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RESUMO

MARTINS, T. S. Diferenca esperada na progénie (DEP) para precocidade de
tourinhos Nelore e sua relacdo entre adipogénese, fibrogénese, lipogénese e
metabolismo lipidico. 2021. 200 f. Tese (Doutorado em Ciéncias) — Faculdade
de Medicina Veterinaria e Zootecnia, Universidade de Sao Paulo, Sdo Paulo,
2021.

Objetivou-se avaliar a expressao de genes relacionados ao metabolismo lipidico,
bem como identificar por meio da ferramenta de protebmica diferencial, as
principais diferengas no perfil proteico do musculo longissimus thoracis (LT) e da
espessura de gordura subcutédnea (EGS) de progénies Nelore, filhos de touros
com DEP contrastante para precocidade sexual e crescimento. Para isso, o
presente estudo foi dividido em 3 manuscritos. Em sintese, foram utilizados 105
bovinos, machos ndo castrados, com idade média de 20 £ 2 meses e 400 £ 24
kg, provenientes de um mesmo rebanho, com informag¢des genéticas para
precocidade e crescimento. Os animais foram confinados por 100 dias e
realizada a ultrassonografia de carcaga a cada 28 dias. Foram coletadas
amostras de sangue para determinar as concentragdes metabdlicas e hormonais
na ultima pesagem. Os animais foram abatidos apés 100 dias de confinamento
e durante o abate foram colhidas amostras do musculo LT e da EGS entre a 122
e 132 costelas além de amostras da gordura visceral (GV). Todas essas amostras
foram imediatamente congeladas em nitrogénio liquido e mantidas em freezer —
80°C até a realizagao das analises de expressao génica por PCR em tempo real
(RT-gPCR) e analise e SDS-PAGE, seguida de identificagdo proteica pela
analise de espectrometria de massas acoplada a cromatografia liquida (LC-
MS/MS). Durante a desossa foi avaliada a gordura intramuscular (MAR) no
musculo LT. Também foram coletados bifes para lipideos totais, perfil de acidos
graxos e solubilidade do colageno. Os animais foram selecionados de acordo
com a DEP de seus pais (touros). Do total de 105 animais, foram selecionados
6 pais com DEP’s simultaneamente contrastantes para precocidade e
crescimento, de forma que cada grupo experimental tivessem 3 pais. A partir dos
pais, foram formados 2 grupos contrastantes denominados de alta DEP (H_EPD;
N=16) e baixa DEP (L_EPD; N=16). Os animais do grupo H_EPD tiveram maior
EGS (P=0,006); menor LDL (P=0,014); maior IGF-1 (P=0,064); maior
solubilidade do colageno (P=0,098); menor expressdao do gene LPL, no LT
(P=0,045). Também este grupo apresentou maior expressdao dos genes



envolvidos na lipogénese avaliados na EGS: ACACA (P=0,060), LPL (P=0,085),
ACOX1 (P= 0,100), LEP (P=0,030), SDC (P= 0,009), e GAPDH (P=0,081), do
que os animais do grupo L_DEP. Uma banda eletroforética foi detectada como
diferencialmente abundante no mdusculo LT (banda 16) e trés bandas
eletroforéticas foram detectadas como diferentemente abundantes na EGS
(bandas 24, 30, 32). As vias KEGG do metabolismo de piruvato,
glicolise/gluconeogénese, metabolismo de carbono, biossintese de
aminoacidos, dentre outras, foram enriquecidas para as proteinas
diferencialmente abundantes identificadas no LT e na EGS. A selegao genética
para precocidade e crescimento afeta o proteoma muscular e consequentemente
o metabolismo lipidico e proteico de bovinos n&o castrados. O horménio IGF-1,
o gene LPL e as proteinas PKLR, PKM, ALDOA, DLD, GPI, VIM, ACTC1,
OXCT1, GAPDH, LDHA, LDHB, MDH1, MDH2, IDH1, PGK1, SUCLG2 and ACY1

podem ser considerados futuros biomarcadores candidatos para EGS.

Palavras-chave: Bovinos de corte. Espessura de gordura subcutanea. Vias

metabdlicas. Metabolismo proteico e lipidico. Protedmica.



ABSTRACT

MARTINS, T. S. Expected progeny difference (EPD) for precocity of Nelore bulls
and their relationship between adipogenesis, fibrogenesis, lipogenesis and lipid
metabolism. 200 f. Tese (Doutorado em Ciéncias) — Faculdade de Medicina
Veterinaria e Zootecnia, Universidade de S&o Paulo, Sdo Paulo, 2021.

This study aimed to evaluate the expression of genes related to lipid metabolism,
as well as to identify, through the proteomics tool, differences in the protein profile
of Longissimus thoracis (LT) and backfat thickness (BFT) proteins of Nelore
progenies, offspring of bulls with contrasting factors of expected progeny
difference (EPD) for precocity and growth. For this, the present study was divided
into 3 manuscripts. In summary, 105 male bulls were used, with a mean age of
20 £ 2 months and 400 + 24 kg, from the same herd, with the genetic information
of precocity and growth. The animals remained confined for 100 days, and the
carcass ultrasound was performed every 28 days. Blood samples were collected
to determine the metabolic and hormonal profile. The animals were slaughtered
after 100 days and during slaughter, muscle LT and BFT were collected between
the 12th and 13th ribs, in addition to visceral fat (GV). All of these were
immediately frozen in liquid nitrogen and kept in a freezer - 80°C until the analysis
of gene expression by real-time PCR (RT-gPCR) and analysis and SDS-PAGE,
followed by the identification of proteins by coupled mass spectrometry liquid
chromatography (LC-MS / MS). During boning, the intramuscular fat (MAR) in the
LT muscle was evaluated. Steaks for total lipids, fatty acid profile, and collagen
solubility were also collected. The animals were selected according to a EPD
from their parent bulls. Were selected 6 parents with EPD contrasting
simultaneously for precocity and growth, so that each experimental group had 3
parents bulls. Then, were formed, 2 contrasting groups called high EPD (H_EPD;
N = 16) and low EPD (L_EPD; N = 16), using 32 progenies. The animals in the
H_EPD group had higher BFT (P = 0.006); lower LDL (P = 0.014); higher IGF-1
(P = 0.064); greater collagen solubility (P = 0.098); lower expression of the LPL
gene, in LT (P = 0.045). This group also showed greater expression of the genes
involved in lipogenesis evaluated in BFT: ACACA (P = 0.060), LPL (P = 0.085),
ACOX1 (P =0.100), LEP (P = 0.030), SDC (P = 0.009), and GAPDH (P = 0.081),
than the animals in the L_EPD group. One electrophoretic band was detected as

differently abundant in the LT muscle (band 16) and three electrophoretic bands



were detected as differently abundant in the BFT (bands 24, 30, 32). The KEGG
pathways of pyruvate metabolism, glycolysis/gluconeogenesis, carbon
metabolism, amino acid biosynthesis, among others, were enriched for the
differentially abundant proteins identified in the LT and BFT. The genetic selection
for precocity and growth affects the muscle proteome and consequently the lipid
and protein metabolism of non-castrated cattle. The IGF-1 hormone, the LPL
gene, and the PKLR, PKM, ALDOA, DLD, GPI, VIM, ACTC1, OXCT1, GAPDH,
LDHA, LDHB, MDH1, MDH2, IDH1, PGK1, SUCLG2, and ACY1 proteins can be

considered future biomarkers candidates for BFT.

Keywords: Beef Cattle. Backfat thickness. Metabolic pathways. Protein and lipid

metabolism. Proteomics.
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1. INTRODUGAO GERAL

Diante do cenario da industria de carne no Brasil, ao pensar em carne produzida
no pais, observa-se que as carcagas apresentam composi¢ao heterogénea,
principalmente em relagdo ao acabamento ou espessura de gordura subcutanea
(EGS). A EGS ¢ essencial para proteger a carcaga durante o resfriamento, evitando
problemas como encurtamento pelo frio, perda por gotejamento e escurecimento
indesejavel da carne (PARRISH et al., 1973, MARSH, 1977). Por esse motivo, alguns
frigorificos brasileiros preconizam o minimo de trés milimetros (mm) de gordura
subcutédnea depositada para que ndo haja penalizagdo das carcagas (LUCHIARI
FILHO, 2000; LAWRIE, 2006), como tentativa de garantir o padrdo minimo de
qualidade da carne, que nem sempre € atendido.

A falta de padronizacédo e acabamento das carcacgas provenientes de animais
da Raca Nelore, produzidas em maior quantidade no Brasil, podem ser minimizadas
por meio de fatores extrinsecos, como por exemplo, o uso de tecnologia intensiva de
sistema de produgédo, com maior aporte energético na dieta, somados aos fatores
intrinsecos como ganhos genéticos e com uso de cruzamentos industrial quando se
utiliza uma raga taurina, mais precoce, com maior predisposicdo genética para
deposig¢ao de gordura.

A pratica de se utilizar o cruzamento entre ragas ou individuos menos
aparentados garante maior grau de heterose e consequentemente é utilizada como
estratégia de melhorias na qualidade da carcaga e da carne. No Brasil, essa técnica
€ fundamentada principalmente em relacdo a precocidade das racas, uma vez que
animais taurinos britanicos, por exemplo, apresentam em geral, maior velocidade de
crescimento e maior deposi¢ao de gordura subcutanea e intramuscular, em relagéo a
animais zebuinos (OWENS et al., 1995, OWENS et al., 1993). Entretanto, diferengas
fenotipicas também podem ser encontradas dentro de uma mesma raga para
diferentes grupos genéticos, ocasionando diferengas na qualidade do produto final
(SMITH et al., 2007).

Dessa forma, a selegcdo de grupos genéticos mais precoces dentro da raga
Nelore pode ser um investimento rentavel e replicavel. Para isso, uma das ferramentas
que pode ser utilizada para identificar o valor genético dos animais para maior maciez

da carne e maior deposi¢cdo de gordura subcutanea e intramuscular, é a Diferencga
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Esperada da Progénie (DEP). A DEP é uma ferramenta tecnologica que vem sendo
explorada e otimizada em diversos programas de melhoramento genético para
identificacdo de touros com maior potencial genético para transmitir as caracteristicas
de interesse, incorporando medidas adequadas de qualidade da carne e assim
atender a demanda crescente por carne de alta qualidade (BONIN et al., 2021).

A deposicédo de gordura € um processo bioldgico complexo onde microRNAs
(miRNAs) podem desempenhar um papel regulador. Existem varios alvos na
diferenciagcao adipogénica regulada por miRNAs e esses desempenham um papel
importante na diferenciagdo dos adipécitos e no metabolismo lipidico (SON et al.,
2014; MIAO et al., 2015; ZHANG et al., 2019; YOU et al.,, 2020). Diferengas
encontradas na expressao génica dos genes relacionados a adipogénese e
metabolismo lipidico na gordura subcutanea foram influenciadas pela expressao de
miRNAs, sendo moduladas por eles (MUROYA et al., 2020).

Analises protedmicas também podem ser usadas para compreender os
mecanismos moleculares envolvidos na deposi¢ao de gordura subcutanea e para
identificar potenciais biomarcadores relacionados a EGS. No entanto, até onde
sabemos, poucos trabalhos foram relatados para compreender ou predizer a
capacidade de deposigao de gordura subcutanea na carcaga (CECILIANI et al., 2018).
A maioria dos estudos protedmicos disponiveis foram realizados utilizando amostras
de musculo com foco nas vias de deposi¢cdo de gordura intramuscular e nao na
gordura subcutanea (POLETI et al., 2018a; RODRIGUES et al., 2017; MAO et al.,
2016; SHEN et al., 2012 ; ZHANG et al., 2010; KIM et al., 2009).

Diante do exposto, O presente estudo teve como objetivo avaliar os efeitos
das DEP’s contrastantes para crescimento e precocidade de acabamento, em
amostras do musculo longissimus e na gordura subcutanea de progénies de bovinos
nao castrados da raga Nelore, utilizando analise proteémica diferencial, expressao
génica e correlagdes com caracteristicas fenotipicas como EGS, MAR, gordura

intramuscular (GIM), hormonios e metabolitos.
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1.1 Hipoteses:

A selecdo genética para precocidade e crescimento afeta o proteoma do
musculo e da gordura subcutanea e, consequentemente, o metabolismo lipidico e
proteico de bovinos Nelore, ndo castrados, filhos de touros com DEP’s contrastantes
simultaneamente para precocidade e crescimento.

Especificamente, hipotetiza-se que animais com alta DEP para precocidade

e crescimento:

e Apresentam melhor caracteristicas da carcaga e qualidade da carne,
comparados aos animais do grupo oposto;

e Apresentam diferengas no proteoma do musculo /longissimus thoracis e no
proteoma da gordura subcutanea.

e Possiveis diferengas na abundancia de proteinas e genes presentes no tecido
muscular esquelético estdo associadas as diferengas no teor e solubilidade do
colageno e gordura intramuscular desses animais;

e Possiveis diferengas na abundancia de proteinas presentes na gordura
subcuténea estdo associadas as diferengas quanto a espessura de gordura
subcutanea e metabolismo lipidico desses animais;

e Possiveis diferengas na expressao de genes e fatores transcricionais presentes
na gordura subcutédnea e visceral influenciam o perfil de acidos graxos e

adiposidade da carcaga.

1.2 Objetivo geral:

Compreender de que forma a selecao de animais Nelore, baseada em DEP’s
do pai (touro), acuradas para precocidade e crescimento, influencia as diferengas nos
fendtipos quanto a caracteristicas de carcacga, qualidade da carne e deposicao de
gordura corporal de suas progénies, por meio da caracterizagao fisioldégica e molecular

da adipogénese, fibrogénese, lipogénese e metabolismo lipidico.

1.3 Objetivos especificos:
e Caracterizar a carcaga das progénies Nelore avaliando a area de olho de
lombo, espessura de gordura subcutanea e espessura de gordura na picanha,
utilizando mensuragdes por ultrassonografia de carcaga, e avaliando o score

de gordura intramuscular por meio da utilizagdo de cartdo comparativo.
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Avaliar a qualidade da carne das progénies Nelore em relagdo ao conteudo e
qualidade da gordura intramuscular, utilizando as analises de lipideo total e
perfil de acidos graxos, e em relagao ao conteudo de colageno intramuscular
total e soluvel.

Analisar os parametros bioquimicos e metabdlicos presentes no soro, como:
glicose circulante, colesterol, triglicerideos, LDL, HDL e VLDL e os horménios
insulina, GH, IGF-1 e leptina;

Analisar a expressdo de genes e fatores transcricionais relacionados a
adipogénese, lipogénese e fibrogénese presentes no musculo longissimus
thoracis, na gordura subcutanea e gordura visceral utilizando a técnica de PCR
em tempo real (RT-gPCR);

Identificar as proteinas diferencialmente abundantes no musculo longissimus
thoracis e na gordura subcutanea, utilizando a técnica de SDS-PAGE, seguida
de identificagao proteica pela analise de espectrometria de massas acoplada a
cromatografia liquida (LC-MS/MS), com base no software MassLynx v.4.1 e
Mascot e utilizando o banco de dados Uniprot;

Explorar as vias metabdlicas relacionadas as proteinas identificadas através da
analise de bioinformatica utilizando a ferramenta web WebGestalt para
identificar os processos bioldgicos e as vias KEGG enriquecidas e o software

STRING para analises de Redes de Interacido Proteina-Proteina.

2 HISTORICO DA PESQUISA

Os procedimentos experimentais foram aprovados pelo Comité de Etica de

Uso de Animais da Faculdade de Medicina Veterinaria e Zootecnia da Universidade
de Séo Paulo, Pirassununga, S&o Paulo, Brasil (CEUA / FMVZ / USP), sob protocolo
de numero 3367170317.

Animais, dieta e delineamento experimental

O experimento foi conduzido nas instalagées da Faculdade de Zootecnia e

Engenharia de Alimentos da Universidade de S&o Paulo — FZEA/USP, em

Pirassununga/SP em parceria com a Prefeitura do Campus de Pirassununga. Os
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animais usados neste estudo foram selecionados a partir de um projeto maior que
avaliava os efeitos das DEP’s (diferenga esperada na progénie) no desempenho
animal, carcaga e caracteristicas de qualidade da carne (Silva et al., 2021). Os animais
pertenciam ao rebanho experimental da Universidade de Sao Paulo, localizado em
Pirassununga / SP / Brasil. O rebanho era composto por bovinos Nelore de raga pura,
filhos de 16 touros no total, que faziam parte de um programa comercial de avaliagédo
genética, com informagdes genéticas para precocidade e crescimento. As DEP’s
foram obtidas usando um modelo animal multitragco (BLUP), sendo considerado
informagdes de precocidade sexual e de acabamento, e ganho de peso ao sobreano
respectivamente.
Cento e cinco touros Nelore, ndo castrados, com peso corporal inicial (PC)

de 400 + 24 kg e 20 + 2 meses de idade foram alojados em confinamento por 100
dias. As instalagbes tinham cochos cobertos para ragcédo, piso de concreto e
bebedouros automaticos. Todos os animais foram submetidos inicialmente a um
periodo de adaptacado de 21 dias. A adaptacado da dieta dos animais foi em escada
(step-up) até chegar a dieta final que consistia em 73% de concentrado e 23% de
volumoso. Ao final do periodo de adaptagao todos os animais foram pesados em jejum
de 12h antes da alimentagdo matinal. Durante o periodo de confinamento, os animais
foram alimentados ad libitum duas vezes ao dia, as 8h00 e 13h00, com dieta (27:73
forragem: concentrado) contendo silagem de milho, grao de milho, sorgo moido, farelo
de soja, polpa citrica, uréia e nucleo mineral.

A dieta foi formulada pelo programa ragao de lucro maximo 3.2 (RLM, ESALQ-
USP (tabela 1).
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Tabela 1 — Ingredientes e composi¢céo quimica da dieta experimental

Ingrediente % na MS da dieta
Silagem de milho 27,3
Milho seco moido 20

Sorgo moido 23
Farelo de Soja 45% 8

Polpa citrica moida 20

Uréia 0,9
Ndcleo Mineral * 0,8
Composicao quimica % na MS da dieta
Matéria seca 89,1
Nutrientes digestiveis totais 75,7
Proteina Bruta 15,5
Extrato etéreo 3,27

Fibra em detergente neutro 25,3

Fibra em detergente acido 17,3
Calcio 0,63
Fosforo 0,40

Nota: Dieta formulada pelo programa ragéo de lucro maximo 3.2 (RLM) ESALQ-USP.

Ndcleo Mineral Minerthal 160MD - Niveis de garantia por quilograma do produto: Calcio (min): 208g,
Célcio (max): 218 g, Cobalto (min): 148 mg, Cobre (min): 2.664 mg, Enxofre (min): 64 g, Fluor (max):
1.600 mg, Fésforo (min): 160g, lodo (min): 141 mg, Manganés (min): 2.200 mg, Selénio (min): 37 mg,
Zinco (min): 7.992 mg e Monensina sédica (min): 4.000mg

O consumo individual foi avaliado diariamente pela pesagem do alimento
fornecido e das sobras do dia anterior. O ajuste da oferta de alimento foi realizado
diariamente com base na avaliacdo das sobras do dia anterior, com oferta de matéria
seca 5% superior ou inferior dependendo do consumo observado. Todos os animais
foram pesados apds jejum de 12h para registro do peso corporal final imediatamente
antes do abate. O ganho médio diario foi obtido pela diferenga do peso corporal final
e peso corporal inicial dividido pelos 100 dias de alimentacéo.

Optou-se pela padronizagao do uso de trés touros (pais) por grupo genético
avaliado, uma vez que o objetivo foi avaliar o efeito da DEP nas diferentes
caracteristicas fenotipicas expressas nas progénies e ndo avaliar de forma individual
o touro pai. Os animais foram selecionados, a partir das DEP’s do pai, pois esses
por terem numero significativo de filhos avaliados, possuiam valores de DEP’s com
maior acuracia. Dessa forma, obteve-se maior representatividade entre os grupos
contrastantes.

As caracteristicas fenotipicas foram avaliadas em 32 progénies (H_EPD, N =

16 e L_EPD, N = 16). Posteriormente, 16 animais foram selecionados aleatoriamente
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dentro de cada grupo para analise de expressao génica e perfil protedmico (H_EPD,
N=8e L _EPD, N = 8), conforme descrito a seguir:

Selecao dos animais para composi¢cao dos grupos experimentais
Os cento e cinco bovinos Nelore, ndo castrados, pertenciam ao programa de
selecdo genética da USP (Tabela 2A), e foram ranqueados com base na Diferenga
Esperada de Progénie (DEP) de seus pais, para precocidade e crescimento e
classificadas ambas simultaneamente como DEP alta e baixa. A partir deste
ranqueamento, foram selecionados 6 pais (touros) com DEP simultaneamente
contrastantes para precocidade e crescimento, de forma que cada grupo
experimental tivessem 3 pais cada. A partir dos pais, foram formados 2 grupos
contrastantes denominados de alta DEP (H_EPD; N=16) e baixa DEP (L_EPD;
N=16). Os trés touros Nelore com DEP mais alta eram pais dos animais no grupo
H_EPD e trés touros Nelore com DEP mais baixa eram pais dos animais do grupo
L_EPD (Tabela 2B). Em seguida, foram selecionados do total de animais confinados,
32 animais, sendo 16 animais filhos dos touros de alta DEP e 16 animais filhos dos
touros de baixa DEP, para formagédo dos grupos contrastantes. As caracteristicas
fenotipicas foram avaliadas em 32 progénies (H_EPD, N = 16; L_EPD, N = 16).
Posteriormente, 16 animais foram selecionados aleatoriamente dentro do grupos
grupos com maior ou menor DEP (H_EPD, N = 8; L_EPD, N = 8) para formar os
grupos que foram testados pela andlise de expressao génica e protedmica

diferencial Tabela 2C.

Tabela 2A. Representagao do numero de pais selecionados e total de filhos avaliados

Progénies Pais selecionados Progénies
Ano avaliadas 2 (Touros) selecionadas
20171 7929° 16 105
Confinamento
experimental? 105 6 32

' Fonte: Sumario de Touros Nelore CFM, 2017
2 Fonte: Auxilio Fapesp (Processo: 2016/17433-5)
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Tabela 2B. Distribuicdo dos pais selecionados pelas DEP’s de precocidade e
crescimento para formac&o dos grupos contrastantes

Precocidade Crescimento Progénies
Pai DEP Ac DEP Ac Grupo avaliadas
Touro A 0,63 0,82 10,62 0,81 H_EPD 8
Touro B 0,47 0,72 11,40 0,75 H_EPD 5
Touro C 0,61 0,34 1494 0,35 H_EPD 3
Touro D -0,12 0,21 -5,01 0,33 L_EPD 8
Touro E -0,04 018 -466 0,29 L_EPD 5
Touro F -0,01 023 -134 041 L EPD 3

DEP= Diferenga esperada na progénie. H_EPD= grupo de alta DEP e L_EPD= grupo de baixa DEP
(contrastantes simultaneamente para precocidade e crescimento); Ac = acuracia.

Tabela 2C: Resumo do numero de pais selecionados e filhos avaliados para analise
fenotipica e molecular

Grupos contrastante

H_EPD L_EPD Animais avaliados
Pai (Touro) 3 3 6
Progénies avaliadas
Analises Fenotipicas 16 16 32
Analise molecular 8 8 16

H_EPD= grupo de alta DEP e L_EPD= grupo de baixa DEP (contrastantes simultaneamente para
precocidade e crescimento); DEP= Diferenga esperada na progénie.

26



CAPITULO 2

REVISAO DE LITERATURA

27



1 REVISAO DE LITERATURA

1.1 Bovinocultura de corte Brasileira

O Brasil possui 0 maior rebanho comercial de bovinos de corte do mundo, com
aproximadamente 238 milhdes de cabecgas, e ocupa a segunda posi¢do no ranking
mundial de produgao de carne bovina, consequéncia da producao de 10,2 milhdes de
toneladas de carne em 2019 (USDA, 2020). O rebanho brasileiro € composto
principalmente por animais zebuinos (Bos taurus indicus) da raga Nelore, devido a
sua rusticidade e tolerancia as condigdes climaticas tropicais (SIQUEIRA et al., 2012;
REGGIORI et al., 2016; RODRIGUES et al., 2017; CARVALHEIRO et al., 2019). Em
sua maioria, 0os animais sao nao castrados (inteiros), criados em sistema extensivo de
producéo (a pasto) e comumente abatidos com idade elevada (FERRAZ & FELICIO,
2010; MILLEN et al., 2011).

A representatividade da raga Nelore no sistema de produgao de carne no pais
€ decorrente de uma série de fatores, tais como: baixo custo de producédo, extensao
territorial privilegiada, existéncia de gendtipos adaptados ao clima tropical, resisténcia
a parasitas, eficiéncia na conversédo de gramineas tropicais, longevidade e fertilidade
(ALBUQUERQUE et al., 2017; FERNANDES JUNIOR et al., 2020). Entretanto, do
ponto de vista de qualidade de carne, a propor¢cao zebuina presente no rebanho
brasileiro contribui para que a raga Nelore seja apontada por alguns pesquisadores,
como uma raga que apresenta predisposicdo genética para baixa deposicdo de
gordura intramuscular e subcutanea, quando comparada a animais de origem
europeia (LAGE et al.,, 2012; PEREIRA et al.,, 2015; MARTINS et al.,, 2015;
RODRIGUES et al., 2017).

Além disso, em geral, animais zebuinos apresentam taxa reduzida de
degradagao das proteinas miofibrilares durante a fase post mortem, devido a maior
atividade da calpastatina que afeta diretamente a maciez da carne (WHIPPLE et al.,
1990; KOOHMARAIE, 1994; MARTINS et al., 2017). Ademais, o alto teor de colageno
intramuscular, principal proteina de importancia fundamental na constituicdo da matriz
extracelular do tecido conjuntivo, contribui para reducdo da maciez da carne de
animais zebuinos, muito provavelmente, devido a terminacgao tardia desses animais,

quando comparados aqueles de ragas de origem europeia (OLIVEIRA et al., 2011).
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Por outro lado, as conclusdes obtidas nos estudos sobre a deposicdo de
gordura sao fundamentadas principalmente na precocidade das ragas, uma vez que
animais taurinos apresentam maiores taxas de crescimento, maior maciez e maior
deposi¢ao de gordura subcutanea e intramuscular, em relagdo a animais zebuinos
(OWENS et al., 1995; OWENS et al., 1993).

A taxa de crescimento, a deposi¢c&o de gordura na carcaga e a solubilidade de
colageno sao desafios enfrentados pela industria da carne brasileira, pois a elevada
proporcao dos bovinos de corte produzidos no Brasil apresenta terminacao tardia,
carnes mais duras e menor deposigéo de gordura intramuscular e subcutéanea, quando
comparados a animais taurinos (CHARDULO et al.,, 2013). Tais fatos tém sido
associados aos principais entraves para comercializagao desses produtos em nichos
de mercado especificos, como o de carne premium por exemplo e contribui de forma
significativa para que a carne in natura brasileira tenha baixo valor agregado, junto ao
mercado internacional (SCOLLAN et al., 2006; FONT-IFURNOLS, 2014).

1.2 Fatores que afetam a qualidade da carne

A qualidade da carne pode ser afetada por fatores extrinsecos e intrinsecos ao
animal, que constituem, por exemplo, a expressdo do gendtipo individual e das
interagbes desse com o meio ambiente. Dentre inumeros fatores destacam-se:
sistema de producédo, efeito do estresse, alimentacido, condicdo sexual, idade de
abate, taxa de crescimento, genética e precocidade animal (GUERRERO et al.,
2013a; GUERRERO et al., 2013b; ROTTA et al., 2009).

1.2.1Taxa de crescimento

A taxa de crescimento apresenta caracteristicas alométricas, onde cada tecido
animal possui em um determinado momento uma velocidade diferente de
crescimento. O primeiro tecido a ser depositado € o0 nervoso, seguido do 6sseo,
muscular e tecido adiposo (LAWRIE, 2006). Com o avangar da idade, as carcagas em
geral, apresentam maior porcentagem de gordura na carne (subcutdnea e
intramuscular) e menor solubilidade do colageno (OLIVEIRA et al., 2011). Os animais
abatidos precocemente possuem composi¢ao de carcacga e qualidade de carne, com
caracteristicas desejaveis ao mercado consumidor, como quantidade de gordura

adequada, pecgas de tamanho constante, coloragdo, maciez e sabor desejaveis
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(WILLIAMS, 2008; MANCINI & HUNT, 2005; FERRAZ & FELICIO, 2010; SCOLLAN
et al., 2006). Esses autores enfatizam que os consumidores, mais exigentes, buscam
carnes com qualidade comprovada, néo se importando em pagar um pre¢o maior por

este produto diferenciado.

1.2.2 Genética

A heranga genética possui ampla influéncia na velocidade e intensidade da
protedlise durante o processo de conversdo do musculo em carne, ocasionando
diferengas consideraveis na maciez da carne, sendo 85% da variabilidade na maciez
atribuidas as variagdes no processo enzimatico, que levam ao amaciamento da carne
bovina, conhecido como maturagédo. Os 15% restantes seriam devido as diferencas
em “marbling” (gordura intramuscular) e colageno (KOOHMARAIE 1992).

A participagado de Bos indicus (0,25, 50 e 75% Brahman ou Sahiwal) em
cruzamentos resulta em carne mais dura, quando comparada aos mesticos de racas
britdnicas, com média de forga de cisalhamento do musculo longissimus, de 4,4 kg,
os mesticos 1/4, 1/2 e 3/4 Brahman ou Sahiwal apresentam médias de 5,2, 5,8 € 6,7
kg ou 5,6, 6,6 e 8,4 kg, respectivamente, explicado pela maior atividade bioquimica
da calpastatina (enzima inibidora de proteases calcio-dependentes) em zebuinos
(CROUSE et al.,1989).

Abordagens semelhantes foram encontradas em estudos recentes,
comparando a raga Angus (taurina) com a raga Nelore (zebuina), em que se verificou
maior indice de fragmentagédo miofibrilar para a raga Angus (69%), em comparagao
com a Nelore (48%), fato explicado pela maior atividade da enzima calpastatina no
musculo esquelético de bovinos Nelore e ndo na abundancia de calpaina e
calpastatina (MARTINS et al., 2017).

1.2.3 Precocidade animal

As racas diferem quanto as curvas de crescimento dos tecidos e,
consequentemente, a deposi¢cao de gordura subcutanea e intramuscular, ou ainda,
quanto ao peso e rendimento dos cortes carneos a um determinado peso de carcaca.
Logo, uma raga mais precoce depositara espessura de gordura subcuténea (EGS)
adequada mais rapido, alcangara maturidade fisiolégica com menor idade e

consequentemente podera ser abatido mais jovem (FELICIO, 1997; SHIOTSUKI, et
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al., 2009). O tecido adiposo desempenha fun¢ao importante como reserva de energia,
aléem de ocasionar modificagbes na “adiposidade” do animal, de acordo com seu
estado fisioldgico, como durante a gestacéo ou fase de terminacao (MINER, 2004).
Essas caracteristicas sao interligadas aos atributos visuais e sensoriais da carne,
sendo apreciadas ou discriminadas dependendo do mercado que se considera
(FELICIO, 1997; CHARDULO et al., 2013; BONIN et al., 2021).

No cenario da industria de carne no Brasil, ao pensar em carne produzida no
pais, observa-se que as carcagas apresentam qualidade heterogénea, principalmente
em deposicao de gordura subcutanea (BONIN et al., 2014; BONIM et al., 2021). Uma
importante fungao tecnoldgica, € que a EGS é essencial para proteger a carcaga
durante o resfriamento, evitando problemas na carcaca bovina, como encurtamento
pelo frio, perda por gotejamento e escurecimento indesejavel da carne (PARRISH et
al., 1973; MARSH, 1977; FELICIO, 1998; DEVINE et al., 1999; AALHUS et al., 2001;
PINTO NETO et al., 2013). Por esse motivo, alguns frigorificos brasileiros preconizam
o minimo de 3 mm de gordura subcutadnea depositada na carcaga (LUCHIARI FILHO,
2000), como tentativa de garantir o padrao minimo de qualidade da carne, que nem

sempre € atendido.

