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A svnthetic cecropin A(L-13)-melittin(1-13) |CA-ME] hybrid peptide was known to be an antimicrobial pep-
tide having strong antibacterial, antifungal and antitumor activity with minimal cytotoxic effect against human
ervthrocyte. Analognes were synthesized to investigate the influences of the flexible hinge region of CA-ME
on the antibiotic activity. Antibiotic activity of the peptides was measured by the growth inhibition against bac-
terial. fungal and tumor cells and vesicle-aggregating or disrupting activity. The deletion of Gln-Gly-Ile (P1)
or Gly-Gln-Gly-lle-Gly (P3) from CA-ME brought about a significant decrease on the antibiotic activities. [n
contrast, Gly-lle-Glv deletion (P2) from CA-ME or Pro insertion (P3) instead of Gly-Gln-Gly-lle-Gly of CA-
ME retained antibiotic activity. This result indicated that the flexible hinge or S-bend structure provided by
Gly-GIn-Gly-lle-Gly. GIn-Gly. or Pro in the central region of the peptides is requisite for its effective antibiotic
activity and may facilitate easily the hydrophobic C-terminal region of the peptide to penetrate the lipid bilayers
of the target cell membrane. In contrast. P4 and P6 with Glv-Gln-Gly-Pro-Gly or Gly-Gln-Pro in the central
region of the peptide caused a drastic reduction on the antibiotic activities. This result suggested that the con-
secutive B-bend structure provided by Glv-Gln-Gly-Pro-Gly or Gly-Gln-Pro in the central hinge region of the
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peptide seems to interrupt the ion channel/pore formation on the target cell membranes.

Introduction

Cationic antimicrobial peptides have been found in a vari-
ctv of sources. [rom prokarvolcs to cukarvolcs. In recent
vears. it has become clear that these endogencous antimicro-
bial peptides constitute part of the host delense system and
innatc immunity."* The rapid cmergence of antibiotic resis-
tance has been of great concern in recent years.® Thus. there
is great mierest in the development of new classes of antibi-
olic agents.” Among (he possible candidates. these endoge-
ncous antimicrobial peptides have been attracted incrcasing
clinical intcrest.”” These cationic antimicrobial peptides
were belicved 1o act by lorming amphipahtic o-helix which
by inlcracting with ccll membrancs. lcad 1o subscquent
membranc disruption by mcans of ion channcl/pore forma-
tion and cventually. ccll death.™ Cecropin A. a cationic 37-
ammo acid antimicrobial peptide. was mitially isolated from
the hemolmph ol Hvalophora cecropia pupac."’ Cecropin A
is composed of two a-helices linked by a (lexible hinge con-
taining Glv-Pro residucs. The N-(erminal scgments of
cecropm A arc strongly basic and form ncarly perfect
amphipathic a-hclices. while the C-terminal portion consist
of morc hydrophobic helices. Cecropin A has a powerful
Ivtic activity on baciterial cells and broad spectrum against
Gram-positive and Gram-ncgative bacteria but posscss no
cvlotoxic cifecls agamst human crvthrocvics and other
cukarvotic cclls."™"" The bee venom toxin. melittin. is a cat-
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ionic 26-amino acid antimicrobial peptide. Mclittin shows a
strong Iytic action against bacterial cells. but has a strongly
hemolytic activity and toxicity against cukarvotic cells.'” It
also consists ol two a-hclices linked a flexible scgment. '~
[n contrast (o cecropin A, the N-terminal ¢-helix is hydro-
phobic and the C-terminal er-helix is basic. [ts N-terminal
hydrophobic scgment was known to be responsible for the
hemoly tic activity of the molecule,

At first. the possible application of antimicrobial peptides
requires the climination of undesirable harmful ¢ffects such
as hemolytic activity. [n the coursc of the structurc-antibiotic
activity studics aimed at design an idcal antimicrobial pep-
tides having improved antibiotic activity with no hemolytic
activity. CA(1-13)-ME(1-13) |CA-ME]. a 26-rcsiduc pep-
tide containing parts of the N-tecrminal scquence of CA and
ME has been found 1o have strong antibacterial and antity-
mor activity with minimal hemolytic activity.'*'®

