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RESUMO GERAL

Neste trabalho foram analisados os parametrosaisét a atividade colinesterasica de
duas espécies de peixes estuarinos: a corMi@opogonias furnieri (Teleostei,
Scianidae) e o bagr€athorops spixii (Teleostei, Ariidae), buscando avaliar o uso
destas espécies como bioindicadores da presengang@stos anticolinesterasicos no
meio aquatico. Os exemplares de corvina e baggpecivamente, foram coletados nos
estados do RS (Lagoa dos Patos) e PR (Baia deagagmo inverno (corvina) e verao
(corvina e bagre) em dois pontos de coleta: um kaatrole e outro poluido. Os peixes
foram anestesiados (bezocaina, 200 ppm) e os oérdlssecados, homogeneizados e
centrifugados. Foram estimados os parametros co®e{vinax € Kmap), utilizando iodeto
de acetiltiocolina como substrato, nas seguintexadracdes: 0,025; 0,05; 0,2; 0,8;
1,6; 3,2 e 9 mM. Nos estudos de inibicdo enzimdocaitilizado o carbamato eserina
em concentracées de 0,3 a 10 mM e de tx401 pM, a fim de determinar os
parametros cinéticos de inibicAo e a concentragiiceskrina que inibia 50% da
atividade colinesterasica (4g), respectivamente. Os resultados mostraram pouca
variagdo nos valores depl, nas duas espécies, porém diferengas significatioas
valores de G} foram observadas, indicando que a ChE do cérehrocodvinaM.
furnieri é resistente a inibicdo por eserina. Nos estudasrgética de inibicdo da ChE
do cérebro do bagr€. spixii, foram encontradas diferencas entre alguns pardspet
guando foram comparados os peixes coletados nbdootole com aqueles coletados
no local poluido. Houve uma maior atividade coliagssica de bagres coletados no
local poluido (p<0,05), sendo que o mesmo resulfadobservado em exemplares de
corvinasM. furnieri coletados durante o inverno no local poluido. €3silitados obtidos

in vitro demonstram que a ChE d& furnieri possui pouca sensibilidade a eserina.



Porém, o fato de ter sido registrada inibicdo esliarasica nos organismos coletados
durante o verdo regido poluida sugere a possibéidie alteracdes significativas na
capacidade de bio-oxidacédo de pesticidas nest@iesp@ a possibilidade de inibicao
por outros contaminantes que também afetam a atigictolinesterasica, como por
exemplo, metais. No caso @& spixii, a determinacdo dos parametros cinéticos e de
atividade colinesterasica sugere que pode estareocn alteracdes bioquimicas nos
peixes previamente expostos a contaminantes noeatsbiprovavelmente devido a
respostas adaptativas ao ambiente impactado. Bsta, o presente estudo indica a
importancia de estudos cinéticos prévios, quandaitdiga ou pretende utilizar, a
atividade colinesterasica como bioindicador da ewea de compostos

anticolinesterasicos no ambiente em espécies agaati

Palavras chave atividade colinesterasica, cinética de inibic&sgrina, estuarios,

peixes estuarinos, poluicdo



INTRODUCAO

O ambiente aquatico esta exposto a processos decdmlcausados pelo
ingresso de uma grande variedade de contamin&tgtes contaminantes podem atingir
ambientes aquaticos (costeiros e continentais)adias/formas, como esgoto urbano,
transporte edlico, deposicdo atmosférica, lancamseracidentais, escoamento de
produtos usados na agricultura e pecuaria, bem csoo a forma de efluentes
industriais resultantes da producéo de pesticidam@ston, 1998)).

A avaliacdo do efeito destes contaminantes nosn@mg@s pode ser utilizada em
programas de biomonitoramento. De acordo com M&t®88), o biomonitoramento é
um sistema de avaliacdo biolégico, no qual a réapdes um organismo vivo é usada
para detectar a presenca de alguma condicdo dessge e sdo denominados como
biomarcadores, os efeitos em fluidos corpéreosjlaglou tecidos que indicam a
presenca de contaminantes (Vasseur & Cossu-Leg2lGS3).

O estudo de biomarcadores compreende um vastodarpesquisa que detecta
e avalia o impacto de poluentes nos organismosstx@oe pode ser dividido em:
biomarcadores morfolégicos, moleculares, bioquisiioa fisiolégicos. As respostas
adversas (fisiologicas, comportamentais ou eneagti dos organismos expostos,
também séo consideradas como biomarcadores (FE&). 2Assim, biomarcadores tém
sido sensivel instrumento de monitoramento e igdicade riscos ambientais em
organismos aquaticos (Rodriguez-Fuentes & Gold-Boyy2000).

A atividade colinesterasica tem sido usada comonaioador de presenca de
alguns pesticidas, como os organofosforados e matos, bem como de toxinas
guimicamente semelhantes a pesticidas organofasfera Os inseticidas
organofosforados e carbamatos sdo amplamente adbkz na agricultura em

substituicAo aos organoclorados. Esta substituigddevida ao fato de que os



organofosforados e carbamatos serem mais toxi@yénpde menor persisténcia no
ambiente e nos seres vivos (Morris et al., 1996, &al., 2003, Ferrari et al., 2004). Os
inseticidas organofosforados também sédo utilizadasaquicultura, para combater
ectoparasitas, como o isépoQeratothoa gaudichaudii (Sievers et al., 1995).

Os pesticidas organofosforados e carbamatos sfpeattvamente, ésteres do
acido fosférico e do acido carbamico, susceptiaelsgradacdo no meio ambiente e nos
organismos, sendo menos estaveis que o0s pesticatganoclorados. Os
organofosforados e carbamatos, ou seus metab@isspem um mecanismo de acao
comum, a inibicdo da acetilcolinesterase. Estangmziem a funcdo de hidrolisar o
neurotransmissor acetilcolina nas sinapses coliresge nas juncdes neuromusculares
(Beuvais et al., 2001).

