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Abstract

Custom designed analogs of the natural anti-bacterial peptide cecropin B (CB) have been synthesized; cecropin B-1
(CB-1) was constructed by replacing the C-terminal segment (residues 26 to 35) with the N-termina sequence of CB
(positions 1 to 10 which include five lysine residues). The second analog, CB-2, isidentical to CB-1 except for the insertion
of a Gly-Pro residue pair between Pro-24 and Ala-25. These peptides were used to investigate their anti-liposome,
anti-bacterial and anti-cancer activities. The strength of anti-liposome activity is reduced two- to three-fold when the
analogs are used instead of natural CB based on DL ¢, analysis. Similarly, the potency of these analogs on certain bacteriais
about two- to four-fold lower than those of CB based on LC measurements. In contrast, on leukemia cancer cells, the
potency of CB-1 and CB-2 is about two- to three-fold greater than that of natural CB based on 1C, measurements. All CB,
CB-1 and CB-2 peptides have comparable helix contents according to CD measurements. These results indicate that the
designed cationic lytic peptides, having extra cationic residues, are less effective in breaking liposomes and killing bacteria
but more effective in lysing cancer cells. The possible interpretations for these observations are discussed. © 1997 Elsevier
Science B.V.
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1. Introduction

Cecropins, a family of anti-bacterial peptide, are
found in the immune hemolymph of silkworm pupae
[1], insects, and mammals [2,3] and contribute to the
anima’s innate immunity. This family consists of
cecropins A, B, C, D, E and F which have highly
homologous sequences of 35 to 39 amino acids in
length [4]. These peptides were originally discovered
to have a broad spectrum anti-bacterial activity on
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both Gram-positive and Gram-negative bacteria but
were found to be unable to lyse eukaryotic cells [5].
Therefore, they may become valuable peptide antibi-
otics, especially when certain bacteria develop resis-
tance to chemical antibiotics. Moreover, experimental
results [6] have shown that cecropins can lyse cancer
cells, giving them a further potentia for medical
applications [7].

Natural cecropin B (CB), consisting of 35 amino
acids, possesses the highest anti-bacterial activity [4]
in the family. Its tertiary structure has not yet been
determined. However, based on the NMR structure of
cecropin A [8], we predict that CB will consist of an
N-terminal amphipathic «-helix and a C-terminal
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hydrophobic «-helix joined by a flexible hinge at
Gly-23 and Pro-24. The cell killing ability of the
peptides is given credence by their helical conforma-
tion. However, CB has a random coil form in solu-
tion unless certain polar organic solvents such as
hexafluoroisopropy! alcohol [9] or lipid bilayers such
as liposomes [10] are involved. The detailed mecha
nism of cell lysis by the peptidesis not clearly known
yet but it is believed to involve the formation of an
ion-channel or pore [11] prior to cell death. A chan-
nel-forming action by the amphipathic a-helix seg-
ment of the botulinum neurotoxin A HC (BoTXATM)
on liposomes has recently been established [12] and
supports this premise.

In this study, we synthesized cecropin B-1 (CB-1)
by replacing the C-terminal segment of CB (positions
26 to 35, the hydrophobic a-helix) with the sequence
of CB from positions 1 to 10 (part of the amphipathic
a-helix) [13]. This rearrangement, which added five
cationic residues to the peptide, was used to test the
peptide’ s anti-liposome, anti-bacterial and anti-cancer
activities. In addition, cecropin B-2 (CB-2) was gen-
erated with the same sequence as CB-1 but including
an extra inserted residue pair of Gly-Pro immediately
after Pro 24. We used CB-2, with its similar length,
to examine the effect of an extended flexible linker
and to compare the results to those obtained from
CB-1. Also, synthetic cecropin A (CA) was used to
compare its anti-bacterial activity to that of CB [4].

2. Materials and methods
2.1. Materials

Penicillin G, streptomycin, 1,1,1,3,3,3-hexafluoro-
2-propanol, egg phosphatidyl choline, egg phospha-
tidic acid and Triton X-100 were purchased from
Sigma, USA. The fluorescent dye, calcein, was pro-
duced by Behring Diagnostics, USA. Cell culture
media, Dulbecco’s modified eagle medium (D-MEM),
F-12 nutrient mixture (Ham) medium and fetal bovine
serum (FBS), were purchased from Gibco, USA. The
RPMI-1640 medium, sodium bicarbonate, hydrochlo-
ric acid and sodium hydroxide used were products of
Sigma. Water used in this experiment was deionized
and distilled. The cancer cell lines, HL-60, K-562,
Jurkat (E6-1), CCRF-CEM and fibraoblast cells 3T6,

3T3 were purchased from the American Type Culture
Collection (ATCC), USA.

