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ABSTRACT

Cationic antimicrobial peptides (AMPs) are shonehr amino acid sequences, which
display antimicrobial activity against a wide rangé bacterial species. They are
promising novel antimicrobials since they have shobactericidal effects against
multiresistant bacteria. Their amphiphilic struetuwith hydrophobic and cationic
regions drives their interaction with anionic baetecytoplasmic membranes, which
leads to their disruption. In this work two synthetesigned AMPs, P5 and P6.2, which
have been previously analyzed in their ability nteract with bacterial or eukaryotic
membranes, were evaluated in their anti-biofilm amdivo antibacterial activity. In a
first step, a time-kill kinetic assay agaistaeruginosa andS. aureus and a curve for
hemolytic activity were performed in order to detere the killing rate and the possible
undesirable toxic effect, respectively, for botlptges. The biofilm inhibitory activity
was quantified at sub MIC concentrations of thetideg and the results showed that P5
displayed antibiofilm activity on both strains wiP6.2 only orfS. aureus. Scanning
electron microscopy (SEM) of bacteria treated wp#ptides at their MIC revealed
protruding blisters on Gam-negati?e aeruginosa strain, but almost no visible surface
alteration on Gram-positiveS. aureus. These micrographs highlighted different
manifestations of the membrane-disrupting actithigt these kinds of peptides possess.
Finally, both peptides were analyzed vivo, in the lungs of neutropenic mice
previously instilled withP. aeruginosa. Mice lungs were surgically extracted and
bacteria and pro-inflammatory cytokines (3L-IL-6 and TNFe) were quantified by
colony forming units and ELISA, respectively. Resudhowed that instillation of the
peptides produced a significant decrease in thebeurof living bacteria in the lungs,

concomitant with a decrease in pro-inflammatoryokiytes. Overall, the results



36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

presented here suggest that these two new peiidés be good candidates for future

drug development for anti-biofilm and anti-infeaitherapy.

Keywords: antimicrobial peptides; Pseudomonas aeruginosa; anti-biofilm; anti-

inflammatory; lung infection.

1. INTRODUCTION

Since their discovery many decades ago, antimiatgieptides (AMPs) have been
proposed as potential new candidates for the dpredat of novel antimicrobials [1-3].
Their broad spectrum antimicrobial activity and eséivity make them attractive
candidates for novel drug compounds [4]. Although potency of these AMPs against
the most sensitive pathogens is normally not aengtras certain conventional
antibiotics, one of its major strengths is theilligbto kill multi-drug-resistant bacteria
at relatively low concentrations. Compared with\amtional antibiotics, the killing of

bacteria by AMPs is extremely rapid and can invatwdtiple bacterial cellular targets

[5].

Besides their direct antimicrobial activity, AMPsealso increasingly being considered
as novel agents against bacterial biofilms and atsanmune-modulators of the host
immune system. Regarding their anti-biofilm activikMPs are believed to inhibit the
biofilm formation or to eradicate established o01j@s/]. Bacterial susceptibility to

AMPs in biofilms has been shown to be lower comgarethe planktonic state [8],
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however biofilm resistance to AMPs has not beeersively studied compared to other

antimicrobial agents [9,10].

Finding new agents against bacterial biofilms hesme an imperative task, since they
cause chronic infections with increased tolerarearttibiotics as well as resisting
phagocytosis. Particularly, biofilms produced byil@ntic resistanP. aeruginosa occur

at an elevated frequency both in medical devicesianungs of Cystic Fibrosis (CF)

patients [9,11-13].

Besides their antibacterial activity, the immunedulatory properties of AMPs have
gained attention and many peptides are now knowmadulate the innate immune
response while suppressing potentially harmfulaimiination [14]. It has been proposed
that some cationic host defense peptides like hucasimelicidin LL-37 [15] or bovine

indolicidin [16] could induce a significant redumti of endotoxin-induced inflammatory
responses [14]. The anti-inflammatory propertie\bfPs may be relevant in diseases
in which the exacerbated inflammation promotes dathage and illness severity, like
the lung infections of patients with CF, in whidPseudomonas aeruginosa is a

prominent pathogen. This bacterial species acsvapithelial and immune cells which

results in the release of pro-inflammatory medm{ai7,18].

