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Antimicrobial peptides from edible insects may serve as a potentially significant group of food preserva-
tives. In the present work, the mode of action of a novel antimicrobial peptide MDpep9 from Chinese tra-
ditional edible housefly larvae was investigated. MDpep9 was shown to bind to bacterial DNA from the
results of gel retardation and fluorescence quenching experiments. Further investigations confirmed that
MDpep9 could bind with the phosphate group of DNA and intercalate into the base pairs in a helix of DNA
or locate in hydrophobic environment of DNA. The previous and present results demonstrated that
MDpep9 has dual mechanisms of bactericidal activity: disrupting bacterial cell membranes and binding
to bacterial genomic DNA to inhibit cellular functions, ultimately leading to cell death. The results of
DNA-binding mode may be contributive in designing new and promising antimicrobial peptides for food
preservatives.

� 2009 Elsevier Ltd. All rights reserved.
1. Introduction

Many peptides of plant and animal origin may have regulatory
functions in the human system beyond normal and adequate nutri-
tion, which are defined as ‘‘food-derived bioactive peptides” (Hart-
mann & Meisel, 2007). A wide range of activities of these peptides
has been described, including antimicrobial properties (Aslim,
Yuksekdag, Sarikaya, & Beyatli, 2005; McCann et al., 2006), blood
pressure-lowering (ACE inhibitory) effects (Kodera & Nio, 2006),
antithrombotic activities (Chabance et al., 1995), antioxidant
activities (Erdmann, Grosser, Schipporeit, & Schroder, 2006; Her-
nandez-Ledesma, Davalos, Bartolome, & Amigo, 2005), and cytoor
immunomodulatory effects (Horiguchi, Horiguchi, & Suzuki,
2005; Meisel, 2005). Thereby, such peptides have enormous poten-
tial as ingredients of food additives and pharmaceuticals.

With several desirable properties such as heat-tolerant, rela-
tively broad antimicrobial spectrum, and no cross resistance with
antibiotics, antimicrobial peptides (AMPs) may serve as a poten-
tially significant group of food preservatives, especially the
‘‘food-derived antimicrobial peptides”. For further application
and development of AMPs as a potential kind of natural food pre-
servatives, research on the mechanism of AMPs is necessary. How-
ever, so far there is not a uniform theory to explain the
mechanisms of all AMPs. Some researchers believed AMPs could
disrupt the cytoplasmic membrane as the lethal event leading to
bacterial cell death through a detergent-like ‘‘carpet” mechanism
ll rights reserved.

.

(Gazit, Boman, Boman, & Shai, 1995; Steiner, Andreu, & Merrifield,
1988), or the formation of discrete pores that dissipate ion gradi-
ents (Christensen, Fink, Merrifield, & Mauzerall, 1988; Juvvadi,
Vunnam, Merrifield, Boman, & Merrifield, 1996; Van Kan, Demel,
Van der Bent, & de Kruijff, 2003).

An increasing number of AMPs are being described that act on
intracellular targets in bacteria, inhibiting protein or cell–wall syn-
thesis, or interacting with deoxyribonucleic acid (DNA) or ribonu-
cleic acid (RNA). Some researchers found that AMPs could reach to
the inner structure of cell through membrane and bind to bacterial
DNA with or without disrupting membrane (Brogden, 2005; Pel-
legrini, Thomas, Wild, Schraner, & von Fellenberg, 2000; Ulvatne,
Samuelsen, Haukland, Kramer, & Vorland, 2004; Yonezawa, Kuwa-
hara, Fujii, & Sugiura, 1992). As is known, the regions of DNA in-
volve vital processes, such as gene expression, gene transcription
and mutagenesis. Studies on the interactions between AMPs and
DNA are very interesting and significant not only in understanding
the mechanism of interaction, but also for guiding the design of
efficient food preservative. However, until recently, most studies
just focus on whether a certain AMP can bind to DNA or not, and
the interaction mode between AMPs and DNA were still relatively
little known, especially for the AMPs from edible insects.

