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ACTIVITY OF LYTIC PEPTIDES AGAINST INTRACELLULAR
TRYPANOSOMA CRUZI AMASTIGOTES IN VITRO
AND PARASITEMIAS IN MICE

5. C. Barr, 0. Rose, and J. M. Jaynes®
Depariment ¢ Clvuial Scancas, Crlege ol Weternany Medicize, Comell Linbeersty, Bhaca, Maw York 120575

AESTRACT.  Thiree cecropin-like lviic peplides {I30-1, 1302, amd -2 K were synthestoed with vaclually no sequenos homabepy
with the natural eompound feecrapin ) while retaining the charpe disribution. amphipazhic, and hydroghobic propertcs of the
natural compound. A fearth analop fo-Frl without thess later properties, bul a simmidas moleculas weight, was alsa synthesized
as & nonlytic pepride control. The 3 ytic peplades were cammiped Tor their ahility 10 kL Topaaceesrar o Iy pomasigees m
vilr, intraceilulas amastigotes in vitro, and their toxicity 1o 2 mammabian el e, D0-2 a1 5 o amad T 1 and THC-ZR 20 10
whd were 100% elfioctive 1 kalling, 1 erasi rypemastigoies in vitro, suppesting a1 east a 10-fold increase in bytic activity over
previgus tested lytic peptide analogues, SB-37 and Shiva-1. Whes 1. crem-infected Vesn cells were reated wath a senghe or dowble
eaposure of low concenmratons (25 gh) of DO 1, 02, and D21 thers was 8 significans (< 0.05) redwclion in amastigole
numbersioell when compared 10 aitiesred 2nd a-Fi-treated T eresicinfected cells. ¥Wero cells alone treated witk the Iytic peptides
showed no reduction in nember or lomiciy, One of the peprides (TR0 1) was tested for its toxscily a0 AJ moce and ns abilivy 1o
reduce parasatemas in 1 crusi-infected AJ mice. Mo untoward elfcets were seen i AJ mice injected intravenously wilh 50
mause daily for 10 days. There was a sigoificam (7 < {05) reduction in perusitanis and motaliny by day 14 pastineculation

(From LM% 10 (%) in T2 cmesiaanlocted AT mste given 23 pg of [0 Limouse on days 2,4, 6, 2, apd 10 postisecalatsen

Approximately 50,000 people die of Chagas™ disease annually
and it 1% csumated thar 1618 million people are chromically
infected (Kirchhotl, 1993) MNifurtimaox and bengmadacole are tee
current recommended thermpacs for Chapas™ disease (Vietn 1
al., 194). However, both drugs have signihcant renticaly and do
not effectively delay or prevent the development of clinical man.
tistations of disease (Marr and Drocampo, [986) In fact, 10x-
icity is often so marked, SOMe IMVESHTRAIOTS PIOPOSE 000 WS
these compounds (Marr and Docampo. 1986} Ketoconzrole,
poassypol, and allopurinal have been mvestigated i animals, in
vitro, and in human patieats, respectively, bul, as yer, these
studies show 1o than convincing resalis (MoCabe ¢ al, T9E35;
Gallerana et al,, P9490; Rovin et al, 19905 There is a consid-
erable need for the develapment of new novel approaches 1o

chemotherepy oo s duscase.

Lyt peplides are small proteins of 23-39 amino acd sc-
quences, which are thowght 1w be components of the imducible
defense system of some spesies ol inseels, molluscs, amphibians,
and 2t least 1 mammal (Lee o3 2], F989, Amaong Usese proteing
is the type known eollectively as eecrapins. The prncipal cec.
ropins (A, B, and [ are highly homelogous small basic peprides
the amina-terminal hall of which contains a sequence 1hat may
form &n amphipathic echehy (Andrea et al. 1985) The car
haxyl-termanal half comprises a hydrophobac tal Various sub-
stitution analops of a cecropin from the giant silk moth have a
wide activity apgainst a large number of bactena and prodoroea
al very bow concentrations (Hulimark et al,, 1930; Fayaes eral,
PORG, I1BER, 19493 Alhough the mechanism of action s nol
conmpletely understood, il s thought that cecrepins localize in
the cell membrancs of eells 1o form pores resulting in distuplion
and ysis due 1o a loss of osmolic integrity similar 1o the effects
of complement {faynes e1 al,, 19EE)

