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PROTEOMICA E METABOLOMICA DO PLASMA SEMINAL EQUINO
RESUMO

Diferente de outras espécies domeésticas de interesse zootécnico, 0s equinos
sdo valorizados como individuo, animais de alto padrdo genético atingem
valores elevados de comércio e reproducdo. Os reprodutores equinos, assim
como os humanos, geralmente recebem tratamento médico para a infertilidade.
Os meétodos de avaliagdo convencional de sémen na maioria das vezes
fornecem apenas informacBes descritivas e tém limitacbes para prever
fertilidade. No entanto, varias abordagens moleculares, como a protedmica e
metabolomica, proporcionaram uma compreensao mais aprofundada dos
mecanismos causadores da infertilidade masculina. O objetivo deste projeto foi
avaliar a protebmica e metaboldémica do plasma seminal equino. Foram
utilizados 24 garanhdes. A concentracdo espermatica foi avaliada em camara
de Neubauer. As demais andlises microscoépicas foram realizadas através do
Computer Assisted Sperm Analysis AndroVision. A analise da integridade
fisica da membrana foi realizada utilizando-se sondas fluorescentes. A
integridade funcional da membrana plasméatica foi avaliada por meio do teste
hiposmaético. Um ejaculado de cada garanhéo foi coletado durante a estacdo
reprodutiva e a fertilidade dos garanhdes selecionados foi avaliada através do
histérico reprodutivo. As taxas de prenhez variaram de 20,2% a 95,6% e os
animais foram divididos em dois grupos: Grupo Alta taxa de prenhez (HP), com
taxa de prenhez por ciclo acima de 51%, e Grupo Baixa prenhez (LP), com taxa
de prenhez por ciclo igual ou abaixo de 50%. ApGs a analise espermatica, o
plasma seminal foi separado e preparado para a identificacdo de proteinas e
metabdlitos do plasma seminal. As proteinas foram identificadas através da
técnica de eletroforese bidimensional; ja para identificacdo dos metabdlitos a
técnica utilizada foi a cromatografia liquida. Foi realizada a média e desvio
padrdo de todas as variaveis analisadas e correlacdo entre as taxas de
prenhez e parametros seminais, integridade da membrana plasmatica,
funcionalidade da membrana plasmatica, defeitos maiores, defeitos menores,
proteinas e metabdlitos do plasma seminal. O Teste de Shapiro-Wilk foi
realizado para avaliar distribuicdo dos dados. Para dados paramétricos, o teste
utilizado foi a Anova e para dados ndo paramétricos o teste utilizado foi o



kruskal Wallis. Para analise estatistica, foi utilizada a correlacdo de Pearson.
De um total de 713 spots detectados, 24 spots foram selecionados e 26
proteinas foram identificadas. Em relagdo aos metabolitos, 18 foram
identificados. A identificacdo de marcadores positivos e negativos referentes a
fertilidade € uma ferramenta para auxiliar a deteccdo de alteracbes que
comprometam a vida reprodutiva do garanh&o. A compreensao aprofundada
dos componentes proteicos e metabdlicos do plasma seminal € importante para
desvendar a fisiologia da reproducdo, auxiliando na compreensdo da
infertilidade na espécie equina, podendo levar ao desenvolvimento de um
produto que aumente as caracteristicas seminais relacionadas a fertilidade

masculina.

Palavras-chave: Individuo, infertilidade, proteinas e metabolitos.



PROTEOMIC AND METABOLOMIC OF EQUINE SEMINAL PLASMA.
RESUMO INGLES

PROTEOMIC AND METABOLOMIC OF EQUINE SEMINAL PLASMA.

Diffetrent other domestic species of zootechnical interest, horses are
valued as individuals, animals of high genetic standard reach high values of
trade and reproduction. Equine breeding stock, like humans, often receives
medical treatment for infertility. Conventional semen assessment methods most
often only provide descriptive information and have limitations in predicting
fertility. However, several molecular approaches, such as proteomics and
metabolomics, have provided a deeper understanding of the mechanisms
causing male infertility. The objective of this project was to evaluate the
proteomics and metabolomics of equine seminal plasma. Twenty four stallions
were used. Sperm concentration was evaluated in a Neubauer chamber. The
other microscopic analyzes were performed using the Computer Assisted
Sperm Analysis AndroVision. The analysis of the physical integrity of the
membrane was performed using fluorescent probes. The functional integrity of
the plasma membrane was assessed using the hyposmotic test. One ejaculate
from each stallion was collected during the breeding season and the fertility of
selected stallions was assessed through their reproductive history. Pregnancy
rates ranged from 20.2% to 95.6% and the animals were divided into two
groups: High Pregnancy Rate (HP) Group, with pregnancy rate per cycle above
51% and Low Pregnancy Group (LP), with pregnancy rate per PT cycle equal to
or below 50%. After sperm analysis, seminal plasma was separated and
prepared for the identification of seminal plasma proteins and metabolites. The
proteins were identified through the technique of two-dimensional
electrophoresis, for the identification of the metabolites, the technique used was
liquid chromatography. The mean and standard deviation of all variables
analyzed and correlation between pregnancy rates and seminal parameters,
plasma membrane integrity, plasma membrane functionality, major defects,
minor defects, proteins and seminal plasma metabolites were performed.
Shapiro-Wilk test was performed to assess data distribution. For parametric
data the test used was the Anova and for non-parametric data the test used



was the kruskal Wallis. For statistical analysis, Pearson's correlation was used.
From a total of 713 detected spots, 24 spots were selected and 26 proteins
were identified. Regarding the 18 metabolites were identified. The identification
of positive and negative markers related to fertility is a tool to help detect
changes that compromise the reproductive life of the stallion. The in-depth
understanding of the protein and metabolic components of seminal plasma is
important to unravel the physiology of reproduction, aiding in the understanding
of infertility in the equine species, which may lead to the development of a
product that increases the seminal characteristics related to male fertility.

Keywords: Individual, infertility, proteins and metabolites.



1. INTRODUCAO

O efetivo mundial de equinos é estimado em 60.566.601 de cabecas, das
guais cerca de 54% encontra-se nas Ameéricas (FAO, 2021). O Brasil possui 0
maior rebanho de equinos na América Latina e o quarto mundial. A tropa
nacional é superior a cinco milhdes de cavalos, computados os cavalos de lida,
os de raca, lazer e competicdo. A atividade movimenta anualmente R$ 16,15
bilhdes e gera mais de 610 mil empregos diretos e 2.430 milhdes empregos
indiretos, sendo responsavel, por trés milhdes de postos de trabalho (MAPA,
2017). Nos ultimos anos a equideocultura deu um salto qualitativo, havendo hoje
no mercado animais de alto valor. Isso é possivel devido aos avan¢os na area
da genética animal.

O estudo da reproducdo equina é fomentado cada vez mais como
ferramenta para acelerar o ganho genético e competitividade na industria do
cavalo (HINRICHS, 2013). Diferente de outras espécies domésticas de interesse
zootécnico, 0s equinos sdo valorizados como individuo (CHOWDHARY et al.,
2008, VARNER et al., 2008). O aspecto reprodutivo na maioria das vezes nao é
levado em consideracao (HARALD; OTTMAR, 2012). A selecdo de garanhdes é
baseada na genética, performance e conformacdo. Claramente, a saude
reprodutiva do animal ndo € inserida nesta selecdo. Os garanhdes representam
50% da equacao da reproducdo e a industria do cavalo € repleta de garanhdes
com nivel de fertilidade indesejavel (VARNER et al., 2008).

Dentre os fatores que podem alterar os indices reprodutivos, a qualidade
seminal assume um efeito consideravel. Os testes laboratoriais de rotina,
aplicados na avaliagdo da qualidade do sémen, por muitas vezes ndo Ssao
capazes de determinar o potencial de fertilidade dos reprodutores (JOBIM et al.,
2009; MOURA et al.,, 2011). Diversos estudos sugerem que componentes
moleculares dos espermatozoides, ou do meio que os cercam, podem influenciar
sua capacidade fecundante (BELARDIN et al., 2019). A redugéo da fertilidade no
garanhdo resulta em importantes perdas econ6micas para a industria equina
(MOURA et al., 2011). A fertilidade do macho & complexa, e depende de uma
populacdo heterogénea de espermatozoides que ira interagir de diferentes
formas em diversos locais do trato reprodutor da fémea, zona pelicida e odcito
(RODRIGUEZ-MARTINEZ, 2013).



Neste contexto a biotecnologia da reproducdo se coloca como uma
importante ferramenta a servico da equideocultura mundial, como instrumento
direto do melhoramento genético uma vez que € utilizada para aumentar a
producédo de potros e contribui com pesquisadores e profissionais que trabalham
com reproducéo equina (HINRICHS, 2013).

A identificagdo de marcadores associados com caracteristicas
economicamente importantes, como a reproducdo, permite que 0S
pesquisadores desenvolvam testes especificos de diagnostico e elaborem
medidas preventivas de manejo e tratamento, possibilitando o desenvolvimento
de novos critérios para a predicdo e aumento da fertilidade masculina
(BROSNAHAN et al., 2010). As abordagens “Omicas”, como gendmica,
transcriptbmica e prote6mica, tém sido usadas para determinar 0s componentes
moleculares da fertilidade. Como resultado, estudos mostram que 0s compostos
moleculares encontrados no sémen e no plasma seminal estao
significativamente associados a fertilidade (VELHO et al., 2018).

A protebmica seminal tornou-se essencial para identificacdo de
propriedades e funcbes de proteinas envolvidas nos mecanismos de regulacdo
das fung¢des no trato reprodutor masculino e consequentemente, no processo de
fecundacdo (MILARDI et al., 2013). Pesquisas sobre a identificacédo de proteinas
expressas nos fluidos reprodutivos séo realizadas com o intuito de identificar
biomarcadores de fertilidade (MOURA et al., 2011). Os reprodutores equinos,
assim como os homens, geralmente recebem tratamento médico para a
infertilidade (ING et al., 2014). Marcadores biolégicos ou biomarcadores séo
entidades que podem ser medidas experimentalmente e indicam a ocorréncia de
uma determinada funcdo normal ou patoldégica de um organismo e
adicionalmente, funcionam como um indicador de uma via fisiologica (GARBAN
et al., 2006)

Os metabdlitos presentes no plasma seminal desempenham diversos
papéis relacionados a fungdo espermatica, como producdo de energia,
motilidade, protecdo, controle do pH e regulacdo da atividade metabdlica
(VELHO et al.,, 2018). A metabolébmica é uma técnica emergente e tem se
mostrado promissora na identificacdo de potenciais biomarcadores de fertilidade
masculina e infertilidade. Tem despertado interesse significativo para estudar e
compreender os processos biolégicos fundamentais relacionados a reproducao
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(MUNOZ et al., 2014), uma vez que permite a identificacéo e quantificacdo de
pequenas moléculas, como aminoacidos, peptideos, 4cidos graxos, carboidratos
em secreg0es, células, tecidos e 6rgaos (DUNN et al., 2005).

Mesmo existindo variagbes nos processos reprodutivos das diversas
espécies, é possivel reconhecer padrdes gerais no plano estrutural e funcional e
buscar modelos experimentais mais adequados a espécie humana. Tendo em
vista 0s avancos obtidos em outras espécies, tais como: camundongos,
humanos, suinos, felinos, bovinos e ovinos (SAUNDERS et al., 2002;
KUROKAWA et al., 2005; VILLAVERDE, 2010; MOURA et al, 2006; SILVA, et
al., 2012), com pesquisas sobre marcadores de fertilidade e a importancia deste
tema na esfera reprodutiva. Torna-se imprescindivel o desenvolvimento de
estratégias para a identificacdo, caracterizacdo e compreensdo de componentes
de interesse e sua participacdo nas ceélulas espermaticas, relacionando-os aos
processos de fecundagédo e melhorias de indicadores reprodutivos. O objetivo
desse trabalho foi investigar a protedmica e metaboldomica do plasma seminal

equino e sua relacdo com a fertilidade.

2 REVISAO BIBLIOGRAFICA

2.1 A Raca Crioula

A raca Crioula € o resultado de uma selecdo natural que ocorreu
principalmente na América do Sul, por cerca de quatro séculos. Os cavalos
Crioulos séo considerados extremamente bem adaptados a regido, devido ao
fato de que somente os mais fortes sobreviviam e conseguiam passar seus
genes para as futuras geracdes (ABCCC, 2023). Representando um papel de
grande importancia na cultura do Rio Grande do Sul, os cavalos da raca Crioula
sdo originados na regidao do Pampa (GIANLUPPI et al., 2009). Sado animais
descendentes das racas Andaluz e Bérbere, trazidos por conquistadores do
século XV. O cavalo que aportou na América era a mais desenvolvida
ferramenta de guerra existente na época. A partir do século XVII, muitos cavalos
foram perdidos ou abandonados, reproduzindo-se de forma livre pelo sul do

continente. Na regido das cordilheiras e pampas, formaram-se manadas
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extremamente bem adaptadas a regido devido a selecdo natural ao longo dos
quatro séculos (TEIXEIRA, 2011).

No final do século XIX e inicio do século XX, criadores argentinos,
uruguaios e brasileiros comecaram a se conscientizar da importancia e da
gualidade dos cavalos que habitavam suas propriedades e deram inicio a
recuperacdo destes animais, contribuindo assim, para a formacdo da raca
Crioula. Esta nova raca passou a ser preservada quando varias associa¢cdes
foram criadas, comprovando o valor do cavalo Crioulo. Hoje sdo mais de 400 mil
animais distribuidos em 100% do territério nacional (ABCCC, 2023).

2.3 Fertilidade

O termo fertilidade é habitualmente utilizado na indulstria equestre para
relatar a percentagem de fémeas clinicamente prenhes em um momento
definido, apds a monta natural ou inseminacao artificial. Este valor sempre sera
menor do que a percentagem de ovacitos fecundados in vivo pelo sémen de um
determinado garanhdo (AMANN, 2005). Assim a fertilidade, na verdade, € o
produto da fertilidade masculina X fertilidade feminina X todas as outras fontes
de variagao, o que dificulta a atribuicdo do resultado obtido observado quanto ao
reprodutor ou ao sémen (AMANN; HAMMERSTEDT, 2002).

A fertilidade masculina refere-se a capacidade de um animal produzir
espermatozoides com a capacidade de fecundar o odcito, resultando em uma
prole viva. E afetada por varios fatores, incluindo manejo, nutricio, doenca,
estresse, idade e genética (RODRIGUEZ-MARTINEZ, 2013; VELHO, et al.,
2018). Diferente de outras espécies de interesse econémico, como bovinos, por
exemplo, os garanhdes sao selecionados pelas caracteristicas como
conformacao, resultados em competicdo ou devido a sua genealogia. A industria
equestre esta repleta de reprodutores que possuem indices de fertilidade
insatisfatorios ou abaixo do preconizado para outras espécies (VARNER et. al.,
2008).

As modernas técnicas de reproducao possibilitam melhorar a fertilidade.
No entanto, ndo podemos esquecer nem da fonte genética nem da heranca
epigenética de algumas situacdes de infertilidade sob pena de se comprometer a
capacidade de gerar descendéncia nas geragcbes subsequentes (GAMBOA,

18



2011).0 conhecimento de genes do espermatozoide de humanos ja estd bem
documentado (LAMBARD et al., 2004), enquanto poucos estudos estao
disponiveis para equinos. A descoberta de genes especificos relacionados a

fertilidade é uma necessidade para a industria do cavalo.

2.4 Espermatozoide

O espermatozoide € uma célula constituida por cabeca e cauda (colo,
peca intermédia, principal e terminal). O pescoco consiste na juncdo altamente
especializada entre o bordo posterior da cabeca e a peca intermédia da cauda.
Em equino, as cabecas tém um formato achatado, em forma de raquete, com
dimensbes aproximadas de 60-65 pm de comprimento total, 6-7 pm
comprimento de cabeca, 10 ym parte média, 40 ym parte principal e 4-5 ym
parte final (MEYERS, 2009). Quanto a largura, a cabeca possui
aproximadamente 3,5-4 um no segmento equatorial do acrossoma, a parte mais
larga da célula, que contem também o nucleo (AMANN; GRAHAM, 1993).

A cabeca do espermatozoide é formada pelo acrossoma, lamina pés-
acrossomal e nucleo. No nucleo, os dois ter¢cos anteriores sdo sobrepostos pelo
acrossoma, que formam uma vesicula especializada originada do complexo de
Golgi, uma membrana de duas camadas que contém enzimas hidroliticas
essenciais para a penetracdo do espermatozoide no odcito (CUNHA, 2015). O
nacleo preenche a maior parte da cabeca do espermatozoide e € onde fica
armazenado o material genético em formato de DNA altamente condensado e
contido por dupla camada nuclear (BRITO, 2007).

Podemos subdividir o espermatozoide em membrana plasmatica,
acrossoma, nucleo e flagelo, onde se inclui uma camada mitocondrial. A
membrana plasmatica cobre totalmente toda a célula e consiste numa bicamada
fosfolipidica com incorporacdo de moléculas de colesterol (estabilizador de
membrana), carboidratos complexos e proteinas associadas a lipidos ou ao
glicocdlice (MEYERS, 2009).

Certas proteinas transmembranares auxiliam na formacdo de canais
ibnicos, poros, receptores ou componentes de transducdo de sinal, constituindo

no seu total cerca de 50% do peso molecular da membrana. A membrana
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plasmatica encontra-se ancorada as estruturas subjacentes na regido do
acrossoma espermatico, lamina pos acrossomica e regido do colo. Na cabeca do
espermatozoide a membrana encontra-se dividida em duas regibes, a
acrossOmica, incluindo o anel celular periférico e a maior parte do acrossoma, e
pos acrossomica ou segmento equatorial, onde se inicia a fusdo entre o
espermatozoide e a zona pelicida. Ambas as zonas constituem a capsula
acrossémica. A composi¢cdo da membrana em termos de lipidos, proteinas e
carboidratos é variavel entre a cabeca e cauda do espermatozoide (MEYERS,
2009). Desta maneira, a integridade da membrana torna-se essencial para o
metabolismo normal do espermatozoide, capacitacdo e reacdo acrossomica. A
reacao acrossomal, resultante da liberacdo e ativacdo das enzimas acrossomais,
€ ativada pela ligacdo do espermatozoide com a zona pelucida. A fecundacao sé
ocorrera caso 0 acrossomo permaneca intacto durante todo trajeto espermatico
pelo trato reprodutor feminino até o momento final da ligagdo com a zona
pelicida (SILVA; GADELLA, 2006).

Apoés a espermatogénese, 0s espermatozoides ainda ndo séo capazes de
fecundar o odcito. Os ultimos estagios de diferenciacdo de espermatides séo
marcados pela condensacdo do DNA, que diminui progressivamente 0 processo
de transcricdo e traducdo no gameta até sua estagnacdo. Nos mamiferos a
capacidade de fecundacdo € adquirida durante o transito epididiméario, onde
sucessivas modificacbes morfofuncionais contribuem para a maturacdo do
espermatozoide (DACHEUX et al., 2003).

2.5 Plasma Seminal

O sémen é composto por duas fragcdes distintas, 0os espermatozoides, que
compdem menos que 1% do volume total e o plasma seminal (GUASTI et al.,
2020). O plasma seminal é um fluido com papel essencial para as funcdes
espermaticas in vivo, desde a ejaculacdo até a fecundacdo (KRAUS et al.,
2005). Durante o transporte, atravées do epididimo, e na ejaculacdo, os
espermatozoides adquirem varias proteinas oriundas do fluido epididimario e das
secregcdes das glandulas acessorias, além de terem contato também com
horménios produzidos, principalmente, nos testiculos (YANAGIMACHI, 1994).

Também apresenta sais minerais e horménios que atuam juntamente a estas
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proteinas, tendo importantes funcdes fisiologicas sobre as células espermaticas
(JELINKOVA et al., 2003).

Em equinos, este fluido é expelido em fragBes durante a ejaculacdo e sua
composicdo apresenta diferentes aspectos bioquimicos de acordo com a fracéao
expelida. A primeira porcdo ejaculada é a fracdo pré-espermatica, aquosa, e
provém das glandulas bulbouretrais e da préstata. Esta fracdo possui a funcao
de limpeza da uretra. A segunda fracdo é rica em espermatozoides, leitosa e é
composta por secrecdes do epididimo e da ampola do ducto deferente. A
terceira porcdo contém poucos espermatozoides, porém grandes quantidades
de &acido citrico e gel proveniente das vesiculas seminais, com a funcédo de
carrear 0S poucos espermatozoides que restaram na uretra (KAREKOSKI,
KATILA, 2008; GUASTI et a., 2020).

Variacbes na composicdo do PS de diferentes machos tém sido
relacionadas a diferentes indices de fertilidade (KILLIAN et al., 1993; BELLIN et
al., 1998; BELLIN et al., 1996; BRANDON et al., 1999; KOISTINEN et al., 2000;
MOURA et al., 2006). O PS é um fluido complexo onde encontramos grandes
guantidades de agua, ions inorganicos, acido citrico, aglcares, sais organicos,
prostaglandinas e um numero variado de proteinas que servirdo de tampao,
mantendo uma osmolaridade e pH adequados, além de proporcionar fontes de
energia para o metabolismo espermatico, tanto aerdbico como anaerdbico
(MANN; LUTWAK-MANN, 1981).

O PS possui em sua composicao substancias moduladoras da inflamagao
uterina que auxiliam na eliminagédo dos espermatozoides e na limpeza uterina de
éguas com endometrite (TROEDSSON et al., 2005). O PS contém uma série de
agentes antioxidantes enzimaticos, como a catalase, superéxido desmutase,
glutationa peroxidase; e ndo enzimaticos como a albumina, taurina, hipotaurina,
piruvato, acido ascorbico, tocoferol e ergotionina. A atividade destas enzimas no
plasma seminal inibe a peroxidacdo dos lipidios da membrana plasmética pelas
espécies reactivas de oxigénio (ROS) protegendo os espermatozoides do dano
celular causado pelo estresse oxidativo (GUASTI ET AL., 2020).

Também contém proteinas que podem influenciar a criopreservacao e
prevenir a capacitagdo devido a alteragdes no congelamento e descongelamento
(AL-ESSAWE et al., 2018). Variagdes na composicao do PS de diferentes
machos tém sido relacionadas a diferentes indices de fertilidade (MOURA et al.,

21



2006). Apds a ejaculacao, os espermatozoides procedentes do epididimo entram
em contato com as distintas secre¢des procedentes das glandulas vesiculares,
prostata e bulbouretrais. O conjunto de substancias produzidas por estas
glandulas é espécie especifico e altamente variavel entre individuos da mesma
espécie, assim como entre ejaculados de um mesmo individuo, podendo ainda
variar com a estac¢do do ano, estado fisiologico do animal (CARDOZO et al.,
2006) e esta envolvido em diversas fungBes espermaticas e eventos que
precedem a fecundacdo (KARESKOSKI; KATILA, 2008). O contato dos
espermatozoides com as distintas substancias que compfe o PS ocorre de
forma sequencial. Os espermatozoides passam através do epididimo, onde vao
adquirir sua capacidade fecundante e motilidade (FRANCA et al., 2005).

Apesar do PS demonstrar funcbes especificas nos eventos da
fecundacéo, as técnicas de criopreservacdo de sémen de equinos preconizam a
retirada deste fluido (RAMIRES NETO et al., 2013), substituindo-o por diluentes,
uma vez que estudos demonstram que o acréscimo de plasma seminal promove
um efeito deletério sobre a preservacdo das células espermaticas
(KARESKOSKI; KATILA, 2008).

Os elementos do plasma seminal podem interferir tanto positiva quanto
negativamente na fertilidade, sendo possivel que a expressdo de algum desses
produtos, neste meio, possam servir como marcadores para a fertilidade por

evidenciar, primariamente, a qualidade do fluido seminal (BELLIN et al., 1998).

2.5.1 Producéo Plasma Seminal

O PS é o fluido no qual os espermatozoides estdo suspensos na
ejaculacdo, fornecendo o meio de sobrevivéncia e favorecendo o transporte
espermatico, consiste em um fluido produzido pela rete testis, epididimo e
glandulas sexuais acessorias (MANN; LUTWAK-MANN, 1981).

O epididimo é anatomicamente conectado ao testiculo e pode ser dividido
em cabeca, corpo e cauda. Cada regido secreta substancias especificas que
promovem mudangas na composicdo quimica e proteica do fluido epididimério,
essenciais para a diferenciacio e manutencdo da célula espermatica
(DACHEUX et al., 2003; GATTI et al., 2004, GUASTI ET AL., 2020). Este
controle extragonadal da diferenciacdo espermatica é chamado de maturacao
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espermatica epididimaria, na qual o gameta masculino adquire a habilidade de
reconhecer e ligar-se a zona pellcida e capacidade de fusdo com odcito
(DACHEUX; DACHEUX, 2014). A maioria das proteinas luminais sdo secretadas
ativamente pelo epitélio epididimario e esta relacionada com a protecdo do
espermatozoide durante sua passagem pelo epididimo, como a reducédo de
espécies reativas ao oxigénio (ROS), acédo antibacteriana e protecdo dos sitios
ativos na superficie de membrana (GUASTI et al., 2020).

As glandulas anexas no garanhdo sao constituidas por: prostata,
glandulas bulbouretral e vesicula seminal. A glandula prostatica compreende
duas porc¢des: uma estrutura bilobulada, circundando a uretra, e outra chamada
de istmo, entre os l6bulos. As secrecfes da prostata sdo conduzidas até o lumen
da uretra por meio de varios ductos (15 a 20), que vao ajudar a forma o liquido
seminal. A glandula bulbouretral esta localizada na superficie dorsal da uretra
pélvica, cerca de 8 cm caudalmente a prostata. As secre¢Bes da glandula
bulboretral fazem parte da primeira fracéo do ejaculado e tém a funcéo de limpar
a uretra antes da ejaculacédo. As vesiculas seminais sdo glandulas pareadas e
priformes, medindo de 15 a 20 cm de comprimento e 5 cm de diametro. Séo
responsaveis pela producéo da fracao gelatinosa do ejaculado que é secretada
normalmente no final da ejaculacdo (PAPA; PAPA 2020). A aparéncia tipica
normal da rete testis consiste numa estrutura hipoecdica serpiginosa que
comunica o mediastino testicular & cabeca do epididimo, usualmente localizada

na regido poéstero-lateral do testiculo (VITAL et al, 2007).

2.6 Fecundacao

A fecundacéo ocorre quando ha fusdo do odcito com o espermatozoide. E
necessario que ocorra a migracdo espermatica entre as células do cumulus
oophorus, a unido da cabeca do espermatozoide a zona pellcida e em seguida
a penetracdo do espermatozoide por uma abertura através da zona pellcida
para atingir a membrana vitelinica e, por ultimo, a fusdo dos gametas (HAFEZ;
HAFEZ, 2004). No momento da ovulacao ocorre a liberacdo do oocito maturado,
o qual foi submetido a transformag¢des durante o desenvolvimento folicular, como
a formacdo da zona peldcida e a retomada e finalizacdo da primeira divisdo

meidtica, com a extrusdo do primeiro corpusculo polar, em preparo para a
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fecundacédo. A placa metafasica marca o inicio da segunda divisdo meiotica,
porém a meiose ndo pode continuar até que ocorra a penetracdo do
espermatozoide no odcito (GINTHER, 1992).

