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RESUMO

A subordem Heteroptera possui sete infraordens com aproximadamente 80
familias. A maioria ocorre em todos 0s continentes (exceto Antartica) e
algumas ilhas. Além dos Heteroptera terrestres, ha os aquaticos e semi-
aquaticos que sao amplamente distribuidos, e surpreendem por sua
capacidade de habitar uma extraordinéria variedade de ecossistemas, sendo
encontrados em habitats de dgua doce e marinho, e variada faixa de altitude
entre 0 e 4.700 m. Estudos sobre aspectos ultraestruturais da
espermatogénese e, especificamente, a estrutura do espermatozoide em
Heteroptera ainda sdo escassos, por este motivo 0 objetivo do presente estudo
foi o de analisa-los, por meio de cortes semifinos corados com azul de toluidina
ou impregnados por ions prata, e cortes ultra-finos analisados em microscopia
eletrbnica de transmissao, utilizando testiculos de machos adultos das familias
Belostomatidae, Gelastocoridae, Gerridae, Mesoveliidae, Notonectidae e
Veliidae. Ap6s a analise ultraestrutural da espermatogénese foi possivel
determinar que o padrdo flagelar do axonema €& de 9+9+2 para todas as
espécies analisadas sendo, portanto, o padrdo para essa subordem, as
mitocondrias durante a espermatogénese assumem diferentes morfologias,
sendo que inicialmente as mitocondrias se unem formando o complexo
mitocondrial e, posteriormente, se divide em dois derivados mitocondriais que
estdo posicionados bilateralmente em relacdo ao axonema. Os derivados
mitocondriais apresentaram tamanhos diferentes para as espécies B.
amnigenus (Notonectidae) e R. c. crassifemur (Gerridae) e para as demais
espécies o tamanho foi semelhante. As células germinativas possuem em seu

citoplasma o acumulo de um material denominado corpo cromatoide estando



localizado préximo ao nucleo. Com relagdo ao comportamento nucleolar da
espécie Martarega brasiliensis foi observado de um a quatro corpusculos
nucleolares em células de Profase | comprovando uma grande atividade
sintética das células nessa fase da divisdo celular. Células em Metéafase |
apresentaram regides organizadoras nucleolares na regido telomérica de um
dos autossomos. Ainda, nessa espécie, foi possivel observar, em Anéfase |,
varios corpusculos nucleolares persistindo até a fase de Telofase I. Todas as
ultraestruturas descritas nas espécies analisadas foram semelhantes as
descritas na literatura para Heteroptera, corroborando as caracteristicas
sinapomorficas dessa subordem sendo elas: a) a presenca de duas pontes que
ligam o material intertubular do axonema flagelar as cisternas achatadas que
aderem aos lados internos dos derivados mitocondriais; b) padréao flagelar do

axonema de 9+9+2 e c) auséncia de corpos acessorios.

Palavras-chave: Axonema. Acrossomo. Complexo mitocondrial. Derivado
mitocondrial. Mitocondrias.



ABSTRACT

The suborder Heteroptera has seven infraorders with approximately 80 families. Most
occur in all continents, except Antarctica and some islands. In addition to terrestrial
Heteroptera, there are also widely distributed aquatic and semi-aquatic species. This
suborder have adapted to live in an extraordinary variety of ecosystems as freshwater
and marine habitats and at altitudes ranging from 0 m to 4,700 m. The research
concerning the ultrastructural aspects of spermatogenesis is a large and growing field
of study, however, in the case of Heteroptera, research is still scarce. For this reason,
the aim of this study was to analyze the ultrastructures and spermatogenesis through
semi-thin sections stained with toluidine blue or silver ions (Ag-NOR) and ultrathin
sections examined in transmission electron microscopy, using testes of adult males ofthe
following families: Belostomatidae, Gelastocoridae, Gerridae, Mesoveliidae,
Notonectidae and Veliidae. After ultrastructural analysis of spermatogenesis, it was
possible to determine that the flagellar pattern of the axoneme is 9+9+2 for all species,
being therefore, the pattern for this suborder. As spermatogenesis progresses, the
mitochondria begins to cluster and concentrate on only one side of the cell. Then, the
mitochondria combine to form a single mitochondrial complex, which subsequently
divides into two mitochondrial derivatives. They are positioned on opposite sides of the
axoneme. The mitochondrial derivatives presented different sizes for the species B.
amnigenus (Notonectidae) and R. c. crassifemur (Gerridae) and for the other species
the size was similar. The germ cells have in their cytoplasm the accumulation of a
material denominated the chromatoid body, being located near the nucleus. Regarding
the nucleolar behavior, M. brasiliensis showed nucleus in prophase I composed by the
nucleolus and nucleolar corpuscles that varied from one to four, emphasizing that this
insect has great synthetic activity during meiosis. The analysis of cells in metaphase I,
showed that M. brasiliensis presents nucleolar organizing region (NOR) in at least one
autosome. Furthermore, was not observed the phenomenon of nucleolar persistence. All

the ultrastructures described in the analyzed species were similar to those described in



the literature for Heteroptera, corroborating the synapomorphic characteristics of this
suborder, being them: a) two opposite bridges in the axoneme connect the flattened
cisterns adherent to the internal side of each mitochondrial derivative to the
intertubular material; b) flagellar pattern of the axoneme of 9+9+2; c) accessory

bodies are absent all along the flagellum.

Keywords: Axoneme. Acrosome. Mitochondrial complex. Mitochondrial derivative.
Mitochondria.
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I. INTRODUCAO

1. Caracteristicas Gerais dos Heteroptera Aquaticos

Hemiptera € o quinto maior grupo de insetos, com aproximadamente
82.000 espécies descritas (CRYAN; URBAN, 2012). E composto por quatro subordens,
sendo elas Auchenorryncha, Coleorryncha, Sternorryncha e Heteroptera (FORERO,
2008), constituindo um dos grupos mais numerosos entre os hemimetabolos com sua
monofilia sendo reconhecida com base em estruturas bucais especificas da mandibula e
da maxila (FORERO, 2008).

A subordem Heteroptera possui sete infraordens com aproximadamente
80 familias. Nenhum outro grupo de insetos possui tamanha diversidade com relagdo ao
habitat, como os Heteroptera, pois ocorre em todos 0s continentes (exceto Antartica) e
algumas ilhas (SCHUH; SLATER, 1995).

Pelo fato da maioria dos Heteroptera serem fitdfagos, eles podem afetar
diretamente os humanos, pois podem causar grandes danos as produgdes, por exemplo,
de grdos ou frutos que sdo utilizados para consumo ou producdo de medicamento,
podem afetar a cadeia alimentar, ou mesmo transmitir algumas doengas as plantas. A
importancia econémica de varios Heteroptera também envolve muitas espécies que sao
benéficas, pois consomem insetos destrutivos de vérias plantas. Algumas espécies sdo
ectoparasitas de humanos e animais domésticos e poucos transmitem sérias doencas aos
humanos, como por exemplo, a doenca de Chagas (SCHUH; SLATER, 1995).

Além dos Heteroptera terrestres ha os aquaticos e semi-aquaticos que sdo
amplamente distribuidos, e surpreendem por sua capacidade de habitar uma
extraordinaria variedade de ecossistemas, sendo encontrados em habitats de agua doce e
marinho, e variada faixa de altitude entre 0 e 4.700 m (MELO, 2009).

Esses insetos possuem ciclo de vida direto (ovos, ninfas e adultos).
Devido as peculiaridades morfoldgicas e caracteristicas comportamentais desses insetos
predadores, independentemente do estagio de desenvolvimento, sdo capazes de subjugar
e consumir pequenos peixes e insetos. Isto confere a esse grupo evidente relevancia para

a estrutura tréfica e transferéncia de nutrientes em ambientes de agua doce, bem como
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um potencial eminente para o controle das populacgdes de vetores de doengas (SCHUH;
SLATER, 1995; VIANNA et al., 2003).

Dentre as 80 familias de Heteroptera, 23 sdo as representantes aquaticas e
semi-aquaticas:  Aepophilidae,  Aphelocheiridae,  Belostomatidae,  Corixidae,
Gelastocoridae, Gerridae, Hebridae, Helotrephidae, Hermatobatidae, Hydrometridae,
Leptopodidae, Macroveliidae, Mesoveliidae, Naucoridae, Nepidae, Notonectidae,
Ochteridae, Omaniidae, Paraphrynoveliidae, Pleidae, Potamocoridae, Saldidae e
Veliidae. Dessas, foram analisadas no presente trabalho as familias Belostomatidae,
Gelastocoridae, Gerridae, Mesoveliidae, Notonectidae e Veliidae.

Os Heteroptera pertencentes a familia Belostomatidae (Figura 1), muitas
vezes referida como insetos gigantes d"agua, estdo distribuidos por todo mundo, embora
sua maior diversidade esteja nos tropicos, normalmente associados com a vegetacdo
encontrada em &guas estagnadas ou de baixo fluxo. Sdo conhecidos pelo
comportamento do macho, pois este cuida dos ovos sem a cooperacdo da fémea
(PEREIRA et al., 1993; SMITH, 1997; TALLAMY, 2000; PAPESCHI; BRESSA,
2006; INADA et al., 2011).
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Figura 1. Belostomatidae: Abedus indentatus macho com ovos depositados em seu
dorso. (https://en.wikipedia.org/wiki/Belostomatidae)

Os insetos pertencentes a familia Gelastocoridae (Figura 2), possuem
habito de vida semi-aquético, e sdao encontrados nas margens dos corpos d’agua doce
onde o solo é constantemente encharcado (BORROR et al., 1979; PEREIRA et al.,
2007). As espécies desse género possuem habito alimentar predador generalista,
capturando pequenas presas que se encontram nas margens dos corpos d’agua. Como
ndo sdo adaptados a vida aquatica, os gelastocorideos evitam a submersdo (MERRITT;
CUMMINS, 1984).

_© Andr

Figura 2. Gelastocoridae: Gelastocoris oculatus
(http://bugguide.net/node/view/361953/bgpage)

Heteroptera aquaticos pertencentes a familia Gerridae (Figura 3), sdo
conhecidos como insetos de passadas largas, pois se movimentam sobre a agua usando
simultaneamente as pernas medianas e posteriores. Vivem na superficie das lagoas, de
corregos lentos, de pantanos, e de outras aguas paradas. Podem mover-se muito
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rapidamente, até 1,5 m/s, na superficie da agua. O comprimento é bastante variavel, de
1,6 a 36 mm, possuem pernas compridas e a forma do corpo é muito préxima do
arredondado. Eles apresentam dieta insetivora, alimentando-se de pequenos insetos que
eventualmente caem sobre a agua. Seus ovos sdo depositados sobre objetos flutuantes
(BORROR; DELONG, 1988).

Figura 3. Gerridae: Gerris lacustris
(http://www.discoverlife.org/mp/20g?search=Gerridae&flags=glean)

Os insetos da familia Notonectidae (Figura 4) sdo comumente
conhecidos como nadadores de costas, por nadarem ou sairem em disparada sobre suas
costas. Além disso, eles sdo caracterizados por possuirem pernas posteriores adaptadas
para a natacdo (UESHIMA, 1979).

Figura 4. Notonectidae: Notonecta glauca
(http://www.discoverlife.org/mp/20g?search=Notonectidae&flags=glean)
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As espécies das familias Veliidae e Mesoveliidae (Figura 5) séo
Heteroptera pequenos possuindo de 2 a 3 milimetros (MCKINSTRY, 1937) e passam a
maior parte de seu ciclo de vida sobre a superficie da &gua (ANDERSEN, 1982). Séo
insetos predadores, alimentando-se, principalmente, de pequenos artropodes que nadam
ou que caem sobre a superficie da &gua (HUNGERFORD, 1919; UESHIMA, 1979).
Certas espécies podem ser economicamente e clinicamente importantes, agindo como
potenciais predadores de larvas de anofelinos (FRICK, 1949) e pragas (NAKASUJI;
DYCK, 1984). Estima-se que muitas espécies permanecem ainda ndo descritas,
especialmente na subfamilia Microveliinae (Veliidae) (POLHEMUS; POLHEMUS,
2007). No Brasil foram descritas quatro novas espécies do género Paravelia e uma
espécie de Rhagovelia (MOREIRA, 2012; RODRIGUES; MOREIRA, 2016),

mostrando a grande importancia de estudos de taxonomia nessa Familia.

Figura 5. Veliidae: Rhagovelia sp. (http://bugguide.net/node/view/1161986/bgpage)
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2. Morfologia Testicular

Com relacdo a morfologia testicular em Heteroptera poucos trabalhos séo
encontrados na literatura. Para espécies aquaticas a morfologia é variavel podendo ser
arredondadas para espécies das familias Gerridae e Veliidae, arredondadas/espiraladas
para as familias Belostomatidae e Notonectidae (género Buenoa) ou
alongadas/espiraladas para as familias Gelastocoridae e Notonectidae (género
Martarega). Na maioria das espécies de Heteroptera aquaticos a morfologia testicular é
semelhante quando comparadas espécies da mesma familia, sendo a Unica excegdo até o
momento para espécies da familia Notonectidae, na qual pode apresentar testiculos com
morfologia arredondada/espiralada para o género Buenoa ou alongada/espiralada para o
género Martarega (PEREIRA et al., 2015).

A investigagdo da pigmentagdo da bainha peritoneal que reveste os
testiculos e os lobos testiculares é uma caracteristica ainda pouco explorada em
Heteroptera. As espécies aquaticas das familias Belostomatidae, Gelastocoridae,
Gerridae, Notonectidae e Veliidae apresentam bainha peritoneal transparente
(CASTANHOLE et al., 2008; PEREIRA et al., 2015). J& outras espécies terrestres
descritas na literatura apresentam bainha avermelhada, como por exemplo, Hyalymenus
sp. e Neomegalotomus pallescens (Alydidae) (SOUZA et al., 2009) ou amarelada como
em Zicca annulata (Coreidae) (SOUZA et al., 2007a). Ndo ha um padrdo que possa ser
correlacionado com a cor da bainha, como por exemplo, a familia a qual a espécie
pertence, pois, por exemplo, na familia Coreidae, observou-se espécies com bainha
avermelhada, amarelada ou sem coloracdo (PEREIRA et al., 2015).

