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RESUMO

SCHMITH, R. A. Protebmica do fluido uterino e embrido durante a gestacao
inicial. Botucatu, 2020, 100 p., Doutorado, Universidade Estadual Paulista “Julio
de Mesquita Filho”, Faculdade de Medicina Veterinaria e Zootecnia, Campus

Botucatu.

O presente estudo teve como objetivo descrever o perfil proteico do embriédo
equino e do fluido uterino durante a fase inicial do reconhecimento materno da
gestacdo. Foram utilizadas 10 éguas, sem anormalidades uterinas, de 5 a 8 anos
de idade. O acompanhamento folicular diario foi realizado até a detecgéo de um
foliculo (35 mm) para indugdo da ovulagcdo, o dia seguinte realizava a
inseminacao artificial e posteriormente o DO sendo o dia da ovulagdo da égua. O
liquido uterino foi colhido, usando tampéo vaginal comercial de humanos nos
dias 7 (D7), 10 (D10) e 12 (D12) de gestacdo. Nos mesmos periodos, apos a
retirada do tampao vaginal, os embrides foram colhidos por fluxo retrogrado
utilizando-se tampéo fosfato-salina pH 7,2. O processamento do liquido uterino
foi de centrifugacdo e dos embrides foram sonicacdo e centrifugacdo para
protedmica. A concentracao de proteina total foi determinada e uma aliquota (50
ug) foi digerida “in solution” com tripsina, seguida da analise por espectrometria
de massas. ApOs a anadlise estatistica multivariada, foram identificadas 171
proteinas, sendo 29 no embrido e 142 no liquido uterino. Foram encontradas 15
proteinas mais abundantes nos embrides, sendo 10 no D10 e 5 no D12. J4 no
liquido uterino, 6 proteinas foram mais abundantes no D7, 3 no D10 e 6 no D12.
As principais funcdes moleculares foram atividade catalitica e de ligacdo e os
processos biolégicos mais significativos foram o processo celular e metabdlico.
Este estudo descreveu proteinas que foram abundantes no fluido do endométrio
e no embrido equino, fornecendo indicacdes sobre a nutricdo e metabolismo
embrionérios e fatores pré-implantacdo no periodo de reconhecimento materno

da gestacdo.

Palavras-chaves: endométrio, espectrometria de massas, gestacao, proteina,

reconhecimento-materno



ABSTRACT

SCHMITH, R. A. (2020). Proteomics of uterine fluid and embryo during initial
pregnancy. Botucatu, 2020, 100 p., PhD, S&o Paulo State University "Julio de

Mesquita Filho", School of Veterinary Medicine and Animal Science,Botucatu.

The aim of this study was to describe the protein profile of the equine embryo and
uterine fluid, during the maternal recognition of pregnancy. Ten mares from 5 to
8 years of age, without uterine abnormalities were used. Daily follicular monitoring
was performed until the detection of the preovulatory follicle (35 mm) to induce
ovulation, the next day performed artificial insemination and then DO was the
mare's ovulation day. The uterine fluid was collected using commercial human
vaginal tampon at 7 (D7), 10 (D10) and 12 (D12) of the gestation. In the same
moments, after withdraw vaginal tampon, the embryos were collected by
retrograde flushing using phosphate-saline buffer pH 7.2. The processing of the
uterine fluid was centrifugation and the embryos were sonicated and centrifuged
for proteomics. The total protein concentration was determined and an aliquot (50
pMg) was digested “in solution” with trypsin, followed by analysis by mass
spectrometry. After data analysis by multivariate statistical, 171 proteins were
identified, 29 in the embryo and 142 in the uterine fluid. Fifteen abudant proteins
were found in the embryos, 10 proteins in the D10 and 5 in the D12. In the uterine
fluid, 6 proteins were more abundant in the D7, 3 in the D10 and 6 in the D12.
The main molecular functions were catalytic and binding activity and the most
significant biological processes were the cellular and metabolic processes. This
study described proteins that were abundants in the uterine fluid and the equine
embryo, providing indications about the embryonary nutrition, metabolism, and

pre-implantation factors in the period of maternal recognition of pregnancy.

Key words: endometrium, mass spectrometry, gestation, protein, maternal-

recognition



CAPITULO 1



1. INTRODUC}AO E JUSTIFICATIVA

Nos mamiferos, o sucesso do estabelecimento da gestacdo depende da
sanidade uterina (GINTHER, 1985b) e da comunicacéo entre o endométrio e 0
concepto para que ocorra a implantagdo embrionaria (KLEIN, 2016). Contudo, a
mobilidade embrionaria na espécie equina, sendo alvo de maior estudo com
relacdo ao reconhecimento materno da gestacdo. E desta forma, mais estudos
sdo necessarios para elucidar as interacdes entre o Utero e o embrido na espécie
equina.

Diferentemente de outras espécies, como humanos (EVANS et al., 2019)
gue possuem um fator luteotréfico produzido e liberado pelo concepto, ou como
em ruminantes (MORAES et al., 2020) e suinos (GEISERT et al., 2017) que
liberam fatores antiluteoliticos, nos equinos ainda ndo se sabe exatamente os
mecanismos de comunicacdo entre o concepto e a fémea. A mobilidade
embrionaria intrauterina € a principal caracteristica do reconhecimento materno
em equino, a qual o distingue de outras espécies (GILBERT, 2010).

Estudos sobre os mecanismos de reconhecimento materno da gestacao
S840 essencias para a espeécie equina, ja que 17% das perdas gestacionais
ocorrem préximas ao periodo de fixacdo do embrido (ALLEN, 2001). As funcdes
e 0s processos biolégicos, assim como vias metabdlicas e antiluteoliticas podem
explicar a perda da gestacdo e identificar marcadores do reconhecimento
materno da gestacao (SMITS et al., 2018). Desta maneira, a proteémica é uma
ferramenta que pode contribuir para determinar as vias envolvidas no
reconhecimento materno da gestacéo de equinos (SWEGEN et al., 2017).

Baseado nisso, a proposta deste estudo é identificar e quantificar as
proteinas do embrido e do fluido uterino equino durante as fases iniciais do
reconhecimento materno da gestacdo usando abordagem prote6mica, na
tentativa de estabelecer relagdes entre o concepto e o Utero durante a fase de
maior mobilidade embrionéria e inicio do reconhecimento materno da gestacao.
Ainda, pretende-se identificar fatores antiluteoliticos liberados pelo concepto e
compreender as vias do processo inicial da gestacdo. Dessa forma, os
resultados poderéao servir de embasamento para obtencdo de marcadores que
permitam estabelecer os mecanismos do reconhecimento inicial da gestacao

equina.



2. REVISAO DA LITERATURA
2.1. Fertilizacéo

A reproducdo e a embriogénese no equino possuem caracteristicas
Unicas que as diferenciam de outras espécies de animais domésticos, roedores
e humanos (BETTERIDGE, 2007).

ApOs a ruptura do foliculo, o odcito é capturado pelas fimbrias da tuba
uterina e atinge rapidamente a juncdo istmo-ampolar, local da fertilizacédo
(GINTHER, 1992). Os espermatozoides migram até este local e a fecundagéo
ocorre quando ha fusdo da zona pellcida do oécito com a cabeca esperméatica
(HAFEZ; HAFEZ, 2004; CAIXETA et al., 2008).

A ligacdo dos gametas € um processo coordenado por receptores
proteicos especificos no oocito e no espermatozoide. A zona pelucida é
sintetizada pelo o6cito em maturagéo, sendo sua matriz extracelular constituida
por glicoproteinas denominadas ZP1, ZP2 e ZP3, presentes em todas as
espécies de mamiferos. ZP1 e ZP2 sao glicoproteinas estruturais, enquanto ZP3
atua como receptor espermatico (HERRLER et al., 2000). Apenas
espermatozoides com acrossomo intacto podem se ligar a ZP3. A ligacao da
cabeca espermatica a ZP3 permite interacbes com outras zonas que estimulam
areacao do acrossomo, liberando enzimas que promovem uma abertura da zona
pelicida para que o0 espermatozoide possa atingir a membrana vitelinica
(GADELLA, 2008). A regido equatorial da cabeca espermatica liga-se a
membrana vitelinica estimulando o oocito a retomada da segunda divisdo
meiotica, liberando o segundo corpusculo polar (GINTHER, 1992; HAFEZ;
HAFEZ, 2004).

A fecundacao induz uma série de oscilacfes (ondas) intracelulares de
Ca*? que promovem alteracdes citoplasmaticas e nucleares no odcito, essenciais
para o inicio da embriogénese. As principais funcdes sdo: a exocitose dos
granulos corticais , a descondensacdo da cabeca do espermatozoide, a
finalizacdo da meiose com a expulsédo do segundo corpusculo polar e a formacéo
do pronucleo masculino e feminino. (GINTHER, 1992).

Particularidade do embrido equino é a liberacdo de PGE para abertura
da juncéo utero tubérica, assim podem sair 0s oocitos nao fertilizados de ciclos
anteriores. (FLOOD; JONG; BETTERIDGE, 1979; ALLEN, 2000).



2.2. Clivagem e compactacéo

Apos o estadio de zigoto, os embrides sofrem uma série de divisdes
mitéticas. A primeira clivagem do embrido equino ocorre 24 horas apés a
fecundacdo (HERRLER et al., 2000). Nas divisdes celulares ndo ocorre aumento
da massa celular. O diametro de um embrido clivado, de um zigoto e um od6cito
pré-ovulatorio ndo se alteram até a formacdo da blastocele (GINTHER, 1992;
BETTERIDGE, 2000). A clivagem do zigoto inicia-se por divisdo e as células
irmas resultantes sdo denominadas blastomeros. As divisdes iniciais ocorrem
simultaneamente em todos os blastémeros, e posteriormente a sincronizagao é
perdida (GINTHER, 1992).

No estadio de 8 células, os blastdmeros formam um arranjo frouxo, com
espaco abundante entre eles. Na terceira clivagem ha alteracdo desse
comportamento e os blastomeros se aglomeram e aumentam o contato,
formando uma massa esférica compacta de células. O arranjo compacto é
estabilizado por juncdes do tipo “gap” que se formam entre as células externas
da massa celular, permitindo o transporte de pequenas moléculas e ions
(HAFEZ; HAFEZ, 2004). Aproximadamente 4 a 5 dias apos a fecundacéo, o
embrido apresenta 16 a 32 células (GINTHER, 1992) e neste periodo é
denominado mérula (HERRLER et al., 2000). No 5° dia ap6s a ovulacdo o
embrido esta na fase de mérula compacta e comeca a secretar prostaglandina
E> (PGE2). A PGE: estimula o relaxamento da musculatura lisa da tuba uterina,
permitindo que o embrido se mova progressivamente com o auxilio do batimento
ciliar ritmico, entrando no utero (WEBER et al., 1991; WEBER; WOODS;
LICHTENWALNER, 1995; BATTUT et al., 1998; GASTAL et al., 1998).

2.3. Desenvolvimento embrionario

Em geral o embrido passa pela papila Gtero-tubéarica e chega ao atero
aproximadamente 6 dias apos a ovulacdo, no seu estadio de desenvolvimento
entre mérula ou blastocisto inicial, apresentando uma zona pellcida e o inicio da
formacdo de uma capsula de glicoproteina acelular (MCKINNON et al., 2011).

O trofoblasto é constituido por células colunares com microvilosidades
gue auxiliam na captagcdo de nutrientes. Posteriormente, este grupo celular
originara a por¢céo embrionaria da placenta. J4 o embrioblasto, que é formado a

partir da massa celular interna, formara o embrido contendo as camadas



germinativas (GINTHER, 1992). O embrido se expande rapidamente apds a
migracao da tuba e entrada no utero, ocorrendo uma diminui¢do progressiva na
espessura da zona pelucida até o seu total desaparecimento. Quando no utero,
em poucos dias, a zona pellcida vai se desfazendo da cépsula, a qual
permanece revestindo completamente o embrido (CROSSETT et al., 2005;
STOUT; MEADOWS; ALLEN, 2005).

A gastrulacdo, primeira mudanca morfogenética que um embrido sofre
em seu desenvolvimento, € o periodo no qual ocorre a transi¢cdo de uma esfera
simples e nao estruturada de células para um concepto organizado e de multiplas
camadas distinguiveis, contendo todos os principais precursores dos tecidos do
organismo adulto, como endoderme, mesoderme e ectoderme (NARASIMHA;
LEPTIN, 2000; MYERS; SEPICH; SOLNICA-KREZEL, 2002; CHUAI; WEIJER,
2009). O primeiro evento da diferenciacdo durante o desenvolvimento
embrionario € o distanciamento do trofectoderma da massa celular interna.
Rapidamente a cavidade do blastocisto comeca a ampliar-se e definir-se,
demarcando em um dos pélos a massa celular interna (BETTERIDGE, 2007,
GAIVAO et al., 2014).

As células da massa celular interna se diferenciam em camadas internas
e externas para formar o disco embrionario bilaminar (SOLNICA-KREZEL, 2005;
GILBERT, 2010; VEJLSTED, 2010). A camada interna do disco embrionario
(hipoblasto) estara formada aproximadamente no 12° dia e dara origem as
estruturas extraembrionarias (SOLNICA-KREZEL, 2005; VEJLSTED, 2010). O
hipoblasto é derivado das células que migram da massa celular interna e seguem
para se alinhar na cavidade da blastocele, completando o saco vitelino bilaminar
(GILBERT, 2010). O epiblasto esta localizado acima do hipoblasto e possui
células progenitoras do embrido. Quando se desenvolve um espessamento e
alongamento do epiblasto é formada a linha primitiva, e o futuro eixo longitudinal
do corpo (GAIVAO et al., 2014). Ao longo da linha primitiva, as células do
epiblasto migram para a linha média, para serem transformadas em células do
mesoderma ou endoderma. Algumas células precursoras desta linhagem séo
incorporadas no hipoblasto formando o endoderma definitivo. Ja as células
epiteliais remanescentes se diferenciam em ectoderma (GILBERT, 2010;
DEGRELLE et al.,, 2011). No 14° dia de desenvolvimento, uma terceira

membrana emerge do disco embrionario entre a ectoderme e a endoderme para



formar o saco vitelino trilaminar (MCKINNON et al., 2011). Entre o 10° até o 16°
dia o crescimento embrionério é aproximadamente 3,4 mm por dia, e a entrada
de liquidos chega até 3 mL no 16° dia (WAELCHLI; BETTERIDGE, 1996).

Apos a migracao dos precursores do mesoderma e do endoderma pela
linha primitiva, as camadas germinativas se diferenciam para gerar tecidos
especificos ao longo dos eixos embrionarios. A ectoderme vai dar origem a
epiderme e os tecidos neurais, a camada interna (endoderme) desenvolve o trato
digestivo e o0 mesoderma vai produzir os demais 6rgaos, tecido conjuntivo e
células sanguineas (SOLNICA-KREZEL, 2005). Um pequeno sulco na linha
média do disco bilaminar vai se alongando e definindo o eixo anteroposterior e a
futura cabeca e cauda do embrido. Em geral, o endoderma é internalizado antes
do mesoderma, e as células endodérmicas migram individualmente (IDKOWIAK
et al., 2004; DEGRELLE et al., 2011).

Algumas partes do ectoderma e mesoderma passam pelo disco
embrionario e formam o saco amniético que envolve inicialmente o embrido. Na
regido posterior do intestino surgira o saco alantoidiano, cujo crescimento sera
direcionado ventralmente ao embrido. Em seguida, outras por¢cbes do
endoderma e mesoderma irdo formar o coérion, a placenta (corion - alantoide) e
gue posteriormente desenvolveram a cinta coridnica, finalizando a formacéo
embrionaria e dos anexos fetais (SOLNICA-KREZEL, 2005).

2.4. Formacéo da capsula embrionéaria
Em torno de 6,5 dias ap0s a ovulacado, é observada uma capsula entre
o trofectoderma e a zona pellcida, coincidindo com a blastulacao e a entrada do
embrido em desenvolvimento no Utero (BETTERIDGE et al., 1982). A medida
gue a zona pelucida se torna mais fina e os embrifes se expandem em tamanho,
a zona peldcida é absorvida, sendo a capsula a Unica camada que envolve o
embrido. A funcdo da capsula € semelhante a da zona pellcida; manter o
embrido na sua forma esférica durante o periodo do reconhecimento materno da
gestacdo, uma caracteristica da espécie equina (GINTHER, 1992).
Embora fina, a cdpsula de glicocalix é resistente, flexivel e elastica
funcionando como uma protecéo fisica ao concepto durante a fase de migracéo,
permitindo com a movimentacdo de uma extremidade a outra dos cornos

uterinos (ORIOL; SHAROM; BETTERIDGE, 1993; BETTERIDGE, 2000; STOUT;



MEADOWS; ALLEN, 2005; ARAR et al., 2007; QUINN et al., 2007; TACHIBANA
et al.,, 2014), ao atuar como uma camada anti-adesiva devido a sua alta
concentracdo de acido sialico (CHU et al., 1997; STOUT; MEADOWS; ALLEN,
2005). O &cido sidlico é constituido de glicoproteinas carregadas negativamente,
as quais propriciam efeito antiaderente e regulador do movimento intrauterino do
embrido, auxiliando no acumulo e captacdo de secrecfes enddcrinas e exocrinas
(DENKER et al., 2000; ALLEN; WILSHER, 2009). As secrec¢des do endometrio
contém a uterocalina e a uteroglobina, que sao proteinas de transporte de
nutrientes para o embrido, incorporadas na capsula nos primeiros dias de
gestacdo (MCDOWELL et al., 2004). O peso seco da capsula aumenta até o 18°
dia de gestacdo, mas ainda néo foi esclarecido se essa producao € continua ou
decorrente do acumulo de proteinas ligadas a esta camada (ORIOL; SHAROM;
BETTERIDGE, 1993).

A manutencgéo da forma esférica, uma caracteristica do embrido equino
(ALLEN; WILSHER, 2009) e o periodo prolongado de migracéo uterina estao
ligados a supresséao da secregao de PGF2a pelo endométrio e reconhecimento
materno da gestacdo (MCDOWELL et al., 1988).

A capsula é fundamental para a sobrevivéncia do embrido, a qual
proporciona resisténcia mecanica a estrutura, suportando as forcas propulsoras
do miométrio durante a fase de mobilidade embrionaria (STOUT; MEADOWS;
ALLEN, 2005). A fixacdo do embrido no local da placentacao esta associada com
a fluidez e com o padréo de ligacdo de proteinas e 0 mecanismos enzimaticos
gue dissolvem a capsula (ORIOL et al., 1993; CHU et al., 1997; DENKER HW,
2000; ARAR et al., 2007; QUINN et al., 2007). Nao se sabe exato o dia ou como
ocorre a degradacdo da capsula embrionaria, porém, aos 18 dias apds a
ovulacdo, os embrides podem ser recuperados com a cdpsula intacta ou em
fragmentos por varios dias apos. Logo, estima-se que no dia 21 é quando ha a
degradacédo desta porcado embrionaria (DENKER; BETTERIDGE; SIROIS, 1987,
ENDERS; LIU, 1991a).

A capsula também atua como defesa bioldgica contra-ataques virais,
bacterianos ou componentes imunoldgicos maternos. Capsulas com defeitos

mostraram que a auséncia ou alteracdo do perfil de proteinas impedem a



reducdo das concentracdes de &cido sidlico com posterior dissolugdo da
capsula, interferindo no processo de fixagdo embrionéria (ARAR et al., 2007).

A capsula é formada principalmente pela microglobulina 32, a qual esta
associada com a fixacdo do embrido. Contudo outras proteinas podem ser
encontradas, como a fosfolipase A2 e a proteina beta 2M que sofrem uma
degradacéao progressiva (QUINN et al., 2007).

Durante a expansao do embrido a capsula é responsavel por aumentar
a captacao de glicose, frutose, 4gua e ions como substratos energéticos (LANE
et al., 2001). A producdo de glicose pelo Utero da égua se mantém estavel
durante o inicio da gestacdo, com aproximadamente 5 a 6 mg (ZAVY et al.,
1982). Porém, o embrido estimula ativamente a expressao de transportadores
especificos de glicose e frutose no utero contribuindo para maior captacdo dos
substratos energéticos (GIBSON et al., 2018). Outro componente do sistema de
trocas entre o embri&o e a égua é o saco vitelinico. Antes da fixagdo, ha
expressao da proteina ativadora de GM2 (GM2AP), a qual é responsavel pelo
transporte e catabolismo de lipideos e fosfolipideos (QUINN et al., 2006). A
parede do saco vitelino também produz a proteina 3 que se liga ao fator de
crescimento semelhante a insulina (IGF-like) que € necessario para o
desenvolvimento embrionario (HERRLER et al., 2000), sintese e metabolizacéo
de esteroides (GOFF et al., 1993; RAESIDE et al., 2004), além da PGF2a e PGE>
(STOUT; ALLEN, 2002).

2.5. Mobilidade Embrionaria

Um dos principais determinantes do ambiente uterino adequado para o
estabelecimento da gestacdo € o fornecimento continuo de progesterona pelo
CL (STOUT, 2016). O principal esteroide sintetizado pelo CL entre 7 a 14 dias
apos ovulacao é a 17a-hidroxiprogesterona (GOFF et al., 1993). A progesterona
reduz a contratilidade uterina e assegura o reconhecimento materno da gestacao
no periodo pré-implantacdo (HOLTAN et al., 1991; LYE et al., 1998; CHALLIS et
al., 2000). Além disso, este horménio é responsavel pela producéo de conteudo
histotréfico pelo endométrio, o qual € fonte nutricionalpriméaria do embrido até a
placentacao (AURICH; BUDIK, 2015).