Para atingir a capacidade de fecundacéo os espermatozoides passam por
varias modificacbes sequenciais incluindo a maturacédo, capacitacdo e a reacao
do acrossoma. Os componentes de sua superficie sdo modificados ou
removidos pelas secregcbes do trato genital feminino, desestabilizando a
bicamada fosfolipidica e permitindo a ativacdo do acrossoma. A capacitacao
desencadeia a reacdo acrossomal que envolve a fusdo da membrana plasméatica
do espermatozoide com a membrana externa do acrossoma, seguida por uma
extensa vesiculacdo sobre o segmento anterior do acrossoma. Essa reacgao
promove a liberacdo de enzimas hidroliticas, como hialuronidase e acrosina que
sd0 necessarias para a penetracdo no oocito (HAFEZ; HAFEZ, 2004). A unido
da cabeca do espermatozoide a zona pellucida € regida por receptores
espermaticos especificos na sua superficie. A zona pellicida é sintetizada pelo
o0cito em maturacdo, sendo sua matriz extracelular constituida por
glicoproteinas denominadas ZP1, ZP2 e ZP3, presentes em todas as espécies
de mamiferos. As ZP1 e ZP2 séo glicoproteinas estruturais, enquanto a ZP3 age
como receptor espermatico (HERRLER; BEIER, 2000). Apenas espermatozoides
com acrossomas intactos podem se ligar a ZP3. A ligacdo da cabeca
espermatica a ZP3 permite interacbes com outras zonas competentes que
estimulam a ativagdo do acrossoma, liberando enzimas que digerem uma
abertura através da zona pellcida para atingir a membrana vitelinica (KLINE,
2000). A regido equatorial da cabeca espermatica liga-se a membrana vitelinica
estimulando a retomada da segunda divisdo meidtica, liberando o segundo
corpusculo polar (GINTHER, 1992; HAFEZ; HAFEZ, 2004).

O inicio da fecundacdo é um processo controlado, rigorosamente
dependente da integridade nuclear e estrutural do odcito maturado e da
penetracdo pelo espermatozoide. A fecundagéo induz uma série de oscilacdes
(ondas) intracelulares de Ca*? que promovem alteracdes citoplasmaéticas e
nucleares do o0cito, essenciais para 0 inicio da embriogénese. Dentre as
principais funcdes destas elevacées periddicas do fon Ca*? estdo: a exocitose
dos gréanulos corticais, a ativagdo oocitéria e a liberacdo do segundo corpusculo
polar, assim completando a segunda divisdo meidtica e a preparacdo para a
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primeira clivagem embrionaria. Estas ondas de Ca*? no odcito sdo originadas
dos estoques intracelulares, localizados no reticulo endoplasmatico. No
momento da penetracdo pelo espermatozoide, uma cascata de eventos se
desencadeia, culminando com a formacé&o do inositol trifosfato (IP3) que induzira
a liberacéo de Ca*™ (JONES et al., 1998).

No primeiro pico, a onda se inicia no sitio da penetracdo do
espermatozoide no o0cito e migra, pelo citoplasma, para o polo oposto. J& nos
demais ciclos, as ondas se iniciam no cortex do odcito no hemisfério oposto ao
fuso da meiose, em seguida, propagando-se para todo o citoplasma. O aumento
da concentracdo intracelular de Ca*® é pulsatil e periédico, pois 0 mesmo, em
altas concentracdes, por longos periodos de tempo, € citotoxico e prejudica a
organizacdo dos fusos, afetando a formacdo dos prondcleos e
consequentemente a clivagem. Os picos de Ca*? livre sdo importantes tanto na
ativacdo do od6cito quanto no desenvolvimento embrionario normal
(WASSARMAN; ALBERTINI, 1994).

2.7 Biologia Molecular

A reproducdo € um dos principais aspectos na criagcdo de equinos.
Estudos foram realizados buscando correlacdo entre fatores ambientais,
comportamentais e fisiolégicos com a fertilidade de equinos. No entanto, pouco
se sabe sobre os fatores genéticos que atuam na fertilidade (HINRICHS, 2013).

O sufixo ‘'omics' descreve o estudo de grandes conjuntos de dados dentro
de nichos biolégicos funcionais, ou o estudo holistico das interacdes intra-
dominio, portanto é considerada biologia de alta dimenséo. Isso foi facilitado
pelos avangos em tecnologias de sequenciamento em massa e
acompanhamento aprimorado capacidades de analise bioinformatica. Embora as
‘dmicas' tenham tradicionalmente girado em torno do dogma central da biologia —
gendmica, transcriptbmica e protebmia, atencéo crescente € sendo concedido a
interdominios de varios niveis interacdes, além do surgimento de dominios,
incluindo epigendmica, interatbmica, hormondmica, metaboldmica e fendmica
(SIMINTIRAS; FORDE, 2017).
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Fig. 1: Relagdo linear multinivel entre dominios 'omics', com o correspondente comum

disponivel técnicas para estudar os respectivos dominios (SIMINTIRAS; FORDE, 2017).

A integracéo dos dados gerados a partir das varias plataformas "omics" ,
depende de um conhecimento da questdo biolégica que esta sendo feita, ou
seja, se estd usando essas tecnologias como uma ferramenta de geracao de
hipoteses, ou para compreender melhor os fatores centrais para o sucesso da
reproducéo equina (SIMINTIRAS; FORDE, 2017).

2.7.1 Transcriptoma

A extracdo de acidos nucleicos (DNA e RNA) é o primeiro passo para a
realizacdo da maioria das metodologias de biologia molecular. E possivel se
obter DNA e RNA a partir de inumeros tipos de tecidos e células, e existe uma
infinidade de protocolos e reagentes para realizacdo de tal procedimento
(GOUVEIA; REGITANO, 2007). Modernas técnicas de Biologia Molecular vém
sendo utilizadas em estudos envolvendo a determinacdo da relacdo entre a
ocorréncia de variagbes no DNA com caracteristicas fenotipicas, contribuindo
para abordagens preventivas na medicina humana e animal (LEON, 2011).

O desenvolvimento recente do Sequenciamento de Segunda Geracgao

permitiu aumentar a base de cobertura da sequencia de DNA, bem como
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aumentar a amostra analisada. Isto facilitou o sequenciamento de transcritos de
RNA na célula. Além dos mRNA, o RNA-Seq analisa populacdes diferentes de
RNA como RNA total e pequenos RNAs como os microRNAs (mMRNA), RNA
transportador (tRNA) e RNA ribossémico (rRNA) (WANG et al., 2009; COSTA et
al., 2010). O conhecimento de genes especificos do espermatozoide de
humanos ja esta bem documentado (LAMBARD et al., 2004), enquanto poucos
estudos estdo disponiveis para equinos (CHOWDHARY et al., 2008).

Os espermatozoides maduros tém pouco citoplasma e uma cromatina
altamente condensada enriquecida em protaminas. A presenca de &acido
ribonucleico (RNA) no espermatozoide ejaculado maduro foi demonstrada, pois
ocorrem tanto a transcricdo quanto a traducdo, ndo no citoplasma dos
espermatozoides maduros, mas nas mitocondrias (BIANCHI et al., 2019). Os
espermatozoides maduros contém varios tipos de RNAs acumulados em seus
ndcleos mitocondriais (BIANCHI et al., 2019). Inclui RNA mensageiro (mMRNA),
microRNA (miRNA), RNA de interferéncia (iIRNA) e RNA antisens (HOSKEN et
al., 2014). Apos a fecundacgéo, o espermatozoide fornece um genoma completo,
altamente estruturado e marcado epigeneticamente que, junto com RNAs e
proteinas, desempenha um papel distinto no desenvolvimento embrionério inicial
(BIANCHI et al., 2019).

Apesar dos avancos obtidos na analise transcricional de espermatozoides
em diversas espécies, 0s estudos genéticos de espermatozoides de garanhdes
ainda sdo limitados (SULIMAN et al., 2018). A analise do transcriptoma de
espermatozoides de garanhdes foi realizada por SULIMAN et al. (2018) e
permitiu a comparacdo da abundancia de genes entre garanhdes férteis e

subférteis.

2.7.2 Protedbmica

A protedmica consiste na caracterizagcdo em larga escala de componentes
proteicos de uma determinada célula, tecido ou fluido biol6gico. No entanto, a
analise protedmica ultrapassa a simples listagem de proteinas e fornece indicios
substanciais quanto a organizacdo e dinamica dos processos metabdlicos,
regulatorios e de sinalizacdo pelos quais a célula se desenvolve (PANDEY;
MANN, 2000).
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Na década passada, a protedmica possibilitou o desenvolvimento de
novas tecnologias na identificacdo de marcadores moleculares de patologias. O
PS, assim como a membrana plasmatica, sdo candidatos para a analise
protedmica na avaliacdo da fertilidade masculina (MILARDI et al., 2013). O fluido
das glandulas anexas contém diversas proteinas que sao importantes no
processo de fecundacao e cerca de 35% destas macromoléculas da membrana
plasmatica sdo provenientes deste fluido (KOEHLER et al., 1980).

Durante a ejaculacdo, uma grande quantidade de proteinas do plasma
seminal interage com a membrana espermatica, levando a uma série de
alteracbes bioquimicas e estruturais implicadas na funcdo espermatica e na
interacdo dos gametas (GUASTI et a., 2020). A maioria das proteinas seminais
na espécie equina pertence a trés grupos, sendo estes proteinas secretorias
ricas em cisteina (CRISPs), proteinas transportadoras de dois ou quatro
modulos de fibronectina tipo 1l (Fn-2) e as espermadesinas (KARESKOSKI;
KATILA, 2008).

Os membros da familia de proteinas CRISP (CRISP1, CRISP2, CRISP3)
caracterizam-se pela presenca de 16 residuos de cisteina , ligados por pontes
dissulfito, subdividindo a molécula em trés dominios (TOPFER-PETERSEN et
al., 2005). Estas trés proteinas foram identificadas no trato genital de equinos,
humanos e roedores. A funcdo dos diversos membros da familia CRISP na
reproducdo parece estar relacionada com processos de espermiogénese,
maturacdo do espermatozoide, capacitagdo espermatica e na interacdo
espermatozoide-ovaicito (TOPFER-PETERSEN et al., 2005).

Na ejaculacdo, as proteinas que contém o dominio Fn-ll, se unem ao
espermatozoide mediante interacdes especificas com os residuos de colina dos
fofolipidios da membrana do espermatozoide (DESNOYERS; MANJUNATH,
1992), mediando a capacitacdo pelo efluxo de colesterol e fosfolipideos
(THERIEN et al., 1999). Estas proteinas apresentam a capacidade de ligacdo a
heparina. A heparina é um glicosaminoglicano, isto é, um polissacarideo de alto
peso molecular, que se liga ao espermatozoide bovino através de proteinas, e é
capaz de induzir a capacitacdo (LENZ et al., 1983; MILLER et al., 1990). Tal
efeito é obtido através da modulagédo na atividade da proteina a qual ela se liga.
Glicosaminoglicanos semelhantes a heparina sdo secretados, particularmente na

fase folicular, pelo trato reprodutivo da fémea, o que estimula a capacitacao
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(LENZ et al., 1982). As proteinas do plasma seminal equino 2 (HSP-1)
e proteinas do plasma seminal equino 2 (HSP-2), expressas na ampola do
ducto deferente, pertencem ao grupo das proteinas com modulos Fn-2 e
representam cerca de 70 a 80% das proteinas totais do PS equino. Estas
proteinas sdo homodlogas as proteinas de ligacdo a heparina do plasma seminal
bovino (BSP), que estdo envolvidas na capacitacdo espermatica (EKHALASI-
HUNDRIESER et al., 2005).

As espermadesinas sao glicoproteinas de baixo peso molecular (12-16
kDa) compostas por 109 e 133 aminoéacidos e constituidas estruturalmente por
um unico dominio que serve como suporte estrutural e ao qual se pode atribuir
diferentes funcionalidades. Se aderem a membrana plasmética durante a
ejaculacdo e sdo caracterizadas como proteinas multifuncionais, pois possuem
propriedades de ligacdo a heparina, a inibidores de proteases, a fosfolipideos e
a carboidratos. Desta forma, podem exercer fungdo como receptores no
reconhecimento entre os gametas ou mediar a ligacdo espermatica no epitélio
da tuba uterina (ROMERO et al.,, 1997; TOPFER-PETERSEN et al., 1998;
TOPFER-PETERSEN et al., 1999).

Proteinas no plasma seminal equino ja foram identificadas como
marcadores de fertilidade como: Seminal Plasma Proteins 1 (SP1) e Clusterin
(Novak et al.,, 2010); marcadores de criopreservacdo como: Cysteine-rich
Secretory Protein 3 (CRISP-3) e Horse Seminal Plasma Proteinas 2 (HSP-2)
(JOBIM et al., 2011). Um estudo recente identificou as proteinas mais
abundantes no PS. No total foram identificadas proteinas 24 proteinas no
plasma seminal equino. As mais abundantes foram, HSP1, CRISP3 e calicreina
1E2 (KLK1EZ2). A prosaposina foi identificada no PS e pode desempenhar um
papel no processo de fertilizagdo. Dez proteinas do plasma seminal interagem
com a membrana espermatica e estdo relacionadas a atividades de ligacédo e
catalitica (clusterina, CRISP3, proteina 1 de ligagdo ao espermatozoide do
epididimo, KLK1E2, proteina A3 do plasma seminal e HSP1). Além disso, outras
proteinas identificadas foram associadas a integridade do DNA, capacitacdo e
reconhecimento da prenhez. Esses achados indicam que a ligacdo de proteinas
especificas a membrana plasmatica durante a ejaculacdo pode influenciar a
sobrevivéncia espermatica ap0s a criopreservacdo e pode desempenhar um

papel na diminuicdo da qualidade em garanh8es com PS téxico. A elucidacao
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dessas interacbes € um passo importante no entendimento dos processos
biolégicos relacionados a fertilidade equina e facilita futuras investigacdes sobre
a selecdo e aplicagcdo de estratégias de sémen de baixa congelabilidade
(GUASTI et al., 2020).

A caracterizacdo e identificacdo destas proteinas no plasma seminal e
membrana plasmatica permite elucidar os processos biologicos relacionados a
fertilidade masculina e ao processo de fertilizacdo, e apds sua validagdo podem
ser utilizadas na distincao clinica entre fertilidade e infertilidade. O estudo do
protedbma da célula espermatica € relativamente mais simples quando
comparado ao de células somaticas. O espermatozoide é uma célula altamente
especializada com o conteado minimo de citosol e organelas (YANAGIMACHI et
al., 1994), no entanto, possui maior quantidade de proteinas de membrana
plasmatica do que qualquer outro tipo celular (BREWIS; GADELLA, 2010).

2.7.3 Metabolémica

A metaboldmica é uma das técnicas mais recentes que foi desenvolvida
ap6s a genbmica, transcriptbmica e protedmica para analisar todo o
metaboloma, os produtos finais do metabolismo dentro de um sistema biolégico
(ZHANG et al., 2012). Os metabdlitos sdo moléculas pequenas, com menos de 1
kDa derivadas de vias metabdlicas, e incluem hormonios, aminoéacidos, lipidios,
carboidratos e nucleotideos. A composi¢cdo do metaboloma determina o estado
fenotipico atual de uma célula e muda ativamente em resposta a estimulos
celulares e extracelulares, tornando os estudos metabolomicos mais informativos
do que as outras abordagens OMICS, particularmente na investigacdo da
resposta celular a estimulos exdégenos ou em caso de patologia (NICHOLSON et
al., 1999).

Os metabdlitos constituem um conjunto diverso de arranjos atdomicos
guando comparados com proteoma e transcriptoma e isto proporciona uma
ampla variagdo nas propriedades fisicas e quimicas. O grau de diversidade é
indicado pelas analises de metabdlitos organicos com baixo peso molecular,
polares e volateis, como etanol e isopreno, até analises de metabolitos com
maiores pesos moleculares, polares (carboidratos) e ndo polares (terpendides e
lipideos) (DUNN; ELLIS, 2005).
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A Metabolbmica também pode ser dividida em duas categorias:
“Targeted” (DUDLEY et al., 2010) e “Untargeted” (DE VOS et al., 2007) ou “Non-
Targeted” (LIN et al., 2011); sendo que na primeira a andlise € direcionada para
moléculas alvos, que ja sdo previamente conhecidas, enquanto que na segunda
se faz um perfil (“profiling”) total dos metabdlitos presentes no sistema.

Os metabdlitos sdo o resultado de reacdes metabdlicas associadas a
varias vias bioquimicas (DUNN et al.; 2011). Muitas destas moléculas
desempenham papéis importantes nos processos bioldgicos e representam
potenciais biomarcadores para prever ou detectar estados de desenvolvimento,
eventos fisioldgicos, doencas ou fenétipos especificos. Portanto, a metabolémica
€ usada para entender as redes de metabdlitos e fornecer ampla identificacdo e
guantificacdo de pequenas moléculas, incluindo aminoéacidos, peptideos,
vitaminas, minerais, lipidios e carboidratos em diversas células, tecidos, fluidos,
orgaos e organismos (MOURA et al., 2018).

A cromatografia liquido acoplada a espectrometria de massa por tempo
de voo (LC-QTOF-MS) apresenta um enorme potencial na analise qualitativa
de contaminantes organicos em niveis de tracos e ultratracos (mg L-1, ug L-1 e
ng L-1). A excelente preciséo de massa juntamente com a aquisicdo de um
conjunto de dados completo em relacdo aos componentes da amostra com alta
sensibilidade facilita a realizacdo de uma triagem ampla (GAVRILESCU et al.,
2015).

Na ionizacdo por Eletrospray lonization (ESI), o liquido no qual o
analito de interesse se encontra dissolvido passa através de um capilar, a
vacuo, mantido sob alta voltagem. Na saida do capilar sdo formadas pequenas
gotas altamente carregadas (“spray”’) que sao dessolvatadas ao se
deslocarem em sentido contrario ao posicionamento de um eletrodo. A
ionizacdo pode ser conduzida no modo positivo, onde o analito & carregado
positivamente, e no modo negativo, onde é carregado negativamente. A medida
em que ocorre a dessolvatacdo, o tamanho das gotas € reduzido até o ponto em
gue a forca de repulsdo entre as cargas similares fica maior que as forgcas de
coesao da fase liquida, ocorrendo uma “explosao couldmbica”. Os ions gerados
séo transferidos para o interior do espectrometro de massas por uma série de
dispositivos de focalizacado (CHIARADIA et al., 2008).
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A medida que os fons possuem a mesma energia, mas diferentes
massas, estes chegardo ao coletor em momentos diferentes, dependendo da
sua massa, carga e energia cinética. E possivel que se obtenha numa mesma
analise, dados de massa exata e de fragmentacdo dos compostos, através do
modo bbCID (Broadband Collision Induced Dissociation — Bruker Daltonics). A
andlise de compostos no modo bbCID gera continuamente fragmentos de ions
usando dissociagéo por colisdo induzida (CHIARADIA et al., 2008).

Embora varios tipos de detectores permitam a analise de fluxo continuo, o
eluente da cromatografia liquida (LC) que transporta os analitos ndo pode fluir
diretamente para o espectrometro de massa. O sistema LC-MS e os
espectrometros de massa sdo acoplados através de uma interface (ou fonte de
ions), e o LC é operado em contrapressdes normais. O detector do
espectrdbmetro de massa é operado sob vacuo. A medida que o eluente da
coluna flui, o solvente é ionizado ou evaporado pela aplicacdo de voltagem e
calor. As moléculas de analito carregadas sdo entdo introduzidas na interface;
isso € essencial, pois o espectrdmetro de massa pode detectar e medir apenas
as particulas ionizadas. Como os ions do analito sédo criados a pressao
atmosférica na interface, o processo € chamado de ionizacdo por pressao
atmosférica (APl) e a interface é conhecida como fonte de API. lonizacdo
Electrospray (ESI) e lonizacdo Quimica a Pressdo Atmosférica (APCI) séo as
fontes mais utilizadas em Cromatografia Liquida-Espectrometria de Massa
(NORTHEAST et al., 2022).

Os ions do analito séo atraidos para o MS expostos a campos magnéticos
e elétricos. As trajetorias de voo dos ions sao transformadas alterando os
campos aplicados, o que confere a separacdo entre eles com base em seus
valores de massa para carga. Quando os ions separados atingem a superficie
do multiplicador de elétrons (um dinodo), os elétrons secundarios sao liberados.
Esses elétrons secundarios sdo multiplicados fazendo-os fluir através de uma
sequéncia de dinodos. A corrente amplificada produzida pelo fluxo dos elétrons
secundarios € medida e associada as intensidades dos ions no espectrometro

de massa em qualquer momento (Figura 2) (NORTHEAST et al., 2022).
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Fig. 2: Exemplo de diagrama grafico de uma configuracdo de LC-MS (NorthEast et al.,
2022).

As abundancias dos ions quantificados durante a andlise de uma amostra
por LC-MS séo descritas como um cromatograma total de ions (TIC). O espectro
de massa exibe as abundancias de ions versus os valores de m/z medidos
(Figura 3). O espectro de massa de um composto fornece informacgdes sobre a
massa do composto original (a partir do valor m/z de seu ion). Informacdes
estruturais adicionais sobre compostos de teste podem ser inferidas a partir das
abundancias comparativas de areas de pico de massa isotOpica espectrais. O
pico do analito parental (m/z ou MRM) é usado para sua quantificacdo
(NORTHEAST et al., 2022).
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I Chromatogram

Fig. 3: Exemplo de gréfico de resultado da analise LC-MS (NORTHEAST et al., 2022).

Este gréafico mostra as intensidades de pico dos ions do analito versus seu tempo de retencao.

Além disso, cada ponto no cromatograma esta relacionado com um espectro de massa.

Os experimentos de metaboldmica fornecem resultados Unicos para
melhorar a compreensdo das informacdes bioldgicas relacionadas ao
metaboloma e mais comumente a genémica funcional (MOURA et al., 2018). O
primeiro estudo metabolémico do PS foi publicado por Hamamabh et al., [1993] e
analisaram o perfil metabolémico do plasma seminal em pacientes inférteis com
azoespermia obstrutiva, oligoastenoteratozoospermia e faléncia
espermatogénica (HAMAMAH et al., 1993). Neste estudo os autores sugeriram
gue uma combinacgéo de biomarcadores, como glicerilfosforiletanolamina — GPC,
citrato e lactato, pode ser usada para diferenciar pacientes azoospérmicos
obstrutivos (HAMAMAH et al., 1993). Os outros metabdlitos como alanina,
tirosina e fenilalanina também foram relatados como alterados em pacientes
inférteis normozoospérmicos e oligozoospérmicos (GUPTA et al., 2011). Xu et
al., (2020) usaram a técnica de cromatografia liquida acoplada a espectrometria
de massas (LC-MS) para identificar a diferengca no metaboloma seminal entre
pacientes férteis e inférteis (XU et al., 2020). Um total de 63 metabdlitos foram
identificados como potenciais biomarcadores de infertilidade e 17 destes foram
correlacionados com parametros do sémen. A relacdo foi estabelecida entre

acilcarnitinas e concentracdo espermatica, motilidade espermatica e niveis de
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antioxidantes no sémen. Além disso, as carnitinas envolvidas no processo de
maturacdo espermética (NIEDERBERGER, 2005) também tém impacto no
estresse oxidativo (DOBRAKOWSKI et al., 2017).

Sabe-se, também, que os metabdlitos e suas funcbes em vias e eventos
fisiologicos especificos, entre eles a fecundacao, implantacdo e desenvolvimento
embrionério, sdo essenciais para o sucesso reprodutivo (PAIVA et al., 2015;
ZHOU et al., 2016).

Outros metabdlitos, como alanina, tirosina e fenilalanina, também foram
relatados como alterados em pacientes inférteis normozoospérmicos e
oligozoospérmicos (GUPTA et al., 2011). A metabolémica do PS também foi
investigada em varias condi¢des relacionadas a anormalidades espermaticas.
Jayaraman et al., (2014) usou ressonancia magnética nuclear de protons para
analisar o metaboloma do plasma seminal de homens inférteis
oligozoospérmicos, astenozoospérmicos, teratozoospérmicos, azoospérmicos e
idiopéticos. Além dos metabdlitos alterados, um perfil metabdlico Unico foi
identificado na infertilidade idiopatica, caracterizado por niveis alterados de

frutose, citrato e aminoacidos.
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ABSTRACT

Seminal plasma (SP), the product of testes, epididymis, and accessory sex
glands, is a fluid released during ejaculation and represents up to 98% total of
the ejaculated volume in the stallion. The SP plays an essential role in
reproduction as a transit medium and a source of energy, antioxidants, enzymes,
and minerals. The present study aimed to investigate proteomics and
metabolomics of the stallion seminal plasma. Twenty-four Criollo stallions with a
known reproductive history and 30 inseminated mares at least were used. One
ejaculate was collected from each stallion during the breeding season.
Pregnancy rates ranged at day 16 after artificial insemination from 20.2% to
95.6%. The animals were divided into two groups: High Pregnancy (HP), with a
pregnancy rate per cycle = 51%, and Low Pregnancy (LP), with a pregnancy rate

of = 50%. Analysis of sperm concentration, kinetics, morphology, and plasma

membrane integrity and functionality were performed. Proteins were separated

using 2D SDS PAGE gel electrophoresis in duplicate.
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The spectra were acquired in a nano LC-MS/MS spectrometer, and proteins
were identified by the MASCOT application and validated by SCAFFOLD. The
metabolic profile was acquired using UHPLC-QTOF-MS. From a total of 716
detected spots, 25 spots were identified with differences (P < 0.05) in abundance
between in the HP group and LP group. A total of 18 target metabolites were
identified. We showed proteins and metabolites with differences between groups
and relation with the reproductive physiology of the stallion. Studying proteins
and metabolites in SP may help us gain insight regarding the underlying
molecular cause of certain unexplained cases of male subfertility and infertility.
We may be able to develop biomarkers that can help to identify these individuals,
enabling more specific management and development of a product that helps

improve fertility in stallions.

1. Introduction

Stallions are selected as sires based on four qualities: pedigree,
performance record, conformation and progeny [Varner et al., 2008a]; however,
fertility or fertility potential is usually, at best, secondary considerations
[Colenbrander et al., 2003]. Fertility can be determined by parameters that reflect
breeding success rates [Hamann et al., 2005] or by using sperm characteristics,
which demonstrate inconsistent results [Suliman et al., 2008]. Male fertility
relates to the capacity of an animal to produce spermatozoa with the ability to
fertilize the oocyte, resulting in a living offspring. It is affected by several factors,
including management, nutrition, disease, stress, age, and genetics [Velho et al.,
2018]. Pregnancy rates in managed horse populations depend on the innate
fertility of the mares and stallions involved and on the quality of breeding
management. Because a single stallion usually mates many mares, stallion
fertility is a critical factor in the overall success of a breeding program
[Colenbrander et al., 2003]. Poor reproductive performance in one stallion results
in great economic impact by increasing the costs to produce foals. The standard
breeding soundness examination is limited because it does not predict the fertility
of any given stallion [Barrier-Battut, et al., 2016].

Seminal Plasma is the product of testes, epididymis, and accessory sex
glands, is a fluid released during ejaculation representing up to 98% of the
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volumin of the stallion ejaculate. SP plays an important role in reproduction not
only as a carrier medium, but also as a source of energy, antioxidants, enzymes,
and minerals. Micro and macro elements along with seminal enzymes,
hormones, proteins, and lipids contained in SP are essential for the proper
physiological function of spermatozoa [Tirpak et al., 2021].

SP contains different types of proteins that are mainly secreted by the
epididymis and accessory glands, and most equine SP proteins belong to three
groups: transporter proteins of two or four fibronectin type Il (Fn-2) modules,
cysteine-rich secretory proteins (CRISPs) and spermadhesins. These proteins
are implicated in the modulation of sperm protection by antioxidant mechanisms,
sperm capacitation, acrosome reaction, sperm—oocyte fusion, gamete recognition
and postcoital inflammatory response in the uterus of mares [Guasti et al., 2020].
Some proteins have already been identified as fertility markers: Seminal Plasma
Proteins 1 (SP1); Clusterin [Novak et al., 2010] and cryopreservation markers:
Cysteine-rich Secretory Protein 3 (CRISP-3]; Horse Seminal Plasma Proteins 2
(HSP-2) [Jobim et al., 2011].

