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stract:

A peptide from hindguts of the Triatoma hematophagous Chagas’ insect vector activates adenylyl cyclase
activity in Trypanosoma cruzi epimastigote membranes and stimulates the in virro differentiation of
cpimastigotes  to meiacyclic trypomastigotes.

The following sequence for 20 residucs of the amino terminus of this peptide was determined: HaN-Met-
Leu-Thr-Ala-Glu-Asp-Lys-Lys-Leu-lle-GIn-GlIn-Ala-Trp-Glu-Lys—Ala-Ala-Scr-His.  This sequence s
identical to the amino terminus of chicken aD-globin.

A synthetic peptide carrying the scquence of the 40 amino acids corresponding to the aD-globin amino

terminus (pcptidcl__w). also stimulated adenylyl cyclase activity and promoted differentiation. The

125} 1abeled synthetic peptidey. 19 boind specifically to T. cruzi epimastigote cells.

The effects of hemoglobin or synthetic peptides carrying aD-globin fragments on both the growth and
transformation of T. cruzi epimastigotes into mectacyclic trypomastigotes were studied in the insect
vector. Metacyclogenesis did not occur when the insects were fed with plasma. However the
differcntiation in the insect’'s gut is expressed when hemoglobin or synthetic peptides corresponding to
residues 30-49 and 37-73 of the aD-globin were added to the plasma diet.

A nitric oxide synthase was partially purified from soluble extracts of Trypanosoma cruzi epimastigote
forms. The conversion of L-argininc to citrulline by this enzyme activity required NADPH and was
blocked by EGTA. The reaction was activated by Ca’, calmodulin, tetrahydrobiopterin and FAD, and
inhibited by N*-methyl-L-arginine. L-glvtamate and N-methyl-D-aspartate  (NMDA) stimulated in vivo
conversion of L-arginine to citrulline by cpimastigote cells. These stimulations could be blocked by
EGTA, MK-801 and ketamine and enhanced by glycine. A sodium nitroprusside-activated  guanylyl
cyclase activity was detected in cell-free, soluble preparations of Trypannsoma cruzi epimastigotes. L-
glutamatc, NMDA and sodium nitroprusside incrcased epimastigote cyclic GMP levels. MK-801 bound
specifically o T. cruzi epimastigotc cclis. This binding was competed by ketamine and enhanced by
glycine or L-serine. Evidence thus indicates that in Trypanosoma cruzi epimastigotes, L-glutamate
controls cyclic GMP levels through a pathway mediatcd by nitric oxide.

-1-




OBJECTIVES/METHODOLOGY

- (proposed it the timeof the submission of the researéh proposal):

OBJECTIVESMETHODOLOGY

This project proposes studies on a polypeptide recently found in this
laboratory that was purified from hindguts of the insect vector Triatoma
infestars. The polypeptide, stimulates adenylyl cyclase activity in the
epimastigote forms of the Chagas’ disease pathogenic agent Trypanosoma
cruzi. and determines, in vitro, the differentiation of the epimastigote forms
(proliferative and non-infectious) to the corresponding trypomastigote forms
(non-proliferative and infectious).

The polypeptide will be extracted from several hundreds hindguts from insects
fad two days before with chicken hemoglobin and it will be purified to
homogenizity by HPLC on C18 and C4 columns.

The peptide will be subjected to amino acid micro-sequencing and the sequence
will be analyzed in a data bank to determine putative homologies with known
proteins.

Peptides having the sequence of the hindgut factor or those corresponding to
homologous known proteins, if any, will be synthesized. The capacity of these
peptides to stimulate epimastigote adenylyl cyclase and differentiation will be
analyzed. Having a positive effect the corresponding dose-response curves will
be determined.

Synthetic peptides will be labeled with 125 in the presence of chloramine-T
and the corresponding epimastigote receptor will be characterized in cells and
membrzne preparations. Receptor purification will be performed and, if it is
possiblz, molecular cloning of this receptor will be intended.

Polyclonal antibodies against these peptides or the protein showing homology
with the hindgut factor will be prepared. antibodies will be prepared. All these
antibodies will be used to study putative effects at the level of infectivity in
both, in vivo mouse and in vitro macrophage models.

1. Purification procedure

Triatoma infestans intestines will be excised from adult insects fed with
chicken blood, homogenized in PBS and centrifuged. The supernatant fluid
will be filtered through a Sephadex G-25 column and the fractions eluting
between the exclusion and inclusion peaks will be passes through Sep Pak-Cl8.
After concentration, the material eluting with 15 to 50% acetonitrile will be
further purified by HPLC in a CI8 column which will be eluted with an
acetonitri'e gradient (12 to 56%). After concentration of the active peak,
eluting at about 43% acetonitrile, the material will be further subjected to
HPLC on a C4 column eluted with a acetonitrile gradient (0 to 40%). The
homogencous material eluting at about 32% acetonitrile will be used for
further studies.

2. Criteria of purity

Purity of the polypeptide will be assertcd by three procedures:

1. Peak simetry in DO230 topograms in two successive HPLCs;

2. Presence of only one band in 20% PAGE gels stained with silver; and
3. Detection of only one amino-terminal in the scquencing procedure.




3. Aminoacid composition

It will be performed by the procedure involving the generation of PTC-
derivatives, from at least 50 pmoles of peptide. in a automated equipment for
gas phase hydrolysis and derivatization (Applied Biosystems Model 420A
Derivatizer/Hydrolyzer),  followed by HPLC separation of amino acid
derivatives in a CI8 column using a Model 130A equipment from Applied
Biosystems provided with a Model 920A data reduction system. All the
procedures will be done following ths instructions of the manufacturer.

4. Aminoacid sequencing

It will be performed, from at least 200 pmoles of peptide, in a Model 477 Applied
Biosystem Sequencer, using the Edman degradation chemistry that generates
amino acid-PTC derivatives. Derivatives will be resolved by HPLC by a
procedure similar to that described above.

5. Oligonucleotide synthesis

It will be performed with the phosphoramidite chemistry in an Applied
Biosystem Model 381-A. After cleavage with ammonia, oligonucleotides will be
desalted in Sep-Pak cartridges.

6. PCR

RNA from total insects or from gut will be extracted with gluanidinium
isothyocyanate an purified by centrifugation on cesium chloride as described
by Sambrook et al. (Molecualr Cloning, 2nd ed., CSH Laboratory, 1989, p.7.3).
General procedures for PCR and mixed oligonucleotides primed amplification
of ¢cDNA will be those described by Lee and Caskey (in PCR Protocols, Academic
Press 1990, p.46.).

7. Cloning procedures

Methods for Preparation of libraries and cloning will be those described by
Sambrook et al (Molecualr Cloning, 2nd ed., CSH Laboratory, 1989, p.7.3.).

8. Peptide synthesis

Peptiages will be synthesized by procedures described by Van Regenmortel et
al. (Synthetic Polypeptides as Antigens, Elsevier, 1988). Deproctection and
coupling will be performed in a Model 431-A peptide synthesizer (Applied
Biosystems), with F-MOC chemistry.

9. Peptide iodination

Since preliminary data indicates the existence of at least one tyrosine,
triatomine will be labeled with 1251 with "iodo-beads” (Pierce) according to the
procedure of Markwell (Anal. Biochem. 125, 427-432).

-23-




RESULTS =
(compare agalnst the set objectives)

Peptide purification and characterization of its biological ecffects.
A peptide from hindguts of the Triatoma hematophagous Chagas’ insect vector
activates adenylyl cyclase activity ir Trypanosoma cruzi epimastigote membranes

and  stimulates the in vitro differentiation  of epimastigotes o metacyclic
trypomastigotes. Hindguts were obtained from insects fed two days before with
chicken  blood. Purification was performed by gel filtration and high

performance liquid chromatography on Cjg and Cgcolumns. SDS-PAGE of purified
peptide showed a single band of about 10 kDa.

Peptide sequencing.

The following sequence for 20 residues of the amino terminus of this peptide was
determined: H)N-Met-Leu-Thr-Ala-Glu-Asp-Lys-Lys-Leu-Ile-Gin-Gin-Ala-Trp-Glu-
Lys~Ala-Ala-Ser-His. This sequerce is identical to the amino terminus of chicken

aD—globin. After western blotting, the peptide immunoreacted with a polyclonal
antibody against chicken globin D.

Synthesis of peptides and characterization of their Dbiological
effects.
A synthetic  peptide carrying the sequence of the 40 amino acids

corresponding to the aD-globin amino terminus (peptidel 40). also stimulated

adenylyl cyclase activity and promoted differentiation. These stimulatory

effects were observed at peptide concentrations higher than 10-10 M. Dose-
response curves for both effects were coincident.

In order to determine with more precision the primary structure of the active
region, some other synthetic peptides were tested for their effect on
epimastigote adenylyl  cyclase. Peptide 30.49 was a little less active than
peptidej.40. Peptide 35.73 resulted much less active and peptide 47.73 was
inactive. However, the latter peptide enhanced the effect of peptidej.49 on
aderylyl cyclase.

Lahcling of peptides and receptor characterization.

The !251-jabeled synthetic  peptidej.40 bound specifically to 7. cruzi
epimastigote  cells. Displacements  of the labeled ligand by the unlabeled
peptide|.40 or peptide 30-49 were identical, giving an estimated dissociation

constant of 2 x 10-9 M and about 2000 receptors  per cell. Peptide 35.73 and
peptide 41-73 were less cfficient in the displacement of the labeled ligand.

Preparation of antibodies.

Further support for the authenticity of the glorin-derived peptide was
obtained by characterization  with a rabbit anti-chicken globin D antibody.
After western blotting, the hindgut peptide immunoreacted with this antibody.

In viveo and in vitro characterization.

The effects of hemoglobin or synthetic peptides carrying a'-globin  fragments
on both the growth and transformation of T. cruzi epimastigotes into
mctacyclic trypomastigotes were studied in the insect vector. Mctacyclogenesis
did not occur when the insects were fed with plasma. However the
differentiation in the inscct’s gut is expressed when hemoglobin or synthetic




Work plan and time schedule
2. (orlginally €nivisaged) -

Working plan.
It has been described in previous sections.
Time schedule.

Ist. period: Peptide purification and characterization of its biological effects.
Peptide sequencing.

2nd period: Synthesis of peptides and characterization of their biological
effects.

Labeling of peptides and receptor characterization.

3th period: Preparation of antibodies. In vivo and in vitro characterization.
Receptor cloning.




peptides corresponding to residues 20-49 and 37-73 of the aD-globin were added
to the plasma diet.

Reccptor cloning.

Since the receptor for globin-derived peptides activates adenylyl cyclase
activity through a Gs protein it structure, like a P-adrenergic receptor shouild
be analogous to those having seven intramembranous-spaning hydrophobic
domains.

In order to initiate work on the cloning of sequences coding for the T. cruzi
receptor, oligonucleotides having sequences corresponding to the 3th
intracytoplasmic loop of the humand B-adrerergic receptor were prepared.
Using such oligonucleotides in an RT PCR four bands were obtained which are
in the process of to be sequenced.

Other work done not related with this project.

