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A peptide from hindguts of the Triaroma hematophagous Chagas' insect vector activates adenylyl cyclase 
activity in TrypmrosomC1 cru:i epimastigote membranes and stimulates the in vitro differentiation of 
epimastigotes to metacyclic trypomastig.otes. 
The following sequence for 20 residues of the amino terminus of this peptide was determined: H1N-Met-

Leu-Thr-Ala-Glu-Asp-Lys-Lys-Leu-Ile-Gln-Gln-Ala-Trp-Glu-Lys-Ala-Ala-Ser-His. This sequence 1 s 

identical to the amino terminus of chicken aD-gtobin. 

A synrhetic peptide carrying the sequence of the 40 amino acids corresponding to the aD-gtobin amino 
terminus (peptide 

1 
_
40

). also stimulated adenylyl cyclase ~ctivity and promoted differentiation. The 

I 25t-labekd synthetic peplidCJ. 10 bf1 lld !>pecifically lll T. cmzi epimastigote cells. 

The effects of hemoglobin or synthetic peptides carrying aD-globin fragments on both the growth and 
transformation of T. cruzi epimas1igotes into metacyrlic trypomastigotes were studied in the insect 
vector. Metacyclogenesis did nm occur when the insects were fed with plasma. However the 
differentiation in the insect's gut is expressed when hemoglobin or synthetic pertides corresponding lo 
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 epimastigole 
forms. The conversion of L-arginine to citrulline by this enzyme activity required NADPH and was 
blocked hy EGTA. The reaction was activated by Ca~·. calmodulin, telrahydrobioplerin and FAJ), and 
inhihited by N·-methyl-L-arginine. L-glt•tamate and N-m"lhyl-D-aspartale (NMDA) stimulated i11 ~·ivo 

conversion ,,f L-arginine to citrulline by epimastigote cells. These stimulations could be blocked by 
EGTA, MK-801 and ketamine and enhanced by glycine. A ~odium nitroprusside-activ~ted gu::nylyl 
cyclase activity was detected in cell-free, soluhle preparations of Trypann.rnma crn:.i epimastigotes. L­
glutamale. NMDA .ind 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 TrypanrHoma cru:.i epimasligotes. L-glutarnale 
controls cyclic GMP levels through a pathway mediated by nitric oxide. 
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Part 2 

OHJEC11VE.51MEIBODOLOGY 
This project proposes studies on a polypeptide recently found in this 
laboratory that was purified from hindguts of the insect vector Tri atoma 
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 artd non-infectious) to the corresponding trypomastigote forms 
(non-proliferative and infectious). 
The polypeptide will be extracted from several hundreds hindguts from insects 
f~d two days before with chicken hemoglobin and it will be purified to 
homogenizi!y by HPLC on C 18 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 wi 11 
be determined. 
Synthetic peptides will be labeled with 1251 in the presence of chloraminc-T 
and the corresponding epimastigote receptor will be characterized in cells and 
membr<.ne preparations. Receptor purification will be performed and, if it is 
possibk, molecular cloning of this receptor will be incended. 
Polyclonal antibodies against these peptides or th'! 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 1 n 
both, in vivo mouse and in vitro macrophage models. 

l. Purification procedure 
Triatoma infestans intestine:; 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 e I 11 ting 
between the exclusion and inclusion peaks will be passes through Sep Pak-C 18. 
After concentration, th.! material eluting with 15 to 50% acetonitrile will be 
further purified by HPLC in a Cl8 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 he further subjected to 
HPLC on a C4 column eluted with a acetonitrile gradient (0 to 40%). The 
homogeneous material eluting at about 32% acetonitri le will be used for 
further studies. 

2. Criteria of purity 
Purity of the polypeptide will he asserted by three procedures: 
I. Peak simctry in 00230 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 sequencing procedure. 

l __________ _____. 
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3. Aminoacid compos1t1on 
It will he 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/Hydrolyzcr). followed by HPLC separation of amino acid 
derivati\·es in a Cl8 column using a Model 130A equipment from App'ied 
Biosystems provided with a Model 920A data reduction system. All the 
procedures will be done following the instructions of the man•Jfacturer . 

..i. 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. Oligonucleotidc synthesis 
It will he 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 g I u an id in i um 
isothyocyanatc 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 he 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 
Pcptiocs will be synth~sizcd by procedures described by Van Regenmortel ct 
al. (Synthetic Polypeptides as Antigens. Elsevier, 1988). Deproctection and 
coupling will be performed in a Mudd 431-A peptide synthesizer (Applied 
Biosystems). with F-MOC chemistry . 

9. Peptide iodinJtion 
Since preliminary data indicates the existence of at least one tyrosine. 
triatominc will he labeled with 1251 with "iodo-bcads" (Pierce) according to the 
procedure of Markwell (Anal. Biochem. 125, 427-432). 
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RESULTS 
(compare a. ·abid thc"sci ·oojcctlvcs) 

Peptide purification and characterization of its biological effects. 
A pepcide from hindgul~ of lhe Triatoma hemalophagous Chagas' insccl veccor 
aclivates adenylyl cyclase activicy ir Trypanosoma cru:i epimasligole membranes 
and stimulates the i11 ,·itro diffuentiation of epimasligotes to metacyclic 
trypomastigotes. Hindguts were obtained from insects fed two days before with 
chicken blood. Purification was performed by gel filtralion and hi gt­
performance liquid chromatography on C1s and C4 columns. SOS-PAGE of purified 
peptide showed a single band of about I 0 kDa. 

Peptide sequencing. 
The following sequence for 20 residues of the amino terminus of this peptide was 
determined: H 2N-Met-Leu-Thr-Ala-Glu-Asp-Lys-Lys-Leu-Ile-Gln-Gln-Ala-Trp-Glu­
Lys-Ala·Ala-Ser-His. This sequence is identical to the amino terminus of chicken 

nD-globin. After western blotting. the peptide immunoreacted with a polyclonal 
antibody againsl chicken globin D. 

Synthesis 
effects. 

of peptides and characterization of their biological 

A synthelic pcplide carrying lhe sequence of lhe 40 amino acids 

corresponding to lhe aD-globin amino terminus (peptide 
1 

_
40

). also stimulated 

adenylyl cyclase acc1v1ty and promoted differentiation. These stimulatory 

effects were obsc>rvcd at peptide concentralions higher than IO- I 0 M. Do!.e­
response curves for both effects were coincident. 
In order to determine with more precision the primary slructure of the :icr i vP 
region. some other synlhelic peplides were tested for lheir effecl on 
eoimascigole adcnylyl cydase. Peptide 30-49 was a little less active than 

pcplide 1-40- Peplidc 35- 73 resulted much less active and peplide 41- 73 was 
inaccive. Howe,·er. lhe lauer peplidc enhanced the effect of peptide I -40 on 
aderiylyl cyclase. 

Lah<·ling of peptides and receptor characterization. 

The 1251-labeled synchelic pcptide1-40 bound sper:ifically lo T. cruzi 
epimast1gote cells. Displacements of the labeled ligand hy the unlabeled 
peptide 1-40 or peptide 30-49 were idcnlical, giving an estimJted dissociation 

cons tan I of 2 x I o-9 M and about 2000 receplors per cell. Peplide 35- 7 3 and 

peptide 41-73 were less efficient in the displacement of the labeled ligand. 

Preparation of antibodies. 
Funhcr supporl ~~1r !he authcnlicity of !he glohin-derived peptide was 
obtained by characterization wi1h a rabbit anti-chicken globin D antibody. 
Aficr wec;tcrn blolling, !he hindgu1 peplide immunorcacted wi1h !his antibody. 

In ,·iv'> and in \'itro characterization. 
The effects of hemoglohin or syn1hetic pcp1ides carrying a 11 -globin fragments 
on bo1h !he growth and lransformation of T. cruzi epimastigotes inlo 
mctacyclic trypomastigotes were s111died in the insect vector. Mctacyclogenesis 
did no! occur when the insects were fed with plasma. However the 
differentiation in the insect's gu1 is expressed when hemoglobin or synthc'ic 
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Part 3 

Work plan and time schedule 
· , :::o Codgbiilli.envtsagcd) · : • 

Working plan. 
It has been described in previous sections. 

Time schedule. 

1st. 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. Jn vivo and in vitro characterization. 
Receptor cloning. • 

L-----------·------------_J 
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peptides corresponding to residues ?0-49 .rnd 37-73 of the aD-globin were added 
to the plasma diet. 

Receptor cloning. 
Since the receptor for globin-derived peptides activates adenylyl cyclase 
activity through a Gs protein it structure, like a jl-adrenergic receptor should 
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 J}-adrer.ergic receptor were prepared. 
Using such oligonucleotides in an RT PCR four bands were obtained whi.ch 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 requir-.!d NADPH and was blocked by EGTA 
The reaction was activated by Ca2+, calr.1odulin, tetrahydrobiopterin 2nd FAD. 
and inhibited by N"'-methyl-L-arginine. L-glutamate and N-me~hyl-D­

aspartate (NMDA) stimulated in i·ivo 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 cell-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 Ltus indicates that in Trypanosoma c ru zi 
epimastigotes, L-glutamate controis cyclic GMP levels through a pathway 
mediated by nitric oxide . 
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Work plan and time schedule 
::.:\,, , ... ·: cactu8.1) . · 

Project landmarks. duration of Individual tasks (use bar charts): cvaluallon criteria (publications. 
patents. services. training) 

The pla11 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 
Trypanosoma 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 . 

