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CHAPTER-I

INTRODUCTION

Goats the “poor man’s cow” are versatile animalaying an important role in the
livestock industry by fulfilling the economic, cuttl, agricultural and even religious needs of
human beings since very early period of humaitization (Mac Hug and Bradley, 2001).
These are the most adaptable and widespread lokespecies, ranging from the high altitude
of Himalayas to that of deserts of Rajasthan andithicoastal areas of India (Rekib, 1998).
The socio-economic values of goats rearing contiexhe livelihood security of the poor
farmers are imperative than that of other livest@gkats raised in semi-arid environmental
conditions have to confront with multiple stress@®gjianet al., 2012 Chech reference)
owing to extreme fluctuations in availability of @ity and quantity of feed throughout the
year (Martinet al., 2004). Goats can survive in all types of agioiatic conditions by
adapting the harsh environmental condition and ccquérform better than other larger
domestic ruminants (Sejiaet al., 2012; Devendra, 1990; King, 1983; Shkolnik and
Silanikove, 1981).

The low input, high fecundity, easy marketing amghnejudiced social acceptance of
the goat’s products are few of many advantagekisfenterprise that provides assured higher
income. The climatic stress partitions the bodyueses including protein and energy at the
cost of decreased growth, reproduction, producaoa health status. In the prevailing
situation of progressive shrinkage of grazing reses, under nourishment, feed and water
scarcity, inhumane transportation, handling andigdiéer practices, frequent draught and
famine, long distance migration, poar route shelter, early disposal of kids and distress sale
of animals are some of the important issues vegingss to small ruminants and therefore
affecting their productive competence. Environmefdators such as ambient temperature,
solar radiation and humidity has direct and/or recl effects on animal performance. A
portion of the metabolizable energy used for préiduds diverted to assure thermal balance
under uncomfortable environmental conditions. Tfwee livestock production could be

affected by climate change in which heat strefisesnajor cause of production loss.

Climate change projections suggested that enviratehéemperature is expected to
increase between 2.3 and 4.8°C globally by 210€@P2007). It has been estimated that
global warming could reduce animal productivity25#6 in tropical and subtropical countries

which accounts for more than half of the milk aneatproduction (Seguin, 2008). Exposure
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to an elevated ambient temperature negatively @ffie biological functions reflecting the

impaired productive and reproductive traits (Matal., 2007).

The lower critical temperature for goats is notcdied but the limits of thermo-
neutrality for goats may be taken as a climaticirenent having an air temperature of
13°C -27°C, relative humidity of 60-70 per cent amthd velocity of 5-8 Km/hr and a
medium level of solar radiation (Mishra, 2009) Imdlian subcontinent, heat stress is the most
important climatic stress which adversely affectsvival and productivity of livestock
(Sejianet al., 2012). Several physio-biochemical responsesaatiwated to counteract the
effects of heat and cold stress and maintainindhtimeeostasis. Chemical pathways activated
by different stressors result into either surviead adaptation or apoptosis of the cells
depending its competence to the stressor (Buchanaln, 1993 and DeMeestet al., 2001).
Stress represents the reaction of the body to Btumat disturbs the normal physiological
equilibrium or homeostasis, often with detrimergHéects. Stress is revealed by the inability
of an animal to cope with its environment, a pheaoaom that is often reflected in the failure

to achieve genetic potential for production tréid®bson and Smith, 2000).

Thermal stress stimulates sort of complex respongash are fundamental for the
cell survival (Sonnaet al., 2002). Particularly in mammals, exposure to ligpomia or
hyperthermia has been related to morphological @ngiological modifications. Heat and
other stressors cause the formation of proteineggdes that not only lacking native activity,
but might cause direct damage to cellular membréRreshetet al., 2004). Protein aggregates
can also seed and propagate misfolding and aggvadat other labile or aggregation-prone
proteins in the cell (Gidalevitet al., 2006). Wu (1995) reported that dramatic up ratmh
of the heat shock proteins (HSPs) is a key parthef heat shock response. Increased
expression of HSPs is one of the most conservedsstesponse mechanisms. The synthesis
of HSPs result during heat stress (Lindquist anaig>r1988) and these HSPs protect cells
from toxic effects of heat and other stressors KRgc 2001). The induction of HSPs is

remarkably rapid and intense, as an emergency mespo

HSPs are multigene families that range in molecsilzg from 10-150 kD and found
in all major cellular compartments and named adogrdo the molecular weight. For
example Hsp60, Hsp70 and Hsp90 refer to familigd$®Ps on the order of 60, 70 and 90 kD
in size, respectively (Li and Srivastava, 2004)ey lare highly conserved proteins present in
all the cells of living organisms and are esseribalcellular viability as these have major
physiological roles in protein homeostasis (Ellisdavander vies, 1991). Most of these
proteins are ATPases and their general role isetulate structure and quality of other

proteins in cells. Stress proteins have abilitys¢outinize various protein structures in cells



Introduction...... L &

(Ellis, 2006). These proteins can distinguish betwenfolded, misfolded and native proteins.
The HSPs regulates the folding and unfolding okptbroteins. HSPs interfere with several
heat shock processes within cell organelles andgprfunctioning which are translocated to
different compartments following stress inducedtisgais. The increased expression of HSPs
has also been attributed to the accumulation obmbal cellular proteins associated with
various diseases (Gao and Hu, 2008). Hsp70 is #)ernmducible member of the heat shock
protein family. The levels of Hsp70 in cells haveeh correlated with tolerance to a wide
variety of stresses which include environmentallisssuch as heat shock, heavy metals
(Wagneret al., 1999), osmotic stress (Kuezal., 1998) as well as physiologic stresses such

as ischemia (Nowaét al., 1990; Kumar and Tatu, 2000) and oxidative stress

These proteins have been extensively studied eatd purified in most of the
livestock species and different breeds of bovinéss{ensenet al., 2004; Laceterat al.,
2006).Adaptations to tropical climates, zebu bredsiss(ndicus) of cattle are able to better
regulate body temperature in response to heatsstres European breedBoé taurus)
(Beatty et al., 2006; Mehlaet al., 2013. The expression level of HSPs was highest in
buffaloes followed by Hostein-Friesian and Sahiaalvs during the heat stress (Kishete
al., 2013).Recombinant HSP70 protein may be used for the dpu@nt of an assay for
detection of thermal stress (Pawaral., 2012). Higher expression of HSP90 has been
demonstrated Sahiwal cows as compared to Frieswa ander the botin vitro and in vivo
heat stress (Deét al., 2014 Chech referenc&ebu cattle (Tharparkar) are more adapted to

tropical climatic condition than crossbreed catlaran-Fries) (Singlt al., 2014).

Dangi et al., (2012) demonstrated the expression of HSP60, HSR®B®90, and
UBQ in peripheral blood mononuclear cells (PBMCsirinlg different seasons in three
different age groups of goats of tropical and terafgeregions. Sharnet al., (2013) reported
an increased expression of HSP60 gene after admaim® of melatonin in heat stressed
goats. HSP70 was reported to be the most senaitigiebi-phasic in response to temperature
fluctuation in goats (Danggt al., 2015). Paukt al., (2014) reported a possible correlation
between TLR and HSP genes for playing a modulataeyin activation of immune system to
combat the deleterious effect of thermal stresslava&t al., (2016) found that NOS family
genes along with HSPs genes maintain the cellategrity and homeostasis during thermal
stress. Banerjeet al., (2013) analyzed the relative expression proifeHSP70 genes
(HSPA8, HSPAG, HSPA1A, HSPA1L & HSPA?2) and foundttduring summer, the relative
expressions of all the HSP70 genes were highepliadapted breeds (Gaddi and Chegu)
than the heat-adapted breeds (Sirohi and Barlfagiat.

India is the repository of 24 well defined goatdats which are specific to a particular

geographical location. In semiarid region many duaeds are being reared by the farmers

3
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viz. Sirohi, Jakharana, Barbari etc. Albeit, based phiysio-biochemical parameters the
adaptability of these breeds to semi-arid regi@siieen examined; however there is no gene
expression-based study validating the adaptabiitythese breeds in various seasonal
conditions. As the role of HSPs gene regulatiomeisponse to heat stress in goats is well
documented but the comparative expressions of HSRsdigenous goat breeds have not
been yet utilized to study the adaptability in adeeclimatic conditions. Therefore, the
present study was intended with the following otyec

1. To examine the comparative expression profile oPBISHSP60, HSP70 and
HSP90) during different seasons in goat breeds.



CHAPTER-II

REVIEW OF LITERATURE

21CLIMATE CHANGE

Earth's average temperature has risend$F over the past century, and is projected
to rise another 2.0 to 11.5 °F over the next huhgesars. High ambient temperatures, direct
and indirect solar radiation and humidity are s@meironmental stressing factors that impose
strain on animals. The responses of animals to gdwarin environmental temperature
emphasize the key difference between ruminant amdraminant species in their comfort
zones. Ruminants have wide comfort zones and a degjnee of thermal tolerance so it is
likely that climate resulting in an increase ofeavfdegrees is not going to have any major

effect on these animal performances (Al-Tamimi, 200

Despite having well developed mechanisms of themgolation, ruminants do not
maintain strict homeothermy under heat stress. élhier unequivocal evidence that
hyperthermia is deleterious to productivity, redesd of breed and stage of adaptation. The
internal readjustment to maintain homeostasis énftite of external temperature changes is
called an adaptation to the thermal environmentoAgnthe domestic ruminant species, goats

are the best adapted to harsh hot environments.
2.2BODY DEFENSE AGAINST STRESS
2.2.1 Physiological mechanism

Respiration rate, pulsation rate and rectal tentperaare the parameters which
illustrate the mechanism of physiological adaptatioSeveral researchers studied
physiological adaptation mechanisms such as réetaperature, pulse rate and respiration
rate in small ruminants (Sevi et al., 2001; Srilkaadnar et al., 2003; Maurya et al., 2004,
Marai et al., 2007; Otoikhian et al., 2009; Phudtaal., 2010, Sharma et al. 2013). Body
temperature is good measure of heat toleranceimadsand represents the resultant of all
heat gain and heat loss processes of the bodyalReotperature is considered as a good
index of body temperature even though there isrsiderable variation in different parts of
the body core at different times of the day (Srd@kumar et al., 2003). Rectal temperature of
goats was found to be elevated with high environaletemperature in several studies

(Devendra, 1987; Marai et al., 2007). Rectal teapee is considered as a good index of
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body temperature even though there is a consideralation in different parts of the body

core at different times of the day (Srikandakuntaale 2003). Rectal temperature of goats
was found to be elevated with high environmentalpterature in several studies (Devendra,
1987; Marai et al., 2007). Phulia et al., (201Q)arted increase in rectal temperature and
respiration rate from 38.97 °C and 43.66 to 39.3&A@ 77.33 respectively when goats were
kept for 6 hours in hot ambient temperature in semrRulsation and respiration rate per
minute was found to be increased by the effectnefrenmental temperature. Heat loss via
high respiration rate was reported as higher thet via other ways (Devendra, 1987).

Increase in heart rate and pulse rate is attribtwetivo causes. One is the increase in
muscular activity controlling the rate of respioatj concurrent with elevated respiration rate.
Higher values of means of these parameters (RRHRJ,have been reported than that of
values in thermo-neutral zone (Mc Dowell and Woodiyd982; Al-Tamimi, 2007).

2.2.2 Molecular mechanism

It is widely accepted that changes in gene eximesare an integral part of the
cellular response to thermal stress. Some of theses are affected by a wide variety of
different stressors and probably represent a naifgpeellular response to stress, whereas
others may eventually found to be specific to dertypes of stress. This response
characteristically includes an increase in therteoémce (i.e., the ability to survive
subsequent, more severe heat stresses) that isr@ip@ssociated with increased expression
of HSPs. Thermal-induced changes in gene expresgioar both during hyperthermia as
well as hypothermia. Commonly heat shock resposigbe induction of a group of proteins
which were first termed as heat shock proteins tmzaf their initial discovery in cells
exposed to elevated temperatures. Ritossa in ligg2observed cellular stress response in
Drosophilla buskii salivary glands, which were exposed to high temupee and induced
dramatic alterations in gene activity as judgedh®ychanges in ‘puffing’ patterns observed in
the salivary gland polytene chromosomes and simits the finding with dinitrophenol or
sodium salicylate treatment. Tissieres and Mitctil74) reported that the induction of these
puffs coincided with the synthesis of small numbémew proteins. It is now known that

these small proteins are called heat shock proteins
2.3HEAT SHOCK PROTEINS (HSPs)

HSPs synthesis in response to thermal or chensta&ss and the degree of
conservation of HSPs at the level of nucleotideisege and protein function have resulted in
an emphasis on the conserved nature of the heek sheponse (Nover and Scharf, 1991).
Increased diversity of HSPs as well as accumulatbriarger amounts of HSPs may

contribute to survival in thermally stressful emviments. Differences in HSP expression
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have been found in closely related organisms wbitupy different environmental niches.
Several HSP families have been identified as mdédeathaperones. Chaperones associate
transiently with unfolded polypeptides, preventprgmature folding of nascent polypeptide
chains or aggregation of unfolded proteins, theagifating proper folding and or assembly of
these polypeptides (Ellis, 1990). Different chape are found in different sub cellular
compartments and cooperate in the translocatigmatéins across intracellular membranes, a
process which requires the translocated polypeptide maintained in an unfolded, extended
configuration until it reaches the proper compartmeConstitutively expressed forms of
HSP60, HSP70, and HSP90 perform this function istressed cells (Hendrick and Hart,
1993). Small HSPs, in the 20-30 kD range, have héssn shown to function as molecular
chaperonesn vitro (Jakobet al., 1993). There is evidence that heat and othessirs cause
the accumulation of damaged proteins, resultinthéinduction of additional HSP synthesis
(Edingtonet al., 1989; Hightower, 1991). Induced HSPs could &lswtion as chaperones,
facilitating the refolding of damaged proteins argeting them for degradation. Thus HSPs
would be a critical component of cellular defenagginst stress induced proteotoxicity, a
term applied to the deleterious effects of proteiasiaged by chemical and physical stressors

on cells.

