Journal of the Arkansas Academy of Science

Volume 44 Article 26

1990

Conformational and Circular Dichroism Studies on N-Acetyl-L-
Prolyl-D-Alanyl-Methylamide

S. Ramaprasad
University of Arkansas for Medical Sciences

Follow this and additional works at: https://scholarworks.uark.edu/jaas

Cf Part of the Biochemistry Commons, Biophysics Commons, and the Structural Biology Commons

Recommended Citation

Ramaprasad, S. (1990) "Conformational and Circular Dichroism Studies on N-Acetyl-L-Prolyl-D-Alanyl-
Methylamide," Journal of the Arkansas Academy of Science: Vol. 44, Article 26.

Available at: https://scholarworks.uark.edu/jaas/vol44/iss1/26

This article is available for use under the Creative Commons license: Attribution-NoDerivatives 4.0 International (CC
BY-ND 4.0). Users are able to read, download, copy, print, distribute, search, link to the full texts of these articles, or
use them for any other lawful purpose, without asking prior permission from the publisher or the author.

This Article is brought to you for free and open access by ScholarWorks@UARK. It has been accepted for inclusion
in Journal of the Arkansas Academy of Science by an authorized editor of ScholarWorks@UARK. For more
information, please contact scholar@uark.edu, uarepos@uark.edu.


https://scholarworks.uark.edu/jaas
https://scholarworks.uark.edu/jaas/vol44
https://scholarworks.uark.edu/jaas/vol44/iss1/26
https://scholarworks.uark.edu/jaas?utm_source=scholarworks.uark.edu%2Fjaas%2Fvol44%2Fiss1%2F26&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/2?utm_source=scholarworks.uark.edu%2Fjaas%2Fvol44%2Fiss1%2F26&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/4?utm_source=scholarworks.uark.edu%2Fjaas%2Fvol44%2Fiss1%2F26&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/6?utm_source=scholarworks.uark.edu%2Fjaas%2Fvol44%2Fiss1%2F26&utm_medium=PDF&utm_campaign=PDFCoverPages
https://scholarworks.uark.edu/jaas/vol44/iss1/26?utm_source=scholarworks.uark.edu%2Fjaas%2Fvol44%2Fiss1%2F26&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:scholar@uark.edu,%20uarepos@uark.edu

CONFORMATIONAL AND CIRCULAR
DICHROISM STUDIES ON
N-ACETYL-L-PROLYL-D-ALANYL-METHYLAMIDE

S. RAMAPRASAD
Department of Radiology
University of Arkansas
for Medical Sciences
Little Rock, AR 72205

ABSTRACT

The compact ordered conformations of the molecule N-ActeylL-Prolyl-D-Alanyl-Methylamide have been
studied by semiempirical energy calculations in vacuum and circular dichroism (CD) in solution.

The presence of ordered structure has been observed in hydrogen bond promoting solvents like
trifluoroethanol by CD studies. In hydrogen bond breaking solvents, like trifluoroacetic acid (TFA), signifi-
cant fraction of the ordered conformers probably assume extended conformation without intramolecular
hydrogen bonds and perhaps are in equilibrium with the fraction of compact ordered structures. The trend
observed in going from nonpolar to polar solvent is also compatible with the previous NMR studies in solution.

The semiempirical energy calculations have been carrled out in the allowed region for 8-bends. The
flexibility of pyrrolidine ring has been incorporated into the calculations. Representative puckerings, namely,
A-type (CY-exo) and B-type (Cy-endo) have been considered in this study. The results show the B-type
to be slightly preferred over the A-type in this tripeptide moiety. The minimum energy conformation predicted
from these studies agree only minimally with that found in crystal structure. A better agreement is found
after performing the calculations using the geometrical data as observed in the crystal structure of this
molecule. Our studies demonstrate that solvent solute interactions are minimal in nonpolar solvents and

the predicted minimum energy conformations are preserved at least in nonpolar solvents.