In previous works we have evaluated two novel stithcationic AMPs, P5 and P6.2,
designed as amphipathic short alpha helical madsculvith affinity toward the

prokaryotic membranes rather than eukaryotic oaed,their structural characteristics
and membrane interactions have been analyzed [198B2th peptides have been
designed using a combined rational and computdastadsapproach. Cationic alpha
helical peptides were designed identifying shortapue active regions from AMPs

databases. Then, these regions were combined oifiedoth order to have cationic
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amphipathic sequences with different physicochehpesameters [19]. P5 and P6.2
were selected from two different families of rethtgeptides, in accordance to their

physicochemical performance amdvitro antimicrobial activity (Figurel and Table 1).

In this work, the biofilm inhibition activity of kb peptides was analyzed in Gram-
negative P. aeruginosa PAO1) and Gram-positiveS( aureus ATCC25923) bacteria.
Scanning electron microscopy (SEM) was performedPoaeruginosa and S. aureus
after treatment with peptides in order to visualihe possible membrane disruptive

activity these peptides have on Gram-negative aatncositive bacteria.

Both peptides were also analyziedvivo, in the lungs of neutropenic mice previously
instilled with PAO1 and viable bacteria from th@dis were quantified to determine the
in vivo antimicrobial activity. Pro inflammatory cytoking -1, IL-6 and TNFe)

levels were also measured in the extracted lungsder to evaluate the possible anti-

inflammatory activity.

2 MATERIALS AND METHODS

2.1 Antimicrobial Peptides and bacterial strains

P5 and P6.2 are amphipathic cationic alpha hehodiimicrobial peptides that were
previously designed and analyzed [19,20,21]. P5setected from the related group of
AMPs (P5, P8 and P8.1) [20] and P6.2 was selected the P2, P6 and P6.2 group of
related peptides [21]. Figure 1 depicts the helda¢el projection of the peptides, with
their hydrophobic residues painted in yellow andirtthydrophilic residues in blue.

Table 1 shows the physicochemical parameters dii paptide, including the alpha

helix content evaluated by circular dichroism ie firesence of SDS micelles.
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The bacterial strains used wdpPseudomonas aeruginosa PAO1 and Saphylococcus

aureus ATCC25923

2.2 Hemolytic activity

The hemolytic activity of peptides was assayed bstaadard procedure [22,23]. In
brief, fresh mice red blood cells (RBC) that weodlected in the presence of heparin
were washed three times in PBS. Peptides, dissdlvedater, were added to the
suspension of red blood cells (1% v/v in PBS) fmal volume of 200 ul in a U bottom
96-well microplate. Then, samples were gently mjxedubated at 37 °C for 1h and
centrifuged for 10 min at 2000 rpm. The supernatd@0 pul) from each well was
transferred to a flat bottom 96-well plate, and tbkease of hemoglobin was measured
by absorbance (Asample) at 540 nm. For negativepasdive controls RBC in PBS
(Ablank) or water (Awater) were used, respectiv@lge percentage of hemolysis was
calculated according to the equation, Percentadewiolysis = [(Asample - Ablank) /

(Awater - Ablank)] x 100.

2.3Time kill assay

Bactericidal activity of the peptides was evaluatesthg the time—kill assay. Growth-
phase cultures in LB broth at 37°C were used fes¢hexperiments and the inoculum
was adjusted by optical density. The assay waomeed in 50 ml tubes, with a final
volume of 10 ml of bacterial suspension in catidpiated Mueller—Hinton broth at a
concentration of 5xF0CFU/mL; each peptide was added at its MIC. Aliguatere
removed at different time points in a 3-hour intdyvand ten-fold dilutions of the

samples were plated in LB agar plates. The CFU mumias determined after 24 h of
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plaque incubation at 37°C. A culture without AMPsisvused as bacterial growth

control. The reduction of 3 logarithmic units wamsidered bactericidal activity.

