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ABSTRACT

A comparison of 2D-NOESY spectra of [D-Ser’}-leucine-enkephalin-threonine, [D-Ala?]-
leucine-enkephalinamide and leucine-enkephalinamide under identical experimental conditions
has revealed that the backbone in the synthetic analogs having D-amino acid is relatively more
rigid than leucine-enkephalinamide. This is a consequence of the replacement of Gly? by a
D-amino acid residue in the peptide chain and is manifested in the observation/absence of
interresidue NOESY cross peaks between NH and C*H of the preceding residue.

INTRODUCTION

OLIGOPEPTIDES normally exist in solution as an
equilibrium blend of low energy conformers.
Backbone conformational constraints can limit the
number of such conformers in peptides' and hence
in bioactive peptides, this could help in the selection
of an active conformer. This is achieved by non-
covalent modification that includes the incorpora-
tion of D-amino acids?, N-methyl- amino acids® and
a-methyl amino acids'. The most frequently utilized
and successful among these have been D-amino
acids. |

Enkephalins, the endogenous peptides (i.e.
leucine/methionine enkephalins, (H,N-Tyr!-Gly*
Gly’-Phe*-Leu’-Met OH) are endowed with analge-
sic properties of morphine. The observation of
similarity in the biological activity of enkephalins
and morphin resulted in extensive studies delineat-
ing structure-function relationship*'? and the de-
velopment of synthetic analogs'"'? with greater
potency and lesser addiction. The incorporation of
D-amino acid residue (D-Ser or D-Ala in position-2)
has resulted in more potent and receptor stercospe-
cific enkephalins'®. The enhanced potency has so far
been believed to be due to the relatively greater
stability of Tyr-D-Ser/D-Ala-peptide bond to
peptidases'®. Is this the only reason for greater
potency? Conformational modification on the incor-
poration of D-amino acid could also be another
possible source for enhanced biological activity and
hence, calls for detailed investigations.

In this paper we have demonstrated from a
comparative 1D and 2D NMR study of leucine

enkephalinamide, [D-Ser?]-leucine-enkephalin
threonine and -[D-Ala’}-leucine-enkephalin amide
that the backbone of leucine-enkephalinamide is
relatively more flexible than that of its [D-Ala‘]- and
[D-Ser?] analogs. It is borne out from the present
investigations that D-amino acid residues impart
rgidity to the backbone of these synthetic analogs.

MATERIALS AND METHODS

Leucine enkephalinamide and its analogs [D-Ser?]
and [D-Ala’] were purchased from Sigma. The
peptides (2.5 mg) were dissolved in 0.5 ml of
99.98% DMSO-ds. Proton magnetic resonance
spectra were recorded on Bruker AM-500 MHz
FT-NMR spectrometer. The chemical shifts were
measured relative to DMSO peak and later con-
verted to TSP (DMSO = TSP-2.6 ppm).

2D COSY and NOESY spectra were recorded
with data matrix of 512 %2048 and J-resolved with
128 x4 K. The time domain data was multiphed by
phase-shifted sine and sine square bell functions
before Fourier transformation. 1D spectrum of
[D-Ser?)-leucine-enkephalin threonine is shown in
figure 1. The assignment of resonances is made from
the COSY experiment and NMR paramcters are
obtained from the J-resolved spectrum.

RESULTS AND DISCUSSION

The conformation of the backbone of oligo-
peptides'’ is governed by the torsion angles ¢, ¢ and
w (figure 1). Torsion angle @ is 180° because of the
trans-orientation of the peptide bond. The magm-
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Figure 1. 500 MHz Proton spectrum of {D-Ser®]-leucine-enkephalin-threonine in DMSO-d¢ (contain-
ing a trace of water) at 300 K. Chemical shifts are relative to TSP. The assignment of resonances has been

made from 2D-COSY experiment.

tude of ¢ and ¢ is manifested in varnous three bond
couplhing constants such as J o N Do
Jieo nety  and Sy . sy TEspectively.  The
observed value of J could refiect either the presence
of a single rigid conformer or the time average value
from the various low energy conformers. In addi-
tion, a sigle value of J corresponds to four different
values of ¢ due to the nature of Bystrov curves!®
which correlate f with ¢. Therefore the translation
ot J into conformation of the molecule requires the
establishment of either a nigid conformer or an
equilibrium blend of low energy conformers. This

can be achieved by temperature variation studies as'

well as from pH and solvent variations®.