Baixas concentracfes de progesterona sdo incompativeis com a

manutencdo da gestacdo acima de 2 ng/mL. Maior sobrevivéncia embrionaria é



observada com concentragdes acima de 4 ng/mL (GINTHER, 1985a; BALL et
al., 1986; ALLEN, 2001). Em éguas com ciclos aluteais induzidos (ambiente com
progesterona < 1,0 ng/mL), o desenvolvimento embrionario é comprometido,

com menor diametro dos embrides, estddio embrionario mais precoce e de
menor qualidade (LEISINGER et al., 2018).

A progesterona € importante para o transporte embrionario em muitas
espécies (camundongo, vacas e humanos), ja que regula o batimento ciliar das
tubas uterinas facilitando o transporte dos embribes até o utero. Porém nos
equinos, a PGE> secretada pelo embridao é responsavel pelo relaxamento da
musculatura lisa das tubas uterinas e transporte embrionario até o Utero
(WESSEL; SCHUCHTER; WALT, 2004; STOUT, 2006; BYLANDER et al., 2010).
Dentro do atero, o embrido equino se movimenta livremente e a mobilidade
intrauterina € a primeiro processo do mecanismo de inibicdo luteolitica
(GINTHER, 1983a; STOUT; ALLEN, 2001).

A mobilidade embrionéria intrauterina € a principal caracteristica do
reconhecimento materno em equino, a qual o distingue de outras espécies.
Aproximadamente 60% do tempo, entre os dias 9 e 11, os embrifes estdo
localizados no corpo uterino (GILBERT, 2010). A menor mobilidade é observada
no dia 9 apos a ovulacdo e ocorrendo 0 seu aumento progressivo até a maxima
mobilidade entre os dias 11 e 14. O embrido passa por todo Utero a cada 2 horas
(GINTHER, 1983a; LEITH; GINTHER, 1984). A taxa média de movimento da
vesicula embrionaria foi estimada em 3,4 mm/min (GINTHER, 1983a).
Conceptos gémeos se movem independentemente indicando que o proprio
embrido estimula a contratilidade (GINTHER, 1984). A restricdo da mobilidade
para menos de dois tercos da superficie endometrial resulta na perda da
gestacdo. (GINTHER, 1983a; STOUT; ALLEN, 2001). As contracdes e as dobras
miometrais facilitam a mobilidade da vesicula, mecanismo que esta relacionado
com a producdo e liberagdo de PGE;, PGF2a e PGI-2 pelo embrido e
endométrio, promovendo as contracfes que impulsionam a vesicula (KASTELIC;
ADAMS; GINTHER, 1987; GASTAL et al., 1998).

As prostaglandinas sédo essenciais na mobilidade embrionaria e sao
produzidas a partir do acido araquidénico, via enzima ciclooxigenase (COX), que

estd presente na membrana das células endometriais (BERRIDGE; IRVINE,



1984; NEEDLEMAN et al., 1986; SHIMIZU; WOLFE, 1990; BERTAN; BINELLI;
MADUREIRA, 2006). Ha duas isoformas da enzima, a COX-1 e a COX-2
(HABENICHT et al.,, 1985). No inicio da gestacdo, a COX-1 é regulada
positivamente no endométrio das éguas, enquanto a expressdo de COX-2 é
diminuida (ATLI et al., 2010). No embrido de 8 a 14 dias, a expressao de COX-
1 é constante e em baixos niveis. A COX-2 atinge os maiores niveis nos dias 12
a 14, o que poderia estar associado com maior mobilidade embrionaria
(HANDLER et al., 2003; AURICH; BUDIK, 2004). O embrido expressa ambas as
COXs, e na inibicdo seletiva da COX-2, a COX-1 pode manter a producdo de
prostaglandina suficiente para estimular a contracdo uterina e promover a
mobilidade. Os fatores liberados pelo embrido séo insuficientes para induzir a
lutedlise porque nao atingem a circulacao e atuam apenas no local (MCDOWELL
et al., 1988; STOUT; ALLEN, 2002; EALY; EROH; SHARP, 2010).

Nas éguas ndo-gestantes no 14° dia apos a ovulagéo, a ocitocina ao se
ligar no seu receptor endometrial estimula a liberagao de PGF2a, estabelecendo
uma retroalimentacdo positiva com a hipofise, resultando na lutedlise funcional
e posteriormente a regressao estrutural do corpo luteo, fazendo com que a égua
retorne a um novo ciclo (KINDAHL et al., 1982; GINTHER, 1985b). A ocitocina
desempenha um papel central na regulagao da liberagdo de PGF2a durante a
lutedlise, e a expressdo alterada de seu receptor € um aspecto integral do
reconhecimento materno da gestacédo. A producao de ocitocina foi verificada nas
células epiteliais luminais e glandulares superficiais do endométrio (BAE;
WATSON, 2003). Os niveis de ocitocina sdo baixos durante a ovulacdo e no
inicio do diestro, com elevacédo das concentracdes séricas na fase lutea média e
tardia (BEHRENDT—-ADAM et al., 1999). In vitro, a suplementacdo de ocitocina
no meio de cultivo de células endometriais resultou em maior liberacdo de
PGF2a (EALY; EROH; SHARP, 2010). Os niveis de transcritos dos receptores
de ocitocina no endométrio ndo diferem entre as éguas gestantes e néo-
gestantes no momento da lutedlise (KLEIN et al., 2010; DE RUIJTER-VILLANI;
VAN TOL; STOUT, 2015), mas o0s niveis proteicos sd0 menores em éguas
gestantes quando comparados a éguas nao-gestantes (SHARP et al., 1997;
STARBUCK et al., 1998).
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2.6. Reconhecimento materno da gestacéo

Nas éguas gestantes 0 reconhecimento materno é baseado na
comunicacdo do concepto com a fémea, que ocorre em vista do movimento da
vesicula embrionaria ao longo do Iimen uterino, fixagdo e orientacdo da vesicula
para que o polo embrionario se localize na regido mesométrica do Utero (ALLEN;
STEWART, 2001). A comunicacdo bem-sucedida entre 0 concepto e a égua
estimula a continua secrecdo de progesterona, levando a um ambiente uterino
receptivo (MCCRACKEN; GLEW; SCARAMUZZI, 1970; ROBERTS; XIE;
MATHIALAGAN, 1996).

O reconhecimento materno da gestacéo dos equinos difere das outras
espécies, em ruminantes podemos identificar o fator paracrino interferon tau que
exibe fungdes antiluteoliticas, ja em suinos identificamos os estrégenos derivado
dos embrides e atuam no endométrio (BAZER et al. 1997; GEISERT et al. 1990;
GINTHER, 1983b; BAZER; OTT; SPENCER, 1998). Em equinos o sinal de
reconhecimento da gestacdo derivado do embrido ainda néo foi identificado.
Porém, a expressao de dois genes que codificam uma proteina semelhante a
familia do interferon foi descrita, interferon delta 1 (EqIFN-81) e 2 (EQIFN-82),
0S quais estado presentes em baixos niveis no inicio da gestacdo (COCHET;
VAIMAN; LEFEVRE, 2009). O concepto equino também sintetiza estrégeno
durante este periodo, porém como o hormdnio esta envolvido no reconhecimento
materno da gestacdo ainda nao esta claro (BUDIK et al. 2010; COCHET et al.
2009; KLEIN 2015). Os estrogenos sdao metabolizados a partir do sexto dia de
vida, atuando localmente regulando a sua biodisponibilidade. Alguns
experimentos foram inconclusivos tentando provar que 0S estrogenos
produzidos pelos conceptos podem prolongar a funcdo do corpo luteo (KLEIN,
2015).

O embrido cessa 0 movimento préximo ao dia 16, indicando que
reconhecimento ocorre entre os dias 11 a 14 apos a ovulacdo (GINTHER, 1985b;
LEITH; GINTHER, 1985; STOUT; ALLEN, 2001). A permanéncia da funcao lutea
ndo esta associada com a reducao dos sitios de ligacdo da PGF2a no corpo
lGteo, mas com a limitagdo de liberacdo de PGF2a (VERNON et al., 1979).
Durante o reconhecimento materno foi evidenciada uma proteina com massa
molecular de 1 a 6 kDa, que é capaz de reduzir a produgdo de PGF2a

(ABABNEH et al. 2000). O concepto diminui, mas nao previne a liberacdo de
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PGF2a uterina durante o inicio da gestagédo (BERGLUND et al., 1982; WATSON;
SERTICH, 1989; EALY; EROH; SHARP, 2010). As proteinas presentes no fluido
do saco vitelino equino e embrionaria proximo do reconhecimento materno da
gestacédo (dia 13) foram identificadas e quantificadas. Detectaram a regulacao
positiva de varios inibidores da sintese de prostaglandinas no fluido uterino de
éguas gestantes incluindo PTGR1, GSTP1 e ANXAL. Este foi o primeiro estudo
gue identificou proteinas que se relacionaram com a interacdo materno- fetal
(SMITS et al., 2018).

O periodo pré-implantacdo vem sendo investigado, e diversos estudos
sobre vias de sinalizacédo, adesao e a identificacdo de processos bioldgico das
proteinas evidenciam algumas caracteristicas do reconhecimento materno da
gestacdo. Contudo, o sinal embrionario para reconhecimento materno na égua
ainda é incerto (KLEIN, 2015). A analise de proteinas da blastocele de embrides
colhidos no dia 8 apos a ovulacéo e incubados por 48 e 72 horas foi descrita. A
principal funcdo molecular detectada foi de traducéo e regulacdo de processos
metabdlicos, que foi relacionado com o crescimento do embrido (SWEGEN et
al., 2017).

A adesao focal desempenha papel importante no desenvolvimento
materno-fetal. As alteracdes na adeséao focal pela forca mecénica podem estar
relacionadas com sensores mecanicos no endomeétrio. Somente o contato ja
induzird uma mudanca, porém pode nao haver uma resposta (BURGHARDT et
al., 2009). As aderéncias focais e seus efeitos sdo dependentes da composicao
e rigidez da matriz extracelular (KATZ et al., 2000; GALBRAITH et al., 2002). Em
contrapartida somente o embrido € capaz de suprimir a secrecdo de PGF,
sugerindo que ndo € apenas o0 contato de qualquer substancia que causa a
atenuacao da secrecdo de PGF, mas o préprio embrido € necessario pelo menos
por 24 horas para diminuir a liberacdo de PGF (KLOHONATZ et al., 2019).

Algumas linhas de pesquisa focam no prolongamento da vida util do CL.
O 6leo de amendoim ou de coco infundidos no Gtero prolongam o diestro na égua
(WILSHER and ALLEN, 2011). Em contrapartida os estudos que colocaram o
endométrio equino em cultivo com contato no 6leo de amendoim nos dias 9 e 11
de gestacao nao causou diminuicdo na producéo de PGF, possivelmente porque
neste momento o embrido ndo atingiu a sua maior mobilidade e

consequentemente ndo ocorreu a sinalizacdo (KLOHONATZ et al., 2019).
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A identificacdo das proteinas do embrido tem como objetivo elucidar
quais as moléculas responsaveis pelo reconhecimento materno e determinar
quais processos séo fisioldgicos acontecem durante este periodo. A presenca
do fator de gestacdo precoce, uma proteina imunossupressora e que pode ser
detectada no soro 2 dias apds a ovulacao, pelo teste de inibicdo da roseta foi
caracterizada como uma forma extracelular de heat shock protein 10 — HSP10
(CAVANAGH 1996; TAKAGI et al., 1998; OHNUMA et al. 2000). Os embriées no
dia 25 de gestacdo expressam mais transcritos desta proteina do que nos
embrides do dia 8, sendo localizada nas células do trofoblasto (HATZEL et al.,
2014).

Um estudo identificou proteinas em embrides equinos a partir do 14° até
100 dias de gestacéao. Diferencas foram observadas entre as massas de 30 a 40
KDa e polipeptidios de 20 KDa que se assemelham a transferrina e alfa-
fetoproteina  (MCDOWELL et al.,, 2004). Os sinais do embrido para o
reconhecimento materno néo foi determinado, mas sugeriu-se que estas duas
proteinas podem estar envolvidas no mecanismo antiluteolitico (MCDOWELL et
al., 2004). A alfa- fetoproteina € uma glicoproteina produzida pelo saco vitelinico
e figado fetal e esta presente em diversos mamiferos (KASHYAP et al., 2001).
Em equinos estudos indicam que a presenca desta proteina esta associada com
o0 bem-estar do feto (SORENSEN et al., 1990). Nas éguas em que ocorre a perda
embrionaria ou desenvolvimento de placentite, a expressao da alfa-fetoproteina
estd aumentada. JA em éguas mais velhas, mas sadias a expressdo ja se
encontra diminuida (CANISSO et al., 2015; VINCZE et al., 2015; VINCZE et al.,
2018).

2.7. Implantacéo

Originalmente a parada da vesicula embrionéaria ocorre nos dias 15, 16
ou 17 apds a ovulacdo em éguas (GINTHER, 1983a). A fixacdo do embrido é
resultado do aumento da contratilidade uterina e do tamanho da vesicula
embrionéria que se fixa na base de um dos cornos uterinos (GINTHER, 1983b;
GASTAL et al., 1996). Interessantemente, a0 mesmo tempo em que o ténus
uterino aumenta, o seu padrao contratil se altera e coincide com o periodo de
fixacdo do concepto (GASTAL et al., 1996). No dia da fixacdo o embrido esta
localizado centralmente em uma visdo transversal do corno uterino devido a

espessura uniforme da parede uterina. No dia 17 inicia-se a modificacao do seu
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formato esférico e o embrido passa a ter contornos irregulares e o formato
triangular. O apice se localiza na regido dorsal do limen uterino, entretanto o
embrido ndo permanece estatico, e em seu contorno observam-se mudancas
causadas por contragcdes miometrais que parecem exercer agao compressora
da vesicula ja fixada (GINTHER, 1983b; GASTAL et al., 1996). Alteracbes
desproporcionais na espessura da parede uterina ocorre entre os dias 16 e 21,
enquanto ao mesmo tempo a parede ventral torna-se menos espessa e mais
lisa. Portanto, a orientacdo do embrido € conduzida pela combinacao da invasao
desproporcional da parede dorsal do Utero e por acdo do atrito com o Utero,
forcando a parte mais espessa da parede do concepto, e 0 polo embrionario se
posicionar na porcao ventral do utero (GINTHER, 1984).

Em gestagOes gemelares, 97% dos embrides se fixam entre o dia 16 e
o dia 18. Aproximadamente 70% de embribes gemelares se fixam no mesmo
corno uterino (GINTHER, 1984). Muitas perdas embrionarias acontecem no
momento da fixacdo do embrido, logo uma melhor compreensdo sobre as
interacbes moleculares pode auxiliar no diagndstico e tratamento de éguas
propensas a perda embrionaria (HAYES et al., 2008; QUINN et al. 2007).
Quando ocorre a lutedlise observa-se na capsula embrionaria um aumento da
fosfolipase A2. Estas enzimas séo responsaveis por clivar glicerofosfolipideos e
liberar acido graxos (BIRTS et al. 2007). Suas sinalizacbes podem estar
relacionadas com a inflamacéo e hemostasia, assim pode estar ligado a remocao
e degeneracao da capsula do embrido (HAYES et al., 2008).

Algumas interacdes de proteinas no momento da fixacdo foram
estudadas. A lactadherin € uma glicoproteina da membrana do glébulo de
gordura do leite e esta presente no endométrio de ratos, humanos e bovinos
(CERIANI et al. 1983, BOCCA et al. 2012; KLEIN et al. 2006). H4 um aumento
da expressédo durante a fase do estro e atinge niveis mais elevados durante a
implantacdo do embrido (FRANCHI et al. 2011). Suas funcdes estdo
relacionadas com a adeséo celular, angiogénese e reabsorcéo de acidos graxos
(TAYLOR et al.1997; UCHIYAMA et al. 2014; KHALIFEH-SOLTANI et al. 2014;
BARUA et al.,2018). Em equinos foi observada a expressao no estro, na fase de
reconhecimento materno e no 5° més de gestacéo e diferentemente das outras

espécies sua expressao se mantém em niveis estaveis (Barua et al.,2018).
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2.8. Protedbmica do endométrio e histotrofo

Apesar de ndo haver um fator relacionado com o reconhecimento
materno da gestacdo em equinos, algumas proteinas secretadas pelo
endométrio foram descritas. A uteroglobina, uterocalina e uteroferrina séo
dependentes de P4 sendo detectadas por imunohistoquimica durante a gestacao
(ELLENBERGER et al., 2008).

A uteroglobina € uma proteina de baixa massa molecular com
aproximadamente 10 kDa, precursora da superfamilia secretoglobina, é
secretada pelo endométrio e sua secrecao é dependente de progesterona
(BEIER, 1968). O gene que codifica esta proteina foi descrito em ratos, humanos,
suinos e éguas (SINGH et al., 1988; NORDLUND-MOLLER et al., 1990; BEIER-
HELLWIG et al., 1995; SAGAL; NIETO, 1998). Existem pelo menos dois genes
codificadores da uteroglobina no utero de éguas, sendo que 0 mais expresso
esta presente durante a lutedlise (MULLER-SCHOETTLE et al. 2002; QUINN et
al. 2007). Em equinos, € encontrada nas secrec¢des uterinas durante a fase lutea,
porém foi detectada em pulmdo, Utero e prostata nesta espécie (BEIER-
HELLWIG et al., 1995; MULLER-SCHOTTLE et al., 2005). A uteroglobina tem
sitio de ligacao lipofilico que se liga a eicosanoides como a PGF2a e poderia
influenciar na receptividade endometrial e implantacdo do embrido (VON DER
DECKEN et al., 2005; MUKHERJEE; ZHANG; CHILTON, 2007).

A uterocalina ou P19 € uma das principais proteinas relacionadas com o
atero, nutricdo e gestacao, sendo mais abundantes na fase de diestro e inicio da
gestacédo e produzidas pelas células glandulares do endométrio (CROSSRTT et
al., 1998). E uma proteina altamente catiénica (pl ~ 9.4), o que justifica sua alta
afinidade de ligacdo na cépsula do embrido equino. Sao secretadas por
glandulas endometriais desde a fase lutea até aproximadamente 25 dias de
gestacdo (ELLENBERGER et al., 2008). As secrecdes de uterocalina foram mais
altas durante o pico de producdo de P4 pelo corpo luteo primario e depois
diminuiu. Um aumento ocorre novamente quando os calices endometriais se
formam e diminuindo quando os calices comecaram a degenerar (STEWART,;
KENNEDY; SUIRE, 2000; SUIRE et al., 2001). Estes resultados sugerem que a
uterocalina é uma proteina transportadora de nutrientes para o embrido, de
pequenas moléculas hidrofébicas como os esteroides e eicosanoides que

conduzem vitaminas e minerais através da capsula e do saco vitelinico



15

(STEWART,; KENNEDY; SUIRE, 2000; CROSSETT et al., 2005; SUIRE et al.,
2001; KENNEDY, 2004). A funcédo da uterocalina pode ser como um fator
materno necessario para sustentar o embrido durante a gestacéo, ou pode ser
incorporada a capsula embrionaria (QUINN et al., 2006).

A concentracdo de uterocalina varia ao longo da gestacédo sendo que ha
maior expressdo no inicio da gestacdo e durante o periodo de formacédo dos
calices endometriais (ELLENBERGER et al., 2008). A incorporacdo da
uterocalina a capsula pode explicar o aumento do peso dessa estrutura durante
o periodo de maior migracdo embrionaria (ORIOL; SHAROM; BETTERIDGE,
1993). A carga positiva desta proteina facilita a sua ligagdo com os residuos de
acido sialico carregados negativamente na capsula embrionaria (ORIOL;
SHAROM; BETTERIDGE, 1993; CROSSETT,; ALLEN; STEWART, 1996). A
suplementacao de uterocalina no meio de producédo de embrides in vitro tem
efeito positivo na formacao da capsula, mas néo altera os baixos resultados das
clivagens iniciais apés a transferéncia para as receptoras (SMITS et al., 2012).

Em éguas gestantes quando, PGF2a apresentaram menores
concentragcfes de uterocalina, indicando que a secrecéo da proteina € mantida
pela progesterona (SUIRE et al., 2001). Ja em éguas idosas, com degeneracéo
endometrial e alto padréo de glandulas anormais, a uterocalina é secretada de
forma assincrénica contribuindo para a morte embrionaria precoce (STEWART
et al., 2000; HOFFMANN et al., 2003).

A uteroferrina é outra proteina também secretada pelas glandulas
endometriais a partir do dia 16° até 72° dias da gestacédo e € também dependente
das secrecodes de progesterona (ELLENBERGER et al., 2008). Sdo pertencentes
ao grupo de enzimas fosfatase acida e com massa molecular de 35 kDa
(MCDOWELL et al., 1982). A funcdo da uteroferrina é transportar ferro através
das células do trofoblasto ou via membranas de vesiculas celulares (WOODING
et al., 2000, 2001). A uteroferrina ndo esta elevada durante toda a gestacdo. A
formacéo de calices endometriais estimula um aumento no estrogénio sérico que
€ sugerido como fator estimulador da producéo uterina de uteroferrina. Em éguas
ovariectomizadas, a administragdo de progesterona aumenta as secrecodes
uterinas de uteroferrina e essa secrec¢ao também foi amplificada pelo estrogénio
(MCDOWELL; SHARP; GRUBAUGH, 1987).
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O crescimento e desenvolvimento embrionarios até a implantagdo sao
mantidos por secrecbes endometriais denominada histotrofo (Crossett et al.,
1996). Os aminoacidos de origem materna sdo essenciais para a sintese de
proteinas, funcbes celulares e nutricdo do embrido nos primeiros dias de vida
(VAN WINKLE 2001; HYDE et al. 2003; MARTIN et al. 2003; BAZER et al. 2015).
Os transportadores de amino&cidos nas membranas do endométrio e concepto
S80 expressos no inicio da gestacdo. O embrido é dependente dos fatores
histotréficos nos primeiros 40 dias, sendo assim as membranas do concepto
recrutam transportadores de aminoacidos para o fornecimento de nutrientes
necessarios para o crescimento embrionario e desenvolvimento placentario
(GIBSON et al., 2018).