. 5 -
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-International Centre for Genetic Engineering and Biotechnology (Trieste­
Italy). 

-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). 

• "An aD-globin fragment from Triaroma hindgut s1imulates Trypa11osoma cru:;i adcnylyl 

cyclase awl promoies me1acyclogenesis " Fraidenraich, D., Pena, C.. Isola. E .. Lammel. E.,Coso, 
O.,Diaz Aiicl, A., Baralk, F., Torres, H.N., and Flawi~. M.M .. Biol. Res., 26. 279-283, 1993. 

• '"Stimulalion of Trypa110.wma end adenylyl cyclase by and a D .globin fragment from Triaroma 
hindgut. Effect on differentia1ion of epimasligote to trypomastigote forms "Fraidenraich, D .. 
Pei'ia, C., Isola, E., Lammel. E .• Coso, 0., Diaz Ai'iel.A., Pongor, S., Torre,,, H.N. and Flawi;i, M.M .. 
Proc. Natl. AcadL Sci. U.S.AL 90, 10140-10144, 1993. 

• "The nilric oxide transduc1ion pa1hway in Trrpa110.wnra crri::i" Pavelo, C.. Pt>rcira. C .. Espinosa, 
J., Monlagna, A.E., Farber, M., Esteva, M., Flawi<i, M.M. and Torres, H.N. ( 1995) J. Biol. Chem. 
in press. 

• 

• 

• 

"Induction of Trypanolsoma cruzi metacyclogenesis in !he gut of the hematophagous insect 
vector Rhodnius prolix us by hemoglobin and peptides carryin aD-glc1bin sequences" ( 199 S) 

Garcia, F..S., Gonzalez, M.S., Azambuja, P., Baralle, E.E .. Fraidenraich. S .• Torres, H.N. and Flawi:I. 
M.M. (1995) Exptl. Para.fitol. in press. 

"Globin-derived pcptid.:s and hcmo:!l,,bin act as a novel agonist-antagonist sy!ilcm which 
modulates Trypa110.rnma rrrtzi a<1enyly1 cydac~"Fraidcnrnid1. B .. Jlarallc. r .. T1irrcs. 11.N. and 
Flawi:i, M.M. in prepara1ion. 

"Purificaci6n, sccuenciaci6n y caracterizacion de un pcptido presente en cl intcstino de 
Triatoma infcstans que cstimula la aclcnilil ciclasa de Trypanosoma cruzi y promueve la 
mctaciclogcncsis ·• ( 1994) 1:raidenra ich und Waism.m. D .. Dnctoral Tl1esi.f in C 11 em i Hr y, 
University of llrteno.f Airu, Sclionl of Scienet.f. 
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Part 4 

To be filled by ICGEB To be filled by the Affiliated Centre 

Budgets as per original proposal Summary of expenditures • 

I) Capital c.qulpment US$ ..... 6 .•. Q.32 .•. :-: ... 1) Capital equipment US$ ...................... 

2) consumables US$ .... 40. • .731.,.68. 2) consumables US$ ...................... 

31 training US$ ........ ..-.-. ........... 31 lratntng US$ _______ ............... 

4) literature US$ ..... J .. .2.91.~85. 4) literature US$ ...................... 

5) mlScellaneous US$ ------6. • .oJ.t..,95- 5) miscellaneous US$··-·--·--···-···-·--·-

TOT.AL GRANT US$ •••• .5A ... 13.9.4.8.. TOT.AL US$ •••••••••••••••••••••• 

Please Itemize the following budget categories (If appllcable) 
pital 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 Ifci (16MB total}; 
2 MB SIMMS FOR MAC llsi (8MB total); 4 MB SIMMS FOR MAC LCII (8MB total}; Oaystar 
universal Power Cache Card, 50 MHZ, with 68882 Math coprocesor; C550D II Si Nubus 
adapter with math coprocesor nq 68882; SCSI Terminators; R070S SCSI Peripheral cable, 
8 FT; R0707 SCSI Peripheral cable, 3 FT. 
Fax Panasonic ~-F700; transformador D y D W100. 
Horno Microondas BGH, Modelo 13300. 

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

Literature 

Reprints: PNAS, Cell, Current Biology. 

• Pl!':t'.r. <fo r1'!! r""nd lnvolcr.c;/r~~r.lpfs de:.; lt1!'~ i;hould be kept by the Affiliated Centre for future reference and sent 
to ICGF:B llPOJU!:Hll!'~J. 

·.:-,:· <·xr:rpr for invoir.<'<; th.11 ;irr r<'quircd ir, conn<'xion wirh paragr.1ph 5. of chc Contract. 
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An a 0 -globin fragment from Triatoma infestans 
hindgut stimulates Trypanosoma cruzi adenylyl 

cyclase and promotes metacyclogenesis 

DIEGO FRAIDENRAICffl, CLARA PENA2, ELVIRA L ISOLAl, 
ESTELA M LAMMELl, OMAR coso•. ALBERTO DIAZ ANEL1, 

FRANQSCO BARALLE4, HECTOR N TORRES1 and MIR lllA M FLA WIA 1 

1Instituto de Investigaciones en Ingenieria ~tica y Biologfa 
Molecular, CONICET, and Facultad de Ciencias Exaaas y Naturales, 

Universidad de Buenos Aires, Buenos Aires, Argentina 
2Instituto de Qufmica y Fisicoqufmica Biol6gicas, CONICET, and Facultad de 

Fannacia y Bioqufmica, Universidad de Buenos Aires, Buenos Aires, Argentina. 
3Depanamento de Microbiologfa, Facultad de Medicina, Universidad 

de Buenos Aires, Buenos Aires, Argentina. 
41ntemational Centre for Genetic Engineering and E.iotectmology-Trieste 

(UNIDO), Triei;te, Italy. 

A pep:ide from hindguts of the Triatoma infestans, the hema!ophagous Chagas' 
insect vector, activates adeny/ .. ; cyclase activity in Trypanosoma cruz! 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 abou& IO kDa. The sequence for 20 residues of the amino terminus 
of this peptide was: H2N-Met-Leu-Thr-Ala-Glu-Asp-Lys-Lys-Leu-lle-Gln-Gln-Ala­
Trp-Glu-Ly:r-Ala-Ala-Ser-His. This sequence corresponds to the amino terminus of 
chicken ci'-globin. A synthetic peptide with the sequence of the 40 amino acids 
conesponding to the amino terminus of ci'-globin, also stimulatl!d T. cruzi adenylyl 
cyclase activity and promoted metacyclogenesis. 

INTRODUcnON 

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 Tr;atoma infestans insect vector. This 
process convens 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 
ctdtures under a variety of conditions. They 
include the presence of mammalian serum 
components (Dusanik, 19RO), the use of me­
dium mimicking insect urine (Contreras et al., 
1985), and metabolic stress (Castellani et al., 
1967) or by growing epimastigotes with 
Triatoma infestans hindgut extracts (Isola l!t 
al., 1981, 1986). 

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

-
• Corrttpondtnct: Mirtha M. J-lawi,, rNGER?, Obli11do 2490, 1428 Buenos Ain:s, Af'llenlin•. Fu: (S4·1)786-8S78. 
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addition of exogenous cyclic AMP or its 
analogs to epimastigote cultures causes 
metacyclogenesis (Gonz~ez-Perdomo er al., 
1988). Moreover, our evidences showed !hat 
T. cruzi epimastigote membranes possess 
adenylyl cyclase associated to G as subunits 
(Eisenschlos er al., 1986) and that G ~and G 
6 polypeptides are also located in these mem­
branes (Coso er al .. 1992). 

A basic question arising from these findings 
is whether a molecule p:esent in Triaroma in­
fesrans 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 weekly transfers in bi­
pha5ic medium and harvested during the ex­
ponential growth period (Isola er 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. Hindgul'> were processed 2 days after 
blood feeding. 

Membrane Preparation. T. cruzi epimas­
tigote membranes were prepared according to 
Torruella 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 supernatant ("crude extract") 
were passed through a Sephadex G-25 
(medium) column (3.5 x 50 cm), equilibrated 
with 50 mM Tris-HO buffer, pH 7.5. Fractions 
that activate adenylyl cyclase in epimastigote 
membranes, designated "Sephadcx prep­
aration", were pooled and passed through Scp­
Pak C18 cartridges (Waters, Milford, MA, 
U.S.A.; 10 ml per cartridge) equilibrated with 
water. Each :artridge was washed with 5 ml 
of water followed by 5 ml of 15% acetonitrile 
(v:v) in wat~r and subsequently eluted with 10 
ml of 50% acetonitrile (v:v) in water. "Sep-

Biol Res 26: 279·283 (1993) 

Pak C11 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 CJB and C4 HPLC as 
~escribed elsewhere (Fraidenraich, Pena, Isola, 
Lammel, Coso, Dfaz-Aftel, Baralle, Pongor, 
Torres, Aawi1, manuscript in prevaration). 