In our previous paper (Tang, Shi, Zhao, Hao, & Le, 2008), we de-
scribed a membrane-based method to identify AMPs from housefly
larvae and successfully isolated peptide MDpep9 (Lys-Ser-Ser-Ser-
Pro-Pro-Met-Asn-His). We found that MDpep9 could insert into
cell membranes, leading to loss of cytoplasmic membrane integ-
rity. What does then MDpep9 do inside the cell? Can it act on intra-
cellular targets in bacteria? Recent studies suggested that several
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AMPs could bind to DNA or RNA and inhibited the macromolecular
synthesis of the cell (Boman, Agerberth, & Boman, 1993; Yonezawa
et al., 1992). PR-39, the proline-rich peptide, is known to stop the
synthesis of protein after penetrating the cytoplasm of the cell (Bo-
man et al., 1993). MDpep9 also belongs to Pro-rich peptides and
has some common properties with the DNA-binding protein, such
as being rich in proline and serine and having positive charged res-
idues (Lys), which suggests that MDpep9 has the potential to inter-
act with bacterial DNA. Therefore, in an attempt to clarify the
molecular mechanism of bactericidal activity and explore food pre-
servatives from natural source, the interaction properties exerted
by MDpep9 on Escherichia coli genomic DNA was investigated in
this study.
2. Materials and methods

2.1. Materials

Peptide MDpep9 with a sequence of Lys-Ser-Ser-Ser-Pro-Pro-
Met-Asn-His was prepared as described by our previous paper
(Tang et al., 2008). 8-Anilino-1-naphthalenesulfonic acid (ANS)
was purchased from Sigma (St. Louis, MO). Ethidium bromide
(EB) was from Amersco Inc. (Solon, OH, USA). All other reagents
were of analytical grade.

2.2. Microorganisms and culture conditions

E. coli ATCC 25922 was kindly provided by Wuxi disease preven-
tion and control center (Wuxi, China) and was grown in Luria–Ber-
tani (LB, Difco, USA) agar slant at 37 �C. The media were sterilised
by autoclaving121 �C for 15 min. The strains were maintained as
frozen stocks held at �80 �C in Luria–Bertani (LB, Difco, USA) broth
containing 20 ml/100 ml glycerol. Throughout the experiments,
strains were subcultured every 2 weeks on agar media (LB) to keep
the microorganisms viable and kept at 4 �C. Before use in experi-
ments, strains were propagated twice in liquid media (LB) at
37 �C overnight. E. coli strains were grown at 37 �C in LB broth at
180 rpm for 12 h. Then bacterial cells were collected by 10 min
centrifugation at 8000 rpm at 4 �C (Centrifuge 5804R, Eppendorf),
and then washed twice with phosphate-buffered saline (PBS,
10 mmol/l, pH 7.2).

2.3. Extracting E. coli genomic DNA

Extraction of genomic DNA from E. coli ATCC 25922 by the CTAB
method was performed according to a procedure described previ-
ously (Van Soolingen, Hermans, de Haas, Soll, & Van Embden,
1991). The purity of the extracted DNA was evaluated according
to the optical density ratio of 260 and 280 nm (OD260/
OD280 = 1.96), which was coincidental with the request of experi-
ment (Amagliani, Giammarini, Omiccioli, Brandi, & Magnani,
2007). The concentration of DNA was determined by measuring
the absorbance at 260 nm (UV-2102 PCS, Unico) at room
temperature.

2.4. Agarose gel electrophoresis

Agarose gel electrophoresis was carried out as described by
Tien, Lafortune, Shareck, and Lacroix (2007) with some modifica-
tions. Samples were solubilised in 6 � loading buffer (glycerol
30 ml/100 ml, cyanol xylene 0.25 ml/100 ml, bromophenol blue
ml/100 ml) and then separated by migration on an agarose gel con-
taining 0.5 ml/100 ml high melting point agarose (Promega) dis-
solved in TBE buffer (tris–borate 89 mmol/l, EDTA 2 mmol/l, pH
8.3) in presence of 5 ll ethidium bromide (0.5 lg/ml). Migration
was done during 15 h at 50 V using electrophoresis system (mini
DNA SUB CELL, Bio-Rad, Mississauga, Canada). The DNA fragments
were visualised by UV and photographed.

2.5. Gel retardation assay

DNA and MDpep9 were dissolved in 10 mmol/l tris–HCl buffer
(pH 7.2) and then mixed to obtain various DNA/MDpep9 samples
with constant DNA concentration (63.1 lmol/l) and increasing
MDpep9 concentrations (0.9, 1.8, 9, 18, 90 and 180 lg/ml) for
30 min at room temperature. The effect of MDpep9 on the DNA
was analysed by agarose gel electrophoresis. A 2 ll of loading
dye was added to 15 ll of the DNA mixture before being loaded
into the well of an agarose gel. The loaded mixtures were fraction-
ated by electrophoresis, visualised by UV and photographed.

