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1. Introduction

During the last few years, considerable efforts have
been made to obtain conformational information on
hormonal peptides in aqueous solution by the use of
high-resolution nuclear magnetic resonance spectros-
copy. Particular attention has been devoted to the
measurement of the coupling constant, Ty, between
the @CH and NH protons, since this can be used as a
measure of the dihedral angle, ¢, about the C—N
bond {1,2]. This coupling constant is measured as a
splitting on the absorption band of the NH proton. If
meaningful conformational information is to be ob-
tained, it is clearly essential that unambiguous assign-
ments of the NH resonances be made.

Hitherto, NH assignments have depended on the
use of double resonance experiments to connect NH
and aCH, and aCH and SCH resonances, the assign-
ments being made by comparison of the BCH chemi-
cal shifts with those in free amino acids. This prace-
dure is straightforward for small peptides, but for
more complex molecules such as oxytocin, where
some of the CH, protons have similar chemical
shifts, and where the conformational effects on the
BCH, shielding are unknown, ambiguities can arise.

A further complication arises in studies in aqueous
solution, since the «CH resonances are obscured by
the large H, O resonance.

Two teparts of assignments of the ' H NMR spec-
tra of oxytocin in aqueous solution have appeared
[3,4]. Walter and his colleagues [3] took the assign-
ments made by double resonance experiments in
dimethylsulphoxide (DMSQ) solution [5], and attemp-
ted to transfer them to aqueous solution by measuring
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the NH chemical shifis in a series of DMSO/water
mixtures. The extensive overlap of the NH resonan-
ces (notably at about 80% water, 20% DMSQ) and
the lack of any 2 priori information on the antici-
pated direction and magnitude of the changes in che-
mical shift lead to considerable ambiguities (apart
from any ambiguities in the original assignments in
DMSO solution [5]). More recently Brewster and
Hruby [4] reported assignments based on double re-
sonance experiments in aqueous solution. The connec-
tion between aCH and SCH resenances was made in
D4 O solution; some ambiguities were resolved by the
use of oxytocin analogues containing fully deuterated
cystine or proline residues. Assignment of the NH
resonances required the use of H, O solution, and
‘blind’ irradiation of the aCH resonances underneath
the H, O absorption band. The assignments of Brew-
ster and Hruby [4] are in substantial disagreement
with those of Walter and coworkers [3].

In our earlier study of the NI proton resonances
of oxytocin in aqueous solution [6] we did not at-
tempt detailed assignments. We now report unambigu-
ous assignments of the NH resonances of the tyrosine,
iscleucine and teucine residues of oxytocin in aque-
ous solution, by observing the effects of selective 2H
or '*N substitution on the NH resonances directly,
thus eliminating the necessity for double-resonance
experiments.

2. Materials and methods

2.1. Isotopically substituted amino acids
(*3N] L-isoleucine and [!*N]J L-tyrosine (both
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95% enriched) were obtained from Schwarz-Mann.
[a-? H]-D1-leucine was obtained by a modification of
the method of Abbot and Martell [7], by exchange
of L-leucine in D, O in the presence of pyridoxal and
aluminium sulphate. The [a-? H]DL-leucine was
resolved by acetylation followed by treatment with
hog renal acylase 1 [8]. It was purified by recrystal-
lisation and characterised as >90% deuterated at the
a-position by proton NMR spectroscopy.

2.2, Synthesis of * H- and ' N-labelled oxytocins

In each case the protected nonapeptide amide,
BOC-S-benzyl-L-cysteinyl-L-tyrosyl-L-isoleucyl-L-
glutaminyl-L-asparaginyl-S-benzyl-1 ~cysteinyl-L-
prolyl-L-leucyl-glycinamide was synthesised by the
solid phase method of Merrifield [9—11] with the
modifications introduced by Corley et al. [12] for
the washing and deprotection steps.

Isotopically labelled amino acids were converted
to their t-BOC derivatives according to the method
of Schnabel [13]. Coupling of unlabelled amino
acids was carried out in two stages, separated by a
methanol wash; a 3-fold excess of t-BOC amino acid
was used. For the coupling of labelled amino acids
the resin peptide in the amino form was dried and
transferred to a siliconised flat-bottomed glass tube.
The labelled amino acid, in an amount equivalent to
the free amino groups on the resin, was introduced in
the minimum volume of methylene chloride that
would allow for stirring. After 10 min, a 1.5-fold
excess of dicyclohexylcarbodiimide was introduced,
and the resin was stirred for 5 hr at room temperature.

