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a-Mating factor from Saccharomyces cerevisiae and analog peptides are found, by fluorescence analyses,

to interact with phospholipid membrane. The circular dichroism analyses indicate that the physiological

activities of «-mating factor and analog peptide are correlated with the conformations of the membrane-

bound molecules rather than with the molecular conformations in aqueous solution. This suggests that the

conformation change of peptide hormone upon binding with phospholipid membrane is an essential step
for the recognition by the receptor.

w-Mating factor
Membrane-bound conformation

1. INTRODUCTION

a-Mating factor from the o-mating type cell of
Saccharomyces cerevisiae specifically inhibits the
growth of the g-mating type cell by suppressing the
initiation of DNA synthesis and induces morpho-
logical changes [1,2]. The primary structure of o-
mating factor is:

Trp-His-Trp-Leu-GIn-Leu-Lys-Pro-Gly-
-GlIn-Pro-Met-Tyr [3,4]
synthesized w-mating factor and various analog
peptides have the single substitution of L-His? by
D-His? accompanied with the complete loss of acti-
vity [5,6]. We had analyzed the 'H and '*C NMR
spectra of o-mating factor and analog peptides in

aqueous solution and found that «-mating factor
and active analogs partly take some ordered con-
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formation even in aqueous solution [7]. Here,
however, we have observed the effects of phospho-
lipid-binding on the fluorescence and CD spectra
of a-mating factor and analog peptides, and have
found that the physiological activities of these pep-
tides are correlated with the conformations of
membrane-bound molecules rather than the con-
formations in solution.

|
2. MATERIALS AND METHODS

«-Mating factor ahd analog peptides were syn-
thesized as in [5,6]. Egg yolk phosphatidylcholine
and lysophosphatidylcholine were prepated as in
[8]. L-a-Phosphatidyl-L-serine from bovine brain
was purchased from Nakarai Chemicals and was
purified with CM-52 cellulose column chromato-
graphy [9]. Small unilamellar vesicles of phospha-
tidylcholine-phosphatidylserine (1/1) (to be abbre-
viated as SUVCS) were prepared by the sonication
(20 W) for 30 min at 0°C under nitrogen atmo-
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Fig. 1. The fluorescence spectra of (a) a-mating factor

and (b) [D-His*]-a-mating factor (50 uM, 23°C) in

aqueous solution (pH 7.2, Tris-HCl buffer, 50 mM

NaCl) (—) and in the presence of lysophosphatidyl-

choline (2.5 mM) (---). The fluorescence is excited at
288 nm.

sphere and subsequent centrifugation (100000 X g)
for 60 min, All the measurements were performed
in 50 mM Tris-HCI buffer (pH 7.2, 50 mM NaCl)
at peptide for CD spectra and 50 uM for fluores-
cence spectra at 23°C. CD measurements were car-
ried out with a JASCO J-40S spectrometer and
fluorescence spectra were recorded on a Hitachi
MPF-3 spectrophotometer.

3. RESULTS

3.1. Fluorescence

The fluorescence spectra (with the excitation at
288 nm) have been observed of a-mating factor
and [D-His?]-a-mating factor (fig. 1). In the
presence of the micelles of lysophosphatidyl-
choline, the fluorescence peak of tryptophan in-
dole rings is blue-shifted by 13 nm for a-mating

1(b)
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Fig. 2. The CD spectra of (a) a-mating factor and (b)
[D-His?)-a-mating factor (100 xM, 23°C) in aqueous
solution (pH 7.2, Tris-HCI buffer, 50 mM NaCl) (—),
in the presence of SUVCS (2.5 mM) (---), and in the
presence of lysophosphatidylcholine (10 mM) (- - -).
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Fig. 3. The CD spectra of (a) [L-Ala*}-a-mating factor

and (b) [Gly’]-a-mating factor (100 uM, 23°C) in

aqueous solution (pH 7.2, Tris-HCI buffer, 50 mM

NaCl) (—) and in the presence of SUVCS (2.5 mM)
().

factor and by 6.5 nm for [D-His?]-a-mating fac-
tor, with the intensity enhancements of 3.0-times
and 2.4-times, respectively. Such blue-shifts and
intensity enhancements are observed only above
the critical micelles concentration of egg yolk lyso-
phosphatidylcholine (~20 uM).

