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1. Lista de Abreviaturas

ACRs - regides conservadas da apirase

ADP — adenosina 5'-difosfato

AMP — adenosina 5’-monofosfato

AMPCP - a,3-metileno-ADP

Cyclic AMP — adenosina 5’-monofosfato ciclico

ATP — adenosina 5'-trifosfato

CMP - citidina 5’-monofosfato

CTP — citidina 5'-trifosfato

EDTA - acido etilenodiamino tetra-acético

EGTA - acido etilenoglicol - bis (2-aminoetileter) - N,N,N’,N’ -tetraacético
ENTPDase — ecto-nucleosideo trifosfato difosfoidrolase
ENPP — ecto-nucleotideo pirofosfatase/fosfodiesterase
GMP - guanosina 5’-monofosfato

GTP — guanosina 5'-trifosfato

IMP — inosina 5’-monofosfato

Km — Constante de Michaelis-Menten

MEV — microscopia eletronica de varredura

NTPDase - nucleosideo trifosfato difosfoidrolase

UDP — uridina 5’-difosfato

UMP - uridina 5’-monofosfato

UTP - uridina 5’-trifosfato

TYM — extrato de triptose, levedo e maltose

Vmax — velocidade maxima



l. 2. Resumo

Trichomonas gallinae € um protozoario flagelado que parasita o trato digestivo
superior de varias aves, incluindo pombos domésticos, frangos e perus. O estudo
dos mecanismos de patogenicidade deste parasito € de fundamental importancia,
uma vez que a infecgdo causada pelo mesmo tem envolvido grandes perdas
econdmicas. Sabe-se que além da fungao energética, o ATP desempenha inUmeras
funcdes fisiologicas, como sinalizagdo extracelular e mecanismos citoliticos. As
concentracdes dos nucleotideos, tais como ATP e ADP, no meio extracelular sao
controladas por um grupo de enzimas denominadas ectonuncleotidases. Fazem
parte deste grupo as NTPDases (nucleosideo trifosfato difosfoidrolases) e a ecto-5"-
nucleotidase, as quais participam do controle dos niveis extracelulares dos
nucleotideos e nucleosideos. A presenca dessas atividades enzimaticas pode estar
associada com a viruléncia e evasao dos parasitos, servindo como um mecanismo
de escape dos efeitos citoliticos do ATP. Portanto, este estudo teve como obijetivo
caracterizar as atividades da NTPDase e 5°-nucleotidase, envolvidas na degradagéo
dos nucleotideos extracelulares em T. gallinae. A hidrélise de ATP, ADP e AMP foi
ativada na presencga de cations divalentes e a adicdo de quelantes de cations no
meio de incubagao reduziu significativamente a atividade especifica da NTPDase e
5’-nucleotidase. As enzimas apresentaram ampla especificidade de substrato,
observada através da hidrolise de outros nucleotideos trifosfatados, difosfatados e
monofosfatados, quando adicionados ao meio como substrato. O Ky para o ATP foi
de 65,62 + 15,55 uM e para o ADP foi de 122,66 + 3,51 uM. A V.« para o ATP e o0
ADP foi de 0,20 + 0,03 e 0,70 + 0,09 nmolPi/min/10° trofozoitos, respectivamente.
Para o AMP, o Ky foi 466 + 57 uM, com uma V. de 3,70 £ 0,59 nmolPi/min/10°
trofozoitos. A influéncia de outras enzimas que hidrolisam nucleotideos
extracelulares foi descartada através do uso de inibidores especificos. A hidrélise do
ATP, ADP e AMP indicou a presenca de uma cadeia enzimatica na superficie do
parasito, composta por uma NTPDase e uma ecto-5-nucleotidase. A presenca de
atividades enzimaticas capazes de hidrolisar nucleotideos extracelulares pode
representar um mecanismo de sobrevivéncia dos parasitos nos seus ambientes
naturais. A compreensao dos processos bioquimicos extracelulares destes parasitos
pode ampliar o conhecimento a respeito dos mecanismos envolvidos no parasitismo.



l. 3. Abstract

Trichomonas gallinae is a flagellated protozoan which parasitizes a variety of
birds all over the world, including domestic pigeons, chickens and turkeys. The study
of patogenicity mechanisms is relevant, since the infection caused by this parasite
involves significant economic loss. Besides the energetic function, extracellular ATP
plays several physiological functions, such as extracellular signaling and cytolysis.
Extracellular nucleotide levels are controlled by group of enzymes named
ectonucleotidases. This group of enzymes includes the NTPDases (nucleoside
triphosphate diphosphohydrolases) and an ecto-5"-nucleotidase, which participates
in the control of extracellular nucleotide and nucleoside levels. The presence of these
enzyme activities could be associated with the virulence and evasion of the
parasites, escaping from the cytolytic effects of ATP. Therefore, the aim of this study
was to characterize the NTPDase and 5’-nucleotidase activities, involved in
extracellular nucleotide degradation in T. gallinae. ATP, ADP and AMP hydrolysis
were activated in the presence of divalent cations and the addition of cation chelating
agents in the incubation medium significantly decreased the specific activity of
NTPDase and 5'-nucleotidase. The enzymes presented broad substrate specificity
because others triphosphate, diphosphate and monophosphate nucleotides were
also hydrolysed when they were added to the mixture as substrates. The Ky, value for
ATP was 65.62 + 15.55 uM and for ADP was 122.66 + 3.51 uM. The Vmax values for
ATP and ADP were 0.20 + 0.03 and 0.70 + 0.09 nmolPi/min/10° trichomonads,
respectively. For AMP, Ky was 466 + 57 uM, with the Vnax value of 3.70 + 0.59
nmolPi/min/10° trichomonads. The influence of other enzymes able to hydrolyze
extracellular nucleotides was tested through the use of specific inhibitors. ATP, ADP
and AMP hydrolysis indicated the presence of an enzyme chain in the surface of the
parasite, composed by an NTPDase and an ecto-5"-nucleotidase. The presence of
enzyme activities able to hydrolyze extracellular nucleotides can represent a survival
mechanism of the parasites in their natural environments. The study of extracellular
biochemical processes of these parasites can improve the knowledge related to the
mechanisms involved in the parasitism.



1.4. Introdugao

Trichomonas gallinae (Rivolta, 1878) é um protozoario flagelado que parasita
uma variedade de passaros, sendo o pombo doméstico, Columba livia, seu
hospedeiro primario. O local de infecgdo é preferencialmente o trato digestivo
superior das aves, sendo que alguns isolados’ sdo capazes de atingir as visceras e
o sistema nervoso central (BonDurant and Honigberg, 1994). Quando consideradas
a prevaléncia da tricomonose e a mortalidade devido ao T. gallinae, a importancia do
estudo do parasito torna-se evidente. Varios autores estudaram a prevaléncia do
flagelado e obtiveram resultados que variaram de 30 a 100% (Tasca e De Carli,
2006). O parasito apresenta ampla distribuicdo mundial, sendo observado em
pombos na Inglaterra (Cooper e Petty, 1988), Africa do Sul (Pepler and Oettle,
1992), Alemanha (Krone et al., 2005), Estados Unidos (Rosenfield et al., 2002),
Australia (Mckeon et al., 1997) e Brasil (De Carli et al.,1979; Tasca e De Carli, 1999).

Nucleotideos extracelulares, como a adenosina 5’-trifosfato (ATP) e a
adenosina 5-difosfato (ADP), estdo envolvidos em inumeras fungdes fisiologicas,
agindo como moléculas sinalizadoras. Além disso, o ATP extracelular pode agir
como molécula citotoxica, induzindo apoptose em linfocitos T citotéxicos (Filippini et
al., 1990). Apds exercerem suas fungdes, os nucleotideos podem ser inativados,
através de hidrdlise, por um grupo de enzimas conhecidas como ectonucleotidases.
Muitos estudos tém demonstrado a presenca dessas enzimas na superficie dos
parasitos (Vasconcelos et al., 1993, 1996; Meyer-Fernandes et al., 1997; Barros et

al., 2000; Matos et al., 2001; Tasca et al., 2003). Varios autores sugerem que a

!Isolado - Organismo isolado de seu ambiente primario e cultivado em um meio axénico onde
as suas caracteristicas de crescimento sao reproduzidas.



presenca dessas enzimas nos parasitos pode servir como uma forma de escape

contra os efeitos citotdxicos do ATP.

1.4.1. Trichomonas gallinae

1.4.1.1. Morfologia

O T. gallinae € um protozoario flagelado que nao apresenta forma cistica,
somente a trofozoitica. O parasito apresenta forma elipsoide alongada, com um
comprimento que varia de 12,5 a 20,0 uM. A porgéo anterior do trofozoito apresenta
quatro flagelos originados do complexo citossomal. A membrana ondulante, com
bordas livres e delimitada por um flagelo recorrente, é a estrutura responsavel pela
locomogao do parasito, juntamente com os flagelos. O axdstilo aparece como uma
estrutura mais rigida, atravessando longitudinalmente o centro do parasito,
prolongando-se até a extremidade posterior. O T. gallinae € desprovido de
mitocdndrias e os hidrogenossomos sao as organelas responsaveis pela produgao
de energia. O nucleo apresenta-se oval ou elipsoide, contendo gréanulos de
cromatina uniformemente distribuidos com a presenca de um unico nucléolo

(Bondurant & Honigberg, 1994) (Fig 1).

Fig. 1: Aspectos morfologicos do T. gallinae. FA (flagelo anterior), N (nucleo), MO (membrana

ondulante), AX (axéstilo), HI (hidrogenossomos).



Quando observado no microscopio eletrbnico de varredura (MEV), a
superficie do T. gallinae apresenta-se franzida ou enrugada. Os quatro flagelos
anteriores sdo de tamanho desigual, mostrando-se unidos por uma curta distancia
ap6s emergirem do corpo, pelo canal periflagelar. Este ultimo encontra-se reforcado
por uma estrutura membranosa denominada pelta. Uma membrana ondulante bem
desenvolvida se estende por aproximadamente todo o corpo do parasito,
apresentando inUmeras ondas na sua extensdo. A parte externa da membrana
ondulante consiste de um filamento acessoério e € delimitada por um flagelo
recorrente, sendo que este ndao continua em extensédo a ponto de formar um flagelo

posterior livre (Tasca e De Carli, 2003).

