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with tryptophan proved to be most stable in saliva, while still
maintaining its antimicrobial activity [25]. Because of the known
multifunctional activities associated with many antimicrobial
peptides, we became interested in examining the effect of KSLW
on host cell functions, which result in pathogen inactivation. Par-
ticular interest developed in the regulatory activity of this novel
synthetic antimicrobial decapeptide, via its potential effect on
the inflammatory response, specifically leukocyte migration and
oxidative metabolism. The purpose of this study was  to examine
the effect of KSLW on neutrophil chemotaxis and respiratory burst.

2. Materials and methods

2.1.  Synthesis and Preparation of KSLW decapeptide

The antimicrobial decapeptide KSLW (KKVVFWVKFK-NH2) (lot
05US11311-B, molecular weight [MW]  ∼ 1307) was  synthesized,
using standard solid-phase procedures, using 9-fluorenylmethoxy-
carbonyl (Fmoc) chemistry on a model 90 automatic peptide
synthesizer [18] (Advanced ChemTech), by SynPep (Dublin, CA).
Peptide purity was confirmed by mass spectrometry with the
molecular mass found at 1308.3. The final product was stored in
lyophilized form at −20 ◦C until use. For various experiments, stock
solutions of KSLW were prepared at either 200 mg/ml, 20 mg/ml, or
2 mg/ml, in molecular grade water (Mediatech, Inc., Herndon, VA),
RPMI 1640 (Cellgro®, Mediatech, Inc., Herndon, VA), or Hank’s Bal-
anced Salt Solution (HBSS) (SAFC BiosciencesTM, Lenexa, KS) and
filter sterilized though 0.22-�m mixed cellulose esters membrane
filters (Fisher Scientific, Fairlawn, NJ).

2.2. Isolation of neutrophils

Human  peripheral blood was collected in 6.0 ml  lithium hep-
arin tubes (BD Vacutainer®, Becton Dickinson, Franklin Lakes, NJ)
and diluted with Dulbecco’s phosphate buffered saline (DPBS)
(BioWhittaker®, Lonza, Walkersville, MD). An equal volume of
diluted blood was layered over a double gradient with specific
gravities 1.077 and 1.119 (Histopaque®, Sigma–AldrichTM, St, Louis,
MO), and centrifuged at 1730 rpm for 30 min. The neutrophil-rich
fraction was removed and washed twice in 1× DPBS. Residual
erythrocytes were lyzed via hypotonic-hypertonic rescue, yielding
>97% neutrophil purity. All experiments were done within 2.5-h
in vitro age of cell [15]. Cells were resuspended in either RPMI 1640
for migration studies or HBSS for FITC-phalloidin staining. Neu-
trophils used for intracellular oxidant studies were resuspended
in 1× DPBS, and were not subjected to hypotonic lysis, during iso-
lation.

2.3. Neutrophil chemotaxis

Chemotaxis  assays were conducted with human neutrophils
isolated from whole blood 3.3 × 106 cells/ml. Purified neutrophils
were washed and resuspended in 1× RPMI 1640 containing
l-glutamine, and quantified via counting on hemacytometer
(Hausser Scientific, Horsham, PA). Then, 8.5 × 104 cells in 75 �l
RPMI 1640 were transferred to the upper compartment (insert) of a
Corning® HTS Transwell® 96-well plate, with a 3 �m-pore polycar-
bonate membrane (Corning, Inc., Corning, NY). Serial 1:2 dilutions
of the synthetic antimicrobial peptide (KSLW) in 235 �l RPMI 1640,
at an initial concentration of 2.0 mg/ml, were loaded in the bot-
tom chambers of the wells. Plates were incubated at 37 ◦C and 5%
CO2 for 1.5 h in a cell culture CO2 incubator (Thermo Fisher Scien-
tific, Milford, MA). Relative comparisons were made with 10−9 M,
10−10 M and 10−11 M N-formyl Methionyl-Leucyl-Phenylanine
(FMLP) (Sigma–AldrichTM), a known neutrophil chemotactic factor,
and fresh RPMI 1640 media, as the negative control. Neutrophils

migrating across the membrane were quantified by counting vital
cells in suspension via hemacytometer, following staining with
0.4% Trypan Blue solution (Mediatech, Inc., Herndon, VA). Checker-
board analyses were conducted with KSLW concentrations ranging
from 10−7 M to 10−4 M,  to differentiate between chemotaxis and
chemokinesis. Checkerboard migration levels were determined as
ratios relative to the control 10−10 M FMLP. All migration studies
correspond to at least three individual experiments conducted in
quadruplicate.