Outra estrutura estudada em Heteroptera sdo os lobos testiculares.
Segundo a literatura 0 nimero pode variar de um a sete. As espécies Rhagovelia
tenuipes e R. zela (Veliidae, PEREIRA el al., 2015) apresentam apenas um lobo
testicular, Limnogonus aduncus, Rheumatobates crassifemur crassifemur (Gerridae,
CASTANHOLE et al., 2008; PEREIRA el al., 2015), Gelastocoris angulatus e G. f.
flavus (Gelastocoridae, PEREIRA el al.,, 2015), Buenoa amnigenus, B. unguis,
Martarega brasiliensis, M. membranacea, M. uruguayensis (Notonectidae, PEREIRA el
al., 2015) dois lobos, Mormidae v-luteum (Pentatomidae, SOUZA et al., 2008) trés,
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Oebalus poecilus e O. ypisilongriseus (Pentatomidae, SOUZA et al., 2008), Zicca
annulata e Chariesterus armatus (Coreidae, SOUZA et al., 2007a) quatro, Belostoma
anurum e B. micantulum (Belostomatidae, PEREIRA el al., 2015) cinco, Antitheuchus
tripterus (Pentatomidae, SOUZA et al., 2007b) seis, Nysius californicus (Lygaeidae,
SOUZA et al., 2007c), Anasa bellator, Athaumastus haematicus, Dallacoris obscura, D.
pictus, Leptoglossus gonagra, L .zonatus e Sphictyrtus fasciatus (Coreidae, SOUZA et
al., 2007a) sete, sendo sete considerado o numero ancestral (GROZEVA;
KUZNETSOVA, 1992).

3. Aspectos Citogeneticos

O primeiro estudo citogenético em Heteroptera data de 1891 com
Henking, que realizou a analise morfoldgica da espermatogénese na espécie
Pyrrhocoris apterus Linnaeus (Pyrrhocoridae) (PAPESCHI; BRESSA, 2006). Os
Heteroptera possuem como caracteristica geral cromossomos holocéntricos, ou seja,
sem centromero localizado (BUCK, 1967; COMINGS; OKADA, 1972a; MOTZOKO;
RUTHMAN, 1984; RUFAS; GIMENEZ-MARTIN, 1986; WOLF, 1996); a atividade
cinética restrita aos finais dos cromossomos, mais especificamente, nas regides
teloméricas, sendo entdo denominados cromossomos telocinéticos (MOTZOKO;
RUTHMAN, 1984; SCHRADER, 1935, 1940; HUGHES-SCHRADER; SCHRADER,
1961; GONZALEZ-GARCIA et al., 1996), presume-se que ocorra a terminalizacdo dos
quiasmas (JOHN; KING, 1985), embora haja trabalhos que discutam esse assunto
(JONES, 1987; SOLARI; AGOPIAN, 1987), e a primeira divisdo meidtica é reducional
para 0s autossomos e equacional para os cromossomos sexuais. No leptdteno-zigdteno o
cromossomo X é positivamente heteropicnoético e esta localizado na periferia do nucleo.
Apos o diploteno, as células aumentam de tamanho e o ndcleo torna-se semelhante ao
estado interfasico, sendo este denominado de “difuso”. No final da diacinese o
cromossomo X torna-se isopicnotico. Na metafase 1 o cromossomo X localiza-se no
centro do anel formado pelos autossomos bivalentes. Na anafase | os autossomos
bivalentes dividem-se reducionalmente enquanto o cromossomo X divide-se

equacionalmente. A segunda divisdo segue-se diretamente ap6s a telofase I, sem os
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estagios restantes. Na metafase Il os autossomos dispdem-se no plano equatorial
formando uma configuracéo em anel, com o cromossomo X no centro. Apds a teldfase
Il, as células filhas formadas, terdo como destino o processo de espermiacdo, pela
diferenciacdo dos espermatdcitos e elongacéo dessas células (BRESSA et al., 2002).

Os Heteroptera possuem, além dos autossomos e cromossomos sexuais,
0S M-Cromossomos (microcromossomos) e 0s cromossomos B. O comportamento
meiodtico desses cromossomos € diferente (UESHIMA, 1979; MANNA, 1984,
PAPESCHI; MOLA, 1990; GONZALEZ-GARCIA et al., 1996; SUJA et al., 2000).
Como regra, autossomos bivalentes sdo quiasmaticos (exceto para poucas espécies das
familias Saldidae, NOKKALA; NOKKALA, 1983; Nabidae, NOKKALA; NOKKALA,
1984a; Miridae, NOKKALA; NOKKALA, 1986a; Anthocoridae, NOKKALA;
NOKKALA, 1986b e Microphysidae, NOKKALA; GROZEVA, 2000), e os bivalentes
em forma de bastdo orientam-se axialmente e segregam-se pré-reducionalmente. Por
outro lado, 0s cromossomos sexuais S&0 aquiasmaticos e comportam-se como
univalentes na meiose dos machos (UESHIMA, 1979; GROZEVA; NOKKALA, 2001).

Wilson (1905) introduziu o termo m-cromossomo para descrever o
pequeno par de cromossomos em Hemiptera com comportamento diferente dos
autossomos e dos cromossomos sexuais durante a meiose. Em Heteroptera, os m-
cromossomos foram primeiramente descritos nos Coreidae por Paulmier (1899).
Subsequentemente foram encontrados em outras espécies das infraordens Nepomorpha,
Leptopodomorpha e  Pentatomomorpha (UESHIMA, 1979; GROZEVA,
KUZNETSOVA, 1989). Os cromossomos B séo reconhecidos como tais, pois aparecem
em alguns individuos, em algumas populagdes, de uma determinada espécie causando
polimorfismo cromossémico. Eles sdo supranumerarios ou membros adicionais de um
grupo cromossémico, ndo essencial para a célula ou individuo, mas, possivelmente
prejudicial, pelo menos se presente em grande numero. Cromossomos B foram
encontrados em inUmeras espécies de plantas e animais em uma diversidade de grupos.
Eles formam um grupo altamente heterogéneo, podem ser de varios tamanhos e variar
grandemente no conteddo de heterocromatina e estabilidade mitdtica, e seus efeitos
podem ser benéficos, prejudiciais ou neutros. VAarios autores consideram 0s
cromossomos B como parasitas ou egoistas (NOKKALA; NOKKALA, 2004).
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O numero de autossomos em Heteroptera varia de quatro
(Belostomatidae) a 80 (Miridae), mas esses numeros ndo sao tipicos para a subordem
(UESHIMA, 1979). E dificil dizer qual é o nimero cromossdmico modal para a
subordem inteira, pois todas as infraordens (Cimicomorpha, Dipsocoromorpha,
Enicocephalomorpha, Gerromorpha, Leptopodomorpha, Nepomorpha e Pentatomorpha)
dentro dos Heteroptera ndo foram estudadas citogeneticamente na mesma extensao
(GROZEVA; NOKKALA, 1996).

Com relacdo aos sistemas cromossdémicos do sexo ha os simples XY/XX
(74,7% das espécies) e X0/XX (14,8%) e os multiplos (originados por fragmentagdo do
cromossomo X e, menos frequentemente do Y, Xn0/XnXn, XnY/XnXn € XYn/XX,
10,3%) (UESHIMA, 1979; MANNA, 1984). H4, ainda, um sistema particular neo-XY
(0,2%) (CHICKERING; BACORN, 1933; SCHRADER, 1940; JANDE, 1959).

Espécies da familia Belostomatidae ndo possuem o par de m-
cromossomos, o sistema cromossdmico do sexo pode ser XY, XnY ou 0 sistema neo-
XY e 0 numero modal de cromossomos para esta familia ¢ de 2n= 26 (PAPESCHI et
al., 2006). Com relacdo a familia Gelastocoridae somente uma espécie foi analisada
citogeneticamente, Gelastocoris oculatus, com 2n= 30A + X1X>X3X4Y, ndo possuindo,
portanto, m-cromossomos (UESHIMA, 1979).

A familia Gerridae é caracterizada por possuir sistema cromossémico do
sexo X0, disposicdo cromossdmica em anel na metafase meidtica e auséncia de m-
cromossomos. Apresenta, ainda, cromossomos holocéntricos, divisdo pré-reducional
dos autossomos e pés-reducional dos cromossomos sexuais. O nimero cromossémico
modal é de 21 (20A + XO0) ou 23 (22A + X0) (UESHIMA, 1979).

Nas espécies pertencentes a familia Notonectidae, o género Anisops
(Anisopinae) e caracterizado por sistema cromossdmico do sexo X1X20 e apresenta um
par de m-cromossomos, sendo o nimero dipléide de cromossomos de 26 para 0 macho
e 28 para a fémea. Espécies do género Notonecta (Notonectidae) analisadas possuem
sistemas cromossdmicos do sexo X0 e XY e 2n= 24 (20A+2m+XY) ou 26
cromossomos (22A+2m+XY) (UESHIMA, 1979).

As espécies da familia Veliidae, Hebrovelia sp. e Microvelia reticulata,
apresentam 2n= 21 cromossomos (20A+X0) (COBBEN, 1968), e as espécies Velia
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currens (POISSON, 1936) e V. sp. (UESHIMA, 1979) 2n= 25 (24A+X0). Apesar de
todas as espécies terem sido descritas apresentando sistema cromossémico do sexo X0,
Takenouchi e Muramoto (1971) reportaram o sistema cromossdmico do sexo XY para

Microvelia douglasi, mas ha necessidade de confirmacdo (UESHIMA, 1979).

4. Aspectos Ultraestruturais da Espermatogénese

Os espermatozoides sdo células geralmente pequenas, compactadas e
altamente especializadas na fertilizacdo do Ovulo. Sdo otimizados para transferir o
material genético paterno para o &vulo, processo essencial na transmissdo da
hereditariedade e posterior desenvolvimento do organismo. Caracterizam-se por serem
células dotadas de um flagelo, cujo papel principal é impulsiona-los através do meio
fluido. E uma célula altamente complexa e tem passado por diversas modificaces
morfoldgicas ao longo dos processos evolutivos (BACCETTI; AFZELIUS, 1976).

A espermatogénese € o processo de diferenciacdo celular que ocorre nos
tibulos seminiferos, esse processo é sincronico e regular onde uma espermatogdnia
tronco é gradativamente diferenciada numa célula hapldide altamente especializada, o
espermatozéide (JOHNSON, 1991; FRANCA; RUSSELL, 1998).

Essa diferenciacdo envolve trés classes de células germinativas: as
espermatog6nias que sdo células indiferenciadas, os espermatocitos e as espermatides.
Nos adultos a espermatogénese € um processo continuo que pode ser dividido em duas
fases: a meidtica e a espermiogénese (COSTA; PAULA, 2003).

A fase meidtica envolve sintese de DNA nos espermatocitos em pré-
lept6teno, sintese de RNA em espermatocitos em paquiteno e no final da meiose,
quando vai ocorrer a divisdo reducional, esses Ultimos geram espermatides haploides
(PARVINEN et al., 1991). Na fase da espermiogénese, as espermatides se diferenciam
através de uma série de modificagcbes morfologicas progressivas em espermatozoides
altamente especializados. Estas modifica¢fes incluem desenvolvimento do acrossoma,
condensacédo e alongamento do ndcleo e formacdo da cauda espermatica (RUSSELL et
al., 1990).



24

Com relagdo as caracteristicas ultraestruturais da espermatogénese dos
Heteroptera ja foram descritas algumas ultraestruturas como 0 acrossomo, 0 axonema,
as mitocondrias, o complexo mitocondrial (Nebenkern), os derivados mitocondriais, € 0
nucléolo em algumas espécies como Gerris najas (Gerridae) (WERNER; WERNER,
1993), Notonecta glauca (Notonectidae) (WERNER et al., 1988), Euchistus heros
(FERNANDES et al., 2001), em espécies da familia Pentatomidae (TRANDABURU,
1973; FERNANDES; BAO, 1998; ARAUJO et al., 2011), Reduviidae (DOLDER,
1988; BAO; DESOUZA, 1994), em Heteroptera aquaticos (AFZELIUS et al., 1985;
LEE, 1991; LEE; LEE, 1992), e em insetos pertencentes a infraordem
Leptopodomorpha (AFZELIUS et al, 1976), Cimicomorpha, Gerromorpha e
Pentatomomorpha (DALLAI; AFZELIUS, 1980; ARAUJO et al., 2011).

Na maioria das espécies o acrossomo (Ac) € uma organela fundamental
para fecundagdo (PHILLIPS, 1970). Além da fecundacéo, o acrossomo também esta
relacionado com a capacitagcdo do espermatozoide onde suas enzimas podem funcionar
para remover 0 mecanismo de protecdo na superficie do espermatozoide e/ou na
digestdo de barreiras para a migracdo do espermatozoide dentro do trato reprodutor da
fémea (FAWCETT; ITO, 1965), sendo sua origem a partir do complexo de Golgi
(YASUZUMI, 1974; BAO et al., 1989).

Durante a espermiogénese é observado o aparecimento da vesicula pro-
acrossomal, que determina o polo anterior da célula, estando localizada anteriormente
ao nucleo, no espermatozoide (STANLEY, 1971; AZEVEDO et al., 1985; BAO et al.,
1989; ARAUJO et al., 2011). As enzimas acrossomais séo, geralmente, armazenadas na
forma de pro-enzimas e quando ocorre a reacdo acrossomal sdo liberadas e ativadas,
participando, assim, do evento da fertilizacdo (YANAGIMACHI, 1988; BACCETTI et
al., 1989; TESARIK et al., 1990; GALLO et al., 1991).

Na literatura ha poucos trabalhos que discutem a origem e o contetdo do
acrossomo, em Heteroptera. Essa estrutura foi analisada em Gerris najas (Gerridae)
(WERNER; WERNER, 1993), Notonecta glauca (Notonectidae) (WERNER et al.,
1988) e Euchistus heros (FERNANDES et al., 2001), onde foram observadas vesiculas
acrossomais formadas a partir do complexo de Golgi que, posteriormente, formardo o

acrossomo, que com o alongamento da espermatide, determina o pélo anterior dessa.
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Foram observadas mudancas nucleares onde o desenvolvimento do nucleo envolve
mudancas na forma e no grau de condensagdo da cromatina. Inicialmente, a cromatina
encontra-se dispersa e com uma eletrodensidade baixa, e ao decorrer da
espermatogénese, assume um arranjo fibrilar, compacta e de alta eletrodensidade.

