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SUMMARY: Using proton spin-lattice relaxation times, the interaction of 
small oligopeptides with sonicated vesicles of synthetic B-Y-dimyristoyl L-o- 
lecithin has been monitored at 29°C in D20. The measured relaxation times for 
the lecithin choline methyl, alkyl chain, and terminal methyl protons were ob- 
served to shorten markedly with increasing concentration of peptide, the relax- 
ation remaining exponential. Noticeable resonance broadening was observed at 
the highest peptide concentration studied. The data reported are for the ef- 
fect of the pharmacologically active pentapeptide methionine-enkephalin. Sim- 
ilar results have been observed for the effect of tetraglycine. The relaxa- 
tion of the observable resonances of the added peptide appear to be unaffected. 
The results are discussed in terms of peptide-vesicle interactions. 

INTRODUCTION: A considerable body of literature exists which describes 

the use of well defined phospholipid bilayer vesicles as model membrane sys- 

tems. In particular the behavior of NMR* signals has been extensively used to 

study these vesicles and their interaction with oligopeptides such as poly (L- 

glutamic acid) (1) and the antibiotics valinomycin (2) and alamethicin (3). 

These oligopeptides range in molecular weight from ~1,100 to ~80,000 D, and the 

effects of smaller peptides on the NMR spectra of vesicle model membrane sys- 

tems appears to have been ignored. The influence of smaller peptides on model 

membranes is of considerable current interest, however, in view of the in- 

creasing number which are being found to exhibit pharmacological activity on 

the central nervous system. 

*nuclear magnetic resonance 
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Recently we became interested in the biochemistry and biophysics of the 

opiate peptide, methionine-enkephalin (4) and have determined some features of 

its conformation in aqueous and non-aqueous solution (5). This pentapeptide 

(H-Tyr-Gly-Gly-Phe-Met-OH, MW = 573 D) acts as an opiate agonist in the guinea 

pig myenteric plexus (4) and has an anatomical distribution in mammalian cen- 

tral nervous systems similar to that of the opiate receptor (6). The question 

of whether such peptides act as neurotransmitters or neurohormones is under 

study, but it is clear that a possibility exists that they interact directly 

with the lipid component of synaptic membranes. To evaluate this possibility 

we have performed and describe below the obvious experiment of monitoring 

changes in the NMR parameters of phospholipid vesicles in aqueous solution 

induced by the addition of methionine-enkephalin. 

MATERIALS AND METHODS: The vesicles used in this study were prepared 
from synthetic f3-y-dimyristoyl L-u-lecithin obtained from Calbiochem (lot# 
400488). 
thin 

This material showed a single spot (Rf = 0.21) when visualized after 
layer chromatography (chloroform-methanol-water, 80:25:3) and was not 

further purified. We note, however, that an impurity contributing to vesicle 
stability is thought to be present in synthetic dipalmitoyllecithin which shows 
a single spot on thin layer chromatography (1). The vesicles were formed by 
sonication (45 minutes) to opalescence in 100% D20 using a power level of 40 W 
with a model W 185 D sonicator, Heat Systems-Ultrasonics, Inc.. Equivalent 
lecithin monomer concentration was 15.8 * 1.2 mM. Individual preparations were 
carried out for each peptide concentration used. Each vesicle preparation was 
divided in half to provide a control without peptide for each sample to which 
peptide was added. The preparation, purification, and analytical examination 
of the methionine-enkephalin has been described elsewhere (5). Tetraglycine 
was obtained from R-Plus, Inc., migrated on paper chromatography (phenol- 
water, 5:l) as a single spot (Rf = 0.54) and was not further purified. The pH 
was adjusted with DC1 or NaOD to p D = 3.23 * 0.09 (7). Special care was 
taken to use the minimum necessary amount of DC1 or NaOD in order to minimize 
the amount of salt present, which can affect the NMR spectra of the vesicles 
(1). The samples were unbuffered and no attempt was made to remove dissolved 
oxygen. However, our data is obtained with control samples to which no peptide 
is added, and we have previously measured the proton relaxation of methionine- 
enkephalin in carefully degassed and treated solutions (5). These latter so- 
lutions act as controls for effects of possible paramagnetic impurities. Sam- 
ples generally were used immediately after preparation and always within 24 
hours and kept at 30°C when not in use. 

Proton NMR spectra were obtained in the Fourier transform mode at 1OOMHz 
and bandwidth of 1.0 KHz (8192 data points) using the JEOL-PFT-100 spectro- 
meter of the New En 

4 
land Area Research Resource. The resonance from residual 

HDO was suppressed 8). Temperature was controlled to * 1°C with the standard 
JEOL temperature controller. Spin-lattice relaxation times Tl were determined 
with the 180°-T-90"T pulse sequence (9) with t at least six times the longest 
measured Tl. Two or four parameter non-linear regression analysis was used to 
obtain T.1 from the single exponential or weighted biexponential decay functions 
(not their logarithms). Peak resonance intensities were used in determining 
Tl. 
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RESULTS AND DISCUSSION: The spectra obtained were typical of sonicated 

lecithin vesicles (10) and showed resonances from the choline methyl and fatty 

acid alkyl chain and terminal methyl protons. A shoulder was just barely (but 

reproducibly) discernable on the upfield side of the choline methyl resonance 

and is due to the effect of vesicle surface curvature in distinguishing the 

inner from the outer choline methyls (3, 11). It should be noted that the two 

choline methyl resonances were not sufficiently resolved to allow the measure- 

ment of separate Tl's. The data discussed below are for the most intense, 

more downfield choline methyl resonance and because of the partial overlap of 

the outer and inner resonances reflect a weighted average. 

