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Effect of salts on conformational change of basic amphipathic
peptides from B-structure to a-helix in the presence
of phospholipid liposomes and their channel-forming ability
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A synthetic model peptide, H-(Leu-Ala-Arg-Leu);-(Leu-Arg-Ala-Leu),-OH (4¢) can form ion channels in planar lipid bilayers
by taking an amphipathic a-helix (Agawa, Y., Lee, S., Ono, S., Aoyagi, H., Ohno, M., Taniguchi, T., Anzai, K. and Kirino, Y.
(1991) J. Biol. Chem. 266, 20218-20222). For further study of ion channels formed by this type of peptides, we planned to
synthesize [Trp']-44(Ser) and [Trp'?}-4,(Ser) in which a hydrophilic amino acid, Ser, was introduced in several positions of 44
instead of hydrophobic ones. This modification was expected to decrease the ability of membrane perturbation and to simplify
various current levels of the channel observed for 4,. Furthermore, additional Trp was introduced to the N-terminus or position
12 to monitor the lipid—peptide interaction. CD study showed that both peptides formed a random structure in buffer, but an
a-helix in the presence of egg PC and a B8-structure in egg PC/egg PG (3:1). Moreover, addition of NaCl to the acidic liposomes
induced the conformational transition in the peptide from B-structure to a-helix. Salt-induced conformational transition in the
presence of acidic liposomes was discussed in terms of membrane binding and ion-channel formation in planar lipid bilayer.
Despite introduction of hydrophilic residues instead of hydrophobic residues in 4, the peptide showed nearly the same
dye-release ability from egg PC- egg PG liposomes as 4. [Trp12]-46(Scr) was able to form cation-selective ion channels with two
levels of conductance (mainly 250 and occasionally 125 pS) in asolectin planar lipid bilayer, suggesting that appropriate
orientation of hydrophobic and hydrophilic residues in amphipathic peptide can simplify channel current levels.

Introduction

Various ion channels have been found to have a
function of controlling ion gradients between inner and
outer of cell membranes, which are divided into volt-
age-gated and ligand-gated with types of their activat-
ing objects [1,2]. On the other hand, many amphipathic
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Abbreviations: Ac, acetyl; Boc, t-butyloxycarbonyl; Bzl, benzyl; Di-
phytPC, diphytanoyl-L-a-phosphatidylcholine; DPPC, dipalmitoyl-
D,L-a-phosphatidylcholine; DPPG, dipalmitoyl-p,L-a-phosphatidyl-
glycerol; EDC, 1-ethyl-3-(3-dimethylaminopropyl)-carbodiimide; egg
PC, egg-yolk phosphatidylcholine; egg PG, egg-yolk phosphatidyl-
glycerol; Hepes, 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid;
HOBt, 1-hydroxybenzotriazole; TFA, trifluoroacetic acid; Tos, p-
toluenesulfonyl; Tris, 2-amino-2-(hydroxymethyl)-1,3-propanediol.

a-helical peptides, such as gramicidin A [3,4], alame-
thicin [5], d-toxin [6], melittin [7], mastoparan [8], ce-
cropin [9] and magainin I [10], have also been found to
form ion channels to show their antimicrobial and toxic
activity. Despite the large number of investigations,
there has scarcely been a systematically detailed study
of amphipathic peptides on the relationship among
their structure, channel formation and biological activ-
ity.

Therefore, we have developed the studies on the
relationship between peptide structure and ion-chan-
nel-forming ability using several amphipathic model
peptides [11,12). Among those model peptides an am-
phipathic basic helical peptide 4, with 12 residues in
the sequence was found to form cation-selective ion
channels probably with head-to-tail structure [11]. A
peptide named 4, with 24 amino-acid residues (Fig. 1),
which can span lipid bilayers by itself by forming an



Ac-(Leu-Ala-Arg-Leu)3-NHCH3 43
(Leu-Ala-Arg-Leu)3-(Leu-Arg-Ala-Leu)3 46
Leu-Ala-Arg-Ser-Leu-Ala-Arg-Ser-Leu-Ser-Arg-Trp-
Ser-Arg-Ala-Leu-Ala-Arg-Ser-Leu-Ser-Arg-Ala-Leu [Trp12]-46(Ser)
Trp-Ala-Arg-Ser-Leu-Ala-Arg-Ser-Leu-Ser-Arg-Leu-
Ser-Arg-Ala-Leu-Ala-Arg-Ser-Leu-Ser-Arg-Ala-Leu [Trp1]-46(Ser)

Fig. 1. Structure of model peptides.

amphipathic «-helix in the presence of lipid bilayers,
formed ion channels in the planar bilayer [12]. Interest-
ingly, the cationic peptides showed cation selectivity.
Thus, we needed more detailed analysis of these chan-
nels. However, it was difficult because of the appear-
ance of channels with various single-channel conduc-
tances and the very strong membrane disrupting abili-
ties of 4, and 4.

