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Abstract Increased prevalence of antibiotic-resis-
tant bacteria has become a major threat to the health
sector worldwide due to their virulence, limited
therapeutic options and distribution in both hospital
and community settings. Discovery and develop-
ment of new agents to combat antibiotic-resistant
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bacteria is thus needed. This study therefore aimed
to evaluate the ability of bovine lactoferrin (LF),
peptides from two antimicrobial domains lactoferri-
cin B (LFcinl17-30) and lactoferrampin (LFam-
pin265-284) and a chimeric construct (LFchimera)
containing both peptides, as potential bactericidal
agents against clinical isolates of antibiotic-resistant
Staphylococcus aureus and Escherichia coli. Results
in kinetics of growth show that LF chimera and
peptides inhibited the growth of both bacterial
species. By confocal microscopy and flow cytome-
try it was observed that LF and FITC-labeled
peptides are able to interact with these bacteria
and cause membrane permeabilization, as monitored
by propidium iodide staining, these effects were
decreased by preincubation with lipopolysaccharide
in E. coli. By electron microscopy, a clear cellular
damage was observed in bacteria after treatments
with LFchimera and peptides, suggesting that inter-
action and membrane disruption are probably
involved as a mechanism of action. In conclusion,
results show that LFchimera, LF and peptides have
potential as bactericidal agents in the antibiotic-
resistant strains of S. aureus and E. coli and also the
work strongly suggest that LFcinl17-30 and LFam-
pin265-284 acts synergistically with antibiotics
against multidrug resistant EPEC and MRSA in
vitro.

Keywords Lactoferrin - Lactoferrin chimera -
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Introduction

The current worldwide increase in antibiotic-resistant
bacteria and, simultaneously, the downward trend in
the development of new antibiotics have serious
implications to the public health sector. Resistant
bacteria dramatically reduce the possibilities of
treating infectious diseases effectively and multiply
the risks of complications and a fatal outcome for
patients with septicemia. Most vulnerable people are
those with weakened immune defenses, such as
cancer patients, malnourished children and HIV-
positives, for whom adequate therapy to prevent and
treat severe infections is often necessary for their
survival (Hawkey and Jones 2009; Livermore 2009).

Large outbreaks of infant diarrhea due to entero-
pathogenic Escherichia coli (EPEC) have largely
disappeared in industrialized countries; however,
EPEC remains as an important cause of diarrhea in
infants less than two years of age in developing
countries. On the other hand, the O157:H7 entero-
haemorrhagic E. coli (EHEC O157:H7) caused
several large outbreaks of a food-borne haemorrhagic
colitis in developed countries, for example in USA,
from April to August of 2009, 95 persons were
infected with this pathogen in two outbreaks associ-
ated with the consumption of beef and refrigerated
prepackaged cookies (CDC 2009a, b).

Other important resistant bacterial strains are the
Gram-positive antibiotic-resistant  Staphylococcus
aureus (MRSA). These strains are resistant to meth-
icillin and other more common antibiotics such as
oxacillin, penicillin and amoxicillin. MRSA occur
most frequently in hospital and healthcare facilities
patients (such as nursing homes and dialysis centers)
who have weakened immune systems. These infec-
tions affect mainly skin, such as abscesses, boils, and
other pus-filled lesions (Bartlett 2008). In hospital-
ized patients, MRSA have been a problem by their
association with other affections becoming an impor-
tant cause of death around the world (Nguyen et al.
2009). The proportion of hospital-onset S. aureus
infections that were methicillin-resistant reached
64.4% in US intensive care units in 2003 (Klevens
et al. 2007). In the hospital, MRSA infections are
associated with greater lengths of staying, high
mortality, and increased costs.