1.2.4 Metabolismo proteico
Maciez, suculéncia e sabor permanecem como os ftrés pilares da
palatabilidade da carne cozida, todos ligados a satisfagdo do consumidor (TROY and
KERRY, 2010; FELDERHOFF et al., 2020). No momento da compra, os consumidores
contam com dicas extrinsecas, como cor, gordura intramuscular (MAR), espessura de
gordura subcutanea (EGS), e prego para determinar qual (is) produto (s) de carne
comprar. Historicamente, a maciez tem sido o fator mais importante que afeta a
palatabilidade da carne bovina, porém o sabor tem se tornado aspecto mais
importante de satisfagdo quando a maciez é aceitavel. Os consumidores podem
distinguir a MAR e, consequentemente, as diferengcas de sabor em alguns musculos
e estao dispostas a pagar mais pelo tipo de sabor que preferem (FELDERHOFF et al.,
2020).
No entanto, animais Bos indicus tém sido relacionados a producao de carne de
qualidade inferior em relacéo a deposi¢ao de gordura ou com variabilidade na maciez

da carne. Cerca de 85% da variabilidade na maciez da carne bovina estdo atribuidas
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as variagdes no processo enzimatico, que leva ao amaciamento da carne e esta
relacionado a proteodlise muscular. Os 15% restantes seriam devidos as diferengas em
“‘marbling” (gordura intramuscular) e turnover do colageno, principal proteina de
importancia fundamental na constituicdo da matriz extracelular do tecido conjuntivo
(KOOHMARAIE, 1992).

1.2.5 Protedlise muscular

Além da influéncia da genética na maciez, a maturagdo desempenha um papel
fundamental na producdo de carnes macias, visto que € um processo que envolve a
ativagao de sistemas proteoliticos intracelulares, nos quais agem na integridade das
proteinas miofibrilares (OUALI et al., 2006; OUALI et al., 2013).

A variabilidade da maciez entre subespécies tem sido atribuida a diferentes
niveis de enzimas proteoliticas encontradas nos musculos dos animais (WHIPPLE et
al., 1990), especialmente enzimas do sistema calpaina-calpastatina. O sistema
proteolitico “calpaina-calpastatina” e o sistema das “caspases” sdo 0s principais
sistemas que afetam a degradagao das fibras musculares durante o periodo post
mortem (KOOHMARAIE, 1992; OUALI et al., 2013). Bovinos Bos indicus apresentam
maior atividade da enzima calpastatina quando comparados aos Bos taurus. A
atividade elevada de calpastatina diminui a protedlise post mortem, afetando
negativamente a maciez da carne (KOOHMARAIE, 1994; WHEELER et al, 1990;
WHIPPLE et al., 1990; MARTINS et al., 2017; WRIGHT et al.,2018).

Desta forma, o uso de ferramentas biotecnoldgicas podem ser uteis para
identificar potenciais biomarcadores para programas de bovinos de corte e selecionar
animais que produzem carnes macias (OUALI et al., 2013). Além disso, os genes
pertencentes ao complexo calpaina-calpastatina (CAPN1, CAPN2 e CAST) tém se
destacado por apresentarem fungdes importantes, em relacédo a maciez da carne,

entre diferentes grupos genéticos (WRIGHT et al., 2018).

1.2.6 Fibrogénese e turnover do colageno

Juntamente com a adipogénese, a fibrogénese esta ativa durante a fase fetal
e gera o tecido conjuntivo que forma o endomisio primordial, perimisio, e epimisio no
musculo esquelético durante o final da gestagao. Os fibroblastos também produzem

enzimas para catalisar as ligagdes de cross-link do colageno que contribui para a
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dureza da carne. Assim, reduzindo a fibrogénese durante o desenvolvimento muscular
contribui para a redugao da dureza da carne (Du et al., 2013).

A matriz extracelular (ECM) dos musculos esqueléticos € uma rede complexa
que consiste em colagenos, glicoproteinas, proteoglicanos e elastina (HALPER &
KJAER, 2014). Como mencionado anteriormente, os colagenos formam uma rede de
tecido conjuntivo intramuscular (IMCT), ou seja, os componentes fibrosos centrais da
ECM. O IMCT é tipicamente representado e organizado em trés camadas: (i) o
endomisio, representando a camada mais interna que envolve as fibras musculares
individuais, (ii)) os grupos de fibras musculares de perimisio e (iii) o epimisio
envolvendo todo o musculo (CSAPOQ, et al., 2020).

De acordo com a complexidade estrutural da rede IMCT evidenciada por
microscopia eletrénica de varredura, sugere-se que esta classificagao tradicional pode
ser simplista e que uma organizagdo de ordem superior da ECM muscular ainda
precisa ser definida (GILLIES & LIEBER, 2011; GILLIES et al., 2017). A pesquisa em
tecidos fasciais considera ainda as camadas de IMCT como parte de um sistema
complexo de tecidos conjuntivos interconectados e entrelagados que "envolvem, se
entrelacam e interpenetram todos os 6rgaos, musculos, ossos e fibras nervosas,
dotando o corpo de uma estrutura funcional, a fim de fornecer um ambiente que
permite que todos os sistemas corporais operem de forma integrada” (ADSTRUM et
al., 2017; STECCO et al., 2018).

O colageno é uma das proteinas mais abundantes no corpo animal, localiza-
se dentro da matriz extracelular e tem fungao estrutural no musculo esquelético
formando o endomisio e perimisio (CSAPO, et al., 2020). O endomisio e perimisio
compreendem o sistema conjuntivo intramuscular, componente tecidual do musculo
esquelético, que contribui principalmente para a maciez da carne. A medida que o
colageno amadurece, a forgca da fibrila aumenta por meio da formagao e do aumento
das ligagbes cruzadas intermoleculares, tornando-se termoestaveis, fato que diminui
a maciez da carne com a idade (ROBINS et al., 1973; DUARTE et al., 2011).

As ligagbes cruzadas estao correlacionadas com a diminuigdo da maciez da
carne (MCCORMICK, 1999). Logo, o conteudo de colageno intramuscular tem sido
um dos motivos para o aumento dos valores da forga de cisalhamento (CROSS et al.,
1973; EBARB et al., 2016), resultando em carnes mais duras. Por outro lado, o rapido

crescimento muscular que ocorre em animais mais precoces resulta em uma
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proporgao maior de colageno menos reticulado (mais soluvel) e associado a maior
maciez (BAILEY & LIGHT, 1989) quando comparados a animais com maturidade
fisiolégica mais mais tardia.

GONZALEZ et al. (2014) demonstraram a contribuicdo da genética zebuina,
sobre a maciez da carne, utilizando como modelo experimental a raga Brahman
(zebuino), em comparagao com animais da raga Angus (taurinos) e seus cruzados.
Esses autores observaram que as expressdes das enzimas BMP1 e LOX foram
correlacionadas com caracteristicas de palatabilidade, sinalizando o efeito dessas
enzimas na formagdo de ligagdes cruzadas de colageno intramuscular, afetando a
maciez da carne de animais de grupos genéticos diferentes. Desta forma, estratégias
a fim de limitar a atividade dessas enzimas sdo interessantes para melhorar a
qualidade da carne.

Durante os estagios de desenvolvimento e crescimento muscular, as
colagenases (enzimas que quebram as ligagbes peptidicas do colageno), como as
metaloproteinases, relacionadas a sintese e degragéo (turnover) do colageno podem
implicar em diferengas na solubilidade do colageno e consequentemente na maciez
da carne. As metaloproteinases da matriz (MMPS) desempenham papéis importantes
no desenvolvimento tecidual, renovagao da matriz de colageno, reparo e remodelagao
(YALCINKAYA et al., 2014). Os inibidores teciduais de metaloproteinases (TIMPS)
sdo geralmente secretados juntamente com quantidades variaveis de suas MMPS e
regulam suas atividades proteoliticas, ligando-se firmemente aos seus locais
cataliticos.

A razdo MMP | TIMP fornece informacbes adicionais sobre degradacao e
modulacgado da sintese de colageno. O turnover da matriz extracelular € amplamente
modulado pela interacdo entre MMPS e seus TIMPS. A correlagdo e influencias
reciprocas entre a MMP e a TIMP determinam o efeito combinado no turnover da
matriz extracelular (RODERFELD et al., 2007; COGNI et al., 2013; KIM et al., 2012).
Portanto, o tipo e turnover do colageno podem influenciar a maciez da carne bovina
entre diferentes grupos genéticos (LAURENT, 1987; PURSLOW, 2005).
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1.3 Metabolismo lipidico em ruminantes

Em bovinos, a deposi¢cado de gordura é resultado da interagdo entre nutrigéo,
sexo, idade, bio-hidrogenacao ruminal e grupo genético (TEIXEIRA et al., 2017). O
metabolismo lipidico € responsavel pelo desenvolvimento dos adipdcitos e pela
regulacdo hormonal da sintese e deposicdo da gordura na carcaga e na carne,
compreendendo os processos conhecidos como adipogénese e lipogénese.

Em animais de produgdo, o processo de adipogénese €& marcado por
modificacdes celulares assincronas que promovem a formacgao de células adiposas.
O desenvolvimento do tecido visceral, subcutaneos, intermusculares e o tecido
adiposo intramuscular segue uma ordem sequencial no gado (ZHAO, HUANG and DU,
2019). Os tecidos adiposos visceral e subcutaneo se desenvolvem primeiro, com inicio
no final do primeiro trimestre da gestacdo em ruminantes (JIANG et al., 2014). A
formacédo de adipdcitos intramusculares ocorrem principalmente durante o final da
gestacédo até cerca de 250 dias de idade em bovinos de corte (DU et al., 2015; Figura
1).

J4, a lipogénese é o processo de sintese de acidos graxos e triglicerideos, que
serdo armazenados no figado (como fonte de energia e de componente estrutural para
a construgdo da membrana) e no tecido adiposo (como deposigdo de gordura e
armazenamento de energia a longo tempo), sendo regulada por fatores nutricionais,
hormonais e genéticos (HARVATINE et al., 2006; BAUMAN et al., 2008).

1.3.1 Adipogénese

A adipogénese € o desenvolvimento complexo de pré-adipécitos ou células-
tronco mesenquimais para adipécitos maduros e é essencial para a formacao de
gordura e metabolismo de tecidos adiposos em mamiferos (ROMAO et al., 2011),
sendo acompanhada de alteragbes morfologicas e bioquimicas. A adipogénese tem
sido um dos modelos de diferenciagao celular mais intensamente estudados. O tecido
adiposo é um componente importante do sistema energético do corpo, além de atuar
como um sistema modelo para auxilio das respostas as questdes gerais na biologia
do desenvolvimento (ROSEN & SPIEGELMAN, 2000; ROSEN et al., 2000).

O tecido adiposo € importante, pois esta envolvido na regulagéo periférica da
homeostase do corpo, especificamente, consumo e armazenamento de energia (ROH

et al., 2006). Os adipdcitos desempenham papel central na regulagédo do metabolismo
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lipidico, atuando tanto no armazenamento de acidos graxos, quanto como célula
enddcrina para regular o gasto energético e o comportamento alimentar (ROH et al.,
2006). O desenvolvimento do tecido adiposo € controlado pelo equilibrio entre a
proliferagdo celular (hiperplasia) e o aumento do tamanho (hipertrofia), que se deve a
assimilacdo de acidos graxos em goticulas lipidicas ricas em triacilglicerol. No
adipdcito, a hipertrofia envolve principalmente o acumulo de lipideos intracelulares.

Os depdsitos de gordura individuais apresentam taxas e periodos diferentes de
crescimento hiperplastico e hipertréfico (HAMMOND, 1955; ROBELIN, 1986). Os
depdsitos de gordura visceral, subcutanea, intermuscular e intramuscular diferem em
seus momentos de formagao e papel metabdlico. A gordura visceral € desenvolvida
em um primeiro momento, para fornecer isolamento e protecao de 6rgaos, enquanto
a gordura intermuscular e subcutdnea sdo muitas vezes desenvolvidas
simultaneamente. A gordura intermuscular € o maior depdsito em carcaga de bovino,
seguido de gordura subcutanea. A gordura intramuscular é o ultimo depdsito a se
desenvolver, razédo pela qual a maturidade regula fortemente o desenvolvimento deste
depdsito de gordura (HAMMOND, 1955).

Dessa forma, o insucesso de estudos que visa aumentar o teor de gordura
intramuscular, via suplementagcdo alimentar de bovinos de corte na fase de
terminac&do, ocorre possivelmente, pelo fato de que, maior parte da energia
suplementar é utilizada para a hiperplasia de adipdcitos do tecido adiposo visceral e
apenas uma pequena parte da energia consumida é utilizada para deposigao de tecido
adiposo intramuscular (HAUSMAN et al., 2009; SMITH et al., 2009; DU & DODSON,
2012).

Portanto, uma vez que o desenvolvimento da gordura intramuscular ndo ocorre
de forma independente dos demais tipos de tecidos adiposos (ALBRECHT et al.,
2011), a busca pelo aumento da marmorizag&o na carne bovina, sem causar aumento
excessivo da deposi¢cao de gordura subcutanea e visceral no animal tem se tornado
objetivo de algumas pesquisas (DU et al., 2010; ALBRECHT et al., 2011) e ha um
numero crescente de estudos visando compreender os mecanismos moleculares
relacionados as diferengas na qualidade da carne bovina entre genaétipos zebuinos e
taurinos (RODRIGUES et al., 2017; MARTINS et al., 2015; GIUSTI et al., 2013; WEI
et al.,, 2013a, WEI et al., 2013b; DUARTE et al., 2013).
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Periodo critico para a formagao de
adipdcitos intramusculares
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Figura 1: Diferenga cronoldgica da adipogénese em diferentes depdsitos de gordura em bovinos de corte. Adaptado Du et al.,

(2015).
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1.3.2 Lipogénese

A lipogénese € o processo de sintese de acidos graxos e triglicerideos, que
serdo armazenados no figado (como fonte de energia e de componente estrutural
para a construgdo da membrana) e no tecido adiposo (como deposi¢ao de gordura
e armazenamento de energia a longo tempo). Em ruminantes, a lipogénese acontece
principalmente no tecido adiposo (Zhao et al., 2019).

A lipogénese € rigorosamente controlada por fatores nutricionais, hormonais
e genéticos (KERSTEN, 2001; LADEIRA et al., 2016; TEIXEIRA et al., 2017). Além
disso, existe uma relagao estreita entre a taxa de sintese de acidos graxos e a
atividade da enzima acetil-CoA carboxilase, que € codificada pelo gene da acetil-
CoA carboxilase alfa (ACACA) e da agdo da acido graxo sintase, complexo
multienzimatico, codificado pelo gene da acido graxo sintase (FASN), com a
lipogénese (GRIFFIN, 2004; NELSON, 2004). Estudos realizados em varias
espécies de mamiferos e aves tém levado a conclusdo de que a FASN é controlada
principalmente em nivel de transcricdo do gene (BERGEN, 2005). Por outro lado, a
lipogénese também pode ser ativada por mTOR, uma via conhecida por controlar o
crescimento e o metabolismo celular em resposta a nutrientes, fatores de
crescimento ou estado de energia (LAMMING & SABATINI, 2013; WANG, et al.,
2015).

Na maioria das dietas de ruminantes, a gordura esta abaixo de 5% da
matéria seca (MS). Os ingredientes basicos da ragao, incluindo forragens e graos,
geralmente fornecem cerca de 3 a 3,5% de gordura com base na MS total de bovinos
de corte (HASSAN et al., 2020). A suplementagao de acidos graxos n&o € necessaria
para a proliferacdo microbiana no rimen porque os microbiota ruminal pode sintetizar
seus proprios acidos graxos (BROOKS et al., 1954). Consequentemente, os acidos
graxos exdgenos sdo menos evidentes nos tecidos de ruminantes quando
comparados aos n&o ruminantes (BOGGS et al., 1997).

O principal precursor da sintese de acidos graxos de novo € o acetato
(BERGEN & MERSMANN, 2005). Independentemente da fonte de carbono, quase
todos os acidos graxos sdo produzidos (exceto por alguns resultantes da digestao
intestinal mais baixa de microrganismos) via sintese enddgena em glandulas
adiposas e mamarias apenas durante a lactagdo. A regulagcdo molecular da

lipogénese de novo, deposicao lipidica e oxidacao é afetada pelos mesmos fatores
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de transcricdo e mecanismos moleculares no tecido mamario e nos depdsitos de
gorduras subcutaneas (BAUMAN et al., 2008; HARVATINE & ALLEN, 2006).

O principal substrato de acido graxo para a bio-hidrogenagao ruminal em
animais em condi¢cées de pastejo é o acido linoleico, pois € o acido graxo mais
abundante presente nos glicolipideos e nos fosfolipideos da forragem. O
metabolismo do acido linoleico no rumen envolve a formacgao transitéria em acido
linoleico conjugado (CLA), principalmente C18:2 c9, t11, que posteriormente é
convertido em acido vacénico e finalmente acido estearico (LOURENCO et al.,
2010). O C18:2 ¢9, t11 é geralmente o principal isdbmero CLA encontrado na carne
bovina e no leite (FRITSCHE & FRITSCHE, 1998). No entanto, o C18:2 t10, ¢12
torna-se o intermediario predominante, particularmente em dietas com alta
propor¢ao de concentrados ou 6leos (GRIINARI et al., 2000).

Ao avaliar o impacto de dietas com alta proporgcao de concentrado em
comparagao a dietas ricas em forragem ou com niveis variados de forragem com
suplementag¢ao de concentrado, French et al. (2000) observaram que as dietas com
maior propor¢cao de forragens apresentaram maiores quantidades de acidos
miristico, palmitoléico e alfa-linolénico, enquanto que as dietas ricas em
concentrados apresentaram maiores concentragdes de acidos palmitico e estearico.
A carne comercial provenientes de animais alimentados com grdos geralmente
possuiem uma proporc¢ao n-6: n-3 maior que 7 (LEHESKA et al., 2008), enquanto a
carne bovina alimentada com pasto geralmente tem uma proporgéo n-6: n-3 menor
que 3,0 (FRENCH et al., 2000; LEHESKA et al., 2008).

As maiores proporgdes de n6 / n3 de animais terminados em confinamento,
se deve ao fato do 18: 2n - 6 diminuir no musculo a medida que aumenta a deposicao
de gordura (WOOD et al., 2008). A principal razdo disso é que o fosfolipidio, onde
esta localizado o 18: 2n - 6, diminui em proporcao aos lipidios musculares e aumenta
a proporgéao de lipidios neutros, com seu maior teor de acidos graxos saturados e
monoinsaturados. Isso acontece, principalmente no tecido adiposo, devido a acao
da enzima estearoil Co-A dessaturase (SCD), uma importante enzima lipogénica
(SCOLLAN et al., 2014).

Em geral a quantidade e qualidade da gordura intramuscular esta associado
a suculéncia, sabor, maciez e gosto geral da carne e pode ser influenciada por
fatores genéticos ou nutricionais (JEREMIAH et al., 2003, O'QUINN et al., 2012;
O'QUINN et al., 2018; FELDERHOFF et al., 2020). Consequentemente, a sintese e
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deposicao da gordura sofre regulagdo enzimatica e hormonal, como também pode

ser influenciada por fatores transcricionais a nivel de gene.

1.3.3 Regulagao enzimatica da sintese e deposi¢cao da gordura

O desenvolvimento do tecido adiposo inicia-se ainda no periodo pré-natal,
por volta do terceiro més de gestacdo, quando células oriundas do mesénquima
embrionario, semelhante aos fibroblastos, diferenciam-se para dar origem aos
adipoblastos ou células primitivas do tecido adiposo (DU et al., 2010). Apds a
diferenciacao, ndo ha como a célula retornar ao estado inicial. Uma vez formados,
os adipoblastos comprometem-se a uma fase exponencial de multiplicacao,
formando os pré-adipocitos (HOSSNER, 2005).

Diferentemente do tecido muscular, a hiperplasia dos adipécitos ocorre
principalmente durante o final do desenvolvimento fetal até cerca de 250 dias de
idade em bovinos de corte (DU et al., 2015). Por sua vez, a hiperplasia muscular
ocorre no ambiente intra-uterino durante o periodo pré-natal e pode ser separado em
estagios embrionarios e fetais (DU et al., 2010a). Portanto, os tecidos adiposo e
muscular tem seu desenvolvimento em diferentes momentos durante sua formacgao
e crescimento em bovinos. A sintese e deposi¢c&o da gordura e biossintese de acidos
graxos depende da atividade de varias enzimas-chave como: acetil-CoA carboxilase
(ACACA), acido graxo sintase (FAS), glicose-6-fosfato desidrogenase (G6PDH),
enzima malica (ME), estearoil Co-A dessaturase (SCD), Lipase sensivel a hormbnios
(HSL e a lipotroteina lipase (LPL) como demostrado na tabela 1 (VANCE et al.,
2002).
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Tabela 1: Fungao das enzimas lipogénicas e lipoliticas no tecido adiposo

Enzima Lipogénica Fungao
Acetil-CoA carboxilase Formagao irreversivel de malonil-CoA a partir de acetil-CoA.
Acido graxo sintase Sintese de palmitato a partir de acetil-CoA e malonil-CoA.

Fornecimento de NADPH para biossintese redutiva de

Glicose-6-fosfato DH acidos graxos.

Fornecimento de NADPH para biossintese redutiva de

Enzima malica acidos graxos.

Estearoil-CoA dessaturase Transformacdo de MUFA em SFA.

Hormoénios Lipase sensivel Hidrolisa triglicerideos em acidos graxos livres.

Catalisa a hidrolise de triglicerideos dos quilomicrons

Lipoproteina lipase circulantes e das lipoproteinas de densidade muito baixa.

Adaptado VANCE et al., (2002)
DH = desidrogenase; NADPH = fosfato de dinucleétido de dihidronicotinamida adenina; MUFA =
acidos graxos monoinsaturado; SFA = acidos graxos saturados.

Algumas enzimas sdo essenciais para o fornecimento de NADPH para a
biossintese de lipideos. As enzimas conhecidas envolvidas neste processo incluem
a enzima malica (ME), glicose-6-fosfato desidrogenase (G6PDH) e 6-fosfoglucose
desidrogenase da via da fosfato pentose ao lado da isocitrato desidrogenase (HAO
et al., 2014; e HAO et al., 2016). O ACACA ¢é uma enzima citosdlica que catalisa a
carboxilacao de acetil-CoA em malonil-CoA, a primeira etapa limitante da biossintese
de novo de acidos graxos. Esta sub-via faz parte da biossintese da via malonil-CoA,
e esta envolvida no metabolismo lipidico (UniProt Consortium, 2021).

A agado da enzima Estearoil-CoA dessaturase (SCD) reflete uma maior
sintese de acidos graxos, que podem influenciar na eficiéncia do crescimento, além
de alterar a composi¢ao dos acidos graxos depositados na carne (KIM et al., 2000).
A SCD é uma enzima do reticulo endoplasmatico que catalisa a biossintese de
acidos graxos monoinsaturados, a partir de acidos graxos saturados que sao
novamente sintetizados ou derivados da dieta (SMITH et al., 2009).

A lipoproteina lipase (LPL), enzima responsavel pela quebra dos
triacilglicerdis advindos da circulagdo em acidos graxos e glicerol a nivel endotelial e
sintetizado pelos adipdcitos, atua também como sinalizador celular, uma vez que,
quando expressada estimula nova onda hiperplastica do tecido adiposo. Apds a
ocorréncia dessa nova onda de proliferacdo, novos sinalizadores celulares, como a

glicerol-3-fosfato desidrogenase (GAPDH) e a enzima acido graxo sintetase (FAS)
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sao detectados. As células, entdo, recebem o sinal para que iniciem o acumulo de
lipideos, quando passam a ser denominadas de adipocitos propriamente ditos. O
GAPDH e o FAS estao presentes nas células recém formadas, marcando o final da
diferenciagao e inicio da deposigao de lipidios (HOSSNER, 2005).

A deposigao de gordura intramuscular é aparentemente regulada por fatores
diferentes daqueles que regulam a deposicdo de gordura em outros tecidos
adiposos, existindo diferengas metabdlicas entre eles. Adipocitos intramusculares
apresentam atividade mais elevada das enzimas hexoquinase e fosfofrutoquinase.
Ja, o tecido adiposo subcutaneo apresenta niveis mais elevados de enzimas
lipogénicas, como a NADP-malatodesidrogenase, fosfogluconate-6-desidrogenase e
glicose-6-fosfato desidrogenase, evidenciando papéis exclusivos no metabolismo de
lipideos (MILLER et al., 1991; MAY et al.,1994).

A massa de tecido adiposo, por conseguinte, € controlada pelo balango
entre proliferacdo de células (hiperplasia) e aumento no tamanho das células
(hipertrofia). A assimilagdo dos acidos graxos livres no citosol em gotas de lipideos
ricas em triacilglicerol contribui para a hipertrofia dos adipécitos e aumento do tecido
adiposo (HOSSNER, 2005).

1.3.4 Regulagdao hormonal da sintese e deposi¢ao da gordura

Em ruminantes, os adipdcitos desempenham fungdo importante como
reserva de energia, além de ocasionarem modificagdes na “adiposidade” do animal,
de acordo com seu estado fisioldgico, como durante a gestagdo ou fase de
terminac&o. Além disso, os adipécitos atuam como verdadeiras células endocrinas,
secretoras de uma série de horménios, cujos sinais enddcrinos estdo diretamente
relacionados com a producdao animal. Dentre esses hormdnios, destacam-se a
leptina, IGF-1, interleucinas, resistina, entre outros (MINER, 2004).

A quantidade de gordura presente no citoplasma e o consequente tamanho
do adipdcito sdo controlados pela expressao da leptina. Este hormdnio é produzido
especificamente pelos adipécitos, secretado e transportado pelo sangue, até atingir
seus receptores localizados em varios tecidos, inclusive o hipotalamo. A leptina tem
sua funcdo mediada por meio do neuropeptideo Y, sendo responsavel pela
homeostase energética do organismo, que provoca mudangas no consumo alimentar

e no gasto energético corporal, além de estar intimamente relacionada a aspectos
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reprodutivos, uma vez que sua presencga facilita a secrecdo de gonadotrofinas
(MINER, 2004).

Outra importante fungdo da leptina, € que ela esta relacionada com o
crescimento animal, pois participa da liberagdo do horménio do crescimento (GH),
via neuropeptidio Y (NPY), que estimula a secre¢cdo do horménio liberador do
horménio do crescimento (GHRH). Portanto, a leptina estimula a secre¢cado de GH via
GHRH, através do NPY, uma vez que o efeito de estimulacdo da leptina é
praticamente anulado na presenga de anticorpos para GHRH (McMAHON et al.,
2001). Além disso, alguns autores relataram que a leptina esta associada com a
porcentagem de gordura corporal, sendo que animais com maior deposi¢cdo de
gordura, apresentam maiores quantidades de leptina plasmatica (CHILLARD et al.,
1998; MINTON et al., 1998).

O GH é um horménio muito importante na regulagao do peso e metabolismo
dos lipideos, uma vez que o aumento em sua concentragdo estimula a sintese
proteica, enquanto seu decréscimo sinalizara para a lipogénese. Existe, assim, um
feedback entre leptina, NPY e GH para regulagdo do metabolismo lipidico. Com o
GH elevado, ha mobilizacao de lipideos e inibicdo de sintese, reduzindo os niveis de
leptina, que, por sua vez, deixa de estimular a liberacdo de NPY (McMAHON et al.,
2001).

A insulina € um outro hormdnio envolvido na sintese de gordura. Ela
estimula a captura de glicose por tecidos periféricos e aumenta a lipogénese ou
reduz a lipolise. Dessa forma a concentracdo plasmatica de insulina esta
positivamente correlacionada com a adiposidade da carcaga (RHOADES et al.,
2007). Entretanto, existe variacdo em relagdo a sensitividade a insulina entre os
diferentes tecidos corporais, sendo um dos principais fatores determinantes da
particdo de energia entre esses tecidos e 0 seu crescimento e desenvolvimento
(HOSSNER, 2005).

Lee et al. (2013) utilizaram a técnica RNAseq para investigar os
transcriptomas de 3 tecidos adiposos (omental, subcutaneo e gordura intramuscular)
em bovinos e observaram que os genes lipogénicos foram expressos diferentemente
entre os 3 tecidos adiposos indicando diferencas no metabolismo desses depdsitos
de gordura. Neste estudo, os adipdcitos intramuscular apresentaram baixas
atividades metabdlicas relacionadas ao metabolismo de lipidios baseado na analise

do transcriptoma com mais gama de vias metabdlicas e genes.
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Por outro lado, genes expressos diferencialmente (DEGs) foram regulados
para baixo na gordura subcutédnea e significativamente enriquecido na via da
melanogénese. A sinalizacdo do WNT na via da melanogénese é um importante
regulador da adipogénese ou secregao de insulina. Além disso, a analise
comparativa do transcriptoma de 3 tecidos mostraram que a interacido entre os
componentes da matrix extracelular e receptores transmembrana de células de

gordura podem influenciar o depdsito de gordura (LEE et al., 2013).

1.3.5 Regulacdao da biossintese e deposicao da gordura por fatores
transcricionais

Durante a diferenciagao, os pré-adipdcitos comprometem-se a mudangas
morfolégicas, assim como na expressao seletivas de determinados genes. A
expressao sequencial de certos fatores de transcricéo, tais como o CCAAT/enhancer
binding protein factor, SREBP/sterol regulatory elemento binding proteine a familia
de fatores de transcricao PPAR/peroxime proliferator-activated receptor possuem um
papel chave nos estagios de conversao dos pré- adipécitos em adipécitos maduros
(GREGORIE et al., 1998).

A adipogénese é regulada em sua maior parte pelos fatores de transcrigéo
pertencentes a familia Enhancer binding protein (C/EBP) e o Peroxissome
proliferatoractivated receptor (PPAR) (DODSON et al., 2010a; DU et al., 2010b;
YAMADA et al., 2009). Durante a adipogénese, C/EBPa é ativado e se liga
diretamente aos promotores de PPARYy, que por sua vez sédo induzidos a expressao
do C/EBPa. A expressdo de PPARy desencadeia a expressdao de C/EBPaq,
promovendo uma agao autorreguladora entre estes fatores, fazendo-se necessaria
a acgao conjunta destes para estimular a diferenciagdo das células mesenquimais em
adipdcitos levando a maior deposigao de gordura (ROSEN et al., 2002).

Em estudos sobre fatores de transcricdo do processo de adipogénese foi
detectado o fator Zfp423 como marcador para estagios iniciais do processo de
adipogénese (GUPTA et al., 2010; GUPTA et al., 2012). O Zfp423 (Zinc-finger protein
423), € um fator que promove a adipogénese, por meio do aumento da expressao do
PPARYy. Resultados apresentados por GUPTA et al. (2010) demonstraram que o fator
de transcricdo Zfp423 é abundantemente expresso na fragdo estromal-vascular de
tecidos contendo pré-adipdcitos, bem como em adipdcitos maduros. Além disso, o

Zfp423 foi identificado como gene responsavel pela expressdo de grande parte dos
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marcadores para pré-adipécitos (GUPTA et al., 2012) e pode regular a expressao do
PPARy em fibroblastos, induzindo a diferenciagdo de tais células em adipécitos
(GUPTA et al., 2010).

Além do Zfp423, o Fator-2 de crescimento de fibroblasto (FGF-2) tem sido
relatado como outro fator de transcricdo que pode causar aumento da adipogénese
(KAKUDO et al., 2007). Inoue et al. (2005) observaram que células-tronco oriundas
de tecido adiposo, ao receberem FGF-2 foram induzidas a adipogénese, com
aumento de atividade da enzima GAPDH, a qual facilita a conversao de glicose em
triglicerideos.

Em estudo com células-tronco adiposas, Kakudo et al. (2007) sugeriram que
o processo de adipogénese ocorre em fungdo do aumento da expressao do FGF-2,
que por sua vez desencadeia o aumento da expressdo de PPARy e
consequentemente o aumento da adipogénese. Células musculares, adipdcitos e
fibroblastos sao derivados do mesmo pool de células mesenquimais indiferenciadas
abundantemente encontradas no tecido muscular esquelético, durante estagios
iniciais do desenvolvimento (DU et al., 2010a). Contudo, a maior parte destas células
€ direcionada a linhagem miogénica, restando uma porgédo reduzida de células
passiveis de se diferenciarem em adipécitos e/ou fibroblastos.