A existéncia de colinesterases foi postulada end @t Dale e demonstrada por
Lolwi e Navrotil em 1926. Em 1937, Marnay e Nachs@im observaram grandes
concentracdes de acetilcolinesterase nas junc@gemasculares e 0rgaos elétricos de
Torpedo e Electrophorus. Desde entéo, as colinesterases vém sendo essugladam
grande numero de pesquisadores (Massoulié eBaik)1

A acetilcolinesterase possui dois sitios ativopoasaveis pela degradacao de
acetilcolina: o sitio esterasico e o sitio aniéni€ositio aniébnico possui um grupo
carboxila do aminoacido aspartato ou glutamatejredomo fungéo atrair o nitrogénio
guaternario positivo da acetilcolina. O sitio es$@o € composto por trés aminoacidos
chamados de triade catalitica: serina, histidiggutamato. Este sitio exerce a funcdo
hidrolitica da enzima, através de forcas eletriwstit dipolo-dipolo, hidrofdbicas,
pontes de hidrogénio e de van der Waals. Destaaforsitio anidnico funciona atraindo
0 substrato (acetilcolina) para ligar-se a enzimao sitio esterasico funciona

transformando o substrato em produto. No finalegdo, a acetilcolinesterase estara



acetilada, mas desdobra-se rapidamente em enzimea di acido acético (Soreq &
Seidman, 2001).

A acetilcolinesterase possui ampla distribuicdo gogos animais, tanto em
invertebrados como em vertebrados, com difererdksas de atividade e sensibilidade
nas distintas espécies (Bocquené, et al., 199@).éE¢ncontrada principalmente em
sinapses do sistema nervoso central. E também deadan colinesterase | ou
especifica, de acordo com sua afinidade pela ecktih (Habig & DiGiulio, 1988).

Além da acetilcolinesterase, ha também outras ferdeacolinesterases, como a
butirilcolinesterase, também chamada de colinesterdd ou inespecifica. A
butirilcolinesterase € encontrada, principalmente plasma e figado. Esta enzima
possui, em média, 50% de homologia com a acetileslerase e considera-se que a
butirilcolinesterase atua como “scavenger” de @obes colinesterasicos, preservando a
atividade da acetilcolinesterase (Johnson & Mop0€2, Schwarz et al., 1995). Outras
diferencas entre a acetilcolinesterase e a buliinlesterase sdo: o fato de possuirem
inibidores especificos, diferentes niveis de sdidalde ao substrato e parametros
cinéticos proprios, além de terem diferentes lodaigcdo nos organismos (Massoulié,
et al., 1999).

Ambas, acetil e butirilcolinesterase sdo enconframss tecidos nas formas livres,
denominadas globulares, e nas formas ligadas a memlthamadas de assimétricas
(Lassiter et al., 2003). De acordo com MassouliBaa (1982), existe uma subunidade
catalitica basica que é responsavel, através deciag8es, pelas formas mais
complexas: o monémero globular (§JGO dimero (G é formado através de pontes
dissulfeto entre duas formas jjGe dois dimeros (£ formam um tetramero ({5
provavelmente através de interacbes de van ders\Waérenczy et al., 1997). Os

tetrdmeros podem, através de ligacdes covalengespente dissulfeto, ligar-se a



subunidades de colageno, interligadas em formapieaé sendo que cada subunidade
liga-se a um tetramero catalitico, formando a denada cauda de colageno (Massoulié
et al., 1993). No geral, de uma a trés cabecastderteros podem se ligar a uma cauda,
criando as formas assimeétricas,(As € Ary).

As formas globulares (GG2 e G) sao igualmente extraidas com tampdes ibnicos
fracos ou com ajuda de detergentes, no caso demsligadas a membrana. As formas
assimétricas ndo interagem com detergentes, masodatolizadas em tampdes com
altas concentracfes de sal (Chatonnet & Lockriti§89). A forma G € encontrada no
plasma sanglineo e liquido cérebro-espinhal. Asndsr assimétricas ocorrem,
geralmente, no musculo esquelético, coracao e srgjatricos de vertebrados, mas nao
foi encontrada em invertebrados (Massoulié et18193). No cérebro, a propor¢cao de
formas assimétricas de acetilcolinesterase € vatagnte grande em peixes, anfibios e
répteis; e pequena em grandes vertebrados (Ferehaky 1997).

A acetilcolinesterase tem sua atividade inibidaapelcdo de compostos
anticolinesterasicos. Estas substancias podem esesrigem natural, como formas
produzidas por cianobatérias (anatoxina-a(s)) eosumnicroorganismos, que podem
ocorrer como conseqiéncia indireta de poluicaan al@ acédo toxica de substancias
utilizadas em inseticidas, como organofosforadesrbamatos, citados anteriormente
(Monserrat et al., 2001).

Estas substancias, apds a sua incorporacdo noissmganpodem seguir duas
diferentes vias enzimaticas de desintoxicacao.ihgira é através da troca do oxigénio
pelo hidrogénio no grupamento amino (reducéo) pameas denominadas redutases e
posterior hidrélise enzimatica do composto redutidosformando-o em um fenol, que
pode ser facilmente eliminado na urina. A segun@daév através de processos de

oxidagao realizados por OMF (monooxigenases deatumgista) ou pelo citocromo



P450, em que a substancia troca o atomo de enbigdido ao grupamento fosfato por
um atomo de oxigénio (dessulfuracdo oxidativa)e Heetabodlito oxidado pode ser
conjugado pela GST (glutation&transferase), aumentando sua polaridade e
favorecendo a sua eliminacdo, ou pode sofrer agdaidfolases e ser convertido em
fenol e ser posteriormente eliminado (Vasseur &Gdseguille, 2003).