Fig. 2. Morfologia dos trofozoitos de T. gallinae observada por microscopia eletrénica de varredura.
Trofozoitos de T. gallinae (AF: flagelo anterior, UM: membrana ondulante, AX: axdstilo, PE: pelta).As

partes (c) e (f) mostram o filamento acessorio e o flagelo recorrente (Tasca e De Carli, 2003).



1.4.1.2. Metabolismo

O T. gallinae & anaerodbico facultativo, capaz de utilizar a glicose, frutose,
galactose, manose, lactose e ribose como carboidratos (Read, 1957; Daly, 1970). Os
glicideos diferem ndo somente nas propriedades estimuladoras do crescimento e da
fermentacdo, mas também no efeito que eles produzem sobre o tamanho dos
organismos na fase estacionaria e sobre o nivel de produgdo e estocagem de
glicogénio, sendo este ultimo fator diretamente responsavel pelo tamanho do
protozoario (Daly et al., 1974). Evidéncias sugerem que diferengas entre os isolados
sao responsaveis, pelo menos em parte, pelas diferencas relatadas por varios
pesquisadores na utilizagcdo de agucares e na producdo de gases (Read, 1957,
Honigberg and Pierce, 1963; Daly et al., 1974). Diferencas genéticas, como aquelas
manifestadas pelo polimorfismo das enzimas do metabolismo dos carboidratos
(hexoquinase, fosfo glicomutase) sao caracteristicas de todos os tricomonadideos
estudados até a atualidade, especialmente do T. gallinae (Bondurant e Honigberg,
1994; Nadler and Honigberg, 1988). Outras enzimas, como a malato desidrogenase
e a lactato desidrogenase, também foram descritas em T. gallinae (Betterton e
Dowda, 1976).

Uma caracteristica comum do género Trichomonas é a incapacidade de
realizar a sintese de novo de purinas e pirimidinas. Deste modo, o crescimento dos
trofozoitos dependente das vias de salvagdo para gerar nucleotideos (Heyworth et

al, 1982; 1984, Wang, 1990; Munagala e Wang, 2003).
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1.4.1.3. Epidemiologia, Formas de transmisséao e Patologia

O T. gallinae apresenta uma distribuicdo cosmopolita. O parasito é
encontrado em pombos e em uma variedade de aves, como pardais, cardeais,
papagaios, codornas e perus; sendo que nesta ultima espécie, a infecgdo tem
causado importantes perdas econémicas. O T. gallinae pode ser encontrado
também em galinhas e passaros domésticos (BonDurant e Honigberg, 1994).

Em pombos, a tricomonose é transmitida pela ave adulta para sua prole no
momento da alimentagdo, contaminando a ninhada minutos apds o nascimento. A
infeccado pelo T. gallinae pode ser assintomatica ou sintomatica, podendo progredir
para casos fatais entre 4 e 18 horas apds a infecgdo. A tricomonose € considerada a
maior causa de morte entre os pombos recém-nascidos. Falcdes e outros passaros
selvagens podem se contaminar apds se alimentarem de um passaro infectado.
Perus e galinhas adquirem a infec¢ao através de agua e graos contaminados apos o
contato com os bebedouros e recipientes de alimentagdo (Tasca e De Carli, 2006).
Os trofozoitos de T. gallinae podem permanecer vivos durante varias horas na agua
e por 5 dias nos gréos e sao capazes de infectar outras aves que venham a se
alimentar nestes recipientes.

Uma vez adquirida, a infecgao pode persistir por um longo periodo, atingindo
até mesmo dois anos (BonDurant e Honigberg, 1994). Os sitios de infecgdo mais
comuns pelo T. gallinae sao a boca, a faringe, o eséfago e o papo, sendo que a
maioria dos isolados nunca abandona o trato digestivo superior. Inicialmente, o
parasito provoca a formacéo de ulceras (Fig 3a), de cor branca-cremosa, umida,
com a presenca de exudato na superficie da mucosa. Apds a infecgcao se tornar

crbnica, essas lesbes se tornam amareladas, maiores de tamanho, podendo
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penetrar no cranio, nos olhos e atingir o sistema circulatério, causando necrose no
figado, baco, pancreas, coragao, pulmdes e sacos aéreos (Bondurant e Honigberg,
1994) (Fig 3b, 3c).

Existe uma ampla variacdo do potencial de viruléncia dos isolados de T.
gallinae; alguns nao sédo patogénicos, outros o sdo apenas moderadamente e ainda,
existem isolados muito virulentos. A expressdo da patogenicidade é afetada pelas
condigdes imunologicas do hospedeiro e pela diferenga dos niveis de

patogenicidade inerente aos parasitos (Bondurant & Honigberg, 1994).

(a) (b) (c)

Fig 3: Caracteristicas da infec¢cdo provocada por T. gallinae. (a) Lesdo no papo caracteristica de
infeccdo pelo T. gallinae. (b) Formacéo de lesbes caseosas no sistema digestivo, apés o parasito
invadir o sistema circulatério. (c) Lesdo no papo de um pombo recém-nascido, mostrando obstrugéo
do sistema digestivo superior e sistema respiratério, causando asfixia no animal. As setas indicam as

lesGes (www.albertaclassic.net/trichomonas/trichomonas.php).

[.4.1.4. Sintomas Clinicos, Diagndstico e Tratamento

Os passaros infectados pelo T. gallinae apresentam uma variedade de
sintomas. Entre estes se destacam apatia, salivagdo em excesso, dificuldade de

fechar o bico, respiragdo ofegante, dificuldade de se alimentar e beber, diarréia,
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inchagco no papo e odor fétido no bico. Os passaros geralmente morrem por
sufocagao devido ao bloqueio da traquéia causada pela lesdo (Tasca e De Carli,
2006).

O diagnéstico da tricomonose pode nao ser facil, uma vez que a leséo
assemelha-se as lesdes causadas por outros parasitos, como candidiase. Sendo
assim, o diagnéstico definivo se da pela identificagdo do parasito
microscopicamente ou através da cultura (Levine, 1973; Samour et al., 1995).

A coleta do material a ser examinado deve ser feita com o auxilio de um
swab, o qual é introduzido na garganta do animal. O material coletado deve ser
imediatamente imerso em solugdo de cloreto de sédio glicosada e observada a
fresco entre lamina e laminula. O restante do material é inoculado em meio de
cultura TYM (trypticase-yeast extract-maltose) (Diamond, 1957).

O tratamento é somente viavel em passaros de cativeiro, uma vez que os
farmacos utilizados requerem administragao oral forcada, ou na alimentagao ou na
agua dos criadouros. Os medicamentos antiprotozoarios utilizados sdo o
dimetridazol, metronidazol, sulfato de cobre, compostos de amoénia quaternaria,
carnidazol e aminonitrotiazol. O uso de dimetridazol (400 mg/L) na agua dos
bebedouros, por no minimo trés dias, tem sido eficaz no controle da infec¢ao pelo T.
gallinae (Inghelbrecht et al., 1996).

Para controlar a tricomonose, as fontes de infeccdo devem ser eliminadas.
Nos cativeiros, deve-se eliminar ou tratar aves infectadas e aves adultas cuja prole
se tornou infectada. Além disso, é necessario manter a agua dos bebedouros
sempre fresca (Butcher, 2003), juntamente com regular desinfecgdo dos recipientes

de agua e comida.
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1.4.1.5. Fatores que afetam a patogenicidade

Alguns estudos demonstraram a perda do potencial patogénico do T. gallinae
apos este ser submetido a longos periodos de cultivo in vitro (Honigberg, 1961,
Stabler et al., 1964). Foi também demonstrado que o cultivo do parasito na presenca
de antibidticos, como penicilina e estreptomicina, resultou em uma rapida perda de
viruléncia. O isolado testado, extremamente virulento, foi incapaz de causar infecgao

em pombos apos ser cultivado in vitro durante 9 semanas (Stabler et al., 1964).

I.4.2. Nucleotideos extracelulares

Além de desempenharem inumeras fungbées no meio intracelular,
nucleotideos da purina e pirimidina também podem ser encontrados em quantidades
significativas no espacgo extracelular (Dombrowski et al., 1998). Diferentes tipos de
células, como neutrdfilos e células endoteliais, em situacbes de estresse, lesdo ou
metabolismo ativo sdo capazes de liberar nucleotideos para o meio extracelular
(Fredholm, 1997). Quando liberados no meio extracelular, estes compostos
interagem com receptores especificos denominados purinoceptores localizados na
superficie das células alvo (Gordon, 1986; Zimmermann et al., 1998). Quando
ligados a esses receptores, o0s nucleotideos extracelulares desempenham
importantes e diversos efeitos em muitos processos bioldgicos, tanto em organismos
unicelulares como 6rgéos e sistemas (Ralevic e Burnstock, 1998). Os receptores de
adenosina, ou receptores P1, sdo divididos em 4 subtipos, A1, Aza, Az € Az, todos

ligados a proteinas G. Os receptores P2 reconhecem ATP, ADP, UTP e UDP e sao
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classificados em P2X, que sdo canais idnicos, e P2Y, receptores associados a
proteinas G (Ralevic e Burnstock, 1998).

Sabe-se que o ATP e o ADP estao envolvidos em diferentes mecanismos
fisiolégicos, como contragdo do musculo liso (Ventura et al., 2003),
neurotransmissdo (Edwards et al., 1992; Evans et al.,, 1992), tromborregulagao
(Marcus et al., 2005) e adeséao celular (Kolosova et al., 2005). Além disso, estudos
demonstram que o0s nucleotideos extracelulares apresentam propriedades
citotoxicas, podendo matar diferentes células, exceto aquelas que possuem alto
nivel de hidrélise de ATP na sua superficie (Filippini et al., 1990; Ferrari et al., 1997).
Em parasitos, a atividade das enzimas que hidrolisam nucleotideos esta relacionada

com viruléncia e evasao dos parasitos (Barros et al., 2000; Jesus et al., 2002).

1.4.3. Ectonucleotidases

As ectonucleotidases sao enzimas localizadas na superficie celular, sendo
responsaveis pela inativacido, via hidrolise, dos nucleotideos extracelulares. Essas
enzimas apresentam sitio catalitico voltado para o lado externo da membrana
(Zimmermann, 1996). As ectonucleotidases incluem a familia das E-NTPDase
(ectonucleosideo trifosfato difosfoidrolase), a familia das E-NPP (ectonucleotideo
pirofosfatase/fosfodiesterase), a ecto-5'-nucleotidase e as fosfatases alcalinas

(Figura 4) (Zimmermann, 2001).
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Figura 4. Topografia de membrana das ectonucleotidases. As setas indicam os sitios de clivagem que
produzem proteinas soluveis. Os cinco dominios marcados em preto representam as regides
conservadas da apirase. (Adaptado de Zimmermann, H. 2001).