2.4. Pertussis toxin treatment of neutrophils

Reconstituted Bordetella pertussis toxin containing 0.01 M
sodium phosphate, pH 7.0, with 0.05 M sodium chloride, was
added, at a concentration of 1.0 �l/ml, to purified neutrophils sus-
pended in either RPMI 1640 for chemotaxis studies or HBSS for
FITC-phalloidin staining. For the migration assays, the chemotac-
tic responses of toxin-treated neutrophils were analyzed using the
same parameters and volumes previously stated.

2.5. Neutrophil treatment and measuring actin polymerization

Purified human neutrophils were treated with HBSS, FMLP
(10−7 M and 10−10 M),  or various concentrations of the KSLW
decapeptide. Neutrophils were exposed to the following con-
centrations of KSLW: 1.25 × 10−4 M (K4), 6.25 × 10−4 M (K5),
3.125 × 10−4 M (K6), 1.5625 × 10−4 M (K7), and 1.25 × 10−5 M (K
1:10) in 300 �l HBSS.

2.6. FITC-phalloidin staining of neutrophils

For the flow cytometry and fluorescence experiments,
we prepared FACS buffer containing 1 mg/ml fluorescein
isothiocyante-phalloidin with calcium and magnesium
(Sigma–AldrichTM, St, Louis, MO), and 0.5% BSA (Sigma–AldrichTM)
in 1× DPBS. Neutrophils were isolated, as previously described,
and resuspended in HBSS. Then, 300-�l aliquots containing
9 × 105 cells were transferred into 1.5 ml  Eppendorf centrifuge
tubes and treated with different concentrations of KSLW contain-
ing 1.25 × 10−4 M,  6.25 × 10−4 M,  3.125 × 10−4 M,  1.56 × 10−4 M,
and 1.25 × 10−5 M.  Positive and negative control groups were
treated with 10−7 M/10−10 M FMLP and HBSS, respectively. After
60 s of exposure, unstimulated and treated cells were fixed with
125 �l of neutral buffered formalin, at a final concentration of
3.7%, vortexed, and allowed to incubate at room temperature
for 30 min. Fixed cells were then centrifuged for 5 min at 300 g
and resuspended in 1 ml  permeabilization buffer containing 0.1%
Triton®-X-100 [C8H17(C6H4)(OCH2CH2)xOH, Avg. MW 628 (Fisher
Scientific)] in 1× DPBS. Following brief centrifugation, the super-
natants were aspirated, and the cells were resuspended in 125 �l
of permeabilization buffer and allowed to incubate for 5 min.
Permeabilized cells were then transferred to 5-ml polypropylene
round-bottom tubes (BD #2063, Becton Dickinson). One  milliliter
of FACS buffer was added to each tube and incubated on ice for
30 min, before flow cytometry or spectrofluorometric analysis.
Unstained control neutrophils were resuspended in 1 ml of 1×
DPBS.

2.7. Actin polymerization

F-actin  content in unstimulated and FMLP-/KSLW-treated
neutrophils  was quantified by FITC-phalloidin fluorescence. For
spectrometric analysis of actin polymerization, 150 �l of 1× DPBS
containing 4.5 × 104 unstained neutrophils and 150 �l of FACS
buffer solution containing 4.5 × 104 of FITC-phalloidin-stained
neutrophils, were transferred to a black, 96-well, clear-bottom
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Fig. 4. Effect of KSLW on F-actin content. KSLW-treatment demonstrated a positive effect on actin polymerization. The distribution of the F-actin content of unstimulated
control neutrophils (unlabeled and FITC-labeled in A and B, respectively), and cells stimulated with varying concentrations of KSLW, in C–G, was measured as the log
fluorescence emission of 10,000 cells. The distribution of FITC-phalloidin-stained cells in this representative experiment after 60 s of treatment with KSLW concentrations:
(C) 1.25 × 10−4 M (K4), (D) 6.25 × 10−5 M (K5), (E) 3.125 × 10−5 M (K6), (F) 1.5625 × 10−5 M (K7), and (G) 1.25 × 10−5 M (K 1:10) demonstrated a dose-dependent effect on
actin  polymerization.

