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Abstract It has been established that the synthesis of heat
shock protein 70 (Hsp70) is temperature-dependent. The
Hsp70 response is considered as a cellular thermometer in
response to heat stress and other stimuli. The variation in
Hsp70 gene expression has been positively correlated with
thermotolerance in Drosophila melanogaster,
Caenorhabditis elegans, rodents and human. Goats have a
wide range of ecological adaptability due to their anatomical
and physiological characteristics; however, the productivity of
the individual declines during thermal stress. The present
study was carried out to analyze the expression of heat shock
proteins in different tissues and to contrast heat stress pheno-
types in response to chronic heat stress. The investigation has
been carried out in Jamunapari, Barbari, Jakhrana and Sirohi
goats. These breeds differ in size, coat colour and production
performance. The heat stress assessment in goats was carried
out at a temperature humidity index (THI) ranging from
85.36-89.80 over the period. Phenotyping for heat stress sus-
ceptibility was carried out by combining respiration rate (RR)
and heart rate (HR). Based on the distribution of RR and HR
over the breeds in the population, individual animals were
recognized as heat stress-susceptible (HSS) and heat stress-
tolerant (HST). Based on their physiological responses, the
selected animals were slaughtered for tissue collection during
peak heat stress periods. The tissue samples from different
organs such as liver, spleen, heart, testis, brain and lungs were
collected and stored at —70 °C for future use. Hsp70
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concentrations were analyzed from tissue extract with
ELISA. mRNA expression levels were evaluated using the
SYBR green method. Kidney, liver and heart had 1.5-2.0-fold
higher Hsp70 concentrations as compared to other organs in
the tissue extracts. Similarly, the gene expression pattern of
Hsp70 in different organs indicated that the liver, spleen, brain
and kidney exhibited 5.94, 4.96, 5.29 and 2.63-fold higher
expression than control. Liver and brain tissues showed the
highest gene expression at mRNA levels as compared to kid-
ney, spleen and heart. HST individuals had higher levels of
mRNA level expression than HSS individuals in all breeds.
The Sirohi breed showed the highest (6.3-fold) mRNA
expression levels as compared to the other three breeds, indi-
cating the better heat stress regulation activity in the breed.

Keywords Hsp70 - Goat - Tissue-specific expression - Heat
stress - Heat stress-susceptible - Heat stress-tolerant

Introduction

Variation in heat stress tolerance at the cellular level in re-
sponse to environmental stimuli is observed in individuals in
the population. Cellular tolerance to heat stress is regulated by
heat shock proteins (HSPs). HSPs are released in the cell in
response to various environmental and oxidative stresses
(Sonna et al. 1985; Hecker et al. 2008, 2011). The regulation
of HSP production is critical to cell survival. HSPs activate
various regulated proteins and block apoptosis (Chirico et al.
1998; Kregel 2002). The HSP acts as a molecular chaperone
by binding with other cellular proteins and facilitates intracel-
lular transport. Among the HSPs, Hsp70 has a significant role
in cell thermotolerance (Barbe et al. 1998) and animal survival
(Barbe et al. 1998; King et al. 2002). HSP transcription is
increased by heat shock and other stress stimuli in bovine
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embryos and in different tissues (Wrenzycki et al. 2001). Hsp70
concentration in blood is also a reliable indicator of chronic
stress in feedlot cattle (Gaughan et al. 2013). There is consid-
erable evidence that the synthesis of Hsp70 is temperature-
dependent (Zulkifi et al. 2003) and thus Hsp70 responses could
be considered as a cellular thermometer. HSPs are classified
into several families based on their molecular size and amino
acid sequence similarity. The most highly conserved family of
HSPs is the 70 kDa family (Hsp70), which is controlled by 13
genes in human and four genes in bovine (Grosz et al. 1992;
Gallagher et al. 1993; Kampinga et al. 2009).