A nitric oxide synthase was partially purified from soluble ex‘racts of
Trypanosoma cruzi epimastigote forms. The conversion of L-arginine to
citrulline by this enzyme activity required NADPH and was blocked by EGTA.
The reaction was activated by Ca”, calriodulin, tetrahydrobiopterin and FAD,
and inhibited by N®-methyl-L-arginine. L-glutamate and N-methyl-D-
aspartate (NMDA) stimulated in vivo conversion of L-arginine to citrulline by
epimastigote cells. These stimulations could be blocked by EGTA, MK-801 and
ketamine and enhanced by glycine. A sodium nitroprusside-activated guanylyl
cyclase activity was detected in celi-free, soluble preparations of Trypanosoma
cruzi epimastigotes. L-glutamate, NMDA and sodium nitroprusside increased
epimastigote cyclic GMP levels. MK-801 bound specifically to T. cruzi
epimastigote cells. This binding wis competed by ketamine and enhanced by
glycine or L-serine. Evidence thus indicates that in Trypanosoma cruzi
epimastigotes, L-glutamate controis cyclic GMP levels through a pathway
mediated by nitric oxide.
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Work plan and time schedule
' “(actual) -

Projcct landmarks dumllon of individual tasks {use bar charts): evaluation cr‘llcria (pubhcauons
patents. services. training)

The plan and the schedule followed details and characteristics described in
previous sections.

The most important results in these study is the discovery of the mechanisms
used by Trypanosoma cruzi for the differentiation of epimastigote to
trypomastigote forms. This contribution is absolutely new in the field.

The duration of the individual tasks are those indicated in the time schedule.
Three papers in international journals were published and one more is in
preparation. Another paper was published related to metabolic regulation in
Trvpanosoma cruzi, but the characteristics of the studies described in this’
paper were not included in the project proposal.

One graduate student (now Dr in Chemistry) presented its Ph.D. Thesis in the
field covered by this project. Three more are working in their Doctoral Thesis.

[#;]
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ST S TSN NE’IWORKING T

-International Centre for Genetic Engineering and Biotechnology (Trieste-
Ttaly).

-Fundacion Oswaldo Cruz (Rio de Janeiro-Brazil).

-Department of Biological Chemistry, University of Buenos Aires School of
Pharmacy (Buenos Aires-Argentina).

-Department of Microbiology and Immunology, University of Buenos Aires
School of Medicine (Buenos Aires-Argentina).
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J.. Montagna, A.E., Farber, M., Esteva, M., Flawi4, M.M. and Torres, H.N. (199%) J. Biol. Chem.
in press.

“Induction of Trypanolsoma cruzi metacyclogenesis in the gut of the hematophagous insect
vector Rhodnius prolixus by hemoglobin and peptides carryin  aD-globin  sequences™ (1995)
Garcia, E.S., Gonzalez, M.S., Azambuja, P., Baralle, E.E., Fraidenraich, S., Torres, H.N. and Flawid,
M.M. (1995) Exptl. Parasitol. in press.

“Globin-derived peptides and hemozlobin act as a novel agonist-antagonist  system which
modulates Trypanosoma cruzi adenylyt cyclas~"Fraidenraich, B., Baralle. F.. Torres. H.N. and
Flawid, M.M. in preparation.

“Purificacién, sccuenciacion y caracterizacién  de un péptido  presentc  en ¢ intestino  de
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Part 4

{ STATEMENT OF EXPENDITURES ]
To be filled by ICGEB To be filled by the Affiliated Centre
Budgets as per original proposal Summary of expenditurcs *
1} Capital cquipment Uss....6.032.- .. 1) Capital cquipment US$ it
2} consumables Uss$ ...40.737.68. 2) consumatles USS e,
3) training USS ... S 3) training USS$ s
4) literature UsS$ ......1.2097.,85. 4) literature USS e
5) miscellaneous Uss$ ... 6.071,95. 5) miscellaneous USSP ..
TOTAL GRANT US$....24.139,48. | TOTAL USS.uevoavancrracnens
Please itemize the following budget categories (if applicable)
qlapital equipment
E. Machines, Model 1324-XL Futura SX, 24-Bit accelerated nubus video card; Color

monitor complete with software and cable; 4 MB SIMMs FOR MAC IIci (16MB total);

2 MB SIMMs FOR MAC IIsi (8MB total); 4 MB SIMMs FOR MAC LCII (8MB total); Daystar
universal Power Cache Card, 50 MHZ, with 68882 Math coprocesor; C550D II Si Nubus
adapter with math coprocesor n? 68882; SCSI Terminators; RO705 SCSI Peripheral cable,
8 FT; RO707 SCSI Peripheral cable, 3 FT.

Fax Panasonic WF-F700; transformador D y D W100.

Horno Microondas BGH, Modelo 13300.

Training (provide names, duration of training, host laboratory)

o

Literature

Reprints: PNAS, Cell, Current Biology.

{
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N
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/rccclp(s etc.; these should be kept by the Aflillated Centre for fulure reference and sent
(n ICGEB upon requiest.
*¥ except for invoices ¢hat are required in connexion with paragraph 5. of the Contract.
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An oP-globin fragment from Triatoma infestans
hindgut stimulates Trypanosoma cruzi adenylyl
cyclase and promotes metacyclogenesis

DIEGO FRAIDENRAICH!, CLARA PENA?, ELVIRAL ISOLAS3,
ESTELA M LAMMEL3, OMAR COSO!, ALBERTO DIAZ ANEL!,
FRANCISCO BARALLE*, HECTOR N TORRES! and MIR THA M FLAWIA!

Instituto de Investigaciones en Ingenierfa Genética y Biologfa
Molecular, CONICET, and Facultad de Ciencias Exactas y Naturaies,
Universidad de Buenos Aires, Buenos Aires, Argentina.
nstituto de Qufmica y Fisicoqufmica Biol6gicas, CONICET, and Facultad de
Farmacia y Bioqufmica, Universidad de Buenos Aires, Buenos Aires, Argentina.
3Departamento de Microbiologfa, Facultad de Medicina, Universidad
de Buenos Aires, Buenos Aires, Argentina.

“Intemnational Centre for Genetic Engineering and Biotechnology-Trieste
(UNIDO), Trieste, lItaly.

A peg:ide from hindguts of the Triatoma infestans, the hematophagous Chagas’
insect vector, activates adenyi* [ cyclase activity in Trypanosoma cruzi epimastigote
membranes and stimulates the in vitro differentiation of epimastigotes (proliferative
and non-infectious forms) to metacyclic trypomastigotes (non-proliferative and
infectious forms). The peptide was purified from hindguts of insects fed two days
before with chicken blood. After purification, the peptide showed upon SDS-PAGE
a single band of aboui 10 kDa. The sequence for 20 residues of the amino terminus
of this peptide was: H,N-Met-Leu-Thr-Ala-Glu-Asp-Lys-Lys-Leu-lle-Gin-Gln-Ala-
Trp-Glu-Lys-Ala-Ala-Ser-His. This sequence corresponds to the amino terminus of
chicken oP-globin. A synthetic peptide with the sequence of the 40 amino acids
corresponding to the amino terminus of a®-globin, also stimulated T. cruzi adenylyl
cyclase activity and promoted metacyclogenesis.

INTRODUCTION

Trypanosoma cruzi, the etiological agent of
the Chagas’ disease, undergoes complex mor-
phological changes throughout its life cycle in
both the insect vector and the vertebrate host.
Metacyclogenesis is the differentiation process
that occurs within the hindgut of the hemato-
phagous Triatoma infestans insect vector. This
process converts T cruzi epimastigotes, which
are proliferative but not infectious, to meta-
cyclic trypomastigotes, the infectious and non-
proliferative parasite forms (Brenner, 1973;
De Souza, 1984).

Metacyclogenesis can be induced in liquid
cultures under a variety of conditions. They
include the presence of mammalian serum
components (Dusanik, 1980), the use of me-
dium mimicking insect urine (Contreras eral.,
1985), and metabolic stress (Castellani et al.,
1967) or by growing epimastigotes with
Triatoma infestans hindgut extracts (Isola 2t
al., 1981, 1986).

Studies on the mechanism that causes T.
cruzi differentiation revzaled that metacyclic
trypomastigotes have higher intracellular
cyclic AMP levels than epimastigotes (Rangel-
Aldao et al., 1987). Other findings showed that

¢ Correspondence: Mirtha M. Flawis, INGER!, Cbligado 2490, 1428 Buenos Aires, Argentina. Fax: (54-1)786-8578.
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addition of exogenous cyclic AMP or its
analogs to epimastigote cultures causes
metacyclogenesis (Gonzédlez-Perdomo et al.,
1988). Moreover, our evidences showed that
T. cruzi epimastigote membranes possess
adenylyl cyclase associated to G a5 subunits
(Eisenschlos et al., 1986) and that G a; and G
B polypeptides are also located in these mem-
branes (Coso et al., 1992).

A basic question arising from these findings
is whether a molecule present in Triatoma in-
festans hindgut might be capable to activate
epimastigote adenylyl cyclase and thereby to
cause metacyclogenesis. Here it is reported
that a globin-derived peptide purified from
hindgut extracts is responsible of T. cruzi
epimastigote adenylyl cyclase activation and
metacyclogenesis.

METHODS

Parasite and Insect Strains. Trypanosoma
cruzi epimastigotes of Tulahuen and RA strains
were maintained by weckly transfers in bi-
phasic medium and harvested during the ex-
ponential growth period (Isola et al., 1981,
1986). Cell cultures had less than 1% of
metacyclic forms.

Non-infected Triatoma infestans in the fifth
or adult stages were reared at 28°C and 60%
relative humidity and weekly blood fed on
chickens. Hindguts were processed 2 days after
blood feeding.

Membrane Preparation. T. cruzi epimas-
tigotc membrancs were prepared according to
Torruclla et al. (1986).

Factor Purification from Hindgut Homo-
genates. Hindguts were homogenized in
phosphate buffer/saline (5 ml per g) and
centrifuged for 15 min at 10,000 g. Aliquots
(10 ml) of the supcmatant (“crude extract™)
were passed through a Scphadex G-25
(medium) column (3.5 x 50 cm), cquilibrated
with 50 mM Tris-HCl buffer, pH 7.5. Fractions
that activate adenylyl cyclase in epimastigote
membranes, designated “Sephadcx prep-
aration”, were pooled and passed through Sep-
Pak C,; cartridges (Waters, Milford, MA,
U.S.A.; 10 mi per cartridge) equilibrated with
water. Each cartridge was washed with S ml
of water followed by 5 ml of 15% acetonitrile
(v:v) in water and subscquently eluted with 10
ml of 50% acetonitrile (v:v) in water. "“Sep-
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Pak C,q eluates” were pooled and vacuum-
concentrated to dryness. The material
corresponding to 400 hindguts was
resuspended in 0.5 ml of water and further
purified by reverse phase C;3and C, HPLC as
described elsewhere (Fraidenraich, Pefia, Isola,
Lammel, Coso, Dfaz-Afiel, Baralle, Pongor,
Torres, Flawi4, manuscript in preparation).

Peptide Sequencing. Amino terminal amino
acid sequence was determined, from about
250 pmol peptide, by automated Edman de-
gradation using a protein microsequencer
Model 477A (Applied Biosystems Inter-
national).