2.4 Scanning electron microscopy

Sample preparation for SEM was performed accorttirig4] with some modifications.
P. aeruginosa PAO1l andS aureus ATCC25923 bacterial cells were grown to
exponential phase in LB broth. After centrifugatiah 1,000 g for 10 min, the cell
pellets were harvested, washed twice with PBS,rarglispended to an optical density
(OD 600) of 0.2. Cells were incubated at 37°C fdr with AMPs at their MICs. After
incubation, the cells were centrifuged at 5,0000g 5 min. The cell pellets were
harvested, washed twice with PBS, and subjectdokation with 2.5% glutaraldehyde
at 4°C overnight, and then washed twice with PB& @ells were then dehydrated in a
graded ethanol series (50%, 70%, 90%, and 100%J)domin and in 100% acetone.
Finally, the specimens were coated with gold anamered using a Carl Zeiss NTS

SUPRA 40 instrument.

2.5 Biofilm quantification

Inhibition of biofilm development was assayed in-@élls flat-bottom polystyrene

plates. Antimicrobials were two fold serially diéat in Mueller Hinton broth and then
the bacterial inoculum was added to reach a finatentration of 5xT0CFU/ml, with

a final volume of 100 ul per well. Plates wereubated at 37°C for 24 h. Media alone
or media with inoculum were used as negative argitige control, respectively. The

inoculum was prepared from an ON culture. Afteruination, optic density at 595 nm
was measured to quantify bacterial growth. To deitee the amount of biofilm, after

incubation the supernatant was gently removed haddrmed biofilms were washed
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twice with 100 ul of saline solution to withdrawapktonic cells. The remaining biofilm
was fixed with 100 pl of 200% methanol for 15 mesytand then stained with 100 pl of
crystal violet 1% (v/v) for 5 minutes. The dye wamoved and washed twice with 200
ul of distilled water, and the plate was dried at@ for 30 minutes. Finally, 100 ul of
33% (v/v) acetic acid was added, samples were hempngd by gentle agitation and

absorbance was measured in a microplate readébatb

2.5 Mice

Female BALB/c mice of 10-12 week of age were ol#dirfrom Bio Fucal S.A.
(Argentina). All mice had access to food and watklibitum and were used for studies
of lung infection. Animals used in this study wéoowed for 1-5 days (4 animals per
cage) to allow close observation from the begintmgnd of each experiment. Feeding
practices, light cycle, temperature, humidity, aagdje and room cleaning procedures
followed the regulations of this institution’s ceadtanimal facility.

Ethic statement: All animal experiments compliedhwthe Argentinian Government’'s
animal experiment regulations and were approvethbyethics Committee for Animal
Experimentation of the National University of Quém (CICUAL), and were carried

out in accordance with EU Directive 2010/63/EU doimal experiments.

2.6 Bacterial inoculum for infections

For mice infections, thé. aeruginosa PAO1 bacterial cells were grown ON in LB
medium. Then, a fresh culture was prepared withdd%mhe ON bacterial culture and
incubated to reach an OD of 0.4. After centrifugatithe cell pellets were washed

twice, re-suspended in saline solution and dilttedbtain a concentration of 810
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bacteria/20ul, which is the inoculum used for instillation. Imdum was checked by

plating on LB agar plates.

2.7 Induction of neutropenia

To obtain the neutropenic mice model, the cyclophamide protocol previously
described in [25] was followed. Briefly, neutropgniwas induced by i.p.
cyclophosphamide (CP; Laboratorios Filaxis S.A, éatjna) on days -4 (at 200 mg/kg
of body weight) and -1 (at 100 mg/kg) before ini@ctand evaluated the day after the
last CP injection. In order to corroborate the repgnia, a complete hematological
analysis was done. Blood was drawn from mice uadesthesia into tubes containing
heparin (Northia, Argentina), using the retro-aabiplexus technique. Hematologic
parameters were determined using a hematology zeralyy a veterinary clinical

laboratory (Laboratorio Equino S.R.L, Argentina).

2.8P. aeruginosa lung infection

Neutropenic mice were anesthetized intraperitogpealith ketamine/xylazine
(100mg/kg; Holliday Scott S.A. / 10 mg/kg; PRO-SER\., Argentina) and 20l of the
bacterial solution were administrated directly itiie@ nostrils. Thirty minutes after the
infection, mice were treated with tobramycin, péetior saline solution intranasally
using an ultra-fine pipette tip. Mice were sacefic20 h after the infection and lungs

surgically extracted.

