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Mastoparan B (MP-B) that is a novel MP isolated from the hornet Vespa basalis, was studied as compared with
MP, in terms of interaction with phospholipid bilayer and antimicrobial activity. MP-B has more hydrophilic amino
acid residues in hydrophilic face of amphiphilic a-helical structure than MP, The both peptides exhibited considerably
different effect on interaction with lipid bilayers, e.g. their conformation in the presence of acidic and neutral liposomes.
dye-release ability from encapsulated liposomes, but on the whole the interaction mode was similar. On antimicrobial
activity, MP had a strong activity against Gram-positive bacteria but no against Gram negative ones. Contrary to
this, MP-B had a strong activity against Gram-positive and potent against Gram-negative anes. Since both peptides
have almost same residues on the hydrophobic side, such more hydrophilic surface on the molecule seems to lead
to the subtle change in its interaction with membranes, resulting in the alternation in its biological activity.

Introduction

Mastoparan (MP), a major component of the wasp venom,

is a basic amphiphilic a-helical peptide composed of fourteen
amino acid residues and a few of related peptides have been
isolated from the natural source! (Figure 1). It possesses
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4 11 12
Mastoparan Tle-Asn-Leu-Lys-Ala-Leu-Ala-Ala-Leu-Ala-Lys-Lys-Ile-Leu-NH,
Mastoparen-M  Ile-Asn-Leu-Lys-Ala-lle-Ala-Ala-Leu-Ala-Lys-Lys-Leu-Leu-NH,
Mastoparan-T  [le-Asn-Leu-Lys-Ala-Ile-Ala-Ala-Phe-Ala-Lys-Lys-Leu-Leu-NH,
Mastoparan-A  Ile-Lys-Trp-Lys-Ala-Ile-Leu-Asp-Ala-Vai-Lys-Lys-Val-Ile-NH,
Mastoparan-II  Ile-Asn-Leu-Lys-Ala-lle-Ala-Ala-Leu-Vai-Lys-Lys-Val-Leu-NH,
Mastoparan-X  Ile-Ans-Trp-Lys-Gly-Ile-Ala-Ala-Met-Ala-Lys-Lys-Leu-Leu-NH,
Mastoparan-B Ile-Lys-Leu-Lys-Ser-[le-Vai-Ser-Trp-Ala-Lys-Lys-Vai-Leu-NH,

Figure 1. Primary structure of mastoparans and mastoparan B.
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Figure 2. Helical wheel diagrams of MP, MP-B and a model
peptide, 4.

a variety of biological activities such as activation of phos-
pholipase A;** and C** erythrocyte lysis, mast cell degrada-
tion histamine release'? and binding to calmodulin® MP is
also known to activate GTP-binding regulatory proteins (G-
proteins) in a manner similar to that of G-protein-coupled
receptors in itreS Structure-activity relationship studies,
with the use of various natural and synthetic compounds,
have shown that the amphiphilic a-helical structure is crucial
to show such biological activity, with cationic amino acid re-
sidues on one side and with hydrophobic residues on the
other side.'” More recent study® has indicated that such st-
ructural feature is necessary but not itself sufficient to sti-
mulate GTPase of G-protein; 1) the orientation of the positi-
vely charged amino acids relative to the N-terminus also
seems to play and important role; 2) although hydrophobicity
of hydrophobic moment of the peptides is related to their
potency of ability to binding to G proteins, the relative
contribution of the two parameters is unclear.

