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Abstract  With the growing microbial resistance to
conventional antimicrobial agents, the development of
novel and alternative therapeutic strategies are vital. Dur-
ing recent years novel peptide antibiotics with broad
spectrum activity against many Gram-positive and Gram-
negative bacteria have been developed. In this study,
antibacterial activity of CM11 peptide (WKLFKKILKVL-
NH2), a short cecropin—melittin hybrid peptide, is evalu-
ated against antibiotic-resistant strains of Klebsiella pneu-
moniae and Salmonella typhimurium as two important
pathogenic bacteria. To appraise the antibacterial activity,
minimal inhibitory concentration (MIC), minimal bacteri-
cidal concentration (MBC) and bactericidal killing assay
were utilized with different concentrations (2—128 mg/L)
of peptide. To evaluate cytotoxic effect of peptide, viability
of RAJI, Hela, SP2/0, CHO, LNCAP cell lines and primary
murine macrophage cells were also investigated with MTT
assay in different concentrations (3-24 and 0.5-16 mg/L,
respectively). MICs of K. pneumoniae and S. typhimurium
isolates were in range of 8-16 and 4-16 mg/L, respec-
tively. In bactericidal killing assay no colonies were
observed at 2X MIC for K. pneumoniae and S. typhimurium
isolates after 80—90 min, respectively. Despite the fact that
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CM11 reveals no significant cytotoxicity on RAJI, Hela,
SP2/0, and CHO cell lines beneath 6 mg/L at first 24 and
48 h, the viability of LNCAP cells are about 50 % at 3 mg/L,
which indicates strong cytotoxicity of the peptide. In
addition, macrophage toxicity by MTT assay showed that
LDsg of CMI11 peptide is 12 uM (16 mg/L) after 48 h
while in this concentration after 24 h macrophage viability
was about 70 %.
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Introduction

Antimicrobial peptides (AMPs) are important members of
the host defense system in eukaryotes with broad range of
functions in inflammation, wound repair, regulation of the
adaptive immune system and have a role as endogenous
antibiotics (Wiesner and Vilcinskas 2010; Brown and
Hancock 2006; Cederlund et al. 2011; Zasloff 2002c).
They have a broad ability to kill microorganisms with
different mechanisms. The large antimicrobial peptides
with more than 100 amino acid, are often lytic enzymes,
nutrient-binding proteins or contain sites that target specific
microbial macromolecules. While small antimicrobial
peptides as a major group of these peptides, act greatly
through disrupting the structure or the function of micro-
bial cell membranes or interact with ATP and directly
inhibit the action of certain ATP-dependent enzymes
(Brogden 2005; Epand and Vogel 1999; Zasloff 2002b;
Akhtar et al. 2011). These peptides, demonstrating potent
antimicrobial activity, are rapidly mobilized to neutralize a
broad range of microbes, including viruses, bacteria, pro-
tozoa, and fungi (Zhang and Falla 2006; Butu 2011). The
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most antibacterial peptides are cationic peptides with
12-50 amino acid and can adopt amphipathic conforma-
tions with spatially separated hydrophobic and charged
regions (Brogden 2005; Brown and Hancock 2006; Han-
cock and Patrzykat 2002; Wilcox 2004). These structures
have both hydrophobic and hydrophilic regions capable of
interacting strongly with different regions in biological
membranes. The main advantage of such peptides, over
other defensive molecules (i.e. antibiotics), is broad-spec-
trum activity with rapid onset of killing and low levels of
induced resistance compared with conventional antibiotics
(Gordon et al. 2005). Moreover, since the AMPs are small,
they can be readily modified through substitutions, chain
elongation or deletions of amino acids to improve their
efficiency in specific host—pathogen interactions (Epand
and Vogel 1999; Hancock and Patrzykat 2002; Zasloff
2002b).

To target the cell membrane, the initial adsorption of
peptides on negative charge of cell membrane could be
primary mechanism for subsequent probable translocation
into cytoplasm and interrupting vital cellular processes.
They may act also by interfering with external molecular
targets on the microbial envelope, such as lipids involved
in cell-wall synthesis or autolytic enzymes required for
cellular division and remodeling, which would also con-
tribute to cellular damage (Chou et al. 2010; Christensen
et al. 1988; Zasloff 2002b).