O estudo da organizacdo estrutural do axonema (Ax) recebeu valiosas
contribuicbes provenientes das inumeras observacOes realizadas no flagelo do
espermatozoide de Drosophila (PEROTTI, 1969; KIEFER, 1970; DALLAI;
AFZELIUS, 1991). Na maioria dos insetos o padrdo organizacional do axonema segue o
esquema 9+9+2, que é o arranjo usual de 9+2 microtubulos circundados por nove
microtubulos acessorios adicionais (PHILLIPS, 1970; WARNER, 1971; BACCETTI,
1972; FERNANDES, 1999). Em alguns mosquitos € comum o0 esquema 9+9+1,
enquanto em efeméridas predomina o esquema 9+9+0 (PHILLIPS, 1970). Existem,
ainda, esquemas que sdo considerados aberrantes, como por exemplo, em dipteros
cecidomideos em que o0 esquema é 13+0 (BACCETTI; DALLAI, 1976). Araujo et al.
(2011) descreveram um padrdo de cauda para algumas espécies da familia
Pentatomidae, onde o flagelo é composto de um axonema e dois derivados
mitocondriais, 0 axonema segue o padrdo de arranjo de microtibulos de 9+9+2 (9
microtubulos acessoérios, 9 subtibulos e 2 microtdbulos centrais). O autor descreve,
também, que o axonema é cercado por uma membrana cisterna que na maturacdo do
espermatozoide se reduz a duas pequenas cisternas de lados opostos ao axonema
aderindo-o aos derivados mitocondriais. Entre os Heteroptera, a ultraestrutura de
espermatozoides foi descrita em espécies da familia Pentatomidae (TRANDABURU,
1973; FERNANDES; BAO, 1998), Reduviidae (DOLDER, 1988; BAO; DESOUZA,
1994), em Heteroptera aquéaticos (AFZELIUS et al., 1985; LEE, 1991; LEE; LEE,
1992), e em insetos pertencentes a infraordem Leptopodomorpha (AFZELIUS et al.,
1976), Cimicomorpha, Gerromorpha e Pentatomomorpha (DALLAI; AFZELIUS, 1980;
ARAUJO et al., 2011) onde foi observado um padréo flagelar de 9+9+2. O padrdo de
localizagéo dos derivados mitocondriais estando dispostos bilateralmente em relagéo ao
axonema foi semelhante para todas essas familias.

As mitocondrias durante a espermiogenese assumem diferentes

morfologias. Em insetos, a regularidade nas formas da mitocondria é particularmente
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notdvel (PHILLIPS, 1970). No decorrer da espermiogénese as mitocondrias sofrem
metamorfose, onde a estrutura tipica da mitocondria € completamente modificada. Nos
estadios iniciais de diferenciacdo das espermatides ocorre um complexo processo de
fusdo e rearranjo das mitocondrias formando o complexo mitocondrial que é
frequentemente denominado ‘“Nebenkern”, especialmente em trabalhos mais antigos
(PRATT, 1970; PHILLIPS, 1970; TANDLER; HOPPEL, 1972; BACCETTI, 1972;
BACCETTI; AFZELIUS, 1976). Com o prosseguimento da espermatogénese, ocorre a
divisdo do complexo mitocondrial em dois derivados mitocondriais (DM), que no
processo de alongamento da espermatide posicionam-se bilateramente em relacdo ao
axonema (TOKUYASU, 1974).

Durante o processo de diferenciacdo os derivados mitocondriais sdo
preenchidos ao longo de sua extensdo por uma estrutura de natureza proteica,
organizada num padrdo paracristalino, e muitas espécies de insetos acumulam essas
estruturas nas mitocondrias durante a espermiogénese (PHILLIPS, 1970; WARNER,
1971; ROSATI et al., 1976; BAO et al., 1992). Essa estrutura paracristalina, também
conhecida como cristaldide, é formado por uma proteina rica em prolina, que foi
designada de cristalomitina (BACCETTI et al., 1977). Em Heteroptera (familias
Gerridae, Pentatomidae e Reduviidae) foi evidenciado a presenca de dois ou trés corpos
cristalinos no interior dos derivados mitocondriais (ARAUJO, 2011).

Vérias sdao as fungbes sugeridas aos derivados mitocondriais dos
espermatozoides de insetos, podendo participar no controle e regulagdo da forma do
movimento flagelar e estando relacionado com o processo de estocagem e liberacéo de
energia necessaria para a motilidade flagelar (PHILLIPS, 1974; YASUZUMI, 1974;
TOKUYASU, 1975). No entanto, Perotti (1973) contraria esta Gltima afirmacéo,
supondo que o material armazenado nos DM podem estar envolvidos na ativacéo e
nutricdo do ovdcito apos a fertilizacéo.

As células germinativas possuem em seu citoplasma o acimulo de um
material denominado corpo cromatoide (CB) ou “nuage” (PARVINEN, 2005). O CB ¢
considerado um complexo macromolecular que, provavelmente, desempenha um papel
de coordenador do controle pds-transcricional de produtos génicos em células

germinativas masculinas haploides e, também, funciona como um centro de
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determinacdo dos destinos de RNAmM (PARVINEN, 2005; KOTAJA et al., 2006;
KOTAJA; SASSONE-CORSI, 2007).

Alguns autores acreditam que o CB origina-se a partir de um material
existente entre aglomerados de mitocondrias, presente no citoplasma das células
germinativas (FAWCETT et al., 1970). No entanto, trabalhos mais recentes defendem a
origem do CB a partir da fragmentagdo do material nucleolar durante o processo de
espermatogénese (COMINGS; OKADA, 1972; ANDERSON, 1978; ANDONOV,
1990; PERUQUETTI et al., 2008; PERUQUETTI et al., 2010; PERUQUETTI et al.,
2011). Portanto, ainda existem muitas ddvidas em relacdo a origem e fungdo do corpo
cromatoide.

Outra estrutura que vem sendo estudada em Heteroptera € o nucléolo e
outras estruturas que sao impregnadas pelos ions prata. O tamanho do nucléolo esta
relacionado com a atividade biossintética da célula, portanto, o tamanho e o nimero de
nucléolos e corpos pré-nucleolares dependem das caracteristicas funcionais das células e
podem refletir, entdo, em diferencas metabodlicas e funcionais (TAVARES; AZEREDO-
OLIVEIRA, 1997; SOUZA et al., 2007a,b).

Na maioria das espécies de artropodos, os nucléolos dissociam-se no
dipléteno ou diacinese. Portanto, os corplsculos impregnados pela técnica Ag-NOR,
especifica para proteinas associadas ao RNAr, ndo séo visiveis da metafase | a tel6fase
I. Essas marcac@es vao reaparecer no inicio da formacao das espermatides, indicando o
reinicio das fun¢des transcricionais de RNA ribossomal e, finalmente, desaparecem no
final da formacéo das espermétides (BRESSA et al., 2003). Entretanto, a literatura relata
algumas excecbes como, por exemplo, em Asellus aquaticus (isopoda), em que 0s
corpusculos Ag-NOR foram visualizados durante todo o processo de espermatogénese
(DI CASTRO et al., 1983), em Callicrania seoanei (Orthoptera), da intercinese até a
pro-metafase 11 (SANTOS et al.,, 1987) e em Triatoma infestans e T. sordida
(Heteroptera, Reduvidae), presentes até a metafase | (TAVARES; AZEREDO-
OLIVEIRA, 1997). Finalmente em Carlisis wahlbergi (Heteroptera, Coreidae) o0s
corpusculos Ag-NOR foram observados até a metafase 11, sendo denominado de semi-
persisténcia nucleolar (FOSSEY; LIEBENBERG, 1995), enquanto em Acanthocoris

sordidus (Heteroptera, Coreidae) e Coptosoma punctissimum (Heteroptera, Plataspidae),
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os nucléolos foram detectados nas placas metafésicas de espermatdcitos primarios e
secundarios (YOSHIDA, 1947).

Em Heteroptera aquaticos temos a descricdo do comportamento nucleolar
em Limnogonus aduncus (Gerridae) sendo encontrada marcacfes em autossomos, e um
corpusculo nucleolar em células em fase de anafase, na espermatogénese observa-se 0s
corpusculos nucleolares em, praticamente, todas as fases (CASTANHOLE et al., 2008)
e em Brachymetra albinerva, Halobatopsis platensis, Cylindrostethus palmaris
(Gerridae) foi observado células com um ou varios corplsculos, que ao se
desorganizarem foi observado ao redor da bainha pericromossomica no final da
metafase |. As espermatides arredondadas apresentaram dois corpusculos préximos um
ao outro, mas que com o alongamento um desses corpusculos permanece na regido da
cabeca e 0 outro migra para a parte inicial da cauda. Ao final do processo de
espermiogénese essas marcacOes ndo foram mais visualizadas (CASTANHOLE et al.,
2010).

Diante dessas informacdes a nossa hipdtese é que a partir da analise
ultraestrutural dos testiculos dos Heteroptera possamos caracterizar todas as etapas e

estruturas durante a espermatogénese.
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1. OBJETIVOS

Objetivo Geral

O objetivo geral do presente projeto foi de analisar a espermatogénese de
espécies das familias Belostomatidae, Gerridae, Mesoveliidae, Notonectidae e Veliidae

(Heteroptera) por meio de anélises ultraestruturais.

Objetivos Especificos

a) Avaliar o comportamento nucleolar durante a espermatogénese;

b) Avaliar o comportamento mitocondrial durante a espermatogénese;

c) Analisar a ultraestrutura do acrossomo, axonema, corpo cromatodide, complexo
mitocondrial e derivados mitocondriais;

d) Comparar a espermatogénese das espécies das diferentes familias analisadas e
associar os resultados com as familias ou habitat.
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ABSTRACT

Cytogenetic studies in aquatic heteropteran are fairly low. The nucleolar behavior of
these insects was described in only four species, out more, Limnogonus aduncus,
Brachymetra albinerva, Halobatopsis platensis, Cylindrostethus palmaris. The
nucleolus is a cellular structure related to the biosynthetic activity and presents a
peculiar behavior in the heteropteran of Triatominae subfamily, persisted during all
stages of meiosis. Thus, this study aims to analyze the spermatogenesis of Martarega
brasiliensis, with emphasis on nucleolar behavior. Were used 20 adult males of M.
brasiliensis, collected in Municipal reservoir the city of Sdo José do Rio Preto, Sao
Paulo, Brazil. The species were fixed in methanol: acetic acid (3:1) and then dissected,



35

the testicles were extracted, torn apart and impregnated with silver ions. M. brasiliensis
showed nuclei in prophase composed by the nucleolus and nucleolar corpuscles that
varied from one to four, emphasizing that this insect has great synthetic activity during
meiosis. The analysis of cells in metaphase | showed that M. brasiliensis presents
nucleolar organizing region (NOR) in at least one autosome. Furthermore, was not
observed the phenomenon of nucleolar persistence. All spermatids presented nucleolar
markings that varied in number and position according to the stage of elongation.
Moreover, was also possible highlight the presence of a vesicle in spermatids. Thus, this
paper describes the nucleolar behavior of M. brasiliensis and highlights important
characteristics during spermatogenesis, increasing thus the knowledge about the biology
of these aquatic heteropteran

Keywords: Aquatic Heteroptera; Spermiogenesis; Meiosis
INTRODUCTION

The Order Hemiptera is composed of three suborders: Auchenorrhyncha,
Heteroptera and Sternorrhyncha (Cryan and Urban, 2012). The suborder Heteroptera
has seven infra-orders with about 80 families, most of which occurs in all continents
(except Antarctica) and some islands.

The heteropteran exhibit great variation in occupancy of habitats can be found in
terrestrial environments, aquatic or semi-aquatic and in form of feeds, may be
phytophagous, hematophagous or predators (Gullan and Cranston, 2008). Thus, these
insects have great economic importance (when agricultural pests) and epidemiological
(as vectors of Chagas disease). Moreover, these insects are impotantes models for
cellular studies because they present some peculiarities as holocentric chromosomes and
inverted meiosis for sex chromosomes (Ueshima, 1979).

Aquatic and semi-aquatic heteropteran are widely distributed and surprised by
his extraordinary ability to inhabit a variety of ecosystems, being found in habitats of
freshwater and marine, and varied altitude range between 0 and 4,700 m (Melo, 2009).

Cytogenetic studies in aquatic heteropteran are greatly reduced (Castanhole et
al., 2008, 2010). The nucleolar behavior of these insects is known only for the species
Limnogonus aduncus, Brachymetra albinerva, Halobatopsis platensis, Cylindrostethus
palmaris (Castanhole et al., 2008, 2010). The nucleolus is a cellular structure related to
the biosynthetic activity, therefore, the size and number of nucleoli and nucleolar
corpuscles present in the nucleus depends on the functional characteristics of the cells
and may then reflect on metabolic and functional differences (Tavares and Azevedo-
Oliveira, 1997; Souza et al., 2007a, b; Alevi et al., 2013).

In eukaryotes, during spermatogenesis the nucleolus dissociates at the end of
prophase and reorganizes in telophase (Gonzalez-Garcia and Rufas 1995). However, in
the heteropteran of Triatominae subfamily reports exist of the persistence of the
nucleolus or nucleolar corpuscles during the whole meiosis, a phenomenon termed as
nucleolar persistence (Tartarotti and Azeredo-Oliveira, 1999; Alevi et al., 2013, 2014a).

Thus, this study aims to analyze the spermatogenesis of Martarega brasiliensis,
with emphasis on nucleolar behavior.
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MATERIAL AND METHODS

Were used 20 adult males of M. brasiliensis, collected in Municipal reservoir the
city of Sdo José do Rio Preto, Sao Paulo, Brazil, with the aid of net and transported in
pots, to the Laboratory of Cytogenetics and Molecular Genetics of Insects (LACIMI) of
UNESP / IBILCE. The species were fixed in methanol: acetic acid (3:1) and then
dissected being the testicles extracted, torn apart and impregnated with silver ions
seconds Howell and Black (1980). The best images were captured in the microscope
ZEISS Axio Scope Al using the program for the analysis of images AXIO VISION LE
version 4.8.