Lactoferrin (LF) is an iron-binding protein
involved in a large spectrum of biological properties
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including antimicrobial action (Farnaud and Evans
2003). Digestion of LF with pepsin generates the
fragment lactoferricin (LFcin17-30), which is more
potent against bacteria compared with the native
protein (Bellamy et al. 1992). A second antimicrobial
LF synthetic peptide has been obtained and desig-
nated lactoferrampin (LFampin) (van der Kraan et al.
2004). Both, LF and these LF-peptides exert the
bactericidal activity after cell membrane penetration
and damage (Bolscher et al. 2009; Haney et al. 2007;
Leon-Sicairos et al. 2009; van der Kraan et al. 2005a;
van der Kraan et al. 2006; van der Kraan et al. 2005b;
van der Kraan et al. 2005c). Therefore, LF and LF-
peptides are a promising class of antimicrobial
compounds to fight pathogenic microbes. Linking
these two antimicrobial peptides into one molecule
resulted in a strikingly stronger bactericidal activity
than its constituent lactoferricin and lactoferrampin
peptides (Bolscher et al. 2009; Leon-Sicairos et al.
2009). The bactericidal activity of this chimerical
peptide called LFchimera was not hampered by high
salt concentration in halophilic Vibrio bacterial
multidrug-resistant strains (Leon-Sicairos et al.
2009). The aim of this study was to evaluate the
bactericidal activity of bovine lactoferrin and LF
peptides against antibiotic-resistant strains of
S. aureus and E. coli from clinical origin.

Materials and methods
Materials

Bovine LF proximately 30% iron saturated was
purchased to Sigma. Synthetic peptides LFcin17-30,
LFampin265-284 and LFchimera, were obtained
using F-moc chemistry as described before (Bolscher
et al. 2009).

Bacterial strains and culture conditions

Enteropathogenic E. coli (EPEC E2348/69), multi-
drug resistant clinical isolate Enteropathogenic E. coli
(MREPEC) and Enterohaemorragic E. coli (EHEC
O157:H7) were grown in McConkey agar medium
(Difco™) during 24 h at 37°C. Staphylococcus
aureus (S. aureus ATCC 25923) and methicillin-
resistant S. aureus (MRSA) were grown in LB agar
under the same conditions. For viability assays, all the
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strains were grown in LB broth at 37°C for 18 h with
shaking (200 rpm). After that, bacteria were trans-
ferred to LB broth without iron for 2 h at 37°C,
washed twice in PBS without iron by centrifugation at
4,500 x g for 5 min. Only bacteria in mid-log phase
where used in the assays.

Growth inhibition in the presence of LF
and LF-derived peptides

To test the bactericidal activity of bovine LF and
synthetic LF peptides, approximately 2 x 10* CFU
per ml of each strain were incubated in 96-well
microplates (Corning) containing LB broth with
peptide solutions at final concentration of 12.5 uM
bLF, 1, 10, 20 and 40 uM LFcin17-30, LFampin 265-
284, and LFchimera. Bacteria in LB were used as
control of growth. 100 pg per ml of amikacin was
used as control of growth inhibition. For synergistic
assays, concentrations of 10 pM of LFcin17-30 and
LFampin 265-284 combined with 50 pg per ml of
ampicillin were used. Cultures were incubated at 37°C
with constant agitation for 1 h and monitored by
enumerating viable cells using the following methods: 1.
Growth kinetics and 2. Obtaining the CFU from
serial 10-fold dilutions prepared in LB agar (each
strain after the treatment with LF and peptides) in an
electronic counter (CountTM, Heathrow Scientific).

