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ABSTRACT

The need for modifying the
barrier, to V(%)

between theory and observation.

INTRODUCTION

IN connection with the calculations of the energy

of a dipeptide unit corresponding to the confor-
mation (¢, ), suitable potential functions for
various” types of interactions have been used by
different laboratories. Although differing in minor
details, all of them are essentially similar1-4. Consi-
dering in particular, the potential functions asso-
ciated with the torsion angles ¢ and 1, the functions
in common use have the following forms :

V) =14 Vg (1 £ cos 3¢) @
with V¢ varying between 0-6 and 1-5 kcal/mole ;
and

V) =4 Vy (1 — cos 3p) 0)
with V(zp)‘ having values between 0:25 and 1-0
keal/mole. : .

As a justification for using a low barrier for
V(np), it is stated that the barrier to the internal
rotation about the C“~C bond in compounds of the
type CH,C(X)O (X=H, F, Cl, Br, N, OH) is
found to be very small and having three-fold
minima5. However, for the rotation y about the
bond C2—C in the peptide group, in which the
nitrogen atom is attached to the C-atom on one
side and to the C%-atom on the other side, as
shown in Fig. 1, the nature and height of the
barrier could be different. A recent analysis of the
distribution of observed conformations in small
peptides and in the non-helical regions of proteins
indicated that the barrier to rotation about the
bond C2—C is not three-foldS. These observed con-
formations are found to cluster within + 30° around
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potential function V(¥) corresponding to the rotati

about the bond C%—_C in peptides and  polypeptides, ) o g e oo
= 2:0 (1 — cos 2¢) is stres
is shown that the theory for a pair of peptides is in
data obtained from the crystal structures of peptides
form of V(¥) to LL and LD bends in peptides and proteins also

from three-fold minima and 2 low
Taking the new expression for V) it
good agreement with the conformational
and proteins. Applications of the new
improve the agreement

sed.

p == 0° and p ~ 180°, corresponding approximately
to the trans and cis positions of the nitrogen atoms,
as shown in Fig. 26, Infrared studies of amides
made by Shimanouchi? also indicated that the stable
conformations that occur corresponded to either
y==0° or 180°, . These observations suggest that
the potential _V(y,;), for rotation about the bond
C%—C, can be of the form,

V) =1V, (1 — cos 24) )
/O
|
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Fig. 1. Diagrams illustrating the differences in
geomelry related to the rotation about the bond
C%*—C, in the case of (a) a carboxylic acid and (b)
a peptide.

{aY -{b)

Fic. 2. (a) and
and cis positions
dipeptide.

(b) show respectively, the irans
of the nitrogen atoms in a2

In view of this, preliminary quantum chemical
calculations, using an ab-initio method, were carried
out by us sometimé ago on a model compound
NH2CH2CONH2‘ For ¢ = 90°, _the. total energy
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was found to be more by as much as 6-0 kcal/
mole for i near 90° as compared to ‘the energy at
1 =20° or 180°. Another set of calciilations using
IEHT method developed by Rein et al8 and using
the Cusach approximation, on the same model com-
pound, indicated that the total energy variation
with respect to has minima at q;—-O“ and
= 180° with a maximum at 4 = 90°. The total
energy difference between maxima and minima was
found to be of the order of 4-5 kcal/mole. Recent
calculations of Pople and Radom?®, for the same
model compound using an ab-initio procedure, have
indicated minima at = and ¢ = 180°, for
v ¢ =90° (since the calculations have been done
" only at intervals of 60°, no precise value for maxima,
and the difference between maximum and
mmlmum energy, could be obtained). In perform-
.1‘ng these calculations, the total energy was first
“.minimized with respect to ¢, and then with respect
to . Therefore, the total energy variation with
respect to which gives minima at 111_0° and
P = 180° is indicative of the fact that the form
of the internal rotational potential function V (1/;)
around C — C bond has two-fold minima. These
quantum-chemical calculations also suggest that the
barrier to the internal rotation about C2~—C bond
has a large value compared to the currently accepted
value of 1-0 kcal/mole or less. Though the
quantum-chemical calculations give the total energy
difference, the contributions from other interactions
in this range is expected to vary little and there-
fore, the barrier to internal rotation about the bond

C%_C is taken to be as large as 4-0 kcal/mole.

APPLICATION OF THE MODIFIED QPPOTENTIAL

The potential energy variation, for a pair of
linked peptide units having a CB-atom, using the
6-exp non-bonded potential function, the electrostatic
interaction energy as given in Ref. 1 and the
torsional potential V () as

V) =2.0(1 — cos 2¢¥) @
is shown in Fig. 3(b). In view of our recent
quantum chemical calculations made on simple
amides which indicated that the barrier height to
the internal rotation around the N—C¢? bond is very
small, we have neglected the term V (¢). The
hydrogen bond energy contribution is also not
included. The convention used for drawing the
potential energy maps is as suggested by IUPAC-
IUB Commission!!, and the dihedral angles (¢, )
are defined as given in their recommendation. By
making the only change

V@) = 0:25 (1 — cos 3¢) (5)
the variation in energy is shown in Fig. 3 (a). The
main difference between Fig. 3 (a) and Fig. 3 (b)
is that the region between 1= 60° and 120° is
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practically forbidden for all conformations of an

alanine dipeptide unit dccording to the new
cp-potential, whereas it is not so with the old
potential. This is because of the fact that the

y-potential rises by 4-0 kcal/mole for p =90°.