We have previowsly demonsirated that 2 cecropin analogs are
100% effective (ar concentratons of 100 ab) in killing T crum
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trypomashipoles i viteo and reducing parnsifosis in Afnican
preen monkey kidney (Vero) cell coliwre (Jaynes oo al., [958
In this paper, we extend these siudies by cxamiming e inoviloo
activity of 3 new ceeropin analogues against 7o crwad, The new
analogues were designed o vary even more markedly in -
quence homology from cecropin B oand the previoosly fested
pepdides while sull retanning U c-kelin amphipathic il (Jayaes
e1 al., 1958) We have further extended previons studey by
aszessing the tosicity of [of the peptides o mice and its ahility
in reduce parrsibermas e T oo srzg-nfecied mice,

MATERIALS AMND METHODS

Lytse peprides were synchestmed using o MilligenBioscarch madel
A050 aulomated pephide symihesecr, which employs Frmoc chemisry
(Ficlds and Moble, 19900 AN reagents were puschasaed Trom Mallipans
Hinsearch (Ran Rafzel, Californiak Upon completion of the synthesds.
the pepude wis clegved Tromy the resin and exhaustively eximacied with
ethyl ether, dissolved. roecn moa salid OO Sacetene bath, and Boph-
itizedd. Sephadex column chromatogrophy was wsed 1o remove all re-
wenimang small orpanic maslecitles and 10 fractionate the peptide mixturne
avcording to size. The fractons werg shell-drozen, Iyephilized, 2nd sub-
jected o HFLC for initial analysis and preparstive wark, The samples
wire prepaned i agqueecus bufler containing 50% methano] and analyzed
in & Varian 3000 HFLC System and & Warsrs pBendapak C18 column,
f-mam o 10ecm radizl pak cartnidge, which cmgdawed the sadial Sami-
pressenn mgdsile, The appropriaie fractions were then subjected W mass
spreciroscopy analv 10 confiom the wentity af the full-length peptides.
The samples were analyeed using o 25200 plasma desarptedn mass
specirometes {PIXS) BIC [ON 20 (Bie [on Nordic AR, Uppsala, Svec-
denl), The oporatseg condiions foe analyses wers as follows: che aocel-
eration voltage was 15 kY with 8 K chamnch boeg monitared for &
duration of 1 million counts daboul [0 mank The cemples were apgphicd
1o a metrocelluloss-comted 1arget in a S0:50 water/ethaned solution, al-
Lorercd b0 absorb Tor 10 mae, ad then loaded amig the snstmamens

The Tulabuen straim of T oz was mamtaimed i AJ e Jack=on
Labwratanes, Bar Harbaor, Maine} by syringe passage of hinod (Trisch-
manm el al, 1278k Trvponssupotss used o infe Al mics wene ab-
mined rom the bload of infected A mice with high parasitemias, The
Tulnhuen sitnin was alsa mainizined in Yero cel! culiure. Trypomas-
Taproses falvo ol 1he Tulahuen siegn mantanssd i Vero cell cuftune] wens
wsed Fr an vitro and Yers coll infection experements 2l a concentnusen
of 3 = 10F arganisma'ml in Dulbecoo's madified Enple’s mediwm
(DER, GIBOCD, Graed lkand, Mew Yeork), supplesented wih 1%
heat-inactivated (36 O, 30 mind fetal bovine seoom (FES)L Farasics were

bl
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Fisurr |, Seqoence comparison of the natural cecropin B with the synthetic yic peptides DOC-1, [30-2, and DC-ZR. The synthebe pepledes
were desipred to have essentially po bemology with the natorl caompound b e whether the briic properbes of cecropin-tike pepides were
highly sequence dependent. In o, the brtie progerics of the syathenic compaunds wens mereased. In additon, DC-2 and DC-IR were desipned
100 b considerably different from 1%-1, bt the propertics of chage distribation, amphipathy, and hydrophobicity present in coaogin B were

aluo conserved im DO-1, DC-2, and DC-2R

caunted and & wiability check perforoed i & modified Neubaver hem-
IO LET.

To determne the sctivity of the peplides aganest Irypomasigees in
witrn, inypoemastipotes harvested fram Vere cell culturcs were imGabansd
lar 1 Br a1 537 € in DMEM-10% FHS with finol concentrations of 10,
5,25, 125, 06as 03125, 005625, and O pM of 120-1, DA0-2, DO.2R
{active Iyvtic peptides), and o-Pi (conirel nonlybe peptide) wiere added
(Jayees ot al,, IFREL The number af motile viahle pamasites afier fregi-
mieml was egainted in o madified Meubmusr hemacyiemeder.