Peptide Synthesis. Solid-phase peptide
synthesis was performed on an Applied
Biosystems International automated syn-
thesizer Model 431A, version 1.12, using the
Fmoc chemistry (Carpino and Han, 1972) and
a two-step deprotection protocol (Tam ez al.,
1983). Before use, peptide solutions were
purified by passage through Sep-Pak Cis
cartridges.

Differentiation Assay. Metacyclogenesis
was evaluated as described by Isola er al.
(1981, 1986) in cultures made in modificd
Grace medium (Junker et al., 1967)
supplemented with fractions purified from
hindgut homogenates.

Adenylyl Cyclase Assay. Incubations
mixtures contained 50 mM Tris-HCl buffer,
pH 7.4,0.2 mM 3-isobutyl-1-methylxanthine,
1 mM cyclic AMP, 1.5 mM MgCl,, 0.8 mM
o2P-ATP (specific activity, 200 dpm/pmol),

20 UM GTP, 2 mM phosphocreatine, 0.2 mg @)

of creatine kinase, and about 200 mg protein
of T. cruzi epimastigote membranes plus the
indicated additions. The final volume was 0.1
ml. Incubations were performed at 37°C for
10 min on triplicate samples, which were pro-
cessed as described elsewhere (Torruellaeral.,
1986).

Protein Sequences. Amino acid sequences
of hemoglobin chains werc obtained from
Entrez Document Retrieval Software (Pre-
releasc 6, 1992), National Center for Bio-
technology Information, National Institutes of
Health, Bethesda, MA, USA.

Other Analytical Methods. Polyacrylamide
gel electrophoresis in the presence of sodium
dodecylsufate (SDS-PAGE) of the gut peptide
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was per;ormed according to Lacmmli (1970)
in 22% acrylamide gels (w:v). Gels were
stained with ammoniacal silver nitrate with
the procedure of Mormrisey (1980) as described
by Ausbel et al. (1989).

RESULTS

Peptide Characterization and Purification. As
it is shown in Table I, crude preparations from
hindguts of Triatoma infestans, fed two days
before with chicken blood, activated adenylyl
cyclase in Trypanosoma cruzi epimastigote
membranes. These preparations aiso stimulated
the differentiation of epimastigotes to meta-
cyclic trypomastigotes. Adenylyl cyclase

‘ activation and differentiation were not ob-

served in “Sep-Pak C, eluates” from a
*Sephadex preparation™ which have been
subjected to a protease treatment. On the other
hand, activation and differcrtiation were
maximal after two days of blood feeding and
decreased in subsequent days (result not
shown). Table I also shows that a preparation
from hindguts of insect vectors fed with mouse
blood also activated adenylyl cyclase and
promoted differentiation.
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Puriiication of the putative peptide factor
was further performed by reverse phase chro-
matography on Sep-Pak C,4 cartridges and high
performance liquid chromatography on C;y
and C, columns. A compound with spectral
characteristics of a peptide was isolated which
activated adenylyl cyclase and stimulated
differentiation of the parasite (Table I). Upon
SDS-PAGE the peptide showed a single band
of about 10 kDa.

The following sequence for 20 residues of
the amino terminus of the peptide was
determined: NH,-Met-Leu-Thr-Ala-Glu-Asp-
Lys-Lys-Leu-lle-GIn-GlIn-Ala-Trp-Glu-Lys-
Ala-Ala-Ser-His, which is identical to the
amino terminus of chicken aP-globin
(Dodgson et al., 1981), the minor component
of adult chicken a-globin chains (Fig. 1).

Further support for the authenticity of the
globin-derived peptide was obtained by
assaying a synthetic peptide carmrying residues
1 10 40 of chicken aP-globin (peptide, 4). This
peptide stimulated adenylyl cyclase activity
in T. cruzi epimastigote membranes and
promoted in vitro parasite differentiation.
These stimulatory effects were observed at
peptide concentrations higher than 10-1° M.

TABLE!

Effects of Triatoma infestans hindgut preparations on T. cruzi adenylyl cyclase
and differentiation. Except for the experiments indicated in the last two rows, all the
results correspond to preparations from insccts fed with chicken blood

. Additions to the Assay

None

*Crudc extract™!

“Scphadex preparation’™?
*Sep-Pak C,g cluate™
“Sep-Pak C,q cluate™

*C,3 HPLC fraction” $

*Cs HPLC fraction™s

10 M peptide ;.49

*Crude extract” from mouse
blood-fed insccts!

Adecnylyl Cyclase Differentiation

pmol/min per mg %
protein
2212 4+ 2
4013 75110
7414 71+ 9
78+ 5 75+ 2
2612 4% 2
03 55+ 7
5313 60t 8
3612 65+ 7
5513 70+ 8

150 Apg; 12.0 Azso; 20.1 Azgg; #0.1 Azgo from a "Crude preparation” treated with 0.15 mg ml ! proteinase K for 30 min a1 30° C;

50.02 Azgo; and 40.01 Ajge.
Aliquots of 10 il of each fraction were used in all assays
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(1) %0

10 30 30
coD MLTAEDKKLI | QQAWEKAASH | QEEFGAEALT | RMFTTYPQTK | TYFPHFDLSH |
COA MV-SAA--NNV KGIFT-IAG- AB-Y---T-E ---TTY-P-- -------L-P

MO MV-SGE--SNI KAAWG-IGG-

GA-Y---A-E ---ASP-T-- -------V-H

(1] T0 n 100
coD GSDQVRGHGK KVLGALGNAV|KNVDNLSQAM|AELSNLHAYN | LRVDPVNFKL |
COA --A-IK---- -- VA--IE-A NHI-DIAGTL SK--D---HK ----------
MO  --A-VR---- -- AD--AS-A GHL-DLPGAL SA--D---HK ----=-----
110 130 140
coD LSQCIQVVLA|VHMGKDYTPE | VHAAFDKFLS | AVSAVLAEKY | R
CoA  -GQ-FL-VVA I-HPAAL--E ---SL----C A-GT--TA-- -
Mo  -SH-LL-TLA S-HPADF--A ---SL----A S-ST--TS-- -

CaD: Chicken oD globin chain (141 aa)
CaA: Chicken a A globin chain (142 aa)
Ma: Mouse o globin chain (142 aa)

Fig. 1: Amino acid sequences of chicken and mouse a-globin chaias.

DISCUSSION

Results here reported indicate that a peptide
which naturally exists in Triatoma infestans
Chagas’ vector hindgut, fed with chicken
blood, causes activation of Trypanosoma cruzi
epimastigote adenylyl cyclase and stimulation
of metacyclogenesis. The peptide is a break-
down product of aP-globin, a minor com-
ponent of ckicken a—globin chains.

A model for T. cruzi differentiation can be
postulated, taking in consideration these
results. Upon binding to a specific receptor
present in epimastigote membranes, the peptide
ligand causes adenylyl cyclase activation
through a transduction process that may in-
volve a Gs protein. Thereafter, the rise of in-
tracellular cyclic AMP levels activates protein
kinase A which might determine the
phosphorylation of specific protein targets
involved in the differentiation of epimastigotes
to trypomastigotes. Evidences for such a
mechanism arc supported by the finding in
this laboratory of protein kinase A in T. cruzi
cpimastigotes which is similar to type Il bovine
heart cyclic AMP-dependent protein kinase
(Ulloa et al., 1988).

The model here presented is based on the
use of insect vectors fed with chicken blood.
However, hindgut extracts from insects fed
with mouse blood also stimulated epimastigote
adenylyl cyclase and promoted differentiation.

This could indicate that other frgments from a
variety of globin species might have a similar
effect.

As it is shown in Fig. 1 globin a chains from
chicken and mouse have extensive amino acid
homologies (Dodgson et al, 1981; Goodman
et al., 1983; Popp et al., 1982). Considering
the results obtained with the synthetic peptide
(Table I) and accepting that T. cruzi has only
one receptor entity, specific for a common
domain shared by several globin chain species,
it could be postulated that this receptor should
be specific for peptides having sequences of a
globin a chain domain.

These facts are relevant in the pathogenesis
of the parasite infection. In an animal host, the
risk for a dissemination of infective forms
through the whole organism, might be parallel
with the capacity to generate globin proteolyt-
ic fragments having such domain. In mammals,
this function is displayed by macrophages,
which constitute the first cellular step for both,
hemoglobin degradation and T. cruzi infection.
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ABSTRACT A peptide from hindguts of the Triatoma he-
matophagous Chagas insect vector activates adenylyl cyclase
activity in Trypanosoma cruzi epimastigote membranes and
stimuiates the in sitro differentiation of epimastigotes to meta-
cyclic trypnmastigotes. Hindguts were obtained from insects fed
2 days earlier with chicken blood. Purification was performed by
gel filtration and HPLC on C,3 and C, columns. SDS/PAGE of
the purified peptide showed a single band of about 10 kDa. The
following sequence was determined for the 20 amino-terminal
residues of this peptide: H;N-Met-Leu-Thr-Ala-Glu-Asp-Lys-
Lys-Leu-lle-Gin-GIn-Ala-Trp-Glu-Lys-Ala-Ala-Ser-His. This
sequence is identical to the amino terminus of chicken aP-globin.
On a Western blot, the peptide immunoreacted with a polycional
antibody against chicken globin D. A synthetic peptide corre-
sponding to residues 1-40 of the a™-giobin amino terminus also
stimulated adenylyl cyclase activity and promoted differentia-
tion. This !*5]-labeled synthetic peptide bound specifically to T.
cruzi epimastigote cells. Activation of epimastigote adenyly!
cyclase by the hemoglobin-derived peptide may play an impor-
tant role in T. cruzi differentiation and consequently in the
transmission of Chagas disease.

A major endemia in Latin America is Chagas disease. lis
etiological agent is Trypanosoma cruzi. a flageliate protozoan
that undergoes complex morphological changes throughout
its life cycle in both the insect vector and the vertebrate host
t1. 2). The hematophagous Triaroma vector ingests circulat-
ing trypomastigote forms while feeding on the blood of an
infected vertebrite host. In the insect digestive tract. in-
gested trypomastigotes initially  differentiate to epimasti-
gotes: in a sccond stage. which occurs within the vector
hindgut. epimastigotes that are proliferative but not infec-
tious convert to metacyclic trypomastigotes. The latter are
infectious and nonproliferative parasite forms (3-5). This
differentiation process. known as metacyclogenesis. can be
induced in epimastigote hiquid cultures by mammalian serom
components (6), the use of medium mimicking insect urine
(). metabolic stress (R, 93, Trictoma infestans hindgut ¢x-
tracts (10, 11, or cyclhic AMP (12).

In addition. metacychic trypomastigotes exhibit higher
intracellular cyclic AMP levels than epimastigotes (13), and
evidence from this faboratory has shown that 7. cruzi mem-
brancs possess an adenylyl cyclise associated with the o
subunit of the stimulatory guanine nucleotide-binding regu-
latory protein (G proteini (1), Gey, and G polypeptides were
also found in these membranes (15,
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A basic questior. arising from these findings is whether a
molecule present in Triutoma hindgut mizght be capable of
activating epimastigote adenylyl cyclase and thereby causing
parasite differentiation.