HSPs are a large protein family consisting of botimstitutively expressed and
inducible proteins (Locke, 1997). HSPs are highdnserved cellular stress proteins present
in every organism from bacteria to man (Neeeal., 2000). They are conserved in protein
coding as well as regulatory sequences (Pelhan)198 vivo andin vitro studies have
shown that various stressors transiently increasdugtion of HSPs as protection against
harmful insults. HSPs level increased after envitental stresses, infection, normal
physiological processes and gene transfer (Kiang &sokos, 1998). When denatured
proteins were injected into frog oocytes, there waduction of HSP genes but normal
proteins failed to induce HSP. Abnormal proteinsasceukaryotic stress signals and trigger
the activation of heat shock genes (Anantétaad., 1986). The production of large amounts of
abnormal proteins activates transcription of HSPE.icoli (Goff and Goldberg, 1985). The
HSPs have been extensively studied, especially vagard to their cellular localization,
regulation and functions (Lindquist and Craig, 198&ghtower, 1991; Welch, 1992;
Morimoto et al., 1994). HSPs are a group of evolutionarily conserved pnstahat are
conventionally, classified according to moleculaeganging from 10 to 150 kD&€énjamin
and McMillan, 1998). Cellular stress disturbs theiary structure of proteins and has adverse
effect on cell metabolism. A number of studies hatewn that HSP confers protection
against cellular stresses including hyperthermiggokia, ischemia and reperfusion which
would otherwise lead to cell death (Liu and Stekeac2001).
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2.3.1FUNCTIONS OF HSPs

HSPs act as molecular chaperones by participatingroteins assembly without
being part of the final protein structure (ElliQ8F). HSPs contribute to cell survival by
reducing the accumulation of damaged or abnormbippetides within cells (Parsell and
Lindquist, 1993; Welch, 1992). They possess cruoidd in intracellular transport, the
maintenance of proteins in an inactive form andptevention of protein degradation (Neuer
et al., 2000). They possess important protective nolMvo as they can protect heart and brain
against ischemia and lungs and liver against s¢pkigja, 1999). HSPs play crucial roles in
cell cycle control, signaling and protection ofIsehigainst apoptosis (Zihai and Pramod,
2003). HSP 27, HSP 70 and HSP 90 proteins are priedotly antiapoptotic, whereas, HSP
60 is proapoptotic (Garridet al., 2001). During the period of hyperthermia andrgiho
thereafter, HSPs become the predominant proteinthagized by cells (Lindquist, 1986).
Interestingly, most HSP genes lack introns (LindguB86), which may facilitate their rapid
expression and which may also help explain how ttay be expressed in the presence of

stressors (such as heat) that can interfere witA Bicing.
2.3.2HSPs. principal biochemical activities

a) HSPs help to prevent misaggregation of denaturetiois and assist the refolding of
denatured proteins back into native conformati@wen in unstressed cells, some of
the chaperonin HSPs play a role in the folding aaent polypeptides into native
conformations during protein synthesis. Additiopatheir ability to stabilize proteins
in specific conformations is used by a variety ofmal cellular regulatory processes,
such as cell cycle control, steroid and vitamin d2eptor processing, and antigen
presentation by cells with immune function. Thetptgpical chaperonin HSPs are
the members of the HSP40, HSP60, HSP70 and HSR8lef of proteins.

b) HSP32R is the best example of regulation of celltddox state, which, better known
as heme oxygenase-1(HO-1) (Otterbein and Choi, )2000s enzyme catalyzes the
breakdown of heme to biliverdin, carbon monoxide &mee iron (which is rapidly
incorporated into ferritin). Biliverdin is subseapily converted to bilirubin, a potent
antioxidant with cytoprotective effects. The rekeas free iron by HO-1 also leads to
increased expression of ferritin, which is thoutghexert its cytoprotective effect in

part by sequestering prooxidant free iron (Otterlaeid Choi, 2000).

¢) Regulation of protein turnover (Parsell and Lindgul993) an example is ubiquitin,
which is expressed in unstressed cells, upregulbyeteat shock and serves as a

molecular tag to mark proteins for degradation imtgosomes.
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233 TYPESOF HEAT SHOCK PROTEINS

HSPs are named according to their molecular weight.example HSP60, HSP70

and HSP90 refer to families of HSPs on the ordd&0pf70 and 90 kD in size, respectively (Li
and Srivastava, 2004. (Table 1)

Table 1: Types of heat shock proteins

Size Prokaryotic  Eukaryotic proteins Functions
(kD)  protens
10kD GroES HSP10 Acts as tag for degradation of proteins
like ubiquitin
20-30 GrpE HSPB group of HSP Assist protein folding without being
kD Eleven members inthe final part
mammals including
HSP27 or HSPB1
40 kD Dnald HSP40 Co-factor of HSP70
60kD GroE, 60kDa HSP60 Involved in protein folding after its
antigen post-translational import to the
mitochondrion/chloroplast
70kD DnaK The HSPA group of Protein folding and unfolding,
HSP including HSP 71, Provides thermo-tolerance to cell on
HSP70, HSP72, Grp7&exposure to heat stress. Also prevents
(BiP), Hsx70 found only protein ~ folding  during post-
in primates translational import in to the
mitochondria/chloroplast
90 kD HtpG, C62.5 The HSP group includesAssist in the maturation of a select
HSP90, Grp94 clientele of proteins and proper
folding of proteins
100 ClpB, CIpA, HSP104, HSP110 Tolerance of extreme temperature
kD ClpX

(Trivedi, 2010)

2.3.3.1HEAT SHOCK PROTEIN 60 (HSP60)

Mammalian HSP60 was first reported as a mitochah@®1 protein (Gupta, 1995).

The amino acid sequence showed a strong homolo@rd&L/HSP60’s bacteria homolog.

HSP60 in eukaryotes is considered typically a nhitoeirial chaperone (also called Cpn60)

which also occurs in the cytosol, the cell surfdbe,extracellular space and in the peripheral
blood under normal physiological conditions (Cappet al., 2008; Itohet al., 2002). In
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order for HSP60 to act as a signal it must be mtese the extracellular environment.
Chaperonin 60 can be found on the surface of varmokaryotic and eukaryotic cells, and
can even be released from cells (Ranfard., 2000). HSP60 has the capability of activating
monocytes, macrophages and dendritic cells andodlsmlucing secretion of a wide range of
cytokines (Hansest al., 2003). HSP60 constitutes 15-30% of cellular girat (Urushibarat

al., 2007). Under normal physiological conditions,R#8 is a 60 kD oligomer composed of
monomers that form a complex arranged as two sthtleptameric rings (Cheng al.,
1990). This double ring structure forms a largeti@@rcavity in which the unfolded protein
binds via hydrophobic interactions (Fenteh al., 1994). This structure is typically in
equilibrium with each of its individual componentanonomers, heptamers, and
tetradeceamers (Habich and Burkart, 2007). Eachrsubf HSP60 has three domains: the
apical domain, the equatorial domain, and the mm¢eliate domain. The equatorial domain
contains the binding site for ATP and for the otheptameric ring. The intermediate domain
binds the equatorial domain and the apical don@gjether (Ranfordt al., 2000). It catalyzes
the folding of proteins destined for the matrix andintains protein in an unfolded state for
transport across the inner membrane of the mitadti@rKoll et al., 1992). On the basis of
all these studies it has been suggested that HBRA(des a surface or workbench which
binds to unfolded proteins, and through a serie&Td? hydrolysis events, result in the proper
folding of target polypeptide (Lubbee al., 1990).

2.3.3.2HEAT SHOCK PROTEIN 70 (HSP70)

HSP70s are a family of ubiquitously expressed Iskatk proteins. It is found in
prokaryotes and eukaryotes (Tavagaal., 1996; Yoshimunest al., 2002) and is mainly
localized in the cytosol, mitochondria and endapiiasreticulum and exhibit constitutive and
inducible regulation. HSP70 gene family in bovimedudes HSP70-1, HSP70-2, HSP70-3,
and HSP70-4 gene. HSP70-1 is an intronless geaeldon chromosome 23 and has 1926
nucleotides in goats (Gade al., 2010). Molecular chaperones of HSP70 family ais®
essential for the cell to survive environmenta¢ssdrincluding heat shock. Members of HSP
70 family are strongly upregulated by heat strad§P70 family is structurally and

functionally conserved in evolution.

HSP 70 contains two distinct functional regionpeatide binding domain (PBD) and
the amino-terminal ATPase domain (ABD). Peptidedliig domain contains a groove with
an affinity for neutral, hydrophobic amino acididegs. Amino terminal/C-terminal domain
— rich in alpha helical structure acts as a ‘lidt the substrate binding domain. When an
HSP70 protein is ATP bound, the lid is open andigep bind and release relatively rapidly.
When HSP70 proteins are ADP bound, the lid is dpaed peptides are tightly bound to the

substrate binding domain. Under normal conditiddSP70 functions as ATP dependent

10
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molecular chaperon that assist the folding of nesylythesized polypeptides, the assembly of
multi protein complexes and the transport of preacross cellular membranes. Under
stressful conditions, elevated HSP70 levels allelisao cope with increased concentrations
of unfolded or denatured proteins (Panjwetral., 1999).

2.3.3.3HEAT SHOCK PROTEIN 90 (HSP90)

HSP90 is a molecular chaperone and is one of the¢ almundant proteins expressed
in cells (Csermelyt al., 1998). It is highly conserved and expressed vargety of different
organisms from bacteria to mammals — including argétic analogue htpG (high
temperature protein G) (Chenal., 2006). It has been identified in the cytosolgclaus and

endoplasmic reticulum, and is reported to exishany tissues (Kunisawa and Shastri, 2006).

There are two isoform of HSP90 in mammalian cellHHSP9@& and HSP90R.
Recently, a membrane associated variant of cym$tiP90, lacking an ATP binding site,
has been identified and was named as HSPOON (Grakaikia et al., 2002). It consists of
four structural domains (Pearl and Prodromou, 2@001; Prodromou and Pearl, 2003) such
as a highly conserved N-terminal domain in whigystal structures are available (Stebhéns
al., 1997; Prodromout al., 1997). A “charged linker” region that connettie N-terminus
with the middle domain and middle domain is invalvia client protein binding. It also
increases the ATPase activity of HSP90. The C-tmmmdomain possesses an alternative
ATP-binding site, which becomes accessible wherrWinal Bergerat pocket is occupied
(Meyer et al., 2003; Panaretoet al., 2002). In unstressed cells HSP90 plays a nuraber
important roles, which include assisting in foldi(Buchner, 1999), intracellular transport,
maintenance and degradation of proteins as wefhaifitating cell signaling. It acts as a
general protective chaperone (Miyata and Yahar@219Viechet al., 1992). HSP90 also
participates in many key processes in oncogenasts as self-sufficiency in growth signals,
stabilization of mutant proteins, angiogenesis andtastasis (Fontanat al., 2002;
Calderwoodet al., 2006; Eustacet al., 2004; Whitesell and Lindquist, 2005; Satoal.,
2000). HSP90 is one of the most abundant proteir®/) in the cytoplasm of unstressed
cells where it performs housekeeping functions, troling the stability, maturation,
activation, intracellular disposition and proteatyturn-over of a plethora of proteins

generally termed as ‘client proteins’ (Taipa#eal., 2010).
2.34HEAT SHOCK PROTEINSAND THEIR ROLE IN VARIOUSDISEASES

Heat shock proteins function as molecular chapspompreventing stress induced
aggregation of partially denatured proteins andnarting their return to native conformations
when favorable conditions pertain. HSP polypeptaiesemble into dynamic oligomers which

undergo subunit exchange and they bind a wide rafgellular substrates. As molecular

11
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chaperones, the HSPs protect protein structureaatidty, thereby preventing disease, but
they may contribute to cell malfunction when pdrad. HSPs are molecular chaperones,
storing aggregation prone proteins as folding cdemte intermediates and conferring
enhanced stress resistance on cells by suppresgimggation of denaturing proteins, actions
associated with oligomerization and subunit excba(fey and Chang, 2004). Intracellular
guantities and cellular localizations of HSPs clanm response to development,
physiological stressors such as andyigoxia, heat and oxidation and in relation to
pathological status. HSPs interact with many esaslergll structures and it follows from such
promiscuity that functional disruption and inappiape association of these molecular

chaperones with substrates will foster disease.
2.3.5HSPsEXPRESSION

Expression of HSPs can explain inter and intrapatmrn differences in heat shock
resistance. In Drosophila, several studies haven beeestigated the role of HSPs in
adaptation to heat stress. HSP70 levels are hjmanrg heat shock exposure and also show
improved thermo-tolerance when receiving a therpnatreatment in genetically engineered
Drosophila lines with extra copies of HSP70 (Fedteal., 1996). However, looking at intra-
population variation in heat shock resistance aB# T, correlations depend on species and
developmental stage. Krebs and Feder (1997) fourmbreelation between HSP70 and

thermo-tolerance in larvae, but not in adults.