In order to find a suitable model for studying the
properties of ion channel formed by amphipathic basic
a-helical peptide, [Trp'l-4,(Ser) and [Trp'2}-44(Ser)
(Fig. 1) were designed to synthesize. We investigated
the peptide conformation in the presence and absence
of liposomes, membrane perturbation ability, ion-chan-
nel formation and antimicrobial activity.

Boc-Leu-Ala-Arg(Tos)-Ser(Bzl)-Leu-OPac
Zn / AcOH
Boc-Leu-Ala-Arg(Tos)-Ser(Bzl)-Leu-OH
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Materials and Methods

Materials. Egg PC, egg PG, DPPC and DPPG were
purchased from Sigma. Asolectin, Type II-S from
Sigma, was purified by acetone washing. Carboxyfluo-
rescein from Eastman Kodak was purified by recrystal-
lization from ethanol /water mixture. All other reagents
were of the highest analytical grade.

Synthesis of peptides. [Trp'?]-4(Ser) and [Trp'l-
44(Ser) were synthesized by the solution method. Syn-
thetic route for [Trp'?]-4,(Ser) is outlined in Fig. 2.
Short fragments were prepared stepwise from the C-
terminus, and the fragments were condensed to the
desired sizes by the EDC-HOBT method [13]. During
the condensation, the N-terminus was protected by the
Boc group, and the C-terminus was protected by the
phenacyl or benzyl ester. After treatment of the fully
protected peptides with HF, the free peptide obtained
was converted to the corresponding acetate by passing
through a Sephadex G-15 column. The crude peptide
obtained was purified by reverse-phase high perfor-
mance liquid chromatography (TSK ODS-120T, 0.46 X
25 cm) using an acetonitrile gradient in the aqueous
phase of 0.1% TFA. Data of amino-acid analysis after

Boc-Ala-Arg(Tos)-Ser(Bzl)Leu-Ser-Arg(Tos)-OPac

TFA

H-Ala-Arg(T %s)-Sor(le)Lou-Sor-Arg(Tos)-OPac TFA

EDC-HOBt
Boc-Leu-Ala-Arg(Tos)-Ser(Bzl)-Leu- Ala-Arg(Tos)-Ser(Bzl)Leu-Ser-Arg(Tos)-OPac
Zn/ AcOH
Boc-Leu-Ala-Arg(Tos)-Ser(Bzl)-Leu-Ala-Arg(Tos)-Ser(Bzl)Leu-Ser-Arg(Tos)-OH (1)

Boc-Ala-Arg(Tos)-Ser(Bzl)-Leu-OPac

HCI/DXN

Boc-Trp—(F[OO)-OH H-Ala-Arg(Tos)-Ser(Bzl)-Leu-OPac HCI

EDC-HOBt

Boc-Ser(Bzl)-Arg(Tos)-Ala-Leu-OH

H-Ser(Bzl)-Arg(Tos)-Ala-Leu-OBzl HCI

Boc-Trp(HCO)-Ala-Arg(Tos)-Ser(Bzl)-Leu-OPac

Zn / AcOH
Boc-Trp(HCO)-Ala-Arg(Tos)-Ser(Bzl)-Leu-OH

EDC-HOBt

Boc-Ser(Bzl)-Arg(Tos)-Ala-Leu-Ser(Bzl)-Arg(Tos)-Ala-Leu-OBzl

TFA

H-Ser(le)-Arg(Tos)-Ala-Lleu-Ser(le)-Arg(Tos)—Ala-Leu-Ole TFA

EDC-HOBt
Boc-Trp(HCO)-Ala-Arg(Tos)-Ser(Bzi)-Leu-Ser(Bzi)-Arg(Tos)-Ala-Leu-Ser(Bzi)-Arg(Tes)-Ala-Leu-0BzI

TFA

H-Trp(Hco)-Ala-Arg(Tos)-Ser(Bzi)-Leu-Ser(Bzi)-Arg(Tos)-Ala-Leu-Ser(Bzi)-Arg(Tos)-Ala-Leu-0Bz TFA (2)

1) EDC-HOBt

il) HF

{Trp"?]-4g(Ser)

Fig. 2. Synthetic route for [Trp!?}-44(Ser).
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hydrolysis in 6 M HCl were Ala 5.0, Ser 5.6, Leu 6.1
and Arg 5.5 in molar ratio.