Existem algumas descricdes sobre proteinas das células endometriais
de éguas cultivadas “in vitro”, colhidas 12 a 14 dias apos a ovulagao, foram
classificadas com ponto isoelétrico entre 5,5 a 6,5 e massa molecular de 22 e 60
Kda (MCDOWELL et al., 2004). As apolipoproteinas foram identificadas por
transcriptbmica e protedmica no endométrio e embrido equino, sendo mais um
grupo de proteinas atribuidas a nutricdo do embrido e ao transporte de lipideos
(KLEIN; TROEDSSON, 2011; SWEGEN et al., 2017).

Eguas gestantes ou ciclicas apresentam proteinas com diferentes
abundancias. As proteinas identificadas foram relacionadas com o transporte de
lipideos através da cépsula e do concepto (uterocalina), motilidade uterina
(ACTB, CAPZB), metabolismo e geracdo de ATP (ARK1A1, IDH1, ENO1, CKB),
tolerancia imunoldgica materna (FGB, HP, GC), proliferacdo e diferenciacao
celular (14-3-3, CLIC1, HSPA8, HSP90AAl) e angiogénese (HP, CLIC1).
Algumas alteracdes como degeneracdo endometrial crénica podem causar
deficiéncia na producdo histotréfica durante o periodo pré-implantacdo e
acarretar perda embrionaria (MORRIS and ALLEN 2002; ALLEN et al. 2007).

Ha algumas hipoteses de provaveis proteinas que estao relacionadas
com as alteracdes no ambiente uterino antes da entrada do concepto no utero.
A presenca do concepto muda o ambiente uterino, 0s vasos sanguineos uterinos
aumentam de calibre, o numero de células diminui e apresenta material
histotrofico entre as dobras uterinas. A investigagdo de proteinas durante a fase
de estro e diestro de éguas identificou 10 proteinas relevantes. Estas proteinas

foram relacionadas com defesa, resposta inflamatéria e imunolégica, durante o
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estro, e atividades de transporte de pequenas moléculas e resposta imune
(MALONEY, et al., 2018).

As proteinas do fluido uterino de éguas inseminadas e colhido no 5° dias
apos a ovulacado sao relacionadas com o metabolismo de ferro e a tolerancia
imunolégica. Provavelmente um mecanismo de sinalizagdo do sistema
imunolégico ao reconhecimento materno (LANCHEROS-BUITRAGO et al.,
2019). Assim como as proteinas reguladoras da sintese de prostaglandina estao
presentes no reconhecimento materno da gestacao prostaglandina redutase 1
(PTGR1), glutationa transferase 1 (GSTP1) e anexina A1 (ANXA1) (SMITS et al.,
2018). No 7° dia apls ovulacdo algumas proteinas sdo mais abundantes em
eéguas gestantes, relacionadas com o transporte de lipidios através da capsula,
motilidade uterina, metabolismo e geracdo de ATP, tolerdncia imunologica
materna, proliferacdo celular e diferenciacdo e angiogénese (CAMOZZATO et
al., 2019; BASTOS et al., 2019). A ceruplasmina € uma proteina de resposta
positiva a fase aguda da inflamacdo. Ja as proteinas serotransferrina e a
albumina tém respostas opostas ao da ceruplasmina. Estdo envolvidas no
mesmo processo biolégico responsavel pela homeostase celular de ions de
ferro, funcado de ligacdo e podem ser encontrados em exossomos (GRUYS et al.,
2005; LANCHEROS-BUITRAGO et al., 2019). O aumento dos niveis séricos de
ceruplasmina esta associado com o estresse oxidativo, manutencéo e controle
homeostase do processo redox e inflamatério (SKARZYNSKA et al., 2018).

Alteracbes no proteoma do fluido uterino durante o desenvolvimento
embrionario inicial em éguas estdo relacionadas com a presenca do concepto,
sugerindo que podem ser importantes para o desenvolvimento embrionério e
reconhecimento materno da gestacdo (BASTOS et al., 2018). Alguns estudos
estdo contribuindo para a compreensdo do reconhecimento materno da
gestacdo em equinos, mas até neste momento continuam incertos quais 0s

fatores envolvidos neste processo.
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HIPOTESE

1) H& expresséo proteica diferenciada no fluido uterino de éguas no inicio da
gestacéao.

2) O reconhecimento materno da gestacdo na égua é mediado por proteinas

secretadas pelo embrido ou utero.

OBJETIVOS
Objetivo Geral
Descrever o perfil proteico do fluido uterino no inicio da gestagdo e do embriéo

equino.

Objetivos Especificos
= I|dentificar e quantificar as proteinas do embrido equino com 7, 10 e 12
dias por espectrometria de massas.
= Analisar o proteoma do fluido uterino no inicio do periodo de
reconhecimento materno da gestacao.
= Relacionar as proteinas secretadas pelo embrido com as possiveis

proteinas agregadas ao utero.
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Resumo

O objetivo deste estudo foi tracar uma relacdo entre o perfil proteico do embrido
equino e do fluido uterino durante a fase inicial do reconhecimento materno da
gestacdo. Foram utilizadas 10 éguas sadias, de 5 a 8 anos de idade. As éguas
foram acompanhadas por ultrassonografia diariamente até a deteccdo de um
foliculo pré-ovulatério, induzidas e inseminadas. O liquido uterino e os embrides
foram colhidos no periodo gestacao (D7, D10 e D12). Apos a colheita, os embrides
foram lavados em tampéo fosfato-salina (PBS) pH 7,2, sonicados, centrifugados e
0 sobrenadante armazenado. As amostras de liquido uterino foram centrifugadas e
armazenadas para protedmica. A concentracao de proteina total foi determinada e
uma aliquota foi digerida in solution, seguida da analise por espectrometria de
massas (ESI Q-TOF MS/MS) com abordagem shotgun. Apdés a analise dos dados,
foram identificadas 171 proteinas, sendo 29 no embrido e 142 no liquido uterino.
Foram encontradas 15 proteinas diferenciais nos embrides, sendo 10 no grupo D10
e 5 no grupo D12, ja no grupo D7 todas as diferenciais se apresentaram com baixa
expressado. No liquido uterino, 8 proteinas foram mais relevantes, sendo 1 de maior
importancia no grupo D7, 3 no grupo D10 e 4 no grupo D12. As principais funcdes
moleculares foram atividade catalitica e de ligacdo e os processos biolégicos mais
significativos foram o processo celular e metabdlico. Este estudo descreve
proteinas que séo expressas pelo endométrio e o embrido equino, fornecendo
algumas indicac¢des na nutricdo do embrido, no metabolismo no periodo de maior

mobilidade embrionaria e inicio do reconhecimento materno da gestacao.

Palavras-chave: Equino; Embrido; Protebmica; Reconhecimento-materno-

gestacao; Utero
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1. Introducéo

Nos equinos a principal caracteristica do embrido, que o distingue das outras
espécies € a sua prolongada mobilidade no lumen uterino. A partir do dia 9 da
gestacdo a mobilidade aumenta até chegar ao maximo nos dias 11-14. A seguir
ocorre a interrupcao de movimento entre 15-18 dias (Ginther, 1983; Leith e Ginther,
1984, Stout e Allen, 2001).

A mobilidade intrauterina e a liberacdo de prostaglandinas tanto pelo Utero
guanto pelo embrido geram o movimento e a primeira etapa do mecanismo de
inibicdo luteolitica (Ginther, 1983; Stout e Allen, 2001). Nesta fase inicial de
mobilidade entre os dias 9 e 11 de gestacdo, o embrido passa aproximadamente
60% do seu tempo no corpo uterino (Gilbert, 2010).

As contragbes e as dobras miometrais facilitam a mobilidade da vesicula,
mecanismo que esta relacionado com as proteinas reguladoras da sintese de
prostaglandinas pelo embrido e endométrio, promovendo as contracbes e
impulsionando a vesicula. Eventos fundamentais para o reconhecimento materno
da gestacéao e inibicdo da lutedlise (Kastelic, et al., 1987; Gastal et al., 1998; Stout
e Allen, 2001; Swegen et al., 2017; Smits et al., 2018).

O momento do reconhecimento materno da gestacdo em equinos vem sendo
estudado, sendo estimado que ocorra entre os dias 12 a 14 (Klein e Troedsson,
2011). Estudos sobre as vias relacionadas ao reconhecimento estao contribuindo
para desvendar esse fato (Klein et al., 2010). Nos animais domeésticos a interacao
entre a gestante e o embrido ja foi estudada através da espectrometria de massas
em bovinos (Munoz, 2012; Forde, 2014), suinos (Jalali et al.,2015), ovinos (Brooks
et al.,2016) e equinos (Smits et al., 2018).

Héa algumas hipdteses de provaveis proteinas que estao relacionadas com as
alteracdes no ambiente uterino antes da entrada do concepto no Utero. O embrido
equino sofre modificacées nas suas células indiferenciadas até a implantacéo e se
comunica com a fémea para garantir sua nutricdo e sobrevivéncia (Mcdowell et al.,
1993). A presenca do embrido muda o ambiente uterino, os vasos sanguineos
uterinos aumentam de calibre, o numero de células diminui e apresenta material
histotréfico entre as dobras uterinas (Maloney, et al., 2018).

Em éguas gestantes 0s processos bioldgicos no Utero se relacionam ao

transporte de lipideos, proliferacéo e diferenciacéo celular, metabolismo e geracéo
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de ATP, sistema imunologico e angiogénese, sendo que estas alteram o perfil
durante o desenvolvimento embrionario (Bastos et al., 2019; Camozzato et al.,
2019). O metabolismo de ferro e a tolerancia imunolégica sdo provavelmente
mecanismos de sinalizacdo do sistema imunolégico ao reconhecimento materno
(Lancheros-buitrago et al., 2019). A expressdo de proteinas no utero foi
relacionada aos processos de defesa, resposta inflamatéria e imunolégica, durante
0 estro, e atividades de transporte de pequenas moléculas e resposta imune,
durante o diestro (Maloney et al., 2018). Dentre as proteinas envolvidas com as
funcBes de transporte de moléculas, destaca-se a uterocalina, uma lipocalina
induzida pela progesterona produzida pelo endométrio de éguas gestantes e em
diestro. Esta proteina € uma transportadora de lipideos e aminoacidos (Mcdowell
et al., 1993; Suire et al., 2001).

Alteracbes da protebmica do fluido uterino durante o desenvolvimento
embrionario inicial em éguas estdo relacionadas com a presenca do embrido,
sugerindo que podem ser importantes para o desenvolvimento embrionario
(BASTOS et al., 2018). Por ter um reconhecimento materno da gestacéao diferente
das outras espécies, estudos sado necessarios para descrever o perfil proteémico
do embrido, do fluido uterino nas diferentes fases do ciclo estral e as interacfes
entre as secrecOes uterina e o embrido durante a gestacdo. Deste modo, este
estudo tem como objetivo analisar o perfil proteico do embrido equino e

correlacionar com as proteinas encontradas no fluido uterino.

2. Materiais e métodos
2.1. Reagentes

Todos os reagentes utilizados foram de alto grau de pureza e obtidos das
empresas Sigma-Aldrich (St. Louis, MO, USA), GE Healthcare Life Sciences (Séo
Paulo, Sado Paulo, Brazil), Waters Corp. (Barueri, Sdo Paulo, Brazil) e Thermo

Fisher Scientific (Sdo Paulo, Sdo Paulo, Brazil), guando néo foram citados.

2.2. Aspectos éticos
A pesquisa foi realizada de acordo com os preceitos éticos recomendados pelo
Concelho Nacional de Controle de Experimentagcéo Animal (CONCEA), e mediante

aprovacdo da Comissdo de Etica Institucional no Uso de Animais protocolo
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134/2016.

2.3. Sele¢éo de Animais
Este estudo foi realizado no periodo da estacéo reprodutiva de 2016/2017, foram
incluidas no estudo 10 éguas adultas entre 5 a 10 anos de idade. Selecionadas
pelo exame ginecoldgico e ultrassonografico. Os critérios de inclusdo foram fémeas
mesticas, com exame citolégico uterino negativo e ciclicas. As amostras foram
colhidas das mesmas fémeas em ciclos consecutivos e nos casos em que 0O
embrido néo foi obtido, um novo ciclo foi aguardado e a colheita repetida. Caso o
animal desse negativo em 3 lavados consecutivos era retirado do experimento.

Os animais foram mantidos sob luz natural, alimentados com racao
concentrada e feno coast-cross (Cynodon dactylon), suplementacdo mineral e a
agua foi fornecida ad libitum.

2.4. Modelo experimental

O desenvolvimento folicular foi acompanhado diariamente até a deteccéo de
um foliculo = 35 mm e edema uterino acentuado. Neste momento, a ovulacéo foi
induzida com 2.000 Ul de hCG (Chorulon®; MSD Saude Animal, Sdo Paulo, Brasil)
e a inseminacao artificial foi realizada 24 horas ap6s a inducéo da ovulacdo com
sémen fresco com 1 x 10° espermatozoides mdéveis, de um Unico garanhdo de
fertilidade comprovada. A ovulacéo foi confirmada 1 dia (DO) apds a inseminacao
artificial. Nos dias D7 (n = 10), D10 (n = 10) e D12 (n = 10) ap0s a ovulacéo foram
colhidas as amostras de fluido uterino e embribes. Apenas foram utilizados
embribes com estagio de desenvolvimento de blastocisto expandido e de qualidade
grau 1.

Fluido uterino e embrides foram preparados para andlise de proteinas com
abordagem shotgun (ESI Q-TOF MS/MS), e os resultados foram interpretados e

relacionados entre os embrides e fluido uterino (Figura 1).

2.5. Colheita do liquido uterino e dos embrides
O liquido uterino foi colhido nos dias D7, D10 e D12 antes da colheita do
embrido. Se apds este processo no lavado uterino a colheita do embrido fosse

negativa, estd amostra era descartada. Utilizava-se para colheita do liquido uterino



38

tampé&o vaginal comercial (Mini OB®; Johnson & Johnson Industrial Ltda., S&o José
dos Campos, Brasil), como descrito e modificado por Malschitzky et al. (2008). O
tampé&o vaginal foi inserido no Utero por via transcervical e mantido por 30 minutos.
Entéo, os tampdes foram retirados e colocados imediatamente em tubo conico de
50 mL, centrifugados a 800g por 10 minutos para colheita do liquido e retirada dos
debris celulares. O liquido recuperado foi novamente centrifugado a 10.000g, por 1
hora, a 4° C. O sobrenadante foi armazenado a - 80°C até a analise protebmica.

Os embrides foram colhidos apds o processo de colheita do liquido por lavagem
uterina (Squires et al., 2003), com ringer lactato aquecido a 37° C, realizada com
sonda de 11 mm de diametro (32 Fr, ref. 19009, Minitube®, Porto Alegre, Brasil) no
D7 e 10. Para a colheita dos embrides no D12 foi utilizada sonda de silicone de 15
mm. Apos a colheita, os embrides foram lavados 10 vezes em PBS pH 7,2 (130 mM
NaCl, 10 mM NazHPO4 e 10 mM NaH:PO4) e armazenados em PBS pH 7.2
contendo inibidores de proteases (0,8 mmol EDTA, 1,0 pg/mL aprotinina, 1,0 yg/mL
leupeptina e 35,0 yg/mL PMSF) a — 80° C.

ANIMAIS e PROCEDIMENTOS PROTEGMICA
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Figura 1. Modelo experimental.
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2.6. Protebmica

Os embriGes foram descongelados em banho de gelo e sonicados. Foi utilizada
probe de 3,0 mm, numa amplitude de 20%, durante 30 segundos em gelo, sendo
este procedimento repetido por 10 vezes, com intervalos de um minuto entre as
séries. ApOs a sonicacdo as amostras de embrido foram centrifugadas a 10.000g,
durante 60 minutos, a 4° C e o sobrenadante foi recolhido.

O fluido uterino e extrato proteico obtido dos embrides foram usados para
guantificar a concentracdo de proteina total. A concentracdo foi mensurada pelo
ensaio do acido bicinconinico (BCA), de acordo com a metodologia descrita por
Smith et al. (1985).

A quantificagdo de proteina total foi confirmada por eletroforese SDS-PAGE.
Entdo, uma aliquota de fluido uterino e dos embrides, contendo 50 pg de proteina
foi usada para digestdo triptidica de acordo com Codognoto et al. (2018). As
amostras foram acrescidas de uma solucao aquosa de ureia a 8M na proporcao de
1: 2. A reducdo das pontes dissulfeto foi conduzida com 5 mM de DTT em
bicarbonato de aménio 50 mM, por 25 minutos a 56° C em banho seco. A mistura
foi homogeneizada e alquilada com 14 mM de iodoacetamida em bicarbonato de
amonio 50 mM, mantida por 30 minutos em temperatura ambiente, protegidas da
luz. O excesso de iodoacetamida livre (quench) foi realizado adicionando-se 5 mM
de DTT em bicarbonato de amdnio (1: 5). Para reduzir a concentracdo de ureia para
1,6 M foi acrescida solucédo aquosa de 1 mM de CaCl; na solucéo final. Em seguida,
uma solucao de 20 ng/pL de tripsina (proporcao de 1: 50 de enzima substrato) foi
acrescida na amostra, seguido de uma incubacao a 37° C durante 16 horas. Ao
final, a acdo enzimatica da tripsina foi interrompida com 0,4 % de acido
trifluoroacético diluido em solucédo aquosa e o pH verificado (< 2,0). Em seguida,
as amostras foram centrifugadas a 2.500g, durante 10 minutos a temperatura
ambiente. O sobrenadante foi transferido para colunas de dessalinizacao (Sep-Pak
C18, Waters Corporation, Milford, MA, USA) ap06s estabilizacdo da coluna de
acordo de acordo com as recomendacfes do fabricante. Posteriormente, as
amostras foram concentradas (SPD1010 Integrated SpeedVac™ System,
Waltham, MA, USA) para 1 pL e armazenadas a -20° C até a realizacdo da
espectrometria de massas.

Para espectrometria de massas, as amostras foram descongeladas, diluidas
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em acido férmico 0,1 % na proporcéo de 0,7 pug de proteina/pL, homogeneizadas
em agitador de tubos e centrifugadas a 1.100g por 5 minutos. A seguir, 20 pL do
sobrenadante foram depositados em tubos para analise no espectrémetro de
massas (Clear glass 12 x 32 mm screw neck total recovery vial com tampa, Waters
Corporation, Milford, MA, USA).

Para andlise de proteinas por espectrometria de massas, uma aliquota de 4,5
uL, resultante da digestdo dos peptideos foi separada por uma coluna C18 (100 pm
x 100 mm) RP-nano UPLC (Waters® nanoACQUITY UPLC®, Waters Corporation,
Milford, MA, USA) acoplada ao espectrometro de massas Q-TOF (Micromass Q-
Tof PREMIER Mass Spectrometer, Waters Corporation, Milford, MA, USA) com
fonte de nanoelectrospray, com uma taxa de fluxo de 0,600 pL/minuto. O gradiente
de 2-90% de acetonitrila em 0,1% de acido formico foi usado, durante 60 minutos.
A voltagem do nanoelectrospray foi mantida em 3,5 kV, uma voltagem cone de 30
V e temperatura da fonte de 100 puC. O instrumento foi operado em modo top three,
no qual um espectro de massa (MS) € adquirido seguido por MS/MS dos trés picos
mais intensos detectados. Apods a fragmentacdo MS/MS, o ion foi mantido na lista
de exclusao por 60 segundos e para a analise de peptideos de clivagem enddgena,
um tempo de excluséo real foi usado.

Os espectros foram adquiridos usando o software MassLynx v.4.1 (Waters
Corporation, Milford, MA, USA) e os arquivos de dados brutos foram convertidos
para um formato de lista de picos (. mgf, mascot generic format) sem somar 0s
scans e buscados contra o0 banco de dados UniprotSProt 012017
(http://lwww.uniprot.org/) taxonomia Equus caballus, usando a ferramenta Mascot
version 2.3.02 e Mascot Distiller MDRO version 2.4.0.0 (Matrix Science Inc, Boston,
MA, USA). A quantificacdo relativa de cada proteina na mistura foi determinada
pelo “exponentially modified protein abundance index” (emPAl), obtido pelo
software Mascot Distiller (Ishihama et al., 2005).

Os parametros de procura incluiram tripsina como protease, com permissao de
no maximo de 1 clivagem perdida, carbamidometilacdo da cisteina como
modificacao fixa e oxidagdo da metionina como modificagcéo variavel. Tolerancia de
0,1 Da para ambos precursores (MS) e fragmento (MS/MS) de ions, e massa

molecular monoisotépica foram usados.
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2.7. Ontologia génica

Apés identificacdo proteica, a anotacdo da ontologia génica das proteinas
resultantes foi obtida no UniprotKB (www.uniprot.org.br) usando as categorias
funcdo molecular, processo biolégico e componente celular (Boutet et al., 2016).
Também foram elaboradas figuras, referentes a ontologia génica por grupo, cujo
dados foram obtidos no Panther version 10 (http://www.pantherdb.org, Huaiyu et
al., 2016).

2.8. Analise dos dados

Os resultados foram submetidos a analise multivariada. Para isso, as variaveis
foram normalizadas. Foram excluidas proteinas dos grupos que néo foram
encontradas em pelo menos a metade do numero de amostras de cada grupo (10
animais). Foi realizada também a soma dos emPAls de cada animal e o seu valor
dividido pelo emPAl de cada proteina, sendo entdo esse resultado utilizado para a
analise estatistica.