In mammalian cells, nonlethal heat shock produbasges in gene expression and in
the activity of expressed proteins, resulting inatvis referred to as a cell stress response
(Lindquist, 1986; Jaattela, 1999). This responseragtieristically includes an increase in
thermo-tolerance that is temporally associated wittreased expression of HSPs. Heat-
induced changes in gene expression occur bothglhsiperthermia as well as after return to
normothermia. Heat shock proteins are intracellatatecules, involved in stabilizing cells
during thermal exposure (Hendry and Kola, 1991)esEnHSPs have a protective function
and a strong correlation between their inductiod #re induction of thermo-tolerance has

been observed (Lindquist and Craig, 1988).

Upon stress the most prominent HSPs present imtioéeolus are the inducible
HSP70 and HSP110 (Welch and Suhan, 1985). Thetlfattsome HSPs translocate to the
nucleolus suggests a specific and unique role enrépair and protection of these cellular
structures (Collier and Schlesinger, 1986). Upaovery after heat shock, HSP70 exit the
nucleolus to accumulate back in the cytoplasm, nspexifically in the perinuclear region,
along the perimeter of the cell, and in associatiith large cytosolic phase dense structures
(Welch and Feramisco, 1984; Welch and Suhan, 1¥&jnuclear condensation of HSP70

12
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seems to coincide with reassembly of the centrosante microtubuli, and also with the
cytoplasmic distribution of ribosomes. This suggasiat HSP70 plays a crucial role in the
function of these organelles immediately after hddaick and during subsequent recovery
phase (Browret al., 1996). Proteins that lose their normal threeetisional conformation
provoke HSP synthesis through the activation of H3king and after heat shock cytosolic
proteins normally aggregate and have a reducetistiyVidair et al., 1996). Along with its
release during heat stress they themselves arecsuioj strict autoregulation by multiple
molecular mechanisms (Lindquist, 1993). Heat shpakein chaperoning is a permanent
cellular event during both nonstressed and stresseditions. However, heat shock or other
stresses, upregulation of the synthesis and treaistm of various HSPs to other cellular
compartments suggest that during evolution, tissieeglop intrinsic defense mechanisms for

resuing unfolding proteins in various cellular cartments.

foctl
hyperthermia : Hypoxial Depletion infection
hypothermia hyperoxia
o . 3 L * Inactive
o e s s
¥

Stress-dematured
arotedin

OF HSF

Fig.1. Mechanism of HSP genes expression

A summary of some of the major physiological sigrthlat activate the inducible form of the heat &hoc
protein (HSPs) synthesis (top) and a proposed mésingfor increased HSPs expression within a cedattshock
factors (HSFs), present in the cytosol, are bouynkdat shock proteins (HSPs) and maintained imactive state.

A broad array of physiological stimuli (“stressorgire thought to activate HSFs, causing them tarsée from
HSPs. HSFs are phosphorylated (P) by protein kinasel form trimers in the cytosol. These HSF trimer
complexes enter the nucleus and bind to heat stleckents (HSE) in the promoter region of the HSRegeéiSP
mRNA is then transcribed and leaves the nucleusttfercytosol, where new HSP is synthesized. Prapose
mechanisms of cellular protection for HSPs incldldeir functioning as molecular chaperones to assishe
assembly and translocation of newly synthesizeteprse within the cell and the repair and refoldofgdamaged

(e.g., stress- denatured) proteins. I/R, ischeepanfusion; ROS, reactive oxygen species; RNS, reanttrogen
species. (Kregel, 2002)
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Enhanced synthesis of HSPs was detected in highlfignl T cells during heat stress
(febrile temperatures less than or equal to 41t@)ee major HSPs with approximate
molecular weights of 110, 90 and 75 were detectdlddse T cell populations. Enhanced HSP
synthesis reflected augmented transcription of H@Res which was contingent on the
continued presence of hyperthermic stress (CiaxardaSimeone, 1990). Blaletal. (1990)

demonstrated HSP gene expression in rats exposeghtshock.

Laceteraet al.,2006); Patir and Upadhyay, 2007; Parrmaal. (2015) observed heat
stress induced HSP70 expression in bovine lymplescyimong all HSP70 genes studied, a
significant increase was observed with respect 3®AMLA, HSPAG6, and HSPAS8. Similarly,
heat stress-induced upregulation of HSPA8, HSPA®, HSPA1A gene expression was
observed in human blood (Sonetaal., 2002; 2004). In Brownswiss cattle, increased HSP
or HSPA1A mRNA levels in peripheral blood mononagleells due to heat stress have also
been reported by Laceteenal. (2006). Studies in camel shows that temperatleeagon
increases the level of constitutively expressed HIBR camel (Ulmasoet al., 1993; Garbuz
et al., 2011). Though HSP70 genes are highly consereexsa evolutionary lines, the HSP70
gene expression is species and breed-specific.spreies-specific differences in HSP70
isoforms are most likely due to variations in thatrtolerance (Yamashit al., 2004), and

isoform expression may vary with regard to therwierance (Hightoweet al., 1999).

Heat shock induces HSP70 in the bovine lymphocdi@esrriero and Raynes, 1990;
Kamwanijaet al., 1994; Laceterdt al., 2006; Patir and Upadhyay, 2007; Paretal., 2015).
A two hundred fold increase in HSP70 levels in seand 2.5 fold increase in lymphocytes
was observed after exposure at 42°C and 70% RHuffalbes (Mishraet al., 2010).
Characterization of HSP70 in buffalBubalus Bubalis) suggested that recombinant HSP70
protein may be used for development of an assagidtection of thermal stress (Paveaal .,
2013). The mRNA level of HSP70 in lymphocytes wagéased with increase in THI as well
as temperature in dairy cows (Le al., 2010). The HSP70 concentration in Angus cattle
increased from 0.07 to 0.25 pg/million cells whiee temperature was enhanced from 38.5°C
to 42.4°C whereas in Brahman cattle it increaseah0.07 to 0.26 pg/million cells when the
temperature was enhanced from 38.5°C to 42°C (Kamaneh al., 1994). In buffalo, higher
intensity and duration of temperature exposure edubigher HSP70 induction in
lymphocytes to maintain cellular homeostasis (Patid Upadhyay, 2010). Irrespective of
stocking density, transportation under hot, humigbital conditions significantly increased
HSP70 levels in the kidneys of goats (Zulkéiial., 2010)

In vitro studies have indicated that HSP70 produced in b&assed lung cells
(Fargnoliet al., 1990), hepatocytes and liver (Heydarrial., 1995; Hallet al., 2000) and

myocardium (Grayet al., 2000) provided protection from toxic effects tbermal stress.

14
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DiDomenicoet al. (1982) observed that once the cells are exposdtiet temperature at
which they are released, the cells are able tostdtid any level of extremes of temperature.
Heat shock proteins not only enhance heat tolerbotalso give capacity to resist hypoxia,
ischemia and inflammation. Further exposure toutalltoxins as heavy metals, endotoxins
and reactive oxygen species, all imposing seridress upon tissues and their composing
cells (Lucet al., 2001). Increase in HSP72 in persons with spinadl injury after 12 weeks
leg cycling was observed (Darryh al., 2002). In abdominal muscle, polyubiquitin mRNA
levels increased during both hypo- and hyperosnsitess (Jeffregt al., 2002).

Adaptation with tropical climates, zebu breeds (Buiicus) of cattle are better able
to regulate body temperature in response to heagssthan European breeds (Bagrus)
(Gaugharet al., 1999; Beattyet al., 2006; Mehleet al., 2013). Expression level of HSP90
among Frieswal and Sahiwal cattle undgevitro and environmental heat stress were studied
and a reported a higher expression in Sahiwal Hraswal (Debet al., 2014). The relative
MRNA expression of inducible HSP70 genes (HSPA1A HBPA2) were higher in Karan-
Fries than Tharparkar. Zebu cattle (Tharparkar) mw@e adapted to tropical climatic
condition than crossbreed cattle (Karan-Fries) dennal fibroblast resistance to heat shock
differed between breeds (Singhal., 2014). Kishorest al. (2013) found that PBMCs can be
used as an effective model to understand the resssesponse of different cattle types and
buffaloes. The expression of HSPs in, Hostein-kErefHF) and Sahiwal cows in response to
sublethal heat shock at 42°C indicated that HHec#dt be the most affected with the heat
shock, whereas Sahiwal cattle were least affectetbng the HSPs, HSP70 was relatively
more expressed followed by HSP60. The level of esgipn of HSPs throughout the time
period of heat stress was highest in buffaloetovia@d by HF and Sahiwal cows.

The mRNA expression of HSP70, HSP60, HSP90 and WBQsignificantly higher
(P<0.05) during peak summer season as compared w#h winter season in both tropical
and temperate region goats however, in the tengeegion a non-significant difference of
HSP70 expression between summer and winter seasassnoticed (Danget al., 2012;
Sharmaet al., 2013; Yadawet al., 2016). Melatonin administration in goat increhselative
expression of HSP 60 manifold to alleviate heasst(Sharmat al., 2013). HSP 70 was the
most sensitive to temperature fluctuation of hé&ss and played the most dominant role in
protecting cells from damage caused by acute tHestnass and it could be used as an
important molecular biomarker to heat stress imais (Dangiet al., 2014). HSP expression
pattern is biphasic or two-peak phenomenon in g¢Btngi et al., 2015). A possible
correlation between TLR and HSP genes was repaatetbmbat the deleterious effect of

thermal stress and played an essential modulatdeyim activation of immune system (Paul
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et al., 2014).Nitric Oxide SynthaseNOS) family genes along with HSP genes maintain
cellular integrity and homeostasis during therntadss (Yadawt al., 2016).

Shilja et al. (2015) assessed the impact of heat and nutrit&iness simultaneously
on adaptive capability by behavioral and physiatagresponses, plasma HSP 70 level and
HSP70 gene expression and indicated the signifecafcproviding optimum nutrition to
improve the adaptive capability of Osmanabadi gtatseat stress. The expression of HSP70
genes (HSPA8, HSPAG6, HSPA1A, HSPALL, and HSPA2wshiemperature sensitivity and
seasonal variation. Relative expression of HSPhegearies markedly among the heat- and
cold-adapted goat breeds with a moderate varidenveen breeds and shows a good
response to increased or decreased ambient temm@erBbutet al. (2016) demonstrated the
differential expression pattern of HSP70 gene esgioa in tissues and heat stress phenotypes
in goat during peak stress period and folinelr and brain tissues showed the highest gene
expression at MRNA levels as compared to kidnelgespand heart. HST individuals had
higher levels of mMRNA level expression than HSSwiddials in all breeds. The Sirohi breed
showed the highest (6.3-fold) MRNA expression leea compared to the other three breeds,
indicating the better heat stress regulation dgtivi the breed. Banerjegt al. (2013) used
real time PCR to analyze the relative expressiafilprof HSP70 genes and found that the
expression level of HSPA8 and HSPA1A was higheinduboth winter and summer. The
expression level of HSPA6 and HSPALL was highely ailring summer. HSPA2 was
observed to be downregulated during the summernvantér seasons. During summer, the
relative expressions of all the HSP70 genes weaghehniin cold-adapted breeds (Gaddi and
Chegu) than the heat-adapted breeds (Sirohi andaBparIn Chegu, i.e., a cold-adapted
breed, the expression of all the genes was higheompared to the other cold adapted breed
of goat, Gaddi, during summer. The HSPA8 and HSPA&gpression during winter in heat-
adapted breeds was observed to be higher tharadaloked breeds.

GAPSIN KNOWLEDGE

Limited information is available pertaining to egpsion profile and role of HSPs for
amelioration of thermal stress respect to differesasons in Indian domestic animals in

general and in goats in particular.

16



CHAPTER-III

MATERIALS AND METHODS

The proposed study was done by using a numberatdrials and methods which are
described in this section. Standard protocols Hasen followed everywhere with slight

modifications.
MATERIALS
3.1 EXPERIMENTAL ANIMALS

The experiment was carried out on three bregdsBarbari, Sirohi and Jakhrana.

Five animals of each breed were used in the expatim
3.1.1 Description of genetic stock
(A) Barbari goat

Barbari is the medium size dual purpose goatdorites named for its origin place
Berbera in British Somaliland in East Africa. THiseed is distributed mainly in Etah,
Etawah, Mathura, Agra and Aligarh districts of WUtfaradesh and Bharatpur district of
Rajasthan in India. White and short haired coah Witownish spots all over the body, short
and straight horns, short and erect ears and asefelldder are the main characteristics of this
breed (Fig. 1). The dam weight is averaged appratgip 22-32 kg. The average lactation
yield is 8212 kg during a lactation period of 138yd which is similar to Indian dairy goat
breeds and posses many desirable characters ofamidit growth, prolificacy, reproductive
efficiency. It is highly suited for stall-feedingarly maturing and non-seasonal breeder, and
generally gives birth to twin and triplets. So,sthireed is considered to be one of the best

dual purposes among Indian goat breeds.
(B) Sirohi goat

Sirohi is native breed of Rajasthan. In Indiaisidistributed over Jaipur, Bhilwara,
Tonk and Ajmer districts of Rajasthan and PalaripuGujarat and is also found in Uttar
Pradesh. It is medium size dairy breed which bedyovered with short and coarse hair, flat
and leaf like drooping ears, curved horns with pantips and dark brown coated with tan
patches (Fig. 2). Average weight of male and fen=lé8-50 kg and 25-30kg respectively.
They started kidding in 19-20 months, twice in aryéAverage milk yield is 65+2 over a
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lactation period of 120 days. It is well suited fmall-feeding and mainly used for meat

purpose.