2.9 Cytokine determination
Lung total weights were recorded and then they wiesaggregated using a metal mesh.

Lung homogenates were prepared in 2 ml of stealene solution. Ten-fold serial
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dilutions of homogenates were plated on LB agaeplaand CFU were counted after 20
h incubation at 37°C. IL{}, IL-6 and TNFe concentration in lung homogenates were
measured by ELISA (BD OptEIA Set; BD Biosciencesyading to the manufacturer’s

instructions (with detection limit at 10 ng/ ml).

2.10 Statistical analysis

Statistical evaluation of differences between tkigeeimental groups was determined by
using One-way ANOVA followed by Dunnett post tesijth Graphpad Prism 5
software (GraphPad Software Inc., San Diego, CAl)dAta are presented as mean *
standard error of the mean, and differences wenesidered to be statistically

significant at &-value <0.05.

3 RESULTS

3.1 Antimicrobial and hemolytic activity

Table 2 shows the minimum inhibitory concentratiMIC) and the minimum
bactericidal concentration (MBC) for each peptideP. aeruginosa PAO1 and S
aureus ATCC25923

In order to analyze the bactericidal effects ohbpeptides at different times, a time-Kkill
assay was performed (Figure 2A, B). The assay sthdwng properties that are not
possible to observe in the MIC determination, like rate of killing and the possible
bacteriostatic or bactericidal effect. The rat&itiing of both peptides was remarkably
stronger inP. aeruginosa than in S aureus. For P. aeruginosa, in 30 minutes P6.2

reduced more than 2 logarithmic units of CFU/ml a8 completely eradicated
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bacterial cells. On the contrary, f6raureus the reduction of almost three logarithmic
units was reached after 180 minutes and only P5odstrated bactericidal activity
(99.9% of bacteria killed). In an attempt to gansight into the possible undesirable
effect toward erythrocyte membranes at differenhcemtrations, we analyzed the
hemolytic activity of each peptide in the range 1024 pg/ml (Figure 2C). P5
displayed less than 10% hemolysis in all the rateged and P6.2 exhibited a
concentration dependent hemolytic activity, reaghwalues of 30% at the highest
concentration, but remaining below 5% until 128plgAvhich is fourfold or eightfold

the MIC obtained fo6. aureus or P. aeruginosa, respectively.

3.2 Bacterial membrane disturbance by peptide inteaction analyzed by scanning
electron microscopy (SEM)

In an attempt to visualize the possible effectssehpeptides may have on Gram-
negative and Gram-positive bacteria, SEM was peréor onP. aeruginosa and S
aureus treated with each peptide for 1 h at their MIC.eTimicrographs (Figure 3)
showed that P5 and P6.2 produced surface altesapioncipally onP. aeruginosa, in
which both peptides produced the formation of bfistor bubbles on the cell surface,
revealing a possible direct interaction and debation of the bacterial membrane. On
S aureus the peptides at their MIC and for 1 hour incubatiid not produced visible
alterations on their surface, although a few bateells began to shrink and some

invaginations were visible.

3.3 Biofilm inhibition activity
Both peptides were tested on their biofilm inhduitiactivityin vitro (figure 4 C and D).

Bacterial growth inhibition at sub-MIC of peptidess also performed prior to biofilm
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evaluation in order to determine whether the pdsditofilm inhibition could be due
mainly to growth inhibition (figure 4 A and B).

P. aeruginosa andS. aureus were allowed to develop biofilm in the presencalosence
of each peptide at sub-MIC concentrations. PeiBalisplayed significant inhibition
of biofilm at 0.5xMIC in both strains, but it didbhshow any activity at 0.25xMIC. On
the other hand, P6.2 displayed no inhibition attiun P. aeruginosa but showed anti
biofilm activity in S. aureus at both concentrations tested (figure 4C and 4D).