Membrane permeabilization and damage to cells

Membrane permeabilization of each treatment was
estimated by flow cytometry using the propidium
iodide (PI) inclusion criterium. E. coli and S. aureus
strains were cultured in LB as described before and
then they were washed three times with LB without
iron. A suspension of approximately 10% cells per ml
was incubated with 40 uM of LFcin17, LFampin265-
284 or LFchimera at 37°C during 1.5 h. After that,
bacteria were washed again and incubated with PI
(10 mg mlfl) at 4°C, for 10 min. Then, bacterial
suspension was washed five times with PBS (pH 7.4)
and finally fixed and processed to being quantified
under a FACScan (Becton-Dickinson). Control
experiments were carried out in bacterial cells either
without the addition of peptide (viability control), or
with 0.1% SDS (which disrupts lipids in bacterial
membrane), or 5 mM amikacin (which acts on the
30S subunit of ribosome and produces errors in

genetic code reading during the process of transla-
tion). All of the experiments were repeated at least
twice in duplicate for each assay.

Interaction between peptides and bacteria
observed by confocal microscopy

Escherichia coli and S. aureus strains (10% cells per ml)
were incubated for 30 min in LB without iron
containing 1 mM FITC-labeled LFchimera, with the
purpose to observe whether this peptide is internal-
ized into the cell. Bacteria were centrifuged (5 min,
10,000 x g), resuspended and fixed (4% paraformal-
dehyde, pH 7.4 at 37°C during 30 min), washed twice
and processed to be analyzed under confocal
microscopy.

To search whether LF chimera is recognized by
the bacterial membrane, cells were fixed, washed
twice and incubated with 1 mM FITC-labeled LFchi-
mera for 30 min. After that, bacteria were washed,
processed and analyzed. All samples were visualized
by using a confocal laser-scanning microscope
(Leica, Heidelberg, Germany).

Electron microscopy

Escherichia coli and S. aureus strains (1.0 x 10°
cells per ml) were incubated in LB without iron with
40 pM LFcin17-30, LFampin 285-284 and LFchi-
mera, respectively, for 1.5 h at 37°C. Cells were
harvested, resuspended in PBS (pH 7.4) and fixed
with 4% paraformaldehyde plus 0.5% glutaraldehyde.
Subsequently, bacteria were rinsed with distilled
water and mounted on bare 200-mesh copper grids.
Next, phosphotungstic acid (1%, pH 5.5, 30 s) was
added, replicas were dehydrated and observed under
a transmission electron microscope (IEM2000Ex),
operated at 100 kV.

Competitive assay between LF-peptides
and LPS in E. coli

To evaluate whether E. coli LPS was the target for
the LF-peptides, we developed a competitive assay
mixing 1 pM of LF chimera with 10 and 100 times
the concentration of LPS and 20 uM LFcin17-30 and
LFampin265-284 under the same proportion. The LF
peptides—LPS mix and bacteria were incubated at
37°C with shaking for 30 min. After that, the
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bactericidal activity of LF peptides—LPS mix was
determined as described in the bactericidal activity
assays.

Results

Bactericidal activity of LF and LF peptides
on E. coli and S. aureus strains

The capacity of LFcinl17-30, LFampin265-284 and
LFchimera to inhibit the growth of E. coli and S. aureus
strains was tested in LB medium without iron. The
MREPEC, EPEC E2348/69 and EHEC O157:H7
showed different susceptibility to bovine LF (Fig. 1).
EHEC O157:H7 was the most susceptible to LF,
followed of EPEC E2348/69 and MREPEC with a
growth inhibition of 81, 76.8, and 36.7%, respectively.