2.6. Atomic force microscopy (AFM) imaging

DNA and MDpep9 were dissolved in 10 mmol/l tris–HCl buffer
(pH 7.2) and then mixed to obtain DNA–MDpep9 complex with
63.1 lmol/l of DNA and 18 lg/ml of MDpep9 for 30 min at room
temperature. Prior to AFM measurements, the complex suspension
was diluted 10-times with water and 2 ll of the resulting solution
was then deposited onto a freshly cleaved mica substrate. Samples
were imaged after water evaporation. Experiments were per-
formed with a multimode nanoscope atomic force microscopy
(Santa Barbara, United States) operating in tapping mode (TM)
(Volcke et al., 2006). All images were recorded in air at room tem-
perature, at a scan speed of 1.0 Hz.

2.7. Absorption titration

DNA and MDpep9 were dissolved in 10 mmol/l tris–HCl buffer
(pH 7.2) and then mixed to obtain various DNA/MDpep9 samples
with constant DNA concentration (63.1 lmol/l) and increasing
MDpep9 concentrations (0, 9, 18 and 36 lg/ml). Transmittance of
the mixed solutions was measured in the range of wavelengths
220–320 nm (UV-2102 PCS, Unico). All measurements were made
in a quartz cuvette (1 cm in width) at room temperature.

2.8. Fluorescence measurement

The fluorescence spectra of E. coli genomic DNA (6.31 lmol/l) in
the absence and presence of MDpep9 were measured using 650-60
fluorophotometer (Hitachi, Japan) at room temperature. The exci-
tation was at 535 nm (kex = 535 nm) in this study. Then the change
of fluorescence spectra from 550 to 750 nm was measured when
MDpep9 with increasing concentrations (0, 9, 18 and 36 lg/ml)
were added to DNA with fixed concentration (6.31 lmol/l) at room
temperature. Tris–HCl buffer (10 mmol/l, pH 7.2) was used as
blank solution for all of the samples.

2.9. Competitive binding of MDpep9 and ethidium bromide (EB) with
bacterial DNA

The fluorescence measurements of competitive binding assays
were carried out in a tris–HCl buffer (10 mmol/l, pH 7.2) containing
fixed concentration of EB (2.54 lmol/l)–DNA (6.31 lmol/l) with
varying concentrations of MDpep9 (0, 9, 18 and 36 lg/ml). The
EB–DNA solution was placed in the thermostat water-bath at
37 �C for 5 min for equilibrium. Then aliquots of stock solution of
MDpep9 were added to the EB–DNA solution and the fluorescence
spectra were measured for each test solution after 30 min of incu-
bation at 37 �C. The solutions were excited at 535 nm and spectra
were recorded from 550 to 750 nm.



Fig. 1. Agarose gel electrophoresis of free DNA and DNA with increasing amounts of
MDpep9. Band 1, free DNA; and Bands 2–7, DNA with increasing amounts of
MDpep9 (0.9, 1.8, 9, 18, 90 and 180 lg/ml).

Y.-L. Tang et al. / Food Chemistry 115 (2009) 867–872 869
Another assay was used to test the competitive binding of EB
against MDpep9 with bacterial DNA as follows. The fluorescence
measurements were carried out in a 10 mmol/l tris–HCl buffer
(pH 7.2) containing fixed concentration of MDpep9 (18 lg/ml)–
DNA (6.31 lmol/l) by varying the concentrations of EB (0, 2.54,
5.08 and 10.08 lmol/l). The MDpep9–DNA solution was placed in
the thermostat water-bath at 37 �C for 5 min for equilibrium. Then
aliquots of stock solution of EB were added to the MDpep9–DNA
solution. The fluorescence spectra were measured for each test
solution after 30 min of incubation at 37 �C. The solutions were ex-
cited at 535 nm and spectra were recorded from 550 to 750 nm.

2.10. Influence of phosphate anion on the binding of MDpep9 with
DNA

Different volumes of aliquots of stock solution of 0.2 mmol/l
NaH2PO4 (pH 7.2) were added to the EB (2.54 lmol/l)–DNA
(6.31 lmol/l)–MDpep9 (18 lg/ml) solution, the final concentra-
tions of which were 3, 6, 12, 24 and 48 � 10�4 mol/l, respectively.
And then the fluorescence was measured for each test solution. The
solutions were excited at 535 nm and fluorescence intensities were
recorded at 603 nm. The relative fluorescence intensity (IR) was
calculated according to the following equation:

IR ¼ IC=IC0

where IC is the fluorescence intensity of the EB–DNA–MDpep9 sys-
tem with NaH2PO4, and IC0 is the fluorescence intensity of EB–DNA
system without NaH2PO4.