INTRODUCTION

A detailed understanding of the conformation of peptide structures
with both L and D amino acid residue$ are of importance in connec-
tion with the studies on cyclic peptides and antibiotics which may con-
sist of either kind of amino acid residues. The key points of reversal
in the chain direction in such peptides consisting of both L and D amino
acid residues may be expected to be LD or LG sequences (where G
denotes a glycyl residue) rather than LL sequences (Chandrasekaran
efal., 1973), The LL and LG sequences, however, are found to be im-
portant in the folding of polypeptides and proteins. In globular pro-
teins, a chain reversal often enables different parts of the molecule to
come close and form a compact structure. Such a chain reversal
facilitates ring closures in many cyclic peptides and antibiotics. Chain
reversals have been observed in many proteins (Birktoft and Blow, 1972;
Blake et al.,., 1967; Lipscomb er al., ., 1976; Kartha et al., ., 1967) and
cyclic and linear peptides (Ueki er al.,., 1969; Rudko et al.,., 1971; Karle
er al.,., 1970; Zalkin et al,., 1966; Reed and Johnson, 1973;
Brahmachari et al.,., 1981; Ayato ef al.,., 1981; Yagi e al.,., 1983;
Pichon-Pesme ef al.,., 1988; and Ananthanarayanan and Cameron,
1988).

The optimum size required for a compact reversal to occur is just
a tripeptide. The earlier studies on three-linked peptide units from purely
stereochemical considerations (Venkatchalam, 1970) and later detail-
ed studies from energy considerations have shown that stable folded
conformations with a 4—>1 type (IUPAC-IUB Commission on
Biochemical Nomenclature, 1970) internal N-H...0 bond are possible.
Such conformations are well known as -bends or §-turns.

The various interesting features of the theoretical predictions were:
(i) low energy §-bends can occur near the a-helical conformation and
hence a chain reversal can occur in the vicinity of an a-helix (ii) the
conformational angle ¢: at C, being very close to that for a proline
residue, a sequence of the type -pro-x- can be a ready site for a g-bend.
Also, it was evident from these studies that while a pyrrolidine ring can
be easily accommodated at C,@ in LL bends, it can occur equally well
at either C,@ or C,@ in LD bends.

As discussed earlier, #-turns or reverse turns are important structural
features in proteins and bioactive peptides and may play an important

role in protein folding. There has been a continued interest in such com-
pact secondary structures and has been an active area of research through
studies on a variety of model compounds by both theoretical and ex-
perimental methods. Several model compounds and macromolecules
consisting of such bends have been studied by infrared spectroscopy
(IR), (Bandekar and Krimm, 1979; Krimm and Bandekar, 1980; Naik
and Krimm, 1984) nuclear magnetic resonance (NMR), (Brahmachari
etal., 1981; Narasinga Rao ef al., 1983; Ramaprasad ef al., 1981; Patel
and Tonelli, 1973; Pitner and Urry, 1972; Khaled et al., 1976; Pelton
et al., 1988; and Jelicks ef al., 1988) and circular dichroisum (CD) Kawai
and Fasman, 1978; Brahmachri ef al., 1979, and Crisma et a/., 1984).
In addition, several theoretical calculations have been attempted by a
variety of minimization technigues to predict the possible conforma-
tions. In their studies, Pletnev ef al. (1974) have considered a short pep-
tide (Ac-Gly-L-Ala-Gly-NHMe) with intramolecular hydrogen bonds
for a detailed theoretical analysis. Zimmerman ef al. (1982) have studied
in detail the tripeptide H-L-Pro-L-Leu-Gly-NH;. They calculated lowest
energy for type 11 8-bend and was similar to that reported in an X-ray
crystal study.

To have an insight into the details of the folded conformation with
different side chains at C,® and C,& jn either L or D configuration a
series of spectroscopic and theoretical studies have been undertaken
by the author and the results on the molecule N-acetyl-L-prolyl-D-alanyl-
methylamide from CD studies and semiempirical energy calculations
are presented in this paper. While the circular dichroism studies are
compatible with the previous NMR studies on this molecule, semiem-
pirical energy calculations show only marginal agreement with the con-
formation observed in the solid state.

CD STUDIES

EXPERIMENTAL PROCEDURES

Materials — The tripeptide was given as a gift by Dr. K.S.N. lyer.
It was dried overnight under vacuum in the presence of P;0, before
making the measurements. The purity of solvents were checked by the
uv absorption spectra.
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Spectral measurements — Spectra were recorded using the JASCO
1-20 spectrometer. The parameters like chart speed, time constant,
wavelength expansion and gain contraols were so chosen as to obtdin
the best signal-to-noise ratio and reproducibility of the spectra. Mean
residue ellipticity values are expressed as deg-cm®/decimole and have
not been corrected for the effect of refractive index of the solvent, All
the measurements were done at ambient temperature (25 °C).