In S aureus, the activity of P5 on biofilm inhibition could lrelated to the decrease in
bacterial growth on both concentrations; but for2P@lthough this peptide displayed a
similar growth inhibition than P5, the biofilm irdition was higher, with statistical
significance in 0.5xMIC and 0.25x MIC compared tmtrol. On the other hand, fé.
aeruginosa, P6.2 displayed growth inhibition but it did nahibited biofilm formation
at all, like P5 did at 0.5xMIC. In the light of the results, it seems evident that there are
other mechanisms involved in biofilm inhibition, darthat the growth inhibition is
neither sufficient nor indicative of the anti-biaofi activity that the AMP may have.
These results also highlight the differential atyithese peptides display, regarding

Gram-negative or Gram-positive bacteria membraetlagir biofilm characteristics.

3.41n vivo analysis of peptides

In order to analyze thie vivo activity of both peptides, we tested whether ilestiP5
and P6.2 could diminish the bacterial burden inltings of neutropenic infected mice.
In order to have a suitable model for PAO1 lungatibn, neutropenia was induced in

adult Balb/c mice.

3.4.1 Neutropenic mice
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Cyclophosphamide (CP), a well-known cytostatic amdhunosuppressant drug, was
used to induce neutropenia. In order to confirmtmog@enia, a group of three mice
treated with CP and a control immune competent gmiuthree mice were evaluated
analyzing circulating neutrophils, monocytes andhphocytes. Table 3 shows the
results obtained for each animal, as a percenthgsab circulating cells. A significant

decrease in the circulating neutrophils and morexcytas observed in the three mice
treated with CP. No significant changes of bodygheiwas observed (data not shown)
suggesting the absence of major CP-induced toxi&itth peptides were instilled at

10mg/kg in neutropenic mice and no significant stfect was detected.

3.4.2P. aeruginosa PAO1 instillation and lung bacteria recovery

Neutropenic mice were instilled with an inoculum Bf aeruginosa PAO1, and
afterwards P5 or P6.2 were instilled. Twenty hdatsr, mice were sacrificed and lungs
surgically extracted, processed and plated on L& &y P. aeruginosa count. At the
bacterial load used, the instillation of P5 or P&20mg/kg reduced the bacterial load
in mice lungs (figure 5A). P6.2 showed better perfancein vivo than P5 because the
first produced a more pronounced decrease in tlogefi@a load than the latter, in
contrast to what it was seamvitro in the time-kill assay or for antibiofilm activity

A group of mice were instilled with tobramycin asntrol, and accordingly no bacteria

were recovered in the lungs.

3.4.3 Pro inflammatory cytokines quantification
Lungs of infected mice were processed and therglannmatory cytokines IL{1, IL-6
and TNFe were quantified. Figure 5 shows that both pepti&lgaificantly decreased

lung IL-18 and IL-6 in neutropenic mice (figure 5 B and C)emhadministered
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intranasally. TNFe was also diminished (figure 5 D), although thdeddnces between
groups were less pronounced, probably because gk faime of this cytokine was
reached earlier during this experiment. Control enibat received tobramycin after

PAOL1 instillation displayed the same cytokinesuealas control uninfected mice.

4 DISCUSSION

We have previously designed a group of relatedoogtiamphipathic alpha helical
AMPs, and analyzed their physicochemical propediss interactions with bacterial or
eukaryotic membranes [19-21]. From these previooksy two peptides, P5 and P6.2
were selected for further anti biofilm amdvivo activity analysis.

The time-kill assay showed that P5 displays a kaihg activity at its MIC onP.
aeruginosa, unlike P6.2 which possess a slower killing rétewever, as table 2 shows,
on this strain the MBC for both peptides is onldilition more concentrated than the
MIC. On the other hand, f@& aureus, both AMPs displayed a similar killing activity at
their MIC, and their MBC is two-fold more concenéa.