2.2. Peptide synthesis

Peptides CA, CB, CB-1, and CB-2 were synthe-
sized by an Applied Biosystems (ABI) 431 A Peptide
Synthesizer from the Department of Medical Bio-
chemistry, University of Calgary, Canada. Their se-
guences are shown in Fig. 1. Fmoc chemistry was
applied with HBTU /HOBT coupling (ABI Fastmoc
0.25 chemistry cycles). The fina products were de-
protected and cleaved from the resin using a
trifluoroacetic acid (TFA) solution containing water,
phenol, thioanisole and ethanedithiol. Resin was re-
moved by filtration and, the peptides were precipi-
tated with diethyl ether after the organic solvents
were evaporated. These crude peptide preparations
were desalted on Sephadex G-10 (20% acetic acid),
and purified using reverse phase HPLC (Vydac C-18
column, 0.1% TFA in H,O—acetonitrile). The purity
of the peptides was determined by analytical HPLC
(Vydac C-18, TFA /H,O/acetonitrile) to be about
95%. Their molecular weight and amino acid compo-
sition were determined by mass spectrometry. The
results show that the total number of amino acids in
the peptide are: CA: 37.143; CB: 35.257; CB-1:
34.327; CB-2: 36.307 and the molecular weights
(m/z; z=+1) are. CA: 4003.86; CB: 3834.74,
CB-1; 4113.15; CB-2: 4267.32. These data agree
well with the sequences. After purification, the pep-
tide solutions were lyophilized. The dried products
were weighed using a microbalance (Sartorius Re-

CA: (H)-KWKLFKK|E1K0VGQN|RDG|2|QKAGP--AVAVV:‘(;QATQ|A3|‘(7-CONH2
CB: (H)-KWKVFKKlEEMGRN]HNGIVKAGP-*A|AVLE’EAKA3L5-CONH2
CB-1: (H)-KWKVFKK|E‘KOMGRNIRNGIZ\;KAGP--KWKVF::(OKIE:!};»CONHZ
CB-2: (H)-KWKVFKK|E’KOMGHN|HNG|2VOKAGPGPKWK3VOFKK|EGKE-CONHQ

Fig. 1. Amino acid sequences of the natural cecropins A (CA)
and B (CB) and custom cecropin CB-1 and CB-2. In CA the first
underlined segment is the amphipathic helix and the second
underlined segment is the hydrophobic helix. The turn is located
between the two helices. CB-1 was constructed by repeating the
segment from positions 1 to 10 of CB (underlined in CB) in the
region between position 25 and the C-terminus of CB-1 (under-
lined in CB-1). CB-2 is similar to CB-1 but with the addition of a
Gly-Pro residue pair immediately after Pro-24.
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search Model R200D with the resolution up to 0.01
mg). The net weight of each peptide was calculated
by multiplying the raw weight by the purity (%) and
peptide content (%) obtained by analytical HPLC.
The results show that the purity /peptide content for
CA, CB, CB-1 and CB-2 are 95% /78%, 95% /71%,
95%,/73%, and 95% / 73%, respectively. The concen
trations of the peptide solutions are determined from
the net weight of peptides and their molecular weights.

2.3. Circular dichroism of peptides

The secondary structure of the peptides was inves-
tigated by spectropolarimetry (Jasco Model J-720).
The concentrations of CB, CB-1 and CB-2 used for
circular dichroism (CD) measurements were 0.08
mg,/ml with 2.5mM sodium phosphate buffer and the
pH was adjusted to 6.4. The spectrum was scanned
from 250 to 190 nm (far UV region) for the peptide
backbone study. A standard chemical, d-10-camphor
sulfonate, at a concentration of 0.06% (w /v in water)
in a1l cm pathlength cuvette was used for calibration
and the CD was taken as + 190.4 mdeg at 290.5 nm.
After the calibration, experiments were conducted at
a temperature of 20°C maintained by a circulating
water bath. The conditions used for running the
machine were: 1.0 nm band width, 0.25 s response
time, 0.1 nm/data step resolution, 10 nm/min scan
speed and 5 times accumul ation.