Metabolomics is one of most recent OMICS techniques that was
developed after genomics, transcriptomics and proteomics. To analyze the entire
metabolome, makes it possible to have access to the final products of the
metabolism within a biological system. The metabolites are small molecules, less
than 1 kDa derived from metabolic pathways, and include hormones, amino
acids, lipids, carbohydrates and nucleotides. The composition of the metabolome
determines the current phenotypic state of a cell and actively changes in
response to cellular and extracellular stimuli, making metabolomic studies more
informative than the other OMICS approaches, particularly in the investigation of
cellular response to exogenous stimuli or in case of pathology [Nicholson et al.,
1999]. The metabolomic profile of the SP was already analyzed in different
species, as in humans [Hamamabh et al., 1993], rhesus monkey [Lin et al., 2009],
mouse [Binder et al., 2015], turkeys [Stowihska et al., 2017], bull [Velho at al.,
2018], carp and rainbow trout [Dietrich et al., 2019], boar [Zhang et al., 2021],
donkey [Castiglione et al., 2021], goat [Jia et al., 2021] and giant panda [Zhu et
al., 2022].

Semen analysis, physical examination and laboratory work up cannot
identify the etiology of infertility in 30% - 40% of cases, which are classified as
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idiopathic. Therefore, the application of proteomics and metabolomics in the field
of andrology will aid to overcome the limitations of the standard semen analysis.
Understanding the molecular pathways associated with male infertility will help in
planning ad hoc treatments, contributing to the clinical management of infertile
patients [Panner Selvam et al., 2020]. The present study aimed to investigate the

proteomics and metabolomics of the seminal plasma of stallions.

2. Materials and methods

2.1. Animals

A total of 24 Criollo stallions were used, with age ranging from 7 to 28
years old and weighing 450 to 500 Kg. Stallions were fed daily with concentrate,
alfalfa hay, water ad libitum and mineral supplementation. Animals were housed
in breeding centers in Rio Grande do Sul (30 °S, 51 °W), Brazil. The study was
approved by the Committee of Ethical Use in Animal Experimentation at
Universidade Federal do Rio Grande do Sul, Rio Grande do Sul (UFRGS), Brazil
(protocol number 38666).

2.2. Semen Sample Collection

One ejaculate was collected from each stallion during the breeding
season. All stallions were in reproductive activity. The sample collection occurred
after two days of sexual rest, with an artificial vagina. With an in line Hilter
immediately after collection, the ejaculate was filtered, placed in a Falcon® tube,
and forwarded to the laboratory. For fresh semen analysis 1 mL of each ejaculate

was used. The remaining ejaculate was used for molecular biology.

2.3. Pregnancy Rate

The selected stallions' fertility was evaluated through their reproductive
history, based on pregnancy rate per cycle at the 16 th day after artificial
insemination with at least 30 inseminated mares per stallion. At least two

breeding seasons were considered. Pregnancy rates ranged from 20.2 % to
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95.6% and the animals were divided into two groups: Group High pregnancy
rates (HP), with pregnancy rate per cycle over 51 % and Group Low pregnancy
(LP), with pregnancy rate per cycle equal or below 50 %.

2.4. Semen Analysis

Sperm concentration was determined using a Neubauer chamber. Total
Motility (%) (TM); Progressive Motility (%) (PM); Fast Motility (%) (FM); Slow
Motility (%) (SM); Local Motility (%) (LM); Average Path Velocity (VAP, um/s);
Straight Line Velocity (VSL, ym/s); Curvilinear Velocity (VCL, ym/s); Amplitude of
Lateral Head Displacement (ALH, pm); Beat Cross Frequency (BCF, Hz);
Straightness (STR, %) (VSL/VAP); Linearity (LIN, %) (VSL/VCL) were evaluated
via CASA system (Computer Assisted Sperm Analysis, Tiefenbach, Germany,
AndroVision®, Minitube). Physical integrity of the plasmatic membrane was
analyzed by incubating 400 yL of semen with 3 pL of propidium iodide (PI) and 2
ML of carboxyfluorescein diacetate (CFDA) at 37 °C for eight minutes. The
samples were evaluated by epifluorescence microscopy (1000x). A total of 100
spermatozoa per sample were evaluated. Cells with green stainig were
considered intact sperm, while cells stained red were considered damaged
[Larentis et al.,, 2018]. Functional integrity of the plasma membrane was
assessed using the hypoosmotic-swelling test (HOST), 200 uL of distilled water
were added to 100 pL of semen (osmolarity: 100 mOsmol kg™) and incubated at
37°C, for five min. Samples were analyzed in a phase contrast microscope
(400x). A total of 200 spermatozoa were evaluated per sample, and cells with
coiled tails were considered intact [Lagares et al., 1998]. Sperm morphology was
evaluated with Diff-Quick stain (Laborclin, Brazil): slides with smear samples of
semen were immersed in each stain for ten seconds, washed and being
immediately analyzed with an optical microscope with an immersion objective
(1000x). One hundred sperm cells were counted from each sample. Sperm cells
defects were classified as either major or minor in terms of their perceived

adverse effects upon male fertility [Blom, 1973].
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2.5. Sample Acquisition for proteomics

After, the remaining sample for sperm cells analysis was transferred to
Falcon® tubes (15 mL) and centrifuged at 400 x g for 10 min. Supernatant SP
was then transferred to a 2 mL microcentrifuge tube, and centrifuged again
(10.000 x g, 60 min, 4°C). The supernatant was stored in RNase-free cryotubes
at -80°C for later analysis [Velho et al., 2018].

2.6. Sample Acquisition for metabolomics

The seminal plasma was thawed at room temperature, mixed 1:1 with
deionized water, after filtered with 0.45 um filters to remove cell sediments. Each
sample was filtered again through a 0.22 pm syringe filter prior to profile
acquisition [Wijnant et al., 2020]. The seminal plasma samples were transported
on dry ice to the Laboratory Biotechnology Center (Cbiot) of UFRGS where the

identification of metabolites was performed.

2.7. Electrophoresis

Protein contents from the seminal plasma samples were determined by
the Bradford method [Bradford et al., 1976], using 1 mg/mL of BSA (A7906;
Sigma Aldrich, St. Louis, MO, USA) as standard. Proteins were separated using
two dimensional gel electrophoresis in duplicate. In summary, samples
containing 250 pg of total protein were mixed with buffer (7-M urea, 2-M
thiourea), 0,5% free ampholytes (IPG buffer, pH 3-10 [GE Life Sciences,
Piscataway, NJ, USA]), 2 % dithiothreitol (DTT), 2% CHAPS, and traces of
bromophenol blue. Initially, the strips were rehydrated for 16 h in 250 pL
rehydration solution at room temperature in IPG Box (GE Life Sciences). Then,
samples were incubated in 13-cm IPG Strips (pH 3-10 not linear, GE Life
Sciences). Isoelectric focusing was carried out in Ettan IPGphor Ill System (GE
Life Sciences) with the following conditions: 500 V (500 V/h), 1000 V (800 V/h),
8000 V (11300 V/h), 8000 V (5400 V/h). The current limit was 50 mA per strip.

For the second dimension, strips containing plasma proteins were
incubated for 20 min in equilibration buffer | (75-mM Tris-HCI, pH 8.8, 6-M urea,
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29.3 % glycerol, 2 % SDS, 2 % DTT) and equilibrated for an additional 20 min in
buffer II (similar to buffer I, but containing 2.5 % iodoacetamide instead of DTT).
Subsequently, the strips were placed on top of 1.5 mm thick 12.5 % sodium
dodecyl sulfate polyacrylamide gels and the proteins were separated using SE
600 Ruby system (GE Life Science) at 10 °C. Electrophoresis was performed
with 15 mA for 15 min per plate followed by 40 mA per plate, for 3 h
(Electrophoresis Power Supply 301; Amersham Pharmacia Biotech).

Gels were stained in colloidal Coomassie blue with modifications (Van et
al., 2013). Gels were washed three times (20 min each) in a solution containing
phosphoric acid (2 %) and ethanol (30 %); another three washes in 2 %
phosphoric acid, and then put in a solution with phosphoric acid (2%), ethanol
(18 %), and ammonium sulfate (15 %) added with 5 mL of a Coomassie Blue G-
250 solution (2 %) for 60 h. Gels were washed for 24 h with distilled water and
stored in acetic acid 5 %. Two-dimensional gels were scanned using the
ImageScanner Il (GE Life Sciences) at 300 dpi and analyzed to determine
relative volume of each spot considering the volume over all the spots in the
image using software ImageMaster™ 2D Platinum (version 7.0; GE Life
Sciences). Proteins in key regions were used as landmarks, and final spot
matches were organized by checking each spot in each gel with the respective
pattern [Bastos et al., 2019].

2.8. Spot selection criteria

Spots were selected by presence in at least 80% of SP gels in one of the
groups, significant abundance (P < 0.05) with minimum of 1.5-fold magnitude
difference between groups using ImageMaster™ 2D Platinum (version 7.0; GE
Life Sciences). After selection of spots, the samples were transported to the
Biomolecule Analysis Center (NuBioMol) at Universidade Federal de Vigosa for

the proteins identification and characterization.

2.9. In-gel tryptic digestion

After separating the proteins by SDS-PAGE 2DE, the spots that showed

differences in abundance were excised and the proteins immobilized in them
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were subjected to enzymatic digestion [Shevchenko et al., 2006]. Briefly, the gel
fragments were placed in 600 pL microtubes containing 200 pL of 50% (v/v)
acetonitrile in 25 mM ammonium bicarbonate pH 8.0, which were subjected to
washing to remove dye and SDS. Next, the gels were dehydrated by adding 200
pL of 100% acetonitrile twice to each microtube, keeping them at rest for 5 min.
The fragments of the gels were dried for 15 min in a vacuum centrifuge system,
model AG-22331 (Eppendorf, Germany). The proteins present in the gel
fragments were reduced in 100 pL of 65 mM DTT in 100mM ammonium
bicarbonate, pH 8.0, at 56°C for 30 min. Then, the proteins were alkylated with
100puL of 200mM iodoacetamide in 100mM ammonium bicarbonate, pH 8.0, at
room temperature, for 30 min in the dark. Subsequently, the gel fragments were
washed, hydrated and dehydrated with ammonium bicarbonate and acetonitrile,
respectively, whose steps were repeated twice. Finally, they were dried in a
previously referenced vacuum centrifuge system. In the proteolysis step, the
fragments of the gels were rehydrated in an ice bath, applying 100 pL of porcine
pancreas trypsin solution, indicated for use in proteomics, treated with TPCK,
reference T6567 (Sigma-Aldrich, USA), at a final concentration of 25 ng/uL in
activation solution (40 mM ammonium bicarbonate, pH 8.0, and 10%
acetonitrile). After 45 min on ice, 100 pL of activation solution were added to the
tubes containing the gel fragments. Samples were placed in a water bath at 37°C
for 22 h. After proteolysis, the samples were sonicated for 10 min, shaken for 20
sec and the solution was transferred to a clean microtube. Next, 150 pL of the
solution containing 5% (v/v) formic acid in 50% (v/v) acetonitrile were added to
the remaining gels. Each tube was stirred for 20 sec, kept at room temperature
for 15 min and sonicated for 2 min. The solution was removed and transferred to
the microtube containing the previously reserved solution. This step was
repeated once more, the solution was collected and added to the aforementioned
microtube. The samples containing the peptides were concentrated in a vacuum
centrifugation system and stored in a -20°C freezer until desalting. The tryptic
peptides from each sample were resuspended in 10 pL of trifluoroacetic acid —
0.1% TFA. Then, they were desalted using C18 reverse phase micro columns
model ZTC18S096 (Millipore, USA). The process was carried out according to
the instructions provided by the manufacturer. Briefly, the desalination process
occurred through the following stages: a) activation of the stationary phase (C18
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present in the tip), using 100% acetonitrile; b) stationary phase equilibration
using 0.1% TFA solution; c) sample loading; d) sample desalination, using 0.1%
TFA solution; e) sample elution using 100% acetonitrile; and f) washing the
stationary phase using 100% acetonitrile. After elution, the peptide solution was
concentrated in a vacuum centrifuge system. The samples were dried and stored

in a -20°C freezer until analysis by mass spectrometry.

2.10. Acquisition of mass spectra by LC-MS/MS

The tryptic peptides were solubilized in 80 pL of 0.1% formic acid aqueous
solution, LCMS purity grade and packed in appropriate tubes for application in
the nano LC-MS/MS system used. The analyzes were carried out in an LC-
MS/MS system, composed of a nanoAcquity UPLC (Waters, USA) and an
Amazon lon Trap® mass spectrometer (Bruker Daltonics, Germany). The
samples were subjected to chromatographic analysis on a trap column and a
C18 BEH130 capillary column 1.7 pm — 100 um x 100 mm, operating with a flow
rate of 0.400 uL/min. The peptides were automatically eluted and injected into a
mass spectrometer, operating in online mode, with the aid of a nanoESI
ionization needle. The mobile phase in the chromatographic analysis consisted of
solutions of water and formic acid 0.1% (v/v) (Solvent A) and acetonitrile and
formic acid 0.1% (v/v) (Solvent B), through the following schedule: starting with
the desalting step with 5% maintenance of (B) for 5 min, then a gradient
consisting of a linear ascent ramp from 5% to 50% of (B) for 40 min, maintenance
50% of (B) for 5 min, and a linear ascent ramp starting from 50% to 90% of (B)
for 10 min, maintenance of 90 % of (B) for 5 min, linear descent ramp starting
from 90% to 10% of (B) for 5 min, followed by holding 10% of (B) for 5 min,
making the total programming time approximately 75 minutes. lons were scanned
in positive mode for MS1 spectra in the mass range between 300 and 1500 m/z
and MS2 between 70 and 3000 m/z. The lonTrap spectrometer was operated in
auto-MSn mode, which acquired MS2 spectra for the most intense ions in each
full scan spectrum, excluding single charged ions. Data acquisition was managed
by the Hystar application, version 3.2 (Bruker Daltonics, Germany). The mass
spectra were processed with the aid of Data Analysis software, version 4.0
(Bruker Daltonics, Germany), using default settings for proteomics. The peak lists
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were generated in the extensible mark-up language (*.mzXML) format by the

CompassXport application, version 3.0 (Bruker Daltonics, Germany).

2.11. Protein identification and characterization

The mass lists were compared to the Equidae family protein sequences,
available in the UNIPROT Knowledgebase [UniProtKB, http://www.uniprot.org/;
downloaded on 03/03/2016, with 29,048 entries], using the Mascot Daemon
software, version 2.4.0 (Matrix Science, London, UK). The Mascot search
parameters were: enzymatic digestion by the trypsin with one missed cleavage
(allowing an error tolerance of 0.2 Da for the parental ion and 0.5 Da for the
fragments), carbamidomethylation of cysteine as fixed modification and oxidation
of methionine as a variable modification. The proteins identified by Mascot that
were annotated as “Uncharac-terized” in Equidae database were also analyzed
using BLAST software, version 2.4.0 [Altschul et al., 1990]. In this analysis the
“Uncharacterized” proteins were aligned to the proteins of the NCBI protein non-
redundant database (E-value threshold 1 E10). The Scaffold software, version
3.6.4 (Proteome Software INc., Portland, OR) was used to validate Mascot
results by applying the Peptide Prophet [Keller A et al., 2002] and the Protein
Prophet algorithms [Nesvizhskii et al. 2003]. The proteins were statistically
validated when the probability of identity was equal or above 90 %. A functional
classification of the identified and statistically validated proteins was also
performed by comparing their sequences with the Eukaryotic Orthologous
Groups of proteins database (KOG) [Tatusov et al., 2003]. In this classification, a
KOG ID was assigned to each protein that significantly aligned (E-value threshold
1 E10) with those deposited in that database, using the Reverse Position Specific
BLAST (RPS-BLAST) [Marchler-Bauer et al., 2002; Schaffer et al., 1999].

2.12. Ultra-performance liquid chromatography coupled to a mass spectrometer
with time-of-flight analyzer (UHPLC-QTOF-MS).

All the 24 samples were injected at the same time, prepared in the exact
same way. Chromatography was performed using Kinetex® Phenyl-Hexyl

analytical column (100 x 2.1 mm, 1.7 ym) with binary mobile phase at a flow of
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350 pL min-1 and injection volume of 10 yL. Mobile phase component A was
acetonitrile with 0.1% formic acid and component B was aqueous solution with
0.1% formic acid. To perform the chromatographic separation, the following
gradient for B was used: 95-5% for 12 min, 5% for 2 min, 5-95% for 2 min. Re-
equilibration was achieved within 4 min, totaling 20 minutes of analysis. The LC-
QTOF-MS system was a Nexera x2 liquid chromatograph (Shimadzu) coupled to
an Impact Il mass spectrometer (Bruker Daltonics, Germany). The software
utilized for system operation and data acquisition were DataAnalysis 4.2. TOF-
MS and bbCID (MSMS/MS) data were acquired in the m/z range of 50 to 1000
Da. lonization was performed by Electrospray (ESI) in positive and negative
mode. The capillary voltage of the ion source was 4000 V for positive mode and
2500V for negative mode. The nebulizer gas pressure was 5.0 bar and the drying
gas flow rate was 9.0 L min-1. Nitrogen was used for both the nebulizer and the
drying gas. The drying gas temperature was 210°C. The source transfer time
was 50 us and the pre-pulse storage time was 5 pus. The full scan collision energy
was set to 10 eV and the collision energy in bbCID was set to 20 - 40 eV. In
bbCID, precursor ions were fragmented in the collision cell without preselection.
By switching the acquisition between MS and bbCID conditions, both high and
low collision energy data sets were collected simultaneously. External calibration
of the instrument was performed with a 10 mM sodium formate solution.
Parameter settings for LC-QTOF-MS analyzes were optimized by injecting a
mixed solution of the standards at concentrations of 2 mg L -1 of each

compound.

2.13. ldentification of metabolites

The software used for data acquisition was Compass Hystar 3.2 and Data
Analysis 4.2 software (Bruker Daltonics, Germany) was used for post-analysis
data processing. Compound identification criteria were based on the molecular
formula and exact mass of each compound with a maximum mass error of 0,05
mDa. Considering that all samples were injected on the same day, the areas of
the compounds were previously normalized so that the size of the area of the

different compounds could be compared.
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2.14. Statistical Analysis

Animals were divided into two groups: Group HP, with pregnancy rate per
cycle 2 51% and Group LP, with pregnancy rate per cycle < 50%. The mean and
standard error of all variables analyzed were performed and correlation between
pregnancy rates and seminal parameters (TM, PM, FM, SM; LM; VAP; VSL;
VCL; ALH; BCF; STR; LIN), plasma membrane integrity and functionality, major
and minor defects, seminal plasma proteins and metabolites. The Shapiro-Wilk
Test was used with the aim of evaluating data distribution of the seminal plasma
proteomics and metabolomics. For non-parametric data the test used as the
Kruskal Wallis and parametric data was analyzed by ANOVA and Tukey followed
by Post-hoc test. For the other statistical analysis, Pearson's correlation was

used, with a significance level of P <0.05.

3. Results

3.1 Protein identification

A total of 716 spots were detected, with molecular weight ranging from 12
to 225 kDa. A total of 25 spots with differences (P < 0.05) in abundance between
in the HP group and LP group were detected and identified (Figure 4 and Figure
5). Twenty-five spots were analyzed in the LC-MS/MS mass spectrometer, of
which 26 had their proteins identified by the MASCOT application and validated
by SCAFFOLD, following the parameters described in Table 1. Two proteins
were identified as “Uncharacterized”, whose sequences were confronted by
BLASTP and the result can be seen in Table 2. It is noted that the same protein
was identified in more than one spot, which can be considered reasonable,
considering that a protein can present several isoforms. Thus, an evaluation
between the identified and validated proteins and the location of their spots was
performed. The results observed from the correlations in the present study,
among seminal parameters, conception rate and the relative abundance of
protein are presented in Table 3. The mean relative abundance of proteins with
higher abundance in the seminal plasma in the HP and LP group are presented
in Figures 6 and 7. The seminal plasma protein HSP-1-like (HSP 1) showed a
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trend of higher abundance in the seminal plasma in the stallion HP group. The
Uncharacterized protein (accession number AOA3Q2I1A3_HORSE spot 77),
Kallikrein-1E2 (KLK1EZ2), Alpha-2-glycoprotein 1, zinc-binding, Uncharacterized
protein (accession number AOA3Q2I11A3 HORSE spot 100), Cysteine-rich
secretory protein 2, Albumin (spot 107), Polymeric immunoglobulin receptor,
Keratin and Ig-like domain-containing protein) were the proteins that showed of
higher area in the HP group than LP. The proteins  Cysteine-rich secretory
protein 3, Albumin (Spot 78), Carbohydrate-binding protein AQN-1,
Carbohydrate-binding protein AQN-1, Clusterin, Alpha-2-glycoprotein 1, zinc-
binding, Binder of sperm 2, Cathepsin L1 and BPI fold-containing family A
member showed of higher abundance in the LP grou than HP.

3.2 Metabolomic identification

A total of 18 metabolites were identified after by UHPLC-qTOF-MS

analysis of these seminal plasma samples. The identified metabolites were:

tryptophan, lactic acid, ornithine, stearic acid, oleic acid, palmitic acid,
melatonin, acetyl carnitine, carnitine,  phenylalanine, isoleucine-leucine,
sovalerylcarnitine, carnitine, citric acid, hippuric acid,1,3-dioxan-5-ol, taurine,

phosphoric acid and fructose. The results observed from the correlations in the
present study, among seminal parameters, conception rate and the relative area
of metabolites are presented in Table 4. The oleic acid and isoleucine were the
metabolites that showed a higher area in the LP group (P < 0.05). The
metabolites taurine and phosphoric acid showed a higher area in the HP group
(P < 0.05). The mean relative area of metabolites with higher abundance in the

seminal plasma in the HP and LP group are presented in Figure 8.

4. Discussion

Poor fertility of breeding stallions is a recognised problem in the equine
industry. Stallion fertility is of high economic importance for the horse industry.
Among farm animals, horses have the lowest reproductive rate [Suliman et al.,
2018]. The conventional approach to evaluaction of stallion semen dates back

several decades, and includes evaluation of spermatozoa concentration, semen
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volume, spermatozoon morphological characteristics, and spermatozoal motility
patterns initially and following in-vitro storage. While an analysis performed in this
manner does have predictive value, incorporation of some more newly developed
techniques may improve the predictive value of the examination [Varner, 2008b].
The panel of proteins identified in seminal plasma ranges from various
hormones, enzymes, inhibitors of proteinases and other components, growth
factors to proteins and glycoproteins of still unknown nature or function.
Composition and its effects on the fertilising ability of sperm seem to vary
depending on the fertility of an individual animal [Topfer-Petersen et al., 2005].
Two Kallikrein-1E2 (KLK1E2) proteins showed positive correction with
sperm with major defects. Previous studies have reported that KLK1E2 in
seminal plasma was identified as being negatively related to fertility [Novak et
al., 2010; Jobim et al., 2011]. However, all KLK1E2 identified showed greater
abundance within the seminal plasma in stallion HP than LP. The abundance
pattern was corroborated by accompanying studies at the protein level, which
detected proteins with slightly differing molecular masses along the equine male
genital tract [Jobim et al., 2011], which agrees with the present results. KLK1E2
is a member of the mammalian serine protease gene and is regulated by
androgens. KLK1E2 is one of the major proteins found in equine  seminal
plasma [Guasti et al.,, 2020]. Correlations were observed between KLK1E2
activity in seminal plasma and sperm motility in bovine sémem [Somley;
Karcheva 1996]. Protein expression KLK1E2 was correlated with sperm motility
parameters (total motility and progressive motility) during the season. No
significant correlations were found between the expression of albumin or KLK1E2
and sperm motility parameters during the non-breeding seasons [Mogielnicka-
Brzozowska et al., 2019]. Recently, a work was published relating seasonality to
Kallicrein abundance in the equine SP. Mangalarga Marchador stallions were
monitored over 1 year regarding semen quality and seminal plasma proteome.
KLK1EZ2 proteoforms in seminal plasma are involved in climate conditioning of
reproduction. This work showed that, for fertile stallions, KLK1E2 present greater
abundance in the breeding season than in the non-breeding season. The
KLK1E2 act in response to the presence of steroids and other hormones. In this
work, for fertile stallions, the morphological and physical-chemical factors
suggest that the KLK1E2 proteoforms are conditioned by the climate or climatic
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season. In the breeding season (spring—summer), the highest abundances of
KLK1EZ2 in seminal plasma were accompanied by greater volumes of semen,
higher concentrations of glucose and cholesterol and a higher number of protein
spots in 2-DE gels [Senra et al., 2022]. These data corroborate with our study, as
all stallions were collected during the breeding season (spring—summer).

Then Cysteine-rich secretory protein 3 (CRISP3) showed negative
correlation with fertility and total motility and positive correlation with immobile
spermatozoa. The CRISP-3 is present in large amounts in the seminal plasma
of stallions. This protein is synthesized in great amounts in the accessory sexual
glands, ampulla and seminal vesicle, thus allowing the isolation of equine CRISP-
3 in amounts suitable for biochemical, physiological and structural studies from
stallion sémen [Schambony et a., 1998]. The CRISP3 was correlated with fresh
semen quality, post thawing semen quality, fertility and indicated as a marker of
stallion fertility [Novak et al., 2010; Jobim et al., 2011; Guasti et al., 2020 ]. Jobim
et al. [2011] identified two CRISP3, the first was related to high sperm freezability
(80 — 85 kDa, pl 7.54) and the second showed low sperm freezability (25 kDa, pl
7.54). However Novak et al., [2010] identified CRISP3 protein with kDa and pl
similar to the second protein identified by Jobim et al., [2011] and related it to
high fertility in stallions. These conflicting results can be explained by one study.
In this research Stallions heterozygous for the CRISP3 c.+622G>A Single
nucleotide polymorphism had lower fertility than homozygous stallions (P %
0.0234). The pregnancy rate per cycle in these stallions was estimated to be 7%
lower than in stallions homozygous at this position. This association analysis
suggests that homozygosity for the ¢.+622G allele in the CRISP3 gene might
confer a higher fertility in breeding stallions [Hamann et al., 2007].

Albumin (Spot 78) showed higher abundance in the seminal plasma in the
stallion LP group than HP and demonstrated positive correlation with sperm with
major defects. Albumin (spot 107), was the protein that showed higher
abundance in the seminal plasma in the stallion HP group than LP. These results
showed the different functions to isoforms proteins. Albumin is one of the most
abundant components of stallion epididymal fluid [Fouchécourt et al., 2000]. In
the male reproductive tract, aloumin may be involved in the transport of other
molecules to the sperm membrane during epididymal maturation, in the

movement of proteins during the acrosomal reaction, or in membrane remodeling
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during sperm oocyte membrane fusion [Arroteia et al., 2012]. This
multifunctionality likely results from albumin’s ability to interact with several
components presently described in the seminal plasma, such as apolipoprotein
A-l, serpin peptidase inhibitor and transferrin [Rego et al., 2014].

Cysteine-rich secretory protein 2 [CRISP-2] showed positive correlation
with age and showed higher abundance in the seminal plasma in the stallion HP
group than LP. CRISP-2 is expressed in the testis, epididymis and vesicular
glands [Schambony et al., 1998]. According to [Topfer-Petersen et al., 2005]
complete loss of CRISP 2 expression was observed in the testis and epididymis
of a cryptorchid stallion.

Carbohydrate-binding protein AQN-1 showed positive correlation with age
and showed higher abundance in the seminal plasma in the stallion HP group
than LP. The AQN-1 are sperm-binding proteins, which appear to be involved in
the carbohydrate-mediated steps of fertilisation. AQN-type proteins associate to
the sperm surface at ejaculation predominantly at the acrosomal region of the
sperm head and have been shown to contribute to the formation of the oviductal
sperm reservoir by interacting with the glycoconjugates of the oviductal
epithelium [Ekhlasi-Hundrieser et al., 2005].

Zinc-2-alpha glycoprotein (AZGP1) is secreted by the prostate [Wang et
al., 2013] and has been found localised on the pre-equatorial region including the
acrosome, neck and middle piece of the flagellum in ram [Magargee et al., 1998].
Two AZGP1l showed negative correlation, the spot 89 with total volume of
ejaculate and spot 90 with linearity. In addition the spot 90 were the proteins that
showed higher abundance in the seminal plasma in stallion HP group and spot
89 showed higher abundance in the seminal plasma in stallion LP group.
AZGP1 has been identified as an activator and intracellular modulator of sperm
motility [Magargee et al., 1998].

