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1. Introduction

A COMPARISON OF THE INTERACTION OF GLUCAGON, HUMAN PARATHYROID
HORMONE-(1-34)-PEPTIDE AND CALCITONIN WITH
DIMYRISTOYLPHOSPHATIDYLGLYCEROL AND WITH
DIMYRISTOYLPHOSPHATIDYLCHOLINE
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The interaction of glucagon, human parathyroid hormone-(1-34)-peptide and salmon calcitonin with dimyristoylphosphati-
dylglycerol (DMPG) and with dimyristoylphosphatidylcholine (DMPC) was studied as a function of pH and temperature. The
effect of lipid on the secondary structure of the peptide was assessed by circular dichroism and the effect of the peptide on the
phase transition properties of the lipid was studied using differential scanning calorimetry. Some peptides interact more
strongly with anionic than with zwitterionic phospholipids. This does not require an overall positive charge on the peptide.
Increased thermal stability is observed in complexes formed between cationic peptides and anionic lipids. Particularly marked
effects of glucagon and human parathyroid hormone-(1-34)-peptide on the phase transition properties of DMPG at pH 5 have
been observed. The transition lemperature is raised over 10°C at a lipid/peptide molar ratio of less than 30:1 and the
transition enthalpy is increased over 2-fold. These effects do not occur with any basic peptide and were not observed with
metorphinamide, molluscan cardioexcitatory neuropeptide or myelin basic protein. The results demonstrate that certain
peptides can affect the phase transition properties of lipids in a manner similar to divalent cations. The overall hydrophobici-
ties of these peptides can be evaluated by their partitioning between aqueous and organic solvents. None of the above three
peptide hormones partition into the organic phase. However, a closely related peptide, human calcitonin, does exhibit
substantial partitioning into the organic phase. Nevertheless, human calcitonin has a weaker interaction with both DMPC and
DMPG than does salmon calcitonin. The effects of human calcitonin on the phase transition of DMPC are qualitatively
different from those of salmon calcitonin in that the human form more readily eliminates the pretransition but causes less
change in the main transition. Like overall charge, overall hydrophobicity is not an overwhelming factor in determining the
ability of peptides to interact with phospholipids but rather more specific interactions are required for strong complexes 10
form.

interactions can contribute to the binding of these
hormones to cell surface receptors [1-3]. One of

Several polypeptide hormones bind to phos-
pholipids and it has been suggested that similar

* Present address: Monsanto Co., St. Louis, MO 63167, U.S.A.
Abbreviations: DMPG, dimyristoylphosphatidylglycerol;
DMPC, dimyristoylphosphatidylcholine; sCT, salmon
calcitonin; hCT, human calcitonin; hPTH, human parathyroid
hormone; CD, circular dichroism; DSC, differential scanning
calorimetry.

the properties which allows a peptide hormone to
fold into structures which can interact with mem-
branes is the regular distribution of hydrophobic
amino acid residues [1,2,4]. Glucagon, calcitonin
and the active segment of human parathyroid
hormone, hPTH-(1-34), are all of about the same
molecular weight and can all form amphipathic
helices [1]. However, these three peptides do not
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all interact with phospholipids in the same manner,
The cationic sCT, for example, interacts with the
anionic lipid DMPG more strongly than with the
zwitterionic phospholipid DMPC. The phase of
the lipid also affects lipid-peptide interactions in
some cases. Glucagon, for example, dissociates
from DMPC above the phase transition tempera-
ture [5] while sCT forms a stable complex with
DMPG over a wide range of temperatures [6]. In
addition to the amphipathic helix, electrostatic
interactions may also have a significant influence
on the stability of the interaction between these
peptides and phospholipids [6,7]. In order to de-
scribe further the characteristics of the binding of
these peptide hormones to phospholipids we have
compared their interactions with DMPC and
DMPG as a function of both temperature and pH.