It has been established in mouse Hsp70 gene knock out
models that the cytosolic Hsp70 family members regulate
the cellular stress response, while other HSPs are involved
in tissue-specific and housekeeping biological tasks
(Daugaard et al. 2007). Heat stress is regulated in two stages:
acute (short term) and chronic (long term) (Garret et al. 2009).
The acute phase includes the heat shock response at the cellu-
lar level and the chronic phase results in acclimation to the
stressor and involves the reprogramming of gene expression
and metabolism (Horowitz 2002; Collier et al. 2006). In rumi-
nants, there is a loss in productivity as animals pass through
the acute phase and return to productivity as they undergo
acclimation to the stress (Collier et al. 2006). The differential
tissue-specific expression of Hsp70 proteins is not understood
in ruminants. The cellular heat stress response has been ana-
lyzed in response to high temperatures in laboratory condi-
tions; however, limited studies have been carried out in in vivo
conditions. Again, the adaptation to thermal stress should be
analyzed in different physiological backgrounds to understand
the interaction of several genes in different pathways.

Genetic differences in thermotolerance at the physiological
and cellular levels are analyzed in Bos indicus and Bos taurus
(Paula-Lopes et al. 2003; Hansen 2004; Lacetera et al. 2006).
The polymorphic pattern of the Hsp70 gene is associated with
thermotolerance in dairy cattle (Basirico et al. 2011). The loss
of productivity in livestock due to heat stress has been docu-
mented in cattle (Bernabucci et al. 2010). Goats have broad
ecological adaptability and are more productive in harsh en-
vironments than other ruminants, including sheep (Devendra
1990; King 1983). However, the productivity of goats de-
clines during thermal stress (Al-Tamimi 2007). Goats are
highly adaptable to heat stress due to specific anatomical
and physiological characteristics. The morphological charac-
teristics that result in better adaptation are large salivary
glands, a higher surface area of absorptive mucosa and the
capacity to increase the volume of the foregut with high-
fibrous foods (Silanikove and Koluman 2015). The anatomi-
cal structure of goats favours better regulation of body tem-
perature during periods of extreme heat. Short hair, abundant
sweat glands and minimal subcutaneous fat allow goats to
regulate body temperature in an efficient manner.
Information is available on the physiological changes that
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occur in goats during heat stress, but the regulation of heat
stress at the cellular and genetic level is not understood prop-
erly. Understanding the regulation of heat stress at the cellular
level and the expression pattern of Hsp70 gene will throw
light on the mechanism of heat stress adaptation in goats.
Moreover, as individual animals respond differently to heat
stress, it is interesting to observe gene expression in differing
physiological response backgrounds. The population was se-
lected based on contrasting physiological responses, and
Hsp70 expression patterns were observed in heat stress-
tolerant and heat stress-susceptible phenotypes.
Characterization of the cellular heat stress response in terms
of the expression of HSPs has been carried out in response to
high temperatures in laboratory conditions, whereas only lim-
ited studies have been carried out to analyze messenger RNA
(mRNA) levels in different organs. Hsp70 gene expression
has been positively correlated with variations in thermotoler-
ance in different organisms. As Hsp70 plays a multifarious
role at the cellular and tissue levels, the present study was
carried out to analyze heat shock protein 70 gene expression
in different tissues and to contrast phenotypes in response to
peak heat stress in vivo conditions.

Material and methods

Animal, management, physiological response and plasma
collection

The investigation has been carried out on Jamunapari,
Barbari, Jakhrana and Sirohi goats. We included large size
breeds and medium size breed with contrasting coat colours.
The observations were recorded on Barbari, Jamunapari,
Jakhrana and Sirohi goats maintained at the CIRG. The
Barbari goat is a medium-sized, dual-purpose breed and is
known for its adaptability over a wide range of agro-climatic
situations. The Jamunapari is a large white breed, distributed
in semi-arid regions and is known for milk production (Rout
et al. 2000). The Jakhrana is a black breed, is known for milk
production and is distributed in semi-arid and arid regions of
Rajasthan. The goats were maintained under a semi-intensive
management system with 67 h of grazing and stall feeding
with seasonally available green fodder, supplemented with
concentrated mixtures depending on the age of the animals.
Generally, animals were housed separately according to their
ages, sex, physiological status and health status. The Sirohi
goat is a large, brown breed and is distributed in semi-arid and
arid regions of Rajasthan.