Desta forma, a oxidacdo é um evento comum no pocds desintoxicacao do
organismo, ja que o metabdlito oxidado pode sejugao ou hidrolisado por enzimas
especificas possibilitando posterior eliminacdoréRy a forma oxidada possui
propriedades anticolinesterasicas bem mais proadasi que as formas parentais,
reduzidas ou conjugadas (Livingstone, 1998, El-A&lf{schelenk, 1998, Richardson et
al., 2001). Portanto um organismo com grande cdpdei de oxidacdo pode ser
prejudicado, se nao tiver, simultaneamente, tamaiéencapacidade de conjugacéo ou
hidrolise. Varios autores, Richardson et al. (208busba et al. (2003) e Silva Filho et
al. (2004) ja estudaram a acédo toxica das formatadas dos pesticidas, verificando
inibicdoin vitro da acetilcolinesterase por azinfos-metil-oxonymtdafos-oxon e metil-

paraoxon, respectivamentemecanismo de inibic¢do da enzima ocorre atraveés
da formacdo de um complexo enzima—inibidor (reversivel) e posterior
fosforilacdo, no caso do organofosforado ou carbamilacdo, no caso do
carbamato. No caso dos organofosforados este segundo complexo é
irreversivel e inativa a enzima, no caso dos organofosforados, ja que
a enzima fosforilada é altamente estavel e possui baixas taxas de
hidrolise, que ndo ocorre de forma espontanea, mas somente através de
oximas, que sdo conhecidas como drogas reativadoras da

acetilcolinesterase (Maxwell et al., 1999). No caso dos carbamatos, as
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taxas de hidrolise sdo maiores, e podem ser quantificadas através do
calculo de uma constante de hidrélise (K,,,.) que quantifica a quebra do
complexo irreversivel.

A enzima inibida por organofosforados possui taxas de hidrolise
baixas, mas podem ser reativadas por alguns farmacos (oximas), como a
piridina 2-aldoxima (2-PAM). As taxas de reativacdo da enzima, porém,
s6 ocorrem em determinada faixa de tempo inicial de inibic&do, ja que a
enzima inibida pelo organofosforado sofre um processo de dealquilacédo
chamado de “aging” . Apos o “aging” a enzima ndo pode mais ser
reativada, perdendo irreversivelmente a sua atividade. As taxas de

“aging” variam entre os pesticidas, sendo que os que possuem
substituintes metoxi tém taxa de “aging’ maior que aqueles que
possuem substituintes etoxi ou metoxi—fenilo (Velan et al. 1996). A
inibicdo por anatoxina—a(s), toxina produzida por cianobactérias
acontece de forma semelhante aos organofosforados, porém a enzima
inibida por esta toxina nfo sofre reativacdo, ja que a anatoxina-a(s)
ja possui um grupo metoxi. Ou seja, a anatoxina—a(s) exerce grande
toxidade de forma direta e irreversivel, sem necessidade de oxidacéo
como os tio—organofosforados (Monserrat et al., 2001).

Bagchi et al(1995) estudando o efeito de varios tipos deicidas em diferentes
tecidos {n vivo ein vitro) observaram que as respostas de inibicdo dacatetdsterase
sao diferentes, tanto em relacdo aos tecidos camaeetacdo ao inibidor estudado,

concluindo que a acao toxica depende da interagi@® @ inibidor e o tecido alvo.
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Além disso, os animais possuem adaptacdes fis@égque visam diminuir os
danos da acdo toxica destas substancias. Em estied@slaptacdo aos compostos
anticolinesterasicos, Cossio-Bayugar et(2002) observaram em células de carrapato
resistentes aos organofosforados um aumento dessnie enzimas anti-oxidantes,
reducdo no potencial de membrana plasmatica e omitbial. Antunes-Madeira &
Madeira (1987, 1989), em estudos com diferentesticidas e modelos de membrana,
observaram que os organofosforados tendem a aaussul&@m membranas da
mitocondria e reticulo sarcoplasmatico e sugerera gumudanca estrutural da
membrana pode proteger a célula da acumulacéondancmante.

Algumas espécies adquirem tolerancia aos anticiBnésicos com a diminuicao
do numero e do grau de afinidade dos receptoresaringos da acetilcolina. Blanchet
et al. (1986) e Beuvais et al. (2001) estudaraspaetivamente, em ratos e larvas de
truta arco-iris, os diferentes comportamentos dkig& do numero e da afinidade
destes receptores, apés introducdo de compostm®lm@Esterasicos nos organismos
estudados. Esta diminuicdo da atividade dos reeEpteisa diminuir o efeito do
acumulo da acetilcolina durante as sinapses, causpdla inibicdo da
acetilcolinesterase, reduzindo assim a hiperatiddas funcdes colinérgicas causadas
pelo aumento da acetilcolina. Estes mecanismos ddulecdo sdo geralmente
associados a tolerancia a compostos anticolinestesa

Quando estes mecanismos de adaptacdo nao sacergeBcipara manter a
homeostasia do animal, ou seja, impedir o efeitoaddmulo do neurotransmissor
acetilcolina, este tera uma atividade bioelétrioatinua (Vasseur & Cossu-Leguille,
2003). Esta alteracdo provoca distintos sintomdse ess animais. Em peixes, séo

observadas alteragcbes na respiragédo, natacaontdighe e comportamento em geral,
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além de convulsdes, perda do equilibrio e aumem® movimentos operculares
(Vasseur & Cossu-Leguille 2003).

A relacdo entre exposicdo aos compostos antictdirfesscos e a inibicdo da
atividade enzimatica tem sido amplamente estudadarganismos aquaticos utilizados
como biomonitores (Sturm et al., 1999, Rodrigueerfes & Gold-Bouchot, 2000, De
La Torre, 2002). Estes estudos séo realizados temto invertebrados como com
vertebrados (Bocquené et al., 1997). A principattagem de se utilizar biomarcadores
em niveis baixos de organizacdo bioldégica comooguimico é a possibilidade de
detectar precocemente efeitos deletérios dos pmisieantes de serem evidenciados
alteracdes em niveis de organizacéo biolégica srpsr(Linvingstone, 1998).