2. Materials and methods

The sCT, hCT and hPTH-(1-34)-peptide were
synthesized using solid-phase methods, by Armour
Pharmaceutical Co., Kankakee, IL. Glucagon was
isolated from bovine and porcine pancreas by the
Elanco Corp., Indianapohls, IN. Synthetic
metorphinamide (Tyr-Gly-Gly-Phe-Met-Arg-Arg-
Val-NH,) was purchased from Peninsula Labora-
tories and molluscan cardioexcitatory neuro-
peptide (Phe-Met-Arg-Phe-NH,,) from Cambridge
Research Biochemicals Ltd. A sample of bovine
myelin basic protein was kindly given to us by Dr.
M.A. Moscarello of the Hospital for Sick Children,
Toronto.

2.1. Buffer solutions

Effects of varying the pH were measured using
the following buffered solutions: pH 5.0, 20 mM
sodium citrate, 0.15 M NaCl; pH 7.0, 20 mM
Pipes, 0.15 M NaCl; pH 9.0, 20 mM sodium
borate, 0.15 M NaCl; as well as pH 7.4, 20 mM
Pipes, 1 mM EDTA, 0.15 M Na(l containing 0.02
mg/ml NaN,. Buffers used for the phase parti-
tioning are given in table 3 (see below).

2.2. Peptide solutions

The peptides were dissolved in the appropriate
buffer. In the case of glucagon undissolved material

was removed by centrifuging at maximum speed in
a clinical centrifuge at room temperature. Peptide
concentration was obtained from the absorbance
at 280 nm for hPTH-(1-34) using an extinction
coefficient of 5600 M ™! cm ™! calculated from the
amino acid composition [8]; at 278 nm for gluca-
gon using an extinction coefficient of 8300 M ™!
cm ™! [9] and at 275 nm for sCT and hCT using
extinction coefficients of 1515 and 1531 M~ 'cm ™!
respectively [6].

’

2.3. Lipid suspensions and solutions of lipid-peptide
complexes

Weighed amounts of dried phospholipid sam-
ples were suspended in buffer or in peptide solu-
tion by vortex-mixing at room temperature. The
mixtures were heated and cooled with tap water
several times between 10 and 40°C.

2.4. Circular dichroism

CD measurements were made with a Cary 61
spectropolarimeter. The sample was maintained in
a cell holder at constant temperature. The CD is
expressed as the mean residue ellipticity, [8].

2.5. Differential scanning calorimetry

An MC-2 high-sensitivity differential scanning
calorimeter (Microcal Inc., Amherst, MA) was
used. Cells contained 1.29 ml of solution. The scan
rate used was generally 0.6 K min~!. Electrical
calibration was used to measure transition en-
thalpies.

2.6. Phase partitioning

Buffer (0.25 ml) containing 50 nmol peptide
was extracted with 1 ml CHCl,/CH;OH (2:1,
v/v). Duplicate samples of each of the two phases
were taken for Folin-Lowry assays. Tests were
performed in quadriplicate and the means and
standard deviations are presented.
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Fig. 1. Temperature dependence of the CD of glucagon-lipid
complexes. (O-- - -0) DMPG-glucagon, 43:1 molar ratio, pH
5; (¢---4) DMPG-glucagon, 27:1 molar ratio, pH 7;
(M- - —m) DMPG-glucagon, 32 : 1 molar ratio, pH 9; (a- -+ A)
DMPC-glucagon, 39:1 molar ratio, pH §; (o~ ——a) DMPC-
glucagon, 34:1 molar ratio, pH 9; ( ) glucagon alone at
pH 5 (@), 7 (O) or 9 (*). Values plotted are the mean residue
ellipticity measured from a solution containing 50-100 pM
glucagon.

3. Results

3.1. Effect of lipid on the helical content of the
peptide hormones

3.1.1. Glucagon

Glucagon in dilute aqueous solution has little
secondary structure but it self-associates to struc-
tures of higher helical content at increased con-
centrations [10,11]. There should be little self-as-
sociation at the low glucagon concentrations used
in this work and consequently there is little effect
of temperature on the CD of glucagon in the
absence of lipid, although the magnitude at 222
nm is somewhat higher at 12°C, pH 9 and some-
what lower at 42°C, pH 7 (fig. 1). Factors such as

the self-association of glucagon or absorption to
glass could cause these aberrant values but this
was not investigated further.