Rectal temperatures (RT), respiration rate (RR) and
heart rate (HR) were recorded as physiological indica-
tors of heat stress. The animals were allowed to graze
(exposed to sunlight) from 9.00 AM to 13.30 PM and
then they were brought back to their shed at 13.30. RT,
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RR and HR were recorded during the highest temper-
ature of the day ranging from 13.30 to 14.30. The
physiological response was recorded in each group
three times during the period (May—June) for 10-12
days. RT was measured by a digital clinical thermom-
eter (accuracy, 0.1 °C). The number of inhalations
and exhalations during 60 s indicated the RR and the
heartbeat per min were measured with a stethoscope.

During peak heat stress periods, blood samples (6—9 ml)
were collected from animals by jugular vein puncture in
EDTA-coated vacutainer tubes (BD Biosciences, Franklin
Lakes, NJ, USA) under aseptic conditions and were
transported to the laboratory under refrigeration (4 °C). In
brief, vacutainer tubes containing blood were centrifuged
at 1200xg for 25 min at 4 °C to separate the plasma. Non-
lactating females were included in the experiment.
Animals did not exhibit any apparent discomfort, nasal
discharge or distress and were apparently healthy. During
peak heat stress periods, the temperature varied from 45.0
to 49.4 °C and relative humidity (RH) varied from
14.33-27.0 and animals were exposed to radiation for
4-5 h for 45 days.

Temperature humidity index

The study area has a semi-arid climate and average annual
rainfall of about 400 mm. The temperature—humidity index
(THI) could be used as an indicator of thermal climatic con-
ditions (McDowell et al. 1976). The THI is calculated from
the wet and dry bulb air temperatures for a particular day
according to the following formula:

THI=0.72(W+ D)+40.6, where W is wet bulb and D
is dry bulb temperature in degree centigrade. The heat
stress assessment in goats was carried out in THI rang-
ing from 85.36-89.80.

Recognition of heat stress-tolerant and heat
stress-susceptible phenotypes

Phenotyping for heat stress susceptibility was carried out
based on respiration rate (RR) and heart rate (HR). Based on
the distribution of RR and HR over the breeds in the
population, it was observed that individuals having RR
>50 and HR >130 would be recognized as heat stress-
susceptible (HSS) phenotype and RR <30 and HR <100
would be recognized as heat stress-tolerant (HST) indi-
vidual in adult goats.

Tissue preparation
Based on their physiological responses all the selected animals

were slaughtered for tissue collection during peak heat stress
periods. The necessary permission was obtained from the

Institute’s animal ethics committee. Animals were
slaughtered according to the Halal method at the
Institute’s experimental slaughterhouse and tissue sam-
ples were collected aseptically. Tissue samples were
washed in PBS twice followed by RNA later. The tissue
samples were collected from different organs such as
liver, spleen, heart, testis, brain and lungs.
Subsequently, tissue samples were stored at =70 °C for
future use.

RNA extraction and cDNA preparation

Total RNA was isolated from tissues by the TRI re-
agent method. Two milligrams TRI reagent (2 ml)
was added to 200 mg tissue, and the tissue was homog-
enized in a homogenizer for 5 min at room tempera-
ture. Subsequently, 0.6 ml chloroform was added to
each tube. It was mixed thoroughly at room tempera-
ture for 5 min and centrifuged at 10,000 rpm for
35 min. The aqueous phase was collected and precipi-
tated with an equal volume of isopropanol. The centri-
fugation was carried out at 10000 rpm for 35 min, and
the supernatant was discarded to obtain an RNA pellet.
The RNA pellet was washed with 2 ml of 75 % etha-
nol and centrifuged at 10000 rpm for 10 min. The
ethanol was discarded, and a pure RNA pellet was ob-
tained. One hundred microlitres DEPC-treated TE buff-
er was added and stored at —70 °C for further use.
RNA quality and quantity were assessed by
Biophotometer (Eppendorf) by using OD,¢o for concen-
tration and the ratios 260/280 and 260/230 to assess the
purity of the sample. The integrity of the RNA was
checked in 1.4 % agarose gel.

Subsequently, 1 pg of RNA was treated with DNase (1 TU/
pl) and incubated at 37 °C for 15 min. One microgram of total
RNA was reverse transcribed with a transcriptor first strand
complementary DNA (cDNA) synthesis kit (www.roche-
applied-science.com) in a total volume of 20 pl reaction and
was incubated at 55 °C for 30 min in a thermal cycler (Bio-
Rad). The cDNA was stored at —70 °C for further use.
Controls without reverse transcriptase were carried out to
exclude the possibility of DNA contamination. To exclude
genomic DNA contamination, total RNA was treated with
RNase free DNAse I (Fermentas Life Sciences, Canada).
The absence of contaminant genomic DNA in RNA
preparations was tested further using RNA as a template in
real-time PCR assays.