2.11. Statistical analysis

Analysis of variance (ANOVA) was performed using the statisti-
cal analysis system (SAS, Version 8.0, 2000, Cary, NC, USA). Error
bars were given for a 95% confidence interval. Experiments were
triplicated and the means of the three data sets were presented.
3. Results and discussion

3.1. Prediction of DNA-binding activity of MDpep9 using neural
networks

Previous studies have focused on the peptide–membrane inter-
action (Christensen et al., 1988; Gazit et al., 1995; Juvvadi et al.,
1996; Steiner et al., 1988; Van Kan et al., 2003), which represent
the initial steps of bactericidal process. Though vitally important
to bactericidal activity, the mechanism of AMPs–intracellular tar-
gets interaction has not yet been completely understood. MDpep9
is rich in proline and serine, and has positive charged residues
(Lys), which are common properties of DNA-binding protein, sug-
gesting that MDpep9 may bind to bacterial DNA to play its bacte-
ricidal role.

Using neural network based tool, prediction of DNA-binding
activity of MDpep9 was performed in the DBS-PRED database
(http://gibk26.bse.kyutech.ac.jp/jouhou/shandar/netasa/dbs-pred/)
(Ahmad, Gromiha, & Sarai, 2004). The result showed that the pre-
dicted probability of MDpep9 to bind with DNA was 100.0%, and
binding site predictions were as follows: K1, S2, S3, S4, P5 and P6.

3.2. Gel retardation assay

Agarose gel electrophoresis of free DNA and DNA with increas-
ing amounts of MDpep9 (0.9, 1.8, 9, 18, 90 and 180 lg/ml) is de-
picted in Fig. 1. As shown in Fig. 1, with the increasing amounts
of MDpep9, the migration of DNA through the gel decreased. Upon
incubation of the DNA with P9 lg/ml of MDpep9, DNA was partly
complexed since part of the DNA remained in the well and slight
downward shifts in mobility was observed, suggesting that antimi-
crobial peptide MDpep9 could bind to bacterial DNA.

The binding mode of MDpep9 with DNA was further supported
by following AFM, ultraviolet and fluorimetric assays, which might
illustrate its antimicrobial mechanism.

3.3. AFM imaging

Immobilising DNA is one way to know the interaction with
other materials, and the AFM imaging is widely applied to see
the immobilised DNA. To investigate binding of E. coli DNA to
MDpep9, high-resolution images of DNA in the presence of the
peptide were obtained using AFM. We performed AFM imaging
in the tapping mode (TM-AFM). Representative images of free
DNA and AFM image of MDpep9–DNA complexes are shown in
Fig. 2. The images showed that DNA in the absence of peptide
(Fig. 2a and b) displayed a closed geometry, looking like relaxed
circles, with little twisting of the strands. In the presence of
18 lg/ml MDpep9 (Fig. 2c and d), an increase in the number and
size of peaks associated along the backbone of the DNA could be
seen. This phenomenon indicates that most of DNA molecules
can be complexed with the peptide MDpep9. This is in agreement
with the results of gel retardation assay.

3.4. Absorption titrations

Electronic absorption spectroscopy is usually utilised to deter-
mine the binding of complexes with the DNA. Fig. 3 illustrates that
with increasing concentration of MDpep9, the maximum absorp-
tion intensity decreased significantly accompanied by a small blue
shift of 6 nm (from 260 to 254 nm), due to binding of MDpep9 to
the phosphate backbone of DNA double helix. This finding is con-
sistent with the study by Selim, Chowdhury, and Mukherjea
(2007). In this work, the pH of all the solutions was about 7.2,
and hence DNA appeared as a polyion with considerable negative
charges. Many alkalescent amino acids (e.g., Lys and Arg) in AMPs
can bind onto the phosphate fragments of DNA, which will reduce
charge density in DNA and increase its flexibility, and some chro-
mophores in DNA will sink inby, which diminishes dipole moment
(Widom & Baldwin, 1980). As known, ‘affinity’ through positively
charged amino acid (Lys and Arg) side chains interacting with elec-
tronegative DNA phosphate backbone plays an important role in

