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ABSTRACT 
Epigenetics is the study of post translational changes in gene expression/function without corresponding alteration 
in the DNA sequence of a particular body phenotype. Ubiquitin, Histone and DNA methylations are the evidence 
of epigenetics involving gene modulations in eukaryotes. In this study, we isolated peripheral blood monoclonal 
cells (PBMCs) from twelve (12) India Gir zebu cattle and exposed them to different doses of in vitro assault of 
thermal condition. RNAs isolated from the heat-shocked PBMCs were processed for production of enriched mRNA 
library for RNA-seq. We performed RNA-seq analyses followed by transcriptional expression of mRNAs for 
differential gene expression and gene ontology term enrichment analyses. Our findings showed that thermal stress 
stimulation of our PBMCs impinged heat shock on the bovine cellular system thereby activating expression of 
histones, ubiquitin and heat shock protein genes. Further to the above, we found direct relationship between the 
expression of histone (H2A1), ubiquitin and heat shock protein genes. We concluded therefore that, ubiquitination 
of histone protein (H2A1) plays an epigenetic role in post-translational regulation/overexpression of heat shock 
proteins (HSPs) including HSPs 70, 90, small HSPs (HSPB11, HSPB6, HSP22, HSP1L1, HSP27) and cytokines 
(IL1A, IL18) in zebu cattle and this may permit joint regulation of expression and function of these target proteins 
(HSPs and cytokines) for their thermotolerance and immune-competence potentials in bovine species upon 
exposure to heat shock/thermal assault.  
Keywords: Ubiquitin, Histone, Heat shock, HSPs. PBMCs, Epigenetics, Zebu cattle, Bovine 

INTRODUCTION 
Heat shock proteins (HSPs)are molecular chaperone that perform essential functions of providing cellular 
protection/cyto-protection, immune response, protein synthesis, cyto-skeletal protection, protein folding and 
unfolding, protein translocation and regulation of steroid hormone receptors, inhibit apoptosis, adaptation during 
and after stressful conditions including disease infection and environmental conditions (Onasanya et al., 2017; 
Kapila et al., 2013; Sodhi et al., 2013). 
The expression of HSPs is activated by physiological conditions such as pathogenic infections, assault of thermal 
conditions/heat shock, physiological condition including epigenetics of histones and ubiquitin genes. Nucleosome 
is subunits/chains/beads of chromatin (DNA) wrapped around protein called histones (Iberts et al., 2002). These 
histones such as H2A, H2B, H3, and H4 play significant roles in DNA replication and regulations of gene 
expression. Histone protein modification of gene expression which include histone acetylation, methylation, 
phosphorylation, and ubiquitination represents classical epigenetic mechanisms that alter gene expression/function 
without altering the traditional/underlining nucleotide sequence (Alaskhar et al., 2018; Dupont et al., 2009). 
Ubiquitination (a post translational modification of gene function) is critical to epigenetics in eukaryotes, ubiquitin 
genes belong to the family of structurally conserved proteins that epigenetically regulate a host of processes in 
eukaryotic cells including gene expression. Ubiquitin proteins are regarded as ubiquitous genes because of their 
widespread existence or being found everywhere within the eukaryotic genome. The addition of ubiquitin to a 
substrate protein such as histone is called ubiquitylation/ubiquitination (Pickart and Eddins, 2004). This study 
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investigated how epigenetics of histones and ubiquitin modulate the expression of some selected HSPs and 
cytokines of bovine species under assault of thermal conditions/heat shock. 

