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Summary: An analysis of spin coupling constants, <3J>CaH_NH, from a 
hiqh resolution 500 MHz 1H NMR study of IMet51-enkephalinamide in aqueous 
soiution, suggested that B-sheet structure is the likely conformer.' The 
effect of ethanol on the conformation of [Met51-enkephalinamide in aqueous 
solution was investigated. From the upfield drift of observed chemical shifts 
and changes in coupling constants, especially of the amide NH resonances, it 
is concluded that ethanol disrupts the conformation possibly by influencing 
the hydrogen bonding. The above observation is consistent with a recent 
stud 

3 
of the ethanol induced conformational changes occurring in 

[Met lenkephalinamide CRapaka, R.S. et al. (1986) Life Sciences 39,837-8421. 
0 1987 Academic Press, Inc. 

Even before the discovery of the endogenous ligands for the opioid receptors, 

i.e. the enkephalins, by Hughes et al (1). several oeioid receptor types were 

demonstrated from binding and pharmacological studies (2-5). Hiller et al (6) 

proposed from their binding studies that P- and &receptors differ in 

their ligand-binding characteristics in the presence of ethanol. This 

difference was attributed to the differences in fluidity changes in the 

membrane caused by ethanol and it was proposed that binding to h-receptors 

is more influenced than to P-receptors. Conformational studies and 

receptor binding studies from our laboratories indicated that effects on 
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ligand conformation are as important as on receptor protein. In our earlier 

studies, conformational changes in [Met']-enkephalinamide, a h-receptor 

ligand, and H-Tyr-D-Ala-Gly-N-Me-Phe-Gly-ol (DAGO), a P-receptor specific 

ligand were investigated using FT-IR spectroscopy (7,8). The present study 

*as undertaken to unequivocally demonstrate the ethanol-induced hydrogen bond 

disruption and the resultant loss of conformation of [Met']-enkephalinamide 

In the present report, preliminary results on the effects of ethanol on the 

conformations of [Met51-enkephalinamide in aqueous solution are presented 

from high resolution 500 MHz 'H NMR spectroscopic study, which affords 

suppression of water peaks in 'H NMR spectra, and offers a powerful "window" 

on secondary structures of polypeptides and proteins. 

Materials and Methods 

[Met51-enkephalinamide and 100% D20 were purchased from Bachem, Torrance, 
CA and Sigma Chemical company, St. Louis, MO., respectively. A 15 mM solutior 
of [Met51-enkephalinamide in 4:' H20:D20 mixture, pH(D) 4.47 (at 25oC) 
was prepared. NMR spectra were recorded on a Bruker AM500 spectrometer at 
Harvard University NMR facility at the Department of Chemistry. Water 
resonance was suppressed by using 1331 pulse sequence. Chemical shifts. 6, 
were referenced to water signal (4.8 ppm). 15 ~1 and 120 l.11 of ethanol 
was added to a 0.5 ml aqueous solution of [MetSI-enkephalinamide. This 
addition results in 3 and 24% aqueous ethanolic solutions respectively. In 
the earlier studies, Hiller et al (6) utilized ethanolic solutions of upto 5% 
(v/v). However, in this present stud 

9 
24% ethanol (v/v) in water was also 

used as higher concentrations of [Met I-enkephalinamide were required in the 
NMR study to obtain satisfactory signals. Spectroscopic grade ethanol was 
used in the preparation of the solution. 

Results and Discussion 

Assignment of amide NH Resonances 

The amide region of the 500 MHz 'H NMR spectrum of :"et51-enkephalinamide, 

15 mM solution in 4:l H20-D20 mixture, pH(D) 4.47, a'l room temperature is 

shown in fig. 1A. The spectral assignments were accomplished by spin 

decoupling and by comparison with previous studies of [Met51-enkephalin in 

(CD3)2S0 and D20 by Higashijima et al. (91, Zetta et al. (lo), and 

Levine et al. (11). The non-equivalent largest upfield and downfield NH 

resonances occurring as a broad peak at 8.60 ppm and as a triplet at 8.02 ppm 

were assigned to the Gly2NH and Gly3NH respectively. The doublets at 8.37 
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Fig. 1. A. Peptide NH region of 500 NHz 'H NMR spectrum of 15 mM 
solution of [Mets]-enkephalinamide in 4:l H20-D20 mixture, 
pH(D) 4.47 at room temperature; 6. In the presence of 3% (v/v) 
ethanol; C. In the presence of 24% (v/v) ethanol. 

ppm and 8.22 ppm were assigned to Met5 NH and Pheq NH based on the 

different spin coupling constants, c3J> CaH-NH, and spin decoupling 

experiments. In aqueous solution, NH; of Tyr, experiences rapid 

exchange with 020 in 4:l H20-D,O mixture whereas in (CD3)2SO, Tyr, 
L 

NH; proton resonance can be observed distinctively. Chemical shifts, 

3, and spin coupling constants. .I, of L+letSl-enkephalinamide and 

[MetSI-enkephalinamide in the presence of ethanol are !isted in Table I. 

Conformation of [Met51-enkephalinamide in Water 

. 
The observed spin coupling constants, c’J>~Q~-~~, were correlated with 

with Ramachandran angle,+, using Karplus-like equation (12): 

3J CczHmNH= A Cos2e - 8 Cos9 + C Sin*8 with the values of the 

coefficient A,B,C for glycyl and non-glycyl residues derived by Bystrov et al. 

