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Abstract—Antimicrobial peptides are members of the immune system that protect the host from infection. In this study, a
potent and structurally novel antimicrobial peptide was isolated and characterized from praying mantis Sphodromantis
viridis. This 14-amino acid peptide was purified by RP-HPLC. Tandem mass spectrometry was used for sequencing this pep-
tide, and the results showed that the peptide belongs to the Mastoparan family. The peptide was named Mastoparan-S.
Mastoparan-S demonstrated that it has antimicrobial activities against a broad spectrum of microorganisms (Gram-positive
and Gram-negative bacteria and fungi), and it was found to be more potent than common antibiotics such as kanamycin.
Mastoparan-S showed higher antimicrobial activity against Gram-negative bacteria compared to Gram-positive ones and
fungi. The minimum inhibitory concentration (MIC) values of Mastoparan-S are 15.1-28.3 ug/ml for bacterial and 19.3-
24.6 pg/ml for fungal pathogens. In addition, this newly described peptide showed low hemolytic activity against human red
blood cells. The in vitro cytotoxicity of Mastoparan-S was also evaluated on monolayer of normal human cells (HeLa) by
MTT assay, and the results illustrated that Mastoparan-S had significant cytotoxicity at concentrations higher than 40 pg/ml
and had no any cytotoxicity at the MIC (<30 pg/ml). The findings of the present study reveal that this newly described pep-

tide can be introduced as an appropriate candidate for treatment of topical infection.
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Innate immunity is the most important line of
defense in both vertebrates and invertebrates against
pathogenic microbes such as bacteria, fungi, and viruses
[1]. Due to the lack of an adaptive immune system in
insects, antimicrobial peptides (AMP) play a decisive role
in the struggle against pathogens, and, consequently, they
are regarded as important factors in innate immunity.
Insects synthesize these peptides in response to microbial
infection in their fat body and in blood cells, which results
in synthesis of peptides into hemolymph.

Defense peptides have broad antimicrobial activity
against different microbes [2-4]. AMPs are small, typical-

* To whom correspondence should be addressed.

ly cationic, and in many cases made of less than 100 a.a.
[5-7]. Different AMPs have been purified from various
animals such as amphibians, mammals, birds, reptiles,
etc. [8-12]. Initially, Boman’s group purified an AMP
from hemolymph of Hyalophora cecropia [13]. Scientists
have described over 1.7 million of the world’s species of
animals, plants and algae as of 2010, and one million
species are insects [14]. Similar to other animals, insects
have innate immune systems with a wide range of antimi-
crobial peptides [15-17], which have been identified from
different types of insects [18-21]. Mantodea is an order of
insects that contains 2200 species in 15 families [22, 23].
Most of the species belongs to the Mantidae family, such
as praying mantis Sphodromantis viridis [24-26]. Since few
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studies have examined the AMP existing in this kind of
animal [27], this study attempts to investigate the purifica-
tion and characterization of new AMP from S. viridis.

MATERIALS AND METHODS

Extraction. The data for this study came from 100
adult S. viridis insects that were collected from different
natural environmental locations in Iran. To isolate the anti-
bacterial peptides, adult insects were kept in small cages in
the laboratory during the study. The animals were frozen in
liquid nitrogen and reduced to a powder in the presence of
liquid nitrogen. The powder was acidified with water con-
taining 1% trifluoroacetic acid (TFA). The acidified solu-
tion was incubated for 30 min in an ice-cold water bath
under gentle shaking and centrifuged at 15,000g for 30 min,
and then the supernatant was collected and lyophilized.

Peptide isolation. To purify peptides, lyophilized
extract was dissolved in the smallest possible volume of
distilled water and was purified using a C,3 semi-prepara-
tive reverse-phase high-performance liquid chromatogra-
phy (RP-HPLC) column. The injected amount of sample
was 400 pl each time. Elution was performed using solu-
tion A (0.1% TFA in water) combined with a 5% to 65%
gradient of solution B (0.098% TFA in acetonitrile) for
70 min at a flow rate of 1 ml/min. According to the
absorbance at 220 nm, the fractions were collected and
lyophilized. To evaluate the sample purity, a small amount
of each peak was checked on an analytical C;; column
using RP-HPLC. Each fraction was tested for antimicro-
bial activity. All fractions were concentrated and
lyophilized. Each fraction was assayed to find the major
fraction containing antimicrobial peptides as indicated in
the section “Hemolytic and cell viability assay”. For fur-
ther purification, the peak containing antimicrobial
activity was purified using the method described above
except that the elution was conducted using a 0.5% per
minute increasing gradient of solution B.