Since the three strains were sensible to LF, then
we tested these strains with the LF peptides. All of
the treatments used in the E. coli strains showed a
concentration-dependent effect. LFcinl7-30 and
LFampin265-284 inhibited more than 85-90% of
growth (Fig. 2A-C ). However, LFchimera showed
the best inhibition of the bacterial growth (1 pM),
similar to the effect with amikacin, that was used as a
positive control of inhibition.
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Fig. 1 Bactericidal activity of bovine Lactoferrin in Esche-
richia coli strains. EPEC E2348/69, MREPEC and EHEC
0157:H7 were incubated in LB medium without iron, and with
12.5 pM of bovine LF. Culture optical density was determined
every 30 min at 660 nm and results after 2 h incubation are
shown. All experiments were made three times in triplicate.
Percentage of viable cells was calculated relative to viable
bacteria obtained in LB. The mean and deviation standard are
indicated
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Fig. 2 Inhibition of the growth of Escherichia coli strains with
synthetic peptides. EPEC E2348/69 (A), MREPEC (B) and
EHEC 0O157:H7 (C) treated with bovine lactoferrin-synthetic
peptides. The percentage of inhibition on the growth was
determined by counting colony forming units (CFU) from serial
10-fold dilutions prepared in LB agar of each strain after the
treatment with peptides. All experiments were made three times
in triplicate. The mean and deviation standard are indicated
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In S. aureus ATCC 25923 the peptides effectuated
more than 85% of growth inhibition at all concen-
trations tested and again LFchimera was more
efficient than the other peptides; a concentration of
10 pM inhibited more than 90% of bacterial growth
(Fig. 3A). The same holds true for MRSA. In this
bacterium LFcinl7-30 and LFampin inhibit more
than 85% of growth and LFchimera was the best
bactericidal peptide. A concentration of 10 uM
inhibited the growth in a similar way to amikacin,
antibiotic used as a positive control of growth
inhibition. It is important to clarify that amikacin
was used at high concentration in order to eliminate
this pathogen (100 uM) (Fig. 3B).
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Fig. 3 Inhibition of the growth of Staphylococcus aureus with
synthetic peptides. Staphylococcus aureus ATCC 25923 (A)
and Methicillin-Resistant Sthaphylococcus aureus (B) were
incubated in LB medium with the peptides and the percentage
of growth was determined as before described for E. coli
strains. All experiments were made three times in triplicate.
The mean and deviation standard are indicated

Interaction of LFchimera with bacteria:
membrane permeabilization and damages

The effect of LFchimera on the membrane of
labelling the E. coli and S. aureus strains was
analysed using FITC labelled LFchimera which
showed similar bactericidal activity in all the strains
tested (data not shown) using confocal microscopy
(Fig. 4). We observed that FITC-LFchimera quickly
bound to and internalized in EPECMR (panel A)
EHEC O157:H7 (panel B) and S. aureus strains
(panel C), suggesting that in the bactericidal mech-
anism a direct interaction is needed. Experiments
with FITC-LFcin and FITC-LFampin were similar to
results with FITC-LFchimera (Data not showed).
Next, the effect of LFchimera on the bacterial
membrane integrity was studied with the dye PI (that
only penetrates dead cells), and quantified by flow
cytometry. Figure 4D shows that LF chimera, LFcin
and LFampin permeabilized the bacterial membrane
of MREPEC, EHEC O157:H7 and MRSA; virtually
all cells had taken up the fluorescent dye to the same
level as after treatment with the detergent SDS and
amikacin.

By using negative staining and electron microscopy,
it was found that LFcin17-30, LFampin265-284 and
LFchimera caused several damages in MREPEC
(Fig. 5 panels B, C and D) and in EHEC (Fig. 5 panel
E, F and G). Also damages in cell morphology were
observed when S. aureus after incubation with
LFcin17-30, LFampin and LFchimera (Fig. 5 panels
J, K and L). In all cells treated with peptides, bacteria
contained atypical vesicles, protrusions and filamen-
tations, compared with untreated cells (Fig. 5, panels
A,Eand ).

These results suggest that LFchimera destabilize
and permeabilize the bacterial membrane structure.
MRSA incubated with LFchimera showed unusual
cellular enlargement or cellular surrounding. All the
data shown to us that LFchimera interact with bacteria;
disrupt membrane integrity and could cytolysis occurs.