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

Peptide Synthesis. Solid-phase peptide 
synthesis was perfonned on an Applied a 
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 et al .. 
1983). Before use, peptide solutions were 
purified by passage through Sep-Pak Cu 
cartridges. 

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

Adenylyl Cyclase Assay. Incubations 
mixtures contained 50 mM Tris-HO buffer, 
pH 7.4, 0.2 mM 3-isobutyl-l-methylxanthine, 
1 mM cyclic AMP, 1.5 mM MgCI2, 0.8 mM 
a32P-ATP (specific activity, 200 dpm/pmol), 
20 µM GTP, 2 mM phosphocreatine, 0.2 mg e 
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 (Torruella er al., 
1986). 

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

Other Analytical Methodf. Polyacrylamide 
gel electrophoresis in the presence of sodium 
dodecylsufate (SOS-PAGE) of the gut peptide 
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was pe1 !"onned according to Laemmli ( 1970) 
in 22% acrylamide gels (w:v). Gels were 
stained with ammoniacal silver nitrate with 
the procedure of Morrisey (I 980l 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 also stimulated 
the differentiation of epimastigotes to meta­
cyclic trypomastigotes. Adenylyl cyclase e activation and differentiation were not ob­
served in "Sep-Pak C18 eluates" from a 
"Sephadex preparation" which have been 
subjected to a proteaore treatment. On the other 
hand, activation and differer:tiation were 
maximal after two days of blood f ceding 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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Puri iication of the putative peptide factor 
was funlter perfonned by reverse phase chro­
matography on Sep-Pak C11 canridges and high 
performance liquid chromatography on C 11 
and C4 columns. A compound with spectral 
characteristics of a peptide was isolated which 
activated adenylyl cyclase and stimulated 
differentiation of the parasite (Table I). Upon 
SOS-PAGE the peptide showed a single band 
of about 10 kDa. 

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

Further suppon for the authenticity of the 
globin-derived peptide was obtained by 
assaying a synthetic peptide carrying residues 
1 to 40 of chicken a 0 -globin (peptide1.co). 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 10-10 M. 

TABLE I 

Effects of Triaroma 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 insects fed with chicken blood 

None 
"Crude ~xtract"• 
"Sephadex preparation"2 
"Sep-Pak C18 cluatc"3 
"Sep-Pak C111 elm:te"4 

··c18 HPLC fraction" s 
"C, HPLC fraction"6 
J(}-'i M peptide 1-40 

"Crude extract" from mouse 
blood-fed insects• 

Adenylyl Cyclase 
pmol/min per mg 

protein 

22±2 
40±3 
74±4 
78 :t :S 
26±Z 
JO± 3 
53 ± 3 
36±2 
55 ± 3 

Differentiation 
% 

4± 2 
75 ±JO 
71 ± 9 
75 ± 2 
4± 2 

55 ± 7 
60± 8 
65 ± 7 
70± 8 

15.0 A11a; 12.0 A110; l(). I Aa0; 40.1 Aao from a '"Crude prcpara1ion"' 1rea1rd with 0.1 S mg ml' protcinuc K for 30 min 11 30° C; 
10.02 A110; and '0.01 Aiea· 
Aliquou of 10 µIo( uch frac1ion were u~cd in all usay1 
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10 JO &O 50 

caD MLTAEDKKLIIQQAWEKAASHIQEEFGAEALTIRMFTTYPQTKITYFPHFDLSHI 
caA MV-SAA--NNV KGIFT-IAG- AE-Y---T-E ---TTY-P-- -------L-P 
Ma MV-SGE--SNI KAAWG-IGG- GA-Y---A-E ---ASF-T-- -------V-H 

7D .. ,. 100 

caD GSDQVRGHGK KVLGALGNAVIKNVDNLSQAMIAELSNLHAYNILRVDPVNFKLI 
caA --A-IK---- --VA--IE-A NHI-DIAGTL SK--D---HK ---------­
Ma --A-VK---- --AD--AS-A GHL-DLPGAL SA--D---HK ----------

110 no 110 l&O 

can LSQCIQVVLAIVHMGKDYTPEIVHAAFDKFLSIAVSAVLAEKYIR 
caA -GQ-FL-VVA I-HPAAL--E ---SL----c A-GT--TA-- -
Ma -SH-LL-TLA S-HPADP--A ---SL----A S-ST--TS-- -

CaD: Chicken aD globln chain (141 aa) 
CaA: Chicken a A globln chain (142 aa) 
Ma: Mouse a globln chain (142 aa) 

Fi1. I: Amino Kid sequences of chicken and mouse 11-clobia cbai.as. 

DISCUSSION 

Results here reported indicate that a peptide 
which naturally exists in Trialoma infestans 
Cha gas• vector hind gut. fed with chicken 
blood, causes activation of Trypanosoma cruzi 
epimastigote adenylyl cyclase and stimulation 
of metacyclogenesis. 1be peptide is a break­
down product of aD-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 targeL~ 
involved in the rliff erentiation 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 II 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 epimastigotc 
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 re postulated that this receptor should 
be specific for peptides having sequences of a 
globin a chain domain. 

These facts are relevant in the pathogenesis I 
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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Stimulation of Trypanosoma cruzi adenylyl cyclase by an a 0 -globin 
fragment from Triatoma hindgut: Effect on differentiation of 
epimastigote to trypomastigote forms 
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ABSTRACT A peptilk from bindpts of IM Triatoflta H­
mamphagous Chaps ill5Kt vector adivatrs admylyl cydaw 
acthity ia T'1JIOnoSOllUI end epimastigole membnnes and 
stimuiales the ;,. a·itro diffn-mliation or epimastigoks to mda­
cydic trypoou1stigutes. Hiudguts wen obtaintd from insects fed 
2 da)-s earlier with chicken blood. Purification was performed by 
~filtration and HPLC on C 11 and C4 columns. SOS/PAGE of 
the purified peptide showed a single band of about 10 kDa. The 
following seq~ was ddennined for the 20 amino-terminal 
rnidues of this peptide: H2'.'i-l\ld-U8-Thr-Ala-Glu-Asp-Lys­
Lys-Leu-lk-Gln-Gln-Ala-Trp-Glu-Lys-Ala-Ala-Ser-His. This 
sequence is idmtic:al to the amino terminus of chicken a 0 -globin. 
On a Western blot, the peptide immullOIUdfd with a polydonal 
anCibody against chickai globin D. A synthetic peptide corn­
spondiag to rnidues 1-40 of the a0~n amino terminus also 
stimulated adaiylyl C)dase activity and promoted dilfermtia­
tion. This 1251-labded synthetic: peptide bound spmf'"ically to T. 
cnr.i epimastigote cdls. Activation of epi~igote adaiylyl 
cydaR by the h~in-dttived peptide may play an impor­
tant role in T. cru:i differentiation and comequaitly in the 
traMmmion or C~'i d~. 

A major endemia in Latin .\mcrica i' Chaga., di,ca,e. "' 
etiological agent i' Tryp11no.wma a11:i. a Oagellatc protozoan 
that undergoe' complc' morphologit.:al changes throughout 
ih life qcle in hoth the in,cct \·cctor and the vcrtehratc host 
I 1. ~I. The hematophagou' Trimoma "·ector ingc"'h cir..:ulat­
ing tr)"P\lmi"tigotc form' while feeding on the hlood of an 
infected vertchratc ho't. In the in,cct dige,li\e tract. in­
gco;ted trypoma,tigote' initially diffcrcnli•1te to cpima,ti· 
gole'\; in a 'iCcond 'tage. which oc..:ur' within the vector 
hindgut. epima,tigote' that arc prnlifcrativc hut not infc1.:-
1iou' convert lo melacycli.: trypoma,tigote,. The latter arc 
infcctiou' and nonproliferativc par;"ilc form' (l-~1. Thi' 
diffcrcntiati1m procc". known ;1' metacyclnl?ene'i'. can he 
induced in cpima,til?ole liquid !.:ulturc' tty mammalian 'ernm 
..:omponcnl' 161. the li'C of medium mimicking in,ecl urine 
171. mctaholic 'Ire" tK. 91. fri11t11111a i11fi·H1111\ hindl?ut ,,. 
1r;1c1' 110. 111. or cyclic :\MP I I ~I. 

In addition. mctaqclic trypoma,til?otc' c~hiliit higher 
intracellular cyclic t\~1P level' th;m cpima,ligolc' t DI. and 
C\idencc from thi' l;1hor;1tnn ha' 'hown that r. ,.,11:i mcm· 
ttranc' po"c" an ;idcnylyl cycla'c ;1"ociated w i!h the " 
'uhunit of the 'timulatory guanine nuclcolidc-l>inding rcim­
larnry protein t(i protein; f 141. (in, aml Ci{~ rnlypt·ptidc' were 
al'o found in thc'c mcml>ranc' f l.~I. 