1.4.3.1. Nucleosideo trifosfato difosfoidrolases - NTPDases

A familia das NTPDases (ectonucleosideo trifosfato difosfoidrolase) inclui as
enzimas que hidrolisam uma variedade de nucleotideos di- e trifosfatados a seus
respectivos monofosfonucleosideos e fosfato inorganico (Bigonnesse et al., 2004).
As enzimas dessa familia possuem algumas caracteristicas em comum, como
dependéncia de cations divalentes, insensibilidade a inibidores especificos de
ATPases (Sarkis et al., 1995) e apresentam atividade 6tima em pH alcalino.

Em mamiferos, oito membros pertencentes a familia das NTPDases ja foram
clonados e caracterizados funcionalmente. Existe similaridade do gene com
espécies de invertebrados, plantas, leveduras e protozoarios (Handa e Guidotti,
1996; Vasconcelos et al., 1996; Smith et al., 1997; Zimmermann 1999), embora
possam diferir consideravelmente apesar da identidade das seqUéncias. Entretanto,
essas enzimas apresentam regides altamente conservadas, denominadas “regides
conservadas da apirase, ACRs”, que sao essenciais para o sitio catalitico

(Zimmermann, 2001). A familia E-NTPDase €& composta por oito enzimas
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classificadas como NTPDase1, 2, 3 e 8, localizadas na superficie das células e
NTPDase4 a 7, situadas intracelularmente, apresentando massas moleculares na
ordem de 70-80 KDa (Zimmermann, 2001; Shi et al., 2001; Bigonnesse et al., 2004).

As E-NTPDases apresentam uma ampla distribuicdo, podendo ser
encontradas em diversas espécies de plantas (Vara e Serrano, 1981; Handa e
Guidotti, 1996), insetos (Valenzuela et al., 1989; Faudry et al., 2004), e em uma
variedade de tecidos de mamiferos (Sarkis et al., 1995; Sévigny et al., 1997;
Lemmens et al., 2000; Kukulski e Komoszynski, 2003). Devido a ampla distribui¢ao
das E-NTPDases, tornou-se importante diferencia-las das ATPases, enzimas que
hidrolisam o nucleotideo trifosfatado da adenina. De tal modo, a classificagcdo da
familia das E-NTPDases tem sido adotada baseada nas caracteristicas moleculares
e bioquimicas, localizacdo celular e nas diferentes razées de hidrolise ATP:ADP
(Zimmermann, 2001). Independente da localizagado, as NTPDases estdo envolvidas
na degradacdo de nucleosideos 5'-di e 5'-trifosfatados. Com excegdo da ecto-
ATPase (denominada como NTPDase2), todos os outros sete membros da familia E-
NTPDase podem ser considerados apirases (Zimmermann, 2001).

As NTPDase1 a 3 e 8 situam-se na membrana plasmatica, com sitio ativo
voltado para o lado extracelular. Essas enzimas apresentam ampla especificidade a
substratos, sendo capazes de hidrolisar nucleosideos 5'-di e 5'-trifosfatados (Sarkis
et al., 1995; Zimmerman, 2001). Os valores de Ky (Constante de Michaelis) para
ATP e ADP estdo na ordem micromolar (Zimmermann, 2001). A NTDPase1 (CD39,
ecto-apirase, ecto-ATP difosfoidrolase, EC 3.6.1.5) apresenta uma razao de hidrolise
ATP:ADP de 1:0,8, diferencialmente da NTPDase2, uma ATPase com substancial
preferéncia pelo ATP (raz&o de hidrolise ATP:ADP igual a 1:0,03) (Wang e Guidotti,

1996; Kirley, 1997; Zimmermann, 1999). A NTPDase3 (HB6) é um intermediario
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funcional e hidrolisa ATP aproximadamente trés vezes mais que ADP (Smith e
Kirley, 1998). As NTPDases sao insensiveis a inibidores classicos das ATPases
intracelulares ou fosfatases (Plesner, 1995), mas s&o inibidas por azida em
concentragdes de 10 a 20 mM (Sarkis et al., 1995). Ortovanatado de sddio também
tem sido relatado como inibidor de apirases (Valenzuela et al., 1989; Traverso-Cori
et al.,, 1970; Pilla et al., 1996; Oses et al., 2004). Recentemente, uma enzima
localizada na membrana plasmatica, demonstrando dependéncia absoluta por
cations divalentes, foi clonada e caracterizada em membranas plasmaticas de
células de figado, jejuno e rins de camundongos (Bigonnesse et al., 2004). Essa
enzima, classificada como NTPDase8, apresentou uma identidade de 20-50% com
outras NTPDases de mamiferos.

A NTPDase4 é uma enzima encontrada no espaco intracelular, situando-se
no complexo de Golgi (Wang e Guidotti, 1998) e nos vacuolos lisossomais
(Biederbick et al., 2000). Essa enzima hidrolisa ATP, ADP e outros nucleosideos 5'-
di e 5'-trifosfatados, tendo preferéncia por nucleotideos UTP e CTP. A NTPDase5
(CD39L4) e a NTPDase6, ambas enzimas intracelulares, hidrolisam nucleosideos
difosfatados com uma maior preferéncia e podem ser liberadas para o meio
extracelular como enzimas solluveis apos clivadas na seqiéncia N- terminal (Yeung
et al., 2000). A NTPDase7 hidrolisa preferencialmente os nucleosideos trifosfatados
UTP, GTP e CTP somente na presencga de calcio e apresenta uma localizagao

intracelular (Shi et al., 2001).
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1.4.3.1.1. Hidrdlise de nucleotideos em parasitos

Diversos autores tém relatado a presenca de enzimas que hidrolisam
nucleotideos na superficie de parasitos, atribuindo a elas diferentes funcbes na
infecgcdo das células hospedeiras. O protozoario Toxoplasma gondii foi um dos
primeiros parasitos no qual uma atividade de hidrélise de ATP foi descrita e
denominada NTPase (nucleosideo trifosfato hidrolase) (Asai et al., 1983; Asai e
Suzuki, 1990). Em Schistosoma mansoni, uma ATP difosfoidrolase foi caracterizada
(Vasconcelos et al., 1993), sugerindo dano a hemostasia do hospedeiro por prevenir
a ativagdo plaquetaria induzida por ADP. Barros e colaboradores (2000)
caracterizaram uma ectonucleotideo difosfoidrolase em Entamoeba histolytica,
associando a atividade de hidrélise do ATP com viruléncia e evasao dos parasitos.
Além disso, uma atividade de ecto-ATPase dependente de magnésio foi
caracterizada em Leishmania tropica (Meyer-Fernandes et al., 1997) e em
Leishmania amazonensis (Berrédo-Pinho et al., 2001). Coimbra e colaboradores
(2002) caracterizaram uma ATP difosfoidrolase na superficie de formas
promastigotas de Leishmania amazonensis, sugerindo a participagdo da enzima na
via de salvacao de nucleosideos.

Uma atividade ecto-ATPasica foi descrita na superficie de Trypanosoma cruzi,
bem como sua possivel fungcdo nas interagcbes celulares parasito-hospedeiro
(Bisaggio et al., 2003). Recentemente, uma ATP difosfoidrolase também foi
caracterizada em Trypanosoma cruzi (Fietto et al., 2004), sugerindo um possivel
papel da enzima nos mecanismos de viruléncia do parasito.

Trés distintas ATPases foram identificadas em Trichomonas. vaginalis

(Turner e Lushbaugh, 1991), apresentando diferentes pHs o6timos, cation-
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dependéncia e sensibilidade a inibidores. Matos et al. (2001) caracterizaram uma
ATP difosfoidrolase em T. vaginalis. A enzima hidrolisa nucleotideos di e
trifosfatados, apresenta calcio-dependéncia e nao é inibida pelos inibidores classicos
das ATPases (como ouabaina, ortovanatado de sédio e azida sddica em baixas
concentragdes). Uma ecto-fosfatase foi caracterizada em T. vaginalis, apresentando
localizagdo na superficie e em vacuolos intracelulares do parasito (Jesus et al.,
2002). A presencga de ectonucleotidases na superficie dos parasitos pode servir
como um meio de escape dos mecanismos de defesa do hospedeiro, modulando a
concentragdo de nucleotideos no meio extracelular, protegendo-os dos efeitos
citoliticos do ATP.

Além disso, através da hidrolise sequencial de ATP a AMP, as NTPDases
podem estar envolvidas na via de salvagdo das purinas extracelulares. O AMP,
posteriormente degradado a adenosina pela ecto-5'-nucleotidase, serve como fonte
de adenosina, com subsequente transporte deste nucleosideo através de

transportadores especificos (Handa e Guidotti, 1996).

1.4.3.2. 5’-nucleotidase

A 5’-nucleotidase ou nucleosideo monofosfato fosfoidrolase € uma enzima
que hidrolisa uma variedade de nucleotideos monofofatados, como AMP, CMP,
UMP, IMP e GMP (Bianchi e Spychala, 2003), sendo o AMP o substrato preferencial.
Sete 5’-nucleotidases humanas, possuindo diferentes localizagbes na célula, ja
foram caracterizadas e clonadas. A enzima encontra-se amplamente distribuida em

tecidos de vertebrados (Grondal e Zimmermann, 1987; Zimmermann, 1992),
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gerando adenosina a partir da hidrolise do AMP e consequente ativagdo dos
receptores P1 de adenosina (Zimmermann, 2001).