Cecropin A was predicted to have a helix-llexible hinge-
helix motif' from sequence analysis and CD measurements.
and 2D-NMR studics.''® CA-ME is composed of an N-ier-
minal cationic amphipathic a-helix and a C-terminal hydro-
phobic a-helix joined by a Mexible hinge region of GIn-Gly-
Ile scquence. However. the ceffects of the lexible hinge
region of this peptide on antibiotic activity against fungal
and tumor cclls as well as bactenal cells have not vel been
mvestigated. Thus. i this present study. analogucs were
synthesized to investigate the influences of the flexible hinge
region of CA-ME on the antibiotic activitics. The peptides
were synthesized by the solid phase method as C-terminal
amidcs using N-9-fluoreny hmethoxycarbonyl (Fmoc)-chem-
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istry.*" In Table 1. the primany sequences of the chemically
svnthesized peptides used in this study are listed. Concentra-
tions of the synthetic peptides were determined by amino
acid analysis. Six bacterial and scven fungal strains and four
tumor cclls were used for antibacterial. antifungal and anti-
tumor assavs of the peptides. The membranc-aggregating
and disrupting activitics of the synthetic peptides were deter-
mincd using the acidic phosphatidylcholine (PC)-phosphati-
dvlscrine (PS) (4 : 1. w/w) vesicles. Human ervthrocyie and
a mouse [1broblast ccll ling were used 1o measure the ¢cyto-
toxicity of the peptides against normal cukaryotic cells. The
sccondary structurcs of the synthetic peplides in sodium
dodecyl sulfate (SDS) solution. a membranc-mimetic
cnvironment were determined by circular dichroism (CD)
spectra.

Experimental Section

Peptide synthesis and purification. Rink Amide 4-
mcthylbenzhy drvlaming (MBHA) resin (0.35 mmol/g) was
uscd as the support 1o obtain a C-iecrminal amidale peptide.
The coupling of Fmoc-amino acids was performed with N-
hydroxvbenzotniarzole (HOBU) and dicyclohexylcarbodiim-
ide (DCC). Ammo acid side chains were protecied as [ol-
lows: tert-butyl (Thr). trity] (Gln). fert-bulyloxycarbony]
(Lys). Deprolection and cleavage [rom the resin were carricd
out using the mixture of trifluoroacctic acid. phenol. watcr.
thioanisolc. 1.2-cthandithiol and triisopropyIsilanc (88 : 2.5 :
25:2353:25:2.0.v/v) lor 2 hr al room (emperature. The
crude peptide was then repeatedly washed with dicthylether.
and dricd in vacuum. The crude peptides were purilicd by a
reversed-phase preparative HPLC on a Waters 15-um Della-
pak Cs column (19 X 30 cm). Purity of the purificd peptides
was checked by analviical reversed-phasc HPLC on an
Ultrasphere C)s column (Beckman. USA). 4.6 X 25 ¢m. The
purificd peptides were hydrolyvzed with 6 N-HCl at 110 °C
for 22 h. and then dricd in a vacuum. The residucs were dis-
solved n 0.02 N HCI and subjected to amino acid analyzcr
(Hitachi Model. 8300 A. Japan). Peptide concentration was
determined by amino acid analysis. The molccular weights
of the svnthetic peptides was determined using (the matrix-
assissted laser desorplion ionization (MALDI) mass spec-
tromcter.

Cytotoxicity against human cerythrocyte. Human cryth-
rocvics were centrifuged and washed three times with phos-
phatc-buiTered saline (PBS: 33 mM phosphate buffer /0,15
M NaCl pH 7.0). Onc hundred uL of human crythrocyics
suspended 0.8% (v/v) in PBS were plated into 96-well
plates. and then 100 gL of the peptide solution was added to
cach wcells. The plates were incubated for 1 he at 37 °C. and
centrifuged at 130 g for 3 min. One hundred gL aliquots of
the supcrnatant were (ransferred to 96-well plates. Hemoly-
sis was mcasurcd by absorbance at 414 nm with an ELISA
platc rcader (Molccular Devices . Sunnyvvale. Califor-
nia). Zcro percent hemolysis and 100% hemolysis were
determined in PBS and 0.1% Triton-X 100, respectively.
The hemolysis percentage was calculated using the cqua-
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tion:

% hemolysis = [(Absy 4 In the peptide solution
— AbS4]4 nm m PBS) / (Ab&;u nm n 0. 1%
Triton-X 100 — Abss14 o In PBS )] x 100,