A divisdo dos grupos foi realizada pelo agrupamento néo hierarquico, utilizando
dados fornecidos pelo usuario. Calculou-se a média de cada cluster formando as
repeticdes até que nenhuma das variaveis fosse reatribuida a um cluster diferente.
Os resultados foram apresentados pela analise dos componentes principais (PCA)
para descrever as variacbes amostrais entre grupos na matriz de pontuacao e
analise parcial dos quadrados minimos (PLS-DA) para indicar a relevancia proteica
na caracterizacdo dos grupos. O PLS-DA foi utilizado para atribuir as amostras de
acordo com as classes, indicando a importancia das proteinas na classificacéo e
célculo das variaveis no escore de projecao (pontuacao VIP score). Os resultados
do ANOVA, seguido pela andlise de Fisher's LSD, foram usados para confirmar os
resultados do VIP escore fornecido pela andlise PLS-DA. As proteinas importantes
foram consideradas quando a pontuacéo VIP foi a = 1 (Checa et al., 2015).

O software Metabolomic Data Analysis - MetaboAnalyst version 3.0 (Xia e

Wishart, 2016) foi utilizado para as analises.

3. Resultados
Foram identificadas 171 proteinas neste estudo, sendo 29 proteinas

encontradas no embrido equino e 142 proteinas detectadas no liquido uterino.
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Dentre estas proteinas, 15 diferiram entre os embrifes e também no utero, sendo
gue maior abundancia foi observada no D10 e D12.

Os grupos de embrides e fluido uterino foram separados em 3 clusters de
acordo com a PCA com somatéria de PC1 e PC2 de 69% e 54,2%, respectivamente
(Figura 2 e 3).

Para que os resultados do estudo fossem mais seguros, os dados obtidos no
PLS-DA demonstrados pelo VIP escore (Q2 = 0,96 nos embrides e Q2 = 0,64 no
fluido uterino) (Figura 4 e 5) foram comparados com o0 ANOVA e apenas 1 proteina

nao foi incluida no ANOVA (HSP10) nos grupos de embrides.
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Figura 2. Analise multivariada da proteémica dos embrides D7, D10 e D12. A.
Andlise de componente principal (PCA), na qual nota-se a somatoria de PC1 + PC2

>50%. B. Formacéo dos clusters no dendograma.



43

Seones Plog :
[ ] -__Ulzl'\:'
» FLUIDID : :'::E{‘
® FLUIDIZ -
# FLUIDT L —
B -
L] - —
. @ —
£ o @9 :
5 o @ ;
: o W S e
. E
Lo oty L=
. 0 =
A g
N E— e
T T T T
10 5 o o T T T T T ! !
P ] ¥
PCL{MG0H)

Figura 3. Analise multivariada da proteémica do fluido uterino no D7, D10 e D12.
A. Andlise de componente principal (PCA), na qual nota-se a somatoéria de PC1 +

PC2 >50%. B. Formacéo dos clusters no dendograma.
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Figura 5. Resultados da analise multivariada representada pelo VIP escore
classificada com PLS-DA do fluido uterino D7, D10 e D12.

Na ontologia génica as principais fun¢cdes moleculares dos grupos de embrides
D7, D10 e D12 foram atividade catalitica (39%, 39%, 42%, respectivamente) e de
ligacdo (40%, 41%, 38%, respectivamente); processos biolégicos mais
significativos foram o processo celular (30%, 34%, 34%, respectivamente) e
metabdlico (17%, 19%, 7%, respectivamente); ja em relacdo ao compartimento
celular foram identificados na célula (21%, 22%, 23%) e nas organelas (11%, 13%,
13%, respectivamente) (Figura 6).

Na andlise bioinformatica de ontologia génica dos grupos gestante de liquido
uterino D7, D10 e D12 observamos a funcdo molecular de ligagcédo (53 %, 50%,
50%, respectivamente) e atividade catalitica (33%, 38%, 38%, respectivamente). O
processo biolégico mais evidente foram processo celular (26%, 26%, 27%,
respectivamente) e metabdlico (13%, 15%, 15%, respectivamente) e o
compartimento celular em destaque foram a célula (17%, 21%, 21%,
respectivamente) e a regido extracelular (21%, 18%, 17%, respectivamente).
(Figura 7).
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Figura 7. Ontologia génica dos liquidos uterino dos grupos gestacdo D7, 10 e 12.
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4. Discusséo

O numero de proteinas identificado para os embrides e liquido uterino foi
inferior aos resultados obtidos em outros estudos (Swegen et al., 2017; Smits et al.,
2018), possivelmente pela diferenca entre a metodologia de analise empregada.
Apesar disso, os agrupamentos formados de acordo com a expressao proteica nos
embrides e liquido uterino, na andlise de PCA, apresentou valor da somatoria de
PC1 + PC2 > 50%, indicando a confiabilidade na separacéo dos clusters (Lira et
al., 2010). Nesta andlise, a divisédo dos clusters foi evidente nos embrifes D10 e
D12, contudo no fluido uterino houve uma combinacdo entre os grupos de
gestantes, sugerindo que apesar do desenvolvimento embrionario, 0 ambiente
uterino se mantém praticamente estavel, especialmente pelo fato do estudo ter sido
desenvolvido durante a fase de maior mobilidade embrionaria e inicio do
reconhecimento materno da gestacdo e possivelmente em outros periodos e de
acordo com a necessidade do embrido/feto o ambiente uterino se modifique.

Em estudo que comparou o fluido uterino da égua ciclica e gestante determinou
expressao diferencial das proteinas nos dois grupos, sendo que 40% apresentaram
como principal funcdo molecular de ligacao (Smits et al., 2018). Ainda estes autores
observaram que o principal componente celular se encontra na regido extracelular
e esta de acordo com o trabalho de (Swegwn et al.,2017). Similarmente, Nn0sSsos
resultados indicaram que a principal funcdo molecular foi de ligagdo em todos
grupos de liquido uterino e principais componentes celular a prépria célula e a
regiao extracelular.

Ja no embrido, a principal funcdo molecular foi atividade catalitica, processos
biologicos relacionados a processo celular e metabdlico, e 0s principais
componentes celular a prépria célula e organelas.

De fato, como em outras espécies, estas proteinas podem estar envolvidas no
reconhecimento materno da gestacdo em equinos, ja que estas moléculas ainda
nao foram elucidadas (Klein, 2016). Em relacdo as moléculas envolvidas com as
funcdes da cdpsula embrionaria (Quinn et al., 2007; Stewart, et al., 2000), sistema
imunolégico na gestacao (Nair et al., 2017) e angiogénese (Silva et al., 2011) foram
estudados, tanto em relagcdo aos transcritos, como as proteinas correlacionadas
(Bauersachs; Wolff, 2012; Smits et al., 2018).

Nos embriées D10 houve uma up-regulation de 10 proteinas, as quais estao
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envolvidas em diferentes processos celulares, mas especialmente de protecao
contra 0 estresse térmico, atuando no dobramento e estabilizacdo de proteinas,
traducéo proteica, metabolismo lipideos e parte estrutural das células.

Endoplasmic reticulum chaperone BiP (F6YG82), heat shock protein family E
(Hsp10) member 1 (F6TOAG), protein disulfide-isomerase (F6VSN9), heat shock
cognate 71 kDa protein (A2Q0Z1), as quais estao envolvidas na protecéo contra o
estresse térmico, atuando no dobramento e estabilizacdo de proteinas. As
chaperonas sado proteinas responsaveis pelo dobramento de proteinas na sua
forma inativa (estrutura primaria) evitando a degradacdo. Mediante o estresse
térmico, elevacdo da temperatura celular, ha desnaturacdo das proteinas e
desdobramento e as heat shock, por possuirem caracteristicas de chaperonas,
evitam a degradacéo proteica nesta situacao, ja que promovem o redobramento
correto das proteinas.

A cathepsin B (F6YNHG6) e tartrate-resistant acid phosphatase type 5 (F6WFF6)
estdo envolvidas no catabolismo e metabolismo celular, que também se encontra
acentuado nesta fase de desenvolvimento embrionario. A cathepsin foi encontrada
nas células do trofoblasto de camundongos, que se acumulam em pequenas
vesiculas atuando como um zimdégeno até o momento da implantacdo. Quando
ativada atua como um lisossomo fagocitando células e se aderindo ao utero (Afonso
et al., 1997). De acordo com nosso trabalho a cathepsin estd mais expressa nos
embrides D10 sugerindo que neste momento € a maior producao deste percussor
enzimatico inativo que por sua vez vai ser liberado no momento da implantacéo. Ja
em bovinos esta proteina pode ser utilizada como um marcador de qualidade
embrionaria. A inibicdo da catepsina B melhora a competéncia do desenvolvimento
embrionario, aumentando o numero de embrides de boa qualidade (Balboula et al.,
2010). No nosso estudo verificamos que a expressdo nos embrides D12 da
cathepsin B estavam diminuidos em relacdo ao D10 e observamos a qualidade dos
embrides recuperados que eram somente de grau 1.

A calreticulin (F6TQR2) e phospholipase A (2) (PLA2G2A), tem interacao
seletiva com os ions do calcio e se relacionam na regulacdo positiva da migracao
endotelial e metabolismo de lipideos, respectivamente. A calreticulin no endométrio
de camundongos interage com receptores das integrinas que atuam na adesao

celular, sdo consideradas marcadores da implantacdo (Cheng et al., 2009).



49

Encontramos maior expressao no embrido D10 sugerindo que esta maior producao
esta associada a maior mobilidade do embrido neste momento. A nucleophosmin 1
(F6X9D3) se liga na cromatina e RNA e exporta para o nlcleo fazendo movimento
direcionado.

Janos embrides D12 as principais func¢des e processos metabdlicos envolvidos
foram organizacdo estrutural, traducdo e processo catabdlico denotando maior
atividade durante esta fase do desenvolvimento embrionério.

Uncharacterized protein (F6VQ14), é constituinte estrutural do ribossomo que
atuam nas reacdes quimicas e vias que resultam na formacdo de uma proteina no
citoplasma, especificando a sequéncia de aminoacidos na proteina.

Transglutaminase 3 (F6YMMS5) sdo enzimas cataliticas que se ligam em ions
metalicos.

A proteina 60S acidic ribosomal protein P2 (Q6X9Z5) e ribosomal protein S5
(F6TNE1) é constituinte estrutural do ribossomo e, portanto, estdo relacionadas
com a traducdo proteica. A heat shock cognate 71 kDa protein (A2Q0Z0) nao parte
estrutural do ribossomo, mas também estéa relacionada a adicdo de aminoéacidos a
uma cadeia polipeptidica.

A histone H4 (F6VFV9) regulam a transcri¢cdo e estabilidade cromossémica. A
acessibilidade ao DNA é regulada por meio de um conjunto complexo de
modificacdes pos-traducionais de histonas, também chamadas de cdédigo de
histonas e remodelacéo de nucleossomos.

Nos liquidos uterinos houve uma up-regulation das proteinas
lipocin_cytosolic_FA-bd_dom domain-containing protein (F7CWTO0) no grupo D7,
cellular communication network factor 2 (F6X0K3), clusterin (Q29482), CD109
molecule (F6V1V8) no grupo D10 e stanniocalcin (F7AKV6), keratin 75 (F6S8W6),
GM2 activator protein (Q3S4D6) e ephrin A1 (F6WFSO0) no grupo D12.

Com relacdo aos resultados do PLS-DA observamos no fluido uterino,
diferencas marcantes entre 0s grupos.

A lipocln_cytosolic_FA-bd_dom domain-containing protein (F7CWTO) pertence
a familia das lipocalinas e esta associada a interacéo e transporte de moléculas
com baixa massa molecular.

A cellular communication network factor 2 (F6X0K3) na regulacdo positiva da

cascata da ERK1 e ERK2, a qual é essencial para proliferacdo celular,
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diferenciacdo, adeséo, migragéo e sobrevivéncia.

A clusterin (Q29482) atuam na interacdo e estabilizacdo da dobragem de
proteinas mediada por chaperonas, 0 que pode impedir a sua agregacao e
precipitacao.

CD109 molecule (F6V1V8) impede ou reduz a atividade de uma endopeptidase,
qualquer enzima que hidrolisa ligacdes peptidicas em polipeptideos.

As stanniocalcin (F7AKV6) sdo hormdnios polipeptidicos e suas fun¢des estédo
relacionadas ao metabolismo de calcio e fésforo e na gestacdo de espécies como
suinos, bovinos e ratos (Xido et al., 2006; Song et al., 2009). Foram expressas em
éguas gestantes no inicio da gestacdo, coincidindo com o desaparecimento da
capsula embrionaria e sdo produzidas pelas glandulas endometriais (Klein et al.,
2010; Kikuchi et al., 2011). No inicio da gestacao em ratas e equinos a stanniocalcin
€ expressa em niveis basais e aumenta com o passar do tempo (Xiéo et al., 2006;
Kikuchi et al., 2011). Outra caracteristica interessante, na gestacao de ratas, € que
no local da implantacéo e em torno do blastocisto se encontra alta expresséo desta
proteina. Sugerindo que o embrido induz a producao de stanniocalcin no local de
implantacdo (Xido et al., 2006). No nosso estudo evidenciamos 0 aumento
gradativo da expressdo de stanniocalcin como sabemos que para o
reconhecimento materno aconteca o embrido deve estar em movimento no Utero
por isso pode ser um indicativo de aumento gradativo da expressao da proteina.

A keratin 75 (F6S8W6) é uma célula precursora adquire 0S recursos
especializados de uma célula progenitora hematopoiética, uma classe de tipos de
células progenitoras mieldides e linfoides.

A GM2 activator protein (Q3S4D6) participam do processo catabdlico
(degradacao) e metabolismo de macromoléculas. Antes da fixacdo do embrido sédo
expressas altas concentracdes, fazem parte do transporte e catabolismo de lipideos
e fosfolipideos (QUINN et al., 2006).

A ephrin A1 (FBWFSO0) faz uma série de sinais moleculares como consequéncia
da ligacdo de um receptor de efrina a uma efrina. O processo de quimiotaxia que
direciona a migracao do crescimento do axénio para um local alvo especifico em
resposta a uma combinacgao de sinais de atragéo e repulsao.

Este estudo descreve algumas proteinas de muitas que Sao expressas no

endométrio e no embrido durante a fase de maior mobilidade embrionéria. As
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comparacdes neste periodo fornecem possiveis papeis do suporte nutrional e
sinalizagBes de fatores pré implantacionais. Mais estudos sdo necessarios para
descrever as interacfes da fase de maior mobilidade embrionéria.
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Anexos 1. Resultados da espectrometria de massa e ontologia génica de proteinas extraidas do embrido e fluido

uterino de equinos. Ontologia genética obtida no UniprotKB (www.uniprot.org).
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Mass

Gene ontology

Name ID Score (Da) emPAl
Molecular functions Biological process Cellular compartment
3; hoad ) Adenylylsulfate kinase
osphoadenosine ivi indi
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synthase 2 adenylyltransferase (ATP) y p ’
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17beta-
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F7BFY1 39 33167 0.10 Estradiol 17-beta- . .
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R - Cellular iron ion homeostasis, citrate
binding, 4 iron, 4 sulfur taboli intestinal ab i
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mitochondrial Adeny_latt_a Kinase activity, metabolic process, ATP metabolic Mitochondrion
ATP binding
process
ADP ribosylation
y F6TDO6 32 20645 0.14 - Intracellular protein transport, vesicle- Plasma membrane,
factor 3 GTP binding )
mediated transport cytoplasm
AF4/FMR2 family . ) )
member 4 F6SE46 20 127752 0.02 x Regulation of gene expression, spermatid =~
development
Alcohol dehydrogenase
Aldo-keto reductase Lo 34 35098 0.09 (NADP+) activity,
family 1 member B alditol:NADP+ 1- Fohk Cytosol
oxidoreductase activity,
oxidoreductase activity
Alpha-amylase activity,
Alpha-amylase F6QDHS8 190 58000 0.10 - ivi
P Y Q alpha a}mylase activity Carbohydrate metabolic process e
(releasing maltohexaose),
cation binding
-1B- Extracellular region
Alpha-18- F6VIR6 640 54561  0.30 wex wox 9
glycoprotein
Alpha-2- Enggpept|dase inhibitor Extracellular space
macroglobulin F6R942 140 163607 0.04 activity kk
' Actin cytoskeleton reorganization, Extracellular space and
Calcium-dependent adaptive immune response, alpha-beta T~ €Xxosome, early
phospholipid binding, cell differentiation, arachidonic acid endosome, endosome
calcium-dependent secretion, cell surface receptor signaling membrane, protein,
rotein binding, calcium th , cellul t nucleus, plasma
Annexin Al QBHZME 435 38098  0.24 protein binding pathway, celuiar response to P
ANXA1 ion binding, glucocorticoid stimulus, cellular response  membrane, cytoplasm,

phospholipase A2
inhibitor activity

to hydrogen peroxide, cellular response
to vascular endothelial growth factor
stimulus, DNA duplex unwinding,
endocrine pancreas development,

cilium, membrane,
peripheral membrane
protein, cytoplasmic
vesicle membrane,
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estrous cycle, gliogenesis, G protein-
coupled receptor signaling pathway,
coupled to cyclic nucleotide second
messenger, granulocyte chemotaxis,
hepatocyte differentiation, inflammatory
response, innate immune response,
insulin secretion, keratinocyte
differentiation, monocyte chemotaxis,
myoblast migration involved in skeletal
muscle regeneration, negative regulation
of exocytosis, negative regulation of
interleukin-8 secretion, negative
regulation of phospholipase A2 activity,
negative regulation of T-helper 2 cell
differentiation, neutrophil clearance,
peptide cross-linking, phagocytosis,
positive regulation of cell migration
involved in sprouting angiogenesis,
positive regulation of G1/S transition of
mitotic cell cycle, positive regulation of
interleukin-2 production, positive
regulation of neutrophil apoptotic
process, positive regulation of
prostaglandin biosynthetic process,
positive regulation of T cell proliferation,
positive regulation of T-helper 1 cell
differentiation, positive regulation of
vesicle fusion, positive regulation of
wound healing, prolactin secretion,
prostate gland development, regulation of
cell population proliferation, regulation of
cell shape, regulation of hormone
secretion, regulation of inflammatory
response, regulation of interleukin-1
production, regulation of leukocyte
migration, response to drug, response to
estradiol, response to interleukin-1,
response to peptide hormone, response
to X-ray

secretory vesicle lumen,
phagocytic cup

Ankyrin repeat and

Intracellular signal transduction, protein

*hk

SOCS box FEYTTO 15 32155 0.09 o
.- ubiquitination
containing 8
) . Apoliprotein A-I receptor Adrenal gland development, blood vessel Extracellular region,
Apolipoprotein Al F6Z2L5 857 30312 1.09 secreted

binding, chemorepellent

endothelial cell migration, cholesterol
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activity, enzyme binding,
heat shock protein
binding, high-density
lipoprotein particle
receptor binding, identical
protein binding,
phosphatidylcholine —
sterol O-acyltransferase
activator activity,
phospholipid binding

biosynthetic process, efflux, homeostasis
and import, endothelial cell proliferation,
glucocorticoid metabolic process, G
protein-coupled receptor signaling
pathway, high-density lipoprotein particle
assembly and remodeling, integrin-
mediated signaling pathway, lipid
storage, lipoprotein biosynthetic and
metabolic process, negative regulation of:
cell adhesion molecule production,
cytokine secretion involved in immune
response, heterotypic cell-cell adhesion,
hydrolase activity, inflammatory
response, interleukin-1 beta secretion,
tumor necrosis factor-mediated signaling
pathway and very-low-density lipoprotein
particle remodeling, peptidyl-methionine
modification, phosphatidylcholine
biosynthetic process, phospholipid efflux
and homeostasis, positive regulation of:
cholesterol efflux and esterification,
hydrolase activity, lipid biosynthetic
process, phagocytosis, phospholipid
efflux, Rho protein signal transduction,
stress fiber assembly and substrate
adhesion-dependent cell spreading,
protein oxidation and stabilization,
regulation of: Cdc42 protein signal
transduction, cholesterol transport,
intestinal cholesterol absorption and
protein phosphorylation, reverse
cholesterol transport, triglyceride
catabolic process and homeostasis, very-
low-density lipoprotein particle
remodeling, vitamin transport

Apolipoprotein A-ll

F6RM73

914

11396

2.19

Apoliprotein receptor
binding, cholesterol
binding, high-density
lipoprotein particle and
receptor binding, lipase
inhibitor activity,

Cholesterol transport, homeostasis and
metabolic process, high-density
lipoprotein particle assembly and
remodeling, lipoprotein metabolic
process, low-density lipoprotein particle
remodeling, negative regulation of lipase

Chylomicron, spherical
high-density lipoprotein
particle, very-low-density
lipoprotein particle
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phosphatidylcholine
binding

activity, tryglyceride-rich lipoprotein
particle remodeling

Lipid binding, lipoprotein
lipase activator activity,
phospholipase activator

Chylomicron remmant clearance, high-
density lipoprotein particle clearance,

lipid metabolic process, lipid transport,
negative regulation of very-low-density