Ta determime the #ntvity of the peplides apuonst 7 crur-anfecoed
Vero cells, Vera cell monalayers wers prepared on Lissue cultune cham-
ber slides {Lab Tek, oo, 4804, Maperville, Winois). Prior e infection,
the cells in the 4 chambers an | slide were trypsinazed, soained for
wiahility using trypan blue, counted in a modificd Neubausr hemacy-
tometer, and avemged o oblam an sstimate of the averape cell count
per chamber. The monolayers were washed 3 tmes with phosphate
bffered saline (RS a1 37 . Seme monolayors werd ¢xpased oo
sus pension of IrVEpmasligoles in [AEM=10% FRS {1 ml'chamber)
The final concenteation of rypemastipofies was caloelited based on a
ratio of 11 parastes 10 ¥Yere cells. The parasites were albowed 10 in.
sernalize within the ¥ero celis for 24 hro Ad this lme, a et of 77 cruzn-
nfeeted culiores was fined and stained wath Wright's stain and s
clesignated 2% e Z4-lr contred ealture. The media from the remaining
slidles wns remoscd and Dresh DIMEM-E0% FRS alone {sonrel) or con-
g 0=, D02, DO-ZR, or o-Fe (205 pM each) were adeled 10 the
cultures. Alter a funher 24 hr of incabation a1 37 ©, a et of 70 oruzi-
infecred cultures funtreated control and peptide-trcated) was fusd and
staaned with Wright's stain. Modm were remaved from ather cullurcs,
and again, fresh IMEM-10% FBS alont {coatrol} or containing DiC-1,
D2, DC2R, oro-Pr{2 .5 oM ench ) were added to the euliures, Caltunes
s incuhated (37 ) for o Turlser 24 hr afier which they were Tiied
anel stained warly Wright's stain. Mumbers of parssitesinfected cell were
determined by cosntang the toal number of imtaceilular paresies in
200 infected cells/Lreatrment and by dividing by the number ol mliscied
crlls counted (Jnynes o1 al., V985

To determine the ¢lfeo of the hric peptides on the Vero cells them-
selves, we assemed the ellects of low concentrations (2.5 ubd) of cach
pepaide on Vera cefls alone. Monotayers of Yero cells were preparcd on
lissue cullure claamber slides as above by platng our 10 Vera cells'ml
{1 ml/chambert in DMEM-10% FES. After 24 br, the eelis a0 several
chambers were trypsinimed, stained for vizbiliny using trypan blue, cowned
m 2 madiled Meubauer hemacylomeler, and averaged fo obiain a more
accurte estimate of the avesags cell countfchamber, Orher maaolapsrs

were washed 3 fmes wash PHS an 37 O, then Gesh DMEM-10% FBS
alone (control} or conlxinamg [H0-1, [40-2, TO-2R, or o-Pd (2.5 b
cach] wis added to the coltures. Cultures were iscubated (37 C) for 2
further 24 hr aller which several peptide-treated (reproscaling sangle
exposure of peptides) and uniremed (control) cultwres were irypsinized,
staimed for viahility using trypan Bec, asd counted 25 above Media
werre termved rem other cultures, and again, lrah DMEM-10M% FBS
abone (contral} or conlammng DX0-1, O-2, DOSIR, or e-Fi (2.5 b
each) was added 1o the cultures, Culures were incubated (37 Cf for a
further 24 Ty after which peptide-treated {reprctenting doable cxposed
cultures) and umircated (eentrods) were trypsinized, stadred Fog viabalaty
using trypan bloe, and counled as aboves,

To deteraune of 1he Iytic peptides had any Wity o umtected Aj
mice, 6 AT puice were given 30 pg (apprecimately 3 pedp body gl
nf DO mausedday, and & muice wers injecied with PBS {control graaph
far 10 conseciive doys, Mice wene weiphed and observed daily for il
clliocls.