Antibacterial activity. foscherichia coli (KCTC 1682).
Salmonella  tephimurivm  (KCTC  1920).  Psendomonas
aeruginosa (KCTC 1637). Bacillus subtifis (KCTC 1918).
Streptococcus  pyogenes (KCTC 3096). Siaphylococcus
arrens (KCTC 1621) were supplied from the Korcan Col-
lection for Type Cultures (KCTC). Korca Rescarch Institute
of Bioscicnce & Biotechnology (KRIBB) (Tacjon. Korca).
The bacteria were grown to the mid-logarithmic phasc in
Luria-Bertani medium (10 g of Bacto-tryptone of per liter. 5
g of Baclo-vcast extract per liter |both from Difco Laborato-
rics| and 10 g NaCl per liter). The peptides were sterilized
through a 0.22 um filter and stepwisc-diluted in a medium off
1% bactopeptone. The tested organism ([final bacterial sus-
pension: 2 x 10° colony formation units (CFU)Y/mL) sus-
pended in growth medium (100 gL) was mixed with 100 gL
ol the test peptide solution in a microtiter plate well with
three replicates for cach test solution. Microbial growth was
determined by the increasc in optical density at 620 nm afier
10 h incubation at 37 °C. The minimal inhibitory concentra-
tion (MIC) was delined as the lowest concentration of pep-
tide at which there was no change in optical density.

Kinctics of bacterial Killing. The kinctics ol bacterial
killing of the peptides were cvaluated using £ coli and 5.
subtilis. Log-phasc bacteria (6 x 107 CFU/mL) were incu-
bated with 1.0 uM peptide in LB broth. Aliquots were
removed at lixed time intervals. appropriately diluted. plated
on LB broth agar platc. and then the colony-forming units
were counted afier 16-18 h incubation at 37 °C.

Antifungal activity. Aspergillus flevns (KCTC 1375).
Aspergilius fumigatus (KCTC 6143). Aspergillus niger
(KCTC 2025). Saccharomyces cerevisiae (KCTC 2803).
Trichoderma viridae (KCTC 6047). Trichosparon beigelii
(KCTC 7231). and Candide atbicans (KCTC 1940) were
supplicd lrom KCTC. KRIBB (Tacjon. Korca). The tungal
strains were grown at 28 °C in a YM medium (1% glucosc.
0.3% malt extract. 0.5% peptone. and 0.3% yeast extract).
The fungal conidia were seeded on 96-well microtiter plates
atadensity of 1 x 107 sporcs per well in a volume of 100 gL
of YM mecdia. 10 gL of the scnally diluled-peptides was
added to cach well. and the ccll suspension was incubated
for 24 hr at 28 °C. Aftcr incubation. [0 pL of a 3-(4.5-
dimcthy]-2-thiazoly)-2.3-dipheny 1-2H-tetrazolium  bromide
(MTT) solution [5 mg/mL MTT in phosphatc-butlered
salinc (PBS). pH 7.4] was added to cach well. and the plaics
were further incubated at 37 °C for 4 hr. Forty uL of 20%
SDS solution conlaming 0,02 M HCl was added and the
rcaction mcubated at 37 °C for 16 hr to dissolve the formed
MTT-fonmazan crystals. The absorbance of cach well was
mcasurcd at 370 nm using a microtiter ELISA rcader
(Molecular Devices. Sunnyvale. Califormia).

Antitumor activity. Growth mhibitory activity of the pep-
tides agamst cancer and normal fibroblast cells was deter-
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mincd as 30% inhibition concentration (1Csy) using a
tetrazolium (MTT) assay. Human chronic myclogenous leu-
kemia (K-362: ATCC cat no. CCL-243). human acutc T ¢cll
leukemia (Jurkat: ATCC cat no. TIB-132). human lung car-
cinoma cancer cclls (K-349: ATCC cat no. CCL-183) and
human breast adenocarcinoma cell (MDA-MB-361: ATCC
cat no. HTB-27) were used [or the growth inhibitory activity
assav of the peptides against cancer cells. Mouse NIH-3T3
fibroblast ccll (ATCC cat no. CRL-1638) were used for
growth inhibitory activity assay of the peptides against nor-
mal cells. These cells were oblained from the Genetic
Resources Center of Korea Rescarch Institute of Bioscience
& Biotcchnology (Tacjon. Korca). The cells were grown in a
RPMI-1640 medium supplemented with 10% heat-inacti-
vated [etal bovine serum (FBS). 100 units/mL penicillin G
sodium. and 100 gg/mL streptomycin sulfate. The cells were
plated on 96 well plaics at a density of 2.0 x 10 cclls / well
in 130 gL of the same medium. Afler incubating the plates
overnight at 37 °C in 3% CO: atmosphere. 20 L of scrially
diluted peptides were added and then incubated for 3 days.
Twenty uL of MTT solution was added to cach well and the
plates were incubaled at 37 °C for 4 h. Forty yL of 20% SDS
solution containing .02 M HCI was added in cach wcll. and
then incubated 37 °C for 3 hr. Absorbance was mcasured al
370 nm on an ELISA plate rcader (Molccular Devices Foyax.
California. USA).

