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RESUMO

A identificacdo de genes relacionados a tolerancia ao calor em bovinos pode permitir a sele¢éo
vantajosa de animais evitando a queda de produtividade causada por estresse térmico. O objetivo
com este trabalho foi identificar se bovinos Angus e Simental e, se animais mais e menos
adaptados dentro destas racas, diferiam em frequéncia respiratéria, temperatura do pelame e retal
e na expressdo dos genes HSF1 e HSPAG, quando submetidos a estresse térmico por calor. Para
isso, 100 animais foram classificados por nivel de adaptacédo, de acordo com um indice baseado
na média da frequéncia respiratoria obtida em dois dias quentes de verdo. Destes, 30 touros (n =
15 Angus e n = 15 Simental), extremos “mais adaptados” ¢ “menos adaptados” de cada raga
foram selecionados para o teste de tolerancia ao calor. No dia anterior ao dia do teste de
tolerancia ao calor, os animais foram levados para um piquete adjacente com acesso a dgua, pasto
e sombra até as 7:00 horas do dia seguinte para as medidas da manha (M). Os animais foram
mantidos no curral sem acesso a dgua e sombra até as 13:00 horas, quando foram realizadas as
medidas da tarde (T). Nestes periodos, foram medidas a frequéncia respiratéria da manha (FRM)
e da tarde (FRT), temperatura do pelame da manhd (TPM) e da tarde (TPT) e temperatura retal da
manha (TRM) e da tarde (TRT) e foram coletadas amostras de sangue para analise da expressao
dos genes HSF1 e HSPAG. O procedimento MIXED do SAS (SAS Inst., Inc., Cary, NC) foi
utilizado em para todas as analises estatisticas. Houve interacdo de raca e periodo de adaptagéo
para FRM (P = 0,023) e TRM (P = 0,095). Para a raga Simental, os animais menos adaptados
tiveram maiores valores de FRM; entretanto, dentro da raga Angus ndo houve diferenga entre 0s
animais mais e menos adaptados. Os animais mais adaptados da raca Simental tiveram menores
valores de FRM e TRM. A FRT foi maior (P = 0,004) nos animais menos adaptados do que nos
mais adaptados. A TRT foi menor na raca Simental (P<0,001). Os animais menos adaptados
tiveram maior quantidade de mRNA de HSF1 (P = 0,06) e HSPA6 (P = 0,09) do que os mais
adaptados. Portanto, a frequéncia respiratOria, a temperatura retal e a expressao dos genes HSF1 e
HSPAG6 podem ser indicadores de animais menos adaptados. A raca Simental é mais resistente do
que a raca Angus em condicdo de conforto térmico, mas ambas tem comportamento semelhante
sob estresse térmico.

Palavras-chave: Angus. HSF1. HSPAG. Simental.



ABSTRACT

Identification of genes related to heat tolerance in bovine may allow advantageous selection of
animals avoiding productivity decrease caused by heat stress. The aim of this study was to
identify whether Angus and Simmental cattle and, if more and least adapted animals within these
breeds, differed in respiratory rate, coat surface and rectal temperature, and expression of the
HSF1 and HSPAG6 genes when subjected to heat stress. One hundred animals were classified by
level of adaptation, according to an index based on the average of the respiratory rate obtained on
two hot summer days. Of these, 30 bulls (n = 15 Angus and n = 15 Simmental), extreme “most
adapted” and "least adapted” of each breed were selected to the heat tolerance test. In the day
before the heat tolerance test day, animals were taken to a paddock with water, grass and shade
until 7 a.m. of the following day for morning (M) measurements. The animals were then kept in
the barn without access to water and shade until 1 p.m., when the afternoon (A) measurements
were performed. Respiratory rate in the morning (MRR) and afternoon (ARR), surface
temperature in the morning (MST) and afternoon (AST), rectal temperature in the morning
(MRT) and afternoon (ART) were measured and blood samples were collected for expression
analysis of the HSF1 and HSPAG genes. The MIXED procedure of SAS (SAS Inst., Inc., Cary,
NC) was used for all statistical analysis. There was interaction of breed and level of adaptation
for MRR (P = 0.023) and MRT (P = 0.095). For Simmental, the least adapted animals had greater
values of MRR; however, within the Angus breed there was no difference between high and least
adapted. The high adapted Simmental group had lesser values of MRR and MRT. The ARR was
greater (P = 0.004) in least adapted then in high adapted animals. The ART was lesser in the
Simmental breed (P<0.001). Least adapted had greater levels of mMRNA of HSF1 (P = 0.06) and
HSPA6 (P = 0.09) than high adapted animals. In conclusion, respiratory rate and rectal
temperature and expression of the HSF1 and HSPA6 genes can be indicators of least adapted
animals. The Simmental breed is more resistant than the Angus breed in a thermal comfort
condition, but both have similar behavior under heat stress.

Keywords: Angus. HSF1. HSPA6. Simmental



Resumo Interpretativo e Resumo Gréfico

Caracteristicas fisiologicas e expressdao dos genes HSF1 e HSPA6 em bovinos taurinos
submetidos a estresse térmico

Elaborado por Renata de Fatima Bretanha Rocha e orientada por Rilke Tadeu Fonseca de
Freitas

As ragas bovinas Angus e Simental tém origem em paises da Europa e produzem carne macia e
saborosa, por isso foram trazidas para o Brasil, com o objetivo de melhorar a qualidade da carne no
pais. O clima tropical do pais gerou dificuldades aos animais de lidar com o calor. A capacidade de
tolerar o calor, ou termotolerancia, é controlada pela genética (genes). Neste trabalho e foram
avaliadas a frequéncia respiratoria e as temperaturas retal e do pelame e as expressfes dos genes
HSF1 e HSPAB, relacionados a termotolerancia. A raca Simental apresentou menores valores de
frequéncia respiratoria e temperatura retal, indicando maior termotolerancia do que a raga Angus. A
expressdo dos genes HSF1 e HSPA6 foi maior nos animais menos adaptados de ambas as racas.
Estes genes e as caracteristicas frequéncia respiratoria e temperatura retal podem indicar animais
geneticamente mais adaptados as condicGes climaticas subtropicais.

Umidade

Temperatura
ambiental Relativa

As caracteristicas TP = temperatura do pelame, FR = frequéncia respiratéria e TR = temperatura retal estdo
representadas nas regides em que foram medidas. O X indica nenhuma alteragéo e as setas brancas e seus tamanhos
indicam, respectivamente, aumento e intensidade do aumento nas caracteristicas no animal sob estresse térmico. Os
genes fator 1 de choque térmico (HSF1) e o gene que codifica a proteina de choque térmico 70 membro 6 (HSPAG).
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PRIMEIRA PARTE

1 INTRODUCAO

Tendo em vista a preocupacao do suprimento de produtos de origem animal de
qualidade para a populacdo humana, despertou nos produtores, o interesse em aumentar
a produtividade animal. Isto ocorre através da selecdo de racas bovinas mais produtivas
com o objetivo de aumentar a produtividade. O agravante é que 0s animais desejados
para esse fim pertencem, em geral, a subespécie Bos taurus taurus, que tém sua origem
em paises de clima temperado e temperaturas mais baixas, condi¢des diferentes
daquelas encontradas no territorio brasileiro. Quando estes animais sdo criados em
regibes com condi¢cdes ambientais de temperaturas mais elevadas, eles precisam gastar
mais energia dissipando calor do corpo, o que limita a energia suficiente para
expressarem 0 seu maximo desempenho produtivo. Os taurinos (Bos taurus taurus)
apresentam menor resisténcia ao clima tropical em relacdo aos zebuinos (Bos taurus
indicus), porém, suas caracteristicas de desempenho e fertilidade, qualidade da carne e
carcaca, e habilidade materna sdo superiores em comparacao aos zebuinos.

Dentre as racas bovinas destinadas para a producdo de carne, destacam-se as
racas Simental e Aberdeen Angus. No Brasil, essas racas sdéo mais utilizadas visando
cruzamentos, principalmente com animais da espécie zebuina, proporcionando
adaptabilidade, vigor e habilidade materna. Com isso, a adaptabilidade de animais
taurinos ao clima tropical tem sido alvo dos produtores no Brasil, sendo propostos
varios metodos para avaliar esses animais quanto a sua capacidade de se manter em
conforto térmico nessas regifes. O grupo Casa Branca Agropastoril Ltda., de onde os
animais deste trabalho sdo provenientes, realiza sele¢cdo buscando animais das racas
Simental e Angus mais adaptados ao clima tropical brasileiro.