In recent decades, with growing microbial resistance to
conventional antimicrobial agents, unconventional thera-
peutic options are urgently needed. According to the
characteristics of cationic peptides, these molecules are one
of the best new alternative antibiotic agents as an innova-
tive response to the increasing problem of multi-drug-
resistances, but the size of some peptides and side effects
such as toxicity are a major problem (Gordon et al. 2005).
To overcome these problems, hybrid and short peptide
analogs have been designed (Andreu et al. 1992; Gordon
et al. 2005; Hancock and Patrzykat 2002; Hassan et al.
2012; Park et al. 2011; Zasloff 2002a). However, of the
many hundreds of these peptides, synthetic hybrids of the
insect peptide cecropin and the bee venom peptide melittin
are among the most potent and well-studied (Andreu et al.
1992; Cao et al. 2010; Bhargava and Feix 2004).

Our previous studies in this field led to the identification
of CM11 peptide as a hybrid peptide derived from N-ter-
minal domain residues of cecropin A (2-8 residues) and

hydrophobic C-terminal domain residues of melittin (6-9
residues) with effective antibacterial activity against some
of Gram-negative and Gram-positive pathogenic bacteria
(Moosazadeh et al. 2012). This peptide is a shorter
sequence analog from a primary hybrid peptide, derived
from 2 to 8 cecropin A residues and from 6 to 9 residues of
melittin which is known as CMI15 peptide. (Cavallarin
et al. 1998; Montesinos 2007) (Table 1).

Owing to the importance of other pathogenic bacteria in
the incidence of antibiotic-resistant infections, in this paper
we investigated antibacterial activity CM11 peptide on two
important infectious bacteria, Klebsiella pneumoniae and
Salmonella typhimurium. Pneumonia is the most common
infection caused by Klebsiella bacteria outside the hospital,
typically in the form of bronchopneumonia and also
bronchitis (Podschun and Ullmann 1998). Klebsiella can
also cause infections in the urinary tract, lower biliary tract,
and surgical wound sites and is one of the most carbape-
nem-resistant enterobacteriaceae emerging as an important
challenge in health. Carbapenem-resistant K. pneumoniae
is resistant to almost all available antimicrobial agents, and
infections with this bacteria cause high rates of morbidity
and mortality (Munoz-Price et al. 2010; Patel et al. 2008;
Andrew 2009). Moreover, Salmonella enteric serovar ty-
phimurium, the etiological agent of typhoid fever and
gastroenteritis in humans, is among the most antibiotic
resistant bacteria pathogens known. For example, multi-
drug-resistant S. typhimurium phage type DT104 has
emerged during the last decade as a global health problem
because is mostly resistant to ampicillin, chloramphenicol,
streptomycin, sulfonamides and tetracyclines (Kingsley
et al. 2009; Leegaard et al. 2000; Baliga 2007).

The determination of the cytotoxicity of antimicrobial
peptides is an essential step to warrant their safe use;
therefore, in this study we investigated the in vitro cyto-
toxicity of CM11 peptide on eukaryotic cells.

Materials and methods

Peptide synthesis

In order to synthesis CM11 peptide, solid-phase synthesis
method was utilized on a Rink p-methylbenzhydrylamine

resin (Badosa et al. 2007). The peptide was purified with
reversed-phase semi preparative HPLC on CI18 Tracer

Table 1 Sequences of cecropin

Sequence

A, melittin, CM15 and CM11 Peptide
hybrid peptides Cecropin A
Melittin

CM15—C(1-7)M(2-9)
CM11—C(2-8)M(6-9)

H-KWKLFKKIEKVGQNIRDGIIKAGPAVAVVGQATQIAKK-NH,
H-GIGAVLKVLTTGLPALISSWIKRKRQQ-NH,
H-KWKLFKKIGAVLKVL-NH,

H-WKLFKKILKVL-NH,
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column. >95 % purity was obtained. Electrospray ionization
mass spectrometry was used to confirm peptide identity.