Fig. 5. Pertussis toxin-treatment results in decreased F-actin content. Incubation with pertussis toxin, prior to 10−10 M FMLP- and KSLW-stimulation [3.125 × 10−5 M (K6)],
reduced actin polymerization. FITC fluorescence decreased by more than 1 log and to near the levels of FITC-labeled control.
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not others [24]. Production of superoxide anion (O2
−) stimulated

by concanavalin A or the chemotactic peptide formyl-methionyl-
leucyl-phenylalanine, FMLP, was inhibited by DASA-pretreatment,
whereas O2

− production stimulated by phorbol myristate acetate
(PMA), sodium fluoride, or the ionophore A23187 was  not inhibited
by DASA [24]. McPhail and coworkers concluded that more than
one mechanism exists for activation of the respiratory burst oxidase
in human neutrophils and that the neutrophil possesses at least
one oxidase that is not an ectoenzyme [24]. Bacterial components,
such as lipopolysaccharides, are known to stimulate oxidative
burst in phagocytes [20,30]. Lipopolysaccharides (LPS) were shown
to have a direct effect on oxygen radical production via LPS-binding
protein and CD14 [20]. Minimization of the host-mediated tissue
destruction associated with inflammatory reactions [6,11], may
be a possible role of antimicrobial peptide-inhibition of leukocyte
respiratory burst. Although the molecular mechanisms have yet
to be delineated, our experiments demonstrated that KSLW has a
concentration-dependent inhibitory effect on neutrophil oxidative
burst, in response to stimulation by LPS and PMA. In addition to
their antimicrobial activity, defensins and cathelicidins can bind
to LPS and inactivate its biological functions [1]. Indeed, KSLW, has
been shown to display direct anti-endotoxic effects against E. coli
O55:B5 LPS and lipopolysaccharides of several oral pathogens [8].
The observed reduction in O2

− production, in LPS-stimulated cells,
is perhaps, due to a combination of LPS-binding and direct inhibi-
tion of oxidative burst. A synergistic effect would explain the low
levels of O2

− production (not significantly different from control
values) in KSLW-treated neutrophils stimulated with LPS, com-
pared with reduced levels observed following PMA-stimulation.

5.  Conclusion

Bacterial pathogens, such as group A Streptococcus and Staphy-
lococcus aureus, have evolved mechanisms to evade the innate
immune response. These include: resistance to endogenous
cationic antimicrobial peptides, by altering membrane chemistry
(incorporating positively charged amino acid residues into their
cell wall), cytoplasmic escape from the phagosome, interference
with antibody-mediated opsonization, and impairment of leuko-
cyte recruitment (via cleavage and inactivation of chemokines, such
as IL-8) [27]. Recognition of such evasive strategies necessitates
the development of therapeutic agents to improve host cell func-
tion in eliminating pathogenic microbes. The multifunctionalities
displayed by antimicrobial peptides, particularly their chemotac-
tic properties, indicate important overlapping usage in immune
modulation, and support expanding our views of the biological
roles of these diverse molecules. Future investigations, to deter-
mine if KSLW regulates neutrophil phagocytosis and adhesion, or
if KSLW exacerbates the proinflammatory activities of infiltrat-
ing neutrophils, by delaying neutrophil apoptosis are plausible.
Also, extended studies to discern the mechanisms involved in the
peptide’s effect on respiratory burst are in order. Moreover, deter-
mining the responses of other mammalian cell types, such as cell
populations of healing-impaired wounds, would provide signifi-
cant insight for potential therapeutic strategies with antimicrobial
peptides. The continued exploration of alternative biological prop-
erties of synthetic antimicrobial peptides, such as KSLW, will offer
advantages in the treatment of resistant organisms, and yield time-
efficient and cost-effective approaches to managing host-mediated
responses to infectious agents, and thus improve clinical outcomes.
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