The helical content of glucagon is increased in
the presence of DMPC at pH 7.4 [5]. This increase
in helicity is markedly dependent on temperature
and i1s manifested only at or below the phase
transition temperature of the lipid [5]. The entire
CD spectrum of glucagon-DMPC complexes has
been reported [12]. In this work we have sum-
marized the data from a large number of spectra,
by reporting only the ellipticity at 222 nm. As has
been reported for glucagon-DMPC complexes at
pH 7.4 [5] there is also a decrease with tempera-
ture in the magnitude of the ellipticity of gluca-
gon-DMPC mixtures at pH 5 and 9 (fig. 1). The
amount of secondary structure of glucagon in the
presence of DMPG also decreases with tempera-
ture but to a much smaller extent than with the
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Fig. 2. Temperature dependence of the CD of hPTH(1-34)-lipid
complexes. (A« -+ a) DMPG-hPTH(1-34), 30: 1 molar ratio,
pH 5; (a------ 4A) DMPG-hPTH(1-34), 40:1 molar ratio, pH
7; (@---m) DMPG-hPTH(1-34), 42:1 molar ratio, pH 9;
( ) hPTH(1-34) alone at pH 5 (O), 7 (®) and 9 (O).
Mean residue ellipticity, 100 pM hPTH(1-34).
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Table 1
DSC transitions of several DMPG-peptide complexes

R.M. Epand et al. / Peptide hormone interaction with lipids

Peptide pH Lipid /peptide Temperature of A H (kcal /mol lipid)
molar ratio maximum AC, (+S.E.)
(°C)

None 5 - 22.4 58+01
Glucagon 5 37 35 14.4+0.3
hPTH(1-34) b 30 22, 32,385 133103
sCT 5 20 16.4,21.9 39+04
Myelin basic protein 5 74 16.3,22.4 45
Metorphinamide 5 7.9 20.0 52403
Molluscan cardioexcitatory

neuropeptide 5 21 16.8 68102
None ? 7.4 - 225 42
Glucagon 7 23 21.6, 22.6, 36.6 5.1+£05
hPTH(1-34) 7 40 21.3 33402
sCT * 7.4 30 23.2 25
None 9 - 21.8 44+0.1
Glucagon 9 27 24.3,35.9 39+05
hPTH(1-34) 9 42 23.8 41402

2 Data from ref. 5.

DMPC complexes (fig. 1). The apparent helical
content of glucagon is somewhat greater in the
presence of DMPG at pH 7 or 9 at 12°C than it is
with DMPC under these conditions. The greatest
effect of DMPG on the structure of glucagon is at
pH 5, 10°C (fig. 1). The magnitude of the elliptic-
ity is greater in the presence of lipid than in its
absence, except with DMPC at 42°C. This latter
result may be caused by a light scattering artifact.
The results presented for the glucagon-lipid com-
plexes in fig. 1 represent samples containing close

Table 2

to saturating concentrations of lipid and are insen-
sitive to changes in the lipid/peptide ratio (data
not shown).

3.1.2. hPTH-(1-34)

There is little effect of temperature on the con-
formation of hPTH-(1-34) in the presence or ab-
sence of DMPG (fig. 2). The CD spectra of hPTH-
(1-34) in the presence and absence of DMPC have
been reported [12]. The change in the conforma-
tion of hPTH-(1-34) in the presence of DMPG is

Effect of calcitonin on the thermotropic phase transition properties of DMPC

Buffer: 20 mM Pipes, 1 mM EDTA, and 0.15 M NaCl containing 0.02 mg/m! NaN,, pH 7.40. Scan rate 0.6 K /min.