To tesi the oficucy of D=1 o reducing parasitemia in AJ mioe, 5-
-wk-0dd frmale mice wene inlocied by moculating imraperitanenlly 10
Bload-Torm irypomastipetes. The AJ mous: 1 an inbred stron that is
very susceplible to the Tulahizen T ozt isalate producing 100% oreu-
nality by 14 days postinocalation (FIL Frgpasosoes cruzié-infecied mice
were npected intmvenausty (1.v.) in the il vein on days 2, 4.6, B, amd
10 PI, wath 25 g of -1 60 PRS (growp L, e = L), a-Plin PES {group
2ono= 10, ar PBS alonc {proup 3, & = 10) Mice were weighed daily
and observed for ill effects 1o day 14 PL AL day 14 P, monality was
also delermmed per groip, Pamsitemia was determined every thard day
starting on day 3 PI untal day 12 FI. Tasl vein blood samples {10 gl)
from each infecied mowse were mixed with S0 pl ol 008 3% amnoniam
chloride 1 lyss red cells, and then parasites were counted inoa modificd
Meahauer hemocylomeler chamber (Postan e al, 19835),

RESULTS

Bv modilying the primary sequenos of cecropin B, we have
shewn previously that the biclogieal activaty of the newly pao-
dured peplide may e maintained as long as o-helical amphi-
pathy is retained even thouph sequence homology 15 lost (Jaynes
el oal., P9ESL The peptides used in the following experiments
(TRC=1, THC-2, and [HC-ZR, and the control sonactive peplide,
w-Fi) lacked sequence homaology with cecropin B (Frp. 1), but
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Fisuke 3. Effeos of D1, DEO-20 and DIEC-2R (L5 &M each) on

Trypersrsnn cruzi-nfecied Yera cells with a double cxposuse of lytic
peptide a1 24 and 48 br postinogulation, Parasitosis is expressed as the
number of parssates per infected cell. A sipsalecant {F < 001 reduction
in the number of parasites per infecied cell was found when compared
watly infecied control &-Pi- and DM EM-FBES-ireated cultures at 24 and
48 br postireatment,

Tanme | Effccis of popisdes on Vero o2l numbers after a sinpls {A) or
dauhle (1) exposure (24 hr aller the Brst o posure) af 1he pepides?

Yoepa coll nambers (= 1005

Pepudes (2.5 @b} A B

[3MFEM-FRS .04 + 021 324t Qe
w14 236 1 (h15 502 145
JE_ 8 | 204 + (k22 4.04 t |47
TH-2H 202 + 3.2 336 4 ud
-2 I R 316 £ (3]

* Mip wgnificanl {F > 001} daflerences wer nodod 0 tee numbers of Yera onll
betwoen cach of dhe belic peptides (12001, DH5-2, and DH0-2R0 and che cancral
pepLide (2 P} or meds atone (DMEM-FRS: Yalues represent the ms2an & 5D
Yere oell nunybers of 2 coants each fom T oreplscates {4 mesremesls Go cnl
irrxtmeni]

the heaologacal activaty against 7. crusi of each of the new peplides
was markediy enhanced {by approximately 100 times) over the
welvity of cocropin B oas shown hy the movalre CRPREILIENTS,

All the lyue peptides (Dr0-1, DiC-2, and DOC-2R) kalked Vere
cell-derived trypomastizgoles moa dose-responsive manner, and
100% kslling was achicved at low molarities (5= 10 gM). Then:
was little dilference hetween the 3 peptides (excepd thot THC-2E
was approsimately 2-fold maore effectave than [H0-1 and DO-2
on & ph basis) i kelling trypomastipotes {Fig. 2. Signiticant
reductions (using & 2-tailed Stodent’s -t £ < 0.01) in wry-
pomastipoic nwmbers (rom control levels) oooormed for 1302
and DC-2R a1 peplde eoncenifatons less than 0625 xMM and
for [M2-1 at a concentration of 1.25 aM. There was hinle dowb
as 1o the dillerencs between those parasites affected by the toxn
and those not affecied. Those wnallected were morphalogically
miacl, motke, and were s1ill capahle of infecting Yero ool cul-
fures {data nol shaown), whereas thase affected appenred com-
pletely Lysed as demonstrated previously (Jaynes ot al., 19881

In expenments 1o determine the activity of the peplides agamnst
T ocrumi-infected Vero cells, theae was a .ﬂ:':g.ni.flcam. (P < 0.05)
recluction in the numbers of intracyloplasmic pansilesdmlecied
Vero cell for all the Iyue peptides when weated with o single or
double exposure when compared to treatment witl: e nonlyiic
peplads conteol, a-PL{Fip. 3. The sipnificance of the reduction
was greater after dowhle exposure compared 1o sinple exposure,

Thers was no sipaifoant (P = 0.03%) reduction i e nomber
of Vero cells when treated with peptides alone, showang Title,
il anv. effecy of the peptides at 2.5 oM on Vero cell culiures
[Takle 1.

