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Abstract

Six novel peptides called phylloseptins (PS-1, -2, -3, -4, -5, and -6) showing anti-bacterial (PS-1) and anti-protozoan (PS-4 and -
were isolated from the skin secretion of the Brazilian tree-frogs,Phyllomedusa hypochondrialisandPhyllomedusa oreades. Phylloseptins hav
a primary structure consisting of 19–21 amino acid residues (1.7–2.1 kDa). They have common structural features, such as a high
N-terminal region and C-terminal amidation. Phylloseptin-1 (FLSLIPHAINAVSAIAKHN-NH2) demonstrated a strong effect against Gr
positive and Gram-negative bacteria (MICs ranging from 3 to 7.9�M), without showing significant hemolytic activity (<0.6% at the M
range) towards mammalian cells. Atomic force microscopy experiments indicated that the bacteriolytic properties of these peptid
related to their disruptive action on the cell membrane, characterized by a number of bubble-like formations, preceding every cell
and PS-5 showed anti-protozoan activity with IC50 at about 5�M for Trypanossoma cruzi.
© 2004 Elsevier Inc. All rights reserved.
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1. Introduction

Bacteria, fungi, and protozoa coexist with all living ani-
mals for millions of years. However, considering the number
and diversity of these microorganisms and their constant in-
teractions with animals, lethal microbial invasion to the hosts
is quite rare[20]. This is mainly due to the highly specific
cell-mediated immune responses, and to the broad-spectrum
antimicrobial peptides from their innate immune systems.
The different families of antimicrobial peptides, which have

∗ Corresponding author. Tel.: +55 61 448 4636; fax: +55 61 340 3658.
E-mail address:cbloch@cenargen.embrapa.br (C. Bloch Jr.).

been classified on the basis of their amino acid seque
biological activity and secondary structures, are often fo
in many insects[42], plants[14], amphibians[45], mam
mals [3,15,32], and microorganisms[6,8]. In amphibians
amphiphilic �-helical antimicrobial peptides such as m
ainins[17], bombinins[22], buforins[34], and dermasepti
[4,10,30,35]have been a subject of intense research rega
their biosynthesis, activity towards microorganisms, me
nisms of action, and potential clinical applications. In s
of all the effort put on these research lines up to no
is clear that predicting peptide activity, specificity and
structure from the amino acid sequence alone is not a
ple task[23], most peptides without disulfide bonds show
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defined structure in water, and it is only in a membrane or in
a hydrophobic environment that they may fold into�-helices
or �-structures[5,19]. It is known that the net positive charge
associated with the hydrophobic nature of the polypeptide
chain, found in the great majority of the antimicrobials, is
the cornerstone feature for the activity and specificity of these
molecules. In fact, plasma membrane recognition and bind-
ing are the initial steps of the peptide–membrane interaction
and a detailed knowledge of these processes and their driving
forces are important prerequisites to understand the mech-
anism of selective lysis of bacterial, fungal and protozoan
membranes, which have been reported so far[24,38]. The
three-dimensional structures of many antimicrobial peptides
demonstrate an amphiphilic motif, where the hydrophilic face
is formed by polar and positively charged residues (typically,
lysine and arginine) and the hydrophobic face are constituted
by non-polar amino acids. This topological arrangement is
often induced by the contact of the peptide with hydropho-
bic environments such as organic solvents, SDS vesicles and
phospholipid micelles[36,44]. The lytic activity, on the other
hand, appears to be related to the physicochemical properties
of the peptide conferred by its amino acid composition and
sequence.

For more than two decades the worldwide resurgence of
infectious diseases due to evolution of antibiotic-resistant
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and P. oreadesfor a few seconds and freshly collected
in distilled water. The water-soluble secretions from each
species were filtered by gravity through filter paper, frozen,
and lyophilized (Centrivap Concentrator, Labconco). Pep-
tide separation was performed by application (5 mg aliquots
each time) of the crude extract to a semi-preparative Vy-
dac reverse-phase (RP) chromatographic column, C18, 5�m
(218TP510; 10 mm× 250 mm) in HPLC system (Shimadzu
Co.) Peptides were purified by using linear gradients, ini-
tially 0–80% acetonitrile containing 0.1% TFA (trifluo-
roacetic acid) for 70 min, followed by 80–100% of the
same solvent for 20 min. The experiments were monitored
at 216 and 280 nm. Fractions were collected manually and
lyophilized. The isolated fractions were submitted to another
chromatographic step using a Vydac 218TP54, C18, 5�m
(4.6 mm× 250 mm) analytical column, with optimized gra-
dients of acetonitrile in 0.1% TFA over 60 min.

