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RESUMO
Em mamiferos, o influxo do calcio é fator primordial para a ativacdo oocitaria apos
ovulacgéo de um odcito maturado e com competéncia ao desenvolvimento. Biotecnologias
da reproducdo, como a injecéo intracitoplasmatica de espermatozoide e tranferéncia
nuclear de células sométicas necessitam da ativagdo oocitaria artificial para dar
continuidade ao desenvolvimento embrionario. Os estudos com as catelicidinas, presentes
no veneno de cascavéis, mostraram propriedades antimicrobianas, antitumorais e
antifangicas. Além disso, o peptideo sintético de crotalicidina (Ctn[1-9]), uma
vipericidina relacionado a familia das catelicidinas, possui capacidade de promover
influxo de célcio em células cancerigenas. Portanto, este trabalho teve como objetivo
avaliar o efeito do (Ctn[1-9]), ligado covalentemente com a Rodamina B (RhoB-Ctn[1-
9]), na ativacao oocitéria e no posterior desenvolvimento de embrifes bovinos produzidos
por partenogénese. Ovarios bovinos foram colhidos em abatedouro local e foram
puncionados os foliculos medindo entre 2-8 mm. Os complexos cumulus-odcito obtidos
(n = 1599) foram submetidos a maturacéo in vitro por 26 h e entdo divididos (n=1178)
nos diferentes grupos experimentais: Ctn[1-9] (0, 1, 10 e 40 uM) e grupo controle
(ionomicina 5 pM), com tempo de exposicdo de 4 min em todos 0s grupos.
Posteriormente, os o6citos foram incubados por 4 h com 6-DMAP em meio SOF, seguido
de cultivo in vitro em meio SOF por sete dias. A analise estatistica foi realizada utilizando
o software Minitab. Os dados sdo apresentados como porcentagem e comparados atraves
do teste exato de Fisher. Os resultados foram considerados significativos quando P < 0,05.
No dia dois de cultivo, em relacdo a taxa de clivagem, ndo houve diferenca estatistica (P
> 0,05) entre as concentragbes 1 UM (19,6%), 10 uM (22,4%) e 40 uM (14,7%),
entretanto o grupo 1 uM e 10 uM foram significativamente maiores (P < 0,05) do que o
grupo 0 UM (8,4%). Para a taxa de formacéo de blastocisto, grupos 0 uM (0,6%), 10 uM
(1,8%) e 40 uM (2,2%) ndo demonstraram diferenca significativa (P > 0,05) entre eles,
porém o grupo 40 uM foi significativamente maior (P < 0,05) do que o grupo 1 puM (0%).
Em conclusdo, o RhoB-Ctn[1-9] demonstrou ser capaz de induzir a clivagem em o0citos
bovinos. Além disso, a ativagdo e o desenvolvimento até o estadio de blastocisto mostram

pouca ou nenhuma toxicidade deste peptideo como agente ativador de od6citos bovinos.

Palavras-chave: Embrido. Partenogénese. Peptideo antimicrobiano. Vipericidina.



ABSTRACT

In mammals, calcium influx is critical to oocyte activation post-ovulation of a matured
oocyte with competence to development. Reproductive biotechnologies such as
intracytoplasmic ~ sperm  injection and somatic  cell nuclear transfer
necessarily use artificial oocyte activation to continue embryo development. The studies
on cathelicidins, present in pit rattlesnake venom, showed antimicrobial, antitumor and
antifungal properties. In addition, the synthetic peptide from crotalicidin (Ctn[1-9]), a
vipericidin related to the cathelicidin family, has the capacity to promote calcium influx
in cancer cells. Thus, the aim of this study was to evaluate the effect of Ctn[1-9],
covalently conjugated with Rhodamine B (RhoB-Ctn[1-9]), on oocyte activation and
development of bovine embryos produced by parthenogenesis. Bovine ovaries were
collected in local abattoir and follicles measuring 2-8 mm were punctured. Cumulus-
oocyte complexes (n = 1599) were subjected to in vitro maturation for 26 h and then
divided (n= 1178) to different experimental groups: Ctn[1-9] (0; 1; 10 and 40 uM) and
control group (ionomycin 5 uM), with 4 min exposure time for all groups. Then, oocytes
were incubated for 4 h in 6-DMAP in SOF medium and followed for in vitro culture in
SOF medium for seven days. Statistical analysis were performed using Minitab software.
Data are shown as percentage and compared by Fisher’s exact test. Results were
significant when P < 0.05. In day two of culture, concerning cleavage rate, there was no
statistical difference (P > 0.05) between concentration 1 uM (19.6%), 10 uM (22.4%) and
40 uM (14.7%), however group 1 uM and 10 puM were significantly higher (P < 0.05)
than group 0 uM (8.4%). For the blastocyst formation rate, groups with 0 uM (0.6%), 10
UM (1.8%) and 40 uM (2.2%) showed no significant difference (P > 0.05) among them,
yet group 40 uM was significantly higher (P < 0.05) than group 1 uM (0%). In conclusion,
RhoB-Ctn[1-9] showed to be able to induced cleavage in bovine oocytes. In addition, the
activation and development to the blastocyst stage show little or no toxicity of this peptide

as an activating agent for bovine oocytes.

Keywords: Embryo. Parthenogenesis. Antimicrobial Peptide. Vipericidin.
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1 INTRODUCAO

A reproducdo é o elemento chave do conceito de aptiddo bioldgica e por isso é o
principal condutor da historia da vida de todos os organismos. Devido & sele¢do natural,
genes ligados a reproducdo sdo repassados com sucesso para as proximas geracoes.
Entretanto, a fecundacéo interna observada nos mamiferos, ndo € de longe o Unico modo
de reproducdo (AANEN; BEEKMAN; KOKKO, 2016).

Dentre vérias formas de producdo de descendentes, uma que tem mostrado
importdncia na &rea da pesquisa, € a reprodugdo assexuada, em particular, a
partenogénese. Isto deve-se ao fato de que algumas das técnicas utilizadas na reproducao
assistida necessitam da ativacdo oocitaria artificial em uma das etapas de seu processo.
Os principais exemplos sdo: a Transferéncia Nuclear de Células Somaéticas (TNCS) e a
Injecdo Intracitoplasméatica de Espermatozoide (ICSI), como descrito por Kharche e
Birade (2013) e Rubino et al. (2016), respectivamente.

Em mamiferos, odcitos parados em metéfase 11 (MIl) da meiose, retomam o ciclo
e iniciam o desenvolvimento embrionario ap6s ativacdo oocitaria, a qual ocorre no
momento da fecunda¢do como um resultado de uma série de oscilagbes da concentracdo
de célcio intracelular ([Ca®']) no citoplasma oocitario. Estas oscilagdes de Ca?" sio
promovidas naturalmente por uma proteina presente no espermatozoide, a fosfolipase C
zeta (PLCC) (SAUNDERS et al., 2002).

No aspecto clinico, quando ocorre falha na ativagdo dos odcitos ap6s ICSI, estes
podem ser ativados artificialmente por procedimentos que promovem a entrada do Ca?*.
A ativacdo artificial de o6citos maturos pode ser realizada por estimulos quimicos ou
fisicos, dependendo de cada protocolo e espécie utilizada. (DUCIBELLA et al., 2002;
DUA etal., 2019).

O influxo de calcio é muito importante para a aquisi¢do da capacidade fecundante
do odcito (YANAGIMACHI, 2005). Dessa forma, alguns estudos auxiliam a propor
novos agentes promotores da mobilizagio de [Ca?*]i, como, por exemplo, as catelicidinas,
que sdo peptideos pleiotropicos de defesa, também chamados de peptideos
antimicrobianos (PAMs). Os PAMs s&o expressos em numerosas formas de vida na
imunidade inata que apresentam potencial antimicrobiano de amplo espectro (gram-
negativos e positivos), além de atuar contra virus e fungos (GIULIANI; RINALDI, 2011).

A distribuicdo de peptideos relacionados as catelicidinas entre espécies de vertebrados é
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significantemente vasto, incluindo formas bastante primitivas como Myxina e Bungarus
caeruleus.

Falcdo et al. (2014) investigaram o0 veneno de quatro crotalineos e identificaram
seis tipos de peptideos precursores das catelicidinas, os quais foram denominados
vipericidinas, as quais mostraram atividade antimicrobiana contra bactérias gram-
negativas e que possuem baixa citotoxicidade. Além disso, estes peptideos apresentaram
também a capacidade de abrir canais na bicamada lipidica de células do cancer de mama,
promovendo a entrada do Ca?* extracelular para o meio intracelular (WANG et al., 2015).
Dessa forma, seria interessante a realizagdo de estudos que verifiquem um possivel efeito
deste peptideo na ativacdo de odcitos, representando uma alternativa aos atuais agentes

quimicos disponiveis e que estdo sendo utilizados em diferentes espécies (LI et al., 1999).
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2 REVISAO DE LITERATURA

2.1 Peptideos antimicrobianos (PAMSs)

Para que haja sucesso na sobrevivéncia dos seres vivos em um ambiente que nao
estd livre de patdgenos é necessario que exista uma resposta rapida as agressdes
ambientais. Para isto acontecer os organismos desenvolveram mecanismos de defesa a
partir da producdo de PAMSs, os quais impedem o crescimento e invasao dos patdgenos
em suas superficies internas e externas. Além disso, outra caracteristica dos PAMs ¢ a
habilidade de reconhecer a membrana bioldgica de microorganismos, 0s quais possuem
componentes de reconhecimento e adesédo (BALS; WILSON, 2003; BROGDEN, 2005).
Por esta habilidade, alguns PAMs possuem propriedades de penetracdo celular, as quais
consistem em interagir e ligar membranas celulares e de translocacao de substancias para
o interior do citosol sem afetar a viabilidade celular. Quando utilizados baixos niveis,
evitando uma possivel toxicidade a célula, estes peptideos de penetracdo célular (PPC)
atuam diretamente na translocacdo e endocitose. Assim, os PPCs podem ser conjugados
a diferentes cargas, seja por eletrostatica ou interacdes covalentes, sendo possivel
transportar o complexo formado para a regido intracelular, sendo utilizado como
ferramenta de pesquisa com &cidos nucleicos, proteinas, drogas e carreadores de drogas
in vitro e in vivo (RADIS-BAPTISTA et al., 2017; GOMES et al., 2018; FALCAO;
RADIS-BAPTISTA, 2020).