Uma das formas de identificar animais mais adaptados a regides de climas
guentes é mensurar caracteristicas relacionadas a termorregulacdo, ou manutencao da
temperatura interna do organismo. Dentre as diversas caracteristicas que podem ser
estudadas, as mais encontradas nas pesquisas sdo a frequéncia respiratoria e a
temperatura retal e, também, pode ser avaliada a temperatura do pelame por sua facil
obtencéo.

A termorregulacdo também pode ser verificada a nivel molecular, ou seja, genes

s80 expressos em resposta a condi¢des de estresse, como 0 estresse térmico por calor.
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As proteinas de choque térmico (HSP), como o proprio nome diz, estdo relacionadas as
respostas celulares a diversas condicfes de estresse. As proteinas da familia HSP70 sdo
as que apresentam maiores niveis sob condi¢des estressantes.

A andlise de expressdo de genes referentes a estas proteinas pode ajudar a
entender o mecanismo de combate ao estresse térmico entre 0s animais, submetidos a
condi¢des de estresse ou ndo. Também pode ser uma ferramenta auxiliar na selecéo de
animais mais adaptados as condi¢des ambientais e de manejo do pais, aliando
produtividade, adaptacéo e qualidade de carne.

A primeira hipdtese é que as respostas fisioldgicas das caracteristicas frequéncia
respiratéria, temperatura do pelame e temperatura retal serdo maiores nos animais
classificados como menos adaptados de ambas as ragas e estas respostas serdo maiores
na ragca Angus do que na raga Simental na condi¢do de conforto térmico, porém estas
serdo semelhantes na condigdo de estresse. A segunda hipotese € que a expressao dos
genes HSF1 e HSPAG6 sera maior nos animais menos adaptados e na condicdo de
estresse térmico, ndo havendo diferenca entre as racas. O objetivo com este trabalho foi
identificar se bovinos Angus e Simental e, se animais mais e menos adaptados dentro
destas racas, diferiam em frequéncia respiratoria, temperatura do pelame e retal e na

expressdo dos genes HSF1 e HSPAG, quando submetidos a estresse térmico por calor.

2 REFERENCIAL TEORICO

2.1  Ragas taurinas

Os primeiros taurinos, gado conhecido como Bos taurus taurus, de origem em
paises da Europa como Portugal e Espanha, foram introduzidos no Brasil a partir do
inicio do século XVI até o final do século XVIII. De 1850 a 1910, racas britanicas
foram importadas, seguidas por outras racas continentais, e depois por bovinos zebu
(Bos taurus indicus) da India. Vérias importacdes de gado zebu da india ocorreram nos
séculos X1X e XX (DANI et al., 2008).

Os animais taurinos destacam-se por apresentar varias caracteristicas desejaveis,
que sdo indispensaveis para uma maior produtividade na pecuéaria de corte. Entre elas
estdo, a habilidade materna, a producdo e qualidade da carcaca, destacando também a
precocidade sexual e de terminacdo. Porém, em relacdo a tolerdncia ao calor e

infestacdo de endo e ectoparasitas, s&o mais susceptiveis comparados aos zebuinos
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quando produzidos no Brasil. O gado taurino tem pelagem mais espessa, podendo
formar um “pelame de inverno” em varias racas, e algumas delas sdo suscetiveis a
queimaduras solares (CHAN et al., 2010).

A raca Aberdeen Angus, de origem britanica e a raga Simental, de origem
continental, se assemelham mais entre si do que quando comparadas as racas zebuinas
(BORMANN et al., 2010). Como forma de melhorar diversas caracteristicas, o
cruzamento ha muito tem sido amplamente usado para explorar a heterose e a variacdo
genética aditiva entre as racas para melhorar a eficiéncia da producdo de carne bovina
(CROUSE et al., 1993).

2.1.1 A raga Simental

Dentre as ragas taurinas, a raca Simental, destinada a producdo de carne com
porte mediano, foi trazida para o Brasil em 1911, ocorrendo em seguida varias
importacdes para 0 Rio de Janeiro e Minas Gerais. Os animais desta raga receberam o
registro genealogico a partir de 1960, e logo apos foi criada a Associagdo dos Criadores.
Desde entdo, vem crescendo a producéo desta raca no Brasil (EGITO, 2007).

Nas ultimas décadas, em paises ndo europeus e em alguns paises europeus, a
raca Simental foi criada principalmente para uma producdo especializada de carne,
reproduzindo-se em raga pura ou cruzando-se com outras racas. Mesmo em alguns
paises da Europa, ainda existe uma tendéncia a reduzir o nimero de vacas leiteiras da
raca Simental, devido a existéncia de outras racas especializadas na producao de leite, o
que resulta num aumento de gado destinado & producio de carne (PERISIC et al., 2009).

Nas criacdes destinadas para leite, caracteristicas como longevidade, fertilidade
e resisténcia a mastite tem grande importancia nos objetivos de selecdo e programas de
melhoramento para populacdes da raca Simental que tem alta producdo média de leite
na lactagio (PERISIC et al., 2009). Entretanto, em racas destinadas ao corte, 0s
objetivos de selecdo sdo focados em caracteristicas de desempenho e carcaca. Na raca
Simental, caracteristicas de carcaca podem ser moderadamente a altamente hereditarias
(CREWS et al., 2003).

No Simental a cor da pelagem é amarelada ou vermelha, com algumas manchas
brancas com distribui¢do caracteristica. A cabega desses animais é de tamanho médio e
de cor branca podendo apresentar manchas amarelas ou vermelhas, sendo a

extremidades dos membros, a cauda e a parte inferior do corpo igualmente branca. Em
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relagéo aos pelos, séo finos, curtos e unidos, sendo maiores e ondulados na cabega e
pescoco. O pescoco ¢ forte e musculoso, com barbela moderada. Possuem corpo grande,
robusto e pesado (FIGURA 1) (EGITO, 2007).

Figura 1 — Animal da raga Simental

Ak R o ; TR D e
Fonte: Casa Branca Agropastoril

2.1.2 A raca Aberdeen Angus

Outra raca muito utilizada no Brasil é a raca Aberdeen Angus, trazida para o sul
do pais apos 1906. De origem britanica, apresenta precocidade de crescimento,
reprodutiva e de terminacdo (PICCOLI et al., 2013). Os animais da raca Angus sdo de
tamanho médio, precoces, destacam-se na fertilidade e na facilidade de parto e oferecem
carcacas de qualidade (FIGURA 2). Desenvolveu-se no norte da Escocia e 0s animais
foram selecionados a fim de melhorar a qualidade da raga, independente da pelagem,
que pode variar entre preta (Aberdeen Angus) e vermelha (Red Angus). O gado Angus
tem fortes caracteristicas maternas, como facilidade na ordenha, alta fertilidade, parto
facil e uma natureza docil. Além disso, o crescimento adequado e a capacidade de
criacdo combinada com o alto marmoreio da carne resultam na geracao de produtos com
carne de alta qualidade. Além disso, o gado Angus é uma escolha popular nos
programas de cruzamento (MCGUIRE, 2013).
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Segundo a Associacdo Brasileira de Inseminagdo Artificial (ASBIA, 2018), a
raca Aberdeen Angus segue como lider da venda de sémen do Brasil. Esses dados
contribuem para a escolha da raca Angus pelo produtor, visando maior produtividade
(WEBER et al., 2009). A popularidade da raga Angus se deve a sua capacidade de
oferecer caracteristicas desejaveis para o sistema produtivo, tanto maternas como de
acabamento, portanto tem sido alvo de varias pesquisas. Nunez-Dominquez et al. (1985)
comprovaram que a longevidade é uma das caracteristicas maternas da raga Angus.
Além disso, de acordo com este mesmo autor, uma parte da variacdo na longevidade
entre ragas esta associada com resisténcia genética a doengas.