2.3. Purity and molecular mass determination

The molecular mass and homogeneity of PS-1, PS-2,
PS-3, and PS-6 (P. hypochondrialis), and PS-4 and PS-
5 (P. oreades) were determined by MALDI-TOF/MS in a
4700 Proteomics Analyzer with TOF–TOF optics (Applied
Biosystems, Framingham, MA). Approximately 20 nmol
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ressively loose their effectiveness. In this work, we
ort a novel family of antimicrobial and anti-protozoan p

ide from the skin secretion of twoPhyllomedusaspecies
Phyllomedusa oreadesandPhyllomedusa hypochondriali)
amed phylloseptins. These new peptides (PS-1, -2, -
5, and -6) have molecular mass ranging from 1.7 to 2.1
nd PS-1 showed MICs at about 3�M for pathogenic bacter
Pseudomonas aeruginosa, Escherichia coli, Enterococcu
aecalisandStaphylococcus aureus), and PS-4 and -5 an
rypanosoma cruziactivity and PS-1 and -2 had negligib
ffects on red blood cells.

. Materials and methods

.1. Amphibians

Frogs skin secretions were obtained from adult specim
f P. hypochondrialis(n= 6, captured in Brası́lia, Brazil) and
. oreades, a recently described[11] species of thePhyl-
omedusinaesub-family (n= 4, captured in Serra da Me

oiás, Central Brazil). Frogs were collected accordin
he Instituto Brasileiro do Meio Ambiente e dos Rec
os Renov́aveis, IBAMA, under the license number 097/
IFAS (Process no. 0637/91A.C).

.2. Peptide purification

Frog secretions were obtained by mild electric sti
ation of the skin granular glands ofP. hypochondriali
f lyophilized peptide was dissolved in Milli-Q wat
nd mixed with a saturated matrix solution of�-cyano-4-
ydroxycinnamic acid (1:3, v/v) and spotted onto a MAL
OF/TOF sample plate, at room temperature.

.4. Sequence analysis

De novo sequencing of the phylloseptins were perfor
y MS/MS experiments using argon as collision gas
-TOF Ultima (Waters-Micromass, Manchester, UK) op
ting in W mode and in a 4700 Proteomics Analyzer w
OF–TOF optics (Applied Biosystems, Framingham, M
he MS and MS/MS spectra were carried out in refl

or mode with external calibration, using the 4700 cali
ion mixture kit (Applied Biosystems). Peptide de novo
uencing was performed by precursor ion fragmentation

ng N2 as CID gas and the collision cell pressure was
t 1.8× 10−6 Torr. Leucine, isoleucine and lysine resid
resent in each one of the phylloseptin polypeptide ch
ere assigned based on the high energy fragmentation
nd confirmed by automated Edman degradation on aPPSQ-
3protein peptide sequencer (Shimadzu Co., Japan). Pe
equence alignments and similarity searches were perfo
sing the FASTA 3 program on the ExPASy molecular se
http://www.expasy.ch/). Secondary structure prediction w
erformed using SOPMA, also at this server[21,40].

.5. Hemolytic assay

Hemolytic assays were performed using human red
blood type O−) in liquid medium, as reported previous

http://www.expasy.ch/
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[1]. Serial dilutions of PS-1 and PS-2 (10�L in PBS) were
added to 190�L of blood and after an incubation at 37◦C
for 30 min, the cells were centrifuged and the absorbance of
the supernatant was measured at 567 nm. Maximal hemoly-
sis was determined by adding 0.2% Triton X-100 to a cell
sample.

2.6. Antibacterial assay

Antibacterial activity of the PS-1 against Gram-positive
and Gram-negative bacteria was determined by the broth mi-
crodilution assay[31]. The microorganisms used wereE. coli
ATCC 25922,P. aeruginosaATCC 27853,S. aureusATCC
25923, andE. faecalisATCC 29212. TheP. aeruginosawt
strain was isolated in the Pathology Laboratory from Hos-
pital Universit́ario de Braśılia, HUB, Braśılia, Brazil. Sin-
gle colonies of bacteria were inoculated into culture medium
(3% trypticase soy broth) and cultured overnight at 37◦C. An
aliquot of this primary culture was transferred to 50 mL of
fresh medium and incubated for additional 3–6 h at 37◦C, in
order to obtain the cells in mid-logarithmic phase.