Evolutivamente tém-se pensado nos peptideos como um antigo sistema de
protecdo ligado a imunidade inata que possuem capacidade de evitar infeccBes
oportunistas. Esses peptideos formam uma barreira no epitélio contra agentes nocivos,
uma vez que a imunidade inata tem como objetivo detectar moléculas exclusivas de
organismos infecciosos, chamado também de primeira linha de defesa nos mamiferos
(FEARON; LOCKSLEY, 1996; GALLO; HUTTNER, 1998). Estes peptideos, de acordo
com a estrutura, sdo classificados em duas familias: defensinas e catelecidinas. As
defensinas sdo catibnicas, ricas em arginina, cisteinas e ainda possuem varias pontes de
dissulfeto. Também participam da imunidade adaptativa do hospedeiro, sobrepondo suas
fungdes com quimiocinas e, assim, exibindo microbicidas sinérgicos e efeitos de
imunocontrole (GANZ et al., 1985; WANG et al., 2008).

2.1.1 Catelicidinas
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As catelicidinas sdo um grupo de PAMs que possui propriedades antibacterianas,
antifungicas, antivirais, imunoestimulatérias e imunomoduladoras. A familia das
catelicidinas ¢é caracterizada por um dominio catelin N-terminal altamente conservado e
um dominio antimicrobial C-terminal hipervariavel (Figura 1) que pode ser extraido pela
acéo de proteinases (GOPALAKRISHNAKONE et al., 2017). Estes peptideos possuem
a capacidade de estimular células do sistema imunoldgico (macréfagos e neutrofilos) a
secretarem citocinas quimiotaticas para atrair outras células do sistema imune ao local da
infeccdo. Ao mesmo tempo as catelicidinas podem se ligar as endotoxinas e prevenir a
liberacdo de citocinas tdxicas, como o fator de necrose tumoral alfa (FABISIAK;
MURAWSKA,; FICHNA, 2016). PAMs naturais derivados das catelicidinas foram
identificados primeiramente em neutr6filos bovinos (ZANETTI et al., 1990) e
posteriormente em outros mamiferos, inclusive o homem (DURR; SUDHEENDRA,;
RAMAMOORTHY, 2006). O primeiro relato deste peptideo em répteis foi feito por
Wang et al. (2008) que isolaram e identificaram a catelicidina-BF a partir do veneno da
serpente Bungarus fasciatus. As espécies bovina, equina, ovina e caprina possuem mais
de uma catelicidina (BALS; WILSON, 2003), ja em humanos foi encontrada apenas um
tipo (DURR; SUDHEENDRA; RAMAMOORTHY, 2006), assim como em macaco
Rhesus (BALS et al., 2001) e cobaias (NAGAOKA et al., 1997).

Figura 1 — Sequéncia de analise de PAMRCs (Peptideos Antimicrobianos
Relacionados a Catelicidina) de veneno de serpentes demonstrado através de regiao
hipervariavel seguido do C-terminal como uma caracteristica fundamental de
peptideos reptilianos, comparado com outros peptideos de vertebrados do mesmo

clado.
Extremidade carboxi-terminal de PAMRC hipervariavel
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Fonte: Adaptado de Falcéo e colaboradores (2014).

2.1.1.1 Vipericidinas

As vipericidinas consistem em precursores relacionados das catelicidinas da
glandula de veneno de Bothrops atrox (batroxicidina), Bothrops lutzi (lutzicidina),
Crotalus durissus terrificus (crotalicidina) e Lachesis muta rhombeata (laschesicidina).
As vipericidinas sdo sequéncias extremamente conservadas, nas quais em Seus
hospedeiros naturais (elapideos e jararacas), possuem potente atividade antimicrobiana
contra bactérias gram-negativas, com baixa citotoxicidade. Portanto, sendo uma boa
candidata a ser utilizada como agente antimicrobiano. Podem também atuar contra alvos
intracelulares ap6s o rompimento das membranas, provocando a inativagdo do DNA e
das proteinas em conjunto com ativacdo de enzimas autoliticas, resultando na destruicdo
de células tumorais e dos microrganismos (FRIEDRICH et al., 2000; FALCAO et al.,
2014; WANG et al., 2015). De acordo com Falcdo e colaboradores (2015), a crotalicidina
e batroxicidina, estes foram sintetizados, cada um com uma regido C-terminal no grupo
amida, e testados em propriedades bioldgicas, 0s quais demonstraram maior atividade
antimicrobiana do que o grupo gentamicina.

Posteriormente, estas atividades antimicrobianas foram confirmadas por Oliveira-
Junior e colaboradores (2018), os quais analisaram os efeitos imunomodulatérios das
vipericidinas em macrofagos. Estes peptideos demonstraram  propriedades
antiinflamatdrias, similares a LL-37 (XHINDOLI et al., 2016), pois promoveram uma
infrarregulacdo de citocinas pro-inflamatdrias, como o fator de necrose tumoral alfa
(TNF-a) e interleucina-6 (IL-6), e uma suprarregulacdo de citocinas antiinflamatorias
como a interleucina-10 (IL-10) na presenca de estimulos inflamatérios (OLIVEIRA-
JUNIOR etal., 2018).

Recentemente foi observado que a agregacdo de peptideos dentro da bicamada
lipidica pode formar poros transitorios semelhantes a canais e torna-la menos espessa,
contribuindo a disfuncdo da membrana e atividade microbicida dos PAMs (BAHAR;
REN, 2013). Neste grupo de catelicidinas, as caracteristicas estruturais gerais, tipicas em
todos os precursores de catelicidinas em vertebrados, sdo mantidas, incluindo proteinas
precursoras com um peptideo sinalizador (~20 residuos de aminoacidos), seguido de uma
sequéncia conservada e um terminal carboxila hipervaridvel no qual as sequéncias

catibnicas de PAMs sdo contidos e proteoliticamente liberados (ZHAO et al., 2008).
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Uma caracteristica estrutural interessante é a repeticdo em conjunto de nove
residuos de aminoacidos, dos quais uma sequéncia de consenso pode ser extraida. O
primeiro nonapeptideo (residuos 1 a 9), inicialmente denominado EVP (Peptideo
Encriptado de Vipericidina) e aqui denominado Ctn [1-9], possui 0s determinantes
estruturais para exibir uma sequéncia potencial com interatividade da membrana celular
(SCHMIDT et al., 2010). As atividades bioldgicas do Ctn [1-9] marcado com Rodamina
B (RhoB) foram inicialmente investigadas in vitro, em células de cancer de mama
humano MDA-MB-231 e MCF-7 (WANG et al., 2015). O RhoB-Ctn [1-9] exibiu uma
parada na propagacdo de células MCF-7. Alem disso, a citotoxicidade causada pelo
peptideo na célula de cancer de mama foi relacionada a interferéncia no fluxo de célcio
intracelular (WANG et al., 2015).

2.2 Ativacdo oocitaria em mamiferos

Os odcitos bovinos sdo ovulados no estadio de MIIl. Neste momento, eles séo
incapazes de iniciar o desenvolvimento se ndo forem fecundados por um espermatozoide.
Assim, a fecundacdo restaura a capacidade do odcito para progredir através do ciclo
celular (retomada da meiose) induzindo uma série de mudancas morfoldgicas e
fisioldgicas, genericamente referidas como ativagdo (TALMOR-COHEN; ELIYAHU;
SHALGI, 2002).

2.1.1 Papel do célcio na ativagdo

Nos mamiferos estudados até a presente data, um dos eventos celulares mais
observados e estudados apds a interacdo espermatozoide-o6cito é o aumento da [Ca?*];
(RAZ; SHALGI, 1998). Esta elevacdo na concentracdo de [Ca®']i ocorre apds o
espermatozoide atravessar a zona pellcida e ligar-se @ membrana perivitelinica de um
odcito parado em MII (Figura 2), fazendo-o retomar a meiose pela segunda vez (SHEN
et al., 2008). Os sinais de [Ca®*]i ap6s a fecundacdo consiste em repetitivos aumentos,
comumente conhecidos como oscilagdes de Ca?*. Um fator derivado do espermatozoide,
a PLC(, ¢ o componente espermatico mais provavel de ser responsavel por essas
oscilacbes (SAUNDERS et al., 2002). As PLCs sdo conhecidas por hidrolisarem
fosfatidilinositol (4,5)-bifosfato (PIP2) em diacilglicerol (DAG) e inositol 1,4,5-
trisfosfato (InsP3), ambas moléculas de sinalizacdo eficazes, entretanto a InsPz é a

molécula mais provavel de auxiliar na liberacio de Ca?* durante a fecundagio

(BERRIDGE, 2002; HOJNIK; KOVACIC, 2019).
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Em algumas espécies, a produgdo de InsPz leva a um Unico e progressivo aumento
de Ca?*, como observado na ativacéo artificial (WHITAKER, 2008). Esse aumento é
responsavel pela exocitose de granulos corticais, promovendo o enrijecimento da zona
pellcida e consequentemente bloqueando a poliespermia, retomada da meiose e sintese
de proteinas, além da extrusdo do segundo corpusculo polar e formacéo dos pronucleos.
Esses eventos celulares sdo denominados como ativacao oocitaria (ITO; PARRINGTON;
FISSORE, 2011; HAVERFIELD et al., 2016).

Figura 2 - Diagrama esquematico de modelo proposto da ativagédo oocitaria induzida

por espermatozoide na fecundacdo em mamiferos.

Citosol
do odcito PLCZ

Espermatozoide
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InsPa: inositol 1,4,5-trifosfato

Pronucleo

Oscilages de Ca finalizam InsPaR: receptor do inositol 1 4,5-trifosfato

com a formagdo do PN RE: reticulo endoplasmatico
PLC  relocaliza-se no pronucle ZP: zona peldcida

PV: espaco perivitelino
\ PM: membrana plasmatica

CG: granulos corticais
g r/

Fonte: Adaptado de Hojnik e Kovaci¢ (2019).