Weiss (1958) foi um dos pesquisadores que iniciou os estudos do
uso da atividade colinesterasica em peixes, como indicador de
exposicdo aos compostos organofosforados. Varios autores determinaram
a atividade colinesterasica em peixes em estudos de biomonitoramento
(Magnotti et al 1994; Sturm et al., 1999; Rodriguez-Fuentes & Gold-
Bouchot, 2000; Beuvais, et al., 2000; De La Torre et al., 2002;
Flammarion et al., 2002; Corsi et al., 2003; Varo et al., 2003; Silva
Filho et al., 2004). A vantagem do uso de peixes é que eles apresentam
maior capacidade de oxidacdo que os invertebrados (Linvingstone,
1998), tornando—os mais sensiveis aos compostos anticolinesterasicos,
sendo, portanto, bons indicadores em avaliacdes de contaminacfo por
pesticidas que precisem de bio—oxidacdo para adquirir sua toxicidade.

No Brasil, alguns trabalhos ja foram realizadoslizando a atividade

colinesterasica, em conjunto ou ndo com atividagleoutras enzimas, em pesquisas
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relacionadas a biomarcadores de poluicdo. Dereeasdtdo os de Cunha Bastos et al.
(1988), Cunha Bastos et al. (1991), Silva e(E)93); Monserrat & Bianchini (1998),
Ventura et al. (2002), Monserrat et al. (2002)leeSet al. (2003).
Neste trabalho, foi analisada a atividade colimastea do cérebro de duas espécies de
peixes estuarinos e demersais: a corWheropogonias furnieri (Teleostei, Scianidae)
coletada na Lagoa dos Patos (RS) e o b&agathorops spixii (Teleostei, Ariidae)
coletado na Baia de Paranagua (PR), em datas espdet coleta determinados
previamente pelo projeto “Uso Adquirido dos Recsr&osteiros do Ministério da
Ciéncia e Tecnologia” (RECOS) no ambito do programstitutos do Milénio. As
coletas foram realizadas durante as estacdes dmme verdo. O projeto RECOS foi
idealizado tendo como um dos seus objetivos a pa#gio de espécies e protocolos
em estudos com biomarcadores ao longo da costitebeas

Devido a abundancia e ampla distribuicdo das dspécees de peixes escolhidas
(Isaac, 1988, Cervigén et al., 1992) e sua fadkdde coleta, é de grande valia a
verificacdo da viabilidade de sua utilizacdo emudkss como biomarcadores de
compostos anticolinesterasicos no ambiente. Foretermdinados parametros cinéticos
da acetilcolinesterase e valores de concentrac@&arbamato eserina que inibiram 50%
da atividade colinesterase §g}] visto que o fator mais relevante na determinaigo
efeitos toxicos de compostos anticolinesterasicaseénsibilidade da enzima (Wang &

Murphy, 1982, Richardson et al., 2001).
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OBJETIVO GERAL

O presente estudo teve como objetivo determinansilsilidade da colinesterase
do cérebro dos peixellicropogonias furnieri e Cathorops spiixi, caracterizando-a
através do estudo de constantes cinéticas, e msaliabilidade do uso da colinesterase
do cérebro dos peixes em estudo como biomarcadoomeostos anticolinesterasicos

no ambiente aquatico.

Objetivos Especificos

Caracterizar parametros cinéticos e toxicologicasatlvidade colinesterasica,
tendo como fonte de enzima o cérebro de duas espéei peixes estuarinos, o bagre

Cathorops spiixi e a corvinavlicropogonias furnieri.

Comparar os parametros cinéticos obtidos, com daitioigares observados por
outros autores em outras espécies de peixes, m@rasal as espécies estudadas sao
apropriadas para serem utilizadas como espécietindan em programas de

biomonitoramento.

15



Determinar a concentracdo de inibidores colinesigra que inibem 50% da
atividade colinesterasida vitro (Clso) e suas constantes de inibigdo em exemplares de

C. spiixi coletados em locais com diferentes impactos deigam .

Avaliar a atividade colinesterasica do cérebrochass espécies de peixes (bagre e
corvina) coletados em locais com diferentes hist@ride poluicdo e em diferentes

estacdes do ano (inverno e verao).

USE OF CHOLINESTERASE ACTIVITY IN ENVIRONMENTAL
MONITORING: IMPORTANCE OF KINETIC PARAMETERS
DETERMINATION IN ESTUARINE FISH

(submetido a revista Marine Pollution Bulletin)
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Abstract

The aim of the present work was to determine thetidc parameters and cholinesterase
(ChE) activity from two teleost fishedicropogonias furnieri (Scianidae) and
Cathorops spixii (Ariidae), to verify its suitability as sentinetd aquatic pollution by
anticholinesterasic compounds. Fish were colletteadreference and in a polluted site
in Southern Brazil. Brain cholinesterase was usedrezyme source. Inhibition kinetic
parameters employing ChE fro@ spixii showed that fish collected in the reference
site showed more affinity () for eserine than those collected in the pollusge.
Overall, these differences resulted in similar Inifion constants. Considering the
vitro inhibition (ICsp) observed with eserind. furnieri seems to be not a suitable
species to be employed a sentinel of anticholinasiie compounds. Results obtained in
the present study point to the importance of kinstudies when cholinesterasic activity

is employed as a biomarker in environmental quatipnitoring programs.

Keywords: biomarkers, cholinesterase, eserindn, &, kinetic parameters
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1. Introduction

Anticholinesterasic compounds constitute a majortipo of modern synthetic
insecticides, including organophosphorus and caab@mesticides (Valbonesi et al.,
2003). When directly released into the environmémse molecules can reach rivers
and sometimes the sea, leading to the contaminatiovarious aquatic ecosystems

(Mora et al., 1999).