Here we present evidence showing that a hemoglobin-
denved peptide punfied from hindgut extracts is responsible
for T. cruzi epimastigote adenylyl cyclase activation and
metacyclogenesis.

MATERIALS AND METHODS

Parasite and Insect Strains. 7. cruzi epimastigotes of the
Tulahuen or RA strain were maintained and harvested as
indicated (10. 11).

Noninfected 7. infestans in the fifth or adult stage were
reared at 28°C and 607¢ relative humidity and were given
chickens or mice weekly from which they sucked blood.
Hindguts were processed 2 days after feeding.

Membrane Preparation. 7. cruci epimastigote membranes
were prepared according to Torruella er al. (16).

Factor Purification from {lindgut Homogenates. Hindguts
were removed and homogenized in phosphate-buffered saline
(5 ml/g of tissue). After centrifugation for 15 min at 10.000 <
£. 10-ml aliquots of the superpate (“"crude extract’’) were
passed through a Sephadex G-25 imedium) column (3.5 x 50
cm) and equilibrated with S0 mM Tris-HCl(pH 7.5). Fractions
that activated adenylyl cyclase in epimastigote membranes.
designated “"Sephadex preparation.”” were pooled and
passed through Sep-Pak Cx cartridges (Waters: 10 ml per
cartridge) equilibrated with water. Each cartridge was
washed with S ml of water tollowed by S ml of 1597 (vol/vol)
acetonitrile in water: subsequently . the factor was cluted with
10 ml of 5077 acetonitrile in water. “*Sep-Pak Cx eluates™
were pooled. and solvent was removed under reduced pres-
sure. The material corresponding to 300 hindguts was resus-
pended 0 0.5 m! of water and further purificd by reverse-
phase Cix HPLO 0V ydac column; 10.0 7 250 mm: 300 A pore
size). Elution was performed with an acetonitrife gradient
from 1277 1o S677 in water at a flow rate of 2.0 mi/min (see
Fig. 1A). The peak fraction cluting at 4777 acctonitrile was
lyophilized. resuspended in 1 ml of water (°Cy. HPLC
fraction” ). and further punfied by reverse-phase Cy HPLC
(Vydac column: 4.6 < 250 mm: 300 A pore size). Elution was
performed with a gradient of (V2 1o 4077 acetonitrile in water

Abbreviation: G protein, guanine puclentide-binding regulatory pro-

fon.
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at a flow rate of 1.0 ml/min (see Fig. 1B). The peak fraction
eluting at about 287 acetonitrile was lyophilized. resus-
pended in 1 mi of water (*"C; HPLC fraction™). and subjecied
1o further studies. The amount of active material in the
different fractions was expressed as its absorbance at 280 nm
(Ax).

Peptide Sequencing. The hindgut peptide (250 pmol) was
subjected to amino-terminal amino acid sequencing by auto-
mated Edman degradation using a model 477A protein mi-
crosequencer (Applied Biosystems) according to Hewick et
al (17).

Peptide Synthesis. Solid-phase peptide synthesis was per-
formed on an Applied Biosystems automated synthesizer
(model 431A. version 1.12) using Fmoc chemistry (18).
Before use. peptide solutions were purified by passage
through Sep-Pak Cyx cartridges.

Differentiation Assay. Metacyclogenesis was evaluated as
described by Isola er af. (10. 11). Briefly . cultures in modified
Grace's medium (19) supplemented with fractions purified
from hindgut homogenates and inoculated with 4 x 10"
cpimastigotes per mi were incubated at 28°C. and the per-
centage of flagellates that differentiated to the metacyclic
stage was determined on at least 200 forms in wet prepara-
tions and in slides stained with May-Grinwald/Giemsa.
Cultures were examined every day. and observations were
performed in quintuplicate.

Adenylyl Cyclase Assay. The standard incubation wixture
contained 50 mM Tris-HCl (pH 7.4). 0.2 mM 3-isobutyl-1-
methylxanthine. 1 mM cyclic AMP. 1.5 mM MgCl:. 0.8 mM
{a-*"PJATP (specific activity. 200 dpm/pmol). 20 uM GTP. 2
mM phosphocreatine. 0.2 mg of creatine kinase. and about
200 pg of protein from 7. cruzi epimastigote membranes plus
the indicated additions. The final volume was 0.1 ml. Incu-
bations were performed at 37°C for 10 min on triplicate
samples. Reactions were topped. and cyclic AMP was
purilied and counted for rxdicactivity as described by Sol-
omon et al. 120). Under these conditions. the amount of
product formed was proportional to the amount of T. cruzi
membranes and the incubation time.

1351 Labeling of the Peptide and Binding to Epimastigote
Cells. The 4@-mer svnthetic peptide was labeled with chlo-
ramine T following the procedure described by Greenwood
*1) with the modifications indicated by Molinolo er al. (22).

The incubation mixture for the binding assay contained 50
mM phosphate buffer (pH 7.4). 0.2 albumin. 0.4 pmol of
labeled peptide (specific activity 200 uCi/pg: 1 Ci = 37GBq).
various concentrations of unlabeled peptide. and about 2 »
107 epimastigote celis. The total volume was 0.3 ml. Incuba-
tions were performed for 96 min at room temperature. The
bound peptide was separated by filtration through glass fiber
filiers (Whatman GF-C). Nonspecific binding was deter-
mined in the presence of 0.5 ug of uslabeled peptide. The
binding constant was calculated according to Cuatrecasas
and Hollenberg (23).

Preparation of Globin D and Antibedy. Glohin ) was
prepared from chicken adult red cell lysate by chromatogra-
phy on CM-Sephadex and precipitation with acctonc/
hydrochloric acid as described by Brown and Ingram (24
Rabhit antiserum was also prepared according to ref. 24,

Other Anzlytical Methods. The gut peptide was electro-
phoresed in 2277 polyacrylamide gels in the presence of SDS
and stained with silver nitrate (25 Western blots were
blocked with nonfat milk and incubated with a 1:500 dilution
of rabbit antiserum. The immune complexes were detfected
with the Vectastain ABC-AP kit (Vector Laboratories).

RESULTS
Peptide (haracterization and Purification. Preparations
from hindguts of 7. infestan. fed 2 days before with chicken
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blood. activated adenvivl cyclase in T. cruzi epimastigote
membranes. The effect was blocked by guanosine 5'-{8-
thio]diphosphate. in either the presence or absence of GTPor
5*-guanyiyl imidotriphosphate. These ““crude preparations””
also stimulated the differentiation of epimastigotes to meta-
cvclic trypomastigotes. Adenylyl cyclase activation and dif-
ferentiation were not observed in Sep-Pak Cx eluates from a
Sephadex preparation that had been subjected to protease
treatment (Table 1). On the other hand. activation and
differentiation were maximal after 2 days of blood feeding
and decreased in subsequent days (results not shown). Table
1 also shows that a preparation from hindguts of insect
vectors fed with mouse blood also activated adenylyl cyclase
and promoted differcntiation.

Purification of the putative peptidic factor was further
performed by reverse-phase chromatography on Sep-Pak C:»
cartridges and HPLC on Cyy (Fig. 1A) and C; columns (Fig
1B). After purification. the compound that activated adenylyl
eyclase and stimulated differentiation of the parasite ran as a
single band of about 10 kDa on SDS/PAGE (Fig. 2. lane B).

The following sequence for 20 residues of the amino
terminus of the peptide was determined: NH:-Met-Leu-Thr-
Ala-Glu-Asp-Lys-Lys-Leu-1le-Gln-Gln-Ala-Trp-Glu-Lys-
Ala-Ala-Ser-His. Computer analysis of this sequence un-
equivecally showed that it was identical to the amino termi-
nus of chicken aP-globin (26). the minor component of adult
chicken a-globin chains (Fig. 3).

Further support for the authenticity of the globin-derived
peptide was obtained by characierizatiop with a rabbit anti-
chicken globin D antibody. On a Wesiern blot. the hindgut
peptide immunoreacted with this antibody (Fig. 2. lane ).

For practical purposes the peptide was designated GDF
tfor globin-derived factor).

Table 1. Effects of Triatoma hindgut preparations on 7. cruzi
adenylyl cyclase and differentiation

Adenylyvi
cyclase. pmol &
per min per mg differ-
Addition(s) A’ of protein entiation

None 262 42
20 M GTP 42 ND
20 uM GpplNHlp 42 ND
Crude extract S0 =3 78+ 10
Sephadex prep 20 74 - 4 M=y
Sephadex prep -+

20 uM GTP 2.0 7R -4 ND
Sephadex prep -

20 uM Gpp{NHip 20 78 4 ND
Sephades prep -

20 uM GTP -

100 uM GDP{3-S] 20 4 ND
Scp-Pak Cix cluate 0l TR - S 78 <2
Sep-Pak Cia cluate’ 0l % -2 42
Cis HPLC fraction 0.m oo 3 88 -7
C; HPLC fraction 0.0! AR BN o - R

10 * M chicken

hemoglobin he LN h L]
Crude extract from

mouse blooad-fed

insects <0 AL T0 - &

Except for the cxpenment n the fast row, all the resalts corre-
spond to preparations from insects fed chicken blood. ND. not done.
GppINHIp. S -guanylvi imidotsiphosphate: GDPig-S], guanosine
<[ -thiofdiphosphate. Ten-microliter aliguots of cach frachion were
wned in all assays,

*Of the fraction added.
“The crude preparation was treated with proteinise K 0 1S mg'mh
for W0 min af W0 C,
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F1G. 1. Purification and charactcrization of the hindgut peptide. Elution profiles from Cyx tA) and C, (B) HPLC columns are shown.

Biological Activity of Synthetic Peptides. A peptide corre-
sponding to residues 1-40 of chicken a®-globin was synthe-
sized [peptide-(1-40)]. This peptide stimulated adenylyl cy-
clase activity in 7. cruzi epimastigote membranes and pro-
moted in vitro parasite differentiation. These stimulatory
effects were observed at peptide concentrations higher than
10 " M. Dosc-response curves for both effects were coin-
cident (Fig. 4).

To determine with more precision the primary structure of
the active region. other synthetic peplides were tested for
their effect on epimastigote adenylyl cyclase. As shown in

Fig. S. peptide-(30-349) was a little less active than peptide-
(1-40). Peptide-135-73) resulted in much less activity, and
peptide-(41-71) was inactive. However, the iatter peptide
enhanced the effect of peptide-t1-40) on adenyly! cyclase.

It is important to point out that chicken hemoglobin was
unable to activate epimastigote adenylyl cyclase or to pro-
mote differentiation (Table 1.

The '*‘I-labeled synthetic peptide-(1-40) bound specifi-
cally to 7. cruzi epimastigote ceils. Displacements of the
laheled ligand by unlabeled peptide-(1-40) or peptide-(30-49)
were identical. giving an estimated dinsociation constant of
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A g ¢ kDa
—20
= —
a <«— GDF
—25

Fic. 2. SDS/PAGE of hindgut fractions. Silver-stained gels of
the crude extract tlane A) and Cs HPLC fraction (lane B) are shown.
Lane C shows a Western blot of the crude extract incubated with the
anti-globin D antibody. a and 8. globin chains.

2 x 10~ M and about 2000 receptors per cell. Peptide-(35-73)
and peptide-(41-73) were less cfficient in the displacement of
the labeled ligand (Fig. 6).