The solution for CD measurements was prepared by dissolving the
required amount of the tripeptide in a known volume of the solvent.
Cells with a path length of 0.1 to 0.2 cm were employed. The peptide
concentrations (expressed as gm per 100 ml of solvent) were around
0.1 to 0.2%. In a given run, the concentration was maintained cons-
tant during the searching of the entire accessible wavelength region
(210-240 nm). Singce there were no signs of aggregation as obtained by
our previous NMR studies at even higher concentrations, no concen-
tration dependent CD studies were carried out.

RESULTS AND DISCUSSIONS ON CD STUDIES

The CD spectra of this peptide in both the solvents are recorded in
Fig. 1. Only | CD extrema, namely [f]:.s = — 7733, is clear while the
peak around [#]:0s can not be obtained from this study. It is interesting
to note that the trough at 225 nm is typical of type I and type I1
f-bend. Further characterization of a particular bend type will require
studies similar to those by Brahmachari er al. These preliminary studies,
however, very well characterize the peptide moiety as an ordered
structure,
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Figure 1. Circular dichroism spectra of the tripeptide in TFE (-®-=-)
and TFA (-0-0-).

These studies clearly demonstrate that the [8]::; decreases in magnitude
as the solvent changes from TFE (nonpolar) to TFA the hydrogen bond
breaking solvent by about 3-fold. This possibly means that the frac-
tion of ordered B-turns conformers have decreased significantly in
going from TFE to TFA.

The results from CD studies may be usefully compared with those
of previous NMR studies (Ramaprasad, 1981) in nonpolar solvents like
CDCl,. Both 'H and ""C NMR have shown that the major conformers
in CDCl, are compact folded §-bends while in more polar solvents,
because of cis-frans isomerization about the x-pro bond, the fraction
of §-bend conformers decreases. The significant decrease in the frac-
tion of ordered structures upon solvent change from TFE to TFA is
probably because of random structures generated from the breaking
of intra molecular 4— > 1 hydrogen bonds and/or cis-trans isomeriza-
tion about the x-pro bond as observed from NMR.

THEORETICAL
PROCEDURAL DETAILS

A schematic diagram of the molecule is shown in Fig. 2. The IUPAC-
IUB conventions (IUPAC-IUB Commission on Biochemical
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Figure 2. The structural formula of the molecule N-acetyl-L-prolyl-D-
alanyl-methylamide. The various backbone dihedral angles are also
shown.

Nomenclature, 1970) have been used to denote the conformational
angles.

In this study rrans planar peptides have been used. The hydrogen
atoms in the pyrrolidine rings have been fixed by bisecting the ap-
propriate C-C-C or C-C-N angles. The bond angles N;-C,*-C; and
N,-C,@-C, in the main chain have been maintained at the expected value
of 100°, All the H-C-H bond angles have been taken to the 109.5° and
the C-H bond lengths to be 1.1 A °. The hydrogens of the terminal methyl
groups at C, and C.@ have not be considered separately, but are treated
as single ‘effective’ atoms with increased Van der Waals radii. The
methyl hydrogens of the alanine residue have been fixed in the stag-
gered position.

GEOMETRY OF THE PYRROLIDINE RING

The pyrrolidine ring is puckered and this has been taken into account
while incorporating the same into the tripeptide system. Ramachan-
dran and colleagues (1968) have classified the puckering into two main
categories, namely, type A(CY-exo) and type B (C7-endo), and these
are illustrated in Fig. 3. They essentially differ in the sign of the dihedral
angles about the various bonds of the ring.

TYPE B or C - endo

TYPE A or Cr~g1_|g

Figure 3. Schematic representation of the two major types of pucker-
ing of the pyrrolidine ring.