The p11l>h<.1!1nn "'"'' 1•f 1h1, ,1r11dt· "•·r< 1l.-fr.l\t0 1I m p.orl I>• r·•11•· .:h.ori:•· 
r·•" m~nl fhh .trtldc.· mo,, fh('rt.'f1•rt. ., ... hl'rd"I\ n1.1r"'c.·d. ·,,,,, ,.,,1\,.,,,, ,,,. . 
1n ·•<.:orll.1n.:.· y,11h IM I" SC ll"1J "'kl• 111 tn<h,,11,· 1h1, f.1.i 

A basic questior. arising from these findings is whether a 
molecule present in Tri111mn11 hindgut might be capable of 
activa1ing epimasligole adenylyl qclase and thereby causing 
parasile differenlialion. 

Here we presem evidence showing thal a hemoglobin­
deri,,·ed peplide purified from hindgul exlr.ich is reSPtln'iible 
for T. cru::.i epimasligote adenyl}·I cyclase acti"·ation and 
metacyclogenesis. 

MATERIALS ASD METHODS 

Parasite and lnsttt Stl1liM. T. cru:.i epimastigotes of the 
Tulahuen or RA str.iin were maintained and han1ested as 
indica1ed c 10. 11 I. 

Noninfected T. inj(>.uan.t in the fifth or adult stage were 
reared at :?8°C and 60';( relati"·e humidity and were given 
chickens or mice weekly from which they sucked blood. 
HinJguts were processed :! days after feeding. 

Membrane Preparation. T. u11:i epimastigote memhranes 
were prepared according to Torruella ,., al. I 161. 

t"actor Purification from :Undgut H~te!. Hindguh 
were removed and homog1:nized in pho,phate-huffered saline 
t.'i ml/g of tiso;uc). After centrifugation for 1.'i min at I0.000,.; 
g. IO·ml aliquot' of the o;upernate 1··crude extract°") were 
pa"ed through a Sephadcx G-:!.'i tmcdiuml column LU x .'iO 
cm land cquilihrated with .'iOmM Tris·HCllpH 7 . .'il. Fractions 
that acti\·ated adcnylyl cycl;"c in cpima'\tijtotc memhranes. 
dc,ignatcd · ·sephaJcx prep<1ration:· were pooled and 
pa,,ed lhrough Sep-Pak c,. t.:;irtridge' 1Watc:rs; IO ml per 
cartridge! cquilihrntcd with w;itcr. Each cartri~ge was 
wa,hed with .'i ml of w;111:r followed hy .'i ml of 15•:; I ml/vol) 
••cetonitrile in water; 'uh":qucntl}. the factor wa' eluted with 
Ill ml of .'ilYr a..:ctonnrik in water. ··scp-Pak C '"eluate,·· 
were pooled. •md 'oh·cnr wa, remo\'cd under rcdm:ed pres· 
'ure. The milteri<•I corrc,ponding 111 "'410 hiodguh "'" rc'u'· 
pended in 11 . .'i ml nf "atcr ;1nll further purified tty rc"er .. c· 
pha'c C 1• HPl.C" t'v yJac column; HUI" ~.'iO mm; JOO t\ P\lrc 
'itcl. Elution wa' performed wnh an acctonitrilc gradicnl 
from t~r; Ill _'if{; in Water at ii Oow rate or ~.0 ml/min (\CC 
Fig. I A I. The peak fra1.:tion eluting al 4r; acctonitrilc wa' 
ly11phili1ed. rc'u'rcndcll in I ml of water rT 1• HPl.C" 
fraction .. I. and further p11rrfie1l hy rc\cr,c-ph;1,c C, HJ>l.C" 
fVydac columo; .u, · ~50 mm; ~00 :\ rorc 'i1cl. Elution wa' 
performed with a grallicnt nf fl': h> 41Y; acct•>nitrilc in water 

,\hhrc,1;1111•n: Ci pr111cin. 1111.1n1nc n11dc111uk-htn1hn11 rc11•1l;i111n rn>­
lctn 
'l'o "'horn rcrrinl rcquc'I' ,h,1111.J hc .1d1lrc"c.I .11. ln,111111<~ Jc 

IR\c,11,:;i.:111nc' en ln~cn11:n.1 Cicne1,.-;1 \ 1111111•1:1;1. Ohh11;11l1• Z4'10. 
l-1~!1 ll11cn1" .-\ire, .. \r11cnltn;i 
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al a now rate of LO ml.' min tsee Fig. 181. The pea.I.: frjclion 
eluting al about :?8'f acetonitrile was lyophilizeJ. resus­
pended in l ml ofwater1··c~ HPLC fraction··1. and subjecleJ 
to further studies. The amount of active material in the 
different fractions W"lS expressed as ils absorbance al :?80 nm 
IA!llUI· 

Peptide Sequmcing. The hindgut peptide I :?50 pmoh was 
subjected to amino-terminal amino acid sequencing by auto­
mated Ed:nan degr.tdation using a model 477 A protein mi­
crosequencer IAi>plied Biosystems) according to Hewick et 
al. 1171. 

Peptick Synthesis. Solid-phase peptide synthesis was per­
formed on an Applied Bios}·stems automated synthesizer 
(model 4JlA. version Ll:?I using Fmoc chc:mistry U81. 
Before use. peptide solutions were purified by passage 
through Sep-Pak C u1 cartridges. 

Dift'Hftltialil>n Assay. Metacydogenesis was e,·aluated as 
described by Isola er t1f. I 10. 111. Briefl)·. cultures in modified 
Grace·s medium 1191 supplemented with fractions purified 
from hindgut homogenates and inoculated with 4 x 10" 
epima'itigotes per ml were incubated at :?!rC. and the per­
centage of flagellates that differentiated to the metaqclic 
stage was determined on at lca"t :?00 forms in wet prepara­
tions and in slides stained with May-Griinwald,'Gicmsa. 
Cultures were examined e,·c11· day. and obsen·ations were 
performed in quintuplicate. 

Atknwhi CYdaK Ass1n. The 'ltandarJ incubation mixture 
contained 50.mM Tris·HCI cnH 7.41. O.:? mM 3-isobutyl·l­
methylxanthine. l mM cyclic AMP. l.5 mM MgCI:. 0.8 mM 
(a-~:PIATP tspec:ific acti,·ity. :?00 dpm/pmoll. :?O µM GTP.:? 
mM phosphocreatine. O.:? mg of creatine kinase. and about 
:?00 µg of protein from T. a11:i epimastigote merr.branes pluo; 
the indicated additions. The final volume was 0.1 ml. lncu· 
bations were performed al J:T for 10 min on triplicate 
~mples. Reac:tiono; were •.lopped. and cyclic AMP wao; 
puritied and counted for mdio.1cti,·i1y as described by Sol­
omon et t1I. 1'.!0I. Under theo;e conditions. the amount of 
product formed was proportional to the amount of T. cru:::i 
memhranes and the incubation time. 

1251 l..abdin11: (If the Peptide and BindiDJI: to F.pima.~liJl:Ole 
Cdls. The 40-mer o;ynthetic peptide was labeled with chlo­
ramine T following the procedure described by Greenwood 
1:1J with the modification' indicated by Molinolo ,., t1I. c:?:?I. 

The incubation mixture for the binding ao;,ay contained 50 
mM pho,phale buffer !pH 7.41. o.zr; albumin. 0.4 pmol of 
labeled peptide l'ipe.:ific activity :?Oil µCi/ µg; l Ci "" 37 GBql. 
variou'i concen1r;i1ion' of unlabeled peptide. ;ind i!t'illUt :? Y 

10" epim;i,ligote cclk The lotal volume: w;" IU ml. lncull;l­
tion' were performed for 911 min ill room temperature. The 
bound peptide w;" 'ep;ira1cJ hy filtr;ition through gl;"' fiber 
filieP• 1Whatm;in CiF-CI. Non,pecilic binding wa' Je1er­
mined in the pre,ence of O.~ µg of unl;1bekd peptide. The 
binding con,lant wa' calculated according 10 Cua1rec;i'a' 
and Hollc:nhc:rg f~JI. 

Preparation or Glohin D and Antibndy. C ilohin D w a' 
prepared from chicken ;11lull red cell ly,ale by chromatogra· 
phy on CM-Sephmln and prccipilalion wilh acclonei 
h)·drochloric acid ;" de,cribed by Brown and lngr;im 1::?41. 
Rahbil anli,crum "'"' al'o prcp;ned ;icconling to ref. ~4. 