Segundo UEZUMI et al. (2011), fibroblastos e adipocitos competem por
células mesenquimais indiferenciadas, por meio de uma via de sinalizacdo comum.
Além disso, Joe et al. (2010), demonstraram que células mesenquimais progenitoras
contribuem para formagédo de tecido adiposo em tecido muscular esquelético e
apresentam capacidade de se diferenciarem em fibroblastos. Estas células possuem
habilidade de induzir a fibrogénese em musculo esquelético, por meio da ativagao
da expressao dos receptores a de fatores de crescimento derivados de plaquetas
(PDGFRa), sugerindo que o tecido adiposo e tecido conectivo sdo oriundos da
mesma populagao de células (OLSON & SORIANO, 2009).

1.4 Avancos cientificos na ciéncia da carne:

Contribuicao das ciéncias “6micas” para qualidade da carne
As diferencas na maciez, gordura intramuscular, propriedades sensoriais e a
bioquimica relacionada a qualidade da carne podem ser explicadas pela “foodomics”

(MUNEKATA et al.,, 2021). As tecnologias “Omics” fornecem uma visao dos
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mecanismos de resiliéncia e da qualidade do produto em nivel sular (Figura 2).
A aplicacdo das ciéncias “Omicas” no contexto da produ¢do de animais tropicais
podem melhorar a produtividade de areas de poucos recursos disponiveis (RIBEIRO

et al., 2020).

Gendétipo

>4.10% genes

Transcriptomica >1.5*10°% transcritos

‘ ‘ >108 proteinas

¥ O

Acucares Nucleotideos Aminoacidos Lipideos

>105 metabolitos Fenétipo
Figura 2. Visdo geral da cascata de 6micas em sistemas biolégicos (Adaptado
HolCapek et al., 2018).

1.4.1Gendémica

Estudos recentes (FERNANDES JUNIOR et al., 2016; MEDEIROS et al.,
2017; SILVA- VIGNATO et al., 2019; CARVALHO et al.,, 2019) vém tentando
esclarecer os mecanismos envolvidos na deposi¢dao de gordura subcutanea de
bovinos Nelore (espessura de gordura subcutanea — EGS) e caracteristicas de
interesse econdmico como area de olho de lombo (AOL), peso de carcaga quente e
marmorizagao (MAR).

Fernandes Junior et al. (2016) avaliaram efeitos de SNPs que foram
calculados com base nos valores genéticos, obtidos utilizando a abordagem GBLUP
de um unico passo e um procedimento de incorporagdo da matriz genémica. Os 10
principais SNPs n&o sobrepostos explicaram 8,72%, 11,38% e 9,31% da variancia
genética de AOL, EGS e peso de carcaca quente, respectivamente. Para a AOL,
foram identificados, em bovinos da raca Nelore, genes (CDKN2A e CDKNZ2B)
envolvidos no processo biolégico do ciclo celular, que afeta muitos aspectos do
crescimento e desenvolvimento dos animais. Os genes SLC38A71 e SLC38A2,

ambos da familia de transportadores SLC38, também foram associados a AOL.
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Varios genes identificados para EGS (SORCS2, AQP3, AQP7, CDC42BPA,
ASIP e ACSS?2) foram associados ao metabolismo lipidico em diferentes espécies
de mamiferos. Além disso, varias regides gendémicas contem genes candidatos
plausiveis que podem estar associados as caracteristicas de carcaga em bovinos da
raca Nelore (FERNANDES JUNIOR et al., 2016).

Ao utilizar a ferramenta de associacdo gendmica Medeiros et al. (2017)
concluiram, que apesar da natureza poligénica das caracteristicas de AOL e EGS de
animais Nelore, alguns genes encontrados nas janelas associadas, tém maior
probabilidade de estar relacionados a AOL do musculo Longissimus, como ALKBH3
e HSD17B12 e outros possivelmente, podem estar relacionados com a deposicao de
gordura em bovinos da raga Nelore, como os genes PLAG1, CAPN5, MYO7A e
XKRA4.

Novas vias de deposi¢ao de gordura na carcaga, foram reveladas utilizando
ferramentas que exploraram interagbes gene-gene e correlagbes gene-fendtipo.
Silva- Vignato et al. (2019), destacaram que os genes RSAD2, EIF2AK2, ACAT1 e
ACSL1, podem estar relacionados a metabolismo de acidos graxos e podem ser
associados as vias centrais da deposicdo de EGS em bovinos.

Posteriormente, Carvalho et al. (2019) identificaram, por meio de estudo da
associagao do genoma geral de bovinos de corte de origem Bos indicus, em
particular animais Nelore, regides e genes associados a qualidade de carcaga,
examinando dados fenotipicos e genotipicos. Estes pesquisadores encontraram
relagcéo entre peso de carcaga quente e os genes: LRGUK, TRIM24, SVOPL, TEX37,
CA10, OXSR1; para AOL, os genes: TWIST2, SFXN1, CMYA5, CPQ e MRS2; para
EGS, os genes: OR2S2, 5S_rRNA, LOC100299372, LOC523083, LOC532403,
LOC613441, SNORAG69 e ITGA9 e para MAR, os genes: EMCN, LNX1, EIFS,
SNORA28 e DSC3. As varias regides gendmicas associadas as carcteristicas de
qualidade de carcaca mostram a complexidade desses fendtipos e nao dependem
apenas dos efeitos de alguns genes para determinar suas variagbes (CARVALHO et
al., 2019).

Muitos estudos exploraram a variabilidade para selecionar bovinos com alto
potencial genético para caracteristicas de interesse econdmico (KOOTS et al., 1994;
REVERTER et al., 2003; FERNANDES JUNIOR et al., 2016; MEDEIROS et al., 2017;
SILVA-VIGNATO et al., 2019; CARVALHO et al., 2019). Esses estudos concluiram

que a variabilidade genética é uma ferramenta interessante para melhorar os indices
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de producdo em bovinos, pois também estd associada as variagdes nas
caracteristicas de qualidade de carne e carcaca. Portanto, genes identificados
também podem ser uteis para estudos gendmicos funcionais adicionais, além de
contribuir para uma melhor compreensao do controle genético das caracteristicas de

carcaca.

1.4.2Transcriptébmica

O perfil do transcritoma pode variar dependendo do estado fisiologico,
estimulos fisicos, quimicos, biolégicos ou doengas. O transcritoma abrange o
conjunto de RNAs mensageiros que codificam as proteinas. Entretanto,
pesquisadores incluiram os microRNAs no conceito de transcritoma por
representarem uma classe muito importante de pequenos RNAs (contendo
aproximadamente 20 a 22 nucleotideos) que controlam a expressao génica ao nivel
pos-transcricional de gene, impedindo a tradugdo dos RNAm em proteinas (Passos,
2014).

Oliveira et al. (2018) identificaram varios genes e miRNAs como candidatos
a reguladores da gordura intramuscular, por meio da analise de expressao diferencial
de miRNAs, usando dois métodos diferentes de rede de coexpressdo de miRNA-
mRNA. Este estudo contribui para o entendimento de potenciais mecanismos
regulatorios de redes de sinalizagcdo de genes envolvidos em processos de
deposicdo de gordura medidos em musculo. O metabolismo da glicose e os
processos de inflamagao foram as principais vias encontradas in silico para
influenciar deposi¢ado de gordura intramuscular em bovinos de corte na analise de
coexpressao integrativa de mRNA-miRNA.

Posteriormente, Kappeler et al. (2019) observaram MiRNAs
diferencialmente expressos no musculo esquelético de animais com valores
genéticos estimados divergentes para maciez da carne bovina. A analise funcional
identificou vias importantes relacionadas a sensibilidade, como apoptose e o sistema
calpaina-calpastatina. Os resultados obtidos nesse estudo indicam a importancia dos
miRNAs nos mecanismos regulatérios que influenciam a protedlise muscular e
maciez da carne e contribuem para o melhor entendimento do papel dos miRNAs
nos processos bioldgicos associados a maciez da carne.

Também, Cardoso et al. (2021) revelaram, em uma abordagem multimonica,

os efeitos do polimorfismo genético no miRNA e destaca os miR-SNPs e genes
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candidatos-alvo, que controlam a composi¢ao de acidos graxos da carne de bovinos
Nelore. Diante dos resultados observados, mais estudos sdo necessarios para
elucidar os mecanismos subjacentes a ligacdo entre os miRNAs e seus alvos

provaveis na determinagao de fendtipos de interesse econémico em gado Nelore.

1.4.3 Proteémica

Os mecanismos regulatérios altamente complexos envolvidos nas
caracteristicas fenotipicas de qualidade da carne, tais como maciez, MAR, e EGS,
podem ser explicados pelo metabolismo de proteinas e lipideos no musculo e na
gordura intramuscular e subcuténea. Potenciais proteinas biomarcadoras podem ser
identificadas usando ferramentas prote6micas (MUNEKATA et al., 2021).

Ao avaliar o proteoma muscular de bovinos, Rodrigues et al. (2017),
encontraram diferengas na qualidade da carne entre os bovinos Angus (Bos taurus
taurus) e Nelore (Bos taurus indicus) quanto a proteémica e fosfoprotedmica. Esses
autores relataram que proteinas envolvidas na contragdo e organizagdo muscular,
miofilamentos expressos em fibras de contragdo rapida ou lenta e proteinas de
choque térmico localizadas na mitocéndria ou reticulo sarcoplasmatico e envolvidas
no fluxo celular de calcio e apoptose podem estar associadas a diferencas na
qualidade da carne bovina entre animais Angus e Nelore. Além disso, os
pesquisadores relataram que diferengas na fosforilacdo de miofilamentos e enzimas
glicoliticas podem estar envolvidas com diferengas na for¢ga de contragdo muscular,
suscetibilidade a calpaina, apoptose e glicolise pés-morte, o que também pode estar
relacionado a diferengas na qualidade da carne destes animais.

Poleti et al. (2018a) demonstraram que as proteinas envolvidas no
metabolismo da glicélise, sinalizacdo do citoesqueleto, juncdo de células aderentes
e vias para MAPK e insulina sdo importantes mecanismos biolégicos envolvidos na
deposi¢ao de gordura intramuscular do musculo Longissimus em bovinos. Esses
autores sugeriram que o lactato pode ser uma fonte importante de carbono para a
deposicdo de gordura em ruminantes. Além disso, as mudangas gerais do
transcriptoma e do proteoma associadas a gordura intramuscular demonstraram que
a organizagado do sarcdbmero, a transdugao de sinal intracelular e a regulagdo do
citoesqueleto de actina sdo mecanismos alterados para deposicdo da gordura
intramuscular (POLETI et al., 2018a; POLETI et al., 2018b).
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Posteriormente, Poleti et al. (2020) revelaram alteragcbes do proteoma
muscular bovino, associadas ao conteudo de acido oleico e acido linoléico conjugado
cis-9, trans-11. Algumas das proteinas alteradas estdo associadas ao metabolismo
de acidos graxos, protedlise, sintese de horménio da tiredide e estrutura do
citoesqueleto. Neste estudo, trés potenciais biomarcadores para ambos os acidos
graxos foram identificados (TASP1, UBE4A, HADHA). Esses autores relatam que a
integracdo de dados protedmicos e dados transcriptdmicos sugerem um sistema
regulatéorio complexo, em conformidade entre mMRNA e niveis de proteina. Esses
resultados podem ser aplicados em nutricdo e programas de melhoramento genético
para a producéo de carne bovina de alta qualidade.

Por meio de duas meta-analises recentes de estudos protedmicos sobre cor
e maciez da carne bovina, Purslow et al. (2021) destacaram o papel do metabolismo
energético post-mortem no estabelecimento das condi¢des para o desenvolvimento
da cor e maciez da carne e descreveram a interagdo complexa entre o metabolismo

energeético, regulagao do calcio e metabolismo mitocondrial.

1.4.4 Metabolémica

A metabolbmica pode ser utilizada como ferramenta para entender o
metabolismo muscular. Alguns metabdlitos contribuem para varias vias metabalicas,
incluindo hipertrofia muscular, deposi¢gdo de gordura, degradagéo de proteinas e
propriedades sensoriais. Os metabdlitos sdo produtos finais de reagdes complexas
que ocorrem em resposta ao controle gendbmico e ambiental. Portanto, os
metabdlitos sdo indicadores sensiveis da influéncia genémica sob as carcteristicas
fenotipicas (GOLDANSAZ et al., 2017).

Atualmente, a maioria de abordagens “MEATabolomics” combinam técnicas
de separagéo (cromatografia gasosa ou liquida e eletroforese capilar) - abordagens
de espectrometria de massa (MS) ou ressonancia magnética nuclear (NMR) com as
analises multivariadas a jusante, dependendo da polaridade e / ou hidrofobicidade
dos metabdlitos direcionados (MUROYA et al., 2020).

Ueda et al. (2019) identificaram mais de 80 metabdlitos em carne bovina
usando metabolémica baseada na analise de espectrometria de massas acoplada a
cromatografia gasosa (GC / MS). Esses autores sugerem varios metabdlitos (acido
decandico, acido urico, acido elaidico e acido 3-fosfoglicérico) como potenciais

biomarcadores para gordura intramuscular e para avaliar niveis de marmoreio por
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analise GC / MS. Este estudo também indica que o acido decandico e a glutamina
sdo potenciais biomarcadores para sabor oleoso, aroma e avaliagao geral sensorial
da carne de bovinos Wagyu.

Ao analisar animais Bos indicus da ragca Nelore, selecionados para
crescimento e precocidade, Consolo et al. (2020) verificaram que animais
selecionados para alto crescimento e para alta precocidade, possuem alta
concentracdo de metabdlitos de proteinas e mudangas nas vias metabdlicas da
proteina, enquanto o metabolismo da gordura esta mais correlacionada a selegao
para precocidade em comparagao com a selecao para crescimento.

Jeong et al. (2020) identificaram 28 metabdlitos em carne bovina com alto e
baixo teor de MAR, usando metabolémica baseada em NMR. Dentre os 28
metabdlitos estimados, quatorze metabdlitos apresentaram mudancas significativas
nos atributos de qualidade da carne. Neste estudo, os principais metabdlitos
relacionados a pontuagdo de sabor de palatabilidade, incluindo glutamato e
aspartato, ndo foram alterados entre os grupos de baixo e alto MAR. Porém as notas
do painel sensorial, incluindo dogura, acidez e amargor, foram maiores na carne com
alta MAR. Portanto, metabdlitos podem atuar como biomarcadores potenciais do
sabor da carne.

Os resultados destes estudos podem ser uteis para melhorar a avaliacdo de
qualidade da carne por analise metabolémica e futuramente serem usados para

melhorar producéo e qualidade da carne.

1.4.5 Lipidémica

A lipidémica utiliza os principios e técnicas da quimica analitica para estudo
do conteudo lipidico de uma célula, conhecido como lipidoma. As técnicas
lipidbmicas baseadas em espectrometria de massa (MS), como MS acoplado a
cromatografia liquida, lipiddbmica shotgun, imagem MS e MS de mobilidade i6nica
tém papéis importantes na lipiddmica. O conhecimento das redes e vias metabdlicas
lipidicas e ferramentas bioinformaticas sdo essenciais para estudar o metabolismo
lipidico usando a lipidémica (HAN, 2016).

Novas tecnologias, metodologias e solugdes bioinformaticas estdo
continuamente sendo desenvolvidos, todos visando melhorar e avancar em varias
areas de conhecimento, inclusive na producdo animal e qualidade da carne.

Tecnologias e protocolos atualizados permitem para realizar estudos lipidémicos
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quantitativos. Os avancos na espectrometria de massa, permitem a observacao da
bioquimica lipidica localizada nos tecidos, tornando a lipidémica, uma plataforma
importante na pesquisa de “foodomics”. Sem duvidas, isso promovera um avango
nas ciéncias basicas e pesquisa clinica e facilitara a indicacado de biomarcadores
lipidicos em diagndsticos, com o obijetivo final de melhorar a saude humana e a
qualidade da carne (HOLCAPEK et al., 2018; BOWMAN et al., 2018; WU et al.,
2020).

1.5 Modulagao dos genes adipogénicos e lipogénicos por MicroRNAs

Os microRNAs (miRNAs) sdo uma classe de pequenos RNAs néo
codificantes que se ligam a sequéncias nas regides nao traduzidas de multiplos
MmRNAs alvo, resultando na regulacdo pds-transcricional da expressdo génica
(FATIMA & MORRIS, 2013). Os miRNAs sao reguladores moleculares que
participam de varios processos bioldgicos, incluindo adipogénese e lipogénese, por
meio de seus alvos e vias relacionadas (GUO et al., 2017; ROMAO et al., 2012;
ROMAO et al.,, 2011; KIM et al.,, 2009). A relevancia dos miRNAs também é
pronunciada quanto ao acumulo de gordura subcuténea e / ou visceral em resposta
ao crescimento e nutricdo dietética em camundongos (PARRA et al., 2010;
CHARTOUMPEKIS et al., 2012), ovinos (MEALE et al., 20014) e bovinos (ROMAO
et al., 2012).

Em bovinos, existe variagao dos perfis de miRNA entre diferentes locais de
EGS (JIN et al., 2009). Os MiRNAs de tecido adiposo exibiu niveis de expressao
diferenciais entre novilhos, de ragas distintas, bem como com diferentes niveis de
EGS (JIN et al., 2010). MiRNAs também demonstraram ser diferencialmente
expressos em tecido adiposo bovino com a expressao de mir-378, variando em
relacdo a EGS (JIN et al., 2010). ROMAO et al. (2012) revelaram que a expressao
de miRNAs diferiu entre EGS e gordura visceral, sugerindo que 0 mecanismo
molecular de a adipogénese é dependente do local de deposi¢cao de gordura em em
bovinos de corte.

Muroya et al. (2016) revelaram que a dieta de bovinos a pasto afetou os
miRNAs plasmaticos em comparagdo com gado terminado em confinamento, com
dieta de alto gréo. Especialmente, a expressdao de miR-10b aumentou na circulagao
plasmatica e musculo em bovinos a pasto. A expressao alterada de miR-10b e miR-

2478 no musculo foi ainda associada a expressao dos genes lipogénicos alvo,
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ELOVL6 e SCD1, respectivamente. Além disso, a expressao do fator que regula a
homeostase da glicose, PTEN, também foi reduzida em animais sob pastejo. Esses
resultados indicaram que as mudancas nos miRNAs induzidos por uma dieta rica em
graos estdo associados ao miRNA do musculo esquelético e ao potencial de
expressao do gene alvo, sugerindo, por sua vez, que miRNAs musculares estao
envolvidos na regulagdo do metabolismo do musculo e de genes envolvidos no
metabilismo lipidico, afetando a deposigdo da gordura e consequentemente a
qualidade da carne.

Portanto, deposi¢cao de gordura € um processo biolégico complexo onde
miRNAs podem desempenhar um papel regulador de genes adipogénicos e
lipogénicos. No tecido adiposo, o acumulo de evidéncias demonstra claramente que
os miRNAs desempenham um papel importante na diferenciacdo dos adipécitos e
no metabolismo lipidico (SON et al., 2014; MIAO et al.,, 2015). Esse autores
verificaram que muitos miRNAs tais como let-714, miR-14315-17, miR-17-5p18,
miR-1419 e miR-3320-22 regulam a diferenciacdo de adipdcitos e lipogénese por
varias vias de sinalizagao, incluindo Wnt, MAPK, regulagéo do ciclo celular e via da
insulina. Receptores nucleares como proteinas de ligagcdo de CCAAT / potenciador
(C / EBPs), receptor ativado por proliferador de peroxissoma (PPARS) e proteinas de
ligacado do elemento regulador de esterol (SREBPs) também sao importantes.

Essas descobertas demonstram que os miRNAs podem participar do
acumulo de lipideos no tecido adiposo e no musculo de bovinos de corte (SON et al.,
2014; MIAO et al., 2015). Varios miRNAs sao identificados que podem regular a
adipogénese por meio de seus alvos e vias relacionadas. Entre eles, bta-miR-196b
regulado para cima e btamiR-874, regulado para baixo podem influenciar a tradugao
do sinal da via do PPAR por seus alvos envolvidos na via e, consequentemente,
regulam a deposicdo de gordura (GUO et al. 2017). Existem varios alvos na
diferenciagao adipogénica regulados pelo miR-224 de pré-adipoécitos bovinos (KIM
et al., 2014). Zhang et al. (2019) sugeriram que miR-224 prejudicaram a
diferenciacao adipogénica de pré-adipocitos bovinos, por direcionamento de LPL.

De acordo com os resultados relatados por YU et al. (2020), varios genes
alvo dos MiRNAs s&o genes importantes da adipogénese, como FASN, C / EBP,
PPAR, ADIPOQ, LPL, SERBP1, DLK1, etc. que podem ser regulados por miR-24-
3p, miR22 197, miR-431, miR-409b, miR-11982, miR-10179-5p, miR-326, miR-6715
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e miR-370. O PPAR pode ser modulado por miR-10179-5p e o C / EBP pode ser
modulado por miR- 10179-5p, miR-11976, miR-370, miR-1343-5p e miR-2887.

Todos esses resultados podem indicar que RNAs diferencialmente
expressos estdo associados a adipogénese bovina. Recentemente, Muroya et al.
(2020) relataram que as diferengas encontradas na expressdo génica dos genes
relacionados a adipogénese e metabolismo lipidico na EGS foram influenciadas pela
expressao de miRNAs neste tecido adiposo. Dessa forma, mudancgas na expressao
dos seguintes miRNAs na gordura subcutanea foram relatadas: miR-18a, miR-27b,
miR-28, miR-30a-5p, miR-92a, miR-107, miR-126-3p, miR-128, miR-142-5p, miR-
185, miR-20a, miR-103, miR-145, miR-148a (MUROQOYA et al., 2020).

1.6 Estratégias de selecdao genética utilizadas para melhorar a qualidade da
carne

O uso da informagdo gendémica tem sido um procedimento padréo para
avaliagcado genética em programas de melhoramento genético, a fim de melhorar as
caracteristicas quantitativas dos animais (COUTINHO et al., 2010) e otimizar a
utilizacdo de equipamentos de custo oneroso no sistema de produgdo, como a
ultrassonografia de carcaga bovina in vivo.

Logo, a possivel descoberta de novos marcadores moleculares envolvidos
no metabolismo lipidico e a selecdo de animais mais precoces para deposicdo EGS
e MAR, seria uma das solugdes na busca de qualidade da carne na industria
frigorifica brasileira. Atualmente, muitos frigorificos ja utilizam a EGS como critério
de bonificagdo ao produtor. A MAR também ja esta inserida em algumas empresas,
como critério para atender demandas de um nicho de mercado crescente
diferenciado no Brasil

Diferengas fenotipicas com relagdo a deposi¢gdo de gordura na carcaga
podem ser encontradas dentro de uma mesma raga para diferentes grupos
genéticos, ocasionando diferengas na qualidade do produto final (SMITH et al.,
2007). Dessa forma, a selegao de animais mais precoces pode ser um investimento
rentavel e replicavel. Para isso, uma das ferramentas mais utilizadas para identificar
o valor genético dos animais e aumentar a sua preciséo é a diferenga esperada da
progénie, comumente conhecia pela sigla DEP (HAYES et al., 2009), que vem sendo
utilizada em diversos programas de melhoramento genético para identificagcdo de

touros mais precoces.
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Neste sentido, a DEP possibilita identificar animais mais eficientes
geneticamente para as caracteristicas de interesse e utiliza-los como reprodutores
no rebanho, visando transmitir essas caracteristicas aos seus filhos. Em sintese, a
DEP reflete a capacidade de um animal transmitir para sua descendéncia genes que
afetardo o desempenho desta descendéncia em uma determinada caracteristica
(SAPP et al., 2002). As DEP’s sdo usadas para comparar animais, dentro de uma
mesma raga, quanto ao desempenho de suas futuras progénies (OKUT et al., 2013).

Contudo, para se alcangar ganhos genéticos consistentes devem ser
considerados fatores genéticos e de ambiente inerentes as caracteristicas que se
buscam, como a herdabilidade e a variabilidade, além de suas correlagdes genéticas
com outras caracteristicas fenotipicas importantes (MOURAO & FORMIGONI;
2006). Diversos estudos tém mostrado diferengas fenotipicas entre animais com alta
e baixa DEP para caracteristicas de interesse econ6mico (SAPP et al., 2002;
DIKEMAN et al., 2005; BOLIGON et al., 2006), comprovando a eficiéncia desses
métodos para identificar animais superiores em determinadas caracteristicas
consideradas no processo de selecao, tais como rendimento de carcaca quente,
espessura de gordura subcutanea, gordura intramuscular e maciez.

Varios estudos foram realizados para avaliacdo de paradmetros genéticos
para caracteristicas produtivas, reprodutivas e de caracteristicas de carcaca e
qualidade de carne em bovinos de corte (KOOTS et al., 1994; REVERTER et al.,
2003; entre outros). Portanto, caracteristicas de interesse produtivo vém sendo
estudadas de forma a comparar os diferentes fendtipos entre zebuinos e taurinos,
como também diferengas dentro de uma mesma raga. Ao avaliarem carcagas de
touros Nelore e Brahman, O'Connor et al. (1997) observaram que ambas as ragas
tém a capacidade depositar gordura intramuscular em sistemas de cruzamento.

Em consonéncia, King et al. (2006) avaliaram bovinos Nelore e Brahman,
em sistemas de cruzamento com Angus e observaram variagdes na EGS e MAR
entre progénies, com a mesma porcentagem de heranca de Zebu e essas variagbes
foram maiores aquelas encontradas entre as racas. Da mesma forma, Bonin et al.
(2014) investigaram a diferenga na qualidade da carne de progénies de trés
linhagens de touros Nelore e observaram efeito paterno para as caracteristicas de
EGS e MAR do musculo Longissimus. Logo, isso reflete a existéncia de variabilidade
entre os touros Nelore na transferéncia dos graus de EGS e MAR nas carcagas de

suas progénies.
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Posteriormente, Pereira et al. (2015) avaliaram as caracteristica da carcacga
e da qualidade da carne em progénies de touros Nelore e Cruzados (“Angus x
Nelore” e “Brahman x Nelore”) e verificaram que apesar dos cruzados apresentarem
qualidade da carcaga e da carne superior aos animais Nelore, algumas progénies de
Nelore foram semelhantes as progénies de Angus, com relagdo a qualidade da
carne, com destaque para possivel diferenga genética dentro da raga Nelore, com
indicagdes de ampla variagdo genetica intra - racial para caracteristicas relacionadas
a gordura, em especial MAR, entre as progénies.

Portanto, tais resultados evidenciam a existéncia de animais pertencentes a
uma mesma raga, com potencial genético para aumentar a EGS e MAR em suas
progénies. Assim, a variabilidade nestas caracteristicas para DEP entre animais
fornece uma ferramenta para selecionar caracteristicas de interesse dentro da raga,
melhorando atributos de carcaca e carne em bovinos. No entanto, € escasso na
literatura o conhecimento sobre 0 mecanismo genético que envolve a deposi¢do da
gordura intramuscular e subcutédnea em progénies Nelore de grupos genéticos
contrastantes para precocidade e crescimento. Ainda ha falta de informacgdes sobre
as diferencas transcriptdmicas e protedmicas entre os tecidos de deposicdo de
gordura, especialmente sobre as diferengas no perfil de expressdo génica e
metabolismo proteico e lipidico em zebuinos, selecionados para precocidade sexual
e crescimento, com énfase na deposi¢cado de gordura subcutanea.

Neste sentido, segundo os resultados dos estudos citados anteriormente,
sugere-se que é possivel que bovinos da raga Nelore, filhos de touros selecionados,
a partir de DEP’s altas para precocidade e crescimento, apresentem maior expressao
de fatores transcricionais e maior abundancia de proteinas envolvidas no
metabolismo lipidico, responsaveis pela deposicao de tecido adiposo subcutaneo e
maior eficiéncia de deposigao de gordura, em relagdo aos animais com DEP’s baixas
para tais caracteristicas, o que caracterizaria assim, um fator ndo somente
relacionado a raga, como também relacionado as diferengas entre grupos genéticos
dentro de uma mesma raca.

Dessa forma, aspectos fisiolégicos e moleculares associados a deposi¢ao
de gordura subcutédnea e metabolismo lipidico e proteico sdo informagdes escassas
na literatura e devido a complexidade dessas caracteristicas, € importante esclarecer

0S mecanismos relacionados a deposi¢ao de gordura na carcaga e na carne de
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progénies, selecionadas a partir das DEP’s de seus pais, contrastantes para
caracteristicas de interesse como precocidade e crescimento.

Diante o exposto, hipotetiza-se que a deposi¢ao de gordura na carcaga e na
carne de bovinos Nelore ¢ influenciada pela precocidade e crescimento, que garante
maior adiposidade nas progénies de touros Nelore, com maior potencial genético
para tais caracteristicas, utilizando as DEP’s como ferramenta de avaliagdo do
potencial genético em grupos contrastantes de alta e baixa DEP.

Estudos nesse sentido, sdo fundamentais ndao sé como contribuicdo
cientifica, mas para a comunidade em geral, pois fornecera conhecimentos para que
a industria da carne brasileira aumente sua participacdo em mercados mais
exigentes e competitivos em relagdo a qualidade da carne, influenciando diretamente
a lucratividade de todo o sistema de producéo de carne bovina.

Para isso, o presente estudo foi dividido nos 3 préximos capitulos,

denominados:

» Nelore progenies from contrasting groups for growth and precocity affect

physiological parameters and steak molecular profile

» Subcutaneous fat proteomic analysis reveals pathways related to fat

deposition from beef cattle with expected progeny difference for precocity

» Bovines with greater genetic potential for precocity have higher levels of

transcription of genes involved in lipogenesis
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MARTINS, T. S. Nelore progenies from contrasting groups for growth and
precocity affect physiological parameters and steak molecular profile. 2021

ABSTRACT

The present study test the hypothesis that genetic selection for precocity and
growth can affect physiological parameters and consequently muscle proteomic,
lipidomic and transcripts profile of the Zebu cattle. In order to answer this
hypothesis we aimed to evaluate the effects of contrasting EPD for precocity and
growth on longissimus thoracis (LT) muscle by performing proteomics, mRNA
analysis, and correlations with phenotypic traits, such as collagen, intramuscular
fat, hormones and metabolites. A total of 105 male bulls were used, with a mean
age of 20 + 2 months and 400 + 24 kg, from the same herd, with the genetic
information of precocity and growth. Animals remained confined for 100 days,
and the carcass ultrasound was performed every 28 days. Blood samples were
collected to determine the metabolic and hormonal profile. The animals were
slaughtered after feedlot 100 days and during slaughter, the LT samples were
collected between the 12th and 13th ribs and immediately frozen in liquid nitrogen
and kept in a freezer - 80°C until the analysis of gene expression by real-time
PCR (RT-gPCR) and analysis and SDS-PAGE, followed by the identification of
proteins by coupled mass spectrometry liquid chromatography (LC-MS / MS).
After 24 hours of slaughter, during boning, the marbling score (MAR) in the LT
muscle was evaluated. Steaks for total lipids, fatty acid profile, and collagen
solubility analyses were also collected. The animals were selected according to
EPD from their parent bulls. Were selected six parents with EPD contrasting
simultaneously for precocity and growth, so that each experimental group had
three parents bulls. Then, were formed, two contrasting groups called high EPD
(H_EPD; N =16)and low EPD (L_EPD; N = 16), using 32 progenies. The animals
in the H_EPD group had higher backfat thickness (BFT, P = 0.006); lower LDL (P
= 0.014); higher IGF-1 (P = 0.064); greater collagen solubility (P = 0.098); lower
expression of the LPL gene, in LT (P = 0.045). One electrophoretic band was
detected as differently abundant in the LT muscle (band 16). The KEGG
pathways of pyruvate metabolism, glycolysis/gluconeogenesis, carbon
metabolism, amino acid biosynthesis, among others, were enriched for the
differentially abundant proteins within the protein band identified in the LT muscle.
The genetic selection for precocity and growth affects the muscle proteome and
consequently the lipid and protein metabolism of non-castrated cattle. The IGF-1
hormone, the LPL gene, and the PKLR, PKM, ALDOA, DLD, GPI, VIM, ACTC1,
OXCT1, CASQ1, and PCYOX1 proteins can be considered future biomarkers
candidates for BFT and may be involved with the muscle protein turnover.