Antimicrobial assay. The initial antimicrobial activity
was determined by an ultrasensitive assay described in our
previous studies [28, 29]. The microbes were grown in 3%
(w/v) Trypticase soy broth (TSB) at 37°C overnight. The
cell concentrations were estimated by measuring the opti-
cal density at 620 nm, and then the cells were added to
6 ml of under-layer agar broth (10 mM sodium phos-
phate, 1% (v/v) TSB, 1% agarose, pH 6.5). Then the agar
was poured into a Petri dish. Samples were added direct-
ly to 3-mm-diameter wells that were made on the solidi-
fied under-layer agar. After incubation for 3 h at 37°C, the
under-layer agar was covered with a nutrient-rich agar
overlay and incubated overnight at 37°C. The antimicro-
bial activities were assayed by observing the suppression of
bacterial growth around the 3-mm-diameter wells.

For antifungal activity, 1 ml of fungal suspension was
inoculated into 20 ml of potato dextrose agar (PDA). Then
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it was poured into germ culture plates. Holes were then cre-
ated by a punch into the medium, and they were filled with
the plant extract. The plates were incubated for 7 days at
30-35°C, and the results were recorded during this period.

For quantifying antimicrobial activity, Minimal
Inhibitory Concentrations (MIC) was determined through
the following process: first, stock serial dilutions of 0.1 to
1 mg/ml of the extract were prepared. Then, 20 pl of the
peptide stocks were added to a solution containing
10° CFU/ml of bacteria. Then it was poured into a plate.
The ultimate concentrations were 10, 20, 40, 80, and
100 pg/ml of the peptides. The microplate was incubated at
37°C for 18 h. Then the absorbance of each well was read at
630 nm using an enzyme-linked immunosorbent assay
(ELISA) reader. The results were compared to the control
samples. The MIC was defined as the lowest concentration
that the bacterial growth was completely inhibited.

To determine the fungi-associated MIC, 180 pl of
Sabouraud Dextrose Agar culture medium along with 10 pl
of fungal suspension (10° CFU/ml) as well as 10 pl of serial
concentration of the peptide were poured into microplates.
Then they were incubated at 37°C for 24 h. The MIC was
similarly defined as minimum concentration at which no
growth was observed. Escherichia coli PTCC2433, Klebsi-
ella pneumonia PTCC4231, Pseudomonas aeruginosa
PTCC2834, Bacillus subtilis PTCC4533, Leuconostoc
mesenteroides PTCC1445, Bacillus cereus PTCC1435,
Aspergillus niger, Aspergillus fumigates, and Candida albicans
were used for MIC determination.

Hemolytic assay. To determine the hemolytic activi-
ty of a peptide, fresh human erythrocytes were incubated
with AMP. The hemolytic assay was then carried out
according to methods reported in our previous study [28].

Assay for cell viability. The MTT (3-[4,5-dimethyl-
thiazol-2-yl]-2,5-diphenyl tetrazolium bromide)-based
assay was used to determine peptide cytotoxicity against
normal human cervical cells (HeLa). In this way, prior to
drug exposure, cells were cultured into 96-well plates for
24 h. Then the culture medium was replaced with fresh
medium containing the drug at concentrations ranging
from 10 to 100 pg/ml, e.g. in the range of antimicrobial
activity assay. These plates were incubated for 30 min, 3 h,
or 6 h before adding MTT solution (5 ug/ml in PBS) to
each well. The wells containing medium without drug
were used as controls in MTT assay. The tetrazolium/for-
mazan reaction was allowed to proceed for 4 h at 37°C, the
supernatant was removed, and 200 pul of a DMSO-con-
taining solution was added to dissolve the formazan crys-
tals. After an overnight incubation at 37°C, the optical
density at 540 nm was measured with a 96-well multiscan-
ning auto-reader by resorting to solubilization as blank. To
translate the ODs,, values into the number of live cells in
each well, the ODs,, values were compared with those of
standard ODs4,-versus-cell number curves generated for
each cell line. The percentage of cell survival was
expressed as live cell number in the test group [30].
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Mass spectrometry and sequencing. The molecular
mass determination and de novo sequencing of isolated
peptides were performed using a MALDI-TOF/TOF
instrument. Purified and lyophilized peptide was reconsti-
tuted through 10 pl of 0.1% TFA (v/v). A 1-ul aliquot of
each peptide solution was directly applied to a ground
steel MALDI target plate, immediately followed by an
equal volume of a freshly prepared 5 mg/ml solution of 4-
hydroxy-o-cyano-cinnamic acid (Sigma, USA) in 50%
aqueous (v/v) acetonitrile containing 0.1% TFA (v/v).
Bruker flex analysis software (v.3.3) was used to perform
the spectral processing and peak list generation for both
the MS and the MS/MS spectra. De novo sequencing was
performed by hand, allowing for a maximum mass error of
0.5 Da for any given fragmentation ion. Deduced b- and
y-ion series were overlaid onto their fragmentation spectra
by applying the Bruker flex analysis software (v.3.3).