RESULTS

Through analysis cytochemical by impregnation by silver ions was observed
nucleolar behavior during meiosis (Figure 1la-f and 2a-h). During prophase I, beyond the
nucleolus with rounded morphology (Figure la-e, arrowhead), have been observed
nucleolar corpuscles arranged in the cell nuclei that ranged from one to four (Figure 1b-
e, arrows). Cells in metaphase | presented markings of nucleolar organizer regions
(NOR) in the telomeric region of one of the autosomes (Figure 1 f, arrow). In cells in
anaphase | have been observed various corpuscles with different sizes and shapes
(Figure 2a, arrows), and late migration of the sex chromosome (Figure 2a, arrowhead).
Cells in telophases | presented up to two marks (Figure 2b, arrows). Regarding
spermiogenesis, spermatids at early stages were rounded and presented nucleolar
marking only in the region beginning of the formation of the tail (Fig. 2c, arrow).
During the elongation of spermatids was observed the presence of nucleolus (Figure 2d,
arrow) and nucleolar corpuscles (Figure 2d, asterisks). Furthermore, was observed the
presence of a large vesicle and rounded at the anterior region of the head of early
spermatids (Figure 2c-e, arrowheads). The spermatids rod shaped presented two
corpuscles (Figure 2f, asterisks), discrete impregnations in the head (Figure 2f, arrow)
and a tag dividing the spermatid longitudinally (Figure 2f, arrowhead). In the final
phase observed spermatids elongated rod shaped with persistence of nucleolar
corpuscles (Figure 2g, arrow) and elongated spermatids with marking in the anterior
region of the head (Figure 2h, arrow).

DISCUSSION

The Martarega genus belonging to the family Notonectidae, are popularly
known as swimmers from back, because they have rear legs adapted for swimming
(Ueshima, 1979).

During meiosis of M. brasiliensis, we observed the nucleologenesis this insect.
This Heteroptera showed nuclei in prophase | composed by the nucleolus and nucleolar
corpuscles that varied from one to four. This variation in the number of nucleolar
corpuscles is related to the synthetic activity of the cells (Tavares and Azeredo-Oliveira,
1997, Bressa et al., 2003). Alevi et al. (2013) analyzed the nucleolar markings of two
species of triatomine bugs (Triatoma lenti and T. melanocephala) and found that the
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species with the highest number of markings showed great synthetic activity. Thus, it is
possible to observe that M. brasiliensis has great synthetic activity during meiosis.
However, we emphasize that this variation in the number of nucleolar corpuscles may
be related to transcriptional need of the cell during cell division.

Although the technical impregnation by silver ions is applied extensively to
studies of NORs (Howell and Black, 1980), the nature holocentric of the chromosomes
of hemipterans makes it difficult the marking of NORs. The technique of silver ions
mark the NORs that were active in the previous interphase, thus by analyzing the cells
in metaphase | we observed that M. brasiliensis presents RON at least one autosome.
This feature was also observed in the chromosomes of L. aduncus (Castanhole et al.,
2008).

The phenomenon of nucleolar persistence is characterized by the presence of the
nucleolus or nucleolar corpuscles in metaphase (Alevi et al., 2014a). M. brasiliensis
showed no nucleolar persistence because during metaphase | was observed only the
presence of RON. This same feature was also observed for L. aduncus (Castanhole et
al., 2008). The presence of nucleolar corpuscles during the phases of meiosis have been
characterized in other insects as of the Order Hemiptera: Carlisis wahlbergi (Fossey and
Liebenberg, 1995) Acanthocoris sordidus, Coptosoma punctissimum (Yoshida, 1947)
and 21 species of the Triatominae subfamily (Alevi et al. 2014a). Alevi et al. (2014a)
propose that the nucleolar persistence may be a synapomorphy of the subfamily
Triatominae.

During spermiogenesis, all spermatids presented nucleolar marks that varied in
number and location in accordance with the phase of elongation. The presence of
nucleolar corpuscles during all stages of spermatogenesis had already been observed in
aquatic Heteroptera (Castanhole et al., 2008). In species B. albinerva, H. platensis and
C. Palmaris were observed cells with one or more corpuscles that during the
disorganization turning around of the pericromosomic sheath. The round spermatids
presented two close corpuscles during stretching corpuscles remains in the head and the
other migrates to the initial part of the tail. At the end of spermiogenesis process these
markings were not visualized (Castanhole et al., 2010).

Although nucleolar marks were observed in spermatids of M. brasiliensis,
recently Alevi et al. (2014b) suggested that during spermiogenesis the cells hemipterans
not have transcriptional activity. The authors highlight the relationship of nucleolar
markings with regions of constitutive heterochromatin and suggest that the nucleolus is
inactivated by epigenetic factors and that the organelle chromatoid body supplies all
transcriptional activity during cell differentiation. Thus, we emphasize the importance
of further studies with specific epigenetic markers to discuss the nucleolar material
observed in M. brasiliensis has transcriptional activity.

A peculiarity observed during spermiogenesis of M. brasiliensis is the presence
of a vesicle in spermatids, not observed in terrestrial species (Souza et al., 2007a, b,
2008, 2009) and aquatic (Castanhole et al., 2008, 2010) studied. Thus, we emphasize
that ultrastructural studies are needed to describe this structure in more detail in order to
clarify its relationship with the formation of sperm.

Thus, this paper describes the nucleolar behavior of M. brasiliensis and
highlights important characteristics during spermatogenesis, increasing thus the
knowledge about the biology of these aquatic heteropteran
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Figure 1. Cells of the seminiferous tubules of M. brasiliensis, impregnated by silver
ions. a-e) Prophase 1. Note the presence of rounded nucleolus (arrowhead) and nucleolar
corpuscles (arrow) that varied in number: a) absence of nucleolar corpuscles; b) one
corpuscle; ¢) two corpuscles; d) three corpuscles and e) four corpuscles. f) Metaphase 1.
Note the presence of nucleolar organizer regions (arrow) in the telomeric region of one
autosome. Bar: 10 um.
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Figure 2. Cells of the seminiferous tubules of M. brasiliensis, impregnated by silver
ions. a) Anaphase | with various corpuscles of different sizes and shapes (arrows) and
late migration of the sex chromosome (arrowhead). b) Telophases with up to two marks
(arrows). c) Early spermatids with marking in the posterior region (arrows) and vesicle
in the anterior region of the head (arrowhead). d) Initial round spermatids with a
nucleolus (arrow) and four nucleolar corpuscles (asterisk). Note the presence of large
and rounded vesicles (arrowhead). €) Elongating spermatids with marking in the
posterior region (arrow) and vesicles in the anterior head (arrowhead); f) spermatids rod
shaped presented two corpuscles (asterisks), discrete impregnations in the head (arrow)
and a tag dividing the spermatid longitudinally (arrowhead). g) spermatids elongated
rod shaped with persistence of positive silver corpuscles (arrow); h) elongated
spermatids with marking in the head region (arrow). Bar = 10 micrometres
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Abstract

Studies on the ultrastructural aspects of spermatogenesis and, specifically, the structure of sperm in aguatic
Heteroptera are scarce. Therefore, the objective of this study was to analyse of the histology and ulirastructure of
spermatogenesis. Semi-fine sections of the testicles of adult male Gelastocoris flavus flavus were stained with toluidine
blue or impregnated with silver ions, and ulira-fine sections were analysed by fransmission eleciron microscopy.
The ultrastructural features observed during spermatogenesis of the species showed the presence of several small
mitochondria uniformly distributed in the cytoplasm of cells in prophase |. These mitochondra then came together
to form fewer, larger structures, which converged and formed the mitochondrial complex. Later, this mitochondrial
complex was divided info two structures, termed mitochondrial derivatives, which were arranged bilaterally to the
axoneme. The axoneme showed a flagellar pattern of 8+9+2. A vesicle was observed that originated in the early
stages of spermicgenasis and was composed of many argyrophilic granules that united to form a single structure. This
vesicle contained some highly stained structures in its interior. Thus, this paper describes histological and ultrastructural
charactensiics during spermatogenesis, contributing to the reproductive knowledge of these aquatic Heteroptera.




44

Histological and Ultrastructural Analysis of Spermatogenesis in Gelastocoris flavus
flavus (Heteroptera: Nepomorpha)

Alevi KCC?*, Pereira LLV?, Moreira FFF3, Barbosa JF4, Taboga SR® and
Itoyama MM*

1Laboratério de Citogenética e Molecular de Insetos, Instituto de Biociéncias, Letras e Ciéncias
Exatas - Universidade Estadual Paulista “Julio de Mesquita Filho” (IBILCE/UNESP), Séo José
do Rio Preto, SP, Brasil

2Laboratorio de Biologia Celular, Instituto de Biociéncias, Letras e Ciéncias Exatas -
Universidade Estadual Paulista “Julio de Mesquita Filho” (IBILCE/UNESP), Séo José

do Rio Preto, SP, Brasil

3Laboratdrio Nacional e Internacional de Referéncia em Taxonomia de Triatomineos, Fundagao
Oswaldo Cruz (FIOCRUZ), Rio de Janeiro, RJ, Brasil

4Laboraté6rio de Entomologia, Universidade Federal do Rio de Janeiro (UFRJ), Rio de Janeiro,
RJ, Brasil

5Laboratério de Microscopia e Microanalise, Instituto de Biociéncias, Letras e Ciéncias Exatas -
Universidade Estadual Paulista “Julio de Mesquita Filho” (IBILCE/UNESP), Sédo José do Rio
Preto, SP, Brasil

Abstract

Studies on the ultrastructural aspects of spermatogenesis and, specifically, the structure
of sperm in aquatic Heteroptera are scarce. Therefore, the objective of this study was to
analyse of the histology and ultrastructure of spermatogenesis. Semi-fine sections of the
testicles of adult male Gelastocoris flavus flavus were stained with toluidine blue or
impregnated with silver ions, and ultra-fine sections were analysed by transmission
electron microscopy. The ultrastructural features observed during spermatogenesis of
the species showed the presence of several small mitochondria uniformly distributed in
the cytoplasm of cells in prophase I. These mitochondria then came together to form
fewer, larger structures, which converged and formed the mitochondrial complex. Later,
this mitochondrial complex was divided into two structures, termed mitochondrial
derivatives, which were arranged bilaterally to the axoneme. The axoneme showed a
flagellar pattern of 9+9+2. A vesicle was observed that originated in the early stages of
spermiogenesis and was composed of many argyrophilic granules that united to form a
single structure. This vesicle contained some highly stained structures in its interior.
Thus, this paper describes histological and ultrastructural characteristics during
spermatogenesis, contributing to the reproductive knowledge of these aquatic
Heteroptera.

Keywords: argyrophilic granules, mitochondrial derivative, axoneme, nucleolus
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Introduction

In both vertebrates and invertebrates, studies addressing the ultrastructural
aspects of spermatogenesis and, specifically, the structure of the sperm comprise a vast
and growing body of literature. In insects, the study of the ultrastructural aspects of
spermiogenesis and sperm began in the 1970s, when the methods for electron
microscopy of biological material were optimised [1, 2, 3], but in Heteroptera, studies
are still scarce. Some ultrastructures involved in spermatogenesis, such as the acrosome,
axoneme, mitochondria and chromatoid body, are described in the literature.

In most species, the acrosome (Ac) is an organelle essential for fecundation [1].
In addition to fecundation, the acrosome is also related to the sperm’s ability to remove
the protective mechanism on the surface of ovule and/or to digest barriers to the
migration of sperm into the female reproductive tract [4]. Acrosomes originate from the
Golgi complex [5, 6].

Research on the structural organisation of the axoneme (Ax) has received
valuable contributions from numerous observations made in the sperm flagellum of
Drosophila [7, 8, 9]. In most insects, the organisational pattern of the axoneme follows
the pattern 9+9+2, which is the usual arrangement of 9+2 microtubules surrounded by
nine additional accessory microtubules [1, 2, 10]. In some mosquitoes, the pattern
9+9+1 is common, whereas in mayflies, the pattern 9+9+0 predominates [1]. There are
also patterns that are considered aberrant; for example, in dipterous of the
Cecidomyiidae family, the schema is 13+0 [11].

Another ultrastructure often analysed during spermatogenesis is the
mitochondria, which assume different morphologies. In insects, the regularity in the
mitochondrial shape is particularly notable [1]. During spermatogenesis, the
mitochondria undergo metamorphosis, where the typical structure of mitochondria is
completely modified. In the initial stages of differentiation, a complex fusion process
occurs, and mitochondria rearrange, forming the mitochondrial complex. This complex
is often termed ‘“Nebenkern,” especially in older studies [1, 2, 12, 13, 14]. As
spermatogenesis continues, the mitochondrial complex divides into two mitochondrial
derivatives (MD), which are positioned bilaterally to the axoneme during the

spermatozoid stretching process [15].
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During differentiation, the mitochondrial derivatives are filled along their length
by a protein structure that is organised in a paracrystalline pattern, and many species of
insects accumulate these structures in mitochondria during spermiogenesis [1, 10, 16,
17]. This paracrystalline structure is also known as a crystalloid and is formed by a
protein rich in proline [18]. In Heteroptera (Pentatomidae, Reduviidae and Gerridae
family), two or three crystalline bodies within the mitochondrial derivatives have been
observed [19].

Various functions have been suggested for the mitochondrial derivatives of
sperm in insects; for example, they may participate in the control and regulation of
flagellar movement or shape, or they may be involved in the storage and release of the
energy required for flagellar motility [5, 10, 21]. However, Perotti [22] contradicted this
last statement, relating the mitochondrial derivatives to paternal cytoplasmic inheritance
and presuming that the material stored in the MDs may be involved in the activation and
nutrition of the oocyte after fertilisation.

In addition to the structures mentioned previously, the cytoplasm of germ cells
contains a build-up of a material termed a chromatoid body (CB) or “nuage” [23]. The
CB is a macromolecular complex that is thought to play a coordinating role in the post-
transcriptional control of gene products in haploid male germ cells and also to function
as a centre for the determination of mMRNA [23, 24, 25].