Bacterial strains

Klebsiella pneumoniae (ATCC 13883) and Salmonella ty-
phimurium (ATCC 14028) strains with 30 and 20 clinical
isolates, respectively, were gathered. The isolates were
retrieved from clinical diagnostic laboratories (In Khatam-
al-Anbia and Shahid Motahari hospitals), which were
confirmed with standard microbial laboratory tests.

Selection of isolates with the highest rates of antibiotic
resistance

The agar disk diffusion test was applied to investigate the
antibiotic resistance on Mueller—Hinton agar using 0.2 mL
inoculums (10% cells/mL). Specific antibiotics were selec-
ted according to Clinical and Laboratory Standards Insti-
tute [CLSI 2010, formerly National Committee for Clinical
Laboratory Standards (NCCLS)] guidelines (Table 2).
(NCCLS 2010). Screening of resistant bacteria isolates was
accomplished after anti-biogram test. The Antibiotic
resistance rates were determined by measuring the diame-
ter of inhibition zones. Accordingly, among the bacteria
samples taken from clinical labs we have selected isolates
with the highest antibiotic resistance rates.

MIC and MBC determinations

Peptides solubilized in saline phosphate-buffer (pH 7.2) to
achieve 1 mg/mL concentration. To measure antibacterial
activity of peptide, minimal inhibitory concentration (MIC)
was determined using a broth microdilution method with
Mueller—Hinton broth and an initial inoculum of 1.5 x 10
CFU/mL according to the procedures outlined by the CLSI
(NCCLS 2010). Bacterial cultures with different peptide
concentrations from 2 to 128 mg/L were incubated in a
shaking bath for 18 h at 37 °C. The lowest peptides con-
centration that inhibited bacterial growth was considered
MIC. The minimal bactericidal concentration (MBC) was
taken as the lowest concentration of each drug that resulted
in more than 99.9 % reduction in the initial inoculums.
Experiments were performed in triplicate.

Bacterial killing assay

Test tubes containing freshly prepared Mueller—Hinton broth
supplemented with 0.5X, 1X, and 2X MIC of peptide, were
inoculated with 1.5 x 10®8 CFU/mL of each strain and
incubated at 37 °C. Aliquots were sampled after 0, 5, 10, 15,
20, 30, 40, 50, 60—120 min. Samples were diluted and cul-
tured on Mueller—Hinton agar plates for cell counts.

Table 2 Antibiotic resistance rates for selected clinical isolates of K.
pneumonia and S. typhimurium

Antibiotics Antibiotic resistance rate of selective isolates (%)
K. pneumonia (30 S. typhimurium (20
clinical isolates®) clinical isolates®)
n (%) n (%)

Cephalothin 29 (>95) 4 (20)

Ampicillin 30 (100) 11 (55)

Gentamicin 17 (>55) 0

Amikacin 16 (>50) 2 (10)

Imipenem 25 (>80) 0

Piperacilin 19 (>60) 13 (65)

Ciprofloxacin 26 (>85) 0

Nalidixic acid 26 (>85) 6 (30)

Kanamycin NAP 11 (55)

Ceftazidime 26 (>85) 5 (25)

Amoxy-clave 28 (>90) 12 (60)

Cefotaxime 25 (>80) 4 (20)

Doxycycline NA 18 (90)

Tetracycline NA 18 (90)

Streptomycin NA 14 (70)

Norfloxacin 25 (>80) NA

The antibiotic resistance was determined according to CLSI suscep-
tibility testing guidelines for bacterial species by measuring the
diameter of inhibition zone disk. Antibiotic resistance rate for each
antibiotic obtained based on the ratio of resistant cases to all selected
isolates

The data in each column represents three independent experiments

(p < 0.05)

 Tsolates were selected among samples that were randomized receive
from three clinical diagnostic laboratories

® Ineffective antibiotics for each bacterium indicated with “NA” (not
applicable)