Chylomicron,
intermediate-density
lipoprotein particle, low-
density lipoprotein

Apolipoprotein C2 F7AIW7 257 11190 0.60 activity, phospholipase Ilpoprot_eln par.tlcle cleqrapce, p05|t.|\{e particle, spherical high-
- regulation of: lipoprotein lipase activity, o )
binding . - ) density lipoprotein
phospholipase activity and phospholipid )
. particle
catabolic process
Apolipoprotein H F62041 58 39822 0.07 okk ohk ok
Armadillo repeat F7BB13 26 96384  0.03 ok ok o
containing 3
Arginine biosynthetic process,
argininosuccinate metabolic process,
Amino acid binding, aspartate metabolic process, cellular
Argininosuccinate argininosuccinate response to laminar fluid shear stress, Cytosol, motochondrion
s gthase 1 F7D8L9 16 46889 0.06 synthase activity, ATP circadian rhythm, citrulline metabolic cyto Ias’m ’
Y binding, identical protein process, negative regulation of leukocyte P
binding cell-cell adhesion, positive regulation of
nitric oxide biosynthetic process, urea
cycle
) . Aspartate biosynthetic process, aspartate
I(;x%sgﬁl?tr;?;?éz catabolic process, fatty acid transport,
Aspartate F6YXZ8 185 47709 0.22 aminotransferase activity, glutamate catabolic process to 2 Mitochondrion, Plasma
aminotransferase ridoxal phosphate oxoglutarate, glutamate catabolic process Membrane
EI);] din phosp to aspartate, oxaloacetate metabolic
9 process, response to ethanol
ATPase H+ . . . . Plasma Membrane,
transporting F7CR40 111 39081 0.07 Signaling receptor activity Pasitive regulation of Wnt signaling external side of plasma
accessory protein 2 pathway membrane
ATP synthase _ F6TBB2 63 10383 0.29 kx . integral component of
membrane subunit f membrane
ATP s_ymhase F7BYD1 33 11354 0.26 Proton transmgmbrane ATP synthesis coupled proton transport Mitochondrion
subunit transporter activity
Aerobic respiration, ATP synthesis
ATP svnthase E1 Proton-transporting ATP coupled proton transport, mitochondrial
Y HI9GZX2 85 12963 0.26 synthase activity, ATP synthesis coupled proton transport, Mitochondrion

subunit delta

rotational mechanism

mitochondrial proton-transporting ATP
synthase complex assembly
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ATP synthase

ADP binding, angiostatin
binding, ATP binding,
MHC class | protein

ATP synthesis coupled proton transport,
lipid metabolic process, mitochondrial
ATP synthesis coupled proton transport,

Mitochondrion, Nucleus,

subunit alpha FexuJ2 51 59713 0.06 t)l’:r?;,n%,rt?;Oterl:P negative regulation of endothelial cell Plasma Membrane
synth?ase a?:tivity proliferation, positive regulation of blood
rotational mechanism vessel endothelial cell migration
gg%li?wSta&L%nc?:s% IA TP Angiogenesis, cellular response to
roteir%bindin roton- interleukin-7, lipid metabolic process, Mitochondrion, Plasma
p ) AngI’J mitochondrial ATP synthesis coupled Memb ’” £
ATP synthase F6U187 39 6223 00 transporting / Iase proton transport, negative regulation of emorane, ce _surz%aa,
subunit beta U 5 05 activity, r otationa cell adhesion involved in substrate-bound proton-transporting
mechanism, proton- - . . synthase complex,
. cell migration, positive regulation of blood ;
transporting ATP ) A catalytic core F(1)
AR vessel endothelial cell migration,
synthase activity, ) ;
A . regulation of intracellular pH
rotational mechanism
ATP synthase Proton-transporting ATP ATP synthesis coupled proton transport,
subunit d, F6YAZO0 27 18578 0.18 synthase activity, mitochondrial ATP synthesis coupled Mitochondrion
mitochondrial rotational mechanism proton transport
Barrier to Chromosome condensation,
autointegration F6YEV8 23 10280 0.29 DNA binding chromosome segregation, DNA Nucleus
factor 1 integration
Cysteine-type Lactation, negative regulation of cysteine- Ectracellular région or
Beta-casein Q9GKK3 321 27089 1.01 endopeptidase inhibitor type endopeptidase activity, negative secreted 9
activity regulation of lactation
Beta-galactosidase F6RVL4 155 77241 0.08 Ecettisi-tg;alactoydase Carbohydrate metabolic process Vacuole
astrocyte cell migration, cellular calcium
ion homeostasis, cellular protein
metabolic process, ganglioside catabolic
process, glycosaminoglycan metabolic
Acetylglucosaminyltransfe process, lipid storage, Iocc_)mo_tory
- behavior, lysosome organization, male
rase activity, beta-N- . . L
- courtship behavior, myelination,
Beta- acgtylhe_xosqmmldase_ neuromuscular process controlling Extracellular region or
. F6VEG2 43 56008 0.12 activity, identical protein . . A
hexosaminidase - balance, oligosaccharide catabolic secreted, Lysosome
binding, N-acetyl-beta-D- : .
e process, oogenesis, penetration of zona
galactosaminidase o A -
o pelucida, phospholipid biosynthetic
activity - ;
process, positive regulation of
transcription by RNA polymerase II,
regulation of cell shape, sensory
perception of sound, skeletal system
development
Beta-lactoglobulin-1  P02758 246 20673 035 Retinol binding - Ectracellular région or

secreted
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Antigen processing and presentation of

Extracellular region or

Beta-2-microglobulin ~ P30441 75 13532 0.22 rhk peptide antigen via MHC class |, Immune secreted
response
Calcium/calmodulin - .
dependent protein F6RN62 29 48240  0.07 Qﬁ;‘;‘g‘é‘;\%i protein Hrx Hrx
kinase kinase 2 y
Calcyphosine F6XZQ1 33 20978 0.14 Calcium ion binding ok ok
Cellular senescence, cortical actin
cytoskeleton organization, endoplasmic
reticulum unfolded protein response,
negative regulation of cell cycle arrest,
negative regulation of intracellular steroid
hormone receptor signaling pathway,
negative regulation of neuron
differentiation, negative regulation of
retinoic acid receptor signaling pathway,
negative regulation of transcription by
Androgen receptor RNA polymerase Il, negative regulation
binding, androgen of translation, negative regulation of
receptor binding, trophoblast cell migration,
Calreticulin F6TQR?2 121 47688 0.22 parbohyd_rate_: binding, peptide antigen assembly w?th MHC Endoplasmic reticulum
integrin binding, mMRNA class | protein complex, positive lumen
binding, ubiquitin protein regulation of cell population proliferation,
ligase binding, unfolded positive regulation of dendritic cell
protein binding chemotaxis, positive regulation of
endothelial cell migration, positive
regulation of gene expression., positive
regulation of NIK/NF-kappaB signaling,
positive regulation of phagocytosis,
positive regulation of substrate adhesion-
dependent cell spreading, protein export
from nucleus, protein folding, protein
localization to nucleus, protein
stabilization, regulation of meiotic nuclear
division
Cathepsin L F7BZ41 85 37928 0.09 Cysteine—'type N Proteolysis involved in cellular protein Extracellular region or
endopeptidase activity catabolic process secreted, lysosome
Cathepsin V F7BPX8 93 37827 0.08 Cysteine—'type N Proteolysis involved in cellular protein Extracellular region or
endopeptidase activity catabolic process secreted, lysosome
Cathepsin Z F6S2C3 60 34817 0.10 Cysteine—'type N Proteolysis involved in cellular protein Extracellular region or
endopeptidase activity catabolic process secreted, lysosome
Carbonic anhydrase F6YS25 98 29228 010 Carbonate dehydratase . -

2

activity, zinc ion binding
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Carboxylic ester
hydrolase

F6PRI5

600

62283

0.05

Carboxylic ester
hydrolase activity, sterol
esterase activity,
triglyceride lipase activity

Lipid catabolic process

Extracellular region or
secreted

Carboxypeptidase

F6QJ78

51

54786

0.06

Serine-type
carboxypeptidase activity

Proteolysis involved in cellular protein
catabolic process

Nucleoplasm

Casein alpha s1

F7DGH6

73

25257

0.13

Response to 11-deoxycorticosterone,
response to dehydroepiandrosterone,
response to estradiol, response to
progesterone

Extracellular region or
secreted, extracelular
space, integral
componente of
membrane

Cellular
communication
network factor 2

F6X0K3

82

32396

0.10

heparin binding, insulin-
like growth factor binding,
integrin binding, protein
C-terminus binding

angiogenesis, cartilage condensation,
cell adhesion, cell differentiation, cell-
matrix adhesion, cell migration,
chondrocyte proliferation, fibroblast
growth factor receptor signaling pathway,
integrin-mediated signaling pathway, lung
development, negative regulation of cell
death, negative regulation of gene
expression, ossification, positive
regulation of cell differentiation, positive
regulation of ERK1 and ERK2 cascade,
positive regulation of INK cascade,
positive regulation of stress fiber
assembly, reactive oxygen species
metabolic process, regulation of
chondrocyte differentiation, tissue
homeostasis

Extracellular region or
secreted

Cell division cycle
27

F6RN71

29

92940

0.04

Ubiquitin protein ligase
activity

Anaphase-promoting complex-dependent
catabolic process, cell division,
metaphase/anaphase transition of mitotic
cell cycle, positive regulation of mitotic
metaphase/anaphase transition,protein
ubiquitination

Nucleus

Ceruloplasmin

F6PQ46

51

122786

0.03

Chaperone binding,
copper ion binding,
ferroxidase activity

Cellular iron ion homeostais, iron ion
homeostasis, iron ion transport

Extracellular region or
secred, plasme
membrane

Chloride intracellular
channel protein

F6ZHQ5

16

27317

0.11

Chloride channel activity,
voltage-gated ion channel
activity

Regulation of cell cycle, regulation of ion
transmembrane transport

Membrane, cytoplasm
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Chromosome 13

Protein homodimerization

C160rf89 homolog F6XS73 109 41953 0.07 activity Cytosol, membrane
_Cittron ;_ho- QTZ bindingt, metal ion Intracelular signal trasnduction, mitotic
interacting inding, protein A -
serine/threonine F6PMMO 30 236306 0.01 serine/threonine kinase cytokinesis
kinase activity
Chitinase activity, chitin . . .
. A - Carbohydrate metabolic process, chitin Extracellular region e
Chitinase 1 F7AJP3 219 67973 0.15 bln_dl_ng, endochitinase catabolic process space, cytoplasm
activity
o Chitinase activity, chitin Carbohydrate metabolic process, chitin rw
Chitobiase FE6TSN2 17 43343 0.08 binding catabolic process
Adenylate cyclase-activating adrenergic
receptor signaling pathway involved in Extracellular space,
Chromagranin —-A F7BS54 102 49974 0.06 *ohk cardiac muscle relaxation, negative chromaffin granule,
regulation of catecholamine secretion secretory granule
H *kk
Chromo domain- F7ASV5 47 48896  0.06 o Nucleus
containing protein
Carbohydrate metabolic process, citrate
i i)- metabolic process, tricarboxylic acid . )
Citrate synthase F6XMS1 43 52063 0.06 C|tr_a_te (Si)-synthase P 4 Mitochondrion
activity cycle
Clathrin liaht chai Clathrin coat assembly, intracellular
atarin fight chain rotein transport, mitotic cell cycle i i
Clathrin heavy chain ~ F7BV85 37 194314 0.02 binding, structural P (5] Yd d 'y ' Cytor;)lasmw vesicle
molecule activity receptor-mediated endocytosis membrane
cell morphogenesis, central nervous
system myelin maintenance, chaperone-
mediated protein complex assembly,
chaperone-mediated protein folding,
Amvioid- beta bindi immune complex clearance, intrinsic
myloid- beta binding, . ) . .
low-density lipoprotein apoptot'|c s'|gna||r.1g pat'hway, mlcrogllgl
particle receptor binding cell activation, microglial cell proliferation,
misfolded protein binding, ~ negative regulation of amyloid fibril Cytosol, Mitochondrion,
Clusterin Q29482 62 52691 0.06 protein-containing formation, negative regulation of amyloid-  Extracellular region or

complex binding, tau
protein binding, ubiquitin
protein ligase binding,
unfolded protein binding

beta formation, negative regulation of
cellular response to thapsigargin,
negative regulation of cellular response
to tunicamycin, negative regulation of
intrinsic apoptotic signaling pathway in
response to DNA damage, negative
regulation of protein
homooligomerization, negative regulation

secreted
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of response to endoplasmic reticulum
stress, positive regulation of NF-kappaB
transcription factor activity, positive
regulation of amyloid-beta formation,
positive regulation of apoptotic process,
positive regulation of intrinsic apoptotic
signaling pathway, positive regulation of
neurofibrillary tangle assembly, positive
regulation of neuron death, positive
regulation of nitric oxide biosynthetic
process, positive regulation of
proteasomal ubiquitin-dependent protein
catabolic process, positive regulation of
protein homooligomerization, positive
regulation of receptor-mediated
endocytosis, positive regulation of tau-
protein kinase activity, positive regulation
of tumor necrosis factor production,
positive regulation of ubiquitin-dependent
protein catabolic process, protein import,
protein stabilization, regulation of
amyloid-beta clearance, regulation of cell
population proliferation, regulation of
neuronal signal transduction, response to
misfolded protein, response to virus

Blood circulation, blood coagulation

Extracellular region or

Coagulation factor V. F7DZ01 114 166604 0.05 Copper ion binding
secreted

actin filament fragmentation,

establishment of cell polarity, mitotic

cytokinesis, neural crest cell migration,

neural fold formation, positive regulation

Actin filament binding, by host of viral process, positive Cytoskeleton, cell-cell

Cofilin 1 F7DXG8 322 18719 0.16 signaling receptor binding ~ regulation of actin filament junction, focal adhesion,

depolymerization, protein
phosphorylation, regulation of dendritic
spine morphogenesis, response to amino
acid, response to virus.

lamellipodium
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Actin filament binding

Actin filament fragmentation, muscle cell
cellular homeostasis, positive regulation
of actin filament depolymerization,

Cofilin 2 F7CT91 51 18708 0.16 L Cytoskeleton, Z disc
sarcomere organization, skeletal muscle
tissue development
ATP binding, creatine
kinase activity, kinase Phosphocreatine biosynthetic process
Creatine kinase B F6Y2Q4 42 42976 0.07 activity, ubiquitin protein P Y P gg’;?éo" extracelular
ligase binding
Chromosome 4 ok i Cytoeskeleton,
C7orf31 homolog FeXPI7 16 68576 0.05 centrosome
Chromosome 10 e Positive regulation of calcineurin-NFAT i
open reading frame F6WYG9 29 84255 0.04 signaling cascade
71
Protein homodimerization .
gl‘g%“r"fggor’]‘;;(l)fog F6XS73 58 41953 0.08 activity Cytosol, membrane
Carbon-sulfur lyase
o activity, cystathionine Cysteine biosynthetic process via
Cystathionine F7D1J3 123 44746 0.24 gamma-lyase activity, cystathionine, transsulfuration ok
gamma-lyase pyridoxal phosphate
binding
. . . . . *kk
Cysteine and F6R2NS 16 41859  0.07 Zinc ion binding o
histidine rich 1
Cytochrome-c oxidase Mitochondrial electron transport, . .
Cytochrome C .. Cytosol, Mitochondrion,
oxidase subunit 411 F6ZKC8 53 19527 0.15 activity cytochrome c to oxygen Nucleus
Cytochrome-c oxidase Mitochondrial electron transport,
Cytochrome C F7CZM1 57 16997 0.44 activit cytochrome ¢ to oxygen Mitochondrion
oxidase subunit 5A ’ y
Cytoch i Mitochondrial ATP synthesis coupled
ochrome-c oxidase : :
Cytochrome C o proton transport, mitochondrial electron . )
oxidase subunit 5B FeW7Co 34 13934 021 activity transport, cytochrome c to oxygen Mitochandrion
Diazepam binding — okk
inhibitor, acyl-CoA  F6ZEV8 114 9908 0.35 Fatty-acyl-CoA binding
binding protein
q h o Positive regulation of inflammatory il )
D-dopachrome E6VPIS 37 12921 0.23 Protease binding response Extracellular region or

tautomerase like

secreted
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DHFR domain-

Dihydrofolate reductase

Dihydrofolate metabolic process, folic
acid metabolic process positive
regulation of nitric-oxide synthase
activity, regulation of removal of

containing protein FePUB9 45 21641 0.16 activity, NADP binding superoxide radicals, tetrahydrobiopterin Mitochondrion
biosynthetic process, tetrahydrofolate
biosynthetic process
Dolichyl- Dolichyl-
diphosphooligosacc diphosphooligosaccharide ~ Protein N-linked glycosylation via
haride--protein FEWQI9 24 59585 0.06 -protein glycotransferase asparagine Endoplasmic reticulum
glycosyltransferase activity
subunit 1
DNA binding, DNA-
binding transcription
fa_‘thr activity, DNA Negative regulation of transcription by
L binding transcription RNA polymerase Il, positive regulation of
FZF transcription F6PWP1 24 65418 0.04 factor activity, RNA_ . transcription by RNA polymerase I, Nucleus
actor 7 polymerase ll-specific, regulation of cell cycle
sequence-specific DNA
binding, transcription
factor binding
Cellular response to epidermal growth
) GTPase activity, GTP factor stimulus, regulation of D-erythro-
Elongation factor 1- A2Q020 47 50435 0.14 b|nd|ngI translation N sphingosine kinase activity, translation, Plasma membrane,
alpha 1 elongation factor activity : i Nucleus,
translational elongation
Endoplasmin-like ATP binding, unfolded Protein folding, ubiquitin-dependent En_doplasmatip
; F6ZUJ2 255 92644 0.06 protein binding ERAD pathway reticulum, perinuclear
protein region of cytoplasm
Cellular response to glucose starvation,
ATPase activity, ATPase cellular response to interleukin-4, cellular
activity, coupled, ATP response to unfolded protein, cerebellar Cytosol, endoplasmic
binding, heat shock Purkinje cell layer development, reticulum chaperone
protein binding, misfolded  cerebellum structural organization, complex, mitochondrion,
Endoplasmic protein binding, protein chaperone cofactor-dependent protein nucleus, plasma
reticulum chaperone  F6YG82 202 72032 0.09 domain specific binding, refolding, endoplasmic reticulum unfolded mebrane, cell surface,

BiP

protein folding chaperone,
ribosome binding,
ubiquitin protein ligase
binding, unfolded protein
binding

protein response, ER overload response,
maintenance of protein localization in
endoplasmic reticulum, negative
regulation of apoptotic process, negative
regulation of transforming growth factor
beta receptor signaling pathway, positive

cytoplasm, endoplasmic
reticulum — golgi
intermediate
compartment,
membrane, midbody
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regulation of cell migration, positive
regulation of protein ubiquitination,
posttranslational protein targeting to
membrane, translocation, protein
refolding, response to unfolded protein,
toxin transport, ubiquitin-dependent
ERAD pathway

Activation of MAPK activity, negative
regulation of gene expression, negative
regulation of protein secretion, positive

Endoplasmic . ) ) ) )
regulation of gene expression, protein

reticulum resident  F7DNY7 56 29224 0.10 . gura’ gene exp pro? Endoplasmic reticulum,
protein 29 secretion, regulation of endoplasmic Melanosome

reticulum stress-induced intrinsic

apoptotic signaling pathway

) o Axon guidance, ephrin receptor signaling

Ephrin A1 F6WFSO 39 23094 0.15 Ephrin receptor binding pathway Plasma membrane
Eukaryotic Guanyl-nucleotide
translation exchange factor agthlty, Translational elongation Cytosol_, eukaryotu;

: F6X756 53 17598 0.19 translation elongation translation elongation
elongation factor 1 . factor 1 comolex
beta 2 factor activity p

. Guanyl-nucleotide
tEukaIrthtlc exchange factor activity, Cellular response to ionizing radiation, Cytosol |
ranslation : : osol, nucleus

; i i tl lat lel t - YLSBh J
elongation factor 1 FEUNR3 133 70939 0.04 translatlop .elongatlon ransiationa elongation fibrillary, nucleoplasm
delta factor activity

ATP binding, double-
stranded RNA binding,
Eukaryotic RNA binding, RNA Cytoplasmic translational initiation
translation initiation F6XTN1 39 46353 0.06 helicase activity, e
factor 4A1 translation initiation factor
activity
Eukaryotic RNA strand annealing Eukaryotic translation initiation factor 4F
translation initiation F6YK14 49 68999 0.04 activity complex assembly Polysome
factor 4B
actin filament binding, Actin cytoskeleton reorganization, actin
ATPase binding, cell filament bundle assembly, astral Cytoskeleton
Ezrin F7BPT4 76 69439 0.04 adhesion molecule microtubule organization, cellular protein- 2t filament, ciliary

binding, disordered
domain specific binding,

containing complex localization, cellular
response to cAMP, cortical microtubule

basal body, Cytosol,
endosome, nucleus
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identical protein binding,
microtubule binding,
protein C-terminus
binding, protein kinase A
catalytic subunit binding,
protein kinase A
regulatory subunit
binding, S100 protein
binding

organization, establishment of
centrosome localization, establishment of
endothelial barrier, establishment or
maintenance of apical/basal cell polarity,
filopodium assembly, intestinal D-glucose
absorption, leukocyte cell-cell adhesion,
membrane to membrane docking,
microvillus assembly, negative regulation
of ERK1 and ERK2 cascade, negative
regulation of interleukin-2 secretion,
negative regulation of p38MAPK
cascade, negative regulation of T cell
receptor signaling pathway, negative
regulation of transcription by RNA
polymerase Il, phosphatidylinositol-
mediated signaling, positive regulation of
cellular protein catabolic process, positive
regulation of early endosome to late
endosome transport, positive regulation
of gene expression., positive regulation of
multicellular organism growth, positive
regulation of protein localization to early
endosome, positive regulation of protein
localization to plasma membrane,
positive regulation of protein secretion,
protein kinase A signaling, protein
localization to cell cértex, protein
localization to plasma membrane,
receptor internalization, regulation of cell
shape, regulation of microvillus length,
regulation of organelle assembly,
sphingosine-1-phosphate receptor
signaling pathway, terminal web
assembly

Fanconi-associated

DNA binding, metal ion
binding,

Interstrand cross-link repair

nuclease F6QKT5 16 115890 0.03 pho's'phodiesterase | Nucleus
activity

Far upstream RNA bindi Regulation of transcription, DNA-

element binding F6ZYUB 29 67974 0.04 inding templated ok

protein 1
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Fatty acid bindin lipid bindin

protZin A 9 FEQEW4 30 14990  0.23 P g
Glucose homeostasis, glucose metabolic
process, negative regulation of glucose
transmembrane transport,
phosphatidylcholine biosynthetic process,
positive regulation of cold-induced