A enzima 5’-nucleotidase pode ser encontrada na sua forma soluvel, como
também ligada as membranas, sendo denominada de ecto-5’-nucleotidase. Essa
forma apresenta o sitio de hidrélise voltada para o lado externo da membrana, sendo
uma das enzimas pertencentes a cascata enzimatica que hidrolisa o ATP até
adenosina. Esse nucleosideo € um importante modulador em varios processos
fisiolégicos, atuando como vasodilatador. A adenosina € de fundamental importancia
para o crescimento e sobrevivéncia dos protozoarios parasitos por ser o precursor
de nucleotideos em espécies que nao possuem capacidade de realizar sintese de

novo de purinas e pirimidinas (Wang, 1990; Munagala e Wang, 2003).
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[.5. Objetivos

Considerando a alta prevaléncia de tricomonose em pombos domésticos € a
importancia veterinaria e econémica desta parasitose (Tasca e De Carli, 2006), o
estudo bioquimico do T. gallinae pode levar ao maior conhecimento sobre o
desenvolvimento do parasito. Com esta finalidade, o presente estudo teve como

objetivos:

1. Realizar a caracterizacdo bioquimica de uma NTPDase na superficie de

trofozoitos de T.gallinae;

2. Determinar as condicbes otimas para a atividade da ecto-5-nucleotidase na

superficie de trofozoitos de T.gallinae.
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Il. 1. Capitulo 1

Extracellular ATP and ADP hydrolysis in intact trophozoites of Trichomonas

gallinae

Artigo a ser submetido para publicagdo no periédico Parasitology
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Abstract

In the present report, we describe an NTPDase (nucleoside triphosphate
diphosphohydrolase) activity in living trophozoites of Trichomonas gallinae. The
enzyme hydrolyzes a variety of purine and pyrimidine nucleosides di and
triphosphates in an optimum pH range of 6.0-8.0. This enzyme activity was activated
by high concentrations of divalent cations, such as calcium and magnesium.
Contaminant activities were ruled out because the enzyme was not inhibited by
classical inhibitors of ATPases (1.0 mM ouabain, 5.0 mM sodium azide, 2.0 ug/mL
oligomycin) and alkaline phosphatases (1.0 mM levamisole). A significant inhibition of
ATP hydrolysis (38%) was observed in the presence of 20 mM sodium azide. Sodium
orthovanadate (0.1 mM) inhibited ATP and ATP hydrolysis (24% and 78%),
respectively. These compounds have been described as inhibitors of some
NTPDases (apyrases). The apparent Ky (Michaelis constant) values was 65.62 +
15.55 uM for ATP and 122.66 + 3.51 uM for ADP (mean % S.D). Vmax (maximum
velocity) values were 0.20 + 0.03 nmolPi/min/10° trichomonads and 0.70 + 0.09
nmolPi/min/10° trichomonads for ATP and ADP, respectively (mean + S.D). The
presence of an NTPDase activity in T. gallinae may be involved with pathogenicity,

protecting the parasite from the cytolytic effects of the extracellular nucleotides.

Keywords: apyrase, NTPDase, nucleotidases, trichomonads, extracellular

nucleotides, Trichomonas gallinae.
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Introduction

Trichomonas gallinae is a flagellated protozoan witch parasitizes a variety of
birds all over the world. The domestic pigeon, Columba livia, is the primary host of
this parasite. This trichomonad occurs in the upper digestive tract and in various
organs of different avian groups (Stabler, 1954; De Carli et al, 1979). Others
columbiforms hosts have been found to arbor the parasite, as have also galliform
birds, Java sparrows, raptors and sea gulls. This trichomonad species has caused
important economic losses, especially in turkeys as well as in chickens and pet birds
(BonDurant and Honigberg, 1994).

The normal sites of T. gallinae are the mouth, pharynx, esophagus and crop,
where they cause the formation of caseous lesions. In pigeons, trichomonosis is
mainly a disease of young birds, causing serious losses among these birds. The
protozoan is the causative agent of canker in pigeons, causing a variety of
pathological manifestations depending on the parasite isolate and the infected bird
species. The virulent isolates may cause lesions in the upper digestive tract of birds,
which allow the pathogen to enter the circulatory system, gain access to the liver,
lungs, heart and pancreas (Baker, 1986; Cooper and Petty, 1988).

Besides its energy function in the intracellular enviroment, ATP has several
effects on many biological processes, and can be found in significant concentrations
outside cells (Dombrowski et al, 1998; Gordon, 1986). The level of exogenous ATP
may be increased in various inflammatory and shock conditions, mainly as a
consequence of nucleotide release from platelets, endothelial and blood vessel cells
(Hantgan, 1984; Bodin and Burnstock, 1996; Dubyak, 2000), modulating biological

processes by binding to specific cell surface receptors. In addition, extracellular ATP



27

may act as a signalling compound in cytolytic mechanisms (Fillipini et al, 1990;
Steinberg and Di Virgilio, 1991), causing plasma membrane depolarization, Ca**
influx and cell death.

After exert their actions, ATP and other nucleotides can be inativated through
hydrolysis by ecto-nucleotidases. This group includes the E-NTPDase family
(ectonucleoside triphosphate diphosphohydrolase family), the E-NPP family
(ectonucleotide pyrophosphatase/phosphodiesterase family), ecto-5’-nucleotidase
and alkaline phosphatases (Zimmermann, 2001). Some of these enzymes are
attached to the plasma membrane with their active sites facing the extracellular
side/environment. Nucleoside triphosphate diphosphohydrolase (NTPDases) are
enzymes that hydrolyze ATP, ADP and other triphosphonucleosides and
diphosphonucleosides to their equivalent monophosphonucleosides and inorganic
phosphate (Zimmermann and Braun, 1999). Furthermore, they are activated by high
concentrations of divalent cations and they are not inhibited by classical inhibitors of
ATPases or alkaline phosphatase (Plesner, 1995; Zimmermann, 1996). The eigth
members already described of this protein family differs in their cellular localization
and preference for nucleoside 5-diphophates (Zimmermann, 2001; Bigonnesse et
al., 2004).

The activities of the ecto-enzymes can be measured using living cells (Meyer-
Fernandes et al, 1997; Furuya et al, 1998). The presence of these enzymes has
been demonstrated in the surface membranes in some parasites. Vasconcelos et al
(1993, 1996) characterized and purified an ATP diphosphohydrolase activity
(apyrase, CD39, NTPDase1) on external surface of Schistosoma mansoni. Turner
and Lushbaugth (1991) identified three ATPases in the sedimentable fractions of

Trichomonas vaginalis. An Mg-dependent ecto-ATPase activity has been described
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on the external surface of Leishmania tropica (Meyer-Fernandes et al, 1997). An
ecto-nucleotide diphosphohydrolase was described in intact cells of Entamoeba
hystolytica (Barros et al, 2000). Recently, Jesus et al. (2002) characterized an ecto-
ATPase in Tritrichomonas foetus. Furthermore, an ATP diphosphohydrolase and an
ecto-5'-nucleotidase were described in Trichomonas vaginalis (Matos et al, 2001;
Tasca et al, 2003). However, the presence of these ecto-nucleotidases has not been
demonstrated in other trichomononad species. The present study describes the
properties of an NTPDase activity in intact trophozoites of Trichomonas gallinae, the

etiologic agent of trichomonosis in birds.

Materials and methods

Parasite culture

The T. gallinae isolate, TG7, from the upper digestive tract of domestic
pigeons, C. livia, was used in this study. Trichomonads were axenically cultured in
vitro in trypticase-yeast extract-maltose (TYM) medium (Diamond, 1957) without agar
(pH 7.2) supplemented with 10% (v/v) inactivated bovine serum, without antibiotics
(Stabler et al., 1964; Tasca and De Carli., 1999), at 37 °C. The isolates were kept
alive in liquid nitrogen (-196 °C) with 5% dimethyl sulfoxide (DMSQO) (Honigberg et
al., 1965). Trichomonads from the logarithmic phase of growth were collected by
centrifugation at 750 x g for 5 min. The parasites were then washed 3 times with
0.9% (w/v) NaCl solution, counted with a haemocytometer and ajusted to a density of
4 x 10° organisms/mL. All samples were run in triplicate, with results achieved in at

least three different parasites suspensions. All organisms were viable based on
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motility, assessed before and after incubations. The viability was not affected by

incubation conditions.

Enzyme assays

After preparing the parasite samples, the optimum conditions for nucleotide
hydrolysis were determined. Intact trophozoites of T. gallinae (106 trichomonads/mL)
were added to the reaction mixture containing 50 mM Tris buffer (pH 7.2) and 1.0 mM
CaCl,. The samples were preincubated for 5 min at 37 °C in the reaction mixture.
The reaction was initiated by the addition of substrate ATP or ADP to a final
concentration of 1.0 mM. After 15 min, the reaction was stopped by adding 200 uL
10% trichloroacetic acid. The samples were chilled on ice before assaying for the
release of inorganic phosphate (Chan et al., 1986), using malachite green as the
colorimetric reagent and KH,PO4 as standard. Incubation times and parasite density
were chosen in order to ensure the linearity of the reactions. Controls included intact
organisms added to the reaction mixtures containing TCA in order to correct non-
enzymatic hydrolysis of substrates, and the averages of control values were
subtracted from the test samples. All enzyme assays were run in triplicate. Specific

activity is expressed as nmol of Pi/min/10° trichomonads.

Statistical analysis
Statistical analysis was conducted by Student’s t test or one-way analysis of

variance (ANOVA). Statistical significance was considered as P < 0.05.
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Results

Extracellular nucleotide hydrolysis has been described in various sources,
including the parasite surface (Sarkis and Saltd, 1991; Zimmermann, 1996; Matos et
al., 2001; Tasca et al., 2003). Intact trophozoites of T. gallinae demonstrated the
ability to hydrolyze ATP and ADP. The time course for ATP and ADP hydrolysis was
linear up to 15 min in the presence of Ca®" and the product formation increased as a
function of parasite density in the range of 0.8-2.0 x 10 ° trichomonads/mL (data not
shown).

Like other NTPDases, the enzyme was divalent cation-activated and Ca’* was
considered the best activator of ATP and ADP hydrolysis (Fig. 1), although Mn?* and
M92+ were also able to promote a stimulatory effect on NTPDase activity (data not
shown). Considering these results, a concentration of 1.0 mM Ca?* was selected for
subsequent enzyme assays. Cation-activation was confirmed by a significant
decrease in ATP and ADP hydrolysis in the absence of Ca®" or in the presence of
Ca?* plus 10 mM EGTA, a cations chelator (Fig 1). To evaluate the optimum pH of
these enzyme activities, Ca?*-ATP and Ca®"-ADP were used as substrates in a
medium containing 50 mM Tris-Histidine (pH 6.0, 6.5, 7.2, 8.0, 9.0). The maximum
rate of nucleotide hydrolysis was observed at pH 7.2 (data not shown).

We also investigated the ability of the enzyme to hydrolyze others di- and
triphosphate nucleosides, once NTPDases have been described as enzymes with a
broad substrate specifity (Sarkis and Saltoé, 1991; Pilla et al, 1996; Zimmermann,
2001). All nucleotides tested were hydrolyzed by intact trophozoites of T. gallinae
(Table 1). The high rate of AMP hydrolysis was probably due to an ecto-5'-
nucleotidase activity present in the parasite surface. The low rate of pyrophosphate

and cyclic AMP hydrolysis excludes the presence of non-specific pyrophosphatases
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and phosphodiesterases as contaminant enzymes participating in ATP or ADP
hydrolysis in T. gallinae.