Keywords: Beef Cattle. Backfat thickness. Metabolic pathways. Protein and lipid
metabolism. Proteomics.
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1 INTRODUCTION

Beef production has a large impact on the global economy (KEADY et al.,
2013). Brazil is one of the world’s largest beef exporters, with approximately 238
million heads, and occupies the second position in the world ranking of beef
production (USDA, 2020). Zebu cattle are extensively used in the tropics, due to their
thermo tolerance and resistance to parasites, although Bos taurus breeds are more
precocious. Most of the Brazilian herd is composed of Zebu cattle (Bos taurus
indicus), mainly of the Nelore breed (FERRAZ & FELICIO, 2010; SARTORI et al.,
2010). However, there is wide heterogeneity in carcasses and beef quality, due to
variation in deposition of subcutaneous fat, marbling, collagen solubility, and meat
tenderness due the total herd of Nelore cattle belongs to different genetic groups.

Thereby, there is an increasing number of studies to understand the
phenotypic and genotypic differences between Nelore cattle related to the contrasting
characteristics for animal production and beef quality (SILVA et al., 2021; CONSOLO
et al., 2021; CONSOLO et al., 2020; COSTA et al., 2019; SANTANA et al., 2019;
BONIN et al., 2014). These studies can provide scientific support to the beef industry
by developing strategies to improve the quality of their products.

Growth characteristics and precocity are generally useful selection criteria
for beef cattle. Improvements in average daily gains, body weight, muscle mass, and
fat deposition in the carcass have been analyzed using genetic merit for growth and
precocity as selection criteria (CLARKE et al.,, 2009). Therefore, the Expected
Differences in Progeny (EPD’s) are valuable tools for animal production and
selection. However, to achieve consistent genetic gains, genetic and environmental
factors inherent to the traits intended must be considered, such as heritability and
variability, in addition to their genetic correlations with other of interest phenotypic
traits (MOURAO & FORMIGONI, 2006).

Proteomics study comparing muscle from cattle breeds with different beef
quality merits were able to identify differentially abundant proteins related to beef
sensory attributes (CHAZE et al., 2013; RODRIGUES et al., 2017; POLETI et al.,
2020). However, there is a lack of researches about muscle proteomics and the
physiological and molecular differences between different genetic groups within the

breed of Nelore.
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Therefore, the present study hypothesizes that genetic selection for
precocity and growth affects the muscle proteome and consequently lipid and protein
metabolism of the Zebu cattle. In light of the above, aimed to the present study to
evaluate the effects of contrasting EPD's for precocity and growth on longissimus
thoracis (LT) by differential proteomic and molecular analysis and correlations with

phenotypic traits, such as colagen and intramuscular fat, hormones e metabolites.

2 MATERIAL AND METHODS

The experimental procedures were approved by the Ethics Committee on
Animal Use (CEUA/FMVZ) from the School of Veterinary Medicine and Animal
Science of the University of Sao Paulo (Protocol number 3367170317),

Pirassununga, Sao Paulo, Brazil.

2.1 Animals and Experimental design

The animals used in this study were selects from a larger project evaluating
the effects of EPD groups on animal performance, carcass, and meat quality traits
(SILVA et al., 2021). The animals belonged to USP's genetic selection program, with
genetic information for precocity and growth. One hundred and five Nelore bulls, not
castrated, with initial body weight (iBW) of 400 + 24 kg and 20 £ 2 months of age
were ranked based on their parent’s Expected Progeny Difference (EPD), for
precocity and growth and classified as either High and Low EPD. Three bulls Nelore
with high EPD were parents of animals in the H_EPD group (average EPD for
precocity and growth = 0.57 and 12.32 respectively), and three bulls Nelore with low
EPD were parents of animals in the L_EPD group (average EPD for precocity and
growth = - 0.05 and - 3.67 respectively). The phenotypic traits were evaluated in 32
progeny (High_EPD, N=16; Low_EPD, N=16). Posteriorly, 14 animals were selected
with either highest (H_EPD, N = 7) or lowest (L_EPD, N = 7) and contrasting
subcutaneous fat deposition to form to the groups that were tested for differential
proteomic analysis.

All the animals were housed in a feedlot facility for 100 days, and individual
feed intake was monitored. Facilities had covered feed bunks, concrete floors, and

automatic waterers. All animals were initially submitted to adaptation period of
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21 days. At the ending of the adaptation period all animals were weighed aftera 12 h
fasting period prior to the morning feeding. During the feedlot period, the animals
were fed ad libitum twice daily, at 08:00h and 16:00h with a diet (27:73 forage:
concentrate) containing corn silage, corn grain, ground sorghum, soybean meal,
citrus pulp, urea, and mineral core. All animals were weighed after a 12 h fasting to
record the final body weight immediately prior to slaughter. The average daily gain
was obtained by the difference of final body weight and initial body weigh divided by
the 100 days of feeding.

2.2 Carcass ultrasound

Carcass ultrasonography was performed at the begin and at the end of the
feedlot to assess rib eye area (REA) and backfat thickness (BFT) in the LT muscle,
in the region between the 12th and 13th ribs, and rump fat thickness (RFT), using the
Aloka ultrasound equipment. SSD 500 Micrus model (Aloka Co. Ltda.), with 3.5 MHz
linear transducers and 17.2 cm in length. The images were stored in the portable
microcomputer and records were subsequently interpreted in laboratory using the

Lince® software.

2.3 Blood samples collection and processing for biochemical and metabolic

parameters

Blood samples were harvested before slaughter, at the end of the finishing
period by puncturing the jugular vein or artery before the morning feeding, with fasting
the previous night. Blood samples were collected into 10 ml tubes (BD Vacutainer,
Séo Paulo, SP, Brazil), without anticoagulant, for hormones analyses and metabolic
parameters. Samples were centrifuged for 15 min at 2000xg at 4 °C; the supernatant
serum was transferred into labeled plastic tubes and stored at —80°C until analysis.

Serum concentrations of glucose, triglycerides, total cholesterol, and high-
density lipoprotein (HDL) were determined by Immunoenzymatic procedure using
Bioclin Diagnostics kits (Belo Horizonte, Brazil) in automated biochemical equipment
(Mindray BS-200E), according to manufacturer's instructions. Serum values of low-
density lipoprotein (LDL) and very-low-density lipoprotein (VLDL) were calculated
according to Friedewald et al. (1972), being, VLDL = triglycerides/5; and LDL = total
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cholesterol — (HDL + VLDL). Insulin, leptin, GH (growth hormone), and IGF-1 (insulin-
like growth factor-1) hormones were determined by the Immunoenzymatic Assay
method, according to BioElisa Microplate Reader New Biotechnology and Sigma kits

(Bioclin Quibasa, Belo Horizonte, Brazil), following manufacturer's standards.

2.4 Slaughter procedure and longissimus thoracis sampling

At the end of the feeding phase, the animals were slaughtered in the
experimental slaughterhouse of the University of Sdo Paulo in Pirassununga, Brazil,
according to humanitarian slaughter guidelines, as required by Brazilian law (Brasil
2017). LT samples were harvest from the right half of the carcass at the 12th rib,
snap-frozen in liquid nitrogen, and stored at - 80°C until proteins extraction and gene
expression analysis. After a 24h chilling period, 2.54cm thick steaks were cut from
LT, of the right half of the carcass, between 12th-13th ribs, vacuum packaged, and
frozen at —80°C until total lipids analysis and solubility of intramuscular collagen.
Besides that, the marbling score (MAR) was evaluated in the LT, between the 12th
and 13th rib, following the methodology described by American Meat Science
Association (SMITH et al., 2013).

2.5 Total lipids

The intramuscular fat (IMF) content was determined following the
methodology of Bligh and Dyer (1959) in duplicate, for total lipids.

2.6 Total collagen content and heat solubility

Collagen and its heat soluble fraction were measured from the
hydroxyproline (OH-Prol) determination (WOESSNER, 1961). LT samples (5.0 g,
duplicate) were scissor-cut into small pieces and placed into 50 ml centrifuge tubes
with 12 ml saline solution. The centrifuge tubes were placed in water bath at 80 °C
for 60 min and stirred regularly. The heat soluble and insoluble collagen fractions
were separated through centrifugation at 6000g for 10 min. Each fraction was
hydrolyzed at 105 °C for 16 h in 6 N HCI. Then, the samples were filtered (WH1001-
150 -WHATMAN). Subsequently, the content obtained was transferred to test tubes,
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in duplicate, to perform the color reaction. The hydroxyproline concentrations were
measured, by absorbance of 558 nm, by the spectrophotometer (model V-M5 BEL).
The soluble and insoluble fractions were multiplied by 7.52 and 7.25, respectively, to
calculate the solubility collagen and content total of collagen in each sample (CROSS
et al., 1973).

2.7 Total RNA Extraction and cDNA Preparation

Longissimus thoracis samples were macerated and homogenized in liquid
nitrogen for total RNA extraction. Total RNA was extracted using Trizol® reagent
according to the manufacturer’s instructions (Invitrogen Life Technologies, Carlsbad,
CA). Total RNA concentration was quantified using the NanoDrop spectrophotometer
(Thermo Scientific, Washington, DE). RNA samples were treated with DNase |
(Invitrogen Life Technologies, Carlsbad, CA) before reverse transcription reaction.
cDNA was produced using 30 ng of total RNA per analyzed gene using the High
Capacity kit (Applied Biosystems, Foster City, CA), according to the manufacturer’'s
instructions. The mRNA levels were analyzed by quantitative real-time polymerase
chain reaction (QRT-PCR) using gene-specific primers (Table 2). Primer's efficiency
was obtained using different cDNA concentrations (5, 15, 30, 60 ng/uL).

2.8 Gene Expression Analyzes

Transcripts abundance were analyzed by QuantStudio 6 Real-Time PCR
(Applied Biosystems) using SYBR Green RT-PCR Master Mix (GoTag® Promega),
following the cycle parameters: 95 ° C for 2 min, 45 cycles at 95 ° C for 15 s, and 60
° C for 1 min. In each reaction were used 5uL of SYBR Green RT-PCR Master Mix,
1.5 uL of each forward and reverse primer at 0.5uM, 1uL of cDNA (30ng of RNA),
and MilliQ (ultrapure) water to complete the volume of 10 uL. After amplification, a
melting curve (0.01 C/s) was used to confirm the purity of the product. The “threshold
cycle” (Ct) values were normalized (ACt) based on the geometric mean Cts of the
values obtained for GAPDH and ACTB.
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Table 1. Sequence of studied primers

Abbreviation Gene Sequence 5' - 3' NCBI biological process' References
PPARG F;erg‘l’l’]ffrggf Forward GTGGAGCCTGTATCCCCACC NM_181024.2 Caspase activation M”eggrzft el
aC“"aéeadeffgept"r Reverse TTTATCCCCACAGACCCGGC pﬁg‘l’l;zzg)
ZNF423  Zinc finger protein 423 Forward GGATTCCTCCGTGACAGCA NM_001101893.1 Regulation of adipogenesis Ma”iz%ﬂ gt al,
Reverse TCGTCCTCATTCCTCTCCTCT
TGFB1 transforming growth ~ Forward AGCCAGGGGGATGTGCCA NM_001166068.1  SMAD protein complex D“agg@t el
factor beta 1 Reverse TAGCACGCGGGTGACCTCCT assembly
ACACA c:r%%tzldgs:\ 1 Forward TGAAGAAGCAATGGATGAACC NM_174224.2 Fatty acid biosynthesis Martizr(‘; 4 al,
Reverse TTCAGACACGGAGCCAATAA
LPL Lipoprotein lipase 1  Forward CTCAGGACTCCCGAAGACAC NM_001075120.1 Lipoprotein metabolism Martiz%ﬂ gt al,
Reverse GTTTTGCTGCTGTGGTTGAA
ACOX1 Acyl-CoA oxidase 1 Forward GCTGTCCTAAGGCGTTTGTG NM_001035289.3 Lipid metabolism Martiz%ﬂ . al.,
Reverse ATGATGCTCCCCTGAAGAAA
LEP Leptin 2 Forward GGGCACGTCAGCATCTATTA NM_173928.2 Positive regulation of Mota et al., 2017
Reverse CCTGTCTGCTGTTATGGTCTTA fatty acid biosynthetic
FABP4 fatty acid binding ~ Forward GGATGATAAGATGGTGCTGGA NM_174314.2 Fatty acid metabolism Martizr(‘; 4 al,
protein 4, adipocyte  Reverse ATCCCTTGGCTTATGCTCTCT
scD Estearci-CoA  Forward TTATTCCGTTATGCCCTTGG NM_173959.4 Unsaturated fatty acid Teix%ﬁ etal,
dessaturase 3 Reverse TTGTCATAAGGGCGGTATCC biosynthetic process
MSTN Myostatin Forward TTGTGCACCAAGCAAACCCC NM_001001525.3  Myoblast migration involved ' o">10 &t 2l
Reverse CCATGGCTGGAATCTTCCCGTA in ?:gﬁiLQSidG pf,ﬁ?.LK‘ZL)
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CAST Calpastin
CAPN1 p Calpain 2
CAPN2 m Calpain 3
ACTB actin beta
GAPDH Glyceraldehyde-

3-phosphate5

Forward
Reverse

Forward

Reverse

Forward
Reverse
Forward
Reverse
Forward

Reverse

GTCGGATCCAATGAGTTCTACC NM_174003.2
CCTGCGATCCCTTCTTCTTTAT
CGCCTCCCTTACCCTCAA NM_174259.2
CATCCACCCACTCACCAAAC

CGACTGGAGACACTGTTCAGGA
CTTCAGGCAGATTGGTTATCACTT

NM_001103086.1

CAGCAGATGTGGATCAGCAAGC NM_173979.3
AACGCAGCTAACAGTCCGCC
AGATAGCCGTAACTTCTGTGC NM_001034034.2
ACGATGTCCACTTTGCCAG

Calpain inhibitor

Cytoskeletal remodeling

Cytoskeletal remodeling

Normalizing gene

Normalizing gene

Martins et al.,
2017

Ferrinho et al.,
2021
(not yet
published)
Riggs et al.,
2015

Sangalli et al.,
2014

Martins et al.,
2015

'Biological processes described in NCBI
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2.9 Protein Extraction

Approximately 0.5 g of muscle samples were homogenized in 2 mL of RIPA
lysis buffer modified containing 150 mm NaCl, 1% Triton X-100, 0,5% sodium
deoxycholate, 1% SDS, 50 mM Tris, pH 8.0-plus 1% protease inhibitor cocktail
(P8340 Sigma-Aldrich), 1 mM sodium orthovanadate, and 25 mM sodium fluoride,
using Ultra Turratec T-10 (IKA) four times for 5 seconds at 30,000 rpm. Afterward,
the homogenate was centrifuged at 4 °C at 10,000 g for 30 minutes. The resulting
supernatant was collected and stored at -80 °C for further analysis. The protein
concentration of each sample was measured by the Bradford method, using bovine

albumin as standard.

2.10 Unidimensional Electrophoresis - SDS / PAGE

The protein extract was denatured by mixing in a 1: 1 ratio in Laemmli sample
buffer (Bio-Rad Laboratories Inc., Hercules, CA, USA) and heated at 100 °C for 45
minutes. The samples (50 pg of protein) were loaded into each lane of the 1.5 mm x
16 cm dual slab gel (SE 600 Ruby Standard Dual Cooled Vertical Unit — GE
Healthcare) connected to a Power Supply EPS 1001 (GE Healthcare) and run at
15mA/gel for 30 min. and after adjusted at 50 mA/gel for 4 h at 4°C, for one
dimensional sodium dodecyl sulphate polyacrylamide gel electrophoresis (SDS-
PAGE). The proteins were run through 4% stacking gel, followed by 12% resolving
gel. Bio-rad precision plus protein dual color standards (Bio-Rad Laboratories Inc.,
Hercules, CA, USA) were loaded in the first lane of each gel, to estimate the molecular
weight of proteins. After electrophoretic separation, gels were stained by using
Coomassie Brilliant Blue G250 solution (0.025% coomassie blue G250, 50%
methanol, 7% acetic acid) for 1 hour, on shaker. The gels were then placed in
destained solution (40% methanol, 7% acetic acid) for 1 hour and rinsed in deionized
water. The gels were digitalized using Image Scanner Il (GE Healthcare) and the
quantitative analysis of the gel bands was performed with the aid of the Image LabTM
software (Bio-Rad). The bands were identified and then analyzed to determine the
percentage contribution of each band in relation to the total band volume in the lane
to avoid the confounding factor of protein loading (Zapata et al., 2009; Zhao et al.,
2014).
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2.11 In gel protein digestion

The bands detected as differentially abundant in the statistics analysis were
removed from the gel, cut in fragments of approximately 1 mm?3 and placed inside 1.5
ml microtubes. Digestion was performed according to the method of Shevchenko et
al. (2006). The gel fragments were washed 3 times of 10 minutes each, using 200 pl
of a solution containing 50% acetonitrile (ACN) in 25 mM ammonium bicarbonate pH
8.0 (AMBIC). Then, the gel fragments were dehydrated for 10 minutes after adding
200 pl of 100% ACN. The ACN was removed and the remaining gel residue was kept
at room temperature for complete evaporation. The gel fragments were reduced for
40 minutes at 56 ° C with 30 yl of a 20 mM DTT solution in 50 mM AMBIC, after
alkylated for 30 min. at room temperature using 40 ul of a 55 mM iodoacetamide
solution in 50 mM of AMBIC. The iodoacetamide solution was removed and the gel
fragments washed with 200 pl of 25 mM AMBIC. Again, dehydration with 100% ACN
was performed twice, as described above. For protein digestion, 15 pL of the trypsin
enzyme was added to each sample, at a concentration of 20 ng/ul and incubated for
15 minutes at 4°C. Excess trypsin was removed and 40 ul of 50 mM AMBIC was
added. The samples were incubated at 37 ° C for 14 hours after digesting the protein
present in the gel, three elution steps were performed. For the first elution, 30 ul of
the 5% formic acid was added, and the samples incubated for 10 min. at room
temperature. The supernatant was collected and placed in a new tube. For the
second elution, 30 pl of the solution made of 5% formic acid in 50% ACN was added,
and the samples incubated for 10 minutes at room temperature. The supernatant was
recovered and transferred to the same tube used in the previous wash. For the third
elution, the second step was repeated. Finally, samples were vacuum concentrated

at room temperature, until complete drying.

2.12 Mass spectrometry analysis

For analysis, the samples were resuspended in 30 ul of a 50% Acetonitrile
and 0.1% TFA solution, and. an aliquot of 4.5 ul of proteins resulting of peptide
digestion was were separated by C18 (100 mm6100 mm) RP-nanoUPLC
(nanoAcquity, Waters) coupled with a Q-Tof Premier mass spectrometer

(Waters) with nanoelectrospray source at a flow rate of 0.6 ml/min. The gradient
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was 2-90% acetonitrile in 0.1% formic acid over 60 min. The nanoelectrospray
voltage was set to 3.5 kV, a cone voltage of 30 V and the source temperature
was 100uC. The instrument was operated in the ‘top three’ mode, in which one
MS spectrum is acquired followed by MS/MS of the top three most-intense peaks
detected. After MS/MS fragmentation, the ion was placed on exclusion list for 60
s and for the analysis of endogenous cleavage peptides, a real time exclusion
was used.

The spectra were acquired using software MassLynx v.4.1 and the raw
data files were converted to a peak list format (mgf) without summing the scans
by the software Mascot Distiller v.2.3.2.0, 2009 (Matrix Science Ldt.) and
searched against UniProt Bos Taurus (release March 23, 2020; 37.513 proteins)
and Bos indicus database (release March 21, 2020; 42,151 proteins) using
Mascot engine v.2.3.01 (Matrix Science Ltd.), with carbamidomethylation as fixed
modifications, oxidation of methionine as variable modification, one trypsin
missed cleavage and a tolerance of 0.1 Da for both precursor and fragment ions
(ARAGAO et al., 2012).

2.13 Data Statistical analysis

Phenotypic data

It was considered a completely randomized design, with 16 repetitions per
treatment, each animal was considered an experimental unit. The model includes the
parent (bull) as a random effect and considers the groups (H_EPD and L_EPD), the
feedlot structure, and slaughter as a fixed effect. Were conducted using SAS
software (9.4; SAS Institute Inc., Cary, NC, USA). The significance was considered
when P < 0.1.

Gene Expression

It was considered a completely randomized design, with 8 repetitions per
treatment. The “threshold cycle” (Ct) values were normalized (ACt) based on the
geometric mean Cts of the values obtained for normalizing genes. The relative
expression of mMRNAs were performed using Student t-test. All data followed the
criteria of normality. The analyses were performed using the JMP software from SAS.
The significance was considered when P < 0.1.
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SDS-PAGE and Correlation between the significant electrophoretic bands

The data were analyzed according to a completely randomized design, with
7 repetitions per treatment, each animal being considered an experimental unit. The
model includes the parent (bull) as a random effect and considers the groups (H_EPD
and L_EPD), feedlot structure, and slaughter as a fixed effect. For one-dimensional
gel analysis, ANOVAs were performed using the SAS software for relative migration
(RFs) and molecular weight (MWs). This initial analysis aimed to verify if we were
making comparisons of proteins within the same point of the Gel (both for RF and
MW). In this case, ANOVAs for RFs and MWs should have always presented non-
significant results, indicating that there were no significant changes within each
evaluated band. From this preliminary analysis for RFs and MWs, ANOVAs were
performed using the SAS software for % Band to detect the differences between the
abundance of each band between the H_EPD and L_EPD groups using the test
Tukey-Kramer considered significant at P-value < 0.1. The correlations between the
electrophoretic bands and the phenotypes were estimated by Pearson's correlation
coefficient (r), within and between groups, and the data were considered significant
when P < 0.1.

Protein identification and functional enrichment

The identified proteins were considered candidates when the global Mascot
score was greater than 57 with a significance level of P < 0.0001. Subsequently, the
list of proteins identified in each band was submitted to over-representation analysis
using WebGestalt web tool (LIAO et al., 2019) to identify the biological processes and
KEGG pathways enriched (FDR < 0.05), and also analysis of Protein-Protein

Interaction Networks were performed by STRING software.

3. RESULTS

3.1 Phenotypic traits

The average daily gain (ADG) did not differ between the groups (P =0.459;
Table 2). Similarly, the dry matter intake (DMI) did not differ between the groups
(P =0.288; Table 2), such as the final body weight (fBW, P =0.254; Table 2). On the
other hand, its backfat thickness (BFT) and rump fat thickness (RFT), measured by

carcass ultrasonography, was higher in H_EPD group animals than L_EPD group
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animals (P < 0.1; Table 2), indicating higher precocity of animals from the H_EPD
group. Besides this, the marbling score (MAR) was higher in H_EPD group animals
compared to L_EPD group animals (P < 0.1; Table 2), despite this, the content of
intramuscular fat (IMF) did not differ between animals in the evaluated groups (P =
0.149). The H_EPD group animals showed greater collagen solubility than the L_EPD
group animals (P < 0.1; Table 2).

Table 2. Effect of the groups of high (H) and low (L) expected progeny difference
(EPD) for growth and precocity on the phenotypic traits of Nelore bulls (n=16)

. GROUP N
Traits H_EPD L_EPD P-value
Initial body weight, kg 413.60+9.86 405.3715.06 0.517
Final body weight, Kg 598.00£11.72 581.62+8.04 0.254
Average daily gain, kg 1.85+0.13 1.76+0.14 0.459
Dry matter intake, kg 12.54+0.77 11.01+£0.84 0.288
Rib eye area', cm? 76.62+3.31 77.03+3.58 0.9477
Back fat thickness!, mm 5.87+0.50 3.78+0.48 0.006

i 1
mnmp fat thickness’, g 564058 7.050.69 0.086
Intramuscular fat? 2.23+0.34 1.34+0.31 0.149
Marbling score 3 4.57+0.17 4.01£0.15 0.081
Collagen content total g4, g9 2,67+0.09 0.131
(mg/g of beef)
Collagen solubility (%) 13.01+0.52 11,76+£0.50 0.098

* Significant difference considered when P <0.1

Measured by carcass ultrasonography

2 |Intramuscular fat determined by total lipids analysis (g of lipid / 100 g of meat; Bligh & Dyer, 1959)
3Marbling score determined by AMSA, considered select slight: 4.0-4.9; choice small: 5.0-5.9; choice
modest: 6.0-6.9; choice moderate: 7.0-7.9; prime: 8.0-9.0 (Smith et al., 2013)

3.2 Biochemical and metabolic parameters

The serum insulin (P =0.127), GH (P =0.914), and leptin hormone (P = 0.839)
did not differ between the groups of high and low EPD (Table 3). On the other, the
IGF-1 hormone was greater in H_EPD group than L_EPD group animals (P < 0.1;
Table 3). Among the metabolites evaluated, the Cholesterol and the LDL were higher
in L_EPD group than H_EPD group animals (P < 0.1; Table 3). There was no
difference between groups for glucose serum (P = 0.239; Table 3), triglycerides, HDL
(P =0.462; Table 3), and VLDL (P = 0.886; Table 3).
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Table 3. Effect of the groups of high (H) and low (L) expected progeny difference
(EPD) for growth and precocity on the hormonal and metabolic serum traits from
Nelore bulls (n=16)

. GROUP .
Variable H_EPD L_EPD P-value
Hormone
Insulin, ng/mL 4.34+0.98 1.53+1.06 0.127
GH, Ul/mL 1.32+0.20 1.27+0.22 0.914
IGF-1, ng/mL 0.29+0.03 0.22+0.02 0.064
Leptin, pg/mL 6.16+3.56 7.54+3.85 0.839
Metabolite
Glucose, mg/dl 81.7515.64 94.64+6.09 0.239
Cholesterol, mg/dl 158.451+1.68 222.66+1.82 0.058
Triglycerides, mg/dl 36.77+3.99 37.84+4.31 0.887
HDL, mg/dl 45.4045.23 38.02+5.64 0.462
LDL, mg/di 105.691£14.02 177.05£15.16 0.014
VLDL, mg/dl 7.35+0.79 7.57+0.86 0.886

* Significant difference considered when P <0.1
GH = growth hormone; IGF-1 = insulin-like growth factor-1, HDL = High Density Lipoproteins; LDL
= Low Density Lipoproteins; VLDL = Very Low Density Lipoprotein

3.3 Gene Expression

Only gene expression of LPL was different between the groups evaluated (P
= 0.04). L_EPD group showed an increase in LPL transcript levels compared to
H_EPD group (Figure 1). The other genes analyzed (PPARG, ZNF423, TGFB1,
ACACA, ACOX1, LEP, FABP4, SCD, MSTN, CAST, CAPN1, CAPN2), related to
protein turnover, adipogenesis, lipogenesis, and involvement in general lipid

metabolism, did not differ between the groups studied (P > 0.1).
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Figure 1: Transcript levels of Lipoprotein lipase (LPL) gene in longissimus
thoracis from groups of high (H) and low (L) expected progeny difference (EPD)
for growth and precocity. Significant difference: # P < 0.1, * P < 0.05, ** P < 0.01.
Transformed value for a graphical representation (2-2¢1).

3.4 Unidimensional Electrophoresis - SDS / PAGE

The SDS-PAGE analysis allowed the revelation of 40 bands total from
longissimus thoracis that was electrophoretically separated by molecular weight and
matched across all samples (Figure 2). One electrophoretic band was differentially
abundant between the groups H_EPD and L_EPD by statistical analysis (band 16;
Table 4).

The significant electrophoretic band was correlated with productive, biologic,
and qualitative phenotypes, such as weight gain, marbling, and subcutaneous fat
deposition measured by carcass ultrasound, hormones, and genes evaluated. Also
was correlated LPL gene, differently expressed between the groups H_EPD and
L _EPD, with all traits mentioned above.

The correlations were investigated independently and within groups (H_EPD

and L_EPD). These results were presented in Tables 5, 6 and 7).
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Figure 2. One-dimensional electrophoresis gel (SDS-PAGE 12%) from
longissimus thoracis of Nelore buils with high and low expected differences in
progeny for growth and precocity.

Table 4. Bands of one-dimensional electrophoresis gel, from longissimus thoracis
differentially abundant between the groups of Nelore bulls with high (H) and low (L)
expected differences in progeny (EPD)

GROUP P-value
H_EPD L EPD
16 1.3872 + 0.07921 B 1.9821 + 0.07921 A 0.013

Band

Means in the same row followed by different letters are significantly different by Tukey-Kramer
test considered a significant difference for P < 0.1

3.5 Correlations between differentially abundant band (16) and phenotypes,
expression levels, homones and metabolic traits, indepentent and within EPD

groups

Independent of the evaluated group it was observed that:

The band 16 presented negativity correlation with final body weight (r = - 0.69;
P = 0.05; Table 5), average daily gain (r = - 0.63; P = 0.09; Table 5), dry matter intake
(r=-0.75; P =0.03; Table 5), Cholesterol (r=- 0.68; P =0.06; Table 6) and positivity
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correlation with transcribed of ZNF423 (r = 0.68, P = 0.06; Table 7) and SCD (r =
0.65, P = 0.07; Table 7).

Within the H_EPD group it was observed that:

The band 16 presented negativity correlation with final body weight (r = - 0.90;
P =0.09; Table 5), average daily gain (r = - 0.94; P = 0.05; Table 5), dry matter intake
(r=-0.99; P =0.003; Table 5); Intramuscular fat (r = - 0.90; P = 0.09; Table 5) and
positivity correlation with transcribed of TGFB1 (r=0.91; P = 0.08; Table 7 ) and SCD
(r=0.94; P =0.05; Table 7).

Within the L_EPD group it was observed that:
The band 16 presented negativity correlation with leptin hormone (r = - 0.93,
P = 0.06; Table 6).

3.6 Correlations between differentially expressed gene (LPL) and
phenotypes, expression levels, homones and metabolic traits,

indepentent and within EPD groups

Independent of the evaluated group it was observed that:

The LPL gene expression presented negativity correlation with final body
weight (r = - 0.63; P = 0.09; Table 5) and positivity correlation with insulin hormone
(r=0.66; P =0.07; Table 6), TGFB1 (r=0.72; P = 0.04; Table 7) and CAST (r = 0.76;
P =0.02; Table 7).

Within the H_EPD group it was observed that:

The LPL gene expression presented negativity correlation with HDL (r = - 0.95;
P = 0.04; Table 6), and positivity correlation with ZNF423 (r = 0.99; P = 0.003; Table
7), TGFB1 (r=0.92; P =0.07; Table 7) and CAST (r=0.99, P =0.007; Table 7).

Within the L_EPD group it was observed that:

The LPL gene expression presented negativity correlation with leptin hormone
(r=-0.92; P=0.07; Table 6).
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Table 5. Pearson correlation coefficient between differentilly abundant band (16) or diferentially
expressed gene (LPL) in LT of Nelore bulls and phenotypic traits, independent and within of the groups
with high and low EPD

Pearson's correlation coefficient

i Independent of group, N =13 H EPD,N=7 L EPD,N=6

Variable
Band_P-16 LPL gene Band_P-16 LPL gene Band_P-16 LPL gene

iBW - 0.69* - 0.63* - 0.90%
fBW
ADG - 0.63* - 0.94*
DMI -0.75* - 0.99*
BFT
RFT
REA
IMF - 0.90%
MAR
COL_S
COL_T

H_EPD and L_EPD: group of high (H) and low (L) expected progeny difference (EPD) for growth and precocity
iBW= Initial body weight; fBW= Final body weight; ADG= Average daily gain; DMI= Dry matter intake; BFT= Backfat
thickness; RFT= Rump fat thickness; REA= Ribeye area; IMF= Intramuscular fat; MAR= Marbling score; COL_S =
Collagen solubility; COL_T= Total collagen contente.