Preparation of phospholipid liposomes. Phospholipid
(20 mg) was dissolved in CHCl, (about 2 ml) and dried
under a stream of N, gas in a conical glass tube and
keeping in vacuo overnight. The dried lipid was hy-
drated in 2 ml of 5 mM Hepes buffer (pH 7.4) with
repeated vortex-mixing at 25°C for egg PC and egg PG
and 50°C for DPPC and DPPG for 30 min. The sus-
pension was sonicated at the same temperature as
hydration described above for 1 h using a Tomy Seiko
ultrasonic disrupter model UR-200P and diluted to 25
ml with the same buffer, in which phospholipid con-
centration was approx. 1.1 mM. The mixture of uni-
and multilamellar vesicles were used for the CD mea-
surement without further purification. The unilamellar
vesicles trapping carboxyfluorescein were prepared as
described above, except that the dried lipid was hy-
drated in 2.0 ml of 5 mM Hepes buffer (pH 7.4)
containing 100 mM carboxyfluorescein. The mixture of
uni- and multilamellar vesicles trapping carboxyfluo-
rescein was subjected to gel filtration through a
Sepharose 4B column (1 X20 c¢cm) in 5 mM Hepes
buffer (pH 7.4). The separated small unilamellar vesi-
cles were used in carboxyfluorescein leakage measure-
ment. The lipid concentration was determined by an
assay using the phospholipids test reagent purchased
from Wako (Osaka, Japan) and was expressed in terms
of phosphorus concentration.

CD experiment. CD spectra were recorded on a
JASCO J-600 spectropolarimeter using a quartz cell of
1 mm pathiength. Spectra in 5 mM Hepes buffer (pH
7.4) were measured at a peptide concentration of 10
uM and at a lipid concentration of 1 mM. Peptide
concentration in solution was determined by amino-acid
analysis using a Hitachi Model 835 high speed amino-
acid analyzer. All the measurements were carried out
at room temperature. The CD data were expressed as
mean residue ellipticities.

Carboxyfluorescein leakage. The dye-leakage experi-
ment was carried out as described previously [14). To 2
ml of 5 mM Hepes buffer (pH 7.4) in a cuvette was
added 50 ul of the vesicles containing 100 mM
carboxyfluorescein which was prepared as described in
above and then, several quantities of an appropriate
dilution of peptides in 5 mM Hepes buffer were add to
the solutions. The fluorescence intensity was recorded
at 3 min after the addition of the peptides. Complete
dye-release from the liposome was obtained by addi-
tion of 10 ul of Triton X-100 solution (20% in Hepes
buffer) to the vesicles. The percentage of dye-release
caused by peptides was evaluated by the equation,
100 X (F — Fy) /(F, — F,), where F is the fluorescence
intensity achieved by addition of peptides, F, and F,
are intensities observed without peptides and after
Triton X-100 treatment, respectively.

Titration study. Titration of the peptides with phos-
pholipids was examined to obtain the information of
the peptide orientation in lipids, because the blue shift
reflects the incorporation of a Trp residue into the
lipid bilayer. Several quantities (5, 10, 20 and 30 ul) of
lipid solution of a concentration of 1.1 mM were added
to the solution of peptides (2.5 ml) at the concentration
of 6.0 uM and mixed for 10 min until it reached
equilibrium. The tryptophan fluorescence of the solu-
tion was recorded in the range of 300 nm to 400 nm
with excitation at 280 nm.