To eliminate the possibility that the ATP hydrolysis was due to other possible
contaminant enzymes, different inhibitors were tested (Table 2). No significant
inhibition was observed with 1.0 mM ouabain (Na’-K*-ATPase inhibitor), 5.0 mM
sodium azide or 2.0 ug/mL oligomycin (inhibitors of mitochondrial ATPase).
Levamisole (1.0 mM), a specific alkaline phosphatase inhibitor, also did not inhibit the
NTPDase activity. However, in the presence of 20 mM sodium azide, significant
inhibition of ATP hydrolysis was observed (38%). When 0.1 mM sodium
orthovanadate was tested, ATPase and ADPase activities were strongly inhibited
(24% and 78%, respectively).

To show that a single active site is involved in ATP and ADP hydrolysis in the
enzyme from intact trophozoites of T. gallinae, the competition plot described by
Sarkis and Salto (1991) was used. Intact organisms were incubated in the standard
reaction medium containing 1.0 mM ATP, 1.0 mM ADP or a mixture containing 1.0
mM ATP and ADP at the same time (Fig 2). The activities obtained with each
individual nucleotide were 0.14 + 0.01 nmolPi/min/10° trichomonads and 0.49 + 0.05
nmolPi/min/10°8 trichomonads for ATP and ADP, respectively. In the presence of a
mixture containing both substrates at a final concentration of 1.0 mM, the specific
activity was 0.39 + 0.05 nmolPi/min/10® trichomonads. This value approximately
corresponds to the arithmetic mean of the activities observed with each individual
nucleotide, indicating that a single enzyme is involved in ATP and ADP hydrolysis
(Fig.2).

ATP and ADP hydrolysis were determined at substrate concentrations in the

range of 100 — 2000 uM (Fig 3). The enzyme activity increased with increasing
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concentrations of the nucleotide in the presence of 1.0 mM Ca?*. Ky and Vmax values
for ATP and ADP hydrolysis were estimated from the Lineweaver-Burk plots. The
apparent Ky (Michaelis constant) values were 65.62 + 15.55 uM for ATP and 122.66
+ 3.51 uM for ADP. Vpmax (Mmaximum velocity) values were 0.20  0.03 nmolPi/min/10°
trichomonads and 0.70 + 0.09 nmolPi/min/10° trichomonads for ATP and ADP,

respectively.

Discussion

During the least two decades, considerable progress has been achieved in the
study of ecto-nucleotidases in general (Zimmermann, 1996). Apyrases or NTPDases
are enzymes which have been described in various sources, including the parasite
surface (Sarkis et al, 1986; Sarkis and Saltd, 1991; Vasconcelos et al, 1993; Plesner,
1995). In this paper, we demonstrated that intact trophozoites of Trichomonas
gallinae hydrolyzes adenine nucleotides, such as ATP, ADP and others di and
triphosphate nucleotides, suggesting the presence of an NTPDase. A number of
biochemical properties was determined for the T. gallinae NTPDase, including effects
of divalent cations and inhibitors, pH optimum, substrate specificity and kinetic
constants. The enzyme described has the following general properties which
characterize the NTPDases: activation by divalent cations; insensitivity to classical
ATPases inhibitors; inhibition by orthovanadate and sodium azide at high
concentrations (20 mM).

It is known that nucleotides are released from dying or destroyed cells into the
blood circulation under physiological conditions, after massive injury or traumatic

shock (Trams, 1980). Previous studies have shown that extracellular ATP may act as
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a signaling compound in cytolytic mechanisms (Steinberg an Di Virgilio, 1991).
Filippini at al. (1991) have shown that ATP can kill different cells, with the exception
of cells that express a high level of ATP-breakdown activity on their surface.

The presence of enzymes performing ATP, ADP and others nucleotides have
been described in some protozoa. An ecto-ATP diphosphohydrolase on the surface
of S. mansoni was characterized and purified (Vasconcelos et al, 1993; 1996). The
authors suggested that this enzyme might be involved in an escape mechanism
allowing the parasite to split ATP or ADP released in the environment. Barros et al.
(2000) described the ability of living trophozoites of Entamoeba hystolytica to
hydrolyze extracellular ATP. The enzyme activity was stimulated by M92+ and others
divalents cations, such Mn?* and Ca?* and several inhibitors had no effect on the
ATPase activities. In some parasites, this enzyme activity has been associated with
virulence and the evasion of parasites from the host defense mechanisms (Barros et
al., 2000; Berrédo-Pinho et al., 2001). Matos et al. (2001) reported the enzymatic
properties of an apyrase in Trichomonas vaginalis. This Ca?*-dependent enzyme
hydrolyzes purine and pyrimidine nucleoside 5’-di and 5’-triphosphates and the
activity is insensitive to classical ATPase inhibitors, such ouabain, orthovanadate and
sodium azide (at low concentration). ADP hydrolysis was significant inhibited in the
presence of 20 mM sodium azide, an inhibitor of ATP diphosphohydrolase. In
agreement to these findings, our results have shown that the ecto-enzyme from T.
gallinae was inhibited by 20 mM sodium azide. Furthermore, orthovanadate at low
concentration (0.1 mM) inhibited ATP and ADP hydrolysis from T. gallinae.
Orthovanadate is known to inhibit transport ATPases, but this compound has been
also described as an inhibitor of NTPDase from rat and human placenta (Traverso-

Cori et al., 1970), salivary gland, mammary gland and rat uterus (Valenzuela et al.,
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1989), and human platelets (Pilla et al., 1996). Jesus et al (2002) characterized an
ecto-ATPase in living trophozoites of Tritrichomonas foetus. The ecto-ATPase was
stimulated by Mg®*, Mn?* and Ca?*. ATP was the best substrate for this enzyme,
although other triphosphate nucleotides also produced high reaction rates. ADP was
not a substrate for this enzyme. In T. gallinae, we reported an enzyme able to
hydrolyze di and triphosphate nucleotides (ADP>UTP>CTP>GTP>UDP=GDP>ATP),
but has a 3-fold preference for the hydrolysis of ADP over ATP. To exclude the
possibility that the nucleotide hydrolysis were promoted by secreted soluble enzymes
(Bermudes et al.,, 1994; Smith and Kirley, 1997), the parasite suspension was
centrifuged and the supernatant was assayed in the conditions described in Materials
and Methods. However, no ATP neither ADP hydrolysis were detected using this
sample. Therefore, considering these findings and the viability of the intact organisms
tested, we suggest an ecto-localization of the enzyme here described. The apyrase
characterized in Trichomonas vaginalis (Matos et al., 2001) demonstrated broad
substrate specificity and higher preference for ADP when compared to ATP, similar
to the present findings in T. gallinae. The high rate of AMP hydrolysis observed was
due to a 5’-nucleoctidase activity probably in the surface of the parasite. Studies are in
progress in our laboratory in order to characterize this enzyme activity in T. gallinae.
The presence of enzymes performing ATP, ADP and AMP hydrolysis in this
parasite may be important for the modulation of nucleotide concentration in the
extracellular medium. Different functions in host-cell infection atributed to these
enzymes have been proposed, such as involvement in cellular adhesion and cancer
metastasis (Kosolova et al., 2005), modulation of apoptosis, regulation of P2
receptors, neurotransmission and signal transduction (Dubyak and El-Moatassin,

1993). In some parasites, the level of ATP-breakdown activity on their surfaces is
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associated with virulence and evasion of parasites, escaping of the host defense
mechanisms (Barros et al, 2000; Berrédo-Pinho et al, 2001). Considering that T.
gallinae is a serious pathogen of birds causing a variety of pathological
manifestations including lesions in various organs due to access into blood
circulation, the presence of enzyme activity that inactivates extracellular ATP is a
defense mechanism for the parasite to escape from cytolytic effects and to acquire
success in parasitism. Furthermore, modulation of nucleotide concentration may
have an important role during inflammation, since extracellular ATP is an immune-
modulatory molecule, involved in lymphocytes function regulation through stimulation
of cytokines interleukin-2 (IL-2) and y-interferon (IFN-y) (Langston et al., 2003). On
the other side, adenosine may act as an anti-inflammatory agent and, through
interaction with specific receptors, this compound regulates the consequences of
inflammation (Cronstein et al., 1992; Haské and Cronstein, 2004). In addition,
trichomonads lack the ability to synthesize purines and pyrimidines de novo and their
growth and survival depend of salvage pathways to generate nucleotides (Heyworth
et al., 1982, 1984). Munagala and Wang (2003) showed that adenosine is the
primary precursor of the entire purine nucleotide pool in T. vaginalis and they
identified adenosine deaminase, IMP dehydrogenase, and GMP synthetase activities
in the parasite lysate, suggesting a pathway capable of converting adenine to GMP
via adenosine. Then, it is strongly suggested that the presence of ecto-nucleotidases
in trichomonads protects the parasite from the cytolytic effects of nucleotides and

provides the adenosine required for parasite growth.
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Legend to Figures

Fig. 1. Effect of CaCl, concentration on NTPDase activity in intact cells of T. gallinae.
Closed and open bars represent ATPase and ADPase activity in presence of CaCly,
respectively. Incubation conditions were described in Materials and Methods. The
control group was assayed without the addition of cation. Bars represent the means +
SD for three experiments, using different cells suspensions. * Significant difference

from activity in the presence of 1.0 mM CacCl;, (P <0.05).

Fig 2. Incubation of intact cells of T. gallinae in the presence of 1.0 mM ATP, 1.0 mM
ADP or a mixture of 1.0 mM ATP and ADP simultaneously. The specific activity was
approximately the arithmetic mean of the activities obtained with each individual
nucleotide. Bars represent the means = SD for three experiments, using different

cells suspensions.