Calcitonin DMPC /calcitonin Premelt transition Main transition
Species Concentration (molar ratio) A H (keal/mol) AH Cp max
(mM) (kcal /mol) (cal/K per g)

1.0 5.4 22

sCT 0.51 7.6 0.9 5.6 6.3

sCT 0.51 1.7 0.3 5.1 3.3

sCT 0.64 1.5 0 3.9 1.4

sCT 0.76 1.3 0 4.3 1.1

hCT 0.28 34 0.9 5.7 22

hCT 0.72 13 0 5.8 10
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much greater than has been observed with DMPC
at pH 7.4 [13] or with DMPC at pH S, 7 or 9 (this
work, data not presented). The maximal effect
with DMPG occurs at low lipid /peptide molar
ratios and is similar for all pH values studied (data
not shown). Thus, the observed changes of elliptic-
ity with temperature were measured using samples
which had a high enough lipid /peptide ratio to
give a maximal conformational change.

3.1.3. sCT

The increase in the helical content of sCT in the
presence of anionic DMPG contrasts with the
apparent lack of interaction with DMPC [6]. How-
ever, using a high sCT concentration of 0.51 mM
and a DMPC /peptide molar ratio of 1.7 the re-
sulting solution at pH 7.4 is visually transparent.
This indicates that some interaction occurs be-
tween sCT and DMPC. The DMPC does not
affect the CD spectrum of sCT at any temperature
from 5 to 40°C. The interaction of calcitonins with
the zwitterionic DMPC occurs only in the presence
of a high concentration of peptide. It is possible
that no conformational change in the peptide is
observed under these conditions because of the
presence of a large excess of free peptide over
lipid-peptide complex. The interaction between
sCT and DMPC can be measured by observing the
effect of the peptide on the thermotropic phase
transition properties of the hpid (see below). At
pH 5, sCT does not solubilize DMPC or DMPG
and alkaline pH was avoided because of the insta-
bility of the disulfide bond under these conditions.

3.2. Differential scanning calorimetry

The parameters of the thermotropic transitions
of DMPG (table 1) or DMPC (table 2) in the
presence or absence of several proteins and
peptides are summarized. A pretransition was ob-
served only in the case of the pure lipid and in the
case of hCT or sCT-DMPC mixtures at
lipid /peptide molar ratios of 2;1 or greater (table
2). The lipid /peptide molar ratio used is larger for
the myelin basic protein and smaller for
metorphinamide and molluscan cardioexcitatory
neuropeptide (table 1) so as to maintain similar
lipid /peptide weight ratios for all of the samples

of about 5. The lipid concentration was about 2
mM in all cases. The large increase in transition
temperature and transition enthalpy observed for
DMPG at pH 5 in the presence of glucagon or of
hPTH-(1-34) is very pronounced (table 1). The
shape of the DSC curve was generally very repro-
ducible on rescanning except for the samples of
DMPG at pH 5 in the presence of either glucagon
or of hPTH-(1-34). In these latter two cases the
shape of the curve depended markedly on the
history of the sample, suggesting that the sample
contains a mixture of phase domains which inter-
convert slowly. If either of these peptide-DMPG
samples at pH 5 was rescanned without removing
the samples from the calorimeter, the transition
temperature decreased to about 16°C and the
transition enthalpy was also lower. When the sam-
ple was removed from the calorimeter, the lipid

GLUCAGON

hPTH f1-34)

IS

EXCESS SPECIFIC HEAT. CAL K" (G UPID)

ML TOHPHINAMIDE

MOLLUSCAN
CARDIOEXCITORY
NEUROPELPTIDE

5 15 25 35 45
TEMPERATURE (°C)

Fig. 3. DSC of peptide-DMPG complexes at pH 5. Scan rate of

0.6 K min~". Calibration bars in units of cal K™! (g lipid) ..

DMPG represents scan of lipid alone. DMPG concentration

about 2 mM in all samples. Lipid/peptide ratios for each

sample can be obtained from table 1.
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1
GLUCAGON
1
GLUCAGON
oH 90

hPTH 1-34
pH 70

EXCESS SPECIFIC HEAT, CAL K" (G LIPDY"
]