Planar bilayer and current measurement. The planar
lipid bilayer membranes were formed by the folding
method as described previously [11,15]. Asolectin was
used as a bilayer-forming lipid. Small quantity (usually
5-10 wl) of the peptide dissolved in methanol was
added to one compartment (cis is side) of the chamber
with stirring. Membrane current measurement was per-
formed under voltage-clamp conditions (usually + 40
mV). The membrane potential was defined as the
potential of cis with respect to frans compartments.
The current across the bilayer was measured with a
hand-made current voltage converter (bandwidth 800
Hz) and displayed on both a digital storage oscillo-
scope (DSS5020A, Kikusui Electronics, Kawasaki) and
a chart recorder (R61VL, Rikadenki, Tokyo). The data
were recorded on videotape with a videotape recorder
after A/D conversion with a modified digital audio
processor (PCM-501ES, Sony).

Results

Peptides designed

In these peptides, a hydrophilic amino acid, Ser, was
introduced in several positions of 4, in an attempt to
decrease the ability of membrane perturbation. Trypto-
phan was also introduced in position 12 and the N-
terminus, respectively, to monitor the lipid-peptide
interaction (Fig. 1).

As shown in Fig. 3, 4, [Trp'}-4,(Ser) and [Trp'?]-
4.(Ser) have a hydrophilic region on one side and a
hydrophobic region on the other side, and they are
amphipathic on the whole. The hydrophilic region is
increased from 1/4 in 4; to 1/2 in [Trp']-4,(Ser) and
[Trp'?]-4¢(Ser). Increase in the hydrophilic region may
make the ability of membrane perturbation of [Trp!l-
4,(Ser) and [Trp'?]-4¢(Ser) less than that of 4.

CD study

CD spectra of the synthetic peptide [Trp!2}-4(Ser)
in Hepes buffer (pH 7.4) and in the presence of vesi-
cles are shown in Fig. 4. The studies showed that the
peptide has a marked conformational sensitivity to the
environment. In the buffer, [Trp'?]}-4,(Ser) exhibited
minimum below 200 nm, showing that it takes no
significant secondary structure (Fig. 4a). In the pres-
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Fig. 3. a-Helical nets and wheels of peptides 4¢, [Trp'?}-4¢(Ser) and
[Trp']-44(Ser). In helical wheels, hydrophilic amino-acid residues are
shaded.

ence of neutral phospholipid vesicles, it had a double
minimum at 208 and 222 nm characteristic of a-helix
(Fig. 4b). Interestingly, an addition of acidic liposomes
instead of neutral liposomes changed the spectrum to
an one composed of mainly B-structure with a mini-
mum near 220 nm (Fig. 4c). We have previously re-
ported that a model peptide, Ac-(Ser-Val-Lys-Val),-
NHCH ;, with 8 amino-acid residues changed its con-
formation from B-structure to a-helix with adding NaCl
[17]. Therefore, CD spectra of [Trp'?]-4,(Ser) were
measured at the concentrations of 0, 50, 100 and 200
mM NaCl in buffer and in vesicles. In buffer and in
neutral vesicles, the peptide remained in a mixture of
random-like unordered structure and a-helix regard-
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less the presence and absence of NaCl, respectively,
whereas in acidic vesicles the B-structure changed to
a-helix with increasing NaCl concentration. These re-
sults suggest that the charge interaction of the peptide
with acidic phospholipids induces the B-structure,
whereas the presence of NaCl diminishes such interac-
tion, consequently, similarly to neutral phospholipid
liposomes the a-helix is formed by the hydrophobic
interaction between the peptide and phospholipid vesi-
cles.

Leakage of carboxyfluorescein from liposomes

In order to study the interaction of [Trp'?]-4¢(Ser)
with model membrane, the ability of membrane pertur-
bation was examined by measuring its effect on release
of carboxyfluorescein from phospholipid liposomes in
comparison with 4, and 4, [18]. Profiles of the dye-
leakage from egg PC/egg PG (3:1) liposomes caused
by peptides are shown in Fig. 5. The ability of mem-
brane .perturbation of [Trp'?]-4,(Ser) was slightly infe-
rior to that of 4.

Titration study

To attain further information on the peptide-lipid
interaction in the lipid bilayer, the interactions of
[Trp'?]-44(Ser) and [Trp!]-4,(Ser) with egg PC and egg
PC- egg PG (3:1) liposomes were monitored by mea-
suring tryptophan fluorescence (Figs. 6 and 7). The
emission spectrum of [Trp!2]-4,(Ser) in the buffer solu-
tion where the peptide is present in random structure
showed a maximum peak at 346 nm. Upon addition of
egg PC vesicles in which [Trp?]-4,(Ser) formed a-helix,
the fluorescence of the maximum increased strongly
and shifted to 327 nm (Fig. 6). Such a fluorescence
change induced by binding to neutral liposomes can be
explained by the change in the state of Trp!? from a
hydrophilic to a hydrophobic environment.