O Angus € considerado como tendo uma maior proporcdo de fibras musculares
oxidativas (CASSAR-MALEK; PICARD, 2016) e o tipo de fibra muscular tem sido
associado a qualidade da carne (LEFAUCHEUR, 2010). Rodrigues et al. (2017) ao
estudar diferencas na carcaca de Angus (Bos tarus taurus) e Nelore (Bos taurus indicus)
a nivel protedmico, encontraram maior abundancia de proteinas associadas com a
maciez da carne na raga Angus e sugeriram que as diferengas entre maciez da carne
entre Nelore e Angus pode ser parcialmente explicada por diferencas na apoptose. Alem
disso, as caracteristicas de maciez da carne podem estar associadas a producéo de HSPs
(proteinas de choque térmico), as quais tém papel fundamental na protecdo das células
contra danos, especialmente aqueles relacionados ao estresse téermico (ZHAO et al.,
2012).

Sabe-se que a raca Angus é mais susceptivel ao estresse térmico, pois nao é
adaptada a regides com elevadas temperaturas. Quando submetidos a estresse térmico, a
temperatura retal, frequéncia respiratoria e taxa de sudacdo aumentam e os valores
destas caracteristicas sdo significativamente maiores quando comparadas com outras
racas (HAMMOND et al., 1996; SCHARF et al., 2010).
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Figura 2 - Animal da ragca Aberdeen Angus
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2.2  Adaptabilidade em bovinos

A adaptabilidade esta relacionada com a habilidade do animal em ajustar-se as
condices adversas do ambiente como, mudancas estruturais, funcionais ou
comportamentais buscando a sobrevivéncia, reproducdo e producdo (TURNER, 1980).

Os bovinos sdo animais homeotérmicos, ou seja, conservam a temperatura
corporal constante com as variagcdes do ambiente. Isso s6 ocorre com o equilibrio entre
a producéo e as perdas de calor, sendo possivel por alteracdes fisioldgicas, metabdlicas
e comportamentais, sustentando a homeostase e minimizando o efeito da hipo ou
hipertermia. Em consequéncia disto, as funcdes menos vitais do organismo, como
producdo e reproducdo, bem como o bem-estar podem ser afetadas quando os
estressores ambientais extrapolam a capacidade compensatoria dos animais
(BERTIPAGLIA et al., 2007).

Buscando o conforto térmico, os animais adotam certos comportamentos como
ingerir mais agua, procurar sombra, diminuir o consumo de alimento, aumentar a
frequéncia respiratoria, producdo excessiva de saliva e aumentar a sudorese (SOUZA
JUNIOR, 2009).
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Os Bos indicus séo mais resistentes ao clima tropical, principalmente em relacéo
ao calor, e a endo e ectoparasitas comparados aos bovinos Bos taurus (TURNER,
1980). Esta resisténcia se deve a menor producdo de calor metabdlico juntamente com
a melhor capacidade de termdlise. Essas caracteristicas combinadas facilitam a
termorregulacdo, reduzindo o estresse térmico nos animais Bos indicus (HANSEN,
2004).

O estresse térmico resulta na alteracdo da secre¢do de varios hormdnios
essenciais para 0 metabolismo animal, diminuindo a secrecdo do hormdnio de
crescimento, com consequente queda na produtividade (MORAIS et al., 2008). Segundo
Souza Junior (2009), com 0 aumento da umidade relativa do ar as perdas de calor por
evaporacao sao prejudicadas, ocasionando em maior estresse térmico.

Avaliando a transmissao da radiacdo ultravioleta atraves do pelame e epiderme
em bovinos, em ambiente com altos niveis de radia¢do ultravioleta (UV), Silva et al.
(2001) descobriram que a combinacdo de um pelame de cor branca, sobre a epiderme de
cor negra € o ideal. Na impossibilidade desta combinacéo, o desejavel seria um pelame
de cor negra em relacdo a penetracdo da radiacdo UV, porém este pelame gera grande
absorvidade da radiacdo térmica, resultando em maior temperatura da superficie cutanea
comparada com pelame branco.

A zona termoneutra € a faixa de temperatura onde ocorre 0 gasto minimo de
energia para manutencdo pelos animais, pois eles se encontram em conforto térmico.
Quando a temperatura estd acima desse limite superior, o animal comeca a sofrer
estresse pelo calor, denominado hipertermia, quando o gasto de energia para manter a
homeostase é alto (BACCARI JUNIOR, 1998). As racas taurinas saem de sua zona de
conforto térmico em ambientes com temperatura do ar acima de 25°C (HAHN et al.,
1992).

Em temperatura ambiente amena, as formas de dissipar calor como evaporacao,
através da pele, conducdo ou conveccdo, sao suficientes para manter a homeostase do
animal. Caso ele ndo consiga dissipar o calor excessivo a temperatura corporal aumenta,
agravando o estresse térmico por calor, e isso reflete na queda da produtividade.
Mecanismos como temperatura retal, frequéncia respiratoria € o nivel de sudacdo
promovem a termorregulacdo dos animais (NOBREGA et al., 2011).

Segundo Martello (2002), o primeiro sinal visivel em um animal submetido ao
estresse térmico € o aumento ou diminuic¢do da frequéncia respiratdria. Esse aumento ou

diminuicdo depende da intensidade e da duragdo do estresse em que 0S animais Sao
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expostos. Os valores de frequéncia respiratdria de 40 a 60, 60 a 80 e 80 a 120 mov/min
demonstram baixo, médio e alto estresse para ruminantes, respectivamente, sendo que
acima de 200 mov/min é considerado como estresse severo (SILANIKOVE, 2000).

A radiacdo solar afeta diretamente a superficie da pele do animal e influencia as
trocas térmicas através da pele. Ela afeta a temperatura do pelame, aumentando os
valores e alterando os gradientes térmicos, entre a superficie e o meio ambiente,
inibindo a dissipacdo de calor e afetando o processo termorregulatério (MEDEIROS et
al., 2001). O gradiente de temperatura entre a pele e o ar é importante na perda de calor
através da pele. A temperatura superficial apresenta alta correlagdo com a frequéncia
respiratéria, e € uma medida que representa o microambiente ao redor do animal
(COLLIER et al., 2006).

Além do nimero de movimentos respiratédrios, a temperatura do corpo é outra
importante medida para avaliar a tolerancia dos animais as condigdes adversas do clima,
pois aumentos na temperatura do ar ocasionam aumentos da temperatura retal e
frequéncia respiratoria dos bovinos. Com o aumento da temperatura do ar, o animal se
esforca mais para perder calor, para que ndo ocorra 0 aumento da temperatura do seu
corpo (FURTADO et al., 2012). Existe uma relacdo entre a resposta ao estresse e a
temperatura retal (HAMMOND et al.,, 1996), sendo a temperatura retal um bom
indicador de tolerancia ao calor (SCHARF et al., 2010).

2.3  Proteinas de choque térmico (HSPS)

A exposicdo das células a um aumento na temperatura resulta na elevacdo da
sintese de um grupo especifico de proteinas, as quais sdo denominadas proteinas de
choque térmico (HSPs - “heat shock proteins”) (CRAIG; SCHLESINGER, 1985;
KIANG; TSOKOS, 1998). As proteinas de choque estdo presentes no citosol,
mitocéndria, reticulo endoplasmatico e nlcleo, e em geral possuem uma meia-vida de
48h em células epidermoides humanas (KIANG; TSOKOS, 1998). Essas proteinas
possuem a capacidade de agir como chaperonas moleculares, evitando a agregacao
inadequada de proteinas e auxiliando o transporte de proteinas imaturas as organelas-
alvo para empacotamento final, degradacéo ou reparo. As HSPs preservam a viabilidade
das células através da protecdo contra danos e isso & possivel por permitir rapido re-
estabelecimento das atividades normais (TIRELLI et al., 2005). Com isso as células

apresentam a capacidade de se adaptar as mudangas nas condi¢des do ambiente in vivo e
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in vitro (EDWARDS et al., 2001).

As proteinas de choque séo classificadas em cinco familias, de acordo com seu
peso molecular (Hsp100, Hsp90, Hsp70, Hsp60, e grupo das pequenas HSPs). Estes
grupos de proteinas sdo induziveis, algumas das quais sdo constitutivamente expressas e
aumentam em resposta ao estresse, enquanto que outras sdo expressas somente apos o
estresse (SINGH et al., 2014) e estdo envolvidas na estabilizacdo de células expostas a
altas temperaturas, ligando-se a outras proteinas e mediando a agregacdo, o transporte e
a interacdo destas com demais moléculas (JONAK et al., 2006). Segundo Solomon et al.
(1991), células com auséncias ou baixo nivel dessas proteinas irdo tolerar menores
niveis de estresse do que outras com niveis normais.