[ hPTH (1-34]

pH o 90
1

i A " i

5 185 25 35 45
TEMPERATURE {°C)

Fig. 4. DSC of glucagon or hPTH-(1-34) with DMPG at pH 7
or 9. Scan rate 0.6 K min~'. Calibration bars in units of cal
K~! (g lipid)~!. DMPG concentration about 2 mM.
Lipid/peptide ratios for each sample can be obtained from
table 1.

was found to be in the form of a flocculent pre-
cipitate. We have found that these DMPG-peptide
samples aggregate at temperatures near the phase
transition temperature. During this aggregation
process it is likely that some of the peptide is
removed from the water-soluble lipoprotein com-
plex resulting in the precipitation of the lipid,
especially during the slow cooling of the calorime-
ter cells during reequilibration. Alternatively, the
sample can be withdrawn from the calorimeter
after the first scan and maintained in a soluble
form by rapid cooling and then loaded into a
precooled, empty calorimeter cell. In such a case
the high transition enthalpies and transition tem-

Table 3

Aqueous-organic phase partitioning of calcitonins

EXCESS SPECIFIC HEAT, CAL K™ (G CIPID}
L
(

5 10 15 20 25 30 35 40
TEMPERATURE (°C)

Fig. 5. DSC of DMPC in the absence or presence of sCT or
hCT. 20 mM Pipes, 1 mM EDTA, and 0.15 M NaCl containing
0.02 mg/ml NaN,, pH 7.40. Scan rate 0.6 K min~!, Calibra-
tion bars in units of cal K™! (g lipid) 1. (A) 1 mM DMPC, (B)
3.9 mM DMPC and 0.51 sCT, (C) 0.87 mM DMPC and 0.51
mM sCT, (D) 1.0 mM DMPC and 0.64 mM sCT, (E) 0.94 mM
DMPC and 0.72 mM hCT.

peratures are again observed, although the detailed
shape of the transition is not very reproducible.
Because the high enthalpy transitions were so

Buffer * Percent of total peptide transferred to organic phase
sCT hCT Glucagon hPTH-(1-34)
20 mM Mops, pH 7.4 0.35+£0.03 42+4 5+2 3+2
10 mM sodium phosphate, pH 7.4 03101 46+ 4 442 2+1
500 mM sodium phosphate, pH 7.4 0.6+0.5 S0+8 <05 b
20 mM sodium acetate, pH 5 33+04 15+1 3+2 6+4

@ All buffers contain 0.15 M NaCl and 1 mM EDTA in addition to the buffer salts.
b Not determined because of the formation of a precipitate at the solvent interface.
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markedly dependent on the history of the sample,
it is possible that the observed enthalpy is not a
true thermodynamic property of a reversible equi-
librium. The effect of the lipid /glucagon ratio on
the thermotropic properties of DMPG at pH $
was investigated. Scans of samples with a lower
DMPG /glucagon ratio of 15 showed similar tran-
sitions to those presented for glucagon in table 1,
although they could not be quantitatively com-
pared because of the lack of exact reproducibility
between successive scans. At a DMPG /glucagon
ratio of 50, the lipid was still ‘solubilized’, i.e., the
sample was not visually turbid. This sample ex-
hibited a broader transition but the transition
temperature and enthalpy were similar to those of
the pure lipid.

The higher temperature transition is not ob-
served with sCT, myelin basic protein,
metorphinamide or molluscan cardioexcitatory
neuropeptide at pH 5 (fig. 3). There is, however,
an increase in the transition enthalpy in the pres-
ence of molluscan cardioexcitatory neuropeptide
(table 1). The transition curve for the DMPG
complex with this peptide is also remarkably sharp
despite the marked lowering of the transition tem-
perature (fig. 3). At pH 7 or 9 with DMPG, there
is still a small high-temperature transition compo-
nent observable with glucagon but not with hPTH-
(1-34) (fig. 4). However, even with glucagon, the
enthalpy of the high-temperature transition is
markedly reduced at higher pH.