Recently, a novel MP, named mastoparan B (MP-B), has
been isolated from the venom of the hornet Vespe dasalis
that is one of the most dangerous species of wasps found
in Taiwan® (Figure 1). This peptide not only caused liberation
of histamine from rat peritoneal mast cells, but also posses-
ses an more potent hemolytic activity than MP. MP-B has
been shown to elicit cardiovascular depressor'® and to inhibit
the growth of Gram-positive and -negative bacteria, at a mi-
nimum concentration of 135 pg/mL." This peptide reveals
the amphiphilic property as seen in the helical wheels (Fi-
gure 2). MP-B has more hydrophilic amino acid residues
on the hydrophilic side of the amphiphilic structure (1-Leu,
58-Ser, 2,4,12-Lys, 9-Trp) as compared with those of MP
(1-lle, 2-Asn, 5,8-Ala, 4,12-Lys, 9-Leu), although both peptides
have almost same residues on the hydrophobic side. Such
more hydrophilic surface on the molecule might lead to the
change in its interaction with membranes, resulting in the
alternation in its biological activity. Studies on the interaction
of MP-B with liposomes have not yet been the subject of
any other reports. Thus in order to attain further information
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of the relationship between the hydrophilic dide in the am-
phiphilic structure and the activity, we determined the con-
formation of MP-B by CD* measurement and its leakage
and binding ability in the presence of neutral and acidic
liposomes and its antimicrobial activity. The results were
compared with MP! and an amphiphilic and antimicrobial
o-helical peptides, 4;%"? which are less and more in the hy-
drophobic regions of amphiphilic structuce, respectively.

Materials and Methods

General. DPPC and DPPG were purchased from Sigma
Chemical Co., St. Louis. Amino acids were purchased by the
Peptide Institute, Osaka. Carboxyfluorescein from Eastman
Kodak Co., Rochester was further purified by recrystailiza-
tion from ethanol-water mixture. All other reagents used
were of the highest grade available.

Purification and synthesis of MP-B. MP-B was syn-
thesized according to Boc-chemical procedure starting from
MBHA-resin by using a Biosearch mode! 9500 automatic pep-
tide synthesizer with personal computer IBM PS/2 model
50Z. After HF-treatment, the crude peptide obtained was dis-
solved in 10% acetic acid and purified by Sephadex G-25
with 10% acetic acid and then HPLC chromatographies (a
Shimadzu LC-6A system with ODS column, 20X250 mm)
with a gradient system of water-acetonitrile containing 0.1%
TFA. Amino acid analysis was performd on a Beckman Sys-
tem Gold amino acid analyzer after hydrolysis in 5.7 M HCI
in a sealed tube at 110 T for 24 hr. Analytical data obtained
were as follows: Ala, 1.02 (1); Val, 2.23 (2); Leu, 3.00 (3);
Ile, 0.96 (1); Ser, 1.97 (2); Lys, 3.78 (4). Molecular weight
was determined by FAB-mass spectra using a JEOL SX-102
A: base D(:“dk. 1611. 060, calcd. for C?gH]aaOmNgo, 1611, 0600,
MP was purchased from the Peptide Institute, Osaka and
used without further purification. Peptide concentrations
were determined from UV-absorbance of Trp in 8 M urea
for MP-B and from quantitative amino acid analysis for
MP.

Preparation of liposomes. Smal! unilamellar vesicles
(SUVs) were prepared as follows. SUVs were prepared with
a lipid composed of DPPC, DPPC-DPPG (3:1) as neutral
and acidic vesicles, respectivly. Phospholipid (20 mg, about
25 mmol) was dissolved in chloroform (1 mL) and dried by
breathing of nitrogen in a conical glass tube. The dried lipid
was hydrated in 2 mL of 5 mM Tes buffer or Hepes buffer
(pH 7.4) with repeated vortexed-mixing at 50 C for 30 min
using a Kaijo Denki ultrasonic disrupter model T-A-4280¢ and
diluted to 25 mL with the same buffer (lipid concentration,
about 1.0 mM). The small unilamellar vesicles obtained were
used for the CD measurement.

The unilamellar vesicles trapping carboxyfluarescein were
prepared by the same method as described above except
that the dried lipid (20 mg, 25 mmol) was hydrated in 2
mL of 0.1 M NaCl/5 mM Hepes buffer {pH 7.4) containing
100 mM carboxyfluorescein. After sonication, the mixture
of uni-and multilamellar vesicles trapping carboxyfluorescein
was subjected to gel filtration through a Sephadex 4B column
(1X20 cm) in 0.1 M NaCl/5 mM Hepes huffer (pH 7.4). Two
milliliter fractions were collected and the solution of fraction
number 7 that were just before the non-encapsulated
dye-elution was collected to utilize for carboxyfluorescein re-
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lease measurements. The lipid concentration of the fraction
7 was about 28 mM.