Sequence and structure analysis. The search for sim-
ilar sequences was performed onto the antimicrobial pep-
tide database (http://aps.unmc.edu/AP/main.php). The
CLC main workbench v.5.5 software was used to discover
identity and similarity of peptides. Evolutionary relation-
ship prediction between similar peptides was performed
using the same software by the neighbor joining method.
The phylogenetic tree was created to estimate the repro-
ducibility of the tree topology.

RESULTS

Purification of antimicrobial peptides and assay of
antimicrobial activity. The lyophilized extract was frac-
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tionated by RP-HPLC, and the major peaks were select-
ed to assay their antimicrobial activities. Figure 1 shows
the chromatogram of the RP-HPLC of the lyophilized
powder of the insect. The fractions were numbered
sequentially. To select the most active one, all fractions
were analyzed. As demonstrated in Fig. 1, F13 is the most
active fraction that was further purified by applying a sec-
ond run of C;; RP-HPLC (inset to Fig. 1). S1 and S2
were found to be the most active peaks against the studied
microbes (Fig. 2).

Antimicrobial activity. The radial diffusion assay
(RDA) results obtained for S1, S2, and kanamycin are
shown in Fig. 2. As shown in this figure, S1 and S2 have
effective antimicrobial activity at a concentration of
5 pg/ml. In all studied microbes, the diameters of growth
inhibition zone of S1 and S2 fractions were larger than
that for kanamycin, and S1 fraction in all microbial
species are greater than for S2. The inset of Fig. 2 indi-
cates the non-growth halos of S1, S2, and kanamycin
against B. subtilis for example, and antimicrobial activity
of S1 fraction was quantified by the MIC method. The
results are consistent with the RDA results. Among the
tested microorganisms, S1 fraction exhibited highest
antimicrobial activities against B. cereus and A. fumigates.
The MIC values of this fraction on B. cereus ATCC2592
and A. fumigates are 15.1 and 19.3 pg/ml, respectively
(Table 1). The antimicrobial activity of S1 fraction was
proved lethal for the sensitive strain.

Hemolytic activity. Human red blood cells were used
for hemolytic activity experiments in this study and the
results were shown in Table 1. As shown in this table, the
S1 fractions have low hemolytic activity. This peptide
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Fig. 1. Chromatogram of RP-HPLC for lyophilized powder from Sphodromantis viridis. The most active peak is indicated with an arrow. The
most active fraction, F13, was greatly purified using RP-HPLC (inset). The inset of the figure indicates the purity of the labeled fraction. The
most active fractions are indicated with an asterisk. S1 and S2 are the most active peaks against the studied microbes.
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Fig. 2. Antimicrobial activity of purified peptides against bacteria and fungi using the radial diffusion assay method (inhibition zone). The
diameter of the non-growth halo was measured, and its value is shown on the diagram. Kanamycin was taken as a control. The inset indicates
the non-growth halos of S1 (2), S2 (3), and kanamycin (1) against B. subtilis as an example.

lysed only 3% of human red blood cells at the concentra-
tion up to 100 pg/ml.

Cytotoxicity against human cells. The cytotoxic
effects of S1 fractions on HeLa cells were determined and
the results are shown in Fig. 3. As shown in this figure, the
S1 fraction has significant cytotoxicity at concentrations
higher than 40 pg/ml. According to the data of antimi-
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Fig. 3. Dose-dependent effect of Mastoparan-S viability on nor-
mal human cervical cell (HeLa). Cells were incubated with serial
dilutions of Mastoparan-S for 24 h, and the conversion of MTT
dye to formazan was measured spectrophotometrically. The data
represent mean = SD of three independent experiments.

crobial activity and in vitro toxicity, this peptide has no
cytotoxicity effect at the MIC point. Only 5% cytotoxici-
ty effect was observed at the concentration of 40 pg/ml.

Structural analysis. Because of potent biological
activity, the structure of S1 fraction was analyzed with
mass spectrometry and the CLC Main Workbench soft-
ware. The results are shown in Table 2 and Fig. 4. Table 2
indicates the estimated amino acid sequences, molecular
masses, total hydrophobic ratio, total net charge, and cal-
culated isoelectric points of the S1 fraction. The compar-
ison of the peptide sequence and other identified AMP
sequences revealed that S1 exhibits no sequence homolo-
gy to any AMP in the database, suggesting that this pep-
tide is a newly discovered AMP (Fig. 4a). This newly
identified AMP was named Mastoparan-S based on the
systematic nomenclature for AMPs [34]. The molecular
mass of Mastoparan-S is 1618.03 Da. The amino acid
composition of this peptide was identified as LRLK-
SIVSYAKKVL. Mastoparan-S achieves the predicted p/
(isoelectric point) of 10.46. This analysis was done with
the ExPASy MW/pl tool (http://www.expasy.ch/tools/
pi-tool.html).