Glucagon forms water-soluble complexes with
DMPC and their DSC properties have been studied
at pH 7.4 [14,15]. We find that transition curves of
similar shape are also observed at pH 5 and 9
(data not presented). Glucagon lowers the transi-
tion enthalpy of DMPC from 4.8 to 3.4 kcal /mol
at pH 7.2 at a lipid /peptide ratio of 34 [15] while
at pH 5 the transition enthalpy is raised from 5.2
to 6.4 kcal/mol DMPC. This is a very small
change compared with that observed with DMPG
in the presence of glucagon or hPTH-(1-34) at pH
3.

DSC demonstrates that sCT has a much more
marked effect on the phase transition properties of
DMPC than does hCT (fig. 5 and table 2). How-
ever, hCT is more effective than sCT in abolishing
the pretransition. Thus, when C, .., is reduced by

only a factor of 2 there is no longer a detectable
pretransition in the presence of hCT while it re-
quires about a 16-fold reduction of C, ., in the
case of sCT before the premelt transition is
abolished (table 2 taken from the data of fig. 7 and
other scans not shown).

3.3. Phase partitioning

The only peptide to exhibit substantial parti-
tioning into the organic phase is hCT (table 3),
The amount transferred at pH 7.4 was not affected
by the nature of the buffer or the ionic strength
but was reduced by lowering the pH to 5. No
significant amounts of sCT, glucagon or hPTH-
(1-34) were extracted under the conditions em-
ployed. The small amounts of apparent transfer
observed in these latter cases could be due to the
presence of contaminants or to cross-contamina-
tion of phases through microdroplets or during
sampling. The greater partitioning of hCT into the
organic phase is probably due to its greater con-
tent of hydrophobic amino acids, especially near
the carboxyl terminus and its smaller number of
charged groups as well as a smaller overall charge
of +1 at pH 7.4, compared with the other peptides
studied (table 4). The effect of peptide charge is
probably also responsible for the decreased extrac-
tability of hCT at pH 5 where it gains a greater
positive charge.

4. Discussion

It is often difficult to specify the nature of the
non-covalent interactions which stabilize lipid-pro-
tein complexes. The stability of these complexes
depends not only on lipid-protein interactions but
also on the strength of lipid-lipid and protein-pro-
tein interactions. In the present study we have
used low peptide concentrations, where peptide-
peptide interactions should be minimat and have
restricted the range of pH to minimize pH-induced
changes in lipid-lipid interactions.

One of the purposes of varying the pH was to
study the effect of changes in the electrostatic
charge of the peptides on peptide-lipid interac-
tions. The sequences of the peptide hormones used
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in this work and their approximate expected
charges in an aqueous environment at pH 5, 7 and
9 are given in table 4. Because of the small size of
these hormones it is unlikely that the side chains
are completely sequestered from the aqueous en-
vironment and therefore the estimated charge on
the peptides in water is likely to be reasonably
accurate. There is no simple correlation between
the overall charge of the peptide and its ability to
interact with anionic vs. zwitterionic lipids. Thus,
hPTH-(1-34) with no overall charge at pH 9 inter-
acts more with the anionic DMPG than with the
zwitterionic DMPC, while glucagon at pH 5 with a
charge of +2} interacts with both DMPG and
DMPC. In addition, even negatively charged
glucagon at pH 9 can interact with negatively
charged DMPG. Although the overall charge of
the peptide does not provide a good index of the
type of lipid with which the peptide interacts,
electrostatic interactions are likely to play a role in
the interaction of these peptide hormones with
lipid. Electrostatic repulsion among the negatively
charged DMPG molecules would be decreased by
the incorporation of another molecule into the
bilayer. Furthermore, even though the overall
charge on the peptide might not be positive, there
may be specific sites which are positively charged
and account for the preference of the peptide to
associate with negatively charged lipid. One such
positively charged site is made up by the three
positively charged residues 25-27 in hPTH-(1-34).