Gene expression analysis
SYBR intercalating dye was used to analyze mRNA level

expression. Real-time PCR was carried out for Hsp70 and
housekeeping gene (GADPH). Real-time PCR was
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performed in the Light Cycler 480 (Roche Applied
Science, Indianapolis, IL, USA) using SYBR green
detection. Each reaction contained 10 pl of SYBR green
I master mix (containing Fast startTaq DNA Polymerase,
dNTP mix, SYBR green I dye, MgCl, (Roche Applied
Science, Indianapolis, IL, USA)), 20 pmole of the sense
and antisense specific primers, and 5 pl of cDNA in a
final volume of 20 ul. A negative control without cDNA
template was run in each assay.

The primers of Hsp70 (Gene Bank accession number
JN833720.1) were (forward 5'-
TCATCGGAGATGCAGCCAAGAA-3' and reverse 5'-
AGATCTCCTCGGGGAAGAAGGT - 3') used with an
annealing temperature of 62 °C to amplify a 210 bp fragment
from position 22 to 476. The GAPDH primers were (forward
5'"GTGATGCTGGTGCTGAGTAC3' and reverse 5’
GTAGAAGAGTGAGTGTCGC-3’) used with an annealing
temperature of 62 °C to amplify a 62-bp fragment. PCR
products were subjected to melting curve analysis in the
Light cycler 480 and subsequently 2 % agarose gel
electrophoresis to confirm amplification specificity and
amplicon size. The amplicon size was 210 bp. PCR product
was sequenced and was observed as Hsp70.3 gene A2 allele
by blast.

Absolute quantification was carried out after PCR to
analyze the whole set of data. The crossing point (Cp)
readings for each unknown sample were then used to
calculate the amount of either the target or housekeeping
gene using the second derivative maximum method with the
Light cycler 480 analysis software version 1.5 (Roche
Applied Science, Indianapolis, IL, USA). GADPH was used
to normalize gene expression. The susceptible individual was
used as positive calibrator to obtain normalized gene
expression.

Measurement of Hsp70 protein in different tissue
by ELISA

Frozen tissue was used for protein extraction. Briefly, 100 mg
tissue was taken and protein was extracted according to the
manufacturer’s instructions (StressMarq Biosciences,
Canada). Extraction buffer was added to frozen tissue and
homogenized properly. Subsequently, it was centrifuged at
1200 rpm for 10 min at 4 °C. The supernatant (tissue extract)
was transferred to a fresh Eppendorf tube for further process-
ing. Subsequently, the tissue lysate was diluted with diluent
buffer and used for enzyme linked immune sorbent assay
(ELISA). Similarly, the standards were prepared and ELISA
was carried out as per instruction (StressMarq Biosciences,
Canada). The observance was taken at 450 nm (SpectraMax,
Canada). The assay was carried out for Hsp70 protein concen-
tration in tissue extract.
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Statistical analysis

All the experiments were replicated three times. Results were
expressed as the means+ SEM. The differences between the var-
ious group means were determined by student’s ¢ test using the
SPSS, Version 16.0.1 software (SPSS, Inc., Chicago, IL, USA).
Least squares analysis of variance was carried out to observe the
breed and sex effect on Hsp concentration (Harvey 1990).

Gene expression levels were quantified with Cp (cycle
threshold) values; Cp value is the number of PCR cycles re-
quired for the fluorescence signal to cross threshold line. Cp
values are inversely proportional to the amount of target
nucleic acid (the greater the Cp value the lower the amount
of target nucleic acid in the sample). All analyses were per-
formed on mean Cp values, which were calculated from the
three sample replicates used in the real-time PCR. Fold-
change in expression levels of the target genes (Hsp70) were
presented using the 2-AACt method and by E-method (Livak
and Schmittgen 2001).