2.3 Uso da ativacao oocitaria em biotécnicas da reproducao
A habilidade de retomar a meiose e dar continuidade a maturagdo apos o estadio
de diploteno é obtida gradualmente durante os periodos subsequentes do crescimento

oocitario. Em odcitos totalmente crescidos, a meiose continua apos a quebra da vesicula
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germinativa (GVBD) através do estadio de metafase | (MI), anafase | (Al) e teléfase |
(T1) até o estadio de metafase Il (MIl), quando a meiose é novamente parada. Uma vez
que um odcito tem a capacidade de passar por todas essas fases, este € denominado um
odcito com competéncia ao desenvolvimento embrionario (SAGATA, 1996).

Em mamiferos, a fecundacdo é definida como um processo no qual um
espermatozoide capacitado se ligara a zona peldcida, fundindo-se & membrana oocitéria
e ativando o odcito. Este fato promove uma série de eventos que subsequentemente
resultard no inicio da embriogénese (BONET et al., 2013). Esses espermatozoides
capacitados, apds penetracio, irdo desencadear influxo de Ca2*, assim como oscilagdo na
concentracdo intracitoplasmatica do mesmo, promovendo a segunda retomada meidtica,
extrusao do segundo corpusculo polar (AJDUK; YAMAUCHI; WARD, 2006), exocitose
de granulos corticais (SWANN; LAI, 2016) e formacdo dos prondcleos (SWANN;
LARMAN; LAI, 2004).

A ativacdo partenogenética é uma ferramenta valida para avaliar a maturacgéo e
qualidade citoplasmatica. Além disso, a identificacdo de um procolo otimizado para
ativacdo oocitaria é necessario para a producdo de embribes viaveis (KARCHE e
BIRADE, 2013). Dessa forma, hd a necessidade de uma boa qualidade oocitéria e de
estimulos para ativacao para que haja sucesso em algumas biotécnicas da reproducao, tais

como a partenogénese, ICSI e TNCS.

2.2.1 Partenogénese

Conhecido como “nascimento virgem”, a partenogénese ¢ o desenvolvimento
embrionario sem a necessidade de contribuicdo genética paterna e sem reducdo meiotica
de cromossomos (KAUFMAN; HUBERMAN; SACHS, 1975). O processo é uma
estratégia reprodutiva comum entre insetos como pulgdes, moscas, formigas e abelhas,
mas também acontece em alguns vertebrados como lagartos, serpentes, peixes, passaros
e anfibios (HIPP; ATALA, 2004). Em mamiferos, esse processo ndo acontece
naturalmente, mesmo possuindo odcitos com capacidade de clivar independente da
ocorréncia de fecundagdo (WARE et al., 1989). Todavia, com uso de substancias
quimicas e alteracdo de temperatura € possivel ativar os oécitos de forma artificial, como
no descrito por Pincus (1939). Este autor, trabalhando com roedores, observou que foi
capaz de obter 12 odcitos partenogenicamente ativados e quatro embrides de duas células.
Desde entdo, varios mamiferos ja foram utilizados como modelos experimentais para

trabalhos com partenogénese, como humanos (WINSTON et al., 1991), camundongos
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(KONO et al., 2004), bubalinos (MAHMOUD; PUGLISI; SCHOLKAMY, 2007),
caprinos (SOUZA-FABJAN et al., 2016) e bovinos (QUE et al., 2019).

Para promover a ativacao oocitaria artificial, quando necessario simular essa acao
do espermatozoide para produzir embrides in vitro, utiliza-se, apés a maturacao,
estimulos quimicos ou fisicos (TACHIBANA et al., 2009). A partenogénese em 00citos
bovinos pode ser induzida através de estroncio (MEO; LEAL; GARCIA, 2004),
ionomicina (LOI et al., 1998), calcio ionoforo (KUMAR et al., 2014), etanol (PATHAK;
KHARCHE; GOEL, 2017), pulsos elétricos (VITULLO; OZIL, 1992) e ondas de
ultrassom (SATO; YOSHIDA; MIYOSHI, 2005).

2.2.2. Injecdo intracitoplasmatica de espermatozoides (ICSI)

A ICSI é um procedimento que se faz necessario 0 uso de um microscopio
invertido e varios dispositivos de micromanipulacdo (micromanipulador, microinjetores
e micropipetas), no qual um Unico espermatozoide sera microinjetado, através de uma
pipeta microinjetora, atravessando a zona pellcida, na regido do oolema (Figura 3).
Nascimentos de uma variedade de espécies foram obtidas através deste método, incluindo
animais de estimacdo, de producdo e humanos. Em humanos, esta técnica é normalmente
utilizada em homens que sdo inférteis (YANAGIMACHI, 2005). JA em bovinos, a
vantagem da ICSI € de utilizar de forma efetiva o espermatozoide para 0 melhoramento
genético do rebanho, através do uso do sémen de animais com alta qualidade genética,
assim como para estudar a interagdo entre odcito e espermatozoides durante a fecundagédo
(OIKAWA et al., 2005; ARIAS et al., 2014).

Figura 3 - Esquema simplificado demonstrando a técnica de injecdo

intracitoplasmatica (ICSI).

Pipeta de
microinjecao

Oolema

Pipeta holding Espermatozoide

Fonte: Adaptado de https://juhifertility.com/best-icsi-treatment-in-hyderabad
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O método foi originalmente introduzido em 1992 como uma forma modificada da
fecundacdo in vitro convencional por Palermo e colaboradores (1992). O
desenvolvimento da ICSI é um dos avangos marcantes na tecnologia reprodutiva
assistida, sendo possivel utilizar sémen com baixa quantidade e qualidade espermatica.
Atualmente, esta técnica ja estd bem estabelecida nas clinicas e laboratérios de
reproducdo (PALERMO; NERI; ROSENWAKS, 2015). Devido a sua utilidade e
confiabilidade, a ICSI tem sido extensamente adotada como método de inseminacgéo
artificial em varias circunstancias. De acordo o International Committee Monitoring
Assisted Reproductive Technologies (ICMART) em 2005, o uso do procedimento de ICSI
em humanos, em relacdo a outras biotécnicas reprodutivas, pode variar de acordo com a
regido, como por exemplo, no oriente médio compreende 96% do total, 81% na América
Latina, 70% na América do Norte, 76% na Europa e 56% na Australia e Nova Zelandia
(ISHIHARA et al., 2015).

H& mais de duas décadas, a ICSI vem sendo uma forma de lidar com a infertilidade
masculina, entretanto, os o0citos ainda ndo conseguem ser fecundados apenas pelo uso
da técnica. Por ser uma técnica na qual o espermatozoide ndo entra em contato com a
zona peldcida (ZP), ha a possibilidade de ndo promover estas oscilagdes. Assim como na
FIV, apos esta manipulagdo, o odcito sera submetido & oscilagdes de Ca?* (DUCIBELLA
et al., 2002), portanto, o uso da ativacdo oocitaria artificial (AOA) promoveu que falhas
fossem superadas, aumentando as taxas da ativacdo e consequentemente da chance de
nascimentos (NOROZI-HAFSHEJANI et al., 2018), assim como uma nova esperanca
para casais com problemas de fertilidade que sdo submetidos a ICSI (CRAWFORD;
LEDGER, 2019).

2.2.3. Transferéncia nuclear de células somaticas (TNCS)

A clonagem ou transferéncia nuclear utilizando células somaticas adultas para
produzir embrides clones é uma biotécnica promissora com potenciais aplicagdes na
reproducdo animal e medicina regenerativa. A TNCS foi a técnica utilizada para o
nascimento da ovelha “Dolly” (Figura 4) e tem sido ultimamente utilizada em diferentes
especies, atraves da introducdo de células somaticas doadoras dentro do citoplasma de
um oocito enucleado, objetivando a formacdo de um embrido que carregue 0 genoma do
animal doador (WILMUT et al., 1997).

As células doadoras devem estar sincronizadas nas fases GO, G1 e M para serem

transferidas a um odcito enucleado em MlI, de modo que evite possiveis danos ao DNA
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e uma replicacdo desordenada do DNA do genoma da célula doadora. Além disso, estas
células precisam estar compativeis com a atividade do FPM nestes odcitos (CAMPBELL
etal., 1996).

Existem varios métodos de enucleacdo, dentre eles, 0 mais comum envolve um
método especializado de sistema de micromanipulacdo, o qual utiliza uma micropipeta
para segurar levemente o odcito enquanto outra micropipeta é utilizada para aspirar o
nucleo (NIEMANN; LUCAS-HAHN, 2012). A localizagdo do DNA oocitario é
normalmente identificado atraves do corpusculo polar em od6citos maturos parados em
MII. O odcito maturo enucleado serd entéo fusionado com a célula doadora através de um
pulso elétrico e, em seguida, o odcito sera ativado artificialmente, (CAMPBELL et al.,
2007; CIBELLI et al., 2013).

Figura 4 — Esquema demonstrando a técnica de transferéncia nuclear de células

somaticas (TNCS) utilizada para obtencio da ovelha “Dolly”.
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Fonte: Adaptado de https://shsbiotech2014.wixsite.com/animal-cloning-/charters
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3 JUSTIFICATIVA

A ativacdo oocitaria € uma etapa essencial na realizacdo de procedimentos como
a ICSl e a TNCS, as quais demandam uma maior taxa de eficiéncia da etapa de ativacao.
Além disso, a ativacdo de odcitos é etapa integrante de pesquisas com 0 uso da
partenogénese, a qual apresenta-se como excelente ferramenta de pesquisa. A ativacao
partenogenética permite a expressdo do potencial de desenvolvimento dos odcitos, se
tornando uma boa alternativa para a avaliagdo dos procedimentos da producéo in vitro de
embrides (BONI; CUOMO; TOSTI, 2002).