DISCUSSION

Results reported here indicate that a peptide. designated
GDF. which naturally exists in hindguts of Trigtoma fed with
chicken blood. causes activation of T. cruzi epimastigote
adenylyl cyclase and stimulation of metacyclogenesis. The
peptide is a breakdown product of a®-globin. a minor com-
ponent of chicken a-globin chains.

A possible mode! for T. cruci differentiation can be pos-
tulated. The globin fragment. upon binding to a specific
receplor present in epimastigoic membranes, causes ade-
nylyl cyclase activation. A Gs protein is probably involved in
the signal transduction pathway responsible for the rise of
intracellular cyclic AMP levels. Thereafter. the cyclic nucle-
otide causes protein kinase A activation, which might deter-
mine the phosphorylation of specific protein targets involved
in the differentiation of epimastigotes to trypomastigotes.
Evidence for such a mechanism is supported by the finding
in this laboratory of protein kinase A in T. cruzi epimasti-
gotes, which is similar to type il bovine heart cyclic AMP-
dependent protein kinase (27).

In addition to this. T. cruzi transduction pathways might
also involve a protein kinase C whose existence in epimasti-
gotes was also demonstrated in this laboratory (28). These
facts raise the possibility that Trypanosomatidac differenti-
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Fic. 4. Stimulation of epimastigote adenylyl cyclase and meta-
cyclogenesis by synthetic peptides (P). - and ®. Adenylyl cyclase
activity as a function of peptide-(1-40) and peptide-(30-49). sespec-
tively: . . metacyclogenesis as a function of peptide-(1-40) concen-
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ation and proliferation can be controlled by transduction
mechanisms resembling those occurring in mammalian cells.

The model presented here is based on the use of insect
vectors fed with chicken blood. However. hindgut extracts
from insects fed with mouse blood also stimulated epimasti-
gote adenylyl cyclase and promoted differentiation. This
could indicate that other fragments from a variety of globin
species might have a similar effect. Thus. T. cruzi could have
several receptors with different specificity for globin-derived
peptides. or alternatively. only one receptor specific for a
common domain shared by several a-globin chain species.

As shown in Fig. 3. a-globin chains from at least three
vertebrate species. chicken. mouse. and human. have exten-
sive amino acid homologies (26, 29. 30). Considering the
results obtained with synthetic peptides (Figs. $ and 6) and
accepting that 7. cruci has only one receptor entity, it could
be postulated that this receptor is specific for peptides having
sequences of the a-globin chain domain between positions
30/31 and 62.

These facts are relevant in the pathogeiiesis of the parasite
infection. In an animal host, the risk for a dissemination of
infective forms through the whole organism might be paralic!
to the capacity to gencrate globin protevlytic fragments
having such a domain. In mammals. this function is displayed
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by macrophages. which constitute the first cellular step for
both hemoglobin degradation and 7. cruzi infection.
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ABSTRACT

A nitric  oxide synthase was partially purified from soluble extracts of
Trypanosoma cruzi epimastigote forms. The conversion of L-arginine to
ciirulline by this enzyme activity required NADPH and was blocked by EGTA.
The reaction was activated by Ca®, calmodulin, tetrahydrobiopterin and FAD,
and inhibited by N®-methyl-L-arginine. L-glutamate and N-methyl-D-
aspartate (NMDA) stimulated in vivo conversion of L-arginine to -itrulline by
epimastigote cells. These stimulations could be blocked by EGTA, MK-801 and
ketamine and enhanced by glycine. A sodium nitroprusside-activated guanylyl
cyclase activity was detected in cell-free, soluble preparations of Trypunosoma
cruzi epimastigotes. L-glutamate, NMDA and sodium nitroprusside increased
epimastigote cyclic GMP levels. MK-801 bound specifically to T. cruzi
epimastigote cells. This binding was competed by ketamine and enhanced by
glycine or L-serine. Evidence thus indicates that in Trypanosoma cruzi
epimastigotes, L-glutamate controls cyclic GMP lcvels through a pathway

mediated by nitric oxide.




In mammalian cells L-arginine is metabolized 1o yield nitric oxide (NO), also

krown as endothelium-derived relaxing factor (I, 2). Within the neural or
endothelial cells where it originates, or in neighboring cells, NO activates
heme-containing soluble guanylyl cyclase (3, 4), thereby acting either as an
intracellular or an intercellular  signaling molecule. Consequently, NO

formation is associated with an increase in cyclic GMP levels (5).

NO synthases are the enzymes responsible for the conversion of L-arginine to
NO and citrulline. These enzymes require NADPH and possess binding sites for
heme, tetrahydrobiopterin, flavin adenine dinucleotide and flavin adenine
mononucleotide. Two groups of isoforms are usually defined for these
synthases: constitutive and inducible. NO synthases of the first group, found in
endothelium and neurons. are regulated by agenist-induced elevation of
intracetlular Ca™ (6-9). NOsynthases of the second group are induced at the
transcriptional level by bacterial toxins and some cytokines and are found in
macrophages, vascular smooth muscle cells, fibroblasts and hepatocytes (10-

12).

In neural cells, constitutive NO synthase is modulated by the activity of a L-
glutamate receptor  subtype specific for N-methyl-D-aspartate  (NMDA).

Receptors of this subtype control the voltage-dependent uptake of Ca®* (13, 14).

From an evolutionary viewpoint, evidence indicates that the NO transduction
signaling pathway is operative only in higher eukaryotic organisms. The
present  studies provide the first demonstration that this pathway is also
present in the lower eukaryotic organism Trypanosoma cruzi, the ethiological
agent of the Chagas’ discase. The existence of Ca®**-stimulated NO synthase, a

nitoprusside-activated  guanylyl cyclase, as well as NMDA receptors in




epimastigote forms of the parasite is demonstrated. In addition. evidence
indicating that L-arginine and NMDA increase NO production and cyciic GMP

levels in epimastigote cells is also presented.




MATERIALS AND METHODS

Materials

L-{2,3-*H]arginine (53 Ci/mmol), [*H}(+)-5-methyl-10,11-dihydro-SK-
dibenzo{a,d]cyclohepten-5,10-imine hydrogen maleate (MK-801; 20 mCi/nmol),
[*H]{+)-3-(2-carboxypiperazin-4-yl)-propyl-i-phosphonic acid (CPP; 40
mCi/nmol), [a- PJGTP, [*Hlcyclic GMP and a cyclic GMP [ IJRIA kit were
obtaired from NEN/DuPont (Boston, MA, USA). Amino acid analogs were
purchased from Research Biochemicals Incorporated (Natick, MA, USA).
Components of the 7. cruzi growth medium were obtained from Difco
Laboratories (Detroit, MI, USA) and AG50WX-8 resin from Bio-Rad (Hercules,
CA, USA). Other reagents were purchased from Sigma Chemical Cc. (St. Louis,

MO, USA).
Cell culture and homogenates

Trypanosoma cruzi epimastigote forms (Tulahuen 2 strain) were cultured 7
days at 28°C in a medium containing per liter Bacto Liver, 35 g, tryptose, 10 g,
yeast extract, 3 g, glucose, 5 g, Na,HPO,, 8 g, NaCl, 4 g, KCI, 0.4 g and hemire 20
mg (15). The pH was adjusted to 7.8. All the components of this medium were
autoclaved 15 min at [18°C. Standing cultures were carried out 7 days at 28° up
to the late-exponential phase in I-liter Erlenmeyer flasks containing 100 ml of

medium.

Cells were collected by centrifugation at 1000 x g, washed three times with 0.25

M sucrose containing § mM KCI, and homogenized in the same solution (10 ml




g'l of wet cells) with a Sorvall Ribi press operated at 34.5 MPa (5000 Ib/ in")

under a N, atmosphere.

Membrane preparation

After cell homogenization, the extract was centrifuged 15 min. at 1000 x g. The
membrane pellet was resuspended in 0.25 M sucrose containing 5 mM KCl and
layered onto a discontinuous gradient containing 1.58, 1.90 and 2.20 M sucrose.
After centrifugation in a Beckman SW-40 rotor for 60 min. at 90,000 x g,
membranes were recovered from the interface of 1.58 and 1.90 M sucrose and

stored at -70°C.
NO synthase purification

After homogenization, cell debiis was discarded by centrifugation at 1000 x g
for 10 min. The supernatant fluid. adjusted to 0.5 mM phenylmethylsuifonyl
fluoride, 25 units mi" aprotinin, 0.01% leupeptin (w:v) and 0.2 mg ml” soybean
trypsin inhibitor, was further centrifuged 60 min at 105,000 x g. The
supernatant fluid, referred to as "soluble crude extract” was immudiately

processed to avoid proteolytic degradation.

The “soluble crude extract” (25 ml) was loaded onto a DEAE-cellulose column (1

x 10 cm) equilibrated with 50 mM Tris-HCl buffer, pH 7.4, containing 1 mM

EDTA, 0.5 mM phenyimethylsuifonyl fluoride and 25 units mt” aprotinin
(buffer A). The column was then washed with 50 ml of buffer A and eluted
with 100 ml of a lincar gradient of 0 to 400 mM NaCl in buffer A. Fractions of 2
ml were collected. The NO synthase activity peak (6 ml) was mixed with 1 ml of

2’5" ADP-agarcse slurry  equilibrated with 10 mM Tris-HCI buffer containing |

mM EDTA and 5 mM mercaptoethano! (buffer B). The mixture was shaken 12 hs




at 4°C. The slurry was then poured into a column assembled in a Pasteur pipet,

and washed with 25 ml of buffer B containing 0.5 M NaCl followed by 10 ml of
buffer B. The column was then eluted with 3 ml of buffer B supplemented with

10 mM NADPH.

NO synthase assay.

Enzyme activity was measured by following the conversion of L-[ ]H]arginine
to [*H]citrulline according to the procedure described by Bredt and Snyder
(16). Incubation mixtures contained 350 mM Tris-HC1 buffer, pH 7.5, 1 uM L-
[(*Hjarginine (0.2 pCi per assay), 0. mM CaCl,, 10 pM tetrahydrobiopterin, 1 uM
FAD, 1 uyM NADPH. | mM dithiotreitol and 10 pg/ml bovine brain calmoduiin in
a total volume of 0.1 ml. Incubations were performed 2 min at 25°C and stopped
by the addition of 2 ml of ice-cold 20 mM Hepes buffer, pH 5.5, containing 1 mM
EDTA. Samples were immediately applied to 2 ml-columns of AG50WX-8 resin
(Na* form) and washed with 2 ml of water. Percolate plus wash from each
column (4 ml) were mixed with 12.5 ml of Bray’s scintillation cocktail and
counted for radioactivity. Enzyme activity was proportional to incubation time
for the first two minutes, as well as to the amount of “soluble crude extract”

protein up to | pg per assay.

The authenticity of the radioactive citrulline formed during the reaction was
ascertained by comigration with a citrulline standard on a silica gel 60 platc
developed with CHCI/MeOH/NH,OH/H,0 (1:4:2:1; vol:vol) according to Iyengar

et al. (17). Under these conditions, no other radioactive product was detected.




In vive conversion of L-[*H}arginine to [’H]citrulline and

production of NO.