Results

Hsp70 protein concentration in tissue extract of different
organs

Hsp70 protein concentrations in tissue extracts of different
organs were analyzed. Organs from 22 different individuals
belonging to four breeds were collected, and the concentration
of Hsp70 protein concentration was estimated by ELISA.
Measurable concentrations of Hsp70 were detected in 36 sam-
ples. Hsp70 concentration was found to be significantly higher
(P<0.01) in liver, kidney and heart followed by brain, spleen,
lungs and testis. Kidney, liver and heart had 1.5-2.0-fold
higher Hsp70 concentrations than other organs (Fig. 1). The
least squares means of Hsp70 concentration in tissue extract
varied from 98.0 to 101 ng/ml in different breeds. Breed and
sex had no significant effect (P>0.05) on Hsp70 protein con-
centration in tissue extracted during peak heat stress periods.

300

250

200 |

150 - -

100 - I =
50 -
0 +

ng/ml

Liver Spleen Kidney Heart Brain Lung Testis

Fig.1 Hsp70 concentration in different tissue extracts of goats during the
peak heat stress period. The environmental conditions of heat stress
period were THI (85.36—-89.80), temperature (45-49.4°C), relative
humidity (RH) (%) (14.33-27) and sunshine (hr) (8-12)
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Table 1  Gene expression pattern of Hsp70 in different organs during
heat stress period

Organs Number of  Target/ref  Relative fold expression
samples

Control (heart) 3 0.603 1

Liver 6 3.584 5.94

Spleen 6 2.993 4.96

Brain 5 3.194 5.29

Kidney 6 1.590 2.63

The environmental conditions of the heat stress period were THI (85.36—
89.80), temperature (45°C-49.4°C), relative humidity (RH) (%) (14.33—
27) and sunshine (hr) (8-12). Target is Hsp70 and reference is GAPDH

Gene expression analysis in different tissues in response
to heat stress

Individual animals belonging to four breeds (96) were
phenotyped based on respiration rate and heart rate. The con-
trasting phenotypes were identified as HST and HSS, and 22
different individuals were slaughtered during peak heat
periods and high THI (85.36-89.80). The differential
mRNA level expression was analyzed for the Hsp70
gene in goat. Gene expression patterns of the Hsp70
gene in different organs indicated that the liver, spleen,
brain and kidney exhibited 5.94, 4.96, 5.29 and 2.63-
fold higher mRNA level expressions than the control
(Table 1). Liver and brain tissues showed the highest
gene expression levels as compared to kidney, spleen
and heart. The Sirohi breed showed the highest level
at 6.3-fold mRNA level as compared to the Jakhrana.
In addition, the Sirohi showed a 4.2-fold and 1.97-fold
higher mRNA level than the Jamunapari and Barbari
goats, respectively (Table 2). The distribution of HSS
and HST over the population was 41.82 and 26.08 %,
respectively. The differential mRNA level expression
between contrasting phenotypes indicated that HST in-
dividuals showed higher Hsp expression than HSS indi-
viduals. The differential mRNA level expression of HST
individuals was 22.3, 22.1, 24.3 and 95.6-fold higher
than HSS individuals in the Jamunapari, Barbari,
Jakhrana and Sirohi breeds, respectively (Fig. 2).

Discussion

It is necessary to analyze heat stress regulation and thermal
tolerance in different environmental conditions at the cellular
and tissue level. HSPs protect cells from the negative effects of
heat stress by synthesizing HSP at the cellular level. In addition
to their response to heat stress, HSPs are also synthesized by
cells in response to a variety of stimuli, including oxidative,
metabolic and chemical stress (Welch 1992; Morimoto et al.
1994; Airaksinen et al. 2003). It has been suggested that the
expression of Hsp70 was significantly higher during the sum-
mer season as compared to the winter season in tropical region
goats, which might play an important role in thermal stress
tolerance against harsh environmental conditions (Dangi et al.
2012). Thermal stress induces differential gene expression and
biochemical response at the cellular level. Individuals exposed
to stress elicit HSP response in the cells of various organs. In
the present study, Hsp70 concentration was higher in the liver
and kidney. Higher expression of HSP 70 at the tissue level
provides protection to cells during chronic heat stress
(Latchman 2001). Similarly, Zulkifli et al. (2010) also reported
a higher expression of Hsp70 in the heart and kidney of goats
during transportation stress. The protective effect of Hsp70 in
different organs such as the heart and kidney tissue has been
established (Latchman 2001). Higher Hsp70 expression at the
cellular level is a contributing factor for better meat quality in
goat as Hsp70 provides protection to muscle glycogen content
and thereby influences meat quality in ruminants (Zulkifli et al.
2008, 2010). Further study is necessary to establish the associ-
ation of Hsp70 expression with meat quality.