http://gibk26.bse.kyutech.ac.jp


Fig. 2. AFM image of Escherichia coli genomic DNA with and without MDpep9. (a) The DNA in the absence of peptide; (b) 3D view in the absence of MDpep9; (c) the peptide–
DNA complexes at an MDpep9 concentration of 18 lg/ml; and (d) 3D view in the presence of MDpep9.
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binding DNA for proteins (Chen, Wu, & Lim, 2007). Using ExPASy
Proteomics tools, prediction of physico-chemical parameters of
MDpep9 was performed (http://www.expasy.ch/cgi-bin/protpa-
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Fig. 3. Ultraviolet spectra of Escherichia coli genomic DNA in the presence of
increasing amounts of MDpep9. A fixed concentration (63.1 lmol/l) of E. coli
genomic DNA was treated with increasing amounts of MDpep9 (peptide concen-
tration: (a) 0; (b) 9 lg/ml; (c) 18 lg/ml; and (d) 36 lg/ml). Ultraviolet spectra were
measured in the range of wavelengths 220–320 nm. All measurements were made
in a quartz cuvette (1 cm in width) at room temperature.
ram). The result showed that the theoretical isoelectric point (pI)
of MDpep9 was 8.76 with one positively charged residue (Lys).
As known, the thermodynamic dissociation constants (pKa) for
Lys are 2.18 (pKa1), 8.95 (pKa2), and 10.53 (pKa3), respectively.
And pI value for Lys is 9.74. Therefore, Lys is electropositive at
pH 7.2 (tris–HCl buffer), which can bind with DNA phosphate frag-
ments through electrostatic interaction. Thus, the presence of the
positively charged residue (Lys) is required for the antimicrobial
activity of MDpep9, and the electrostatic interaction between Lys
residue and DNA phosphate fragments may be the main factor that
underlies DNA-binding activity of MDpep9. Moreover, as Ahmad
et al. (2004) claimed, the serine residue was of particular signifi-
cance, which highly existed in DNA-binding sites of peptides. Thus,
three serine residues in MDpep9 might also play an important role
in the overall recognition of DNA targets. Therefore, the above re-
sults indicated that MDpep9 might bind to the DNA with the joint
effect of lysine residue and three serine residues, which was con-
sistent with our prediction of DNA-binding activity of MDpep9
using neural network based tool.

3.5. Fluorescence spectra study

The spectrophotometric titrations of MDpep9 with E. coli geno-
mic DNA (0–36 lg/ml) provided more information about the inter-
action mode of DNA–peptide.

As shown in Fig. 4, in the absence of MDpep9, E. coli DNA emit-
ted weak luminescence in tris buffer at ambient temperature, with
a maximum appearing about 603 nm excited at 535 nm. Upon
addition of MDpep9 into the solution containing the DNA, the fluo-
rescence intensity was dramatically enhanced. The fluorescence
signals increased with increasing the concentrations of MDpep9,
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Fig. 5. Competitive binding of MDpep9 and EB with Escherichia coli genomic DNA.
(a) Fluorescence spectra of DNA–EB in the presence of increasing amounts of
MDpep9. A fixed concentration of DNA (6.31 lmol/l)–EB (2.54 lmol/l) was treated
with increasing amounts of MDpep9 (peptide concentration: (a) 0; (b) 9 lg/ml; (c)
18 lg/ml; and (d) 36 lg/ml). (b) Fluorescence spectra of DNA–MDpep9 in the
presence of increasing amounts of EB. A fixed concentration of DNA (6.31 lmol/l)–
MDpep9 (18 lg/ml) was treated with increasing concentrations of EB (EB concen-
tration: (a) 0; (b) 2.54 lmol/l; (c) 5.08 lmol/l; and (d) 10.08 lmol/l). The solutions
were excited at 535 nm and spectra were recorded from 550 to 750 nm.
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which might be largely due to the increase of the molecular planar-
ity of DNA and the decrease of the collisional frequency solvent
molecules with DNA, being caused by the planar group of MDpep9
stacks between adjacent base pairs of DNA (Nyarko, Hanada, Ha-
bib, & Tabata, 2004). The results indicate that MDpep9 could inter-
calate into the base pairs in a helix of DNA or locate in hydrophobic
environment of DNA, and the complex could be stabilised by the
stacking interaction with the DNA bases, which led to the increase
of the fluorescence intensity of DNA.