Olher Analytical Methods. The j!lll peptide wa' c:lcclro· 
phorc,ed in ~~r; polyacrylamide i.tc:l' in lhe pre,em:e of SDS 
;tn\I 'lained wilh 'ilver nilra:e I :?~I. We,tern hloh were 
blocked wilh nonfat milk and incuha1ed wilh a I :~Oil dilution 
of r;1hbit anli,emm. The immune comple\e' were dclcclcd 
with lhe Vccla,l;1in AHC"-:\P kil 1Vechlr l.ahor;11orie,1. 

RESl'l.TS 

Peptide ('haractrri1ation and Purification. l'repararion' 
from hinllJ?lll' of/. i111f'''"'~'- fed::? da~' hcfon.: w11h i:h11.:l..cn 

Pmc .\"utl . . -trnJ. Sd. USA 90t19931 10141 

tilood. activated aJenylyl qdase in T. cr11;:i epimastigote 
membr.tnes. The effect was blocked by guanosine 5' -11}­
thioldiphosphate. in either the presence: or absence ofGTP or 
5' -guan)·lyl imidotriphosphate. These ··crude prepar.ttions·· 
also stimulated the differentiation of epimastigotes to meta­
qclic trypomastigotes. Adenylyl cyclase acti,·ation and dif­
ferentiati'1n were not observed in Sep-Pak C 11, eluates from a 
Sephadex rreparjtion that had been subjected to protease 
treatment !Table ll. On the other hand. activation and 
differentiation were maximal after :? days of blood feeding 
and decreased in subsequent Jays I results not shown I. Table 
I also shows that a prepar.ttion from hindguts of insect 
\·ectors fed with mouse blood abo activated aJenylyl cyclase 
and promoted differentiation. 

Purification of the putative peptidic: factor wa.'i further 
performed by re\erse-phase chromatography on Sep-Pak C :~ 
cartridges and HPLC on C1x !Fig. lAI anJ C4 columns (Fig 
I Bl. After purification. the compound that activated adenylyl 
cyclase and stimulated differentiation oflhe parasite ran as a 
single band of about 10 kDa on SOS/PAGE !Fig. ::?. lane Bl. 

The following sequence for :?O residues of the amino 
terminus of the peptide was determined: NH:-Met-Leu-Thr­
Ala-Glu-Asp-Lys-Lys· Leu-lle-Gln-Gln-Ala-Trp-Glu-Lys­
Ala-Ala-Ser-His. Computer analysis of this sequence un­
equiv~ally showed that it Wi!S identical to the amino termi­
nus of chic:ken a 1>-globin I :?61. the minor component of adult 
chicken a:-globin chains !Fig. Jl. 

Further support for the authenticity of the globin-derived 
peptide w;a~. obtained by characterizatioP with a rabbit anti­
chic:ken globin D antibody. On a Wesiem blot. the hindgut 
peptide immunoreacted with this antibody C Fig. :?. lane Cl. 

For practical purpo'ies the peptide was designated GDF 
tfor globin-derived factllrl. 

Tat.le I. ':ffc..:h of Tri111om11 hindt:ul preparalillns on T. au:i 
iHkn} I} I .:ydao;c and differential ion 

:\ddilion"l . .\ ,.,• 

!'illOe 
211 µ!\I CiTP 
:?II µ!\I CipplNHJp 
Cmde n1r;11;1 ~.II 

Sephillln prep :?.II 
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Fie;. I. Puriticarion and charactcri1ation o( the hindJUt peptide. F.lution profile, from C1• IAI and c. 181 HPl.C column' arc 'ho~n. 

Biolodcal ActMty of' Synthetic PtpCidn. A peptide COrTC· 

'\ponding 10 rc:\iduc:\ 1-40 of chicken a 0 -glohin wa:\ .,ynthC"· 
.,i1cd fpertidC"·ll-4011- Thi:\ peptide '\limulatcd adenylyl C)"· 

cla'\e acrivity in T. rru:.i cpima:\ligorc membrane., anrl pro­
m•,lcd in ,·itm para.,ite differentiation. The.,e "timulatory 
effect:\ were oh:\erved al peptide concentration\ higher than 
10 1" M. Do'\c-rc'\pon"e curve., for hoth effect\ were coin­
cident !Fi~. 41. 

To determine with more preci .. ion the primary .. 1ruc111re of 
the active region. other "Ynlhetic peplirle'I. were 1e .. 1ed for 
their effect on erima'ltii:ote adenylyl cycla.,e. A' 'lhown in 

Fig. 5. peptide-I :m-491 wa' a little- le.,, active than peptidc­
tl-40l. Peptide-135-731 re.,uhed in much le'' activity. and 
pepridc-141-731 wa" inactive. However. the lallcr peptide 
enhanced the effect of peptil~e-fl-4Cll on adcnylyl cycla'\C. 

It i" importanl to point out rhat chicken hemoglobin wa'\ 
unable to activate cp1ma.,1igote adcnyl~·I cycla.,e or 10 pro­
mote differentiation ITahlc 11. 

The 1=•1-lahcled '}nthctic peptide·( 1-401 hound .,pecifi· 
cally to T. a11:i cpim; ... 1igo1e cell ... Di,placcmcnh of the 
labeled liµnd hy unl.ihclcd per11dc-1 l-4fh or per1ide-130 -491 
were idcnri.:al. 1i1vin1i an c.,limalcd d"wci;11ion con.,lanl of 
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-20 

_ __.14 

~GDF 

--2.5 

F1G. :?. SOS/PAGE of tundgut fra..."lions. Silver-stained gels of 
lhc crude extract !lane Al and c~ HPLC fraction Clanc Bl are shown. 
l...anc C sb.>ws a Western biol of the crude extract incubated with the 
anti-globin D antibody. a and /J. globin ctwns. 

:? x 10-• Mand about :?OOOreceptors per cell. Peptide-135-73) 
and peptide-441-73> were less efficient in the displacement of 
the labeled ligand (fig. 6}. 

~ISCUSSION 

Results reported here indicate tt.at a peptide. desigr.ated 
GDF. which naturally exists in hindguts of Triatoma fed with 
chicken blood. causes activation of T. cru:::i epimastigote 
adenylyl cyclase and stimulation of metacyclogenesis. The 
peptide is a breakdown product of a 0 -globin. a minor com­
ponent of chicken a-globin chains. 

A possible model for T. cTld differentiation can be pos­
tulated. The globin fragment. upon binding to a specific 
receptor present in epimastigote membranes. causes ade­
nylyl cyclase activation. A Gs protein is probably involved in 
the signal transduction pathway rC'sponsible 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 targeh involved 
in the differentiation of epimastigotes to trypomastigotes. 
Evidence for such a mechanism is supported by the finding 
in this laborJtory of protein kinase A in T. a11:.i epimasti­
gote,. which is !timilar to type II bovine heart cyclic AMP­
dependent protein kinase 1:?71. 

In addition to this. T. a11:.i transduction pathwa)·s might 
also involve a protein kinase C who.,e existence in epimasti· 
gotes was also demonstrated in thi!i laboratory 1~81. These 
facts raise the pos.,ihility that TrypanosomatiJac differenti-

Prix·. Natl. Acad. Sci. USA 90I199-1> 10143 
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FIG. 4. Stimulation of epimastigote aden~·lyl cyclase and mcia­
cydogcnesis by synthetic peptides CPI. : and •. Adcnylyl cyclase 
activity as a iunction of pcptide-H-401 and pcptide-00-491. a-espcc· 
tivcly; . mctaqclogcncsis as a function of pcptide-H-401 concen­
trati. '11. 

ation and proliferation can be control!ed 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 nriety of globin 
species might have a similar effect. Thus. T. crid 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 C?6. :?9. 30). Considering the 
re'iull~ obtained with synthetic peptides !Figs. 5 and 6} and 
accepting that T. a11:.i 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 6:?. 

These facts are relevant in the pathogeaesis of the parasite 
infection. In an animal host. the risk for a dissemination of 
infective forms through the whole organism might he parallel 
to the capacity to generate globin proteolytic fragments 
havin~ such a domain. In mammals. this function is displayed 

10 JO 10 40 ~O 

cuD MLTAEDKKLIIOQAWZKAASRIOEEFGAEALTIRMFTTYPQTKITYFPBFDLSHI 
CuA MV-SAA--NKV KGIFT-IAG- AE-Y---T-E ---TTY-P-- -------L-P 
Hu MV-SPA--TNV KAAWG-VGA- .i\G-Y---A-E ---LSF-T-- -------L-H 
Mu MV-SGE--SNI KAAWG-IGG- GA-Y---A-E ---ASF-T-- -------V-H 

•O 10 10 •O 100 

cuD GSDQVRGHGK KVLGALGNAVIKNVDNL50AMIAELSNLRAYNILRVDPVNFKLI 
C11A --A-IK---- --VA--IE-A NHI-DIAGTL SK--D---HK ----------
811 --A-VK---- --AO--TN-V AHV-DMPMAL SA--D---HK ---------­
Mu --A-VK---- --AD--AS-A GHL-DLPGAL 5A--D---HK ----------

110 110 110 140 

cuD LSQClOVVLAIVHMGKDYTPEIVHAAFDKFLSIAVSAVLAEKYIR 
cuA -GQ-FL-WA I-HPAAL--E ---SL----C A-GT--TA-- -
Hu -SH-LL-TI.A A-LPAEF--A ---SL----A 5-ST--TS-- -
Mn -SH-LL-TI.A 5-HPADF--A ---SL----A S-ST--TS-- -
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cyclase activit~·. Basal adeny·lyl q clasc activi1y was ~:? pmol per min 
per mg of pro1cin. 

by macrophages. which constitute the fir•t cellular step fo~ 
both hemoglobin degradation and T. cru:i 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 

ciirullinl" by this enzyme activity required NADPH and was blocked by EGfA. 