Trypanosoma cruzi epimastigotes were resuspended in Krebs-Henseleit
medium, and aliquots (1 ml; about 107 cells) were incubated 45 min at 28°C in
the presence of 1 pM L-[*H)arginine (1 pCi per assay). After the addition of the
indicated amino acid derivative, incubation was continued for 15 min.
Reactions were stopped by the addition of 01 ml of icecold 70 %
trichloroacetic acid (w:v). After 3 cycles of freeze-thawing, mixtures were
centrifuged 10 min at 1000 x g and the supernatant solutions extracted 4 times
with 4 ml of diethyl ether to eliminate trichlorcacetic acid. Aliquots (0.2 ml) of
the aqueous phases were then mixed with 2 ml of 20 mM Hepes-NaOH buffer,

pH 6.0, and purified by passage through AG50WX8 columns as described above.

NO generation by epimastigote cultures was monitored by the formation of NOy
using the Griess reagent, as described by Bredt and Snyder (16). In this case,

concentration of L-arginine was 1 mM.

Determination of cyclic GMP levels

Incubations of epimastigote cells were performed as described above for 3 min
in the presence of the indicated excitatory amino acid . Reactions were then
stopped and processed according to this procedure. After extraction with
diethyl ecther, samples were subjected to acetylation and assayed for cyclic GMP
using a radioimmunoassay kit (New England Nuclear) following the

instructions of the manufacturer.




Guanylyl cyclase assay

Enzyme aclivity was assayed following the conversion of [a-nP]GTP to

[HP]cy:lic GMP. Incubation mixtures contained 50 mM Tris-HCl buffer. pH 7.5,

0.1 mM 3-isobutyl-1-methylxanthine, 1 mM cyclic GMP. 5 mM MgCl, 0.1 mM [a-

":P]GTP (specific activity, 200 cpm/pmoi), 2 mM phosphocreatine, 02 mg
creatine Kkinase, and appropriate volumes of the enzyme preparation. Assays
were performed in the presence or absence of 0.1 mM sodium nitroprusside in
a total volume of 0.1 ml Incubations were performed 5 min at 30°C on
triplicate samples. Reactions were stopped by the addition of 0.1 ml of a
solution containing 10 mM [‘H]cyclic GMP (1500 cpm/mmol) followed by
boiling for 2 min. Cyclic GMP was purified and counted for radioactivity as
described by Birnbaumer er al. (18). Under these conditions, reactions were

propertional to the amount of enzyme protein and incubation time.
Receptor binding assays

Incubation mixtures for the binding assay contained 10 mM Tris-HCI buffer,
pH 7.5, 10 nM to 100 uM [*H)-labeled ligand (MK-801 or CPP) and approximately
50 ug of membrane protein or 10® epimastigote cells, in a final volume of 0.1
ml. Incubations were performed 90 min at room temperature. The bound
peptide was separated by filtration through nitrocellulose disks (S&S. BA-85).
Non-specific binding was determincd in the presence of 0.i mM unlabeled
ligand. Binding constants were calculated according to Cuatrecasas and

Hollenberg (19).

-10-




RESULTS

NO synthase activity in cell-free preparations.

A soluble NO synthase activity was purified and characterized from cell-free
extracts of Trypanosoma cruzi epimastigotes. The purification protocol, which
included ion exchange chromatography on DEAE-cellulose and affinity
chromatography on ADP-agarose, was similar to the one employed for the
purification of the rat cerebelium enzyme (20). As a result of these steps,
enzyme activity was purified about 2000-fold (Table I). NO synthase specific
activity in epimastigote soluble extracts was in the same order of magnitude as

that found for cerebral tissue (20).

Addition of protease inhibitors to the crude extracts is absolutely necessary to
preserve  NO synthase activity. The high proteolytic activity, which 1s
characteristic of these extracts, might explain the 5-fold difference in total

activity observed between the two first steps of purification (Table I).

Under the assay conditions described by Bredt and Snyder (16) for neural
tissues, conversion of [BH]nrgininc to [*H]citrulline by the purified T. cruzi
enzyme required NADPH and was blocked by EGTA. Reaction could be
stimulated by calmodulin, tetrahydrobiopterin, flavin adenine dinucleotide
and flavin adenine mononucleotide (Table II). This NO synthase activity was
also blocked by N®-monomecthyl-L-arginine; half maximal inhibition was
observed at about 40 uM of this amino acid derivative. Most of these propertics

are very similar to those of the neural synthase (20).

-11-




Conversion of L-['H]arginine to [*H]citrulline and production of

NO by epimastigote cells.

Table Il shkows that in epimastigote cells. conversion of L-[‘H]arginine to
{’H]citrulline is stimulated by L-glutamate and by NMDA. The stimulation was
effectively blocked by EGTA and non-competitive NMDA antagonists such as
MK-801 and ketamine (21). AP-5. which has been described as a competitive L-
glutamate antagonist (22), slightly decreased the effects of this amino acid and
NMDA. On the other hand, glycine. which has been reported to be a potentiator
of L-glutamate responses at the level of the NMDA receptor (23). enhanced the

L-glutamate effect.

The effect of excitatory amino acids was also studied by monitoring the
concentration of NO in thc incubation medium as accumulation of NO,. As
shown in Table IV, I mM L-arginine slightly stimulated NO production. Under
such  conditions, L-glutamate and NMDA efficiently incrcased NO,.

accumulation.

Modulation of guanylyl cyclase activity and cyclic GMP levels.

Guanylyl cyclase activity was detected in ccll-free  preparations from
Trypanosoma cruZi epimastigotes. Enzyme specific activity in the “soluble
crude extract”™ was about | to 2 pmoles/inin  per mg protein. Specific activity
increased approximately  5-fold in the presence of 0.1 mM sodium

nitroprusside. which acts as a NO donor.

The effects of amino acids and sodium nitroprusside on cyclic GMP levels was
studied in  Tryvpanosoma c¢ruzi cpimastigote cells. As shown in Table V.,

glutamate and NMDA were the most potent agents in increasing such lcvels.

-12.




Sodium nitroprusside had a slightly smaller effect, while L-arginine alone

was much less active.
Receptor binding studies.

[’HIMK-80! bound specifically to T. cruzi epimastigote cells and membranes.
Binding could be displaced 95 percent by 0.1 mM unlabeled MK-801 or
ketamide. Displacement studies of the labeled ligand by the unlabeled
compound gave an estimated dissociation constant of 7 x 10° M and about 10*
receptors  per cell. As shown in Table VI, ["HJMK-801 binding was strongly

enhanced by glycine and L-serine and only slightly by L-glutamate.

The binding of [PHJCPP to epimastigote cells or membranes was also
determined. The compound bound poorly and nonspecifically, making it

impossible to determine any binding parameter.

-13-




DISCUSSION

Results reported in this article show that Trvpanmosoma cruzi epimastigotes
have a NO synthase activity similar to that previously described for
mammalian endothelium and nervous tissue (6-9). Enzymes from these tissues

show Ca™ and calmodulin dependence.

Some of the excitatory amino acids, well known to affect the conversion of L-
arginine to citrulline and NOin neural tissue, also influence the T. cruzi NO
synthase in vivo. Remarkable stimulatory effects of L-glutamate and NMDA
could be observed in epimastigote cells, suggesting that T. cruzi epimastigotes
have L-glutamate (NMDA) receptors of the type described for nervous tissue
(13). As cccurs in neural cells, 7. cruzi NMDA receptors should be major

entitics controlling cytosolic Ca®* levels.

A well known feature of neural NMDA receptors is also found in T. cruzi
epimastigote membrane receptors. This is the [PHIMK-801 binding capacity,
strongly enhanced by glycine and L-serine. It has been postulated that

(*HJMK-801 binds within the ion channel of the NMDA receptor (25).

On the other hand, the failure to detect specific binding at the level of the L.-
glutamate-NMDA site in the receptor may be attributable to the usually very

low affinity of this site for ligands such as L-glutamate, NMDA, CPP or AP5 (24).

The NO pathway, controlled through NMDA receptors in neural cells, possesses
a heme-containing soluble guanylyl cyclase as its effector. This enzyme can
he activated by sodium nitroprusside through the generation of NO (3, 4). This

also scems to be the case of T. ¢ruzi epimastigotes, since NMDA and excitatory

-14-




amino acids suck as L-glutamate, that activate NO synthase in vivo, also

increase intracellular ievels of cyclic GMP in epimastigote cells.

It is known that NO generated by macrophages is cytostatic or cytotoxic for a
variety of pathogens. including Trvpanosoma brucei and Tryvpanosoma cruczi.
(25, 26). Moreover T. cruzi infection in mice increases the capacity of splenic
cells to produce NO (27). Obviously. the relationship between the two NO-
generating  systems. in the parasite ard the mammalian cell. remains

unknown.

Finally. it is rather suprising that a neural control mechanism such as the
long-term potentiation involved in memory (28) has in Trypanosomatidae
such an old evolutionary precedent. Both cases involve NMDA receptors, a Ca**-
calmodulin-dependent  NO synthase and a nitroprusside-stimulated guanylyl
cvclase. The effectors of such a pathway should be a cvclic GMP-dependent
protein kinase and unknown phosphate protein acceptors. The characteristics
of these entities in Tryparnosoma cruzi and their cellular effects require

further studies.

-1§.-




ACKNOWLEDGMENTS

We acknowledge Dr. Alberto R. Kornblihtt for helpful criticisms. CP, MMF and
HNT are career members of the Consejo Nacional de Investigaciones Cientificas

y Técnicas (CONICET); AEM and MF are fellows of the CONICET.

-16-




REFERENCES

Palmer, R.M.]., Ferrige, A.G. and Moncada, S. (1987) Nature 327, 524-526.

Moncada, S., Palmer, R.M.J. and Higgs, E.A. (1991) Pharmacol. Rev. 43,

109-142.
Kimura, H., Mittal, C.K. and Murad, F. (1975) J. Biol. Chem. 250, 8016-8022.
Waldman, S.A. and Murad, F. (1987) Pharmacol. Rev.39, 163-196.

Martin, W., White, D.G. and Henderson, A.H. (1988) Br. J. Pharmacol. 93,

229-239.

Bredt, D.S., Ferris, C.D.and Snyder, S.H. (1992) J. Biol. Chem. 267, 10976-

10981.

Knowles, R.G., Palacios, M., Palmer, R.M.J, and Moncada, S. (1989) Proc.

Natl. Acad. Sci USA 86, 5159-5162.

Cho, H.J., Xie, Q., Calaycay, J.. Mumford, R.A., Swiderck, K.M., Lee, T.D. and

Nathan, C. (1992) J. Exp. Med. 176, 599-604.
Nathan, C. and Xie, Q.-w. (1994) Cell 78, 915-913.

Knowles, R.G., Merrett, M., Salter, M. and Moncada, S. (1990) Biochem. J.

270, 833-836.

Perella, J.A.. Yoshizumi, M., Fen, 7., Tsai, J.-C., Hsich, C.-M., Kourembanas,

S. and Lee, M.-E (1994) J. Biol. Chem. 269, 14595-14600.

-17-




14.

15.

16.

17.

18.

24.

Nathan, C. and Xie, Q.-w (1994) J. Biol. Chem. 269, 13725-13728.