In Fig. 3 (b) are also plotted the (¢, ) values
for non-glycyl linear oligo-peptides (tri-, tetra- and
hexa-peptides) as well as-cyclic peptides. These
points lie in the low energy regions of the map.
The low energy regions shown in Fig. 3 (b) thus
become the allowed conforn_iations for a dipeptide. In
a polypeptide chain, though some of the low energy
regions of a pair of peptide unit may become disallow-
ed, it is obvious that the disallowed conformations for
dipeptide unit will not be a low energy conforma-
tion for a polypeptide chain. Thus, if a comparison
of Fig. 3(a) or 3 (b) with ~the empirical plot
obtained from the protein data of Pohl10, and
shown in Fig. 3 (¢) (to fac111tate ready com-
parison) is made, much betéer agreement is
obtained for Fig. 3 (b) than for Fig. 3 (a).
However, while making the comparison of
Fig. 3 (c) with either Fig. 3 (a) or 3 (b), it
should be remembered tﬁp{ the d-helical type of
conformations near (— 607 i 60° ) and the /)’-struc-
ture conformations have been included in Pohl’s

diagram, although they are not particularly favoured
for a dipeptide conformation.
difference

This explains the

between Fig. 3 (b) and

180 ((\
v,

essential
Fig. 3 (o).
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Fic. 3 (a). Isoenergy curves for a pair of
peptide units linked at C% (Vior == Vyuu + VstV ()
at intervals of 1-0 kcal/mbole, for an alanyl dipeptide,
with V () having three-fold minima at — 180°,
—610° and + 60° and a smal] barrier of 0-5 kcal/
mole,
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In all our calculations, we have considered the

geometry for the peptide unit having r (C4—C—0) =
115-6° and - (N—C,*—C) = 112-5°12,

@
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Fi6. 3 (b). A similar diagram for an alayl dipep-
tide unit, but with vV (#) having two-fold minima at
¥ =0° and 180° and a barrier of 4-0 kcal/mole
in between them at ¢ = 90°, The values of (¢, )
as obtained from crystal structure data of small
peptides for non-glycyl residues are shown by cross
(x).

~180°
Fic. 3. (¢) . Isoprobability curves in the (9, ¥)-
plane, reported:by Pohlt0 ( including glycyl examples),

he curves At intervals Note the

similarity betyy_e,en Figs.

of factors of 2,
(b) and (c),

The energy for a glycyl dipeptide unit, using the
few potential function for V(y) is shown in
Fg 3(d). In Fig 3(d) are also plotted the
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(#,y) values for linear oligo-peptides and cyclic
peptides fpr glycyl residues along with the (¢, )
values for’ glycyl ;r’e_sidues in the non-helical regions
of lysozyme, myoglobin and chymotrypsin  ag
obtained fr'gm crystal structure data. The distri-
bution of points clearly shows that the energy map
drawn by using the new potential function for
A% () is in much better agreement with the
observed data than the energy maps reported so
far.  Similarly, if the isoenergy contours of
Fig. 3 (d) are ‘compared with the iso-probability
curves given by Pohll0 for glycyl residues (not
shown here), as obtained from protein crystal data,
the agreement is found to be excellent.

FiG. 3 (d).
glycyl dipeptide
minima and a barrier of

Diagram similar
unit, using V (4
4-0 kcal/mole.
of (#, 4) for glycyl residues only,

to (b), but for a
) having two-fold
The values
in peptides and
proteins X —denotes datg _from

are plotted.

peptides ; @ —denotes data from lysozyme, cHymo-

trypsin and myoglobin,
APPLICATION ToO BETA-BENDS

The theory of these bends was published by
Chandrasekaran et ql13, Thig theory predicted
minima for an LL bend for values of (¢, Ps)s
(93, 193) close to (— 50°,
and to (— 60°, 100°); (60°, 40°), Thys, [ g | was
always greater than 30°. However Table II and
Table III .of Ref. 13 show that, for most of the
observed conformation, the value of [ws| lies
between 0° and 20°., The mean of [yg| for
observed data as obtained from these tables of
Ref. 13 in lysozyme and chymotrypsin is 14¢ and

— 50°); (—110°, 40°) -

for small peptides is 9°, thus leading to a digcre. :

pancy between theory and observation. When the
calculdtions were repeated using the new potentig|
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V (p),. the minimum energy conformations of the
LL bend: come close: to (= 60°, — 30°), (— 90°,
20°) dnd (— 60°, 140°); (60°, 10°), agreeing well
with the observations.

Thus, the data presented in this note indicate that
a form of the y-potential with two-fold minima and
a relatively high barrier of 4-0 kcal/mole is the
one that may have to be adopted for the classical
energy calculations.
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