Multiple sequence alignment of this new peptide was
carried out along with 10 AMPs obtained from the
antimicrobial peptide database. The results of the BLAST
revealed that Mastoparan-S has high homology to
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Table 1. MIC values and hemolytic activities of Mastoparan-B. This data was also supported by the phy-

Mastoparan-S (S1 fraction) logenetic tree (Fig. 4b).
Microorganism MIC, pg/ml
DISCUSSION
Escherichia coli 28.3
Kiebsiella pneumoniae 26.7 A large number of AMPs have been isolated from
Pseudomonas aeroginosa 24.2 animals and plants. These agents are recognized as
Bacillus subtilis 17.6 important components of the innate defense system [31-
Leuconostoc mesenteroides 19.8 ?3]. A consi.derable .variety of AMPs has l?een character-
Bacillus cereus 15.1 ized from different insects [15, 34]. In this study, a pep-
] ] ’ tide isolated from S. viridis exhibited strong activity
Aspergillus niger 24.6 against Gram-negative and Gram-positive bacteria as
Aspergillus fumigates 19.3 well as fungal species. The structural studies performed
Candida albicans 20.4 on this peptide showed that it has 14 residues. The evi-
dence from amino acid sequencing also indicated a posi-
Mastoparan-S (S1 fraction), % hemolysis tive net charge (+4). The molecular mass of Fhls peptide
pg/ml was found to be 1618.03 Da. This peptide has no
sequence homology with other insect antimicrobial pep-
10 0.2 tides but shows striking similarities with Mastoparan-B, a
20 0.25 peptide toxin from the venom of the hornet Vespa basalis
[35]. This new peptide was named Mastoparan-S. Its net
40 0.46 ... .
charge is similar to Mastoparan-B. Mastoparan is a fam-
60 1.2 ily of AMPs that is commonly found in Hymenoptera
80 23 [36]. The AMPs of this family exhibits various biological
100 29 and pharmacological activities [37-41]. Mastoparan-S
has potent antimicrobial activities against different bacte-
Note: Each experiment was repeated at least three times. rial and fungal pathogens. The results show that
Table 2. Structural properties of S1 fraction
Peptide Sequence Mass, Da pl Hydrophobic Net charge Homology
ratio peptide
S1 fraction LRLKSIVSYAKKVL 1618.03 10.46 50% +4 not found

Table 3. Comparison of chemical and biological properties of Mastoparan-S and Mastoparan-B

Properties Mastoparan-S Mastoparan-B
Sequence LRLKSIVSYAKKVL LKLKSIVSWAKKVL
Mass, Da 1618.03 1613.04
Net charge +4 +4
Hemolysis activity (20 uM), % 3 71

Antimicrobial activity, pg/ml
E. coli 28.3 8

K. pneumoniae 26.7 64

BIOCHEMISTRY (Moscow) Vol. 80 No. 4 2015
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Fig. 4. a) Alignment of Mastoparan-S with other AMPs from various sources. The alignment was carried out with CLC Main Workbench v.5.5
software. b) Phylogenetic tree of Mastoparan-S. Amino acid sequences of the 10 reference peptides obtained from the AMP database were
incorporated into the tree using the neighbor-joining method. The name of each sequence is given at the end of the corresponding branch.
Reliability of the tree was assessed by bootstrap analysis with 100 replications. The substitutions per amino acid position are indicated above

each branch.

Mastoparan-S acts as an effective antimicrobial com-
pound, and it is capable of killing several bacterial and
fungal species at low dosages. Unlike other AMPs of the
Mastoparan family, Mastoparan-S has no hemolytic
activity on human red blood cells [42, 43].
Hydrophobicity and net positive charge are two important
factors that effect biological activity of AMPs such as
antimicrobial activity [44, 45]. The net positive charge of
Mastoparan-S is similar or more than other AMPs in the
Mastoparan family, and this property increases antimi-
crobial activity. Mastoparan-S inhibits microbial growth
in the range of 15.1-28.3 pg/ml for bacterial and 19.3-
24.6 ug/ml for fungal pathogens. The comparison of these
data with other AMPs from the Mastoparan family
showed that this peptide is more suitable than other
members [46-48]. Considering the great similarity of
Mastoparan-S to Mastoparan-B, the biological activities
of Mastoparan-S and Mastoparan-B were compared and
are summarized in Table 3.

In addition, Mastoparan-S has no cytotoxicity on
HelLa cells at the MIC points. Moreover, the majority of

AMPs have cytotoxicity on natural cells such as intestin-
al epithelial cells. This effect limits the application of
AMPs as suitable drugs [49-52]. Mastoparan-S has no
activity against HeLa and red blood cells. Regarding these
finding, Mastoparan-S can be considered as a novel can-
didate for treatment of microbial disease without side
effects. However, its activity in vivo needs further investi-
gation.
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