Bactericidal activity of peptides is inhibited
by LPS

The treatments of LFcinl17-30 and LFampin265-284
used in EPEC E2348/69 and EHEC O157:H7 effec-
tuated 98% and 99% of growth inhibition, respec-
tively, (Fig. 6A, B). However; when EPEC E2348/69
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Fig. 4 Binding of FITC-
LFchimera on multidrug
resistant strains, and
membrane
permeabilization. Bacterial
cultures of MREPEC (A),
EHEC O157:H7 (B) and

S. aureus (C) were
incubated in medium with
1 pM of LFchimera, during
1 h at 37°C. Cells were
washed and processed to be
analyzed under confocal
microscopy. D Percentage
of cells stained with
Propidium lodide (PI).
Bacteria were treated with
40 uM of LFcin17-30,
LFampin265-284,
LFquimera and SDS
(0.12%) during 1 h at 37°C.
Next, cells were washed and
then incubated with10
pg/ml PI during 10 min at
4°C. Finally, bacteria were
washed and processed to be
analyzed under Flow
Cytometry to measure the
PI penetration on cells due
to permeabilization after
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was incubated with a mixture of peptides and LPS the
effect was reduced up to 94% for LFcinl17-30 and
57% for LFampin265-284 (Fig. 6A). In EHEC
O157:H7 incubated with the peptides—LPS mix the
effect was similar to EPEC showing a growth
inhibition of 72% for LFcinl17-30 and 82.4% for
LFampin265-284 (Fig. 6B). These data suggest that
LPS in E. coli could be one of the targets for these
peptides. On the other hand; LFchimera affected
significantly the growth of E. coli at 1 uM. The
percentage of growth was 13 and 28% in EPEC and
EHEC, respectively, (Fig. 7A, B) and when the
LFchimera was mixed with LPS the effect of the
peptide was reduced drastically, showing percentage
of growth from 38% for EHEC O157:H7 and 100%
for EPEC E2348/69. LPS avoid the interaction of
peptides and bacteria, this was confirmed by flow
cytometry and confocal microscopy (data not shown)
suggesting that LPS could interact with LF synthetic
peptides.
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Synergic effect between LFcinl7-30, LFam-
pin265-284 and ampicillin, in multidrug resistant
strains LFchimera had a potent bactericidal activity
on the multidrug-resistant EPEC and Methilcillin-
resistant S. aureus. Both isolates exhibit a high level
of resistant to ampicillin (Fig. 8A, B). In order to see
if peptides help to ampicillin to kill bacteria several
combinations of ampicillin and peptides were tested.
In results, the use of 10 uM LFcin17-30 and LFam-
pin265-284 alone did not affect the growth of
MREPEC. Interestingly, a combination of ampicillin
plus LFcin17-30 or ampicillin plus LFampin265-284
incremented drastically the growth inhibition (up to
94%) (Fig. 8A). The effect of ampicillin, LFcin17-30
and LFampin265-284 in MRSA were more pro-
nounced than in MREPEC because the mixture of
them with ampicillin resulted in a growth inhibition
of 94.5, 84.4 and 88.6%, respectively (Fig. 8B). We
did not make experiments of ampicillin with LFchi-
mera, because LFchimera at a concentration of 1 uM
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Fig. 5 Ultraestructural
damages in bacteria treated
with peptides. Bacteria were
untreated (A, E, and I) or
treated with LFcin17-30
(B, F, and J), LFampin265-
284 (C, G and K) and
LFchimera (D, H, and L) at
a concentration of 40 uM of
each peptide. Cells were
processed to be analyzed
under electron microscopy

Untreated

MREPEC |

EHEC 0157:H7

MRSA

is able to kill bacterial cultures. All these data showed
that the combination of ampicillin with LFcin17-30
or LFampin265-284 incremented the inhibitory effect
on growth (99.9%) for both peptides suggesting a
synergistic effect occurs. These data strongly suggest
that LFcin17-30 and LFampin265-284 act synergis-
tically with antibiotics against MREPEC and MRSA
in vitro.