(C) Jhakrana goat

Jhakrana is a good dairy type breed mostly usednflir production. In india, it is
distributed over few surrounding villages near Belhof Alwar district of Rajasthan. It is
large in size and predominantly black with whitetspon ears and muzzle and have a highly
developed udder (Fig. 3). Average weight of adwtans 53-55kg and adult female is 40-42
kg. Kidding is mostly single. Average dairy milkeyd varies from 2.0-3.0 kg for a lactation
length of about 180 days. This breed’s skin is peapfor tanning industry.

3.2 FEEDING, HOUSINNG AND MANAGEMENT OF THE ANIMALS

Animals were kept in well-ventilated pucca sheddarrioose housing system in the
experimental shed of Department of Veterinary Rilggy, DUVASU, Mathura. Animals

were offered concentrated diet with required amafimiineral mixture.
3.3CLIMATOLOGICAL CONDITIONS

Samples were collected in three different climatinditions in the month of January,

March and May which is given in the (table 1).

Table 1:- Monthly mean of Meteorological observatiaos

Month Max.  Min. Mean Vapour Relative  Rainfall Sun shine

temp. temp. daily Pressure humidity (mm)/wet (hr)

(°C) (°C) temp. (mmHg) (%) days
(°C)
January
23.42 7.56 15.49 10.84 74.54 0.00(0) 159.10
March
35.27 16.02 25.65 13.19 45.92 16.40(5) 275.30
May 4453 26.23 35.38 16.42 33.18 13.60 (5) 275.90

Temperature humidity index (THI)

THI of months of January, March and May were calimd (Maderet al., 2006) using

the formula:
THI= (0.8 x T) + [(RH/100) x (T — 14.4)] + 46.4

Tqu- Dry bulb temperature, RH- Relative Humidity
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3.4 CHEMICALS, EQUIPMENTS AND MISCELLANEOQUS ITEMS:

All chemicals, equipments, laboratory wares aridcallaneous items used for the
study are enlisted in annexure-l, while the detafisbuffers and solutions are given in

annexure-Il and that of enzymes and biologicaksninexure-IIl.
3.5 PRIMER SEQUECNE

To amplify the desired genes, specific primers waken from the already published
primer sequences (Dangial., 2012). These primers were further aligned bygi$tRIMER
BLAST at NCBI and the details have been givenablg 2).

Table 2. Gene transcripts, primer sequences and neléing fragment size

Target  Sequence of nucleotide size EMBL

gene (bp)

HSP 60 For: 5-ACTGGCTCCTCATCTCACTC -3' 148 NM_001166609.1
Rev: 5-CTGTTCAATAATCACTGTCCTTCC -3'

HSP 70  For: 5-GACGACGGCATCTTCAAG -3' 132 FJ975769.1

Rev: 5-GTTCTGGCTGATGTCCTTC -3'

HSP 90 For: 5-GCATTCTCAGTTCATTGGCTATCC -3' 190 NM_001012670.1
Rev: 5-GTCCTTCTTCTCTTCCTCCTCTTC -3'

GAPDH For: 5 -AAGGCTGAGAACGGGAAACT -3' 101 XM_005680968.2
Rev: 5-TACTCAGCACCAGCATCACC-5'

EMBL — accession number or reference of publiskeegience

3.6 EXPERIMENTAL DESIGN

Present study was carried out at the Departnfevietrinary Physiology, College of
Biotechnology and Central instrumentation FaciliyJVASU, Mathura and Central Institute
for Research on Goats, Makhdoom, Farah, Mathuva. goats each of three different breeds
of semi-arid region were selected for the stuty Barbari, Sirohi and Jhakrana. The study
was conducted in three different seasazsWinter (January), Thermo-neutral (March) and
Summer (May). All the animals selected for thisdgtwere clinically healthy and free from
any physical injury or anatomical abnormalitiesleted goats were 2 to 2.5 years old and
had an average body weight of 25-30 kg. All of #mmals were regularly monitored and
similar management inputs were provided during tbeperimental period. The
climatologically data and physiological parameteiging the experimental period were
recorded. The blood samples were collected duliregtdifferent seasons for RNA isolation,
cDNA synthesis and quantitative analysis of genpression. Recording of physiological
parameters and collection of blood samples was @br@9:00 to 10:00 in all the seasons

during experiment.
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3.7 RECORDING OF PHYSIOLOGICAL PARAMETERS

The respiratory rate was recorded by observingements at the flank region. The
movement was observed for one minute and preseisteédspiratory rate/minute. The rectal
temperature was recorded using digital thermomigyeinserting it into the rectum of the
animal and touching the rectal mucous membranerfierminute. The rectal temperature was

presented in °C.
3.8 METHODS
3.8.1 COLLECTION OF BLOOD SAMPLES

Blood samples were collected from jugular veingiure of goats aseptically using
NH Sodium heparinized vacutainer under sterile ¢ams. About three ml of blood was
collected in the tube and inverted twice. Precastioere taken to minimize the effect of

ribonuclease activity at the time of processing.
3.8.2 ISOLATION OF PERIPHERAL BLOOD MONONUCLEAR CEL LS (PBMCs)

a) lIsolation of PBMCs was carried out in dust freelated room equipped with laminar
flow having UV light facility. The room was regularfumigated (using Potassium
Permangnate and Formalin) and UV light was putasrtiio hours before beginning
of the experiment. The histopaque which is usuedigt at 8 - 15°C was brought to

room temperature before starting the experiment.

b) Three ml Histopaque-1077 (SIGMA-ALDRICH) was takento fresh autoclaved
15ml conical centrifuge tube and sufficient timesvedlowed for Histopaque to reach

room temperature.

c) Three ml blood was slowly layered upon histopagdié7lkeeping the centrifuge tube

at 25-45° angle so that mixing of blood with hisigpe did not occur.
d) Tubes were immediately centrifuged at 3000 rpmGdr ¥g for 30 min at 25°C.

e) Tubes were carefully removed from centrifuge maehiuithout disturbing the layers.
Following centrifugation layers of plasma, PBMCsstbpaque and RBCs were

clearly visible (Fig. 4).

f) The upper plasma layer was slowly removed and glatseparate plasma collection

vials for further biochemical analysis.

g) The opaque interface containing PBMCs was carefuéipsferred in to fresh 2mi

micro-centrifuge tube avoiding carryover of the &wlear layer of Histopaque.
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h)

)

K)

Equal amount of 1X DPBS pH (7.4) (Hi-Media) wasled to the tubes and mixed
gently by inversion and centrifuged at 1700 rpr2%0 xg for 10 minutes at 25°C.

Supernatant was discarded and PBMCs pellet wasspgeaded in 1X DPBS pH (7.4)
and centrifuged at 1700 rpm or 250 xg for 10 mis@ae25°C.

Supernatant was poured off and PBMCs pellet wasispended in cold 1X DPBS
pH (7.4) and centrifuged at 1700 rpm or 250 xglfdminutes at 25°C.

Supernatant was poured off and proceed for RN/Auismi.

3.8.3 ISOLATION OF TOTAL RNA

After discarding the supernatant, PBMCs pelles wesuspended in5Q0 of DEPC

treated-PBS (PH 7.4) and PBMCs were counted usemgobytometer and one million cells

suspension was taken for RNA isolation in a 2 ndlease free micro-centrifuge tube.

a)

b)

Sample homoginization/lysis of cells

One million of Suspended cells were pelleted bytrdeigation and resuspended in
Ribozol RNA Extraction reagent (Amresco) and celisre lysed by passing them
several times through the tip of pipette and intedbafor 5-10 minutes at room

temperature for complete dissociation of nucleantomplexes.
Separation of phases

In each sample tube 2@Dof chloroform (amresco) was added and tubes wigindly

secured.

Tubes were shaken vigorously by hand for 15 se¢ormdix and incubated for 2-3

minutes at room temperature.
Tubes were centrifuged at 12000 xg for 15 minutesS@.
Following centrifugation separated into threegasa
a lower red, phenol-chloroform phase,
a white interphase and
a colorless, upper, agueous phase.
Fresh set of 1.5ml DEPC treated conical micro-cergeftubes were labeled.

Only upper aqueous layer about 380vas transferred to 1.5ml labeled RNase free
tube carefully by pipette without disturbing the itgh interphase to avoid
contamination with DNA, protein, Lipid and carbohgtes that appears as flocculent

material at interphase.
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C) Precipitation of RNA
* RNA was precipitated by adding 5QDof Isopropanol (Amresco) into each tube.

* Tubes were incubated for 10 minutes at room tentpeyaand then centrifuged at
12000 xg for 10 minutes at 4°C.

* A white gel like pellet of precipitated RNA was fioed along the side & bottom of
the tubes at this stage but pellet of very pure RiN&y be nearly transparent and

difficult to see.
* The supernatant was removed carefully without distig the RNA pellet.

* Pellet was washed by adding 1ml 75% Ethanol (Anoepeepared with RNase-free

water (Amresco) into each of the tube and mixeddryexing.
» Centrifuged at 7500 xg for 5 minutes at 4°C.

» Ethanol was carefully removed without disrupting tRNA pellet and briefly air-

dried for 5-10 minutes.

* Depending on the size of the pellet RNA was reafigsd in 1%l-50ul of Nuclease

free water.
* RNA samples were stored at —80°C for further arnglys
3.8.4 DETERMINATION OF RNA CONCENTRATION AND PURITY :

The isolated RNA was checked for its purity andasmtration. The purity of total
RNA was checked by using the Eppendorf Biophotom&ee microliter of total RNA was
used for absorbance, and absorbance at 260 nm &har wavelengths were recorded
against nuclease free water as blank. RNA sampgl&s,dgA,g0 value more than 1.8 were

used for cDNA synthesis.
3.8.5 CONFIRMATION OF RNA BY GEL ELECTROPHORESIS:

The quality and integrity of the total RNA was cked by using denaturing Agarose
gel electrophoresis. For this purpose, 1.5 % wiara@ge suspension (low EEO) in 1X TBE
buffer was made and heated in oven until the agara@s completely melted to give clear and
transparent solution. Then it was cooled to ab@uto560°C and ethidium bromide 0.5ul/ml
was added and mixed gently. Gel was casted inncagtay (BIO-RAD) fitted with comb.
Once gel has solidified, a few ml of 1X TBE runnibgffer was added and comb was
removed carefully and gel was immersed in the apbbresis tank filled with1X TBE
buffer. Sample was prepared by mixing 5 pl of t&®&IA and 1.5ul of 6X loading dye and

loaded in to gel. Electrophoresis was carried ou®ab-6 volts/cm and visualized under UV
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light. Two intact bands of 28s and 18s without simggindicated good quality and intactness
of RNA (Fig. 5)

3.8.6DNase TREATMENT

DNase treatment was carried out using RNase-freaseN, Amplification grade
(SIGMA-ALDRICH) as per manufacturer instructionshel reaction was carried out in

thermal cycler. Following reaction mixutre was et into RNase-free PCR tube:

Components of reaction mixture Quantity
RNA in water 8ul
10X Reaction Buffer 1l
DNase |, , 1 unitdl 1l

a) Reaction mixture was incubated for 15 minutes atrréeemperature.

b) 1 ul of Stop solution (50mM EDTA) was added in to eaelaction tube to bind

calcium and magnesium ions to inactivate the DNlase
c) Tubes were heated at 70°C for 10 minutes to demainth the DNase | and the RNA.
d) Tubes were chilled on ice.
3.8.7 SYNTHESIS OF FIRST STRAND cDNA:

The first strand cDNA was synthesized from theatasd total RNA using Rever Tra
Ace® gPCR RT Master Mix (TOYOBO) following manufacers instruction in thermal
cycle. Synthesis of cDNA was performed by usingO(4®y) of RNA that was reverse
transcribed according to the manufacturer instoactiReaction was carried out in 20 pl
reaction mixture. Calculation was done by utilizithe concentration of total RNA checked
from nanodrop reading (ng/ul) to take 400 ng clt®NA for each reaction and final volume

was make by adding nuclease free water.

Components of reaction mixture Quantity

5X RT Master Mix 4l

DNase treated RNA template X ul (400 ng)
Nuclease Free Water Y ul

Total Volume 10l

Reaction mixture was mixed and incubated at 37t %ominutes followed by 50°C
for 5 minutes. Reaction was stopped by incubatargsfmin at 98°C. The cDNA was stored
at -40 to -20°C.
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3.8.8 CONFIRMATION OF cDNA WITH GAPDH PRIMERS

cDNA was checked by PCR using Dream Taq PCR Masibe(Thermo Scientific)
with GAPDH primers. The amplification of 101 bp f&APDH gene fragment from the
cDNA indicated that the synthesized cDNA from tb&k RNA by harvesting PBMCs was of
good quality (Fig. 6)

3.8.9 OPTIMIZATION OF END POINT PCR

End point PCR conditions were optimized to amptfyat HSP60, HSP70, HSP90
gene sequences in gradient thermo cycler using lbréag PCR mater mix (thermo
scientific). Factor specific primers were used ttoe amplification of genes. The annealing
temperature was standardized using cDNA prepad fnRNA of goat PBMCs by PCR.
The reaction was carried out at different annealergperatures, primer concentrations and
template (cDNA). The optimum temperature of 57°€ K$P60, 62°C for HSP70 and 60°C
for HSP90 were found to be most suitable for anngdbr respective primers and was used
in subsequent polymerase chain reaction. The ctratiem of different component which

were found suitable for the optimum amplificatiae as follows.