2.4. Preparation of liposomes and membrane
perturbation

The liposomes without fluorescent dye were con-
structed by mixing 15 mg of egg phosphatidyl choline
(PC) with 5 mg of egg phosphatidic acid (PA), and a
total volume of 1 ml chloroform was added into the
mixture. After gentle shaking to dissolve the solid,
the chloroform was removed by an argon stream. The
lipid was then hydrated and dispersed into 2 ml of
PBS a pH 7.4. The milky solution was sonicated
(Laboratory Supplies Co., Model G112 SPIT) for at
least four hours until the solution became clear. A
similar process was applied to produce fluorescent
dye-encapsulating liposomes. Calcein dye (100nM)
was mixed with the dried mixture of PC and PA
(3:1, 20 mg) in 2 ml PBS at pH 7.4. The solution

was then sonicated for more than four hours. Those
dyes that were not incorporated into the liposome
were removed by passing the transparent solution
through a Sephadex G-25 column. The liposome
solutions (0.5 ml each) were added to various aliquots
of peptide stock solutions to give varied lipid /peptide
ratios. The samples with peptide concentrations of
0.5-5 wM were then incubated at 23°C for 2 h before
the experiments. Peptide-induced calcein leakage, re-
flected by an increase in fluorescence, was investi-
gated by a Perkin-Elmer luminescence spectrofluori-
meter (Model LS 50B) at an excitation and an emis-
sion wavelengths of 496 and 517 nm, respectively.
Instead of adding peptides, 100% leakage was
achieved by adding 0.1% Triton X-100. Using this
reference, the degree of leakage induced by various
concentrations of peptides was calculated using the
following equation:

dye leakage(%) = [(F — Fy)/(F — F)] X 100 (1)

where F represents the fluorescence intensity in-
duced by the peptides, F, is the intensity obtained
from the solution without peptides, and F, represents
the fluorescence intensity obtained after adding Tri-
ton X-100.

2.5. Measurements of the lethal concentrations (LC)
of CA, CB and analogs

The inhibition zone assay [4] was used to deter-
mine the LC of CA, CB, CB-1 and CB-2 on Kleb-
siella pneumoniae, Escherichia coli, and Pseu-
domonas aeruginosa. LB broth (6 ml) containing 1%
agarose and 50 .| of bacterial suspension (O.D. = 0.5
at Ag ) Was poured into a flat-bottom petri dish
(inner diameter: 8.5 cm), and a number of small holes
(diameter: 0.2 cm) were made inside the agarose
plate by a 0.2 cm gel puncher (Pharmacia). A con-
stant volume (1.5 wl) of CA, CB, CB-1 and CB-2 at
various concentrations was added to the holes of
severa dishes, and the zone diameters were recorded
after 18 h. The LC (moal /1) was then obtained from
the slope of the plot of n? versus  according to the
following equation [4]:

n?=047(A"1LCY) (2)

where 7 is the zone diameter (unit: dm),  indicates
moles of peptide and A represents the thickness of
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the agarose layer in the plate (0.02 dm in this experi-
ment).

2.6. Cdll culture

Cell suspensions of leukemia cell lines HL-60,
K-562, Jurkat (E6-1), and CCRF-CEM were main-
tained in a RMPI-1640 medium with 10% FBS,
penicillin G (100 unit/ml) and streptomycin (100
wg,/ml). Cells (1 X 10° cells/ml) were seeded into
25 cm? culture flasks (Falcon) and incubated at 37°C
(5% CO,, 95% air) for two days and then centrifuged
at 1000 rpm for 5 min. The pellets were washed
twice with culture medium before they were sus-
pended in the RMPI-1640 medium containing 0.5%
FBS. The cell suspension was incubated overnight
and then diluted to a concentration of 1 x 10°
cells/ml for the cytotoxicity assay (see cytotoxicity
Section 2.7). Monolayer cells, 3T3 (contact-inhibited
fibroblast cells) and 3T6 (collagen-secreting fibrob-
last cells) at 1 X 10* cells/ml were seeded into 25
cm? culture flasks containing D-MEM medium sup-
plemented with 10% FBS, penicillin G (100 unit,/ml)
and streptomycin (100 w.g/ml). Cells were grown to
about 80% confluence before being removed by
trypsinization. These monolayer cells were resus-
pended in the D-MEM medium with 0.5% FBS and
then prepared for cytotoxicity assays.

