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Figure 5. Effect of 9Pbw3 and 9Pbw3-D on inflammatory-induced cytokine
mRNA expression by LPS-stimulated RAW264.7 cell. GAPDH was used as
a control.

from EYPC/SM/CH zwitterionic vesicles which mimic components
of the outer leaflet of human erythrocytes compared to negatively
charged vesicles [24]. 9Pbw3-D permeated the negatively charged
vesicles that mimic the bacterial cell component membranes
even better at high concentration than 9Pbw3. 9Pbw3 perme-
ated EYPC/SM/CH zwitterionic vesicles about 21% at 8 µM and
9Pbw3-D permeates about 9% at 8 µM, implying that leakage data
are in good agreement with their hemolytic activities. The results
suggest that the antibacterial activities of both peptides are due
to permeabilization of the bacterial cell membrane and 9Pbw3-D

shows higher bacterial cell selectivity compared to 9Pbw3.

FITC-Labeled LPS Aggregates

Interactions of antimicrobial peptides with LPS result in the
dissociation of large LPS aggregates into smaller sizes, an effect
that can be monitored as an increase in fluorescence using
FITC-conjugated LPS [25,26]. Using this approach, we tested the
interaction of 9Pbw3 and 9Pbw3-D with LPS. As shown in Figure 8,
which represents changes in the intensity of FITC-LPS fluorescence
as a function of the concentration of 9Pbw3 and 9Pbw3-D, 9Pbw3-D

caused higher dose-dependent increase in FITC-LPS fluorescence
than 9Pbw3, suggesting that 9Pbw3-D has stronger interaction

with LPS than 9Pbw3. This data is in good agreement with higher
anti-inflammatory activities of 9Pbw3-D compared to 9Pbw3.

Conclusion

In this study, we attempted to develop an antibacterial peptide
with bacterial cell selectivity, anti-inflammatory properties and
protease resistance by synthesizing the all-D amino acid peptide
analog of 9Pbw3, a 9-mer peptide analog of protaetiamycine.
In order to develop antibiotic drugs with therapeutic potential,
the candidate peptide must be toxic to bacterial cells but not
significantly toxic to mammalian cells. The enantiomeric analog
9Pbw3-D showed similar antibacterial activities, while 9Pbw3-D

showed lower hemolytic activities as well as lower cytotoxicity
against RAW264.7 cells than 9Pbw3. As listed in Table 1, 9Pbw2
has only one Trp at position 3 with a net charge of +5 and
9Pbw4 has two Trp at positions 3 and 6 with a net charge of +5,
resulting in the similar hydrophobicity and retention time. 9Pbw3
has two Trp at positions 3 and 7 with a net charge of +4 resulting
in higher hydrophobicity compared to 9Pbw2 and 9Pbw4. Both
9Pbw3 and 9Pbw3-D inhibited NO production significantly in
LPS-stimulated RAW264.7 cells, while 9Pbw2 and 9Pbw4 did not
inhibit NO production at all. These differences implied that Trp7 in
9Pbw3 and the optimum level of hydrophobicity may be the key
factors involved in the anti-inflammatory activity of 9Pbw3 and
9Pbw3- d.

Dye leakage data implied that 9Pbw3 as well as 9Pbw3-D are
bacterial cell membrane targeting peptides. It has been reported
that the mechanism of actions of membrane-targeting peptides
include molecular interactions that are not stereospecific and thus
lead to cases where enantiomeric peptides can possess equal
antibacterial activity [27,28]. This suggests that peptide-mediated
cell lysis involves no protein receptors on the surface of microbial
membranes. However, recently, there are studies suggesting that
there may be important exceptions [29]. It has been demonstrated
that the lantibiotic mersacidin interacts with lipid II and interferes
with transglycosylation and peptidoglycan synthesis in Gram-
positive bacteria [30]. There are also studies showing different
antibacterial activities for native all-L antimicrobial peptides
versus their all-D enantiomers [31,32]. These studies suggest that
receptor-type interactions may be important for some peptides on
the microbial surface. Cell surface oligosaccharides with different
chirality play important roles as receptor determinants in a wide

Figure 6. Inhibition of antimicrobial activity of 9Pbw3 and 9Pbw3-D by trypsin, assessed using the broth microdilution method. OD600 nm, optical density
at 600 nm. The error bars represent standard deviation values of mean determined from three independent experiments.
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