Vesicle-aggregating  activity,  Phospholipid  vesicle
aggrcgating aclivity of the peptides was mcasured by the
changes n urbidity at 400 nm using an Beckman DU-8
spectrophotometer (Pamlo Alto. CA. USA). Phospholipid
vesicle suspension composed of phosphatidylcholine (PC)/
phosphatidylscrine (PS) (4 : 1. w/w) was prepared in HEPES
bulfer (10 mM HEPES. 150 mM NaCl. pH 7.4) 1o givc a
final concentration of 35 uM by the sonication process.”!
Varicus amounts of the peptides were added to the vesicle
suspension (o obtain various ratios of peptide o phospho-
lipid.

Vesicle-disrupting  activity. Carboxyuorcscein (CF)-
encapsulated large unilamellar vesicles (LUV) composed of
PC/PS (4: 1. w/iv) were prepared by the reversed-phase
cther evaporation method using 100 mM CF.= The initially
formed vesicles were extruded through Nucleopore filter of
0.1 um. To remove frec CF dyc. the vesicles were passed
through a Bio-Gel A (0.3 m (Bio-Rad. Richmond. USA) col-
umn (1.3 % 30 cm) using phosphatc buflered saline. pH 7.4,
as the cluting buffer. The scparated LUV fraction. afler

Table 1. Amino acid sequences of CA-ML and its analogues
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appropriatc dilution to a final concentration of 6.36 yM. was
mixed with the peptide solution in a 2 mL cuvette at 23 °C.
The Icakage of CF from the LUV was monitored by mecasur-
ing fluorescence intensity at 320 nm cxcited at 490 nm on a
Shimazu RF-3000 spectrofluorometer (Tokyo. Japan). The
apparcnt percent leakage valuc at a fluorescence intensity. F.
was calculated by the following cquation:

% leakage (apparent) = 100 x (F=F) / (Fi—F)

£, denotes the [luorcscence intensity corresponding 10
100% leakage after the addition ol 20 uL of 10% Triton X-
100. {4 represents the fluorescence of the intact vesicle.

Circular dichroism (CD) spectroscopy. CD spectra of
peptides were recorded using a Jasco J720 spectropolarime-
ter using a 1 mm pathlength cell (Japan). The CD spectra of
the peptides in the presence of 30 mM SDS in 10 mM
sodium phosphatc bulfer (pH 7.2) were recorded at 23 °C in
the 190-240 nm wavclength range at 0.1 nm intervals. The
peptide concentrations were 100 gg/mL. The mean residuc
cllipticity |6] was calculated using the molecular weight of
cach peptide as determined [rom the amino acid composi-
tion, The percentage helicity of the peptides were calculated
with the cquation:™

% helix = 100 ([6]222 - [6]52-) / [6]4%

where [8]222 is the obscrved mean residuc cllipticity per resi-
duc at 222 nm in deg -cm” -dmol™. 8] and [8])3% arc
the cstimated cllipticitics corresponding to a random coil
(-3.000 deg -em- -dmol™) and 100% helical peptides

(=33.000 deg - cm” - dmol™). respectively.,
Results and Discussion

A hyvbrid peptide. CA-ME composcd of the N-terminal
region of cecropin A and melittin has been reported to have
morc potent antibacterial activity with minimal hemolytic
activity than parental cecropin A.'*'* Also. in our previous
study. CA-ME showed powerful lyvtic activity against human
small ccll lung cancer (SCLC) cells. fungal cclls and acidic
liposomes composed of PC and PS as well as bactenal
cells.'® Ehrenberg er «f. reported that the Gin-Gly-lle hinge
scquence of in the central region between two well-defined
a-helical regions of CA-ME in the hydrophobic cnviron-
ment was observed to be very flexible by two-dimensional
NMR study.™ In this study. analogues (Table 1) were synthe-
sized 1o investigate the influcnces of the flexible hinge