As proteinas de choque térmico 70 (HSP70) sdo mais abundantes e pertencem a
familia que € a melhor caracterizada das proteinas de choque térmico, pois consiste de
proteinas de estresse altamente conservadas, expressas em resposta ao estresse, e tem
papel fundamental na tolerancia ao estresse ambiental e adaptacdo (BANERJEE et al.,
2014). As proteinas produzidas pelos genes das HSPs70 possuem alta homologia entre
si. Os segmentos conservados nessas proteinas provavelmente representam regides
funcionalmente importantes. Uma delas esta na sua por¢do final, seguida por um
segmento rico em Gly-Pro, préximo a uma sequéncia Glu-Glu-Val-Asp. Esses quatro
aminodacidos terminais estdo presentes em todas as HPS70 de células eucarioticas, e
afetam a quantidade de mMRNA que sera transcrito durante o choque térmico (KIANG;
TSOKOS, 1998).

Para que haja estimulacéo da expressao de HSP em resposta ao choque térmico,
a transcricao é regulada por quatro fatores de transcricdo de choque térmico (HSFs), que
incluem HSF1, HSF2, HSF3 e HSF4, os quais se ligam a elementos de choque térmico
(HSE) no DNA (FUJIMOTO; NAKAI, 2010). O HSE é uma sequéncia repetida (de trés
a seis vezes) de cinco pares de bases, localizados na regido promotora das HSP70, e é
necessaria para inducdo por calor do gene da HSP70 (FERNANDES et al., 1994;
MORIMOTO et al., 1994).

O choque térmico induz a uma rapida ligacdo dos HSFs a regido dos HSEs.
Quando em condicdo ndo estressante, os HSFs sdo mantidos em uma forma ndo ligada
ao DNA. Contudo, o choque térmico e outros fatores estressores iniciam 0s eventos que
removem a influéncia regulatoria negativa sobre a atividade de ligagdo dos HSFs ao

DNA. Os HSFs entram no nucleo, se ligam aos HSEs e se tornam fosforilados pelas
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HSFs quinases. Assim, inicia-se a transcricdo e depois a tradugdo (SCHLESINGER,
1990; MORIMOQOTO, 1993; MORIMOTO et al., 1994; KIANG; TSOKOS, 1998).

A expressdo de proteinas de choque térmico foi relacionada com a qualidade da
carne. Carvalho et al. (2014) encontraram expressao diferencial de proteinas de choque
térmico associadas com a maciez da carne. Guillemin et al. (2011) identificaram vias
celulares envolvidas nos processos de amaciamento: apoptose, funcdes das HSP e
resisténcia ao estresse oxidativo, diferindo entre tipos de musculo. Interessantemente,
Zhao et al. (2012) identificaram efeito epigenético das proteinas de choque térmico em
bovinos taurinos. Estudando animais da raga Angus, estes autores identificaram que
com a regulagcdo epigenética, os eventos de estresse muito cedo na vida poderiam
persistir e influenciar na rigidez da carne de bovinos saudaveis e ndo estressados no

momento do abate.

2.3.1 HSF1 e HSPAG

Os quatro tipos de HSF foram relatados em estudos de grandes eucariontes, dos
quais o HSF1 foi diretamente correlacionado com a termotolerancia em bovinos. O
HSF1 e o HSF3 sdo ativados durante o estresse térmico e 0 HSF1 esta principalmente
correlacionado com a inducédo da expressédo do gene HSP70 (ARCHANA et al., 2017).

A familia das HSP70 é composta por varios genes como HSPA1A, HSPAI1B,
HSPALL, HSPA2, HSPA4, HSPA5, HSPA6 e HSPA8 (HYDER et al., 2017). Dentre 0s
varios genes da familia HSP70, Banerjee et al. (2014) encontraram maior nivel de
expressdo de HSPA6 e HSPALL no verdo, sendo que nesta estacdo do ano, a expressao
dos genes da familia HSP70 foi maior em racas de caprinos mais adaptadas ao frio do
que nas racas adaptadas ao calor. De forma semelhante, Mohanarao et al. (2014),
estudando a mesma espécie, obtiveram maiores niveis de expressdo do gene HSPA6 em
células de caprinos submetidas a um desafio térmico por calor.

Existe um padrdo de substituicdo de aminoacidos de diferentes HSP e isto
indicou que HSPAG6 e HSP1L, comparadas a outras HSP, evoluiram independentemente
em mamiferos (BANERJEE et al., 2014). Baseado em estudos funcionais do HSPAG,
foi descrito que embora este gene ndo possua propriedades genéricas como chaperonas,
ele foi desenvolvido para manter fungdes vitais especificas sob condigdes de estresse
severo (HAGEMAN et al., 2011). Além disso, a proteina Hsp70-6, codificada pelo gene

HSPAG, estd quase indetectavel na maioria dos tecidos durante condi¢cBes normais sem
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estresse, exceto para determinadas células do sangue, onde é expressa em niveis
substanciais (DAUGAARD et al., 2007).

2.4  Expressado Génica

A expressdo génica nada mais € do que o nivel de producdo de proteinas
definidas por um gene (SINGH; SIVABALAKRISHNAN, 2015). A expressao génica é
regulada em diferentes estagios, incluindo: transcricdo, modificacbes pos-
transcricionais, traducdo e modificacbes pds-traducionais (KUANG et al., 2018). As
células podem, quando necessario, sintetizar rapidamente uma grande quantidade de
proteina, a fim de produzir muitas cépias idénticas de RNA a partir do mesmo gene.
Porém, cada gene também pode ser transcrito e traduzido sob taxas diferentes,
permitindo que a célula faca enormes quantidades de certas proteinas e minimas de
outras, o que é regulado de acordo com as necessidades da célula (ALBERTS et al.,
2010).

Monitorar a expressao do DNA é uma das abordagens fundamentais da genética.
A técnica para medir a expressdo do DNA € medir o mRNA ao inves da proteina,
porque as sequéncia de mRNA hibridizam com suas sequéncia complementares de
RNA ou DNA (SINGH; SIVABALAKRISHNAN, 2015). Trés técnicas primarias estao
sendo utilizadas em pesquisas atuais com animais para analise de expressdo génica,
incluindo PCR quantitativa em tempo real utilizando transcricdo reversa (RT-qPCR),
microarranjos de cDNA e tecnologia de RNA-seq (THOMSON, 2016).

A gPCR é uma abordagem comum para medir a expressao dos genes alvo em
uma ampla variedade de amostras de muitas fontes, assim como tecidos, sangue e
cultura de células originarias de humanos, animais, plantas e bactérias. Ao usar a técnica
de gPCR para quantificar a expressdo, 0 RNA total precisa ser extraido da amostra
experimental para obter e medir o nivel de mMRNA, este precisa ser convertido em DNA
complementar (cDNA) através do processo chamado transcricdo reversa, que é entdo
usado como o modelo para a reacdo de gPCR. A base da gPCR é monitorar 0 processo
de amplificacdo de DNA dirigido pela DNA polimerase, o qual ¢ conhecido com
oreacdo em cadeia polimerase (PCR), em “tempo real”. Em uma reacao de PCR, uma
enzima DNA polimerase termoestavel é usada para sintetizar novas fitas de DNA
complementar a sequéncia DNA alvo. Ao contrario da PCR convencional, a gPCR

permite verificar a amplificagdo dos amplicons da PCR ao final de cada ciclo de
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amplificacdo usando um sistema de corante fluorescente e um termociclador com

capacidade para detectar a fluorescéncia (KUANG et al., 2018).