Significance: # P < 0.10; * P < 0.05; ** P < 0.01. The coefficients higher than 0.75 are in bold.
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Table 6. Pearson correlation coefficient between differentilly abundant band (16) or diferentially
expressed gene (LPL) in LT of Nelore bulls and hormonal and metabolic traits, independent and
within of the groups with high and low EPD

Pearson's correlation coefficient

Variable Independent of group, N =13 H_EPD,N=7 L_ EPD,N=6

Band_P-16 LPL gene Band_P-16 LPL gene Band_P-16 LPL gene

Hormones

INS 0.66%

GH

IGF-1

Lep -0.93% - 0.92#
Metabolites

Chol - 0.68%

Trigl

HDL -0.95*
LDL

VLDL

H_EPD and L_EPD: group of high (H) and low (L) expected progeny difference (EPD) for growth and precocity
INS= insulin; GH = growth hormone; |IGF-1 = insulin-like growth factor-1; Lep= lepitin; Chol= cholesterol; Trigl=
triglycerides; HDL = high density lipoproteins; LDL = low density lipoproteins; VLDL = very Low density lipoprotein
Significance: # P < 0.10; * P < 0.05; ** P < 0.01. The coefficients higher than 0.75 are in bold.
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Table 7. Pearson correlation coefficient between differentilly abundant band (16) or diferentially
expressed gene (LPL) in LT of Nelore bulls and gen expression levels, independent and within of the
groups with high and low EPD

Pearson's correlation coefficient

Variable Independent of group, N =13 H_EPD,N=7 L_EPD,N=6

Band_P-16 LPL gene Band_P-16 LPL gene Band_P-16 LPL gene

Genes

PPARG

ZNF423 0.68% 0.99**
TGFB1 0.72* 0.91# 0.92#
ACACA

LPL

ACOX1

LEP

FABP4

SCD 0.65% 0.94*

MSTN

CAST 0.76* 0.99**
CAPN1

CAPN2

H_EPD and L_EPD: group of high (H) and low (L) expected progeny difference (EPD) for growth and precocity
PPARG= Peroxisome Proliferator activated Receptor Gamma; ZNF423= Zinc finger protein 423; TGFB1=
transforming growth fator beta 1, ACACA= Acetyl-CoA carboxylase 1; LPL= Lipoprotein lipase 1; ACOX17= Acyl-CoA
oxidase 1; LEP= Leptin; FABP4= fatty acid binding protein 4, adipocyte; SCD= Estearoil-CoA dessaturase 3; MSTN=
Myostatin; CAST= Calpastine; CAPN1= pu Calpain 2; CAPN2= m Calpain 3.

Significance: # P < 0.10; * P < 0.05; ** P < 0.01. The coefficients higher than 0.75 are in bold.
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3.7 Mass spectrometry analysis and identification of fat proteins

The differentially abundant band was cut from the gel and submitted to mass
spectrometry analysis. A total of twelve proteins were identified in band 16. In Table
8, we reveal the top 10 proteins identified in band 16. It is important to mention that
one of the limitations of using one-dimensional electrophoresis is the comigration of
proteins within a single band (Zapata et al., 2009; Diaz et al., 2020).

The list of proteins identified in band 16 was submitted to over-representation
analysis using the WebGestalt web tool to identify the KEGG pathways that are
related to lipid metabolism. The enriched pathways (FDR < 0.05) found are shown in
Table 9 and Figure 3. The distribution of proteins identified in each band within GO
categories (biological process, cellular component, and molecular function) can be
found in Figure 4.

Additionally, a network of predicted protein-protein interactions against the Bos
taurus database was performed for the top 10 proteins of the band 16 differentially
abundant between the high and low EPD groups, using STRING 10.0 online software
(Figure 5).
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Table 8. Proteins identified by mass spectrometry in the differentially abundant band of the SDS-PAGE gel between the groups of
Nelore bulls with high and low EPD for growth and precocity

Gene Uniprot Protein name Mascot' Mass? Biological processes®
Glucose-6-phosphate
GPI- ADA3QTMP70 isomerase 3791 63824 Gluconeogenesis/Glycolysis
PKM A5D984 Pyruvate kinase 1714 58482 Cellular response to insulin stimulus/glycolytic process
Calcium-binding protein (acts as an internal calcium
CASQT  AOA3QILN23 Calsequestrin 740 42584 store in muscle)
DLD F1N206 Dihydrolipoyl dehydrogenase 425 54723 Mitochondrial electron transport. NADH to ubiquinone
VIM P48616 Vimentin 167 53752  Positive regulation of collagen biosynthetic process
PKLR Q1JPG7 Pyruvate kinase 96 57291 Cellular response to insulin stimulus/glycolytic process
PCYOX1  F1N2K1 Prenylcysteine oxidase 1 82 56968 Prenylcysteine catabolic process

ALDOA AOA3QI1LMG1 Fructose-bisphosphate

aldolase 71 40022 Glycolytic process
Succinyl-CoA:3-ketoacid-
OXCTT  ADASQILIX4 coenzyme A transferase 68 57256 ketone body catabolic process
ACTC1 ADA3Q1MS58  Actin, alpha cardiac muscle 1 58 44111 Actin-myosin filament sliding

"The identified proteins were candidates when the global Mascot score was greater than 57 with a significance level of P < 0.0001.
2Molecular weight of the protein, in KDa.
3Biological processes described in Uniprot.
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Table 9. KEGG pathways enriched for the proteins identified in the differentially abundant band of the SDS-PAGE gel between the
groups of Nelore bulls with high and low EPD for growth and precocity

KEGG Enriched pathways Protein P-value FDR'

bta00620 Pyruvate metabolism DLD, PKLR, PKM 0.0000072689 0.00077302
ALDOA, DLD, GPI

bta00010 Glycolysis / Gluconeogenesis PKLR, PKM 2.8425E05 9.0677E%7

bta00030 Pentose phosphate pathway ALDOA, GPI 0.00038835 0.024777
ALDOA, DLD, GPI

bta01200 Carbon metabolism PKLR, PKM 4 .9053E-8 0.0000078240

bta01230 Biosynthesis of amino acids ALDOA, PKLR, PKM 0.000052588 0.0041939

'False Discovery Rate - P value corrected for multiple tests within each category using the procedure by Benjamini & Hochberg (1995).
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I FDR <0.05 FDR > 0.05

Synthesis and degradation of ketone bodies = p=g 31 185; FDR=0.42018

Pyruvate metabolism
Glycolysis / Gluconeogenesis
Pentose phosphate pathway
Carbon metabolism

Type Il diabetes mellitus \ P=0.00110526; FDR=0.055965

Biosynthesis of amino acids

Valine, leucine and isoleucine degradation
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Figure 3: Demonstration of the enrichment rate according to over-representation analysis using WebGestalt web tool, where can
observe at an all enriched pathways or no for band 16. FDR =False Discovery Rate — P-value corrected for multiple tests within each
category using the procedure by Benjamini & Hochberg (1995).
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Molecular Function. Each category is represented by a red, blue and green bar, respectively. The height of the bar represents the

Figure 4. Top 10 Proteins identified in the longissimus thoracis organized by category: Biological Process, Cellular Component, and
number of IDs in the user list and also in the category. WebGestalt software.
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Figure 5. Protein-protein interaction network predicted by the String 11.0 software of the differentially abundant proteins identified between
the groups of Nelore bulls with high and low EPD for growth and precocity. The nodes are proteins from the Bos taurus database, and the
edges represent different evidences of the predicted functional annotations (red line - fusion; green line - neighborhood; blue line - co-
occurrence; purple line - experimental; yellow line - text mining; light blue line - database; black line - coexpression). The proteins within the
dotted lines represent the metabolic pathways with the color corresponding to the side.

101



4 DISCUSSION

Several studies have phenotypic differences between animals with high and
low EPD for traits of economic interest (FERNANDES et al., 2000; SAPP et al., 2002;
DIKEMAN et al., 2005; BOLIGON et al., 2006), proving the methods to identify
superior animals in characteristics considered in the selection process are efficient.
Furthermore, there is an increasing number of data demonstrating the phenotypic
divergences between the contrasting genetic groups within Nelore breed (BONIN et
al., 2014; COSTA et al., 2019; SANTANA et al., 2019 CONSOLO et al., 2020;
CONSOLO etal., 2021). Thus, in our study, was evaluated the phenotypic, genotypic,
physiological, and proteomic differences of the longissimus thoracis between two
genetic groups of Nelore progenies, offspring of bulls with contrasting EPD for growth

and precocity.
4.1 Phenotypic traits

The H_EPD group showed the highest fat deposition in the rump cap when the
RFT was measured by carcass ultrasonography. The "Rump cap" is considered a
noble beef cut in Brazil. Besides this, rump fat thickness is an anatomic region
deposition fat greater precocious in cattle. Previous studies have shown that
ultrasound provides accurate measures of the live animal fat thickness (ROBINSON
et al. 1992; HERRING et al. 1994), and rump fat thickness (REALINI et al., 2001).

The evaluated progenies also had a contrasting phenotype for backfat
thickness (BFT) between the high and low EPD groups, with the highest
subcutaneous fat deposition observed in animals with high EPD. These results can
be justified by the theory of preferential deposition of tissues throughout animal
growth until reaching their physiological maturation once the animals in the H_EPD
group had the higher genetic potential for growth and precocity.

King et al. (2006) evaluated Nelore and Brahman cattle in crossbreeding
systems with Angus observed variations in BFT and MAR between progenies,
presenting higher variations within Nelore individuals than those found between
breeds. Likewise, Bonin et al. (2014) found the paternal effect of BFT and MAR when
investigating the difference in meat quality of progenies from 13 strains of Nelore
bulls. Therefore, this reflects in variability among Nelore bulls in the transfer of BFT
and MAR traits to their progenies.
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Pereira et al. (2015) evaluated the carcass traits and meat quality in progenies
of Nelore and Crossbreed bulls (“Angus x Nelore” and “Brahman x Nelore”) and found
that despite the crossbreeds having carcass and meat quality higher to animals
Nelore, some Nelore progenies were similar to Angus progenies to meat quality,
highlighting a possible genetic difference within the Nelore breed, with indications of
wide intra-racial genetic variation for fat-related characteristics, especially MAR. The
marbling score was subtly higher in H_EPD group animals than L_EPD, however, the
MAR was still considered " slight" according to Smith et al. (2013).

The H_EPD group animals did not differ from the L_EPD group in the total
amount of collagen, yet, the H_EPD group animals showed higher collagen solubility
than the L_EPD group animals. The collagen is a factor that contributes to variation
in meat tenderness and is related to the increase in cross-links as the animal ages
(DUARTE et al., 2011; ETHERINGTON, 1987). However, collagen cross-linking is
also affected by the growth rate, nutrition, and genetics (ROMPALA & JONES, 1984,
FISHELL et al., 1985; GERRARD et al., 1987; McCORMICK, 1999).

Although the animals are contemporary, the higher collagen solubility in the
H_EPD group animals can be due to possible differences related to the collagen
turnover due to these animals have higher growth potential. The newly synthesized
collagen dilutes the older and less cross-linked collagen than the pre-existing
collagen during rapid growth (ETHERINGTON, 1987). Collagen characteristics differ
among breeds because of variation in physiological maturity. (BLANCO et al., 2013).
These authors relate that interactions observed among total and insoluble collagen
contents could be due to differences in precocity between muscles and breeds types.
This theory may explain the difference found for collagen solubility between the high

and low EPD groups.

4.2 Biochemical and metabolic parameters

The balance between protein synthesis and degradation in muscle fibers is
called protein turnover, when positive, results in protein accumulation and muscle
growth (SCHIAFFINO et al., 2013). Genetic variation is one of the main factors that
influence protein turnover rates, therefore, differences in protein synthesis and
deposition may explain part of the changes in growth pathway between different
genotypes (ODDY et al., 1995; ANTHONY et al., 2016).
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Two main pathways control muscle protein turnover rates in vivo: the IGF-1-
protein kinase B pathway (IGF-1-AKT) acting as a positive regulator, and the
myostatin pathway, acting as a negative regulator (SCHIAFFINO et al.,, 2011;
SCHIAFFINO et al., 2013). In our results, the IGF-1 hormone serum concentration
was higher in H_EPD group animals than L_EPD group animals. This result can be
due to the higher growth potential of the H_EPD group animals.

The IGF-1 also acts in the signaling pathway mTOR, which is a protein
complex involved in lipolysis and lipid biosynthesis (glycerolipid metabolism).
mTORC1 is activated by the presence of growth factors, amino acids, energy status,
stress, and oxygen levels, acting in lipid metabolism, autophagy, protein synthesis,
and ribosome biogenesis (KANEHISA et al., 2019; KANEHISA et al., 2000).

This study was observed lower LDL content in the H_EPD group than the
L_EPD group. The serum HDL content was negatively correlated with the LPL gene
(r = - 0.95), independent of the group evaluated. Lipoprotein Lipase (LPL) is an
extracellular enzyme present in high amounts in skeletal and cardiac muscle and fat
tissue. LPL plays a central role in the general metabolism of lipoproteins, generating
low-density lipoproteins (LDL). The particles formed from the LPL catalysis contribute
to the maturation of high-density lipoprotein (HDL) precursors, involved in the reverse
cholesterol transport (PREISS et al., 2002, PILLARISETTI & SAXENA 2003).

Besides this, was observed lower cholesterol content in the H_EPD group than
in the L_EPD group. Cholesterol presented a negative correlation with band 16,
independent of group evaluated (r = -0.68). The L_EPD group of animals obtained
greater abundance for band 16 (P = 0.013) and, consequently, greater expression of
the LPL gene (P = 0.04), which may have contributed to the higher levels of LDL and
cholesterol in the animals of the low EPD group (P = 0.014).

Additionally, the serum insulin content was positively correlated with band 16
independent of the group evaluated (r = 0.66). While, leptin hormone was a high
negative correlation with band 16 and LPL gene within the L_EPD group (r = - 0.93,

=-0.92 respectively). Although no difference was found for the hormone insulin and
leptin, the correlations found for these hormones can help us understand the findings
BFT and MAR in this study. This because hormonal factors can stimulate food
consumption, and the greater dry matter intake leads to an increase in substrates for

protein and lipid synthesis. These factors can also promote epigenetic and
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nutrigenomic changes sufficient to originate phenotypic differences within the same
breed (ZHAO et al., 2019).

4.3 Gene expression

No difference was for the genes involved in protein turnover: MSTN, CAST,
CAPN1, CAPN2, between the groups, evaluated. On the other hand, differences
could have been found for gene expression of collagenases or metalloproteinases
involved in collagen turnover and would explain the difference found for collagen
solubility in this study. However, this analysis was not carried out.

There was no difference for the following genes involved in adipogenesis and
lipogenesis: PPARG, ZNF423, TGFB1, ACACA, ACOX1, LEP, FABP4, SCD. This
result can be explained by the absence of difference between the H_ EPD and L_EPD
groups for intramuscular fat.

However, the H_EPD group animals had lower LPL gene expression than the
L_EPD group animals (P = 0.04). Consequently, the L_EPD group had a greater
serum LDL concentration than the H_EPD group. Accordingly, LPL has negatively
correlated with HDL for animals independent of the group evaluated. Our results show
us that the higher the LPL gene expression, the higher the serum LDL concentration
and cholesterol metabolite. Besides this, for this same group, an LPL positivity
correlation with ZNF423, TGFB1, and CAST transcripts. On the other hand, L_EPD
animals correlated negativity with the hormone leptin. Regardless of the groups
evaluated, LPL showed a positive correlation with the insulin hormone and the TGFB1
and CAST transcripts.

LPL is an essential enzyme in metabolism and lipid deposition and is involved
in inflammatory processes that lead to fat deposition, regulates plasma
concentrations of triglycerides and HDL, and is a possible gene candidate the
biomarker of lipid deposition and energy balance (GUI et al., 2016). Furthermore, the
levels of LPL transcripts are positively related to LPL activity in bovine tissues,
including muscles and adipose tissues (HOCQUETTE et al., 1998). Therefore,
expected that the animals in the H_EPD group, due to their higher BFT, had higher
levels of LPL transcription, as reported by Ren et al. (2002) that shows the mRNA
expression levels of LPL are higher in cattle with higher levels of body fat. But, this

fact that did not happen.
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Probably, under the conditions in which our study was carried out, due to the
difference between the groups concerning physiological maturity, it may be that the
transcription had not ended at the time of sample collection and, therefore, lower
levels of LPL expression were observed in the H_EPD group. In other words, the
proteins had already been translated in this group and, therefore, transcript levels
were lower. In the L_EPD group, as it is a group of less precocious animals,
transcription was still on going, it was delayed compared to the H_EPD group, which
may have resulted in higher levels of LPL transcripts in the L_EPD group.

However, the LPL activity in adipose tissue appears to affect the translation or
posttranslational expression of LPL (KIRCHGESSNER et al., 1989; DOOLITTLE et
al., 1990). Changes seen in enzyme activity may be the result of transcriptional
regulation of the LPL gene in tissue muscle (LADU et al., 1991).These results may
indicate new targets that will assist in research on fat deposition and can contribute

to breeding programs to optimize the beef quality.

4.4 Proteomics of longissimus thoracis

In this study, we were able to observe changes in the abundance of proteins
in the contrasting groups for EPD's for precocity and growth, such as for, GPI, PKM,
CASQ1, DLD, VIM, PKLR, PCYOX1, ALDOA, OXCT1, ACTC1, although one of the
limitations of one-dimensional electrophoresis is the co-migration of proteins in a
single band (Diaz et al., 2020). The proteins identified in band 16 (more abundant in
the L_EPD than H_EPD group; P = 0.013) were enriched for the Pyruvate metabolism
pathways (bta00620), Glycolysis / Gluconeogenesis (bta00010), Pentose phosphate
pathway (bta00030), Carbon metabolism (bta01200), and Biosynthesis of amino
acids (bta01230).

The vimentin (VIM) is a protein that has functioned within the positive
regulation of the collagen biosynthetic process, the main component of connective
tissue in animals. This protein was identified in band 16. Vimentins are class-Ill
intermediate filaments found in various non-epithelial cells, especially mesenchymal
cells. The VIM is attached to the nucleus, endoplasmic reticulum, and mitochondria,
either laterally or terminally. This protein is involved with LARP6 in the type | collagen
MRNAs stabilization for CO1A71 and CO1A2 (UniProtKB Consortium, 2021).
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As previously reported, was observed in the present study, higher collagen
solubility H_EPD group animals and lower collagen solubility L_EPD group animals.
The difference in abundance of the VIM can be help explain to difference in collagen
solubility between the groups evaluated. Besides this, the VIM protein is related to
SMAD protein signal transduction. SMAD protein complex is involved in collagen
biosynthesis and has a relation with TGFB1 (UniProtKB Consortium, 2021). Although
no difference was found in TGFB1 gene expression, was observed a positive
correlation between band 16 and TGFB1 transcript within the H_EPD group (r=0.72).

Therefore, the animals in the H_EPD group, due to their higher growth rate,
may have a higher collagen turnover and consequently higher solubility. This fact may
be explained by the lower abundance of VIM in the muscle of H_EPD group animals
and higher in the L_EPD group animals. The VIM is physiologically related to SMAD
proteins and TGFB1 transcription factors involved in fibrogenesis. In the fibrotic
tissue, type | collagen was the most deposited component, and its alpha1 chain
(Col1a1) it indicates the level of collagen accumulation (BOLLONG et al., 2017).
Myofibroblast expressing a-smooth muscle actin (a-SMA; LI et al., 2013) and VIM is
the major cell source accounting for the fibrotic process (LI et al., 2011). This fact may
be contributing to lower collagen solubility in the L_EPD group.

Sisto et al. (2018) found a significant increase in the collagen type and VIM
protein in the TGF-B1-treated samples, indicating that TGF-B1 induces the epithelial-
mesenchymal transition (EMT) via the TGF-1/SMAD signaling pathway. TGF-
B1/SMAD axis could be downregulated by microRNAs. The miR-24 and miR-122 act
as fibrogenic inhibitors that reduce the level of SMAD2 and TGFBR2, respectively,
whereas SMAD4 suppresses the expression of miRs (SUN et al. 2018).

These findings may explain the difference in collagen solubility between the
genetic groups of Nelore cattle with contrasting EPD for growth and precocity.

Calsequestrin (CASQ1) is a muscle protein located sarcoplasmic reticulum
(SR) lumen. This protein was identified in band 16 and considered most abundant in
the L_EPD group than the H_EPD group. CASQ1 is a high-capacity, moderate
affinity, calcium-binding protein and acts as an internal calcium store in muscle.
Interestingly the CASQ1 interacts selectively and non-covalently with calcium ions
(Ca?*) (UniProtkB Consortium, 2021). CASQ1 is a dynamic Ca?* sensor in the SR
that regulates Ca?* release from the SR to the cytosol (WOO et al., 2020). Soon,
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extracellular Ca?* released by CASQ1 it's essential for skeletal muscle contraction
and relaxation.

Prenylcysteine oxidase 1 (PCYOX1), was identified in band 16 and considered
most abundant in the L_EPD group than the H_EPD group. This protein is a pro-
oxidant enzyme of low-density lipoproteins (HERRERA-MARCOS et al., 2018).
Elevated levels of low-density lipoproteins (LDLs) cause atherosclerotic disease, and
proteomic analyses have found that these lipoproteins are full with prenylcysteine
lyase (HERRERA-MARCOS et al., 2018). One consequence of its elevated activity
could be an increase in hydrogen peroxide, which might help to propagate the
oxidative burden of LDLs, thus making PCYOX1 a potential pharmacological target
and a new biomarker in cardiovascular disease (CVD) (HERRERA-MARCOS et al.,
2018). Once higher intake of processed meat and unprocessed red meat has been
associated with a small increased risk of incident CVD (ZHONG et al., 2020).
Interestingly, the animals in the L_EPD groups showed higher expression of the LPL
gene and higher concentrations of LDL and serum cholesterol. There is probably a
relationship between the LPL gene and the PCYOX1 protein in lipoproteins
metabolism in the longissimus thoracic.

Succinyl-CoA: 3-ketoacid-coenzyme A transferase (OXCT1) is the key
enzyme for ketone body catabolism. This enzyme transfers the CoA moiety from
succinate to acetoacetate. Ketone bodies can be used as an energy source as an
alternative to glucose (UniProtKB Consortium, 2021). Succinyl-CoA and NAD+
regulate cellular metabolism similarly to acetyl-CoA (NEWMAN & VERDIN, 2014).
OXCT1 may function in lipogenesis or lipolysis of adipose tissue. OXCT1 appears to
function during the middle period of differentiation, while the LPL expression is an
early marker of differentiation, so both can play a role in adipogenesis and provides
new insight into adipose deposition (ZENG et al., 2019).

The dihydrolipoyl dehydrogenase (DLD) is a protein identified in band 16 and
is present in the enriched pathways: Pyruvate metabolism, Glycolysis /
Gluconeogenesis, and Pentose phosphate pathway. One of the functions of the DLD
is to transfer electrons from NADH to ubiquinone that occurs during oxidative
phosphorylation (UniProtKB Consortium, 2021). The DLD subunit of the
ketoglutarate dehydrogenase complex (KGDHC) is known to provide succinyl-CoA to
succinyl-CoA ligase, thus supporting mitochondrial substrate-level phosphorylation in

the absence of oxygen or inhibition of the mitochondrial respiratory chain
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(CHINOPOULOQOS, 2020). This makes them believe in a possible joint action of the
muscle proteins DLD and OXCT1 in the mechanisms involved in post-mortem
proteolysis.

The glucose-6-phosphate isomerase (GPI) is a muscle protein located in
extracellular space and was identified in the differentially abundant band between the
groups of Nelore bulls with high and low EPD in this study. This protein is involved
in step 2 of the subpathway that synthesizes D-glyceraldehyde 3-phosphate and
glycerone phosphate from D-glucose. (UniProtKB Consortium, 2021). GPI is present
in the enriched pathways: Pyruvate metabolism, Glycolysis / Gluconeogenesis,
Pentose phosphate pathway, and Carbon metabolism. Bazile et al. (2019) and Poleti
et al. (2018) related the putative contribution of the identified protein GPI to pathways
of muscular or carcass adiposity in beef cattle in contrasting groups for intramuscular
fat.

The pyruvate kinase enzyme is encoded by two genes: PKLR and PKM, both
were identified in band 16 (Table 6). PKLR and PKM act in the glycolytic process
and the cellular response to insulin stimulation (UniProtKB Consortium, 2021). The
insulin decreases blood glucose concentration and increases cell permeability to
monosaccharides, amino acids, and fatty acids, accelerates glycolysis, the pentose
phosphate cycle, and glycogen synthesis in the liver. Besides that, insulin has
negative regulation of the lipid catabolic process (KANEHISA et al., 2019; KANEHISA
et al.,, 2000). PKLR, PKM, and GPI were energy metabolism-related in cattle
(RODRIGUES et al., 2017).

The aldolase protein (ALDOA) also was identified in band 16. Elevated
abundance and activity of ALDOA are indicative of increased activity glycolytic
(REICHE et al., 2019). Besides that, ALDOA is interconnected with lipid metabolism
and the pentose phosphate pathway (OROSZ et al., 2009). ALDOA assists in the
creation of cross-links between adjacent actin filaments or in binding troponin to the
thin filaments to enhance energy provision needed during contraction, both
connections can affect the distance between myofibrils (HUGHES et al., 2019).

ACTC1 is another protein identified in band 16 and is involved with actin-
myosin filament sliding. Actin and myosin play a central role in cell biology are
responsible not only for muscle contraction (COOPER, 2000). Moreover, the actin
cytoskeleton is responsible for the crawling movements of cells across a surface,

which appear to be driven directly by actin polymerization as well as actin-myosin

109



interactions (COOPER, 2000). Given the above, we believe that the ACTC1 protein
can help ALDOA submit direct energy during muscle contraction.

PKLR and PKM, as well as ALDOA, are present in almost all enriched
pathways for the proteins identified in band 16. These proteins play a central role in
these enriched pathways, such as Pyruvate metabolism, Glycolysis /
Gluconeogenesis, Pentose phosphate pathway, Carbon metabolism, and Amino acid
biosynthesis. It may be that the differences in these enriched pathways influence the
groups evaluated, giving rise to the contrasting phenotypes observed in the present
study.

In this sense, the LPL gene, and the proteins found in longissimus thoracis
samples in this study, in particular, PKLR, PKM, ALDOA, DLD, GPI, ACTC1, OXCT1,
VIM should act on the lipid and protein metabolism in the muscle and may be involved

with the muscle protein turnover.

5 CONCLUSION

The genetic selection for precocity and growth affects the muscle proteome
and consequently lipid and protein metabolism of the Zebu cattle.

The enriched pathways found in proteomic analysis, such as pyruvate
metabolism, glycolysis/gluconeogenesis, pentose phosphate pathway, carbon
metabolism, and amino acid biosynthesis, may influence the groups evaluated, giving
rise to the contrasting phenotypes for backfat thickness and intramuscular fat. The
IGF-1 hormones, the LPL gene, and the proteins PKLR, PKM, ALDOA, DLD, GPI,
ACTC1, OXCT1 and, VIM can be considered important factors involved lipid and
protein turnover and, therefore, may be able to facilitate the process of selection of
beef cattle and the quality of meat from non-castrated, special Zebu animals under
global conditions.

These results may suggest new targets that will assist in research on lipid and
protein metabolism of the longissimus thoracis and can contribute to breeding

programs to optimize the quality of beef.
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6 PRACTICAL IMPLICATIONS

Cattle of the high EPD group (H_EPD) show carcasses with greater backfat
thickness and intramuscular fat than the group of animals with low EPD (L_EPD).
Besides, the group with high EPD showed solubility of collagen greater than the group
with low EPD. All of these factors are positive for the meat quality. The selection of
progenies based on the EPD's of the parents is a viable strategy, within the beef cattle
system, as it contributes to a higher degree of finishing on bovine carcasses. That
would be a good alternative for producers when complied, allows differentiated
payment for the animals, providing added value to the products generated, or not
being penalized for the lack of fat deposition on the carcass.
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to fat deposition from beef cattle with expected progeny difference for
precocity.2021

ABSTRACT

The present study hypothesizes that genetic selection for precocity and growth
affects the subcutaneous fat proteome and consequently lipid metabolism of the
Zebu cattle. Then, the present study aimed to evaluate the effects of contrasting
EPD's for precocity and growth on subcutaneous fat by differential proteomic
analysis and correlations with phenotypic traits, such as backfat thickness,
marbling, total lipid, IGF-1, GH, leptin, and insulin. 105 male bulls were used, with
a mean age of 20 + 2 months and 400 + 24 kg, from the same herd, with the
genetic information of precocity and growth. The animals remained confined for
100 days, and the carcass ultrasound was performed every 28 days. Blood
samples was collected to determine the metabolic and hormonal profile. The
animals were slaughtered after feedlot 100 days and during slaughter, backfat
thickness (BFT) was collected between the 12th and 13th ribs, in addition to
visceral fat (GV). All of these were immediately frozen in liquid nitrogen and kept
in a freezer - 80°C until the analysis of gene expression by real-time PCR (RT-
gPCR) and analysis and SDS-PAGE, followed by the identification of proteins by
coupled mass spectrometry liquid chromatography (LC-MS / MS). After 24 hours
slaughter, during boning, the intramuscular fat (MAR) in the LT muscle was
evaluated. Steaks for total lipids, fatty acid profile, and collagen solubility were
also collected. The animals were selected according to a EPD from their parents
(bulls). Were selected 6 parents with EPD contrasting simultaneously for
precocity and growth, so that each experimental group had 3 parents bulls. Then,
were formed, 2 contrasting groups called high EPD (H_EPD; N = 16) and low
EPD (L_EPD; N = 16), using 32 progenies. The animals in the H_EPD group had
higher EGS (P = 0.006); lower LDL (P = 0.014); higher IGF-1 (P = 0.064). This
group also showed greater expression of the genes involved in lipogenesis
evaluated in BFT: ACACA (P =0.060), LPL (P =0.085), ACOX1 (P =0.100), LEP
(P =0.030), SDC (P = 0.009), and GAPDH (P = 0.081), than the animals in the
L_EPD group. Three electrophoretic bands were detected as differently abundant
in the BFT (bands 24, 30, 32), and 40 proteins identified. The KEGG pathways of
pyruvate metabolism, glycolysis/gluconeogenesis, carbon metabolism, amino
acid biosynthesis, among others, were enriched. The genetic selection for
precocity and growth affects the muscle proteome and consequently the lipid and
protein metabolism of non-castrated cattle. The IGF-1 hormone, the GAPDH,
LDHA, LDHB, MDH1, MDH2, IDH1, PGK1, SUCLG2, and ACY1 proteins can be
considered future biomarkers candidates for BFT.

Keywords: Beef Cattle. Backfat thickness. Metabolic pathways. Protein and lipid
metabolism. Proteomics.

121



1 INTRODUCTION

Fat deposition in beef cattle is affected by the interaction between nutrition,
sexual condition, age, ruminal bio-hydrogenation, and genetics (TEIXEIRA et al.,
2017). Additionally, several hormones are directly related to fat deposition and
composition in the carcass and meat, such as leptin, IGF-1, interleukins and
resistin (MINER, 2004). A critical hormone also involved in the synthesis of fat is
insulin, which stimulates the capture of glucose by peripheral tissues and
increases lipogenesis or reduces lipolysis (RHOADES et al., 2007).

Different metabolic pathways regulate the deposition of subcutaneous fat
from those that regulate the intramuscular fat. Intramuscular adipocytes show the
greater activity of hexokinase and phosphofructokinase enzymes and use
glucose as the main substrate. On the other hand, subcutaneous adipose tissue
has higher levels of lipogenic enzymes, such as NADP-malate dehydrogenase,
phosphogluconate-6-dehydrogenase, and glucose-6-phosphate dehydrogenase,
and preferably uses propionate and acetate as a precursor, evidencing exclusive
roles in lipid metabolism (MILLER et al., 1991; MAY et al., 1994). Hereupon,
depending on the type and distribution of adipose tissue (visceral, subcutaneous
or intramuscular), it has been shown that the metabolism of these types of fat is
different, including that visceral fat is much more metabolically active than
subcutaneous fat (MELENDEZ et al., 2019).

In tropical conditions, beef production is mainly from Zebu cattle, which are
known to produce low-fat content beef when compared to taurine breeds animals.
In this context, the heterogeneous quality of Brazilian cattle carcasses, mainly
from the Nellore breed, has been identified as a challenge for the beef industry.
Precocity and growth are economically relevant traits for the identification of
harmonious animals that have been used world with as a basis for the selection
and improvement of beef cattle (ELER et al., 2006).