In the present study, five different representative puckerings have
been selected from the list of low energy conformers of the pyrrolidine
ring (see Table 2 in Ramachandran, 1970). The selected puckers are
designated A, A;, A,, B; and B, and they correspond to values in the
range —50° to 70°. The endocyclic bond angles and the ring dihedral
angles for each puckering is given in Table 1,

THE GENERATION OF THE TRIPEPTIDE

To accommodate the pyrrolidine ring in the main chaing, the angle
@ , at C, was assigned an appropriate value using the relation ¢ =
#-60°, To generate different tripeptide conformations, the remaining
three main chain dihedral angles viz., J:, &, and , were varied, in the
allowed region for an LD bend’, at intervals of 10°, The criteria now
used for selecting 4— > | hydrogen bonded structures were that the
N....O, distance be between 2.6 and 3.2 A and the NH4N...O be less
than 35°, For each of these conformers the total conformational energy
was evaluated.
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Table 1. Bond Angles and the Ring Torsion Angles for the Five Chosen
Puckerings of the Pyrrolidine Ring*
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EVALUATION OF CONFORMATIONAL ENERGY

The total conformational energy of the molecule was computed
using the empirical potential functions (Ramachandran and
Sasisckharan, 1968). The total energy is the sum of the contributions
from nonbonded and electrostatic interactions and those due to tor-
sional potential as well as the bond angle distortions. The non-bonded
energy was evaluated using 6-exp potential functions with the constants
given by Chandrasekaran and Balasubramanian (1969). The charges
(see Table 2) were computed following the semiempirical methods of
Del Re (1963) and Pullman (1963, 1965). The hydrogen bond energy
was evaluated according to the method of Ramachandran et al. (1971).

Table 2. Patial Charges® (in e.s.u.) for the Molecule of N-Ace-L-Pro-
D-Ala-MeA.

Atom Charges Atom Charges
c: ~0.095 Ny -0.200
c, 0.339 Hy 0.207
- 4 a
Y Lhaate 3 0,050
. B
N, -0.,049 ch -0.110
a 48
3 0.040 ¢, 0,33
cP -0,070 0, -0.450
e ~0,070 Ng -0, 185
c? -0.030 Hy 0.196
e, 0.339 c} -0.075
0y =0.450

* The charge on hydrogen atoms attached to SP]-type carbans,
on an average, is 0.04 {in e.s.u.).

RESULTS AND DISCUSSION

Examples of the minimum energy conformers for each of the chosen
puckerings is given in Table 3. These values range from — 1.9 keal/mole
to —3.2 kcal/mole. Among the 5 minimum energy conformers listed
in Table 3, the B, conformer has the lowest energy of — 3.2 kcal/mole.
From the same list of values it may be noticed that B; and B, conformers
are energetically more favorable than the corresponding A; and A, con-
formers (CY-exo type puckers) by 0.4 and 0.7 keal/mole respectively.

For the type A conformers, the minimum energy for the tripeptide
is — 2.5 kcal/mole. Similarly, the minimum energy for B-type is — 3.2

Table 3. Minimum Energy Conformations of the Tripeptide Molecule
for the Five Chasen Puckerings of the Pyrrolidine Ring.

Puckering of a 5 a " Total
Proline - LRI 1 G LG I & Energy
keal/mole

c¥-exo

hl =50 130 110 =40 =1.9

A, -60 100 0 40 24

Ay =20, 100 80 10 -2.%
CY-endo

B, =60 100 &0 40 -2.8

B -70 100 80 30 -3,2

kcal/mole. Thus, between type A and type B the latter is energetically
more favorable than the former by about 0.7 keal/mole. Although, the
minimum energy conformation may be expected to occur in the solid
state, that is not the only stable conformation which can occur. As such,
many low energy conformers extending in energy up to 0.6 kcal/mole
from the minimum are recorded in Table 4, It is interesting to com-

Table 4. Characteristics of Low Energy Conformations with the Cor-
responding Hydrogen Bond Parameters and Their Energies of
Stabilization,

Dihedral Angles Hydrogen Bond Parameters Total

i ‘i :3 ' QLE??Gh Nhggl: 4 Enﬁrgy Shug;:;:;t;un
(91 191 (% (9] .4\ ) e ?ﬂ."‘: :xcu;?:mm {kcal/mole)
=70 100 80 30 3.07 16.5 -3.95 =32

=70 90 90 30 3.03 15,0 =4.14 -3

=70 100 %0 30 i.80 23.9 -3.92 -3.1

=70 100 90 20 2.94 13.4 =4.32 =2.9
=70 100 80 20 3.03 7.4 =4.28 -2.9
=70 20 90 20 3.00 4.3 -4.42 -1.9
=70 90 100 30 .96 1.1 -4.02 -2.9
=70 %0 90 a0 i.n 27.0 =3.36 -2.8
=70 100 130 -30 2.99 6.8 =3.80 =37
=70 100 80 40 3.14 28.0 =-3.03 =2.6