3.2. Circular dichroism

The CD spectrum of a-mating factor in aqueous
solution changes drastically on addition of SUVCS
(fig. 2a). The CD spectrum of o-mating factor in
the presence of SUVCS is similar to that in the
presence of the micelles of lysophosphatidyl-
choline (fig. 2a). The CD spectrum of [D-His?]-a-
mating factor in aqueous solution also changes
drastically on addition of SUVCS (fig. 2a). The
CD spectra of the active [L-Ala*]-analog (with 6%
activity relative to a-mating factor [6]) and the in-
active [Gly’]-analog (with 0.002% activity [6]) are
also shown in fig. 3.

4. DISCUSSION

The analysis of the fluorescence spectra of -
mating factor indicates that this peptide molecule
is bound to the micelle, but not to the monomeric
molecules, of lysophosphatidylcholine. The fluor-
escence blue-shift and intensity enhancement of
the indole ring upon binding with the micelle indi-
cate that Trp! and/or Trp® residues of a-mating
factor become involved in the hydrophobic en-
vironment of the micelle. For the inactive [D-His?]-
analog peptide, however, the blue-shift and inten-
sity enhancement upon binding with the micelles
are significantly smaller than those for the active
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a-mating factor (fig. 1la,b). This observation in-
dicates that the indole rings of the membrane-
bound molecule of the [D-His?]-analog are in a less
hydrophobic environment than the o-mating
factor.

The analyses of CD spectra of a-mating factor
(fig. 2a) indicate that the conformation of this pep-
tide is significantly affected upon binding with
phospholipids. On addition of the micelles of lyso-
phosphatidylcholine, the positive CD peak of a-
mating factor is red-shifted by 3 nm and is enhanc-
ed in intensity. A similar spectral change is also
observed of «-mating factor on binding with
SUVCS.

The CD spectra of a-mating factor and the inac-
tive [D-His’}-analog are remarkably similar in
aqueous solution, but they are quite different from
each other in the presence of SUVCS (figs. 2a,b).
Thus, on addition of SUVCS, the positive CD
peak of the [D-His?)-analog at 228 nm disappears,
leaving a weak negative peak at around 238 nm
(fig. 2b). These CD data indicate that the confor-
mation of this inactive analog as bound to SUVCS
is quite different from the membrane-bound con-
formation of o-mating factor.

In fact, this is further supported by the analyses
of the CD spectra of the active [L-Ala’]-analog and
the inactive [Gly®]-analog (fig. 3a,b). Again, the
CD spectra of these analogs in aqueous solution
are similar to those of o-mating factor and the in-
active [D-His*]-analog. However, on addition of
SUVCS, the positive CD peak of the [Gly®]-analog
at 225 nm disappears, leaving a weak negative
peak at around 235 nm (fig. 3b). Such a spectral
change of the inactive [Gly’]-analog is similar to
that of the [D-His?]-analog on addition of SUVCS.
On the other hand, for the active [L-Ala’]-analog
(fig. 3a), the positive CD peak at 237 nm is still
observed (red-shifted by 2 nm) in the presence of
SUVCS. However, the intensity of this positive
peak is significantly low, in good correlation with
the low activity (6% relative to a-mating factor) of
the [L-Ala®]-analog.

The CD spectral change of a-mating factor on
addition of SUVCS is appreciably larger than the
spectral change on addition of small unilamellar
vesicle of phosphatidylcholine (not shown). This
indicates that the electrostatic interaction between
the positively charged N-terminal group (with pX,
of 7.5) of a-mating factor and the negatively
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charged group of phosphatidylserine is important
for the strong peptide-SUVCS binding. This is fur-
ther ascertained by the observation of the pH
dependence of the CD spectra of a-mating factor;
the CD spectral changes on addition of SUVCS are
enhanced as the pH is lowered from 9.7-5.6 (not
shown).

We had analyzed the NMR spectra of o-mating
factor and analog peptides in aqueous solution and
found that physiologically active peptides take
some ordered conformation whereas inactive pep-
tides do not [7]. However, such conformational
differences are not observed clearly in the CD spec-
tra of a-mating factor or analog peptides. Never-
theless, the CD spectra of these peptides are signi-
ficantly affected upon binding with SUVCS, and
in the presence of SUVCS, the CD spectra of a-
mating factor and active analogs are quite dif-
ferent from those of inactive peptides. These
observations indicate that the physiological activi-
ties are correlated with the membrane-bound con-
formations rather than with the molecular confor-
mations in solution. We have also found such cor-
relations between the physiological activities and
membrane-bound conformations for the cases of
substance P, LHRH, and their analog peptides
(submitted). Accordingly, the conformational
change of peptide hormone on the interaction with
phospholipid membrane is probably an essential
step for the recognition of hormone by its recep-
tor.
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