The expected differences in progeny (EPDs) are important tools for animal
production and selection. Growth and precocity are generally useful selection
criteria for beef cattle. The phenotypes of subcutaneous fat thickness and
Longissimus muscle area are very easy to measure using real-time ultrasound
(YOKOO et al., 2010) and can provide accurate data for estimating genetic
values, as reported for young bulls (ROBINSON, 1996). Improvements in
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average daily gains, body weight, muscle mass, and fat deposition in the carcass
have been reported using genetic merit for growth and precocity as selection
criteria (CLARKE et al., 2009). Lopes et al. (2016), states that the longissimus
thoracis muscle area and the subcutaneous fat thickness measured by real-time
ultrasound should be used as a selection criterion. This allowed the estimation of
reproduction values before the first mating season, to accelerate the response to
individual selection.

However, little is known about the real reason (biological, physiological, or
molecular), which stimulates animals with better EPDs for precocity, to present,
in general, progenies with greater subcutaneous fat thickness. So, understanding
the biological mechanisms involved in the subcutaneous fat deposition in beef
can allow great advances in this important economic trait.

Proteomics analyzes can be used to understand the molecular
mechanisms involved in subcutaneous fat deposition and to identify potentials
biomarkers related to EGS. However, as far as we know, few works have been
reported to understand or predict the ability of subcutaneous fat deposition in the
carcass (CECILIANI et al., 2018). Most of the available proteomic studies were
made using muscle samples with a focus on intramuscular and non-
subcutaneous fat deposition pathways (POLETI et al. 2018; RODRIGUES et al.,
2017; MAO et al., 2016; SHEN et al., 2012; ZHANG et al., 2010; KIM et al., 2009).

Therefore, the present study hypothesizes that genetic selection for
precocity and growth affects the subcutaneous fat proteome and consequently
lipid metabolism of the Zebu cattle. Then, the present study aimed to evaluate
the effects of contrasting EPD's for precocity and growth on subcutaneous fat by
differential proteomic analysis and correlations with phenotypic traits, such as

backfat thickness, marbling, total lipid, IGF-1, GH, leptin, and insulin.
2 MATERIAL AND METHODS

The experimental procedures were approved by the Ethics Committee on
Animal Use (CEUA/FMVZ) from the School of Veterinary Medicine and Animal

Science of the University of Sao Paulo (Protocol number 3367170317),

Pirassununga, Sao Paulo, Brazil.
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2.1 Animals and experimental design

The animals used in this study were selects from a larger project
evaluating the effects of EPD groups on animal performance, carcass, and meat
quality traits (Silva et al., 2021). The animals belonged to USP's genetic selection
program, with genetic information for precocity and growth. One hundred and five
Nelore bulls, not castrated, with initial body weight (BW) of 400 + 24 kg and 20 +
2 months of age were ranked based on their parent's Expected Progeny
Difference (EPD), for precocity and growth and classified as either High and Low.
Three bulls Nelore with high EPD were parents of animals in the H_EDP group
(average EDP for precocity and growth = 0.57 and 12.32 respectively), and three
bulls Nelore with low EPD were parents of animals in the L_EPD group (average
EPD for precocity and growth = - 0.05 and - 3.67 respectively). The phenotypic
traits were evaluated in 32 progeny (High_EPD, N=16; Low_EPD, N=16).
Posteriorly, 14 animals were selected with either highest (H_EPD, N = 7) or
lowest (L_EPD, N = 7) and contrasting deposition of subcutaneous fat to form to
the groups that were tested for differential proteomic analysis.

The animals was housed in a feedlot facility for 100 days, and individual
feed intake was monitored. Facilities had covered feed bunks, concrete floors,
and automatic waterers. All animals were initially submitted to adaptation period
of 21 days. At the ending of the adaptation period all animals were weighed after
a 12 h fasting period prior to the morning feeding. During the feedlot period, the
animals were fed ad libitum twice daily, at 0800 h and 1600 h whit a diet (27:73
forage: concentrate) containing corn silage, corn grain, ground sorghum,
soybean meal, citrus pulp, urea, and mineral core. All animals were weighed after
a 12 h fasting to record the final body weight immediately prior to slaughter. The
average daily gain was obtained by the difference of final body weight and initial
body weigh divided by the 100 days of feeding.

2.2 Carcass ultrasound

Carcass ultrasonography was performed every 28 days to assess rib eye
area (REA) and backfat thickness (BFT) in the longissimus thoracis, in the region
between the 12th and 13th ribs, and rump fat thickness (RFT), using the Aloka
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ultrasound equipment. SSD 500 Micrus model (Aloka Co. Ltda.), with 3.5 MHz
linear transducers and 17.2 cm in length. The images were stored in the portable
microcomputer and records were subsequently interpreted in laboratory using the

Lince® software.

2.3 Blood samples and biochemical and metabolic parameters

Blood samples were harvested before slaughter, at the end of the
finishing period by puncturing the jugular vein or artery before the morning
feeding, with fasting the previous night. Blood samples (10 ml) were collected into
10-ml tubes (BD Vacutainer, Sdo Paulo, SP, Brazil), without anticoagulant, for
hormones analyses and metabolic parameters. Samples were centrifuged for 15
min at 2000xg at 4 °C; the supernatant serum was transferred into labeled plastic
tubes and stored at —80°C until analysis.

Serum concentrations of glucose, triglycerides, total cholesterol, and
high-density lipoprotein (HDL) were determined by Immunoenzymatic procedure
using Bioclin Diagnostics kits (Belo Horizonte, Brazil) in automated biochemical
equipment (Mindray BS-200E), according to manufacturer's instructions. Serum
values of low-density lipoprotein (LDL) and very-low-density lipoprotein (VLDL)
were calculated according to Friedewald et al. (1972), being, VLDL =
triglycerides/5; and LDL = total cholesterol — (HDL + VLDL).

Insulin, leptin, GH (growth hormone), and IGF-1 (insulin-like growth
factor-1) hormones were determined by the Immunoenzymatic Assay method,
according to BioElisa Microplate Reader New Biotechnology and Sigma Kkits

(Bioclin Quibasa, Belo Horizonte, Brazil), following manufacturer's standards.

2.4 Harvesting subcutaneous fat and meat sampling

At the end of the feeding phase, the animals were slaughtered in the
experimental slaughterhouse of the University of Sdo Paulo in Pirassununga,
Brazil, according to humanitarian slaughter guidelines, as required by Brazilian
law (Brasil 2017). Subcutaneous fat samples were collected from the right half of
the carcass at the 12th rib, snap-frozen in liquid nitrogen, and stored at -80°C

until proteins extraction. After a 24h chilling period, 2.54cm thick steaks were cut
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from longissimus thoracis (LT), of the right half of the carcass, between 12th-13th
ribs, vacuum packaged, and frozen at —80°C until total lipids analysis. Besides
that, the marbling score (MAR) was evaluated in the LT, between the 12th and
13th rib, following the methodology described by American Meat Science
Association (SMITH et al., 2013).

2.5 Total lipids
The intramuscular fat (IMF) content were determined following the

methodology of Bligh and Dyer (1959) in duplicate, for total lipids.
2.6 Protein Extraction

Approximately 1.0 g of subcutaneous fat samples were homogenized in 2
mL of RIPA lysis buffer modified containing 150 mm NaCl, 1% Triton X-100, 0,5%
sodium deoxycholate, 1% SDS, 50 mM Tris, pH 8.0-plus 1% protease inhibitor
cocktail (P8340 Sigma-Aldrich), 1 mM sodium orthovanadate, and 25 mM sodium
fluoride, using Ultra Turratec T-10 (IKA) four times for 5 seconds at 30,000 rpm.
Afterward, the homogenate was centrifuged at 4 °C at 10,000 g for 30 minutes.
The resulting supernatant was collected and stored at -80 °C for further analysis.
The protein concentration of each sample was measured by the Bradford method,

using bovine albumin as standard.
2.7 Unidimensional Electrophoresis - SDS / PAGE

The protein extract was denatured by mixing in a 1:1 ratio in Laemmly
sample buffer (Bio-Rad Laboratories Inc., Hercules, CA, USA) and heated at 100
°C for 45 minutes. The samples (50 ug of protein) were loaded into each lane of
the 1.5 mm x 16 cm dual slab gel (SE 600 Ruby Standard Dual Cooled Vertical
Unit — GE Healthcare) connected to a Power Supply EPS 1001 (GE Healthcare)
and run at 15mA/gel for 30 min. and after adjusted at 50 mA/gel for 4 h at 4°C,
for one dimensional sodium dodecyl sulphate polyacrylamide gel electrophoresis
(SDS-PAGE). The proteins were run throught 4% stacking gel, followed by 12%
resolving gel. Bio-rad precision plus protein dual color standards (Bio-Rad
Laboratories Inc., Hercules, CA, USA) were loaded in the first lane of each gel,

to estimate the molecular weight of proteins. After electrophoretic separation,
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gels were stained by using Coomassie Brilliant Blue G250 solution (0.025%
coomassie blue G250, 50% methanol, 7% acetic acid) for 1 hour, on shaker. The
gels were then placed in destained solution (40% methanol, 7% acetic acid) for
1 hour and rinsed in deionized water. The gels were digitalized using Image
Scanner lll (GE Healthcare) and the quantitative analysis of the gel bands was
performed with the aid of the Image Lab™ software (Bio-Rad). The bands were
identified and then analyzed to determine the percentage contribution of each
band in relation to the total band volume in the lane to avoid the confounding

factor of protein loading (Zapata et al., 2009; Zhao et al., 2014).

2.8 In gel protein digestion

The bands detected as differentially abundant in the statistics analysis
were removed from the gel, cut in fragments of approximately 1 mm? and placed
inside 1.5 ml microtubes. Digestion was performed according to the method of
Shevchenko et al. (2006). The gel fragments were washed 3 times of 10 minutes
each, using 200 pl of a solution coitaning 50% acetonitrile (ACN) in 25 mM
ammonium bicarbonate pH 8.0 (AMBIC). Then, the gel fragments were
dehydrated for 10 minutes after adding 200 pl of 100% ACN. The ACN was
removed and the remaining gel residue was kept at room temperature for
complete evaporation. The gel fragments were reduced for 40 min. at 56 ° C with
30 pl of @ 20 mM DTT solution in 50 mM AMBIC, after alkylated for 30 min. at
room temperature using 40 ul of a 55 mM iodoacetamide solution in 50 mM of
AMBIC. The iodoacetamide solution was removed and the gel fragments washed
with 200 pl of 25 mM AMBIC. Again, dehydration with 100% ACN was performed
twice, as described above. For protein digestion, 15 L of the trypsin enzyme was
added to each sample, at a concentration of 20 ng/pl and incubated for 15
minutes at 4°C. Excess trypsin was removed and 40 ul of 50 mM AMBIC was
added. The samples were incubated at 37 ° C for 14 hoursAfter digesting the
protein presentin the gel, three elution steps were performed. For the first elution,
30 ul of the 5% formic acid was added, and the samples incubated for 10 min. at
room temperature. The supernatant was collected and placed in a new tube.For
the second elution, 30 pl of the solution made of 5% formic acid in 50% ACN was

added, and the samples incubated for 10 minutes at room temperature.The
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supernatant was recovered and transferred to the same tube used in the previous
wash. For the third elution, the second step was repeated. Finally, samples were

vacuum concentrated at room temperature, until complete drying.

2.9 Mass spectrometry analysis

For analysis, the samples were resuspended in 30 pl of a 50% Acetonitrile
and 0.1% TFA solution, and. an aliquot of 4.5 ul of proteins resulting of peptide
digestion was were separated by C18 (100 mm6100 mm) RP-nanoUPLC
(nanoAcquity, Waters) coupled with a Q-Tof Premier mass spectrometer
(Waters) with nanoelectrospray source at a flow rate of 0.6 ml/min. The gradient
was 2-90% acetonitrile in 0.1% formic acid over 60 min. The nanoelectrospray
voltage was set to 3.5 kV, a cone voltage of 30 V and the source temperature
was 100uC. The instrument was operated in the ‘top three’ mode, in which one
MS spectrum is acquired followed by MS/MS of the top three most-intense peaks
detected. After MS/MS fragmentation, the ion was placed on exclusion list for 60
s and for the analysis of endogenous cleavage peptides, a real time exclusion
was used.

The spectra were acquired using software MassLynx v.4.1 and the raw
data files were converted to a peak list format (mgf) without summing the scans
by the software Mascot Distiller v.2.3.2.0, 2009 (Matrix Science Ldt.) and
searched against UniProt Bos Taurus (release March 23, 2020; 37.513 proteins)
and Bos indicus database (release March 21, 2020; 42,151 proteins) using
Mascot engine v.2.3.01 (Matrix Science Ltd.), with carbamidomethylation as fixed
modifications, oxidation of methionine as variable modification, one trypsin
missed cleavage and a tolerance of 0.1 Da for both precursor and fragment ions
(ARAGAO et al., 2012).

2.10 Statistical analysis

Phenotypic data

The data of phenotypic traits were analyzed according to a completely
randomized design, with 16 repetitions per treatment, each animal being
considered an experimental unit. The model includes the parent (bull) as a
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random effect and considers the groups (H_EPD and L_EPD), confinement, and
slaughter as a fixed effect. The analyses were conducted using SAS software
(9.4; SAS Institute Inc., Cary, NC, USA). The significance was considered when
P <0.10.

SDS-PAGE and Correlation between the significant electrophoretic bands
The data were analyzed according to a completely randomized design,
with 7 repetitions per treatment, each animal being considered an experimental
unit. The model includes the parent (bull) as a random effect and considers the
groups (H_EPD and L_EPD), confinement, and slaughter as a fixed effect. For
one-dimensional gel analysis, ANOVAs were performed using the SAS software
for relative migration (RFs) and molecular weight (MWs). This initial analysis
aimed to verify if we were making comparisons of proteins within the same point
of the Gel (both for RF and MW). In this case, ANOVAs for RFs and MWs should
have always presented non-significant results, indicating that there were no
significant changes within each evaluated band. From this preliminary analysis
for RFs and MWs, ANOVAs were performed using the SAS software for % Band
to detect the differences between the abundance of each band between the
H_EPD and L_EPD groups using the test Tukey-Kramer considered significant
at P-value < 0.10. The correlations between the electrophoretic bands and the
phenotypes were estimated by Pearson's correlation coefficient (r), within and

between groups, and the data were considered significant when P < 0.10.

Protein identification and functional enrichment

The identified proteins were considered candidates when the global
Mascot score was greater than 80 with a significance level of P < 0.0001.

Subsequently, the list of proteins identified in each band was submitted
to over-representation analysis using WebGestalt web tool (LIAO et al., 2019) to
identify the biological processes and KEGG pathways enriched (FDR < 0.05),
and also analysis of Protein-Protein Interaction Networks were performed by
STRING software.
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3 RESULTS

3.1 Phenotypic traits

The average daily gain (ADG) did not differ between the groups
(P =0.459; Table 1). Similarly, the dry matter intake (DMI) did not differ between
the groups (P =0.288; Table 1), such as the final body weight (fBW, P =0.254;
Table 1). On the other hand, its backfat thickness (BFT) and rump fat thickness
(RFT), measured by carcass ultrasonography, was higher in H_EPD group
animals than L_EPD group animals (P < 0.1; Table 1), indicating higher precocity
of animals from the H_EPD group. Besides this, the marbling score (MAR) was
higher in H_EPD group animals compared to L_EPD group animals (P < 0.1;
Table 1), despite this, the content of intramuscular fat (IMF) did not differ between

animals in the evaluated groups (P = 0.149).

Table 1. Effect of the groups of high (H) and low (L) expected progeny difference
(EPD) for growth and precocity on the phenotypic traits of Nelore bulls (n=16)

. GROUP .
Traits H_EPD L_EPD P-value
Initial body weight, kg 413.60+9.86 405.37+5.06 0.517
Final body weight, Kg 598.00+11.72 581.6218.04 0.254
Average daily gain, kg 1.85+0.13 1.76+0.14 0.459
Dry matter intake, kg 12.54+0.77 11.01+£0.84 0.288
Backfat thickness', mm 5.87+0.50 3.78+0.48 0.006
Rump fat thickness', mm 8.56%0.58 7.05£0.69 0.086
Intramuscular fat? 2.2310.34 1.341£0.31 0.149
Marbling score 3 4.57+0.17 4.01+£0.15 0.081

* Significant difference considered when P <0.1

"Measured by carcass ultrasonography

2Intramuscular fat determined by total lipids analysis (g of lipid / 100 g of meat; Bligh & Dyer, 1959)

3 Marbling score determined by AMSA, considered select slight: 4.0-4.9; choice small: 5.0-5.9; choice
modest: 6.0-6.9; choice moderate: 7.0-7.9; prime: 8.0-9.0 (Smith et al., 2013)

3.2 Biochemical and metabolic parameters

The serum insulin (P=0.127), GH (P=0.914), and leptin hormone
(P =0.839) did not differ between the groups of high and low EPD (Table 2). On
the other, the IGF-1 hormone was greater in H_EPD group animals than L_EPD
group animals (P < 0.1; Table 2). Among the metabolites evaluated, the
Cholesterol and the LDL were higherin L_EPD group animals than H_EPD group

animals (P < 0.1; Table 2). There was no difference between groups for glucose
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serum (P = 0.239; Table 2), triglycerides, HDL (P = 0.462; Table 2), and VLDL
(P =0.886; Table 2).

Table 2. Effect of the groups of high (H) and low (L) expected progeny difference
(EPD) for growth and precocity on the hormonal and metabolic serum traits from
Nelore bulls (n=16)

. GROUP "
Variable H_EPD L_EPD P-value
Hormone
Insulin, ng/mL 4.34+0.98 1.53+1.06 0.127
GH, Ul/mL 1.3240.20 1.27+0.22 0.914
IGF-1, ng/mL 0.29+0.03 0.22+0.02 0.064
Leptin, pg/mL 6.16+£3.56 7.54+3.85 0.839
Metabolite
Glucose, mg/dl 81.75+5.64 94.64+6.09 0.239
Cholesterol, mg/dI 158.45+1.68 222.66+1.82 0.058
Triglycerides, mg/d| 36.77+3.99 37.84+4.31 0.887
HDL, mg/dl 45.4045.23 38.02+5.64 0.462
LDL, mg/dI 105.69+£14.02 177.05£15.16 0.014
VLDL, mg/dl 7.35£0.79 7.57+0.86 0.886

* Significant difference considered when P <0.1
GH = growth hormone; IGF-1 = insulin-like growth factor-1; HDL = High Density Lipoproteins; LDL
= Low Density Lipoproteins; VLDL = Very Low Density Lipoprotein

3.3 SDS-PAGE and correlation between the significant electrophoretic
bands

The SDS-PAGE analysis allowed the revelation of 37 bands total from
subcutaneous fat that was electrophoretically separated by molecular
weight and matched across all samples (Figure 1). Three electrophoretic
bands were differentially abundant between the groups H_EPD and L_EPD
by statistical analysis (bands 24, 30, and 32; Table 3).
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Figure 1. One-dimensional electrophoresis gel (SDS-PAGE 12%) from
subcutaneous fat of Nelore bulls with high and low expected differences in
progeny for growth and precocity.

Table 3. Bands of one-dimensional electrophoresis gel, from subcutaneous fat
differentially abundant between the groups of Nelore bulls with high (H) and low
(L) expected differences in progeny (EPD)

GROUP
Band H_EPD L_EPD P-value
24 528 + 115 A 057 + 115 B 0.063
30 194 + 034 A 063 + 034 B 0.073
32 064 + 023 B 152 + 023 A 0.074

Means in the same row followed by different letters are significantly different by Tukey-Kramer
test considered a significant difference for P < 0.1

Significant electrophoretic bands were correlated with productive,
biologic, and qualitative phenotypes, such as weight gain, hormones, marbling,
and subcutaneous fat deposition measured by carcass ultrasound. The
correlations were investigated independent and within groups (H_EPD and
L_EPD). These results were presented in Table 4A and Table 4B).
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Independent of groups, the serum insulin content was positively correlated
with band 30 (r = 0.63, P= 0.02; Table 4B). While, beef marbling was positively
correlated with band 24 (r = 0.76, P=0.002; Table 4A) and band 30 (r = 0.65,
P=0.01; Table 4A). Additionally, positive correlations were observed between
beef marbling and the bands 24 (r = 0.80, P=0.03; Table 4A) and 30 (r = 0.86,
P=0.01; Table 4A); and between the Intramuscular fat and band 30 (r = 0.77,
P=0.04; Table 4A) within H_EPD group. Besides, the results showed a great
negative correlation between band 32 and average daily weight gain (r = - 0.85,
P=0.01; Table 4A). Furthermore, serum insulin levels were positively correlated
with band 30 within the L_EPD group (r = 0.93, P= 0.006; Table 4B).
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Table 4A. Pearson correlation coefficient between the differentialy abundant bands from subcutaneous fat of Nelore bulls with the
phenotypic traits

Pearson's correlation coefficient (r)

Independent of group, N =13 H_EPD,N=7 L_ EPD,N=6
Band_P-24 Band_P-30 Band_P-32 Band_P-24 Band_P-30 Band_P-32 Band_P-24 Band_P-30 Band_P-32

iBW

fBW

DMI

ADG -0.85**

BFT

RFT

MAR 0.76** 0.65** 0.80* 0.86** -0.67*

IMF 0.70* 0.77*

iBW = Initial body weight; fBW = Final body weight; DMI = Dry matter intake; ADG = Average daily gain; BFT = Backfat thickness; RFT= Rump fat thickness;
MAR = Marbling score ; IMF = Intramuscular fat. Significance: * P <0.05; ** P < 0.01. The coefficients higher than 0.75 are in bold.
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Table 4B. Pearson correlation coefficient between the differentialy abundant bands from subcutaneous fat of Nelore bulls with the
Hormonal and metabolic serum traits

Pearson's correlation coefficient (r)

Independent of group, N =13 H_EPD,N=7 L_EPD,N=6

Band_P-24 Band_P-30 Band_P-32 Band_P-24 Band_P-30 Band_P-32 Band_P-24 Band_P-30 Band_P-32

CHOL

TRIG

HDL

LDL

VLDL

INS 0.63* 0.93*

GH

IGF1

LEP

CHOL = cholesterol; TRIG = triglycerides; HDL = High Density Lipoproteins; LDL = Low Density Lipoproteins; VLDL = Very Low Density Lipoprotein; INS =
Insulin; GH = growth hormone; |\GF-1 = insulin-like growth factor-1; LEP = Leptin.
Significance: * P < 0.05; ** P < 0.01. The coefficients higher than 0.75 are in bold.
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3.4 Mass spectrometry analysis and identification of fat proteins

The differentially abundant bands were cut from the gel and submitted
to mass spectrometry analysis. A total of sixteen proteins were identified in band
24, thirteen proteins for band 30, and sixteen proteins for band 32. In Table 5, we
reveal the top 10 proteins identified in each band. It is important to mention that
one of the limitations of using one-dimensional electrophoresis is the comigration
of proteins within a single band (Zapata et al., 2009; Diaz et al., 2020).

The list of proteins identified in each band was submitted to over-
representation analysis using WebGestalt web tool to identify the KEGG
pathways that are related to lipid metabolism. The enriched pathways (FDR <
0.05) found are shown in Table 6. No enriched pathway was found for band 32
(FDR > 0.05; Figure 2). The distribution of proteins identified in each band within
GO categories (biological process, cellular component, and molecular function)
can be found in the (Figure 3).

Additionally, a network of predicted protein-protein interactions against
the Bos taurus database was performed for the top 10 proteins in each band
differentially abundant between the high and low EPD groups, using STRING

10.0 online software (Figure 4).
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Table 5. Proteins identified by mass spectrometry in the differentially abundant bands of the SDS-PAGE gel between the groups of
Nelore bulls with high and low EPD for growth and precocity

Accession

Band Gene name Uniprot Protein name Score' Mass? Biological process?®
CKB Q5EA61  Creatine kinase B-type 2764 42977 E:‘o%zpszocreat'”e biosynthetic
ACTG1 P63258  Actin, cytoplasmic 2 1587 42108 Qositive regulation of gene
expression
IDH1 AOA140T8A5 Isocitrate dehydrogenase [NADP] 1401 47072 Erhoisepsgo“p'd biosynthetic
ACTCA1 Q3zCo7 Actin, alpha cardiac muscle 1 555 42334 Mesenchyme migration
24 PGK1 Q3TOP6 Phosphoglycerate kinase 1 467 44908 Glycolysis/gluconeogenesis
ACAA2 AOA3Q1MDHS5  3-ketoacyl-CoA thiolase, mitochondrial 377 42428 Lipid metabolism
ACY1 Q3TOV2  N-acyl-L-amino-acid amidohydrolase 246 41955 gfo'gggg amino acid metabolic
OGN A5D9ES Mimecan 21 34517 Growth factor
SUCLG2 Q3MHX5 Succinate--CoA ligase [GDP-forming] mitochondrial 125 47004 Tricarboxylic acid cycle
RPSA AOA3QTMFG3 40S ribosomal protein AS 122 35196 Translation
ANXA2 P04272  Annexin A2 1940 38873 Calclum on transmembrane
transport
MDH2 Q32LG3 Malate dehydrogenase, mitochondrial 264 36102 Tricarboxylic acid cycle
GPD1 Q5EA88 Glycerol-3-phosphate dehydrogenase [NAD(+)] 210 38194 Gluconeogenesis
LDHB Q5E9B1  L-lactate dehydrogenase B chain 197 36985 g;rfgshsydrate metabolic
30 GAPDH P10096 Glyceraldehyde-3-phosphate dehydrogenase 185 36073 Apoptosis/Glycolysis
MTARC2 Q1LZH1 Mitochondrial amidoxime reducing component 2 132 37834 Oxidation-reduction process
MDH1 AOA452DIW4  Malate dehydrogenase 124 36118 Tricarboxylic acid cycle
LDHA P19858 L-lactate dehydrogenase A chain 114 36916 gre;rfeoshsydrate metabolic
ANXA1 F1N650 Annexin 95 39240 Insulin secretion
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Regulation of sequestering of

ANXA5 P81287 Annexin A5 90 36124 N
calcium ion
YWHAE P62261 14-3-3 protein epsilon 522 20326 Hegulation of protein export
from nucleus
PNP P55859 Purine nucleoside phosphorylase 330 32244 Nucleoside metabolic process
GAPDH P10096 Glyceraldehyde-3-phosphate dehydrogenase 179 36073 Apoptosis/Glycolysis
HSD17B12  ABH7H3  LOC789567 protein 175 35134 =Xtracellular matrix
organization
32 ECHDCA1 Q2HJD5 Ethylmalonyl-CoA decarboxylase 122 33806 Fatty acid beta-oxidation
PSME1 AOA3Q1MK57  Proteasome activator complex subunit 1 98 28812 Proteasome activator complex
STOM A8E4P3  STOM protein 94 31497 Regulation of protein targeting
to membrane
CYB5R3 AOA3Q1LMX0 NADH-cytochrome b5 reductase 93 31815 Catalytic activity
FHLA G3MZ95 Four and a half LIM domais 1 89 37897 Muscle organ development
ANXA2 PO4272 Annexin A2 87 38873 Biomineral tissue development

"Numeric descriptor of the probability that the protein identification is correct at a P-value <0.0001.

2Molecular weight of the protein. in KDa.
3Biological process described in Uniprot
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Table 6. KEGG pathways enriched for the proteins identified in the differentially abundant bands of the SDS-PAGE gel between the
groups of Nelore bulls with high and low EPD for growth and precocity

Band KEGG Enriched pathways Protein P-value FDR!

bta01210 2-oxocarboxylic acid metabolism ACY1, IDH1 0.00019 0.03112

24  bta00020 Citrate cycle IDH1, SUCLG2 0.00055 0.04496
bta01230 Biosynthesis of amino acids ACY1, IDH1, PGK1 0.00007 0.02550
bta01200 Carbon metabolism IDH1, PGK1, SUCLG2 0.00028 0.03112
bta00620 Pyruvate metabolism LDHA, LDHB, MDH1, MDH2 9.4510E-05 0.0000030810
bta00270 Cysteine and methionine metabolism LDHA, LDHB, MDH1, MDH2 2.0460E"® 0.0000033349
bta00020 Citrate cycle (TCA cycle) MDH1, MDH2 0.00023163 0.012291

30 bta00630 Glyoxylate and dicarboxylate metabolism MDH1, MDH2 0.00023163 0.012291
bta00640 Propanoate metabolism LDHA, LDHB 0.00026392 0.0122991
bta00010 Glycolysis / Gluconeogenesis GAPDH, LDHA, LDHB 0.000014158 0.0015385
bta01200 Carbon metabolism GAPDH, MDH1, MDH2 0.000070569 0.0057514
bta01100 Metabolic pathways GAPDH, LDHA, LDHB, MDH1, MDH2 0.00082992 0.0.33819

'False Discovery Rate — P-value corrected for multiple tests within each category using the procedure by Benjamini & Hochberg (1995).
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2-Oxocarboxylic acid metabolism
Citrate cycle (TCA cycle)
Arginine biosynthesis P=0.0250; FDR=1
Biosynthesis of amino acids
Fatty acid elongation = P=0.03559; FDR=1
Propanoate metabolism ' p=g g3792: FDR=1
Carbon metabolism 03112
Hypertrophic cardiomyopathy (HCM) F=0.00417, FDR=0.02268
Dilated cardiomyopathy (DCM) | P=0.00489: FDR=0.22786
Metabolic pathways P=0.00146; FDR=0.09523 Band 24
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Glyoxylate and dicarboxylate metabolism

Propanoate metabolism —
Glycolysis / Gluconeogenesis FDR=0.05
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HIF-1 signaling pathway ~p=g 00257; FOR=0.08883
Glucagon signaling pathway P=0.00272; FDR=0.08883
Metabolic pathways .0.00082; FDR=0.03381 Band 30
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Biosynthesis of unsaturated fatty acidsunsaturated | P=0.028; FDR=1
Fatty acid elongation | F=0.031; FDR=1

Nicotinate and nicotinamide metabolism | P=0.031; FDR=1
Propanoate metabolism | P=0.033; FDR=1

Proteasome [{P=0/033! FDR=1

Amino sugar and nucleotide sugar ' P=0.050; FDR=1

Fatty acid metabolism P=0.050; FDR=1

Steroid hormone biosynthesis | P=0.060; FDR=1

Glycolysis / Gluconeogenesis | P=0.070; FDR=1

Biosynthesis of amino acids-: P=0.077; FDR=1 Band 32
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Figure 2: Demonstration of the enrichment rate according to over-representation analysis using WebGestalt web tool, where can to
observat is an absence of enriched pathways for band 32. FDR =False Discovery Rate — P-value corrected for multiple tests within

each category using the procedure by Benjamini & Hochberg (1995).
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4 DISCUSSION

The deposition of subcutaneous fat is regulated by different metabolic
pathways from those that regulate the deposition of fat in other adipose tissues,
such as intramuscular fat. In this context, the major goal of the present study was
to understand the effect of genetic selection for growth and precocity on
subcutaneous fat metabolism of Zebu cattle by proteomic analysis.

4.1 Phenotypic traits

The H_EPD group showed the highest fat deposition in the rump cap when
the RFT was measured by carcass ultrasonography. The "Rump cap" is
considered a noble court in Brazil. Besides this, rump fat thickness is an anatomic
region deposition fat greater precocious in cattle. Previous studies have shown
that ultrasound provides accurate measures of the live animal fat thickness
(ROBINSON et al. 1992; HERRING et al. 1994), and rump fat thickness
(REALINI et al., 2001).

The evaluated progenies also had a contrasting phenotype for backfat
thickness (BFT) between the high and low EPD groups, with the highest
subcutaneous fat deposition observed in animals with high EPD. These results
can be justified by the theory of preferential deposition of tissues throughout
animal growth until reaching their physiological maturation once the animals in
the H_EPD group had the higher genetic potential for growth and precocity. This
evidence is accordingly some authors that observed greater BFT and MAR for
progenies more precocity, presenting higher variations within Nelore individuals
than those found between breeds (KING et al., 2006; BONIN et al., 2014a;
BONIN et al., 2014b; PEREIRA et al., 2015). The marbling score was subtly
higher in H_EPD group animals than L_EPD, however, the MAR was still
considered "slight" according to Smith et al. (2013).