The bioassays were performed by liquid growth inhibition
assay as described by Bulet et al.[13]. PS-1 was dissolved
in sterile Milli-Q water and diluted eight-fold in TSB (Ox-
oid, England) broth. The highest concentration used for the
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specimen surface was set to 0.00 nA. The line scan speed
was set to 20�m/s.

2.8. Antiprotozoa activity

PS-4 and PS-5 were tested in vitro against trypomastig-
ote blood forms ofT. cruzi Y strain. The bioassays were
carried out using fresh blood collected by cardiac punc-
ture of Swiss albino mice during the peak of parasitemia
[2]. Non-infected murine blood was added to contaminated
erythrocytes up to a final assay concentration of 2.0× 106

trypomastigote forms/mL. Following dilutions in saline so-
lution, peptide concentrations were measured spectrophoto-
metrically according to the method described by Pace et al.
[33]. The bioassays were performed in triplicate on micro
titter plates containing 200�L of mixture/well (150�L of
infected blood and 50�L of the peptide solution). Aliquots
of the PS-4 and PS-5 were added to theT. cruzi-infected blood
at final concentrations of 0.5, 1.0, 10.0, and 30.0�g/mL. The
plates were incubated at 37◦C during 24 h and the number of
parasites determined[12]. Negative controls were the blood
of infected mice without any addition, and positive controls
were infected blood containing gentian violet at various con-
centrations[16].
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ssay was 64�M. The initial inoculum was approximate
.0× 105 colony forming units CFU/mL and the limit o
etection was 102 CFU/mL. The final volume was 250�L
25�L of the peptide test in water, 25�L of the inoculums in
SB, and 200�L of TSB broth). After incubation for 20 h
7◦C, the inhibition of bacterial growth was determined
easuring absorbance at 595 nm. The lowest concent
f peptide that completely inhibited growth of the bact
as defined as the minimal inhibitory concentration (M
he MICs were the average values obtained in triplicate

hree independent measurements and they were com
ith MICs obtained for conventional antibiotics.

.7. Atomic force microscopy

P. aeruginosaATCC 27853 cells in mid-logarithmic pha
ere prepared as described in the antibacterial assay s
f Section 2.P. aeruginosa(105 CFU/mL) in TBS were incu
ated with PS-1 (4�M) at 37◦C for 30 min. After incubation
ells were collected and suspended in 150 mM KCl/20
gCl2/10 mM Tris–HCl, pH 7.8. The bacterial suspens
as placed onto freshly cleaved mica and air-dried. The
as fixed on the specimen holder with a two-sided adhe

ape and was then installed on the top of the scanne
FM observation. The AFM used in this experiment wa
opoMetrix 2000 Explorer (TopoMetrix, Santa Clara, C
SA) operating in the contact mode and at ambient a
iezoelectric hybrid tube scanner with a maximum scan
rea of 50�m2 and a standard 200�m V-shaped Si3N4 can-

ilevers with integrated pyramidal tips were used. The n
nal spring constant for the contact force of the tip on
. Results

.1. Isolation and characterization of the phylloseptins

The crude skin secretion ofP. hypochondrialis(Fig. 1A)
nd P. oreades(Fig. 2A) fractionated by semi-preparati

ig. 1. Fractionation of the total skin secretion lyophilized crude extract
. hypochondrialis. (1A) The skin secretion ofP. hypochondrialiswas loaded
nto a C18 Vydac 218TP510 (10 mm× 250 mm) column and equilibrate
ith 0.1% trifluoroacetic acid. The peptide elution was performed usin
cetonitrile with 0.1% trifluoroacetic acid solution with 2.5 mL/min fl
ate. The absorbance was monitored simultaneously at two wavele
16 and 280 nm. The final purification step of fraction (*) was performe
n analytical Vydac 218TP54 (4.6 mm× 250 mm) column. (1B) PS-2 an
S-3 after re-chromatographic procedure.
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Fig. 2. Fractionation of the total skin secretion lyophilized crude extract
from P. oreades. (2A) The skin secretion ofP. oreadeswas loaded onto
a C18 Vydac 218TP510 (10 mm× 250 mm) column and equilibrated with
0.1% trifluoroacetic acid. The peptide elution was performed using an ace-
tonitrile with 0.1% trifluoroacetic acid solution with 2.5 mL/min flow rate.
The absorbance was monitored simultaneously at two wavelengths, 216 and
280 nm. The final purification step of fraction (*) was performed on an
analytical 218TP54 (4.6 mm× 250 mm) column. (2B) PS-4 after a second
chromatographic step.

