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Summary 

Fluorescence and circular dichroism spectra indicate that pentagastrin inter- 
acts with dimyristoyl  glycerophosphocholine more strongly below the phase 
transition temperature of the lipid than above it. Studies on the interaction of  
several peptides with dimyristoyl  glycerophosphocholine suggest that  this prop- 
erty may be related to the ability of  these peptides to form amphipathic struc- 
tures containing two hydrophobic  amino acids separated by two other amino 
acids. Pentagastrin has a marked effect  on the proton magnetic resonance spec- 
tra of dipalmitoyl glycerophosphocholine below the phase transition tempera- 
ture indicating that the peptide decreases the motional freedom of the lipid. 

Introduction 

Synthetm phosphatidylcholine preparations with uniform fatty acid chains 
undergo a cooperative thermal transition from gel to liquid crystalline state 
with increasing temperature.  For dimyristoyl  glycerophosphocholine this tran- 
sition occurs at 23°C. Substances can, in general, interact more readily with the 
liquid crystalline state where the phospholipid has greater fluidity and lower 
density. For  example, the proteins of  human erythrocyte  membranes are more 
exposed to the aqueous environment when the microviscosity of the membrane 
is increased [1].  However,  it has recently been noted that glucagon interacts 
more strongly with the gel state of  dimyristoyl glycerophosphocholine [2]. 
Glucagon has an amino acid sequence which would allow it to form amphi- 
pathic helices. Other small, physiologically active peptides, including penta- 
gastrin and Met-enkephalin, have two hydrophobic  amino acids separated by 
two other amino acids and thus have the potential of  forming amphipathic 
structures. We wish to determine if other  peptides, in addition to glucagon, can 
interact more readily with the gel state of  dimyristoyl glycerophosphocholine 
and if this property is related to their ability to form amphipathic structures. 
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Materials and Methods 

Dimyristoyl glycerophosphocholine (Sigma Chemical Co.) showed a single 
spot  when vxsualized with iodine vapors after thin-layer chromatography. The 
following peptides were obtained from commercial sources: Glucagon (Elanco 
Corp.), Met-enkephalin (H-Tyr-Gly-Gly-Phe-Met NH2, Peninsula Labs., lot 
791009),  pentagastrm (N-t-butoxycarbonyl-f3-Ala-Trp-Met-Asp-Phe NH2, 
Bachem, lot 1898), tetragastrin (H-Trp-Met-Asp-Phe NH2, Bachem, lot 8970), 
gastrin-related peptide (H-Trp-Met-Arg-Phe NH2, Peninsula Labs., lot 72161), 
H-Phe-Gly-Gly-PheOH (Bachem, lot 9249), H-Phe-Gly-Phe-GlyOH. H20 
(Bachem, lot 8409), EAE peptide, synthetic, residues 114--122 of  human basic 
protein of  myelin (H-Phe-Ser-Trp-Gly-Ala-Glu-Gly-Gln-ArgOH, Beckman, lot 
O27O5). 

Fluorescence emission spectra were measured with a Perkin-Elmer, MPF-44 
in the ratio mode with 295 nm excitation and using 2 nm slit widths. The circu- 
lar dichroism (CD) spectra were measured with a Cary, model 61. No correc- 
tions were made for light scattering. CD results are expressed in terms of  the 
mean residue ellipticity, [0]. For fluoresence measurements the peptides at 
concentrations of  approximately 2 /~g/ml were dissolved in 0.02 M N-2-hy- 
droxyethylpiperazine-N'-2-ethanesulfonic acid (HEPES) and the pH adjusted to 
the desired value with small volumes of  10 M or 0.1 M NaOH. For CD measure- 
ments the peptides at concentrations of  approximately 50 ~g/ml were dissolved 
in 0.001 M HEPES, pH 7.4. Spectral properties of identical solutions of peptlde 
in the presence and absence of  dimyristoyl glycerophosphochohne were com- 
pared. To 5-ml aliquots of  peptide solution were added 50 ~l of dimyristoyl 
glycerophosphocholine solution in ethanol by rapid injection above the phase 
transition temperature to give unilamellar vesicles [3] at a concentration of 
220 pg/ml. An equal amount  of  ethanol was added to peptide solutions not  
containing lipid. The concentrations of  the peptides used for CD were deter- 
mined from their absorption spectra in the near ultraviolet, measured on a Cary 
118 spectrometer.  The extinction coefficient for each peptide was calculated 
from its const i tuent  amino acids using the spectral data given by Wetlaufer [4]. 