Cell line cultures

Cytotoxicity effect of CM11 peptide was investigated on
Hela (Human Cervix Tissue), LNCAP (Human Prostate
Tissue), RAJI TK" (Human Lymphoblast Tissue), SP2/0
(Mouse Spleen Tissue) and CHO (Chinese Hamster Ovary
Tissue) cell lines at 3-24 mg/L peptide concentrations
(National Cell Bank of Iran). These cells were selected
according to some parameters such as suspended or adhe-
sive in media culture and tissue source. Cell lines were
cultured in 75 cm? flasks. Followed by incubation, cells
were detached and centrifuged for 5 min at 1,100 g and
suspended in fresh medium. Cell concentration was
adjusted to 10° cells/mL. 100 pL aliquots of the suspension
were diluted in each well of 96-well cell culture plate
containing RPMI-1640 medium (Cambrex Bioscience,
USA) supplemented with L-glutamine (2 mM, Gibco),
penicillin—streptomycin (100 IU/mL penicillin, 100 mg/mL
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streptomycin) (Gibco, Germany) and heat inactivated fetal
bovine serum (Biowest, France) 10 % (v/v). Cultures were
incubated at 37 °C in a humidified incubator with 5 % CO,
atmosphere for 24 and 48 h.

Cell line toxicity by MTT assay

To determine the cell viability and the cytotoxic effect of
CM11 peptide on selected cell lines, colorimetric MTT (3-
(4,5-dimethylthiazole-2-yl)-2,5-diphenyltetrazolium  bro-
mide) metabolic activity assay was used (Vaucher et al.
2010). MTT solution (USB Corporation, USA) was added
to each well and the plates were incubated for 4 h at 37 °C.
MTT solution was removed and DMSO was added to
dissolve formazan crystals. Absorbance was read at
540 nm in a 680 microplate reader (Bio-Rad Laboratories,
Hercules, USA). The viability percentage was calculated as
AT/AC x 100; where AT and AC are absorbance of
treated and control cells, respectively.

Isolation of primary murine macrophage cells

We isolated primary macrophage cells from the peritoneal
cavity of mouse according to basic protocol 1 described by
Zhang et al. (2008).

Macrophage toxicity by MTT assay

After isolation and culturing primary macrophage cells we
performed MTT assay according to Heather and Feix
protocol (Heather and Feix 2011).

Hemolytic activity assay

The hemolytic activity of peptides was evaluated on human
erythrocytes. The 20 % (v/v) solution of erythrocytes in
phosphate-buffered saline (PBS) was preincubated for
15 min at 37 °C, and then solution was diluted to 10 % by
adding 2-128 mg/L peptide concentration solutions. After

additional 15 min at 37 °C, the cells were centrifuged. The
absorption of supernatant was measured at 415 nm. The
hemolysis percentage was calculated as Apcpige — Amedia’
Aj0o — Apedia X 100; where A;og is the absorbance of
erythrocytes suspension with 100 % hemolysis. Complete
lysis was obtained by suspending erythrocytes in PBS
containing 0.2 % Triton X-100 (Ryadnov et al. 2002). To
analyze dose-response relationships in hemolysis, the
50 % hemolytic dose (HDs() was determined following the
procedure as previously described for the analysis of
antibacterial activity.

Statistical analysis

Statistical analysis was accomplished by SPSS 15.0 (SPSS
Inc,Chicago,IL). The data in each figure was a represen-
tative of three independent experiments expressed as the
mean =+ standard deviation (SD). The significance level
was determined at p < 0.05.

Results

Selection of isolates with the highest rates of antibiotic
resistance

Anti-biogram test was used to evaluate the antibiotic
resistance of clinical isolates. The inhibitory effect of
antibiotics can be identified by measuring the inhibition
zone diameter of each antibiotic disk. Results were ana-
lyzed according to CLSI standards and among all K.
pneumonia and S. typhimurium samples 20 and 30 isolates
were selected with the highest antibiotic resistance pattern
(Table 2).