With the aim to visualize the effects of this kiodl peptides on different bacterial
membranes, SEM images were performed after inquip&b and P6.2 at their MIC for
1h with both strains. Micrographs revealed a cledteration of P. aeruginosa
membrane integrity, evidenced by the presence dfigteibubbles or blisters on the
cell surface. A similar phenomenon, although in@&cmless extent, has been reported
for other AMPs that share some structural and logsiemical features. The
appearance of blisters has been previously repddedhe peptidyl-glycylleucine-
carboxyamide (PGLa), which is a cationic amphipaticelical peptide of 21 amino
acids from the magainin family [24] and also feoforms of the HE2 peptide [27]. As

a possible explanation for these blisters it hanlsggested that the positively charged
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AMPs can substitute the Mg ions in the lipopolysaccharide layer on the outer
membrane of Gram-negative bacteria and therebyabiéze the outer surface [28].
Such destabilization of the outer membrane woulthyate the penetration of AMPs
and lead to a local disruption of the inner memeéraso that cytoplasmic material
locally fills the periplasmic space, which induct®e formation of blisters without
disrupting the outer membrane.

On the other han&. aureus did not show such visible membrane alteratiorhcalgh
some cells treated with P5 showed holes or invaigina and a visible shrinkage. These
dents or holes seen on the surfaceSofwreus cells are probably indicative of a
mechanical rupture of the membrane and cell walary case it is worth to notice that
only a few Gram-positive cells treated with P5 thgpd that evident membrane
rupture, unlikeP. aeruginosa, where 100% of the cells showed bubble-like stmgs on
their surface. This phenomenon would probably béated to the different
characteristics of the cell wall of both strainsaf@-positive bacteria has a thick layer
of peptidoglycan on the surface that could masleffects on the cell membrane.
Besides this evident difference between the strains important to highlight that the
time of incubation (1 hour) and the concentratibnhe peptides (1xMIC) are still not
enough to see the complete lysis of the bactegli§.cFor that reason what we are
seeing here is the whole bacterium, previous toptete membrane disruption.

Further SEM studies with increasing concentratiohsAMPs at different times are
required in order to get a broader insight of themranolytic activity of these
peptides.

Besides AMPs antimicrobial activity, it was suggesthat AMPs have the potential to
act on multiple targets and stages of biofilm fatiora[29,30]. Some AMPs have been

reported to prevent biofilm formation and/or todicate established ones, and in some
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cases the mechanisms beyond these anti-biofilnsteffeave been hypothesized [29,31].
It has been proposed that some peptides can irgesfith the early events of biofilm
formation by preventing adhesion of bacterial ctdlshe substrate or to other cells, or
by killing cells before they stably become parttad biofilm architecture [32].

An increasing number of peptides show activity agiabiofilms at concentrations much
lower than their MIC, like LL-37 [29,33,34]. Pariarly for this latter AMPs, that
shares some common features with the two AMPs aedlyhere, Overhage and
coworkers [35] were able to demonstrate that LlaB@cts the development of biofilms
in at least three ways. First, the initial attachinef P. aeruginosa cells to the surface
was significantly reduced in the presence of LL-8§¢ond, LL-37 promotes twitching,
by stimulating the expression of genes related yfme tIV pilus biosynthesis and
function; third, using microarray technology, thégmonstrated that LL-37 affects the
two major quorum-sensing systems Rf aeruginosa, namely the Las and the Rhl
systems, by downregulating key components. Furdetailed experiments would be
necessary to elucidate if P5 and P6.2 shareslase imode of action.

Alternatively, as it was proposed for the catioAMP hep-20 [29], P5 and P6.2 due to
their cationic nature, could intercalate betwees legatively charged bacterial cells
interfering with the interactions of matrix of extellular polymeric substances (EPS)
components, thus reducing the amount of EPS tlwainaglates. In this work we report
the anti-biofilm activity of P5 and P6.2, at sub@Atoncentrations. Besides their partial
growth inhibition, P5 displayed anti biofilm actiyion both strainsp. aeruginosa and

S aureus, while P6.2 was only active dd aureus. Although both peptides displayed
some growth inhibiting activity at sub MIC concetion, inhibition of biofilm
production was diminished in some conditions. Mvi&th to notice that the production

of biofilm is not necessarily linked to the bacatmrowth, at least in a certain growth
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range. It can be seen that P6.2, for example, pextla 50% reduction iR. aeruginosa
growth at 0.5MIC, but the production of biofilm wsill the same as the control, which
is an evidence of no anti-biofilm activity. On tbther hand, also fdP. aeruginosa, P5
displayed a 22% decrease in bacterial growth atMIG, while it showed more than
42% biofilm inhibition at this concentration. Fuethexperiments are required in order
to determine the specific mechanism by which thpeggtides (and other similar cationic
AMPSs) affect, or not, biofilm formation beyond grthwinhibition.

