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FCENTLY, by applying classical energy methods

to polypeptides, a number of interesting results
have bezn reported™%. The calculated values®?® of
C, are found to_be sensitive to the input peptide geo-
metry, These studics also showed no correlation
between C, and the number of allowed corformations
of the peptide unit suggesting that the steric factor
o need not always provide information atout the
flexibility or freedom of rotation pf chain urits. In
vhe classical potential energy approximation the erergy
of a systemiis divided i .to several ajscrete contributiors,
such as Vander Waals energies, electrostatic inters
actions, torsional energy, hydrogen bond energy, etc,
Though the form and nature of-the functions used by
different groups'™® for computiag ron-bonded e¢rgy
differ, to some extent but all of them predict same
trends in the erergy contours ircluding winima at
about the Same region. On the other hand, the form
of potential functions that have been used by different
workers for computing torsional energy difier diasti-
callv. For- the potential function associaied with
¢ (C'—N—C?* —C’) both theforms V, (¢)/2 (1 + cos
3d) and Vo (d)/2 (1 — cos 3d) have been used.  Values
of 06 to 1°5 kcal.mole? have been used for V (c,{:).
Similarly for the potential furction associated with
4 (N—C8® —C'-—N) the earlier irvestigators have
used a form Vo ($)/2 (1 + cos 3y), with low values
ranging from 025 to 1 kcal,molet for Ve ().
Recently from dquantum chemical studies on model
compounds Sasisekharan and co-workers!® have
suggested that the potential function associated with
y should be of the form V (¥) = Vo (¢¥)/2 (1 — cos 2¢)
but not Voe(¥)/2(1 -+ cos 3¢). These authors sug-
gested a value of 4 kcal.mole~tfor Vo () from theo-
retical studies, without any experimental confirmation,
Infrared studies of amides made by Shimanouchil!
also support the two fold torsional] function for ¥V ().
For the potential function associated with ¢ (C'—
N—C?* —(C'), these authors also suggested that there
is no need for separately adding the V () tetm in
empirical potential cnergy caleulatiors sirce ¥ (¢)
was found to be very small'®, The implicatiors of
these changes in the form of intrinsic tersional fure-
tions have been discussed by Ramachardran'®, while
dealing with the ordered polypeptide c¢hains, In this
papcr, the authors have examincd the relevance of
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the new form of intrinsic torsional potential functions
on the unperturbed dimensions of polypeptides.

Fixing of Atoms and Calculation of Potential Energy

The averaged peptide parameters reported by Rama-
chandran et al¢ have been used for calculaticts or.
poly (L-alanine), The side groups were fixed by the
method suggested by Ramachandran ar d Sasisekhajard
assumirg C*—H% and C*—CP bond lengths to be
10 and 1:-54 A respectively. The —CH,; was treated
as an united atom with higher Vander Waals 1adii.

The conformational erergy was computed using
the expression,

Vg, ¥) = Vo(@)/2( +cos3P) + V, ¢)/2
X (1 ~cos2y) + f} Via@o ) +2 V, |,
. k1

(1)
Values of 0-1+5 kcal.mole™* for V, () and 1-4 keal.
mole™! for ¥o () (in' independent calculatiors) have
been used. 6-exp non-bonded potentjal furctiors!
with a set of recently modified constants®s for H --+H
and H--+ X interactions were used to compute the
non-bonded interaction energy [ 2 Vi s (?Si, b ).

These calculations also were repeated with the constants
suggested by Flory and co-workers® for ron-tonded
potentials. Electrostatic energy ( & V,, ;) was com-

k1
puted using the expression reported ty Biart eral?

and the charges reported by .Srinjvasan ard Rag®,
The characteristic ratios (C,) of an infinitely lorg
chain were obtained by using the expiession,

C, =[E+(TNE — (TH 7y )
where E is the identity matrix of order 3 and (T) is
the statistical-mechanjcal averaged matrix. The sub
script 22 derotes the (2, 2) element of the firal niatrix,

The averaged matiix {(T) was evaluated as described
by Srinivasan and Raod,

RESULTS AND DISCUSSION

Since Ramachandran ef af)¢ sugpested a value of
about 110° for the bond angle (1) at ren-gheyl
a~carbon atom from crystal stiuctuwre Jaty, nost of
the calculations were carricd out for this (7) angle and
these results are presented in Table I, It is seen from
the table that the magnitude of 15 (&) ard 1 h)
do affect the values Cy sigriticandy,  The value Cg
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Tasir I

Compnred Cq valucs for Poly (L-alanine) msing a
Iwofold funciion for 3 (Y with aifferent Ve (4) velies
(r =110 ard T - 298 K bhas been 1:ed)

e

C, values

iy W

Nature of
funciiors uscd

—

Vo () — (in keal, .mole 1)

1 2 3 4
(N, 2) g.Q 9.3 9-9 103
(N, TA) 7-9 82 8-6 -0
(N, TB) 7-0 7-2 75 7-9
(N, TC) 64 6-3 66 740
(F, Z) 169 16-8 196 236
(F, TO) 1220  I11-6 12-3  14-0

s Ay S

- — ———rem

N—Non-bonded potential furctiors and constauts
given in Refs, 1 and 135.

F—Non-bonded potential furcticns ard coepstanis
given in Ref, 7.

Z—Vo () =0
TA—V ($) = 0-25 (1 + cos 3d)
TB—0-5 (1 + cos 3¢)

TC—0-75(1 4 cos 3).

(10-3) obtaived assuming V, (gé) =0 ard Vo) =4
hcal. mole™? (as suggested by Kolaskar <t al10:12)
is shigntly higher than (he exper.menia] valve of 8-6
L (-51%28  On the other hard the vajue 86 obtaired
with Vo (@) =05 keal mole? and Vo (¥) =3
kcal. mote™ in the expression agree well with t(he
experimental data, This suggests that (he corrected
barrier ¥V, (¢) 1s slightly lower than the 4 kcal. mole™?
suggesied by Kolaskar etal’?. Similarly the value
of Vp (qfo) = (-5 kcal. mole™? sugges:s that the intrnsic
barrier about N—C?% is small in agreement with the
recent theoretical resul's of Kolaskar et ¢l12. Though
these authors suggested a complete reglect of ihe
V (¢) term in the empirical potertial erergy calcula-
tiors, the present calculations suggest the retention of
this term with a low intrinsic bariier. The values of
C,. cttiined with the corstarts suggested bty Brart
et cl? for the ron-tonded potentials, are very high
compared to the experimental value'®~18 of 8:6. The
large differerces in the cempuied C, values arise mairJy
due to diftererces in ron-borded potentials involvirg
H-atom, Unlike Brart er gl Ramachardrani®
suggesicd scfter potentials fer H,.. Hl ard H.... X
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interactiors from ithe experimental okscivatiors in
ihe solid state. ]n fact, the cbseived corfermaticral
paramcters for the LL-terd were explaired'? ketier
with modificd ror-bonded potentials, The present
siudy also supports the use of rew form of potential
furction for V@), fe., F@)=15 (1 —cos2y)
together with the softer petertials for H--» H ard
H--- X irteractions for conformatioral energy studies

on polypeptides.
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