=70 110 80 30 3.06 25.5 =3.68 =2.6

=70 90 100 20 2.90 10.8 -4,32 -2.6

=70 110 80 20 3,00 15.9 -4.21 =2.6

pare the minimum energy conformation with that obtained from the
crystal structure analysis (Ramaprasad, 1980). On comparing the con-
formational angles predicted from theory and those obtained from
cyrstal structure analysis, there is only an approximate agreement be-
tween the two (the one corresponding to erystal structure and one to
energy calculations using standard bond lengths and angles). The relative
displacement of the two models with respect to the dihedral angles ¢,
and ¥, have been shown diagramatically in Figs. 4 and 5. While draw-
ing these plots, the values of ¢; and ¢, have been kept fixed at values
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Fig. 4
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Figure 4-5. Plots of conformational energy E (computed using the stan-
dard bond lengths and bond angles) Vs. ¥, and y, respectively. C and
M denote the crystallographically observed and the predicted minimum
energy conformations respectively.

corresponding to the minimum energy conformation. The differences
in the dihedral angles between the X-ray structure and the minimum
energy model can be seen in these diagrams wherein both of them have
been indicated. This is more clear on comparing the set of conforma-
tional angles, namely (¢, ;) and (¢, ¥,) at C.® and C,% respectively,
obtained from theory and experiment. The values predicted from the
theory are (—70°, 100°); (80°, 30°) while those obtained from crystal
structure analysis are (—66°, 127°); (75°, 129,

As a final step in refinement in the calculations the influence of the
change in geometry of the molecule on the results was considered. The
calculations were performed using the observed pyrrolidine puckering
and the data on bond lengths and angles as found in the crystal struc-
ture, In these calculations the rotational angles ¥, ¢, and y, alone were
varied at intervals of 10° in the allowed region for LD-bends. The low
energy values are listed in Table 5. The observed conformation is shifted
from the predicted minimum by about 1.0 keal/mole. The plots of con-
formational energy (calculated using the crystal structure data) vs.
and y, are shown in Fig. 6 and 7 respectively. The observed conforma-
tion is also indicated in this diagram. It is clear that an energy difference

Table 5. Characteristic Low Energy Conformers in Regions around the
Observed Crystal Structure.

Dihedral Anglos Hydrogen Bond Parameters Total
© Wi & W, (MG IS NS mersy
I.OT {2} e | (%) * L AL vhb o s z

I-\J] (o) [moal/mole)l YSRifale)
-&6 107 5 22 2.92 7.2 ~4.4 =3.1
=66 107 63 22 3.00 2.6 4.4 =-3.3
-86 97 75 a2 3.00 23 4.5 =3.1
=66 107 55 32 3.00 10.48 -4, -3,2
-66 97 75 32 3.00 11.% -4, -3.1
-66 107 75 12 2,90 8.4 =4, 3 =31
=66 107 75 3 3.00 18.9 -4.1 =-3.1
66 97 85 22 2.90 E.1 =d.4 -3l
-66 117 63 22 2.95 9.1 -4.4 -3.0
66 97 75 12 3.00 131.8 -4.3 -2.9
=66 97 85 32 3.00 18.6 4.2 =-1.9
-66 997 85 12 2.90 6.7 4.1 -2.9
=66 107 a5 22 2.90 15.2 =-4.1 =2.9
=66 107 85 12 2.80 6.1 =4.1 -2.8
-66 117 65 2 1.00 19.2 -4.1 -2.8
-66 117 75 22 2.90 16.5 -4.2 -2.8
-66 117 75 12 2.90 9.6 =-4.2 =2.7
-66 107 1] 12 3.00 14.8 -4.2 =-2.7
-66 127 75 12 2.90 16.2 -4.2 =2.3%
#* This energy value corresponds to the conf lon o i in the crystal

structure.

of about 3 kcal/mole between the minimum energy conformation and
the observed one is reduced by 2 kcal/mole on using the geometrical
values (excepting ¥, ¢, and y,) and the pyrrolidine puckering as observ-
ed in the crystal structure. A difference in energy of 1.0 kcal/mole has
probably been compensated by intermolecular interactions.
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Figure 6-7. Plots of conformational energy, E (computed using the
observed bond lengths and bond angles) Vs. ; and y, respectively. C
and M refer to the crystallographicaly observed and the predicted
minimum energy conformations respectively.

