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We investigated cytotoxic activity of antimicrobial peptides of different origin (both naturally occurring and
synthetic), structure and known mechanisms of action
against human histiocytic lymphoma cell line U937. The
strongest cytotoxic activity against U937 cell line was
shown by Pexiganan MSI-78, followed by Citropin 1.1,
Protegrin 1 and a synthetic lipopeptide, N-α-palmitoylL-lysyl-L-lysine amide (Pal-Lys-Lys-NH2). The cytotoxic activity of the peptides was more dependent on the time
of incubation than concentration. Only for the lipopeptide, whose mode of action was restricted to disruption
of electric potential of the cell membrane, the correlation between cytotoxicity and concentration was almost
linear. The high cytotoxicity of Pexiganan MSI-78, Protegrin 1 and the lipopeptide could be basically explained
by their membranolytic activity leading to necrosis.
However, in the case of Citropin 1.1, the cell membrane
integrity was disrupted only slightly and independently
of the peptide concentration. Therefore, some other
mechanism of action might be responsible for its strong
dose-dependent cytotoxic activity, e.g., membranolytic
activity leading to apoptosis. Furthermore, TNF-α production due to LPS (lipopolysaccharide) stimulation was
suppressed by the presence of Citropin 1.1, Pexiganan
MSI-78 or Protegrin 1, but not by Buforin 2 or the lipopeptide. Our experiments have shown that cytotoxic
activity is not limited to some specific molecular structure of a peptide, but rather to the length of the peptide
chain as it is likely to affect the efficiency of the tumor
cell membrane disruption and interaction with LPS.
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In vitro

MATERIALS AND METHODS

RESULTS
The effect of AMPs on tumor cell line U937 viability
in vitro
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Table 1. AMPs used in experiments, their sequence, grouping according to characteristics of their molecular structure, and mechanism of action
Name and sequence

Grouping according to characteristics of
molecular structure

Known mode of action

Buforin 2
TRSSRAGLQFPVGRVHRLLRK (Park
et al., 1996)

linear, α-helical peptide forming amphipathic helix distorted around Pro(11) with a
flexible N-terminal region (Kobayashi et al.,
2004; Cho et al., 2008)

forms and disintegrates non-permeabilizing porelike structure to translocate without cell lysis then
bind to DNA and RNA (Park et al., 1998; Kobayashi
et al., 2004)

Citropin 1.1
GLFDVIKKVASVIGGL-NH2 (Wegener
et al., 1999; Wabnitz et al., 1999)

linear, α-helical peptide without cysteines
(Wegener et al., 1999; Wabnitz et al., 1999)

forms a ‘carpet’ on the membrane surface following ‘carpet-like’ model (Ambroggio et al., 2005;
Fernandez et al., 2009)

Demegen P-113
AKRHHGYKRKFH-NH2 (Paquette et
al., 1997)

linear, α-helical peptide with a predominance of one or more amino acids — histidine-rich (Paquette et al., 1997)

translocates into cytosol in Candida albicans (Jang
et al., 2008)

Omiganan MBI-226
ILRWPWWPWRRK-NH2 (Isaacson,
2003)

linear, α-helical peptide with a predominance of one or more amino acids — tryptophane-rich (Isaacson, 2003)

induces membrane depolarization, inhibition of
macromolecular synthesis and cell death (Melo et
al., 2007)

Pexiganan MSI-78
GIGKFLKKAKKFGKAFVKILKK-NH2
(Jacob & Zasloff, 1994)

linear, α-helical peptide without cysteines
(Gottler & Ramamoorthy, 2009)

binds to the membrane surface, forms dimers that
assemble toroidal pores, but not barrel-stave pores
(Gottler & Ramamoorthy, 2009)

Protegrin 1
RGGRLCYCRRRFCVCVGR-NH2 (Kokryakov et al., 1993)

β-sheet structure stabilized by disulphide
bridges (Gottler et al., 2008; Mani et al.,
2006)

assembles β-barrel membrane pore structure forming the core of a toroidal pore ( Mani, 2006; Gottler, 2008)

Temporin A
FLPLIGRVLSGIL-NH2 (Simmaco et
al., 1996)

linear, α-helical peptide without cysteines,
basic, highly hydrophobic (Simmaco et al.,
1996)

forms a transmembrane pore via a barrel-stave
mechanism or forms a ‘carpet’ on the membrane
surface via the ‘carpet-like’ model (Oren & Sahi,
1998), is also chemotactic to phagocytes (Chen et
al., 2004)

Figure 1. Cytotoxic effect of AMPs on U937 tumor cells
AMPs at 20 µg/ml were added to cell culture for 6 h, followed by
MTT cytotoxicity assay. Data points represent averages of 3 independent MTT tests. The standard deviations are marked.

Figure 2. Dose-dependent cytotoxic effect of AMPs on U937 tumor cells
AMPs were added to cell culture for 6 h, followed by MTT cytotoxicity assay. Data points represent averages of 6 independent MTT
tests. The standard deviations are marked. *P < 0.05; **P < 0.01.
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Figure 3. Dye uptake assay determining cell membrane integrity
Cell membrane integrity of U937 tumor cells after AMPs treatment for 6 h was checked using the trypan blue uptake assay. Low (0.5 g/
ml) and high (20 g/ml) concentrations of AMPs were used. Data points represent averages of 3 independent tests. The standard deviations are marked.

Figure 4. TNF-α concentration in supernatants of U937 cell culture treated with AMPs for 6 h in the presence of LPS and PMA.
Low (0.5 µg/ml) and high (20 µg/ml) concentrations of AMPs were used. TNF-α concentration in supernatants was measured as the cytotoxic activity against TNF-α-sensitive A9 cell line using a 17-h NR assay in the presence of CHX. Control supernatants were from cell cultures not treated with AMPs and treated/not treated with LPS and PMA. Data for A9 cells not treated with any supernatant were taken as
representing 100 % viability (not shown on graph). Data points represent averages of 4–6 independent NR tests. The standard deviations
are marked. *P < 0.05.

Influence of chosen AMPs on cell membrane integrity
of U937 cells in vitro

TNF-α release in supernatants of U937 cell line
treated with AMPs
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