As modernas biotécnicas da reproducdo, tais como a TNCS, vém criando
possibilidades nunca antes imaginadas, além de trazer avancos nas atividades ligadas a
producdo animal. No entanto, devido aos baixos resultados ainda obtidos em algumas
dessas biotécnicas, o estudo de protocolos alternativos é importante para o incremento
desses resultados.

No que se refere a espécie bovina, o Brasil € lider mundial na produgdo in vitro
de embrides, pois em 2013 cerca de 70% dos embrides produzidos no mundo foram
obtidos no Brasil (IETS, 2015). Apesar do aumento na demanda e na acessibilidade da
técnica, as baixas taxas de desenvolvimento embrionario prejudicam a eficiéncia deste

procedimento e quaisquer vantagens econdmicas associadas.

O mecanismo de acdo dos peptideos derivados do veneno de algumas serpentes,
mais especificamente os derivados de vipericidinas, agem aumentando o influxo
extracelular e liberando intracelularmente Ca®* em células do cancer de mama (WANG
et al., 2015). Com esta abordagem, experimentos utilizando peptideos derivados de
vipericidinas podem contribuir para a minimizacdo dos problemas relacionados as taxas
de embrides produzidos in vitro em diferentes biotécnicas reprodutivas, como no caso da

partenogénese, ICSI e TNCS.
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4 HIPOTESE CIENTIFICA

O uso do peptideo RhoB-Ctn[1-9], derivado da crotalicidina, promove a ativagdo de

o0citos bovinos.

5 OBJETIVOS

5.1 GERAL

Avaliar o efeito do peptideo sintético RhoB-Ctn[1-9] em od6citos e embrides bovinos.

5.2 ESPECIFICOS
Com o uso do RhoB-Ctn[1-9]:
a. Verificar a taxa de clivagem resultante da ativacao de od6citos bovinos.

b. Determinar a taxa de producdo de blastocistos bovinos apos ativacdo

oocitaria.
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Abstract

Crotalicidin (Ctn), a snake cathelidicin-related antimicrobial peptide, is a 34-residue
amino acid long, linear, lysine-rich vipericidin from the venom gland of the South
American rattlesnake Crotalus durissus terrificus. Ctn, as well as other vipericidin
members has, as integral part of its structure, in tandem repeats of nine amino acid residues
(1KRFKKFFKKj and 1sKRLKKIFKK24), of which a consensus sequence is evidenced,
1KRhKKhFKKgy (where, h is a hydrophobic amino acid residue). These repeats are
encrypted in the two designed N- and C-terminal fragments of Ctn, that possess distinct
and variable anti-infective and anti-proliferative activities toward bacteria, fungi and
tumor cells. In the present study, it was demonstrated that the first repeat, named Ctn[1-
9], covalently conjugated with Rhodamine B at its N-terminal (denoted RhoB-Ctn[1-9])
displays a selective antimicrobial activity against Pseudomonas aeruginosa and Candida
albicans, while the naive, unlabeled nonapeptide (Ctn[1-9]) is inactive. Importantly,
RhoB-Ctn[1-9] was able to activate bovine oocyte embryo and not interfere with
blastocyst formation and progression. These findings set the stage to investigate the in

tandem repeat core motifs that are encrypted in the crotalicidin peptides and derivatives.

Keywords: crotalicidin; crotalidicin-derived peptide; rhodamine B-conjugated peptide;
anti-infective peptide; oocyte activation
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1. Introduction

The vipericidins comprise a group of related peptides expressed in the venom glands of
the South American pit vipers that belong to the cathelicidin family of antimicrobial
peptides from the innate immune system of vertebrates [1]. Within the group of
vipericidins, crotalicidin (Ctn) from rattlesnake Crotalus durissus terrificus venom gland,
and short-derived peptides have been studied for their anti-infective properties, such as
antimicrobial, anti-parasite and antitumoral activities, as reviewed elsewhere [2,3].
Mature crotalicidin (H2N-RFKKFFKKVKKSVKKRLKKIFKKPMVIGVTIPFCOOH)
Is a 34-residue amino acid long, linear, lysine-rich peptide with an amphipathic alpha-
helical topology, which is the product of post-translation modification of a longer
preproprecursor that contains the conserved cathelin domain [1, 4].

An interesting structural feature observed in crotalicidin and in other vipericidin members
is the in tandem repeats of nine amino acid residues (1KRFKKFFKK9 and
16KRLKKIFKK24), of which a consensus sequence may be extracted, LKRhKKhFKKO,
in which h is a hydrophobic amino acid residue. The first nonapeptide (residues 1 to 9),
previously named encrypted vipericidin peptide, EVP50, hereafter named Ctn[1-9], has
the structural determinants to display a potential cell-membrane interactivity (e.g.,
interaction and insertion into the lipid membrane of eukaryotic and prokaryotic cells),
seen that it is essentially cationic, Lys-rich peptide, with alternate hydrophobic residues
that form an amphiphilic a-helix [5, 6]. However, the short size of Ctn[1-9] might be a
critical factor for a given biological or cellular function, as seen for oligoarginine peptides
of different sizes [7, 8]. Worth of mention, such an in tandem repeat and consensus
sequence of the prototype Ctn[1-9] is an integral part of the two designed crotalicidin

peptide fragments, the Citn[1-14] (IKRFKKFFKKVKKSV14) and Ctn[15-34]
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(15KKRLKKIFKKPMVIGVTIPF34), which are the structural products of dissection and
minimization of crotalicidin [4]. Interestingly, the N-terminal crotalicidin fragment,
Ctn[1-14] was shown to preserve the helicity but lost the antimicrobial and antitumoral
efficacy that, otherwise, are seen in the full, mature Ctn, which is anti-infective and
antiproliferative, but slightly cytotoxic. In contrast, the more active multi-functional, anti-
infective Ctn derivate peptide, the C-terminal crotalicidin fragment, Ctn[15-34], adopts a
random coil structure in solution, and is as active as the parental full-length peptide Ctn
against bacteria, fungi and cancer cell in culture, and less cytotoxic to healthy cells [2-4].
In Table 1, the primary structures and physicochemical characteristics of these

peptides are presented for clarity. The biological activities of naive and rhodamine B
(RhoB)-conjugated Ctn[1-9] was initially investigated in vitro, in human breast cancer
MDA-MB-231 and MCF-7 cells, and in vivo in zebrafish model [9]. It was verified that
naive, unlabeled Ctn[1-9] was ineffective to control tumor cell proliferation and was
harmless to zebrafish larvae. In contrast, the rhodamine B-labeled nonapeptide, RhoB-
Ctn[1-9] (RhoB-EVP50), in which this fluorophore was covalently linked to the peptide
N-terminal, exhibited a concentration-dependent arrest effect of human breast cancer
MDA-MB-231 and MCF-7 cells propagation and accumulated massively in the blood
vessels of zebrafish larvae, causing acute toxicity. Moreover, the cytotoxicity caused by
RhoB-EVP50 to MCF-7 breast cancer cell was related with the interference in the flux of
intracellular calcium [9].

Obviously, seen that (i) peptide structural modification and target-selectivity are variables
necessary to match for the disclosure of useful biological or pharmacological activity,
I.e., its structural-activity relationships; (ii) peptide from venom might have interesting
therapeutic ratio, i.e. the drug safety profile, as observed, for example, for the

antimicrobial peptides [10], ancrod - a thrombin like enzyme from the Malayan pit viper
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venom [11], chlorotoxin — a scorpion venom neurotoxin [12], and crotamine — a cell-
penetrating, antitumoral peptide from the South American rattlesnake venom [13]; (iii)
intracellular calcium regulates multiple cytoplasmic events, including oocyte activation |
embryo development [14-16], these fact prompted us to study some potential and selected
biological activities of the RhoB-Ctn[1-9]. To this aim, in addition to test the activity of
RhoB-Ctn[1-9] as an antimicrobial peptide, the activation of bovine oocyte and toxicity
to bovine embryo were assessed. It is now reported that naive, unlabeled Ctn[1-9] lacks
any antimicrobial effect, while RhoB-Ctn[1-9] was active against Pseudomonas
aeruginosa, a Gram-positive bacteria, and yeasts, including the potentially pathogenic
Candida albicans. Furthermore, it was observed that RhoB-Ctn[1-9] can activate bovine
oocyte and was harmless to bovine embryo, at low concentration, and did not interfere

with embryo development.

2. Material and methods.

2.1. Bioethics and chemicals

All protocols used in the study were approved by the Committee of Animal Ethics of the
State University of Ceara (CEUA/UECE). All chemicals used in this study were from

Sigma-Aldrich Chemicals Co. (St. Louis, MO, USA) unless otherwise indicated.

2.2. Peptides

The peptides were commercially prepared by solid phase peptide synthesis (China
Peptides Company, Ltd., Shanghai, China), with over 95% of purity as proofed by
LC/ESI-mass spectrometry analysis. Peptides were solubilized in sterile deionized water
or buffered phosphate-saline (PBS) to make a 1 mM stock solution and stored in aliquots

at—20°C, until required. Melittin was from SERVA Electrophoresis GmbH (Heidelberg,



35

Germany). In Figure 1, the structural formula of RhoB-Ctn[1-9] is presented, in which
the positively charged dipeptides -Lys-Arg- and -Lys-Lys-, intervened by hydrophobic

Phe residues, are clearly observable.