Clusterin presented negative correlation with linearity and the proteins that
showed higher abundance in the seminal plasma in the stallion HP group than
LP. The highest tissue concentrations of Clusterin are present in the testis and
epididymis; Sertoli cells may be the testicular source of Clusterin. It is involved in
sperm maturation and possesses heparin-binding sites [Jobim et al., 2005].
Clusterin protects cells against apoptosis and against complement-induced
cytolysis. It is possible that seminal plasma Clusterin interacts with the
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membrane of injured spermatozoa in an attempt to rescue them [Guasti, et al.,
2020]. Jobim et al., [2005] suggested that this protein, present in bull seminal
plasma, is related to high semen freezability. Considering a study that reported
different level of Clusterin in seminal fluid of fertile patients was 48.3 - 38.6 ng/ml
and in infertile patients was 15.5 - 9.7 ng/ml [Salehi et al., 2013].

Equine seminal plasma proteins 1 (HSP-1) and equine seminal plasma
proteins 2 (HSP-2), expressed in the ampulla of the vas deferens, belong to the
group of proteins with Fn-2 modules and represent about 70 to 80% of total
proteins in equine seminal plasma. These proteins are homologous to bovine
seminal plasma heparin binding proteins (BSP), which are involved in sperm
capacitation [Ekhalasi-Hundrieser et al., 2005]. The Seminal plasma protein
HSP-1-like (HSP 1), which showed a trend higher abundance in the seminal
plasma in the stallion LP group than HP. According with our data, HSP-1 protein
has been previously reported in equine seminal plasma and its negative
relationship with fertility and freezability has been proven [Novak et al., 2010;
Jobim et al., 2011].

Cathepsin L1 showed positive correlation with normal sperm and the
proteins that showed higher abundance in the seminal plasma in the stallion HP
group than LP. Cathepsins participate in protein degradation and activation of
enzyme precursors [Barrett, 1981; Rego et al., 2014]. A previous study showed
that the expression of Cathepsins in cauda epididymal fluid is greater in dairy
bulls with high fertility [Moura et al., 2006].

Several studies have suggested a role for members of the secreted
phospholipase A2 (sPLA2) family in capacitation, acrosome reaction (AR), and
fertilization, but the molecular nature of these enzymes and their specific roles
have remained elusive [Escoffier et al.,, 2010]. Phospholipase A2 showed
negative correlation with sperm concentration and showed higher abundance in
the seminal plasma in the stallion HP group. Corroborating with our data the
sPLA2 is fertility-associated biomarkers in both seminal plasma and serum of
dromedary camels. The PLA2 plays an essential role in the late maturational
events of spermatozoa, the acrosomal reaction, and sperm egg fusion [Waheed
et al., 2015].

Polymeric immunoglobulin receptors showed higher abundance in the
seminal plasma in the stallion HP group. It is a membrane protein synthesized in
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a rough endoplasmic reticulum. In equines it mediates transcytosis or the
transcellular transport of polymeric IgA and IgM, ensuring efficient secretion of
these immunoglobulins in the mucosal surface either by covalent and non-
covalent interactions [Vieira et al., 2021]. In humans it is expressed in the
prostate and urethral glands and mediates the translocation of immunoglobulin A
in the male genital tract [Cunningham et al., 2008].

Binder of sperm (BSP) proteins are ubiquitous among mammals and have
been extensively investigated over the last three decades. Studies towards
elucidating the biological role of BSP proteins revealed that these proteins were
secreted by seminal vesicles and that they bind to the sperm surface at
ejaculation [Manjunath; Thérien, 2002]. In addition to playing a major role in
sperm capacitation, they are implicated as molecular chaperones in sperm
motility and viability, in the formation of the oviductal sperm reservoir, in the
regulation of cell volume and possibly in the interaction between sperm and
oocytes, making them crucial multifunctional proteins [Plante et al., 2016]. Our
showed Binder of sperm 2 showed of higher abundance in the seminal plasma in
the stallion LP group than HP.

Bulbourethral glands secrete seminal plasma proteins with antimicrobial
activity to seminal plasma, such as BPI fold-containing family A member 1 (BPI)
[Vvan Tilburg et al. 2020]. The BPI showed, of higher abundance in the seminal
plasma in the stallion LP group. In humans, it has been identified to be secreted
into the epididymal lumen, binding to the acrosome membrane in higher levels in
subjects with high seminal lipid peroxidation [Intasqui et al., 2015]. The protein
has been identified in SP from rams [Martins et al., 2013] and is overexpressed in
rams with higher sperm preservation ability [Boe-Hansen et al., 2020;
Soleilhavoup et al., 2014].

The Keratin showed positive correlation with age and circular motility,
showing higher abundance in the seminal plasma in the stallion HP group.
Keratin proteins protect epithelial cells against mechanical and non-mechanical
stresses [Gu et al., 2007]. Interestingly, keratin proteins also participate in
regulating cell motility, may be also sperm motility [Pérez-Patifio et al., 2018].
There is few data available for the potential role of keratin in the genital system
[Gouletsou et al., 2022]. Keratin, type Il cytoskeletal 6A (accession no. MOQVYO0)

and keratin, type Il cytoskeletal 1 (accession no. G3NOV2) were proteins
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identified as unique to plasma exosomes from high-fertility heifers [Koh et al.,
2018].

The Ig-like domain-containing protein is related to immune and
inflammatory modulation [Menezes et al.,, 2020]. This protein showed positive
correlation with age and negative correlation with sperm concentration. Also
showed higher abundance in the seminal plasma in the stallion HP group. In
boar, it was designated as a cooling biomarker at 5°C could. Because can disrupt
key cellular pathways during spermatogenesis and epididymal maturation,
resulting in altered sperm resistance to chilling injury [Menezes et al., 2020].1g-
like domain-containing protein showed positive correlation with age and negative
correlation with sperm concentration. Showed higher abundance in the seminal
plasma in the stallion HP group.

The oleic acid and isoleucine were the metabolites that showed a higher
area in the LP group than HP. These results agrees with studies im men,
asthenozoospermia presents greater amounts of the oleic acid levels when
compared to normozoospermic men [Khosrowbeygi et al., 2007; Gulaya et al.,
2001]. Among the differential biomarkers, high-fertility bulls exhibited low levels of
isoleucine [Kumar et al., 2015]. The amino acid isoleucine is responsible for
delaying calcium uptake by ejaculated sperm by altering active calcium transport
across the sperm plasma membrane [Rufo et al., 1982]. The metabolites taurine
and phosphoric acid showed a higher area in the HP group than LP. Taurine is
important as a capacitating agent and a sperm motility factor with antioxidative
and membrane-stabilizing effects, this fact collaborates with our findings. Also,
the taurine can improve motility of frozen-thawed sperm [Chhillar et al., 2012].

Ten metabolites showed at least one correlation in the Pearson analysis.
Phosphoric acid showed negative correlation with sperm with high immobile
spermatozoa and positive correlation with functional integrity, physical integrity,
fertility, progressive maotility, total motility, VCL, VSL, VAP, linearity, BCF, ALH,
total volume of the ejaculate and total protein/ejaculated. The phosphoric acid
contributes to the energy metabolism of the cell sperm which is produced by the
breakdown of a pyrophosphate molecule inorganic (PPi). This process releases
energy in the form of adenosine triphosphate (ATP), which can be used for
sperm motility and acrosome function [Wallach et al., 1980; Lundin;
Baltscheffsky, et al., 2012]. Phosphoric acid was identified in recent studies as
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one of the most abundant metabolites in sperm and seminal plasma of bulls
[Velho et al., 2018; Menezes et al., 2019].

1,3-dioxan-5-ol showed positive correlation with immobile spermatozoa
and negative correlation with functional integrity, physical integrity, total motility,
VCL, VSL, VAP, linearity, and BCF. 1,3-Dioxan-5-ol also called formal glycerol is
a protected analog of glycerol and is often used in medicinal chemistry as a
means to increase the lipophilicity of desired target molecules [Mousseau, 2013].
The embryotoxic and teratogenic potential of glycerol formal, a solvent used in
pharmacological and toxicological experimentation, was investigated in gestation
[Alivert et al., 1980]. The most abundant metabolites found in the seminal plasma
of bulls with high or low fertility was 1,3-Dioxan-5-ol [Pessoa, 2021].

The tryptophan showed correlated negative with normal sperm and
showed correlated positive sperm with major defects. Tryptophan is a versatile
molecule as an aromatic amino acid. It has been proven that tryptophan can
improve the motility rate and duration of sperm [Deng et al., 2020]. Fructose wich
was the most predominant metabolite in seminal plasma of all bulls, is produced
in the seminal vesicles, under androgen stimulation, and it has been found in
seminal plasma of several species presented a correlation with circular motility,
[Velho et al, 2018].

Lactic acid was negatively correlated with total protein for ejaculed. Lactic
acid is used as another important energy source for sperm and lesser
concentration of lactic acid has been detected in bull sperm with low viability
[Velho et al, 2018]. Melatonin correlated with linearity and with protein
concentration. Melatonin, an indolamine secreted by the pineal gland, is known
as a powerful free-radical scavenger and wide-spectrum antioxidant [Kratz et al.,
2016]. Carnitine showed a negative correlation with sperm with major defects. In
humans total carnitine concentration was found to be low in the asthenospermia
group when compared with the group of control. These findings suggest that the
determination of seminal carnitine levels may be a useful test in evaluation of
male infertility [Gurbiz, et al., 2003]. Phenylalanine presented a correlation with
sperm with minor defects. In common carp the supplementations of
phenylalanine decreased the spermatozoa velocity parameters and viability
[Kanyilmaz et al., 2020].
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Both metabolites Citric acid and Isoleucin showed a negative correlation
with normal sperm and positive correlation with sperm with minor defects. There
is controversial data in the literature, demonstrating that Citric Acid in seminal
plasma is associated with bull fertility by potentially affecting sperm capacitation
and acrosome reaction [Kumar et al., 2015]. Negative correlations have been
found between sperm DNA fragmentation after freezing and the concentrations
de isoleucine in bird [Santiago et al., 2020].

Metabolites are considered as the products of cell signaling pathways. For
this reason, many studies in humans have already been conducted to determine
the influence of the metabolites present in seminal plasma on sperm physiology,
and to identify putative biomarkers [Otero et al., 2021].

There is mounting evidence that the constituents of seminal plasma are
integral to the reproductive process, far more so than merely providing the fluid
media for transport of spermatozoa through the male ducts [Salehi et al., 2013].

In our study, all proteins showed some relationship with the analyzed
variables. Among all the proteins that stood out the most were Kallikrein-1E2
and Cysteine-rich secretory protein 3. These proteins are essential to the
biological processes related to stallion fertility, providing insight into the proteins
within seminal plasma. Four metabolites: oleic acid, isoleucine, taurine, and
phosphoric acid, presented a difference (P < 0.05) between the HP and LP
groups. The most relevant metabolites observed in Pearson’s correlation of
seminal plasma of stallions were phosphoric acid and 1,3-dioxan-5-ol. These
metabolite can be used as a marker of reproductive physiology of the stallions.
Although proteomics and metabolomics are currently being applied more in
studies of human reproductive biology than in domestic animals, this approach
offers a great opportunity to develop scientific solutions in order to increase the

efficiency of animal production and its by-products.
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Table 1: Proteins identified in plasma seminal, using MALDI TOF/TOF, MASCOT algorithm and SCAFFOLD software.

Protein
Sample |Database R ) Numb o - Mascot | SCAFFOLD c Theoretical Experimental
cession_Number escription overage MW
Score | Porcentage
g MW (kDa) pl (D3) pl
Spot_71 | Equidae CRISP3 _HORSE Cysteine-rich secretory protein 3 264 100,00% 33,80% 27,3 7.43 143,0 9.08
Spot_72 | Equidae | A0A3Q2HBT8 HORrse | Scminal p'as"}'iijmte'" HSP-1- | 465 100,00% 34.00% 17,5 6.53 16,0 363
Spot_78 | Equidae | AOA3Q2H333 HORSE Albumin 540 100,00% 27.00% 66,9 583 60,0 623
Spot_83 | Equidae | AOA452GEN4_HORSE Kallikrein-1E2 471 100,00% 29.10% 294 561 26.0 554
Spot_84 | Equidae | AOA452GEN4_HORSE Kallikrein-1E2 597 100,00% 21.80% 294 561 230 589
Spot_85 | Equidae | AOA452GEN4_HORSE Kallikrein-1E2 505 100,00% 29.10% 294 561 230 6.30
Spot_86 | Equidae | ADA3Q2GSA0_HORSE Carb“”"d'a;gmd'"g protein 86 99.80% 11,93% 18,8 6.97 610 6.08
Spot_88 | Equidae | ADA3Q2GSA0_HORSE Cam““‘-"’“'ﬂ%ﬂ'ﬂd'"g protein 78 100,00% 15,34% 18,8 6.97 14,0 8.00
Spot_89 | Equidae | ADA3Q218Y6 HORSE | /PP a'z'g'ifgsirﬁge'” 1. zinc- 70 100,00% 36,00% 38,2 5.24 36,0 467
Spot 89 | Equidae | AOA3Q2L313 HORSE Clusterin 46 100,00% 8,00% 50,8 576 36,0 467
Spot_90 | Equidae | ADA3Q218Y6_HORSE A'p“a‘z‘g'ﬁgsiﬁe'” T.zinc- | 449 100,00% | 40,00% 38,2 5.24 35.0 479
Spot 99 | Equidae | AOA452GEN4_HORSE Kallikrein-1E2 183 100,00% 12,26% 294 561 230 554
Spot_101 | Equidae | ADASF5Q2CYT_HORSE | Cysteine-rich secretory protein 2 722 100,00% 29.69% 29,7 8.50 13,0 822
Spot_104 | Equidae | ADA3Q2IHJ3_HORSE Binder of sperm 2 276 100,00% 2151% 185 7.96 13,0 843
Spot_107 | Equidae | ADA3Q2H333 HORSE Albumin 392 100,00% 23,65% 66,9 583 67.0 565
Spot_107 | Equidae | F6W2K5 HORSE Polymerliégr;r;gr:oglﬂbulm 166 100,00% 9.39% 93,1 6.02 67.0 565
Spot_123 | Equidae | AOA3Q2H4E7_HORSE Cathepsin L1 76 100,00% 12.18% 43,0 872 33.0 7.06
Spot_127 | Equidae F6SS14 Keratin 95 100,00% 137.0 4,96
Spot_128 | Equidae FEWDW3 Keratin 101 100,00% 137.0 5.00
Spot_131| Equidae F6YlJ4_HORSE Phospholipase A2 162 100,00% 24.37% 17.9 6.96 11,0 4.99
Spot_132 | Equidae | AOABCALOV3_EQUAS | Ig-ike domain-containing protein | 148 100,00% 17.71% 28.0 509 10,0 424
Spot_133 | Equidae | AOA452GEN4_HORSE Kallikrein-1E2 631 100,00% 29.11% 294 561 250 521
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Sample |Database Frotein
. I Mascot | SCAFFOLD - :
Acession_Number Description Score | Porcentage Coverage | Theoretical | Experimental
Mw
MW (kDa) pl (kDa) Pl

Spot_134 | Equidae | ADA452GEN4_HORSE Kallikrein-1E2 184 100,00% 11,49% 294 561 250 496
Spot_135| Equidae | AOA3Q2HBF6_HORSE | ©°F mm";,?gﬂgp? family A 262 99,70% 21,93% 336 6.73 26.0 472

a Spot ID correspond to the numbers shown in Fig. 2.

b Protein abbreviation is in accordance with gene abbreviation in UniProt.

C ;. Mascot score corresponds to 10*LOG10(P), where P is the absolute probability.

d Probability for wvalidation by Scaffold software of the proteins statistically identified by Mascot.

e Protein coverage calculated by Scaffold (identified amino acids/total amino acids).

f Mumber of peptides identified by Mascot and validated by Scaffold. The sequences of the peptides are found in 32 T
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Table 2: BLAST of proteins from plasma seminal identified by MASCOT as “Uncharacterized protein”.

Table 2: BLAST of proteins from plasmaseminal identified by MASCOT as “Uncharacterized protein’.

Protein
Sample | Database Mascot Theoretical Experimental
Acession_Number Description “‘é‘““”"” SCAFFOLD Porcentage | Coverage MW MW
core @a) | P | apw | P

Spot_77 | Equidae ADA3Q2I1A3_HORSE Uncharacterized protein 149 99.90% 8.30% 25.8 851 8.0 861
Spot_100| Equidae ADA3Q2I1A3 _HORSE Uncharacterized protein 197 09.80% 8.26% 258 8.51 9.0 8.19

a Spot ID correspond to the numbers shown in Fig. 2.

b Protein abbreviation is in accordance with gene abbreviation in UniProt.

¢ MaxScore: the highest alignment score of a set of aligned segments.

d  Query coverage: the percent of the sequence query length that is included in the aligned segments.

¢  E-Value:thenumber of alignments expected by chance (The lower the E value, the more significant the score and the alignment).
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Table 3: Pearson’s correlation coefficient between seminal parameters, pregnancy rate and the relative area of spots protein. Numbers in the
table correspond to the Spot ID shown in Tables 1 and 2.

71 | 72 | 77 | 78 | 83 | 84 | 8 | 8 | 8 | 8 | 90 | 99 | 100 | 101 | 104 | 107 | 123 | 127 | 128 | 131 | 132 | 133 | 14 | 1%
Age -3195 | -5022 | ,0541|-0006 | 2683 | 2678 | .1050| -1366| 7960 | ,0953 | -1841| 3932 -1864 | 7546 1282 | 4869( -1288| 5749 5322 4455| 7o923| 2715| 4166 3632
p=,246 | p=,056 | p=,848 | p=,998 | p=.334 | p=,335 | p=,710 | p=,627 | p=,000 | p=735 | p=,511| p=,147 | p=,506 | p=,001 | p=,649 | p=,066 | p=,647 | p=,025 | p=,041 | p=,096 | p=,000 | p=,328 | p=,122 | p=,183
ggﬁg':mr tion | ~0216| 2739 | 3041 | - 1697 | -3508 | -5113| - 2243 | -4196 | - 1627 | 3664 | 3664 | 3999 | - 3491 | 3721 3308 | -2321 | -0363| -4303 | -2448| -6904 | -5319| -3829| -3601 | 0946
p=939 | p=,323 | p=,271 | p=545 | p=188 | p=.051 | p=422 | p=119 | p=562 | p=179 | p=,179 | p=.140 | p=,202 | p=.172 | p=215 | p=,405 | p=098 | p=,109 | p=379 | p=004 | p=041 | p=,152 | p=187 | p=737
;‘:2;:"?;"" -4228 | -1576 | 2256 | -0461 | -0407 | -0021 | 0841 | -2374| 4200 | -0415| 0962| 0324| -2677| 1711 0379| 2438| ,1050| -0728 | -0615| - 2846 | - 0855 | 0627| 0999 | 0943
p=116 | p=,575 | p=.419 | p=,870 | p=886 | p=.994 | p=766 | p=,394 | p=,118 | p=,383 | p=733 | p=.909 | p=,335 | p=.542 | p=.893 | p=.381 | p=710 | p=796 | p=828 | p=7304 | p=762 | p=.224 | p=723 | p=733
;'ggm': -4655 | 0526 | 2729|-3312 | -2108 | -2511 | - 0508 | -4621| 3302 | 2257 | 2452| -1188| -2651| 2028| 1055| 2261| 2491 -0821 | -0849| - 1537 | - 1162 | - 1976 | - 0003 | 0940
p=080 | p=852 | p=,325 | p=228 | p=451 | p=.267 | p=,232 | p=,083 | p=.229 | p=419 | p=,378 | p=673 | p=M0 | p=.290 | p=708 | p=418 | p=371 | p=771 | p=763 | p=,584 | p=,680 | p=420 | p=299 | p=.730
:;’E"r“n:“ 1130 | 1208 2177|-1178 | -2113| -0816 | -,1608 | 2587 | 1413 | -0601| 0212| -1136| 2468| ,0206| -3708 | -0838| 5156| ,1176 | -0023| ,2422| -0770| -2115] -1315 | - 2552
p=688 | p=,668 | p=.436 | p=,676 | p=.450 | p=.773 | p=.545 | p=,352 | p=.615 | p=.832 | p=940 | p=667 | p=,205 | p=.917 | p=.174 | p=766 | p=.049 | p=/676 | p=993 | p=384 | p=785 | p=449 | p=640 | p=.359
dsg"';:‘t‘ﬁwrmm 1736 | -1495 | -5431 | 6521 | 7010| 4789 | 1538 | 2436| 2417| 2471|-2787| 60| 1511 | -1780| -3M2| 5036| -2076| -354 | -2002| 0196 | -0479| 5048| 3205 -2400
p=536 | p=,595 | p=.036 | p=,002 | p=.004 | p=.071 | p=,584 | p=,382 | p=,386 | p=,375 | p=,314 | p=.006 | p= 591 | p=,526 | p=223 | p=056 | p=.458 | p=,196 | p=279 | p=945 | p=,865 | p=.055 | p=,244 | p= 299
Sperm with
defects 0017 | -D158 | 1293 | - 2003 | - 2353 | - 2200 | 0636 | -4015 | -0201 | -0994 | 1475 | -3076 | -4195 | 0795| 5561 -2354| -3660| 1047 | 1868 -2450| 1024|-1123| -0778| 3019
minor
p=005 | p=955 | p= 646 | p=.204 | p=.399 | p=431 | p=,822 | p=.138 | p=043 | p=724 | p=,600 | p=.265 | p=120 | p=.778 | p=031 | p=.398 | p=.180 | p=.710 | p=505 | p=377 | p=.717 | p=1690 | p=783 | p=149
Fertility 6251 -2055 | 5283 | 0967 | -0187| 1775 -3350| (0538| 0431|-1922| -2511| 2357| 3617| 1724| -3979| 2747| 4456| 2574 1860| 3126| 1382| 1482| 2222 -4708
p=012 | p=,285 | p=.042 | p=726 | p=.047 | p=527 | p=,221 | p=,340 | p=,879 | p=,402 | p=,367 | p=.208 | p= 185 | p=530 | p=.142 | p=.322 | p=.096 | p=,354 | p=507 | p=257 | p=623 | p=508 | p=426 | p=077
Total Motility | -6071| -1215| 3154 | 0020 | - 1140 | -1321 | -0942 | -4178| 2137 | -2097 | 2074| 0423| 2413| 2455| 1130| 2956 ,1583| -1522| -0855| -0537 | -2310| -0482| 2324 | 0663
p=016 | p=,666 | p=,252 | p=.994 | p=.636 | p=.639 | p=,738 | p=,121| p=,444 | p=453 | p=458 | p=881 | p= 386 | p=,378 | p=608 | p=205 | p=573 | p=592 | p=762 | p=,240 | p=407 | p= 265 | p=405 | p=213
Eﬂﬁﬂ{ﬁ?s”& -2642 | -1564 | 2236 | 1071 | -0721| -0022 | -1889 | -0355| 2404 | -0898 | -1636| 1373| 5708 3923 -1275| 2743| 3575| 0781 0639| 4043| 1963| 0032 2110| 0473
p=341 | p=578 | p=423 | p=704 | p=.798 | p=.994 | p=500 | p=,900 | p=,388 | p=.750 | p=560 | p=.626 | p=.026 | p=.148 | p=651 | p=.323 | p=.191 | p=782 | p=821 | p=135 | p=483 | p=.991 | p=450 | p=867
'fl';‘jt‘l'l'l‘t’; - 1667 | -1863 | 5313 | 1161 | -0778 | 1848 | -2283 | -0732| 4036 | - 1490 | -1631| 0215| -0436| ,2011| 2677 | -0120| 0740| 5152 6504| ,0322| 3785 -2167| -0939| 3681
p=553 | p=,506 | p=.042 | p=,680 | p=.783 | p=510 | p=413 | p=.796 | p=,136 | p=,596 | p=,561 | p=.939 | p= 877 | p=,292 | p=,335 | p=966 | p=.793 | p=.042 | p=007 | p=,909 | p=,164 | p=438 | p=739 | p=177
Fast Motility | 0128 | -0402| -0765 | 3423 | 0032| 1002 | -0483| 2162| -0852| 0579| 0748| 1068| 7686| ,0150| -0864 | 0863 | 0212 -1324|-1448| 3130 -0591| 0910| 2113| 1147
p=964 | p=,887 | p=.786 | p=212 | p=.991 | p=.722 | p=,864 | p=439 | p=763 | p=,838 | p=791 | p=.705 | p=.001 | p=,958 | p=760 | p=760 | p=.940 | p=/632 | p=60T | p=.256 | p=,834 | p=.747 | p=450 | p= 634
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71 [F] i} T8 83 84 85 86 [ ] 90 a9 100 101 104 107 123 127 128 1 132 133 134 135
Slow Motility | -3207 | -1377 | 2287 | - 1706 | - 0777 | -0430 | - 1672 | - 2136 | 3031 | - 1344 - 2586 | 1030 1807 | 4714 -1760| 2197 4786| 0795 ,0333| ,3137| .2300| -0190| 1494 | -1311

p=244 | p=625 | p=A12 | p=543 | p=,783 | p=879 | p=,551 | p=445 | p=272 | p=,633 | p=,350 | p=715 | p=,512 | p=076 | p=,530 | p=,245 | p=071 | p=,778 | p=,906 | p=,255 | p=400 | p=,946 | p=505 | p=,641
Local Mofility | - 5126 | - 0035 | ,1890 ( -0885 | - 0765 | - 1422 | 0634 | - 4587 | 0407 | -1678( 4063 | -0781| - 2547 | -0785| ,2428| 1033 | -1505| -, 2435 -, 1568 | - 4551 | - 4568 | -0476| 0793 | 0374

p=051 | p=,990 | p=,500 | p=,753 | p=,786 | p=,613 | p=,622 | p=,085 | p=886 | p=550 | p=,133 | p=,782 | p=,360 | p=781 | p=,283 | p=,714 | p=502 | p=,382 | p=,577 | p=,088 | p=,087 | p=,866 | p=779 | p=,895
2$:ﬁ::g:§zoa G148 | 1323 | -2782| 0620 | 1028 | 1341 | 0986 | 4565| -2469| 2154 | -2011| -0660| -2520  -3393| - 1106 | - 3556 | -2031( 1411 0958 -0515| 1722 ,0481| -2791( -0535

p=015 | p=638 | p=,315 | p=,826 | p=716 | p=,634 | p=727 | p=087 | p=,375 | p=441 | p=472 | p=815 | p=,365 | p=216 | p=,695 | p=,193 | p=468 | p=,616 | p=,734 | p=,855 | p=,534 | p=,865 | p=,314 | p=,850
Curvilinear
Velocity -3025 | - 0157 | 2986 | 2752 | -0221| -0216 | -2085 | - 0496 | 2297 | -1494 | 0680 | 1656| 4532| (0730| -1018| 3061| 3656 -2184| -1923( 0697 | -1718| -0008| ,1856( 0082
(VCL, pm/s)

p=273 | p=956 | p=278 | p=,321 | p=/938 | p=938 | p=456 | p=861 | p=,410 | p=,595 | p=,807 | p=,555 | p=,080 | p=,796 | p=718 | p=267 | p=.180 | p=,434 | p=492 | p=,805 | p=,540 | p=,998 | p=,508 | p=977
Straight Line
Velocity -2920 | -1799| 3572 3481 | 0020 0829 | -1891| 0709 2268| -0609| -1202| ,2033| 4085| 1138| -0712| 2750 3670( -0647( -0487| 1651| -0050| ,1126| 2444 -0051
(VSL, pm/s)