Circular dichroism spectra. Circular dichroism (CD)
spectra were recorded on a JASCO )-600 spectropolarimeter
using a quartz cell of 1 mm pathlength. Spectra in 5 mM
Tes-buffer (pH 7.4) were measured at a peptides concentra-
tion of 100 mM. For measurements of the CD spectra of
peptides in phospholipid liposomes, the peptides were dissol-
ved directly in 5 mM Tes buffer (pH 7.4) containing 0.9
mM phospholipid liposomes. When the solution became
cloudy after the addition of peptides to liposome solution,
it was sonicated again to became clear with a both type soni-
cator at 25 C. To scan a scattering due to liposomes, the
CD spectrum of liposomes was subtracted from that of the
peptide in the presence of liposomes. All measurements were
performed at 25 C and the data were expressed in terms
of the molar ellipticity. Spectra were analyzed as a linear
combination of spectra for poly-L-lysine (M.W. 15,000-30,000)
adopting the three well-known conformations depending on
the solvent condition; a-helix, B-structure, and random coil.!*

Leakage of carboxyfluoresceln from liposomes.
Leakage of liposome contents was determined with the fluo-
rescence dye-release experiment from liposomes by the pro-
cedure of Weinstein et ¢/.'¢ with a minor modification."™ Lipo-
somes containing 100 mM 5(6)-carboxyfluorescein were pre-
pared by sonication as described above. A liposome solution
(50 pL) of fraction 7 obtained by passing through Sepharose
4B was added to a 2 ml of 5 mM Hepes buffer (pH 7.4}
in the cuvette to give a final concentration of the peptide
in phosphate buffer,

Fluorescence spectra. Fluorescence spectra were re-
corded on a JASCO FP-550A spectrofluorophotometer. The
cuvette was placed in the heated cuvette holder of the fluo-
rometer at 25 C and the fluorescence intensity was conti-
nuously recorded. The intensity was monitored by fluoresce-
nce at 515 nm with exciting at 470 nm. The data were collec-
ted at 10 min after the addition of the peptides in the vesicle
solution, For determination of the fluorescence intensity de-
rived from 100% dye-release, 10 ml of Triton X-100 solution
(20% in Hepes buffer) was added to dissolve the vesicles.
The percentage of dye-release caused by the peptides was
evaluated by the equation, 100X (F-F)/(F-Fy), where F is
the fluorescence intensity achieved by the peptides, Fy and
F; are intensities of the fluorescence without the peptides
and with Triton X-100 treatment, respectively.

Antimicrobial activity. The minimum inhibitory con-
centration (MIC) of the growth of microorganisms was deter-
mined by the standard agar dilution method using Muellar
Hinton medium (Difco).

Spectroscopic titration of peptide with liposomes.

Spectroscopic titration of peptides with liposomes was per-
formed as reported by Surewicz and Epand." Appropriate
aliquots of DPPC or DPPC-DPPG {3: 1) liposomes (L0 mM)
were successively added to a solution {2.0 mL) of peptides
(6.24 uM) in Hepes buffer. After each addition of liposomes,
the mixture was kept at 25 C for 10 min to achieve the
equilibration. From fluorescence spectra excited at 280 nm,
the change of the maximum emission wavelength in fluores-
cence (A/A) of Trp was used to determine the affinity para-
meter Kd/n where Kd represents the dissociation constant
of lipid peptide complex and n the number of binding site

(0)x10 (deg - cm* - dmot ")
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Figure 3. CD spectra of MP, MP-B and 4, in Tes buffer (A),
in the presence of DPPC (B) and DPPC-DPPG (3 : 1) (C) lipeso-
mes. MP (), MP-B (—) and 4; (-----}. Peptide and lipid concen-
trations are 0.1 mM and 1 mM, respectively.