MIC and MBC determination

The CM11 peptide demonstrated an inhibitory range of
4-16 and 8-16 mg/L against antibiotic-resistant isolates of

Table 3 The MIC and MBC of CM11 peptide against K. pneumoniae (ATCC 13883) and S. typhimurium (ATCC 14028) and antibiotic-resistant

isolates
Standard strains Peptide MIC (mg/L) MBC (mg/L)
Klebsiella pneumoniae ATCC 13883 CMI11 32
Salmonella typhimurium ATCC 14028 32
Clinical isolates Peptide MIC (mg/L) MBC (mg/L)

Range 90 % isolates Range 90 % isolates
Klebsiella pneumoniae (30 isolates) CM11 8-16 8 16-32 16
Salmonella typhimurium (20 isolates) 4-16 8 8-32 16

MIC minimal inhibitory concentration, MBC minimal bactericidal concentration
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Fig. 1 Time-kill determinations for K. pneumonia (a) and S.
typhimurium (b) strains, after treatment with 0.5X MIC, MIC and
2X MIC of the CM11 peptide concentrations. Horizontal and vertical-
axis show the killing time and the percentage of bacterial survival,
respectively. Survival counts were performed three times in different
days, and the means and the standard deviations indicates statistically
significant difference survival rates (p < 0.05)

S. typhimurium and K. pneumonia, respectively. For all
isolates the MICyy and MBCy, (minimum concentration
needed to inhibit growth and recovery by 90 % of tested
isolates) of CM11 peptide were 8 and 16 mg/L, respec-
tively (Table 3).

Bacterial killing assay

Viable counts of K. pneumoniae and S. typhimurium treated
with MIC and MBC of CM11 peptide are shown in Fig. 1a,
b. Time-killing curve was used to determine the survival of
bacterial strains treated with 0.5X, 1X and 2X MIC of
CMl11. At 2X MIC, CFUs were decreased during first
5 min and reached a plateau afterward. In bactericidal
killing assay no colony was observed in MIC for K.
pneumoniae and S. typhimurium isolates after 80 and
90 min, respectively. There was a statistically significant
difference between 1X and 2X MIC treated and control
groups.

Cytotoxicity effect of peptide on cell lines

Cytotoxicity of CM11 was appraised with MTT assay.
Dose-dependent results of assay (after 24 and 48 h) are
presented (Fig. 2a, b). After early 24 h, the peptide shows
approximately little and same influence on the viability of
RAIJI, SP2/0, Hela, and CHO cell lines (80 % alive at

Peptide concentration (ng/ml)

Fig. 2 The cytotoxicity of CM11 peptide on some eukaryotic cell
lines (RAIJI, SP2/0, Hela, CHO, and LNCAP) using MTT assay. Cells
were cultured for 24 (a) and 48 h (b) with the indicated concentra-
tions of peptide. The cytotoxic effect of peptide was determined based
on percentage of viable cells in culture after 24 and 48 h by
measuring absorption of cell cultures at 540 nm (p < 0.05)

6 mg/L), while the viability of LNCAP cells are drastically
decreased (<50 %). CM11 induced a significant decrease
on cell viability for RAJI, CHO (<65 %) and LNCAP
(<30 %) at concentration of 12 mg/L. Also at 24 mg/L
results indicated a rapid reduction in all cell lines viability
(<10 %). Viability pattern after 48 h resembled with 24 h
period, except significant reduction of SP2/0 cells.

Cytotoxicity effect of peptide on murine macrophage
cells

In order to assessment of CMI11 peptide toxicity on
eukaryotic cells, also we used primary murine macro-
phages as natural cell model. This peptide showed a LDsq
value after 48 h at 16 mg/L peptide concentration (12 pM),
while after 48 h at 8 mg/L. concentration cell viability was
>70 % (Fig. 3).