After the coupling of each t-BOC amino acid, the
resin peptide was examined by transesterification and
chromatography of the peptide methyl esters. A sam-
ple (2—5 mg) was removed washed with methanol
and stirred for 30 min at 50°C in a mixture of dry
methanol (200 ul) and triethylamine (10 ul). The
solution of peptide methyl ester was chromatographed
in chloroform/acetic acid (95:5 v/v) on silica gel
{Merck 60 F;54). Peptide methyl esters with free
amino groups remained at the origin. In addition a
semi-quantitative measure of the degree of coupling
was established by applying a direct ninhydrin test to
the beads.

Unreacted amino groups were acetylated by
shaking for 2 hr in a methylene chloride selution of
N-hydroxysuccinimide acetate (4-fold excess over
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the glycine substitution of the resin).

The protected nonapeptide amide was liberated
from the resin by ammonolysis in a mixture of
dimethyiformamide and ethanol (1:1 v/v) saturated
with ammonia at —5°C, stirring the suspension at
room temperature for 48 hr [14].

The resin was removed by filtration and washed
with dimethylformamide. The combined filtrates
were evaporated in vacuo to small volume and chro-
matography was carfied out on a column of Sephadex
LH 20 (2.5 cm X 150 ¢cm) in dimethylformamide.
The fractions from the main peak were combined
and evaporated in vacuo. On the addition of ether,
the protected nonapeptide amide precipitated.

The protected peptide was treated with trifiuora-
cetic acid for 20 min to remove the t-BOC group,
and after isolation by the addition of ether, was
exposed to sodium in liquid ammonia according to
the method of du Vigneaud et al. [15]. The remai-
ning free thiol groups were oxidised by air at pH 6.8
[14]. The solution was acidified to pH 4 with acetic
acid and freeze-dried.

Purification was carried out by column chromato-
graphy on Sephadex G15 according to Manning et al.
[16].

Oxytocic activity of the final products was mea-
sured on the isolated rat uterus under standard condi-
tions employing Munsick solution [17]. The uterus
was obtained from rats in which oestrus had been
induced by prior injection of stilboesterol.

2.3. 8/ - Hleucine] oxytocin

From 60 mg [*H]leucine, 30 mg of 82 H-leucine]
oxytocin was obtained with a biological activity of
350 units gmole ™" . Amino acid analysis gave 0.9 gly-
cine, 1.0 leucine, 1.1 proline, 1.0 aspartic acid, 1.1
glutamic acid, 1.1 isoleucine, 1.1 tyrosine residues per
mole. The material showed one spot on TLC (Merck
60 F254)Rf= 0.27.

2.4. 3-f VS Niisoleucinejoxytocin

From 25 mg ['*N}isoleucine, 9 mg of 3-['*N-
isoleucine] oxytocin was obtained with a biologicat
activity of 300 units umole™' . Amino acid analysis
gave 1.0 glycine, 1.0 leucine, 0.9 proline, 0.9 aspartic
acid, 1.0 glutamic acid, 0.9 isoleucine and 0.9 tyrosine
residues per mole.
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2.5. 24/ 'S N-tyrosine] oxytocin

From 25 mg ['®N]tyrosine, 20 mg 2-[**N-tyro-
sine] oxytocin was obtained with a biological activity
of 350 units gmole™" . Amino acid analysis gave 1.0
glycine, 1.1 leucine, 1.1 proline, 0.9 aspartic acid,
1.0 glutamic acid, 1.0 isoleucine and 0.9 tyrosine resi-
dues per mole. The material showed one spot on TLC,
Rp=0.27.

2.6. NMR measurements

Samples were dissolved in H; O at concentrations
in the range 9—14 mg/0.5 ml. The pH of the solution
was adjusted to 3.0—3.5 with HCL. All spectra were
obtained on a Varian HR-220 spectrometer equipped
with a C-1024 time-averaging computer at a probe
temperature of 22 + 1°C. The oxytocin spectrum was
referenced with respect to a hexamethyldisiloxane
(HMS) external reference and the data were conver-
ted to an internal DSS reference scale (DSS, sodium-2,
2-dimethy]-2-sila pentane-5-sulphonate). We are most
grateful to Dr C. A. Baker, PCMU, Harwell, for much
valuable assistance in obtaining these spectra.