MATERIALS AND METHODS 
Twelve Indian zebu bulls between the ages of 5–6 years were randomly sampled for blood collection (5 mL per 
animal) to generate peripheral blood mononuclear cells (PBMCs). The procedures for blood collection, PBMCs 
isolation, thermal assault conditions (Control: 37oC Vs Test: 45oC for 30 minutes each), in vitro thermal stress 
stimulation (TSS) of PBMCs, quantitation of PBMC count, processing and preservation of PBMC, total RNA 
extraction from PBMC pellets, RNA quality check and Integrity test, RNA quantitation, preparation and mRNA 
enrichment for mRNA Library including quantitation, enriched mRNA quality check along with integrity test and 
validation of mRNA Library were performed according to earlier published works by  Onasanya et al. (2023, 
2024) and Tirumurugaan et al. (2020).The enriched mRNA samples were transported in cooled iced-packed carrier 
for next generation sequencing (NGS) of transcripts/transcriptome (Tirumurugaan et al., 2020). Transcriptome 
annotation, gene ontology term enrichment analysis, differential gene expression and protein-protein-interaction 
(PPI) were performed according to earlier published procedures of Tirumurugaan et al. (2020). The aligned 
transcripts were mapped against indexed Bos indicus GCF_000247795.1 reference genome and gene model 
downloaded from NCBI database (https://www.ncbi.nlm.nih.gov/data-hub/genome/GCF_000247795.1/ ) using 
STAR v2.7 aligner (Love et al., 2014), and were compared with NCBI non-redundant protein database using 
BLASTX program (Love et al., 2014). Differential expression analysis of the transcriptome was performed using 
DESeq2 software package after normalizing the data using relative log expression normalization method (love et 
al., 2024). Gene level expression values were obtained as read counts using Feature Counts software version 2.0.0 
(Liao, et al., 2014) and read counts of differentially expressed genes were evaluated. Reads counts are total 
numbers of transcripts/exons belonging to a particular gene (Liao et al., 2014).  

RESULTS AND DISCUSSION 
Our finding demonstrated that the detected Ubiquitin (UBE30, UBALD1, UBTD2, UBE25, UBER2, UBE212, 
UBR1, UBE4B, UBNX7, UBQLN4, UBN2) and histone (H2A1) regulate overexpression of HSPs such as HSPs 90, 
70, and Small HSPs including, HSPB11, HSPILI, HSP22, HSP27 etc. and cytokines (IL1A, IL18 and CXL12) as 
shown in Figure 1. Addition of substrate protein such as histone to ubiquitin in modifying expression of a target 
protein is called histone ubiquitination (Pickart and Eddins, 2004).  
 

 
 
Figure 1: Gene Ontology Term Enrichment Analysis for Differentially Expressed Ubiquitin, Histone, HSPs 
and Cytokines after exposure to Heat Shock and Histone Ubiquitination 
 
Corresponding overexpression detected in Ubiquitin, Histone including HSPs, and cytokines might be evidence 
of post-translational modulation of these target proteins by Ubiquitin and Histone. Alaskhar et al. (2018) and 
Dupont et al. (2009) reported that modification of gene expression by Histone protein include histone acetylation, 
methylation, phosphorylation, and ubiquitination; these biological processes representing classical epigenetic 
mechanisms that alter gene function/expression without altering the traditional/underlining nucleotide sequence.  

Ubiquitination is an enzymatic post-translational modification involving the addition of ubiquitin proteins onto 
substrate proteins such as Histone (Morgan and Shilatifard, 2020).  Histones are often ubiquitinated with one 
ubiquitin molecule and this process is called monoubiquitination while those inquinated with more than one 
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ubiquitin molecules are called polyubiquitination (Morgan and Shilatifard, 2020). Histone ubiquitination is an 
essential epigenetic mechanism regulating DNA replication transcription and repair of damaged DNA especially 
during heat shock (Jeusset and McManus, 2019). Jeusset and McManus (2019) reported that aberration that occurs 
during histone ubiquitination can permit oncogenesis by changing the expression of tumour suppressors and 
oncogenes, mis-regulating cellular differentiation, thereby leading to cancer cell proliferation. Ubiquitin is a family 
small protein that is ubiquitously present in all eukaryotic cells and performs  myriad functions through 
conjugation to a large range of target proteins (Sharp and Li, 1987). 

CONCLUSION 
In this study, we demonstrated how histone ubiquitination takes part in the modulation of overexpression of HSPs 
and cytokines of zebu cattle under assault of thermal conditions. We observed that the roles of histone 
ubiquitination during the exposure of bovine cellular system to assault of thermal condition may enhance fidelity 
in the DNA replication and permit DNA repair of HSPs, cytokines including other target proteins. Therefore, 
ubiquitination of histone protein (H2A1) plays essential epigenetic role in post-translational regulation of HSPs 
including HSPs 70, 90, small HSPs (HSPB11, HSPB6, HSP22, HSP1L1, HSP27) and cytokines (IL1A, IL18) in 
zebu cattle and this may permit regulation of expression and function of these target proteins (HSPs and cytokines) 
for their thermotolerance and immune-competence potentials in bovine species upon exposure to heat 
shock/thermal assault conditions.  
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