The use of biochemical measurements in organismanasdicator of pollution can
complement chemical analysis, giving informatioroatbthe adaptive or deleterious
responses in organisms containing a certain amotchemicals. Moreover, among
biological effects of pollutants, biochemical orsscur more quickly, thus providing

earlier warning of a potential pollution effect yingstone, 1998).

Since organophosphates and carbamates have aeliatnort half-life, the assessment
of cholinesterase (ChE) inhibition is a useful taokvaluate their environmental impact
on aquatic biota, even when they are not longeeatighle in the environment

(Valbonesi et al., 2003). Considerable efforts Hawen made in the last two decades to
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develop and validate measurements of biologicalarpaters to complement the
information given by the chemical analysis of comtzation. The main advantage of
using biomarkers at low levels of biological orgaation it is the possibility to detect
deleterious effect pollutants precociously, befoeing evidenced alterations in higher
levels of biological organization could be observAdthong biochemical biomarkers,
the measurement of fish cholinesterase activities hecome a classical tool for
biomonitoring pollution in marine (Bocquené et al990) and continental waters
(Sturm et al., 1999).

Since more than one ChE may be present in tissuasaone fish and that they can
show different sensitivities to anticholinesteraggnts, it is important to characterize
biochemicaly these enzymes prior their employmenbi@amarkers in biomonitoring
programs (Varo et al., 2003). Moreover, the cotr@habetween brain AChE inhibition
and mortality has not been well established, ssa®e species tolerate high levels of
brain AChE inhibition and others do not (Ferrariaét 2004; Silva Filho et al., 2004).
Thus, the potential effects of organophosphate @ardamate pesticides are widely

variable between different aquatic species.

The dynamics of the interaction of ChE with orgamogphate and carbamate
compounds has been shown to depend largely uponaffiraty of a particular
insecticide for the enzyme, commonly representedth&s enzyme affinity for a
particular insecticide, which is commonly represenas the affinity constant;Wang
& Murphy, 1982). Silva Filho, et al. (2004) showexitremely great differences in the
inhibition kinetic parameters between several fsgiecies, an important point to be
considered in the selection of a fish species terbployed as a sentinel organisms in

biomonitoring programs. In this context, the corication of eserine that inhibits 50%
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of cholinesterase activity (kg and inhibition kinetic parameters are important

characteristics for the selection of sensitive Cttlse employed as biomarkers.

The relationship between the anticholinesterasimpmunds exposure and enzymatic
activity has been widely studied and employed &soenarker in aquatic invertebrate
and vertebrate species (Bocquené et al., 1997mSturl., 1999; Rodriguez-Fuentes &
Gold-Bouchot, 2000; De la Torre et al., 2002). Hegre vertebrates are more suitable
since they have greater oxidation capabilities thaartebrates when we consider of the
P450 system activity (Linvingstone, 1998). Condiagrthat many organophosphorus
pesticides acquire their anticholinesterasic prigerafter oxidation by the P450
system, fish species could bepriori considered as sensitive organisms to indicate the

presence of anticholinesterasic compounds.

However, the use of ChE activity as tool to monitaguatic pollution by
organophosphate or carbamate insecticides reqaigesod knowledge of the enzyme
activity of several fish species of high occurreacel wide distribution in the aquatic
environments. Considering the facts previously dieed, the objectives of the present
study were to determine the kinetic parametersemaiine (physostigmine) sensitivity
of brain cholinesterases from two estuarine fiskecsgs, Micropogonias furnieri
(Teleostei: Scianidae) an@athorops spixii (Teleostei: Ariidae) collected in polluted

and non-polluted sites in Southern Brazil.

The white mouth croakewlicropogonias furnieri (Desmarest, 1823), is a subtropical
fish found in muddy and sandy bottoms in coastakvea Its feeding habit varies along

the ontogenic development and season, juvenilesdaebenthic migratory crustaceans
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and sessile mollusks, while adults are benthic desdoccasionally preying on fish
(Isaac, 1998)Cathorops spixii (Spix and Agassiz, 1829) is a demersal tropicafish
found in shallow coastal marine waters and braclastuaries, lagoons and river
mouths, as well as in hypersaline waters. In Sdutkerica, its distribution includes
Atlantic and Caribbean rivers and estuaries fronfo@bia to Brazil. Adults feed
mainly on invertebrates and small fishes, whileepiles feed on amphipods, isopods

and copepods (Cervigon et al., 1992).

This study is part of a research project develaggdedg the Brazilian coast, the RECOS
project in the scope of the Millenium Institute &ilian Ministry of Science and
Technology). One of the as well as the aims of REECOS project is the effective
standardization of sampling protocols, quantitatiaad qualitative evaluations
biochemical, physiological and histological biomenk in different animal species
collected polluted and non-polluted sites. In tmespnt study biochemical biomarker
responses were analyzed in fish collected in difieseasons (winter and summer), to

evaluate the natural variability of ChE activitydaits sensitivity to eserine inhibition.

2. Materials and methods

2.1. Chemicals

Acetylthiocholine iodide, eserine (physostigming) 5’-dithiobis (2-nitrobenzoic acid)
(DTNB) were obtained from Sigma (St. Louis, MO). ellprotein content was
determined using a kit from Doles Reagentes e Equgntos Ltda. (Belo Horizonte,

Brazil), based on Biuret method.

2.2. Organisms
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Micropogonias furnieri was collected in summer and winter seasons in eefer
(unpolluted) site, “llha dos Marinheiros” (32°02%®0S and 52°12’151” W) and in a
polluted site, “Saco da Mangueira” (32°04'369” 2&2°06'473” W).Cathorops spixii
was collected only in summer in a reference sBajia das Laranjeiras” (25°31'271" S,
48°29'690” W) and in a polluted one, “Baia de Pagm (25°21'050” S, 48°25'97”

W) (Figure 1).