2.3. Antimicrobial tests (antibacterial and antifungal activities)

The strains of bacteria and yeasts, including pathogenic microbes, were obtained from
The National Institute for Health Quality Control - INCQS, the Oswaldo Cruz Foundation
— FIOCRUZ, Rio de Janeiro, Brazil. The determination of the minimum inhibitory
concentration (MIC), with these strains of bacteria and yeasts was performed according
to the methodology recommended by the Clinical and Laboratory Standard Institute [17,
18]. In sterile microtubes, 100 pL of microbial suspension in culture medium (0.5
McFarland Standard, about 108 colony forming units per milliliter, CFU/mL, for bacteria
and 106 CFU/mL, for yeasts). These suspensions were then diluted to obtain 106 CFU/mL
for bacteria or 104 CFU/mL for yeasts and used in all the microbiological assays. In a 96-
well, sterile microplates, peptide, in serial concentrations ranging from 20 uM to 9 nM,
and 100 puL of the microbial suspensions were transferred and gently homogenized.
Controls of medium sterility and microbial growth were included. The microplates were
incubated for at 37°C (for bacteria) or at 35°C (for yeasts), from 24 h. Thereafter, the
microbial growth was evaluated by eyes. The MICs were determined as the lowest
concentration of peptide able to inhibit the microbial growth, as evidenced by the absence
of turbidity. To determine the minimum lethal concentration (MLC), 5 uL aliquots of
microbial suspension treated with peptides as for the determination of their MICs, which
did not show microbial growth, were transferred onto agar plates and incubated at 37°C,
for 24 h. After this period, colonies were enumerated. MLC was defined as the lowest
concentration able to inhibit the microbial growth by at least 99.9% in relation to the

inoculum [19, 20]. Tests were in triplicate.
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2.4 Recovery and in vitro maturation of oocyte

Bovine ovaries (n = 290) were obtained in local abattoirs and immediately transported to
the laboratory in sterile NaCl solution (9 g/L), supplemented with antibiotics
(Pentabiotico Veterinario, Fort Dodge, Campinas, Brazil). A total of 1599 cumulus-
oocyte complexes (COCs) were aspirated from follicles (2-8 mm), with an 18-gauge
needle connected to a 10 mL disposable sterile syringe. COCs were inspected with a
stereomicroscope (SMZ800, Nikon Co., Tokyo, Japan) and only COCs enclosed in three
compact layers of cumulus cells and homogeneous cytoplasm were selected for testing
[21]. For in vitro maturation, COCs were washed in TCM-199 medium with 10% (v/v)
fetal bovine serum (Gibco, Grand Island, NY, USA), 20 ug/mL follicle stimulating
hormone and luteinizing hormone (Pluset; Hertape-Calier, Spain), 0.2 mM sodium
pyruvate, 0.1 mM cysteamine, 1xantibiotic-antimycotic, 10 ng/mL epidermal growth
factor, 1 ug/mL estradiol and 1 mM 1-glutamine. COCs were incubated at 38.5°C for 26

h in an atmosphere of 5% CO2.

2.5. Oocyte activation and embryo culture

The in vitro matured COCs were denuded using a vortex for 2 min and, thereafter, only
the matured oocytes were used for activation. Then, 1172 oocytes were distributed in five
groups comprised by the ionomycin (at 5 uM, control group) and the RhoB-Ctn[1-9] at
four different concentrations (0, 1, 10 and 40 uM). In all groups, the oocyte exposure was
for a short 4 min, followed by a 4 h-period of incubation in the presence of 6-DMAP (2
uM) in synthetic oviductal fluid (SOF) medium, containing 0.1 M NaCl, 6 mM KClI, 2
mM CaCl2.2H20, 1 mM KH2PO4, 1,5 mM MgS04.7H20, 20 mM NaHCOs, 0.2 mM
sodium pyruvate, 0.1% non-essential amino acid solution (MEM), 0.2% Basal Medium

Eagle (BME), 1x antibiotic-antimycotic, 0.8% BSA and 2.5% fetal bovine serum (Gibco,
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Grand Island, NY, USA). After that, oocytes were washed three times in SOF medium
and cultured for seven days in SOF medium at 38.5°C, in a humid atmosphere of 5% CO3,
5% O. and 90% N, under mineral oil. The rates of oocyte cleavage and blastocyst

formation were determined at the second and seventh day of incubation, respectively.

2.6. Hemolytic assay

The percentage of eventual hemolysis caused by peptides was evaluated as previously
described [1]. Briefly, human blood samples from voluntary healthy donors were
collected in Vacutainer tubes (Becton Dickinson, BD, Sao Paulo, Brazil) and centrifuged
(1,000 x g, at 4 °C, for 10 min). The plasma was removed and the pellet containing the
red blood cells was washed three times with PBS. The pellet was resuspended in PBS to
make an 8% (v/v) red blood cell suspension. One volume of peptide solution in PBS (100
(11, from 0.3125 to 40 uM) were gently mixed with one volume of red blood suspension,
in individual wells of a 96-well clear flat bottom plate, making a final concentration of
4% (v/v) of red blood cells and 0.1562 to 20 uM of peptides. The mixture was incubated
at 37 °C for 60 min, under gentle agitation, centrifuged (1,000 x g, RT, for 2 min). The
amount of released hemoglobin from lysed erythrocytes was quantified at 540 nm, in a
multiple detection microplate reader (Synergy HT, The BioTek Co., Winoski, VT, USA).
Untreated red blood cell suspensions and treated with 1% Triton X-100 and melittin (12.5
and 50 M) were used as negative and positive controls, respectively. The percentage of
hemolysis was determined as follow: [DO%"™ (treated) - DO%*°"™ (untreated)] / [DO>*™™
(Triton X-100) - DO (untreated)] x 100. Tests were in triplicate.

2.7. Statistical analysis
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Concerning the data of oocyte activation and embryo culture, analyzes were performed
using Minitab Statistical Software v.16. Data are presented as percentage and compared

by Fischer’s exact test. A significance level of a = 0.05 was used.

3. Results

3.1 Antimicrobial

The first core nonapeptide repeat of crotalicidin, the Ctn[1-9], in its naive form, acetylated
at the N-terminal and amidated at the C-terminal lacked observable antimicrobial activity
against representative strains of bacteria and yeasts tested (Table 2). The rhodamine B-
conjugated Ctn[1-9] displayed significant antimicrobial activity against a Gram-positive
bacteria (P. aeruginosa) and a pathogenic yeast (C. albicans). Since the cationic dye
rhodamine B could influence the microbicide activity of RhoB-Ctn[1-9], when conjugate
to Ctn[1-9], the second repeat of crotalicidin — a decapeptide the Ctn[15-24] (Table 1),
with an extra Lys at the N-terminal an therefore with an extra +1 charge was tested and
again did not show any detectable antimicrobial activity with the tested strains. Therefore,
the only crotalicidin nonapeptide analogue that demonstrated antimicrobial activity is the

RhoB-Ctn[1-9].

3.2. Hemolytic activity

Since rhodamine B may confer some level of cytotoxicity to peptides that are conjugated
with this fluorophore, the level of hemolysis of human erythrocytes were assessed for all
Ctn[1-9] peptide analogues and compared with melittin — a cytolytic bee toxin. RhoB-
Ctn[1-9], naive Ctn[1-9] and the chemical modified N- and C-terminal peptides were very
low hemolytic, while melittin caused 100% of hemolysis at 12.5 uM. The most active

peptide version, RhoB-Ctn[1-9], at the concentrations of 12.5 uM and 25 pM, was only
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0.6 and 1.6% hemolytic (Table 2). The other peptides caused less than 1% of hemolysis

when the concentrations were lower than 50 pM.

3.3. Effect on oocyte activation and bovine embryo development

Since RhoB-Ctn[1-9] was the peptide analogue that shown activity on bacteria and yeast
cells, and a discrete hemolytic effect with concentration up to 50 puM, the experiments
with bovine oocytes were designed only with such a peptide version. When bovine
oocytes were treated with the RhoB-Ctn[1-9], it was observed that at the concentrations
of 1, 10 and 40 uM, the percentage of oocyte cleavage was 19.6 %, 22.4 % and 14.7 %,
respectively and the blastocysts formation occurred at 10 uM and 40 uM for (1.8 % and
2.2 %, respectively) (Table 3). As expected, the control group, ionomycin, at 5 uM,
showed the expected results of oocyte activation, with 80.0 % of oocyte cleavage and
further progress of embryo development, demonstrated by 35.6 % of blastocyst formation
(Table 3). It is important to note that the negative control, untreated oocytes, produced a
single blastocyst, but with altered morphology (Fig. 2). Comparatively and quantitatively,
the ionomycin-treated bovine oocytes showed to be the gold standard of oocyte cleavage
and blastocyst formation, although the RhoB-Ctn[1-9] showed for the first time the
property to induce such biological activities and processes, without toxicity to the bovine

embryo development.

4. Discussion

The crotalicidin belongs to the vipericidin family of the cathelicidin-related antimicrobial
peptides and is expressed in the venom gland of the South American rattlesnake, Crotalus
durissu terrificus. Similar crotalicidin peptide sequences, such are batroxicidin,

lachesicidin and lutzicidin are also found in other pit viper species and in species of Asian
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elapid snakes, like BF-CRAMP, NA-CRAMP and OH-CRAMP [22, 23]. Short N- and
C-terminal fragments of crotalicidin, namely Ctn[1-4] and Ctn[15-34], were designed and
their biological functions characterized and reported, as recently reviewed [2, 3]. The size
reduction of bioactive peptides has some advantages for biomedical application, such as
cost-effective production and use and reduction of potential toxicity by dissecting the
biologically active peptide moiety [24, 25]. The short N-terminal crotalicidin peptide, 20-
mer, is the most active and less cytotoxic designed fragment, displaying similar biological
activities of the full-Ctn parental sequence, as aforementioned. Surprisingly, crotalicidin
and the other viperids members all have two in tandem repeats of nine amino acid residues
that are integral part of and are encrypted in vipericidin sequences [1, 9]. Both Ctn[1-14]
and Ctn[15-34] preserve each one copy of this nonapeptide repeat (Table 1).