Components Quantity
PCR master mix (thermo Scientific) 1256
Primer Forward (10pmall) 1.0ul
Primer Reverse (10pmal) 1.0ul
cDNA template 2.Qul
Nuclease free water 81
Final volume 241

The above reactants were added to a nucleasehireavalled 0.2 ml PCR tubes
prechilled on ice. The contents were gently vorteged then spin down to collect at the
bottom of tube by centrifugation. The reaction wasried out in a thermal cycler using the

following cycling parameters that have been fourginoum for amplification of gene

fragments.
Step | : 95° C for 5 min for initial denaturation
Step Il ; 95°C for 60 sec for denaturation
Step Il : 56°C for HSP60, 62°C for HSP70, 60°C FSP90, 60°C
for GAPDH and 55°C to 58°C for beta actin for 60 & annealing
Step IV ; 72°C for 60 second for extension

Il to IV repeated for 35 cycles.

Step V : 72°C for 5 minute for final extension.
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3.8.10 AGAROSE GEL ELECTROPHORESIS OF PCR PRODUCT

The confirmation of amplification of specific RT-RGmplicon was done by agarose
gel electrophoresis (appendix). 1.5% agarose wagdnwith 30 ml 1X TAE buffer and
melted in a microwave oven. When the molten gel badled to about 60°C, ethidium
bromide was added to final concentration ofu@/&l. The gel was mixed by gentle swirling
and then poured into the gel casting tray fittethvihe comb. The gel was allowed to solidify
and the comb was removed. The PCR products werdedoanto the wells. For the
comparison, a 50 bp molecular weight gene ruler g&dselectrophoresed in parallel to the
RT-PCR amplicons. The gel was run at a voltage-6\8cm (distance between electrodes)
till the running dye crossed at least two thirdhed gel. The bands were visualized under UV

light and recorded on a gel documentation systeg §11)
3.8.11 REAL TIME PCR

Quantitative Real-time PCR was performed with THUBRBIRD® SYBR gPCR
Mix by Light Cycler 480 instrument (Roche, Germaifg) gene expression. Reaction setup
was performed in area separate from nucleic ac@gpgration or PCR product analysis.
Pipetting was done with sterile DEPC treated tipgoosure of light to the gPCR master mix

was minimized. Careful pipetting was done withowtating bubbles to avoid interference in
reading of fluorescence by the instrument. For apaig samples were run in duplicates or

triplicates. No template control (NTC) was put fgene quantification for checking the

contamination in the reaction components other thartDNA. To ensure the cDNA samples
were not contaminated with genomic DNA, reactiomsenset up using 10 ng of non-reverse
transcribed RNA in place of cDNA. Failure to geriera detectable signal signified the
samples as DNA free. In negative control, only thal time master mix and primers were
added along with relative curve control. The reaxti were performed with amplification

conditions. Total lul of cDNA was taken. Following reaction mixture waiepared in 96

wells plate (Roche, Germany).

Reaction mixture

Components Quantity
Nuclease free water ul
THUNDERBIRD® SYBR qPCR Mix 25l 10ul
Forward Primer (10 pmol) 1ul
ReversePrimer (10 pmol) 1ul
cDNA template 2 ul

Final Volume 20ul
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After prepraration of reaction mixture, plate wasvered by adhesive foil. Touching

of the plate without gloves was avoided. GAPDH walseen as housekeeping gene. The

gPCR amplification programme was used as giveahtet3.

Table 3. RT-PCR Cycling Condition

Detection format Block Type Reaction Volume
SYBR Green 1 96 20 pl
Programs

Program Name Cycles Analysis Mode
Pre-incubation 1 None
Amplification 40 Quantification
High Resolution Melting 1 Melting Curve
Cooling

Target temperature Acquisition Time Ramp rate Acquisitions

mode (°Cl/s) (per °C)
(96-well)

Pre-incubation (1 cycle)

95°C None 10 min 4.4 -
Amplification (40 cycles)

95°C None 10 sec 4.4 -
57°C for HSP60 None 2.2 -
62°C for HSP70 None 2.2 -
60°C forHSP90 None 15 sec 2.2 -
72°C Single 20 sec 4.4 -
High resolution melting/dissociation protocol

95°C None 1 min 4.4 -
40°C None 1 min 2.2 -
65°C None 1sec 1.0 -
95°C Continuous - 0.02 25
Cooling
40°C None 10 sec 2.2 -

The dissociation protocol was used to investigatespecificity of the gPCR reaction

and the presence of primer dimmers. The amplificatind denaturation data was acquired.

After the run has ended, gPCR expression dataafdh target gene was extracted in the form

of crossing point (Cp) or cycle threshold (@glues by using the “SYBR Green (with

Dissociation Curve)” method of the real time maehin
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3.8.12 NORMALIZATION AND DATA ANALYSIS

For normalization of expression data of major H&Regs, GAPDH (Housekeeping
gene) gene was used as internal control gene. fidlgséss of MRNA expression data across
different samples was based on crossing point {@jjes. The Cp values of each gene were
subtracted from the arithmetic mean of Cp value§&APDH to calculateACt. Results were

expressed as mean +SEM.
3.8.13CALCULATION OF RELATIVE EXPRESSION

Optical data were collected at end of each extensiep, and relative expression of
PCR product was determined by the equa2@n® (Livak, 2001).

3.8.14 STATISTICAL ANALYSIS

Analysis of variance was performed to determine fitesence or absence of
significant differences in the analytical variabéesong different groups by one way ANOVA

using SPSS 16.0 statistical software packBgelues <0.05 were considered significant.
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CHAPTER-IV

RESULTS

In this chapter outcome of the present study has lkescribed which includes the
climatological data of experimental period, physgtal responses of different goat breeds,
guantification and analysis of purity and integritiy RNA, primer optimization and cDNA
confirmation by end point PCR and comparative mRaression of different genes in goat
of different breeds during different seasons byngjtetive real time PCR.

4.1 CLIMATOLOGICAL DATA

The THI during the months of January, March and Meg 59.63, 72.1 and 81.63
respectively.

4.2 PHYSIOLOGICAL RESPONSES
4.2.1 Respiratory rate (RR) of goats during different seasons

Respiratory Rate of goats during different seas®psesented in the Table 5 and fig.
8. The RR of studied goat breeds was found todtesstally similar during winter season as
compared to thermo-neutral. However, there wasnasignificant decrease in RR of Barbari
goats in winter as compared to thermo-neutral sealoe RR of all studied goat breeds was
significantly (P<0.05) higher in summer as compared to thermo-neatrd winter season.
Moreover, the increase in RR of Sirohi and Jhakgoas was highly significanP£0.001).

Table5: Physiological responses of goats during different seasons

Breed Physiological Winter Thermo- Summer P values
Parameter neutral
Barbari RR 21.80+1.3% 24.40+0.5%1 26.60+0.24 0.005
Barbari RT 37.91+0.21 37.94+0.18 38.61+0.12 0.029
Sirohi RR 25.00£0.683 24.20+03  28.80+0.58 0.000
Sirohi RT 37.97+0.21 37.71+0.15 37.80+0.16 0.581
Jhakrana RR 24.00+1.14 24.20+0.37 28.80+0.58 0.001
Jhakrana RT 37.92+0.18 37.784£0.19 37.65+0.12 0.555

The values in rows with different superscriptselif§ignificantly P<0.05)

n=5

RR Respiratory Rate, RT Rectal Temperature
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4.2.2 Rectal temperature (RT) of goats during different seasons

The RT of goats during different seasons is preskimnt Table 5 and fig. 9. The RT of
all goat breeds was found to be statistically camipie >0.05) duringseasons.

4.3 RNA ISOLATION AND QUANTIFICATION

Blood samples were collected from healthy goatgumlar vein puncture using
heparinized vacuetainer and PBMCs were separatetehsity gradient centrifugation using
histopaque-1077 (SIGMA-ALDRICH) (Fig. 5).

Total RNA was isolated from PBMCs by standard protousing RiboZol RNA
Extraction reagent (Amresco) with slight modificets. The integrity of total RNA was
checked on agarose (1.5%) gel using 1X TBE asrelgiwbresis buffer. Total RNA was in
good yield in all the samples. The bands of 28s RINA 18sRNA reflected the high quality
of extracted total RNA (Fig. 6).

The purity and concentration of total RNA was cleetkn nanodrop Biophotometer
(Eppendorf). Isolated RNA samples were free fromphotein contamination as the OD 260:
OD 280 values were more than 1.8. The concentmtibthe RNA samples were in the range
of 50-500 ngil.

4.4 cDNA SYNTHESISAND ITSCONFIRMATION

DNase treated 400 ng of Total RNA was directly usgdtDNA synthesis in thermal
cycler using Rever Tra Ace gPCR RT Master Mix (TCB@ as per manufacturer
instructions. cDNA integrity was checked by PCRngsiGAPDH gene amplification with
already published primer sequence whose reactioittons were already known. After
running on agarose (1.5%) gel, single band of 1pwhs visualized (Fig.7). In order to
ensure the amplification of specific fragment wihigher yield, the PCR protocol was

optimized with respect to reaction conditions ali a®cycle parameters.
4.50PTIMIZATION OF END POINT PCR PROTOCOL

Primers were taken from already published litea{angiet al., 2012) and further
primer sequences were aligned using Primer BLASTN@BI. Gradient PCR that allow
different temperature profiles to be programmeddach cavity in the cycler was used to
optimize PCR conditions with respect to the primenealing temperature. All samples were
treated equally, but different annealing tempeeswrere used. The reaction conditions were
optimized using different combinations of the pnmeDNA concentration for all the genes.
PCR efficiency was analyzed by agarose (1.5 %) ejettrophoresis investigating the
intensity and integrity of the product bands. Itsw@bserved that annealing temperature of
57°C for HSP60, 62°C for HSP70 and 60°C for HSP®fvided the best results. The
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optimized concentrations that provided the bestiltesvere 12.5u of Dream Tagq PCR
master mix and 10 pmoles of each primer. Final\RR@as carried out in 2pl volume of
reaction mixture containing optimized concentragimf Dream Tagq PCR master mix and

primers, and Ll cDNA as template.
451 AMPLIFICATION OF HSP60, HSP70 AND HSP90 GENES

Following PCR, the amplicon length was checked mgh lresolution agarose gel
electrophoresis using 1X TAE as running buffer aad50 bp gene ruler was also
electrophoresed in parallel to the amplicons farficmation of specific size. As expected a
single and specific band of 148 bp for HSP60 (K@), 132 bp for HSP70 (Fig. 11) and190
bp for HSP9O (Fig. 12) was amplified from the cDNA.

4.6 REAL TIME PCR

Expression analysis of HSP genes were carriedirouifferent goat breeds by
quantitative real time PCR. GAPDH gene expressias wused as internal control for all the
replicates. Quantification was performed by analgzithe Cp (crossing point) value in
amplification reaction. The Cp is the point at whtbe amplified product is first visible in the
data. Real time PCR was optimized using differéntidns of templates of cDNA. 1.0l of
the template gave good results for all genes. Aftrandardization real time PCR was
performed for each gene taking all the samples. mbking curve showed only one peak.
After the run has ended, crossing point (Cp) vailvere acquired by using the “SYBR Green
(with Dissociation Curve)” method of the real tinmeachine Light Cycler 480 (Roche,

Germany). The PCR-product was identified by theattaristic melting curve (Fig. 12).
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Fig. 13 Mé€ting curve
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4.6.1 Expression of HSP genesin Barbari goats during different seasons

The relative mRNA expression of HSP genes in Bargaats during different
seasons is presented in Table 6 and fig. 14. Tlhéve mMRNA expression of HSP60 during
winter was differed non-significantly as comparedthermo-neutral season whereas, the
relative mRNA expression of HSP60 was significaiifly:0.046) upregulated during summer
season as compared to thermo-neutral. The relatRBA expression of HSP70 in Barbari
goats was differed non-significantly in winter sea as compared to thermo-neutral season.
It was found significantly higherPE0.013) in summer season as compared to winter and
thermo-neutral seasons. The relative mRNA exprassidiSP90 did not differ significantly
during winter season as compared to thermo-nesé@ton however during summer season
the relative mRNA expression of HSP90 was highlyegplated P<0.01) as compared to

thermo-neutral and winter seasons.
4.6.2 Expression of HSP genesin Sirohi goats during different seasons

The relative mRNA expression of HSP genes in Sigafaits during different seasons
is presented in Table 6 and fig. 15. The relatiRNA expression of HSP60 during winter
season was found to have non-significant differemeeompared to thermo-neutral season
whereas, it was highlyP&0.01) upregulted during summer season as comgardtermo-
neutral and winter seasons. The difference relatiRNA expression of HSP70 was non-
significant in winter and thermo-neutral seasoowéver, the mRNA expression of HSP70
was found to be significantlyP&0.01) upregulated during summer season in Sirohigy
During winter season, the relative mRNA expressibhSP90 did not change significantly
as compared to thermo-neutral however, it was figmitly higher P<0.01) during summer

season as compared to winter and thermo-neutrsbsea
4.6.3 Expression of HSP genesin Jhakrana goats during different seasons

The relative mRNA expression of HSP genes in Jmakrgoats during different
seasons is presented in Table 6 and fig. 16. Tlkéive mRNA expression of HSP60 in
Jhakrana goats was found to be non- significadiffigrent in winter and thermo-neutral
seasons whereas, it was found to be highly upresgi®@<0.01) during summer season. In
Jhakrana goats, the difference in relative mRNAesgion of HSP70 was found to be similar
(P>0.05) during winter and thermo-neutral seasonsevwew was non-significant during
summer as compared to thermo-neutral season. TieemRNA expression of HSP90 was
found to be significantly higheiP&0.01) during winter and summer seasons as compared
thermo-neutral season, however, the relative mRMAression of HSP90 was highly

upregulated during summer season as compared tengi@ason in Jhakrana goats.
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Table 6: Relative mMRNA expression of HSP genes during different seasonsin goat

breeds
Breed Gene Thermo-neutral Winter Summer P values
Barbari HSP60 1.09+0.22 1.01+0.17 1.88+0.30 0.046
Barbari HSP70 1.01+0.08 0.94+0.14  1.58+0.17 0.013
Barbari HSP90 1.05+0.14 0.83+0.09  3.39+0.4% 0.000
Sirohi HSP60 1.13+0.07 1.29+0.24  8.65+0.67 0.000
Sirohi HSP70 1.08+0.04 0.79+0.06  3.40+0.23 0.000
Sirohi HSP90 1.07+0.07 1.01+0.17  4.52+0.406 0.000
Jhakrana HSP60 1.10+0.22 1.51+0.42  5.51+0.98 0.001
Jhakrana HSP70 1.09+0.13 0.84+0.06  2.79+0.23 0.000
Jhakrana HSP90 1.02+0.09 2.34+0.29 6.33+0.38 0.000

The values in rows with different superscriptsalif§ignificantly P<0.05)
n=>5
4.6.4 Fold change in expression of HSP genes during winter season

The fold change in relative mMRNA expression of HfgRes in winter and summer
seasons as compared to thermo-neutral seasorsenped in Table 7 and fig. 17. Thermo-
neutral season values were used as calibratotdolat fold change in relative expression
of HSP genes. The change in relative mRNA exprassi¢diSP60 was found to be non-
significant in all goat breeds however, it was ndoadly higher in Jhakrana goats followed

by Sirohi and Barbari goats.