In every case, ten fish were collected in each msead site. Immediately after
collection, fish were anesthetized with benzocg2t® ppm), measured total length and
weight and head isolated and stored at %@@intil arrival atthe laboratory, where they

were kept at —86C before biochemical determinations.

2.3. Enzyme extraction

Fish brain dissected was homogenized (5% w/v) i phosphate buffer (0.05 M)
containing 20% glycerol at pH 7.40. The homogeneds then centrifuged at 850 xg
(4°C) for 15 min. The supernatant was again cergel at 12,800 xg (4°C) during 15

min. The supernatant of this last centrifugatiors waed as enzyme source.

2.4. Enzyme assay

Cholinesterase activity was determined using théhatkdescribed by Ellman et al.,
(1961). Phosphate buffer (0.05 M, pH 7.40) was guaat least for 15 min in a water
bath at 25°C. Aliquots of homogenate, DTNB and sabs (acetylthiocholine iodide-

ATch) were then added and the absorbance (412 res)immediately determined,

during 90 s, in an ELISA reader (Victor 2, PerkimEr). To determinate the substrate

affinity (K,) and maximum cholinesterase activity £), different ATch
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concentrations ranging from 0.025 to 9 mM were ys3abeing the cholinesterase
activity expressed as nmol.iifimg proteing. In each experiment, a first blank without
substrate was assayed to evaluate the reactiomtim thiol groups with DTNB, and a

second blank without sample was used to estimaerdte of spontaneous substrate

hydrolysis.

2.5.1nvitro enzyme inhibition by eserine

The sensitivity of brain ChE to inhibition by eseriwas investigated. ChE activity was
measured on extracts after 5 min of incubation &tC2 with several eserine
concentrations, ranging from 1xi0to 1 uM. Enzyme activity was measured as

described above.

Kinetic parameters of enzyme inhibition were alstineated employing the carbamate
eserine. The inhibition of an enzyme (E) with amhitor (I) can be summarized as follow
(Main, 1964):

K1

E+I

” EN°— > @'

where (EIf represents a reversible enzyme-inhibitor complek(&t)' an irreversible one.
The affinity equilibrium constant is defined as=KK./K; and K represents the
carbamylation constant (Hastings et al., 1970). Ginelecular inhibition constant,; Ks
defined as k& KJ/Ka, The constants Kand K can be estimated according to the following
equation: 1/ = At*(2.303*Alog1l0 v)™*K; — 1/K, wherei represents the inhibitor
concentration andt*(2.303*Alog10v)™tis the reciprocal of the pseudo-first-order rate of

enzyme inhibition at a fixed concentratiohdf the inhibitor (Monserrat et al., 2002). Six
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concentrations ranging from 0.3 to 10 mM were thste least in duplicate, and after

four or five different times of inhibition (rang80-360 s).

2.6. Data analysis

Enzyme kinetic parameters {\and K,) were estimated by fitting experimental data to
Michaelis-Menten equation. ¢ values were obtained through probit analysis
(Monserrat & Bianchini, 1998). Linear regressiordaANCOVA was employed to
estimate and compare inhibition kinetic parame(ifsand k). Statistical analysis of
enzyme activity was performed using ANOVA followbg a posteriori comparisons

using the Newman-Keuls test. A significance lee@%%6 was employed in all cases.

3. Results

Fish from of both species were homogeneous (P>0r0%¢ngth and weight at the
different sampling sites and seasons analyzed.M=durnieri, the mean weight and

total length of fish collected were 25.78 + 7.7argl 14.41+1.83 cm, respectively. For
C. spixii, mean weight and total length of sampled fish w8be77+11.45 g and

16.149+1.56 cm, respectively.

The Michaelis-Menten constants (kand sy for brain ChE ofM. furnieri showed
different patterns. K values were statistically similar (P>0.05) in akasons and
sampling sites (Table 2). On the other hanga\6howed a complex response, since
fish collected in the reference site showed higlaues (P<0.05) in summer and the
opposite was verified in winter (Table 2). Regagdih spixii, no significant difference

(P>0.05) in the K values was observed in summer, the only seasdyzada However,
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higher (P<0.05) Wax values was registered in fish collected at théupsd site (Table
2).
ChE fromM. furnieri showed an extremely lower sensitivity to eserirfemwcompare

that observed for the ChE fro@ spixii. The 1G value (4,4723uM) in the M. furnieri

was significantly (P< 0.05) higher than tha€irgpixii (0.077uM).

Taking into account the extremely low reactivity@AE ofM. furnieri to eserine, only
ChE from C. spixii was assayed for determination of inhibition kiogbarameters.
Results shows that the affinity constants)(Kvere significantly different (P<0.05)
between fish collected at the reference and pallsi¢e (K, =17.18 and 3.27 mM,
respectively). Also differences in carbamylatiomstants were observed between ChE
from fish collected in reference @& 7.5 min') and polluted site (& 1.24 min'). No
significant difference (P>0.05) was observed betwKgevalues: 0.44 and 0.38 mM

! min™ for fish collected at the reference and the petlgite, respectively.

4. Discussion

Results obtained in the present study showed itiwbilower Vihax values) of ChE
activity Micropogonias furnieri collected summer at in the polluted site. However,
higher Vihax Values were registered in fish collected in wirderthe polluted site. A
similar result was observed f@athorops spixii collected in the summer. Similar results
were reported in previous studies. For examplemFRiarion et al. (2002) evaluated
muscle ChE fromLeuciscus cephalus, and concluded that most of the observed
differences in ChE activity from fish collected several areas were due to fish length
and other natural factors. In fact, a negative edation between ChE activity and fish

length has been documented, including a decreasbram ChE activity during
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ontogeny (Chuiko et al., 1997). However, no diffexein length of fish collected at the
different sampling sites and seasons was obsernvéitki present study, indicating that

the influence of this factor can be ruled out.