The prepropercursor of crotalicidin is known to be pos-translationally processed by
elastases and eventually other tissue proteases, releasing the mature cathelicidin-related
peptides [26]. Despite the presence of elastase cleavage sites (-Val-Lys-, -VK-) in
crotalicidin sequence, processed short fragments such as the synthetic Ctn[15-34] were
not found in the venom proteome of rattlesnakes up to date, except the full, mature 34-
residue peptide [27]. Moreover, the Ctn[15-34] shows a considerable structural stability
in the serum and biological fluid [4, 28] with proline residues usually involved in the
stability of cathelicidin-related antimicrobial peptides [26], what might explain the
absence of further native proteolytic peptide fragments. However, the additional Ctn
proteolytic processing in the venom gland could not be discard, seen that posttranslational
modifications of venom peptide preproprecursors are a recurrent theme that results in the
diversity of molecules and biological activity seen in animal venoms [29]. Thus the
dissection of the nonapeptide repeats of crotalicidin, exemplified by Ctn[1-9], deserved

further investigation to disclose unpredictable bioactivity of cryptic peptide sequences.
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The N-terminal unlabeled Ctn[1-9], as shown here, lacked any antimicrobial activity with
the selected strains, while the RhoB-Ctn[1-9], the fluorescent analogue, displayed a
microbicide effect against a Gram-positive bacteria and yeasts, including pathogenic
species (Table 2). Although the absence of biological microbicide activity of the
unlabeled peptides was initially unexpected, in contrast to the covalently conjugated
rhodamine B-analogue, this kind of effect was observed previously by some of us with
other biological models, like in vivo model with zebrafish larvae and in vitro model with
malignant breast cancer cells [9]; naive Ctn was inactive and harmless, whereas RhoB-
Ctn[1-9] was cytotoxic to tumor cell and caused acute toxicity to zebrafish larvae. Thus,
distinct models of study expand our repertoire of activities and biological targets.

Rhodamine B is cationic dye in which the net charge is normally dependent of the pH
milieu; at physiological pH rhodamine B molecule is neutral and at pH below 6 it is
positively charged [30], although the extinction coefficient of rhodamine B in conjugates
are quite stable and increases slightly at low pH values [31]. So, it was hypothesized that
even small charge variation at the N-terminal of the Ctn[1-9] peptide analogue, impaired
by rhodamine B conjugation, could be responsible for the difference between the
antimicrobial-active and inactive peptide forms. In fact, positive charge chain extension
of peptide N- or C-terminal was shown to increase the antimicrobial activity of magainin
[32]. However, the decapeptide Ctn[15-24] (1sKKRLKKIFKK24, net positive charge =
+8), corresponding to the second in tandem repeat of crotalicidin, which is identical to
Ctn[1-9] except for an extra Lys residue at the N-terminal and a lle replacing the Phe in
the position 7 of the nonapeptide, is also deprived of antimicrobial activity and causes a
similar low level of hemolysis. Likewise, the acetyl-Ctn[1-9] (CH3CO-KRLKKIFKK, net
charge = +5, not shown) was also inactive as an antimicrobial, so the charge contribution

at the position -1 of the nonapeptide seems not to be determinant for the activity of the
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short crotalicidin repeat, Ctn[1-9], but the activity is restricted to the rhodamine B-
conjugate analogue.

Indeed, covalent conjugation of rhodamine B to designed peptides, such as the PI(4,5)P2-
binding site of geosolin, has improved the biological activities compared to the parental
unlabeled peptides, with profile similar or superior to known antimicrobial peptides [33].
Moreover, fluorophore conjugation of cell-penetrating peptides was demonstrated to
influence the mode of interaction with biological membrane, the intracellular localization,
the cytotoxicity and the ultimate biological function [34, 35]; in the way that neutral or
negatively charged fluorophores conferring lesser dramatic influence than positively
charged and hydrophobic fluorophores [34].

An important biological effect observed for the RhoB-Ctn[1-9] is the interference with
the flux of intracellular calcium, as seen in human breast cancer cells [9]. Intracellular
calcium fluctuation and calcium signaling have important roles in cell fates and cell
biology, ranging from differentiation to cell death [14, 36]. Therefore, it was interesting
to investigate biological process in which calcium-mediated events is involved and,
therefore, to count on in vivo models to study the differential function of peptides. For
instance, the oocyte activation depends exclusively on calcium influx to trigger a stimulus
to make the ooplasm of the oocyte, promote the cortical granule exocytosis, block the
polyspermy, promote meiosis resumption, the synthesis of proteins, extrusion of the
second polar body and the formation of pronuclei, thus play an essential role in the
development of a oocyte to embryo stage [37, 38]. Artificial activation by chemical and/or
physical stimuli may lead to the initiation of fertilization processes, but in most cases does
not give rise to viable offspring [37, 38]. However, these observations allow to indicate
that the egg is endowed with the machinery to initiate embryo development processes. In

this study, when matured oocytes were treated with RhoB-Ctn[1-9] as a stimulus factor
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of activation, oocyte cleavage occurred at all three tested concentrations (1, 10 and 40
uM). Moreover, toxicity was not observed as oocyte development progressed to form
blastocysts, with a comparative similar fashion as ionomycin — a gold standard chemical
for this purpose.

Regarding to oocytes that were not exposed to RhoB-Ctn[1-9], but treated only with 6-
DMAP and cultured in SOF medium for seven days, although a low percentage of cleaved
oocytes were found, the percentage of cleavage was very low, i.e., 8.4% and 0.6% of
blastocyst formation (Table 3). It is known that 6-DMAP has the potential to accelerate
the pronuclei formation, so the oocyte can continue developing from metaphase Il through
embryo, however, this very low cleavage rate obtained with only 6-DMAP usually occur
in mouse [39] and hamster oocytes [40]. Thus, RhoB-Ctn[1-9] was able to induce oocyte
cleavage and did not compromised the embryo development, since blastocyst formation
progressed normally. The definitive mechanism of oocyte activation by RhoB-Ctn[1-9]
needs a deep investigation, but these findings set the stage for addressing the molecular
events that are responsible for triggering the activation of bovine oocyte. Nevertheless,
the fact of RhoB-Ctn[1-9] possess a selective antimicrobial activity in detriment to the
unconjugated peptide version and the property of activation of bovine oocyte at early
stages without interference with embryo development is an important finding. Examples
of multi-effector antimicrobial peptides with intrinsic multiple functionalities have been
documented [41-44]. For instance, the human cationic antimicrobial peptide hCAP18
(LL-37), a cathelicidin, connects the innate and adaptive immune responses, by
modulating numerous processes in which cellular and cytokine-mediated responses are
involved, such as chemoattraction of leukocytes and lymphocytes, activation and
induced-differentiation of dendritic cells [43, 45]. Another kind of cationic antimicrobial

peptides, the B-defensins, was shown to induce the activation and proliferation of skin
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keratinocytes, promoting and accelerating skin healing [42, 46]. So, the roles of
antimicrobial peptides are not restricted uniquely to antibiosis, having meaningful hidden
biological and pharmacological functions [46].

Thus, the N-terminal covalent modification of Ctn[1-9] , the core repetitive motif of
crotalicidin and from other vipericidins and snake venom cathelicidins, with the organic
cationic rhodamine B increases the repertoire of biological functionalities and
application. Last but not least, whether peptides with sequences similar to this designed
synthetic nonapeptide, Ctn[1-9], or other encrypted, longer vipericidin-derived peptides
with multi-functionalities are naturally generated by post-translational proteolytic-
processing and modification in the snake venom gland and secreted into the venom

remains an open question that needs to be further addressed.

5. Conclusion

The biologically active RhoB-Ctn[1-9] analogue showed a selective antimicrobial
activity and the ability to induce cleavage in bovine oocytes. Furthermore, activation and
development to the blastocyst stage, shows little or no toxicity of the activating agent on

bovine oocytes.

Credit author statement

Thales M. C. Santos (writing, methodology, investigation), Hilania V. D. Lima
(methodology, investigation), Luciana M. Melo (writing, review, conceptualization),
Vicente J. F. Freitas (writing, review, project administration, funding acquisition), Gandhi

Radis-Baptista (writing, review, conceptualization, supervision, resources).

Declaration of Disclosure



45

None of the authors declare any conflict of interest.

Acknowledgments

The authors are thankful to the Coordination for the Improvement of Higher Education
Personnel (CAPES, Toxinology Program), the Ministry of Education and Culture and
the National Council of Research and Development, (CNPq), the Ministry of Science,
Technology, Innovation and Communication (MCTI-C), Federal Government of Brazil,

for the financial support and project endorsement.

Funding

Funding: This work was supported by the State of Ceard Foundation for Scientific and
Technological Development Support (FUNCAP, Pronex programme, grant # PR2-0101-
00059.01.00/15) and The National Council of Research and Development, the Ministry
of Science, Technology and Innovation, grant numbers # 307733/2016-5 and #
431077/2016-9 (to G.R.-B.). G.R-B. and V.J.F.F are senior researchers from

CNPg/MCTI.

References

[1] C.B. Falcao, B.G. de La Torre, C. Pérez-Peinado, A.E. Barron, D. Andreu, G. Radis-
Baptista, Vipericidins: a novel family of cathelicidin-related peptides from the venom
gland of South American pit vipers, Amino acids 46(11) (2014) 2561-71.

[2] C.B. Falcao, G. Radis-Baptista, Crotamine and crotalicidin, membrane active peptides
from Crotalus durissus terrificus rattlesnake venom, and their structurally-minimized

fragments for applications in medicine and biotechnology, Peptides 126 (2020) 170234.



46

[3] C. Pérez-Peinado, S. Defaus, D. Andreu, Hitchhiking with Nature: Snake Venom
Peptides to Fight Cancer and Superbugs, Toxins 12(4) (2020).

[4] C.B. Falcao, C. Pérez-Peinado, B.G. de la Torre, X. Mayol, H. Zamora-Carreras, M.
Jiménez, G. Radis-Baptista, D. Andreu, Structural Dissection of Crotalicidin, a
Rattlesnake Venom Cathelicidin, Retrieves a Fragment with Antimicrobial and
Antitumor Activity, Journal of medicinal chemistry 58(21) (2015) 8553-63.

[5] Y. Huang, J. Huang, Y. Chen, Alpha-helical cationic antimicrobial peptides:
relationships of structure and function, Protein & Cell 1(2) (2010) 143-152.

[6] N. Schmidt, A. Mishra, G.H. Lai, G.C.L. Wong, Arginine-rich cell-penetrating
peptides, FEBS Letters 584(9) (2010) 1806-1813.

[7] S. Futaki, T. Suzuki, W. Ohashi, T. Yagami, S. Tanaka, K. Ueda, Y. Sugiura,
Arginine-rich Peptides: an abundant source of memebrane-permeable peptides having
potential as carriers for intracellular protein delivery, Journal of Biological Chemistry
276(8) (2001) 5836-5840.