3.6. Competitive binding of MDpep9 and EB with bacterial DNA

To further clarify the interaction pattern of MDpep9 with DNA,
the competitive binding experiment was carried out using EB as a
probe (kex = 535 nm and kem = 550–750 nm). This method can be
used for measuring the ability of a compound, having an affinity
for DNA, to prevent intercalation of EB to DNA. In general, when
small molecules bind to DNA, changes to fluorescence are noted
relative to what is observed for solutions without the ligand. How-
ever, when a second ligand, which competes for the DNA-binding
sites, is added, fluorescence quenching will be observed. EB, a
well-known DNA intercalator, emits intense fluorescence in the
presence of DNA due to its strong intercalation between the adja-
cent DNA base pairs. This enhanced fluorescence can be quenched
when it coexists with reagent molecule that the similar reaction
can occur with, which can be used to monitor the mode of binding
thereby indicating the ability of a compound to prevent intercala-
tion of EB to DNA (Lepecq & Paoletti, 1967).

As shown in Fig. 5a, the addition of MDpep9 to DNA pretreated
with EB caused obvious fluorescence quenching, indicating that
MDpep9 competed with EB in binding to DNA. This observation
suggested that some of the EB molecules previously intercalated
into the DNA base pairs (a hydrophobic medium) were replaced
by MDpep9, and released into the aqueous solution (a hydrophilic
medium). Consequently, a decrease in the excitation was observed
(Song et al., 2007).

Further support for MDpep9 binding to DNA via intercalation
was given through competitive binding assay of EB with bacterial
DNA against MDpep9. With the addition of EB, the characteristic
fluorescence band of MDpep9–DNA complex rose gradually
(Fig. 5b), indicating that some of the EB molecules intercalated into
the DNA base pairs instead of MDpep9. EB–DNA replaced
MDpep9–DNA gradually.
The competitive binding assays showed that there was a state of
equilibrium between two complex systems, MDpep9–DNA and
EB–DNA:

EB—DNAþMDpep9$MDpep9—DNAþ EB
3.7. Influence of phosphate anion on the competitive binding of
MDpep9 and EB with DNA

The addition of MDpep9 to EB–DNA system decreased the
fluorescence strength as above, but when phosphate was added
to EB–DNA–MDpep9 complex, the fluorescence intensity increased
significantly again (data not shown).

Previous researches showed that protein binding sites as well as
the binding strength varied accordingly with the conformational
change upon binding, where solvent, pH and other factors were
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included. Therefore, compared to the binding conformation, pro-
tein non-binding sites were suboptimally stable (Chen & Lim,
2008). The addition of phosphate weakened the quenching of
MDpep9 to the fluorescence of EB–DNA, suggesting that the phos-
phate anion from phosphate instead of that from DNA could inter-
act with MDpep9 through electrostatic interaction. In other words,
as DNA trends to form the energetically stable conformation
(unbinding conformation), with the addition of phosphate,
MDpep9–DNA complex (energetically unstable conformation)
was dissociated into unbinding DNA (energetically stable confor-
mation) (Fig. 6). All the results suggested that phosphate anion in
DNA double helix was one of binding sites, which was consistent
with the result of ultraviolet spectra study.

4. Conclusions

Previous studies focused on the peptide–membrane interaction
which represents the initial steps of bactericidal process. However,
little is known about the peptide–intracellular targets interaction.
Here we reported that a novel antimicrobial peptide MDpep9 de-
rived from Chinese traditional edible larvae of housefly showed
bactericidal activity. Our current and previous studies about
MDpep9 suggested its dual antimicrobial mechanisms: disrupting
cell membrane and binding to bacterial genomic DNA to inhibit
cellular functions. In DNA-binding process, MDpep9 could bind
to the phosphate anion in DNA double helix through electrostatic
interaction firstly, and intercalate the groove in DNA double helix,
which might affect the replication, transcription and expression to
repress even led to cell death. Although a detailed experiment on
the interaction between MDpep9 and nucleic acids in vivo is
needed, the present results lead us to believe that MDpep9 inhibits
the cellular functions by binding to DNA of cells after penetrating
the cell membranes, resulting in the rapid cell death. The results
of DNA-binding mode may be contributive in designing new and
promising AMPs for a variety of food preservatives.

Acknowledgements

This research work was jointly supported by the Project
30871805 of National Natural Science Foundation and National
863 Hi-Tech R&D Plan (No. 2007AA10Z325).

References

Ahmad, S., Gromiha, M. M., & Sarai, A. (2004). Analysis and prediction of DNA-
binding proteins and their binding residues based on composition, sequence
and structural information. Bioinformatics, 20, 477–486.