The increased Max values registered in fish collected at the potlusites could be
related to higher ChE concentrations in homogen&e=vious studies reported several
potential adaptations to ChE inhibition, includimgrease synthesis of ChE (Kaufer et
al., 1999), a fact that can result in an increamety/me activity. Stress can also affects
ChE activity. It can be generated by several fagtorcluding pollutants, lowering of
dissolved oxygen content in water, temperaturetinity variations and the presence of
anticholinesterasic compounds. For example, Kaefexl. (1999) registered an 8-fold
increase in AChE mRNA levels under exposure tochntinesterasic compounds and a
2-fold increase induced by psychological stresbrain mouse. Other compounds like
adrenaline can also increase brain ChE and pragmhesis. Paviov et al. (1994)
verified an augmented ChE activity after an inceeadrenaline level in fish brain. As
previously mentioned, abiotic factors can influeri@eE activity. For example, water
temperature can exert a significant effect on Clhvidy (Bocquené et al., 1990;
Chuiko et al., 1997). However, this was not theedasthe present study, at least kbr
furnieri, since water temperature varied on a seasonad,ldadi not between sampling

sites (winter: 14.62.39°C, summer: 14.20.99°C).

The other possibility that can not be ruled ouths presence of anticholinesterasic
pollutants in the sampling sitegpriori considered as non-polluted. The RECOS project
aimed to make a prospecting study along the Beawiltoast and results like the

obtained in the present study can point to the raeck-evaluate the sampling site
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classification. In fish species, it has been shélhat the recovery period of ChE after
inhibition with carbamate pesticides is shortentaath organophosphates. Ferrari et al.
(2004) verified in goldfish exposed to organoph@dph pesticides that the recovery of
enzyme activity is substantial only after 35 daystransference to clean water.
However, enzyme activity recovery after inhibitiith carbamate pesticides was much
quicker (after 96h). Whether occasional dischargesanticholinesterasic pesticides
occurred in the reference sites during the samegod is a fact that remains to be

studied.

For both species analyzed in present stugywKlues were higher than those reported
other aquatic species, including mollusks and exnesins. However, De La Torre et al.
(2002) showed similar kinetic parameters in thehdss Cyprinus carpio and
Cnesterodon decemmaculatus. However, it is remarkable the fact that both sgec
studied here showed lowerny values than other fish species (Table 3). Previous
studies showed that ChE specific activities, kimgharameters, and sensitivity to
anticolinesterasic compounds varied among spetie& Fan, 1996; Chuiko, 2000).
Furthermore, differences among individuals of thens species were also observed
(Chuiko et al., 1997). Results from the presentlytdo not indicate conspicuous
differences in the kinetic (Kand Wy parameters of the two species, but a markedly
difference in ChE sensitivity to eserine was obsdrvlable 4 depicts the JgEvalues

for different aquatic species. It can be obsenhad some fish species are particularly
sensitive to eserineOgdontesthes bonariensis and Odontesthes argentinensis, for
example), whereas other aquatic species includiodusks and some crustaceans, like
Chasmagnathus granulata, show high resistance to eserine inhibition (Ta#le

However, it can be observed that ChE frimfurnieri showed the lowest sensitivity,
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whereas ChE fronC. spixii showed similar values to other moderately seresitiv
eserine species (¥ 0.077puM). Preliminary data from another studies perfornired
our laboratory with Ariidae speciddexanemathics hezbergii showed a similar 16
value for eserine (0.07%M) in brain ChE while Lutjanus synagris (Teleostel,
Lutjanidae) showed intermediary values (0.28M) between Ariidae species amdl.
furnieri. In fish, other authors showed lowvitro ChE sensitivity with carbamates and
organophosphorus pesticides. Silva Filho et al042dound different levels of ChE
inhibition in neotropical fishes, using methyl pareon, registering 16, values ranging
from 3.34 uM in Paralonchurus brasiliensis to 0.123uM in Prochilodus lineatus.
These authors registered a negative relationshipvdles K, values and 16, an
unexpected result if we consider that carbamate agdnophosphates pesticides are
substrate analogues that inhibit cholinesterastignway, it can be expected that ChE
with lower substrate affinity should present lowssansitivity to anticholinesterasic
agents. In fact, some authors like Monserrat & Bimi (2001) observed a positive
correlation between K and 1Go values for several aquatic species. However, as
previously mentioned, Silva Filho et al. (2004) riduinverse results in neotropical
fishes, fish brain ChE more sensitive to methylapaon (lower 1Gg), showed higher

Km values.

Differences in ChE sensitivity and kinetic parametealues were also found by
Boquené et al. (1997) in the common oy$Iassostrea gigas. These authors observed
two kinds of AChE: an *“A” form, without resistancéo carbamates and
organophosphorus pesticides; and a “B” form, passgsresistance to both kinds of
pesticides. These two AChE forms posses differentyélues (“A” form: 77.6uM and

“B” form: 18 pM). In the present study, similar,Kvalues were observed for both

29



species collected at different sites. However, ihigibition constants were quite
different in C. spixii collected at the reference and the polluted dtig.(3). The
inhibition kinetic parameters suggest that the gmimen of the reversible enzyme-
inhibitor complex is more easily formed in ChE frdish collected at the polluted site
(lower K, value). On the other hand, the generation of ttexersible enzyme-inhibitor
complex is more likely to occur in ChE from fishllected at the reference site (higher
K¢ value). Although general sensitivity to eserins, measured by iKseems to be
similar in fish collected at the reference and yeldl sites, the generation rate of the
reversible and irreversible complex are not the esamdicating that the different
environments are differentially influencing in somay the kinetic characteristics Gf

spixii brain ChE.