Discussion

The recent increment of foodborne illness around the
world is one of the major problems of health and
E. coli is one of the three most frequent agents
involved in this problem. Enteropathogenic E. coli
(EPEQ), is a leading cause of diarrhea in infants less
than two years of age in developing countries such as
Meéxico (Vidal et al. 2007). On the other hand, the
recent outbreaks generated by enterohaemorrhagic
E. coli O157:H7 in USA and the increment of
Methicillin-Resistan S. aureus infections that was one
of the most important causes of bacteremias in

LFcin B LFampin LF quimera

T

hospitals making these pathogens as important target
to evaluate the bactericidal activity of these peptides.

In the present study we show that EPEC E2348/69,
multidrug-resistant EPEC and EHEC O157:H7 were
sensitive to bovine LF and LF synthetic peptides
(Figs. 1, 2) being LFchimera the best of the peptides
evaluated. The inhibition observed with LFchimera at
10 uM was similar to the bactericidal capacity of
amikacin that was used as a positive control. Similar
results were found for S. aureus strains.

These results are consistent with other authors that
evaluate the microbicidal activity of porcine
LFcinP20 in E. coli and S. aureus found minimum
inhibitory concentration from 12 to 25 uM of this
peptide (Chen et al. 2006). However, the effect of
LFcin on EHEC O157:H7 was not enough to control
this pathogen in ground beef (Venkitanarayanan et al.
1999).

LFcinl17-30 and LFampin265-284 reduce drasti-
cally the sub-lethal doses of antibiotic in multidrug-
resistant EPEC and MRSA (Fig. 8A, B), comparable
to previous results with LFchimera and gentamicin to
control Vibrio parahaemoliticus (Leon-Sicairos et al.
2009).
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Fig. 6 Inhibition of the peptides bactericidal activity with
LPS. 10 uM of LFcin or LFampin were incubated with 10 and
100 times the concentration of LPS and then were incubated
with EPEC E2348/69 (A) and EHEC O157:H7 (B). The
percentage of inhibition on the growth was determined by
counting colony forming units (CFU) from serial 10-fold
dilutions prepared in LB agar of each strain after the treatment
with peptides. All experiments were made three times in
triplicate. The mean and deviation standard are indicated

Besides, it has been reported that LF can directly
interact with microbiological membranes (Leon-Si-
cairos et al. 2006; Orsi 2004), alter the membrane
permeability through dispersion of membrane com-
ponents such as lipopolysaccharides (LPS) in Gram-
negative bacteria and lead to death of the organisms.
Stable complexes between free LPS and both hLF
and bLF are formed and then they are liberated
leading membrane cell permeablization and cellular
death (Weinberg 2007). Concerning the mechanism
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Fig. 7 Inhibition of the LFchimera bactericidal activity with
LPS. 1 uM of LFchimera was incubated with 10 and 100 times
the concentration of LPS and then were incubated with EPEC
E2348/69 (A) and EHEC O157:H7 (B). The percentage of
inhibition on the growth was determined by counting colony
forming units (CFU) from serial 10-fold dilutions prepared in
LB agar of each strain after the treatment with peptides. All
experiments were made three times in triplicate. The mean and
deviation standard are indicated

of action of LFchimera in E. coli and S. aureus
strains, most probably the cell membrane is the
target. The LFchimera caused indeed bacterial mem-
brane permeabilization, determined by the internali-
zation of the vital dye propidium iodide (Fig. 4D).
Furthermore, formation and coalescence of multiple
vesicles and blebs derived from the membrane were
observed by electron microscopy, indicating frag-
mentation and disruption of the membrane (Fig. 5C,
D), these damages are found in bacteria with
programmed cell death Type II. LFchimera caused
similar damage to all the strains tested.
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Fig. 8 Bactericidal synergism of LFcinl17-30 and LFam-
pin265-284 plus ampicillin, on Multidrug-Resistant strains.
EPECMR (A) and MRSA (B) growth were evaluated in the
presence of 10 pM of LFcin, LFampin, or 50 pg per ml of
ampicillin. In other experiments each peptide was mixed with
50 pg per ml of ampicillin. The percentage of inhibition on the
growth was determined by counting CFU from serial 10-fold
dilutions prepared in LB agar of each strain after the treatment
with each peptide, antibiotic and combination of ampicillin—-LF
synthetic peptides. Data are mean values of two experiments
performed in triplicate. Standard deviations were less than 10%
in each experiment