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 vii•o conversion of L-arginine to -:itrulline by 

epimastigote cells. These stimulations could be blocked by EGfA, MK-801 and 

ketamine and enhanced by glycine. A sodium nitroprusside-activatcd guanylyl 

cyclase activity was detected in cell-free, soluble preparations of Trypunosoma 

cruzi epima'>tigote". 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 cr11zi 

epimastigotes, L-glutamate controls cyclic GMP level~ through a pathway 

mediated by nitric oxide . 
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In mammalian cells L-arginine is metabolized to yield nitric oxide (NO), also 

known as endothelium-derived relaxing factor (I, 2). Within the neural or 

endothelial cells where it originates, or in neig~boring cells. NO activates 

heme-containing soluble guanylyl cyclase (3, 4), t~ereby acting either as an 

intracellular or an intercellular signaling molecule. Consequently, r-0 

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 i n 

endothelium and neurons. art' regulated by agonist-induced elevation of 

intracellular Ca2
• (6-9). NO synthases of the second group are induced at the 

transcriptional level by bacterial toxim and some cytokines and are found in 

macrophages, vascular smooth muscle cells. fioroblasts and hepatocytes (I 0-

12). 

Jn neural cells, constitutive NO synthase 1s modulated by the activity of a L­

glutamate receptor subtype specific for N-methyl-D-aspartate (NMOA). 

Receptors of this subtype control the vollagc-dept"ldcnt uptake of Ca2• ( 13, 14 ). 

From an evolutionary viewpoinc, evidence indicates that the NO transduction 

signaling pathway is operative only in higher eukaryotic organism<>. The 

present studies provide the first demonstration that this pathway is also 

present in the lower eukaryotic organism Trypano.wma cruzi, the ethiological 

agent of the Chagas' disease. The existence of Ca 2•-s1imula1ed NO synthase, a 

nitoprusside-activated guanylyl cyclase. ;is well as NMDA receptors in 
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epimastigote forms of the parasite is demonstrated. In addition. r:vidence 

indicating that L-arginine and NMDA increase NO production and cyciic GMP 

levels in epimastigotc cells is also presented . 



MATERIALS AND METHODS 

Materials 

L-[2,3- 3H]arginine (53 Ci/mmol), [
3H]( + )-5-methyl- I 0, 1 I -dihydro-5H -

dibenzo[a,d]cyclohepten-5,10-imine hydrogen maleate (MK-801; 20 mCi/nmol), 

[JH)(±)-3-(2-carboxypiperazin-4-yl)-propyl-i-phosphonic acid (CPP; 40 

mCi/nmol), [a-
32

P]GTP, [3H]cyclic GMP and a cyclic GMP (
5
I]RIA kit were 

• obtained from NEN/DuPont (Boston, MA, USA). Amino acid analogs were 

purchased from Research Biochemicals Incorporated (Natick, MA, USA). 

Components of the T. cru:::.i growth medium were obtained from Difeo 

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 

Trypa11osoma 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, Na2HP0 4, 8 g, NaCl, 4 g, KCI, 0.4 g and hemine 20 

mg (15). The pH was adjusted to 7.8. All the components of this medium were 

autoclaved I 5 min at I I 8°C. Standing cultures were carried out 7 days at 28° u p 

to the late-exponential phase in I-liter Erlenmeyer flasks containing I 00 ml of 

medium. 

Cells were collected by centrifugation at I 000 x g, washed three times with 0.25 

M sucrose containing 5 mM KCI. and homogenized in the same solution (JO m I 
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g 
1 

'lf wet cells) with a Sorvall Ribi press operated at 34.5 MPa (5000 lb/ in-
1

) 

under a N
2 

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 KCI 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, 

;nembranes were recovered from the interface of 1.58 and 1.90 M sucrose and 

:;tored at -70°C. 

NO synthase purification 

After homogenization, cell debris was discarded by centrifugation at 1000 x g 

for 10 min. The supernatant fluid, adjusted to 0.5 mM phenylmethylsulfonyl 

fluoride, 25 units mf
1 

aprotinin, 0.01% leupeptin (w:v) and 0.2 mg mt"
1 

soybean 

trypsin inhibitor, was further centrifuged 60 min at 105,000 x g. The 

supernatant fluid, referred to as "soluble crude extract" was i mrnt;diately 

processed to avoid proteolytic degradation. 

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

x IO cm) equilibrated with 50 mM Tris-HCJ buffer, pH 7.4, containing I mM 

EDTA, 0.5 mM phcnylmethylsulfonyl fluoride and 25 units mt"
1 

aprotinin 

(buffer A). The column was then washed with 50 ml of buffer A and eluted 

with I 00 ml of a linear 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 I ml of 

2'5' AIJP-agar0se slurry equilibrated witt. 10 mM Tris-HCI buffer containing 

mM EDT A and 5 mM mercaplocthanol (buffer B). The mixture was shaken 12 h s 

. 7. 



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 IO 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-[ 
1
H]arginine 

to [3H]citrnlline according to the procedure described by Bredt and Snyder 

(16). Incubation mixtures contained 50 mM Tris-HCI buffer. pH 7.5. I µM L­

[3H]arginine (0.2 µCi per assay). 0.1 mM CaCl2• IO µM tetrahydrobiopterin. I µM 

FAD. I µM NADPH. I mM dithiotreitol and IO µg/ml bovine brain calmodulin 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 I mM 

EDTA. Samples were immediately applied to 2 ml-columns of AG50WX-8 resin 

(Na• form) and washed with 2 ml of water. Perco!ate 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 I µg per assay. 

The ~1uthenticity of the radioactive citrulline formed during the reaction was 

ascertained by comigration with a citrulline standard on a silica gel 60 plate 

developed with CHCl/MeOH/NH40HtH20 (1:4:2:1; vol:vol) according to Iyengar 

et al. ( 17). Under these conditions, no other radioactive product was detei::tcd. 

- 8 -
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In vivo con,·ersion of L-[;H]arginine to [1H]citrulline and 

production of NO. 

Trypanosoma cru:i epimastigotes were resuspended m Krebs-Henseleit 

medium. and aliquots (I ml; about I 07 cells) were incubated 45 min at 28"C i n 

the presence of I µM L-[3H]arginine (I µCi per assay). After the addition of the 

indicated amino acid derivative, incubation was continued for 15 min. 

Reactions were stopped by the addition of 0.1 ml of ice-cold 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 trichloroacetic acid. Aliquots (0.2 ml) of 

the aqueous phases were then mixed with 2 ml of 20 mM Hepes-NaOH bu ff er. 

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

NO generation by epimastigote cultures was monitored by 'he formation of N~· 

using the Griess reagent, as described by Bredt and Snyder (16). In this case, 

concentration of L-arginine was l 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 ether, samples were subjected to acetylation and assayed for cyclic GMP 

using a raclioimmunoassay kit (New England Nuclear) following the 

instructions of the manufacturer. 

- 9 -



Guanylyl cyclase assay 

Enzyme acti\·ity was assayed following the conversion J' 
of [a- "P)GTP to 

p 

r-P]cy.:lic GMP. Incubation mixtures contained 50 mM Tris-HCI buffer. pH 7.5. 

0.1 mM 3-isobutyl-1-methylxanthine. I mM cyclic GMP. 5 mM MgC1
2

• 0.1 mM [a-

p 

--P]GTP (specific activity, 200 cpm/pmoi), 2 mM phosphocreatine, 0.2 mg 

creatine kinase, and appropriate volumes of the enzyme preparation. Assays 

were performed in the presence or absence of 0. I mM sodium nitroprusside 1 n 

a total volume of 0. I 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 JO mM [3H]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 

propcrtional to the amount of enzyme protein and incubation time. 

Receptor binding assays 

Incubation mixtures for the binding assay contained JO mM Tris-HCI buffer. 

pH 7.5, 10 nM to 100 µM [3H]-labeled ligand (MK-801 or CPP) and approximately 

50 µg of membrane protein or IO' 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 determined in the presence of O.l mM unlabeled 

ligand. Binding constants were calculated according to Cuatrecasas and 

Hollenberg ( 19). 
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RESULTS 

NO synthase activity in cell-free preparations. 