Peptides Amino acid sequences Remarks
CA-ML KWKLIKKIEKVGOGIGAVLK VLT TGL-NII- CA(1-13FME(1-13)
Pl KWKILFKKIEKVG-----GAVLK VLT TGL-NI CA(1-133ME(1-13): deletion (QGI)
P2 KWKILFKKIEKVGQ-----AVLK VLT TGL-NIH» CA(1-133ME(1-13): deletion (GIG)
P3 KWKLFKKIEK V--mmmeem AVLKVLTTGL-NII: CA(1-133ME(1-13): deletion (GQGIG)
P4 KWKLFKKIEKVGOQP---AVLK VLT TGL-NIa CA(1-13FME(L-13) GIG - P
P3 KWKLFKKIEK V----P----AVLK VLT TGL-NII: CA(1-13rME(I-13) GQGIG - P

P6 KWKLFKKIEKVGOGPGAVLK VLT TGL-NH:

CA(1-13¥ME(I-13) 1" - P
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Table 2. Molecular weights of the peptides detenniied by
MALDI-MS

Peplides Observed value Calculated value
CA-ML 285439 2833.80

Pl 235728 2330.16

P2 202849 202714

P3 2941.10 2441.96

P4 272315 272425

P> 2338.07 2339.07

PO 2838.95 2838.35

scquence in CA-ME in its antibacicrial. antifungal. antitu-
mor. hemolytic and vesicle-aggregating or disrupting activi-
tics.

The purity and amino acid composition of all synthetic
peptides determined by amino acid analysis (data nol
shown). The correct molecular weights of the synthetic pep-
tides were confirmed by MALDI mass specirometry (Table

Table 3. Antibacterial activities of CA-MFE and its analogues
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2). Antibacterial and antifungal activitics of the svathetic
peptides for six bacterial and seven fungal cells were deter-
mined as the minimal inhibitory concentration (MIC) and
30% inhibition concentration {1Csq) by the microdilution test
in 96-well plates. respectively (Table 3 and 4). Antitumor
activity of the peptides against the four diflcrent tumor cells.
K-562. Jurkat. A-349 and MDA-MB-361 were determined
as the [Csp by the tetrazolium (MTT) assay (Tablc 3).

The deletion (P1) of Gln-Gly-llc or Gly-Gln-Gly-[le-Gly
(P3) from CA-ME causcd a remarkable reduction in antibac-
terial. antifungal. antitumor and hemolytic activitics. The
deletion (P2) of Gly-1le-Gly scquence [rom CA-ME and Pro
mscrtion instcad of Gly-Gln-Gly-lle-Glv in CA-ME retained
the antibiotic activity containing antibacterial. antifungal.
antitumor activity. This result indicated that the [lexible
hinge or f-bend structure provided by Gly-Gln-Gly-[le-Gly.
GIn-Gly. or Pro of the peptide is requisite for its ¢flective
antibiotic activity and may flacilitate casily the hydrophobic
C-terminal region of CA-ME to penctrate the lipid bilayers

Gram-negative bacteria : MIC (uM)

Gram-positive bacteria: MIC (gM)

Peptides -
L. coli S. nephimuritin P aeruginosa B. subtilis S progenes S anrens

CA-ME 1.36 1.36 0.78-1.36 1.36 1.56 1.56
Pl 12.3 3125 3125 12.5 125 250
P2 1.36 1.56-3.123 0.78 1.36 1.56 1.56
P3 12.3 6.23 3125 12.5 12,5 12.5
P4 6.23 1.36 0.78 6253 6.123 12.5-23.0
P3 1.36 078 0.39-0.78 1.56-3.125 1.56 3125
6 12.3 3125 1.36 6.23-12.5 6.25 12.5

Table 4. Antitungal activities of CA-ME and 1ts analogues against tilamentous tungi and veast strains

Filamentous fungi: ICsq (M)

Yeast strains 1C s (LM)

Peptides - -
A flavns A fimigarus A niger 1 viridae S. cerevisiae 1. beigelii C. atbicans