Foster, A.C. and and Fragg. G.E. (1984) Brain Res. Rev.7. 103-164.
Nakanishi, S. {1992) Science 258, 597-602.

Wynne de Martini. G.J., Abramo Orrego, L., De Rissio, A.M, Alvarez, M.
and Mujicam L.P. (1980) Medicina (Buenos Aires) 40 (suppl. 1), 109-

114.

Bredt, D.S. and Snyder, S.H. (1989) Proc. Nail. Acad. Sci. USA 86, 9030-

9033.

Iyengar, R, Stuehr, D.J. and Marletta, M.A. (1987) Proc. Nait. Acad. Sci.

USA 84, 6369-6373.

Birnbaumer, L.. Torres. H.N.. Flawia. M.M. and Fricke. R.F. (1978) Analyr.

Biochem. 93, 124-133, 1978.
Cuatrecasas, P. and Hollenberg, M.D. (1976) Adv. Prot. Chem.30, 251-451.
Bredt, D.S. and Snyder, S.H. (1990) Proc. Natl. Acad. Sci. USA 87, 682-685.

Wong, E.H.F., Kempt, J.A., Priestley, T, Knight, A.R., Wooddruff, G.N.and

Iversen, L.L. (1986) Proc. Natl. Acad. Sci USA 83, 7104-7108.
Olverman, H.1., Jones, A.W. and Watkins, J.C. (1984) Nature 307, 460-462.
Johnson, J.W. and Ascher, P. (1987) Nature 325, 529-531.

Murphy, D.E. Scnneider. J., Bochm, C, Lehman, J. and Williams, M.

(1987) J. Pharmacol. Exptl. Ther. 240, 778-784.

-18-




o
"

Vincendeau, P., Daulouede, S.. Veyret, B., Darle, ML. Boutille, B. and

emesre, J.L. (1992) Exp. Parasitol. 75, 353-360.

Gazzinelli, R.T.. Oswald, LP., Hienry, S., James, S.L. ind Sher. A. (1992)

Eur. J. Immunol. 22, 2501-2506.

. Vespa, G.N.R,, Cunha, F.Q. and Silva J.S. (1994) Infect. Immun. 62, 5177

5182.

Morris, R.G.M., Anderson, E. Lynch, G. and Raudry, M. (1986) Nature

319,774-776.

-19-




TABLEI

Purification of NO synthase from Trypanosoma cruzi epimastigotes

NO synthase activity was assayed in triplicate samples by following the

conversion of L-[*H]arginine to [*H]citrulline as described under Materials and

Methods.
Step Protein Total Activity Yield Specific Activity Purification
. (mg) (nmoles) (nmoles/min per (fold)
(%)
mg protein)

“Soluble crude 125.0 12.5 100 0.1 I

extract’

DEAE-cellulose 20.4 60.0 480 3.0 30

ADP-agarose <0.05 10.0 80 >200.0 >2,000
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TABLE II

Factors affecting Trypanosoma cruzi NO synthase activity

Assay conditions were as described under Materials and Methods. Standard
errors of the means are indicated. Student’s  test was used to compare values
corresponding to each group (addition or omission) versus to the control

(none). P values were <0.01 versus control.

. Addition or Omission NO Synthase activity
(%)
None 1004£9.4*
2.0 mM EGTA 0
Minus calmodulin 5545.1
Minus NADPH 0
Minus tetrahydrobiopterin 21+1.3
. Minus FAD 59+3.8
Plus 1 mM N®-monomethyl-L-arginine 2+0.4

*"DEAE Preparation”, specific activity 3£0.28 nmoles min per mg protein
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TABLE 111

Modulation by amino acid derivatives of the conversion of L-[’H]arginine to

[H]citrulline by Trypanosoma cruzi epimastigote cells

Assays were performed in triplicate samples as described under Materials 2nd
Methods. P<0.01 for 0.1 or 1.0 mM L-glutamate or 0.1 mM NMDA versus the
control; P<0.05 for glutamate plus MK-801 (or ketamine or AP35 or glycine),
versus control: P<0.05 for NMDA plus EGTA (or MK-80! or ketamine or APS5),

versus control.

Compound and {*H] Citrulline formation
concentration (mM) (pmoles/min per 107 Stimulation (%)
cells)
None 0.18%20.015 0
0.1 mM L-glutamate 0.3110.017 72
1.0 mM L-glutamate 0.4410.020 144
1.0 mM L-glutamate + 0.18+0.014 0

1.0 mM MK-801

1.0 mM L-glutamate + 0.26£0.013 44

1.0 mM ketamine

1.0 mM L-glutamate + 0.4020.015 122
1.0 mM APS
1.0 mM L-glutamate + 0.51£0.022 182

-22.



1.0 mM glycine

0.1 mM NMDA

1.0 mM NMDA

1.0 mM NMDA +

1.0 mM EGTA

1.0 mM NMDA +

1.0 mM MK-801

1.0 mM NMDA +

1.0 mM ketamine

1.0 mM NMDA +

1.0 mM APS

0.2910.011

0.4320.021

0.2310.017

0.22+0.011

0.25+0.012

0.41+0.019

19
v

38
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TABLE1V

Effects of L-arginine and excitatory amino acids on NO production by

epimastigote cells

Assays were performed as in Table III, except that I mM L-arginine was used
instead of the labeleu amino acid and NO generation was measured by
accumulation of NO, in the medium. P<00Il for arginine versus control or for

arginine plus glutamate ‘or NMDA). versus arginine.

NO, accumulated Stimulation

Compound
(mM) (nM) (%)
None 1.1£0.10 0
I mM L-arginine 1.520.15 36
I mM L-arginine + 3.1:0.18 181

I mM L-glutamate

I mM L-arginine + 2.9+0.14 163

I mM NMDA

-24-




TABLE V

Influence of amino acids and sodium nitroprusside on cyclic GMP levels in

Trypanosoma cruzi epimastigotes

Assays were performed in triplicates on duplicate samples as indicated under

Materials and Methods. P<0.05 for 0.1 mM arginine versus control; P<0.01 for 1,0

mM arginine or nitroprusside or NMDA or glutamate, versus control.

Compound Cyclic GMP levels Stimulation

(mM) (pmoles per mg protein) (%)
None 1.28+0.12 0
0.1 mM L-arginine 1.53+0.12 19.5
1.0 mM L-arginine 1.75£0.11 36.7
0.1 mM Na nitroprusside 2.00+0.10 56.3
1.0 mM Na nitroprusside 3.13x0.12 i44.5
0.1 mM NMDA 2.1840.19 70.3
1.0 mM NMDA 4.08+0.25 218.8
I mM L-glutamate 3.40+0.17 165.6
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TABLE VI

Modulation of ['H]MK-801 binding in epimastigote membranes by amino acids

Conditions were described under Materials and Methods. P<0.01 for glycine or

serine (with or without glutamate). verus control.

Compound and [*H]JMK-801 binding Stimulation
concentration (mM) (fmoles per mg protein) (%)
. None 19.0+0.82 0
0.10 mM L-glutamate 21.520.64 8.0
0.01 mM Glycine 30.5£0.57 60.5
0.01 mM L-serine 28.5%1.35 50.0
0.10 mM L-glutamate + 34.0+2.40 80.0

0.01 mM Glycine

‘ 0.10 mM L-glutamate + 29.5£0.92 55.2

0.01 mM L-scrine
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introduction

CHAGAS disease, a maior sndemia in Latin America, caused by the flagellate
protozoan Trypanosoma cruzi, is transmiited by triatomine hematophagous
insect vec.ors (Chagas, 1509). The parasite displays different morpholegical and
functional forms, alternating between vertebrate and invertebrate hosts. It also
alternates between dividing stages (epimastigotes in the vector midgut and
amastigotes in mammalian calls) and nonreplicative but infective forms
{metacyclic trypomastigotes in the insect vector and bloodstream
trypomastigates in mammals). The invertebrate cycle of the parasite begins with
the ingestion of bloodstream trypomastigotes by the vector and continues with
differentiation into epimastigotes, which proliferate in the gut and eventually
transform into metacyclic trypomastigotes, which are eliminated together with
feces and urine and are able to infect vertebrate hosts (Brener, 1973, Zeledon,
1987; Garcia and Azambuja, 1991). A crucial step in the life cycle of 7. cruzr is
the conversion of epimastigotes to metacyclic trypomastigotes. Such a process,
designated as metacyclogenesis, cccurs in the vector hindgut (Brener, 1973;
Zeledon, 1987; Garcia and Azambuja, 1991; Garcia and Dvorak, 1882; Garcia et
al., 1989a,b).

Recently, it has been demonstrated that metacyclogenesis is promoted in
vitro by an o -globin-derived peptide corresponding to residues 1-40 amino
terminals found in the vector hindgut. Peplides having such a sequence and
recognizing a surface receptor in epimastigote cells stimulate T. cruzi adenyly!
cyclase (Fraidenraich et al., 1993). Very few insects have a feeding behaviour
similar to triatomines. Usually, in just one feeding triatomines take a very large
bloodmeal, which represents an ingestion of a great amount of hemogiobin.
These findings prompted us to investigate the role of hemoglobin and synthetic
peptides containing different sequences of «” -globin amino terminal on the
differentiation of T. cruzi epimastigotes into infective forms in vivo experiments.
Here, we show that hemoglobin and synthetic peptides having such sequences
are effective in vivo, in promoting or blocking the metacyclogenesis in the vector

gut.

Materials and Methods

Fifth-instar larvae from a colony of Rhodnius prolixus reared and
maintained in the Iatoratory at a r.h. of 60-70% at 28 °C, as previously doscribed
by Garcia et al. (1934) were used. Trypanosoma cruzi Dm28c clone was
obtained and kept in the laboratory as previously described (Garcia et al.,
1989a).

In our experiments randomly chosen starved larvae, 45 days following
ecdysis, unless otharwise stated, were allowed to artificially feed upon citrate
decomplemented human blood or other meals containing 15 X 10* epimasigotes




mi” of the T. cruzi Dm28c clone grown in liver infusion tryptose medium (Garcia
et ai., 1989a,b). The plasma diet was prepared by centrifugation of the
decomplemented citrated human blood just before feeding the insects, and
diiuted in 0.01M phosphate-buffered 0.15M NaCl to the original volume of blocd
from which it was prepared. Hemoglobin was prepared according to Azambuja et
al. (1993). Basically, fresh washed red cells were mixed with 40 volumes of cold
50 mM NaCl and centrifuged at 10,000 g for 20 min to remove debris. The
supernatant containing human hemoglobin (and other minor erythrocyte
companents) was concentrated by pressure dialysis using Visking tubing
(Scientific Instrument Centre Ltd. London, U.K.), dialysed at the same time
against several changes of 0.01M phosphate-butfared 0.15M NaCi pH 7.2, and
purifiad by passage in HPLC. This hemoglobin was added to human plasma at
different concentrations. Only fully gorged insects were used; partially fed ones
were discarded.