2.7. Cytotoxicity assays

A 96-well plate (Costar) was used for this assay.
Each well in the plate contained a 90 .l cell suspen-
sion (1 x 10° cells/ml). Wells in the first and second
columns acted as blanks (medium only) and 100%
survival controls (cells and medium only), respec-
tively. Dulbecco’s phosphate-buffered saline (10 w.l)
was added to the first and second columns and the
various concentrations of peptides (10 wl each),
freshly prepared from the stock solution (500 wM),
were added to the remaining columns (three wells for
each concentration of peptide solution) with final
concentrations of 1, 5, 10, 15, 20, 25, 30, and 50
M. The plate was then incubated for 24 h before a
microtetrazolium (MTT)-based colorimetric assay was
undertaken. MTT works by being metabolized by
mitochondrial dehydrogenases in living metabolically
active cells to form a formazan salt from which

strong absorption at 570 nm is observed. During the
assay, 20 wl of MTT (5 mg/ml; Boehringer
Mannheim) was added to each well and the plate was
incubated for 4 h. Subsequently, 100 .| of solubiliza-
tion solution (10% SDS in 0.01 mol /ml HCI) was
added to each well and the plate was then incubated
at 37°C overnight. The absorbance at 570 nm was
measured by a microtiter plate reader (Bio-Rad model
450). Cell survival (%) was then determined from the
A Ago o relative to the control and final results were
recorded by averaging at least three repeated experi-
ments. The ICg, for each peptide was obtained from
the curve of cell survival versus concentration of
peptide and taken from the concentration at which
cell viability was 50%.

2.8. Time course of cytotoxicity on HL-60 cancer
cells

A mixture of peptide (25 wM) and HL-60 cell
suspension (1 x 10° cells/ml) was placed in a glass
coverslip holder (30 X 10 mm). This sample holder
was then placed in an inverted microscope
(Zeiss:Axiovert 35) with a video tape recorder. The
temperature of the holder was maintained at 37°C by
an oil bath (Medica System: TC-202). The time
course of cell lysis by the peptides was recorded over
a period of about one hour.

3. Results and discussion
3.1. Circular dichroism spectroscopy

The CD curves of CB, CB-1, and CB-2 are shown
in Fig. 2. The CD at 222 nm was negligible for all
peptides when HFP (1,1,1,3,3,3-hexafluoro-2-pro-
panol) was not involved in the solution (group | in
Fig. 2). This indicates that the peptides have a ran-
dom coil conformation. However, after adding HFP
(20% v/v), norma CD curves for helix structure
were obtained for CB, CB-1 and CB-2 (group Il in
Fig. 2). The constituents of the secondary structures
were analyzed [14] and showed that the a-helix
content of the peptides were approximately equal
(CB: 52.9% + 5.9; CB-1: 56.2% + 5.6; CB-2: 53.4%
+ 6.2). Similar experiments were done using acidic
liposomes without fluorescent dye instead of HFP
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Fig. 2. CD spectra of peptides without (1) /with (11) HFP.

[10]. The CD spectra of CB, CB-1 and CB-2 (0.08
mg,/ml) with acidic liposomes (1 mg/ml) are shown
in Fig. 3. The «a-helix contents are 32.9% + 0.3,
31.7% + 0.7 and 29.4% + 0.2 for CB, CB-1 and
CB-2, respectively. The a-helix content of CB-2 is
lower than that of CB-1 in either HFP or acidic
liposome. This implies that the insertion of Gly-Pro
may diminish the helix conformation dlightly. An-
other possible reason is that some aggregation of
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Fig. 3. CD spectra of peptides with lipid vesicles. CD signals
below 200 nm were vigorously perturbed by the liposomes and
therefore are not shown in the figure.

120 T T T T T

100 | /0—0 ]
o-© v—
_~ /
£ s0f / V 4
%]
o0
=]
2 60 i
@
=
i
By O
a 4l ° V J
20 + ./ .
v
O 1 1 1 1 1
0 1 2 3 4 5 6

Conc. of Peptide (1LM)

Fig. 4. Measurements of the DL 5, of the peptides. CB, CB-1 and
CB-2 are shown by open circles, filled circles and open triangles,
respectively. The DL, of each peptide is obtained from the
concentration at which dye leakage is 50%.

CB-2 may occur based on the results shown in Fig. 4
(see Section 3.2 for detailed discussion). Neverthe-
less, al the peptides have very similar a-helix con-
tents but have different cell lysis abilities (see the
following sections). This suggests that the content of
a-helix in the peptide may not be a key factor in
killing cells but that the characteristics of the helix
itself may be important.