[8] C.N. Cultrara, S. Shah, G. Antuono, C.J. Heller, J.A. Ramos, U. Samuni, J. Zilberberg,
D. Sabatino, Size Matters: Arginine-Derived Peptides Targeting the PSMA Receptor Can
Efficiently Complex but Not Transfect sSiRNA, Molecular Therapy - Nucleic Acids 18
(2019) 863-870.

[9] L. Wang, J.Y. Chan, J.V. Régo, C.M. Chong, N. Ai, C.B. Falcdo, G. Radis-Baptista,
S.M. Lee, Rhodamine B-conjugated encrypted vipericidin nonapeptide is a potent toxin
to zebrafish and associated with in vitro cytotoxicity, Biochimica et biophysica acta
1850(6) (2015) 1253-60.

[10] Y.P. Di, Q. Lin, C. Chen, R.C. Montelaro, Y. Doi, B. Deslouches, Enhanced
therapeutic index of an antimicrobial peptide in mice by increasing safety and activity

against multidrug-resistant bacteria, Science Advances 6(18) (2020) eaay6817.



47

[11] D.E. Levy, J. Trammel, W.W. Wasiewski, Ancrod for acute ischemic stroke: a new
dosing regimen derived from analysis of prior ancrod stroke studies, Journal of stroke and
cerebrovascular diseases: the official journal of National Stroke Association 18(1) (2009)
23-7.

[12] P.G. Ojeda, C.K. Wang, D.J. Craik, Chlorotoxin: Structure, activity, and potential
uses in cancer therapy, Biopolymers 106(1) (2016) 25-36.

[13] I. Kerkis, M.A. Hayashi, A.R. Prieto da Silva, A. Pereira, P.L. De Sa Janior, A.J.
Zaharenko, G. Radis-Baptista, A. Kerkis, T. Yamane, State of the art in the studies on
crotamine, a cell penetrating peptide from South American rattlesnake, BioMed research
international 2014 (2014) 675985.

[14] G.E. Kass, S. Orrenius, Calcium signaling and cytotoxicity, Environ Health Perspect
107 Suppl 1(Suppl 1) (1999) 25-35.

[15] Y.-L. Miao, C.J. Williams, Calcium signaling in mammalian egg activation and
embryo development: the influence of subcellular localization, Mol Reprod Dev 79(11)
(2012) 742-756.

[16] F.D. Nascimento, L. Sancey, A. Pereira, C. Rome, V. Oliveira, E.B. Oliveira, H.B.
Nader, T. Yamane, I. Kerkis, I.L. Tersariol, J.L. Coll, M.A. Hayashi, The natural cell
penetrating peptide crotamine targets tumor tissue in vivo and triggers a lethal calcium-
dependent pathway in cultured cells, Molecular pharmaceutics 9(2) (2012) 211-21.

[17] CLSI, Methods for Dilution Antimicrobial Susceptibility Tests for Bacteria That
Grow Aerobically. 11th ed. CLSI standard MQ7, Clinical and Laboratory Standards
Institute. Wayne, PA, USA (2018).

[18] CLSI, Reference Method for Broth Dilution Antifungal Susceptibility Testing of
Yeasts; Approved Standard — Third edition. CLSI document M27-A3, Clinical and

Laboratory Standards Institute. Wayne, PA, USA (2008).



48

[19] P.C. Taylor, F.D. Schoenknecht, J.C. Sherris, E.C. Linner, Determination of
minimum bactericidal concentrations of oxacillin for Staphylococcus aureus: influence
and significance of technical factors, Antimicrob Agents Chemother 23(1) (1983) 142-
50.

[20] C.J. Shanholtzer, L.R. Peterson, M.L. Mohn, J.A. Moody, D.N. Gerding, MBCs for
Staphylococcus aureus as determined by macrodilution and microdilution techniques,
Antimicrob Agents Chemother 26(2) (1984) 214-9.

[21] L. Leibfried, N.L. First, Characterization of bovine follicular oocytes and their ability
to mature in vitro, Journal of animal science 48(1) (1979) 76-86.

[22] M.L. van Hoek, Antimicrobial peptides in reptiles, Pharmaceuticals (Basel) 7(6)
(2014) 723-753.

[23] G. Radis-Baptista, Vipericidins, Snake Venom Cathelicidin-Related Peptides, in the
Milieu of Reptilian Antimicrobial Polypeptides, 2015, pp. 1-25.

[24] M. Vila-Perelld, A. Sénchez-Vallet, F. Garcia-Olmedo, A. Molina, D. Andreu,
Structural Dissection of a Highly Knotted Peptide Reveals Minimal Motif with
Antimicrobial Activity, Journal of Biological Chemistry 280(2) (2005) 1661-1668.

[25] W. Lee, D.G. Lee, Fungicidal mechanisms of the antimicrobial peptide Bac8c,
Biochimica et Biophysica Acta (BBA) - Biomembranes 1848(2) (2015) 673-679.

[26] A.E. Shinnar, K.L. Butler, H.J. Park, Cathelicidin family of antimicrobial peptides:
proteolytic processing and protease resistance, Bioorganic chemistry 31(6) (2003) 425-
36.

[27] G.A. Wiezel, P.Y.T. Shibao, C.T. Cologna, R. Morandi Filho, C. Ueira-Vieira, E.
De Pauw, L. Quinton, E.C. Arantes, In-Depth Venome of the Brazilian Rattlesnake

Crotalus durissus terrificus: An Integrative Approach Combining Its Venom Gland



49

Transcriptome and Venom Proteome, Journal of proteome research 17(11) (2018) 3941-
3958.

[28] C. Pérez-Peinado, S.A. Dias, D.A. Mendonca, M. Castanho, A.S. Veiga, D. Andreu,
Structural determinants conferring unusual long life in human serum to rattlesnake-
derived antimicrobial peptide Ctn[15-34], Journal of peptide science : an official
publication of the European Peptide Society 25(8) (2019) e3195.

[29] C.M. Modahl, R.K. Brahma, C.Y. Koh, N. Shioi, R.M. Kini, Omics Technologies
for Profiling Toxin Diversity and Evolution in Snake Venom: Impacts on the Discovery
of Therapeutic and Diagnostic Agents, Annual Review of Animal Biosciences 8(1)
(2020) 91-116.

[30] Y.J. Oh, T.C. Gamble, D. Leonhardt, C.H. Chung, S.R. Brueck, C.F. Ivory, G.P.
Lopez, D.N. Petsev, S.M. Han, Monitoring FET flow control and wall adsorption of
charged fluorescent dye molecules in nanochannels integrated into a multiple internal
reflection infrared waveguide, Lab on a chip 8(2) (2008) 251-8.

[31] E. Birtalan, B. Rudat, D.K. Kdlmel, D. Fritz, S.B.L. Vollrath, U. Schepers, S. Brése,
Investigating rhodamine B-labeled peptoids: Scopes and limitations of its applications,
Peptide Science 96(5) (2011) 694-701.

[32] R. Bessalle, H. Haas, A. Goria, I. Shalit, M. Fridkin, Augmentation of the
antibacterial activity of magainin by positive-charge chain extension, Antimicrob Agents
Chemother 36(2) (1992) 313-7.

[33] R. Bucki, J.J. Pastore, P. Randhawa, R. Vegners, D.J. Weiner, P.A. Janmey,
Antibacterial activities of rhodamine B-conjugated gelsolin-derived peptides compared
to those of the antimicrobial peptides cathelicidin LL37, magainin I, and melittin,

Antimicrob Agents Chemother 48(5) (2004) 1526-1533.



50

[34] D. Birch, M.V. Christensen, D. Staerk, H. Franzyk, H.M. Nielsen, Fluorophore
labeling of a cell-penetrating peptide induces differential effects on its cellular
distribution and affects cell viability, Biochimica et biophysica acta. Biomembranes
1859(12) (2017) 2483-2494.

[35] S.F. Hedegaard, M.S. Derbas, T.K. Lind, M.R. Kasimova, M.V. Christensen, M.H.
Michaelsen, R.A. Campbell, L. Jorgensen, H. Franzyk, M. Cérdenas, H.M. Nielsen,
Fluorophore labeling of a cell-penetrating peptide significantly alters the mode and
degree of biomembrane interaction, Scientific Reports 8(1) (2018) 6327.

[36] M.C.X. Pinto, F.M.P. Tonelli, A.L.G. Vieira, A.H. Kihara, H. Ulrich, R.R. Resende,
Studying complex system: calcium oscillations as attractor of cell differentiation,
Integrative Biology 8(2) (2016) 130-148.

[37] J. Tto, J. Parrington, R.A. Fissore, PLC( and its role as a trigger of development in
vertebrates, Mol Reprod Dev 78(10-11) (2011) 846-853.

[38] J. Haverfield, S. Nakagawa, D. Love, E. Tsichlaki, M. Nomikos, F.A. Lai, K. Swann,
G. FitzHarris, Ca2+ dynamics in oocytes from naturally-aged mice, Scientific Reports
6(1) (2016) 19357.

[39] G.C. Lan, S.F. Ma, Z.Y. Wang, M.J. Luo, Z.L. Chang, J.H. Tan, Effects of
posttreatment with 6-dimethylaminopurine (6-DMAP) on ethanol activation of mouse
oocytes at different ages, Journal of experimental zoology. Part A, Comparative
experimental biology 301(10) (2004) 837-43.

[40] L. Wang, H. Jiang, Z. Li, Effects of Electrical Pulse and 6-DMAP on Cleavage of
Golden Hamster Oocytes—Morphological and Physiological Observations, Journal of
Functional Morphology and Kinesiology 1(2) (2016) 240-248.

[41] K. Splith, 1. Neundorf, Antimicrobial peptides with cell-penetrating peptide

properties and vice versa, European Biophysics Journal 40(4) (2011) 387-397.



o1

[42] B. Mi, J. Liu, Y. Liu, L. Hu, Y. Liu, A.C. Panayi, W. Zhou, G. Liu, The Designer
Antimicrobial Peptide A-hBD-2 Facilitates Skin Wound Healing by Stimulating
Keratinocyte Migration and Proliferation, Cellular Physiology and Biochemistry 51(2)
(2018) 647-663.