Hemolysis effect of peptide on erythrocytes

We investigated the hemolytic activity of CM11 peptide on
human erythrocytes. Dose-dependent hemolysis results are
presented (Fig. 4). The HDs, value (the 50 % hemolytic
dose) of peptide was 64 mg/L (45 uM whereas the hemo-
Iytic activity of peptide in MIC range was very weak with
about 10 % cytotoxicity on blood red cells.
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Cell viability of primary murine macrophage cells
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Fig. 3 The cytotoxicity of CMI11 peptide on primary murine
macrophages using MTT assay. Cells were cultured with the indicated
concentrations of peptide and cytotoxic effect was determined by
percentage of viable macrophage cells after 24 and 48 h based on
absorption of cell cultures at 570 nm (p < 0.05)
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Fig. 4 The cytotoxicity of CM11 peptide on erythrocyte cells using
hemolysis assay. Dose-dependent hemolysis was assessed with the
indicated concentrations of peptide. The hemolysis percentage was
determined by measuring of human erythrocyte supernatant absorp-
tion at 415 nm in compare with control sample (100 % hemolysis)
(p < 0.05)

Discussion

In this study, antimicrobial activity of CM11 hybrid pep-
tide has been determined against clinical antibiotic-resis-
tant strains of K. pneumoniae and S. typhimurium. For the
first time, Giacometti et al. (2004) investigated the anti-
bacterial activity of CM15 peptide on clinical isolates of
Staphylococcus aureus as a pathogenic bacterium; results
showed MICs between 1 and 16 mg/L. In continuance,
Rodriguez-Hernandez et al. (2006) and Saugar et al. (2006)
investigated the antibacterial activity of this peptide against
clinical isolates of Acinetobacter baumannii, their results
showed a MIC range between 4 and 64 mg/L. In 2006,
Ferre et al. studied the antibacterial activity of CM11 and
22 analogs of this peptide against plant phytopathogenic
bacteria: Erwinia amylovora, Xanthomonas vesicatoria and
Pseudomonas syringae. He reported 10-14 mg/L as MIC
of CM11 for these bacteria (Ferre et al. 2006). Based on
these studies, for the first time we evaluated antibacterial
activity of CM11 and CM15 peptides against antibiotic-
resistance isolates of five pathogenic bacteria including
Staphylococcus aureus, Pseudomonas aeruginosa, Vibrio
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cholerae, Acinetobacter baumannii, and Escherichia coli
(Moosazadeh et al. 2012). Our studies demonstrated the
effective antibacterial activity of these peptides against five
pathogenic bacteria with the same ranges of inhibitory
values (MIC 8 mg/L and MBC 32 mg/L) in early 24 h but
after 48 h the MIC and MBC remained constant for CM11
peptide, while for CM 15 peptide these parameters were not
stable. Results highlighted bacteriostatic potential of CM11
peptide even after 48 h which specifies a pleasurable sta-
bility of it against the hydrolyzing environment of the
experiments. This stability seems to be because of struc-
tural modifications in sequence compared with CMI5.
According to these studies, we investigated the antibacte-
rial activity of this peptide against two other important
pathogenic bacteria, K. pneumoniae and S. typhimurium.
Results showed a similar MICs range against antibiotic-
resistant isolates of these bacteria compared with other
pathogenic bacteria in our previous study.

Based on our results bacterial killing by peptide was also
completed at 8 mg/L concentration after 80 and 90 min for
K. pneumoniae and S. typhimurium isolates, respectively,
while previous study showed that the bactericidal activity
of CM11 peptide are completed after 30 min at 4 mg/L
concentration for Staphylococcus aureus, Pseudomonas
aeruginosa, Vibrio cholerae and Acinetobacter baumannii,
but for Acinetobacter baumannii and Escherichia coli
time-killing was 40 min. Therefore, in comparison with
these bacteria, the bactericidal effect of CM11 peptide on
K. pneumoniae and S. typhimurium occurs on a longer
time.

According to studies done by Shai and Ferre et al., it
seems that CM11 peptide kills bacteria based on a “carpet-
like” mechanism (Ferre et al. 2006; Shai 2002). In this
mechanism, after carpeting and thinning the bacteria
membrane by peptide, at a critical threshold concentration
peptide forms toroidal transient holes in the membrane and
above this concentration; the membrane disintegrates and
forms micelles after disruption of the bilayer curvature
(Lee et al. 2008; Madani et al. 2011; Papo and Shai 2005).