p=291 | p=521 | p=,191 | p=,204 | p=,994 | p=768 | p=,500 | p=,802 | p=,416 | p=,829 | p=,646 | p=467 | p=,060 | p=,686 | p=801 | p=,320 | p=.178 | p=,818 | p=,863 | p=,557 | p=986 | p=,689 | p=,380 | p=986
Average Path
Velocity - 2046 | - 1181 3481| 3413 | - 0148 | 0424 | - 1896 | 0458| 2080 -0838) -0532| 1762 4001 | 0730| -0697| ,2600| 3564 ( - 1163 -0911( 1090 | -0861| ,0666| 2105( 0093
(VAP, pmis)

p=,287 | p=675 | p=.204 | p=,213 | p=/958 | p=,881 | p=.499 | p=871| p=457 | p=767 | p=,851 | p=,530 | p=,064 | p=796 | p=,805 | p=346 | p=.192 | p=,680 | p=.747 | p=,689 | p=,760 | p=,814 | p=451 | p=974
Linearity 2078 | -3758 | 0315| D644 | 1409 | 2769 | 1170 4821| -1406| 3206 | -5212| 0780| -1154  -0052| 0162 | -2133| 0561( 5031| 4344 2605| 4147 2274 0382( -2174

p=457 | p=,168 | p=911 | p=,820 | p=616 | p=,218 | p=678 | p=069 | p=617 | p=244 | p=,046 | p=,791 | p=,682 | p=985 | p=,954 | p=445 | p=843 | p=,056 | p=,106 | p=,348 | p=,124 | p=,415 | p=883 | p=,436
Beat Cross
Frequency - 4998 | - 2640 | 2051 | - 0086 | - 1133 | -0135| - 1011 | -2210| 1681 | -1380| 1062 | ,0801| 4791 | 3604 | -0570| 2797 1513| -0184| -0180| 2309 | -0036| ,042%| 3069 0146
(BCF, Hz)

p=,058 | p=342 | p=/463 | p=976 | p=688 | p=962 | p=720 | p=429 | p=549 | p=.524 | p=706 | p=777 | p=071 | p=,187 | p=,840 | p=313 | p=,590 | p=,048 | p=,940 | p=,408 | p=990 | p=,879 | p=,266 | p=,959
Amplitude of
Lateral Head 2048 -
Displacement -2737| 1422 | 2712| 2028 | -0728| - 1081 | - 2403 | - 1099 | 1639 -, 331 0993 4260 0226 - 1492 | 2730 3997 | -3030| -2770( 0114 -2718( -1013| 0848 | - 0175
(ALH, pm)

p=,324 | p=613 | p=,328 | p=468 | p=796 | p=,701 | p=,388 | p=697 | p=54T | p=453 | p=,636 | p=,725 | p=,113 | p=936 | p=,596 | p=,325 | p=140 | p=,272 | p=,318 | p=968 | p=,327 | p=,720 | p=764 | p=,051
Protein
concentration | -,0002 | 0786 | 3814 -3073 | -4820| - 2836 | - 2472 0921 | -4710| - 2093 | - 0628 | -4351( -0025 | -2000( -,0659 | -4110| 2156| 1540 ,1282( -0354( -0054 - 2798 | - 3878 - 2635
mg/ml

p=,999 | p=781 | p=,161 | p=,265 | p=,068 | p=,306 | p=.205 | p=744 | p=,076 | p=454 | p=,824 | p=,105 | p=,993 | p=475 | p=,816 | p=,128 | p=.440 | p=,584 | p=,649 | p=,900 | p=,985 | p=,313 | p=,153 | p=,243
Total volume
of the -3062 | 0217 | ,0810(-1903 | - 2156 | -,0996 | - 2965 | -, 1906 | - 1244 | -5929| 4260| -0236| 5591 ,2068| -2248| 1680| 0742( -0912| -1697| ,3931| -0344 | -1057| ,1937| - 0860
ejaculate

p=,267 | p=939 | p=,774 | p=497 | p=440 | p=724 | p=.283 | p=496 | p=,659 | p=.020 | p=,113 | p=,933 | p=,030 | p=460 | p=421 | p=549 | p=793 | p=747 | p=,545 | p=,147 | p=,903 | p=,708 | p=,489 | p=,761
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m [ T 78 83 B4 85 86 88 89 90 ag 100 101 104 107 123 127 128 1 132 133 134 135
E}?I:!ul?;?etgm -2445| 0451 | 1835(-2665( -3538 | -1883 | - 3752 | -,1042| -2912 | - 4675 | 3178 -1845| 4310| ,0651| -2228| -0103| ,1313| - 0333 | -1121| 2866 | - 0437 | - 1836 | -,0083 | -,1985
p=,380 | p=,873 | p=,513 | p=,337 | p=,196 | p=502 | p=,168 | p=712 | p=,292 [ p=.079 | p=248 | p=,510 | p=,109 | p=,818 | p=425 | p=971 | p=,641 | p=,889 | p=,691 | p=,300 | p=B77 | p=.513 | p=977 | p=/4T8
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Table 4: Pearson’s correlation coefficient between seminal parameters, pregnancy rate and the relative area of metabolites.
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Age 2009| .4210| ,1345| 4622| -2534| 0538| 3020 2357| 2523| 4549 -1009| -0778| -3204| 1739 2733| .2018| ,1442] 1453

p=.473| p=.118| p=,633| p=.083 | p=.362 | p=.849| p=274| p=,398 | p=,364 | p=088 | p=.721| p=.783 | p=.231| p=,535| p=.324 | p=.471| p=,608 | p=.605
Sperm
concentratio | 4182| 1761 ,0525| -2658| .1836| .1710| .1688| 2898| o2764| -3257| A4726| -3754| -1693| -3313| .1138| o0719| .3700| 2078
n

p=.121| p=.530| p=,853 | p=.338 | p=.513 | p=542| p=.548 | p=,295| p=,319| p=.236 | p=,075| p=.168 | p=,546 | p=,227 | p=.686 | p=.799 | p=.175| p=.457
mg;:‘ify“a' 2754| 1242| -3559| 2361| -0560| 2984| 3431| 3099| 0472| 0976| 0366| .1085| -G047| 0189 6162| 2905| 2850| 0593

p=.321| p=.659 | p=,193| p=.397 | p=.843| p=.280| p=211| p=.261| p=.867| p=.729| p=.897| p=700| p=.017| p=,947| p=.014 | p=.294 | p=.303| p=,834
;22;:ﬁ? 0611| -0977| -2820| 3400| -2461| 0978| 3340| 0388| -1879| -0340| -0280| -0917| -5714| -2520| .6306| 3179| .1736| -.0451

p=.829| p=,729| p=,309| p=.215| p=.377| p=729| p=.224| p=,891| p=,503 | p=,904 | p=,921| p=.745 | p=.026 | p=,365| p=.012 | p=,248 | p=536| p=.873
;':e’:f:' 5524 | -3384| -3545| -2645| -1115| -2622| 0597 -3951| -7283| -2441| -6617| 1375 -1566| -0398| .3098| 0584| -2239| - 3881

p=033| p=217 | p=,195| p=.341| p=.692 | p=,345| p=.833 | p=,145| p=.002| p=.381| p=,007 | p=.625 | p=,577 | p=.888 | p=.261| p=.836 | p=.422| p=.153
Sperm with
defects -3175| -1148| -0930| .0084| -2337| -3266| -7660| -2527| -0363| -2825| -1148| 0912| .3149| 0193| -2858| -1137| -5980]| -.2870
major

p=.249| p=.684 | p=.742| p=.976 | p=.402| p=.235| p=.001| p=,363 | p=,898 | p=.308 | p=683 | p=.747 | p=,253 | p=946 | p=.302 | p=.687 | p=.019| p=,300
Sperm with
defects 7250| 3929| 3933| 2443| 2500| 4470| A4102| 5332| ... | 4066| 7020| -1850| -0451| 0208| -1191| 0128| 5801| 5502
minor 716

p=.002 | p=,147 | p=,147 | p=.380 | p=.369 | p=.095| p=.129| p=.041| p=.003| p=,133 | p=,004 | p=508 | p=,873 | p=.941| p=.672 | p=.964 | p=.023 | p=.024
Fertility 0055| .0497| -4223| -1054| 2078| -1553| 1926| -0980| -2105| 0728 -1733| 0701 -5102| 0092 .6471| -5637| .0608| 3248

p=.984 | p=.861| p=,117 | p=.708 | p=.457 | p=.581| p=.492 | p=.728 | p=.452| p=.796 | p=,537 | p=.804 | p=,052 | p=,974 | p=.009 | p=.029 | p=.830| p=,238
Total Motility | 2901| .1015| -2623| 2129| -2495| -0616| .1904| 3039| -0258| -1823| .1545| 1790 -s043| -0916| .7157| -1075| 2624| 1956

p=.294 | p=719| p=,184| p=.446 | p=.370| p=.827| p=.497 | p=.271| p=.927 | p=.516 | p=,582| p=.523 | p=.017 | p=.746 | p=.003 | p=.703 | p=.345| p=.485
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:,Ir:'t?lzfjs“'e 0264| 2269| -2749| -0597| -1402| -3236| .1429| 3030 -2127| -0853| -1418| 2369| -4096| 0565| 5145| -1460| -0030| 1100

p=926| p=416| p=321| p=833| p=618| p=239| p=611| p=272| p=1447| p=762| p=614| p=2395| p=.129| p=841| p=050| p=,604| p=992| p=.696
E_:;':ill‘i';r 2241| 5804| 1243| 2018| -1684| 1165| -0602| 2653| 1809| -1456| .1764| -1205| -1543| -1043| ©0751| o0382| 2200| 3286

p=422| p=.022| p=659| p=471| p=.549 | p=.679| p=.831| p=,339| p=.519| p=.605| p=529| p=1669 | p=.583| p=711| p=790| p=893| p=.412| p=.232
Fast Motility | 0199 1013| -3469| -0444| _0769| -1723] -0785| 3133| -0684| -1751| 0467| 3424| _1911| 1250] 2437] -2308| -1086| 0891

p=944| p=719| p=205| p=875| p=.785| p=.539| p=781| p=256 | p=.809| p=5233| p=.869| p=212| p=.495| p=1657| p=381| p=.408| p=705| p=.752
Slow Motility | -0495| 0841 -1066| -1026| -0966| -2617| .2686| .0021| -2066| .0610| -2849| o0885| -2461| 0103| .4763| -0245| .0190| -0107

p=861| p=.766| p=705| p=.716 | p=.732| p=.185| p=.333 | p=,744 | p=283| p=.829| p=303| p=.754 | p=.206| p=.971| p=.073| p=.931] p=.947| p=.970
Local Motility| 3359| -0916| -2185| 3060| -1507| 2538| .1268| .08e4| .1721| -1295| 3075| -0270| -3994| -1727| .4259| o087 .323a| 1374

p=221| p=745| p=434| p=267| p=592| p=1361| p=652| p=759 | p=540| p=646| p=265| p=924 | p=.140| p=538| p=113| p=975| p=240| p=1625
Immobile - -

- - - - - - - i M6 - -
spermatozoa | 2477| -0612| 3546| -3534| 2803| 0735| -1914| -2700| 0588| 1117 -1805| -2078| 5881\ 0977| -7206| .1084| -2264| -2133

p=2373| p=.828/ p=.195| p=,196 | p=.312| p=.795| p=.494 | p=330| p=.835| p=.692| p=520| p=.457 | p=.021| p=729| p=002| p=701] p=.417| p=.445
Curvilinear
Velocity 0054| .1502| -4475| -1196| -1924| -2063| .0463| 2566 -1942| -4141| -0273| 0369| -5376| -1065| 6024 -0926| .0212| 0630
(VCL, pmis)

p=.985| p=.593| p=094| p=671| p=.492| p=.461| p=870| p=,356 | p=.488| p=.125| p=.923| p=.896 | p=.039| p=.706| p=.017| p=.743| p=.940| p=.823
Straight Line
Velocity 1882| 3564| -3548| -1854| 0342 -1130| .1675| 4543| 0009| -2325| .1075| .0004| -5252| 0667| .5491| -2768| .1470| 2770
(VSL, pmis)

p=502| p=.192| p=,194| p=,508 | p=.904 | p=.688| p=.551| p=,089 | p=.997 | p=.404| p=703| p=.749 | p=.044| p=813| p=024| p=.318| p=.601| p=.318
Average Path
Velocity 1371| 2886 | -4048| -1441| -0377| -1107| .1086| 3981| -0565| -3091| 0887| 0931| -5297| oo080| 5629| -2207| .1119| 2185
(VAP, um/s)

p=626 | p=,297| p=,135| p=,608 | p=,894 | p=,694| p=700| p=,142| p=1841| p=262| p=753| p=741 | p=.042| p=,978| p=.029| p=,429| p=691| p=434
Linearity 1042| 2581| 4331| -1122| 5573| 2680| .1141| 0457| 2973| 4s568| .1500| .1006| 4467 4626| -5273| -3956| 1548| 2993

p=712| p=.353| p=,107| p=.690| p=.031| p=.334| p=686| p=,871| p=282| p=.087| p=591| p=.721 | p=.095| p=,083| p=.043 | p=.144| p=582| p=.279
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Beat Cross
Frequency 2674 1594 -3745| 0984 | -0975| -1467( 3024 3761 -0657( ,0822| -018%| 3976 -5416 1433 Toss | - 1737 ,2198| 2038
(BCF, Hz)

p=,335( p=4970| p=,169| p=727 | p=,730| p=,602| p=273| p=,167 | p=,816| p=,771| p=947| p=,142 | p=,037 | p=610| p=,003 | p=,936 | p=,431| p=,466
Amplitude of
Lateral Head - 1475 -0174 | -4942 | -1101| -,2993| -2840( -0553| ,0BA8| -3569| -5204| -1262( -0105| - 5079 -2504( 5945 0017| -1004| - 0775
Displacement
(ALH, pm)

p=,600| p=,951| p=,061| p=,696| p=,278 | p=,305| p=,845| p=,761| p=,192| p=,042| p=,654| p=970| p=,053 | p=,368 | p=,019| p=,995| p=,722| p=,784
Protein
concentration 1871 0625 - 0471 -3012( ,GAETE 1892 3854 0486 0410 2416 1875 - 1414 -0918| -0780| ,0895| - 3564 15923 3798
ma/mil

p=,504 | p=,825| p=,868| p=,275| p=,005| p=,500| p=,156 | p=,863 | p=,885| p=,386| p=,903 | p=,615| p=,745| p=782( p=,751| p=,192| p=,492| p=,163
Total volume
of the -0321| -1940| -51586| ,3802| -0885| -1242|( 1381 -0317| -2334| 770 -0006( ,2682| -3942( -1071 5941 | - 1761 -0439 2104
gjaculate

p=.910| p=,489 | p=,049| p=,162 | p=,754 | p=,699| p=,624 | p=911| p=,402| p=,528| p=,998| p=,334 | p=,146 | p=704 | p=,020| p=,530| p=,877| p=.452
Total
Protein/Ejacul 0345 -1553| -4523 709 2277 | -0283( ,2590| -0286( -1773| 2326 L0673 1344 | -3587( -,1352 5182 -2898| ,0028( 2951
ated

p=903( p=580| p=,091| p=,242 | p=414| p=920| p=,351| p=919| p=,527| p=404 | p=,812| p=633 | p=.189 | p=,631| p=048 | p=,295 | p=,992| p=,286

66




1
P > 1

225 28
A 127Ool '.071
107
s L
s ""“@‘Q—{' { T
90 123
in 2500 o)
= 135 23133 g3
g o® , 85 I |
d I : 134% 3
= . 101 & -
= 99 84
Sy \
(- ST
SR SO
13 e . . )104
® ig
J : 0100@
; 77@

Fig. 4: Representative SDS-PAGE 2D with spots from the seminal plasma in stallion HP group.

Numbers in the figure correspond to the Spot ID shown in Tables 1 and 2.
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Fig. 5: Representative SDS-PAGE 2D with spots from the seminal plasma in stallion LP group.

Numbers in the figure correspond to the Spot ID shown in Tables 1 and 2.
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Fig. 6: Mean (+xSEM) relative abundance (%) of proteins with higher abundance in the seminal

plasma in stallion HP group with significant differences (P < 0.05) between groups. The letter A

and B mean difference in magnitude on the scale. Numbers in the graphic correspond to the Spot

ID shown in Tables 1 and 2.
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Fig. 7: Mean (+SEM) relative abundance (%) of proteins with higher abundance in the seminal
plasma in stallion LP group with significant differences (P < 0.05) between groups. A pound
mark (*) indicates indicates that the mean has a tendency to differ significantly. The letter A and B
mean difference in magnitude on the scale. Numbers in the graphic correspond to the Spot ID
shown in Tables 1 and 2.
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Fig. 8: Mean (+SEM) relative area (%) of metabolites with different abundances in the HP and LP
group significant differences (P < 0.05) between groups. A pound mark (*) indicates indicates
that the mean has a tendency to differ significantly.
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4 CONSIDERACOES FINAIS

Apesar dos criadores de cavalos almejarem animais geneticamente superiores,
com melhores indices reprodutivos, ha um distanciamento entre pesquisa e
aplicacdo pratica que impede a realizagdo de programas consistentes e
continuos de selecdo. A protebmica e a metaboldmica podem ser uma
ferramenta essencial para entender e prever a fertilidade masculina, diagnosticar
precocemente distarbios reprodutivos masculinos em animais e humanos.
Estudar proteinas e metabdlitos em SP pode nos ajudar a obter informacgdes
sobre a causa de certos casos inexplicaveis de infertilidade masculina.
Pensando nisso, poderemos identificar biomarcadores que possam auxiliar na
identificacdo desses individuos, possibilitando um manejo mais especifico e o
desenvolvimento de um produto que auxilie na melhora da fertilidade dos
garanhdes.
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APENDICE A

Imagem representativa da Isoeletrofocalizacdo baseda na migracdo de uma

particula carregada sob influéncia de um campo elétrico pelo software Ettan

IPGphor3.

File Protocol Communication Help

Bl o e

1- Instri

] -] - (1 [
Fast Idle

Ettan” IPGphor 3

Run settings & details | Session log
Strip length pH range
13em | 310mL |

Number of strips

= Y |

Dec 05, 2021

Protocol details

10000 -

Voltage [V]
3
s

4000 _,
3000 / /
a4
2000
1000 / = /
»—-—-"""',__'_--

| . 0-
0o 30 01:00 01:30 02:00 02:30 03:00 03:30 0400 04:30 0500 05:30 06:00 06:24

Measured voltage [V] w |

Time

Setpoint voltage V]  w '

200~

180~

160-

140-

120-

100-

80-

60—

40-

20-

Current [pA]

1 - Instril
Step 4/4

Measured Setpoint
8ooo v 8000 v
17 pA 50 pA (limit)

18003 Vh

06:24:08

-00:00 (estimated)

Total time Total Vh
05:15 18000

94



APENDICE B

Imagem representativa da analise do gel de eletroforese bidimensional pelo

software ImageMaster™ 2D Platinum.
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APENDICE C

Imagem representativa da identificacdo dos metabdlitos alvos analise pelo
Compass DataAnalysis.
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APENDICE D

Imagem representativa da quantificacdo de area do metabdlito pelo Compass

DataAnalysis.
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APENDICE E

Interacdo entre as proteinas identificadas e validadas estatisticamente, adotando
escore 0,900 obtidas pelo aplicativo STRING 11.5.

tr|AOA3Q2I8Y6|A0A3Q2I8Y6_HORSE t
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tr|F6W2K5|F6W2K5_HORSE
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D
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APENDICE F

Interacdo entre as proteinas identificadas e validadas estatisticamente, adotando
escore 0,400 obtidas pelo aplicativo STRING 11.5.
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()

tr|AOA3Q2I8Y6|A0A3Q218Y6_HORSE

nsplOlQOlOlCRISS_HORSE
trJAOA3Q2H333|A0A3Q2H333_HORSE \ ’
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APENDICE G

Interacdes primarias e secundarias entre as proteinas identificadas e outras

proteinas anotadas no aplicativo STRING 11.5.
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APENDICE H

Representacao

esquematica da via do metabolismo do colesterol. Fonte: KEGG.
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APENCIDE |

Correlacao de Person

Variable
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Concentragio {milhdes/ml)
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Motilidade Total
Mgtilidade Progressiva
Motilidade Circular
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Motilidade Lentos
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Imoveis

Velocidade (VCL) [umys]
Velocidade (WSL) [pm/s]
Velocidade (VAP)
Linearidade

BCF [Hz]

ALH [um]
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Correlations (TABELA TESE DOUTORADO (1))M,

are si

at p < 05000M=15 (Casewise deletion of missing data)
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137 L4017 2513 4250 -,3863 3447 L1087 8511
p=.687 p=.138 p=.366 p=114 p=.144 p=208 p=.003 p=.000
-,3556 - 7138 = 7701 - 1808 L1159 0772 - 7504 -2918
p=.183 p=.003 p=.001 p=520 p=.681 p=785 p=.001 p=.201
-,0058 L6019 L4608 3240 -,2083 4226 L8616 8215
p=.984 p=018 p=.084 p=239 p=456 p=117 p=000 p=,000
L1640 L5070 L4850 5685 -.5288 2617 7642 A7410
p=.558 p=.054 p=,067 p=.027 p=.043 p=346 p=.001 p=.001
-0216 -4228 - 4655 - 1130 L0017 -8251 = 86071 -,2642
p=938 p=116 p=,080 p=.688 p=.885 p=013 p=016 p=341
2739 -, 1576 0526 1208 -0158 -,2955 -,1215 -, 1564
p=323 p=,575 p= 852 p=668 p=855 p=285 p= 666 p=578
3041 L2256 2728 2177 1253 5288 3154 2236
p=271 p=.419 p=325 p=436 p=,646 p=043 p=,252 p=423
- 1687 -0461 -3312 - 1178 -,2803 0987 L0020 1071
p=.545 p=.870 p=228 p=676 p=.284 p=726 =884 p=704
-3598 -0407 -2108 - 2113 -.2353 -.0187 =1140 =071
p=1RR p= BRF n=451 p=450 p= 3080 p= 947 n= BRE D= 788
-5113 -0021 -2511 - D816 -.2200 A77S =131 -0022
p=.051 p=004 p=367 p=773 p=431 p=.527 p=,639 p=.984
- 2233 0BT ~ 0508 B I:3:1:3 ] - ~08dZ ~ 1880
p=422 p=7E6 p=832 p=545 p=822 p=221 p=738 p=500
- 4196 -,2374 - 4621 2587 - 4015 0538 - 4178 -,0355
p=118 p=.384 p=,083 p=,352 p=,138 p=848 p=121 p=.900
- 1627 4208 3302 - 1413 =0201 0431 L2137 2404
p=.562 p=118 p=229 p=615 p=.943 p=.879 =444 p=388
-, 3664 -0415 -2257 -, 0601 -,0994 -,1922 =,2087 -,0898
p=178 p=B883 p=419 p=832 p=724 p=492 p=453 p=750
3664 0862 L2452 0212 1475 -2511 L2074 - 1636
p=178 p=733 p=378 p=0840 p=,600 p=367 p=458 p=,560
-,3999 0324 -, 1188 - 1136 -,3076 2357 0423 1373
p=.140 p=.809 p=673 p=.687 p=.265 p=.388 p=.B81 p=.626
-3481 - 2677 -2651 3468 -4185 3617 L2413 5708
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Wariable
101
104
107
123
127
128
130
131
132
133
134
135

[ PROTEINAmg/mI

VOLUME TOTAL DO EJACULADO

Total de Proteinas/ Ejaculado

TRIPTOFANO
FRUTOSE

ACIDO LATICO
ORNITINA
MELATONINA
Acetil Camitina
Carnitina
Fenilalanina
Isoleucina_leucina
Methylbutanoyl Camitina
ACIDO CITRICO
ACIDO HIPURICO
1,3-DIOXAN-5-0L
ACIDO ESTEARICO
ACIDO FOSFORICO
ACIDO OLEICO
ACIDO PALMITICO

TAURINA

Correlations (TABELA TESE DOUTORADO (1))Marked correlations are significant at p < 05000M=15 (Casewise deletion of missing data)

IDADE Concentragio (milhées/ml) Teste Hiposmdtico (C, Vidveis) Fluorescencia (C, Verde) MNormais Defeitos Maiocres Defeitos menores Fertilidade (%) Motilidade Total Motilidade Progressiva Motilidade Circular
p=506 p=,202 p=,335 p=,340 p=205 p=.591 p=120 p=,185 p=386 p=026 p=B77
7946 -3721 71 L2828 0296 -, 1780 L0785 724 2455 3923 L2811
p=.001 p=,172 p=.542 p=,280 p=817 p=.526 p=778 p=.539 p=378 p=,148 p=292
,1282 3388 L0379 ,1085 - 3708 -.3342 9561 -, 3978 L1130 - 1275 L2677
p=649 p=215 p=883 p=708 p=174 p=223 p=031 p=142 p=688 p=651 p=335
4869 -2321 2438 L2261 -D838 -.2354 2747 L2856 2743 -0120
0=.066 p=405 p= 381 p=.418 0=766 p=.398 p=322 p=.285 p=323 D=966
- 1258 - 0363 1050 2491 5156 =, 3660 4455 1583 3575 LN
p=.647 p= 858 p=710 p=371 p=045 p=180 p=,086 p=573 p=191 p=783
TS = 4303 -07Z8 = 0821 1178 o047 2574 = 1527 JO7BT o152
p=.025 p=,109 p=786 p=771 p=.676 p=710 p=354 p=588 p=,782 p=049
5322 -, 2448 - 0615 -, 0849 - 0023 ,18E8 L1860 - 0855 0638 6554
p=041 p=379 p=828 p=763 p=0893 p=505 p=507 p=762 p=821 p=007
1920 -,2640 -, 1565 - 4141 -2189 L1865 3518 -, 2404 L1013 -1933
p=.483 p=342 p=578 p=125 p=.433 p=506 p=189 p=2388 p=718 p=480
4455 -.6904 -, 2846 -,1537 2422 -,2458 3126 - 0537 4043 0322
p=.096 p=,004 p=,304 p=,584 p=,384 p=377 p=,257 p=840 p=,135 p=25809
7923 -5318 -,0855 - 1162 -0770 L1024 1382 -2310 L1963 LATES
p=.000 p=.041 p=762 p=,680 p=785 p=717 p=623 p=407 p=483 p=164
2715 -3829 J0627 -, 1976 -2115 -1123 L1482 -,0482 0032 - 2167
p=.328 p=159 p=.824 p=480 p=449 p=690 p=.588 p=B65 p=.991 p=438
A166 -,3601 JOEEE] -,0003 -1315 -0778 2222 L2324 2110 -, 08349
p=.122 p= 187 p=723 p=,989 p=.640 p=783 p=426 p=405 p=450 p=739
3632 L0846 L0843 L0840 -2852 3918 - 4708 L0668 0473 L3681
p=.183 p=737 p=738 p=739 p=359 p=149 p=077 p=813 p=867 p=177
- 3741 L2640 -, 3068 -, 2828 - 1863 3304 3616 -, 3348 - 3070 - 2472
p=.169 p=342 p=,182 p=307 p=,506 p=216 p=185 p=223 p=266 p=375
-.0469 -, 1036 1453 L2088 -0011 L1087 3987 JEEET] L1748 -, 2389
p=868 p=713 p=605 =453 0=997 p=700 p= 188 p=.140 p=533 0=391
- 2064 0512 -0423 0392 ESEEE] 2336 4461 1585 - 0225 - 3382
p=.456 p=.856 p=.881 p=,880 p= 683 p=402 p=,096 p=573 p=937 p=216
2009 ESE 2754 0611 = 5024 7250 0055 2901 0764 AT
p=473 p=121 p=321 p=.829 p=033 p=002 p=984 =704 p=926 p=422
A210 L1761 ,1242 -09r7 - 3384 3920 0497 L1015 L2268 L5804
p=118 p=,530 p=659 p=.729 p=217 p=147 p=861 p=719 p=416 p=023
1345 0525 -, 3558 -,2820 -3545 3833 - 4223 -,3623 - 2748 L1243
p=633 p=.853 p=193 p=,309 p=185 p=147 p=117 p=184 p=3: p=659
Ag22 -,2658 L2361 3400 -2645 2443 -, 1054 L2128 - 0557 L2018
p=.083 p=338 p=387 p=215 p=,341 p=2380 p=708 p=446 p=833 p=471
-.2534 1836 - 0560 -,2461 -1115 ,2500 L2078 -, 2406 -, 1402 - 1684
p=.362 p=513 p=.843 p=377 p=.692 p=368 p=457 p=370 p=618 p=.549
0538 1710 L2084 L0878 - 2622 L4470 -, 1553 - 0616 -,3236 L1165
p=.849 p=542 p=280 p=729 p=.345 p=,095 p=581 p=827 p=.239 p=679
3020 1688 A43 L3340 0587 A102 1926 L1804 1428 -,0602
p=.274 p= 548 p=211 p=,224 p=833 p=128 p=482 p=487 p=611 p=831
2357 ,2B88 3088 L0388 -3951 5332 -,0980 3038 3030 L2653
p=.398 p=,285 p=261 p=881 p=145 p= 044 p=728 p=271 p=272 p=2339
L2023 2764 0472 -, 1879 - 1283 161 -2105 - 0258 -2127 ,1809
p=.364 p=319 p=B867 p=,503 p=,002 p=.003 p=452 p=827 p=447 p=519
4549 -3287 J0876 -0340 -2441 4066 JO728 - 1823 - 0853 -, 1456
p=088 p=236 p=729 =904 p=381 p=133 p=796 p=516 p=762 p=605
- 1009 4726 J0366 - 0280 - 8617 JT020 = 1733 L1545 = 1418 L1764
p=721 p=075 p= 887 p=.921 0=007 0=.004 p=3537 p=.582 p=614 0=.529
- 0778 3754 1085 - 0917 BETE] -, 1850 701 1730 2368 - 1205
p=.783 p= 168 p=700 p=745 p=625 p=508 p=804 p=523 p=385 p=669
=354 = 1693 - G047 =arid - 1566 = 0457 = 5102 = 6043 = 4086 =1
p=.231 p=546 p=.017 p=026 p=577 p=873 p=,052 p=017 p=129 p=583
1739 -3319 J0188 -,2520 -0388 J0208 0082 - 0916 0565 -1043
p=.535 p=,227 p=,047 p=365 p=B88 p=.946 p=041 p=074 p=746 p=841 p=711
L2733 ,1138 JB162 JB306 3098 -.2B58 - 1181 L6471 157 5145 0751
p=.324 p=686 p=.014 p=.012 p=,261 p=.302 p=672 p=.009 p=.003 p=.050 p=780
2018 0718 L2805 3178 0584 - 1137 J0128 -5637 - 1075 - 1460 ,03a2
p=471 p=789 p=.284 p=248 p=836 p=687 p=964 p=.028 p=703 p=604 p=.893
1442 L3700 ,2850 L1736 -2239 -, 5980 5801 0608 L2624 -0030 L2280
p=.608 p=175 p=303 p=,536 p=422 p=019 p=023 p=.830 p=345 p=.992 p=412
1453 L2078 L0583 -,0451 -3881 -, 2870 5502 3248 . 1856 L1100 L3286
p=605 p=457 p=834 p=873 p=153 p=300 p=034 p=238 p= 485 p=686 p=232
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Motilidade Répidos Matilidade Lentos Matilidade Local Imoveis Velocidade (VCL) [um/s] Velocidade (V5SL) [pmis] Velocidade (VAP) Linearidade BCF [Hz] ALH [pm] Kl 72 77 78