2.5  Analise quantitativa em tempo real

A quantificagdo por PCR geralmente é realizada de duas formas possiveis, a
quantificacéo relativa baseada na comparagdo com um gene de referéncia, que permite
avaliar alteracdes fisioldgicas na expressdo de um gene e é adequada para a maioria das
avaliacbes e a quantificacdo absoluta, baseada em curvas de calibracdo externas e
internas (LIVAK; SCHIMITTGEN, 2001). A escolha do método de quantificacdo
depende da sequéncia alvo, a quantidade de mRNA presente no tecido e o grau de
acuracia necessaria e se a quantificacdo precisa ser relativa ou absoluta (PFAFFL,
2001). Em algumas situagdes, é desnecessario determinar o nimero absoluto de copias
do transcrito, sendo suficiente a mudanca relativa na expressdo génica (LIVAK;
SCHMITTGEN, 2001). Entretanto, é certo que o célculo das concentragdes iniciais na
analise de qPCR requer uma estimativa da eficiéncia da PCR, a definicdo de um limiar
de fluorescéncia e a determinacdo do valor de Ct, que € o numero do ciclo fracionario
necessario para atingir esse limite (RUIJTER et al., 2009).

Na quantificacdo relativa é necessario utilizar um gene de controle enddgeno
para realizar a normalizacdo da quantidade de RNA adicionado na reacdo da
transcriptase reversa. Os genes endogenos, ou de referéncia, estdo presentes em todas as
células nucleadas, uma vez que sdo necessarios para a sobrevivéncia das células, sendo
alguns exemplos o GAPDH, a p-actina, o 18S rRNA, o 28S rRNA, entre outros. A
sintese de mRNA destes genes é considerada estavel em varios tecidos mesmo em
condicdes experimentais (LIVAK; SCHIMITTGEN, 2001; PFAFLL, 2001).

O calculo da expressao relativa do gene pode ser realizado através do método 2°
AACT e nara este método, a eficiéncia de amplificacdo do gene alvo e do gene referéncia
precisam ser iguais. Caso esta eficiéncia ndo seja semelhante, a analise de dados pelo
método 2**“T deve ser executado por quantificagcdo absoluta, além disso, este método
requer calibracdo para que possa ser utilizado (LIVAK; SCHIMITTGEN, 2001).

Segundo Pfaffl (2001) o modelo de 22T s6 é aplicavel para estimagdes rapidas
de taxa de expressdo relativa. Entdo, no intuito de aumentar a acuracia das
quantificagdes dos &cidos nucléicos permitindo maior reprodutibilidade dos dados e

aplicagdo de modelo matematico adequado para sua avaliagdo, 0 método de Pfaffl, ou
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metodo de calibragdo da eficiéncia foi desenvolvido. Este método apresenta modelos de
célculo corrigidos da eficiéncia, baseados em multiplas amostras e/ou multiplos genes
de referéncia, levando em conta as diferencas na eficiéncia de amplificacdo entre genes
alvo e de referéncia (FIGURA 3).

Figura 3 - Equacdo de expressdo génica

(E )ACtaIvo

alvo

Razao =

ACtreferén cia
(Ereferén cia)

E = eficiéncia; Ct = Cycle threshold ou ciclo limiar.
Fonte: Adaptado de Pfaffl (2001).

Onde,
ACt alvo = Ct amostra controle — Ct amostra alvo

ACt referéncia = Ct amostra controle — Ct amostra referéncia.

Para 0 modelo matematico de Pfaffl é necessaria a determinacdo do Cycle
threshold (Ct) ou ponto de cruzamento para cada transcrito. O Ct € o ponto em que a
fluorescéncia aumenta sensivelmente. O calculo do teste de precisdo e teste de
variabilidade é baseado na variacdo do Ct em relacdo ao valor médio de Ct (PFAFLL,
2001).

2.6 Genes de referéncia

Escolher os genes de referéncia corretos para normalizar a expressdo génica em
uma PCR quantitativa em tempo real (RT-qPCR) € essencial se os resultados devem
refletir verdadeiramente os processos bioldgicos. Tipicamente, um gene de referéncia
end6geno é usado, o qual é expresso constitutivamente em niveis constantes (GARCIA
VALLEJO et al.,, 2004). No entanto, apds vérios trabalhos com variacdo de genes
enddgenos supostamente estaveis (SCHMID et al, 2003; SCHMITTGEN e
ZAKRAJSEK, 2000; RADONIC et al., 2004; HUGGETT et al., 2005) ficou claro que
nenhum gene de referéncia pode ser considerado adequado para qualquer conjunto de

condigoes.
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Com isso, alguns estudos tém validado genes de referéncia em programas
especificos para uso em PCRs em tempo real. Vorachek et al. (2013) utilizaram 0s
programas BestKeeper, Norm Finder, e geNorm para avaliar 11 genes enddgenos,
incluindo GAPDH, RPL19 e a p-actina em sangue de bovinos. O gene RPL19 foi
ranqueado como um dos genes mais estaveis no sangue de taurinos, 0 GAPDH teve uma
variagdo maior e a pS-actina apresentou resultados ndo confidveis. O mesmo foi
observado por Crookenden et al. (2017), que validaram o par de genes RPL13A e
RPL19 como o mais estavel usando o programa geNorm e, usando o Normfinder, o par
mais estavel manteve o gene RPL19 juntamente com o YWHAZ, os quais foram
considerados os mais adequados em amostras de sangue de vacas de leite.

Trabalhos anteriores aos estudos de validacao dos genes de referéncia ja haviam
sido realizados usando o gene RPL19 como constitutivo em estudos com bovinos, como
0 de Ribeiro et al. (2009), estudando proteinas de choque térmico em bovinos zebuinos

e zebu X taurino.
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Abstract

The aim of this study was to identify whether most and least adapted Angus and
Simmental cattle differed in physiological responses and expression of the heat shock
protein 1 (HSF1) and the heat shock 70 kDa protein 6 (HSPAG), when subjected to heat
stress. Thirty bulls (n = 15 ANG; n = 15 SIM), extremes “most adapted" and "least
adapted"” within each breed were selected to the heat tolerance test. They were selected
according to an index based on the average of the respiratory rate obtained on two hot
summer days from one hundred bulls. Before the heat tolerance test day, animals were
taken to a paddock with water, grass and shade until 7 a.m. of the following day for
morning measurements. They were kept in the barn without access to water and shade
until 1 p.m. for the afternoon measurements. Respiratory rate in the morning (MRR)
and afternoon (ARR), hair coat surface temperature in the morning (MST) and
afternoon (AST), rectal temperature in the morning (MRT) and afternoon (ART) were
measured and blood samples were collected for expression analysis of the HSF1 and
HSPAG6 genes. The MIXED procedure of SAS was used for all statistical analysis. The
most adapted Simmental group had lesser values of MRR (P = 0.023) and MRT (P =
0.095), but there was no difference within Angus breed. The ARR was greater (P =
0.004) in least adapted animals for both breeds. The ART was lower in the Simmental
breed (P<0.001). Least adapted had greater levels of mRNA of HSF1 (P = 0.06) and
HSPAG6 (P =0.09). In conclusion, respiratory rate and rectal temperature and expression
of the HSF1 and HSPAG genes can be indicators of adaptation level. The Simmental
breed is better adapted to the heat tolerance test than the Angus breed.

Keywords: adaptability; Angus; heat stress; HSP; Simmental
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1. Introduction

Heat stress decreases animal production and reproductive efficiency affecting adversely
livestock health (Hyder et al., 2017a). It induces a series of thermoregulatory responses that allow
animals to regulate homeostasis. These responses may be physiological, such as the respiratory
rate, rectal temperature, heart rate and surface temperature, or molecular, involving changes in
the protein expression that are essential to preserve cell survival (Gupta et al. 2013).

Unlike taurine cattle (Bos taurus), which originate in Europe, the Zebu cattle (Bos indicus)
evolved in areas with warm climates, allowing them to acquire thermotolerance genes. Therefore,
zebu breeds have a superior ability to regulate body temperature relative to taurine breeds
(Hansen, 2004). One way to assess the cattle adaptation level undergoing thermal challenges is to
measure physiological, being the most important the respiratory rate, because its change is the
first visible sign of an animal in heat stress (Martello, 2006). Additionally, rectal temperature and
surface temperature proved to be relevant characteristics in the evaluation of heat tolerance in
cattle (Cardoso et al., 2015).