Table 1. Secondary Structural Content of Peptides Determined
by CD Spectra

Peptide Media a-helix f-structure Random
Mastoparan  Tes buffer 40 (%) 10 (%) 50 (%)
DPPC 60 20 20
DPPC-DPPG (3:1) 50 25 25
Mastoparan B Tes buffer 15 10 75
DPPC 35 10 50
DPPC-DPPG (3:1) 70 15 15
4; Tes buffer 35 15 50
DPPC 60 5 35
DPPC-DPPG (3:1) 75 25 0
per lipid.
Results

CD analysis is a conventional method for studying confor-
mational changes of polypeptides. The previous CD studies
have shown that MP takes a random structure in buffer so-
lution and o-helical structure in the presence of phospholipid
bilayers,” although it also adopts e-helical structure at high
ionic strength (more than 1 M NaCl) in aqueous solution.'®
In the present study, the spectra were measured in Tes-HCI
buffer containing 100 mM NaCl and in the presence of DPPC
and DPPC-DPPG (3: 1) liposomes {Figure 3). In buffer solu-
tion, MP adopted a mainly random structure containing 40%
e-helical structure, but MP-B still remained as a random
structure (Table 1). In neutral and acidic liposomes, bath
MPs had double minimum peak around 205 and 222 nm
region responsible for a-helical structure. Interestingly, MP-
B took a-helical structure (35%) and the content of it was
increased (70%) in acidic lipesomes, but MP showed no such
difference in both media (60% and 50%, respectively).

In order to study the interaction of MPs with model mem-
branes, the ability of membrane perturbation was examined
by measuring its effect of release of carboxyfluorescein from
phospholipid liposomes in comparison with 4;. Profiles of the
dye-leakage from DPPC and DPPC-DPPG (3:1) liposomes
caused by peptides are shown in Figure 4. Basic amphiphilic
a-helical peptide 4, was employed as a reference, This pep-
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Figure 4. Leakage profiles of carboxyfluorescein from DPPC
(A} and DPPC-DPPG (3:1) (B) liposomes by MP, MP-B and
4;. MP (a), MP-B (®) and 4, (m).
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Figure 5. Fluorescence spectra of MP-B in the presence of
DPPC (A) and DPPC-DPPG (3 : 1) (B) liposomes. Peptide conce-
ntrations; 6.24 uM. Lipid concentration: (a) 0, (b) 75, (c) 147,
(d) 217, (e) 285, and (f) 352 pM.

tide has a strong antimicrobial activity against Gram-positive
bacteria but a weak activity against Gram-negative bacteria
and can induce a complete dye release at an extremely low
peptide concentration (1 pM) in neutral liposomes."” In neut-
ral liposomes, MP leaked dye with fairly high leakage ability
(10 pM). MP-B has considerable leakage ability but it was
saturated in the release of 80% and did not reach 100%
leadage even at high peptide concentration. In acidic liposo-
mes, the ability of the peptides to release the dye was in
same order {(4,>MP>MP-B) but the ability were extremely
low as compared with neutral liposomes, and did not reach
complete leakages all the case.

In an attempt to attain the location of MPs into lipid bilay-
ers and binding affinity to them, the interactions of MP-B
with acidic and neutral liposomes were monitored by measu-
ring Trp-fluorescence {(Figure 5). Fluorescence spectra of
MP-B in buffer solution showed an emission maximum at
360 nm. Upon the addition of both liposomes, the blue shifts
to 325 nm were observed with increasing in lipid concentra-
tion, accompanying the increase in the maximum intensity.
Such blue shifts indicate two possibilities: that the Trp resi-
due in the peptide is located into lipid bilayer of a highly
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Figure 6. Titration curves of MP-B in the presence of DPPC
{a) and DPPC-DPPG (3 : 1) (@) liposomes. The ¢ represents A/A

where the relative changé of the maximum wavelength and the
m represents lipid concentration as described in ref, 15,

Table 2. Antimicrobial activity of MP, MP-B, 4,, Gramicidin $°
and Apidaecin I’

Minimum inhibitory concentration
(ugml™?)
MP MP-B 4, GS Apidaecin Ib

Enterococcus faecalis LS-101 625 3.13 3.13 3.13 >0

Organism

Staphylococcus aureus 625 125 313 3.13 >100
FAD 208P
S. aureus 1840 >25 »>25 313 3.13 >100