Despite the broad spectrum antimicrobial activity of
CM11 peptide in vitro, in vivo applications could be lim-
ited by peptide cytotoxicity effects on host cellular mem-
branes (Pacor et al. 2002). In general, the cytotoxicity and
the damaging effects of AMPs are dependent to the charge,
hydrophobicity, amphipathicity, stereochemistry, and pro-
pensity of peptides to form barrels. Sensitivity to peptides
and differences in viability of eukaryotic cells are also
dependent on variations in membrane lipid compositions,
hydrophobicity, and the metabolic activity of cells (Pacor
et al. 2002; Vaucher et al. 2010). Our peptide cytotoxicity
studies showed that after 48 h, at 12 mg/L peptide con-
centration higher cytotoxicity was for LNCAP and SP2/0
cell lines with fewer than 30 % cell viability, while for
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other cell lines viability was about 50 %. This differential
sensitivity to the peptide is probably related to differences
in the amount of acidic phospholipids and sterols in cell
membrane composition and the orientation of phospholip-
ids compounds in membrane bilayers. The lower amount of
acidic phospholipids and higher sterol compounds in
membrane structures reduce the susceptibility of eukary-
otic cells to lytic peptides due either to stabilization of the
lipid bilayer or to interactions between sterol and the
peptide. The low amount of acidic phospholipids also
reduces negative charge on membrane cell, leading to a
weakening interaction between peptide and cell membrane
(Zasloff 2002b). Therefore, the lytic power of peptide
depends strongly on phospholipid composition of bilayer,
the presence of sterol and charge membrane; although a
recent study indicates that the negative surface charge
linked to glycosylated membrane proteins also can be
effective in sensitivity of eukaryotic cells to cationic AMPs
(Sverre et al. 2013).

In this study the 50 % hemolytic dose of peptide was at
64 mg/L (45 uM) but Ferre et al. (2006) reported HDs, at
104 uM that is twofold our result. This difference in results
may be due to methodology or the presence of enhancer/
inhibitor agents (such as divalent cations) in the experiment
conditions (Rudenko and Madanat 2005). Also in MICs
range, sensitivity of erythrocyte cells to peptide was low in
compare with cell lines that may relate to high cholesterol
content in human erythrocyte cell membranes (Yeagle
1985). On the other hand, the CM11 peptide demonstrates
little hemolytic activity compared with the CM15 peptide
as its ancestor, because Heater and Fiex reported a sig-
nificant lysis for CM15 peptide with 64 UM concentration
causing nearly 80 % RBC lysis. In their study they used
RAW264.7 murine macrophages as a eukaryotic cell model
for investigation of peptide cytotoxicity. Similar to RBC
hemolysis, CMI15 significantly decreased macrophage
viability with a LDsq of 3.8 uM (Heather and Feix 2011),
but our studies showed that for these cells LDsg of CM11
peptide is 12 pM (16 mg/L) after 48 h, while in this con-
centration after 24 h viability of macrophages was about
70 %.

Previous studies indicated a relationship between helical
content in peptide structure and its cytotoxic effect on
eukaryotic cell. According to these studies, disruption of
secondary structure reduces both antimicrobial activity and
eukaryotic cell toxicity, but this reduction is more pro-
nounce for toxicity. Circular dichroism (CD) studies for
CM15 and CMI11 peptides by Ferre et al. (2006) and
Heather and Feix (2011) indicated o-helical contents
approximately 85 and 23 %, respectively. Based on these
predictions and actual different toxicity effect of CM15
(LDsy of 3.8 uM) (Heather and Feix 2011) and CMI11
(LDsg of 12 uM) peptides on macrophage cells, we can be

observe this relationship between helical content of CM15
and CM11 peptides and their cytotoxic effect.

This present study demonstrated that short cationic
peptide CM11 have significant activity against clinical
isolates K. pneumoniae and S. typhimurium in vitro. We
hope that these findings will lead to new treatment strate-
gists to eradicate resistance hospital infections. Recently,
significant efforts have been also applied to use such
peptides as novel compounds against cancerous cells. The
higher cytotoxic effect on LNCAP than other cell lines
represents that CM11 peptide could be effective on prostate
cancer but more studies are needed.
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