3.2. Anti-liposome activities of CB, CB-1 and CB-2

Time course experiments for fluorescent dye-en-
capsulating liposomes with various concentrations of
peptides were conducted. In al cases, fluorescent
saturation of the solution was reached within a two-
hour incubation period. The measurement of dye
leakage, therefore, was carried out following at least
two hours incubation. Dye leakage (%) from lipo-
somes as a function of the concentration of peptide is
shown in Fig. 4. For CB-2 (open triangles), the
plateau of the dye leakage curve is not consistent
with those of CB (open circles) and CB-1 (filled
circles) which reach 100% leakage. A possible expla-
nation is that a precipitate in the liposome solution
gradually forms as CB-2 concentration is increased.
Beyond 5 wM of CB-2, the amount of precipitate
causing a decrease in fluorescent intensity may have
a greater effect than that of broken liposomes causing
an increase in fluorescent intensity. The greater ease
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of forming a precipitate by CB-2 than by the other
peptides may be due to the extended linker and
dightly lower helix content allowing greater move-
ment of the helices leading to a concentration depen-
dent aggregation. The DL o, (50% of dye leakage) of
CB, CB-1 and CB-2 were obtained from the curves
shown in Fig. 4. These results show that CB has the
lowest DL, (0.6 wM) as compared with those of
CB-1 (1.7 wM) and CB-2 (2.2 wM). This indicates
that the potency of CB in liposomes is higher than
that of its analogs, CB-1 and CB-2. These results are
consistent with the observations from bacteria (see
the following section).

3.3. Anti-bacterial activities of CA, CB, CB-1 and
CB-2 on several bacteria

The LC of the above peptides on Klebsiella pneu-
moniae, Escherichia coli, and Pseudomonas aerugi-
nosa were measured and calculated from the plot of
Eg. (2) with the known zone diameters. Table 1
shows the summary of the LCs of CA, CB, CB-1 and
CB-2. We used CA as a reference to identify whether
the concentrations of peptides used in the experi-
ments were accurate or not. The results show that the
potencies of CA on the three bacteria strains are
weaker (higher LC) than those of CB. These are the
expected observations and confirm previous results
that CB has higher anti-bacterial activity than CA [4].
The LC of CB-1 and CB-2 were shown to be higher
than those of CB. In particular, for Pseudomonas
aeruginosa, the LC of CB-1 and CB-2 are about four
times higher than those of CB. A similar trend was
obtained from the experiments for artificial liposomes
above (see section on anti-liposome activities). This
demonstrates that the cationic residues (five lysine
residues between position 25 to the C-terminus) in
CB-1 and CB-2 do not improve the potency of killing

Table 1

bacteria or of breaking the liposome, even though the
liposomes are acidic. Our results showed that the
peptide does not form a secondary structure in a
neutral liposome solution (data not shown). A further
implication is that the killing effect of the peptides on
bacteria (or in breaking liposomes) may not only
depend on the electrostatic interaction between the
lipid and the peptide but that the hydrophobic amino
acids in the C-terminal segment may play a signifi-
cant role. For example, anti-bacterial activity may be
enhanced by the involvement of the hydrophobic
helix in the non-polar environment of the tail-to-tail
lipid bilayer of the cell membrane. If this hydropho-
bic helix is replaced by an amphipathic one, the
mechanism of lysis may be changed resulting in the
lower observed activity. Further experiments to inves
tigate this hypothesis will be carried out. As the LC
of CB-1 and CB-2 are similar for the bacteria tested,
the additional length in the flexible region between
the N- and C-termina «-helices may not influence
anti-bacteria activity. The similar results obtained for
both CB-1 and CB-2 confirm the consistency of the
experiments.

3.4. Anti-cancer activities of CB, CB-1 and CB-2 on
cancer cells: some observations / conclusions

Examples of the anti-cancer activities on HL-60
leukemia cells after treatment with CB, CB-1 and
CB-2 for 30 min are shown in Fig. 5a, Fig. 5b, and
Fig. 5c, respectively; Fig. 5d shows the result of the
control (without peptides). As seen from the figures,
the viability of the cells is about 68.5% for CB;
32.2% for CB-1; 40.6% for CB-2, and 100% for the
control. These experiments illustrate that the potency
of CB-1 and CB-2 in killing HL-60 cancer cells is
greater than that of CB. Other examples of HL-60
cell lysis at equilibrium (incubation for 24 h) are

Measurement of the lethal concentrations (LC) for various peptides on Klebsiella pneumoniae, Escherichia coli, and Pseudomonas
aeruginosa; results are the average of three experiments (P. aeruginosa of 5 experiments) and the average deviations are shown

Species Lethal concentration of peptides (uM)