CA-ML 10.0 10.2 8.0 13.2 11.8 89 9.8

Pl 71.0 69.0 80.0 559 732 62.1 30.1

P2 8.0 7.1 7.0 11.3 9.8 8.0 10.3

P3 61.0 63.0 81.0 59.1 75.2 63.8 555

P4 50.0 49.0 33.0 492 65.2 53.8 46.6

P3 9.0 9.3 7.1 124 10.2 9.0 9.5

P6 41.0 39.0 49.0 395 43.2 41.8 50.0

Table 5. Antitumor and hemolytic activities of CA-ME and its analogues

Tumor cells Fibroblast cell (NTH-3T3) % Hemolysis
Peptides (ICs0: M) (ICso: M) (100 M)
K-362 A-349 Jurkat MDA-MB 361 NIH-3T3 Envthrocyte
CA-ML 14.0 8.0 3.0 18.0 300 14.0
Pl > 100 > 100 > 100 > 100 > 00 8]
P2 6.0 6.0 31 16.0 60.0) 11.6
P3 250 600 60.0 34.0 100} 272
P4 > 100 100 > 100 > 100 > 100 0
P3 30 40.0 220 42.0 106 0.7
Po 100 =100 > 100 > 100 > 100 0]
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Figure 1. Kinetics ol'killing £. coli and B. subtilis by CA-MFE and
its analogues, Bacteria, either unirealed { @ ) or treated with 1,0 g4M
CA-MLE () 1.OUMPI (W) 1.0 M P2 (< ). or LLOUM P6 (4 ).
were diluted at the indicated time intervals. and then plated on LB
broth agar. The colony forming units were calculated by counting
the plates alter 16-18 hr incubation at 37 °C.

of the target cell membrane. 1n contrast, P6 and P4 with Gly-
GIn-Gly-Pro-Gly or Gly-Gln-Pro in the central region of the
peptide caused a significant decrease on the lytic activity
against E. coli, three Gram-positive strains tested, fungal and
tumor cells and human erythrocytes. This result suggested
that the consecutive -bend structure provided by Gly-Gln-
Gly-Pro-Gly or Gly-Gln-Pro in the central hinge region of
the peptide seems to interrupt the ion channel/pore forma-
tion on the target cell membranes.

Also, the time course of the synthetic peptides to kill mid-
logarithmic phase of E. coli and B. subtilis were compared.
As shown in Figure 1, CA-ME and P2 displayed faster bac-
tericidal rate against both £. cofi and B. subtilis than P and
P6. These results indicate that the flexibility provided by
Gly-GIn-Gly-1le-Gly or Gly-Gln sequence in the central
region of the peptide have an important role in the bacteri-
cidal rate as well as bactericidal activity against both £. coli
and B. subtilis.

To improve the therapeutic index of toxic peptides, antibi-
otic activily with minimal cytotoxicity toward host cclls is
neceded. As an indication for this index. the Iytic activity ol
the peptides against normal NIFH-3T3 fibroblast cells was
compared. All peptides were less elfective against normal
fibroblast cells than malignant cells (Table 5). This result
may be duc to the outer membranc surface of malignant cells
having more exposed anionic phospholipids such as phos-
phatidylserine than normal cclls.®® This interpretation was
supported by Chen ef al. study.>® Cecropin B analogue with
more positive charged residucs than ceeropin B was more
elfective against HIL-60. K-562. Jurkat and CCRF-CEB lcu-
kemia cancer cells as compared with cecropin B.

To investigate cytoplasmic membrane disruption induced
by cationic peptides, peptide-phospholipid interactions were
examined in phospholipid vesicles composed ol PC/PS
(4 : 1) as a model membrane system. The vesicle aggrega-
tion event was regarded as the initial step in peptide-vesicle
interaction. The changes in vesicle size due to vesicle aggre-
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Absorbance at 400nm

1 10 100

Peptide Concentration {uM)

Figure 2. Monitoring the phospholipid vesicle (PC/PS. 4: 1)
aggregation induced by CA-ME (@ ). Pl (). P2 (< ). P3(m). P4
(¢)DP5¢ >yand P6 (1), The vesicle aggregation was determined
by measuring the absorbance at 400 nm,