Streptococcus epidermidis  6.25 625 313 3.13 >100
ATCC 12228

Bacilus subtilis PCI 219 313 3.13 313 3.13 >100

Escherichia coli NIHJ JC-2 >25 125 >25>100 50

Shigella flexneri EW-10 >25 625 >25>100 25

Klebsiella pneumniae DT-§ >25 >25 >25 50 10

°A cyclic decapeptides: cyclo{Val-Lys-Leu-D-Phe-Pro),. ?Seque-
nce: Gly-Asn-Asn-Arg-Pro-Val-Tyr-Ile-Pro-Gln-Pro-Arg-Pro-Pro-
His-Pro-Arg-Leu-OH. ‘Method: Agar dilution method. Medium:
Muellar Hinton agar (Difco). Inoculum size: 10° cells mL™?

apolar amino acid cluster. The latter is, however, unlikely
because the Trp residue in MP-X (see Figure 1) resembling
MP-B as described later is located into lipid bilayer.® Com-
parison of the affinity parameters Kd/n derived from the
fluorescence intensity titration curves indicates that the atfi-
nity of MP-B for DPPC bilayvers is smaller than that for
DPPC-DPPG bilayers (Figure 6).

The results of antimicrobial assay are listen in Table 2.
MP and 4; had a strong activity against Gram-positive bacte-
ria but no against Gram negative ones. Contrary to this, MP-
B had a strong activity against Gram-positive bacteria such
as Staphylococcus auwreus and Bactlius subtilis and a potent
against Gram-negative ones such as Escherichia coli and Shi-
gella sonnei.

Discussion

The previous NMR study has indicated that mastoparan-



Interaction of Mastoparan B with Phospholipid Matrices
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Figure 7. Proposed mechanism of lipid-peptide interaction by
mastoparans. (a) a random form in bulk solution; (b) Aggregated
form in bulk solution: (c) charge interaction of peptide with lipid
bilayers; (d} partially penetrated form horizontally into lipid bila-
yers {no-release of dye encapsulated by liposomes); (e} a hole
that possibly leaks dye.

X (MP-X, see Figure 1) takes an a-helical structure in the
presence of perdeuterated DPPC vesicles in which the C-ter-
minal 12 residues of 14 amino acid residues are present
with the o-helical structure.® The interaction mode of pep-
tide-lipid was considered that the hydrophilic side in the
helix is present in neutral moiety of bilayer lipid head group
and the hydrophobic side immersed into the membranes in
the horizontal manner for the surface of lipid bilayer. The
present study shows that MP and MP-B also take such am-
phiphilic structure in the presence of lipid bilayers.

Peptide-lipid interaction is often evaluated by the hydro-
phobicity and hydrophobic moment. The amphiphilicity of
peptide is revealed by the hydrophobic moment.*# The hyd-
rophobicities and hydrophobic moments of MP, MP-B and
MP-X are 0.05, 0.06, 0.01 and 0.22, 0.27, 0.21, respectively.
Although the amphiphilicity of MP-B is relatively higher than
MP-X, the difference among them is not so large. Therefore,
MP-B is considered to interact with lipid bilayers in a man-
ner similar to MP-X. Considerable difference between MP
and MP-B, however, is observed for a-helical contents in
the presence of acidic and neutral liposomes. The helical
content of MP-B in acidic lipid bilayers is two times as much
as that in neutral liposomes, while MP is slightly less in
acidic liposomes. Since the hydrophobic region consists of
almost same amino acid residues between both peptide, it
seems that such difference come from that of hydrophilic
region, The charge interaction between 2-Lys residues in
MP-B and acidic lipid head group may play an tmportant
role in stabilizing the a-helical structure.

The present fluorescence study of MP-B also indicates
that the peptide associates readily with the gel state of bilay-
ers prepared from DPPC and DPPC-DPPG (3 : 1). This asso-
ciation is accompanied by the penetration of the indole ring
of the tryptophan residue into a less polar environment, pro-
bably in the vicinity of the aliphatic chains. Since the Trp
residue in MP-B is present on the hydrophobic part in the
amphiphilic helices, it is reasonable to consider that MP-B
interacts with lipid bilayers in such manner as shown by
NMR-study as mentioned above.