A soluble NO synthase activity was purified and characterized from eel I-free 

extracts of Trypanosoma cru<.i 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 cerebellum enzyme (20). As a result of these steps, 

enzyme activity was purified about 2000-fold (Table I). NO synthase speci fie 

activity m epimastigote soluble e:Ytracts 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 is 

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 [
3
H]argininc to [3 H]citrulline by the purified T. crnzi 

enzyme required NADPH and was blocked by EGTA. Reaction could be 

stimulated by calmodulin. tetrahydrobiopterin, navin adenine dinucleotide 

and flavin adenine mononucleotidc (Table II). This NO synthase activity was 

also blocked by N"'-monomcthyl-L-arginine; half maximal inhibition was 

observed at about 40 µM of this amino acid deriv:trive. Most of these properties 

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

• 1 I • 
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ConHrsion of L-['H]arginine to [3H]cilrulline and production of 

NO by epimastigote cells. 

Table III st.ows that in epimastigote cells. conversion of L-[;H)arginine to 

[3H]citrulline is stimulated by L-glutamare and by Nl\IDA. The stimulation was 

effecti,·ety bbcked by EGfA 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 ammo acids was also studied hy monitoring the 

concenrration of NO in the incubation medium as accumulation of N02•• As 

shown in Table IV. I mM L-arginine slightly stimulated NO production. Under 

such conditions. L-glutamate and NMDA efficiently increased N02•• 

accumulation. 

l\lodulalion of guanylyl cyclase activity and cyclic GMP lenls . 

Guanylyl cyclase activity was detected in cell-free preparations from 

Trypann.rnma crn;:i epimastigotcs. Enzyme specific activity in the "soluble 

crude exlract" was ahout I 10 2 pmoles/min 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 cffecls of amino acids and sodium nitroprussidc on cyclic GMP levels was 

s1udicd in Trypann.wma C"r11 ::i cpimas1igo1e cells. As shown in Table V. 

glu1arna1c and NMDA were thl· most polent agenls in increasing such levels. 

• I 2 • 



Sodium nitroprusside had a slightly smaller effoct. while L-arginine alone 

was much less active_ 

Receptor binding studies. 

l3H]MK-801 bound specifically to T. cru:i epimastigote cells and membf3ne~-

Binding could be displaced 95 percent by 0.1 mM unlabeled MK-801 or 

ketamide. Displacement studies of rhe labeled ligand by rhe u n la be led 

-9 
compound gave an estimated dissociation constanr of 7 x 10 M anJ about I 04 

• receptors per cell. As shown in Table VI. [3H]MK-801 binding was strongly 

enhanced by gly:ine and L-serine and only slightly by L-glutamate. 

The binding of [3H]CPP to epimasrigote cells or membranes was also 

derermined. The compound bound poorly and nonspecifically. making it 

impossible to determine any binding parameler . 

• 
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DISCUSSION 

Results reported in this article show that Trypanosoma cru::i 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 depen<l~nce. 

Some of the excitatory ammo acids. well known to affect the conversion of L­

arginine to citrulline and NO in neural tissue. also influence the T. cru::i flO 

synthase in ,.;rn. Remarkable stimulatory effects of L-glutamate and NMDA 

could be obsen·ed in epimastigote cells. suggesting that T. cruzi epimastigotes 

have L-glutamate (NMDA) receptors of the type described for nervous tissue 

(13). As occurs in neural cells, T. cruzi NMDA receptors should be major 

entities controlling cytosolic ca~· lc•;els. 

A well known feature of neural NMDA receptors is also found in T. cru z.i 

epimastigote membrane receptors. This is the [3H]MK-801 binding· capacity, 

strongly enhanced by glycine and L-serine. It has been postulated that 

( 3 H]MK-801 binds within lhe ion channel of the NMDA receplor (25). 

On the other hand, the failure to detect specific binding at the level of the L­

glutarnale-NMDA site in lhe receplor may be auributable lo lhe usually very 

low r.ffinity 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 ils effector. This enzyme can 

be activated hy sodium nitroprusside through the generation of NO (3. 4). Thi~ 

also seems to he the case of T. crn::i epimastigotes, since NMDA and excitatory 

- 1 4-
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ammo acids such as L-glutamate. that acti,·ate NO synthase rn ,.;,•o. also 

increase intracellular k,·els of qdic GMP in epimastigote cdls. 

It is known that NO generated by macrophages is cytostatic or cytotoxic for a 

variety of pathogens. including Trypanosoma brucei and Trypanosoma cru:.1. 

(25, 26). Moreover T. cru:.i infection in mice increases the capacity of splenic 

cells to produce NO ~27). Obviouc;ly. the relationship between the two NO-

ger.erati ng 

unknown . 

systems. m the parasite ar.d the mammalian cell. remains 

Finally. ir is rather suprising char a neural conrrol mechanism such as l he 

long-rerm potentiarion involved in memory (28) has in Trypanosomatidae 

such an old evolutionary precedent. Both cases involve NMDA receplors, a Ca2• -

calmodulin-dependent NO synrhase and a nitroprusside-stimulated guanylyl 

cvclase. The effectors of such a pathway should be a cyclic GMP-dependent 

protein kinase and unknown phosphare protein acceptors. The characterist~cs 

of these entities m Trypmw.rnma cruzi and their cellular effects require 

further studies . 
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TABLE I 

Purification of NO sy11thase from Trypanosoma cru:i epimastigotes 

NO synthase activity was assayed in triplicate samples by following the 

conversion of L-[3 H]arginine to [3H]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 

extract· 

DEAE-cellulose 20.4 60.0 480 3.0 30 

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

·20· 
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TABLE II 

Factors affecting Trypanosoma cruzi NO synthase actfrity 

Assay conditions were as described under Materials and Methods. Standard 

errors of the means are indicated. Student's t test was used to compare values 

corresponding to each group (addition or omission) versus to the control 

(none). P values were <0.0 I versus control. 

Addition or Omission NO Synthase activity 

(%) 

None 100±9.4* 

2.0 mM EGTA 0 

Minus calmodulin 55±5.1 

Minus NADPH 0 

Minus tetrahydrobiopterin 21±1.3 

Minus FAD 59±3.8 

Plus I mM N"'-monomethy 1-L-arg in i ne 2±0.4 

*"DEAE Preparation", specific activity 3±0.28 nmoles min per mg protein 
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TABLE III 

Modulation by amino acid derimtfres of the conversion of L-[J H ]arginine to 

[-' H ]citrulline by Trypanosoma cruzi epima,;tigote cells 

Assays were performed m triplicate samples as described under Materials and 

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 AP5 or glycine), 

versus control: P<0.05 for NMDA plus EGTA (or MK-801 or ketamine or AP5), 

versus control. 

Compound and (3HJ Citrulline formation 

concentration (mM) (pmoles/min per 107 Stimulation (%) 

cells) 

None 0.18±0.015 0 

0. J mM L-glutamate 0.31±0.017 72 

1.0 mM L-glutamate 0.44±0.020 144 

• J .0 mM L-glutamatc + 0.18±0.014 0 

1.0 mM MK-801 

I .0 mM L-glutamatc + 0.26±0.013 44 

J .0 mM ketamine 

I .0 mM L-glutamatc + 0.40±0.0) 5 122 

1.0 mM AP5 

I .0 mM L-glutamate + 0.51±0.022 182 

-22· 



1.0 mM glycine 

0.1 mM NMDA 0.29±0.011 61 

1.0 mM NMDA 0.43±0.021 142 

1.0 mM NMDA + 0.23±0.017 31 

1.0 mM EGTA 

1.0 mM NMDA + 0.22±0.011 22 

LO mM MK-SOI 

1.0 mM NMDA + 0.25±0.012 38 

1.0 mM ketamine 

1.0 mM NMDA + 0.41±0.019 125 

1.0 mM AP5 

• 
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TABLE IV 

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 b y 

accumulation of NO£ in the medium. P<0.01 for arginine versus control or for 

arginine plus glutamate 'or NMDA). versus arginine. 

None 

Compom1d 

(mM) 

I mM L-arginine 

mM L-arginine + 

mM L-glutamatc 

mM L-arginine + 

I mM NMDA 

NO~· accumulated Stimulation 

(µM) ( lk) 

1.1±0.10 0 

1.5±0.15 36 

3.1±0.18 181 

2.9±0.14 163 

-24-



TABLEV 

Influence of an!ino acids and sodium nitroprusside on cyclic GMP le\·els tn 

Trypanosoma cru::i 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<O.O I for I ,0 

mM arginine or nitroprusside or NMDA or glutamate, "ersus control. 

Compound Cyclic GMP levels Stimulation 

(mM) (pmoles per mg protein) (%) 

None 1.28±0. I 2 0 

0.1 mM L-arginine I .53±0. I 2 19.5 

1.0 mM L-arginine 1.75±0.I I 36.7 

0.1 mM Na nitroprussidc 2.00±0.10 56.3 

1.0 mM Na nilroprusside 3.13±0.12 144.5 

0.1 mM NMDA 2. I 8±0.19 70.3 

1.0 mM NMDA 4.08±0.25 218.8 

I mM L-glutamatc 3.40±0.17 165.6 
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TABLE VI 

Modulation oj /-' H JM K-80 I binding m epimastigote membranes by amino acids 

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

serine (with or without glutamate). verus control. 