RP-HPLC yielded a number of unresolved fractions that
were better investigated after at least an additional separa-
tion experiment. The fractions containing PS-2, PS-3 and PS-
4 were submitted to analytical RP-HPLC and are shown in
Figs. 1B and 2B, respectively. PS-1 (P. hypochondrialis) and
PS-5 (P. oreades) were isolated independently using a single
semi-preparative chromatographic step (Figs. 1A and 2A).
The amino acid sequences of the six new polypeptides were
aligned inTable 1using CLUSTAL V multiple sequence
alignment software[25] and the C-terminal amidation for
each one of these molecules were determined directly by de
novo MS/MS sequencing experiments, as it is demonstrated
for PS-6 (Fig. 3andTable 2).

Sequence similarity searches using FASTA 3 program re-
vealed low identity scores (around 21%) with temporins, 13-
residue C-terminal amidated peptides isolated from the Asian
frog Rana ornativentris[26], and with a cDNA sequence
named PBN1 fromPhyllomedusa bicolor(about 55%), that

Table 2
Predicted fragment ions from PS-6 matching the observed ones, within
0.1 Da mass tolerances

N-term Ion y-Series b-Series w-a Ions w-b Ions C-term

1 S 1788.02 88.04 – – 17
2 L 1700.99 201.12 1641.92 – 16
3 I 1587.91 314.20 1542.85 1556.87 15
4 P 1474.82 411.26 – – 14
5 H 1377.77 548.32 – – 13
6 A 1240.71 619.35 – – 12
7 I 1169.67 732.44 1124.62 1138.63 11
8 N 1056.59 846.48 – – 10
9 A 942.55 917.52 – – 9

10 V 871.51 1016.58 – – 8
11 S 772.44 1103.62 – – 7
12 A 685.41 1174.65 – – 6
13 I 614.37 1287.74 569.32 583.33 5
14 A 501.29 1358.78 – – 4
15 K 430.25 1486.87 370.17 – 3
16 H 302.16 1623.93 – – 2
17 F 165.10 1771.00 – – 1

N- and C-terminal residue positions in the peptide sequence are shown in
columns 1 and 7, while column 2 refers to the corresponding amino acids.
Columns 3 and 4 report the parent ion fragmentation pattern, following the
y- and b-series. Columns 5 and 6 report the side-chain fragmentations that
allow the discrimination of isobaric amino acids.

has been regarded as an antimicrobial peptide based only
on its similarities with the preprodermaseptins cDNAs[43].
All six new members of the PS family can be fitted into an
�-helix, using theoretical information predicted by SOPMA
program (data not shown) and Edmundson wheel projections
[39]. When plotted as an�-helical wheel (Fig. 4), all pep-
tides showed distinguishable hydrophobic and hydrophilic
domains in which the charged and the hydrophobic residues
are placed on opposed sides of the cylindrical surface. More-
over, predictions of the secondary structures of these peptides
indicate a high content of�-helix that may range from 80%
to 100%.

3.2. Hemolytic and antibacterial activity

Both PS-1 and PS-2 did not exhibit significant hemolytic
activity on human erythrocytes, even at 64�M (Table 3).
PS-1 was assessed for its antimicrobial activity on two

Table 1
The amino acid sequences, molecular masses, and some physical–chemical features of the phylloseptin peptides