During winter season the fold change in relatiRNA expression of HSP70 was
statistically non-significant in all goat breedsaever, it was found to be numerically

higher in Barbari goats followed by Jhakrana amdt#igoats.

The fold change in relative mRNA expression foil#98 was found to be statistically
non-significant P>0.05) in Barbari and Sirohi goats however, thd fdtange in relative
expression was highly significar®<€0.01) in Jhakrana goats as compared to Barbari and

Sirohi during summer season.
4.6.5 Fold changein expression of HSP genes during summer season

The fold change in relative mMRNA expression of HfgRes during summer season is
presented in Table 7 and Fig. 18. The change ativelmRNA expression of HSP60 was
found to be statistically higheP£0.01) in Sirohi goats as compared to Barbari dnadkhna
goats. The fold difference in relative expressibhl8P genes was highly significant

(P<0.01) in Jhakrana goats as compared to Barbari.
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The fold change in relative mMRNA expression of A@Bene during summer was
found to be significantly higheP&0.01) in Sirohi and Jhakrana as compared Barloatisg
however, the change in relative mRNA expressioH®P70 gene was similar in Sirohi and

Jhakrana goats.

The fold change in relative mMRNA expression of I@Benes during summer season

was significantly higher in Jhakrana goats as cosgpso Barbari and Sirohi however, the

fold difference in relative expression was stataty non-significant in Barbari and Sirohi

goats however, its expression was higher in Sisttompared to Barbari goats.

Table 7: Fold changein relative mRNA expression of HSP genesin goat breedsduring

different seasons

Season Gene Barbari Sirohi Jhakrana P values
Winter HSP60 1.1240.35  1.19+025 1.35+02 0.831
Winter HSP70 0.99+0.23  0.74+0.06  0.82+0.12 0.542
Winter HSP90 0.92+0.25 0.97+0.20  2.44+0.42 0.007
Summer  HSP60 2.14+0.64  7.72#0.58  5.18+0.37 0.000
Summer  HSP70 1.62+0.73  3.16x0.2%  2.65+0.27 0.002
Summer  HSP90 3.58+0.68  4.23+0.38  6.46+0.63 0.010

The values in rows with different superscriptslifsignificantly P<0.05)

n=5
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Fig. 2 Barbari Goat



Fig. 3 Sirohi Goat



Fig. 4 Jhakrana Goat



Fig. 10 showing the amplification of HSP60 gene

148 bo

Fig. 11 showing the amplification of HSP70 gene

132 bp

Fig. 12 showing the amplification of HSP90 gene

190 bo
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Fig. 17 Fold change in expression of HSP genes duji
winter season

H Barbari
H Sjrohi

u Jhakrana

HSP60 HSP70 HSP90

Fold Change in Relative Expression
SO B N W b~ 00O N 00 ©

Fig. 18 Fold change in expression of HSP genes dui
summer season

H Barbari
H Sjrohi

u Jhakrana

HSP60 HSP70 HSP90




Gene
ruler
50 bp

Fig. 7 cDNA confirmation with
GAPDH gene

101 bp

Plasma layer
PBMCs layer
Histopaque

RBCs

Fig. 5 PBMCs Separation

Fig. 6 RNA
confirmation in gel
electrophoresis




CHAPTER-V

DISCUSSION

Environmental factors such as temperature, humiditjar radiation, wind velocity
affect the livestock production. Environmental ss&s reduce production parameters like
growth, milk yield and reproduction in livestoclaliing to severe economic constraints (El-
Tarabany and El-Bayoumi, 2015). The main physiaatdrs affecting the dairy animals and
other livestock are environmental temperature,tiselahumidity, rain fall, radient heat,
atmospheric pressure UV rays, wind velocity and.dlise climatic factors directly affect the
livestock by affecting the energy dynamics betwnenenvironment and the animal specially
the heat loss and heat gain. In attempt to acdlmatith variation in climatic factors, several
neuro-humoral responses, behavioral and physiabgltanges occur in animals to minimize
the change in the normal physiological functionbe Tanimals of different agro-climatic
zones are naturally equipped with different mecérasito acclimatize/adapt themselves for
any change in their respective climate (Ma&tal., 2007; Guptat al., 2013).

Temperature Humidity Index (THI) during the experiment

The level of heat stress in animals cannot be nmedstommensurately using a single
climatic variable and therefore temperature humithitlex (THI) is used to measure the level
of heat stress in different livestock animals. Té#ls than 72 is considered to be comfortable
whereas THI between 75 to 78 is considered to bdenabely stressful and, THI more than 78
is considered be extremely stressful. Howeverlrfdran conditions the same THI may not be
suitable to define heat stress levels. In prededtysthe experiment was carried out in winter
(January), thermo-neutral (March) and summer (Méy)terms of THI, the values were
59.63, 72.1 and 81.63 in January, March and Mayes/ely. The THI values in respective
seasons indicated that the January (winter) andciMdthermo-neutral) months were

comfortable whereas the month of May (summer) waemely stressful.
PHYSIOLOGICAL RESPONSES
Respiratory Rate (RR)

Physiological changes are the preliminary respotsdsiow that the animal is in
stress condition. In physiological responses rasmiy rate is considered to be the first
observation during heat stress. Respiration satikd most consistent of all the physiological
responses studied and affected more by solar radliitan by other influences. Respiration
rate (RR) has been used to evaluate the levelaifdieess in goats (El-Tarabagtyal., 2016;
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Thomaset al., 2015). In present study, the RR during winted #rermo-neutral season i.e.
during low and moderate THI was similar and complgrdo the reference RR of adult goats
(Pugh and Baird, 2012). In all the goat breedsRReduring summer season i.e. during high
THI, increased which indicated that animals wemessted. Under heat stress conditions,
increased RR is an established mechanism for dtasip thermal load by evaporation
(Hamzaouiet al. 2013). However, Devendra (1987) reported thahgga in the respiration
rate of heat-stressed goats could be attributethéochanges in metabolism and muscle

activity.

The RR may vary in response to similar heat stiressfferent goat breeds however
in present study, variation in respiratory rate wasobserved in Barbari, Sirohi and Jhakrana
goats. With increase in THI, the RR has been faunohcrease in different goat breeds by
different researchers (Srikandakuratal., 2003; Phuliat al., 2010; Thomast al., 2015; El-
Tarabanyet al., 2016). Medeiro%t al., (2015) used the respiratory rate as a paraneter
study the comparative heat tolerance among Afremath European origin goat breeds and
concluded that African goat breeds having lesseige in RR after exposure to heat stress

had better heat tolerance as compared to Europ@an goat breeds.
Rectal Temperature (RT)

Rectal temperature (RT) is an indicator of therstedss and may be used to assess
the environmental condition which can affect thevgh, lactation, and reproduction of goats.
To assess the animal stress and welfare rectaleratupe is considered as gold standard
(Falkenberget al. 2014). Swenson and Reece (2006) reported th&The goats varied from
38.3 to 40.0°C and has been frequently used asdicator of the body temperature of the
animals. In present study, the RT did not changéingunoderate and high THI in all the
breeds which was contrary to the other. The RT feasd to be increased when the animal
was subjected to hot climate (Popoelaal., 2014). Similar findings were reported in sheep
(Marai et al., 2007) and goat (Srikandakurnetral., 2003; Phuliget al., 2010; Thomast al.,
2015; El-Tarabant al., 2016). The increase in rectal temperature oconfg when the
physical and physiological mechanisms of the anfiei#d to maintain homeothermy (Abdel-
Hafez, 2002). In our study, no increment in RT edening high THI (summer) indicated
that all the goat breeds were better adapted & $eess and physical and mechanism
activated in response to increased THI were sefiicenough to prevent any visible change
in RT. It is important to note that in present studuring all the seasons the RT was recorded
between 09:00 to 10:00 hrs and during these htwrdi¢at load of goats was not sufficient
enough to show an increase in RT. Moreover, albtleeds under the study are well adapted

to semi-arid environment where day temperatureig figh.
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In present study, it was not possible to estaldifferential adaptability of Barbari,
Sirohi and Jhakrana goat breeds on the basis ofiglbgical parameters and therefore
molecular markers of heat stress and stress sensitiaperone genes were used to establish

the differential adaptability of goat breeds.
HSP genes Expression

Despite animal’s physiological and behaviorapmsse to ameliorate the discomfort
of thermal stress, there might be some moleculachar@sms to maintain their cellular
homeostasis. Further, there are numerous intrimgchanisms in the cell which protect it
from deleterious effects of environmental stress maintain homeostasis, release of HSPs is
one those mechanisms. HSP is considered as poétedi@ator of animal adaptation to harsh
environmental stress and its expression has beeelated with resistance to stress (Feder
and Hofmann, 1999). Increased diversity of HSPw&elsas accumulation of larger amounts
of HSPs may contribute to survival in thermallyessful environments. Differences in HSP
expression have been found in closely related asgen which occupy different
environmental niches. Several HSP families haven hidentified as molecular chaperones.
Chaperones associate transiently with unfoldedpgagitides, preventing premature folding of
nascent polypeptide chains or aggregation of uefblgroteins, thus facilitating proper
folding and or assembly of these polypeptides $ElIR90). Different chaperones are found in
different sub cellular compartments and cooperatehe translocation of proteins across
intracellular membranes, a process which requites translocated polypeptide to be
maintained in an unfolded, extended configuratiatil it reaches the proper compartment.
Constitutively expressed forms of HSP60, HSP70, BP0 perform this function in
unstressed cells (Hendrick and Hart, 1993). Therevidence that heat and other stressors
cause the accumulation of damaged proteins, reguiti the induction of additional HSP
synthesis (Edingtort al., 1989; Hightower, 1991). Induced HSPs could dismtion as
chaperones, facilitating the refolding of damageatgins or targeting them for degradation.

Thus HSPs would be a critical component of celldisfienses against any type of stress.

Several studies in bovines, caprines and otheliespbave concluded that HSP genes
could be effectively used to study the heat toleeaor adaptability however; to the best of
our knowledge, studies have been designed to ghelyheat tolerance between the goat
breeds of tropical and subtropical region and, &naig region or between the goat of cold
and heat adapted breeds. But, in present invastigdhe relative expression profile of
HSP60, HSP70 and HSP90 was studied in BarbarihiSmed Jhakrana breeds of semi-arid
region during three different seasons (with thréferent THI) to establish the comparative

adaptability of these breeds.
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HSP60

Mammalian HSP60 was first reported as a mitochahd®ll protein (Gupta, 1995).
HSPG60 in eukaryotes is considered typically a niborial chaperone (also called Cpn60)
which also occurs in the cytosol, the cell surfabe,extracellular space and in the peripheral
blood under normal physiological conditions (Cappet al., 2008; Itohet al., 2002). HSP60
is also known to be one of the most important mdkcchaperons under various stressful
conditions (Oksalat al. 2006). In present study, the relative mRNA exgims of HSP60
gene in PBMCs was similar during thermo-neutral witter season (low and moderate THI)
and the expression was comparatively higher dwumgmer (high THI) in all the goat breeds
under study. Results indicated that the incre&®B60 mMRNA expression during summer
season in goats could evoke its transcription iMEB to prevent cell from damaging effect
of heat stress like denaturation of proteins angshi refolding of proteins and prevents
aggregation of denatured proteins. Daetgal. (2012, 2014, 2015) reported that the mRNA
expression of HSP60 was higher during peak sumemsas as compared with peak winter
season in both tropical and temperate region duatgever, in the temperate region a non-
significant difference in HSP70 expression betwsemmer and winter seasons was noticed.
Relative expression of HSP60 gene was reportetctease in Barbari goats after exposure to
higher temperature which provided initial proteetieffect. However, if the heat stressed
animals were supplemented with antioxidant, thatined mMRNA expression was reduced.
Sharmaet al. (2013) recorded upregulation of HSP60 gene duraey stress in Barbari goats
and reported that administration of melatonin uplagd the HSP60 gene expression many
folds. Kishoreet al. (2013) exposed the PBMCs of Buffalo, HolsteineBian (HF) and
Sahiwal to sub-lethal temperature and found thettemse in relative expression of HSP60
was minimum in case of Sahiwal cattle and concluithed Sahiwal was more heat tolerant
than HF.