Some authors believe that the CB originates from a material between clusters of
mitochondria that is present in the cytoplasm of germinal cells [26]. However, more
recent studies describe the origin as coming from the fragmentation of nucleolar
material during the process of spermatogenesis [27, 28, 29, 30, 31, 32, 33, 34]. Other
structures that have been studied are the nucleolus and other structures that are
impregnated with silver ions. The size of the nucleolus is related to the biosynthetic
activity of the cell; therefore, the size and number of nucleoli and pre-nucleolar bodies
depend on the metabolic and functional characteristics of the cells [35, 36, 37, 38, 39,
40, 41, 42].

In most species of arthropods, the nucleoli dissociate at the diplotene stage or
diakinesis. Therefore, the corpuscles impregnated by the Ag-NOR technique, which are

specific proteins associated with rRNA, are not visible from metaphase to telophase I.
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These markings reappear at the beginning of spermatid formation, indicating that the
transcriptional functions of ribosomal RNA have resumed, and they finally disappear at
the end of spermatid formation [43]. However, the literature reports some exceptions;
for example, in Asellus aquaticus (Isopoda) and species of the genus Rhodnius
(Hemiptera), Ag-NOR corpuscles were visualised during the entire process of
spermatogenesis [44, 42]; in Callicrania seoanei (Orthoptera), Ag-NORs were observed
in interkinesis until pro-metaphase Il [45]; and in Triatoma infestans and T. sordida
(Hemiptera), the markings were present until metaphase I [35]. Furthermore, in Carlisis
wahlbergi (Heteroptera, Coreidae), nucleolar semi-persistence (the presence of
nucleolar corpuscles during metaphase) was observed until metaphase Il [46], whereas
for Acanthocoris sordidus (Heteroptera, Coreidae) and Coptosoma punctissimum
(Heteroptera, Plataspidae), the nucleoli were detected in metaphase plates of primary
and secondary spermatocytes [47].

With the objective of broadening the information known histological and
ultrastructural about aquatic Heteroptera spermatogenesis, we analysed the species

Gelastocoris flavus flavus.

Material and Methods

Testicles of G. f. flavus males were extracted and immediately fixed in
Karnovsky fixative solution for a period of 3 to 48 hours. Samples were then washed
twice in Millonig buffer, and post-fixation was performed with Osmium Tetroxide
1%:Millonig (1:3) for 2 hours in a refrigerator. The material was washed thoroughly
with bidistilled water and then dehydrated in a series of solutions with increasing
concentrations of acetone until a concentration of 100% was reached. A pre-infiltration
in araldite:acetone (1:1) was performed overnight at room temperature. Afterwards,
infiltration in araldite was performed for 2 hours at 37 °C and was then continued for 48
hours at 60 °C. Semi-fine and ultra-fine sections were obtained using a Leica Ultracut
UCT ultramicrotome. The semi-fine sections were stained with toluidine blue pH4.0
[48] or silver ions (Ag-NOR) (Howell & Black [49], with modifications). The ultra-fine
sections were collected on grids and then contrasted with 2% uranyl acetate for 20

minutes [50], followed by 2% lead citrate solution with 1 N sodium hydroxide for 6
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minutes [51]. The results of transmission electron microscopy were documented by
electron micrographs obtained from a CM100 Philips transmission electron microscope
at the Center of Electron Microscopy, Institute of Biosciences, Botucatu, UNESP — IBB

Campus Botucatu. Sdo Paulo, Brazil.

Results

The images obtained from semi-fine sections and ultramicrographs showed
several rounded chromatoid bodies (CBs) with different sizes in prophase | (Figures la
and 2a, b). These were located near pore complexes of the nuclear envelope (Figure 2d,
e). Small mitochondria were also observed that were uniformly dispersed within the
cytoplasm (Figures 1la and 2a-c). The mitochondria were starting to come together to
form larger structures (Figure 1c) and were moving to one side of the cell (Figures 1c-e
and 2c), forming the mitochondrial complex (MC). The MC is a unique structure in that
it is rounded and contains a tangle of mitochondria (Figures 1h, i). During the
elongation of spermatids, the MC was divided in two sections, forming the
mitochondrial derivatives (MDs), which were initially very close to each other and
bilaterally flanked the axoneme (Ax) (Figures 11 and 2f, g). In a later stage, the MDs
separated, with the Ax between them (Figures 1n-p and 2 f-i). At the end of the process,
the MDs completely surrounded the Ax (Figure 2j). A crystalloid structure was also
seen in the interior of the MDs (Figure 2f,g). In Figure 2k, supernumerary elements
were observed (the presence of four Ax and two mitochondrial derivatives in the same
tail). Another structure observed in the cell nucleus at prophase | was the nucleolus
(Figure 2a, b), which was rounded and more electrodense than the other structures, with
less electrodense interior regions. As shown in Figure 3a-b, a cell in prophase | was also
observed with various markings that were silver-positive, small, rounded and dispersed
throughout the cytoplasm. In the early stages of spermiogenesis, many argyrophilic
granules could be seen that were strongly coloured and of different sizes (Figure 1f, g).
They began to unite into a single vesicle, which was rounded and heavily stained
(Figure 1h, k). In cells impregnated with silver ions, rounded structures of different
sizes were observed; the structures united and formed a single structure that was also

rounded and located adjacent to the MC (Figure 3c-h). Observation of the silver-
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impregnated sections revealed a more highly impregnated region inside the vesicle
(Figure 3h-m). As shown in Figures 1q, r and 3n, o longitudinal sections of the
spermatid head were observed and showed the vesicle with markings. Toluidine blue
staining indicated that the interior of the vesicle contained intensely stained filaments
with an irregular morphology (Figure 1m, r). The organisational pattern of the axoneme
was verified by transmission electron microscopy to have the 9+9+2 pattern (Figure 2j).
As shown in Figure 1s-v, cysts containing sperms at different stages of development

were observed.

Discussion

The literature regarding the ultrastructural aspects of Heteroptera
spermatogenesis is extremely limited, yet understanding these aspects is of fundamental
importance, because some structures cannot be analysed with light microscopy. In the
species analysed in this study, argyrophilic granules were observed both by toluidine
blue staining and by silver ion markings. These granules were present in the cytoplasm
of prophase | and spermatids, and the granules came together to form a vesicle. Because
these structures have not been described in other aquatic Heteroptera, more studies are
necessary to determine the contents of these granules and their function. The vesicles
observed in spermatids are most likely the nucleus and acrosome; however, it was not
possible to determine the position of these structures in spermatids with the techniques
used here. Further studies should be performed to determine accurate positions of the
mentioned structures, both in spermatids and in sperm of G. f. flavus.

The acrosome, for example, was analysed in Gerris najas (Gerridae) [52],
Notonecta glauca (Notonectidae) [53] and Euchistus heros [54], and it was observed
that acrosome vesicles were formed from the Golgi complex. Changes in the form and
degree of chromatin condensation were also observed. Initially, chromatin was
dispersed and had a low electrodensity, but during the course of spermatogenesis, the
chromatin assumed a compact fibril arrangement and developed a high electrodensity.

Acrosome enzymes are usually stored as proenzymes and are released and
activated when the acrosome reaction occurs, thus participating in the event of
fertilisation [55, 56, 57, 58]. Souza and Itoyama et al. [59] analyzed the
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acromosomogensis in six species of Heteroptera, by means of Periodic Acid Schiff
(PAS) and have found that, in general, the behavior of periodic acid Schiff-positive
granules for all of the species analyzed is similar. In the beginning of spermiogenesis,
there is a central granule that migrates to one of the extremities of the spermatid, and
later, it becomes elongated and cannot be distinguished in the spermatozoa.

CBs of G. f. flavus were observed near the pore complexes of the nuclear
envelope. This observation agrees with recent work in various species showing that CBs
originate from the fragmentation of nucleolar material, such as, for example, in
observations by Comings and Okada [27] and Andonov [29] in rats, by Anderson
(1978) in the blue fox, by Peruquetti et al. [30, 31, 32] in Rattus novergicus, Mus
musculus, gerbils and amphibians, and in triatomines by Silistino-Souza et al. [34].

Initial analysis of CB in Hemiptera hematophagous suggest that the formation of
this organelle starts in spermatocytogenesis [60]. Furthermore, the authors suggest that
the nucleolar persistence phenomenon observed in these insects is essential for CB
formation, which presents extreme importance during the spermiogenesis these vectors,
since during this phase of spermatogenesis the nucleolus shows no transcriptional
activity [61].

Regarding the axoneme, the flagellar pattern observed for G. f. flavus was 9+9+2
(9 accessories, 9 doublets and 2 central microtubules). Araujo et al. [19, 62] observed
that for some species of the Pentatomidae and Largidae family, the flagellum consists of
an axoneme and two mitochondrial derivatives, and the axoneme follows a microtubule
arrangement pattern of 9+9+2. This pattern was also described for other species of
Heteroptera: Pentatomidae [63, 64], Reduviidae [65, 66], aquatic Heteroptera [67, 68,
69], Leptopodomorpha [70], Cimicomorpha, Gerromorpha, and Pentatomomorpha [19,
71] and is thus the default for this suborder.

It is known that insect mutants may exhibit disorders in spermiogenesis [72, 73]
and that ambient conditions such as temperature, humidity and food availability may
influence the normal process of spermiogenesis [74, 75]. The presence of aberrant
spermatids in insect spermiogenesis does not appear to be a rare event. Caetano [76], for
example, described Atta capigura and A. sexdens rubropilosa (Formicidae) sperm with

supernumerary elements. The supernumerary elements found in the G. f. flavus species
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may be caused by possible stress during collection, by the condition of the environment
where they were collected or due to natural occurrence. However, more study is
necessary to conclusively determine why occurs supernumerary elements during
spermatogenesis.

Thus, this paper describes histological and ultrastructural characteristics during
spermatogenesis, contributing to the reproductive knowledge of these aquatic

Heteroptera.
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Figure 1. Semi-fine sections of Gelastocoris flavus flavus testicle stained with toluidine
blue. a) Prophase I, showing the chromatoid bodies (CB) rounded, of varying sizes and
with sharp metachromasia. Near the CB are pore complexes (arrowheads) and
mitochondria (Mi); b-c) mitochondrial complex formation; in “b”, mitochondria (Mi)
are small, isolated and dispersed throughout the cytoplasm. In “c”, mitochondria are
beginning to unite on one side of the cell (arrows); d,e) mitochondrial complex
formation (arrows); f-g) early spermatids with several argyrophilic granules of different
sizes (arrows); h) union of argyrophilic granules forming a vesicle (arrowhead) and the
mitochondrial complex (arrow); i) spermatids with the mitochondrial complex (arrows);
j-1) spermatids in elongation showing the mitochondrial complex (MC), a highly stained
vesicle (asterisk) and a vesicle without staining (arrowhead); m) vesicle containing a
more intensely coloured region (arrow); n-p) cross-section of a tail showing the
mitochondrial derivative (MD); g-r) longitudinal section of the head, containing a
vesicle with more highly stained interior regions (arrows); s-u) cross-section of different
regions of the tail showing the mitochondrial derivative (arrowheads); v) cyst with
spermatozoids (arrow). Bars: 10 pm.
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Figure 2. Electron micrographs of Gelastocoris flavus flavus testicular cells. a) Cell in
prophase | showing the nucleolus (Nu), which is more electrodense than the other
structures and has less electrodense interior regions (this region, in more detail, can be
viewed in b); a-c) mitochondria (Mi) of different sizes and enlargements. Note that in
“c”, mitochondria are primarily located on one side of the cell, CB: chromatoid body,
N: nucleus, Nu: nucleolus; d,e) the chromatoid body (CB) and the pore complex
(arrows). In “e”, these structures are shown at a higher magnification; f) cross section of
tail, showing the mitochondrial derivatives (arrows) and the presence of interior
crystalloids (asterisks) and the axoneme (Ax); g-j) tail formation process in relation to
the mitochondrial derivative (MD) and the axoneme (Ax). In “g”, the mitochondrial
derivatives are close, and the axoneme is still moving to the central region of the tail;
note the presence of crystalloids (asterisks); j) axoneme surrounded by the
mitochondrial derivative; k) supernumerary elements (arrows). Bars: 10 pum.
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Figure 3. Semi-fine sections of Gelastocoris flavus flavus testicle impregnated with
silver ions. a,b) Prophase | with several positive silver markings (arrows); c-e)
spermatids with several silver-positive argyrophilic granules (arrows); f,g) spermatids
showing silver-positive argyrophilic granules uniting and forming larger and rounded
vesicles (arrows); h) spermatid with a silver-positive vesicle (arrow) and the
mitochondrial complex (arrowhead); i-m) silver-positive vesicle (arrows) with stronger
interior staining, which internalises with spermatid elongation (arrowheads); n,o)
longitudinal section of the head of the spermatids, with a silver-positive vesicle
(arrows). Bars: 10 um
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Abstract

The insects of the Notonectidae family, commonly known as backswimmers,
are important for tropical countries because they are predators of mosquito larvae and
pupae of Aedes aegypti. They therefore provide natural biological control of the
mosquitoes that transmit tropical diseases such as yellow fever, dengue fever, the Zika
virus, and the Chikungunya virus. Studies on ultrastructural aspects of spermatogenesis
and, more specifically, on the structure of the sperm in aquatic Heteroptera are still
scarce; for this reason, the objective of this study was to analyze the ultrastructures of
spermatogenesis using transmission electron microscopy on the testes of adult male
Martarega uruguayensis specimens. The microscopic analysis revealed the formation of

mitochondrial derivatives, the microtubule organization pattern within the axoneme
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(9+9+2), and the presence of very argyrophil granules which combine to form a single
structure. The study revealed the ultra-structural characteristics to be similar to those of

other Heteroptera described in the literature.

Keywords: ~ Axoneme;  Argyrophil  granules;  Mitochondrial ~ derivative;
Spermatogenesis; Spermiogenesis

Introduction

The suborder Heteroptera has seven infraorders with approximately 80 families.
Most occur on all continents except Antarctica and some islands [1]. In addition to
terrestrial Heteroptera, there are also widely distributed aquatic and semi-aquatic
species that have adapted to live in an extraordinary variety of ecosystems: species have
been found in freshwater and marine habitats alike and at altitudes ranging from 0 m to
4,700 m [2].