3. Results

Two distinct methods of assignment by isotopic
substitution have been used in the present work.

In the first method, the peptide nitrogen is re-
placed by 15N, which has a spin quantum number [ =
1. Coupling between the NH proton and the '*N
nucleus gives rise to an additional large doublet
splitting (! J 15_yp = 93 Hz) of the NH proton ab-

sorption band. (Coupling between '*N and the
directly bonded proton is not usually observed due
to the rapid relaxation of '*N nucleus). Thus a com-
parison of the spectra of 2-[!3NTyr]oxytocin (fig.
la) and oxytocin (fig. 1d) shows clearly that it is the
NH proton whose resonance appears at 8.99 ppm
which is coupled to the '*N. This resonance can
therefore be assigned unambiguously to the tyrosine
NH proton. This is in agreement with the results of
both Walter and coworkers [3] and Brewster and
Hruby [4]. However, both these groups assigned this
resonance essentially by elimination, since the double-
resonance experiment in H, O was inconclusive [4],
and the resonance disappeared in DMSO/water mix-
tures containing between 30% and 80% water [3].
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Fig. 1. The peptide NH proton resonances at 220 MHz
(aqucous solution at 22°C) of: a) 2-[' *N-Tyr]oxytocin, b)
3-['3N-IleJoxytocin, ¢) 8-[a-? H-Leu)oxvtocin, and d) Oxyto-
cin,

Similarly, examination of the spectrum of 3-[**Nlie]-
oxytocin (fig. 1b) shows clearly that the NH resonance
at 7.94 ppm in oxytocin is that of isoleucine. This
assignment is in agreement with that of Brewster and
Hruby [4], but not with that of Walter et al. [3].

The second type of isotopic substitution we have
employed for assignment purposes is exemplified by
8-[o-?H-Leu]-oxytocin {fig. 1¢). Deuterium has a
spin quantum number I = 1, so that replacement of
the o-hydrogen by deuterium will convert the doublet
NH resonance to a triplet. However, because JH p=

.%Q?[JHH = 0.15 I,;,., the triplet splitting will be very

small, and in practice a broad singlet resonance is
observed. Comparison of fig. 1c and fig. 1d shows that
deuteration at the a-position of the leucine residue
leads to the collapse of the doublet NH resonance at
8.47 ppm to a singlet, thus unambiguously assigning
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this resonance to the NH of leucine. Again thisis in
agreement with Brewster and Hruby 4], but not
with Walter et al. [3].

4. Discussion

The methods of isotopic substitution which we
have used lead to unequivocal assignments of some of
the oxytocin NH resonances since they do not de-
pend on double-resonance experiments or on the use
of solvent mixtures, both of which can lead to ambi-
guities (as indicated in the introduction). These me-
thods are generally applicable to the assignment of
peptide NH resonances, and will be a valuable adjunct
to nimr studies of the conformation of biologically
active peptides.

The assignments which we have made for oxy-
tocin (Tyr NH 8.99 ppm, Jy¢ 7.5 Hz; Leu NH 8.47
ppm, Jy¢ 6.5 Hz and lle NH 7.94 ppm, J ¢ 6.5
Hz) are in agreement with those of Brewster and
Hruby [4], but not those of Walter et al. [3]. Tt is
clear from these results that the conformation propo-
sed by Walter et al. [7] for oxytocin in DMSO does
not exist in aqueous solution [4,6}; indeed it is likely
that in aqueous solution oxytocin does not have a
unique conformation, but is conformationaily flexible
14,6]. In addition, Walter et al. [3] stated that (in
contrast to our earlier conclusion [6]) the confor-
mations of oxytocin and lysine vasopressin in aqueous
solution are quite different. Their conclusion was
based on assignments which are now shown to be
incorrect, and the data available at present is consis-
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tent with the conclusion that the conformational
distributions of these two closely similar molecules
are indeed very similar.
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