Table 1 summarizes the measured Tl's. Exponential relaxation was observed 

within experimental error for all cases but one. At the highest concentration 

of methione-enkephalin interference from the Tyr and Phe B resonances of the 

peptide resulted in a measurable departure of the choline methyl relaxation 

from exponentiality. In view of the fact that the peptide resonances involved 

have longer Tl's than the vesicle resonance the average Tl given in Table 1 is 

an upper-bound for the true value and thus does indicate appreciable peptide 

vesicle interaction. 

Fig. 1 displays the effect of increasing concentration of methionine- 

enkephalin in shortening the vesicle Tl's. Considering the correlation times 

observed in such systems (12) this shortening reflects a decrease in motional 

freedom of the lipid protons. To facilitate comparison with the behavior of 

larger peptide additives (l-3, 13) the concentration is given in terms of amino 

acid residues. Normally the NMR parameter monitored in demonstrating the 

influence of an additive peptide is resonance intensity or width, and not Tl. 

Thus, comparison with the literature can be made only in general terms. Such 

comparison reveals that the effect seen in Fig. 1 arises at relative lecithin- 

amino acid residue concentrations equivalent to those found for alamethicin 

(3) and poly(L-glutamic acid)(l) in sonicated vesicles. 

Fig. 1 also indicates that the greatest effect and also the effect seen at 
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lowest peptide concentrations is for the choline methyl protons. It is signi- 

ficant, however, that a definite reduction is seen for the alkyl chain and ter- 

minal methyl proton Tl's at the higher peptide concentration. The influence 

on the terminal methyl protons is especially significant in view of the fact 

that these protons are located in the center of the bilayer. The implication 

is that either the peptide has penetrated the bilayer or a surface effect has 

been propagated into the bilayer center. The difference in NMR behavior of 

unsonicated dipalmitoyllecithin and dimyristoyllecithin upon addition of val- 

inomycin has led to the conclusion (2) that the antibiotic is incorporated 

into the less stable dimyristoyllecithin structure. Furthermore it has been 

pointed out (2) that the effect of valinomycin in apparently penetrating 

sonicated phospholipid bilayers (13) is consistent with the significantly 

looser molecular packing in sonicated versus unsonicated phospholipids. 

We note that Fig. 1 reveals a greater effect on the terminal methyl as 

compared to the alkyl chain protons. It is difficult to interpret this 

difference in terms of peptide penetration into the bilayer since the initial 

motional states of these two groups of protons are doubtless different. The 
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Figure l-- ---The effect of methionine-enkephalin on the proton spin- 
lattice relaxation of sonicated dimyristoyllecithin vesicles (o-choline methyl 
protons, a -alkyl chain protons,A-terminal methyl protons). Concentration 
of peptide is given in terms of amino acid residues (see footnote c to Table 
1.) Solid lines are drawn only as an aid in visualizing the data. 

172 



Vol. 71, No. 1,1976 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

greater shortening of the terminal methyl T, upon addition of peptide may be a 

reflection of an initial state of greater motional freedom. 

We have also conducted preliminary experiments at 16°C which is below the 

transition temperature of %23OC characterizing peptide free vesicles (14) and 

have observed no shortening of the choline methyl T1 upon addition of peptide. 

In view of the known sensitivity of the transition temperature of unsonicated 

dimyristoyllecithin bilayers to the concentration of valinomycin (2) interpre- 

tation of this result is deferred. 

To evaluate the influence of the vesicles on methione-enkephalin the Tl's 

of the Phe and Tyr aromatic and Met methyl resonances of the peptide were mea- 

sured. No significant differences were observed at 29'C from the Tl's measured 

in a carefully degassed and treated aqueous solution (5). Aside from indicating 

the absence of serious paramagnetic contaminants in our vesicle preparations, 

these results carry the following implication: either the exchange between 

vesicle bound and unbound peptide is slow on the time scale given by T1 or the 

exchange is not slow and the concentration of bound peptide which is causing 

the effect on the vesicles is very small. 

To provide a comparison with the results observed using methionine- 

enkephalin we have conducted similar experiments with tetraglycine, a peptide 

which is not known to exhibit pharmacological acitvity. At 29'C, a peptide 

amino acid residue concentration of 26.0 mM, and the same concentration of 

vesicles and pD used in Table 1 we observe the following results for Tl 

(vesicles)/Tl (vesicles + tetraglycine): choline methyl-1.30, alkyl chain- 

1.05, and terminal methyl-1.04. While these effects are smaller than those 

observed in Fig. 1, they nonetheless raise the possibility that the inter- 

action between vesicles and oligopeptides of all sizes and charge character- 

istics may be a general phenomenon. This, outside of its own interest, may 

have practical consequences. It may mean, for example, that comnon buffers 

produce similar results. 
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