The stress response involves the action of heat shock proteins (HSPs). An increase in the level
of these proteins in damaged cells contributes to protein repair and maintenance of cell viability
because they inhibit cell death (Castro et al., 2013). These are a highly conserved protein family
that play a vital role in guiding the initial folding of proteins and subsequent refolding of partially
denatured structures, conferring cell protection against stressful environments (Moura et al.,
2018). Among all HSPs, HSP70 is an indicator of the amount of stress, mainly heat stress,
experienced by the animal (Hyder et al., 2017b). Moreover, other coding genes for the HSPs
production, the heat transfer protein transcription factor 1 (HSF1) is activated during thermal
stress and is mainly correlated with the induction of HSP70 gene expression (Archana et al.,
2017). The HSPAG6 gene, which encodes the HSP70 family of protein 6, had expression levels in
goats subjected to thermal stress conditions (Banerjee et al., 2014 Mohanarao et al., 2014). This

may be due to the fact that the HSPAG6 gene has differential expression to maintain specific vital
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functions under severe stress conditions (Hageman et al., 2011). In addition, this gene is almost
undetectable in most tissues during normal stress-free conditions, except for certain blood cells,
where it is expressed at substantial levels (Daugaard et al., 2007). Therefore, selecting for more
heat-tolerant animals or breeds will be effective when thermotolerance indicators can be used to
select the animals and breed them to generate heat-resistant herds.

The first hypothesis is that the physiological responses for respiratory rate, surface
temperature and rectal temperature will be higher in animals classified as least adapted,
regardless of breed. These responses will have greater magnitude in the Angus breed than in the
Simmental breed under thermal comfort but will be similar under stress. The second hypothesis is
that the expression of the HSF1 and HSPAG genes will be higher in the least adapted animals and
under the heat stress condition, with no difference between the breeds. The aim of this study was
to identify whether Angus and Simmental cattle and, if more and least adapted animals within
these breeds, differed in physiological responses and expression of the heat shock protein 1
(HSF1) and the heat shock 70 kDa protein 6 (HSPAG6), when subjected to heat stress by heat.

2. Materials and Methods

2.1 Location

All procedures were approved by the Animal Ethics Committee of the Federal University of
Lavras, protocol number 018/13. The animals were from Santa Ester farm, which belongs to the
Casa Branca Agropastoril Ltda. group, located in the region of Pouso Alegre, in the municipality
of Silvianopolis, Minas Gerais (MG), Brazil (22° 01 '46 " South, 45 ° 50" 06" West, altitude of
897 meters). During the heat tolerance test period, the animals were kept under semi-confinement

feedlot, receiving the same diet three times a day.
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2.2 Climate conditions

On the days when the respiratory rate (RR) was measured to classify the animals according to
adaptation level and on the heat tolerance test day, air temperature (AT, °C) and relative humidity
(RH, %) data were collected using a Minipa® MT-242 digital thermohygrometer to obtain the
Temperature and Humidity Index (THI), developed by Thom (1958).

2.3 Sample collection

Thirty bulls (n = 15 Angus; ANG and n = 15 Simmental; SIM) were selected for the heat
tolerance test. For the selection of these animals, the respiratory rate (RR) of 100 young bulls (n =
40 ANG and n = 60 SIM) was measured in the afternoon of two hot summer days. At the
beginning of January 2016 (day 1) and end of January 2016 (day 2), the RR of the animals was
measured by counting the number of respiratory movements in the flank region for 15 seconds
twice, averaging the two counts and multiplying the result by four, giving the number of breaths
per minute (bpm) (Silva, 2000). Animals of each breed were ranked from the lowest RR (the
most adapted) to the highest RR (the least adapted), according to the mean RR over those two
days. All Angus bulls were black, and the Simmental bull breed was from a South African
lineage and was red-white, which is a standard coat color for the breed.

One day prior to the heat tolerance test, which was conducted in early March 2016, the
animals were taken to a paddock adjacent to the corral with access to water, pasture and shade
where they remained until 7 am on the day of the test for the morning (M) measurements. The
animals were kept in the corral without access to water and shade until 1 pm, when the afternoon
(A) measurements were taken. The measurements taken were respiratory rate in the morning
(MRR, bpm) and afternoon (ARR, bpm), surface temperature in the morning (MST, °C) and
afternoon (AST, °C) and rectal temperature in the morning (MRT, °C) and in the afternoon

(ART, °C). Furthermore, blood samples were collected via jugular venipuncture into Tempus®



169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194

40

Blood RNA (Applied Biosystems, USA) tubes to analyze the heat shock protein 1 (HSF1) and the
heat shock 70 kDa protein 6 (HSPAG) gene expression.

Surface temperature (ST) was measured using an infrared digital thermometer (Minipa®, MT-
360), which was pointed at the coat surface of the animal in the dorsal region, one hand below the
spine, and the rectal temperature (RT) was recorded using digital thermometer by keeping the
thermometer in contact with the rectal mucosa of animal until the thermometer beeped and
displayed the temperature.

2.4 Gene expression analysis

Total RNA was extracted from 10ml of blood using TRIzol® reagent (Ambion, Foster City,
CA, USA). The purity of the RNA was verified by the ratio of the absorbance values at A6 and
A2so and was > 1.8. The RNA integrity was verified after 1.0% agarose gel electrophoresis,
observing the two bands corresponding to 28S and 18S. The amount (ng/ul) and quality of total
RNA were verified in a DeNovix DS-11 spectrophotometer (DeNovix, Wilmington, DE, USA).

Genomic DNA contamination was removed from RNA by adding 1.5ul of 10x DNAse I
(Invitrogen, Carlsbad, CA, USA) according to the manufacturer's instructions. The samples were
stored in a freezer at -80°C until cDNA synthesis (complementary DNA), which was performed
using the Superscript® 111 First-Strand Synthesis SuperMix Kit (Invitrogen) according to the
manufacturer's instructions.

Sequences for the target genes, heat shock factor 1 (HSF1) and heat shock protein member 6
(HSPA®G), as well as for the Ribossomal Protein L19 (RPL19) reference gene, were obtained from
the National Center of Biotechnology Information (NCBI) public database. The forward and
reverse primers of the three genes were designed using primer 3 plus software
(http://www.bioinformatics.nl/cgi-bin/primer3plus/primer3plus.cgi). Table 1 shows the primer

sequences for the genes used, as well as the amplicon size (bp) and annealing temperature (°C).
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Each primer was designed to be complementary to two adjacent exons to prevent DNA
amplification.

The gene expression analysis was performed followed by real-time quantitative reverse
transcription polymerase chain reaction (RT- gPCR) using the SYBR Green PCR Master mix
(Fermentas, Waltham, MA, USA) with the following amplification parameters: 50°C for 2
minutes, 95°C for 10 minutes, 40 cycles of 95°C for 15 seconds, 60°C for 1 minute, ending with
95°C for 15 seconds. The melting curve was 95°C for 15 seconds, 60°C for 15 seconds and 95°C
for 15 seconds.

The reactions were carried out in duplicate. The amplification efficiency of the genes was
obtained using LinRegPCR version 2017.1 (Ruijter et al., 2009). The relative expression of the
target genes was obtained according to Pfaffl (2001).

Table 1. Description of the primers for the HSF1, HSPA6 and RLP19 genes in Bos taurus.

. i A ling t t
Gene Primer sequence (5'- 3) Fragr(rl;%r;t size nnea mg(Ce;;npera ure
HSF1 F - CCAGCAACAGAAAGTCGTCA 9 60
R - GGGGGATCTTTCTCTTCACC
HSPAG6 F- GAGCAAGATGAAGGAGACGG 159 60
R - GTGGGCTCGTTGATGATTCT
RLP19 F - ACCTGGATGAGGAGGATGAG 9 60

R - GTACAGGCTGTGATACATGTGG

F = forward; R = Reverse; pb = base pairs.
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2.5 Statistical Analyses

The data presented in this study showed a normal distribution, as verified by the Shapiro-Wilk
test. The SAS version 9.0 (SAS Inst., Inc., Cary, NC, USA) MIXED procedure was used in all
statistical analyses. Data from different experiments are presented as the means + standard error
(SE). A p-value<0.10 was considered statistically significant. A pairwise comparison of means
was performed using Tukey’s multiple comparison test. The following statistical model was used
to estimate the effects of breed, period and level of adaptation, and their interactions:
Yija = 4+B; + P, + A + (B x P)ij +(BxA), +(P><A)jk +(Bx P><A)ijk + €
where Yijjq is the dependent variable, p is the general population mean, B; is the mean effect of the
breeds (i = 1,...,2), P;j is the average effect of period (morning and afternoon) (j = 1,...,2), Ak is the
average effect of adaptation level (most adapted and least adapted) (k = 1,...,2), and ejjq is the

residual assumed to be independent and to have a normal distribution.