Mo ill effects or Ioss of body weight were observed in any of
the & AJ mice given 50 of DC-1 for 10 days when companced
with the age- and sex-matched PES-treated control groug (it
ot shown).

The tume course of development of porasitemias in Al mscs
infecied with the Tulabuen stram of T orezi with no interven-
niors 16 similar that depicted by mice trested with &-Fiand PES-
treated controls (Figo 4) Typcally, parasiternias are detectable
by day & PI, ihen rise 10 3 peak {approsimately [0F parasites!
ml of hiood) by day 12 PL Mice begin 1o die by day 12 P@ and
mortality reaches 100% by day 14 Pl Trppeaosomae crusi-in-
lected ouee wreated with DC-1 still developed panmesilems Ul
were sipnificantly (F < 0.05) reduced a1 day 12 FI below par-
asileimias in mice treated with the o P and PES-treated con-



trials alone (Fig. 4} Mice inpected with T2 showed no il effects
o loss of weight as a result of the treatment. By day 14 P,
martaliy wag 100% in the a-Fr- and PRS-treated groups. Mor-
Lality was Q% in the [DO--treated group by day 14 P1, By dav
21 Pl {the longest the animals were followed out), 2 of the 10
mice [20%0) had dued.

DISCUSEION

Lytac peprides fall into 1 of 4 classes based on the armangement
of amphipathic and high positive charge density within the maol
ecule. f.'ur_'rupin:s (35 mmneno acuds in lengik) from the giant silk
muath Hpalaphons cecropin have 2 mostly hydrophobie C-ter-
minal end and amplapatloc MN-terminal end (van Holsten et al,,
I985). Magarmins (23 amino acids in length) from the African
clawed frop XYesnopus laevis are amphipathne the full kength of
the rllﬁltxulc:{?.;.uxlu.l'!"._ 195 T Melihing (26 amino acids in lengih)
from the honeybee have an amphipathic C-terminal end while
the M-twerminal half s mawmly hydrophaobe (Haberman, 1972)
Finally, sarcotoxins {slightly lerger peptides than cecropins) are
purified from the Reshfly Sorcaphiage peregrine (Okada and Ma-
wori, 19850

We have previously demonstrated 1hat two analogs of cee-
ropin B, SB-37 and Shiva-1. were 50% and 100% cllective,
respectively, i killing T cruzi trypomastzotes in vitre when
used at g concentration of 100 M {Jaynes et al., 1988 These
anatogues varied only slightly from cecropm B in amine acid
sequence homalogy, bul the charge distribution, amphipathic,
and hydrophobic properties of the natural molecule were con-
served (Jaynes €1 al, [9B8) In this paper, the analopues were
i!l.'.s;igm:l.l 1 have esseniially no seguence homaology with cec-
ropin B {Fig. 1) 1o tes1 whether the betic properics of cocropin-
like peplides were ooany way sequence dependent, Qur dita
suggest {that Iytic properties are sequence independent. However,
becawse the propesties of charge distribution, amphipathy, and
hpdrephobacily present mn cecropan B owere also conservesd in
DiZ-1, THC-2 and DHC-2R, bt not in a-Pi (nonlytic contral pep-
tide), these properies would appeir 10 be imparlant i retining
the: Ivtic property against 77 crasi of the analegees. In fGct, the
Iytic properties of the analops were increased as demonstrated
in this paper by the ability of D=2 at 5 obd, and [X-1 and
DC-2R e 10 pM, 1o be 100% efizctive in killing irypomastigotes
in vitre, abowr a 10-20-fold increase in activity over S8-37 and
Shiva- 1, respectovely. A sypnificant reduction i trypomastigole
numbers from those freated with 2 control peptide occurred
when -2 and O-2R pepude concentrations of less than
D0.625 pM, and D2C-1 was 125 oM, were applied to trypomas-
tigotes (Fig. 1), Furthermore, although thess assavs were per-
formed over an hour, the magosiy of the parasiies killed oe.
curred within the first few minutes after peptide—parasite contact
{resulis not shown), These results demonsirate than teese 3 coe-
rognng are extremely effective al low concentrations in killing
T, crusi trypomastizgodes.