Variable
IDADE - 1733 4462 -,0388 -.2066 0254 L0617 0141 -0233 2900 - 0506 -,3195 -5022 0541 -,0006
p=.537 p=,095 p=,891 p= 460 p=928 p=827 p=960 p=1934 p=.294 p=B58 p=246 p=056 p=848 p=098
Concentragio {milhdes/ml) 2074 1728 _E045 - 2565 1461 0749 137 -, 3556 -, 0058 1640 -0216 2730 3041 1697
p=.458 p=538 p=017 p=,356 p=,603 p=791 p=,687 p=.193 p=.984 p=559  p=938 p=373 p=271 _ p=545
Teste Hiposmético (C, Viaveis) 0349 4501 6428 7736 4881 3525 4017 - 7138 6019 5070 - 4228 S1576 2256 - 0461
=902 p=.082 p=010 p=001 p=.065 p=188 p=138 =003 p=018 = = - - =
Fluorescencia (C, Verde) - 2057 4442 E713 - 7475 3856 L1810 12513 - 7701 4608 4850 - 4655 0526 L2729 -3312
p=462 p=,087 p=.008 p=.001 p=144 p=519 p=366 p=.001 p=.084 p=.067 p=.080 p=.852 p=.325 p=.228
MNormais 2740 EEET) -.3244 - 7438 5034 A0 250 - 1806 3240 5EOS - 1130 208 Z1TT 1178
p=323 p=.034 p=.238 p=.584 p=0586 p=138 p=114 p=.520 p=.239 p=.027 p=.688 p=668 p=.436 p=.676
Defeitos Maiores L1010 = 0918 =.2152 REEE] =,0250 -,0073 =0185 0882 -, 1634 - 0255 1736 =, 1495 -, 5431 6521
p=720 p=745 p=441 p=484 p=.930 p=979 p=5845 p=755 p=.561 p=.028 p=536 p=595 p=038 p=008
Defeitos menores -.3264 - 4648 4432 0218 - 4678 -, 3809 -, 3563 1159 -, 2083 - 5289 L0017 -, 0158 1293 -, 2803
p=235 p=.081 p=088 p=938 p=079 p=161 p=144 p=681 p=A456 p=043 p=995 p=055 p=F46  p=204
Fertilidade (%) OLGE] 4510 0616 -.3058 3039 3854 3447 0772 4226 2617 - 6251 -, 2855 5258 L0987
p=813 p=.082 p=827 p=.268 p=271 p=145 p=208 p=785 p=117 p=.346 p=013 p=.285 p=.043 p=726
Motilidade Total 3534 ABTT IR - 8823 7730 L8571 L7097 -, 7504 JBE16 1642 - 6071 - 1215 3154 0020
p=196 p=069 p=.010 p=.000 p=.001 p=008 p=.003 p=.001 p=.000 p=.001 p=.018 p=666 p=.252 p=.994
Motilidade Progressiva 340 JTT26 -.2134 -.0802 8370 L8710 J8a11 - 2818 8215 JA710 - 2642 -, 1564 L2236 L1071
p=008 p=.001 p=445 p=.021 p=000 p=000 p=291 p=.000 p=.001 p=341 p=.578 p=423 p=704
Motilidade Circular 1348 L1863 -.0449 -.2560 4009 4201 799 3536 - 1667 - 1863 5313 L1161
p=632 p=483 p=.874 p=,357 p=139 p=118 p=.521 p=196 =553 p=506 p=.042 p=.680
Motilidade Répidos 1,0000 L0585 -.2037 -3517 383 R 2530 0128 -,0402 -, 0765 3423
= — p=833 p=467 p=,188 p=002 p=027 p=.032 p=064 p=.887 p=786 p=212
Motilidade Lentos 0595 1,0000 -, 1470 - 4615 AT56 6333 5338 =3207 - 1377 V2287 - 1706
p=833 = p=601 p=073 p=.011 p=.040 p=.244 p=635 p=412 p=.543
Motilidade Local - 2037 -, 1470 1,0000 - 6381 0536 2726 18935 -9126 -,0035 ,1890 -, 0688
p=467 p=.601 D= = p=.010 p=848 p=326 p=490 p=.051 p=.990 p=.500 p=.753
Imoveis -.3517 -4615 -.6381 1.0000 -6634 -.B468 6148 1323 - 2782 0620
p=199 p= 083 p=.010 = e p=.007 p=.000 p=.015 p=638 p=.315 p=526
Velocidade (VCL) [umJs] B5A5 533 A3Z7 ~ 7266 G706 7540 ~3025 ~Oi57 2996 2752
p=008 p=.041 p=612 p=.002 p=000 p=.001 p=273 p=.956 p=278 p=321
Velocidade (VSL) [pmis] 7319 5160 -.0274 - 6085 LT 7515 -2820 - 1799 , 3572 3481
p=002 p=.049 p=.923 p=.016 p=.000 p=.001 p=.291 p=.521 p=.191 p=.204
Velocidade (VAP) 7393 AT56 0536 - G634 1,0000 NEGE] -,2946 - 1181 L3481 3413
p=002 p=.073 p=849 p=.007 = o p=.001 p=287 p=.675 p=204 p=213
Linearidade - 1126 -,3007 -.B3897 7355 -, 4890 2078 -, 3758 L0315 0644
p=689 p=276 p=.010 p=.002 p=.058 p=A457 p=168 p=.8911 p=.520
BCF [Hz] EGER 6333 2726 - 8468 1,0000 - 4998 -, 2640 2051 -, 0086
p=027 p=.011 p=326 p=.000 D= — p=058 p=.342 p=463 p=0976
ALH [pm] 5550 5338 1935 - 7243 BT - 2737 1422 L2712 2028
p=032 p=.040 p=480 p=.002 p=.006 = - p=.324 p=.613 p=.328 p=.468
Fal 0128 -3207 -.5126 6148 - 4998 - 2737 1,0000 8242 -, 3040 -, 0365
=964 p=244 p=.051 p=.015 p=.058 p=.324 p= = p=045 p=.271 p=.897
T2 -.0402 - 1377 -.0035 1323 -, 2640 1422 5242 1,0000 -, 0028 -, 3049
p=887 p=,625 p=9580 p=,638 p=342 p=F513 p=.045 p= - p=.992 p=269
77 - 0765 L2287 1880 -, 2782 ,2051 2712 =,3040 -, 0028 1,0000 - 1787
p=.786 p=.412 =500 p=315 p=463 p=.328 p=271 p=.992 D= — p=.524
T8 3423 = 1706 -.08BB L0620 -, 0086 2028 = 0365 =, 3049 = 1787 1,0000
p=212 p=543 p=753 p=826 p=0876 p=468 p=887 p=.269 p=.524 D= —
83 0032 -.0765 1028 - 1133 - 0728 - 1354 - 5876 - 4712 7097
0=.991 p=T783 p=786  p=716 0=.088 = = = = =
&4 1002 =0430 - 1422 341 -0135 - 1081 -2136 - 6593 -, 3031 1339
p=878 p=613 p=,634 p=.962 p=701 p=445 p=.008 p=272 p=.002
85 - 1672 0634 0386 - 10711 - 2403 - 2481 - 5026 -, 5557 3130
p=.551 p=.822 p=727 p=.388 =373 p=056 p=.032 p=255
&6 -2136 - 4587 45065 - 2210 - 1099 1947 -, 3368 - 1170 0529
p=.445 p=,085 p=,087 p=429 p=697 p=A487 p=220 p=678 p=.033
B8 LA303 0407 -, 2469 L1681 1689 -2146 - 4675 ,3593
p=272 p=.886 p=375 p=.549 p=.547 p=443 p=079 p=.870 p=188
89 -, 1344 - 1678 2154 -, 1380 -, 2098 -2093 -,0829 - 4675 e
p=.633 p=.550 p=441 p=.524 p=453 p=454 p= 020 p=.079 p=077
80 -,2596 4063 =201 1062 1331 2177 5107 -, 0669 -, 3697
p=350 p=133 p=472 p=706 p=.636 p=436 p=052 p=.813 p=A175
k] L1030 -,0781 -, 0660 L0801 0893 -,2363 -, 5865 - 2733 Ba72
p=715 p=782 p=815 p=777 p=725 p=396 p=022 p=.324 p=.004
100 L1807 -.2547 -.2520 AT 4260 - 0412 2351 -, 0396 244
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Motilidade Rapidos Motilidade Lentos Motilidade Local Imoveis Velocidade (VCL) [um/s] Velocidade (VSL) [um/s] Velocidade (WAP) Linearidade BCF [Hz] ALH [um] Fal 72 77 78

Variable
p=.001 p=519 p=360 p=.365 p=.090 p=060 p=.064 p=682 p=.071 p=113 _p=884 p=390 p=#RRO _ p=A50
101 0150 AT14 -, 0785 -.3393 0730 L1138 0730 -,0052 3604 0226 - 4541 -, 3640 0035 -3029
p=958 p=076 p=781 p=216 p=796 p=686 p=796 p=.985 p=187 p=936  p=089 p=182 p=000 p=272
104 - 0864 - 1760 2428 - 1106 -1018 -0712 - 0687 0162 -0570 - 1492 -, 2630 -1277 -,0262 - 1896
p=760 p=530 p=.383 p=,685 p=718 p=801 p=.805 p=.8554 p=840 p=596 p=.344 p=650 p=.8926 p=459
107 0863 L3197 1033 -.3556 3061 L2759 .2609 -2133 2797 2730 - 4167 -4495 - 2720 3932
0=760 p=245 p=714 p=.193 p=. 267 D=320 p= 348 =445 0=313 p=325 0=122 = = =
123 0212 ATEG - 1505 - 2031 3656 3670 3564 U561 — 1573 35997 - 25T - 0776 A5T0 - 2223
p=.940 p=,071 p=,592 p=468 p=,180 p=178 p=,192 p=.843 p=.590 p=140 p=379 p=783 p=092 p=426
127 -1324 0795 - 7435 SESK] BV AL - 0647 —1163 E03T B EES - 3030 ~ 3357 - 4073 3556 -0
p=638 p=778 p=382 p=/616 p=434 p=819 p=,680 p=056 p=048 p=272 p=.221 p=063  p=152  p=#25
128 - 1448 0333 - 1568 0959 -1823 - 0487 - 0811 4344 - 0180 - 2770 2034 - 4186 4330 - 0466
p=607 p=806 p=577 p=.734 p=402 p=B863 p=747 p=106 p=.049 p=2318 p=.288 p=120 p=107 p=869
130 2094 L0110 -.3504 2349 - 1018 L2162 L0869 JB368 0856 - 2828 - 0451 - 5285 127 2885
p=454 p=969 p=.188 p=389 p=719 p=439 p=731 p=011 p=762 p=290 p=.873 p=043 p=.689 p=287
131 L3130 L3137 =4551 =.0515 L0687 L1651 L1080 2605 2309 0114 =, 2288 =, 2580 -, 1185 1275
p=256 p=.255 p=.088 p=855 p=.805 p=.557 p=.689 p=.348 p=408 p=968 p=412 p=353 p=.674 p=.651
132 -,0591 2300 - 4568 722 -1718 -, 0050 - 0861 4147 -,0036 -2718 0035 3419 1361 0061
p=A34 p=409 p=0B7 p=539 p=.540 p=086 p=.760 p=124 p=.990 p=327 p=990 _ p=212 p=6F20  p=0A3
133 0810 0180 - 0476 D481 -0008 (1126 0666 2274 0429 -1013 -, 2807 - 7017 -,3507 7137
p=747 p=.946 p=.866 p=865 p=998 p=689 p=814 p=415 p=879 p=720 p=311 p=.004 p=200  p=.003
134 2113 1484 0783 -2791 1856 2444 2105 0382 3069 0848 - 4844 - B854 -, 2677 ,3990
p=450 p=585 p=779 p=314 p=508 p=380 p=.451 p=.893 p=266 p=.764 p=.067 p=.005 p=.335 p=141
135 1147 -1311 0374 -.0535 0082 -,0051 ,0093 -2174 L0148 - 0175 741 2815 -, 0671 -,0264
p=.ff4 p=.641 p=.885 p=.850 p=.977 p=986 p=874 p=436 p=858 p=851 p=.535 p=.308 p=.812 p=926
[1 PROTEINAmg/mI -.15336 -,2536 -.0884 3191 -, 3402 -, 1567 -,2169 0233 -, 2067 -, 62 - 0002 L0786 3614 -, 3073
p=.585 p=362 p=.754 p=.246 p=215 p=577 p=437 p=.044 p=356 p=155 p=.999 p=.781 p=.161 p=.265
VOLUME TOTAL DO EJACULADO 4503 -0B41 3383 - 4998 2156 1982 2273 - 2466 4725 1563 -,3062 0217 0810 -1803
0=092 D= 766 = = p=.440 p=479 p=415 =376 =075 = = = = =
Total de Proteinas/ Ejaculado ~ 2743 1925 — 2318 -.2360 ~ 0050 ~ 060G 0654 025 2481 —0293 - 2845 0851 1835 - 2665
p=322 p=.482 p=385 p=A377 p=,086 p=R05 p=817 p=018 p=373 p=818 p=380 p=873 p=513 p=337
TRIPTOFANO 799 BIELT 3350 ~OATT 0053 ABRZ BETE] 082 TR1% 1475 7067 ~ 3181 3660 0018
p=044 p=.861 p=23 p=373 p=,085 p=502 p=626 p=712 p=335 p=600 p=#17 p=254 p=179 p=005
FRUTQSE 013 E] BVERT -0612 1502 3564 2BBE 2581 1594 0174 DB37 - 3066 4815 2078
p=719 p=766 p=745 p=,828 p=.583 p=192 p=,287 p=.353 p=570 p=951  p=822 p=266  p=.083  p=457
ACIDO LATICO -,3469 -, 1066 2185 3546 - 4475 - 3548 - 4048 4331 -3745 - 4042 1281 - 1794 - 1310 - 2741
p=.205 p=705 p=434 p=.195 p=.094 p=194 p=135 p=107 p=169 p=061 p=640 p=522 p=F42  p=323
ORNITINA - 0444 - 1026 3060 -3534 - 1196 - 1854 - 1441 - 1122 0584 - 1101 - 4039 -3791 1737 -1259
p=875 p=716 p=267 p=,196 p=.671 p=508 p=,608 p=.690 p=727 p=F9% _ p=135 p=163 p=536  p=.655
MELATONINA 0768 - 0BEE -A507 ZE03 1024 0342 0377 EET3 - 0E75 - 2003 017 2712 3715 -0489
p=785 p=732 p=.582 p=312 p=402 p=804 p=B04 p=031 p=730 p=278  p=T18 p=317 p=173  p=8A0
Acetil Camitina 1723 ~3B17 2538 0735 - 2063 1130 PEETiT 268D - 1467 - 2840 -.0998 -4580 2568 1206
p=539 p=,185 p=.361 p=795 p= 461 p=688 = 694 p=334 p=602 p=305 p=723 p=0B6 p=355 p=F645
Carnitina -0785 2686 1268 1514 0463 1675 1086 141 3024 -0553  -3422  -2B58 3588 - 4343
p=781 p=,333 p=,652 p=484 p= 870 p=551 p=,700 p=.686 p=273 p=845 p=212 p=302 p=140 p=108
Fenilalanina 3133 0921 0864 - 2700 2566 4543 3981 0457 3761 0858 -, 0209 -,2302 2768 1315
p=256 p=744 p=759 p=.330 p=356 p=.089 p=142 p=.871 p=167 p=761 p=.941 p=408  p=31B _ p=640
Isoleucina_leucina -, 0684 - 2866 A721 0588 - 1542 0009 - 0565 2973 - 0657 - 3569 -, 0384 - 4105 1058 2674
p=.R09 p=283 = 540 p= 835 p= 488 p=907 p=g4 p=282 p=fA16 p=192  p=892 p=120 p=707 p=335
Methylbutanoyl Camitina A7 {0610 1255 A7 -4141 2335 ~3081 4568 -5204 -.0036 -5139 0817 -3054
p=533 p=.829 p=,646 p=692 p=125 p=404 p=,262 p=.087 p=042 p=.990 p=050 p=772
ACIDO CITRICO D467 -2R48 3075 -1805 -0273 1075 OBBT 1509 - 1262 - 1604 1958 2052
=569 =303 p=.265 =520 =923 p=703 p=753 p=591 = = = = =
ACIDO HIPURICO 3428 0B&5 - 0Z70 - 2078 0355 0804 0837 A006 - - - - -
p=212 p=754 p=.924 p=A57 p=,896 p=749 p=741 p=721 p=970 p=695 p=110 p=531 p=082
1,3-DIOXAN-5-0L BN K] — 3461 - 300F GEET -5aT5 Y] ~5Ia7 BT -5073 TAT0 025 ~ 3452 -1378
p=.495 p=206 p=,140 p=.021 p=.039 p=.044 p=.042 p=.095 p=053  p=037 p=0PB p=006  p=637
ACIDO ESTEARICO 1250 L0103 - 1727 0977 - 1065 L0667 L0080 4626 -, 2504 =121 - 7816 - 1201 ,2029
p=657 p=971 p=538 p=729 p=706 p=813 p=978 p=.083 p=.368 p=F67 p=.001 p=.670 p=468
ACIDO FOSFORICO 2437 ATE3 4259 = 7208 G034 L5481 5629 =5273 5845 = 5867 =,0346 4313 =,0407
p=381 p=.073 p=113 p=002 p=.017 p=.034 p=.025 p=.043 p=.019 p=.022 p=.502 p=.108 p=f85
ACIDO OLEICO -.2306 -0245 L0087 1084 -, 0826 -, 2768 -2207 -,3956 0017 o742 4445 -, 1970 - 1813
p=408 p=931 p=975 p=701 p=743 p=318 p=,429 p=.144 p=995 p=025 p=097 p=482 p=495
ACIDO PALMITICO - 1066 0180 3234 2264 0212 1470 1118 1548 - 1004 -, 2668 -3780 \5E57 - 2285
p=705 p=.947 p=240 p=A417 p=,840 p=601 p=,601 p=582 p=722 p=336 _ p=165 p=028  p=413
TAURINA J0BS1 0107 1374 -2133 (0630 2770 2185 2993 -0775 -,2051 - 2778 G653 -0432
p=752 p=870 p=.625 p=445 p=.823 p=318 p=.434 p=279 p=784 p=463 p=316 p=.007 p=.879

105



Variable
IDADE

Concentragdo (milhdes/ml)
Teste Hiposmdtico (C, Vidveis)
Fluorescencia (C, Verde)
Mormais

Defeitos Maiores
Defeitos menores
Fertilidade (%)
Metilidade Total
Motilidade Progressiva
Motilidade Circular
Metilidade Rapidos
Motilidade Lentos
Metilidade Local

Imoveis

Velocidade (VCL) [umis]
Velocidade (VSL) [pmis]
Velocidade (VAP)
Linearidade

BCF [Hz]

ALH [pm]

71

72

77

78

83

84

85

86

88

83

a0

o

100

a3 84 85 86 88 8g a0 a9 100 104 104 107 123 127 128 130 131 132 133 134 135 [] PROTEINAmg/mI
2683 2678 1050 - 1366 0853 - 1841 7546 282 4869 5322 1820 4455 7923 L2715 4166 3632 =374
p=.334 p=.335 p=710 p=.627 p=735 p=.511 p=.001 p=.649 p=.066 p=.041 p=493 p=,086 p=000 p=328 p=122 p=183 p=169
-,3588 -5113 - 2243 - 4196 -3721 3308 -, 2321 -5318 -3825 3601 0846 2640
p=215 p=405 p=158 p=,187 p=737 p=342
0. 062 3