The characteristics of the secondary structure of
oligopeptides are also manifested in the NOESY
cross peaks which reflect the dipolar coupling
correlation and the chemical exchange between
various protons'’. NOE between the NH protons of
the adjacent amino acid residues of a polypeptide
chain has been called dj-connectivity, while those
between the NH protons and C*H and C?H protons
of the preceding residue, respectively, as d,- and
ds-connectivities'®. These connectivities help in the
sequential assignment of resonances in peptides and
proteins and also provide information about the
secondary structure of the molecule'. Figures 2, 3
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Figure 2. Expanded portion of 2D NOESY spec-
trum of [D-Ser®)-leucine-enkephalin-threonine in-
dicating the cross peaks between CfH, CPH and
N;.1H protons. Mixing time used was 600 msec.
The cross peaks at w-=8.74 ppm and w,=3.35 ppm
Is due to exchange of H,O with NH of Ser. The cross
peak at w, =8.09 and w; = 2.82 is due to 8-CH of
Phe and -NH of Phe.
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Figure 3. Expanded portion of 2D NOLESY spec-
trum of {D-Ala*]-leucine-enkephalinamide indicat-
ing the cross peaks between C#H, C#H and N, ;H
protons. Mixing time used was 600 msec. The cross
peak at w,=8.18 ppm and w; =3.4 ppm due to
exchange of H,OO with NH of Ala. The peak at
w, = 8.13 ppm and w; = 2.92 ppm is due to 8-CH of
Phe and NH of Phe.

and 4 show the expanded portions of the NOESY
spectra indicating cross peaks observed between the
CfH and N, protons in [D-Ser?], [D-Ala’} and
leucine-enkephalins respectively. A look at figures 2
and 3 indicates that all the interresidue NOESY
cross peaks between C*H and N, H are observed
for [D-Ser’}-leucine-enkephalin-threonine and [D-
Ala’]-leucine-enkephalinamide while in the case of
leucine-enkephalinamide only a single cross peak
between -NH of Gly? and the C*H of Tyr is
observed. The observation of such interresidue cross
peaks in oligopeptides and proteins is a characteris-
tic of B-structure’®?°, In other words the distance
between C/H and N;,H i.e. d; 1s in the range of
2.2-2.4 A and this reflects very limited conforma-
tional flexibility in the torsion angle. The absence of
NOESY cross peaks between N;H and N,, H and
CPH and N, H indicates the absence of short and
long range ordering in the molecule.

The absence of a large number of interresidue
NOESY cross peaks between C"H and N, ;H in
leucine-enkephalinamide (figure 4) suggests cither
different molecular correlation times 7. or a diffe-
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Figure 4. Expanded proton of 2D NOESY spec-

trum of leucine-enkephalinamide indicating the
cross peak between CfH, CPH and N,, ;H protons.
Mixing time used 1s 600 msec. The cross peak at
wy; = 9.6 ppm and w; = 3.4 ppm due to exchange of
H,O with OH of tyrosine and the peak at
w,; = 8.15 ppm and w; = 3.4 ppm 1s due to exchange
of leucine NH proton.

rent conformational preference?!. Since the ex-
perimental conditions such as temperature, concen-
tration and mixing times are identical and the
molecules have similar molecular weights, 1t 1s
expected that they will have identical! correlation
times. Therefore, the absence of NOESY cross
peaks 1n figure 4 between CH and N;,;H in
leucine-enkephalinamide clearly indicates relatively
greater flexibility of the backbone relative to that in
[D-Ser?)- and [D-Ala®]-analogs. This rigidity in the
backbone is imparted due to the presence of
D-amino acid residue in position-2 of enkephalins.
Such backbone rigidity has also been deduced for
[D-Ala®]-methionine enkephalin from proton spin-
lattice relaxation studies®®. The influence of this
backbone rigidity on the solution conformation of
enkephalin analogs is being investigated 1n detail
and the results will be reported elscwhere.
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NEWS

“DER MASCHINENSCHADEN” - NEW JOURNAL IN THE FIELD OF RISK TECHNOLOGY

Since 1t i1s generally cheaper to prevent damage
trom occurring, the Number 1/86 of the specialist
journal  for nsk  technology “Der Mas-
chinenschaden™ provides the latest imformation
from this wide field. No less than four authoritative
spectalist papers offer useful information on damage
to large screwed connections, inspection systems for
pipelines, combatting corrosion, safety in industrial
installations and the determination of the residual
ltte of high temperature components. Two further
contributions arc devoted to precautionary fire
protection and fire initiation and propagation. The
number also includes several informative short
contributions, damage reports from the publisher’s

engineers and specialised book and literature re-
VIEWS.

Each number of this specialist journal also con-
tains short abstracts in German, English, French,
Dutch and Italian. In addition, an annual contents
list is included in the last number of each year and
this subdivides the subjects constdered with respect
to authors, specialist fields and the reterences
quoted or discussed. Individual numbers can be
purchased at a price of 17 DM: the annual subscrip-
tion charge 1s 95 DM.

Further particulars may be had from: Allianz
Versicherungs-AG, Vertrieb—Redaktion/TI, Post-
fach 440124, D-8000, Munich 44,