Amagliani, G., Giammarini, C., Omiccioli, E., Brandi, G., & Magnani, M. (2007).
Detection of Listeria monocytogenes using a commercial PCR kit and different
DNA extraction methods. Food Control, 18, 1137–1142.

Aslim, B., Yuksekdag, Z. N., Sarikaya, E., & Beyatli, Y. (2005). Determination of the
bacteriocin-like substances produced by some lactic acid bacteria isolated from
Turkish dairy products. LWT – Food Science and Technology, 38, 691–694.

Boman, H. G., Agerberth, B., & Boman, A. (1993). Mechanisms of action on
Escherichia coli of cecropin P1 and PR-39, two antibacterial peptides from pig
intestine. Infection and Immunity, 61, 2978–2984.

Brogden, K. A. (2005). Antimicrobial peptides: Pore formers or metabolic inhibitors
in bacteria? Nature Reviews Microbiology, 3, 238–250.
Chabance, B., Jolles, P., Izquierdo, C., Mazoyer, E., Francoual, C., Drouet, L., et al.
(1995). Characterization of an antithrombotic peptide from kappa-casein in
newborn plasma after milk ingestion. British Journal of Nutrition, 73, 583–590.

Chen, Y. C., & Lim, C. (2008). Common physical basis of macromolecule-binding sites
in proteins. Nucleic Acids Research, 1–10. doi:10.1093/nar/gkn868.

Chen, Y. C., Wu, C. Y., & Lim, C. (2007). Predicting DNA-binding sites on proteins
from electrostatic stabilization upon mutation to Asp/Glu and evolutionary
conservation. Proteins: Structure, Function, and Bioinformatics, 67, 671–680.

Christensen, B., Fink, J., Merrifield, R. B., & Mauzerall, D. (1988). Channel-forming
properties of cecropins and related model compounds incorporated into planar
lipid membranes. Proceedings of the National Academy of Sciences of the United
States of America, 85, 5072–5076.

Erdmann, K., Grosser, N., Schipporeit, K., & Schroder, H. (2006). The ACE inhibitory
dipeptide Met-Tyr diminishes free radical formation in human endothelial cells
via induction of heme oxygenase-1 and ferritin. Journal of Nutrition, 136,
2148–2152.

Gazit, E., Boman, A., Boman, H. G., & Shai, Y. (1995). Interaction of the mammalian
antibacterial peptide cecropin P1 with phospholipid vesicles. Biochemistry, 34,
11479–11488.

Hartmann, R., & Meisel, H. (2007). Food-derived peptides with biological activity:
From research to food applications. Current Opinion in Biotechnology, 18,
163–169.

Hernandez-Ledesma, B., Davalos, A., Bartolome, B., & Amigo, L. (2005). Preparation
of antioxidant enzymatic hydrolysates from alpha-lactalbumin and beta-
lactoglobulin. Identification of active peptides by HPLC–MS/MS. Journal of
Agricultural and Food Chemistry, 53, 588–593.

Horiguchi, N., Horiguchi, H., & Suzuki, Y. (2005). Effect of wheat gluten hydrolysate
on the immune system in healthy human subjects. Bioscience, Biotechnology, and
Biochemistry, 69, 2445–2449.

Juvvadi, P., Vunnam, S., Merrifield, E. L., Boman, H. G., & Merrifield, R. B. (1996).
Hydrophobic effects on antibacterial and channel-forming properties of
cecropin A-melittin hybrids. Journal of Peptide Science, 2, 223–232.

Kodera, T., & Nio, N. (2006). Identification of an angiotensin I-converting enzyme
inhibitory peptides from protein hydrolysates by a soybean protease and the
antihypertensive effects of hydrolysates in spontaneously hypertensive model
rats. Journal of Food Science, 71, 164–173.

Lepecq, J. B., & Paoletti, C. (1967). A fluorescent complex between ethidium bromide
and nucleic acid. Journal of Molecular Biology, 27, 87–106.

McCann, K. B., Shiell, B. J., Michalski, W. P., Lee, A., Wan, J., Roginski, H., et al. (2006).
Isolation and characterisation of a novel antibacterial peptide from bovine aS1-
casein. International Dairy Journal, 16, 316–323.

Meisel, H. (2005). Biochemical properties of peptides encrypted in bovine milk
proteins. Current Medicinal Chemistry, 12, 1905–1919.