CONCLUSIONS

The CD studies demonstrate that the tripeptide is more ordered in
TFE than in TFA. In TFA the fraction of ordered structure has been
reduced as compared to that in TFE.

The energy calculations with flexible pyrrolidine ring show that the
B-type is slightly preferred over the A-type. The results compare only
minimally with those from X-ray structure analysis. The theoretical
results, however, compare better when geometrical data as observed
in the crystal structure are used. These studies point out the need for
bond length and angle deviations in similar energy calculations.

ACKNOWLEDGMENTS

The author thanks professor G.N. Ramachandran for
suggesting this problem and for his keen interest in these
studies. It is a pleasure to thank Ms. Monique Spakes for
typing this manuscript.

LITERATURE CITED

ANANTHANARAYANAN, V.S. and T.S. CAMERON. 1988. Proline-
containing G-turns. Crystal and solution conformations of rert.-
butyloxycarbonyl-L-prolyl-D-alanyl-L-alanine, Int. J, Peptide Pro-
tein Res. 31:399-411.

AYATO, H,, 1. TANAKA, and T. ASHIDA. 1981. Crystal structures
of repeating peptides of elastin. N-(fers-butoxycarbonyl)-L-valyl-
L-prolylglycylglycine benzyl ester. J. Am. Chem. Soc.,
103:6869-6873.

BANDEKAR, J. and S. KRIMM. 1979. Vibrational analysis of pep-
tides, polypeptides, and proteins: Characteristic amide bands of
g-turns. Proc. Natl. Acad. Sci. (US), 76:774-7717.

BERTHOD, H. and A. PULLMAN. 1965. Calculation of the o struc-
ture of conjugated molecules. J. Chem. Phys. 62:942-946.

BIRKTOFT, J.J. and D.M. BLOW. 1972. Structure of crystalline
a-chymotrypsin: The atomic structure of tosyl-a-chymostrypsin
at 2 A resolution. J. Mol. Biol. 68:187-240.

BLAKE, C.C.F., G.A. MAIR, A.C.T. NORTH, D.C. PHILLIPS,
and U.R. SARMA, 1967. On the conformation of the hen ¢gg-
white lysozyme molecule, Proc, Roy. Soc. B167, 365-377.

BRAHMACHARI, S.K., T.N. BHAT, V. SUDHAKAR, M.
VIJAYAN, R.S. RAPAKA, R.S. BHATNAGAR, and V.S.
ANATHANARAYANAN, 1981, g-turn conformation of N-
Acetyl-L-prolylglycyl-L-phenylalanine. Crystal structure and
solution studies. J. Am. Chem. Soc., 103:1703-1708.

BRAHMACHARI, S.K., V.5, ANATHANARAYANAN, S.
BRAHMS, J. BRAHMS, R.S. RAPAKA, and R.S. BHAT-
NAGAR. 1979. Vacuum ultraviolet circular dichroism spectrum
of fg-turn in solution. Biochem. Biophys. Res. Commun.
B86:605-612,

CHANDRASEKARAN, R,, A.V. LAKSHMINARAYANAN, U.V,
PANDYA, and G.N. RAMACHANDRAN, 1973. Conformation
of the LL and LD hairpin bends with internal hydrogen bonds in
proteins and peptides. Biochim. Biophys. Acta 302:14-27.

CHANDRASEKARAN, R. and R. BALASUBRAMANIAN. 1969.
Sterochemical studies of cyclic peptides. Energy calculations of the
cyclic disulphide and cysteinylcysteine. Biochim. Biophys. Acta.
188:1-9.

CRISMA, M., G.D. FASMAN, H. BALARAM, and P. BALARAM.
1984. Peptide models for 8-turns. A circular dichroism study. Int.
J. Peptide Protein Res. 23:411-419.

DEL RE, G., B. PULLMAN, and T. YONEZAWA. 1963. Electronic
structure of the a-amino acids of proteins. Charge distributions
and proton chemical shifts. Biochim. Biophys. Acta. 75:153-182.

