have PFR =~ 0, indicating that the
contribution from main chain atoms for them
is negligible and the stabilisation is solely due
to specific side chain. Thus these conformations
are of the type which distinguish one residue
from the other.

Pro is found (10) to have distinct (¢, ¢)-
probability distribution when compared to

Main chain conformations

other residues. The side chain of Pro being
rigid and cyclic in nature, it will have signi-
ficant effect on the respective main chain
conformations. Conformations in the grids
(—80°, —180°), (—60°, —20°), (—60°,
100%), (—60°, 120%), (— 80°, 140°), (—60°,
140°), (—80°, 160°) and (—60°, 160°) are
examples. Thus, the conformations in the
range of ¢ from —40° to —80° and y almost
over the whole range of allowed conformations
are stabilised by the side chain of Pro.

There is another set of residues like Ala,
Glu, Dle, Leu, Thr and Val, which do not have
a single conformation in row (b), indicating
that the side chains of these residues do not
stabilise any conformation solely, and stabi-
lisation from main chain atoms is essential
for conformations to be taken up by them
in polypeptides.

Case (c) (side destabilised — main stabilised)
Pi>20;; PFR >2¢;; API<O

The conformations which fall under this
category have P]-G’R >P]~i. Here the main chain
and side chain atom interactions are out of
phase. Thus, although the contribution from
side chain atoms is significant in this case, it
is the main chain atom interactions that make
residues take up these conformations.

The case for Cys taking up the (—60°,
—60°) conformation is shown by the fact
that though the side chain of Cys does not
prefer this conformation (AP} = —1.2), there
are a considerable number of Cys residues in
proteins adopting the conformation and they
occur also in regular structures such as the
a-helix. In fact, analysis of the data of proteins
considered here shows that Cys has adopted
the (—60°, —60°) conformation five times
while occurring 31 times in the a-helix. Resi-
dues Gly, Met and Pro do not have a single
conformation under this category.

Case (d) (side destabilised — main indifferent)
Pl <2¢;; PFR>20;; APIKO

For conformations of this type the stabilising
main chain interaction term gets almost nulli-
fied by the side chain destabilising interactions.
A conformation of this type, taken up by a
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particular residue in a polypeptide chain
results from a delicate balance between main
chain and side chain atom interactions, acting
in opposite directions, and the effect of the
neighbouring residues. Thus the inter-residue
interactions may play quite a significant role
when such conformations are taken up by
the amino acid residue. We are investigating
the neighbourhood of amino acid residues
adopting this type of conformations.

Conformations in the allowed regions of the
(¢, ¥)-plane that do not figure in Table 1 for
respective residues may be assumed to be
neither stabilised nor destabilised, and hence
get neutral influence from side chain atoms.
It is obviously the main chain atom inter-
actions that stabilise these conformations.
Thus, these conformations are not character-
istic of any particular side chain.

Table 1 further shows that there are a few
conformations which can be either stabilised
or destabilised by several side chains. For
example, the grids (—100°, —20°), (— 80°,
—60%), (—60°, — 60°) which lie in the region
A of the (¢,y)map and (—140°, 140°),
(—120°, 120°), (—140°, 120°), (—120°,
100%), (—120°, 140°) and (—80°, 140°)
which lie in the region B, receive a significant
contribution from the side chains of 10 or
more residues. All these grids not only are
part of thickly populated regions of the (¢,
y)-plane but they are also representatives of
the two major secondary structures, a-helix
and fB-sheet, of globular proteins. It is inter-
esting to note that the conformations men-
tioned above, which are part of region A,
where the main chain atoms are densely packed,
show a significant effect from the side chain
atoms of the residue. In addition, the a-helix
preferrers get their stabilisation from side
chain atom interactions for at least one of
these conformations, the exception being
that of Cys. Also the residues which are cate-
gorised either as breakers of or indifferent to
the a-helix (17) need not necessarily be the
ones getting the destabilisation effect from
side chains for these conformations. In case
of conformations occurring in the p-sheet,
the reasons for the significant contribution
from the side chain of residues to these con-
formations for which the main chains have

8

extended conformation is difficult to explain.
Therefore, these conformations require a more
detailed study. However, a point to be noted
here is that for the residues which are S-sheet
preferrers, their respective side chains prefer
one or the other of the conformations cited
above.

A careful observation of Table 1 reveals a
few conformations which are specific to a side
chain. These are shown in Fig. 2. Most of the
side chain specific conformations are those
which have a stabilising effect on the par-
ticular conformation. Fig. 2 also points out
that only 12 amino acid residues possess side
chain specific conformations. In addition to
Gly, residues Asn, Arg and His also have the
conformation specific to their side chains in
the right part of (¢, y)-map. Those residues
which do not have specific conformations
include the aliphatic amino acids and the
hydroxy amino acid residues Thr and Ser.

The discussion of the results mentioned
above brings out that the “side chain charac-

180°

160" [ —J
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100°
80° -
60"
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20°

-20°

s o _o_o

- indicates A F’J! <0

FIGURE 2

Residue mentioned in a grid of (¢, y)-map takes
that conformation which has a significant contri-
bution from its side chain. Side chain of any other
residue does not contribute significantly for this
grid. — sign before a residue indicates that this
conformation is destabilised by respective side chain.
Single letter amino acid code has been used.



teristic conformations” for each residue are
the ones which should be used in studies on
the folding of proteins. Further it points out
that the atoms beyond C? of the side chain
also have a significant effect on the main
chain conformation, in contrast to the previous
results obtained by semi-empirical and quantum
chemical calculations on dipeptides (18, 19).
Thus, for the first time, conformations specific
to certain amino acid residues have been
obtained. This study divides some of the
observed conformations in (¢, ¢)-plane into
two distinct categories, namely those that
are affected by the presence of a particular
side chain and a few others that are stabilised
solely by side chain interactions. In addition
to this a set of conformations for each residue
are listed which receive significant contri-
butions from side chain atoms and are stabilised
by main chain atom interactions. The results
thus help understanding to a certain extent of
the role played by side chain atoms in the
tertiary structure formation of polypeptides
and proteins.
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