[0] x10-4 (deg-cm2.dmol-1)
[=)
]

200 230 240 260 S 200 220
Wavelength (nm)

Wavelength (nm)

240 260 " 200 530 740 760

Wavelength (nm)

Fig. 4. CD spectra of [Trp!?}-4,(Ser) in various media. Spectra were measured (a) in Hepes buffer (pH 7.4), (b) in the presence of DPPC
liposomes and (c) in the presence of DPPC-DPPG (3:1) liposomes as a function of NaCl concentration. Peptide concentration was 10 uM and
lipid concentration was about 1 mM. NaCl concentration is zero (—), 50 mM (---), 100 mM (---) and 200 mM (-- --).
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Fig. 5. Profiles of carboxyfluorescein leakage from egg PC/egg PG
(3:1) liposomes induced by model peptides. Individual peptides were
incubated at 25°C in 2 ml of 5 mM Hepes buffer (pH 7.4) containing
86 uM egg PC/egg PG (3:1) liposomes at various peptide concen-
trations. Peptide 4 (®) and [Trp'?)-4¢(Ser) (0) The fluorescence
intensity was recorded at 515 nm with excitation at 470 nm.

The emission spectra of [Trp']-4,(Ser) in the buffer
solution gave a maximum peak at 354 nm. Upon addi-
tion of egg PC liposome, the blue shift to 330 nm was
also observed, but the intensity of maximum peak of
[Trp']-44(Ser) did not increase as much as that of
[Trp!?]-4¢(Ser). In lipid bilayers, the Trp residue in
[Trp!]-44(Ser) is located to less hydrophobic environ-
ment than that in [Trp}?(Ser).

The fluorescence spectra of [Trp'?]-44(Ser) forming
B-structure in the presence of egg PC/egg PG (3:1)
vesicles shifted to shorter wavelength with increasing
lipid concentration as observed in neutral liposomes
(Fig. 7). On the other hand, the fluorescence intensity
of maximum peak increased gradually at a concentra-
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Fig. 6. Fluorescence emission spectra of [Trp'?M4¢(Ser) (a) and

[Trp!Ms(Ser) (b) in egg PC liposomes as a function of the lipid

concentration. Peptide concentration was 6 uM. [Lipid] /[Peptide]; A
(peptide only); B, 6; C, 12; D, 24; E, 36; F, 60 and G, 120.
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Fig. 7. Fluorescence emission spectra of [Trp!?}4¢(Ser) (a) and

[Trp']-44(Ser) (b) in egg PC/egg PG (3:1) liposomes as a function of

the lipid concentration. Peptide concentration was 6 uM.

[Lipid] /[Peptide}; A (peptide only); B, 6; C, 12; D, 24; E, 36; F, 60
and G, 120.

tion ratio below [L]/[P] =24 and decreased at a lipid
concentration above L/P =24. Such fluorescence
change may indicate conformational change of peptide
from random structure to B-structure. A similar fluo-
rescence spectrum change was observed for [Trp'l-
4.(Ser) in the presence of the acidic lipids, although
the intensity of maximum peak of [Trp']-4,(Ser) was
changed less than that of [Trp'2]-44(Ser).

The difference in the magnitude of blue shifts of the
wavelengths or increase in the fluorescence intensities
at maximum peaks between [Trp'?)-44(Ser) and [Trp!])-
4,(Ser) reveals that Trp residue in [Trp'?]-44(Ser) is
present in more hydrophobic surroundings than that in
[Trp']-44(Ser). These results suggest that Trp residue
of [Trp'?]-4,(Ser) is located at the core part of
phospholipid bilayer and [Trp']-4,(Ser) is located at a
hydrophobic part near the head groups of phospho-
lipids such as H-belt region. The reduction of maxi-
mum peak intensity, however, can not be explained
clearly. It may be due to the quenching of the fluores-
cence according to an access of chromophore groups
on the aggregates of peptide molecules by a conforma-
tional change from random to B-structure induced with
increased charge interaction or according to access of
anions in phospholipid head groups.