Results fromin vitro inhibition assays with eserine showed a low sensjtof brain
ChE fromM. furnieri. However, fish collected in summer at the pollusé& showed
lower enzyme activity than those from the refereste, suggesting that seasonal
changes in phase | enzymes could be occurring.higteer ChE activity registered in
fish collected at the polluted site suggests ofhetors that influence cholinesterase
activity, such as stress responses mediated byhadre, as previously reported by
Pavlov et al. (1994)Overall, results obtained in the present studycadi that kinetic
are necessary before studies using cholinester@satyaas a biomarker of aquatic
pollution. Therefore, of ChE activity measurememntdish collected at reference and
polluted regions should be analyzed in a broadatest, taking into account not only
the enzymatic activity but also other physiologigarameters affecting it or subtle
differences, such as responses in terms of inbibitkinetics to standard

anticholinesterasic compounds.
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Table 1. Substrate affinity constant (K and maximal activity (May Of brain
cholinesterase from brain dfathorops spixii and Micropogonias furnieri. Km is
expressed in mM and Vmax in nmol.ilimg of proteiff. Values are expressed as
mean = 1 S.D. (n= 4-10). Equal letters means alesericsignificant differences

(P>0.05) for each kinetic parameter and fish sggecie

Fish Season Site K V max
C. spixii Summer Reference 0.196+ 0.078 a 21.1+50a
Polluted 0.155+ 0.048 a 31.0#8.0b
M. furnieri Summer Reference 0.201+ 0.076 a 18.6x1.2 a
Polluted 0.158+ 0.067 a 12.5+2.8 b
Winter Reference 0.179+ 0.039 a 11.6+4.6 b
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Polluted

0.170+ 0.029 a

17.5¢5.3 a

38



Table 2. Substrate affinity constant gk expressed in mM) and maximal activity(¥,
expressed in nmol.mihmg proteind) registered for several aquatic organisms. F; fish

C: crustacean, M: mollusk.

Species K V max Reference

Odontesthes argentinensis (F) 0.050 180 Monserrat and Bianchini
(2001)
Callinects sapidus (C) 0.060 550 Monserrat and Bianchini
(2001)

Mytilus galloprovincialis (M) 0.076 18.36 Valbonesi et al. (2003)

Ostrea edulis (M) 0.093 4.82 Valbonesi et al. (2003)
Oreochromis niloticus (F) 0.102 229.3Rodriguez-Fuentes and Gold-
Bouchot (2000)

Cnesterodon decemmaculatus (F)  0.170 464.6 De la Torre et al. (2002)

Cyprinus carpio (F) 0.230 482.1 DelaTorre etal. (2002)
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Table 3. Concentration of eserine that inhibits 50% of cledterase activity (l§, in
uM) in different fish (F), crustaceans (C) and msKs (M) species. Inhibition kinetic
parameters are also showed., Kaffinity equilibrium constant (in mM). K

carbamylation constant (in mth K;: bimolecular inhibition constant (in mifmin™).

Species K Kc Ki ICso Reference
Oreochromis 9.76x10" Rodriguez-Fuentes and
niloticus (F) Gold-Bouchot (2000)
Odontesthes 1x10°  Monserrat et al. (2002)

bonariensis (F)
Cnesterodon 3.4x10° 0.39 1375 1.43x1® De la Torre et al. (2002)

decemmacul atus

(F)
Ciprinuscarpio (F) 2.1x10° 1.18 244.2 5x18 De la Torre et al. (2002)
Cathorops spixii 17.2 7.5 0.44 7.7x10 Present work
(F)
Oestrea edulis (M) 0.10 Valbonesi et al. (2003)
Ictalurus punctatus 0.34 Habig & Di Giulio
A (1988)

Crassostrea 1.6 x10° 0.83  51.0 0.91 Monserrat et al. (2002)

Rhizophorae (M)
Perna perna (M) 4.58 Monserrat et al. (2002)
Micropogonias 4,472.00 Present work
furnieri (F)
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Figure captions

Figure 1. Sites of collection ofMicropogonias furnieri and Cathorops spixii in

Southern Brazilin coasR: reference site?: polluted site.

Figure 2. Inhibition percentage of brain cholinesterasamfrivlicropogonias furnieri
and Cathorops spixii after exposure to different concentrations of iegerData are

expressed as mean £ 1 S.D. (n= 3)

Figure 3. Determination of inhibition kinetics parametef<GhE fromCathorops spixii
collected in reference and polluted sites, usirifgidint eserine concentrations (range:
0.3 to 10 mM)At*(2.303*Alog10v)™is the reciprocal of the pseudo-first-order ratéhef
enzyme inhibition at a fixed concentratiohdf the inhibitor. Data are expressed as mean

of 2-3 independent experiments.
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CONCLUSOES

Os resultados obtidos no presente estudo demonsgjmnana ChE cerebral da corvina
Microponias furnieri possui baixa sensibilidade a eserina, sugerinéacegte parametro
nao é um eficiente biomarcador de pesticidas orfgafarados e carbamatos. No caso
do bagreCathorops spixii, as diferencas nos parametros cinéticos de initsggerem
alteracbes em nivel bioquimico nos peixes coletageslocal controle poluido,
demonstrando assim a dificuldade em se comparaepeia mesma espécie coletados
em locais com diferentes histéricos de poluicdo. afividade colinesterasica
significativamente mais alta nos peixes do locéliplo, também sugere que pode estar
ocorrendo diferencas em peixes que foram previsnerpostos a contaminantes,
provavelmente devido a respostas adaptativas aeearmbmpactado. Desta forma, o
presente estudo indica a importancia da necessidadestudos cinéticos prévios
quando se utiliza ou pretende utilizar a atividadenesterasica como bioindicador da

presenca de compostos anticolinesterasicos no atal@quatico.
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