2 p=832 p=.083 p=.708 p=418
- 2773 - 0816 -1698 2547 - 1473 - 0607 0ziz -1136 3468 L - 3708 - 0538 5156 17786 B 5 - 1863
p=.450 p=773 p=.545 p=352 p=.615 p=.832 p=.940 p=687 p=.205 p=817 p=.174 p=766 p=.048 p=676 p=433 =384 p=785 p=449 p=.640 p=.506
7010 A788 2436 2417 2471 -2787 BE80 RERN] = 1780 -.3342 5036 -,2076 -,3934 0338 L0186 -,0479 L2048 32058 -,2601
p=.004 p=.071 p=.382 p=.386 p=375 p=.314 p= 006 p=.5581 p=526 p=223 p=.056 p=458 p=186 278 p=905 p=945 p=,865 p=055 p=244 p=349
-,2353 -,2200 - 4015 -.0201 -, 0954 1475 -,3076 - 4185 0795 5561 -,2354 -, 3660 L1047 . 1865 -,2458 1024 - 1123 - 0778 ,3384
p=.399 p=.431 p=138 p=.943 p=.724 p=.600 p=.265 p=120 p=778 p=.031 p=388 p=180 p=710 p=.505 p=.506 p=377 p=717 p=680 p=783 p=216
-.0187 1775 0538 0431 - 1922 -.2511 2357 3617 A724 -,3979 2747 4456 2574 1860 3518 L3126 ,1382 1482 2222 L3616
p=847 p=.527 p=.848 p=879 p=452 p=.367 p=.388 p=.185 p=,539 p=,142 p=.322 p=,086 p=354 p=.507 p=,198 p=257 p=,623 p=588 p=426 p=185
- 1140 - 1321 - 4178 2137 -,2087 2074 0423 2413 2455 1130 2956 1583 -, 1522 -,0855 -2404 -,0537 -2310 -,0482 2324 -,3345
p=.686 p=.638 p=.121 p=444 p=453 p=458 p=881 p=386 p=378 p=.688 p=285 p=573 p=588 p=762 p=388 p=848 p=407 p=865 p=405 p=223
-,0721 -,0022 -0355 2404 -,0888 -, 1636 A373 5708 3923 - 1275 2743 3575 0781 0639 1013 L4043 L1963 ,0032 L2110 K -,3070
p=.798 p=.994 p=.900 p=.388 p=.750 p=.560 p=.626 p=.026 p=,148 p=.651 p=.323 p=.191 p=782 p=.821 p=5981 p=450 p= p=,266
-, 0778 -, 1848 - 0732 A036 -, 1480 - 1631 0215 -,0436 2911 2677 -.0120 0740 5152 - 2167 -,0838 E -,2472
p=783 p=510 p=.796 p=136 p=.556 p=.561 p=.938 p=.877 p=.292 p=.335 p=966 p=783 p=048 p=438 p=739 p=375
0032 1002 2162 -,0852 0579 0748 1068 T686 0150 -, 0864 0863 0212 -, 1324 L0810 L2113 -, 1536
p=.991 p=.722 p=439 p=.763 p=.838 p=751 p=705 p=.001 p=.958 p=.760 p=.760 p=.940 p=638 p=747 p=.450 p=,585
-0777 -.0430 -.2136 3031 - 1344 -,2586 1030 A807 AT14 - 1760 3187 ATBE 0795 -,0180 L1484 -,2536
p=783 p=879 p=445 p=272 p=633 p=350 p=715 p=519 p= 076 p=530 p=245 p=071 p=778 p=046 p=585 p= 362
-,0765 - 1422 - 4587 0407 - 1678 A063 -,0781 -.2547 -,0785 2428 L1033 -, 1505 -,2435 -, 0476 L0793 -,08584
p=.786 p=.613 p=085 p=.886 p=.550 p=.133 p=782 p=360 p=781 p=,383 p=714 p=.582 p=382 p=.866 p=779 p=.754
028 1341 A565 -.2468 2154 -.2011 -.0660 2520 -.3383 - 1106 -.3556 -.2031 RESE] 0481 -2791 3181
p=716 _ p=634 p=087  p=375  p=4d41 p=472 _ p=815 p=,365 p=216 p=695 p=,193 p=468 p=616 p= 865 p=314 p=,245
- - -.0496 2237 - 7454 0689 1656 A53Z 0730 - 1078 3061 3656 - 2184 - 0008 1858 ~340Z
p=.938 p=.939 p=.861 p=410 p=.585 p=.807 p=.555 p=0580 p=.786 p=718 p=267 p=180 p=434 p=998 p=508 p=215
0020 0829 0709 2268 -, 0609 - 1282 2033 4955 1138 -0712 2758 3670 -.0647 L1126 2444 -, 1567
p=.994 p=769 p=.802 p=416 p=.820 p=.646 p=467 p=.0860 p= 686 p=.801 p=320 p=178 p=818 p=689 p=380 p=577
-.0148 0424 0458 2080 -.0838 -,0532 A762 4901 0730 -, 06897 L2609 3564 -.1163 L0666 2105 -2169
p=.958 p=.881 p=.871 p=457 p=767 p=.851 p=.530 p=064 p=796 p=805 p=348 p=182 p=680 p=814 p=451 p=437
1409 2769 A821 - 1406 3206 -5212 0750 - 1154 -,0052 0162 -,2133 0561 5031 2274 0382 ¥ 5253
p=.616 p=.318 p=.068 p=.617 p=.244 p=.046 p=781 p=,682 p=985 p=954 p=445 p=5843 p=.056 p=415 p=883 p=436 p=.044
- 1133 0135 -.2210 1681 - 1380 1062 0801 AT91 3604 -,0570 2787 L1513 -.0184 L0429 ,3069 J0146 -,2567
p=.688 p=962 p=.429 p=.549 p=624 p=706 p=777 p=.071 p=187 p=.840 p=.313 p=,580 p=948 p=879 p=266 p=859 p=356_
- 1099 1689 -,2088 331 0983 A260 0226 -, 1482 2730 3997 -,3030 -1013 0848 - 0175 -,3862
p=.697 p=.547 p=.453 p=.636 p=725 p=113 p=936 p=586 p=325 p=.140 p=272 p=720 p=764 p=951 p=155
1947 -,2146 -,2083 2177 -,2363 - 0412 - 4541 -,2630 - 4167 -.2447 -,3357 -,2807 - 4844 L1741 -,0002
| p=487 p=443 p=454 p=436 =386 p=.884 p=,089 p=344 p=122 p=378 p=221 p=311 p=067 p=.535 p=999
-, 5876 -,6593 -,3368 - 4675 -,5928 5107 -, 5865 2351 -, 3640 - 1277 - 4485 - 0776 - 4913 - 7017 -6854 L2815 L0786
p=.021 p=.008 p=.220 p=079 p=.020 p=.052 p=.022 p=399 p=,182 p=.650 p=,093 p=783 p=063 p=004 p=.005 p=309 p=781
- 4712 -.3031 - 1170 -.0105 - 4675 -, 0669 -,2733 - 0396 0035 -,0262 -,2720 4510 3886 -,3507 - 2677 -,0671 3814
p=.076 p=.272 p=678 p=.970 p=.079 p=.813 p=.324 p=,889 p=.980 p=.926 p=327 p=.082 p=152 p=.200 p=,335 p=B812 p=161
EN 7339 5529 3593 AT -, 3687 B972 244 -.3028 -, 1886 3932 -,2223 - 0624 | 137 ,3880 -,0264 -,3073
p=.003 p=.002 p=.033 p=.188 p=077 p=175 p=004 p=658 p=272 p=488 p=147 p=426 p=825 p=883 p=003 p=141 p=926 p=,265
1,0000 JB701 3743 5641 6431 -4138 - 1734 -,0887 -,0829 -,0608 J715 -,2523 -4829
=169 g o= = 4 D= = i =001 p=364 p=.068
701 1.0000 6287 4210 7432 ~5354 BI67 ~0807 ~0210 ~2229 5320 ~0235 1466 B 9722 7163 -3235 - 2836
p=.000 = - p=.012 p=118 p=.001 p=.040 p=.000 p=748 p=2941 p=425 p=041 p=.934 p=.602 p=523 p=.000 p=003 p=240 p=306
5700 I 3172 A0 0389 - ATEE 3700 = 3407 0516 41235 EEEE] -, 2182 L1043 1277 Ge9s ATE8 ~033Z 37T
p=.027 p=016 = e p=249 p=717 p=.000 p=.132 p=.261 p=.214 p=.827 p=.126 p=484 p=.435 p=710 p=.006 p=071 p=.506 p=205
3743 G287 3172 1.0000 -.0235 5641 -, 3868 2907 -,0532 - 4436 -4522 -, 1021 L0555 2265 L4875 L0352 -,3611 0821
p=.168 p=012 p=249 = - p=.934 p=.029 p=.154 p=.283 p=.851 p=,098 p=,091 p=717 =844 p=417 p=058 p=501 p=186 p=744
5641 A210 1021 -0235 1.0000 1503 -,2364 BEE3 - 2745 5132 0445 T4TE -,0057 2350 L4518 5205 L2464 -4710
p=.028 p=.118 p=717 p=934 D= - p=.583 p=.386 p=005 p=322 p=,050 p=875 p=.001 p=.984 p=389 p=091 p=047 p=376 p=076
B431 7432 9389 5641 1503 1.0000 - 6017 A24F 2635 0252 2524 2217 -0718 2188 L7666 4927 1485 -,2391
p=.010 p=.001 p=.000 p=.029 p=.593 p= - p=.018 p=.115 p=,343 p=928 p=364 p=427 p=.799 p=433 p=.001 p=062 p=585 p=351
-4138 -,5354 - 4068 -.3868 -,2364 -6017 1.0000 -,3783 571 -, 1985 -, 0664 -,2008 -,3224 - 4264 -,5481 -2812 ,2548 -,0628
p=.125 p=.040 p=132 p=.154 p=.356 p=018 = - p=164 p=576 p=478 p=814 p=473 p=241 p=113 p=034 p=282 p=.358 p=824
8331 B267 3100 2907 [BBE3 A247 -,3783 1.0000 0090 1932 -,2293 8524 0538 -0153 L8348 8205 -,2602 -4351
p=.000 p=.000 p=261 p=293 p=.005 p=.115 p=.164 = = p=975 p=480 p=411 p=.000 p=.848 p=957 p=.000 p=.000 p=,348 p=105
- 1734 -,0807 -.3407 0532 -, 2745 -,2635 1571 0050 1.0000 1205 -, 2670 0720 0250 -.1348 -, 1485 L0618 L5084 -,0058 -, 1282 L0801 L0503 -,0025
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Variable

101

104

107

123

127

128

130

13

132

133

134

135

[ PROTEINAmg/mI
VOLUME TOTAL DO EJACULADO
Total de Proteinas/ Ejaculade
TRIPTOFANO
FRUTCSE

ACIDO LATICO
ORNITINA
MELATONINA
Acetil Camitina
Carnitina
Fenilalanina
Isoleucina_leucina
Methylbutanoyl Camitina
ACIDO CITRICO
ACIDO HIPURICO
1,3-DIOXAN-5-0L
ACIDO ESTEARICO
ACIDO FOSFORICO
ACIDO OLEICO
ACIDO PALMITICO

TAURINA

83 84 85 86 88 89 90 a9 100 101 104 107 123 127 128 130 131 132 133 134 135 0o PROTEiNAmgfmI
p=.537 p=.748 p=214 p=.851 p=322 p=.343 p=.576 == p=668 p=336 p=788 p=930 p=632 p=585 p=827 p=053 p=883 p=648 p=750 p=858 p=993
0541 -0210 J0616 - 4436 5132 0252 - 1885 205 1.,0000 767 VABTO 1180 4785 4328 0635 L7648 JBE46 0405 4465 ,3138 -,2000
p=_848 p=941 p=827 p=.098 p=050 p=929 p=478 p=450 p= 668 == p=166 p=066 p=675 p=071 p=107 p=822 p=001 p=007 p=,886 p=085 p=.255 p=475
-,0887 -,2229 4125 - 4522 0445 L2524 -, 0664 2283 -, 2670 BT6T 1,0000 -.0634 -.2196 2046 3100 - 1407 -,0086 ,0202 -,0799 1254 5347 -,0659
p=.753 p=425 p=126 p=.091 p=875 p=.364 p=5814 p=411 p=.336 p=,166 D= -= p=.823 p=432 p=464 p=.261 p=617 p=876 p=843 p=777 p=656 p=.040 p=816
7205 5320 915 -1021 T4TE 2217 -.2008 8524 0720 ABTO -.0634 1.0000 1674 =.1300 -1970 0943 AT16 L2463 J6064 8107 =132 -4110

p=241

-, 0608 1466 04T 2765 2350 2188 -4 -, - E 7046 - - 0203 71,0000 O53 3384 3443 ] OZBT 1540
p=_830 p=602 p=710 p=417 p=388 p=.433 p=113 p=957 p=.071 p=464 p=.644 p=941 D= == p=000 p=217 p=209 p=003 p=814 p=918 p=584
- 1238 -0018 0180 0868 2265 0986 - 3615 - 0880 4328 3100 - 1870 - 1578 89331 1,0000 2171 BEET) 6608 -,0250 - 0815 1282
p=_655 p=995 p=946 p=758 p=417 p=727 p=.186 p=752 p=,107 p=261 p=482 p=574 p=.000 = p=437 p=476 p=007 p=846 p=773 p=,648
1974 5087 174 AB44 1328 3187 - 4907 L2682 0635 - 1407 0943 L0808 3384 2171 1,0000 2622 Ad412 5154 3047 4657
481 p=.052 p=677 p=067 | 3 = 063 X p=.822 p=617 p=738 p=775 p=217 p=437 p= - p=345 p=,100 p=048 p=270 p=,080
467 A610 -,0552 -,0855 2610 0457 - 1879 321 7648 -.0086 AT16 2634 3443 1994 2622 1,0000 L0844 L1388 L5023 -,0354
p=.602 p=.566 p=.845 p=.762 p=.347 p=.871 p=.503 p=.243 p=.001 p=976 p=076 p=.343 p=208 p=476 p=345 = - p=.018 p=618 p=056 p=900
1108 A790 - 1277 0502 6013 0021 -.3545 2583 BE46 0202 2463 -0717 f084 BE0E A412 L5944 1,0000 L1318 L1813 -,0054
p=.694 p=523 p=.650 p=859 p=018 p=.994 p=185 p=.351 p=.007 p=.943 p=376 p=800 p=.003 p=.007 p=100 p=018 = e p=.640 p=518 p=985
JEENE] 9722 EER A975 A518 GG -.5481 8349 0405 -,0759 G064 0440 0666 -,0550 5154 REET] L1318 1,0000 L1867 -2798
p=.000 p=.000 p=.008 p=.058 p=.081 p=.001 p=.034 p=.000 p=.886 p=777 p=.017 p=876 p=814 p=846 p=.048 p=6189 p=640 = —e p=001 p=313
A5 163 ATE8 0352 5205 4927 -,2812 8205 A465 1254 B107 1123 0287 - 0815 3047 5023 L1813 JFB67 1,0000 -3878
p=.001 p=.003 p=.071 p=.901 p=.047 p=.062 p=.282 p=.000 p=085 p=656 p=.000 p=680 p=5918 p=773 p=270 p=056 p=518 p=.001 p= == p=461 p=153
- 2523 = 3235 -.0332 = 3611 2464 - 1485 L2549 - 2602 3139 5347 - 1326 6159 2122 3452 - 1750 0238 3802 -2820 -, 2064 1,0000 - 2635
p=_364 p=240 =906 p=186 p=376 p=.585 p=.358 p=.349 p=255 p=040 p=638 p=.015 p=448 p=208 p=533 p=833 p=162 p=281 p=461 == p=343
- 4829 - 2836 -.3472 0921 -4710 -.2351 -0628 - 4351 -, 2000 - 0658 - 4110 2156 1540 1282 4857 -,0354 -,0054 - 2758 -3878 - 2635 1,0000
p=.068 p=306 p=.205 p=744 p=076 p=.381 p=824 p=.105 p=475 p=816 p=128 p=440 =584 p=648 p=,080 p=800 p= 885 p=313 p=153 p=,343 = —
-.2156 -.0996 -, 2965 -, 1906 - 1244 -,.3279 A260 -,0236 2068 -,2248 L1680 0742 -0912 - 1697 1042 3831 -0344 -, 1057 ,1837 -,0860 L2123
= = = = = p= p=113  p= =460 p=421 =549 p=793 p=747 p=545 p=F12 p=147 p=803 p=70B p=4B9 p=761 =448
- - - - -, - 3178 - 1545 0651 - 2228 - 0103 1373 - 0393 =127 2938 2866 - 0437 - 1836 = - 1885 6230
p=.196 p=.502 p=.168 p=.712 p=.282 p=.1%6 p=.248 p=.510 p=818 p=425 p=971 p=641 p=888 p=691 p=288 p=,300 p=877 p=513 p=977 p= 478 p=.013
- 1616 - 0543 0923 - 2695 0758 0128 ~143% - 1635 1307 5ATE - 1784 =270 7566 38 3367 =Z370 1545 0685 0762 3555 E:TE
p=.565 p=.847 p=742 p=.331 p=.788 p=064 p=.608 p=.560 p=642 p=034 p=525 p=.329 p=356 p=158 p=143 p=,385 p=,582 p=808 p=787 p=,183 p=.504
-,0135 0261 -, 2365 -,0449 4426 -, 1507 -,2388 1020 1824 2303 - 0147 -, 1282 3925 5159 4585 -,0392 5522 L0608 0466 ,3886 0625
p=962 p=.926 p=.396 p=.874 p=.008 p=.592 p=.391 p=717 p=.515 p=.409 p=958 p=646 p=148 p=049 p=,085 p=,890 p=.033 p=829 p=B869 p=141 p=825
0884 - 0947 L3068 3136 0116 L2203 -2546 - 0643 3066 GEEE] - 0833 - 0712 1844 2485 - 0178 L1111 ,1835 -0021 1588 1888 -0471
p=727 p=.737 p=266 p=.255 p=.967 p=430 p=.360 p=820 p=.266 p=.005 p=768 p=.801 p=.511 p=372 p=948 p=693 p=513 p=584 p=572 p= 498 p=.B68
2858 1347 2715 - 2813 A485 816 - 0462 L3036 E539 3126 4588 -,0529 L3006 2T =173 4200 L3340 L1743 4612 1642 -3012
p=.302 p=.632 p=328 p=.310 p=.083 p=517 p=.870 p=271 p=.008 p=257 p=085 p=.851 p=276 p=325 p=537 p=111 p=224 p=534 =084 p=,559 p=275
- 1871 1074 -,0171 AT45 -, 2965 1302 -.3324 -,2301 -, 3856 - 1737 -.4333 2655 1865 L1260 (6830 -,2554 -0270 NE] - 2267 - 4298 EY
p=.481 p=.703 p=.952 p=.074 p=.283 p=.644 p=.226 p=408 p=,156 p=536 p=107 p=.338 p=,506 p=655 p=.005 p=278 p=.924 p=731 p=H7 p=110 p=.005
0808 3053 3916 AG26 0810 4261 -,2340 -.04591 -,2523 A575 -.2801 -.0462 3828 3431 AF10 -4450 ,0233 L2878 -,0254 - 0735 ,1882
p=774 p=.268 p=.149 p=.082 p=.774 p=.113 p=.401 p=862 p=364 p=.575 p=312 p=870 p=,159 p=211 p=173 p=087 p=934 p=288 p=917 p=785 p=500
- 3677 -.0989 0708 -.0821 0245 0476 -.0413 =3131 3122 3158 -, 1360 2785 3512 2387 4615 L1152 L2024 -,0470 0539 L0480 ,3854
178 p=.726 p=.802 p=.771 p=.931 p=866 p=.884 p=256 p=257 p=252 p=,628 p=315 p=,199 p=380 p=,083 p=,683 p=469 p=B868 p=840 p=B865 p=156
209 -,0006 0419 - 1391 21789 0344 - 1837 -,0781 605 A365 - 0760 - 1727 L1511 2427 ABBE =1017 L2645 L1070 1014 4564 L0486
p=_668 p=.998 p=.882 p=.621 p=435 p=.903 p=512 p=782 p=568 p=104 p=788 p=,538 p=.591 p=383 p=.064 p=718 p=341 p=704 p=718 p=,087 p=863
L2230 L2336 FE - 0832 L2781 2438 - 2397 1533 073 D629 L0085 -4018 L2280 3360 L4454 =,2002 L2561 3452 2725 3744 0410
p=.420 p=.398 =300 p=768 p=316 p=.381 p=.380 p=.586 p=201 p=756 p=.029 p=4976 p=,138 p=414 p=221 p=,086 p=474 p=357 p=208 p=326 p=,168 p=885
-,0039 2174 1042 L1440 1458 1262 2186 0177 -.2633 3210 -0788 - 0682 L0046 4782 3627 L6035 2423 5275 L2052 1722 -,1200 2416
p=.989 p=.436 p=712 p=.609 p=.604 p=646 p=.432 p=.950 p=343 p=243 p=780 p=809 p=987 p=,071 p=184 p=.017 p=384 p=.043 p=463 p=539 p=670 p=386
0133 -.0770 1489 - 3674 0440 0835 -.2058 -.0317 -. 1885 312 B953 0127 -.0098 -.0081 113 1953 =, 1080 -0314 0801 2201 L2056 1875
= = =911 p=.0501 p=541 o=004 o=964 p=972 p=977 0=693 0=485 p=600 p=912 p=777 p=431 p=462 p=503
AZ70 2764 3115 3020 - 2527 3278 -1814 0661 1549 = 2391 - 1087 0309 0825 0305 L1664 0660 ~ 1361 2523 2040 ~4185 - 1414
p=.652 p=319 p=.258 p=274 p=.365 p=.242 p=.518 p=.815 p=486 p=941 p=381 p=700 p=913 p=743 p=914 p=,553 p=815 p=629 p=,364 p=466 p=121 p=615
. = E . = - - 0764 - 0Z24g - 1838 PaF ] 0435 - - 1128 - 1530 PR EET - - 0606 ~ 1616 ~ 07188 - 0574 - 2355 ~0918
p=.480 p=.988 p=450 p=.704 p=.223 p=488 p=.787 p=.931 p=512 p=428 p=878 p=361 p=,689 p=586 p=671 p=509 p=830 p=,565 p=847 p=839 p=,308 p=745
4556 6397 5812 S187 0761 6553 - 4356 3474 -.2243 0128 0061 0637 0834 2798 L1583 5674 723 JOBE6 6417 L5066 -,3875 -, 0780
p=088 p=010 p=.023 p=.048 p=788 p=.008 p=.105 p=.204 p=421 p=964 p=983 p=821 p=768 p=313 p=573 p=.027 p=798 p=732 p=010 p=054 p=,142 p=782
-.2505 -.0831 -.3490 - 1829 L2287 -.3432 L2149 L0179 3269 L2961 - 2304 FETE] 2832 L0444 -0072 0833 L1657 0562 - 0776 0881 -0031 J0885
p=_368 p=7T68 p=202 p=.514 p=410 p=.210 p=.442 p=.949 p=.234 p=357 p=380 p=281 p=363 p=875 p=980 p=768 p=.555 p=842 p=783 p=755 p=581 p=751
1824 - 2826 -.2037 - 0424 L2265 -.2999 A913 2185 -.3100 - 1413 - 2205 - 1716 -3237 - 1742 - 1423 - 3983 -,30689 L1020 -, 3508 - 4567 4107 -, 3564
p=.515 p=307 p=466 p=_881 p=417 p=278 p=.063 p=432 p=261 p=616 p=430 p=541 p=,238 p=535 p=613 p=141 p= 266 p=718 p=200 p=087 p=,128 p=,182
-.2016 -.0576 0687 -, 1668 -.0185 0034 - 0767 -,2062 -, 3562 0683 A388 -, 2558 241 2981 3312 3051 -2158 ,0280 L0068 1094 J0132 L1923
p=471 p=839 p=808 p=553 p=9048 p=990 p=786  p=461 p=193  p=806  p=101 p=350  p=§60  p=281 p=228  p=260 p=440 p=9821 p=881 p=698  p=963 p=492
- 1779 -.0582 -,3032 -,2192 0987 -,2481 -,2297 -.0260 0215 1986 2280 - 0742 RETH 3350 A018 ABTOD L0813 L3300 - 0077 1271 L0683 JETEL]
p=.526 p=837 p=272 p=432 p=726 p=.373 p=410 =927 p=.938 p=A478 p=412 p=.793 p=.575 p=222 p=138& p=,066 p=773 p=.230 p=978 p=652 p=.808 p=163
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VOLUME TOTAL DO Total de Proteinas/ Ejaculado TRIPTOFANOD FRUTOSE ACIDO LATICO ORNITINA MELATONINA Acetil Carnitina Camitina Fenilalanina Iscleucina_leucina Methylbutanoyl Carnitina
Variable EJACULADO

IDADE -, 0469 -, 2084 L2009 4210 L1345 4622 -2334 L0538 3020 2357 2523 L4548
p=.868 p=.456 p=A473 p=.118 p=633 p=.083 p=362 p=.849 p=274 p=.398 p=.364 p=088
Concentracio {milhdes/ml} -, 1036 0512 4182 761 J0525 -, 2658 1836 710 1688 2898 L2764 -,.3257
p=713 p=.856 p=121 p=.530 p=853 p=338 p=.513 p=542 p=548 p=,295 p=.319 p=.236
Teste Hiposmdtico (C, Vidveis) ,1453 -,0423 2754 1242 -,3558 L2361 -,0560 2984 3431 3099 0472 0876
p=1605 p=881 0=321 0=629 p=103 p=307 p=.843 D=280 p=211 D=261 o= 867 p=729
Fluorescencia (C. Verde) 2098 0392 L0611 -0877 -2820 3400 -.2461 L0878 3340 0388 - 1879 -.0340
p=453 p=.890 p=.829 p=.729 p=308 p=215 p=377 p=729 p=224 p=891 p=503 p=904
Mormais 0071 - 1749 - 5524 - 33584 - 3545 - 2645 “A115 - 2622 0537 - 3051 -~ 7283 v rrin
p=097 p=683 p=033 p=217 p=,185 p=3H p=,692 p=345 p=145 p=,002 p=381
Defeitos Maiores - 1746 -,2006 - 3175 - 1148 -,0830 ,0084 -,2337 - 3266 - 2527 -,0363 -,2825
p=.534 p=473 p=249 p=.684 p=742 p=976 p=402 p=235 p=363 p=898 p=308
Defeitos menores L1087 2336 7250 3929 3833 2443 L2500 L4470 5332 161 JADBE
p=700 p=402 p=.002 p=147 p=147 p=380 p=368 p=085 p=041 p=003 p=.133
Fertilidade (%) 3597 4461 L0055 0497 -4223 -, 1054 2078 - 1553 -, 0980 -2105 728
p=188 p=.086 p=084 p=861 p=117 p=708 p=457 p=581 p=728 p=452 p=786
Motilidade Total JEEE] 1585 ,2801 015 -3623 L2128 -, 2456 - 0616 3039 -,0258 -, 1823
p=.140 p=.573 p=294 p=719 p=184 p=446 p=370 p=827 p=271 p=927 p=516
Metilidade Progressiva L1748 -,0225 0264 2269 -2749 -,0587 - 1402 -3236 3030 -2127 -,0853
p=.533 p=.937 p=0826 p=416 p=321 p=833 p=618 p=239 p=272 p=447 p=762
Motilidade Circular - 2389 -.3392 2241 5804 L1243 L2018 - 1684 L1165 2653 L1809 -, 1456
p=.391 p=216 p=422 p=.023 p=658 p=471 p=.549 p=679 p=339 p=.519 p=605
Motilidade Répidos 4503 2743 0188 013 -,3469 -, 0444 -, 0768 -1723 3133 -, 0684 -,1751
p=.082 p=.322 p=044 p=719 p= 205 p= 875 p=.785 p=539 p=.256 p=B809 p=533
Motilidade Lentos -, 0841 -, 1925 -, 0496 L0841 -, 1066 -, 1026 -,0966 -3617 0821 -, 2866 L0610
p=766 p=492 =861 p=7 66 p=705 p=716 p=732 p=185 p=744 p= 283 p=829
Motilidade Local 3383 2418 3359 - 0916 -2185 L3060 -, 1507 ,2538 0864 A7 -,1285
p=.218 p=.385 p=.221 p=.745 p=434 p=267 p=,582 p=361 p=759 p=.540 p=646
Imoveis - 4998 -.2460 - 2477 -0612 L3546 -3534 2803 0735 -2700 0588 17
p=.058 p=.377 p=373 p=.828 p=,185 p=,186 p=312 p=7895 p=330 p=835 p=692
Velocidade (VCL) [umis] 2156 0050 0054 502 ~3475 ~1196 TA92% 2063 566 - 1942 prirs
p=440 p=.986 p=.985 p=.593 p=,084 p=671 p=.492 p=461 p=,356 p= 488 p=,125
Velocidade (VSL) [pmis] ,1882 L0696 1882 3064 - 3548 -, 1854 0342 - 1130 4543 L0008 -2325
p=479 p=.805 p=.502 p=192 p=184 p=,508 p=.904 p=688 p=,089 p=.897 =404
Velocidade (VAP) 2273 0654 371 2886 - 4048 - 1441 -, 0377 - 1107 3881 -,0565 -, 3081
p=415 p=.817 p=.626 p=.297 p=135 p=608 p=554 p=654 p=142 p=.841 p=262
Linearidade -, 2466 0291 1042 2581 4331 - 1122 5573 L2680 0457 L2873 4568
p=.376 p=.918 p=712 p=.353 p=107 p=,680 p=031 p=334 p=871 p=.282 p=,087
BCF [Hz] 4725 L2481 2674 1584 -3745 0684 -0975 3761 - D657 0822
p=075 p=.373 p=.335 p=570 p=169 p=727 p=730 p=167 p p=771
ALH [pm] 1963 -,0293 - 1475 - 0174 -4842 = 1101 -,2983 0858 -,3569 -,5284
p=483 p=600 p=0851 p=.061 p=686 p=278 p=761 p=182 p=042
71 -, 3062 - 2267 L0637 L1281 -4039 A017 - 0209 -,0384 -,0036
p=.267 p=417 p=522 p=648 p=135 p=718 p=0841 p=882 p=950
72 0217 - 3141 -, 3066 -, 1794 -3791 - 2772 -, 2302 - 4105 -.5138
p=.938 p=.254 p=266 p=522 p=163 p=317 p=409 p=129 p=,050
77 L0810 3669 4815 - 1310 - 1737 3715 2769 L1059 J0B17
p=774 p=178 p=063 p=642 p=,536 p=173 p=318 p=707 p=772
78 -, 1903 0018 2078 -2741 -,1258 -.0458 1315 L2674 -, 3054
p=497 p=.995 p=.457 p=323 p=655 p=860 p=640 p=335 p=268
83 -, 2156 - 1616 - 0135 0584 ,2858 -, 1871 - 1209 2250 -,0039
p=440 0=.565 0=062 p=727 p=302 p=.481 D=668 D= p=0B0
84 -, 0996 -.0544 0261 -0847 L1347 074 - 0006 2356 L2174
p=724 p=.847 p=.926 p=737 p=,632 p=.703 p=998 p=,398 p=.436
85 - 2065 0523 - 7365 3068 2715 - 077 E DTEE] JZBET S0z
p=.283 p=742 p=396 p= 266 p=328 p=2952 p=149 p= 882 p=.300 p=712
86 -, 1906 -, 2695 -,0449 -3136 -2813 AT45 L4626 - 1391 -,0832 L1440
p=496 p=.331 p=874 p=,255 p=310 p=074 p=.082 p=621 p=768 p=,609
88 - 1244 0758 4426 L0116 L4495 -, 2965 ,0810 2179 L2781 ,1458
p=.659 p=.788 p=.098 p=867 p=,003 p=283 p=774 p=435 p=316 = 604
89 - 3279 0128 - 1507 L2203 L1816 1302 L4261 0344 2439 L1282
p=.233 p=0864 p=582 p=430 p=517 p=644 p=113 p=.803 p=381 p=646
a0 4260 - 1444 - 2388 -,2546 -,0462 -.3324 -2340 - 1837 -,2397 -,2186
p=113 p=608 p=.391 p=,360 p=,870 p=.226 p=401 p=512 p=.390 p=432
89 - 0236 - 1635 L1020 -0643 3036 = 2301 - 0451 -, 0781 ,1533 17T
p=.933 p=.560 p=717 p=.820 p=271 p=408 p=B862 p=782 p=.586 p=850
100 ,5591 -, 1804 -, 1300 -,3838 - 1075 -,2815 6231 - 0209 -,3497 -,2633




Variable
101
104
107
123
127
128
130
131
i3z
133
134
135

[l PROTEINAmg/mI

WVOLUME TOTAL DO EJACULADO

Total de Proteinas/ Ejaculado

TRIPTOFANO
FRUTOSE

ACIDO LATICO
ORNITIMA
MELATONINA
Acetil Camitina
Carnitina
Fenilalanina
Isoleucina_leucina
Methylbutanoyl Camitina
ACIDO CITRICO
ACIDO HIPURICO
1,3-DIOXAN-5-0L
ACIDO ESTEARICO
ACIDO FOSFORICO
ACIDO OLEICO
ACIDO PALMITICO