Fig. 3. : Effect of different concentrations of substrate (100-2000 uM) on ATP and
ADP hydrolysis in intact cells of T. gallinae. All experiments used fixed 1.0 mM Ca**
with variable concentrations of nucleotide. Data represent mean = S.D. of three

different experiments, each in triplicate.
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Table 1

46

Substrate specificity of NTPDase from intact cells of T. gallinae

Substrate Relative activity
ATP 1.00

GTP 1.47 £ 0.29
GDP 1.35+0.06
CTP 1.76 £ 0.23
uTpP 1.94 + 0.41
ubP 1.35+£0.29
ADP 2.8+0.58
AMP 5.5+ 1.00
Ppi 0.53+0.07
AMPc 0.11+0.03

Data represents means = S.D. of at least three experiments. Control ATPase activity

was 0.17 + 0.05 nmolPi/min/10° cells. Results were expressed as relative activity

(ATP hydrolysis — 1.00). The substrates were used at 1.0 mM (except AMP — 3.0

mM), with 1.0 mM CacCl,.
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Table 2

Table 2: Effect of inhibitors on NTPDase hydrolysis from intact cells of T. gallinae

Inhibitor Concentration % control enzyme activity
ATP ADP

Orthovanadate 0.1mM 76 £ 10* 22+ 3*
Azide 5mM 85+ 20 94+3

20 mM 62 + 14* 89112

Levamisole 1mM 123 £ 10 115+ 2
Oligomicyn 2 ug/mL 8119 837
Ouabain 1 mM 104 + 24 87+3

Results were expressed as percentage of control activity (100%). Control NTPDase
activity was 0.21 + 0.02 and 0.58 + 0.12 nmolPi/min/10°® cells for ATP and ADP,
respectly. ATP and ADP were used at 1.0 mM, in the presence of CaCl, 1.0 mM.
Data represent the means + S.D. for at least three determinations. * Significant

difference from control activity (100%) by Student’s t test (P<0.05)
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Abstract

This study describes the enzymatic properties of an ecto-5-nucleotidase in
Trichomonas gallinae. The enzyme hydrolyzes nucleoside monophosphates at pH
7.2 and is activated by divalent cations, such as magnesium. Ecto-5-nucleotidase
activity was insensitive to levamisole, tetramisole (alkaline phosphatase inhibitors),
and AMPCP (adenosine 5'-[a,-methylene]diphosphate), an ecto-5"-nucleotidase
inhibitor, whereas 0.1 mM ammonium molybdate (considered a potent inhibitor of 5°-
nucleotidase activity) completely inhibited the enzyme activity. The apparent Ky
(Michaelis constant) and Vimax (maximum velocity) values for Mg?*-AMP were 466 +
57 uM and 3.7 + 0.59 nmolPi/min/10° trichomonads, respectively. Considering that
trichomonads lack the ability to synthesize purines and pyrimidines de novo, the
presence of an ecto-5’- nucleotidase in intact trophozoites of Trichomonas gallinae
could be important in regulating the extracelular nucleotide levels and generating

adenosine, essential for the survival strategies of the parasite.

Keywords: adenosine, ecto-5-nucleotidase, extracellular nucleotides, Trichomonas

gallinae
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1. Introduction

Purine nucleosides and nucleotides are mostly released from cells which are
stressed or anoxic, injured and metabolically active (Chow et al. 1997). There is
evidence that purines have cytotoxic properties (Steinberg and Di Virgilio 1991).
Extracellular ATP may act as a signaling compound in cytolytic mechanisms (Fillipini
et al, 1990) and it is hydrolyzed to adenosine by a group of ecto-enzymes named
ecto-nucleotidases, which includes NTPDases (nucleoside triphosphate
diphosphohydrolases) and ecto-5’-nucleotidase. NTPDase1 (CD39, apyrase, ATP
diphosphohydrolase) dephosphorylates ATP to AMP, which is hydrolyzed by the
ecto-5’-nucleotidase (EC 3.1.3.5), resulting in adenosine (Zimmerman, 1996; 2001).

Nucleoside monophosphate phosphohydrolases or 5°- nucleotidase, also
known as CD73, is a glycosylated protein bound to the outer surface of the plasma
membrane by a glycosylphosphatidylinositol anchor (Misumi at al, 1990). This
enzyme acts on a variety of non-cyclic nucleoside monophosphates, such as AMP,
CMP, UMP, IMP and GMP, inactivating them to the respective nucleosides and
inorganic phosphate (Bianchi and Spychala, 2003). Although the 5’-nucleotidase has
broad substrate specificity, AMP is considered to be the major physiological
substrate with Ky values in the micromolar range (Zimmermann, 1992; Zimmerman,
1996). The enzyme is variably expressed in a wide number of cells types under
physiological and pathological conditions (Zimmermann, 1992).

The presence of ecto-nucleotidases has been reported on the surface of
various parasites. Vasconcelos et al (1993, 1996) demonstrated the presence of an
ATP diphosphohydrolase in Schistosoma mansoni. A Mg-dependent ecto-ATPase

activity was described in Leishmania tropica (Meyer-Fernandes et al, 1997) and L.
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amazonensis (Bérredo-Pinho et al, 2001). Furthermore, an ATP diphosphohydrolase
and an ecto-5-nucleotidase were described in Trichomonas vaginalis (Matos et al,
2001; Tasca et al, 2003). The ecto-5-nucleotidase activity detected in intact
trophozoites of two T. vaginalis isolates hydrolyzes nucleoside monophosphates and
is activated by divalent cations, such as M92+ and Ca*. The presence of an enzyme
that hydrolyses AMP to adenosine provides the nucleoside required for parasite
growth, due to the lack of de novo purine nucleotide synthesis among all trichomonad
species (Heyworth et al., 1982; 1984; Wang, 1990; Munagala and Wang, 2003).

Trichomonas gallinae is a flagellated protozoan which parasitizes a variety of
birds all over the world. The domestic pigeon, Columba livia, is the primary host of
this parasite. This trichomonad occurs in the upper digestive tract and in various
organs of different avian groups (Stabler, 1954; De Carli et al, 1979). The normal
sites of T. gallinae are the mouth, pharynx, esophagus and crop, where they cause
the formation of caseous lesions. In pigeons, trichomonosis is mainly a disease of
young birds, causing serious losses among these birds. The protozoan is the
causative agent of canker in pigeons, causing a variety of pathologic manifestations
depending on the parasite isolate and the infected bird species (Baker, 1986; Cooper
and Petty, 1988). The virulent isolates may cause lesions in the upper digestive tract
of birds, which allow the pathogen to enter the circulatory system, gain access to the
liver, lungs, heart and pancreas, leading to host death. Indeed, avian trichomonosis
has been considered a significant economic loss in chickens and turkeys.

Taking into account that T. gallinae is a serious veterinary disease pathogen, it
is important to investigate the biochemical aspects of this parasite that contribute to

understanding features related to host-parasite interaction. The present study
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describes the properties of an ecto-5-nucleotidase activity in intact trophozoites of T.

gallinae.

2. Materials and methods

Parasite culture

The T. gallinae isolate, TG7, from the upper digestive tract of domestic
pigeons, C. livia, was used in this study. Trichomonads were axenically cultured in
vitro in trypticase-yeast extract-maltose (TYM) medium (Diamond, 1957) without agar
(pH 7.2) supplemented with 10% (v/v) inactivated bovine serum, without antibiotics
(Stabler et al., 1964; Tasca and De Carli., 1999), at 37 °C. The isolates were kept
alive in liquid nitrogen (-196 °C) with 5% dimethyl sulfoxide (DMSQO) (Honigberg et
al., 1965). Trichomonads from the logarithmic phase of growth were collected by
centrifugation at 750 x g for 5 min. The parasites were then washed 3 times with
0.9% (w/v) NaCl solution, counted with a haemocytometer and ajusted to a density of
4 x 10° organisms/mL. All samples were run in triplicate, with results achieved in at
least three different parasites suspensions. All organisms were viable based on
motility, assessed before and after incubations. The viability was not affected by

incubation conditions.

Enzyme assays

After preparing the parasite samples, the optimum conditions for nucleotide
hydrolysis were determined. Intact trophozoites of T. gallinae (10° trichomonads/mL)
were added to the reaction mixture containing 50 mM Tris buffer (pH 7.2) and 3.0 mM

MgCl,. The samples were preincubated for 5 min at 37 °C in the reaction mixture.
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The reaction was initiated by the addition of substrate AMP to a final concentration of
3.0 mM. After 15 min, the reaction was stopped by adding 200 uL 10% trichloroacetic
acid. The samples were chilled on ice before assaying for the release of inorganic
phosphate (Chan et al., 1986). Incubation times and parasite density were chosen in
order to ensure the linearity of the reactions. Controls included intact organisms
added to the reaction mixtures containing TCA in order to correct non-enzymatic
hydrolysis of substrates, and the averages of control values were subtracted from the
test samples. All enzyme assays were run in triplicate. Specific activity is expressed

as nmol of Pi/min/10° trichomonads.

Statistical analysis
Statistical analysis was conducted by Student’s t test or one-way analysis of

variance (ANOVA), considering a level of significance of 5%.

3. Results

5’-nucleotidase activity has been described in bacteria, plant cells and in
various vertebrate tissues (Zimmerman, 1992). In this study, an enzyme with
characteristics of an ecto-5-nucleotidase was detected in intact trophozoites of T.
gallinae. The time course for AMP hydrolysis was linear up to 15 min in the presence
of Mg?. The product formation was linear in the range of 0.8 — 2.0 x 10°
trichomonads/mL (data not shown).

AMP hydrolysis was activated in the presence of divalent cations (Fig. 1) at
the concentrations of 3.0, 5.0 and 8.0 mM. In the presence of M92+ plus 5.0 mM

EDTA, there was a significant decrease of AMP hydrolysis. The concentration of 3.0
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mM magnesium, which is a classical activator of 5’-nucleotidase, was chosen for
subsequent enzyme assays.

Ecto-5'-nuclectidase is an enzyme with a broad substrate specifity for
nucleoside monophosphates, with preference for AMP (Zimmerman, 1996). Intact
trophozoites of T. gallinae hydrolyzed all nucleoside monophosphates tested (CMP,
GMP, UMP) at a lower rate than AMP (Table 1). To avoid the influence of
pyrophosphatase, pyrophosphate, which is a substrate for this enzyme, was
incubated with the intact organisms. The presence of pyrophosphatase can be
excluded because there is no significant hydrolysis of pyrophosphate in these assay
conditions (Table 1).

AMP hydrolysis was determined at substrate concentrations in the range of
200-3000 uM. Enzyme activity increased with increasing concentrations of the
nucleotide (Mg?* fixed at 3.0 mM with different concentrations of AMP) (Fig.2). Ku
(Michaelis constant) and Vmax (maximum velocity) values in intact trophozoites of T.
gallinae were estimated from the Lineweaver-Burk plots with three different enzyme
preparations (Fig 2). The apparent Ky and Vmax values for Mg?*-AMP were 466 + 57
uM (mean +S.D.) and 3.7 = 0.59 nmolPi/min/10° trichomonads (mean = S.D.),
respectively.