IUPAC-IUB COMMISSION ON BIOCHEMICAL NOMENCLA-
TURE. 1970. Abbreviations and symbols for the description of
the conformation of polypeptide chains. Biochemistry, 9:3471-3479.

JELICKS, L.A., F.R. NAIDER, P. SHENBAGAMURTHI, J.M,
BECKER, and M.S. BROIDO. 1988. A type II g-turn in a flexi-
ble peptide: Proton assignment and conformational analysis of the
a-factor from Saccharomyces cerevisiae in solution. Biopolymers.
27:431-449.

KARLE, L.LL., J.W, GIBSON, and J. KARLE, 1970. The conformation
and crystal structure of the cyclic polypeptide Gly-Gly-D-Ala-D-
Ala-Gly-Gly.3H,0. J. Am. Chem. Soc. 92:3755-3760.

KARTHA, G., J. BELLOW, and D. HARKER. 1967, Tertiary struc-
ture of ribonuclease. Nature, Lond., 213:862-865.

KAWAI, M. and G. FASMAN., 1978, A model 8-turn circular dichroism
and infrared spectra of a tetrapeptide. J. Am, Chem, Soc.
108:3630-3632.

KHALED, M.A., V. RENUGOPALAKRISHNAN, and D.W. URRY.
1976. Proton magnetic resonance and conformational energy
calculations of repeat peptides of tropoelastin: the tetrapeptide.
J. Am. Chem. Soc. 98:7547-7553.

KRIMM, S. and J. BANDEKAR. 1980. Vibrational analysis of pep-
tides, polypeptides and proteins. Normal vibrations of beta-turns.
Biopolymers 19:1-29.

LIPSCOMB, W.N., G.N. REEKE, J.A. HARTSUCK, J.A. QUICHO,
and P.H. BETHGE. 1976, Structure of carboxypeptidase A [CPA].
Atomic interpretation of 0.2 nm resolution, a new study of the
complex of glycyl-L-tyrosine with CPA, and mechanistic deduc-
tions. Phil. Trans. Roy. Soc. Lond. B257 177-214.

PulfiShed by Arkansas Academy of Science, Popceedings Arkansas Academy of Science, Vol. 44, 1990

98



S. Ramaprasad

NAIK, V.M.and S. KRIMM. 1984, Vibrational analysis of peptides,
polypeptides, and proteins. Normal modes of crystalline Pro-Leu-
Gly-NH,, a type 11 g-turn, Int. J. Peptide Protein. Res. 23:1-24.

NARASINGA, RAO B.N., ANILKUMAR, H, BALARAM, A. RAVI,
and P. BALARAM. 1983, Nuclear Overhauser effects and circular
dichroism as probes of §-turn conformations in acyclic and cyclic
peptides with pro-X sequences. J, Am, Chem. Soc. 105:7423-7428.

PATEL, D.J, and A.E. TONELLI. 1973, Solvent-dependent confor-
mations of valinomycin in solution. Biochemistry. 12:486-496.

PELTON, J.T., M. WHALEN, W.L. CODY, and V.J, HRUBY. 1988.
Conformation of D-Phe-Cys-Tyr-D-Trp-Lys-Thr-Pen-Thr-NH,
(CTP-NH;), a highly selective mu-opioid antagonist peptide, by
'H and "*C n.m.r. Int. J. Peptide Protein Res. 31:109-115.

https://scholarworks.uark.edu/ jaas/volEJics’scl

PICHON-PESME, V., A. AUBRY, A. ABBADI, G. BOUSSARD,
and M, MARRAUD, 1988. Crystal molecular structures of two
tripeptides related to the sequence coding for N-glycosylation. Int.
J. Peptide Protein Res. 32:175-182.

PITNER, T.P. and D.W. URRY. 1972, Proton magnetic resonance
studies in trifluoroethanol. Solvent mixtures as a means of
delineating peptide protons. J. Am. Chem. Soc. 94:1399-400.

nglngs Arkansas Academy of Science, Vol. 44, 1990 9g

. ]ourna! o! t!e Arl!ansas Acagemy o, Science, Vol. 44 [1990], Art. 26

99



	Conformational and Circular Dichroism Studies on N-Acetyl-L-Prolyl-D-Alanyl-Methylamide
	Recommended Citation

	Conformational and Circular Dichroism Studies on N-Acetyl-L-Prolyl-D-Alanyl-Methylamide