It has been observed that the mean Hsp expression at the
protein level did not vary significantly (P>0.01) among the
breeds indicating a differential inducible response to heat stress
within breeds. However, the Hsp expression pattern at the
mRNA level differed significantly (P<0.01) among the breeds.
Heat shock (41 °C) causes an increase in HSP synthesis and a
decrease in protein synthesis. Collier et al. (2006) reported the
direct effect of thermal stress on cellular growth and ductal
branching of bovine mammary epithelial cells (BMECs) and
showed a downregulation of genes associated with protein
synthesis and cellular metabolism. Banerjee et al (2014) report-
ed that Sirohi and Barbari showed an almost similar pattern of
expression, but the expression level in Sirohi goats was

Table 2 Gene expression pattern

of Hsp70 in different goat breeds Breeds Number of samples Target/ref Relative fold expression
during heat stress periods

Control (Jakhrana) 4 0.603 1

Barbari 6 1.935 3.21

Jamunapari 5 0.897 1.49

Sirohi 6 3.828 6.34

The environmental conditions of the heat stress period were THI (85.36-89.80), temperature (45°C —49.4°C),
relative humidity (RH) (%) (14.33-27) and sunshine (hr) (8—12). Target is Hsp70 and reference is GAPDH
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Fig.2 Differential mRNA level expression in heat stress-susceptible and
heat stress-tolerant phenotypes within breeds during peak heat stress
period. The environmental conditions of the heat stress period were

observed to be relatively lower. Sirohi is a breed of arid regions
and is highly adapted to heat stress whereas Barbari is a breed of
semi-arid regions and is comparatively less well adapted to heat
stress conditions. Similarly, the Sirohi breed exhibited a higher
mRNA level of Hsp70 gene indicating that it was better at
regulating heat stress compared to the other three breeds.
Moreover, the four breeds were compared under similar climat-
ic conditions, feeding patterns and housing conditions. Again,
the variation in observation within the present study can be
attributed to the use of a control gene for normalization
(Derveaux et al. 2010).

The variation in Hsp70 gene expression has been positively
correlated with thermotolerance in Drosophila melanogaster,
Caenorhabditis elegans, rodents and humans (Hashmi et al.
1997). In farm animals, the association between differential
gene expression pattern and thermal tolerance has been less
studied. However, in the present study, it was observed that heat
stress-tolerant (HST) individuals exhibited higher Hsp70 ex-
pression than heat stress-susceptible (HSS) individuals during
peak heat stress periods. HSP genes are highly conserved be-
tween different species, but the HSP gene expression is breed
specific and species specific. The species—specific difference in
HSP70 isoforms are due to variation in thermal tolerance
(Yamashita et al. 2004) and isoform expression may vary with
regard to thermotolerance (Hightower et al. 1999). Stress toler-
ance is a complex mechanism. The mechanism of stress toler-
ance by HSPs has not been well understood; however, HSPs
play major roles in processing of stress-denatured proteins
(Mizzen and Welch 1988). HST phenotypes regulate heat stress
in an efficient manner exhibiting higher Hsp70 at the cellular
level. However, it is necessary to associate the stress phenotype
with adaptation, fitness and production parameters during
growth, lactation and dry periods.

Conclusion
HST individuals exhibited higher Hsp70 mRNA level expres-

sion than HSS individuals in different breeds. The Sirohi breed
exhibited higher Hsp70 mRNA level expression than all the
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THI (85.36-89.80), temperature (45-49.4°C), relative humidity (RH)
(%) (14.33-27) and sunshine (hr) (8-12)

other breeds. The tissue-specific expression was observed dur-
ing peak heat stress periods. The liver and kidney exhibited
higher HSP concentrations than the other organs. The higher
levels of Hsp70 mRNA expression during peak heat stress pe-
riods indicate that productivity will be affected by heat stress,
and it is necessary to manage stress at cellular level. However, it
is also necessary to associate the stress phenotype with adapta-
tion, fitness, production parameters and feed consumption at
different ages and different physiological stages.
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