To discard the influence of alkaline phosphatase on AMP hydrolysis the
classical inhibitors of this enzyme, levamisole and tetramisole, were tested. Both
compounds, tested a final concentration of 1.0 mM, had no effect upon AMP
hydrolysis in intact trichomonads (Table 2). AMPCP (adenosine 5-[a,p-
methylene]diphosphate) and ammoniun molybdate, which are known 5’-nucleotidase
inhibitors, were also tested. The enzyme activity was dramatically inhibited in the

presence of 1.0 mM ammonium molybdate. However, AMPCP did not promote
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significant changes on AMP hydrolysis. These results suggest that AMP hydrolysis is

due to an ecto-5-nucleotidase in intact trophozoites of T. gallinae.

4. Discussion

The proteins on the cell surface of trichomonads play a major role in
cytoadhesion, host-parasite interaction, nutrient acquisition and in the protection from
the cytolytic effects (Petrin et al, 1998). The results of the present study demonstrate
an ecto-5-nucleotidase in intact trophozoites of T. gallinae. This enzyme was not
dependent of divalent cations, but the activity was increased by the addition of
millimolar concentrations of Mg** (Zimmerman, 1992). The broad substrate specificity
for nucleoside monophosphates of ecto-5-nucleotidase was also observed, with a
preference for AMP. Ky values vary between cell type and preparation, generally
they are in the lower micromolar range (Zimmermann, 1996). The influence of
contaminating enzymes on AMP hydrolysis was discarted, since 1.0 mM levamisole
or tetramisole did not affect the AMP hydrolysis. The possibility of a pyrophosphatase
was excluded, since no significant enzyme activity was observed when 1.0 mM
pyrophosphate (Ppi) was used as substrate instead AMP.

Extracellular nucelotides can be hydrolyzed by a variety of enzymes that are
located on the cell surface or may also be soluble in the interstitial medium
(Zimmermann, 2001). Extracellular ATP can be hydrolyzed by NTPDase1, forming
AMP, being the 5’-nucleotidase the final step of the enzymatic chain.

The ecto-5’-nucleotidase is present in various animals tissues, but not on all
cell types. Seven human 5’-nucleotidases with different subcellular localization have

been cloned (Bianchi and Spychala, 2003). This enzyme plays an important role in
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the formation of adenosine from extracelular AMP and the subsequent activation of
P1 adenosine receptors (Zimmermann, 2001). Adenosine induces vasodilation and
inhibition of the immune and inflammatory response (Cronstein et al., 1992; Haské &
Cronstein, 2004). In addition, trichomonads lack the ability to synthesize purines and
pyrimidines de novo. Then, the salvage pathways to generate nucleotides are
essential for parasite survival (Heyworth et al, 1982, 1984). Munagala and Wang
(2003) demonstrated incorporation of external adenine and guanine into the purine
nucleotides of T. vaginalis. The purine salvage system in T. vaginalis consists of a
single pathway of two enzymes: PNP (purine nucleoside phosphorylase) and PNK
(purine nucleoside kinase). PNP catalyses inter-conversion between purine bases
and purine nucleosides and PNK convert the nucleosides to nucleotides (Heyworth at
al, 1982; Miller and Lindstead, 1983). The use of formycin A, specific inhibitor of
bacterial PNP, inhibited T. vaginalis in vitro growth. Furthermore, lysed epithelial cells
during trichomonial infection release a broad concentration of purine nucleotides
(90% are adenine nucleotides) (Mandel, 1964). Adenosine is the primary precursor of
the entire purine nucleotide pool in T. vaginalis and adenosine deaminase, IMP
dehydrogenase, and GMP synthetase activities were identified in the parasite lysate,
suggesting a pathway capable of converting adenine to GMP via adenosine
(Munagala and Wang, 2003). Considering the close phylogeny between T. vaginalis
and T. gallinae, it can be suggested that the hydrolysis of adenine nucleotides to
nucleoside adenosine by a 5’-nucleotidase provides the primary precursor of the
purine nucleotides in the parasites, cooperating to survival and success parasitism.

In addition, the enzymatic chain present in T. gallinae may contribute to scape
mechanisms of the parasite by breaking down ATP and providing adenosine. The 5'-

nucleotidase activity has been demonstrated in some protozoan. Tasca et al (2003)
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described an ecto-5-nucleotidase in two T. vaginalis isolates. These authors have
shown that the enzyme hydrolyzes nucleoside monophosphates and it is activated by
divalent cations, such M92+ and Ca®". The enzyme activities were insensitive to
levamisole and tetramisole (inhibitors of alkaline phosphatases), whereas AMPCP
inhibited the enzymatic activities in both isolates. Furthermore, Tasca et al (2003)
have shown different Ky values for both isolates (111 yM and 420 uM for 30236 and
30238 isolates, respectively). In the present report, the ecto-5-nucleotidase
characterized in intact trophozoites of T. gallinae was not inhibited by AMPCP, but
presented a similar Ky value when compared to 30238 isolate of T. vaginalis. In
contrast, the enzyme was strongly inhibited by ammonium molybdate, a 5'-
nucleotidase inhibitor (Gottieb and Dwyer, 1983; Reilly and Calcutt, 2004; Barros et
al, 2000). Gottieb and Dwyer (1983) described a 5-nucleotidase activity in the
surface membrane fraction of Leishmania donovani promastigotes. The enzyme was
inhibited by ammonium molybdate, as observed in the present findings of this paper.
Corte-Real at al (1993) applied enzyme cytochemistry and immunological labeling
techniques to characterize a 5-nucleotidase in promastigote forms of four
Leishmania species. Our results have shown an enzyme in intact trophozoites of
T.gallinae that shares kinetic properties with an ecto-5"-nucleotidase.

The identification of the physiological significance of this enzyme could
contribute to understanding biochemical aspects of T. gallinae and mechanisms
involved in specific host-parasite interactions. Adenosine, a precursor of nucleotides
in trichomonads, is a product of the 5’-nucleotidase activity. Thus, this enzyme could

be considered a target for anti-trichomonad drugs in further studies.
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Legend to Figures

Fig. 1. Effect of MgCl, and CaCl, concentration on ecto-5’-nucleotidase activity in
intact cells of T. gallinae. Closed bars and open bars represent 5-nucleotidase
activity in presence of MgCl, and CaCl,, respectively. Incubation conditions were
described in Materials and Methods. The control group was incubated without the
addition of cation. Bars represent the means + SD for three experiments, using
different cells suspensions. ** Significant difference from activity in the presence of
MgCl, 3 mM (p <0.01). * Significant difference from activity in the presence of CaCl;

3 mM (p <0.05).

Fig. 2. : Effect of different concentrations of substrate (200-3000 uM) on AMP
hydrolysis in intact cells of T. gallinae. All experiments used fixed 3 mM Mg2+ with
variable concentrations of nucleotide. Data represent mean + S.D. of three different

experiments, each in triplicate.
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Table 1

Substrate specificity of ecto-5"-nucleotidase from intact cells of T. gallinae

Substrate Relative Activity
AMP 1.00 £ 0.02
CMP 0.87 +0.14
GMP 0.68 +0.10
UMP 0.60 + 0.05

PPi 0.058+ 0.009

Data represents means + S.D. of at least three experiments. Control AMP hydrolysis
was 1.99 + 0.04 nmolPi/min/10° cells. Results were expressed as percentage of

control activity. The substrates were used at 3 mM, with MgCl, 3 mM.
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Table 2: Effect of inhibitors on AMP hydrolysis from intact cells of T. gallinae

Inhibitor Concentration (mM) % Control enzyme activity
Levamisole 1 102.3+7.6

Tetramisole 1 1024

AMPCP 0.1 106 + 6

Molybdate 1 1.6 £ 0.05*

Results were expressed as percentage of control activity (100%). Control 5'-
nucleotidase activitie was 1.83 + 0.14 nmolPi/min/10° cells. AMP was used at 3 mM,
in the presence of MgCl, 3 mM. Data represent the means + S.D. for at least three

determinations. * Significant difference from control activity (100%) by Student’s ¢ test

(P<0.05)
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I1l. 1. Discussao

Os resultados obtidos neste estudo caracterizaram a presenga de uma cadeia
enzimatica, composta por uma NTPDase (nucleosideo trifosfato difosfoidrolase) e
uma ecto-5’-nucleotidase, em trofozoitos intactos de Trichomonas gallinae.

No capitulo 1, a presenca de uma enzima que hidrolisa nucleotideos di e
trifosfatados foi caracterizada. A enzima apresentou uma ativagao na presenca de
cations divalentes, sendo o ion Ca®" o melhor ativador da enzima. A presenca de
quelantes de cations, tais como o EGTA, reduziu significativamente a atividade
especifica quando comparada com o grupo controle, o qual foi incubado na
presenca de 1,0 mM de CaCl,. Para descartar a presenca de outras enzimas
contaminantes, como ATPases do tipo P, V ou F, fosfatases alcalinas e
fosfodiesterases, foram utilizados no meio de incubagdo diversos inibidores para
essas enzimas. Na presenca de ortovanadato de sédio, ambas hidrolises do ATP e
do ADP sofreram uma diminuicao significativa quando comparadas com o controle
(auséncia de inibidor). Na presenga de azida sodica em altas concentragbes (20
mM), a hidrélise do ATP também foi inibida, ndo havendo alteragao na hidrélise de
ADP. Levamisole, oligomicina e ouabaina n&o foram capazes de inibir a atividade
enzimatica, podendo-se descartar a interferéncia de fosfatases alcalinas, ATPase
mitocondrial e Na*, K*-ATPase. Para verificar se as hidrolises de ATP e ADP foram
devidas a uma unica enzima, foi realizado o protocolo da mistura de substratos, de
acordo com Sarkis and Saltd, (1991). A hidrdlise dos substratos, quando misturados,
resultou na média da atividade obtida com cada nucleotideo incubado

individualmente. Este resultado indica que uma Unica enzima, apresentando um
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unico sitio ativo, estd envolvida na hidrélise de ambos os substratos. Outras
propriedades bioquimicas foram determinadas neste estudo, como os valores do Ky
e velocidade maxima e a preferéncia por pH alcalino. Os valores de Ky encontraram-
se na faixa micromolar. Assim, todas as propriedades bioquimicas descritas neste
estudo caracterizam uma enzima pertencente a familia das NTPDases.