It is important to note that antibiotics at subto@ conditions promote biofilm
formation, probably because bacteria produce hiofih an attempt to protect itself
from antimicrobial activity. For that reason, a prapoint for an antimicrobial agent is
that it can exhibit anti-biofilm activity at sub-K&lconcentrations, which is not always
the case. Therefore, even though we are not al@kitidate the specific mechanism of
antibiofilm activity, it is remarkable that both giales displayed biofilm inhibition at
sub-MIC concentrations.

P. aeruginosa is a cause of significant morbidity and mortalityhospitalized patients,
particularly those with compromised immune systékesneutropenic patients [36].

In this work P5 and P6.2 were testad vivo, in the lungs of neutropenic mice
previosuly instilled withP.aeruginosa PAOL In these experiments we analyzed the

total bacterial burden and the local levels of ¢hpivotal inflammatory cytokines in
lung tissue homogenates up@raeruginosa PAO1 infection.

Upon instillation, P5 and P6.2 were capable to dishi the CFUs in lungs of
neutropenic mice. These results demonstrated hieapeptides were still active in the
lungs of mice, and capable of killing bacteria ipra inflammatory environment. It has

been shown that most cathelicidins are less activéo not have activity over Gram-
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negative bacteria in physiological conditions, sameeptions are chCATH-1, and -2,
PMAP-36 and PR-39[37].

After peptides instillation, IL-g and IL-6 were meaningfully diminished, while TNF-
was diminished to a less extent, this could be arptl in part because of the time
course of this cytokine in the lungs [38]. In fa€NF-a displays it peak at
approximately 9 h post infection, and for the tithe experiment was performed the
cytokine level could be naturally diminishing, whits reflected in the mild increase in
cytokine level between control uninfected mice amde infected with PAOL. In that
scenario, although it seems to be a mild reductamtyally the peptides reversed the
cytokine concentration to the control levels.

The two novel designed AMPs, P5 and P6.2, beseldiscing the bacterial load in the
lungs, significantly reduced the production of thrgivotal inflammatory cytokines
upon acute lung infection in a neutropenic contéixs important to note that none of
the peptides completely eliminated the bacteriatllin the lungs, as tobramycin did;
nevertheless the pro-inflammatory cytokines redunctvas similar to this antibiotic. In
the case of tobramycin, the decrease in pro-inflatony cytokines levels should be
expected as a result of the complete clearanagngfltbacterial burden. In the case of P5
and P6.2 that did not completely eradicate bacteam the lungs, the reduction in
cytokine levels should have another explanationcthier work will be required in order
to unravel the mechanism beyond this down-reguiatimt these results lead us to
believe that the peptides could be affecting th&t keells, inducing the down regulation
of cytokines.

Previous studies demonstrated that the cationichgrafhic AMP LL-37 has anti-
inflammatory activity through various mechanismtgraendotoxin aggregation through

LPS interactions [39] and in peripheral blood mamdear cells strongly suppressed
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synergistic responses to TREM-1 and TLR4 stimutatpartly through the inhibition of
TREM-1 expression on monocytes [40]. Another examigl chCATH-2 (chicken
cathelicidin-2), it has been shown that chCATH-2dmted killing of P. aeruginosa
inhibits pulmonary inflammation in a mouse lung rebldy reducing PMN recruitment
and preventing the release of pro-inflammatory kiyies and chemokines [41-43].
Inflammation is essential for host defense, butadufe to tightly control immune
responses to a pathogen can result in chronicnimflation and tissue destruction. It is
worth to notice that the pathophysiological mechars of pneumonia-induced sepsis
include a surge of pro-inflammatory cytokines. ditfIL-13 plays important roles in the
up- and down-regulation of acute inflammation [44#ut it can also functions as a
mediator of chronic inflammation and promotes fiso In this work we showed that
these new alpha helical cationic peptides might Soitable candidates for the
development of potential anti-biofilm and anti-icfiee drugs, to be used for instance

for CF therapies, with both antimicrobial and anflammatory functions.
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- 2356.98 11.26 0.5 0.455 88%
n 2515.09 11.75 7 0.793 0.328 46%

Table 1 - Physicochemical parameters analyzedlico and experimentally for
P5 and P6.2. MW: molecular weigth (daltons), Ipeigctric point, NC: net
charge,uH: hydrophobic moment, H: hidrophbicity, AC: alphalix content.