Proton magnetic resonance (PMR) spectra were obtained from a Bruker WH 
90 fourier transform spectrometer  operating at 90 MHz. Normally, 100 (90 °) 
pulses were required to provide adequate signal to noise enhancement although 
up to 1000 pulses were used in some cases to adequately resolved weaker pep- 
tide signals. A Bruker B-ST 100/700 Temperature Controller was used to main- 
tain sample temperature within ±1°C. Samples were prepared by dissolving 
pentagastrm in 2H:O at a pH meter reading of 8. Dipalmitoyl glycerophospho- 
chohne was dissolved in chloroform and the solvent was evaporated under a 
stream of  nitrogen while vortexing so as to deposit  a film of lipid on the walls 
of  a glass test tube. Final traces of  solvent were removed by drying for at least 
1 h under high vacuum. The pentagastrin solution or :H20 at pH 8 was added 
to the lipid film and the lipid was suspended by vortexing above the phase tran- 
sition temperature.  The sample was then sonicated at 42°C for 1 h under 
nitrogen in a Bransonic 12 bath-type sonicator. 
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Results 

The fluorescence properties of several tryptophan-contaming peptldes are 
altered upon addition of dimyrystoyl glycerophosphocholine. The intrinsic 
fluorescence of the t ryptophan in these peptides was measured at 6 ° and 40°C 
(Table I). The ratio of intensities are precise to * 2% and except for tetragastrin 
the wavelength of maximum emission is independent of pH within a precision 
of ~1 nm. The fluorescence intensity in the absence of dimyristoyl glycerophos- 
phochohne varies only about 15% over the pH range studied for all of the pep- 
tides listed in Table I except for tetragastrin which exhibits a 4-fold variation in 
fluorescence intensity over this pH range. The fluorescence enhancement ob- 
served for glucagon is less than that  previously reported using other conditions 
[2]. The difference may be due, in part, to the presence of HEPES since the 
fluorescence enhancement  induced by dimyristoyl glycerophosphochohne 
increases to 1.45 when the HEPES concentration is reduced to 0.001 M HEPES, 
pH 7.4, 0.15 M NaC1. In all cases, however, the lipid only affects the fluores- 
cent properties of glucagon at temperatures below the phase transition temper- 
ature of the lipid. The effect of the molar ratio of lipid to pentagastrin on the 
extent  of fluorescence enhancement lS given in Fig. 1. At the highest ratios of 
dimyristoyl glycerophosphocholine to pentagastrm the fluorescence emission 
spectra of the peptide is shifted to 335 nm with no change in the bandwidth. 

The effect of dimyristoyl glycerophosphocholine on the magnitude of the 
major CD band in the spectral region 250--210 nm are given in Table II. The 
wavelength of this band is independent of both temperature and the presence 
of dimyristoyl glycerophosphocholine. The effect of dimyristoyl glycerophos- 
phocholine on the CD spectra does not  arise because of scattering artifacts 
since the lipid is always found to increase the magnitude of the CD band while 
scattering artifacts would decrease it. 

Dipalmitoyl instead of dimyristoyl glycerophosphochohne was used for the 
PMR studies since increased turbidity in the pentagastrin-dimyristoyl glycero- 32} 30 
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phosphocholine was noted at temperatures below the phase transition temper- 
ature of  the lipid at the high vesicle concentrations needed for the PMR mea- 
surements. Pentagastrin had no effect on the right-angle light scattering prop- 
erties of a sonicated preparation of  dipalmitoyl glycerophosphocholine as 
observed with the fluorimeter. A decrease in light scattering intensity was ob- 
served at 41°C for vesicle preparations of  dipalmitoyl glycerophosphocholine 
both with and without  peptlde, indicating that the peptide had httle effect on 
the phase transition temperature of  the lipid. 

The major effect of  pentagastrin on the PMR spectra of  dipalmitoyl glycero- 
phosphochol ine is to broaden the lipid methylene and terminal methyl protons 
beyond detection by fourier transform PMR spectroscopy at 35°C (Fig. 2). The 
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fraction of lipid protons detected at 35 ° and 55°C, above and below the phase 
transition temperature are summarized in Table III. Their values are calculated 
from the peak areas, measured by planimetry, knowing the molar ratio of lipid 
to peptide and assuming that  all of  the peptide protons are detected. This is a 
reasonable assumption since a large ratio of  lipid to peptlde is required to 
obtain maximum fluorescence enhancement  {Fig. 1). If not  all of the peptlde 
protons are being observed then the effect of the peptide on the lipid would be 
even larger. Generally, areas of  the t-butoxy and aromatic signals of the peptide 
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1 t - T r p - M e t - A r g - P h e - N H  2 

t t - P h e - G  Iv -G l y - P h e - O  H 

t t - P h e - G I y - P h e - G  l y - O  H 
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corresponding to 9 and 10 protons respectively were used to calculate the area 
per proton observed. The number  of  quaternary ammonium methyl protons of 
the lipid were corrected for the overlapping signals of the methionine-7-CH2 
and tryptophan-~-CH:. Because of  the uncertainty of the baseline, the fraction 
of protons observed are precise to _+20%. 