HSP70

HSP70s are a family of ubiquitously expressed lsbatk proteins. It is found in
prokaryotes and eukaryotes (Tavaglaal., 1996; Yoshimunest al., 2002) and is mainly
localized in the cytosol, mitochondria and ER anxhildt constitutive and inducible
regulation. HSP70 was found to be the most semdititemperature fluctuation, and it could
be used as an important molecular biomarker to $tezds in animals (Dangf al., 2015). In
present study, the relative mRNA expression of HE§&ne in PBMCs was similar during
thermo-neutral and winter season (low and modefdt#) and the expression was
comparatively higher during summer (high THI) in #le goat breeds under study. The
increased relative expression of HSP70 gene dunigh THI may be attributed to the
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protective function of the HSP70 protein. The mRN#&pression of HSP70 gene was
recorded to be upregulated during heat stress ighdTiidl in goats (Danggt al., 2012, 2014,
2015; Sharmat al., 2013; Mohanraet al. 2014; Shiljeet al., 2015; Yadawt al., 2016; Rout

et al., 2016). Irrespective of stocking density, tramggiion under hot, humid tropical
conditions significantly increased HSP70 levelshia kidneys of goats (Zulkifkt al., 2010).
The expression of HSP70 genes (HSPA8, HSPAG6, HSPABPALL and HSPA2) showed
temperature sensitivity and seasonal variationcamthg summer, the relative expressions of
all the HSP70 genes were higher in cold-adapteddsréGaddi and Chegu) than the heat-
adapted breeds (Sirohi and Barbari) (Banegeal., 2013). In Chegu, i.e., a cold-adapted
breed, the expression of all the genes was higheompared to the other cold adapted breed
of goat, Gaddi, during summer. The HSPA8 and HSPA&pression during winter in heat-
adapted breeds was observed to be higher tharadaloked breeds. In present study, relative
MRNA expression of HSP70 gene did not change dwinger season in none of the breeds
under study however, an increase in HSP70 genessipn was reported in winter (Banerjee
et al. 2013) even in heat-adapted breeds (Sirohi anteBdr On contrary, Yadaet al.
(2016) did not observe any change in HSP70 exmmesduring winter as compared to
moderate season. Mohanrgal. (2014) reported that expression of HSP70 geneased

in heat stressed PBMCs but did not change in doddsed PBMCin vitro.

In bovines, heat shock induced HSP70 in the lymptesc(Guerriero and Raynes,
1990; Kamwanjaet al., 1994; Laceterat al., 2006; Patir and Upadhyay, 2007). A two
hundred fold increase in HSP70 levels in serum 2aBdfold increase in lymphocytes was
observed after exposure at 42°C and 70% RH in lmgffa(Mishraet al., 2010). The mRNA
level of HSP70 in lymphocytes was increased wittiedase in THI as well as temperature in
dairy cows (Liuet al., 2010). In buffalo, higher intensity and duratioh temperature
exposure caused higher HSP70 induction in lymplescyd maintain cellular homeostasis
(Patir and Upadhyay, 2010). Kishogeal. (2013) exposed the PBMCs of Buffalo, Holstein
Friesian and Sahiwal to sub-lethal temperaturefandd that increase in relative expression
of HSP70 increased in all the animalls.vitro studies in dermal fibroblasts suggest that
induced heat stress up-regulated the expressiatl 61 SP70 genes (HSPA8, HSPA1A and
HSPAZ2) at different temperatures in both Tharpaggat Karan-Fries cattle. At 40 and 44°C,
the relative expressions of inducible HSP70 gelsSPAL1A and HSPA2) were higher in
Karan-Fries than Tharparkar (Singtal., 2014).

HSP90

HSP90 is a molecular chaperone and is one of ths almindant proteins expressed
in cells (Csermelyt al., 1998). It has been identified in the cytosolgleus and ER, and is

reported to exist in many tissues (Kunisawa ands®h&006). In present study, the relative
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MRNA expression of HSP90 gene in PBMCs was sintilaing thermo-neutral and winter
season (low and moderate THI) in Barbari and Siroldeds and the expression was
comparatively higher during summer (high THI) ith thle goat breeds under study. Unlike
other genes, the relative expression of HSP90 guninter was higher as compared to
thermo-neutral in Jhakrana goat breed. The mRNAesgion of HSP90 gene was recorded
to be increased during heat stress and high Tigbats (Danggt al., 2012, 2015; Sharns

al., 2013). Danget al. (2012) and Yadaet al. (2016) reported that the mRNA expression of
HSP90 was higher during peak summer season as oetnpéh peak winter season in both
tropical and temperate region goats. Relative esgpoa of HSP90 gene was reported to
increase in Barbari goats after exposure to higieenperature which provided initial
protective effect. However, if the heat stresseidhals were supplemented with antioxidant,
the relative mMRNA expression was reduced (Dagtgal., 2014). Kishoreet al. (2013)
exposed the PBMCs of Buffalo, Holstein Friesian &adhiwal to sub-lethal temperature and
found that increase in relative expression of HSR86 minimum in case of Sahiwal cattle.
Yadavet al. (2016) also did not observe any change in HSR@Pession during winter as
compared to moderate season in accordance witlinttiags of the present study. Debal.
(2014) reported a higher level of mMRNA transcripts well as protein concentration in

Sahiwal cattle as compared to the Frieswal breedgltigh THI.
Compar ative change in expression of HSP genesin goat breedsin winter and summer

In previous segments, discussion was based onethBve expression of genes in
different breeds. However the information was nailgjh to come to a conclusion regarding
the comparative stress tolerance (heat tolerancbjeeds under study. In present study, it
was hypothesized that quantitative change in ggpeession during winter and summer with
respect to thermo-neutral season would provide & rappropriate data to compare the stress
tolerance in different breeds under study. It wias aypothesized that the breeds with lesser
change in relative gene expression during winter armmer season would be considered as
more stress tolerant. The change in relative gepeession in adverse conditions has been
used to determine the comparative heat tolerandéferent breeds of cattle (Kishoeeal.,
2013; Singhet al., 2014 and Dekt al., 2014) and goat (Roet al., 2016). Delet al. (2014)
and Routet al. (2016) correlated the heat tolerance with mooeease in relative HSP gene
expression whereas, Kishoeeal. (2013) and Singlet al. (2014) correlated heat tolerance

with less increase in relative HSP gene expression.

In present study, the change in relative geneessgion of HSP60 and HSP70 during
winter season (cold stress) was similar in all dseBowever, the change in expression of
HSP90 was higher in Jhakrana as compared to BadpariSirohi breeds. The results

indicated that the Barbari and Sirohi breeds westteb adapted as compared to Jhakrana
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breed under the prevailing cold temperature in saidi region. Our findings are in
consonance with reports of Yadeval. (2016). On contrary, Banerjeeal. (2013) reported
an increase in HSP70 expression during winter inhSiand Barbari breeds however these

finding were not compared with thermo-neutral seaso

In present study, the change in relative gene sgme of all the genes during
summer season (high THI) was different in Barb@niphi and Jhakrana breeds. The change
in relative gene expression of HSP60 during high Wwith respect to thermo-neutral season
was 7.72, 5.18 and 2.14 folds in Sirohi, Jhakram# Barabari respectively. The change in
relative gene expression of HSP70 during high THihwespect to thermo-neutral season was
3.16, 2.65 and 1.62 folds in Sirohi, Jhakrana aathBari respectively. Results with respect
to change in HSP60 and HSP70 indicated that Batibvaed showed least change in gene
expression as compared to that of gene expressiongdthe thermal comfort season,
followed by Jhakrana and Sirohi. Raafital. (2016) also found the similar trend in HSP70
gene expression in the different tissues of heasséd goat breeds. The change in relative
gene expression of HSP90 during high THI with respe thermo-neutral season was 6.46
4.23 and 3.58 folds in Jhakrana, Sirohi and Barabapectively. The results with respect to
change in HSP90 gene expression also suggestethéhatwas minimum variation in Barbari
breed as compared to Jhakrana and Sirohi breedserAsur hypothesis a heat tolerant breed
would have minimum change in HSP genes expressidntlaerefore results of our study

indicated that Barbari was most heat tolerant bfebawed by Sirohi and Jhakrana.

Kishoreet al. (2013) exposed the PBMCs of Buffalo, HolsteineBian and Sahiwal
to sub-lethal temperature and found that increaseelative expression of HSP70 was
minimum in case of Sahiwal cattle and concluded 8whiwal was more heat tolerant than
HF. In vitro studies in dermal fibroblasts suggest that induoeat stress up-regulated the
expression of all HSP70 genes (HSPA8, HSPA1A anBAZ} at different temperatures in
both Tharparkar and Karan-Fries cattle. At 40 44tC, the relative expressions of inducible
HSP70 genes (HSPA1A and HSPA2) were higher in Kk&rées than Tharparkar (Singt
al., 2014). On the basis of this study it was conetluthat zebu cattle (Tharparkar) dermal
fibroblasts are more adapted to tropical climatedamon than crossbreed cattle (Karan-

Fries).
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SUMMARY AND CONCLUSION

Goats are the most adapted and geographically prieiad livestock species and play
an important role in rural economy. The goat carviga in all types of agro-climatic
conditions where larger domestic animals cannotedtiock species experiences stress of
varying degree due to exposure to thermal chaledifie hypothermia or hyperthermia.
Environmental stressors affect behavioral and plhygical measures such as sweating,
panting, drinking water by regulating their metabohtes. Despite animal’'s physiological
and behavioral response to ameliorate the discarofothermal stress, there may be some
molecular mechanisms to maintain their cellular bostasis. In Indian conditions goats are
prone to thermal stress when they are left outfddegrazing during most of the day time

where ambient temperature is high or low dependimthe seasons.

Under thermal stress, transcriptional activatiod ancumulation of a set of proteins
called heat shock proteins (HSPs) are highly caeseproteins present in all the cells of
living organisms and essential for cellular vidiilhs these have major physiological roles in
protein homeostasis. HSPs are named according eio mmolecular weight for example
HSP60, HSP70 and HSP90 are 60, 70 and 90 kD inrsggectively. It has been well
identified that the synthesis of HSPs is increde#idwing exposure to elevated temperatures
and account for 1-2% of total protein in unstresselts which increased to 4-6% of cellular

proteins when exposed to heat stress.

The present study was planned to examine the catmparexpression profile of
HSPs (HSP60, HSP70 and HSP90) during differentosisai goat breeds. Blood samples
were collected from each breetk. Sirohi, Jhakrana and Barbari during winter (Japuar
thermo-neutral (March) and summer (May) seasorecgad animals were 2 to 2.5 years old
and had an average body weight of 25-30 kg. Athefanimals were regularly monitored and
similar management inputs were provided duringetkigerimental period. The climatological
data and physiological parameters during the exparial period were recorded. Recording
of physiological parametergz. respiratory rate, rectal temperature and collactié blood

samples was done at 09:00 to 10:00 hours in ak¢hsons during experiment.

PBMCs were separated by density gradient centiifoigafrom collected blood
samples. Total RNA was isolated by RiboZol RNA eagtion reagent (Amresco).
Concentration and purity was verified in nanodragpng Biophotometer. RNA samples

having the Aeozsovalues more than 1.8 were used further. The irtegfi the Total RNA
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was checked by agrose gel (1.5 %) electrophoresishands of 28s and 18s indicated good
guality and intactness of RNA. Total RNA was trelteith DNase | (Sigma) and reverse
transcribed into cDNA using Rever Tra Ace gPCR Rastar mix (TOYOBO). The integrity
of the cDNA was checked by PCR with GAPDH primens! @alesired band of 101 bp was
obtained. End point PCR was standardized usingrdift annealing temperatures, factor
specific primers and synthesized cDNA to amplify RS, HSP70 and HSP90 gene
sequence. Products of desired length 148 bp for6@SP32 bp for HSP70 and 190 bp for
HSP90 were confirmed by agrose gel (1.5 %) elebtogsis.

Quantitative Real time PCR was performed with Trartbotd SYBR qPCR Mix in
Light Cycler 480 (Roche, Germany) real time mach(BAPDH gene expression was used as
internal control. Quantification was performed byalyzing the Cp value in amplification
reaction. Expression data was normalized usingnateontrol GAPDH. Relative expression
of HSPs (HSP60, HSP70 and HSP90) was analyzed\ak Ihethod (2*4“Y). The thermo-
neutral season values were used as calibrator diculating relative mRNA expression.
During the experimental period the temperature Witgnindex (THI) in winter (January),

thermo-neutral (March) and summer (May) was 597/@31, 81.63 respectively.

The respiratory rate was found to be increa&®.001) during summer season in all
of goat breeds however the rectal temperature sw@sdfto be similarf>0.05) during all the
season. The relative mRNA expression of HSP gerses higher in all of the goat breeds
during summer season as compared to winter anchtheeutral season. The fold change in
relative mRNA expression of HSP60 and HSP70 gerasfaund to be similaP&0.05) in
all of the breeds during winter season. HSP60esgion was significantly higheP<0.01)
in all goats however, it was higher in Sirohi dgrisummer season followed by Jhakrana
followed by Barbari goats. The relative mRNA exgiea of HSP70 was found to be similar
during winter. During summer season it was sigaifity higher P<0.01) in Sirohi and
Jhakrana goats. The fold change in relative exmnesst HSP90 was found to be similar
(P>0.05) in Barbari and Sirohi goats however, the esgion of HSP90 was significantly

higher P<0.01) in Jhakrana goats during both winter and senseason.