A presenca destas enzimas que hidrolisam ATP, ADP e outros nucleotideos
di e trifosfatados tem sido descrita em uma variedade de parasitos. Uma ecto-ATP
difosfoidrolase na superficie de Shistosoma mansoni foi caracterizada e purificada
por Vasconcelos e colaboradores (1993, 1996). Os autores sugerem que essa
enzima pode estar envolvida em mecanismos de escape do parasito, hidrolisando os
nucleotideos liberados pelas células do hospedeiro. Barros e colaboradores (2000)
descreveram uma ectonucleotideo difosfoidrolase em trofozoitos vivos de
Entamoeba hystolytica, ativada por cations divalentes e insensivel a inibidores de
outras ATPases. Os autores associam a viruléncia e a capacidade de evasido do
parasito a atividade de hidrélise de nucleotideos. A caracterizagdo de uma ATP
difosfoidrolase foi descrita por Matos e colaboradores (2001) em Trichomonas
vaginalis. A enzima hidrolisa nucleotideos da purina e pirimidina di e trifosfatados, &
insensivel a inibidores classicos de ATPase e apresenta inibicido da atividade
enzimatica na presenga de azida sédica em altas concentragdes (20 mM), a qual é
conhecida como inibidor de ATP difosfoidrolase (Plesner, 1995; Sarkis et al., 1995).
Nossos resultados também demonstraram que a enzima presente em T. gallinae
sofreu inibicdo quando incubada na presenca de altas concentragdes deste inibidor.
A inibicdo da atividade enzimatica pela adi¢ao de ortovanadato de sddio no meio de

incubacao esta de acordo com achados da literatura que classificam este composto
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como inibidor de apirases (Traverso-Cori et al, 1970; Valenzuela et al, 1989; Pilla et
al, 1996; Oses et al, 2004).

Jesus e colaboradores (2002) caracterizaram uma ecto-ATPase em
Tritrichomonas foetus ativada por cations divalentes. No presente estudo, trofozoitos
intactos de T. gallinae foram capazes de hidrolisar todos os nucleotideos di e
trifosfatados testados, apresentando uma preferéncia pelo ADP (razédo de hidrdlise
ATP:ADP igual a 1:3). Na caracterizagdo de uma ATP difosfoidrolase em T. vaginalis
também foi demonstrada uma preferéncia da enzima pelo ADP (Matos et al., 2003).
Para descartar a possibilidade de uma enzima soluvel estar sendo secretada pelo
parasito, os organismos foram centrifugados e o sobrenadante foi incubado no meio
de reacdo. A insignificante taxa de hidrélise de nucleotideos detectada nestas
condicdes fortemente indica a ecto-localizagao da enzima.

A presenca de enzimas localizadas na superficie das células desempenha
importantes fungbes, tanto a nivel fisiolégico como imunolégico, modulando a
concentracdo dos nucleotideos extracelulares. Diferentes fungdes tém sido
atribuidas a essas enzimas, como adesdo celular, modulagdo da apoptose,
regulacdo dos receptores P2 e sinalizagdo celular (Ralevic e Burnstock, 1998;
Burnstock, 2004). Estudos demonstraram que a hidrélise do ATP esta associada a
mecanismos de viruléncia e evaséo dos parasitos (Barros et al, 2000; Berrédo-Pinho
et al, 2001), através da protecdo dos efeitos citoliticos deste nucleotideo.

Além das inumeras funcdes atribuidas as proteinas presentes na superficie
de parasitos, pode-se destacar a participacdo de enzimas da familia das NTPDases
na formagao de AMP. Este composto, por sua vez, é substrato para a enzima 5’-

nucleotidase, sofrendo hidrélise e resultando na produgao de adenosina.
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Estudos demonstraram que inumeros parasitos (Giardia lamblia, E.
hystolytica, Leismanhia spp., Trypanosoma spp. e Trichomonas spp.) sao incapazes
de realizar a sintese de novo de purinas e pirimidinas, sendo seu crescimento
dependente das vias de salvagao para gerar nucleotideos (Heyworth et al, 1982;
1984, Wang, 1990; Munagala and Wang, 2003). Munagala e Wang (2003)
demonstraram a incorporagao de adenina e guanina externas em nucleotideos da
purina em T. vaginalis. O uso de formicina A, um inibidor da enzima que catalisa a
interconversao entre bases e nucleosideos da purina, inibiu o crescimento in vitro do
parasito. Assim, a hidrolise de AMP por uma 5’-nucleotidase resulta na formacéo do
nucleosideo adenosina, o qual é o precursor primario de todos os nucleotideos da
purina desse parasito (Munagala and Wang, 2003).

Levando em consideragao estes dados, o segundo objetivo do nosso estudo
foi caracterizar a presenga de uma ecto-5-nucleotidase em trofozoitos intactos de T.
gallinae (Capitulo 2). A atividade de uma ecto-5-nucleotidase foi caracterizada em
trofozoitos intactos deste parasito. A enzima foi ativada por altas concentracdes de
cations divalentes, principalmente Mg”, sendo este considerado classico ativador
dessa enzima (Zimmermann, 1992). Uma ampla especificidade por varios
nucleotideos monofosfatados também foi observada, ocorrendo hidrélise de todos os
nucleotideos testados, com uma preferéncia pelo AMP. A influéncia de enzimas
contaminantes que poderiam estar degradando estes nucleotideos foi excluida com
o uso de inibidores. A atividade de uma fosfatase alcalina foi descartada, uma vez
que a presenca de levamisole e tetramisole no meio de incubagao nao foi capaz de
inibir a atividade enzimatica. A incubacgao de pirofosfato como substrato descartou a
presenga de uma pirofosfatase, uma vez que ndo houve significativa produgcédo de

fosfato inorgénico com a adicdo deste substrato. Inibidores especificos de 5'-
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nucleotidades, tais como AMPCP e molibdato de amoénio, foram testados. O
AMPCP, considerado um inibidor especifico de 5’-nucleotidase de mamiferos, nao
foi capaz de inibir a enzima em T. gallinae. No entanto, a presenca de 1,0 mM de
molibdato de amoénio, considerado um potente inibidor desta enzima, causou uma
drastica reducdo na atividade enzimatica. Gottlieb e Dywer (1983) também
descreveram a atividade de uma 5’-nucleotidase em Leishmania donovani inibida
por molibdato.

A presenca da ecto-5’-nucleotidase tem sido relatada em varios tecidos
animais, porém, ndao em todos os tipos celulares. Bianchi and Spychala (2003)
localizaram sete diferentes 5’-nucleotidases em humanos. Essa enzima é importante
para a geragao de adenosina a partir do ATP extracelular, hidrolisando o AMP
formado. Apods liberada, a adenosina ativa receptores especificos denominados
receptores P1, desencadeado suas agobes fisioldgicas. (Zimmermann, 2001). A
adenosina € um importante agente vasodilatador e inibidor da resposta imune e
inflamatdria, podendo desempenhar um importane papel nos processos de
parasitismo.

A cadeia enzimatica presente na superficie de T. gallinae pode contribuir para
mecanismos de escape do parasito das defesas do hospedeiro. Tasca et al (2003)
caracterizaram a presenca de uma ecto-5-nucleotidase em trofozoitos intactos de T.
vaginalis. A enzima foi ativada por Mg®" e inibida por AMPCP, inibidor de 5'-
nucleotidase em mamiferos. O Ky apresentou-se na faixa micromolar e a atividade
maxima de hidrélise em pH alcalino, caracteristicas semelhantes as encontradas no
nosso estudo.

A presenca de uma NTPDase e de uma ecto-5-nucleotidase na superficie do

T. gallinae pode contribuir para os mecanismos de escape do parasito da resposta
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imune do hospedeiro, através da degradacdo do ATP. A NTPDase degrada o ATP,
liberado pelas células lisadas, até AMP, o qual é sequencialmente degradado pela
ecto-5-nucleotidase, fornecendo adenosina necessaria para a sobrevivéncia e
crescimento do parasito. Além disso, a cadeia enzimatica presente em T. gallinae
pode ser considerada como alvo potencial para o desenvolvimento de novas drogas

para o tratamento da tricomonose em aves.
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[ll. 2. Conclusbes gerais

As conclusdes gerais deste estudo foram as seguintes:

1. Uma NTPDase foi caracterizada na superficie de trofozoitos intactos de T.
gallinae. A enzima foi ativada por calcio e apresentou uma preferéncia por pH
alcalino. O uso de inibidores de possiveis enzimas contaminantes nao interferiu na
hidrolise dos nucleotideos. Contudo, o ortovanadato de sédio e azida sédica em
elevadas concentracdes foram capazes de inibir a enzima. A enzima caracterizada
neste estudo hidrolisou uma variedade de nucleotideos di e trifosfatados usados

como substratos. O Ky determinado apresentou-se na faixa micromolar.

2. A atividade de uma ecto-5-nucleotidase foi caracterizada na superficie de
trofozoitos intactos de T. gallinae. A enzima foi ativada por magnésio e apresentou
ampla especificidade por nucleotideos monofosfatados, sendo o AMP o substrato
preferencial. A atividade da enzima nao foi inibida quando utilizados inibidores de
fosfatases alcalinas. A adicdo de molibdato de amoénio, um inibidor de 5'-

nucleotidase, no meio de reacgao reduziu drasticamente a atividade enzimatica.

A presenga de atividades enzimaticas na superficie do parasito pode
representar um mecanismo de sobrevivéncia, modulando a concentragdo dos
nucleotideos no meio extracelular e protegendo contra os efeitos citoliticos do ATP.
Além disso, essas enzimas contribuem para a produgdo do nucleosideo adenosina,

0 qual é essencial para a via de salvagéo das purinas.
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lll. 3. Perspectivas

Considerando que o uso de antibiéticos no meio de cultura do T. gallinae
resulta na eliminagcdo da patogenicidade do parasito (Stabler et al., 1964) e os
mecanismos relacionados a esse efeito sdao pouco conhecidos e estudados,

propomos os seguintes estudos futuros:

1. Avaliar a hidrdlise dos nucleotideos extracelulares em trofozoitos de T. gallinae

apos cultivo in vitro na presenga de penicilina e estreptomicina;

2. Analisar as atividades ectonucleotidasicas e a morfologia do parasito apés cultivos

realizados em diferentes tempos na presenca de antibiotico;

3. Testar diferentes concentracbes de antibidticos e avaliar o efeito sobre as

atividades ectonucleotidasicas e na morfologia celular;

4. Verificar o efeito de diferentes concentragdes de antibidticos na viabilidade celular.
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