3. Results

3.1 Climate

A difference was found in the air temperature (AT) and relative humidity (RH) between the
periods of the day and between the days of evaluation of the RR for the classification of animals
and the day of the test, but the Day X Period interaction was not significant (Figure 1). In general,
AT increased from the morning (24.20°C) to the afternoon (28.88°C) (P<0.001); by contrast, AT
was higher in the morning (58.04%) than in the afternoon (49.37%) (P=0.0039).

On the first day of RR evaluation at the beginning of January 2016 (day 1), the AT was higher
(27.83°C) (P=0.0068) and RH was the lowest (38.49%) (P<0.0001) compared with the other
days. On day 2, at the end of January 2016, the AT of 24.80°C was the lowest among all days;
however, RH was the highest (70.11%). On the day of the heat tolerance test, the AT (27.00°C)
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did not differ from day 1, and the RH (50.03%) was lower than that on day 2 but higher than that
on day 1.

The THI was significantly different only between the periods of the day, being 70.29 in the
morning and 75.63 in the afternoon (P<0.0001). No difference was found in THI among day 1
(74.37), day 2 (73.72) and test day (74.52) (P>0.05).
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Figure 1. Average air temperature (AT, °C) and RH (%) for each day of the study. The dashed
lines represent air temperature, and the solid lines represent RH in the morning (black) and
afternoon (gray) periods on day 1 (beginning of January 2016), day 2 (end of January 2016) and
the heat tolerance test day.

3.2 Physiological measures

On days when 100 animals were classified according to the RR, this characteristic decreased
from 67.13 + 2.08 bpm on day 1 to 42.02 £ 2.08 bpm on day 2. Among the 15 Angus bulls
selected for the heat tolerance test, nine were classified as most adapted, with a mean RR of

43.00 bpm, while six were classified as least adapted with a mean RR of 71.33 bpm. The mean
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RR for the eight most adapted was 37.25 bpm, and that for the seven least adapted Simmental
bulls was 66.71 bpm.

The mean respiration rate for the 30 extreme animals in the heat tolerance test day is shown in
Figure 2. In the evaluation of the physiological characteristics, differences were found for MRR
(P =0.023) and MRT (P = 0.095) between breeds at each level of adaptation. For both breeds, the
animals classified as least adapted had higher RR (ANG = 71.0+4.64 and SIM = 80.6+4.30 bpm),
followed by the most adapted group of the ANG breed (65.3+4.02 bpm), and the lowest mean RR
was obtained for the most adapted SIM (54.0+4.30 bpm).

A significant difference was found in RR under the heat stress condition according to
adaptation level, but not according to breed, and the means were higher in the least adapted
animals (109.0+4.92 bpm) than in the most adapted ones (88.1+4.57 bpm).
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Figure 2. Mean RR (bpm) on the day of the heat tolerance test. The vertical lines above each
bar indicate +1 SE, and the values above indicate the most adapted (ANGmost) and least
adapted (ANGleast) Angus and most adapted (SIMmost) and least adapted (SIMleast)
Simmental bulls in the morning and afternoon periods.

The mean surface temperature (ST) is shown in Figure 3. The surface temperature showed no
significant differences in the factors studied. The mean ST of 31.07+0.28°C for the Angus breed
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did not differ from 31.04+0.28°C for the Simmental breed. No significant differences were noted
in the mean ST between the most adapted animals (31.12+0.27°C) and least adapted animals
(30.98+£0.29°C). The mean STs for the most adapted Angus (31.31+0.36°C) and Simmental
(30.934£0.39°C) bulls were statistically the same as those of the least adapted Angus
(30.83+0.42°C) and Simmental (31.14+0.39°C) bulls.
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Figure 3. Mean ST (°C) on the day of the heat tolerance test. The vertical lines above each
bar indicate +1 SE, and the values above the vertical lines indicate the means of the most
adapted (ANGmost) and least adapted (ANGleast) Angus and most adapted (SIMmost) and
least adapted (SIMleast) Simmental groups in the morning and afternoon periods.

The mean rectal temperatures (RT) are shown in Figure 4. The highest rectal temperatures
were similar between the least adapted ANG (39.87+£0.18°C) and SIM (39.89+0.16°C) groups
and most adapted ANG (39.88+0.15°C) group, and the lowest rectal temperature was obtained
from the most adapted SIM group (39.33+0.16°C).

Under the heat stress condition, rectal temperature showed only differences between breeds,
but not between the adaptation levels, being lower in the SIM breed (40.06+0.15°C) than in the
ANG breed (40.99+0.15°C) (P<0.001).
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Figure 4. Mean rectal temperature (°C) on the day of the heat tolerance test. The vertical lines
above each bar indicate +1 SE, and the values above the vertical lines indicate the means of
the most adapted (ANGmost) and least adapted (ANGleast) Angus and most adapted
(SIMmost) and least adapted (SIMleast) Simmental groups in the morning and afternoon
periods.

3.3 Gene expression

The relative expression of the HSF1 gene is shown in Figure 5. Expression of HSF1 gene
differed between the adaptation levels (P = 0.06), where there was a 4.32 fold increase from the
most adapted to the least adapted animals. No significant difference was found in HSF1
expression between breeds (P = 0.363) or period (P = 0.394). Additionally, no difference was
noted between the Breed x Adaptation Level interaction (P = 0.423), Breed x Period interaction
(P = 0.260), Adaptation Level x Period interaction (P = 0.957) and triple interaction Breedx
Adaptation Level x Period (P = 0.495).
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Figure 5. Relative expression of the HSF1 gene mRNA on the day of the heat tolerance test.
The vertical lines above each bar indicate +1 SE in the gene expression of the Angus (ANG)
and Simmental (SIM) groups in the morning and afternoon periods.

The relative expression of the HSPAG6 gene is shown in Figure 6. Similar to the HSF1 gene
expression profile, a significant difference was observed between the adaptation levels (P = 0.09)
for the HSPAG gene. There was a 7.86 fold increase from the most adapted to the least adapted
animals. The gene expression between breeds (P = 0.338) or between periods (P = 0.503), and
between Breed x Adaptation level (P = 0.491), Breedx Period (P = 0.882), adaptation levelx
Period (P = 0.436) and Breed x Adaptation Level x Period (P = 0.731) was not significantly
different.
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Figure 6. Relative mRNA expression of the HSPA6 gene on the day of the heat tolerance test.
The vertical lines above each bar indicate +1 SE in the gene expression of the Angus (ANG)
and Simmental (SIM) groups in the morning and afternoon periods.

4. Discussion

The air temperature (AT) increased from the morning to the afternoon period and, conversely,
the relative humidity (RH) decreased, findings that are supported by the relationship between the
temperature increase and atmospheric RH decrease (Ambaum, 2010).

From day 1, at the beginning of January, to day 2, at the end of the same month, the air
temperature decreased and the RH increased during the RR evaluation. On the day of the test, the
temperature was as high as that on day 1, but the RH was intermediate between days 1 and 2.
Under low temperature conditions, the animals can perform heat exchange with the environment
by radiation and convection; however, with an increasing temperature and decreasing RH, body
heat dissipation changes to evaporation (Silanikove, 2000). This finding indicates that, in the

afternoon, evaporation was the predominant form of heat exchange, considering that the
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temperatures were higher than that in the morning period. Similarly, for day 1 and test day, high
temperatures and low to moderate RH are observed.

According to the classification of the U.S. Livestock Weather Safety Index (LWSI; LCI,
1970), THI values up to 74 indicate thermal comfort, values from 74 to 79 indicate heat stress
alert, values between 79 and 84 indicate a hazardous situation and values higher than 84 indicate
an emergency. In this experiment, a THI of 70.29 in the morning kept the animals under thermal
comfort, whereas the increase to 75.63 in the afternoon led to heat stress for the animals. Despite
the change in the environmental condition, the ambient temperature may not have reached
significant levels, causing changes in the physiological characteristics and gene expression.