Peptides Primary structurea pIb Hc Mtd Med

PS-1 FLSLIPHAINAVSAIAKH N-NH2 8.76 0.78 2016.14 2015.25
PS-2 FLSLIPHAINAVSTLVHHF-NH2 7.02 1.10 2116.17 2115.26
PS-3 FLSLIPHAINAVSALANH G-NH2 6.92 0.92 1945.07 1944.05
PS-4 FLSLIPHAINAVSTLVHHSG-NH2 7.02 0.85 2113.16 2112.18
P 8.7 5
P 8.5 1

eptins
et al[7].
r a pep he amino

a
onoiso
S-5 FLSLIPHAINAVSAIAKH S-NH2

S-6 SLIPHAINAVSAIAKH F-NH2

a Maximized pair-wise and multiple sequence alignments of phyllos
b Theoretical pI (isoelectric point) calculated according to Bjellqvist
c GRAVY: grand average of hydropathicity (H); the GRAVY value fo
cids, divided by the number of residues in the sequence.
d Mt and Me corresponded as theoretical mass and experimental m
6 0.92 1989.13 1988.1
1 0.85 1789.11 1788.1

performed by CLUSTAL V.

tide or protein is calculated as the sum of hydropathy values of all t

topic mass, respectively.
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Fig. 3. De novo sequencing of the peptide PS-6 (P. hypochondrialis) [M + H] = 1788.13 in an ABI 4700 Proteomics Analyzer with TOF–TOF optics using N2

as CID gas. The observed fragments allowed complete assignment of the major y and b ion series. The peptide sequence using one-letter code following the y
and b series orientation is shown on the top part of the graph.

Gram-positive (S. aureusandE. faecalis) and three Gram-
negative (E. coli, P. aeruginosa, andP. aeruginosawt) bac-
teria. As it is shown inTable 4, MICs for PS-1 were in the
range of 3.0–7.9�M, depending on the tested microorgan-

ism. MICs of PS-1 showed a stronger anti-bacterial effect
against all microorganisms when compared to conventional
antibiotics such as chloramphenicol, gentamicyn, ampicilyn,
and polimixyn B (Table 4).

Fig. 4. The�-helical wheel plots of the phylloseptins showing their amphiphilic structure prediction. In this conformation, periodic variation in the hydrophobic
values of the residues along the peptide backbone with a 3.6 residues per cycle period characterizes an�-helical conformation (Schaffer and Edmondson[39]).
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Table 3
Hemolytic activity assay of PS-1 and PS-2. The total hemolytic control
experiment was obtained by the addition of 50�L Triton X-100 in 150�L
of red blood cell suspension

Concentration (�M) Hemolysis of human red blood cells (%)

PS-1 PS-2

0.5 0.00 0.00
1.0 0.00 0.00
2.0 0.00 0.10
4.0 0.30 0.28
8.0 0.57 0.70

16.0 0.60 0.80
32.0 0.98 1.05
64.0 1.98 2.05

Positive control: Triton X-100 (0.2%) treated red blood cells.

3.3. Atomic force microscopy

The effects of PS-1 on cells ofP. aeruginosaATCC 27853
were examined under AFM. Bacterial colonies treated with
PS-1 using the same concentration determined by the MIC
experiments revealed several bubble-like structures on the
surface ofP. aeruginosa(Fig. 5b, d, and f) and changes in
the morphological dimensions, particularly in the cell height
and width, producing an overall conformational flattening
on the PS1-treated bacteria. These results are in very close
agreement with the AFM recent observations reported by
Silva and Teschke, when similar phenomenon is described for
E. coli cells incubated with the antimicrobial peptide PGLa
[41].

3.4. Trypanocidal assay

Anti-protozoan bioassays revealed that PS-4 and PS-5 are
active againstT. cruziat low micromolar levels. The IC50 val-
ues determined for PS-4, PS-5 and for gentian violet, used as
drug of reference, with a starting inoculum of 2.0× 106 trypo-
mastigote forms/mL, were 5.1, 4.9 and 76�M, respectively
(Table 5). These results indicate a better quantitative response
againstT. cruzi, especially if one ought to compare them to the
IC50 values determined for trypanocidal drugs derived from
b hich

were in the range of 15.8–41.0�M, obtained in bioassays
that used parasite’s inoculum of 104 forms/mL [16]. How-
ever, IC50 values for PS-4 and PS-5 could be comparable to
dermaseptin 01 (DS 01, IC50 = 8�M), a 28-residue cationic
C-terminal amidated peptide isolated skin secretion fromP.
oreades[10].