(13). In aqueous solution of [Met51-enkephalinamide, Phe4 and Met5 NH 

protons show coupling constants of 6.55 Hz and 7.60 Hz, respectively. The 

above observed values for Phe4 and Met5 residues correspond to four 

possible values of Ramachandran angle,+ (IUPAC Convention): (i) 80 to 

9o"; (ii)30°to 40°;(iii)-160 to -170"; and (iv)-70' to -80'. The 

Gly3 NH manifests an average coupling constant of 5.65 Hz which give rise 
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TABLE I 

Peptide NH Chemical Shifts, b (ppm + 0 01 ppm). and Spin Coupling 
Constants, 3JC~H-NH(H~ + 0.05 HZ). for [Met51-enkephalinamide 

in 4:l HzO-1320 Mixture as a Function of Alcohol Concentration 

Ethanol GlyzNH GlyjNH Phe4NH Met5NH 

0% 8.60 8.02 8.22 8 37 

‘35 >CaH-NH a 5.65 6.55 7.60 

3% (v/v) 8.59 8.01 8.21 8.36 

‘35 >CaH-NH a 5.80 6.50 7.55 

24% (v/v) 8.56 7.99 8.17 8.31 

<3J>CaH-NH a 5.65 6.40 7.65 

For Tyrl NH3, see text for explanation. 

aunresolved 

to 41 values between $0' to 230'. The third possibility, C$ = -160' 

-170' lies close to the B-sheet region and is in agreement with the observed 

I$ angle for Phe4 and Met5 residues in [Met']-enkepha in crystal 

structure recently reported by Griffin et a1.(14). -he first possib 

solution for 4 = 80 to 100' and the fourth possible Ivalue of Q = 70 

80' are generally compatible with type I’/II/III’ O-turn structures 

with either Phe4 or Met as i+2 residue. 
5 

But if O-turn should occur 

le 

to 

(15) 

involving G1y3-Phe4 which has been suggested from numerous spectroscopic 

studies (15), then the I$~ for Gly3 of either -20' to -30' or 20' 

to 30' is somewhat out-of-range for the occurrence of Gly3 in the 

Gly3-Phe4 R-turn (16). Therefore, from the present 500 MHz 'H NMR study 

of [Met']-enkephalinamide in aqueous solution, at 15mM concentration, pH(D) 

4.47, an extended R-sheet structure seems more likely than a i3-turn 

structure. For a discussion of numerous spectroscopic studies of enkephalins, 

see Schiller et al. (15). The aaove csnclusisn is consistent with our 

previous FT-IR and Raman studies ,of LMet51-enkephalin (17) and the recent 
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x-ray studies of Griffin et al. (14) and Doi et al. (18). Nevertheless from 

the limited NMR study reported here where the temperature and concentration 

effects are not discussed, it will be premature to assume the total absence of 

the occurrence of B-turn structure. 

Effect of Ethanol on 500 MHz 'H NMR Spectrum of [Met51-enkephalinamide in 

water A 

500 MHz 'H NMR spectra of [Met']-enkephalinamide in 4:l H20-D20 

mixture in the presence of 3% and 24% ethanol are shown in Fig. 1B and 'IC and 

the observed changes in the coupling constants, 6, and spin coupling 

constants, c3J>CaHeNH are listed in Table I. At 3% (v/v) ethanol, 
, 

the change in the chemical shifts, 6, observed for Gly2, Gly3, Phe4, 

and Met5 NH resonances are less than 0.03 ppm. Nevertheless, all the four 

NH resonances shift upfield slightly. The change in <'J>CaH-NH are 

less than 0.15 Hz with the largest changes occurring, in the Gly3 CaHNH 

coupling constant. When the concentration of ethanc! is increased further, 

Gly3 NH proton experiences the least chemical shift change whereas G1y2, 

Phe4, and Met5 NH protons undergo large changes in their chemical shifts. 

The spin coupling constants, cJJ>C~HmN,,, for Phe4 and Met5 

residues also increase slightly. 

The changes observed in the chemical shifts in presence of ethanol are 

generally indicative of the perturbation of secondary structure of 

[Met51-enkephalinamide in aqueous solution. The very slight change in 

Gly2NH chemical shifts suggests that this proton does not participate in the 

disruption of the secondary structure induced by ethanol. On the other hand, 

Gly3 NH, Phe4 NH and Met; NH chemical shifts undergoing changes in 6 

in the presence of ethanol would implicate them in a. disruption of the 

jecondary structure of [Met51-enkephalinamide triggered by ethanol. The 

pattern of changes observed in chemical shifts is paralleled by the variation 
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in spin coupling constants c3J>CaHNH induced by ethanol. Various 

modes of hydrogen bonding between [Met51-enkephalins have been proposed by 

Griffin et al. (14) and others (19, and for a review see 15) and are 

consistent with crystal structure determinations (15). A plausible 

explanation of the upfield shift of the Gly3, Phe4, Met5 NH protons (20) 

and the change in the spin coupling constants, c3J, a. 
C H-NH' are 

consistent with the general concept of disruption of the hydrogen bonding 

between IMet51-enkephalin molecules and consequent structural alterations 

(21-23). 

In conclusion, this study provides evidence for the presence of O-sheet 

structure for [Met']-enkephalinamide. The B-sheet structure is destabilized 

by ethanol due to the disruption of H-bonds. This observation points out that 

ethnol-induced effect on ligand-receptor binding may je due to alteration of 

the ligand conformation and the importance of confor-ational features of the 

ligand in ligand-receptor interaction has been alrea3y pointed out (see 23 for 

review). 
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