Discussion 

The fluorescence emission spectrum of t ryptophan is shifted to shorter wave- 
lengths in a more hydrophobic  environment.  This is usually accompanied by an 
increase in quantum ymld. Dimyristoyl glycerophosphocholine causes a blue- 
shift in the emission spectrum of  glucagon, pentagastrm and the gastrin-related 
peptide at 6°C but  at 40°C the shift is smaller for the latter two peptides and 
absent with glucagon (Table I). This shift is also absent with the EAE peptide 
at both 6 ° and 40°C (Table I) as well as with L-tryptophan, L-tryptophan amlde 
and N-acetyl-L-tryptophan amide at pH 7.4 (unpublished observations) and 
with H-Gly-Trp-Gly-OH [6]. CD results (Table II) also indicate that  the inter- 
action of  glucagon, pentagastrin and gastrin-related peptide as well as met- 
enkephalin with dimyristoyl glycerophosphocholine is greater at 6°C than at 
40°C. All of these peptides have in common a structure containing two hydro- 
phobic amino acids, separated by two other amino acids (see Table IV for the 
structures of  these peptides). The two (L-Phe)2 (Gly)2 peptides show only small 
changes in CD spectra with dimyristoyl glycerophosphocholine as does the 
EAE peptide,  but  the trend is suggestive indicating that the peptide having its 
hydrophobic  amino acids separated by two other amino acids, i.e., H-Phe-Gly- 
Gly-Phe-OH, interacts more strongly with dimyristoyl glycerophosphocholine 
at low temperatures,  while the other two interact more strongly at higher tem- 
peratures. Tetragastrin is an exception to this generalization and appears to 
interact weakly with dimyristoyl glycerophosphocholine,  although at pH 7 it 
does show a small change in position and intensity of  fluorescence suggesting 
a greater interaction at low temperatures.  These results are difficult to interpret 
because of the marked pH dependence of  the fluorescence emission of tetra- 
gastrin and may result from changes in the pK of the ionizable groups of the 
peptide. This could be among the effects which result in dimyristoyl glycero- 
phosphocholine decreasing the fluorescence of  tetragastrin and the EAE pep- 
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tide. In the latter case this occurs wi thout  any shift in the emission maximum. 
It has been shown that non-specific interactions occur between dimyristoyl 
glycerophosphocholine and small peptides [ 7] but  in the examples where there 
is a blue shift of  the t ryptophan fluorescence, the interaction must at least m 
part be hydrophobic .  This is also confirmed by the insensitivity of the changes 
in fluorescence with dimyristoyl glycerophosphocholine to pH. At pH 9, where 
the dimyristoyl glycerophosphocholine may have a partial negative charge, the 
fluorescence enhancement  of the positively-charged gastrin-related peptlde 
increases while that  of  the negatively-charged pentagastrin decreases. 

It is highly probable that  in spite of  any effect  of  these peptides on the phase 
transition temperature of  23°C for dimyristoyl glycerophosphocholine,  6 ° and 
40°C will still be below and above the phase transition temperatures,  respec- 
tively. Glucagon has little effect  on the phase transition temperature of  dimy- 
ristoyl glycerophosphocholine [2,8] and pentagastrin has no effect  on the 
phase transition temperature of dipalmitoyl glycerophosphocholine as mea- 
sured by changes in turbidity.  In both systems the peptide has a pronounced 
effect on broadening the PMR signals from the methylene and terminal methyl 
protons of the gel state lipid suggesting a decrease in the rate of lateral diffu- 
sion of  the lipid [8].  Glucagon which is capable of  forming longer amphipathic 
helices has a much stronger interaction with dimyristoyl glycerophosphocho- 
line, resulting in a solubilization of  the lipid [9] and a large increase in the helLx 
content  of  the peptide [2]. The perferential mteraction of glucagon for gel 
state lipid is much greater than for the small peptides studied here and the con- 
formation of the peptide can be more accurately described as an amphipathic 
helix in the case of  glucagon. Nevertheless, other  peptides do show preferential 
interaction with the gel state of  dimyristoyl glycerophosphocholine and this 
proper ty  may be correlated with the ability of  the peptide to form amphipathic 
structures. However, other  proteins such as the serum lipoproteins [ 10,11 ] and 
amyloid A [12] which are capable of  forming amphipathic helices do not  inter- 
act preferentially with gel-state lipid. In these cases, only segments of the mole- 
cule can form amphipathic helices, while in the case of glucagon it can involve 
the entire molecule [2]. In addition to the peptides studied here, other pep- 
tides and proteins which cannot  form amphipathic helices interact preferen- 
tially with the liquid crystal state and include mellitin [6] and cytochrome bs 
[13].  Thus, although there are many examples of  peptides and proteins whmh 
interact more readily with the liquid crystal state of phospholipid bilayers there 
are exceptions to this rule and in the cases of  glucagon and pentagastrin there is 
preferential interaction with the gel state. 
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