At different intervals after feeding and infection with 7. cruzi
epimastigotes, the entire intestinai tract (crop, midgut and rectum) was removed
and then gently hemogenized in 1 mi phosphate-buffered saline (PBS; pH 7.2)
using a small homogenator. The total number of parasites, and the percentage
of metacyclic trypemastigotes, identified by morphology, were counted in a
Neubauer hemocytometer. The classification of the distinct morphological forms
of T. cruzi (epimastigote or metacyclic trypomastigote) was based on the cell
shape and molility (trypomastigote has an undulate membrane which makes the
parasite appear to have a tender and typical body motility), the point of
emergence of the flagelium from the cell body and whether the kinetoplast is
anterior or posterior to the nucleus. In the present paper the transitiona! forms of
the parasites in the insect gut (usually <10%) were considered as epimastigotes.
Each experiment had at least six insects per day of evaiuation.

The peptide synthesis was performed on a solid-phase Applied
Biosystems automated synthesizer (model 431A, version 1.12) using Fmoc
chemistry according to Fraidenraich et al. (1993). Before use, peptides
corresponding to residues 30-49, 35-73, and 41-73 of chicken «"globin, were
purified by passage through Sep-Pak C18 cariridges.

Data were compared using the two-way analysis of variance method and
X2 test (Snedecor, 1964).

Results and Discussion

in order 1o obtain clear and comparable results on the percentage of
metacyclogenesis in the gut, fifth-instar larvae of R. prolixus with different
intervals of starvation (15, 30 and 45 days), were allowed to feed on plasma
containing epimastigote forms of T. cruzi Dm28c clone. On the last day of
evaluation (day 20 after infection) the groups with different times of 15, 30 and
45 days of starvation presented 85%, 65% and 45% of metacyclogenesis,




respectively (Figure 1). The lowest percentage of transformation of
epimastigotes into metacyclic trypomastigotes occurred in the group with 45
days of starvation. Thus, we decided to use this parameter in all experiments to
analyse the process of metacyclogenesis.

The following experiment describes the importance of hemaglobin on the
transformation of epimastigotes into metacyclic trypomastigotes. Groups of fifth-
instar larvae of R. prolixus experiencing 45 days of starvaticn, were fed on T,
cruzi infected whole blood or infected plasma containing 1g, 7 g, 14 gand 21 g
of hemoglobin/100 mf and infected plasma alone (for details of the diet
preparation and infection see Materials and Methods). Table 1 shows the results
obtained when the infection in the gut was evaluated 15 days after parasite
ingestion. The lowest percentage of metacyclogenesis is observed in the group
fed on plasma alone and the group fed on pfasma containing 1 g of
hemoglobin/100 mi (p>0.25, X’ test). However, as shown in Table 1, insscts fed
on plasma containing 1 g hemoglobin/100 ml show a significant difference in the
number of parasites in the gut when compared with the infection observed in the
group fed on plasma alone (p<0.01). Hemoglobin added at concentrations
higher than 1 g/100 mi plasma are more effective in increasing the percentage of
transformation of epimastigote forms into metacyclics when these groups were
compared with group fed with plasma alone (p<0.01) . Furthermors, the
percentages of metacyclogenesis were related to hemoglobin concentrations in
the plasma (Table 1). Thus, it seems that hemoglobin is an important factor to
complement plasma nutritional-deficisncy necessary for both the growth and to
give the maximai efficiency of the T, cruzi differentiation in the invertebrate host.

To find out a reproducible method to study the effects cf synthetic fragments
of a°-glooin on the metacyclogenesis in the gut of the insect vector, we designed
experiments that mimicked the natural infection in the triatomine. 7. cruzi survival
and differentiation to metacyclic trypomastigotes were evaluated in insects fed
upon whole blood or plasma fcr 0, 10, 20 or 30 days after infection with about
27,000 epimastigote forms. Results shown in Figure 2, demonstrate that in the
blood fed group, the parasite effectively survives and proliferates. In addition
blood feeding is much more effective than plasma in supporting in vivo
metacyclogenesis and development (P<0.01). Thus, we decided to use in the
next experiments, decomplemented plasma containing different synthetic
peptides and epimastigotes to feed the triatomine vector.

The effect on T. cruzi metacyclogenesis of synthetic peptides carrying o -
globin sequences and supplementing plasma feeding of R. prolixus larvae was
studied. Immediately after feeding, six insects of each group were killed and the
numbers and forms of parasites in the crop determined. There was no
statistically significant difference in the number of parasitcs ingested by these
groups (P>0.25). However, as shown in Figure 2, 10 days after infection more
than 95% of the parasites had transformed from epimastigotes to metacyclic
trypomastigotes in the groups fed upon piasma containing the synthetic peptides
30-49 and 35-73. The high percentage of metacyclogenesis was promoted in




both groups until the end of the experiment, 30 days after feeding. There were
no significant differences between these latter groups and blood ingested
controls (P>0.25). In contrast, insects fed upon plesma containing the synthetic
peptide 41-73 had a very low metacyclogenesis as compared with bicod
ingestad controls or insects which fed on plasma containing the synthetic
peptides 30-4S and 35-73 (P<0.01). The percentage of metacyclogenesis in the
group fed on plasma containing peptide 41-73 remained below the values
observed with plasma alone. Furthermore, the total number of parasites
(epimastigotes + metacyclic trypomastigotes) per insect in this group was similar
to the insects ied on plasma aione cr plasma containing peptide 30-49 or 35-73.
These data indicate that the reduction in the transformation of epimastigotes into
metacyclic trypomastigotes was not due to the toxicity of peptide 41-73 on either
epimastigotes and metacyclics. However, none of the synthetic peptides were
able to establish the rate of parasite infection as observed in blood fed controls
(Figure 2).

In another experiment, we mixed two synthetic peptides in the plasma meal
and showed that the metacyciogenesis blocking effect of synthetic peptide 41-73
was stili observed in plasma feadings supplemented with synthetic peptides 3C-
49 and 35-73 (Figure 3). There were significant differences between these latter
greups and the groups fed on plasma containing only the peptide 30-49 or 35-73
(compare Figure 2 amd Figure 3, P<0.01). Thus, it seems that the synthetic
peptide 41-73 binds, better than the two former synthetic peptides, the
membrane receptor present in epimastigote forms and blocks the stimulation of
metacyclogenesis as induced by these peptides.

Chagas disease, as transmitted by triatomines, is dependent on a high
degree of the interaction between parasite and vector. /n vivo, T. cruzi
undergoes two differentiation processes in the insect gut veztor. The first is the
transformation of ingested trypomastigotes into epimastigotes, the multiplicative
forms of the parasite; the seccnd is the differentiation of epimastigotes into
metacyclic trypomastigotes, the infective form of the parasite (Zeledon, 1987;
Garcia and Azambuja, 1991; Garcia and Dvorak, 1982; Garcia et al., 1989a,b).
In the present study, only epimastigote forms were used to infect R. profixus
larvae, thus, the analyzed process is just the metacyclogenesis in the vector's
hindgut.

No considerable advances have been made for a better understanding of the
many factors which influence the development of 7. cruzi in its insect host since
the fundamental discovery of the trypanosomid basis of this human disease
(Chagas, 1309). Recently, however, evidence from in vitro studies showed that
a globin-derived peptide, purified from Triatoma infestans hindguts as well as
synthetic peptides carrying amino terminal globin sequences and containing a
conserved domain spanning amino acid residues 30 to 40, stimulate the
epimastigote adenylyl cyclase of T, cruzi epimastigotes (Fraidenraich et al.,

1993).




In the studies reported here, experimental conditions have been selected to
study metacyclogenesis in vivo. Evidence shows that whole bload feeding or
hemoglobin added to plasma at concentration highers than 1 g/100m! are much
more efficient than plasma alone in supporting parasite survival and
differentiation to metacyclic trypomastigotes. This raises an important question
about the role of hemogiobin to the parasite life cycle in the vector gut.
Assuming that human blocd contains 14 g hemoglobin/* 00 ml of blood, even a
concentration of hemoglobin of 7 g/100 ml, was able tc significantly increase the
percentage of metacyclcgenesis, and an amount of 1g hemoglobin/{100 ml
induced 10--fold more development of parasites in the gut if these insects are
compared with the group fed on plasma alone (Table 1). We suggest, therefore,
that the hemoglobin does not have only a nutritiona! effect but it also seems to
be important in inducing the differentiation of epimastigotes to metacyclic
trypomastigotes. The fact that in plasma fed insects twe synthetic peptides
¢ arrying amino terminal sequences of «°-globin have the capability to support
metacyclogenesis at least to the same extent as whole blood, indicates that a
globin-derived peptidic fragment(s) is playing a critical roie in T. cruzi
differentiation.

In conclusion, these results provide the first basis for delineating the in vivo
molecular mechanisms that are involved in promoting the metacyclogenesis of 7.
cruzi in the vector's gut. Based on the present model we postulate that nutritional
state and the availability of globin fragments released by proteolysis, modutate,
promoting or blocking, the dynamics of T, cruzi differentiation in the vector’s
intestine. This hypothesis assumes that some peptides corresponding to
fragments of a” -globin induce the differentiation of T. cruzi epimastigotes to the
metacyclic trypomastigote forms in the vector's gut. As previously reported,
direct evidence for this conclusion comes from the fact that binding of the
specific globin fragment(s) to a receptor entity present in epimastigote
membranes causes adenylyl cyclase activation. A Gs protein is likely to be
involved in the signal transduction pathway responsible for the rise of
intracellular cyclic AMP levels (Eisenschlos et al., 1986; Coso et al., 1992) which
in turn induces differentiation (Rangel et al., 1987; Gonzalez-Perdomo et al.,
1887) through the activation of type cyclic Il cyclic AMP-dependent protein
kinase (Ullca et al., 1988).
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LEGENDS TO FIGURES

FIGURE 1. Trypanosoma cruzi and metacyclogenesis in fifth-instar larvae of
Rhodnius prolixus subjected to different days of starvation (in days after tha last
molting) and fed on plasma. The insects of each group were allowed to feed on
infected plasma only on the last day of starvation of each group. Each value
represents the average of at least six insects.

FIGURE 2. Trypanosoma cruzi and metacyclogenesis in fifth-instar larvae of
Rhodnius prolixus subjected to different feedings containing or not different
synthetic peplides. Each value represents the average (mean+SE) of three
experiments, with at least 6 insects need per experiment. The experiments were
repeated three times. Peptide concentration was 10-6M.

FIGURE 3. Trypanosoma cruzi and metacyclogenesis in fifth-instar larvae of
Rhodnius prolixus subjected to plasma meal containing or not two different
synthetic peptides. Each value represents the average (meanzSE) of three
experiments, with at least 6 insects need per experiment. The experiments were
repeated thres times. Peptide concentration was 10-5M.
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Table 1. Trypancsoma cruzi and metacyclogenesis in fifth-instar larvae of
Rhodrnius profixus subjected to infected plasma feeding containing different
hemoglobin concentrations. The gut infection was evaluated 15 days after

infected fesding. Each value represents the average (meantSE, n= 8 insects).

Feeding Parasite number per insects Metacyclic forms
(g hemogiobin/100ml) (X10%) (%)
Plasma zlone 0.9 £0.07 34
Plasma
+ 9.2+1.1 32
1g
Plasma
+ 8.510.9 45
79
Plasma
+ 6.0+0.7 64
14 g
Plasma
+ 42406 72

21g
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