Compound and 

concentration (mM) 

Noni: 

0.10 mM L-glutamate 

0.0! mM Glycine 

0.0 I mM L-serine 

0.10 mM L-glutamate + 

0.01 mM Glycine 

0.10 mM L-glutamatc + 

0.01 mM L-scrinc 

[ 3H)MK-801 binding 

(fmoles per mg protein) 

19.0±0.82 

21.5±0.64 

30.5±0.57 

28.5±1.35 

34.0±2.40 

29.5±0.92 

Stimulation 

(Ck) 

0 

8.0 

60.5 

50.0 

80.0 

55.2 
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Introduction 

CHAGAS disease, a major endemia in Latin America. caused by the flagellate 
protozoan T rypanosoma cruzi. is transmitted by triatomine hematophagous 
insect vec:ors (Chagas, 1909). The parasite displa~·s different morphological and 
functional forms, alternating between vertebrate and invertebrate hosts. It also 
alternates between dividing stages (epimastigotes in the vector midgut and 
amastigotes in mammalian cells) and nonreplicative but infective forms 
(metacyclic trypomastigotes in the insect vector and bloodstream 
trypomastigotes 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 T. cruzi is 
the conversion of epimastigotes to metacyclic trypomastigotes. Such a process, 
designated as metacyclogenesis, occurs in the vector hindgut (Brener, 1973; 
Zeledon, 1987; Garcia and Azambuja, 1991; Garcia and Dvorak, 1982; Garcia et 
al., 1989a,b)_ 

Recently, it has been demonstrated that metacyclogenesis is promoted in 
vitro by an a.0 -globin-derived peptide corresponding to residues 1-40 amino 
terminals found in the vector hindgut. Peptides having such a sequence and 
recognizing a surface receptor in epimastigote cells stimulate T. cruzi adenylyl 
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 hemoglobin. 
These findings prompted us to investigate the role of hemoglobin and synthetic 
peptides containing different sequences of cl -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 laboratory at a r.h. of 60-70% at 28 °C, as previously dosc.-ibed 
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 
ecdysi~. unless otherwise stated, were allowed to artificially feed upon citrate 
decomplemented human blood or other meals containing 15 X 10'4 epimasigotes 
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mr1 of the T. cruzi Dm28c clone grown in liver infusion tryptose medium (Garcia 
et aL. 1989a,b). The plasma diet was prepared by centrifugation of the 
decomplemented citrated human blood just before feeding the insects, and 
diluted in 0.01 M phosphate-buffered 0.1 SM NaCl to the original volume of bloc-d 
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 
components) 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-buffered 0.15M NaCl pH 7.2, and 
purified 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 T. cruzi 
epimastigotes, the entire intestinal tract (crop, midgut and rectum} was removed 
and then gently homogenized in 1 ml phosphate-buffered saline (PBS; pH 7 .2/ 
using a small homogenator. The total number of parasites, and the percentage 
of metacyclic trypcmastigotes. identified by morphology, were counted in a 
Neubauer hemocytometer. The classification of the distinct morphological terms 
of T. cruzi (epimastigote or metacyclic trypomastigote) was based on the cell 
shape and motility (trypomastigote has an undulate membrane which makes the 
parasite appear to have a tender and typical body motility}, the point of 
emergence of the flagellum from the cell body and whether the kinetoplast is 
anterior or posterior to the nucf eus. In the present psper the transitional forms of 
the parasites in the insect gut (usually <10%) were considered as epimastigotes. 
Each experiment had at least six insects oer day of evaluation. 

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, pecftides 
corresponding to residues 30-49. 35-73, and 41-73 of chicken oc globin, were 
purified by passage through Sep-Pak C18 cartridges. 

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

Results and Discussion 

In order to 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 stnrvdtion presented 85%, 65% and 45% of metacyclogenesis, 
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respectively (Figure 1 ). The lowast percentage of transformation of 
epimastigotes into mctacyclic 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 metacyciogenesis. 

The following experiment describes the importance of hemoglobin on the 
transformation of epimastigotes into meta cyclic trypomastigotes. Groups of fifth­
instar larvae of R. prolix.us experiencing 45 days of starvation. were fed on T. 
cruzi infected whole blood or infected plasma containing 1 g, 7 g, 14 g and 21 g 
of hemoglobin/100 ml 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 plasma containing 1 g of 
hemoglobin/100 ml (p>0.25, X2 test). However, as shown in Table 1, insects 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 ml 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) . Furthermore, the 
percentages of metacyclogenesis were related to hemoglobin concentrations in 
the plasma (Table 1 j. Thus, it seems that hemoglobin is an important factor to 
complement plasma nutritional-deficiency necessary for both the growth and to 
give the maximal eff 1ciency of the T. cruzi differentiation in the invertebrate host. 

To find out a reproducible method to study the effects of synthetic fragments 
of a 0 -globin on the metacyclogenesis in the gut of the insect vector, we designed 
experiments that mimicked the natural infection in the triatomine. T. cruzi survival 
and differentiation to metacyclic trypomastigotes were evaluated in insects fed 
upon whole blood or plasma fer 0, 10, 20 or 30 days after infection with about 
27,000 epimastigote forms. Results sho~;n 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 
metacycfogenesis 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 a0 
-

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 parasites 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 plasma containing the synthetic peptides 
30-49 and 35-73. The high percentage of metacyclogenesis was promoted in 
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both groups until the end of the experimen!, 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 pl?.sma containing the synthetic 
peptide 41-73 had a very lov" metacyclogenesis a$ compared with blood 
ingested controls or insects which fed on plasma containing the synthetic 
peptides 30-49 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 fed on plasma alone er plasma containing peptide 30-49 or 35-73. 
These data indicate that the reduction in the transformation of epimastigotes into 
meta.cyclic liypomastigotes 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 stil: observed in plasma fe9dings supplemented with synthetic peptides 30-
49 and 35-73 (Figure 3). There were significant differences between these latter 
groups 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 
mctacyclogenesis as induced by these peptides. 

Chagas disease, as transmitted by triatomines, is dependent on a high 
degree of the interaction between parasite and vector. In vivo, T. cruzi 
undergoes two differentiation processes in the insect gut vector. 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. prolixus 
larvae, thus, the analyzed process is just the metacyclogenesis in the vector's 
hind gut. 

No considerable advances have been made for a better understanding of the 
many factors whieh influence the development of T. cruzi in its insect host since 
the fundamental discovery of the trypanosomid basis of this human disease 
(Chagas. 1909). 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 glob in sequences and containing a 
conserved domain spanning amino acid residues 30 to 40, stimulate the 
epimastigote adenylyl cyclase of T. cruzi epimastigctes (Fraidenraich et al., 
1993). 

5 



• 

• 

In the studie~ reported here, experimental conditions have b€en selected to 
study metacyc!ogenesis in vivo. Evidence shows that who! e b!ood feeding or 
hemoglobin added to plasma at concentration highers than 1 g/1 OOml are much 
more efficient than plasma alone in supporting parasite survival ar:d 
differentiation to metacyclic trypomastigotes. This raises an important question 
about the role of hemoglobin to the parasite life cycle in the vector gut. 
Assuming that human blood 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 i.1 the gut if these insects are 
compared with the group fed on plasma alone (Tabla 1). We suggest, therefore, 
that the hemoglobin does not have only a nutritional effect but it also seems to 
be important in inducing the differentiation of epimastigotes to metacyclic 
trypomastigotes. The fact that in plasma fed insects twC' synthetic peptides 
c Jrrying amino terminal sequences of a.0 -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 lr1volved in promoting the metacyclogenesis of T. 
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, modulate, 
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 0 -globin induce !he 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., 
1987) through the activation of type cyclic II cyclic AMP-dependent protein 
kinase (Ulloa et al., 1988). 
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LEGENDS TO FIGURES 

FIGURE 1. Trypanosoma cruzi and metacyclogenesis in ftfth-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 flfth-instar larvae of 
Rhodnius prolixus subjected to different feedings containing or not different 
synthetic peptides. 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 1 o-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 {mean±SE) of three 
experiments, with at least 6 insects need per experiment. The experiments were 
repeated three times. Peptide concentration was 1o-6M . 
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Table 1. Tf'/panosoma cruzi and metacyclogenesis in fifth-instar larvae cf 
Rhodnius profixus subjected to infected plasma feeding containing different 
hemoglobin concentrations. The gut infection was evaluated 15 days after 
infected feeding. Each value represents the average (mean±SE, n= 8 insects). 

Feeding Parasite number per insects Metacyclic forms 
(g hemoglobin/1 OOml) (X10.c) (%) 

Plasma alone 0.9 :t0.07 34 

Plasma 
+ 9.2±1.1 32 
1 9 

Plasma 
+ 8.5±0.9 45 

7g 

Plasma 
+ 6.0±0.7 64 

14 g 

Plasma 
+ 4.2±0.6 72 

21 g 
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