Electrostatic interactions contribute to the ther-
mal stability of the lipid-peptide complexes. Thus,
hPTH-(1-34) and sCT which are able to solubilize
more DMPG than DMPC and which undergo a
large conformational change in the presence of the
anionic lipid probably interact, at least in part, by
electrostatic attraction (refs. 6 and 13 and this
work). These peptides form complexes with DMPG
which are stable over a wide range of tempera-
tures. Glucagon, which interacts equally well with
DMPC and DMPG, forms complexes which disso-
ciate at higher temperatures. This effect 15 most
pronounced for the complex formed between
glucagon and DMPC which is less likely to be
stabilized by electrostatic charges. The weak inter-
action between hPTH-(1-34) and DMPC is also
temperature dependent, decreasing above the phase

transition temperature of the phospholipid [13].

It is well known that protonation of anionic
phospholipids or their interaction with divalent
cations causes a marked increase in their transition
temperature and transition enthalpy. In the case of
DMPG, for example, protonation of lipid raises
the phase transition temperature from 23 to above
40°C [16-18]. Addition of Mg?™ shifts the transi-
tion temperature to 65°C with an increase in the
transition enthalpy to 10 kcal mol ™' [19]. In the
present work we demonstrate that peptides such as
glucagon and hPTH-(1-34) can also markedly in-
crease the phase transition temperature and transi-
tion enthalpy of DMPG. Because the effects of the
peptides resemble those of protons and divalent
cations and because they occur at low pH and
only with acidic phospholipid, they probably arise
from charge interactions between cationic sites on
the peptide and the negatively charged phosphate
group of the lipid. At higher pH, when the peptide
becomes less positively charged this interaction
becomes less likely. However, not all positively
charged peptides can induce this marked alteration
in the phase behaviour of DMPG. Although sCT,
myelin basic protein [20] and metorphinamide are
positively charged at pH 5 they may not have
sufficient overall hydrophobicity to exhibit this
effect. At higher pH the effects are diminished
because lysine residues would not retain their posi-
tive charge in a membrane environment at those
pH values. In addition, at higher pH the increased
negative charge on the carboxyl groups would lead
to electrostatic repulsion with anionic lipids and to
greater water solubility. A pentagastrin-related
peptide N“-t-Boc-B-Ala-Trp-Met-Arg-Phe-NH,,
exhibits effects on a lipid phase transition similar
to those of glucagon or hPTH-(1-34) at pH S [21].
Our studies demonstrate that certain hydrophobic
and positively charged peptide molecules can af-
fect the phase transition properties of acidic phos-
pholipids in a manner similar to divalent cations.

In general, the premelt transition is very sensi-
tive to the presence of contaminants. The fact that,
in the presence of increasing concentrations of
sCT, the gel-to-liquid crystalline transition of
DMPC is affected more than the premelt transi-
tion (fig. 5) suggests that the peptide is accommo-
dated into regions of bilayer defects, at least in the
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gel state [22], rather than dissolving into the mem-
brane as do more hydrophobic substances. Com-
paring the effects of sCT and hCT on the phase
transitions of DMPC (fig. 5) demonstrates that the
interaction of calcitonins with lipids is not simply
a result of the hydrophobic side chains of the
peptide binding to a hydrophobic membrane. Thus,
the less hydrophobic sCT binds DMPC better
than hCT does. In addition, glucagon which inter-
acts most readily with DMPC, of all of the peptide
hormones studied, is also much less hydrophobic
than hCT (table 3). Hydrophobic forces probably
contribute to the lipid binding but as with electro-
static forces, they do so in a manner which is not
completely non-specific. Another demonstration of
this is the greater binding of pentagastrin than
N%-t-Boc-$-Ala-Trp-Met-Phe-Asp-NH, to DMPC
even though both peptides have identical amino
acid compositions and therefore hydrophobicities
[23]. In the case of the calcitonins, factors such as
the greater probability of sCT to form helical
structures [24] or the greater hydrophobic moment
of the helical segment of sCT [6] may contribute to
its greater ability to affect the lipid phase transi-
tion of DMPC. The ability of the calcitonins to
bind to lipid is related to their biological potency
[25].
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