The percent helix values were determined basedironlar dichroism spectra
calculated as the mean residue molar ellipticit®2# nm, in SDS micelles.

* http://web.expasy.org/compute_pi/

** http://heliquest.ipmc.cnrs.fr/cgi-bin/ComputParaVv2.py

P5 P6.2 P5 P6.2
MIC 64 16 16 32
MBC 128 32 64 128

Table 2. MIC (minimum inhibitory concentration) and MBC (niinum bactericidal
concentration) of. aeruginosa andS. aureus for both peptides expressed in pg/ml.

1) Neutropenic 4 0
2) Neutropenic 2 98 0
3) Neutropenic 3 97 0
4) Control 25 74 1
5) Control 30 69 1
6) Control 32 66 2

Table 3 - Effect of I.P injected cyclophosphamide on Balinice
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Figure 1. Helical wheel projection diagrams of the peptiddspicting the residues
and their relative position in the alpha helix. Ig@l circles represent hydrophobic
residues and blue circles the positively-chargethaatids, uncharged residues are
painted in pink (GIn) and grey (Gly), and negatyveharged residues (Glu) in red.
The arrow depicts the hydrophobic moment. Left p&ee2, right panel P5.
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Figure 2. Killing kinetics with P. aeruginosa (A) and S. aureus (B). Each peptide was

incubated at their MIC with approximately SXI0OFU/mI inoculum. Samples were taken
at different intervals for three hours, plated afmble CFUs counted by triplicate. C)
Hemolytic activity of P5 and P6.2 at different centrations. Mouse erythrocytes were
incubated for 1h with AMPs and trelease of hemogletas determined by measuring the
absorbance at 540 nm.
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cells were incubated with P5 or P6.2 for 1 houB&C at their MIC. AP. aeruginosa with
no treatment. BE. aureus with no treatment. Cp. aeruginosa treated with P5 D aureus
treated with P5 EJp. aeruginosa treated with P6.2 F3 aureus treated with P6.2
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Figure 4. Bacterial growth and biofilm quantification. A, BBacterial growth ofP.
aeruginosa andS. aureus incubated with P5 or P6.2 at sub MIC concentratiddaC growth
control with no antibiotic. C, D) Biofilm quantifedion. The total amount of biomass Rf
aeruginosa andsS. aureus incubated with P5 or P6.2 at sub MIC concentratisas quantified
with crystal violet. One Way ANOVA - Dunnett's Midle Comparison Test *p<0.05,
**p<0.01, ***p<0.001 against GC (growth control) @+ (positive control with no antibiotic)
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Figure 5. A) Total colony forming units (CFU) in the lung affected neutropenic mice. Each
mouse was intranassally infected with an inoculdmi@ CFU PAO1 and subsequently instilled
with saline (PAO1), P6.2 (PAO1+P6.2), P5 (PAOL1+&5)obramycin (PAOLl+tobra). A group of
mice were not infected and received saline (ContAdter 20 h animals were sacrificed and their
lungs surgically extracted and processed for vidideteria counting. B, C, D) Cytokine
guantification. ELISA was performed on the procesdangs samples to quantified pro
inflammatory cytokines. Dunnett’s Multiple CompansTest, *p<0.05, **p<0.01, ***p<0.001,
compared to PAO1
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HIGHLIGHTS

Two novel AMPs P5 and P6.2 were analyzed in P.aeruginosa and S.
aureus

Scanning electron microscopy revealed distinct membranolytic activity
Both peptides display in vitro antibiofilm activity

Peptides diminished P.aeruginosa burden in the lungs of neutropenic
mice

P5 and P6.2 diminished lung pro-inflammatory cytokines