Nyarko, E., Hanada, N., Habib, A., & Tabata, M. (2004). Fluorescence and
phosphorescence spectra of Au(III), Pt(II) and Pd(II) porphyrins with DNA at
room temperature. Inorganica Chimica Acta, 357, 739–745.

Pellegrini, A., Thomas, U., Wild, P., Schraner, E., & von Fellenberg, R. (2000). Effect of
lysozyme or modified lysozyme fragments on DNA and RNA synthesis and
membrane permeability of Escherichia coli. Microbiological Research, 155, 69–77.

Selim, M., Chowdhury, S. R., & Mukherjea, K. K. (2007). DNA binding and nuclease
activity of a one-dimensional heterometallic nitrosyl complex. International
Journal of Biological Macromolecules, 41, 579–583.

Song, Y., Kang, J., Zhou, J., Wang, Z., Lu, X., Wang, L., et al. (2007). Study on the
fluorescence spectra and electrochemical behavior of ZnL2 and Morin with
DNA. Bioorganic and Medicinal Chemistry Letters, 17, 2096–2101.

Steiner, H., Andreu, D., & Merrifield, R. B. (1988). Binding and action of cecropin and
cecropin analogues: Antibacterial peptides from insects. Biochimica et
Biophysica Acta, 939, 260–266.

Tang, Y. L., Shi, Y. H., Zhao, W., Hao, G., & Le, G. W. (2008). Discovery of a novel
antimicrobial peptide using membrane binding-based approach. Food Control,
20, 149–156.

Tien, L. C., Lafortune, R., Shareck, F., & Lacroix, M. (2007). DNA analysis of a
radiotolerant bacterium Pantoea agglomerans by FT-IR spectroscopy. Talanta, 71,
1969–1975.

Ulvatne, H., Samuelsen, O., Haukland, H. H., Kramer, M., & Vorland, L. H. (2004).
Lactoferricin B inhibits bacterial macromolecular synthesis in Escherichia coli
and Bacillus subtilis. FEMS Microbiology Letters, 237, 377–384.

Van Kan, E. J. M., Demel, R. A., Van der Bent, A., & de Kruijff, B. (2003). The role of the
abundant phenylalanines in the mode of action of the antimicrobial peptide
clavanin. Biochimica et Biophysica Acta (BBA) – Biomembranes, 1615, 84–92.

Van Soolingen, D., Hermans, P. W. M., de Haas, P. E. W., Soll, D. R., & Van Embden, J.
D. A. (1991). Occurrence and stability of insertion sequences in Mycobacterium
tuberculosis complex strains: Evaluation of an insertion sequence-dependent
DNA polymorphism as a tool in the epidemiology of tuberculosis. Journal of
Clinical Microbiology, 29, 2578–2586.

Volcke, C., Pirotton, S., Grandfils, Ch., Humbert, C., Thiry, P. A., Ydens, I., et al. (2006).
Influence of DNA condensation state on transfection efficiency in DNA/polymer
complexes: An AFM and DLS comparative study. Journal of Biotechnology, 125,
11–21.

Widom, J., & Baldwin, R. L. (1980). Cation-induced toroidal condensation of DNA
studies with Co3+ (NH3)6. Journal of Molecular Biology, 144, 431–453.

Yonezawa, A., Kuwahara, J., Fujii, N., & Sugiura, Y. (1992). Binding of tachyplesin I to
DNA revealed by footprinting analysis: Significant contribution of secondary
structure to DNA binding and implication for biological action. Biochemistry, 31,
2998–3004.

http://dx.doi.org/10.1093/nar/gkn868

	Interaction of MDpep9, a novel antimicrobial peptide from Chinese traditional edible larvae of housefly, with Escherichia coli genomic DNA
	Introduction
	Materials and methods
	Materials
	Microorganisms and culture conditions
	Extracting E. coli genomic DNA
	Agarose gel electrophoresis
	Gel retardation assay
	Atomic force microscopy (AFM) imaging
	Absorption titration
	Fluorescence measurement
	Competitive binding of MDpep9 and ethidium bromide (EB) with bacterial DNA
	Influence of phosphate anion on the binding of MDpep9 with DNA
	Statistical analysis

	Results and discussion
	Prediction of DNA-binding activity of MDpep9 using neural networks
	Gel retardation assay
	AFM imaging
	Absorption titrations
	Fluorescence spectra study
	Competitive binding of MDpep9 and EB with bacterial DNA
	Influence of phosphate anion on the competitive binding of MDpep9 and EB with DNA

	Conclusions
	Acknowledgements
	References