TAURINA

VOLUME TOTAL DO Total de Protelnas/ Ejaculado TRIPTOFANC FRUTOSE ACIDO LATICO ORNITINA MELATONINA Acetil Carnitina Camitina Fenilalanina Isoleucina_leucina Methylbutanoyl Carnitina
EJACULADO

p=.030 p=.108 p=.497 p=.644 p=.158 p=703 p=310 p=013 p=,398 p=.941 p=.201 p=343
2068 0651 1307 1824 3066 6539 -, 3856 -, 2523 3122 1605 0731 3210
p=460 p=818 p=642 p=515 p=.266 p=,008 p=156 p=364 p=257 p=,568 p=.796 p=243
- 2248 -2228 5496 2303 A126 - 1737 1675 3158 4365 5629 - 0788
p=421 p=.425 p=.034 p=.409 p=257 p=.536 p=.575 p=252 p=104 p=,029 p=.780
1680 -0103 - 1784 - 0147 4598 -4333 - 2801 - 1360 -.0760 D085 - 0682
p=.549 0=971 =525 0=959 p=.085 p=107 p=312 p= G289 p=788 D= 976 p=809
JO7dZ 1373 - 2710 - 1292 - 0529 7655 - 0462 2785 SAT27 - 4019 0046
p=793 p=641 p=329 D= 646 p=851 p=,338 p=870 p=315 p=538 p=.138 p= 987
=091z - 0393 7566 3975 ,3006 1865 ,3628 3512 57T L2780 ATBT
p=747 p=.889 p=.356 p=.148 p=276 p=.506 p=158 p=.199 p=.581 p=414 p=.071
- 1697 - 1121 L3831 5159 2731 1260 243 2397 2427 L3360 3627
p=545 p=.691 p=159 p=.049 p=325 p=0655 p=211 p=390 p=.383 p=221 p=184
1042 2934 L3067 4585 =173 JGERN] 3710 4615 4888 4454 6035
p=712 p=.288 p=143 p=.085 p=537 p=005 p=173 p=.083 p=.064 p=.0898 p=.017
,3831 2866 -, 2370 -,0392 A290 -.2904 -,4450 1152 - 1017 -, 2002 2423
p=147 p=.300 p=.385 p=.890 p=111 p=278 p=087 p=683 p=718 p=474 p=384
-, 0344 -,0437 1545 5522 3340 -.0270 0233 2024 2645 2561 5275
p=.903 p=877 p=582 p=.033 p=224 p=4924 p=1934 p=469 p=.341 p=.357 p=043
- 1057 - 1836 L0685 L0609 743 0870 ,2B78 -.0470 L1070 3452 2052
p=708 p=513 p=808 p=.829 p=534 p=731 p=298 p=868 p=704 p=208 p=463
1837 -,0083 0762 0466 AB12 -, 2267 - 0294 0539 L1014 2725 1722
p=489 p=977 p=787 p=.869 p=,084 p=417 p=917 p= 849 p=719 p=.326 p=539
- 0860 - 1985 3855 3986 1642 - 4208 - 0735 0480 4564 3744 -, 1200
p=761 p=478 p=193 p=141 p=559 p=110 p=795 p= 865 p=087 p=169 p= 670
2123 6230 RETE] 0625 -3012 JGBTE ,1892 3854 0486 0410 2416
p=448 p=.013 p=504 p=.825 p=275 p=005 p=.500 p=156 p= 863 p=885 p= 386
.B917 -,0321 -, 1940 3802 -.0885 -, 1242 1381 - 0317 -, 2334 770
0=.000 0=010 0=.489 o=.162 p=.754 0=659 p=624 =011 0=.402 0=.528
17,0000 0345 - 1553 709 22T - 2530 - 1773 2326

p= — p=.903 p=.580 p=542 p=414 p=.820 p=.351 p=,919 p=527 p=.404
0345 T,0000 1325 N3] 3760 4383 4933 BET0 8652 3681

p=.903 p= - p=.002 p=.9874 p=167 p=.084 p=.061 p=.000 p=,000 p=177

-,1553 1325 1,0000 -, 0580 3004 3148 2710 8053 7446 3298

p=.580 p=.002 p= - p=837 p=277 p=253 p=329 p=.000 p=,001 p=.230

-4523 3376 2511 1437 -.0138 L0180 .1294 2194 5083 1882
p=091 p=218 p=367 p=610 p= 961 p=432 p=.053 p=.502

1709 ,0091 -,0580 1,0000 -4258 -0722 L0826 L2604

p=542 p=.974 p=.837 D= -— p=114 p=798 p=770 p=332

2277 3760 3004 -4258 1.0000 3328 2757 5231

p=414 p= 167 p=277 p=114 0= - p=225 p=320 p=04

-,0283 4483 3148 1067 (6316 3494 4838 4788

p=.920 p=.094 p=.253 p=705 p=.012 p=202 p=068 p=071

2580 40843 2710 -,0463 4985 4768 2749 5257

p=.351 p=.061 p=.329 p=870 p=,059 p=.072 p=.321 p=.04

-,0286 LBB10 L8053 -,0722 3328 1,0000 . 7805 3103
p=919 p=000 p=.000 p=798 p=,225 p=— p=,001 p=.260

- 1773 BES2 7446 L0826 2757 7805 1,0000 3324
p=527 p=.000 p=.001 p=770 p=320 p=001 [ p=.226

2326 L3681 3298 2694 5231 3103 3324 1,0000

p=404 p=177 p=.230 p=332 p=,045 p=260 p=.226 p= -

0673 7441 5009 2408 1929 6600 7603 0844
o= 812 =001 0=057 p=387 p=491 p=007 p=.001 D=738

1344 0423 - 1543 2058 2547 0058 - 0909 ELTE]
p=633 p=881 p=.583 p=462 p=361 p=983 p=747 p=.081
- 3587 - 2263 - 2018 ~ 0156 0242 - 3045 o074 JOB29

p=188 p=417 p=471 p=856 p=4832 p=.270 p=.9789 p=769

- 1352 2790 1841 0794 5085 2606 3750 G272

p=.631 p=314 p=.511 p=778 p=.053 p=.348 p=,168 p=.012

.b182 L0608 0239 0652 -.0589 1105 -,25589 -,0338
p=048 p=830 p=1933 p=817 p=835 p= 695 p=357 p=905

-,2898 -, 2685 - 0276 -, 0368 - 2462 - 1185 -, 2055 0032

p=.295 p=.333 p=.922 p=.886 p=376 p=.674 p= 462 p=991

0028 JBO1T 5738 =0125 5063 5456 6555 4693

p=992 p=.000 p=.025 p=5865 p=.054 p=.008 p=078

2104 2951 7629 JT620 0929 A300 JBBET 4264
p=452 p=.286 p=.001 p=.001 p=742 p=110 p=.005 p=113




ACIDO CITRICO ACIDO HIPURICO 1,3-DIOXAN-5-0L ACIDO ESTEARICO ACIDO FOSFORICO ACIDO OLEICO ACIDO PALMITICO TAURINA

‘Variable
IDADE =, 1009 - 0778 = 3284 1738 2733 2018 L1442 1453
p=.721 p=783 p=.231 p=.535 p=,324 p=471 p=608 p=.605
Concenfracio (milhdes/ml) AT726 =, 3754 = 1683 =3319 1138 0719 L3700 L2078
p=.075 p=168 p=.548 p=.227 p=,686 p=.799 p=175 p=A57
Teste Hiposmdtico (C, Vidveis) 0366 1085 = 6047 0188 8162 2905 L2850 0593
0=.897 p=700 p=7 p=.947 p=014 0=294 p=303 p=534
Fluorescencia (C, Verde) = 0280 =0917 -5714 =2520 6306 3179 L1736 = 0451
p=021 p=745 p=,026 p=,365 p=.012 p=.248 p=536 p=.873
Mormais ~BB1T 375 1566 0308 3008 05854 2235 - 3661
p=.007 p=625 p=577 p=888 p=.261 p=.836 p=422 p=.153
Defeitos Maiores - 1149 0512 3148 0193 - 2858 - 1137 ~.5G60 - 2870
p=683 p=747 p=253 p=946 p=.302 p=.687 p=019 p=.300
Defeitos mencres 7020 -1850 -0451 0208 - 1191 0128 &0 5502
p=.004 p=,509 p=873 p=941 p=.672 p=.064 p=023 p=.034
Fertilidade (%) - 1733 o701 5102 0092 6471 - 5637 0608 3748
p=,537 p=804 p=,052 p=.974 p=.009 p=.029 p=,830 p=.238
Motilidade Total 1545 1780 ~6043 0916 7157 - 1075 2624 1856
p=,582 p=523 p=017 p=746 p=.003 p=.703 p=345 p=485
Motilidade Progressiva - 1318 2369 -40%6 0565 5145 - 1480 -0030 100
p=614 p=3085 p=,129 p=841 p=.050 p=.604 p=992 p=.696
Motilidade Gircular 1764 -1205 - 1543 -1043 0751 0382 2280 3786
p=.529 p=669 p=583 p=711 p=.790 p=.893 p=412 p=.232
Motilidade Répidos D487 3424 REETE 1250 2437 - 2306 -, 1066 GLER
p=,869 p=212 p=405 p=657 p=381 p=.408 p=705 p=.752
Motilidade Lentos - 2849 \DBB5 - 3451 0103 47E3 - 0245 0180 -7
p=,303 p=754 p=206 p=.971 p=.073 p=.931 p=947 p=.970
Motilidade Local 3075 -0270 -3054 1727 4255 0087 3234 1374
p=,265 p=924 p=,140 p=538 p=.113 p=.975 p=240 p=.625
Imoveis -1805 -2078 5BB1 0977 -7206 1084 -2264 ~2133
p=.520 p=457 p=021 p=728 p=002 p=701 p=417 p=445
Velocidade (VCL) [umis] -0Z73 (0369 -5376 - 1065 G034 - 05728 0212 0630
p=823 p=886 p=039 p=706 p=017 p=743 p=2940 p=623
Velocidade (VSL) [pmis] 1075 0904 -5252 0667 5481 - 2768 1470 2770
p=703 p=.748 p=.044 p=813 p=.034 p=.318 p=601 p=.318
Velocidade (VAP) L0887 0831 -5287 .0oso 5629 - 2207 1118 L2185
p=753 p=741 p=042 p= 978 p=029 p=429 p=681 p=434
Linearidade 1509 006 JEEGT 4626 - 5273 --3856 1548 2893
p=591 p=721 p=085 p=083 p=043 p=144 p= 582 p=279
BCF [Hz] -,018% 3976 - 5416 1433 7055 - 1737 2188 L2038
p=847 p=142 p=037 p=610 p=003 p=_536 p=431 p=466
ALH [pm] - 1262 -0105 - 5079 -. 2504 5845 0017 - 1004 - 0775
p= 654 p=4870 p=053 p=368 p=0149 p=885 p=723 p=784
Fal -, 1604 - 1104 2410 =121 - 5867 5742 -, 2668 -.2051
p=.568 p=.685 p=037 p=667 p=.022 p=.025 p=336 p=A463
T2 -, 1858 - 4288 0254 - 7816 - 0346 4445 -.3780 - 2778
p= 484 p=110 p=928 p=001 p=.802 p=087 p=165 p=316
I 2052 - 1757 - 4452 - 1201 4313 - 1870 5657 JBB53
p= 463 p=531 p= 086 p=670 p= 108 p=482 p=028 p=007
78 01359 -.0065 - 1328 2028 -0407 - 1813 -,2285 - 0432
p=.961 p=982 p=637 p= 468 p=.885 p=.495 p=413 p=.A79
83 0133 A270 L1876 4556 -, 2505 - 1824 - 2016 - 1779
D=962 D=f52 p=480 p=088 D=368 p=.513 p=471 0=526
84 -0770 2764 - 0043 6387 -.0831 - 2828 -.0576 -.0582
p=783 p=318 p=588 p=010 p=.768 p=.307 p=839 p=.837
85 BEE::] ST15 2T 2812 - 3480 - 2037 JOGE7 - 3032
p=.586 p=258 p=450 p=.023 p=.202 p=.466 p=808 p=.272
86 -, 3674 3020 L1071 o187 -, 1829 -,0424 -, 1668 -2192
p=178 p=.274 p=704 p=048 p=.514 p=.881 p=.553 p=432
88 ,0440 -.2521 - 3344 0761 2287 22685 -0185 0987
p=.876 p=365 p=223 p=788 p=.410 p=417 p=948 p=.726
89 0835 3218 1899 L6553 - 3432 -,2899 0034 -2481
p=767 p=.242 p=498 p=008 p=.210 p=.278 p=4980 p=.373
a0 -, 2058 - 1814 - 0764 - 4356 2149 4813 - 0767 - 2297
p=462 p=518 p=787 p=105 p=.442 p=.063 p=.786 p=410
el] -, 0317 JOee1 - 0244 3474 L0179 - 2195 -.2062 - 0260
p=.511 p=.815 p=.531 p=.204 p=.54% p=.432 p=461 p=.927
100 -, 1885 1949 - 1838 -2243 2269 -3100 -,3562 0215
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Variable
101
104
107
123
127
128
130
13
132
133
134
135

[l PROTEINAMg/mI

VOLUME TOTAL DO EJACULADO

Total de Proteinas/ Ejaculado

TRIPTOFAND
FRUTOSE

ACIDO LATICO
ORNITINA
MELATONINA
Acetil Camitina
Carnitina
Fenilalanina
Isoleucina_leucina
Methylbutanoyl Camitina
ACIDO CITRICO
ACIDO HIFURICO
1.3-DIOXAN-5-0L
ACIDO ESTEARICO
ACIDO FOSFORICO
ACIDO OLEICO
ACIDO PALMITICO

TAURINA

ACIDO CITRICO ACIDO HIPURICO 1,3-DIOXAN-5-0L ACIDO ESTEARICO ACIDO FOSFORICO ACIDO OLEICO ACIDO PALMITICO TAURINA
p=501 p=486 p=512 p=421 p=.234 p=.261 p=,183 p=.939
1312 -.0209 -2214 0129 2561 - 1413 0693 1986
p=.641 p=841 p=428 p=964 p=,357 p=£16 p=,806 p=A78
6053 - 2391 0435 0061 - 2354 - 2205 4398 2290
p=.004 p=,391 p=878 p=983 p=.380 p=430 p=,101 p=412
D127 - 1087 - 2539 0637 2979 -A716 - 2508 0742
=964 =700 p=361 o=821 =281 o=1541 p=2350 o=793
-,0098 0309 1128 0834 75327 - 3737 RVES] AST7
p=0872 p=913 p=689 p=T68 p=.363 p=.239 p=660 p=575
- DOET 0925 - 1530 2708 0447 - 1742 2981 3350
p=977 p=743 p=586 p=313 p=B875 p=535 p=281 p=.222
113 0305 - 1186 1583 -,0072 - 1423 3312 4018
p=.693 p=814 p=671 p=,573 p=,080 p=£13 p=,228 p=.138
15953 1664 - 1850 5614 0833 - 3083 3051 4870
p=485 p=553 p=509 p=027 p=768 p=.141 p=,269 p=.066
-, 1080 D60 -, 0606 0723 1657 -3069 - 2758 0813
p=699 p=815 p=830 p=798 p=555 p=.266 p=440 p=773
0314 - 1361 - 1616 0966 0562 1020 0280 \3300
p=.912 p=629 p=565 p=732 p=842 p=718 p=921 p=.230
D801 2523 - 0188 B417 - 0776 -3508 0068 - 0077
p=777 p=,364 p=847 p=.010 p=783 p=.200 p=,981 p=.978
2201 2040 -0574 5066 D881 - 4567 1084 271
p=.431 p=466 p=839 p=.054 p=755 p=.087 p=,698 p=.652
2056 - 4185 - 2355 3875 -, 0031 4107 0132 0683
p=462 p=121 p=398 p=.142 p=0991 p=.128 p=963 p=.809
1875 - 1414 -0818 -,0780 0885 -3564 1923 3798
p=.503 p=615 p=745 p=782 p=751 p=.192 p=,482 p=.163
-, 0006 2682 -3042 - 1071 5841 - 1761 -0438 2104
p=.998 =334 p=148 p=704 p=020 p=.530 p=.877 p=452
0673 EEIT) - 3587 - 1352 162 L) 0028 ZO5T
p=.812 p=,633 p=.189 p=,631 p=045 p=.295 p=,982 p=.286
NEDS 0473 -~ 2763 2780 OE08 - 2685 B01T TB29
p=.001 p=881 p=417 p=314 p=.830 p=.333 p=.000 p=.001
5008 - 1543 - 2018 B4 0239 - 0276 5738 7620
p=057 p=583 p=471 p=511 p=933 p=.922 p=025 p=.001
5307 - 1151 ,58E5 2502 -BOBS - 1873 3947 2240
p=.042 p=683 p=.018 p=368 p=.004 p=.504 p=,145 p=422
2408 2058 - 0156 0794 0652 - 0368 -0125 0929
p=,387 p=462 p=1856 p=778 p=B17 p=.896 p=,965 p=.742
1929 2541 0242 5085 -, 0589 - 2462 5063 4300
p=.491 p=,361 p=932 p=,053 p=835 p=.376 p=,054 p=110
2066 2415 0741 5E21 -, 0863 0Z11 5838 3091
p=283 p=385 p=793 p=029 p=758 p=.940 p=022 p=.262
2302 -,0451 - 4370 3007 3808 -1310 6735 ,35900
p=.409 p=873 p=.103 p=261 p=161 p=642 p=.006 p=.151
JBE00 0059 -3045 2606 1105 - 1185 6456 BB6T
p=.007 p=083 p=270 p=,348 p=£95 p=£74 p=.009 p=.005
7603 -.0909 0074 3750 -, 2559 -2055 6555 BT
p=.001 p=747 p=879 p=,168 p=357 p=462 p=.008 p=.010
0544 4519 \0BZ9 6272 -0339 0032 4603 4264
p=738 p=091 p=769 p=012 p=505 p=.991 p=078 p=.113
1,0000 -.0876 0427 1413 - 1947 -4399 B111 7031
D= == p=756 p=880 p=616 p=487 p=101 p=016 0=003
— 0876 T.0000 ~ 3008 " BEET - 0833 - 2288 L1380 0287
p=756 = e p=276 p=.006 p=.768 p=412 p=,621 p=.919
42T 3008 T.0000 2919 -o124 0113 - 0924 - 2055
p=,880 p=276 = p=,201 p=,000 p=.068 p=,743 p=463
1413 BEB7 2819 1,0000 - 2660 -3228 4780 2022
p=616 p=006 p=.291 = . p=338 p=.241 p=,072 p=A470
- 1547 - 0833 9124 -, 2660 1,0000 - 0423 0308 1433
p=487 p=768 p=.000 p=338 = ean p=.881 p=913 p=.610
-4399 2288 0113 -3228 -0423 1,0000 - 2673 - 4322
p=101 p=412 p=868 p=241 p=,881 = - p=,335 p=108
B111 1389 -0824 4TB0 0308 - 2673 1,0000 7297
p=.016 p=,621 p=743 p=,072 p=0513 p=.335 = p=.002
7031 0287 - 2055 2022 1433 - 4322 7297 71,0000
p=.003 p=.919 p=463 p=470 p=610 p=.108 p=.002 =
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ANEXO 1

XXIV CONGRESSO BRASILEIRO DE REPRODUCAO ANIMAL

Concentracao de proteinas no plasma seminal de garanhdes.
Protein concentration in seminal plasma of stallions.

Verénica La Cruz Bueno'?, Henrique Boll de Araujo Bastos?, Isabela Roese?, Rodrigo
Costa Mattosz, Sandra Fiala Rechsteiner'”.

*IHISTOREP - Universidade Federal de Pelotas, UFPEL, Pelotas-RS, Brasil;
’REPROLAB - Faculdade de Veterinaria, UFRGS, Porto Alegre-RS, Brasil.

O plasma seminal é o fluido no qual os espermatozoides estdo suspensos na
ejaculacdo, fornecendo o meio de sobrevivéncia e favorecendo o transporte espermatico.
Varia¢des na composicdo do plasma seminal de diferentes machos tém sido relacionadas
a diferentes indices de fertilidade. Alteragdes nos niveis proteicos do plasma seminal
podem contribuir para as desordens reprodutivas no garanhdo. Nosso objetivo foi
correlacionar a concentracdo de proteina do plasma seminal com a taxa de prenhez (TP) e
cinética espermatica de garanhdes da Raca Crioula. Foram utilizados 24 garanhGes em
atividade sexual (um ejaculado de cada garanhdo foi coletado com vagina artificial
Hannover), com idade entre 4 e 20 anos, alojados nas proximidades de Porto Alegre
(30°S, 51°W), RS, Brasil. A concentracdo espermaética (CE) foi avaliada em camara de
Neubauer. As avaliacbes da Motilidade Total (MT); Motilidade Progressiva (MP);
Imdveis (IM); Motilidade Circular (MC); Velocidade Curvilinear (VCL); Velocidade da
Trajetoria média (VAP); Velocidade em linha reta (VSL); Frequéncia de batimento do
flagelo (BCF) foram realizadas através do sistema CASA (Computer Assisted Sperm
Analysis, AndroVision®, Minitube). A fertilidade foi avaliada através da prenhez no 16°
dia, sendo que cada garanhdo foi utilizado para inseminacdo de no minimo 30 éguas. Para
a quantificacdo das proteinas do plasma seminal, 5mL de sémen fresco foram submetidos
a centrifugacdo a 600xg por 10 min, em temperatura ambiente e o sobrenadante foi
armazenado a -80°C. Todas as amostras do plasma seminal foram armazenadas em
triplicata no ultrafreezer a-80°C. Uma das replicadas de cada amostra foi descongelada e
centrifugada a 10.000 x g por 60 min a 4°C para remover detritos e coletar o
sobrenadante. O conteudo proteico foi determinado de acordo com o método de Bradford.
Os animais foram divididos em dois grupos: Grupo 1 (TP > a 51%) e Grupo 2 (TP < a
50%). Para andlise estatistica foi utilizada correlacdo de Pearson, sendo o nivel de
significancia P<0,05. Os valores médios e desvios padrdo das variaveis observadas nos
Grupos 1 e 2 foram respectivamente: CE (132,75x10° /mL + 65,43 e 197, 25x10° /mL +
154,79); TP (76 % + 9 e 31% £ 7); MT (67% + 18 e 38% + 22); MP (34% + 21% e 18%
+ 10); IM (30% * 20 e 61% + 22); MC (4% + 4 e 2 % % 1); VCL (100pm/s + 41 ¢
70um/s + 37); VAP (47um/s £ 19 e 32um/s £ 15), VSL (38um/s = 15 ¢ 25 pm/s + 11),
BCF (12um/s £ 5 e 8 um/s + 4), Proteinas mg/ml (24,76mg/mL + 6,18 e 29,27mg/mL +
18,61), Volume total do ejaculado (46mL + 24 e 33mL + 20) e Total de Proteinas por
ejaculado (1183mg + 713 e 868 mg + 446). Foi encontrada correlacdo positiva entre
Proteinas mg/ml com CE (r=0,602/P<0,001) e Volume total do ejaculado com BCF
(r=0,517/P<0,001). O Total de Proteinas por ejaculado tendeu a ser maior no Grupo 1, em
relacdo ao Grupo 2 (P=0,08). Apenas uma correlagéo foi encontrada entre a concentragdo



de proteinas e a cinética espermatica, indicando que a concentracdo proteica se mantem
em animais com caracteristicas seminais e indices de fertilidade diferentes. A tendéncia
de maior quantidade de proteinas totais no plasma seminal encontradas no Grupo 1 esta
relacionado com o volume seminal. O entendimento da composi¢do de proteinas do
sémen pode ser diretamente aplicavel as condi¢Ges de laboratorio e resultar em maior
eficiéncia na producdo de potros. Os resultados verificados neste estudo sugerem que a
influéncia das proteinas do plasma seminal sobre os parametros de qualidade do sémen e
fertilidade esta associada ao tipo de proteina presente e ndo a concentragdo de proteinas.
Palavras chaves: plasma seminal, proteina, equino.
*E-mail: veronicalacruzbueno@hotmail.com
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ANEXO 2

IX INTERNATIONAL SYMPOSIUM ON ANIMAL BIOLOGY OF
REPRODUCTION

PHENYLALANINE MAY BE PROPOSED AS A BIOMARKER OF
FERTILITY IN STALLIONS.

Verdnica La Cruz Bueno'?, Henrique Boll de Araujo Bastos?, Rodrigo Costa
Mattos?, Sandra Fiala Rechsteiner'?.

*'HISTOREP - Federal University of Pelotas, UFPEL, Pelotas-RS, Brazil;
’REPROLAB - Faculty of Veterinary Medicine, UFRGS, Porto Alegre-RS, Brazil.

Stallions' selection as sires is based on three qualities: pedigree,
performance record, and conformation. Fertility or fertility potential is usually, at
best, a secondary consideration. Fertility can be determined by parameters that
reflect breeding success rates or by using sperm characteristics, which have
reported inconsistent results. Metabolomics is one of the most recent -OMICS
techniques developed after genomics, transcriptomics, and proteomics.
Analyzing the entire metabolome makes it possible to access the final products of
the metabolism within a biological system. The metabolites are small molecules,
less than 1kDa, derived from metabolic pathways and include hormones, amino
acids, lipids, carbohydrates, and nucleotides. The composition of the
metabolome determines the current phenotypic state of a cell. It actively changes
in response to cellular and extracellular stimuli, making metabolomics studies
more informative than the other -OMICS approaches, particularly in the
investigation of cellular response to exogenous stimuli or in the case of
pathology. The metabolomic profile of the seminal plasma was already analyzed
in different species like humans, rhesus monkeys, mice, turkeys, bull, carp,
rainbow trout, boar, donkeys, goats, and giant panda. In this study, 24 Criollo
stallions were used, with ages ranging from 4 to 20 years old and weighing 450
to 500 Kg. The animals were housed in breeding centers in southern Brazil
(30°S, 51°W). The Committee of Ethical Use in Animal Experimentation at
Universidade Federal do Rio Grande do Sul, Brazil approved the study (protocol
number 38666). One ejaculate was collected from each stallion during the

breeding season. The selected stallion's fertility was evaluated based on the
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pregnancy rate per cycle on the 16™ day after insemination. At least 30
inseminated mares per stallion and two breeding seasons were considered.
Pregnancy rates ranged from 20% to 95%. The animals were divided into two
groups: group High Pregnancy (HP), with a pregnancy rate per cycle over 50%,
and group Low Pregnancy (LP), with a pregnancy rate per cycle below 50%. The
identification of the target metabolite was performed by liquid chromatography.
Chromatography was performed using Kinetex® Phenyl-Hexyl analytical column
(100 x 2.1 mm, 1.7 pym) with the binary mobile phase at a flow of 350uL min™* and
injection volume of 10 yL. The LC-QTOF-MS system was a Nexera x2 liquid
chromatograph (Shimadzu) coupled to an Impact Il mass spectrometer (Bruker
Daltonics). The software utilized for system operation and data acquisition were
Compass Hystar 3.2 and TASQ. TOF-MS and bbCID (MSMS/MS) data were
acquired in the m/z range of 50 to 1000 Da. Metabolite phenylalanine - an amino
acid- presented the largest area in the LP group (4,402,336 + SD 1,225,568 )
compared to the HP group (2,763,743 + SD 1,237,550) P= 0.008. This amino
acid contributes to several cellular and biological processes, such as antioxidant
detoxification, metabolic processes of reactive oxygen species, and
oxidoreductase activity. In bulls, adding small concentrations of phenylalanine
resulted in adverse effects on the viability of sperm. In conclusion, Phenylalanine
metabolite may be proposed as a marker of low fertility for stallions, given its

positive correlation with the conception rate.

115