[43] D.J. Davidson, A.J. Currie, G.S.D. Reid, D.M.E. Bowdish, K.L. MacDonald, R.C.
Ma, R.E.W. Hancock, D.P. Speert, The Cationic Antimicrobial Peptide LL-37 Modulates
Dendritic Cell Differentiation and Dendritic Cell-Induced T Cell Polarization, The
Journal of Immunology 172(2) (2004) 1146.

[44] N. Mookherjee, M.A. Anderson, H.P. Haagsman, D.J. Davidson, Antimicrobial host
defence peptides: functions and clinical potential, Nature Reviews Drug Discovery 19(5)
(2020) 311-332.

[45] J.M. Kahlenberg, M.J. Kaplan, Little Peptide, Big Effects: The Role of LL-37 in
Inflammation and Autoimmune Disease, The Journal of Immunology 191(10) (2013)
4895.

[46] J. Schauber, R.L. Gallo, Expanding the roles of antimicrobial peptides in skin:
alarming and arming keratinocytes, The Journal of investigative dermatology 127(3)

(2007) 510-2.



52

TABLES
Table 1

Structures and properties of crotalicidin, crotalicidin-derived peptides and in tandem encrypted crotalicidin peptides.

Peptide Sequence? Nr Net charge HO pHEC
residues b

Crotalicidin-zs 1KREKKFEKKVKKSVKKRLKKIFKKPMVIGVTIPF34 34 +16 0.263 0.440
Ctn[1-14] 1KRFKKFFKKVKKSV14 14 +9 -0.012 0.763
Ctn[1-9] 1KRFKKFFKKgy 9 +7 -0.066 0.835
Ctn[15-34] 1sKKRLKKIFKKPMVIGVTIPF34 10 +8 -0.166 0.701
Ctn[15-34] 1sKKRLKKIFKKPMVIGVTIPF34 20 +8 0.455 0.311
Segment 16-24 16KRLKKIFKK 34 9 +7 -0.074 0.826
Consensus 1KRhKKhFKKg 9 - - -

H, hydrophobic amino acid residues at positions 3 and 7; aC-terminal amidated peptides; bcalculated from the C-terminal amidated peptides with
the ‘Peptide property calculator’ software (http://pepcalc.com); cestimated hydrophobicity (H) and Hydrophobic moment (uH) as calculated with
the ‘Heliquest’ software (http://heliquest.ipmc.cnrs.ft/).
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Table 2

Antimicrobial and hemolytic activity of Ctn[1-9] peptide analogues.

S.aureus ATCC P. aeruginosa C. albicans Saccharomyces Hemolysis (%0)
6538P ATCC 27853 ATCC 90029 cerevisiae

Peptide Name MIC MLC MIC MLC MIC MLC MIC MLC 12.5 uM 50 uM
Ctn[1-9]-NH: - - - - - - - - 0.8 1.0
Ctn[1-9] - - - - - - - - 0.4 0.4
Acetyl-Ctn[1-9] - - - - - - - - 0.4 0.6
RhoB-Ctn[1-9] - - 10 20 20 20 20 20 0.6 1.6
Melittin nd nd nd nd nd nd nd nd 100 100

MIC and MLC are in micromolar (uM); hyphen (“-*) denotes that MIC and MLC was not observed up to 20 uM; “nd”, not
determined; Antimicrobial activity for C. albicans was determined in Sabouraud and YPD, while for S. cerevisiae only in YPD,; -

NH2, C-terminal amidated peptide; acetyl-., acetylated N-terminal peptide; RhoB, rhodamine B, N-terminal labeled peptide.
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Effect of different concentrations of RhoB-Ctn[1-9] in the activation of bovine oocytes.

Groups Concentration  Nr exposed Nrcleaved  Nr blastocysts
(UM) oocytes (%) (%)

lonomycin 5 250 200 (80.0)? 89 (35.6)?

0 155 13 (8.4)° 1 (0.6)°¢

1 214 42 (19.6)° 0 (0.0)°
RhoB-Ctn[1-9]

10 286 64 (22.4)° 5 (1.8)°¢

40 273 40 (14.7)b¢ 6 (2.2)°

Different superscript letter in the same column denote significant difference (P < 0.05).
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Summary of the biological activities observed for the encrypted vipericidin peptide, RhoB-

Ctn[1-9].
Peptide effect

Cells and in vivo models Ctn[1-9] RhoB-Ctn[1-9] Reference
Microorganisms
P. aeruginosa (Gram+ bacteria) Inactive  Antibacterial This work
C. albicans (pathogenic yeast) Inactive  Antifungal This work
S. cerevisiae (baker yeast) Inactive  Antifungal This work
Mammalian cells
Erythrocytes (human) Inactive  Low hemolytic This work
MDA-MB-231 (breast cancer cell) Inactive  Cytotoxic [9]
MCF-7 (breast cancer cell) Inactive  Cytotoxic [9]
Organisms
Zebrafish larvae Inactive  Acute toxicity [9]
Bovine embryo nd Oocyte activation This work

“nd”, not determined.
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FIGURES

Fig. 1. Structural formula of RhoB-Ctn[1-9]. The Rhodamine B-Lys-Arg-Phe-Lys-Lys-
Phe-Phe-Lys-Lys-NH2 (RhoB-KRFKKFFKK-NH2), RhoB-Ctn[1-9] structural formula was
draw with the ACD/ChemSketch - A Free Comprehensive Chemical Drawing Package
(https://www.acdlabs.com/resources/freeware/chemsketch/). The alternance of positively
charged dipeptides (LysArg, KR and LysLys, KK) and the hydrophobic phenylalanine (Phe,
F) residues is observable. The N-terminal covalently linked rhodamine B and the C-terminal
amidation are represented. Experimental MW = 1681.13 g mol-1. Molecular formula

Co1H131N20011.

NH,

+

haSPS ?
NI—WNH\)LNH NI_l)J\NH NH\)J\NH

e
) \L \H © \

NH,




57

Fig. 2. Representative bovine embryos produced after oocyte activation with RhoB-Ctn[ 1-
9] at 0, 10 and 40 uM and ionomycin (5 uM, control) for 2 and 7 days of treatment. Line 1
shows the embryos cleaved on day 2 (black arrows), while line 2 shows the blastocysts

obtained on day 7 (white arrows) of culture.

- RhoB-Ctn[1-9]
- lonomycin 5 uM 0 uM 10 uM 40 uM
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7 CONCLUSAO

O RhoB-Ctn[1-9] biologicamente ativo demonstrou a capacidade de induzir a
clivagem em odcitos bovinos. Além disso, a ativacdo e o desenvolvimento até o estadio de
blastocisto mostram pouca ou nenhuma toxicidade deste peptideo como agente ativador de

o0citos bovinos.
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8 PERSPECTIVAS

Este trabalho realizou estudos preliminares sobre o uso do peptideo sintético Ctn[1-
9], em diferentes concentracdes, na ativacdo de odcitos bovinos maturados. Os resultados
demonstram uma atividade interessante.

No entanto, necessario se faz estudos posteriores, com diferentes concentracdes do
peptideo e sobretudo com a verificagdo do influxo de Ca®* durante 0 momento de ativagéo

oocitaria.
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Use of the synthetic peptide EVP50 for activation of bovine oocytes
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Fertilization in mammals is characterized by oscillations in intracellular calcium
concentration that are responsible for oocyte activation. The interest in oocyte activation
mechanisms has increased due to embryo biotechnologies, such as cloning by nuclear
transfer and intracytoplasmic sperm injection. Vipericidins comprise the cathelicidin-related
antimicrobial peptides from the venom gland of the pit vipers and previous studies shown
that EVP50, a vipericidin encrypted nonapeptide, induced extracellular calcium influx and
intracellular calcium release. Therefore, it has been hypothesized that EVP50 may cause
oscillations in intracellular calcium concentration in oocytes. Thus, the aim of this study was
to evaluate EVP50 for activation of bovine oocytes. EVP50 was obtained through solid
phase synthesis and with a purity higher than 95% that was confirmed by high performance
liquid chromatography and mass spectrometry. Ovaries were collected in a local abattoir and
follicles (2-8 mm) were punctured. The COCs recovered were subjected to IVM for 26 h.
Mature oocytes were allocated in five experimental groups: control (ionomycin 5 uM) and
EVP50 (0, 1, 10 and 40 uM) incubated for 4 min. After, oocytes were incubated with 6-
DMAP (2 uM) during 4 h in SOF medium and then submitted to IVC in SOF medium for
seven days. The rates of cleavage and blastocyst production were evaluated on the second
and seventh day of culture, respectively. Analysis was performed using Minitab software.

Data are presented as percentage (+ SD) and compared by Fischer’s exact test. Differences
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were considered significant at the 5% level of significance. In total, 1172 oocytes were
obtained from 11 replicates. Oocytes were distributed as follow: ionomycin (250) and
EVP50 0 uM (155), 1 uM (214), 10 uM (286) and 40 uM (273). The control group
(ionomycin) was always significantly superior (P<0.05) to the other groups, both in the rate
of cleavage (80.0 + 15.3%) and blastocyst production (35.6 + 10.8%). Comparing cleavage
rates among EVVP50 groups, we observe that 1 (19.6 + 10.4%) and 10 uM (22.4 + 12.4%)
were higher (P<0.05) than 0 uM (8.4 + 6.3%) and similar (P>0.05) to 40 uM (14.7 + 12.9%).
As for the production of blastocysts, the best (P<0.05) results were obtained using 40 uM
(2.2 £ 3.7%), when compared to 0 (0.6 £ 0.5%), 1 (0.0%) and 10 puM (1.8 £ 3.7%). In
conclusion, EVP50 has the potential to activate bovine oocytes, especially in higher
concentrations. However, further studies in relation to incubation time and testing of other

concentrations are necessary.
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