S Fatty_acid binc.lingZ . thermogenesis, positive regulation of Extracellular region or
Fatty acid binding F6RGN2 41 15426 0.22 identical protein binding, o\ yisome proliferator activated receptor  Secreted; Nucleus,
protein 5 retinoic acid binding o . cytoplasm, postsynaptic
signaling pathway, regulation of density
prostaglandin biosynthetic process,
regulation of retrograde trans-synaptic
signaling by endocanabinoid, regulation
of sensory perception of pain
Cysteine-type
endopeptidase inhibitor Binding of sperm to zona peltcida,

Fetuin B F6RRV1 85 41791 0.07 activity, _ nega_tive regulation of endopeptidase Extracelular region,
metalloendopeptidase activity estracellular space,
inhibitor activity

Actin cytoskeleton reorganization, cell
Cytoskeletal protein adhesior'n hair cycle progess, nguron
binding, Rac guanyl- remodeling, osteoclast differentiation,

FERM, nucleotide exchange podosome assembly, Rac protein signal

Siﬁégngigggﬂd F6US11 30 118929 0.03 factor activity transduction, regulation of integrin Cytoskeleton, cytoplasm

protein 2 activation, regulation of Rho protein

signal transduction, semaphorin-plexin

signaling pathway

i ) ok o Extracellular region or
Fibronectin F7CNO5 24 255932 0.01
secreted

Cellular response to ionizing radiation,

cytoplasmic microtubule organization,

male meiotic nuclear division, negative

ATPase activity, ATP regulation of intrinsic apoptotic signaling ,

Fidgetin like 1 F6X5F5 17 74888 0.04 binding, microtubule- pathway, osteoblast differentiation, Nucleus, perinuclear

severing ATPase activity

regulation of cell cycle, regulation of
double-strand break repair via
homologous recombination

region of cytoplasm
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Flavin-containing

Flavin adenine
dinucleotide binding,
monooxygenase activity,

Endoplasmic reticulum,

F6ZE81 21 60873 0.05 N,N-dimethylaniline integral component of
monooxygenase
vg monooxygenase activity, membrane
NADP binding
Carbohvdrate bindi Myoblast differentiation, plasma cell
arbonhydrate binding, differentiation, positive regulation of viral  Extracellular regi
. A ) gion or
Galectin F/DYVO 31 15086 023 laminin binding entry into host cell, T cell costimulation secreted
Actin filament binding, Actin filament severing, actin nucleation,
Gelsolin F7DHZ1 15 85644 0.03 calcium ion binding barbed-end actin filament capping ok
Vitamin D binding, vitamin
. . *kk
QC yltamm D F6TOPG 101 54425 0.05 transmembran‘e‘ Extracellular space,
binding protein transporter activity cytoplasm
Heme binding,
hemoglobin alpha
binding, metal ion Cellular oxidant detoxication, hydrogen Hemoglobin complex
Globin A1 F6RDD3 925 16186 0.65 binding, organic acid peroxidate catalic process 9 P
binding, oxygen binding,
oxygen carrier activity
Calcium ion binding, Heparan sulfate proteoglycan
heparosan-N-sulfate- biosynthetic process, heparin
i i lucuronate 5-epimerase biosynthetic process Golgi apparatus
Glucuronic acid F7CXB5 19 70227 0.04 glicu -ep Y P giapp
epimerase activity, protein
homodimerization activity
Glucose-6-phosphate Erythrocyte homeostasis,
isomerase activity, gluconeogenese, glucose 6-phosphate Cytosol, plasma
-6- intramolecular transferase  metabolic process, glucose homeostasis, = membrane (ciliar
Glucos-6-phosphate  rq7pq, 86 630908  0.05 ar ; iep g . (
isomerase activity, monosaccharide glycolytic process, in utero embryonic membrane)
binding development, mesoderm formation
Glyceraldehyde-3-
phosphate
Glyceraldehyde-3- dehydrogenase (NAD+) Glucose metabolic process, glycolytic Cytosol
phosphate F6YV40 85 36029 0.17 (phosphorylating) activity,  process
dehydrogenase NAD binding, NADP

binding
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Glycine cleavage

Glycine decarboxylation via glycine

Mitochondrion

system H protein F6QTI9 31 14205 0.24 cleavage system
Ganglioside catabolic process, learning
. Beta-N or memory, lipid storage, neuromuscular -
GM2 activator - :
rotein Q3S4D6 166 21042 0.34 acetylhexosaminidase process controlling balance,
P activity, enzyme activator oligosaccharide catabolic process
activity
Anterior neural tube closure, bicellular
tight junction assembly, brain
development, camera-type eye
development, cardiac ventricle
Chromatin DNA binding, morphogene5|§, ceII‘ adhesion, cgll
- L population proliferation, embryonic
DNA-binding transcription ) .
. - cranial skeleton morphogenesis,
activator activity, RNA L .
o embryonic digit morphogenesis,
polymerase ll-specific, . . N
L L epidermis development, epithelial cell
Grainvhead lik DNA-binding transcription morphogenesis involved in placental Nucleus, nucleoplasm,
ramyhead fike F7BG04 18 71384 0.05 factor activity, intronic P _g . . . p_ cell-cell juntion
transcription factor 2 L branching, epithelium migration, face
transcription regulatory o
. - development, lung epithelial cell
region sequence-specific . o .
o differentiation, lung lobe morphogenesis,
DNA binding, sequence- . - .
i L multicellular organism growth, negative
specific DNA binding ) . . -
regulation of keratinocyte differentiation,
neural tube development, positive
regulation of telomerase activity,
regulation of DNA methylation, regulation
of transcription by RNA polymerase I
Protein kinase A . L . .
. Intrinsic apoptotic signaling pathway in
GSK3-bet regulatory subunit response to oxidative stress, positive
-beta . . . . ’
h ; . binding, protein kinase . . h ) Nucleus, cytoplasm
interaction protein- F6WH47 17 16801 0.18 - 9. P L regulation of canonical Wnt signaling ytop
like protein binding, protein kinase pathway
inhibitor activity
Chromosome condensation, negative
Double-stranded DNA regula'ltlon of chrpmatm silencing,
H15 d i binding, nucleosomal negative regulation of DNA Nucleus, Chromosome
omain- F6S2F8 54 21423 0.16 9. recombination, nucleosome assembly, '

containing protein

DNA binding

nucleosome positioning, regulation of
transcription, DNA-templated




74

Hemoglobin binding,
serine-type

Acute inflammatory response, positive
regulation of cell death, response to

Extracellular space

Haptoglobin FEXWMS 154 38824 0.24 endopeptidase activity organic substance
axo-dendritic transport, cellular response
to heat, cellular response to unfolded
protein, chaperone cofactor-dependent
ATPase activity, ATPase protein refolding, chgperone-medlated
. autophagy translocation complex
activity, coupled, ATP . )
- . disassembly, chaperone-mediated
binding, clathrin- . ) .
. protein transport involved in chaperone-
uncoating ATPase . Plasma membrane,
hock activity, heat shock mediated autophagy, late endosomal nucleus, cytoplasm
Heat shock cognate A2Q071 146 71082 0.04 W, hea . microautophagy, mRNA processing, ' P ’
71 KDa protein protein binding, misfolded . . . melanosome
S . negative regulation of transcription, DNA-
protein binding, protein ) ) .
. templated, protein refolding, protein
folding chaperone, . . .
S targeting to lysosome involved in
unfolded protein binding .
chaperone-mediated autophagy,
response to unfolded protein, RNA
splicing, slow axonal transport, vesicle-
mediated transport
H hock . Chaperone-mediated protein complex Cytosol, extracellular
eat shock protein ok L L ,
. assembly, protein insertion into
family A (Hsp70) F6YZJ4 38 95449 0.03 . y p exosome, nucleus
member 4 mitochondrial outer membrane
Anterograde axonal protein transport,
chaperone-mediated protein folding,
intracellular signal transduction, negative
regulation of oxidative stress-induced
Protein folding intrinsic apoptotic signaling pathway,
chaperone, protein positive regulation of: angiogenesis,
N - . L Nucleus, plasma
Heat shock protein homodimerization activity,  blood vesser endothelial cell migration,
. . . L . . membrane, axon
family B (small) F7E3Y7 107 23161 0.13 protein kkinase C binding,  endothelial cell chemotaxis by VEGF- .
S A . . cytoplasm, Z disc
member 1 protein kinase C inhibitor activated vascular andothelial frowth
activity factor receptor signaling patway,
interleukin-1 beta production and tumor
necrosis factor biosynthetic process;
regulation of I-kappaB kinase/NF-kappaB
signaling, response to virus
Heat shock protein Apolipoprotein A-l ‘de novo' protein folding, activation of Cytosol, Endosome,
family D (Hsp60) F62587 58 61250 0.05 binding, ATP binding, cysteine-type endopeptidase activity Extracellular region or

member 1

chaperone binding,

involved in apoptotic process, apoptotic

secreted, Mitochondrion,
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double-stranded RNA
binding, high-density
lipoprotein particle
binding,
lipopolysaccharide
binding, p53 binding,
ubiquitin protein ligase
binding, unfolded protein
binding

mitochondrial changes, B cell cytokine
production, B cell proliferation, cellular
response to interleukin-7, interaction with
symbiont, isotype switching to 1gG
isotypes, MyD88-dependent toll-like
receptor signaling pathway, negative
regulation of apoptotic process, positive
regulation of interferon-alpha production,
positive regulation of interferon-gamma
production, positive regulation of
interleukin-10 production, positive
regulation of interleukin-12 production,
positive regulation of interleukin-6
production, positive regulation of
macrophage activation, positive
regulation of T cell activation, positive
regulation of T cell mediated immune
response to tumor cell, protein import into
mitochondrial intermembrane space,
protein refolding, protein stabilization,
response to cold, response to unfolded
protein, T cell activation

plasma membrane, cell
surface, coated vesicle,
secretory granule

Heat shock protein
HSP 90-beta

QIGKX8

1171

83527

0.59

ATP binding, ATP-
dependent protein
binding, disordered
domain specific binding,
DNA polymerase binding,
double-stranded RNA
binding, heat shock
protein binding, histone
deacetylase binding,
histone methyltransferase
binding, nitric-oxide
synthase regulator
activity, peptide binding,
protein dimerization
activity, protein folding
chaperone, protein
homodimerization activity,
protein kinase binding,
protein kinase regulator
activity, tau protein

Axon extension, cellular response to
heat, cellular response to interleukin-4,
central nervous system neuron
axonogenesis, chaperone-mediated
protein complex assembly, establishment
of cell polarity, negative regulation of
apoptotic process, negative regulation of
cell cycle arrest, negative regulation of
proteasomal ubiquitin-dependent protein
catabolic process, negative regulation of
transforming growth factor beta
activation, placenta development,
positive regulation of cell differentiation,
positive regulation of cyclin-dependent
protein kinase activity, positive regulation
of nitric oxide biosynthetic process,
positive regulation of peptidyl-serine
phosphorylation, positive regulation of
phosphoprotein phosphatase activity,
positive regulation of protein kinase B

Plasma membrane,
extracellular region or
secreted, nucleus,
cytoplasm,
melanosome.
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binding, TPR domain
binding, ubiquitin protein
ligase binding, unfolded
protein binding

signaling, positive regulation of protein
localization to cell surface, positive
regulation of telomerase activity, positive
regulation of transforming growth factor
beta receptor signaling pathway, protein
folding, protein stabilization,regulation of
interferon-gamma-mediated signaling
pathway, regulation of protein
ubiquitination, regulation of type |
interferon-mediated signaling pathway,
supramolecular fiber organization,
telomerase holoenzyme complex
assembly, telomere maintenance via
telomerase, virion attachment to host cell

Heat shock protein

ATPase activity, ATP
binding, disordered
domain specific binding,
nitric-oxide synthase

cellular response to heat, positive
regulation of nitric oxide biosynthetic
process, protein folding, protein
stabilization, response to antibiotic,

Cell membrane,
nucleus, cytoplasm,

HSP 90-alpha QOGKX7 167 85116 0.07 regulator activity, TPR response to cold, response to heat melanosome
domain binding, unfolded
protein binding
Heme binding, iron ion .
H lobi buni binding, organic acid Cellular oxidant detoxication, hydrogen g,;)sg)’( h:;]?gl?;l)?n-
emoglobin subunit P01958 422 15293 1.03 binding, oxygen binding peroxide catabolic process piex, ) ptog
alpha . L hemoglobin complex
and carrier activity
Cellular iron ion homeostasis, heme
metabolic process, hemoglobin metabolic
process, positive regulation of humoral
Heme transporter activity, ?mmune requnse mgfjlated by glrculatlng Extracellular region or
. . S immunoglobulin, positive regulation of
Hemopexin F6X118 56 52066 0.06 metal ion binding . . : " secreted
immunoglobulin production, positive
regulation of interferon-gamma-mediated
signaling pathway, positive regulation of
tyrosine phosphorylation of STAT protein
Heterogeneous RNA binding, sequence- Nucleoplasm, nucleus,
- . Regulation of RNA metabolic process ribonucleoprotein
nuclear F6WHS3 176 34258 0.20 specific DNA binding, 9 P P

ribonucleoprotein D
like

sequence-specific

complex
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double-stranded DNA
binding

IFI30 lysosomal thiol

*k%k

reductase F7BN14 178 114050 0.11
Cytoskeleton, keratin
IF rod domain- i i :
containing protein F6ZND8 160 60174 0.05 filament
Cytoskeleton, keratin
IF rod domain- i e .
containing protein F6SHJ8 133 61575 0.05 filament
Cytoskeleton, keratin
. *kk *kk
I rod domain- FEWKL7 25 55019 0.06 filament
containing protein
) Structural molecule x Cytoskeleton,
IF rod domain- F6UUS6 97 42260 0.14 activity intermediate filament
containing protein
B cell receptor signaling pathway,
Antigen binding, szwzm?jr:f:;z\éartézn’o‘:szstl:;zlacterium Extracellular region
Ig-like domain- immunoglobulin receptor p _y, P .’ secreted, plasma
L ) F7CAC5 171 12395 0.54 - innate immune response, phagocytosis,
containing protein binding ) - membrane
engulfment, phagocytosis, recognition,
positive regulation of B cell activation
Adherens junction
maintenance, innate
Innate immunity F62DQ9 30 66151 0.04 immune response, ko ok
activator ’ positive regulation of
protein ubiquitination
Fibronectin binding, Extracellular space
Insulin like growth insulin-like growth factor | Regulation of insulin-like growth factor insulin-like grosvth f’actor
factor binding F7DEB1 98 25991 0.13 binding, insulin-like receptor signaling pathway binary complex
protein 6 growth factor Il binding y P
) L-iduronidase activity Carbohydrate metabolic process Fkk
Iduronidase alpha-L- F7E202 18 72646 0.04
] Isocitrate dehydrogenase
Isocitrate (NADP+) activity, Isocitrate metabolic process, NADP Cytosol, mitochondrion,
dehydrogenase S - ) )
F6R7J2 24 47918 0.06 magnesium ion binding, metabolic process peroxisome

(NADP(+)) 1,
cytosolic

NAD binding
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Joining chain of

Immunoglobulin receptor

Pentameric IgM

multimeric IgA and AOAOB4J1C4 349 18297 0.16 binding ok immunoglobulin complex
IgM
- Extracellular region or
Kappa-casein P82187 35 21122 0.16 Lactation, protein stabilization secreted
Kazrin, periplakin - okk .
interacting protein FrCLP2 18 79235 0.04
x - Cytoskeleton, keratin
Keratin 1 F7B7X0 75 66282 0.09 filament
x x Cytoskeleton, keratin
Keratin 75 F6S8W6 28 59504 0.06 filament
. el i Keratin filament
Keratin 77 F6W GX6 116 63242 0.05
Autophagosome assembly, cellular Endosome, golgi
b response to starvation, positive regulation  apparatus, lysosome,
KIAA1324 F6TRZ6 23 114564  0.03 P P 9 op Y
of autophagosome assembly plasma membrane
*kk *kk *kk
KIAA2012 F6YARS 31 69310 0.05
KN motif and - negative regulation of actin filament c
L oskeleton, cytoplasm
ankyrin repeat F6QI97 25 149785 0.02 polymerization n ytop
domains 1
L I-lactate dehydrogenase Carbohvd boli Cytoplasm
lactate FEW3T1 163 37292 0.08 activity arbohydrate metabolic process, P
dehydrogenase carboxylic acid metabolic process
actin monomer binding, actin filament organization, muscle Cytoskeleton
Leiomodin 3 F6UIX7 17 65776 0.05 tropomyosin binding contraction, myofibril assembly, pointed- '
end actin filament capping
H H *kk *kk *kk
Leucne richrepeat  parggp 32 129827  0.03
containing 9
heparin binding, low-
LDL receptor _related density ||p9prpte|n particle Endoplasmic reticulum
protein associated F7C9H8 100 34171 0.09 receptor binding, receptor ~ ***
protein 1 antagonist activity
) ) Small molecule binding Fkk
Lipocalin 2 F6TIR2 55 23247 0.13 il
Lipocin_cytosolic_F Small molecule binding o
A-bd_dom domain- F7CWTO 2007 20807 6.03 ok

containing protein
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Histone

Lysine L
gqiethyltransferase F7ARI5 24 53333 0.06 aithzlztgas”;;iﬁ;e VY istone H4-K20 trimethylation Nucleus
LRRcap domain- Histone binding Nucleocytoplasmic transport, regulation ek
containFi)ng protein FeYLX4 40 26921 011 of apopt)c:tticpprocess P ?
Vet L-malate dehydrogenase Cartbgh%/_drate metak;lig\ch:ocefsB n|1_alate Cytosol
alate . metabolic process, metabolic
dehydrogenase FrCzS6 186 36646 0.08 activity process, ogaloacetate metabolic process,
tricarboxylic acid cycle
cell population proliferation, cell surface
receptor signaling pathway, negative
regulation of DNA damage response,
signal transduction by p53 class
mediator, negative regulation of cell
aging, negative regulation of cell cycle
arrest, negative regulation of gene
expression, negative regulation of
Chemoattractant activity, intrinsic apoptotic signaling pathway in
cytokine activity, cytokine response to DNA damage by p53 class
receptor binding, mediator, negative regl_Jlation _o_f Cytosol, exracellular
dopachrome isomerase macrophage chemotaxis, positive .
Macrophage activity, identical protein regulation of B cell proliferation, positive region o secreted,
migration inhibitory F6S243 58 12566 0.24 binding’ phenylpyruvate regulation of ERK1 and ERK2 c’ascade hucleus, plasma
factor ' o " . . ! membrane
tautomerase activity positive regulation of cytokine secretion,
positive regulation of fibroblast
proliferation, positive regulation of
peptidyl-serine phosphorylation, positive
regulation of peptidyl-tyrosine
phosphorylation, positive regulation of
protein kinase A signaling, positive
regulation of tumor necrosis factor
production, prostaglandin biosynthetic
process, protein homotrimerization
Beta-mannosidase . .
. = Glycoprotein catabolic process Lysosome
Mannosidase beta FEWRK2 73 95238 0.07 activity
L metal ion binding cellular response to cadmium ion, cellular  Nucleus, cytoplasm
Metallothionein F7DM22 40 7101 0.43

response to copper ion, cellular response
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to zinc ion, cellular zinc ion homeostasis,
detoxification of copper ion

Mitogen-activated

ATP binding, MAP kinase

kinase kinase activity,

Activation of MAPKK activity, intrinsic
apoptotic signaling pathway in response

protein kinase F6PIL4 15 140215 0.02 N L o
kinase kinase 5 protein kinase activity to oxidative stress
) Actin binding Fkk Cytoskeleton
Moesin F6PUX2 21 67827 0.04
Actin cytoskeleton reorganization, actin
filament-based movement, actomyosin
structure organization, angiogenesis,
blood vessel endothelial cell migration,
cell-cell adhesion, cytokinetic process,
Actin-dependent ATPase establishment of meiotic spindle
activity, actin filament localization, establishment of T cell
binding, ADP binding, polarity, in utero embryonic development,  Cytoskeleton,
ATP binding, integrin lysosome localization, meiotic spindle actomyosin contractile
) ) binding, microfilament organization, membrane protein ring, myosin Il complex,

Myosin heavy chain L ; . . ; .