4.2 Biochemical and metabolic parameters

The H_EPD group revealed a higher serum concentration of the

hormone IGF-1, lower LDL and cholesterol metabolite than the L_EPD group.
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Therefore, considering that low levels of IGF-1 were associated with low levels of
HDL (SUCCURRO et al., 2010; LIANG et al., 2016), it is possible to infer that a
lower concentration of HDL, and consequently, IGF-1, would lead to a higher LDL
content, observed in the animals of the L_EPD groups.

A study conducted by Hayden et al. (1993), it was suggested that plasma
levels of IGF-1, GH, INS, and thyroid hormones, but not of IGF-2, are affected by
alteration of energy intake and are highly correlated with empty body gain and
protein deposition in compensatory gain steers.

In addition to its hormone activity and direct contribution to animal
production (food consumption and carcass adiposity), insulin has molecular
functions such as IGF-1 receiver binding, making it necessary a joint action
between INS and IGF-1 to signal the mTOR pathway (UniProtKB Consortium,
2021). In this sense, among numerous functions, IGF-1 acts on the mTOR
signaling pathway, a protein complex, involved in lipolysis and lipid biosynthesis.

The mTORC1 is activated by the presence of growth factors, amino
acids, energy status, stress, and oxygen levels. This pathway regulates various
biological processes, including lipid metabolism, autophagy, protein synthesis,
and ribosome biogenesis (KANEHISA et al., 2019; KANEHISA et al., 2000;
CHAKRABARTI et al., 2013; KOPCHICK et al., 2020) (Figure 5). Therefore, it is
believed that possible differences found for IGF-1 may have an indirect

relationship with the contrasting phenotype for BFT.
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4.3 Proteomics of subcutaneous fat

In this study we were able to observe changes in the abundance of
proteins in the contrasting groups for EPD's for precocity and growth, such as for,
CKB, ACTG1, IDH1, PGK1, ACAA2, ACY1, ONG, SUCLG2, RPSA, ANXAZ2,
MDH2, GPD1, LDHB, GAPDH, MTARC2, MDH1, LDHA, ANXA1, ANXAS5,
YWHAE, PNP, HSD17B12 ECHDC1, PSME1, STOM, CYB5R3, FHL1, although
one of the limitations of one-dimensional electrophoresis is the co-migration of
proteins in a single band (Diaz et al., 2020). The proteins identified in bands 24
and 30 (most abundant in the H_EPD group) were enriched for the citrate cycle
pathways (bta00020), which is responsible for originating ATP and cAMP
necessary for pancreatic cells to synthesize the hormone insulin (Figure 6).

In this study, we observed a high positive correlation between band 30 and
insulin. According to Rhoades et al. (2007), bovine carcass adiposity is positively
correlated with plasma insulin, corroborating our results. The hormone insulin is
considered the most potent physiological inhibitor of lipolysis in adipose tissue,
contributes to increasing the deposition of fat in the carcass (ZECHNER et al.,
2009; CHAKRABARTI et al.,, 2013; QAID and ABDELRAHMAN, 2016;
KOPCHICK et al., 2020) and is strongly involved in the biosynthesis of fatty acids
(RHOADES et al., 2007; SONG et al., 2018).

Besides thatthe protein annexin was identified in band 30. This protein
has the function of insulin secretion (Accession Uniprot FIN650_Table 5). Insulin,
in turn, stimulates glucose and lipid homeostasis via signaling of genes such as
SREBP-c, ACC or ACACA, and FAS, which are directly involved with lipogenesis
and fatty acid biosynthesis. Insulin also signals the G6PC, FBP, and PEPCK
genes involved in glycolysis (Figure 7) and acts in activation lipogenic and
glycolytic enzymes (KERSTEN, 2001). This mechanism indicates a strong
relationship between insulin and the TCA cycle pathway in the deposition of
subcutaneous fat.

One of the key steps in the TCA cycle is the oxidative decarboxylation of
isocitrate to generate a-ketoglutarate (aKG), which is catalyzed by isocitrate
dehydrogenase (IDH) in the mitochondrial matrix. The IDH1 protein appears in
all enriched pathways in band 24 in the present study (Table 6). The IDH1 along
with the upregulation of G6PD and the basal glucose transporter SLC2A1
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(GLUT1) is important for NADPH synthesis during lipogenesis (LQBAL et al.,
2016; HAUSMAN et al., 2018). These data indicated a pro-lipogenic response in
the subcutaneous fat samples. Further evidence for enhanced insulin sensitivity
is the greater expression of G6PD, IDH1, and SLC2A1 (GLUT1) also reported in
subcutaneous adipose tissue of cows pre-calving, fed high-energy diets (JI et al.,
2012).

The protein GAPDH was identified in both bands 30 and 32 (Table 5) and
has been enriched for the following pathways: Glycolysis / Gluconeogenesis
(bta00010), Carbon metabolism (bta01200), and Metabolic pathways (bta01100)
described in Table 6. Besides the lipogenic protein IDH1, the Glyceraldehyde-3-
phosphate dehydrogenase (GAPDH) is a central protein in the carbon
metabolism pathway and is an essential protein for lipid biosynthesis.

The GAPDH catalyzes the conversion of glyceraldehyde 3-phosphate to
1.3-bisphosphoglycerate in glycolysis, which provides a substrate for acetyl-CoA
for the synthesis of various cellular compounds including lipids (OHLROGGE et
al., 1995). Within this context, some enzymes are essential for supplying NADPH
for lipid biosynthesis. Known enzymes involved in this process include malic
enzyme, glucose-6-phosphate dehydrogenase, and 6-phosphoglucose
dehydrogenase from the phosphate pentose pathway beside the isocitrate
dehydrogenase previously mentioned (HAO et al., 2014; HAO et al., 2016).
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The proteins Malate dehydrogenase (MDH1), Malate dehydrogenase,
mitochondrial (MDH2), L-lactate dehydrogenase A chain (LDHA), and L-lactate
dehydrogenase B chain (LDHB) was identified in band 30 (Table 5) and are
present in all enriched pathways of band 30, such as pyruvate metabolism
(bta00620), cysteine and methionine metabolism (bta00270), citrate cycle
(bta00020), glycolysis/ gluconeogenesis (bta00010), carbon metabolism
(bta01200) and metabolic pathways (bta01100), described in Table 6. These
energy metabolism-related proteins was similar to the one described by
Rodrigues et al. (2017) in muscle tissue.

The greater NADP-malate dehydrogenase (MDH1 e MDH2) activity
usually indicates a greater capacity to incorporate glucose into fatty acids (KIM
et al.,, 2012; LIANG et al.,, 2015). This fact may be related to the positive
correlation of band 30 with marbling and total lipid, since intramuscular fat
preferentially uses glucose for a greater proportion of the carbon source for de
novo fatty acid biosynthesis in vitro than subcutaneous fat (SONG et al., 2018;
LEE et al., 2013; RHOADES et al., 2007). Besides this, the MDH1 qualified as
biomarkers of meat marbling in bovine (BONNET et al., 2020; POLETTI et al.,
2018).

The cytosolic malic enzyme catalyzes the reversible oxidative
decarboxylation of malate to pyruvate, carbon dioxide, and NADPH, the latter
contributing to de novo fatty acid synthesis by FASN (WISE et al., 1964). Soon,
the malic enzyme can catalyze malic acid to generate pyruvic acid and COzg,
accompanied by the reduction of nicotinamide adenine dinucleotide phosphate
(NADP+). It provides materials and energy for acetyl-CoA transportation and fatty
acid synthesis (DETARSIO et al., 2004). The malic enzyme has also been
reported associated with intramuscular fat deposition (HEYER and LEBRET,
2007). Although traits of MAR and LT were not different between groups, the
results shown in this study indicate a strong relationship between these band 30
proteins and different fat deposits, which may be an indication of sharing these
proteins for the intramuscular and subcutaneous fat deposition pathways.

On the other hand, the bigger subcutaneous fat deposition in the H_EDP
group than the L_EPD group in this study leads us to believe that this fat deposit
depends on a functional ATP-citrate lyase: NADP-malate dehydrogenase

pathway in bovine subcutaneous adipose tissue and that this pathway may be
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involved in lipogenesis from acetate as well as lactate (SMITH and CROUSE,
1984; SMITH and PRIOR, 1981). Besides this, feeding high-grain diets increases
the activity of lipogenic enzymes such as acetyl-CoA carboxylase (ACACA), ATP-
citrate lyase (ATP-CL), NADP malate dehydrogenase (NADP-
MDH), G6PDH, and 6-PGDH in subcutaneous adipose tissue, which is
associated with greater carcass adiposity (SMITH and CROUSE, 1984; SMITH
and PRIOR, 1981; SMITH and PRIOR, 1986; LADEIRA et al., 2018). The
subcutaneous adipose tissue exhibits higher levels of lipogenic enzymes such as
NADP-malate dehydrogenase, fosfogluconate-6-dehydrogenase, and glucose-6-
phosphate dehydrogenase, showing unique roles in lipid metabolism (MILLER et
al.,1991; MAY et al., 1994).

The protein L-lactate dehydrogenase (LDH) is an enzyme involved in the
subpathway that synthesizes (S)-lactate from pyruvate, the pathway pyruvate
fermentation to lactate, a process for fatty acid biosynthesis (UniProtKB - P19858
and UniProtKB - Q5E9B1). Lactate is a substrate for lipogenesis in the liver and
adipose tissue (O'HEA et al., 1969). Possibly, the most probable fate for most of
the lactate produced by adipocytes will be its incorporation into the hepatic
lipogenic pathway and their final release as lipoprotein triacylglycerols
(ARRIARAN et al., 2015). Therefore, the LDHA and LDHB enzymes found in
band 30 of subcutaneous fat samples may be influencing lipid metabolism, as
well as the synthesis of lipoproteins involved in bovine carcass adiposity.

In this sense, the proteins found in subcutaneous fat samples in this
study, in particular, GAPDH, LDHA, LDHB, MDH1, MDHZ2, IDH1, PGK1, SUCLG2
and ACY1, and their phenotypic correlations reveal that they should act on

biosynthesis and deposition of subcutaneous and intramuscular fat.

5 CONCLUSION

This study revealed a strong relationship between the subcutaneous fat
protein profile and the insulin serum hormonal profile, independent and within the
groups of contrasting EPD's for precocity and growth. The proteins involved in
the citrate cycle pathway may influence subcutaneous fat deposition. Besides
that, possible differences found for IGF-1 may have an indirect relationship with

the contrasting phenotypes for backfat thickness.
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Our study suggests strong evidence that GAPDH, ACACA, INS, and IGF-1
influence subcutaneous fat deposition. Thus, the exploration of proteins present
in subcutaneous fat will allow a better understanding of the metabolic pathways
involved in fat deposition cattle. Our results also allow for a better understanding
of subcutaneous fat deposition in Nelore progenies, with contrasting EPD's for

growth, precocity.
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CAPITULO 5

Bovines with greater genetic potential for precocity have higher levels of
transcription of genes involved in lipogenesis

Martins et al., 2021
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MARTINS, T. S. Bovines with greater genetic potential for precocity have higher
levels of transcription of genes involved in lipogenesis.2021.

ABSTRACT

The present study hypothesizes that genetic selection for precocity and growth
affects the subcutaneous fat transcription of genes and consequently lipid
metabolism of the Zebu cattle. Consequently, this study aims to characterize the
fatty acid profile intramuscularly and to evaluate the expression of genes
adipogenic and lipogenic present in subcutaneous and visceral fat from offspring
of bulls with high and low EPD for precocity. 105 male bulls were used, with a
mean age of 20 £ 2 months and 400 £ 24 kg, from the same herd, with the genetic
information of precocity and growth. The animals remained confined for 100 days,
and the carcass ultrasound was performed every 28 days. Blood samples were
collected to determine the metabolic and hormonal rules at the last weighing. The
animals were slaughtered after 100 days feedlot and during slaughter, backfat
thickness (BFT) was collected between the 12th and 13th ribs and immediately
frozen in liquid nitrogen and kept in a freezer - 80°C until the analysis of gene
expression by real-time PCR (RT-qPCR). This same procedure was performed
to collect visceral fat samples immediately after evisceration. After 24 hours
slaughter, during boning, the intramuscular fat (MAR) in the LT muscle was
evaluated and steaks for total lipids and fatty acid profile analyses were collected.
The animals were selected according to the EPD from their parents (bulls). Were
selected 6 parents bulls with EPD contrasting simultaneously for precocity and
growth so that each experimental group had 3 parents bulls. Then, were formed
2 contrasting groups called high EPD (H_EPD; N = 16) and low EPD (L_EPD; N
=16), using 32 progenies. The animals in the H_EPD group had a higher BFT (P
= 0.006). This group also showed greater expression of the genes involved in
lipogenesis evaluated in BFT: ACACA (P = 0.060), LPL (P = 0.085), ACOX1 (P
= 0.100), LEP (P = 0.030), SDC (P = 0.009), and GAPDH (P = 0.081), than the
animals in the L_EPD group. Although the ACACA, LPL, ACOX1, LEP, SCD, and
GAPDH genes expression have been different, the composition of beef fatty acid
has not been changed. Therefore, the subcutaneous fat genes do not interfere
with the lipid metabolism of intramuscular fat. Bovines with higher genetic
potential for precocity have higher levels of transcription of lipogenic genes. This
finding can explain the higher fat deposition in the carcass of Nelore progenies
with higher EPD for precocity. Therefore so we conclude that the BFT is more
related to lipogenic than adipogenic factors.

Keywords: Beef Cattle. Backfat thickness. Metabolic pathways. Protein and lipid
metabolism. Proteomics.
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1 INTRODUCTION

Lipid metabolism is responsible for adipocyte development, hormonal
regulation and, fat deposition in carcass and meat, comprising the processes known
as adipogenesis and lipogenesis. Adipogenesis occurs across several depots that
develop at different rates and can have unique properties (HAUSMAN et al., 2009).
Lipogenesis is the synthesis of fatty acids and triglycerides stored in the liver and
adipose tissue. In this sense, the fat deposition in beef cattle is affected by interaction
among nutrition, sex, age, ruminal bio-hydrogenation, hormonal and genetic factors
(KERSTEN, 2001; HOSSNER, 2005; TEIXEIRA et al., 2017).

The amount and distribution of fat can influence the carcass and meat quality
in beef cattle (RITCHIE et al., 1993; WHEELER et al., 1994; LOZEMAN et al., 2001).
However, depending on the type, distribution, and anatomical origin of adipose tissue
(visceral, subcutaneous, or intramuscular), adipose cells differ in their ability to
capture lipids and in their functional attributes, thus presenting a different metabolism
(MILLER et al., 1991; JO et al., 2012; MELENDEZ et al., 2019).

Hishikawa et al. (2005) reported differences in gene expression in
subcutaneous and visceral fat tissues, using the differential display RT-PCR method,
among cattle, mice, and pigs and demonstrated that expression profiles between
tissue types were different. Soon, the technology of Real-Time PCR (qgPCR) has been
used as a technique of molecular genetic for investigations on gene expression of
transcripts belonging to the pathways of lipid metabolism in cattle (WONG and
MEDRANO, 2005; TEIXEIRA et al., 2017; KUANG et al., 2018).

In this sense, Nelore cattle is the most produced breed raised in Brazil.
However, the heterogeneous quality of Brazilian cattle carcasses has been identified
as a challenge for the beef industry, especially to the deposition of fatckiness in
carcass. Backfat thickness (BFT) is essential to protect the carcass during cooling
and to avoid problems such as cold shortening, drip loss, and dark meat (PARRISH
etal., 1973; MARSH, 1977; DEVINE et al., 1999; AALHUS et al., 2001; PINTO NETO
et al., 2013).

Accordingly, we hypothesized that gene expression of the key adipogenesis
regulators and some of the main lipogenic enzymes could be differentially affected

162



by genetic factors, like animal precocity. Precocity and growth are economically
relevant traits for the identification of uniform animals that have been used worldwide
as a basis for the selection and improvement of beef cattle (ELER et al., 2006).

The expected differences in progeny (EPD’s) are tools for animal production
and selection. Precocity and growth traits are generally useful selection criteria for
beef cattle. Indeed, the phenotypes of subcutaneous fat thickness are easily to
measure using real-time ultrasound (YOKOO et al., 2010) and provide accurate data
for estimating genetic values, as reported for young bulls (ROBINSON, 1996).
Improvements in average daily gains, body weight, muscle mass, and fat deposition
in carcass, were achieved using genetic merit for growth and precocity as selection
criteria to improve beef cattle (CLARKE et al., 2009).

However, there is little known about the role molecular functions of adipocytes
in bovine species. Further studies are still needed to bridge the gap between the
phenotype, backfat thickness, and function of genes expressed in subcutaneous
adipose tissue of cattle. Thus, we hypothesizes that genetic selection for precocity
and growth affects the subcutaneous fat transcription of genes and consequently lipid
metabolism of the Bos indicus catlle. Consequently, this study aims to characterize
the intramuscular fatty acid composition and, to evaluate the gene expression of key
adipogenic and lipogenic enzymes expressed in subcutaneous and visceral fat from
offspring of bulls with high and low EPD for precocity.

2 MATERIAL AND METHODS

The experimental procedures were approved by the Ethics Committee on
Animal Use (CEUA/FMVZ) from the School of Veterinary Medicine and Animal
Science of the University of Sao Paulo (Protocol number 3367170317),

Pirassununga, Sao Paulo, Brazil.

2.1 Experimental design

The animals used in this study were selects from a larger project evaluating
the effects of EPD groups on animal performance, carcass, and meat quality traits
(Silva et al., 2021). The animals belonged to USP's genetic selection program, with

genetic information for precocity and growth. One hundred and five Nelore bulls, not
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castrated, with initial body weight (BW) of 400 £ 24 kg and 20 + 2 months of age were
ranked based on their parent’s Expected Progeny Difference (EPD), for precocity and
growth and classified as either High and Low. Three bulls Nelore with high EPD were
parents of animals in the H_EDP group (average EDP for precocity and growth = 0.57
and 12.32 respectively), and three bulls Nelore with low EPD were parents of animals
in the L_EPD group (average EPD for precocity and growth = - 0.05 and - 3.67
respectively). The phenotypic traits were evaluated in 32 progeny (High_ EPD, N=16;
Low_EPD, N=16). Posteriorly, 16 animals were selected with either highest (H_EPD,
N =8) or lowest (L_EPD, N = 8) and contrasting deposition of backfat thickness (BFT)
to form to the groups that were tested for differential proteomic analysis.

The animals were housed in a feedlot facility for 100 days, and individual feed
intake was monitored. Facilities had covered feed bunks, concrete floors, and
automatic waterers. All animals were initially submitted to adaptation period of
21 days. At the ending of the adaptation period all animals were weighed after a 12 h
fasting period prior to the morning feeding. During the feedlot period, the animals
were fed ad libitum twice daily, at 0800 h and 1600 h whit a diet (27:73 forage:
concentrate) containing corn silage, corn grain, ground sorghum, soybean meal,
citrus pulp, urea, and mineral core. All animals were weighed after a 12 h fasting to
record the final body weight immediately prior to slaughter. The average daily gain
was obtained by the difference of final body weight and initial body weigh divided by
the 100 days of feeding.

2.2 Carcass ultrasound

Carcass ultrasonography was performed in beging and feedlot final to assess
rib eye area (REA) and backfat thickness (BFT) in the longissimus thoracis, in the
region between the 12th and 13th ribs, and rump fat thickness (RFT), using the Aloka
ultrasound equipment. SSD 500 Micrus model (Aloka Co. Ltda.), with 3.5 MHz linear
transducers and 17.2 cm in length. The images were stored in the portable
microcomputer and records were subsequently interpreted in laboratory using the

Lince® software.

2.3 Harvesting subcutaneous fat and meat sampling
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At the end of the feeding phase, the animals were harvested in the
experimental slaughterhouse of the University of Sdo Paulo in Pirassununga, Brazil,
according to humanitarian slaughter guidelines, as required by Brazilian law (Brasil
2017). Subcutaneous fat samples were collected from the right side of the carcass at
the 12th rib, snap-frozen in liquid nitrogen, and stored at -80°C until gene expression
analysis. This same procedure was performed to collect visceral fat samples
immediately after evisceration.

After a 24h chilling period, 2.54cm thick steaks were cut from longissimus
thoracis (LT), of the right half of the carcass, between 12th-13th ribs, vacuum
packaged, and frozen at —80°C until total lipids analysis and fatty acid profile. Besides
that, the marbling score (MAR) was evaluated in the LT, between the 12th and 13th
rib, following the methodology described by American Meat Science Association
(SMITH et al., 2013).

2.4 Total lipids and fatty acid composition

The total lipids were determined in fresh samples following the methodology
of Bligh & Dyer (1959) in duplicate. Meat fatty acids were extracted from the
intramuscular fat of the longissimus thoracis as described by Folch et al. (1957).
Aliquots of muscle lipids were methylated separately using base (0.5 N sodium
methoxide) and acid (5% methanolic HCI) reagents, according to Kramer et al.
(1997). The FAs were quantified by gas chromatography (GC-2010 Plus - Shimadzu
AOC 20i auto-injector) with an SP-2560 capillary column (100 m x 0.25 mm diameter,
0.02 mm thick, Supelco, Bellefonte, PA). The initial temperature was 45 °C with an
increase (13 °C/min) to 175 °C, which was held for 27 min before a further increase
to 215 °C (4 °C/min); the final temperature was maintained for 35 min. Hydrogen (H2)
was used as the carrier gas at 40 cm3/s. The temperature of the flame ionization
detector (FID) was 250 °C, the H2 flow rate was 40 mL/min, the air flow was 400
mL/min (synthetic air), the make-up gas flow was 30 mL/min kPa (N2), and the
sampling rate was 40 msec. The FAs were identified by comparing the retention times
of methyl esters in the samples with those of the standards, FA C4-C24 (F.A.M.E.
mix, Sigma®), GLC 463 Reference Mixture Nu Check, vaccenic acid (V038-1G,
Sigma®), linoleic acid (UC-61 M 100 mg), conjugated linoleic acid (CLA) (UC-60M
100 mg, Sigma®), and tricosanoic acid (Sigma®). The FA were quantified by

165



normalizing the area under the curve of methyl esters using GS Software Solutions
(version 2.42). The FA contents were expressed as a percentage of total FA methyl
ester quantified.

A9 desaturase activity was calculated according to Aldai et al. (2006):

A9 desaturase 14 = (100*(14:1 cis9/(14:1 cis9+14:0));

A9 desaturase 16 = (100%(16:1 cis9/(16:1 cis9+16:0));

A9 desaturase 18 = (100*(18:1 cis9/(18:1 cis9+18:0));

Index related to human health and nutritional quality were calculated according
to Zhang et al. (2008), Ulbricht and Southgate (1991), and Santos-Silva, Bessa and
Santos-Silva (2002).

Health Index = (MUFA+PUFA)/(4*14:0)+16:0);

Atherogenicity Index = (12:0+(4*14:0)+16:0)/(2n6+2n3+ZMUFA); Thrombogenicity
index = (14:0+16:0+18:0)/((0,5*ZMUFA)+(0,5*Zn6)+(3*Zn3)+n3/n6);
Hypocholesterolemic/Hypercholesterolemic = (18:1 n9cis+18:2 n6cis+20:4 n6+18:3
n3+20:5 n3+22:5 n3+22:6 n3)/(14:0+16:0).

2.5 Total RNA Extraction and cDNA Preparation

Subcutaneous and visceral fat samples were macerated and homogenized
in liquid nitrogen for total RNA extraction. Total RNA was extracted using Trizol®
reagent according to the manufacturer’s instructions (Invitrogen Life Technologies,
Carlsbad, CA). Total RNA concentration was quantified using the NanoDrop
spectrophotometer (Thermo Scientific, Washington, DE). RNA samples were treated
with  DNase | (Invitrogen Life Technologies, Carlsbad, CA) before reverse
transcription reaction. cDNA was produced using 30 ng of total RNA per analyzed
gene using the High Capacity kit (Applied Biosystems, Foster City, CA), according to
the manufacturer’s instructions. The mRNA levels were analyzed by quantitative real-
time polymerase chain reaction (QRT-PCR) using gene-specific primers (Table 2).

Primer's efficiency was obtained using different cONA concentrations (5, 15, 30, 60

ng/uL).

2.6 Gene Expression Analyzes
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Transcripts abundance were analyzed by QuantStudio 6 Real-Time PCR
(Applied Biosystems) using SYBR Green RT-PCR Master Mix (GoTag® Promega),
following the cycle parameters: 95 ° C for 2 min, 45 cycles at 95 ° C for 15 s, and 60
° C for 1 min. In each reaction were used 5uL of SYBR Green RT-PCR Master Mix,
1.5 uL of each forward and reverse primer, 1uL of cDNA (30ng of RNA), and MilliQ
(ultrapure) water to complete the volume of 10 pL. After amplification, a melting curve
(0.01 C / s) was used to confirm the purity of the product. The “threshold cycle” (Ct)
values were normalized (ACt) based on the geometric mean Cts of the values
obtained for 18S and ACTB.
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Table 1. Sequence of studied primer

Gene

Gene name Sequence 5' - 3' NCBI biological process'’ Reference
PPARG Peroxisome proliferator F GTGGAGCCTGTATCCCCACC NM_181024.2 Caspase activation Mueller et al., 2021
activated receptor gamma R TTTATCCCCACAGACCCGGC (not yet published)
ZNF423 Zinc finger protein 423 F GGATTCCTCCGTGACAGCA NM_001101893.1 S;ggg"é'ggs‘i’; Martins et al., 2015
R TCGTCCTCATTCCTCTCCTCT
CEBPA CCAAT enhancer binding 1 F TGCGCAAGAGCCGGGACAAG NM_176784.2 Fat cell differentiation ~ Duarte et al., 2013
R ACCAGGGAGCTCTCGGGCAG
ACACA Acetyl-CoA carboxylase 1 F TGAAGAAGCAATGGATGAACC NM_174224.2 Fatty acid biosynthesis Martins et al., 2015
R TTCAGACACGGAGCCAATAA
LPL Lipoprotein lipase 1 F CTCAGGACTCCCGAAGACAC NM_001075120.1 Lipoprotein metabolism Martins et al., 2015
R GTTTTGCTGCTGTGGTTGAA
ACOX1 Acyl-CoA oxidase 1 F GCTGTCCTAAGGCGTTTGTG NM_001035289.3 Lipid metabolism Martins et al., 2015
R ATGATGCTCCCCTGAAGAAA
LEP Leptin F GGGCACGTCAGCATCTATTA NM_173928.2 Positive regulation of Mota et al., 2017
R CCTGTCTGCTGTTATGGTCTTA fatty acid biosynthetic
FABP4 Fatty acid binding protein 4, F GGATGATAAGATGGTGCTGGA NM_174314.2 Fatty acid metabolism  Martins et al., 2015
adipocyte R ATCCCTTGGCTTATGCTCTCT
SCD Estearoil-CoA dessaturase 3 F TTATTCCGTTATGCCCTTGG NM_173959.4 Unsaturated fatty acid Teixeira et al., 2017
R TTGTCATAAGGGCGGTATCC biosynthetic process
GAPDH  Glyceraldehyde- 3-phosphate  F AGATAGCCGTAACTTCTGTGC NM_001034034.2 Glycolytic process Martins et al., 2015
R ACGATGTCCACTTTGCCAG
ACTB Actin beta F CAGCAGATGTGGATCAGCAAGC NM_173979.3 Normalizing gene Sangalli et al., 2014
R AACGCAGCTAACAGTCCGCC
18 S 18S ribosomal F CCTGCGGCTTAATTTGACTC NM_036642.1 Normalizing gene Bressan et al., 2013
R CTGTCAATCCTGTCCGTGTC

'Biological processes described in NCBI
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2.7 Data Statistical analysis

Phenotypic data

The data of phenotypic traits were analyzed according to a completely
randomized design, with 16 repetitions per treatment, each animal being considered
an experimental unit. The model includes the parent (bull) as a random effect and
considers the groups (H_EPD and L_EPD), feedlot, and slaughter as a fixed effect.
The analyses were conducted using SAS software (9.4; SAS Institute Inc., Cary, NC,

USA). The significance was considered when P < 0.10.

Gene Expression

It was considered a completely randomized design, with 8 repetitions per
treatment. The “threshold cycle” (Ct) values were normalized (ACt) based on the
geometric mean Cts of the values obtained for normalizing genes. The relative
expression of mMRNAs were performed using Student t-test. All data followed the
criteria of normality. The analyses were performed using the JMP software from SAS.
The significance was considered when P < 0.1.