100

80

60

40

% CF-Release

20

01y ,
' 1 10

-

Peptide Concentration (uM)
Figure 3. CF-Release lrom [LUVs composed ol PC:PS (d: 1)
induced by by CA-MIZ( @ ). PL{¥ )L P2(- L. P3(m) Pd{@®). P>
(~ Yand P6 (- : ). The released CF tluorescence was measured at
Aexcmnon =490 nm and lemm:on‘ 520 nm.

gation could be monitored by the absorbance increase at 400
nm. The light scattering is known to be quite sensitive to
particle size. The vesicle aggregation efficiency was deter-
mined at a function of the added peptide concentration to the
vesicle (Figure 2). The rank order of vesicle aggregation
induced by the peptides was CA-ME = P2, P5 > P3 > PL. P4,
P6. The interaction of peptides with phospholipid vesicles
was further investigated by measuring the [luorescence
intensity of the released CF from LUV through the distup-
tion of the vesicles (Figure 3). As shown in Figure 3, the
phospholipid vesicles perturbation activity induced by the
peptides was CA-ME = P2, P5 > P3 = P1. P4, P6. This result
suggested that the relative efficiency to perturb the lipid
membranes arc correlated with their vesicle aggregation
activitics and the flexibile hinge or B-bend structure pro-
vided by Gly-Gln-Gly-Ile-Gly. GIn-Gly ot Pro in the cetntral
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Figure 4. CD spectra of CA-ML and its analogues in the presence of 0 mM SDS (

phosphate buffer. pH 7.2. respectively.

region of the peptide is important for the phospholipid inter-
action as well as antibiotic effect containing antibacterial,
antifungal and antitumor activity. The vesicle disrupting
activities were dependent on the peptide concentration in the
vesicle suspension. Therefore the antibiotic activity of these
peptides was due to the cytoplasmic membrane disruption
through the peptide-lipid interaction. [n peptide-phospho-
lipid vesicle interaction studies, these peptides induced not
only the aggregation but also the perturbation of vesicles in a
dose-dependent manner. The importance of electrostatic
interactions in the peptide-lipid interactions in the peptide-
lipid vesicle was suggested by the results that these peptides
specifically induced the aggregation of the vesicle contain-
ing negatively-charged phospholipid and the reduced aggre-
gation efficiency by the addition of zwitterionic phosphatid-
ylcholine to phosphatidylserine vesicle (data not shown).
When the peptide was added 1o phospholipid vesicle solu-
tion. the positively charged N-terminal region of the peptide
was clectrostatically attracted to the negatively charged head

group ol acidic phospholipid and the flexible character of

central hinge region helped the hydrophobic C-terminal
region 1o penetrate the nonpolar tail of lipid bilayer.
In order 1o investigate the relationship ol antibiotic activity

Table 6. Percent -helicity of CA-ML and its analogues in SDS
solution

Buller 30mM SDS
Peptides - -
|6]:22 c-helix (%o) | 8222 o-helix (%)

CA-ME -4.143.8 3.4 -16.773.4 41.7
Pl -3.054.2 04 -12.700.5 29.4
P2 -4.633.3 4.9 -28.944.1 78.6
P3 -3.371.0 7.2 -24.394.6 64.8
P4 -3.141.7 0.4 -7.596.5 13.9
P3 -4.918.9 38 -17.140.7 429
P6 -4.709.4 32 -24.582.0 65.4

Y. and 30 mM SDS ( ) in 10 mM sodium

and o-helix content of the peptides on cell membranes, the
CD spectra of the peptides in the presence of 30 mM SDS
micelles which mimics the cell membrane environments was
measured. All peptides showed a random coil structure in
aqueous buffer, while adopted the typical a-helical spectrum
with two minimum peaks at 208 and 222 nm in 30 mM SDS
solution. As shown in Figure 4 and Table 6, P1 and P4 adopt
lower a-helical conformation than the other peptides. Pl and
P4 resulted in a significant reduction in antibacterial, anti-
fungal, antitumor, hemolytic and vesicle-aggregating or dis-
rupting activities. [n contrast, P6 with higher a-helix content
than CA-ME displayed low lytic activities in antibacterial,
antifungal, antitumor, hemolytic and vesicle-aggregating or
disrupting activities as compared with CA-ME. These
results suggested that the o~helical content of the peptides
may not be correlated to their antibiotic activity.

Our results in this study will provide an important infor-
mation about the structurc-antibiotic activity relationships
and the antibiotic mechanism of the antimicrobial peptides
containing the central hinge sequence of the molecule.
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