CA CB CB-1 CB-2
Klebsiella pneumoniae 0.33 + 0.021 0.26 + 0.012 0.39 + 0.015 0.36 + 0.003
Escherichia coli 0.45 + 0.022 0.36 + 0.003 0.49 + 0.002 0.49 + 0.002
Pseudomonas aeruginosa 1.43 + 0.004 0.46 + 0.022 1.48 + 0.021 1.51 4+ 0.008
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Fig. 5. Viability of HL-60 cancer cells after treatment with the peptides for 30 min. The populations of cellskilled by CB, CB-1 and CB-2
after 30 min are shown in (&), (b) and (c), respectively. The control (without peptide) is shown in (d). Killed cells can be identified by

their irregular or broken shapes.

shown in the plots of cell surviva (%) versus the
concentration of the peptides being investigated with
the cytotoxicity assay (see Fig. 6). The IC, of CB,
CB-1 and CB-2 in killing HL-60 cancer cells ob-
tained from the curves are 14.3 M for CB, 7.5 pM
for CB-1 and 9.6 nM for CB-2. This again indicates
that the anti-cancer activities of the peptide anologs,
CB-1 and CB-2, are greater than those of the natural
cecropin, CB. Similar experiments using these pep-
tides on other cell lines are summarized in Table 2. In
general, the cancer cells were obtained from leukemia
patients of different age, sex and race. These differ-
ences cause the cells to have different growth rates
and life cycles (data not shown). Their characteristics
vary with the cell line and consequently the resis-
tance to a certain peptide is varied. For example, the
ICg, of CBis14.1 uM for HL-60 but is 12.3 wM for
CCRF-CEM. If a particular cell line affected by the
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Fig. 6. Measurements of 1Cg, of the peptides on HL-60 cancer
cells. CB, CB-1 and CB-2 are shown by open circles, filled
circles and open triangles, respectively. The ICg, of these pep-
tides were obtained at cell survivals of 50%.
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Table 2

Measurement of the ICg, of the peptides, CB, CB-1 and CB-2,
on various cancer cell lines; the data are the average of three
experiments with the average deviation shown

Species ICgo (M)

CB CB-1 CB-2
Leukemia cancer cells
HL-60 141+13 75+05 9.2+0.8
K-562 17.6+1.7 10.2+0.7 111415
Jurkat (E6-1) 8.0+0.4 24+0.3 3.1+0.3
CCRF-CEM 12.3+0.8 86+05 7.0+0.6
Fibroblast cells
3T6 > 50 > 50 > 50
3T3 > 50 > 50 >50

different peptides is focused on, we found that the
anti-cancer activity of CB is the weakest among these
peptides. Both CB-1 and CB-2 are about two times
more potent than natural CB. For Jurkat (E6-1)
leukemic cdlls, the killing ability of CB-1 and CB-2
is around three times greater than that of CB. This
suggests that the cationic amino acids (five lysine
residues) located in the C-terminus of the peptide
enhance its ability to lyse cancer cells. Insertion of
Gly-Pro into the flexible region of CB-1 (to create
CB-2) decreases the potency of cell killing except for
CCRF-CEM cancer cells. All the peptides have a
much higher IC, (over 50 wM) in lysing normal
fibroblast cells such as 3T6 and 3T3 cells. This
confirms previous results that cecropins have little
ability to lyse eukaryotic cells [5]. However, current
study has shown that the tumor cells are exceptional.
A possible reason for the difference between the
activity on eukaryotic cancer cells and other eukary-
otic cells may be that tumor cell membranes have a
greater susceptibility to cationic lytic peptides. Trans-
formed cancer cells usually have more exposed an-
ionic lipids (for example, leukemic GRSL cells, see
Ref. [15]) or a greater accessible surface, in particu-
lar, that are caused by microvilli on the cell mem-
brane [16]. However, attributing the greater potency
on tumor cells of both CB-1 and CB-2 than CB to
their higher cationic content affecting the greater
anionic nature of tumor cell membranes [15] contra-
dicts the effect of the peptides on anionic liposomes
as reported above. Anionic membranes may only be a

prerequisite for cell killing as the peptides did not
have a defined structure in neutral liposomes. This
similar hypothesis for mdlittin has been mentioned
[17]. Once the helical structure is formed, however,
the anionic lipid content of the membrane might no
longer be a significant factor in cell lysis. The differ-
ence in potency of the peptides could reflect different
cell lysis mechanisms. The extra cationic segment of
the anologs may allow a more effective mechanism
of cel lysis than that allowed by the hydrophobic
segment of natural CB.
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