The insects of the Notonectidae family are commonly known as
backswimmers, as they have hind legs adapted for swimming. They are important for
tropical countries because the species are predators of mosquito larvae and pupae of
Aedes aegypti; therefore, they serve as a natural biological control of the mosquitoes
that transmit tropical diseases such as yellow fever, dengue fever, the Zika virus, and
the Chikungunya virus [3-5].

Research addressing the ultrastructural aspects of spermatogenesis makes up a
broad and growing field of study; however, in the case of Heteroptera, research is still
scarce. Only a few structures, such as the acrosome, axoneme, and mitochondria, have
been described [6,7].

The acrosome is an essential organelle for fertilization: it removes the
protective mechanism on the surface of sperm as well as the digestion barriers in order
for sperm to migrate into the female reproductive tract [6-9]. The axoneme is an
ultrastructure that has been studied in several species of insects, and in most

organizational patterns, the axoneme follows the scheme of 9+2 microtubules
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surrounded by 9 additional accessories [6,8,10]. This is the flagellar pattern reported for
all Heteroptera species described in the literature [11].

Another ultrastructure that is analyzed during spermatogenesis is the
mitochondria, which, during spermatogenesis, can assume different morphologies.
During spermatogenesis, the mitochondria undergo metamorphosis, which is a complex
process of fusion and rearrangement of mitochondria that forms the mitochondrial
complex. As spermatogenesis continues, the mitochondrial complex divides into two
mitochondrial derivatives which, in the sperm elongation process, are positioned
bilaterally relative to the axoneme [6, 8, 12 - 15].

In light of the substantial biological importance of the Notonectidae family in
tropical countries, this paper presents information on the spermatogenesis-related
ultrastructures of Martarega uruguayensis as a tool for better understanding the

reproductive biology this species.

Material and Methods

Testicles of Martarega uruguayensis males were extracted and immediately
fixed in a Karnovsky fixative solution for 3 hours. Samples were then washed twice in a
Millonig buffer, and post-fixation was performed using Osmium Tetroxide 1% Millonig
(1:3) for 2 hours in a refrigerator. The material was washed thoroughly with double-
distilled water and then dehydrated in a series of solutions with increasing
concentrations of acetone until a concentration of 100% was reached. As part of the pre-
infiltration in araldite:acetone (1:1) was applied overnight at room temperature. Next,
the product was infiltrated in araldite for 2 hours at 37°C, followed by another 48 hours
at 60°C. Semi-fine and ultra-fine sections were obtained using a Leica Ultracut UCT
ultramicrotome. The semi-fine sections were stained with toluidine blue at a pH of 4.0
[16] or using silver ions (Ag-NOR) as the method offered by Howell and Black [17],
with modifications. The ultra-fine sections were collected on grids and then contrasted
using 2% uranyl acetate for 20 minutes [18], followed by a 2% lead citrate solution with
1 N sodium hydroxide for 6 minutes [19]. The results of transmission electron

microscopy were documented as electron micrographs obtained using a CM100 Philips
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Transmission Electron Microscope at the Center for Electron Microscopy within the
Institute of Biosciences, at the S&o Paulo State University (UNESP) Botucatu Campus

in Botucatu, Sao Paulo, Brazil.

Results and Discussion

Testicular cells stained with toluidine blue revealed early spermatids with the presence
of several small mitochondria homogeneously distributed throughout the cytoplasm and
a large nucleolus that was rounded and intensely stained (Figure la). These same
structures were observed in the electron micrographs, which revealed the nucleolus to
be more electrodense than the other structures (Figure 2a-b). In Figure 2c, the
mitochondria can be observed in greater detail. As spermatogenesis progresses, the
mitochondria begin to group together (Figures 1b,c e 2a,b) and concentrate on only one
side of the cell (Figure 1c). The mitochondria then combine to form a single
mitochondrial complex (Figure 1d-h), which subsequently divides into two
mitochondrial derivatives (Figure 2d). They are initially positioned on opposite sides of
the axoneme; they then increase in size and wrap around the axoneme (Figure 2e,f) and
present irregular morphology (Figure 2f).

The process in which the mitochondria undergo metamorphosis to form the
mitochondrial complex and the subsequent mitochondrial derivative has been described
for several species [6,8,12-15]. They are involved in the control and regulation of
flagellar movement and provide the energy required for the motility of the tail [20-22].

Figure 1k still shows cysts containing sperm. Spermatogenesis in cysts has been
described for Heteroptera since the first studies with light microscopy [3]. Electron
micrographs of M. uruguayensis showed the microtubule pattern of the axoneme to be
9+9+2 (9 accessories, 9 doublets, and 2 central microtubules; Figure 2d), results which
are consistent with other Heteroptera described in the literature [11, 23-25].

The use of silver impregnation ions identified several silver-positive argyrophil
granules. They were rounded, intensely impregnated, and evenly distributed throughout
the cytoplasm (Figure 3a,b). At the beginning of spermiogenesis, there are fewer

argyrophil granules, but they are larger in size (Figures 1d,e and 3c) relative to prophase
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| (Figures la,b and 3a,b). In spermatids, they are disposed around the mitochondrial
complex (Figure 1d,e), and as spermatogenesis progresses, these granules unite, this
union can be seen in Figure 3d-h. At the end of the process, the argyrophil granules
come together to form a single vesicle that is rounded and strongly stained (Figures 1f,g
and 3i) and which is located beside the mitochondrial complex (Figure 1f,g), and
posteriorly in the anterior region of the spermatid (Figure 1h-j and 31,m).

The material stained with toluidine blue and via impregnation by silver ions
showed the the vesicle to include more heavily stained areas (Figure 1h,i and 3j-n), and
less intensely impregnated regions (Figure 31,m).

The argyrophil granules observed after the toluidine blue stain and with
markings by silver ions were first described in aquatic Heteroptera by Alevi et al [11];
however, their content remains unknown, and more studies are necessary to determine

the function and content of these granules.

Conclusion

These findings suggest that the ultrastructural characteristics of Martarega
uruguayensis are similar to those of other Heteroptera described in the literature. The
9+9+2 flagellar pattern is consistent with other species described in the literature, and
therefore seems to be the standard for Heteroptera species. The mitochondria are
grouped in a way that forms a mitochondrial complex, which then divides into two

mitochondrial derivatives around the axoneme.
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Figure 1. Semi-fine sections of Martarega uruguayensis testicle stained with toluidine
blue. a,b) Prophase I showing mitochondria scattered throughout the cytoplasm (Mi)
and a rounded and heavily stained nucleolus (a, Nu); c) mitochondrial complex
formation (MC); d,e) early spermatids with several argyrophil granules of different
sizes (arrows) around the mitochondrial complex (MC); f,g) spermatids with
mitochondrial complex (MC), a more intensely stained vesicle (arrows), and other non-
stained vesicles (arrowhead); h,i) stretched spermatid showing vesicle (asterisk) in the
anterior region with a more intensely stained region inside (arrows) and a mitochondrial
complex (MC), j) longitudinal head section showing a vesicle with sharp
metachromasia (asterisk); k) cysts with spermatozoids (arrow). Bar: 10 um.
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Figure 2. Electron micrographs of testicular cells from Martarega uruguayensis. a,b)
Cell in prophase | showing the nucleolus (Nu) to be more eletrodense than the other
structures, and mitochondria (Mi) migrating to one side of the cell; c) arrangement of
the mitochondria (Mi) for the initial formation of the mitochondrial complex; d)
mitochondrial derivatives (MD) arranged bilaterally relative to the axoneme (Ax), and
the axoneme with its 9+9+2 pattern; e,f) mitochondrial derivatives (MD) wrapped
around the axoneme (AX);
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Figure 3. Semi-fine sections of Martarega uruguayensis testicles impregnated with
silver ions. a,b) Prophase | with silver-positive markings (arrows); In figure b, note the
nucleolus with rounded morphology (arrowhead); c-e) spermatids with several silver-
positive argyrophil granules (arrows) and a nucleolus (N); f,h) fusion of silver-positive
argyrophil granules (arrows); i-k) spermatid with silver-positive vesicle (arrows) with
more intense staining evident inside (arrowhead); I-n) spermatid with silver-positive
vesicle (arrows) with two regions inside, one of which is less intensely impregnated
(arrowhead); Bars: 10 um



ARTIGO IV




76

Spermatogenesis in aquatic Heteroptera: An ultrastructural spermiogenesis
approach to family Belostomatidae, Notonectidae, Gerridae, Mesoveliidae e
Veliidae

Luis Lenin Vicente Pereiral, Emi Rosane Silistino de Souza', Fernando Cesar Silva

Junior!, Kaio Cesar Chaboli Alevi?, Julianna Freires Barbosa®, Felipe Ferraz Figueiredo

Moreira*, Mary Massumi Itoyama.

1 Instituto de Biociéncias, Letras e Ciéncias Exatas, UNESP — Univ Estadual Paulista,
Campus de Sdo José do Rio Preto, Departamento de Biologia, Laboratorio de
Citogenética e Molecular de Insetos , Rua Cristovdo Colombo, 2265 Bairro: Jardim
Nazareth 15054-000 - S&o José do Rio Preto, Sdo Paulo, Brasil

2 Instituto de Biociéncias, Letras e Ciéncias Exatas, UNESP — Univ Estadual Paulista,
Campus de Sao José do Rio Preto, Departamento de Biologia, Laboratério de Biologia
Celular , Rua Cristévao Colombo, 2265 Bairro: Jardim Nazareth 15054-000 - Sdo José
do Rio Preto, Sao Paulo, Brasil

3 Laboratério de Entomologia, Universidade Federal do Rio de Janeiro (UFRJ),
Instituto de Biologia Departamento de Zoologia Laboratério de Entomologia Avenida
Carlos Chagas Filho, 373, CCS, bloco A, sala 107 Cidade Universitaria CEP: 21941-
971 - Rio de Janeiro, RJ - Brasil - Caixa-Postal: 68044

4 Laboratorio Nacional e Internacional de Referéncia em Taxonomia de Triatomineos,
Fundacao Oswaldo Cruz (FIOCRUZ), Avenida Brasil - de 3503 a 7799 - lado impar
Manguinhos21040360 - Rio de Janeiro, RJ — Brasil

Email addresses: luislenin@gmail.com



77

Abstract

Were analyzed the ultrastructures present in the spermatids of nine species of aquatic
Heteroptera through transmission electron microscopy. We can observe in the early
spermatids a presence of chromatoid body located near the nucleus, the formation of
mitochondrial complex and mitochondrial derivatives, the flagellar pattern of the
axoneme of 9+9+2, and the process of abscission of the cytoplasm. The synapomorphic
features of the group were observed for all species, being them a) two opposite bridges
in the axoneme connect the flattened cisterns adherent to the internal side of each
mitochondrial derivative to the intertubular material; b) flagellar pattern of the axoneme
of 9+9+2; c) accessory bodies are absent all along the flagellum. The most interesting
feature, was the difference in size between the mitochondrial derivatives presented in

species of the genus Buenoa and Martarega, which belong to Notonectidae family.

Keywords: Axoneme, mitochondrial derivative, chromatoid body.

1. Introduction

Hemiptera is the fifth largest group of insects, with approximately 82.000
described species (CRYAN and URBAN, 2012). This order is composed of four
suborders, being them Auchenorryncha, Coleorryncha, Sternorryncha e Heteroptera
(FORERO, 2008), constituting one of the most numerous groups among the
hemimetabolous, with its monophyly being recognized based on specific buccal
structures of the mandible and the maxila (FORERO, 2008).

The suborder Heteroptera has seven infraorders with approximately 80 families,
no other group of insects has such habitat diversity, like the Heteroptera, because it
occurs in all continents, except Antarctica and some islands (SCHUH and SLATER,
1995).

Among the 80 families of Heteroptera, 23 are aquatic and semi-aquatic
representatives:  Aepophilidae,  Aphelocheiridae, Belostomatidae,  Corixidae,
Gelastocoridae, Gerridae, Hebridae, Helotrephidae, Hermatobatidae, Hydrometridae,

Leptopodidae, Macroveliidae, Mesoveliidae, Naucoridae, Nepidae, Notonectidae,
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Ochteridae, Omaniidae, Paraphrynoveliidae, Pleidae, Potamocoridae, Saldidae e
Veliidae. These insects are surprising for their ability to inhabit an extraordinary variety
of ecosystems, been found in freshwater and marine habitats (MELO, 2009).

The spermiogenesis's ultrastructural characteristics of this suborder are
considered as a tool, which can support in the elucidation of the evolutionary processes
of these insects. However, the relations of sinapomorphy among the suborders of
Hemiptera are still controversial, possibly the limited number of taxa to date. In
Auchenorryncha suborder a typical sperm pattern is found in many species being,
possibly, a synapomorphy of the suborder (DALLAI et al., 2016a), but we can find
modifications in some species which do not have accessory bodies, and this can be an
autapomorphy of the species (DALLAI, 1979; DALLAI et al., 2016a).

Some interspecific differences are found in the acrosome and axoneme of the
Sternorryncha suborder (DALLAI et al., 2016a). For the Heteroptera suborder some
synapomorphies are described in the literature, as the presence of two opposite bridges
in the axoneme connecting the flattened cisterns adherent to the internal side of each
mitochondrial derivative to the intertubular material of the doublets 1-2 and 4-5,
flagellar pattern of the axoneme of 9+9+2 and absence of accessory bodies in the
flagellum (DALLAI et al., 2016a), but a larger number of species should be analyzed to
confirm this information.

Therefore, the aim of this paper was to analyze the ultrastructural characteristics
during spermatogenesis of aquatic Heteroptera species of Belostomatidae, Notonectidae,
Gerridae, Mesoveliidae e Veliidae families, in order to characterize the synapomorphies

of the gametes of Heteroptera.

2. Material and Methods

Testicles of Belostoma sp. (Belostomatidae), Martarega brasiliensis
(Notonectidae), Martarega membranacea (Notonectidae), Buenoa amnigenus
(Notonectidae), Rheumatobates crassifemur crassifemur (Gerridae), Limnogonus
profugus (Gerridae), Limnogonus aduncus aduncus (Gerridae), Mesovelia mulsanti

(Mesoveliidae), Rhagovelia tenuipes (Veliidae) were extracted and fixed in Karnovsky
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fixative solution for 3 hours. Samples were then washed twice in a Millonig buffer, and
post-fixation was performed using Osmium Tetroxide 1% and Millonig buffer (1:3) for
2 hours in a refrigerator.