Measurement of ion channel activity

The planar bilayer method was used to determine
whether [Trp!2]-44(Ser) was able to form ion channels
in phospholipid bilayer membranes. We have used an
acidic phospholipid, asolectin, as a membrane-forming
lipid. Asolectin, soybean phospholipids, consist of 41%
PC, 38% PE, 18%PA and 3% others (Nakagawa, S.,
personal communication). Records of current across
the planar lipid bilayer doped with the peptide under
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Fig. 8. Traces of current, induced by addition of [Trp!?}-44(Ser),
across a planar bilayer membrane made of asolectin at a holding
voltage of +40 mV. The peptide was added to cis compartment of
the chamber. The solution was symmetrical 100 mM KCl and 10 mM
Tris-Hepes (pH 7.4). The downward deflection corresponds to a
current from the cis to the trans compartment. Symbols C and O
indicate current levels corresponding to closed and open states of
channel, respectively.

study observed at +40 mV in symmetric 100 mM KCl
and 10 mM Tris-Hepes (pH 7.4) are shown in Fig. 8.
The single-channel conductance was about 250 pS (Fig.
8a). A 125 pS channel with similar gating behavior was
also observed in different experiments (Fig. 8b).
Open-channel duration of these channels (about sev-
eral tens of ms) was shorter than that observed for the
4, peptide (more than several hundreds of ms) [12].
These channels were cation-selective based on the di-
rection of the current (cis to trans) in asymmetric KCl
solutions (400 mM /100 mM for cis /trans) at zero
membrane potential (data not shown). Asolectin was
not available for the previous channel formation exper-
iment with 4, since 4 disrupted its bilayers. [Trp'?]-
4,(Ser) was found to be able to form the ion channel
even in asolectin, indicating that the ability of mem-
brane perturbation of [Trp'?]-4,(Ser) is weaker than
that of 4.

Discussion

Peptides [Trp']-4¢(Ser) and [Trp'?]-44(Ser) were de-
signed for facilitating the analysis of the character of
channel formed by amphipathic a-helical peptides. We
reported previously that 4, formed a-helix in the pres-
ence of neutral and acidic phospholipid. The present
CD experiment showed that [Trp'*]-4,(Ser) formed
a-helix in neutral phospholipids vesicles as observed
for 4, and interestingly B-structure in acidic phospho-
lipid vesicles. It should be kept in mind that this
peptide is impossible to take amphipathic structure
when it adopts B-structure. Moreover, addition of NaCl
to the acidic liposomes induced the conformational
change from B-structure to a-helix. We have found
such conformational change on the amphipathic B8-
structural peptides which took B-structure in acidic
liposomes in the absence of NaCl [17]. These confor-
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mational changes may explain that in the absence of
NaC(l the electrostatic interaction between anionic head
group in acidic phospholipid and cationic group in
peptide induces the B-structure, but in neutral lipo-
somes or in acidic liposomes in the presence of NaCl,
some or complete reduction of the electrostatic inter-
action, which facilitates the hydrophobic interaction
between hydrophobic part of peptide and phospholipid
vesicles, leads it to amphipathic a-helical structure.

The ability of membrane perturbation of [Trp'?}-
4,(Ser) was similar to that of 4,. The increase from a
quarter to half in hydrophilic area of amphipathic
a-helical peptide as shown in Fig. 4, could not make
the ability of membrane perturbation weaker. How-
ever, [Trp'?}-4¢(Ser) was able to form ion channels in
asolectin planar bilayer while 4, disrupted the bilayer.
The leakage ability obtained using small unilamellar
vesicles may not always be simply correlated to the
disrupting ability on planner lipid bilayer. A similar
finding has been described in our previous paper where
the leakage ability of the amphipathic 3,, helical pep-
tides such as H-(Leu-Arg-Leu)s-OH having a hy-
drophilic amino acid at every three residues in their
sequences, in which their hydrophilic regions occupy
1/3 in helical wheel, is much stronger than that of 4,
in which hydrophilic residues are 1/4 in its sequence
[22]. Therefore, we assume that an ability of membrane
perturbation by peptides may depend not only on an
affinity for membrane determined by the ratio of hy-
drophilic and hydrophobic regions, but also on facility
of penetration into the lipid bilayer. This is because
leakage ability is correlated to the penetration of the
hydrophobic part of the peptides into the hydrophobic
core of liposomes [16).

