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Summary: Information was obtained on rates of overall molecular 
reorientation and segmental motion of amino acid sidechains of 
oxytocin in dimethylsulfoxide by determination of spin-lattice 
relaxation times (Tl) at 25 MHz for carbon-13 in natural abundance 
in the hormone. The T1 values of the a-carbons of amino acid 
residues located in the 20-membered ring of oxytocin are all about 
50 msec. The overall correlation time for the hormone backbone 
was estimated to be 8.8 x 10-l' sec. The sidechains of Tyr, Ile 
and Gln undergo segmental motion with respect to the backbone of 
the ring. The T1 value of the u-carbon of the Leu residue is 
greater than for any a-carbon in the ring, indicating an increased 
mobility of the backbone of the C-terminal acyclic peptide as com- 
pared to the ring. The f3- and y-carbons of the Pro residue undergo 
an exo-endo interconversion with regard to the plane formed by a- 
carbon, 6-carbon and N atom of the Pro pyroll1dine ring. These data 
are discussed in light of results from other experimental and 
theoretical studies, including carbon-13 spin-lattice relaxation 
times for oxytocin in aqueous solution. 

The preferred structure proposed by Urry and Walter (1) for 

oxytocin in solution has been subject to extensive investigation 

by proton NMR (2-6), carbon-13 NMR (7-g), conformational energy 

calculations (5,10,11) and model-building (11). We report here 

the use of 13C spin-lattice relaxation time measurements to deter- 

mine the degree of intramolecular motion of oxytocin in dimethyl- 

sulfoxide. In particular, we address ourselves to the suggestion 

of Brewster et al. (5) that in dimethylsulfoxide oxytocin may be 

in rapid equilibrium between several energetically favorable con- 

formations. In addition to the B-turn, comprised of the sequence 

Tyr-Ile-Gln-Asn and closed by a hydrogen bond between the peptide 

Copyright 0 1974 by Academic Press, Inc. 
Ail rights of reproductim in any form reserved. 216 



Vol. 58, No. 1, 1974 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

NH of the asparagine residue and the carbonyl oxygen of.the 

tyrosine residue, as originally proposed for oxytocin by Urry et. 

al. (12), Brewster et aZ. consider as particularly favorable a 

conformer with an 8-membered hydrogen-bonded ring closed by the 

peptide NH of the asparagine residue and the oxygen of the carbox- 

amide carbonyl of the glutamine sidechain (5). If such a conformer 

is present to a significant degree among the hypothetically possible 

structures, it could be expected that the intramolecular motion of 

the glutamine sidechain would be restricted, and that this would be 

reflected in the 13C spin-lattice relaxation times, T1 (13-16). 

Materials and Methods: Oxytocin (purchased from Connaught Lab- 

oratories, Toronto, Canada) had an avian vasodepressor activity 

of 450 U/mg. A 100 mg sample was dissolved in 1.0 ml of deuterated 

dimethylsulfoxide ((CD3)2SO). Spectra were obtained on a Varian 

XL-loo-15 spectrometer operating at 25.16 MHz. Fourier transform 

spectra were accumulated in a Varian 620-L computer. T, data 

(+ 15%) were acquired using a 180"-T-90°-T, pulse sequence, where 

T, is at least five times the longest T1 to be measured. Thirty 

values of T from 10 - 600 msec were chosen. For each T value 

10,000 scans were taken. 

Results and Discussion: The C-13 chemical shifts of oxytocin in 

(CDs) pS0 solution have been reported (7,8). The assignments for 

Tyr and Cys-1 cx carbons were taken as in reference 8. T1 values 

multiplied by N, the number of directly-attached protons, are 

shown for oxytocin in Figure 1. In the limit of extreme narrowing, 

the longer the NT] value, the more rapid the motion of the 13C 

species. NT1 values are not reported for the cc-carbon of Gly, nor 

the @-carbons of Leu and Cys-6, because they were obscured by the 

resonances from the solvent for values of T smaller than 100 msec. 

The NT1 values for the backbone carbons are ca. 53 msec. From - 
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Figure 1 

1) NT1 values in msec observed in oxytocin in deuterated dimethyl- 

sulfoxide. 

Numbers in parentheses are NT, values obtained in aqueous 

medium (see reference 14). 

the dipolar contribution to the T 1 value (13) we calculate an 

overall correlation time (~~1 of 8.8 x lo-" set assuming that the 

hormone tumbles isotropically in solution. Thus, oxytocin tumbles 

more slowly in (CDB)~SO than in D20 in which a value of 5 x lo-" 

set was calculated (14). 