9 F6X485 49 207004 0.01 motor activity, protein ectodomain proteolysis, monocyte spindle, stress fiber,
domain specific binding, differentiation, myoblast fusion, negative cytosol, nucleus, plasma
protein homodimerization regulation of actin filament severing, membrane.
activity, protein phagocytosis, engulfment, plasma
membrane adaptor membrane repair, platelet formation,

positive regulation of protein processing
in phagocytic vesicle, protein transport,
regulated exocytosis, regulation of cell
shape, regulation of plasma membrane
repair, uropod organization
o . Calcium ion binding Fkk *kk
Myosin light chain 1 F7AX54 123 17090 0.17
. ] ) Cytoskeleton,
S Cardiac muscle fiber development, in .yt .
Actin binding, ATP . . filamentous actin,
) - - Utero embryonic development, . .
Myosin XVIIIB F7AQ14 20 282568 0.01 binding, motor activity . unconventional myosin
vasculogenesis .
complex, Z disc
Glycosaminoglycan
N binding, metal ion
) . binding, N- Glycosaminoglycan metabolic process Lysosome
acetylglucosamine- F7CVA2 51 57920 0.05 9 . 4 gy P ¥
6-sulfatase acetylglucosamine-6-

sulfatase activity
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Na(+)/H(+)
exchange regulatory
cofactor NHE-RF

F7C1X7

57

38747

0.09

beta-2 adrenergic
receptor binding, beta-
catenin binding, chloride
channel regulator activity,
dopamine receptor
binding, growth factor
receptor binding,
molecular adaptor
activity, PDZ domain
binding, phosphatase
binding, protein self-
association

Actin cytoskeleton organization,
adenylate cyclase-activating dopamine
receptor signaling pathway, auditory
receptor cell stereocilium organization,
bile acid secretion, cellular phosphate ion
homeostasis, establishment of epithelial
cell apical/basal polarity, establishment of
Golgi localization, gland morphogenesis,
glutathione transport, microvillus
assembly, negative regulation of
canonical Wnt signaling pathway,
negative regulation of cell migration,
negative regulation of cell population
proliferation, negative regulation of ERK1
and ERK2 cascade, negative regulation
of mitotic cell cycle, negative regulation of
phosphatidylinositol 3-kinase signaling,
negative regulation of platelet-derived
growth factor receptor signaling pathway,
negative regulation of protein kinase B
signaling, negative regulation of
sodium:proton antiporter activity, nuclear
migration, phospholipase C-activating
dopamine receptor signaling pathway,
positive regulation of intrinsic apoptotic
signaling pathway, protein localization to
plasma membrane, regulation of cell
shape, regulation of cell size, regulation
of excretion, regulation of protein kinase
activity, renal phosphate ion absorption,
renal sodium ion transport, sensory
perception of sound

Endomembrane system

Neogenin 1

F6PQZ7

34

150451

0.02

Signaling receptor activity

Axon guidance, iron ion homeostasis,
positive regulation of BMP signaling
pathway

Plasma membrane

Neuroepithelial cell
transforming 1

F6RGP9

19

63005

0.05

Rho guanyl-nucleotide
exchange factor activity

cellular response to hydrogen peroxide,
cellular response to ionizing radiation,
intracellular signal transduction, myoblast
migration, positive regulation of apoptotic
process, positive regulation of GTPase




82

activity, positive regulation of Rho protein
signal transduction

NLR family pyrin

ATP binding

domain containing FeU2W1 21 127763 0.03
14
NPC intracellular Cholesterol binding, sterol  Cholesterol efflux, intracelular cholesterol
cholesterol F7CIW5 187 16477 0.21 binding transport, sterol transport
transporter 2
NRDE-2, necessary RNA interference,
for RNA Chromatin silencing by r bl
interference, domain F6QFW4 34 134401 0.02 small RNA
containing
alcohol dehydrogenase
(NADP+) activity, .
Nuclear‘ _ alditol:NADP+ 1- aldehyde catabolic process, D- _ Cytosol
autoantigenic sperm  F7CBNO 32 36856 0.19 oxidoreductase activit glucuronate catabolic process, L-ascorbic
protein . . Y, acid biosynthetic process
oxidoreductase activity
chromatin binding,
histone deacetylase
binding, Notch binding, negative regulation of androgen receptor
nuclear hormone receptor  signaling pathway, negative regulation of
binding, protein N- production of miRNAs involved in gene
terminus binding, RNA silencing by miRNA, negative regulation Nucleus
l;l;celegsrsegregtor F6UWM2 15 85644 0.03 olvmerase Il rs ulator of transcription by RNA polymerase |l,
P P y . g y regulation of cellular ketone metabolic
region DNA b'”qf”g' process by negative regulation of
sequence-specific DNA transcription from RNA polymerase ||
binding, transcription promoter
corepressor activity
Endoplasmic reticulum-
L Calcium ion binding . . . Golgi intermediate
Nucleobindin 2 F6Y426 52 50376 0.06 Negative regulation of appetite
compartment
DNA topoisomerase . .
binding. identical protei Angiogenesis, cellular response to Nucleol leopl
!n !ng, identic Ipro en epidermal growth factor stimulus, cellular ucieolus, ”%‘C eoplasm,
binding, MRNA 5'-UTR response to leukemia inhibitory factor, nucleus, spliceosomal
binding, protein C- i i i iti complex, cell cortex,
Nucleolin F6X3KO0 194 69313 020 N9, proel negative regulation of translation, positive plex, ¢
terminus binding, RNA regulation of mMRNA splicing, via cytoplasmic
binding, telomeric DNA spliceosome, positive regulation of ribonucleoprotein
binding transcription by RNA polymerase II, granule,

positive regulation of transcription of
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nucleolar large rRNA by RNA polymerase
I, regulation of RNA metabolic process

ribonucleoprotein
complex

chromatin binding,
histone binding, RNA

chromatin remodeling, positive regulation
of transcription by RNA polymerase I,
regulation of centrosome duplication,
ribosomal large subunit biogenesis,

Cytoskeleton,
centrosome, nucleolus,
nucleoplasm, cytoplasm,

Nucleophosmin 1 F6X9D3 bindin ribosomal large subunit export from ribonucleoprotein
9 nucleus, ribosomal small subunit P
biogenesis, ribosomal small subunit complex
export from nucleus, rRNA export from
nucleus
ATP binding, nucleoside CTP biosynthetic process, GTP
. diohosphate kinase blosynth_etlc process, purine nucleotld_e kk
Nucle05|de . F6YY66 75 25749 0.11 p_ . P metabolic process, pyrimidine nucleotide
diphosphate kinase activity . ; -
metabolic process, regulation of apoptotic
process, UTP biosynthetic process
G protein-coupled
receptor activity, G
protein-coupled serotonin  chemical synaptic transmission, G
receptor activity, in- i i Plasma membrane
Olfactory receptor F7BLJ1 18 34130 0.10 P . y protein-coupled receptor_3|gna||ng_
neurotransmitter receptor pathway, coupled to cyclic nucleotide
activity, olfactory receptor ~ second messenger
activity
Alpha-L
arabinofuranosidase L-arabinose metabolic process, adult Extracellular region or
Otogelin F6QL90 22 319792 0.01 activity, structural locomotory behavior, sensory perception secreted
molecule activity of sound
H *kk *kk
PDZ domain F6VONS 16 304085  0.01 wox
containing 2
Aminopeptidase activity, o
Peptidase D F6Y2H3 33 55647 0.05 manganese ion binding ok
Cyclosporin A binding,
metal ion binding, ch diated i foldi
- . eptidvi-prolvl cis-trans aperone-mediated protein folding, -
E:ﬁg?g:)ggglsgs A5YBL8 45 23850 0.14 p prcy-p yt' it protein peptidyl-prolyl isomerization,
ISOmerase ac '_V' y,. . protein refolding
unfolded protein binding
Thioredoxin peroxidase Cell redox homeostasis, cellular Mitochondrion,
Peroxiredoxin FGRCAS 23 17175 0.17 activity response to oxidative stress, hydrogen peroxisome, cytoplasm

peroxide catabolic process
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Thioredoxin peroxidase

Cell redox homeostasis, leukocyte

Peroxiredoxin 1 F656J4 59 22348 0.15 activity activation, removal of superoxide Cytosal
radicals, response to oxidative stress
Phosphatidylethanol Negative regulation of MAPK cascade, Cell surface
amine binding F6QXW2 145 21439 0.14 whk sperm capacitation
protein 1
Calcium ion binding,
phospholipase A2 activity,
phospholipase A2 activity  Arachidonic acid secretion, lipid catabolic
(consuming 1,2- process, phosphatidic acid metabolic Extracellular region or
Phospholipase A (2)  F7BBP1 102 17071 0.20 ﬁ;%?'”;';%fgﬁ;fg:sa;'igco process, positive regulation of ERK1 and  secreted
activity (consuming 1,2- ERK2 cascade
dioleoylphosphatidylethan
olamine), phospholipid
binding
cellular response to hypoxia, epithelial
ADP binding, ATP cell differentiation, gluconeogenesis,
Phosphoglycerate binding, _ glyc_olyt|c pr_ocess, m_agatlve reg_ulat_lon of Cytosol, extracellular
Kinase F7D1R1 31 42642 0.07 phqs_phoglyce_rate_ km_ase angiogenesis, plasminogen activation, space, membrane raft
activity, protein-disulfide positive regulation of oxidative
reductase activity phosphorylation
ATPase-coupled .
Phospholipid- intramembrane lipid Phospholipid translocation Memgrane, multi-pass
transporting ATPase F6SXI7 27 134156 0.02 trgnsporter acthl_ty, A_TP membrane protein
binding, magnesium ion
binding
Polymeric Integral componente of
immunoglobulin F6W 1N4 624 84264 0.15 rkk Fkk membrane
receptor
mMRNA splice site selectionnegative )
Polypyrimidine tract o regulation of RNA splicing, regulation of Nucleus, spliceosomal
binding protein 2 F6UCW6 47 54569 0.06 mRNA binding neural precursor cell pr.ollferanon, _ complex
regulation of RNA splicing, regulation of
translation
Actin cytoskeleton organization, positive ™
Profilin F6UJ33 261 15205 043 Actin binding regulation of actin filamento bundle
assembly, regulation of actin filamento
polymerization
beta-galactosidase adenylate cyclase-inhibiting G protein-
activity, ganglioside GM1  coupled receptor signaling pathway, Endosome, Extracellular
Prosaposin F6YQMS5 61 58862 0.06 binding, ganglioside GM2  antigen processing and presentation, region or secreted,

binding, ganglioside GM3
binding, ganglioside
GP1c binding,

cellular response to organic substance,
cerebellar Purkinje cell differentiation,
cochlea development, corneocyte

Lysosome
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ganglioside GT1b
binding, G protein-
coupled receptor binding,
lipid antigen binding,
phospholipid binding,
protease binding, protein
homodimerization activity

development, cornified envelope
assembly, epithelial cell differentiation
involved in prostate gland development,
galactosylceramide catabolic process,
ganglioside GM1 transport to membrane,
glucosylceramide metabolic process,
inclusion body assembly, intracellular
protein transport, lysosomal protein
catabolic process, lysosomal transport,
micturition, myelination, negative
regulation of hydrogen peroxide-induced
cell death, neuromuscular process
controlling balance, NK T cell
differentiation, positive regulation of
hydrolase activity, positive regulation of
MAPK cascade, prostate gland growth,
protein secretion, regulation of lipid
metabolic process, sensory perception of
sound, walking behavior

Prostaglandin FEPWCS 84 36011 0.08 15-oxoprostaglandin 13- " Cytoplasm
reductase 1 oxidase activity
identt_:;:aldproltfe_(;n binding, ;:el_l rtedloxi?on;eosta}?is, cellulla{_respfonse Endoplasmic reticulum,
P peptide disulfide o interleukin-7, positive regulation o ;
_Proteln disulfide- F6VSN9 51 57020 0.12 oxidoreductase activity, extrinsic apoptotic signaling pathway, Extracellular region or
isomerase A : ) . secreted
protein disulfide protein folding, response to endoplasmic
isomerase activity reticulum stress
Calcium-dependent
protein binding, calcium Positive regulation of smooth muscle cell Nucleus, cytoplasm,
Protein S100 F7BND9 37 11510 0.30 ion binding, protein migration, regulation of cell population ruffle
homodimerization activity,  proliferation
S100 protein binding
Protein tyrosine Protein tyrosine Peptidyl-tyrosine dephosphorylation
. - y *kk
phosphatase, F7C1w3 37 214456 0.01 phosphatase activity protein dephosphorylation, synaptic
receptor type F membrane adhesion
_ Frizzled binding Cell fate commitment, neuron Extracellular matirx
Protein Wnt F6YC71 17 40399 0.08 differentiation, positive regulation of INK
cascade
endopeptidase activity, positive regulation of NF-kappaB
_ NF-kappaB binding, RNA transcription fa_ctor activity, proteasomal Nucl |
Proteasome subunit F7BRA4 75 27838 011 binding, threonine-type prqtel'n' ce}tabollc process, p_roteasomgil ucleus, cytoplasm
alpha type ) o ubiquitin-independent protein catabolic
endopeptidase activity process, proteasome-mediated ubiquitin-
dependent protein catabolic process
o i Magnesium ion binding, Integral component of
Pseudouridine 5- F6QLR8 122 23394 027 phosphatase activity ik membrane

phosphatase
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Pyridine nucleotide-

disulphide Oxidoreductase activity ok
oxidoreductase F6SSJ8 21 63221 0.05 ek
domain 2
Kinase activity,
magnesium ion binding, .
Pyruvate kinase F6W3M5 39 59324 0.06 potassium ion binding, xhk
pyruvate kinase activity
Bisphosphoglycerate
mutase activity, Glycolytic process, regulation of glycolytic
rl?qf;c:;séloglycerate F7DQS6 67 23766 0.12 phqs_phoglycgratg mutase  process, regulation of pentose-phosphate Cytosol
activity, protein kinase shunt, respirratory burst.
binding
Acute-phase response, antimicrobial
humoral immune response mediated by
antimicrobial peptide, cell surface
receptor signaling pathway, cytolysis by
host of symbiont cells, fibrinolysis,
negative regulation of astrocyte
differentiation, negative regulation of
cytokine production involved in
inflammatory response, negative
. . regulation of proteolysis, neutrophil
Calcium |0n. blndlng,. . mediated killing of gram-negative
enzyme activator activity,  pacterium, platelet activation, positive
heparin binding, regulation of blood coagulation, positive
lipopolysaccharide regulation of cell growth, positive Extracellular space,
Prothrombin F7BEJ1 23 71904 0.04 binding, serine-type regulation of cell population proliferation, ~ external side of plasma

endopeptidase activity,
signaling receptor
binding, thrombospondin
receptor activity.

positive regulation of collagen
biosynthetic process, positive regulation
of lipid kinase activity, positive regulation
of phosphatidylinositol 3-kinase signaling,
positive regulation of phospholipase C-
activating G protein-coupled receptor
signaling pathway, positive regulation of
protein localization to nucleus, positive
regulation of protein phosphorylation,
positive regulation of reactive oxygen
species metabolic process, positive
regulation of release of sequestered
calcium ion into cytosol, regulation of cell
shape, regulation of gene expression.

membrane.
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RAB1B, member

GTPase activity, GTP

Autophagosome assembly, endoplasmic
reticulum to Golgi vesicle-mediated
transport, intracellular protein transport,
positive regulation of glycoprotein

Golge apparatus,
endomembrane system,
endoplasmic reticulum-

RAS oncogene F6TGA5 43 22328 0.13 binding metabolic process, Rab protein signal golgi intermediate
family transduction, regulation of compartent
autophagosome assembly, virion P
assembly
GTPase activator activity, )
Rab GDP rab GDP-dissociation Pro;‘?'” t;a'?Sngrt* Smi‘j” GTPase | e
dizsociation hibitor F67434 32 49573 0.06 inhibitor activity, rab med!ateOI signal trasnduction, vesicle-
GTPasa binding mediated transport
Damaged DNA binding,
polyubiquitin modification-  Nycleotide-excision repair, proteasome-
RAD23 homolog B, d dent protei i iquiti Y i Cytosol, nucleus
nucleotide excision F6X3S7 42 40495 0.07 b_e[?:n en To en mediated ubiquitin-dependent protein ytosel,
repair protein !n !ng, pff_J ef_;lsom_e _ catabolic process
binding, ubiquitin binding
GTP bindin Fkk
Ras related GTP F7A8H8 14 36977  0.09 g -
binding B
ATP binding,
Receptor protein- transmembrane receptor Transmembrane receptor protein tyrosine
tyrosine kinase F6T421 16 132432 0.02 pro'te'ln tyrosine kinase kinase signaling pathway
activity
Aldehyde dehydrogenase
(NAD) activity,
Retinal benzaldehyde ok rxk
dehydrogenase 1 FICKH3 60 55387 0.05 dehydrogenase (NAD+)
activity
Retinol-bindi E;::g:qle?qnb?];?é retinol . Extracellular region or
etinol-binding FEW135 34 19157  0.15 iy Retinol transport secreted
protein transporter activity
Retinal binding, retinol
. Lo binding, retinol . Extracellular region or
Retinol-binding Q28369 70 233449 0.13 transmembrane Retinol transport secreted

protein 4

transporter activity
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Ribosomal_L23eN

Structural constituent of

Ribosomal large subunit assembly,

Cytosol

domain-containing F6ULU9 66 17675 0.19 ribosome translation
protein
Endoplasmic reticulum,
. - rx . integral component of
Ribosome binding ;g 95 103173 0.03 Protein transport endoplasmic reticulum
protein 1
membrane
. . RNA binding, structural . Cytosol, Endoplasmic
i'lbosoma' protein  revxa1 26 48929  0.06 constituent of ribosome 1 "anslation reticulum, Nucleus
Cytoplasmic translation, negative
regulation of proteasomal ubiquitin-
o dependent protein catabolic process,
5S rRNA binding, RNA negative regulation of protein
binding, structural neddylation, positive regulation of gene Cytosolic large
Ribosomal protein constituent of ribosome, expression, positive regulation of intrinsic  fibosomal subunit,
L11 F6UB53 93 20507 0.14 ubiquitin ligase inhibitor apoptotic signaling pathway by p53 class nucleus, nupleoplasm,
activity, ubiquitin protein mediator, positive regulation of protein polysomal ribosome
ligase binding binding, protein localization to nucleus,
protein stabilization, protein targeting,
ribosomal large subunit assembly rRNA
processing
. . RNA binding, structural . Cytosolic large
ilsbosomal protein L F6YJR6 56 21693 0.14 constituent of ribosome Translation ribosomal subunit
cellular response to gamma radiation,
cytoplasmic translation, DNA damage
response, signal transduction by p53
class mediator resulting in cell cycle
arrest, positive regulation of DNA
damage response, signal transduction by
mMRNA 5-UTR binding, p53 class mediator resulting in
Ribosomal protein FETSKO 28 17248 0.20 RNA binding, structural transcription of p21 class mediator, Cytosol, Nucleus

L26

constituent of ribosome

positive regulation of intrinsic apoptotic
signaling pathway in response to DNA
damage by p53 class mediator, positive
regulation of translation, regulation of
translation involved in cellular response
to UV, ribosomal large subunit
biogenesis, rRNA processing
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Ribosomal protein

mRNA binding, rRNA
binding, structural

Ribosomal small subunit assembly,

Cytosol, ribosome

S5 FETNEL 43 23033 0.13 constituent of ribosome translation
o Cellular response to leukemia inhibitory cytosolic small
Ribosomal protein RNA binding, structural fator, maturation of SSU-rRNA from ribosomal subunit. small
S16 F6Q4A3 56 18002 0.16 constituent of ribosome tricistronic rRNA transcript (SSU_rRNA, ribosomal subunit
5.8S rRNA, LSU-rRNA), translation.
Antimicrobial humoral immune response
mediated by antimicrobial peptide,
defense response to Gram-negative
bacterium, erythrocyte differentiation,
Fibroblast growth factor killing of cells of other organismo,
binding, identical protein maturation of_SSU-rRNA from tricistronic
) | ) binding, protein kinase rRNA transcript (SSU-rRNA, 5.85 rRNA,  cyi650l, Nucleus,
Ribosomal protein F6YZX2 51 16606 0.20 binding, RNA binding, LSU-r_RNA), mopocyte chemotams, postsynaptic density
S19 . negative regulation of respiratory burst
structural constituent of . L
) involved in inflammatory response, Notch
ribosome . .
signaling pathway, nucleolus
organization, positive regulation of
respiratory burst involved in inflammatory
response, ribosomal small subunit
assembly, translation
) ) Structural constituent of Cytoplasmic translation, maturation of Cytosol, polysomal
Ribosomal protein F6WVD1 32 7893 0.45 ribosome SSU-rRNA, ribosomal small subunit ribosome
S28 assembly
Ribosomal large subunit Polsitive regulation| of le;IA splicing, via Nucleus,
— . spliceosome, regulation of RNA : ;
RNA binding motif - . h . ribonucleoprotein
protein 3 F6YEU3 96 16940 0.20 binding, RNA binding metabqllc process, regulation of complex
translation
Positive regulation of mMRNA splicing, via
o ) Ribosomal large subunit spliceosome, regulation of RNA Nucleus, nucleoplasm,
RNA binding motif binding. RNA bindi i nre i li | |
protein 3 FEYEU3 90 16940 0.17 inding, inding metabolic process, regulation of spliceosomal complex
translation
Positive regulation of mRNA splicing, via ~ Nucleus,
indi i RNA bindin: i i ribonucleoprotein
RNA_blndl_ng motif F6XIBO 80 42360 0.07 g spllceospme, regulation of RNA p!
protein X-linked metabolic process complex
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Positive regulation of mRNA splicing, via ~ Nucleus,
RNA binding motif RNA binding spliceosome, regulation of RNA ribonucleoprotein
protein X-linked FEXJBY 57 42306 0.16 metabolic process complex
Round spermatid i i Nucleus
basic protein 1 like F6W8Q5 23 74643 0.04
Androgen catabolic process, cell
adhesion, cellular response to
] testosterone stimulus, osteoblast
Secreted Extracellular matrix differentiation, positive regulation of bone  extracellular space,
phosphoprotein 1 F7AYC1 21 35113 0.09 binding, integrin binding resorption, positive regulation of estradiol ~ Golgi apparatus
secretion, positive regulation of
transcription, DNA-templated, response
to vitamin D
L sk Phosphatidylserine metabolic process, *kx
ge””e INCOrporator— ceyams 23 50147  0.06 sphingolipid metabolic process
Ferric iron binding, ferric Extracellular region
Serotransferrin P27425 821 80268 0.11 iron transmembrane Cellular iron ion homeostasis, secreted gon,
transport activity
i in- Serine-type . . .
Serplr_l Fiomam . F7BF31 86 47102 0.06 endopeptidase inhibitor Neg"?‘“"e regulation of endopeptidase Extracellular space
containing protein activity activity
Serine-type Negative regulation of complement
Serpin Family G F7CZW9 35 52818 0.06 endopeptidase inhibitor act|vat|pn, lectin pathway, negat_l\{e Extracellular region or
member 1 L regulation of endopeptidase activity, secreted
activity . f
regulation of blood coagulation
Serum albumin F7BAY6 10775 70324 3.66 Metal ion binding Fkk Extracellular space
Small nuclear
ribonucleoprotein F7CNE1 51 13238 0.23 RNA binding Spliceosomal snRNP assembly Cytosol, nucleus
SmD1
Small ubiquitin- F6T937 137 11211 027 Enzyme binding Negative regulation of DNA binding, Nucleus
related modifier protein sumoylation
rSeMIiLi:]étliDoﬁAre ulator mRNA splicing, via spliceosome, RNA Nucleus, pracatalytic
an% < ”ceosgmal F6QY78 17 57143 0.05 wrx aoricin plicing, via sp ' spliceosome, U2-type
f P plcing precatalytic spliceosome
actor
. . . - Apoptotic mitochondrial changes,
Solute carrier family F6TQZ8 54 34808 0.10 ATP:ADP antiporter negative regulation of necroptotic Mitochondrion