The change in relative gene expression of HSP60H®E70 during winter season (cold
stress) was similar in all breeds however; the ghan expression of HSP90 was higher in
Jhakrana as compared to Barbari and Sirohi. Thegghin relative gene expression of all the
genes during summer season (high THI) was diffareBarbari, Sirohi and Jhakrana breeds.
The change in relative gene expression of HSP6ihglinigh THI with respect to thermo-

neutral season was 7.72, 5.18 and 2.14 folds whBidhakrana and Barabari respectively.
The change in relative gene expression of HSP7hglinigh THI with respect to thermo-

neutral season was 3.16, 2.65 and 1.62 folds whBidhakrana and Barabari respectively.

42



Summary and Conclusion ....LL &

The change in relative gene expression of HSP9hglinigh THI with respect to thermo-

neutral season was 6.46 4.23 and 3.58 folds inrdhakSirohi and Barabari respectively. As
per our hypothesis a heat tolerant breed would hai@mum change in HSP genes
expression and therefore results of our study atdit that Barbari was most heat tolerant

breed followed by Sirohi and Jhakrana.
CONCLUSIONS
On the basis of findings of present study we catetithat

1) During summer season (high THI) the RR increaseallithe breeds indicating that
all the goat breeds were under stress. Howevesiglogical parameters could not be

utilized to conclude about the comparative hearssice of the different breeds.

2) Expression of HSP genes (HSP60, HSP70 and HSP@fjased during summer
season (high THI) as compared to thermo-neutradosean all the goat breeds. In
Jhakrana breed, the HSP90 expression was incredisedg winter season as
compared to thermo-neutral season. Increased epne®f HSP genes during
adverse condition indicated that these genes weravied in maintaining cellular

homeostasis in goats.

3) The change in expression of HSP genes during sunameérwinter seasons with
respect to thermo-neutral season in different lrérdicated that there was minimum
change in expression of HSP genes in Barbari adkadved by Sirohi and Jhakrana.
It can be concluded that Barbari breed possessiter beat tolerance followed by

Sirohi and Jhakrana.
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ABSTRACT

Goats are most adapted species to all type agro-climatic conditions and play important role in
rural economy. Livestock species experiences stress due to thermal challenges. Environmental stressors
such as hypothermia or hyperthermia affect behavioral, physiologica and molecular mechanisms.
HSPs are highly conserved groups of proteins that expressed under various kinds of stresses and
considered as potential indicator for animal adaptation. HSPs are group of well conserved proteins
across the species that are expressed under various kinds of stresses and these are considered as
potential indicator of animal adaptation. Present study was study was conducted in three different
seasons viz. winter (January), Thermo-neutral (March) and summer (May) to examine comparative
expression profile of HSP genes (HSP60, 70 and 90). Five animals from each breed of semi-arid region
were selected for this study viz. Barbari, Sirohi and Jhakrana. All of the animals were regularly
monitored and similar management inputs were provided during the experimental period. The
climatological data and physiological parameters during the experimental period were recorded.
Recording of physiological parameters viz. respiratory rate, rectal temperature and collection of blood
samples was done at 09:00 to 10:00 hours in all the seasons during experiment. During the
experimental period the temperature humidity index (THI) in winter (January), thermo-neutral (March)
and summer (May) was 59.63, 72.1, 81.63 respectively. Blood samples were collected and PBMCs
were separated. Total RNA was isolated and reverse transcribed to cDNA. Real time PCR was applied
to investigate the relative mRNA expression of HSP genes. The respiratory rate was found to be higher
(P<0.01) during summer season as compared to winter and thermo-neutral season in al the goat
breeds. The rectal temperature was found to be similar during all seasons. Expression data showed
significant increase in MRNA expression of HSP genes during summer season as compared to winter
and thermoneutral season. Fold change in relative mRNA expression of hsp60, HSP70 and HSP90 was
significantly higher (P<0.01) in Sirohi breed as compared to Jhakrana and Barabri. 1t can be concluded
that Barbari breed possessed better heat tolerance followed by Sirohi and Jhakrana.
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Annexure-|

Annexure

CHEMICALS, EQUIPMENTS, LAB WARE AND MISCELLANEOUS | TEMS

All chemicals used in present study were obtainenfdifferent companies like

Sigma-Aldrich, Thermo Scientific, Amresco, TOYOBQi-Media, Genetix as per

requirement.
s CHEMICALS
Histopaque 10771

Dulbacco’s Phosphate Buffer saline

DEPC

Ribozol
Chloroform
Isopropyl Alcohol
Ethanol

Nuclease free water (DEPC treated)

Nuclease free water

Sodium hydroxide
Hydrochloric Acid
Agarose

Tris base

Boric Acid

EDTA

Acetic Acid

Xylene cyanol FF (XCFF)

Glycerol 100% water free

Bromophenol blue
Methanol

Primers

Agarose (Low EEO)

Ethidium bromide

Nuclease iliminater

s EQUIPMENTS

Major equipments used were as follows:

Agarose gel electrophoresis apparatus

Microcentrifuge

SIGMA-ALDRICH
Hi-Media
SIGMA-ALDRICH
Amresco
Amresco
Amresco
Amresco
Amresco
Thermo scientific
Amresco
Amresco
Amresco
Amresco
Amresco
Amresco
Amresco
Hi-Media
Hi-Media
Hi-Media
Hi-Media
Imperial Life Sciences
Amresco
Hi-Media

Amresco

BIO-RAD
REMI



Non refrigerated Centrifuge)
-40°C Deep freezer

-80°C Deep freezer
Vortexer

Biophotometer

Real time PCR

Microwave Oven

Double distillation apparatus
Weighing balance

Table top centrifuge

Gel casting apparatus

Hot air oven

Laminar airflow
Micropipettes (all ranges)
pH meter

Power supply power pack
Laboratory Refrigerator
Thermal cycler

Water bath

Shaker

LAB WARES

Annexure

REMI
REMI
REMI
GeNei
Eppendorf
Roche Light Cycler 480
IFB
PERFIT
KERN
REMI
BIO-RAD
Viometra/SONAR
Viometra/SONAR
Eppendorf research
Systronics
BIO-RAD
Whirlpool
peQLab-primus96 Advanced
MACFLOW
MACFLOW

For RNA work, RNase-free plastic wares and glasswaere used, and they were
thoroughly treated with 0.1% DEPC overnight at 87&hd next day DEPC was evaporated
by incubating overnight in hot air oven at 55°CwHs further autoclaved to makeDNase
and RNase free before use. For PCR and other DNeterk work plastic waresvere
autoclaved [121°C for 25 minutes at 101.3 kPa @i pnd therused.

a. GLASS WARES

Beakers Borosil
Conical flasks Borosil
Measuring cylinders Borosil
Pipettes Borosil
Reagent bottles SCHOTT
b. PLASTIC WARES

Micro centrifuge tubes (1.5 &2.0ml) AXIVA
Centrifuge tubes (15 ml) AXIVA
Centrifuge tubes (50 ml) AXIVA



PCR tubes (0.2 ml)
Microtips (all ranges)

Real time PCR plates

MISCELLANEOUS
Adhesive tapes
Parafilm
Autoclavable lable
Scissors
Stethoscope
Thermometer
Cello tape
Thermometer
Tissue paper
Stickers

Needles

pH paper

Racks

Blotting paper
Cotton

Threads

Filter papers

Marker pens

AXIVA
AXIVA

Roche
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ANNEXURE-II
BUFFERS AND REAGENTS

The details of the media, buffers and other sohstiosed in this study are given in

this section. All reagents/chemicals used for preggan of various buffers and solutions were
of molecular biology grade and prepared using daved distilled/MilliQ water, whereas the
buffers and reagents used for RNA work were prepanediethylpyrocarbonate (DEPC)
treated distilled water or nuclease free water.
REAGENTS FOR PBMCS ISOLATION
1. Histopaque-10771
Histopaque -10771 is an endotoxin solution of patysse and sodium diatrizoate
with a density of 1.0771 g/mL. This medium was usedecovery of mononuclear cells from
whole blood. Histopaque-10771 is a sterile solutanpolysucrose, 57 g/L, and sodium
diatrizoate, 90 g/L. Density: 1.076-1.078 g/mL Etodan: £0.3 EU/mL pH: 8.8-9.0
2. DPBS (Dulbacco’s Phosphate Buffer Saline)
DPBS is a synthetic mixture of inorganic salts knaas a physiological or BSS. The
function of a salt solution is:
a) To maintain the medium within physiological pH rang
b) To maintain intracellular and extra cellular osradtalance
REAGENTS FOR RNA ISOLATION
1. Ribozol

Ribozo™

RNA Extraction Reagent which contains Guanidinidnoisocynate and
phenol is a single phase phenol solution whichptingzed for isolation of total RNA from a
variety of cells and tissues. Directly disruptiarhomogenization in Ribozol RNA extraction
reagent inhibits RNase activity to minimize the detation of all classes of RNA. Procedure
is simple and effective for RNA isolation which indes homogenization, phase separation,
RNA precipitation, RNA washing and solubilization.
Caution

Working with Ribozol some precaution must be taketause it contains Phenol
which is highly corrosive and cause severe burrsaMgloves protective clothing and safety
glasses when handling phenol. All manipulationsutthde carried out in a chemical hood.
Areas that come in contact with Ribozol shouldibeead with large volume of water.
2. Chloroform

Chloroform is used to recover the aquous phaseuoleit acids. In the extraction

procedures chloroform forms a biphasic mixture.
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3. Isopropyl alcohol

Isopropyl alcohol is a common reagent used for @iachcid purification. Less
volume of isopropyl alcohol is needed for etharrekjpitation.
4. 75% Ethanol

Ethanol (75%) prepared in DEPC treated water isl us® a washing solution to
precipitate RNA to collect a clean RNA pelleteaftliscarding the supernatant that contained
contaminating salts and proteins.
5. Nuclease free water

Nuclease free water (thermo scientific) is usedissolve RNA pellet.

BUFFERS

1. 0.5M EDTA solution
EDTA disodium salt 18.61¢
Double Distilled Water up to 100 mi

Adjust pH to 8.0 using NaOH pellets
Autoclave and store at room temperature
Functions:
Chelates Mg++ ions
Protects from nucleases

Makes plasma membrane fragile

2. 1M Tris
a) Using Tris HCI
Tris HCI 1576 g
Distilled Water up to 100 mi

Adjust pH to 8.0 with NaOH pellets and Autoclave
b) Using Tris Base
Tris base 12.11g
Double distilled water up to 80 ml
Allow the solution to cool to room temperature biefanaking final
adjustment of pH and autoclave
Adjust pH at 8.0 to 7.6 using HCI
3. 10 X TAE Buffer

1 M Tris HCI (pH 8.0) 450 ml
0.5M EDTA (pH 8.0) 10 ml
Distilled water 40 ml
Total volume 500 ml
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4. PBS
NaCl 8¢
KCI 0.2g
NaHPO, 1449
KH,PO, 0.24¢
Distilled water up to 1000 mi

Adjust pH to 7.4 with HCI
Autoclave and store at room temperature

5. 5X TBE Buffer

Tris base 5.4 gm
Boric acid 2.75gm
0.5M EDTA 2ml
Autoclaved distilled water up to100 mi

Autoclave and store at room temperature

6. 6Xloading dye

Bromophenol blue 0.25%
Xylene cyanol FF 0.25%
Glycerol in HO 30%

Mix and store at 4°C

Function
1) Increase the density of the sample ensuring tleaDtiA drops evenly into the well.

2) Add color to the sample, which help in loading e
3) Dye that moves in an electric field towards thedmnat predictable rates.

Bromophenol blue migrates through agarose gel appedely 2.2 fold faster than xylene
cyanol FF, independent of the agarose concentration
7.  Ethidium bromide (10mg/ml)
Ethidium bromide 10 mg
Autoclave distilled water up to 1ml

Wrap in aluminium foil
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ANNEXURE-III
ENZYMES AND BIOLOGICALS
All the enzymes and biologicals were purchased fteetrmo Scientific, TOYOBO,
SIGMA-ALDRICH
1. PRIMERS

Lyophilized content form of primer were firstly dislved in nuclease free water for

preparing Stock primer — 100 pmolipy vortex following centrifugation and kept overnig
at 4°C to complete dissolve.
Working primer
Add 20 pl from stock in 180 ul of nuclease freeavat
2. DNase |

DNase | (Sigma) is an endonuclease isolated frominBopancreas that digests
double and single stranded DNA into oligo and mambeotides. Amplification Grade
DNase | has been purified to remove RNase actiaity is suitable for illuminating DNA
from RNA preparations prior to sensitive applicaiosuch as RT-PCR (Reverse
Transcriptase — Polymerase Chain Reaction).
3. c-DNA synthesis kit

Rever Tra Ac& gPCR RT Master Mix (TOYOBO) contains 5X RT Mashéix that
contains highly efficient reverse transcriptase V&eTra Ac&" RNase inhibitor, oligo dT
primer, random primer, dNTPs, Mguffer optimized for synthesis of short-chain cDNA
suitable for real-time PCR.
4. PCR Master Mix

Dream Tag PCR Master Mithermo scientific)
5. gPCR Mix

THUNDERBIRD SYBR qPCR MiXTOYOBO)
6. 50 bp DNA Ladder (thermo Scientific/MBI Fermentas)

It contains 13 discrete fragments in bp, startiognf 1031 bp and ends at 50 bp.
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