The sidechain of Tyr undergoes more motion than the backbone as 

judged from NT1 values of the ortho and meta carbons of the ring 

portion which are twice that of the Tyr a-carbon. However, because 

we have no NT1 value for the B-carbon, we cannot conclude whether 

the ring portion simply undergoes segmental motion or whether rapid 

rotation occurs about the aryl-C B bond. In view of conformational 
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considerations of the preferred rotamer position of the aromatic 

sidechain of Tyr in the hypothetical "active" conformation of 

oxytocin (18) and the position of the Tyr when the hormone is in 

different solvents (e.g. 1, 19-21), it is noteworthy that we find 

in the present' study a proportionally more mobile Tyr sidechain in 

(CD3)zSO solution as compared to D20 (14), taking in both cases the 

T1 values of the a-carbons in the peptide backbone as reference. 

In D20, the T1 value of the a carbon of Tyr is 103 msec and the 

NT1 values for the ortho and meta carbons of the aromatic ring 

are = 135 msec, whereas in (CDs) 2S0, the T1 value for the c1 carbon 

of Tyr is 59 msec and the ortho and meta carbons of the aromatic 

ring show NT1 values of = 117 msec. 

The Ile residue undergoes segmental motion as judged from a 

four-fold increase in T1 in going from the CI- to the y-carbon. 

The B-methyl group of the Ile residue is more restricted than the 

y-methyl group, as has been observed in the free amino acid (17) 

and in oxytocin in aqueous solution (14). 

The sidechain of the Gln residue also undergoes segmental 

motion; there is a factor of 1.7 in NT1 values between the CX- and 

B-carbons and a factor of 1.5 between the S- and y-carbons. This 

type of behavior has also been observed for the Gln residue in 

Gly-Gly-Gln-Gly-Gly (16) and inoxytocin in aqueous solution, where 

differences in NT1 values between the c1-, @- and y-carbons were 

slightly greater than a factor of 2 (14). Thus the T1 values of 

the Gln residue give no indication that its sidechain is restricted 

in mobility as might be expected if the carboxamide carbonyl were 

hydrogen-bonded to the peptide NH of the Asn residue in oxytocin 

(5): in the solution model proposed earlier (1) the Gln sidechain 

exhibits optimal mobility by virtue of its occupying a corner of 

the l-+4 turn. Residues in these corners are thought to be important 

219 



Vol. 58, No. 1, 1974 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

for intermolecular interactions, rather than intramolecular stabil- 

ization; in fact, sidechains of residues in corner positions of the 

B-turns of oxytocin have been postulated to be critical for 

expression of hormonal activity (18). 

Turning to the acyclic tripeptide, the T1 value for the CL- 

carbon of Pro indicates that this residue is restricted due to its 

peptide linkage to Cys-6 in oxytocin. The a- and &-carbons of the 

Pro ring have similar mobilities, whereas the 6- and y-carbons 

interconvert very rapidly between exo and endo conformations with 

respect to the plane formed by the a-carbon, &-carbon and N atom. 

Such rapid ring interconversions have been detected for Pro in a 

wide variety of peptides and peptide hormones (14,17,22,23). The 

a-carbon resonance of the Leu residue unfortunately overlaps that 

of the Cys-6 residue. The combined resonances have an overall T, 

value of 66 msec. Within the accuracy of our experiments no 

curvature in the plot of log peak intensity vs. T was detected. - 

Assuming, however, the T1 value of the a-carbon of the Cys-6 residue 

to be similar to those of the other a-carbons in the 20-membered 

oxytocin ring (ca. 53 msec), a tentative T1 value of 75 - 80 msec - 

can be estimated for the a-carbon of Leu*. This would indicate 

that the backbone of the terminal tripeptide is more mobile in 

(CD~)PSO than the backbone of the ring moiety. 

*We have calculated that in the T value range used, the observed 

T1 value is approximately the average of the T1 values of the 

constituent carbons, provided the ratio of T 1 values is less than 2. 

In conclusion the 13C T1 values appear to provide a more 

sensitive conformational monitor than do the 13C chemical shifts. 

In particular, for oxytocin in dimethylsulfoxide they show that 

a hydrogen-bond between the Gln and Asn residues is highly unlikely, 
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that the C-terminal tripeptide is less mobile relative to the 

cyclic portion and that the Pro residue is interconverting very 

rapidly between ring-puckered forms. 
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