Such a view is correlated to the result that both
model peptides exhibited no or weak antimicrobial
activity. The amphipathic 3,4-helical peptides described
above also showed no antimicrobial activity. The pep-
tide reacts with bacterial membrane to perturb it but
cannot lyse it due to its weak hydrophobicity.

The CD study showed that [Trp!2]-4,(Ser) can adopt
several different conformations under specific environ-
mental conditions. In particular the different lipids or
different ion strengths induce the conformational
change of [Trp'?}-4,(Ser) from B-structure to a-helix.
These conformational transitions may facilitate the ini-
tiation process of the channel formation in lipid bi-
layer. Amphipathic peptides in bulk aqueous solution
would be an unordered structure. Upon approaching a
lipid surface, the peptide may adopt a B-structure by
the charge interaction between lipid—peptide. This
form could be the conformation that initially inserts
into the hydrophilic part of lipid bilayers. In this situa-
tion, such B-structure may be present with an aggre-
gated form. Insertion should lead to a preferential
amphipathic a-helical conformation and finally would
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span the membrane to form an oligomer with ion-chan-
nel activity.

The current measurement with a planar asolectin
membrane showed that [Trp'?]-4,(Ser) peptide formed
a stable ion channel at the concentration of 0.5 uM,
the same as at that of 4, measured in DiphytPC [12].
The conductance of the channels mainly observed was
250 pS and 125 pS. The former is twice as large as the
latter one. Since peptide 4, gave several conductance
levels which could not be attributed to integral multi-
ple of smaller ones, introduction of a hydrophilic
residue into hydrophobic part of 4, appears to simplify
the conductance levels. It is probable that the differ-
ence of the conductance is due to different conforma-
tion or different number of aggregated molecules in a
bundle. It is quite reasonable that [Trp'?-4,]-(Ser) takes
an a-helical structure under the conductance measur-
ing conditions, that is, in the presence of acidic lipo-
somes in 100 mM KCIl. The clear segregation of hy-
drophobic and hydrophobic parts in [Trp'2}-4.(Ser) as
compared 4, (see a-helical nets in Fig. 3) may prohibit
various conformations and/or different oligomeric
bundles, resulting in the reduction of different conduc-
tance levels.

It is of interest that the life-time of open-close states
in the [Trp'?-44]-(Ser) channels is shorter than that
observed for 4. Transmembrane ion channels must be
composed of a bundle of amphipathic a-helices which
assemble at the lateral sides in bilayer and have an
ion-conducting pore at the center. The rate (or time
constants) of the association and dissociation of the
bundle formation seem to be determined by the shapes
and area of the hydrophobic region in amphipathic
peptides by substitution of Leu to Ser.

Fluorescence study of the model peptides indicates
that Trp-1 and Trp-12 may be located at or near
boundary of the ester link (H-belt) part and at lipid
core in lipid bilayer, respectively. This result supports
that these amphipathic peptides are able to span lipid
bilayer by forming ion channels.

Basic amphipathic peptides, such as cecropin [19],
magainin [20] dermaceptine [21], have been found to
show a strong antimicrobial activity. We previously
reported that peptide 4, was effective against Gram-
positive and -negative bacteria, although relatively weak
(50-100 pg/ml) [12]. [Trp'?}-4¢(Ser) exhibited a weak
antibacterial activity only against the Gram-positive
bacteria, B. subtilis. Minimum inhibitory concentration
was 50 pg/ml. However, it had no activity against
other microorganisms such as Gram-positive bacteria
S. aureus and the Gram-negative bacteria E. coli and
S. flexneli. [Trp']-4¢(Ser) showed no antimicrobial activ-
ity.

Recently, anion-dependent conformational transi-
tion of basic amphiphilic polypeptides has been re-
ported [23,24). It has been shown that anions bind
preferentially to cations in peptides to induce the com-

pact secondary structure. Such salt-induced conforma-
tional change may play an important role in the func-
tion of some globular proteins. As shown in the present
study, conformational change of amphipathic peptide
is firstly induced in coexistence of acidic phospholipid
and salts. Such conformational change can also play an
important role in folding or acting of the peptide and
protein associated with membrane.
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