This finding suggests the possibility that LFchi-
mera and peptides LFcin17-30 and LFampin265-284,
may contribute to protection against infection by
E. coli O157:H7, multidrug resistant EPEC and
MRSA. Further studies are required to elucidate the
in vivo protective effect of LFchimera and the

peptides LFcin17-30 and LFampin265-284 against
these infections in an animal model.

Acknowledgments This work was supported by PROFAPI/
2009 UAS and “Carrera Lucha contra el Cancer”, from
Culiacan Sinaloa, México

References

Bartlett JG (2008) Methicillin-resistant Staphylococcus aureus
infections. Top HIV Med 16:151-155

Bellamy W, Takase M, Wakabayashi H, Kawase K, Tomita M
(1992) Antibacterial spectrum of lactoferricin B, a potent
bactericidal peptide derived from the N-terminal region of
bovine lactoferrin. J Appl Bacteriol 73:472-479

Bolscher JG, Adao R, Nazmi K, van den Keybus PA, van ‘t
Hof W, Nieuw Amerongen AV, Bastos M, Veerman EC
(2009) Bactericidal activity of LFchimera is stronger and
less sensitive to ionic strength than its constituent lactof-
erricin and lactoferrampin peptides. Biochimie 91:123—
132

CDC Center for Disease Control and Prevention (2009a).
Multistate outbreak of E. coli O157:H7 infections asso-
ciated with beef from jbs swift beef company
http://www.cdc.gov/ecoli/2009/0701.html

CDC Center for Disease Control and Prevention (2009b)
Multistate outbreak of E. coli O157:H7 infections linked
to eating raw refrigerated, prepackaged cookie dough
http://www.cdc.gov/ecoli/2009/0630.html

Chen HL, Yen CC, Lu CY, Yu CH, Chen CM (2006) Synthetic
porcine lactoferricin with a 20-residue peptide exhibits
antimicrobial activity against Escherichia coli, Staphylo-
coccus aureus, and Candida albicans. J Agric Food Chem
54:3277-3282

Farnaud S, Evans RW (2003) Lactoferrin—a multifunctional
protein with antimicrobial properties. Mol Immunol
40:395-405

Haney EF, Lau F, Vogel HJ (2007) Solution structures and
model membrane interactions of lactoferrampin, an anti-
microbial peptide derived from bovine lactoferrin. Bio-
chim Biophys Acta 1768:2355-2364

Hawkey PM, Jones AM (2009) The changing epidemiology of
resistance. J Antimicrob Chemother 64(Suppl 1):i3-i10

Klevens RM, Morrison MA, Nadle J, Petit S, Gershman K, Ray
S, Harrison LH, Lynfield R, Dumyati G, Townes JM,
Craig AS, Zell ER, Fosheim GE, McDougal LK, Carey
RB, Fridkin SK (2007) Invasive methicillin-resistant
Staphylococcus aureus infections in the United States.
JAMA 298:1763-1771

Leon-Sicairos N, Lopez-Soto F, Reyes-Lopez M, Godinez-
Vargas D, Ordaz-Pichardo C, de la Garza M (2006)
Amoebicidal activity of milk, apo-lactoferrin, sIgA and
lysozyme. Clin Med Res 4:106-113

Leon-Sicairos N, Canizalez-Roman A, de la Garza M, Reyes-
Lopez M, Zazueta-Beltran J, Nazmi K, Gomez-Gil B,
Bolscher JG (2009) Bactericidal effect of lactoferrin and
lactoferrin chimera against halophilic Vibrio parahaemo-
Iyticus. Biochimie 91:133-140