4. Discussion

The present work reports the purification and characteri-
zation of six new antimicrobial peptides named phylloseptins
(PSs), present in the skin secretion of two different species
of Brazilian tree-frogs,P. hypochondrialisandP. oreades.
Phylloseptins are highly conserved peptides with not more
than 20 amino acid residues showing amidation at the C-
terminal. Like several amphiphilic amphibian skin peptides,
PS-1 has a broad-spectrum activity against Gram-positive,
Gram-negative bacteria and PS-4 and -5 protozoans, PS-1
and -2 with negligible hemolytic effect. Conversely, these
molecules show either a one or a zero net positive charge
as the great majority of the amphibians’ antimicrobial pep-
tides do, it seems that the conserved proline and histidine
residues and the amidation at the C-terminal could play that
role under certain conditions whilst the amphiphilic feature
i
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he antibacterial activity assay for the peptide PS-1. Minimal inhibitory
easurements

icroorganism MICa (�M)

PS-1 Chloramphenic

ram-positive bacteria
S. aureusATCC 7.9 99.9
E. faecalisATCC 4.0 99.9
ram-negative bacteria
E. coli ATCC 7.9 99.9
P. aeruginosaATCC 4.0 b

P. aeruginosawt 3.0 b

a MICs are expressed as the lowest concentration of peptide that co
b No activity was detected at the highest antibiotic concentration tes
s preserved. Nevertheless, the antibacterial assays (Table 4)
howed a close quantitative range of activities agains
ested bacteria comparable to a number of results pres
he literature[3,10,15,32,34]. PS-1 was marginally less effe
ive againstS. aureusATCC 25923 andE. coliATCC 25922
MICs of 7.9�M) than the inhibitory potency determined
. aeruginosaATCC 27853,E. faecalisATCC 29212, andP.
eruginosawt, where the MIC values were around 3.0�M.
he majority of the tested microorganisms susceptible to
are not only resistant to a number of conventional an

tics but they are also important opportunistic or pathog
gents involved in serious problems of human and an
ealth (e.g.,P. aeruginosain cystic fibrosis and tuberculos
ndS. aureusin tuberculosis).

Atomic force microscopy (AFM) has been used ex
ively to study a variety of materials[29], biological sample

ntration (MIC) was the average values obtained in triplicates on three independen

Gentamycin Ampicilyn Polimixyn

b b b

b 52.3 b

133.0 260.2 58.1
133.0 b 14.5
133.0 b 14.5

ly inhibited growth of the bacteria.
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Fig. 5. Atomic force microscopy topographical images ofP. aeruginosaATCC 27853 cells. Common morphology of the controlP. aeruginosacells (a, c, e) and
treated with the peptide PS-1 (b, d, f).P. aeruginosain mid-logarithmic growth at 105 cells/mL was incubated with the phylloseptin 1 for 30 min (PS-1 = 4�M).
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Table 5
The trypanocidal activity assay for the peptides PS-4 and PS-5

Concentration (�g/mL) % Lysis (±S.D.)

PS-4 PS-5

0.5 26.4± 15 33.3± 18
1.0 42.0± 9 37.7± 9

10.0 52.4± 15 51.5± 15
30.0 100 100

IC50, �g/mL (�M)

PS-4 PS-5

2.5 (5.1) 2.4 (4.9)

Positive control: gentian violet at 250�g/mL (IC50 = 76�M); negative control: blood infected.

[28], and it has been proving its invaluable importance in bac-
terial topology identification and plasma membrane analysis
[9]. Although the lytic modes of actions of amphiphilic an-
timicrobial peptides against microbial cells are not yet fully
understood, the results obtained here by AFM suggest that
the cytoplasmic membrane may possibly be the primary tar-
get of the PS-1, since the treated bacterial cells exhibited
several bubble-like projections and an overall conformational
flattening (Fig. 5b, d, and f), resulting in severe membrane
alteration, that could progressively lead to an increased per-
meability and cell lysis. These observations are in accordance
with the current understanding of the lipid bilayer membrane
destabilizing effect produced by detergent-like peptide struc-
tures[18,27,37].

PS-4 and PS-5 (P. oreades) showed low micromolar cy-
tolytic activity towardsT. cruzi trypomastigote form com-
parable to small molecule drugs[12,16]. Because these PSs
act by directly killing trypomastigote forms, they preventT.
cruzi from invading host cells and, thus, may be useful in
preventingT. cruzi transmission from blood transfusions. It
is of particular interest that the PSs probably exert a com-
mon mechanism of action on a protozoan parasite,T. cruzi,
and on prokaryotes without damaging host cells. For further
research, the differences in membrane lipid composition be-
tweenT. cruziand mammalian host cells may be exploited in
t
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