Although no significant difference was found in THI between the days, the respiratory rate
(RR) decreased from day 1 to day 2, which can be explained by the temperature decreasing and
the RH increasing. A higher ambient temperature on day 1 coupled with low RH caused a greater
physiological response to stress through respiratory evaporative loss; however, on day 2, the
predominant heat exchange was non evaporative.

The RR did not differ between the breeds but differed between the adaptation levels in both
periods of the day, and the means were higher in least adapted animals. A RR increase is the first
physiological response to heat stress that helps in heat dissipation by evaporative cooling
(Martello, 2006). In this case, RR indicated genetic differences within each breed for each level
of adaptation because the means for the heat tolerance test day were consistent with those for the
days when animals were classified. Johnson et al. (2012) found that the thermo sensitive Angus
cattle showed a higher respiratory rate than the thermo tolerant Romanusiano breed during
summer, with air temperatures ranging from 12.67°C to 36.2°C and THI values from 55.42 to
91.85, a variation much larger than that observed in the present study. Changes in physiological
responses such as the respiratory rate and rectal temperature vary with changes within the season
to maintain normal body temperature independent of air temperature variation (Hyder et al.,
2017b). A more homogeneous condition observed by the similarity of THI between the days

studied in the present study allowed the breeds to behave physiologically similar in response to
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stress. Svotwa et al. (2007) identified that, in the thermoneutral condition (THI = 68.9+4.2), the
Simmental breed had a lower suface and rectal temperature; however, the RR was higher than
those of the Brahman and Mashona breeds, which were similar in their physiological responses.
According to the author, the Simmental heat tolerance was inferior to that of the other breeds.
Under a thermoneutral condition, the Simmental breed may be better adapted to climatic
conditions, although it is still inferior to zebu breeds; however, under heat stress, the
physiological responses of the Simmental breed are similar to the British breeds, such as the
Angus.

In the morning, the least adapted groups of both breeds had a higher respiratory rate, followed
by the most adapted Angus group and most adapted Simmental group with the lowest RR. This
finding indicates that, within these breeds, genetic variations may persist, allowing adaptation to
the high heat conditions of the environment. This is important for showing differences between
animals so that we can select the superior animals to be sires, thus achieving the selection
response for these characteristics.

The Surface Temperature did not differ between the breeds or adaptation level or in the
interaction between these two factors; therefore, regardless of whether the animal is under heat
stress, and despite the black coat of the Angus animals, no difference was found between the
genetic groups evaluated.

The mean ST for all treatments varied up to 35°C, except for the most adapted Angus group
under heat stress (35.06°C). According to Collier et al. (2006), the temperature gradient between
the core and skin is sufficiently large in cattle with a skin temperature below this value, so the
animals can still use other heat exchange mechanisms effectively.

In the present study, the Angus breed had higher values than the Simmental breed for rectal
temperature both under thermal comfort and heat stress conditions. This finding indicates that
genetic differences can exist between breeds in this thermoregulatory response. In a study by
Scharf et al. (2010), the rectal temperature and respiratory rate increased when the environment

changed from thermal comfort (21°C) to heat stress (26 to 36°C) in Angus and Romanusiano
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breeds. Moreover, under both ambient conditions, Angus cattle exhibited higher values for these
characteristics.

Rectal temperatures increase when they reduce evaporative heat losses, and this is due to the
increase in RH (Silanikove, 2000). On Test Day, humidity showed the highest variation from the
morning to the afternoon, indicating that the Angus bulls may have had more difficulty coping
with the climate changes than the Simmental breed; therefore, the rectal temperature of Angus
bulls was higher. In addition to the RR, the Simmental breed also showed greater resistance. This
may be due to the Simmental breed studied here belonging to a lineage of South African origin.

In a similar experiment, Ribeiro et al. (2009) observed the induction of HSF1 gene expression
in Angus % Nelore (AN) crossbred animals in the afternoon in relation to the morning, with the
Nelore and Senepol x Nelore crosses not showing increased expression from morning to
afternoon. Senepol is an adapted and thermotolerant taurine breed capable of dissipating heat
under high ambient temperatures, and the Nelore breed is a zebu breed known to exhibit high
heat tolerance (Silva et al., 2018). Animals with some Angus blood, representing a breed
exhibiting less adaptation to heat conditions than the other breeds, have been shown to be more
sensitive to heat stress because they express more HSPs under stress conditions. This finding
agrees with our study results, in which animals physiologically classified as least adapted
expressed HSPs with greater intensity than the most adapted groups, regardless of breed.

In addition to the level of adaptation, one of the objectives of this study was to identify
whether an effect of the time period exists on the expression of the HSF1 and HSPA6 genes. No
difference was observed in gene expression for comfort or heat stress conditions. The heat stress
response is triggered rapidly after acute heat stress and takes approximately 24 hours for a
significant change in HSP expression (Maloyan et al., 1999).

The change in time period in one day was not sufficient to observe an increase in the
expression of HSPs, as demonstrated by Bharati et al. (2017), who observed constant stress for
more than one day by changing the thermal comfort condition (25+1°C) of six Bos indicus

animals to 42°C for 23 days.
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However, Ribeiro et al. (2009) identified higher expression of the HSF1 gene and a trend of
HSPAG expression with higher intensity in the afternoon under the condition of heat stress for the
Angus x Nelore, Senepol x Nelore and Nelore groups than in the morning. Under in vitro
conditions, Kamwanja et al. (1994) subjected blood lymphocytes from 36 Angus, Brahman and
Senepol heifers (12 from each breed) to heat shock at 42°C for one hour. A 2- to 3-fold increase
was observed in the intracellular concentrations of HSP70, which was induced although there
was no significant effect between breed x temperature. HSP70 may be indicative of chronic stress
in cattle because it is correlated with higher temperatures (Gaughan et al., 2013).

Although the taurine breeds were outside their thermal comfort zone in environments with an
air temperature above 25°C (Hahn et al., 1992), the heat stress condition with an ambient
temperature up to 30.75°C in this experiment was not sufficient to induce increased expression of
the HSPs in vivo.

Wang et al. (2017) observed increased expression of several HSP genes, including the HSPAG
gene, in the liver of taurine milk cows under summer conditions with high temperatures and THI
values between 77 and 81, compared with cows under thermal comfort, with THI values between
50 and 61. Compared with this study, the THI values were lower for cows under thermal comfort,
while they were similar under heat stress (Figure 1). The expression of the HSP70 family genes
varies with species, breeds, age and tissue type depending on the stress experienced by the cell,
explaining the variations in thermotolerance (Hyder et al., 2017b).

One of the objectives of this study was to identify breed effects on gene expression. Banerjee
et al. (2014) reported an increase in the summer expression of HSP70 family genes, such as
HSPA8, HSPA1A and HSPAG, in goat breeds adapted to cold weather. However, the expression
increased in the winter for the breeds adapted to heat. The Angus and Simmental breeds are
European origin, animals adapted to a cold climate; therefore, an increase in the expression of the
HSF1 and HSPAG6 genes was expected from the period of thermal comfort to heat stress with

higher temperatures, which did not occur. However, the same author reported that, due to
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variations in the adaptation of animals to different environmental conditions, the pattern of
HSP70 gene expression is specific to breed and species.

With (afternoon) or without (morning) stress condition and regardless of breed, the stress
response at the molecular level was similar. However, physiologically least adapted animals
express a higher level of these genes, suggesting that the HSF1 and HSPAG6 genes may be
indicators of genetically superior animals with respect to the level of adaptation. It may also
indicate that the expression of these genes is related to the metabolic pathway that regulates the
RR because the least adapted animals had a higher RR and higher expression of these genes.

5. Conclusion

The Simmental breed has proven to be more resistant than the Angus breed, under conditions
of thermal comfort, when the Temperature and Humidity Index is less than 74. However, both
breeds present physiologically similar responses under heat stress conditions.

Considering that higher expression of the HSF1 and HSPAG6 genes was observed in animals
classified as least adapted, which means those with a higher respiratory rate, it is believed that
these genes can be used as thermotolerance indicators in taurine cattle because they are indicators
of animals physiologically most adapted, within each breed, to the subtropical climate conditions.

Moreover, the physiological traits such as respiratory rate and rectal temperature also were
considered to be good indicators of biotypes better adapted of cattle raised under subtropical

climate conditions.
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