The dye-release experiment shows that the membrane
perturbation effect of MP is larger than that of MP-B in
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both neutral and acidic liposomes. More hydrophobic MP
(the value of hydrophobicity for MP is larger than that for
MP-B) might lead to such difference. It should be note that
the ability of three peptides-mediated dye release is much
smaller in the acidic liposomes than in neutral liposomes.
On the other hand, helix-forming ability and binding affinity
for MP-B are much larger in acidic liposomes than in neutral
liposomes. Recent kinetic study of an amphiphilic a-helical
peptide, magainin-induced release of carboxyfluorescein from
vesicles of phosphatidylserine has shown that the cationic
peptide interaction the negative surface of the membrane
induces the transient bilayer destabilization through many
steps.”® From our results and those obtained by others, we
can explain the different action mode of MPs between neut-
ral and acidic membranes as follows (Figure 7). When the
MP interacts with phospholipid membrane (Figure 7d), three
of four cationic Lys residues are exposed to an aqueous
phase, while the hydrophobic part of the molecule penetrates
into the lipid bilayers; at that time, the peptide molecules
are accumulated predominantly in the outer half of the bila-
yver (Figure 7e). In neutral liposomes, such outer leaflet accu-
mulation of peptide molecules destabilize the alkyl chains
in lipid bilayers and then the peptide can move to the inner
leaftet. On the contrary, in the acidic liposomes, the charge
interaction of cationic peptide-anionic lipid head group inhi-
bits the transbilayer movements. The accumulation of pepti-
des to the outer leaflet of bilayers (Figure 7d) may stabilize
peptide-lipid interaction, which also inhibits to cause 100%
dye-release as seen in Figure 4.

Amphiphilic structure has heen found in biologically active
peptide molecules.? In particular, the basic amphiphilic a-he-
lical structure is considered to be one of the most important
structural units for antimicrobial activity as found in natura-
Ny occurring peptides as melittin,® cecropin,?® magainin® and
dermaceptine® and in model peptides.'>** Both MP and
MP-B exhibited strong antimicrobial activity, but considera-
ble difference was observed on antimicrobial specificity; the
former is active only against Gram-positive, while the latter
is also active against Gram-negative bacteria as retaining the
strong activity against Gram-positive one. We previously re-
ported that in model peptides, Ac-(Leu-Arg-Ala-Leu),-NHCH;
(n=2-4), 43 (n=23) is the highest antimicrobial activity among
them, but only against Gram-positive bacteria.'’””® Blondelle
and Houghten® have also found that peptides of the 14-
or 15-mer sequences have the high antimicrobial activity
among the series of basic amphipathic peptides composed
of 8 to 22 residues. Therefore it may be apparent that MPs
should have a potent antimicrobial activity. However introdu-
ction of cationic amino acid residue, Lys, into hydrophobic
face of amphiphilic peptides has shown an appreciable acti-
vity against Gram-negative bacteria in accompanying a dras-
tical reduction in activity against Gram-positive bacteria,
while less effect in activity was found upon introduction of
Lys in hydrophilic face. Oppi ¢t al.® have recently reported
that from the experiment using various analogs replaced with
cationic amino acid, the orientation of the positive charged
amino acids relative to the N-terminus as well as that of
the hydrophobic side chains appeared to ptay and important
role in activation of certain G protein of MP. [t has been
also reported that MP-B possesses the more potent hemoly-
tic activity than MP. Our present study also shows that int-
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roduction of neutral hydrophilic amino acid into hydrophilic
face change the specificity for the antimicrobial activity.
These results will be useful for designing peptides that sele-
ctively activate a variety of biological processes, ie., for un-
derstanding the specificity and generality of receptor-G-pro-
tein interaction, Such study using MP and MP-B is in pro-
gress.
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The abbreviations recommended by the IUPAC-IUB co-
mmission of Biochemical Nomeuclature {(J. Biol. Chem.
1972, 247, 977) have been used. Additional abbreviations:
Boc, ¢-butyloxycarbonyl; TFA, trifluoroacetic acid; CD,
circular dichroism; DPPC, dipaimitoyl-D,L-phosphatidyl-
choline; DPPG, dipalmitoyl-D,L-phosphatidylglycerol;
Hepes, 4-(2-hydroxyethyl)-1-piperazineethanesulfonic
acid; MP, mastoparan; Tes, N-tris(hydrodxymethyl)me-
thyl-2-aminoethanesulfonic acid.