The material was washed thoroughly with double-distilled water and then
dehydrated in a series of solutions with increasing concentrations of acetone until a
concentration of 100% was reached. As part of the pre-infiltration in araldite:acetone
(1:1) was applied overnight at room temperature. Next, the product was infiltrated in
araldite for 2 hours at 37°C, followed by another 48 hours at 60°C. Ultra-fine sections
were obtained using a Leica Ultracut UCT ultramicrotome. The ultra-fine sections were
collected on grids and then contrasted using 2% uranyl acetate for 20 minutes
(WATSON, 1958), followed by a 2% lead citrate solution with 1 N sodium hydroxide
for 6 minutes (VENABLE and COGGESHALL, 1965).

The results of transmission electron microscopy were documented as electron
micrographs obtained using a Jeol JEM — 100 CXII Transmission Electron Microscope
at the Electron Microscopy Laboratory, Universidade de Sado Paulo — Faculdade de
Medicina de Ribeirdo Preto, USP-FMRP. Ribeirdo Preto, Sdo Paulo, Brazil.

3. Results

The analysis of early spermatids of all species revealed a nucleolus (Nu)
rounded and more electrodensing than other structures (Figure la, b), the chromatoid
body (CB) located near the nucleus (Figure 1a) and mitochondria (Mi) located in only
one side of the cell (Figure 1b), initiating the formation of the mitochondrial complex
(MC) (Figure 1c), which presented inside of it, small points more electrondense (Figure
1d).

During spermiogenesis the mitochondrial complex (MC) is divided into two
mitochondrial derivatives (MD), which are initially rounded and positioned bilaterally
to the axoneme (Figure 2a). However, with the development of spermatids the
mitochondrial derivatives have different morphologies, depending on the
species/family: Belostoma sp.(Belostomatidae), R. tenuipes (Veliidae), L. profugus

(Gerridae) and L. a. aduncus (Gerridae) have mitochondrial derivatives of similar size,
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positioned bilaterally to the axoneme, involving it partially (Figura 2b-d); M.
brasiliensis (Notonectidae) and M. membranacea (Notonectidae) have the axoneme
positioned at the center of the mitochondrial derivatives (Figure 2e); B. amnigenus
(Notonectidae) and R. c. crassifemur (Gerridae) have mitochondrial derivatives of
different sizes (Figure 2 f, g) and M. mulsanti (Mesoveliidae) has the mitochondrial
derivatives completely enveloping the axoneme (Figure 2h, 1). Inside the mitochondrial
derivatives of all species analyzed, can be observed the presence of two or three regions
with paracrystalline structures (Figure 2d and 3c).

Regarding the beginning of the organization of the axoneme, it was possible to
observe early spermatids with triple microtubules (Figure 3a) and two central
microtubules (Figure 3a). With the development of spermatid, the axoneme begins to
acquire the flagellar pattern of 9+9+2, being 9 accessory microtubules, 9 doublet of
subtubules and 2 central microtubules, with presence of intertubular material (Figure
3b,c). In addition, it was possible to identify two opposite bridges in the axoneme,
which are connecting the flattened cisterns adherent to the internal side of each
mitochondrial derivative to the intertubular material of the doublets 1-2 and 4-5 of the
axoneme (Figure 3c). Cytoplasmic projections were also observed (Figure 3d), which
are a mechanism by which spermatocytes lose cytoplasmic material, it was also possible
to identify the nucleus (N), acrosome (Ac) and the centriole adjuvant in a longitudinal

section of the spermatid (Figure 3e,f).

4.Discussion

Knowing the ultrastructural aspects of aquatic Heteroptera is extremely
importante for environmental monitoring. Recently, Kheirallah (2015) used the specie
Anisops sardeus (Notonectidae) as a biomarker for aquatic pollutants. In this paper, the
author shows that the bioaccumulation of heavy metals, in particular Cu, Zn and Hg, in
the testicles modifies aspects of ultrastructures such as mitochondria and nucleolus,

resulting, therefore, in a useful tool to evaluate the degree of water pollution.
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Dias et al. (2016) also emphasizes the importance of ultrastructural studies to
evolution area, because the structure of the spermatozoon is relatively more stable and
less influenced by environmental pressures than the external morphology.

All species analyzed showed early spermatids with a nucleolus (Nu) rounded
and more electrodensing than the other structures, as was also evidenced by Alevi et al.
(2015) for the Gelastocoris flavus flavus (Gelastocoridae) specie. Analysis of the
nucleolar pattern can produce important data for environmental monitoring, due to
changes in the morphology of the nucleolus what are related to the presence of
pollutants in the water (KHEIRALLAH, 2015).

Another ultrastructure observed in early spermatids was chromate body
(CB).This cytoplasmic organelle is located near the nucleus and is considered as a
macromolecular complex, which probably coordinates the post-transcriptional control
of gene products in spermatids and functions as a center for determining mRNA
destinations, according to Parvinen (2005), Kotaja et al. (2006) and Kotaja; Sassone-
Corsi (2007) since during spermiogenesis the nucleolus, although present, does not
present transcriptional activity (ALEVI et al., 2015; BORGUETTI et al., 2015).The
knowledge about this cytoplasmic organelle in Hemiptera is very limited (ALEVI et al.,
2015). However, important discoveries were made, as characterization of the fibrillarin
protein in CB (BORGUETTI et al.,, 2015), which corroborates the theory of the
appearance of CB from nucleolar material (PERUQUETTI et al., 2008; PERUQUETT]I
etal., 2010; PERUQUETTI, 2011; ALEVI et al., 2015).

Regarding the Heteroptera’s axoneme (AX), it is known that in early spermatids
the microtubules begin to organize, being possible to evidence triple microtubules and
two central microtubules (MENCARELLI et al., 2014). With the development of
spermatid, the axoneme begins to assume an organizational pattern of 9+9+2, being 9
accessory microtubules, 9 doublet of subtubules and 2 central microtubules, with
presence of intertubular material (ARAUJO et al., 2011; 2012). All species analyzed in
this study also presented this pattern, which is considered a synapomorphy for the order
Hemiptera (ARAUJO et al., 2011; DALLAI et al., 2016a)

All species analyzed showed the same pattern of migration of the mitochondria

to one of the poles of the cell, which cluster to form the mitochondrial complex, which



82

subsequently divides into two mitochondrial derivatives, already described in the
literature for Heteroptera (PRATT, 1970; PHILLIPS, 1970; TANDLER and HOPPEL,
1972; BACCETTI and AFZELIUS, 1976; DALLAI et al., 2016a). The only difference
observed was the size of the mitochondrial derivatives of the species B. amnigenus
(Notonectidae) and R. c. crassifemur (Gerridae).

For the family Notonectidae an interesting fact was the difference between the
genus Buenoa and Martarega, the species of Martarega have mitochondrial derivatives
of similar sizes and the species of Buenoa present mitochondrial derivatives of different
sizes.

In species of the genus Drosophila and Zaprionus, the difference in
mitochondrial derivative sizes has been correlated with phylogenetic data to understand
the radiation of Drosophilidae (MOJICA et al., 2000; REGO et. al., 2016). The
difference found in the species of the Notonectidae family could be used in the future in
conjunction with evolutionary data, with the purpose of better understanding the
evolutionary process of this family.

During the process of differentiation of spermatids, the inside of the
mitochondrial derivatives present a structure of protein nature, organized in a
paracrystalline pattern and many species of insects accumulate these structures in the
mitochondrial derivatives during spermiogenesis (PHILLIPS, 1970; WARNER, 1971;
ROSATI et al., 1976; BAO et al., 1992). This paracrystalline structure is also known as
crystalloid and is formed by a protein rich in proline denominated of crystalomitina
(BACCETTI et al., 1977). In Heteroptera of the families Pentatomidae, Reduviidae and
Gerridae it was evidenced the presence of two or three crystalline bodies within the
mitochondrial derivatives (ARAUJO et al., 2011). In the species analyzed in the present
study, the paracrystalline structure was also present, partially filling the interior of the
mitochondrial derivatives.

In the analyzed species it was possible to observe cytoplasmic projections
forming large spirals, being an interesting mechanism of abscision of the excess of
cytoplasm. This is an important process related to sperm formation, where large
membrane spirals involving pieces of cytoplasm are left behind during the maturation of
spermatids (PHILLIPS, 1970).



83

Another observed ultrastructure was the adjunct of the centriole, whose structure
gives rise to a flagellar axoneme, being the proteins of the pericentriolar material
responsible for producing microtubules that are involved in the elongation and
formation of the spermatid tail (DALLAI et al., 2016b).

All the ultrastructures described in the analyzed species were similar to those
described in the literature for Heteroptera, corroborating the synapomorphic
characteristics presented by Dallai et al (2016a), being them: a) two opposite bridges in
the axoneme connecting the flattened cisterns adherent to the internal side of each
mitochondrial derivative to the intertubular material; b) flagellar pattern of the axoneme
of 9+9+2; c) accessory bodies absent all along the flagellum.

The ultrastructural characteristics presented in this work are important from the
environmental and evolutionary point of view, because these data can be used as a
comparative tool for environmental assessment of water receiving domestic and
agricultural waste, as well as helping to understand the evolutionary relationship of
aquatic Heteroptera, emphasizing the importance of new studies, with emphasis, mainly,

in the characterization of the size of the mitochondrial derivatives.
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Figure 1. Electron micrographs of testicular cells from Martarega brasiliensis (a),
Mesovelia mulsanti (b) and Belostoma sp. (c,d). a,b) Early spermatids showing the
nucleus (Nu), nucleolus (Nu) more eletrodense than the other structures, chromoid body
(CB) in the cytoplasm region and mitochondria (Mi) migrating to one side of the cell; c)
spermatid with mitochondrial complex (MC) and nucleus (N); d) mitochondrial
complex (MC) with a more eletrodense dots inside (arrowhead). Magnification: a) 7750;
b)6000; c) 7750; d)35970.



89

Figure 2. Electron micrographs of testicular cells from Belostoma sp. (a,b), Rhagovelia
tenuipes (c), Limnogonus profugus (d), Martarega brasiliensis (e), Buenoa amnigenus
(f), Rheumatobates crassifemur crassifemur (g) and Mesovelia mulsanti (h,i). a) Early
spermatids with mitochondrial derivatives (MD) arranged bilaterally relative to the
axoneme (Ax) which presents triple microtubules (arrow); b-d) mitochondrial
derivatives (MD) of similar sizes arranged bilaterally relative to the axoneme (AX),
observe in Figure d the presence of three areas with paracrystalline structures (asterisk);
e) mitochondrial derivatives (MD) of similar sizes with the axonema (Ax) positioned in
the center; f,g) mitochondrial derivatives (MD) of different sizes; h-i) mitochondrial
derivatives (MD) that will prolong until completely surround the axoneme.
Magnification: a) 77500; b) 46460; c) 12930; d)100000; e) 46460; f)27000; g)50000;
h)27800; 1)200000
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Figure 3. Electron micrographs of testicular cells from Martarega brasiliensis (a and f),
Mesovelia mulsanti (b and d), Belostoma sp. (c) and Martarega membranacea (e). a) spermatid
with axonema composed of triple microtubules (arrow) and two central microtubules
(arrowhead); b) mitochondrial derivatives (MD) arranged bilaterally relative to the axoneme
(Ax), and the axoneme with its 9+9+2 pattern; c) 9+9+2 flagellar axoneme, intertubular material
(arrow), mitochondrial derivatives (MD) with the presence of two regions with paracrystalline
structures(asterisk) and two opposite bridges connecting the flattened cisterns adherent to the
internal side of each mitochondrial derivative to the intertubular material of the doublets 1-2
and 4-5 (arrowhead); d) Spermatid with cytoplasmic extensions (arrow); e,f) longitudinal
section of spermatid showing acrosome (Ac), nucleus (N), and the centriole adjunct (asterisk),
observe in Figure f the centriole adjunct in greater detail. Magnification: a)60000; b)77500; c)
129300; d) 21560; e) 10000; f) 21560.
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IV. DISCUSSAO GERAL

Conhecer o0s aspectos da espermatogénese de Heteroptera aquaticos é de extrema
importéncia. Dias et al. (2016) ressalta essa importancia para a area de evolucdo, uma
vez que a estrutura do espermatozoide € relativamente mais estavel e menos
influenciada pelas pressdes ambientais do que a morfologia externa, dessa forma dados
citogenéticos e ultraestruturais poderdo futuramente serem utilizados, em conjunto com
dados evolutivos, com a finalidade de compreender melhor o processo evolutivo das
familias estudadas.

Com relacdo ao comportamento nucleolar da espécie Martarega brasiliensis 0s
corpusculos nucleolares observados em células de Préfase | (de um a quatro)
comprovam uma grande atividade sintética das células nessa fase da divisdo celular,
uma vez que os corpusculos nucleolares estdo relacionados com a atividade celular
(TAVARES; AZEREDO-OLIVEIRA, 1997, BRESSA et al., 2003). Em células na fase
de Metéafase | foi possivel identificar as regides organizadoras nucleolares (NOR) na
regido telomérica de um dos autossomos. Descricdes de marcacbes de NOR, na
metafase |, de Heteroptera aquaticos sdo raras, sendo observadas em poucas espécies
como, por exemplo, em Limnogonus aduncus na qual houve marcagdo em um
autossomo (CASTANHOLE et al., 2008). Nessa espécie foi possivel ainda observar em
Anéfase | varios corplsculos nucleolares persistindo até a fase de Teldfases I, em
Asellus aquaticus (Isopoda), foram visualizados durante todo o processo de
espermatogénese (DICASTRO et al., 1983), em Callicrania seoanei (Orthoptera), da
intercinese até a pré-metéfase 1l (SANTOS et al., 1987) e em Triatoma infestans e T.
sordida (Heteroptera, Reduviidae), as marcacdes estavam presentes até a metafase |
(TAVARES; AZEREDO-OLIVEIRA, 1997) e, finalmente, em Carlisis wahlbergi
(Heteroptera, Coreidae) a semi-persisténcia nucleolar (presenca de corpusculos
nucleolares durante as metafases) foi observada até a metafase 1l (FOSSEY;
LIEBENBERG, 1995), enquanto em Acanthocoris sordidus (Heteroptera, Coreidae) e
Coptosoma punctissimum (Heteroptera, Plataspidae), os nucléolos foram detectados nas

placas metafasicas de espermatdcitos primarios e secundarios (YOSHIDA, 1947).
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Uma das diferencas observadas durante a espermiogénese de Martarega
brasiliensis foi a presenca de uma vesicula nas espermatides iniciais e em alongamento,
ndo observada nas espécies terrestres (Pentatomidae, SOUZA et al., 2007b, 2008;
Coreidae, SOUZA et al., 2007c), sendo portanto necessaria analises ultraestruturais para
melhor compreensao dessa estruturas.