@ Springer


http://www.cdc.gov/ecoli/2009/0701.html
http://www.cdc.gov/ecoli/2009/0630.html

578

Biometals (2010) 23:569-578

Livermore DM (2009) Has the era of untreatable infections
arrived? J Antimicrob Chemother 64(Suppl 1):129-i36

Nguyen GC, Patel H, Chong RY (2009) Increased prevalence
of and associated mortality with methicillin-resistant
Staphylococcus aureus among hospitalized IBD patients.
Am J Gastroenterol. doi:10.1038/ajg.2009.581

Orsi N (2004) The antimicrobial activity of lactoferrin: current
status and perspectives. Biometals 17:189-196

van der Kraan MI, Groenink J, Nazmi K, Veerman EC, Bol-
scher JG, Nieuw Amerongen AV (2004) Lactoferrampin:
a novel antimicrobial peptide in the N1-domain of bovine
lactoferrin. Peptides 25:177-183

van der Kraan MI, Nazmi K, Teeken A, Groenink J, van ‘t Hof
W, Veerman EC, Bolscher JG, Nieuw Amerongen AV
(2005a) Lactoferrampin, an antimicrobial peptide of
bovine lactoferrin, exerts its candidacidal activity by a
cluster of positively charged residues at the C-terminus in
combination with a helix-facilitating N-terminal part. Biol
Chem 386:137-142

van der Kraan MI, van der Made C, Nazmi K, van ‘t Hof W,
Groenink J, Veerman EC, Bolscher JG, Nieuw Ameron-
gen AV (2005b) Effect of amino acid substitutions on the

@ Springer

candidacidal activity of LFampin 265-284. Peptides
26:2093-2097

van der Kraan MI, van Marle J, Nazmi K, Groenink J, van ‘t
Hof W, Veerman EC, Bolscher JG, Nieuw Amerongen
AV (2005c¢) Ultrastructural effects of antimicrobial pep-
tides from bovine lactoferrin on the membranes of Can-
dida albicans and Escherichia coli. Peptides 26:1537-
1542

van der Kraan MI, Nazmi K, van ‘t Hof W, Amerongen AV,
Veerman EC, Bolscher JG (2006) Distinct bactericidal
activities of bovine lactoferrin peptides LFampin 268-284
and LFampin 265-284: Asp-Leu-Ile makes a difference.
Biochem Cell Biol 84:358-362

Venkitanarayanan KS, Zhao T, Doyle MP (1999) Antibacterial
effect of lactoferricin B on Escherichia coli O157:H7 in
ground beef. J Food Prot 62:747-750

Vidal JE, Canizalez-Roman A, Gutierrez-Jimenez J, Navarro-
Garcia F (2007) Molecular pathogenesis, epidemiology
and diagnosis of enteropathogenic Escherichia coli. Salud
Publica Mex 49:376-386

Weinberg ED (2007) Antibiotic properties and applications of
lactoferrin. Curr Pharm Des 13:801-811


http://dx.doi.org/10.1038/ajg.2009.581

	Bactericidal effect of bovine lactoferrin, LFcin, LFampin and LFchimera on antibiotic-resistant Staphylococcus aureus and Escherichia coli
	Abstract
	Introduction
	Materials and methods
	Materials
	Bacterial strains and culture conditions
	Growth inhibition in the presence of LF  and LF-derived peptides
	Membrane permeabilization and damage to cells
	Interaction between peptides and bacteria observed by confocal microscopy
	Electron microscopy
	Competitive assay between LF-peptides  and LPS in E. coli

	Results
	Bactericidal activity of LF and LF peptides  on E. coli and S. aureus strains
	Interaction of LFchimera with bacteria: membrane permeabilization and damages
	Bactericidal activity of peptides is inhibited by LPS

	Discussion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