Why a cerain percentape of Irvpomastgoles ane not kalled
ol knovwm, As a T oo isolate has been shown to be made up
of several clones with different characieristics (Postan en al.,
1983}, 11 5 concervable thal those bypomasiipoles surviving
tow concentrations of the Ivtic peptides are of a single clone of
e Tulahwen T erwsy isolane and do not represent @ oross seclion
ol all the: clones making up the isolate, Further studies are un-
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FrGUre 4. Parasinensas i AJ mnos inoculaicd afler v, mjection

willy THC-1, o- P, or PRS (25 sp/mousefinjection) on days 2, 4, 6, 8, and
10 postinoculation with Trypgorasoms cacr. A significam (& < $01)
reduacteon i parasitenma occurmed on days 9 and |2 postineculation im
D= T-trcated muce when compared o cather a-Fi-incated ar PRS-treated
mice.

derway 1o elucidare if the peptides are clone specilic i ther
killing, within a ¥ cruzd isolate.

W next trested 70 cresianfected Vero cells with a douwbic
exposure of the peptides o determine tee cffeers ol the 3 peptides
on the amastigons form of 72 crezd alter imtermalization (Fig. 31
The marked reduction in numbers of amastipores afier 1 ap-
plication of the peptide, bur particularly after a double wppli-
cation, demonstralies thet the peptide activity against the par-
astle is effective even when it is in an intcacellular focaton.
Furthermore, the fact that there was no sienihoant reduction in
the numbers of viable Vero cells from control bevels afier ap-
plication of the peptides suppests that the pepades are nontoxac
o thie cells am spene of killing the organesm locned within (Table
). How the Iytic peptides destroy intraceliular amastigote forms
without damaging the host cells 15 wnkmown. 104 thought thag
the peptide localizes n the host cell membrane by its hydro-
phohic portion, Howewver, if it is (o destroy the intracyioplasine
parasite, it necds 1o cross host cell membrane 1o exert s activity
on Lhe parasite. Omne explanation for the peptides” lack of tosicity
1o mammalian cells is that mammalian cells can repair the
Fesions induced by the peplicdes whereas the pamsite cannot, We
are currendly conducting experiments 0 1y e resolve these
isswes using radiolabeled bvtic peprides.

As T orezd spreads throughout the body by the hematogenous
route we determined that 1w bave an effect on pamsiem, the
peplide would need fo reach the circulation. Bacauses we folt
that the peptade would have litte chanee of being absarbed intn
the circulation afier dfm.g,l: by anodher ronie, o.g., orally, sub-
cublineously, and miramuosculady, we chose 1o administer the
peptide v We first determined thar 1201 was nonloxie o mice
when 50 gedmouwse wiss administered daily for 10 days, Dacaose
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wi were unsure thar this dosape mepimen would Be nonloxe m
T rrazianfiectod muce, we usod a reducedE regimen of 25 gz of
CrC-Efmonse injecied v, for 5 treanments. Thas regome syl
icantly reduced parasilenua amd maorahiy aller 14 days 11 (Fig.
4% W gre curmenily assessing different methods of adminisira-
tien, dosape. and the cllscts of ireatment on perasilemia and
ssue patrasiioss in both seubely and more chronically infectied
animals 1o improve the efficacy of these agents.

The mechansm ol action of cecropans 1% nal complelcly known
However, severil moddes of membrane snieraction leading 10
cytolysis have been proposed. The amphipathic helix may lo-
calize an the membrane surface so thal the presence of the helix
m the hemd groop reeion disornders the lipid bilaver (Cempscy,
1590, Anciher proposed mechanism suppests that the peptide
m:’gamem foamn 1on channels in the membrane, which resulis in
osmudically induced lvsis (Dempsey, 19340) Others supgest than
the Iytic peptide causes apgrepation of natve membrane pro-
teins, which nesull m the formanon of chonnels or pores (Flne
edal, T490% Finally_ it has been sugpested that the Ivtic peptide
causes release of phosphalipid, which resulls i osmotically in
duded 1vges (Roatsu el al, 198Y). Irrespective of the mechanism,
the resulis presented here sepgest that some cocropin peplides
may be effective apents apzingt both rypomastpotes and intra-
cellubar amastigote forms of 77 cmzs
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