Estudos relacionados aos aspectos ultraestruturais da espermatogénese de
Heteroptera aquaticos sdo escassos, porém de fundamental importancia para o
entendimento de aspectos observados, por exemplo, em material preparado por
esmagamento, pois algumas estruturas ndo sdo possiveis de serem analisadas em
microscopia de luz. Além disso, conhecer os aspectos ultraestruturais de Heteroptera
aquaticos é de extrema importancia para monitoramento ambiental. Recentemente,
Kheirallah (2015) utilizou a espécie Anisops sardeus (Notonectidae) como biomarcador
para poluentes aquéticos. Nesse trabalho, o autor mostra que a bioacumulacéo de metais
pesados, em particular Cu, Zn e Hg, nos testiculos modifica os aspectos de
ultraestruturas como, por exemplo, mitocéndrias e nucléolo, resultando, portanto, em
uma ferramenta Gtil para avaliar o grau de poluicdo da agua.

Algumas ultraestruturas da espermatogénese dos Heteroptera ja foram descritas
como 0 acrossomo, axonema, mitocondrias, complexo mitocondrial (Nebenkern),
derivados mitocondriais, e nucléolo em algumas espécies de Heteroptera como Gerris
najas (Gerridae) (WERNER; WERNER, 1993), Notonecta glauca (Notonectidae)
(WERNER et al., 1988), Euchistus heros (FERNANDES et al., 2001), em espécies da
familia Pentatomidae (ARAUJO et al., 2011; TRANDABURU, 1973; FERNANDES;
BAO, 1998), Reduviidae (DOLDER, 1988; BAO; DESOUZA, 1994), em Heteroptera
aquaticos (AFZELIUS et al., 1985; LEE, 1991; LEE; LEE, 1992), e em insetos
pertencentes a infraordem Leptopodomorpha (AFZELIUS et al., 1976), Cimicomorpha,
Gerromorpha e Pentatomomorpha (DALLAI; AFZELIUS, 1980; ARAUJO et al.,
2011).

Todas as espécies analisadas apresentaram espermatides iniciais com um
nucléolo (Nu) arredondado e mais eletrodenso que as outras estruturas. A analise do

padréo nucleolar pode gerar dados importantes para 0 monitoramento ambiental, uma
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vez que alteracdes no padrdo da morfologia do nucléolo estdo relacionadas com a
presenca de poluentes na dgua (KHEIRALLAH, 2015).

Com relacdo ao axonema (AX) dos Heteroptera, sabe-se que em espermatides
inicias 0s microtdbulos comecam a se organizar sendo possivel evidenciar triplos
microtibulos e os dois microtubulos centrais (MENCARELLI et al., 2014). Com o
desenvolvimento da espermatide, os triplos microtdbulos passam a assumir um padrao
organizacional de 9+9+2, sendo 9 microtubulos acessérios, 9 dupletos de subtubulos e 2
microtUbulos centrais, com presenca de material intertubular (ARAUJO et al., 2011,
2012). Esse padrdo também foi descrito para outras espécies de Heteroptera
(Pentatomidae, TRANDABURU, 1973; FERNANDES; BAO, 1998; Reduviidae,
DOLDER, 1988; BAO; DESOUZA, 1994; Heteroptera aquaticos, AFZELIUS et al.,
1985; LEE, 1991; LEE; LEE, 1992; Leptopodomorpha, AFZELIUS et al., 1976;
Cimicomorpha, Gerromorpha, e Pentatomomorpha, DALLAI; AFZELIUS, 1980;
ARAUJO et al.,, 2011). Todas as espécies analisadas nesse trabalho também
apresentaram esse padrao que é considerado uma sinapomorfia para a ordem Hemiptera
(ARAUJO et al., 2011; DALLAI et al., 2016a)

As mitocondrias durante a espermatogénese assumem diferentes morfologias
Em insetos a regularidade nas formas da mitocondria é particularmente notével
(PHILLIPS, 1970). No decorrer da espermatogénese as mitocondrias passam por
mudancas onde sua estrutura tipica € completamente modificada. Nos estagios iniciais
de diferenciacdo ocorre um complexo processo de fusdo e rearranjo das mitocondrias
formando o complexo mitocondrial também denominado de “Nebenkern”, em trabalhos
mais antigos (PRATT, 1970; PHILLIPS, 1970; TANDLER; HOPPEL, 1972;
BACCETTI, 1972; BACCETTI; AFZELIUS, 1976; DALLAI et al., 2016a). Com o
prosseguimento da espermatogénese, ocorre a divisdéo do complexo mitocondrial em
dois derivados mitocondriais (DM), que no processo de alongamento do espermatozdide
posicionam-se bilateralmente em relacdo ao axonema (TOKUYASU, 1974). Todas as
espécies analisadas seguiram o mesmo padrdo de migra¢do das mitocondrias para um
dos polos da célula, fusdo para a formacdo dos complexos mitocondriais e divisao deste
em dois derivados mitocondriais. A Unica diferenca observada foi no tamanho dos

derivados mitocondriais das espécies B. amnigenus da familia Notonectidae e R. c.
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crassifemur da familia Gerridae. Para a familia Notonectidae um dado interessante foi a
diferenga entre os géneros Buenoa e Martarega, uma vez que as espécies do género
Martarega apresentaram derivados mitocondriais de tamanhos semelhantes e a espécie
do género Buenoa apresenta derivados mitocondriais de tamanhos diferentes.

Em espécies do género Drosophila e Zaprionus a diferenca nos tamanhos dos
derivados mitocondriais tem sido correlacionado com dados filogenéticos para entender
a radiacdo desses géneros (MOJICA et al., 2000; REGO et. al., 2016), sendo assim a
diferenca encontrada nas espécies da familia Notonectidae podera futuramente ser
utilizada em conjunto com dados evolutivos com a finalidade de compreender melhor o
processo evolutivo dessa familia.

Durante o processo de diferenciacdo das espermatides os derivados
mitocondriais sdo preenchidos ao longo de sua extensdo por uma estrutura de natureza
proteica, organizada num padrdo paracristalino, e muitas espécies de insetos acumulam
essas estruturas nas mitocondrias durante a espermiogénese (PHILLIPS, 1970;
WARNER, 1971; ROSATI et al., 1976; BAO et al., 1992). Essa estrutura paracristalina
também é conhecida como cristaldide e € formado por uma proteina rica em prolina,
que foi designada de cristalomitina (BACCETTI et al., 1977). Em Heteroptera das
familias Pentatomidae, Reduviidae e Gerridae foi evidenciado a presenca de dois ou trés
corpos cristalinos no interior dos derivados mitocondriais (ARAUJO, 2011). Nas
espécies analisadas no presente trabalho, a estrutura paracristalina também estava
presente, preenchendo parcialmente o interior dos derivados mitocondriais.

Véarias sdo as funcbes sugeridas aos derivados mitocondriais dos
espermatozoides de insetos, podendo participar no controle e regulacdo da forma do
movimento flagelar e estando relacionado com o processo de estocagem e liberacdo de
energia necessaria para a mobilidade flagelar (PHILLIPS, 1974; YASUZUMI, 1974;
TOKUYASU, 1975). No entanto, Perotti (1973) contraria esta Ultima afirmacéo,
supondo que o material armazenado nos DM pode estar envolvido na ativagcdo e
nutricdo do ovdcito apds a fertilizacéo.

Outra ultraestrutura evidenciada em espermatides iniciais foi o corpo cromatdide
(CB). Essa ultraestrutura citoplasmatica encontra-se localizada proxima ao nucleo e é

considerada como um complexo macromolecular que, provavelmente, desempenha um
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papel de coordenador do controle pds-trancricional de produtos génicos em
espermatides e funciona como um centro de determinagdo dos destinos de RNAmM
(PARVINEN 2005; KOTAJA et al., 2006; KOTAJA, SASSONE-CORSI 2007) uma
vez que durante a espermiogénese o nucléolo, embora presente, ndo apresenta atividade
transcricional (ALEVI et al., 2015; BORGUETTI et al., 2015). Os conhecimentos sobre
essa organela citoplasmatica em Hemiptera sdo bastante limitados (ALEVI et. al.,
2015). No entanto, importantes descobertas foram realizadas, como a caracterizacdo da
presenca da proteina fibrilarina no CB (BORGUETTI et al., 2015), o que corrobora a
teoria do surgimento do CB a partir de material nucleolar (PERUQUETTI et al.,
2008a,b; PERUQUETTI, 2011, ALEVI et al., 2015).

Nas espécies Belostoma sp. (Belostomatidae), Martarega brasiliensis
(Notonectidae), M. membranacea (Notonectidae), Buenoa amnigenus (Notonectidae),
Rheumatobates crassifemur crassifemur (Gerridae), Limnogonus profugus (Gerridae),
L. aduncus aduncus (Gerridae), Mesovelia mulsanti (Mesoveliidae), Rhagovelia
tenuipes (Veliidae) foi possivel observar projecbes citoplasmaticas formando grandes
espirais, sendo este um interessante mecanismo de abscisdo do excesso de citoplasma.
Esse € um importante processo relacionado a formacdo do espermatozoide sendo
observado também em Gafanhotos e Mamiferos, onde grandes espirais de membrana
envolvendo pedacos de citoplasma sdo deixados para tras durante a maturacdo das
espermatides (PHILLIPS, 1970). Outra ultraestrutura observada nessas espécies foi o
adjunto do centriolo, cuja estrutura da origem a um axonema flagelar, sendo as
proteinas do material pericentriolar responsaveis pela producdo de microtubulos que
estdo envolvidos no alongamento e formacdo da cauda da espermatide (DALLAI et al.
2016b).

Todas as ultraestruturas descritas nas espécies analisadas foram semelhantes as
descritas na literatura para Heteroptera, corroborando as caracteristicas sinapomorficas
apresentadas por Dallai et al (2016a) sendo elas: a) a presenca de duas pontes que ligam
o material intertubular do axonema flagelar as cisternas achatadas que aderem aos lados
internos dos derivados mitocondriais; b) padrdo flagelar do axonema de 9+9+2 e ¢)

auséncia de corpos acessorios.
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As caracteristicas ultraestruturais apresentadas nesse trabalho sdo importantes do
ponto de vista ambiental e evolutivo, pois esses dados poderdo ser utilizados como
ferramenta comparativa para avaliacdo ambiental de &guas que recebem residuos
domésticos e agricolas, assim como auxiliar no entendimento da relacdo evolutiva dos
Heteroptera aquéticos, ressaltando a importancia de novos estudos, com énfase,

principalmente, na caracterizagdo do tamanho dos derivados mitocondriais.
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V. CONCLUSOES

As andlises do comportamento nucleolar de Martarega brasiliensis e o trabalho
de ultraestrutura realizado com as espécies de Heteroptera aquaticos, pertencentes as
familias Belostomatidae (Belostoma sp.), Gelastocoridae (Gelastocoris flavus flavus),
Gerridae (Rheumatobates crassifemur crassifemur, Limnogonus profugus, L. a.
aduncus), Notonectidae (Buenoa amnigenus, Martarega brasiliensis, M. membranacea
e M. uruguayensis), Veliidae (Rhagovelia tenuipes) e Mesoveliidae (Mesovelia
mulsanti) permitiu-nos concluir que:

Comportamento nucleolar de Martarega brasiliensis:

e Apresenta de nenhuma a quatro marcagoes em Profase I;

e Namero de corpusculos esta relacionado com a atividade sintética das células;

e Células em Metéfase | possuem regides organizadoras nucleolares na regido
telomérica de um dos autossomos;

e As marcacOes prata positivas ocorrem em todas as fases da espermiogenese.

Ultraestrutura da espermatogénese:

e Todas as espeécies analisadas apresentaram um padrdo fagelar para o axonema de
9+9+2 sendo, portanto o padrdo para as espécies de Heteroptera aquaticos;

e As mitocdndrias se agrupam formando um complexo mitocondrial, que
posteriormente se divide em dois derivados mitocondriais;

e Os derivados mitocondriais sdo preenchidos por uma estrutura proteica
paracristalina;

e Os derivados mitocondriais assumem diferentes morfologias, dependendo da
espécie/familia: Belostoma sp. (Belostomatidae), R. tenuipes (Veliidae), L.
profugus e L. a. aduncus (Gerridae) e G. f. flavus (Gelastocoridae) possuem
derivados de tamanhos semelhantes, posicionados bilateralmente ao axonema,
envolvendo-o parcialmente pelas extremidades; M. uruguayensis M. brasiliensis
e M. membranacea (Notonectidae) possuem 0 axonema posicionado no centro
dos derivados; B. amnigenus (Notonectidae) e R. c. crassifemur (Gerridae)

apresentaram um derivado maior que o outro e em M. mulsanti (Mesoveliidae)
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0s derivados mitocondriais vao se prolongando e envolvendo completamente o
axonema;

e A formacdo do acrossomo ocorre no inicio da espermiogénese com a presenca
de vesiculas acrossomais que se unem formando uma Unica estrutura, localizada
na regido anterior da cabeca da espermatide que se prolonga pela lateral do
espermatozéide acompanhando o ndcleo até o final deste;

e As vesiculas observadas em cortes ultrafinos corados com Azul de Toluidina ou
impregnados por ions prata podem estar relacionadas com a formagdo do
acrossomo;

e O flagelo pode apresentar elementos supranumerarios;

e O inicio da formacdo do corpo cromatdide ocorre nos primeiros estagios de

diferenciagéo.

Podemos concluir, portanto que as caracteristicas se mostram semelhantes as de
outros Heteroptera descritos na literatura, com excecdo da morfologia e do tamanho dos
derivados mitocondriais que se mostraram diferentes dependendo da familia/género
analisado.
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