3 RESULTS

3.1 Phenotypic traits

The backfat thickness (BFT) and rump fat thickness (RFT), measured by
carcass ultrasonography, was higher in H_EPD group animals than L_EPD group
animals (P < 0.1; Table 2), indicating higher precocity or greater efficiency into BFT
deposition of animals from the H_EPD group. Besides this, the marbling score (MAR)
was higher in H_EPD group animals compared to L_EPD group animals (P < 0.1;
Table 1), despite this, the content of intramuscular fat (IMF) did not differ between

animals in the evaluated groups (P = 0.149).
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Table 2. Effect of the groups of high (H) and low (L) expected progeny difference
(EPD) for growth and precocity on the phenotypic traits of Nelore bulls (n=16)

. GROUP *
Trait H_EPD L_EPD P-value
Initial body weight, kg 413.60+9.86 405.37+5.06 0.517
Final body weight, kg 598.00+11.72 581.62+8.04 0.254
Average daily gain, kg 1.85+0.13 1.76+0.14 0.459
Dry matter intake, kg 12.54+0.77 11.01+0.84 0.288
Back fat thickness’, mm 5.87+0.50 3.78+0.48 0.006
Rump fat thickness’, mm  8.56+0.58 7.05+0.69 0.086
Intramuscular fat? 2.23+0.34 1.34+0.31 0.149
Marbling score 3 4.57+0.17 4.01+0.15 0.081

* Significant difference considered when P <0.1

Measured by carcass ultrasonography

2 |Intramuscular fat determined by total lipids analysis (g of lipid / 100 g of meat; Bligh & Dyer, 1959)

8 Marbling score determined by AMSA, considered select slight: 4.0—4.9; choice small: 5.0-5.9; choice
modest: 6.0-6.9; choice moderate: 7.0-7.9; prime: 8.0-9.0 (Smith et al., 2013)

3.2 Total lipids and fatty acid composition

The profile of fatty acids in the meat, as well as the concentration of total lipids,
do not differ between the groups (P > 0.10; Table 3). The H_EPD and L_EPD groups
did not dissipate for total saturated fatty acids (XSFA), total branched-chain fatty acids
(ZBCFA), total monounsaturated fatty acids (XMUFA), and total polyunsaturated fatty
acids (ZPUFA). However, there was an individual difference for a single
monounsaturated fatty acid (19:1 cis13) and, a single polyunsaturated fatty acid (22:
2 n6). The meat of animals in the H_EPD group had a lower concentration of 19:1
cis13 and a greater concentration of 22: 2 n6, compared to L_EPD group (P < 0.10;
Table 3).
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Table 3. Effect of the groups of high (H) and low (L) expected progeny difference
(EPD) for growth and precocity on the fatty acid composition (% of total fatty acids)
and total lipids of longissimus thoracis from Nelore bulls (n =16)

. Group

Variable H_EPD L_EPD P-value
Total lipids 1.440 £ 0.170 1.78 £ 0.160 0.1660
ZSFA 37.376+£20.0390 40.891+22.1290 0.3531
10:00 0.054+0.0098 0.058+0.0107 0.8512
12:00 0.064+0.0642 0.063+0.0124 0.9755
14:00 2.455+0.3069 2.608+0.3359 0.7801
16:00 21.804+1.0868 24.774+1.1938 0.1638
17:00 0.635+0.0965 0.689+0.1058 0.7675
18:00 11.300+0.8219 12.391+0.9000 0.4917
19:00 0.025+0.0095 0.019+0.0104 0.7431
20:00 0.032+0.0128 0.013+0.0140 0.4416
21:00 0.002+0.0012 0.004+0.0013 0.3213
22:00 0.291+0.0574 0.203+0.0628 0.4341
24:00:00 0.185+0.0461 0.196+£0.0505 0.8969
2BCFA 0.402+0.1602 0.312+0.1758 0.7573
14:0 ISO 0.02877+0.010 0.021£0.0109 0.675
15:0 ISO 0.093+0.0219 0.071+£0.0239 0.5694
15:0 ANTEISO 0.128+0.0258 0.125+£0.0284 0.9466
16:0 ISO 0.104+0.0175 0.074+0.0193 0.3419
17:0 1ISO 0.0402040.0997 0.025+£0.1101 0.9383
ZMUFA 51.258+15.9220 47.451+17.5340 0.2014
14:1 cis9 0.861+0.1106 0.791+0.1210 0.7221
16:1 cis9 3.300+0.5373 1.816+£0.5924 0.1564
16:1 cis10 0.009+0.0203 0.005+£0.0220 0.9075
16:1 cis11 0.227+0.0448 0.135+0.0491 0.258
16:1 trans9 0.233+0.0575 0.236+0.0634 0.9773
15:1 cis10 0.101+£0.0263 0.112+0.0288 0.8322
16:1 cis12 trans14 0.035+£0.0537 0.019+0.0588 0.8765
16:1 trans10 0.036+0.0353 0.0005+0.0388 0.5647
16:1 trans11/12 0.075+0.0272 0.127+0.0298 0.3246
17:1 cis9 0.626+0.0560 0.576+0.0613 0.6405
17:1 cis10 0.239+0.0589 0.223+0.0645 0.8918
18:1 cis12 0.235+0.0423 0.212+0.0463 0.7782
18:1 cis/trans13 0.413+0.072 0.406+0.0791 0.9601
18:1 cis11 2.252+0.4103 2.224+0.4493 0.9719
18:1 cis14/trans16 0.070£0.0239 0.058+0.0256 0.7672
18:1 n9cis 40.052+1.3230 36.602+1.4607 0.177
18:1 trans6/8 0.067+0.0288 0.0846+0.0316 0.7594
18:1 trans9 0.115+0.1610 0.313+0.1763 0.5253
18:1 trans10 0.060+0.0543 0.222+0.0595 0.1332
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18:1 trans11
18:1 trans12
19:1 cis11

19:1 cis13

19:1 cis15

20:1 cis5

20:1 cis8

20:1 cis11
22:1n9

2PUFA

18:2 n6ceis

18:2 n6trans
18:2 trans8 cis13
18:2 trans9 cis12
18:3 n3

18:3 nby

20:2 n6

20:4 n3

20:4 n6

22:2 n6

22:3n3

22:4 n6

22:5n3

2CLA

CLA cis9 trans11

CLA trans10 cis12
CLA trans8 cis10/CLA

trans9 cis11

0.669+0.3372
0.140+0.1609
0.182+0.0575
0.061+0.0254
0.036+0.0115
0.009+0.0089
0.051+0.0391
0.192+0.0460
0.961+0.2847
5.243+0.9448
3.865+0.7438
0.110+0.0201
0.027+0.0093
0.020+0.0058
0.215+0.0861
0.006+0.0083
0.042+0.0149
0.023+0.0099
0.028+0.0159
0.004+0.0013
0.006+0.0054
0.120+0.0345
0.460+0.1330
0.054+0.0041
0.015+0.0061
0.016+0.0072

0.022+0.0369

1.129+0.3693
0.226+0.1762
0.140+0.0630
0.142+0.0280
0.015+0.0126
0.013+0.0098
0.037+0.0428
0.127+0.0504
1.062+0.3127
5.193+1.0346
3.972+0.8145
0.075+0.0220
0.039+0.0102
0.005+0.0063
0.338+0.0950
0.024+0.0091
0.048+0.0163
0.028+0.0109
0.0080+0.0176
0.002+0.0014
0.004+0.0059
0.086+0.0378
0.390+0.1462
0.040+0.0044
0.0113+0.0061
0.016+0.0168

0.012+0.0404

0.4802
0.7796
0.7059
0.096
0.3403
0.8193
0.853
0.4389
0.8528
0.9778
0.9406
0.3754
0.5299
0.1649
0.4491
0.2584
0.8278
0.7932
0.4927
0.0074
0.5348
0.6034
0.7822
0.8571
0.7023
0.9947

0.8907

Significant difference: P < 0.10

H_EPD and L_EPD: group of high (H) and low (L) expected progeny difference (EPD) for growth and
precocity.Total lipids: Grams of lipid / 100 g of meat; ZSFA: total saturated fatty acids; 2BCFA: total
branched-chain fatty acids; ZMUFA: total monounsaturated fatty acids; 2PUFA: total polyunsaturated
fatty acids; 2ZCLA: total conjugated linoleic acids.

Regarding 2n3, the proportion n6 / n3 and PUFA/SFA, no difference was

observed between the genetic groups (P > 0.10; Table 4).
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Table 4. Effect of the groups of high (H) and low (L) expected progeny difference
(EPD) for growth and precocity on the means of Zn6, Zn3, n6/n3 ratio, PUFA/SFA
ratio, A9 desaturase 14, 16 and 18 activity, health index (HI), atherogenicity index
(Al), thrombogenicity index (T1) and Hypocholesterolemic/Hypercholesterolemic (h/H)
of longissimus thoracis from Nelore bulls (n =16)

. Group

Variable H_EPD L_EPD P-value
>n3 0.795+0.1927 0.815+0.2128 0.9562
n6/n3 8.567+8.0787 9.128+8.8468 0.9711
PUFA/SFA 0.147+0.0316 0.127+0.3468 0.7397
1Af DESSATURASE 26.358+1.5270 22.512+1.6731 0.1995
1A§ DESSATURASE 12.355+2.2072 70.618+2.4372 0.2078
1A§ DESSATURASE 78.121+1.6080 74.649+1.7612 0.2684
HI 1.784+0.1790 1.570+0.1958 0.5076
Al 0.576+0.0652 0.664+0.0716 0.4600
TI 1.211+0.1370 1.372+0.1506 0.5190
h/H 1.474+0.0578 1.571+0.0578 0.2387

Significant difference: P < 0.10

H_EPD and L_EPD: groups of high (H) and low (L) expected progeny difference (EPD) for growth and
precocity

2n6 (18:2 n6 trans; 18:2 cis9 trans12; 18:2 trans9 cis12; 18:2 n6 cis; 18:3 n6y; 20:2 n6; 20:4 n6; 22:2
n6; 22:4 n6); Zn3 (18:3 n3; 20:3 n3; 20:4 n3; 20:5 n3; 22:3 n3; 22:5 n3; 22:6 n3);

A9 desaturase 14 (100*(14:1 cis9/(14:1 cis9+14:0));

A9 desaturase 16 (100*(16:1 cis9/(16:1 cis9+16:0));

A9 desaturase 18 (100*(18:1 cis9/(18:1 cis9+18:0));

HI: Health Index (MUFA+PUFA)/(4*14:0)+16:0);

Al: Atherogenicity Index (12:0+(4*14:0)+16:0)/(Zn6+Zn3+ZMUFA);

TI: Thrombogenicity Index (14:0+16:0+18:0)/((0,5*~*MUFA)+(0,5*2n6)+(3*2n3)+n3/n6);

h/H: Hypocholesterolemic/Hypercholesterolemic (18:1 n9cis+18:2 nb6cis+20:4 n6+18:3 n3+20:5
n3+22:5 n3+22:6 n3)/(14:0+16:0).

3.3 Gene Expression

The ACt value describes the difference between the CT value of the target
gene and the CT value of the corresponding endogenous reference gene, such as a
housekeeping gene, and is used to normalize for the template amount used:
ACt = CT (target gene) — CT (endogenous reference gene). It is worth mentioning
that the statistic is performed with ACt data. The Ct is proportional to the logarithm of
the initial amount of expression of the target gene in a given sample, the lower the
initial number of Ct obtained from the target gene in the sample, it is because there
was greater amplification of the target gene and, consequently, it presents greater
expression. Therefore, the lower the Ct, the greater the gene expression, for this
reason, after analysis, the data are transformed for the graphical representation 2-2¢,
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The PPARG, CEBPA, and ZNF423 gene expressions were not different when
measured in backfat thickness (P > 0.1; Figure 1A, 1B, and 1C). Besides that, these
genes were not detected in the visceral fat samples in the present study. From the
total number of genes ten analyzed in backfat thickness, we identified six genes with
a significantly different expression between the H_EPD and L_EPD. We can observe
that the genes LPL, ACOX1, SCD, LEP, GAPDH, and ACACA, were more expressed
in the BFT from the H_EPD group than the L_EPD group (P < 0.1; Figures: 2A, 2B,
2C, 2D, 3A, and 3B).

For visceral, fat we identified five genes with a different expression between
the groups of Nelore cattle with high and low EPD. We can observe that the involved
genes in lipid metabolism ACOX1, FABP4, GAPDH, ACACA, and SCD were more
expressed in the visceral fat from the H_EPD group than L_EPD group (P < 0.1,
Figures 4C, 5A, 5B, 5C and 5D).
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Transcript levels of the genes measures in SUBCUTANEOUS fat
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Figure 1: Transcript levels of the genes (A) Peroxisome proliferator-activated receptor gamma (PPARg); (B) CCAAT enhancer-binding
1 (CEBPA); (C) Zinc finger protein 423 (ZNF423) measures in subcutaneous fat from groups of high (H) and low (L) expected progeny

difference (EPD) for growth and precocity. Non-significant difference: P > 0.10. Transformed value for a graphical representation (2
act),
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Figure 2: Transcript levels of the genes (A) Lipoprotein Lipase - LPL; (B) Acyl-CoA Oxidase - ACOXT; (C) Stearoyl-CoA Desaturase
-SCD; (D) Leptin — LEP; measures in subcutaneous fat from groups of high (H) and low (L) expected progeny difference (EPD) for
growth and precocity. Significant difference:# P <0.10, * P <0.05 and * *P < 0.01. Transformed value for a graphical representation

176



GAPDH ACACA FABP4

g 0059 # < 0.08 * <> 0.8
g T g — 3 —

o ~ o

< 0.044 ) &)

S = 0.064 = 0.67

‘2 0.03+ ‘Z 'z

2l — 7 ‘

z 2 0.04- = 0.4+

= 0.02- S z

v < a

S £ 0.024 > 0.2+

‘= 0.01+ E S E

& 0.00 . T & 0.00 . : & 0.0 T r
A H_EPD L-EPD B H_EPD L-EPD c H_EPD L-EPD

Figure 3: Transcript levels of the genes (A) Glyceraldehyde-3-Phosphate Dehydrogenase- GAPDH,; (B) Acetyl-CoA Carboxylase 1 -
ACACA; (C) Fatty Acid Binding Protein 4 - FABP4, measures in subcutaneous fat from groups of high (H) and low (L) expected
progeny difference (EPD) for growth and precocity. Significant difference: # P < 0.10, * P < 0.05 and * *P < 0.01. Transformed
value for a graphical representation (2-C).
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Transcript levels of the genes measures in VISCERAL fat
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Figure 4: Transcript levels of the genes (A) Leptin — LEP; (B) Lipoprotein Lipase - LPL; (C) Acyl-CoA Oxidase - ACOX1 measures
in visceral fat from groups of high (H) and low (L) expected progeny difference (EPD) for growth and precocity. Significant difference:
#P<0.10,* P <0.05and * *P < 0.01. Transformed value for a graphical representation (2-2).
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4 DISCUSSION
4.1 Phenotypic traits

Several studies have phenotypic differences between animals with high and
low EPD for traits of economic interest (FERNANDES et al., 2000; SAPP et al., 2002;
DIKEMAN et al., 2005; BOLIGON et al., 2006), proving the methods of efficiency to
identify superior animals in characteristics considered in the selection process.
Besides this, the productivity of beef cattle is highly influenced by the rate of muscle
growth and precocity that are used to select for improved performance and efficiency.
Therefore, precocity is also a measurement of great importance to beef cattle
producers.

In the present study, we show that animals presented the same initial body
weight. Besides this, no difference was found between the high and low DEP groups
for performance characteristics, as such ADG, DMI, and final WB, on the other hand,
the H_EPD group animals revealed greater BFT and MAR than L_EPD group
animals, indicating higher precocity of animals from the H_EPD group.

In accordance with the foregoing, several studies have been carried out to
evaluate genetic parameters and phenotypic, for productive, reproductive, and
carcass traits and beef quality between zebu and taurine breeds (KOOTS et al., 1994,
REVERTER et al., 2003; among others). On the other hand, an increasing number of
researches on phenotypic divergences between the contrasting genetic groups within
the Nelore breed (CONSOLO et al., 2021; CONSOLO et al., 2020; COSTA et al.,
2019; SANTANA et al., 2019; BONIN et al., 2014). However, these studies give more
emphasis to muscle tissue and intramuscular fat, and rarely subcutaneous fat that is
important to the industry, since generally base their charge scales on hot carcass
weight (HCW), and the backfat thickness, required by slaughterhouses ranges
between 3-6mm (Gonzalez et al., 2012) levels that facilitate carcass handling, thereby
reducing costs to the slaughterhouses.

4.2 Total lipids and fatty acid composition

The concentration of total lipids and the summation of the fatty acids
composition in the meat (ZSFA, 2BCFA, ZMUFA, ZPUFA) not differ between the

groups (P > 0.1). However, the meat of animals in the H_EPD group had a lower
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concentration for a single monounsaturated fatty acid (19:1 cis13) and a greater
concentration for a single polyunsaturated fatty acid (22: 2 n6), compared to the beef
of animals in the L_EPD group (P < 0.1). Although the diet composition was the same
for the two groups (27:73 forage/concentrate). Furthermore, the feedlot period may
have been limiting for intramuscular fat deposition.

Fat from ruminant animals is a natural source of long-chain polyunsaturated
fatty acids, which participate in various metabolic processes beneficial to human
health and have been linked to the immune response (FRENCH et al., 2000; HOWE
et al., 2006; WOOD et al., 2008). However, there was no difference in the total CLA
(ZCLA) nor for individual CLA (Table 3). Such a result was already expected since
the animals were the same age, had the same feedlot time, and the same diet.
Furthermore, Nelore animals have a low genetic predisposition for intramuscular fat
deposition (PEREIRA et al., 2015; LAGE et al., 2012).

Although the groups did not present any difference for proportion n6 / n3, Table
4 shows higher values than recommended by The British Department of Health
recommends an n6 / n3 ratio of 4: 1 for human health (BRITISH DEPARTMENT OF
HEALTH, 1994). Animals finished in the feedlot generally present higher proportions
of n6/n3 (WOOQOD et al., 2008), a fact associated with the results verified in our study
for this relationship due to the high proportion of concentrate in the diet.

The proportion n6 / n3 has been increasing in human nutrition during the last
years (SIMOPOULQOS, 2008), a worrying fact because this proportion is related to
risk for diseases such as prostate cancer (WILLIANS et al., 2011) and as a factor of
risk without increasing obesity (SIMOPOULOS, 2008). Most of the meat produced in
Brazil has nutritional advantages because the Nelore cattle are produced mainly in
an extensive system whose food is the basis of a high proportion of forage, which
brings benefits to the nutritional quality of the meat and human health (BARCELLOS
et al., 2017). Thus, grass-fed beef contains higher ratios of n-3 fatty acids, which are
beneficial for human health (DANNENBERGER, et al., 2006; MANN, et al., 2003).

The PUFA/SFA ratio was not influenced by the valuated groups (Table 4). The
low intramuscular fat content observed in the Nellore cattle of the present study may
be a fact intrinsic to the breed or to the feedlot time. These factors, in addition to the
use of the same diet with a high content of concentrate, may have contributed to a
similar proportion of the PUFA / SFA ratio between the groups evaluated. This
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relationship represents the index used to assess the nutritional value of fats (WHO,
2003).

The activity of the delta 9 desaturase enzymes was no different (P > 0.1).
Pitchford et al. (2002) related the highest enzyme activity to the highest intramuscular
fat content, following the results observed in our study, in whom the intramuscular fat
content did not differ. Likewise, there was no difference between the genetic groups
for atherogenicity index, thrombogenicity index, and
hypocholesterolemic/hypercholesterolemic ratio (P > 0.1). These indices allow for
better nutrition, indicating whether food is harmful or not to human health, inferring
the risks of coronary and cardiovascular diseases, such as atherosclerosis and stroke
(SANTOS-SILVA et al., 2002).

4.3 Gene Expression

The backfat thickness is modulated by different metabolic pathways from
those that regulate the deposition of fat in other adipose tissues, such as
intramuscular or visceral. Most studies that identified proteins involved in
intramuscular fat deposition used muscle instead of subcutaneous fat samples (KIM
et al., 2009; MAO et al., 2016; SHEN et al., 2012; ZHANG et al., 2011). On the other
hand, Pickworth et al. (2011) observed higher levels of PPARG, FABP4, FASN and
LPL, messenger RNA (MRNA) in subcutaneous fat than in intramuscular fat in feedlot
cattle (Simmental-Angus crossbred).

Accordingly, this study hypothesized that the expression of adipogenic
genes (e.g. PPARG, CEBPA, ZNF423) and lipogenic (e.g. FABP4, ACACA, LEP
ACOX1, SDC, GAPDH, and LPL) influence the deposition of subcutaneous fat from
offspring of bulls Nelore with contrasting precocity EPD.

There was no difference for CEBPA, PPARG, and ZNF423 gene expression
in subcutaneous fat between the groups evaluated in the present study. These
adipogenic genes were also not expressed in our visceral fat samples. We believe
that this gene may be more involved with the deposition metabolism of intramuscular
fat than with the deposition pathways of subcutaneous or visceral fat.

The transcription factors belonging to the CEBPA family actively participate in
the regulation of adipogenesis together with PPARG. During adipogenesis, CEBPA

is activated and binds directly to PPARG promoters, which in turn are signalings to
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express CEBPA (DODSON et al., 2010a; DU et al., 2010b; YAMADA et al., 2009).
The PPARG and CEBPA have a self-regulating action which makes necessary it a
joint action to signal the differentiation of mesenchymal cells into adipocytes (ROSEN
et al., 2002). Similar to CEBPA, ZNF423 is a factor that promotes adipogenesis by
increasing the expression of PPARG. The ZNF423 was identified as a marker for the
early stages of the adipogenesis is abundantly expressed in the stromal vascular
fraction of tissues containing pre-adipocytes and mature adipocytes (GUPTA et al.,
2010; GUPTA et al., 2012).

The date revealed that the lipogenic genes (LPL, ACOX1, SCD, LEP,
GAPDH and ACACA) were more expressed in the subcutaneous fat of the H_EPD
group than L_EPD group. As for visceral fat samples, the most expressed lipogenic
genes of the H_EPD group than the L_EPD group were: FABP4, ACACA, ACOX1,
SCD, and GAPDH.

It was observed that lipid metabolism differs between subcutaneous and
visceral fat, concerning the LPL and LEP genes, differently expressed between the
groups evaluated in subcutaneous fat and similar in visceral fat. These results bring
us strong evidence that the biosynthesis of subcutaneous is strongly influenced by
lipogenic genes. Animals H_EPD group showed higher expression of LPL in
subcutaneous fat compared to animals in the L_EPD group. This result shows the
relationship of LPL with higher carcass adiposity from animals H_EPD group.

The extracellular enzyme, LPL, is present in high amounts in skeletal and
cardiac muscle and fat tissue. LPL is the main enzyme responsible for the hydrolysis
of circulating triacylglycerol, generating free fatty acids, which are oxidized in the
muscles or re-esterified in the adipose tissues in glycerol, which is returned to the
liver (WAl et al., 2009). Therefore, LPL plays a central role in the general metabolism
of lipoproteins, generating low-density lipoproteins (LDL). The particles formed, from
the LPL catalysis, contribute to the maturation of high-density lipoprotein (HDL)
precursors, involved in the reverse cholesterol transport (PREISS et al., 2002,
PILLARISETTI & SAXENA 2003). LPL is an essential enzyme in lipid deposition, and
tissue metabolism is involved in inflammatory processes that lead to fat deposition,
regulates plasma concentrations of triglycerides and HDL, and is a possible gene
candidate the biomarker of lipid deposition and energy balance (GUI et al., 2016).

The data presented here also indicated that H_EPD group had a higher gene

expression of ACOX1 and a higher BFT than the L_EPD group. Several studies point
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to the critical role of ACOX1 in the metabolism of fatty acids and its possible functions
in the deposition of fat in several animal species, including cattle (WU et al., 2018).
ACOX1 is one of the first enzymes involved in the peroxisomal 3-oxidation pathway.
This enzyme is regulated by the peroxisome alpha proliferator (PPARa) and is
essential for the oxidation and deposition of fatty acids, especially in very-long-chain
fatty acid lipid metabolism (WU et al., 2018). The ACOX7 gene can be a potential
meat quality enhancer in pigs and cattle (WU et al., 2018). In this sense, ZUO et al.
(2007) found that one A / C polymorphism in intron "9" was associated with fat
deposition in pigs, and the other (A1865C) in exon "13" was related to BFT and
marbling in beef (JIAO et al., 2011). Soon, our data suggest that AOCX1 exerts a
direction act on the increase BFT.

The animals belonging to the group with the highest genetic potential for
precocity (H_EPD group) showed greater SCD gene expression, which may have
contributed to the higher subcutaneous fat deposition in these animals. The H_EPD
group showed higher SCD gene expression measured in subcutaneous and visceral
fat than the L_EPD group. The SCD enzyme can be a negative correlation with
weight gain when measured in longissimus thoracis (LADEIRA et al., 2014). These
results reinforce that lipid metabolism differs among differents tissues and additionally
can influence the phenotypic traits differently.

Variations in SCD enzyme activity in mammals are likely to affect various
physiological variables, including cell differentiation, insulin sensitivity, metabolic
rates, adiposity, atherosclerosis, cancer, and obesity (PATON and NTAMBI, 2009).
The action of SCD reflects a higher synthesis of fatty acids, which can influence
growth efficiency, besides altering the composition of fatty acids deposited in meat
(KIM et al., 2000). SCD is an endoplasmic reticulum enzyme that catalyzes the
biosynthesis of MUFAs, from saturated fatty acids that are synthesized again or
derived from the diet (SMITH et al., 2006). The fatty acid composition in the groups
evaluated was not different, although a difference was found in the SCD gene
expression measured in subcutaneous fat. We believe that happened due to the
same diet and little feedlot time for groups with contrasting precocity.

As expected, the H_EPD group showed greater expression of the LEP gene
in subcutaneous fat, which can explain the contrasting phenotype for BFT between
the groups evaluated, in agreement with some authors who report that the leptin is

associated with the percentage of the body fat (JI et al., 1998; MINTON et al., 1998).
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In the present study, the animals H_EPD group (higher precocity and greater
BTF) also had higher GAPDH and ACACA gene expression than animals from the
L_EPD group. The GAPDH has been shown as a central protein in the carbon
metabolism pathway, acting mainly in glycolytic processes, and is an essential protein
for lipid biosynthesis (UniProt Consortium, 2021). The GAPDH catalyzes the
conversion of glyceraldehyde 3-phosphate to 1, 3 bisphosphoglycerate in glycolysis,
which provides a substrate for acetyl-CoA for the synthesis of various cellular
compounds including lipids (OHLROGGE et al., 1995).

Within this context, some enzymes are essential for supplying NADPH for
lipid biosynthesis. Known enzymes involved in this process include malic enzyme,
glucose-6-phosphate dehydrogenase, and 6-phosphoglucose dehydrogenase from
the phosphate pentose pathway beside the isocitrate dehydrogenase (HAO et al.,
2014; and HAO et al., 2016). The ACACA is a cytosolic enzyme that catalyzes the
carboxylation of acetyl-CoA to malonyl-CoA, the first limiting step of de novo fatty acid
biosynthesis. This subpathway does part of the pathway malonyl-CoA biosynthesis,
which is itself part of lipid metabolism (UniProt Consortium, 2021).

We did not find a difference in FABP4 expression in the samples of
subcutaneous fat. On the other hand, the H_EPD group animals revealed higher
FABP4 gene expression in visceral fat, than L_EPD group animals under the
conditions in which the present study was executed. The FABP4 is a lipid transport
protein in adipocytes. This protein binds both long-chain fatty acids and retinoic acid
and delivers long-chain fatty acids and retinoic acid to their receptors in the nucleus.
The FABP4 acts in the fatty acid metabolic process and cholesterol homeostasis,
besides brown and white fat cell differentiation (UniProt Consortium, 2021).

As noted, bovines with higher genetic potential for precocity have higher
levels of transcription of lipogenic genes. This can explain the higher fat deposition in
the carcass of Nelore progenies with higher EPD for precocity. Therefore, we
conclude that the BFT is more related to lipogenic than adipogenic factors. However,
further studies are needed to investigate the action of microRNAs in genetic groups
of Zebu cattle with different potentials for precocity and deposition of divergent
subcutaneous fat. These studies present evidence for new targets that will assist in
research on fat deposition and can contribute to breeding programs to optimize beef

quality.
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5 CONCLUSION

Adipogenesis and lipogenesis are complex processes and involves the
interplay of diverse transcription factors, and several other mechanisms will also be
considered.

Although the ACACA, LPL, ACOX1, LEP, SCD, and GAPDH genes expression
had been different, the composition of beef fatty acid has not been changed.
Therefore, the subcutaneous fat genes do not interfere with the lipid metabolism of
intramuscular fat.

Bovines with higher genetic potential for precocity have higher levels of
transcription of lipogenic genes. This can explain the higher fat deposition in the
carcass of Nelore progenies with higher EPD for precocity. Therefore, we conclude
that the BFT is more related to lipogenic than adipogenic factors. Our study suggests
that the genes ACACA, LPL, ACOX1, LEP, SCD, and GAPDH can be are important
factors involved in subcutaneous fat deposition.

Nevertheless, there is a doubt, and we encourage the continuation of this
investigation to verify possible post-transcriptional regulation by microRNAs of the
genes mentioned above. Finally, the exploration of genes and microRNAs will allow
a better understanding of the metabolic pathways involved in fat deposition in the
carcass cattle and help instill industry confidence in the contribution of this process

to improvements in carcass and meat quality in beef cattle.
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CONSIDERAGOES FINAIS

Ao considerarmos os resultados verificados em nosso estudo, confirmamos
nossa hipotese de que a selecado genética para precocidade e crescimento alteram
o proteoma do musculo e da gordura subcutdnea e, consequentemente, o
metabolismo lipidico e proteico de bovinos Bos indicus, Nelore, nao castrados, filhos
de touros com DEP’s contrastantes simultaneamente para precocidade e
crescimento. Ao utilizarmos a metodologia de SDS-PAGE, seguida de identificagcao
proteica, por meio da analise de espectrometria de massas, acoplada a
cromatografia liquida (LC-MS/MS) e a técnica de PCR em tempo real (RT-gPCR), foi
possivel identificar proteinas e genes no musculo longissimus thoracis e na gordura
subcutanea diferentemente abundantes. Além disso, as analises de bioinformatica
permitiram verificar as vias metabdlicas enriquecidas em que essas proteinas e
genes estavam envolvidos.

Nosso estudo também investigou o perfil hormonal e metabdlico dos animais
de alta e baixa DEP e revelou que os animais com maior potencial de crescimento e
precocidade apresentam maior concentracdo sérica do horménio IGF-1 e menor
concentracio sérica dos metabdlitos LDL e colesterol. Foi possivel notar diferengas
em relagao aos genes avaliados na gordura intramuscular, subcutanea e visceral. A
expresséo do gene LPL avaliado no longissimus thoracis foi maior no grupo de baixa
DEP, enquanto que a expressdo dos genes lipogénicos avaliados na gordura
subcuténea foi maior para o grupo de alta DEP. Portanto, confirmou-se diferenca no
metabolismo desses depdsitos de gordura, o que também foi revelado ao avaliar o
proteoma do longissimus thoracis e da gordura subcutanea, verificando-se diferentes
vias metabdlicas envolvidas.

No capitulo 3, objetivou-se avaliar os efeitos de DEP’s contrastantes para
precocidade e crescimento, por meio da protedmica diferencial do longissimus
thoracis e analises moleculares, bem como por correlagdes com caracteristicas
fenotipicas, como colageno e gordura intramuscular, horménios e metabdlitos. As
vias enriquecidas encontradas na analise protebmica: metabolismo do piruvato,
glicolise / gliconeogénese, via da pentose fosfato, metabolismo do carbono e
biossintese de aminoacidos podem influenciar o metabolismo de lipideos no
musculo. Os hormonios IGF-1, o gene LPL e as proteinas PKLR, PKM, ALDOA, DLD,
GPI, ACTC1, OXCT1 e VIM podem ser considerados fatores importantes envolvidos
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no turnover lipidico e proteico e, portanto, podem ser capazes de facilitar o processo
de selecdo de bovinos de corte e melhorar a qualidade da carne de animais
zebuinos, ndo castrados, produzidos em condigdes tropicais.

No capitulo 4, avaliamos os efeitos de DEP’s contrastantes para
precocidade e crescimento, por meio da analise de protedmica diferencial da gordura
subcutanea e correlagbes com caracteristicas fenotipicas, como EGS, MAR, lipidios
totais, IGF-1, GH, leptina e insulina (INS). Observamos nos resultados uma forte
relacédo entre o perfil proteico da gordura subcutanea e o perfil hormonal da insulina
sérica, independente e dentro dos grupos de DEP’s contrastantes para precocidade
e crescimento. Sugerimos que as proteinas envolvidas na via do ciclo do citrato
influenciam a deposi¢ao de gordura subcutédnea. Nosso estudo sugere ainda, fortes
evidéncias de que GAPDH, ACACA, INS e IGF-1 sao fatores importantes envolvidos
na biossintese da gordura subcutanea.

No capitulo 5, objetivamos caracterizar a composi¢cao de acidos graxos
intramusculares e avaliar a expressao génica das principais enzimas adipogénicas e
lipogénicas expressas na gordura subcutanea e visceral de progénies Nelore, filhos
de touros com alta e baixa DEP para precocidade e crescimento. Verificou-se que
bovinos com maior potencial genético para precocidade e crescimento apresentam
maiores niveis de transcrigdo dos genes lipogénicos: ACACA, LPL, ACOX1, LEP,
SCD e GAPDH. Desta forma, a gordura subcutanea esta mais relacionada aos
fatores lipogénicos do que adipogénicos. Embora a expressao dos genes lipogénicos
tenham sido diferentes, a composi¢do dos acidos graxos da carne bovina nao foi
alterada. Portanto, os genes da gordura subcutdnea nao influenciaram o
metabolismo lipidico da gordura intramuscular dos animais, independente dos
grupos de alta e baixa DEP para precocidade.

No entanto, ainda ha duvidas com relagdo a biossintese da gordura
subcutanea em bovinos Nelore com diferente potencial de precocidade e
crescimento. Devido a isso, encorajamos a continuagao de estudos futuros a fim de
verificar uma possivel regulagdo pos-transcricional por microRNAs dos genes
mencionados acima. Os microRNAs sao moléculas pequenas de RNA fita simples,
nao codificadores de proteinas, que agem como potentes reguladores pds-
transcricionais da expressao génica. A exploragao dos genes e microRNAs permitira

um melhor entendimento das vias metabdlicas envolvidas na deposi¢cao de gordura
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na carcaga de bovinos e contribuira com a industria em relagdo a melhorias na
qualidade da carcaga e da carne em bovinos de corte.

As carcagas relacionadas ao grupo de alta DEP apresentaram maior EGS
e MAR, em relagdo aquelas de baixa DEP. Além disso, o grupo com alta DEP
apresentou maior solubilidade do colageno. Destacamos, portanto, que estes
resultados favorecem a qualidade da carne em animais , filhos de touros
selecionados para alta DEP’s. Portanto, a sele¢cdo de progénies com base nas DEP’s
dos progenitores € uma ferramenta viavel, no sistema de pecuaria de corte, pois
contribui, entre outras, para um maior escore de acabamento das carcagas bovinas.
Essa seria uma alternativa interessante para os produtores, que recebem
remuneragao diferenciada pelos animais ao abate, agregando valor aos produtos
gerados, ou evitando a penalizagdo pela falta de padronizagdo de deposi¢céo de
gordura na carcaga. Para a industria esta estratégia permite maior padronizagao e
consisténcia nos cortes, possibilitando a mesma um elevado potencial para atingir

diferentes nichos de mercados.
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