25 member 4

activity

process
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identical protein binding,

flagellated sperm motility, fructose

Sorbitol L-iditol 2-dehydrogenase . . . . Extracellular region or
F7A1C3 64 38626 0.08 - L ; biosynthetic process, L-xylitol catabolic . .
dehydrogenase activity, _NAD binding, zinc process, sorbitol catabolic process secreted, mitochondrion,
ion binding
SR-related CTD . Protein import into peroxisome matrix, Nuclear, nucleolus,
associated factor 11 FEXJL6 25 155557 0.02 spliceosomal complex assembly peroxisome membrane
Stanniocalcin 1 F7AKV6 433 28095  0.40 Hormone activity ok Extracellular region or
secreted
Stanniocalcin 1 F7AKV6 34 28095 0.12 Hormone activity Cellular calcium ion homeostasis Eg(t:rrzzciggular region or
establishment of skin barrier, intrinsic
apoptotic signaling pathway in response
to DNA damage, keratinization,
keratinocyte development, negative
regulation of cysteine-type
identical protein binding, endope_ptldase activity |n_voIved in
A apoptotic process, negative regulation of
phosphoprotein binding, keratinocyte proliferation, positive
Stratifin F7CIM1 47 27885 0.11 protein domain specific : P » POS! Cytosol, nucleus
- L regulation of cell growth, positive
binding, protein kinase |ati f enid [ cell
binding regulation of epidermal cell
differentiation, positive regulation of
protein export from nucleus, regulation of
cyclin-dependent protein serine/threonine
kinase activity, regulation of epidermal
cell division, release of cytochrome c
from mitochondria
Actin binding, dynactin
binding, dynein
intermediate chain
Spectrin beta. non- binding, identical protein
p ! F6PMZ7 21 414368 0.01 binding,kinesin binding, Golgi organization, lysosomal transport e
erythrocytic 5 T,
myosin tail binding,
phospholipid binding,
protein self-association,
spectrin binding
Splicing factor RNA binding,
proline and F7C177 a7 48896 0.06 transcr|pt|on regulatory' Altgrnatlve mRNA splicing, via Nucleus
lutamine rich region §equence—spe0|f|c spliceosome
9 DNA binding
. Electron transfer activity,
succinate flavin adenine
dehydrogenase dinucleotide bindin Mitochondrial electron transport,
[ubiquinone] F6X7Q3 176 74135 0.04 9 succinate to ubiquinone, tricarboxylic acid ~ Mitochondrion

flavoprotein subunit,
mitochondrial

oxidoreductase activity,
succinate dehydrogenase
(ubiguinone) activity,

cycle
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succinate dehydrogenase
activity

Supervillin F6VNU5 24 246024 0.01 Actin filament binding Cytoskeleton organization Fkk
Tartrate-resistant Acid phosphatase activity,
acid phosphatase F6WFF6 261 37684 0.18 ferric iron binding, ferrous ~ Boné resorption, ossification ok
type 5 iron binding
Testis expressed 47  F7CU28 13 29614 0.11 okk Fkk bl
Cell redox homeostasis, glycerol ether
metabolic process, negative regulation of
hydrogen peroxide-induced cell death,
Peptide disulfide negative regulation of protein export from Nucleus. Extracellular
. . oxidoreductase activity, nucleus, negative regulation of ; ’
Thioredoxin 097508 116 12014 0.29 PR D region or secreted,
protein disulfide transcription by RNA polymerase I, Cytoplasm
oxidoreductase activity oxidation-reduction process, positive P
regulation of DNA binding, positive
regulation of peptidyl-serine
phosphorylation, response to radiation
Thloer_oxm domain F6RTHO 33 14193 0.21 Prote|n-d|sulf|_d_e kx Cytosol
containing 17 reductase activity
E‘éelo”'”e synthase  qyga7 17 84041  0.03 Pyridoxal 5"-phosphate  *** wox
DNA binding, inorganic
. phosphate . . )
Thymopoietin F7DOU2 29 39994 0.08 transmembrane Phosphate ion transmembrane transport Mitochondrion
transporter activity
Thymopoietin F7CPD9 39 50332 0.06 DNA binding ok ok
Thymocyte selection
iated high
associated ig F7BRBO 15 54415  0.05 DNA binding o Nucleus
mobility group box
TPR_.REGIOI\.I ] Heat shock orotein Chaperone cofactor-dependent protein
domain-containing FEWOB1 20 41524 007 binding prot?:—:in refolding, chaperone-mediated protein -
protein ’ dimeri e - folding, protein-containing complex
imerization activity
assembly
Transaldolase Sﬁg:hﬁgtt:.lg?e-% Carbohydrate metabolic process,
F7BA40 31 33970 0.10 phosp ) pentose-phosphate shunt, non-oxidative *kk

glyceraldehyde-3-
phosphate

branch
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glyceronetransferase
activity

Transglutaminase 3

Metal ion binding, protein-
glutamine gamma-

. ki r
F6YMM5 1088 77161 0.65 glutamyltransferase Peptide cross-linking
activity
DNA-binding transcription
Transcriotion factor activator activity, RNA Humoral immune response, positive
P polymerase ll-specific, regulation of cell adhesion, positive
binding to IGHM in dimerizati . S
e F6T5EL 29 61336 0.5 proveln d;e’:\‘li"zﬁlt'?;‘erase regulation of transcription by RNA Sé‘:?golg:;c'eus*
vity, polym polymerase I, regulation of osteoclast P
I cis-regulatory region . o
. differentiation
sequence-specific DNA
binding
Transgelin T . .
F6QXNS5 87 23157 0.13 Fokk Epithelial cell differentiation ok
Cofactor binding, protein . .
Transketolase ' -3-
F7D9J2 250 65355 0.16 homodimerization activity, Glyceraldehyde_S phosphate biosynthetic Nucleus
L process, regulation of growth
transketolase activity
Dopamine:sodium
symporter activity,
. . . . . . Plasma Membrane
Transporter : '
p F6U983 27 69675 0.05 neurotransmlt_te_r.sodlum Dopam_mg uptake |n_volveq in synaptic integral component of
symporter activity, transmission, norepinephrine transport
- . . plasma membrane,
norepinephrine:sodium
symporter activity
) Protein homodierization Gluconeogenesis, glyceraldhyde-3-
Triosephosphate activity, triose-phosphate phosphate biosynthethic process,
isomerase F6TZS9 36 26979 0.11 isomerase activity, glycerol catabolic process, glycolytic Cytosol
ubiquitin protein ligase process, multicelular organismo
binding development
Bone resorption, central nervous system
) ) ) Endopeptidase activity, development, epithelial cell
Tripeptidyl peptidase metal ion binding, serine-  differentiation, lysosome organization, Endosome, recyling
1 F6TJIX5 71 62223 0.05 type endopeptidase neuromuscular process controlling endosome, golgi
activity, tripeptidyl- balance, peptide catabolic process, apparatus, lysosome
peptidase activity protein localization to chromosome,
telomeric region, proteolysis
Tropomyosin 3 in fi izati i
pomy! F6ZTRA 35 32087 0.09 Actin filament binding Actin fllament organization, muscle (_:ytoskeleton and actin
contraction filament
GTPase activity, GTP . .
Tubulin alpha chain binding, structural Microtubule-based process, r_mc_rotubule
F6YREO 113 50578 0.18 cytoskeleton organization, mitotic cell Cytoskeleton

constituent of
cytoskeleton

cycle
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Calcium ion binding,
GTPase activity, GTP
binding, structural

Microtubule-based process, microtubule

cytoskeleton organization, mitotic cell
y g Cytoskeleton

Tubulin beta chain F7BHV8 327 47919 0.13 . cycle, negative regulation of microtubule
constituent of olvmerization
cytoskeleton poly!
Tyrosine 3-
monooxygenase/try
E:oghan o> N Protein domain specific r .
onooxygenase F6XEB4 70 27899  0.11 binding
activation protein
zeta
. Cellular response to heat, cerebral cortex
Calcium channel )
regulator activity, histone development, hippocampus
9 Y. development, MAPK cascade, negative
deacetylase binding, ) L
. . LT regulation of calcium ion export across
identical protein binding, ) .
) . . plasma membrane, negative regulation of
Tyrosine 3- ion channel binding, L
. - calcium ion transmembrane transporter
monooxygenase/try phosphoserine residue . ) . .
- . activity, negative regulation of peptidyl-
ptophan 5- binding, potassium serine dephosphorviation. neuron Nucleus, plasma
monooxygenase F6XA04 23 26658 0.11 channel regulator activity, ) ) P p Y ’ . membrane, cytoplasm
L . ) . - migration, positive regulation of protein
activation protein protein domain specific . o
o - . export from nucleus, protein localization
épsilon binding, protein . A .
) L to nucleus, protein targeting, regulation of
heterodimerization . o .
L . cytosolic calcium ion concentration,
activity, scaffold protein ) o
- L . regulation of membrane repolarization,
binding, ubiquitin protein ) R
. - regulation of potassium ion
ligase binding -
transmembrane transporter activity
Ubiquitin A-52 Protein tag, structural Cytoscol, endoplasmatic
residue ribosomal constituent of ribosome, Modification-dependent protein catabolic reticulum’ nuclgus
protein fusion AOA0B4J1C5 68 15004 0.20 ubiquitin protein ligase process, protein ubiquitination, translation ' ’
- plasma mambrane
product 1 binding
Uncharacterized F6SP11 321 11145 061 ek ek
protein
Antigen binding, B cell receptor signaling patway, Lrgzsca?(glg?;!llr;ting
i immunoglobulin receptor complement activation, classical . '
Uncharacterized F6QAUS 89 11604 058 nmunog P P . external side of plasma
protein binding pathway, defense response to bacterium,

. . . membrane
innate immune response, phagocytosis,
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engulfment, phagocytosis, recognition,
positive regulation of B cell activation

Uncharacterized

Endoribonuclease
activity, ribonuclease T2

RNA catabolic process

Extracellular region

protein FEXNT7 44 20804 0.16 activity, RNA binding
Activation of innate immune response,
cell chemotaxis, chromatin remodeling,
developmental process, DNA ligation
involved in DNA repair, DNA
recombination, positive regulation of
autophagy, positive regulation of ERK1
and ERK2 cascade, positive regulation of
innate immune response, positive
DNA binding, bending, regulation of interferon-alpha secretion,
non-sequence-specific positive regulation of interleukin-1 beta
Unch_aractenzed F6S6S0 47 24718 012 DNA b|_nd_|ng, bending, ;ecret|0n, positive r_egulatlo_n_ of _ Nucleus, cytoplasm
protein transcription factor interleukin-1 secretion, positive regulation
binding of interleukin-6 production, positive
regulation of NIK/NF-kappaB signaling,
positive regulation of transcription by
RNA polymerase I, positive regulation of
tumor necrosis factor production,
regulation of signaling receptor activity,
regulation of transcription, DNA-
templated, regulation of transcription by
RNA polymerase Il
. *kk *kk *kk
;’(‘)‘;L‘i";‘]ra“e”zed F7BCR9 19 138095  0.02
. *kk *kk *kk
;’(‘)‘;L‘i";‘]ra“e”zed F6TW55 54 11628  0.26
RNA binding, sequence-
specific DNA binding, Nucleus, nucleoplasm,
Unch_aractenzed F7C0C0 43 23462 013 sequence-specific Regulation of RNA metabolic process ribonucleoprotein
protein double-stranded DNA complex
binding
Antigen binding, B cell receptor signling patway, Immunoglobulin
Uncharacterized HOGZQ9 289 37984 0.35 immunoglobulin receptor complement activation, classical complex, circulating,

protein

binding

pathway, defense response to bacterium,
innate immune response, phagocytosis,

external side of plasma
membrane, integral
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engulfment and recognition, positive
regulation of B cell activation

component of
membrane

Uncharacterized

RNA binding, sequence-
specific DNA binding,
sequence-specific

Regulation of RNA metabolic process

Nucleoplasm, nucleus,
ribonucleoprotein

protein F7DL64 133 29591 0.24 double-stranded DNA complex
binding
Calcium ion binding, G-
rotei mma- . L o .

h ized [sjuctJJts:\ri]t t():itrijQIZX bi:din Centriole replication, mitotic cell cycle, Centriole, centrosome,
Unc gractenze F7DMT2 16 18915 0.16 . p -g, nucleotide-excision repair ciliary basal body
protein heterotrimeric G-protein

binding
Magnesium ion binding,
i Glycolitic process Cytosol
Uncharacterized FEV7C1 a4 47509 0.06 phosphopyruvate Y p vt
protein hydratase activity
B cell receptor signaling pathway, Immunoglobulin
) - complement activation, classical complex, circulating,
Antigen binding, ) )
Unch ized immunoalobulin recentor pathway, defense response to bacterium, external side of plasma
rrgei?]racterlze H9GZR2 335 37362 0.25 blindin 9 P innate immune response, phagocytosis, membrane, integral
P 9 engulfment, recognition, positive component of
regulation of B cell activation membrane
i WW domain bindin rkk Nucleus
Uncharacterized FEVYF8 31 13699  0.22 9
protein
ATP?SE activity, ATPase Cellular response to unfolded protein,
activity, coupled, ATP .
- chaperone cofactor-dependent protein
binding, heat shock ; S .
A . refolding, positive regulation of
protein binding, misfolded Lo . Cytosol, nucleus,
) S . proteasomal ubiquitin-dependent protein
Uncharacterized protein binding, protein . . . plasma membrane,
: F7DW69 246 70455 0.15 ) catabolic process, protein refolding,
protein folding chaperone, ) o . cytoplas
N - regulation of mitotic spindle assembly,
ubiquitin protein ligase . .
- . response to unfolded protein, vesicle-
binding, unfolded protein .
- mediated transport.
binding.
Antigen binding, B cell receptor signaling pathway, Extracellular region or
i immunoglobulin receptor complement activation, classical secreted, plasma
Uncharacterized HOGZV1 185 36571 0.08 g p p p

protein

binding

pathway, defense response to bacterium,
innate immune response, phagocytosis,

membrane
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engulfment, phagocytosis, recognition,
positive regulation of B cell activation

Uncharacterized

Antigen binding,
immunoglobulin receptor

B cell receptor signaling pathway,
complement activation, classical
pathway, defense response to bacterium,

Extracelular region or
secreted, plasma

protein HI9GZU8 334 36463 0.08 binding innate immune responsg, phagocyt‘oss, membrane
engulfment, phagocytosis, recognition,
positive regulation of B cell activation
B cell receptor signaling pathway,
. - complement activation, classical Immunoglobuin
Antigen binding, . . .
Unch ized immunodlobulin recentor pathway, defense response to bacterium,  complex, circulating,
rrgt:eﬁl]ractenze HI9GZN9 95 50092 0.06 bindin 9 P innate immune response, phagocytosis, external side of plasma
P 9 engulfment, phagocytosis, recognition, membrane
positive regulation of B cell activation
ATP binding, chaperone
Unch ized binding, metal ion Chaperone cofactor-dependent protein mitochondrial matrix
ncharacterize F6TOAG 90 10906  0.74 binding, unfolded protein  refolding
protein -
binding
Uncharacterized HOGZU9 728 36388 0.26 ik ik ok
protein
Glutathione metabolic process, linoleic
acid metabolic process, negative
regulation of ERK1 and ERK2 cascade,
negative regulation of extrinsic apoptotic
Dinitrosyl-iron complex §|gnal|ng pathway, negatlye regulatl.on of
binding, glutathione interleukin-1 beta production, negative
. F6VSN2 peroxidase activity, regulation of JUN kinase activity, . .
Uncharacterized 718 23656 0.60 glutathione transferase negative regulation of monocyte Cytosol, mitochondrion,

protein

activity, S-
nitrosoglutathione
binding.

chemotactic protein-1 production,
negative regulation of nitric-oxide
synthase biosynthetic process, negative
regulation of tumor necrosis factor
production, xenobiotic metabolic process

TRAF2-GSTP1 complex
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Antigen binding,

B cell receptor signaling pathway,
complement activation, classical
pathway, defense response to bacterium,

Immunoglobulin

i HI9GZT5 immunoglobulin receptor ) . . i ii
Unch_aracterlzed 98 36979 0.08 - 9 P innate immune response, phagocytosis, complex, (_:|rculat||ng,
protein binding . - external side of plasma

engulfment, phagocytosis, recognition, membrane
positive regulation of B cell activation
Serine-type L

i F6RMDO . - Complement activtion .
;Jrrz:iz%ractenzed 51 87298 0.03 endopeptidase activity P Extecellular region

i F6XAY6 ik Nucleosome assembl
Uncharacterized 31 29814 0.11 y Nucleus
protein

Structural constituent of . . - .

i F6XAD7 . Mitochondrial transcription, translation i i
Unchgractenzed 37 21672 014 ribosome p I\_/Iltochondrlal Iarge
protein ribosomal subunit

Antimicrobial humoral immune response
mediated by antimicrobial peptide,
cytolysis in other organism, defense
response to fungus, heme transport,
negative regulation of angiogenesis,
negative regulation of cell adhesion
mediated by integrin, negative regulation
Cysteine-type y d . 9 . 9
. R of cell growth, negative regulation of cell
endopeptidase inhibitor . . . )
. L population proliferation, negative
activity, heme binding, . . o
: regulation of endopeptidase activity,
heparin sulfate ) . .
negative regulation of endothelial cell
proteoglycan chemotaxis, negative regulation of End Ext lul

. F6Z135 —_— A ne XIS, : ' ndosome, Extracellular

Uncharacterized 62 27155 0.11 binding,heparin binding, fibrinolysis, negative regulation of region or secreted,

protein

immunoglobulin binding,
serine-type
endopeptidase inhibitor

activity, signaling receptor

binding, zinc ion binding

lamellipodium assembly, negative
regulation of vascular endothelial growth
factor signaling pathway, platelet

activation, positive regulation of apoptotic

process, positive regulation of blood
vessel remodeling, positive regulation of
focal adhesion assembly, positive
regulation of immune response to tumor
cell, regulation of actin cytoskeleton
organization, regulation of gene

expression, regulation of peptidyl-tyrosine

phosphorylation, regulation of platelet

lysosome
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activation, regulation of protein complex
assembly

Endopeptidase inhibitor

Complement activation, immunoglobulin

i FEXSF7 - mediated immune response, i
Uncharacterized 27 194551  0.01 activity . P Extracellular region or
protein inflammatory response secreted

Protein kinase activator
ivity, ribonucleoprotein . . .
Unch terized F6VQ14 222:’;?;( Ibb|?1 dliJnCQEOp otel Cytoplasmic translation, translational
ncharacterize , .
; . ; elongation
protein 52 11655 0.30 structural constituent of g Cytosol,
ribosome
28388 Snall molecule bindin rkk i
Uterocalin Q 2075 21019  5.89 9 Extracellular region or
secreted
F6R1I4 Signal transduction ok i
Uteroglobin 42 9907 0.30 9 Extracellular region or
secreted, cytoplasma
Autophagosome maturation, ER-
ATPase activity, ATP associated misfolded protein catabolic
. . binding, polyubiquitin process, macroautophagy, mitotic spindle .
F7BWW6 e . .
Valos_ln containing 52 89798 0.03 modification-dependent disassembly, retrograde protein Cy_tosol, Endoplasmic
protein Lo L reticulum, Nucleus
protein binding transport, ER to cytosol, ubiquitin-
dependent ERAD pathway
Acute inflammatory response, cell-cell
adhesion, chronic inflammatory
Vanin 1 (CN response, innate immune response,
F62129 i i i idati -
hydrolase domain- 156 58221 0.05 Pantgthelne hydrolase 'nedgatl\&e'regula_ltlon of ox_lda@lve slz_tress -
containing protein) activity induced intrinsic apoptotic signaling
pathway, pantothenate metabolic
process, positive regulation of T cell
differentiation in thymus
Vitelline membrane F6X1X3
outer layer 1 211 22028 0.13 ok ok el
homolog
Aspartic-type
T E60P34 endopeptidase inhibitor .
WAP four: (_jlsulflde Q 43 13863 0.21 activity, serine-type . Extracellular region or
core domain 2 : RN secreted
endopeptidase inhibitor
activity
WD repeat- F6QUL7 Cellular response to DNA damage
containing protein 32 60883 0.05 DNA binding stimulus, regulation of DNA damage Nucleus

checkpoint
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Xin actin binding

F6WK18

Actin filament binding,

Actin cytoskeleton organization, cardiac

muscle tissue morphogenesis, cell-cell
repeat containing 2 19 379158 0.01 alpha-actinin binding junction organization, ventricular septum ~ CYtoSkeleton
development
DNA binding, DNA-
P " binding transcription . -
F7DPE7 R
Zinc finger protein 14 02738 0.04 activator activity, DNA- Regulation of transcription, DNA

341

binding transcription
factor activity

templated Nucleus
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